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Abstract
Hepatocellular carcinoma (HCC) is an aggressive tumor
that often occurs in the setting of chronic liver disease.
Many patients do not initially manifest any symptoms of
HCC and present late when cure with surgical resection
or transplantation is no longer possible. For this reason,
patients at high risk for developing HCC are subjected
to frequent screening processes. The surgical management of HCC is complex and requires an inter-disciplinary approach. Hepatic resection is the treatment of
choice for HCC in patients without cirrhosis and is indicated in some patients with early cirrhosis (Child-Pugh
A). Liver transplantation has emerged in the past decade as the standard of care for patients with cirrhosis
and HCC meeting Milan criteria and in select patients
with HCC beyond Milan criteria. Loco-regional therapy
with transarterial chemoembolization, transarterial embolization, radiofrequency ablation and other similar local treatments can be used as neo-adjuvant therapy to
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downstage HCC to within Milan criteria or as a bridge
to transplantation in patients on transplant wait list.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatocellular carcinoma; Liver transplantation; Liver resection; Transarterial chemoembolization;
Radiofrequency ablation
Core tip: This is a review article on the current strategies for the management of hepatocellular carcinoma
in North America. This article covers the evolution of
techniques and provides comparison between different
modalities discussed.
Khan AS, Fowler KJ, Chapman WC. Current surgical treatment
strategies for hepatocellular carcinoma in North America. World J
Gastroenterol 2014; 20(41): 15007-15017 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i41/15007.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i41.15007

INTRODUCTION
Hepatocellular carcinoma (HCC) is an aggressive tumor
that often occurs in the setting of chronic liver disease
and cirrhosis. It is the fifth most frequently diagnosed
cancer worldwide and the third leading cause of cancer
death[1]. Traditionally the rates of HCC in North America
have been low compared to Asian and sub-Saharan African countries (15 per 100000 in Asia and Africa compared to less than 3 per 100000 in North America)[1,2].
However, the last two decades have seen a significant
increase in the incidence of HCC in the United States
where the risk of HCC is linked significantly to chronic
viral hepatitis (hepatitis C virus and hepatitis B virus),
alcohol consumption and nonalcoholic fatty liver disease[3-7]. The presence of these risk factors predisposes
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A

Table 1 American liver tumor study group modified tumornode-metastasis staging classification for hepatocellular
carcinoma
Tumor
classification
T0, N0, M0
T1
T2
T3
T4a
T4b

N1
M1

Definition

Stage

Criteria

No tumor found
1 nodule < 2.0 cm
Stage Ⅰ
T1 lesion
1 nodule 2-5 cm, 2 or 3 nodules Stage Ⅱ
T2 lesion
each less than 3 cm
1 nodule > 5 cm, 2 or 3
Stage Ⅲ
T3 lesion
nodules, at least 1 > 3 cm
≥ 4 nodules, any size
Stage Ⅳa1
T4a
T2, T3 or T4a plus gross
Stage Ⅳa2
T4b
intrahepatic, portal or hepatic
vein involvement as indicated
by CT, MRI or US
Regional (porta hepatis) node Stage Ⅳb Any N1 or
involvement
M1
Metastatic disease including
extrahepatic portal or hepatic
vein involvement

Arterial phase

B

HCC: Hepatocellular carcinoma; CT: Computed tomography; MRI:
Magnetic resonance imaging; US: Ultrasound; TNM: Tumor node
metastasis.
Portal venous phase

patients to the development of cirrhosis and HCC by the
common pathway of inducing chronic inflammation of
the liver, which acts as the backdrop for genetic mutations to amass and drive cells towards malignancy[8]. The
American Association for the Study of Liver Diseases
(AASLD), Asian Pacific Association for the Study of the
Liver and the European Association for the Study of the
Liver, all have well defined guidelines for diagnosis and
management of HCC which are fairly similar to each
other other than some minor differences based on disease etiology and epidemiology[9-11].

DIAGNOSIS
Patients who develop HCC often have no symptoms
other than those related to chronic liver disease. Therefore
it is not unusual for HCC to be diagnosed in advanced
stages (Table 1) when cure with surgical resection or transplantation is no longer possible. For this reason, patients
at high risk for developing HCC are subjected to regular
screening with ultrasound and tumor markers in accordance with the updated guidelines of AASLD[11]. Patients
with high index of suspicion for HCC on screening then
undergo additional non-invasive testing with either contrast enhanced computed tomography (CT) or gadolinium
enhanced magnetic resonance imaging (Figure 1). These
imaging modalities can reliably establish the diagnosis of
HCC in most patients without the need for biopsy and
also provide information on the size and number of lesions, relationship with vascular structures and evidence
of extra-hepatic spread. Additionally, chest CTs and bone
scans are routinely used to assess for metastatic disease.
Traditionally Positron emission tomography scan has had
a limited role in HCC staging as HCC has shown variable
degrees of fluorodeoxyglucose (FDG) uptake, which lim-
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Figure 1 Magnetic resonance imaging of hepatocellular carcinoma in
segment 8. Arterial enhancement (A, arrow), washout and pseudocapsule (B,
arrow).

its sensitivity[12]. However recent application of PET using
11
C-Acetate and 18F-FDG has shown it to be an effective
HCC staging modality especially in patients with high alpha fetoprotein levels, primary lesions with high SUV max
values and for lesions beyond Milan criteria[13,14].
Cirrhosis of the liver underlies HCC in almost 90%
of cases and the extent of underlying cirrhosis plays a
vital role in determining treatment options and overall
outcomes[7]. Traditionally, surgical resection has been the
only option for cure but more often than not, the extent
of HCC or the degree of underlying parenchymal disease
precludes surgical resection. In the last two decades, liver
transplantation has emerged as an effective and viable
option for treatment of HCC in select patients who otherwise would not have been candidates for surgical resection[7]. Other therapies such as radiofrequency ablation
(RFA), microwave ablation, transarterial embolization
(TAE) and transarterial chemoembolization (TACE) can
be used alone or in combination with surgical resection
or transplantation to effectively treat selected patients
with HCC. Tables 2 and 3 provide a brief summary of
the indications, advantages and disadvantages of the
commonly used treatment options for management of
HCC in North America today.

HEPATIC RESECTION
Introduction
Hepatic resection has been the standard treatment for
HCC in selected patients with limited disease and early
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Table 2 Current indications of commonly used treatment options for hepatocellular carcinoma
Current indications
Hepatic resection

OLT

Non resectional
ablative therapies (RFA,
microwave, TACE, TAE,
HIFU etc.)

Treatment of choice in patients with resectable disease and absence of cirrhosis
Indicated in selected patients with limited disease and early cirrhosis (Child-Pugh A)
Limited role as a bridge to OLT
Standard therapy for patients with HCC and Cirrhosis within Milan criteria
OLT may be indicated in select patients with tumors outside Milan criteria but within UCSF criteria
Indicated in select patients with stage III and IV HCC downstaged to within Milan criteria with use of neo-adjuvant therapy
Indicated as primary therapy only in patients with HCC who are not candidates for curative resection or OLT
Increasingly used alone or in combination as bridging therapy in patients awaiting OLT or to downstage stage advanced
stage disease to within Milan criteria
Established role in palliative treatment of HCC (not discussed in this paper)

HCC: Hepatocellular carcinoma; OLT: Orthotopic liver transplant; UCSF: University of California San Francisco.

Table 3 Overview of the common modalities used in the treatment of hepatocellular carcinoma
Treatment modality
Hepatic resection

OLT

TACE/TAE

RFA

Advantages

Disadvantages

Readily accessible
No waiting period
5 yr survival of > 50% in carefully selected patients
Peri-operative mortality < 5%
Not limited by tumor size
Low rate of recurrence in carefully selected patients
Post transplant survival rates similar to patients with OLT
for all other causes
Indicated for treatment in patients not candidates for
resection or OLT
Effective role as bridge for transplantation
Established role in downstaging HCC to make patients OLT
eligible
Evidence of survival benefit after OLT when used as
neo-adjuvant therapy in select patients
Relatively low morbidity
Highly effective for HCC ≤ 3 cm

Not indicated for patients with advanced cirrhosis
High recurrence rates (> 50% at 5 yr)
Risk of post operative haptic failure
Does not address risk of cancer in residual liver
Restricted by size and number of lesions
Risk of dropout while on wait list (38% drop out rate after 12
mo)
Low curative potential when used alone with high recurrence
rates
Efficacy decreased for large sized tumors
Does not address risk of cancer in residual liver

Decreased effectiveness in HCC ≥ 4 cm with high recurrence
rates
Effective bridge for OLT by decreasing drop out rate on wait May be limited by proximity of HCC to vascular pedicels
list
Established role in downstaging HCC to make patients OLT Does not address risk of cancer in residual liver
eligible
Relatively low morbidity and mortality

HCC: Hepatocellular carcinoma; OLT: Orthotopic liver transplantation; TACE: Transarterial chemoembolization; TAE: Transarterial embolization; RFA:
Radiofrequency ablation.

cirrhosis (Child-Pugh A)[15,16]. With advances in surgical
technique and better understanding of disease pathophysiology, resection for HCC can now safely be performed
in most major centers with a peri-operative mortality rate
of less than 5%[15-17]. Moreover, five-year survival rates
of over 50% have been reported in carefully selected
patients with small, solitary tumors and well-preserved
hepatic function, which supports the therapeutic role of
resection in the treatment algorithm[17-19].
Advantages and disadvantages
In theory, hepatic resection for HCC has several advantages when compared to other therapeutic modalities
such as liver transplantation and thermal ablation. It is
more readily applicable, does not have an associated waiting time, and is not restricted by tumor size or proximity
to hepatic veins and portal pedicles[15-17,20]. The effective-
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ness of the surgery can be gauged early by tumor free
margins on pathologic analysis and the ability to maintain
an adequately functioning liver remnant. However, not
every patient with localized HCC is a candidate for resection. Moreover resection does not address the remnant
liver, which remains at risk for developing cancer[15,17,21].
Prognostic factors
Currently, surgery is preferred in patients with HCC
without any underlying liver disease and in select patients
with early cirrhosis (Child-Pugh A)[16,17]. The extent of
underlying liver dysfunction has repeatedly been shown
to be an important determinant of overall outcome with
peri-operative morbidity and mortality being directly proportional to the degree of cirrhosis[18,19]. Parenchymal disease dictates the amount of resection that can be safely
done without risking post-operative hepatic failure due to
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a small liver remnant[18,19,21]. Cirrhosis also increases the
risk of peri-operative bleeding and the need for blood
transfusions, factors shown to be independently associated with increased morbidity and mortality[15,20].
The size of HCC and total number of lesions are
important determinants of outcome after hepatectomy[15,18,22]. Zhou et al[16], in their review of 1000 patients
undergoing hepatectomy for HCC observed that patients
with tumors greater than 5 cm had a significantly lower
survival when compared to those with smaller lesions
(37% vs 63%). Similarly, Fong et al[17] reported five-year
survival of 57% for patients with resected lesions less
than 5 cm and only 32% for patients with tumors greater
than 10 cm. However, a more recent study from the same
group showed that in carefully selected patients with large
tumors (> 10 cm), resection can achieve similar overall
survival and recurrence-free survival as patients with
smaller tumors[23]. Multi-focal or multi-nodular HCC is a
poor prognostic sign and hepatectomy in these patients is
associated with high recurrence rates (> 90%) and poor
survival (< 30%)[18,19,24].
Vascular invasion has repeatedly been shown to be
one of the strongest negative prognosticators in patients
undergoing hepatectomy for HCC[20,25,26]. Lang demonstrated 1, 3 and 5-year survival rates of 57%, 16% and 6%
respectively in patients undergoing resection for HCC
with vascular invasion compared to 93%, 75% and 53%
in patients without vascular invasion[20]. Five-year survival
after hepatectomy in patients with vascular invasion may
be increased to over 20% in the absence of underlying
liver fibrosis[26].
There have been many studies looking at the impact
of resection margin on recurrence and survival after
HCC resection. Though there is universal consensus that
an R0 resection is better than a resection with positive
margins, there are no clear-cut guidelines on the minimum negative margin required[20]. A recent randomized
trial compared resection outcomes for solitary HCC
by randomizing 169 patients to undergo hepatic resection with either narrow (1 cm) or wide (2 cm) resection
margins. Both groups were matched for tumor size. The
authors reported significantly improved survival and reduced tumor recurrence in the wide margin group[27]. A
more recent meta-analysis did not show a significant difference in outcomes after hepatectomy for HCC between
resection margins less than 1 cm and margins equal to or
greater than 1 cm[28].
Some additional factors associated with reduced survival after hepatectomy for HCC include presence of
satellite lesions or intra-hepatic metastases, poor tumor
differentiation, elevated alkaline phosphatase levels and
high serum alpha-fetoprotein levels[18,19,22,25].
There have been several reports recently on laparoscopic resections for HCC. Most of these reflect highly
selected patients with isolated and easily accessible
disease, which makes direct comparison with open resection difficult[29,30]. A recent multicenter cohort study
from France reviewed results of laparoscopic resection
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for hepatocellular carcinoma in 351 patients. Eighty five
percent of the patients had underlying liver disease and
11% had major hepatectomy. They reported 30-d postoperative mortality of 2%. Ninety two percent had R0
resection and reported overall 1, 3 and 5-year survivals of
90.3%, 70.1% and 65.9% respectively. These results compare favorably with the reported outcomes after open
resection[29].
HCC in early cirrhosis: Resection vs OLT
The use of resection for patients with early cirrhosis
(Child-Pugh A) and HCC that falls within the Milan criteria is a controversial decision at most US centers as these
patients may instead be candidates for transplantation.
Studies comparing the two modalities show comparable
overall adjusted survival. The higher recurrence rate after
resection is balanced by the risk of dropout due to disease
progression in patients awaiting OLT[21,31,32]. At most centers this decision is made on a case-to-case basis after discussion in multi-disciplinary meetings and tumor boards.
Hepatic resection as a bridge to orthotopic liver
transplantation
Several groups have studied surgical resection as a bridge
to transplantation (this will be discussed more in the section on transplantation). One concerning trend noted
in many of these studies is the high number of patients
(> 30%) with recurrent HCC after liver resection that
is beyond the Milan criteria, making them ineligible for
transplantation at most centers[33-35]. However, survival
after salvage liver transplantation for patients with recurrences within Milan Criteria has shown to be comparable
to survival after primary orthotopic liver transplantation
(OLT) in a recent meta-analysis of 1508 patients, making
it a reasonable option in carefully selected patients[36].

LIVER TRANSPLANT
Introduction
Liver transplantation is now considered standard therapy
for selected patients with early stage HCC and liver cirrhosis[12,21]. Initial experience with liver transplantation for
HCC resulted in dismal outcomes. High recurrence rates
(65%-75%) and poor survival seen in these early reports
considerably diminished the interest in liver replacement
for hepatic malignancy and a moratorium was placed on
liver transplantation for HCC outside of clinical trials in
1989[37-39].
Milan criteria for transplantation for HCC
Interest in liver transplantation for HCC was renewed in
1996, when Mazzaferro and his group showed survival
after liver transplantation in patients with cirrhosis and
early-stage HCC to be comparable to results after liver
transplantation in patients with benign disease[40]. This
prospective cohort study included 48 cirrhotic patients
who underwent transplantation for HCC with single tumors less than or equal to 5 cm or up to 3 tumors, each 3
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cm or less in diameter. The actuarial 4-year survival was
75%, which was not different from expected survival of
patients with non-malignant indications[40]. This study
formed the basis for the Milan criteria. These results were
validated by several studies and interest in transplantation
as a therapeutic option for patients with early stage HCC
was renewed.
Model for end stage liver disease allocation and
exception points for HCC
Currently in the US, livers are allocated for transplantation using the model for end stage liver disease (MELD)
score, which predicts the three-month mortality of patients awaiting liver transplantation. Realizing that the
MELD system would be of little benefit to patients with
compensated cirrhosis and early stage HCC, UNOS in
2002 adopted the Milan criteria for allocating exception
points to patients with HCC listed for liver transplantation. At the present time, patients with stage 2 HCC (Milan criteria - 1 nodule up to 5 cm or 3 nodules with the
largest one 3 cm or less) can receive 22 MELD exception
points which decreases the wait time for receiving a liver
to between 6 mo and 12 mo at most transplant centers in
North America[37,41]. Currently patients with cirrhosis and
HCC beyond Milan criteria do not qualify for MELD
exception points despite otherwise meeting criteria for
OLT. These patients can be listed for OLT based on their
original MELD score, however the likelihood of timely
OLT before HCC progression is small without allocation
of priority points. Transplant centers can selectively petition regional review boards for MELD exception points
in HCC patients exceeding Milan Criteria or in those who
have been effectively down-staged and are considered on
a case to case basis[21,37].
Results for survival and disease free interval after liver
transplantation for patients have significantly improved
after implementation of the Milan criteria. In a review
of their 20-year experience with liver transplantation
for HCC, Onaca et al[42] reported an increase in five year
patient survival from 28.6% in 1987-1992 and 42.3% in
1992-1997 to 76% after 1997, when Milan criteria was
implemented. Similar observations were made in several
other studies and as a result, the number of liver transplants performed annually in the US for HCC increased
almost three fold between 2002 and 2006[21]. In most recent series, the overall five and ten year survival following
transplantation for HCC is comparable to the five and
ten-year survival rates for all causes[12,21,37].
Extended criteria for transplantation for HCC
In recent years there has been a push by many transplant
centers for expanding the Milan criteria. It is felt that the
Milan criteria is too restrictive and limits the use of transplantation to patients with very early stage HCC. Several
groups have challenged these restrictions by either expanding the inclusion criteria or by using liver directed
therapy to downstage patients with advanced disease to
“within Milan criteria”. The most notable contribution in
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this regard came from the University of California San
Francisco (UCSF) group who proposed expanding the
Milan criteria to include single lesion ≤ 6.5 cm or up to 3
lesions, the largest ≤ 4.5 cm and total tumor diameter ≤
8 cm without gross vascular invasion[43]. The group based
their recommendations on the observation that the explant pathology often showed under-staging of HCC by
preoperative cross sectional imaging and that this did not
appear to impact the overall outcome. The initial paper
reviewed 168 HCC patients that under underwent OLT
and reported a 5-year recurrence free survival of 90%
for patients with tumors within Milan vs 94% for patients
with tumors that exceeded Milan but were within the
UCSF criteria[43]. A follow-up study from the same group
again evaluated the expanded criteria in 467 patients and
showed that patients meeting Milan criteria had similar
5-year post transplant survival to patients meeting UCSF
criteria by preoperative imaging (79% vs 64%) and explant pathology (86% vs 71%)[44]. Since then several other
centers have reported similar results in patients exceeding
Milan criteria[45-49].
Beyond UCSF?
There is little enthusiasm for extending liver transplantation beyond the UCSF criteria as survival has shown to
be significantly reduced once the size exceeds UCSF criteria[44,45]. This has led to a renewed interest in using neoadjuvant techniques for downsizing prohibitively large
HCC’s in patients who may otherwise be amenable for
transplantation.
Down-staging advanced stage HCC
Selected patients with advanced stage HCC (stage Ⅲ/Ⅳ)
who are not candidates for transplantation can be downstaged with the use of neo-adjuvant loco-regional therapy
to “within Milan criteria” so that they can become transplant eligible. This practice has been adopted by an increasing number of transplant centers in North America
with promising results. A recent report from Washington
University in St Louis demonstrated the feasibility of this
approach by successfully down-staging 18 of 76 patients
(23.7%) with stage Ⅲ/Ⅳ disease to ‘‘within the Milan
criteria’’ using TACE. Seventeen of these patients went
on to receive OLT at a median of 58 ± 3.5 mo after first
TACE with an actuarial overall 5-year survival rate of
93.8%. This compared favorably to a 5-year survival rete
of 66% in patients with stage Ⅱ disease that were chemoembolized and transplanted[50]. Similar results were reported by the UCSF group who utilized TACE for tumors exceeding Milan but within UCSF criteria. Forty-three of 61
patients (70.5%) were successfully down-staged, of which
35 went on to receive OLT with reported 1 and 4-year
overall survival retes of 96.2% and 92.1% respectively[51].
The promising results from these two groups suggest
that this strategy may help identify patients with favorable
tumor biology who would carry good prognosis for longterm survival after OLT. Current recommendations call
for an observation period of at least 3-6 mo after down-
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Figure 2 Treatment of hepatocellular carcinoma with transarterial chemoembolization. A, B: Angiographic images demonstrate arterial blush of hepatocellular
carcinoma (HCC) (white arrowhead) with a proper hepatic arterial injection. Coned down view shows tumor blush and stasis in the segmental arteries supplying the
HCC following transarterial chemoembolization (B); C, D: Follow up magnetic resonance imaging 4 wk after treatment shows no residual arterial enhancement in the
treated area (white arrows) compatible with a complete response per modified response evaluation criteria in solid tumors.

staging with TACE before considering transplantation.
The purpose of this observation period is to assess the
biological aggressiveness of the tumor[21].
Pretreatment of patients on transplant list: Bridge to
transplant
An ever-increasing demand for a relatively fixed pool
of deceased donor organs has caused HCC patients to
spend more and more time on the wait list. This carries
a high cumulative probability of dropout due to intrahepatic or extrahepatic tumor progression. Llovet et al[52]
and Yao et al[53] showed this probability to be between
7%-11% at 6 mo and approximately 38% at 12 mo following enrollment for OLT. Consequently, several therapeutic procedures have been proposed as bridging treatments for patients with HCC with the aims of decreasing
waiting list dropout rate, reducing HCC recurrence after
transplantation and improving post-transplant overall
survival[54]. The most commonly used bridging modalities include TACE or TAE, ablation therapy with either
RFA or percutaneous ethanol injection (PEI), and surgical resection. There are no randomized trials establishing
efficacy of these treatments and clinical practices vary
greatly between transplant centers.
TACE/TAE: TACE/TAE has a well-established role
as bridging therapy for patients awaiting OLT. The most
commonly used TACE procedure involves an arterial
infusion of a lipiodol emulsion with a chemotherapeutic
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agent (e.g., doxorubicin, mitomycin or cisplatin) followed
by embolization with gelfoam. Follow up cross sectional
imaging is usually done 4-6 wk later to assess for completeness of ablation (Figure 2). If there is evidence of
residual disease, TACE can be repeated[12,54].
Results from most series indicate complete tumor
necrosis rates of 27%-57% in patients with stage Ⅰ and
[50]
Ⅱ disease treated with TACE . There is also evidence
to suggest that the use of TACE as neo-adjuvant therapy
may provide survival benefit after transplantation as well.
Yao et al[55] demonstrated a 5-year post transplant recurrence free survival of 93.8% for patients who received
preoperative loco-regional therapy vs 80.6% in patients
who were not pre-treated. Similarly, a report by Bharat
et al[56] demonstrated a 5-year survival of 83.4% in pretreated patients vs 51.8% in patients who did not receive
any preoperative loco-regional therapy. Interestingly, both
of these studies demonstrated treatment benefit only in
patients with larger sized (T2-T4) tumors. Additionally,
survival was highest in patients with 100% tumor necrosis in explant specimen irrespective of size[56].
RFA: RFA is also being increasingly used as a bridge to
transplantation in HCC patients in North America. Studies have reported complete tumor necrosis in 47%-75%
of patients on explant analysis. Predictably, the rate of
tumor necrosis is highest in tumors less than 3 cm[54].
Mazzaferro et al[57] reported no patient drop-out due to
disease progression after median waiting time of 9.5 mo
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Figure 3 Pretreatment of patients on transplant list (other modalities). A and B: Arterial enhancing hepatocellular carcinoma lesion in segment 5/8 (arrows) that
shows subtle washout and possible pseudocapsule on delayed post-contrast imaging. This tumor was treated successfully using percutaneous microwave ablation; C:
The tip of the microwave ablation probe positioned within the lesion (white dotted circle). Note the presence of a transjugular intrahepatic portosystemic shunt catheter
(white dotted arrow) which helped direct placement of the probe on fluoroscopic images; D, E: Follow up magnetic resonance imaging 4 wk after ablation shows large
ablation cavity covering the region of the previously seen tumor (arrows). There is no residual arterial enhancement suggesting complete tumor necrosis.

in 50 patients undergoing pre-transplant RFA. The 1 and
3-year post transplant survival was reported at 95% and
83% respectively.
Liver resection: The role of liver resection as a bridge
to transplantation is controversial. Approximately 70%
of patients develop recurrent disease after resection and
about one-third of them recur beyond Milan criteria
making them transplant ineligible at most centers[33-35].
However, survival after salvage liver transplantation
for patients with recurrences within Milan Criteria was
shown in a recent meta-analysis to be comparable to survival after primary OLT[36]. Currently in the United States,
patients on OLT waiting list who have already undergone
liver resection for HCC are not awarded MELD score
exception points, which makes it a less attractive option.
Other modalities: PEI is one of the oldest techniques
for local treatment of HCC and it is rarely used as a
bridging treatment for transplantation[54]. Microwave
ablation, high-intensity focused ultrasound (HIFU)
ablation, percutaneous laser ablation, conformal radio
therapy and transarterial radioembolization, are some of
the new and upcoming techniques that may play a role as
a bridge to transplantation in the future either alone or
in combination therapy with other established modalities
(Figure 3). A recent pilot study showed promising results
with use of HIFU ablation as bridging therapy for HCC
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patients on transplant wait list who were not candidates
for TACE or radiofrequency ablation. Patients in the
HIFU group had comparable percentages of tumor necrosis on explant specimen to TACE patients and this
technique was found to be safe even in patients with
advanced cirrhosis (Child-Pugh C). It still remains to be
seen whether these promising initial results will be reproduced in a RCT[58].
Non resectional ablative therapies
Ablative therapies have emerged in the past decade as effective treatment options for select patients with HCC.
RFA and TACE/TAE are the more commonly employed
ablative techniques and work by causing tumor necrosis.
These techniques have shown to be reasonably effective
for small tumors but also have significant limitations[15,57].
Consequently their role for primary treatment of HCC
is limited at the present time for patients with advanced
disease that is not amenable for resection or transplantation or in patients who are at a prohibitively high risk for
major surgery. Additionally, RFA and TACE/TAE are
now increasingly being used as a bridge to transplantation
in an attempt to decrease dropout rate for patients on
transplant waiting list. Recent reports have also supported
the use of loco-regional ablative techniques to downstage
patients with advanced HCC to ‘‘within Milan criteria’’
where they can be listed for OLT[21,50,51,56,59].
Microwave ablation, high intensity focused ultrasound
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and irreversible electroporation are some of the newer
ablative techniques that will likely find a place in the treatment algorithm of HCC alongside RFA and TACE.
We will only discuss RFA under this section as others
have been discussed under the section of bridging for
transplantation.
RFA: RFA has emerged as an effective treatment option
for select patients with HCC limited to the liver and who
do not meet criteria for resectability. RFA has also been
increasingly used along with TACE/TAE as “bridging”
therapy in patients awaiting liver transplantation or to
downsize patients with stage Ⅲ/Ⅳ HCC to Milan criteria for subsequent liver transplantation as discussed
earlier. It is performed percutaneously in the majority of
cases and effectiveness varies greatly with tumor size and
location[21].
RFA involves application of thermal energy to the
lesion using high frequency alternating current. As the
temperature of the tumor tissue rises above 60 degrees
Celsius, cells begin to die, resulting in an area of coagulative necrosis around the RF electrode. It can be used
alone or in combination with TAE/TACE for management of HCC.
The HCC treatment algorithm established by the
AASLD recommends ablative treatment for HCC nodules with a maximal diameter of 3 cm in patients with 3
or fewer tumors and in whom resection is otherwise contraindicated[60]. Chen et al[61] reported their results from
a randomized control trial comparing survival between
surgical resection and ablative therapy in 180 patients
with solitary HCC up to 5 cm in size. They demonstrated
comparable 1 and 4 year survival rates of 95.8%, 67.9%
and 93.3%, 64.0% after ablative therapy and surgery
respectively. The corresponding 1 and 4-year diseasefree survival rates were 85.9%, 46.4% and 86.6%, 51.6%
respectively. Combination therapy with TACE and RFA
been shown to be safe and effective for solitary HCC’s
greater than 5 cm with approximate recurrence free survival times of 17 mo[59,62].
Choi et al[63] reported a 5 year local recurrence rate
and corresponding survival rate of 11.9% and 51.6%
respectively for 101 patients with recurrent HCC after
hepatectomy, who then underwent percutaneous ultrasound guided RFA. In a recent prospective randomized
trial, Peng et al[64] demonstrated that combination therapy
with TACE and RFA was more effective than RFA alone
for treatment of recurrent HCC. This difference was
significant for recurrent tumors greater than 3 cm in size.
It is important to realize that although TACE and RFA
may prolong survival, at this time they are not considered
curative treatment options for HCC. Additionally like
hepatic resection, ablative techniques do not address the
risk of HCC in the remnant cirrhotic liver.

quires an inter-disciplinary approach. Hepatic resection
is the treatment of choice for HCC in patients without
cirrhosis and is indicated in some patients with early
cirrhosis (Child-Pugh A). Effectiveness of surgery is
dependent on ability to achieve negative margins while
maintaining an adequately functioning liver remnant.
Large HCC, multifocal disease, underlying cirrhosis and
vascular invasion by the tumor are some of the major
factors negatively impacting outcome after surgical resection. Liver transplantation is the established standard of
care for patients with cirrhosis and HCC meeting Milan
criteria and in select patients with HCC beyond Milan
but within UCSF criteria. Neo-adjuvant loco-regional
therapy (TACE/TAE, RFA etc.) followed by a period
of observation must be considered for patients beyond
Milan criteria in an attempt do downstage them to meet
Milan criteria. Loco-regional therapies (TACE/TAE and
RFA) can also be used as a bridge to transplantation with
favorable oncologic outcomes and reduced dropout rates
in patients awaiting OLT. The role of hepatic resection as
bridge for transplantation is controversial.
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Abstract
Epidemiological and clinical data point to a close association between chronic hepatitis B virus infection
or chronic hepatitis C virus infection and development
of hepatocellular carcinoma (HCC). HCC develops over
several decades and is associated with fibrosis. This
sequence suggests that persistent viral infection and
chronic inflammation can synergistically induce liver
fibrosis and hepatocarcinogenesis. The transforming
growth factor-β (TGF-β) signaling pathway plays a pivotal role in diverse cellular processes and contributes
to hepatic fibro-carcinogenesis under inflammatory
microenvironments during chronic liver diseases. The
biological activities of TGF-β are initiated by the binding
of the ligand to TGF-β receptors, which phosphorylate
Smad proteins. TGF-β type Ⅰ receptor activates Smad3
to create COOH-terminally phosphorylated Smad3
(pSmad3C), while pro-inflammatory cytokine-activated
kinases phosphorylates Smad3 to create the linker
phosphorylated Smad3 (pSmad3L). During chronic liver
disease progression, virus components, together with
pro-inflammatory cytokines and somatic mutations,
convert the Smad3 signal from tumor-suppressive pS-
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mad3C to fibro-carcinogenic pSmad3L pathways, accelerating liver fibrosis and increasing the risk of HCC. The
understanding of Smad3 phosphorylation profiles may
provide new opportunities for effective chemoprevention and personalized therapy for patients with hepatitis
virus-related HCC in the future.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Chronic viral hepatitis; Transforming growth
factor-β; Smad3; Phosphorylation; Fibro-carcinogenesis; Hepatocellular carcinoma
Core tip: Chronic hepatitis B and C infections are major
causes of cirrhosis and hepatocellular carcinoma (HCC).
Most patients with persistent viral infection remain asymptomatic, while some patients have poor prognosis
and develop HCC. Therefore, identifying persons at
high-HCC risk among chronic hepatitis patients is crucial for preventing HCC. Analyses of domain-specific
phosphorylation of Smad3 in liver specimens can be
helpful to understand the stages of diseases and might
represent a marker to predict HCC development.
Murata M, Yoshida K, Yamaguchi T, Matsuzaki K. Linker phosphorylation of Smad3 promotes fibro-carcinogenesis in chronic
viral hepatitis of hepatocellular carcinoma. World J Gastroenterol
2014; 20(41): 15018-15027 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i41/15018.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i41.15018

INTRODUCTION
The incidence of hepatocellular carcinoma (HCC) is
increasing, and it is expected that the rates of the HCC
development will continue to rise for the foreseeable
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future. Epidemiological evidence clearly indicates that
approximately 80% of HCC depend on chronically hepatitis B virus (HBV) or hepatitis C virus (HCV) infection,
worldwide. The remaining 20% of patients are complicated, with their liver cancer being caused by various
factors such as excessive alcohol intake, fatty liver, hemochromatosis and metabolic syndrome[1]. In the natural
progress of the viral hepatitis, there is persistence of a
long latency of HBV and HCV infection; however, most
of the patients with HBV and HCV are asymptomatic
or have slight symptoms without progression[2,3]. In the
livers of some patients, the progress of various stages
with active inflammation and fibrosis, and eventually cirrhosis, is seen. Cirrhosis precedes liver-related complications, including HCC. It usually takes 20 years or more to
lead to cirrhosis from viral infection. Subsequently, HCC
often develops over another 10 years[4]. Therefore, the
liver carcinogenic process related to HBV or HCV infection tends to be insidious, most likely requiring multiple
sequential genetic alterations and complex interactions
between the virus, the host and the environment.
In the last few decades, research has provided significant insights into the transforming growth factor (TGF)-β
signal transduction network, which regulates many biological processes. In a normal system, TGF-β inhibits
the physiological activity of epithelial cell growth, having
a tumor suppressive function. At later stages, however,
TGF-β can promote cancer progression[5-7]. As normal
epithelial cells progress toward cancer cells, the oncogenic
potential of TGF-β in malignant cells rises, accompanied
by selective reduction of tumor-suppressive activity[6].
In chronic hepatitis, the cytostatic effect of TGF-β for
hepatocytes attenuates as liver disease progresses from
cirrhosis to HCC under persistent inflammatory microenvironments[8]. Under pro-inflammatory cytokines, including tumor necrosis factor-α (TNF-α) and interleukin-β
(IL-β), TGF-β promotes extracellular matrix (ECM) accumulation, while the cell proliferative pro-inflammatory
cytokine signal has a contradictory relationship with
cytostatic signal through TGF-β[8,9]. By these regulatory
actions, hepatic TGF-β signaling with pro-inflammatory
cytokines can promote fibro-carcinogenesis.
The TGF-β signal is transmitted mainly by a transcription factor called Smad. Smads proteins are comprise Madhomology (MH) 1 and MH2 domains, and a linker between
them[10]. Activated type Ⅰ receptors (TβRI) phosphorylate
the C-terminus of Smad2 and Smad3 directly to form
pSmad2C and pSmad3C[11]. Mitogenic signals are generated by the phosphorylation of their linker regions instead
of C-terminal phosphorylation[12-18]. After formation of
hetero-oligomers with Smad4, a common partner, Smad2
and Smad3 translocate from the cytoplasm to the nucleus,
leading to regulated transcription of target genes[19].
Mechanisms linking fibrosis and HCC remain largely
unsettled. Considering that the roles of phospho-Smads
are greatly influenced by differential phosphorylation, a
better understanding of mechanisms of phospho-Smads
signaling should help to design approaches to diagnosis,
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prevention and treatment of hepatitis virus-related hepato-carcinogenesis. In this review, we summarize Smad3
phosphorylation profiles and consider how Smad3 affects
human fibro-carcinogenesis at the molecular level.

TGF-β AND JNK SIGNALING
INVOLVEMENT IN CHRONIC LIVER
DISEASE PROGRESSION
TGF-β appears highly important in hepatic fibro-carcinogenesis in patients with chronic liver diseases. TGF-β
participates in many cell functions, such as tissue and
organ development, cell proliferation, differentiation, cell
survival, and the control of the apoptosis[20]. TGF-β, the
most potent hepatic pro-fibrogenic cytokine, is deeply
involved in chronic liver diseases, especially liver cirrhosis
and HCC[21], and is produced mostly by activated mesenchymal cells during chronic liver damage[22]. TGF-β plays
an important role in epithelial-mesenchymal transition
during fibrogenesis[23]. HCC usually occurs in cirrhotic
livers where more TGF-β existed in comparison with
healthy livers, which suggests that TGF-β has a role in
pro-oncogenesis[24]. TGF-β regulates a large number of
genetic expressions in conjunction with carcinogenesis[25].
Another important factor influencing HCC development in chronic HBV or HCV infection is c-Jun-Nterminal kinase (JNK) activity[26,27]. JNK is a mitogenactivated protein kinase (MAPK) family member that is
activated by diverse stimuli, including cytokines such as
IL-1β and TNF-α. These cytokines are transcriptionally
activated in the injured liver. Upon activation, JNK induces multiple biological events through several transcription
factors and transcription-independent control of effector
molecules[28].
Smads mediate the intracellular TGF- β signal as
transcription factors. Eight kinds of Smads are known
in mammals, and they are classified as signal-specific
Smad2/3, common type Smad4 and inhibitory type
Smad7 by their functions [29]. An SXS motif in the
C-terminus of Smad3 is phosphorylated by TβRI upon
TGF-β binding, leading to activation of Smad3 signaling (Figure 1A)[10,29]. On the other hand, signal-specific
Smad2/3 at the linker lesion is phosphorylated directly
by extracellular signal-regulated kinase (ERK), which is
representative of the downstream molecules of the Ras
cascade, such as JNK, p38 MAPK, cyclin-dependent kinase (CDK), glycogen synthase kinase 3-β, Ca2+-calmodulin-dependent protein kinase II, and G protein-coupled
receptor kinase-2 (Figure 1B)[12-17,30-35]. As a substitute for
pro-inflammatory cytokines and TGF-β, TGF-β activated kinase (TAK) 1 plays an important role in the signal
reaction in the cell through the non-Smad cascade. TAK1
mediates activation of JNK and p38 MAPK signaling via
mitogen-activated kinase (MKK) 4/7 and MKK3/6[36,37].
In addition, JNK and p38 MAPK interfere with TGF-β
signal by pro-inflammatory cytokines through their regulation of many physiological functions[38].

15019

November 7, 2014|Volume 20|Issue 41|

Murata M et al . Smad3 promotes fibro-carcinogenesis

A

Tumor-suppressive pathway

B

Fibro-carcinogenic pathway

HBx, TNF-a, Ras

TGF-β

TβRI P

JNK P

P

P
P

P
pSmad3L

pSmad3C

pSmad3C

WAF1

c-Myc, PAI-1

WAF1

p21

p21

Growth stimulation
ECM deposition

Growth inhibition

C

Fibro-carcinogenic pathway

HBx, TNF-a, Ras

TGF-β

JNK P

TβRI P

Tumor-suppressive pathway

Tumor-suppressive pathway

pSmad3L

c-Myc, PAI-1

Growth inhibition

Growth stimulation
ECM deposition

Fibro-carcinogenic pathway

HBx, TNF-a, Ras

TGF-β

TβRI P

JNK

P

P
P
pSmad3C

WAF1

p21

Growth inhibition

pSmad3L

c-Myc, PAI-1

Growth stimulation
ECM deposition

Figure 1 Reversibility of phospho-Smad3 signaling between tumor suppression and fibro-carcinogenesis. A: Additional treatment of transforming growth
factor-β (TGF-β) activates TGF-β receptor type Ⅰ (TβRI), further leading to direct phosphorylation of Smad3C, which inhibits normally hepatocytic growth by upregulating p21WAF1 transcription; B: Mitogens drastically alter phospho-Smad3 signaling via the c-Jun N-terminal kinase (JNK) pathway, increasing nuclear fibro-carcinogenic pSmad3L activity while shutting down TGF-β-dependent cytostatic pSmad3C. Although the TGF-β signal weakly phosphorylates Smad3L in normal hepatocytes
(dotted line), hepatitis viral components, including HBx, pro-inflammatory cytokines including tumor necrosis factor-a (TNF-a), and somatic mutations such as Ras,
additively transmit a fibro-carcinogenic signal through the JNK-dependent pSmad3L pathway to participate in hepatocytic growth and ECM deposition, possibly by
stimulating transcription of c-Myc and PAI-1 genes. Linker phosphorylation of Smad3 indirectly prevents COOH-tail phosphorylation, pSmad3C-mediated p21WAF1
transcription and cytostatic function; C: Either various JNK inhibitors or a Smad3 mutation causing lack of JNK phosphorylation sites in the linker region can eliminate
fibro-carcinogenic pSmad3L signaling, restoring or maintaining the tumor-suppressive pSmad3C signaling characteristic of mature hepatocytes.

ANTAGONISTIC SMAD3 PHOSPHOISOFORM SIGNALING: TUMORSUPPRESSIVE (CYTOSTATIC) PSMAD3C
VS ARCINOGENIC (MITOGENIC)
PSMAD3L
Recent reports suggested that each step of the Smad3
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signal transmission, including its ability to form a complex with Smad4, the local existence in the cell, binding
to target gene promoter and the resolution, are controlled
by phosphorylation[29]. Activation of TβRI with TGF-β
binding and Ras-related kinase, including JNK and CDK,
differentially phosphorylate Smad3 to form pSmad3C
and the pSmad3L. These two domain-specific phosphorylation forms have different actions. Phosphorylation of Smad3C activates a cytostatic signal, while phos-
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phorylation at the linker region upregulates the mitogenic
signal. Notably, as pSmad3L is produced during fibrocarcinogenesis, leading to structure changes, phosphorylation of Smad3C is inhibited by pro-fibrogenic and protumorigenic non-Smad pathways[39].
In normal epithelial cells, TGF- β regulates the
growth and proliferation of cells. In particular, after pSmad3C shifts into the nucleus, cell proliferation stops by
activation of p15INK4B and p21WAF gene transcription or
suppression of the c-Myc gene, resulting in apoptosis with
inhibition of Bcl-2 expression (Figure 1A)[40-43].
Traditionally, the cytostatic effects of TGF-β have
been thought to oppose mitogenic signaling in normal
cells, while in cancer cells, potent mitogenic actions of
certain oncogenes can overwhelm the anti-mitogenic
capacity of TGF-β signaling. Virus components, including the HBx protein; inflammatory cytokines such as IL1β and TNF-α; growth factors acting through a tyrosine
kinase type receptor, including hepatocyte growth factor
and platelet-derived growth factor (PDGF); and Ras mutations additively upregulate phosphorylation of Smad3L
by activated JNK[16,44,45]. After pSmad3L moves into the
nucleus, nuclear pSmad3L induces the growth of hepatocytes and ECM deposition by upregulating c-Myc and
PAI-1 transcription. Importantly, phosphorylation of
Smad3 at the linker region inhibits C-terminal phosphorylation induced by TβRI[13,16,32,45,46]. When Smad3L phosphorylation is promoted by the activation of mitogenic
signaling, phosphorylation of pSmad3C is suppressed indirectly, possibly by the cytostatic system (Figure 1B)[13,16].
A principal finding is the shift between JNK/pSmad3L and TRβI/pSmad3C signaling, representing a
delicate balance between carcinogenesis and tumor-suppression (Figure 1C). Specifically blocking phosphorylation of Smad3 at the linker legion using Smad3 mutants
lacking linker phosphorylation sites or inhibition of JNK
activity, can recover to the pathway going through the
tumor-suppressive pSmad3C pathway[16,45,46]. Therefore,
we suggest that the cytostatic TβRI/pSmad3C signal has
a contradictory relationship with the mitogenic JNK/pSmad3L signal.

MODULATION OF SMAD3 SIGNALING
FAVORS CARCINOGENESIS
TGF-β activates cytostatic and apoptotic processes to
maintain homeostasis in normal epithelial cells. In the
human intestine, apoptosis induced by the TGF-β/pSmad3C pathway, which is essential for normal homeostasis, acts to inhibit human colorectal cancer cell proliferation. Similarly, hepatocytes show a balance between
proliferation and differentiation during liver regeneration.
Proliferation of normal hepatocytes to compensate for
partial hepatectomy or diffuse liver injury is constructed
by the interaction of polypeptide cytokines and growth
factors.
In quiescent hepatocytes, Smad3C phosphorylation
via the activin type Ⅰ receptor (ActRI) persists[47]. During
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acute liver damage, mitogenic pSmad3L signaling induced
by TNF- α becomes more dominant than pSmad3C
signaling. As decreases in TNF-α and pSmad3L allow
increased sensitivity to phosphorylation at Smad3C by
TβRI, hepatocytic proliferation ceases. Such a competitive mode of hepatocytic Smad3 signaling is a protective
reaction, which may prevent malignant transformation
from normal cells. In this manner, hepatocytes with nonproliferative pSmad3C signaling may be destined to undergo apoptotic cell death[48].
On the other hand, constitutive pSmad3L (Ser-213)/
c-Myc signaling accelerates cancer development[49]. Hepatocytes keep their cell proliferative potential by Smad3
linker phosphorylation and inhibition of anti-apoptotic
action by Smad3C, which make an environment in which
mutant genes are easily accumulated. This step mainly
contributes to progression of hepatocarcinogenesis.

FIBRO-CARCINOGENESIS IN HUMAN
CHRONIC LIVER DISEASES: RECIPROCAL
CHANGES IN PSMAD3L AND PSMAD3C
PATHWAYS
Around 80% to 90% of HCCs arise as a complication
of long-standing symptomatic cirrhosis[50]. Cirrhosis is
seen in 20% to 30% of patients with persistent HCV
infection, several decades after viral infection. As fibrosis
progresses, the risks of the HCC increase, in particular,
HCC develops at an annual rate of 1% to 7% in HCVinfected patients with cirrhosis[51], and 0.02% to 3.7% in
HBV-infected patients with cirrhosis[52,53]. These epidemiological findings indicate that hepato-carcinogenesis
in chronic viral hepatitis is a sequential step from chronic
liver injury, through cirrhosis to HCC, with fibrosis being
pivotal at the pre-neoplastic stage.
During progression of liver injury, hepatic stellate
cells (HSCs) undergo a complex transformation or activation process, losing lipid droplets, retaining retinoids
and changing into myofibroblast (MFB)-like cells, which
progress ECM accumulation[54]. This step is the beginning of fibrosis. If this process is repeated, the liver shifts
to irreversible cirrhosis. Activation of HSCs promotes
fibrogenesis and control intracellular signaling networks
by proliferative PDGF[55,56] and fibrogenic TGF-β cytokines[57]. Moreover, our in vivo model indicated that the
pSmad3C-mediated signal decreased, while the pSmad3L
pathway predominated during transdifferentiation in
culture[31]. In chronic hepatitis C, α-smooth muscle actin
(SMA)-positive MFB in the portal area is strongly affected by the pSmad3L signal rather than the pSmad3C
signal [44]. Increase of α -SMA in HSC creates scarforming MFB, leading to liver fibrosis[58]. Similar to MFB,
pSmad3L is predominantly located in hepatocytic nuclei
in portal tracts, in sharp contrast to pSmad3C[44]. Kupffer
cells in the portal tract produce and release TGF-β and
a variety of pro-inflammatory cytokines, which provoke
JNK activation[59,60]. According to these findings, JNK ac-
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tivated pro-inflammatory cytokines are able to transform
Smad3 into pSmad3L in both hepatocytes and MFB during the course of chronic hepatitis.
Our studies compared pSmad3L with pSmad3C distribution in biopsy specimens from patients chronically
infected with HBV or HCV. These results demonstrated
reciprocal changes in pSmad3L and pSmad3C pathways
during hepato-carcinogenesis, with pSmad3L being seen
predominantly in hepatocytes with progress of liver
disease (Figure 2)[44,45]. In contrast, pSmad3C staining decreased in hepatocytes during fibrosis progression (Figure
2)[44,45]. Furthermore, the JNK/pSmad3L-mediated pathway in hepatocytes and activated HSC involves hepatic fibrosis during a long cancerous process. This is a principal
mechanism in the development of liver fibrosis toward
HCC in both HBV- and HCV-related liver diseases.

PROMOTION OF HEPATOCARCINOGENESIS BY CHRONIC
VIRAL INFECTION TOGETHER WITH
INFLAMMATION IN THE HUMAN LIVER
A number of pathogenic mechanisms have been proposed for HCC associated with chronic inflammatory
diseases, including chronic viral hepatitis B and C, alcoholic hepatitis, non-alcoholic fatty liver disease, autoimmune hepatitis, primary biliary cirrhosis, hemochromatosis, Wilson’s disease and others. Although cell division
is very rare in normal hepatocytes, in viral chronic liver
disease, the hepatocyte turnover rate is significantly
accelerated under repeated hepatocytic necrosis and
regeneration. Cell proliferation fundamentally does not
have a function to transform cells, but cell proliferation
is necessary in the process of liver carcinogenesis[61]. By
accelerating hepatocyte turnover, the chronic inflammatory liver is exposed to the risk of cell progression
into a fully malignant phenotype, acting as a potent
tumor promoter. Moreover, stepwise accumulation of
mutations in cancer-related genes and molecular alterations participate in human carcinogenesis[62]. Eventually,
somatic mutations in hepatocytes stimulate hepatocytic
growth, and HCC occurs as a result of malignant cell
transformation.
In comparison with other influences, chronic infection with HBV or HCV represents the most important
risk factor for the development of HCC. Hepato-carcinogenesis in HBV and HCV infection has been studied
extensively with necrosis and chronic inflammation, followed by fibrosis and cell proliferation, playing a role.
Nevertheless, HCC only occurs in a small proportion of
HBV and HCV carriers. The hepato-carcinogenic process involves the interplay between hepatitis viruses and
host inflammatory responses; thus, both factors may contribute to the final malignant outcome, either individually
or synergistically[63-67].
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CHRONIC INFLAMMATION AND
HEPATITIS VIRUS ALTER THE
HEPATOCYTIC TGF-β SIGNALING
Hepatitis viruses and inflammation influence the fibrocarcinogenic TGF-β pathway, which leads to development of HCC. We investigated the correlation between
hepatocytic pSmad3L positivity and plasma HBV DNA
concentration in chronic hepatitis B patients, because
HBV itself can upregulate phosphorylation of hepatocytic Smad3L[45]. pSmad3L is predominantly located in the
nuclei of hepatocytes adjoining inflammatory cells in the
portal tracts[44]. Furthermore, Smad3L phosphorylation
showed strong correlation with inflammatory activity[44].
At the onset of HCC, chronic inflammation, cell
death and persistence of viral infection in liver cells,
play a central role. Hepatocytes with abundant pSmad3L
and little pSmad3C can survive during the progress of
chronic hepatitis, resulting in the accumulation of various mutations in sequences. These mutations are associated with genes in the Ras pathway[68], which activate
phosphorylation of Smad3L constantly in pre-neoplastic
hepatocytes, resulting in the eventual development of
overt HCC[69]. These observations are consistent with the
general hypothesis of the additive promotion of hepatocarcinogenesis by persistent hepatitis virus infection and
chronic inflammation.

SMAD3 PHOSPHORYLATION FOR
PREDICTING RISK OF HCC
Identification of high-risk patients among virus hepatitis
carriers is of great importance. Well-planned treatment
allocation and effective screening for HCC in chronic
hepatitis patients are essential. Several factors have been
identified as associated with higher risk of development
of HCC, including male gender, advanced age[70], virological factors[71-73], and disease factors, including alanine
aminotransferase concentrations and the presence of
cirrhosis[70,74].
Our retrospective study using pSmad3L and pSmad3C in human liver have provide physiopathogenic insights. In the chronic hepatitis B patients, HCC develops
from the group with high pSmad3L but low pSmad3C in
their hepatocytes. By contrast, HCC does not occur from
the group with high pSmad3C but little pSmad3L in their
hepatocytes[45]. A similar tendency is observed in human
HCV-related hepato-carcinogenesis[44]. Striking differences in cumulative HCC incidence have been observed
between the two groups during 12 years of follow-up.
These findings clarify the position of pSmad3C as a
tumor suppressor, while pSmad3L is a tumor promoter
during human hepato-carcinogenesis. In addition, according to the results of multivariate analysis, high pSmad3L
and low pSmad3C in hepatocytes were each independent
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Figure 2 Hepatic fibro-carcinogenesis: reciprocal change in linker phosphorylated and COOH-terminally phosphorylated Smad3 pathways. The linker phosphorylated Smad3 (pSmad3L)/c-Myc pathway shows increasing prominence in hepatocytes, as hepatitis C virus (HCV)-infected liver progresses from chronic hepatitis, through cirrhosis to hepatocellular carcinoma (HCC). In contrast to the intense staining for pSmad3L and c-Myc, the COOH-terminally phosphorylated Smad3
(pSmad3C)/p21WAF1 pathway staining decreases in hepatocytes as liver disease progresses toward HCC.
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Figure 3 Contribution to fibro-carcinogenesis by tumor-promoting agents. Together, persistent hepatitis virus infection and chronic inflammation shift hepatocytic phospho-Smad3 signaling from the tumor-suppressive transforming growth factor-β (TGF-β) receptor type Ⅰ (TβRⅠ)/COOH-terminally phosphorylated Smad3
(pSmad3C) mode to the fibro-carcinogenic c-Jun N-terminal kinase (JNK)/linker phosphorylated Smad3 (pSmad3L) mode characteristic of median forebrain bundle,
accelerating liver fibrosis while increasing risk of hepatocellular carcinoma (HCC). In the liver, persistent hepatitis virus infection and chronic inflammation contribute to
fibro-carcinogenesis. In proportion to the severity of fibrosis, mitogenic genetic or epigenetic alterations can drive fibro-carcinogenesis via the pSmad3L pathway. Escaping the cytostatic action of pSmad3C is a critical step for progression to full malignancy in cancers, which must overcome multiple fail-safe genetic controls. HBV:
Hepatitis B virus; HCV: Hepatitis C virus.

risk factors for liver carcinogenesis[45]. These observations
suggested that the Smad3 phosphorylation profile has an
excellent discriminating ability to triage chronic hepatitis
patients for the most appropriate treatment.

CONCLUSION
Over the last decade, our understanding of the mechanism of hepato-carcinogenesis has deepened. HCC associated with chronic with HBV and HCV infections
remains associated with poor prognosis. Nonetheless,
our studies clearly demonstrated that as the stage of
viral chronic liver disease progresses, fibrogenic and oncogenic pSmad3L signaling gradually increases in preneoplastic hepatocytes persistently affected by TGF-β,
together with pro-inflammatory cytokines, leading to liver
fibrosis and initiating HCC (Figure 3). The model focusing on phospho-Smad signaling that we proposed may be
understood as a crucial molecular mechanism by which
most HCC develops in the context of severe fibrosis[75].
Thus, understanding of Smad phospho-isoform signaling
is important to understand the mechanisms underlying
hepato-carcinogenesis.
In our recent studies, HCV clearance at an early stage
by anti-viral therapy restored hepatocytic TGF-β signaling from fibro-carcinogenesis toward the tumor-suppression[76]. Moreover, low pSmad3C and high pSmad3L
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positivity were significantly predictive of human HCC
development[44,45]. We concluded that pSmad3L and pSmad3C can serve as useful markers to determine whether
antiviral therapy will be effective against viral related
HCC. Using an individual’s phospho-Smad3 markers, clinicians may be able to achieve more effective chemoprevention and individualized therapy for HBV- and HCVinfected patients.
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Abstract
The number of elderly patients with hepatocellular
carcinoma (HCC) has been increasing. Characteristics of elderly HCC patients are a higher proportion of
females, a lower rate of positive hepatitis B surface
antigen, and a higher rate of positive hepatitis C antibodies. Careful patient selection is vital for performing
hepatectomy safely in elderly HCC patients. Treatment
strategy should be decided by not only considering
tumor stage and hepatic functional reserve, but also
physiological status, including comorbid disease. Various assessment tools have been applied to predict the
risk of hepatectomy. The reported mortality and morbidity rates after hepatectomy in elderly HCC patients
ranged from 0% to 42.9% and from 9% to 51%, respectively. Overall survival rate after hepatectomy in
elderly HCC patients at 5 years ranged from 26% to
75.9%. Both short-term and long-term results after
hepatectomy for strictly selected elderly HCC patients
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are almost the same as those for younger patients.
However, considering physiological characteristics and
the high prevalence of comorbid disease in elderly
patients, it is important to assess patients more meticulously and to select them strictly if scheduled to
undergo major hepatectomy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatocellular carcinoma; Hepatectomy;
Elderly
Core tip: The number of elderly patients with hepatocellular carcinoma (HCC) has been increasing. Careful patient selection is vital for performing hepatectomy safely
in elderly HCC patients. Treatment strategy should be
decided by not only considering tumor stage and hepatic
functional reserve, but also physiological status, including comorbid disease. Both short-term and long-term results after hepatectomy for strictly selected elderly HCC
patients are almost the same as those for younger patients. However, considering physiological characteristics
and the high prevalence of comorbid disease in elderly
patients, it is important to assess patients more meticulously if scheduled to undergo major hepatectomy.
Oishi K, Itamoto T, Kohashi T, Matsugu Y, Nakahara H, Kitamoto M. Safety of hepatectomy for elderly patients with hepatocellular carcinoma. World J Gastroenterol 2014; 20(41): 15028-15036
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i41/15028.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i41.15028

INTRODUCTION
Hepatocellular carcinoma (HCC) is the third-leading
cause of death worldwide. Age-standardized incidence
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rates in Eastern Asia are 35.5 per 100000 in males and
12.7 per 100000 in females. An estimated 748300 new
liver cancer cases and 695900 cancer deaths occurred
worldwide in 2008[1]. Hepatitis B virus (HBV) infection
or hepatitis C virus (HCV) infection is recognized as the
major risk factor for development of HCC. In fact, it
has been estimated that HBV infection is associated with
50%-80% of HCC cases worldwide, whereas HCV infection is implicated in the pathogenesis of 10%-25% of
HCC cases. The incidence of HCC in cirrhotic liver associated with HBV or HCV infection is between 1% and 7%
per year. Another cause of cirrhosis in which HCC can
develop is alcohol abuse. Non-alcoholic steatohepatitisrelated cirrhosis is also a risk factor for the development
of HCC. A recent study has suggested that aging itself
might be a factor affecting hepatocarcinogenesis[2].
Average life expectancy at birth has been increasing
worldwide. In Japan, 75-year-old men and women have
average expected life spans of around 5 and 10 years,
respectively. An 80-year-old male has an average life expectancy of 8.26 years, while a female aged 80 years can
expect to live another 11.04 years[3].
The number of elderly HCC patients has been increasing[4,5]. The average age of HCC patients and the
proportion of elderly HCC patients in Japan are increasing. A recent report showed that the mean ages at diagnosis of HCC were 66.4 years in males and 69.9 years
in females[6]. Another recent report showed that patients
over 70 years of age constitute more than 50% of those
undergoing hepatectomy for HCC [7]. HCC is considered to be a life-limiting factor even in very old patients.
Therefore, in patients with good liver function and performance status (PS), hepatectomy for HCC might improve the survival rate, even in very old patients[8]. Aging
causes several problems due to a decline in the functional
reserve of multiple organ systems and the high prevalence of comorbidity in the treatment of HCC.
This review summaries the physiology, characteristics,
preoperative risk assessment, and clinical outcomes in
elderly HCC patients undergoing hepatectomy.

DEFINITION OF ELDERLY
The “elderly” are not clearly defined as a homogeneous
population because different age subsets, divided with
ages ranging from 65 to 80 years, are mixed. Elderly individuals have been defined in reports as individuals of
65, 70, 75, or 80 years of age and older. Elderly HCC
patients were defined as patients of 70 years of age and
older in most reports before 2010[9-15]. However, due to
the change to a more aged society, reports in which elderly HCC patients are defined as patients of 75 years of
age and older have been increasing in recent years[16-21].
Caratozzolo et al[22] reported that the cut-off age related
to complications after hepatectomy was 75 years. However, there have been a few reports in which elderly HCC
patients were defined as patients of 80 years of age and
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older[23-25]. At present, a definition of elderly as 75 years
of age and older is appropriate. However, due to the advance to a more aged society in the near future, a definition of elderly as 80 years of age and older will become
appropriate.

PHYSIOLOGICAL ALTERATION OF THE
LIVER CAUSED BY AGING
Aging changes biological functions in many organs. Several vital proteins such as albumin, prothrombin, and
fibrinogen are produced in the liver; albumin maintains
the isotonic environment of the blood (with serum albumin level being a good indicator of the nutritional index
in elderly people), prothrombin is related to coagulation
ability, and fibrinogen is related to hemostasis by helping
blood clots to form. With advancing age, the ability to
synthesize proteins (especially albumin) and the metabolic function of the liver generally declines. Furthermore,
the volume and blood flow of the liver in elderly people
is decreased[26].
The liver is a characteristic organ that is able to regenerate itself after hepatic resection[27]. It is known that after
hepatic resection, the remaining liver expands in volume
to compensate for lost tissues. The volume of the liver
after remnant liver regeneration is not different between
elderly and young people. However, findings after surgical resection have revealed that the effect of aging on the
liver is delayed and there is reduced proliferation immediately after loss of liver mass[28]. The liver in living-related
older donors does not regenerate as quickly as those in
younger donors[29]. In an animal experiment, it was found
that synthesis of DNA isolated from regenerating livers
of aged rats was reduced and delayed compared with that
of DNA from young rats[30].
An early study demonstrated that major hepatectomy
for elderly patients with primary liver cancer resulted in a
high mortality rate (23%), with the main cause of death
being hepatic insufficiency. It was reported that cirrhosis led to an unacceptable mortality rate of 44% after
hepatic resection of 5 or more segments of the liver[31].
The loss of regenerative capacity in older livers may
cause serious problems in recovery after major hepatectomy in elderly patients. However, a recent study showed
that mortality rate in elderly patients (70 years of age or
more) who underwent major hepatectomy was 7.9%,
which was not so different from that in younger patients
(5.4%), although most patients enrolled in that study had
metastatic cancer[32].

COMORBID DISEASE
In general, the proportion of comorbid disease such as
cardiovascular, cerebrovascular, pulmonary disease, renal
disease, hypertension, and diabetes mellitus is higher in
elderly patients than in younger patients[10,11,18,19,21,23,33-35].
The proportion of comorbid disease in elderly patients
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GENERAL SURGICAL RISK MODEL IN
HEPATECTOMY

Table 1 General surgical risk model in hepatectomy
POSSUM/pPOSSUM

E-PASS

Physiological parameters
Age
Age
Cardiac history
Severe heart disease
Respiratory history
Severe pulmonary
disease
Blood pressure
Diabetes mellitus
Pulse rate
Performance status
Glasgow Coma scale
ASA score
Hemoglobin level
White cell count
Urea concentration
Serum sodium level
Serum potassium level
Electrocardiography

Operative parameters
Operative severity
Multiple procedures
Total blood loss
Peritoneal soiling
Presence of malignancy
Mode of surgery

APACHE Ⅱ score
Age
Chronic health point
Temperature
Blood pressure
Heart rate
Respiratory rate
Oxygenation
Arterial pH
Serum sodium
Serum potassium
Serum creatinine
Hematocrit
White blood cell count
Glasgow Coma Score

Blood loss/body
weight
Operation time
Extent of skin incision

is double that of younger patients. More than 80% of
cancer patients over 65 years of age have at least one comorbid disease requiring treatment[36].
Nanashima et al[7] demonstrated that preoperative
comorbidity significantly increased with age in HCC patients who underwent hepatectomy. Huang et al[33] reported that most comorbidities in elderly HCC patients were
well-controlled before hepatectomy, although elderly
patients did present with a significantly higher frequency
of preoperative comorbidities than in younger patients.
Especially for elderly patients, it is necessary to assess
comorbid disease and to consider the balance with treatment effect of hepatectomy and the risk of morbidity after hepatectomy. The presence of comorbid diseases has
been shown to be an important risk factor of mortality
or morbidity after surgical procedures in various surgical
risk models mentioned below[36-39].
Diabetes mellitus is also a frequent comorbid disease
in elderly patients. Diabetes mellitus increases the risk
of HCC development[38]. Moreover, diabetes mellitus in
HCC patients after hepatectomy is related to a higher rate
of postoperative morbidity and poorer postoperative survival rates[39]. A recent report warns liver surgeons against
shocking results of major hepatectomy for patients with
metabolic disorders. Postoperative mortality in patients
undergoing right hepatectomy with two or more metabolic disorders including diabetes mellitus, hypertension,
dyslipidemia, and obesity reached 30%. Moreover, the
mortality rate in patients with three or more metabolic
disorders reached 54%[37]. Although it is essential to control metabolic disorders medically before hepatectomy,
the indication of major hepatectomy for patients with
serious metabolic disorders should be reconsidered.

WJG|www.wjgnet.com

The treatment strategy for HCC patients is decided mainly according to their physiological status, hepatic functional reserve, and tumor stage. Hepatectomy for HCC
patients, especially for elderly HCC patients, is still a risky
procedure with significant morbidity and mortality. The
prevalence of HCC in a series of elderly patients undergoing hepatectomy ranged from 22.7% to 46.7%[40,41]. Patient with poor physiological status are not candidates for
such invasive procedures as hepatectomy. Careful patient
selection is vital to achieving acceptable outcomes after
hepatectomy (Table 1).
According to the guidelines of clinical practice for
HCC in Japan[42], treatment strategies should be decided
by considering both the tumor factor and hepatic functional reserve. There is no restriction for age or PS in said
guidelines. Barcelona-Clinic Liver Cancer staging classification and treatment schedule classifies HCC patients
by variables related to tumor stage, liver functional status,
physical status, and cancer-related symptoms. With regard
to physical status, hepatectomy is indicative for a patient
with PS 0, 1, or partial 2.
Evidence-based, patient-specific risk prediction is
valuable in the decision-making process. Although age by
itself is not a strong risk factor of mortality or morbidity,
when considering other physiologic factors[43], age may
be a proxy for physiological reserve[44,45] and a surrogate
marker for undeclared comorbidity. Thus, we have to determine candidates for hepatectomy by not only considering tumor stage and hepatic functional reserve, but also
via the use of physiological assessment tools. The variety
of scoring systems for surgical procedures indicates how
numerous the variables are that can be analyzed to derive
mortality and morbidity rates.
The American Society of Anesthesiologists (ASA)
score, which is widely used, is a useful indicator of morbidity after abdominal surgery in elderly patients[46], and is
incorporated in a number of other scoring systems. The
advantages of the ASA score are that it can be simply
applied and is better for risk stratification, while the disadvantages are that it is not designed as an operative risk
score, and it is not specific or predictive[47].
Physiological and operative severity score for the enumeration of mortality and morbidity (POSSUM score)[48],
Portsmouth POSSUM (P-POSSUM) [49], and estimation of physiologic ability and surgical stress (E-PASS)
score[50,51] have been reported as measures for surgical
audit to objectively evaluate the operative risk by the preoperative condition of the patient and the surgical stress.
POSSUM and P-POSSUM provide information on
predicted risk in terms of morbidity and mortality. Clinical parameters included in POSSUM/P-POSSUM and
E-PASS scoring are shown in Table 1. Both scoring systems consist of physiologic and operative parameters. At
present, the predicted mortality and morbidity rates from
the POSSUM or P-POSSUM scoring systems can be eas-
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ily calculated by entering the appropriate numerical values
online. However, there are some problems in the scoring
systems, including occurrence of an error due to differences among facilities or ethnic groups and difficulty in
examining numerous parameters.
The E-PASS scoring system was initially developed
by Haga et al[50] to predict adverse postoperative effects in
a study population of approximately 300 patients requiring elective gastrointestinal surgery. This scoring system
is composed of a Preoperative Risk Score (PRS), Surgical
Stress Score (SSS), and Comprehensive Risk Score (CRS).
E-PASS uses coefficients to combine pre-operative factors
with operative ones. E-PASS also incorporates age and
the ASA score. Haga et al[50] reported that the in-hospital
mortality and morbidity rates in patients with liver cancer
increased as the CRS increased. The E-PASS scoring system requires no special examination compared with the
POSSUM and P-POSSUM scoring systems. Estimated
mortality rates are obtained from equations including CRS.
Age is an important risk factor for these scoring systems,
as well as cardiovascular disease and diabetes mellitus. PRS
in the E-PASS scoring system and the POSSUM morbidity and mortality risk in elderly HCC patients are higher
than those in younger HCC patients[20]. However, Banz et
al[52] reported that the E-PASS scoring system effectively
predicted mortality but not morbidity in hepatectomy for
patients with benign or malignant liver tumors. They concluded that the E-PASS scoring system cannot be used in
its current form and requires further evaluation and validation to better fit the postoperative predictions specific to
liver surgery. Nanashima et al[7] demonstrated that PRS in
the E-PASS system increased with age and was strongly
correlated to the postoperative systemic complications
rate, but not to liver-related complications, such as hepatic
insufficiency, ascites or plural effusion, and bile leakage,
in HCC patients who underwent hepatectomy. Recently,
Haga et al[53] demonstrated that both E-PASS and P-POSSUM have high discriminatory power for predicting postoperative outcomes even in liver surgery, but overpredicted
the overall mortality rate by more than twofold. Therefore,
they proposed that E-PASS should be refined to make it
more suitable for predicting liver surgery outcomes.
The Acute Physiology and Chronic Health Evaluation (APACHE) method for predicting hospital mortality enables accurate estimation of the probability of inhospital death in patients admitted to the intensive care
unit (ICU)[54]. Gagner et al[55] reported that the APACHE
II score could predict the risk of morbidity and mortality in elective hepatectomy for malignancy. However, the
APACHE II method is complex and time-consuming,
and raw data are not always easily obtainable, particularly
outside the ICU setting.

RISK ASSESSMENT SPECIFIC FOR
ELDERLY PATIENTS UNDERGOING
HEPATECTOMY
There are a few scoring systems, in which age of the pa-
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tient or physiological status is factored, that are specific
to HCC patients for hepatectomy to estimate the risk of
in-hospital death after hepatectomy. Recently, Simons et
al[2] developed a simple risk scoring system to estimate the
risk of in-hospital death after resection of HCC. The five
patient characteristics used to predict in-hospital mortality after hepatectomy include age group, sex, Charlson
comorbidity score group, procedures for HCC, and
teaching hospital status. The strongest predictors of inhospital death were a Charlson score of 3 or more (indicating at least 2 comorbid conditions or those of greater
severity) and a more invasive procedure (lobectomy).
The total possible score was 22. They graded the patients
into 4 groups: low, scores from 0 to 4; low to moderate,
scores from 5 to 9; moderate to high, scores from 10 to
14; and high, scores from 15 to 22. The estimated mortality rates in these 4 groups were 1.48%, 3.98%, 10.33%,
and 28.30%, respectively. The risk score for patients older
than 75 years was 3 (Table 2).
A preoperative nomogram using a population-based
database in the USA to predict perioperative mortality
risk after liver resections for malignancy has recently
been developed[56]. The risk factors of this nomogram
include age, race, gender, liver primary, coagulopathy,
renal failure, congestive heart failure, cardiac arrhythmias, and other major comorbidities. The nomogram
was successfully validated by a high-volume center and
is the only clinical tool that has been externally validated
to predict preoperative mortality after liver resections for
malignancy[57].

CHARACTERISTICS OF ELDERLY
HCC PATIENTS WHO UNDERWENT
HEPATECTOMY
The characteristics of elderly HCC patients are a higher
proportion of females, a lower rate of positive hepatitis B
surface antigen (HBs-Ag), better liver functional reserve,
and a higher proportion of normal livers[8,58] (Table 3).
The hepatic resection rate for elderly HCC patients
ranged from 0% to 14%; 12% -28% in younger HCC
patients[8,10,34,58]. Hepatic resection rates for elderly HCC
patients were lower than those for younger HCC patients. Very old patients did not frequently receive surgical treatment and were more likely to receive conservative treatment[8].
A summary of the characteristics of previously reported elderly HCC patients who underwent hepatectomy is shown in Table 3. Similarly to the characteristics
of all elderly HCC patients, five studies have shown that
the proportion of females in elderly HCC patients is
higher than that in younger HCC patients[10,18,19,21,59]. Four
of those studies were recent. The reasons for the higher
proportion of females in elderly HCC patients are that
the average life expectancy at birth for females is longer
than that of males, and thus the proportion of females is
higher than that of males in the elderly population. Moreover, the peak age of occurrence of HCC in females is 5

15031

November 7, 2014|Volume 20|Issue 41|

Oishi K et al . Hepatectomy for elderly HCC patients

not different in elderly HCC patients compared to younger
HCC patients[10-13,17,19,20,25,33,62,63]. Similarly, most studies have
shown that the values of indocyanine-green retention rate
at 15 min (ICG-R15) are not different in elderly compared
to younger HCC patients[9-11,13,15-17,19,20,24,25,59,62,64], while two
studies showed that the values of ICG-R15 in elderly
HCC patients with hepatectomy were higher than those
in younger HCC patients[21,23]. Hepatic functional reserve
in elderly HCC patients was almost the same as that in
younger HCC patients. Surgeons therefore have the same
treatment policy for evaluating hepatic functional reserve
before hepatectomy in both elderly and younger patients.
Regarding tumor factors, Huang et al [33] reported
that there was a significantly higher frequency of tumor
encapsulation in elderly HCC patients than in younger
patients. Tumor encapsulation has been reported to be
a favorable prognostic factor for HCC[65]. In addition,
a higher incidence of tumor encapsulation indicates a
higher differentiation of HCC and a lower incidence of
vascular invasion[12]. It was suggested that a higher frequency of tumor encapsulation might be an indicator of
less malignant disease in elderly patients with HCC[27].

Table 2 Risk assessment specific for elderly patients
undergoing hepatectomy
Simple Risk Score

Nomogram

Physiological parameters
Point
Age
Age
≤ 55
0
18-54
55-75
1
55-70
≥ 70
> 75
4
Sex
Sex
Women
0
Women
Men
1
Men
Hospital type
Race
Teaching
0
White
Nonteaching
3
Non white
Charlson comorbidity score
Admission type
0
0
Elective
1
3
Urgent/Emergent
2
4 Liver primary
≥3
8
No
Yes
Hypertension
Yes
No
Coagulopathy
No
Yes
Renal failure
No
Yes
Congestive heart failure
No
Yes
Cardiac arrhythmias
No
Yes
Liver disease
No
Yes
Fluid and electrolyte
disorders
No
Yes
COPD
No
Yes
Other neurological
disorders
No
Yes
Operative paramerters
Procedure type
Procedure type
RFA/enucleation
0
Wedge resection
Wedge resection
2
Lobectomy
Lobectomy
6

Point
0
25
54
0
19
0
21
8
32
0
25
0
61
0
100

SHORT-TERM OUTCOME OF
HEPATECTOMY FOR ELDERLY HCC
PATIENTS

0
87
0
49
0
47
0
41

0
52
0
17

0
95

0
27

years older than that in males[60].
Most studies have shown that the rate of positive HBs-Ag was lower in elderly HCC patients than in
younger HCC patients[12,14-17,19,21,23,33,35,61]. There are many
HBV-related HCC patients in China, with lower HBsAg rates in elderly HCC patients being reported even in
China. On the other hand, the rate of positive HCV antibody (HCV-Ab) is higher in elderly HCC patients than in
younger HCC patients[9,11-13,17,19,33,35,59].
Most studies have shown that serum albumin levels are
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The mortality rate after hepatectomy for elderly HCC
patients ranged from 0% to 42.9% (Table 4). However,
due to recent advances in surgical procedures and perioperative management, most recent studies have shown
that mortality rates after hepatectomy in both elderly and
younger patients are similar[14-17,20,21,24,25,33,35,59,61,63,64]. ChildPugh B and C are risk factors of operative death for
elderly HCC patients[66]. Regarding major hepatectomy,
although the degree of liver regeneration at one month
after right lobectomy in elderly patients is not different
from that in younger patients, the incidence of hospital
death due to hepatic failure after right lobectomy in elderly HCC patients is extremely high[62]. It is possible that
remnant liver regeneration immediately after major hepatectomy in elderly patients is impaired[67] (Table 4).
The morbidity rate after hepatectomy for elderly HCC
patients ranged from 9% to 51%. Despite the high rate
of comorbidity disease in elderly patients, as mentioned
above, most studies have shown that morbidity rates of
elderly patients are not different from those in younger
patients. On the other hand, Ferrero et al[13] reported that
postoperative morbidity rate was lower in elderly HCC
patients. Moreover, Kondo et al[14] reported that the frequency of pneumonia is the only difference in postoperative complications.
Meanwhile, the mortality and morbidity rates after
hepatectomy in elderly patients with colorectal liver metastasis (CLM) range from 0% to 8% and 14.2% to 52.5%,
respectively. The rates in elderly patients with CLM are
not different from those in elderly patients with HCC[68].
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Table 3 Characteristics of elderly hepatocellular carcinoma patients
Ref.

Year

Country

Age

Takenaka et al[9]
Yamamoto et al[62]
Poon et al[10]
Wu et al[23]
Hanazaki et al[11]
Yeh et al[12]
Ferrero et al[13]
Zhou et al[61]
Kondo et al[14]
Kaibori et al[15]
Oishi et al[16]
Huang et al[33]
Mirici-Cappa et al[34]
Tsujita et al[17]
Portolani et al[35]
Yamada et al[24]
Tsujita et al[25]
Nishikawa et al[19]
Hirokawa et al[59]
Ide et al[20]
Ueno et al[21]
Taniai et al[64]
Wang et al[63]

1994
1997
1999
1999
2001
2004
2005
2006
2008
2009
2009
2009
2010
2010
2011
2012
2012
2013
2013
2013
2013
2013
2014

Japan
Japan
China
Taiwan
Japan
Taiwan
Italy
China
Japan
Japan
Japan
China
Italy
Japan
Italy
Japan
Japan
Japan
Japan
Japan
Japan
Japan
China

70
70
70
80
70
70
70
65
70
70
75
70
70
75
70
80
80
75
70
75
75
75
70

Number of
patients
Y

E

229
40
299
239
283
398
177
125
210
333
502
268
142
77
276
267
385
206
120
192
186
353
152

39
7
31
21
103
34
64
54
109
155
64
67
43
23
175
11
23
92
100
64
66
63
56

Sex (male)
(%)
Y

E

81
87.5
86
79.5
78.4
77.9
81.9
85.6
75.7
80.7
76
82.8
81.7
67.5
82.2
77
65.7
78.1
82
82
81
77
79

69
71.4
67.71
90.5
68.9
79.4
73.4
88.9
72.4
76.8
75
86.6
74.4
73.9
72
55
65.2
66.31
691
67
651
62
71

HBV (%)
Y
18
10
85.9
58.5
23.7
74
21.4
84.8
41
20.1
24
88.8
15
22
30.8
27
23.1
17.5
NA
22
20
NA
98.7

E
5
29
51.6
28.61
18.4
25.81
10.9
59.31
11.91
9.71
21
65.71
7.1
01
17.11
36
8.7
4.31
NA
13
21
NA
96.5

HCV (%)
Y
59
77
NA
NA
40.7
31.8
38.9
NA
45.7
693
66
1.1
47.1
65
31.9
58
70.6
56.3
50
65
55
NA
1.3

E
881
71
NA
NA
55.41
63.21
60.91
NA
54.1
71.6
70
7.51
57.1
911
45.11
56
87
66.31
681
69
56
NA
3.6

Child-Pugh
(B) (%)

Alb (g/dL)

ICG-R15
(%)

Y

E

Y

E

Y

E

24
NA
4.7
18.8
20.1
23.6
22.0
4.8
6.1
9.3
15.0
4.1
31.3
4.0
8.3
8.0
31.7
3.9
18.0
13.0
9.0
24.0
20.0

13
NA
3.2
23.8
26.2
33.3
15.6
14.81
9.2
10.3
8.0
6.0
27.4
0.0
6.9
22.0
21.7
2.2
12.0
11.0
9.0
11.0
14.0

NA
3.9
4.1
NA
3.7
3.8
3.7
NA
NA
3.6
3.8
4.1
NA
4.0
NA
3.7
3.9
4.0
NA
3.9
4.0
NA
3.9

NA
4.0
4.1
NA
3.7
3.6
3.6
NA
NA
3.71
3.7
4.0
NA
4.0
NA
3.31
4.0
3.8
NA
3.9
3.91
NA
3.9

17.4
13.6
12.6
14.2
21.0
13.3
7.2
NA
NA
18.7
17.7
NA
NA
18.0
NA
17.6
17.0
13.9
14.3
15.7
13.0
19.1
NA

18.7
11.2
14.0
17.71
21.0
22.6
9.3
NA
NA
19.8
18.7
NA
NA
19.0
NA
19.4
16.5
14.6
15.1
19.1
14.01
15.0
NA

1

Represents significant difference. Y: Younger patients; E: Elderly patients; Alb: Albumin; ICG: Indocyanine–green retention rate at 15 min; HCV: Hepatitis
C virus; HBV: Hepatitis B virus; NA: Not available.

LONG-TERM OUTCOME OF
HEPATECTOMY FOR ELDERLY HCC
PATIENTS
Overall survival rates after hepatectomy in elderly HCC
patients at 5 years ranged from 26% to 75.9%, whereas
those in younger HCC patients ranged from 31.4%% to
68%[9-13,15,16,19,20,23-25,33,34,59,61,64]. Most reports demonstrated
that overall survival rates after hepatectomy at 5 years
are not different in elderly patients compared to younger
patients[9-13,15,16,19,20,23-25,34,59,61,63,64]. Only one study showed
better overall survival rates after hepatectomy at 5 years
in elderly patients[33]. In that study, the overall 5-year survival rates after hepatectomy were 43.2% in the elderly
group and 31.4% in the younger group, whereas 5-year
disease-free survival rate in the elderly group was not significantly different from that in the younger group. Thus,
it was suggested that elderly patients with HCC possibly
had longer tumor-bearing survival than that of younger
patients because HCC in the elderly patients was less advanced and less aggressive[27] (Table 4).
Since the majority of elderly patients have various comorbidities, deaths unrelated to HCC may have affected
the survival rate in the elderly group. However, longterm results for elderly HCC patients who underwent
hepatectomy were almost the same as those for younger
patients. One possible explanation is that elderly patients
who undergo hepatectomy might be strictly selected before referring to hospitals because hepatectomy is a more
invasive procedure than other gastrointestinal surgeries.
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Postoperative recurrence of HCC is the most important factor affecting survival of patients who have undergone radical resection. Repeated hepatectomy has been
suggested to be the most effective treatment for recurrent
HCC[69]. Even for elderly patients with recurrent HCC,
repeated hepatectomy has been recommended to achieve
better survival if the tumors are resectable and hepatic
functional reserve is preserved[11]. Tsujita et al[17] reported
that the criteria of initial therapy for recurrent HCC are
identical to those of initial treatment for primary HCC,
even in elderly patients.
Overall survival rates at 5 years in elderly patients with
CLM are 16% to 38%. The outcomes for elderly patients
undergoing hepatectomy for HCC are better than those
for elderly patients undergoing hepatectomy for CLM[68].

CONCLUSION
The average life expectancy at birth and number of elderly HCC patients have been increasing worldwide. Thus,
the necessity of invasive treatments including hepatectomy for elderly patients has been increasing. Hepatectomy
can now be performed safely for strictly selected elderly
patients. With strict preoperative evaluation, both shortterm and long-term results after hepatectomy for elderly
HCC patients are almost the same as those for younger
patients. Considering physiological characteristics and the
high prevalence of comorbid disease in elderly patients,
it is important to assess patients more meticulously and
to plan an elective operation in detail for elderly patients
scheduled to undergo major hepatectomy.
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Table 4 Outcome of hepatectomy for elderly hepatocellular carcinoma patients
Ref.

Year

Takenaka et al[9]
Yamamoto et al[62]
Poon et al[10]
Wu et al[23]
Hanazaki et al[11]
Yeh et al[12]
Ferrero et al[13]
Zhou et al[61]
Kondo et al[14]
Kaibori et al[15]
Oishi et al[16]
Huang et al[33]
Mirici-Cappa et al[34]
Tsujita et al[17]
Portolani et al[35]
Yamada et al[24]
Tsujita et al[25]
Nishikawa et al[19]
Hirokawa et al[59]
Ide et al[20]
Ueno et al[21]
Taniai et al[64]
Wang et al[63]

1994
1997
1999
1999
2001
2004
2005
2006
2008
2009
2009
2009
2010
2010
2011
2012
2012
2013
2013
2013
2013
2013
2014

Country
Japan
Japan
China
Taiwan
Japan
Taiwan
Italy
China
Japan
Japan
Japan
China
Italy
Japan
Italy
Japan
Japan
Japan
Japan
Japan
Japan
Japan
China

Age
70
70
70
80
70
70
70
65
70
70
75
70
70
75
70
80
80
75
70
75
75
75
70

Number of patients

Mortality rate (%)

Y

E

Y

229
40
299
239
283
398
177
125
210
333
502
268
142
77
276
267
385
206
120
192
186
353
152

39
7
31
21
103
34
64
54
109
155
64
67
43
23
175
11
23
92
100
64
66
63
56

1
5
6
2.1
6
7.7
9.6
2.4
2.9
4
1
1.1
NA
1
4.3
0
0.8
NA
2
3.1
1
2.8
1.3

E
5
42.91
10
0
9.7
10.5
3.1
0
3.7
3
2
1.5
NA
0
3.4
0
4.3
NA
2
3.1
0
6.3
3.6

Morbidity rate (%)

OS at 5 years (%)

Y

E

Y

50
NA
40
15.5
23.3
NA
42.4
NA
43.8
19
19
4.5
NA
NA
16.7
3.3 (LF)
NA
15.5
35
29
19
22.9
47.4

51
NA
48
14.3
28.2
NA
23.41
NA
41.3
18
22
9
NA
NA
16
0 (LF)
NA
16.3
32
33
26
30.2
53.6

51.6
NA
51
59.3
40
32.1
32.3
38.6
NA
57.3
64
31.4
32.4
832
NA
43
84.8
64.4
64
68
NA
46.6
NA

E
75.9
NA
58
40.9
42.2
39.6
48.6
50.1
NA
54.6
58
43.21
44.8
702
NA
26
95.7
43
56
59
NA
40.2
NA

1

Represents significant difference; 2Represents OS at 3 years. Y: Younger patients; E: Elderly patients; OS: Overall survival rate; NA: Not available; LF: Liver
failure.
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Abstract
Many studies have demonstrated the linkage between
the IBD3 region (6p21.1-23), an area which encompasses the famous human leukocyte antigen (HLA) complex,
and Crohn’s disease (CD) or ulcerative colitis (UC). IBD3
is the only region that meets genome-wide significance,
and provides stronger evidence of the linkage than
16p13.1-16q12.2 (IBD1), the locus that contains the
susceptibility gene CARD15 . However, despite these findings, IBD3 susceptibility genes remain elusive and unclear due to the strong linkage disequilibrium, extensive
polymorphism, and high gene density that characterize
this area and also due to varying allele frequencies in
populations around the world. This area presents an extremely high abundance of genes, including the classical
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and non-classical major histocompatibility complex (MHC )
class Ⅰ and Ⅱ genes, and other genes, namely MHC
class Ⅲ genes tumor necrosis factor (TNF )-α and -β, and
Hsp, whose proteins play key functions in immunological processes. To date, it is not clear which genes within
the MHC family contribute to the IBD pathogenesis,
although certain HLA alleles have been associated with
IBD. Recent insights into the biological function of other
genes encoded within the IBD3 region, such as the MHC
class Ⅰ chain-related (MIC ) genes, have led investigators
to a more comprehensive exploration of this region. MHC
class Ⅰ chain-related molecule A (MICA) is highly polymorphic and interacts with NKG2D, its receptor on the
+
surface of NK, Tγδ and T CD8 cells. Increased expression of MICA in intestinal epithelial cells and increased
+
expression of NKG2D in CD4 T cells (lamina propria) in
patients with CD have also been reported. MICA alleles
have also been associated with IBD, and a variation at
amino acid position 129 of the α2-heavy chain domain
seems to categorize MICA alleles into strong and weak
binders of NKG2D receptor, thereby influencing the effector cells’ function. In this regard, a relevant role of MICA129-Val/Met single nucleotide polymorphism has recently
been implicated in the pathogenesis of IBD. TNF-α and
-β also play an important role in inflammatory response.
In fact, IBD is commonly treated with TNF-α inhibitors.
Additionally, polymorphisms of TNF-α gene are known
to affect the gene expression level and particular TNF-α
genotypes may influence the response of IBD patients
treated with TNF-α inhibitors.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: IBD3 ; Tumor necrosis factor; MICA ; HLA ;
Inflammatory bowel disease
Core tip: This review gathers information about the
importance of IBD3 genomic region in susceptibility to
inflammatory bowel disease (IBD). The new and old
immunogenetic biomarkers of the IBD3 region (human
leukocyte antigen, MHC class Ⅰ chain-related molecule A,
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MHC class Ⅰ chain-related molecule B, and tumor necrosis factor-α and -β) and their role on IBD susceptibility
are discussed in the light of recent publications. IBD3
gene polymorphisms and their clinical relevance for the
treatment of the IBD patients are also discussed. Insights into the natural history of these complex diseases
may allow in the future appropriate patient selection for
early aggressive therapy aimed at modifying the course
of the disease.
Muro M, López-Hernández R, Mrowiec A. Immunogenetic
biomarkers in inflammatory bowel diseases: Role of the IBD3
region. World J Gastroenterol 2014; 20(41): 15037-15048
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i41/15037.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i41.15037

INTRODUCTION
Inflammatory bowel diseases (IBD) are an idiopathic
disease that seems to involve an immune reaction of the
body to its own intestinal tract. The two major types of
IBD are ulcerative colitis (UC) and Crohn’s disease (CD).
Although both UC and CD present different pathologic
findings, a significant percentage of patients are classified as indeterminate IBD. Twin studies and segregation
analysis strongly support IBD, especially CD, as complex
genetic traits[1], whose etiology also involves immunological and environmental factors. These pathologies are
polygenic-related diseases that share some susceptibility
loci, but differ at others. A number of studies have been
performed to identify IBD susceptibility chromosomal
regions, and in some of them causative genes have been
found[2-5]. However, although these studies have indicated
multiple regions of interest, the replication of these results has been rather limited. IBD susceptibility genes
have classically been identified with different and consecutive names, depending on the chromosomes involved
[e.g., 5q31 (IBD2), 6p21 (IBD3) and 19p (IBD4)], while
several loci of interest (e.g., at 3p, 3q, 14q and others) require further follow-up.
From a functional point of view, active IBD is immunologically defined as an infiltration of the lamina propria by innate immune cells (neutrophils, macrophages,
dendritic and NK cells) and adaptive immune cells (B and
T cells). Increased numbers and activation of these cells
in the intestinal mucosa enhance local levels of tumor
necrosis factor (TNF), located in the IBD3 region, and
other pro-inflammatory interleukins[3,6]. Cytokines are also
essential mediators of the interaction between activated
immune cells and non-immune cells, including epithelial
and mesenchymal cells. Moreover, germ-line variation
in IL23R, IL12B, JAK2 and STAT3 has recently been
associated with IBD susceptibility, consistent with the
newly described role for IL-23 signaling and Th17 cells in
inflammatory disease pathogenesis. Additionally, several
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genes involved in different aspects of bacterial handling,
such as NOD2 (from now on called CARD15) on human chromosome 16 (IBD1) and the autophagy genes
ATG16L1 and IRGM, are defective only in CD. IL10 and
ECM1 are associated with UC, and an inherited variation
at the human leukocyte antigen (HLA) region (IBD3)
is related to an inflammatory colonic phenotype[7-16]. In
fact, other non-classical HLA genes, such as HLA-G and
MIC (major histocompatibility complex (MHC) class I
related chain), are also implicated in IBD pathology[4,17,18].
In the last years, the application of genome-wide association studies (GWAS) has been successful in defining
the genetic architecture of CD and UC and in delivering
genuinely novel and important insights into disease pathogenesis. The recent “Immunochip” study[19], carried out
by the International IBD Genetics Consortium, has led to
the validation of 163 genetic loci containing susceptibility genes for IBD[5,20,21], including 71 newly established, a
number that is expected to double in the next years. In the
“Immunochip” study, the maximal genetic association for
UC at single nucleotide polymorphism (SNP) rs6927022
mapped adjacent to HLA-DQA1 class Ⅱ gene (between
DQB1 and DRB1). However, there was no evidence
of this SNP conferring the risk of developing CD. CD
maximal association mapped to HLA class Ⅰ region and
showed no association with UC. These results showed
that the HLA region, central to autoimmunity, is especially
important and broad-based (influencing a large segment
of the at-risk population) to UC. On the other hand, the
HLA association with CD seems to be less important and
distally located, at least in Caucasians.
Finally, although important obstacles need to be overcome, the successes of the last years suggest that a detailed description of the genetic basis of IBD is a realistic
goal. This has unearthed a plethora of attractive targets
for the development of future therapeutics. Insights into
the natural history of these complex diseases may allow in
the future appropriate patient selection for early aggressive therapy aimed at modifying the course of the disease.
In this review, we will analyze the new and old immunogenetic biomarkers of the IBD3 region and their role
on IBD susceptibility, in the light of recent publications.
In this context, HLA, MICA, MICB, and TNF-α and -β
are the most important genes involved.

HLA SYSTEM AND IBD
Since the first report of an HLA association with IBD
in 1972, more than 150 studies investigating the role of
HLA genes in determining susceptibility and phenotype
of IBD have been published[22]. The HLA complex encodes more than 225 genes, and GWAS have shown consistent evidence of its linkage to IBD3 (6p21.1-23)[23-25].
This has been demonstrated in several independent studies of both CD and UC[26-28]. The structure of this region
is shown in Figure 1. The importance of this area was
further highlighted by a meta-analysis of ten published
genome-wide scans[3]. IBD3 was the only locus that met
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Figure 1 Localization of the MIC genes in the major histocompatibility complex class Ⅰ region on the short arm of human chromosome six. Classical human major histocompatibility complex (MHC) class I locus (HLA-A, -B and -C), non-classical MHC (HLA-E, -F and -G) (grey boxes), and TNF-α and HFE (white box)
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genome-wide significance and provided stronger evidence of linkage than 16p13.1-16q12.2 (IBD1), the locus
that contains the susceptibility gene CARD15. Although
it is difficult to estimate the importance of this region in
determining the overall genetic susceptibility, calculations
derived from studies of HLA allele sharing within families suggest that this region could contribute to 10%-33%
of the total genetic risk of CD and 64%-100% of that
of UC. Thus, the HLA locus association is far more pronounced for UC than for CD. Before the associations
with NOD2 were discovered, the only consistent genetic
associations were those with HLA gene polymorphisms,
especially of the highly polymorphic HLA class Ⅱ genes,
which are responsible for the presentation of foreign antigens to T-lymphocytes.
In this respect, our group has recently found an increased frequency of HLA-A*03, -DRB1*13, -DRB1*01
and -DRB1*01:03 alleles and a decreased frequency
of DRB1*15 allele in CD patients compared with UC
patients [7]. These data are concordant with previous
studies that suggest that, among British patients, HLADRB1*01:03 was associated with the development of
severe isolated colonic CD, defined by the requirement
for infliximab (anti-TNF-α) or colectomy[1,29], while positive association of CD pathology was found with HLADRB3*03:01 and -DRB1*13 [30,31]. The association of
HLA-DRB1*01:03 with UC has also been confirmed
in other studies[32]. Moreover, HLA-DRB1*15 was also
negatively associated with CD[7], which explains a previous negative association with the serological antigen
HLA-DR2 in the 1999 meta-analysis[31]. This allele seems
to confer protection against all subgroups of CD pathol-
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ogy, in all ethnic groups, including Japanese. In addition,
in our UC patients, allele frequencies of HLA-DRB1*15
were strongly increased compared with CD patients[7].
This data agree with other reports showing that HLADRB1*15 is associated with UC in the European [27],
North American[33], Japanese[34] and Korean[35] populations. However, HLA-DRB1*07 frequency allele, associated in unselected patients with CD in other studies[1,25,26],
was not associated to CD in our study[7]. Additionally, in
contrast to other studies[31,36-38], we were not able to find
an increased frequency in HLA-DRB1*04 allele in CD
patients. However, the frequency of HLA-DRB1*04 was
decreased in UC compared with CD patients[7]. Additionally, HLA-DRB1*04 allele was also negatively associated
with UC in the Northern European and Japanese populations, in contrast to the positive association with CD[30].
It was reported that in the Spanish population, the
only DR alleles significantly associated with the disease
were DR3 (very strong protection) and DR4 (weak protection)[39]. The strong protective effect of DR3 was
evenly distributed among the haplotypes DR3-TNFa1b5,
DR3-TNFa2b3, and DR3-TNFother. These results
showed the strong protective effect of DR3 in this
population, which suggests that the relevant protective
gene could be located centromeric to TNF-α and TNF-β
markers.
Recent results showed that IBD Tunisian patients
have an increased frequency of the homozygous
DRB1*07 genotype[40]. In UC patients, DQB1*03:02 was
also predictive of colonic extension, whereas DRB1*13
and DQB1*03:01 were associated with limited disease
localization (left-sided colitis and proctitis). The same
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study showed that DRB1*15 allele was also increased
in patients with extra intestinal manifestations. In CD,
female patients showed an increased frequency of the
DRB1*13, *15, and DQB1*06 alleles and DRB1*13DQB1*06 haplotype, whereas male patients showed a
significant increase of the DRB1*07, DQB1*02 alleles,
and DRB1*07-DQB1*02 haplotype. These recent results
suggest a significant association of the homozygous
HLA-DRB1*07 genotype with UC and CD and of several HLA-DR/DQ alleles and haplotypes with the clinical
phenotypes of these diseases. At the same time, it had
also been reported that IBD patients had lower odds of
DQ2/8 positivity compared with healthy controls in an
Italian population[41]. Similarly, a pathogenetic link of
HLA-B27 between CD and primary sclerosing cholangitis in South Africans has been reported[42].
HLA-C gene has also been reported to associate with
IBD in a study that suggests that HLA-C*07 and -C*12
alleles may be strongly associated with the susceptibility to UC and CD, respectively[43]. Interestingly, GWAS
of Japanese population[44] showed that although HLAC*12:02-B*52:01-DRB1*15:02 haplotype increases susceptibility to UC when compared with the frequency of
healthy controls, this haplotype reduces the risk of noncolonic CD, whereas it has no effect on colonic CD.
HLA-G is another gene associated with IBD (Figure
1). HLA-G is a non-classical MHC class Ib molecule,
predominantly expressed in cytotrophoblasts and, under
pathological conditions, in chronically inflamed tissue.
An interesting study investigating a 14-bp deletion
polymorphism (Del+/Del-) (rs16375) within exon 8
of the HLA-G gene revealed significant differences
between UC and CD[18]. Heterozygous genotype and
the homozygous Del- phenotype were significantly increased, whereas the homozygous Del+ phenotype was
significantly decreased when UC was compared with CD.
The fact that the deletion in exon 8 of the HLA-G gene
seems to influence its transcription activity suggests that
the HLA-G gene might play a role in the pathogenesis of
IBD.
Other polymorphisms in this region have also been
associated with IBD. In this regard, significant association
with the rs2395185 variant of the HLA gene and steroidresponse, and positive family history in UC patients has
recently been reported[45]. For the HLA-rs2395185 SNP
this association persisted both in the adult- and in the
pediatric-onset subset of patients with a positive family
history.
The unclear role of different HLA molecules in IBDs
might be explained by either different affinity to the same
peptide or by the HLA molecules binding with different
strength to different molecules. In this respect, the IBDs
might be explained by molecular mimicry hypothesis[1,15].
Cross-reactivity of peptides derived from bacterial luminal flora (similar in their structure to HLA antigens)
with host “self ” antigens present in the gut may lead to
the generation of auto-reactive T lymphocytes that either
stimulate or inhibit the immune system.
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Recent insights into the biological function of other
genes encoded within the IBD3 region have also led investigators to a more comprehensive exploration of this
region. An example of this is the analysis of MIC genes
presented in the next section.

MIC GENES AND IBD
Polymorphism of MIC Molecules
On the 2 Mb class Ⅰ segment in the short arm of human chromosome 6, multiple MHC class Ⅰ chain-related
(MIC) loci have been identified[46,47]. The genes at these
loci represent a second lineage of mammalian MHC class
I genes. The MIC genes include seven members (MICA
to MICG), five of which are pseudogenes and gene fragments, and two, namely MICA and MICB, are functional
genes closely related to each other (Figure 1).
They code for stress-induced cell surface molecules,
which do not associate with β2-microglobulin and do not
appear to present peptides[48], since the putative peptidebinding groove is too narrow to accommodate a ligand.
This suggests that MICA/MICB are not antigen-presenting molecules[49]. MICA gene has an overall homology of
83% with MICB gene, but their homology with the classical MHC class Ⅰ genes is quite low, ranging from 15%
to 35%[50].
MICA/MICB polymorphic residues are positioned
on the outer edge of an antigen-binding cleft, apparently bordering an invariant ligand-binding site, unlike
MHC class Ⅰ molecules[51,52]. The functional significance
of these polymorphisms is unknown, although certain
changes in the amino acid sequence of the protein influence the abnormal expression[4,53,54] or the affinity in
the interaction with NKG2D/DAP10, its ligand on the
surface of NK, Tγδ and T CD8+ lymphocytes. MIC
triggers the cytolysis mediated by these NKG2D-bearing
cells (Figure 2). It has been demonstrated that the allelic
diversity at the MICA locus affects ligand binding between MICA and NKG2D, potentially affecting NK-cell
activation and the modulation of T-cell responses[4,46,55].
Therefore, the presence of methionine or valine at codon
129 of α2 domain could confer strong and weak affinity,
respectively. Alleles at the MICA locus can be defined as
strong or weak binders depending on their capacity to
bind NKG2D. The strong NKG2D binding alleles share
methionine at position 129, whereas weak binding alleles
have valine at this position. In this respect, high-affinity
alleles include MICA*001, *002, *007 and *017, while
low-affinity alleles include MICA*004, *006, *008, *009
and *010[51]. Although the significance of high/low affinity for NKG2D in terms of immune activation is unclear,
knowledge of specific haplotypes may provide valuable
information with regard to modern population’s ancestry,
admixture and the selective pressures maintaining such as
linkage.
The crystal structure of the MICA-NKG2D complex
has also revealed that NKG2D binds as a homodimer
to one molecule of MICA [4,55]. One of the NKG2D
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Figure 2 NKG2D signalling requires association
with the DAP10 adapter protein. Engagement of
NKG2D on NK cells [e.g., via binding of the ligand
MHC class Ⅰ chain-related molecule A (MICA)] can
trigger cytolytic activity. It can also elicit cytokine production (e.g., MIP-1β, TNF-α and IFN-γ)[7].
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molecules binds mostly to the α1 domain of MICA,
while the other NKG2D molecule binds mostly to the
α2 domain. The NKG2D homodimer overlays MICA
diagonally, and αβTCR overlays MHC class Ⅰ molecules
in a similar way. The hypothetical binding pockets of
MICA remain free of any ligand confirming that MICA
is not an antigen-presenting molecule. The half-life for
the MICA-NKG2D complex indicates that it is more
stable than the complexes formed by TCR and MHC
class Ⅰ molecules[50].
Furthermore, some authors have also suggested that
MICA should be considered a cell homeostasis sensor
rather than a cell stress sensor whose up-regulated expression is induced not only by cell distress but also by
strong proliferation and pro-inflammatory stimuli that
disrupt the cellular homeostasis and elicits a cytotoxicity
that eliminates altered cells, thus contributing to the restoration of the normal homeostasis[56].
MICA has also been shown to play a role in very different aspects of the immune response, such as solid
transplant rejection, immune response against viruses
and intracellular bacteria, inflammation, homeostasis of
epithelia, mother-fetus tolerance and immune response
against tumors[55-59].
MICA/MICB Molecules in Intestinal Pathology
Different studies have demonstrated that MIC genes are
implicated in intestinal homeostasis. In fact, MICA is a
stress-inducible cell surface antigen that is recognized by
intestinal epithelial Vδ1 γδ T cells, NK cells and CD8+
T cells with their NKG2D receptor participating in the
immunological reaction in intestinal mucosa. With regard
to intestinal pathology, patients suffering active celiac
disease with villous atrophy showed a strong MICA expression on the cells of crypts[60]. MICA is also expressed
in villous epithelial cells of the gut in normal or diseasefree individuals, but its localization is mostly intracellular.
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IL-15, which is over-expressed in the intestine of patients
with celiac disease, appears to be involved in this upregulation of MICA expression and contributes to the
cytotoxicity of NKG2D+ intraepithelial lymphocytes
(IELs)[61-63]. These cells lyse target epithelial cell lines in a
NKG2D-dependent way, developing villous atrophy.
On the other hand, MICA-A5.1 polymorphism has
been associated with the risk of atypical celiac disease,
while a double dose of MICA 5.1 allele could predispose
to celiac disease with gastrointestinal symptoms[64,65].
Another study has shown that MICB gene is also associated with celiac disease and that both MICB*008 and
MICB*002 alleles are part of the celiac disease susceptibility extended haplotypes B8/DR3/DQ2, B18/DR3/
DQ2, and DR4/DQ8[66].
With respect to IBD pathology, increased expression
of MICA in intestinal epithelial cells and increased expression of NKG2D in CD4+ T cells (lamina propria) in
patients with CD have been reported[67].
Lü et al[68] investigated the association of the microsatellite polymorphisms in the intron 1 of MICB and
the MICA-MICB haplotype with the susceptibility to
UC in the Chinese population. All the subjects were of
Chinese Han ethnicity. The frequency of MICB-CA18
was significantly higher in UC patients compared with
healthy controls and was increased in the female patients
compared with the female healthy controls. Thus, MICBCA18 seems to be positively associated with UC in the
Chinese population.
The same group generated MICA*A5.1-expressing
Raji cells by gene transfection in a later study[69] which
also showed that the frequency of MICA*A5.1 was significantly higher in UC patients compared with the healthy
controls and that the frequency of a MICA*A5.1/A5.1
homozygous genotype was increased in UC patients.
Raji cells with MICA*A5.1 expression produced indeed more soluble MICA than Raji cells with full-length
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MICA expression in culture supernatant. Raji cells with
MICA*A5.1 expression were more resistant to killing by
NK cells than Raji cells with full-length MICA expression. Thus, the MICA*A5.1 allele and MICA*A5.1/A5.1
genotype seem to be significantly associated with Chinese
UC patients in central China. The authors suggested that
MICA*A5.1 may play a role in the development of UC
by producing more soluble MICA and resistance to NK
cells. The association of MICB exon 2-4 polymorphisms
and sMICA expression with the susceptibility to UC in
central China was also investigated by the group[70]. Their
results showed that allele frequency of MICB0106 was
significantly higher in UC patients than in healthy controls, especially in patients with extensive colitis, moderate and severe disease, extraintestinal manifestations,
male patients, and patients over the age of 40 years. The
sMICA level was also significantly higher in UC than in
healthy controls but not associated with the MICB0106
genotypes. In 2011, they obtained intestinal mucosal biopsies from patients with UC[71] and observed that the
relative amount of MICA mRNA in the colonic mucosa of UC patients was significantly higher compared
with controls, as were the MICB and NKG2D mRNA
expressions. Confocal microscopy resonance scanning
also showed that MICA was localized predominantly on
the basolateral membranes of the epithelium. Further
flow cytometry confirmed that the percentage of IFN-γ
producer NK cells that expressed NKG2D in peripheral
blood lymphocytes was higher in UC patients than in the
healthy controls. Thus, MICA, MICB and NKG2D were
up-regulated in the colonic mucosa of UC and were associated with activating NK cells with enhanced NKG2D
and IFN-γ production.
On the other hand, our group found no statistical
differences in the distribution of MICA alleles between
the IBD, CD and UC patients in the Spanish population, in a recent study[4]. Our data corroborated the first
reported studies showing no association of CD pathology and MICA allele polymorphism and contradict
other studies showing that UC is mostly associated with
MICA*007, and Type 2 IBD peripheral arthropathy with
MICA*008[17,67,72].
The association between the polymorphism of the
transmembrane region of MICA and the genetic susceptibility in Tunisian patients with IBD has been recently
studied[73]. No MICA alleles were significantly increased in
IBD compared with controls. The MICA-A5.1 allele was
significantly decreased in CD patients. In UC, MICA-A6
was associated with the presence of extraintestinal manifestations, whereas MICA-A5 was associated with late age
of onset. In CD, MICA-A6 was significantly increased in
active disease patients when compared with moderately
active or inactive disease. In conclusion, MICA seems to
play a disease-modifying role, rather than being an important gene in the susceptibility to IBD in the South Tunisian population.
Finally, a recent meta-analysis shows that MICA alleles are associated with ulcerative colitis in Asians[74].
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On the other hand, a variation at amino acid position
129 of the α2-heavy chain domain (MICA-129 Val and
Met) seems to categorize MICA alleles into strong and
weak binders of the NKG2D receptor and thereby to
influence effector cells’ function[4,53]. Evidence supporting
this hypothesis was provided by Zhao et al[54]. The authors
showed that the frequency of MICA-129 Val/Val genotype, as well as serum sMICA levels were significantly
higher in UC patients than in the controls. Moreover,
higher levels of sMICA were associated with severe colitis in the patients.
On the contrary, we have recently found a higher frequency of MICA-129 Met/Met and a lower frequency of
MICA-129 Val/Met genotypes in IBD patients (mainly in
UC) compared with control subjects[4,75]. All these preliminary data suggest a relevant role of MICA-129-Val/Met
SNP (weak/strong binders of NKG2D receptor) in the
pathogenesis of IBD[55]. However, MICA may be in linkage disequilibrium with another gene or genes that are in
fact responsible for the protection against IBD, in which
case it would involve a secondary disease association.
In any case, these facts need to be confirmed by further
studies. In conclusion, a relevant role of MICA-129-Val/
Met SNP (weak/strong binders of NKG2D receptor) in
the pathogenesis of IBD may imply an association with
the protection against the disease, although whether it
confers primary or secondary protection remains to be
determined.

TNF-a AND TNF-b
TNF-α and -β are key cytokines known to play a role in
inflammatory responses, and the loci for these genes are
found in the IBD3 region on chromosome 6p21, which is
known to be associated with an increased risk for IBD.
TNF-α/TNF receptor interactions do not only play
a pivotal role in the pathogenesis of the inflammatory
response, but also cause apoptosis, cell proliferation, and
differentiation[76]. Alterations in the regulation of TNF-α,
especially TNF-α over-production, have been implicated
in a variety of symptoms associated with autoimmune
disorders, including IBD, and especially CD[77]. Inflammation, anorexia, and weight loss are also all associated with
increased levels of circulating TNF-α that are seen in
CD[15].
In fact, three anti-TNF agents, namely infliximab
(IFX), adalimumab and certolizumab pegol have been
approved by the US Food and Drug Administration for
the treatment of luminal CD[6]. IFX has also been approved for fistulising CD and UC. The advent of these
anti-TNF-α agents has also changed the way of treating
IBD refractory to standard medications[76,78]. Clinical trials showed that IFX response varies among patients. It
would be beneficial if the efficacy could be predicted by
genetic factors since these treatments are very expensive. In this sense, a recent report shows a relationship
between the TNF receptor polymorphism and the IFX
response in Japanese patients[78].

15042

November 7, 2014|Volume 20|Issue 41|

Muro M et al . Immunogenetic biomarkers of IBD3 and IBD

Several SNPs in the TNF-α promoter region are
known to affect its gene expression (e.g., -238G/A and
-308G/A)[79]. Such variations in the TNF-αpromoter
region have previously been associated with the susceptibility to a range of autoimmune disorders, asthma, psoriasis and rheumatoid arthritis[79-82]. The -238G/A SNP is
associated with a lower production of TNF-α in patients
with ulcerative colitis[83]. Conversely, the -308A allele is associated with enhanced TNF-α production in cells in vitro
and in CD patients in vivo[84,85].
The TNF-α-308G/A and the TNF-β NcO1 polymorphisms have also been associated with survival in sepsis
or septic shock of various origins. Polymorphisms of the
TNF-α-308 and TNF-β+252 do not correlate with age,
gender, disease activity or lesion site[86,87] in the Chinese
population.
In a recent study, we did not find differences in individual TNFα -238G/A and -308G/A SNPs allele and
genotype frequencies between CD, UC and IBD patients.
These data contrast with other reports showing that the
-308 G/A SNP could be associated with IBD susceptibility[79], while they agree with Cao et al[86]. A recent metaanalysis showed that TNF-α-308 polymorphisms are also
associated with ulcerative colitis in Asians[74], whereas
another study from Northern India [evaluating TNF-α
(-1031T > C, -863C > A and -857C > T)] showed that
the high-producing genotype of TNF-α (-863AA) was
associated with increased risk of IBD, and more so with
UC[88]. Similarly, the combined effect of TNF-α polymorphisms in haplotype analysis demonstrated additionally increased risk of IBD.
However, in the TNF-α promoter gene polymorphism (-308G/A SNP) study, we found an increased frequency of the -308A allele and -308GA genotype in the
non-responders to anti-TNF treatment compared with
responder patients[89]. This -308GA genotype has been
classified as a high producer of TNF-α cytokine[80,82],
which could explain the different response of IBD patients to TNF-α inhibitor treatment. It can be argued
that in situations with a higher production of TNF-α,
its inhibitor could not be completely inhibitory, thus
promoting a worse clinical response to TNF-α inhibitors. In addition, no differences were found between the
two drugs used[89]. In any case, more polymorphisms affecting the biological response and the responder/nonresponder status of anti-TNF should be investigated,
since the contribution of these genotypes to the immune
response may be weak. It should also be mentioned that
no analysis of the biological response of anti-TNF has
been performed in this study.
Given the inter-individual variability in the response
to the anti-TNF monoclonal antibody IFX, the predictive
value of TNF and/or IL1β as surrogate markers of IFX
response was recently studied[90]. Baseline serum concentrations of TNF and IL1β were higher in UC patients
than in CD patients. CD patients showing < 0.64 pg/mL
IL1β at baseline were more frequently responders than
non-responders, and the C allele of the IL1B polymor-
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phism was associated with higher IL1β serum concentrations and with poorer clinical remission after 14 wk of
IFX treatment. No significant association was found between serum TNF concentration or TNF polymorphisms
and patient response to IFX.
New data on adaptive immunity are emerging, indicating that: (1) the mucosal Th1 and Th2 responses of IBD
may be actually secondary to defects of the innate immune response; (2) the dysfunction of regulatory T cells
may be contributing to mucosal immune abnormalities;
and (3) the newly described Th17 cells are also prominently involved in the gut inflammatory response in both
forms of IBD[15]. In fact, TNF is synthesized by different
cells, mostly of monocyte line and T lymphocytes[6], and
also intestinal epithelial cells (IEC). All known responses
to TNF are triggered by binding to one of two distinct
receptors, designated TNFR1 (also known as TNFRSF1A, CD120a, p55) and TNFR2 (also known as TNFRSF1B, CD120b, p75), which are differentially regulated on
various cell types in normal and diseased tissue[79].
TNF- α induces the expression of various genes,
such as urokinase plasminogen activator, cyclooxygenase
Ⅱ (COX Ⅱ) and vascular endothelial growth factor by
activating the nuclear factor-κB[91]. In this way TNF-α
performs multiple biological functions, such as increasing
leukocyte recruitment (induction of leukocyte adhesion
molecules)[92,93], modulation of nitric oxide (NO) production (by increasing vascular permeability)[94,95], induction
of secretion of proinflammatory cytokines[96], and the
proliferation and differentiation of immune cells.
Chronic ulcerative colitis (CUC) is characterized by
increased IEC apoptosis associated with elevated TNF,
inducible nitric oxide synthase (iNOS), and p53. In addition, p53 has been reported to be increased in crypt
IECs in human colitis and is needed for IEC apoptosis
in chronic dextran sulfate sodium-colitis[97]. Goretsky et
al[97] examined the roles of TNF and iNOS in the regulation of p53-induced IEC apoptosis in CUC. The IEC
TUNEL staining, caspases 3, 8, and 9, and p53 protein
levels, induced by anti-CD3 mAb activation of T cells,
were markedly reduced in TNF receptor 1 and 2 gene
knockout mice. Induction of IEC apoptosis correlated
with increased p53, which was attenuated in iNOS(-/-)
mice. IEC p53 levels and apoptosis were also reduced
in IL-10 (-/-) colitic mice treated with neutralizing TNF
mAb and the iNOS inhibitor, aminoguanidine, further
suggesting that TNF and iNOS are upstream of p53 during colitis-induced IEC apoptosis. IEC apoptosis and p53
levels were assessed in control vs untreated or anti-TNFtreated CUC patients with equivalent levels of inflammation. In this study, IEC apoptosis and p53 levels were
clearly higher in untreated CUC but markedly reduced in
patients treated with anti-TNF mAb. Therefore, TNFinduced iNOS activates a p53-dependent pathway of
IEC apoptosis in CUC. The inhibition of IEC apoptosis
may be an important mechanism for mucosal healing in
anti-TNF-treated CUC patients.
However, the mechanisms of action of anti-TNF-α
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agents are still unclear[6,98,99]. The neutralization of TNF-α
in the inflamed mucosa is unlikely to be a sufficient explanation. Antibody-dependent cytotoxicity also induces
apoptosis or lysis of TNF-α-producing cells[59,100]. This
mechanism involves the Fc portion of antibodies that
increases the pro-apoptotic factor caspase-3[76].
Finally, RNA interference (RNAi) holds great promise for the specific and selective silencing of aberrantly
expressed genes, such as TNF-α in IBD. A very recent
study investigates the efficacy of an amphiphilic cationic
cyclodextrin (CD) vector for effective TNF-α siRNA
delivery to macrophage cells and to mice with induced
acute-colitis[101]. RAW264.7 cells were transfected with
CD.TNF-α siRNA, stimulated with lipopolysaccharide
(LPS). Female C57BL/6 mice were exposed to dextran
sodium sulphate (DSS) and treated by intra-rectal administration with either CD. TNF-α siRNA or a control
solution. In vitro, siRNA in CD nanocomplexes remained
intact and stable in both fed and fasted simulated colonic fluids. RAW264.7 cells transfected with CD.TNF-α
siRNA and stimulated with LPS displayed a significant
reduction in both gene and protein levels of TNF-α and
IL-6. CD. TNF-α siRNA-treated mice revealed a mild
amelioration in clinical signs of colitis, but significant
reductions in total colon weight and colonic mRNA expression of TNF-α and IL-6 compared to DSS-control
mice were detected. This data seems to indicate the clinical potential of a local CD-based TNF-α siRNA delivery
system for the treatment of IBD.
In sum, a number of IBD immunogenetic markers
have been identified[102-104], and further investigation may
establish new approaches to these enigmatic pathologies.
To conclude, further large-scale and functional studies
of IBD3 genes and polymorphisms are required in order
to determine specific associated variations within the loci
responsible for the gene dysfunction that confers the risk
of IBD, and to identify gene variants that may alter the
response to the treatment.
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Abstract
Colorectal cancer (CRC) represents one of the most
commonly diagnosed cancers worldwide. It is the second leading cause of cancer death in Western Countries. In the last decade the survival of patients with
metastatic CRC has improved dramatically. Due to the
advent of new drugs (irinotecan and oxaliplatin) and
target therapies (i.e. , bevacizumab, cetuximab and
panitumab), the median overall survival has risen from
about 12 mo in the mid nineties to 30 mo recently.
Many questions needing of right collocations and more
clearness still exist regarding the prognostic factors and
the predictive factors of response to therapy. Despite
advances in dosing and scheduling of chemotherapy
in both adjuvant and advanced settings, and a greater
emphasis on early detection, the outlook still remains
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poor for most patients. Molecular analyses have shown
that the natural history of all CRCs is not the same.
Individual patients with same stage tumours may have
different long term prognosis and response to therapy.
In addition, some prognostic variables are likely to be
more important than others. Here we review the role of
prognostic factors and predictive factors according to
the recently published English literature.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Prognosis; Prognostic
factors; Therapy; Metastases; Molecular analyses
Core tip: Colorectal cancer (CRC) represents one of the
most commonly diagnosed cancers worldwide. It is the
second leading cause of cancer death in Western Countries. In the last decade the survival of patients with
metastatic CRC has improved dramatically. Due to the
advent of new drugs and target therapies the median
overall survival has risen from about 12 mo in the mid
nineties to 30 mo recently. Many questions still exist
regarding the prognostic factors and the predictive factors of response to therapy needing of right collocations and more clearness.
De Divitiis C, Nasti G, Montano M, Fisichella R, Iaffaioli RV,
Berretta M. Prognostic and predictive response factors in colorectal cancer patients: Between hope and reality. World J Gastroenterol 2014; 20(41): 15049-15059 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i41/15049.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i41.15049

INTRODUCTION
Over the past 30 years, there has been a great interest in
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clinical and molecular prognostic factors in metastatic (m)
colorectal cancer (CRC).
This interest is even greater today with the advent of
molecularly targeted agents that have changed dramatically the treatment algorithms and the survival for patients
with mCRC.
CRC is one of the most commonly diagnosed cancers
in the world and remains the second leading cause of
cancer death in Western countries.
Approximately 50% of patients with CRC present,
at diagnosis, distant metastases. From the late 1990s the
median overall survival (OS) for patients with mCRC
has increased from about 12 mo, for those treated with a
5-fluorouracil (5-FU)-based chemotherapeutic regimens,
to approximately 18 mo with the addition of irinotecan
and oxaliplatin[1-5].
The availability of targeted biologics, in fact, next to
the results obtained with chemotherapy alone, has increased the OS of mCRC to more than 24 mo, median.
The use of monoclonal antibodies such as cetuximab, panitumumab and bevacizumab has improved the
treatment options ant the OS, but, on the other hand,
has made the planning of treatment strategies increasingly articulated and complex. Furthermore, it is understood that the natural history of mCRC is not always the
same; patients with mCRC may have various long term
prognosis and respond differently to the same treatment. All this justifies the frantic search for biological,
prognostic and predictive markers able to implement the
knowledge on the biology of the tumour and drive the
clinician in an increasingly personalized decision-making
process.
Therefore the information on the biology of CRC,
together with the identification of markers with prognostic and predictive value play today a crucial role in the
management of advanced disease and in the treatment of
early-stage forms, offering new tools to estimate the possibility of cure and, more generally, the overall outcome
of patient.
It seems clear that the promise of personalized medicine in the treatment of mCRC is becoming a reality
thanks to new knowledge of genetics that have allowed,
at times, to change clinical practice.

CLINICAL PROGNOSTIC FACTORS
The extreme heterogeneity in survival rate[6], that often
emerges from the results of clinical trials probably stems
from the differences in the characteristics of patients and
from the prognostic factors.
In addition to the Eastern Cooperative Oncology
Group (ECOG) performance status (PS), patients in
clinical trials are also stratified according to several prognostic factors that are likely to have a significant role in
influencing their survival.
Although the analysis of several studies, most of
which have not included more than 400 patients, have
stressed the importance of several clinical parameters
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such as PS[7], or elevated levels of lactate dehydrogenase,
white blood cell (WBC)[8], serum albumin[6], liver transaminases[8], haemoglobin[9], platelets, tumour markers like
CEA[8] and CA 19-9 and the pathological grading[9] or
various localization of the primary tumour[10], today there
is no general consensus in considering each of these parameters as valid and reliable prognostic factors.
Köhne’s prognostic classification is based on ECOG
PS, alkaline phosphatase (ALP) level, number of metastatic sites and WBC cells count. However, the validity and
applicability of this score is not universally recognized.
In fact, while Díaz et al[11] demonstrated the validity of
Köhne’s classification in a small number of patients treated with irinotecan- or oxaliplatin-based first-line chemotherapy, Sanoff et al[12], on the other hand, subsequently
confirmed the validity of the score.
Also the values of ALP may have prognostic significance. In the GERCOR OPTIMOX 1 study[13], patients
with increased levels of ALP (3-5 times the upper limit
value) showed a median progression-free (PFS) and OS
significantly reduced compared to patients with less elevated ALP values.
Regarding the prognostic value of CEA levels, while
in the adjuvant setting CEA remains the best tumour
marker available to be used as an independent prognostic
factor and as a monitor for recurrence of disease after
primary tumour resection[14], its role as prognostic factor
in mCRC is unclear.
High levels of serum CEA on diagnosis has been associated with a worse prognosis in some studies, while
others have found no significant correlation between
CEA and prognosis.
In the mCRC, the role of CEA in relation to the expression of other molecules seems to be more interesting.
Baek et al[15] assessed the relationship between serpin
B5 and CEA expression in CRC.
They showed that the expression of serpin B5 in 377
patients with CRC is associated with CEA levels, histology, stage, lymph node metastasis, lymphatic and perineural invasion, and especially with a reduced DFS (p =
0.001) and OS (p = 0.017 ). These results indicate that in
patients with mCRC, increased levels of serpin B5 could
represent a negative prognostic marker correlated with
the levels of CEA.
Selcukbiricik et al[16] aimed to determine the prognostic role of initial CEA and CA 19-9 values in mCRC
patients according to the status of KRAS. In particular,
they have questioned whether the high initial CEA and
CA 19-9 levels could be associated with the presence of
KRAS mutation in patients with mCRC.
Between 2000 and 2010, a total of 215 patients with
mCRC treated and followed up in Turkey, have been analyzed. Smokers have been excluded from the study. The
clinic-pathological findings and initial CEA and CA 19-9
values have been determined.
KRAS mutation analysis has been performed using
quantitative PCR evaluation of the DNA from the tumour tissues[17].
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KRAS mutations have been detected in 99 of the
patients (46%). KRAS has been found to be wild type in
116 patients (54%). Significant differences have been detected between the KRAS wild-type and mutant groups
with respect to age and the initial serum CEA levels. The
median OS time and 3-year OS rate for patients with a
high initial CEA level (> 5 ng/mL) have been significantly shorter than those of patients with a low initial
CEA level (< 5 ng/mL) (50.5 mo and 61.8% vs 78.6 mo
and 79.1%, p = 0.014). Multivariate analysis has indicated
stage at the time of diagnosis (p < 0.001) and low initial
serum CEA level (p = 0.037) as independent prognostic
factors of OS. For KRAS mutant patients, the stage at
diagnosis (p = 0.017), low initial serum CEA level (p =
0.001), and low initial serum CA 19-9 level have been
found to be independent prognostic indicators of OS.
Thus, they have demonstrated for the first time that the
presence of a KRAS mutation correlates with high initial
CEA and CA 19-9 levels in patients with mCRC.
They concluded that the patients with high initial
CEA and CA 19-9 levels may potentially predict the presence of a KRAS mutation, and this prediction may guide
targeted therapies in these patients.
CA 19-9, which is called sialyl Lewis a (sLa), is another alternative marker for CRC[18,19].
The increase of CA 19-9 has demonstrated a significantly higher frequency of metastasis and distinctly lower
survival rate, making it an adverse prognostic factor for
CRC patients[19].
It is commonly accepted that CA 19-9 is used as a
marker of hematogenous metastasis and a predictor of
prognosis in CRC[20]. However, the significance of elevated CA 19-9 in CRC remains to be clarified. For example,
the increase of CA 19-9 has been reported as a risk factor for extra hepatic metastasis in CRC patients with liver
metastasis (LM)[21]. For CRC patients with normal CEA,
CA 19-9 has been a valuable prognostic factor and might
help predict lung metastasis[22]. Elevated CA 19-9 has also
been reported to be related with the peritoneal metastasis
of CRC[23].
Furthermore, both CEA and CA19-9 have been
found to be independent and significant predictors for
OS in unresectable CRC LM[24].
Dong et al[25] aimed to explore the value of CA 19-9,
CEA and some biochemical enzymes in indicating LM of
CRC.
A total of 493 patients with metastatic cancers have
been retrospectively evaluated. Three groups of eligible
patients have been identified: CRC patients with LM
(CRC-LM) or without LM (CRCNLM), and non-CRC
patients with LM (NCRC-LM). All metastatic lesions
have been identified by CT or MRI. Data on characteristics of the patients, the primary site, the locations of metastasis, CA 19-9, CEA, and biochemical parameters have
been collected for analysis.
Some biochemical enzymes have been found to be
significantly higher in groups with LM than without CRCLM or NCRC-LM vs CRC-NLM. Both CEA and CA
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19-9 resulted much higher in CRC-LM than CRC-NLM
or NCRC-LM. For CRC patients, CA 19-9, γ-glutamyl
transpeptidase, CEA and alcohol consumption have been
identified as independent factors associated with LM.
This analysis has suggested that CA 19-9 might be a
potential valuable indicator for LM of CRC in the clinic.
Recently some authors have reported that the concomitant diagnosis of HIV-infection and CRC represents
an independent and poor prognostic factor in this particular setting of patients[26-29].
Conversely old age does not represent, after accurate
evaluation (Comprehensive Geriatric Assessment) of elderly CRC patient, a poor prognostic factor[30-35].

HISTOLOGY
Regarding the histology, the majority of CRC is represented by adenocarcinomas.
The variants “Mucinous” and “signet ring” adenocarcinoma, have a poor prognosis[36], and constitute approximately 10%, with signet ring cell carcinoma comprising
1%-2.4%. Mucinous cancers are characterized by the
presence of abundant extracellular mucin (more than
50% of the tumour mass).
Not only patients with mucinous mCRC have a poor
prognosis, but they also have reduced response to chemotherapy and targeted agents[37].
Therefore, this pathological feature can be considered
as prognostic markers and used as a stratification factor
for clinical trials in mCRC.

PERITONEAL INVOLVEMENT
The peritoneal involvement is an important independent
pathological prognostic parameter and may supersede
other parameters in current usage in CRC prognosis.
The prognosis of these patients is poor with reduced
survival from 18.1 mo to 6.7 mo from[38]. Often they
present at diagnosis with PS expired, ascites and weight
loss. The goal of treatment in this case is therefore palliation, reserving the systemic chemotherapy when the
diagnosis is made before surgery.
In fact, surgery or chemotherapy alone do not improve the patients’ survival and results in a median
survival of 5-7 mo. In recent years, a new therapeutic alternative approach based on the combination of surgery
with chemotherapy has been developed as a treatment
for peritoneal disease.
Some studies[39,40] indicated that the only real treatment options to improve the survival of patients with
peritoneal disease at the time seem to be represented by
the cytoreductive surgery and hyperthermic intraperitoneal chemotherapy[39]. But it must be considered that
these procedures are burdened with significant morbidity
and mortality. It is therefore essential a careful selection
of the patients that can actually tolerate and benefit from
these types of treatments rather aggressive. In any case
the prognosis in these patients is conditioned by the ex-
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tents of carcinomatosis, by Sugarbaker’s peritoneal cancer
index, by the possibility of obtaining a complete cytoreduction and by the opportunity to perform a postoperative systemic chemotherapy.

MOLECULAR PROGNOSTIC AND
PREDICTIVE MARKERS
In order to accurately treat the molecular markers (prognostic and predictive) it must be remembered that the
development of CRC is a multistep and complex process.
It occurs as a result of the accumulation of different and
many genetic and epigenetic alterations that negatively
affect the process of regulation, control of cell proliferation and differentiation, apoptosis, and angiogenesis.
KRAS-NRAS-BRAF
While the expression of EGFR and the presence of
EGFR gene mutations do not appear related to therapeutic response, the determination of the status of KRAS
gene plays a crucial role. The presence of mutations
allows the protein of the KRAS to meet a constitutive activation and therefore to be active also when it is
blocked the activity of EGFR. In CRC, KRAS mutations
are found in 35%-45% of cases, and usually (> 90% of
cases) are borne by the codons 12 and 13, more rarely
codon 6[41-43].
The role of KRAS mutations as a prognostic factor
independent of treatment seems unlikely but it is still
controversial.
Approximately 35% CRC tissues carry a mutation
at codon 12 (25%) or 13 (10%) of KRAS that leads to
the constitutive activation of EGFR downstream pathways[44-48].
Information on the KRAS/BRAF genotype is also
extremely useful when selecting systemic chemotherapy
for advanced and recurrent patients with CRC, because
it can help identify patients with poor prognoses. KRAS
and BRAF are currently under focus as potential prognostic and predictive biomarkers in patients with metastatic diseases treated with anti-EGFR monoclonal antibodies (mAb), such as cetuximab and panitumumab[49-53].
Several retrospective analyses revealed that cetuximab
treatment is ineffective in patients with KRAS mutations,
thereby suggesting that the KRAS genotype is a useful
predictive biomarker for cetuximab or panitumumab
therapy in CRC. It has also been suggested that wild-type
BRAF is required for a successful response to panitumumab or cetuximab therapies in patients with mCRC.
However, the prognostic relevance of the KRAS genotype in CRC remains controversial despite several multiinstitutional investigations since the 1990s[54-57].
The activation of EGFR signalling, such as Ras/
Raf/MAP/MEK/ERK and/or phosphatase and tensin
homologue deleted on chromosome 10/phosphoinositide-3-kinase/protein kinase B (PTEN/PI3K/Akt)
pathways, constitutes a key step in tumourigenesis and
the tumour progression of CRC[58]. Two predominant
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EGFR inhibitors have been developed including monoclonal antibodies that target the extracellular domain of
EGFR and small molecule TKIs that target the receptor catalytic domain of EGFR. Although both classes
of agents show clear anti-tumour activity, only the antiEGFR mAb has been approved for clinical use in the
treatment of patients with mCRC. Because the predictive value of alterations in EGFR expression level is unclear in the use of anti-EGFR mAb, the focus has shifted to alterations of key signalling pathways downstream
of EGFR. In particular, KRAS and BRAF mutations
have been studied as the activating mechanisms of the
EGFR signalling pathway. Screening for KRAS/BRAF
genotype is extremely important for identifying patients
with shorter survival in response to systemic chemotherapy, regardless of the use of anti-EGFR mAb, and
for predicting patients who would benefit from antiEGFR mAb therapy. Therefore, the significance of
KRAS/BRAF mutations as prognostic and/or predictive biomarkers in patients with CRC should be considered while selecting a method for KRAS genotyping.
The KRAS genotype is a useful predictive biomarker for
patients with metastatic CRC being treated with antiEGFR mAb. Several studies have showed the possibility
that KRAS13 may have a specific phenotype different
from other KRAS genotypes. Therefore, differences
in KRAS mutations at codons 12 and 13 may result in
different biological, biochemical, and functional consequences and clinical features, which may also influence
the prognosis of CRC. In fact, a lot of retrospective
analyses have suggested that KRAS mutations at codon
13, particularly KRAS p.G13D, as well as BRAF mutations are prognostic factors.
In particular, Tejpar et al[59], in pooled data from 1378
evaluable patients from the CRYSTAL and OPUS studies, have investigated the associations between tumour
KRAS mutation status (wild-type, G13D, G12V, or other
mutations) and PFS, OS, and response. Significant variations in treatment effects have been found for tumour
response (P = 0.005) and PFS (P =0.046) in patients
with G13D-mutant tumours versus all other mutations
(including G12V). Within KRAS mutation subgroups, cetuximab plus chemotherapy versus chemotherapy alone
have significantly improved PFS [median, 7.4 mo vs 6.0
mo; hazard ratio (HR) = 0.47; P =0.039] and tumour response (40.5% vs 22.0%; OR = 3.38; P = 0.042) but not
OS (median, 15.4 mo vs 14.7 mo; HR = 0.89; P = 0.68) in
patients with G13D-mutant tumours. Patients with G12V
and other mutations did not benefit from this treatment
combination. Patients with KRAS G13D-wilde tumours
receiving chemotherapy alone experienced worse outcomes (response, 22.0% vs 43.2%; OR = 0.40; P = 0.032)
than those with other mutations. Effects were similar in
the separate CRYSTAL and OPUS studies. The authors
concluded that the addition of cetuximab to first-line
chemotherapy confers a benefit to patients with KRAS
G13D-mutant tumours. These findings also suggested
that patients with CRC having KRAS mutations consti-
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tute a heterogeneous population. Since the prognostic
and/or predictive role of KRAS13 mutations continues
to remain controversial, further prospective clinical investigations are warranted. Also, KRAS wild-type status is an
imperfect predictor of sensitivity to anti-EGFR monoclonal antibodies in CRC, motivating efforts to identify
novel molecular aberrations driving RAS. The identification of KRAS mutations as markers of resistance to
EGFR inhibitors has paved the way to the interrogation
of numerous other markers of resistance to anti-EGFR
therapy, such as NRAS, BRAF, and PI3KCA mutations.
Other genomic and protein expression alterations have
been recently identified as potential targets of treatment
or as markers of chemotherapy or targeted-therapy
resistance, including ERCC1 expression, c-Met expression, PTEN expression, HER2 amplification, HER3
expression, and rare KRAS mutations. As the number of
distinct validated intra-tumour genomic assays increases,
numerous molecular assays will need to be compiled into
one multigene panel assay.
Mutations in KRAS account for about 85% of all
RAS mutations in human tumours, NRAS for about
15%, and HRAS for less than 1%[12]. Which particular
RAS gene is mutated seems to be tumour specific; colonic, pancreatic and lung cancers have high frequencies
of KRAS mutations. Nevertheless, there are only a few
reports on NRAS mutations in CRC and none of these
studies correlated RAS mutations with other molecular
events. Irahara et al[58] developed and validated a Pyroseqencing assay to detect NRAS mutations at codons 12,
13 and 61 and, utilizing a collection of 225 CRCs from
two prospective cohort studies, the authors examined
the relationship between NRAS mutations, clinical outcome, and other molecular features, including mutation
of KRAS, BRAF, and PIK3CA, microsatellite instability
(MSI), and the CpG island methylator phenotype (CIMP).
Finally, they examined whether NRAS mutation was associated with patient survival or prognosis. NRAS mutations were detected in 5 (2.2%) of the 225 CRCs and
tended to occur in left-sided cancers arising in women,
but did not appear to be associated with any of the molecular features that were examined[58].
Several researches have suggested that tumours harbouring BRAF mutations have distinct clinic-pathological
features compared with tumours harbouring KRAS mutations. Souglakos et al[47] demonstrated that BRAF mutations in primary CRC mark patients with poor prognosis
regardless of specific treatment regimen. Patients with
BRAF mutation had significantly higher likelihood of
disease progression (P < 0.0001) or death (P < 0.0001)
with any treatment regimen. The BRAF V600E mutation
predicted independently early relapse on first-line therapy
and death. It was deduced that BRAF mutation does not
simply substitute for KRAS activation in a linear signalling pathway but probably confers distinct impact on
prognosis. It also suggests that KRAS mutation may bypass aberrant EGFR signalling. In the PETACC-3 study
which included stage Ⅱ and stage Ⅲ cancers, BRAF
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tumour mutation was found in 7.9% of cases and there
was no significant variability with tumour stage. In a multivariate analysis, BRAF mutation was significantly associated with female, and highly significantly associated with
right-sided tumours, older age, high grade, and MSI-high
tumours. In univariate and multivariate analysis BRAF
mutation was not prognostic for relapse free survival
but was prognostic for OS, particularly in patients with
MSI-L MSS tumours.
As a predictive marker, patients with BRAF mutant
tumours treated with cetuximab had also lower PFS compared with those with BRAF wild type (0% vs 17%). In
the study by Souglakos et al[47] in 2009, a finding which
could partly explain resistance to anti EGFR targeted
therapy in a subset of patients with tumours harbouring KRAS wild type. This is in keeping with an earlier
study by Di Nicolantonio et al[60], where the response to
panitumumab or cetuximab was found to be impeded
by the presence of BRAF V600E mutation and restored
(in a cellular model of CRC cells) by BRAF inhibitor
sorafenib[48,60]. They suggested that this experimental
observation should encourage conceiving clinical trials
using multiple therapies with EGFR and BRAF/MAPK
inhibitors, considering that cetuximab, panitumumab, and
sorafenib are already approved for clinical use.
Furthermore, BRAF mutations are significant negative prognostic biomarkers in patients with recurrent
CRC across all disease stages. Besides, the prognostic
value of BRAF mutations has been confirmed in patients
with CRC treated with specific chemotherapy regimens
in clinical trials evaluating a combination of cetuximab
with chemotherapy. However, whether BRAF mutations
are negative predictive biomarkers for anti-EGFR mAb
has not been ascertained, because the controlled study,
which directly compared the efficacy of adding antiEGFR mAb to chemotherapy with that of chemotherapy
alone, is lacking in a small population with BRAF mutations. The application of novel strategies targeting BRAF
kinase is assured for the treatment of patients with CRC
with BRAF mutations to improve their poor survival.
However, clinical data suggest that the Ras/Raf/ERK
pathway is insufficient for completely predicting the response to anti-EGFR mAbs. Thus, other factors, such
as PIK3CA/PTEN deregulation and/or the expression
status of epiregulin or amphiregulin, should also be studied on as possible predictive biomarkers for anti-EGFR
mAb.
In line with these new evidence, Douillard et al[61]
have suggested that mutations in exons 3 and 4 KRAS
and exons 2, 3 and 4 of NRAS represent factors of possible resistance to panitumumab. In particular, the population of patients with mCRC defined as “all ras wild
type”, presented in the study PRIME a significant advantage in survival [(OS was 26.0 mo in the panitumumabFOLFOX4 group vs 20.2 mo in the FOLFOX4-alone
group (HR = 0.78; 95%CI: 0.62-0.99; P = 0.04)] with
the use of panitumumab in combination with FOLFOX
compared to chemotherapy alone. Also, the analysis of
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the survival data showed a detrimental effect of this
combination in the population of patients “all mutated
RAS”. Finally, the PRIME study confirmed the strong
negative prognostic role of BRAF mutations, although
these have not shown a clear predictive effect related to
anti EGRF therapies.

PTEN
PTEN negatively regulate the PI3K signalling pathway.
PI3KCA mutation and PTEN deletion could explain
the resistance to anti EGFR therapy (for example to cetuximab or panitumumab).
Atreya et al[62], analysed the frequency with which
PTEN was lost, the degree of agreement by which
PTEN was expressed in the primary tumour (70 human
CRC) and metastatic sites (in particular LMs) and the
possible prognostic significance of the expression of
PTEN in the cases of CRC.
The results of this analysis showed a loss of PTEN
expression in 12.3% of primary CRC and in 10.3% of
liver metastases, with 98% of correlation between the expression of PTEN in primary tumour and in LMs.
In addition, the authors found a significant relationship between the lack of expression of PTEN and an increased risk of death, thus highlighting the possible role
of PTEN loss as a marker of poor outcome in patients
with CRC.
Currently, conflicting information exists regarding
Her-2 over-expression and its clinic-pathological implications in CRC. Lim et al[63], determined Her-2 over-expression in both serum and tumour tissue of ninety five CRC
patients by chemiluminescent immunoassay and immunehistochemical staining. The results were confirmed using
fluorescent in situ hybridization. Clinico-pathological
parameters were analyzed according to Her-2 expression
status. They founded that serum Her-2 levels were not
significantly associated with prognostic parameters. They
concluded that Her-2 expression analysis of CRC tissue,
but not in serum, acts as a significant independent worse
prognostic factor. Then, the assessment of Her-2 expression status may be valuable for the targeted therapeutic
management of CRC.
Karagkounis et al[64], studied the frequency and prognostic value of KRAS and BRAF mutations in subjects
with CRC and LMs undergoing surgery for LMs. Therefore, the results that emerge from their analysis indicate
that molecular markers such as KRAS may have a role in
prognostic evaluation of patients undergoing surgery of
LMs from CRC.

PREDICTIVE VALUE OF EARLY
METABOLIC PET/CT RESPONSE
With the availability of many new drugs and molecular
targeted becomes stronger and stronger the need for the
medical oncologist to obtain information that can somehow predict the effectiveness of a treatment or giving
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information on a possible response to the same.
Today, more than by the methods of traditional radiology, the nuclear medicine techniques such as 18 F FDG seem meet part of these new needs of oncologist.
Especially Lastoria et al[65] showed as early changes in tumour metabolism measured by positron emission tomography/computed tomography (PET/CT) with 18 F-FDG
could serve as prognostic indicators of a response to
chemotherapy in an earlier and more accurate assessment
can be obtained with the classical RECIST criteria.
In their experience, the authors analyzed 33 patients
with resectable LM from CRC, within a phase 2 trials of
preoperative FOLFIRI plus bevacizumab. A PET/CT
evaluation was performed before and after one cycle
of FOLFIRI plus bevacizumab. They concluded that,
in patients with resectable LMs from CRC underwent
preoperative chemotherapy, a good metabolic response
obtained with PET/CT was predictive of improved longterm survival. Clearly, larger studies are needed to confirm these results.
Recently, Celik et al[66], showed that in proteomics
models of mCRC patients treated with bevacizumab,
sTRAIL (TNF-related apoptosis-inducing ligand-) and
CXCL8 could indicate tumour response and survival according to the metabolic responses obtained with FDGPET/CT.

CONCLUSION
This report of prognostic and predictive factors of
mCRC is by no means exhaustive, but wants to provide
an overview of the topic to help guide the management
of these patients.
In fact, at the current state of knowledge, it does not
seem possible to precisely identify any bio - molecular
- prognostic or predictive factor, with a clinical validity
established and standardized. Despite this, the identification of several molecular factors that have prognostic
significance in CRC will be essential in improving the
treatment and outcome of the disease. It is possible to
envisage that, rather than a single marker, identification a
“molecular profile of risk,” resulting from the analysis of
several molecular markers, should be developed and may
have a more precisely clinical, prognostic and therapeutic
value.
From the foregoing, it is clear how ongoing studies and strategies to identify prognostic and predictive
markers of outcome of patients with CRC are always
the most intriguing and the object of interest by many
researchers.
Molecular techniques, studies and pharmacogenomics[67-70] are helping develop a considerable number of
new therapeutic strategies. This new knowledge will
enrich and clarify the valuable information arising histological examination. Moreover, to better understand the
interpretation of prognostic factors and predictive factors
response to therapy, these results have been summarized
and reported in tables 1 and 2.
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Table 1 Synopsis of major biomarkers derived from clinical studies for use with epidermal growth-factor receptor-targeted therapies
in colorectal cancer, chemotherapy
Biomarkers

Prognostic

Predictive

EGFR copy
number[71]

Yes

Yes

EGFR ligand
expression
(epiregulin and
amphiregulin)[72,73]
Activating KRAS
mutations in codon
12 and 13[48,74]
KRAS G13D
mutations[59,75]

Yes

Yes

Yes

Predictive
for lack of
response
Predictive
for lack of
response

NRAS and BRAF
mutations[49,76-78]

Yes

Predictive
for lack of
response

PIK3CA exon 20
mutations[77]

No

Predictive
for lack of
response

0% vs 36.8% RR for exon 20 mutations vs WT

Serpin B5

Yes

No

No

Mucinous histology

Yes

Yes

No

Yes

Predictive efficacy

Methodology used

Clinical status

Raised EGFR GCN and chromosome 7 polysomy
Fluorescence in situ
Awaiting further
associated with response rate (RR) of 30% vs 0%
hybridization
clinical validation
(PAN)
Higher gene-expression profile of ligands in patients
Gene-expression
Awaiting further
with disease control compared to non-responders to profiles using RNA and
clinical validation
CET; OR for response 1.90 for epiregulin and 1.86 for
FFPE tumors
amphiregulin
RR of 12%-17% for KRAS WT patients vs 0%-1% for PCR on DNA extracted FDA-approved clinical
KRAS mutations (PAN and CET)
from FFPE samples
biomarker
No difference in response rates between G13D and
activating KRAS mutations but, 3.6- and 2.1-mo
improvement in OS and PFS[75] ,improved RR, OR
3.38, 40.5% vs 22%[59] (CET + chemo)
Lower RR for NRAS and BRAF mutations vs
WT (7.7% and 0%-8.3% vs 38% and 17%-47%,
respectively) (all KRAS WT patients treated with
CET and PAN)

PCR on DNA extracted Small patient numbers;
from FFPE samples
awaiting results of
from multiple studies
prospective study
(ICECREAM)
Mutation-frequency Evidence for significant
analysis using PCR
negative association,
and mass spectrometry
but further clinical
(FFPE and fresh-frozen
validation required
samples)
Mutation-frequency
Conflicting evidence
analysis using PCR
when compared to
and mass spectrometry other studies, further
(FFPE and fresh-frozen
validation required
samples)
HE
Awaiting further
clinical validation
HE
Confirmed data

All figures shown are statistically significant (P < 0.05). PAN: Panitumumab; CET: Cetuximab; CRC: Colorectal cancer; Chemo: Chemotherapy; EGFR:
Epidermal growth-factor receptor; GCN: Gene copy number; RR: Response rate; RNA: Ribonucleic acid; FFPE: Formalin-fixed paraffin-embedded; WT:
Wild type; OS: Overall survival; PFS: Progression-free survival; PCR: Polymerase chain reaction; HE: Histology exam.

Table 2 Synopsis of major prognostic clinical factors derived from clinical studies on colorectal cancer, chemotherapy
Prognostic clinical factors
Age:
Young
Elderly (according to CGA):
Fit
Unfit
Frail
PS-WHO:
≤1
≥2
HIV+
Advanced clinical state
Elevated CEA levels:
Adjuvant
Metastatic
Elevated Ca19.9 levels
Elevated ALP levels
Skin rash[79,80]
Hypomagnesaemia[81,82]
Co-morbidities

Positive

Negative

Methodology used

Predictive of response to therapy

CE
No

Yes

No
Some limitations to choose the T

Yes
No
No

No
Yes
Yes

Yes
No
No
No

No
Yes
Yes
Yes

No
No
No
No
Yes
Conflicting evidence
No

Yes
Yes
Yes
Yes
Yes
Conflicting evidence
Yes

CE

No

LT, CE
TNM, CE
LT

Poor
No
No

LT
LT
HE
Plasma magnesium levels
ACE-27[83]/CE

No
Poor
Further clinical validation required
Further clinical validation required
Some limitation to choose the T

CE: Clinical evaluation; LT: Laboratory test; HE: Histology exam; T: Treatment (including surgery, chemotherapy, radiation therapy); TNM: Tumor node
metastasis.
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Obviously, further studies are needed to better define
the prognostic information allowing them to become
important criteria to select patients who will benefit from
the several drugs available.
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Abstract
Colorectal cancer incidence has been rising strongly in
parallel with economic development. In the past few
decades, much has been learned about the lifestyle,
dietary and medication risk factors for this malignancy.
With respect to lifestyle, compelling evidence indicates
that prevention of weight gain and maintenance of a
reasonable level of physical activity can positively influence in lowering the risk. Although there is controversy
about the role of specific nutritional factors, consideration of dietary pattern as a whole appears useful for
formulating recommendations. Though quite often recommended, the role for many supplements, including
omega-3, vitamin D, folate, and vitamin B6, remains
unsettled. Only calcium and vitamin D supplementation
appear to add a modest benefit, particularly in those
with a low daily intake. With regard to chemoprevention, medications such as aspirin and nonsteroidal antiinflammatory drugs, and postmenopausal hormonal
replacement for women might be associated with substantial reductions in colorectal cancer risk, though their
utility is affected by their side effect profile. However,
the role of agents such as statins, bisphosphonates and
antioxidants have yet to be determined. Ultimately, primary prevention strategies focusing on modifying envi-
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ronmental, lifestyle risk factors, and chemopreventive
drugs are options that have already been tested, and
may impact on colon cancer incidence.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Primary prevention; Colorectal cancer;
Physical activity; Diet; Chemoprevention
Core tip: There is an interesting potential for primary
prevention of colorectal cancer focusing on modifying
environmental, lifestyle risk factors, and using chemopreventive drugs. Consistent evidence supports some
of these approaches, but others are controversial, although quite accepted by the general population. Since
the primary prevention is an important complement to
colorectal cancer screening, adding to reduce its incidence, we review the data supporting some of these
widespread recommendations on physical activity, diet
and drugs for colorectal cancer prevention.
Crosara Teixeira M, Braghiroli MI, Sabbaga J, Hoff PM. Primary
prevention of colorectal cancer: Myth or reality? World J Gastroenterol 2014; 20(41): 15060-15069 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i41/15060.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i41.15060

INTRODUCTION
Colorectal cancer (CRC) is a common and lethal disease.
In the United States, nearly 6% of individuals will develop this malignancy during their lifetime and one-half
of those will die from it. The risk of developing CRC is
influenced by both environmental and genetic factors[1].
Worldwide, the CRC incidence rose in parallel with economic development, with the majority of cases occurring
in industrialized countries since it has been strongly associated with a Western lifestyle. A large number of factors
have been reported to be associated with a decreased risk
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Table 1 Diet and colorectal cancer prevention
Role on CRC prevention
Fruits and vegetables
Dietary fiber
Resistant starch
Folate

Vitamin B6
Vitamin D
Calcium

Evaluated in randomized clinical trails

Recommendation for general
population

Recommendation for high risk population

No
Alberts et al[23], 2000
Schatzkin et al[24], 2000
Mathers et al[26], 2012
Cole et al[33], 2007
Logan et al[34], 2008
Wu et al[36], 2009
No
Wactawski-Wende et al[45], 2006
Wactawski-Wende et al[45], 2006

Balanced diet
Balanced diet

Balanced diet
Balanced diet

No
Recommended daily dose

No
Recommended daily dose

No
Recommended daily dose
No

No
Recommended daily dose
Calcium supplementation
Dose: 700-1250 mg/d
Balanced diet
Omega-3 supplementation
(eicosapentaenoic acid)
Dose: 2 g/d

Dairy products
Omega-3

No
West et al[56], 2010

Balanced diet
Balanced diet

CRC: Colorectal cancer.

of CRC development[2] but others such as obesity[3] high
red meat consumption[4], cigarette smoking[5] and alcohol
abuse[6]. Although the best strategy for reducing CRC
mortality is based on early diagnosis, primary prevention strategies focusing on modifying environmental and
lifestyle risk factors are options that have already been
tested.
It is estimated that 50% of neoplasm are preventable[7]. The fear of developing cancer leads asymptomatic
people to modify lifestyle risk factors and even undergo
medical interventions to prevent the onset of disease.
While evidence supports some of these approaches,
others are controversial, although quite accepted by the
general population. In this article we review the data supporting some of these widespread recommendations of
protective factors.

PHYSICAL ACTIVITY
Much of the evidence for the benefit of physical exercise comes from long-term observational studies but the
mechanism underlying the apparent protective association of physical activity and colorectal cancer development is not well known. Biological mechanisms include
the reduction in the intestinal transit time, decreased insulin and insulin-like growth factor levels and modulation
of the immune system[8].
Several data suggest that regular physical activity, either occupational or in leisure time, appears to be associated with protection from colorectal cancer[9]. In a metaanalysis of 21 studies, there was a significant 27 percent
reduced risk of proximal colon cancer when comparing
the most vs the least active individuals (RR = 0.73; 95%CI:
0.66-0.81) and an almost identical result was found for
distal colon cancer (RR = 0.74; 95%CI: 0.68-0.80)[10].
Despite the enthusiasm, the evidence from clinical
trials to establish the benefit of exercise is inadequate.
Successful, randomized clinical trials require good adherence in order to show a difference between groups. Also,
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from an ethical or practical standpoint it is not possible
to prevent those assigned to the control group from engaging in exercise activities. Another bias is that after several years of follow up, the total exercise hours might be
similar in both groups, thereby preventing any definitive
conclusion on its value as a preventive measure. So, no
intervention trials of physical activity for CRC prevention
have been reported yet. It is not known if, as observed in
cardiovascular diseases, the type and intensity of exercise
would matter and whether weight loss alone in the absence of increased physical activity would be enough to
decrease CRC risk in adults[7].

DIET
Several studies have examined various strategies utilizing
specific dietary factors and their ability to modulate the
development of cancers of the gastrointestinal tract[11].
The effects of fruits and vegetables, fat, red meat, fish
and fiber, on colorectal carcinogenesis have been reasonably well defined. Folate, antioxidants, vitamins, calcium
and omega-3 fatty acids have emerged as possible agents
in chemoprevention. Table 1 summarizes the dietary factors discussed below reporting the best evidence in studies evaluating this intervention.
Fruit and vegetables
An association between diet and high intake of fruits on
colorectal cancer incidence has been reported in several
epidemiological studies[11,12]. An observational cohort
study found that individuals who consumed less than 1.5
servings of fruit and vegetables per day had a relative
risk for developing colorectal cancer of 1.65 (95%CI:
1.23-2.20, P trend = 0.001) compared with individuals
who consumed more than 2.5 servings[12]. On the other
hand, a prospective study that combined subjects from
the nurses’ health study (88764 women) and the health
professionals’ follow-up study (47325 men) found no significant association between the consumption of fruits,
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vegetables, or both on the incidence of either colon or
rectal cancer[13]. In a more recent pooled analysis, this association was shown to be even less consistent[14,15]. The
data that included 14 cohort studies concluded that eating
more than 800 g of fruits and vegetables daily, compared
to less than 200 g, decreased risk for distal (RR = 0.74;
95%CI: 0.57-0.95) but not for proximal colon cancer[14].
A later meta-analysis of 19 cohort studies concluded that
there was a weak protective effect of fruit and vegetable
when compared highest vs lowest intakes (RR = 0.92;
95%CI: 0.86-0.99) and that the protective effect appeared
limited to colon cancers[16]. Most of the risk reduction
was attributable to increasing intake above a threshold
value of 100 g/d, with relatively little benefit associated
with higher quantities. Taking into account that 100 g is
the weight of a small apple, there might be little or no
benefit of increasing the consumption of fruits and vegetables beyond the levels of a reasonably balanced diet.
Dietary fiber
The relationship between various types of high fiber
diets and colorectal cancer risk was investigated in many
epidemiological studies. Fiber derived from fruits, vegetables and grains were proposed to dilute or adsorb fecal
carcinogens, modulate colonic transit time, alter bile acid
metabolism, reduce colonic pH, or increase the production of short-chain fatty acids lowering the risk of colonic neoplasm[17].
Case-control studies have generally shown a protective association[18], meaning a decreased risk of colonic
adenomas and CRC with higher intake of fiber, as also
observed in three large epidemiological studies[19-21]. On
the other hand, a pooled analysis of 13 prospective cohort studies involving 725628 individuals with a 20 yearsfollow up found that the association between dietary fiber
intake and CRC risk was not significant after accounting
for other dietary risk factors[22]. Results from randomized
controlled studies are also discordant. Two randomized
trials, fiber supplementation had no significant protective effect for the development of total colorectal adenomas[23,24] in a four-year follow up. Multiple potential
explanations may account for the different results found
among studies, and the amount of fiber intake may be
one important factor. As was found in the wheat bran
supplement trial[23], only 74% of the high-fiber group
consumed more than 75% of their supplement compared to 84% of the low-fiber group. Probably, the daily
long-term consumption of higher levels of fiber would
be impractical in the general population and might be not
feasible even in the context of a clinical trial.
Resistant starch
The starch that we eat is digested at different rates; the
resistant starch found in some types of beans and intact
grains goes all the way through the small intestine without being digested at all. In this way, it is more like fiber,
and in some cases is classified and labeled as fiber. The
fact that resistant starch is fermented into potentially
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beneficial short-chain fatty acids in the colon raised initial
enthusiasm to its potential as a chemopreventive agent.
In humans, resistant starch reduces cell proliferation in
the upper part of the colonic crypts, and some epidemiological studies have supported an inverse association
between resistant starch intake and colorectal neoplasia[25]. A randomized multi-center control trial conducted
among European individuals with Lynch syndrome failed
to show a beneficial impact of resistant starch at a dose
of 30 g/d[26]. Although it has been hypothesized that
higher amounts of resistant starch intake might have a
protective effect, the 30 g dose tested was already more
than three times higher than typical daily intake.
Vitamin B
B vitamins have a role in the 1-carbon metabolic pathway,
which involves the transfer of 1-carbon groups for DNA
synthesis and DNA methylation[27]. On that premise,
B vitamins, especially folate and vitamin B6, have been
studied to investigate if its low levels may increase cancer
risk through aberrations in DNA synthesis, methylation
and repair.
Folate: Among different types of B vitamins, folate has
been extensively investigated in terms of its relation to
cancer risk. There is evidence from epidemiologic, animal
and human studies suggesting that folate status modulates
the risk of developing cancers in colorectum tissues[28].
Folate depletion appears to enhance carcinogenesis and
may induce p53 mutations. The immunohistochemical assay for p53 expression in colon cancer specimens from a
large prospective cohort found that low dietary folate was
associated with increased risk of colorectal cancers with
p53 mutations[29].
Several studies evaluated dietary folate and folic acid
(the synthetic form of folate) supplementation as a protective factor. Substantial observational data found that a
folate long-term intake of ≥ 800 μg/d is associated with
a lower risk of colorectal cancer (RR = 0.69, 95%CI:
0.51-0.94) compared with < 250 μg/d[30]. However, A
meta-analysis of 16 studies suggested that the protective
effect of folates might be limited to dietary rather than
supplemental intake[31]. There is some evidence that folate’s protective effect may also depend upon an individual’s particular genotype for methylenetetrahydrofolate reductase, an enzyme involved in folate metabolism[32]. The
role of folate as a preventive agent has become uncertain
with the results of at least two randomized controlled
trials. Folic acid supplementation in individuals with a
history of colorectal adenoma did not reduce the risk
of recurrent adenomas[33,34]. In one of the trials, folate
supplementation was even associated with an increased
risk of having three or more adenomas and of developing other kinds of cancers, indicating the possibility of a
detrimental rather than beneficial role in adults[33]. Findings from population-based studies support this possibility since a small increase in the incidence of colon cancer
was observed concurrent with the fortification of the
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United States food supply with folic acid for prevention
of neural tube defects[35]. Although these studies suggest
that an additional supplement of folic acid is unlikely to
benefit those who already have had a colonic neoplasm,
the effect of folic acid supplementation among individuals with baseline folate deficiency is yet not known.
Indeed, another randomized trial has shown a significant
decrease in adenoma recurrence among individuals with
low plasma folate concentrations at baseline (RR = 0.61;
95%CI: 0.42-0.90)[36].
Vitamin B6: It was only over the last decade that the association between vitamin B6 and risk of colorectal cancer gained attention. Prospective studies examining the
association between vitamin B6 intake or blood levels of
pyridoxal 5’-phosphate (PLP), the active form of vitamin
B6, and the risk of colorectal cancer have shown inconsistent results[37,38]. A meta-analysis of prospective studies,
demonstrated a pooled relative risk of colorectal cancer
for the highest vs lowest intake of vitamin B6 intake and
of blood levels of PLP of 0.90 (95%CI: 0.75-1.07) and
0.52 (95%CI: 0.38-0.71), respectively. After omitting one
study from The Netherlands that had a narrow range
of exposure to vitamin B6 (0.6- to 0.7-mg difference in
median intake between the highest and lowest groups)
the protective effect of highest vs lowest vitamin B6 intake on colorectal cancer risk was statistically significant
(pooled RR = 0.80; 95%CI: 0.69-0.92)[39].
Vitamin D
The majority of Vitamin D in our body is synthesized
by UVB irradiation of the skin, but this vitamin can
be found in dietary sources also. Its active form, 1, 25
dihydroxy vitamin D (25OHD), is responsible for the
established role of vitamin D in calcium homeostasis via
activation of the vitamin D receptor (VDR)[40]. Upon
activation by vitamin D the VDR binds to response elements on DNA and transactivates several genes that control cell proliferation, differentiation and apoptosis as well
modulation of the immune response, perhaps influencing
CRC development[41]. Observational studies suggested an
association between poor vitamin D status and the risk
of almost all cancers[42], with colon cancer been identified
as the most related one.
A meta-analysis of nine case-control studies showed
that each 4 ng/mL increase in pre-diagnosis of 25OHD
serum level was associated with a 6% decrease in
colorectal cancer risk[43]. For interventional trials, the results of vitamin D supplementation are, once again, discordant. A meta-analysis showed a 50% lower incidence
of colorectal cancer in individuals with higher serum
levels of 25OHD (≥ 33 ng/mL) compared with levels
< 12 ng/mL[44]. The largest randomized trial included
was the Women’s Health Initiative, with 36282 postmenopausal women receiving daily supplementation of
400 IU vitamin D plus 1000 mg of calcium or placebo.
Initially, this trial found an inverse association between
baseline levels of 25OHD and colorectal cancer risk, but
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over a follow-up period of 7 years the association was
no longer significant[45].
Calcium and dairy products
A protective effect of dietary calcium on the risk of
colorectal cancer has been proposed assuming that Calcium can bind to toxic secondary bile acids and ionized
fatty acids to form insoluble soaps in the lumen of the
colon[46]. An alternative explanation for the protective
association is the effect of calcium in decreasing cell proliferation, stimulating differentiation, and inducing apoptosis in the colonic mucosa[47].
An analysis of two large prospective trials examining
the association between calcium intake and colon cancer
risk, found an inverse association between higher total
calcium intake (> 1250 mg/d vs ≤ 500 mg/d) and distal
colon cancer[48]. The analysis also suggests a minimal incremental benefit for additional calcium intake beyond
the dose of 700 mg/d. Similarly, a pooled analysis of 10
prospective cohort studies showed 22% reduction in risk
of colorectal cancer, comparing individuals in the highest
to the lowest quartile of calcium intake[49].
The findings from observational studies have been
evaluated in at least 3 randomized trials. A meta-analysis
of these 3 trials comprising 1485 subjects with previously
removed adenomas concluded that the risk of recurrence
of colorectal adenomas was significantly lower in patients
randomized to calcium supplementation[50]. Despite these
benefits in adenoma prevention trials, whether calcium
supplementation reduces the risk of colorectal cancer is
unproven. The only large controlled trial to evaluate this
issue found no significant difference in the rate of invasive colorectal cancer with calcium and vitamin D supplementation[45]. Questions have been raised as to whether
the doses of calcium and vitamin that were used in the
trial were sufficient to prevent colon cancer.
Some dairy products have been hypothesized to protect against colorectal neoplasia because of their high
calcium content. A meta-analysis of 19 cohort studies
showed a protective effect of diet with higher milk and
total dairy product against colon cancer risk but not rectal cancer (RR = 0.83; 95%CI: 0.78-0.88)[51].
Omega-3
Based on the premise that populations with a high intake
of fish have low incidence and mortality from CRC cancer, some studies have evaluated the role of omega-3 as
a protective factor[52]. While some observational studies
suggested an inverse association between diet with higher
rates of fish consumption and colorectal cancer[53], others
did not find a consistent relation[54]. A meta-analysis of
33 observational studies found an overall colorectal cancer risk reduction of 12% with fish consumption. The
significant inverse association was more pronounced for
rectal cancer (summary OR = 0.79; 95%CI: 0.65-0.97)[55].
Interventional trials addressing this issue have not
been reported yet. The best evidence comes from randomized trial that found a significant reduction in the
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Table 2 Drugs and colorectal cancer prevention
Role on CRC prevention
Aspirin

NSAIDs

Antioxidants
Statins

Bisphosphonates
Postmenopausal hormonal therapy

Evaluated in randomized clinical trails

Recommendation for
general population

Recommendation for high risk
population

Logan et al[34], 2008
Baron et al[61], 2003
Sandler et al[62], 2003
Benamouzig et al[63], 2011
Rothwell et al[65], 2010
Arber et al[69], 2006
Baron et al[70], 2006
Bertagnolli et al[71], 2006
Lippman et al[76], 2009
Greenberg et al[77], 1994
Pedersen et al[80], 1996
Sacks et al[81], 1996
Emberson et al[82], 2012
No
Chlebowski et al[93], 2004

No

Aspirin supplementation
Dose: 80-1200 mg/d

No

No, due to toxicity profile

No

No

No

No

No
No

No
No, due to toxicity profile

CRC: Colorectal cancer; NSAIDs: Nonsteroidal antiinflammatory drugs.

incidence of adenomas with omega-3 supplementation in
individuals with familial adenomatous polyposis[56].

DRUGS
In order to lower the risk of CRC some medications have
been investigated as potential protective agents. Table 2
summarizes the drugs discussed below reporting the best
evidence in studies evaluating this intervention.
Aspirin and nonsteroidal antiinflammatory drugs
The first evidence of a chemopreventive role of aspirin in colorectal cancer development came from a large
case-control study published in 1988 exploring potential
relation between numerous medications and colorectal
cancer[57]. The authors were surprised with an inverse
association between aspirin use and risk of colorectal
cancer. Subsequently, substantial observational and intervention trials investigating aspirin and others nonsteroidal
antiinflammatory drugs (NSAIDs) demonstrated a risk
reduction of colonic adenomas and colorectal cancer in
the range of 20% to 40%[58-60].
Evaluating the chemopreventive use of aspirin, most
interventional placebo controlled trials included individuals with a history of colorectal adenomas or cancer[34,61-63],
and a meta-analysis of these trials found an absolute risk
reduction of 6.7% (95%CI: 3.2%-10.2%) on incidence of
adenomas for aspirin users[64]. Although the analysis was
not updated with the four-years follow-up and the results
from one of the clinical trials showed no difference in
adenoma recurrence rate, more and more data are coming out bringing robust evidence supporting the protective effects of aspirin.
Late reports of the British randomized controlled
trials of aspirin primarily addressing cardiovascular endpoints reported reductions of up to 50% in colorectal
and other cancer incidences and death, after a period of
at least five years[65].

WJG|www.wjgnet.com

Data regarding the optimal dose and duration of aspirin intake for colorectal neoplasia prevention is still not
well established. Trials evaluated daily doses varying from
80 to 325 mg[34,61-63], 600 mg/d on studies with Lynch
syndrome population[66], and two large randomized trials even used higher doses of 1200 mg/d[65]. Lower and
higher doses of aspirin appear to be beneficial and the
effect was more pronounced for longer durations of use,
although the minimum dose and duration of aspirin to
achieve the protective effect is still uncertain.
For non-aspirin NSAID, several observational data
supporting their role in colorectal cancer prevention have
been reported[59,67,68] but few interventional trial data are
available. Evaluating the COX-2 selective inhibitors celecoxib and rofecoxib, three randomized trials showed
lower adenoma recurrence among patients with a prior
history of adenoma who took these medications[69-71].
Patients randomized to celecoxib (200-400 mg/d) experienced a significant risk reduction for adenoma with a
45% lower risk for higher and 33% lower risk for lower
doses[71]. A similar benefit was noted in a trial using rofecoxib, but this drug is no longer commercially available
because of its association with cardiovascular events, as
was observed with celecoxib, and bleeding from peptic
ulcers[70].
The NSAID sulindac has been evaluated in a prospective trial that randomized 375 individuals with a history of adenomas to either combination of sulindac and
ornithine decarboxylase inhibitor difluoromethylornithine
(DFMO) or placebo[72]. The combination therapy showed
a significantly lower recurrence rate of overall adenomas
and a lower risk for advanced adenomas (0.7% vs 8.5%;
RR = 0.085; 95%CI: 0.011-0.65), or multiple adenomas
(1% vs 13.2%; RR = 0.055; 95%CI: 0.0074-0.41). Despite
the encouraging results, concerns about potential harmful adverse effects such as hearing loss and cardiovascular
toxicity decreased the enthusiasm for prescribing this
combination.
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Antioxidants
Several antioxidants, such as b-carotene, vitamin A, vitamin C, vitamin E and selenium are supposed to have a
cancer preventive role since they fight free-radicals that
may cause oxidative DNA damage and ultimately cancer
development[73].
Despite the encouraging results from observational
studies[74,75], intervention trials did not find a strong relationship between antioxidants intake and colorectal neoplasia incidence. A randomized placebo-controlled trial
designed to examine antioxidant supplements such as
oral selenium (200 μg/d) and vitamin E (400 IU/d), did
not find any pre-specified cancer risk reduction, including
colorectal cancer[76]. In another trial including individuals
with prior adenoma, no association with risk of recurrent
adenoma was demonstrated by vitamin C, vitamin E, and
b-carotene supplements[77].
A meta-analysis of eight placebo-controlled trials with
a total of 17620 participants found no convincing evidence that antioxidant supplements including b-carotene
and vitamins A, C, and E, had a significant beneficial
effect on primary or secondary prevention of colorectal
adenomas[78], and its use cannot be recommended for this
purpose.
Statins
Observational studies have raised the possibility that the
use of statins may decrease overall risk of cancer including colorectal cancer[79]. Two large clinical trials evaluating
the benefit of simvastatin[80] and pravastatin[81] for coronary artery disease showed a reduction in the incidence
of colon cancer, as a secondary endpoint.
A recent meta-analysis of 27 randomized trials involving 174149 patients found no effect of statins on the incidence or mortality from, any type of cancer in a median
follow-up of 4.9 years (RR = 0.98; 95%CI: 0.92-1.05)[82].
But so far, none of the trials were specifically designed to
investigate its role in colorectal cancer prevention.
Bisphosphonates
In preclinical studies, bisphosphonates were shown to inhibit angiogenesis, invasion and adhesion of tumor cells,
and overall tumor progression[83] and a reduced proliferation and induction of apoptosis of colon cancer cells has
also been demonstrated[84]. On the clinical scenario of
bisphosphonate, two large case-control trials suggested
that long-term bisphosphonate use was associated with a
reduced risk of colorectal cancer[85,86].
Recently, a meta-analysis with one cohort and three
case-control studies including a total of 94405 individuals exposed to bisphosphonates and 283181 unexposed
to bisphosphonates, 16998 colorectal cancer cases and
108197 controls, suggested a reduced risk of colorectal
cancer with any exposure to oral bisphosphonates (OR
= 0.71; 95%CI: 0.78-0.97)[87]. The analysis, however, did
not include a null cohort study of 86277 women enrolled
onto the nurses’ health study with 801 documented cases
colorectal cancer[88].
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Postmenopausal hormonal therapy
Observing that the ratio of women to men with colorectal cancer is lower for premenopausal women than for
postmenopausal women [89], researchers investigated
whether postmenopausal hormonal therapy could reduce
risk of colorectal cancer.
Observational data suggest an protective effect between postmenopausal hormone use and risk of colorectal cancer (multivariate RR = 0.65; 95%CI: 0.50-0.83)[90],
and two meta-analyses including epidemiological studies
confirmed this findings[91,92].
The protective effect was also seen in the Women’s
Health Initiative (WHI) randomized, placebo-controlled
trial conducted among nearly 17000 post-menopausal
women. Combined estrogen plus progestin hormone
therapy but not estrogen alone was associated with a
reduction in colorectal cancer risk[93]. Although, longer
term follow up of this study suggest the possibility that
estrogen plus progestin therapy may decrease cancer incidence but not mortality since CRCs diagnosed in ones
receiving combined therapy were more advanced at diagnosis and were associated with a non-significant higher
mortality rate[94].

CONCLUSION
We reviewed here data with reasonable potential to support primary prevention of colorectal cancer through
incorporation of physical activity on daily routine, but
regarding dietary factors and medications, the available
data do not allow us to make definitive life changing recommendations.
Aspirin and other NSAID have consistently been
shown to be protective factors, but due to the concern
about potential toxicities, their routinely use is not recommended in general. So, we should attempt to prescribe pharmacological prevention to specific high risk
groups, for which the benefits associated with their use
may outweigh the risks. Although the preventive benefit
seen with postmenopausal hormone therapy seems consistent, the balance between pros en cons do not support
a recommendation for its use as a means of preventing
colorectal cancer only , specially taking into account the
increased risk of developing breast cancer and cardiovascular diseases[95].
Increasing consumption of fruits and vegetables or
fiber do not have a strong anti-cancer benefit, and neither do supplementation of folate, vitamin D, calcium
or vitamin B6. Also there is no convincing evidence
of chemopreventive use of statins, antioxidants or oral
bisphosphonates that would allow their recommendation
for CRC lowering risk.
Thus, primary prevention is an important complement to colorectal cancer screening and prevention,
adding to reduce its incidence. Being said that, further
research is still needed to better define the protective
agents that are worthwhile recommending lifestyle
modifications.
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Abstract
Non-alcoholic fatty liver disease (NAFLD) is a progressive disease of increasing public health concern. In
western populations the disease has an estimated
prevalence of 20%-40%, rising to 70%-90% in obese
and type Ⅱ diabetic individuals. Simplistically, NAFLD
is the macroscopic accumulation of lipid in the liver,
and is viewed as the hepatic manifestation of the metabolic syndrome. However, the molecular mechanisms
mediating both the initial development of steatosis and
its progression through non-alcoholic steatohepatitis
to debilitating and potentially fatal fibrosis and cirrhosis are only partially understood. Despite increased
research in this field, the development of non-invasive
clinical diagnostic tools and the discovery of novel
therapeutic targets has been frustratingly slow. We
note that, to date, NAFLD research has been dominated by in vivo experiments in animal models and human clinical studies. Systems biology tools and novel
computational simulation techniques allow the study
of large-scale metabolic networks and the impact of
their dysregulation on health. Here we review current
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systems biology tools and discuss the benefits to their
application to the study of NAFLD. We propose that a
systems approach utilising novel in silico modelling and
simulation techniques is key to a more comprehensive,
better targeted NAFLD research strategy. Such an approach will accelerate the progress of research and
vital translation into clinic.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Non-alcoholic fatty liver disease; Network;
Metabolism; Systems biology; Modelling; Regulation;
Simulation
Core tip: Research into non-alcoholic fatty liver disease
(NAFLD) is dominated by human clinical studies and
the use of animal models. We postulate that the wider
use of systems biology approaches, incorporating novel
modelling and simulation strategies, will yield greater
insights into the mechanisms underlying NAFLD progression. Such insights are essential to the development
of non-invasive diagnostic tools and novel therapies.
Fisher CP, Kierzek AM, Plant NJ, Moore JB. Systems biology
approaches for studying the pathogenesis of non-alcoholic fatty
liver disease. World J Gastroenterol 2014; 20(41): 15070-15078
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i41/15070.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i41.15070

NON-ALCOHOLIC FATTY LIVER DISEASE
Non-alcoholic fatty liver disease (NAFLD) is considered
to be the hepatic manifestation of the metabolic syndrome and a leading cause of liver-related morbidity and
mortality in both adult and paediatric patients[1,2]. The
metabolic syndrome is associated with abdominal obesity,
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Figure 1 Progression and stages of non-alcoholic fatty liver disease. Livers, representing macroscopic changes with inserted micrographs of histological sections; collagen fibres stained with Masson’s trichrome stain (blue). Arrows represent disease progression/regression (dashed).

high blood pressure, hypertriglyceridemia, hyperglycaemia
and low high-density lipoprotein cholesterol levels[3]. Both
the metabolic syndrome and NAFLD are associated with
increased risk of cardiovascular disease (CVD) and type
[4]
Ⅱ diabetes , leading to increased morbidity and mortality. Importantly, NAFLD is a growing public health issue,
with diagnosis increasing dramatically in the last two decades. NAFLD is now estimated to affect 20%-30% of
adults in western populations, with an increased occurrence (70%-90%) in obese individuals, type Ⅱ diabetics
and has also been linked with type Ⅰ diabetes[6,7].
NAFLD is a progressive inflammatory disease beginning with the macroscopic accumulation of fat in the liver (> 5%-10% by weight) in the absence of high alcohol
intake or hepatitis[5,8], termed simple steatosis (SS) (Figure
1). SS causes no significant increase in liver related complications, and is widely accepted as a ‘benign’ adaptation
to lipid loading in the liver. However, approximately 47%
of individuals with SS will progress to non-alcoholic
steatohepatitis (NASH), characterised by inflammatory
infiltration of the liver and low-level fibrosis[9]. NASH
is associated with a significantly increased risk of liverrelated complications, hepatocellular carcinoma (HCC)
and is an independent risk factor of CVD. Both SS and
NASH are considered reversible through weight-loss,
changes in diet and increased physical activity. However,
approximately 25%-30% of individuals with NASH will
develop irreversible fibrosis leading to cirrhosis, severe
liver-related morbidity, high risk of HCC and the need
for liver transplantation[10].
In addition to the increased morbidity and mortality,
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there is a high financial cost associated with overweight/
obesity related diseases and their clinical management,
estimated at £3.2bn per annum in the United Kingdom
alone[11].
A major clinical challenge and research focus is the
lack of robust non-invasive diagnostic tools for NAFLD.
The population prevalence of the disease can still only be
estimated since the only reliable method of disease staging and monitoring is though invasive liver biopsy. Although considered the gold standard, biopsy is prone to
variations in both sampling and in evaluation by pathologists[12]. Ultrasonography and magnetic resonance imaging
techniques are being developed for disease staging, but
are presently unable to monitor/stage the inflammatory
stages of the disease or require validation[7,13]. This lack
of a reliable, non-invasive method for diagnosing, staging
or monitoring NAFLD, means individuals are often only
diagnosed incidentally, presenting with either elevated liver enzymes or a fatty liver on ultrasound in combination
with the associated metabolic risk factors (e.g., abdominal
obesity, type Ⅱ diabetes). As such, diagnosis may be delayed, complicating treatment and damaging prognosis. In
addition, a major concern to both patients and clinicians
is the fact that following diagnosis, the most successful
treatment options are limited to lifestyle changes. While
statins, insulin-sensitizing drugs and bile acids have been
investigated in NAFLD treatment, no effective, targeted
drug therapies are currently available[14,15].
To develop novel biomarkers and effective therapeutic
interventions, it is imperative to establish a better understanding of the mechanisms that underlie the pathology
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Figure 2 Non-alcoholic fatty liver disease publications and distribution of
research. Graph shows the number of journal articles published (as listed on
PubMed) between 2002 and 2012 focused on non-alcoholic fatty liver disease;
pie chart shows the distribution of models/approaches (human, in vivo, in vitro,
systems approach) used in research published during 2012.

and progression of NAFLD. To this end, there has been
an increasing research effort focused on this disease, with
a greater than seven fold increase in the number of publications specifically investigating NAFLD and NASH in
the last decade (Figure 2). Despite this increase however,
our understanding of the molecular mechanisms underlying NAFLD pathogenesis remains modest.
Systems approaches have been widely adopted in
many fields of biological research, but nutritional sciences does still not exploit the full potential of the tools
available[16,17]. Currently, NAFLD research is dominated
by the use of human patient studies and in vivo animal
models, predominantly mouse and rat (Figure 2). Irrespective of the species used, in vivo animal models can
be divided into three categories; feeding models, gene
deficient/knockout models and combinations models;
these have been extensively reviewed in the literature[18,19].
Research using in vitro models and/or systems biology approaches represented less than 7% of published NAFLD
research in 2012. The relatively low usage of in vitro models may reflect a concern that in vitro approaches cannot
accurately reproduce complex disease phenotypes such
as NAFLD. However, such a belief ignores the recent
advances in cell culture techniques allowing the enhancement of the ‘in vivo like’ phenotypes in vitro. Improved
culturing of hepatocytes, and the other cell types in the
liver, continues to be discussed in the literature and is an
active area of method development[18,20,21]. For example,
three-dimensional cell culture strategies can now greatly
enhance the way that cells polarise in culture, a feature
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vital to the function of hepatocytes in vivo[22-24]. The use
of co-culture experiments permits analyses of cell-cell
signalling and metabolic networks,in particular between
the different cell types that comprise the liver, other tissues or even with the gut microflora[18,25,26]. In addition
to a limited use of in vitro techniques to study NAFLD,
the negligible use of systems biology tools grossly under
represents the ever-increasing array of tools for studying
such cell networks. Within recent years there has been
an explosion in systems biology tools for the study of
complex biological networks[27-34]. Applied to the human
organism, it has already proven to be an invaluable tool
in understanding disease etiology, drug discovery and
toxicology[35-39]. Indeed, systems tools have already begun
to offer insight into the mechanisms of fatty liver disease;
Sookoian et al[40] used a combination of data mining and
network analysis tools to identify shared mechanistic
pathways between non-alcoholic and alcoholic-fatty liver
disease. While this generated novel insights, it only begins
to scratch the surface of available in silico modelling and
network simulation tools.
Given the impact that systems approaches have made
in the understanding and treatment of other diseases, we
posit that an increased application of these approaches
towards NAFLD would reap similar rewards.
Systems biology approaches
Systems biology should not be considered as a discipline
in and of itself, or merely as the computational branch
of molecular biology. Systems biology is an approach to
studying biological systems as a whole. Under pinning
this is the principle that the key to understanding and
predicting the behaviour of any biological systems and its
response to the environment is the understanding of the
networks that determine these responses[16,41,42]. Understanding how all the different cellular and tissue networks
are interconnected in the context of the whole (human)
organism and be able to predict network behaviours, is the
ultimate goal of systems biology. However, work in this
burgeoning field has typically considered either metabolic,
signalling or gene regulatory networks independently.
Biological research has classically adopted a reductionist approach to the study of biological networks,
identifying their component parts and the interactions between them that account for the observed properties of
the sub-system under study. This ‘bottom-up’ approach
is based on the assumption that a system, regardless of
its size and complexity, is the sum of its component
parts. The emergence of the high throughput, ‘‘omics’’
technologies, has generated the data needed to describe
networks on a much larger scale than previously possible.
This has led to the development of “top-down” modelling approaches that infer relationships between network
components that change in the same way following perturbation of the system of interest.
The issue with the ‘bottom-up’ approach is that in order to simulate a network, intimate knowledge of its components, their connectivity and interaction is required. To
model quantitatively, kinetic parameters must be pains-
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takingly determined for each reaction and interaction in a
given system. In many cases, such data is unavailable and
often impossible to determine accurately with current experimental technologies. Furthermore, to determine such
parameters for large-scale networks would be exorbitantly
costly in terms of time and resources. On the other hand,
the difficulty with the ‘top down’ approach is that while it
allows us to study networks at a much larger scale, it does
so at the cost of quantitative detail. While coverage of a
given network is superior in terms of network coverage
and data points generated, any insight into the mechanisms mediating the observed behaviour of the system is
purely inferential. The precise nature of any mechanistic
interactions would need to be confirmed through more
targeted experimental, ‘bottom-up’ methods. Considering
the limitations of these two approaches, a more comprehensive strategy is to combine both into a ‘‘middle-out’’
approach[43,44]. In such an approach, the best ‘‘bottom-up’’
models would be integrated with larger ‘‘top-down’’ models generated through high throughput ‘‘-omic’’ datasets,
generating a global model with improved predictivity due
to the constraints imposed through highly detailed quantitative information.
Strategies for modelling the liver in silico
Second to the brain, the liver is, arguably, the most
complicated organ in the human body, with an array of
diverse and essential functions. Macroscopically, the human liver is described as four lobes; the right, left, quadrate and caudate. Despite the livers diverse functionality,
the microscopic architecture of the liver is remarkably
uniform, regardless of the direction from which the tissue is sectioned. This uniformity of structure makes
understanding and modelling the architecture of the
liver, relatively, easier. Indeed, there has been some excellent progress in modelling the structural architecture and
microvasculature in silico[45]. Although the microscopic architecture of the liver may be uniform, the functional behaviour across the liver is not[46]. This varies greatly with
blood/flow, oxygenation, cell polarity and is dynamically
regulated in response to extracellular and intracellular
cues. The hepatocyte is the primary cell type of the liver,
accounting for 60% of the cells in the liver, 80% of the
parenchymal volume and responsible for the synthesis of
90% of expressed liver proteins[24,47]. However, it is important to remember that there are many other cell types
within the liver (e.g., hepatic stellate cells, kupffer cells), all
of which contribute to the overall functional behaviour
of the liver. Thus, to fully understand liver function (and
dysfunction) it is important to study the interrelationship
of these cells types.
Modelling of liver functionality at either the macroscopic and microscopic scale is the aim of several
groups around the world, with perhaps the largest consortium being the German-based virtual liver network
(VLN), which aims to model the liver at all spatial, temporal, metabolic and regulatory levels utilising a range
of experimental and computational approaches[22,48]. The
potential impact of such tissue-level models can be seen
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in the successes of similar projects, such as the virtual
heart that feed into the virtual physiological human
(VPH) initiative[41,49].
Genome-scale networks
The sequencing and functional annotation of genomes
has provided the foundation for ‘reconstruction’ of biological networks at the genome-scale. This reconstruction
process has been described as a both a ‘top-down’ and a
‘bottom-up’ approach, however, it is more accurately described as a ‘middle-out’ process, incorporating data from
multiple sources to reconstruct the best possible network
model. In principle, genome-scale network reconstruction
is possible for all biological networks; signalling, generegulatory or metabolic[50]. However, the overwhelming
majority of large-scale reconstructions that have been
generated have been genome scale metabolic networks
(GSMN). This has been due, in part, to the fact that large
datasets generated from high-throughput techniques in
transcriptomics, proteomics and metabolomics can all be
applied to the reconstruction of metabolic networks, as
well as the extensive historical biochemical data generated
through the study of metabolic reactions[31,51].
Essentially, GSMN reconstructions are comprehensive structured databases of the metabolic reactions and
metabolites of a given organism. The database is first
built based on the annotated genome sequence, but this
is then supplemented with knowledge of biochemical reactions, physiological data and high-throughput datasets.
Until relatively recently, metabolic network reconstruction has been predominately of single-cell organisms due
to the availability and relative simplicity of their genomes;
the Escherichia coli (K12-strain) genome was first published
in 1997 and contains approximately 4000 genes[52], while
the human genome sequence wasn’t completed until
2003 and encodes approximately 21000 protein coding
genes[53]. The process of network reconstruction is both
labour and resource intensive, the time required increasing with the size and complexity of the target organism’s
genome. For instance, Recon1, one of the first published
reconstructions of the human metabolic network, took
a team of 6-8 individuals two years to complete[31,54].
Currently, it is not possible to completely automate the
reconstruction of high quality networks. Moreover,
since reconstructions begin with an annotated genome
sequence of the target organism, it is important to note
these annotated genome sequences use a combination of
manual and automated curation, are incomplete and are
continuously updated[55]. Indeed, our understanding of
the function of much of the genome is evolving and an
area of continued intensive research. The result of this is
that GSMN reconstruction is an iterative process requiring extensive manual curation.
Metabolism is of particular interest because its disruption may be the cause or as a result of a given disease
state. As such, metabolites are commonly used as biomarkers for disease diagnosis and monitoring; for example high blood glucose levels in diabetes or cholesterol as
a marker of increased CVD risk[42,51]. Ironically no such
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evance to NAFLD (i.e., heart, adipocyte, pancreas, intestine, kidney) have been published increasing the potential
for GSMNs to impact NAFLD research. Methods allowing the interconnectivity of metabolism between tissues
to be explored have already been developed[71]. Bordbar
et al[80] integrated the metabolic networks of the human
adipocyte, hepatocyte and myocytes integrating data from
obese and obese type Ⅱ diabetics.

Table 1 Published human and tissue/cell specific metabolic
network reconstructions
Human metabolic networks

Ref.

Recon1
EHMN (Edinburgh human metabolic network)
HumanCyc
Recon2
KEGG
Tissue/cell type
Liver/hepatocyte
Brain
Kidney
Heart
Erythrocytes
Alveolar macrophages
Adipocyte
Muscle
Placenta
Lung
Pancreas
Testis
Spleen
Ovary
Prostate
Colon
Small intestine
Thymus
Skeletal muscle

[54]
[57]
[67]
[59]
[68]
[69,70]
[71,72]
[72-74]
[72,75,76]
[77]
[78]
[79]
[72]
[72]
[72]
[72]
[72]
[72]
[72]
[72]
[72]
[72]
[72]
[65]

biomarkers have been validated for NAFLD despite its
extensive disruption of metabolism however, promising
metabolomics research is on-going[56]. Two major global
reconstructions of human metabolism were published in
2007; Recon1 and The Edinburgh model[54,57,58]. Recently,
Recon1 has been extensively updated, Recon2, through
a collaborative effort to generate the best possible human GSMN[59]. There has also been reconstruction of a
number of mouse GSMNs[60-62], important for the translation of data from this widely exploited model species
back into humans. The obvious issue with these models
is that they are based upon the entire genome and are not
tissue-specific. Automated computational methods have
been proposed using transcriptomic datasets to tailor
these whole-organism models into tissue-specific GSMN
reconstructions[63-65]. While this approach can generate
working models, manual curation remains essential to
reconstruct high quality networks. Table 1 shows a summary of published human GSMNs and tissue specific
metabolic networks; this is not intended as an exhaustive
list and does not include work by groups generating numerous cell and tissue specific networks using computational reconstruction methods[59,64,66].
Two liver/hepatocyte specific GSMNs were published
concurrently: one employing an automated reconstruction strategy, the other an exhaustive manual curation of
transcript, protein, biochemical and physiological data,
HepatoNet1; a comprehensive reconstruction of hepatocyte metabolism. Comprised of 2539 reactions and 777
individual metabolites, this model has the potential to be
a tremendous resource for NAFLD research. As well as
the liver itself, a number of other tissues of particular rel-
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Analysis of metabolic network reconstructions
Although reconstruction itself can provide insight into
the properties of a network, the biologist wants to be
able to understand and ultimately predict, the impact of
perturbations on the system through simulations. Typically for GSMNs this has been done through constraintbased flux balance analysis (FBA), a fundamental tool for
interrogating metabolic networks. In short, FBA solves
the mathematical, stoichiometrically balanced, expression
of a metabolic network reconstruction constrained based
on experimental data sets[81]. For example, a GSMN reconstruction may be constrained using “omics” data to
reflect the gene-expression profile of a specific tissue
or of a specific gene knockout (i.e., the reaction is constrained to 0). However, as a direct result of its underlying assumptions FBA has some inherent disadvantages
that are of critical importance if we are to gain insight
into liver disease. The development of FBA has been in
the context of studying single cell organisms; mathematically, FBA defines an ‘‘objective function’’, essentially a
sum of reactions that is solved to optimise flux towards
a biological output, characteristic of the organism under
study. For microorganisms this is commonly defined as
an increase in ‘‘biomass’’ (i.e., growth). However, healthy
mammalian adult organs typically maintain tissue size and
density; although cells divide and turnover ‘‘biomass’’ is
maintained. Moreover, definition of a single objective
function for a tissue as functionally diverse as the liver is
almost impossible. Furthermore, basic FBA assumes that
gene expression is at steady-state and is unable to account
for dynamic gene regulatory responses to environmental
perturbation. Given the numerous functions of the liver
and the fact that these multiple functions occur simultaneously and are dynamically regulated in response to the
environment, the scope of standard FBA for NAFLD
research is limited.
Modelling regulation of the metabolic network
Broadly, the modelling of signalling networks can be
divided into two classes; the first analyses the structure
and connectivity of the network to provide insight into
its dynamics. The second uses experimentally determined kinetic parameters as well as network connectivity
to model dynamic properties of the network[28,50]. It has
been suggested that the only possible way to successfully
model the regulatory mechanisms of human whole cell
metabolism is through the use of fully mechanistic/kinetic models[22]. While a number of kinetic models have
been published, these have been of small sub-networks
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of metabolism. The quantity of data that would be required, to generate such a model on a whole-cell scale
would require an untenable amount of computational
and financial resources.
A number of modified FBA approaches have been
published attempting to address some of its limitations
and enhance its suitability for simulating dynamic mammalian networks. Currently, qualitative models of regulatory processes can be integrated with FBA of metabolic
networks using a quasi-steady-state simulation method.
This ‘regulatory FBA’ (rFBA) uses Boolean rules to express the regulatory relationships between the genes of
a network[82]. This allows representation of gene expression/repression, but does not represent transcription and
translation processes or mechanistic details about the nature of regulatory molecules, such as protein, RNA, protein complexes, post translational modification. Although
rFBA allows the simulation of gene regulation, this simulation is synchronous with all events in the regulatory
network occurring at the same rate. Furthermore, the
results of rFBA, as with conventional FBA are deterministic, producing a deterministic network solution at every
time-step of the simulation. Two additional approaches,
integrated FBA (iFBA)[83] and integrated dynamic FBA
(idFBA)[84], utilize ordinary differential equations for simulation of sub-networks (e.g., signalling pathways) where
kinetic quantitative data are available. However the use of
these tools for human systems is limited given both the
increased scale of genome complexity and the lack of
such quantitative data.
We have recently published a novel strategy quasi
steady state Petri nets (QSSPN)[29]. This approach uses
Petri nets (PNs)[85] to represent gene regulatory and signalling networks and couples this to FBA of GSMNs,
extending the size and the detail at which models that
can be qualitatively simulated. Although PNs have previously been used to model cell signalling[86], this is the first
time that it has been coupled to FBA allowing dynamic
regulation of metabolism at the genome scale. The use
of PNs readily allows the representation of gene expression at the level of the genome, transcript and protein
level, using existing conventions, and permits incorporation of kinetic parameters across the model as they become available. Our approach also addresses the issue of
single deterministic results. The QSSPN method incorporates stochastic elements that allow non-deterministic
simulation and Monte Carlo sampling of multiple simulation outcomes. Simply put, this allows the researcher
to predict the probability of a particular behaviour or
whether a particular behaviour is possible within the
model. Unlike rFBA, QSSPN also permits multiple activation levels and variable rates of activation across the
signalling network. As a result, the signalling network is
modelled asynchronously, a fundamental property of biological systems and key to the modelling of oscillations,
activation and repression of constitutively expressed
genes. We validated the QSSPN strategy modelling regulation of bile acid metabolism and are currently modelling the network response to lipid loading in hepato-
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cytes. The ability to computationally examine genotypephenotype relationships and generate predict probable
system behaviours resulting from network dysregulation,
promises novel insight into NAFLD pathogenesis in the
future.

CONCLUSION
GSMNs represent current state of the art in modelling
large-scale networks and studying complex interactions
associated with disease. Efforts by ourselves and others
aim to model the liver at all spatial, temporal, metabolic
and regulatory levels utilising a range of experimental
and computational approaches in an overall systems approach. Increasingly the ‘low hanging fruit’ of biomarker
and therapeutic target discovery has been picked and the
identification of future targets will require a more comprehensive understanding of the underlying molecular
mechanisms. This can only be achieved through the use
of advanced strategies combining novel computational
approaches and experimental techniques. While systems
biologists aim to have computationally modelled 90%
of the human organism by 2038[38], NAFLD represents
a complex, multifactorial and urgent disease burden, the
elucidation of which would benefit from existing systems tools rather than a solely reductionist approach. We
believe that a ‘middle-out’ approach incorporating an iterative cycle of model reconstruction, simulation, experimental design and model refinement represents the best
strategy to research in NAFLD and metabolic disease.
We would further argue that such a strategy is best suited,
not to purely kinetic modelling strategies, but to novel in
silico modelling approaches that can model metabolism,
gene expression, regulation and signalling at a qualitative
level, but are capable of integrating kinetic parameters as
available. NAFLD and the metabolic syndrome emerge
as the product of a myriad of genetic, dietary and environmental factors and understanding the relative and
mechanistic contribution of these is vital. These are the
diseases of the 21st century and we will require 21st century approaches to develop our understanding and subsequent treatments.
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Abstract
Non-alcoholic fatty liver disease (NAFLD) is a multi-faceted condition including simple steatosis alone or associated with inflammation and ballooning (non-alcoholic
steatohepatitis) and eventually fibrosis. The NAFLD
incidence has increased over the last twenty years
becoming the most frequent chronic liver disease in industrialized countries. Obesity, visceral adiposity, insulin
resistance, and many other disorders that characterize metabolic syndrome are the major predisposing
risk factors for NAFLD. Furthermore, different factors,
including genetic background, epigenetic mechanisms
and environmental factors, such as diet and physical
exercise, contribute to NAFLD development and progression. Several lines of evidence demonstrate that
specific microRNAs expression profiles are strongly associated with several pathological conditions including
NAFLD. In NAFLD, microRNA deregulation in response
to intrinsic genetic or epigenetic factors or environmental factors contributes to metabolic dysfunction. In this
review we focused on microRNAs role both as control-
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led and controllers molecules in NAFLD development
and/or their eventual value as non-invasive biomarkers
of disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver steatosis; Fibrosis; Non-alcoholic fatty
liver disease; Non-alcoholic steatohepatitis; MicroRNAs
Core tip: Genetic background, epigenetic mechanisms
and environmental factors contribute to Non-alcoholic
fatty liver disease (NAFLD) development and progression. Among epigenetic mechanisms microRNAs are
the most studied in NAFLD, contributing to metabolic
dysfunction and liver damage. As during the last five
years several authors investigated the role of microRNAs as potential therapeutic targets and/or non-invasive biomarkers we believe that this mini-review could
be a good tool for researchers that critically approach
this topic.
Panera N, Gnani D, Crudele A, Ceccarelli S, Nobili V, Alisi
A. MicroRNAs as controlled systems and controllers in nonalcoholic fatty liver disease. World J Gastroenterol 2014;
20(41): 15079-15086 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i41/15079.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i41.15079

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a multifactorial condition encompassing a wide spectrum of
liver damage, ranging from simple steatosis non-alcoholic
fatty liver (NAFL) to steatohepatitis non-alcoholic steatohepatitis (NASH). While NAFL is considered a relatively
benign condition with little risk of progression, NASH,
described as the inflammatory phase of steatosis, is
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sometimes associated with fibrosis and may potentially
progress to irreversible cirrhosis and in some cases to
hepatocellular carcinoma (HCC)[1]. The interesting particularity of this pathology is that, even though the histopathological pattern of NAFLD/NASH resembles that
observed during alcohol-induced liver damage, the disease occurs in subjects with no significant or even absent
alcohol consumption. Furthermore, it also occurs in the
absence of other underlying aetiology such as virus infection, autoimmune hepatitis, drug- induced and inherited
metabolic disorders[2].
Alarming epidemiological data shows that the incidence of NAFLD has increased over the last twenty
years becoming the most common cause of chronic liver
disease worldwide[3-5]. Noteworthy, several studies now
reveal the NAFLD prevalence in Western nations fluctuates between 20% and 30%, going up to 90% in obese
individuals, while NASH affects approximately 2%-3%
of the general population, rising up to 37% in the obese
individuals[6,7].
It is now widely accepted that the major predisposing
risk factors of NAFLD are represented by obesity, visceral adiposity, insulin resistance (IR) and many other disorders that define the metabolic syndrome[7]. Moreover,
several clinical and experimental lines of evidence report
a reciprocal relationship between NAFLD and diabetes
onset[8].
On the other hand, different factors including genetic
background, epigenetic mechanisms and environmental factors, as diet and physical exercise, participate in
NAFLD development. Additionally, adipose tissue and
gut may intervene in establishing a complicated crosstalk causing the production and the release of circulating
endotoxins, adipokines and pro-inflammatory cytokines,
which in turn contribute to IR and free fatty acids (FFAs)
accumulation bursting oxidative stress and hepatocellular
damage[9,10]. To further complicate this scenario, NAFLD
is still a condition under-diagnosed and there is currently
no specific drug therapy approved. In fact, the mainstay
of NAFLD treatment is lifestyle modification in term
of weight loss and diet changes. However, the majority
of paediatric and adult patients have difficulty to achieve
and to maintain weight loss, thus reducing the beneficial
long-term effects of lifestyle intervention[11,12]. In the latest years, it has been widely documented that anomalous
microRNA (miRNA or miR) profiles are strongly associated with several pathological conditions including some
kind of cancers and liver, heart, kidney and autoimmune
diseases[12]. Furthemore, the deregulation of microRNA
expression in response to intrinsic factors (genetic or
epigenetic) or extrinsic factors (environmental challenge
or stress conditions) may also contribute to metabolic
dysfunction[13]. Therefore, it is not surprising that numerous recent evidence reports altered expression patterns
of microRNAs in NAFLD, suggesting their role in the
pathogenesis of the disease.
Given its importance, in this review we will discuss
the recent emerging implication of microRNAs both as
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controlled and controllers in NAFLD development and/
or their eventual prognostic value of disease progression.

MICRORNA CONTROLLED SYSTEMS
AND FUNCTION
In the world of non-coding RNAs (ncRNAs), microRNAs are small endogenous single-stranded RNA molecules acting in transcriptional and post-transcriptional
regulation of gene expression. Conserved across diverse
species including animals, plants and even viruses, microRNAs exert their function of base-pairing with
complementary sequences within mRNA targets, usually resulting in gene silencing through translational
repression or mRNA stability alteration[14]. By the way,
a positive regulation (transcriptional and translational
activation) mediated by microRNAs is also possible[15-19].
Since the discovery of microRNAs in C. elegans over ten
years ago[20], much attention has been paid to deeply understand microRNAs biology and regulatory function.
At present, the latest versions of the miR dedicated Database (http://www.mirbase.org) list over 24521 entries
and the number of publications dealing with microRNAs
is growing day by day[21].
To date, it is estimated that these small molecules
are likely to regulate approximately 30% of the human
protein-coding genome[22] and are now recognized as
key regulator of almost every cellular process including proliferation, apoptosis, differentiation and cellular
growth[23,24]. Furthermore, in the latest years, mis-expression of microRNAs has been linked to numerous disease
states and for this reason, microRNA-based therapies are
under investigation[13].
The human genome encodes hundreds of microRNA
genes classified as intergenic, intronic or exonic. Independently of their genomic location, microRNA genes
can be found either as single genes or as clusters of genes
under the control of their own promoter or the promoter
of protein-coding genes[14].
The majority of microRNAs are transcribed by RNA
polymerase Ⅱ (Pol Ⅱ) or occasionally RNA polymerase
Ⅲ to generate a long hairpin precursor called pri-miRNA[25,26].
Pri-miRNAs are both capped at the 5’ end and polyadenylated at the 3’ end like other protein coding primary
transcripts[27-29] but they have an unique hairpin structure
that allow the microRNA biogenesis machinery to distinguish them from the various RNA stem-loop-like structures present in the nucleus[26].
In the canonical pathway, the precursor pri-miRNA is
processed through a two-step mechanism by the ribonuclease (RNase) Ⅲ-family proteins Drosha and Dicer[30,31].
Actually, once the pri-miRNA is synthesized, it is cleaved
by the nuclear Drosha, that together with the cofactor
DGCR8 composes the microprocessor complex[32,33].
Many other proteins, such as helicases and heterogeneous nuclear ribonucleoproteins (hnRNPs) may take part
to help, thus creating a complex regulatory network[34].
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The cleavage gives rise to a hairpin structure of
60-110 nt, termed pre-miRNA. Pre-miRNA is then
exported out from the nucleus to the cytoplasm by the
cargo transporter Exportin-5/Ran-GTP complex, which
also protects microRNAs from degradation[35,36]. However, some exceptions exist. In fact, it has been shown
that intronic microRNAs (mirtrons) can bypass the Drosha cleavage step, undergoing splicing and debranching
instead[37].
In either case, once in the cytosol, the RNaseⅢ enzyme Dicer-1 further processes pre-miRNA, producing
an imperfect about 20-bp double-stranded miRNA duplex (miRNA/*miRNA)[31,38-41]. The duplex is composed
by the guide strand and the passenger (or miRNA*)
strand. The guide strand, generally the one with the
lowest thermodynamic stability at its 5’ end, is preferentially incorporated into the miRNA-induced silencing
complex (miRISC)[33]. On the contrary, the passenger is
excluded from the RISC and it is degraded[33,42,43]. Anyway, it should be kept in mind that sometimes miRNA*
strands can be loaded into miRISC to function as microRNAs and that each strand of the duplex can be
tissue-specific[44].
In mammals, the miRISC is mainly composed by the
Argonaute (AGO) proteins, as core components, by the
GW182 family proteins and by other accessory proteins.
The formation and activity of the miRISC implies many
additional factors, some of which play an important
regulatory function[45]. As part of miRISC, the miRNA
can induce translational repression or deadenylation and
degradation of target mRNA usually through antisense
base-pairing in the 3’-UTR of target mRNAs[46].
Whereas the full mechanism of microRNA-mediated
translational repression is still poorly understood, more
details are known about mRNA deadenylation[45-47]. In
mammals and Drosophila the carboxy-terminal domain
of GW182 proteins plays a central role interacting with
the poly(A) binding protein (PABP) and recruiting the
deadenylases CCR4 and CAF1 indeed[47,48].
In addition, in D. melanogaster, the C-terminal and the
Ago-interacting N-terminal GW182 domains, contain
other regions that are active in translational repression,
opening numerous regulatory mechanisms[49].
Interestingly, in plants a typical miRISC-mediated
gene regulation is guided by a perfect match between
microRNAs and target RNAs that lead to an endonucleolytic cleavage and then to degradation. Even if rare,
this mechanism can be found in animals too. However,
microRNAs in plants may imperfectly base-pair to mRNAs, as occurs in mammals, and repress translation in
this way[50].

MICRORNA AS REGULATORS AND
CONTROLLERS IN NAFLD
Experimental evidence
Recently, it has been demonstrated that variations in the
expression levels of some micro-RNAs are related to the
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pathogenesis of NAFLD and its progression to NASH.
In fact, some of them are key regulators of glucose, cholesterol and lipid metabolism and their deregulation may
result in intra-hepatic excessive accumulation of triglycerides and fatty acids[51].
One of the first microRNAs correlating with lipid metabolism and homeostasis is miR-122, the most abundant
in the liver[52]. In fact, an important murine study showed
that inhibition of miR-122 using antagomirs results in a
25%-30% reduction of plasma cholesterol levels and in
an altered expression of several hepatic genes involved
in the biosynthesis of cholesterol, as the 3-hydroxy3-methylglutaryl-Coa synthase 1 (Hmgcs1), 3-hydroxy3-methylglutaryl-Coa reductase (Hmgcr) and the 7-dehydrocholesterol reductase (Dhcr7)[53]. Furthermore, Esau
et al[54] highlighted how the antisense-based silencing of
miR-122 was able to induce a significant decrease in fatty
acids and cholesterol biosynthesis and an increase in the
fatty acids β-oxidation pathway in mice fed a high fat diet.
Interestingly, targeting miR-122 by antisense inhibitors
with “locked nucleic acid” (LNA) technique correlated
with decreased circulating cholesterol levels in monkeys[55].
Recently, it has been found that miR-122 is involved
also in the propagation of hepatitis C virus (HCV) suggesting that the silencing of this microRNA may represent a safe therapeutic approach for the treatment of
both chronic HCV infection and diseases related to the
alteration of cholesterol and lipid metabolism[56].
Further, the hepatic expression pattern of some
crucial microRNAs has been analyzed in two interesting
different animal models of NASH. In C57BL/6J and
DBA/2J mice fed with methyl-deficient diet, the hepatic
over-expression of miR-34a, miR-155, miR-200b and
miR-221 and a concomitant down-regulation of miR-29c,
miR-122, miR-192 and miR-203 was reported[57]. The microRNAs analysis on rats fed with hypercaloric diet enriched in fat (HFD) and fructose (HFD-HFr), highlighted
a down-regulation of miR-27a, miR-122, miR-451 and an
up-regulation of miR-200a, miR-200b and miR-429[58].
Moreover, in a recent paper of our group, mir-200b,
together with miR-155, have been also linked with enhancer of zeste homolog 2 (EZH2) expression in both in
vivo and in vitro models of NAFLD[59].
An additional microRNA involved in the regulation
of lipid metabolism is miR-15b. Indeed, its potential
contribution has been revealed through two studies: the
first conducted on HFD fed rats and the second on the
L02 hepatocyte cell line treated with palmitate. The data
obtained by real-time PCR showed increases of miR15b hepatic expression in both in vivo and in vitro NAFLD
models compared to the controls. To further investigate
miR-15b roles, miR-15b was over-expressed in QSG7701
hepatic cells, causing an increase in triglyceride levels and
a decrease in glucose consumption. Therefore, these data
collectively suggest that augmented expression of miR15b can lead to an alteration in glucose and lipid metabolism, possibly increasing the risk of NAFLD onset[60].
An in vitro study conducted by Zheng et al[61] highlighted
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Table 1 miRs deregulated in experimental models of non-alcoholic fatty liver disease
Ref.

miR

miR regulation

Experimental model

[55]
[56]

miR-122
miR-122
miR-34a
miR155
miR-200b
miR-221
miR-29c
miR-122
miR-192
miR-203
miR-200a
miR-200b
miR-429
miR-27
miR-122
miR-451
miR 200b
miR 155

Up-regulation
Up-regulation

In vivo: Silencing by antisense-base technology in a diet induced obesity mouse model
In vivo: Inhibition by antisense oligonucleotides “locked nucleic acid” (LNA) in monkeys

Up-regulation

In vivo: C57BL/6J and DBA/2J methyl-deficient diet mice fed

[59]

[60]

Down-regulation

In vivo: HFD/HFr fed rats

Up-regulation

Down-regulation

[62]

miR-15b

Up-regulation

[63]

miR-10b
miR-103
mi-R107
miR-34a

Up-regulation

In vivo: HFD/HFr fed rats
In vitro: HepG2 hepatoma cell line upon FFA stimulation
In vivo: HFD fed rats
In vitro: L02 human hepatocyte cell line treated with palmitate
In vitro: Steatotic model of human L02 hepatocytes

Up-regulation

In vivo: Dietary obese rats

Up-regulation

In vivo: Dietary obese mice

[61]

[66]
[71,72]

Up-regulation

HFD/HFr: Hypercaloric diet enriched in fat/fructose.

the miR-10b involvement in NAFLD pathogenesis. In
fact, miR-10b was found altered in steatotic hepatic cells.
More precisely, when over-expressed, miR-10b induces
an increase in the cellular lipid content and in the triglycerides levels acting on peroxisome proliferator-activated
receptor-α (PPARα), a nuclear receptor involved in the
catabolism of fatty acids. Other post-transcriptional regulators of lipid metabolism seem to be miR-33a and miR33b, intronic microRNAs, located within SREBF2 and
SREBF1 genes, respectively, both implicated in the positive expression of cholesterogenic and lipogenic genes[62].
Notably, several studies reported a tight co-expression
of miR-33a/b with their host genes, with whom they act
in concert to promote hepatic lipogenesis[63]. However,
other microRNAs, such as miR-103 and miR-107, which
are up-regulated in diet-induced obese rats, have been
associated with metabolic disorders related to IR development. Interestingly, given that the antisense-mediated
silencing of miR-103 and 107 improved insulin sensitivity,
these two microRNAs might be used as therapeutic targets to improve obesity IR-related[64]. Moreover, miR-33a/
b play also a key role in post-transcriptional repression of
ATP-binding cassette transporter sub-family A member 1
(ABCA1), which is essential for the binding of cholesterol
to apolipoprotein A1 (APOA1) during HDL formation.
The mechanisms involves the direct binding of miR-33 to
the 3’ UTR of ABCA1 gene[65]. Interestingly, it has been
reported that miR-33a/b are involved in lipid and glucose
homeostasis also interacting with the deacetylases NAD+
dependent sirtuin 6 (SIRT6), which in turn regulates the
expression of Sterol Regulatory Element-Binding Protein
(SREBP) target genes[66]. In fact, it has been demonstrated
that SIRT6 knockout is associated with the developWJG|www.wjgnet.com

ment of liver steatosis in mice[67]. In line with previous
published papers, among SIRT6 regulators, the NAD+dependent deacetylase sirtuin (SIRT1) seem to play an
important function in mice. SIRT1 complexes with several factors such as FOXO3a and NRF1 on the SIRT6
promoter regulates positively SIRT6 expression, which, in
turn, negatively regulates glycolysis, triglyceride synthesis,
and fat metabolism acting on the transcription of many
genes involved in these processes[67]. According to the
literature, SIRT1 is further regulated at post-transcription
level by miR-34a. Cantó et al[68], reviewed that miR-34a
inhibits the expression of SIRT1 and prevents the activation of PPARα and of liver X receptor (LXR), a key
regulator of energy homeostasis. In addition, the repression of SIRT1 results in inhibition of both SREBP and
nuclear factor-κB (NF-κB), a critical mediator of inflammation. Moreover, recent research has shown that miR34a reduces levels of NAD+ and SIRT1 activity by acting
directly on the nicotinamidide phosphoribosyl transferase
(NAMPT) required for NAD+ biosynthesis, resulting in a
decrease in β-oxidation and in an increase in lipogenesis.
Besides, miR-34a silencing in obese mice leads to the restoration of NAMPT/NAD+ levels relieving hepatic steatosis and inflammation[69]. Notably, miR-34a also acts on
the repression of β-Klotho, a coreceptor of the fibroblast
growth factor 19 (FGF19), implicated in the regulation of
glucose metabolism in the post-prandial response under
physiological conditions. This evidence comes from a paper showing that antisense inhibition of miR-34a in obese
mice is able to restore both β-Klotho levels and FGF19
target gene expression improving obesity[70]. Studies reporting experimental evidence of microRNA deregulation
during NAFLD are summarized in Table 1.
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Table 2 miRs deregulated in human non-alcoholic fatty liver disease
Ref.

miR

miR regulation

Source

Phenotype

[74]

miR-34a
miR-122
miR-21
miR-451
miR-122
miR-34a
miR-16
miR-122
miR-122
miR-15b
miR-34a
miR-146
miR-122

Up-regulation

Blood

Only miR-122 is correlated with the severity of liver steatosis

Up-regulation

Blood

Positive correlation with fibrosis, inflammation and hepatic steatosis

Up-regulation
Down-regulation
Up-regulation
Up-regulation
Down-regulation

Blood/liver

From mild to severe hepatosteatosis
End-stage liver fibrosis
Positive correlation with NAFLD parameters
Association between NASH and altered hepatic miRNA expression

[75]

[77]
[79]
[80]

Blood
Liver
Liver

NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis.

microRNA as biomarkers in NAFLD
Since serum miRNAs have been recognized as diagnostic
and prognostic markers for lung, prostate, breast, ovarian,
and liver cancers, the overall idea is to identify the altered
microRNA expression profiles potentially associated with
the pathogenesis of NAFLD and eventually to evaluate
serum levels of microRNAs as potential non-invasive biomarkers for the diagnosis and monitoring of disease[71].
The microRNAs suggested as potential biomarkers for
human NAFLD are reported in Table 2.
A recent study conducted by Yamada et al[72] on Japanese subjects, adds evidence on the possibility to use circulating microRNAs as biomarkers for NAFLD. In this
study, serum levels of five selected miRNAs (miR-145,
miR-451, miR-122, miR-34a and miR-21), well known to
be implicated in cholesterol and fatty acid homeostasis
in liver tissue, were evaluated in individuals with hepatic
steatosis assessed by ultrasound scan. Here the authors
found increased levels of miR-34a, miR-122, miR-21 and
miR-451 in NAFLD patients compared to non-NAFLD
participants. These findings are in line with other previous human studies showing that altered expression of
circulating levels of these and other microRNAs are
related to NAFLD pathogenesis. Indeed, in a human
study by Cermelli et al[73] serum levels of miR-122 and
miR-34a were found significantly increased in patients
with NASH, showing a positive correlation with fibrosis
and inflammation stage. The same study also found a
positive correlation between increased circulating levels
of miR-16 and simple hepatic steatosis. The possible explanation of miR-34 mis-expression lies on the fact that
miR-34a acts by inducing pro-apoptotic genes and p53
transcription, thus sustaining the liver damage occurring during NAFLD[74]. In a more recent human study
in NAFLD patients, serum and hepatic miR-122 levels
were found increased moving from mild to severe steatosis. In contrast, a significant inverse correlation with
progression of fibrotic liver damage was observed[75].
This particular expression trend of miR-122 could be
explained by molecular mechanisms occurring during
the progression of the disease. Persistent liver injury
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results in loss of hepatocytes, the main miR-122 producing cells, and thus may determine an inadequate miR-122
expression[73]. Another mechanism supporting the link
between miR-122 and fibrotic liver damage is the inhibitory effect of this miR on hepatic stellate cell activation
and collagen deposition[76]. Taken together, this evidence
suggests that the measure of serum miR-122 levels can
provide a useful predictive marker of liver fibrosis in patients with NAFLD.
In a recent cohort study of patients with NAFLD, the
increase of body mass index, blood glucose or alanine
transferases levels, were interestingly associated with a
parallel increase in miR-15b serum levels, suggesting a
potential role also for miR-15b as a diagnostic candidate[62]. However, comparing studies on circulating levels
and hepatic expression of microRNAs in NAFLD it is
possible to find interesting differences. Indeed, in a study
of hepatic microRNA expression patterns, miR-34a and
miR-146b were significantly increased in livers of NASH
subjects while decreased expression of miR-122 was
found in the majority of patients[77]. In Table 3 the most
important NAFLD-related miRNAs with known and
validated target genes are reported.

CONCLUSION
Despite numerous research efforts, NAFLD molecular
pathogenesis is only partially understood. Recent evidence
indicates, that during NAFLD development and progression, some tissue-specific or circulating microRNAs may
play crucial roles in the post-transcriptional regulation of
genes that regulate critical process in liver damage associated with this disease. In this picture, therefore, the study
of microRNA could assume a dual significance. On one
hand, the comprehension of regulatory upstream/downstream factors associated with these microRNAs might
provide a source of novel potential therapeutic targets
to block NAFLD progression. On the other hand, the
analysis of the microRNA expression pattern in NAFLD
might highlight which of them have a strong correlation
with liver damage and possess adequate characteristics as
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Table 3 Key miRs involved in non-alcoholic fatty liver disease
and their target genes
Ref.
[55,56]
[70-72]
[63]
[66]

miR

Target genes

miR-122
miR-34a
miR-10b
miR-33a/b

Hmgcs1, Hmgcr, Dhcr7
SIRT1, NAMPT, β-Klotho coreceptor
PPAR-α
SIRT6
ABCA1

16

17

18

non-invasive biomarkers.
19

REFERENCES
1

2
3

4
5

6

7

8

9
10

11

12

13
14
15

De Minicis S, Day C, Svegliati-Baroni G. From NAFLD
to NASH and HCC: pathogenetic mechanisms and therapeutic insights. Curr Pharm Des 2013; 19: 5239-5249 [PMID:
23394093 DOI: 10.2174/1381612811319290006]
Brunt EM. Pathology of nonalcoholic fatty liver disease. Nat
Rev Gastroenterol Hepatol 2010; 7: 195-203 [PMID: 20195271
DOI: 10.1038/nrgastro.2010.21]
Browning JD, Szczepaniak LS, Dobbins R, Nuremberg P,
Horton JD, Cohen JC, Grundy SM, Hobbs HH. Prevalence of
hepatic steatosis in an urban population in the United States:
impact of ethnicity. Hepatology 2004; 40: 1387-1395 [PMID:
15565570 DOI: 10.1002/hep.20466]
Bellentani S, Scaglioni F, Marino M, Bedogni G. Epidemiology of non-alcoholic fatty liver disease. Dig Dis 2010; 28:
155-161 [PMID: 20460905 DOI: 10.1159/000282080]
Milić S, Stimac D. Nonalcoholic fatty liver disease/steatohepatitis: epidemiology, pathogenesis, clinical presentation
and treatment. Dig Dis 2012; 30: 158-162 [PMID: 22722431
DOI: 10.1159/000336669]
Barshop NJ, Francis CS, Schwimmer JB, Lavine JE. Nonalcoholic fatty liver disease as a comorbidity of childhood
obesity. Ped Health 2009; 3: 271-281 [PMID: 20556232 DOI:
10.2217/phe.09.21]
Fabbrini E, Sullivan S, Klein S. Obesity and nonalcoholic
fatty liver disease: biochemical, metabolic, and clinical implications. Hepatology 2010; 51: 679-689 [PMID: 20041406 DOI:
10.1002/hep.23280]
Williams KH, Shackel NA, Gorrell MD, McLennan SV,
Twigg SM. Diabetes and nonalcoholic Fatty liver disease: a
pathogenic duo. Endocr Rev 2013; 34: 84-129 [PMID: 23238855
DOI: 10.1210/er.2012-1009]
Day CP. Genetic and environmental susceptibility to nonalcoholic fatty liver disease. Dig Dis 2010; 28: 255-260 [PMID:
20460920 DOI: 10.1159/000282098]
Nobili V, Svegliati-Baroni G, Alisi A, Miele L, Valenti L,
Vajro P. A 360-degree overview of paediatric NAFLD: recent
insights. J Hepatol 2013; 58: 1218-1229 [PMID: 23238106 DOI:
10.1016/j.jhep.2012.12.003]
Corrado RL, Torres DM, Harrison SA. Review of treatment options for nonalcoholic fatty liver disease. Med Clin
North Am 2014; 98: 55-72 [PMID: 24266914 DOI: 10.1016/
j.mcna.2013.09.001]
Nobili V, Alisi A, Raponi M. Pediatric non-alcoholic fatty
liver disease: preventive and therapeutic value of lifestyle
intervention. World J Gastroenterol 2009; 15: 6017-6022 [PMID:
20027672 DOI: 10.3748/wjg.15.6017]
Sayed D, Abdellatif M. MicroRNAs in development and
disease. Physiol Rev 2011; 91: 827-887 [PMID: 21742789 DOI:
10.1152/physrev.00006.2010]
Ul Hussain M. Micro-RNAs (miRNAs): genomic organisation, biogenesis and mode of action. Cell Tissue Res 2012; 349:
405-413 [PMID: 22622804 DOI: 10.1007/s00441-012-1438-0]
Vasudevan S, Steitz JA. AU-rich-element-mediated upregu-

WJG|www.wjgnet.com

20

21

22

23
24
25
26

27
28

29

30

31

32

33

34

15084

lation of translation by FXR1 and Argonaute 2. Cell 2007; 128:
1105-1118 [PMID: 17382880]
Vasudevan S, Tong Y, Steitz JA. Switching from repression
to activation: microRNAs can up-regulate translation. Science 2007; 318: 1931-1934 [PMID: 18048652 DOI: 10.1126/science.1149460]
Ørom UA, Nielsen FC, Lund AH. MicroRNA-10a binds
the 5’UTR of ribosomal protein mRNAs and enhances their
translation. Mol Cell 2008; 30: 460-471 [PMID: 18498749 DOI:
10.1016/j.molcel.2008.05.001]
Henke JI, Goergen D, Zheng J, Song Y, Schüttler CG, Fehr C,
Jünemann C, Niepmann M. microRNA-122 stimulates translation of hepatitis C virus RNA. EMBO J 2008; 27: 3300-3310
[PMID: 19020517 DOI: 10.1038/emboj.2008.244]
Lee S, Vasudevan S. Post-transcriptional stimulation of
gene expression by microRNAs. Adv Exp Med Biol 2013; 768:
97-126 [PMID: 23224967 DOI: 10.1007/978-1-4614-5107-5_7]
Lee RC, Feinbaum RL, Ambros V. The C. elegans heterochronic gene lin-4 encodes small RNAs with antisense complementarity to lin-14. Cell 1993; 75: 843-854 [PMID: 8252621
DOI: 10.1016/0092-8674(93)90529-Y]
Kozomara A, Griffiths-Jones S. miRBase: integrating microRNA annotation and deep-sequencing data. Nucleic Acids
Res 2011; 39: D152-D157 [PMID: 21037258 DOI: 10.1093/nar/
gkq1027]
Lewis BP, Burge CB, Bartel DP. Conserved seed pairing,
often flanked by adenosines, indicates that thousands of human genes are microRNA targets. Cell 2005; 120: 15-20 [PMID:
15652477 DOI: 10.1016/j.cell.2004.12.035]
Ghildiyal M, Zamore PD. Small silencing RNAs: an expanding universe. Nat Rev Genet 2009; 10: 94-108 [PMID: 19148191
DOI: 10.1038/nrg2504]
Bartel DP. MicroRNAs: genomics, biogenesis, mechanism,
and function. Cell 2004; 116: 281-297 [PMID: 14744438 DOI:
10.1016/S0092-8674(04)00045-5]
Cullen BR. Transcription and processing of human microRNA precursors. Mol Cell 2004; 16: 861-865 [PMID: 15610730
DOI: 10.1016/j.molcel.2004.12.002]
Lee Y, Kim M, Han J, Yeom KH, Lee S, Baek SH, Kim VN.
MicroRNA genes are transcribed by RNA polymerase II.
EMBO J 2004; 23: 4051-4060 [PMID: 15372072 DOI: 10.1038/
sj.emboj.7600385]
Berezikov E. Evolution of microRNA diversity and regulation in animals. Nat Rev Genet 2011; 12: 846-860 [PMID:
22094948 DOI: 10.1038/nrg3079]
Bracht J, Hunter S, Eachus R, Weeks P, Pasquinelli AE.
Trans-splicing and polyadenylation of let-7 microRNA primary transcripts. RNA 2004; 10: 1586-1594 [PMID: 15337850
DOI: 10.1261/rna.7122604]
Cai X, Hagedorn CH, Cullen BR. Human microRNAs are
processed from capped, polyadenylated transcripts that can
also function as mRNAs. RNA 2004; 10: 1957-1966 [PMID:
15525708 DOI: 10.1261/rna.7135204]
Lee Y, Ahn C, Han J, Choi H, Kim J, Yim J, Lee J, Provost P,
Rådmark O, Kim S, Kim VN. The nuclear RNase III Drosha
initiates microRNA processing. Nature 2003; 425: 415-419
[PMID: 14508493 DOI: 10.1038/nature01957]
Gregory RI, Yan KP, Amuthan G, Chendrimada T, Doratotaj
B, Cooch N, Shiekhattar R. The Microprocessor complex mediates the genesis of microRNAs. Nature 2004; 432: 235-240
[PMID: 15531877 DOI: 10.1038/nature03120]
Landthaler M, Yalcin A, Tuschl T. The human DiGeorge
syndrome critical region gene 8 and Its D. melanogaster homolog are required for miRNA biogenesis. Curr Biol 2004; 14:
2162-2167 [PMID: 15589161 DOI: 10.1016/j.cub.2004.11.001]
Han J, Lee Y, Yeom KH, Kim YK, Jin H, Kim VN. The
Drosha-DGCR8 complex in primary microRNA processing. Genes Dev 2004; 18: 3016-3027 [PMID: 15574589 DOI:
10.1101/gad.1262504]
Winter J, Jung S, Keller S, Gregory RI, Diederichs S. Many

November 7, 2014|Volume 20|Issue 41|

Panera N et al . MicroRNA in NAFLD

35

36

37
38

39

40

41

42

43
44
45

46

47

48

49

50
51
52

roads to maturity: microRNA biogenesis pathways and their
regulation. Nat Cell Biol 2009; 11: 228-234 [PMID: 19255566
DOI: 10.1038/ncb0309-228]
Yi R, Qin Y, Macara IG, Cullen BR. Exportin-5 mediates
the nuclear export of pre-microRNAs and short hairpin
RNAs. Genes Dev 2003; 17: 3011-3016 [PMID: 14681208 DOI:
10.1101/gad.1158803]
Bohnsack MT, Czaplinski K, Gorlich D. Exportin 5 is a
RanGTP-dependent dsRNA-binding protein that mediates
nuclear export of pre-miRNAs. RNA 2004; 10: 185-191 [PMID:
14730017 DOI: 10.1261/rna.5167604]
Berezikov E, Chung WJ, Willis J, Cuppen E, Lai EC. Mammalian mirtron genes. Mol Cell 2007; 28: 328-336 [PMID:
17964270 DOI: 10.1016/j.molcel.2007.09.028]
Hutvágner G, McLachlan J, Pasquinelli AE, Bálint E, Tuschl
T, Zamore PD. A cellular function for the RNA-interference
enzyme Dicer in the maturation of the let-7 small temporal
RNA. Science 2001; 293: 834-838 [PMID: 11452083]
Ketting RF, Fischer SE, Bernstein E, Sijen T, Hannon GJ,
Plasterk RH. Dicer functions in RNA interference and in synthesis of small RNA involved in developmental timing in C.
elegans. Genes Dev 2001; 15: 2654-2659 [PMID: 11641272 DOI:
10.1101/gad.927801]
Provost P, Dishart D, Doucet J, Frendewey D, Samuelsson B,
Rådmark O. Ribonuclease activity and RNA binding of recombinant human Dicer. EMBO J 2002; 21: 5864-5874 [PMID:
12411504 DOI: 10.1093/emboj/cdf578]
Zhang H, Kolb FA, Brondani V, Billy E, Filipowicz W. Human Dicer preferentially cleaves dsRNAs at their termini
without a requirement for ATP. EMBO J 2002; 21: 5875-5885
[PMID: 12411505 DOI: 10.1093/emboj/cdf582]
Denli AM, Tops BB, Plasterk RH, Ketting RF, Hannon GJ.
Processing of primary microRNAs by the Microprocessor
complex. Nature 2004; 432: 231-235 [PMID: 15531879 DOI:
10.1038/nature03049]
Krol J, Loedige I, Filipowicz W. The widespread regulation
of microRNA biogenesis, function and decay. Nat Rev Genet
2010; 11: 597-610 [PMID: 20661255 DOI: 10.1038/nrg2843]
Ro S, Park C, Young D, Sanders KM, Yan W. Tissue-dependent paired expression of miRNAs. Nucleic Acids Res 2007;
35: 5944-5953 [PMID: 17726050 DOI: 10.1093/nar/gkm641]
Dostie J, Mourelatos Z, Yang M, Sharma A, Dreyfuss G.
Numerous microRNPs in neuronal cells containing novel
microRNAs. RNA 2003; 9: 180-186 [PMID: 12554860 DOI:
10.1101/gad.974702]
Chekulaeva M, Filipowicz W. Mechanisms of miRNAmediated post-transcriptional regulation in animal cells.
Curr Opin Cell Biol 2009; 21: 452-460 [PMID: 19450959 DOI:
10.1016/j.ceb.2009.04.009]
Fabian MR, Sonenberg N, Filipowicz W. Regulation of
mRNA translation and stability by microRNAs. Annu Rev
Biochem 2010; 79: 351-379 [PMID: 20533884 DOI: 10.1146/
annurev-biochem-060308-103103]
Eulalio A, Tritschler F, Izaurralde E. The GW182 protein
family in animal cells: new insights into domains required for miRNA-mediated gene silencing. RNA 2009; 15:
1433-1442 [PMID: 19535464 DOI: 10.1261/rna.1703809]
Chekulaeva M, Filipowicz W, Parker R. Multiple independent domains of dGW182 function in miRNA-mediated
repression in Drosophila. RNA 2009; 15: 794-803 [PMID:
19304924 DOI: 10.1261/rna.1364909]
Voinnet O. Origin, biogenesis, and activity of plant microRNAs. Cell 2009; 136: 669-687 [PMID: 19239888 DOI: 10.1016/
j.cell.2009.01.046]
Rottiers V, Näär AM. MicroRNAs in metabolism and metabolic disorders. Nat Rev Mol Cell Biol 2012; 13: 239-250 [PMID:
22436747 DOI: 10.1038/nrm3313]
Lewis AP, Jopling CL. Regulation and biological function
of the liver-specific miR-122. Biochem Soc Trans 2010; 38:
1553-1557 [PMID: 21118125 DOI: 10.1042/BST0381553]

WJG|www.wjgnet.com

53

54

55

56
57

58

59

60

61

62

63

64
65

66

15085

Krützfeldt J, Rajewsky N, Braich R, Rajeev KG, Tuschl T,
Manoharan M, Stoffel M. Silencing of microRNAs in vivo
with ‘antagomirs’. Nature 2005; 438: 685-689 [PMID: 16258535
DOI: 10.1038/nature04303]
Esau C, Davis S, Murray SF, Yu XX, Pandey SK, Pear M,
Watts L, Booten SL, Graham M, McKay R, Subramaniam
A, Propp S, Lollo BA, Freier S, Bennett CF, Bhanot S, Monia
BP. miR-122 regulation of lipid metabolism revealed by in
vivo antisense targeting. Cell Metab 2006; 3: 87-98 [PMID:
16459310 DOI: 10.1016/j.cmet.2006.01.005]
Elmén J, Lindow M, Schütz S, Lawrence M, Petri A, Obad
S, Lindholm M, Hedtjärn M, Hansen HF, Berger U, Gullans
S, Kearney P, Sarnow P, Straarup EM, Kauppinen S. LNAmediated microRNA silencing in non-human primates.
Nature 2008; 452: 896-899 [PMID: 18368051 DOI: 10.1038/nature06783]
Stenvang J, Petri A, Lindow M, Obad S, Kauppinen S. Inhibition of microRNA function by antimiR oligonucleotides. Silence 2012; 3: 1 [PMID: 22230293 DOI: 10.1186/1758-907X-3-1]
Pogribny IP, Starlard-Davenport A, Tryndyak VP, Han T,
Ross SA, Rusyn I, Beland FA. Difference in expression of hepatic microRNAs miR-29c, miR-34a, miR-155, and miR-200b
is associated with strain-specific susceptibility to dietary
nonalcoholic steatohepatitis in mice. Lab Invest 2010; 90:
1437-1446 [PMID: 20548288 DOI: 10.1038/labinvest.2010.113]
Alisi A, Da Sacco L, Bruscalupi G, Piemonte F, Panera N, De
Vito R, Leoni S, Bottazzo GF, Masotti A, Nobili V. Mirnome
analysis reveals novel molecular determinants in the pathogenesis of diet-induced nonalcoholic fatty liver disease. Lab
Invest 2011; 91: 283-293 [PMID: 20956972 DOI: 10.1038/labinvest.2010.166]
Vella S, Gnani D, Crudele A, Ceccarelli S, De Stefanis C,
Gaspari S, Nobili V, Locatelli F, Marquez VE, Rota R, Alisi
A. EZH2 down-regulation exacerbates lipid accumulation
and inflammation in in vitro and in vivo NAFLD. Int J Mol
Sci 2013; 14: 24154-24168 [PMID: 24351808 DOI: 10.3390/
ijms141224154]
Zhang Y, Cheng X, Lu Z, Wang J, Chen H, Fan W, Gao X,
Lu D. Upregulation of miR-15b in NAFLD models and in
the serum of patients with fatty liver disease. Diabetes Res
Clin Pract 2013; 99: 327-334 [PMID: 23287814 DOI: 10.1016/
j.diabres.2012.11.025]
Zheng L, Lv GC, Sheng J, Yang YD. Effect of miRNA-10b
in regulating cellular steatosis level by targeting PPARalpha expression, a novel mechanism for the pathogenesis
of NAFLD. J Gastroenterol Hepatol 2010; 25: 156-163 [PMID:
19780876 DOI: 10.1111/j.1440-1746.2009.05949.x]
Horton JD, Goldstein JL, Brown MS. SREBPs: activators
of the complete program of cholesterol and fatty acid synthesis in the liver. J Clin Invest 2002; 109: 1125-1131 [PMID:
11994399 DOI: 10.1172/JCI15593]
Dávalos A, Goedeke L, Smibert P, Ramírez CM, Warrier NP,
Andreo U, Cirera-Salinas D, Rayner K, Suresh U, PastorPareja JC, Esplugues E, Fisher EA, Penalva LO, Moore KJ,
Suárez Y, Lai EC, Fernández-Hernando C. miR-33a/b contribute to the regulation of fatty acid metabolism and insulin
signaling. Proc Natl Acad Sci USA 2011; 108: 9232-9237 [PMID:
21576456 DOI: 10.1073/pnas.1102281108]
Näär AM. MiRs with a sweet tooth. Cell Metab 2011; 14:
149-150 [PMID: 21803284 DOI: 10.1016/j.cmet.2011.07.005]
Rayner KJ, Suárez Y, Dávalos A, Parathath S, Fitzgerald ML,
Tamehiro N, Fisher EA, Moore KJ, Fernández-Hernando C.
MiR-33 contributes to the regulation of cholesterol homeostasis. Science 2010; 328: 1570-1573 [PMID: 20466885 DOI:
10.1126/science.1189862]
Goedeke L, Vales-Lara FM, Fenstermaker M, Cirera-Salinas
D, Chamorro-Jorganes A, Ramírez CM, Mattison JA, de
Cabo R, Suárez Y, Fernández-Hernando C. A regulatory
role for microRNA 33* in controlling lipid metabolism gene
expression. Mol Cell Biol 2013; 33: 2339-2352 [PMID: 23547260

November 7, 2014|Volume 20|Issue 41|

Panera N et al . MicroRNA in NAFLD

67

68
69

70

71

72

DOI: 10.1128/MCB.01714-12]
Kim HS, Xiao C, Wang RH, Lahusen T, Xu X, Vassilopoulos
A, Vazquez-Ortiz G, Jeong WI, Park O, Ki SH, Gao B, Deng
CX. Hepatic-specific disruption of SIRT6 in mice results in
fatty liver formation due to enhanced glycolysis and triglyceride synthesis. Cell Metab 2010; 12: 224-236 [PMID: 20816089
DOI: 10.1016/j.cmet.2010.06.009]
Cantó C, Auwerx J. Targeting sirtuin 1 to improve metabolism: all you need is NAD(+)? Pharmacol Rev 2012; 64:
166-187 [PMID: 22106091 DOI: 10.1124/pr.110.003905]
Choi SE, Fu T, Seok S, Kim DH, Yu E, Lee KW, Kang Y, Li
X, Kemper B, Kemper JK. Elevated microRNA-34a in obesity
reduces NAD+ levels and SIRT1 activity by directly targeting NAMPT. Aging Cell 2013; 12: 1062-1072 [PMID: 23834033
DOI: 10.1111/acel.12135]
Fu T, Choi SE, Kim DH, Seok S, Suino-Powell KM, Xu HE,
Kemper JK. Aberrantly elevated microRNA-34a in obesity
attenuates hepatic responses to FGF19 by targeting a membrane coreceptor β-Klotho. Proc Natl Acad Sci USA 2012; 109:
16137-16142 [PMID: 22988100 DOI: 10.1073/pnas.1205951109]
Cortez MA, Bueso-Ramos C, Ferdin J, Lopez-Berestein G,
Sood AK, Calin GA. MicroRNAs in body fluids--the mix
of hormones and biomarkers. Nat Rev Clin Oncol 2011; 8:
467-477 [PMID: 21647195 DOI: 10.1038/nrclinonc.2011.76]
Yamada H, Suzuki K, Ichino N, Ando Y, Sawada A, Osakabe
K, Sugimoto K, Ohashi K, Teradaira R, Inoue T, Hamajima N,

73

74
75

76

77

Hashimoto S. Associations between circulating microRNAs
(miR-21, miR-34a, miR-122 and miR-451) and non-alcoholic
fatty liver. Clin Chim Acta 2013; 424: 99-103 [PMID: 23727030
DOI: 10.1016/j.cca.2013.05.021]
Cermelli S, Ruggieri A, Marrero JA, Ioannou GN, Beretta
L. Circulating microRNAs in patients with chronic hepatitis
C and non-alcoholic fatty liver disease. PLoS One 2011; 6:
e23937 [PMID: 21886843 DOI: 10.1371/journal.pone.0023937]
Hermeking H. The miR-34 family in cancer and apoptosis.
Cell Death Differ 2010; 17: 193-199 [PMID: 19461653 DOI:
10.1038/cdd.2009.56]
Miyaaki H, Ichikawa T, Kamo Y, Taura N, Honda T, Shibata
H, Milazzo M, Fornari F, Gramantieri L, Bolondi L, Nakao K.
Significance of serum and hepatic microRNA-122 levels in
patients with non-alcoholic fatty liver disease. Liver Int 2014;
34: e302-e307 [PMID: 24313922 DOI: 10.1111/liv.12429]
Li J, Ghazwani M, Zhang Y, Lu J, Li J, Fan J, Gandhi CR,
Li S. miR-122 regulates collagen production via targeting
hepatic stellate cells and suppressing P4HA1 expression.
J Hepatol 2013; 58: 522-528 [PMID: 23178710 DOI: 10.1016/
j.jhep.2012.11.011]
Cheung O, Puri P, Eicken C, Contos MJ, Mirshahi F, Maher
JW, Kellum JM, Min H, Luketic VA, Sanyal AJ. Nonalcoholic
steatohepatitis is associated with altered hepatic MicroRNA
expression. Hepatology 2008; 48: 1810-1820 [PMID: 19030170
DOI: 10.1002/hep.22569]
P- Reviewer: Gorrell MD, Han T, Laguna JC S- Editor: Qi Y
L- Editor: A E- Editor: Zhang DN

WJG|www.wjgnet.com

15086

November 7, 2014|Volume 20|Issue 41|

World J Gastroenterol 2014 November 7; 20(41): 15087-15097
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i41.15087

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (12): Nonalcoholic fatty liver disease

Hypoxia and fatty liver
Tomohiro Suzuki, Satoko Shinjo, Takatomo Arai, Mai Kanai, Nobuhito Goda
Tomohiro Suzuki, Satoko Shinjo, Takatomo Arai, Mai Kanai, Nobuhito Goda, Department of Life Science and Medical
BioScience, Waseda University School of Advanced Science and
Engineering, Tokyo 162-8480, Japan
Author contributions: Suzuki T and Goda N designed and
wrote the paper; Shinjo S, Arai T and Kanai M wrote the paper
and discussed the body of the paper with Suzuki T and Goda N.
Supported by grant from Waseda University (in part); a Grant
For Special Research Projects from the MEXT-Supported Program for the Strategic Research Foundation at Private; and a
Grant-in-Aid for Scientific Research (C) from MEXT
Correspondence to: Nobuhito Goda, MD, PhD, Department
of Life Science and Medical BioScience, Waseda University
School of Advanced Science and Engineering, TWIns 2-2 Wakamatsu-cho, Shinjuku-ku, Tokyo 162-8480,
Japan. goda@waseda.jp
Telephone: +81-3-53697319 Fax: +81-3-53697319
Received: October 25, 2013 Revised: February 14, 2014
Accepted: May 28, 2014
Published online: November 7, 2014

Abstract
The liver is a central organ that metabolizes excessive nutrients for storage in the form of glycogen and
lipids and supplies energy-producing substrates to
the peripheral tissues to maintain their function, even
under starved conditions. These processes require a
considerable amount of oxygen, which causes a steep
oxygen gradient throughout the hepatic lobules. Alcohol consumption and/or excessive food intake can alter
the hepatic metabolic balance drastically, which can
precipitate fatty liver disease, a major cause of chronic
liver diseases worldwide, ranging from simple steatosis,
through steatohepatitis and hepatic fibrosis, to liver cirrhosis. Altered hepatic metabolism and tissue remodeling in fatty liver disease further disrupt hepatic oxygen
homeostasis, resulting in severe liver hypoxia. As master regulators of adaptive responses to hypoxic stress,
hypoxia-inducible factors (HIFs) modulate various cellular and organ functions, including erythropoiesis, angiogenesis, metabolic demand, and cell survival, by acti-
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vating their target genes during fetal development and
also in many disease conditions such as cancer, heart
failure, and diabetes. In the past decade, it has become
clear that HIFs serve as key factors in the regulation of
lipid metabolism and fatty liver formation. This review
discusses the molecular mechanisms by which hypoxia
and HIFs regulate lipid metabolism in the development
and progression of fatty liver disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hypoxia; Fatty liver disease; Hypoxia-inducible factor; Lipid metabolism; Obstructive sleep apnea
Core tip: Hypoxia occurs in the development and progression of fatty liver disease. Recent reports have
shed light on the pathological significance of hypoxia
inducible factors (HIFs), master regulators of the hypoxic response, with regard to their regulation of lipid
metabolism in context- and isoform-dependent manners. In this review, we summarize recent findings on
the various roles of HIF-dependent regulation in fatty
liver disease.
Suzuki T, Shinjo S, Arai T, Kanai M, Goda N. Hypoxia and
fatty liver. World J Gastroenterol 2014; 20(41): 15087-15097
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i41/15087.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i41.15087

INTRODUCTION
Fatty liver disease (FLD), whether it is alcoholic (AFLD)
or non-alcoholic (NAFLD), is a major cause of chronic
liver disease worldwide [1,2]. FLD initially begins with
simple hepatic steatosis but can irreversibly progress to
steatohepatitis, fibrosis, cirrhosis, or hepatocellular carcinoma. Hepatic steatosis was initially thought to be a benign state of FLD, but recent studies have revealed that
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fat accumulation in the liver clearly predisposes the organ
to injury. NAFLD is also highly associated with obesity
and diabetes, and insulin resistance is evident in livers that
accumulate fat, leading to impaired glucose tolerance[3,4].
Thus, hepatic steatosis is a key step in the development
and progression of subsequent pathology. However,
pharmacological approaches have not successfully treated
hepatic steatosis; therefore, a greater understanding of
the mechanisms underlying the disease is required for the
development of therapeutics.
In hepatic steatosis, five major pathways determine
liver fat volume: (1) the uptake of free fatty acids (FAs)
and triglycerides (TG) from the diet; (2) de novo lipogenesis; (3) FA oxidation; (4) the export of TG as very lowdensity lipoprotein (VLDL) into the bloodstream; and
(5) the flux of FAs released from adipose tissue through
lipolysis. In the case of AFLD, increased de novo lipogenesis and impaired FA oxidation in the liver are major
contributors to lipid accumulation[5]. In contrast, in patients with NAFLD, adipose tissue lipolysis and hepatic
de novo lipogenesis accounts for 59% and 26% of fat accumulation in the liver, respectively, with lower amounts
derived from the diet (15%), emphasizing the importance
of the former two pathways[6]. However, lipid disposal
via β-oxidation and VLDL formation is only slightly affected[7]. Thus, various pathways related to hepatic lipid
metabolism are implicated in the development of hepatic
steatosis.
To date, studies in humans and rodents have revealed several major regulators of lipid metabolism. The
sterol response element binding protein (SREBP) is a
transcription factor that controls de novo lipogenesis[8,9].
SREBP has three isoforms: SREBP-1a, SREBP-1c, and
SREBP-2. SREBP-1a and SREBP-1c are splice variants,
and the liver predominantly expresses the SREBP-1c
isoform together with SREBP-2. SREBP-1 is mainly involved in de novo FA and TG synthesis, whereas SREBP-2
controls cholesterol homeostasis. SREBP-1c promotes
FA synthesis by inducing the expression of lipogenic
genes such as fatty acid synthase (FAS), acyl-CoA carboxylase (ACC), and stearoyl-CoA desaturase (SCD)-1.
These lipogenic genes have been reported to be associated with the development of FLD[5,7,10,11], whereas the
importance of SCD-1 in FLD is still controversial[12-15].
Peroxisome proliferator-activated receptors (PPARs) also
act as crucial regulators of FA metabolism[16]. The PPAR
subfamily consists of PPARα, PPARβ/δ, and PPARγ.
PPARs heterodimerize with retinoid X receptor (RXR)α,
and bind to peroxisome proliferator hormone response
elements (PPREs) of target genes. The PPARα/RXRα
complex promotes the expression of genes involved in
FA oxidation, such as long-chain acyl CoA dehydrogenase (LCAD), medium-chain acyl CoA dehydrogenase
(MCAD), and carnitine palmitoyl-CoA transferase-1
(CPT-1). In AFLD, the expression of these genes is well
known to be reduced, which leads to impaired FA oxidation[1,5,10,11]. PPARγ is reportedly upregulated in patients
with NAFLD and promotes lipogenesis in the liver[11,17].
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However, recent reports found that PPARγ agonists have
beneficial effects on NAFLD by improving peripheral
insulin sensitivity and may reduce hepatic fat content
and fibrotic scarring[18-21]. Furthermore, the carbohydrate
response element binding protein (ChREBP) and x-box
binding protein (XBP)-1 are also involved in the regulation of hepatic lipid metabolism[4,7,22,23].
Although in vitro and in vivo studies have elucidated
the various signaling pathways that regulate lipid metabolism in FLD, little is known regarding upstream stimuli.
Historically, in AFLD, hypoxia has been reported in the
pericentral zone of hepatic lobules[24-26], and it has also
been suggested that an aberrant oxygen gradient can
induce hepatic steatosis and subsequent disorders[27]. Recent studies have demonstrated that hypoxia is also observed in NAFLD[28]. In this review, we discuss the role
of hypoxia in FLD, focusing on hypoxia-inducible factors
(HIFs), which regulate the cellular and tissue adaptive responses to hypoxia, and the association between hypoxia
and lipid metabolism.

hypoxia inducible factors
Aerobic organisms have evolved by using an innovative
energy-producing system, mitochondrial oxidative phosphorylation, which requires oxygen as a final electron
acceptor. Oxidative phosphorylation generates energy
far more efficiently than anaerobic glycolysis, which was
a major factor in the evolutionary progression to larger,
multicellular organisms with multifunctional cells and
organs. Oxygen, in turn, is required for homeostasis and
survival of these organisms. However, oxygen deprivation occurs during development and in the cornea and
bone marrow where oxygen supply is quite limited. Thus,
cells need to activate specific molecular programs to
overcome hypoxic challenges in these conditions.
Hypoxia inducible factors (HIFs) play central roles
in the cellular and tissue adaptation to hypoxia. HIF was
first discovered as a transcriptional regulator of erythropoietin, which is a hematopoietic regulator protein
expressed predominantly in the kidney and, to a lesser
extent, in the liver[29]. HIFs consist of an oxygen-sensitive
α subunit (HIFα) and a constitutively expressed β-subunit
[aryl hydrocarbon receptor nuclear translocator (ARNT),
HIF-1β][30]. Three isoforms of HIFα subunits (HIF-1α,
HIF-2α, and HIF-3α) have been identified. Both HIF-1
and HIF-2 exert overlapping roles in the regulation of
erythropoiesis, angiogenesis, cell proliferation, and apoptosis, and each HIF regulates a unique subset of target
genes (Table 1)[31-34]. HIF-1 upregulates almost all glycolytic enzymes, including hexokinase (HK) 1/2, phosphofructokinase, and pyruvate kinase (PK), especially in solid
tumors and stem cells[33]. HIF-2 is an important inducer
of anti-oxidant genes, including superoxide dismutase
(SOD)-2[35]. HIF-3α lacks a transactivation domain and
therefore is considered to be transcriptionally inactive.
However, a splice variant of HIF-3α, named inhibitory
of PAS domain protein, interacts directly with HIF-1α
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Figure 1 Regulation of hypoxia-inducible factors under normal and low oxygen concentrations. Under normoxia conditions, hypoxia-inducible factor α (HIF-α)
is hydroxylated at specific proline residues in an oxygen-dependent manner, ubiquitylated by von Hippel-Lindau (VHL) protein (pVHL), and, subsequently, degraded
by the proteasome. Under hypoxia conditions, stabilized HIF-α translocates to the nucleus and binds aryl hydrocarbon receptor nuclear translocator (ARNT) to activate its target genes. PHD: Prolyl hydroxylase domain; HRE: Hypoxia-response element.

Table 1 Downstream target genes of hypoxia-inducible factor
isoforms
Hypoxia
inducible gene

Function

Oxygen supply
Erythropoietin
Erythropoiesis
VEGF
Angiogenesis
iNOS
Vasodilation
PAI-1
Blood flow
ANGPTL2
Vascular remodeling
Cellular metabolism
HK1/2
Glycolysis
PGK1
Glycolysis
LDHA
Glycolysis
GLUT-1
Glucose transporter
ADRP/ADFP
Lipid metabolism
DEC1/2
Lipid metabolism
ANGPTL3
Lipid metabolism
Cell cycle
TGFa
Growth factor
Cyclin D1
Cell cycle progression
BNIP3
Apoptosis
Oxidative stress
HO-1
Anti-oxidant
SOD1/2
Anti-oxidant
Catalase
Anti-oxidant
GPX1
Anti-oxidant

HIF-1 target
gene

HIF-2 target
gene

+
+
+
+
-

+
+
+
+

+
+
+
+
+
+
+

+
+
+

+

+
+
-

+

+
+
+

HIF: Hypoxia-inducible factor.

and prevents its binding to DNA, which inactivates its
ability to induce downstream targets[36].
The stability of HIFα subunits is strictly regulated
by oxygen concentration (Figure 1)[31]. In the presence

WJG|www.wjgnet.com

of oxygen, HIFα subunits are hydroxylated at specific
proline residues by prolyl hydroxylase domain proteins
(PHD1, PHD2, and PHD3) in an oxygen-dependent
manner[37,38]. HIFα subunits are subsequently recognized
and targeted for degradation by the von Hippel-Lindau
protein, which has E3 ubiquitin ligase activity[37,39]. However, under hypoxic conditions, HIFα subunits escape
from proteasomal degradation and translocate to the
nucleus to heterodimerize with ARNT to exert their transcriptional activity with its cofactor CREB-binding protein (CBP)/p300. In addition, factor-inhibiting HIF (FIH)
also hydroxylates the asparagine residue of HIFα, which
prevents the interaction between HIFα and CBP/p300,
leading to suppressed transcriptional activity[40].
Hypoxia is associated with the progression of various diseases, such as cardiovascular disease, cancer, and
inflammatory diseases[41-43], and is also present in rodent
models of liver disease[44]. In fatty liver disease, the “hypermetabolic state” may be a driving force for lobular
hypoxia. Chronic ethanol consumption promotes the expression of cytochrome P450 2E1 (CYP2E1) in the pericentral zone of hepatic lobules, which metabolizes ethanol and acetaldehyde using oxygen as a co-substrate[45,46].
In addition, hepatocytes reoxidize excessive reducing
equivalents of NADH produced by oxidation of ethanol
via alcohol dehydrogenase and aldehyde dehydrogenase
in mitochondria[47-49]. Indeed, oxygen consumption has
been reported to increase in the liver of alcohol-fed rats,
leading to a reduction in the oxygen content of hepatic
venous blood[50]. In NAFLD, the excessive intake of
foods containing lipids may promote β-oxidation of FA,
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which requires a considerable amount of oxygen[51,52].
Constriction of hepatic sinusoids and/or prevention of
substrate exchange due to swelling of hepatocytes and
accumulation of a fibrotic scar may trigger the development of hypoxia in NAFLD[53]. In addition, reactive
oxygen species (ROS) are produced in the pathogenesis
of liver disease, which leads to the stabilization of HIFα
subunits by inhibition of PHDs. Indeed, HIF expression is increased in liver diseases, including AFLD and
NAFLD[54-60]. These observations imply that HIFs are
involved in the development of fatty liver and the pathological sequelae.

role of HIFs in Fatty Liver
Hypoxia is tightly associated with lipid homeostasis, as
both in vitro and in vivo studies reveal that ischemic and
hypoxic stress increases cellular lipid deposition [61-64].
Hypoxia also upregulates genes involved in lipogenesis,
lipid uptake, and lipid droplet formation[65-67]. In addition,
several studies have implicated the role of HIFs in lipid
homeostasis. In von hippel-lindau (VHL)-deficient renal
cell carcinomas that highly express both HIF-1α and
HIF-2α, neutral lipids accumulate, which makes the cells
appear clear[68]. Moreover, heterozygous deletion of VHL
or liver-specific inactivation of VHL results in hepatocellular steatosis[69,70].
These observations have encouraged researchers to
investigate whether HIFs play a role in lipid metabolism
in the liver. Rankin et al[71] demonstrated that HIF-2 functions as an important regulator of hepatic lipid metabolism, as it impairs FA β-oxidation and increases lipid storage capacity. In VHL-deficient mice, deletion of HIF-2α
results in reduced lipid accumulation, whereas this effect
is not observed in HIF-1α-deleted mice. In VHL-null
animals, HIF-2 reduces the expression of genes involved
in β-oxidation (Acsl1, Cpt1, Crot) and promotes lipid
droplet formation by inducing the expression of a lipid
droplet associated protein (Adfp). A subsequent investigation using Adeno-Cre mediated liver-specific disruption
of VHL suggested that downregulation of β-oxidation in
VHL-deficient mice may be attributable to impaired mitochondrial respiration, which is due in part to a decrease
in the Fe-S cluster assembly protein levels, IscU1/2[72]. In
addition, tamoxifen-induced temporal disruption of VHL
in the liver results in increased hepatic lipid accumulation, which is reversed by the simultaneous disruption of
HIF-2α but not HIF-1α[73]. Interestingly, the mechanisms
involved in lipid accumulation appear to differ depending
on the time after tamoxifen treatment. The expression
of genes involved in FA synthesis (Srebp-1c and Fasn)
increases 3 d post-treatment, but it is significantly suppressed by 14 d. Genes involved in β-oxidation (Cpt1a,
Cpt2, Acox1, and Ppara) are also reduced 14 d posttreatment. Moreover, angiopoietin-like 3 (Angptl3), an
endogenous lipoprotein lipase inhibitor, is induced after
disruption of VHL and is strongly upregulated by HIF-2.
The importance of HIF-2 in lipid metabolism is further
confirmed in Phd2/3-double knockout mice[74]. Although
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the majority of studies indicate that HIF-2 promotes fat
accumulation, some reports indicate the contrary. Germline deletion of HIF-2α paradoxically results in severe
steatosis due to impaired β-oxidation through ROSmediated mitochondrial dysfunction[35]. In addition, activation of HIF-2 in hepatocytes only has a minimal effect
on hepatic lipid accumulation[75]. Simultaneous activation
of HIF-1 and HIF-2 results in severe steatosis, suggesting that the regulation of lipid metabolism via HIFs may
be more complex than originally thought.
On the other hand, recent studies have also demonstrated the physiological and pathological effect of
HIF-1 levels in the fatty liver. Using a liver-specific HIF1α-deleted mouse model, we found that HIF-1α prevents excessive lipid accumulation by suppressing the
SREBP-1c-dependent lipogenic pathway in the alcoholic
fatty liver[59]. Chronic ethanol administration results in
hypoxia in the pericentral zone of hepatic lobules and
HIF-1α is correspondingly expressed in this region.
HIF-1 enhances the expression of a circadian helix-loophelix (HLH) transcription factor, differentiated embryochondrocyte 1 (DEC1), which reduces the expression of
SREBP-1c and its downstream lipogenic genes. These
findings are in a good agreement with previous reports
that HIF-1 induces transcriptional activation of DEC1,
which in turn represses SREBP-1c-mediated gene expression by competing with other HLH transcription factors to bind the E-box of the SREBP promoter and/or
by directly interacting with the SREBP-1c protein[76,77]. In
addition, the administration of DMOG, a pharmacological inhibitor of PHDs, reduces ethanol-induced lipid accumulation in the liver in a HIF-1-dependent manner. It
has been consistently shown that the ablation of ARNT
promotes lipogenic gene expression (SCD-1, FAS) in
the liver, which suggests that HIF-1 prevents lipid synthesis[78]. Protective effects of HIF-1 activation against
fatty liver disease are further supported by a recent
report suggesting that HIF-1 promotes mitochondrial
β-oxidation and prevents lipid peroxidation by regulating mitochondrial biogenesis in the liver of high-fat diet
(HFD)-fed animals[58]. Collectively, these results indicate
that HIF-1 serves as a protective factor against the development of fatty liver and that pharmacological prolyl
hydroxylase inhibitors may lead to the development of
therapies for the disease. In contrast, Nath et al[60] found
that HIF-1 is critical for the development of hepatic
steatosis. The authors demonstrated that a combined
treatment of ethanol and an inflammatory stimulus (LPS)
aggravates hepatic steatosis through induction of HIF-1
via monocyte chemoattractant protein1 (MCP1). It is not
clear why opposing results are obtained from these two
studies. One possible explanation is that the presence
of inflammation may rewire the HIF-1 pathway, which
leads to a different gene expression profile compared to
that observed in simple steatosis. In support of this hypothesis, a combination of hypoxia and proinflammatory
stimuli strongly enhances the expression of HIF-1 due to
a positive feedback loop mechanism between HIF-1 and
nuclear factor κΒ (NFκΒ), which may mimic the overex-
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Figure 2 Hypoxia-inducible factors regulate hepatic lipid metabolism. HIF-2 promotes lipid accumulation mainly by preventing mitochondrial β-oxidation and
promoting lipid droplet formation. In contrast, HIF-1 suppresses lipid accumulation by inhibiting de novo lipogenesis. HIF-1 also promotes lipid storage and lipid export.
HIF: Hypoxia-inducible factor; FA: Fatty acids; TG: Triglycerides.

pression studies of HIF-1α[79-82]. In addition, it is implicated that inflammation promotes lipid accumulation by
the tumor necrosis factor-α (TNF-α) and interleukin-1β
(IL-1β) pathways[83-86].
In addition to the development of fatty liver, HIFs
also play a critical role in the pathological sequelae, especially in hepatic fibrosis. Consistent observations suggest
that angiogenesis is tightly associated with fibrogenesis
in experimental models and human diseases. In fact,
vascular endothelial growth factor (VEGF) is now a potential target for the treatment of fibrosis[87-89]. Hypoxic
areas are present in the fibrotic liver and co-localize with
VEGF expression in endothelial cells, hepatocytes, and
hepatic stellate cells (HSCs)[90-92]. In addition, a clinical
study revealed that in the human cirrhotic liver, heme
oxygenase-1, a well-known target of HIF-1, and HIF-2α
are detected in the hepatocytes of regenerative nodules
and cells of fibrotic septa[92]. In agreement with these
reports, Moon et al[93] demonstrated that bile duct ligation
in mice induces hypoxia and HIF-1α activation. Deletion
of HIF-1α attenuates fibrogenesis due to the reduced expression of profibrogenic genes, such as platelet-derived
growth factor (PDGF)-A, PDGF-B, and plasminogen activator inhibitor-1. Considering the lack of transcriptional
activation of PDGFs in the hepatocytes of the fibrotic
liver, non-parenchymal cells, presumably macrophages
and/or stellate cells, are major contributors to hepatic
fibrosis[94-96]. Consistent with this hypothesis, ARNT in
myeloid cells contributes to the development of hepatic
fibrogenesis via induction of PDGF-B expression[97]. In
addition, another report found that overexpression of
HIF-2 but not HIF-1 in hepatocytes promotes inflammation and fibrosis in the liver[73]. Although, these in vivo

WJG|www.wjgnet.com

studies have provided evidence that HIFs are important
regulators of hepatic fibrosis, the role of each HIF isoform in each cell type is not fully understood, particularly
in the context of NAFLD. It is worth noting that macrophages have opposing roles during the progression of
and recovery from hepatic fibrosis[98]. It is hypothesized
that alternatively activated macrophages (AAMs) promote fibrosis by inducing profibrogenic factors, while
classically activated macrophages (CAMs) mediate recovery responses by secreting matrix metalloproteinases
and/or removing fibrillar collagen[99]. In addition, CAMs
and AAMs predominantly express HIF-1α and HIF-2α,
respectively[100]. These observations suggest that HIF-1
and HIF-2 in macrophages may have different roles during fibrosis development.
Overall, the regulation of lipid metabolism by HIFs is
complex (Figure 2), and genetic and environmental factors may affect its role in the pathogenesis of fatty liver.
The involvement of DECs and ChREBP in the HIF-1
pathway suggests that lifestyle and diet may affect HIF1-mediated lipid metabolism via lipogenic transcription
factors, such as SREBP-1c and PPARγ[76,77,101]. In addition, the role of different HIF isoforms in various cell
types during the progression of NAFLD needs to be
elucidated. Further studies are required to identify the
functional interactions between HIFs and other factors
that produce mixed phenotypes observed in FLD.

Obstructive Sleep Apnea and
Fatty Liver
Obstructive sleep apnea (OSA) is another risk factor for
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the development of NAFLD. OSA is an obstruction
of the upper airway and is associated with intermittent
hypoxia (IH), temporal deprivation of oxygen from the
blood[102]. Studies of human OSA have revealed an association between OSA and NAFLD. Independent of
the presence of obesity, IH induces insulin resistance,
liver injury, and fibrosis, and the effects are more severe
in obese patients[103-107]. While the presence of hepatic
steatosis and inflammation in lean patients with OSA
was not conclusively determined in these studies, other
clinical studies have demonstrated that a combination of
OSA and obesity promotes excessive fat accumulation
and progression of NAFLD to non-alcoholic steatohepatitis (NASH)[108,109]. Recently, an important meta-analysis
of 11 clinical studies with 404 controls and 668 OSA
patients was conducted, clarifying that OSA is associated
with liver injury, fatty liver and fibrosis but not inflammation[110]. To investigate the role of OSA in the development of disease, Fletcher et al[111] first established a rodent
model of IH, in which N2 or air is repeatedly infused
into a chamber, mimicking the abnormal fluctuation of
oxyhemoglobin saturation observed in OSA patients.
This model has been used to elucidate the mechanism(s)
by which IH affects lipid metabolism in the fatty liver.
Short-term exposure to IH in lean mice induces hepatic
steatosis and dyslipidemia through SREBP-1c and its
downstream target SCD-1 [112], whereas long-term exposure abolishes this effect[113]. In contrast, long-term
IH exposure increases lipid accumulation in the liver of
leptin-deficient mice (ob/ob), which upregulates lipogenic
genes such as SREBP-1, SCD-1, and glycerol 3-phosphate
acyltransferase[114]. Furthermore, a combination of high
fat diet-induced obesity and long-term IH exacerbates
hepatic steatosis and inflammation[115]. Overall, these ob-

WJG|www.wjgnet.com

servations suggest that long-term IH better mimics human OSA in NAFLD.
IH and chronic hypoxia control the stability of HIF
proteins via different mechanisms (Figure 3). In the
case of HIF-1α, IH induces ROS production by nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase, which then increases Ca2+ concentration in the
cytoplasm[116]. This increase in Ca2+ activates protein kinase C, which in turn inactivates PHDs and stimulates
translation of HIF-1α by activating mammalian target
of rapamycin. Ca2+ also activates calmodulin kinase,
which enhances transcriptional activity of HIF-1 by
phosphorylating CBP/p300[117]. In addition, ROS inhibit
the activity of PHDs, independent of Ca2+ concentration, which leads to reduced prolyl hydroxylation of
HIF-1α[116]. Moreover, ROS also induce the expression
of thioredoxin 1 via nuclear factor erythroid 2-related
factor 2, which further augments HIF-1 signaling[118].
In contrast, Ca2+ signaling activates calpain protease,
which in turn degrades HIF-2α[119]. IH also reduces the
expression of calpastatin, which serves as an inhibitor
of calpain. Moreover, a recent study found that xanthine
oxidase, but not NADPH oxidase, is required for ROSmediated HIF-2α degradation[120]. These results clearly
suggest that IH promotes the expression of HIF-1α,
while destabilizing HIF-2α.
HIFs also serve as central regulators in the development of NAFLD in OSA. Li et al[121] demonstrated that
the heterozygous deletion of HIF-1α in mice reduces
serum and hepatic TG contents. HIF-1 induces the expression of SREBP cleavage activation protein in hepatocytes, which escorts SREBP from the ER to the Golgi
apparatus and triggers SREBP cleavage. The subsequent
accumulation of active SREBP fragments in the nucleus
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results in SCD-1 up-regulation. Thus, IH causes hepatic
steatosis and hyperlipidemia presumably through the
induction of HIF-1α in the liver. However, neuronal or
inter-organ effects must be considered to interpret the
mechanisms involved in NAFLD development of OSA.
In fact, HIF-1 in the carotid body regulates systemic responses to IH by activating the sympathetic nerve system
(SNS), which in turn stimulates adipose tissue lipolysis[122],
suggesting that SNS affects hepatic lipid content. In addition, HIF-1 prevents the secretion of adiponectin from
adipose tissue, which suppresses de novo lipogenesis in the
liver[123-125]. Therefore, the extent to which HIF-1 in the
liver contributes to serum and hepatic lipid contents during IH remains to be determined.

CONCLUSION
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Hypoxia is associated with the development of fatty liver,
and it is now clear that hypoxia-inducible transcription
factors regulate lipid metabolism in hepatocytes. OSA
is an independent risk factor for developing NAFLD.
Obesity and OSA synergistically accelerate tissue hypoxia,
which further leads to the development of severe hepatic
steatosis and inflammation. In addition to the imbalance
between oxygen supply and demand, other factors such
as inflammation and nutrients as well as inter-organ metabolic and signaling crosstalk must be considered to interpret the hypoxic response during fatty liver development.
In addition, each HIF target gene has a unique optimal
dose of HIFs for their transcription, and the contextdependent regulation of this process is a major contributor to disease outcome. Therefore, the manipulation of
HIF activity may be a desirable therapeutic target for the
treatment of fatty liver.
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Abstract
Endoscopic mucosal resection (EMR) and endoscopic
submucosal dissection (ESD) have recently been accepted as less invasive methods for treating patients
with early esophageal cancers such as squamous cell
carcinoma and dysplasia of Barrett’s esophagus. However, the large defects in the esophageal mucosa often
cause severe esophageal strictures, which dramatically
reduce the patient’s quality of life. Although preventive
endoscopic balloon dilatation can reduce dysphagia
and the frequency of dilatation, other approaches are
necessary to prevent esophageal strictures after ESD.
This review describes several strategies for preventing esophageal strictures after ESD, with a particular
focus on anti-inflammatory and tissue engineering approaches. The local injection of triamcinolone acetonide
and other systemic steroid therapies are frequently
used to prevent esophageal strictures after ESD. Tissue engineering approaches for preventing esophageal
strictures have recently been applied in basic research
studies. Scaffolds with temporary stents have been applied in five cases, and this technique has been shown
to be safe and is anticipated to prevent esophageal
strictures. Fabricated autologous oral mucosal epithelial
cell sheets to cover the defective mucosa similarly to
how commercially available skin products fabricated
from epidermal cells are used for skin defects or in

15098

November 7, 2014|Volume 20|Issue 41|

Kobayashi S et al . Prevention of esophageal strictures after ESD

cases of intractable ulcers. Fabricated autologous oralmucosal-epithelial cell sheets have already been shown
to be safe.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Endoscopic submucosal dissection; Esophageal stricture; Systemic steroid therapy; Autologous
oral mucosal epithelial cell sheet
Core tip: Esophageal strictures after extensive endoscopic submucosal dissection (ESD) reduce quality of
life. Endoscopic local injections and the oral administration of steroids are safe and effective for preventing esophageal strictures. In addition, several tissue
engineering therapies have been used in attempts to
overcome severe esophageal strictures. Cell-based tissue engineering therapy with fabricated autologous oral
mucosal epithelial cell sheets has been used to prevent
esophageal strictures after ESD in nine patients. This
therapy has been shown to be safe and may be widely
used in the future.
Kobayashi S, Kanai N, Ohki T, Takagi R, Yamaguchi N, Isomoto H, Kasai Y, Hosoi T, Nakao K, Eguchi S, Yamamoto M,
Yamato M, Okano T. Prevention of esophageal strictures after
endoscopic submucosal dissection. World J Gastroenterol 2014;
20(41): 15098-15109 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i41/15098.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i41.15098

INTRODUCTION
Endoscopic mucosal resection (EMR) and endoscopic
submucosal dissection (ESD) are accepted as less invasive
treatments for early esophageal cancers, including squamous cell carcinoma and dysplasia of Barrett’s esophagus
(BE)[1-17]. Additionally, radiofrequency ablation has been
shown to be safe and effective for treating patients with
dysplasia due to BE[18-24].
The occurrence of severe esophageal strictures after endoscopic treatments for large tumors remains an
unsolved problem. However, the safety and efficacy of
endoscopic treatments have been technically and oncologically established for a wide range of esophageal intramucosal neoplasms and BE. Risk factors for esophageal strictures after ESD include the cervical location, a tumor size
greater than 3/4 of the esophageal circumference, and a
longitudinal tumor diameter of more than 40 mm[9,25-27].
Furthermore, esophageal strictures after the treatment of
BE are often observed at the resection site with at least
50% of the esophageal mucosal circumference[28].
Esophageal strictures cause dysphagia, and patients
are required to receive repeated balloon dilatation procedures or temporary stents. These esophageal strictures decrease the patient’s quality of life, although the
endoscopic treatment itself is less invasive than surgical
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therapy. Moreover, the use of endoscopic balloon dilatation (EBD) to treat esophageal strictures carries the risk
of perforation. Takahashi et al[29] reported that esophageal
perforations were observed in 7 of 76 patients who received EBD for the treatment of esophageal strictures.
The occurrence of strictures after esophageal ESD is
more common in EBD performed after esophageal strictures (92%) than in multiple sessions of EBD performed
weekly before esophageal strictures (59%)[30]. Furthermore, the duration of EBD after esophageal stricture is
generally shorter in patients who undergo multiple sessions of EBD before developing esophageal strictures
(29 d) than in those who undergo EBD after esophageal
strictures form (78 d). Although multiple sessions of
EBD before esophageal strictures can prevent esophageal
strictures after ESD, such frequent dilatation treatments
are problematic because of their high invasiveness and
cost. Therefore, less invasive approaches are desired.
Various approaches have been used to prevent esophageal strictures after ESD and can be generally categorized
as either anti-inflammatory drugs or tissue engineering
technologies.

ANTI-INFLAMMATORY APPROACHES
Anti-inflammatory approaches for preventing esophageal
strictures after ESD are based on the concept that subsequent strictures may be suppressed by inhibiting the infiltration of inflammatory cells, the hyperplasia of granulation, and the fibrosis of the remaining submucosal layer
at the ulcer site. Anti-inflammatory treatments using
steroids have recently been demonstrated to prevent
esophageal strictures after ESD (Table 1). Basic research
has also been conducted on several potential drugs that
selectively inhibit fibrotic formation.
Endoscopic intralesional injections of steroids
Endoscopic intralesional injections of steroids are applied
based on the concept that inflammation and fibrosis after
esophageal ESD are inhibited by the direct administration
of steroids to the ulcer site. The initial reports regarding
steroid therapy demonstrated that intralesional injections
of triamcinolone acetonide after the dilatation of benign
esophageal strictures reduces the frequency of esophageal strictures in the endoscopic field[31,32]. These results
are similar to findings for the injection of triamcinolone
acetonide to treat keloid scars[31,33,34]. Subsequently, triamcinolone acetonide has been used to prevent esophageal
strictures after ESD (Table 2). Hashimoto et al[35] reported
that the local injection of triamcinolone acetonide into
the ulcer site prevents esophageal strictures after ESD.
Twenty-one patients were treated with local injections of
triamcinolone acetonide at 3, 7, and 10 d after ESD. The
total dose of triamcinolone acetonide was 18 to 62 mg in
each injection session. The stricture rate in the patients
who were given the local injection (19%, 4/21) was lower
than in the control patients (75%, 15/20) (P = 0.03).
Furthermore, the frequencies of dilatation in the patients

15099

November 7, 2014|Volume 20|Issue 41|

Kobayashi S et al . Prevention of esophageal strictures after ESD
Table 1 Anti-inflammatory drugs for the prevention of esophageal strictures after endoscopic submucosal dissection

Clinical study
Corticosteroids

Triamcinolone
acetonide
Pre-clinical study
MMC

N-acetylcysteine

Action

Administration

Steroidal

Oral intake

Advantages

Disadvantages and limitations

Strongly inhibits the infiltration of inflammatory
cells, the hyperplasia associated with
granulation, and the fibrosis of the remaining
submucosal layer
Local injection Inhibits the infiltration of inflammatory cells, the
hyperplasia associated with granulation, and the
fibrosis of the remaining submucosal layer

Steroidal

Inhibition
of DNA
synthesis

Local injection

Inhibits the proliferation and activation of
fibroblasts

Antioxidant
molecule

Oral intake

Antifibrotic effect without the inhibition of
wound healing

General side effects
(severe infection, peptic ulcer, hyperglycemia,
psychiatric symptoms, and osteoporosis)
Delayed wound healing
Risk of ulcer formation due to accidental
injection into the muscularis
Delayed wound healing
An effect has not been shown for the prevention
of esophageal strictures, although MMC
improves recurrent dysphagia or restenosis after
the dilatation of esophageal strictures
The risks of perforation and secondary
malignancy
Insufficient effect in an animal model of severe
esophageal stricture

MMC: Mitomycin C.

Table 2 Intraregional triamcinolone injection for preventing esophageal strictures after endoscopic submucosal dissection
Ref.

Resection size
Circumference

Hashimoto et al[35]

> 3/4

Hanaoka et al[36]

> 3/4

1

Length
(mm)
54
(28-60)
58 ± 11

The methodology of triamcinolone injection
Injection Concentration
needle
(mg/mL)
25 G,
4 mm
25 G

Treatment outcomes

Single
dose
(mL)

Number of
punctures
(/session)

Total
amounts
(mg)

Sessions

10

0.2

9-31

18-62

5

0.5-1

20-40

100

Three
times2
Single3

The
The number Observation
rate of
of EBD
periods
strictures
19%
(4/21)
6.60%
(3/30)

1.7 (0-15)

1 yr

0 (0-2)

2 mo

1

The cases of whole circumferential endoscopic submucosal dissection (ESD) are excluded; 2Three sessions of locoregional triamcinolone injection are performed at 3, 7, 10 d after ESD; 3Only single session of locoregional triamcinolone injection is performed immediately after ESD. G: Gaze; EBD: Endoscopic
balloon dilatation.

who were given a local injection (mean 1.7, range 0-15)
were significantly lower than the frequency of control
patients (mean 6.6, range 0-20) (P > 0.001). Hanaoka et
al[36] also reported that local injection of triamcinolone
prevented esophageal strictures after ESD using a single
injection of triamcinolone acetonide immediately after
ESD. The total dose of triamcinolone acetonide was
100 mg[36]. In Nagasaki University Hospital, 3/4-circumferential ESD cases are generally treated with this local
injection therapy. Fifty mg of triamcinolone acetonide is
endoscopically injected in submucosal layer 1 or 2 times
for 3 wk and generally results in a satisfactory outcome.
It is recommended that triamcinolone acetonide doses
of approximately 18 to 100 mg are injected several times
into the ulcer site in the early phase after ESD to prevent
esophageal strictures. However, triamcinolone injection
might be insufficient to prevent esophageal strictures for
large mucosal defects because esophageal strictures can
develop after the combinational treatments of dilatation and triamcinolone injection for benign esophageal
strictures[31,32,37]. The patients with circumferential ESD
were excluded in the clinical studies of local injections
of triamcinolone[35,36]. There is also a high risk of ulcer
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formation due to endoscopic local injection when the
muscularis is missed during the injection[38]. Additionally,
insufficient fibrosis causes the ulcer site of the esophageal wall to be fragile and leads to perforation after balloon dilatation. Isomoto et al[27] developed a special injection needle for injecting ulcer sites after ESD. The needle,
which is 25 gauge with a length of 1.8 mm, is finer and
shorter than conventional injection needles, which are
usually 23 or 25 gauge in diameter and 4 mm in length,
thereby avoiding deep injections into the muscularis.
Systemic steroid therapy for preventing esophageal
strictures after ESD
The efficacy of systemic steroid therapy for preventing
esophageal strictures after ESD has been confirmed by
Yamaguchi et al[39]. In their study, 22 patients who underwent multiple sessions of EBD before esophageal strictures were compared with 19 patients who underwent
systemic steroid therapy. The stricture rate in the systemic
steroid therapy group (5.3%, 1/19) was significantly
lower than that in the multiple sessions of EBD before
esophageal strictures group (31.8%, 7/22) (P < 0.0001).
Furthermore, the frequency of dilatation in the systemic
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ESD

30 mg
25 mg
20 mg
15 mg
10 mg
5 mg

0

2

14

POD 0

21

28

POD 7

35

42

49 POD

POD 56

Figure 1 Systemic steroid therapy for the prevention of esophageal strictures after endoscopic submucosal dissection[83]. A 72-year-old man underwent
esophageal endoscopic submucosal dissection (ESD) for early squamous cell carcinoma. Systemic steroid therapy with prednisolone was started at postoperative day
2. At postoperative day 51 following esophageal ESD, the ulcer surface was covered with a regenerative mucosa, and no esophageal stricture was present. Figures
are reproduced courtesy of Shindan to Chiryo Sha, Inc. POD: Postoperative day.

steroid therapy group (mean 1.7, range 0-7) was significantly lower than in the multiple sessions of EBD before
esophageal strictures group (mean 15.6, range 0-48) (P
< 0.0001). Sato et al[40] reported that systemic steroid
therapy with EBD is also more effective than EBD alone
in preventing esophageal strictures after circumferential
ESD. In Nagasaki University Hospital, patients who have
at least two of the following risk factors are treated with
systemic steroid therapy after esophageal ESD: more
than 3/4-circumferential ESD, a longitudinal tumor diameter greater than 40 mm, and cervical location. Beginning 2 d after ESD, 0.5 mg/kg prednisolone per day was
administered orally for 2 wk. The dose of prednisolone
was continuously reduced until the regenerative mucosa
covered the artificial ulcer site of the esophageal ESD
(Figure 1). However, complete healing of the esophageal
mucosa generally requires 8-16 wk because steroids inhibit the activation of fibroblasts and inflammatory cells
and reduce the proliferation and migration of epithelial
cells. High doses of prednisolone have been associated
with the possibility of developing adverse effects such as
severe infections, peptic ulcers, hyperglycemia, psychiatric
symptoms, and osteoporosis. However, no adverse events
occurred in the clinical studies of systemic steroid therapy for preventing esophageal strictures after ESD[27,39].
Furthermore, the perforation risk of balloon dilatation
after steroid therapy by either local injection or systemic
administration may be higher than in multiple sessions
of EBD treatment[38]. Although systemic administration
of steroids prevents esophageal strictures after exten-
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sive ESD, systemic administration of steroids might not
prevent esophageal strictures after a very long segmental
circumferential ESD. This occurs because systemic steroid therapy does not prevent esophageal strictures after
major injuries of the esophagus involving a long length
of circumferential mucosal defect[41,42].
Potential drugs to target fibrotic formation
There are several studies regarding specifically preventing
excessive fibrotic formation to avoid the various adverse
effects of steroid therapies. The locoregional injection of
mitomycin C into the esophageal stricture after ESD was
shown to improve recurrent dysphagia or restenosis without serious complications in 5 patients[43]. Mitomycin C is
also effective for the treatment of refractory esophageal
strictures which include caustic, surgical, and peptic strictures[44]. Additionally, because mitomycin C injection has
an anti-proliferative effect on fibroblasts it also prevents
refractory esophageal strictures. Although the injection
of mitomycin C is suggested for preventing esophageal
strictures after ESD, it has poor reproducibility in an
animal model[45]. Mitomycin C might cause several local
adverse events such as delayed mucosal healing, ulcer
formation, and perforation. In long-term studies, secondary malignancy should be examined because mitomycin
induces DNA damage[46,47].
N-acetylcysteine is an antioxidant compound with antifibrotic effects that is also expected to prevent esophageal strictures. However, its efficacy is minimal in animal
models of severe esophageal strictures after ESD[48].
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N-acetylcysteine has been clearly shown to promote
corneal wound healing better than steroid therapy. Thus,
combination therapy involving N-acetylcysteine and
other treatments may potentially be effective[49].

TISSUE ENGINEERING APPROACHES
Tissue engineering approaches for preventing esophageal strictures after ESD are based on the concept that
transplanted materials and tissues can repair and replace
damaged tissues, maintain the physiological functions of
these tissues, and enhance mucosal healing. This issue is
especially important because mucosal defects cause severe inflammation at artificial ulcer sites. Tissue engineering approaches for preventing esophageal strictures after
ESD are divided into two groups: scaffold-based therapy
and cell-based therapy.
Scaffold-based therapies
Temporary scaffolds made from biodegradable materials
can support tissue and protect esophageal strictures. Saito
et al[50] reported that biodegradable stents composed of
poly-L-lactic acid prevented esophageal strictures after
ESD in 2 patients. Additionally, Nieponice and Badylak
reported that an extracellular matrix (ECM) biologic scaffold composed of porcine-derived small intestinal submucosa, together with a temporary metallic stent, is safe
and efficacious for the prevention of esophageal strictures after endoscopic resection in animal models[51-53].
Biological scaffolds have been safely used to treat five
high-grade BE patients undergoing endoscopic resection[54]. Long length (8 to 13 cm) circumferential resections were performed in these patients. The esophageal
strictures after endoscopic resection and were improved
by only a few sessions (0 to 9) of endoscopic dilatation
even though the temporary stent support prevented
strictures. Surprisingly, the small perforation site healed
in 18 d by covering the perforation with a biological scaffold and stent. The scaffold provides an ECM, supports
strictures, and promotes cell migration. However, it may
be insufficient to cover an extensive mucosal defect after
esophageal ESD. The acellular scaffold of the esophageal
mucosa includes key proteins required for producing
a basal membrane. Additionally, the acellular scaffold
of the esophageal mucosa provides a suitable environment that facilitates cell adhesion and proliferation[55].
Consequently, the risk of local recurrence after scaffold
transplantation may be higher than at normal ulcer sites
because the scaffold itself is also a good environment
for the engraftment of unwelcome malignant cells. The
transplantation of biomaterials is also associated with the
risk of developing a local infection, which affects the microenvironment of wound healing. This issue is especially
important for esophageal mucosal healing because both
the esophageal lumen and the oral cavity are constantly
exposed to microorganisms. Scaffold-based therapies currently lack sufficient clinical evidence that prevent their
use for esophageal strictures and have potential risks of
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adverse events such as a local recurrence and infection.
In the future, the development of novel materials and the
advancement of biological science will help solve these
problems.
Cell-based therapies
Cell-based therapies are expected to have trophic effects
on the host as the transplanted cells release cytokines
and growth factors and interact with other host cells.
The direct injection of primary cells into the host organ
has two major disadvantages, which are low viability and
quick diffusion from the host sites after transplantation.
Transplanted cells are difficult to engraft at the target site.
As a result, there have been several in vitro attempts to
engineer tissues with the ability to effectively engraft cells
at the target site.
Technology of autologous oral mucosal epithelial cell
sheets
In our laboratory, epithelial cell sheets of oral mucosa
without any scaffold are fabricated on temperatureresponsive culture inserts that are grafted with poly-Nisopropylacrylamide (PIPPAm)[56]. At 37 ℃, PIPPAm becomes hydrophobic, but below its lower critical solution
temperature of 32 ℃ it is hydrophilic[57,58]. Cells attach
and proliferate on the hydrophobic surface of the cell
culture insert at 37 ℃. However, due to the remarkable
character of PIPPAm, the cells can detach themselves
from the surface when the temperature is below 32 ℃
and PIPPAm becomes hydrophilic. This behavior enables the cell sheets to be harvested without the use of
enzymes and allows the cells to preserve their cell-membrane proteins and cell-to-cell junctions. Subsequently,
the fabricated epithelial cell sheets can be grafted to the
host organ without any adhesive materials because the
ECM is deposited on the basal layer of the epithelial cell
sheets and the basal side can attach to the artificial ulcer
site[59]. Furthermore, the transplantation of autologous
oral epithelial cell sheets to an esophageal mucosal defect has been shown to promote re-epithelization of the
esophageal mucosa in a canine model[60].
Preparing autologous oral mucosal epithelial cell sheets
for clinical application
For clinical applications, oral mucosal epithelial cell
sheets must be fabricated in a cell processing center (CPC)
(Figure 2)[61,62]. CPCs have separate clean rooms that meet
good manufacturing practice guidelines, and various other
parameters (such as aerosol, temperature, and humidity)
are monitored to validate the clean environment of the
CPC. To prevent possible human errors and careless mistakes during the fabrication of oral mucosal epithelial cell
sheets, standard operation procedures (SOPs) for culture
methods are documented and a second person always
checks the document while the first operator performs
the procedure in the CPC. In addition, to ensure safety
and avoid possible immune reactions and unknown infections animal-derived materials are eliminated as much as
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Blood correction

Biopsy

CPC
Making KCM
with autologous serum

Isolating epithelial cells
from oral tissue

Cell culture on a temperature-responsive (TR) membrane

Day 5

Day 8

Day 15

Validation tests:
The number of cells
Viability
The positive rate of pan cytokeratin
Sterility tests of the culture medium

Transplantation

Figure 2 Protocol for the fabrication of autologous oral epithelial cell sheets for clinical application. Autologous oral epithelial cell sheets are fabricated using
autologous serum and oral mucosa in the cell processing center (CPC). Isolated oral epithelial cells are cultured on a temperature-responsive membrane for 16 d. The
fabricated oral epithelial cell sheets are then transplanted endoscopically after passing several validation tests. KCM: Keratinocyte culture medium.
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ESD and transplantation

No combination treatment after transplantation of autologous oral epithelial cell sheets

0

7

POD 0

21

POD

POD 7

POD 21

Figure 3 Transplantation of autologous oral epithelial cell sheets for the prevention of esophageal strictures after endoscopic submucosal dissection[65].
A 55-year-old man underwent esophageal endoscopic submucosal dissection (ESD) for early squamous cell carcinoma. Seven fabricated autologous oral epithelial
cell sheets were transplanted immediately after esophageal ESD. At postoperative day 21, the ulcer surface after esophageal ESD was covered with a regenerative
mucosa, and no esophageal stricture was present. Figures are reproduced courtesy of Elsevier. POD: Postoperative day.

possible. In our clinical study, autologous serum is used
instead of fetal bovine serum, which is commonly used
for culturing cells[61]. 3T3 feeder cells are fibroblast cells
obtained from mice. These cells are classified as a xenogeneic material by the Food and Drug Administration in
the United States and have never been used for culture
in our system. However, these feeder cells are known to
promote the proliferation of various epithelial cells[63].
The fabricated oral mucosal epithelial cell sheets are required to pass all validation tests including a sterility test,
a harvesting test, and a purity test prior to transplantation[64]. However, no tests for cell proliferation, migration,
and attachment are included. In the future, noninvasive
measurements of these test parameters will be required
prior to clinical application.
Transplanting autologous oral epithelial mucosal cell
sheets into artificial ulcer sites after ESD
Before transplantation of the autologous mucosal epithelial cell sheet into the artificial ulcer site after esophageal ESD, an esophageal endoscopic mucosal resection
(EEMR) tube (Create Medic, Tokyo, Japan) is inserted
into the patient’s esophagus. The endoscopic transplantation of the autologous oral mucosal epithelial cell sheet
is immediately performed after esophageal ESD using a
support membrane and endoscopic forceps. The transplanted autologous oral mucosal epithelial cell sheets
adhere to the ulcer site within a few minutes without
suturing or any adhesive materials because the cell sheets
maintain adhesive proteins on their basal side and have
cell-to-cell junctions. The fabricated autologous oral mucosal epithelial cell sheet is composed of a basal layer and
an apical layer. The basal layer is gently attached to the
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ulcer site and this procedure requires careful handling.
The transplant can be disturbed by spasm of the muscularis and by the entry balloon of the EEMR tube used
to maintain the intraluminal pressure of the esophagus.
Therefore, a device that facilitates transplantation of the
autologous mucosal epithelial cell sheets into the ulcer
site after esophageal ESD is needed.
Clinical study using autologous oral mucosal epithelial
cell sheets
The safety of transplanting autologous oral mucosal
epithelial cell sheets into artificial ulcer sites has been
demonstrated in a phase Ⅰ study[65]. The transplantation
of oral mucosal epithelial cell sheets prevented esophageal strictures after ESD in 8 of 9 cases. In the eight successful cases, there was no dysphagia and strictures after
esophageal ESD and no additional treatments for complications were required. Only one cases required balloon
dilatation of the esophageal stricture after ESD. Additionally, mucosal healing was rapidly completed within 3
to 5 wk. This observation suggests that autologous oral
epithelial cell sheets promote epithelial healing and result
in the satisfactory prevention of esophageal strictures
after ESD (Figure 3). In the future, a large study must be
performed to confirm that autologous oral mucosal epithelial cell sheets are an effective material for the prevention of esophageal strictures after ESD.
Future topics for standardizing treatments using
epithelial cell sheets
Cell-based therapy using autologous oral mucosal epithelial cell sheets has several disadvantages compared
with scaffold-based therapy and anti-inflammatory drug
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therapy. First, a CPC is necessary to culture the oral epithelial cells. Thus, the operating cost is high and is currently estimated to be at least 20000 to 30000 USD per
case. Thus, fabricating oral mucosal epithelial cell sheets
in a CPC in every hospital will be technically and financially difficult. One alternative is ready-made oral mucosal
epithelial cell sheets that can be transported in a suitable
environment from a production site to the hospital where
the transplantation will be performed. Second, the fabrication of autologous oral mucosal epithelial cell sheets
requires the patient’s own tissues and serum. Although
autologous oral epithelial cell sheets have been successfully fabricated, it is difficult to maintain consistent fabrication quality and quantity because individual differences
can affect cell proliferation and differentiation. Third,
possible bacterial and fungal contamination during the
culture of oral mucosal epithelial cell sheets is the most
common factor leading to failure, which may be a disappointment to patients who have provided their own tissues. Fourth, multiple neoplasms in the oral and throat
areas are sometimes observed in patients with esophageal
cancer so harvesting tissues from the premalignant region in the oral mucosa must also be avoided because the
transplantation of multipotent cancer cells may cause local recurrence[66,67]. Translational research studies aimed at
improving these disadvantages are currently in progress
in our laboratory.
Epidermal cells are expected to be suitable substitutes
for oral mucosal epithelial cells. Epidermal cells have
characteristics similar to esophageal and oral mucosal epithelial cells because these cells are classified as squamous
cells. Furthermore, epidermal cells are frequently cultured
for the production of cutaneous medical devices that are
already used in clinics[68-72]. The risk of contamination
with malignant cells is lower in the skin than in the oral
mucosa, and the epidermis is composed of keratinocytes.
Additionally, in a swine model, cell sheets made from
autologous epidermal cells have been shown to prevent
esophageal strictures after ESD as effectively as oral mucosal epithelial cell sheets[73].
The capability of fabricating cell sheets in serumfree medium is essential to reduce the variation between
individual differences and to standardize cell culture
procedures. Specifically, the addition of an IL-1 receptor
antagonist has been found to be beneficial for fabricating
cell sheets in serum-free medium[74].
Adipose-derived stem cells
Adipose-derived stem cells (ADSCs) are similar to bone
marrow-derived stem cells. ADSCs have the following
biological features: growth factor secretion, capacity to
differentiate into multiple cell types, ability to suppress inflammatory cells, ability to promote angiogenesis and enhanced of wound healing[75-77]. Additionally, ADSCs can
be obtained easily from adipose tissue. Cell therapies using ADSCs have been performed to repair bone defects,
treat complex perianal fistulas in Crohn’s disease, and
alleviate severe steroid-resistant graft-vs-host disease[78-80].
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Cell-based therapy using ADSCs is also expected to prevent esophageal strictures after ESD. The local injection
of autologous ADSCs after esophageal EMR has also
been found to prevent esophageal strictures in a canine
model[81]. This result is insufficient evidence for concluding that ADSCs prevent esophageal strictures after ESD
because no evaluations of the surface markers, multipotentiality, and proliferation of the injected cells have been
performed.
Future prospects of treatments using tissue engineering
for esophageal stricture therapy
Tissue engineering approaches have great potential for
treating various damaged tissues and organs. Currently,
treatments using tissue engineering must include safety
and quality controls and require careful observations after
transplantation. Esophageal tissue engineering will be developed and become available in the near future because
transplanted engineered tissues can be noninvasively observed by endoscopy and because unexpected complications such as local infections, immunological responses,
and tumorigenesis are easily managed.
The replacement of mucosal structures with a basal
membrane after esophageal ESD may be a novel tissue
engineering therapy for the prevention of esophageal
strictures after ESD. Therefore, sufficient numbers of
cells and biomaterials in basal membranes are necessary
to overcome severe esophageal strictures after ESD.
Tissue engineering approaches will also provide a
treatment for refractory esophageal strictures. Patch
esophagoplasty using biologic scaffolds for refractory
esophageal strictures has already been performed in 4 patients[82]. Various treatments using tissue engineering for
refractory esophageal strictures will be performed in the
near future.

CONCLUSION
This review reports several strategies for preventing
esophageal strictures after extensive ESD with a focus on
anti-inflammatory, scaffold-based, and cell-based treatments. Anti-inflammatory treatments, which are mainly
local and systemic steroid therapies, have shown positive
outcomes in small comparative clinical studies. However,
the clinical evidence of scaffold-based and cell-based
treatments is still insufficient, and their efficacy needs to
be confirmed in comparative studies because they are potentially new technologies for tissue engineering and novel treatment strategies for wound healing. To establish a
truly minimally invasive treatment using endoscopic surgery, improvements to all of these methods are needed.
Nonetheless, these three strategies will eventually become
available as a combined therapy in the future.
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Abstract
S-1 is an oral 5-fluorouracil (5-FU) prodrug, which is
designed to improve the antitumor activity of 5-FU by
inhibiting dihydropyrimidine dehydrogenase, the key
enzyme of 5-FU catabolism. Recently, two important
studies on the clinical use of S-1 for pancreatic cancer
have been reported from Japan. In the first study (GEST
study), S-1 demonstrated non-inferiority to gemcitabine
(GEM) in overall survival (OS) for metastatic or locally
advanced pancreatic cancer, but combination chemotherapy with GEM and S-1 did not show superiority to
GEM in OS. In the second study (JASPAC-01 study),
S-1 showed superiority to adjuvant chemotherapy with
GEM in OS in patients with resected pancreatic cancer.
In addition to GEM, S-1 is now regarded as the key
drug in the management of pancreatic cancer in Japan.
To date, many studies have investigated the effectiveness of S-1 in various settings, such as first-line chemotherapy for metastatic or locally advanced pancreatic
cancer, second-line chemotherapy after GEM failure,
and chemoradiotherapy for locally advanced disease.
In this review, we focus on recent clinical trials of S-1based chemotherapy for advanced pancreatic cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This review article focuses on clinical trials of
S-1-based chemotherapy for advanced pancreatic cancer. Recently, S-1 has been demonstrated to be noninferior to gemcitabine in overall survival for metastatic
or locally advanced pancreatic cancer in a large-scale
phase Ⅲ study (GEST study). Furthermore, S-1 has
been shown to be superior to adjuvant chemotherapy
with gemcitabine in overall survival in patients with
resected pancreatic cancer in another phase Ⅲ study
(JASPAC-01 study). In addition to gemcitabine, S-1 is
now considered one of the key drugs in Japan.
Sudo K, Nakamura K, Yamaguchi T. S-1 in the treatment of pancreatic cancer. World J Gastroenterol 2014; 20(41): 15110-15118
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i41/15110.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i41.15110

INTRODUCTION
Pancreatic cancer is one of the most fatal malignancies
worldwide. Gemcitabine (GEM) is accepted as the standard treatment in the management of pancreatic cancer
based on a randomized controlled study reported by
Burris et al[1] in 1997. In an effort to improve therapeutic
efficacy, many clinical trials have been conducted. However, the prognosis of patients with pancreatic cancer still
remains poor, with a reported 5-year survival rate of less
than 10%[2]. Development of more effective therapies is
urgently needed.
S-1 is an oral 5-fluorouracil (5-FU) prodrug that consists of tegafur (a prodrug of 5-FU), gimeracil [a potent
dihydropyrimidine dehydrogenase (DPD) inhibitor], and
oteracil (an inhibitor of phosphorylation of 5-FU in
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Table 1 Pivotal phase Ⅲ studies of first-line chemothrapy for
advanced pancreatic cancer
Ref.
Burris et al[1]
Moore et al[13]
Conroy et al[14]
Von Hoff
et al[15]

Table 2 Phase Ⅱ studies of Gemcitabine and S-1 therapy for
advanced pancreatic cancer

Treatment

n

ORR

PFS/TTP
(mo)

MST
(mo)

Ref.

n

Disease extent

ORR

PFS/TTP
(mo)

MST
(mo)

GEM
5-FU
GEM
GEM + erlotinib
GEM
FOLFIRINOX
GEM
GEM +
nab-paclitaxel

63
63
284
285
171
171
430
431

5.4%
0%
8%
8.6%
9.4%
31.6%d
7%
23%d

9 wkb
4 wk
3.55
3.75d
3.3
6.4d
3.7
5.5d

5.65b
4.41
5.91
6.24e
6.80
11.1d
6.70
8.50d

Nakamura et al[19]
Ueno et al[20]
Oh et al[21]

33
54
38

48%
44.4%
32%

5.4
5.9
5.4

12.5
10.1
8.4

Lee et al[22]

32

44%

4.92

7.89

Kim et al[23]

22

Metastatic
Metastatic
Metastatic or
LA
Metastatic or
LA
Metastatic or
LA

27.3%

4.6

8.5

b

P < 0.01 vs 5-FU; dP < 0.01 vs GEM; eP < 0.05 vs GEM. PFS: Progressionfree survival; TTP: Time to progression; MST: Median survival time;
GEM: Gemcitabine; ORR: Objective response rate; 5-FU: 5-fluorouracil;
FOLFIRINOX: Oxaliplatin, irinotecan, fluorouracil and leucovorin.

the gastrointestinal tract) in a 1:0.4:1 molar concentration ratio[3]. After oral ingestion, tegafur is transformed
into 5-FU in the liver. Gimeracil inhibits the degradation
of 5-FU by inhibiting DPD, the key enzyme of 5-FU
catabolism. In a preclinical study, the DPD inhibitory
effect of gimeracil has been shown to be approximately
180-fold more potent than that of uracil, a DPD inhibitor combined in UFT[4]. Therefore, sufficient concentrations of 5-FU in serum and tumor tissues can be maintained. Oteracil inhibits phosphorylation of 5-FU in the
gastrointestinal tract, and it is expected to reduce 5-FUinduced gastrointestinal toxicity, which may be observed
in parallel with potentiated antitumor activity[5]. Clinically,
S-1 is accepted as a convenient alternative to 5-FU continuous infusion in Japan because phase Ⅲ studies have
shown that S-1-based regimens are non-inferior to 5-FU
infusion regimens[6-8]. When compared to 5-FU continuous infusion, oral administration of S-1 can avoid the risk
of complications associated with central venous catheter
placement. Furthermore, for advanced gastric cancer, an
S-1-based regimen (S-1 plus cisplatin) is now accepted as
the standard first-line chemotherapy in Japan based on
the result of a randomized controlled trial[9].
S-1 has been approved for the treatment of pancreatic cancer since 2006 in Japan, and various clinical trials
have been conducted. Recently, two important studies on
the clinical use of S-1 for pancreatic cancer have been
reported. The first study evaluated the effectiveness of
S-1 in first-line chemotherapy for metastatic or locally advanced pancreatic cancer[10]. The second study investigated the use of S-1 in adjuvant chemotherapy for resected
pancreatic cancer[11,12]. In this review, we focus on recent
clinical trials of S-1-based chemotherapy for advanced
pancreatic cancer.

FIRST-LINE CHEMOTHERAPY WITH
S-1 FOR METASTATIC OR LOCALLY
ADVANCED PANCREATIC CANCER
GEM has been the mainstay in the treatment of meta-

WJG|www.wjgnet.com

PFS: Progression-free survival; TTP: Time to progression; MST: Median
survival time; LA: Locally advanced; ORR: Objective response rate.

static or locally advanced pancreatic cancer. However, the
reported median survival of first-line GEM therapy is
only approximately 6 to 7 mo[1,13-15]. GEM plus erlotinib is
the first combination chemotherapy that has demonstrated significantly improved OS compared to GEM alone
in this patient population[13]. Additionally, the FOLFIRINOX regimen (oxaliplatin, irinotecan, fluorouracil, and
leucovorin) and GEM plus nanoparticle albumin-bound
paclitaxel (nab-paclitaxel) regimen have now emerged as
aggressive treatment options in patients with metastatic
pancreatic cancer (Table 1)[14,15].
The first phase Ⅱ study of S-1 for pancreatic cancer
was reported by Ueno et al[16] in 2005. In this study, 19 patients with metastatic pancreatic cancer received S-1 twice
daily at a dose of 80, 100, or 120 mg/d according to body
surface areas for 28 consecutive days followed by a 14-d
rest. Four patients (21.1%) achieved partial response, and
the median survival was 5.6 mo. Subsequently, Okusaka
et al[17] reported a phase Ⅱ study for metastatic pancreatic
cancer, in which a single agent of S-1 showed promising
efficacy with a response rate of 37.5% and median survival of 9.2 mo. The major adverse events were gastrointestinal toxicity, such as anorexia, nausea, or diarrhea.
Combination chemotherapy of GEM and S-1 (GS)
has also been investigated on the basis of the preclinical
findings that GEM and 5-FU have a synergistic cytotoxic
effect against pancreatic cancer cells[18]. Phase Ⅱ studies
of GS therapy have also shown favorable efficacy with
a response rate of 27.3%-48% and median survival of
7.89-12.5 mo (Table 2)[19-23].
Based on these results, a large-scale phase Ⅲ study
(GEST study) was conducted in patients with metastatic or locally advanced pancreatic cancer in Japan and
Taiwan[10]. Between 2007 and 2009, 834 patients were
randomly assigned to GEM alone, GS, or S-1 alone. The
primary endpoints were superiority of GS therapy to
GEM alone in OS and non-inferiority of S-1 to GEM in
OS. In the GEST study, the median survival was 8.8 mo
for GEM, 9.7 mo for S-1, and 10.1 mo for GS. The noninferiority of S-1 to GEM was confirmed (HR = 0.96;
97.5%CI: 0.78-0.18; P < 0.001). Meanwhile, GS therapy
did not demonstrate the superiority to GEM in OS (HR
= 0.88; 97.5%CI: 0.71-1.08; P = 0.15). Based on the re-
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Table 4 Phase Ⅱ studies of S-1 for gemcitabine refractory
pancreatic cancer

Table 3 Randomized studies of gemcitabine and S-1 therapy

vs gemcitabine for metastatic or locally advanced pancreatic
cancer

Treatment

n

GEST[10]
(PⅢ)

GS
S-1
GEM

275
280
277

29%b
21%a
13%

5.7b
3.8c
4.1

10.1
9.7d
8.8

GEMSAP[24]
(rPⅡ)
JACCRO PC-01[25]
(rPⅡ)
Sudo et al[26]

GS
GEM
GS
GEM
GS
GEM

53
53
53
59
51
50

18.9%
9.4%
28.3%b
6.8%
21.6%a
6.0%

5.4a
3.6
6.15b
3.78
5.3a
3.8

13.5
8.8
13.7a
8.0
8.6
8.6

Study

ORR

PFS (mo) MST (mo)

n

ORR

PFS (mo)

MST (mo)

Morizane et al[34]
Sudo et al[35]

40
21

15.0%
9.5%

2.0
4.1

4.5
6.3

PFS: Progression-free survival; MST: Median survival time; ORR: Objective response rate.

proves OS, especially in locally advanced pancreatic cancer
(HR = 0.708; 95%CI: 0.527-0.951)[31].

P < 0.05 vs GEM; bP < 0.01 vs GEM; cP < 0.05 non-inferiority to GEM; dP <
0.01 non-inferiority to GEM. PFS: Progression-free survival; MST: Median
survival time; GEM: Gemcitabine; GS: Gemcitabine and S-1; ORR: Objective response rate.
a

sults of the GEST study, S-1 is accepted as an option in
the treatment of metastatic or locally advanced pancreatic
cancer in Japan.
However, there are no definitive criteria for the use
of S-1 instead of GEM in first-line chemotherapy for
metastatic or locally advanced pancreatic cancer. In this
regard, there are several important observations in the
GEST study results. The first is the difference in toxicity
profile between GEM and S-1. Gastrointestinal toxicity,
such as diarrhea, was more frequent in the S-1 arm, while
hematologic toxicity was more frequent in the GEM arm.
The second is the difference in objective tumor response
rate. S-1 showed favorable objective response rate (ORR)
compared to GEM alone in the GEST study (21% vs
13.3%, P = 0.02)[10].
GS therapy significantly improved progression-free
survival (PFS) (HR = 0.66; 97.5%CI: 0.54-0.81, P < 0.001;
median, 5.7 mo vs 4.1 mo) and ORR (29.3% vs 13.3%; P
< 0.001) compared to GEM alone in the GEST study[10].
Other small randomized studies reported from Japan also
support the superiority of GS therapy to GEM alone with
respect to PFS (Table 3)[24-26]. In contrast, the superiority
of GS therapy in OS was not demonstrated in the GEST
study. The authors of the GEST study explained the
cause for the discrepancy as a consequence of second-line
chemotherapy with S-1 in the GEM group. Indeed, approximately 50% of patients in the GEM group received
second-line chemotherapy with S-1-based regimens[10].
Considering the results of the GEST study, which is the
only phase Ⅲ study with the primary endpoint of OS, GS
therapy (as well as other GEM and fluoropyrimidine combinations) is not accepted as the standard chemotherapy
for metastatic or locally advanced pancreatic cancer in Japan[27-29]. In contrast, some investigators consider that GS
therapy may be beneficial in a selected patient population
based on the following two studies. A meta-analysis of GS
therapy vs GEM alone, including the GEST study and two
randomized phase Ⅱ studies (GEMSAP and JACCRO),
has suggested that GS therapy is associated with better OS
(HR = 0.79)[30]. In addition, a pooled analysis of the above
three studies has shown that GS therapy significantly imWJG|www.wjgnet.com

Ref.

SECOND-LINE THERAPY AFTER
GEMCITABINE FAILURE
It is important to establish effective second-line therapies
for tumors refractory to GEM. The results of a randomized controlled study reported by Pelzer et al[32] have
provided the first evidence for the benefit of second-line
chemotherapy compared to best supportive care (BSC)
alone in patients with GEM refractory pancreatic cancer.
Although the study was terminated because of insufficient accrual, oxaliplatin, folinic acid, and 5-FU (OFF)
significantly improved second-line survival compared
to BSC alone (median, 4.82 mo vs 2.3 mo; P = 0.008)[32].
Moreover, the results of the CONKO-003 study have
demonstrated a significant improvement in OS with the
addition of oxaliplatin to 5-FU plus folinic acid[33]. In
clinical practice, fluoropyrimidine based therapy is commonly used for patients previously treated with GEM.
Phase Ⅱ studies of S-1 in patients with GEM-resistant pancreatic cancer have demonstrated moderate activity (ORR = 9.5%-15%; Disease control rate, 52%-58%;
median survival, 4.5-6.3 mo) with acceptable toxicity
(Table 4)[34,35]. Although there has been no confirmed evidence based on phase Ⅲ studies, S-1 would be a feasible
treatment option in this patient population.
S-1-based combination regimens have also been investigated (Table 5). Mizuno et al[36] reported a randomized phase Ⅱ trial of S-1 vs S-1 plus irinotecan (IRIS) in
which 127 patients were randomly assigned to IRIS or S-1
alone. The primary endpoint was PFS. IRIS did not improve PFS (HR = 0.767; 95%CI: 0.527-1.114; P = 0.1750)
or OS (HR = 0.749; 95%CI: 0.512-1.093; P = 0.1338)
compared to S-1 alone. Okusaka et al[37] reported a randomized phase Ⅱ study of S-1 plus oxaliplatin (SOX) vs
S-1 in patients with GEM refractory pancreatic cancer.
The primary endpoint was PFS, and 264 patients were
randomly assigned to SOX or S-1 alone. However, SOX
did not improve PFS (HR = 0.838; 95%CI: 0.649-1.082;
P = 0.1795) or OS (HR = 1.031; 95%CI: 0.791-1.344; P
= 0.8235) compared to S-1 alone.
More recently, the results of a randomized phase II
study of S-1 plus leucovorin (SL) vs S-1 alone in patients
with GEM refractory advanced pancreatic cancer have
been reported[38]. In this study, SL significantly improved
PFS, which was the primary endpoint of this study, compared to S-1 alone (HR = 0.56; 95%CI: 0.37-0.85; P =
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Table 5 Randomized phase Ⅱ studies of S-1 based chemotherapy after gemcitabine failure
Ref.

Treatment group

n

ORR

Mizuno et al[36]

S-1 + irinotecan
S-1
S-1 + oxaliplatin
S-1
S-1 + leucovorin
S-1

60
67
134
130
69
71

18.3%
6.0%a
20.9%
11.5%a
27.5%
19.7%

[37]

Okusaka et al

Okusaka et al[38]

Table 7 Randomized phase Ⅲ studies of adjuvant therapy in
pancreatic cancer
Study

PFS (mo) MST (mo)
107 d
58 d
3.0
2.8
3.8
2.7b

208 d
176 d
7.5
7.0
6.3
6.1

ESPAC-1[55]

CONKO-001[56]
JSAP-02[58]

a

P < 0.05 vs S-1; bP < 0.01 vs S-1. PFS: Progression-free survival; MST: Median survival time; ORR: Objective response rate.

ESPAC-3[59]
JASPAC-01[11,12]

Table 6 Phase Ⅱ studies of S-1 and radiotherapy for locally
advanced pancreatic cancer

Treatment

Endpoint

n

DFS
(mo)

MST
(mo)

CRT (5-FU + RT)
No CRT
5-FU + leucovorin
No chemotherapy
GEM
Surgery alone
GEM
Surgery alone
GEM
5-FU + folinic acid
GEM
S-1

OS

145
144
147
142
179
175
58
60
537
551
191
187

10.7
15.2a
15.3c
9.4
13.4d
6.9
11.4e
5.0
14.3
14.1
11.2
23.2f

15.9
17.9
20.1b
15.5
22.1
20.2
22.3
18.4
23.6
23.0
25.9
NAf

DFS
OS
OS
OS

a

Ref.

n

ORR

PFS/TTP (mo)

MST (mo)

Sudo et al[47]
Ikeda et al[48]
Shinchi et al[49]
Kim et al[50]

34
60
50
25

41%
27%
30%
24%

8.7
9.7
6.7
6.5

16.8
16.2
14.3
12.9

P < 0.05 vs CRT; cP < 0.05 vs No chemotherapy; bP < 0.01 vs No chemotherapy; dP < 0.01 vs Surgery alone; eP < 0.05 vs Surgery alone; fP < 0.01 vs
GEM. DFS: Disease-free survival; MST: Median survival time; NA: Not
available; OS: Overall survival; 5-FU: 5-fluorouracil.

PFS: Progression-free survival; TTP: Time to progression; MST: Median
survival time; ORR: Objective response rate.

0.003; median, 3.8 mo vs 2.7 mo). A phase Ⅲ study of SL
vs S-1 alone is now ongoing (GRAPE study).

CHEMORADIOTHERAPY FOR LOCALLY
ADVANCED PANCREATIC CANCER
The prognosis of patients with locally advanced pancreatic cancer is dismal with a reported median survival of 6.4
mo if managed with only best supportive care[39]. Chemoradiotherapy (CRT) using 5-FU has been a conventional
option in the management of locally advanced pancreatic
cancer. The rationale of this combination approach is to
control local tumor growth using 5-FU as a radiosensitizer[40]. However, the efficacy of CRT using 5-FU remains
limited with a reported median survival time of approximately 10 mo[41,42]. Because distant metastases are the
major cause of treatment failure, more effective systemic
therapies are necessary to improve patient outcome[42]. In
this regard, S-1 is an attractive alternative to 5-FU infusion because it has systemic activity for metastatic or locally advanced pancreatic cancer as shown in the GEST
study. Furthermore, a recent preclinical study has demonstrated that gimeracil, a DPD inhibitor included in S-1,
enhances antitumor activity of radiotherapy[43].
To date, several schedules of S-1 and concurrent radiotherapy have been investigated in phase Ⅰ/Ⅱ studies
for locally advanced pancreatic cancer (Table 6). Sudo
et al[44] and Ikeda et al[45] reported that the standard daily
dose of S-1 for systemic chemotherapy (80 mg/m2 per
day) can be combined with radiotherapy (50.4 Gy in 28
fractions). Shinchi et al[46] reported that S-1 at a dose of
80 mg/m2 per day given on days 1 to 21 can be combined with radiotherapy (50 Gy in 40 fractions for 4 wk).

WJG|www.wjgnet.com

Phase Ⅱ studies of S-1 and concurrent radiotherapy
have demonstrated an acceptable toxicity profile and
promising efficacy with a response rate of 24%-41% and
median survival of 12.9-16.8 mo[47-50]. Furthermore, some
patients (0%-4%) underwent curative resection after S-1
and radiotherapy in these studies.
Instead of using S-1, capecitabine-based CRT has
been reported in Western countries[51,52]. Capecitabine is
an oral fluoropyrimidine carbamate, which is converted
to 5-FU predominantly in tumor tissues[53]. Saif et al[51] reported a phase Ⅱ study of capecitabine and radiotherapy
in patients with locally advanced pancreatic cancer with a
response rate of 20% and a 1-year survival rate of 58%.
A recent randomized phase Ⅱ study of GEM-based or
capecitabine-based CRT for locally advanced pancreatic
cancer (SCALOP study) has suggested that capecitabinebased CRT might be preferable to GEM-based CRT[54].

ADJUVANT CHEMOTHERAPY FOR
RESECTED PANCREATIC CANCER
Adjuvant chemotherapy with GEM has been accepted
as the standard treatment in patients with resected pancreatic cancer based on the results of randomized controlled studies (Table 7)[55-59]. In a phase Ⅲ study of adjuvant chemotherapy with GEM vs observation in patients
with resected pancreatic cancer (CONKO-001), adjuvant GEM significantly improved disease-free survival
(median, 13.4 mo vs 6.9 mo, P < 0.001) compared with
the observation group[56]. Adjuvant chemotherapy with
GEM improved disease-free survival (median, 11.4 mo
vs 5.0 mo, P = 0.01) in another phase Ⅲ study conducted
in Japan (JSAP-02)[58]. The European Study Group of
Pancreatic Cancer (ESPAC) conducted a phase Ⅲ study
of 5-FU plus folinic acid vs GEM following pancreatic
cancer resection (ESPAC-3). This study showed no difference in OS between arms (median OS = 23.0 mo vs
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23.6 mo, P = 0.39), but treatment-related serious adverse
events were more frequent in patients treated with 5-FU
plus folinic acid[59].
Recently, Uesaka et al[11] reported on a randomized
phase Ⅲ study of GEM vs S-1 in patients with pathological stage Ⅰ, Ⅱ or Ⅲ (with celiac axis resection) macroscopically resected (R0 or R1 resection) pancreatic cancer
(JASPAC-01)[12]. Between April 2007 and June 2011, 385
patients were randomly assigned to adjuvant GEM (n =
193) or S-1 (n = 192). The primary endpoint was noninferiority of S-1 compared to GEM in OS. At the interim analysis, S-1 showed non-inferiority to GEM and,
surprisingly, superiority to GEM in OS with a hazard
ratio of 0.56 (95%CI: 0.42-0.74; P < 0.0001 for non-inferiority; P < 0.0001 for superiority). The 2-year survival
rates were 53% (95%CI: 46%-60%) for GEM and 70%
(95%CI: 63%-76%) for S-1. The quality of life analysis
was significantly better in the S-1 arm (P < 0.0001). The
frequency of grade 3 or 4 toxicities was similar in both
arms, except for leukopenia, which was lower in the S-1
arm. The findings of the JASPAC-01 study suggest that
adjuvant chemotherapy with S-1 is a more effective alternative to the standard adjuvant chemotherapy with GEM
for resected pancreatic cancer.
The rationale for adjuvant chemotherapy lies in eliminating micrometastases and subsequently improving
prognosis. The JASPAC-01 study suggests that adjuvant
chemotherapy with S-1 achieves better OS and is presumably more effective in eliminating micrometastases.
Preclinical studies have suggested that postoperative
chemotherapy with S-1 has a moderate effect on eliminating micrometastases[60,61], and the efficacy is higher in
smaller micrometastases[61]. As shown in the GEST study,
S-1 has significantly higher ORR compared with GEM
in patients with metastatic or locally advanced pancreatic
cancer. The superior antitumor activity of S-1 might have
inhibited micrometastases and resulted in the improvement of OS in an adjuvant setting. Further investigations
are necessary to elucidate the basic mechanisms of the
efficacy of S-1 in adjuvant chemotherapy. S-1 is also accepted as the standard adjuvant chemotherapy in patients
with curatively resected gastric cancer based on a randomized study in Japan[62].

FUTURE PERSPECTIVES
S-1 is now accepted as one of the important key drugs
in the management of pancreatic cancer in Japan. Oral
administration of S-1 is a convenient option for first-line
chemotherapy for metastatic or locally advanced pancreatic cancer because it has shown non-inferiority to GEM
in OS. However, there are no definitive criteria for its use
instead of GEM, and more aggressive therapies, such as
FOLFIRINOX and GEM plus nab-paclitaxel, may be
preferable for patients with metastatic pancreatic cancer
with good performance status. In adjuvant chemotherapy
for resected pancreatic cancer, S-1 is a more effective alternative to the standard chemotherapy with GEM. S-1-
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based second-line chemotherapy for GEM refractory
pancreatic cancer and CRT using S-1 for locally advanced
disease appear to be promising strategies. However, the
efficacy of these therapies should be confirmed in future
randomized controlled studies.
In reported studies, one of the important features
of S-1-based therapy is favorable ORR. Considering this
advantage, some investigators are hopeful that S-1-based
therapy may be useful in neoadjuvant therapy for potentially resectable or borderline resectable pancreatic cancer.
The main goal of neoadjuvant therapy is to downsize
tumors and increase the likelihood of curative resection.
To date, many studies have evaluated the effectiveness
of neoadjuvant CRT or neoadjuvant chemotherapy[63-66].
However, the effectiveness of neoadjuvant therapy still
remains controversial, and no standard regimen has been
established. In Japan, clinical studies of S-1-based therapies, such as GS therapy or CRT using S-1 in neoadjuvant
settings, are now ongoing (e.g., JASPAC-05 and Prep-02/
JSAP-05)[67].
In contrast, there are some problems to be resolved
with regard to the clinical use of S-1 for pancreatic cancer. Randomized controlled studies of S-1 are conducted
mainly in Japanese populations, and it remains unclear if
S-1 is also effective in Western populations. Cytochrome
P450 2A6 activity is different among ethnic groups[68],
which is the key enzyme in converting tegafur to 5-FU[69].
Gastrointestinal toxicity, such as diarrhea, has been reported to be more severe in Caucasian patients[70]. This
clinical question should be addressed in future studies.
In Western countries, capecitabine, another oral fluoropyrimidine, has been in use in clinical practice, although
limited evidence supports its use for pancreatic cancer.
Including S-1, we now have several options in firstline chemotherapy. However, there are no definitive
criteria for treatment choice for each patient. In the next
step, we should make an effort to develop a predictive
biomarker for treatment efficacy. Human equilibrative nucleoside transporter protein expression has been
reported to be a possible predictive marker of benefit
from adjuvant GEM in patients with resected pancreatic
cancer[71,72]. Thymidylate synthase or DPD gene expression levels have been reported as possible predictive
markers of the efficacy of adjuvant chemotherapy with
S-1 in patients with resected gastric cancer[73]. In the
future, understanding of the molecular mechanism of
drug sensitivity and cancer pathogenesis is essential to
develop personalized cancer treatment. Given the recent
advances in molecular biology, further progress in this
field is highly expected.
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EVOLUTION OF A CONCEPT

Abstract
The advances of laparoscopic surgery since the early
1990s have caused one of the largest technical revolutions in medicine since the detection of antibiotics (1922, Flemming), the discovery of DNA structure
(1953, Watson and Crick), and solid organ transplantation (1954, Murray). Perseverance through a rocky start
and increased familiarity with the chop-stick surgery in
conjunction with technical refinements has resulted in a
rapid expansion of the indications for minimally invasive
surgery. Procedure-related factors initially contributed to
this success and included the improved postoperative recovery and cosmesis, fewer wound complications, lower
risk for incisional hernias and for subsequent adhesionrelated small bowel obstructions; the major breakthrough
however came with favorable long-term outcomes data
on oncological parameters. The future will have to determine the specific role of various technical approaches,
define prognostic factors of success and true progress,
and consider directing further innovation while potentially
limiting approaches that do not add to patient outcomes.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Laparoscopic surgery has been a major
revolution in surgery and clearly has become a core
technique in colorectal surgery. The paper reviews the
evolution of the technology, analyzes its results with
regards to patient outcomes, and provides a basis for
future research and fine tuning of its applications.

The general history of laparoscopy has previously been
described[1-3]. Earliest steps were found in notes of Hippocrates (460-375 B.C.) describing insertion of instruments through various orifices in order to visualize internal anatomy and pathology. The methodology improved
when illumination was introduced by Arabian physician,
Albukasim (936-1013). The “modern” endoscopic/laparoscopic era dates to the early 19th century, when Philipp
Bozzini (1773-1809) described a “Lichtleiter” cystoscope
(1805)[4]. After the invention of the electric light bulb
by Edison in 1879, Maximilian Nitze (1848-1906) developed the first rigid endoscopic instrument with builtin light source. By the end of the nineteenth century,
endoscopies had become well established for evaluation
of natural orifices (cystoscopy, proctoscopy, gastroscopy,
laryngoscopy).
George Kelling, a surgeon from Dresden (1901), and
Dimitri Ott, a gynecologist from St. Petersburg, were the
first to perform a true laparoscopic procedure[1,2]. Ott
inserted a “ventroscope” through a postero-vaginal incision in order inspect the pelvic and abdominal viscera.
Kelling’s ‘‘celioscopy’’ employed a small abdominal wall
incision to insert a cystoscope and examine the peritoneal
cavity in a dog while creating a pneumoperitoneum by
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injection of filtered air[5]. The first clinical series in 17 patients was reported in 1910 by Hans Christian Jacobaeus
(1879-1937), a Swedish surgeon, who adapted and developed the technique and coined it ‘‘laparoscopy”[6]. Within
one year’s time, he reported 115 laparoscopies and thoracoscopies, while Kelling followed with his publication
of 45 celioscopies. At the same time, Bertram Bernheim
at Johns Hopkins University performed the first laparoscopic procedure (“organoscopy”) in the United States
(1911)[1]. Subsequently, diagnostic laparoscopy (without
any therapeutic component) became an accepted tool of
internists and gynecologists for assessing liver diseases,
tumors, and inflammatory conditions. Carbon dioxide
(CO2) to create the pneumoperitoneum was introduced in
1924 to minimize the risk of intra-abdominal explosion[7].
The first textbook on laparoscopy and thoracoscopy was
published In 1927 by Korbsch[8].
The following five decades after that up to the 1980s
showed only very limited progress, and the concept did
not get any traction, until in Germany Kurt Semm performed the first laparoscopic appendectomy in 1982 and
Erich Muehe with his “Galloscope” the first laparoscopic
cholecystectomy in 1985[9,10].
The major breakthrough in laparoscopic surgery
was the result of technological progress with invention
of a computer chip television camera that allowed all
members of an operating team to watch and to actively
participate in a procedure. Numerous publications from
around the world mirrored the sudden interest of surgeons in this new video-laparoscopic technique, exploring applications in almost every organ system. Close
collaborations between industry and surgeons were at the
forefront of developing sophisticated instrumentation
and technology according to the true needs in the operative field. Multiple aspects of various surgical procedure
steps were optimized by introduction of new devices and
equiment such as energy and sealing devices, staplers, and
clip appliers.

TRANSLATION TO COLORECTAL
SURGERY
Jacobs et al[11]reported in 1991 the first laparoscopically
assisted colectomy. Compared with cholecystectomy,
appendectomy, or Nissen fundoplication, laparoscopic
colon surgery was a significantly more challenging operation as it involved often more than one abdominal quadrant, required determination of the correct target segment to be removed, safe identification and transsection
of named vascular structures, mobilization and resection
of the bowel, specimen retrieval and creation of an anastomosis. Most of the procedures initially were directed
to the management of benign disease. An early report
raised concerns about horrendously high rates of 21%
of port site recurrences and nearly led to a shut-down of
laparoscopy for malignant disease[12]. Fortunately enough,
the issue was investigated further in a number or reports
whereby a port site recurrence rate closer to 1% was
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noted which appeared to be in a similar range as wound
implants after open surgery for colorectal cancer[13-16]. In
addition, a number of prospective randomized trials were
undertaken to investigate the impact of laparoscopic surgery on oncological outcomes[17-22]. In the United States,
a well-designed prospective randomized multicenter trial
was conducted under the umbrella of the National Cancer Institutes to document non-inferiority of the laparoscopic approach when compared with open surgery[20,21].
Other trials were initiated in other parts of the world,
most notably in Spain, the United Kingdom, and Hong
Kong[18,19,22]. While the larger picture remained in evolution, all studies including several meta-analysis came to
similar conclusions that laparoscopic colectomy in skilled
hands was associated with shorter postoperative recovery
at the price of longer operative times; but most notably
it was safe and oncologically at least equivalent to the
standard of open surgery[23-25]. However, a steep learning
curve was acknowledged throughout the literature, and at
least 20-50 laparoscopic cases were considered the minimum to achieve basic proficiency in the technique. Along
those lines, the professional societies ASCRS, ACS, and
SAGES supported the use of laparoscopy for cancer by
appropriately trained surgeons and engaged in respective
training protocols.
It should be noted though that the initial study designs
were highly selective and excluded transverse colon and
rectum[17,18,20,22]. Extrapolation of the results to related but
not identical scenarios involving the transverse colon or
the rectum would therefore not have been permissible.
Nonetheless, opinions about the interpretations of these
randomized and numerous additional non-randomized
studies varied considerably insofar as some surgeons read
them as laparoscopic being superior rather than not-inferior to open surgery and considered the study outcomes a
free pass for performing any colorectal resection laparoscopically. Others remained cautious and attempted, to a
large degree in vain, to maintain the order of a scientific
approach. The concerns were relevant in light of the evidence gained during the mid-1990s to 2000s that optimization of surgical technique alone (total mesorectal excision)
represented a key factor in reducing the local recurrence
rates in rectal cancer[26-29]. Those efforts resulted in the initiation of trials specifically evaluating the role of laparoscopy for transverse colon and for rectal cancer[30-32].
Rebutting even the most vocal critics of laparoscopy,
at the end of the first decade, laparoscopy was undoubtedly there to stay - also for colorectal surgery. Even
though plenty of opportunities for further prospective
trials would have existed, the reality of risking to be perceived as old-fashioned, paired with increasing patient
demands, stopped many approaches and left the field to
the flow of Darwinist self-definition.

MISSED OR OPEN RESEARCH
OPPORTUNITIES
The complexity of the field with details of abdominal
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and pelvic anatomy, multimodality treatment, functional
and quality of life aspects, as well as multiple confounding patient factors and expectations would provide an
infinite number of research questions that have not been
addressed in systematic fashion. Examples could include:
(1) definition of what entails a laparoscopic colorectal
resection - objective distinction between pure laparoscopic procedures (which commonly also need some incision for specimen retrieval), hand-assisted laparoscopic
surgery (HALS), as opposed to converted or primarily
open surgery should be made on the basis of defined
criteria other than just length of the incision. It should
be determined what fraction of a several hour procedure would have to be done with a pneumoperitoneum
in order to still maintain the benefits of laparoscopic
surgery; (2) true impact of conversion - reported conversion rates have varied from 0%-45%. Even though
the need for conversion may frequently be related to
variations in patient populations, unfavorable habitus,
or advanced disease, they have unfortunately become a
quality measure. Apart from complacency, one should
determine true predictors of the inability to pursue the
minimally invasive route and study the unbiased impact
of conversion; (3) shorter length of stay - a trend to
shorter hospital stays was observed in most laparoscopic
trials. However, in parallel, a paradigm shift occurred
in open surgery were enhanced fast-track recovery protocols contributed to impressive reduction in hospital
stays[33-37]. If open surgery has substantially reduced its
LOS, how much shorter than that can laparoscopic procedures be? If laparoscopic procedures were combined
with fast track recovery protocols[38] could and should
they be done as outpatient procedures? (4) financial
impact and/or benefit of laparoscopy - higher technical cost and longer operative times have to be weighed
against shorter length of stay and potentially lesser longterm morbidity (e.g., hernia formation, adhesion-induced
bowel obstructions, etc.); (5) rectal cancer - even though
a number of studies have been initiated, there appears to
still be a significant gap in our definition of the optimal
management for rectal cancer. Unfortunately, surgeons
contributed to the self-inflicted chaos insofar as they
introduced in parallel several surgical modalities (open,
laparoscopically, robot, transanal endoscopic microsurgery or minimally invasive surgery, TME vs partial TME,
length of distal margin, radial margin, various degrees of
sphincter preservation vs abdominoperineal resection, local excision, non-operative management after complete
response to neoadjuvant chemoradiation. Studies should
focus on the impact of laparoscopy on outcome with
specific attention to the level of dissection, proximity to
sphincter muscles, gender, tumor size on the ability to
have an intact fascia propria and on the rate of preserving sphincter and autonomic nerve function; (6) obesity
- a limited number of studies have evaluated the role and
suitability of laparoscopic surgery in obese vs non-obese
patients[39-41]. However, most US surgeons have gotten
used to substantially higher average body mass indexes
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and would draw the line of obesity-related complexity
at a BMI of 45-50. While even superobese patient might
benefit from minimally invasive approaches, their body
habitus may set limit to the mechanics of operative tables, physical and physiological ability to tolerate extreme
positioning, length of instruments, surgeon’s durability;
and (7) locally advanced cases and multi-organ resections
- what role does laparoscopy play in such cases?

FUTURE
A number of new approaches have already evolved, some
even aggressively marketed, even though they have not
yet been sufficiently established or their impact adequately studied. It should be in the interest of our specialty to
develop objective guidance to such efforts and determine
the goals and possible benefit/risk analysis in the context
of health economics before pushing too hard into a respective direction.
Robotic vs laparoscopic surgery
The topic is hot, the financial cost significant, the benefit
on patient outcome questionable[42-44]. Before indulging
too much in the results of retrospective studies, it would
be necessary to analyze the elements of potential benefits
from using the robot. Undoubtedly, the 3-dimensional
view combined with the higher degrees of instrument
versatility are the core of attractiveness. However, the
bulkiness of the machine as such, the fact that the surgeon’s assistants at the table only see a 2-dimensional image, the cost and some recent data from other specialties
about increased rates of nerve injury appear as distinct
disadvantages and warrant a more objective evaluation in
the near future[45,46]. Furthermore, technological advances
in the “conventional” laparoscopic optics and imaging
technology have resulted in 3D laparoscopes that likely
eliminate the robot’s advantage and allow all participants
to have the same three-dimensional view.
Number of incisions
Single port laparoscopic surgery and/or natural orifice
transluminal endoscopic surgery (NOTES) was once perceived to be the ultimate goal of minimally invasive surgery. The latter - as a result of a concerning incidence of
complications in experimental settings - has not gotten
beyond pilot settings. Single port or single incision laparoscopic surgery however has been reported in increasing
frequency. However, despite enthusiasm, it appears that
single port surgeries offer no advantage compared to
conventional laparoscopic surgery[47-49].
Transanal endoscopic microsurgery or transanal
minimally invasive surgery
This method has achieved convincing results for benign
rectal lesions that are not amenable to colonoscopic removal or too high for conventional transanal excisions.
When it comes to the role in malignant disease, however, concerns exceed the ones for laparoscopic surgery
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for cancer insofar as local excision of rectal cancers has
always been associated with unjustifiably high local recurrence rates. The reasons are speculative, but a combination of overlooked nodal disease and seeding of
tumor cells into the surgical bed are the considered to
be responsible. While some reports have suggested that
Transanal endoscopic microsurgery/transanal minimally
invasive surgery can remove parts of the mesorectal
fat or even complete total mesorectal excisions[50,51] that
approach is oncologically even more concerning as
seeding would lead to recurrences that might extend to
the presacral fascia and become a very poor prognostic
indicator.
Laparoscopically-assisted colonoscopic polypectomies
(endoscopic-laparoscopic resections)
This combination of two procedures has been suggested
for larger colon lesions[52,53] similar to TEMS/TAMIS for
rectal lesions. However, the difference is that typically
a laparoscopic segmental colon resection is much less
of a problem than a rectal resection might be. Hence, it
remains doubtful what if any parameter would define superiority of outcome compared to a laparoscopic resection in the first place. Furthermore, one should caution
that the probability of harboring a malignancy within a
polyp parallels the size of the lesion. Manipulating such
a malignancy to the point of transmural dissection would
not only be a primarily insufficient oncological resection
but furthermore carry the risk of turning a curable tumor
into a non-curable one if cancer cells are spilled into the
peritoneal cavity.
Last but not least the science fiction
At the present time, appropriate surgical tumor management is defined by the tissue specimen being retrieved.
Gross and microscopic pathology are core elements of
tumor staging and relevant prognostic and predictive
factors for treatment planning of a multimodality management. In the future, however, the rapid evolution of
molecular technology and genetic mapping might provide
more specific and individualized tumor and patient characteristics, comparable to a fingerprint, such that classical
morphological evaluation of the primary or recurrent
tumor would not add any additional information to guide
treatment decisions. In that case, it might not be necessary to retrieve an intact specimen; instead a tumor-bearing segment might be resected intracorporeally, placed in
a bag, homogenized in situ, and removed with the suction
device.

ress that results in measurable value for the patient.
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Abstract
Surgery for rectal cancer in complex and entails many
challenges. While the laparoscopic approach in general
and specific to colon cancer has been long proven to
have short term benefits and to be oncologically safe, it
is still a debatable topic for rectal cancer. The attempt
to benefit rectal cancer patients with the known advantages of the laparoscopic approach while not compromising their oncologic outcome has led to the conduction of many studies during the past decade. Herein we
describe our technique for laparoscopic proctectomy
and assess the current literature dealing with short
term outcomes, immediate oncologic measures (such
as lymph node yield and specimen quality) and long
term oncologic outcomes of laparoscopic rectal cancer
surgery. We also briefly evaluate the evolving issues of
robotic assisted rectal cancer surgery and the current
innovations and trends in the minimally invasive approach to rectal cancer surgery.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Surgery for rectal cancer entails many challenges and several debates exist regarding the appropriate way to deal with this disease. One of these
debates is the choice of surgical approach and whether
laparoscopy is appropriate. This article reviews the
current knowledge about the use of the laparoscopic
approach for rectal cancer. Herein we describe our
technique for laparoscopic proctectomy and assess the
current literature dealing with the outcomes and the
oncologic safety of laparoscopic rectal cancer surgery.
We also briefly evaluate the evolving issues of robotic
assisted rectal cancer surgery and the current innovations in this field.
Shussman N, Wexner SD. Current status of laparoscopy for
the treatment of rectal cancer. World J Gastroenterol 2014;
20(41): 15125-15134 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i41/15125.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i41.15125

INTRODUCTION
The laparoscopic approach to intra-abdominal surgical procedures was introduced over two decades ago.
At first it was used as a diagnostic measure and later on
to perform small scale surgery, with the classic example
of cholecystectomy. Laparoscopic surgery is associated
with well-known benefits as a result of the reduced tissue
trauma. These advantages include but are not limited to
reduced postoperative pain, a reduced incidence of postoperative respiratory complications and wound related
complications (wound infections and incisional hernias),
early ambulation and discharge and improved cosmetic
outcomes as compared to laparotomy[1].
Laparoscopic colectomies were introduced in the
early 1990s[2-3]. They were performed at first for benign
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Hasson cannula
10 mm trocar

Figure 1 Schematic illustration of port placement for laparoscopic proctectomy. Hasson cannula is placed first via a vertical infra-umbilical incision. The left lower quadrant port is not always used and is reserved for cases
in which it is needed to facilitate splenic flexure mobilization and retraction at the
time of pelvic dissection. It is usually needed in obese patients and in women
with an enlarged uterus.

indications due to doubts regarding the oncologic outcomes and the fear of port-site metastases. Subsequently,
the application of laparoscopic colon resections for colon cancer was evaluated and found to be similar to open
colon resections, while it still had the short term benefits
of laparoscopy[4-9]. The COST study group has randomized 872 patients in 48 institutions to undergo open versus laparoscopic assisted colectomy for colon cancer[4].
These patients were followed for long term (90% for five
years or more)[5]. This study has shown a disease free five
year survival (69.2% for laparoscopy, 68.4% for open surgery), an overall five year survival (76.4% for laparoscopy,
74.6% for open surgery) and a recurrence pattern that
did not differ for the two approaches. Guillou et al[6] have
randomized 794 patients in 27 institutions to undergo
open versus laparoscopic assisted surgery for either colon
or rectal cancer. They did not follow the patients for long
term but they have shown similar short term outcomes
for the colon cancer patients. Later on, the long term
outcomes were published and showed non inferiority of
the laparoscopic approach[7]. They have found no differences between laparoscopically assisted and open surgery
in terms of overall survival, disease-free survival, and local and distant recurrence. Wound/port-site recurrence in
the laparoscopic arm was 2.4%.
It was also found that patients who were operated
laparoscopically had an earlier return of bowel function
than did patients who underwent laparotomy, with most
studies showing approximately a one day reduction in the
duration of ileus[1,4,6,8,9].
Surgery for rectal cancer entails many challenges and
several debates exist regarding the appropriate way to
deal with this disease. Some of these many debates refer
to systemic decision making regarding the treatment of a
patient diagnosed with rectal cancer, like the best means
to achieve preoperative staging, the use of neo-adjuvant
chemoradiation and the appropriate use of local surgical modalities (trans-anal excision, trans-anal endoscopic
microsurgery etc.) for early localized lesions. Other debates relate purely to the technical aspects of the radical
surgery for rectal cancer like the appropriate terms for
sphincter preservation, the best functional reconstruction
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of the rectal reservoir following a restorative proctectomy and the choice of surgical approach. These technical
debates evolved due to several technical challenges posed
by rectal and pelvic surgery: The deep and narrow cavity composed of the pelvic bones in which the surgeon
needs to operate; the possible proximity of tumor to the
circumferential resection margin (CRM); the possible
proximity of the distal resection margin (DRM) to the
sphincter complex; the absence of the rectal reservoir
hence the need to reconstruct it after resection and more.
This article is aimed at reviewing the current knowledge about the use of the laparoscopic approach for rectal
cancer. Herein we describe our technique for laparoscopic
proctectomy and review the current literature dealing with
both short and long term outcomes and the oncologic
safety of laparoscopic rectal cancer surgery. We also briefly discuss the evolving issues of robotic assisted rectal
cancer surgery and the current innovations and trends in
the minimally invasive approach to rectal cancer.

TECHNIQUE
As in any other surgical operation, there are many various
possible techniques to perform a laparoscopic assisted
proctectomy. Herein we present the way we perform this
operation, with our personal preferences and tips.
After induction of general endotracheal anesthesia,
the patient is positioned in the supine modified lithotomy
position. Insertion of bilateral ureteric catheters via cystoscopy is an option to enhance ureteral visualization and
identification at the time of surgery, and is done at this
stage if at all. The abdomen and pelvis, and perineum
are prepped and draped in a sterile manner. Using the
Hasson technique, a 10 mm cannula is placed through
a vertical infraumbilical incision, and 15 mmHg pneumoperitoneum is achieved. A 30-degree laparoscope is
introduced and evaluation of the peritoneal cavity takes
place, 2-3 additional 10 mm ports are then placed under direct vision, 1 in the right lower quadrant, 1 in the
right upper quadrant, and a possible additional 1 at the
left lower quadrant (or through the colostomy site in the
case of an abdominoperineal resection) (Figure 1). With
positioning the patient at right side down and alternating
head up and head down, the entire left colon is mobilized
along the line of Toldt up to around the splenic flexure.
The transverse colon is freed from the gastrocolic ligament and full mobilization of the splenic flexure and of
the left mesocolon takes place. The left ureter is identified
throughout this process and is reflected out of harm’s way.
The inferior mesenteric artery is then divided at its origin
from the aorta with a bipolar sealing device, followed by
division of the inferior mesenteric vein just lateral to the
duodenum. The base of the left mesocolon is being divided from just distal to the mid colic vessels to the sacral
promontory, while assuring continuity of the marginal
arcade. The pre-sacral space is then entered and a total
mesorectal excision (TME) is undertaken. The dissection
continues to the level of the levator muscles. The laparoscopic approach enables superb view at this stage of the
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Sacrum
Levator fascia

Figure 2 View of the pelvic dissection at the time of laparoscopic proctectomy. Total mesorectal excision was carried out to the level of the levator
muscles and the mesorectum is reflected superiorly. This quality of exposure is
rarely seen in open total mesorectal excision.

operation (Figure 2). The remainder of the procedure is
dependent according to whether the tumor is far enough
from the sphincter complex and hence a reconstructive
procedure is feasible, or not.
In case of feasibility of performing a restorative
proctectomy
Under direct manual and visual guidance from both
abdominal and perineal fields, a 60 mm articulating endoscopic linear cutting stapler is placed across the distal
rectum, optimally 2 cm cephalad to the dentate line (if
possible with achieving clear DRM). The stapler is fired
and the rectum is removed from the pelvis. Copious irrigation and verification of meticulous hemostasis in the
pelvis takes place, after which the infra-umbilical incision
is lengthened to 3-4 cm. Through this incision a wound
protector is placed and the entire left colon is withdrawn.
The mesentery is divided with a bipolar sealing device
from the inferior mesenteric artery high ligation to the
sigmoid-descending junction and the bowel is divided
with a GIA stapler. The specimen is removed from the
field. Our common practice is to reconstruct the rectal
reservoir with a colonic J pouch whenever possible. The
pouch is fashioned at this stage at a length of 8 cm with
a linear stapler. A purse-string stitch is placed at the apical enterotomy into which the anvil of a circular stapling
device is secured and the colon is returned into the abdominal cavity. The abdomen is re-insufflated and under
direct manual and visual guidance from both abdominal
and perineal fields, the circular stapling device is carefully
trans-anally introduced until the cartridge rests flushed
with the cross staple line. If the patient is female, great
care is taken at this step to ensure that the vagina is free
of the rectum. The stapling device’s trocar is made to
protrude and the anvil is connected to it with care taken
to maintain appropriate orientation of the colon and its
mesentery. The stapler is then closed, carefully excluding
extraneous structures and especially the vagina and fired.
The stapler is then removed and the presence of circumferentially intact donuts is verified. The pelvis is filled
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with saline and the descending colon gently occluded.
Flexible sigmoidoscopy is performed to assure a patent,
intact, hemostatic and airtight anastomosis. The pelvis
is irrigated once more, hemostasis is verified and a drain
placed through a stab wound in the left lower quadrant.
We routinely create a diverting loop ileostomy following a
restorative proctectomy, 40-60 cm cephalad to the ileocecal valve. The loop of ileum is delivered through a stoma
site created in a standard fashion through the right rectus
muscle in a tension-free manner; a rod is placed under
the mesenteric margin and sutured in place. The fascial
and skin incisions are then closed and the stoma’s afferent limb is matured everted and the efferent limb sutured
flush to the skin.
In case that an abdominoperineal resection
Needs to be done, following the total mesorectal excision
to the level of the levator muscles the surgery continues
with the next steps:
The left colon mesentery is divided laparoscopically
with the bipolar sealing device from the inferior mesenteric artery high ligation to the sigmoid-descending junction and the bowel is divided with a 60 mm endoscopic
linear cutting stapler.
From the perineal aspect, a wide cylindrical abdominoperineal excision is undertaken. After the perineal
proctectomy is completed the specimen is removed from
the perineal incision, which is then irrigated, hemostasis
verified and the incision closed in layers including closure
of the skin. The abdomen is re-insufflated, the pelvic
hemostasis is verified and a drain placed through a stab
wound. The left-sided colostomy site is developed as a
stoma around the port and the descending colon gently
delivered through the stoma site such that it rests above
skin in a tension-free manner. The abdomen is desufflated, fascial and skin incisions are closed and the stoma
matured everted.
Different nuances in the technique of laparoscopic
proctetomy have been described by different authors.
One example is a single stapled technique for low anterior resection, in which an intracorporeal purse-string
suture is placed on the distal rectum and the specimen is
extracted trans-anally[10].

SHORT TERM OUTCOMES
As mentioned above, many studies over the past two
decades have shown better immediate postoperative outcomes of laparoscopy than of laparotomy. The benefits
of laparoscopy have been proven for other abdominal
surgeries including for colon resections[1,4,6,8,9]. Nevertheless, the question of whether there is benefit in laparoscopy specifically for rectal cancer surgery is not that
straight forward. That is due to the increased technical
complexity of these operations, that raises the question how much of the expected postoperative morbidity
would be due to the abdominal wall incision per say, and
how much would be secondary to stages in the operation
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Figure 3 Cosmetic outcome after a laparoscopic assisted low anterior
resection with a diverting loop ileostomy for rectal cancer, followed by a
takedown of ileostomy. The specimen was extracted through a periumbilical
incision which, especially in thin persons, can be very limited.

Figure 4 Laparoscopic assisted low anterior resection can be safely performed in morbid obese patients. This is a 49 year old gentleman with a body
mass index of 41 kg/m2. The picture was taken at the same hospital stay in which
the patient underwent surgery.

that are being done regardless of the surgical approach,
for example the pelvic dissection.
The short term outcomes after performing laparoscopic proctectomy using the technique described above
at the authors’ institution have previously been published[11]. The results showed a mean operative time of
245 min, a mean hospital stay of 7 d and a significantly
lower rate of 30 d postoperative morbidity compared to
open surgery, as well as a high patient satisfaction from
the cosmetic outcome (Figures 3 and 4).
van der Pas et al[12] have prospectively randomized
1103 patients with rectal cancer to undergo either a laparoscopic or open surgery, of which 1044 were eligible for
analysis. Patients in the laparoscopic group suffered less
blood loss than did those in the open group (200 mL vs
400 mL, P < 0.0001). In the laparoscopic group, bowel
function returned earlier than in the open group (2 d vs 3
d, P < 0.0001) and the hospital stay was shorter (8 d vs 9
d, P = 0.036). Laparoscopic procedures took longer (240
min vs 188 min, P < 0.0001). The 28 d morbidity and
mortality did not differ in between the two groups.
Boutros et al[11] in a study from our institution retrospectively reviewed and compared 234 patients who underwent
either an open or a laparoscopic TME for rectal cancer
over a period of 57 mo. This study has shown that while
laparoscopy was associated with longer operative time (245
min vs 213 min, P = 0.002), it was also associated with less
blood loss (284 mL vs 388 mL, P = 0.01), shorter hospital
stay (7 d vs 8 d, P = 0.05) and lower rates of 30 d postoperative general morbidity (25% vs 43%, P = 0.04) and specifically surgical site infections (9% vs 20%, P = 0.04).
Lee et al[13] have conducted a retrospective study of
160 patients who underwent either laparoscopic or open
surgery for stage I rectal cancer. Overall morbidity and
mortality did not differ in between the groups. Operating
time was longer (221 min vs 184 min, P = 0.008) for the
laparoscopic group, but blood loss (150 mL vs 200 mL, P
= 0.03), time to first bowel movement (2.44 d vs 3.54 d, P
< 0.001), rate of superficial surgical-site infection (0% vs
7.5%, P = 0.03) and postoperative hospital stay (8 d vs 11
d, P < 0.001) were all improved in the laparoscopic group
compared to the open group.

Arezzo et al[14] conducted a meta-analysis of prospective trials comparing open and laparoscopic rectal resection for cancer. They included 23 studies, 8 of which were
randomized, representing 4539 patients. They observed
a mortality incidence of 1.0% in the laparoscopic group
compared to 2.4% in the open group (P = 0.048) and an
overall morbidity rate of 31.8% in the laparoscopic group
compared to 35.4% in the open group (P < 0.001).
A specific aspect of the short term outcomes of
rectal cancer surgery is sexual and urinary dysfunction,
which is an established risk after pelvic surgery, due to
the proximity of the autonomic nerves innervating the
urogenital system to the surgical field. McGlone et al[15]
have analyzed the impact of the surgical approach (open
vs laparoscopic) used in patients undergoing rectal cancer
resection on functional urogenital outcomes. They used
questionnaires which were sent to surviving patients to
assess their postoperative sexual and urinary functions.
They compared 78 patients who undergone laparoscopic
rectal resection (49 men and 29 women) to 65 who had
an open resection (41 men and 24 women). They have
found that both groups were associated with deterioration in urinary and sexual function. While there was no
difference in the deterioration of urinary function in
between the groups in either gender, the deterioration in
sexual function in the laparoscopic group was not as bad
with significantly higher incidence of successful penetration in men and significantly better outcomes in all aspects of sexual activity in women.
The above mentioned are the most recent publications dealing with the short term outcomes of laparoscopic rectal cancer resection, but are definitely not the
only ones. Other studies as well have evaluated the short
term outcomes of laparoscopy versus open surgery for
rectal cancer and have shown superiority of the laparoscopic approach[16-24].
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QUALITY OF THE SPECIMEN IN
LAPAROSCOPIC RECTAL SURGERY
During the past 10 years, many studies have been pub-
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Figure 5 Specimen resected in a laparoscopic proctectomy. Notice the high
ligation of the inferior mesenteric artery and the shiny surface of the mesorectum, which reflects its intactness. The laparoscopic approach facilitates visualization and hence precise dissection and achievement of an intact mesorectum.

lished that evaluate the quality of the pathological specimen achieved in laparoscopic rectal cancer surgery, and
compare it to the quality of the specimen achieved in
open rectal cancer surgery. The quality of the specimen
can be measured by several factors. First of all, the completeness of tumor resection with no involved specimen margin with the tumor is essential. It has become a
standard for pathologists to describe the distance of the
tumor from both the DRM and CRM as a factor to evaluate the completeness of resection. Distances of the tumor from the DRM of at least 1 cm and from the CRM
of at least 1 mm have been shown to provide acceptable oncologic outcome and are considered nowadays a
standard of care[25]. Another way to evaluate the completeness of resection according to the anatomic CRM
(which is the mesorectal fascia in TME) is a descriptive
measure of whether the TME is complete or not (Figure
5)[26-27]. In addition, the completeness of resection could
be evaluated indirectly by the number of lymph nodes
in the specimen. Lymph node status is considered to be
the strongest pathologic predictor of patient outcome[28].
The standard of care is for at least 12 lymph nodes to
be present at the specimen. This is due to the to the
National Cancer Institute’s recommendation that a minimum of 12 lymph nodes negative for disease must be
examined to confirm that the disease does not involve
the nodes[29].
Sara et al[30] have published in 2010 a retrospective
case matched study of 200 patients undergoing either
laparoscopic or open surgery for rectal cancer. They have
found non significant differences in CRM positivity (4%
laparoscopic vs 9% open) and mean number of lymph
nodes harvested (13.76 laparoscopic vs 12.74 open).
More recently, Boutros et al[11] have shown no differences in between laparoscopic and open TME groups
in CRM, proportion of DRM < l cm and completeness
of TME, while the laparoscopic group had significantly
more lymph nodes (26 vs 21, P = 0.02) in the specimen
than did the open group. van der Pas et al[12] have shown
no difference in specimen quality between open and laparoscopic resection of rectal cancer groups. In their study
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both macroscopic completeness of the resection did not
differ in between the groups. Microscopically as well, the
results were similar with a CRM of less than 2 mm in
10% of patients in each group (P = 0.85) and a median
distance from tumor to DRM of 3 cm in both groups (P
= 0.676).
Lujan et al[31] in a recently published prospective non
randomized multicenter study of 4405 patients, also reported superior results of the laparoscopic approach in
both macroscopically and microscopically results.
Penninckx et al[32] reviewed retrospectively 2660 patients in 82 hospitals who underwent either an open or
a laparosopic TME for a mid to low rectal cancer over a
period of 6 years. They have shown equivalent rates of
incomplete TME, CRM positivity and lymph node yield
between the two groups. They have also shown a lower
morbidity and a shorter length of stay in the laparoscopic
group.
These and many other studies suggest that there is no
difference between the laparoscopic and open approaches concerning the specimen’s DRM, CRM positivity or
number of harvested lymph nodes. These data hence
suggest that laparoscopic rectal resection is not only technically feasible but also seems to be oncologically safe.

ONCOLOGIC OUTCOME
As important as the short term outcomes and the quality
of the specimen might be, one must always consider the
long term oncologic outcome as a factor of utmost importance whenever dealing with cancer surgery. The same
concerns of long term outcome, especially wound or
port site recurrence that originally existed for the safety
of laparoscopy in colon cancer still exist regarding rectal
cancer.
Morino et al[33] in 2005 have conducted an analysis of
191 consecutive patients who underwent either a laparoscopic (n = 98) or open (n = 93) surgery for rectal cancer.
They have shown equivalent 5 year overall survival (OS)
and disease free survival (DFS) (80.0% and 65.4% in
the laparoscopic group vs 68.9% and 58.9% in the open
group, not significant) but a significantly lower local recurrence rate in the laparoscopic group (3.2% vs 12.6%, P
< 0.05) than in the open group.
Green et al[34] have recently reported the long term
outcome of the patients that were originally included in
the classic trial. The classic trial was a randomized study
for patients with colorectal cancer to undergo either a
laparoscopic or an open surgery[6]. In a subgroup analysis of the patients with rectal cancer, no difference was
found in median OS and DFS in between the open and
laparoscopic groups. A higher rate of distant recurrence
was found in rectal cancer patient than in colon cancer
patients, but no difference was found in between the
open and laparoscopic surgery for rectal cancer.
Lee et al[13] have recently shown no difference in 5
year OS (98.6% vs 97.1%, P = 0.41) or DFS (98.2% vs
96.4%, P = 0.30) between open and laparoscopic resec-
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tion of stage Ⅰ rectal cancer in a retrospective study on
160 patients.
Another study from Finland compared the 5 year
DFS as well as 5 year local recurrence rate in matched
groups of rectal 191 cancer patients, and found that there
was no difference in these parameters between laparoscopic or open resection[35]. Laurent et al[36] from France
have recently retrospectively compared laparoscopy vs
open surgery for low rectal cancer that requires intersphincteric resection. They included 110 patients who
had laparoscopic surgery and 65 who had open surgery.
There found no difference in 5 year local recurrence (5%
vs 2%, P = 0.349) and 5 year DFS (70% vs 71%, P = 0.862).
Interestingly unlike many other studies this one has
found short term morbidity to be similar in both groups.
Another study which specifically looked at intermediate
term (mean 34 mo follow up) results of intersphincteric
resections for low rectal cancers concluded safety and adequacy of the laparoscopic approach[19]. The local recurrence rates were similar in the 2 groups (laparoscopy 2.6%
vs open 7.7%, P = 0.18) and 3 year DFS for all stages was
82.1% in the laparoscopic group and 77.0% in the open
group (P = 0.52).
Other retrospective studies have shown laparoscopy to
have equal intermediate and long term oncologic outcomes
to open surgery in the treatment of rectal cancer[21-22,37-39].
To date, no long term oncologic results of a randomized study that compares laparoscopic vs open resection
for advanced stage rectal cancer have been published.
Some data from prospective randomized trials for low
stage cancer or as subgroups of colorectal cancer do exist, as mentioned above, but specific wide scale data are
yet to be published. These would include the long term
results of the COLOR Ⅱ trial[12]. Another study that is
still active is the ACOSOG z6051[40]. This is a multicenter
randomized phase Ⅲ trial comparing laparoscopic to
open resection of stage ⅡA, ⅢA, or ⅢB rectal cancer.
Within the next few years, data will be available from
both these studies that will shed light on the true long
term oncologic outcome of laparoscopic rectal cancer
resection.

ROBOTIC ASSISTED SURGERY FOR
RECTAL CANCER
Robotic assisted surgery has several presumed advantages: The robotic platform has the ability to downscale
the surgeon’s movements, to overcome the physiologic
tremor and to supply with a 3D visualization. On the
other hand, there is loss of tactile feedback and it requires a learning curve, hence the question rises whether
there is any advantage for the patient in using it. Due
to the technical complexity of the surgical treatment of
rectal cancer, an assumption exists that with robotic assistance improved technical success, and with it, improved
outcome, should be anticipated. The question persists
whether robotic assisted laparoscopic proctectomy indeed
bares any advantages over laparoscopic proctectomy in
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any of the above mentioned aspects of improved short
term recovery, improved specimen quality or improved
oncologic outcome. The question of long term oncologic
outcomes remains to be answered, since the experience
with robotic assisted surgery has not reached long term
yet. Never the less, up to date, many studies have been
published comparing the short term outcome of robotic
assisted vs laparoscopic surgery for rectal cancer.
A recently published systematic review of the literature on the topics of robotic assisted surgery and laparoscopic surgery for rectal cancer concluded that robotic
assisted surgery was associated with increased cost and
operating time, but lower conversion rates regardless of
the surgeon’s experience[41]. The authors also mentioned a
non-significant marginally better outcome in anastomotic
leak rates, CRM positivity and perseveration of autonomic function.
Kang et al[24] conducted a case matched retrospective
study, comparing robotic assisted, laparoscopic and open
surgery for rectal cancer with 165 patients in each arm.
They have found better outcome of the robotic group
in the time to resume solid diet and in the length of stay
compared to the laparoscopic group, with both these
groups having improved outcome compared to open
surgery. The robotic group also had improved postoperative pain scores, less voiding problems and less CRM
involvement. No significant difference in 2 year DFS was
observed among the 3 groups.
Yang et al[42] in a recently published meta-analysis of
studies comparing robotic assisted surgery to conventional laparoscopic surgery in colorectal diseases, included 7
studies dealing with rectal cancer only and performed a
separate analysis for these studies. They have concluded
that robotic assisted surgery was associated with less
blood loss (P < 0.001) and a lower conversion rate (P <
0.001) than conventional laparoscopy.
Kim et al[43] have prospectively compared the urogenital function of 39 patients who underwent laparoscopic
TME to 30 patients who underwent robotic assisted TME.
They used uroflowmetric studies and questionnaires preoperatively and then at 1, 3, 6 and 12 mo postoperatively
to prospectively evaluate the urogenital function. They
have found that the urogenital function of all the patients
deteriorated after surgery, as expected. The function of
the patients in the robotic assisted group recovered faster
than the patients in the laparoscopic group, but eventually
both groups achieved the same improvement.
In contrast to the above mentioned studies supporting the robotic assistance, and concluding that the robotic
assisted approach does have some potential benefits, several studies in the few recent years have shown no benefit
in the robotic assisted approach.
Baek et al[44] have published a case matched study of
82 patients undergoing either a robotic assisted or laparoscopic TME. No statistically significant differences were
found in DRM, CRM, lymph node harvest or postoperative course or complication rate.
Kwak et al[45] have also conducted a case matched
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study with 59 patients in each group of robotic assisted
and laparoscopic rectal cancer resection. They found
no differences between the groups by means of DRM,
CRM, number of lymph nodes harvested or postoperative morbidity or mortality. Operating time was longer
in the robotic group than in the laparoscopic group (270
min vs 228 min, P < 0.0001).
Park et al[23] included 263 consecutive patients who
underwent curative surgery for rectal cancer in a retrospective study. The patients were classified into an open
surgery group (n= 88), a laparoscopic surgery group (n
= 123), and a robotic assisted group (n = 52). Mean operating time was significantly longer for the laparoscopic
group than for the robotic and open groups (158 min of
laparoscopic, 232 min of robotic and 233 min of open, P
< 0.001). Patients from both the laparoscopic and robotic
groups recovered significantly faster than did those from
the open group (P < 0.05) but there was no difference
between the laparoscopic group and robotic group. The
specimen quality (DRM, CRM and lymph nodes) and the
postoperative morbidity did not differ among the three
groups.
Park et al[46] retrospectively compared 40 patients with
distal rectal cancer who underwent a robotic assisted
intersphincteric resection to 40 patients who underwent
laparoscopic intersphincteric resection. The mean operative time was significantly longer in the robotic group
than in the laparoscopic group and no difference was
observed in the postoperative morbidity and pathological
outcomes between the groups.
Baek et al[47] have focused on analyzing the costs of
robotic assisted surgery compared to conventional laparoscopy. They retrospectively analyzed 154 robotic assisted surgeries and compared them to 150 laparoscopic
surgeries for rectal cancer. They have found that while
postoperative course and complications were similar, for
the robotic assisted cases operative time was significantly
longer (285 min vs 219 min, P = 0.018) and costs were
significantly higher ($14647 vs $9978, P = 0.001).
To conclude, the data to date regarding the use of robotic assisted surgery for rectal cancer show feasibility of
this approach, but disagreement exists regarding the true
benefits of its use. Until prospective randomized studies
evaluating both short term recovery and long term oncologic outcome will take place, there will be no definite
answer to this disagreement. Never the less, all the studies which looked at costs agreed upon the increased cost
of the use of the robot. Hence, the use of the robotic
assisted approach should be considered in a cost-benefit
perspective.

FUTURE DIRECTIONS
Given the growing body of evidence regarding the safety
and feasibility of laparoscopy for rectal cancer, other
minimally invasive approaches to the radical resection of
rectal cancer have recently been described.
Single port laparoscopy is an approach that has been
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shown to be feasible for other laparoscopic procedures
and in some centers has become routinely used for simpler procedures than rectal cancer resection. Recently
single-port laparoscopic surgery has been described in
case reports and short series as a feasible approach to
TME as well, with good short term outcomes and acceptable quality specimen in selected patients with rectal
cancer[48,49]. Never the less, there are no reports of large
series or of long term outcomes for this approach yet.
The growing evidence of the feasibility and safety
of the laparoscopic approach to rectal cancer on one
hand, with the growing experience of local excision of
early rectal tumors via transanal endoscopic microsurgery
(TEM) on the other hand, have led to the development
of a hybrid technique. In 2010 Sylla et al[50] have described
a porcine survival study evaluating TEM rectosigmoid
resection with or without trans-gastric natural orifice
transluminal endoscopic surgery (NOTES) assistance.
They had no mortalities and concluded that NOTES for
rectosigmoid resection using TEM is feasible and associated with low morbidity in a porcine survival model. The
same group has published their experience in a series of
32 human cadavers with or without laparoscopic assistance[51]. They achieved a 100% rate of intact TME using
this approach, but had 9 events of bowel perforation.
Soon after, reports of the transanal approach for the performance of TME in human patients have emerged[52].
Recently, de Lacy et al[53] have published their experience
with 20 selected patients with rectal cancer who underwent minilaparoscopy-assisted NOTES TME. They had
no conversions and achieved complete TME in all cases.
Pathologic analysis revealed negative distal and circumferential margins in all specimens and an average of 15.9
retrieved lymph nodes.
In summary, during the last few years, reports have
emerged on newly designed minimally invasive approaches to the radical resection of rectal cancer. Some reports
have shown feasibility of these approaches but no data
exist regarding its wide application in non-selected patients. Even though recent studies have shown them to
meets the oncologic requirements for high-quality rectal
cancer surgery, no data exist regarding the long term oncologic safety of these approaches. Even if single port
laparoscopy and NOTES will prove to be feasible and
safe in both perspectives of short term outcomes and
long term oncologic safety, the question remains what
benefit they offer to patients over a standard laparoscopic
approach. Therefore, it is the authors’ opinion that these
approaches should be used in the context of clinical trials
until there will be evidence for their safety, feasibility and
at least non-inferiority related to the standard laparoscopic approach.

CONCLUSION
Surgery for rectal cancer in complex and entails many
challenges. While the laparoscopic approach in general
and specifically to colon cancer has been proven long ago

15131

November 7, 2014|Volume 20|Issue 41|

Shussman N et al . Laparoscopy for rectal cancer

to have short term benefits and to be oncologically safe,
it is still a debatable topic when dealing with rectal cancer.
The attempt to benefit rectal cancer patients with the
known advantages of the laparoscopic approach while
not compromising their oncologic outcome has led to the
conduction of many studies during the past decade.
Many studies have evaluated the short term outcomes
of laparoscopy vs open surgery for rectal cancer and have
shown superiority of the laparoscopic approach. Many
of the same and other studies suggest that there is no difference between the laparoscopic and open approaches
concerning the specimen’s quality. These studies as well
as many retrospective studies that evaluated intermediate
and long term oncologic outcomes suggest that laparoscopic rectal resection is oncologically safe. Never the
less, to date, no long term oncologic results of randomized study that compares laparoscopic vs open resection
for advanced stage rectal cancer have been published.
Some studies are active and when they will be concluded
and published they are expected to shed light on the true
long term oncologic outcome of laparoscopic rectal cancer resection.
Regarding the evolving issues of robotic assisted surgery and innovative minimally invasive approaches for
rectal cancer surgery, they are yet to prove to have any
advantages over the standard laparoscopic approach.
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Abstract
The history of bariatric surgery is investigational. Dedicated surgeons have continuously sought for an ideal
procedure to relieve morbidly obese patients from their
burden of comorbid conditions, reduced life expectancy
and low quality of life. The ideal procedure must have
low complication risk, both in short- and long term,
as well as minimal impact on daily life. The revolution
of laparoscopic techniques in bariatric surgery is described in this summary. Advances in minimal invasive
techniques have contributed to reduced operative time,
length of stay, and complications. The development
in bariatric surgery has been exceptional, resulting in
a dramatic increase of the number of procedures performed world wide during the last decades. Although,
a complex bariatric procedure can be performed with
operative mortality no greater than cholecystectomy,
specific procedure-related complications and other
drawbacks must be taken into account. The evolution
st
of laparoscopy will be the legacy of the 21 century
and at present, day-care surgery and further reduction
of the operative trauma is in focus. The impressive effects on comorbid conditions have prompted the adoption of minimal invasive bariatric procedures into the
field of metabolic surgery.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Dedicated surgeons have continuously sought
for an ideal procedure to relieve morbidly obese patients from their burden of comorbid conditions, reduced life expectancy and low quality of life. The ideal
procedure must have low complication risk, both in
short- and long-term. Advances in minimal invasive
techniques have contributed to reduced operative time,
length of stay, and complications. The development in
bariatric surgery has been exceptional. The evolution
st
of laparoscopy will be the legacy of the 21 century
and at present, day-care surgery and further reduction
of the operative trauma is in focus.
Sundbom M. Laparoscopic revolution in bariatric surgery. World
J Gastroenterol 2014; 20(41): 15135-15143 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i41/15135.htm
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INTRODUCTION
Obesity
At present, obesity is spreading like an epidemic. The
continuous improvements in public health we have been
accustomed to have come to a halt, impeded by obesity.
For the first time, the life span of the next generation
is predicted to be shorter than their parents. Morbidly
obese patients (body mass index, BMI > 40 kg/m2) are
disadvantaged in our society. Not only are they afflicted
by conditions associated with morbid obesity, i.e., diabetes, sleep apnoea, and cardiovascular diseases, but also
forced to struggle with some of life’s simple activities,
like sitting comfortably in a chair or walking normal
distances. The world wide dilemma of obesity requires
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multiple actions, but for the already affected, bariatric
surgery has become a valid option.
Surgical treatment of morbid obesity
In general, obese and especially morbidly obese patients
are not well suited for any surgical treatment, but, at
present, bariatric surgery is the only effective weight loss
method for these patients in the long run. However, to
reduce operative risks and to generate the best quality
of life for patients, the chosen surgical strategy has to be
very well selected and performed with high quality. The
evolution of bariatric surgery has been investigational,
and we owe appreciation to many great purveyors. Today, minimal invasive surgery is the first option for both
surgeon and patient; however, the hard-earned fundamentals of open bariatric surgery must be preserved.
Evolution of open bariatric surgery
The surgical treatment of obesity was developed from
observing patients losing weight after gastric or small
bowel resections, and the first operation to treat obesity, an extensive resection of the small bowel, was
performed by Henrikson in 1952. This, evidently totally
irreversible operation, was followed by different types
of bypasses on the small bowel, initially anastomosing the proximal jejunum to the colon, and then to the
distal ileum. The jejuno-ileal bypass (JIB), leaving only
the first 40 cm of the jejunum and the last 10 cm of
the ileum, was developed by Kremen et al[1]. In 1954,
their experience with JIB was submitted as the first paper on bariatric surgery to a peer-reviewed journal. For
decades, a right mid-abdominal transverse incision typically indicated previous JIB surgery in a patient, just as
the other classical scars after appendectomy, cholecystectomy, and caesarean section. Despite efforts to optimize these procedures, they were abandoned because
of intractable side effects, i.e., diarrhoea, dehydration
and hepatic cirrhosis[2].
In the 1970s, focus was switched to the stomach in
achieving reduced intake of food. Ed Mason introduced
his first operation; the vertical banded gastroplasty
(VBG)[3,4], in which a small proximal gastric reservoir
was created. The outlet to the remaining stomach was
reinforced by a band. VGB resulted in about 50% loss
of the patients overweight, unfortunately often in combination with vomiting and acid reflux. In addition,
with time the gastric partitioning opened, allowing the
patients to eat freely, which resulted in weight regain.
Another procedure created by Mason in 1967, the gastric bypass (GBP)[5], was adopted in the beginning of the
1980s. In GBP, the jejunum was connected to a proximal
and horizontally cut stomach pouch, thus reducing intake of food by bypassing the main part of the stomach.
GBP became popular in early weight loss surgery in the
United States owing to limited side effects and impressive weight loss. It is, however, important to remember
that, at this time, all bariatric procedures were technically
demanding to perform and the perioperative risks were
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high for the patients. Many personal alterations were
made to overcome operative difficulties or other drawbacks, sometimes evident first several years after surgery.
The concept of malabsorption was refined by Scopinaro in 1972, developing the bileo-pancreatic diversion
(BPD)[6], consisting of a horizontal gastric resection, to
reduce food intake, and a shortening of the common part
of small bowel, to produce malabsorption of ingested
nutrients. The BPD came to make a large and long contribution in bariatric surgery. In a similar procedure, the
duodenal switch (DS), described by Hess et al[7], Lagacé et
al[8] and Marceau et al[9] in 1980s, food intake was restricted
by vertical sleeve gastrectomy along the lesser curvature.
After passing the pylorus, ingested food passed directly
into the distal ileum, thus reducing uptake of fat. DS is
known to have a lower frequency of anastomotic ulcers
and dumping. Both these malabsorptive procedures result
in massive and sustained weight loss, even in patients with
less dietary compliance, but require life-long follow up to
monitor nutritional deficiencies. In addition, some patients
suffer from diarrhoea and foul gases.
For many years, weight loss surgery was unpopular
with many physicians due to the side effects seen after
JIB/intestinal bypasses and the high operative mortality.
Three major events changed this view. First, in 1992, the
National Institutes of Health (NIH) held a consensus
conference, where medical experts concluded that two
procedures were safe and effective in treating morbid
obesity, VBG and GBP. Criteria were set to qualify for
bariatric surgery, in short, being 100 pounds overweight
or having a BMI above of 40 or > 35 in combination
with comorbidities, with a long history of failed weight
loss[10]. This convinced an increasing number of physicians to recommend surgery for their patients suffering
from obesity. Second, further acceptance was gained
when Walter Pories in 1995[11] could demonstrate the
high and durable effect on diabetes mellitus, in his
landmark paper, “Who Would Have Thought It? An
Operation Proves to be the Most Effective Treatment
for Adult-onset Diabetes Mellitus”. The many following
studies from the Swedish Obese Subjects (SOS) study
have verified and enhanced the impressive effect on comorbid conditions. Third, the development of improved
operative instruments, facilitating surgery in this difficult
group of patients, reduced postoperative complications.
Bariatric surgery was associated with long postoperative
stay and rather high mortality, when performed with
standard instruments for general surgery, requiring large
incisions and long operative time. The surgical instruments routinely used today, e.g., cutting linear staplers,
energy devices, and other specially designed tools, were
not available.
The laparoscopic revolution
In 1994, Wittgrove et al[12] pioneered by performing the
first laparoscopic GBP, after developing the technique
in the laboratory. With a six-trocar technique they were
able to create a 21-mm circular stapled gastrojejunos-
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tomy to a 75-cm retrocolic retrogastric Roux limb. The
anvil of the circular stapler was passed transorally, using
a proprietary technique. The initial results were excellent, and the authors later reported on 500 patients who
maintained 73% excess body weight loss at 54 mo[13].
The leakage rate was low, 2.2%, and comparable to
the open procedure at that time. The overall complication rate was less than 10%, which indicated that the
laparoscopic approach was indeed feasible and safe. In
Sweden, another pioneer, Lönroth, used manual suture
technique to connect an antecolic jejunal loop to the
proximal pouch in a small series of six patients[14]. In
2003, the Gothenburg group could report comparable
long-term weight loss in the first 76 consecutive laparoscopic GBP-patients to open procedures [15]. Other
authors have followed with large series of laparoscopic
gastric bypass procedures with excellent results. In a
well-known series of 400 patients, Higa et al[16] reported
very low complication rates, and no leakages at the gastrojejunal anastomosis. They could also demonstrate
maintained excess weight loss at 3 years after laparoscopy in one if the largest series at that time[17]. To shorten
the learning curve, hand-assisted laparoscopy, allowing
the surgeon to have a helping hand in the abdomen,
was used in some centres, but neither costs, nor length
of stay was favourable to total laparoscopy[18,19].
In the modern version, Roux-en-Y Gastric Bypass, a
divided jejunal loop (Roux-limb) is connected to a gastric pouch, based on the lesser curvature. A small gastric
pouch is believed to facilitate long-term weight-loss and
reduce the frequency of anastomotic ulcers in the acidvulnerable jejunal mucosa. The gastrojejunostomy, the
most critical part of the procedure, has been performed
by different techniques, circular and linear stapler, and a
totally hand-sewn, all having their specific pro and cons.
In short, a more manual technique, gives the surgeon
improved control, but at the price of increased technical
demand and operative time. Systematic reviews have concluded that linear stapling for the gastrojejunostomy will
reduce the frequency of strictures, surgical wound infections and operative time[20]. The placement of the Roux
limb, antecolic antegastric, retrocolic antegastric, or retrocolic retrogastric, is determined by the surgeon’s preference. Laparoscopic gastric bypass was soon proved to be
feasible and safe in the surgical treatment of morbidly
obese patients, and often referred to as “gold standard”
in bariatric surgery.
Parallel to this, the laparoscopic approach was also
adopted for VBG with early publications from Italy,
United States and Sweden[21-23]. Lönroth et al[22] reported
that in 38 laparoscopically operated patients, the postoperative course was characterised by less postoperative
pain, earlier mobilization, and an improved respiratory
function compared to patients operated on with an open
VBG. A shorter and less cumbersome postoperative
period was soon noted[22-24], as well as similar weight loss
compared to conventionally operated patients.
In early studies by Fried et al[25,26], laparoscopic placement
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of fixed gastric bands resulted in less wound-associated
complications and incisional hernias than an open surgery. The frequent problem with intraoperative calibration of the fixed bands[27], was solved with a brand new
product, designed specifically to be inserted by minimal invasive techniques, the Adjustable Gastric Band
(AGB). Pioneering work on the laparoscopic adjustable gastric band was performed in Italy, Belgium and
Sweden[28-32]. In clinical practice, laparoscopic adjustable
gastric banding boomed during the coming decade.
However, in retrospect, reports on technical problems
with slippage and pouch dilatation as well as reflux
problems and disappointing long-term results[33] were
soon published. The reoperation rate was later found
to be high, 40%-50%[34,35] and the weight result rather
poor, 30%-50% excess weight loss. In Europe, the heyday came to a stop, and laparoscopic adjustable gastric
banding was abandoned in many countries, e.g., France
from 84% to 25% in 2005-2011[36]. In 2001, laparoscopic
adjustable gastric banding had a revival in the US, when
approved by the Food and Drug Administration (FDA).
Banding quickly took almost half the market in the
former GBP-dominated country. The comeback was
relatively short as similar results to the European were
presented in the US, inferior weight loss and more longterm complications[37,38] compared to the American gold
standard, laparoscopic gastric bypass.
In 1998, Ren et al [39] published the first series of
laparoscopic duodenal switch, a technically demanding
procedure reserved for laparoscopic experts. In 2003,
the possibility of a two-stage procedure in super-super
obese patients was suggested to overcome technical difficulties[40]. The idea was to first transform the stomach
into a gastric sleeve, creating a 40-50 kg weight-loss, thus
facilitating the later division of the duodenum and anastomosis to the ileum. However, many patients did not
return for the planned second stage, satisfied by their
initial weight loss, and a new stand alone procedure was
born, the laparoscopic Sleeve Gastrectomy (SG). In SG,
the risk for nutritional deficiencies is reduced, as patients
have an intact gastrointestinal tract, except for the reduced gastric volume. The number of laparoscopic SGs
have increased dramatically in the US, replacing AGB,
even though some technical details under discussion, for
example in reducing the frequency of postoperative reflux (Figure 1).
Success of laparoscopic bariatric surgery
The first years of this millennium were characterized by
large and refreshing publicity on bariatric surgery in both
medical and lay literature. In the end of the 1990s, several celebrities, having had laparoscopic bariatric surgery,
spoke out in media and across the internet. This was in
great contrast to what the pioneers had endured in prior
years. Suddenly, the laparoscopic approach was accepted
by the public and the number of bariatric procedures
rocketed. In the US, the percentage of laparoscopicGBP increased from 1.5% to 17.1% between 1998 and
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Procedure and working mechanism

First report

Laparoscopic pioneers

Jejuno-ileal bypass, JIB
Reduced length of small bowel

1954, Kremen

-

Vertical banded gastroplasty, VBG
Narrow passage into the stomach

1970, Mason

Catona, Chua, Morino, Lönroth

Gastric bypass, GBP
Stomach excluded

1967, Mason

Higa, Schauer, Wittgrove, Lönroth

Bileo-pancreatic diversion, BPD
Reduced gastric volume and small bowel length

1972, Scopinaro

Scopinaro, Paiva

Duodenal switch, DS
Reduced gastric volume and small bowel length

1984, Marceau
1988, Hess

Gagner

Adjustable gastric banding, AGB
Reduced passage into the stomach

1994, start of pioneering
laparoscopic work

Morino, Belachew, Favretti, Forsell
Catona

Figure 1 Landmarks for important bariatric procedures, jejuno-ileal bypass, vertical banded gastroplasty, gastric bypass, bileo-pancreatic diversion, duodenal switch, and adjustable gastric banding, including schematic drawings.
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Proportion of laparoscopy
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Figure 2 Proportion of bariatric surgery that was performed with laparoscopic approach world wide. In 2003-2008, a concurrent increase from 146000 to
340000 annual procedures was seen.
GBP
ABG
Sleeve
100%
90%
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Figure 3 Proportion of the three major bariatric procedures, gastric
bypass, adjustable gastric banding, and sleeve gastrectomy, performed
world wide 2003-2011. Major part, but not all are performed with laparoscopic
technique. Data are adopted from Buchwald et al[42,43,47].

2003[41]. In consecutive reviews, Buchwald et al[42,43] have
been able to present unique world-wide data on all bariatric surgery performed in the individual nations belonging to the International Federation for the Surgery
of Obesity, IFSO. The proportion of laparoscopic bariatric surgery rose from 63% in 2002-2003 to over 90%
in 2008, as demonstrated in Figure 2. From nearly nothing to 90% in a decade, a truly remarkable result. Compared to other abdominal procedures, the laparoscopic
technique was estimated to have surpassed open surgery
for cholecystectomy in 1992, reflux surgery in 1996 and
bariatric surgery in 2005, followed by appendectomy in
2006 and colectomy in 2009[44] (Table 1). The progress in
bariatric surgery is impressive as laparoscopy in morbidly
obese patients is technically demanding, and that the
procedures in themselves are more complex, e.g., requiring stapling, handling of the small bowel and construction of anastomoses, compared to the other procedures,
addressing only one organ, in addition often resected. In
spite of the switch to laparoscopy, mortality in bariatric
surgery has remained low or even decreased[45], and is
today similar to cholecystectomy[46]. As a result, laparoscopic surgery is the natural choice for most patients and
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surgeons, regardless of the type of procedure.
As a consequence to the remarkable development in
laparoscopy, the number of bariatric procedures have increased world wide. In the above mentioned reviews by
Buchwald[43], a doubling was seen in the IFSO-nations,
from 146000 to 340000 procedures in 2003-2008. In the
US, a ten-fold increase has been seen, reaching 200000
annual bariatric procedures, mainly performed by laparoscopy. In Europe, around 50-100 bariatric procedures
are presently performed per 100000 inhabitants in many
countries [47]. Worldwide 2003-2011, AGB decreased
sharply with a concomitant increase in SG, from 0% to
25%, with GBP increasing slightly. No other procedure
exceeded 2%-3% (Figure 3). In Europe, AGB had a large
drop and for example in Sweden, laparoscopic GBP
constitutes of 97% of all bariatric surgery in 2013.
Advantages with laparoscopy
In general, the introduction of laparoscopy in bariatric
surgery has reduced wound-related complications and
improved patient recovery[48], identical to most other
procedures such as laparoscopic cholecystectomy and
appendectomy[49]. In addition, laparoscopy reduced the
earlier high frequency of incisional hernias. Mortality was found to be lower for laparoscopic procedures
than for open surgery, 0.16% and 0.41%, respectively[50].
Overall, the reduced perioperative risks and improved
patient recovery after laparoscopy have been well documented and outweigh the potential procedure-related
risks. Super-obese patients (BMI > 50) have, however,
been associated with increased length of stay and 30-d
mortality (0.26% vs 0.07%) after bariatric surgery, compared to morbidly obese, although, the overall complication rates and mortality was low[51]. As the minimal
invasiveness of laparoscopic surgery has made two-stage
procedures possible, super obese patients can be treated
by an initial sleeve gastrectomy, and after 40-50 kg of
weight loss, have the second part of a duodenal switch,
without the surgeon fighting dense adhesions. Postoperative systemic inflammation is lower after laparoscopy
than open surgery, with less increase in total white blood
cell count as well as segmented neutrophil cells and
C-reactive protein (CRP)[52]. The reduced inflammation
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Table 1 Evolution of laparoscopy for common procedures in general surgery

Cholecystectomy
Reflux
Bariatric surgery
Appendectomy
Colectomy

First reported
(yr)

Laparoscopy > open
(yr)

1989
1991
1994
1983
1991

1992
1996
2005
2006
2009

Laparoscopy Conversion to open
77%
84%
94%
80%
52%

15%
3%
1%
2%
14%

Complication

Mortality

Length of stay
(d)

4%
4%
2%
1%
6%

0.3%
0.2%
0.1%
0.0%
0.4%

2
3
2
2
5

For each specific procedure, data on first report, year when laparoscopy surpassed open technique in the United States, and general result are presented.
Data from the University Health System Consortium database, containing > 100000 of the five specific procedures in 2008-2012, and adopted from
Nguyen et al[44].

and minimal invasiveness, makes surgeons more willing
to take the patient back to the operating room and “drop
in a scope”, than to reopen a large abdominal incision to
check for leakage.
In a systematic review of fast-track laparoscopic bariatric surgery, next-day discharge was possible in 81%-100%
after GBP[53]. These promising results led to the possibility of day-care surgery (< 23 h), an impossible idea only
a decade ago. In a systematic search published in 2011[54],
84% of all intended day-care laparoscopic GBP could
return home within 23 h as planned, with only 1.8% of
the patients readmitted. Thanks to its minimal invasive
nature and good results, laparoscopic GBP has also been
used with good results in obese adolescents[55] and older
patients, above 60-70 years[56].
Special demands in laparoscopy
In general, laparoscopy is a high-tech procedure requiring a thin laparoscope, 5-12 mm, with a strong light
source, video processor and high-quality video screens.
To obtain working space in the abdomen; a pressuretriggered gas insufflator with gas-tight trocars, however,
allowing smooth passage of specially designed instruments of different diameters, is needed. Laparoscopic
procedures are technically more demanding for the
surgeon, because of the loss of sensation and high demand of eye-hand coordination for safe use of the intraabdominal instruments. Not only the surgeon, but the
whole team needs to be familiar with the special setting.
In a study by Stepaniak et al[57], working with fixed teams
in laparoscopic bariatric surgery reduced duration of the
procedure, improved teamwork and safety climate.
Laparoscopic surgery has some specific drawbacks.
First, in entering the abdomen, a complete new problem
has evolved, the blind entry of the first trocar. Injuries to the aorta and other intraabdominal organs have
been described, often leading to severe complications,
if not treated correctly[58]. Second, in bariatric surgery,
the enlarged left liver lobe obscures the area around the
gastro oesophageal junction, where the most complicated parts of the procedure is done. The overcome this,
most surgeons pre-treat their patients by a 2-4 wk long
preoperative low calorie diet, as this results in improved
visualisation and reduced operative time[59], mainly by
reducing the intrahepatic fat. Third, the most devastating
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complication is however, incarcerated internal hernias
behind a transposed small bowel loop. When two small
bowel loops are brought together, a defect will occur
between the two mesenteries, and this space will enlarge
during the weight loss. As the formation of adhesions
is reduced compared to open surgery, the small bowel is
more prone to slide into the opening. This will result in
colicky pain, often aggravated after meals, prompting a
CT-scan or diagnostic laparoscopy. If treated early, the
entangled small bowel loops can be retracted and the defect closed, otherwise a massive gangrene can occur due
to ischemia. The later patients suffer the risk of developing a short bowel syndrome, often needing revision of
the bariatric operation to reduce the need for parenteral
nutrition.
We cannot make significant technical changes to wellproved procedures, just to be able to perform them by
laparoscopy. The technical difficulties during the initial
learning curve in laparoscopic surgery led to a number
of malpractice cases and increased attention by press
and plaintiff attorneys, threatening the entire process. In
addition, patients interested in the aesthetic advantages
and enhanced recovery might not see laparoscopy as “a
real operation”. To avoid misunderstandings, surgeons
must take special care in preparing them for the possibility of conversion to open surgery as well as discussing
potential severe short- and long-term complications.
Finally, young surgeons, skilled in laparoscopy, might not
be comfortable in converting a procedure into open surgery, especially in an emergency situation.

FUTURE DEVELOPMENT
Two new techniques, robotic-assisted laparoscopy and
single incision laparoscopic surgery (SILS), is being developed. In robotic-assisted laparoscopy, the assistant
is replaced by a high-technological mechanical device;
otherwise the procedure is performed identically as in
conventional laparoscopy. In two recent reviews[60,61], no
clear reduction in complications or operative time could
be seen. However, the learning curve could be shorter,
possibly because of superior imaging and freedom of
movement compared to traditional laparoscopy. In SILS,
a multi-channel trocar is placed in the umbilical region,
to reduce the number of trocars and improve cosmetics.
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Postoperative use of opiates have shown to be reduced,
however, operative time is, so far, similar or longer to
conventional laparoscopy[62]. Improved trocars, to increase the working space for hands and instruments
around the SILS-device outside of the abdomen, are under development. The latest minimal invasive technique,
natural orifice transluminal endoscopic surgery (NOTES),
in which the abdominal cavity is entered through, for
example, the stomach or vagina, results in total scar-free
surgery. NOTES has been used in appendectomy, but
also in bariatric surgery, e.g., sleeve gastrectomy[63], but is
not ready for routine use.
Furthermore, the remarkable effect on metabolic
diseases, in addition to massive weight loss, will bring the
laparoscopic bariatric procedures into a new era. Early
studies and recent randomised controlled trials by Schauer and Mingrone[64,65] have proven bariatric surgery to be
superior in achieving complete remission of adult-onset
diabetes, even in patients with a BMI of 30-35. This
opens a large new field for surgical treatment for chronic,
metabolic diseases in obese and non-obese patients, by
adopting the minimal-invasive bariatric procedures, thus
going beyond weight loss into metabolic surgery. The
laparoscopic revolution might therefore, not only have
improved quality of life and longevity for obese patients,
but ultimately decrease the cost of health care. Who
could have predicted this development, when the pioneering work was started in the mid of the 20th century?
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CONCLUSION
Bariatric surgery has been investigational. Pioneers have
continuously sought for an ideal procedure in order to
relieve morbidly obese patients from their comorbid
conditions, and to increase life expectancy and quality
of life. The ideal procedure should also have low risk
of complications, both in short- and long term, and
minimal negative impact on daily life. In only a decade,
laparoscopic techniques have revolutionized bariatric
surgery, reducing operative time, length of stay, and risk
for complications, without hampering long-term benefits. The laparoscopic revolution has also resulted in a
vast increase of the number of bariatric procedures performed world-wide. At present, technical improvement
of instruments and techniques for further minimizing
the abdominal entry is in focus. The next revolution,
adopting minimal invasive bariatric procedures as treatment for type 2 diabetes and other metabolic diseases, is
about to start.
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Abstract
Up to 18% of patients submitted to cholecystectomy had
concomitant common bile duct stones. To avoid serious
complications, these stones should be removed. There is
no consensus about the ideal management strategy for
such patients. Traditionally, open surgery was offered but
with the advent of endoscopic retrograde cholangiopancreatography (ERCP) and laparoscopic cholecystectomy
(LC) minimally invasive approach had nearly replaced
laparotomy because of its well-known advantages. Minimally invasive approach could be done in either twosession (preoperative ERCP followed by LC or LC followed
by postoperative ERCP) or single-session (laparoscopic
common bile duct exploration or LC with intraoperative
ERCP). Most recent studies have found that both options
are equivalent regarding safety and efficacy but the singlesession approach is associated with shorter hospital stay,
fewer procedures per patient, and less cost. Consequently,
single-session option should be offered to patients with
cholecysto-choledocholithiaisis provided that local resources and expertise do exist. However, the management
strategy should be tailored according to many variables,
such as available resources, experience, patient characteristics, clinical presentations, and surgical pathology.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Key words: Laparoscopic exploration; Endoscopic retrograde cholangiopancreatography; Common bile duct
stones; Minimally invasive approach; Single-session
Core tip: This paper discusses minimally invasive options for management of patients with concomitant
gallbladder stones and common bile duct stones with
special focus on the technique, benefits, controversial
issues, and difficulties of single session approach. Additionally, we investigate recent comparative studies
between single-session and two-session approach.
ElGeidie AA. Single-session minimally invasive management of common bile duct stones. World J Gastroenterol 2014;
20(41): 15144-15152 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i41/15144.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i41.15144

INTRODUCTION
Between 10% to 18% of people undergoing cholecystectomy for gallstones have common bile duct (CBD)
stones[1,2]. The natural history of CBD stones is not well
known but it was found that up to one third of patients
with CBD stones identified by intraoperative cholangiogram at the time of cholecystectomy pass their stones
spontaneously within 6 wk of surgery[3]. However complications of CBD stones, including pain, partial or complete
biliary obstruction, cholangitis, hepatic abscesses or pancreatitis are unpredictable, well recognized, and often serious. Therefore, it is generally recommended to treat CBD
stones whenever detected even when asymptomatic[1,4].
For many years, open cholecystectomy with CBD exploration was the gold standard to treat both pathologies.
In spite of the fact that open cholecystectomy with CBD
exploration had the lowest incidence of retained stones
there was a considerable morbidity (11%-14%) and even
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LC followed by
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Figure 1 Minimally invasive options for management of cholecysto-choledocholithiasis. LCBDE: Laparoscopic common bile duct exploration; ERCP: Endoscopic retrograde cholangiopancreatography; LC: Laparoscopic cholecystectomy; CBD: Common bile duct.

mortality (0.6%-1%) particularly in elderly patients[5].
In the past few decades two revolutions paved the way
for the introduction of minimally invasive techniques in
management of such patients; these are the development
of endoscopic retrograde cholangiopancreatography
(ERCP) and LC. ERCP has become a widely available
and routine procedure, whilst open cholecystectomy has
largely been replaced by a laparoscopic approach, which
is considered the treatment of choice for gallbladder removal since NIH Consensus on 1993[6].
In modern surgical practice, surgeons have a number
of potentially valid options for managing patients with
cholecysto-choledocholithiasis with no consensus regarding the ideal one. Due to its well know advantages (less
wound complications, less abdominal adhesions, faster recovery with rapid return to work, less postoperative pain
and need for analgesia, less wound complications, and
better cosmetic outcome), minimally invasive approach
had almost replaced open surgery for management of
patients with cholecysto-choledocholithiasis. In general,
minimally invasive approaches to management of preoperatively suspected cholecysto-choledocholithiasis may be
either two-session or single-session (Figure 1).

TWO-SESSION MINIMALLY INVASIVE
MANAGEMENT
Preoperative ERCP followed by LC is the most commonly used treatment policy worldwide[7]. Most studies
have showed that this two-session strategy is efficient and
safe[8-10]. However, this approach has many drawbacks; (1)
high negative results (40%-70%) exposing patients to unnecessary risky endoscopic intervention[11-13]. New imaging techniques such as magnetic resonance cholangiopancreatography (MRCP) and endoscopic ultrasound (EUS)
offer the opportunity to accurately visualize the biliary
system without instrumentation of the ducts increasing
the sensitivity and specificity of preoperative detection
of CBD stones[14,15] but CBD stones may spontaneously
pass before ERCP. Lefemine et al[16] demonstrated that
more than 50% of patients with CBD stones have spontaneous passage of the stones; (2) during LC, 12.9% of
patients who had preoperative endoscopic clearance of
WJG|www.wjgnet.com

CBD still had CBD stones[17]. These stones may be either
retained stones (due to false-negative ERCP or incomplete stone extraction) or new stones (due to passage of
stones from gallbladder into CBD during the interval
before LC); (3) previous ERCP may have adverse effects
on the course of following surgery in the form of more
conversion to open cholecystectomy, longer operating
time, higher morbidity, especially postoperative infection, and longer hospital stay[18-20]; (4) this option needs
two anesthesia and sometimes two hospital admissions,
which definitely increase the hospital stay and cost; and
(5) when there is time delay between preoperative ERCP
and LC, some patients may escape LC being satisfied by
the results of preoperative ERCP[21-23]. In many centers,
LC is scheduled within 6-8 wk after ERCP, for recovering
from acute illness. But it was found that recurrent biliary
events occurred more in delayed group patients than in
early group (36.2% vs 2.1%)[24]. At the same time early
surgery was not found to be associated with increased
risk of conversion and difficulties, or prolonged hospital
stay[25]. Therefore, current evidence tends to support that
early LC (within the same hospital admission) is superior
to the delaying surgery (6-8 wk afterward).
The second minimally invasive option is LC followed
later on by postoperative ERCP. Generally, postoperative
ERCP is not considered as first-line treatment option for
CBD stones. This is because failed postoperative ERCP,
which may occur in 3%-10% of patients depending on
endoscopist experience, means reoperation. Therefore,
it is usually indicated when intraoperative laparoscopic
common bile duct exploration (LCBDE) failed or for accidentally discovered stones during LC with no facilities
for LCBDE or intraoperative ERCP[26,27].

SINGLE-SESSION MINIMALLY INVASIVE
OPTIONS
LCBDE
The logical extension of LC was the introduction of
LCBDE for suspected or proven CBD stones. LC and
exploration of the CBD as a single procedure has proven
to be efficient, safe, cost effective, and well accepted by
patients as the two different pathologic conditions are
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solved in a single surgical procedure[28,29]. LCBDE is associated with successful stone clearance rates ranging from
94% to 98%, a morbidity rate of 8.8%-19% and a mortality rate of 0%[30,31]. Tai et al[32] reported that the clearance
rate was 100%, and no recurrence was discovered during
a mean follow-up period of 16 mo. More importantly,
LCBDE avoids the adverse effects of endoscopic sphincterotomy which may be short-term (pancreatitis, bleeding
and perforation), medium-term (cholangitis and recurrent
stone formation), or long-term (bile duct malignancy).
However, LCBDE is not devoid of drawbacks. It needs
experience and specialized instruments which may not be
widely available. It is also time consuming, particularly for
large or impacted stones and it requires a longer learning
curve because of the skill required for laparoscopic suturing in case of T-tube placement[33].
LCBDE could be performed via either the cystic
duct (transcystic approach) or directly through the CBD
(choledochotomy approach). The transcystic approach
is favored by most biliary surgeons because of its less
invasiveness but laparoscopic choledochotomy is generally indicated in patients with a wide CBD (> 9 mm in diameter) to avoid bile duct stricture[34-36], large (> 10 mm)
stones, or multiple, impacted, and intrahepatic stones[37,38],
and also in cases of unfavorable cystic duct anatomy (e.g.,
too small, tortuous cystic duct, low cystic-CBD junction)
or when the transcystic approach has failed[39,40].
There are two guiding methods for removal of stones
at LCBDE, which are either fluoroscopic or choledochoscopic guidance. Most surgeons prefer the use of flexible
choledochoscopy at LCBDE due to the greatest sense
of safety and accuracy by capturing stones under direct
vision and at the same time avoiding some of the disadvantages encountered with fluoroscopic guidance (radiation exposure, time consumed and the presence of C-arm
which may hamper the movement of instruments). However, flexible choledochoscope, particularly 3-mm one, is
a fragile and delicate instrument that could be broken easily. Moreover, for better use of choledochoscopy simultaneous projection of laparoscopic and choledochoscopic
images is needed. This usually requires a second camera,
a second monitor and a video switcher which definitely
increase the cost. Our search in literature yielded only
one prospective nonrandomized study comparing the use
of flexible choledochoscopy (in 79 patients) and fluoroscopy (in 34 patients) for LCBDE[41]. The success rate and
the reported complication were not significantly different
between the two groups. The only significant difference
was in the surgical time which was shorter for flexible
choledochoscopy group (107.5 min for fluoroscopicallyguided group vs 75 min for the choledochoscopy-guided
group with P value < 0.0001). We conducted a study (not
published yet but under current revision) on 203 patients
with concomitant gallbladder stones and CBD stones.
The guiding technique for CBD stone retrieval was fluoroscopy. Compared to published studies that used choledochoscope at LCBDE[42-45], we found similar success
rate (91.4%), morbidity and mortality, operative time and
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length of hospital stay. The complications rate in our series (4.9%) compare favorably with those reported in the
literature[43,46-48].
Traditionally, the CBD is closed with T-tube drainage
after choledochotomy and removal of CBD stones. This
is because instrumentation of the CBD and maneuvers
for stone extraction may cause edema to the papilla,
leading to an increase in pressure inside the biliary tree.
The advocates of the use of a T-tube argue that it allows
spasm or edema of sphincter to settle after the trauma of
the exploration[49,50]. A T-tube has also provided an easy
percutaneous access for cholangiography and extraction
of retained stones[51]. Despite these potential advantages,
morbidity rates related to T-tube presence have been reported to be at a rate of 4%-16.4% in the laparoscopic
era[44,52]. The T-tube-related complications include accidental T-tube displacement leading to CBD obstruction[53], bile leakage[54], persistent biliary fistulas and excoriation of the skin[55], cholangitis from exogenous sources
through the T-tube, and dehydration and saline depletion[56]. Additionally, CBD stenosis has been reported
as a long-term complication after T-tube removal. After
discharge, indwelling T-tubes become uncomfortable, requiring continuous management, thus restricting patient
activity because of the risk of dislodgement[57]. For the
above-mentioned disadvantages of T-tube use, a second
option for choledochotomy closure, which is primary
closure of choledochotomy with placement of biliary
endoprosthesis, was proposed[58,59]. Biliary endoprosthesis, as with a T-tube, achieves biliary decompression, and
published results have suggested that this leads to lower
morbidity, shorter postoperative hospital stay, less postoperative discomfort, and earlier return to full activities,
compared to T-tube placement[60,61]. Moreover, the presence of the endoprosthesis in the duodenal lumen makes
postoperative ERCP easier, in the presence of residual
CBD stones[40,57]. However, the use of biliary endoprosthesis is not devoid of complications such as duodenal
erosion[62], stent occlusion[63], ampullary stenosis[64], and
distant stent migration, causing intestinal[65] or colonic
perforation[66]. Moreover, removal of biliary endoprosthesis requires second-session endoscopic extraction.
A third option for choledochotomy closure is primary
closure without the use of T-tube or biliary endoprosthesis. In a prospective randomized trial, El-Geidie[67] compared the use of T-tube and primary closure after laparoscopic choledochotomy in 122 consecutive patients and
found that the operative time and postoperative stay were
significantly shorter and the incidence of complications
was statistically and significantly lower in the primary
closure group. Gurusamy et al[68] in a meta-analysis which
included three trials with 295 patients randomized (147
to T-tube and 148 to primary closure) found that there
was no mortality in either group. There was no significant
difference in the serious morbidity rates (17/147 in T-tube
group versus 9/148 in primary closure group). The operating time was significantly longer in the T-tube group
than primary closure group. The hospital stay was also
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Table 1 Benefits of intraoperative endoscopic retrograde
cholangiopancreatography
Single hospital stay with single anesthesia
CBD stones may be removed without open CBD exploration when
LCBDE is not feasible
The patient is not subjected to the possibility of failure of postoperative
ERCP
If intraoperative ERCP is unsuccessful, then open/laparoscopic CBD
exploration is performed under the same anesthetic
Endoscopic sphincterotomy performed during intraoperative ERCP
facilitates postoperative ERCP if needed for removal of recurrent or
residual CBD stones
ERCP: Endoscopic retrograde cholangiopancreatography; CBD: Common
bile duct; LCBDE: Laparoscopic common bile duct exploration.

significantly longer in the T-tube group than the primary
closure group. The patients in the T-tube drainage group
returned to work significantly later (approximately 8 d
later) than the primary closure group (P < 0.005). They
concluded that there is no justification for the routine
use of T-tube drain compared with primary closure after
laparoscopic CBD exploration. T-tube drainage results
in significantly longer operating time and hospital stay as
compared to primary closure.
Intraoperative ERCP
Another method of single-session minimally invasive
treatment of cholecysto-choledocholithiasis has been described; that is the use of intraoperative ERCP to extract
CBD stones, identified by intraoperative cholangiography in patients who are undergoing LC[69-72]. This option
was found by many experts to be safe, effective, and
less expensive single-session management[11,32,69,70,72-75].
Table 1 shows the theoretical benefits of this approach.
In spite of its benefits, intraoperative ERCP had not
gained widespread acceptance. This is mostly because
the availability of intra-operative ERCP in many centers
is limited, and the requirement to have an endoscopist
experienced in ERCP available for all cases would be
prohibitive, unless the surgeon had this skill, this would
mean a limited applicability.
There are many described techniques for performing IO-ERCP during LC. The first described one was
standard ERCP during LC. During LC, catheterization of
the cystic duct and intraoperative cholangiography is performed. If intraoperative cholangiogram yielded positive
result, intraoperative ERCP is performed in the operating
room. After verification of clearance of CBD, LC was
continued[73,76]. A variation of this technique is postponing ERCP till after completion of LC and closure of
the ports. This is to avoid the problems of supine position (making papillary cannulation somewhat difficult)
and bowel distension (making LC more demanding)[77].
Another technique of intraoperative ERCP, which differs from standard one, had been described by Cavina
et al[71] to facilitate cannulation with the patient in supine
position. This is called the combined laparo-endoscopic
or “Rendez-vous (RV)” procedure. A dormia basket is
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passed into the duodenum through the cystic duct; with
a RV procedure, it retrieves the sphincterotome from
the duodenoscope and guided it into the bile duct. A
slightly modified RV technique was described by other
investigators and became more commonly practiced due
to its simplicity[12,69,70]. A guidewire is introduced through
the intraoperative cholangiography catheter into the
cystic duct and out the ampulla of Vater into the duodenum. Using side-viewing duodenoscope the protruding
guidewire is grasped by a snare or basket and a standard
sphincterotome is threaded over it to facilitate endoscopic sphincterotomy and/or stone removal (Figure 2).
DePaula et al[78] have devised a technique that combines
intraoperative cholangiography with ES. This variation
again involves laparoscopic passage of a wire through the
cystic duct and out the ampulla into the duodenum. An
endoscopic sphincterotome is passed over the wire anterograde through the papilla. An ES is then performed
under the direct vision of a simultaneously positioned
duodenoscope. Stones can then be pushed or pulled out
of the CBD. Curet et al[79] also reported the use of antegrade technique in the management of multiple CBD
stones and 6 patients were successfully treated. In one
nonrandomized comparative study comparing the combined rendezvous procedure and antegrade technique,
duct stones clearance and morbidity are equivalent in
these 2 groups, whereas the group of rendezvous procedure had a longer operative time of 117 min due partly to
more maneuvers and decreased working space related to
bowel distension[80].
Ponsky et al[81] also described the use of a laparoscopically placed wire that is passed through the cystic duct
and transverses the ampulla. An endoscopic biliary stent
is passed over this wire laparoscopically. The stent serves
to drain the CBD and facilitates a precut ES, ensuring
the success of postoperative ERCP and removal of any
retained stones. Fitzgibbons et al[82] treated 52 patients
with guidewire assisted endoscopic retrograde spincterotomy. Percutaneous double-lumen catheters were placed
through the cystic duct into the duodenum at LC. Repeat
cholangiograms through the catheter was done at 10-14
d. Patients who had negative studies saved any further
unnecessary procedures whereas patients with positive
findings on cholangiography underwent ERCP using a
guidewire placed through the catheter.
Beside higher success rate of cannulation with the patient in supine position, the postprocedural hyperamylasemia and acute pancreatitis are strongly reduced or absent
after RV if compared with standard ERCP[70,83,84]. This is
because inadvertent pancreatic duct injection and cannulation at standard ERCP, which is the most important risk
factor for the development of post-ERCP pancreatitis, is
avoided in the RV technique[12,85-87].
RV technique has the problem of failure of passage
of the guidewire through the spiral valves of the cystic
duct. The cystic duct may be torn during manipulations
adding more difficulties. The guidewire, even inside the
CBD, may fail to pass across the sphincter in the presence of impacted stones. Another technical problem
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Figure 2 Technique of combined laparo-endoscopic (Rendez-vous) technique of intraoperative endoscopic retrograde cholangiopancreatography. A:
Guidewire passed through the cystic duct opening into common bile duct (CBD) (laparoscopic view); B: Verification of passage of guidewire through the sphincter into
the duodenum (fluoroscopic view); C: Guidewire protruding from the papilla and caught with a polypectomy snare (endoscopic view); D: Sphincterotome threaded over
the guidewire for sphincterotomy prior to CBD stone extraction.

that could be encountered with RV technique is bowel
distention induced by endoscopic insufflation that can
decrease the working space for cholecystectomy. Several
technical solutions have been proposed to overcome the
problem, including the use of an atraumatic laparoscopic
clamp positioned on the first jejunal loop[83] and a bowel
desufflator[87]. Another way of minimizing the difficulty
of LC is to completely dissect the Calot triangle and the
attachment between liver and gallbladder or even remove
the gallbladder from the liver bed until the last centimeters is left at the fundus before the starting of endoscopic
phase[83,88].
El-Geidie [77] compared the two techniques of intraoperative ERCP (standard vs RV) in a prospective
randomized study including 98 patients with gallbladder
stones and CBDS and we found no differences in success/failure rate or post-ERCP pancreatitis. There was a
significant difference in operative time which was shorter
for standard ERCP. This operative time difference is due
to difficulties at cholecystectomy related to bowel distension. Another important factor is the time wasted till
arrival of endoscopy in case of accidentally discovered
CBD stones.

TWO-SESSION VS SINGLE-SESSION
MANAGEMENT
The first trial to compare the two approaches was the
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EAES ductal stone trial[28]. The study consists of a prospective randomized controlled clinical trial included 207
patients and compared preoperative ERCP followed by
LC and LCBDE in patients undergoing LC and suspected
of harboring CBD stones. The findings indicated equivalent success rates and patient morbidity between the two
management options but a shorter hospital stay (cost benefit) with the single session laparoscopic treatment.
A recent prospective randomized trial compared the
success and cost effectiveness of single- and two-session
management of patients with concomitant gallbladder
and CBD stones[9]. 168 patients were randomized: 84 to
the single-session procedure (LCBDE) and 84 to the twosession procedure (preoperative ERCP followed by LC).
The success rates of LCBDE and ERCP for clearance
of CBD were similar (91.7% vs 88.1%). The mean operative time was significantly longer in LCBDE group, but
the overall hospital stay was significantly shorter. ERCP
group had a significantly greater number of procedures
per patient (P < 0.001) and a higher cost (P = 0.002). The
two groups did not differ significantly in terms of postoperative wound infection rates or major complications.
Authors concluded that single- and two-session management for uncomplicated concomitant gallbladder and
CBD stones had similar success and complication rates,
but the single-session strategy was better in terms of
shorter hospital stay, need for fewer procedures, and cost
effectiveness.
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In 2011, Li et al[10] carried a meta-analysis on eleven
randomized comparative trials (RCTs); five randomized
comparative trials comparing preoperative ERCP and LC
to LCBDE, two RCTs comparing LCBDE to LC and
postoperative ERCP, three RCTs comparing preoperative
ERCP and LC against LC with intraoperative ERCP, and
one RCT comparing preoperative ERCP and LC against
LC and postoperative ERCP. They concluded that different management approaches of concomitant gallbladder stones and CBD stones were equivalent in efficacy.
However, one-session management had the advantage of
providing a shorter hospital stay.
In a meta-analysis comparing one-session (LCBDE
or intraoperative ERCP) vs two-session (LC preceded
or followed by ERCP) management of CBD stones,
nine randomized trials with 933 patients were studied[89].
Outcomes after one-session laparoscopic/endoscopic
management of bile duct stones were not different to the
outcomes after two-session management with no significant differences between the two groups with regard to
bile duct clearance, total morbidity, major morbidity and
the need for additional procedures.
Lu et al[90] evaluated the safety and effectiveness of
two-session vs single-session management for concomitant gallstones and common bile duct stones in a metaanalysis. Seven eligible RCTs [five trials (n = 621) comparing preoperative (ERCP + LC) with (LC + LCBDE); two
trials (n = 166) comparing postoperative (ERCP + LC)
with (LC + LCBDE), composed of 787 patients in total,
were included. The meta-analysis detected no statistically
significant difference between the two groups in stone
clearance, postoperative morbidity, mortality, conversion
to other procedures, length of hospital stay, total operative time. Two-session (LC + ERCP) management clearly
required more procedures per patient than single-session
(LC + LCBDE) management.
In a recent systematic review, Dasari et al[91] reviewed
the benefits and harms of different approaches to the
management of common bile duct stones and they found
that there is no significant difference in the mortality and
morbidity between laparoscopic bile duct clearance and
the endoscopic options. There is no significant reduction
in the number of retained stones and failure rates in the
laparoscopy groups compared with the pre-operative and
intra-operative ERCP groups. There is no significant difference in the mortality, morbidity, retained stones, and
failure rates between the single-session laparoscopic bile
duct clearance and two-session endoscopic management.
More randomized clinical trials without risks of systematic and random errors are necessary to confirm these
findings.

diagnosed by preoperative B-ultrasonography and intraoperative cholangiogram were divided at random into
LC-LCBDE group (141cases) and LC with intraoperative
ERCP group (93 cases). There was no difference between
the two groups in terms of surgical time, surgical success
rate, number of stone extractions, postoperative complications, retained common bile duct stones, postoperative
length of stay, and hospital charge. It was concluded that
both approaches were shown to be safe, effective, minimally invasive treatments for concomitant gallbladder and
CBD stones.
ElGeidie et al[93] compared these two procedures in
211 patients (110 LCBDE vs 101 intraoperative ERCP)
and found nearly similar results. The diagnosis was based
on preoperative MRCP. It was found that there were no
significant differences between LCBDE and intraoperative ERCP in terms of success/failure rate, surgical time,
and postoperative length of stay. The complication rates
were also comparable. The only significant difference was
in the rate of retained stones which was more in LCBDE
group.

CONCLUSION
Single-session approach (in the form of LCBDE or
intraoperative ERCP) for managing patients with concomitant gallbladder stones and CBD stones is equally
effective and safe to the commonly practiced two-session
approach but at the same time is associated with shorter
hospital stay, fewer procedures and less cost. Consequently, when local resources and expertise are available
it should be offered to fit patients. However, there are
several factors that can affect the choice of the technique
including the patient fitness, the clinical presentation,
the timing of CBD stones diagnosis (established preoperative diagnosis or incidental intraoperative diagnosis),
the surgical pathology and the local expertise. It is worth
mentioning that some patients are not candidate for
single-session option such as patients with acute biliary
pancreatitis and patients with septic shock from cholangitis. Those patients need a different approach.
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Abstract
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The use of minimally invasive surgery has become
widely accepted in many gastrointestinal fields, even
in patients with malignancy. However, performing
laparoscopic resection for the treatment of hilar cholangiocarcinoma is still not universally accepted as an
alternative approach to open surgery, and only a limited number of such procedures have been reported
due to the difficulty of performing oncologic resection
and the lack of consensus regarding the adequacy
of this approach. Laparoscopy was initially limited
to staging, biopsy and palliation. Recent technological developments and improvements in endoscopic
procedures have greatly expanded the applications of
laparoscopic liver resection and lymphadenectomy, and
some reports have described the use of laparoscopic
or robot-assisted laparoscopic resection for hilar cholangiocarcinoma as being feasible and safe in highly
selected cases, with the ability to obtain an adequate
surgical margin. However, the benefits of major laparoscopic surgery have yet to be conclusively proven, and
carefully selecting patients is essential for successfully
performing this procedure.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Recent technological developments and improvements in endoscopic procedures have greatly
expanded the applications of laparoscopic liver resection and lymphadenectomy, and some reports have
described the use of laparoscopic or robot-assisted laparoscopic resection for hilar cholangiocarcinoma as being feasible and safe in highly selected cases, with the
ability to obtain an adequate surgical margin. However,
the benefits of major laparoscopic surgery have yet to
be conclusively proven, and carefully selecting patients
is essential for successfully performing this procedure.

INTRODUCTION
Hilar cholangiocarcinoma is the most common malignant neoplasm of the biliary tract. Only complete tumor
resection enables the long-term survival of patients with
hilar cholangiocarcinoma, and the use of major hepatic
resection is often required to perform curative surgical resection[1-3]. However, major hepatic resection is reported
to be closely associated with postoperative complications
such as liver failure, sepsis and anastomotic leakage. Given the high surgical morbidity and mortality rates even at
specialized high-volume centers[4], performing this procedure remains a formidable challenge for many surgeons.
The recent rapid development of technological innovations, improvements in surgical skills and accumulation
of extensive experience by surgeons have improved the
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feasibility and safety of laparoscopic surgery, and the applications for laparoscopic liver resection have therefore
recently been greatly expanded[5-9]. Even major laparoscopic hepatectomy has been accepted to be a superior
alternative to conventional open hepatectomy[10-13]. However, laparoscopic resection for hilar cholangiocarcinoma
is still not universally accepted as an alternative approach
to open surgery due to the difficulty in performing oncologic resection and the lack of consensus regarding the
adequacy of this approach[14-16]. In the present paper, we
review the current status of laparoscopic resection for hilar cholangiocarcinoma in the advanced laparoscopic era.

REVIEW STRATEGY
A computerized search of all the English literature cited
in the PubMed database was performed using the search
words “laparoscopy” and “hilar cholangiocarcinoma.”
Relevant articles were retrieved and further references
were obtained using manual cross-referencing.

STAGING LAPAROSCOPY
Despite advances in preoperative imaging, a number of
patients with hilar cholangiocarcinoma are found to have
unresectable advanced tumors or occult metastases during surgical exploration. A few studies of staging laparoscopy in patients with hilar cholangiocarcinoma have
reported an overall yield and accuracy of 14%-45% and
32%-71%, respectively (Table 1)[17-22]. The use of staging
laparoscopy is recommended to avoid unnecessary
laparotomy, particularly in patients with T2/3 disease
on radiological imaging [17,18]. Although laparoscopic
intraoperative ultrasonography is useful for detecting
new liver nodules[23] and identifying locally advanced lesions, particularly when assessing vascular involvement,
its accuracy is often limited by inflammation secondary to the placement of biliary stents[17]. In addition,
the yield of laparoscopy for hilar cholangiocarcinoma
has decreased due to improvements in the accuracy of
imaging techniques, bringing into question its routine use
in preoperative staging[21,24]. Clearly, prospective studies
of larger series are needed to elucidate the appropriate
indications and effects of staging laparoscopy in patients
with hilar cholangiocarcinoma.

LAPAROSCOPIC PORTAL VEIN LIGATION
Portal vein embolization (PVE), a procedure devised
by Makuuchi et al[25,26] and Kinoshita et al[27] is widely
perfor med as a presurgical treatment in patients
undergoing extended hepatectomy in order to minimize
postoperative liver dysfunction. The use of staging
laparoscopy prior to PVE is recommended to avoid
unnecessary PVE[28]. Patients who are determined to be
candidates for major hepatectomy at the time of staging
laparoscopy, undergo PVE as an additional procedure
at a later stage as PVE is usually performed through the
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ipsilateral or contralateral liver lobe via the transhepatic
approach. The use of laparoscopic portal vein ligation
(LPVL) can potentially avoid this additional procedure
or unnecessary PVE[29,30]. Are et al[29] reported, according
to the volumetric data for six patients treated with
LPVL, a mean increase from 209.1 cc+/-97.76 to 495.83
cc+/-310.91 (an increase of 181.5%). Meanwhile, Ayiomamitis et al[30] reported that no intra- or postoperative
complications in six patients, among whom all procedures
were completed laparoscopically. In that study, repeat
imaging of the liver resulted in a median (range) degree
of hypertrophy of the future liver remnant of 24.5%
(range, 20.7%-33.1%) in the six patients. In the hands of
experienced laparoscopic hepatobiliary surgeons, LPVL
is therefore considered to be a feasible and safe surgical
modality in a select group of patients as an alternative to
subsequent PVE.

LAPAROSCOPIC PALLIATION
In patients with hilar cholangiocarcinoma, the use of
R1 resection is justified as a very efficient palliation[31].
Therefore, the laparoscopic approach may be accepted
as palliative therapy, even if the surgical margins are not
histologically clear. However, there are few reports regarding the use of laparoscopic palliation for hilar cholangiocarcinoma. Although the laparoscopic approach in
biliary bypass surgery is safe and exhibits a high initial
success rate, low reintervention rate, and low morbidity
and mortality rates in patients with malignant distal biliary obstruction[32], non-surgical biliary stenting is the first
choice for palliative biliary drainage in patients with hilar
cholangiocarcinoma[31].

LAPAROSCOPIC RESECTION
Although recent rapid developments in technological
innovations, improvements in surgical techniques and
the accumulation of extensive experience by surgeons
have improved the feasibility and safety of laparoscopic
major hepatectomy and extended the applications of
lymphadenectomy (Figure 1), technical limitations and
oncologic concerns have hindered the use of minimally
invasive surgery in the treatment of hilar cholangiocarcinoma. Only a limited number of procedures have been
reported (Table 2). Yu et al[33] performed laparoscopic
local hilar resection and choledochojejunostomy in seven
patients with Bismuth type Ⅰ disease, laparoscopic combined partial liver resection and hepaticojejunostomy in
five patients with type Ⅱ disease, and palliative surgical
bypass in two patients with more advanced hilar cholangiocarcinoma. The mean operative time and amount of
blood loss were 305 min and 386 mL, respectively. Furthermore, the R0 resection rate was 100% and 60% in
the patients with type Ⅰ and Ⅱ tumors, with in-hospital
mortality and morbidity rates of 0% and 35.7%, respectively. Meanwhile, port-site recurrence was detected in
two patients with type Ⅱ tumors. The authors concluded
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Table 1 Summary of literature reporting staging laparoscopy
for hilar cholangiocarcinoma
n

Yield

Accuracy

56
1101
84
20
175
100

25%
41%
42%
25%
14%
45%

42%
59%
53%
45%
32%
71%

Ref.
Weber et al[17] 2002
Tilleman et al[18] 2002
Connor et al[19] 2005
Goere et al[20] 2006
Ruys et al[21] 2011
Barlow et al[22] 2013

LHA
RHA
PV

PHA

1

Included six patients with gallbladder cancer.

that laparoscopy can be used as the first choice treatment
for preoperative Bismuth type Ⅰ cholangiocarcinoma.
In contrast, Donati et al[34] reported that it was difficult
to accept Yu’s assertion that laparoscopy is a potentially
effective first choice therapy for preoperative Bismuth
type Ⅰ cholangiocarcinoma. In Yu’s article, no caudate
resection was performed due to technical difficulties, thus
resulting in a lack of radicality. In addition, it is very difficult for surgeons to assess the resectability and radicality
(R0) of the hilar structures without using palpation to
make important treatment decisions in patients with hilar
cholangiocarcinoma. Therefore, the minimally invasive
approach should be abandoned due to the lack of radicality and the unacceptable recurrence rate, including that
of port-site recurrence. Gumbs et al[35] reported the use
of a minimally invasive approach to treating extrapancreatic cholangiocarcinoma. In that study, five of 29 patients
underwent laparoscopic resection for hilar cholangiocarcinoma. Three patients had Blumgart T1 lesions and two
had T2 lesions, requiring concomitant laparoscopic right
and left hepatectomy, respectively. One of the patients
(20%) was converted to an open procedure due to concerns of portal vein involvement. The mean amount of
blood loss was 240 mL (range, 0-400 mL) and the median
length of stay was 15 d (range, 11-21 d). The patient with
AJCC stage Ⅳ disease underwent R1 resection based
on the final pathology, while all other patients received
R0 resection. None of the five patients developed portsite recurrence. Machado et al[36] performed laparoscopic
left hepatectomy with lymphadenectomy and extrahepatic bile duct resection in a 43-year-old female with left
sided hilar cholangiocarcinoma. Biliary reconstruction
was performed using the hybrid method. The operative
time was 300 min with minimum blood loss, and the
patient’s recovery was uneventful. While caudate resection was not performed, the patient received R0 resection and was found to be well without recurrence 18 mo
after the surgery. The authors stressed that the use of a
hybrid method for biliary reconstruction is needed. We
performed pure laparoscopic hepato-pancreaticoduodenectomy, including left hepatectomy, caudate resection,
and pylorus-preserving pancreaticoduodenectomy, in an
80-year-old female with hilar cholangiocarcinoma exhibiting widespread infiltration[37]. The procedure took 629
min, and the amount of operative bleeding was 200 mL.
The patient was discharged on the 28th postoperative day
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GDA

CHA

Figure 1 Dissection of the hepato-duodenal ligament. Laparoscopic skeletonization of the hepato-duodenal ligament was performed laparoscopically.
CHA: Common hepatic artery; PHA: Proper hepatic artery; GDA: Gastroduodenal artery; RHA: Right hepatic artery; LHA: Left hepatic artery; PV: Portal vein.

due to the development of biliary leakage that later resolved spontaneously. A histological examination showed
well differentiated tubular adenocarcinoma. Although the
tumor had widely infiltrated to the extrahepatic bile duct,
the surgical margins were histologically clear (R0 resection). No recurrence has been detected during the 24-mo
follow-up.

ROBOT-ASSISTED LAPAROSCOPIC
RESECTION
Giulianotti et al[38] reported performing robot-assisted
laparoscopic resection for hilar cholangiocarcinoma using
the da Vinci Robotic Surgical System (Intuitive Surgical,
Sunnyvale, CA). Following percutaneous external biliary
drainage and PVE, a 66-year-old male underwent extended right hepatectomy with left hepaticojejunostomy. The
operative time and amount of blood loss were 540 min
and 800 mL, respectively. One unit of red blood cells was
transfused. Caudate resection was not performed. The
histopathologic examination revealed a 22-mm moderately differentiated cholangiocarcinoma on the hilar bile duct
confluence extending into the right hepatic duct without
lymph node metastasis (T2N0). The surgical margins
were free of tumor tissue. The patient’s postoperative
course was uneventful, and was discharged on postoperative day 11.

CONCLUSION
The use of minimally invasive surgery for hilar cholangiocarcinoma is still not universally accepted as an
alternative approach to open surgery. Aggressive surgery,
including major hepatectomy with combined caudate
resection, has become widely accepted as a standard
treatment for hilar cholangiocarcinoma[39-43]. Better results
have been obtained in terms of survival among patients
with hilar cholangiocarcinoma by combining caudate
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Table 2 Summary of literature reporting laparoscopic resection for hilar cholangiocarcinoma
Ref.

n

Surgical
approach

Surgical procedure BD,
PR, HH, C

Operative Time (min)

Bleeding (g)

Complication

R0/R1

Yu et al[33], 2011
Gumbs et al[35], 2013
Machado et al[36], 2012
Cho et al[37], 20131
Giulianotti et al[38], 2010

14
5
1
1
1

TL
TL
H
TL
R

7, 5, 0, (-)
0, 0, 5, NA
0, 0, 1, (-)
TL 0, 0, 1, (+)
0, 0, 1, (-)

Mean 305
NA
300
629
540

Mean 386
Mean 240
Minimum
200
800

35.7%
0%
0%
100%
0%

10/2
4/1
1/0
1/0
1/0

1

Hepato-pancreaticoduodenectomy. BD: Bile duct resection; PR: Partial liver resection; HH: Hemihepatectomy; C: Caudate lobe resection; TL: Totally
laparoscopic; H: Hybrid; R: Robotic.

resection. However, in previous reports of minimally
invasive surgery for hilar cholangiocarcinoma, there were
only a few descriptions concerning the decision to resect
the caudate lobe. In experienced hands, laparoscopic caudate resection can be a safe and feasible procedure[37,44].
Despite concerns regarding technical feasibility and
theoretical possibilities, the use of laparoscopic resection
to treat hilar cholangiocarcinoma remains experimental.
In fact, only 40%-50% of patients explored with curative intent are ultimately found to be resectable[45]. The
intraoperative determination of resectability, which is
usualy established by the surgeon following careful palpation and dissection of the liver hilum, is often crucial.
Although the laparoscopic approach may favor an early
safe discharge and prompt recovery in highly selected
patients, the benefits of laparoscopic resection for hilar
cholangiocarcinoma have yet to be conclusively proven,
and carefully selecting patients is essential for successfully
performing this procedure.
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Abstract
Complications aroused from Meckel’s diverticulum tend
to developed in children. Children presented with abdominal pain, intestinal obstruction, intussusception or
gastrointestinal bleeding may actually suffered from
complicated Meckel’s diverticulum. With the advancement of minimally invasive surgery (MIS) in children,
the use of laparoscopy in the diagnosis and subsequent
laparoscopic excision of Meckel’s diverticulum has
gained popularity. Recently, single incision laparoscopic
surgery (SILS) has emerged as a new technique in
minimally invasive surgery. This review offers the overview in the development of MIS in the management
of children suffered from Meckel’s diverticulum. The
current evidence in different laparoscopic techniques,
including conventional laparoscopy, SILS, the use of
special laparoscopic instruments, intracorporeal diver-
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ticulectomy and extracorporeal diverticulectomy in the
management of Meckel’s diverticulum in children were
revealed.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Laparoscopy; Meckel’s diverticulum; Children
Core tip: With the advances in the development of minimally invasive surgery in children, laparoscopic excision
of Meckel’s diverticulum has gained popularity. New
technique including single incision laparoscopic surgery
(SILS) in the management of Meckel’s diverticulum was
reported. This review offers the overview of the current
evidence in different laparoscopic techniques, including
conventional laparoscopy, SILS, the use of special laparoscopic instruments, intracorporeal diverticulectomy
and extracorporeal diverticulectomy in the management
of Meckel’s diverticulum in children.
Chan kwe, Lee KH, Wong HYV, Tsui SYB, Wong YS, Pang
KYK, Mou JWC, Tam YH. Laparoscopic excision of Meckel’s
diverticulum in children: What is the current evidence? World J
Gastroenterol 2014; 20(41): 15158-15162 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i41/15158.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i41.15158

INTRODUCTION
Complications aroused from Meckel’s diverticulum included gastrointestinal bleeding, intussusception, intestinal obstruction, abdominal pain and incarcerated hernia[1]. These complications tend to develop in children[2].
During the past decades, there has been a tremendous
development of minimally invasive surgery in children[3-6].
Increasing number of reports on the use of laparoscopy
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Figure 1 Laparoscopic view of a Meckel’s diverticulum in a child with
gastrointestinal bleeding.

Figure 2 Meckel’s diverticulum was exteriorized through the umbilical
wound in conventional laparoscopy.

children in the study had a positive Meckel’s scan.
In the reports studying the use of laparoscopy in the
management of Meckel’s diverticulum in children, Meckel’s scan was arranged as the pre-operative investigation
in children presented with gastrointestinal bleeding. The
results were listed in Table 1.
Besides gastrointestinal bleeding, children with complicated Meckel’s diverticulum may present as acute abdomen. Diverticulitis, intussusception and intestinal obstruction were the underlying causes identified by laparoscopy[1].
Clinicians should have a high index of suspicion of the
exact pathology in children presented with abdominal pain.

Table 1 Results of Meckel’s scan in reports studying
laparoscopic management of Meckel’s diverticulum in children
Ref.

Chan et al[1]
Shalaby et al[9]
Prasad et al[11]
Sai Prasad et al[12]

Number
of children
included in
the study

Number
of children
presented with
gastrointestinal
bleeding

20
33
8
36

12
7
3
16

Meckel’s scan
Positive Negative

5
4
2
12

3
3
0
2

in children with Meckel’s diverticulum was observed[1,7-13].
Recently, single incision laparoscopic surgery (SILS) has
emerged as an evolution from conventional laparoscopy
(CL)[14]. This review provides the updated and the current
evidence in the laparoscopic management of Meckel’s
diverticulum in children.

USE OF LAPAROSCOPY IN THE
DIAGNOSIS OF COMPLICATED MECKEL’S
DIVERTICULUM
Bleeding is the most common presentation of Meckel’s diverticulum in children[15]. Tc-99 m pertechnetate scan has
been the standard investigation in children with Meckel’
s diverticulum containing ectopic gastric mucosa[16]. Premedication with histamine-2 blockers (ranitidine) has
been reported to increase the diagnostic yield[16]. The
reported sensitivity of the Meckel’s scan varies from 60%
to 90 % with the specificity varies from 90% to 98%[17-20].
Sinha et al[21] recently reported the sensitivity and specificity of the Meckel’s scan for ectopic gastric mucosa were
94% and 97 %, respectively.
In children with persistent symptoms despite a negative Meckel’s scan, laparoscopy is still warrant to exclude
underlying small bowel anomalies (Figure 1). Lee et al[22]
reported the use of laparoscopy in children with gastrointestinal bleeding of obscure origin. 8 out the 17 children
had Meckel’s diverticulum identified by the laparoscopy. 4
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CONVENTIONAL LAPAROSCOPY
It has been 20 years since the first reports describing the
use of laparoscopy in the management of Meckel’s diverticulum in children. Case reports on laparoscopic diverticulectomy in infants were published since 1993. Huang
et al[23] safely performed the operation in 3 symptomatic
infants. There was an increasing number of case reports
published since then. Some reports focused on the use of
laparoscopy in the management of Meckel’s diverticulum
only[7,8]. Others focused on the management on the acute
abdominal condition in children including gastrointestinal
bleeding or small bowel obstruction in which Meckel’s
diverticulum was one of the underlying cause[22].
Although Meckel’s diverticulum is the commonest
congenital anomalies of the gastrointestinal tract and the
complications tends to occurred in children, each pediatric
surgical centers may only handled few cases per year. Since
2005, a number of case series were published[1,9,11]. Each
series included more than 20 patients underwent laparoscopy in the management of Meckel’s diverticulum. The
patients’ inclusion criteria of these studies were different.
Some included both symptomatic and asymptomatic children while other only included symptomatic patients.
Throughout these 20 years, the set-up of the laparoscopic procedure is essentially the same [1,9,11,23]. In
younger infants, the laparoscope was inserted at the
subumbilical 5 mm port. Additional 5 mm ports were
inserted at left and right lower quadrant of the abdomen
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Figure 3 Single incision laparoscopic surgery setup. Three ports were
inserted over the dame fascial plane.

Figure 4 Meckel’s diverticulum was exteriorized through the umbilical
wound in single incision laparoscopic surgery.

respectively (Figure 2). In older children, 10 mm or 12
mm ports were used. The procedure started from identifying the cecum. The small intestine was then examined
from the terminal ileum toward the jejunum. The Meckel’s diverticulectomy were then performed intracorporeally or extracorporeally. Practically, the procedure did not
required advance laparoscopic skills since laparoscopic
intracorporeal suturing did not required. All reports concluded laparoscopy was safe and effective in the management of Meckel’s diverticulum[1,9-11].

SILS
The reports of single-incision or SILS in children were
published since 2008. Initial reports studied the safety
and feasibility of SILS in various pediatric condition
included appendectomy, cholecystectomy, varicocelectomy[17]. Cobellis et al[24] used a 10-mm working laparoscope
in the management of Meckel diverticulum since 2001.
He only used 1 trocar and the Meckel’s diverticulum
was grasped and delivered through the umbilical wound.
Meckel’s diverticulectomy were performed extracorporeally. This may represent the “first” series of single incision laparoscopic surgery for Meckel’s diverticulum in
children.
Using the current concept of SILS, laparoscope and
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Figure 5 Appearance of the umbilical wound after single incision laparoscopic surgery for Meckel’s diverticulum.

the instruments were inserted through a multilumen
port or through multiple ports that were inserted over
the same fascial plane[25] (Figure 3). Tam et al[26] reported
the experience in single incision umbilical laparoscopic
segmental small bowel resection. The study included 2
patients with Meckel’s diverticulum. In conventional laparoscopic technique, the umbilical wound required extension in order to facilitate segmental resection of the small
intestine and the diverticulum. In SILS, the umbilical
wound did not required further extension (Figure 4) and
good cosmesis can be achieved (Figure 5).
Because the development of SILS is still at its infancy,
limited numbers of reports on SILS in the management
of Meckel’s diverticulum were available[26]. There is no
case series of SILS in the management of Meckel’s diverticulum. Isolated cases of SILS in Meckels’ diverticulum
were reported in studies focused on the experience of
SILS in children[27,28], or in studies focused on the use of
SILS in segmental small bowel resection and in studies
focused in the use of SILS in the management of obscure gastrointestinal bleeding in children[26,29]. Although
in SILS, specially designed instruments including flexible
laparoscope or instrument were developed to facilitate
the operation, in all reported cases of SILS in Meckel’s
diverticulum, conventional laparoscopic instruments were
adopted[26-29].

INTRACORPOREAL DIVERTICULECTOMY
VS EXTRACORPOREAL
DIVERTICULECTOMY
Meckel’s diverticulectomy can be performed either
intracorporeally or extracorporeally. Intracorporeal diverticulectomy can be performed total laparoscopically
without the need to enlarge the umbilical wound. The use
of endoscopic staplers was the most frequent reported
device used in diverticulectomy[7,23]. Schier et al[30], on the
other hand, reported the use of endoloop and divided
the diverticulum as in appendicectomy. The early reports
on laparoscopic assisted diverticulectomy favored the intracorporeal method.
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One of the concerns in total laparoscopic intracorporeally diverticulectomy was failure to perform segmental
resection of Meckel’s diverticulum. Isolated diverticulectomy bears the risk of leaving ectopic gastric mucosa in
the adjacent ileum. Varcoe advised the use the height-todiameter ratio to determine the method of resection[31].
If the ratio is less than 2, there will be an increased risk in
having the ectopic mucosa in the adjacent ileum, segmental resection will be advised.
In extracorporeal diverticulectomy, the Meckel’s diverticulum was delivered through an enlarged umbilical
wound. Segmental resection of the Meckel’s diverticulum
and the adjacent ileum were carried out. Hand-sewn small
to small intestine anastomosis were performed[1,12]. The
principle of surgery is the same in conventional or SILS
approach. The use of expensive laparoscopic staplers was
avoided[9]. Ng et al[32] described the use of laparoscopic assisted extracorporeal Meckel’s diverticulectomy with endo
GIA stapler and side-to-side ileal anastomosis. However,
this method did not gain popularity.

CONCLUSION
Laparoscopy has emerged as an important tool in the diagnosis and management of children with Meckel’s diverticulum. Conventional laparoscopy or single site incision
surgery were reported to be safe and feasible in Meckel’s
diverticulectomy. Extracorporeal diverticulectomy was
in favors than intracorporeal diverticulectomy in reports
series because segmental resection of the Meckel’s diverticulum can be performed without the use of expensive
laparoscopic staplers. Complete excision of the diverticulum and the adjacent intestine containing ectopic
mucosa is essential to minimize the chance of recurrent
symptom.
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Abstract
The pool of microbes inhabiting our body is known as
“microbiota” and their collective genomes as “microbiome”. The colon is the most densely populated organ
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in the human body, although other parts, such as the
skin, vaginal mucosa, or respiratory tract, also harbour
specific microbiota. This microbial community regulates
some important metabolic and physiological functions
of the host, and drives the maturation of the immune
system in early life, contributing to its homeostasis
during life. Alterations of the intestinal microbiota can
occur by changes in composition (dysbiosis), function,
or microbiota-host interactions and they can be directly
correlated with several diseases. The only disease in
which a clear causal role of a dysbiotic microbiota has
been demonstrated is the case of Clostridium difficile
infections. Nonetheless, alterations in composition and
function of the microbiota have been associated with
several gastrointestinal diseases (inflammatory bowel
disease, colorectal cancer, or irritable bowel syndrome),
as well as extra-intestinal pathologies, such as those
affecting the liver, or the respiratory tract (e.g. , allergy,
bronchial asthma, and cystic fibrosis), among others. Species of Bifidobacterium genus are the normal
inhabitants of a healthy human gut and alterations in
number and composition of their populations is one of
the most frequent features present in these diseases.
The use of probiotics, including bifidobacteria strains,
in preventive medicine to maintain a healthy intestinal
function is well documented. Probiotics are also proposed as therapeutic agents for gastrointestinal disorders and other pathologies. The World Gastroenterology Organization recently published potential clinical
applications for several probiotic formulations, in which
species of lactobacilli are predominant. This review is
focused on probiotic preparations containing Bifidobacterium strains, alone or in combination with other bacteria, which have been tested in human clinical studies.
In spite of extensive literature on and research into this
topic, the degree of scientific evidence of the effectiveness of probiotics is still insufficient in most cases. More
effort need to be made to design and conduct accurate
human studies demonstrating the efficacy of probiotics
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in the prevention, alleviation, or treatment of different
pathologies.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Intestinal microbiota; Bifidobacterium ; Probiotics; Dysbiosis; Inflammatory bowel disease; Irritable bowel syndrome; Colorectal cancer; Liver disease;
Respiratory disease; Functional foods
Core tip: In this review we focus on how bifidobacteria can contribute to maintain a proper health status
through their interactions with gut microbiota and the
host. We present several gastrointestinal and extraintestinal pathologies associated with imbalances in
the microbiota composition and function, including
bifidobacteria-associated dysbiosis. We review up-todate scientific evidence sustaining the use of probiotic
bifidobacteria to prevent, or treat, several disorders,
and we include a list of specific Bifidobacterium strains
that have been tested in human clinical studies.
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in health and disease: Role of bifidobacteria in gut homeostasis.
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INTRODUCTION
About 100 trillion (1014) microbes inhabit the human
gut, which represents 10 fold the number of eukaryotic
cells in the body and contributes 1.5-2 kg of total body
weight[1]. The number and complexity of these microbial
populations gradually increase from the stomach to the
colon, where microorganisms reach levels of up to 1011
cells per gram of intestinal content[2]. Although the colon
is the more densely populated organ, microorganisms
are also normal inhabitants of other parts of the body,
such as the skin, vagina, throat and the upper respiratory
tract[3]. This pool of microbes is known as “microbiota”
and the ensemble of their genes is named “microbiome”.
Microbiota composition
The recent advent of next generation sequencing techniques has greatly contributed to demonstrate that the
human body harbours more than 1000 phylotypes at
species-level, but most intestinal bacteria belong to just
a few phyla. In adults, Bacteroidetes and Firmicutes usually
dominate the intestinal microbiota, whereas Actinobacteria,
Proteobacteria and Verrucomicrobia are in considerably minor
proportion (Figure 1). Methanogenic archaea (represented
by Methanobrevibacter smithii), eukaryotes (mainly yeast) and
viruses (mainly bacteriophages) are also components of
this microbiota[3,4]. A recent work identified three enterotypes in the human gut microbiome differing in species
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and functional characteristics[5]. In spite of a consistency
in the global composition, the intestinal microbiota seems
to be highly variable among individuals at species-level
phylotypes; usually Faecalibacterium prausnitzii (F. prausnitzii), Roseburia intestinalis, Bacteroides uniformis, and species
of bifidobacteria and lactobacilli are present in most
people[6]. The microbial colonization of the gut begins
in infants immediately after birth. Facultative anaerobes,
such as enterobacteria, enterococci and lactobacilli are the
first colonizers (Figure 1). Anaerobic microorganisms, including Bifidobacterium, Bacteroides and Clostridium establish
gradually, and contribute to a progressive decrease of the
facultative anaerobes to strict anaerobes ratio in time[7].
At about 3 years of age, the gut microbiota reaches a
composition and diversity similar to adults and remains
more or less stable over time in adulthood. New changes
appear in the senescence, the microbiota of elderly people differing from the core microbiota and diversity levels
of younger adults[8,9].
Microbiota function
Gut microbiota provides nutrients and energy for the
host through the fermentation of non-digestible dietary
components in the large intestine. The main products of
the substrate fermentation in the gut are short chain fatty
acids (SCFA), which interact with the intestinal microbiota and host cells. The microbiota regulates, via different
mechanisms, some important physiological functions of
the host, such as those related to energy expenditure, satiety and glucose homeostasis[10,11]. It can also act as a barrier against the establishment of foodborne pathogens.
Remarkably, the intestinal microbiota is also in contact
with the second largest (after the brain) neural pool of
cells in the body, as well as with the largest group of immune cells in our organism[12]. Therefore, the microbiota
drives the maturation of the immune system in infancy
and contributes to the maintenance of its homeostasis
during life[13,14]. Moreover, the possible influence of the
microbiota in the development of the nervous system
and in cognitive function currently constitutes a hot target for biomedical research[15].
Factors affecting microbiota
Some external and internal factors of the host can influence the composition and metabolic activity of the
intestinal microbiota. Diet strongly affects human health,
partly through its interaction with intestinal microbiota[16].
Distinctive features have been clearly evidenced recently
across different geographic locations, which can be partly
explained by differing diets[17]. Functional immaturity
of the immune system and intestinal epithelium can
influence the aberrant intestinal colonization pattern occurring in preterm neonates[18]. The type of feeding in
early infancy (breast-fed vs formula fed) also seems to
condition the microbiota establishment, as well as the
maturation of the immune system. Medication, especially
chronic medication, can exert a strong impact on intestinal microbiota[19]. A misbalance of this intestinal microbi-
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Figure 1 Evolution of some representatives of the intestinal microbiota accordingly to age.

al community can act as a source of infection, or chronic
inflammation, and can be involved, as well, in gastrointestinal diseases and other extra-intestinal disorders.

MICROBIOTA AND GASTROINTESTINAL
PATHOLOGY
As the gut microbiota has a well-established role in host
homeostasis, several highly prevalent gastrointestinal
diseases have been associated with shifts, or imbalances,
in microbiota composition (dysbiosis) and function, as
well as in microbiota-host interactions[20,21]. The term
dysbiosis is unhelpful if used only to describe a change
in the microbiota, which is assumed to be deleterious to
the host. In some instances, changed microbiota may be
an appropriate response to a change in the host, or may
represent an epiphenomenon without pathophysiological implications[22]. Therefore, as the entire functional
complexity of the gut microbiota is incompletely defined,
with just a determination of composition by taxonomic
assignment[6], a functional analysis may provide information about metabolic and immunologic functions, as well
as microbiota-host interactions[23].
Clostridium difficile infection
The only disease process in which a dysbiotic microbiota
plays an undoubtedly proven role is in the case of Clostridium difficile infection (CDI). Treatment with antibiotics
transiently alters the microbiota composition, providing
the niche in which this pathogen can expand[20]. The restoration of normal healthy microbiota, by faecal microbiota transplantation (FMT) is an effective therapy to treat
CDI[24]. FMT consists of the engraftment of microbiota
from a healthy donor(s) into a recipient, which results in
the restoration of the normal gut microbial community
structure, with the aim of recovering metabolic and immunologic balance[25]. FMT introduces a complete, stable,
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and durable community of gut microbiota [26], unlike
probiotics, that temporarily alter the metabolic, or immunologic activity, of the native gut microbiota[27]. The
mechanism(s) that facilitates this microbiota normalization, as well as the occurrence of putative long-term side
effects, still has to be determined. However, FMT represents an emerging therapy for disease states related to
dysbiosis, and is a current, recommended treatment for
relapsing and non-responding CDI[28].
Inflammatory bowel diseases
There is increasing evidence of the pathogenic implication of the host microbiota in inflammatory bowel disease (IBD), as several taxonomic and functional changes,
as well as imbalances in the host-microbiota cross-talk,
have been described[29]. This may be understood as a bidirectional relationship between altered immune function
(mucosal barrier, innate bacterial killing, or immune regulation) and altered bacterial community (its features, functions, or metabolites)[30]. A deregulated immune response
against commensal gut bacteria, in which local tolerance
mechanisms towards commensal microbes seem to be
impaired, may contribute to the onset or perpetuation
of IBD[31]. Studies of faecal and gut mucosal-associated
microbiota have demonstrated quantitative and qualitative changes in composition and function associated with
IBD, with a shift towards an inflammatory-promoting
microbiome[32]. There is a decreased complexity in composition, with a loss of normal anaerobic bacteria[33], a
temporary composition instability during clinical remission[34], and a dysbiosis towards selected microorganisms,
with over- and under-representation of certain species[35].
An excessive abundance of Desulfovibrio species has been
described in ulcerative colitis (UC), which has pathogenic
potential due to its ability to generate sulfides[36]. In addition, an increase in microbial genes involved in the
metabolism of cysteine (sulphur-containing amino acid)
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and sulphate transport systems have been reported[37].
UC and Crohn´s disease (CD) present a low abundance
of F. prausnitzii, which has known anti-inflammatory
properties[38], and this is associated with a higher risk of
postoperative recurrence of ileal disease[29], and with a
concomitant increase in the abundance of Escherichia coli
(E. coli)[39]. Adherent-invasive E. coli strains are specifically
associated with the CD ileal phenotype[40]. In addition, a
decrease of SCFA levels, and of genes related to SCFA
metabolism, is described in CD[41]. Clinical and basic
evidence suggests that dysbiosis has a key role in the initiation and progression of chronic inflammation in the
pouch reservoir[29]. A notable increase in Proteobacteria (E.
coli and other enterobacteria), with a marked decrease in
Bacteroides and F. prausnitzii, has been described[42].
Colorectal cancer
There is a strong genetic component in the development
of colorectal adenomas and colorectal cancer (CRC),
but there are also environmental factors linked to this
disease[43]. Considering the continuous exposure of the
colonic mucosa to the microbiota and its metabolites, this
microbial community has been proposed as contributing
to carcinogenesis. However, the mechanisms of this association remain unknown, although there are several ways
in which an altered microbiota may promote CRC[44].
Chronic intestinal inflammation has been associated with
the development of CRC and it can result from an aberrant ratio of protective (tolerogenic) to aggressive (proinflammatory, pro-tumorigenic) microbiota[45]. In this
regard, Bacteroides fragilis (B. fragilis) and Streptococcus bovis
(S. bovis) could be linked to the development of CRC by
activating immune cells to release pro-mitogenic and proangiogenic cytokines, mostly Interleukin-17 (IL-17)[46].
There are also some biological activities of the intestinal
microbiota that are presumed to generate metabolites
involved in CRC carcinogenesis: secondary bile salt
transformations, desulfuration of bile acids, production
of hydrogen sulfide, production of aglycones from inactivated harmful compounds, bacterial β-glucuronidases,
production of aromatic amines by azoreductases and nitroreductases, generation of acetaldehyde, and generation
of reactive oxygen species[47].
Several changes in microbiota composition are described in CRC. An increased diversity in Clostridium
leptum (C. leptum) and Clostridium coccoides is present, while
temporary instability and decreased complexity in composition are linked to colitis-associated CRC[48,49]. The
microenvironment within colorectal neoplastic lesions is
significantly different from normal intestine, thus it can
promote the accumulation of additional mutations and
epigenetic changes. Many bacterial species were found to
be enriched in colorectal tumour samples and adjacent
tissue: B. fragilis, Bacteroides vulgatus, Bifidobacterium longum,
Clostridium butyricum, Mitsuokella multiacida, E. coli, Enterococcus faecalis, and S. bovis[45].
Functional gastrointestinal disorders
Functional gastrointestinal disorders are defined and
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categorized based upon clusters of chronic, or recurrent
symptoms that can be attributed to the gastrointestinal
tract in the absence of any discernible organic abnormality[50]. An increasing body of evidence supports the
physio-pathological role of microbiota in irritable bowel
syndrome (IBS), although the clinical relevance of many
findings still remains unclear[51]. Clinical studies show
that up to 20% of IBS is preceded by an enteric infection, which produces a profound alteration of the host
microbiota[52]. The precise mechanisms by which this
alteration determines the persistency of IBS symptoms
after the acute episode are not fully elucidated; a genetic
susceptibility, an abnormal mucosal barrier integrity,
variations in SCFA production, and an increase in mucosal entero-endocrine cells may contribute[53,54]. A metaanalysis review showed that small intestinal bacterial
overgrowth (SIBO) was present between 4% and up to
54% in IBS[55], suggesting that microbiota alterations may
play a role in a subset of patients. However, the large differences between the studies, methodological problems,
such as the lack of standardization, poor sensitivity and
specificity of breath tests, as well as the questioned cutoff value of cultured duodenum/jejunum aspirates (>
105 CFU/mL), make the importance of SIBO in IBS
unclear[56]. Interventional studies showing the positive
effects of treatments directed at gut microbiota also support the role of microbial alterations in IBD[57,58]. Indeed,
several alterations in microbiota composition have been
described, although the heterogeneity of IBS, as well
as methodological variations, has resulted in contradictory reports. Nonetheless, emerging data support the
existence of dysbiosis in a subset of IBS[59]: a decreased
complexity in composition[60], temporary instability[61],
and changes in the mucosa-associated microbiota, with
an increase in Bacteroides and Clostridia and a reduction in
Bifidobacterium[62].
There are several functional changes that may contribute to the pathophysiology of IBS. An altered fermentation process, with an increase in faecal SCFA and
their producing bacteria, has been described; the highest
levels being related to the severest symptoms[63]. The alteration of intestinal barrier function, with increased gut
permeability, has a major role in IBS[64]; nevertheless, its
relationship with altered microbiota remains to be fully
understood. Modulation of enteric sensorimotor function, through alterations in bile acid metabolism by microbiota, has been described in several in vitro studies[59].
An increase in primary bile acids in faeces, associated
with the decrease in C. leptum (able to transform primary
into secondary bile acid), was correlated with the stool
consistency in diarrhoea predominant IBS[65]. There is a
growing appreciation for the hypothesis that IBS may be
a condition of low-grade inflammation without strong
tissue damage, but enough to alter the sensorimotor
function and produce symptoms[66]. However, there are
few studies assessing a direct link between alterations in
gut microbiota and low-grade inflammation or immune
activation in the gut. Finally, data from animal and human
studies have demonstrated the effects on the brain-gut
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axis at peripheral and central levels, with an impact on the
enteric nervous system, brain chemistry and behaviour[67];
although caution must be exercised when in speculating
on the implications of these findings[68].

MICROBIOTA AND EXTRA-INTESTINAL
PATHOLOGY
It has been denoted that aberrancies in intestinal microbiota may be involved in intestinal diseases. Moreover,
there is increasing evidence that dysbiosis in this microbial community could be related with some extra-intestinal pathologies, such as allergies, obesity and metabolic
syndrome, rheumatic disease, and degenerative processes,
among others[69-71].
Liver diseases
Modifications in intestinal microbiota have been associated with the physiopathology of non-alcoholic fatty
liver disease (NAFLD), alcoholic liver disease, and total
parenteral nutrition-intestinal failure liver disease, as well
as in the precipitation of infectious and non-infectious
complications of liver cirrhosis[72]. Among the potential
contributors of the microbiota to complications of liver
cirrhosis is the presence of SIBO[73], and a dysfunctional
mucosal barrier which can contribute to bacterial (or
endotoxin) translocation to the portal circulation[74]. The
pivotal role of gut microbiota in the pathogenesis of hepatic encephalopathy is supported by interventional studies showing the positive effects of treatments directed at
gut microbiota in primary prophylaxis[75]. Gut microbiota
is also involved in the pathogenesis of NAFLD and its
progression to non-alcoholic steatohepatitis. In obese
patients, the accumulation of triglyceride-derived metabolites in the liver is due to an increased release of fatty
acids from dysfunctional and insulin-resistant adipocytes.
A specific microbial taxonomic and functional profile has
been associated with obesity[76] and obesity-related liver
disease[77], thus suggesting a link between microbiota and
liver pathology[78].
Respiratory diseases
The relationship between intestinal microbiota and
chronic respiratory diseases is poorly understood. However, a few works have been able to establish a connection between an aberrant microbiota, allergic diseases
and bronchial asthma. Several epidemiological studies
have shown a clear inverse link between early exposure to
microorganisms and the incidence of asthma, referring
to this phenomenon as the “hygiene hypothesis”[79]. Also,
the increased use of antibiotics and changes in dietary
patterns in developed countries, may lead to alterations in
the composition of the intestinal microbiota and a higher
risk of bronchial asthma[80-82]. Thus, a reduction of Bacteroidetes, lactobacilli and bifidobacteria has been associated
with an asthma phenotype[83]. Recent research, focused
on the study of airway microbiota and their potential
consequences in asthmatic patients, shows that biodiver-
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sity is much higher in asthmatic patients with bronchial
hyper-reactivity compared with healthy subjects[84].
The results of some studies on other chronic respiratory diseases suggest that pulmonary inflammation and
intestinal inflammation are somehow related to each
other, and both contribute to the progression of chronic
lung disease. This relationship is more evident in some
diseases such as cystic fibrosis (CF), in which the lung
and intestinal habitats are interconnected through a lungintestine axis. Evidence suggests that in CF patients the
lung disease determines the vital prognosis[85]. CF is an
autosomal recessive genetic disease caused by mutations
in the gene coding for the regulatory transmembrane
conductance regulator (CFTR), which results in progressive lung disease, pancreatic insufficiency, and deficiencies
in growth and nutrition. CFTR functions as a chloride
ion channel that controls the transportation of water and
ions across the apical membrane of epithelial cells. There
are different genetic mutations, responsible for different
degrees of severity, the DF508 mutation being associated
with the most serious symptoms, and one of the most
common ones. In this sense, the results of a recent study
have shown that the composition of the intestinal microbiota in patients with CF is significantly different depending on the genetic variation[86]; patients with the DF508
mutation have a marked intestinal dysbiosis, in which
harmful species, such as E. coli and Eubacterium biforme,
are abundant, whereas potentially beneficial ones, such as
F. prausnitzii and Bifidobacterium spp., are decreased[86]. In
general, these patients, regardless of their genetic background, display a permanent dysbiosis, motivated in part
by the characteristics of the disease (thick mucus secretion and pancreatic insufficiency) and the effect related
to the aggressive antibiotic therapy[87]. Moreover, it is
important to try to correlate the alterations of the airway
microbiota with alterations in intestinal microbiota in
CF patients. Some authors suggest a link between nutrition and the development of microbial communities in
the respiratory tract[88]. These authors note how dietary
changes give rise to alterations in the microbiota of the
respiratory tract, suggesting that nutritional factors and
the pattern of intestinal colonization are determining
microbial growth in the respiratory airways, and giving us
the opportunity to evaluate the response of CF patients
to probiotic and prebiotic interventions[88].
Oral administration of prebiotics or probiotics, or a
combination of both, can lead to a change in the composition of the intestinal microbiota. This can directly
influence the composition of the microbial communities of the airway by the release of bacterial products or
metabolites that reach the lung. These mechanisms could
theoretically lead to the restoration of a microbiota that
promotes a healthy status, thus having a therapeutic effect on chronic diseases[89]. It is also important to note
that probiotic treatment may modulate immune response
in the lung; in particular gut microbial stimulation can enhance T regulatory response in the airway, which emphasizes the potential role of probiotics in the pulmonary
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Balanced Bifidobacteria
(number and composition)

Bifidobacteria dysbiosis
Disease

Health

Atopic allergy
IBS, IBD
Colorectal cancer
Celiac disease
Obesity

Probiotic bifidobacteria
Balance restoration

Figure 2 Bifidobacterial dysbiosis and its relationship with diseases: A target for probiotic intervention. IBD: Inflammatory bowel disease; IBS: Irritable bowel
syndrome.

inflammatory response[89]. However, the mechanisms underlying these specific effects of probiotics are far from
being completely understood. Therefore, it will be of key
importance to know if airway microbiota is derived from,
or linked to, intestinal microbiota. This would mean that
a modulation of the intestinal microbiota could have a
positive effect on lung disease. Considering this, characterization, modification and the possible functional
consequences of airway microbiota are emerging fields
that can constitute a new way of acting on chronic lung
diseases.

INTESTINAL BIFIDOBACTERIA
The genus Bifidobacterium belongs to the phylum Actinobacteria and comprises over 45 species/subspecies of high
G + C (guanine and cytosine) content in their genomes;
they are gram-positive, polymorphic rod-shaped bacteria
and normal inhabitants of the gastro-intestinal tract of
humans and animals[90]. In the human gut the most commonly found species of Bifidobacterium genus include B.
adolescentis, B. angulatum, B. bifidum, B. breve, B. catenulatum,
B. dentium, B. longum, B. pseudocatenulatum, and B. pseudolongum[91], whereas B. animalis subsp. lactis is the species most
often included in functional foods and food supplements[92]. Bifidobacteria is a dominant microbial group
in healthy breastfed babies and, during an adult´s life the
levels remain relatively stable, tending to decrease in the
senescence[93]. During recent years this genus has been
extensively studied due to both its important role within
the human intestinal microbiota and the extensive use of
certain Bifidobacterium strains in probiotic products.
As has been highlighted in the previous sections,
intestinal microbiota dysbiosis has been described in different diseases. Given the attention traditionally paid to
the genus Bifidobacterium, aberrancies in specific bifidobacterial microbiota, such as decreased numbers, or atypical
species composition, have been identified in some of
them (Figure 2); these include atopic disease[94,95], IBS[96,97],
IBD[98-101], CRC[102], or celiac disease[103,104]. Additionally,
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bifidobacteria dysbiosis has been reported to precede
obesity[105]. It is important to stress that no definitive
proof is available on the relationship between reduced
bifidobacterial levels, or altered species composition, and
disease. However, an aberrant bifidobacterial number or
composition is perhaps the most frequently observed intestinal microbiota alteration, being present in many different diseases. This fact suggests an important role for
the bifidobacteria population in the intestinal homeostasis. Therefore, on one hand, the bifidobacteria fingerprint
could be used as a potential biomarker to understand the
intestinal status pointing to a putative dysbiosis. On the
other hand, increasing bifidobacterial levels in the gastrointestinal tract could be considered a target to prevent
and/or alleviate microbiota-associated diseases. In this
regard, several health-promoting effects have been attributed to some specific strains of this genus. The use
of functional foods towards the oral delivery of beneficial bifidobacteria (probiotics), alone, or in combination
with substrates (prebiotics) that promote the growth of
beneficial microbes in the gut, are the basis of dietetic
intervention strategies to amend or attenuate intestinal
dysbiosis.
Probiotics were defined in 2001 by a group of experts, joined by the World Health Organization and the
Food Agriculture Organization of the United Nations,
as “live microorganisms, which when administered in
adequate amounts confer a health benefit on the host”[106].
However, interest in the use of living bacteria as therapeutic agents started at the beginning of the 1900s with
the observations of the Nobel Prize winner Ellie Metchnikoff, and the pediatrician Henry Tissier, both working
at the Pasteur Institute. Indeed, Tissier detected that
bacteria with “bifid” shape, which were abundant in the
faeces of healthy children, were absent in those suffering
from diarrhoea; thus he proposed the use of (bifido)bacteria to restore a healthy microbiota[107]. Afterwards,
the use of pro-life (probiotic) microorganisms did not
receive much attention in the scientific community in
the West. However, around 1930 Dr. Minoru Shirota,
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Table 1 Reviews obtained from the search into “probiotics”
Probiotics

Author's conclusions

Treating acute infectious diarrhea
Prevention of pediatric antibiotic associated diarrhea
Treating persistent diarrhea in children
Treatment of Clostridium difficile (C. difficile)-associated colitis in adults
Prevention of C. difficile-associated diarrhea in adults and children
Prevention of necrotizing enterocolitis in preterm infants
Induction of remission in ulcerative colitis
Treatment and prevention of pouchitis after ileal pouch-anal anastomosis for
chronic ulcerative colitis
Maintenance of remission in ulcerative colitis
Maintenance of remission in Crohn's disease
Induction of remission in Crohn's disease
Prevention of post-operative recurrence of Crohn's disease
Non-alcoholic fatty liver disease and/or steatohepatitis
Patients with hepatic encephalopathy
Treatment of bacterial vaginosis
Preventing preterm labour
For prevention of allergic disease and food hypersensitivity (in infants)
Treating eczema
Preventing acute upper respiratory tract infections

Ref.

Beneficial effects
Evidence of a protective effect
Limited evidence
Insufficient evidence
Moderate quality evidence
Prevents severe necrotizing enterocolitis
Limited evidence
Probiotic VSL#3 was more effective than placebo

[109]
[110]
[111]
[112]
[113]
[114]
[115]
[116]

Insufficient evidence
No evidence
Insufficient evidence
Insufficient randomized trials
Lack of randomized clinical trials
Need of efficacy demonstration
No sufficient evidence
Insufficient data
Insufficient evidence
No effective treatment
Limited evidence

[117]
[118]
[119]
[120]
[121]
[122]
[123]
[124]
[125]
[126]
[127]

Reviews obtained from the search into “probiotics” in the Cochrane Library (http://onlinelibrary.wiley.com/cochranelibrary/search) of the Cochrane
Database of Systematic Reviews journal.

working at the Medicine School of Kyoto, cultured a
bacterium strain (Lactobacillus casei strain Shirota) that become the first probiotic commercialized in 1935 by the
Japanese company Yakut[108]. The market for foods containing probiotics, including bifidobacteria, is growing at
a high rate in recent years. Research on this topic is also
receiving a lot of attention, since the use of probiotics in
preventive medicine to keep a healthy intestinal function
is well documented, and probiotics are also proposed
as therapeutic agents for gastrointestinal disorders and
other pathologies[27].
A search in the Cochrane Library (http://onlinelibrary.wiley.com/cochranelibrary/search) for research
into “probiotics” in human health shows several systematic reviews about the use of these microorganisms
for prevention, or treatment, of several diseases (Table
1)[109-127]. The overall picture of these studies indicates
that the degree of scientific evidence of the effectiveness of probiotics on several pathologies, mainly gutassociated diseases, is insufficient, or the data were not
enough to arrive at a conclusion. In most reviews, the
selection of human intervention trials with probiotics
was a miscellaneous of studies, without defined criteria:
probiotic strains were not completely defined (at strain
level, dose, vehicle of delivery, duration of the intervention, etc.); the placebo group was not accurate; often probiotics were used in combination with other therapies
(e.g., antibiotics); the human target population was not
clearly delimited (age, physio-pathological state of the
disease, etc.); among others. This lack of definition could
mask any beneficial findings obtained with probiotics,
and it could hinder a real progress in obtaining effective
products. Therefore, more attention should be paid to
design, conduct and accurate reporting human studies
on probiotics.
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Bifidobacteria as probiotic in gastrointestinal pathology
In spite of the above mentioned limitations, the World
Gastroenterology Organization (WGO) has recently
published potential clinical applications for several probiotic formulations, in which species of Lactobacillus play
a predominant role[128]. In the current review, we have
compiled a series of human intervention studies, showing
beneficial effects in gastrointestinal health, which have
been made with bifidobacterial strains (Table 2)[129-154].
It is worth noting that only a few Bifidobacterium strains,
such as the case of B. animalis subsp. lactis HN019 and
B. infantis 35624, have been studied alone, and not in
combination with other strains, which limits the conclusions obtained regarding the specific effects of bifidobacteria strains. The studies carried out with the strain
35624 show that it was effective in reducing the proinflammatory state of patients with IBD[142,143], as well as
with UC[144]; besides, the immune modulation effect of B.
infantis 35624 was extended to systemic level since it was
effective in reducing inflammatory biomarkers in patients
with non-gastrointestinal inflammatory processes, such
as chronic fatigue syndrome and psoriasis[144]. Most bifidobacteria strains were tested in combination with other
probiotics (lactobacilli and propionibacteria) and/or
food-starter bacteria (Streptococcus thermophilus, Lactobacillus
delbrueckii subsp. bulgaricus and Lactococcus lactis) (Table 2);
thus, the reported beneficial effects cannot be exclusively
assigned to a specific bifidobacterial strain. Indeed, the
two strains of B. breve included in the table were tested
together with some of these bacteria[139,141], or even with
prebiotics such as galacto-oligosaccharides[140]. In the case
of B. animalis subsp. lactis strains, they were often used
as bio-ingredients of yogurt-like fermented milks; thus
the additional beneficial effect of this food itself cannot be obviated. Nevertheless, most human studies car-
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Table 2 Some Bifidobacterium strains tested in human intervention studies showing positive effects on gastrointestinal functions
Bifido species
B. animalis subs. lactis

Bifido strain

Other species

Reported effect

Ref.

Bb12

+ S. thermophilus
No
+ L. rhamnosus (GG and Lc705),
P. freudenreichii ssp. shermani JS
+ S. thermophilus, L. delbureckii subsp.
bulgaricus, L. lactis (= fermented milk)

Antibiotic associated diarrhoea–children
Prevent infection in child care centres
Alleviate symptoms of IBS

[129]
[130]
[131]

Improve symptoms of IBS
Improve GI well-being in women with minor
digestive symptoms
Affect brain activity (emotion and sensation) in
healthy women
Improve functional GI symptoms in adults
Prevent NEC in very low birth weight preterm
infants
Alleviate symptoms of IBS

[132,133]
[134,135]

Improve clinical conditions of patients with UC
Improve symptoms and decrease H2 production in
lactose-intolerant patients
Alleviate symptoms of IBS
Relive symptoms of IBS in woman
Reduce systemic pro-inflammatory biomarkers in
GI and no-GI conditions
Prevent NEC in very low birth weight preterm
infants
Prevent NEC in very low birth weight neonates

[140]
[141]

Remission of UC in children
Ameliorate symptoms in children with IBS
Reduce symptoms in mild to moderate UC patients
Maintain remission in recurrent or refractory
pouchitis
Reduce the pouchitis activity index in IPAA
patients
Reduce the incidence of AAD in risk hospital
inpatients

[147]
[148]
[149,150]
[151,152]

DN-173010

B. bifidum
B. breve

HN019
NCDO 1453

No
+ L. acidophilus NCDO 1748

Bb99

+ L. rhamnosus (GG and Lc705),
P. freudenreichii ssp. shermani JS
+ prebiotic GOS
+ L. casei Shirota

Yakult

B. infantis

35624

No
No
No

Infloran® (B. infantis)

Unknown

+ L. acidophilus

ABC Dophilus (B. infantis,
B. bifidus)
VSL#3® (B. breve,
B. infantis, B. longum)

Unknown

+ S. thermophilus

Unknown

+ S. thermophilus, L. acidophilus,
L. plantarum, L. paracasei,
L. delbrueckii subsp. bulgaricus

[136]
[137]
[138]
[139]

[142]
[143]
[144]
[145]
[146]

[153]
[154]

AAD: Antibiotic associated diarrhoea; GI: Gastrointestinal; IBS: Irritable bowel syndrome; IPAA: Ileal pouch anal anastomosis; NEC: Necrotizing
enterocolitis; UC: Ulcerative colitis; S. thermophilus: Streptococcus thermophilus; L. rhamnosus: Lactobacillus rhamnosus; L. delbureckii: Lactobacillus delbrueckii;
L. lactis: Lactococcus lactis; L. acidophilus: Lactobacillus acidophilus; L. casei: Lactobacillus casei; L. plantarum: Lactobacillus plantarum; L. paracasei: Lactobacillus
paracasei; P. freudenreichii: Propionibacterium freudenreichii; B. animalis: Bifidobacterium animalis; B. bifidum: Bifidobacterium bifidum; B. breve: Bifidobacterium breve;
B. infantis: Bifidobacterium infantis; B. longum: Bifidobacterium longum.

ried out with this species, mainly with the strains Bb12,
DN-173010 and HN019, showed that they are effective
in reducing IBS symptoms helping to improve the wellbeing of the individuals[131,132,134-137]. Different bifidobacteria species (B. animalis subsp. lactis, B. bifidum, or B.
infantis), mostly combined with St. thermophilus and/or Lb.
acidophilus, have been shown to be effective in the prevention and treatment of antibiotic associated diarrhea[129,130],
as well as in the prevention of necrotizing enterocolitis
in children[138,145,146]. Finally, the inflammatory conditions
of different IBD types (Crohn´s disease, UC and pouchitis) were reduced, to variable extents, after the use of
bifidobacteria-containing probiotic products. Particularly
the product VSL#3, which includes three bifidobacteria
in combination with five lactic acid bacteria, seems to be
efficient in the reduction of symptoms, or maintaining
remission of IBD in children and adults[147-154].
Bifidobacteria as probiotic in respiratory pathology
During the last few years, it has been shown that a few
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probiotic strains have a potential role in reducing the
symptoms of asthma and other allergic respiratory
troubles. For instance, a hydrolyzed formula with B. breve
and a galacto/fructo-oligosaccharide mixture (prebiotics)
was able to prevent asthma-like symptoms in infants with
atopic dermatitis[155]. However, one of the more promising applications of probiotic bacteria in respiratory diseases is the use of some Lactobacillus and Bifidobacterium
strains in the treatment of allergic rhinitis. In a doubleblind, randomized, cross-over study, involving 31 adults
with allergic rhinitis to grass pollen, Perrin and colleagues
demonstrated that short-term consumption of Lactobacillus paracasei NCC2461 reduced subjective nasal pruritus, whilst not affecting nasal congestion[156]. Regarding
Bifidobacterium strains, oral administration of B. animalis
subsp. lactis NCC2818 mitigates immune parameters and
allergic symptoms in adult subjects suffering from allergic
rhinitis during seasonal exposure[157]. Also, the strain B.
longum BB536 has shown promising applications in relieving symptoms of cedar pollinosis[158,159]. Furthermore,
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a combination of probiotics, including one strain of L.
acidophilus and two strains of B. animalis subsp. lactis, was
shown to be associated with changes in faecal microbiota
composition and was able to prevent the pollen-induced
infiltration of eosinophils into the nasal mucosa in birch
pollen allergy, and indicated a trend for reduced nasal
symptoms[160].

6

CONCLUSION
The human gut is colonised by a myriad of microorganisms commonly referred to as intestinal microbiota.
This complex and dynamic bacterial community plays
an important role in human health. Alterations, or dysbioses, in microbiota composition and function have
been related to different intestinal and extra-intestinal
diseases. Among human gut microbiota members the
genus Bifidobacterium has attracted lot of scientific interest. Alterations in intestinal bifidobacteria levels, or species composition, are often present in cases of intestinal
microbiota dysbiosis. Indeed, deviations in intestinal
bifidobacteria have been observed in different diseases,
including allergies, IBD, IBS or CRC. Therefore, modulating the intestinal bifidobacteria population has often
been considered a target for dietary interventions, providing the rational for the use of microorganisms of the
genus Bifidobacterium as probiotics. Different strains have
been assessed as probiotics for different diseases, with
different results obtained depending on both the strain
and the disease tested. Nevertheless, some Bifidobacterium
strains have shown very promising results, improving
IBD, IBS, diarrhoea, and allergy symptoms.

7

REFERENCES

12

1

2

3

4

5

Bäckhed F, Ley RE, Sonnenburg JL, Peterson DA, Gordon
JI. Host-bacterial mutualism in the human intestine. Science
2005; 307: 1915-1920 [PMID: 15790844 DOI: 10.1126/science.1104816]
Gill SR, Pop M, Deboy RT, Eckburg PB, Turnbaugh PJ,
Samuel BS, Gordon JI, Relman DA, Fraser-Liggett CM, Nelson KE. Metagenomic analysis of the human distal gut microbiome. Science 2006; 312: 1355-1359 [PMID: 16741115 DOI:
10.1126/science.1124234]
Kim BS, Jeon YS, Chun J. Current status and future
promise of the human microbiome. Pediatr Gastroenterol
Hepatol Nutr 2013; 16: 71-79 [PMID: 24010110 DOI: 10.5223/
pghn.2013.16.2.71]
Eckburg PB, Bik EM, Bernstein CN, Purdom E, Dethlefsen L,
Sargent M, Gill SR, Nelson KE, Relman DA. Diversity of the
human intestinal microbial flora. Science 2005; 308: 1635-1638
[PMID: 15831718 DOI: 10.1126/science.1110591]
Arumugam M, Raes J, Pelletier E, Le Paslier D, Yamada T,
Mende DR, Fernandes GR, Tap J, Bruls T, Batto JM, Bertalan
M, Borruel N, Casellas F, Fernandez L, Gautier L, Hansen T,
Hattori M, Hayashi T, Kleerebezem M, Kurokawa K, Leclerc
M, Levenez F, Manichanh C, Nielsen HB, Nielsen T, Pons
N, Poulain J, Qin J, Sicheritz-Ponten T, Tims S, Torrents D,
Ugarte E, Zoetendal EG, Wang J, Guarner F, Pedersen O,
de Vos WM, Brunak S, Doré J, Antolín M, Artiguenave F,
Blottiere HM, Almeida M, Brechot C, Cara C, Chervaux C,
Cultrone A, Delorme C, Denariaz G, Dervyn R, Foerstner
KU, Friss C, van de Guchte M, Guedon E, Haimet F, Huber

WJG|www.wjgnet.com

8

9

10

11

13

14

15

16

17

15171

W, van Hylckama-Vlieg J, Jamet A, Juste C, Kaci G, Knol J,
Lakhdari O, Layec S, Le Roux K, Maguin E, Mérieux A, Melo
Minardi R, M’rini C, Muller J, Oozeer R, Parkhill J, Renault
P, Rescigno M, Sanchez N, Sunagawa S, Torrejon A, Turner
K, Vandemeulebrouck G, Varela E, Winogradsky Y, Zeller G,
Weissenbach J, Ehrlich SD, Bork P. Enterotypes of the human
gut microbiome. Nature 2011; 473: 174-180 [PMID: 21508958
DOI: 10.1038/nature09944]
Lozupone CA, Stombaugh JI, Gordon JI, Jansson JK, Knight
R. Diversity, stability and resilience of the human gut microbiota. Nature 2012; 489: 220-230 [PMID: 22972295 DOI:
10.1038/nature11550]
Arboleya S, Solís G, Fernández N, de los Reyes-Gavilán
CG, Gueimonde M. Facultative to strict anaerobes ratio in
the preterm infant microbiota: a target for intervention? Gut
Microbes 2012; 3: 583-588 [PMID: 22922559 DOI: 10.4161/
gmic.21942]
Claesson MJ, Cusack S, O’Sullivan O, Greene-Diniz R,
de Weerd H, Flannery E, Marchesi JR, Falush D, Dinan
T, Fitzgerald G, Stanton C, van Sinderen D, O’Connor M,
Harnedy N, O’Connor K, Henry C, O’Mahony D, Fitzgerald AP, Shanahan F, Twomey C, Hill C, Ross RP, O’Toole
PW. Composition, variability, and temporal stability of the
intestinal microbiota of the elderly. Proc Natl Acad Sci USA
2011; 108 Suppl 1: 4586-4591 [PMID: 20571116 DOI: 10.1073/
pnas.1000097107]
Salazar N, López P, Valdés L, Margolles A, Suárez A, Patterson AM, Cuervo A, de los Reyes-Gavilán CG, Ruas-Madiedo
P, González S, Gueimonde M. Microbial targets for the development of functional foods accordingly with nutritional
and immune parameters altered in the elderly. J Am Coll
Nutr 2013; 32: 399-406 [DOI: 10.1080/07315724.2013.827047]
Cani PD, Everard A, Duparc T. Gut microbiota, enteroendocrine functions and metabolism. Curr Opin Pharmacol 2013; 13: 935-940 [PMID: 24075718 DOI: 10.1016/
j.coph.2013.09.008]
Reigstad CS, Kashyap PC. Beyond phylotyping: understanding the impact of gut microbiota on host biology. Neurogastroenterol Motil 2013; 25: 358-372 [PMID: 23594242 DOI:
10.1111/nmo.12134]
Flint HJ, Scott KP, Louis P, Duncan SH. The role of the gut
microbiota in nutrition and health. Nat Rev Gastroenterol Hepatol 2012; 9: 577-589 [PMID: 22945443 DOI: 10.1038/nrgastro.2012.156]
Sjögren YM, Tomicic S, Lundberg A, Böttcher MF, Björkstén B, Sverremark-Ekström E, Jenmalm MC. Influence
of early gut microbiota on the maturation of childhood
mucosal and systemic immune responses. Clin Exp Allergy 2009; 39: 1842-1851 [PMID: 19735274 DOI: 10.1111/
j.1365-2222.2009.03326.x]
Martin R, Nauta AJ, Ben Amor K, Knippels LM, Knol J,
Garssen J. Early life: gut microbiota and immune development in infancy. Benef Microbes 2010; 1: 367-382 [PMID:
21831776 DOI: 10.3920/BM2010.0027]
Hsiao EY, McBride SW, Hsien S, Sharon G, Hyde ER, McCue
T, Codelli JA, Chow J, Reisman SE, Petrosino JF, Patterson
PH, Mazmanian SK. Microbiota modulate behavioral and
physiological abnormalities associated with neurodevelopmental disorders. Cell 2013; 155: 1451-1463 [PMID: 24315484
DOI: 10.1016/j.cell.2013.11.024]
Wu GD, Chen J, Hoffmann C, Bittinger K, Chen YY, Keilbaugh SA, Bewtra M, Knights D, Walters WA, Knight R,
Sinha R, Gilroy E, Gupta K, Baldassano R, Nessel L, Li H,
Bushman FD, Lewis JD. Linking long-term dietary patterns
with gut microbial enterotypes. Science 2011; 334: 105-108
[PMID: 21885731 DOI: 10.1126/science.1208344]
Yatsunenko T, Rey FE, Manary MJ, Trehan I, DominguezBello MG, Contreras M, Magris M, Hidalgo G, Baldassano
RN, Anokhin AP, Heath AC, Warner B, Reeder J, Kuczynski J,
Caporaso JG, Lozupone CA, Lauber C, Clemente JC, Knights

November 7, 2014|Volume 20|Issue 41|

Tojo R et al . Intestinal bifidobacteria in health and disease

18

19

20

21
22

23

24

25
26

27

28

29
30

31
32

33

D, Knight R, Gordon JI. Human gut microbiome viewed
across age and geography. Nature 2012; 486: 222-227 [PMID:
22699611 DOI: 10.1038/nature11053]
Arboleya S, Ang L, Margolles A, Yiyuan L, Dongya Z,
Liang X, Solís G, Fernández N, de Los Reyes-Gavilán CG,
Gueimonde M. Deep 16S rRNA metagenomics and quantitative PCR analyses of the premature infant fecal microbiota.
Anaerobe 2012; 18: 378-380 [PMID: 22579986 DOI: 10.1016/
j.anaerobe.2012.04.013]
Pérez-Cobas AE, Artacho A, Knecht H, Ferrús ML, Friedrichs A, Ott SJ, Moya A, Latorre A, Gosalbes MJ. Differential
effects of antibiotic therapy on the structure and function
of human gut microbiota. PLoS One 2013; 8: e80201 [PMID:
24282523 DOI: 10.1371/journal.pone.0080201]
Aziz Q, Doré J, Emmanuel A, Guarner F, Quigley EM. Gut
microbiota and gastrointestinal health: current concepts
and future directions. Neurogastroenterol Motil 2013; 25: 4-15
[PMID: 23279728 DOI: 10.1111/nmo.12046]
Wu GD, Lewis JD. Analysis of the human gut microbiome
and association with disease. Clin Gastroenterol Hepatol 2013;
11: 774-777 [PMID: 23643636 DOI: 10.1016/j.cgh.2013.03.038]
Shanahan F, Quigley EM. Manipulation of the microbiota
for treatment of IBS and IBD-challenges and controversies.
Gastroenterology 2014; 146: 1554-1563 [PMID: 24486051 DOI:
10.1053/j.gastro.2014.01.050]
Fraher MH, O’Toole PW, Quigley EM. Techniques used to
characterize the gut microbiota: a guide for the clinician. Nat
Rev Gastroenterol Hepatol 2012; 9: 312-322 [PMID: 22450307
DOI: 10.1038/nrgastro.2012.44]
van Nood E, Vrieze A, Nieuwdorp M, Fuentes S, Zoetendal
EG, de Vos WM, Visser CE, Kuijper EJ, Bartelsman JF, Tijssen JG, Speelman P, Dijkgraaf MG, Keller JJ. Duodenal infusion of donor feces for recurrent Clostridium difficile. N Engl
J Med 2013; 368: 407-415 [PMID: 23323867 DOI: 10.1056/NEJMoa1205037]
Borody TJ, Khoruts A. Fecal microbiota transplantation and
emerging applications. Nat Rev Gastroenterol Hepatol 2012; 9:
88-96 [PMID: 22183182 DOI: 10.1038/nrgastro.2011.244]
Smits LP, Bouter KE, de Vos WM, Borody TJ, Nieuwdorp
M. Therapeutic potential of fecal microbiota transplantation.
Gastroenterology 2013; 145: 946-953 [PMID: 24018052 DOI:
10.1053/j.gastro.2013.08.058]
Sanders ME, Guarner F, Guerrant R, Holt PR, Quigley
EM, Sartor RB, Sherman PM, Mayer EA. An update on the
use and investigation of probiotics in health and disease.
Gut 2013; 62: 787-796 [PMID: 23474420 DOI: 10.1136/
gutjnl-2012-302504]
Borody TJ, Brandt LJ, Paramsothy S. Therapeutic faecal
microbiota transplantation: current status and future developments. Curr Opin Gastroenterol 2014; 30: 97-105 [PMID:
24257037 DOI: 10.1097/MOG.0000000000000027]
Manichanh C, Borruel N, Casellas F, Guarner F. The gut microbiota in IBD. Nat Rev Gastroenterol Hepatol 2012; 9: 599-608
[PMID: 22907164 DOI: 10.1038/nrgastro.2012.152]
Knights D, Lassen KG, Xavier RJ. Advances in inflammatory
bowel disease pathogenesis: linking host genetics and the
microbiome. Gut 2013; 62: 1505-1510 [PMID: 24037875 DOI:
10.1136/gutjnl-2012-303954]
Guarner F. What is the role of the enteric commensal flora
in IBD? Inflamm Bowel Dis 2008; 14 Suppl 2: S83-S84 [PMID:
18816773 DOI: 10.1002/ibd.20548]
Kostic AD, Xavier RJ, Gevers D. The microbiome in inflammatory bowel disease: current status and the future ahead.
Gastroenterology 2014; 146: 1489-1499 [PMID: 24560869 DOI:
10.1053/j.gastro.2014.02.009]
Ott SJ, Musfeldt M, Wenderoth DF, Hampe J, Brant O,
Fölsch UR, Timmis KN, Schreiber S. Reduction in diversity
of the colonic mucosa associated bacterial microflora in patients with active inflammatory bowel disease. Gut 2004; 53:
685-693 [PMID: 15082587]

WJG|www.wjgnet.com

34

35

36

37

38

39

40

41

42

43

44
45
46

47

15172

Martinez C, Antolin M, Santos J, Torrejon A, Casellas F, Borruel N, Guarner F, Malagelada JR. Unstable composition of
the fecal microbiota in ulcerative colitis during clinical remission. Am J Gastroenterol 2008; 103: 643-648 [PMID: 18341488
DOI: 10.1111/j.1572-0241.2007.01592.x]
Chassaing B, Darfeuille-Michaud A. The commensal microbiota and enteropathogens in the pathogenesis of inflammatory bowel diseases. Gastroenterology 2011; 140: 1720-1728
[PMID: 21530738 DOI: 10.1053/j.gastro.2011.01.054]
Rowan F, Docherty NG, Murphy M, Murphy B, Calvin
Coffey J, O’Connell PR. Desulfovibrio bacterial species are increased in ulcerative colitis. Dis Colon Rectum
2010; 53: 1530-1536 [PMID: 20940602 DOI: 10.1007/
DCR.0b013e3181f1e620]
Morgan XC, Tickle TL, Sokol H, Gevers D, Devaney KL,
Ward DV, Reyes JA, Shah SA, LeLeiko N, Snapper SB,
Bousvaros A, Korzenik J, Sands BE, Xavier RJ, Huttenhower
C. Dysfunction of the intestinal microbiome in inflammatory bowel disease and treatment. Genome Biol 2012; 13: R79
[PMID: 23013615 DOI: 10.1186/gb-2012-13-9-r79]
Sokol H, Pigneur B, Watterlot L, Lakhdari O, BermúdezHumarán LG, Gratadoux JJ, Blugeon S, Bridonneau C, Furet
JP, Corthier G, Grangette C, Vasquez N, Pochart P, Trugnan
G, Thomas G, Blottière HM, Doré J, Marteau P, Seksik P,
Langella P. Faecalibacterium prausnitzii is an anti-inflammatory commensal bacterium identified by gut microbiota
analysis of Crohn disease patients. Proc Natl Acad Sci USA
2008; 105: 16731-16736 [PMID: 18936492 DOI: 10.1073/
pnas.0804812105]
Willing B, Halfvarson J, Dicksved J, Rosenquist M, Järnerot
G, Engstrand L, Tysk C, Jansson JK. Twin studies reveal
specific imbalances in the mucosa-associated microbiota of
patients with ileal Crohn’s disease. Inflamm Bowel Dis 2009;
15: 653-660 [PMID: 19023901 DOI: 10.1002/ibd.20783]
Darfeuille-Michaud A, Boudeau J, Bulois P, Neut C, Glasser
AL, Barnich N, Bringer MA, Swidsinski A, Beaugerie L, Colombel JF. High prevalence of adherent-invasive Escherichia
coli associated with ileal mucosa in Crohn’s disease. Gastroenterology 2004; 127: 412-421 [PMID: 15300573]
Erickson AR, Cantarel BL, Lamendella R, Darzi Y, Mongodin EF, Pan C, Shah M, Halfvarson J, Tysk C, Henrissat B,
Raes J, Verberkmoes NC, Fraser CM, Hettich RL, Jansson
JK. Integrated metagenomics/metaproteomics reveals human host-microbiota signatures of Crohn’s disease. PLoS
One 2012; 7: e49138 [PMID: 23209564 DOI: 10.1371/journal.
pone.0049138]
McLaughlin SD, Walker AW, Churcher C, Clark SK, Tekkis
PP, Johnson MW, Parkhill J, Ciclitira PJ, Dougan G, Nicholls
RJ, Petrovska L. The bacteriology of pouchitis: a molecular
phylogenetic analysis using 16S rRNA gene cloning and sequencing. Ann Surg 2010; 252: 90-98 [PMID: 20562611 DOI:
10.1097/SLA.0b013e3181e3dc8b]
Castells A, Castellví-Bel S, Balaguer F. Concepts in familial
colorectal cancer: where do we stand and what is the future?
Gastroenterology 2009; 137: 404-409 [PMID: 19540838 DOI:
10.1053/j.gastro.2009.06.015]
Zhu Q, Gao R, Wu W, Qin H. The role of gut microbiota in
the pathogenesis of colorectal cancer. Tumour Biol 2013; 34:
1285-1300 [PMID: 23397545 DOI: 10.1007/s13277-013-0684-4]
Terzić J, Grivennikov S, Karin E, Karin M. Inflammation and
colon cancer. Gastroenterology 2010; 138: 2101-2114.e5 [PMID:
20420949 DOI: 10.1053/j.gastro.2010.01.058]
Wu S, Rhee KJ, Albesiano E, Rabizadeh S, Wu X, Yen HR,
Huso DL, Brancati FL, Wick E, McAllister F, Housseau F,
Pardoll DM, Sears CL. A human colonic commensal promotes colon tumorigenesis via activation of T helper type
17 T cell responses. Nat Med 2009; 15: 1016-1022 [PMID:
19701202 DOI: 10.1038/nm.2015]
Azcárate-Peril MA, Sikes M, Bruno-Bárcena JM. The intestinal microbiota, gastrointestinal environment and colorectal

November 7, 2014|Volume 20|Issue 41|

Tojo R et al . Intestinal bifidobacteria in health and disease

48

49

50

51

52
53

54

55

56

57
58

59

60

61

62

cancer: a putative role for probiotics in prevention of colorectal cancer? Am J Physiol Gastrointest Liver Physiol 2011; 301:
G401-G424 [PMID: 21700901 DOI: 10.1152/ajpgi.00110.2011]
Scanlan PD, Shanahan F, Clune Y, Collins JK, O’Sullivan
GC, O’Riordan M, Holmes E, Wang Y, Marchesi JR. Cultureindependent analysis of the gut microbiota in colorectal cancer and polyposis. Environ Microbiol 2008; 10: 789-798 [PMID:
18237311 DOI: 10.1111/j.1462-2920.2007.01503.x]
Uronis JM, Mühlbauer M, Herfarth HH, Rubinas TC, Jones
GS, Jobin C. Modulation of the intestinal microbiota alters
colitis-associated colorectal cancer susceptibility. PLoS
One 2009; 4: e6026 [PMID: 19551144 DOI: 10.1371/journal.
pone.0006026]
Shaheen NJ, Hansen RA, Morgan DR, Gangarosa LM, Ringel Y, Thiny MT, Russo MW, Sandler RS. The burden of gastrointestinal and liver diseases, 2006. Am J Gastroenterol 2006;
101: 2128-2138 [PMID: 16848807]
Simrén M, Barbara G, Flint HJ, Spiegel BM, Spiller RC, Vanner S, Verdu EF, Whorwell PJ, Zoetendal EG. Intestinal microbiota in functional bowel disorders: a Rome foundation
report. Gut 2013; 62: 159-176 [PMID: 22730468 DOI: 10.1136/
gutjnl-2012-302167]
Spiller R, Garsed K. Infection, inflammation, and the irritable bowel syndrome. Dig Liver Dis 2009; 41: 844-849 [PMID:
19716778 DOI: 10.1016/j.dld.2009.07.007]
Dunlop SP, Jenkins D, Neal KR, Spiller RC. Relative importance of enterochromaffin cell hyperplasia, anxiety, and
depression in postinfectious IBS. Gastroenterology 2003; 125:
1651-1659 [PMID: 14724817]
Swan C, Duroudier NP, Campbell E, Zaitoun A, Hastings M, Dukes GE, Cox J, Kelly FM, Wilde J, Lennon MG,
Neal KR, Whorwell PJ, Hall IP, Spiller RC. Identifying and
testing candidate genetic polymorphisms in the irritable
bowel syndrome (IBS): association with TNFSF15 and
TNFα. Gut 2013; 62: 985-994 [PMID: 22684480 DOI: 10.1136/
gutjnl-2011-301213]
Ford AC, Spiegel BM, Talley NJ, Moayyedi P. Small intestinal bacterial overgrowth in irritable bowel syndrome:
systematic review and meta-analysis. Clin Gastroenterol
Hepatol 2009; 7: 1279-1286 [PMID: 19602448 DOI: 10.1016/
j.cgh.2009.06.031]
Spiegel BM. Questioning the bacterial overgrowth hypothesis of irritable bowel syndrome: an epidemiologic and evolutionary perspective. Clin Gastroenterol Hepatol 2011; 9: 461-469;
quiz e59 [PMID: 21397724 DOI: 10.1016/j.cgh.2011.02.030]
Tack J. Antibiotic therapy for the irritable bowel syndrome.
N Engl J Med 2011; 364: 81-82 [PMID: 21208112 DOI: 10.1056/
NEJMe1011211]
Halmos EP, Power VA, Shepherd SJ, Gibson PR, Muir JG.
A diet low in FODMAPs reduces symptoms of irritable
bowel syndrome. Gastroenterology 2014; 146: 67-75.e5 [PMID:
24076059 DOI: 10.1053/j.gastro.2013.09.046]
Ringel Y, Maharshak N. Intestinal microbiota and immune
function in the pathogenesis of irritable bowel syndrome.
Am J Physiol Gastrointest Liver Physiol 2013; 305: G529-G541
[PMID: 23886861 DOI: 10.1152/ajpgi.00207.2012]
Carroll IM, Ringel-Kulka T, Siddle JP, Ringel Y. Alterations
in composition and diversity of the intestinal microbiota
in patients with diarrhea-predominant irritable bowel syndrome. Neurogastroenterol Motil 2012; 24: 521-530, e248 [PMID:
22339879 DOI: 10.1111/j.1365-2982.2012.01891.x]
Maukonen J, Satokari R, Mättö J, Söderlund H, MattilaSandholm T, Saarela M. Prevalence and temporal stability
of selected clostridial groups in irritable bowel syndrome in
relation to predominant faecal bacteria. J Med Microbiol 2006;
55: 625-633 [PMID: 16585652]
Parkes GC, Rayment NB, Hudspith BN, Petrovska L, Lomer
MC, Brostoff J, Whelan K, Sanderson JD. Distinct microbial
populations exist in the mucosa-associated microbiota of
sub-groups of irritable bowel syndrome. Neurogastroen-

WJG|www.wjgnet.com

63

64

65

66

67
68

69

70

71

72
73

74
75

76

77

78

15173

terol Motil 2012; 24: 31-39 [PMID: 22070725 DOI: 10.1111/
j.1365-2982.2011.01803.x]
Tana C, Umesaki Y, Imaoka A, Handa T, Kanazawa M, Fukudo S. Altered profiles of intestinal microbiota and organic
acids may be the origin of symptoms in irritable bowel syndrome. Neurogastroenterol Motil 2010; 22: 512-519, e114-115
[PMID: 19903265 DOI: 10.1111/j.1365-2982.2009.01427.x]
Martínez C, Lobo B, Pigrau M, Ramos L, González-Castro
AM, Alonso C, Guilarte M, Guilá M, de Torres I, Azpiroz F,
Santos J, Vicario M. Diarrhoea-predominant irritable bowel
syndrome: an organic disorder with structural abnormalities in the jejunal epithelial barrier. Gut 2013; 62: 1160-1168
[PMID: 22637702 DOI: 10.1136/gutjnl-2012-302093]
Duboc H, Rainteau D, Rajca S, Humbert L, Farabos D, Maubert M, Grondin V, Jouet P, Bouhassira D, Seksik P, Sokol H,
Coffin B, Sabaté JM. Increase in fecal primary bile acids and
dysbiosis in patients with diarrhea-predominant irritable bowel syndrome. Neurogastroenterol Motil 2012; 24: 513-520, e246-247
[PMID: 22356587 DOI: 10.1111/j.1365-2982.2012.01893.x]
Collins SM, Bercik P. The relationship between intestinal microbiota and the central nervous system in normal
gastrointestinal function and disease. Gastroenterology
2009; 136: 2003-2014 [PMID: 19457424 DOI: 10.1053/
j.gastro.2009.01.075]
Bercik P. The microbiota-gut-brain axis: learning from intestinal bacteria? Gut 2011; 60: 288-289 [PMID: 21296788 DOI:
10.1136/gut.2010.226779]
Mayer EA, Savidge T, Shulman RJ. Brain-gut microbiome
interactions and functional bowel disorders. Gastroenterology 2014; 146: 1500-1512 [PMID: 24583088 DOI: 10.1053/
j.gastro.2014.02.037]
Ceapa C, Wopereis H, Rezaïki L, Kleerebezem M, Knol J,
Oozeer R. Influence of fermented milk products, prebiotics
and probiotics on microbiota composition and health. Best
Pract Res Clin Gastroenterol 2013; 27: 139-155 [PMID: 23768559
DOI: 10.1016/j.bpg.2013.04.004]
Yeoh N, Burton JP, Suppiah P, Reid G, Stebbings S. The role
of the microbiome in rheumatic diseases. Curr Rheumatol
Rep 2013; 15: 314 [PMID: 23378145 DOI: 10.1007/s11926-0120314-y]
Ebel B, Lemetais G, Beney L, Cachon R, Sokol H, Langella P,
Gervais P. Impact of probiotics on risk factors for cardiovascular diseases. A review. Crit Rev Food Sci Nutr 2014; 54: 175-189
[PMID: 24188267 DOI: 10.1080/10408398.2011.579361]
Shanahan F. The gut microbiota in 2011: Translating the
microbiota to medicine. Nat Rev Gastroenterol Hepatol 2012; 9:
72-74 [PMID: 22183186 DOI: 10.1038/nrgastro.2011.250]
Gupta A, Dhiman RK, Kumari S, Rana S, Agarwal R, Duseja
A, Chawla Y. Role of small intestinal bacterial overgrowth
and delayed gastrointestinal transit time in cirrhotic patients
with minimal hepatic encephalopathy. J Hepatol 2010; 53:
849-855 [PMID: 20675008 DOI: 10.1016/j.jhep.2010.05.017]
Szabo G, Bala S, Petrasek J, Gattu A. Gut-liver axis and sensing microbes. Dig Dis 2010; 28: 737-744 [PMID: 21525758
DOI: 10.1159/000324281]
Victor DW, Quigley EM. Hepatic encephalopathy involves
interactions among the microbiota, gut, brain. Clin Gastroenterol Hepatol 2014; 12: 1009-1011 [PMID: 24462627 DOI:
10.1016/j.cgh.2014.01.022]
Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis
ER, Gordon JI. An obesity-associated gut microbiome with
increased capacity for energy harvest. Nature 2006; 444:
1027-1031 [PMID: 17183312]
Vajro P, Paolella G, Fasano A. Microbiota and gut-liver axis:
their influences on obesity and obesity-related liver disease.
J Pediatr Gastroenterol Nutr 2013; 56: 461-468 [PMID: 23287807
DOI: 10.1097/MPG.0b013e318284abb5]
Quigley EM, Stanton C, Murphy EF. The gut microbiota
and the liver. Pathophysiological and clinical implications. J
Hepatol 2013; 58: 1020-1027 [PMID: 23183530 DOI: 10.1016/

November 7, 2014|Volume 20|Issue 41|

Tojo R et al . Intestinal bifidobacteria in health and disease

79
80

81

82

83

84

85

86

87

88

89
90

91

92

93

j.jhep.2012.11.023]
Noverr MC, Huffnagle GB. The ‘microflora hypothesis’ of
allergic diseases. Clin Exp Allergy 2005; 35: 1511-1520 [PMID:
16393316]
Riedler J, Braun-Fahrländer C, Eder W, Schreuer M, Waser
M, Maisch S, Carr D, Schierl R, Nowak D, von Mutius E.
Exposure to farming in early life and development of asthma and allergy: a cross-sectional survey. Lancet 2001; 358:
1129-1133 [PMID: 11597666]
Ege MJ, Mayer M, Normand AC, Genuneit J, Cookson WO,
Braun-Fahrländer C, Heederik D, Piarroux R, von Mutius E.
Exposure to environmental microorganisms and childhood
asthma. N Engl J Med 2011; 364: 701-709 [PMID: 21345099
DOI: 10.1056/NEJMoa1007302]
Omland Ø, Hjort C, Pedersen OF, Miller MR, Sigsgaard T.
New-onset asthma and the effect of environment and occupation among farming and nonfarming rural subjects. J Allergy Clin Immunol 2011; 128: 761-765 [PMID: 21752438 DOI:
10.1016/j.jaci.2011.06.006]
Ouwehand AC, Isolauri E, He F, Hashimoto H, Benno Y,
Salminen S. Differences in Bifidobacterium flora composition
in allergic and healthy infants. J Allergy Clin Immunol 2001;
108: 144-145 [PMID: 11447399]
Gollwitzer ES, Marsland BJ. Microbiota abnormalities in
inflammatory airway diseases - Potential for therapy. Pharmacol Ther 2014; 141: 32-39 [PMID: 23969226 DOI: 10.1016/
j.pharmthera.2013.08.002]
Lynch SV, Goldfarb KC, Wild YK, Kong W, De Lisle RC,
Brodie EL. Cystic fibrosis transmembrane conductance
regulator knockout mice exhibit aberrant gastrointestinal microbiota. Gut Microbes 2013; 4: 41-47 [PMID: 23060053 DOI:
10.4161/gmic.22430]
Schippa S, Iebba V, Santangelo F, Gagliardi A, De Biase RV,
Stamato A, Bertasi S, Lucarelli M, Conte MP, Quattrucci S.
Cystic fibrosis transmembrane conductance regulator (CFTR)
allelic variants relate to shifts in faecal microbiota of cystic
fibrosis patients. PLoS One 2013; 8: e61176 [PMID: 23613805
DOI: 10.1371/journal.pone.0061176]
Duytschaever G, Huys G, Bekaert M, Boulanger L, De Boeck
K, Vandamme P. Cross-sectional and longitudinal comparisons of the predominant fecal microbiota compositions of
a group of pediatric patients with cystic fibrosis and their
healthy siblings. Appl Environ Microbiol 2011; 77: 8015-8024
[PMID: 21926193 DOI: 10.1128/AEM.05933-11]
Madan JC, Koestler DC, Stanton BA, Davidson L, Moulton
LA, Housman ML, Moore JH, Guill MF, Morrison HG, Sogin ML, Hampton TH, Karagas MR, Palumbo PE, Foster
JA, Hibberd PL, O’Toole GA. Serial analysis of the gut and
respiratory microbiome in cystic fibrosis in infancy: interaction between intestinal and respiratory tracts and impact of
nutritional exposures. MBio 2012; 3: pii: e00251-12 [PMID:
22911969 DOI: 10.1128/mBio.00251-12]
Forsythe P. Probiotics and lung diseases. Chest 2011; 139:
901-908 [PMID: 21467057 DOI: 10.1378/chest.10-1861]
Margolles A, Ruas-Madiedo P, de los Reyes-Gavilán CG,
Sánchez B, Gueimonde M. Bifidobacterium. In: Liu D, editor.
Molecular Detection of human bacterial pathogens. Florida:
CRC Press, Taylor & Francis Group, 2011: 45-57
Turroni F, Marchesi JR, Foroni E, Gueimonde M, Shanahan
F, Margolles A, van Sinderen D, Ventura M. Microbiomic
analysis of the bifidobacterial population in the human distal
gut. ISME J 2009; 3: 745-751 [PMID: 19295640 DOI: 10.1038/
ismej.2009.19]
Masco L, Huys G, De Brandt E, Temmerman R, Swings J.
Culture-dependent and culture-independent qualitative
analysis of probiotic products claimed to contain bifidobacteria. Int J Food Microbiol 2005; 102: 221-230 [PMID: 15992621]
Gueimonde M, Ouwehand A, Pitkälä K, Strandberg T,
Finne-Soveri H, Salminen S. Fecal Bifidobacterium levels in
elderly nursing home patients-Are levels as expected? Biosci

WJG|www.wjgnet.com

94

95

96

97

98

99

100

101

102

103

104

105

106

107
108
109

15174

Microflora 2010; 29: 111-113
He F, Ouwehand AC, Isolauri E, Hashimoto H, Benno Y,
Salminen S. Comparison of mucosal adhesion and species
identification of bifidobacteria isolated from healthy and allergic infants. FEMS Immunol Med Microbiol 2001; 30: 43-47
[PMID: 11172990]
Kalliomäki M, Kirjavainen P, Eerola E, Kero P, Salminen S,
Isolauri E. Distinct patterns of neonatal gut microflora in infants in whom atopy was and was not developing. J Allergy
Clin Immunol 2001; 107: 129-134 [PMID: 11150002]
Malinen E, Rinttilä T, Kajander K, Mättö J, Kassinen A, Krogius L, Saarela M, Korpela R, Palva A. Analysis of the fecal
microbiota of irritable bowel syndrome patients and healthy
controls with real-time PCR. Am J Gastroenterol 2005; 100:
373-382 [PMID: 15667495]
Kerckhoffs AP, Samsom M, van der Rest ME, de Vogel J,
Knol J, Ben-Amor K, Akkermans LM. Lower Bifidobacteria
counts in both duodenal mucosa-associated and fecal microbiota in irritable bowel syndrome patients. World J Gastroenterol 2009; 15: 2887-2892 [PMID: 19533811]
Favier C, Neut C, Mizon C, Cortot A, Colombel JF, Mizon J.
Fecal beta-D-galactosidase production and Bifidobacteria are
decreased in Crohn’s disease. Dig Dis Sci 1997; 42: 817-822
[PMID: 9125655]
Seksik P, Rigottier-Gois L, Gramet G, Sutren M, Pochart P,
Marteau P, Jian R, Doré J. Alterations of the dominant faecal
bacterial groups in patients with Crohn’s disease of the colon. Gut 2003; 52: 237-242 [PMID: 12524406]
Macfarlane S, Furrie E, Cummings JH, Macfarlane GT.
Chemotaxonomic analysis of bacterial populations colonizing the rectal mucosa in patients with ulcerative colitis. Clin
Infect Dis 2004; 38: 1690-1699 [PMID: 15227614]
Mylonaki M, Rayment NB, Rampton DS, Hudspith BN,
Brostoff J. Molecular characterization of rectal mucosa-associated bacterial flora in inflammatory bowel disease. Inflamm
Bowel Dis 2005; 11: 481-487 [PMID: 15867588]
Gueimonde M, Ouwehand A, Huhtinen H, Salminen E,
Salminen S. Qualitative and quantitative analyses of the
bifidobacterial microbiota in the colonic mucosa of patients
with colorectal cancer, diverticulitis and inflammatory bowel
disease. World J Gastroenterol 2007; 13: 3985-3989 [PMID:
17663515]
Sanz Y, Sánchez E, Marzotto M, Calabuig M, Torriani S, Dellaglio F. Differences in faecal bacterial communities in coeliac and healthy children as detected by PCR and denaturing
gradient gel electrophoresis. FEMS Immunol Med Microbiol
2007; 51: 562-568 [PMID: 17919298]
Collado MC, Donat E, Ribes-Koninckx C, Calabuig M,
Sanz Y. Imbalances in faecal and duodenal Bifidobacterium species composition in active and non-active coeliac
disease. BMC Microbiol 2008; 8: 232 [PMID: 19102766 DOI:
10.1186/1471-2180-8-232]
Collado MC, Isolauri E, Laitinen K, Salminen S. Effect of
mother’s weight on infant’s microbiota acquisition, composition, and activity during early infancy: a prospective
follow-up study initiated in early pregnancy. Am J Clin
Nutr 2010; 92: 1023-1030 [PMID: 20844065 DOI: 10.3945/
ajcn.2010.29877]
World Health Organization-Food and Agriculture Organization. Probiotics in foods. Health and nutritional properties
and guidelines for evaluation, FAO Food and Nutritional
Paper. Rome: FAO/WHO, 2006: No. 8592-5-105513-0
Tissier H. Traitement des infections intestinales par la méthod de la flore bactérienne de línstein. Crit Rev Soc Biol 1906;
60: 359-361
Vasiljevic T, Shah NP. Probiotics - from Metchnikoff to
bioactives. Int Dairy J 2008; 18: 714-728 [DOI: 10.1016/
j.idairyj.2008.03.004]
Allen SJ, Martinez EG, Gregorio GV, Dans LF. Probiotics for treating acute infectious diarrhoea. Cochrane Data-

November 7, 2014|Volume 20|Issue 41|

Tojo R et al . Intestinal bifidobacteria in health and disease

110

111

112

113

114

115
116

117

118
119

120

121

122

123

124
125
126

base Syst Rev 2010; (11): CD003048 [PMID: 21069673 DOI:
10.1002/14651858.CD003048.pub3]
Johnston BC, Goldenberg JZ, Vandvik PO, Sun X, Guyatt
GH. Probiotics for the prevention of pediatric antibioticassociated diarrhea. Cochrane Database Syst Rev 2011;
(11): CD004827 [PMID: 22071814 DOI: 10.1002/14651858.
CD004827.pub3]
Bernaola Aponte G, Bada Mancilla CA, Carreazo NY, Rojas Galarza RA. Probiotics for treating persistent diarrhoea
in children. Cochrane Database Syst Rev 2013; 8: CD007401
[PMID: 23963712 DOI: 10.1002/14651858.CD007401.pub3]
Pillai A, Nelson R. Probiotics for treatment of Clostridium difficile-associated colitis in adults. Cochrane Database Syst Rev 2008; (1): CD004611 [PMID: 18254055 DOI:
10.1002/14651858.CD004611.pub2]
Goldenberg JZ, Ma SS, Saxton JD, Martzen MR, Vandvik
PO, Thorlund K, Guyatt GH, Johnston BC. Probiotics for
the prevention of Clostridium difficile-associated diarrhea
in adults and children. Cochrane Database Syst Rev 2013;
5: CD006095 [PMID: 23728658 DOI: 10.1002/14651858.
CD006095.pub3]
Alfaleh K, Anabrees J, Bassler D, Al-Kharfi T. Probiotics for
prevention of necrotizing enterocolitis in preterm infants.
Cochrane Database Syst Rev 2011; (3): CD005496 [PMID:
21412889 DOI: 10.1002/14651858.CD005496.pub3]
Mallon P, McKay D, Kirk S, Gardiner K. Probiotics for induction of remission in ulcerative colitis. Cochrane Database
Syst Rev 2007; (4): CD005573 [PMID: 17943867]
Holubar SD, Cima RR, Sandborn WJ, Pardi DS. Treatment
and prevention of pouchitis after ileal pouch-anal anastomosis for chronic ulcerative colitis. Cochrane Database Syst Rev
2010; (6): CD001176 [PMID: 20556748 DOI: 10.1002/14651858.
CD001176.pub2]
Naidoo K, Gordon M, Fagbemi AO, Thomas AG, Akobeng
AK. Probiotics for maintenance of remission in ulcerative
colitis. Cochrane Database Syst Rev 2011; (12): CD007443
[PMID: 22161412 DOI: 10.1002/14651858.CD007443.pub2]
Rolfe VE, Fortun PJ, Hawkey CJ, Bath-Hextall F. Probiotics
for maintenance of remission in Crohn’s disease. Cochrane
Database Syst Rev 2006; (4): CD004826 [PMID: 17054217]
Butterworth AD, Thomas AG, Akobeng AK. Probiotics
for induction of remission in Crohn’s disease. Cochrane Database Syst Rev 2008; (3): CD006634 [PMID: 18646162 DOI:
10.1002/14651858.CD006634.pub2]
Doherty G, Bennett G, Patil S, Cheifetz A, Moss AC. Interventions for prevention of post-operative recurrence of Crohn’s
disease. Cochrane Database Syst Rev 2009; (4): CD006873 [PMID:
19821389 DOI: 10.1002/14651858.CD006873.pub2]
Lirussi F, Mastropasqua E, Orando S, Orlando R. Probiotics
for non-alcoholic fatty liver disease and/or steatohepatitis. Cochrane Database Syst Rev 2007; (1): CD005165 [PMID:
17253543]
McGee RG, Bakens A, Wiley K, Riordan SM, Webster AC.
Probiotics for patients with hepatic encephalopathy. Cochrane
Database Syst Rev 2011; (11): CD008716 [PMID: 22071855
DOI: 10.1002/14651858.CD008716.pub2]
Senok AC, Verstraelen H, Temmerman M, Botta GA. Probiotics for the treatment of bacterial vaginosis. Cochrane
Database Syst Rev 2009; (4): CD006289 [PMID: 19821358 DOI:
10.1002/14651858.CD006289.pub2]
Othman M, Neilson JP, Alfirevic Z. Probiotics for preventing preterm labour. Cochrane Database Syst Rev 2007; (1):
CD005941 [PMID: 17253567]
Osborn DA, Sinn JK. Probiotics in infants for prevention of
allergic disease and food hypersensitivity. Cochrane Database
Syst Rev 2007; (4): CD006475 [PMID: 17943912]
Boyle RJ, Bath-Hextall FJ, Leonardi-Bee J, Murrell DF,
Tang ML. Probiotics for treating eczema. Cochrane Database Syst Rev 2008; (4): CD006135 [PMID: 18843705 DOI:
10.1002/14651858.CD006135.pub2]

WJG|www.wjgnet.com

127 Hao Q, Lu Z, Dong BR, Huang CQ, Wu T. Probiotics for
preventing acute upper respiratory tract infections. Cochrane
Database Syst Rev 2011; (9): CD006895 [PMID: 21901706 DOI:
10.1002/14651858.CD006895.pub2]
128 World Gastroenterology Organisation. World Gastroenterology Organisation Global Guidelines: Probiotics and Prebiotics, 2011. Available from: URL: http://www.worldgastroenterology.org/probiotics-prebiotics.html
129 Corrêa NB, Péret Filho LA, Penna FJ, Lima FM, Nicoli JR. A
randomized formula controlled trial of Bifidobacterium lactis
and Streptococcus thermophilus for prevention of antibioticassociated diarrhea in infants. J Clin Gastroenterol 2005; 39:
385-389 [PMID: 15815206]
130 Weizman Z, Asli G, Alsheikh A. Effect of a probiotic infant
formula on infections in child care centers: comparison
of two probiotic agents. Pediatrics 2005; 115: 5-9 [PMID:
15629974]
131 Kajander K, Myllyluoma E, Rajilić-Stojanović M, Kyrönpalo
S, Rasmussen M, Järvenpää S, Zoetendal EG, de Vos WM,
Vapaatalo H, Korpela R. Clinical trial: multispecies probiotic
supplementation alleviates the symptoms of irritable bowel
syndrome and stabilizes intestinal microbiota. Aliment Pharmacol Ther 2008; 27: 48-57 [PMID: 17919270]
132 Guyonnet D, Chassany O, Ducrotte P, Picard C, Mouret M,
Mercier CH, Matuchansky C. Effect of a fermented milk containing Bifidobacterium animalis DN-173 010 on the healthrelated quality of life and symptoms in irritable bowel syndrome in adults in primary care: a multicentre, randomized,
double-blind, controlled trial. Aliment Pharmacol Ther 2007;
26: 475-486 [PMID: 17635382]
133 Agrawal A, Houghton LA, Morris J, Reilly B, Guyonnet D,
Goupil Feuillerat N, Schlumberger A, Jakob S, Whorwell PJ.
Clinical trial: the effects of a fermented milk product containing Bifidobacterium lactis DN-173 010 on abdominal distension and gastrointestinal transit in irritable bowel syndrome
with constipation. Aliment Pharmacol Ther 2009; 29: 104-114
[PMID: 18801055 DOI: 10.1111/j.1365-2036.2008.03853.x]
134 Guyonnet D, Schlumberger A, Mhamdi L, Jakob S, Chassany O. Fermented milk containing Bifidobacterium lactis
DN-173 010 improves gastrointestinal well-being and
digestive symptoms in women reporting minor digestive
symptoms: a randomised, double-blind, parallel, controlled
study. Br J Nutr 2009; 102: 1654-1662 [PMID: 19622191 DOI:
10.1017/S0007114509990882]
135 Marteau P, Guyonnet D, Lafaye de Micheaux P, Gelu S. A
randomized, double-blind, controlled study and pooled
analysis of two identical trials of fermented milk containing
probiotic Bifidobacterium lactis CNCM I-2494 in healthy
women reporting minor digestive symptoms. Neurogastroenterol Motil 2013; 25: 331-e252 [PMID: 23480238 DOI: 10.1111/
nmo.12078]
136 Tillisch K, Labus J, Kilpatrick L, Jiang Z, Stains J, Ebrat
B, Guyonnet D, Legrain-Raspaud S, Trotin B, Naliboff B,
Mayer EA. Consumption of fermented milk product with
probiotic modulates brain activity. Gastroenterology 2013;
144: 1394-1401, 1401.e1-4 [PMID: 23474283 DOI: 10.1053/
j.gastro.2013.02.043]
137 Waller PA, Gopal PK, Leyer GJ, Ouwehand AC, Reifer C,
Stewart ME, Miller LE. Dose-response effect of Bifidobacterium lactis HN019 on whole gut transit time and functional
gastrointestinal symptoms in adults. Scand J Gastroenterol
2011; 46: 1057-1064 [PMID: 21663486 DOI: 10.3109/00365521.
2011.584895]
138 Lin HC, Hsu CH, Chen HL, Chung MY, Hsu JF, Lien RI,
Tsao LY, Chen CH, Su BH. Oral probiotics prevent necrotizing enterocolitis in very low birth weight preterm infants:
a multicenter, randomized, controlled trial. Pediatrics 2008;
122: 693-700 [PMID: 18829790 DOI: 10.1542/peds.2007-3007]
139 Kajander K, Hatakka K, Poussa T, Färkkilä M, Korpela R.
A probiotic mixture alleviates symptoms in irritable bowel

15175

November 7, 2014|Volume 20|Issue 41|

Tojo R et al . Intestinal bifidobacteria in health and disease

140

141

142

143

144

145

146

147

148

149

150

syndrome patients: a controlled 6-month intervention. Aliment Pharmacol Ther 2005; 22: 387-394 [PMID: 16128676]
Ishikawa H, Matsumoto S, Ohashi Y, Imaoka A, Setoyama H,
Umesaki Y, Tanaka R, Otani T. Beneficial effects of probiotic
bifidobacterium and galacto-oligosaccharide in patients with
ulcerative colitis: a randomized controlled study. Digestion
2011; 84: 128-133 [PMID: 21525768 DOI: 10.1159/000322977]
Almeida CC, Lorena SL, Pavan CR, Akasaka HM, Mesquita
MA. Beneficial effects of long-term consumption of a probiotic combination of Lactobacillus casei Shirota and Bifidobacterium breve Yakult may persist after suspension of therapy in lactose-intolerant patients. Nutr Clin Pract 2012; 27:
247-251 [PMID: 22402407 DOI: 10.1177/0884533612440289]
O’Mahony L, McCarthy J, Kelly P, Hurley G, Luo F, Chen
K, O’Sullivan GC, Kiely B, Collins JK, Shanahan F, Quigley
EM. Lactobacillus and bifidobacterium in irritable bowel
syndrome: symptom responses and relationship to cytokine
profiles. Gastroenterology 2005; 128: 541-551 [PMID: 15765388]
Whorwell PJ, Altringer L, Morel J, Bond Y, Charbonneau D,
O’Mahony L, Kiely B, Shanahan F, Quigley EM. Efficacy of
an encapsulated probiotic Bifidobacterium infantis 35624 in
women with irritable bowel syndrome. Am J Gastroenterol
2006; 101: 1581-1590 [PMID: 16863564]
Groeger D, O’Mahony L, Murphy EF, Bourke JF, Dinan TG,
Kiely B, Shanahan F, Quigley EM. Bifidobacterium infantis
35624 modulates host inflammatory processes beyond the
gut. Gut Microbes 2013; 4: 325-339 [PMID: 23842110 DOI:
10.4161/gmic.25487]
Lin HC, Su BH, Chen AC, Lin TW, Tsai CH, Yeh TF, Oh W.
Oral probiotics reduce the incidence and severity of necrotizing enterocolitis in very low birth weight infants. Pediatrics
2005; 115: 1-4 [PMID: 15629973]
Bin-Nun A, Bromiker R, Wilschanski M, Kaplan M, Rudensky B, Caplan M, Hammerman C. Oral probiotics prevent
necrotizing enterocolitis in very low birth weight neonates. J
Pediatr 2005; 147: 192-196 [PMID: 16126048]
Miele E, Pascarella F, Giannetti E, Quaglietta L, Baldassano
RN, Staiano A. Effect of a probiotic preparation (VSL#3) on
induction and maintenance of remission in children with
ulcerative colitis. Am J Gastroenterol 2009; 104: 437-443 [PMID:
19174792 DOI: 10.1038/ajg.2008.118]
Guandalini S, Magazzù G, Chiaro A, La Balestra V, Di
Nardo G, Gopalan S, Sibal A, Romano C, Canani RB, Lionetti P, Setty M. VSL#3 improves symptoms in children
with irritable bowel syndrome: a multicenter, randomized,
placebo-controlled, double-blind, crossover study. J Pediatr
Gastroenterol Nutr 2010; 51: 24-30 [PMID: 20453678 DOI:
10.1097/MPG.0b013e3181ca4d95]
Sood A, Midha V, Makharia GK, Ahuja V, Singal D, Goswami P, Tandon RK. The probiotic preparation, VSL#3 induces remission in patients with mild-to-moderately active
ulcerative colitis. Clin Gastroenterol Hepatol 2009; 7: 1202-1209,
1209.e1 [PMID: 19631292 DOI: 10.1016/j.cgh.2009.07.016]
Tursi A, Brandimarte G, Papa A, Giglio A, Elisei W, Giorgetti GM, Forti G, Morini S, Hassan C, Pistoia MA, Modeo
ME, Rodino’ S, D’Amico T, Sebkova L, Sacca’ N, Di Giulio E,
Luzza F, Imeneo M, Larussa T, Di Rosa S, Annese V, Danese
S, Gasbarrini A. Treatment of relapsing mild-to-moderate
ulcerative colitis with the probiotic VSL#3 as adjunctive to a
standard pharmaceutical treatment: a double-blind, random-

151

152

153

154

155

156

157

158

159

160

ized, placebo-controlled study. Am J Gastroenterol 2010; 105:
2218-2227 [PMID: 20517305 DOI: 10.1038/ajg.2010.218]
Gionchetti P, Rizzello F, Helwig U, Venturi A, Lammers
KM, Brigidi P, Vitali B, Poggioli G, Miglioli M, Campieri
M. Prophylaxis of pouchitis onset with probiotic therapy: a
double-blind, placebo-controlled trial. Gastroenterology 2003;
124: 1202-1209 [PMID: 12730861]
Mimura T, Rizzello F, Helwig U, Poggioli G, Schreiber S,
Talbot IC, Nicholls RJ, Gionchetti P, Campieri M, Kamm
MA. Once daily high dose probiotic therapy (VSL#3) for
maintaining remission in recurrent or refractory pouchitis.
Gut 2004; 53: 108-114 [PMID: 14684584]
Pronio A, Montesani C, Butteroni C, Vecchione S, Mumolo
G, Vestri A, Vitolo D, Boirivant M. Probiotic administration
in patients with ileal pouch-anal anastomosis for ulcerative
colitis is associated with expansion of mucosal regulatory
cells. Inflamm Bowel Dis 2008; 14: 662-668 [PMID: 18240282
DOI: 10.1002/ibd.20369]
Selinger CP, Bell A, Cairns A, Lockett M, Sebastian S,
Haslam N. Probiotic VSL#3 prevents antibiotic-associated
diarrhoea in a double-blind, randomized, placebo-controlled
clinical trial. J Hosp Infect 2013; 84: 159-165 [PMID: 23618760
DOI: 10.1016/j.jhin.2013.02.019]
van der Aa LB, van Aalderen WM, Heymans HS, Henk
Sillevis Smitt J, Nauta AJ, Knippels LM, Ben Amor K, Sprikkelman AB. Synbiotics prevent asthma-like symptoms in infants with atopic dermatitis. Allergy 2011; 66: 170-177 [PMID:
20560907 DOI: 10.1111/j.1398-9995.2010.02416.x]
Perrin Y, Nutten S, Audran R, Berger B, Bibiloni R, Wassenberg J, Barbier N, Aubert V, Moulin J, Singh A, Magliola C,
Mercenier A, Spertini F. Comparison of two oral probiotic
preparations in a randomized crossover trial highlights a potentially beneficial effect of Lactobacillus paracasei NCC2461
in patients with allergic rhinitis. Clin Transl Allergy 2014; 4: 1
[PMID: 24393277 DOI: 10.1186/2045-7022-4-1]
Singh A, Hacini-Rachinel F, Gosoniu ML, Bourdeau T, Holvoet S, Doucet-Ladeveze R, Beaumont M, Mercenier A, Nutten S. Immune-modulatory effect of probiotic Bifidobacterium lactis NCC2818 in individuals suffering from seasonal
allergic rhinitis to grass pollen: an exploratory, randomized,
placebo-controlled clinical trial. Eur J Clin Nutr 2013; 67:
161-167 [PMID: 23299716 DOI: 10.1038/ejcn.2012.197]
Xiao JZ, Kondo S, Yanagisawa N, Takahashi N, Odamaki
T, Iwabuchi N, Iwatsuki K, Kokubo S, Togashi H, Enomoto
K, Enomoto T. Effect of probiotic Bifidobacterium longum
BB536 [corrected] in relieving clinical symptoms and modulating plasma cytokine levels of Japanese cedar pollinosis
during the pollen season. A randomized double-blind,
placebo-controlled trial. J Investig Allergol Clin Immunol 2006;
16: 86-93 [PMID: 16689181]
Odamaki T, Xiao JZ, Iwabuchi N, Sakamoto M, Takahashi
N, Kondo S, Miyaji K, Iwatsuki K, Togashi H, Enomoto T,
Benno Y. Influence of Bifidobacterium longum BB536 intake
on faecal microbiota in individuals with Japanese cedar pollinosis during the pollen season. J Med Microbiol 2007; 56:
1301-1308 [PMID: 17893165]
Ouwehand AC, Nermes M, Collado MC, Rautonen N,
Salminen S, Isolauri E. Specific probiotics alleviate allergic
rhinitis during the birch pollen season. World J Gastroenterol
2009; 15: 3261-3268 [PMID: 19598302]
P- Reviewer: Ortiz LT, Zhang J S- Editor: Gou SX
L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

15176

November 7, 2014|Volume 20|Issue 41|

World J Gastroenterol 2014 November 7; 20(41): 15177-15189
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i41.15177

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (18): Pancreatitis

Autoimmune pancreatitis in the context of IgG4-related
disease: Review of imaging findings
Leslie K Lee, Dushyant V Sahani
Leslie K Lee, Dushyant V Sahani, Division of Abdominal Imaging and Intervention, Department of Radiology, Massachusetts
General Hospital, Harvard Medical School, Boston, MA 02114,
United States
Author contributions: Lee LK and Sahani DV have each made
substantial contributions to the conception, drafting, and revision
of the manuscript, and have given final approval of the version to
be published.
Author contributions: Leslie K Lee, MD, Division of Abdominal Imaging and Intervention, Department of Radiology, Massachusetts General Hospital, Harvard Medical School, 55 Fruit St.,
White Bldg. 270, Boston, MA 02114,
United States. llee22@partners.org
Telephone: +1-617-7262000 Fax: +1-617-7262000
Received: March 1, 2014
Revised: May 11, 2014
Accepted: July 22, 2014
Published online: November 7, 2014

Abstract
Current understanding of autoimmune pancreatitis
(AIP) recognizes a histopathological subtype of the
disease to fall within the spectrum of IgG4-related
disease. Along with clinical, laboratory, and histopathological data, imaging plays an important role in the
diagnosis and management of AIP, and more broadly,
within the spectrum of IgG4-related disease. In addition to the defined role of imaging in consensus diagnostic protocols, an array of imaging modalities can
provide complementary data to address specific clinical
concerns. These include contrast-enhanced computed
tomography (CT) and magnetic resonance (MR) imaging for pancreatic parenchymal lesion localization
and characterization, endoscopic retrograde and magnetic resonance cholangiopancreatography (ERCP and
MRCP) to assess for duct involvement, and more recently, positron emission tomography (PET) imaging to
assess for extra-pancreatic sites of involvement. While
the imaging appearance of AIP varies widely, certain
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imaging features are more likely to represent AIP than
alternate diagnoses, such as pancreatic cancer. While
nonspecific, imaging findings which favor a diagnosis of
AIP rather than pancreatic cancer include: delayed enhancement of affected pancreas, mild dilatation of the
main pancreatic duct over a long segment, the “capsule” and “penetrating duct” signs, and responsiveness
to corticosteroid therapy. Systemic, extra-pancreatic
sites of involvement are also often seen in AIP and
IgG4-related disease, and typically respond to corticosteroid therapy. Imaging by CT, MR, and PET also play
a role in the diagnosis and monitoring after treatment
of involved sites.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Autoimmune pancreatitis; IgG4-related
disease; Pancreatic cancer; Imaging; computed tomography; magnetic resonance; positron emission tomography; Review
Core tip: The imaging appearance of autoimmune pancreatitis (AIP) varies widely. The literature is reviewed
for imaging characteristics that favor a diagnosis of AIP
rather than differential considerations such as pancreatic cancer. Response to steroid therapy and the presence of extra-pancreatic lesions are often seen in AIP
and in IgG4-related disease. Extra-pancreatic findings
and the role of imaging in monitoring their response to
therapy are also reviewed, including recent developments in positron emission tomography imaging.
Lee LK, Sahani DV. Autoimmune pancreatitis in the context of
IgG4-related disease: Review of imaging findings. World J Gastroenterol 2014; 20(41): 15177-15189 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i41/15177.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i41.15177
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INTRODUCTION
Autoimmune pancreatitis (AIP) was first described by
Yoshida et al[1] in 1995 as a form of chronic pancreatitis. In the interval, the associated finding of abnormally
elevated serum concentrations of IgG4 among AIP patients was first reported in 2001[2], and extra-pancreatic
manifestations of disease were first identified among AIP
patients in 2003[3]. These and other developments have
contributed to the evolution of the understanding of the
disease[4] and AIP is now recognized to represent a manifestation of IgG4-related disease[5,6].

AIP IN THE CONTEXT OF IGG4-RELATED
DISEASE
IgG4-related disease has been recently-recognized as a
systemic inflammatory disorder characterized by stereotypic histopathological features of a dense lymphoplasmacytic infiltrate, “storiform” fibrosis, and obliterative
phlebitis[7,8]. It is a systemic process which may involve
one or multiple organs, either synchronously or metachronously. IgG4-related disease has been described in
virtually every organ system, including the pancreas[5,6],
demonstrating common histopathological findings. As
a result, a host of organ-specific pathologies previously
thought to be unrelated are now recognized in the spectrum of IgG4-related disease, including: salivary glands
(Mikulicz’s syndrome), thyroid gland (Riedel’s thyroiditis),
orbit (orbital pseudotumor), aorta (non-infectious/inflammatory aortitis or periaortitis), pancreas (AIP), retroperitoneum (Ormond’s disease or retroperitoneal fibrosis), and kidneys (tubulointerstitial nephritis).
Two types of AIP, 1 and 2, are presently recognized,
found to share overlapping histopathological and clinical characteristics, but also important differences[9-11]. Of
note, while Type 1 disease demonstrates IgG4-related
infiltrates and serologic abnormalities, these features are
absent in Type 2 disease. Additionally, extra-pancreatic
organ involvement and disease relapse are associated
with Type 1 and not Type 2 disease [12]. International
consensus diagnostic criteria have been established for
AIP, predicated on clinical, laboratory, imaging, and
histopathologic data. In addition to characteristic histopathological findings, diagnostic characteristics of AIP
include abnormal elevations of serum IgG4 levels, extrapancreatic organ involvement, and responsiveness to a
trial of corticosteroids. By imaging, while certain features are considered diagnostic, Types 1 and 2 cannot be
reliably distinguished[9,11].
Demographics
An uncommon entity, the global burden of IgG4-related
disease is difficult to assess, a problem made more challenging by its evolving characterization encompassing
various organ-based pathologies which were previously
thought to be disparate. However, population-based epidemiological data are available relating to AIP in Japan,

WJG|www.wjgnet.com

where estimates based on national survey data estimate
the prevalence of AIP as 0.82-2.2 per 100000 individuals[13,14]. The disease typically involves men more than
women, at a ratio of 2.9-3.7 to 1, and typically involves
individuals older than 50 years of age. Pertaining to AIP,
groups around the world have also reported on their
clinical experience[15-18].
Diagnostic features of IgG4-related disease
The diagnosis of IgG4 disease relies on the synthesis of
clinical, laboratory, radiologic and histopathologic findings[5,9,11,12]. National consensus criteria for diagnosis from
Japan[19] are comprised of two central, specific, findings:
the first, of abnormally elevated serum IgG4 concentration > 135 mg/dL; and the second, in histopathologic
analysis, of > 40% of IgG+ plasma cell positive for
IgG4, and > 10 IgG4+ cells per high power field. Additional clinical, laboratory, and histopathological findings may be less specific, but increase the sensitivity for
detection of organ-specific pathology in the IgG4-related
disease spectrum.
Clinically, IgG4-related disease typically presents in
subacute fashion. Most patients are not constitutionally
ill, and fever as a symptom is unusual; the myriad clinical
presentations of IgG4-related disease have previously
been summarized[5]. Symptoms are typically nonspecific,
and further investigations are typically necessary before
the diagnosis is reached. Laboratory evaluation for IgG4related disease has centered on serum concentration of
IgG4, since this finding was first reported in AIP patients
in 2001[2]. However, elevated serum IgG4 levels are detected in other types of immune-mediated and allergic
disorders, as well as in infectious and malignant conditions[20]. Nonetheless, the generally accepted upper limit
of normal of serum IgG4 concentration is 135 mg/dL;
levels elevated beyond this are considered abnormal,
including in the Japanese national consensus criteria. It
should be noted that serum IgG4 abnormalities are not
seen in Type 2 AIP, and at the diagnostic threshold of
135 mg/dL, up to 30% of patients with IgG4-related disease may have normal serum IgG4 levels[21].
Given the nonspecific nature of presenting symptoms, laboratory and radiologic investigation present
complementary data in reaching a diagnosis of IgG4related disease. Imaging may be of particular utility in
identifying focal abnormalities that may represent biopsy
targets. Even so, the characteristic of the disease to form
tumefactive lesions often necessitates biopsy to exclude a
malignant or neoplastic process.

IMAGING FINDINGS OF AIP
Cross-sectional imaging findings of AIP were initially described in 1998[22,23]. Clinical investigators since then have
reported on the imaging appearance of AIP by a multitude of imaging characteristics, including morphology
of the pancreatic parenchyma and main pancreatic duct,
associated tissue (fat, lymph nodes), signal, and response
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Figure 1 Contrast-enhanced computed tomography findings in autoimmune pancreatitis. A: Enlargement of the distal pancreatic body and tail (between arrowheads), with fine peri-pancreatic stranding of the adjacent fat (small arrow); B: The “capsule” or “rim” sign, a hypo-attenuating rim encircling the anterior and posterior
margin of the pancreas (white arrows); C: Multifocal main pancreatic duct narrowing (black arrow).

to administration of intravenous contrast agents. Modalities employed by investigators include cross-sectional
techniques of computed tomography (CT) and magnetic
resonance (MR) imaging, endoscopic techniques such as
endoscopic retrograde cholangiopancreatography (ERCP)
and endoscopic ultrasound (EUS), and more recently,
positron emission tomography (PET).
CT and MR imaging
Morphologic and signal characteristics: The CT appearance of AIP was first described in 1998. In two case
series’ of five and three patients[22,23], CT demonstrated
a diffusely enlarged pancreas in all patients. Since then,
studies of patients with AIP have demonstrated heterogeneity of the morphologic presentation on both CT
and MR imaging: diffuse enlargement has been shown
among 11%-56% of patients; focal or mass-like enlargement among 28%-59% of patients (Figure 1A); and no
enlargement, or a normal appearance of the pancreas, in
a minority of patients, 9%-16%[15,16,24,25]. In another series,
investigators also characterized a ‘mixed’ appearance of
diffuse and focal enlargement in 56% of 36 patients[25].
Peri-pancreatic fat planes are typically preserved
on cross-sectional imaging[23]. Minimal peri-pancreatic
stranding (Figure 1A), without vascular encasement, parenchymal calcification, or peripancreatic fluid collection,
was seen in six patients with diffuse pancreatic enlargement, in a study of 25 patients with AIP[15]. By comparison, in that study, an accessory finding more commonly
observed was one of enlarged peripancreatic lymph
nodes. Imaging presentation with acute pancreatitis has
rarely been reported: in one series of imaging findings on
22 patients with AIP, the authors noted the appearance
of one case consistent with acute pancreatitis[16].
By MR imaging, signal abnormality representing AIP
typically demonstrates relative T1 hypo-intensity, and relative T2 hyper-intensity[22,25,26]. Recent studies have sought
to distinguish AIP from differential considerations such
as pancreatic cancer using MR diffusion characteristics,
and other imaging features (Section 4, below).
Enhancement characteristics: Classically, upon admin-

WJG|www.wjgnet.com

istration of intravenous contrast material, AIP demonstrates diminished enhancement in the early, or arterial
phase, and relatively increased or prolonged enhancement
in the delayed or venous phase (Figure 2)[22,23]. Despite
variation in acquisition and definition, subsequent studies
have typically supported this pattern of enhancement by
both CT[27,28] and MR[24] imaging. Takahashi et al[27] quantitatively assessed dual-phase contrast enhanced CT among
43 AIP patients and 25 patients with normal pancreas.
In the pancreatic phase, the mean CT attenuation of
pancreatic parenchyma among AIP patients (85 HU) was
significantly lower than that among the control group
(104 HU). Delayed enhancement, defined as a 15HU or
greater increase from the pancreatic phase to the hepatic
phase, was observed in seven of the 13 patients (54%)
with focal AIP. In separate study of imaging related to 36
patients with AIP comprising 86 contrast-enhanced CT
and MRI scans[25], investigators noted hypo-enhancement
in the arterial phase in 58% and 52% for CT and MRI,
respectively. In that study however, delayed enhancement
was found to be significantly more pronounced by MR
imaging: whereas 75% of late-venous phase enhancement in CT was iso-attenuating, 74% of late-venous enhancement was hyper-enhancing by MR.
An early report[22] also noted that on CT, in 4 of 5
patients, “a capsule-like low density rim surrounded the
pancreas on both early and delayed [contrast-enhanced]
images,” giving rise to the “capsule” or “rim” sign of
AIP (Figure 1B). The correlate on MR imaging is of a
T1 and T2 hypo-intense rim, with delayed enhancement,
demonstrated in three of four patients. The sensitivity of
this finding for AIP has been subsequently shown to be
generally low for both CT and MR imaging, ranging from
12%-40%, but may potentially distinguish AIP from pancreatic malignancy[15,24-27,29].
Endoscopic techniques: ERCP and EUS
Abnormality of the intra- and extra-hepatic biliary system, including the main pancreatic duct (MPD), is common in AIP. MPD involvement varies widely, and may
demonstrate irregular narrowing, in either a diffuse or
segmental distribution (Figure 3)[26]. In one series of 20
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Figure 2 Delayed enhancement on computed tomography and magnetic resonance imaging in autoimmune pancreatitis. A, B, C: Focal autoimmune pancreatitis in the pancreatic tail (white arrow) with delayed early arterial enhancement on arterial phase computed tomography (CT) (A) and magnetic resonance (B, fatsaturated T1-weighted image, 30 s post-injection), with subsequent delayed enhancement (C, fat-saturated T1-weighted image, 180 s post-injection); D: Follow-up CT
after corticosteroid therapy demonstrating resolution of prior enhancement abnormality (white arrow).
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Figure 3 Biliary involvement in autoimmune pancreatitis. A, B, C: Endoscopic retrograde cholangiopancreatographydemonstrating diffuse narrowing of the main
pancreatic duct (A) and segmental narrowing of the lower common bile duct (B), with improvement of main pancreatic duct narrowing after therapy (C); D: Computed
tomographic image demonstrating intrahepatic biliary ductal dilatation in a patient with biliary involvement from IgG4-related disease.
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patients who underwent ERCP, diffuse narrowing was
found in six patients (30%), and segmental narrowing
was found in nine patients (45%)[26]. The length of MPD
narrowing was longer than 3 cm in 18 patients (90%).
In another series of 19 patients who underwent ERCP,
diffuse irregularity and narrowing of the MPD was observed in nine patients (47%), while focal stricture in the
proximal MPD was seen in six patients (32%)[15]. Biliary
duct abnormalities were seen in 16 of 19 patients who
underwent ERCP (84%). The most common abnormality was stricture of the distal common bile duct, present in 12 patients (60%), while multiple short-segment
intrahepatic duct strictures were present in six patients
(30%). Biliary involvement varies widely, and multifocal
narrowing of the MPD (Figure 1C) and narrowing of the
lower common bile duct have been reported in as high a
proportion as 85% and 90%, respectively[30]. Readers are
additionally referred to a recent review for detailed discussion of IgG4-related sclerosing cholangitis, which has
overlapping features[31].
The sensitivity of ERCP to diagnose AIP is limited,
but can be improved with directed training of key features. A multicenter, international study[32] identified four
key features of AIP from a series of 20 patients: long
stricture (greater than one-third the length of the MPD);
upstream dilatation from the stricture less than 5 mm;
multiple strictures; and side branches arising from a strictured segment. Following training with a teaching module
principled upon these features, the sensitivity of an international group of physicians to detect AIP increased
significantly from 44% to 71%, with specificity of 83%.
Consistent with the varied morphologic presentation
of AIP seen on CT and MR imaging, endoscopic ultrasound may reveal diffuse enlargement of the pancreas
with altered echotexture, or may demonstrate a focal
hypoechoic mass[33]. In one study among 21 patients
who underwent EUS[15], diffuse enlargement with altered
echotexture was seen in 13 patients (62%), while six patients had focal enlargement of the head of the pancreas
(29%).
Magnetic resonance cholangiopancreatography
Magnetic resonance cholangiopancreatography (MRCP)
can provide complementary data in the diagnosis of AIP
and assessment of MPD involvement, depending on the
pattern of involvement[26]. In a series of 20 AIP patients,
MRCP findings were compared with ERCP findings[34].
Among patients with focal AIP, the narrowed portion of
the MPD was not visualized, while among patients with
diffuse AIP, the MPD was incompletely visualized or
not visualized. In the latter setting, non-visualization of
the MPD may limit detection of duct involvement, yet
MRCP may still be helpful in follow-up after therapy. In a
separate study comparing MRCP findings among cohorts
of 38 AIP patients, 40 pancreatic cancer patients, and 40
normal controls, ERCP was used as the gold standard[35].
The authors found MRCP to be 65% accurate (22 of 34
patients) for depicting MPD morphology among patients
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with AIP, significantly less than that of the cohort of patients with pancreatic cancer (89%, 23 of 26 patients) or
those with normal pancreas (100%, 40 of 40 patients).
Angiography and peripancreatic vascular findings
Angiographic findings related to AIP were reported by
Kamisawa et al[36] in 2003. Among 13 patients with AIP,
angiography demonstrated irregular narrowing of the
anterior superior pancreaticoduodenal artery in seven
(54%) and of the posterior superior pancreaticoduodenal artery in 4 patients (31%). Deviation of the portal or
splenic vein was observed in 4 cases (31%); collateral venous circulation was observed on account of stenosis or
obstruction in 3 cases (23%). The presence of irregular
narrowing of the pancreatic arteries similar to encasement sometimes detected in pancreatic carcinoma; these
angiographic findings can cause confusion in the diagnosis of AIP.
Subsequent studies with cross sectional imaging have
reported similar rates of peripancreatic vascular involvement. Takahashi et al[37] reported vascular involvement in
11 of 25 (44%) of AIP patients. Raina et al[38] demonstrated splenic vein and/or artery involvement was seen in six
of 26 patients (23%). Vlachou et al[39] noted narrowing of
the splenic vein with collateral vessel formation was seen
in 9 of 57 patients (16%), with normalization of vessel caliber following resolution of AIP. Ishikawa et al[40]
reviewed CT imaging among 54 AIP patients, finding 24
cases (44%) which demonstrated peripancreatic vascular
involvement, with stenosis or occlusion of the splenic
vein in 22 cases, of the superior mesenteric or portal vein
in 13 cases, and development of collaterals in 18 cases.
Among 16 patients who underwent steroid therapy, 14
demonstrated improvement in vascular involvement
(87%).
Positron emission tomography
PET, typically used in clinical oncology to localize areas
of normal or abnormal physiology based on uptake of
radiopharmaceutical imaging agents[41] has found useful
application in the imaging of inflammatory disease[42].
PET imaging following intravenous administration of a
radiopharmaceutical such as 2-(18)F-fluoro-2-deoxy-dglucose (18F-FDG), either alone or in combination with
concurrent CT imaging (PET/CT), allows for whole
body imaging to identify areas of abnormally increased
cellular metabolism[43].
With regard to AIP, 18F-FDG uptake at pancreatic and
extra-pancreatic lesions have been shown in case reports
of AIP/IgG4-related disease since 1999[44-47]. Nakamoto
et al[44] initially described two cases of AIP demonstrating diffusely and focally intense pancreatic uptake, with
resolution after steroid therapy. Kajiwara et al[47] described
two cases with multifocal 18F-FDG uptake of the pancreas, corresponding to focal pancreatic masses of AIP.
Kawamura et al[45] and Sato et al[46] additionally reported
extrapancreatic findings in cases of AIP associated with
sclerosing cholangitis, sialadenitis, and lymphadenopathy.
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and PET imaging, and the imaging response to a trial of
steroid therapy in diagnostic protocols[11,50]. Imaging features favoring a diagnosis of AIP rather than pancreatic
cancer are summarized in Table 1.

Table 1 Imaging findings favoring a diagnosis of autoimmune
pancreatitis rather than pancreatic cancer
Diffuse pancreatic enlargement
Delayed enhancement of affected pancreas
Long segment MPD narrowing
MPD dilatation not in excess of 4-5 mm
Multiple sites of MPD narrowing
“Capsule” sign
“Penetrating duct” sign
Low ADC value reflecting restricted diffusion on diffusion weighted
MR imaging[51,52]
Improvement of findings following short course of corticosteroid therapy
MPD: Main pancreatic duct; ADC: Apparent diffusion coefficient.

As with its accepted application in clinical oncology, in
the context of IgG4-related disease, 18F-FDG PET may
prove valuable in providing complementary data in the
delineating the extent of organ involvement, staging the
extent of disease, guiding biopsy early in the diagnostic
evaluation, and monitoring response to therapy[42].

DISTINCTION OF AIP FROM PANCREATIC
MALIGNANCY
The varied appearance on cross-sectional imaging of AIP
can make for a diagnostic quandary. For example, in a
case series of the early clinical experience encompassing
37 patients with AIP between the years 1989 and 2005[48],
6 patients had been initially misdiagnosed with pancreatic
cancer, and two patients had been initially misdiagnosed
with biliary malignancy. Authors noted that 5 cases were
misdiagnosed on account of the non-existence of, or
unfamiliarity with, the entity of AIP. In another early
report, 9 patients among a series of 17 patients with AIP
were initially suspected to have pancreatic cancer[36]. The
authors cited a number of variables of the cohort that
raised concern for pancreatic malignancy, including: demographics (14 patients were male, 16 patients older than
60 years), clinical presentation (jaundice in 13 patients),
serum studies (9 patients had elevated tumor markers),
and radiologic evidence of biliary duct stenosis (16 patients).
Given the potential of overlapping clinical and radiologic presentations of AIP and important differential
considerations such as pancreatic malignancy, numerous
subsequent investigations have sought to discern AIP
from a malignant etiology. In an early study, investigators
retrospectively compared findings from nine patients
with focal AIP with 80 patients with pancreatic cancer,
and 11 patients with alcohol-related pancreatitis[49]. Significant factors differentiating focal AIP from pancreatic
cancer included: homogeneous delayed enhancement
on contrast-enhanced CT, and ERCP findings of longsegment stenosis of the MPD, and a lesser degree of
MPD dilatation proximal to stricture. Other groups have
subsequently employed clinical and radiologic means to
differentiate AIP from pancreatic cancer, using CT, MR
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Signal and enhancement characteristics
Discerning imaging features of AIP vs pancreatic cancer
include morphology, attenuation, signal, and enhancement characteristics, and certain specific signs (“capsule”
and “penetrating duct” signs).
International consensus guidelines recognize diffuse
pancreatic enlargement with delayed enhancement to represent typical findings of AIP[11]. Quantitatively, CT studies on enhancement patterns of pancreatic AIP lesions vs
malignancy have demonstrated mean CT attenuation in
the delayed or hepatic phase of imaging to be significantly
greater in AIP than in pancreatic cancer[27,51]. Contrasting
data were reported however regarding enhancement in
the early or pancreatic phase, possibly due to differences
in contrast administration and timing. Among those two
studies, Takahashi et al[37] found peri-pancreatic stranding
and calcifications significantly associated with AIP, while
Muhi et al[51] observed that the frequency at which calcifications were seen was not statistically significant.
The capsule sign of AIP, as previously described (Figure 1B), while of variable sensitivity, favors a diagnosis of
AIP rather than pancreatic cancer when present: studies
have shown the capsule sign is significantly more frequently associated with AIP[37,51,52], and rarely reported in
pancreatic cancer.
The finding of greater delayed enhancement in AIP
(Figure 2B and C) was demonstrated on MR imaging by
Hur et al[52]. Two groups were assessed at the lesion level,
14 among AIP patients, 28 among pancreatic cancer
patients. There was significantly greater delayed enhancement at 3-min post contrast administration in the AIP
group (10/14, 71%) in the AIP group compared to the
pancreatic cancer group (57%). Signal intensity in the arterial and portal venous phase following contrast administration did not differ significantly.
Using MR imaging, other investigators have sought to
discern AIP from pancreatic cancer via diffusion weighted sequences. In diffusion weighted MR imaging, the
apparent diffusion coefficient (ADC) can be calculated as
a measure of free diffusion of assessed water molecules;
lower ADC values indicate restricted diffusion[53]. Histopathological correlation of tissue with ADC values bear
an inverse association of ADC value and cell density, i.e.
low ADC values are associated with tissue of high cell
density[54]. Early AIP data using diffusion weighted imaging demonstrated significantly decreased ADC in AIP
cases, compared to cases of chronic alcoholic pancreatitis
and normal controls[55]. Subsequently, investigators have
quantitatively shown that ADC values are significantly
lower in AIP than in pancreatic cancer. Following steroid
therapy among AIP patients, foci of restricted diffusion
decreased markedly or resolved, with ADC values increasing almost to that of normal pancreas[51,52,55,56].
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In receiver-operating curve analysis, Hur et al[52] found
that a threshold ADC value of 1.26 × 10-3 mm2/s, below
which would distinguish AIP from pancreatic cancer,
yielded a sensitivity of 83.3% and a specificity of 79.2%.
Similarly, in sensitivity analysis of ten patients with AIP
and 70 patients with pathologically proven pancreatic carcinoma, Muhi et al[51] applied two criteria in tandem, delayed enhancement and ADC less than 0.88 × 10-3 mm2/s,
to suspected cases of focal AIP, achieving sensitivity and
specificity of 100%.
Main pancreatic duct involvement
Dilatation of the MPD may be seen in both AIP and
pancreatic cancer. However, AIP demonstrates a lesser
degree of MPD dilatation by both conventional and
MR/MRCP imaging than that seen in pancreatic cancer,
typically less than 4 mm[34,35,51,52]. This pattern reflects that
seen by ERCP, where AIP typically demonstrates long
segment narrowing over a segment greater than 3 cm
(Figure 3A), with upstream dilatation less than 4 mm[49].
In receiver-operating curve analysis conducted by Muhi
et al[51], the group found that a threshold value of 4 mm
of upstream MPD dilatation on MRCP yielded sensitivity of 100% and specificity of 76% for AIP. Additionally,
multiple sites of MPD narrowing (Figure 1C) favor the
diagnosis of AIP rather than pancreatic cancer, as per international consensus guidelines[11,35]. Complete obstruction of the MPD and abrupt cut-off of the MPD however, are findings differentially associated with pancreatic
cancer rather than AIP[37,51].
Studies have also evaluated the value of the ‘penetrating duct sign’ in differentiating AIP from pancreatic cancer. Initially associated with ultrasound or ERCP findings
of focal pancreatitis[57], this sign represents the finding
of a non-obstructed MPD penetrating a focal pancreatic
mass lesion. Ichikawa et al[58] previously assessed the penetrating duct sign on MRCP to have high specificity in
determining inflammatory pancreatic mass lesions, and
for distinguishing AIP from pancreatic cancer. Carbognin
et al[24] found the penetrating duct sign to be present in
6 of 14 AIP cases (43%) by secretin-MRCP. In studies
comparing cohorts of AIP patients and pancreatic cancer
patients, MRCP studies have found the penetrating duct
sign to be of variable sensitivity, but with high specificity
for AIP when present. Hur et al[52] observed the penetrating duct sign in 3 of 9 AIP patients (33%) and in none of
29 pancreatic cancer patients (0%). Muhi et al[51] observed
the penetrating duct sign in 8 of 11 AIP patients (73%)
and in 3 of 70 pancreatic cancer patients (4%).
Advanced endoscopic techniques, such as intraductal
ultrasound may further discern the etiology of existing
stricture, whether from mass effect, edema, or wall thickening; Hirano et al[59] demonstrated advanced intrapancreatic biliary wall thickening was associated with increased
severity of stricturing. Finally, EUS-guided fine needle
aspiration with a 19-gauge needle allows for minimally-invasive tissue sampling, and is commonly used to exclude
pancreatic malignancy[60]. Endoscopic techniques and de-
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vices specific to IgG4-related disease have been recently
reviewed[61].
18

F-FDG PET findings
As 18F-FDG PET imaging also has high sensitivity for
pancreatic cancer[62], investigators have also evaluated the
ability of 18F-FDG PET imaging to differentiate AIP from
pancreatic cancer[63-66]. Ozaki et al[63] detected 18F-FDG
uptake in all 15 patients (100%) with autoimmune pancreatitis, compared to 19 of 26 patients (73%) with pancreatic
cancer. Lee et al[64] detected 18F-FDG uptake in 17 of 17
AIP patients (100%), vs 124 of 151 (82%) of patients
with pancreatic cancer. Shigekawa et al[65] compared 18FFDG PET between 18 patients with AIP and 20 patients
with pancreatic cancer, with uptake observed in 16 (89%)
and 18 (90%) patients, respectively. Described patterns of
uptake favoring AIP rather than pancreatic cancer include:
diffuse pancreatic uptake, multiple foci of pancreatic uptake, elongated shape of focal uptake (vs a nodular pattern
of uptake), and heterogeneous uptake (vs a homogeneous
pattern of uptake)[63,64]. Extra-pancreatic 18F-FDG uptake at the lacrimal glands, salivary glands, thoracic lymph
nodes, biliary duct, kidneys, retroperitoneal space, and
prostate have been observed in cases of AIP[63-66].
Overall, studies have demonstrated high sensitivity
of 18F-FDG PET among patients with AIP, as well as
in patients with pancreatic cancer. Extra-pancreatic foci
of 18F-FDG uptake may represent associated lesions
in IgG4-related disease, or metastatic foci in pancreatic
cancer; the role of 18F-FDG PET imaging in the staging of IgG4-related disease is discussed below. While the
existing literature suggest certain patterns of uptake that
favor one diagnosis vs another, correlative clinical and
histopathological data remain essential to the course of
management.

IMAGING RESPONSE TO
CORTICOSTEROID THERAPY
AIP has been widely shown to be responsive to corticosteroid therapy[4,5,10-12]. Imaging plays a role both in diagnostic protocols that aim to discern AIP from pancreatic
cancer by the response to a course of corticosteroids, as
well as in the assessment of response to therapy.
Improvement, if not complete resolution, of imaging abnormalities in AIP is commonly seen after steroid
therapy. Manfredi et al[67] specifically evaluated CT examinations of 21 patients with AIP were reviewed before
and after steroid therapy. Notably, baseline studies demonstrated hypo-attenuation of affected parenchyma in 19
patients (90%), contrast enhancement abnormality with
contrast material retention at the portal venous phase in
18 (86%) patients and contrast material washout in three
(14%), and non-visualized of the MPD within affected
parenchyma in all patients (100%). Following steroid
therapy, CT demonstrated size reduction of affected
pancreatic parenchyma, normalization of pancreatic
enhancement in 15 (71%), and normalization of the ap-
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Figure 4 Head and neck findings in IgG4-related disease demonstrated by 2-(18)F-fluoro-2-deoxy-d-glucose positron emission tomography/computed
tomography. A: Bilateral, enlarged submandibular glands on computed tomography (arrow); B: Corresponding intense 2-(18)F-fluoro-2-deoxy-d-glucose uptake at the
submandibular glands (arrowhead).

pearance of the MPD at affected areas.
Sahani et al[68] assessed follow-up CT imaging of 15
AIP patients for imaging factors associated with complete
vs partial clinical response after steroid therapy. Complete
response to treatment was associated with baseline features of diffuse pancreatic parenchymal involvement, and
peri-pancreatic stranding. By comparison, partial response
was associated with cases with persistent ductal stricture
and persistent focal mass-like swelling after resolution of
diffuse changes.
Typically, normalization of 18F-FDG uptake abnormalities has also been observed by PET imaging following steroid therapy. In the series reported by Lee et al[64],
follow-up PET/CT after steroid therapy was performed
for eight patients with AIP, whereby residual intense
FDG uptake was not observed in each of the eight
patients. Matsubayashi et al[69] reported on findings of
11 AIP cases with PET imaging both before and three
months after the initiation of steroid therapy. 18F-FDG
uptake was analyzed semi-quantitatively via measure of
standardized uptake value (SUV). The mean of maximum SUV among pancreatic lesions differed significantly
with therapy, decreasing from 5.12 at baseline to 2.69 following therapy (p < 0.001). By the group’s SUV criteria,
FDG uptake resolved completely in 6 patients (55%),
diminished to a faint level in 2 patients (18%), diminished
but remained abnormal in 2 patients (18%), and increased
after steroid therapy in 1 patient (9%).
Repeat imaging following a trial of steroid therapy of
two weeks’ duration is recommended in the setting of a
new AIP diagnosis, according to international consensus
guidelines[11]. Moon et al[70] reported imaging (contrastenhanced CT and ERCP/MRCP) results following a twoweek course of steroid therapy among 22 patients with
indeterminate imaging for AIP vs pancreatic cancer. After
the two-week trial, surgical intervention was performed
where reduction of pancreatic mass or MPD narrowing
was not observed; each of the seven patients who did
not demonstrate an imaging response were subsequently
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diagnosed with pancreatic cancer. Similarly, in the series
of Shigekawa et al[65], follow-up PET was performed in
six AIP patients and in three pancreatic cancer patients,
and maximum SUV at follow-up was recorded within
one week in five AIP patients and in all three pancreatic
cancer patients. In four AIP patients, the change in maximum SUV was greater than 10%, while this value was
increased or within 10% of baseline in the three patients
with pancreatic cancer.

IMAGING OF IGG4-RELATED DISEASE:
EXTRA-PANCREATIC FINDINGS
The observation of extra-pancreatic abnormalities
among patients with AIP contributed to the understanding of IgG4-related disease[3,5]. The imaging of extrapancreatic findings of IgG4-related disease has been reviewed previously[28,39]. Extra-pancreatic organs that may
be involved include: the biliary tree, gallbladder, kidneys,
retroperitoneum, mesentery, thyroid, lacrimal glands and
orbits, salivary glands, lymph nodes, lungs, gastrointestinal tract, and large and medium-caliber arteries (Figures
4 and 5). In a large retrospective series of cross-sectional
imaging of 90 patients with AIP, extra-pancreatic lesions
were detected in 92% of cases[71]. Extra-pancreatic imaging abnormalities included: hilar lymphadenopathy (78%),
wall thickening of bile ducts (78%), peri-pancreatic or
para-aortic lymphadenopathy (56%), lung lesions (51%),
swelling of lachrymal and salivary gland lesions (47%),
retroperitoneal fibrosis (20%), renal lesions (14%), and
mass lesions of the ligamentum teres (2%).
While the majority of reports on extra-pancreatic
findings of IgG4-related disease center on conventional cross-sectional modalities such as CT and MR,
radiopharmaceutical imaging, predominantly with 18FFDG PET but also with gallium-67, has also been reported. In the case of gallium-67, a case series among
24 AIP patients demonstrated high pancreatic uptake in
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Figure 5 Thoracic and abdominal findings in IgG4-related disease demonstrated by 2-(18)F-fluoro-2-deoxy-d-glucose positron emission tomography/computed tomography. A, B: Paratracheal mediastinal lymphadenopathy on computed tomography (CT) (A, white arrowhead) and positron emission tomography (PET) (B,
black arrowhead); C, D: Retroperitoneal fibrosis on CT (C, white arrow) and PET (D, black arrow).

16 patients (67%), which resolved after corticosteroid
therapy[72]. Pancreatic uptake was significantly associated
with elevated serum IgG4 levels, as was hilar gallium-67
uptake. In a series of 13 patients who underwent gallium-67 imaging, high uptake was detected in the pancreas, bilateral hila, salivary glands, lacrimal glands, and
periaortic lesions in 10 (77%), 10 (77%), 7 (54%), 7
(54%), and 2 (15%) patients, respectively[73]. Compared
with gallium-67, imaging with 18F-FDG is more commonly performed and reported on account of its favorable dosimetry and signal localization characteristics, and
is discussed in further detail below.
Renal findings
Certain extra-pancreatic findings have been specifically
investigated among patients with AIP. A retrospective
study of 2007 investigated renal findings on CT and MRI
among patients with AIP[74]. Of 40 patients with CT or
MR imaging at presentation, 14 (35%) had renal involvement (12 with parenchymal involvement and 5 with
extra-parenchymal involvement). Renal parenchymal lesions had decreased enhancement, and appeared as small
peripheral cortical nodules, as round or wedge-shaped
lesions, or as diffuse patchy involvement. Thirteen patients with underwent a follow-up study; renal lesions in
10 patients (77%) regressed (9 after steroid treatment, 1
spontaneously) but progressed in three patients without
steroid treatment.
In another study of 18 patients with AIP and no his-
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tory of renal disease, seven patients were found to have
renal involvement (39%)[75]. In 4 patients, lesions appeared as multiple renal parenchymal nodules showing
decreased enhancement; in 2 cases, diffuse thickening of
the renal pelvis wall was seen; in 1 patient, an ill-defined
low-attenuation mass-like lesion was identified. None
of the lesions was visible on non-contrast-enhanced CT
scan. In each of these seven patients, renal lesions regressed after steroid treatment (100%).
Head and neck findings
Pertaining to the head and neck, IgG4-related disease
may affect a variety of sites[76], but typically are iso- to
hypo-intense on T2-weighted MR imaging. Affected sites
include: salivary glands, lacrimal glands, orbits, thyroid
gland, lymph nodes, sinonasal cavities, pituitary gland,
and larynx (Figure 2). Multiples sites are typically involved. CT imaging of involved organs may demonstrate
enlargement or decreased attenuation. MR findings vary,
but lesions typically have relatively low signal T2-weighted
signal intensity on account of increased cellularity and
fibrosis. A retrospective study of 17 patients with IgG4related disease of the head, neck and brain demonstrated
the following distribution of abnormalities: parotid gland
14 (82%), submandibular gland 10 (59%), lacrimal gland
7 (41%), pterygopalatine fossa 3 (18%), pituitary gland 2
(12%), and skull base dura mater 2 (12%)[77]. Lesions presented as either an enlarged gland or glands, or as focal
nodules or masses. All lesions were well-defined, showed
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homogeneous enhancement, and appeared iso- to hypointense on T2-weighted MR imaging. No lesion showed
vascular occlusion or compression, or destruction of adjacent bony structures. In a separate study of 15 patients
with IgG4-related disease of the head, neck and brain[78],
the distribution was as follows: lacrimal gland 8 (53%),
cranial nerve involvement 7 (47%), with the infraorbital
nerve involved in 4, orbital pseudotumor 5 (33%), and
pituitary gland 5 (33%). All lesions were hypo-intense on
T2-weighted MR images.
18

F-FDG PET imaging in IgG4-related disease
Extra-pancreatic findings have been described by 18FFDG PET imaging in IgG4-related disease in case reports[79-82] and case series’ (Figures 2 and 3)[69,83,84]. In one
study of six patients with AIP, whole-body 18F-FDG
PET or PET/CT examinations were reviewed at baseline and during or following steroid therapy in 5 patients
(and in one patient who did not receive steroid therapy)[82]. Baseline PET imaging revealed intense pancreatic
in all six patients. Intense 18F-FDG uptake at pancreatic
and extra-pancreatic sites resolved during or following
steroid therapy in five patients; in the one other patient,
who did not receive steroid therapy, pancreatic uptake
resolved while uptake persisted at salivary glands and
lymph nodes. In the series of Matsubayashi et al[69], extrapancreatic uptake abnormalities were observed in 11 of
13 (85%) of cases; among 11 cases with follow-up PET
imaging, abnormalities either resolved or decreased at
three-month follow-up PET imaging in seven of nine
(78%) cases.
The utility of FDG-PET in the staging and monitoring of IgG4-related disease was evaluated in a multicenter
retrospective study involving 46 18F-FDG PET/CT examinations among 21 patients[83,84]. Imaging at diagnosis
or onset of relapsed disease was available for 19 patients,
with abnormal 18F-FDG uptake detected among all 19
patients (100%). Results of FDG-PET/CT before and
after treatment were available for 12 patients. Follow-up
18
F-FDG PET imaging demonstrated the following: complete normalization of 18F-FDG uptake in five patients
(42%); mixed response in three patients (25%), with sites
of complete resolution, increase in uptake at existing sites,
and foci of new uptake; no change in uptake abnormality
in two patients (17%); and increased 18F-FDG uptake despite treatment in two patients (17%), leading to new diagnoses of B-cell lymphoma and Castleman’s disease. Correlative concurrent imaging via other modalities (US, CT,
MRI) was available for 31 PET/CT evaluations. When
abnormal findings from clinical examination or other imaging modalities were taken as the reference standard, the
sensitivity for the PET/CT and CT to detect IgG4-RD
organ involvement was 83% and 73%, respectively. Falsenegative PET/CT findings were associated with small
focal lesions of the lacrimal glands, kidneys, lungs, and
pachymeninges, or for inactive disease.
Given the multiple modalities available by which to
diagnose and monitor the response to treatment in IgG4-
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related disease, further investigation correlating patient
outcomes to imaging features, to assess for prognostic
and predictive factors of treatment response and optimize patient care, are warranted.

CONCLUSION
Along with clinical, laboratory, and histopathological
data, imaging plays an important role in the diagnosis and
management of AIP, and more broadly, within the spectrum of IgG4-related disease. In addition to the defined
role of imaging in consensus diagnostic protocols which
have been established in order to discern AIP from important differential considerations such as pancreatic
cancer, various imaging modalities can provide complementary data to address specific clinical concerns. These
include contrast-enhanced CT and MR for pancreatic
parenchymal lesion localization and characterization and
ERCP and MRCP to assess for duct involvement. While
the imaging appearance of AIP varies widely, certain
imaging features are more likely to represent AIP than
alternate diagnoses such as pancreatic cancer. Multiple
systemic sites of involvement are often seen in AIP and
IgG4-related disease, are amenable to CT, MR, and 18FFDG PET localization, and typically respond to corticosteroid therapy. Areas of further investigation include
prognostic factors of treatment outcome, and optimal
selection of imaging follow-up for treatment monitoring.
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Abstract
A large body of experimental and clinical data supports
the notion that inflammation in acute pancreatitis has
a crucial role in the pathogenesis of local and systemic
damage and is a major determinant of clinical severity.
Thus, research has recently focused on molecules that
can regulate the inflammatory processes, such as phosphoinositide 3-kinases (PI3Ks), a family of lipid and
protein kinases involved in intracellular signal transduction. Studies using genetic ablation or pharmacologic
inhibitors of different PI3K isoforms, in particular the
class I PI3Kδ and PI3Kγ, have contributed to a greater
understanding of the roles of these kinases in the
modulation of inflammatory and immune responses.
Recent data suggest that PI3Ks are also involved in the
pathogenesis of acute pancreatitis. Activation of the
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PI3K signaling pathway, and in particular of the class
IB PI3Kγ isoform, has a significant role in those events
which are necessary for the initiation of acute pancreatic injury, namely calcium signaling alteration, trypsinogen activation, and nuclear factor-κB transcription.
Moreover, PI3Kγ is instrumental in modulating acinar
cell apoptosis, and regulating local neutrophil infiltration and systemic inflammatory responses during the
course of experimental acute pancreatitis. The availability of PI3K inhibitors selective for specific isoforms may
provide new valuable therapeutic strategies to improve
the clinical course of this disease. This article presents
a brief summary of PI3K structure and function, and
highlights recent advances that implicate PI3Ks in the
pathogenesis of acute pancreatitis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Phosphoinositide 3-kinase; Cell signaling;
Inflammation; Pathogenesis; Acute pancreatitis
Core tip: Phosphoinositide 3-kinases (PI3Ks) are a family of lipid and protein kinases implicated in intracellular
signal transduction and regulation of inflammation. Recent data suggest their involvement also in the pathogenesis of acute pancreatitis. PI3Ks, and in particular
the PI3Kγ isoform, have a significant role in those
events which are necessary for the initiation of acute
pancreatic injury, namely calcium signaling alteration,
trypsinogen activation, and nuclear factor-κB transcription. Moreover, PI3Kγ modulates acinar cell apoptosis,
and regulates local and systemic inflammatory responses during experimental acute pancreatitis. Specific PI3K
inhibitors may therefore provide new therapies to improve the clinical course of this disease.
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INTRODUCTION
The process of pathologic autodigestion, triggered by
prematurely activated digestive enzymes produced by
acinar cells, has long been indicated as the key event
for the initiation of acute pancreatic injury[1,2]. Recent
research efforts have begun to clarify the biochemical
mechanisms inducing intracellular zymogen activation[3-7],
which include pathologic calcium signaling, alterations of
intracellular trafficking that lead to the colocalization of
lysosomal and zymogen-containing vacuoles, early activation of the nuclear factor-kappa B (NF-κB) pathway,
autophagy, and oxidative stress[1-3]. Intracellular zymogen
activation results in acinar cell necrosis and local inflammatory responses[8], which progressively resolve in most
patients[9]. However, sustained inflammation may lead
to the development of local and systemic complications
and/or organ dysfunctions, which occur in about 20%
of all cases of acute pancreatitis and account for the high
mortality (10%-30%) of patients affected by severe acute
pancreatitis[9-14].
A large body of experimental and clinical data supports the notion that inflammation in acute pancreatitis has a crucial role in the pathogenesis of local and
systemic damage and represents a major determinant
of clinical severity[9,15,16]. Increased levels of circulating
inflammatory cytokines, chemokines and other humoral
mediators have been reported in patients with acute
pancreatitis[17,18], as well as in experimental in vivo and ex
vivo (hyperstimulated acinar cells) models of the disease
condition[3,6,14,19-22]. The molecular process underlying this
event involves activation of specific transcription factors
in the pancreatic tissue, including NF-κB, which is the
most studied and best characterized of the transcription
factors involved[6,22-27]. These humoral mediators, in turn,
recruit neutrophils and then other immune cells from
the bloodstream, such as macrophages, monocytes and
lymphocytes, which amplify and sustain the inflammatory reaction in the pancreatic tissue[9,15,16]. Furthermore,
experimental anti-inflammatory approaches - ranging
from genetic deletion of cytokine receptors[28] or specific
integrins[29,30], neutralization of cytokines, chemokines,
adhesion molecules or other mediators[18,19,30-36], blockade
of neutrophil recruitment[29,35-39], or complement inhibition[40] - have resulted in a significant reduction of mortality. However, whereas these experimental studies greatly improved our knowledge on the role of inflammation
in the pathogenesis of acute pancreatitis, their results
have not led to a progression in the treatment of patients
affected by acute pancreatitis, and the few clinical trials conducted to date have yielded poor results[14,16,41-43].
Therefore, it is not surprising that research concerning
the pathogenesis of acute pancreatitis has recently focused on the role of phosphoinositide 3-kinases (PI3Ks),
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a family of lipid and protein kinases involved in intracellular signal transduction and modulation of inflammatory
and immune responses[44-48]. This article presents a brief
summary of PI3K structure and function, with particular
attention paid to their role in inflammatory pathologies,
and discusses the recent advances involving PI3Ks in the
pathogenesis of acute pancreatitis.

CLASSIFICATION AND STRUCTURE OF
PI3Ks
PI3Ks are a class of enzymes involved in intracellular
signal transduction that were first described in the late
1980s[49,50]. They possess both protein and lipid kinase activity, with the latter function being the most extensively
studied[45-47]. PI3Ks have historically been divided into
three classes based on protein structure and substrate
specificity[45-47].
Class I PI3Ks rely on the functional association of
a catalytic subunit and a regulatory subunit, the latter of
which modulates the activity of the heterodimer as well
as its targeting to the plasma membrane upon receptor
ligation, thereby allowing the enzyme access to the phosphatidylinositol substrates[45-47]. Class I PI3Ks have been
further divided in two subgroups: IA and IB[45-47]. Class
IA includes three members, PI3Kα, PI3Kβ and PI3Kδ,
which are heterodimers composed by a specific p110 catalytic subunit (p110α, p110β and p110δ) and a regulatory
p85 subunit. These isoforms are activated following stimulation of tyrosine kinase receptors, which include many
growth factor receptors, such as those for epidermal
growth factor[51], platelet-derived growth factor[52], fibroblast growth factor[53], growth hormone[54,55], insulin-like
growth factor[56], insulin[57] and many interleukins (ILs)[58].
Nonetheless, a certain degree of isoform specificity has
been demonstrated for several biological processes. For
example, activation of the tyrosine kinase insulin receptor largely depends exclusively on PI3Kα[59,60]. On the
contrary, PI3Kd is specifically recruited in immune cells
upon the activation of T and B cell receptors, natural
killer stimulatory receptors, Fc receptors, and Toll-like
receptors[61,62]. In addition, although class I PI3Ks usually
act downstream of receptor tyrosine kinases, PI3Kβ is
more effectively activated by G-protein-coupled receptors (GPCRs) than by tyrosine kinases[63-65]. PI3Kγ is the
only member of the PI3K class IB, and its structural
organization is represented by the association of either
a p84/p87 or p101 regulatory subunit with the p110γ
catalytic subunit[45-47]. PI3Kγ is activated by direct binding
with G-protein βγ subunits, thus signaling downstream
of GPCRs, such as chemokine receptors[45-47]. Moreover,
PI3Kγ signaling activity can further be potentiated by
Ras-GTP[66]. The main class I PI3K activity relies on the
phosphorylation of phosphoinositides at the D3 position of the inositol ring, which leads to conversion of
phosphatidylinositol (4,5)-bisphosphate to the second
messenger phosphatidylinositol (3,4,5)-trisphosphate
(PIP3)[45-47,67,68]. PIP3, upon membrane translocation, binds
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with high affinity to the pleckstrin homology (PH) domain of its many effectors[45-47]. These effectors include
protein kinases Akt/ protein kinase B (PKB), PDK1, Btk,
GAP, and GEF for small GTPases, which mediate fundamental intracellular signaling events implicated in cell
proliferation and migration, metabolic homoeostasis, and
cell survival[45-47]. The signaling activity of class I PI3K is
finely regulated by at least two lipid phosphatases, namely
the SH2-containing inositol phosphatases 1 and 2 and
the phosphatase and tensin homolog, which respectively
dephosphorylate the inositol ring of PIP3 on position 5
or 3[69-71].
The tissue distribution of class Ⅰ PI3K isoforms
is quite different: PI3Kα and PI3K β are widely expressed[45-47], whereas PI3Kγ and PI3Kδ are mainly expressed in leukocytes[44-47]. However, the expression of
PI3Kγ has also been reported in the heart and in the
endothelium[72,73], as well as in breast and pancreatic cancers[74-76]. Analogously, PI3Kδ expression has also been
demonstrated in neurons, and in melanoma and breast
cancer cells[77,78].
Class Ⅱ PI3Ks are high molecular mass monomers,
characteristically containing C2 and Phox homology
(PX) domains that are fundamental for localization at the
plasma membrane[45-47,79,80]. Their specific mechanism of
activation and signaling, as well as their physiologic role
in the regulation of cellular functions or their involvement in the pathogenesis of human diseases have only
recently begun to be elucidated by the research[45-47,79,80].
For example, class Ⅱ PI3K-C2α has been demonstrated
as critically required for endocytosis[81] and for vascular
integrity[82]. Interestingly, PI3K-C2γ is expressed in the
exocrine pancreas[83], but its role in this organ remains
largely unknown.
Finally, class Ⅲ PI3K includes only one member,
vacuolar protein sorting 34 (VSP34), which is only able
to generate phosphatidylinositol 3-phosphate[45-47,80]. The
physiologic importance of VSP34 and/or its involvement
in human pathology are currently unclear[45-47,80].
Although very little is known about class Ⅱ and Ⅲ
PI3Ks, there is increasing interest in developing inhibitors
of these two classes for use as anticancer agents[45-48,79,80].

ROLE OF PI3Ks IN INFLAMMATORY
CELLULAR RESPONSES
The involvement of PI3Ks in inflammation has been
recently highlighted by studies using genetic or pharmacologic inhibition of different PI3K isoforms[45-47].
Genetic ablation of PI3Kα and PI3Kβ was lethal during
embryonic development[84,85]; however, PI3Kδ and PI3Kγ
knock-out mice were viable and mainly showed alterations of both innate and adaptive immune responses[86-89].
Ultimately, those results led to a better characterization
of the regulatory role of these two PI3K isoforms in inflammatory pathologies.
PI3Kγ and PI3Kδ act in partnership to regulate the
recruitment of neutrophils and monocyte/macrophages
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to the site of inflammation and then to coordinate the
respiratory burst[44-47]. In PI3Kγ-null mice, neutrophils
and macrophages display reduced migration in response
to different stimuli that act through GPCRs, such as
N-formylated peptides (fMLPs), C5a, or IL-8[72,86-88]. In
addition, in vivo investigation of a peritonitis mouse model showed highly impaired leukocyte recruitment[86-88]. On
the contrary, PI3Kδ appears to be specifically involved
in regulating the directional neutrophil movement in
response to chemotactic agents[90,91]. Endothelial activity
of both PI3Kγ and PI3Kδ also has a role in regulating
neutrophil adhesion to inflamed vessel wall[91,92]. At the
inflammatory sites, PI3Kγ and PI3Kδ also cooperate in
order to regulate the production of reactive oxygen species; this is a biphasic process in which the initial phase
is dependent on PI3Kγ activation and is followed by an
amplification phase mediated by PI3Kδ[86-88,90,91].
In addition to the roles of PI3Ks in neutrophils and
monocytes, these kinases also regulate fundamental cellular
functions in mast cells and eosinophils[45-47]. Pharmacological inhibition of PI3Kδ reduces degranulation and cytokine release induced in mast cells by immunoglobulin (Ig)E
stimulation[93,94] and protects mice from passive cutaneous
anaphylaxis induced by IgE and antigen injection[93,94]. In
addition, inhibition of PI3Kγ decreases adenosine-induced
mast cell degranulation and resistance to passive systemic
anaphylaxis[95], demonstrating a specific role for this kinase
in sustaining and maximizing mast cell degranulation[93,95].
Furthermore, PI3Kγ is involved in eosinophil recruitment,
modulation of allergen-induced eosinophilic airway inflammation, and airway remodeling[96,97].
PI3K activity is also involved in regulation of the cellular functions of T and B lymphocytes, the main actors
of the adaptive immune response[45-47]. Both PI3Kγ and
PI3Kδ are considered crucial for T cell development[45-47],
since knock-out mice for either one or the other kinase
show reduced numbers of peripheral T lymphocytes
and increased ratios of double-negative (CD4-CD8-) to
double positive (CD4+CD8+) cells in the thymus[87,98,99].
Moreover, PI3Kδ is heavily involved in CD4+ T cell
maturation and differentiation in distinct T cell subsets[45-47,61], whereas PI3Kγ is involved in T cell receptorstimulated proliferation and cytokine production[61,87].
PI3Kδ is also involved in the regulation of B cell maturation and activation[45-47]. PI3Kδ-null mice showed an
increased proB/preB ratio, which was due to a blockade
of the maturation process that occurs between these two
stages[89,100,101], as well as reduced IgM and IgG antibody
responses, which were associated with a paradoxical increase in production of IgE[89,102,103]. In line with these
critical functions, PI3Kδ and PI3Kγ/δ inhibitors show
important anti-proliferative activity in different forms of
human hematologic malignancies, with particular efficacy
in lymphomas[104].

PI3KS IN INFLAMMATORY DISEASES
PI3Kγ and PI3Kδ have been extensively investigated as
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potential therapeutic targets in autoimmune and allergic
diseases, and in pathologic conditions where inflammation has a crucial role for onset and progression[44-48].
Blockade of PI3Kγ by genetic ablation or by using selective pharmacological inhibitors reduces the incidence
and severity of disease in the MRL-lpr mouse model of
systemic lupus erythematous[105] and in two different experimental models of rheumatoid arthritis, induced either
by collagen injection or by transgenic overexpression
of human tumor necrosis factor-α[106,107]. Inhibition of
PI3Kδ also reduces inflammation and bone and cartilage
erosion in a model of arthritis induced by the administration of arthritogenic serum[108].
Consistent with the role of PI3Ks in mast cell and
eosinophil activation[93-97], genetic ablation of PI3Kγ
reduces leukocyte infiltration, hyper-responsiveness,
and airway remodeling in an ovalbumin (OVA)-induced
model of asthma[96,97,109]. Similarly, inhibition of PI3Kδ
either by genetic ablation or specific inhibitors decreases
eosinophil infiltration, T helper cell (Th2) cytokine production (IL-4, IL-5 and IL-13), bronchiolar inflammation,
and airway remodeling in the same OVA-induced asthma
model[110,111].
PI3Ks are also involved in the pathogenesis of cardiovascular diseases in which inflammation has a relevant
role, namely atherosclerosis and myocardial infarction[46].
PI3Kγ inhibition is effective in reducing plaque size in
a model of early-stage atherosclerosis (apolipoprotein
E-null mice)[112] and in the more aggressive low-density
lipoprotein receptor knockout (LDLR -/-) model that
mimics progressive familial hypercholesterolemia [113].
Interestingly, transplantation of bone marrow from
PI3Kγ-null mice into LDLR-/- mice also reduces plaque
size[113], indicating that the formation of atherosclerotic
lesions is regulated by PI3Kγ expressed by immune cells.
Moreover, PI3Kγ inhibition has been found to influence
cellular composition of atherosclerotic plaques (as suggested by the observation of a reduction of infiltrating
macrophages and T cells) and to increase plaque stability[113]. Finally, in agreement with the pathogenic role of
inflammation in ischemia-reperfusion injury, TG100-115,
a dual inhibitor of PI3Kγ and PI3Kδ, reduces infarct size
and preserves myocardial function in an in vivo model of
myocardial infarction[114].

PI3KS IN ACUTE PANCREATITIS
Little is known about the physiological role of PI3Ks
in pancreatic acinar cells[115]. However, pharmacologic
analysis has implicated PI3Ks in cholecystokinin (CCK)induced phosphorylation of p70S6 kinase and focal adhesion kinase and in regulation of exocytosis[115-118].
The involvement of PI3Ks in the pathogenesis of
acute pancreatitis was first demonstrated in a study by
Singh et al[119] using two unrelated inhibitors of all PI3K
isoforms, wortmannin and LY294002, in two different rodent models of acute pancreatitis, one induced by supramaximal secretagogue stimulation and the other by duct
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injection. In the cerulein-induced model, wortmannin
administration inhibited early trypsinogen activation, an
effect associated with reduced redistribution of cathepsin
B and intracellular colocalization of lysosomal hydrolases
with digestive enzyme zymogens[119]. Moreover, wortmannin reduced the extent of pancreatic edema, neutrophil
sequestration within the pancreas, acinar cell necrosis, and
hyperamylasemia in the same model. Wortmannin also reduced pancreatic trypsin activity, acinar cell necrosis and
myeloperoxidase activity in the second acute pancreatitis
model, which had been induced by retrograde infusion of
the rat pancreatic duct with the bile salt sodium taurocholate. Ex vivo experiments showed that wortmannin and
LY294002 inhibited cerulein-induced trypsinogen activation without affecting the changes to the cytoskeleton of
acinar cells that had been induced by supramaximal cerulein stimulation, in particular the redistribution of F-actin
from subapical to basolateral areas[119]. The authors also
performed experiments aimed to identify which class of
PI3K was involved in trypsinogen activation during pancreatitis, initially directed toward class I PI3K because of
its known association with GPCRs, such as CCK receptors. However, supramaximal concentrations of cerulein,
those that induced ex vivo trypsinogen activation, did not
increase phosphatidylinositol-3,4-bisphosphate nor PIP3,
nor did they induce phosphorylation of Akt/PKB in
these experiments[119], suggesting that class I PI3K were
not involved. These results differ from those previously
reported by another group, which had shown formation
of class I PI3K products after stimulation with maximal
concentrations of cerulean[120]. On the contrary, both in
unstimulated and cerulein-stimulated acini, wortmannin decreased levels of the product of class Ⅲ PI3K,
phosphatidylinositol 3-phosphate, which is implicated in
vesicle trafficking and fusion[119]. The authors proposed
that cerulein-induced intra-cellular trypsinogen activation
may be a consequence of perturbed vesicle trafficking
induced by the accumulation of the phosphatidylinositol
3-phosphate class Ⅲ PI3K product in a yet unidentified
subcellular compartment[119].
Subsequent studies by different research groups have
further analyzed the specific role of the PI3Kg isoform
in the pathogenesis of acute pancreatitis. Gukovsky et
al[121] used PI3Kγ-deficient mice as well as pharmacologic
PI3K inhibitors to investigate the role of PI3K in CCKinduced responses in isolated pancreatic acinar cells. These
experiments showed that both PI3Kγ genetic ablation
and PI3K inhibition greatly diminished the CCK-induced
calcium response in pancreatic acini by inhibiting both
intracellular calcium mobilization and calcium influx,
showing that PI3Kγ is required for pathologic calcium
responses to CCK hyperstimulation[121]. Further studies
by the same group demonstrated that PI3Kγ regulates
calcium signaling in pancreatic acinar cells by inhibiting
sarco(endo)plasmic reticulum calcium-ATPase[122,123]. In
addition to its regulatory role on calcium signaling, PI3Kγ
is also implicated in regulating trypsinogen activation[121].
CCK-induced trypsinogen activation was, indeed, reduced
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by about 60% in pancreatic acini isolated from PI3Kγnull mice[121], an effect that may also be partially mediated
through calcium signaling[121]. Finally, both PI3K inhibitors and PI3Kγ genetic deletion inhibited CCK-induced
NF-κB activation in vitro, indicating a regulatory role for
PI3Kγ in the NF-κB response[121]. This result did not
confirm those previously reported by Singh et al[119] in the
rat cerulein-induced pancreatitis model; however, in that
study, NF-kB activation was only measured at one time
point and only in vivo, not ex vivo[119]. Of note, CCK-elicited responses in PI3Kγ-null isolated acini were further
inhibited by LY294002, implicating involvement of other
PI3K isoforms[121].
Our research group independently studied the effects
of genetic ablation of PI3Kγ on the severity of acute
pancreatic damage induced in vivo by supramaximally
stimulating doses of cerulein or administration of a
choline-deficient, ethionine-supplemented (CDE) diet[124].
Although amylase secretion in isolated pancreatic acini
was not different in PI3Kγ-null mice compared to wildtype mice, the genetic ablation had significantly reduced
the extent of acinar cell injury/necrosis in both models.
A partial but significant reduction in the extent of acinar cell injury/necrosis was evident six hours after the
beginning of cerulein administration. On the contrary,
serum amylase levels were not decreased and pancreatic
water content was even increased in the PI3Kγ-deficient
mice compared to the wild-type mice. In addition, only
minimal neutrophil infiltration was seen at time points
as early as six hours. Therefore, this protective effect can
likely be ascribed to the lack of PI3Kγ influence on the
early intra-acinar cell events, as indicated elsewhere[121].
Our study also showed an increase in the number of
apoptotic acinar cells in PI3Kγ-null mice (identified by
terminal dUTP nick-end labeling and caspase-3 activity),
which is consistent with the described protective role of
apoptosis in acute pancreatitis[125,126]. As we did not observe any activation of Akt/PKB, the major effector of
PI3K survival signaling[127,128], it can be hypothesized that
PI3Kγ may interfere with other death signaling pathways,
such as caspase activation, cytochrome c release, or mitochondrial depolarization, which have been implicated in
the direct pro-apoptotic effect exerted by supramaximal
concentrations of CCK in pancreatic acini[129].
We also observed a significant reduction of both
acinar cell injury/necrosis and neutrophil infiltration
in PI3Kγ-null mice after prolonged administration of
cerulein for 13 h[124]. This protective effect may be related to the ability of PI3Kg to regulate the neutrophil
chemotaxis and respiratory burst that follows neutrophil
activation[44-48] or to enhance neutrophil apoptosis, thus
favoring the removal of activated neutrophils from the
pancreatic tissue[130]. Moreover, cerulein-induced pancreatic COX-2 up-regulation, which modulates the course of
acute pancreatitis[131-133], was also blunted in the PI3Kγnull mice, likely contributing to the observed protective
effect of genetic ablation[124].
PI3Kg deletion was also found to reduce acinar cell
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injury/necrosis, neutrophil infiltration and lung injury in
a second model of necrotizing acute pancreatitis induced
by administration of a CDE diet[124]. Furthermore, the
genetic ablation reduced the mortality rate, indicating
that PI3Kγ influences the development of injury to other
organs, in particular the lungs. Indeed, a recent study by
another group has shown that the PI3K-Akt pathway
mediates the protective effect exerted by estrogens on
lung injury during cerulein-induced acute pancreatitis[134],
indirectly confirming our hypothesis.
PI3Kγ is also known to possess scaffold functions
that regulate cAMP levels[72,135], and it can bind protein
kinase A (PKA) and different phosphodiesterases[136] to
control a PKA-mediated negative feedback signal that
promotes cAMP destruction. Given the importance of
cAMP elevation in the protection from acute pancreatitis[137], it is therefore possible that some of the effects of
PI3Kγ are independent of its catalytic activity.

CONCLUSION
The activation of PI3Ks, and in particular of the class
IB PI3Kγ isoform, has a relevant role in the biochemical
events, namely calcium signaling alteration, trypsinogen
activation, and NF-κB transcription, all of which are necessary for the initiation of acute pancreatic injury. The
ability of PI3Kγ to modulate acinar cell apoptosis, as well
as to regulate local neutrophil infiltration and systemic
inflammatory responses during the course of acute pancreatitis, renders PI3Kγ an ideal therapeutic target. The
availability of inhibitors selective for specific PI3K isoforms might provide new valuable therapeutic strategies
to improve the clinical course of this disease.
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Abstract
Acute pancreatitis (AP) is one of the most common diseases of the gastrointestinal tract, bearing significant
morbidity and mortality worldwide. Current treatment
of AP remains unspecific and supportive and is mainly
targeted to aggressively prevent systemic complications
and organ failure by intensive care. As acute pancreatitis shares an indistinguishable profile of inflammation
with sepsis, therapeutic approaches have turned towards modulating the systemic inflammatory response.
Targets, among others, have included pro- and antiinflammatory modulators, cytokines, chemokines, immune cells, adhesive molecules and platelets. Even
though, initial results in experimental models have
been encouraging, clinical implementation of immuneregulating therapies in acute pancreatitis has had a
slow progress. Main reasons include difficulty in clinical
translation of experimental data, poor understanding
of inflammatory response time-course, flaws in experimental designs, need for multimodal approaches and
commercial drawbacks. Whether immune-modulation in
acute pancreatitis remains a fact or just fiction remains
to be seen in the future.
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Core tip: Acute pancreatitis is a common entity with
significant mortality worldwide. Treatment remains
non-specific and mainly supportive, mostly focusing on
intensive care. Presence of inflammatory response syndrome during AP has driven recent immune-modulating
therapeutic attempts in experimental models, including
cytokine, chemokine, immune cell and other inflammatory mediator blockade. Although initial data are promising, translation to clinical routine has been less encouraging. The authors attempt to elucidate whether and to
what extent tampering with the immune burst triggered
by acute pancreatitis could actually ensure better outcomes, or that remains a farfetched expectation.
Akinosoglou K, Gogos C. Immune-modulating therapy in
acute pancreatitis: Fact or fiction. World J Gastroenterol 2014;
20(41): 15200-15215 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i41/15200.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i41.15200

INTRODUCTION
Acute pancreatitis (AP) is a common disease, posing a
tremendous burden in health care systems globally[1,2].
The incidence of AP varies between 4.9 and 73.4 cases
per 100000 worldwide[3,4]. Progression to multiple organ
dysfunction syndrome (MODS), as a consequence of
the systemic inflammatory response syndrome (SIRS)
represents a major contributor to high mortality in the
early phase of the disease[5,6]. Consequent breakdown of
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Figure 1 Schematic representation of innate and adaptive immune response mechanisms implicated in acute pancreatitis. Triggering factors initiate trypsinogen activation and pancreas autophagy. Damaged acinar cells release damage-associated molecular pattern molecules (DAMPs) and pro-inflammatory mediators
attracting leukocytes at the site of inflammation. Leukocyte activation leads to increased leukocyte aggregation through increased expression of adhesion molecules
and tissue infiltration within the microcirculation. There, these cells increase production of cytokines and other inflammatory mediators including prostaglandins, leukotrienes, thromboxanes, platelet activating factor (PAF), free radicals, nitric oxide and proteases. These substrates increase vascular permeability resulting in neutrophil
extravasation and activation, oedema and microvascular disturbances which eventually lead to lack of oxygen and tissue injury. Pro-inflammatory mediators contribute
to failure of intestinal barrier function and translocation of intestinal microflora or their products into the vascular bed. Neu: Neutrophil; AC: Acinar cell; Mo: Monocyte;
Ma: Macrophage; ICAM-1: intercellular adhesion molecule 1; ROS: Reactive oxygen species; VCAM-1: Vascular adhesion molecule 1; TNF-α: Tumour necrosis factor
alpha; NF-κB: Nuclear factor kappa-light-chain-enhancer of activated B cells; IL: Interleukin; CXCL: C-X-C motif chemokine; CCL: Chemokine (C-C motif) ligand; PLT:
Platelet; TLR: Toll like receptor; LPS: Lipopolysaccharide; LFA: Lymphocyte function associated antigen; Mac-1: Macrophage-1 antigen.

intestinal integrity, bacterial translocation and increased
infection risk can further complicate outcome in the late
phases of AP[7-9].
Current treatment of AP remains non-specific and
supportive and is mainly targeted to aggressively prevent
systemic complications by intensive care. During the last
decade, a number of new therapeutic modalities have
changed the management of acute pancreatitis, including
enteral feeding in severe AP, the use of early antibiotic
treatment in necrotizing pancreatitis and therapeutic endoscopic retrograde cholangiopancreatography (ERCP)
with endoscopic sphincterotomy in severe biliary pancreatitis[10,11]. However, although the case fatality rate for AP
has decreased over time, the overall population mortality
rate has remained unchanged[12].
Recent data has come to show that in the early phase
of AP, excessive leukocyte activation and consequent inflammatory mediator release are critical for development
of early organ failure[13-16]. As a result, current experimental and clinical research has been driven by the need to
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inhibit the systemic inflammatory reaction thus; prevent
the development of MODS. This article attempts to critically review recent data on immune-modulating strategies
in AP.

LOCAL AND SYSTEMIC INFLAMMATION
Pancreatic self-digestion
Acute pancreatitis represents an inflammatory disorder;
hence, a complex cascade of immunologic events affects
disease pathogenesis and progression. Alcohol and gallstones remain the major etiologic factors of AP. Irrespective of the cause, triggering events lead to premature activation of pancreatic proteases, as a result of intracellular
co-localization with lysosomal enzymes[17,18]. An increase
in intracellular calcium triggers activation of trypsinogen and induces local inflammation[19], further leading to
auto-digestion, destruction of the parenchyma and finally
necrosis of the pancreas[17,20-23](Figure 1).
The role of tumour necrosis factor alpha (TNF-α)
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in the potential activation of pancreas polypeptide and
nuclear factor kappa-light-chain-enhancer of activated
B cells (NF-κB)[24] has been recently investigated[25-29].
Whether there is a link between pancreatic NF-κB and
trypsinogen activation remains controversial[27]. However,
it seems that these processes may be unrelated and may
both contribute to inflammation, possible through reactive O2 species (ROS) mediation and calcium (Ca2+) signalling[30,31] (Figure 1).
At this stage, it appears that the autophagy machinery
interfaces with various cellular stress-response pathways
including those involved in immune response and inflammation, entailing among others direct interactions
between autophagy proteins and immune signalling molecules[32-34]. This complex interplay modulates both the
induction and suppression of immune and inflammatory
responses and vice versa, while it seems that the same genes
that regulate autophagy are involved in xenophagy[35,36].
In this respect, a potential protective role for interleukin
(IL)-22 against the autophagic pathway in pancreatitis is
currently under investigation[37].
Leukocyte activation and cascade reaction
Endogenous molecules released as a result of tissue injury, referred to as damage-associated molecular patterns
represent primary activators of the immune system[38-40].
Among those, high mobility group box 1 (HMGB1)
protein, a nuclear DNA binding protein[41-43], has been
recently suggested to act as a key mediator for inflammation and organ failure in AP[44-46]. Pancreatic-derived
intracellular HMGB1 limits the severity of the disease by
protecting cells from NF-κB activation, DNA damage,
cell death, and release of nucleosomes from injured acinar cells[47]. On the other hand, extracellular HMGB1 released by necrotic cells, can, via members of the Toll-like
receptor (TLR) family trigger acute lung injury[48,49] and
a lethal systemic inflammatory process[50,51]. Extracellular
HMGB1 can further stimulate the release of pro-inflammatory cytokines including TNF-α and IL-1β by inducing nuclear translocation of NF-κB and conversely, the
pro-inflammatory cytokines can control further release
of HMGB1 into the extracellular space (Figure 1)[52-54] .
Activated acinar cells also secrete pro-inflammatory
factors including C-X-C motif chemokine (CXCL) 10,
Chemokine (C-C motif) ligand 2 also referred to as
monocyte chemotactic protein-1 (MCP-1), IL33[55,56],
platelet activating factor (PAF), TNF-α and IL-1β leading to migration of monocytes and neutrophils into the
pancreas[57,58]. Neutrophils are specifically activated by
CXCL-1 and CXCL-2 (also called macrophage inflammatory protein 2-alpha, MIP2-α), while monocytes, eosinophils and T-cells are activated by CCL-2 (MCP-1) and
CXCL-10[59] (Figure 1). However, monocyte and macrophage populations involved in AP are heterogeneous,
with great phenotypic and functional plasticity[60]. Recently, a subtype of monocytes that derive from the bone
marrow and express TNF-α has been identified, which
appears to determine pancreatic oedema and acinar cell
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injury/necrosis[61]. T cells are also present in smaller numbers in the inflamed pancreas and appear to be necessary
for progression of AP[62]. As AP progresses, changes in
the number and ratio of CD4+ and CD8+ T cells has
been noted, probably because CD4+ T cells contribute
to activation of macrophage via antigen presentation and
release of inflammatory cytokines[63]. In contrast to total
depletion of CD4+ T cells, and consistent with functional
heterogeneity of CD4+ T cells, recent data indicate that a
subset of CD4+ IL22+ T cells likely protects against AP
in mice, even though exact mechanisms remain elusive[64].
The magnitude of the inflammatory process is amplified following further secretion of inflammatory
mediators by infiltrating immune-associated cells[65-67],
and over-expression of adhesion molecules including
intercellular adhesion molecule 1 (ICAM-1) and vascular adhesion molecule 1[68,69].The latter represent ligands
for lymphocyte function-associated antigen 1[70] on leukocytes and lymphocytes, αLβ2 and CD11a-CD18 on
monocytes and integrin macrophage 1 antigen (Mac-1)
on neutrophils, while their secretion is promoted by ROS
generation and TNF-α itself (Figure 1)[71-73]. Notably,
ICAM-1 deficiency and systemic depletion of neutrophils
were each shown to reduce the severity of AP and lung
injury[71].
Bacterial translocation
Except for regulation of cellular apoptosis, TNF-α was
shown to increase intestinal paracellular permeability, by
affecting tight junctions[74] and facilitating bacterial translocation from the epithelium[75]. It has been suggested
that, pathogen-associated molecular patterns derived
from the intestinal micro flora activate the host innate
immune system via pattern recognition receptors, such
as TLRs and nucleotide-binding domain and leucine-rich
repeat-containing molecules[76] (Figure 1). Activation of
TLRs and nucleotide-binding domain and leucine rich
repeat-containing molecules likely mediates the mechanism by which bacterial translocation leads to severe
AP. Consistent with this, mice that lack TLR4 develop
less severe forms of AP[77], and polymorphisms in TLR
genes have been associated with susceptibility to AP[78,79].
Interestingly, up-regulation of TLR4 has been associated
with increased expression of TNF-α in peripheral blood
mononuclear cells during early stages of AP[80].
Pancreatic microcirculatory disturbance
Various molecules and mechanisms appear to complete
the full spectra of manifestations in AP, mainly attributed
to microcirculatory disturbance including nitric oxide,
endothelin, oxygen free radicals, bradykinin, prostaglandin I2 and endothelin[81]. Inflammatory mediators induce
microcirculatory disturbance mainly through increasing
capillary permeability and decreasing capillary blood flow
velocity (such as ICAM-1), promoting the contraction of
arteries and veins (such as endothelin), as well as, promoting platelet aggregation and inducing thrombosis (such as
PAF and TXA2). In the latter case, PAF exerts its biologi-

15202

November 7, 2014|Volume 20|Issue 41|

Akinosoglou K et al . Immune-modulation in pancreatitis

Neu
PAF
PLT

Balanced response
6

Ma

7
1

5

Immune-modulating
Therapies
2
4

TNF
IL-1
Chemokines
IL-6
IL-12
SIRS

3

Intestinal barrier

IL-10
IL-4
IL-13
TGFb
IL-1ra
CARS

Gram (-)
bacteria

TNF-a

Figure 2 Immune modulating therapies. (1) Target inflammatory response promoting or attenuating anti and pro-inflammatory mediators respectively (recombinant
cytokine/chemokine administration, cytokine/chemokine antagonists, receptor blockade); (2) ameliorate parenchymal and fatty tissue necrosis of the pancreas [e.g.,
infliximab, blockade of interleukin (IL)-1 receptor, IL-10 blockade, IL-12 suppression, platelet activating factor (PAF)]; (3) alleviate alveolar oedema and development of
acute respiratory distress syndrome (e.g., infliximab, IL-10 blockade, IL-8 blockade); (4) correct intestinal barrier and prevent bacterial translocation (e.g., anti-tumour
necrosis factor, TNF); (5) modulate immune cell response (e.g., stem cell immunosuppressive strategies); (6) impair platelet activation and further immune activation
(e.g., PAF); and (7) protect against endothelial barrier dysfunction, transmigration of neutrophils and concomitant microcirculatory derangements (e.g., adhesion molecule blockade). Ma: Macrophage.

cal activity through binding to its specific receptors on
the surface of leukocytes, endothelial cells and platelets
leading to microcirculatory disturbance in AP[82-85] (Figure
1). Furthermore, an increasing body of evidence reveals a
pro-inflammatory role of platelets except for their established function in thrombosis and haemostasis[86-88]. During AP, data have come to show that platelets regulate
neutrophil accumulation in the pancreatic tissue[89], even
though exact mechanisms underlying platelet dependent
leukocyte recruitment remain elusive. At the moment
these mechanisms and various molecules[90], although
important; surpass the purpose of this review and will
not be discussed further. Figure 1 represents a schematic
summary of innate and adaptive immune response mechanisms implicated in acute pancreatitis.
In mild AP, inflammation is regulated and confined
by the host’s inflammatory response in the affected area.
Although, most episodes of AP are mild, some patients
proceed to SIRS, as a result of pro-inflammatory mediators’ release into the circulation[91,92], with local and extrapancreatic complications[93], including respiratory, renal
and hepatic dysfunction[94,95]. Systemic inflammation in
AP is concomitantly associated with rapidly strengthening compensatory anti-inflammatory response syndrome
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(CARS)[96]. Even though, CARS may be sufficient to
control SIRS and ensure favourable prognosis, excessive
CARS may be overwhelming, leading to immune deficiency or suppression, which renders the host susceptible
to secondary infections[97]. Increased serum concentrations of anti-inflammatory mediators including IL-10,
IL-11, TNF-α receptors, and IL-1 receptors antagonist
(IL-1ra) have been demonstrated in AP[98-102]. In immunesuppression monocytes are characterized by a significantly decreased human leukocyte antigen antigen-DR (HLADR) expression, process mostly attributed to IL-10
production[103]. Along with consequent impaired antigen
presentation[104,105], monocytes show a profound reduction
of their ability to produce pro-inflammatory cytokines
e.g., TNF-α[106,107], facts associated with development of
secondary infections[97] and organ failure[108,109]. IL-1ra and
IL-6 are also important anti-inflammatory cytokines. IL1ra blocks IL-1 mediated responses[110] while IL-6 appears
to prevent synthesis of IL-1β and TNF-a[111].

THE STORY OF IMMUNE-MODULATING
THERAPIES: FACT...
Following understanding that, outcomes of our patients

15203

November 7, 2014|Volume 20|Issue 41|

Akinosoglou K et al . Immune-modulation in pancreatitis

seem to be mostly dependent on pro- as well as, antiinflammatory responses; in the last few years, a number
of experimental and clinical studies have focused their
interest in immune regulation during AP (Figure 2).
TNF-α
Recent data in animal models has come to show that,
TNF-antagonism by either TNF-receptor blockade or
anti TNF-antibodies protected from local intra-pancreatic damage, systemic complications and overall mortality in the vast majority of cases[29,112-117]. Administration
of infliximab -a monoclonal TNF-antibody- appears
to decrease serum amylase activity in both acute oedematous pancreatitis and severe necrotizing pancreatitis
in a murine model[118]. In the latter case, a tendency to
ameliorate both parenchymal and fatty tissue necrosis
of the pancreas and alleviate acute respiratory distress
syndrome-like pulmonary complications, was also noted.
However, even though TNF-α has been clearly associated with failure of intestinal barrier, the latter study
provided no information upon infliximab’s role on intestinal permeability since bacterial translocation was not
considered a septic complication. However, previous
reports that TNF-α blockage appears to correct intestinal
permeability in people with Crohn’s disease[119], suggests
that this effect may occur in other types of disorders and
could represent a feasible therapeutic option. In a recent
study, Aydin et al[120] showed that, infliximab administration 6 h after the induction of pancreatitis exerted beneficial effects on blood amylase levels and histopathologic
changes in experimental necrotizing pancreatitis, while
significant decrease in the degree of BT was noted. Even
though, premature administration of anti-TNF 6 h post
pancreatitis induction was beneficial, previous reports
support that a prophylactic design starting the treatment
before the induction could be superior, while the protective effect of TNF-antagonism on disease severity and
mortality was still observed after the systemic effects
had developed[116]. To date, no study has been conducted
investigating TNF-a impact in clinical acute pancreatitis
except for an isolated report in a patient with Crohn’s disease complicated with acute pancreatitis[121]. Interestingly,
favourable outcome was observed following infliximab’s
administration. However, data from two phase Ⅲ sepsis
trials[122,123] sharing an indistinguishable profile of inflammatory mediators with AP, have not been that optimistic.
The use of an anti-TNF antibody in patients with sepsis
failed to reduce 28-d mortality, suggesting that previous
results from experimental studies or anecdotal reports
should be interpreted with caution.
Cytokines
As previously described, pro-inflammatory cytokines
such as IL-6, IL-1 and TNF are released in acute pancreatitis, while their plasma level correlates well with the
severity of the disease and the occurrence of multi-organ
failure[124-126]. By contrast, anti-inflammatory mediators
such as IL-10, appear to mitigate the effects of inflam-
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matory response and their level seems to be inversely
proportional to the severity of pancreatitis[127,128].
IL-1: As observed for TNF, organ-specific expression
of IL-1 is an early feature in experimental acute pancreatitis and is found in both the pancreas and distant
organs[129,130]. Blockade of the IL-1 receptor by either
targeted genetic disruption or pharmacological agents
uniformly reduced the extent of intra-pancreatic damage,
systemic complication, and mortality, similarly to TNF-α
blockade[131-135]. Alternatively, the approach of inhibiting
caspase-1, formerly termed interleukin 1β-converting
enzyme (ICE) has been explored. Targeting ICE activity
by a specific synthetic inhibitor dramatically attenuated
both severity and mortality irrespective of the model
used[136-139]. Interestingly, severity and mortality were still
reduced even when a therapeutic window of 12 h following induction of severe acute pancreatitis was allowed[137].
Similarly to TNF-α, implementation of experimental
findings to the clinical setting has been controversial.
Even though, a post hoc analysis of a controlled trial
of human recombinant IL-1ra in patients with sepsis
showed a trend towards increased survival in patients
with MODS[140], this observation could not be confirmed
in a subsequent trial[141]. Technical reasons concerning the
optimal dosage, duration and in vivo activity of the antibody could be responsible for these discrepancies [142].
IL-10: IL-10 - irrespectively of whether its activity has
been blocked or augmented -has been shown to exert a
protective effect in several models of acute pancreatitis in
the past[143-149]. Cytokine manipulation appeared to significantly ameliorate organ specific damage in the pancreas
and peripheral tissues, including the lung and the liver,
while mortality was significantly reduced. Interestingly,
IL-10 protective effect was still observed even when
intervention occurred therapeutically after acute pancreatitis had already been induced[144,145,149]. However, this
data has not been confirmed in the clinical setting. No
significant differences were detected between IL-10 and
placebo administration within 36 h of onset of symptoms, in days of hospital stay, CT scan score, organ failure score and local complications[150]. Conflicting results
have come to light from randomized double-blind studies
regarding the ability of IL-10 to prevent ERCP–induced
AP. In his study, Devière et al[149] reported that, IL-10 decreased the incidence of post-ERCP pancreatitis, as well
as, the length of hospital stay independently from other
risk factors. This was not confirmed by a later American
trial in which only a trend towards and not a significant
decrease in the former parameters was noted[151]. A recent
meta-analysis including patients receiving recombinant
IL-10 or placebo before ERCP could show that, IL-10
significantly reduces the risk of post-ERCP pancreatitis[152]. Whether IL-10 treatment can ultimately prevent
post-ERCP still remains under investigation.
IL-2: In contrast to the late effects of IL-2 deficiency
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and immune-paralysis, the excessive IL-2 mediated T-cell
response during the early course of the disease can be
deleterious[62,153-157] Following transcriptional regulation
by administration of the FK506 agent which inhibits
IL-2 production, decreased early local and systemic disease severity was noted even when given in a therapeutic
fashion[155]. Similarly, early data have come to show that,
sirolimus, an immune-modulatory agent, acting through
inhibition of response to IL-2, thereby blocking activation of T and B cells, reduces acute pancreatic damage
in the first week and less chronic changes in the further
course of disease[157]. However, opposite results were
shown by other studies. FK506 administration significantly worsened survival in diet-induced murine pancreatitis[156] while potentiation of IL-2 production through
levamisole administration effectively decreased the incidence of pancreatic infections in a cat model of severe
acute pancreatitis[153].
IL-18: IL-18 or interferon-inducing factor represents a
novel key regulator of Th-1 response, through its ability
to induce IFN-production in T and natural killer cells[158].
Scarce data on this interesting cytokine have shown that
intra-pancreatic damage was decreased more effectively
following neutralization of IL-18 activity by monoclonal
antibodies than neutralizing IL-1 activity in ceruleininduced pancreatitis in mice[159]. Further research in IL-18
and its role during AP is currently in progress.
IL-6: Despite the numerous clinical studies investigating the role of IL-6 in the development of inflammatory
syndrome, unfortunately only few reports have examined
the role of this interleukin as potential target for modulating disease severity. Even though, IL-6 has been found
to be a good predictor in predicting pancreatitis associated complications, including organ failure[160], limited
experimental data have revealed that genetic deletion
or prophylactic inhibition of IL-6 rather worsened outcomes than exerted a protective effect on disease severity
and mortality[161-163].
PAF
Following previous observations implicating PAF in classical morphologic and biochemical derangements induced
during AP[164], a number of groups have pursued the potential therapeutic role of this novel cytokine[165-171]. Except for one case[172], pathophysiological changes of acute
pancreatitis were reduced in all established experimental
models following PAF antagonism[168-171]. When PAF antagonists were applied therapeutically, local intra-pancreatic damage and micro-circulatory derangement was significantly ameliorated while systemic complications and
mortality was considerably decreased[168,170,171]. One of the
most promising PAF antagonists Lexipafant has been recently tested in two phase Ⅱ trials including patients with
acute[173] or predicted severe pancreatitis[174]. Results were
encouraging, showing significant improvement of organ
failure or organ failure scores. Subsequently though, in a
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randomized, double blind trial encountering patients with
severe AP, intravenous administration of lexipafant for 7
d did not show any benefit in reducing MODS or mortality[175]. Nonetheless, systemic levels of IL-8 and E-selectin,
sepsis or pseudocysts development were significantly
lower in the treated than in the non-treated group, especially in patients treated within 48 h from the onset of
symptoms[175]. In view of the multiple prior experimental
studies suggesting that lexipafant is highly effective in
reducing SIRS associated with AP[176,177], discrepancies
among results finally came to challenge the actual role
of PAF antagonism in the clinical setting. Discordance
among studies can be partly attributed to the timing of
each intervention and/or commercial influence and are
further discussed.
Chemokines
So far, only a limited number of experimental and clinical studies have examined the efficacy of chemokine
blockade in AP, mostly due to their more distal position
within the inflammatory mediator cascade in comparison
to cytokines.
In view of IL-8 detrimental effect in experimental
AP[178], Osman et al[179] investigated the impact of prophylactic blockade of IL-8 in a rabbit model. Interestingly,
significant reduction in systemic severity including lung
injury, and mortality was observed, whereas the degree of
local intrapancreatic damage remained unchanged. Even
though, this study could not assess for potential therapeutic effects, the above data strongly supported the role
of chemokines in mediating distant organ failure in AP.
Besides IL-8, high concentrations of other chemokines such as MCP-1, growth-related oncogene alpha,
and epithelial neutrophil-activating protein 78 could be
also found during the early stages of clinical acute pancreatitis. Blockade of specific CXC chemokines via specific antibodies, synthetic inhibitors or genetic deletion
appeared to reduce pancreatitis associated pulmonary
damage in several experimental studies[59,180,181]. Nonetheless, similar to IL-8, a complete absence of effect on
local intrapancreatic damage was also observed[59,180,181].
So far, only MCP-1 seemed to exert a detrimental role
on the degree of local intrapancreatic damage[182]. Even
though, in most of these studies, protective effects of
chemokine blockade were observed even in a therapeutic
design[59,180,182], no systematic study of their impact upon
mortality has ever been carried out.
Adhesion molecules
The expression of adhesion molecules is pivotal for the
development of endothelial barrier dysfunction, transmigration of neutrophils and concomitant development
of organ dysfunction. Treatment with antibodies against
adhesion molecules like ICAM-1 and platelet endothelial
cell adhesion molecule-1 (PECAM-1) has shown to be effective in the experimental setting[71,183-185]. Similarly, recent
data demonstrate that platelets regulate leukocyte rolling
in acute pancreatitis via induction of P-selectin, which
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was critical in supporting leukocyte rolling in inflamed
venules of the pancreas[186]. It seems that inhibition of
P-selectin protected against pancreatic tissue injury in experimental pancreatitis[187].
Macrophages
The roles of macrophages in the pathogenesis and progression of experimental AP make these cells interesting therapeutic targets since they exhibit both pro- and
anti-inflammatory properties. Macrophages inhibitors
(compounds such as gadolinium chloride, liposomeencapsulated dichloromethylene diphosphonate, and
PAF antagonists) were shown to modulate the systemic
inflammatory response[188]. However, most studies administered the inhibitors before AP was induced, which is
clinically less relevant because most patients present after
pancreatic injury. Other approaches to modify macrophages, either in vivo or ex vivo, into cells with anti-inflammatory properties have recently been tested. Currently,
favourable effects of IL-4 and IL-13 have only been
confirmed in vitro[189], while transfer of hemin-activated
macrophages promoting production of anti-inflammatory agents seems promising[60,64,190,191]. In a study involving a xenogenic system, human bone marrow-derived
clonal mesenchymal stem cells were administered to rats
with mild or severe AP[192]. The human bone marrow–
derived clonal mesenchymal stem cells induced Foxp3+T
regulatory cells and suppressed pancreatic infiltration by
T cells. Although more studies are needed in this area of
research, stem cell–based immunosuppressive strategies
could be developed as allogenic therapies for AP[193].
Corticosteroids, NF-κ B and HMBG1
In rat models of AP, hydrocortisone has reduced mortality and blood cytokine levels[194-196]. At the moment, no
human trials using steroids as treatment of AP have been
published and attempts to show a beneficial effect of
steroids as prophylaxis against post-ERCP pancreatitis
in prospective placebo-controlled trials have been disappointing[197-199]. The use of glucocorticoids may, however,
find a place as part of a combination therapy, as they
suppress the inflammatory response, potentially through
the inhibition NF-κB[200,201].
Increased levels of NF-κB during acute inflammation correlate well with AP severity[24,25], indicating that
potential inhibition could improve outcomes[202,203]. NFκB signalling seems to regulate autophagy during necrotising pancreatitis, while inhibition of NF-κB pathway
reduced serum amylase and autophagosome formation
in experimental models[204]. Similarly, lung injury and pancreatic destruction was lower in rats with acute necrotising pancreatitis following administration of NF-κB-Nacetylcysteine inhibitor[205].
The complex role of HMG1 in AP has not allowed
the conduction of many studies[206]. Previous results have
shown that anti-HMGB1 antibody improves lipopolysaccharide (LPS)-induced acute lung injury in mice[51],
and ventilator-induced lung injury in rabbits[207]. In AP
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blockade of HMGB1 has been reported to attenuate
the development of severe disease, as well as, associated
organ dysfunction[208]. However, even though, HMGB1
can increase the permeability in enterocytic monolayers and bacterial translocation in mice[209], blockade of
HMGB1 eventually deteriorated gut barrier function in
this study[208].

THE STORY OF IMMUNE-MODULATING
THERAPIES:...OR FICTION
Inhibiting pro-inflammatory mediators (e.g., PAF,
IL-6, ICAM-1, TLR-4), enhancing anti- inflammatory
mechanisms (e.g., IL-10) or modulating cellular immune
responses, have all been found to be beneficial in experimental pancreatitis models[71,149,210,211]. Unfortunately, at
the moment, they have all failed to find their way from
the laboratory bench to the patient’s bedside[211,212], with
the possible exception of preventing post-ERCP pancreatitis[213,214]. In this respect, a number of issues must be
considered and addressed.
First, we have to keep in mind that discouraging results coming from the few representative clinical studies
available on single anti-inflammatory agents does not
necessarily mean that this approach is flawed in principle.
The inflammatory mediators identified so far, most likely
represent only the “tip of the iceberg”[215]; a million other
mediators, underlying, interacting and regulatory mechanisms awaiting elucidation. Therefore, the concept of
blocking single pro-inflammatory mediators could be an
over-simplistic strategy to deal with the complex problem
of acute pancreatitis, if there is any “ultimate” target at
all. Of note, disastrous effects have been noted when
single proximal mediators of the inflammatory response
were blocked including development of anti-DNA, antinuclear or antithyroid antibodies, leading to various muscoloskeletal, neurological and skin manifestations[216,217].
In the complex network of inflammatory response, a
multimodal strategy to inhibit several pro-inflammatory
agents instead of one may be more useful[218,219]. The
combination of the broad-acting antioxidant N-acetylcysteine, monoclonal antibodies against the adhesion molecule PECAM-1 and lexipafant was effective in animals
with organ failure associated with AP[220]. The acute phase
response and organ dysfunction was decreased, while gut
barrier failure and translocation was prevented[220]. However, even in the case of multimodal strategy the example
of TNF and anti IL-1 that share similar characteristics in
both their pathophysiological functions, as well as, their
regulation is worth noting[134,221]. As it was convincingly
shown by Denham et al[131], no additive protective effects
could be demonstrated by combined genetic disruption
the IL-1 receptor and TNF in a murine model of AP,
reflecting the huge challenges lying beyond the functional
redundancy of the immune system[222].
However, even in such cases of multimodal management the timing of intervention remains critical. It is
evident that the window for anti-inflammatory therapy
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to suppress excessive immune activation is very limited.
Experimental and clinical evidence shows that the time
limit for efficacious medical treatment is no more than 60
h from the onset of the symptoms of AP[223]. In fact, as
stated by at least two controlled clinical trials including the
European PAF-antagonist phase Ⅲ trial[175,224], beneficial
effect was achieved when treatment was introduced no
later than 48 h after the onset of symptoms. Even though
further trials are pivotal to clarify the proper timing for
intervention, efforts are hampered by the fact that many
patients present at a late stage of the disease, when organ
failure may already be present and the patient may be already on his way to CARS or even immunosuppression[175].
This data challenges us to further explore and understand the tight balance and mechanisms underlying SIRS,
CARS or even a mixed inflammatory response syndrome
during the time-course of acute pancreatitis. In the last
few years, an effort to monitor defects in monocyte function, as those reflected in reduced expression of HLADR during severe AP is under progress[107,225,226]. However, inflammatory stages may not be synchronous in
the same patient, and even though immune-suppression
may be evident in the peripheral blood, other end organs
including the lungs may still be in the pro-inflammatory
stage. Therefore, immune-stimulatory treatment must be
used with caution and physicians should have the proper
means to monitor the patients’ immune-inflammatory
state, in order to most accurately identify patients who
are at risk of organ failure. Signalling pathways and molecules of circulating leukocytes including HLA-DR, NFκB, signal transducers and activators of transcription, and
members of mitogen activated protein kinase family represent good candidates that could serve as future indices
to identify the patients at risk for secondary infections
and, thus, late organ failure[227-229].
Nonetheless, currently progress in AP research is slow,
mainly due to the inaccessibility of the human pancreas to
direct observation or biopsy, as well as, the self-destructive
nature of the disease itself which does not allow distinguishing initiating events from the concomitant or consequent inflammatory response. Flaws in study design, including small sample sizes, variable tools to stratify disease
severity and non-comparable study endpoints further hinder understanding of this complex disease. Consequently,
most of our knowledge comes either from circulating inflammatory mediators and cells or animal models that are
inevitably unable to simulate the complexity and individuality of human condition[230-232]. As a result, the authors of
this review note a relative gap in experimental but mostly
clinical research pertaining to AP during the last decade.
The latter is reflected in the year of publication of many
of our references, in contrast to the flourishing field of
animal model pancreatitis during the 90’s and the dawn of
the new millennium.
The key to future advances lies in obtaining data upon
actual patients, making use of correct scientific methods and better design of clinical trials[233]. Recording of
other meaningful parameters besides mortality including
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time from the onset of symptoms to type of intervention, permanent target organ damage, quality of life, pain
scores or hospital stay should also be recorded. Improvement of the communication of the results is also pivotal.
Scientific and editorial community must share the responsibility of publishing well-designed and well-conducted
clinical studies irrespective of commercial or financial
influence. Examples of poor management of these issues
could be partly mirrored by the controversial efficacy of
protease inhibitors in human AP[234] as well as, the highly
debated results following lexipafant administration[235].

CONCLUSION
Treatment of AP by immune modulation currently represents an attractive and highly promising concept. However, further meticulous work lies ahead in order to overcome the fundamental conceptual problems surrounding
the complex pathophysiology of this challenging disease.
Individualized and timely management calls for close
monitoring so that best possible outcomes are ensured
for our patients.
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Abstract
The small and large intestine of the gastrointestinal
tract (GIT) have evolved to have discrete functions with
distinct anatomies and immune cell composition. The
importance of these differences is underlined when
considering that different pathogens have uniquely
adapted to live in each region of the gut. Furthermore,
different regions of the GIT are also associated with
differences in susceptibility to diseases such as cancer
and chronic inflammation. The large and small intestine, given their anatomical and functional differences,
should be seen as two separate immunological sites.
However, this distinction is often ignored with findings
from one area of the GIT being inappropriately extrapolated to the other. Focussing largely on the murine
small and large intestine, this review addresses the

WJG|www.wjgnet.com

literature relating to the immunology and biology of
the two sites, drawing comparisons between them and
clarifying similarities and differences. We also highlight
the gaps in our understanding and where further research is needed.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Large intestine; Small intestine; Epithelial;
Immune; Microbial
Core tip: The small and large intestine of the gastrointestinal tract (GIT) have evolved to have different functions and have a distinct anatomy, biology and immunology. Despite this, findings from the small intestine
are often inappropriately attributed to large intestine
and vice versa . The importance of these biological differences is underlined when considering that different
regions of the GIT are associated with different infections and pathologies. This review addresses the literature relating to the small and large intestine – clarifying
the similarities and differences between the two sites.
We also highlight the gaps in our understanding where
further research is needed.
Bowcutt R, Forman R, Glymenaki M, Carding SR, Else KJ,
Cruickshank SM. Heterogeneity across the murine small and
large intestine. World J Gastroenterol 2014; 20(41): 15216-15232
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i41/15216.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i41.15216

INTRODUCTION
The gastrointestinal tract (GIT) is the largest mucosal
surface in the body; approximately 8.5 m long in humans
and 30 cm long in mice, with approximately 80% of this
compromising of the small intestine[1-3]. The duodenum,
jejunum and ileum make up the anterior to posterior
structure of the small intestine, with the caecum, colon
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and rectum comprising the large intestine. As a consequence of its main role in food processing and nutrient
extraction, the mucosal surface of the intestine is at high
risk from attack by pathogens that contaminate the host’
s food. In addition to thwarting attack from pathogens,
the intestine is also home to a large number of commensal microbes (the microbiome) to which tolerance
must be maintained. Therefore, it is paramount that the
local immune system strikes an effective balance between
tolerance and immunity. The large and small intestine
are anatomically and functionally different and should
be considered as two separate immunological sites which
is significant when considering the aetiology and pathogenesis of intestinal tract diseases. Regarding infection,
the small and large intestine are susceptible to different
pathogens; whipworm species such as Trichuris trichuria
(human) or Trichuris muris (T. muris)(mouse) and Clostridium difficile colonise the large intestine whereas Ancylostoma
duodenale (human), Ascaris lumbricoides (human), Heligmosomoides polygyrus (mouse), Trichinella spiralis (human and
mouse) and Norovirus infect the small intestine. Similar
distinctions are seen in allergy and autoimmunity; Coeliac
disease is restricted to the small intestine and ulcerative
colitis to the large intestine whereas Crohn’s Disease affects any region of the gastrointestinal tract (GIT). Moreover, cancer of the small intestine is rare whereas colon
cancer is more common (2.4 patients per 100000 compared with 54 per 100000 respectively)[4]. Appreciating the
immunological heterogeneity between the small and large
intestine can provide answers to why this spectrum of
disease along the GIT is apparent. Furthermore, a greater
understanding of the cellular diversity within the GIT
aids in the development of region-specific therapeutic
targets for inflammatory bowel diseases and allergy. This
review aims to highlight the differences and similarities
between the small and large intestine of mice discussing
both architectural and immune components.

INTESTINAL EPITHELIAL CELLS
The large and small intestine are lined with a single layer
of columnar epithelial cells that are linked via complexes
of junctional proteins and desmosomes creating a sealed
yet dynamic barrier[5]. Enterocytes and enteroendocrine
cells are found throughout the GIT and are involved in
nutrient and water absorption[6] and hormone production[7]. The base of the crypts in the GIT contain undifferentiated stem cells from which progenitor cells are
derived[8-10] and develop into any of one of four major
differentiated epithelial cell types; enterocytes, Paneth
cells, goblet cells, enteroendocrine cells[6]. Leucine-rich
repeat-containing G protein-coupled receptor 5 stem
cells are intermingled with Paneth cells in the small intestine supplying necessary signals for the stem cell niche[11].
However, there are distinct cellular features between
small and large intestinal epithelial cells (EC) that have
evolved out of the need to perform different digestive
processes. Small intestine EC play a critical role in nutri-

WJG|www.wjgnet.com

ent absorption that is reflected in their unique structure.
In addition to the small intestinal epithelium being folded
in such a way to create the crypts of Lieberkühn, it is further adapted with finger-like projections called villi thus
collectively increasing the surface area for maximal nutrient absorption (Figure 1). Furthermore, villous EC are
striated with numerous actin-rich microvilli that further
maximise their surface area. In contrast, the large intestine, which is primarily involved in water absorption and
fermentation, has EC which lack villi.
Although the primary role of the villi is nutrient absorption, they are also intimately associated with immune
cells (described below), highlighting their role in immunity. The different functions of the small and large intestine place different demands on the immune system. For
example, most protein antigens are taken up in the small
intestine by specialised cells including Microfold or “M”
cells. M cells transcytose luminal particulate antigens, effectively passing them onto underlying immune cells. M
cells are most abundant overlying the Peyer’s patches of
the small intestine but have also been described in the villous epithelium[12]. In the large intestine, M cells are less
numerous and are usually associated with isolated lymphoid follicles and colonic patches[13].

ANTI-MICROBIAL PROTEINS
In addition to processing antigens, the intestinal epithelium plays a direct role in innate mucosal defence via
production of anti-microbial peptides (AMPs). The requirement for different types of AMPs varies along the
GIT reflecting the need to respond to different commensal and pathogenic microbes that colonise the GIT[14-17].
Paneth cells, a specialized lineage of cells unique to the
small intestine, are a major source of AMPs including
[18]
α-defensins (also called cryptdins in mice) , lysozyme,
ribonucleases [such as angiogenin 4 (ANG4)], secretory
phospholipase A2[14,16,17] and C-type lectins [such as the
regenerating islet derived protein (REG3) family][19,20].
AMPs are thought to act as mediators in host defence
against pathogens[21] and in shaping the microbiome composition for the maintenance of homeostasis[14,22]. AMPs
such as REG3γ and REG3β promote spatial segregation
of microbial populations from the epithelial surface of
the small intestine[15,20]. AMPs also help shape microbial
diversity and thus may contribute to the relatively low
bacterial burden in the duodenum compared with the
large intestine[23]. In addition to the production of AMPs,
Paneth cells may directly recognise pathogens via pattern
recognition receptors enabling them to initiate innate immune responses[17,20,23,24].
The unequal distribution of Paneth cells along the
GIT, however, is not the sole factor participating in the
differential arsenal of antimicrobial proteins between
the small and the large intestine. Enterocytes along
the entire GIT can be induced to express a distinct
group of AMPs[16,17]. Enterocytes in the small intestine
stimulate the production of REG3γ and REG3β[19,20],
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Figure 1 Schematic representation of the structural and cellular heterogeneity within the small and large intestine during homeostatic conditions. The
small (A and C) and large (B and D) intestine differ greatly in their structure and cellular composition. The small intestinal epithelium is folded to create crypts of Lieberkühn, has finger-like projections called villi and epithelial cell possess striated microvilli (A) whereas the large intestine (B) has crypts and lacks villi. The small intestine has Peyer’s patches, the main site of Microfold or “M” cells that transcytose luminal particulate antigens that are rare in the larger intestine. Both the small and
large intestine are covered by mucus, which is much thicker in the large intestine (B) than in the small intestine (A). The large intestine houses the largest and most
diverse microbial populations of the two sites (B). Anti-microbial peptides are also differentially expressed along the gastrointestinal tract. The distribution of immune
cells also differ in the small and large intestine (inset C and D) with Natural killer T cells, Intraepithelial lymphocytes (IEL), eosinophils and dendritic cells found in the
highest numbers in the small intestinal epithelium under steady state conditions. Cell populations are defined in the key.

whereas those in the large intestine drive the synthesis of
[25]
[26]
β-defensins and cathelicidins . As well as differences
between the large and small intestine, within the large intestine there is also a different AMP profile between the
proximal and distal gut which may be related to different
microbial composition[27].
Goblet cells exhibit a non-homogenous distribution
along the intestinal epithelium, and are more abundant
in the large intestine. They release a panel of bioactive
compounds including mucins, AMPs [such as resistin-like
molecule β (Relmβ; also known as FIZZ2)[28], ANG4[29],
REG3γ and REG3β[27]] and trefoil peptides[30] that further
contribute to innate immune defence. REG3γ expression
is minimal in the large intestine compared to the small intestine[15,20]. In contrast, Relmβ is expressed mainly in the
large intestine and only a small amount is present in the
normal terminal ileum and there is no Relmβ expression
in the other areas of the small intestine[28]. Relmβ may
exert a function analogous to REG3 proteins in the small
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intestine, keeping bacteria at a distance in the large intestine[15]. The prevalence of different AMPs at distinct sites
of the GIT is due to both the distinctive primary cellular
source but also due to different expression profiles of
the same cells (enterocytes or goblet cells) in the different
regions.
Alterations in microbial composition, due to physiologic[27,31] or pathologic states[32,33], as well as alterations in
bacterial-epithelial interaction[27] can also change AMP expression patterns. The intricate cross talk between AMP
expression and the microbiome generates a feedback
loop, where AMPs can influence microbiome structure
and microbes themselves can direct AMP synthesis[14,15].
Strikingly, short chain fatty acids, products of bacterial
fermentation of dietary fibres and/or host mucin glycans
can drive the expression of AMPs on colon epithelial
cells[34], emphasizing the impact of bacterial metabolites
on AMP site-specific expression. AMPs are concentrated
within the mucus layer overlying the intestinal epithe-
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lium[35] (Figure 1).

MUCUS AND MUCINS
Mucus functions as a physical, chemical and immunological barrier and is enriched in mucin glycoproteins[36],
nonspecific AMPs[37] and secretory immunoglobulin A
(sIgA) and G (IgG)[36]. Mucins are the major structural
components of mucus, which comprises a family of 17
mucins[38] and are produced in the GIT as either membrane bound or secreted. In the small and large intestine,
the mucus layer consists of secreted MUC2 and smaller
amounts of transmembrane MUC1, 3A/B, 4, 12, 13, 15
and 16[36]. In the large intestine the mucus layer is approximately four-fold thicker than that of the duodenum
and jejunum[39].
The mucus barrier consists of two layers; a thinner
inner “firm” mucus layer, which is physically difficult
to dislodge and is considered devoid of bacteria, and a
thicker outer “loose” mucus layer, in which anaerobic
microbiota may reside[40]. There is a debate in the literature regarding the presence of a firm mucus layer in the
small intestine. Atuma et al[39] have shown the existence of
a firm and loose mucus layer throughout the gut (including
both the small and large intestine) with the mucus layer
of the large intestine characterized by a more substantial
layer of “firm” mucus. However, recent findings indicate that MUC2 forms a single soluble mucus gel in the
small intestine, which is not attached to the epithelium
and is penetrable to bacteria[41,42]. The absence of a firm
organized mucus in the small intestine may allow direct
antigen sampling by dendritic cells (DCs) conditioning
them to a tolerogenic state, highlighting the importance
of MUC2 in gut homeostasis[42]. The novel finding that
MUC2 alone or coupled with bacterial antigens can deliver immunoregulatory signals both to underlying DCs
and intestinal ECs advances the concept of the role of
mucus as a barrier. Despite the recent advances on mucus
research, there is much we do not know about the organization of mucus network in the small and large intestine
and how AMPs may modulate it. Recent evidence that
Reg3γ affects the distribution of mucus in the ileum but
not in colon[43] raises important questions regarding the
effects of AMPs on mucus structure given the unequal
distribution of AMPs along the GIT.
A distinguishing feature of mucins is their heavy
glycosylation, which is determined by the expression
pattern of glycosyltransferases[36,41]. A disparity in mucin glycan content is evident between different sites of
the GIT[44] and, in fact, in adjacent crypts or even in the
same crypt[36]. Sialylated and sulfated glycans dominate
the small intestine, whereas fucosylation is prevalent in
the large intestine[44]. The mucin glycosylation profile may
affect bacterial composition, providing potential adhesion sites[45] as well as bacterial energy sources[46]. Mice
deficient in fucosylation of mucins exhibit an altered
microbial structural configuration and expression profile
in a manner dependent on the availability of diet-derived
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polysaccharides[47]. Thus, mucus functions not only as a
barricade of enteric microorganisms, but also plays a role
in the determination of bacterial composition alongside
AMPs and sIgA.
The essential role of mucins in GIT health is demonstrated by reports showing the severe pathologies that
develop in MUC-deficient animals[48-52]. Furthermore, de
novo induction of MUC5AC in the mouse large intestine
plays a key role in resistance to intestine nematode infection[53]. The mucin barrier responds dynamically to microbial signals and the immune response with an impact
on mucin biosynthesis rate, secretion and glycosylation
profiles[36,54,55]. Further research on the dynamic mucin
changes during infection and inflammation is warranted
to shed more light on mucus function and the potential
for different roles in the small and large intestine.

GIT MICROBIOTA AND MICROBIOME
The microbiota is the community of commensal, symbiotic, and pathogenic microorganisms that reside within
the GIT with the combined genetic material of these
microorganisms comprising the microbiome. The microbiota consists of approximately 500-1000 bacterial
species[56-59] yet represents a small fraction of the known
bacterial phyla. The most abundant phyla are Bacteroidetes and Firmicutes; however, species belonging to
other phyla such as Proteobacteria and Actinobacteria are
also encountered[22,60,61]. The GIT microbiota increases
longitudinally along the GIT[59,62] with 1010-1011 bacteria
per gram of intestinal contents in the large intestine but
only 103-104 bacteria per gram of intestinal content in
the duodenum and jejunum[63]. The bacterial density and
abundance also increases transversely from the mucus
to the lumen[62]. Additionally, the composition of the gut
microbiome varies along the length of the gut depending
on the intestinal site and specific niches[61,64]. For example,
Firmicutes and, more specifically the families Lachnospiraceae and Ruminococcaceae are more prevalent at
mucosal surfaces of the large intestine compared to the
lumen[65]. The reasons for these differences include the
slow transit time, changes in oxygen tension along the
GIT, and the action of secreted factors including gastric
acid and bile salts in the small intestine[66-68]. Moreover, the microbiota of the small intestine is adapted to
process simple carbohydrates whereas large intestinal
microbial communities efficiently degrade complex
polysaccharides[69]. Among the multiple factors that can
sculpt the GIT microbial architecture, diet and metabolic
requirements have a major role in the microbiome differences throughout the GIT[70-72]. Interestingly, ileal microbiota display a relative instability over time in humans[73],
whereas most bacterial strains of the large intestine reside
for most or a lifetime[74]. Data in mice are lacking regarding the temporal variability of microbial populations in
different sites.
The disparity in microbial communities inhabiting different niches of the gut is reflected by disparate mucosal
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immune responses, which are time and region dependent.
Immune tolerance in response to the gut microbiome is
established earlier in the large intestine compared with
the small intestine[15]. Also, different bacteria strains can
have different effects on host immune responses in different parts of the gut[75]. Administration of the probiotic
Lactobacillus salivarius UCC118 elicits regulatory T cell responses in the small intestine, whereas, it activates inflammatory responses in the large intestine[75].
Differences in bacterial colonisation of the GIT impact on functionality in three ways: structural, protective,
and metabolic. Due to the larger microbial load of the
large intestine, there is likely to be a greater pressure on
maintaining a structural barrier with a thicker mucus layer
and abundant goblet cells[40]. As the presence of a firm
mucus layer in the large intestine prevents direct contact
between the microbiome and EC[40] then bacteria/epithelial cell crosstalk may be more prevalent in the small
intestine. However, there may be non-cognate interactions with epithelial cells that are mediated via bacterial
products or secretions which given the greater density of
bacteria in the large intestine may be of greater significance in this region of the GIT. Isolated large intestine
EC can distinguish between different commensal bacteria
by secreting different chemokines[76] and thus may contribute directly to homeostasis. In terms of protection,
the GIT microbiome can resist colonisation by pathogens by direct competition for nutrients and space and/
or via production of microbicidal compounds[32]. The
microbiome and its associated metabolites[77] play additional roles in resistance against infection by for example,
priming immune cell function[78-80] and by promoting the
development and/or regulation of innate lymphoid cells
(ILCs)[62,81,82] and, specifically in the ileum, Th17 cells[83-85].
Conversely, the immune system also helps shape the
composition of the microbiome[86]. It can be inferred,
therefore, that changes in the microbiome along the GIT
contribute to differences in the types and function of immune cells throughout the GIT.

IMMUNE CELLS OF THE GIT
The GIT contains the largest immune system in the body
and is densely populated with many different immune
cells. The greatest density of immune cells resides in the
small intestine, which is perhaps not surprising given its
absorptive function. Throughout the GIT differences in
the make-up and functionality of immune cells are observed with many aspects of their function, particularly
in the large intestine, not fully understood.

DCS AND MACROPHAGES
Mononuclear phagocytes can be subdivided into macrophages or dendritic cells, however, there has been extensive debate as to what distinguishes the two[87,88]. The
extent of macrophage and DC heterogeneity within the
large and small intestine is considerable (Table 1 and Figure 2), presumably reflecting the anatomical and physi-
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ological differences in the two sites. Data to date shows
that DCs are more abundant in the small intestine. Nevertheless, DCs in the large intestine are functionally important to intestinal health as their absence or depletion
can result in severe pathology and tissue destruction[89].
DCs can be classified as conventional, inflammatory
or plasmacytoid based upon the differential expression
of key surface markers and their functional characteristics. There are clear regional differences of DC subtypes
throughout the GIT, which may be of functional significance. Conventional lymphoid resident DC (CD11chigh,
MHCIIhigh CD64-)[90] do not migrate or present antigen
to T cells within their local environment and can be
grouped into CD8α+, CD11b+ and CD8α-CD11b- DCs
which within the small intestine are located in Peyer’
s patches[91,92]. In the lamina propria (LP) of the small
intestine CD11b+CD8α- DCs are the most abundant[93].
CD8α-CD11b- DCs have been identified in regions of
the large intestine[94], although CD11chiCD11b-CD8α+
lymphoid DCs have not been identified in homeostasis[93,94]. Furthermore, whereas in the small intestine, DC
are readily observed near the epithelium and are able to
rapidly respond to damage or infection, in the large intestine DCs are rare in the LP and need to be recruited to
the site of infection or injury[94,95].
Interestingly within the small intestine, approximately 80% of the CD11chi LP DC express CD103[93]
which have been shown to induce FoxP3+ Treg development[96,97] and also the up-regulation of gut homing
receptors on lymphocytes which is in part mediated by
retinoic acid[98-101]. Although this function was originally
thought to be unique to DCs of the small intestine, DCs
in the large intestine can also induce expression of the
GIT homing receptor α4β7 on T cells[102]. To add further
complexity, CD103+ DCs can be divided into CD103+
CD11b+ and CD103+ CD11b- subtypes with the latter
being more abundant in the large intestine[103]. Conventional CD103+ CD11b+CD8α- DC have a migratory phenotype and are thought to sample antigen in the small
intestine under steady state conditions and contribute
to immune tolerance. They are thought to lack expression of the macrophage markers CX3CR1 (Fracktalkine
receptor) and F4/80 and are rare in the steady state large
intestine[95].
The behaviour of monocyte-derived inflammatory
DCs appears to be comparable in both the small and
large intestine. They accumulate in the large and/or small
intestine in infection[104] and inflammation[105], for example
in T cell-mediated colitis and Toxoplasma gondii infection.
In the small intestine plasmocytoid B220+ CD11cintermediate
DCs are found in the LP in relatively low numbers but
higher than that seen in the large intestine where they
primarily reside in lymphoid follicles[94], representing less
that 5% of DCs.
The identity of cells expressing CX3CR1 and their
functional significance is again controversial. In the
murine small intestine and in particular the jejunum,
CX3CR1+ cells can produce transepithelial dendrites that
extend through the epithelial barrier and directly sample
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Table 1 Immune cell populations within the small and large intestine
Cell type
Dendritic/macrophage
Cells
Conventional DCs
(CD11chigh MHCIIhigh
CD64-)
CD11b- CD8α+
CD11b+ CD8αCD11b- CD8αCD103+
Monocyte derived DCs
Gr1+ CD11c+
plasmacytoid DCs
CD11cintBB20+
plasmacytoid DC
CD11b+ F4/80+
Macrophages
CX3CR1+

Small intestine

Large intestine

Ref.

Yes. Peyers Patches (PP)

[93]

Yes. PP
Yes

Not readily detected but have been identified after
the use of Flt3 ligand
Yes. Isolated Lymphoid Follicles (ILF) and Colonic
Patches. LP but scarce
Unknown
Yes. CD103+CD11b- are more abundant

[91,92,94]
[91,92]

Yes. Upon inflammation

Yes Upon inflammation

[104,105]

Yes. Small populations in LP

Yes ILF but rare

[93,95]

Yes. Intraepithelial lymphocytes (IEL) and lamina
propria lymphocytes (LPL)

Mainly LPL, IEL are scarce

[110,193]

Yes. PP, Lamina Propria (LP), and express CD103)

Yes Production of transepithelial identified. Higher
frequencies in the jejunum. Fewer in ileum

[91,92]

Yes Production of transepithelial dendrites uncertain [95,106-108,194,195]

Other innate cells
Eosinophil

High numbers in steady state located below
High numbers in steady state located below
epithelium and in LP. Highest numbers are found in
epithelium and in LP. Low numbers of CD22+
duodenum. High numbers of CD22+ eosinophils
eosinophils
Basophils
LP following infection, draining lymph node
Draining lymph node
Mast cells
Mucosal mast cells located close to the epithelium
Mucosal mast cells located close to the epithelium
NK cells
IEL and lymph nodes (LN)
IEL unknown, LN
NKT cells
IEL
IEL, LPL
Innate lymphoid cells
Nuocytes: Epithelium 0.2% of total cells and
Unknown
mesenteric lymph node (MLN)
Innate type 2 helper (Ih2): MLN peritoneum
Unknown
Multipotent progenitor (MPP) type2: PP, MLN
Caecal patch
Natural helper cell: fat associated lymphoid cluster in
Unknown
helminth infection
T cells
1 T cell per 5-10 epithelial cells
1 T cell per 40 epithelial cells
IEL cells
Proximal
Mid
Distal
59%
60%
78%
64%
αβ T cells
DN
1%
1%
1%
20%
CD4
6%
7%
15%
7%
CD8αα
43%
32%
20%
58%
CD8αβ
46%
54%
57%
12%
gd T cells
41%
40%
22%
36%
DN
15%
17%
17%
69%
CD4
0.15%
0.2%
0.3%
0.2%
CD8αα
83%
82%
82%
30%
CD8αβ
0.3%
0.5%
0.4%
0.2%
LPL cells
Th17
10%-15% of CD4+ cells
2%-3% of CD4+ cells
Regulatory T cells
50% of regulatory T cells are Tr1-like cells, 50% are Almost devoid of Tr1-like cells and 90% of regulatory
FoxP3+ cells
T cells are Foxp3+
B cells
IgA+
Yes LP and in Peyer’s patches
Found in small numbers

[130-133,137,196]

[121-123]
[140]
[149,197]
[189,191,192]
[151]
[153]
[155]
[198]
[176]
[199]

[83]
[182]

DCs: Dendritic cells; NK: Natural killer; NKT: Natural killer T.

luminal contents[106-108]. However, the phenomenon of
transepithelial dendrites in the large intestine may be a
rare or transient event[95]. It was originally thought that
these cells were static in the epithelial layer although more
recent data has suggested that these CX3CR1hi cells are
also capable of migration[109]. Recently it has been demonstrated that CX3CR1+ cells are a heterogeneous population expressing varying levels of CX3CR1[90] calling for
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a re-evaluation of the data surrounding CX3CR1+ cells, in
particular, analysis of the expression levels of CX3CR1
and CD64 to distinguish between macrophages and DC.
In addition to CX3CR1, macrophages can be further
defined by expression of CD11b, F4/80 and CD64[90].
In the large intestine CD11b+F4/80+ macrophages predominantly reside within the LP and are rarely found associated with the epithelium in naïve animals[110] whereas,
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Figure 2 Schematic representation of the distribution of dendritic cell and macrophage subset in the small and large intestine under homeostatic conditions and upon inflammation. In homeostasis dendritic cells (DCs) and macrophages are found in close contact with the epithelium in the small intestine (A) whereas in the large intestine they are rare and in the LP (B) and are recruited in response to inflammatory stimuli. Within the small intestine lymphoid resident DC (CD11chigh,
MHCIIhigh CD64-) can be grouped into CD8α+, CD11b+ and CD8α-CD11b- DCs, which are located in Peyer’s patches. In the lamina propria (LP) of the small intestine
CD11b+CD8α- DCs predominate. CD8α-CD11b- DCs have been identified in regions of the large intestine, including the ILFs, but CD11b-CD8α+ DCs are rarely found
during homeostasis. Plasmacytoid B220+ CD11cintermediate DC are present in very low numbers in the LP of the small intestine and ILFs of the large intestine. In the small
intestine CX3CR1+ cells can produce transepithelial dendrites that extend through the epithelium to directly sample luminal contents. This has not been demonstrated
in the large intestine during homeostasis. In addition to CX3CR1, macrophages can be further defined by expression of CD11b, F4/80 and CD64. Upon inflammation,
Gr1+ monocyte-derived inflammatory DCs accumulate in both the small and large intestine.

in the small intestine macrophages are found closely
associated with overlaying enterocytes[87]. In the resting
mouse colon, most F4/80+CD64+CD11b+ macrophages
express unusually high levels of CX3CR1, but there is
also a significant population of CX3CR1int cells that expands preferentially in inflammation. It has recently been
determined that these cells represent stages in a single
differentiation continuum from lymphocyte antigen
6C monocytes to mature CX3CR1hi macrophages[90,111].
Importantly, there are no known differences in macrophage subset proportions between the small and large
intestines[111]. Macrophages exist in different activation
states including classical and alternative, based upon the
cytokines they are exposed to[112]. Alternatively activated
macrophages have been shown to be important in small
intestine pathogens such as the helminth Heligmosomoides
polygyrus[113] but do not appear to play a direct role in the
response to large intestine parasite T. muris[114]. Whether
this contrast is due to the different helminths or a differ-
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ential role in the small vs the large intestine is not known.
It will be interesting to see if differences between the
small and large intestinal monocyte/macrophage lineages
become apparent as more research is done in this emerging area of research.

NEUTROPHILS
Neutrophils are an essential component of innate immunity and host defence. They initiate innate immunity as
well as directly kill pathogens via the release of extracellular “traps”[115], contribute to inflammation by producing
interleukin (IL)-17 and IL-23[116], and may act as professional antigen presenting cells in promoting Th1 and
Th17 differentiation[115]. Neutrophils are rare in the intestine although their expansion in response to infection
or injury is a hallmark feature of GIT diseases including
inflammatory bowel disease (IBD)[117], colorectal carcinoma[118], coeliac disease and infection[119]. The microbiota
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may play a role in neutrophil expansion in ulcerative colitis and infection[117,120]. Data on regional differences along
the GIT are lacking. Given the importance of neutrophils
in effector immunity and their prominence in chronic
inflammatory conditions it would be important to know
if there are regional or functional differences in the neutrophils along the GIT that are of relevance to mucosal
immunity and injury.

BASOPHILS
Basophils are uncommon or absent in the small intestinal mucosa, although they accumulate in high numbers
in the LP of the small intestine following Nippostrongylus
brasiliensis (N. brasiliensis) infection[121]. Furthermore, they
are recruited to the draining lymph node during helminth
infections and have a role in the development of type 2
responses[122,123]. The presence of basophils in the large
intestine is not known, although one study suggests a role
for basophils in the expulsion of the large intestinal parasite T. muris[123] implying the possibility of their presence
or (transient) recruitment to the large intestine[123]. Several
studies also suggest that basophils have the ability to
present antigen[123,124]. Given the potential importance of
basophils both in potentiating type 2 immunity it would
be interesting to determine whether there are differences
in basophil function along the GIT.

EOSINOPHILS
Eosinophils have multiple roles including supporting
plasma cell function[125], recruitment of DCs[126] and regulation of obesity[127] with the GIT containing the largest
number of eosinophils in the body under steady state
conditions[128,129]. Within the GIT the duodenum contains the largest population of eosinophils[130]. In both
the small and large intestine eosinophils reside primarily
in the LP and submucosa with some being detected in
the villi of the small intestine[130]. Eosinophilia is seen in
response to infection and in inflammation of both the
large[131,132] and small intestine[133]. Circulating eosinophils
are recruited to the GIT by different mechanisms with
steady state recruitment to the large intestine dependent
on I-CAM1[134] and small intestine recruitment involving
[135]
α4β7 . Additionally during inflammation, β7 and α4β1
integrins are important in recruitment to the small and
large intestine, respectively[136]. Eosinophil populations
within the GIT can be distinguished phenotypically with
CD22+ eosinophils being most frequent in the jejunum
and rarest in the large intestine[137]. The functional significance of these phenotypic variants is however not known
although the increased frequency of eosinophils in the
small vs the large intestine implies they may be of greater
functional significance in this region of the GIT, at least
in the steady state.

MAST CELLS
Mast cells are major effector cells in the immune response
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to infection, driving pro-inflammatory responses via the
release of inflammatory mediators and recruitment of
other immune cells[138,139]. They are long-lived cells and
enriched at barrier surfaces including the skin and intestinal mucosa[138]. Mast cells are resident cells in both
the large and small intestine and mastocytosis is often a
feature of GIT infection and inflammation. Two types
of mast cell have been identified in the murine small and
large intestine based upon differential expression of mast
cell proteases (MCP): Mucosal m-MCP1+ and m-MCP2+
cells that reside close to the epithelium and connective
tissue mast cells that express mMCP4, mMCP5, mMCP6
and mMCP7 that are within the submucosa[140]. Mucosal
mast cells produce lower levels of histamine and high
amounts of cysteinyl leukotrienes compared with connective mast cells. Mast cells are critical cells in the expulsion of the small intestinal helminth Trichinella spiralis[141]
whereas their role in resistance to the related large intestinal dwelling helminth T. muris infection is less clear[139,142]
and presumably reflects functional differences between
mast cells in the small and large intestine. Mast cells may
also play a role in the pathophysiology of food allergy,
cancer, irritable bowel syndrome and inflammatory bowel
disease[143,144]. Mast cells may also contribute to altering
intestinal permeability. It is known that mucosal mast
cells can enhance epithelial barrier permeability in the
small intestine[145] and mastocytosis is a feature of IBD, a
hallmark feature of which is increased intestinal permeability. However, in the large intestine, which has a higher
baseline epithelial resistance, a role for mast cells in mediating increased permeability is less likely[146]. Whether,
these conflicting observations in permeability reflect the
fact that mast cells are functionally different along the
GIT or there are differences in mast cell subset function
in homeostasis vs disease is not known, and is worthy of
further investigation.

ILCS
ILCs are a newly identified member of the lymphoid
lineage that are capable of producing type 1, type 2 and
Th17 cytokines yet do not express any of the cell surface
markers associated with other immune cell lineages[147,148].
Three groups of ILCs have been described based primarily upon their cytokine profiles.
Group 1 ILCs produce Interferon (IFN)-γ[147] with
the prototypical member being Natural killer (NK) cells
that comprise about 2% of small intestinal epitheliaassociated lymphocytes in both lymphocyte-replete and
-deficient mice[149]. Although NK cells increase in the
draining lymph nodes in response to infection in the
large intestine[149] their exact number and distribution in
the large intestine are currently unknown. As well as NK
cells IFNγ-producing non-cytotoxic ILC1s have been
described which are more prevalent in the small intestine
than the large intestine[150].
Group 2 ILCs produce Th2 associated cytokines
following stimulation and require IL-7 for their development[147] and include natural helper cells, nuocytes and
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IH2 cells. However, it is not clear if these populations
represent one cell type or are distinct and stable subsets
of group 2 ILCs[147]. All of these ILCs are scarce in naive
mice[151] therefore differences between intestinal regions
under steady state conditions are hard to analyse. The ILC
populations are elicited after small intestinal helminth infection[151-153] with, nuocytes being the predominant IL-13
expressing cell type within the mesenteric lymph node and
small intestine after N. brasiliensis infection[151]. Similarly, in
the large intestine, nuocytes are the main IL-13 producing cell type during experimental colitis[154]. Differences in
the infection models driving inflammation however make
it difficult to compare the populations directly following
infection in the small and large intestine.
A multipotent progenitor like cell cell has been described which gives rise to cells of the monocytes/macrophage and granulocyte lineage[155]. These cells expand
under the influence of IL-25 and are found within Peyer’
s patches of the small intestine and the caecal patch of
the large intestine[156]. In the small intestine these cells
expand in response to N. brasiliensis infection and in the
large intestine they expand in response to T. muris[156], and
have been shown to have important roles in promoting
Th2 cytokine responses to helminth infections in both
the small and large intestine.
Group 3 ILCs produce IL-17A and/or IL-22[147] with
the prototypical members being LTi cells. Recently, another subset of group 3 ILCs has been identified that is
crucial for the IL-22-mediated innate immune response
against intestinal bacterial pathogens including Citrobacter
rodentium[157]. Depletion of these IL-22 producing cells resulted in systemic inflammation and bacterial dissemination which could only be rescued by exogenous IL-22[143].
This population is primarily located in the LP of the
intestine being three times more frequent in the small intestine than the large intestine[157].
Based upon the experimental evidence obtained to
date, ILCs may play an important role in GIT barrier defence and perhaps intestinal inflammation; however more
work needs to be done in this newly identified population
of cells and differences between the small and large intestine are still emerging.

B LYMPHOCYTES AND IGA
B cells play a key role in adaptive mucosal immune responses via antibody production. In the GIT, IgA secreting plasma cells represent the major pathway to blocking
pathogen invasion. The GIT contains the largest number
of IgA-producing plasma cells, which collectively produce and secrete 3-5 mg of antibody into the lumen each
day[158]. IgA producing plasma cells are enriched in the LP
of the small intestine but are found in smaller numbers
in the large intestine LP (our unpublished observations).
There are regional differences in the distribution of B cell
follicles that contain IgA producing B cells. In the small
intestine they reside within the Peyer’s patches whereas
in the large intestine they reside in isolated lymphoid follicles, although they are rarely seen, further emphasising
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differences in antigen presentation across the GIT. The
mechanisms driving IgA production in the small and
large intestine may overlap, particularly with regard to
the role of the intestinal microbiota. In the small intestine the microbiota elicits IgA production, which leads
to the development of gut-associated lymphoid tissue
(GALT)[159,160]. Conversely, IgA can supress the growth of
commensal bacteria[161]. In the large intestine, Bacteroides
acidifaciens, a member of the microbiota has been shown
to promote IgA production[162] but its not known whether
this commensal drives GALT development.

T LYMPHOCYTES
In the GIT T cells are compartmentalised into the GALT,
the LP, and the epithelium where they reside as epitheliaassociated lymphocytes or intestinal intraepithelial lymphocytes (iIEL)[163]. Different mucosal T cell subsets reside in the different compartments of the GIT and there
are striking differences in the distribution and function
of iIEL subsets in the small vs large intestine iIEL, which
has been extensively reviewed elsewhere[164-167] and will
not be discussed in any detail here.
iIELs that express the integrin CD103[168-172] are in
close contact with the intestinal epithelium and contribute to the maintenance of barrier integrity[170,173-175]. They
are highly heterogeneous, comprising many different subsets that exhibit distinct regional differences throughout
the GIT (Table 1). iIELs can be divided into two main
groups, induced IELs (type A) that arise from conventional T cells and become activated in the periphery, and
natural iIELs (type B) that develop in the thymus[164,165,176].
Both types of iIELs can be further divided based on the
expression of the αβ or γδ T Cell Receptor (TCR) and
on expression of CD4 and CD8 (Table 1). The distribution of iIELs in the small intestine is approximately one
IEL per 5-10 epithelial cells vs one IEL per 40 epithelial
cells in the large intestine[177,178]. A key difference between
populations of iIELs throughout the GIT is the ratio
between naïve and activated to memory IELs, with the
small intestine containing a smaller proportion of naïve
cells than the large intestine[179]. The function of iIELS
are not fully elucidated however in addition to immune
and cytotoxic roles, they play a vital role in small intestinal epithelial barrier maintenance[168] and defence by
promoting epithelial tight junctions and Paneth cell antimicrobial production[180]. It is not known whether colonic
iIEL have analogous functions to these small intestinal
populations.
Compared to iIELs, the distribution of LP T cell
subsets throughout the GIT is less well characterised.
TCRαβ+ CD4+ cells are found in greater numbers in the
LP of the both the small and large intestine in comparison to the epithelium[163]. In addition, classical CD4+ Th
subsets are found in the LP with Th17 and Treg cells
present in high numbers[83]. Indeed the intestine has the
highest levels of Th17, Th22 and FoxP3+ cells in the
body[181]. This enrichment of Th17 cells is particularly evident in the small intestine where approximately 10%-15%
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of CD4+ cells in healthy mice are IL-17+ compared to
2-3% in the large intestine[182]. The GIT is also enriched
in regulatory T cells (Treg) that can be subdivided into
Foxp3 - Tr1-like cells that produce large amounts of
IL-10, and “natural” Foxp3+ Treg. In the LP of the small
intestine approximately 50% of regulatory T cells have a
Tr1-like phenotype, in stark contrast to the large intestine,
which is relatively devoid of Tr1-like cells. Instead, virtually all Treg cells in the large intestine are Foxp3+ (89%)
in comparison to 54%-58% of the Treg cells in the small
intestine[183]. Indeed, it has become increasingly clear that
mechanisms of tolerance differ greatly between the small
and large intestine with differential induction of Foxp3+
Tregs and Tr1 cells. Nevertheless, more detailed studies
are needed to understand the contribution of dietary and
bacterial antigens, antigen presenting cells and tissue resident cells in the induction of Tr1 and Treg cells and the
differences between the small and large intestine[184].
In addition to differences in T cell composition
throughout the GIT there are differences in the mechanisms of T cell homing to the gut. This is believed to
be one of the key ways the tissue-specificity of T cells
are maintained[181]. The adhesion molecules expressed
by small intestine homing T cells are well characterised
with LFA-1, α4β7, αEβ7 (CD103) and CCR9 and retinoic
acid playing an important role[100,101]. In contrast, the
mechanisms involved in the recruitment of T cells to the
large intestine are less well defined. It has been demonstrated that migration of T cells to the large intestine is
dependent on α4β7 but independent of CCR9[185,186] and
retinoic acid[187]. Recent work has identified a key role for
transforming growth factor-β, combined with unknown
factors, in induction of GPR15 expression to drive Treg
cell homing to the large but not small intestine[188]. Furthermore, CD4 T cell recruitment to the large intestine
has been shown to be chemokine dependent although
the chemokines involved have yet to be identified[93]. The
differences in homing to the large and small intestine still
needs to be further clarified but research in this area has
been hampered by a lot of overlap between the chemokines and their receptors.
Natural killer T (NKT) cells are a subset of T cells
expressing the TCR/CD3 complex, NK.1 and Ly-49[189]
that are CD1d-restricted T cells that respond to lipid
rather than protein antigens. NKT cells have both regulatory and effector functions and play critical roles in the
regulation of immune responses in many disease settings
including cancer[190]. NKT subsets do differ in frequency
between the large and small intestine and have been extensively reviewed by van Dieren et al[191]. Higher numbers
of NKT cells are found in the large intestine (up to 11%
are epithelia-associated and 7% LP associated) compared
to the small intestine (2%-6% of epithelia-associated
lymphocytes)[191,192].

diversity of the cells, barrier and immune system of the
small and large intestine. From the external environment
and the microbiome to the cells of the innate and adaptive immune system the small and large intestine have
clear differences that have marked effects on functionality and responses to commensal organisms as well as
pathogens. Given the significance of the small and large
intestine not only functionally but also in terms of disease it is important to understand how these organs and
the cells within them function, and how and why they
are different. A greater understanding of the immune
system-microbiome interactions in the small and large
intestine should reveal answers to important unanswered
questions about disease susceptibility and mechanisms
of inflammation that are specific to the small or large
intestine. Specifically, questions to be addressed include:
identifying mechanisms of epithelial crosstalk with the
microbiome and whether it is the same in small and large
intestine, how the microbiome promotes immune function when access to the LP is limited. What the role of
innate cells like eosinophils, ILCs and mast cells are in
the regions of the gut in homeostasis and inflammation
and how do they differ across the GIT, e.g., is CD22 a
functional marker on small intestinal eosinophils? How
do colonic and small intestinal macrophage and dendritic
cell subsets differ functionally across the GIT in homeostasis and infection. A widening awareness of the differences between the small and large intestine can also influence the development of therapeutics, e.g., in instances
where probiotics may be beneficial for the treatment of
diseases of the small intestinal but not those of the large
intestine. In addition, in Crohn’s disease which can affect
both the small and large intestine we may want to look at
using specialised combination therapy in order to tackle
the disease in both sites instead of the use of one drug
which may be efficacious in one gut region. Although this
review has focused on murine studies, some analogous
data has been generated for humans but there is even
more which remains unknown, especially in homeostasis,
in the human GIT. It is clear that we can no longer make
assumptions about similarities in function of our gut cells
along the GIT.
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Abstract
Hepatitis C virus (HCV) infection is a common chronic
liver disease worldwide. Non-alcoholic fatty liver disease
and insulin resistance (IR) are the major determinants
of fibrosis progression and response to antiviral therapy. The pathogenetic link between IR and chronic HCV
infection is complex, and is associated with HCV genotype. Liver steatosis is the most common in the patients
infected with genotype 3 virus, possibly due to direct
effects of genotype 3 viral proteins. To the contrary,
hepatic steatosis in the patients infected with other
genotypes is thought to be mostly due to the changes
in host metabolism, involving IR. In HCV genotype 3,
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liver steatosis correlates with viral load, reverts after
reaching the sustained virologic response and reoccurs
in the relapsers. A therapeutic strategy to improve IR
and liver steatosis and subsequently the response to
antiviral treatment in these patients is warranted.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Insulin resistance; Non-alcoholic fatty liver
disease; Hepatitis C virus; Genotype 3; Sustained virological response
Core tip: Three main types of steatosis in the patients
with Hepatitis C virus (HCV) infection are known: a
metabolic type associated with metabolic syndrome
and two viral types: one that seems to be directly triggered by the virus and one that could originate from
the interference of the virus in the mechanisms of insulin resistance. The first viral type is particularly widely considered to be predominant and, perhaps, strictly
linked to HCV genotype 3 infection and its intra-hepatic
viral load. This evidence is supported by the resolution
of steatosis in most patients infected with genotype 3
virus after HCV eradication by antiviral therapy.
Abenavoli L, Masarone M, Peta V, Milic N, Kobyliak N,
Rouabhia S, Persico M. Insulin resistance and liver steatosis in
chronic hepatitis C infection genotype 3. World J Gastroenterol
2014; 20(41): 15233-15240 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i41/15233.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i41.15233

INTRODUCTION
Approximately 200 million of people worldwide are
chronically infected with hepatitis C virus (HCV) which
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can result in progressive hepatic injury and fibrosis, culminating in cirrhosis and end-stage liver disease[1]. Many
viral and host factors are involved in the disease progression and the response to antiviral treatment. Insulin resistance (IR) is in particular noteworthy. IR is defined as
an impaired ability to clear glucose from the circulation
at a given level of circulating insulin and is considered
the main pathogenetic factor of the metabolic syndrome,
a cluster of metabolic abnormalities (e.g., obesity, type 2
diabetes mellitus - T2DM, dyslipidemia), associated with
an increased cardiovascular risk[2,3]. IR is related to the
presence of non-alcoholic fatty liver disease (NAFLD),
the most common cause of chronic liver disorder in
the Western world. NAFLD is an umbrella term that
embodies simple steatosis, non-alcoholic steatohepatitis
(NASH) and advanced fibrosis or cirrhosis related to
this pathological entity[4,5].
Several data have reported that liver steatosis is a
common histological feature of chronic hepatitis C (CHC)
infection. The prevalence of steatosis ranges from 40%
to 86%[5,6] in these patients . Three types of steatosis have
been defined in the HCV patients. The first is a metabolic
type, associated with metabolic syndrome. The second is
a viral steatosis without any known steatogenic co-factors
and is directly linked to the cytopathic viral effect[6]. The
third type can be considered a “middle ground” between
the first and the second one: even if this entity is virus
associated, it could be more appropriate to define it as a
combination of viral and metabolic factors. This entity
has been associated with a direct interference of HCV
core protein in the intracellular, post-receptorial pathways of insulin. This evidence, mostly found in the HCV
genotype 1b patients, convinced some authors to coin
the term virus associated steatohepatitis (VASH)[7,8]. This
finding is also supported by the reports enlightening
this condition in the non-genotype 3 infected patients,
to achieve the sustained virologic response (SVR) that
can lead to the reduction or total disappearance of steatosis[9]. Nevertheless, virally induced steatosis is widely
considered to be predominantly, and perhaps strictly,
linked to HCV genotype 3 infection. Its severity correlates with the level of viral replication, and it disappears
after successful antiviral therapy [10,11]. The biological
mechanism of the underlying steatosis occurrence and
the progression to the liver disease is not entirely understood and is probably due to a number of factors that
are expressed in the context of genetic predisposition.
In support to this assumption, there is evidence that in
the genotype 3 infected patients a significant weight loss
can also lead to a considerable reduction of liver steatosis[9] . This evidence demonstrates that in HCV genotype
3 infection steatosis may partially be related to the metabolic mechanisms. In this complex repertoire, a multistep hypothesis, in which IR is still the key risk factor for
the development of NAFLD, has been proposed[12-14].
The main treatment goal in the patients with chronic
HCV infection is the SVR. A rapid virologic response
(RVR, at week 4) predicts the SVR, although not all the
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patients with the RVR achieve the SVR. The therapeutic
standard of care regimen for the untreated HCV-patients
is the combination of pegylated interferon-α (PEG-IFN)
with ribavirin (RBV)[15]. This therapy is highly successful in the patients with genotype 2 and 3 infections with
the SVR that is defined by undetectable serum HCVRNA and by quantitative PCR 24 wk after the end of
treatment, ranges between of 76% and 82%[15,16]. International guidelines have been established that the PEGIFN should be used at the dose of 180 μg/wk for PEGIFN-α2a and 1.5 μg/kg per week for PEG-IFN-α2b
respectively in the genotype 3 patients. The RBV dose
should be administered with a flat dose of 800 mg/d[17].
However, IR is associated with a poor response to antiviral treatment in the patients with HCV genotype 1, 2,
and 3[18,19]. The recent introduction in clinical practice
of protease inhibitors to treat CHC genotype 1 have
increased the treatment response rate, which does not
seem to be influenced by IR[20,21]. However, these drugs
are not recommended to non-1 genotypes, and the triple
therapy will not be available for all patients in many
countries.
The aim of the present review is to summarize recent data on the relationship between HCV and IR, and
in particular the role of the genotype 3 in the development of steatosis and its clinical management.

PATHOGENESIS AND CORRELATION
The pathogenetic link between IR and CHC is complex.
IR promotes lipid accumulation, inflammation and fibrosis deposition in the liver with disease progression. On
the other hand, HCV may itself induce a IR state, with
T2DM promotion and lipid metabolism derangement[4].
Both NAFLD and HCV are associated with increased
gluconeogenic drive and IR, as shown by the impaired
suppression of hepatic glucose output by insulin[22,23].
Steatosis occurs frequently in the CHC patients, with
a prevalence between 40% and 86% according to the
genotype. The majority of the patients show simple steatosis, but features of NASH have been found in approximately 10% of the CHC patients[24]. In these subjects,
macrovesicular steatosis is found in the periportal region
of the liver, different from the centrilobular distribution
characteristic of the NASH patients. This observation is
genotype specific. In the CHC genotype 1 and 4, liver steatosis is associated with IR and is either virus-mediated,
the above mentioned VASH, or is due to the host metabolic factors such as visceral obesity[14,19,25]. Conversely,
hepatic steatosis in the HCV genotype 3 infection is
predominantly a direct effect of the virus, occurring in
the absence of other metabolic risk factors, such as the
presence of NAFLD[26,27]. HCV genotype 3 modulates
lipid metabolism and signaling via three distinct nonmutually exclusive mechanisms: by impared lipoprotein
secretion or fatty acid degradation (β-oxidation) and by
increased lipogenesis[28] (Figure 1). HCV core protein has
been shown to inhibit microsomal triglyceride transfer
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Figure 1 Effects of hepatitis C virus on liver steatosis development. ROS: Reactive oxygen species; MTP: Microsomal triglyceride transfer protein; HCV: Hepatitis C virus.

protein (MTP) activity[29]. MTP is an enzyme that plays
an important role in very-low-density lipoprotein (VLDL)
assembly and apolipoprotein B (ApoB) secretion, its inhibition causes accumulation of triglycerides and steatosis[30].
HCV has been reported to upregulate sterol regulatory
element binding protein (SREBP-1c) signaling pathway.
SREBP-1c in the nucleus leading to activation of the
enzymes involved in lipogenesis such as acetyl-CoA carboxylase (ACC), sterol CoA dehydrogenase 4 (SCD4) and
fatty acid synthase (FAS)[28,31]. Moreover it’s showed that in
the patients infected with the genotype 3 PPAR-α mRNA
levels are significantly lower in the liver than in those infected with the other HCV genotype[32]. The HCV core
protein reduces the expression of peroxisome proliferators-activated receptor (PPAR)-α, that is an important
transcription factor involved in the regulation of several
genes responsible for fatty acid degradation, like mitochondrial carnitine palmitoyltransferase type 1 (CPT)-1,
an important enzyme of mitochondrial β-oxidation[32,33].
Recent data showed that HCV core may accumulate and
interact with mitochondria and endoplasmic reticulum,
inducing production of reactive oxygen species (ROS)[34].
The ROS production causes mitochondria damage and
peroxidation of membrane lipids and structural proteins
that are involved in VLDL trafficking and secretion, this
mechanism leads to steatosis[14,34]. Okuda et al[35] have
proposed that the core protein induces oxidative stress
by the cytoepathic effect of high titre of intra-cytoplasmic negative strand HCV-RNA. Moreover, the patients
infected with the genotype 3 present significantly lower
homeostatic model assessment (HOMAR-IR) values
than the patients infected with other genotypes, providing the support for a widely held view that hepatic
steatosis is virally induced in this genotype infection and
metabolically induced infections by other genotypes[36].
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To support the role of different genotypes on lipid
metabolism in the liver cells, Abid et al[37] developed an in
vitro model to study the effect of the core protein belonging to several viral genotypes, in particular 1b, 2a, 3a, 3h,
4h and 5a. They concluded that the genotype 3a-derived
core protein was about three times more potent than the
corresponding protein from the genotype 1b at inducing
triglycerides accumulation in transfected cells[37,38]. This
evidence is supported by Pazienza et al[26,39] who using
microarray analysis, showed that several genes, involving lipid transport and metabolism, were up- or downregulated in a genotype-specific manner. In addition,
some differences in the amino acid sequence in the core
protein could explain, at least partially, that genotype 3a
induces steatosis more efficiently than other genotypes. A
specific polymorphism in the core protein from genotype
3 has been associated with a lipid accumulation in the hepatocytes. The evaluation of viral sequences, responsible
for the genotype 3 core protein-steatogenic effects, has
found the identification of a single amino-acid change, at
the position 164[40]. Another study reported two aminoacid substitutions at the positions 182 and 186, specifically
associated with lipid accumulation in hepatic cells and
steatosis development[41]. However, the recent data have
suggested that the polymorphism of various host genes,
including the peroxisome proliferator-activated receptor-γ
(PPAR-γ), interleukin-28 (IL-28)B, adiponutrin and microsomal triglyceride transfer protein (MTP) genes, may
influence the development of more severe steatosis in the
CHC patients. This phenomenon seems to concern the
patients principally infected with non-genotype 3 viruses[42]. Indeed, steatosis often disappeared in the genotype 3
patients who had a SVR to standard PEG-IFN plus RBV
treatment and recurred when HCV relapsed[43]. This phenomenon was not observed in other HCV genotypes.
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Molecular studies demonstrated the capacity of HCV
genotype 3 to promote IR and type 2 diabetes (T2DM).
HCV can induce insulin resistance in two different
ways: the viral proteins can directly interfere with intracellular insulin signalling or the chronic inflammatory
response can induces IR indirectly (Figure 2). In the directly mechanism HCV core protein stimulates increased
levels of the molecule suppressor of cytokine signaling
SOCS-3, that were demonstrated to be over-expressed
in the insulin resistant, and causes proteasomal degradation of IRS-1 and IRS-2, two different molecules involved in insulin signalling. Chronic inflammation due to
HCV plays an important role in IR, increased levels of
IL-1, tumour necrosis factor (TNF)-α, IL-6 and leptin
stimulate the expression of IKKβ, a protein kinase, that
induces IR by inhibitory phosphorylation of IRS-1 at
Serine 312[44]. Finally it was demonstrated that oxidative
stress due to HCV infection may contribute to IR. High
levels of ROS can activate nuclear factor kappa-lightchain-enhancer of activated B cells (NF-κB) that is a
transcription factor. As a consequence of NF-κB activation, expression of a variety of cytokines is increased,
including tumour necrosis factors (TNF-α and TNF-β),
interleukins (IL) 1, 6 and interferon-γ[45] .
All these changes can block the transactivation of
glucose transporters (GLUT)-4 in the cells, suppressing
glucose uptake, leading to a hyperinsulinism state. Increasing hepatic SOCS-3 expression has predictive a value for the outcome of anti-viral therapy in the patients
with HCV infection[19]. Another steatogenic mechanism
of genotype 3, is the down-regulation of PPAR-γ and
up-regulation of SOCS-7, mediated by core protein[46].
However, Steatosis does not appear to predict the occurrence of fibrosis in CHC genotype 3[47]. In fact, even if
WJG|www.wjgnet.com

it was demonstrated that, also in the genotype 3 patients,
a significant weight loss could lead to a considerable reduction of liver steatosis[9], in a cohort study analysing
the fibrosis progression rate in 1189 patients with known
date of infection steatosis was not identified as an independent factor for accelerated fibrogenesis in genotype
3[11]. This suggests that viral steatosis contribute to the
development of fibrosis, if a metabolic steatosis associated with IR and metabolic syndrome are present[47,48],
which also may be likely present and active in the genotype 3 infected patients.

CLINICAL IMPLICATION
It is important to evaluate the impact of IR and liver steatosis on the antiviral treatment response in the patients
with different genotypes. There is no consensus for the
specific recommendations regarding diagnostic workup
or therapy in the patients with CHC and IR. The IR
development in the CHC patients should be assessed
regularly by the HOMA-IR. The presence of IR and
NAFLD reduces the probability of achieving the SVR
after standard therapy (PEG-IFN and RBV) in genotype
3, especially if steatosis involves more than 33% of the
liver[18,49]. The current data on this topic are summarized
below.
Poustchi et al[50] demonstrated that IR was an independent predictor of lower SVR in 83 patients infected
by genotypes 2 or 3 (or no-response with HOMA-IR
> 2 OR = 6.5; 95%CI: 1.3-31.9; P = 0.02). Considering
that steatosis development in CHC genotype 3 and its
pathogenic mechanisms might be different to that one
involved in the patients with genotype 2, the authors performed separate analyses, including only 67 genotype 3
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subjects. The data were similar to the SVR rates of 93%
in those with a HOMA-IR of < 2, while in those with
HOMA-IR ≥ 2 was 64% (P < 0.01). Similarly, steatosis
was not a predictor of the SVR among the patients with
genotype 3. Another study on 62 subjects with different HCV genotypes (1, 2 and 3) demonstrated that SVR
was reduced in the patients with HOMA-IR > 3, but
this difference was not sustained when analysed for each
genotype individually[51]. Also, the RVR was reduced in
the patients with genotype 3, when HOMA-IR was > 3,
although the difference was not statistically significant in
relation to the small numbers of the patients included in
the cohort study. A meta-analysis, aiming to evaluate the
impact of IR on the SVR in CHC genotypes 1, 2, 3 and
4, reported that the elevated HOMA-IR was associated
with a lower cure rate of the HCV patients treated with
PEG-INF and RBV, independently of viral genotype[52].
However, the authors reported the differences on the
determination and calculation of HOMA-IR in the considered studies. The same study group, with the purpose
to investigate the effect of IR on SVR in 263 HCV subjects, subsequently demonstrated that the SVR rate was
significantly reduced among the patients with HOMAIR ≥ 2 for each genotype analyzed (1, 3, and 4)[53]. This
difference was maintained even when different cut-off
values of HOMA-IR were used to define IR (> 3 and
> 4). In addition, the presence of IR, measured by the
HOMA-IR, presents also a prognostic value in the standard therapy of the patients with genotype 2 or 3. However, despite these data, the SVR variation in HOMA-IR
values and HCV genotype remain controversial. Fattovich et al[54] reported the association between HOMAIR and rapid virologic response (RVR). In particular,
the subgroup of the univariate analysis, according to
infecting genotype, showed that a baseline HOMA-IR ≤
2 was the only predictive factor of the RVR in the genotype 3 patients (P = 0.02), and the multivariate analysis,
according to infecting genotype, confirmed the HOMAIR ≤ 2 as an independent predictor of the RVR, but
only in genotype 3 (OR = 5.3; 95%CI: 1.0-27.7; P =
0.05). Finally, the RVR was also detected as a predictive
factor of the SVR in the genotype 3 patients (P = 0.02),
in addition to lower body mass index (P = 0.004). It was
clear that the presence of the IR was associated with
reduced the SVR rates in the patients infected with HCV
genotype 3, and that HOMA-IR index could be used as
a predictive factor for the SVR in these patients. This
presents a debating point on the recent meta-analyses,
as there is no consensus regarding the HOMA-IR value
cut-off that defines the IR, because different values (i.e., 2,
2.5, 2.7 or 3) were employed in literature[55]. Shah et al[56]
reported that even in HCV genotype 3, steatosis was the
independent predictor of relapse, independently of viral
load, in the patients who achieved the RVR with PEGIFN plus RBV regimen after 24 wk (OR = 3.0; 95%CI:
1.5-6.1; P = 0.003). These data were subsequently confirmed by Restivo et al[57] in the study where the therapy
was reduced to 12 wk (OR = 0.988; 95%CI: 0.981-0.993;
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P < 0.001). Given these results, it is easy to assume that
in genotype 3 steatosis might also be linked, not only to
the direct viral mechanisms, but also to the insulin resistance that might originate from the genetic characteristics of the host and the activity of the virus itself on it,
which may influence the response to the antiviral therapy. For this reason, the guidelines of European Association for the Study of the Liver (EASL) on the choice of
the treatment duration reported that in the patients with
HCV genotypes 3 who presented advanced fibrosis, cirrhosis or cofactors as well IR should not be considered
for shortening of the treatment duration, even if they
had low baseline HCV-RNA and RVR[15].
In the recent years, several potential direct-acting
antiviral drugs (DAAs) targeting viral proteins (NS3/4A
protease, NS5B nucleos(t)idic and non-nucleos(t)idic
polymerase, NS5A viral replication complex) have been
developped. However, the sensitivity of HCV genotype 3
to those new drugs remains relative and have raised questions on how to achieve universal cure. First generation
protease inhibitors in combination with PEG-IFN/RBV
are not efficient in genotype 3-infected patients. The
combination of PEG-IFN/RBV with the oral nucleotidic polymerase inhibitor sofosbuvir (GS-7977) for
12 wk in naïve patients results in a SVR in more than
95%[58]. The results of the combination of sofosbuvir
and RBV for 12 wk in genotype 3-infected patients have
been rather disappointing with a slightly lower SVR than
after 24 wk of PEG-IFN: around 60%, and only 30%
in patients with cirrhosis. Extending treatment from 12
to 16 wk in treatment experienced patients doubled the
SVR rate and an 80% SVR rate is expected by extending treatment to 24 wk[59,60]. There is no data on the
influence of baseline insulin resistance on SVR in HCV
genotype 3 patients treated with DAAs[61].

CONCLUSION
Steatosis development and CHC infection are clearly
linked. HCV induces IR by several pathogenetic mechanisms that are also implicated in a treatment resistance
and an increase in fibrosis progression. In this way,
the antiviral responsiveness remains the major clinical
problem in the eradication of HCV, even with the use
of new drugs. The value of HOMA-IR index has been
largely discussed. HOMA-IR index, measured before the
start of the antiviral therapy, could be useful in clinical
practice to improve the basic evaluation and to predict
the treatment response. Defining the reliable HOMA-IR
cut-off is probably the first step to determine the presence of IR, in particular, in the CHC patients infected
with genotype 3 whose liver steatosis is induced by direct
viral action. The 2014 EASL clinical practice guideline
for the management of hepatitis C indicate that for
HCV genotype 3 with the RVR and low viral load shortening of the treatment duration should be considered[15].
However, before starting this therapeutic approach it
is also necessary to evaluate the presence of steatosis

15237

November 7, 2014|Volume 20|Issue 41|

Abenavoli L et al . Insulin resistance and chronic hepatitis C genotype 3

and its degree that is associated with significantly higher
rates of relapse, irrespective of viral load, especially in
the patients infected with HCV genotype 3 who have an
RVR[56,57]. Further studies are needed to determine a new
therapeutic strategy in this subgroup of the patients, especially, if the emergence of direct-acting antiviral drugs
is near to come.
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Abstract
Gastrointestinal endoscopy has a major diagnostic and
therapeutic role in most gastrointestinal disorders;
however, limited information is available about clinical efficacy and safety in pregnant patients. The major
risks of endoscopy during pregnancy include potential
harm to the fetus because of hypoxia, premature labor,
trauma and teratogenesis. In some cases, endoscopic
procedures may be postponed until after delivery.
When emergency or urgent indications are present,
endoscopic procedures may be considered with some
precautions. United States Food and Drug Administration category B drugs may be used in low doses. Endoscopic procedures during pregnancy may include upper
gastrointestinal endoscopy, percutaneous endoscopic
gastrostomy, sigmoidoscopy, colonoscopy, enteroscopy
of the small bowel or video capsule endoscopy, endoscopic retrograde cholangiopancreatography and endoscopic ultrasonography. All gastrointestinal endoscopic
procedures in pregnant patients should be performed
in hospitals by expert endoscopists and an obstetrician
should be informed about all endoscopic procedures.
The endoscopy and flexible sigmoidoscopy may be
safe for the fetus and pregnant patient, and may be
performed during pregnancy when strong indications
are present. Colonoscopy for pregnant patients may
be considered for strong indications during the second
trimester. Although therapeutic endoscopic retrograde
cholangiopancreatography may be considered during
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pregnancy, this procedure should be performed only
for strong indications and attempts should be made to
minimize radiation exposure.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pregnancy; Endoscopy; Colonoscopy; Endoscopic retrograde cholangiopancreatography; Safety
Core tip: Gastrointestinal endoscopy has a major diagnostic and therapeutic role in most gastrointestinal disorders; however, limited information is available about
clinical efficacy and safety in pregnant patients. Endoscopic procedures during pregnancy may include upper
gastrointestinal endoscopy, percutaneous endoscopic
gastrostomy, sigmoidoscopy, colonoscopy, enteroscopy
of the small bowel or video capsule endoscopy, endoscopic retrograde cholangiopancreatography and endoscopic ultrasonography. All gastrointestinal endoscopic
procedures in pregnant patients should be performed
in hospitals by expert endoscopists and an obstetrician
should be informed about all endoscopic procedures.
Savas N. Gastrointestinal endoscopy in pregnancy. World J Gastroenterol 2014; 20(41): 15241-15252 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i41/15241.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i41.15241

INTRODUCTION
Although gastrointestinal (GI) endoscopy is usually safe,
the safety of this procedure during pregnancy must be
evaluated. The best option may be to postpone the procedure until the third trimester or postpartum. When
therapeutic intervention is necessary in specific clinical
situations, GI endoscopy may be a safe alternative to radiography or surgical intervention.
However, many potential risks are associated with
endoscopy during pregnancy[1]. Over sedation may cause
maternal hypotension, maternal hypoxia and potentially,

15241

November 7, 2014|Volume 20|Issue 41|
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Table 1
1
women

General principles for endoscopy in pregnant

1
2
3
4
5
6

Always have a strong indication, particularly in high-risk pregnancies
Endoscopy should be postponed to second trimester whenever possible
Lowest effective dose of sedative medications should be used
Especially category A or B drugs should be used
Procedure time should be very short
To avoid vena caval or aortic compression, pregnant women should
be positioned in the left pelvic tilt or left lateral position
7 Fetal heartbeat should be detected before sedation and also after the
endoscopic procedure
8 Obstetric support should be available whenever pregnancy-related
complications occur
9 Placental abruption, imminent delivery, ruptured membranes, or
eclampsia are defined as obstetric complications of endoscopy
1

Based on Qureshi et al[2] (2005).

fetal hypoxia. The fetus may be exposed to potentially
teratogenic drugs, radiation and premature birth risk[1-6]. In
addition, the pregnant woman’s uterus may apply pressure
to the inferior vena cava, causing decreased uterine blood
flow and fetal hypoxia. Therefore, the American Society
for Gastrointestinal Endoscopy has issued guidelines for
endoscopy in pregnant women (Table 1)[2].
The purpose of this article was to review GI endoscopy in pregnancy including indications and treatment
options.

FETAL SAFETY OF DRUGS USED IN
ENDOSCOPIC PROCEDURES
To prevent hypoxia and hypotension during GI endoscopy, pregnant patients may be positioned in the left lateral
position and given prompt intravenous hydration with
normal saline or other high osmolar solutions. The use
of analgesics and sedatives should be minimized and the
endoscopic procedure may be terminated prematurely
when necessary[5-6]. A major challenge for anesthesiologists is sedation in pregnant women. Inhalational or local
anesthetic drugs have no proven teratogenic effects in
humans; however benzodiazepines are associated with
congenital anomalies. Any drugs that are given during
pregnancy must be used with caution. Antidepressant
drugs may affect the fetus because they could cross the
placental barrier[5-7].
Endoscopic procedures are associated with teratogenic risk in the first trimester and premature labor in
the third trimester. Therefore, endoscopic procedures
should be considered with caution in pregnant patients
with anesthesiology assistance. The United States Food
and Drug Administration (FDA) have defined five categories of drugs in terms of safety to pregnant women
(Table 2)[8]. Category A drugs are considered safe during
pregnancy and category B drugs also may be used during
pregnancy (Table 2). Category C drugs may be used when
required during pregnancy, but there may be risks to the
fetus. Category D drugs usually are contraindicated during pregnancy and are used only with extreme caution.
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Category X drugs are absolutely contraindicated during
pregnancy (Table 2)[8].
There are no category A drugs that are used for
endoscopy. During endoscopic procedures, category B
and when necessary, category C drugs may be recommended (Table 3). Category D drugs may be used when
the benefits outweigh the risks. These categories are of
limited use in determining the safety of one-time use;
therefore, consultation with an obstetrician about drugs
should be considered. For most procedures, anxiolytic
drugs or moderate sedation may be adequate. Heavy
sedation, when necessary, should be administered by an
anesthesiologist[2].
The opiate analgesic meperidine was commonly used
for GI endoscopy for the general population; however,
it has been replaced by short-acting analgesics because
of adverse events (respiratory depression and seizures)
(Table 3). After intravenous administration, meperidine
is transferred rapidly across the human placenta and is
metabolized to normeperidine, which has a longer halflife than meperidine. Repeated administration of meperidine at high doses may cause progressive accumulation
of normeperidine, maternal respiratory depression and
maternal seizures. Meperidine is a drug in category B for
regular use, but is category D for prolonged use at high
doses. Meperidine use should be limited to 50-75 mg for
endoscopic procedures in pregnant women[4,5,9]. Fentanyl
(category C) is a potent narcotic that has a rapid onset
of action and a shorter recovery time than meperidine;
fentanyl is usually safe in low doses (< 125 mg) during
pregnancy (Table 3)[2-5].
Benzodiazepines (diazepam and midazolam) are commonly used before GI endoscopy to reduce anxiety, induce brief amnesia and produce muscle relaxation. Prolonged use of diazepam during early pregnancy may be
associated with cleft palate malformations; however, this
association is unproven[10-13]. The use of diazepam in the
first trimester of pregnancy, however, is not safe because
of a strong relation between diazepam use and mental
retardation or neurological defects, cardiac defects and
Mobius syndrome (a neurological disorder with normal
intelligence but sixth and seventh nerve palsies)[11,14,15].
There are limited data about the use of midazolam, but
there is no known association of midazolam with oral
cleft palate. However, midazolam may be associated with
transient depression of neonatal neurobehavioral responsiveness during labor[16,17]. When meperidine cannot be
used, the preferred benzodiazepine is midazolam (category D) because associated fetal abnormalities have not
been reported.
Propofol (category B) is commonly used for anesthesia during endoscopy. It is a short-acting anesthetic agent
with a short recovery period. It is usually administered by
anesthesiologists because of its narrow therapeutic index
and potential for respiratory depression. Endoscopy societies have recommended the use of propofol for patients
who are difficult to sedate or have complicated clinical
situations. Propofol is considered safe during pregnancy,
but there are insufficient data available about the use of
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Table 2 United States food and drug administration categorization of drug safety during pregnancy
Category
A
B

C

D

X

Risk

1

Description

No risk has been shown in Sufficient, well-controlled studies have not demonstrated a risk to the fetus in any trimester of pregnancy
controlled studies
No risk in humans
Sufficient, well-controlled studies have not demonstrated an increased risk of fetal abnormalities despite adverse
findings in animals or, in the absence of adequate human studies, animal studies show no fetal risk. The chance of
fetal harm is very low but still is a possibility
Risk cannot be ruled out Sufficient, no well-controlled human studies, where animal studies have shown a risk to the fetus. There is a chance
of fetal harm if the drug is administered during pregnancy, but the potential benefits should be considered and may
outweigh the potential risk
Positive evidence of risk Studies in humans, or investigational or postmarketing data, have demonstrated fetal risk. Nevertheless, potential benefits from the use of the drug may outweigh the potential risk. For example, the drug may be acceptable if
needed in a life-threatening situation or for serious disease for which safer drugs cannot be used or are ineffective
Contraindicated in
Studies in animals or humans (investigational or postmarketing reports) have demonstrated positive evidence of
pregnancy
fetal abnormalities or risk that clearly outweighs any possible benefit to the patient

Adapted from Food and Drug Administration (1980)[8].

1

Table 3 Safety of anesthetics commonly used in gastrointestinal endoscopy
Drug

FDA category in
pregnancy

Narcotics
Meperidine
Fentanyl
Propofol
General anesthetics
Ketamine
Sedatives
Diazepam
Midazolam
Reversing agents
Naloxone
Flumazenil

B, but D at term
C
B

Key points about drug safety

Repeated use of high dose and prolonged administration can cause respiratory depression and seizures
It is safe in low doses
Generally suggested for use in patients who are sedated with difficulty and in complicated clinical situations

B

Data are limited with humans; animal data suggest prolonged use is not safe

D

Some congenital malformations and mental retardation may be associated with diazepam, the use of diazepam
during pregnancy is restricted
As a benzodiazepine member, its use is restricted during pregnancy, especially in the first trimester

D
B
C

It probably is safe but should be used only in respiratory depression, systemic hypotension, or unresponsiveness
in a closely monitored pregnant woman after endoscopy
Fetal risks are unknown, but it should be given carefully in small doses

FDA: United States Food and Drug Administration.

propofol in the first trimester[4,5,18].
Ketamine (category B) can be used for endoscopy
when there is insufficient sedation with propofol. Ketamine has a rapid onset of action and a short duration
of effect, but data are limited about use of ketamine
during the first trimester of pregnancy, prolonged use or
overdose[19].
Naloxone (category B) is a fast-acting narcotic antagonist that may be administrated to reverse narcotic overdose during endoscopy. Naloxone crosses the placenta
within 2 min[2,20]. It is used to treat respiratory depression,
systemic hypotension or unresponsiveness in closely
monitored settings during or after endoscopy. Naloxone
is given in small, graded doses and titrated to the required
effect during pregnancy, because there has been one
neonatal fatality that was attributed to naloxone use[21].
Naloxone is contraindicated in narcotic-dependent pregnant patients because of the risk of opiate withdrawal
syndrome[22]. Flumazenil (category C) is a benzodiazepine
antagonist that is used to reverse over sedation from
benzodiazepines that are administered during endoscopy.
Its fetal risks during pregnancy are unknown and is used
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only to reverse benzodiazepine overdose. Flumazenil
overdose may cause maternal seizures, especially when
given to patients who are chronically habituated to benzodiazepines. The risk of benzodiazepine overdose may
be minimized by careful and slow titration of minimal
doses of benzodiazepines required for endoscopy[19-23].

UPPER GASTROINTESTINAL
ENDOSCOPY
It would be ideal to postpone endoscopic procedures
until after delivery; however, pregnant patients may develop conditions that require urgent upper endoscopy.
The most common indications for esophagogastroduodenoscopy (EGD) in pregnant patients include major
or continued GI hemorrhage, dysphagia, and refractory
nausea and vomiting (Table 4). The EGD procedure is
reasonably safe for the fetus and may be performed when
strongly indicated during pregnancy.
In a multicenter retrospective study of 83 pregnant
women concerning the safety and clinical efficacy of
EGD in pregnant patients, indications for endoscopy in-
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Table 4 Indications for endoscopy in pregnancy
No.
1
2
3
4
5
6
7

Indication
Major or continued bleeding
Severe or refractory nausea and vomiting or abdominal pain
Dysphagia or odynophagia
High suspicion of colonic mass
Severe diarrhea with negative evaluation
Biliary pancreatitis, CBD stones, or cholangitis
Biliary or pancreatic ductal injury

Based on American Society for Gastrointestinal Endoscopy.

cluded GI bleeding, abdominal pain and vomiting[24]. The
most common causes of the GI bleeding were MalloryWeiss tear and peptic ulcer, which were significantly lower
than the reported frequencies in non-pregnant patients
The diagnostic yield for upper GI bleeding was 95% and
there were no patients who had premature labor or congenital fetal malformation.
During pregnancy, increased progesterone and estrogen levels mediate lower esophageal sphincter relaxation,
with 50% decreased lower esophageal sphincter pressure
during, compared with before, pregnancy and decreased
gastric emptying that may cause symptoms of gastroesophageal reflux disease (GERD). As pregnancy progresses, the frequency and intensity of GERD symptoms
may increase because of changes in GI motility during
pregnancy and the physical effects of the gravid uterus[25,26]. The EGD procedure is rarely helpful or indicated
for nausea or vomiting during pregnancy or hyperemesis
gravidarum. In patients who have major upper GI bleeding, severe nausea and vomiting accompanied by abdominal pain that is refractory to medical treatment or signs
of gastroduodenal obstruction, EGD may be appropriate
for diagnosis of major peptic ulcers, diagnosis of gastric
outlet obstruction or treatment of a bleeding site. Debby
et al[27] reported a study of patients who had EGD in the
first trimester of pregnancy, in that study, 49 patients had
intractable nausea with or without epigastric pain and 11
patients had nausea and upper GI bleeding; the diagnostic yield of EGD was similar for patients who had GI
bleeding or intractable vomiting. The endoscopic findings
changed the treatment of patients who had nausea and
vomiting minimally, and they concluded that EGD may
be useful for treatment of upper GI bleeding, but not
nausea, vomiting or hyperemesis gravidarum[27].
Acute nonvariceal upper GI bleeding (NVUGB) is
a common clinical emergency that causes 50-160 hospitalizations per 100000 adults annually. Mortality may be
decreasing but remains at 10%-14%[28]. Endoscopy for
NVUGB may provide an assessment of the risk of rebleeding and enable therapeutic hemostasis that could reduce bleeding, frequency of surgery and risk of death. In
a population-based study of NVUGB, there were 1210
pregnant women and 6050 nonpregnant women who had
NVUGB. The most common causes of NVUGB were
Mallory-Weiss tear in pregnant women and peptic ulcer
disease and gastritis in nonpregnant women[29]. Pregnant
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women had lower frequencies of blood transfusion,
hypovolemic shock or EGD than nonpregnant women.
The proportion of EGD procedures that led to therapeutic intervention was similar for pregnant (8.9%) and
nonpregnant women (7.2%). The frequency of maternal
mortality and fetal loss were < 1% and it was concluded
that it was appropriate to defer endoscopy in most patients who were hemodynamically stable and who had
self-limited NVUGB[29].
Patients who have cirrhosis are not likely to become
pregnant because they may have hypothalamic-pituitary
dysfunction and associated disturbance of estrogen and
endocrine metabolism. The exact incidence of pregnancy
in cirrhosis is not known, but only 45 cases of cirrhosis
occur in every 100000 women of reproductive age. On
the other hand, women with noncirrhotic portal hypertension have normal frequency of fertility and these patients
may have 45% incidence of variceal bleeding during
pregnancy and 18%-50% associated mortality. The variceal bleeding typically occurs during the second or third
trimester. The high severity of variceal bleeding in pregnancy may be attributed to increased fluid retention and
cardiac output in pregnancy. Women who have esophageal
varices or severe liver disease should be advised about the
high risk of variceal bleeding and hepatic decompensation
during pregnancy. Nonselective β-blockers may be given
to patients who have esophageal varices or severe liver disease, but the safety of β-blockers is controversial because
of reports of premature labor, fetal growth restriction,
neonatal apnea, bradycardia and hypoglycemia. Furthermore, myometrial relaxation of the gravid uterus is a β2receptor-mediated process and nonselective β-blockers,
such as propranolol, may counteract the effect of β2receptor stimulation. The pregnant patient should be informed about the possible benefits and adverse effects of
β-blockers during pregnancy.

THERAPEUTIC ENDOSCOPY
Endoscopic hemostatic techniques for nonvariceal bleeding include injection therapy (epinephrine, sclerosing
agents, thrombin or cyanoacrylate), ablative therapy (electrocoagulation, thermocoagulation, photocoagulation or
argon plasma coagulation), and compression (hemoclips,
detachable snares, graspers or sutures)[30]. Although there
are numerous techniques, there are few case reports about
the fetal safety of endoscopic hemostasis for NVUGB,
including epinephrine injection, thermocoagulation or
electrocoagulation. In the available reports, hemostatic
techniques were successful in all patients except for one
patient who required surgery. The fetal outcomes were all
healthy infants without any fetal malformations[24,27,30,31].
Epinephrine (category C) may cause a decrease in
uterine blood flow. Although there are limited data from
case reports, no adverse events from epinephrine injection have been reported and the benefits (cessation of
hemorrhage and prevention of rebleeding) may outweigh
the risks[1,2,26,32]. Electrocautery is safe when used for hemostasis, but amniotic fluid may conduct electrical cur-
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rent to the fetus; therefore, during electrocoagulation, a
grounding pad should be placed such that the uterus is
not between the electrical cord and the grounding pad,
and bipolar electrocautery should be used to minimize
the risk of stray current going through the fetus.
There are limited data about hemostasis for nonvariceal bleeding in pregnant patients, and the therapeutic
technique is chosen from expert opinion that is based on
results of clinical studies in nonpregnant patients. Prophylactic or urgent endoscopic injection sclerotherapy
(EIS) and endoscopic band ligation (EBL) are safe procedures during pregnancy. When bleeding is not stopped
endoscopically in cirrhotic patients, an emergency transjugular intrahepatic portosystemic shunt (TIPSS) is
indicated, but data about pregnant cirrhotic women are
limited[33-39]. There are only a few case reports about the
treatment options for esophageal varices, and further
studies are needed about the treatment of hemorrhage
during pregnancy. In the early 1980s, EIS was a firstline treatment procedure for bleeding esophageal varices.
However, only a few cases of EIS with sclerosing agents
(polidocanol, absolute alcohol or sodium tetradecyl sulfate) have been reported during pregnancy[36-39]. There are
no studies available about the effects of these sclerosing
agents on the fetus; however, the procedure is considered
safe and effective in controlling active variceal bleeding.
Vasoactive drugs that are used to achieve hemostasis are
contraindicated during pregnancy because these drugs
(vasopressin and terlipressin) may induce labor or fetal
malformations.
EBL may be an effective treatment option for active
variceal hemorrhage and prophylaxis for this severe complication during pregnancy. There are several case reports
that describe successful hemostasis without fetal complications[40-41]. When EBL is used, there is no risk of migration of a toxic substance to the placenta. Studies of EBL
vs EIS in nonpregnant patients have shown improved
reduction in rebleeding and mortality with EBL [40,42].
However, there are no studies that directly compare EBL
to EIS in pregnant patients.
In a previous study, 17 patients had acute variceal
bleeding during pregnancy because of noncirrhotic portal
hypertension that was caused by extrahepatic portal vein
obstruction or portal fibrosis. These patients underwent
EIS with either absolute alcohol or sodium tetradecyl
sulfate[43]. There were two patients who required EBL
after failure of EIS to obliterate esophageal varices[43].
In an another report, 10 patients underwent EIS with
absolute alcohol for treatment of active variceal bleeding
(five patients) or prophylaxis against variceal bleeding (five
patients). Hemostasis was achieved in the five patients
who had active variceal bleeding and all 10 patients delivered healthy infants[44]. In pregnant patients, EBL may
be a reasonable option for the treatment of acute variceal
bleeding and prophylaxis against variceal bleeding. EIS
may be a secondary choice for acute variceal bleeding because of probable detrimental effects on fetal safety.
When endoscopic and pharmacologic therapy fail,
TIPSS may be a salvage procedure for pregnant women
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who have variceal bleeding that is recurrent, difficult to
treat or unresponsive to endoscopic or pharmacologic
treatment. However, adequate controlled trials are lacking, and this procedure should be limited to a selected
group of patients. TIPSS placement is associated with
radiation exposure to the patient and fetus because the
procedure usually requires prolonged fluoroscopy. There
are several reported cases of TIPSS placement in pregnancy in which the fetal dose of radiation was 5.2 mSv to
2.1 mGy[35,45,46].
The average person in the United States receives
0.0036 Sv (0.36 rem) ionizing radiation annually, including 0.0006 Sv (0.06 rem) from manmade sources, such
as diagnostic radiography. Fetal radiation exposure may
cause developmental abnormalities, especially when the
exposure occurs during the first trimester. Fetal radiation
exposure should not exceed 0.001 Sv (0.1 rem) during the
first trimester and later exposures > 0.001 Sv (0.1 rem)
during neuron development and migration may be associated with microcephaly, seizures, decline in mental ability and childhood cancer. The maximum permitted dose
of ionizing radiation to the fetus during the entire pregnancy is 0.005 Sv (0.5 rem)[47-49]. Therefore, in patients
who have upper GI bleeding all therapeutic procedures
that are used in nonpregnant patients can also be used in
pregnant patients. In cirrhotic patients, pregnancy is not
an absolute contraindication for TIPSS placement for the
treatment of relapsing bleeding varices, but minimizing
the duration of radiation exposure is important to prevent toxic radiation exposure to the fetus.

PERCUTANEOUS ENDOSCOPIC
GASTROSTOMY
During pregnancy, optimal nutrition is important to
minimize maternal and neonatal morbidity[50,51]. Nausea
and vomiting are observed in 80% pregnancies but are
usually mild and self-limited. Patients who have severe
hyperemesis gravidarum with dehydration and ketonuria
should be hospitalized and treated with intravenous hydration and antiemetic drugs. When the hospitalization is
prolonged and there is no oral intake, supportive nutrition with enteral feeding or total parenteral nutrition may
be considered. Long-term nasogastric feeding is limited
by patient intolerance and nasal septal necrosis. Adverse
events may limit the use of long-term total parental nutrition during pregnancy[52].
Percutaneous endoscopic gastrostomy (PEG) is an
important option for long-term enteral feeding. Placement of PEG tubes in pregnant women may be limited
because of risks of uterine damage, fetal injury, premature labor and infection, but there were no major complications associated with PEG tube placement in several
reported cases[53-60]. In previous studies, PEG enteral
nutritional support was provided for an average 14 wk.
During pregnancy, PEG tube placement is feasible for
optimal enteral nutrition in the critical care setting and in
the third trimester of pregnancy. A major risk of PEG
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during pregnancy is puncture of the uterus or fetus during transabdominal needle insertion, but this risk may
be minimized by demarcating the upper border of the
uterus before PEG and inserting the PEG needle ≥ 5
cm cephalad.
Placement of a PEG tube is reserved for severe refractory cases of impaired nutrition of the mother and
fetus. The pregnant woman should be informed about
the risks of the procedure and potential placental injury.
If possible, less invasive alternative techniques, such as a
nasoenteric feeding tube or peripherally inserted catheter
for parenteral nutrition, should be considered, and PEG
tube placement may be offered when other methods are
unsuccessful or declined by the patient. When refractory
nausea and vomiting persist despite PEG tube placement,
and the risk of aspiration pneumonia is increased, the
PEG may be converted to a percutaneous endoscopic
gastrojejunostomy[50,61].

SIGMOIDOSCOPY
Most pregnant patients are young, healthy women and
the gestational period is 40 wk. Therefore, most patients
do not need to have flexible sigmoidoscopy or colonoscopy during pregnancy. Lower GI endoscopy is avoided
for weak indications during pregnancy and deferred
until after the first trimester or postpartum[62]. However,
sigmoidoscopy or colonoscopy is indicated for the evaluation of major lower GI bleeding, suspicion of colonic
mass or severe diarrhea.
Sigmoidoscopy is usually safe during pregnancy and
indications include rectal bleeding, chronic diarrhea,
abdominal pain and rectal pain. Guidelines for colonoscopy during pregnancy are limited because of insufficient data, but colonoscopy is typically safe and effective
when obstetrical consultation and close monitoring are
performed[63,64].
The safety and efficacy of flexible sigmoidoscopy
during pregnancy was studied in a case controlled
study of 45 patients undergoing sigmoidoscopy[65]. In
that study, the most common clinical indication was
hematochezia in 29 patients, diarrhea in 10 patients
and abdominal pain in 4 patients. The most common
sigmoidoscopic diagnoses were reactivated or newly diagnosed inflammatory bowel disease, bleeding internal
hemorrhoids and other types of colitis. In 29 patients
who had hematochezia, 8 patients had de novo or recurrent episodes of ulcerative colitis, 7 patients had de novo
or recurrent episodes of Crohns disease, 3 patients had
proctosigmoiditis, 2 patients had bleeding internal hemorrhoids, 1 patient had pseudomembraneous colitis and
1 patient had a sigmoid colon adenoma. Hematochezia
gave the highest diagnostic yield compared with other
clinical indications. Therapeutic changes because of the
sigmoidoscopic findings occurred in 24 patients, including changing or starting drugs for inflammatory bowel
disease in 15 patients, steroid enemas for nonspecific
proctitis in 2 patients, avoiding surgery in 2 patients and
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treatment of hemorrhoids in 2 patients.
Other studies of sigmoidoscopy performed during pregnancy have included case reports and a mailed
survey[26,66-70]. Multiple case reports describing flexible
sigmoidoscopy in pregnant patients have confirmed the
safety of this procedure. These studies suggested that
sigmoidoscopy during pregnancy may not induce labor or
cause congenital malformations. Thus, sigmoidoscopy is
not contraindicated and may be considered in medically
stable patients who have important indications. Sigmoidoscopy should be performed with maternal monitoring
(electrocardiography and pulse oximetry) after obstetric
consultation and after medical stabilization. Medical
stabilization may include blood transfusion and supplemental oxygen[62,64]. For evaluation of a change in bowel
habits, abdominal pain, family history of colon cancer or
routine screening or surveillance, sigmoidoscopy is not
recommended during pregnancy but is deferred until > 6
wk postpartum[63,64].

COLONOSCOPY
There are insufficient data about the safety of performing a colonoscopy during pregnancy. The largest case
control study about colonoscopy in pregnancy included
20 patients who were evaluated for symptoms including
hematochezia, diarrhea, bloody diarrhea and abdominal
pain[71]. In that study, colonoscopy was performed in 16
patients in the second trimester and in 4 patients in the
first or third trimester; colonoscopic diagnoses included
ulcerative colitis, Crohn disease, ischemic colitis and
lymphocytic colitis. Colonoscopy resulted in a change in
therapy in seven (35%) patients. Most patients had favorable fetal outcomes (18 healthy infants) and there was
one involuntary abortion and one infant who was born
with a cardiac defect (septum secundum)[71].
In another study of eight pregnant women who had
colonoscopy (10 different medical centers) there were
6 healthy infants born, 1 elective abortion and one fetal
death that was unrelated to colonoscopy[65]. Outcomes
were independent of the trimester during which colonoscopy was performed. In addition, several case reports
about colonoscopy during pregnancy have shown 8
healthy births, 2 stillbirths unrelated to colonoscopy and
1 unknown fetal outcome[72-80].
With limited data about safety and adverse events,
colonoscopy should be limited to patients who have
strong indications or life-threatening emergencies during the second trimester. However, colonoscopy may be
considered in lieu of surgery during the first and third
trimester for evaluation of suspected colon cancer, colonic mass, uncontrolled severe colonic hemorrhage,
colonic stricture of unknown cause or colonic pseudoobstruction. When required before urgent colonic surgery, colonoscopy should be considered, even in the first
and third trimester. Otherwise, colonoscopy for elective
indications, such as surveillance for prior history of colon
cancer or colonic polyps usually is deferred in any trimes-
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ter until after delivery.
When colonoscopy is performed, especially in late
pregnancy, patients should not be placed in the decubitus
or prone position. External abdominal pressure should
be avoided and when required, applied pressure should
be minimal and directed away from the uterus. Limited
information is available about the safety of bowel cleansing agents during pregnancy. The systemic absorption of
polyethylene glycol is minimal and abdominal bloating
and gas symptoms are less common with polyethylene
glycol than with other laxatives[81]. However, polyethylene
glycol solutions (category C) have not been studied during pregnancy. Sodium phosphate solutions (category C)
may cause fluid and electrolyte disturbance, and should
be avoided during pregnancy. In addition, newborns may
have bone demineralization and bone growth failure because of maternal phosphate overload[82], but one-time
use in pregnancy may not be detrimental. Furthermore,
sodium phosphate preparations may be associated with
the risk of phosphate nephropathy[83]. Bowel preparation
with phosphate enemas before flexible sigmoidoscopy
may be safe, but has not been studied in pregnancy. Underprepared sigmoidoscopy is generally not recommended because of the risk of overlooking lesions; instead,
sigmoidoscopy with tap water enemas may be sufficient.
Therefore, flexible sigmoidoscopy with tap water enemas is preferred instead of colonoscopy. However, in
patients who have strong indications or life-threatening
emergencies or when the alternative treatment is surgical
decompression, colonoscopy may be considered, even
during the first and third trimesters.

THERAPEUTIC COLONOSCOPY
Therapeutic colonoscopy is applied for the management of lower GI bleeding, colonoscopic polypectomy
and colonic stenting. All the hemostatic techniques that
are mentioned above for upper GI bleeding can be applied during lower GI bleeding. These are mainly injection therapies, ablative therapies, hemoclips, detachable
snares, graspers, or sutures[30]. Epinephrine is commonly
used to treat GI bleeding and may cause hemostasis by
vasoconstriction. Numerous studies have confirmed the
fetal safety of epinephrine administration during labor,
and epinephrine is commonly added to spinal epidural
anesthesia. A previous study showed no congenital defect
in 35 infants who had first trimester in utero exposure
to epinephrine[10]. However, the dosage of epinephrine
(category C) during pregnancy is kept low because of
α-adrenergic effects and decreased uterine blood flow.
Electrocautery may provide hemostasis during lower
GI bleeding and is used during polypectomy or biopsy.
Electrocautery of lesions may be required, in which case
bipolar electrocautery should be used. Removal of nonbleeding polyps may be postponed until after delivery[4,5,62].
Colonic tattooing is performed with India ink or
methylene blue in nonpregnant patients, and India ink
may persist for the entire life of the patient. A literature
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search showed no reports of long-term complications
of India ink tattooing. Although methylene blue tattooing during pregnancy has not been studied, there are
reports of methylene blue examination during amniocentesis and in the detection of ruptured membranes. In
these reports, fetal death and jejunal atresia were reported and methylene blue has been labeled as teratogenic.
Although the safety of colonic injection with methylene
blue has not been studied, its use should be avoided during pregnancy[62,84,85].

ENTEROSCOPY AND VIDEO CAPSULE
ENDOSCOPY
Enteroscopy of the small bowel is a procedure with long
duration and anesthesia time. There are no case reports
of enteroscopy during pregnancy and the safety of enteroscopy to the fetus is unknown.
Video capsule endoscopy (VCE) is a major advance
in the investigation of small bowel diseases. The main
indications include obscure GI hemorrhage, Crohn’s
disease, celiac disease, small bowel tumors and polyposis
syndromes. The main contraindications include known
or suspected GI obstruction, strictures, fistulas, cardiac
pacemakers and swallowing disorders[86]. During pregnancy, the growing gravid uterus pushes and compresses the
GI tract, and GI motility decreases because of inhibition
of the intestinal smooth muscle by gestational progestin.
These effects raise concerns about capsule impaction
during VCE in pregnant women[87]. According to the
United States FDA, pregnancy is a relative contraindication for VCE.
There is a report of VCE use in a young, acutely
bleeding pregnant patient in whom endoscopy and colonoscopy showed no lesion except fresh blood exiting
the terminal ileum. On VCE, an actively bleeding jejunal
lesion was shown and pathological examination showed
that this lesion was a jejunal carcinoid tumor. After the
procedure the pregnant patient and fetus did well[88].
Therefore, VCE may be considered during pregnancy for
strong indications, and it is not absolutely contraindicated
during pregnancy.

ENDOSCOPIC RETROGRADE
CHOLANGIOPANCREATOGRAPHY
Pregnancy is associated with an increased risk of gallstone formation. Complications of cholelithiasis, such as
cholecystitis, common bile duct (CBD) stones and pancreatitis are uncommon, and are frequently treated nonoperatively. However, patients may develop complications
of gallstones that require intervention during pregnancy,
and these complications are among the most frequent indications for nonobstetric surgery during pregnancy[89-93].
There is controversy about the safety of endoscopic
retrograde cholangiopancreatography (ERCP) during
pregnancy, and data are limited. Major concerns are asso-
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ciated with radiation exposure to the fetus and the risk of
the procedure on the outcome of pregnancy. In women
who have an acute biliary tract disorder during pregnancy,
it is advisable to provide nonoperative treatment whenever possible and delay surgery until after pregnancy or the
second trimester, when the surgical risks of pregnancy
are lowest. There are numerous reports about ERCP during pregnancy, especially during the past 10 years. The
largest series included 65 pregnant patients, and the most
common indications for ERCP during pregnancy were
recurrent biliary colic, abnormal liver function tests and
a dilated bile duct on ultrasonography[94]. There were 68
ERCP procedures performed in 65 pregnant patients
(trimester: first, 17 patients; second, 20 patients; third,
31 patients). The median fluoroscopy time was 1.45 min
and most patients had a therapeutic procedure. Pancreatitis after ERCP developed in 11 patients (16%), but no
patient had a severe course. Most patients achieved term
pregnancy (89%); only 5 babies (8%) were born prematurely or with low birth weight, and there were no congenital malformations[94].
In another series of 23 patients who had ERCP (therapeutic, 20 patients; diagnostic, 3 patients), complications
included pancreatitis after ERCP (1 patient), spontaneous
abortion (1 patient) and neonatal death at 26 h after delivery (1 patient)[95]. The neonatal death and post-ERCP
pancreatitis occurred in the same patient who had three
ERCP procedures (2 during the first trimester; 1 during the third trimester) with pancreatic duct stenting for
treatment of pancreatic orifice stenosis after a previous
surgical sphincteroplasty.
In a study of 18 pregnant women who had biliary
sphincterotomy for CBD stones during pregnancy (trimester: first, 4 patients; second, 6 patients; third, 8 patients), short-term complications occurred in 2 patients
(postsphincterotomy bleeding, 1 patient; mild post-ERCP
pancreatitis and preterm labor, 1 patient); however, no
long-term maternal complications were observed after
a median of 6 years (range, 1-11 year)[96]. In 11 families
that were contacted retrospectively, all 11 children were
healthy at a mean of 6 years postpartum[96].
In a prospective study of therapeutic ERCP during
pregnancy, a single 10-French stent was placed without
sphincterotomy and all patients had uncomplicated pregnancy and delivery of healthy infants[97]. All women had
ERCP with sphincterotomy and stent extraction postpartum: eight patients had stones extracted. In two patients,
the 10-French stent remained in place for 7 to 8 mo and
no patient developed cholangitis[97].
During ERCP, radiation exposure to the fetus may increase the risk of intrauterine fetal death, malformations,
disturbance of growth and development, mutations and
cancer. Therefore, these risks should be discussed with
the pregnant patient and her family before ERCP. Lead
shielding should be used to minimize radiation exposure
to the uterus. When the radiation source is underneath
the patient, the lead apron shield must be placed underneath the patient and not draped over the abdomen.
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External shielding may not completely eliminate fetal
exposure because of internally scattered radiation, and
efforts should be made to avoid performing ERCP during the first trimester. Although the harmful effects of
radiation exposure are unlikely to develop below a threshold radiation dose, the threshold associated with the risk
of childhood cancers, such as leukemia, is unknown and
no long-term studies (10-20 years after exposure during
pregnancy) are available.
The use of ERCP without fluoroscopy has been
reported, including a 2-step procedure with (1) biliary
sphincterotomy and stenting without fluoroscopy and (2)
definitive ERCP with stone extraction after delivery[98,99].
In this study, initial CBD cannulation was performed
with a double lumen sphincterotome; deep cannulation
was achieved and bile was aspirated to confirm CBD
position[98]. After deep CBD cannulation, the guide wire
was passed and complete biliary sphincterotomy was
performed over the guide wire. When deep CBD cannulation was not possible, the sphincterotome was removed
and needle knife sphincterotome was used. After the
biliary orifice was identified, a complete biliary sphincterotomy was performed using a double lumen sphincterotome. A 7-French double pigtail stent was placed in the
CBD. After delivery the stent was removed and definitive
ERCP was performed[98].
In another study of ERCP without fluoroscopy, the
procedure included cannulation of the bile duct and
sphincterotomy[99]. The endoscopist controlled the wireguided cannulation, and the cannula was not advanced
into the duct unless the endoscopist was confident that
the CBD had been cannulated (as assessed by the presence of bile flowing around the wire from the papillary
orifice). After biliary cannulation was confirmed, a wireguided biliary sphincterotomy was performed using a
papillotome. When bile was not observed flowing around
the guide wire, the catheter was not advanced to aspirate
fluid, but a 5-French stent was inserted over the wire and
drainage from the stent was observed. The color of the
draining fluid was used to assess whether the stent was in
the bile or pancreatic duct. When the stent showed bile
flow, a stent-guided biliary sphincterotomy using a needle
knife was performed. The stent was removed after biliary
sphincterotomy[99].
Although these techniques may be less risky for the
pregnant woman and fetus, ERCP should be avoided for
weak indications, such as preoperative cholangiography in
patients who have low probability of having CBD stones.
All women of childbearing age should be asked about
the possibility of pregnancy and a pregnancy test should
be ordered based on clinical history. Other methods of
diagnosis without radiation exposure should be considered. Magnetic resonance cholangiopancreatography may
provide diagnostic information for various hepatobiliary
conditions, and endoscopic ultrasonography is highly
sensitive and specific for CBD stones. However, ERCP
with or without fluoroscopy is indicated in patients who
have CBD stones, biliary pancreatitis, cholangitis and bile
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duct dilation on abdominal ultrasonography with known
gallstones and abnormal liver function tests.

ENDOSCOPIC ULTRASONOGRAPHY
Endoscopic ultrasonography is commonly performed
for the diagnosis of GI and pancreatobiliary diseases.
Endoscopic ultrasonography may reduce unnecessary
interventions in patients who have a low or moderate
probability of developing CBD stones and it is a safe
alternative to fluoroscopy for the evaluation of biliary
disorders during pregnancy. Case reports about the use
of endoscopic ultrasonography for pregnant patients are
available. The largest study included endoscopic ultrasonography performed in six pregnant patients for suspected CBD stones[99] Endoscopic ultrasonography findings in this study included CBD stones (two patients),
biliary sludge (two patients) and nonspecific findings (two
patients). All six patients had ERCP after endoscopic
ultrasonography and there were no maternal complications; fetal outcome was favorable for five infants and
unknown for one infant[99].
In another report, endoscopic ultrasonography was
performed for acute pancreatitis of unknown cause
in three pregnant patients. Biliary pancreatitis without
CBD stones was observed in two patients and pancreatitis caused by an unspecified pancreatic anomaly was
observed in one pregnant patient. There were no reported maternal complications and two healthy infants
were delivered; however, there was one fetal death because of recurrent cholangitis at 10 wk after endoscopic
ultrasonography[100].
Endoscopic ultrasonography may prolong the evaluation. However, when endoscopic ultrasonography is
normal, ERCP intervention may be avoided. In addition, endoscopic ultrasonography may provide other
useful information, and the added time for endoscopic
ultrasonography may be only several minutes. Further
studies are required to evaluate the potential benefits of
endoscopic ultrasonography in the treatment of pregnant
patients. It may be acceptable to perform endoscopic
ultrasonography when CBD stones are suspected, the
diagnosis is unproven and magnetic resonance cholangiopancreatography is an undesirable alternative.

are present. Colonoscopy for pregnant patients may be
considered for strong indications during the second trimester. Although therapeutic ERCP may be considered
during pregnancy, this procedure should be performed
only for strong indications and attempts should be made
to minimize radiation exposure.
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Abstract
Most cases of hepatic hydatid disease exhibit uncomplicated clinical course and management. However,
the diagnosis and management of complicated hepatic
hydatid disease is a special issue. One of the most
common and serious complications of hepatic hydatid
disease is the rupture of the cyst into intrahepatic bile
ducts. The clinical appearance of intrabiliary rupture
can range from asymptomatic to jaundice, cholecystitis, cholangitis, liver abscess, pancreatitis and septicemia. Current treatments for major ruptures can result
in high morbidity and mortality rates. Furthermore,
ruptures that cannot be diagnosed preoperatively can
induce complications such as biliary fistulae, biloma,
cavitary infection and obstructive jaundice. In the
past, these complications were diagnosed and treated
by surgical methods. Currently, complications in both
the pre- and postoperative periods are diagnosed and
treated by non-invasive or minimally invasive methods.
In clinical practice, endoscopic retrograde cholangiopancreatography (ERCP) is indicated for patients with
preoperative frank intrabiliary rupture in which hydatid
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elements are clearly seen in the bile ducts, or for biliary adverse events after surgery, including persistent
biliary fistulae and jaundice. However, controversy
concerning routine preoperative ERCP and prophylactic
endoscopic sphincterotomy in patients suspected of
having minor cystobiliary communications still remains.
In this article, the role of ERCP in the diagnosis and
management of hepatic hydatid disease during the
pre- and postoperative periods is reviewed.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hydatid cyst; Complications; Intrabiliary rupture; Endoscopic retrograde cholangiopancreatography
Core tip: Intrabiliary rupture is the most common and
serious complication of hepatic hydatid disease. In the
past, all the complications due to the intrabiliary rupture were diagnosed and treated by surgical methods,
whereas nowadays these complications in both the
pre- and the postoperative periods can be diagnosed
and treated by non-invasive or minimally invasive
methods such as endoscopic retrograde cholangiopancreatography (ERCP). The primary aim of this review
was to analyze the efficacy of ERCP in diagnosis and
treatment of hepatic hydatid disease during the preand postoperative periods.
Dolay K, Akbulut S. Role of endoscopic retrograde chola
ngiopancreatography in the management of hepatic hydatid
disease. World J Gastroenterol 2014; 20(41): 15253-15261
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i41/15253.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i41.15253

INTRODUCTION
Hydatid disease results from infestation of a parasite
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originating from a Mediterranean strain of Echinococcus
seen mostly in South America, North Africa, the Middle
East and Eastern Europe[1,2]. Hydatid disease is endemic
in most parts of the world, especially in the Mediterranean where sheep husbandry is common, and is an
important medical health problem in these regions. Furthermore, increasing migration raises the incidence of
the disease in areas where it was once rare[3,4]. Approximately 4000 patients per year are diagnosed with hydatid
disease in Turkey[5].
The clinical presentation of hydatid disease varies
depending on the location, growth rate and size of the
cysts, and organ affected. Symptoms typically develop
as a result of the compression of adjacent structures or
viscera as a result of surrounding inflammation, or from
the rupture of the cyst into the bile duct, pleural space,
or peritoneal cavity. The liver is most commonly affected, with involvement of the right lobe in 55%-80% of
patients. Most patients with hepatic hydatid cysts (HHC)
present with an uncomplicated course at diagnosis and
treatment planning is not problematic. However, the
diagnosis and management of complicated courses of
HHC depend on the experience levels of the surgeon,
interventional radiologist and therapeutic endoscopist.
Common complications of HHC include rupture
into intrahepatic bile ducts or the peritoneal cavity, invasion of other organs, pressure on the biliary tree and
other neighboring structures, and infection[6,7]. Of these,
intrabiliary rupture (IBR) is the most common and serious complication, occurring in 2%-42% of cases[7-11].
According to Dew[12], who was the first to report this
complication, IBR usually occurs in the biliary ducts of
the right lobe (55%-60%), less commonly in the left lobe
biliary ducts (30%-35%), and rarely in the common bile
duct. The clinical presentation of IBR can range from
asymptomatic to jaundice, cholecystitis, cholangitis, liver
abscess, pancreatitis and septicemia, depending on the
size of the cystobiliary communication. However, undiagnosed ruptures can result in biliary leakage, biloma,
cavitary infection and obstructive jaundice after HHC
surgery[7,13-15].
In the past, IBR complications were diagnosed and
treated by surgical methods, accompanied by 50% morbidity and 4.5% mortality rates. More recently, non-invasive
or minimally invasive methods have been used to diagnose
and treat these complications during both the pre- and the
postoperative periods. In clinical practice, it is generally
agreed that endoscopic retrograde cholangiopancreatography (ERCP) is indicated for patients with biliary adverse
events after surgery, such as persistent biliary fistulae and
jaundice, and preoperative frank IBR that is suspected
clinically (because of jaundice), biochemically (because
of overt cholestasis), or radiologically (as a dilated main
biliary ductal system or hydatid elements evident in the
bile ducts). However, the use of routine preoperative
ERCP and prophylactic endoscopic sphincterotomy (ES)
in patients with suspected minor cystobiliary communications remains controversial. Furthermore, the increasing
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use of magnetic resonance cholangiopancreatography
(MRCP) fuels the debate on the routine use of preoperative diagnostic ERCP. The goal of this article is to review
the efficacy of ERCP for the diagnosis and treatment of
hepatic hydatid disease during the pre- and postoperative
periods.

HYDATID CYSTS AND INTRABILIARY
RUPTURE
The parasite that causes the hydatid cyst becomes apparent after three weeks and can attain a bulk of 3 cm
in the liver parenchyma after three months. Atrophy and
fibrosis occur as a result of the pressure of the growing
cyst. During this growing period, the intracystic pressure
may rise to 80 cm H2O within a live cyst and can cause
compression and obstruction of the biliary tree if centrally located. Even if there is no rupture into the bile
ducts, cholestasis and partial dilatation of the proximal
part of affected ducts can be detected biochemically and
radiologically. Continued growth can result in rupture
into the bile ducts due to the increased intracystic pressure and fragility of the cyst wall[16-18].
Rupture into the bile ducts is the most common
complication of hepatic hydatid disease and its incidence
is reported to be as high as 42% in some clinical series[8-11,19,20]. There are two theories describing the pathogenesis of IBR. According to the first theory, progressive
necrosis and communication between the cyst and the
biliary tree are caused by the compression of the HHC
wall. The second theory states that the trapping of small
biliary radicals in the pericystic wall causes high intracystic pressure and results in atrophy, followed by the rupture of biliary radicals[21,22].
The communication between the ruptured cyst and
bile ducts can be classified as either major or minor/
simple based on size. Simple communications are relatively small communications between the cyst wall and
small biliary radicals, which are seen in 10%-37% of
HHC patients. In these cases, bile ducts are in communication with the cyst, but neither daughter cysts nor
germinative membrane is found within the bile ducts.
Cystic fluid, scolices or very tiny hydatid elements may
enter the bile ducts, but do not cause obstruction due to
their size. Simple communications are difficult to demonstrate preoperatively as they do not exhibit indirect
symptoms, such as dilatation of bile ducts, seldom cause
biliary colic, and patients are generally asymptomatic.
Although simple communications can be demonstrated
intraoperatively, they are most often recognized by postoperative biliary leakage. In contrast, major, open wide
communications between the cyst wall and biliary tree,
seen with frank IBR in 3%-17% of HHC patients, can
be detected preoperatively. In this type of cystobiliary
communication, cystic content empties into the biliary
tree causing intermittent or total obstruction[23,24]. Major
communications most commonly present as biliary colic,
jaundice and cholangitis, which can worsen, resulting in

15254

November 7, 2014|Volume 20|Issue 41|

Dolay K et al . ERCP and hydatid disease

liver abscess, septicemia or anaphylaxis. Although rare,
complications such as acute cholecystitis and pancreatitis can also occur due to hydatid remnants within bile
ducts[7,12-15].

PREOPERATIVE ERCP
In clinical practice, there are four recommendations
concerning preoperative ERCP for diagnosing and treating cystobiliary communications: (1) perform elective
surgery to overcome acute conditions such as cholangitis
and biliary obstruction; (2) reduce the risk of postoperative persistent biliary fistulae and the duration of hospitalization by preoperative ES in patients with minor
communications; (3) remove hydatid elements within the
bile ducts and schedule hydatid cyst surgery; and (4) in
cases of major rupture, employ a therapeutic approach
by emptying hydatid contents within the cyst and bile
ducts[10,16,18-20,25,26].
Diagnostic ERCP
The first management approach for hepatic hydatid
disease consists of a clinical history, detailed physical
examination, routine blood tests (complete blood count,
sedimentation, liver biochemistry), serologic examination
and imaging methods such as ultrasonography (US) and
computed tomography (CT). These evaluations help to
determine whether the hydatid disease has a complicated
or uncomplicated course[7,16,17,27,28].
Although routine ERCP is not yet accepted for uncomplicated hydatid cysts, some clinical centers advise
their use in order to entirely determine bile duct anatomy and describe the communication between the cyst
and bile ducts[16,29]. With consideration of cases where
cystobiliary communication is common in liver hydatid
cyst surgery (e.g., large or multiple cysts, hilar or caudate
lobe cysts or cysts accompanied with leukocytosis), the
routine use of ERCP in uncomplicated hydatid cystic
disease is suggested to prevent or decrease postoperative
biliary complications[10,11,20,30,31]. However, postoperative
bile leakage has been reported in patients who underwent preoperative ERCP and ES for prevention of fistula formation, not all communications can be detected
with diagnostic ERCP, and most of the patients with
postoperative bile leakage heal spontaneously without a
need for ERCP[3,10,11,20,30,31]. Moreover, in a variable percentage (0%-30%) of patients who underwent ERCP for
suspected frank IBR (i.e., presented with jaundice and/or
dilated bile ducts), only bile duct compression by the
cyst was observed[5,10,18].
There are some limitations associated with ERCP for
the diagnosis of hydatid disease. Primarily, minor cystobiliary communications may not be detected with ERCP
due to increased intracystic pressure, the minimal communication of cyst and biliary tree, and to daughter cysts
temporarily obstructing the cystobiliary opening. Intrahepatic bile ducts may not completely fill with contrast
media due to the increased pressure, increasing the false
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negativity ratio up to 17%-20%. Also, if contrast media
is too intense, cysts within the main bile ducts may not
be apparent and daughter cysts or old hydatid particles
may mimic gallstones. Finally, hydatid elements that
are solely in intrahepatic ducts may be overlooked with
ERCP. Therefore, surgeons should remain vigilant for
preoperative minor cystobiliary communications despite
their apparent absence[3,10,16,32-35]. Some of these limitations can be minimized with correct pressure injection
from different points or by applying occlusion cholangiography. Moreover, ERCP can reveal cystobiliary fistulae
and filling defects due to hydatid elements in bile ducts,
as well as indirect signs of minor cystobiliary communication, such as cystic pressure, dilatation and erratic filling of neighboring bile ducts.
Studies have suggested that MRCP is comparable to
ERCP as a diagnostic tool because of its high sensitivity in bile duct pathologies, and advise its use in place
of ERCP as it is a non-invasive method[10,36,37]. In cases
of cystobiliary communication, ERCP can then be used
as a therapeutic means. In our clinical practice, we do
not perform preoperative diagnostic ERCP if there is
no history of cystobiliary pancreatic symptoms, overt
cholestasis in blood studies or biliary ductal dilatation
distal to the cyst in US and CT images. In cases of minor cholestasis or partial dilatation of intrahepatic bile
ducts proximal to the cyst, MRCP in addition to US and
CT prove to be more useful than ERCP for diagnosing
minor communications in uncomplicated cases.
Although frank IBR can be easily diagnosed with US,
CT or MRCP, ERCP is usually the first modality chosen
in cases of complicated HHC where frank IBR is suspected by obstructive jaundice, cholangitis or biliary sepsis, abnormal biochemical liver function tests, presence
of cholestatic enzymes or hyperbilirubinemia, if hydatid
elements are present within the bile ducts, or for any
kind of dilatation of main bile ducts[16,19,31,35,38]. Hence,
preoperative ERCP is more commonly used therapeutically than diagnostically[3,7,23].
In cases of frank IBR, white, shiny hydatid membranes are mostly seen within the duodenum or protruding from the papilla Vateri during ERCP. On cholangiography, linear wavy filling defects of laminated hydatid
membranes can be easily seen within the main bile duct.
Daughter cysts can be seen as rounded or oval lucent
filled defects. In late phases, membrane particles lose
their shiny characteristic and mimic bile stones as they
become colorized by bile acids. In patients with uncomplicated HHC, both diagnostic and therapeutic ERCP
should be performed if cystic fluid is colorized by bile
when using the PAIR (puncture, aspiration, injection and
re-aspiration) protocol[7,16].
Therapeutic ERCP
Preoperative therapeutic ERCP has a reported success
rate as high as 80%-100%[4,20,39-47], and can be used when
cystobiliary communication or hydatid membranes
and/or daughter cysts that cause biliary obstruction are
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Figure 1 Endoscopic retrograde cholangiopancreatography. A: Magnetic resonance image of a hydatid cyst with major rupture; B: Emptying of hydatid membranes with endoscopic sphincterotomy and a biliary occlusion balloon; C: Extraction of hydatid materials.

demonstrated by cholangiography. ES, extraction by balloon or basket catheter, nasobiliary drainage (NBD) and
biliary stenting are some therapeutic methods that can
be performed by ERCP. As described above, preoperative ES reduces the risk of postoperative external biliary
fistulae, morbidity and the length of hospitalization in
patients diagnosed with cystobiliary communication by
ERCP. However, in the series reported by Rodriguez
et al[39], patients undergoing preoperative ERCP developed uncontrollable fistulae. In another series reported
by Galati et al[23] ES was found to reduce postoperative
fistulae and cavitary infection due to cystobiliary rupture. Additional advantages of endoscopic treatment for
HHC patients are that it allows for elective surgery and
significantly decreases morbidity and mortality associated
with the procedure. However, further studies are needed
to evaluate the prophylactic use of ES for the prevention
of biliary fistulae[13,20,47,48].
In major ruptures, hydatid membranes or daughter
cysts encountered in bile ducts can be emptied out by
ES, and a Dormia basket and biliary occlusion balloon
can be used to clean out the common and main bile
ducts. If hydatid membranes are sufficiently large, they
can fill the duodenal lumen and hide the already sphincterotomized papilla orifice. In our ERCP procedure,
guidewire placement is routinely used before ES when
large amounts of hydatid elements are observed in bile
ducts. These techniques can be performed successively
many times under C-arm fluoroscopy even when endoscopic manipulation is made difficult by the hydatid
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materials around the papilla. After emptying hydatid
membranes and big daughter vesicles, saline irrigation of
the bile duct may be necessary to flush out the hydatid
material and small daughter cysts (Figure 1).
As bile ducts cannot be purified from hydatid elements using ES alone, NBD and biliary stenting can
be added. NBD may be the first choice of temporary
treatment, particularly when life-threatening sepsis from
acute cholangitis occurs. Once the obstructed bile ducts
are drained, ERCP can be re-performed to completely
clean out bile ducts of remaining hydatid elements. If
there is an obstruction or stricture in the biliary tree, endoscopic balloon dilatation and biliary stenting may be
needed[10,18,19,43,49-51].
There are numerous studies demonstrating that the
use of ERCP to clean out bile ducts and cystic materials
in cases of frank IRB significantly decreases cyst volume during successive follow-ups and 25% of patients
are cured and do not need any further surgical treatment[4,16,35,39,42-46,52,53]. An endoscopic transpapillary treatment for frank IBR in which hydatid elements within
the bile ducts were cleaned out using a biliary occlusion
balloon and basket catheter, and a saline solution was
infused in the cystic cavity by an endoscopically placed
NBD catheter was first described in 1987 by al Karawi
et al[54]. Five of the 6 patients treated by these authors
were cured completely without needing any further surgical treatment[55]. Similar successes were reported in five
patients described by Akkiz et al[42] in 1996 and seven patients described by Signh et al[56] in 2006, demonstrating
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Figure 2 Nasocystic-biliary drainage procedure. A: Topographic images of hydatid cyst with major rupture by nasocystic drainage; B: Drainage catheter within the
cystic cavity; C: Computed tomography of the same patient taken at the three-month follow-up.

that therapeutic ERCP is both effective and safe for the
treatment of ruptured hydatid cysts.
This technique has been performed in our clinic with
some modifications, which we refer to as nasocysticbiliary drainage (NCBD). In this procedure, hydatid elements are emptied into the duodenum, and a hydrophilic
guidewire is negotiated into the cyst. Hydatid materials
are then completely emptied out over the guidewire by
balloon and basket catheter, and a redesigned 10F NBD
catheter is inserted into the cystic cavity to facilitate full
emptying of the cyst contents. The cystic cavity and
common bile duct are periodically irrigated using a saline
solution through the nasobiliary catheter for seven days
to ensure total clearance of the germinal layers and the
remaining small daughter cysts. Small additional holes are
placed in the choledochal and duodenal portion of the
NCBD catheter to avoid the risk of cholangitis due to the
continuous drainage of hydatid materials into bile ducts
and obstruction. This redesign allows the NCBD catheter to act as a stent between the common bile duct and
duodenum, and for periodic irrigation of the cystic cavity.
Furthermore, the NCBD decreases the external biliary
loss[26]. At present, 12 of the 14 patients that have undergone this procedure have been completely cured (Figure 2).
The procedure failed in one patient who underwent a previous major cystobiliary rupture operation (duodenotomy
and open sphincteroplasty), and complete extraction of
hydatid remnants in the common bile duct could not be
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achieved due to the lack of dilatation of extrahepatic bile
ducts. The procedure could not be completed in another
patient who refused treatment on the fourth day[26]. As a
result, we suggest that ERCP and NCBD should be the
first choice of treatment in patients with major cystobiliary rupture in whom bile ducts are dilated.

POSTOPERATIVE ROLE OF ERCP
In the postoperative period, ERCP can be used to clarify
the causes of already present or recurrent symptoms or
biochemical abnormalities, overcome obstruction or cholangitis due to residual materials within bile ducts, treat
postoperative external biliary fistulae, and resolve secondary biliary strictures[5,16,19,52]. Early postoperative complications include persistent biliary fistulae and obstructive
jaundice due to hydatid cyst surgery, whereas as sclerosing cholangitis and stenosis of the sphincter of Oddi are
considered late postoperative complications[19,50,57].
Biliary stricture is a rare but problematic postoperative complication of hydatid cyst disease. It is reported
that 27% of all postoperative biliary strictures are secondary to hydatid cyst surgery[58]. Predisposing factors
for caustic sclerosing cholangitis and biliary strictures
include scolicidal agents, cystobiliary communications,
hydatid cystic elements, secondary biliary infections,
distal bile duct obstruction due to gallstones, papillary
stenosis and centrally located hydatid cysts[16,58]. A few
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studies claim that endoscopic or percutaneous methods
should be used first for the management of postoperative strictures. Biliary strictures affect mostly long and
multiple segments, are located proximally (Bismuth type
Ⅲ and Ⅳ), and cholangiographic signs show diffuse
involvement as primary sclerosing cholangitis. Although
ERCP can be an appropriate method for the treatment
of complications due to stricture, such as jaundice, cholangitis and sepsis, the repairs are costly and lengthy and
can result in cholangitis and liver abscess formation.
However, therapeutic ERCP should be preferred for biliary strictures distally located and involving single short
segments, whereas percutaneous transhepatic cholangiography should be used for proximally located, multiple
and long segment biliary strictures[16,35,39,58].
The formation of biliary fistulae is the most common postoperative complication, with a postoperative
incidence as high a 50%-63%[53,59]. Although biliary leakage risk is higher in the early postoperative period, it
begins to decrease from the tenth day after surgery. Persistent biliary fistulae are defined by a high amount of
biliary drainage lasting more than ten days after surgery,
and ERCP use is advised in these cases[5,15,60]. It is difficult to determine whether postoperative biliary fistulae
will subside spontaneously or will turn into a persistent
form. However, the presence of a large amount of leaking bile in the early postoperative period, or drainage
that does not decrease day by day suggests that the fistula will not spontaneously subside. In such cases, there
is no need to wait ten days, and ERCP can be performed
early in the postoperative period, as any delay will cause
the chronicity of fistulae and infective complications. In
contrast, small or decreasing amounts of drainage may
be followed conservatively[61,62].
When biliary fistulae are observed, it is important
to evaluate the clinical effectiveness of biliary drainage.
Effective biliary drainage is displayed by controlled fistulae, which show no signs of localized or generalized
peritonitis, and no pathophysiologic signs of cholestasis.
In uncontrolled biliary fistulae, there is generally insufficient biliary drainage and this condition results in intraabdominal bile collection. The condition requires urgent
hemodynamic stabilization of the patient, and drainage
of the collection percutaneously, laparoscopically or surgically. Undrained bile will become infected, resulting in
subphrenic, suphepatic abscess formation or generalized
peritonitis. In some cases, ineffective biliary draining can
lead to life-threatening cholangitis, intrahepatic abscesses
and septicemia, which require urgent manipulations[51].
To treat biliary fistulae, ERCP with endoscopic treatments, such as ES, NBD and biliary stenting, are used
to bypass the sphincter of Oddi, reduce duodenobiliary
pressure differences, and to divert the bile flow into the
duodenum. As pressure within the biliary tree decreases,
bile will flow into the duodenum by way of the papilla
Vateri instead of flowing into the cystic cavity. Although
the advantages of these techniques are debated, the success rate has been reported as high as 90% accompanied
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by a low mortality rate[16]. In the patients who underwent ES in the study by Rodriguez et al[39] postoperative
fistulae were closed successfully in approximately 25 d.
In the study by Tekant et al[63] postoperative persistent
biliary fistulae subsided spontaneously in seven days in
all but one patient who underwent ES. The same study
suggested that late ES may delay fistula closing, and thus
ERCP should be performed at an early period. Reports
in the literature show that postoperative ES fistulae close
within 3-43 d, yet hospitalization typically lasts only 3-9
d for ERCP procedures[7,43,49,52,64].
In a study by Bilsel et al[50] ES was considered to be the
appropriate treatment modality as stent usage was not costeffective and required a second ERCP for removal. However, the same study reported that ES should be combined
with biliary stenting for chronic and high-output fistulae
in major cystobiliary communications, which was also indicated in a study by Adas et al[65]. Akcakaya et al[66] suggest
that ES should be the first method selected, but in specific cases where there is a defect in emptying of hydatid
materials, or a stricture or gallstone is present in the common bile duct, biliary stenting should be used directly.
However, Cicek et al[5] recommend using NBD, rather
than ES, with biliary stenting, as NBD is more effective
in decreasing intrabiliary pressure and permits follow-up
by cholangiography. Moreover, preoperative NBD aids in
the intraoperative localization of cystobiliary communications[67-69]. Despite these apparent advantages, ES may
be needed in some cases where hydatid membranes are
within the bile ducts, and because of the low tolerability
of lengthy hospitalization for NBD.
In our experience, ES is the primary choice as it is a
safe and effective treatment for biliary fistulae resulting
from hydatid cyst surgery. In addition, early ERCP is
limited to patients with fistula output that is high or does
not decrease within the first week. Because small hydatid
particles cannot be visualized clearly with cholangiography, all of our patients undergo ES, bile ducts are controlled routinely with balloons and basket catheters, and
hydatid elements are cleaned out if present. If biliary
strictures accompany biliary fistulae, ES is supplemented
with biliary stenting. Finally, NCBD is performed following ES in cases of biliary sepsis, particularly when
the bile ducts are filled with hydatid elements.

CONCLUSION
Preoperative ERCP is the primary diagnostic and therapeutic method for frank IBR. Following a diagnosis of
frank IBR, cystic material can be emptied by NBD, without a need for further surgical intervention. However,
preoperative ERCP is not indicated for cases involving
large or multiple cysts, hilar or caudate lobe cysts, or
if there is minimal dilatation of intrahepatic bile ducts
proximal to the cyst. Moreover, ERCP can fail to detect
simple communications and may promote the formation
of postoperative biliary fistulae. Even in the most experienced hands, serious complications can result from
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ERCP, including pancreatitis, bleeding, infection or perforation. Therefore, suspected minor communications
should be investigated by non-invasive methods such as
MRCP, US and CT.
Therapeutic ERCP is indicated for early (persistent
biliary fistula and obstructive jaundice) and late (sclerosing cholangitis and sphincter of Oddi stenosis) postoperative biliary adverse events, of which biliary fistulae are
the most common. Although some fistulae spontaneously resolve, high-output or persistent fistulae require
ERCP. If biliary fistulae are accompanied by strictures or
do not close after ES, biliary stenting should be added.
However, biliary stenting and NBD should be confined
to rare cases.
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Abstract
Sexually transmitted infections (STIs) represent a
significant public health concern. Several STIs, once
thought to be on the verge of extinction, have recently
reemerged. This change is thought to be partially related to an increase in STIs of the anus and rectum.
Importantly, the global human immunodeficiency virus
and acquired immunodeficiency syndrome (HIV/AIDS)
epidemic has contributed to the emergence of particular anorectal lesions that require specialized approaches. In this report, we review common anorectal STIs
that are frequently referred to colorectal surgeons in
the United States. Epidemiology, clinical presentation,
and management are summarized, including the latest
treatment recommendations. The particularity of anorectal diseases in HIV/AIDS is addressed, along with recent trends in anal cytology and human papillomavirus
vaccination.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Sexually transmitted disease; Rectal disease; Sexual behavior; Human papillomavirus; Human
immunodeficiency virus; Perianal disease; Highly active
antiretroviral therapy; Human papilloma virus vaccines;
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Anal cytology
Core tip: Anorectal sexually transmitted infections constitute a group of emerging diseases not well recognized by the medical community. An understanding of
recent trends in sexual behavior and the epidemiology
of sexually transmitted infections is critical to identifying
populations at risk. Our scientific review summarizes
important characteristics of the most common sexually
transmitted infections of the anus and rectum, in addition to the latest recommendations in diagnosis and
management. This review also addresses the particularity of anorectal diseases in human immunodeficiency
virus and acquired immunodeficiency syndrome and recent trends in anal cytology and human papillomavirus
vaccination.
Assi R, Hashim PW, Reddy VB, Einarsdottir H, Longo WE.
Sexually transmitted infections of the anus and rectum. World J
Gastroenterol 2014; 20(41): 15262-15268 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i41/15262.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i41.15262

INTRODUCTION
Sexually transmitted infections (STIs) are a substantial
health concern, with an estimated worldwide incidence
of 333 million cases per year[1]. In the United States (US),
the annual incidence reaches approximately 15 million
cases[2]. Anorectal involvement is common, although the
exact prevalence remains unknown due to numerous asymptomatic infections and a lack of accurate epidemiologic data. Patients with anorectal symptoms or lesions
are often referred to colorectal surgeons for complete
evaluation or management. This article reviews STIs of
the anus and rectum, examining their epidemiology, presentation, and management.
Anorectal STIs are commonly the result of anal
receptive intercourse but may also be due to contiguous spread from a genital infection. The incidence of
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anorectal STIs has risen in recent years, a trend primarily
attributed to an increase in the practice of anal receptive
intercourse[3]. Although traditionally associated with homosexual men, anal receptive intercourse is in fact more
practiced among heterosexual couples in absolute numbers, showing wide geographical, ethnical and cultural
variability[4].
Symptoms of STIs are often nonspecific and latent,
making diagnoses challenging. In one study among men
who have sex with men (MSM), routine screening found
that 85% of rectal infections with chlamydia or gonorrhea were asymptomatic[5]. Common complaints of anorectal STIs include anal pain, tenesmus, urgency, purulent
drainage, and bleeding. Common lesions include ulcerations, vegetations, and clinical proctitis[1]. Transmission
may occur through a variety of sexual practices, such as
receptive anal intercourse and oro-anal sexual contact.
When evaluating a patient with an anorectal STI, it
is important to remember that coinfection is common
and has been reported to be as high as 41% in some high
risk populations[6]. In addition, human immunodeficiency
virus (HIV) transmission is facilitated by virtually any
STI, whether in the presence or absence of ulcerative lesions[7-10]. This fact has major implications since coinfection has been shown to alter the natural history of HIV
and the response to treatment[11]. For example, the presence of gonococcal infection increases the infectiousness
of HIV, a pattern that reverses following successful gonorrhea treatment[12]. Similarly, syphilis is associated with a
decrease in CD4 cell counts and an increase in HIV viral
load, which both improve after treatment for syphilis[13].
Two clinical entities can be distinguished based on
anatomical involvement and common causative agents:
distal proctitis and proctocolitis. Typical organisms in
distal proctitis include Neisseria gonorrhoeae, Chlamydia trachomatis, Treponema pallidum, and Herpes simplex virus. In
proctocolitis, organisms associated with food or waterborne diseases are more common and include Entamoeba
histolytica, Campylobacter spp., Salmonella spp., Shigella spp.,
Cryptosporidium spp., and Cytomegalovirus (CMV)[14].

HERPES SIMPLEX VIRUS
Epidemiology and presentation
Herpes simplex virus (HSV) is a highly prevalent STI in
the US. Forty-five million Americans are infected with
HSV type 2, the causative agent of anogenital herpetic
infection, with one million new infections occurring each
year[2]. HSV type 1, the causative agent of oral and ocular
lesions, is implicated in up to 30% of anogenital lesions,
a proportion that appears to be on the rise, reported at
78% in one study among US college students[15]. This
trend may have important clinical implications, as HSV
type 1 produces less symptomatic recurrences and less
viral shedding than HSV type 2[16].
When compared to non-HSV proctitis, HSV proctitis is more commonly associated with the symptoms
of anorectal pain, constipation, tenesmus, anal pruritus,
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difficulty in initiating micturition, sacral paresthesias,
posterior thigh pain, fever, and inguinal adenopathy[17].
Typical lesions are small vesicles that eventually ulcerate
and resolve over a few days. They involve the perianal
skin and anal canal but may also extend to the rectum[18].
Proctoscopy is painful and reveals friable rectal mucosa
with multiple erosions or ulcers in the distal rectum. Occasionally, a large solitary ulcer is seen[14].
Management
Diagnosis is confirmed by cell culture or by the detection of viral DNA with polymerase chain reaction (PCR)
(the latter providing greater sensitivity). Cytopathologic
tests (e.g., Tzanck preparation, Pap smears) are an insensitive and nonspecific method of diagnosis and therefore
should not be relied upon[19].
Treatment is with acyclovir, famciclovir, or valacyclovir for 7 to 10 d[19].

HUMAN PAPILLOMAVIRUS
Epidemiology and presentation
Human papillomavirus (HPV) is the most common STI
in the US, with estimates indicating 5.5 million new infections occur every year[2]. The incidence has increased
since the mid-1960s, and HPV now accounts for one
million patient presentations to colorectal surgeons each
year, the highest among STIs[20]. The typical lesion is the
condyloma acuminatum. Over 120 HPV serotypes have
been identified[21]. Serotypes 6 and 11 are found in benign
warts, while serotypes 16 and 18 are more commonly
seen in dysplasia and malignancies[22]. Anal HPV disease
is linked to the immunosuppression caused by HIV infection and is associated with the practice of anal-receptive
intercourse. Of note, infection may also result from autoinoculation of vulvar warts to the perianal skin[23]. The
use of condoms lowers the risk of sexual transmission,
although infection remains possible due to skin beyond
the area covered by a condom[24].
Symptoms include the presence of raised lesions,
rectal bleeding or discharge, pain, pruritis ani, and difficulty maintaining hygiene. Diagnosis centers on physical
examination and the presence of gray or pink fleshy cauliflower-like growths in the perianal region[25]. Anoscopy
can reveal extension of the disease into the anal canal.
Buschke-Lewenstein disease is a tumerous form of the
disease that results in a giant condyloma[26].
Management
Diagnosis can be confirmed histologically from a biopsy
sample. Clinicians should maintain a high index of suspicion for malignancy in certain groups: immunocompromised patients, patients older than 40 year, those exhibiting large, atypical or pigmented lesions, and patients with
lesions that are refractory to treatment[21].
Various treatment approaches exist for condyloma
removal. Tangential excision, cryotherapy, and fulguration
of small lesions can be performed in an outpatient set-
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ting under local anesthesia. Larger or multiple lesions may
necessitate regional or general anesthesia. Overall condyloma clearance rates for surgical techniques range from
60%-90%, with recurrence rates of 20%-30%[25]. Alternatively, patients can apply a variety of topical agents to
the perianal area (not approved for use in the anal canal).
Podophyllin application does not require anesthesia but
is irritating, associated with potential systemic toxicity,
and may not lead to complete resolution. Dichloroacetic
acid application is less irritating than podophyllin, but
recurrence rates, as with podophyllin, remain higher than
surgery. Imiquimod, an immune response modifier that
increases the local production of interferon, is used with
electrodessication for patients who have incomplete responses or following destructive treatment and epithelial
healing in the treatment of remaining disease or decrease
recurrence. Intramuscular or intralesional interferon-beta
injections have been used with mixed results and have
been associated with a systemic flu-like syndrome[20,25].

GONORRHEA
Epidemiology and presentation
Gonorrhea, caused by the gram-negative diplococcus
Neisseria gonorrhea, has seen resurgence in recent years.
Between 1997 and 1999, cases of gonorrhea increased
by more than 9% after a 72% decline from 1975 to 1997.
An increase in drug-resistant gonorrhea has been seen in
Hawaii and in small clusters in other states[27]. Anorectal
transmission is by anal receptive intercourse with an infected partner. Thirty-five to fifty percent of women with
gonococcal cervicitis will have a concomitant rectal infection, which is believed to result from contiguous spread
from the genital infection[25].
Rectal gonorrhea is often latent. In a study of MSM
who were found to have rectal gonorrhea on routine
screening, 84% were asymptomatic[5]. The incubation
period lasts 5 to 10 d, after which symptoms may include
pruritus ani, constipation, mucopurulent or bloody anal
discharge, pain, and tenesmus[18]. On physical examination, rectal mucosa can range from normal-appearing to
erythematous and friable with pus[14].
Management
A diagnosis on smear is positive when gram-negative diplococci are identified within the cytoplasm of neutrophilic
granulocytes. The gold standard for diagnosis, however,
remains culture from a swab through the anal canal[14].
PCR technique is licensed for the detection of urogenital
disease but not for rectal (or pharyngeal) disease[28].
Treatment is directed towards both gonorrhea and
chlamydia, even if chlamydia testing returns negative.
The recommended regimen is ceftriaxone 250 mg in a
single intramuscular dose plus azithromycin 1 g orally in a
single dose, or doxycycline 100 mg orally twice daily for 7
d[19]. Of note, oral cephalosporines are no longer recommended due to a recently observed decreased susceptibility in the US and Europe[29].
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CHLAMYDIA
Epidemiology and presentation
Chlamydia has an estimated annual incidence in the US
of 3 million cases[2]. In a study of MSM who underwent
routine screening, 53.5% of chlamydial infections were
limited to the rectum[5]. Both anal receptive intercourse
and oro-anal intercourse have been implicated as causative behaviors.
Chlamydia trachomatis (C. trachomatis), an obligate intracellular bacterium, is the causative agent of two clinical
entities caused by different serotypes. C. trachomatis serotypes D-K [non-lymphogranuloma venereum (LGV)
strains] can cause a mild form of proctitis with minimal
symptoms (tenesmus, pain, discharge) following an incubation period of 5 to 14 d; however, infections are more
commonly asymptomatic. On physical examination, the
rectal mucosa can range from normal-appearing to erythematous and friable[14,25]. C. trachomatis serotypes L1, L2,
and L3 are responsible for a different clinical entity, LGV.
In contrast to serotypes D-K, LGV produces a more aggressive proctitis with anal, perianal or rectal ulcerations,
purulent or sanguineous anal discharge, tenesmus, and
lower abdominal cramping or pain[14,25]. Patients may also
present with perirectal abscesses, anal fissures, and fistula
formation[30]. This clinical entity can mimic Crohn’s disease because of the occurrence of chronic diarrhea and
perianal fistula formation[31].
Management
A rectal swab can be obtained and tested with PCR techniques (although not yet Food and Drug Administrationapproved) with better sensitivity and specificity than
culture [19]. Positive serologic testing can support the
diagnosis[14]. For LGV strains, rectal biopsy reveals crypt
abscesses, granulomas, and giant cells, mimicking Crohn’s
disease[32]. Unlike non-LGV types, no asymptomatic carriers of LGV exist in male homosexuals[33].
Recommended treatment for non-LGV disease is
with azithromycin 1 g orally in a single dose or doxycycline 100 mg orally twice a day for 7 d. Recommended
treatment for LGV disease is doxycycline 100 mg orally
twice a day for 21 d[19].

SYPHILIS
Epidemiology and presentation
In the year 2000, the incidence of syphilis in the US
reached an all-time low. However, between 2006 and
2007, the rate of primary and secondary syphilis increased by 15.2%. This rise has been more closely tied to
men than women (a male to female ratio of 6 compared
to 1 a decade before), suggesting that increases in men
have largely been among MSM[34]. Since 2009, the overall
rate of syphilis decreased for the first time in a decade,
and was down 1.6% in 2010[35].
The disease is classically divided into 3 stages: primary
(associated with a chancre or proctitis), secondary (associ-
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ated with condyloma lata, skin rashes, or lymphadenopathy), or tertiary (associated with cardiac or gummatous
lesions). The primary stage of anorectal syphilis appears
within 2-10 wk of exposure via anal intercourse. Infections can be asymptomatic or manifest with proctitis, ulcers, and pseudotumours. Anal ulcers are frequently painful, in contrast to genital ulcers. Untreated lesions usually
heal within several week[14,19,25]. Secondary syphilis may
present with a rectal mass, condylomata lata and mucous
patches, generalized rash, fever and/or lymphadenopathy.
Symptoms will typically resolve without treatment after
3-12 wk[25]. Tertiary syphilis presents many years later,
commonly with debilitating ulcerating gummas[14].
Management
Diagnosis is based on direct visualization of Treponema
pallidum spirochetes on dark-field microscopy. This test
is of notable value in HIV-positive patients, as serologic
tests are more likely to yield false negative results[1]. A
presumptive diagnosis of syphilis is possible with the use
of two types of serologic tests: nontreponemal tests (e.g.,
Venereal Disease Research Laboratory and Rapid Plasma
Reagin) and treponemal tests [e.g., fluorescent treponemal
antibody absorbed tests, the T. pallidum passive particle
agglutination assay, various enzyme immunoassays, and
chemiluminescence immunoassays][19]. DNA PCR identification is possible from biopsies or ulcer exudates[14].
Recommended treatment in adults with primary or
secondary syphilis is with benzathine penicillin G 2.4 million units administered intramuscularly in a single dose.
Doxycyline, tetracycline, and possibly ceftriaxone can be
used in patients with penicillin allergy. Pregnant women
should be treated only with penicillin (allergic patients
should first be desensitized)[19].

PERIANAL DISEASE IN HIV-POSITIVE
PATIENTS
Common perianal disease
Anorectal disease is the most frequent reason for surgical
referral of HIV-positive patients[36]. In one retrospective review of HIV-positive/acquired immunodeficiency
syndrome (AIDS) patients prior to the advent of highly
active antiretroviral therapy (HAART), anorectal disease
was found in 34% of patients[37]. The most common
symptoms are anorectal pain, the presence of a mass,
and blood in the stool. Risk factors include homosexuality and prior history of STI[38]. Characteristic lesions include condylomas, ulcers, hemorrhoids, fistulas, fissures,
abscesses, and neoplasms. Except for hemorrhoids and
fissures, these lesions are more common among HIVpositive patients than HIV-negative patients [39]. Two
or more disorders are found in 16.7% to 66% of patients[38,39], with an average reported number of disorders
per patient of 2.9[38]. It has been established that AIDS
status and CD4+ cell count affect post-surgical wound
healing. In a prospective study of post-hemorrhoidecto-
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my wound healing, all HIV-negative patients were healed
at 14 wk, compared to only 66% of HIV-positive patients at that time. Furthermore, at 32 wk, while all HIVpositive patients were healed, half of AIDS patients still
suffered from incompletely healed wounds. Complication
rates were also higher among HIV-positive and AIDS
patients[40]. With the widespread use of HAART, it is
believed that compensated HIV-positive patients are no
longer at a significantly elevated risk of complications
from anorectal surgery[25].
HIV-related anorectal infections
In contrast to the common perianal disease described
above, certain disorders are specifically associated with
HIV.
Idiopathic anal ulcers constitute a diagnosis of exclusion after ruling out HSV, CMV, Mycobacterium Avium
Complex (MAC), gonorrhea, chlamydia, syphilis, fungus,
and cancer on repeated biopsies[23]. Clinical characteristics
include a broad base appearance, localization to the posterior midline and more proximally in the anal canal, erosion into the submucosa and sphincters, and diminished
anal sphincter tone. Treatment centers on intralesional
steroid injection or surgical debridement[41], with the latter
allowing for appropriate culture specimens for diagnosis.
Interestingly, among all perianal ulcers in HIV-positive
patients, poor healing is most closely associated with idiopathic ulcers or ulcers with a positive culture for HIV[42].
CMV serology is found in more than 95% of HIVpositive patients, compared to 34% in the general population. Infection becomes clinically significant when the
CD4+ cell count falls below 100 cells/mm3. Common
presentations include ileocolitis and toxic megacolon.
Antiviral treatment is recommended and often required
for the patient’s lifespan[23].
MAC infection, very common among AIDS patients
and associated with poor survival, can manifest with
colorectal involvement and resultant watery diarrhea and
dehydration[15]. Recommended treatment is with at least two
pharmaceuticals, usually clarithromycin and ethambutol[43].
Anal intraepithelial neoplasia (AIN) is associated with
HPV serotypes 16, 18, and 31. The neoplastic progression of the disease is believed to be similar to that of
cervical cancer secondary to HPV. The absence of a
history of anal receptive intercourse does not preclude
AIN, and a high prevalence exists among HIV-positive
males with CD4+ cell counts below 500 cells/mm3[44].
Also, it is important to note that immune restoration
with HAART has not been shown to decrease the risk
of AIN[45]. Anal cytology may provide screening benefits.
Previous cost-effective analyses have demonstrated that
anal cytology screening for AIN lesions every 2 or 3 years
in HIV-negative MSM and yearly in HIV-positive MSM
can enhance life-expectancy outcomes relative to other
preventive health measures[46,47]. Recently, quadrivalent
HPV vaccination has been recommended in boys for the
prevention of external genital lesions[48], as well as among
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homosexual men for the prevention of AIN[49].
Kaposi sarcoma
Kaposi sarcoma (KS) is a rare disease associated with infection with human herpes virus 8. In HIV patients, KS is
considered an AIDS-defining illness[50]. Prior to the widespread use of HAART, AIDS patients were 20000 times
more likely to develop KS than the general population,
and up to 21% of HIV positive MSM had KS[51]. Contemporary epidemiologic reports show that the incidence
of KS has markedly decreased since the introduction of
HAART[52,53]. Anorectal KS presents with characteristic
small, round, purple lesions; however, early disease can
be easily mistaken for hemorrhoids or other benign lesions[54]. Diagnosis should be confirmed with biopsy. All
patients should be started on HAART, as this can induce
rapid regression of the disease. Local therapies are available for localized symptomatic disease or for cosmetic
considerations. Intralesional chemotherapy and radiation
are associated with lesion regression and effective cosmesis and palliation in the majority of patients[55-57]. Systemic
chemotherapy is reserved for patients with advanced or
rapidly progressing disease[58].

CONCLUSION
STIs of the anorectum are increasingly prevalent in the
developed world. Changes in trends include the reemergence of several historical diseases. Anorecal STIs are
not isolated to homosexual males, and providers should
remain abreast of recent trends in sexual behavior. The
early recognition of infection or risk-elevating behavior
is critical for the initiation of appropriate screening tests
and treatment. Since the introduction of HAART, the
survival of HIV-positive patients has significantly improved, but management of anorectal lesions in HIVpositive patients remains problematic. Successful treatment relies on specific medical therapies in addition to
surgical interventions for both diagnostic and treatment
purposes. Prevention strategies encompass a wide array
of interventions, from awareness campaigns to validation
of new screening methods and vaccines. Finally, clinicians should always remember that no treatment plan is
complete unless it involves both the patient and his or
her sexual partners.
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Abstract
Hepatocellular carcinoma is one of the most common
cancers worldwide, and a leading cause of cancer-related death. Owing to unsatisfactory clinical outcomes
under the current standard of care, there is a need to
search for and identify novel and potent therapeutic
targets to improve patient outcomes. Sorafenib is the
first and only approved targeted therapy for the treatment of hepatocellular carcinoma. Besides functioning
as a multiple tyrosine kinase, sorafenib also acts via a
kinase-independent mechanism to target signal transducer and activator of transcription 3 (STAT3) signaling
in hepatocellular carcinoma cells. STAT3 is a key regulator of inflammation, cell survival, and tumorigenesis
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of liver cells, and the high percentage of hepatocellular
carcinoma cells with constitutively active STAT3 justifies
targeting it for the development of novel therapeutics.
Sorafenib inactivates STAT3 and STAT3-related signaling by inducing a conformational change in and releasing the autoinhibition of Src homology region 2 domaincontaining phosphatase-1. This phosphatase negatively
regulates STAT3 activity, which leads to the subsequent
apoptosis of cancer cells. The novel anti-cancer property of sorafenib will be discussed in this review, not
only adding information regarding its mechanism of action but also providing an innovative approach for the
development of cancer therapeutics in the future.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatocellular carcinoma; Sorafenib; Signal transducer and activator of transcription 3; Target
therapy; Kinase-independent
Core tip: Hepatocellular carcinoma (HCC) is one of the
major cancers worldwide, for which the only approved
target therapy is sorafenib. In addition to its previously
characterized kinase inhibition, sorafenib also acts via a
kinase-independent mechanism to target signal transducer and activator of transcription 3 (STAT3) signaling in HCC cells. This review discusses these findings,
adding to the knowledge concerning the mechanisms
of action of sorafenib as well as exploring the potential
use of STAT3 as a therapeutic target in future cancer
drug development.
Hung MH, Tai WT, Shiau CW, Chen KF. Downregulation of
signal transducer and activator of transcription 3 by sorafenib: A
novel mechanism for hepatocellular carcinoma therapy. World J
Gastroenterol 2014; 20(41): 15269-15274 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i41/15269.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i41.15269
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a leading primary
malignancy of the liver, the fifth most common cancer
and the third leading cause of cancer-related deaths
worldwide[1,2]. A survey conducted by the World Health
Organization found more than 700000 newly diagnosed
cases of HCC in 2008, which corresponds to an ageadjusted incidence of 16 cases per 100000 inhabitants
worldwide and up to 35.5 cases per 100000 male inhabitants of eastern Asia[3].
Treatment choices for HCC patients are made based
on residual liver function and, as with other cancers, on
the stage of disease as well as the patient’s general condition and comorbidities. For patients with early stage
disease, percutaneous ablation, surgical resection, and
liver transplantation offer the highest rates of complete
response and, thus, the highest potentials for cure [4].
Unfortunately, because of a lack of associated signs
and symptoms at the early stage, the majority of HCC
patients are diagnosed with advanced disease and only
20%-30% are eligible for curative surgical resection[1].
Furthermore, nearly 90% of HCC develops in the background of chronic liver diseases that are either caused
by chronic inflammation related to various etiologies,
including hepatitis B or C infection and alcohol intake,
or other hepatic toxin exposure, and even non-alcoholic
fatty disease[2,5]. The complexity and heterogeneity of
HCC tumorigenesis contributes to an intrinsic resistance
of tumor cells to conventional chemotherapy and radiotherapy. Until recently, there were no effective treatments
available for patients diagnosed with advanced stage
HCC or whose disease deteriorated to an advanced stage
after other treatments failed.
Although the first drug that demonstrated improvement in overall survival of patients with advanced HCC
was sorafenib, an inhibitor of vascular endothelial growth
factor receptor (VEGFR) tyrosine kinase activity[6,7], clinical trials testing several additional potent VEGFR inhibitors, such as sunitinib and brivanib, failed to show positive results[1,8,9]. The failures of these trials are thought to
be multifactorial, including a lack of full understanding
of the critical drivers of tumor progression[10]. In light
of these results, it is essential to revisit the therapeutic
mechanisms of sorafenib, focusing on the VEGFRindependent effects. This review outlines an important
VEGFR-independent mechanism by which sorafenib
induces apoptosis of HCC cells, via inhibition of signal
transducer and activator 3 (STAT3) and its signaling
pathway by increasing Src homology region 2 domaincontaining phosphatase 1 (SHP-1) activity. This novel
mechanism provides a promising foundation for further
development of potent anti-cancer therapeutics.

STAT FAMILY PROTEINS
The highly conserved STAT family proteins were first
identified in 1994 as acute phase response factors associated with interleukin-6 (IL-6) stimulation[11]. STAT pro-

WJG|www.wjgnet.com

teins, including STAT1-4, STAT5a, 5b and STAT6[12,13],
are inactive and primarily located in the cytoplasm of
non-stimulated cells. However, certain stimuli cause the
activation and dimerization of STAT proteins by phosphorylation of specific tyrosine residues. The dimerized
STATs are then translocated to the nucleus and enhance
the transcription of genes[12] that govern various important cellular functions, such as cell differentiation, survival
and immune response[14]. Among all the STAT proteins,
STAT3 is particularly associated with oncogenesis[15,16].
Regulation of STAT3 activity
STAT3 is activated by cytokines, growth factors, carcinogens, stress, infection and radiation[14,17,18], which cause
phosphorylation of tyrosine 705. Various receptors that
have tyrosine kinase activity can phosphorylate this residue, such as epidermal growth factor receptor, VEGFR
and platelet-derived growth factor receptor (PDGFR), as
well as other non-receptor tyrosine kinases, including Janus kinases (JAKs) and IL-6 receptors[19-21]. Additionally,
the activity of STAT3 is also affected by phosphorylation of the serine residue at position 727 and acetylation
of a lysine residue at position 685[22,23].
As tyrosine phosphorylation plays a major role in its
activation, it is not surprising that tyrosine phosphatases
negatively regulate STAT3. The protein tyrosine phosphatase superfamily, comprised of more than 100 members
in humans, is classified into three subgroups: the classical
protein tyrosine phosphatases (PTPs), dual-specificity
phosphatases, and low molecular weight phosphatases[24].
PTPs are further divided into transmembrane tyrosine
phosphatase CD45 and the non-transmembrane PTPs,
including SHP-1, SHP-2, PTP-1B and T-cell protein tyrosine phosphatase. PTPs function is closely associated with
JAKs, as the absence of SHP-1 predisposes cancer cells to
constitutive activation of the JAK3/STAT3 pathway and
tumorigenesis of anaplastic lymphoma kinase (ALK)+
large cell lymphoma[25]. Additionally, protein inhibitors of
activated STAT (PIAS) and suppressors of cytokine signaling (SOCS) proteins are important negative regulators
of STAT3-associated signals, and abnormal expression
of these two protein families has been linked with many
inflammatory diseases and cancers[14,26,27].
STAT3 in HCC tumorigenesis
Constitutive STAT3 activity is observed in various cancer
cell lines and tumor tissues, including breast, liver, lung,
pancreas and prostate cancers, and melanoma[15,16,28]. He
et al[29] found that nearly 60% of clinical HCC tumor
samples showed nuclear phosphorylated-STAT3 staining,
which correlated with the HCC aggressiveness. These
observations suggest that STAT3 signaling is turned on
in human HCC.
Hepatocarcinogenesis is a long and complex process
involving chronic inflammation, oxidative stress, stimulation of cytokines (such as IL-6) and growth factors, loss
of phosphatase function, or epigenetic modifications
that silence SOCS proteins; these various changes can
activate STAT3. Once activated, STAT3 may induce a

15270

November 7, 2014|Volume 20|Issue 41|

Hung MH et al . Sorafenib inhibits STAT3 in HCC

series of signals that promote HCC proliferation (such
as cyclin D1 and survivin), angiogenesis, and survival
(such as Bcl-2 and Bcl-XL), and help tumors evade host
immune surveillance[30-33]. Whereas activation of STAT3
by hepatitis C virus core protein or hepatitis B virus x
protein promotes HCC growth [34,35], the downregulation of STAT3 reduces the growth of HCC in vitro and
in vivo[36,37]. Furthermore, HCC development induced by
diethylnitrosamine (DEN) in mice was prohibited when
STAT3 signaling was reduced or conditionally knocked
out[29,38,39]. Moreover, DEN-induced HCC was promoted
and the expression of STAT3 was enhanced when negative regulators of STAT3 were deleted or IL-22 was
overexpressed[40-42]. Collectively, these data demonstrate
the role of STAT3 in promoting HCC tumorigenesis and
indicate that it is a highly attractive target for treatment.

SORAFENIB IN HCC
The clinical efficacy of sorafenib
The efficacy of sorafenib (Nexavar) for the treatment
of advanced HCC has been confirmed by two large,
prospective, randomized, double-blind clinical trials[6,7].
First, in the Sorafenib Hepatocellular Carcinoma Assessment Randomized Protocol (SHARP) study that
enrolled 602 patients with advanced HCC from Europe,
North America, South America and Australia, a significant improvement in overall survival was observed for
patients who received 400 mg sorafenib twice daily (10.7
mo vs 7.9 mo with placebo)[6]. Later in the Asia-Pacific
trial, Cheng et al[7] validated the anti-cancer effects of
sorafenib in 271 patients from the Asia-Pacific region,
with significant improvements in overall survival and
time-to-progression.
The safety profile of sorafenib was established by
the results of the two previously mentioned studies and
in the large-scale non-interventional phase IV Global
Investigation of Therapeutic Decisions in Hepatocellular Carcinoma and of Its Treatment With Sorafenib
(GIDEON) study[43], which followed 3202 sorafenibtreated unresectable HCC patients with Child-Pugh
grade A and B liver functions. Although more than 80%
of patients experience adverse events, only 9.3% of patients in the GIDEON study had grade 3-4 drug-related
adverse events. The most frequent adverse events were
diarrhea, fatigue and hand-foot skin reactions. Together,
these data have established sorafenib as the standard of
care for advanced HCC.
Therapeutic mechanism of sorafenib: more than a
kinase inhibitor
Sorafenib was originally developed to disrupt the RasRaf-MEK1/2-ERK1/2 signaling pathway by specifically
targeting Raf-1 kinase[44]. Wilhelm et al[44] were the first
to show that sorafenib inhibited the in vitro proliferation
and transformation of pancreatic and colon cancer cell
lines, and suppressed in vivo xenografted tumor growth.
Furthermore, they demonstrated that the anti-cancer ef-
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fects correlated with the inhibition of MEK and ERK
phosphorylation. Several other investigators later found
that sorafenib also affects other receptor tyrosine kinases, including VEGFR-2,3, PDGFR-β, Fms-like tyrosine
kinase-3, and fibroblast growth factor receptor-1[45-47].
Our group was the first to report that STAT3 plays
an important role in mediating the effects of sorafenib
on tumor necrosis factor-related apoptosis-induced ligand (TRAIL)-sensitization[48]. Treatment of HCC cells
with sorafenib and recombinant TRAIL (LBY 135)
resulted in the downregulation of STAT3 and STAT3related anti-apoptotic signaling (Mcl-1, cyclin D1, and
survivin) and apoptosis of HCC cells. Furthermore, we
generated a series of sorafenib derivatives devoid of kinase inhibition and found that they also inhibited STAT3
expression by increasing the activity of its negative regulator, SHP-1[49,50].
Sorafenib and SHP-1
SHP-1, a member of the non-receptor family of PTPs,
is comprised of two Src homology (SH) 2 domains that
bind phosphotyrosine, a catalytic PTP domain, and a
C-terminal tail. The activity of SHP-1 is closely related
to its structural variability[51-53]. SHP-1 is autoinhibited
when the N-terminal SH2 domain protrudes into the
catalytic domain, blocking the active site of the catalytic
pocket (closed form). The flexibility of the conserved
WPD-loop, which contains an active site residue (Asp
421), also affects the catalytic activity of SHP-1[54]. Our
group found that the anti-HCC effects of sorafenib are
due to the formation of a critical salt bridge from the
D61 residue in the N-SH2 domain, resulting in an “open”
catalytic PTP domain and releasing the autoinhibition of
SHP-1[49] (Figure 1). Furthermore, we found that several
sorafenib derivatives, SC-1, SC-40 and SC-43, exhibit
identical reactivation of SHP-1 and inhibition of STAT3
signaling in HCC cells. Excitingly, the anti-HCC potencies of these sorafenib derivatives were even more pronounced than those of sorafenib.

OTHER STAT3 INHIBITORS
Various novel compounds have been developed to target
STAT3 in different cancer types. Curcumin, a dihydroxyphenolic compound that downregulates JAK/STAT3
signaling by increasing the activity of PIAS3, has been
tested in endothelial and ovarian cancer cells[27]. Cucurbitacin Q, a novel small molecule against STAT3 that
does not inhibit JAK2, was shown to induce potent anticancer effects in lung and breast cancer cells with constitutively active STAT3[55].

CONCLUSION
Current data indicate that STAT3 is not only an important oncoprotein, but also a “druggable” target for
various cancers, and reactivation of SHP-1 may be a feasible approach to target STAT3 and the STAT3-related

15271

November 7, 2014|Volume 20|Issue 41|

Hung MH et al . Sorafenib inhibits STAT3 in HCC

A

B

Extrinsic stimulation:
Carcinogen, UV, Infection,
stress, smoke

SHP-1 as a target
for sorafenib and its
derivatives

Cancer cell

Ac

STAT3

STAT3

Oncogenic
factors

STAT3

STAT3

STAT3

PTPase

STAT3

SHP-1
autoinhibited
(close form)

453

WPD C

STAT3

PTPase

ion

STAT3

SH2

So

STAT3

P

SH2

nib

e
raf

tiv
at

nib
afe
Sor tives
a
iv
der
D61

SH2

SH2

SHP-1
activated
(open form)

STAT3-related
survival genes

Figure 1 Downregulation of signal transducer and activator 3 by reactivating Src homology region 2 domain-containing phosphatase 1 is an important
anti-tumor property of sorafenib. Signal transducer and activator 3 (STAT3) is a key regulator that connects extrinsic carcinogenic stimulations and oncogenic signaling pathways (A). Sorafenib and its derivatives can inhibit STAT3 and STAT3-associated signaling pathways by reactivating SHP-1, a negative regulator of STAT3,
in hepatocellular carcinoma cells (B).

signaling pathway. Sorafenib performs these functions in
addition to its inhibition of multiple kinases. Knowledge
of these kinase-independent properties of sorafenib
provides an important foundation and suggests targeting
of STAT3 and SHP-1 for future development of anticancer and HCC treatments.
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Abstract
AIM: To investigate the effects of extracts from Rhazya
stricta (R. stricta ) and Zingiber officinale (Z. officinale )
on human colorectal cancer cells.

METHODS: Human colorectal cancer cells (HCT116)
were subjected to increasing doses of crude alkaloid
extracts from R. stricta (CAERS) and crude flavonoid
extracts from Z. officinale (CFEZO). Cells were then
harvested after 24, 48 or 72 h and cell viability was
examined by trypan blue exclusion dye test; clonogenicity and soft agar colony-forming assays were also
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carried out. Nuclear stain (Hoechst 33342), acridine
orange/ethidium bromide double staining, agarose gel
electrophoresis and comet assays were performed to
assess pro-apoptotic potentiality of the extracts. Quantitative reverse transcription-polymerase chain reaction
(qRT-PCR), using gene-specific primers and Western
blot analyses were performed to assess the impact
of CAERS and CFEZO on the expression levels of key
regulatory proteins in HCT116 cells.
RESULTS: Treatment with a combination of CAERS
and CFEZO synergistically suppressed the proliferation,
colony formation and anchorage-independent growth
of HCT116 cells. Calculated IC50, after 24, 48 and 72
h, were 70, 90 and 130 μg/mL for CAERS, 65, 85 and
120 μg/mL for CFEZO and 20, 25 and 45 μg/mL for
both agents, respectively. CAERS- and CFEZO-treated
cells exhibited morphologic and biochemical features of
apoptotic cell death. The induction of apoptosis was associated with the release of mitochondrial cytochrome
c , an increase in the Bax/Bcl-2 ratio, activation of caspases 3 and 9 and cleavage of poly ADP-ribose polymerase. CAERS and CFEZO treatments downregulated
expression levels of anti-apoptotic proteins including
Bcl-2, Bcl-X, Mcl-1, survivin and XIAP, and upregulated
expression levels of proapoptotic proteins such as Bad
and Noxa. CAERS and CFEZO treatments elevated expression levels of the oncosuppressor proteins, p53,
p21 and p27, and reduced levels of the oncoproteins,
cyclin D1, cyclin/cyclin-dependent kinase-4 and c-Myc.
CONCLUSION: These data suggest that a combination
of CAERS and CFEZO is a promising treatment for the
prevention of colon cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Phytochemicals; Tumor suppressor proteins
Core tip: Many medicinal plants represent a cornerstone for chemoprevention of colorectal cancer (CRC).
Nonetheless, monotherapy with these agents has been
unsatisfactory; therefore attention has turned towards
therapies combining these plant-based extracts. In this
study, we found that a combination of crude alkaloid
and flavonoid extracts prepared from the medicinal
herbs Rhazya stricta and Zingiber officinale , respectively, acted synergistically to suppress proliferation, induce
apoptosis and modulate expression levels of cell cycle
regulatory proteins in CRC cells. These results provide
a foundation and rationale for exploiting these extracts
for the prevention of CRC.
Elkady AI, Hussein RAEH, Abu-Zinadah OA. Differential control
of growth, apoptotic activity and gene expression in human colon
cancer cells by extracts derived from medicinal herbs, Rhazya
stricta and Zingiber officinale and their combination. World J
Gastroenterol 2014; 20(41): 15275-15288 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i41/15275.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i41.15275

INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer and the second leading cause of cancer deaths worldwide[1]. Although chemotherapy plays an important role
in the comprehensive treatment of CRC, an increasing
incidence has been reported, with more than 40% of the
cases diagnosed in advanced stages[2,3]. Therefore, there
is an urgent need to find chemopreventive agents having
high specificity for CRC tumor cells.
Available evidence shows that chemopreventive
agents inhibit colon tumor growth by enhancing apoptosis[4]. Consistent with this notion, almost all human colon
cancers involve the acquisition of specific genetic aberrations that inhibit apoptosis[5,6]. The process of apoptosis
occurs via intracellular cysteine proteases called caspases[7,8]. These caspases are activated by two pathways: the
death receptor (extrinsic) and mitochondrial (intrinsic)
pathways[7,8]. The mitochondrial pathway initiates apoptosis in most physiologic and pathologic situations and is
triggered by a variety of apoptotic stimuli. However, both
pathways eventually converge on caspase-3 activation,
which triggers downstream caspases that cleave proteins
essential for cell viability, resulting in morphologic hallmarks of apoptosis[9]. These hallmarks include condensation of the cytoplasm and chromatin, nuclear breakdown,
and cell shrinkage and fragmentation into membranebound apoptotic bodies that are rapidly phagocytosed by
surrounding cells.
Recently, considerable attention has been focused on
dietary and medicinal phytochemicals as a rich reservoir
for discovery of novel anticancer drugs[10]. However,
most human tumors are highly heterogenous as a result
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of multiple genetic abnormalities[11]. Therefore, relying
on a single dietary agent to target a distinct molecular
target for therapeutic purposes might not be sufficient to
elicit the desired outcome. Furthermore, dietary agents
have relatively low potencies compared with pharmacologic compounds[12]. In this regard, it might be possible
to attain synergistic or additive preventive effects and improve therapeutic indices by combining dietary agents[13].
Indeed, data from human and animal studies indicate that
combinations of dietary agents are more effective than a
single agent for chemoprevention of CRC[13-17].
Rhazya stricta Decne (R. stricta, harmal), a member of
the Apocynaceae family, is an important medicinal species used in folkloric medicine to cure various diseases in
South Asia and the Middle East[18,19]. Extracts of R. stricta
leaves have been prescribed for the treatment of various
disorders including diabetes, sore throat, helminthiasis,
inflammatory conditions and rheumatism[18,19]. In addition, we previously reported that an aqueous extract of
R. stricta inhibited cell proliferation and induced apoptotic cell death in the breast cancer cell lines, MCF-7
and MDA MB-231[20]. The herb is particularly rich in
alkaloids, over 100 of which have been isolated, characterized and identified from its roots, stems and leaves[18].
The fact that R. stricta is an alkaloid-rich herb deserves
attention since alkaloids are among the most important
phytochemicals known to display antiproliferative and
antimetastatic effects on various types of cancers both in
vitro and in vivo[21]. For example, some alkaloids, such as
camptothecin, and vinca alkaloids, including vincristine
and vinblastine[22], have already been successfully developed into anticancer drugs. In our earlier study, we found
that a crude alkaloid extract from R. stricta inhibited cell
growth and sensitized human lung cancer cells (A549)
to cisplatin through induction of apoptosis[23]. Finally, a
recent study by El Gendy and and his associates demonstrated that the strongly basic alkaloid fraction in R.
stricta induced activity of the chemopreventative enzyme,
Nqo1[24]. The authors concluded that this activity could
be a novel mechanism for the traditional use of R. stricta’s
alkaloid as an antitumor agent[24].
Zingiber officinale Rosc (Z. officinale, ginger), a member
of the Zingiberaceae family, is a medicinal herb used for
treatment of various illnesses, including gastrointestinal
ailments, arthritis, rheumatism, pain, muscle discomfort,
cardiovascular diseases, and metabolic disorders[25]. Some
compounds present in the herb possess strong antiinflammatory and antioxidative properties and exert substantial antimutagenic and anticarcinogenic activities[25-27].
Recent work has shown that the bioactive molecules of Z.
officinale are 6-gingerol, flavonoids and phenolic acids[28].
In particular, 6-gingerols, 6-shogaols and related compounds have been shown to inhibit growth and induce
apoptosis in human colorectal carcinoma cells[25]. Thus,
research has focused on these as the anticancer bioactive
compounds and ignored the flavonoids in Z. officinale. Flavonoids are the polyphenolic phytochemicals that possess
a wide range of pharmacologic properties, such as anti-

15276

November 7, 2014|Volume 20|Issue 41|

Elkady AI et al . Apoptogenic herbs in colon cancer cells

microbial, antiviral, anti-inflammatory, anti-allergic, analgesic, antioxidant and hepatoprotective activities[29]. In
addition, many flavonoids mediate various biologic activities targeted by anticancer agents, such as apoptosis and
cell cycle arrest, and demonstrate antiproliferative, antiangiogenic and antioxidative effects[30,31]. Furthermore, Z.
officinale supplementation is chemopreventive during the
initiation of colon cancer in Wistar rats[32] and in colon
cancer cell lines[33]. However, further studies are required
to investigate the impact of flavonoids in Z. officinale on
colon cancer cells.
Thus far, basic reports of combining R. stricta and Z.
officinale are lacking and not credible enough to allow a
general recommendation for using both herbs as effective
agents for chemoprevention of CRC. The current study
was carried out to assess the combined effect of R. stricta’
s alkaloids and Z. officinale’s flavonoids on treatment of
CRC. We hypothesized that because of their substantially
different biochemical activities, a combinational approach
would allow targeting of multiple molecular and cellular
pathways involved in the process of CRC carcinogenesis.

MATERIALS AND METHODS
Preparation of crude extracts
For preparation of crude flavonoid extract from Z. officinale (CFEZO), a rhizome of the herb was purchased
from a local market and powdered. Extraction was performed by cold percolation with 70% (2 L) ethanol for
72 h at room temperature and filtered. The process was
repeated twice and the combined filtrates were concentrated in a vacuum evaporator. The residue was suspended in 250 mL of hot water (60 ℃), filtered and defatted
by using petroleum ether (250 mL × 3). The aqueous
portion was then separated, collected and fractionated
with N-butanol-saturated water (250 mL × 3). The aqueous portion was discarded and the N-butanol portion
was then separated, collected before being fractionated
with 1% KOH. The KOH portion was then fractionated
with dilute HCl (2%) and N-butanol-saturated water. The
dilute HCl portion was discarded. The N-butanol portion
was then separated, collected and dried. Before use, the
stock was further diluted in dimethyl sulfoxide (DMSO)
to give the final indicated concentrations.
A crude alkaloid extract of R. stricta (CAERS) was
prepared as previously described[23], with some modifications. Briefly, air-dried leaves of R. stricta (350 g) were
soaked in 80% methanol (1 L) at ambient temperature
for seven days, after which the methanolic extract was
evaporated in a rotatory evaporator and the remaining
residue was suspended in water and filtered. The aqueous extract was then acidified with 10% glacial acetic
acid and extracted with chloroform. The chloroform was
discarded, and the aqueous solution was alkalinized using
NaOH and the pH was adjusted to 11. The alkaline aqueous layer was extracted with chloroform to yield a chloroform fraction enriched in strongly basic alkaloids. The
chloroform was then evaporated to obtain a crude ex-
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tract. Before use, the stock was further diluted in DMSO
to give the final indicated concentrations.
Phytochemical examination to confirm the presence
of alkaloids in CAERS was carried out using Dragendorff ’s and Mayer’s tests. Briefly, 5 mL of CAERS was
stirred with 5 mL of 1% aqueous HCl before being filtered and aliquoted into two test tubes. The presence of
alkaloid materials was indicated by an orange precipitate
with the addition of Dragendorff ’s reagent (solution of
potassium bismuth iodide), and the formation of a buffcolored precipitate when Mayer’s reagent (potassium
mercuric iodide) was added[34].
Phytochemical examination to confirm the presence
of flavonoids in CFEZO was carried out using a sodium
hydroxide test. Five mL of the prepared CFEZO was
dissolved in water, filtered and mixed with 2 mL of 10%
sodium hydroxide. The presence of flavonoids was indicated by the initial formation of a yellow color, which
turned colorless after the addition of dilute hydrochloric
acid[34].
Cell culture
The human CRC cell line HCT116 was obtained from
the King Fahd Center for Medical Research, King Abdulaziz University, Saudi Arabia. The cells were grown in
DMEM (Promega, Madison, WI, USA) containing 10%
FBS (Promega) and 1% penicillin-streptomycin antibiotics (Promega) in tissue culture flasks under a humidifying
atmosphere containing 5% CO2 and 95% air at 37 ℃.
The cells were subcultured every 3-4 d.
Cell viability, clonogenic and soft agar colony-forming
assays
Cell viability and the effects of CAERS and/or CFEZO
on the growth of HCT116 cells were assessed with the
trypan blue dye exclusion assays. Briefly, HCT116 cells
were seeded onto 24-well plates (5 × 104 cells/well)
and grown overnight. The cells were then treated with
indicated concentrations of the extracts and incubated
for 24, 48 or 72 h. At the end of each incubation, the
floating and adherent cells were collected (with care being taken that none of the floating cells were lost during
washes) and pelleted by centrifugation (700 g, 5 min).
The cells were re-suspended in 25 µL of PBS, mixed
with 5 µL of 0.4% trypan blue solution and counted using a hemocytometer under an inverted microscope. Cell
growth rates were determined by counting the number
of viable cells in each CAERS- and/or CFEZO-treated
wells and expressed as a percentage of the total number
of viable cells in the control well (no treatment). The effects of CAERS- and/or CFEZO on growth inhibition
were assessed as percent cell viability, where non-treated
cells were considered 100% viable. For these studies, all
experiments were repeated three or more times.
For clonogenic assays, approximately 500 cells were
seeded into six-well plates. After 24 h, media were changed
and cells were treated with indicated concentrations of
CAERS and/or CFEZO. The cells were grown for 15 d to

15277

November 7, 2014|Volume 20|Issue 41|

Elkady AI et al . Apoptogenic herbs in colon cancer cells

form colonies. Then, plates were washed with PBS, fixed
with -20 ℃ methanol and stained with 0.1% Coomassie
Brilliant Blue. The colonies that had > 50 cells/colony
were counted and expressed as percent control.
For soft agar colony-forming assays, HCT116 cells
were seeded at 5000 cells per well in 0.35% top agarose
(Promega) with a base of 0.7% agarose supplemented
with complete medium. Cultures were treated with indicated concentrations of CAERS and/or CFEZO and
incubated in a humidified incubator at 37 ℃ for 3 wk.
Cells were then stained with 0.5 mL of 0.0005% crystal
violet, and colonies were counted visually. All experiments were performed in triplicate with two independent experiments.
Assessment of cell morphologic changes and electron
microscopy
Cells (2 × 104) were plated on coverslips, allowed to attach overnight, and exposed to indicated concentrations
of CAERS and/or CFEZO for 48 h. After incubation,
cells were harvested and centrifuged for 5 min at room
temperature. Then, the supernatant was decanted and
pellets were dried and fixed with 2.5% glutaraldehyde and
2% formaldehyde in 0.1 M sodium cacodylate buffer (pH
7.2). Fixed samples were then washed in the same buffer
and postfixed in 1% osmium tetroxide. The cells were dehydrated in a graded ethanol series and propylene oxide.
The resin infiltration was performed with a 1:1 mixture
of propylene oxide and epon for 5 h, followed by 100%
epon for another 5 h. Next, the material was embedded,
followed by 48 h of polymerization. Thin sections were
produced using an ultramicrotome, (LEICA EM UC6;
Leica Microsystems GmbH, Wetzler, Germany) and
stained with Toluidine Blue.
For scanning electron microscopy studies, cells grown
on coverslips were fixed with 2.5% glutaraldehyde in 0.1
M cacodylate buffer (pH 7.3) with 2% sucrose at room
temperature for 20 min. After postfixation with 1% OsO4
in 0.1 mM cacodylate buffer (pH 7.3) at room temperature for 30 min, cells were dehydrated through graded
ethanol concentrations, critical point-dried in CO2 (CPD
030; Bal-Tec of Leica Microsystems) and gold coated by
sputtering (SCD 040 Balzers device). The samples were
then examined with a Cambridge Stereoscan 360 scanning electron microscope (Cambridge Instruments, Cambridge, UK).
Apoptotic assay
The nuclear morphologic changes associated with
apoptosis were analyzed using Hoechst 33342 as well as
acridine orange (AO)/ethidium bromide (EB) (SigmaAldrich, St. Louis, MO, USA) staining[35]. Briefly, cells
(2 × 104) were plated on coverslips, allowed to attach
overnight, and exposed to indicated concentrations of
CAERS and/or CFEZO for 48 h. The cells were washed
with PBS and fixed for 15 min at room temperature.
Fixed cells were again washed with PBS, and stained
with Hoechst 33342 or AO/EB for 15 min at room tem-
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perature. The cells were washed twice more with PBS
and analyzed via a fluorescence microscope (Carl Zeiss,
Oberkochen, Germany).
DNA fragmentation assay
DNA gel electrophoresis was used to determine the presence of internucleosomal DNA cleavage as described
previously[23]. Briefly, HCT116 cells (3 × 106 cells/100
mm dish) treated with indicated concentrations of
CAERS and/or CFEZO for 24 h were collected, washed
in PBS and centrifuged at 12500 g for 5 min. Cell pellets were then lysed in 600 µL lysis buffer (10 mM Tris
[pH 7.4], 150 mM NaCl, 5 mM EDTA and 0.5% Triton
X-100], kept on ice for 30 min, and centrifuged at 12500
g for 20 min. The supernatant with DNA fragments was
transferred into 1.5 mL tubes and incubated with 2 µL
RNase A (20 mg/mL) for 1 h at 37 ℃, and then with 2
µL proteinase K (20 mg/mL) at -20 ℃ overnight. After
centrifugation at 12500 g for 20 min, the sediment was
dissolved in 30 µL TE buffer [10 mM Tris (pH 7.4), 1
mM EDTA (pH 8.0)] and the concentration of DNA
was determined spectrophotometerically. DNA was resolved by electrophoresis (80-100 V) on a 1.5% agarose
gel stained with ethidium bromide, and visualized with a
UV trans-illuminator (Bio-Rad, Hercules, CA, USA).
Single-cell gel electrophoresis (comet assay)
CAERS-/CFEZO-induced DNA damage was determined using the comet assay. Cells were treated with
indicated concentrations of CAERS and/or CFEZO
for 24 h in complete medium, harvested, resuspended in
ice-cold PBS and processed under a dimmed light as described earlier[36]. Prepared comet slides were viewed and
nuclei images were visualized and captured at 400× magnification with an Axioplan 2 fluorescence microscope
(Zeiss) equipped with a CCD camera (Optronics, Goleta,
CA, USA). Hundreds of cells were scored to calculate the
overall percentage of comet tail-positive cells.
RNA extraction and qRT-PCR
Cells were seeded (2 × 105/well) onto 6-well plates and
treated with indicated concentrations of CAERS and/or
CFEZO for 24 h. After this period, floating and adherent
cells were carefully collected and pelleted by centrifugation (700 g, 5 min). RNA extraction and reverse transcriptase-PCR were performed as previously described[23].
Briefly, total RNA was extracted using the SV Total RNA
Isolation System (Promega) before being reverse transcribed and amplified with the GoTaq 1-Step RT-qPCR
System (Promega) according to the manufacturer’s instructions. PCR was initiated with a reverse transcription
step at 37 ℃ for 15 min followed by a reverse transcription inactivation/hot-start activation step at 95 ℃ for 10
min. Then, the PCR conditions were optimized for each
gene and terminated within the linear portion of the amplification. Briefly, PCR conditions included an initial denaturation step at 95 ℃ for 5 min followed by 28 cycles
of: 95 ℃ for 30 s, annealing at primer pair-optimized
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temperatures, and 72 ℃ for 1 min. The primer sequences
used to detect Bcl-2, Bcl-xL, Mcl-1, survivin, Bad, Noxa,
X-linked inhibitor of apoptosis protein (XIAP) and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) were
described earlier[37]. Amplification products were separated by electrophoresis on 1% agarose gels and visualized
with EB (0.5 µg/mL) staining.
Preparation of mitochondrial and cytosolic extracts
Mitochondrial and cytosolic extracts were obtained as
described previously[23]. Briefly, cells were seeded (2 ×
105/well) onto 6-well plates and treated with the indicated concentrations of CAERS and/or CFEZO for
24 h. After this incubation, the cells were collected by
centrifugation, washed twice with cold PBS, resuspended
in 500 µL of ice-cold cytosol extraction buffer [20 mM
HEPES (pH 7.5), 10 mM KCl, 1.5 mM MgCl2, 1 mM
EDTA, 1 mM EGTA] containing a protease inhibitor
cocktail (1 mM phenylmethylsulfonyl fluoride, 1% aprotinin, 1 mM leupeptin and 1 µg/mL pepstatin A). After
incubating for 30 min on ice, the cells were homogenized in the same buffer using a dounce homogenizer (30
strokes) and centrifuged (1000 g, 10 min at 4 ℃). The
supernatant was collected and centrifuged again (14000
g, 30 min) to collect the mitochondria-rich (pellet) and
cytosolic (supernatant) fractions. The supernatant was
used as cytosolic lysate while the pellet was suspended
in lysis buffer [137 mM NaCl, 20 mM Tris (pH 7.9), 10
mM NaF, 5 mM EDTA, 1 mM EGTA, 10% (v/v) glycerol, 1% Triton X-100] supplemented with a protease
inhibitor cocktail (Protease Inhibitor Cocktail Set Ⅲ;
Calbiochem of Merck KGaA, Darmstadt, Germany) before being centrifuged to obtain the mitochondrial lysate.
Protein concentrations were determined with a BCA
protein assay kit (Pierce of Thermo Fisher Scientific,
Inc., Waltham, MA, USA) according to the manufacturer’
s instructions.
Western blot analysis
Cells were seeded (2 × 105/well) onto 6-well plates and
treated with the indicated concentrations of CAERS
and/or CFEZO for 24 h. Then, protein lysates were
prepared using cold lysis buffer [0.05 mM Tris-HCl,
0.15 mM NaCl, 1 M EGTA, 1 M EDTA, 20 mM NaF,
100 mM Na3VO4, 0.5% NP40, 1% Triton X-100, 1 mM
phenylmethylsulfonyl fluoride (pH 7.4)] with a protease
inhibitor cocktail. The lysates were cleared by centrifugation, and the supernatants were aliquoted and stored at
-80 ℃. The protein concentrations were measured using
the BCA protein assay as described above.
Western immunoblotting was performed as described elsewhere[23]. Briefly, aliquots of the lysates were
boiled for 5 min in SDS-PAGE sample buffer containing 5% β-mercaptoethanol and loaded into 10% gels for
SDS-PAGE at 110 V for 2 h. Proteins were transferred
to polyvinylidene fluoride membranes and incubated
with primary antibody: anti-caspase 3 (C9598), anticaspase 9 (C7729), anti-Bcl-2 (SAB45000053), anti-Bax
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(B3428), anti-cytochrome c (C9616), anti-p53 C-terminal (SAB4503001), anti-β-actin (1A5441), anti-p21
(SAB4500065), anti-p27 (SAB4500067) (Sigma-Aldrich);
anti-cyclin D1 C-terminal (M-20) (sc-718), anti-CDK-4
(sc-260) (Santa Cruz Biotechnology Inc., Dallas, TX,
USA), anti-c-Myc C-terminal (C-19) (sc-788) (Santa
Cruz Biotechnology Inc., Dallas, TX, USA); anti-poly
ADP-ribose polymerase (PARP) (E4224; Spring BioScience, Pleasanton, CA, USA). The PVDF membranes
were then incubated with horseradish peroxidase-conjugated secondary antibodies: anti-rabbit IgG (A4914), anti-mouse IgG (A9044), anti-sheep IgG (A3415) (Sigma).
Proteins were visualized using an enhanced chemiluminescence detection kit (Amersham of GE Healthcare,
Buckinghamshire, UK). In all experiments, the membranes were stripped with stripping buffer [62.5 mM
Tris (pH 6.7), 2% SDS and 90 mM β-mercaptoethanol]
and reprobed with anti-β-actin as a control for protein
loading.
Statistical analyses
All experiments were carried out using three replicates in
three independent experiments. The results are presented
as mean ± SD for continuous variables. Differences between samples were analyzed with by one-way analysis of
variance (ANOVA). The level of statistical significance
was set at P ≤ 0.05.

RESULTS
CAERS and CFEZO act synergistically to inhibit cell
proliferation and colony formation in HCT116 cells
Although CRC carcinogenesis is a multistage process
involving numerous molecular events, enhanced cell proliferation and ablation of apoptosis are early underlying
events[6]. Therefore, to study whether CAERS or CFEZO
might inhibit proliferation of CRC cells, we examined
the sensitivity of HCT116 cells to various doses of both
extracts. Cells were treated with increasing concentrations
of CAERS or CFEZO (0, 50, 75, 100 and 125 µg/mL)
for 24, 48 or 72 h. The trypan blue exclusion dye assay
showed that incubation with either extract efficiently
inhibited cell viability in dose- and time-dependent manners (Figure 1A). The IC50 concentrations after 24, 48
and 72 h of incubation were 70, 90 and 130 µg/mL,
respectively, for CAERS and 65, 85 and 120 µg/mL for
CFEZO. Cells were also treated for 24, 48 and 72 h with
increasing combined doses of CAERS and CFEZO (0,
7.5, 12.5, 20 and 25 µg/mL each). The IC50 values for
the combined were lower (20, 25 and 45 µg/mL for 24,
48 and 72 h, respectively), indicating a synergistic effect
of the two extracts. Although the IC50 for the 20 µg/mL
doses of CAERS and CFEZO was lower than for the
12.5 µg/mL doses, an unacceptable level of cytotoxicity
(necrotic cells) was found using Wright staining (data not
shown). Therefore, the 12.5 µg/mL doses were chosen
for subsequent experiments with combination treatments,
and a 100 µg/mL dose was chosen for single treatments.
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Figure 1 Combination of crude alkaloid and flavonoids acts synergistically to inhibit cell proliferation and colony formation in HCT116 cells. A: Cell viability of HCT116 cells (5 × 104 cells/well) treated with the indicated concentrations of crude alkaloid extract of R. stricta (CAERS) and/or crude flavonoid extract of Z.
officinale (CFEZO) for 24 h (white bars), 48 h (gray bars) and 72 h (light grey bars) were assess by trypan blue dye exclusion assay. The experiments were repeated
five times in triplicates, and values are reported as the mean ± SD; B: For colony formation, HCT116 cells treated with the indicated concentrations of CAERS and/or
CFEZO and counted under a dissection microscope and the experiment was repeated three times (magnification: × 6); C: Crystal violet staining of HCT116 cells
grown in soft agarose assays to assess anchorage-independent growth. HCT116 cells were treated with CAERS (25 mg/mL), CFEZO (25 mg/mL), or a combination (3
mg/mL) for 2 wk (magnification: × 6).

Having established growth-inhibiting potentials of
CAERS and CFEZO, we next determined their effects
on colony formation (clonogenicity assay) in HCT116
cells. The clonogenicity assay provides an indirect estimation of the tendency of tumor cells to undergo neoplastic
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transformation. HCT116 cells were plated onto multiplewell tissue culture dishes with and without addition of increasing doses of CAERS and/or CFEZO. Control and
treated cells were maintained in culture for an additional
14 d to allow formation of colonies. Figure 1B shows
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Figure 2 Photomicrographs showing crude alkaloid and/or flavonoid treatments induced morphologic features of apoptosis in HCT116 cells. Cell were
treated for 48 h with indicated concentrations of crude alkaloid extract of R. stricta (CAERS) and/or crude flavonoid extract of Z. officinale (CFEZO) and observed with A:
Light microscopy (first row: magnification × 20; second row: magnification × 40; third row: magnification × 63); B: Electron microscopy of toluidine blue-stained semithin sections (magnification: × 100); and C: Scanning electron microscopy (magnification: × 25026). Note deformed morphology of treated cells, blebbing of cellular
membrane, granular surface and fragmentation of cells into apoptotic bodies.

that single and combination treatments reduced the number and size of growing colonies.
To further validate effects of CAERS and CFEZO on
HCT116 colony formation, we carried out agar colonyforming assays. This assay is used to measure the ability
of cells to grow in soft agar in an anchorage-independent
manner, which is considered the most stringent assay for
detecting malignant transformation of cells. Whereas the
growth of untreated HCT116 cells in soft agar was robust, treatments with CAERS and/or CFEZO inhibited
colony growth (Figure 1C).
CAERS and CFEZO induce morphologic features of
apoptosis
It is generally believed that the induction of apoptosis is
the primary cytotoxic mechanism of phytochemicals[4].
To determine whether CAERS and CFEZO inhibited cell
growth by inducing apoptosis, HCT116 cells were treated
with increasing concentrations of the extracts alone or in
combination for 48 h, and the frequency of apoptotic cell
death was assessed by light microscopy. As seen under an
inverted phase microscope, untreated HCT116 cells grew
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well to form a confluent monolayer with a homogenous
morphology containing lightly and evenly stained nuclei
(Figure 2A). In contrast, morphologic changes characteristic of apoptosis appeared with extract treatment, and
were most apparent with the combination of CAERS
and CFEZO. Pairwise comparisons demonstrated that
control HCT116 cells appeared adherent with a normal
epithelial morphology, whereas CAERS- and CFEZOtreated cells much more readily detached and exhibited
rounded-up, balloon-like shapes. These observations were
confirmed by electron microscopy of toluidine bluestained semithin sections (Figure 2B). Figure 2C presents
scanning electron microscope images showing the global
form, integrated surface and abundant microvilli of control cells, compared to the wrinkled and smaller cells with
irregular outline, broken surfaces, and loss of microvilli
with CAERS and/or CFEZO treatments.
CAERS and CFEZO induce DNA damage
A hallmark of apoptotic cell death is the shrinkage
and fragmentation of both cells and their nuclei[9]. As
depicted in Figure 3A (top two rows), Hoechst stain-
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Figure 3 Combination of crude alkaloid and flavonoid induce biochemical features of apoptosis. HCT116 cells were treated for 24 h with indicated concentrations of crude alkaloid extract of R. stricta (CAERS) and/or crude flavonoid extract of Z. officinale (CFEZO) and assayed for existence of apoptotic cell death. A:
Fluorescent images from Hoechst 33342 staining (first and second rows) or acridine orange/ethidium bromide (third row) (arrows indicate nuclear condensation, DNA
fragmentation, and perinuclear apoptotic bodies) (magnification: first row: × 20; second and third rows: × 40); B: Agarose gel showing DNA fragmentation in HCT116
cells; C: Comet assay showing formation of DNA tail in CAERS and CFEZO-treated HCT116 cells. Nuclei with damaged DNA have the appearance of a Comet with a
bright head and a tail, whereas nuclei with undamaged DNA appear round with no tail.

ing revealed the occurrence of nuclear condensation,
DNA fragmentation, and perinuclear apoptotic bodies
in HCT116 cells treated with CAERS and CFEZO, but
not in control cells. To further confirm these findings,
cells were stained with AO, which permeates all cells and
the nuclei become green, and EB, which is only taken up
when cytoplasmic membrane integrity is lost, and their
nuclei are stained red. The results in Figure 3A (last row)
demonstrate that untreated cells displayed bright green
nuclei, whereas cells treated with CAERS and CFEZO
appeared red.
A characteristic feature of apoptosis is fragmentation
of DNA to yield DNA ladders[9]. To examine whether
CAERS or CFEZO might induce such fragmentation in
HCT116 cells, genomic DNA was extracted and separated by agarose gel electrophoresis. Figure 3B shows the
presence of DNA ladders in samples from cells treated
with CAERS and/or CFEZO. To substantiate these findings, a comet assay was performed, which is a sensitive
method for monitoring single strand DNA breaks at the
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single cell level and is used as a biomarker of apoptosis[38,39]. As shown in Figure 3C, treatment of HCT116
cells with CAERS and CFEZO for 48 h resulted in an
increased comet length, indicative of marked DNA damage. Taken together, these data suggest that CAERS and
induce apoptosis in HCT116 cells.
CAERS and CFEZO downregulate anti-apoptotic
proteins and activate caspase cascades
Apoptosis is tightly regulated by the Bcl-2 family of
proteins (including Bax), and involves release of cytochrome c from mitochondria and activation of caspases[7].
To examine these processes, HCT116 cells were treated
with CAERS and CFEZO, and the levels of cytochrome
c were measured in cytosolic and mitochondrial fractions. The data in Figure 4A reveal that treatments with
CAERS and CFEZO reduced the levels of cytochrome c
in the mitochondrial fraction, and increased the levels in
the cytosolic fraction. To verify the purity and uniform
loading of the fractions, blots were re-probed with an
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Figure 4 Crude alkaloid and flavonoid treatments trigger mitochondrial-dependent apoptotic pathway. HCT116 cells were treated with indicated concentrations of crude alkaloid extract of R. stricta (CAERS) and/or crude flavonoid extract of Z. officinale (CFEZO) for 24 h. A: Western blots for apopototic proteins in cytosolic and mitochondrial fractions; B: Western blotting (top panel) and qRT-PCR analysis for Bcl-2 and Bax. The histogram depicts the Bcl-2 (dark bars) and Bax (white
bars) mRNA ratio measured by using densitometric analysis; C: Ethidium bromide staining of antiapoptotic and proapoptotic gene products obtained from qRT-PCR. M,
DNA ladder.

anti-cytochrome oxidase Ⅳ antibody. Moreover, treatment with CAERS and CFEZO increased the levels of
cysteine proteases caspase-3 and -9. The increased activity of caspase-3 was verified by the reduced level of the
nuclear DNA repair enzyme PARP.
Next, we examined the effect of the CAERS and
CFEZO treatments on expression levels of Bcl-2 (antiapoptotic) and Bax (proapoptotic). As shown in Figure
4B, treatments with CAERS and CFEZO increased expression of Bax and concomitantly reduced expression
of Bcl-2 as observed by Western blotting (top panels)
and by qRT-PCR (bottom panels). qRT-PCR analysis also
revealed that treatments with CAERS and CFEZO resulted in downregulation of the proapoptotic genes, BclxL, Mcl-1, survivin and XIAP, but upregulation of Bad
and Noxa (Figure 4C).
CAERS and CFEZO modulated expression levels of
molecules involved in cell survival and proliferation
To further examine the effects of CAERS and CFEZO
on HCT116 cells, we monitored the expression level
of p53, the tumor suppressor protein that can initiate
either cell cycle arrest and DNA repair or apoptosis[40].
Expression of p53 protein was increased in cells treated
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with CAERS and CFEZO (Figure 5). Furthermore, treatments reduced the expression of cyclin D1 and cyclin/
cyclin-dependent kinase (Cdk)-4, proteins that regulate
the G1/S phase transitions of the cell cycle. These were
accompanied by an increase in the expression of p21,
but not p27, both of which regulates the Cdk-4/cyclin
complex. In addition, treatments decreased the expression of c-Myc, another cell cycle control oncoprotein
whose increased expression is associated with early stages
of colon carcinogenesis in both human and rodents[41,42].
These findings indicate that treatment with CAERS and
CFEZO modulates several molecular and cellular targets
involved in CRC carcinogenesis.

DISCUSSION
Many studies suggest the utility of natural compounds
as chemopreventive agents against CRC[43]. The present
study is part of a large-scale approach to develop novel
strategies for treatment CRC cancer using combinations
of phytochemicals. The rationale for using a combination of phytochemicals is to increase chemopreventive
efficacy and to neutralize the adverse effects and toxicities of specific individual chemicals. Many earlier studies
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Figure 5 Crude alkaloid and flavonoid treatments modulate the expression of cell cycle-regulating proteins. Western blot results for cell cycleregulating proteins in HCT116 cells treated with indicated concentrations of
crude alkaloid extract of R. stricta (CAERS) and/or crude flavonoid extract of Z.
officinale (CFEZO) for 24 h.

documented that dietary/natural agents can work in a
synergistic or additive manner to inhibit CRC carcinogenesis. However, the challenge is to pinpoint an effective combination, with chemopreventive agents working
through complementary mechanisms to produce an additive or synergistic chemopreventive effect. We previously
reported that ethanol/aqueous extract of R. stricta (and
ethanol/aqueous of Z. officinale) independently suppressed
proliferation and induced apoptosis in human breast cancer cell lines[20,44]. In light of these earlier studies, we carried out the current work to evaluate the beneficial effect
of a combination of Z. officinale and R. stricta in an in vitro
model of CRC.
The results of this study demonstrate that alkaloids
and flavonoids extracted from these herbs inhibited cell
proliferation and colony formation in a dose- and timedependent manner. More importantly, the results reveal
that a combination of low doses of CAERS and CFEZO
(that were insufficient to suppress growth individually)
suppressed HCT116 proliferation and colony formation
and induced apoptosis more effectively than high-dose
individual treatments. This was also apparent from IC50
values of cell viability assays, where the IC50 value for the
combined treatment of CAERS and CFEZO was lower
than the IC50 values for single treatments. These results
indicate that there was a synergistic effect for the combined treatment and raises a possibility that the chemical entities found in the CAERS and CFEZO formula
represent an effective combination for neutralizing the
adverse effects and toxicities of individual alkaloids and
flavonoids.
The synergistic effect of CAERS and CFEZO was
supported by observations from the soft agar colony
formation assay. This assay was developed to measure the
ability of tumor cells to grow and form foci in a manner
unrestricted by growth contact inhibition, as is characteristically found in normal, untransformed cells[45]. In this
assay cells are seeded in a soft agar media matrix where
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they are unable to attach to an underlying substrate,
which is an essential perquisite for cell growth. If cells are
able to proliferate they will grow and form colonies. The
data generated from this assay ascertain that only control,
but not treated, HCT116 cells were able to grow in soft
agar. This suggests that CAERS and CFEZO treatments
inhibited the anchorage-independent growth potentiality
of HCT116 cells. Therefore, in the present study, we have
identified a novel combination of two phytochemical
agents, CAERS and CFEZO, which exhibit a synergistic
mode of action to target growth of HCT116 CRC cells.
Thereby, these agents could be promising candidates
for designing new remedies against CRC. Accumulating
evidence demonstrates that interactions between cancer
cells and extracellular substrates are essential for cell
growth and survival, and disruption of this connection
has deleterious effects[46]. The observation that CAERSand CFEZO-treated cells more readily detached suggests
that treatment caused an interruption of HCT116 cellsubstrate adhesions, which might contribute to the inhibition of cell proliferation.
A growing list of studies demonstrate that deregulated apoptotic pathways play a central role in developing CRC[5,6]. The onset of apoptosis is characterized by
shrinkage of the cell and condensation of the nuclear
chromatin into sharply delineated masses, followed by
karyorrhexis and eventual cleavage of the cells into
apoptotic bodies[9]. These characteristics were observed
in HCT116 cells treated with CAERS and CFEZO. In
addition, scanning electron microscope images of cells
treated with CAERS and CFEZO showed signs typical
of apoptosis, such membrane blebbing and shrinkage.
Furthermore, nuclear condensation, DNA fragmentation, and perinuclear apoptotic bodies were observed in
CAERS- and CFEZO-treated cells stained with Hoechst
or AO/EB, a well-accepted technique for quantitation of
apoptosis[47], and by DNA laddering. DNA damage was
also confirmed by a comet assay, which is more sensitive
than DNA ladder assay in detecting DNA damage and
distinguishes apoptosis from necrosis[48]. Untreated cells
did not exhibit a comet tail, however, we could observe
the appearance of a tail after CAERS and CFEZO treatments, indicating that there is DNA damage. Since cells
can undergo apoptosis in response to DNA damage that
is beyond repair, therefore, all these findings suggest that
CAERS and CFEZO treatments might trigger events
leading to DNA damage and initiation of apoptotic cascades, which may contribute, at least in part, to reduction
of HCT116 cell viability.
It is generally accepted that most anticancer agents
either directly induce DNA damage or indirectly induce
secondary stress-responsive signaling pathways to trigger
apoptosis by activation of the intrinsic (mitochondrial)
apoptotic pathway[4]. The key element in the intrinsic
pathway is the release of cytochrome c from the mitochondria to the cytosol, which, together with Apaf-1,
activates caspase-9. Caspase-9 cleaves procaspase-3,
releasing the active 17 kDa fragment from the 32 kDa
inactive precursor. Caspase-3 is a prevalent cysteine pro-
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tease ultimately responsible for the majority of apoptotic
processes, and mediates the cleavage or degradation of
several important substrates. Once activated, caspase-3
proteolytically cleaves the 116 kDa PARP protein into
an 85 kDa fragment, which is a nuclear enzyme that is
involved in DNA repair in response to various stresses[49]
and considered to be a biochemical characteristic of
apoptosis[9]. Our findings fit very well with this scenario,
since Western blot analysis indicated that treatment of
HCT116 cells with CAERS and CFEZO induced the release of cytochrome c from the mitochondria into the cytosol. Additionally, we found increases in caspases 9 and
3 and cleavage of PARP. Intact PARP can help cells to
maintain their viability, but cleavage of PARP facilitates
cellular disassembly and serves as a marker of cells undergoing apoptosis. Therefore, cleavage of PARP might
be the key for the ultimate apoptotic death of HCT116
cells induced by CAERS and CFEZO treatments. Collectively, these results support the hypothesis that the mitochondrial pathway is involved in apoptosis induced by
CAERS and CFEZO in HCT116 cells.
The balance between proapoptotic and anti-apoptotic
proteins within apoptotic pathways controls programmed
cell death or survival50]. The pro-survival Bcl-2 and its
helpers compete with Bax and other proapoptosis proteins to regulate the release of proteins and cytochrome
c from mitochondria, which in turn activate “initiator”
caspases including caspase-9[50]. In the current study, we
observed that CAERS and CFEZO treatments caused
upregulation of Bax with concomitant downregulation of
Bcl-2, in essence, leading to an increase in the Bax/Bcl-2
ratio, which tips the balance towards apoptotic death.
This is a noteworthy finding, knowing that Bax expression obviously decreases in both the initiating and developmental stages in human CRC tissue[6] and CRC exhibits
intrinsic apoptosis resistance related, in part, to overexpression of Bcl-2 protein[6]. Moreover, earlier studies have
related a poor prognosis for colon cancer patients with
low Bax and high Bcl-2[50,51]. Furthermore, CAERS and
CFEZO treatments led to decreased expression of other
critical anti-apoptotic proteins, including Bcl-xL, Mcl-1,
survivin and XIAP. Overexpression of Bcl-xL has been
found to suppress the activity of the proapoptotic molecules, Bax and Bak, which contributes to CRC progression[5,6] and a poor prognosis for colon cancer patients[52].
Furthermore, the NIH Developmental Therapeutics
Program revealed that Bcl-xL may play a unique role in
the general resistance of cancer cells to cytotoxic agents,
as a variety of cancer cell lines demonstrating resistance
to 70000 cytotoxic agents are characterized by high BclxL expression[53]. Like Bcl-xL, overexpression of Mcl-1
contributes to the resistance of neoplastic cells towards
apoptosis in multiple tumors, including CRC[54]. In addition, studies of molecular targeted therapies showed
that the Bcl-2 family-targeting compounds, such as BH3
mimetics and ABT-737, bind with high affinity to antiapoptotic proteins Bcl-2, Bcl-xL and Bcl-w, but not to
Mcl-1[55]. Furthermore, none of the BH3 mimetics under

WJG|www.wjgnet.com

current development are potent and specific Mcl-1 antagonists[56]. Hence, a molecular ABT-737 therapy would
be ineffective in cells expressing significant amounts of
Mcl-1 such as CRC cells[54]. On the other hand, it has
been demonstrated that only Noxa, but not other BH3only family members, finely tunes cell death decisions by
targeting the Mcl-1 for proteasomal degradation[56] and
induction of Noxa sensitized human CRC cells overexpressing Mcl-1 to ABT-737 [57]. Since CAERS and
CFEZO treatments downregulated expression of Mcl-1
(but upregulated expression of Noxa), these treatments
might be a practical remedy to promote apoptotic death
or to sensitize CRC cells to molecular-targeted agents,
such as ABT-737. Survivin and XIAP proteins are members of the inhibitors of apoptosis protein family, which
block apoptosis by inhibiting activity of caspase-3. Furthermore, the targeted inhibition of XIAP or survivin
genes has been shown to directly sensitize cancer cells to
apoptosis induced by various conventional chemotherapeutic drugs[58]. In particular, survivin has been found
to confer radio/chemotherapy resistance to CRC and
other neoplastic cells[59]. The data herein demonstrate
that expression levels of the survivin and XIAP were
downregulated with CAERS and CFEZO treatments.
Thus, the ability of CAERS and CFEZO treatments to
down-regulate expression levels of the anti-apoptotic
proteins, Bcl-xL, Mcl-1, survivin and XIAP, play a role, at
least in part, to the increase in apoptosis observed in the
HCT116 cells.
The p53 protein can act like a transcription factor and
upregulate the transcription of several genes implicated
in the control of cell proliferation or apoptosis[60]. Many
of the proapoptotic Bcl-2 family members, including
PUMA, Bax, Noxa, Bik, and Bid, are transcriptional targets of p53[60]. p53 is important in CRC, as it is a key molecular target for contemporary therapeutic agents. For
instance, the cornerstone of the current systemic therapy
of metastatic colorectal cancers is the antimetabolite
5-FU[61]. However, the ability of 5-FU to induce apoptosis is dependent on p53, which is lost or inactivated in at
least 85% of human CRC[61,62]. Therefore, searching for
chemotherapeutic agents that restore normal expression
of p53 are of major importance. In this study, we found
that treatment of HCT116 cells with a combination of
CAERS and CFEZO resulted in a significant induction
of p53 protein, which was associated with the concomitant induction of its downstream transcriptional targets,
key anti-apoptotic molecules, Bax, Bad and Noxa [60].
Thus, these findings suggest that the induction of p53
is responsible, at least in part, for the combination of
CAERS and CFEZO treatment-induced apoptosis in
HCT116 cells.
Disruption of the normal regulation of cell-cycle
progression and division are important events in the development of cancer[45]. In all eukaryotic organisms, the
transition from the G1 phase to the S phase of the cell
cycle is controlled by sequential activation of cyclin/Cdk
complexes[63]. Excessive cyclin D1 activates Cdk-4/cyclin
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D1 complex and initiates events that facilitate cell cycle
progression and transition through the restriction point
in the G1 phase[63]. In addition to cyclin/Cdk complexes,
cell cycle progression is tightly regulated by other hub
proteins, such as c-Myc[64]. Ample studies have highlighted the roles of cyclin D1, Cdk-4 and c-Myc in the evolution and progression of CRC. For example, the cyclin
D1 gene is frequently overexpressed in human colon
cancer, and antisense to cyclin D1 inhibits the growth
and tumorigenicity of human colon cancer cells [65].
Meanwhile, some compounds derived from natural
sources have been found to block the cell cycle progression and inhibited proliferation of human colon cancer
cells through targeting the Cdk-4 pathway[66-68]. c-Myc
expression is a notable biomarker for CRC, as increased
expression is an early event of colon carcinogenesis[41,42],
and inactivation of c-Myc leads to a sustained regression
of a neoplastic phenotypes and increase in apoptosis in
a mouse model of colon carcinogenesis[69,70]. Related to
this, pharmaceuticals that target structural features of
the c-Myc promoter, and suppress expression of c-Myc,
are being developed as potential CRC chemotherapies[71].
The data herein demonstrate that CAERS and CFEZO
downregulate expression of Cdk-4, cyclin D1 and c-Myc,
and upregulate expression of p21, a transcriptional target of p53 that inhibits Cdk-4/cyclin D1 complexes,
thereby, inhibiting cell cycle progression. Importantly,
reduced p21 protein level has been found to play an
important role in progression of colon cancer[72]. Thus,
these results bring to mind that CAERS and CFEZO
treatments may cause cell cycle arrest at the G 0 to G1
stages of the cell cycle by modifying expression of
regulator proteins, including c-Myc, Cdk-4 and cyclin
D1. Together, these findings suggest the multi-targeting
effects of CAERS and CFEZO treatments with mechanistic insight, and support its translational potential in
CRC chemoprevention.
In conclusion, the results show that CAERS and
CFEZO act synergistically to control the growth and to
trigger apoptosis of human CRC cells by modulating the
expression of cell cycle regulators and apoptotic proteins. Although further in vivo evaluations of the potential
of CAERS and CFEZO treatments as antitumorigenic
agents are clearly warranted, this study indicates that alkaloid and flavonoid extracts of R. stricta and Z. officinale, respectively, comprise active components or potential leads
that could be useful in CRC treatment. Further studies on
the isolation and characterization of the active chemical
constituents of CAERS and CFEZO are currently being
carried out in our laboratories.

Background

Colon cancer is one of the major causes of cancer mortality worldwide. Rhazya
stricta (R. stricta) and Zingiber officinale (Z. officinale) are medicinal herbs traditionally used in folkloric medicine that have antioxidant, anticarcinogenic, and
free radical scavenging properties.

Research frontiers

Crude alkaloid and flavonoid extracts prepared from R. stricta and Z. officinale,
respectively, worked synergistically to suppress proliferation and colony formation, as well as induce morphologic and biochemical features of apoptosis, in
human colon cancer cell cells.

Innovations and breakthroughs

Previous studies indicated that R. stricta and Z. officinale inhibited growth of several cancer cell lines. This is the first study investigating the effects of crude alkaloids and flavonoid extracts prepared from these herbs on growth of colon cancer
cells, and elucidating the molecular mechanisms underlying growth inhibition.

Peer review

The authors investigated the effects of extracts derived from medicinal herbs, R.
stricta and Z. officinale on growth and apoptosis in human colon cancer cells.
The results showed that a combination of crude alkaloid and flavonoid extracts
prepared from these medicinal herbs synergistically inhibited proliferation,
colony formation and anchorage-independent growth of the cancer cell line
HCT116 via apoptosis. The study is of interest and the authors provided many
data that may be the basis for forthcoming research in colon cancer biology
and therapy.
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mediated ER stress and apoptosis, lactate dehydrogenase (LDH) was examined in cultured hepatocytes
treated by H2O2 or thapsigargin (TG).

Abstract

Core tip: The protective effect of N-acetylcysteine (NAC)
treatment has been confirmed in IRI; however, its
underlying mechanism remains unclear. Our previous
data showed that endoplasmic reticulum (ER) stress is
critical for the development of liver IRI. We have found
new evidence for the protective effects of NAC on
hepatocytes during liver IRI. Our data demonstrated
that NAC modulates ER stress signaling and reduces
ER-stress-mediated apoptosis during liver IRI. These
findings provide further support for the usefulness of
exploring NAC as a potential alternative drug for treat-

AIM: To investigate the effects of N-acetylcysteine
(NAC) on endoplasmic reticulum (ER) stress and tissue
injury during liver ischemia reperfusion injury (IRI).
METHODS: Mice were injected with NAC (300 mg/kg)
intraperitoneally 2 h before ischemia. Real-time polymerase chain reaction and western blotting determined
ER stress molecules (GRP78, ATF4 and CHOP). To analyze the role of NAC in reactive oxygen species (ROS)-
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RESULTS: NAC treatment significantly reduced the
level of ROS and attenuated ROS-induced liver injury
after IRI, based on glutathione, malondialdehyde, serum alanine aminotransferase levels, and histopathology. ROS-mediated ER stress was significantly inhibited in NAC-treated mice. In addition, NAC treatment
significantly reduced caspase-3 activity and apoptosis
after reperfusion, which correlated with the protein
expression of Bcl-2 and Bcl-xl. Similarly, NAC treatment
significantly inhibited LDH release from hepatocytes
treated by H2O2 or TG.
CONCLUSION: This study provides new evidence for
the protective effects of NAC treatment on hepatocytes during IRI. Through inhibition of ROS-mediated
ER stress, NAC may be critical to inhibit the ER-stressrelated apoptosis pathway.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: N-acetylcysteine; Reactive oxygen species; Endoplasmic reticulum stress; Apoptosis; Liver
ischemia-reperfusion
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Sun Y, Pu LY, Lu L, Wang XH, Zhang F, Rao JH. N-acetylcysteine
attenuates reactive-oxygen-species-mediated endoplasmic
reticulum stress during liver ischemia-reperfusion injury. World J
Gastroenterol 2014; 20(41): 15289-15298 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i41/15289.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i41.15289

INTRODUCTION
Ischemia reperfusion injury (IRI) is an important inducing factor in liver damage and failure in various clinical
settings, such as hepatic trauma, resection, liver transplantation and circulatory shock[1-4]. ER stress mediates
liver injury during liver IRI[5,6]. ER, as an intracellular organelle, plays a key role in protein synthesis, folding, assembly and transportation. Upset in any balances of the
ER causes ER stress. Generally, ER stress can give rise to
an unfolded protein response (UPR), which tries to reduce ER stress by inhibiting protein synthesis, increasing
chaperones, and decomposing misfolded proteins[7-10].
However, excess or prolonged UPR results in apoptosis
as a cytoprotective response in stressed cells[9,10].
Reactive oxygen species (ROS) play a prominent
causative role in liver damage following IR[11,12]. ROS can
start the cascade of cell damage, necrosis/apoptosis, and
subsequent pro-inflammatory responses. Recently, studies have shown that ROS can trigger ER stress in vivo and
in vitro[13,14]. Here, we hypothesized that ROS-induced ER
stress results in cell death during liver IRI.
N-acetylcysteine (NAC), an antioxidant drug, is an
inexpensive and simple water-soluble molecule that has
been used as a treatment for congestive and obstructive
lung diseases for nearly 50 years. Since the mid-1970s, it
has also been used to treat paracetamol intoxication[15].
In addition, it has been used to treat hepatitis and acute
liver failure, in which it protects the liver by increasing
hepatic glutathione (GSH), which serves as a substrate
to inactivate or combine with foreign substances[16,17].
Indeed, NAC has beneficial effects on IRI in the central
nervous system, heart, kidney and liver[18-21]. To date,
however, no data are available on the effects of NAC
on ROS-induced ER stress during IRI. This study was
designed to elucidate whether NAC inhibits ROS and
ROS-induced ER stress during hepatic IRI.

MATERIALS AND METHODS
Animals
Male C57BL/6 mice were purchased from the Laboratory Animal Resources of Nanjing Medical University
(NJMU), China. The animals were fed a laboratory diet
and kept under constant environmental conditions, with
12-h light-dark cycles. Procedures were carried out in accordance with the Principles of Laboratory Animal Care
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and the Guide for the Care and Use of Laboratory Animals. The Institutional Animal Care and Use Committee
(IACUC) of NJMU (Protocol Number NJMU08-092)
approved the animal protocol.
Surgical procedure and experimental design
We used a partial (70%) hepatic ischemia model. Midline laparotomy was performed under 10% chloral hydrate [0.3 g/kg, injected intraperitoneally (ip)] anesthesia
in mice. In the IR group, all structures in the portal
triad (hepatic artery, portal vein, and bile duct) to the
left and median liver lobes were occluded with an atraumatic bulldog clamp for 90 min. The clamp was then
removed to allow reperfusion. The abdomen was immediately closed with a continuous 4-0 silk suture. The
mice were sacrificed 6 h after reperfusion, and blood, as
well as liver tissue samples, were harvested for analysis.
In the sham-operated group, mice were given anesthesia
and subjected to laparotomy and exposure of the portal
triad without hepatic ischemia. In the NAC treatment
group, mice were injected ip with 300 mg/kg NAC for
2 h before the operation. NAC was purchased from
Sigma-Aldrich (Shanghai, China) and diluted in saline to
3 mg/mL.
Serum biochemical analysis
Blood samples were centrifuged to obtain serum. The
serum level of alanine aminotransferase (ALT) was measured to assess the extent of hepatocyte damage, using
an automated chemical analyzer (Olympus Automated
Chemistry Analyzer AU5400, Tokyo, Japan).
Histopathological study
Liver specimens were fixed with 10% neutral formaldehyde and embedded in paraffin. The specimens were
sectioned at 4 μm and stained with hematoxylin and
eosin. The sections were subjected to histopathological
analysis by light microscopy. Sections were scored from
0 to 4 for sinusoidal congestion, vacuolization of hepatocyte cytoplasm, and parenchymal necrosis, as described
by Suzuki et al[22].
GSH, malondialdehyde and caspase-3 activities
GSH, malondialdehyde (MDA) and caspase-3 activities
were assessed in liver tissues. The activities were measured
with a GSH, MDA and Caspase-3 assay kit (Jiancheng
Biotechnology, Nanjing, China), according to the manufacturer’s instructions.
Terminal deoxynucleotidyl transferase dUTP nick-end
labeling staining
Paraffin sections (4 μm thick) were deparaffinized in toluene and dehydrated through a graded series of ethanol
solutions. Transferase dUTP nick-end labeling (TUNEL)
was used to stain the sections, using a commercially
available kit (in situ Cell Death Detection Kit; RocheBoehringer Mannheim, Germany).
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Western blotting
Proteins were extracted from liver tissues subjected to
ischemia or cell lysates, and the Bradford assay (Bio-Rad,
Hercules, CA, United States) was used to determine the
protein concentration. About 30 μg of the protein sample was resolved by SDS-PAGE and transferred to nitrocellulose membranes (Sunshine Biotechnology, China).
These membranes were blocked in skimmed milk powder (5% w/v) with phosphate-buffered saline with 0.1%
Tween 20 (PBS-T) at 4 ℃ overnight. Membranes were
incubated with primary antibodies for GRP78, CHOP,
BCL-2, BCL-xl, and β-actin (Cell Signaling Technology,
Danvers, MA, United States), and ATF4 (Santa Cruz
Biotechnology, Santa Cruz, CA, United States). Following three washes with PBS-T, the membranes were
incubated for 1 h at room temperature with peroxidaseconjugated secondary antibody (Cell Signaling Technology). The final results were obtained by exposure to
autoradiographic film (Kodak XAR film), and visualized
via a chemiluminescent detection system (ECL Substrate
Western Blot Detection System; Pierce, Rockford, IL,
United States).
Quantitative real-time reverse transcriptase polymerase
chain reaction
The Super-Script First-Strand Synthesis System (Invitrogen, Carlsbad, CA, United States) was used to perform
the reverse transcription reactions. To determine the
relative number of cDNA molecules in the reverse transcribed samples, real-time PCR analyses were performed
using the Light-Cycler system (Roche, Indianapolis, IN,
United States). PCR was performed according to the
previously described procedures[23]. PCR was performed
using 10 μL 2 × Master Mix SYBR Green I (Takara,
Japan), 0.25 μmol/L of each 5’ and 3’ primer, and 2 μL
samples or water to a final volume of 20 μL. Samples
were denatured at 94 ℃ for 5 min. Amplification and
fluorescence determination were carried out in three
steps for 45 cycles: denaturation at 94 ℃ for 10 s, annealing at 60 ℃ for 15 s, and extension at 72 ℃ for 20 s.
At the end of extension, SYBR green fluorescence was
detected, which reflects the amount of double-stranded
DNA. To discriminate specific from nonspecific cDNA
products, a melting curve was obtained at the end of
each run. Products were denatured at 95 ℃ for 3 s, and
the temperature was then decreased to 58 ℃ for 15 s
and raised slowly from 58 to 95 ℃, using a temperature
transition rate of 0.1 ℃/s. Data were normalized with
the hypoxanthine phosphoribosyltransferase (HPRT) levels in
the samples. Oligo 6.0 was used to design the primers.
Primer sets (sense sequence and antisense sequence, respectively) for the following genes were: HPRT forward,
5’-TCA ACG GGG GAC ATA AAA GT-3’, reverse, 5’
-TGC ATT GTT TTA CCA GTG TCA A-3’; GRP78
forward, 5’-CTG AGG CGT ATT TGG GAA AG-3’,
reverse, 5’-TCA TGA CAT TCA GTC CAG CAA-3’;
ATF4 forward, 5’-ATG GCC GGC TAT GGA TGA
T-3’, reverse, 5’-CGA AGT CAA ACT CTT TCA GAT
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CCA TT-3’; CHOP forward, 5’-CTT GAG CCT AAC
ACG TCG ATT-3’, reverse, 5’-TGC ACT TCC TTC
TGG AAC ACT-3’.
Cell culture and treatment
A two-step in situ collagenase perfusion procedure[24]
was used to isolate mouse hepatocytes. Livers from the
C57BL/6 mice were perfused in situ through the portal vein with EGTA buffer (0.5 mmol/L EGTA, 137
mmol/L NaCl, 4.7 mmol/L KCl, 1.2 mmol/L KH2PO4,
0.65 mmol/L MgSO4, and 10.07 mmol/L HEPES at
pH 7.4) at a flow rate of 5 mL/min for 10 min, followed
by collagenase buffer (67 mmol/L NaCl, 6.7 mmol/L
KCl, 4.76 mmol/L CaCl2, 0.035% collagenase type Ⅱ,
and 10.07 mmol/L HEPES at pH 7.6) at a flow rate of
5 mL/min for 15 min. After centrifugation, the hepatocytes were collected and seeded in Dulbecco’s Modified
Eagle’s Medium containing 10% fetal bovine serum, 100
U/mL penicillin, and 100 μg/mL streptomycin. Cells
were preincubated with 5 mmol/L NAC for 6 h, then
200 μmol/L H2O2 (3 h for PCR and western blotting,
24 h for LDH analysis) or 1 μM thapsigargin (TG), an
ER stress activator, 24 h for LDH analysis) treatment to
induce oxidative and ER stress.
Statistical analysis
Differences among groups were determined for statistical
significance using one-way ANOVA or Student’s t test. All
P values were two-sided, and P < 0.05 was considered
statistically significant. Statistical calculations were performed using SPSS (Chicago, IL, United States). Data
were presented as means ± SD from at least three independent experiments.

RESULTS
NAC treatment attenuates ROS-induced liver injury after
IR
NAC was injected ip at 300 mg/kg 2 h before warm
ischemia. Antioxidants like GSH are physiological countermeasures to free radicals such as ROS, and after IR,
the hepatic GSH content is decreased. In the present
study, IR livers had decreased GSH levels (13.50 ± 1.32
mg/g and 4.5 ± 0.65 mg/g protein, respectively, P <
0.001). The IR-induced GSH depletion was almost completely inhibited in the NAC-treated mice (4.5 ± 0.65
mg/g and 11.0 ± 1.08 mg/g protein, respectively, P <
0.005) (Figure 1A). MDA, an index of lipid peroxidation
that indicates the levels of the oxygen free radicals, was
significantly increased after reperfusion in the IR group
compared with the sham group (39.0 ± 3.06 mmol/g
and 129.8 ± 12.70 mmol/g weight tissue, respectively, P
< 0.005). MDA was significantly decreased in the NACtreated group compared with the IR group (129.8 ±
12.70 mmol/g and 51.75 ± 6.18 mmol/g weight tissue,
respectively, P < 0.005) (Figure 1B). These data indicated
that NAC treatment reduced oxidative stress in liver IR.
We then assessed whether the inhibitory effect of

15291

November 7, 2014|Volume 20|Issue 41|

Sun Y et al . N-acetylcysteine attenuates endoplasmic reticulum stress and tissue injury

B

15

d

10

b

5
0

D1

Sham

IR

NAC sham NAC + IR

D2

C
b

150

12000

b

10000
100
d
50

ALT U/L

GSH (mg/g protein)

20

MDA (mmol/g weight tissue)

A

8000
d

6000
4000
2000

0

E

Sham

IR

0

NAC sham NAC + IR

Sham

IR

NAC sham NAC + IR

5
b

D3

D4

Sukuzi score

4
3

a

2
1
0

Sham

IR

NAC sham NAC + IR

Figure 1 N-acetylcysteine treatment attenuates reactive oxygen species-induced liver injury after ischemia-reperfusion. Mice were subjected to 90 min partial liver ischemia, followed by 6 h reperfusion. A and B: reactive oxygen species levels evaluated by glutathione (mg/g protein) and malondialdehyde (nmol/g tissue);
mean ± SD, n = 3-5/group, bP < 0.01 vs sham group; dP < 0.01 vs IR group; C: hepatocellular function evaluated by alanine aminotransferase (U/L); mean ± SD, n =
3-5/group, bP < 0.01 vs sham group; dP < 0.01 vs IR group; D: histopathological analysis of livers harvested 6 h after reperfusion: D1: sham group: normal hepatic architecture; D2: IR group: severe hepatic lobule distortion, sinusoidal congestion, apparent edema, vacuolization and massive necrosis; D3: NAC sham group: normal
hepatic architecture; D4: NAC + IR group: mild vacuolization, punctate necrosis and edema; E: severity of liver IRI by Suzuki’s histological grading; mean ± SD, n =
3-5/group, bP < 0.01 vs sham group; aP < 0.05 vs IR group. NAC: N-acetylcysteine; IR: ischemia-reperfusion; ALT: Alanine aminotransferase.

NAC on IR-induced oxidative stress could reduce hepatocellular damage directly inflicted by ROS during liver
IR. Figure 1C shows that NAC treatment significantly
attenuated the increase of serum transaminases after
reperfusion (9144 ± 1064 U/L and 3783 ± 1017 U/L,
respectively, P < 0.05). Liver serum enzyme data were in
line with liver pathological analyses. Histological analysis
showed distinct areas of necrosis in the IR group, which
was significantly improved in the NAC treatment group
(Figure 1D). The histological parameters observed in the
sham (0.40 ± 0.25), IR (3.6 ± 0.25), NAC sham (0.60 ±
0.30) and NAC IR (1.8 ± 0.37) groups were according
to Suzuki et al[22] (Figure 1E). These data indicated that
NAC treatment significantly attenuated ROS-induced
liver injury after IR.
NAC treatment reduces hepatocellular apoptosis in liver
after IR
Following reperfusion, the TUNEL assay assessed hepatocellular apoptosis. TUNEL-positive cells were markedly fewer in the NAC-pretreated IR liver compared
with the IR group (Figure 2A). TUNEL-positive cells
as a percent of total hepatocytes in the four groups
were: Sham 1.5% ± 0.29%, IR 72.0% ± 5.08%, NAC
sham 1.75% ± 0.48% and NAC + IR 20.5% ± 4.41%,
indicating that hepatocellular apoptosis was significantly
inhibited by NAC treatment after reperfusion (Figure
2B). Active caspase-3 directly triggered hepatocellular
apoptosis following liver IR and indicated the levels of
apoptosis. Figure 2C displays that the level of caspase-3
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was significantly inhibited after NAC treatment in ischemic liver compared with the IR control (0.925 ± 0.11 U
and 2.35 ± 0.25 U, respectively; P < 0.005).
ROS-mediated ER stress is inhibited by NAC treatment
in liver after IR
Previous studies have shown that ROS is an important
inducer of the ER stress response, which mediates cell
death[25-27]. The above data showed that NAC treatment
significantly inhibited ROS generation during liver IR.
We analyzed whether NAC treatment reduced ER stress
responses mediated by ROS during liver IRI. We assessed gene expression and protein levels of ER stress
molecules, including GRP78, ATF4 and CHOP. GRP78
is a central regulator of ER homeostasis, because of its
multiple functional roles in protein folding, ER calcium
binding, and controlling of the activation of transmembrane ER stress sensors. The ATF4-CHOP pathway,
downstream of GRP78, is the main apoptotic pathway
of ER stress[23]. These molecules are expressed at low
levels under physiological conditions, but are induced
strongly during severe ER stress. As shown in Figure
3A, GRP78, ATF4 and CHOP gene expressions were
significantly elevated in the ischemic liver after reperfusion. These genes were significantly inhibited by NAC
treatment after reperfusion. In addition, GRP78, ATF4
and CHOP proteins were further analyzed by western
blotting, which agreed with the PCR data (Figure 3B and
C). These data indicated that NAC treatment suppressed
ROS-mediated ER stress during liver IRI.
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ROS-mediated ER stress is inhibited by NAC treatment
in vitro
To confirm the effects of NAC treatment on ROS-mediated ER stress, primary hepatocytes were isolated and
cultured in vitro. Primary hepatocytes were initially treated
with or without 5 mmol/L NAC for 6 h, and then with
200 μmol H2O2 for 3 h. RNA and proteins were harvested from treated cells. The gene expressions of GRP78,
ATF4 and CHOP were analyzed by qRT-PCR, which
showed that NAC treatment significantly repressed
H2O2-induced GRP78 (1.24 ± 0.24 and 0.52 ± 0.08, respectively, P < 0.05), ATF4 (7.03 ± 1.09 and 2.59 ± 0.39,
respectively, P < 0.005), and CHOP (18.55 ± 2.14 and
6.40 ± 1.32, respectively, P < 0.05) (Figure 4A). Furthermore, protein expression of GRP78, ATF4 and CHOP
was further detected by western blotting, which agreed
with the gene expression data (Figure 4B). These data
indicated that NAC treatment suppressed ROS-mediated
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ER stress in hepatocytes.
ER stress-related apoptosis is inhibited by NAC
treatment
Previous studies have shown that Bcl-2 and other Bcl-2
family members are important molecules during ERstress-induced apoptosis[28,29]. The present work examined the levels of antiapoptotic Bcl-2 family members
Bcl-2 and Bcl-xl by western blotting. Figure 5A shows
that liver IR significantly inhibited the levels of Bcl-2
and Bcl-xl, which could be restored by NAC treatment.
To assess directly the roles of NAC treatment on ROSmediated ER stress or ER stress induced cell death, we
analyzed the effects of NAC treatment on H2O2- or TGinduced hepatocellular death by LDH in vitro. Figure 5B
shows that NAC treatment significantly reduced H2O2induced (30.71 ± 1.09 U/L and 15.36 ± 1.83 U/L, respectively, P < 0.005) and TG-induced (35.37 ± 3.20 U/
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L and 15.62 ± 2.41 U/L, respectively, P < 0.005) death
in hepatocytes. These data indicated that NAC treatment
inhibited ROS or the ER-stress-mediated apoptosis
pathway.

DISCUSSION
NAC is an antioxidant that provides resistance to tissue
injury caused by ROS. It has been reported extensively to
have excellent preventive and therapeutic effects on various disorders, including paracetamol intoxication, hepa-
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titis, acute liver failure and IRI[16,21,30,31]. The mechanisms
and molecules of NAC treatment in connection with
tissue protection have been reported in various diseases.
NAC has a number of different pharmacological effects,
predominantly based on increased mitochondrial and
cytosolic production of GSH, one of the principal free
radical scavenging agents in humans[32]. In paracetamol
toxicity, GSH repletion reduces the level of covalent
binding of the toxic metabolite, making NAC an effective antidote[33]. The Stravitz RT group has shown that
NAC treatment improves transplant-free survival in
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patients with non-paracetamol acute liver failure by ameliorating the production of IL-17[34]. Some recent studies
have demonstrated that ROS can trigger ER stress in
vivo and in vitro[13,14]. The present study aimed to elucidate
whether the ROS-induced ER stress is inhibited by NAC
treatment after liver IRI, and if yes, to investigate the effects of ER stress inhibition on apoptosis.
We first investigated the effects of NAC treatment
on ROS during liver IRI. Mice were injected with 300
mg/kg NAC prior to induction of the liver IRI model.
To asses ROS levels, GSH and MDA levels were determined. Our results showed that NAC treatment significantly decreased ROS levels after liver IRI, which was
consistent with previous data[35,36]. We then examined
the effects of NAC on hepatocellular damage by liver
enzymes, which supported the view that NAC treatment had a significantly protective effect. Histological
study of the ischemic liver showed that NAC treatment
markedly improved liver damage after IRI, which was
consistent with the biochemical findings. Suzuki scores
were also significantly decreased in the ischemic liver by
NAC treatment. Consistent with reported data on liver
IRI models, NAC treatment significantly attenuated liver
injury[35-37].
Apoptosis/necrosis plays crucial role in liver IRI and
reflect liver tissue damage directly. The present study
assessed apoptotic cells in liver sections after IRI and
showed that the positive cells were markedly increased in
the IR group. In addition, the mean number of positive
cells detected in the NAC treatment group was 20.21%
of that in the IR group. Caspase-3 levels, which indicate
the extent of apoptosis in the liver tissue, were analyzed
in ischemic liver tissue after reperfusion. NAC treatment
effectively repressed caspase-3 levels upregulation following reperfusion, which was in line with the TUNEL
results.
Some studies demonstrated the induction of ER stress
during IR in different organs, including the liver[5,6,23].
Disruption of ER homeostasis triggers cellular stress
responses, including the UPR, an ER-specific stress response. GRP78, ATF-4 and CHOP, which members of
the UPR signaling pathway, are important for the maintenance of normal cellular homeostasis[38-40]. In addition,
ROS has been shown to trigger ER stress[13,14]. Our previous studies demonstrated that the ATF4-CHOP pathway,
downstream of GRP78, is the main apoptotic pathway
of ER stress in the ischemic liver[23]. GRP78, ATF-4 and
CHOP genes and proteins were analyzed to evaluate the
effects of NAC treatment on ER stress during liver IR.
Our data showed that IR significantly increased GRP78,
ATF-4 and CHOP expression in the liver. Upregulations
of GRP78, ATF-4 and CHOP were significantly inhibited by NAC treatment after IR. To determine further
the role of NAC in ROS-mediated ER stress, a cell-death
model was set up via treating primary hepatocytes with
200 μmol H2O2 in vitro. We determined whether NAC
treatment inhibited expression of GRP78, ATF-4 and
CHOP. Figure 4 shows that H2O2 treatment significantly
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enhanced expression of GRP78, ATF-4 and CHOP,
which was significantly suppressed in the NAC treatment
group. These data clearly imply that ER stress is involved
in oxidative stress in cells. Mitochondrial dysfunction
induced by ROS has a strict relation with ER stress[41].
Importantly, the ROS-induced ER stress was inhibited by
NAC treatment in vivo and in vitro.
Prolonged and excessive ER stress can cause cell
apoptosis or death. LDH activity correlates with cell
membrane disruption and is thus regarded as a reliable
indicator of cell damage and/or death[42]. In addition,
LDH levels have often been used an index to assess
hepatocellular death[43]. We measured LDH activity to
reflect hepatocyte damage or death. Figure 5A shows
that H2O2 treatment significantly increased LDH release,
which was significantly inhibited by NAC pretreatment.
To investigate further the effects of NAC on ER-stressinduced cell death, TG (an activator of ER stress) was
used to treat hepatocytes. The results demonstrated that
NAC treatment effectively reduced hepatocellular death
induced by TG treatment. UPR activates c-JNK phosphorylation, which has been suggested as a pro-apoptotic link by direct phosphorylation of mitochondrial proteins, including members of the BCL-2 family[12,13,28,29].
Our present findings are consistent with other studies
in which IR-induced ER stress inhibited expression of
antiapoptotic protein (BCL-2 and BCL-xl) in the liver.
Our results also indicate that NAC treatment recovers
expression of BCL-2 and BCL-xl during liver IRI.
In conclusion, our research indicates that NAC treatment attenuates the liver injury induced by IR and reinforces the usefulness of exploring NAC as a potential alternative therapeutic drug during liver IRI. The protective
effects of NAC not only reflect its confirmed antioxidant
effects, but also are caused by regulation of ER stress
molecules and prevention of related apoptosis development (Figure 5C). However, the application of our results
has some limitations in the clinical setting.
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Abstract
AIM: To evaluate the role of baicalin in ulcerative colitis
+
+
(UC) with regard to the CD4 CD29 T helper cell, its
surface markers and serum inflammatory cytokines.
METHODS: Flow cytometry was used to detect the
+
+
percentage of CD4 CD29 cells in patients with UC. Real
time polymerase chain reaction was used to detect expression of GATA-3, forkhead box P3, T-box expressed
in T cells (T-bet), and retinoic acid-related orphan nuclear hormone receptor C (RORC). Western blotting was
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used to analyze expression of nuclear factor-κB (NF-κB)
p65, phosphorylation of NF-kB (p-NF-κB) p65, STAT4,
p-STAT4, STAT6 and p-STAT6. The concentrations of
interferon-γ (IFN-γ), interleukin (IL)-4, IL-5, IL-6, IL-10
and TGF-β in serum were determined by ELISA assay.
RESULTS: The percentages of CD4+CD29+ T cells were
lower in treatment with 40 and 20 μmol/L baicalin than
in the treatment of no baicalin. Treatment with 40 or
20 μmol/L baicalin significantly upregulated expression
of IL-4, TGF-β1 and IL-10, increased p-STAT6/STAT6
ratio, but downregulated expression of IFN-γ, IL-5, IL-6,
RORC, Foxp3 and T-bet, and decreased ratios of T-bet/
GATA-3, p-STAT4/STAT4 and p-NF-κB/NF-κB compared
to the treatment of no baicalin.
CONCLUSION: The results indicate that baicalin
regulates immune balance and relieves the ulcerative
colitis-induced inflammation reaction by promoting pro+
+
liferation of CD4 CD29 cells and modulating immunosuppressive pathways.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ulcerative colitis; Baicalin; CD4+CD29+; Cytokines; Nuclear factor-κB
Core tip: Ulcerative colitis is a kind of chronic and nonspecific inflammatory bowel disease. Researchers believe that several distinguishing factors such as immune
systems, genes and environment are likely necessary
to result in ulcerative colitis (UC). The study here demonstrated that baicalin might be a potential immune
inhibitor. It adjusted immune balance and relieved
the inflammatory response caused by UC, probably
+
+
by inhibiting the ratio of CD4 CD29 cells and immunosuppressive pathways. Our results provide valuable
information for further studies on the pathogenesis of
UC and for the development of new drugs, and also
provide a new view of studying T helper cell immune
disorder-related diseases including UC.
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INTRODUCTION
Ulcerative colitis (UC) is a kind of chronic and nonspecific inflammatory bowel disease (IBD) which is recurrent and debilitating. The pathogenesis of UC is not fully
understood at present, but researchers believe that several
distinguishing factors such as immune systems, genes and
environment are likely necessary to result in UC[1]. Among
immune systems, T cells (also called T lymphocytes) play
a crucial role in developing UC[2]. It is known that the coexpression of CD29 and CD4 can be used as a marker
for CD4+ subpopulations. CD4+CD29+ cells primarily assist B cells in producing antibodies and induce CD8+ cellmediated dissolution of lymphocytes. The increase of
CD4+CD29+ cells can result in a high activation of B cells
and abnormal immune response. Hence, CD4+CD29+ cells
can be used as an immunology index for monitoring UC.
In 1986, Mosmann et al[3] classified murine CD4+ T cells
into two groups, T helper type 1 (Th1) and T helper type 2
(Th2), based on the cytokines they produced and their related functional activities. Since then, relationships between
Th1/Th2 imbalance and immune diseases have been widely studied. The abnormal Th1/Th2 balance is traditionally
considered as one of the important immune factors that
cause UC[4]. Much research has demonstrated that T-box
expressed in T cells (T-bet)/GATA-3 and T helper type
17 (Th17)/regulatory or suppressor T cell (Treg) balance
are critical to Th1/Th2 differentiation. T-bet and GATA3
are specifically expressed on Th1 and Th2 cells, respectively. They respectively regulate Th1 and Th2 cell growth,
and both determine the switching of cells from Th0 to
Th1/Th2 cells[2]. The fine Th17/Treg balance is crucial
for maintenance of a steady state of intestinal immunity[5].
Retinoid-related orphan receptor gamma t (RORγt) has
been identified as the lineage-specific transcription factor for Th17 cells. Treg cells can secrete cytokines such as
interleukin (IL)-4, IL-10 and transforming growth factor
beta (TGF-β). They are closely associated with onset of
immune diseases. Forkhead box P3 (FOXP3) is a specific
nucleic transcription factor for Treg cells and is important
in the regulation of differentiation, development and function of Treg cells[6]. Recently, members of the signal transducer and activators of transcription (STAT) family have
been reported to be involved in signal transduction of
cytokines and cell growth factors, and to regulate human
immune response, inflammatory reaction, cell growth and
differentiation, playing an important role in the pathogenesis of IBD[7]. More information is needed to clarify the
role of these immune factors in UC.
Currently, the treatments of Western medicine have
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some shortcomings such as disease recurring after stopping, long-term drug-taking secondary response and undesirable effects of some persistent cases. Thus, searching
for a treatment with fewer side-effects is of importance
for UC. Chinese medicine has significant benefits for
treating ulcerative colitis, and has shown an outstanding
value for development and broad prospects. Baicalin is a
flavonoid isolated from Scutellaria baicalensis, a component
of the digestive aid Huang Qin Tang (PHY906)[8], and
is known to have an effect on multiple biological functions including the ability to modulate pro-inflammatory
cytokines and inhibit aldose reductase activity[9]. Recently,
researchers have paid more attention to its good therapeutic effect to UC. However, mechanisms involved in its
effect are not fully understood.
In our previous study, CD4 +CD29 + T cells were
found to be significantly increased in UC patients and
rats with heat-dampness[10]. In this study, we further examined the percentage of CD4+CD29+ T cells in an in
vitro incubation of cells isolated from peripheral blood of
patients with UC. Moreover, we investigated the effects
of baicalin on cell proliferation of CD4+CD29+ cells and
expression of T-bet/GATA-3 mRNA, T-bet/GATA-3
mRNA, nuclear factors (NF) and cytokines by adding different concentrations of baicalin in the in vitro incubation
of cells. The study here will provide valuable information
for better understanding the pathogenesis of UC and for
developing new drugs.

MATERIALS AND METHODS
Participant selection
The patients selected for the present study were outpatients and inpatients from the Gastroenterology Department of Nanfang Hospital, Southern Medical University
(Guangzhou, China) and Hospital of Guangzhou University of Traditional Chinese Medicine (Guangzhou, China)
during June 2010 to January 2011. All the samples used
in this study were obtained with approval of the Ethics Committee at the corresponding hospital. The whole
procedure of consent was approved and documented by
the Ethics Committee. Three groups (UC, D-IBS, and
control group) were involved in this study. The UC group
consisted of thirty-three patients comprised of 18 men
and 15 women with a median age of 39 year (range: 22-55
year), and they could be divided into 2 further groups
(active: n = 18; inactive = 15) according to the modified
Williams Disease Activity Index (DAI)[1]. The diagnosis of
irritable bowel syndrome (IBS) patients was based on the
Rome III diagnostic criteria[11]; thirty D-IBS patients were
involved, including 16 men and 14 women aged 18-60 yr
with an average age of 39 yr. Thirty healthy examinees
including 15 males and 15 females with an average of 42.5
year (range: 23-62 year) were selected as controls.
Preparation of peripheral blood mononuclear cells
The serum samples (2 mL) were obtained from fasting participants in the morning and peripheral blood mononuclear
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Table 1 Treatments designed for the in-vitro culture of peripheral blood mononuclear cells
No.

1

Treatment Cell (PBMCs of UC group)

2

3

4

5

6

DMSO

5 μmol/L baicalin

10 μmol/L baicalin

20 μmol/L baicalin

40 μmol/L baicalin

mented with 2 mL PBS, centrifuged at 1500 r/min for 10
min, and washed twice with suspension fluid followed by
staining with flow cytometry staining buffer. Then, the
percentage of CD4+ and CD29+ T cells was analyzed by
the FACS Calibur (Becton Dickinson, Sunnyvale, CA)
with appropriate software (CellQuest, BD Biosciences).

Table 2 Polymerase chain reaction primers used in this study
Gene name
GATA3
FOXP3
T-bet
RORC
18S

Primer
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

AGTTGGCCTAAGGTGGTTG
CACGCTGGTAGCTCATACAC
CAGGATCTGAGGTCCCAACA
TTTGGCAAGGCAGTGTGTGT
CTGCATATCGTTGAGGTGAA
GTAGGCAGTCACGGCAATGA
CAAGACTCATCGCCAAAGCA
CAGTGCTGAAGAGCTCCTTG
CCTGGATACCGCAGCTAGGA
GCGGCGCAATACGAATGCCCC

cells (PBMCs) were prepared by use of Ficoll-Hypaque
(Miltenyi, Germany) density gradient centrifugation. The
serum was diluted by equal volume of RPMI1640 (Gibco,
United States). Lymphocyte separation liquid (2 mL) was
filled into a 10-mL centrifuge tube. Then, the diluted
anticoagulant blood was slowly added along the wall of
tube, and centrifuged at 2500 r/min. After 20 min, the
mononuclear cell layer was transferred to a sterile tube by
a fresh sterile pipette (capillary tube), gently mixed with
five volumes of RPMI1640 and centrifuged at 2000 r/min
for 10 min, then washed with RPMI1640 twice. After the
supernatant was discarded, the cells were resuspended in
RPMI1640 containing 10% fetal bovine serum (Gibco,
United States) for lymphocyte count. Then the cells suspensions were diluted to 1 × 106 cells/mL for later use.
Cell culture and treatment
PBMCs from the UC group were plated in a 96-well plate
(1 × 105 cells per well) which was incubated with CD3
antibody overnight. PBMCs were cultured in RPMI1640
containing 10% fetal bovine serum at 37 ℃ in 5%CO2
and stimulated with antibody against CD28. PBMCs were
treated with various concentration of baicalin (5 μmol/L,
10 μmol/L, 20 μmol/L and 40 μmol/L), and DMSO
was the negative control (Table 1). Three replicates were
designed for each treatment.
Flow cytometry analysis of CD4+CD29+ T cells
To detect the cell surface expression of a variety of molecules, isolated PBMCs from fresh blood were analyzed
by flow cytometry (FACS) using standard staining methods. Briefly, the prepared cell suspension fluid (1 mL)
was suspended in PBS (2 mL), centrifuged at 1500 r/min
for 10 min, and rinsed twice with suspension fluid. The
supernatant was discarded and cells were suspended with
PBS to 100 μL, adding human CD4 antibody, CD29 antibody, and the other antibodies (about 1.25 μg, suggested
by the manual) respectively, and incubated at 4 ℃ in the
dark for 30 min. Then, the cell suspension was supple-
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Cell viability assay
The percentage of viable cells was determined by MTS
assay. Cells were collected at different time points (0, 24,
48 and 72 h), and then prepared as cell suspensions (1 ×
105 cells/mL), and seeded into 96-well plates at a density of 1 × 104 per well (100 mL). The MTS reagent was
added at a 1:10 ratio of MTS and culture fluid, and incubated at 37 ℃ for 4 h. The cell viability was determined
by measuring optical density of each sample at 490 nm
(OD490) using a microplate reader.
Quantitative real-time polymerase chain reaction
Total RNA was extracted in PBMCs by the Trizol
method, and detected by gel electrophoresis. The RNA
concentration and purity were determined by UV-visible
spectroscopy (Eppendorf, Germany). The first-strand
cDNA was synthesized following the instructions of the
cDNA synthesis kit. Then it was amplified with specific
primers (Table 2) by polymerase chain reaction (PCR).
The PCR conditions included initial incubation at 50 ℃
for 2 min, at 95 ℃ for 2 min, followed by 40 cycles of
95 ℃ for 15 s and 60 ℃ for 32 s. For melting curve
analysis, a melting temperature range of 60 ℃-95 ℃ was
used. The fluorescent signal was collected to obtain Ct
(threshold cycle) value. Comparative real-time PCR was
done in triplicate. Relative expression was calculated using the comparative Ct method.
Western blotting analysis
The expression of nuclear factor- κ B (NF- κ B) p65,
phosphorylation of NF-κB (p-NF-κB) p65, STAT4,
p-STAT4, STAT6, and p-STAT6 in UC cells was analyzed by western blotting. Cells were collected and lysed
in RIPA (Beytime, China). Equal amounts of proteins
from each group were separated by 10% gradient SDSpolyacrylamide gels. The proteins were transferred onto
a NC membrane, blocked with 5% fat-free milk powder
for 1 h and incubated with primary antibodies of NFκB p65, p-NF-κB p65, STAT4, p-STAT4, STAT6, and
p-STAT6 overnight at 4 ℃. The membrane was rinsed in
Tris-buffered saline (TBST) three times, and respectively
incubated with secondary antibodies at RT for 1 h. The
membrane was washed in TBST again and incubated
with substrate. The NC membrane was then rinsed in
deionized water. After it was air-dried, the membrane was
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+

MTT

+

Table 3 Percentage (%, mean ± SD) of CD4 CD29 cells
in peripheral blood of participants of each group
+

CD4 cells

UC group
D-IBS group
Control group

+

Survival rate (%)

+

Groups

150

CD4 CD29 cells
a

41.56% ± 3.6%
20.12% ± 3.4%
19.37% ± 4.1%

8.33% ± 1.25%a
2.42% ± 1.12%
1.91% ± 2.35%

100

b

b

Cell
DMSO
5 mmol/L baicalin
10 mmol/L baicalin
20 mmol/L baicalin
40 mmol/L baicalin

b

50

a

P < 0.05 vs control group. Datas presented as mean ± SD. UC: Ulcerative
colitis.

scanned and the molecular weight and optical density of
the target band was analyzed by gel imaging system.

Day 0

Day 1

Day 2

Day 3

Figure 1 Cell proliferation rate (%) of CD4+CD29+ cells affected by baicalin
in vitro. bP < 0.01 vs control group (cell).

ELISA detection of serum levels of IFN-γ , IL- 4, IL-5, IL-6,
IL-10 and TGF-β
The ELISA assay was conducted according to the handbook provided by the ELISA kit (Jingmei BioTech Co.
Ltd., Shenzhen, China). The optical density of each sample
at 450 nm (OD450) was detected by an ELISA microplate
reader and the concentrations of interferon-γ (IFN-γ),
IL- 4, IL-5, IL-6, IL-10, and TGF-β levels in serum were
determined. A standard curve was calculated using linear
dilutions of the BSA supplied by the manufacturer.
Statistical analysis
All data are expressed as mean ± standard deviation
(SD). SPSS13.0 was used to perform one-way analysis of
variance (ANOVA) and a Q test for all intergroup comparisons. For all analyses, a probability less than an alpha
value of 0.05 (P < 0.05) was considered to be statistically
significant.

RESULTS
Percentage of CD4+CD29+ and CD4+ cells in UC group
The percentage of CD4 + and CD4+CD29+ cells was
significantly (P < 0.01) higher in the UC group than in
the D-IBS or control group, but showed no significant
(P > 0.05) difference between the IBS and control group
(Table 3). In the UC group, CD4+ cell number was doubled and the percentage of CD4+CD29+ cells showed a
fourfold increase compared with the D-IBS group and
controls.
Effects of baicalin on the proliferation of CD4+CD29+
cells
To investigate the effect of baicalin on the proliferation
of CD4+CD29+ cells, cells were treated with 5 μmol/L,
10 μmol/L, 20 μmol/L, 40 μmol/L baicalin and detected
at 0 h, 24 h, 48 h and 72 h by MTS assay. The results demonstrated that the proliferation of cells treated with different concentrations of baicalin was obviously repressed (P
< 0.01) after 24 h compared to the control group (Figure
1). Furthermore, flow cytometry was performed 72 h after
treatment, and we found that treatment with 20 μmol/L
and 40 μmol/L baicalin significantly (P < 0.05) decreased
the percentage of CD4+CD29+ cells (Figure 2).
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0

Effects of baicalin on the expression of GATA-3, FOXP3,
T-bet and RORC
The expression level of GATA-3, FOXP3, T-bet and
RORC in UC was detected by quantitative real-time PCR.
The results indicated that GATA-3 was significantly (P <
0.05) decreased in UC while FOXP3, T-bet and RORC
were increased compared to the D-IBS group and controls (Figure 3A). To test whether these proteins could be
regulated by baicalin, we examined their mRNA expression in cells treated with baicalin. We found that GATA-3
mRNA level was obviously (P < 0.05) elevated in the 5
μmol/L, 10 μmol/L and 20 μmol/L groups (Figure 3B).
Otherwise, FOXP3, T-bet and RORC mRNA levels were
significantly (P < 0.05) reduced in the 40 μmol/L group.
Effects of baicalin on the expression of p-STAT4/STAT4,
p-STAT6/STAT6 and p-NK-κ B/NK-κ B
The expression level of proteins was detected using western blot assay (Figure 4A). Compared with the control
and IBS groups, the expression of the p-STAT6/STAT6
ratio was significantly decreased (P < 0.05) while p-NKκB/NK-κB and p-STAT4/STAT4 were significantly (P
< 0.05) increased in the UC group (Figure 4B). However,
no significant difference (P > 0.05) was displayed between the control and IBS groups. The p-STAT4/STAT4
and p-NK-κB/NK-κB were significantly (P < 0.05) increased in the treatments with 40 and 20 μmol/L baicalin
when compared with other treatments, but p-STAT6/
STAT6 decreased significantly (P < 0.05) (Figure 4C).
Effects of baicalin on the serum level of IL-4, IL-5, IL-6,
IL-10, TGF-β 1 and IFN-γ
The UC group showed a significantly (P < 0.01) lower level of IL-4, IL-10 and TGF-β1 but significantly (P < 0.01)
higher expression of IFN-γ, IL-6 and IL-5 compared with
the control and IBS groups (Figure 5A). The concentrations of IL-6, IFN-γ and IL-5 were significantly (P < 0.05)
lower in the treatment with 40 or 20 μmol/L baicalin than
in the other treatments, but IL-4, IL-10 and TGF-β1 concentrations were higher (P < 0.05) (Figure 5B).

DISCUSSION
CD4+ T cells are important in the regulation of the T
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cell immune response to foreign antigens as well as selfantigens in the occurrence and development of UC[12-14].
CD4+CD29+ T cells are helper T cells which are involved
in the onset of autoimmune diseases and can promote
the production of B cell growth/differentiation factors in
patients with hyperthyroidism[10]. The numbers of CD29+
T cells in peripheral blood of patients with gestational
diabetes[14,15], allergic rhinitis[14], and acute hepatitis are
higher than those in healthy persons[15]. However, little information is found on how baicalin regulates the activity
of T cells via T cell subsets. Our previous study showed
a significant increase in the percentage of CD4+CD29+ T
cells in UC patients or rats with heat-dampness, indicating
that CD4+CD29+ T cells might be involved in the onset
of UC with heat-dampness. In this study, we confirmed
that CD4+CD29+ T cells were significantly increased
in the UC group than in the IBS and control groups in
PBMCs isolated from peripheral blood of patients with
UC. After cells were treated with baicalin, CD4+ and
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CD4+CD29+ cells significantly proliferated. The results
indicated that baicalin, as an important component of
Huang Qin Tang, might regulate immune function by
promoting cell proliferation in the treatment of UC.
In recent years, studies have shown that Th17 cells are
closely associated with Tregs in cell differentiation and
both can be transformed to one another. They are independent in the immune response but sometimes show
a close relationship. Disruption of the balance between
Th17 and Treg cells results in diseases. It is reported that
IL-23, its receptor IL-23R, and RORC play a key role in
the differentiation and maintenance of Th17 cells and are
closely related with the pathogenesis of UC[16-20]. It is also
reported that the T-bet and GATA-3 balance is crucial
to the regulation of Th1/Th2 differentiation. T-bet and
GATA-3 can form a self-activated feed-back regulation
circle. They formulate a dynamic regulation network of
their own and other subpopulation-specific transcription
factors[21,22]. T-bet can directly bind to GATA-3 and inter-
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fere with GATA-3 mediated Th2 response[23-25].
Our previous study demonstrated that Huang Qin
Tang can regulate Th17/Treg balance and relieve the inflammatory reaction of rats with heat-dampness UC by
regulating the expression of FOXP3, RORC, IL-17, IL-6,
IL-10 and TGF-β, which might be one of the immune
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regulative mechanisms in the treatment of UC with heatdampness by Hang Qin Tang. In this study, we further
detected cytokines in blood by ELISA assay and found
that the UC group had higher concentrations of IFN-γ,
IL-6 and IL-5 but lower concentrations of IL-4, IL-10
and TGF-β1 than the IBS and control groups. Baicalin
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treatment, especially at doses of 20 and 40 μmol/L,
resulted in a decrease of IFN-γ, IL-5 and IL-6 and an
increase of IL-4, IL-10 and TGF-β1. The expressions
of RORC and FOXP3 mRNA in PMBCs detected by
PCR were higher (P < 0.05) in the UC group than in the
control and IBS groups. When cells were treated with
high concentrations of baicalin, the expression of RORC
showed a significant decrease compared with FOXP3,
which led to a significant lower ratio of RORC/FOXP3
and indirectly regulated the balance of Th17/Treg differentiation. qRT-PCR results indicated higher T-bet
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and lower GATA-3 expression in the UC group, so the
T-bet/GATA-3 ratio was significantly higher compared
with the control group. The high T-bet expression could
promote the differentiation of Th1 cells and the production of cytokines. However, the low GATA-3 expression
could not promote the shifting of cells from Th0 to Th2,
and hence could result in high level of Th1 expression in
the body, which was consistent with the results of Müller et al[26]. The treatment with 40 μmol/L baicalin displayed a significantly decrease in T-bet/GATA-3 ratio by
highly decreasing T-bet. As a result, high concentrations
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of baicalin could reduce the ratio of T-bet/GATA-3,
inhibit the secretion of cytokines (IFN-γ, IL-5, IL-6),
but increase concentrations of IL-4, IL-10 and TGF-β1.
Thus, we propose a novel view that baicalin might be a
new therapy target by regulating the differentiation of
Th0 into Th1/Th2 in the treatment of UC. It is also suggested that baicalin could correct Th1/Th2 imbalance by
regulating expression of T-bet and GATA-3.
STAT6 and STAT4 belong to the STAT family and
they respectively participate in the differentiation of Th
cells into Thl and Th2[7,27,28]. STAT4 is a transcription
factor that regulates Th1 differentiation and hence its activation can cause inflammation. A study showed that the
expression of p-STAT4 is high in colonic mucosa tissue
of patients with UC, CD and irritable bowel syndrome,
but is highest in patients with UC. Other studies also
showed that p-STAT4 expressed in UC tissues is significantly higher than in normal tissues. The p-STAT4 means
that STAT4 is in an active state, indicating that STAT4
is playing a role in the pathogenesis of UC and the high
expression of STAT4 could result in the inflammation
of UC. STAT6 is one of the key transcription factors
that mediate Th2, and the activated STAT6 has an antiinflammation effect. It is reported that STAT6 in colonic
mucosa tissues of patients with UC is not significantly
different from that of the healthy person, but it can be
greatly decreased after the Chinese medicine is used,
and the clinical symptoms of UC can be improved by
inhibiting STAT6[29]. We detected expression of STAT4,
STAT6, p-STAT4, p-STAT6, and the related cytokines
of PBMC in UC cells by western blotting and found
that p-STAT4/STAT4 ratio was significantly higher but
p-STAT6/STAT6 ratio was lower in the UC group than
in the healthy control group and IBS group. In an in vitro
culture of cells treated with baicalin, treatment with 40
and 20 μmol/L baicalin significantly decreased p-STAT4/
STAT4 ratio but increased p-STAT6/STAT6 ratio compared with groups of medium only, DMSO, 5 μmol/L
baicalin and 10 μmol/L baicalin.
Many researchers believed that immune dysfunction
was a key factor that resulted in IBD. Neurath et al[29]
firstly reported the existence of NF-κB activation in
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inflammatory intestine tissues in a TNBS-induced IBD
animal model[30]. Schreiber et al[31] confirmed that NF-κB
is inactive in normal human intestine tissues but is highly
active in intestine tissues of patients with UC or CD, and
it is important for the occurrence and development of
UC[32,33]. Zhang et al[34] reported that baicalin, used for
the treatment of rats with severe pancreatitis, can reduce
concentrations of toxin and TNF-a in blood, relieve intestine mucosa damage, decrease production of NF-κB,
inhibit inflammation reaction, and hence protect intestine
mucosa. We here detected expression of NF-κB and
p-NF-κB in PBMCs of patients with UC and found that
the UC group had significantly increased p-NK-κB expression and p-NK-κB/NK-κB ratio but decreased NKκB expression. In the in vitro culture of PBMCs treated
with baicalin, 40 μmol/L baicalin significantly lowered
the p-NK-κB/NK-κB ratio, indicating that baicalin could
regulate immune balance and relieve inflammation response caused by UC by decreasing the p-NK-κB/NKκB ratio.
This study demonstrated that baicalin might be a potential immune inhibitor. It adjusted immune balance and
relieved the inflammatory response caused by UC, probably by inhibiting the ratio of CD4+CD29+ cells and immunosuppressive pathways[35]. Our results provide valuable information for further studies on the pathogenesis
of UC and for the development of new drugs, and also
provide a new view of studying T helper cell immune
disorder-related diseases including UC.
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Abstract
AIM: To evaluate the therapeutic effect of hydroxynaphthoquinone mixture (HM) on dextran sulfate
sodium (DSS)-induced colitis and explore the underlying mechanisms.
METHODS: BALB/c mice received 3.5% DSS for 6 d
to induce ulcerative colitis. Groups of mice were orally
administered HM 3.5, 7 and 14 mg/kg and mesalazine
200 mg/kg per day for 7 d. During the experiment,
clinical signs and body weight, stool consistency and
visible fecal blood were monitored and recorded daily.
A disease activity index score was calculated for each
animal. At the conclusion of the experiment, the colonic
histopathological lesions were evaluated. Myeloperoxidase (MPO) activity and tumor necrosis factor-α (TNF-α)
levels were determined. Protein expression levels of
TNF-α, nuclear factor-κB (NF-κB) p65, inhibitor of κB
(IκB) and phosphorylation of IκB (p-IκB) were analyzed
by Western blot analysis.
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RESULTS: Administration of 3.5% DSS for 6 d successfully induced acute colitis associated with soft stool,
diarrhea, rectal bleeding, and colon shortening, as well
as a loss of body weight. Administration of HM effectively attenuated the severity of colonic mucosa injury.
For histopathological analysis, HM treatment improved
histological alterations and lowered pathological scores
compared with the DSS only group. This manifested as
a reduction in the extent of colon injury and inflammatory cell infiltration, as well as the degree of mucosal
destruction. In addition, HM at doses of 7 and 14 mg/kg
significantly decreased MPO activity in colonic tissue
(0.98 ± 0.22 U/g vs 1.32 ± 0.24 U/g, 0.89 ± 0.37 U/g
vs 1.32 ± 0.24 U/g tissue, P < 0.05) and serum TNF-α
levels (68.78 ± 7.34 ng/L vs 88.98 ± 17.79 ng/L, 64.13
± 14.13 ng/L vs 88.98 ± 17.79 ng/L, P < 0.05). Furthermore, HM down-regulated the expression of TNF-α,
NF-κB p65 and p-IκBα in colonic tissue while up-regulating IκBα protein expression. These results suggest
that the significant anti-inflammatory effect of HM may
be attributable to its inhibition of TNF-α production and
NF-κB activation.
CONCLUSION: HM had a favorable therapeutic effect
on DSS-induced ulcerative colitis, supporting its further
development and clinical application in inflammatory
bowel disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Arnebia euchroma (Royle) Johnst; Hydroxynaphthoquinones; Inflammatory bowel disease;
Dextran sulfate sodium-induced ulcerative colitis; Nuclear factor-κB activation
Core tip: There is an urgent need for effective and safe
therapeutic approaches for the treatment of inflammatory
bowel disease. We obtained a hydroxynaphthoquinone
mixture (HM) from Zicao. Previously, HM demonstrated
a favorable therapeutic effect in 2,4,6-trinitrobenzene
sulfonic acid (TNBS)-induced colitis. To exclude that the
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therapeutic effect was limited to TNBS-induced colitis,
we evaluated the effect of HM in dextran sulfate sodium
(DSS)-induced colitis. Similarly, we found that HM was
beneficial in DSS-induced colitis. The underlying mechanism may be associated with the regulation of tumor necrosis factor-α level and nuclear factor-κB activity. These
findings provide support for further development of HM
for clinical applications.
Zhang ZL, Fan HY, Yang MY, Zhang ZK, Liu K. Therapeutic
effect of a hydroxynaphthoquinone fraction on dextran sulfate
sodium-induced ulcerative colitis. World J Gastroenterol 2014;
20(41): 15310-15318 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i41/15310.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i41.15310

INTRODUCTION
Inflammatory bowel disease (IBD), which encompasses
Crohn’s disease (CD) and ulcerative colitis (UC), is a
chronic and recurrent inflammatory disorder of unknown
etiology[1]. Its main clinical symptoms include abdominal
pain, diarrhea, bloody mucopurulent stool and fistulization[1,2]. IBD has been identified as one of the most challenging health issues by the World Health Organization
and is associated with a high risk of colon cancer if not
treated in a timely manner. IBD is very common in developed countries, with the greatest incidences in northern
Europe, the United Kingdom, and North America. In
the West, the prevalence of UC and CD has increased to
approximately 200/100000 persons. Recently, IBD cases
have increased in China with the improvement of living
conditions and the adoption of a western lifestyle[1]. IBD
has become the main cause of digestive system disorders and chronic diarrhea in China, mostly affecting young people. IBD is gaining attention as it is
a major threat to daily life and human health. To date
there is no ideal treatment for IBD, and the primary goal
of treatment is the mitigation of symptoms.
Although many studies suggest that genetic and environmental factors, infection, and immune system disorders are involved in the development of IBD, its cause
and underlying mechanisms remain unclear. Molecular
biology and immunology studies, the establishment of
animal models, and recent studies of cytokines and adhesion molecules have led to a better understanding of
the pathogenesis of IBD. It is widely accepted that activation of the nuclear factor-κB (NF-κB) signaling pathway and overexpression of associated cytokines such as
tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6),
IL-10, and interferon-γ (IFN-γ) play key roles in the development of IBD. NF-κB regulates the expression of
multiple pro-inflammation genes and is thus a key player
in maintaining immune system homeostasis[3,4]. Thus, inhibition of NF-κB and its associated molecules may be a
novel therapeutic tool.
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Zicao, the dried root of Arnebia euchroma (Royle)
Johnst or Arnebia guttata Bunge, according to the Pharmacopeia of the People’s Republic of China (2010 ed),
is a traditional Chinese herbal medicine. In China, Zicao
has been extensively used for more than 1000 years in the
treatment of burns, eczema, bedsores, hepatitis, allergic
purpura and endocrine disorders. Naphthoquinones (also
termed as hydroxynaphthoquinones in the Pharmacopoeia of China), including shikonin, alkannin and their
derivatives, are the major active constituents of chemical
components isolated from Zicao[5]. Shikonin derivatives
have an R-configuration, and alkannin derivatives have an
S-configuration; however, it has been reported that the
biological activities of shikonin and alkannin do not differ significantly[5-7]. Pharmacological studies suggest that
hydroxynaphthoquinones reduce inflammation, promote
wound healing and are antibacterial[6]. Shikonin derivatives appear to exert their anti-inflammatory actions and
modulate the immune system through inhibiting TNF-α,
down-regulating NF-κB signaling and decreasing the production of other cytokines[8-11]. Furthermore, an ointment
of alkannin and its derivatives has been used clinically in
the treatment of traumatic ulcer and acute anal fissure[6].
Previously, we showed that a hydroxynaphthoquinone mixture (HM) obtained from the petroleum ether
extract of Zicao showed favorable therapeutic action in
2,4,6-trinitrobenzene sulfonic acid (TNBS)-induced colitis[12]. To confirm that the therapeutic effect of HM is not
limited to TNBS-induced colitis, we evaluated the effect
of HM in an established model of acute ulcerative colitis
induced with dextran sulfate sodium (DSS) and further
explored its mechanism of action through investigation
of the NF-κB signaling pathway.

MATERIALS AND METHODS
Animals
Eight-week-old BALB/c mice were purchased from
Vital River Laboratory Animal Technology Co., Ltd.
(certiﬁcate No. 0247652). All animals were acclimated
for at least 1 wk at a temperature of 24 ℃ ± 1 ℃ with
55% ± 5% humidity. The animals were maintained with
free access to a standard diet and tap water. All experimental procedures were approved by the local Animal
Care and Use Committee.
Drugs and reagents
HM was provided by Wuxi Target Drug Research Co.
Ltd. (Jiangsu, China), containing 89.43% total pigments
of hydroxynaphthoquinone, calculated as shikonin. DSS
was purchased from Beijing Bitab Biotechnology Co.
Ltd. (Beijing, China). Mesalazine was purchased from
Ethypharm Pharmaceutical Co., Ltd. (France). The myeloperoxidase (MPO) detection kit was purchased from
Nanjing Jiancheng Bioengineering Institute. The mouse
TNF-α enzyme-linked immunosorbent assay (ELISA)
Kit, a product of R and D Systems (United States), was
obtained from Shanghai Chuanxiang Biotechnology
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Co. Ltd. (Shanghai, China). The antibodies used in this
study were anti-TNF-α (ab66579, Abcam), anti-NF-κB
p65 (ab16502, Abcam), anti-inhibitor of NF-κB (IκB)
α (ab32518, Abcam), and anti-phosphorylated IκBα
(p-IκBα, Ser-36, ab133462, Abcam). Goat anti-rabbit
IgG was purchased from Boster Biotechnology (Wuhan,
Hubei province, China).
Induction of colitis
BALB/c mice were randomly assigned to the following
groups (n = 8-10 per group): control, DSS alone (DSS),
DSS plus mesalazine (200 mg/kg), DSS plus HM (3.5, 7,
14 mg/kg). Control mice were given filter-purified water,
while the other groups were administered 3.5% DSS for
six days to induce colitis. Mesalazine and HM were delivered by intragastric administration (0.2 mL/10 g) for
seven days from the first day of induction.
Evaluation of disease activity index
The mice were checked daily for colitis based on body
weight monitoring, gross rectal bleeding, and stool consistency. The overall disease severity was assessed by a
clinical scoring system[13,14], and a disease activity index
(DAI) score was calculated for each animal.
Sample collection and histopathological examination
After 7 d of drug administration, blood was obtained
from the inner canthus of the eye, and samples were centrifuged for 15 min at 3000 rpm, after which the supernatant was collected and stored at -20 ℃ until analysis. Mice
were then sacrificed, and the colon and rectum were dissociated. After removal of the entire colon and rectum,
the total length was measured, and the colon was then
opened longitudinally, gently washed with ice-cold saline
and blotted dry with filter paper. The colon tissue was
then weighed and cut into several segments. A 1-cm colon segment 2 cm from the anus was fully expanded, affixed to filter paper, and then fixed in 10% neutral formalin. The tissues were then embedded in parafﬁn, stained
with hematoxylin and eosin, and assessed under light microscopy. Colonic damage was scored as described previously[15]. The remaining colon tissue was stored at -80 ℃
for biochemical measurements and Western blot analysis.

enate was centrifuged at 12000 g for 10 min at 4 ℃ and
proteins were collected from the supernatant. The pellets
were re-suspended in 50 μL of nuclear protein extraction
buffer, lysed by ultrasound in an ice water bath, and then
centrifuged to yield the nuclear fraction. Protein concentration was measured with a BCA protein assay kit.
Protein samples (50-80 μg) were separated using 8%-12%
SDS-PAGE gels and transferred onto PVDF membranes.
The membranes were blocked with 5% skim milk in Trisbuffered saline with Tween 20 for 2 h at room temperature and then incubated with primary antibodies to antiTNF-α, anti-NF-κB p65, anti-IκBα, or anti-p-IκBα at
a 1:1000-1:10000 dilution overnight at 4 ℃. Then, the
membrane was washed 3 times for 10 min each and incubated with a horseradish peroxidase- conjugated antirabbit IgG antibody. Protein bands were detected using
an enhanced chemiluminescence detection kit (Beyotime
Institute of Biotechnology) and visualized by exposure to
photographic film.
Statistical analysis
Statistical analyses were performed using SPSS software
11.5 for Windows. All results are expressed as mean ±
SD. Quantitative data were tested for homogeneity of
variance. If the variance was homogeneous, one-way
ANOVA followed by the Bonferroni post hoc test was
used. Comparisons between groups of nonparametric
data were made using the Kruskal-Wallis test followed
by the Mann-Whitney U test. P < 0.05 was considered
significant.

RESULTS

Determination of MPO activity and TNF-α level
MPO activity was measured using a detection kit according to the manufacturer’s instructions. MPO activity was determined using the O-dianisidine method and
expressed as units per gram of wet tissue. TNF-α serum
levels were assayed using a mouse TNF-α ELISA kit and
expressed as ng/L.

Effect of HM on the clinical signs and body weight
change of mice
Animals treated with 3.5% DSS for 6 d developed symptoms of acute colitis with an incidence rate of 100%.
Acute colitis manifested as diarrhea and bloody feces
accompanied by a notable loss of body weight. Control
animals showed a steady increase in body weight. In comparison with control mice, the DSS alone treatment group
had a significantly increased DAI score. HM treatment
suppressed DSS-induced colitis in a dose-dependent manner, ameliorated diarrhea and rectal bleeding, and reduced
the loss of body weight. Similarly, mesalazine treatment
also produced a significant reduction in the disease index
and the severity of lesions caused by DSS treatment (Figure 1). On the sixth day of the experiment, the DAI score
in the DSS alone group was 7.4 ± 1.3 mg/kg, while in the
HM 3.5, 7, and 14 mg/kg treatment groups, it was 6.2 ± 3.1
, 5.0 ± 2.0 and 4.7 ± 2.2 mg/kg, respectively.

Western blot analysis
Nuclear and cytoplasmic extracts were prepared using a
nuclear and cytoplasmic protein extraction kit (Beyotime,
China). Briefly, colon tissues (approximately 80 mg) were
homogenized in cytoplasmic extraction buffer. Tissue homogenates were rapidly lysed by vortexing. The homog-

Effect of HM on colon length, colonic MPO activity and
serum TNF-α levels in DSS-induced ulcerative colitis in
mice
Our results showed that following 6 d of DSS treatment,
colon length was shortened in all animals. Additionally,
congestion and swelling in the colon and a slight increase
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Figure 1 Effect of hydroxynaphthoquinone mixture on the clinical signs and body weight change of mice. A: Body weight change; B: Disease activity index.
Colitis was induced by administration with 3.5% dextran sulfate sodium (DSS) for 6 d. Hydroxynaphthoquinone mixture (HM) (3.5, 7, 14 mg/kg) or mesalazine 200
mg/kg was administered daily for 7 d. Disease progression was monitored daily by observation of clinical signs and body weight change. Data are presented as mean
± SD of eight to ten mice. aP < 0.05 vs control, bP < 0.01 vs DSS alone.
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Figure 2 Effect of hydroxynaphthoquinone mixture on colon length (A), colonic myeloperoxidase activity (B) and serum tumor necrosis factor-α level (C)
in dextran sulfate sodium-induced mouse ulcerative colitis. Colitis was induced by administration with 3.5% dextran sulfate sodium (DSS) for 6 d. Hydroxynaphthoquinone mixture (HM) (3.5, 7, 14 mg/kg respectively) or mesalazine 200 mg/kg was administered daily for 7 d. Myeloperoxidase (MPO) activity was determined using an MPO detection kit. Tumor necrosis factor-α (TNF-α) level was determined by enzyme-linked immunosorbent assay. Data are presented as mean ± SD of eight
to ten mice. bP < 0.01 vs control; cP < 0.05 vs DSS alone.

in colon weight was observed. The mean colon length
was 5.71 ± 0.87 cm for DSS-only mice, showing a significant reduction compared with normal mice (8.91 ± 0.97
cm) (P < 0.01). Treatment with different doses of HM
prevented colon shortening. The mean colon length was
6.02 ± 0.37 cm for HM 3.5 mg/kg, 6.51 ± 0.66 cm for
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HM 7 mg/kg, and 6.80 ± 0.70 cm for HM 14 mg/kg. A
significant effect was observed at a dose of 14 mg/kg.
Mesalazine also inhibited colon shortening to some extent (Figure 2A).
MPO activity in colonic tissue showed a significant increase to 1.32 ± 0.24 U/g tissue after DSS administration
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(Figure 2B), suggesting the induction of a severe inflammatory response. Following HM (3.5, 7 and 14 mg/kg)
and mesalazine treatment, MPO activity was reduced to
1.10 ± 0.31, 0.98 ± 0.22, 0.89 ± 0.37 and 0.95 ± 0.30 U/
g tissue, respectively.
As shown in Figure 2C, the TNF-α level in the DSSonly group significantly increased in contrast to controls
(88.98 ± 17.79 ng/L vs 48.92 ± 12.92 ng/L, P < 0.01).
HM 3.5 mg/kg showed a tendency to reduce the TNF-α
level, but the reduction was not statistically significant.
Mesalazine and HM 7 and 14 mg/kg significantly reduced TNF-α levels (P < 0.05). The mean serum TNF-α
levels were determined to be 64.33 ± 14.28 ng/L for mesalazine, 79.75 ± 16.45 ng/L for HM 3.5 mg/kg, 68.78 ±
7.34 ng/L for HM 7 mg/kg and 64.13 ± 14.13 ng/L for
HM 14 mg/kg.
Effect of HM on histopathological changes in DSSinduced ulcerative colitis in mice
On histological examination, colonic epithelial cells and
crypt structures were intact, with no reduction of goblet cells in control mice. In DSS-treated mouse mucosa,
severe lesions, with a complete loss of colonic epithelial
cells, crypt structure and goblet cells were present in
most colonic samples. In addition, the mucosa and submucosa were infiltrated with inflammatory cells in areas
of focal lesions, and associated congestion and edema
were observed. Histopathological injury scores were
significantly elevated. Treatment of animals with HM
showed significant effects at all dose levels. Treatment
with HM 3.5 mg/kg reduced the area of injury and the
extent of congestion or edema compared with that in
the DSS-only group (P < 0.05). Although there was still
widespread destruction of the crypt structure, the intact
epithelial mucosa was preserved. Likewise, HM 7 mg/kg
significantly reduced the extent of colon injury, congestion and edema (P < 0.05). In mice treated with HM 14
mg/kg, the colonic mucosa showed slight pathological
changes including a reduced extent of colon damage and
reduced infiltration of inflammatory cells. The structure
of the crypt epithelial cells remained intact, and the histopathological injury scores were significantly decreased (P
< 0.05). A similar efficacy was observed for mesalazine
(Figure 3).
Effect of HM on the expression levels of TNF-α ,
NF-κ B p65, Iκ Bα and p-Iκ Bα proteins in DSS-induced
ulcerative colitis in mice
Our results showed that the expression levels of p-IκBα
and NF-κB p65 were increased in the colonic tissue,
while IκBα expression was decreased compared with
those in controls. This indicates that NF-κB activity was
increased. The administration of HM down-regulated
the expression of p-IκBα and NF-κB p65 while upregulating the expression of I κ B α . Moreover, HM
inhibited TNF-α expression. These results suggest that
the anti-inflammatory effect of HM may be associated
with inhibition of TNF-α production and NF-κB acti-
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vation (Figure 4).

DISCUSSION
The establishment of animal models of bowel tract
inflammation has provided effective approaches for investigating the pathogenesis of IBD and for screening
new drugs. The sulfated polysaccharide DSS can disrupt
the epithelial cell barrier. DSS may induce colitis by affecting DNA replication, inhibiting the overgrowth of
epithelial cells, inducing macrophage activation, increasing the release of cytokines and breaking the balance of
gut microflora[16]. The T cell response in DSS-induced
colitis consists of a Th1 response in the acute phase with
a mixed Th1/Th2 response in later and chronic phases
of inﬂammation. In either case, DSS elicits the secretion
of large amounts of TNF-α and IL-6, which are primarily responsible for the tissue damage associated with the
disease[17]. The pathological changes in the DSS-induced
IBD model are similar to human UC, and this simple
experimental process is easily reproduced[16,17]. Thus, it
is an ideal model that has been widely used to study the
mechanism of UC and for screening potential drugs.
In the current study, we successfully established a
murine IBD model by treating BALB/c mice with 3.5%
DSS for six days. Beginning on the third day of DSS administration, mice began to show reduced activity, loose
stools and decreased body weight. During later phases,
mice had serious bloody stools, and a few mice died.
Colon hyperemia, edema and bloody contents were also
observed. The intestinal tract wall became thick and stiff.
Shortening of the colon was found in all DSS-treated
animals. Histopathological examination showed that
the crypt structure in the colon tissue disappeared, and
epithelial and goblet cells decreased, while inflammatory
cell infiltration occurred in the mucosa and submucosa.
Treatment with HM decreased the lesion severity, reduced
the extent of colon injury and alleviated the infiltration
of inflammatory cells. This confirms that HM has a beneficial effect on UC. In addition, decreased MPO activity
illustrated the benefits of HM treatment in the mouse
model of DSS-induced colitis. MPO is an enzyme that is
mainly expressed in neutrophil granulocytes. Increased
MPO activity can produce extra oxidizing agents that can
cause tissue damage. MPO activity is positively associated
with the number of neutrophil granulocytes; thus, the
measurement of MPO activity can be used as a quantitative assay for acute intestinal inflammation[18]. Our results
showed that MPO activity was significantly inhibited after
HM treatment, suggesting that HM has a stronger antiinflammatory activity.
The mechanism of IBD progression is very complex.
In addition to genetic and environmental factors, the mucosal immune system plays a key role in disease progression. In a normal intestinal tract, the mucosal immune
system can maintain the balance between proinflammatory and anti-inflammatory cytokines, thus avoiding injury caused by microflora. In chronic mucosal inflamma-
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Figure 3 Effects of hydroxynaphthoquinone mixture on pathological injury. A: Intestinal histopathological features; B: Pathological scores of colonic samples of
each group. Colitis was induced by administration with 3.5% dextran sulfate sodium (DSS) for 6 d (original magnification, × 100). Hydroxynaphthoquinone mixture (HM)
(3.5, 7, 14 mg/kg) or mesalazine 200 mg/kg was administered daily for 7 d. 1: Control; 2: Mice treated with DSS alone; 3: Mice treated with DSS plus mesalazine; 4-6:
Mice treated with DSS plus HM (3.5, 7, 14 mg/kg respectively). Data are presented as mean ± SD (n = 8-10 mice). bP < 0.01 vs control; cP < 0.05 vs DSS alone.
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Figure 4 Effects of hydroxynaphthoquinone mixture on the expression of
tumor necrosis factor-α, nuclear factor-κB p65, inhibitor of nuclear factorκB in dextran sulfate sodium-treated colon tissue. A: The expression level of
nuclear factor-κB (NF-κB) p65 in nuclear protein; B: The expression level of tumor necrosis factor-α (TNF-α), inhibitor of NF-κB (IκBα) and phosphorylation of
IκBα (p-IκBα). Colitis was induced by administration with 3.5% dextran sulfate
sodium (DSS) for 6 d. Hydroxynaphthoquinone mixture (HM) (3.5, 7, 14 mg/kg
respectively) was administered daily for 7 d. Protein extracts were obtained from
colons, and protein expression levels were detected by Western blot analysis.

tion occurring with IBD, macrophages and T cells can be
widely activated and produce high concentrations of proinflammatory cytokines such as TNF-α, IL-6 and IFN-γ,
causing lesions in colon tissue[3]. The main pathological
changes of UC are regional intestinal tract inflammatory
responses that are characterized by increased numbers
of immune cells and epithelial cell disruption. Previous
studies showed that in UC patients, the mRNA expression levels of several cytokines, including IFN-γ, TNF-α,
IL-1β, IL-6 and IL-10 increased and were associated with
UC severity[19-21]. Among these cytokines, the overexpression of TNF-α is critical in intestinal mucosal lesions[3].
In the clinic, TNF-α blockers such as infliximab, adalimumab and certolizumab pegol have been successfully
used for the treatment of IBD patients[22-26]. Our results
showed that HM treatment decreased serum and colon
tissue levels of TNF-α in DSS-induced mouse colitis,
suggesting that the protective effect of HM against colonic injury is related to the regulation of TNF-α levels.
Pro-inflammatory cytokines are well known to be
linked to the pathogenesis of IBD[27]. With the development of molecular medicine, studies of nuclear transcription factors such as NF-κB have garnered more
attention. Pro-inflammatory cytokines such as TNF-α
and IL-1 interact physically with the NF-κB signaling
pathway. These triggering substances activate the NFκB signaling pathway, which in turn promotes and controls the expression of TNF-α and other cytokines. The
constant activation of NF-κB maintains and increases
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the inflammatory response in IBD; thus, NF-κB may
act as a key regulator[4]. Most clinical studies suggest that
the expression level of NF-κB p65 and NF-κB binding
activity significantly increase in patients with ulcerative
colitis[28-31]. Clinical and pre-clinical evidence suggests
that the application of NF-κB p65 oligonucleotides significantly decreases the expression of NF-κB p65 and
cytokines in mucosa and decreases the severity of clinical
symptoms[13,32,33], indicating that NF-κB may be a therapeutic target. To determine whether HM affected NFκB activity, we planned to investigate the key molecules
regulating NF-κB activation. The activation of NF-κB
is regulated by IκB and IκB kinase (IKK). When inactive, the NF-κB dimer associates with IκB proteins, the
best-studied and most important of which is IκBα[34].
The NF-κB signaling pathway can be activated by several
stimuli including lipopolysaccharide, pro-inflammatory
cytokines, and viruses[35]. These stimuli can activate the
IKK complex. IKKs phosphorylate the inhibitory IκBα
protein, resulting in the dissociation of IκBα from NFκB. The uncovered nuclear localization signals will then
cause the activation of NF-κB proteins[34]. High NF-κB
activity is accompanied by the increased expression levels
of several cytokines (IL-1, IL-6 and TNF-α) and adhesion molecules[29,31]. Because NF-κB is the key regulator
in the pathogenesis of IBD, it has become an attractive
target for the treatment of IBD. Most anti-inflammatory
drugs, including cortical hormones, salazosulfapyridine,
aminosalicylic acids and TNF-α monoclonal antibodies,
exert their anti-inflammatory function at least partially
through the inhibition of NF-κB activation[30,31,36].
In our study, we examined whether HM regulates the
activation of NF-κB in tissue affected by colitis. Our
results showed that treatment with HM decreased the
expression of NF-κB p65 and p-IκBα and increased
the expression of IκBα. Thus, we hypothesize that the
induction of IκB expression and the suppression of IκB
degradation may be a mechanism by which HM inhibits
NF-κB activation. Similarly, HM decreased the expression
of TNF-α in colon tissue. Through these two pathways,
HM could inhibit the increased inflammatory response
and reduce the severity of colitis lesions.
In summary, our results suggest that HM can effectively reduce clinical symptoms in a mouse model
of DSS-induced ulcerative colitis and may be a suitable
candidate drug for the treatment of IBD. The underlying anti-inflammatory mechanism of HM acts through
the inhibition of TNF-α production and NF-κB activation. These novel findings provide the pharmacological
foundation for the application of HM in the treatment
of IBD.
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Abstract
AIM: To investigate the effect of diazoxide administration on liver ischemia/reperfusion injury.
METHODS: Wistar male rats underwent partial liver
ischemia performed by clamping the pedicle from the
medium and left anterior lateral segments for 1 h under mechanical ventilation. They were divided into 3
groups: Control Group, rats submitted to liver manipulation, Saline Group, rats received saline, and Diazoxide
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Group, rats received intravenous injection diazoxide (3.5
mg/kg) 15 min before liver reperfusion. 4 h and 24 h
after reperfusion, blood was collected for determination
of aspartate transaminase (AST), alanine transaminase
(ALT), tumor necrosis factor (TNF-α), interleukin-6
(IL-6), interleukin-10 (IL-10), nitrite/nitrate, creatinine
and tumor growth factor-β1 (TGF-β1). Liver tissues
were assembled for mitochondrial oxidation and phosphorylation, malondialdehyde (MDA) content, and histologic analysis. Pulmonary vascular permeability and
myeloperoxidase (MPO) were also determined.
RESULTS: Four hours after reperfusion the diazoxide
group presented with significant reduction of AST (2009
± 257 U/L vs 3523 ± 424 U/L, P = 0.005); ALT (1794 ±
295 U/L vs 3316 ± 413 U/L, P = 0.005); TNF-α (17 ± 9
pg/mL vs 152 ± 43 pg/mL, P = 0.013; IL-6 (62 ± 18 pg/
mL vs 281 ± 92 pg/mL); IL-10 (40 ± 9 pg/mL vs 78 ±
10 pg/mL P = 0.03), and nitrite/nitrate (3.8 ± 0.9 µmol/L
vs 10.2 ± 2.4 µmol/L, P = 0.025) when compared to the
saline group. A significant reduction in liver mitochondrial
dysfunction was observed in the diazoxide group compared to the saline group (P < 0.05). No differences in
liver MDA content, serum creatinine, pulmonary vascular
permeability and MPO activity were observed between
groups. Twenty four hours after reperfusion the diazoxide
group showed a reduction of AST (495 ± 78 U/L vs 978
± 192 U/L, P = 0.032); ALT (335 ± 59 U/L vs 742 ± 182
U/L, P = 0.048), and TGF-β1 (11 ± 1 ng/mL vs 17 ± 0.5
ng/mL, P = 0.004) serum levels when compared to the
saline group. The control group did not present alterations when compared to the diazoxide and saline groups.
CONCLUSION: Diazoxide maintains liver mitochondrial
function, increases liver tolerance to ischemia/reperfusion injury, and reduces the systemic inflammatory
response. These effects require further evaluation for
using in a clinical setting.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Diazoxide is a selective mitoKATP channel
opener and has a protective effect against organ ischemia/reperfusion (I/R) injury. This report shows that diazoxide maintains liver mitochondrial function, increases
liver tolerance to I/R injury, and reduces the systemic
inflammatory response. Since diazoxide has also a
hypotensive effect its administration may also reduce
bleeding in liver surgery during hepatic parenchyma
transection. These effects require further evaluation for
use in a clinical setting.
Nogueira MA, Coelho AMM, Sampietre SN, Patzina RA, Pinheiro da Silva F, D’Albuquerque LAC, Machado MCC. Beneficial
effects of adenosine triphosphate-sensitive K+ channel opener on
liver ischemia/reperfusion injury. World J Gastroenterol 2014;
20(41): 15319-15326 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i41/15319.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i41.15319

INTRODUCTION
The physiological function of mitochondrial ATPsensitive potassium channel (mitoKATP) is to permit K+
transport into the mitochondrial matrix and therefore
maintain its volume[1]. This mitochondrial channel has
been identified in many tissues, such as heart[2], brain[3],
skeletal muscle[4] and liver[5].
This mitoKATP channel has been related to the
preconditioning protection of the ischemic heart[6]. It
was also observed that the preconditioning-like effect of
morphine in the intact heart can be the result of mitoKATP channel activation[7].
Diazoxide is a selective mitoKATP channel opener
and could have a protective effect against organ ischemia/reperfusion (I/R) injury. In fact a protective effect
has been demonstrated in the heart[8]. This protective
effect is related to mitoKATP opening since other drugs
with this action also reduce the heart I/R injury[9].
The protective effect of diazoxide in I/R injury has
been reported in several organs, such as brain[10] and spinal cord[11] in which mitoKATP has been identified. Since
mitoKATP channels are present in liver mitochondria[12]
it is conceivable that diazoxide may have a protective effect on liver I/R injury. In the present study, we evaluated
the effect of diazoxide on local and systemic effects of
liver I/R injury.

MATERIALS AND METHODS
Animals
Seventy adult male Wistar rats weighing 230-270 g
housed in individual cages in a 12 h dark-light controlled
environment were used for the experimental protocol.
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Rats had free access to standard rat chow and water. The
experimental protocol was approved by the Ethics Committee for Animal Research from the Medical School of
São Paulo University and received humanized care according to the criteria outlined in the Guide for the Care
and Use of Laboratory Animals (Institute of Laboratory
Animal Resources, Commission on Life Sciences and
National Research Council. National Academic Press,
Washington, DC, 1996.)
Experimental design
The rats were randomly submitted to the following experimental protocols: Control Group (n = 18), rats underwent laparotomy and liver manipulation; Saline Group
(n = 26), rats received intravenous injection (iv) saline 15
min before liver ischemia; Diazoxide Group (n = 26), rats
received iv diazoxide (Sigma Chemical CO, St. Louis, MO,
USA) (3.5 mg/kg) 15 min before liver ischemia. Saline
and Diazoxide groups received the same iv volume in
mL/kg.
Surgical procedure and sample collection
The animals were anesthetized with intra-peritoneal
ketamine (Cristalia, São Paulo, Brazil) (30 mg/kg) and
xylazine (Bayer, São Paulo, Brazil) (30 mg/kg) and submitted to orotracheal intubation, and ventilated with a
tidal volume of 0.08 mL/g body weight, at a respiratory
rate of 60/min, and FiO2 of 0.21 (Small Animal Ventilator model 683, Harvard Apparatus, Holliston, MA,
USA). During the surgical procedure, body temperature
was monitored using a rectal digital thermometer (YSI
Precision 4000A Thermometer, USA), being maintained
at 37 ℃. Median laparotomy was performed and the
hepatic pedicles of the median and left anterolateral segments were isolated, exposed and clamped with a nontraumatic microvascular bulldog clamp during 1 h to
induce ischemia to 70% of the total liver volume. In this
model, intestinal congestion is avoided, allowing the possibility to study the effects of isolated liver ischemia. The
incision was closed, and after a 60-min ischemic period,
the abdomen was reopened allowing clamp removal and
liver reperfusion[13,14].
After liver reperfusion, rats were re-anesthetized for
blood sampling through cardiac puncture and killed by
exsanguination. At 4 h and 24 h after reperfusion, blood
was collected for determination of aspartate aminotransferase (AST), alanine aminotransferase (ALT), tumor necrosis factor (TNF-α), interleukin-6 (IL-6), interleukin-10
(IL-10), tumor growth factor-β1 (TGF-β1), nitrite/nitrate
and creatinine. Hepatic tissues were assembled for evaluation of mitochondrial oxidation and phosphorylation,
malondialdehyde (MDA) content, and histologic analysis.
The liver tissue for post-ischemic analysis was obtained
from the median and left anterolateral segments previously submitted to I/R injury. Lungs were perfused via
the trachea with 30-50 mL of 0.9% NaCl at 10 mL/min,
using a syringe pump (model 975) from Harvard Apparatus, and fragments were harvested and divided for analy-
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sis of microvascular permeability and myeloperoxidase
(MPO) activity. No mortality was observed in this model
of partial liver ischemia.
Serum AST and ALT levels
Serum AST and ALT levels were measured to assess the
extent of hepatocellular injury. The enzyme activities
were assayed by using the optimized ultraviolet method
(COBAS MIRA) from Roche (Roche Diagnostics, Rotkrenz, Switzerland). Results are expressed as units per
liter (U/L).
Liver mitochondrial oxidation and phosphorylation
activities
Liver mitochondria were prepared as previously described[15]. Briefly, rat livers were rapidly excised and placed
in medium containing 250 mmol/L sucrose, 10 mmol/L
Tris-HCl, and 1 mmol/L EGTA, pH 7.3, at 4 ℃. The
tissue was scissor-minced and homogenized in ice using
a Teflon Potter homogenizer. The homogenate was centrifuged at 600 g for 10 min. The supernatant was centrifuged for 10 min at 10000 g to obtain the mitochondrial
pellet. A mitochondrial suspension containing 30-40 mg/
mL of mitochondrial protein was prepared, and stored on
ice before the assay of mitochondrial respiration.
The mitochondrial oxygen consumption was polarographically[16] measured using a Gilson 5/6H Oxygraph
(Gilson Medical Eletronics, Inc., Middleton, WI) in a
closed reaction vessel fitted with a Clark oxygen electrode (Yellow Springs Instruments Co., Yellow Springs,
OH) at 28 ℃. The incubation medium consisted of 120
mmol/L KCl, 2 mmol/L sodium phosphate, 10 µmol/L
rotenone, and 1 mmol/L EGTA [Ethylene glycol-bis(2aminoethylether)-N,N,N’,N’-tetraacetic acid], and was
buffered at pH 7.3 with 5 mmol/L Tris-HCl. Mitochondria were energized with potassium succinate as substrate
at a final concentration of 10 mmol/L. After a brief
equilibration period, state 3 (activated state, S3) respiration was induced by the addition of 280 nmol adenosine
diphosphate (ADP). The added ADP was phosphorylated to adenosine triphosphate (ATP) and the state 4
(basal state, S4) respiration was then measured. The oxygen consumption ratio in the presence of ADP to that in
absence (respiratory control rate, RCR) and the ADP/O
ratio were calculated as indices of mitochondrial oxidation and phosphorylation activities[17].
RCR = Oxygen consumption in the S3/oxygen consumption in the S4.
ADP/O = Moles of ATP formed from ADP per
atom of oxygen consumed.
S3 and S4 were measured and reported as nmol
oxygen per milligram mitochondrial protein per minute.
Mitochondria protein content was determined by the
method of Lowry et al[18].
Lipid peroxidation analysis
MDA formation was used to indicate the occurrence of
lipid peroxidation in the tissues and was estimated as thio-
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barbituric acid-reactive substances (TBARS). Liver tissues
(100 mg/mL) were homogenized in 1.15% KCl buffer,
and centrifuged at 14000 g for 20 min. An aliquot of the
supernatant was then added to a reaction mixture consisting of 1.5 mL 0.8% thiobarbituric acid, 200 μL 8.1% (v/v)
sodium dodecyl sulfate, 1.5 mL 20% acetic acid (pH 3.5),
and 600 μL distilled water. The mixture was then heated
at 90 ℃ for 45 min. After cooling to room temperature,
the samples were cleared by centrifugation (10000 g for
10 min), and the absorbance was measured at 532 nm
using malondialdehyde bis (dimethyl acetyl) as external
standard. The content of lipid peroxides was expressed
as nmol MDA per mg of protein[19].
Serum levels of nitrite-nitrate
Serum levels of nitrite-nitrate were determining using a
commercial assay kit (R and D Systems Inc, MN, USA)
according to the manufacturer’s guidelines.
Determination of inflammatory mediators
Serum levels of TNF-α, IL-6, IL-10, and TGF-β1 were
determined by ELISA using commercial kits (Invitrogen,
CA, USA).
Histological analysis of the liver
Liver samples were fixed in 10% buffered formalin for
standard HE staining. Histological evaluation of the liver
sections was performed by the same pathologist in a
blinded manner. The severity of histological injury was
analyzed according to the scoring system proposed by
Quireze et al[20].
Lung tissue microvascular permeability analysis
Increases in lung microvascular permeability were quantified by the Evans blue dye (EBD) extravasation technique as described previously[18]. EBD 20 mg/kg body
weight was injected via dorsal penial vein 15 min before
euthanasia. After collecting blood sampling, lungs were
perfused with 30-50 mL of NaCl 0.9% at 10 mL/min,
using a syringe pump (model 975) from Harvard Apparatus, and weighed. One small fragment was dried at 60 ℃
for calculation of total dry weight. To extract the dye,
the lung was incubated with formamide, 4 mL/mg of
tissue, for 24 h at room temperature. The concentration
of EBD extracted into formamide was quantified spectrophotometrically at 620 nm using the Ultra Microplate
Reader ELX 808 from Bio-Tek Instruments (Winooski,
VT). The results are expressed as microgram of EBD
per gram of dry weight tissue. Expression of results as
a function of dry weight avoids underevaluation due to
edema formation[21].
Lung tissue MPO activity
Lung MPO activity was used as an indicator of the neutrophil content in lung parenchyma. Samples of 300 mg
wet lung tissue were homogenized with a polytron homogenizer (Polytron PT-2100 homogenizer, Kinematica
AG, Luzern, Switzerland) for 60 s in 1 mL of sodium
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Figure 1 Effects of diazoxide on serum activities. Aspartate aminotransferase (AST) (A) and alanine aminotransferase (ALT) (B) 4 and 24 h after hepatic reperfusion. Control group consisted of animals submitted to operative manipulation. Groups of animals submitted to liver ischemia/reperfusion were treated with normal saline (Saline group) or diazoxide (Diazoxide group) 15 min prior reperfusion. Data are expressed as mean ± SEM of 10 animals per group. a,cP < 0.05 vs Control group.
CONTR: Control group; SAL: Saline group; DIAZ: Diazoxide group.

phosphate buffer, pH 6.2, containing 0.5 g/dL hexadecyltrimethyl ammonium bromide and 5 mmol/L of ethylenediaminetetraacetic acid. Homogenized samples were
then sonicated at 40 Hz for 60 s, and centrifuged at 3000
g for 30 min at 4 ℃. MPO activity in the supernatant was
assayed by measuring the change in absorption at 460 nm
(A460) resulting from the metabolism of hydrogen peroxide in the presence of O-dianisidine[22,23]. MPO content
was expressed as units of MPO activity per gram tissue.
Serum levels of creatinine
Serum levels of creatinine were determined at 4 and 24 h
after reperfusion by a modified Jaffe method.
Statistical analysis
Results were presented as mean values ± SEM. Continuous variables were compared using analysis of variance.
Results from the histological analysis were compared
using the Kruskal-Wallis test. The level of P < 0.05 was
considered as statistically significant. The GraphPad 6
Prism Software (GraphPad Software, San Diego, CA) was
used for statistical analysis.

RESULTS
Effect of diazoxide on hepatic enzymes
At 4 and 24 h after reperfusion serum AST and ALT
activities were significantly elevated in groups with I/R
compared to the control group; however the diazoxide
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group presented elevation of AST, with ALT serum levels
significantly lower than the saline group (Figure 1A and B).
Effect of diazoxide on liver mitochondrial oxidation and
phosphorylation activities
Four hours after reperfusion, there was a decrease in the
oxygen consumption rate by liver mitochondria in state
3 (S3), in the RCR, and in the ADP/O ratio in animals
from the saline group when compared to the diazoxide
and control groups (Figure 2A-C). No differences were
found in state 4 (S4) between the saline and diazoxide
groups.
Effect of diazoxide on liver MDA
MDA content in the liver was used as measure of lipid
peroxidation in the organ and it was not affected by diazoxide administration (Table 1).
Effect of diazoxide on nitrite-nitrate serum levels
Four hours after reperfusion it was observed that there
was a significant reduction of nitrite-nitrate serum levels
in the animals treated with diazoxide when compared to
animals in the saline group (Figure 3).
Effect of diazoxide on inflammatory mediators levels
At 4 h after liver reperfusion there was a significant increase in serum levels of TNF-α, IL-6, and IL-10 in the
saline group when compared with the diazoxide and control groups (Figure 4A-C).
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Figure 3 Effects of diazoxide on serum levels of nitrite-nitrate in liver
ischemia/reperfusion. Control group consisted of animals submitted to operative manipulation. Groups of animals submitted to liver ischemia/reperfusion
were treated with normal saline (Saline group) or diazoxide (Diazoxide group)
15 min prior reperfusion. Data are expressed as mean ± SEM of 10 animals per
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Figure 2 Effects of diazoxide on liver mitochondrial oxidation and phosphorylation activities in liver ischemia/reperfusion. Control group consisted
of animals submitted to operative manipulation. A: Respiratory control rate
(RCR); B: State 3 respiration (S3); C: ADP/O ratio. Groups of animals submitted to liver ischemia/reperfusion were treated with normal saline (Saline group)
or diazoxide (Diazoxide group) 15 min prior reperfusion. Data are expressed
as mean ± SEM of 6 animals per group. aP < 0.05 vs Control group. CONTR:
Control group; SAL: Saline group; DIAZ: Diazoxide group.

Transforming growth factor (TGF-β1) was also reduced 24 h after liver reperfusion in diazoxide treated
animals and in the control group when compared to the
saline group (Figure 4D).
Effect of diazoxide on liver histologic analysis
The severity of histological injury analyzed according to
the scoring system proposed by Quireze et al[20] was similar in both the diazoxide and saline groups.
Effect of diazoxide on lung permeability and MPO
activity
Lung microvascular permeability evaluated through
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In Control group, rats underwent laparotomy and liver reperfusion. In
Saline and Diazoxide groups, rats were submitted to liver ischemia/
reperfusion and treated with saline or diazoxide 15 minutes before
liver ischemia. Malonyldialdehyde (MDA) was analyzed in liver tissue
and expressed as nmol/mg protein. Lung microvascular permeability
was evaluated through Evans blue dye (EBD) extravasation and lung
myeloperoxidase (MPO) activity was used evaluation of lung neutrophil
infiltration. Creatinine levels in serum are expressed as U/L (1: 4 h after
reperfusion; 2: 24 h after reperfusion). Data are expressed as mean ± SEM
of 10 animals per group. aP < 0.05 vs Control group.

Evans blue dye (EBD) extravasation, was increased 4 h
after reperfusion compared to the control group; however it was not affected by diazoxide treatment. Similar
results were observed with the evaluation of lung neutrophil infiltration by lung MPO activity determination
(Table 1).
Effect of diazoxide on serum levels of creatinine
Serum levels of creatinine were used as evaluation of
kidney injury after I/R liver and these were not affected
by diazoxide administration (Table 1).

DISCUSSION
Transient periods of nonlethal ischemia and reperfusion
that confer protection against organ I/R injury have been
named ischemic preconditioning. This ischemic precon-
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Figure 4 Effects of diazoxide on systemic inflammation. Serum levels of tumor necrosis factor alpha (TNF-α) (A), interleukin-6 (IL-6) (B), IL-10 (C) and transforming growth factor β1 (TGF-β1) (D) in liver ischemia/reperfusion. Control group consisted of animals submitted to operative manipulation. Groups of animals submitted
to liver ischemia/reperfusion were treated with normal saline (Saline group) or diazoxide (Diazoxide group) 15 min prior reperfusion. Data are expressed as mean ±
SEM of 6 animals per group. aP < 0.05 vs Control group. CONTR: Control group; SAL: Saline group; DIAZ: Diazoxide group.

ditioning effect has been extensively studied as a method
useful to reduce organ damage, including liver I/R injury[24-27]. In fact this is the only strategy used in clinical
practice to reduce liver ischemic/reperfusion injury[28].
There are several pieces of experimental evidence that
the main mechanism of organ protection in the ischemic
preconditioning effect is the opening of the mitoKATP
channel[29-32]. The main physiologic action of the mitoKATP channel is the regulation of the mitochondrial volume and therefore it regulates electron transport which is
important in mitochondrial bioenergetic functions[33,34].
MitoKATP opening is followed by mitochondrial K+
uptake inducing matrix alkalization that causes complex
I reactive oxygen species production and activation of
protein kinase C-e and therefore inhibition of membrane
permeability transition (MPT) pore opening[35]. Inhibition
of MPT pore opening keeps mitochondrial integrity during I/R injury since the MPT pore opening leads to dissipation of proton motive force resulting in ATP depletion
and cell energetic failure.
Diazoxide is a strong mitoKATP opener and therefore could protect organs from I/R injury. In fact its
protective effect has been demonstrated in cerebral, renal
and heart ischemia[29,36-38].
In the present study we observed a reduction in serum AST and ALT levels in the diazoxide group, reflecting the reduction in liver damage from I/R injury. Reduction of inflammatory mediators (TNF-α, IL-6, IL-10)
observed in the present study is also related to a reduc-
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tion of liver damage; however, the severity of histological
injury analyzed according to the scoring system proposed
by Quireze et al[20] was similar in both the diazoxide and
the saline group. Despite reduction of inflammatory mediators, no attenuation of lung and kidney injury was observed in diazoxide treated animals. The preservation of
mitochondrial function observed in this study by an increase in the oxygen consumption rate by liver mitochondria in state 3, in RCR, and in ADP/O ratio in animals in
the diazoxide group when compared to the saline group,
suggests that diazoxide may act by sustaining the mitochondrial energetics through mitoKATP opening, MPT
pore opening inhibition and reduction of ATP depletion.
The reversible redox conversion of nitrite and nitric
oxide (NO) allows us to evaluate the production of NO
in pathologic conditions by determination of serum
nitrate-nitrite levels. In the present study we observed a
significant reduction in nitrate-nitrite serum levels in the
group of animals treated with diazoxide compared to the
saline group.
Reduction in TGF-β1 in diazoxide group also indicates a reduction in liver damage since TGF-β1 has been
recognized as a key mediator in tissue fibrosis by stimulating matrix-producing fibrogenic cells and promoting
extracellular matrix deposition following tissue injury.
MitoKATP opening inducing partial mitochondrial
membrane depolarization reduces the driving force for
Ca2+ influx during ischemia. In fact, it has been reported
that diazoxide reduces Ca2+ influx during cardiac reperfu-
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sion[38]. Since intracellular Ca2+ overload may cause mitochondrial damage, the beneficial effect of diazoxide in
liver I/R injury may also be related to reduction in hepatocyte intracellular Ca2+. The suppression of hepatocyte
calcium overload by diazoxide recently demonstrated[12]
is therefore an additional effect of diazoxide protecting
liver mitochondria from I/R injury. The study of other
activators of these mitoKATP channels may provide new
therapeutic strategies for treatment of liver I/R injury.
In conclusion diazoxide administration by mitoKATP
opening maintains liver mitochondrial function, increases
liver tolerance to I/R injury, and reduces systemic inflammatory response. Since diazoxide has also a hypotensive
effect its administration may also reduce bleeding in liver
surgery during hepatic parenchyma transection. These
effects require further evaluation before use in a clinical
setting.
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reverse transcriptase-polymerase chain reaction. The
cytokine levels in blood and intestinal tissues were
measured by ELISA.
RESULTS: Obvious hemorrhage and erosion of mucosae were seen in the IIR group. Expression of TLR2,
TLR4, MD2, NF-κB p65 and IFN-γ was significantly
higher in the IIR group than in the control group (0.13
± 0.04, 0.22 ± 0.04, 0.16 ± 0.06, 0.65 ± 0.12, 0.38 ±
0.10 vs 0.07 ± 0.04, 0.08 ± 0.03, 0.04 ± 0.02, 0.19 ±
0.06, 0.14 ± 0.05, P < 0.05). In addition, the expression of TLR2, TLR4, MD2, IL-1β and TNF-α mRNA in
the IIR group were significantly higher than those of
control group(1.52 ± 0.15, 1.39 ± 0.06, 1.94 ± 0.12,
1.48 ± 0.15, 0.66 ± 0.08 vs 0.31 ± 0.05, 0.5 ± 0.04,
0.77 ± 0.05, 0.35 ± 0.08, 0.18 ± 0.04, P < 0.05).
Furthermore, IL-1β, IL-6 and TNF-α levels in the macaques ileum and plasma were significantly higher
than in the control group (plasma: 86.3 ± 15.2, 1129
± 248.3, 77.8 ± 16.2 vs 29.5 ± 7.3, 19.8 ± 8.2, 5.6 ±
1.7; ileum: 273.4. ± 44.7, 1636 ± 168.0, 205.5 ± 30.7
vs 76.8 ± 20.5, 663.4 ± 186.9, 49.0 ± 9.4; P < 0.05).
CONCLUSION: After IIR, general inflammatory injury
in the intestinal mucosa is correlated with a strong innate immune response, mediated by activation of the
TLR-NF-κB-cytokine pathway.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To investigate inflammatory injury in the intestinal mucosa after intestinal ischemia-reperfusion (IIR)
with Toll-like receptor (TLR)-mediated innate immunity.

Key words: Intestine ischemia reperfusion; Toll-like receptors; nuclear factor-κB; Cytokine; macaques

METHODS: Ten macaques were randomized into control and IIR groups. The distribution and expression
level of TLR2, TLR4, MD2, nuclear factor (NF)-κB p65
and interferon (IFN)-γ were measured by immunohistochemical stain and western blotting. The mRNA
expression of TLR4, TLR2, MD2, interleukin (IL)-1β
and tumor necrosis factor (TNF)-α were measured by
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Core tip: After intestine ischemia-reperfusion, general
inflammatory injury of the intestinal tract, and the
ensuing multiple organ dysfunction syndrome, are correlated with a strong innate immune response, which
is mediated by the extensive activation of the Toll-like
receptor-nuclear factor-κB-cytokine pathway throughout the whole system.
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INTRODUCTION
Multiple organ dysfunction syndrome (MODS) is the
most severe complication of trauma, infection, or severe
acute pancreatitis, and it has a high mortality rate. The
intestinal tract is not only the target organ injured, but
also the root of a systematic inflammatory reaction and
a regulator of the internal environment under stress. For
this reason, the gastrointestinal tract is thought to be an
activating organ in the onset of MODS[1,2]. Damage to
the intestinal mucosa barrier and bacteria translocation
remain the chief mechanisms of MODS theory[3,4].
According to the theory of intestinal mucosa barrier injury and bacterial translocation, intestinal damage
should occur in the colon. In a previous study we noticed general inflammatory damage to the intestine, but
only slight damage to the right colon after occluding the
superior mesenteric artery (SMA) during MODS caused
by intestinal ischemia-reperfusion (IIR) of macaques[5].
As the SMA supplies both the intestine and the right
colon[6], the difference in the tissue damage cannot be
explained by the theory of local oxygen metabolism disturbance, oxygen free radical damage, or bacteria toxins.
The intestine is the biggest immune organ in the whole
body, and the fact that general inflammatory damage to
the mucosa occurred rapidly after IIR reminds us of the
possibility that the innate immune response may play a
role in this damage.
The innate immune response acts rapidly, which
can protect the body from injury from microorganisms
and harmful substances. Widespread Toll-like receptors
(TLRs) are thought to be signal recognition receptors for
the innate immune system, which activate nuclear factor
(NF)-κB and induce transcription and expression of immune-response genes and inflammatory cytokines after
combining with pathogen-associated molecular patterns
(PAMPs), and then start an inflammatory reaction[7,8]. Lipopolysaccharide (LPS) is one of the most widely recognized PAMPs. In previous studies, TLR4 and TLR2 were
found to be the general receptors for LPS[9].
To investigate whether the general inflammatory
damage following IIR and subsequent MODS is caused
by an innate immune response mediated by TLRs in the
intestine, we observed the change of TLR4 and TLR2
expression in the intestinal mucosa after inducing IIR in
macaques, and analyzed the relationship between TLR4/
TLR2 and NF-κB p65 and cytokines.
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MATERIALS AND METHODS
Experimental animals and surgical procedures
Ten adult rhesus macaques (body weight, 6.92 ± 1.67
kg, aged 4-7 years) were provided by the Experimental
Animal Center of Sichuan University, and the study was
approved by the Animal Ethics Committee of West
China Hospital of Sichuan University. The animals were
randomly divided into the IIR group and control group
(n = 5 each, male/female ratio 3:2). Before surgery, all
groups of animals were fasted for 12 h with free access
to water and then anesthetized through xylazine (0.2
ml/kg, intramuscularly) and maintained with carbrital [20
mg/kg, intravenously (iv)] and diazepam (0.1 ml/kg, iv)
as needed. Upon satisfactory anesthesia, the animal was
fixed on an operating table for skin preparation of the
abdominal surgical area, followed by routine disinfection
and draping.
IIR group: An incision was made right in the middle
of the upper abdomen of rhesus macaques. The duodenum was exposed, lifted, and pulled. The SMA was isolated and then occluded with a microsurgical clip. One
hour later, the clip was removed, and intestinal perfusion
was reestablished.
Control group: The same procedure as for the IIR
group except for occlusion of SMA with a microsurgical
clip.
After surgery, animals in both groups received infusion of saline and glucose (0.2 ml/kg per minute, iv glucose tolerance test) for 24 h. Venous blood samples were
taken, the macaques were killed 24 h after surgery, and
the vital organs was removed for further examination.
histopathological scoring of macaque intestine
Terminal ileum and the right colon specimens, which
were fixed in 4% paraformaldehyde, were dehydrated,
embedded, and sectioned following routine procedure.
After HE staining, tissue sections were examined by
microscopy. For semiquantitative evaluation of lesions,
10 randomly selected microscopic fields were observed
carefully in each sample. The scoring system was based
on the area of the lesion as follows: +, < 1/3 total area
of field; ++, 1/3-2/3 total area of field; and +++, >
2/3 total area of field. The remaining parts of the specimens were stored in a freezer at -70 ℃.
immunohistochemistry of TLR4, TLR2, MD2, NF-κ B p65
and interferon (IFN)-γ
The terminal ileum and the right colon tissue sections
of macaques were used for the immunohistochemical
examinations. Frozen 10-μm terminal ileum tissue sections were cut in a cryostat and placed on a glass slide.
The sections were fixed in 100% methanol for 5 min at
-20 ℃, treated with 0.1% goat serum for 20 min at 20 ℃,
and then treated for 8 h at 4 ℃ with PBS containing 0.1%
goat serum and the following primary antibodies: rab-
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Table 1 Sequences of primers and polymerase chain reaction products
mRNA

Sense

Antisense

Size (bp)

TLR4
TLR2
MD2
IL-1β
TNF-α
β-actin

TGCAATGGATCAAGGACCAGAGGC
GGCCAGCAAATTACCTGTGTG
GAAGCTCAGAAGCAGTATTGGGTC
AAACAGATGAAGTGGTCCTTCCAGG
AGGGCTCCAGGCGGTGCTTG
CACCACACCTTCTACAATGAGC

GTGCTGGGACACCACAACAATCACC
CTGAGCCTCGTCCATGGGCCACTCC
GGTTGGTGTAGGATGACAAACTCC
TGGAGAACACCACTTGTTGCTCCA
TGGTAGGAGACGGCGATGCGG
GTGATCTCCTTCTGCATCCTGT

449
637
422
388
418
695

TLR: Toll-like receptor; IL: Interleukin; TNF: Tumor necrosis factor.

bit anti-human TLR4/TLR2 (1:100), rabbit anti-human
MD2 (1:100), rabbit anti-human NF-κB p65 (1:100) and
rabbit anti-human IFN-γ (1:100) (Santa Cruz Biotechnology, Santa Cruz, CA, United States). After treatment with
primary antibodies the sections were washed three times
in PBS for 10 min and stained for 0.5 h at 20 ℃ with a
ready-to-use streptavidin-catalase immunohistochemical
reagent system as a detection reagent. Color reactions
were developed with diaminobenzidine (DAB) (Zhongshan Bioagent Company, Beijing, China). A semiquantitative immunohistochemical analysis of initial data with
Image-Pro Plus 4.0 software was used to score integrated
optical density (IOD) of the ileal epithelium. Each value
that appears in the results is the mean of five visual fields
in which duplicate measurements were made.
Western blotting to detect TLR4, TLR2, MD2 and NF-κ B
The quantities of TLR4, TLR2 and MD2 protein extracted from isolated ileum epithelial cells were measured
by western blotting. Protein samples were separated by
12% SDS-PAGE. Samples were transferred to nitrocellulose membranes, which were then blocked for 2 h in 5%
nonfat dry milk suspended in 0.1% Tween-20 Tris-buffered saline (TTBS, pH 7.4). Nitrocellulose membranes
were incubated with rabbit polyclonal TLR4/TLR2 antibody (1:500), MD2 (1:500), NF-κB p65 (1:1000), IFN-γ
(1:500), or β-actin (Cell Signaling Technology, Boston,
MA, United States), at 4 ℃ overnight. Membranes were
washed in TTBS, incubated with horseradish-peroxidaseconjugated secondary antibody (Univ-bio, Shanghai,
China), and developed using enhanced chemiluminescence reagents. The objective bands were analyzed by a
UVIB (ultraviolet irradiation band) imaging system and
were normalized to 1 IOD unit.
Reverse transcriptase-polymerase chain reaction of TLR4,
TLR2, MD2, IL-1β , and TNF-α mRNA levels in terminal
ileum
Total RNA was extracted from terminal ileum tissue
specimens using TRIzol reagent (Roche, Burlington, NC,
United States). The purity of RNA extract was tested
by spectrophotometry analysis of optical density (OD,
OD260/OD280 = 1.95-2.0). Reverse transcription polymerase chain reaction (RT-PCR) amplification were conducted with PTC-100 PCR (Bio-Rad Laboratories, Hercules, CA, United States), in accordance with the illustra-
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tions of the RT-PCR core kit (TaKaRa, Shiga, Japan).
The sequences of primers and PCR products are listed
in Table 1[10,11]. The obtained cDNA (2 μL each) was
used as a template for PCR amplification with β-actin
as an internal reference. The PCR products (2 μL each)
were electrophoresed on 2% agarose gel, and quantified
by scanning the gel in an imaging system (Bio-Rad Gel
Doc 2000). The data were standardized as a ratio of gray
scale (IOD) of objective band to β-actin.
ELISA of cytokines levels
The levels of IL-1β, IL-6, and TNF-α in plasma and
intestinal were measured by ELISA (Senxiong Company, Shanghai, China), according to the manufacturer’
s instructions. The plasma levels of cytokines were standardized as pg/ml. The ileal concentration of cytokines
was standardized as pg/g protein.
Statistical analysis
All experimental data were processed in SPSS version
17.0 (SPSS, Chicago, IL, United States). Data were expressed as mean ± SD and subjected to tests for homogeneity of variance and normality (P > 0.05 for both).
Intergroup comparisons were performed using one-way
analysis of variance, and significant difference among
means was identified by Fisher LSD test at the level of α
= 0.05. P < 0.05 was considered statistically significant.

RESULTS
Diverse pathological changes in the small intestine after
IIR
In the IIR group, rhesus macaques presented with obvious distension of the small intestine, pale mucous membrane, hemorrhage, and erosion in the small intestine,
compared with the control group. No apparent changes
were found in the colon of both groups. Marked mucosal inflammatory injury of the ileum, including increased
macrophage and neutrophil infiltration into the mucosa,
erosion or necrosis, and hemorrhage of the intestinal
mucosa were observed under the microscope. In the
IIR group, rhesus macaques showed significantly higher
inflammatory lesion scores compared with the control
group (P < 0.05) (Table 2). In contrast, inflammatory lesion scores of right colon were minor and no significant
difference in both groups (Figure 1).
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DISCUSSION

Table 2 Inflammatory lesion scores in two groups
Group

M/F

+

++

+++

Control
IIR

3/2
3/2

42
6a

8
30a

0
16a

a

P < 0.05 vs control group. M: Male; F: Female.

Ileum

Colon

Normal control

IIR

Figure 1 Histological sections of ileum from the two groups (HE staining,
× 400).

Expression of TLR2, TLR4, MD2, NF-κ B p65 and IFN-γ in
small intestinal mucosa before and after IIR
Only weak expression of TLR2, TLR4, MD2, NF-κB
p65 and IFN-γ was observed by immunohistochemistry
on normal epithelium and lamina propria. These protein molecules on the inflammation signal transcription
pathway inside the whole intestinal mucosa, including the
epithelium, lamina propria and Peyer’s nodules displayed
strong expression after IIR (Figure 2).
Quantitative expression of TLR2, TLR4, MD2 and NF-κ B
p65 in small intestinal mucosa before and after IIR
Western blotting showed IOD values of TLR2, TLR4,
MD2, NF-κB p65 and IFN-γ were significantly higher
after IIR than in the control group (P < 0.05, Figure 3,
Table 3).
mRNA expression of TLR2, TLR4, MD2, IL-1β and TNF-α
in small intestinal mucosa before and after IIR
After IIR, the expression of TLR2, TLR4, MD2, IL1β and TNF-α mRNA in the macaques intestinal tissue
were higher than in the control group (P < 0.05; Figure 4,
Table 4).
IL-1β , IL-6 and TNF-α in small intestinal mucosa and
peripheral plasma
IL-1β, IL-6 and TNF-α were significantly higher in peripheral plasma and small intestine mucosae after IIR
than in the control group (P < 0.05; Table 5).
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A balance is normally kept between the human body and
the intestinal flora and microorganisms inside it. Few
bacteria can survive in the small intestine because of
the mechanical scouring due to bowel movements and
the integrated bacteria-killing mechanisms of the upper
gastrointestinal tract, especially bile[12]. Even though macaques eat more unclean food than humans, the germfree rate measured in our previous study of healthy
macaque ileum bacteria groups was as high as 40%[13].
TLR4, TLR2 and MD2 were found to be slightly expressed in macaque intestinal mucosal epithelia, but were
almost negative in Peyer’s nodules. This low expression
was because, due to the mild stimulus that microorganisms provide to normal intestinal mucosae, the TLRNF-κB cytokine signal transduction pathway in intestinal
epithelia and antigen-presenting cells was in a mildly
activated state, which was observed as a physiological
inflammatory reaction.
We have seen from observation of bacterial counts
and spectra in the small intestine during IIR that ileal
bacteria increase dramatically, by a factor of 106 after
IIR. This increase is predominantly in aerobic bacteria,
among which Escherichia coli (E. coli) increased by a factor
of 105[13]. The abundant LPS of E. coli creates essential
conditions for extensive activation of TLR4. We know
that the recognition of LPS by TLR4 needs mediation
of MD2 and CD14 on the cell surface and formation
of an LPS recognition compound[14]. MD2 is one kind
of secretory protein that exists on the surface of cell
membranes, which helps TLR4 to recognize LPS/LBP/
CD14 compounds and to lock LPS onto the combining
site, so the presence of MD2 can increase the sensitivity of TLR4 to LPS[15-17]. Mutation of MD2 can induce
non-response of TLR4-expressing cells to LPS[18], which
is why MD2 plays an important role in the function of
TLR4. We found in the present study that MD2 expression in the intestine following IIR increased dramatically,
and assisted LPS in activating inactive TLR4. We thus
draw the conclusion that the combined upregulation of
TLR4-MD2 expression is one of the important factors
in the innate immunity mediated by TLRs following IIR
in macaques. TLR2 can identify broad-spectrum microbial products - mainly cell wall constituents of Grampositive bacteria - such as peptidoglycan and lipoteichoic
acid, and also LPS. Gram-negative bacteria, however, are
predominant in the small intestines of macaques, and
the amount of enterococci is also double. TLR2 in intestinal mucosae following IIR are activated, although the
activation degree is not as intense as that of TLR4.
Previous studies have told us that immunological effect factors generated in the TLR-NF-κB cytokine signal
transduction pathway, such as IL-1, IL-6, IL-8, TNF-α
and IFN-γ, can further activate TLRs in addition to their
bacterial activity and phagocytosis ability. This positive
feedback continues in a cycle and amplifies inflammation of the mucosa[19,20]. Our study showed an obvious
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TLR4

TLR2

MD2

NF-κB p65

IFN-γ

Control
(epithelium)

IIR
(epithelium)

Control
(peyer nodule)

IIR
(peyer nodule)

IOI

Figure 2 Expression of Toll-like receptor 4, Toll-like receptor 2, MD2, nuclear factor-κB and interferon-γ in the ileal epithelium and Peyer’s nodules of macaques (immunohistochemical stain, epithelium × 400, Peyer’s nodules × 200). TLR: Toll-like receptor; NF-κB: Nuclear factor-κB; IFN-γ: interferon-γ.

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Quantitive comparison of TLR4, TLR2, MD2, NF-κB
p65 protein in intestinal mucosae (IOD value)

Control
IIR

a

a
a

a

a

TLR4

TLR2

MD2

NF-κB p65

IFN-γ

Figure 3 Expression of Toll-like receptor 4, Toll-like receptor 2, MD2, nuclear factor-κB and interferon-γ in the ileal epithelia of macaques. ap < 0.05 vs control group. TLR: Toll-like receptor; NF-κB: Nuclear factor-κB; IFN-γ: interferon-γ.

increase of TLR4 and TLR2 expression in intestinal epithelia and lymph tissues, either at the gene transcription
or protein level, while at the same time, the expression
of NF-κB and proinflammatory cytokines IL-1β, IL-6
and TNF-α also increased, and these increases showed
good correlation. IIR accelerated the whole process
of mRNA transcription, protein molecular expression,
and functioning of immunological factors in the TLR-

WJG|www.wjgnet.com

NF-κB-cytokine pathway in mucosal epithelia, which
on the one hand fully displayed the characteristics of a
fast reaction of the innate immune system, and on the
other hand, the positive feedback of releasing inflammatory mediators of TLR expression induced a stream of
inflammatory mediators. The dramatic increase in peripheral inflammatory mediators by a factor of 20-100,
induced by the rapid and severe innate immune reaction
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mRNA expression of TLRs, MD2 and inflammatory
mediators in intestinal mucosae (IOD value)
a

2.5
2

IOI

1.5

a

Control
IIR

a

a

1

a

0.5
0

TLR4

TLR2

MD2

TNF-α

IL-b

Figure 4 mRNA for Toll-like receptor 4, Toll-like receptor 2, MD2, TNF-α and IL-1β in ileal epithelia of macaques (RT-PCR). ap < 0.05 vs control group. TLR:
Toll-like receptor; TNF-a: Tumor necrosis factor-a; IL-b: Interleukin-b; IIR: Intestinal ischemia-reperfusion; RT-PCR: Reverse transcription polymerase chain reaction.

Table 3 Quantitative comparison of TLR4, TLR2, MD2, and NF-κB p65 protein in intestinal mucosa (IOD value)
Group

TLR4

TLR2

MD2

NF-κB p65

IFN-γ

Control
IIR

0.08 ± 0.03
0.22 ± 0.04a

0.07 ± 0.04
0.13 ± 0.04a

0.04 ± 0.02
0.16 ± 0.06a

0.19 ± 0.06
0.65 ± 0.12a

0.14 ± 0.05
0.38 ± 0.10a

n = 5 in each group, aP < 0.05 vs control group. There was a positive correlation between TLR4, TLR2 and MD2 and the expression of NF-κB p65 respectively (r
= 0.870, P < 0.01; r = 0.720, P < 0.05). TLR: Toll-like receptor; NF-κB: Nuclear factor-κB; IFN-γ: interferon-γ; IIR: Intestinal ischemia-reperfusion.

Table 4 mRNA expression of TLRs, MD2 and inflammatory mediators in intestinal mucosa (IOD value)
Group

TLR4

TLR2

MD2

TNF-a

IL-1b

Control
IIR

0.5 ± 0.04
1.39 ± 0.06a

0.31 ± 0.05
1.52 ± 0.15a

0.77 ± 0.05
1.94 ± 0.12a

0.35 ± 0.08
1.48 ± 0.15a

0.18 ± 0.04
0.66 ± 0.08a

n = 5 in each group, aP < 0.05 vs control group. Toll-like receptor 4 (TLR4) was positively correlated with the expression of interleukin (IL)-1β (r = 0.964; P < 0.01),
MD2 was positively correlated with the expression of IL-1β (r = 0.951; P < 0.01), TLR4 was positively correlated with the expression of tumor necrosis factor
(TNF)-a (r = 0.951; P < 0.01) and MD2 was positively correlated with the expression of TNF-a (r = 0.955; P < 0.01). IIR: Intestinal ischemia-reperfusion.

Table 5 Inflammatory mediators in the small intestine mucosa and peripheral plasma
Group

Control
IIR

IL-1β
Plasma
(pg/mL)
29.5 ± 7.3
86.3 ± 15.2b

IL-6
Ileum
(pg/g protein)
76.8 ± 20.5
273.4. ± 44.7b

Plasma
(pg/mL)
19.8 ± 8.2
1129 ± 248.3b

TNF-a
Ileum
(pg/g protein)
663.4 ± 186.9
1636 ± 168.0b

Plasma
(pg/mL)
5.6 ± 1.7
77.8 ± 16.2b

Ileum
(pg/g protein)
49.0 ± 9.4
205.5 ± 30.7b

n = 5 in each group; bP < 0.01 vs control group. TNF-a: Tumor necrosis factor-a; IL: Interleukin; IIR: Intestinal ischemia-reperfusion.

in intestinal mucosae, should be the basis of MODS
theory.
Organs and tissues may be severely harmed by inflammatory mediators produced by an innate immune
response. The inter-reaction between inflammatory mediators and inflammatory cells increases vascular permeability, and causes tissue edema and reduction of vasoquantity per unit volume, which aggravates cellular anoxia
and induces tissue lesions; the large amount of enzymes
and inflammatory products released by phagocytes directly injures tissue; also, increased cytokines tend to induce
hypercoagulability, which is why extensive micro-thromboembolism can often be seen in the internal organs,
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especially the liver and lungs, of MODS patients[21-23]. The
inhibition of cardiac contractility by abundant TNF-α,
IL-1β and IL-6 causes changes in hemodynamics such as
blood pressure decrease, tachycardia, and left ventricular
ejection fraction decrease, and these are clinically manifest
as hypotension and low cardiac output[24]. We observed
that TLR-mediated inflammation following IIR damaged
the integrity of the small intestinal mucosal barrier, and
that ingression of propagative E. coli from the intestinal
cavity into tissue or even the bloodstream led to bacterial
translocation and bacteremia[13]. In addition, the integrity
of the small intestinal mucosal barrier prevents contact of
TLRs on B cells in Peyer’s nodules with bacteria, and ex-
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pression of TLRs was low. Although this integrity is damaged because of a local innate immune response, an opportunity emerges for TLRs on B cells in Peyer’s nodules
beneath the mucosal epithelium to come into contact with
a large amount of pathogenic microorganisms. So, during
IIR, not only the epithelium strongly expresses TLR4 and
TLR2. Rather, TLR4 and TLR2 on B cells in Peyer’s nodules are also significantly activated. NF-κB shows a strong
positive reaction, therefore, B cells are involved in the
innate immune response, which aggravates local mucosal
inflammatory reactions.
In conclusion, all macaques developed MODS following IIR, and this was related to the expansion of the
severe innate immune response, which was mediated by
the general activation of the TLR-NF-κB-cytokine pathway in the small intestinal mucosa throughout the whole
system.
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Abstract
AIM: To investigate the effects and underlying mechanisms of resveratrol and genistein on contractile responses of rat gastrointestinal smooth muscle.
METHODS: Isolated strips of gastrointestinal smooth
muscle from Spraque-Dawley rats were suspended in
organ baths containing Kreb’s solution, and the contractility of smooth muscles was measured before and
after incubation with resveratrol and genistein, and the
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related mechanisms were studied by co-incubation with
various inhibitors.
RESULTS: Resveratrol and genistein dose-dependently
decreased the resting tension, and also reduced the
mean contractile amplitude of gastrointestinal smooth
muscle. Estrogen receptor blockades (ICI 182780 and
tamoxifen) failed to alter the inhibitory effects induced
by resveratrol and genistein. However, their effects
were attenuated by inhibitions of α-adrenergic receptor (phentolamine), nitric oxide synthase (levorotatoryNG-nitroarginine), ATP-sensitive potassium channels
(glibenclamide), and cyclic adenosine monophosphate
+
2+
(SQ22536). In high K /Ca -free Kreb’s solution containing 0.01 mmol/L egtazic acid, resveratrol and genistein
reduced the contractile responses of CaCl2, and shifted
its cumulative concentration-response curves rightward.
CONCLUSION: Resveratrol and genistein relax gastrointestinal smooth muscle via α-adrenergic receptors,
nitric oxide and cyclic adenosine monophosphate pathways, ATP-sensitive potassium channels, and inhibition
2+
of L-type Ca channels.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ca2+ channel; Gastrointestinal; Motility;
Phytoestrogen; Smooth muscle
Core tip: Female hormones can cause gastrointestinal
motility disorder and may contribute to irritable bowel
syndrome. As analogs of estrogen, the phytoestrogens
resveratrol and genistein possess variable degrees of
agonistic/antagonistic effects, but little is known about
their effects on gastrointestinal motility. The present
study demonstrates that, similar to estrogen, resveratrol and genistein attenuate gastrointestinal smooth
muscle motility through various mechanisms. The results reflect the physiologic and pharmacologic actions
of resveratrol and genistein, provide the pharmacologic
guidance for the application of these compounds, and
are also very valuable for medicine and nutrition.
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INTRODUCTION
Gastrointestinal motility is an important and complex
physiologic activity within the digestive tract that is
regulated by neural and endocrine hormones. A major
contributing factor to gastrointestinal symptoms is dysfunction of gastric motility. Sex hormones, estrogens in
particular, are known to cause gastrointestinal motility
disorder and contribute to irritable bowel syndrome[1,2].
The phytoestrogens resveratrol and genistein are structurally and functionally similar to estrogens and possess a
wide spectrum of physiologic and pharmacologic effects,
such as estrogenic[3,4], anti-atherosclerosis[5], and anti-osteoporosis[6] effects, and relieve menopausal symptoms[7]
and inhibit tyrosine kinases[8,9]. Recent data indicate that
genistein and resveratrol can inhibit vasocontractile
responses[10,11], and affect gallbladder[12] and gastrointestinal[13-17] smooth muscle contraction. Despite the increasing attention to the effects of phytoestrogens in smooth
muscles, little is known about the mechanisms of these
effects. The present study was designed to observe the
effects of the phytoestrogens resveratrol and genistein on
the contraction of isolated gastrointestinal muscle strips,
and to study the underlying mechanisms.

MATERIALS AND METHODS
Animal and tissue preparation
The present work was conducted in accordance with the
guidelines for the Care and Use of Laboratory Animals
from the National Institutes of Health and our institution. Preliminary studies indicated that no differences
existed between sexes with respect to either the contractile responsiveness to agonists or the sensitivities to
genistein and resveratrol. Therefore, adult non-pregnant
female Sprague-Dawley rats (220-280 g, provided by the
Experimental Animal Center of Lanzhou University)
were utilized in this study. After an overnight fast, animals stunned by striking their head, and whole stomach
and duodenum were quickly removed and placed in
Kreb’s solution containing (mmol/L): NaCl 120, KCl
5.9, NaH2PO4 1.2, MgCl2 1.2, NaHCO3 15.4, CaCl2 2.5,
and glucose 11.5, buffered at pH 7.4. After removal
of the mucosa by blunt dissection, muscle strips were
prepared from the body and antrum of the stomach
and duodenum by cutting parallel to the long axis of
the tissue, and mounted horizontally in separate 5 mL
tissue chambers containing 37 ± 0.5 ℃ Kreb’s solution,
bubbled with 95% O2 and 5% CO2. The muscle preparations were allowed to equilibrate for 20-30 min with
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a resting tension of 1.0 g and the solution was changed
every 20 min. The isometric contractions were measured
with force transducers and recorded with the BL-420E+
experimental system of biologic function (TME, China)
by microcomputer.
Experimental protocols
To observe the direct effects of resveratrol and genistein
on the basal contractile activities of gastrointestinal, different concentrations (0.01, 0.05, 0.10, 0.50, 1.00, 5.00,
10.00, and 50.00 µmol/L) of resveratrol and genistein
or the same dose of solvent (control) was added in progressively increasing cumulative concentrations every 2
min. In order to investigate the mechanism of action,
tissues were pre-incubated for 2 min with inhibitors of
the estrogen receptors (1 µmol/L tamoxifen and 10
µmol/L ICI 182780), or 10 µmol/L of inhibitors of
α-adrenergic receptor (phentolamine), nitric oxide (NO)
synthase (levorotatory-NG-nitroarginine), cyclic adenosine monophosphate (cAMP) (SQ22536), and the ATPsensitive potassium channel (KATP) (glibenclamide) before
administration of different cumulative concentrations of
genistein or resveratrol.
To determine the effects of resveratrol and genistein
on contractile responses to CaCl2, gastric smooth muscle
strips were first equilibrated with calcium-free Krebs
solution for 30 min. KCl (final concentration 80 mmol/
L) was added to the tissue chambers and tension was
measured after 10 min. Afterward, a calcium-contraction
curve experiment (CaCl2 final concentration: 10 µmol/L
to 0.1mol/L) was performed according to a reported
method [10]. After washing with calcium-free solution
several times and recovering resting tension, the muscle
strips were incubated with KCl (80 mmol/L) and resveratrol or genistein (final concentrations 1.0 or 50.0 µmol/L)
for 5 min, then the calcium-contraction experiment was
repeated.
Drugs
Resveratrol, genistein, tamoxifen, SQ22536, glibenclamide, and levorotatory-NG-nitroarginine were purchased from Sigma-Aldrich (St. Louis, MO, USA). ICI
182780 was purchased from Tocris Bioscience (Bristol,
UK). All drugs were dissolved in dimethyl sulphoxide so
that the final concentration of dimethyl sulphoxide was
never > 0.1%, which had no effect on basal contraction.
Statistical analysis
All results are expressed as mean ± standard error or
as percentage change [(effect size - baseline contractile response)/baseline contractile response × 100]. In
experiments involving concentration-response curves,
the results are expressed as percentage of control maximal contractile responses induced by 0.1 mol/L CaCl2.
The maximum contractile response (Emax) and the halfmaximum effective concentration value (EC 50) were
determined for each curve by using a non-linear least
square fitting procedure of individual experimental data
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Effects of resveratrol and genistein on gastric
smooth muscle strip contractility in the presence of
glibenclamide, SQ22536, ICI 182780 and tamoxifen
Incubation of gastric smooth muscle strips with 10
µmol/L glibenclamide or SQ22536 attenuated the inhibitory effects induced by resveratrol and genistein (Figure
4). However, ICI 182780 (10 µmol/L) and tamoxifen (1
µmol/L) did not alter the effects of resveratrol or genistein. ICI 182780, tamoxifen, glibenclamide and SQ22536
alone had no obvious effect on basal activity.
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Figure 1 Gastrointestinal contractile activity. Sample traces showing contractile activity in body of stomach (A); duodenum (B); and antrum of stomach
(C). Gen: Genistein; Res: Resveratrol.

and presented as pD2 (pD2 = -logEC50). Concentrationresponse curves were performed by using the Prism
statistical software (Graph Pad Software, La Jolla, CA,
USA) according to a sigmoid regression equation: Y =
bottom + (top - bottom)/[1 + 10(logEC50-X) × Hill slope)], where
X is the logarithm of the drug concentration and Y is the
response. The statistical significance in concentration-response curves of the two groups was determined by twoway analysis of variance, and the others were evaluated
by the Student’s t-test for paired and unpaired observations. P values less than 0.05 were considered statistically
significant.

RESULTS
Inhibitory effects of resveratrol and genistein on
spontaneous gastrointestinal contraction
Representative tracings show the response to cumulatively applied resveratrol and genistein in body of stomach,
duodenum and antrum of stomach smooth muscle strips
(Figure 1). Resveratrol and genistein dose-dependently
decreased the resting tension (n = 10; r = 0.99; P < 0.01)
(Figure 2), the mean contractile amplitude (n = 10; r =
0.98; P < 0.01) and the contraction frequencies (data not
shown).
Effects of resveratrol and genistein on gastric
smooth muscle strip contractility in the presence of
phentolamine and levorotatory-NG-nitro arginine
Incubation of gastric smooth muscle strips with 10
µmol/L phentolamine or levorotatory-NG-nitroarginine
attenuated the inhibitory effects induced by resveratrol
and genistein (Figure 3). Phentolamine and levorotatoryNG-nitroarginine alone had no obvious effect on basal
activity.
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Effects of resveratrol and genistein on contraction
response to CaCl2
As summarized in Figure 5, incubation with 50.0 µmol/L
resveratrol inhibited contractile responses of the body
of the stomach to CaCl2 (pD2: 2.90 ± 0.03 vs 2.56 ± 0.07,
Emax: 100.50 ± 1.22 vs 41.62 ± 1.32; Ps < 0.05). Similar
effects were seen with 50.0 µmol/L genistein (pD2: 2.85
± 0.06 vs 2.46 ± 0.22, Emax: 102.00 ± 3.36 vs 31.57 ±
4.40; Ps < 0.05). However, 1.0 µmol/L concentrations
of resveratrol and genistein had no significant effect on
calcium-dependent contraction.

DISCUSSION
There are structural similarities between the steroidal
nucleus of 17 β-estradiol and the rigid ring structure of
the phytoestrogen genistein, both of which can easily enter the cell and affect gene expression due to their lipidsolubility and relatively small molecular weight[10,11]. The
structural similarity between resveratrol and the synthetic
estrogen diethylstilbestrol prompted us to investigate
whether resveratrol might exhibit estrogenic activity in
gastrointestinal motility[1,2]. Studies in vitro have shown
that ICI 182780, a nonselective estrogen receptor (ER)
antagonist, blocks resveratrol-induced signaling pathway
activation in endothelial cells[18]. In addition, resveratrol
has been shown to inhibit vascular smooth muscle cell
proliferation via an ER-dependent mechanism[19]. As
smooth muscle cells express functional ERs, it is possible
that the effects of resveratrol and genistein may be attributed to their interaction with these receptors. However,
the results of the present study demonstrate that this is
unlikely, as the inhibitory effects of these phytoestrogens
were not affected by the ER antagonists ICI 182780 and
tamoxifen, which can block the classical ERα and the
novel ERβ[20]. These results suggest that the acute inhibitory effects caused by resveratrol and genistein are not
mediated by the classical estrogen receptors.
The gastrointestinal tract has its own local nervous
system, known as enteric nervous system, which contains
adrenergic and cholinergic neurons. Norepinephrine is an
important neurotransmitter in both the central and the
peripheral components of nervous system. There are two
major classes of adrenergic receptors for norepinephrine,
α and β, which are G protein-coupled receptors that
signal through cAMP pathways to regulate sarcoplasmic
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Figure 2 Effects of resveratrol (Res) and genistein (Gen) on the resting tension of phasic contraction in gastric smooth muscle strips. aP < 0.05, bP < 0.01
vs solvent control; n = 10.

reticulum Ca2+ mobilization and myofilament Ca2+ sensitivity. Although the α-adrenoceptors mediate excitatory
functions in rat liver, spleen and cerebral cortex, and
hamster smooth muscle cell lines, they have inhibitory
effects in the gastrointestinal tract [21]. To analyze the
contribution of α-adrenoceptors and the cAMP pathway in the phytoestrogen-induced relaxing effects in rat
isolated gastric smooth muscle, we used phentolamine,
one of the α-adrenoceptors blockers[22], and SQ22536,
an inhibitor of cAMP synthesis. Our data indicate that
these compounds partially blocked the resveratrol and
genistein-induced relaxations, indicating that the mechanism involves α-adrenergic receptors and the intracellular
cAMP-signaling pathway.
NO is present in the majority of mesenteric neurons,
including in the human gastric fundus, and is released
to produce proximal gastric relaxation[23]. In addition,
relaxation responses to graded mechanical distention are
mostly ascribed to passive viscoelastic properties, with
a slight NO-mediated neurogenic component[24]. The
regulatory mechanisms are not well understood, and differ depending on stimulation[24,25]. NO initiates proximal
gastric accommodation in the human stomach. Our data
show that resveratrol and genistein-induced relaxation
was partially blocked by inhibition of NO with levorotatory-NG-nitroarginine, indicating that NO is partially
responsible for these effects in rat corpus longitudinal
smooth muscle.
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Reduced ATP and increased ADP concentrations activate KATP channels. Thus, it is thought that these channels
provide a link between cell metabolism and membrane
excitability. Furthermore, KATP channels are activated by
a number of neuropeptides and neurotransmitters. Experiments in vivo show that glibenclamide interferes with
the excitatory effects of active KATP channels in smooth
muscle[26]. Therefore, we used this compound to analyze the contribution of KATP channels to the genistein
or resveratrol-induced relaxation of rat isolated gastric
smooth muscle. Although glibenclamide is one of the
most selective blockers of KATP channels, it can block
other types of K+ channels when used in high concentrations (> 30 µmol/L)[27]. As glibenclamide inhibited the
effects of resveratrol and genistein, our data indicate that
KATP channels are involved in resveratrol- and genisteininduced relaxation of gastric smooth muscle. This data is
in agreement with a report by Wang et al[28] showing that
resveratrol induced negative chronoscopic and isotropic
actions via KATP and large conductance Ca2+ channels
in the isolated guinea pig atrium. In contrast, GojkovicBukarica et al[27] reported that glibenclamide does not antagonize the antinociceptive and vasorelaxant effects of
resveratrol.
Two sources of calcium contribute to the initiation of
smooth muscle contraction: release from the sarcoplasmic reticulum, and influx through calcium channels[29,30]
that are activated membrane depolarization from high
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extracellular K+ concentrations[27]. In our experiments,
CaCl 2 increased the contractile response of gastric
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smooth muscle in high K+ depolarization medium in a
concentration-dependent manner. Resveratrol and genis-
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Figure 4 Effects of glibenclamide (Gli), SQ22536 (SQ), ICI 182780 (ICI), and tamoxifen (Tam) on phytoestrogen-induced suppression of the resting tension
and basal mean amplitude of phasic contraction in gastric smooth muscle strips. aP < 0.05, bP < 0.01 vs corresponding resveratrol (Res) group; cP < 0.05, dP <
0.01 vs corresponding genistein (Gen) group.

tein inhibited these contractile responses and shifted the
CaCl2 concentration-response curves rightward. Thus,
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resveratrol and genistein may exert their effects, in part,
by inhibiting Ca2+ influx through voltage-dependent cal-
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cium channels. The calcium-antagonistic properties contribute to gastrointestinal smooth muscle relaxation in a
manner similar to the effect of estrogen[1,10-12].
Resveratrol and genistein are also tyrosine kinase inhibitors[12,14]. Smooth muscle cells exhibit high tyrosine
kinase activity, which is involved in the signaling associated with receptor-mediated contractions. Tyrosine
phosphorylation is accompanied by capacitive Ca2+ entry
evoked by thapsigargin or thrombin in platelets, suggesting a regulatory role for tyrosine kinase[14]. Data show
that genistein can suppress the responses to Ca2+ reintroduction, such as sustained contraction, in rat ileal smooth
muscles, suggesting that genistein inhibits capacitive Ca2+
entry rather than tyrosine kinase[14], which has supported
our speculation of Ca2+-antagonistic properties of genistein. Evidences also demonstrate that the activity of
apamin-sensitive K+ channels is facilitated by tyrosine kinase in the rat duodenal smooth muscle[13], and genistein
can abolish the spontaneous rhythmic myogenic contractions of the gastric fundus and decrease the amplitude of
the spontaneous contractions of rat colon longitudinal
smooth muscle in a concentration-dependent manner,
however it does not affect the inhibition of the colon
circular muscle[15-17]. These findings are consistent with
our study, and suggest that the direct inhibitory effects
induced by resveratrol and genistein are mediated via diverse mechanisms and pathways. Whether the inhibition
of tyrosine kinase is involved in the inhibitory effects of
resveratrol and genistein still needs further investigation.
In summary, the phytoestrogens resveratrol and genistein can directly inhibit the contractile activity of isolated
gastrointestinal smooth muscle. These effects are due to
activation of α-adrenergic receptors, the NO and cAMP
pathways, and KATP channels, but are not related to the
activation of estrogen receptors.
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Abstract
AIM: To assess the expression of selected microRNAs
(miRNA) in hepatitis C, steatotic hepatitis C, noninfected steatotic and normal liver tissues.
METHODS: The relative expression levels of miR-21,
miR-33a, miR-96, miR-122, miR-125b, miR-221 and
miR-224 were determined in 76 RNA samples isolated
from 18 non-steatotic and 28 steatotic chronic hepatitis C (CHC and CHC-Steatosis, respectively) cases, 18
non-infected, steatotic liver biopsies of metabolic origin
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(Steatosis) and 12 normal formalin-fixed paraffin-embedded liver tissues using TaqMan MicroRNA Assays.
All CHC biopsy samples were obtained prior to initiating therapy. Patients’ serum biochemical values, which
included glucose, triglyceride, cholesterol, alanine
aminotransferase ( ALT), aspartate aminotransferase
(AST), gamma-glutamyl-transferase (GGT), alkaline
phosphatase (AP), were obtained and correlated with
relative miRNA expression.
RESULTS: When compared with control non-infected
liver samples, miR-122 and miR-221 levels were reduced in CHC-Steatosis (P < 0.03) and in CHC, CHCSteatosis and Steatosis (P < 0.01). Alternatively, the
expression of miR-33a and miR-224 were elevated in
CHC-Steatosis and Steatosis in comparison to control
tissue (P < 0.01). The levels of miR-33a and miR-224
in CHC-Steatosis (P < 0.02) and miR-224 in Steatosis (P < 0.001) were increased in comparison to CHC
samples. By contrast, the expression of miR-21 did not
differ statistically between diseased and normal liver
samples. Levels of miR-33a correlated negatively with
serum AST and AP levels in Steatosis as well as with
necroinflammatory grade in CHC, whereas miR-21 correlated positively with AST in Steatosis and displayed
negative correlation with triglyceride level in CHC-Steatosis. In contrast, miRNA levels were not correlated
with ALT, GGT, cholesterol levels or fibrosis stage.
CONCLUSION: Differences in miRNA expression were
observed between CHC and steatotic CHC, CHC and
steatotic liver, but not between steatotic CHC and steatotic liver of metabolic origin.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Chronic hepatitis C; Steatosis; MicroRNA;
Expression; miR-33a; miR-224
Core tip: Chronic hepatitis C (CHC) and steatosis are

15343

November 7, 2014|Volume 20|Issue 41|

Lendvai G et al . microRNA expression in chronic HCV

liver diseases that can progress into hepatocellular carcinoma. In the current study, differences were found in
expression of selected microRNAs in biopsy samples of
steatotic liver, CHC-infected, and steatotic CHC-infected
liver, compared to control samples. Interestingly, levels
of miR-224, which are increased in hepatocellular carcinoma, were elevated in both types of steatotic liver
when compared with normal or CHC-infected only liver
tissues, and may be an indicator of a precancerous
state.
Lendvai G, Jármay K, Karácsony G, Halász T, Kovalszky I,
Baghy K, Wittmann T, Schaff Z, Kiss A. Elevated miR-33a and
miR-224 in steatotic chronic hepatitis C liver biopsies. World J
Gastroenterol 2014; 20(41): 15343-15350 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i41/15343.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i41.15343

INTRODUCTION
Hepatitis C virus (HCV) infection is a significant health
care problem worldwide. It is estimated that approximately 170 million people are infected with HCV[1] and
3% of the world’s population is chronically infected with
this virus[2]. Approximately 70% to 80% of acute infected cases will develop into chronic hepatitis C (CHC) due
to failed elimination of the virus; nearly 20% of CHC
patients develop cirrhosis and 20% of the cirrhotic cases
further progress to hepatocellular carcinoma (HCC)[3].
Treatment options for CHC include combination of
pegylated interferon and ribavirin, however, the virus
still fails to clear in a significant proportion of treated
patients[4], which contributes to the numerous liver transplantations worldwide. A new triple therapy regimen
with protease inhibitors holds great promise as clinical
trials have ended with a significantly improved percentage of patients reaching a sustained viral response[5].
In addition to cirrhosis, hepatic steatosis is also frequently observed in CHC in approximately 40%-86%
of CHC patients depending on the viral genotype[6-9].
In cultured Huh7 cells, for example, HCV genotype 3a
core protein results in the highest level of triglyceride accumulation[10,11]. The prevalence of steatosis in HCV-infected patients is two-folds higher than that observed in
hepatitis B virus-infected patients, which demonstrates
a correlation between CHC and nonalcoholic fatty liver
disease (NAFLD)[12]. Hepatic steatosis occurs when fatty
acids, delivered either from the circulation or synthesized
de novo by the liver, exceed the liver’s capacity to metabolize fat by means of β-oxidation or to secrete fat as
very-low-density lipoproteins (VLDL). This imbalance
between delivery of fat and its subsequent secretion or
metabolism leads to accumulation of lipid droplets containing triglycerides and cholesteryl esters, predominantly
in hepatocytes[13]. In NAFLD, the development of steatosis is linked to obesity and metabolic disorders such
as hyperlipidemia, insulin resitance and diabetes[14,15]. In
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addition, steatosis is associated with higher alanine aminotransferase (ALT) levels[8].
microRNAs (miRNA) are short RNA molecules considered to negatively modulate gene expression[16] through
fine-tuning gene expression involved predominantly in
development, immunity, differentiation and homeostasis[17]. miRNAs act at the posttranscriptional level and induce translational arrest by binding to the 3’ untranslated
region (UTR) of messenger RNAs, leading to a reduction or blockage of protein synthesis[18]. In comparison
to normal homeostatic conditions, altered miRNA expression has been reported in cancers[19] and in several
other pathologies including liver diseases[20,21]. Moreover,
a few miRNAs are already suggested to be potential biomarkers for HCC and chronic hepatitis B infection[22,23].
In the present study, CHC-infected, steatotic CHCinfected and NAFLD-based steatotic liver biopsies
were compared to non-infected, normal liver samples
to assay differences in the expression of selected miRNAs that previously have been associated with fibrosis
(miR-21, miR-221), fat metabolism (miR-33a, miR-122)
and hepatocarcinogenesis (miR-21, miR-122, miR-221,
miR-224)[24-27].

MATERIALS AND METHODS
Patients
A total of 64 patients were enrolled in this study, from
which 46 CHC-infected patients (genotype 1/b) were
hospitalized at the 1st Department of Medicine at the
University of Szeged. These patients were divided into
two groups (CHC or CHC-Steatosis) according to the
presence of steatosis in the liver samples, as diagnosed
by experienced pathologists. Accordingly, 18 patients
with CHC but without any apparent signs of steatosis
were included in the CHC group, whereas 28 CHC patients having either mild or severe steatosis were included in the CHC-Steatosis group (Table 1). An additional
18 patients with metabolic steatosis of varying degrees
but no HCV infection were selected for the Steatosis
group from the archives of the 2nd Department of Pathology at Semmelweis University. Twelve non-infected,
normal liver samples served as controls and were obtained from deceased patients after organ donation, just
prior to ligation of the abdominal aorta and reperfusion.
In addition, the following serum biochemical values were
detected and recorded at the time of biopsy: glucose,
triglyceride, cholesterol, ALT, aspartate aminotransferase (AST), gamma-glutamyl-transferase (GGT), alkaline
phosphatase (AP). The selected samples were analysed
retrospectively with permission obtained from the local
Ethical Committee based on the ethical guidelines of
the 1975 Declaration of Helsinki. Antiviral treatment
had not been initiated before obtaining the liver biopsy
samples from the CHC patients.
Histology
Liver samples were processed according to routine pathology procedures. Briefly, liver tissues were submerged
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ing the following TaqMan MicroRNA Assays (Applied
Biosystems of Thermo Fisher Scientific Inc.): miR-21
(ID: 000397), miR-33a (ID: 000424, v9.2 where was
called miR-33), miR-96 (ID: 000186), miR-122 (ID:
002245), miR-125b (ID: 000449), miR-221 (ID: 000524)
and miR-224 (ID: 002099). These selected miRNAs are
reported to be associated with fibrosis, fat metabolism
and hepatocarcinogenesis[24-27]. Reverse transcription (RT)
and quantitative real time PCR (qPCR) were performed
according to the manufacturer’s instructions. Briefly, the
RT reaction was carried out using a TaqMan MicroRNA
Reverse Transcription Kit (Applied Biosystems) in a final
volume of 7.5 μL containing 10 ng total RNA. qPCR
was performed using the TaqMan Universal PCR Master
Mix No AmpErase UNG (Applied Biosystems) in a final
volume of 10 μL containing 0.65 μL RT product. Amplification reactions were run on an ABI PRISM 7000
Sequence Detection System (Applied Biosystems). Relative expression was calculated by the 2-∆∆Cq formula, applying the average Cq value of miR-96 and miR-125b as
the most stable reference determined by the NormFinder application[30], and normalized to the median ∆Cq
value of the normal liver samples.

Table 1 Clinical background of patients enrolled in this study

Age (yr, mean ± SD)
Gender
Grade1

Stage1

Steatosis grade1

AST (U/L, mean ± SD)
ALT (U/L, mean ± SD)
GGT (U/L, mean ± SD)
AP (U/L, mean ± SD)
Cholesterol
(mmol/L, mean ± SD)
Triglyceride
(mmol/L, mean ± SD)

CHC

CHC-steatosis

Steatosis

42.1 ± 13.2
10 males,
8 females
G1-1
G2-2
G3-0
G4-1
G5-4
G6-5
G7-1
G8-2
G9-1
G10-0
G11-1
S0-1
S1-3
S2-9
S3-4
S4-1
-

47 ± 11
9 males,
9 females
-

54 ± 262
79 ± 39
39 ± 39
119 ± 74
4.59 ± 0.84

39.3 ± 14.9
17 males,
22 females
G1-0
G2-1
G3-3
G4-2
G5-4
G6-5
G7-5
G8-4
G9-2
G10-1
G11-1
S0-0
S1-4
S2-12
S3-10
S4-2
St0-0
St1-12
St2-7
St3-9
St4-0
69 ± 58
114 ± 91
83 ± 123
124 ± 100
3.30 ± 1.93

St0-0
St1-0
St2-1
St3-3
St4-12
54 ± 22
95 ± 43
219 ± 185
239 ± 167
6.23 ± 1.24

0.96 ± 0.51

0.94 ± 0.68

2.31 ± 1.46

-

1

Number of cases for each grade and stage are given. The histologic grade
and stage were determined according to the Ishak scoring system; 2The
numerical data are presented as the average ± SD. ALT: Alanine transaminase; AP: Alkaline phosphatase; AST: Aspartate transaminase; CHC:
Chronic hepatitis C; GGT: Gamma-glutamyl-transferase.

in 10% neutral buffered formalin (in phosphate-buffered
saline, pH 7.0) immediately after removal and fixed for
24 h at room temperature. Following dehydration in an
ethanol series and xylene, the formalin-fixed samples
were embedded in paraffin (FFPE samples). Paraffinembedded samples were cut into 3 to 5 μm thick sections and staining with HE as well as with picrosyrius
red for highlight connective tissue. Histological grade
and stage were determined using the Ishak scoring system[28].
RNA isolation
RNA was isolated from several 3 to 4 μm thick sections
using the RNeasy FFPE Kit (QIAGEN, Venlo, Netherlands) according to the manufacturer’s instructions with
modification for co-purification of miRNAs[29]. Traces
of genomic DNA were removed using Turbo DNase
digestion (Ambion of Thermo Fisher Scientific Inc.,
Waltham, United States).
Reverse transcription and quantitative real time PCR
Expression of individual miRNAs was determined us-
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Statistical analysis
The normalized relative expression data were analyzed
with a nonparametric Kruskal-Wallis ANOVA and median test using STATISTICA software, version 9.1 (StatSoft Inc., Tulsa, OK, United States). Correlation analysis
between miRNA expression and histologic grades or
serum biochemical values of patients was performed
with a nonparametric Spearman rank correlation using
GraphPad PRISM software, version 5.01 (GraphPad
Software Inc, La Jolla, CA, United States). A P-value of
0.05 was set as the threshold for statistical significance.

RESULTS
Differences in miRNA expression
Deregulated miRNA expression was obser ved in
the diseased liver samples as compared with normal
control liver samples. Decreased levels of miR-221
were found in CHC, CHC-Steatosis and Steatosis
samples (1/11-fold, P < 0.0001; 1/8-fold, P < 0.01
and 1/11-fold, P < 0.0008; respectively) and reduced
expression of miR-122 was detected in CHC-Steatosis
samples (1/5-fold, P < 0.03) when compared with
normal liver (Figure 1). In contrast, increased levels of
miR-33a and miR-224 were found in CHC-Steatosis
(5-fold, P < 0.0001 and 5-fold, P < 0.0003; respectively)
and Steatosis (4-fold, P < 0.01 and 7-fold, P < 0.0001;
respectively) samples in comparison with control normal liver samples. The expression of miR-21 was not
statistically different between the diseased and normal
liver samples. Elevated levels of miR-33a and miR-224
were observed in CHC-Steatosis samples compared
with CHC samples (2-fold, P < 0.02 and 4-fold, P <
0.003; respectively). Furthermore, increased miR-224
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Figure 1 Normalized microRNA expression levels detected in liver samples. The horizontal lines indicate the median of the data set. The displayed P values are
the results of Kruskal-Wallis ANOVA test. The upper dotted line indicates two-fold expressional elevation, the lower dotted line signifies a one-half reduction in expression. CHC: chronic hepatitis C; CHC-steatosis: Steatotic chronic hepatitis C.

expression was found in Steatosis samples compared
with CHC samples (5-fold, P < 0.001) (Figure 1).
Correlation between miRNA expression, serum
biochemical values and histology grade
miR-33a levels showed a negative correlation with AP
and AST values in Steatosis samples and also with the
histology grade in CHC samples. In contrast, the expression of miR-21 correlated positively with AST levels
in Steatosis samples but showed a negative correlation
with triglyceride levels in CHC-Steatosis samples (Table
2). The analyzed miRNA levels displayed no correlation
with ALT, GGT, cholesterol levels or fibrosis stage in the
liver disease samples. In addition, a correlation between
miRNA expression and steatosis grade was not observed
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in either the CHC-Steatosis or the Steatosis group.

DISCUSSION
In HCV infection, it is implied that the pathogenesis
of steatosis is linked to both metabolic and viral factors[12,13,31-33]. HCV has been shown to contribute to steatosis in many ways. The HCV core protein facilitates
the accumulation of triglyceride-rich droplets through
impaired lipid oxidation and inhibits microsomal triglyceride transfer protein activity, which ultimately reduces the assembly and secretion of apolipoprotein
B-containing VLDL[11,34]. In addition to perturbed fat
metabolism, fat is reported to be required for the assembly of new HCVs [35] . In addition, HCV for ms
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Table 2 Non-parametric Spearman's rank correlation between serum biochemical values, histology grade and miRNA
expression levels
Sample group

Histologic or serum
parameter

Correlating miRNA

CHC
CHC-steatosis
Steatosis

Grade
Triglyceride
AST

miR-33a (P < 0.006; r = -0.7)
miR-21 (P < 0.05; r = -0.4)
miR-21 (P < 0.004; r = 0.8)
miR-33a (P < 0.05; r = -0.7)
miR-33a (P < 0.02; r = -0.8)

AP

AP: Alkaline phosphatase; AST: Aspartate transaminase; CHC: Chronic
hepatitis C; miRNA: MicroRNA.

lipoviral particles with host lipoproteins and these complexes are enriched in triglyceride, cholesterol, and several apolipoproteins. These structures, which resemble
VLDLs, help the viruses avoid detection by the immune
system[35]. Furthermore, HCV viral proteins (core, NS2
and NS4B) may contribute to transcriptional activation
of lipogenic genes in hepatocytes, such as SREBPs and
PPAR-α,γ, contributing to fat accumulation by elevating
cholesterol biosynthesis and import from the blood and
by deregulating fatty acid β-oxidation and insulin sensitivity, respectively[12].
It has been shown that low sterol conditions allow
liver cells to protect themselves from additional sterol
loss. SREBP-2, a transcription factor, is induced by low
intracellular cholesterol level and activates lipogenic
genes[25]. This also induces production of miR-33a, which
is co-expressed with SREBP-2 from intron 16 of the
SREBP-2 gene. miR-33a protects cells from sterol loss
by downregulating the ABCA1 transporter needed for
efflux of cholesterol to generate high density lipoprotein
(HDL)[36]. It has also been demonstrated that activation
of miR-33a results in reduced insulin signalling, cellular
β-oxidation and cell proliferation by inhibiting CDK6
and cyclinD1, leading to cell cycle arrest in G1 phase[36].
Therefore, antagonism of miR-33a has been proposed
as a therapeutic strategy for treating metabolic syndrome
and NAFLD[25].
Results of the present study showing elevated miR33a levels in CHC-Steatosis samples as compared with
CHC, and also in CHC-Steatosis and Steatosis samples
when compared with normal liver samples are in accordance with previous findings. These findings indicate an
elevated fat retention in samples having hepatic steatosis.
The lack of differences between CHC-Steatosis and
Steatosis intriguingly suggests that the combination of
HCV and steatosis does not further increase the level of
miR-33a. Moreover, miR-33a did not correlate with the
steatosis stage either in the CHC-Steatosis or Steatosis
sample groups.
In contrast, the expression level of miR-122 did not
differ between the examined liver disease groups and
decreased expression was observed in CHC-Steatosis
samples as compared with control liver samples. As in
the case of miR-33a, the regulatory function of miR-122
is also connected to fat metabolism. It may act indi-
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rectly on lipid metabolism as silencing of miR-122 is
reported to decrease cholesterol level, VLDL and HDL
fractions as well as fat accumulation in the liver; a target
gene involved in fat metabolism, however, is yet to be
identified[17]. Therefore, the role of miR-122 in lipid metabolism and the observed decreased expression of this
miRNA in CHC-Steatosis samples appears contradictory. However, miR-122 is known to be a liver-enriched
miRNA, composing 70% of total miRNAs in normal
hepatocytes[37]. Upon liver injury, when normal hepatocytic activity is compromised[38], miR-122 levels have been
shown to be decreased. For example, miR-122 expression
is downregulated in NAFLD[20,21], HCV-infected cases[24]
and HCC [17]. Accordingly, the observed reduction in
miR-122 expression further suggests that it likely results
from reduced hepatocyte activity due to liver injury.
In HCV infection, miR-122 has also been shown to
bind to HCV RNA at two sites of the 5’ UTR, which
promotes replication and stimulates translation in vitro[39].
In vivo, however, it is more likely that the role of miR-122
binding to the 5’ UTR is to protect HCV RNA from exonuclease degradation, as a correlation between miR-122
expression and intrahepatic or serum viral load has not
been identified in vivo[40]. Similarly, our results did not
demonstrate increased levels of miR-122 in CHC and
CHC-Steatosis samples in the presence of HCV. Furthermore, reduced miR-122 expression could also indicate a
disease state preceding cancer, as the loss of miR-122 is
a frequent finding in HCC and correlates with migration,
invasion and in vivo tumorigenesis[41].
It is known that downregulation of a miRNA may
upregulate target oncogenes, thus promoting tumor
growth due to stimulation of proliferation. In contrast,
upregulation of a miRNA may prevent expression of
tumor suppressor genes, which normally function to
inhibit progression of the cell cycle[19]. In hepatocarcinogenesis, gradual increases in expression of miR-21,
miR-221 and miR-224 are reported to occur as the liver
transitions from normal liver through cirrhosis to fully
developed HCC[42]. Therefore, we aimed to investigate
whether CHC and steatosis - diseases that eventually
lead to HCC - would show an elevated expression of
these miRNAs. It was interesting to find that the observed levels were quite different: miR-224 was upregulated, miR-221 was downregulated and miR-21 showed
no change.
miR-224 is reported to be an oncomiR that promotes
proliferation, migration and invasion in HCC through
activation of AKT signaling, and has been shown to
function in liver carcinogenesis and progression [43].
Therefore, the observed elevation of miR-224 levels in
CHC-Steatosis and Steatosis samples compared with
both CHC and normal liver samples may indicate that
steatotic CHC and steatosis could be disease states with
molecular changes characteristic of a precancerous stage.
It has been suggested that an imbalance in the normal
miRNA pattern leading to disease onset can be measured long before the onset of a cancer[16]. miR-221, also
a known oncomiR, was found to be elevated in HCC
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and in precancerous stages of human cirrhotic CHC and
a nonalcoholic steatohepatitis mouse model[27]. miR-221
primarily targets tumor suppressors that inhibit the cell
cycle. In contrast to the observed elevation in miR-224
levels, the reduced expression of miR-221 in our liver
disease samples may indicate that miR-221 is not turned
on as early in CHC, CHC-Steatosis or NAFLD, although
increased miR-221 expression has been observed in
choline and folate-deficient NAFLD animal models[44].
The oncomiR miR-21 has been implicated in promoting
cell proliferation, migration, invasion and tumor growth
by inducing epithelial-mesenchymal transition through
the AKT/ERK pathway [45]. miR-21 is often overexpressed in cancers, including HCC[27], and in the regenerating liver[24]. Upregulation of miR-21 is also reported to
be present in human liver biopsies of obese patients and
rats that were fed high-fat diets. It has been shown that
unsaturated fatty acids upregulate miR-21 levels, and this
in turn downregulates PTEN and causes fatty acids to
trigger steatosis[46]. In contrast, our results did not reveal
elevated expression of miR-21 in the examined liver disease groups. Variations in individual miR-21 levels have
already been reported in CHC patients[24] and downregulation of miR-21 has also been found in obese mice and
in steatotic cells[47,48].
Interestingly, our analysis revealed negative correlations of miR-33a expression with AST and AP levels
and inflammation. A negative correlation was also observed when miR-21 levels were compared with triglyceride levels. Thus, it appears that fat metabolism may be
influenced by the extent of necroinflammation in CHC
and Steatosis samples, most likely through the release
of miR-33a from damaged liver cells into serum. In
addition, high fat is capable of influencing miR-21regulated proliferation where it may affect liver regeneration in CHC-Steatosis. Nevertheless, necroinflammation
seemed to correlate with the level of miR-21 in Steatosis
samples, thus contributing to the stimulation of proliferation. In support of this finding, AST levels have
been reported to correlate with miR-21 in a CCl4 mouse
model for fibrosis[24].
In conclusion, deregulated expression of selected
miRNAs (with the exception of miR-21) was observed
in the CHC, CHC-Steatosis and Steatosis groups. The
levels of miR-33a and miR-224 were increased in association with steatosis when compared with CHC-infected
and normal livers. Nevertheless, CHC, as a dual effect
together with steatosis, might also have contributed to
the elevation of these miRNAs in the CHC-Steatosis
group, in which the expression of miR-122 might be
reduced for similar reasons. In contrast, the observed
decrease in the expression of miR-221 was independent
of etiology. Intriguingly, no difference in the expression
of selected miRNAs was found between CHC-Steatosis
samples and steatotic liver samples of metabolic origin,
indicating that biological changes caused by steatosis are
more profound at the molecular and cellular level than
that of CHC alone; however further studies are war-
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ranted on this topic.
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Hepatic steatosis is a frequent occurrence in chronic hepatitis C (CHC) infection, which develops due to an imbalance in the uptake and secretion/metabolism of fat by hepatocytes. Metabolic factors, as in the case of non-alcoholic
fatty disease, and viral factors have been implicated in the cause of steatosis.
Therefore, steatotic CHC-infected liver may bear certain molecular changes
that differ from CHC-infection alone and hepatic steatosis of metabolic origin.

Research frontiers

In cancers and in several other pathologies including liver diseases, altered
expression of microRNAs (miRNA) has been reported and there is an intense
drive to identify miRNAs that could serve as biomarkers to uniquely characterize a disease or a disease state. With regard to liver diseases specifically,
miRNAs have already been proposed as potential biomarkers for hepatocellular carcinoma and chronic hepatitis B infection. In addition, identification of
miRNAs with altered expression levels and their affected targets will help us to
understand the processes leading to the disease and to identify potential therapeutic targets for treatment.

Innovation and breakthroughs

Altered expression of miRNAs in CHC infection and hepatic steatosis of metabolic origin has been reported. At the miRNA level, however, it is not known
whether steatotic CHC is closer to CHC or to steatosis, or if it shows a unique
miRNA expression pattern. Furthermore, the samples obtained in the present
study were acquired prior to the initiation of therapy, thus providing pure disease samples for analysis.

Application

The study results presented here suggest that the combined effect of CHC infection and steatosis on miRNA expression may be different from CHC infection
alone and normal liver tissue but not from hepatic steatosis of metabolic origin.
This further indicates that biological changes caused by steatosis may be more
profound than CHC infection alone at molecular and cellular levels.

Terminology

miRNAs are noncoding RNAs that are approximately 20 nucleotides in length
and are known to interfere with gene expression at the posttranscriptional level,
usually resulting in prevention of protein synthesis. miRNAs play an important
role in many cellular processes, such as development, differentiation and
homeostasis, by fine tuning the expression of genes involved. Thus, it is not
surprising that their expression is changed in different disease states.

Peer review

This is an interesting study on the role of miRNAs in CHC infection and steatosis, in which altered miRNA expression was found in steatotic CHC-infected
and steatotic liver samples of metabolic origin in relation to CHC infection
alone. Intriguingly, the levels of analyzed miRNAs were not altered between
the steatotic CHC-infected and steatotic livers. The results are reflective of true
disease states as the tissue samples were obtained prior to initiating therapy.
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Abstract
AIM: To assess levels of serum resistin upon hospital
admission as a predictor of acute pancreatitis (AP)
severity.
METHODS: AP is both a common and serious disease, with severe cases resulting in a high mortality
rate. Several predictive inflammatory markers have
been used clinically to assess severity. This prospective study collected data from 102 patients who were
diagnosed with an initial acute biliary pancreatitis between March 2010 and February 2013. Measurements
of body mass index (BMI) and waist circumference (WC)
were obtained and serum resistin levels were analyzed
at the time of hospital admission using enzyme-linked
immunosorbent assay. Additionally, resistin levels were
measured from a control group after matching gender,
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BMI and age.
RESULTS: A total of 102 patients (60 females and 42
males) were diagnosed with acute gallstone-induced
pancreatitis. The mean age was 45 years, and mean
2
BMI value was 30.5 kg/m (Obese, class Ⅰ). Twentytwo patients (21.6%) had severe AP, while eighty-eight
patients had mild pancreatitis (78.4%). Our results
showed that BMI significantly correlated with pancreatitis severity (P = 0.007). Serum resistin did not correlate with BMI, weight or WC. Furthermore, serum
resistin was significantly higher in patients with AP
compared to control subjects (P < 0.0001). The mean
resistin values upon admission were 17.5 ng/mL in the
severe acute biliary pancreatitis group and 16.82 ng/
mL in the mild AP group (P = 0.188), indicating that
resistin is not an appropriate predictive marker of clinical severity.
CONCLUSION: We demonstrate that obesity is a
risk factor for developing severe AP. Further, although
there is a correlation between serum resistin levels
and AP at the time of hospital admission, resistin does
not adequately serve as a predictive marker of clinical
severity.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Acute pancreatitis; Resistin; Body mass index; Waist circumference
Core tip: Several predictive inflammatory markers have
been used to predict pancreatitis severity. Peri-pancreatic
adipose tissue synthesizes and secretes adipose-specific proteins, termed adipocytokines. One of these proteins, resistin, has immunomodulatory and metabolic
activity. This novel adipose-driven protein, produced
by pancreatic islets, may represent a useful additional
marker for predicting acute pancreatitis (AP) severity.
We found that serum resistin levels were significantly
higher in patients with acute biliary pancreatitis compared to control subjects; however, resistin failed to
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serve as a predictive marker of clinical severity. Our
study did find, however, that obesity correlated with
severity of acute biliary pancreatitis. Based on the increased levels in AP patients upon hospital admission,
we suggest that resistin could be used as a new diagnostic marker.
Al-Maramhy H, Abdelrahman AI, Sawalhi S. Resistin is not an
appropriate biochemical marker to predict severity of acute pancreatitis: A case-controlled study. World J Gastroenterol 2014;
20(41): 15351-15357 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i41/15351.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i41.15351

INTRODUCTION
Acute pancreatitis (AP) is a potentially life-threatening
acute inflammatory condition of the pancreas. Gallstones are the most common cause of AP, representing
close to 60% of all cases[1]. Notably, the incidence of AP
is increasing in North America and Europe[2,3] paralleled
with an increase in the prevalence of obesity[4]. Obesity
is a chronic low-grade inflammatory state characterized
by high circulating levels of pro-inflammatory cytokines[5]. A large amount of visceral fat surrounding the
pancreas may easily promote the inflammation in AP[6],
and a strong correlation has been determined between
peri-pancreatic visceral adipose tissue volume and AP severity[6]. In fact, a new severity scoring system including
obesity as an independent predictor for AP outcome has
been proposed[7]. Obesity is also associated with higher
levels of inflammatory markers[8], potentially of predictive value. Experimental biochemical markers have been
studied to assess disease severity, including trypsinogen
activation peptide, interleukin-6, interleukin-10, procalcitonin, phospholipase A2 and C-reactive protein[9].
In AP, pancreatic injury leads to a massive release of
pancreatic lipase that causes digestion of peri-pancreatic
adipose tissue[10] which becomes infiltrated by significant
quantities of monocytes. This process leads to the synthesis and secretion of adipose-specific proteins, termed
adipocytokines[11], which serve as new predictive markers[10] with potent immunomodulatory[11,12] and metabolic
activities. The metabolic and pro-inflammatory changes
seen in AP might be partially caused by these proteins[10].
One of these novel adipocytokines, resistin, is produced
by white and brown adipose tissues[13,14]. Recently, resistin
has been described as serving as a marker of monocyte
activation and it can be used to detect early inflammation
of peri-pancreatic adipose tissue. Our study investigates
the ability of serum resistin levels upon hospitalization
to predict clinical severity of AP.

MATERIALS AND METHODS
A group of 102 patients with an initial attack of acute
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biliary pancreatitis were included in this prospective study
between March 2010 and February 2013. They were admitted to the surgical ward at King Fahd Hospital, Saudi
Arabia. Study protocols were approved by an institutional
review board. All patients provided written informed consent, and underwent a routine medical history and clinical
examination. The diagnosis of AP was based on acute
upper abdominal pain with an elevated serum amylase of
at least three times the upper normal limit, which peaks
approximately 24 h after the onset of attack[15] and/or
serum lipase. Gallstone pancreatitis was diagnosed based
on radiologic findings of a gallstone or bile duct dilatation
by abdominal ultrasonography and liver biochemical tests
including serum alanine transaminase (≥ 65 U /L), serum
bilirubin level (> 18.1 Umol/L), and alkaline phosphatase
(> 137 U/L). A combination of ultrasonography and
blood tests provide a sensitivity of 95%-98%[16]. None of
the patients had ever consumed alcohol and none had a
history of drug consumption known to cause pancreatitis.
Serum calcium and lipid profiles were tested to exclude
hypercalcemia or hyperlipidemia-induced pancreatitis.
Patients without obvious cause of AP underwent endoscopic retrograde cholangiopancreatography (ERCP).
Computed tomography contrast-enhanced abdominal
scans were used to predict pancreatic parenchymal injury
48 h after hospital admission. We graded the severity of
pancreatitis radiologically into five distinct groups from A
to E according to the Balthazar-Ranson scoring system[17],
while clinical severity evaluation was carried out using the
Ranson and APACHE Ⅱ scores within 48 h after admission. An Atlanta criterion was adopted to define mild AP
as absence of the criteria of severe AP[18]. Severe AP was
defined as the presence of at least one of the following
criteria: pancreatic necrosis > 30%, pancreatic abscess,
pseudocyst, systolic blood pressure < 90 mmHg, pO2 ≤
60 mmHg, creatinine > 2 mg/dL after rehydration, gastrointestinal bleeding > 500 mL in 24 h, or death[19]. Furthermore, late complications like pancreatic pseudocyst
and abscesses were followed up in the outpatient clinic
after 4-8 wk by computed tomography abdominal scan
based on clinical presentation.
Exclusion criteria
Patients were excluded from the study based on the following: (1) diabetes mellitus; (2) presence of morbidities
possibly affecting patient weight, such as hypothyroidism
or pregnancy; (3) alcohol consumption; (4) history of
episodes of idiopathic and chronic recurrent pancreatitis; (5) drug-induced and pancreatic divisum; (6) ERCP
pancreatitis; (7) hyperlipidemia or hypercalcemia induced
pancreatitis; and (8) patients with symptoms for more
than 48 h. Obesity was classified by body mass index
(BMI), which was measured by weight in kilograms
divided by height in meters squared (kg/m2) as recommended by the World Health Organization[20]. Waist circumference (WC) was measured in the standing position
at the height of the umbilicus, while the subject breathed
out gently using a circumference measuring tape (Seca
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of duplicate readings were calculated for each standard
and sample in a blinded fashion. The cut-off value of
resistin was 15 ng/mL.

Table 1 Patient characteristics (n = 102)
Patient characteristics
Age (yr, mean ± SD)
Gender (male/female)
Body mass index (kg/m², mean ± SD)
Underweight
Normal
Overweight
Obese
Morbid obesity
Central obesity
Waist circumference (cm, mean ± SD)
Death (mortality)
Severity of pancreatitis
Mild
Severe
Complications
Local
Acute fluid collection
Pancreatic necrosis
Pancreatic pseudocyst
Pancreatic abscess
Thrombosis
Systemic
Shock
Pulmonary insufficiency
Renal failure
GIT bleeding
DIC
Severe metabolic disturbance

Result
45 ± 17.5
41.2%/58.8%
30.5 ± 6.89
2.0%
26.4%
21.6%
43.1%
6.9%

Statistical analysis
Data was analyzed using SPSS software (version 15; SPSS
Inc., Chicago, IL). Means and standard deviations were
used to describe demographic variables. Serum resistin
levels and additional continuous variables were analyzed
using correlation tests. Receiver operating characteristics
curves were used to evaluate the ability of serum resistin
level to predict the severity of AP and the relationship
with BMI. The χ 2 test was used to calculate the association between classified variables and to estimate the relationship between levels of resistin, and different variables.
A P-value less than 0.05 (two-tailed) was considered to be
statistically significant. Differences between study groups
were tested by paired t-test. Kruskal-Wallis and MannWhitney U tests were also used to confirm results.

94.9 ± 16.74
3.9%
78.4%
21.6%
21.6%
45.4%
45.4%
9.2%
0%
0%
18.6%
15.8%
42.2%
10.5%
10.5%
10.5%
10.5%

RESULTS

GIT: Gastrointestinal; DIC: Disseminated intravascular coagulation.

200, Hamburg, Germany). Venous blood samples from
the antecubital vein of patients were collected. Samples
were collected into vacuum tubes containing EDTA. After sampling, the tubes were immediately centrifuged at
1.5 g for 10 min. Aliquots of serum were stored at -20 ℃
and routine hematology and biochemistry tests were
performed. All biochemical measurements were carried
out by the same team of laboratory technicians using
the same methods throughout the study period. Samples
were collected from AP patients at time of hospital
admission. We enrolled a control group of 102 persons
with matched BMI, gender and age, because serum resistin concentration increases in obesity, and is positively
correlated with BMI, insulin resistance or body fat[21-23].
Resistin plasma samples for both test patients and control groups were stored at -80 ℃ and diluted 100-fold
and stored until biochemical analysis was completed.
One technician performed the analysis in a blinded fashion. Resistin concentrations for both groups were measured by using ELISA.
ELISA assay conditions: Serum was quantitatively assayed for resistin using a sandwich enzyme immunoassay.
Standards and samples were sandwiched by immobilized
antibody and biotinylated polyclonal antibodies specific
for resistin. Samples were analyzed using the Bio-plex
suspension array system, which included a fluorescent
reader and Bio-plex Manager analytic software at the
Taibah University Biochemical Department. Mean values
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Our study consisted of 102 patients (60 females and 42
males) diagnosed with an initial first attack of acute gallstone-induced pancreatitis. The mean age was 45 years,
and mean BMI value was 30.5 kg/m2 (Obese, class Ⅰ).
Patient characteristics are summarized in Table 1. None
of the patients had ever consumed alcohol or had a history of drug consumption. Twenty-three patients who
were initially recruited to the study were excluded due
to a history of recurrent pancreatitis. Of these, 13 had
metabolic (hyperlipidemia, hypercalcemia) recurrent pancreatitis, whereas 10 patients did not have an underlying
cause of the recurrent pancreatitis so underwent ERCP.
Three patients had two separately draining pancreatic
ducts (pancreatic divism) and 2 patients had chronic pancreatitis due to presence of pancreatic duct stones.
We investigated the relationship between severity of pancreatitis and risk factors such as age, gender,
BMI, WC, and body weight. Our results showed that
only BMI significantly correlated with severity of acute
biliary pancreatitis (P = 0.007; Table 2). Data on serum resistin levels were available for this cohort upon
hospital admission. Serum resistin concentration did
not correlate with BMI, weight or WC in our patients
(not shown). The mean resistin values at admission
were 17.5 ng/mL in the severe acute biliary pancreatitis
group and 16.82 ng/mL in the mild AP group (P = 0.188;
not shown). Serum resistin concentration was significantly higher in patients with AP compared with control
subjects (Figures 1 and 2). Resistin concentrations upon
admission correlated with AP. Receiver-operator curve
and area under the curve (AUC) delineate sensitivity and
specificity of serum resistin concentration as an inflammatory marker on the day of admission in AP, AUC
> 97% and cutoff value: 15 ng/mL (Figures 3A and
B), but resistin failed to serve as a predictive marker of
clinical severity in AP (P = 0.188; Figure 2). Moreover,
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Boxplot of resistin value and
control, mild/severe AP patients

Table 2 Relationship between severity of pancreatitis and
body mass index n (%)
Patients
(n = 102)

Body mass index
(kg/m²)
Underweight
Normal
Overweight
Obese
Morbid obesity

Mild
pancreatitis
(n = 80)

Severe
pancreatitis
(n =22)

25

0.007
2 (2.0)
27 (26.4)
22 (21.6)
44 (43.1)
7 (6.9)

2 (2.5)
23 (28.7)
13 (16.2)
39 (48.7)
3 (3.7)

0 (0)
4 (18.1)
9 (40.9)
5 (22.7)
4 (18.1)

* 21.0

20
* 17.8
15

* 11.1

10

5

* 5.1
Control

mildAP

severeAP

Pancreatitis severity according to Atlanta criteria

Mean value of serum resistin on
admission and for control subjects

Figure 2 Box plot graph delineates the difference variation between acute
pancreatitis patients (mild/severe) and control group.

95%CI of the mean

18

* 23.9

χ2
Resistin (ng/mL)

Patient
characteristics

Resistin (ng/mL)

17
16
15
14
13
12
Resistin A (on admission)

Resistin C (control)

Figure 1 Significant difference between resistin level in acute biliary pancreatitis patients and control subjects (P = 0.000).

we studied the correlation between serum resistin levels
and both serum calcium level and extent of pancreatic
fatty necrosis by CT scan, but there was no significant
correlation (P = 0.271 and 0.431, respectively). Further,
we analyzed the relationship between serum resistin levels and BMI in both groups (AP patient and controls);
however, there was no significant difference when using
non-parametric correlation and Spearman’s test (P =
0.271 and 0.437, respectively).

DISCUSSION
AP is a highly variable disease in terms of severity. Many
scoring systems and experimental inflammatory markers have been developed for early detection of severe
AP. Obesity is a chronic low-grade inflammatory state
characterized by high levels of circulating proinflammatory cytokines[5]. Therefore, a large amount of visceral
fat surrounding the pancreas may easily exacerbate the
inflammation in AP[6]. Obesity may also be linked to the
severity of AP. It is generally accepted that obesity is
associated with an increased risk of AP development;
therefore larger abdominal adiposity and higher WC often accompany severe pancreatitis[24]. Pancreatic microcirculation is lower in obese patients compared to those
who are non-obese, which increases the risk of ischemic
injury and subsequent local infections[25]. Furthermore,
obesity is also associated with higher levels of inflammatory markers[8]. In AP, pancreatic injury leads to a mas-
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sive release of pancreatic lipase that leads to digestion
of peri-pancreatic adipose tissue[10] which becomes infiltrated by significant quantities of monocytes. This creates adipocytokines[11], one of which is resistin[12 ] which
has potent immunomodulatory[11,13] and metabolic activities. Resistin has been identified in pancreatic islets[26],
the gastrointestinal tract, monocytes, spleen, white blood
cells and plasma. Recently, resistin was shown to serve
as a marker of monocyte activation[27]. Thus, resistin
can be used for detection of early inflammation of peripancreatic adipose tissue infiltrated by monocytes. Importantly, human resistin mRNA expression is higher in
abdominal adipose tissue than in subcutaneous adipose
tissue[28], therefore we chose to investigate the serum level of resistin in AP patients to assess its potential value
for detecting pancreatitis severity specifically induced by
adipose tissue inflammation. Until now, resistin has not
been reported in purely acute biliary pancreatitis patients
of a substantial sample size.
A majority of patients in our study had acute gallstone-induced pancreatitis. Our results showed that: (1)
obesity significantly correlated with severity of acute
biliary pancreatitis; (2) serum resistin concentration was
significantly higher in patients with AP compared with
control subjects; (3) resistin failed to serve as a predictive
marker of AP severity; (4) no correlation exists between
serum resistin levels and either serum calcium or extent
of pancreatic fatty necrosis by CT scan; and (5) no relationship exists between serum resistin levels and BMI for
either group.
A previously reported meta-analysis of 739 cases
showed that obesity (BMI ≥ 30 kg/m2) was a significant
risk factor for AP severity[29], similar to our results that
BMI > 30 kg/m2 is associated with severe pancreatitis (P
= 0.007; Table 2). Additionally, serum levels of resistin
have been reported in 50 patients with AP, showing that
40% had biliary pancreatitis. In this example, the level
of resistin correlated with Ranson and APACHE Ⅱ
scores[27], suggesting that resistin concentration upon hospital admission may serve as an early predictive marker

15354

November 7, 2014|Volume 20|Issue 41|

Al-Maramhy H et al . Resistin in acute pancreatitis

B

ROC curve

ROC curve

1.0

1.0

0.8

0.8

0.6

0.6

Sensitivity

Sensitivity

A

0.4

0.2

0.0
0.0

0.4

0.2

0.2

0.4

0.6

0.8

1.0

0.0
0.0

0.2

0.4

0.6

0.8

1-specificity

1-specificity

Diagonal segments are produced by ties

Diagonal segments are produced by ties

1.0

Figure 3 Receiver-operator curve and area under the curve. A: Receiver-operator curve (ROC) and area under the curve (AUC) delineate sensitivity and specificity of serum resistin concentration (day of admission), AUC > 97%, P-value < 0.0001; B: ROC and AUC of serum resistin value on admission. Cutoff value: 15 ng/mL
and positive predictive value: 97%.

of peri-pancreatic necrosis and clinical severity for AP[27].
However, these studies used a small sample size and 40%
of the patients had biliary pancreatitis with resistin levels
measured over the first 10 d after admission (mean value),
which is not reflective of the single initial value alone.
Our study, however, had twice the sample size and most
of the pancreatitis cases were biliary in origin, which has
not previously been extensively studied. Additionally, we
measured the serum resistin levels in our patients within
a few hours after a confirmed diagnosis of acute biliary
pancreatitis upon hospital admission.
Leśniowski et al[30] measured serum resistin in 30 AP
patients and concluded that the serum concentration
of resistin may represent a useful additional marker of
inflammatory response in AP; however, the study did
not report data for its ability to predict clinical severity. Adrych et al [31] demonstrated that serum resistin
concentration is elevated in a small cohort of patients
with chronic pancreatitis of alcoholic origin (n = 50)[31].
Many inflammatory markers, such as trypsinogen activation peptide, interleukin-6, interleukin-10, procalcitonin,
phospholipase A2 and C-reactive protein, have been
used to assess the severity of pancreatitis[32-34]. In our
study, we used a biochemical marker that specifically reflects the inflammation of peri-pancreatic adipose tissue.
In addition, our study was designed with strict exclusion
criteria to eliminate any confounding variables that affected patients’ weight or BMI. We noticed that a large
fraction of our patients had acute biliary pancreatitis
and did not consume alcohol, leaving the possibility that
alcoholic AP might behave quite differently. However,
it would be quite difficult to select an obese population
without hyperlipidemia, hypertension or other morbidities strongly associated with obesity. It is likely that a
portion of the population is undiagnosed for multiple
risk factors. Exploration of an inflammatory marker,
such as resistin, reflects the severity burden of AP and
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is superior over other scoring approaches. Before resistin can be used widely in the clinical setting, our results
must be confirmed by larger and multi-center studies.
The use of new pancreatic injury markers of inflammatory response appears very promising, although most
have been studied mainly in a research setting so their
clinical impact remains to be determined.
Obesity is a clear risk factor for severe AP. We demonstrate that there is a correlation between serum resistin and AP upon hospital admission, but this marker
failed to serve in a predictive manner with regard to
clinical severity.

ACKNOWLEDGMENTS
We acknowledge the help of Salah Eldin Geib Allah for
coordination of the biochemical laboratory equipment
and ELISA testing, Dr. Yousif Eltyeb for revising the
manuscript and Dr. Imad Shadid for statistical analyses.

COMMENTS
COMMENTS
Background

Acute pancreatitis (AP) is a potentially life-threatening acute inflammatory
condition of the pancreas. Notably, the incidence of AP is increasing with a correlated increase in obesity.

Research frontiers

In AP, pancreatic injury leads to synthesis and secretion of adipose-specific
proteins, termed adipocytokines. One of these adipocytokines, resistin, can be
used to detect early inflammation of peri-pancreatic adipose tissue. This study
investigates the ability of serum resistin levels upon hospitalization to predict
clinical severity of AP.

Innovations and breakthroughs

The authors demonstrate that there is a correlation between serum resistin and
AP upon hospital admission, but this marker failed to serve in a predictive manner with regard to clinical severity.

Applications

Resistin serum levels can be used as a diagnostic marker for AP, as levels are
increased upon hospital admission.

15355

November 7, 2014|Volume 20|Issue 41|

Al-Maramhy H et al . Resistin in acute pancreatitis

Peer review

17

This article deals with an important issue, based on the known sequential
events of obesity preceding severe AP. The task of investigating a potential
predictive marker of fat necrosis will provide a useful clinical tool.

18
19

REFERENCES
1
2

3

4
5
6

7

8

9
10
11

12

13
14

15
16

Mitchell RM, Byrne MF, Baillie J. Pancreatitis. Lancet 2003;
361: 1447-1455 [PMID: 127274121 DOI: 10.1016/S01406736(03)13139-X]
Fagenholz PJ, Castillo CF, Harris NS, Pelletier AJ, Camargo
CA. Increasing United States hospital admissions for acute
pancreatitis, 1988-2003. Ann Epidemiol 2007; 17: 491-497
[PMID: 17448682 DOI: 10.1016/j.annepidem.2007.02.002]
Lindkvist B, Appelros S, Manjer J, Borgström A. Trends in incidence of acute pancreatitis in a Swedish population: is there
really an increase? Clin Gastroenterol Hepatol 2004; 2: 831-837
[PMID: 15354285 DOI: 10.1016/S1542-3565(04)00355-6]
Groves T. Pandemic obesity in Europe. BMJ 2006; 333: 1081
[PMID: 17114210 DOI: 10.1136/bmj.39038.449769.BE]
Lee YH, Pratley RE. The evolving role of inflammation in
obesity and the metabolic syndrome. Curr Diab Rep 2005; 5:
70-75 [PMID: 15663921 DOI: 10.1007/s11892-005-0071-7]
Yashima Y, Isayama H, Tsujino T, Nagano R, Yamamoto
K, Mizuno S, Yagioka H, Kawakubo K, Sasaki T, Kogure H,
Nakai Y, Hirano K, Sasahira N, Tada M, Kawabe T, Koike K,
Omata M. A large volume of visceral adipose tissue leads to
severe acute pancreatitis. J Gastroenterol 2011; 46: 1213-1218
[PMID: 21805069 DOI: 10.1007/s00535-011-0430-x]
Papachristou GI, Papachristou DJ, Avula H, Slivka A, Whitcomb DC. Obesity increases the severity of acute pancreatitis: performance of APACHE-O score and correlation with
the inflammatory response. Pancreatology 2006; 6: 279-285
[PMID: 16636600 DOI: 10.1159/000092689]
Sempere L, Martinez J, de Madaria E, Lozano B, SanchezPaya J, Jover R, Perez-Mateo M. Obesity and fat distribution imply a greater systemic inflammatory response and a
worse prognosis in acute pancreatitis. Pancreatology 2008; 8:
257-264 [PMID: 18497538 DOI: 10.1159/000134273]
Smotkin J, Tenner S. Laboratory diagnostic tests in acute
pancreatitis. J Clin Gastroenterol 2002; 34: 459-462 [PMID:
11907364 DOI: 10.1097/00004836-200204000-00018]
Schäffler A, Schölmerich J. The role of adiponectin in inflammatory gastrointestinal diseases. Gut 2009; 58: 317-322
[PMID: 19211847 DOI: 10.1136/gut.2008.159210]
Schäffler A, Müller-Ladner U, Schölmerich J, Büchler C.
Role of adipose tissue as an inflammatory organ in human
diseases. Endocr Rev 2006; 27: 449-467 [PMID: 16684901 DOI:
10.1210/er.2005-0022]
Schäffler A, Schölmerich J, Salzberger B. Adipose tissue as
an immunological organ: Toll-like receptors, C1q/TNFs and
CTRPs. Trends Immunol 2007; 28: 393-399 [PMID: 17681884
DOI: 10.1016/j.it.2007.07.003]
Steppan CM, Lazar MA. The current biology of resistin. J
Intern Med 2004; 255: 439-447 [PMID: 15049878 DOI: 10.1111/
j.1365-2796.2004.01306.x]
Anderson PD, Mehta NN, Wolfe ML, Hinkle CC, Pruscino
L, Comiskey LL, Tabita-Martinez J, Sellers KF, Rickels MR,
Ahima RS, Reilly MP. Innate immunity modulates adipokines in humans. J Clin Endocrinol Metab 2007; 92: 2272-2279
[PMID: 17374708 DOI: 10.1210/jc.2006-2545]
Alexakis N, Neoptolemos JP. Algorithm for the diagnosis
and treatment of acute biliary pancreatitis. Scand J Surg
2005; 94: 124-129 [PMID: 16111094]
Ammori BJ, Boreham B, Lewis P, Roberts SA. The biochemical detection of biliary etiology of acute pancreatitis
on admission: a revisit in the modern era of biliary imaging.
Pancreas 2003; 26: e32-e35 [PMID: 12604925 DOI: 10.1097/000
06676-200303000-00023]

WJG|www.wjgnet.com

20
21

22

23

24

25
26

27

28

29

30

31

32

15356

Balthazar EJ, Ranson JH, Naidich DP, Megibow AJ, Caccavale R, Cooper MM. Acute pancreatitis: prognostic value
of CT. Radiology 1985; 156: 767-772 [PMID: 4023241]
Banks PA. A new classification system for acute pancreatitis. Am J Gastroenterol 1994; 89: 151-152 [PMID: 8304293]
de-Madaria E, Soler-Sala G, Lopez-Font I, Zapater P, Martínez J, Gómez-Escolar L, Sánchez-Fortún C, Sempere L,
Pérez-López J, Lluís F, Pérez-Mateo M. Update of the Atlanta Classification of severity of acute pancreatitis: should
a moderate category be included? Pancreatology 2010; 10:
613-619 [PMID: 21042037 DOI: 10.1159/000308795]
Seidell JC, Flegal KM. Assessing obesity: classification and
epidemiology. Br Med Bull 1997; 53: 238-252 [PMID: 9246834]
Degawa-Yamauchi M, Bovenkerk JE, Juliar BE, Watson W,
Kerr K, Jones R, Zhu Q, Considine RV. Serum resistin (FIZZ3)
protein is increased in obese humans. J Clin Endocrinol
Metab 2003; 88: 5452-5455 [PMID: 14602788 DOI: 10.1210/
jc.2002-021808]
Fujinami A, Obayashi H, Ohta K, Ichimura T, Nishimura M,
Matsui H, Kawahara Y, Yamazaki M, Ogata M, Hasegawa G,
Nakamura N, Yoshikawa T, Nakano K, Ohta M. Enzymelinked immunosorbent assay for circulating human resistin:
resistin concentrations in normal subjects and patients with
type 2 diabetes. Clin Chim Acta 2004; 339: 57-63 [PMID:
14687894 DOI: 10.1016/j.cccn.2003.09.009]
Vozarova de Courten B, Degawa-Yamauchi M, Considine
RV, Tataranni PA. High serum resistin is associated with an
increase in adiposity but not a worsening of insulin resistance in Pima Indians. Diabetes 2004; 53 :1279-1284 [PMID:
15111497]
Mery CM, Rubio V, Duarte-Rojo A, Suazo-Barahona J,
Peláez-Luna M, Milke P, Robles-Díaz G. Android fat distribution as predictor of severity in acute pancreatitis. Pancreatology 2002; 2: 543-549 [PMID: 12435867 DOI: 10.1159/000066099]
Lamas O, Marti A, Martínez JA. Obesity and immunocompetence. Eur J Clin Nutr 2002; 56 Suppl 3: S42-S45 [PMID:
12142961]
Minn AH, Patterson NB, Pack S, Hoffmann SC, Gavrilova
O, Vinson C, Harlan DM, Shalev A. Resistin is expressed
in pancreatic islets. Biochem Biophys Res Commun 2003; 310:
641-645 [PMID: 14521959 DOI: 10.1016/j.bbrc.2003.09.061]
Schäffler A, Hamer O, Dickopf J, Goetz A, Landfried K,
Voelk M, Herfarth H, Kopp A, Büchler C, Schölmerich J,
Brünnler T. Admission resistin levels predict peripancreatic necrosis and clinical severity in acute pancreatitis. Am
J Gastroenterol 2010; 105: 2474-2484 [PMID: 20648005 DOI:
10.1038/ajg.2010.278]
McTernan PG, McTernan CL, Chetty R, Jenner K, Fisher
FM, Lauer MN, Crocker J, Barnett AH, Kumar S. Increased
resistin gene and protein expression in human abdominal
adipose tissue. J Clin Endocrinol Metab 2002; 87: 2407 [PMID:
11994397 DOI: 10.1210/jcem.87.5.8627]
Martínez J, Johnson CD, Sánchez-Payá J, de Madaria E,
Robles-Díaz G, Pérez-Mateo M. Obesity is a definitive risk
factor of severity and mortality in acute pancreatitis: an updated meta-analysis. Pancreatology 2006; 6: 206-209 [PMID:
16549939 DOI: 10.1159/000092104]
Leśniowski B, Kumor A, Jasińska A, Daniel P, Pietruczuk M,
Małecka-Panas E. [Resistin-- a new laboratory marker useful
in diagnosis of acute pancreatitis?]. Pol Merkur Lekarski 2007;
22: 385-387 [PMID: 17679375]
Adrych K, Smoczynski M, Sledzinski T, Dettlaff-Pokora A,
Goyke E, Swierczynski J. Increased serum resistin concentration in patients with chronic pancreatitis: possible cause
of pancreatic fibrosis. J Clin Gastroenterol 2009; 43: 63-68
[PMID: 18827713 DOI: 10.1097/MCG.0b013e31815cda0a]
Manes G, Spada OA, Rabitti PG, Pacelli L, Iannaccone L,
Uomo G. Serum interleukin-6 in acute pancreatitis due to
common bile duct stones. A reliable marker of necrosis. Recenti Prog Med 1997; 88: 69-72 [PMID: 9148369]

November 7, 2014|Volume 20|Issue 41|

Al-Maramhy H et al . Resistin in acute pancreatitis
33

Gurda-Duda A, Kuśnierz-Cabala B, Nowak W, Naskalski
JW, Kulig J. Assessment of the prognostic value of certain
acute-phase proteins and procalcitonin in the prognosis
of acute pancreatitis. Pancreas 2008; 37: 449-453 [PMID:
18953261 DOI: 10.1097/MPA.0b013e3181706d67]

34

Dervenis C, Johnson CD, Bassi C, Bradley E, Imrie CW,
McMahon MJ, Modlin I. Diagnosis, objective assessment of
severity, and management of acute pancreatitis. Santorini
consensus conference. Int J Pancreatol 1999; 25: 195-210 [PMID:
10453421]
P- Reviewer: Kawa S, Luo HS, Sofi A
S- Editor: Gou SX L- Editor: Logan S E- Editor: Liu XM

WJG|www.wjgnet.com

15357

November 7, 2014|Volume 20|Issue 41|

World J Gastroenterol 2014 November 7; 20(41): 15358-15366
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i41.15358

© 2014 Baishideng Publishing Group Inc. All rights reserved.

RETROSPECTIVE STUDY

Hepatitis B vaccination in patients with inflammatory bowel
disease
Ruwaida Ben Musa, Anuhya Gampa, Sanjib Basu, Ali Keshavarzian, Garth Swanson, Michael Brown,
Rana Abraham, Keith Bruninga, John Losurdo, Mark DeMeo, Sohrab Mobarhan, David Shapiro, Ece Mutlu
Ruwaida Ben Musa, Graduate College, Rush University, Chicago, IL 60612, United States
Anuhya Gampa, Rush University, Chicago, IL 60612, United
States
Sanjib Basu, Department of Preventive Medicine, Rush University, Chicago, IL 60612, United States
Ali Keshavarzian, Garth Swanson, Michael Brown, Rana
Abraham, Keith Bruninga, John Losurdo, Mark DeMeo,
Sohrab Mobarhan, David Shapiro, Ece Mutlu, Department
of Gastroenterology and Nutrition, Rush University, Chicago, IL
60612, United States
Ece Mutlu, Department of Medicine, Clinical Research Section
of Gastroenterology, Hepatology and Nutrition, Rush University,
Chicago, IL 60612, United States
Author contributions: Ben Musa R collected, analyzed, interpreted the data, and wrote the paper; Gampa A wrote project
protocol, set up data collection database and collected part of the
data; Basu S reviewed all the statistics; Keshavarzian A, Swanson G, Brown M, Abraham R, Bruninga K, Losurdo J, DeMeo
M, Mobarhan S and Shapiro D provided data and reviewed the
manuscript; Mutlu E provided the hypotheses, designed the study,
interpreted the data, supervised the data collection, analysis and
wrote the paper; Mutlu E gave final approval of the version to be
published.
Correspondence to: Ece Mutlu, MD, MS, MBA, Associate
Professor, IBD Program Director, Department of Medicine,
Clinical Research Section of Gastroenterology, Hepatology and
Nutrition, Rush University, 1725 W. Harrison, Suite 206, Chicago, IL 60612, United States. ece_mutlu@rush.edu
Telephone: +11-312-563-3880 Fax: +11-312-563-3883
Received: November 23, 2013 Revised: May 31, 2014
Accepted: June 26, 2014
Published online: November 7, 2014

Abstract
AIM: To determine the prevalence for hepatitis B virus
(HBV) and HBV screening and vaccination practices for
inflammatory bowel disease (IBD).
METHODS: This study is a retrospective, cross-section-
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al observational study. A retrospective chart review was
performed in 500 patients who have been consecutively
treated for IBD between September 2008 and January
2013 at the Rush University Medical Center Gastroenterology section. The patients were identified through
the electronic medical record with the criteria that they
attended the gastroenterology clinic, and that they
had a diagnosis of IBD at the time of visit discharge.
Once identified, each record was analyzed to determine
whether the subject had been infected with HBV in the
past, already been vaccinated against HBV, or advised
to get vaccinated and followed through with the recommended vaccination.
RESULTS: About 254 out of 500 patients (51%) had
HBV screening ordered. Among those ordered to have
screening tests, 86% followed through with HBV serology. Gastroenterology physicians had significantly different screening ratios from each other (P < 0.001). There
were no significant differences in the ratios of HBV
screening when IBD specialists were compared to other
gastroenterology physicians (0.505 ± 0.023 vs 0.536 ±
0.066, P = 0.66). Of those 220 patients screened, 51%
of IBD patients were found not to be immune against
HBV. Approximately 50% of gastroenterology physicians recommended HBV vaccinations to their patients
in whom serology was negative for antibodies against
HBV. IBD specialists recommended vaccinations to a
higher percentage of their patients compared to other
gastroenterology physicians (0.168 ± 0.019 vs 0.038 ±
0.026, P = 0.015). Present and/or past HBV infection
was found in 3.6% of the patients who had serology
checked. There was no statistically significant difference
in the prevalence of hepatitis B surface antigen (HBsAg)
between our study and that reported in previous studies done in Spain (4/220 vs 14/2076 respectively, P =
0.070); and in France (4/220 vs 3/315 respectively, P =
0.159). But, the prevalence of anti-HBcAb in this study
was less than that reported in the study in Spain (7/220
vs 155/2076 respectively, P = 0.006); and was not sig-

15358

November 7, 2014|Volume 20|Issue 41|

Ben Musa R et al . Hepatitis B and inflammatory bowel disease

nificantly different from that reported in the study in
France (7/220 vs 8/315 respectively, P = 0.313).
CONCLUSION: The prevalence of HBsAg in our IBD
patients was not higher than previously reported European studies. Most IBD patients are not routinely
screened or vaccinated against HBV at a tertiary referral center in the United States.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Inflammatory bowel disease; Hepatitis B;
Prevalence; Vaccination; Ulcerative colitis; Crohn’s disease
Core tip: With immunomodulatory drugs being used
for treatment of inflammatory bowel disease (IBD)
patients, it is important that IBD patients be protected
against preventable infections, specifically hepatitis
B. Compared to previous literature, the prevalence of
hepatitis B virus (HBV) in IBD patients in a large tertiary gastroenterology practice in the United States was
not higher than Europe. However, a significant portion
of IBD patients were not routinely screened and vaccinated against HBV at a large tertiary gastroenterology
practice. This corroborates the need for gastroenterologists and primary care physicians to be cognizant
of treating IBD patients for preventable diseases in
addition to managing IBD itself. Further education and
use of electronic record prompters may be needed to
increase prevention of HBV.
Ben Musa R, Gampa A, Basu S, Keshavarzian A, Swanson G,
Brown M, Abraham R, Bruninga K, Losurdo J, DeMeo M, Mobarhan S, Shapiro D, Mutlu E. Hepatitis B vaccination in patients
with inflammatory bowel disease. World J Gastroenterol 2014;
20(41): 15358-15366 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i41/15358.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i41.15358

INTRODUCTION
Inflammatory bowel disease (IBD) patients (and especially those on long-term immunosuppressive drugs) are at
risk to contracting hepatitis B virus (HBV) infection, and
should be considered candidates for vaccination against
HBV[1]. Furthermore, immunosuppressive medications
of all types may lead to reactivation of HBV replication
in patients with chronic HBV infection[2-7]. HBV vaccine
is effective and the mainstay control of HBV is by preventing infection and consequent acute and chronic liver
disease[8].
Studies that document the prevalence of HBV in
IBD patients have been reported in Europe[9-12] and show
a decrease in the prevalence of viral hepatitis in the most
recent reports, which has been attributed to the effective preventative measures taken, such as vaccination and
serological screening[1]. Three studies document HBV
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vaccination rates in IBD patients in Europe, ranging
from 12% to 49% of patients being vaccinated[9,10,12]. The
evidence from these studies and others have led the European Crohn’s and Colitis Organization to recommend
universal screening at the time of diagnosis for all IBD
patients in their guideline statement[13].
No data exists from United states practices about
HBV prevalence among IBD patients and little data exists for screening or vaccination practices[14,15]. Guidelines
by the American Association for the Study of Liver Disease (AASLD) and Centers for Disease Control (CDC)
recommend HBV screening and vaccination for any
person seeking protection from hepatitis B, and also for
those requiring immunosuppression (including IBD patients on steroids > 20 mg/d for 2 wk or more, high-dose
purine analogs, and other immunosuppressive agents
such as TNF inhibitors). According to these guidelines,
HBV vaccination should ideally occur before the initiation of therapy with immunosuppressants, although the
exact timing of screening is not specified[16-21]. Given the
acute and unpredictable need for biologics and steroids
in many IBD patients, many experts recommend screening and vaccination to begin at the time of diagnosis of
IBD[22,23], especially considering that over 80% of patients
will require steroids, 40% will require purine analogs and,
20% will require TNF inhibitors sometime in their lifetime[13]. Other professional society guidelines in the US
recommend screening and vaccination for IBD patients
considering TNF inhibitors[24,25].
The aims of this study are to determine the prevalence of HBV infection among IBD patients, to determine HBV screening and vaccination ratios and to determine whether a significant majority of IBD patients are
being vaccinated against HBV, in a tertiary gastroenterology practice in the US.

MATERIALS AND METHODS
Study design
This study is a retrospective and cross-sectional observational study. A retrospective chart review of 500 patients
who have been consecutively treated for IBD at the Rush
University Medical Center Gastroenterology Section
was performed. The patients were identified through
the EPIC electronic medical record scheduling module
between September 13, 2010 and January 31, 2013 by
looking up every provider’s schedule and checking the
gastroenterology notes. Subjects were included in the
study if a specific diagnosis of IBD was written into the
clinic notes by a board certified gastroenterologist in our
practice. In general it is our practice that a diagnosis of
IBD is made on the basis of classic IBD symptoms, and
classic radiology or endoscopy findings. All IBD cases in
our practice additionally are required to have endoscopic
or surgical histopathology data, and two expert board
certified gastrointestinal pathologists review all of the biopsies. Every part of the electronic record was examined
to look for any evidence of hepatitis B screening or vac-
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and all the tests are ordered individually. All other test
results reviewed at our institution but were performed
elsewhere, were done at a clinically certified outpatient or
hospital laboratory.
In this study, prior infection, carrier status and prior
vaccination were defined, according to the CDC criteria[26]: Prior HBV infection was defined by loss of HBsAg, presence of anti-HBc and anti-HBs. Carrier state
was defined by the presence of low level of HBsAg in
the blood for longer than 6 mo even if all symptoms
have disappeared. Prior vaccination was defined as presence of anti-HBs without anti-HBc.

Table 1 Demographics of the study population n
Characteristics
Age (yr, mean ± SD)
Sex (Male/Female)
Race
African American
Asian
Native American
White
Ethnicity
Hispanic
Not hispanic
Immunosuppressants
IBD disease duration
(mo, mean ± SD)

CD (n =292) UC (n = 206)

IC (n = 2)

41.94 ± 16.3
110/182

43.2 ± 16.6
85/121

46.5 ± 37.5
0/2

66 (22%)
3 (1%)
2 (0.7%)
200 (68%)

37 (18%)
2 (1%)
1 (0.5%)
148 (72%)

0 (0%)
0 (0%)
0 (0%)
2 (100%)

14 (4.8%)
278 (95%)
187 (64%)

16 (8%)
190 (92%)
109 (53%)

0 (0%)
2 (100%)
2 (100%)

154 ± 138

107 ± 106

4±4

UC: Ulcerative colitis; CD: Crohn’s disease; IC: Indeterminate colitis.

cination including the electronic record’s immunization
recording module; the scanned in documents section to
look for results outside of the Rush system provided to
Rush physicians; the results section for test results at our
institution; and all gastroenterology clinic visit notes.
The variables gathered from the charts included demographic information: age, gender, race; diagnosis (CD,
UC, indeterminate colitis); disease duration; past history
of medical illnesses; medications; treating physician; and
immunosuppressive therapy use. Additional data gathered on HBV were whether the gastroenterologist ordered an HBV serology at the time of the visit, whether
the patients followed through with the HBV serology
orders, their history of HBV infections in past, presence
of a chronic carrier state for HBV, whether or not IBD
patients were vaccinated for HBV in the past, and the age
at which they reported to have been vaccinated. Records
were also reviewed for a mean follow-up of 9 mo (1-48
mo) to determine whether the patients who had negative
serology for HBV antibody were recommended to be
vaccinated and whether vaccination recommendations
were followed through. Also, records were reviewed for a
mean follow-up of 6 mo (1-34 mo) to determine whether
those patients who had HBV serology ordered actually
had blood drawn and checked for HBV serology. Records were also reviewed for a mean follow up of 13 mo
(1-46 mo) to determine whether those patients who did
not have HBV serology ordered at their initial visit were
recommended to be screened.
HBV infection markers
The lab tests recorded in retrospective review were hepatitis B surface antigen (HBsAg), antibodies to HBsAg
(anti-HBs Ab), antibodies to hepatitis B core protein
(anti-HBc Ab), hepatitis B e antigen (HBeAg) and antibodies to hepatitis B e antigen (HBeAg Ab), and HBV
DNA titers. HBV screening at our own institution was
performed in the clinical laboratories using an immunoassay technique within the Architect® System; Abbott;
Abbott pale, Illinois, United States. There is no standard
hepatitis B panel for screening patients at our institution,
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Statistical analysis
Quantitative variables were summarized and reported
as the mean ± SD. Binary variables were compared with
references using the Binomial test and Statistical comparisons for categorical variables were performed using the χ 2
test and Fisher exact test. All statistical analyses were performed using PASW (formerly called SPSS) version 19.0
(IBM corporation). All P values are two-sided and P values less than 0.05 were reported as statistical significant.

RESULTS
Description of patient population
Of the total 500 patients with IBD, 206 (41.2%) patients
had UC and 292 (58.4%) had CD and 2 (0.4%) patients
had indeterminate colitis (IC). 305 (61%) patients were
female, and 195 (39%) patients were male, with a mean
age of 42.5 ± 16.5 years. The mean IBD disease duration
was 134 ± 127.6 mo (Table 1). 60% of patients were on
immunosuppressive medications. 85 (17%) patients were
on thiopurines alone; 101 (20.2%) patients were on biologics; 23 (4.6%) patients were on both thiopurines and
biologics; and 92 (18.4%) patients were on other immunosuppressants including prednisone.
HBV screening, prevalence of HBV markers and
characteristics of the HBV positive patients
Of the total 500 IBD patients, 254 (51%) had a HBV
screening ordered. Of these 254 patients who had HBV
serology ordered, 220 patients (86%) had blood drawn
and checked for HBV serology.
Of these 220 patients who had HBV serology
checked, 220 patients (100%) had their blood drawn and
checked for HBsAg, of which 4 patients were positive
(1.8%). 114 patients (51%) had their blood drawn and
checked for anti-HBcAb, of which 7 patients were positive (6%). 193 patients (87%) had their blood drawn and
checked for the anti-HBs Ab. Of those patients, who had
the anti-HBs Ab checked, 73 patients (38%) had reactive
titers greater than 12 mlU/mL, suggesting that they were
either previously vaccinated or infected with hepatitis B
and became immune; while 120 patients (62%) had nonreactive titers less than 8 mlU/mL. There were no significant differences in the proportion of follow-through
with HBV screening between the male (0.523 ± 0.035)
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ence in the proportions of patients having HBV vaccine
recommended to them between IBD patients who are
on and who are not on immunosuppressive medications
(0.158 ± 0.023 vs 0.144 ± 0.026, P = 0.689).

Table 2 Prevalence of hepatitis B virus markers in subjects
who have serology data available n (%)
Disease Type

HBsAg

Crohn’s disease (n = 143)
Ulcerative colitis (n = 76)
Indeterminate colitis (n = 1)
Total (n = 220)

4 (2.8)
0 (0)
0 (0)
4 (1.8)

Anti-HBc Ab
6 (4.2)
1 (1.3)
0 (0)
7 (3.2)

HBsAg: Hepatitis B surface antigen; anti-HBc Ab: Hepatitis B core antibodies.

and female patients (0.498 ± 0.028), (P = 0.590), and between IBD patients who were less than 50 years of age
(0.507 ± 0.027) and more than 50 years of age (0.51 ±
0.039), (P = 0.965). Furthermore, there was no significant
difference in the proportions of HBV screening in IBD
patients who are on and who are not on immunosuppressive medications (0.534 ± 0.028 vs 0.47 ± 0.035, respectively, P = 0.165).
Present and/or past HBV infection was found in 3.6%
of the 220 IBD patients who had any serology checked.
Prevalence of the different viral markers in the CD, UC
and IC patients is shown in Table 2.
The characteristics of the HBV positive patients are
shown in Table 3. Anti-HBc Ab was present in 7 (3.2%)
of the 220 patients who had any screening test done.
Anti-HBc Ab was present in 7 (6.1%) of the 114 patients
who had the test drawn. Among the 7 HBV positive
patients, only 4 (1.8%) of the 220 IBD patients had positive HBsAg (patient 1, 2, 3, and 4), and viral loads above
10000 copies/mL were observed in 2 patients (patients 1,
and 4). Three patients had only anti-HBc Ab (patients 5, 6,
and 7). Anti-HBsAb was associated with anti-HBc Ab in
3 patients (patient 5, 6, and 7).
Hepatitis B vaccination
Of the total 193 patients who had their serology checked
for anti-HBsAb, 73 patients had detectable antibody
titers. Of the other 120 patients who had negative titers, 69 (57%) patients were recommended to get vaccination. Of the 65 (94%) out of 69 patients who were
recommended to get the vaccine at the gastroenterology
practice, 20 (31%) got their vaccine. The 4 (6%) patients
were recommended to get their vaccination through their
primary care physician office, of which 2 (50%) patients
got their vaccine. Total of 95 patients (49%) were vaccinated against HBV, indicating that greater than 50%
of the IBD patients were not vaccinated against HBV.
There were no statistical significant differences in the
proportions of follow-through with vaccination recommendations between the male (0.45 ± 0.012) and female
patients (0.48 ± 0.008, P = 0.821); and between IBD patients less than 50 years of age (0.46 ± 0.009) and more
than 50 years of age (0.5 ± 0.011, P = 0.790). There was
no statistical difference in the proportion of HBV vaccination in IBD patients who are on and who are not on
immunosuppressive medications (0.205 ± 0.023 vs 0.144
± 0.024, P = 0.081). Also, there was no significant differ-
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HBV vaccination according to age group
We compared the differences in the ratio of HBV vaccine administrated to IBD patients who are greater than
50 years old vs IBD patients who are under 25 years old.
More patients with IBD younger than 25 years of age
had been vaccinated against HBV, compared to patients
greater than 50 years of age (0.9 ± 0.009 vs 0.393 ± 0.004,
P = 0.003), which may relate to the changes in the last 20
years that have included HBV vaccine as part of childhood immunizations following availability of the recombinant vaccines[27] (Figure 1C).
HBV screening and vaccination by general
gastroenterologists vs IBD specialists
Screening for HBV markers was carried out by most of
gastroenterology physicians in our tertiary medical clinic.
Physicians had significantly different screening rates from
each other (P < 0.001, Figure 1A). Doctors 1, 2, and 3
were IBD specialists. There was no statistically significant
difference in the proportion of patients screened for
HBV when IBD specialists were compared to the other
gastroenterology physicians (0.505 ± 0.023 vs 0.536 ±
0.066, P = 0.66). The 5/10 (50%) of the gastroenterology
physicians recommended HBV vaccination to at least one
IBD patient with seronegative antibodies against HBV
(Figure 1B). IBD specialists, had a higher proportion of
patients recommended to get vaccinated with seronegative antibodies compared to the other gastroenterology
physicians (doctors 4-10, 0.168 ± 0.019 vs 0.038 ± 0.026,
P = 0.015).
Comparisons HBV prevalence between the United
States and European IBD patients
The average prevalence of chronic HBV reported in
studies in Spain and France, were extracted from the
published studies and these were compared to the HBV
data of this study’s IBD patients in the United States[9,10].
There was no significant difference in the prevalence
of HBsAg among IBD patients between our study and
that reported in the study in Spain[9] (4/220 vs 14/2076,
P = 0.070), and that reported in the study in France[10]
(4/220 vs 3/315, P = 0.159) Table 4. But, the prevalence
of anti-HBcAb in this study was significantly less than
that reported in the study in Spain[9] (7/220 vs 155/2076,
P = 0.006), and the prevalence was not significantly different from that reported in the study in France[10] (7/220
vs 8/315, P = 0.313).
Response of IBD patients to the HBV vaccine
Of the 18 patients who had their HBV vaccination at
the gastroenterology office, only 4 patients underwent
serological testing for anti-HBsAb after receiving the full
3 doses of the vaccine to confirm immunity during the
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Table 3 Characteristics of the 7 hepatitis B virus - positive patients
Patients

Age (yr)

Sex

Ethnicity

IBD

Immunosupression

Serology

Viral Load (copies/mL)

HBV states

1

54

Male

White

CD

Adalimumab
Azathioprine

135039

Chronic infection

2

56

Female

African american

CD

-

244

Chronic infection

3

56

Female

White

CD

-

121

Chronic infection

4

61

Male

African american

CD

-

1000000

Chronic infection

5

54

Female

African american

CD

Adalimumab

< 10

Past infection,
Naturally immune

6

62

Female

African american

UC

-

-

Past infection,
Naturally immune

7

64

Female

African american

CD

Prednisolone

HBsAg+
Anti-HBs AbHBeAg+
Anti-HBe AbAnti-HBc Ab+
HBsAg+
Anti-HBs AbAnti-HBc Ab+
HBeAgHBsAg+
Anti-HBs AbAnti-HBc Ab+
HBeAgHBsAg+
Anti-HBs AbHBeAg+
Anti-HBe AbAnti-HBc Ab+
HBsAgAnti-HBs Ab+
Anti-HBc Ab+
HBsAgAnti-HBs Ab+
Anti-HBc Ab+
HBsAgAnti-HBs Ab+
Anti-HBc Ab+

-

Past infection,
Naturally immune

UC: Ulcerative colitis; CD: Crohn’s disease; IBD: Inflammatory bowel disease; HBsAg: Hepatitis B surface antigen; anti-HBc Ab: Hepatitis B core antibodies.

course of this study. All 4 of those patients were on immunosuppressive medications at the time of vaccination.
Of these 4 patients, 3 patients (75%) had detectable antiHBsAb titer more than 12 mIU/mL after testing, implying development of immunity to HBV.

DISCUSSION
IBD patients (especially those on immunosuppressive
therapy) are at risk for the development of HBV[28], The
risk of HBV infection is increased in IBD patients due to
immunosuppressive medications, other risk factors related
to infection such as prior blood transfusions, surgery and
endoscopy during the course of IBD[1,29,30]. Despite an
increased risk for this infection, many IBD patients are
not being vaccinated appropriately[31]. In this study, we
found that less than half of our IBD patients received the
HBV vaccine. More patients with IBD younger than 25
years of age had been vaccinated against HBV, compared
to patients greater than 50 years of age, and this perhaps
could be the result of recommendations for routine use
of vaccines in children and adolescents upto age 18 since
the early 1990s in the United States, as stated by the Advisory Committee on Immunization Practices (ACIP)[27].
On the other hand, for adults, HBV vaccination is required if there is a particular risk factor such as in the case
of healthcare workers, and military recruits[32], persons
who use iv drugs, men who have sex with men, persons
who are not in a monogamous relationship, international
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travelers, persons who are seeking care for a sexually
transmitted disease, long term care facilities for the developmentally disabled, patients with HIV or ESRD, etc. Interestingly, the CDC also recommends vaccination of any
person who is seeking protection from HBV[33].
Additionally, gastroenterologists failed to order HBV
serology in a significant majority of IBD patients. This
suggests that all gastroenterologists or physicians placing the orders may not be adequately educated and do
not routinely recommend HBV screening and vaccination for their IBD patients on or off immunosuppressive agents. This is in contrast to a French survey study,
in which HBV serology was carried out by 91% of the
gastroenterologists, and about 46% of practitioners
recommended HBV vaccination for seronegative patients[34]. Furthermore, the ordered screening tests varied
in patients highlighting the need for a standardized HBV
screening panel, at a teaching institution like ours, where
some orders are being placed by trainees.
In this study the prevalence of chronic HBV infection by HBsAg was not higher than those reported in
France and Spain, however our study is not powered to
detect single digit percentage point differences in disease
prevalence. Two recent surveys of gastroenterologists
highlighted the lack of physician awareness for HBV
vaccination[31,35]. Consequently, it is important to address
the need for educating physicians on the guidelines for
HBV screening and the importance of vaccinating IBD
patients[36].
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Figure 1 Percentages of patients in whom hepatitis B virus serology was checked (A), patients recommended to be vaccinated (B) and patients vaccinated
by age group (C). 1IBD specialists within gastroenterology practice. HBV: Hepatitis B virus; IBD: Inflammatory bowel disease; Doc: Doctor.

Table 4 Prevalence of hepatitis B virus in our inflammatory bowel disease study vs in European studies
Loras 2009 (study 1) Chevaux 2010 (study 2) Our IBD study
Chronic HBV (HBsAg)
Exposure to HBV (Anti-HBc Ab)

0.7%
7.5%

0.95%
2.50%

1.8%
3.2%

Study 1 vs our study

Study 2 vs our study

(P value)

(P value)

0.070
0.006

0.159
0.313

IBD: Inflammatory bowel disease; HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; anti-HBc Ab: Hepatitis B core antibodies.

HBV can be reactivated in chronic carriers during immunosuppressive therapy[37]. A recent paper has reported
a patient with CD who developed subfulminant hepatitis
due to reactivation of a previously unknown carrier state
during treatment with an immunosuppressive agent[4].
Esteve et al[3] have observed two CD patients with severe reactivation of chronic HBV during treatment with
TNF inhibitors, resulting in one death. Those studies illustrate that all IBD patients would be at risk and should
be screened by checking HBV serological markers prior
to therapy with immunosuppressants on a routine basis,
for this preventable disease[3,4,36]. In this study we found
that there is no difference in the proportion of patients
screened or vaccinated between IBD patients who are
and who are not on immunosuppressive therapy.
Furthermore, the response rate to HBV vaccine can
potentially be significantly lower among patients who are
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being treated with immunosuppressants, so the vaccination should preferably be administered at least 14 d prior
to immunosuppressive therapy, and the response to the
vaccine should be assessed 1 mo after the last vaccination
dose[38]. Among previous studies, it has been reported
that, only 3 (33%) out of 9 vaccinated IBD patients had
detectable anti-HBs Abs[14] in one study. Another study
reported that the HBV vaccination non-response rate was
found to be 24% among patients with IBD and 0% in
the control group[38]. Our findings are parallel to that of
the later study and show that 3 (75%) out of 4 vaccinated
IBD patients at our practice, had detectable anti-HBs
Abs, and all these patients were on immunosuppressive
therapy at the time of vaccination. Another study has reported that the response to the HBV vaccine was normal
in IBD patients with immunosuppressive medications
and that the vaccination can effectively be given after im-
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munomodulator therapy has been initiated[39]. Thus, it is
recommended to vaccinate an IBD patient even if they
are already on treatment to prevent any future infection.
The strength of our study comes from a large group
of stable patients that are treated with IBD in our practice with follow up appointments; and availability of data
from several IBD and general gastroenterology physicians who treat IBD; and our urban location with several other university centers, reflecting real time practice
patterns at a tertiary referral center. The limitation of
this study was that it was retrospective; hence the study
is limited by the existing data that has been recorded in
patient records. In fact, there was no information on the
vaccination status for some IBD patients. This suggests
that documentation of HBV status by gastroenterologists is clearly suboptimal for IBD patients. Therefore,
we believe some gastroenterologists failed to ask about
past HBV infection or vaccination and did not order
HBV screening. In other cases, it is possible that HBV
vaccination status was asked about, but never recorded
into the chart especially, if the patient’s care has also included other physicians outside of the tertiary health care
system in which we conducted the study. The results may
not indicate screening practices elsewhere outside of this
tertiary center and further studies are needed before this
can be attributed to all IBD patients in the US. In this
tertiary practice, some physicians may be more familiar
with vaccination guidelines and use them. On the other
hand, many patients may also be more complex and sick.
This can mean that vaccination may not be as important
to them and also may not be their physician’s top priority
and concern during a particular clinic visit with limited
time allocated to follow-up patients in the United States.
All of these factors may have some effect on the data.
However, the data reflects real time practice patterns and
is expected to be still of value.
In conclusion, physicians managing IBD patients
should be aware of the need for screening and vaccination to prevent HBV infection and the European and
AASLD and CDC guidelines for HBV screening and
vaccination. This can be achieved through education of
gastroenterology health care providers as well as IBD patients of the importance HBV screening and vaccination.
Use of the electronic medical records to prompt vaccination is another way HBV screening and vaccination can
be achieved and presented to patients with IBD. Further
prospective studies on HBV prevalence, screening and
vaccination rates in IBD patients in the United States are
needed.

COMMENTS
COMMENTS
Background

A significant majority of inflammatory bowel disease (IBD) patients are treated
by immunosuppressive agents (including steroids and biologics) and are at
risk for hepatitis B infection or reactivation. Most of the studies that document
the prevalence of HBV in IBD patients have been reported in Europe. There is
little information on HBV infection prevalence, screening and vaccination rates
among IBD patients in the United States.
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Some guidelines and expert opinion suggest that all IBD patients should be
screened and vaccinated for HBV ideally at the time of diagnosis. However,
there is little information on whether this is being performed by gastroenterologists who treat IBD in the United States. Survey studies suggest many gastroenterologists do not screen or vaccinate, but real time practice information has
not been reported before in the United States.

Innovations and breakthroughs

In 1986, the development of the recombinant HBV vaccine revolutionized the
immunization practices for people with and without IBD alike. Children began
to be vaccinated and now it is standard of care to vaccinate everyone before
the age of 18. However a majority of older adults have not been vaccinated for
HBV, likely due to the fact that the vaccine was not available before 1986. IBD
patients compose a special group of individuals who require frequent healthcare
contact and undergo many medical interventions such as blood transfusions as
well as surgeries. Considering the fact that IBD patients also frequently require
immunosuppressive medications that depress the ability to fight off any infections, they represent a high risk group to acquire HBV or to have it reactivate
(if they have been previously exposed and generated immunity against HBV).
This study presents actual practice information from a tertiary care practice in
the United States about the prevalence of HBV, the screening and vaccination
practices of gastroenterologists. The study suggests that there is high practice
variability and considerable room for improvement in HBV prevention among
IBD patients.

Applications

This study shows that the prevalence of IBD patients with HBV positivity in a
large tertiary gastroenterology practice in the United States is similar to what
has been previously reported in European studies. This study also shows that
a significant majority of IBD patients are not actually screened and vaccinated
for HBV despite having been diagnosed with IBD. These findings highlight the
need to increase awareness of gastroenterologists regarding HBV screening
and vaccination recommendations for IBD patients, and the need to standardize
and automate screening and vaccination practices, ideally through practice initiated quality improvement projects. Such projects could prevent HBV infection
and related morbidity and mortality among IBD patients in the United States.

Terminology

Inflammatory bowel disease, IBD, consists of two categories: Crohn’s Disease
(CD) and Ulcerative Colitis (UC) which have different characteristics. To name
a few, CD can lead to lesions anywhere in the GI tract from the mouth to the
anus, and these lesions can skip portions of the tract and spare the rectum. On
the other hand, UC is a continuous disease and always involves the rectum.
Both diseases are similar in that there is inflammation of the mucosa of the
gastrointestinal the tract. In fact, sometimes signs and symptoms are so similar
that it can become difficult for a concrete diagnosis for one of these disorders.
In this case, once chronic inflammation is confirmed, the term Indeterminate
Colitis (IC) is given until additional features for either CD or UC become more
apparent over time in a particular patient.

Peer review

Ascertainment of hepatitis B infection and immunity with subsequent treatment or vaccination has been recommended in several guidelines. However,
the strength of evidence on which these recommendations are based is relatively weak. There is therefore critical need for observational studies that can
highlight the magnitude of risk and/or the variability of practice in following
guidelines. The authors have conducted an extensive and topical review of the
practice pattern at their institution and highlighted the need for greater vigilance
in screening within the IBD population. This is good study about physicians
managing IBD patients and the guidelines for HBV screening and vaccination.
This is an interesting paper that deserves to be published in WJG. However,
additional studies have to be performed in order to extend these data to all of
the United States.
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vs 6/15, P = 0.014). Five patients in the control group

developed SASS within 5 d after OLT, 2 of whom were
treated by coil embolization of the splenic artery,
whereas the other 3 by temporary blockade of the
splenic artery. Reappeared or better hepatic arteries
with improved systolic amplitude and increased diastolic flow were detected by Doppler ultrasonography
in all the 5 patients. Local splenic ischemic necrosis
and nonanastomotic biliary stricture were diagnosed
respectively in one patient treated by coil embolization,
and no collateral complication was detected in patients
treated by temporary blockade of the splenic artery.
CONCLUSION: SASS should be avoided during the operation by banding the splenic artery. Temporary blockade of the splenic artery is a new safe and effective
intervention for SASS.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To explore a prophylactic procedure to prevent
splenic artery steal syndrome (SASS), as well as a
therapeutic intervention to correct it.

Key words: Organ transplantation; Liver transplantation; Splenic artery steal syndrome; Vascular complication; Angiography

METHODS: Forty-three liver transplant patients were
enrolled in a non-randomized controlled trial, with the
eligible criterion that the diameter of the splenic artery
is more than 5 mm and/or 1.5 times of the diameter
of the hepatic artery. The procedure of splenic artery
banding was performed in 28 of the 43 patients, with
the other 15 patients studied as a control group. SASS
and other complications were compared between these
two groups. A new therapeutic intervention, temporary
incomplete blockade of the splenic artery with a balloon, was performed to treat SASS in this study.

Core tip: Splenic artery steal syndrome (SASS) is a rare
but severe vascular complication after orthotopic liver
transplantation (OLT). Splenic artery embolization has
been reported to treat SASS, which could induce local
ischemic necrosis of the spleen, infection and septicemia. We proved that banding the proximal splenic artery, whose diameter exceeds 5 mm and/or 1.5 times
of the diameter of the hepatic artery, during the OLT
was an effective preventive intervention. We also recommend occluding the splenic artery temporarily as a
new therapeutic intervention, by which, the possible
complications of splenic artery embolization could be
avoided.

RESULTS: The incidence of SASS was decreased by
banding the splenic artery (0/28 vs 5/15, P = 0.006),
and the same result was observed in total complications associated with prophylactic procedures (2/28
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INTRODUCTION
The survival rate of patients undergoing liver transplantation has increased in recent years. However, some
scarce postoperative vascular complications, such as
splenic artery steal syndrome (SASS), is recognized as a
real threat[1,2]. SASS was defined by Langer et al[3] first in
1990. Its incidence was reported to be 0.6% to 10.1%
in orthotopic liver transplant (OLT) recipients[4-11]. The
characteristic of SASS is hypoperfusion of the hepatic
artery, which is caused by a competitive shunt of blood
flow into the splenic artery from the celiac trunk, and
can result in hypoxic injury, subsequent inflammation
and bile duct proliferation[12,13]. Patients with SASS may
present with elevated liver enzyme levels, cholestasis and
hepatic arterial thrombosis[14], possibly, biliary complication and graft dysfunction in some severe cases[6,15,16].
SASS can be diagnosed by Doppler ultrasonography,
which is reported to be the preferred way with a sensitivity of 91% and a specificity of 99%[6,17-20]. It can also
be diagnosed by CT imaging and angiography[3,6-10,21,22].
However, the reliable diagnostic criteria have not been
defined, and the pathogenesis of SASS has not been
clarified to date. It was reported that increased resistive
index (RI) after ischemia/reperfusion (I/R) injury may
decrease the blood flow of the hepatic artery in the early
period after OLT[23,24]. Additionally, portal hypertension
and enlarged splenic artery in patients who underwent
OLT have not been relieved. All the above factors lead
to a competitive blood shunt from the hepatic artery
into the splenic artery, thereby causing SASS. Based on
the above findings, some scholars believe that SASS
should be diagnosed before OLT[10,25]. Wojcicki et al[26]
reported that SASS could be forecast by direct pressure
gradient measurement between the hepatic and radial
artery. Many institutions have reported that SASS should
be treated by embolization with a coil[7,14-16,27-34]. Nevertheless, coil embolization of the splenic artery after OLT
can induce local ischemic necrosis of the spleen, infection and septicemia[7,15,16,33-35]. In this study, we explored a
prophylactic procedure to reduce the incidence of SASS,
as well as a therapeutic intervention to correct it.

MATERIALS AND METHODS
Four hundred and ninety-eight consecutive OLTs were
performed in our institute between April 2002 and
December 2013. Donor livers were harvested in accordance with the current regulations of the Chinese
Government and the guidelines of the Declaration of
Helsinki. All of the OLTs and the present study were
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approved by the Ethics Committee of the 309th Hospital of PLA. Written informed consent from each patient
was obtained. Forty-six patients had been selected from
386 OLT recipients since January 2005 by preoperative
CT imaging. The eligible criterion was that the diameter
of the splenic artery exceeds 5 mm and/or 1.5 times
of the diameter of the hepatic artery. Forty-three cases
were studied, except one case with variant hepatic artery and 2 cases who died in the postoperative period.
A study had verified the rationality of the criterion. It
had been reported that the cutoff points for abnormal
splenic artery diameter and abnormal splenic artery
diameter/proper hepatic artery diameter (S/P) ratio in
cirrhosis-induced portal hypertension were > 5.19 mm
and > 1.40, respectively[36].
Surgical technique, immunosuppression, and grouping
Standard OLT without venovenous bypass were performed in all the 43 patients. End-to-end anastomosis
was performed between the donor’s common hepatic
artery and the recipient’s proper hepatic artery. No
variant artery was detected in all the donors. The gastroduodenal artery was ligated after the hepatic artery
anastomosis during transplantation. The patient received
a tacrolimus-based immunosuppressive protocol, i.e.,
tacrolimus (Tac), mycophenolate mofetil (MMF) and
steroid, after transplantation. Tac was administered
orally with the dose titrated according to the blood concentrations, targeting for 8-12 ng/ml during the first
three months, 5-8 ng/ml from the 4th to 12th month,
and 3-5 ng/ml thereafter in both groups. Intravenous
methylprednisolone (500 mg) was administered intraoperatively. Then 20 mg/d prednisone was administered
orally, progressively tapered, and finally withdrawn at the
end of the first month. In the 43 cases, the trunk of the
splenic artery was ligated uniformly in 28 recipients (24
males and 4 females; mean age, 48.9 ± 8.5 years; range:
35-62 years). Nothing was done to the splenic artery in
the other 15 patients (13 males and 2 females; mean age,
50.2 ± 7.9 years; range: 40-63 years). There was no statistical difference in age or sex between these two groups.
Prevention of SASS
Artificial stenosis of the splenic artery was performed
during OLT in the 28 patients as a preventive intervention. The proximal splenic artery was searched above
the neck of the pancreas. We put a latex tubing (12F)
beside the trunk of the splenic artery, then tied the latex
tubing and the artery together with a nonabsorbable suture (Prolene 3-0; Ethicon, Inc., United States) loosely.
A standardized diameter (3 mm) of the splenic artery
remained after pulling out the latex tubing. An uninterrupted and weakened splenic artery was detected by intraoperative Doppler ultrasonography.
Diagnosis of SASS after OLT
Doppler ultrasonography was scheduled once daily in
the first week after OLT. Emergency angiography was
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Figure 1 Doppler images during occluding the splenic artery. A: Normal portal vein and disappeared hepatic artery flow signal as revealed by Doppler ultrasonography on the 2nd day after transplantation; B: Reappearance of the hepatic artery flow signal revealed by Doppler ultrasonography after the treatment by occluding the
splenic artery temporarily; C: Better hepatic artery flow signal on the 5th day after the treatment; D: Normal hepatic artery flow signal at the end of the 3th month after
the orthotopic liver transplantation.
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Figure 2 Radiological images during occluding the splenic artery (arrow is the anastomotic site). A: Selective celiac trunk arteriogram shows reduced hepatic
artery perfusion and enlarged splenic artery perfusion; B: Increased hepatic arterial perfusion was seen after occluding the splenic artery temporarily; C: Normal hepatic arterial flow was reestablished 5 d after the treatment.

immediately performed while the hepatic artery flow
signal weakened or disappeared as revealed by Doppler
ultrasonography (Figure 1A). SASS was diagnosed when
there were the following findings: there was no stenosis
or thrombosis in the hepatic artery; the filling of the
intrahepatic arterial branches by contrast material was
delayed significantly in comparison with the filling of
splenic arterial branches; the contrast material into an
enlarged splenic artery (the diameter was more than 5
mm and/or 1.5 times of the diameter of the hepatic artery) was evacuated quickly (Figure 2A).
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Treatment of SASS
When SASS was confirmed by angiography, transcatheter splenic artery occlusion with a coin (8-4; Cook Int,
United States) was performed by selective catheterization of the splenic artery in the first two cases. The latter
three cases were treated by temporary blockade of the
splenic artery. We inserted the balloon catheter (10-4
Xtreme; Invatec, Italy) into the proximal trunk of the
splenic artery and filled the balloon by contrast material.
The weakened splenic arterial flow and the obviously
improved hepatic arterial flow were observed when
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Table 1 Complications associated with prophylactic procedures for splenic artery steal syndrome after orthotopic liver
transplantation n (%)
Complication

SASS
Local ischemic necrosis in
the spleen
Splenic arterial thrombus
Non-anastomotic biliary
stricture
Total

Banding the splenic
artery
(n = 28)
-

Standard arterial
reconstruction
(n = 15)
5 (33.3%)
1 (6.7%)

1 (3.6%)
1 (3.6%)

2 (13.3%)

2 (7.1%)

6 (40.0%)1

1

The infarction of the spleen and a case of the nonanastomotic biliary
stricture occurred in recipients with splenic artery steal syndrome (SASS),
respectively.

the angiography was performed from the right radial
artery (Figure 2B, C). The exoteric part of the balloon
catheter was locked on the body surface. The hypodermic injection of low molecular heparin (2125 u/d) was
performed daily in the following six days. From then
on, anticoagulation therapy with aspirin (0.1 g/d) was
used for two months. Antibiotic prophylaxis was given
and the vital signs were monitored after the treatment.
Biochemical examination and Doppler ultrasonography
were scheduled once daily before removing the balloon
catheter from the body.
Statistical analysis
Statistical analyses were performed using SPSS 13.0 statistical software. Continuous data were tested for normal
distribution and are expressed as mean ± standard deviation (SD) or median (range) as appropriate. Continuous data were compared by the Mann-Whitney U test.
Categorical data were analyzed using Pearson’s χ 2 test or
Fisher’s exact test if any expected cell frequency was less
than 5. P < 0.05 was considered statistically significant.

RESULTS
Complications in the investigated recipients
Based on the criteria, none of the 28 patients with banding of the splenic artery developed SASS after OLT,
whereas SASS was detected in 5 patients of the control
group (P = 0.006). The total complications associated
with prophylactic procedures were also decreased by
banding the splenic artery (Table 1; P = 0.014). Besides,
the liver function of the patients who underwent banding of the splenic artery recovered faster than that of
the patients in the control group (Figure 3). SASS was
diagnosed within 5 d after OLT in all the 5 recipients.
Outcome of patients with SASS
Regular Doppler ultrasonography in the patients who underwent coil embolization showed a reappeared hepatic
artery with improved systolic amplitude and increased
diastolic flow, meanwhile a disappeared splenic artery. Lo-
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cal ischemic necrosis was detected in one patient’s spleen.
The same characteristics of the hepatic artery were detected in the patients who underwent temporary blockade
of the splenic artery (Figure 1B). But the splenic arteries
were still there and became weakened. Local ischemic necrosis of the spleen was not detected in all the three patients who underwent temporary blockade of the splenic
artery. An increased hepatic arteriopalmus and a recuperative splenic arteriopalmus were detected when we drew
the contrast material out from the balloon on the 5th day
after the treatment (Figure 1C). We pulled out the balloon
from the body on the next day. The liver function of all
the five patients recovered smoothly after the treatment
(Figure 4). Non-anastomotic biliary stricture happened
in one patient who underwent coil embolization, whose
SASS had been diagnosed on the 5th day after OLT. No
more complication related to the artery and biliary duct
was identified in the 5 patients during the 6-mo follow-up
(Figure 1D).

DISCUSSION
SASS is a rare vascular complication after OLT. It has
not been paid enough attention by clinicians. A 1.3%
(5/386) incidence was found in this study even SASS
was prevented partly. Perhaps it was merely the symptomatic part of all the cases. The potential incidence
of SASS is 11.9% (46/386) if all of the 46 patients had
been calculated. The I/R injury lasts longer if reduced
hepatic blood flow could not be improved in time. Hepatic arterial thrombosis and obliteration, even graft
failure and recipient death would happen in some severe
cases. The consequences of SASS are positively related
to the time that the hepatic artery has suffered the ischemia. Therefore, SASS should be avoided during OLT
and be diagnosed and treated as early as possible. How
to recognize this complication before OLT and prevent
it during OLT has become extraordinarily important. In
this study, we identified the potential risk factor (thickened splenic artery) of SASS and treated it by banding
the splenic artery during the OLT. By the way, we routinely ligated the gastroduodenal artery during the OLT
in all recipients because the gastroduodenal artery can
also steal some blood flow from the hepatic artery[37,38].
The distribution ratio of celiac trunk flow was corrected
and the hepatic arterial infusion increased. The incidence
of SASS was decreased obviously by the intervention,
and it also provided benefit to the recovery of liver function. There was no increased complication incidence in
the patients after the intervention.
The outcome of SASS is related obviously to the time
that hepatic artery has suffered the ischemia. Therefore,
it is especially important to diagnose and treat the complication as early as possible. Additionally, many other
complications after OLT are characterized by elevated
liver enzyme levels, cholestasis and graft dysfunction.
SASS is often ignored by clinicians because of these
confusing symptoms. Actually, it can be detected as
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Figure 3 fluctuation of mean alanine transarninase in the recipients in the two groups after the treatments. The alanine transarninase (ALT) in the patients
who underwent banding the splenic artery decreased faster than that in the patients in the control group. OLT: orthotopic liver transplantation.
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Figure 4 fluctuation of alanine transarninase in the patients with splenic artery steal syndrome after the treatments. ALT: Alanine transarninase.

soon as possible by regular Doppler ultrasonography
and emergency angiography. Many institutions reported
that SASS should been treated by embolization with a
coil[7,15,16,27-34]. But the patient with SASS usually has a
coarse splenic artery, the diameter of which is more than
5 mm. The fast splenic arterial flow can often push the
coil into the branch of the splenic artery, which could
induce local ischemic necrosis of the spleen, infection
and septicemia[7,15,16,33-35]. The incidence of infection after
embolization was even reported as 50%[15]. Infection
and septicemia after coil embolization did not happen in
these two cases, but local ischemic necrosis of the spleen
was identified in one case. Non-anastomotic biliary stricture happened in the other patient who underwent coil
embolization, whose SASS was diagnosed on the 5th day
after OLT. We attributed it to the long time ischemia.
Quantifying increased hepatic arterial flow with test balloon occlusion of the splenic artery in OLT recipients
with SASS has been reported[39]. It showed that occlusion of the splenic artery in patients with SASS could
double the hepatic arterial flow (1.7- to 2.6-fold)[39]. To
our knowledge, temporary blockade of the splenic artery
to treat the SASS has not been reported. We treated 3
patients with SASS successfully by occluding the splenic
artery temporarily. The blockade of the splenic artery
can help the allograft to live through the high-resistance
period caused by I/R injury and rectify the competitive
shunt of blood flow. At the same time, the blockade can
also decrease the splenic artery flow with no irreversible
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influence, which could avoid the local ischemic necrosis
in the spleen. The I/R injury in the allograft continues
5-10 d after OLT[23,24], in view of which, we pulled out
the balloon on the 6th day after it was placed. The splenic
arterial flow recovered when the balloon had been pulled
out, and no concomitant complications, such as local
ischemic necrosis of the spleen and infection, were observed. However, the value of temporary blockade of
the splenic artery should be studied further because of
the shortage of sample capacity in this study.
In summary, SASS is a rare but severe complication
after OLT. The diameter of the splenic artery exceeding
5 mm and/or 1.5 times of the diameter of the hepatic
artery is a risk factor for SASS. We should avoid it as
possible as we can. Banding the splenic artery during
the OLT is a safe and effective intervention to prevent
SASS. Temporary blockade of the splenic artery is a new
effective therapeutic intervention to SASS.
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splenic artery steal syndrome (SASS) is a rare but severe complication after
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This study offered a possible risk factor of SASS, which is the diameter of
splenic artery exceeding 5 mm and/or 1.5 times of the diameter of the hepatic
artery. The authors proved that treating the risk factor by banding the proximal
splenic artery could decrease the incidence of SASS. Occluding the splenic artery temporarily was recommended as a new therapeutic intervention for SASS
in this article.

Applications

The preventive intervention for SASS mentioned in this article can decrease the
incidence of SASS dramatically. At the same time, occluding the splenic artery
temporarily provides clinicians a new therapeutic intervention for SASS.
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Splenic artery steal syndrome (SASS) is caused by a competitive shunt of
blood flow into the splenic artery from the celiac trunk, the result of which is
hypoperfusion of the hepatic artery.
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OLT. Also, they advocate the feasibility of temporary occlusion of the splenic
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Abstract
AIM: To validate the Montreal classification system for
Crohn’s disease (CD) and ulcerative colitis (UC) within
the Netherlands.
METHODS: A selection of 20 de-identified medical
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records with an appropriate representation of the inflammatory bowel disease (IBD) sub phenotypes were
scored by 30 observers with different professions (gastroenterologist specialist in IBD, gastroenterologist in
training and IBD-nurses) and experience level with IBD
patient care. Patients were classified according to the
Montreal classification. In addition, participants were
asked to score extra-intestinal manifestations (EIM) and
disease severity in CD based on their clinical judgment.
The inter-observer agreement was calculated by percentages of correct answers (answers identical to the
“expert evaluation”) and Fleiss-kappa (k ). Kappa cutoffs: < 0.4-poor; 0.41-0.6-moderate; 0.61-0.8-good; >
0.8 excellent.
RESULTS: The inter-observer agreement was excellent
for diagnosis (k = 0.96), perianal disease (k = 0.92)
and disease location in CD (k = 0.82) and good for age
of onset (k = 0.67), upper gastrointestinal disease (k =
0.62), disease behaviour in CD (k = 0.79) and disease
extent in UC (k = 0.65). Disease severity in UC was
scored poor (k = 0.23). The additional items resulted in
a good inter-observer agreement for EIM (k = 0.68) and
a moderate agreement for disease severity in CD (k =
0.44). Percentages of correct answers over all Montreal
items give a good reflection of the inter-observer agreement (> 80%), except for disease severity (48%-74%).
IBD-nurses were significantly worse in scoring upper
gastrointestinal disease in CD compared to gastroenterologists (P = 0.008) and gastroenterologists in training
(P = 0.040). Observers with less than 10 years of experience were significantly better at scoring UC severity
than observers with 10-20 years (P = 0.003) and more
than 20 years (P = 0.003) of experience with IBD patient care. Observers with 10-20 years of experience
with IBD patient care were significantly better at scoring
upper gastrointestinal disease in CD than observers with
less than 10 years (P = 0.007) and more than 20 years (P
= 0.007) of experience with IBD patient care.
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CONCLUSION: We found a good to excellent interobserver agreement for all Montreal items except for
disease severity in UC (poor).

Table 1 Montreal classification of Crohn’s disease, ulcerative
colitis, non-classified chronic colitis and indeterminate colitis
Diagnosis (20 case-vignettes)
Crohn’s Disease (CD)
Ulcerative Colitis(UC)
Non-classified chronic colitis (IBD-U)
Indeterminate colitis (IBD-I)
Age of onset (A) (20 case-vignettes)
A1: 16 yr or younger
A2: 17-40 yr
A3: over 40 yr
UC, IBD-U, IBD-I (10 case-vignettes)
CD (10 case-vignettes)
Disease extent (E)
Localization (L)
L1: Terminal ileum
E1: Proctitis
L2: Colon
E2: Left-sided UC; proximal extent of
L3: Ileocolon
inflammation is distal to the rectosigmoid
L4: Upper gastrointestinal E3: Extensive UC; involvement extends
P: Perianal disease
proximal to the splenic flexure.
Behavior (B)
Disease severity (S)
B1: Nonstricturing,
S0: Remission, no symptoms
nonpenetrating
S1: Mild, ≤ 4 ×/d stools, no systemic
B2: Stricturing
signs of toxicity, normal ESR
B3: Penetrating
S2: Moderate, > 4 ×/d stools, minimal
systemic signs of toxicity
S3: Severe, ≥ 6 ×/d stools, pulse > 90
beats/min, temperature > 37.5,
Hemoglobin < 6.5 mmol/L, ESR > 30 mm

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Crohn’s disease; Ulcerative colitis; Montreal
classification; Phenotypes- inter-observer agreement
Core tip: According to our study, the Montreal is a reliable classification system for phenotypes in inflammatory bowel disease, except for disease severity in ulcerative colitis. The inter-observer agreement for scoring
Crohn’s disease severity was moderate. This highlights
the need for accurate medical reporting and the use of
additional parameters to define and classify disease severity. Such alternations are necessary to ensure highquality data in multicentre prospective data collections.
Spekhorst LM, Visschedijk MC, Alberts R, Festen EA, van der
Wouden EJ, Dijkstra G, Weersma RK; Dutch Initiative on Crohn
and Colitis (ICC). Performance of the Montreal classification
for inflammatory bowel diseases. World J Gastroenterol 2014;
20(41): 15374-15381 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i41/15374.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i41.15374

INTRODUCTION
Inflammatory bowel diseases (IBD) are common, chronic
relapsing gastrointestinal inflammatory disorders consisting of mainly two diseases: Crohn’s disease (CD) and ulcerative colitis (UC). IBD affects approximately 1 in 1000
individuals in Western Europe[1,2].
In CD inflammation is transmural and can occur
throughout the entire gastrointestinal tract, in UC the inflammation is limited to the mucosal layer of the colon[3,4].
In addition to intestinal inflammation, up to 25% of the
patients have extra-intestinal symptoms like uveitis, arthritis and erythema nodosum. Management of IBD with
drug therapy consists of mesalazine, corticosteroids, and
immunosuppressants like azathioprine and anti-tumor
necrosis factor (TNF) antibody therapies. Most of these
treatments have significant side effects, are expensive and
often ineffective. Half of the patients (25%-30% in UC,
70%-75% in CD) require surgical intestinal resections because of refractory disease, fibrostenotic disease, abscesses, fistulae or the development of colorectal cancer[5-9].
The pathogenesis of IBD is still not fully understood.
The current hypothesis is that it arises from an inappropriate activation of the mucosal immune system in
response to commensal bacteria in a genetically susceptible host[10,11]. Several biological pathways that play a role
in this inappropriate inflammation have been identified
through genetic studies. Recently, the International IBD
Genetics Consortium has identified 163 independent
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EIM: Extra-intestinal manifestations; ESR: Erythrocyte sedimentation rate.

genetic susceptibility loci[12-15]. However, the translation
of biological knowledge on the pathogenesis of IBD towards the clinic is complicated by the great variety in the
clinical presentation of IBD. For both clinical and genetic
research it is of great importance that phenotypes of patients are described in a consistent manner.
In 2000 the Vienna classification was introduced, which
was the first attempt to classify different clinical phenotypes of CD[16]. The Vienna classification was followed by
the Montreal classification in 2008[17]. The Montreal classification describes the extent and behaviour of CD in more
detail and includes a classification system for UC (Table
1)[17]. Although the Montreal classification is widely used in
both research and clinical practice, there is very limited data
available on its reliability. Only two studies assessed the
inter-observer reliability and validity of the Montreal classification, an Australian-New Zealand study and a study of
the National Institutes of Diabetes and Digestive and Kidney Diseases IBD Genetics Consortium. Both studies had
a small number of observers. The Australian-New Zealand
study assessed only reliability of the Montreal classification
in CD. In both studies the inter-observer agreement was
good for disease location, but only moderate/fair for upper gastrointestinal involvement[18,19].
The aim of this study is to validate the Montreal phenotype classification for both CD and UC in the Netherlands.
Secondly, we will assess the influence of one’s profession
(gastroenterologist, gastroenterologist in training, IBDnurse) and level of experience (< 10 years, 10-20 years, > 20
years) on the reliability of the Montreal classification scoring.
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Figure 1 Distribution of the different categories of the Montreal classification for all 20 case vignettes that were scored by 30 observers. CD: Crohn’s disease; IBD: Inflammatory bowel disease; UC: Ulcerative colitis; EIM: Extra-intestinal manifestations.

MATERIALS AND METHODS
Cases and observers
Twenty patient records were selected from the specialized
IBD unit of the Department of Gastroenterology and
Hepatology of the University Medical Center Groningen,
the Netherlands (10 case vignettes) and the IBD unit of
the Gastroenterology and Hepatology department of
the non-university medical center Isala Clincs, Zwolle,
the Netherlands (10 case vignettes). The case vignettes
consisted of clinical-, endoscopy-, pathology- and operation reports. All case vignettes were anonymized and the
selection gave an appropriate representation of the IBD
sub phenotypes (Figure 1).
The expert panel consisted of two gastroenterologists experienced in IBD care (Dijkstra G, Weersma RK),
and one gastroenterologist/PhD in training (Visschedijk
MC). The expert panel first assessed the 20 case vignettes
separately, discussed their findings and developed an
“expert evaluation” for all Montreal items in the 20 case
vignettes. This “expert evaluation” was considered as the
correct answer. Two additional items were added. Firstly,
CD severity was added, because the Montreal classification only allows scoring severity of UC. The Montreal
classification does not include any parameters to score
severity of CD, therefore observers were asked to give an
impression of CD severity (mild, moderate, severe) based
on their own clinical experience and judgment. Secondly,
observers were asked to score whether any extra-intestinal manifestations (EIM) were present.
The 20 case vignettes were sent to 49 observers with
different experience levels and professions: gastroenterologists specialized in IBD, gastroenterologists in training
and IBD-nurses with a day-to-day experience with IBD
patients, all from university and non-university medical
centers. The observers received the selected 20 case vignettes, instructions by e-mail and a hyperlink to fill out
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the online survey (https://www.enquetesmaken.com/), in
which the Montreal classification and the two additional
items, EIM and CD severity, had to be scored.
The online survey contained the following main
items: diagnosis, age of onset and EIM. For the CD
case vignettes the observers had to fill in disease location, disease behavior and disease severity. For the UC
case vignettes the observers had to score disease extent
and disease severity (Table 1). The diagnosis of CD and
UC is standardized and uniformly accepted. However,
in 10%-20% of the patients it is difficult to differentiate between CD and UC. These patients are classified
as having non-classified chronic colitis (IBD-U). If the
pathologist can’t differentiate between CD and UC after
a colectomy, the patient is classified as having indeterminate colitis (IBD-I)[20-22]. Case vignettes with the diagnosis IBD-U or IBD-I are scored as UC, according to the
Montreal classification.
Statistical analysis
Statistical analysis was performed using R statistical software. Firstly the inter-observer agreement was calculated
using percentages of correct answers. An answer was
scored correct if the answer of the observer was identical to the “expert evaluation”, percentages of correct
answers were calculated for all items.
Secondly Fleiss-kappa (k) was calculated, which is the
standard method to calculate the inter-observer agreement for multiple observers[23]. An observer can only be
included in the statistical analysis on the condition that
one Montreal item is scored by the observer in all case vignettes. In case of one missing value in one case vignette
the observer was excluded from the statistical analysis for
this item. The Fleiss-kappa cut-offs were set as follows:
< 0.4 poor agreement; 0.41-0.60 moderate agreement;
0.61-0.8 good agreement; > 0.8 excellent agreement.
Subgroup analyses for the inter-observer agreement
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Table 2 Characteristics of 30 observers n (%)

Gastroenterologist
Gastroenterologist in
training
IBD-nurse
Total

< 10 yr of experience
with IBD patients

10-20 yr of experience
with IBD patients

> 20 yr of experience
with IBD patients

Non-university
center

University medical
center

Total

7 (23%)
10 (33%)

5 (17%)

4 (13%)

5 (17%)
3 (10%)

11 (37%)
7 (23%)

16 (54%)
10 (33%)

3 (10%)
20 (67%)

1 (3%)
6 (20%)

1 (3%)

3 (10%)

4 (13%)

4 (13%)
100%

IBD: Inflammatory bowel disease.

Table 3 Percentages of correct answers according to the “expert evaluation” for overall and divided for different professions

Age of onset
Diagnosis
CD disease Localization
CD upper gastrointestinal
CD perianal disease
CD Disease behavior
CD severity (mild, moderate, severe)
UC disease extent
UC disease severity colitis
EIM

Overall correct answers

Gastroenterologist

Gastroenterologist in training

IBD-nurse

94.0%
96.9%
94.0%
91.3%
98.0%
92.4%
73.9%
84.0%
50.7%
82.1%

94.2%
96.0%
90.6%
95.6%
99.4%
92.4%
68.7%
89.3%
53.9%
82.1%

96.8%
96.0%
93.8%
94.0%
98.0%
94.8%
72.9%
85.2%
50.7%
85.8%

86.0%
98.8%
97.5%
84.2%
96.7%
90.0%
80.0%
77.5%
47.5%
78.5%

EIM: Extra-intestinal manifestations; CD: Crohn’s disease; UC: Ulcerative colitis.

between profession (gastroenterologist, gastroenterologist in training, IBD-nurse) and level of experience (< 10
years; 10-20 years; > 20 years) were performed by percentages of correct answers. An additional Fisher exact
test was used to identify significant differences between
the subgroups.

RESULTS
Observers
The online survey was available for six weeks, in which
the 49 observers received several reminders. Eventually
30 of the 49 observers completed the survey, a response
rate of 61%. Details of the observers are depicted in
Table 2. Fifty-four percent of the responders were gastroenterologist and 67% of the observers had less than
10 years experience with IBD patient care.
Correct ratings
Average percentage of correctly answered questions for
all Montreal and additional items (CD severity and EIM)
by different professions was 85%. Age of onset, disease
location, perianal disease and disease behaviour in CD
had more than 90% correct score over all professions.
Disease severity in UC was the worst scored item overall
with less than 55% correctly scored by all three professions (Table 3).
When observers were grouped according to their profession, the additional item severity of the disease (CD),
was scored worst by the gastroenterologists (69%) and
best by the IBD nurses (80%). IBD-nurses had an excellent correct score on diagnosis (99%) as well as the gas-
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troenterologists (96%) and gastroenterologists in training
(96%). According to the fisher exact test, no significant
differences were found between the three professions
except for scoring of upper gastrointestinal disease in
CD, in which IBD-nurses scored significantly worse than
gastroenterologists (P = 0.008) and gastroenterologists in
training (P = 0.040).
After calculation of the percentages of correct answers for the observers based on their level of experience, all items of the Montreal classification and the EIM
scored above 80%, except for disease severity in UC
(48%). The additional item, CD severity, was scored correctly in 70% of cases. Observers with less than 10 years
of experience performed best at scoring disease severity (Table 4) and were significantly better at scoring UC
severity than observers with 10-20 years (P = 0.003) and
more than 20 years (P = 0.003) of experience with IBD
patient care. Observers with 10-20 years of experience
with IBD patient care were significantly better at scoring
upper gastrointestinal disease in CD than observers with
less than 10 years (P = 0.007) and more than 20 years (P
= 0.007) of experience with IBD patient care.
For scoring disease severity in UC, the Montreal requires to score the maximum disease severity ever experienced. Therefore, scoring S0 (meaning clinical remission)
would be impossible. We therefore removed observers
that scored an S0, and disease severity in UC was calculated again for gastroenterologists and gastroenterologists
in training. The percentages of correct answers were 69%
and 71%. IBD-nurses were not considered in this analysis
because all scored an S0 once or more. Removing S0 for
disease severity in UC led to a correct score of 77%, 56%
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Table 4 Percentages of correct answers compared to the “expert evaluation” overall and divided for different years of experience
with inflammatory bowel disease patients

Age of onset
Diagnosis
CD disease localization
CD upper gastrointestinal
CD perianal disease
CD disease behavior
CD severity (mild, moderate, severe)
UC disease extent
UC disease severity colitis
EIM

Overall correct answers

< 10 yr of experience

10-20 yr of experience

> 20 yr of experience

92.3%
96.2%
90.6%
94.8%
98.9%
93.0%
69.9%
86.6%
48.0%
83.4%

95.2%
97.0%
94.2%
91.8%
98.5%
92.3%
73.1%
86.2%
56.2%
82.7%

93.0%
93.3%
90.0%
100.0%
98.3%
96.7%
70.0%
85.3%
37.7%
81.6%

88.6%
98.3%
87.5%
92.5%
100.0%
90.0%
66.7%
88.3%
50.0%
86.0%

EIM: Extra-intestinal manifestations; CD: Crohn’s disease; UC: Ulcerative colitis.

DISCUSSION

Table 5 Inter-rater agreement kappa for all items of all
categories of Montreal classification
Item Montreal classification
Age of onset
Diagnosis
CD disease localization
CD upper gastrointestinal
CD perianal disease
CD disease behavior
CD severity (mild, moderate, severe)
UC disease extent
UC disease severity colitis
EIM

Overall kappa
0.67 (n = 28)
0.96 (n = 28)
0.82 (n = 28)
0.62 (n = 28)
0.91 (n = 28)
0.79 (n = 26)
0.44 (n = 24)
0.65 (n = 21)
0.23 (n = 20)
0.68 (n = 28)

Observers were only included if they scored at least one item in all casevignettes. EIM: Extra-intestinal manifestations; CD: Crohn’s disease; UC:
Ulcerative colitis.

and 56% for observers with less than 10 years, 10-20
years and more than 20 years of experience with IBD patient care.
Inter-observer agreement
The inter-observer agreement was excellent for diagnosis
(k = 0.96), CD location (k = 0.82) and perianal disease
(k = 0.91). Age of onset (k = 0.67) and upper gastrointestinal disease (k = 0.62) were scored with a good interobserver agreement. Disease severity was scored poorly (k
= 0.23) for UC. The additional clinical item, CD severity,
was scored with moderate concordance (k = 0.44). In
total there were 19 EIMs in 12 case vignettes. The interobserver agreement for occurrence of EIM, was good (k
= 0.68) (Table 5).
By removing all the observers that stated an S0 once
or more, only 7 observers remained which led to a kappa
of 0.57, resulting in moderate inter-observer agreement
for severity in UC. Kappa was also calculated again for
disease extent and disease severity in UC, but now for 30
observers with all the missing values being replaced by
the correct answer as established by the “expert evaluation”. No significant differences in the inter-observer
agreement for 30 and 20/21 observers scoring disease
severity and disease extent in UC were found.
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The aim of this study was to assess the validity of accurate phenotyping using the Montreal IBD classification
system with 2 additional items (CD severity and EIM) for
both CD and UC within the Netherlands.
According to our study, the Montreal is a reliable
classification system for phenotypes in IBD, except for
disease severity in UC. The assessment of disease severity
for UC as described in the Montreal classification system
is difficult in the case of retrospective chart reviews. Since
severity in CD is not a classification item in the Montreal,
we asked the observers to score CD severity based on
their personal interpretation of the case vignettes. This
resulted in a low consistency between observers, but this
item was scored with higher concordance (with fewer instructions) than disease severity in UC.
Until now only limited data on the reliability and reproducibility of the Montreal classification is available.
An Australian-New Zealand and United States study[18,19]
found a good inter-observer agreement for CD, however
the Australian-New Zealand study did not include the
scoring of UC and neither study included an assessment
of disease severity for both UC and CD. In our study the
inter-observer agreement for diagnosis was excellent (k
= 0.96), which was comparable to the Australian-New
Zealand study (k = 0.82). The inter-observer agreement
for age of onset was only “good” in our cohort (k = 0.67)
as compared to excellent in the Australian-New Zealand
(k = 0.84) and the US study (k = 0.98). The observers in
our cohort were better at scoring disease localization in
CD, upper gastrointestinal involvement, perianal disease
and disease behaviour in CD. Disease extent in UC was
similarly scored in our cohort (k = 0.65) as in the Australian-New Zealand study (k = 0.67)[18,19].
Classifying disease severity in patients’ records (“real
life”) is still a problem because of missing or unclear
descriptions. Clinicians should strive to be complete and
accurate in their medical reporting. A clearer definition
of disease severity is needed because apparently there is
no consensus between clinicians about mild, moderate or
severe disease in (real life) patients. For disease severity
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there are several classification systems e.g., CD activity index[24] and the UC activity index[25] that assess disease severity by clinical symptoms, however these symptoms are
present at a specific time point and cannot be assessed in
a retrospective manner. The CD digestive damage score
(Lemann score) is a measurement for cumulative structural bowel damage, assessed by scoring disease severity
for damage location, severity, extent, progression and
reversibility, diagnosed by image modalities and the history of surgical resections. Ultimately a prediction model
gives a reflection of progressive and destructive disease
course[26]. The Lemann score might be a good instrument
for classifying disease severity.
Since IBD is a chronic disease with unpredictable
disease behaviour, it is very important that clinicians can
identify those individuals with a severe disease course,
risk of side effects to therapy or those who would benefit
from lifestyle or environmental changes. It is expected
that molecular and/or pharmaco-genetic markers will
play an increasing role in predicting disease course or
response to medication in the future[27]. A good opportunity to predict individual disease behaviour is by
linking their uniform phenotypic characteristics with our
knowledge of the molecular basis of the disease. In IBD
research an increasing number of biobanks are being set
up worldwide allowing for linking molecular data to phenotypic data. To ensure high-quality data, validation of
the Montreal classification is mandatory for these kinds
of multicenter prospective data collections.
This Dutch validation study has a larger observer
group than the previously mentioned studies. It is the
first to include UC and CD disease severity, and to differentiate between professions. We found a good interobserver agreement for diagnosis, localization, disease
behaviour, disease extent and the occurrence of EIM.
The reliability for assessment of disease severity for UC
was poor, and moderate for the additional CD severity item. Optimal reporting of uniform phenotypes of
patient cohorts is of utmost importance, especially in
genetic and clinical research. Uniform phenotyping will
ultimately allow for integration of clinical phenotypes
with high-throughput–omics data (integration of genetic,
expression or metagenomic data), which will increase our
understanding of IBD pathogenesis, and allow for better
patient stratification and classification.
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Background

Inflammatory bowel disease (IBD) consisting of Crohn’s disease (CD) and
ulcerative colitis (UC) is a heterogeneous disease, in which the pathogenesis
is not fully understood. Multiple biological pathways have been implicated by
for instance genetic studies, but the translation to the clinic is difficult partly because of a great variety in the clinical presentation. It is therefore very important
that IBD sub-phenotypes are described in a consistent and reliable manner.
The Montreal classification is a system to classify IBD phenotypes, but data on
its reliability are scarce.

Research frontiers

The Montreal classification is widely used in research and clinical practice,
but there is only limited data available on its reliability. This study validates the
Montreal classification system for CD and UC within the Netherlands.

Innovations and breakthroughs

Only two studies assessed the reliability of the Montreal classification. One
study did not include UC and both studies had only a small number of observers. The results in the current study, including a larger group of observers in
both UC and CD, were similar for diagnosis. Age of onset was ”good” in our
study compared to “excellent” in the other two studies. The observers were
better at scoring disease localization in CD, upper gastrointestinal involvement,
perianal disease and disease behaviour in CD. Disease extent in UC was
scored similarly. This Dutch validation study has a larger observer group than
the previously studies. It is the first to include UC and CD disease severity, and
to differentiate between professions. The reliability for assessment of disease
severity for UC was poor, and moderate for CD severity (which is not part of
the Montreal system, but independently defined). In addition Extra Intestinal
Manifestations were scored with a good inter-observer agreement. The use of
additional parameters to define and classify disease severity is needed.

Applications

This study highlights the need for accurate medical reporting and a reliable
classification system. Validation of the Montreal classification is necessary to
ensure high-quality data in multicentre prospective data collections. These
phenotypes will be linked to molecular data, with the prospective of finding
molecular and/or pharmaco-genetic markers. Eventually these markers will
help clinicians to predict a patient’s disease course or response to medication
in the future.

Peer review

The authors validated the Montreal classification system for CD and UC within
the Netherlands. An expert panel first assessed 20 case vignettes separately,
developed an evaluation for all Montreal items, and this was considered the
correct answer. A score for CD severity and extra-intestinal manifestations was
added. Thirty observers with different professions and experience level with IBD
patient care scored all the items. A good to excellent inter-observer agreement
for all Montreal items except for disease severity in UC was found. The study
is well conducted and data well presented. Reliability and reproducibility of the
Montreal classification in the “real life” are warranted to be assessed with similar studies in other countries.
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Abstract
AIM: To evaluate the efficacy of same-day bowel preparation with Senna alkaloids combined with bisacodyl
tablets in routine colonoscopy procedures.
METHODS: Between March and June 2013, a sameday bowel preparation was implemented in our endoscopy unit. The preparation consisted of a semi-liquid,
fiber-free diet one day prior to the procedure, with two
bisacodyl tablets after lunch and dinner, and 250 mL of
Senna alkaloid with 1.5 L of drinking water at 6 am the
day of the procedure. The quality control parameters
of colonoscopy were evaluated and implemented according to the guidelines of the American Society for
Gastrointestinal Endoscopy. The pre-procedure, duringprocedure and post-procedure patient data were collected and analyzed: (1) pre-procedure (age, gender,
comorbid diseases, colonoscopy indications, complete
lack of compliance with the bowel preparation protocol); (2) during-procedure (sedation dose, duration of
colonoscopy, withdrawal time, cecal intubation rate,
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polyp detection rate, Boston Bowel Preparation Scores
and presence of foam and clear liquid); and (3) postprocedure (visual analogue scale score, pain during the
procedure, patient satisfaction and premature withdrawal due to the insufficient bowel preparation).
RESULTS: A total of 75 patients were included in this
study with a mean age of 54.64 ± 13.29 years; 53.3%
(40/75) were female and 46.7% (35/75) were male. A
complete lack of compliance with the bowel preparation protocol was seen in 6.7% of patients (5/75). The
mean total duration of colonoscopy was 16.12 ± 6.51
min, and the mean withdrawal time was 8.89 ± 4.07
min. The cecal intubation rate was 93.8% (61/64) and
the polyp detection rate was 40% (30/75). The mean
Boston Bowel Preparation Score was 7.38 ± 1.81, with
the following distribution: right colon, 2.34 ± 0.89;
transverse colon, 2.52 ± 0.67; left colon, 2.52 ± 0.63.
The mean visual analogue scale score was 4.59 ± 1.57.
Due to insufficient bowel preparation, seven patients
(7/75; 9.3%) were asked to repeat the procedure. Of
these, five patients had poor or modest compliance
with the protocol, and two patients reported constipation. Premature withdrawal due to insufficient bowel
preparation was 2.7% (2/75). The overall satisfaction
with the protocol was 86.7% (65/75), with patients reporting they would prefer the same protocol in a repeat
procedure.
CONCLUSION: The same-day administration of Senna
alkaloids appears to be a safe and effective bowel
cleansing protocol for colonoscopy procedures.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Bisacodyl; Bowel preparation; Colonoscopy;
Same-day preparation; Senna alkaloid
Core tip: An efficient, simple, cost-effective and readily acceptable colonoscopy preparation is essential.
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We aimed to evaluate the efficacy of same-day bowel
preparation with Senna alkaloids combined with bisacodyl tablets in routine colonoscopy procedures. The
same-day bowel preparation consisted of a semi-liquid,
fiber-free diet one day prior to the procedure, with two
bisacodyl tablets after lunch and dinner, and 250 mL
of Senna alkaloid with 1.5 L of drinking water at 6 am
the day of the procedure. The same-day administration
of Senna alkaloids appears to be a safe and effective
bowel cleansing protocol for colonoscopy procedures.
Yenidogan E, Okan I, Kayaoglu HA, Akgul GG, Sansal M, Tali
S, Ozsoy Z, Sahin M. Same-day colonoscopy preparation with
Senna alkaloids and bisacodyl tablets: A pilot study. World J
Gastroenterol 2014; 20(41): 15382-15386 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i41/15382.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i41.15382

INTRODUCTION
Colonoscopy is an important tool for the screening, diagnosis and treatment of colorectal cancers. According to
the quality standards implemented by the American Society for Gastrointestinal Endoscopy/ACG Taskforce[1],
the most critical element for a successful colonoscopy is
the complete cleansing of the colon to allow visualization of the entire colonic mucosa. Adequate preparation
is also associated with the speed and completeness (e.g.,
cecal intubation) of the procedure and the detection of
precancerous lesions, such as polyps and sessile adenomas[2]. Insufficient bowel cleansing necessitates a repeat
procedure, which creates a heavy economic burden and
loss of time for both the health professional and patient.
Patient dissatisfaction is also a risk in repeat procedures
and cancellation is common. Therefore, a safe and effective bowel preparation allows the examiner to detect
adenomas, polyps and flat lesions more efficiently and
avoids the costs of a repeat procedure.
Although colonoscopy is widely used all over the
world, the ideal cleansing preparation and timing continue to be debated[3]. Many preparations, such as stimulants, hyperosmotic laxatives, oral gastrointestinal lavage
solutions and saline laxatives, have been used for cleansing[4]. These preparations tend to be poorly tolerated. The
unpalatable taste of the solutions, necessity of a high volume of fluid intake and adverse effects, such as renal failure, contribute to this problem. Senna alkaloids are stimulant laxatives that induce intestinal secretion by increasing
the peristaltism. They were used effectively in the past,
but have been replaced by polyethylene glycol (PEG) and
sodium phosphate (NaP) preparations[5]. Although Senna
alkaloids are cost-effective, well-tolerated and have fewer
adverse effects, their cleansing efficacy is controversial[6,7].
The diet requirements and the timing of bowel
cleansing have been heavily studied[5]. Typically, a patient
is instructed to take the bowel cleansing solutions the day
before the procedure. Recently, split-dose bowel prepara-
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tion (the administration of half of the preparation in the
evening prior to the colonoscopy and the remainder the
morning of the procedure) has been shown effective and
more patient-friendly[8]. Even more recently, same-day
bowel preparation has been studied for its efficacy in afternoon colonoscopy. This method is effective and more
patient-friendly because it does not interfere with the patient’s sleep[9,10]. Although the research on same-day bowel preparation using PEG or hyperosmotic preparations,
such as sodium sulphate, sodium picosulphate and NaP
are available, no studies using Senna alkaloids as a sameday preparation agent were found. Therefore, we aimed
to evaluate the efficacy of same-day bowel preparation
using Senna alkaloids combined with bisacodyl tablets in
routine colonoscopy procedures.

MATERIALS AND METHODS
Patient population
Same-day single-dose bowel cleansing was implemented
in our endoscopy department in March 2013. The data
from the patients referred to the unit were collected and
entered into a database prospectively. The data entries
comprised the colonoscopies conducted from MarchJune 2013. The Ethical Committee of Gaziosmanpasa
University Medical Faculty approved the study. Informed consent was obtained from each patient prior to
the procedure.
Bowel preparation protocol
All patients were instructed to consume a low-fiber diet
beginning one day before the procedure and to take two
bisacodyl tablets (each containing 5 mg bisacodyl and 3
mg sennosid) (Bekunis®, Abdi İbrahim Pharmaceuticals,
Turkey) with at least 1.5 L of water at each mealtime.
The patients were instructed to take 250 mL of Senna alkaloids (containing 500 mg sennosid A + B calcium) (X-M
Solusyon®, Yenisehir Pharmaceuticals, Turkey) with 1.5 L
of water at 6 am on the day of the colonoscopy. All the
colonoscopies were scheduled after 10 am. The instructions for bowel preparation were clearly explained to the
patients, and written instructions were handed out.
Colonoscopy procedure and data collection
Two fellows (Akgul GG and Sansal M) evaluated the
procedures in three phases: pre-procedure, during-procedure and post-procedure. The quality control parameters of colonoscopy were evaluated and implemented
according to the guidelines of the American Society for
Gastrointestinal Endoscopy. The collected demographic,
clinical and endoscopic data were retrospectively evaluated. The colonoscopy was routinely performed under
sedation with midazolam and pethidine in varying doses
to obtain moderate sedation levels during the procedure.
The bowel preparation was evaluated with the Boston
Bowel Preparation Score (BBPS)[11]. The fellows were
accredited on the BBPS through an on-line training and
questionnaire prepared by the Boston Medical Center
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Table 1 Details of pre-procedural data
Characteristic
Gender
Male
Female
Comorbid diseases
None
Diabetes mellitus
Hypertension
Diabetes mellitus + hypertension
Depression
Neurologic disease
Others (dermatologic/urologic/gynecologic)
Colonoscopy indication
Constipation
Abdominal pain
Screening1
Rectal bleeding
Chronic diarrhea
Postoperative control
Complete lack of compliance with the bowel
preparation protocol

Table 2 Details of during-procedural data
n

Characteristic

35 (46.7%)
40 (53.3%)
44 (58.7%)
2 (2.7%)
15 (20.0%)
7 (9.3%)
2 (2.7%)
2 (2.7%)
3 (4.0%)
13 (17.3%)
12 (16.0%)
24 (32.0%)
12 (16.0%)
8 (10.7%)
6 (8.0%)
5 (6.7%)

1

As there is no screening program in Turkey, vague indications for endoscopy were abdominal pain and bloating without any other symptoms, and
patients > 50 years of age.

(http://www.bmc.org/gastroenterology/research.htm,
access time: 05.03.2013). The following three sets of
data were documented and statistically analyzed: (1) preprocedure (age, gender, comorbid diseases, colonoscopy
indications, complete lack of compliance with the bowel
preparation protocol); (2) during-procedure (sedation
dose, duration of colonoscopy, withdrawal time, cecal
intubation rate, polyp detection rate, BBPS and presence
of foam and clear liquid); and (3) post-procedure (visual
analogue scale score, pain during the procedure, patient
satisfaction and premature withdrawal due to insufficient
bowel preparation). Data are presented as mean ± SD or
as a percentage.

RESULTS
The study included 75 patients with a mean age of 54.64
± 13.29 years. Pre-procedural data are presented in Table
1. The main indication for colonoscopy was screening,
and the most common associated illness was hypertension. Only five patients showed complete lack of compliance with the bowel preparation protocol.
Data collected from during the procedure are presented in Table 2. Cecal intubation was achieved in
93.8% of patients (61/64; excluding three patients that
had undergone right hemicolectomy and seven patients
that had premature cessation of the procedure due to
insufficient bowel preparation). The overall polyp detection rate was 40% (30/75). The presence of foam and
clear liquid, which can be aspirated after irrigation, was
detected in 70.7% of patients (53/75). The majority of
patients required moderate sedation, and only one of the
patients did not receive sedation and could not finish the
procedure.
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Value

Duration of colonoscopy (min)
Withdrawal time (min)
Cecal intubation rate (n = 64)
Premature withdrawal due to insufficient bowel
preparation
Premature withdrawal due to insufficient bowel
preparation in protocol patients
Polyp detection rate
Overall
Male (n = 35)
Female (n = 40)
Boston bowel preparation scores
Overall
Right colon
Transvers colon
Left colon
Presence of foam and clear liquid
Foam
Clear liquid
Foam + clear liquid
Sedation dose
No sedation
Mild sedation
Moderate sedation
Deep sedation

16.12 ± 6.51
8.89 ± 4.07
61 (93.8%)
7 (9.3%)
2 (2.7%)

30 (40.0%)
18 (51.4%)
12 (30.0%)
7.38 ± 1.81
2.34 ± 0.89
2.52 ± 0.67
2.52 ± 0.63
1 (1.3%)
32 (42.7%)
20 (26.7%)
1 (1.3%)
6 (8.0%)
59 (78.7%)
9 (12.0%)

Values are expressed as mean ± SD or n (%).

In the post-procedural questioning, 61.3% (46/75)
of the patients reported pain, whereas the remaining
38.7% (29/75) did not. The mean visual analogue scale
score was 4.59 ± 1.57. Seven patients (7/75; 9.3%) were
asked to repeat the procedure due to insufficient bowel
preparation. Five of these patients had not followed the
protocol and were expected to have unsatisfactory bowel
preparation prior to the procedure and the colonoscopies
were therefore abolished prematurely. The bowel preparation was insufficient in two additional patients (2/75;
2.7%), which was attributable to persistent constipation.
The overall satisfaction with the protocol was 86.7%
(65/75), with patients reporting that they would prefer
the same protocol in a repeat procedure.

DISCUSSION
The results of our study show for the first time that
same-day bowel preparation with Senna alkaloids is safe
and effective. Bowel preparation is an essential part of
colonic examinations, including colonoscopy, computed
tomography colonography and large bowel radiologic series. It is a complex procedure that requires patient cooperation and strict compliance with diet modifications and
bowel preparation protocols. The efficacy of the protocol
must be balanced with the patient’s compliance. An inefficient bowel preparation not only causes discomfort and
inconvenience for the patient, but also affects the acceptance of future colonoscopic examinations. The repeat
colonoscopy is costly and demanding for both the patient
and institution. Therefore, the ideal bowel preparation
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should be efficient, convenient, safe and cost-effective.
The most commonly used agents for bowel preparation are oral NaP, sodium picosulphate, magnesium
sulphate, stimulant laxatives[5], and PEG, which has been
used successfully for nearly 30 years[12]. Despite the efficacy of PEG, the necessity of consuming 4 L of liquid
in a short time (2-3 h) makes the protocol unpalatable for
many patients, who complain of abdominal discomfort,
nausea and vomiting. NaP solutions have been widely
used since their introduction in the 1990s because of
their efficacy and patient compatibility[13]. This preparation is more palatable and requires less liquid intake compared to PEG. However, recent reports of case series
with renal failure raised concerns about the safety of the
drug. As a result, some restrictions were implemented
with its use in colonoscopic preparations. Recently, a mixture of sodium picosulphate, magnesium oxide and citric
acid was introduced as an agent for bowel preparation.
It is better tolerated and has a good safety profile with
equivalent efficacy to sodium sulphate and PEG[14]. However, due to unavailability of the drug in some countries,
its use is not widespread.
Senna alkaloids are among the earliest drugs used for
bowel preparation. Although they are cost-effective, easyto-use herbal medicines with relatively few side effects,
they have been abandoned in most centers without a clear
reason. However, they are more easily tolerated than a
high-volume PEG solution and have fewer side effects
than the NaP solution[7]. Although earlier studies claimed
that Senna alkaloids could cause colicky abdominal pain
due to a laxative irritation to the bowel wall, some recent
studies showed no differences between NaP and Senna[15].
Other studies showed increased abdominal pain; however,
this pain did not affect bowel preparation due to poor tolerance[7]. Our experience with Senna alkaloids also showed
that it is well tolerated among patients, of whom the vast
majority reported no side effects and expressed a willingness to use the same preparation in a repeat procedure.
Recent studies of variations in dosing have shown
that split-dosing of bowel preparation is preferable[5].
In a meta-analysis, split-dosing was more effective in
cleanliness and patient compliance and had fewer side effects, such as nausea[16]. Different same-day preparations
for afternoon-scheduled colonoscopies have also been
studied. The use of a PEG solution with either a 2 or 4
L volume plus ascorbate the morning of the procedure
is safe, effective and preferable, as it allows better sleep
quality[10,17,18]. Similar patient satisfaction and cleanliness
efficacy were seen with sodium magnesium citrate plus
sodium picosulphate on the day of the colonoscopy[9].
The main advantages of same-day solutions are better sleep quality, less impact on daily activities and less
interference with the prior workday. However, in both
the conventional and split-dose regimens, patients complained of sleep disturbance because bowel movements
continued through the night.
Our study showed that the same-day preparation using Senna alkaloids enforced with bisacodyl tablets was
safe and effective for bowel cleansing. The protocol was
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palatable to patients, and only 5% were unable to complete the regimen. The overall failure of bowel preparation was 9.3%. The main reasons for the failures were
lack of compliance with the protocol in five patients
and constipation in two patients. It may be worthwhile
to study the effect of constipation on bowel preparation
in this regimen. The cleanliness efficacy was satisfactory,
with a mean BBPS score of 7.38. The distribution of
BBPS scores for the colonic segments was close, revealing that the same-day preparation was effective for all
segments, including the proximal colon. We also found
that the preparation was effective after 4 h without the
need for afternoon scheduling. However, the high percentage of patients who required aspiration of liquid and
foam during colonoscopy could be due to the early timing of the procedure. There were no reported side effects
with the use of Senna alkaloids, thus, it seems to be a safe
bowel preparation. Although we have not conducted a
cost-effectiveness analysis, Senna alkaloids are inexpensive
compared to PEG solutions.
In conclusion, the same-day administration of Senna
alkaloids seems to be a safe, effective and economical
bowel cleansing protocol for colonoscopy procedures.
Despite our promising results, the small number of
patients hinders any firm conclusions. Prospective, randomized controlled trials with an adequate number of
patients are needed to compare the efficacy, safety, costeffectiveness and patient acceptability of Senna within the
same-day protocol.

COMMENTS
COMMENTS
Background

An efficient, simple, cost-effective and readily acceptable colonoscopy preparation is essential. The authors aimed to evaluate the efficacy of same-day bowel
preparation with Senna alkaloids combined with bisacodyl tablets in routine
colonoscopy procedures. The same-day bowel preparation consisted of a semiliquid, fiber-free diet one day prior to the procedure, with two bisacodyl tablets
after lunch and dinner, and 250 mL of Senna alkaloid with 1.5 L of drinking
water at 6 am the day of the procedure.

Research frontiers

Although colonoscopy is widely used all over the world, the ideal cleansing
preparation and timing continue to be debated. In the area of bowel preparation, a safe and effective bowel preparation allows the examiner to detect
adenomas, polyps and flat lesions more efficiently and avoids the costs of a
repeat procedure.

Innovations and breakthroughs

A variety of agents have been investigated for use in bowel preparation. Additionally, the diet requirements and the timing of bowel cleansing have been
studied. Recently, split-dose bowel preparation has been shown effective and
more patient-friendly. Even more recently, same-day bowel preparation has
been studied for its efficacy in afternoon colonoscopy. The present observational study investigated the efficacy of same-day bowel preparation with Senna
alkaloids combined with bisacodyl tablets in routine colonoscopy procedures.
The findings support the use of same-day administration of Senna alkaloids as
a safe and effective bowel cleansing protocol for colonoscopy procedures.

Applications

The study results suggest that the same-day administration of Senna alkaloids
is a safe, effective and economical bowel cleansing protocol for colonoscopy
procedures.

Terminology

Bowel preparation is a procedure usually undertaken before a diagnostic procedure or treatment can be initiated for certain colorectal diseases. Bowel prepa-
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ration is a cleansing of the intestines from fecal matter and secretions. Senna
alkaloids are stimulant laxatives that induce intestinal secretion by increasing
the peristaltism.

8

Peer review

This is a good observational study in which authors evaluate the efficacy of
same-day bowel preparation with Senna alkaloids combined with bisacodyl tablets in routine colonoscopy procedures. The results are interesting and suggest
that the same-day administration of Senna alkaloids is a safe, effective and
economical bowel cleansing protocol for colonoscopy procedures.
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Abstract
AIM: To investigate the impact of spleen operation (SO)
on interferon-α (IFN-α)-based antiviral treatment in patients with hepatitis C virus (HCV)-related cirrhosis.
METHODS: Studies were systematically identified by
searching electronic databases including MEDLINE, Cochrane Library, Elsevier, and Embase up to September
30, 2013, and relevant clinical studies were reviewed.
Sustained virological response (SVR) rate and adherence to therapy were taken as the endpoints of interest.
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RESULTS: A total of 603 patients from 16 studies were
included in the systematic review. Of 372 patients who
underwent SO followed by antiviral treatment, the total
SVR rate was 39.5%. SVR was associated with HCV
genotypes 2/3 (OR = 10.84; 95%CI: 5.47-21.47; P <
0.00001). IFN-α dose needed to be reduced in 29.4%,
and IFN-α-based therapy was discontinued in 11.5%
of patients. Analysis of controlled studies showed that
SVRs were achieved in 34.1% of patients with SO and
31.1% of patients without SO. SO had no effect on the
SVR rate in cirrhotic patients with genotype 1 HCV infection (OR = 1.28; 95%CI: 0.51-3.22; P = 0.60), but
improved the SVR rate in patients with genotypes 2/3
infection, though the difference was not significant (OR
= 0.36; 95%CI: 0.13-1.02; P = 0.05).
CONCLUSION: SO combined with IFN-α-based antiviral therapy may be suitable in cirrhotic patients with
genotypes 2/3 HCV infection, but not in those with
genotype 1 infection.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis C virus cirrhosis; Interferon, Ribavirin; Splenectomy; Partial splenic embolization
Core tip: Hematologic abnormalities caused by hypersplenism and interferon-α (IFN-α) severely affect IFNα-based therapy in cirrhotic patients with hepatitis C
virus (HCV) infection. Splenectomy and partial splenic
embolization followed by IFN-α-based therapy have
been increasingly performed to address cytopenias, including thrombocytopenia, in patients with HCV-related
cirrhosis with hypersplenism. However, the therapeutic
effect and long-term safety of such treatments remain
controversial. We performed a systematic review and
demonstrated that spleen operation can improve hematologic parameters before and during IFN-α-based
antiviral therapy in cirrhotic patients infected with HCV.
However, this treatment is more suitable for patients

15387

November 7, 2014|Volume 20|Issue 41|

Feng B et al . Spleen operation on anti-HCV treatment

with genotypes 2/3 HCV infection than for those with
genotype 1.
Feng B, Zhang W, Luo BF, Song GJ, Wang J, Jin Q, Qin H, Wei
L. Effect of spleen operation on antiviral treatment in hepatitis
C virus-related cirrhotic patients. World J Gastroenterol 2014;
20(41): 15387-15397 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i41/15387.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i41.15387

INTRODUCTION
The World Health Organization estimated that about 170
million persons worldwide might be infected with hepatitis C virus (HCV)[1]. Over a 25-30-year period, 5%-25%
of patients with chronic HCV infection will develop cirrhosis[2,3]. Patients with HCV-related cirrhosis develop
hepatic decompensation at a rate of 30% over 10 years,
and hepatocellular carcinoma (HCC) at an estimated incidence of 3% per annum in North America, Europe, and
Australia, and 8% in Asia and Africa[4,5]. HCV eradication
is the only therapeutic intervention able to delay or halt
disease progression and improve the quality of life of
infected patients. In patients with compensated cirrhosis,
sustained virological response (SVR) is associated with a
decreased incidence of end-stage liver diseases, including
decompensated cirrhosis and HCC[6].
In the past two decades, interferon-α (IFN-α)-based
administration has been increasingly applied for chronic
HCV infection. Moreover, a combination of pegylated
IFN (PegIFN)α and ribavirin (RBV) has become the
standard treatment, resulting in a SVR in 65%-82% of
patients with genotypes 2 and 3 HCV, and 40%-54% of
patients with genotype 1[7]. However, cirrhosis has long
been considered to be one of the strongest negative predictors of antiviral treatment outcomes[8]. A landmark,
prospective, randomized trial reported that the highest
SVR rate (32%) was obtained in patients treated with
PegIFN-α 180 μ g/wk, compared with those treated
with conventional IFN-α-2a 3 MU three times weekly
or PegIFN-α 90 μg/wk, with no significant difference in
the tolerance of the regimens among cirrhotic patients[9].
Helbling et al[10] reported an SVR rate of 32% for HCV
genotypes 1/4 and 58% for genotypes 2/3 in patients
with advanced fibrosis/cirrhosis receiving PegIFN-α-2a
180 μg/wk and RBV 600-1200 mg/d.
Why do cirrhotic patients achieve such a low SVR?
Cirrhotic patients are often men, of older age, and with
high alcohol consumption, and commonly experience
comorbidities such as obesity and diabetes mellitus,
which negatively influence the safety and efficacy of
IFN- α -based treatment [11]. Importantly, hematologic
abnormalities caused by hypersplenism and IFN-α severely affect adherence to antiviral therapy, and it can be
difficult to maintain the IFN-α dose in cirrhotic patients
complicated by hypersplenism. Thrombocytopenia and

WJG|www.wjgnet.com

neutropenia associated with hypersplenism can develop
and/or be exacerbated following IFN-α therapy, possibly
necessitating its discontinuation. In addition, the initiation of IFN-α therapy may be difficult in some of these
patients[12]. Feng et al[13] found that 66.7% of cirrhotic patients who discontinued antiviral therapy did so because
of significant neutropenia and thrombocytopenia.
As a novel anti-HCV strategy, direct-acting antiviral agents (DAAs) have received increasing attention in
recent years[14]. Some new, IFN-free administration protocols have also been used in clinical trials and achieved
good outcomes[15]. However, their relatively short period
in clinical practice, less experience in cirrhotic patients,
and higher costs mean that it will be difficult to administer antiviral treatment with DAAs in HCV-related cirrhotic patients worldwide, especially in developing countries,
in the near future. It is therefore important to increase
the rate of SVR to IFN-α-based therapy in patients with
cirrhosis.
Splenectomy and partial splenic embolization (PSE)
(collectively referred to as spleen operation, SO) followed
by IFN-α-based therapy have been performed to address
cytopenias, including thrombocytopenia, in patients with
HCV-related cirrhosis with hypersplenism[16]. However,
the therapeutic effect and long-term safety of such treatments remain controversial. We therefore conducted a
systematic review to clarify the impact of SO on antiviral
treatment in patients with HCV-related cirrhosis.

MATERIALS AND METHODS
Literature retrieval
We searched the PubMed, Cochrane Library, Elsevier
(ScienceDirect OnLine), and Embase databases using
electronic and manual strategies for publications reporting the effects of splenectomy or PSE on anti-HCV
treatment. Eligible trials were identified up to September
30, 2013, by electronic search. Manual search was used to
follow references in identified trials. The terms “hepatitis
C” or “HCV” and “interferon” and “splenectomy” or
“splenic embolization” were used as search terms.
Inclusion and exclusion criteria
The inclusion and exclusion criteria were determined
by all authors. Studies were considered for inclusion if
they met the following criteria: (1) English or Chinese
language; (2) participants with HCV-related cirrhosis;
(3) splenectomy or PSE before IFN-α-based antiviral
treatment; and (4) published in peer-reviewed journals
as full papers. Studies were excluded if they involved: (1)
unconfirmed HCV infection; (2) case reports or reviews;
(3) in vitro or animal studies; (4) participants co-infected
with other viruses; and (5) liver transplantation. In the
event of duplicate reports of the same study subjects, we
included the most recent one.
Data extraction
Data were extracted independently by two investigators
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Articles
(after removal of duplicates)
n = 1154
Excluded articles (by titles)
Hepatitis B (17)
HIV/HBV co-infection (43)
Other liver diseases (21)
Articles
(for abstracts)
n = 836
Excluded articles (by abstracts)
Case reports (29)
Reviews and letters (228)
In vitro and animals (34)
HCV infection without cirrhosis (237)
HCV-related cirrhosis without IFN therapy (125)
HCV-related cirrhosis without spleen operation (396)
Articles
(for full text)
n = 24
Excluded articles (by full articles)
Concerning liver transplantation (5)
Duplicate reports for the same subjects (3)
Met inclusion criteria
n = 16

Figure 1 Flowchart of selection of studies for inclusion.

(FB and ZW). Inconsistent data were discussed with the
other authors when necessary. Consensus was achieved
for all data inclusion before analysis. The following data
were extracted: first author, publication year, number of
patients, study design, hematologic parameters pre-/postoperation, and protocols, outcomes and adverse effects
of therapy. The primary outcome of interest was SVR
rate. Additional data were obtained through direct communication with the investigators when necessary.
Data synthesis and statistical analysis
Meta-analysis was performed using Review Manager 5.2
(The Cochrane Collaboration, Oxford, United Kingdom). Dichotomous variable data are presented as odds
ratio (OR) with 95%CI. χ 2 test was used to assess the
heterogeneity. An I2 value < 25% was regarded as no
heterogeneity. A fixed-effects model was used when no
significant heterogeneity existed among the studies analyzed; otherwise a random-effects model was used. The
Mantel-Haenszel method was used to pool the effects. A
P value < 0.05 was considered to be significant.

RESULTS
Literature review
Electronic and manual searches identified a total of 1154
citations. After review of the titles and abstracts, 1130
citations were excluded according to the eligibility and ineligibility criteria. The remaining 24 studies were selected
for full article review. After careful examination of the
full texts, eight studies were excluded because of liver
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transplantation or duplicate reports for the same subjects. Sixteen studies were thus included in this systematic
review (Figure 1)[11,17-31]. There was full concordance between the two independent reviewers with respect to the
final inclusion and exclusion of the studies reviewed.
Characteristics of included studies and antiviral
treatment schedules
As shown in Table 1, among the 16 studies included in
this review, 10 were from Japan, three from China, two
from the United States and one from Spain. Seven were
controlled, clinical studies, and nine were uncontrolled,
retrospective, cohort studies. Among a total of 603
patients who received IFN-α and RBV treatment, 372
underwent prior SO. There were 11 and 4 studies where
patients underwent splenectomy or PSE, respectively, and
splenectomy and PSE were compared in one study.
PegIFN-α (2a or 2b) and conventional IFN-α were
used in all participants. PegIFN-α combined with RBV
was administered in 90.9% (338/372) of patients with SO
plus IFN-α-based antiviral treatment. The majority of patients with HCV genotypes 1 and 2/3 were treated for 48
and 24 wk, respectively. Based on patient request and early
virological response, a minority of patients increased the
duration of antiviral therapy[17,24]. The initial dosages of
IFN-α and RBV are shown in Table 1. The dosages were
adjusted if necessary, based on the adverse effects.
Characteristics of patients with SO and IFN combination
treatment
The demographic characteristics of the subjects who
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Table 1 Characteristics of included studies and schedules of antiviral treatment
Ref.

Number of
patients, n
(total/SO +
1
IFN )

Country

Study design

Spleen
operation

Antiviral agents

Doses of IFN and RBV

Aizawa et al[17],
2013

90/30

Japan

Retrospective, Splenectomy
PegIFN-α-2a or
PegIFN-α-2a: 180 ug/wk; PegIFN-α-2b:
controlled
(2 PSE)
PegIFN-α-2b + RBV 1.0-1.5 μg/kg per week; RBV: 600-1000
mg/d

Akahoshi
et al[18], 2012
Hayashi et al[11],
2006
Ikezawa et al[19],
2010
Ji et al[20], 2013

100/97

Japan

6/6
10/10

United
States
Japan

13/13

China

Retrospective,
cohort
Retrospective,
cohort
Retrospective,
cohort
Prospective,
cohort

Kedia et al[21],
2012
Kercher et al[22],
2004
Liang et al[23],
2008
Morihara
et al[24], 2009
Motomura
et al[25], 2012
Shigekawa
et al[26], 2011
Xie et al[27], 2012

6/6

Japan

11/11
9/9

United
States
China

48/16

Japan

127/37

Japan

29/292

Japan

49/49

China

Foruny et al[28],
2005

8/8

Spain

Miyake et al[29],
2008
Tahara et al[30],
2011

20/10

Japan

53/30

Japan

Takahara
et al[31], 2011
Summary

24/11

Japan

Splenectomy PegIFN-α-2b + RBV PegIFN-α-2b: 1.5 μg/kg per week; RBV:
600-1000 mg/d
Splenectomy PegIFN-α-2b + RBV PegIFN-α-2b: 1.5 μg/kg per week; RBV:
600-1000 mg/d
Splenectomy
PegIFN-α-2a or
PegIFN-α-2a: 180 ug/wk; PegIFN-α-2b:
PegIFN-α-2b + RBV 1.5 μg/kg per week; RBV: 600-1000 mg/d
Splenectomy PegIFN-α-2a (2) or PegIFN-α-2a: 180 ug/wk; PegIFN-α-2b:
PegIFN-α-2b (3) or
1.5 μg/kg per week; IFN-α-2b: 2.1-3.0
IFN-α-2b (8) + RBV
MU, tiw; RBV: 800-1000 mg/d
Retrospective, Splenectomy PegIFN (2) or IFN
NA
cohort
(4) + RBV
Prospective, Splenectomy
PegIFN + RBV
NA
cohort
Retrospective, Splenectomy PegIFN-α-2a (6) or PegIFN-α-2a: 180 ug/wk; IFN-α-2b: 5MU
cohort
IFN-α-2b (3) + RBV
tiw; RBV: 900-1200 mg/d
Retrospective, Splenectomy PegIFN-α-2b (2) or PegIFN-α-2b: 50 μg/wk; IFN-α: 3.0-6.0
controlled
IFN-α (14) + RBV
MU, tiw; RBV: 400 mg/d
Retrospective, Splenectomy
PegIFN + RBV
NA
controlled
Retrospective, Splenectomy
PegIFN-α-2a or
PegIFN-α-2a: 90 μg/wk; or PegIFN-α-2b:
cohort
PegIFN-α-2b + RBV 0.75 μg/kg per week; RBV: 800 mg/d
Retrospective, Splenectomy PegIFN-α-2a + RBV PegIFN-α-2a: 135 or 180 μg/wk; RBV:
controlled
PSE
800-1200 mg/d
Retrospective,
PSE
PegIFN-α-2a (2) or PegIFN-α-2a: 180 ug/wk; PegIFN-α-2b:
cohort
PegIFN-α-2b (6) +
NA; RBV: 8.8-18.18 mg/kg per day
RBV
Case
PSE
PegIFN-α-2b (5) or PegIFN-α-2b: 1.2 μg/kg per week; IFN-αcontrolled
IFN-α-2b (5) + RBV
2b: 6MU tiw; RBV: 400 - 800 mg/d
Case
PSE
PegIFN-α-2a (2) or
NA
controlled
PegIFN-α-2b (2) +
RBV
Case
PSE
PegIFN-α-2b + RBV
PegIFN-α-2b: 1.2 μg/kg per week;
RBV: 400-800 mg/d
controlled

Therapy
duration

GT 1: at least
48 wk;
GT 2/3: at
least 24 wk
GT 1: 48 wk;
GT 2/3: 24 wk
GT 1: 48 wk;
GT 2/3: 24 wk
GT 1: 48 wk;
GT 2/3: 24 wk
GT 1: 48 wk;
GT 2/3: 24 wk
NA
NA
GT 1: 48 wk;
GT 2/3: 24 wk
1.4 yr (range:
0.2-12.4 yr)
NA
GT 1: 48 wk;
GT 2/3: 24 wk
NA
24-48 wk

24-48 wk
24-48 wk

GT 1: 48 wk;
GT 2/3: 24 wk

603/372

1

Total: All patients received IFN and RBV treatment; SO + IFN: Patients treated with spleen operation before IFN and RBV treatment; 2Among 35 patients
enrolled in this study, six did not receive antiviral therapy because of HCC (2), cerebral infarction (2), colonic perforation (1) or other cancer (1). SO: Spleen
operation; IFN: Interferon; RBV: Ribavirin; GT: Genotype; PSE: Partial splenic embolization; NA: Not available.

underwent SO plus IFN-α-based antiviral treatment are
shown in Table 2. Their mean ages ranged from 45.4
± 11.1 to 63.3 ± 6.6 years old. The total proportion of
males was 50.0% (range: 20.0%-81.3%). Information on
HCV genotype, which included genotypes 1, 2 and 3, was
provided in 14 studies, and HCV genotype 1 accounted
for 75.0% of subjects (237/316). Six studies described
baseline viral load, and 16.1% (31/193) of patients in
these studies had low viral load (< 105 IU/mL). ChildPugh scores were provided in 10 studies, and the total
numbers of patients in these studies with classes A, B
and C were 160, 72 and 2, respectively.
Impact of SO on hematologic parameters
As shown in Table 2, all patients had thrombocytopenia
and/or leukopenia at baseline. Platelet and leukocyte

WJG|www.wjgnet.com

counts were significantly elevated after SO compared
with those at baseline. The platelet count increased
2.05-7.96-fold and the leukocyte count 1.44-2.71-fold
compared with pre-operation levels. There was no significant difference in hemoglobin levels between before and
after SO.
Outcomes of SO plus IFN treatment
Among the 372 subjects who underwent SO followed
by anti-HCV therapy, 11 were receiving treatment when
the paper was written and 147 achieved SVR (39.5%).
Excluding the patients still receiving treatment, the total SVR rate was 40.7%, and the SVR rates in patients
infected with genotype 1 and genotype 2/3 were 29.7%
(73/246) and 74.3% (55/74), respectively (Table 3).
There was no evidence of substantial between-study het-
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Table 2 Baseline characteristics of spleen operation plus interferon-treated subjects and hematologic parameters pre-/post-spleen
operation
Ref.

HCV RNA Child-Pugh,
Pre-spleen operation
Male/
HCV
female genotype, n (low/high) n (A/B/C)
Leukocyte Hemoglobin
Platelet
(1/2 and 3)
9
(×10 /L)
(g/L)
count
9
(×10 /L)

Leukocyte Hemoglobin Platelet count
9
9
(×10 /L)
(g/L)
(×10 /L)

61.0 ± 7.1

16/14

25/5

0/30

NA

3.41 ± 1.27

125 ± 22

60 ± 14

5.13 ± 1.34

122 ± 19

167 ± 51

58.1 ± 7.0

54/46

80/20

12/88

61/39/0

3.19 ± 1.14

128 ± 15

56 ± 21

5.17 ± 1.34

125 ± 14

222 ± 98

45.4 ± 11.1

4/3

4/21

NA

5/2/0

2.20 ± 1.70

NA

32.4 ± 12.3

NA

NA

224.4 ± 74.9

62.5 (51-69)

4/6

9/1

8/2

9/1/0

3.84 ± 0.36

NA

64.2 ± 6.9

5.53 ± 0.64

NA

209 ± 40.6

51.8 ± 8.0
NA

4/9
NA

9/4
1/5

11/2
NA

9/4/0
NA

2.10 ± 0.49
NA

NA
NA

48.2 ± 15.9
NA

5.70 ± 1.42
NA

NA
NA

186.0 ± 70.6
NA

45.4 (27-55)

7/4

NA

NA

11/0/0

NA

NA

55.4 ± 20.8

NA

NA

441.1 ± 164.8

47.6 ± 13.9

6/3

4/5

NA

6/3/0

2.10 ± 0.70

121 ± 16

36 ± 12

5.10 ± 1.20

131 ± 14

190 ± 65

52 (36-60)

13/3

11/5

NA

7/1/2008

NA

44 (27-78)

110 (79-275)

19/18

32/5

NA

NA

125 ± 3

59 ± 2

5.20
(3.70-9.00)
NA

NA

58 ± 1

3.20
(1.80-5.60)
NA

NA

168.7 ± NA

63.3 ± 6.6

12/23

26/9

NA

10/1/2024

3.05 ± 1.05

NA

48 ± 15

4.52 ± 0.98

NA

155 ± 55

45.6 (32-65) 22/27

NA

NA

NA

NA

NA

NA

NA

NA

NA

2.11
(1.30-0.59)
3.59
(2.62-6.33)
3.55
(1.50-7.20)
4.71
(2.95-6.33)

129
(101-149)
130
(112-151)
134
(99-160)
127
(112-151)

46.2
(21-70.3)
75
(44-115)
70
(32-101)
93
(61-117)

5.57
(3.51-7.05)
5.70
(2.48-8.34)
5.40
(2.60-8.10)
7.20
(2.84-11.8)

141
(124-152)
122
(111-138)
126
(101-160)
122
(111-138)

180.5
(113-214)
161
(113-293)
174
(90-338)
191
(113-302)

Age

Aizawa
et al[17], 2013
Akahoshi
et al[18], 2012
Hayashi
et al[11], 2006
Ikezawa
et al[19], 2010
Ji et al[20], 2013
Kedia et al[21],
2012
Kercher
et al[22], 2004
Liang et al[23],
2008
Morihara
et al[24], 2009
Motomura
et al[25], 2012
Shigekawa
et al[26], 2011
Xie et al[27],
2012
Foruny
et al[28], 2005
Miyake
et al[29], 2008
Tahara et al[30],
20112
Takahara
et al[31], 2011
Summary

NA

5/3

7/1

NA

2/6/0

61 (42-70)

2/8

6/4

0/10

NA

13/12

0/30

25/0/0

5/6

10/1

NA

NA

185/186

237/79

31/162

160/72/2

57.5 (36-71) 12/13
62 (44-72)

Post-spleen operation

1

Genotype was unavailable in one patient; 2Authors compared PSE-treated patients (25) with PSE-untreated patients (23) with thrombocytopenia receiving
PEG-IFN-α-2b plus RBV over the same period. Another five patients were treated with IFN-α-2b (3) or PEG-IFNα-2a (2) plus RBV. SO: Spleen operation;
IFN: Interferon; NA: Not available; PSE: Partial splenic embolization.

erogeneity (I2 = 0%; P > 0.1) and a fixed-effects model
was therefore used to pool the results. Meta-analysis
demonstrated that SVR was associated with genotypes
2/3 in cirrhotic patients (OR = 10.84; 95%CI: 5.47-21.47;
P < 0.00001) (Figure 2).
Only two studies showed virological response in relation to different baseline viral loads, and there were no
data on the relationship between Child-Pugh score and
antiviral outcomes.
Impact of SO on adherence to antiviral treatment
Eleven of the included studies provided data about IFN-α
dose reduction during antiviral treatment. Of those who
underwent SO plus antiviral treatment, 29.4% (47/160)
needed a reduction of IFN-α dose, partly because of
thrombocytopenia recurrence, while 11.5% (35/305) discontinued IFN-α-based therapy for other reasons, including HCC occurrence, neutropenia, severe fatigue, severe
thrombocytopenia, and depression (Table 3).
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HCC
Excluding the study by Aizawa et al[17], in which HCC
patients were not classified on the basis of whether or
not they underwent SO, 11.9% (19/160) of patients who
underwent SO plus IFN developed HCC during followup. In a comparative study, HCC occurred in 17.4% (8/46)
of patients with SO and 50.0% (16/32) of patients without SO (Table 4).
Outcomes of and adherence to antiviral therapy in
controlled studies
The outcomes of and adherence to antiviral therapy in
patients with and without SO from six controlled studies are compared in Table 4. SVR was achieved in 34.1%
(44/129) of patients with SO and 31.1% (71/228) of patients without SO. The fixed-effects model demonstrated
no significant difference between the two groups (OR =
0.84; 95%CI: 0.52-1.36; P = 0.48) (Figure 3). Stratified
analysis according to HCV genotype showed that SO
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Table 3 Outcomes of antiviral therapy in cirrhotic patients with spleen operation plus interferon treatment
Ref.

SVR rate SVR rate (GT) IFN dosage Discontinuation of
reduction
therapy

Aizawa
et al[17], 2013

Akahoshi
et al[18], 2012
Hayashi
et al[11], 2006
Ikezawa
et al[19], 2010
Ji et al[20], 2013

Reasons of discontinuation therapy

HCC
112

NA

6/30

GT 1: 3/25
GT 2/3: 3/5

12/30

41/1202

36/971

GT 1: 19/80
GT 2/3: 17/20
GT 1: 1/3
GT 2/3: 1/2
GT 1: 4/9
GT 2/3: 1/1
GT 1: 4/9
GT 2/3: 4/4
GT 1: 1/1
GT 2/3: 3/4
NA

NA

8/97

0/6

0/6

HCC occurrence 10; No VR 10; Fatigue 5; Thrombocytopenia 3;
Fundal hemorrhage 2; Interstitial pneumonia 2; Anemia, auditory
disturbance, pruritus, depression, presyncope, liver function flare,
infection and death of accident 1,respectively
Depression 3; Neutropenia 2; Appearance of HCC 2; Pneumococcal
meningitis 1
NO

2/10

1/10

Angina 1

NA

1/13

0/13

NO

NA

0/6

0/6

NO

NA

8/11

0/11

NO

NA

0/9

2/9

Neutropenia 1; Anemia 1

NA

0/16

3/16

4

NA

NA

Severe thrombocytopenia 1; NSAID-induced liver injury 1; peripheral neuropathy 1
NA

NA

NA

11/29

HCC 9; Neutropenia 1; Peritonitis 1

9

NA

1/49

Hypothyroidism 1

NA

0/8

2/8

NA

3/10

2/10

Intolerance (with no evidence of hematological toxicity) 1; Neutropenia 1
Hepatic coma 1; Plural effusion 1

16/30

4/30

Neutropenia2; Severe fatigue 2

4

5/11

1/11

Hepatic coma 1

NA

47/160

35/3054

2/6
5/10
8/13

Kedia et al[21],
4/6
2012
Kercher
3/11
et al[22], 2004
Liang et al[23],
3/9
GT 1: 1/4
GT 2/3: 2/5
2008
Morihara
4/16
GT 1: 0/7
GT 2/3: 4/4
et al[24], 2009
Motomura
16/37
NA
et al[25], 2012
Shigekawa
9/29
GT 1: 3/21
GT 2/3: 6/8
et al[26], 2011
Xie et al[27],
30/49
GT 1: 30/49
2012
Foruny et al[28],
3/8
GT 1: 2/7
GT 2/3: 1/1
2005
Miyake et al[29], 6/10
GT 1: 2/6
GT 2/3: 4/4
2008
Tahara et al[30],
9/30
GT 1: 1/15
GT 2/3: 8/15
2011
Takahara
3/11
GT 1: 2/10
GT 2/3: 1/1
et al[31], 2011
Summary
147/3723 GT 1: 73/246
GT 2/3: 55/74

2

NA

19/1604

1

Among a total of 100 patients, three did not start IFN therapy because of no recovery of platelet counts (2) and the appearance of HCC before IFN therapy
(1); 2Not classified on the basis of spleen operation or no spleen operation; 3Among the 372 subjects who underwent spleen operation followed by antiHCV therapy, 11 were still receiving treatment when the paper was drafted; 4Excluding Aizawa et al (2013) because no classification on the basis of spleen
operation or no spleen operation. SVR: Sustained virological response; GT: Genotype; IFN: Interferon; HCC: Hepatocellular carcinoma; NA: Not available.

Table 4 Comparison of antiviral therapy between patients with and without spleen operation based on controlled studies
Ref.

SVR

Aizawa et al[17], 2013
Morihara et al[24], 2009
Motomura et al[25], 2012
Miyake et al[29], 2008
Tahara et al[30], 2011
Takahara et al[31], 2011
Summary

SVR for GT-1

SVR for GT-2/3

IFN dosage reduction

Discontinuation

HCC

SO

Non-SO

SO

Non-SO

SO

Non-SO

SO

Non-SO

SO

Non-SO

SO

Non-SO

6/30
4/111
16/37
6/10
9/30
3/11
44/129

12/60
7/32
38/90
3/10
5/23
6/13
71/228

3/25
0/7
NA
2/6
1/15
2/10
8/63

8/50
1/18
NA
0/6
1/14
4/8
14/96

3/5
4/4
NA
4/4
8/15
1/1
20/29

4/10
6/14
NA
3/4
4/9
2/5
19/42

NA
0/16
NA
3/10
16/30
5/11
24/67

NA
8/32
NA
5/10
10/23
11/13
34/78

NA
3/16
NA
2/10
4/30
1/11
10/67

NA
8/32
NA
1/10
2/23
1/13
12/78

NA
4/16
NA
NA
4/30
NA
8/46

NA
16/32
NA
NA
NA
NA
16/32

1

Five patients were receiving treatment. SO: Spleen operation; Non-SO: No spleen operation; SVR: Sustained virological response; GT: Genotype; IFN:
Interferon; HCC: Hepatocellular carcinoma; NA: Not available.

did not increase the SVR rate in cirrhotic patients with
genotype 1 HCV infection (8/63 vs 14/96; OR = 1.28;
95%CI: 0.51-3.22; P = 0.60) but did improve the virological response in individuals infected with genotypes 2/3
(OR = 0.36; 95%CI: 0.13-1.02; P = 0.05) (Figure 4). The
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random-effects model showed no difference between
patients with and without SO in terms of the incidence
of IFN dosage reduction (24/67 vs 34/78; OR = 2.41;
95%CI: 0.63-9.18; P = 0.20). There was no significant difference in withdrawal of IFN-α-based therapy between
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Genotypes 2/3
Study or subgroup

Genotype 1
Total

Weight

25
80
7
3
9
9
1
4
6
7
21
15
10

7.3%
20.7%
4.6%
7.3%
6.8%
5.5%
11.7%
12.1%
3.8%
0.7%
7.5%
8.5%
3.5%

Total (95%CI)
74
197
Total events
55
43
2
2
Heterogeneity: χ = 6.97, df = 12 (P = 0.86); I = 0%
Test for overall effect: Z = 6.83 (P < 0.00001)

100.0%

Aizawa 2013
Akahoshi 2012
Foruny 2005
Hayashi 2006
Ikezawa 2010
Ji 2013
Kedia 2012
Liang 2008
Miyake 2008
Morihara 2009
Shigekawa 2011
Tahara 2011
Takahara 2011

Events

Total

Events

3
17
1
1
1
4
3
2
4
4
6
8
1

5
20
1
2
1
4
4
5
4
4
8
15
1

3
19
2
1
4
4
1
1
2
0
3
1
2

Odds ratio

Odds ratio

M-H, fixed, 95%CI

M-H, fixed, 95%CI

11.00 (1.27, 95.18)
18.19 (4.81, 68.86)
6.60 (0.19, 225.79)
2.00 (0.05, 78.25)
3.67 (0.12, 113.73)
11.00 (0.46, 263.53)
0.78 (0.02, 32.37)
2.00 (0.11, 35.81)
16.20 (0.59, 441.68)
135.00 (2.26, 8068.42)
18.00 (2.40, 134.83)
16.00 (1.66, 154.59)
10.20 (0.31, 336.93)
10.84 (5.47, 21.47)
0.001
0.1
Favors genotype 1

1

10
1000
Favors genotypes 2/3

Figure 2 Impact of hepatitis C virus genotype on antiviral treatment outcomes in cirrhotic patients with spleen operation.
Non-SO

Odds ratio

Odds ratio

Total

Weight

M-H, fixed, 95%CI

M-H, fixed, 95%CI

30
10
11
37
30
11

17.7%
11.6%
12.8%
36.2%
16.9%
4.8%

1.00 (0.33, 2.99)
0.29 (0.04, 1.82)
0.49 (0.11, 2.17)
0.96 (0.44, 2.08)
0.65 (0.18, 2.29)
2.29 (0.41, 12.73)

Total (95%CI)
228
129
Total events
71
44
2
2
Heterogeneity: χ = 3.48, df = 5 (P = 0.63); I = 0%
Test for overall effect: Z = 0.71 (P = 0.48)

100.0%

Study or subgroup
Aizawa 2013
Miyake 2008
Morihara 2009
Motomura 2012
Tahara 2011
Takahara 2011

Events
12
3
7
38
5
6

Total

SO
Events

60
10
32
90
23
13

6
6
4
16
9
3

0.84 (0.52, 1.36)
0.002
0.1 1 10
500
Favors SO
Favors Non-SO

Figure 3 Impact of spleen operation on sustained virological response in six controlled studies. SO: Spleen operation; Non-SO: No spleen operation.

patients with SO plus IFN and those with IFN-α-based
treatment alone (10/67 vs 12/78; OR = 0.88; 95%CI:
0.34-2.29; P = 0.80) (Figure 5).

DISCUSSION
Thrombocytopenia and neutropenia are common manifestations of liver cirrhosis and have been reported to
occur in up to 76% of cirrhotic patients[32]. Although
the exact mechanisms are not fully understood, portal
hypertension associated with cirrhosis generally diverts
the flow of blood from the portal system towards the
spleen, resulting in spleen congestion and hypersplenism,
with increased destruction of platelets and neutrophils.
As the current standard of care, IFN-based treatment exacerbates thrombocytopenia and neutropenia as a result
of IFN-induced bone marrow suppression, as well as the
direct inhibitory effect of IFN on megakaryocytes, necessitating dose reductions or discontinuation of antiviral
treatment in up to 25% of patients[22].
Splenectomy and PSE are therefore used to elevate
platelet and neutrophil levels and improve the adherence
to IFN-based therapy in HCV-related cirrhotic patients
with hypersplenism[17,18]. They were recommended in Ja-
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pan for cirrhotic patients with thrombocytopenia before
initiation of IFN-α treatment in 2008[33]. In the current
review, the platelet count increased by a mean of 2.80-fold
and leukocyte count by a mean of 1.83-fold compared
with pre-operation levels. It was also reported that platelet counts could remain high during IFN and RBV therapy, which could enable PEG-IFN-α/RBV therapy to be
performed safely, with a higher SVR[18].
In this systematic review, 39.5% (147/372) of cirrhotic patients who underwent SO achieved SVR, giving
a total SVR rate of 40.7% (147/361), excluding those
patients who were still receiving treatment. Additionally,
patients infected with genotype 1 HCV achieved an SVR
rate of 29.7% (73/246), which was similar to the reported approximately 30% of cirrhotic patients infected with
HCV genotypes 1/4 who obtained SVR even without
SO[9,10]. Based on the data from six controlled studies,
SVRs were achieved in 34.1% (44/129) of patients with
SO and 31.1% (71/228) of patients without SO. Splenectomy and PSE did not significantly increase the SVR
in cirrhotic patients with genotype 1 HCV infection, but
did increase the SVR in individuals with genotypes 2/3
infection, as supported by stratified analysis of controlled
studies[10].
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A

Non-SO

Odds ratio

Odds ratio

Weight

M-H, fixed, 95%CI

M-H, fixed, 95%CI

25
6
7
15
10

41.4%
28.6%
8.0%
11.0%
11.0%

1.40 (0.34, 5.80)
0.14 (0.01, 3.63)
1.29 (0.05, 35.31)
1.08 (0.06, 19.05)
4.00 (0.50, 31.98)

Total (95%CI)
96
63
Total events
14
8
2
2
Heterogeneity: χ = 2.97, df = 4 (P = 0.56); I = 0%
Test for overall effect: Z = 0.52 (P = 0.60)

100.0%

Study or subgroup
Aizawa 2013
Miyake 2008
Morihara 2009
Tahara 2011
Takahara 2011

B

Events
8
0
1
1
4

SO

Total

Events

Total

50
6
18
14
8

3
2
0
1
2

Non-SO
Study or subgroup
Aizawa 2013
Miyake 2008
Morihara 2009
Tahara 2011
Takahara 2011

Events
4
3
6
4
2

Total

1.28 (0.51, 3.22)
0.001

SO
Events

10
4
14
9
5

3
4
4
8
1

Total

Weight

5
4
4
15
1

19.6%
11.0%
31.3%
27.3%
10.7%

Total (95%CI)
42
29
Total events
19
20
2
2
Heterogeneity: χ = 1.57, df = 4 (P = 0.81); I = 0%
Test for overall effect: Z = 1.92 (P = 0.05)

100.0%

0.1
Favors SO

1

10
Favors Non-SO

Odds ratio

Odds ratio

M-H, fixed, 95%CI

M-H, fixed, 95%CI

0.44
0.26
0.08
0.70
0.24

(0.05,
(0.01,
(0.00,
(0.13,
(0.01,

1000

3.98)
8.52)
1.88)
3.68)
8.62)

0.36 (0.13, 1.02)
0.001

0.1
Favors SO

1

10
Favors Non-SO

1000

Figure 4 Impact of spleen operation on sustained virological response of different hepatitis C virus genotypes in controlled studies. Spleen operation did
not increase sustained virological response rate in cirrhotic patients with genotype 1 hepatitis C virus infection (A), but did improve virological response in genotypes
2/3-infected individuals (B). SO: Spleen operation; Non-SO: No spleen operation.

A

Non-SO
Study or subgroup
Miyake 2008
Morihara 2009
Tahara 2011
Takahara 2011

SO

Events

Total

Events

Total

5
8
10
11

10
32
23
13

3
0
16
5

10
16
30
11

Odds ratio

Odds ratio

Weight

M-H, random, 95%CI

M-H, random, 95%CI

25.1%
14.6%
36.2%
24.1%

2.33 (0.37, 14.61)
11.45 (0.62, 212.21)
0.67 (0.23, 2.01)
6.60 (0.97, 44.93)

Total (95%CI)
78
67
100.0%
Total events
34
24
2
2
2
Heterogeneity: Tau = 0.97, χ = 6.55, df = 3 (P = 0.09); I = 54%
Test for overall effect: Z = 1.29 (P = 0.20)

B

Non-SO
Study or subgroup
Miyake 2008
Morihara 2009
Tahara 2011
Takahara 2011

Events
1
8
2
1

Total

2.41 (0.63, 9.18)
0.001

SO
Events

10
32
23
13

2
3
4
1

Total

Weight

10
16
30
11

20.1%
33.4%
35.3%
11.1%

Total (95%CI)
78
67
Total events
12
10
2
2
Heterogeneity: χ = 0.84, df = 3 (P = 0.84); I = 0%
Test for overall effect: Z = 0.25 (P = 0.80)

100.0%

0.1
1
10
Favors SO
Favors Non-SO

Odds ratio

Odds ratio

M-H, random, 95%CI

M-H, random, 95%CI

1000

0.44 (0.03, 5.88)
1.44 (0.33, 6.40)
0.62 (0.10, 3.72)
0.83 (0.05, 15.09)
0.88 (0.34, 2.29)
0.001

0.1
1
10
Favors SO
Favors Non-SO

1000

Figure 5 Comparison of adherence to antiviral therapy in controlled studies. The random-effects model showed that spleen operation decreased the incidence
of interferon (IFN) dosage reduction (A). There was no significant difference in withdrawal of IFNα-based therapy between patients with SO plus IFN and those with
IFNα treatment alone (B). SO: Spleen operation; Non-SO: No spleen operation.

Adherence is another important factor affecting SVR
in cirrhotic patients. Higher SVR rates were reported in
patients with genotype 1 infection who received more
than 80% of their PegIFN-α and RBV dosage for more
than 80% of the expected duration[34]. Hematologic parameters remained at relatively high levels during IFNbased treatment in most patients who underwent SO.
Antiviral therapy was only withdrawn in 2.6% (11/425)
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of cases because of thrombocytopenia and neutropenia,
which was far lower than that reported in some studies[13]. Overall, dose reduction of IFN occurred in 29.4%
(47/160) of cirrhotic patients with SO, while 11.5%
(35/305) of individuals discontinued therapy. A recent
national survey conducted by Ikeda et al[16] showed that,
among all patients who received pretreatment (splenectomy or PSE), discontinuation of IFN occurred in 22%
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of cases of splenectomy, 28% of cases of PSE and 33%
of those without pretreatment. Stratified analysis of controlled studies showed that SO before antiviral therapy
could decrease the incidence of IFN dose reduction
(though the difference was not significant), but had little
effect on discontinuation of therapy.
SVR is known to decrease the incidence of HCC in
chronic hepatitis C (CHC) patients with compensated
cirrhosis[6]. However, the spleen is thought to confer antitumor immunity, and SO, especially splenectomy, leads
to reduction and dysfunction of T cells and decreased
specific humoral immunity, which may increase the risk
of carcinogenesis[27]. We also analyzed the effect of combination therapy on hepatocarcinogenesis in cirrhotic
patients with splenomegaly. In the current study, 11.9%
of patients with SO plus IFN-α developed HCC during
follow-up. A comparative study showed that splenectomy
and SPE could suppress the occurrence of HCC in a
small population sample, which may have been partly the
result of the antiviral and antitumor activities of IFN-α.
The orally active thrombopoietin receptor agonist eltrombopag was recently used to treat thrombocytopenia
resulting from IFN-α in CHC patients with cirrhosis[35].
However, its long-term efficacy in patients with hypersplenism remains unclear, because the enlarged spleen
can immediately destroy the increased platelets. PegIFN λ
plus RBV may be used to treat these patients with hematologic abnormalities because of slightly decreased blood
cells[36]. However, DAAs, with fewer adverse effects (especially IFN-free) and short duration, have greatly altered
the therapeutic principles for CHC, and may be the most
promising strategy for treating these cirrhotic patients[37].
There were some limitations to our study. Most included studies were retrospective, uncontrolled and observational studies and there was a lack of randomized
controlled trials. Furthermore, the small number of study
subjects made it difficult to perform subgroup analysis on the basis of factors such as baseline Child-Pugh
score, viral load, and comorbidities. Small case-controlled
studies could only provide information on the possible
impact of SO on the outcomes of and adherence to
antiviral treatment, but it is difficult to draw firm conclusions from them. We therefore compared the results for
SVR and adherence to therapy with those reported in the
literature. Information from small case-controlled studies and short follow-up periods was insufficient to clarify
the impact of SO on HCC occurrence. However, despite
these limitations, several conclusions can be drawn from
careful consideration of the available data.
In conclusion, splenectomy and PSE can elevate
platelet and leukocyte levels and improve the tolerance to
IFN-α-based antiviral therapy in cirrhotic patients with
HCV infection. Stratified analysis showed that SO does
not improve the outcomes of antiviral therapy in cirrhotic patients with genotype 1 HCV infection, but may
be indicated in patients with genotypes 2/3 infection receiving IFN-α therapy, who are more likely to achieve an
SVR by dose maintenance. We suggest that the strategy
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of SO combined with IFN-α in cirrhotic patients with
HCV infection may be replaced by new, IFN-free therapies, especially DAAs, in the future.
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dent cohorts, met our inclusion criteria. The studies
included 2325040 participants and 24115 incident
cases of gastrointestinal cancer, with an average
follow-up of 13.6 years. Compared with individuals
who did not eat, or seldom ate, fish, the pooled RR of
gastrointestinal cancers was 0.93 (95%CI: 0.88-0.98)
for regular fish consumers, 0.94 (0.89-0.99) for low
to moderate fish consumers, and 0.91 (0.84-0.97)
for high fish consumers. Overall, a 20-g increase in
fish consumption per day was associated with a 2%
reduced risk of gastrointestinal cancers (RR = 0.98;
95%CI: 0.96-1.01). In subgroup analyses, we noted
that fish consumption was associated with reduced
risk of colorectal (RR = 0.93; 95%CI: 0.87-0.99; P <
0.01), esophageal (RR = 0.91; 95%CI: 0.83-0.99; P <
0.05) and hepatocellular cancers (RR = 0.71; 95%CI:
0.48-0.95; P < 0.01).

Abstract

CONCLUSION: This meta-analysis suggested that fish
consumption may reduce total gastrointestinal cancer
incidence. Inverse relationships were also detected between fish consumption and specific types of cancers.

AIM: To assess quantitatively the relationship between
fish intake and the incidence of gastrointestinal cancers in a meta-analysis of cohort studies.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

METHODS: We searched MEDLINE, Embase, Science Citation Index Expanded, and the bibliographies
of retrieved articles. Prospective cohort studies were
included if they reported relative risks (RRs) and corresponding 95% confidence intervals (CIs) of various
cancers with respect to fish intake. When RRs were not
available in the published article, they were computed
from the exposure distributions. Two investigators
extracted the data independently and discrepancies
were resolved by discussion with a third investigator.
We performed random-effect meta-analyses and metaregressions of study-specific incremental estimates to
determine the risk of cancer associated with a 20-g/d
increment of fish consumption.

Key words: Diet; Cancer prevention; Fish intake; Gastrointestinal cancer

RESULTS: Forty-two studies, comprising 27 indepen-

Yu XF, Zou J, Dong J. Fish consumption and risk of gastrointestinal
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Core tip: Epidemiological studies have revealed associations between fish consumption and cancers of the
gastrointestinal tract. After meta-analysis of forty-two
studies, comprising 27 independent cohorts, we found
that fish consumption might reduce the total incidence
of gastrointestinal cancer. A 20-g increase in fish consumption per day was associated with a 2% reduced
risk of gastrointestinal cancers. In subgroup analyses,
fish consumption was associated with reduced risk of
colorectal, esophageal and hepatocellular cancers.

15398

November 7, 2014|Volume 20|Issue 41|

Yu XF et al . Fish consumption and gastrointestinal cancers
cancers: A meta-analysis of cohort studies. World J Gastroenterol
2014; 20(41): 15398-15412 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i41/15398.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i41.15398

testinal neoplasm, or esophageal neoplasm, or stomach
neoplasm, or colorectal neoplasm, or hepatocellular
neoplasm, or pancreatic neoplasm. We also reviewed reference lists of retrieved articles to search for additional
studies. Only studies published as full-length articles in
English were considered.

INTRODUCTION

Inclusion and exclusion criteria
Studies were included if they: (1) had a prospective
cohort design; (2) reported relative risks (RRs) or hazard ratios (HRs) and corresponding 95% confidence
intervals (CIs) (or data to calculate them) of GI cancer
relating to different levels of fresh fish intake; and (3)
included the frequency of fish consumption. Studies
were excluded if they: (1) had a case-control design; (2)
analyzed the consumption of fish oil, salted fish, or fried
fish, rather than fresh fish; and (3) did not include the
frequency of fish consumption. If multiple published
reports from a single cohort were available we included
the report with the most information concerning outcome and fish consumption.

Gastrointestinal (GI) cancers are the most common types
of human tumors[1], and their development has been
linked to diet[2,3]. A report published in 2007 by the World
Cancer Research Fund and the American Institute for
Cancer Research on the relationship between diet and
cancer suggested that the consumption of certain types
of food may be directly associated with the development
of GI cancers[4]. Epidemiological data have shown that
in populations with high levels of fish consumption,
such as Finnish or Swedish fisherman, the incidence and
mortality rates for GI cancers are greatly reduced[5,6].
The diets of most human populations include fish.
Fish is an ideal source of fatty acids, which are important
components of cell membranes. Fish can also contain
high levels of vitamin D and selenium, which may protect against the development of several cancers[7]. Most
importantly, fish is a rich source of omega-3 fatty acids,
which may protect against GI cancers through their anticarcinogenic and anti-inﬂammatory effects. Fatty acids
regulate the production of proinflammatory prostaglandins and hydroxyeicosatetraenoic acid via the cyclooxygenase and lipoxygenase pathways[8]. These pathways
play major roles in inflammation, cell proliferation and
angiogenesis, each of which represents a key factor in
cancer progression. Evidence from animal models and
cultured cells indicates that long-chain Ω-3 polyunsaturated fatty acids (PUFAs) could inhibit the progression
of cancer[9,10]. Thus, it is likely that the anti-inflammatory
properties of fish are important for preventing cancer.
To date, there have been no intervention studies examining the association between fish consumption and
the risk of GI cancer. Several epidemiological studies
have focused on this association, but their results have
been inconsistent[11-13]. Data from case-control studies
can be subject to recall bias with respect to fish consumption and selection bias with respect to the control
group. Prospective cohort studies that exclude these
biases are more useful to identify associations between
dietary fish and cancer. We therefore performed a metaanalysis of prospective cohort studies to assess quantitatively the association between fish intake and the risk of
GI cancer in humans.

MATERIALS AND METHODS
Literature search
We searched the electronic databases MEDLINE (1966
to May 2013), Embase (1985 to May 2013) and the Science Citation Index Expanded (1945 to May 2013), using the Medical Subject Heading terms fish and gastroin-
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Data extraction
Two investigators (XY and JD) extracted the data independently, according to meta-analysis of observation
studies in epidemiology (MOOSE) guidelines[14]. Discrepancies were resolved through discussions involving
a third investigator (JZ). The following information was
extracted from each study: first author’s last name, year
of publication, country of origin, follow-up period,
number of subjects and cases, age at baseline, GI cancer
type, frequency of fish intake, outcome assessments,
RRs or HRs of cancer and corresponding 95%CI for
each category of fish, and covariates that were adjusted
during the statistical analysis.
Statistical analysis
The measures of interest were the RRs and corresponding 95%CI for each of the included cohort studies. When
RRs were not provided in the published article they were
computed from exposure distributions. Different studies used different units for describing fish consumption;
therefore, we converted fish consumption into g/d as a
standard measure. Some studies reported consumption
using qualitative scales (such as low, medium and high), or
servings per month, week or day. We transformed these
consumption levels into g/d by assuming that a ‘‘serving’’
corresponded to 105 g (the derived average portion size
in the Health Professional Follow-Up Study). For studies
that did not report CIs, we estimated these values based
on the number of cases and controls in each category of
exposure.
We computed summary RRs for fish consumers vs
non-consumers and for different levels of consumption by assigning each study-specific RR a weight that
was proportional to its precision (i.e., the inverse of the
variance derived from the reported 95%CI). To estimate
summary RRs for various levels of fish consumption,
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2298 potentially relevant pubications identified and screened for retrieval
592 papers excluded on the basis of publication type
1243 experimental subjects were animals
463 paper from initial screening

216 papers excluded on the basis of title and abstract
(generally because papers were not observational studies)

247 potentially relevant papers retrieved for more detailed assessment

187 papers excluded for using case-control design

13 papers excluded for multiple published reports from the same cohorts
1243 experimental subjects were animals
37 papers including 24 cohort studies satisfied inclusion criteria

Figure 1 Flow diagram of search strategy and study selection.

we first calculated study-specific estimates for low to
moderate consumption and for high consumption. For
various GI cancer types, we performed stratified analysis
on cancer types associated with more than two cohorts.
Statistical heterogeneity among studies was estimated
using Q and I2 statistics. For the Q statistic, heterogeneity was considered present for P < 0.1. We pooled studyspecific estimates using both the fixed-effect model and
the random-effect model (proposed by DerSimonian
and Laird). When significant heterogeneity was found,
results from the random-effect model were presented.
A sensitivity analysis was also conducted, in which one
study at a time was removed and the others analyzed.
This allowed us to estimate whether the results could
have been dramatically affected by a single study.
For dose-response analysis, we used the method proposed by Greenland and Greenland et al[15] to estimate
study-specific slopes from the correlated natural logarithm of the RR across categories of consumed fish. For
each category, the assigned dose corresponded to the
midpoint between upper and lower boundaries. The highest open-ended category was assumed to have the same
amplitude of consumption as the preceding category[16].
We then obtained the summary RR for GI cancer risk
associated with a 20-g/d increment of consumed fish
by pooling study-specific slopes, using the inverse of the
corresponding variances as weights.
Finally, publication bias was evaluated through visual
analysis of funnel plots and by the Begg’s and Egger’
s tests. P < 0.05 was considered statistically significant.
All statistical analyses were performed with STATA 9.0;
(Stata Corp, College Station, TX).
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RESULTS
Using the predefined search strategy we identified 37
publications that were eligible for inclusion in the metaanalysis[5,17-52] (Figure 1). These publications included 27
prospective cohort studies, 2325040 participants, and
24115 cases of GI cancer with an average follow-up of
13.6 years. Characteristics of the included studies are
summarized in Table 1. For 225/247 of the reviewed
publications the two investigators agreed, without discussion, whether a study was eligible for inclusion (91.1%;
κ = 0.852). Of the 27 cohorts included in the meta-analysis, 10 were conducted in Europe (Denmark, France,
Germany, Greece, Italy, the Netherlands, Norway, Spain,
Sweden, Switzerland and the United Kingdom), nine in
North America (the United States), seven in Asia (China
and Japan), and one in Oceania (Australia).
The estimated RRs of various GI cancers for fish
consumers compared with non/low consumers was 0.93
(95%CI: 0.88-0.98) (Figure 2). There was significant heterogeneity between studies (Q = 80.14; P < 0.001; I2 =
67.6%). For low to moderate fish consumption, the summary RR was 0.94 (95%CI: 0.89-0.99) (Figure 3), with
significant heterogeneity between studies (Q = 50.29;
P < 0.003; I2 = 48.3%). For high fish consumption, the
summary RR was 0.91 (95%CI: 0.84-0.97) (Figure 4),
also with significant heterogeneity between studies (Q =
70.27; P < 0.001; I2 = 63.0%).
Sources of heterogeneity likely included international
differences in fish consumption (e.g., fish type, serving
size or cooking methods). To examine the magnitude
of the combined RR in each stratum and its respective
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Table 1 Summary characteristics of studies included in the meta-analysis
Ref.

Year

Country

Willett et al[17]

1990

United States

6 yr

88751 F

150 F

Colon

Bostick et al[18]

1994

United States

6 yr

35215 F

212 F

Colon

Giovannucci et al[19]

1994

United States

47949 M

205 M

Colon

Kato et al[20]

1997

United States

7.1 yr

14727 F

100 F

Colorectal

Hsing et al[21]

1998

United States

20 yr

17633 M

145 M

Colorectal

Knekt et al[22]

1999

Finland

24 yr

9985

73

Colorectal

Pietinen et al[5]

1999

Finland

8 yr

27111 M

185 M

Colorectal

Tiemersma et al[23]

2002

The Netherlands

8.5 yr

537

102

Colorectal

English et al[24]

2004

Australia

9 yr

37112

451

Colorectal

Kojima et al[25]

2004

Japan

9.9 yr

107824

457

Colorectal

Sanjoaquin et al[26]

2004 United Kingdom

17 yr

10998

95

Colorectal

Larsson et al[27]

2005

13.9 yr

61433 F

733 F

Sweden

Follow-up Study Number Cancer site
period
subjects of cases

Lüchtenborg et al[28]

2005

The Netherlands

5 yr

2948

588

Norat et al[29]

2005

10 European
countries

4.8 yr

478040

1329

Engeset et al[30]

2007

Norway

8 yr

63914 F

254 F
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Fish
consumption
< 1/mo
1-3/mo
1/wk
2-4/wk
≥ 5/wk
< 1 time/wk
1 time/wk
1.5 time/wk
2-2.5 time/wk
> 2.5 time/wk
8.4 g/d
20.9 g/d
31.0 g/d
47.8 g/d
83.4 g/d
Q1
Q2
Q3
Q4
< 0.8 time/mo
0.8-1.6 time/mo
1.7-4.0 time/mo
> 4 times/mo
Q1
Q2
Q3
Q4
13 g/d
26 g/d
40 g/d
68 g/d
0-1 time/mo
1-4 time/mo
> 4 times/mo
< 1 times/wk
1.0-1.4 times/wk
1.5-2.4 times/wk
≥ 2.5 times/wk
0-2 times/wk
3-4 times/wk
every day

0 times/wk
0-1 time/wk
≥ 1 time/wk
Colorectal < 0.5 servings/
wk
0.5-< 1.0 servings/wk
1.0-< 2.0 servings/wk
≥ 2 servings/wk
Colorectal
0 g/d
4.6 g/d
15.2 g/d
29.4 g/d
Colorectal
< 10 g/d
10-20 g/d
20-40 g/d
≥ 80 g/d
Colon
< 70.8 g/d
70.8-117 g/d
> 117 g/d

15401

Relative risk
(95%CI)

Adjustments

1
Age
1.29 (0.70-2.40)
0.92 (0.49-1.72)
0.75 (0.35-1.58)
1.06 (0.36-3.12)
1
Age, energy intake,
0.73 (0.50-1.07) height, parity, vitamin E,
0.96 (0.65-1.42) vitamin E*age interaction,
0.83 (0.54-1.28)
vitamin A
0.76 (0.49-1.19)
1
Age,
0.85 (0.54-1.33)
total energy intake
1.05 (0.68-1.61)
0.80 (0.51-1.26)
1.06 (0.70-1.60)
1
Age, total energy intake,
1.01 (0.62-1.67)
education, place of
0.65 (0.37-1.13)
residence
0.49 (0.27-0.89)
1
Age, calories, smoking,
1.1 (0.7-1.9)
alcohol intake,
1.2 (0.7-2.0)
total energy
1.5 (0.9-2.6)
1
Age, energy intake,
1.07 (0.53-2.17)
gender, municipality,
1.60 (0.81-3.16)
smoking
1.11 (0.55-2.28)
1
Age, education, smoking,
1.1 (0.7-1.6)
BMI, alcohol, physical
0.8 (0.5-1.3)
activity, calcium intake
0.9 (0.6-1.4)
1
Age, gender, center, total
1.1 (0.7-1.9)
energy intake, alcohol,
0.7 (0.4-1.3)
height
1
Age, energy intake,
0.9 (0.7-1.2)
country of birth,
0.9 (0.7-1.1)
gender, fat,
0.9 (0.7-1.2)
cereal intake
1
Age, family history, BMI,
0.88 (0.65-1.12) smoking, physical activity,
0.96 (0.71-1.16) education, alcohol intake,
region
1
Age, gender,
1.21 (0.71-2.06)
smoking, alcohol
1.17 (0.71-1.92)
1
Age, energy, education,
0.94 (0.72-1.22)

BMI, alcohol, saturated

1.21 (0.94-1.55)

fat, calcium, fruits and
vegetables, whole-grain
foods, red meat, poultry
Age, energy intake,
gender, family history
of colorectal cancer,
smoking, BMI
Age, energy intake,
gender, height, weight,
occupational physical
dietary fiber, alcohol, center
Age, daily intake of
energy, smoking, fish
liver, fruit and vegetables,
fiber, fats, sauces

1.08 (0.81-1.43)
1
1.13 (0.84-1.41)
0.86(0.65-1.06)
1.00 (0.74-1.27)
1
0.88 (0.74-1.06)
0.86 (0.72-1.02)
0.69 (0.54-0.88)
1
0.93 (0.66-1.31)
1.28 (0.90-1.81)
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Hall et al[31]

2008

United States

22 yr

21406 M

500 M

Colorectal

< 1 time/wk
1-< 2 time/wk
2-< 5 time/wk
≥ 5 times/wk

1
0.88 (0.65-1.20)
0.82 (0.61-1.10)
0.63 (0.42-0.95)

Lee et al[32]

2009

China

7.4 yr

73224 F

394 F

Colorectal

Sugawara et al[33]

2009

Japan

8 yr

39498

566

Colorectal

< 20 g/d
< 33 g/d
< 49 g/d
< 74 g/d
≥ 74 g/d
0-26.2 g/d
26.3-53.3 g/d
53.4-96.3 g/d
≥ 96.4 g/d

1
1.2 (0.9-1.5)
1.2 (0.8-1.6)
1.5 (1.1-1.9)
1.3 (0.9-1.9)
1
1.04 (0.79-1.39)
1.11 (0.81-1.53)
1.07 (0.78-1.46)

Spencer et al[34]

2010 United Kingdom

2575

579

Colorectal

Daniel et al[35]

2011

United States

9 yr

492186

6979

Nomura et al[36]

1990

United States

19 yr

7990 M

150

Gastric

Ngoan et al[37]

2002

Japan

10.5 yr

13250

116

Gastric

Sauvaget et al[38]

2005

Japan

20 yr

38576

1270

Tokui et al[39]

2005

Japan

11 yr

110792

859

Larsson et al[40]

2006

Sweden

18 yr

61433

156

Zheng et al[41]

1993

United States

20 yr

17633 M

57

StolzenbergSolomon et al[42]

2002

Finland

13 yr

27111 M

163 M
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< 1 g/d
1 < 15 g/d
15 < 30 g/d
≥ 30 g/d
Colorectal 3.6 g/1000 kcal
7.0 g/1000 kcal
9.9 g/1000 kcal
13.4 g/1000 kcal
21.4 g/1000 kcal

1
0.89 (0.71-1.08)
1.10 (0.90-1.30)
0.78 (0.62-0.95)
1
0.97 (0.90-1.04)
0.92 (0.85-0.99)
0.93 (0.86-1.00)
0.95 (0.88-1.03)

≤ 1 time/wk
1
2-4 times/wk
1.4 (1.0-1.9)
≥ 5 times/wk
0.9 (0.5-1.8)
≤ 2-4 times/mo
1
2-4 times/wk 0.90 (0.40-2.20)

Age, smoking, BMI,
multivitamin use, history
of diabetes, random
assignment to aspirin or
placebo, vigorous exercise,
alcohol, red meat intake
Age, education, income,
survey season, tea
consumption, NSAID
use, energy intake,
fiber intake
Age, BMI, family history
of cancer, history of
stroke, hypertension,
myocardial infarction
and diabetes mellitus,
education, marital
status, job status,
smoking, alcohol, time
spent walking, total
calories, fruit and
vegetables
Age, height, weight,
smoking, energy,
alcohol, dietary fiber
Red meat intake, age, sex,
education, marital status,
family history of cancer,
race, BMI, smoking status,
frequency of vigorous
physical activity,
MHT in women, intake of
alcohol,
fruit, vegetables, and total
energy
Age

Sex, age, smoking
smoking, processed meat,
liver,
≥ 1 time/d
0.90 (0.30-2.10) cooking or salad oil, suimono, pickled food
Gastric
> 2 times/wk
1
Sex, sex-specific age,
2-4 times/wk 1.09 (0.96-1.23)
city, radiation dose,
≥ 5 times/wk
1.16 (0.97-1.39) sex-specific smoking habits,
education level
≤ 1-2 times/mo
Gastric
1
Age
1-2 times/wk 0.85 (0.61-1.19)
3-4 times/wk 0.90 (0.65-1.26)
≥ 1 time/d
0.95 (0.68-1.33)
Gastric
< 1.2 servings/
1
Age, education,
wk
1.2-1.9 servings/ 0.97 (0.64-1.46)
body mass index,
wk
≥ 5 servings/wk 1.14 (0.75-1.72)
intake of total energy,
alcohol, fruits and vegetables
Pancreatic
Q1
1
Age, smoking index,
Q2
1.2 (0.5-3.0)
alcohol index, total calories
Q3
2.0 (0.8-4.7)
Q4
1.4 (0.6-3.7)
≤ 17.9 g/d
Pancreatic
1
Energy intake,
> 17.9 and ≤ 27.7 1.22 (0.75-1.97) age and years of smoking
g/d
> 27.7 and ≤ 38.6 1.14 (0.70-1.86)
g/d
> 38.6 and ≤ 55.8 1.07 (0.65-1.76)
g/d
> 55.8 g/d
0.91 (0.54-1.52)
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Michaud et al[43]

Nöthlings et al[44]

Larsson et al[45]

2003

2005

2006

United States

United States

Sweden

18 yr

7 yr

17 yr

88802 F

190545

61433 F

178 FM Pancreatic

482

172

Lin et al[46]

2006

Japan

11 yr

110792

300

Heinen et al[47]

2009

Netherlands

13.3 yr

120852

350

Rohrmann et al[48]

Kinjo et al[50]

2012

1998

10 European
countries

Japan

16 yr

15 yr

477202

220272

865

440

Kjaerheim et al[49]

1998

Norway

24 yr

10960 M

71 M

Kurozawa et al[51]

2004

Japan

12 yr

110792

401

Sawada et al[52]

Pancreatic

< 4/mo

1

1/wk
≥ 2/wk

1.42 (1.01-1.98)
1.30 (0.86-1.98)

1.1
3.8
6.4

1
0.85 (0.70-1.03)
0.84 (0.69-1.03)

9.8

0.90 (0.74-1.10)

17.3
Pancreatic ≤ 1.0 servings/
wk
1.1 < 1.5 servings/wk
1.5 < 2.0 servings/wk
≥ 2.0 servings/
wk
Pancreatic
0-2/mo
1-4/wk
Almost every
day
Pancreatic
0

Pancreatic

Japan

11.2 yr

90296

WJG|www.wjgnet.com

0.88 (0.58-1.34)

BMI, smoking,

1.52 (0.96-2.40)

intakes of total energy,

1.22 (0.77-1.92)

alcohol, energy-adjusted
folate
Age, area,
pack-years of smoking

1
1.21 (0.60-1.81)
0.98 (0.43-1.53)
1

10-20 g/d

1.02 (0.75-1.38)

≥ 20 g/d
0 to <10 g/d
10 to < 20 g/d
20 to <40 g/d

1.05 (0.75-1.47)
1
1.13 (0.90-1.41)
1.20 (0.97-1.50)

≥ 40 g/d

1.16 (0.92-1.47)

Esophageal 1-3 times/mo or
1
less
1-3 times/wk or
0.9 (0.7-1.1)
less
4 times/wk or
1.1 (0.9-1.3)
more
Esophageal
< monthly
1
1-5 times/mo 0.73 (0.18-1.28)

398

test of heterogeneity, we conducted subgroup analyses
by gender, GI cancer sites, and geographical regions.
The summary RR was 0.95 (95%CI: 0.87-1.02) for men
and 0.96 (95%CI: 0.89-1.03) for women when all studies

Age, education,

1.22 (0.89-1.67)

≥ 6 times/mo

2012

0.91 (0.75-1.11)
1

0-10 g/d

Liver

≤ 1-2 times/wk

Liver

3-4 times/wk
Almost every
day
35.0 g/d

pack-years of smoking,
BMI,
history of diabetes mellitus,
caloric intake, height,
physical activity, menopausal status
Age, ethnicity,
history of diabetes mellitus,
familial history of pancreatic cancer,
smoking status, energy
intake

0.96 (0.15-1.77)
1
0.34 (0.13-0.55)
0.46 (0.16-0.76)
1

60.6 g/d

0.83 (0.59-1.17)

82.8 g/d

0.84 (0.59-1.20)

109.9 g/d

0.75 (0.51-1.11)

160.6 g/d

0.64 (0.41-1.02)

Gender, age, energy, smoking,
alcohol, history of diabetes
mellitus,
history of hypertension,
BMI,
vegetables, fruit
Height, weight,
physical activity index,
cigarette smoking, education,
history of diabetes, total
energy intake
Age, prefecture,
occupation, sex

Age, smoking level,
frequency of alcohol consumption,
Age, gender

Age, area, sex, smoking
status,
alcohol frequency, body
mass index,
past history of diabetes
mellitus,
and intake of coffee, soy
foods, vegetables,
vegetable oil, protein, and
iron

were combined. There was significant heterogeneity for
men (Q = 13.97; P = 0.082; I2 = 42.8%) and women (Q
= 27.60; P = 0.001; I2 = 71.0%).
When stratified by GI cancer sites, fish consumption
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Study ID
Nomura 1990
Bostick 1994
Giovannucci 1994
Kato 1997
Hsing 1998
Kinjo 1998
Kjaerheim 1998
Knekt 1999
Ngoan 2002
Stolzenberg-Solomon 2002
Tiemersma 2002
Michaud 2003
English 2004
Sanjoaquin 2004
Nöthlings 2005
Sauvaget 2005
Tokui 2005
Larsson 2006
Engeset 2007
Hall 2008
Heinen 2009
Lee 2009
Sugawara 2009
Spencer 2010
Daniel 2011
Rohrmann 2012
Sawada 2012
2
Overall (I = 67.6%, P = 0.000)
Note: weights are from random effects analysis

ES (95%CI)
1.24 (0.87, 1.61)
0.80 (0.63, 0.97)
0.92 (0.71, 1.13)
0.63 (0.42, 0.85)
1.26 (0.90, 1.61)
1.00 (0.86, 1.14)
0.80 (0.35, 1.26)
1.16 (0.77, 1.55)
0.90 (0.26, 1.54)
0.99 (0.80, 1.17)
0.84 (0.48, 1.20)
1.15 (0.87, 1.42)
0.93 (0.75, 1.10)
1.19 (0.74, 1.64)
0.88 (0.79, 0.96)
1.11 (1.00, 1.22)
0.72 (0.62, 0.81)
0.95 (0.84, 1.06)
1.05 (0.78, 1.31)
0.78 (0.62, 0.93)
1.01 (0.89, 1.12)
1.28 (0.90, 1.47)
1.07 (0.88, 1.26)
0.91 (0.80, 1.01)
0.89 (0.86, 0.92)
0.80 (0.72, 0.87)
0.77 (0.62, 0.92)
0.93 (0.88, 0.98)

0

0.5

1

% weight
1.48
4.07
3.27
3.18
1.58
4.80
1.04
1.36
0.57
3.75
1.54
2.31
3.96
1.06
6.29
5.61
6.02
5.61
2.44
4.42
5.47
2.20
3.65
5.74
7.48
6.56
4.55
100.00

1.5

Figure 2 Summary relative risks of gastrointestinal cancer for fish consumers vs non/lowest consumers from all included studies. Squares represent studyspecific relative risk estimates (size of the square reflects the study-specific statistical weight; i.e., the inverse of the variance); horizontal lines represent 95%CI; diamonds represent summary relative risk estimates with corresponding 95%CI.

was inversely associated with colorectal 0.93 (0.87-0.99)
(Figure 5), colon 0.95 (0.91-0.98), rectal 0.85 (0.75-0.95),
esophageal 0.91 (0.83-0.99) and hepatocellular 0.71
(0.48-0.95) cancers. There was no association with stomach and pancreatic cancer. The summary RR for an increment of 20 g of fish per day was 0.98 (95%CI: 0.96-1.01)
for all studies combined. Pooled RRs for various GI cancer sites and an increment of 20 g/d of fish consumption (along with their heterogeneity) are listed in Table 2.
Associations were similar for studies from North
America, but not from Europe and the Asia-Pacific region. The RR was 0.88 (95%CI: 0.81-0.97) when considering nine North American studies, 0.94 (95%CI: 0.86-1.01)
for 10 European studies, and 0.98 (95%CI: 0.81-1.15) for
seven Asian studies. No significant differences by sex and
cancer-type were found.
There was no indication of publication bias from
either visualization of the funnel plot or Egger’s (P =
0.287) and Begg’s (P = 0.404) (Figure 6) tests. A sensitivity analysis, in which one study was removed at a time,
confirmed the stability of our results.

DISCUSSION
Dietary fish can potentially affect the etiology of GI
cancers through its effect on multiple biological pathways, including carcinogenesis and apoptosis. For most
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types of GI cancer, there is signiﬁcant evidence that the
consumption of up to 100 g of fish per day does not
elevate cancer occurrence. Through the meta-analysis
of cohort studies, we found that regular fish consumers
had lower levels of GI cancer than individuals who did
not eat or seldom ate fish. This was particularly true for
high consumers. Overall, increasing fish consumption by
20 g/d was associated with a 2% reduction in the risk of
developing a GI cancer. This suggested that fish intake
may reduce GI cancer occurrence in humans.
In addition to vitamin D and selenium, fish is a rich
source of PUFAs, which may protect against the development of GI cancers. Omega-3 (Ω-3) PUFAs are
essential fatty acids necessary for human health. Studies
in human populations have linked high consumption
of fish or fish oil to reduced risk of colon, prostate and
breast cancer. A number of biological effects that could
contribute to cancer suppression by Ω-3 PUFAs have
been suggested[53,54]. These effects include alterations in
the proliferation, invasion, metastasis and apoptosis of
cancer cells.
The most widely studied effects of PUFAs are those
that relate to eicosanoid biosynthesis and function. Dietary Ω-3 PUFAs can be metabolized to prostaglandins,
thromboxanes, hydroxyeicosatetraenoic acids and leukotrienes, by the enzymatic activity of COXs and LOXs[55].
Besides eicosanoids, marine Ω-3 PUFAs can also be me-
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Study ID
Nomura 1990
Bostick 1994
Giovannucci 1994
Kato 1997
Hsing 1998
Kinjo 1998
Kjaerheim 1998
Knekt 1999
Ngoan 2002
Stolzenberg-Solomon 2002
Tiemersma 2002
Michaud 2003
English 2004
Sanjoaquin 2004
Nöthlings 2005
Sauvaget 2005
Tokui 2005
Larsson 2006
Engeset 2007
Hall 2008
Heinen 2009
Lee 2009
Sugawara 2009
Spencer 2010
Daniel 2011
Rohrmann 2012
Sawada 2012
2
Overall (I = 48.3%, P = 0.003)
Note: weights are from random effects analysis

ES (95%CI)
1.40 (1.00, 1.90)
0.81 (0.58, 1.04)
0.93 (0.63, 1.24)
0.77 (0.47, 1.08)
1.19 (0.79, 1.60)
0.90 (0.70, 1.10)
0.73 (0.18, 1.28)
0.29 (0.76, 1.82)
0.90 (0.40, 2.20)
1.14 (0.84, 1.45)
1.10 (0.70, 1.90)
1.23 (0.85, 1.61)
0.90 (0.70, 1.20)
1.21 (0.71, 2.06)
0.85 (0.73, 0.96)
1.09 (0.96, 1.23)
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Figure 3 Summary relative risks of gastrointestinal cancer for low to moderate fish consumers vs non/lowest consumers from included studies. Squares
represent study-specific relative risk estimates (size of the square reflects the study-specific statistical weight; i.e., the inverse of the variance); horizontal lines represent 95%CI; diamonds represent summary relative risk estimates with corresponding 95%CI.

tabolized to resolvins and protectins. These compounds
possess potent anti-inflammatory and immunoregulatory
actions[56]. Mounting evidence suggests that inflammation plays a critical role in the development of human
cancer[57,58]. Therefore, one of the possible mechanisms
for inhibition of tumors by Ω-3 PUFAs is by suppression of inflammation through resolvins.
A number of signaling pathways that are relevant to
carcinogenesis and tumor progression are differentially
affected by Ω-3 PUFAs. For instance, Ω-3 PUFA products were reported to downregulate and inactivate cellular signaling mediators, including ras, protein kinase C,
ERK 1/2[59] and nuclear factor-κB (NF-κB)[60]. Changes
in lipid composition of the plasma membrane may affect
membrane fluidity and the way growth factors, cytokines
and hormones interact with their receptors, and the
resulting signal transduction through secondary messengers[61]. A second type of mechanism through which Ω-3
fatty acids may alter cellular signaling is by acting directly
as ligands for nuclear receptors, including peroxisome
proliferators-activated receptors[62] or retinoid X receptor alpha[63]. Ω-3 PUFAs may also regulate the translation machinery. Eicosapentaenoic acid (EPA) has been
reported to affect intracellular homeostasis and inhibit
translation initiation, and to preferentially downregulate
oncogenes and G1 cyclins[64].
Colorectal cancer (CRC) is a worldwide problem,
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with an annual incidence of 1 million cases and an annual mortality of more than 500000 cases[65]. Although
some studies have demonstrated an inverse relationship
between fish consumption and colorectal cancer[20,29],
others have not found a clear association [5]. A metaanalysis of prospective cohort studies on colorectal cancer and fish consumption was completed and published
in 2007[66]. This analysis revealed an inverse association
between the highest levels of fish consumption and the
risk of colorectal cancer, although the association was
only borderline statistically significant. The pooled RR
for the highest compared with the lowest fish consumption category was 0.88 (95%CI: 0.78-1.00) for colorectal cancer incidence (14 studies). A more recent metaanalysis of 22 cohort and 19 case-control studies found
that fish intake decreases the risk of colorectal cancer by
12%. The pooled odds ratios of colorectal cancer for the
highest vs lowest fish consumption in the case-control
and cohort studies were 0.83 (95%CI: 0.72-0.95) and 0.93
(95%CI: 0.86-1.01), respectively[67]. Our meta-analysis of
20 prospective cohort studies revealed a more significant
association between fish intake and colorectal cancer risk
abatement (summary RR = 0.93; 95%CI: 0.87-0.99).
Despite the fact that colon and rectal cancers share
many features and are often referred to as “colorectal
cancer”, these cancer types typically exhibit different
characteristics[68]. We therefore investigated associations
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Figure 4 Summary relative risks of gastrointestinal cancer for high fish consumers vs non/lowest consumers from the included studies. Squares represent
study-specific relative risk estimates (size of the square reflects the study-specific statistical weight; i.e., the inverse of the variance); horizontal lines represent 95%CI;
diamonds represent summary relative risk estimates with corresponding 95%CI.

between fish consumption and colon or rectal cancer.
In 12 studies involving colon cancer, fish intake slightly
reduced the risk of colon cancer (summary RR = 0.95;
95%CI: 0.91-0.98). In eight studies involving rectal
cancer, a significant decrease was found between fish
consumption and the risk of rectal cancer (summary
RR = 0.85; 95%CI: 0.75-0.95). The different characteristics of colon and rectal cancers may explain why
fish consumption more effectively protected against
rectal cancer. For example, colon cancers are generally
molecularly heterogeneous, whereas rectal cancers tend
to arise through a single neoplastic pathway[68]. Further
analysis is required to determine the mechanisms underlying the difference in how these two cancer types
are affected by fish consumption.
Over the past few decades, gastric cancer mortality
has dropped significantly, but it remains a disease with a
poor prognosis and high mortality. Among participants
in the Japan Collaborative Cohort Study, there was no
association was seen between fish intake and the risk of
stomach cancer[39]. A meta-analysis of two cohort and
15 case-control studies found no association between
fish consumption and the risk of gastric cancer, whether
these studies were evaluated together or individually[69].
Our meta-analysis, which included seven cohort studies,
also suggested no significant association between fish intake and gastric cancer. However, an increment of 20 g/
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d of fish influenced the risk of gastric cancer, although
the association was only borderline statistically significant. The summary RR was 1.03 (95%CI: 1.00-1.05).
Our current meta-analysis only analyzed data concerning fresh fish consumption, thereby avoiding confounding factors such as fish oil, salted fish or fried fish.
However, in the overwhelming majority of cases we
could not determine the exact kind of fish consumed
or the manner in which the fish was prepared. Although
there is no conclusive evidence concerning the association between processed fish consumption and the risk
of gastric cancer, many epidemiological studies and reviews have found associations between the consumption
of highly salted foods and the risk of gastric cancer[70,71].
This may be because highly salted foods, such as salted
or smoked fish products, can contain chemical carcinogens. These carcinogens include nitrites and their related
compounds, and heterocyclic amines, which have been
detected in fish or meat cooked at high temperatures[22,72].
In addition, 2-chloro-4-methylthiobutanoic acid, which
is a mutagen found in salted fish, may be associated with
gastric carcinogenesis[73].
Since the World Cancer Research Fund/American
Institute for Cancer Research report, Lin et al[46] studied
the association between fish consumption and the risk
of pancreatic cancer in a large population-based cohort
study in Japan and concluded that fish intake does not
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Figure 5 Summary relative risks of colorectal cancer for fish consumers vs non/lowest consumers from the included studies. Squares represent studyspecific relative risk estimates (size of the square reflects the study-specific statistical weight; i.e., the inverse of the variance); horizontal lines represent 95%CI; diamonds represent summary relative risk estimates with corresponding 95%CI.

Table 2 Summary relative risk for various cancer sites or different geographical regions and incremental estimates for 20-g/d increment of fish consumption
Cancer sites

Corresponding

regions
Total
Total male
Total female
Low consumption
High consumption
Total
Low consumption
High consumption
Total
Low consumption
High consumption
Total
Low consumption
High consumption
Total
Low consumption
High consumption
Total
Low consumption
High consumption
Total
Low consumption
High consumption
Total
Low consumption
High consumption

Colorectum

Colon

Rectum

Esophagus

Stomach

Liver

Pancreas

Asia
Europe
North America

Heterogeneity test

Q value

P value

I 2 (%)

Increment of fish

0.93 (0.88-0.98)
0.95 (0.87-1.02)
0.96 (0.89-1.03)
0.94 (0.89-0.99)
0.91 (0.84-0.97)
0.93 (0.87-0.99)
0.95 (0.91-0.98)
0.91 (0.82-0.99)
0.95 (0.91-0.98)
0.97 (0.92-1.02)
0.90 (0.81-0.99)
0.85 (0.75-0.95)
0.86 (0.80-0.93)
0.85 (0.70-0.99)
0.91 (0.83-0.99)
0.90 (0.79-1.02)
0.95 (0.73-1.17)
1.04 (0.97-1.10)
1.02 (0.94-1.11)
1.06 (0.96-1.17)
0.71 (0.38-1.03)
0.73 (0.34-1.13)
0.71 (0.48-0.95)
1.07 (0.96-1.17)
1.05 (0.93-1.17)
1.04 (0.96-1.11)
0.98 (0.81-1.15)
0.94 (0.86-1.01)
0.88 (0.81-0.97)

80.14
13.97
27.60
50.29
70.27
53.85
13.12
55.50
10.53
3.15
12.65
16.66
3.32
17.53
2.43
0.43
4.71
5.94
6.75
3.06
29.04
23.75
6.60
19.49
15.38
8.73
49.49
16.86
19.73

0.000
0.082
0.001
0.003
0.000
0.000
0.832
0.000
0.160
0.871
0.081
0.020
0.853
0.014
0.297
0.807
0.095
0.430
0.344
0.802
0.000
0.000
0.037
0.012
0.052
0.366
0.000
0.051
0.011

67.6
42.8
71.0
48.3
63.0
64.7
0.0
65.8
33.5
0.0
44.7
58.0
0.0
60.1
17.6
0.0
57.5
0.0
11.1
0.0
93.1
91.6
69.7
59.0
48.0
8.4
87.9
46.6
59.5

0.98 (0.96-1.01)

decrease the risk of pancreatic cancer. Preliminary results from the Nurses Health Study suggest no inverse
association between fish intake and the risk of pancre-
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RR for 20 g/d

RR (95%CI) for cancer

0.99 (0.97-1.01)

1.03 (1.00-1.05)

0.89 (0.84-0.94)

1.02 (0.96-1.08)

atic cancer[43]. Our pooled analysis of nine cohort studies
also revealed no association between fish consumption
and the risk of pancreatic cancer.
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Begg's funnel plot with pseudo 95% confidence limits
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Figure 6 Publication bias in the studies. Begg’s funnel plot indicating no
publication bias in the studies included in this meta-analysis. No indication of
publication bias was noted from either visualization of the funnel plot or from
Egger’s test.

Most of the studies reporting the associations of
ﬁsh intake with risk of pancreatic cancer were primarily designed to study either the effect of meat or dietary
fat consumption. Thus, they focused on total ﬁsh rather
than different species of ﬁsh or different preparation
methods. This limitation might contribute to the null
ﬁndings in the primary studies and this meta-analysis.
Fish can be served in many ways, such as fresh, broiled,
baked, salted or fried. Fish preparation methods may alter the relation between ﬁsh intake and pancreatic cancer
by changing the lipid proﬁle and by generating unexpected chemicals with the use of certain cooking methods.
Frying was found to considerably reduce the amount of
LC-PUFA in ﬁsh. Deep-frying could generate trans-fatty
acids, oxidized lipids, or food mutagens, such as heterocyclic amines and benzo(a)pyrene, which may promote
carcinogenesis and which is associated with elevated
pancreatic cancer risk[74,75].
Some study indicated that raw ﬁsh intake signiﬁcantly
reduced the risk of pancreatic cancer[76]. Norell et al[77]
found that fried/grilled ﬁsh consumption may attenuate or cancel the potential beneﬁt of ﬁsh consumption
on pancreatic cancer risk. In a cohort study, researchers
conducted a relative thorough separate analysis on both
ﬁsh preparation methods and ﬁsh types[78]. Their results
suggested that non-fried ﬁsh, but not total ﬁsh, intake
was inversely associated with incident pancreatic cancer.
It might be speculated that mixing all ﬁsh species and
preparation methods may have masked the potential
inverse association of ﬁsh intake with pancreatic cancer
risk. An extensive analysis of ﬁsh species and preparation method with pancreatic cancer risk is needed in the
future.
A recent prospective study showed an inverse association between the consumption of white meat, which
included fish, and liver cancer[79]. Inverse associations
between the consumption of white meat or fish and
liver cancer have been observed in some studies[80,81],
but not confirmed in others[82,83]. Sawada et al[52] investigated the association between fish and Ω -3 PUFA
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consumption and the incidence of hepatocellular carcinoma (HCC) in a population-based prospective cohort
study of 90296 Japanese subjects. They found that
consumption of Ω-3 PUFA-rich fish or Ω-3 PUFAs,
particularly EPA, docosapentaenoic acid, and docosahexaenoic acid, appears to protect against the development of HCC, even among subjects with HBV and/or
HCV infection. Although our meta-analysis did not
confirm the findings of Sawada et al[52], we observed a
29% reduction in the risk of liver cancer among high
consumers of fish.
In clinical trials, dietary supplementation with Ω-3
PUFAs for 1-3 mo was associated with a decreased release of interleukin-1 and -6[84,85]. Given that HCC is an
inflammation-related cancer that has a background of
chronic inflammation, triggered by exposure to hepatitis
virus infection or toxic compounds, such as ethanol[86,87],
the anti-inflammatory properties of Ω-3 PUFAs might
decrease the risk of HCC. Here, we showed that the risk
of HCC was decreased with greater consumption of
fish. The intake of Ω-3 PUFA-rich fish may reduce the
risk of HCC through the anti-inflammatory effects of
Ω-3 PUFAs on chronic hepatitis.
Some limitations concerning our current meta-analysis should be acknowledged. First, as in all observational
studies of diet and disease, the possibility of bias and
confounding factors cannot be excluded. For example,
some subjects may have modified their fish eating habits
after the baseline assessment. However, cohort studies, which are less susceptible to bias because of their
prospective design, also showed an inverse association
between fish consumption and the risk of GI cancers,
suggesting that this central finding is not likely attributable to recall and selection bias. Individual studies may
have failed to adjust for known and unknown confounding factors. Second, the methods and units of measuring
fish intake varied across studies. In some studies, the
definitive volumes of fish consumption were not clearly
defined and only the lowest and highest categories were
reported. Statistical tests showed heterogeneity among
studies; therefore, we used the random-effects model,
which considers both within- and between-study variation, for pooled RR estimates and dose-response analyses. Third, we used fresh fish as an inclusion criterion
to avoid confounding factors associated with fish oil,
salted fish and fried fish. Despite this effort, we could
not determine the exact kind of fish consumed or the
manner in which the fish was prepared. This represents
a limitation to our analysis, because a recent article
showed that cooking temperature may affect the risk of
colorectal cancer[88]. Fourth, we extracted risk estimates
that reflected the greatest degree of control for potential
confounders. Results based on adjustments for specific
confounders were likely different from those based on
standard adjustments. Finally, we included only studies
published in English. This is because it is difficult for
the authors to interpret data presented in different languages. Therefore, publication bias may have occurred,
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although such bias was not indicated from visualization
of the funnel plot and Egger’s test.
In our meta-analysis of 27 prospective cohort studies, fish intake was not associated with harmful effects.
Instead, fish consumption may reduce total incidence of
GI cancer. Specific inverse associations were detected
between fish consumption and colorectal, esophageal
and hepatocellular cancers.

authors conclude that fish intake may reduce gastrointestinal cancer incidence.
This is an interesting and well written review, on an important topic. The data
presented confirm and significantly extend the data already published.
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Abstract
AIM: To conduct an updated meta-analysis of prospective studies addressing the association between garlic
consumption and colorectal cancer.

garlic supplement intake against colorectal cancer was
observed in females (RR: 0.84; 95%CI: 0.64-1.11), but
the opposite was the case in males (RR: 1.24; 95%CI:
0.96-1.59).
CONCLUSION: Consumption of RC garlic or garlic supplements is not significantly associated with reduced colorectal cancer risk.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Garlic; Garlic supplement; Cancer prevention; Meta-analysis
Core tip: Garlic is consumed worldwide as a food additive and botanical supplement. The previous meta-analysis, mostly based on case-control studies, suggested
that garlic consumption was associated with reduced
colorectal cancer risk; however, our updated meta-analysis based on high-quality prospective studies showed
no significant association between garlic consumption
and risk of colorectal cancer. The recommendation of
garlic consumption as a nutrition intervention against
colorectal cancer should be cautious.

METHODS: Eligible cohort studies were identified by
searching MEDLINE (PubMed) and screening the references of related articles published up to October 2013.
Meta-analyses were conducted for colorectal cancer in
relation to consumption of raw and cooked (RC) garlic
and garlic supplements, separately. The summary relative risks (RR) with 95%CI were calculated using fixedeffects or random-effects model depending on the heterogeneity among studies.

Hu JY, Hu YW, Zhou JJ, Zhang MW, Li D, Zheng S. Consumption of garlic and risk of colorectal cancer: An updated metaanalysis of prospective studies. World J Gastroenterol 2014;
20(41): 15413-15422 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i41/15413.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i41.15413

RESULTS: A total of 5 prospective cohort studies were
identified. In contrast to the previous meta-analysis, no
significant associations were found between consumption of RC garlic (RR: 1.06; 95%CI: 0.95-1.19) or garlic
supplements (RR: 1.12; 95%CI: 0.96-1.31) and risk of
colorectal cancer. A non-significant protective effect of

Garlic, a member of the Allium genus, is served in many
different ways worldwide. It has been frequently used
as a dietary botanical supplement in the United States
since the early 1990s[1-3]. The World Cancer Research
Fund/American Institute for Cancer Research concluded
that there was a possible association between garlic con-
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sumption and reduced risk of colorectal cancer mainly
based on preclinical evidence and case-control studies,
but rarely on cohort studies[4]. One meta-analysis of 4
case-control studies and 2 cohort studies published in
2000 showed at least a 30% reduction in colorectal cancer risk [relative risk (RR): 0.69; 95% confidence interval
(CI): 0.55-0.89] due to a high intake of raw garlic and/or
cooked garlic[5]. A similar inverse association was reported
in another systematic review[6]. However, 3 cohort studies
published in recent years reported no protective effect of
garlic consumption against colorectal cancer[7-9]. In order
to better understand the association between garlic consumption and risk of colorectal cancer, we conducted an
updated meta-analysis of prospective cohort studies.

MATERIALS AND METHODS
Search strategy and selection criteria
A systematic search of cohort studies addressing the
association between garlic consumption and colorectal
cancer was conducted in MEDLINE (PubMed) published up to October 25, 2013 by 2 investigators (Hu JY
and Hu YW) independently. Other members of the Allium family were also included in the search in order to
identify all relevant studies. The following key words (as
free words and MeSH terms) were used: (allium, alliaceae; garlic; onion; leek; scallion; chive; food; or diet) and
(colorectal, colon; or rectal) and (cancer, tumor; carcinoma; or neoplasm). The search was restricted to human
studies published in English. Reference lists of retrieved
articles were also examined to identify additional studies.
Authors were contacted for additional information if
needed.
Eligible studies met the following criteria: (1) prospective cohort studies; (2) evaluated the association between
garlic consumption and risk of colorectal cancer; and (3)
reported hazard ratio (HR) or RR with corresponding
95%CI, or data necessary to calculate them. In case of
multiple studies from the same population, only the most
recent study was included.
Data extraction and quality assessment
Data extraction was performed and cross-checked independently by 2 investigators (Zhou JJ and Zhang MW).
Discrepancies were resolved through discussion with a
third investigator (Li D). For each identified study, data
were extracted on the first author’s last name, publication year, title of the study cohort, region/country of
the study, follow-up period, sample size and number of
identified cases, age range, dietary assessment, measures
and types of garlic and consumption categories, crude
and multivariate adjusted HRs or RRs with their 95%CI
(the highest category of raw and cooked (RC) garlic consumption vs lowest category; exclusive garlic supplement
users vs non-users) and covariate adjustment.
The quality of each included study was assessed on
the basis of the 9-star Newcastle-Ottawa Scale (NOS)[10]
by 2 reviewers (Hu JY and Hu YW) independently. A

WJG|www.wjgnet.com

maximum of 9 stars would be assigned to each study and
studies with a score no less than 7 were regarded as high
quality[11].
Statistical analysis
RR was used as the risk estimate in this study. HR was
regarded as RR directly because of the low absolute risk
of colorectal cancer in humans[11,12]. If available, risk
estimates adjusted for most variables were selected for
the meta-analysis. For studies reporting risk estimates of
colon cancer and rectal cancer separately, a fixed-effect
model was used to pool the risk estimates and obtain an
overall estimate for colorectal cancer[12-14]. In cases when
risk estimates for RC garlic intake and garlic supplement
intake were reported separately, overall risk estimates
were obtained by pooling with a fixed-effect model[12,15].
The possible heterogeneity across included studies was
assessed by the Cochrane Q test and I2 statistic[16,17]. P
< 0.1 for the Q test or I2 > 50% was considered as significant heterogeneity[18]. A fixed-effects model was applied when no significant heterogeneity was detected;
otherwise, a random-effects model was used. In order to
evaluate the influence of each study on the pooled risk
estimates, sensitivity analysis was conducted by sequentially excluding one study at a time. Subgroup analyses
were performed by sex and site of cancer.
Publication bias was evaluated by Egger’s linear regression. A P-value less than 0.05 was regarded as significant. Stata 12.0 (StataCorp, College Station, TX, USA)
was used for statistical analysis. A 2-sided P-value < 0.05
was considered statistically significant.

RESULTS
Literature search
A total of 6470 potentially relevant articles were found in
the primary search. Of these, 6176 articles were excluded
by screening the titles or abstracts. The rest of the 294
articles were assessed in full-text. No eligible articles were
identified by examining the references of reviews and
retrieved articles. Three cohort studies[19-21], 2 of which
were included in a previous systematic review and metaanalysis[19,20], were excluded because the information of
the study cohorts was updated by other studies. Five
prospective studies of 6 cohorts[7-9,22,23] (one study had
2 study populations) were identified and included in the
meta-analysis after full-text assessment. Figure 1 shows
the whole process of identifying relevant studies.
Study characteristics
A total of 5 cohort studies published from 1996 through
2013 with 335923 subjects (4610 cases) were included in
this meta-analysis[7-9,22,23]. Of these, a study conducted by
Meng et al[7] was based on 2 cohorts, the Nurses’ Health
Study (NHS) and the Health Professionals Follow-up
Study (HPFS). The main characteristics of the 6 prospective cohorts are shown in Table 1. The follow-up period
of the cohort studies ranged from 3.3 years to 24 years.
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Articles found from PubMed in the primary search (n = 6470)

Articles excluded by screening of titles/abstracts (n = 6176)

Articles reviewed in full-text for eligibility (n = 294)

Articles excluded after full-text evaluation (n = 289)
Review (n = 43)
Preclinical research (n = 8)
Updated by other articles (n = 3)
Case-control studies (n = 7)
No risk estimates reported or data insufficient to calculate them (n = 228)

Articles finally included in the pooled analyses (n = 5)

Figure 1 Process of study selection for the meta-analysis.

Of the 5 studies, only one was conducted in the Netherlands with a relatively small sample size (3123)[22], and the
other 4 were all large United States studies (sample size
ranged from 35216 to 99700). The number of colorectal
cancer cases identified in these studies varied from 241 to
1339[7].
Quality scores of each study based on the NOS 9-star
system are shown in Table 2. Both of the cohort studies conducted by Meng et al[7] were assigned a score of 8.
The other 4 cohort studies all scored 9[8,9,22,23]. According
to the predefined criteria of quality assessment, all studies
included in this meta-analysis were of high quality. Three
studies (4 cohorts) reported risk estimates on RC garlic
consumption and the risk of colorectal cancer[7,8,23]. while
4 studies (5 cohorts) reported risk estimates on garlic
supplement intake and risk of colorectal cancer[7-9,22].
RC garlic intake and risk of colorectal cancer
Three studies (4 cohorts) reported risk estimates on RC
garlic intake and risk of colorectal cancer[7,8,23]. The metaanalysis using a fixed-effects model showed an elevated
risk of colorectal cancer (RR: 1.07; 95%CI: 0.95-1.19),
though this was not statistically significant (Figure 2). No
heterogeneity (Q test: P = 0.66; I2 = 0.0%) or publication bias (Egger’s test: P = 0.50) was detected. Sensitivity analysis showed that RR ranged from 1.03 (95%CI:
0.91-1.17) by excluding the study by Meng et al[7] (NHS)
to 1.14 (95%CI: 0.95-1.36) by excluding the study by
McCullough et al[8]. No significant change in the pooled
results was observed.
Subgroup analyses by sex and site of cancer were
performed to further explore the potential source of
heterogeneity (Figures 3 and 4). A fixed-effects model or
random-effects model was applied for meta-analyses ac-
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cording to the heterogeneity across the included studies.
Interestingly, a borderline-significant positive effect
of RC garlic consumption on risk of colorectal cancer
was observed in males (RR: 1.18; 95%CI: 0.99-1.41), but
not in females (RR: 1.04; 95%CI: 0.80-1.30). The pooled
RR for colon cancer and rectal cancer were 1.07 (95%CI:
0.94-1.21) and 1.02 (95%CI: 0.90-1.17), respectively.
When sex was taken into account, the pooled RR for colon cancer and rectal cancer were 1.18 (95%CI: 0.98-1.43)
and 1.13 (95%CI: 0.86-1.49) in males, and 1.04 (95%CI:
0.80-1.35) and 0.97 (95%CI: 0.67-1.40) in females.
Garlic supplement intake and risk of colorectal cancer
Four studies (5 cohorts) were conducted to investigate
the association between garlic supplement intake and risk
of colorectal cancer[7-9,22]. A positive association without
statistical significance was observed in both the fixedeffects model (RR: 1.12; 95%CI: 0.96-1.31) and randomeffects model (RR: 1.11; 95%CI: 0.89-1.38) (Figure 2).
No evident heterogeneity (Q test: P = 0.11; I2 = 46.9%)
or publication bias (Egger’s test: P = 0.61) was found.
Sensitivity analysis showed that the pooled risk estimates
ranged from 1.04 (95%CI: 0.86-1.25) by omitting the
study by Satia et al[9] to 1.22 (95%CI: 1.03-1.46) by omitting the study by Meng et al[7] (NHS).
Similar to RC garlic consumption, subgroup analyses
by sex and site of cancer were performed. The effects of
garlic supplement intake on development of colorectal
cancer was positive in males (RR: 1.24; 95%CI: 0.96-1.59),
but negative in females (RR: 0.85; 95%CI: 0.64-1.11);
however, these effects were not statistically significant. No
significant associations were found between garlic supplement intake and development of colon cancer (RR: 1.01;
95%CI: 0.77-1.32) and rectal cancer (RR: 1.17; 95%CI:
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The Health
Professionals
Follow-up Study
(HPFS)

The American
Cancer Society
Cancer Prevention
Study (CPS) II
Nutrition Cohort

The VITamins
And Lifestyle
(VITAL) study
The Iowa
Women's Health
Study
The Netherlands
Cohort Study

Meng et al[7] (2013)

McCullough et al[8] (2012)

Satia et al[9] (2009)

Netherlands

United States

United States

United States

United States

United States

Country

Sep 1986

Oct
2000-Dec
2002
1986

1999

1986

1984

Dec 1989

Dec 1995

Dec 2006

June 2007

Jan 2008

June 2008

End

Follow-up
Start

NA

76208 (1339
cases), 30-55 yr

1525 (243 cases),
55-69 yr

NA

36516 (220 cases),
50-76 yr

1598 (200 cases),
55-69 yr

35216 (241
cases), 55-69 yr

39568 (208
cases), 50-76 yr

42824 (579 cases) 56876 (551 cases)

45592 (1029 cases),
40-75 yr

NA

Female

3223
(443 cases)

35216
(241 cases)

76084
(428 cases)

99700 (1130
cases)

45592 (1029
cases)

76208 (1339
cases)

Total

Number of participants, age (yr)
Male

Dietary

Validated FFQ

Validated FFQ

Validated FFQ

Validated FFQ

Validated FFQ

Validated FFQ

assessment

Study

9

9

9

9

8

8

quality

Age, gender, family history of intestinal cancer,
education, smoking, previous history of chronic
intestinal disease or cholecystectomy, vitamin C
and beta-carotene intake

Age, gender, education, physical activity, fruit
and vegetable consumption, BMI, NSAID use,
sigmoidoscopy, history of arthritis
Age, total energy intake, history of colorectal polyps

Age, BMI, smoking, history of colorectal cancer,
history of endoscopy screening, regular aspirin use,
physical activity, postmenopausal hormone use,
beef, pork and lamb as a main dish, consumption
of processed meat, alcohol consumption, energyadjusted total calcium intake, total folate, total
vitamin D intake, total energy intake
Age, energy intake, gender, history of endoscopy,
BMI, physical activity, smoking, alcohol
consumption, NSAID use, PMH use, total calcium
intake, fruits, vegetable and red/processed meat
intake

Age, BMI, smoking, history of colorectal cancer,
history of endoscopy screening, regular aspirin use,
physical activity, postmenopausal hormone use,
beef, pork and lamb as a main dish, consumption
of processed meat, alcohol consumption, energyadjusted total calcium intake, total folate, total
vitamin D intake, total energy intake

Adjustment for confounders

The anticancer effect of garlic is mainly associated with its organosulfur compounds[24,25]. Garlic and its organosulfur compounds can: (1) inhibit cell-cycle progression, DNA

DISCUSSION

0.83-1.32). Intake of garlic supplements showed a 30% increase in risk of colon cancer in males (RR: 1.30; 95%CI: 0.91-1.85), but a 27% reduction in females (RR: 0.73; 95%CI:
0.50-1.09). The results for rectal cancer were similar. The RRs of rectal cancer in males and females were 1.59 (95%CI: 0.94-2.69) and 0.69 (95%CI: 0.79-1.87), respectively.

FFQ: Food frequency questionnaire; NSAID: Non-steroidal anti-inflammatory drugs.

Dorant et al[22] (1996)

Sellers et al[23] (1998)

The Nurses’
Health Study
(NHS)

Study

Meng et al[7] (2013)

Ref.

Table 1 Main characteristics of included studies
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Study ID

RR (95%CI)

Weight (%)

Overall garlic intake
Meng (NHS) 2013
Meng (HPFS) 2013
McCullough 2012
Satia 2009
Sellers 1998
Dorant 1996
2
I-V (I = 0.0%, P = 0.540)

1.03 (0.83,
1.09 (0.85,
1.02 (0.89,
1.35 (1.01,
1.16 (0.79,
1.33 (0.86,
1.08 (0.99,

1.28)
1.41)
1.17)
1.81)
1.72)
2.05)
1.19)

18.73
13.11
47.77
10.12
5.72
4.56
100.00

RC garlic intake
Meng (NHS) 2013
Meng (HPFS) 2013
McCullough 2012
Sellers 1998
2
I-V (I = 0.0%, P = 0.660)

1.21 (0.94, 1.57)
1.00 (0.71, 1.42)
1.02 (0.88, 1.18)
1.16 (0.79, 1.72)
1.06 (0.95, 1.19)

19.83
10.86
60.64
8.67
100.00

Garlic supplement intake
Meng (NHS) 2013
Meng (HPFS) 2013
McCullough 2012
Satia 2009
Dorant 1996
2
I-V (I = 46.9%, P = 0.110)

0.72 (0.49, 1.07)
1.22 (0.83, 1.78)
1.03 (0.74, 1.44)
1.35 (1.01, 1.81)
1.33 (0.86, 2.05)
1.12 (0.96, 1.31)

16.60
17.39
22.84
29.75
13.42
100.00

0.5

1.0

1.5

Figure 2 Forest plots for consumption of raw and cooked garlic, garlic supplements or both and risk of colorectal cancer. RR: Relative risk.

Table 2 Subgroup analyses of garlic consumption and risk of colorectal cancer
Subgroup

RC garlic intake

Colorectal cancer
Male
Female
Colon cancer
Male
Female
Rectal cancer
Male
Female
Proximal colon cancer
Distal colon cancer

No. of
1
studies

Relative risk
(95%CI)

Q -test

4
2
3
4
2
3
3
2
2
3
3

1.07 (0.95-1.19)
1.18 (0.99-1.41)
1.04 (0.80-1.34)
1.07 (0.94-1.21)
1.18 (0.98-1.43)
1.01 (0.86-1.19)
1.02 (0.90-1.17)
1.13 (0.86-1.49)
0.97 (0.67-1.40)
1.06 (0.88-1.28)
1.12 (0.87-1.45)

0.66
0.28
0.07
0.63
0.61
0.10
0.93
0.26
0.46
0.53
0.55

Garlic supplement intake

I 2 (%) Egger’s test
0.0
15.7
62.1
0.0
0.0
56.5
0.0
22.5
0.0
0.0
0.0

0.50
NA
0.55
0.23
NA
0.49
0.59
NA
NA
0.04
0.89

No. of
studies

Relative risk
(95%CI)

Q -test

I 2 (%)

Egger’s test

5
3
3
3
2
2
3
2
2
2
2

1.12 (0.96-1.31)
1.24 (0.96-1.59)
0.85 (0.64-1.11)
1.01 (0.77-1.32)
1.30 (0.91-1.85)
0.73 (0.50-1.09)
1.17 (0.74-1.83)
1.59 (0.94-2.69)
0.69 (0.32-1.48)
0.78 (0.51-1.21)
1.15 (0.43-3.12)

0.11
0.31
0.39
0.15
0.39
0.85
0.41
0.85
1.00
0.77
0.04

46.9
13.6
0.0
47.3
0.0
0.0
0.0
0.0
0.0
0.0
75.4

0.61
0.75
0.95
0.58
NA
NA
0.31
NA
NA
NA
NA

1

Data from NHS and HPFS (both conducted by Meng et al[2]. in 2013) were counted as different studies. RC: Raw and cooked.

adduct formation and angiogenesis; and (2) induce apoptosis and histone modification[6,26-29]. However, the association between garlic consumption and risk of colorectal
cancer was inconsistent in epidemiological studies. According to a systematic review conducted in 2007, 4 (1
cohort study and 3 case-control studies) of 7 studies (3
cohort studies and 4 case-control studies) reported an
inverse association. One meta-analysis of 4 case-control
studies and 2 cohort studies in 2000 concluded that high
intake of RC garlic may reduce the risk of colorectal
cancer; however, several cohort studies published in
recent years reported no protective effects of garlic consumption[7-9,23]. In addition, results of the cohort studies
included in the previous meta-analysis were updated by
recent studies[7,23]. Thus, an updated meta-analysis of currently available prospective cohort studies was performed
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in this study.
In this meta-analysis of 5 prospective studies (6 cohorts) including 335923 subjects (4610 cases), consumption of RC garlic was associated with a 7% increase in
risk of colorectal cancer, though this was not statistically
significant, while garlic supplement intake was associated with at least a 10% higher risk. Our results showed
a different association between garlic intake and risk of
colorectal cancer compared with a previous meta-analysis[5]. It is possibly because the studies summarized in the
previous meta-analysis mostly were case-control studies,
which are more susceptible to bias.
In subgroup analyses, our results suggested that RC
garlic intake was associated with a slightly higher risk of
colon cancer (7% elevated risk) compared with the risk
of rectal cancer (2% elevated risk); however, for subjects

15417

November 7, 2014|Volume 20|Issue 41|

Hu JY et al . Garlic consumption and colorectal cancer
Study ID

RR (95%CI)

Weight (%)

Colon cancer
Meng (NHS) 2013
Meng (HPFS) 2013
McCullough 2012
Sellers 1998
2
I-V (I = 0.0%, P = 0.632)

RC garlic intake

1.23 (0.92, 1.64)
1.09 (0.76, 1.58)
1.00 (0.85, 1.18)
1.16 (0.79, 1.72)
1.07 (0.94, 1.21)

18.92
11.81
58.76
10.51
100.00

Proximal colon cancer
Meng (NHS) 2013
Meng (HPFS) 2013
McCullough 2012
2
I-V (I = 0.0%, P = 0.529)

1.13
1.35
0.99
1.06

(0.78, 1.64)
(0.80, 2.28)
(0.79, 1.25)
(0.88, 1.27)

24.23
12.20
63.56
100.00

Distal colon cancer
Meng (NHS) 2013
Meng (HPFS) 2013
McCullough 2012
2
I-V (I = 0.0%, P = 0.552)

1.39 (0.88, 2.20)
1.01 (0.55, 1.86)
1.03 (0.73, 1.46)
1.12 (0.87, 1.45)

30.18
17.07
52.75
100.00

Rectal cancer
Meng (NHS) 2013
Meng (HPFS) 2013
McCullough 2012
2
I-V (I = 0.0%, P = 0.926)

1.14
1.00
1.02
1.02

5.19
14.40
80.41
100.00

0.5

1.0

Study ID

(0.64, 2.03)
(0.71, 1.42)
(0.88, 1.18)
(0.90, 1.17)

1.5
RR (95%CI)

Weight (%)

Colon cancer
Meng (NHS) 2013
Meng (HPFS) 2013
Sellers 1996
2
I-V (I = 47.3%, P = 0.150)

Garlic Supplement intake

0.72 (0.46, 1.11)
1.16 (0.75, 1.80)
1.36 (0.79, 2.35)
1.01 (0.77, 1.32)

37.52
37.98
24.50
100.00

Proximal colon cancer
Meng (NHS) 2013
Meng (HPFS) 2013
2
I-V (I = 0.0%, P = 0.773)

0.75 (0.44, 1.27)
0.86 (0.40, 1.85)
0.78 (0.51, 1.21)

67.61
32.39
100.00

Distal colon cancer
Meng (NHS) 2013
Meng (HPFS) 2013
2
D + L (I = 75.4%, P = 0.044)

0.68 (0.32, 1.48)
1.87 (1.01, 3.46)
1.16 (0.43, 3.12)

39.26
60.74
100.00

Rectal cancer
Meng (NHS) 2013
Meng (HPFS) 2013
Dorant 1996
2
I-V (I = 0.0%, P = 0.405)

0.69 (0.28, 1.71)
1.51 (0.71, 3.21)
1.28 (0.63, 2.60)
1.17 (0.74, 1.83)

24.58
35.36
40.06
100.00

0.5

1.0

1.5

Figure 3 Subgroup analyses by sites of cancer.

taking garlic supplements, a 1% higher risk of colon cancer and a 17% higher risk of rectal cancer were observed.
No associations were observed between RC garlic intake
and risk of proximal and distal colon cancer. In subjects
taking garlic supplementation, the point risk estimates for
proximal and distal colon cancer were in opposite directions, though neither were statistically significant. The
difference among risk estimates of different cancer sites
is possibly because of their different predominance in the
molecular genetic pathway[30]. Heterogeneity among different sites of colorectal cancer was also found in studies
on other vegetable and fruit intake[31,32].
Subgroup analyses by sex revealed that RC garlic in-
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take was associated with elevated risks of both colon and
rectal cancer in males, though these were not statistically
significant, while a null association was found in females.
The associations between garlic supplement intake and
risks of colon and rectal cancer were in opposite directions. A protective effect with borderline significance
was observed in females consuming garlic supplements,
but in males, the results were similar to RC garlic intake.
Previous studies suggested that women might be affected
differently by dietary factors, which may be explained, at
least partially, by the interactions of sex hormones and
nutrition[33,34]. Another possible reason for the opposite
association between RC garlic consumption and colorec-
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A

Study ID

RR (95%CI)

Weight (%)

Male
Meng (HPFS) 2013
McCullough 2012
2
I-V (I = 15.7%, P = 0.276)

RC garlic intake and risk of colorectal cancer

1.00 (0.71, 1.42)
1.25 (1.02, 1.53)
1.18 (0.99, 1.41)

25.49
74.51
100.00

Female
Meng (NHS) 2013
McCullough 2012
Sellers 1998
2
D + L (I = 62.1%, P = 0.072)

1.21 (0.94,
0.84 (0.68,
1.16 (0.79,
1.04 (0.80,

35.55
39.91
24.54
100.00

0.5

B

1.0

Study ID

RC garlic intake and risk of colon cancer

RR (95%CI)

Weight (%)

1.09 (0.76, 1.58)
1.22 (0.97, 1.52)
1.18 (0.98, 1.43)

27.36
72.64
100.00

Female
Meng (NHS) 2013
McCullough 2012
Seller 1996
2
I-V (I = 56.5%, P = 0.100)

1.23 (0.92,
0.84 (0.66,
1.16 (0.79,
1.01 (0.86,

32.85
48.91
18.24
100.00

1.0

Study ID

1.64)
1.06)
1.72)
1.19)

1.5
RR (95%CI)

Weight (%)

Male
Meng (HPFS) 2013
McCullough 2012
2
I-V (I = 22.5%, P = 0.256)

RC garlic intake and risk of rectal cancer

1.00 (0.71, 1.42)
1.39 (0.89, 2.19)
1.13 (0.86, 1.49)

62.79
37.21
100.00

Female
Meng (NHS) 2013
McCullough 2012
2
D + L (I = 0.0%, P = 0.463)

1.14 (0.64, 2.03)
0.86 (0.53, 1.39)
0.97 (0.67, 1.40)

41.10
58.90
100.00

0.5

D Study ID

1.0

1.5
RR (95%CI)

Weight (%)

Male
Meng (HPFS) 2013
McCullough 2012
Dorant 1996
2
I-V (I = 13.6%, P = 0.314)

Garlic supplement intake and risk of coloretal cancer

1.22 (0.83, 1.78)
0.94 (0.57, 1.53)
1.57 (1.01, 2.44)
1.24 (0.96, 1.59)

42.64
25.46
31.90
100.00

Female
Meng (NHS) 2013
McCullough 2012
Dorant 1996
2
I-V (I = 0.0%, P = 0.386)

0.72 (0.49, 1.07)
1.09 (0.69, 1.72)
0.77 (0.37, 1.59)
0.84 (0.64, 1.11)

49.55
36.23
14.22
100.00

0.5

E

1.5

Male
Meng (HPFS) 2013
McCullough 2012
2
I-V (I = 0.0%, P = 0.607)

0.5

C

1.57)
1.04)
1.72)
1.34)

Study ID

1.0

1.5
RR (95%CI)

Weight (%)

Male
Meng (HPFS) 2013
Dorant 1996
2
I-V (I = 0.0%, P = 0.389)

Garlic supplement intake and risk of colon cancer

1.16 (0.75, 1.80)
1.61 (0.88, 2.94)
1.30 (0.91, 1.85)

65.50
34.50
100.00

Female
Meng (NHS) 2013
Dorant 1996
2
I-V (I = 0.0%, P = 0.852)

0.72 (0.46, 1.11)
0.79 (0.33, 1.89)
0.84 (0.64, 1.11)

79.70
20.30
100.00

0.5
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1.0

1.5

15419

November 7, 2014|Volume 20|Issue 41|

Hu JY et al . Garlic consumption and colorectal cancer

F

Study ID

RR (95%CI)

Weight (%)

Male
Meng (HPFS) 2013
Dorant 1996
2
I-V (I = 0.0%, P = 0.851)

Garlic supplement intake and risk of rectal cancer

1.51 (0.71, 3.21)
1.67 (0.80, 3.48)
1.59 (0.94, 2.69)

48.70
51.30
100.00

Female
Meng (NHS) 2013
Dorant 1996
2
I-V (I = 0.0%, P = 1.000)

0.69 (0.28, 1.71)
0.69 (0.17, 2.79)
0.69 (0.32, 1.47)

70.51
29.49
100.00

RR (95%CI)

Weight (%)

0.5

G Study ID

1.0 1.5

Over garlic intake and risk of coloretal cancer

Male
Meng (HPFS) 2013
McCullough 2012
Dorant 1996
2
I-V (I = 0.0%, P = 0.382)

1.09
1.20
1.57
1.20

1.41)
1.45)
2.44)
1.38)

31.25
58.20
10.55
100.00

Female
Meng (NHS) 2013
McCullough 2012
Sellers 1998
Dorant 1996
2
I-V (I = 0.0%, P = 0.471)

1.03 (0.83, 1.28)
0.88 (0.73, 1.07)
1.16 (0.79, 1.72)
0.77 (0.37, 1.59)
0.96 (0.84, 1.10)

38.00
47.11
11.61
3.29
100.00

0.5

1.0

(0.85,
(0.99,
(1.01,
(1.04,

1.5

Figure 4 Forest plots for subgroup analyses.

tal cancer risk in males and females is that men are not
as adept at estimating garlic consumption as women (i.e.,
meals are usually prepared by women)[8].
The major strength of this meta-analysis was the collection of prospective studies with large sample sizes to
assess how garlic intake is associated with development
of colorectal cancer. Firstly, the large sample size (a total
of 335923 subjects and 4610 cases) provided sufficient
power to reveal the true relationship between garlic intake
and risk of colorectal cancer. Secondly, the prospective
design of the included studies could help to minimize the
influence of recall and selection bias[11]. Meanwhile, all
the studies met the criteria of high quality based on 9-star
NOS. High quality could reduce the influence caused by
poor study design.
There are several limitations in this meta-analysis.
Firstly, the observational nature of the data made it
subject to unmeasured or residual confounders, though
known confounding factors were adjusted in most of the
included studies. Secondly, the definition and unit of RC
garlic consumption of each category were not standardized among included studies. More specifically, the exact
consumption level of garlic in lowest and highest categories was different across studies. Thirdly, a limited dataset
was included in some of the subgroup analyses. Finally,
only studies published in English were included in this
meta-analysis. Thus, potential publication bias should be
considered, though no significant publication bias was
detected by Egger’s test.
In conclusion, compared with previous studies, the
results of this meta-analysis suggested that garlic intake
is not associated with risk of colorectal cancer when ana-
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lyzed as RC garlic or garlic supplements. Furthermore, in
females, garlic supplement intake showed a protective effect against colorectal cancer; however, in males, both RC
garlic intake and garlic supplement intake were associated
with elevated risk of colorectal cancer, although none
of the associations were statistically significant. Further
studies are warranted to confirm the results and clarify
the underlying mechanism. The sex-specific effects of
dietary factors in development of colorectal cancer are
worthy of investigation.
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Whether garlic consumption is associated with reduced risk of colorectal cancer
requires further evaluation. The previous meta-analysis suggesting a negative
association was mainly based on case-control studies, which are more prone to
bias compared with cohort studies. Furthermore, 3 cohort studies on this topic
have been published recently which were not included in the previous metaanalysis. The aim of this study was to evaluate the association between garlic
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Research frontiers

An updated meta-analysis of high-quality prospective studies was conducted to
more accurately evaluate the association between garlic and garlic supplement
consumption and risk of colorectal cancer.

Innovations and breakthroughs

In this meta-analysis, only prospective studies were included, and each study
was regarded as high quality on the basis of the 9-star Newcastle-Ottawa
Scale. The results indicated that garlic or garlic supplements were not associated with reduced risk of colorectal cancer. Additionally, a non-significant
protective effect of garlic supplement against colorectal cancer was found in
females, but the opposite was the case in males.

Applications

Dietary intervention provides an attractive way for colorectal cancer prevention.
Garlic, as a member of the Allium genus, was believed and suggested to be
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protective against a series of cancers, including colorectal cancer. It was recommended by the World Cancer Research Fund/American Institute for Cancer
Research as one of the anti-cancer foods in 2007, based on epidemiological
studies; however, this updated meta-analysis showed no protective effects of
garlic consumption against colorectal cancer. More high quality studies with
large sample sizes and well-balanced confounders are needed to draw a precise conclusion on this subject. Meanwhile, the recommendation of garlic consumption as an approach for colorectal cancer prevention should be cautious.
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Peer review

This meta-analysis is well conducted and the paper is brief and easy to read.
The topic of the meta-analysis is well defined and clinically relevant because we
need to know the environmental, particularly dietary, risk factors for the development of colorectal cancer. The number of subjects involved is over 300000.
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Abstract
AIM: to compare the safety of fast-track rehabilitation
protocols (FT) and conventional care strategies (CC),
or FT and laparoscopic surgery (LFT) and FT and open
surgery (OFT) after gastrointestinal surgery.
METHODS: We searched MEDLINE, WHO International
Trial Register, Embase and The Cochrane Central Register of Controlled Trials up to 2014 for randomized controlled trials (RCTs) comparing FT and CC or comparing
LFT and OFT, with 10 or more randomized participants
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and about 30 d follow-up. Two reviewers independently
extracted data on complications, anastomotic leak, obstruction, wound infection, re-admission between FT
and CC or LFT and OFT after gastrointestinal surgery.
RESULTS: Twenty-four RCTs of FT vs CC or LFT vs
OFT were included. Compared with CC, FT reduced
overall complications and wound infection. However,
anastomotic leak, obstruction and re-admission were
not significantly reduced. The pooled risk ratio (RR)
of 0.69 (95%CI: 0.60-0.78; P < 0.001), pooled RR of
0.71 (95%CI: 0.57-0.88; P < 0.001), pooled RR of 0.93
(95%CI: 0.68-1.25; P > 0.05), a pooled RR of 0.87
(95%CI: 0.67-1.15; P > 0.05) and pooled RR of 0.94
(95%CI: 0.73-1.22; P > 0.05) respectively. Compared
with OFT, LFT reduced complications, with a pooled RR
of 0.66 (95%CI: 0.54-0.81; P < 0.001).
CONCLUSION: FTs are safe after gastrointestinal surgery. Additional large, prospective RCTs should be conducted to establish further the safety of this approach.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Fast-track rehabilitation protocols; Laparoscopic surgery; Open surgery; Enhanced recovery;
Gastrointestinal surgery; Complications; Readmission;
Anastomotic leak; Wound infection; Obstruction
Core tip: Fast-track rehabilitation protocols (FT) after
gastrointestinal surgery have become the most fashionable method of treatment for gastrointestinal malignancy. Complications after FT for gastrointestinal resection
have been discussed in China as well as other countries.
This study clarified that compared with conventional
care strategies, FT has a low level of complications and
similar incidence of re-admission of about 1 mo.
Wang LH, Fang F, Lu CM, Wang DR, Li P, Fu P. Safety of
fast-track rehabilitation after gastrointestinal surgery: Systematic review and meta-analysis. World J Gastroenterol 2014;
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INTRODUCTION
In recent years, fast-track rehabilitation protocols (FT)
have frequently appeared in the literature. The concept
of FT was first proposed by a Danish surgeon, Kehlet,
with the intent to reduce stress, complications, and hospital stay after gastrointestinal surgery[1,2].
FT was investigated initially in the setting of elective gastrointestinal surgery, where it was shown that, by
optimizing and standardizing perioperative care, median
length of hospital stay could be reduced from 8-12 d to
2-4 d[3-5]. For the surgical treatment of gastrointestinal
malignant disease, conventional elective gastrointestinal resection is associated with a complication rate of
10%-45% and a postoperative hospital stay of 8-13 d[7-10].
It has been established that a higher rate of serious postoperative complications is associated with an excessive
response to surgical tress[11-13] and that C-reactive protein
(CRP), interleukin (IL)-6, tumor necrosis factor (TNF)-α
and resting energy expenditure (REE) may act as markers for the severity of the surgical stress response[14-19]. To
improve this problem, FT has been developed[20-22]. FT is
based on the reduction of surgical stress by various surgical and anesthetic approaches to enhance recovery.
In a prospective study investigating the value of an
accelerated recovery program in elective gastrointestinal
resection, Grantcharov and Kehlet[23] demonstrated that
a number of the principles of FT, such as avoidance of
prophylactic nasogastric tubes and abdominal drains, early
postoperative feeding, and use of multimodal analgesia,
could be applied successfully in this clinical setting without increasing postoperative morbidity[23]. The safety of
FT has been fiercely disputed. Therefore, the primary aim
of this meta-analysis was to evaluate the safety of FT vs
conventional care strategies (CC) or FT and laparoscopic
surgery (LFT) vs FT and open surgery (OFT), as measured
by the rate of complications, specifically anastomotic
leaks, wound infection, obstruction and re-admission. The
secondary aim was to understand the difficulties, limitations, or advantages of FT for gastrointestinal surgery.

MATERIALS AND METHODS
Publication search
Relevant studies were identified by searching the following
data: MEDLINE (1985 until present), WHO International Trial Register (1985 until present), Embase (1985
until present) and The Cochrane Central Register of
Controlled Trials (1985 until present). The medical subject
headings (MeSH) and keywords searched for individually
and in combination were as follows: “fast track” or “enhanced recovery” and “colorectal and surgery” or ‘‘gastric
and surgery”. The last search was done on March 1, 2014.
The search was limited to randomized controlled trials
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(RCTs) with about 30-d follow-up, but without age, sex
and weight. Reference lists from identified trials and review articles were manually scanned to identify any other
relevant studies. Internet search engines were also used to
perform a manual search for abstracts from international
meetings, which were then downloaded and studied.
Inclusion and exclusion criteria
The inclusion criteria for the study were: (1) RCTs; (2)
detailed patient information provided; and (3) to be considered FT, a rehabilitation protocol had to include at
least seven of the 20 FT items in the FT group (preoperative counseling, preoperative feeding, no premedication, no bowel preparation, fluid restriction, symbiotics
administered before surgery, no preoperative fasting but
provision of clear carbohydrate-enriched liquids until 2 h
before surgery, multi-way anesthetic techniques, high inspired oxygen concentrations, avoidance of perioperative
fluid overload, short/transverse incisions, maintenance of
body temperature, no routine use of drains, non-opioid
analgesia and nasogastric decompression tubes, standard
laxatives, early removal of bladder catheters and prokinetics, and early postoperative mobilization and feeding[6]) to
achieve early recovery after gastrointestinal surgery, with
no more than two CCs. When a study reporting the same
patient cohort was included in several publications, only
the most recent or complete study was selected.
The exclusion criteria were: (1) case reports; (2) articles that were not full text or were non-comparative studies; (3) more than two CCs were included; and (4) the FT
included no more than seven of the 20 FT items.
Study selection
RCTs met the inclusion criteria if they involved the FT
for gastrointestinal malignant disease in adult patients and
used CCs for control. Both full-length publications and
abstracts were selected. Letters, reviews without original data and animal studies were excluded. If any doubt
about suitability remained after the abstract was examined, the full manuscript was obtained.
Data extraction
All included studies were assessed for the quality of
their methodology and relevance to the objective of our
meta-analysis. Conduct and reporting were in accordance
with the QUOROM statement. Data on complications
(anastomotic leak, wound infection, obstruction) and readmission from each trial were extracted and compared
independently by the two investigators.
Assessment of risk of bias
To identify potential sources of bias in the reported
events, we followed the Cochrane Collaboration’s risk of
bias framework[24] and considered for each trial the following risk domains: (1) selection bias (random sequence
generation and allocation concealment); (2) performance
bias (blinding of participants and study investigators for
the outcomes of interest); (3) detection bias (blinding of
outcome assessors); (4) attrition bias (incomplete out-
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Records identified through
database searching (439)

Additional records identified
through other sources (0)

Records after duplicates removed
(318)

Records screened
(318)

Full-text articles assessed for
eligibility (30)

Studies included in qualitative
synthesis (6)

Records excluded (288)
91 reviews
23 case reports
14 animal studies
160 do not meet the inclusion criteria

Full-text articles excluded (24)
9 not randomized controlled trial.
4 not in English
6 other publication from same trial
5 no date extractable

Studies included in quantitative synthesis
(meta-analysis) (6)

Figure 1 Selection of studies.

come data); and (5) reporting bias (selective outcome reporting). Risk of bias for each domain was categorized as
low, unclear, or high. This information was used to make
judgments about the overall risk of bias for each trial. We
followed the Cochrane Collaboration’s recommendation
to make judgments on the basis of whether the ranking
of the level of bias across domains could have led to any
material bias on the outcomes of interests and, where applicable, what the direction of the bias would likely be[24].
Statistical analysis
Statistical analysis was conducted using Review Manager
version 5.0.0 (Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark). Pooled risk ratios
(RRs) with 95% confidence intervals (CIs) were used to
assess complications (anastomotic leaks, wound infection,
and obstruction) and re-admission. Statistical heterogeneity was assessed with a χ 2 test, for which P < 0.1 was considered statistically significant. The I2 statistic was used to
assess the impact of heterogeneity on the meta-analysis.
If the test of heterogeneity was statistically significant,
then the random-effects model was used; otherwise, a
fixed-effects model was used. Two-sided P values < 0.05
were considered statistically significant. Funnel plots and
Egger’s test were used to evaluate publication bias.

RESULTS
Search results
Five hundred and ninety-six references were identified
from the medical journal databases. On examination of
the abstracts, 485 articles were rejected based on the criteria outlined in Figure 1. Assessment of the complete
text of the 87 remaining articles led to the elimination of
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25 papers that contained no data pertaining to the outcome of LFT for colorectal resection, and 24 that were
not RCTs. Nine had fewer than seven items of FT, 12
papers were of animal studies, and 17 papers explained
the effect of analgesia. The remaining 24 nonduplicated
RCTs that compared FT with CC were included in the
meta-analysis.
Characteristics of the selected[2,25-47]
RCTs
Characteristics of the 24 RCTs
included in the metaanalysis are summarized in Table 1. The bias of included
studies was low (Table 2). These studies were published
between 1985 and 2013 and investigated a total of 3365
patients, 2093 of whom received an FT and 1272 of
whom received a CC. Nineteen of the studies compared
FT and CC for colorectal resection (2538 patients), 15
of the studies compared OFT and OCC for colorectal
resection (1690 patients), eight of the studies compared
LFT and LCC for colorectal resection (774 patients), and
nine of the studies compared LFT and OFT
for colorec[38,48]
tal resection (827 patients). Two studies
published by
the same team from the same institute within the same
study interval were regarded as one trial, but both studies
were included and shared the same study number because
some separately published data were complementary.
Meta-analysis results
Complications: Compared with CC, FT reduced complications. The pooled RR was 0.69 (95%CI: 0.60-0.78;
P < 0.001), χ 2 = 95.37 (P < 0.001) and I2 = 57% (Figure
2A, table 3).
Nineteen studies (2538 patients) provided data on
complications for FT vs CC; 26.7% (338/1266 patients)
had complications in the FT group and 36.4% (463/1272)
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Table 1 Main characteristics of the 24 included studies
Ref.

Way

Ionescu et al[25]
Ren et al[26]
Yang et al[27]
Hübner et al[28]
Wang et al[29]
Vlug et al[30]
van Bree et al[31]
Veenhof et al[32]
Serclová et al[33]
Muller et al[34]
Wang et al[35]
Wang et al[36]
King et al[38]
Faiz et al[37]
Srinivasa et al[39]
Basse et al[40]
MacKay et al[41]
García-Botello et al[42]
Anderson et al[43]
Gatt et al[44]
Khooet al[2]
Wang et al[45]
Chen Hu et al[46]
Lemanu et al[47]

Year

Open
Open
Open
Open
Open
Open
Lap
Lap
Lap/open
Lap/open
Lap/open
Lap/open
Lap/open
Lap/open
Lap/open
Lap/open
Lap/open
Lap/open
Open
Open
Open
Open
Lap/open
Lap

2009
2012
2012
2010
2012
2011
2011
2012
2009
2009
2011
2011
2008
2008
2013
2005
2006
2011
2003
2005
2007
2010
2012
2012

No.

Age (yr)

Sex (M:F)

FT

CC

FT

CC

FT

CC

48
299
32
36
41
93
18
17
51
76
40
106
41
191
37
30
22
61
14
19
35
47
40
40

48
298
30
31
42
98
18
20
52
75
38
104
19
50
37
30
58
58
11
20
35
45
42
38

60.94 ± 9.9
59
57.2 ± 11.70
60
57.2 ± 18.1
66 ± 10.3
64 ± 10.1
65
35.1 ± 11.0
62
71
57
72.3
67.9 ± 14.1
69 ± 16
75.5
72
62
64
67
69.3
58.76 ± 9.66
59/64
43.5

63.1 ± 12.19
61
59.5 ± 12.10
61
55.4 ± 16.8
66 ± 7.1
66 ± 6.9
68
37.6 ± 12.5
59
72
55
70.4
66.3 ± 13.7
72 ± 12
75
73.2
60
68
67
73
56.87 ± 9.16
62.5/64.5
43.9

30:18
178:121
20:12
18:18
24:17
54:39
11:7
9:8
20:31
37:39
22:18
65:41
23:18
20:30
19:18
14:16
12:10
40:21
6:86
14:6
12:23
32:133
19:21
13:27

31:17
190:108
22:8
17:14
25:17
59:39
11:7
14:6
32:20
40:35
20:18
60:44
8:11
98:93
22:15
14:16
25:33
32:26
5:6
9:109
15:20
29:18
22:20
10:28

Lap: Laparoscopy.

Table 2 Risk-of-bias assessment of the randomized controlled trials
Ref.
Ionescu et al[25]
Ren et et al[26]
Yang et al[27]
Hübner et al[28]
Wang et al[29]
Vlug et al[30]
van et al[31]
Veenhof et al[32]
Serclová et al[33]
Muller et al[34]
Wang et al[35]
Wang et al[36]
King et al[38]
Faiz et al[37]
Srinivasa et al[39]
Basse et al[40]
MacKay et al[41]
García-Botello et al[42]
Anderson et al[43]
Gatt et al[44]
Khoo et al[2]
Wang et al[45]
Chen Hu et al[46]
Lemanu et al[47]

Selection bias

Performance bias

Detection bias

Attrition bias

Reporting

Overall risk of bias

Low
Low
Low
Low
Low
Unclear
Low
Low
Low
Low
Unclear
Unclear
Low
Low
Low
Unclear
Low
Low
Low
Low
Low
Low
Low
Low

Low
Unclear
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Unclear
Low
Low
Low
Low
Unclear
Low
Low
Low
Low

Low
Low
Low
Low
Low
Low
Low
Unclear
Low
Low
Low
Low
Unclear
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Low
Low
Unclear
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Low
Low
Low
Low
Unclear
Low
Unclear
Low
Unclear
Unclear
Low
Low
Low
Unclear
Low
Low
Low
Unclear
Low
Low
Low
Low
Low
Unclear

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low

Selection bias is based on random sequence generation and allocation concealment; performance bias includes blinding of participants and study
investigators for the outcomes of interest; detection bias includes blinding of outcome assessors; attrition bias indicates systematic loss of participants in one
arm, which could lead to missing outcome data for that trial arm over the other trial arm; and reporting bias includes the possibility of selective outcome
reporting. Selection bias is a feature of the trial design. Performance and detection bias are overall low given that most data were collected without any
prior knowledge of the investigators of the tested hypothesis in this study at the time of event collection. All analyses in this report are based on intentionto-treat and we further mitigated the possible effect of any attrition bias and reporting bias at individual trial level by collection of additional unpublished
data.
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Table 3 Risk ratio and 95%CI of complications for FT vs CC during colorectal surgery in all of the patients
Outcome or subgroup
1.1 Complication
1.1.1 FT vs CC
1.1.2 OFT vs OCC
1.1.3 LFT vs LCC
1.1.4 LFT vs OFT
1.2 Anastomotic leak
1.2.1 FT vs CC
1.2.2 OFT vs OCC
1.2.3 LFT vs LCC
1.2.4 LFT vs OFT
1.3 obstruction
1.3.1 FT vs CC
1.3.2 OFT vs OCC
1.3.3 LFT vs LCC
1.3.4 LFT vs OFT
1.4 Wound infection
1.4.1 FT vs CC
1.4.2 OFT vs OCC
1.4.3 LFT vs LCC
1.4.4 LFT vs OFT
1.5 re-admission
1.5.1 FT vs CC
1.5.2 OFT vs OCC
1.5.3 LFT vs LCC
1.5.4 LFT vs OFT

Studies
(n )

Participants
(n )

Effect estimate
RR (95%CI)

I2

19
15
8
8

2538
1690
774
586

0.67 (0.56, 0.82)
0.73 (0.58, 0.93)
0.58 (0.38, 0.88)
0.72 (0.56, 0.92)

58%
57%
62%
24%

11
9
5
6

1939
1364
575
626

0.92 (0.60, 1.43)
0.90 (0.53, 1.53)
0.98 (0.48, 2.01)
0.83 (0.40, 1.73)

0%
0%
0%
0%

0.96
0.90
0.60
0.78

9
7
4
3

1698
1160
539
295

0.87 (0.59, 1.29)
0.97 (0.62, 1.52)
0.67 (0.32, 1.42)
1.23 (0.51, 3.00)

0%
0%
0%
0%

0.96
1.00
0.62
0.40

14
12
5
4

2133
1461
539
329

0.72 (0.52, 0.97)
0.72 (0.51, 1.02)
0.64 (0.32, 1.26)
0.51 (0.26, 1.01)

10%
28%
0%
35%

0.34
0.18
0.91
0.20

11
8
5
6

1468
781
613
671

0.99 (0.71, 1.39)
1.07 (0.60, 1.91)
0.74 (0.43, 1.28)
0.45 (0.29, 0.71)

0%
0%
0%
14%

0.80
0.85
0.82
0.32

in the CC group. Pooling the results indicated that FT
significantly reduced complications compared with CC.
The weighted mean difference (WMD) was 0.67 (95%CI:
0.56-0.82, P < 0.001), χ 2 = 42.76 (P = 0.0009) and I2 =
58%, indicating heterogeneity among the studies.
Fifteen studies (1690 patients) provided data on complications for OFT vs OCC; 25% (211/847 patients) had
complications in the OFT group and 32.6% (275/843) in
the OCC group. Pooling the results indicated that OFT
significantly reduce complications compared with OCC.
The WMD was 0.73 (95%CI: 0.58-0.93; P < 0.05), χ 2 =
32.76 (P = 0.003) and I2 = 57%, indicating heterogeneity
among the studies.
Eight studies (774 patients) provided data on complications for LFT vs LCC; 26.5% (101/382 patients) had
complications in the LFT group and 34% (133/392) in
the LCC group. Pooling the results indicated that LFT
significantly reduce complications compared with LCC.
The WMD was 0.58 (95%CI: 0.38-0.88; P < 0.05), χ 2 =
18.33 (P = 0.01) and I2 = 62%, indicating heterogeneity
among the studies.
Eight studies (586 patients) provided data on complications for LFT vs OFT; 23.9% (69/289 patients) had
complications in the LFT group and 33% (98/297) in the
OFT group. Pooling the results indicated that LFT significantly reduce complications compared with OFT. The
WMD was 0.72 (95%CI: 0.56-0.92; P < 0.05), χ 2 = 9.16
(P = 0.01) and I2 = 24%, which excludes heterogeneity
among the studies.
Anastomotic leak: Compared with CC, FT reduced
anastomotic leaks. The pooled RR was 0.93 (95%CI:

WJG|www.wjgnet.com

heterogeneity

P value
0.0009
0.003
0.01
0.24

0.68-1.25; P > 0.05), χ 2 = 9.95 (P = 0.99) and I2 = 0%
(Figure 2B, table 3).
Eleven studies (1939 patients) provided data on anastomotic leaks for FT vs CC; 3.7% (36/966 patients) had
anastomotic leaks in the FT group and 4.1% (40/973) in
the CC group. Pooling the results indicated that FT did
not significantly reduce anastomotic leaks compared with
CC. The WMD was 0.92 (95%CI: 0.60-1.43, P > 0.05), χ 2
= 3.68 (P = 0.96) and I2 = 0%, which excludes heterogeneity among the studies.
Nine studies (1364 patients) provided data on anastomotic leaks for OFT vs OCC; 3.4% (23/683 patients) had
complications in the OFT group and 3.8% (26/681) in
the OCC group. Pooling the results indicated that OFT
did not significantly reduce anastomotic leaks compared
with OCC. The WMD was 0.90 (95%CI: 0.53-1.53, P >
0.05), χ 2 = 3.44 (P = 0.90) and I2 = 0%, which excludes
heterogeneity among the studies.
Five studies (575 patients) provided data on anastomotic leaks for LFT vs LCC; 4.6% (13/283 patients) had
anastomotic leaks in the LFT group and 4.8% (14/292)
in the LCC group. Pooling the results indicated that LFT
did not significantly reduce anastomotic leaks compared
with LCC. The WMD was 0.98 (95%CI: 0.48-2.01, P >
0.05), χ 2 = 2.73 (P = 0.60) and I2 = 0%, which excludes
heterogeneity among the studies.
Six studies (626 patients) provided data on anastomotic leaks for LFT vs OFT; 3.8% (15/399 patients) had
anastomotic leaks in the LFT group and 5.3% (12/227)
in the OFT group. Pooling the results indicated that LFT
significantly reduce anastomotic leaks compared with
OFT. The WMD was 0.83 (95%CI: 0.40-1.73, P > 0.05),

15427

November 7, 2014|Volume 20|Issue 41|

Li P et al . Fast-track rehabilitation for gastrointestinal malignancy

A

FT
Study or subgroup

Events

CC
Total

Events

Total

Weight

Risk ratio

Risk ratio

M-H, random, 95%CI

M-H, random, 95%CI

1.1.1 FT vs CC
Anderson 2003
5
14
6
11
1.6%
0.65 (0.27, 1.59)
Gatt 2005
9
19
15
20
2.9%
0.63 (0.37, 1.08)
Chen Hu 2012
14
40
26
42
3.2%
0.57 (0.35, 0.92)
Hübner 2010
8
36
14
31
2.1%
0.49 (0.24, 1.01)
Lonescu 2009
6
48
11
48
1.5%
0.55 (0.22, 1.36)
Khoo 2007
9
35
16
35
2.3%
0.56 (0.29, 1.10)
Lemanu 2012
10
40
8
38
1.8%
1.19 (0.52, 2.69)
Muller 2009
16
76
37
75
3.2%
0.43 (0.26, 0.70)
Ren 2012
29
299
28
298
3.2%
1.03 (0.63, 1.69)
Serclova 2009
11
51
25
52
2.6%
0.45 (0.25, 0.81)
Srinivasa 2013
26
37
27
37
4.5%
0.96 (0.72, 1.28)
van Bree 2011
13
36
19
36
2.9%
0.68 (0.40, 1.17)
Veenhof 2012
10
36
17
43
2.4%
0.70 (0.37, 1.34)
Vlug 2011
125
193
132
207
5.3%
1.02 (0.88, 1.18)
Wang 2010
9
47
7
45
1.6%
1.23 (0.50, 3.03)
Wang 2011
20
106
39
104
3.3%
0.50 (0.32, 0.80)
Wang 2012
10
81
16
82
2.1%
0.63 (0.31, 1.31)
Wang 2011
2
40
8
38
0.7%
0.24 (0.05, 1.05)
Yang 2012
6
32
12
30
1.7%
0.47 (0.20, 1.09)
Subtotal (95%CI)
1266
1272
48.9%
0.67 (0.56, 0.82)
Total events
338
463
2
2
2
Heterogeneity: Tau = 0.08, χ = 42.76, df = 18 (P = 0.0009); I = 58%
Test for overall effect: Z = 4.05 (P < 0.0001)
1.1.2 OFT vs OCC
Anderson 2003
5
14
6
11
1.6%
Gatt 2005
9
19
15
20
2.9%
Chen Hu 2012
7
21
12
20
2.2%
Hübner 2010
8
36
14
31
2.1%
Lonescu 2009
6
48
11
48
1.5%
Khoo 2007
9
35
16
35
2.3%
Muller 2009
16
76
37
75
3.2%
Ren 2012
29
299
28
298
3.2%
Serclova 2009
11
51
25
52
2.6%
van Bree 2011
10
18
8
18
2.3%
Veenhof 2012
8
17
8
20
2.1%
Vlug 2011
71
93
72
98
5.2%
Wang 2010
9
47
7
45
1.6%
Wang 2012
7
41
12
42
1.8%
Yang 2012
6
32
4
30
1.1%
Subtotal (95%CI)
847
843
35.5%
Total events
211
275
2
2
2
Heterogeneity: Tau = 0.11, χ = 32.76, df = 14 (P = 0.003); I = 57%
Test for overall effect: Z = 2.56 (P = 0.01)
1.1.3 LFT vs LCC
Chen Hu 2012
7
19
14
Lemanu 2012
10
40
8
van Bree 2011
3
18
11
Veenhof 2012
2
19
9
Vlug 2011
54
100
60
Wang 2011
20
106
39
Wang 2012
3
40
6
Wang 2011
2
40
8
Subtotal (95%CI)
382
Total events
101
155
2
2
Heterogeneity: Tau = 0.18, χ = 18.33, df = 7
Test for overall effect: Z = 2.53 (P = 0.01)

22
38
18
23
109
104
40
38
392

2.3%
1.8%
1.2%
0.8%
4.7%
3.3%
0.9%
0.7%
15.6%

0.65 (0.27, 1.59)
0.63 (0.37, 1.08)
0.56 (0.28, 1.12)
0.49 (0.24, 1.01)
0.55 (0.22, 1.36)
0.56 (0.29, 1.10)
0.43 (0.26, 0.70)
1.03 (0.63, 1.69)
0.45 (0.25, 0.81)
1.25 (0.65, 2.42)
1.18 (0.56, 2.46)
1.04 (0.88, 1.22)
1.23 (0.50, 3.03)
0.60 (0.26, 1.37)
1.41 (0.44, 4.50)
0.73 (0.58, 0.93)

0.58 (0.30, 1.13)
1.19 (0.52, 2.69)
0.27 (0.09, 0.82)
0.27 (0.07, 1.10)
0.98 (0.77, 1.26)
0.50 (0.32, 0.80)
0.50 (0.13, 1.86)
0.24 (0.05, 1.05)
0.58 (0.38, 0.88)

2

(P = 0.01); I = 62%

Total (95%CI)
2495
2507 100.0%
0.69 (0.60, 0.78)
Total events
650
893
2
2
2
Heterogeneity: Tau = 0.08, χ = 95.37, df = 41 (P < 0.00001); I = 57%
0.2
Test for overall effect: Z = 5.57 (P < 0.00001)
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B

FT
Study or subgroup

Events

CC
Total

Events

Total

Weight

1.2.1 FT vs CC
García-Botello 2011
4
61
6
58
7.5%
Hübner 2010
0
36
1
31
2.0%
Lonescu 2009
1
48
1
48
1.2%
Khoo 2007
1
35
3
35
3.7%
Lemanu 2012
2
40
2
38
2.5%
Muller 2009
1
76
2
75
2.5%
Ren 2012
5
299
5
298
6.1%
van Bree 2011
1
36
1
36
1.2%
Veenhof 2012
2
36
4
43
4.5%
Vlug 2011
15
193
13
207
15.4%
Wang 2011
4
106
2
104
2.5%
Subtotal (95%CI)
966
973
49.1%
Total events
36
40
2
2
Heterogeneity: χ = 3.68, df = 10 (P = 0.96); I = 0%
Test for overall effect: Z = 0.36 (P = 0.72)
1.2.2 OFT vs OCC
García-Botello 2011
4
61
6
58
Hübner 2010
0
36
1
31
Lonescu 2009
1
48
1
48
Khoo 2007
1
35
3
35
Muller 2009
1
76
2
75
Ren 2012
5
299
5
298
van Bree 2011
1
18
0
18
Veenhof 2012
2
17
1
20
Vlug 2011
8
93
7
98
Subtotal (95%CI)
683
681
Total events
23
26
2
2
Heterogeneity: χ = 3.44, df = 8 (P = 0.90); I = 0%
Test for overall effect: Z = 0.40 (P = 0.69)
1.2.3 LFT vs LCC
Lemanu 2012
2
40
2
van Bree 2011
0
18
1
Veenhof 2012
0
19
3
Vlug 2011
7
100
6
Wang 2011
4
106
2
Subtotal (95%CI)
283
Total events
13
14
2
2
Heterogeneity: χ = 2.73, df = 4 (P = 0.60); I
Test for overall effect: Z = 0.05 (P = 0.96)

38
18
23
109
104
292

Risk ratio
M-H, fixed, 95%CI

0.63 (0.19, 2.13)
0.29 (0.01, 6.83)
1.00 (0.06, 15.53)
0.33 (0.04, 3.05)
0.95 (0.14, 6.41)
0.49 (0.05, 5.33)
1.00 (0.29, 3.41)
1.00 (0.07, 15.38)
0.60 (0.12, 3.07)
1.24 (0.60, 2.53)
1.96 (0.37, 10.48)
0.92 (0.60, 1.43)

7.5%
2.0%
1.2%
3.7%
2.5%
6.1%
0.6%
1.1%
8.4%
33.1%

0.63 (0.19, 2.13)
0.29 (0.01, 6.83)
1.00 (0.06, 15.53)
0.33 (0.04, 3.05)
0.49 (0.05, 5.33)
1.00 (0.29, 3.41)
3.00 (0.13, 69.09)
2.35 (0.23, 23.75)
1.20 (0.45, 3.19)
0.90 (0.53, 1.53)

2.5%
1.8%
3.9%
7.0%
2.5%
17.8%

0.95 (0.14, 6.41)
0.33 (0.01, 7.68)
0.17 (0.01, 3.13)
1.27 (0.44, 3.66)
1.96 (0.37, 10.48)
0.98 (0.48, 2.01)

= 0%

Total (95%CI)
1932
1946 100.0%
Total events
72
80
2
2
Heterogeneity: χ = 9.95, df = 24 (P = 0.99); I = 0%
Test for overall effect: Z = 0.50 (P = 0.62)
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C

FT
Study or subgroup

Events

CC
Total

Events

1.3.1 FT vs CC
Anderson 2003
1
14
1
García-Botello 2011
12
61
11
Gatt 2005
3
19
3
Muller 2009
3
76
4
Ren 2012
6
299
7
Veenhof 2012
4
36
4
Vlug 2011
12
193
13
Wang 2011
2
106
5
Wang 2011
0
40
2
Subtotal (95%CI)
844
Total events
43
50
2
2
Heterogeneity: χ = 2.58, df = 8 (P = 0.96); I
Test for overall effect: Z = 0.68 (P = 0.50)
1.3.2 OFT vs OCC
Anderson 2003
1
14
1
García-Botello 2011
12
61
11
Gatt 2005
3
19
3
Muller 2009
3
76
4
Ren 2012
6
299
7
Veenhof 2012
3
17
3
Vlug 2011
5
93
5
Subtotal (95%CI)
579
Total events
33
34
2
2
Heterogeneity: χ = 0.33, df = 6 (P = 1.00); I
Test for overall effect: Z = 0.13 (P = 0.90)
1.3.3 LFT vs LCC
Veenhof 2012
1
19
1
Vlug 2011
7
100
8
Wang 2011
2
106
5
Wang 2011
0
40
2
Subtotal (95%CI)
265
Total events
10
16
2
2
Heterogeneity: χ = 1.78, df = 3 (P = 0.62); I
Test for overall effect: Z = 1.04 (P = 0.30)

Risk ratio

Risk ratio

Total

Weight

M-H, fixed, 95%CI

M-H, fixed, 95%CI

11
58
20
75
298
43
207
104
38
854

1.1%
11.2%
2.9%
4.0%
7.0%
3.6%
12.5%
5.0%
2.6%
50.0%

0.79 (0.06, 11.20)
1.04 (0.50, 2.16)
1.05 (0.24, 4.59)
0.74 (0.17, 3.20)
0.85 (0.29, 2.51)
1.19 (0.32, 4.44)
0.99 (0.46, 2.12)
0.39 (0.08, 1.98)
0.19 (0.01, 3.84)
0.87 (0.59, 1.29)

1.1%
11.2%
2.9%
4.0%
7.0%
2.7%
4.9%
33.9%

0.79 (0.06, 11.20)
1.04 (0.50, 2.16)
1.05 (0.24, 4.59)
0.74 (0.17, 3.20)
0.86 (0.29, 2.52)
1.18 (0.27, 5.09)
1.05 (0.32, 3.52)
0.97 (0.62, 1.52)

0.9%
7.6%
5.0%
2.6%
16.1%

1.21 (0.08, 18.09)
0.95 (0.36, 2.53)
0.39 (0.08, 1.98)
0.19 (0.01, 3.84)
0.67 (0.32, 1.42)

= 0%

11
58
20
75
299
20
98
581
= 0%

23
109
104
38
274
= 0%

Total (95%CI)
1688
1709 100.0%
Total events
86
100
2
2
Heterogeneity: χ = 5.17, df = 19 (P = 1.00); I = 0%
Test for overall effect: Z = 0.96 (P = 0.34)
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D

FT

Study or subgroup

Events

CC
Total

Events

Total

Weight

1.4.1 FT vs CC
Anderson 2003
1
14
0
11
0.3%
García-Botello 2011
9
61
12
58
7.1%
Gatt 2005
0
19
4
20
2.5%
Hu 2012
1
40
4
42
2.2%
Lonescu 2009
4
48
5
48
2.9%
Muller 2009
4
76
7
75
4.0%
Ren 2012
5
299
5
298
2.9%
Serclova 2009
4
51
17
52
9.6%
Veenhof 2012
3
36
2
43
1.0%
Vlug 2011
22
193
18
207 10.0%
Wang 2010
2
47
1
45
0.6%
Wang 2011
4
106
7
104
4.0%
Wang 2011
1
40
3
38
1.8%
Yang 2012
1
32
2
30
1.2%
Subtotal (95%CI)
1062
1071
50.1%
Total events
61
87
2
2
Heterogeneity: χ = 14.43, df = 13 (P = 0.34); I = 10%
Test for overall effect: Z = 2.13 (P = 0.03)
1.4.2 OFT vs OCC
Anderson 2003
1
14
0
11
0.3%
García-Botello 2011
9
61
12
58
7.1%
Gatt 2005
0
19
4
20
2.5%
Hu 2012
1
21
3
20
1.8%
Lonescu 2009
4
48
5
48
2.9%
Muller 2009
4
76
7
75
4.0%
Ren 2012
5
299
5
298
2.9%
Serclova 2009
4
51
17
52
9.6%
Veenhof 2012
2
17
1
20
0.5%
Vlug 2011
16
93
10
98
5.6%
Wang 2010
0
0
0
0
Yang 2012
1
32
2
30
1.2%
Subtotal (95%CI)
731
730
38.4%
Total events
47
66
2
2
Heterogeneity: χ = 13.87, df = 10 (P = 0.18); I = 28%
Test for overall effect: Z = 1.85 (P = 0.06)
1.4.3 LFT vs LCC
Chen Hu 2012
0
19
1
Veenhof 2012
1
19
1
Vlug 2011
6
100
8
Wang 2011
4
106
7
Wang 2011
1
40
3
Subtotal (95%CI)
284
Total events
12
20
2
2
Heterogeneity: χ = 0.97, df = 4 (P = 0.91); I
Test for overall effect: Z = 1.29 (P = 0.20)

22
23
109
104
38
296

0.8%
0.5%
4.4%
4.0%
1.8%
11.5%

Risk ratio
M-H, fixed, 95%CI

2.40 (0.11, 53.77)
0.71 (0.32, 1.56)
0.12 (0.01, 2.03)
0.26 (0.03, 2.25)
0.80 (0.23, 2.80)
0.56 (0.17, 1.85)
1.00 (0.29, 3.41)
0.24 (0.09, 0.66)
1.79 (0.32, 10.14)
1.31 (0.73, 2.37)
1.91 (0.18, 20.39)
0.56 (0.17, 1.86)
0.32 (0.03, 2.91)
0.47 (0.04, 4.91)
0.72 (0.52, 0.97)

2.40 (0.11, 53.77)
0.71 (0.32, 1.56)
0.12 (0.01, 2.03)
0.32 (0.04, 2.80)
0.80 (0.23, 2.80)
0.56 (0.17, 1.85)
1.00 (0.29, 3.41)
0.24 (0.09, 0.66)
2.35 (0.23, 23.75)
1.69 (0.81, 3.52)
Not estimable
0.47 (0.04, 4.91)
0.72 (0.51, 1.02)

0.38 (0.02, 8.89)
1.21 (0.08, 18.09)
0.82 (0.29, 2.27)
0.56 (0.17, 1.86)
0.32 (0.03, 2.91)
0.64 (0.32, 1.26)

= 0%

Total (95%CI)
2077
2097 100.0%
Total events
120
173
2
2
Heterogeneity: χ = 29.43, df = 29 (P = 0.44); I = 1%
Test for overall effect: Z = 3.09 (P = 0.002)
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Risk ratio
M-H, fixed, 95%CI

0.71 (0.57, 0.88)
0.1
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E

FT
Study or subgroup

Events

CC
Total

Events

Total

Weight

1.5.1 FT vs CC
García-Botello 2011
3
61
2
58
1.9%
Gatt 2005
1
19
4
20
3.7%
Khoo 2007
3
35
1
35
0.9%
Lemanu 2012
8
40
8
38
7.7%
Muller 2009
3
76
2
75
1.9%
Srinivasa 2013
9
37
4
37
3.8%
van Bree 2011
9
36
12
36
11.3%
Vlug 2011
13
193
14
207
12.7%
Wang 2010
1
47
1
45
1.0%
Wang 2011
4
106
6
104
5.7%
Yang 2012
4
81
5
82
4.7%
Subtotal (95%CI)
731
737
55.2%
Total events
58
59
2
2
Heterogeneity: χ = 6.15, df = 10 (P = 0.08); I = 10%
Test for overall effect: Z = 0.06 (P = 0.95)
1.5.2 OFT vs OCC
García-Botello 2011
3
61
2
58
Gatt 2005
1
19
4
20
Khoo 2007
3
35
1
35
Muller 2009
3
76
2
75
van Bree 2011
1
18
2
18
Vlug 2011
7
93
7
98
Wang 2010
1
47
1
45
Wang 2012
3
41
2
42
Subtotal (95%CI)
390
391
Total events
22
21
2
2
Heterogeneity: χ = 3.37, df = 7 (P = 0.85); I = 0%
Test for overall effect: Z = 0.21 (P = 0.83)
1.5.3 LFT vs LCC
Lemanu 2012
8
40
8
van Bree 2011
1
18
3
Vlug 2011
6
100
7
Wang 2011
4
106
6
Wang 2012
1
40
3
Subtotal (95%CI)
304
Total events
20
27
2
2
Heterogeneity: χ = 1.55, df = 4 (P = 0.82); I
Test for overall effect: Z = 1.07 (P = 0.29)

38
18
109
104
40
309

Risk ratio
M-H, fixed, 95%CI

1.43 (0.25, 8.23)
0.26 (0.03, 2.15)
3.00 (0.33, 27.46)
0.95 (0.40, 2.28)
1.48 (0.25, 8.61)
2.25 (0.76, 6.67)
0.75 (0.36, 1.56)
1.00 (0.48, 2.06)
0.96 (0.06, 14.85)
0.65 (0.19, 2.25)
0.81 (0.23, 2.91)
0.99 (0.71, 1.39)

1.9%
3.7%
0.9%
1.9%
1.9%
6.4%
1.0%
1.9%
19.5%

1.43 (0.25, 8.23)
0.26 (0.03, 2.15)
3.00 (0.33, 27.46)
1.48 (0.25, 8.61)
0.50 (0.05, 5.04)
1.05 (0.38, 2.89)
0.96 (0.06, 14.85)
1.54 (0.27, 8.73)
1.07 (0.60, 1.91)

7.7%
2.8%
6.3%
5.7%
2.8%
25.3%

0.95 (0.40,
0.33 (0.04,
0.93 (0.32,
0.65 (0.19,
0.33 (0.04,
0.74 (0.43,

2.28)
2.91)
2.69)
2.25)
3.07)
1.28)

= 0%

Total (95%CI)
1425
1437 100.0%
Total events
100
107
2
2
Heterogeneity: χ = 11.83, df = 23 (P = 0.97); I = 0%
Test for overall effect: Z = 0.45 (P = 0.65)
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Risk ratio
M-H, fixed, 95%CI

0.94 (0.73, 1.22)
0.1
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F

FT
Study or subgroup

Events

CC
Total

Events

Total

Weight

4.1.1 complications
Basse 2005
9
30
8
30
4.3%
Chen Hu 2012
7
19
7
21
3.6%
King 2008
6
41
5
19
3.7%
Mackay 2006
6
22
13
58
3.9%
van Bree 2011
3
18
10
18
5.4%
Veenhof 2012
2
19
8
17
4.6%
Vlug 2011
34
100
43
93
24.1%
Wang 2012
2
40
4
41
2.1%
Subtotal (95%CI)
289
297
51.7%
Total events
69
98
2
2
Heterogeneity: χ = 9.16, df = 7 (P = 0.24); I = 24%
Test for overall effect: Z = 2.57 (P = 0.01)
4.1.2 anastomotic leak
Basse 2005
1
30
0
30
Faiz 2008
6
191
1
50
King 2008
1
41
0
19
van Bree 2011
0
18
1
18
Veenhof 2012
0
19
2
17
Vlug 2011
7
100
8
93
Subtotal (95%CI)
399
227
Total events
15
12
2
2
Heterogeneity: χ = 2.45, df = 5 (P = 0.78); I = 0%
Test for overall effect: Z = 0.48 (P = 0.63)

0.3%
0.9%
0.4%
0.8%
1.4%
4.5%
8.2%

4.1.3 wound infection
Basse 2005
4
30
1
30
0.5%
Chen Hu 2012
0
19
2
21
1.3%
Veenhof 2012
1
19
2
17
1.1%
Vlug 2011
6
100
16
93
9.0%
Subtotal (95%CI)
168
161
11.9%
Total events
11
21
2
2
Heterogeneity: χ = 4.60, df = 3 (P = 0.20); I = 35%
Test for overall effect: Z = 1.93 (P = 0.05)
4.1.4 obstruction
Basse 2005
2
30
0
30
Veenhof 2012
1
19
3
23
Vlug 2011
7
100
5
93
Subtotal (95%CI)
149
146
Total events
10
8
2
2
Heterogeneity: χ = 1.86, df = 2 (P = 0.40); I = 0%
Test for overall effect: Z = 0.46 (P = 0.65)

0.3%
1.5%
2.8%
4.5%

4.1.5 re-admission
Basse 2005
6
30
8
30
4.3%
Faiz 2008
11
191
11
50
9.4%
King 2008
2
41
5
19
3.7%
van Bree 2011
1
18
1
18
0.5%
Vlug 2011
6
100
7
93
3.9%
Wang 2012
1
40
3
41
1.6%
Subtotal (95%CI)
420
251
23.5%
Total events
27
35
2
2
Heterogeneity: χ = 5.83, df = 5 (P = 0.32); I = 14%
Test for overall effect: Z = 3.41 (P = 0.0007)
Total (95%CI)
1425
1082 100.0%
Total events
132
174
2
2
Heterogeneity: χ = 30.19, df = 26 (P = 0.26); I = 14%
Test for overall effect: Z = 4.07 (P < 0.0001)

Risk ratio

Risk ratio

M-H, fixed, 95%CI

M-H, fixed, 95%CI

1.13
1.11
0.56
1.22
0.30
0.22
0.74
0.51
0.72

(0.50,
(0.48,
(0.19,
(0.53,
(0.10,
(0.05,
(0.52,
(0.10,
(0.56,

2.52)
2.57)
1.60)
2.80)
0.91)
0.91)
1.04)
2.64)
0.92)

3.00 (0.13, 70.83)
1.57 (0.19, 12.75)
1.43 (0.06, 33.54)
0.33 (0.01, 7.68)
0.18 (0.01, 3.50)
0.81 (0.31, 2.16)
0.83 (0.40, 1.73)

4.00 (0.47, 33.73)
0.22 (0.01, 4.31)
0.45 (0.04, 4.50)
0.35 (0.14, 0.85)
0.51 (0.26, 1.01)

5.00 (0.25, 99.95)
0.40 (0.05, 3.57)
1.30 (0.43, 3.96)
1.23 (0.51, 3.00)

0.75 (0.30, 1.90)
0.26 (0.12, 0.57)
0.19 (0.04, 0.87)
1.00 (0.07, 14.79)
0.80 (0.28, 2.29)
0.34 (0.04, 3.15)
0.45 (0.29, 0.71)

0.66 (0.54, 0.81)
0.2
0.5
1
2
Favours experimental
Favours control

5

Figure 2 Forest plot of comparison. A: Complications; B: Anastomotic leak; C: Obstruction; D: Wound infection; E: Re-admission; F: LFT vs OFT. RRs are shown
with 95% CIs.
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2
2
χ = 2.45 (P = 0.78) and I =0%, which excludes hetero-

geneity among the studies.

Wound infection: Compared with CC, FT reduced
wound infection. The pooled RR was 0.71 (95%CI:
0.57-0.88, P < 0.001), χ 2 = 29.43 (P = 0.44) and I2 = 1%
(Figure 2C, table 3).
Fourteen studies (2133 patients) provided data on
wound infection for FT vs CC; 5.7% (61/1062 patients)
had wound infection in the FT group and 8.1% (87/1071)
in the CC group. Pooling the results indicated that FT did
not significantly reduce wound infection compared with
CC. The WMD was 0.72 (95%CI: 0.52-0.97, P < 0.05), χ 2
= 14.43 (P = 0.34) and I2 =10%, which excludes heterogeneity among the studies.
Twelve studies (1461 patients) provided data on
wound infection for OFT vs OCC; 6.5% (47/731 patients) had wound infection in the OFT group and 9.0%
(66/730) in the OCC group. Pooling the results indicated
that OFT did not significantly reduce wound infection
compared with OCC. The WMD was 0.72 (95%CI:
0.51-1.02, P > 0.05), χ 2 = 13.87 (P = 0.18) and I2 = 28%,
which excludes heterogeneity among the studies.
Five studies (580 patients) provided data on wound
infection for LFT vs LCC; 4.2% (12/284 patients) had
wound infection in the LFT group and 6.8% (20/296) in
the LCC group. Pooling the results indicated that LFT
did not significantly reduce wound infection compared
with LCC. The WMD was 0.64 (95%CI: 0.32-1.26, P >
0.05), χ 2 = 0.97 (P = 0.91) and I2 = 0%, which excludes
heterogeneity among the studies.
Four studies (329 patients) provided data on wound
infection for LFT vs OFT; 6.5% (11/168 patients) had
wound infection in the LFT group and 13% (21/161) in
the OFT group. Pooling the results indicated that LFT
significantly reduce wound infection compared with
OFT. The WMD was 0.51 (95%CI: 0.26-1.01, P = 0.05),
2
2
χ = 4.6 (P = 0.20) and I =35%, which excludes heterogeneity among the studies.
Obstruction: Compared with CC, FT reduced obstruction. The pooled RR was 0.87 (95%CI: 0.67-1.15, P > 0.05),
2
2
χ = 5.17 (P = 1.00) and I = 0% (Figure 2D, table 3).
Nine studies (1698 patients) provided data on obstruction for FT vs CC; 5.1% (43/844 patients) had
obstruction in the FT group and 5.9% (50/854) in the
CC group. Pooling the results indicated that FT did not
significantly reduce obstruction compared with CC. The
WMD was 0.87 (95%CI: 0.59-1.29, P = 0.05), χ 2 = 2.58
(P = 0.96) and I2 = 0%, which excludes heterogeneity
among the studies.
Seven studies (1160 patients) provided data on obstruction for OFT vs OCC; 5.7% (33/579 patients) had
obstruction in the OFT group and 5.9% (34/581) in the
OCC group. Pooling the results indicated that OFT did
not significantly reduce obstruction compared with OCC.
The WMD was 0.97 (95%CI: 0.62-1.52; P > 0.05), χ 2 =
0.33 (P = 1.00) and I2 = 0%, which excludes heterogene-
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ity among the studies.
Four studies (539 patients) provided data on obstruction for LFT vs LCC; 3.8% (10/265 patients) had
obstruction in the LFT group and 5.8% (16/274) in the
LCC group. Pooling the results indicated that LFT did
not significantly reduce obstruction compared with LCC.
The WMD was 0.67 (95%CI: 0.32-1.42; P > 0.05), χ 2 =
1.78 (P = 0.62) and I2 = 0%, which excludes heterogeneity among the studies.
Three studies (295 patients) provided data on obstruction for LFT vs OFT; 6.7% (10/149 patients) had
obstruction in the LFT group and 5.5% (8/146) in the
OFT group. Pooling the results indicated that LFT
significantly reduce obstruction compared with OFT.
The WMD was 1.23 (95%CI: 0.51-3.00; P > 0.05), χ 2 =
1.86(P = 0.40) and I2 = 0%, which excludes heterogeneity
among the studies.
Re-admission: Compared with CC, FT reduced re-admission The pooled RR was 0.94 (95%CI: 0.73-1.22, P > 0.05),
2
2
χ = 11.83 (P = 0.97) and I = 0% (Figure 2E, table 3).
Eleven studies (1468 patients) provided data on readmission for FT vs CC; 7.9% (58/731 patients) had
readmission in the FT group and 8% (59/737) in the
CC group. Pooling the results indicated that FT did not
significantly reduce re-admission compared with CC. The
WMD was 0.99 (95%CI: 0.71-1.39, P = 0.05), χ 2 = 6.15
(P = 0.80) and I2 = 0%, which excludes heterogeneity
among the studies.
Eight studies (781 patients) provided data on readmission for OFT vs OCC; 5.6% (22/390 patients) had
obstruction in the OFT group and 5.4% (21/391) in
the OCC group. Pooling the results indicated that OFT
did not significantly reduce re-admission compared with
OCC. The WMD was 1.07 (95%CI: 0.60-1.91, P > 0.05),
2
2
χ = 3.37 (P = 0.85) and I = 0%, which excludes heterogeneity among the studies.
Five studies (613 patients) provided data on readmission for LFT vs LCC; 6.6% (20/304 patients) had
re-admission in the LFT group and 8.7% (27/309) in
the LCC group. Pooling the results indicated that LFT
did not significantly reduce re-admission compared with
LCC. The WMD was 0.74 (95%CI: 0.43-1.28, P > 0.05),
2
2
χ = 1.5 5 (P = 0.82) and I = 0%, which excludes heterogeneity among the studies.
Six studies (671 patients) provided data on re-admission for LFT vs OFT; 6.7% (27/420 patients) had re-admission in the LFT group and 5.5% (35/251) in the OFT
group. Pooling the results indicated that LFT significantly
reduced re-admission compared with OFT. The WMD
was 0.45 (95%CI: 0.29-0.71; P < 0.001), χ 2 = 5.83 (P =
0.32) and I2 =14%, which excludes heterogeneity among
the studies.
Publication bias
A funnel plot was created to access the publication bias of
the literature. The shapes of the funnel plots did not reveal
any evidence of obvious asymmetry (Figures 2F and 3).
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Figure 3 Funnel plot of comparison. A: Complications; B: Anastomotic leak; C: Obstruction; D: Wound infection; E: Re-admission; F: LFT vs OFT.

DISCUSSION
The present meta-analysis showed that compared with
CC, FT reduced complications and re-admission, and
had a similar probability of anastomotic leaks, wound
infection and obstruction. Compared with OFT, LFT reduced complications and re-admission, the probability of
anastomotic leaks, wound infection and obstruction are
similar.
The safety of FT after gastrointestinal surgery has
been discussed in worldwide. A recent multivariate analysis demonstrated that male sex[49], preoperative education,
psychological counseling, anesthesia[50], early postoperative oral nutrition[51] and quality of care were potential
risk factors for complications after gastrointestinal surgery. In addition, some studies have found an increased
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risk of anastomotic leaks in men and 10.1% of the men
required reoperation for anastomotic leak vs 3.3% of
women[52-55].
Preoperative education and psychological counseling
are crucial factors for FT. It is necessary to introduce the
detailed treatment program, different steps of FT, and
relevant measures, and ease the psychological pressure in
order to help patients better understand and coordinate
the FT.
Better cooperation of patients can bring better outcomes of FT. Generally, the gastric emptying time of
solid meal and fluid is 6 h and 2 h, respectively[56]. Moderate activity after surgery may enhance recover and reduce
complications. The patients should be encouraged to
have a liquid meal 2 h before the operation instead of
fasting. It has been shown that preoperative oral carbohy-
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drate is safe and can efficiently reduce complications[57-59].
The role of epidural or regional anesthesia in FT
should be stressed. Postoperative epidural analgesia can
avoid stress-induced neurological, endocrinological and
homeostatic changes or the blocking of sympathetic
nerve-related surgical stress response, reduce postoperative complications such as nausea, vomiting and enteroparalysis, increase early ambulation, improve intestinal
function, and shorten hospital stay after resection of gastrointestinal cancer[49,60-65].
Early postoperative oral nutrition is regarded as an
essential part of FT. Food intake can stimulate gastrointestinal peristalsis, and early feeding during the first 24 h
after surgery promotes recovery of obstruction. It has
been illustrated that early postoperative oral nutrition attenuates catabolism and potentially decreases infectious
complications[50,66].
FT can improve the rehabilitation of patients after
resection of gastrointestinal cancer better than CC can,
thus benefiting surgery, anesthesia, pain management,
physical therapy, and social work. The primary work of
FT is the preoperative education of patients to make
them understand the whole plan and the aim of each
stage. Therefore, it is necessary to obtain cooperation
from nurses.
The pathophysiological mechanisms involved in
postoperative obstruction are still not completely understood, but recent studies have stressed the importance of
inflammation of the intestinal muscularis resulting from
handling during surgery[67-70]. The faster clinical recovery
observed after laparoscopic surgery compared with open
surgery could be explained by decreased tissue trauma
with concomitantly decreased mast cell activation, leading to attenuated intestinal inflammation and thus quicker
gastrointestinal recovery[67,68,70]. The mechanisms behind
the beneficial effect of FT remain unclear.
Several cytokines, such as IL-6, TNF-α and CRP, are
involved in the response to surgical stress and are therefore useful serum markers for evaluating the severity of
surgery-induced stress[14-17].
CRP is a nonspecific acute phase protein produced
by the liver following trauma or inflammation. Serum
CRP level is closely associated with trauma and stress[71];
therefore, measurement of postoperative CRP may
reflect the degree of trauma caused by a surgical procedure. The CRP level after colon surgery with LFT
was significantly lower than that after other strategies[29],
demonstrating that LFT is less traumatic for patients
and reduces stress in the perioperative period, protecting
the postoperative immune system. IL-6 is produced and
activated by monocytes, macrophages and endothelial
cells under conditions of surgical trauma and stress. IL-6
levels are positively correlated with the severity of surgical trauma[15]. The increase in serum IL-6 was less after
colon surgery with LFT29, suggesting that a suitable surgical mode combined with better perioperative care can
lead to less surgical trauma and better prognosis. Surgical
trauma causes marked metabolic changes, and REE also
acts as the marker for surgical stress[18,19]. The REE rate
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of patients from the FT group was lower than that in the
conventional surgery group, particularly on postoperative
days 1 and 3.
Postsurgical complications in patients who underwent
FT for colorectal diseases were treated without specific
side effects or complications. Compared with CC, FT
greatly reduced complications, and no other side effects
were found. FT is safe and feasible. Compared with OFT,
LTF significantly reduced complications, in addition to
reducing hospitalization time and improving quality of
life. LFT is not yet practiced widely, but we believe that
it will become increasingly popular. Further large studies with more stringent quality criteria may improve the
statistical power and confirm that LFT programs reduce
morbidity and promote recovery. We believe that FT is
significantly advantageous over other procedures for patients after resection of gastrointestinal malignant disease.
There have been eight previous systematic reviews,
including meta-analyses on this topic[72-79]. These included
three reviews of controlled clinical trials and RCTs[72,74,75],
and five reviews of RCTs only[73,76-79]. The present study
is the first meta-analysis to have compared FT vs CC or
OFT vs OCC or LFT vs LCC or LFT vs OFT in resection for gastrointestinal malignancy, and the first metaanalysis of patients undergoing elective gastrointestinal
surgery to demonstrate that FT is associated with a
significant reduction in postoperative complications but
not re-admission rates. The quality of evidence from the
present study was supported by the increased number of
included studies. In our study, reports from all trials had
previously been subject to external peer review, and the
risk of bias in these trials for the outcomes of interest
was judged to be low in our assessments (Table 2).
There were several limitations to the present metaanalysis. First, the sample size of some of the studies was
low, as was the number of studies included in our metaanalysis. Data extraction and analyses were not blinded to
the authors, journals or institutions of the publications;
however, the literature screening and data extraction were
conducted independently by two investigators, and thus,
the selection bias was unlikely. Second, the funnel plots
were asymmetrical for some outcomes, which indicated
the existence of publication bias. However, other factors
such as study size and clinical and statistical heterogeneity
may also cause an asymmetric funnel in the present metaanalysis. Finally, the included studies did not adequately
evaluate hospital costs and quality of life after surgery,
which are important outcomes for patients undergoing
elective colorectal surgery.
In conclusion, this study provides a more detailed
assessment of the potential effects of FT than has previously been possible. We were unable to confirm the large
proportional reduction in risk suggested by some previous studies. However, more modest but perhaps clinically
worthwhile reduction of complications in some or all
types of patient cannot be ruled out. implementation of
FT and the maintenance of compliance may require collaboration and communication between dietitians, nurses,
surgeons, anesthesiologists, and patients. Additional RCTs
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of FT with long-term follow-up are necessary to assess
hospital costs and quality of life after surgery. Future
studies may assess the benefits of FT in elderly patients
and patients having other gastrointestinal surgery.
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Abstract
AIM: To systematically evaluate the association between the miR-146a rs2910164 polymorphism and
susceptibility to gastric cancer.
METHODS: A comprehensive electronic search was
conducted for articles published up until January 27,
2014 in Medline (PubMed), Excerpta Medica Database
(Embase), the Cochrane Library and Google Scholar.
Only case-control studies published in English that evaluated the association between the miR-146a rs2910164
polymorphism and susceptibility to gastric cancer were
included. Furthermore, only studies with sufficient data
allowing for calculation of odds ratio (OR) and corresponding 95% confidence interval (CI) were included.
These values were used in the quantitative synthesis
to assess the strength of the association between the
miR-146a rs2910164 polymorphism and risk of gastric
cancer.
RESULTS: The database search identified 1002 eligible
studies, of which seven (comprising 4112 cases and
5811 controls) were included for the meta-analysis.
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The results indicate that miR-146a rs2910164 polymorphism is more likely to be associated with gastric cancer risk. In the overall analysis, a significantly increased
cancer risk was found in the heterozygote (GG vs GC)
comparison (OR = 1.14, 95%CI: 1.03-1.27; P = 0.01
for pooled OR). In the ethnicity subgroup analysis, a
similar result was found among Caucasians (OR = 1.36,
95%CI: 1.01-1.85; P = 0.04 for pooled OR). In the
stratified analysis by quality of studies, a significantly
increased cancer risk was found in the heterozygote
comparison among high quality studies (OR = 1.12,
95%CI: 1.01-1.26; P = 0.04 for pooled OR). When
stratified on the basis of sample size, a significantly increased cancer risk was found among small sample size
subgroups for the allelic (G vs C: OR = 1.16, 95%CI:
1.03-1.30; P = 0.01), homozygote (GG vs CC: OR =
1.33, 95%CI: 1.03-1.73; P = 0.03) and recessive model
(GG vs GC + CC: OR = 0.05, 95%CI: 0.00-0.10; P =
0.03) comparisons.
CONCLUSION: The miR-146a rs2910164 polymorphism is associated with increased gastric cancer risk,
particularly evident in high quality studies with small
sample sized Caucasian populations.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; MiR-146a; Polymorphism;
Risk; Meta-analysis
Core tip: Recent attention has been focused on the
role of miR-146a gene variants in the etiology of several cancers. An increasing number of studies have
suggested that the single nucleotide polymorphism
rs2910164 in miR-146a is associated with gastric cancer risk. However, previous meta-analyses have failed
to find an association. To better understand this association, an up-to-date comprehensive meta-analysis
was conducted, which indicates that the miR-146a
rs2910164 polymorphism is indeed more likely to be
associated with gastric cancer risk.
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INTRODUCTION
Gastric cancer is the fourth most common cancer worldwide and the second leading cause of cancer death, with
an estimated 989600 new cases and 738000 deaths in
2008, of which more than two-thirds occurred in developing countries[1-3]. Gastric cancer is a multi-factorial
disease caused by various risk factors, including genetic
pre-disposition, environment, and viral/bacterial infections. As gastric cancer-related deaths can be minimized
by early identification and better risk factor control[4], the
identification of new markers for classifying high-risk
populations and strategies for early detection and preventive care is urgently needed.
MicroRNAs (miRNAs) represent a class of evolutionarily conserved, endogenous, single-stranded, noncoding RNA molecules of ~20 nucleotides that regulate
gene expression by degrading mRNAs or suppressing
translation. miRNAs have been implicated in a wide
range of physiologic and pathologic processes, including development, cell differentiation, proliferation,
apoptosis and carcinogenesis[5,6]. Accumulating evidence
indicates that the expression of roughly 10%-30% of all
human genes is regulated by miRNAs[7]. More than half
of the known miRNAs are located in cancer-associated
genomic regions, and miRNAs are thought to contribute to oncogenesis because they can function either as
tumor suppressors or oncogenes[8]. Analyses in human
epithelial malignancies have shown that cancers can be
distinguished and classified by distinct tumor-specific
miRNA signatures[9]. Some of the key dysregulated miRNAs could serve as molecular biomarkers, leading to
improved diagnosis and monitoring of cancer treatment
response[10-12].
Single nucleotide polymorphisms (SNPs) are a type
of common genetic variation associated with population diversity, disease susceptibility, drug metabolism
and genome evolution[13]. SNPs may affect the expression and function of miRNAs, which could therefore
contribute to the susceptibility to cancer occurrence
and development[14-17]. Although there are a variety of
studies indicating that a G/C polymorphism in the gene
encoding miRNA-146a could be a risk factor for gastric
cancer[18-24], the variability in ethnicity and geographic location, along with the limited sample size in these studies, renders this finding inconclusive and controversial.
Moreover, several systematic reviews investigating the association failed to achieve a comprehensive conclusion,
though not all eligible studies were included[25-29]. To address this issue, an updated meta-analysis was performed
to investigate the association between the miRNA-146a
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G/C polymorphism and gastric cancer susceptibility.

MATERIALS AND METHODS
Publication search
A comprehensive electronic search was performed to
identify articles published up until January 27, 2014 in
Medline (PubMed), Excerpta Medica Database (Embase),
the Cochrane Library and Google Scholar using the following search terms: “miR-146a” or “rs2910164” and
“gastric cancer” or “stomach cancer” or “gastric carcinoma” and “polymorphism” or “SNPs”. All eligible studies
published in English were retrieved, and their bibliographies were checked for additional relevant publications.
Review articles and bibliographies of other identified
relevant studies were searched by hand to identify any
additional eligible studies.
Inclusion and exclusion criteria
Studies included in this meta-analysis had to meet all of
the following criteria: (1) case-control study evaluating
the association between miR-146a rs2910164 polymorphism and susceptibility to gastric cancer; (2) sufficient
published data for calculating odds ratios (ORs) with
corresponding 95% confidence intervals (CIs); (3) fulltext manuscript; and (4) only the most recent or complete study reporting on the same population of patients
was included. Exclusion criteria included: (1) reviews,
other meta-analyses, comments, letters and editorial articles; (2) not a case-control study; and (3) no usable data
reported. The meta-analysis is reported according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement[30].
Data extraction
Information regarding the following aspects was independently retrieved from each study by two reviewers
(Xie WQ and Wang XF): the first author’s surname, year
of publication, country of origin, ethnicity, study design,
total number of cases and controls, source of cases and
controls, detected sample, genotyping methods, allele
and genotype frequencies of cases and controls, and
evidence of Hardy-Weinberg equilibrium (HWE) in the
controls. In studies including subjects of more than one
ethnicity, genotype data was extracted separately for each
ethnic group. Data from studies containing more than
one case-control group were considered as independent
studies. Any discrepancies between the reviewers were
resolved through discussion to reach a consensus.
Quality assessment
The quality of selected studies was independently assessed by two authors (Xie WQ and Wang XF) according to a set of predetermined criteria described by Wang
et al[25]. Quality scores ranged from 0 to 18, with a higher
score indicating better quality. The predetermined criteria encompassed the following five aspects: source of
cases and controls, total sample size, source of speci-
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Articles from original queries (n = 1002)
PubMed (n = 25)
Embase (n = 62)
Cochrane (n = 11)
Google Scholar (n = 904)
Excluded (n = 981)
Duplicate articles (n = 350)
MiR-146a polymorphism not explored (n = 610)
Explored the mechanism (n = 21)
21 studies retrieved for detailed assessment
Excluded (n = 14)
Meta-analysis (n = 11)
Written in Chinese (n = 1)
Gastric cancer not explored (n = 2)
7 studies included in meta-analysis

Figure 1 Flow chart of the selection of studies included in the meta-analysis.

Table 1 Characteristics of all studies included in the meta-analysis
Study

Year

Country

Ethnicity

Source of controls

Genotyping method

Zeng et al[23]
Okubo et al[22]
Hishida et al[21]
Zhou et al[24]
Ahn et al[20]
Dikeakos et al[18]
Kupcinskas et al[19]

2010
2010
2011
2012
2012
2013
2014

China
China
China
China
China
Greek
Germany

Asian
Asian
Asian
Asian
Asian
Caucasian
Caucasian

HB
HB
HB
HB
PB
PB
HB

PCR-RFLP
PCR-RFLP
TaqMan
TaqMan
PCR-RFLP
PCR-RFLP
TaqMan

Cases (n ) Control (n ) Quality score HWE, P value
304
552
583
1686
461
163
363

304
697
1637
1895
447
480
351

15
15
15
15
16
15
11

0.12
0.28
0.74
0.93
0.36
0.29
0.44

HB: Hospital-based; HWE: Hardy-Weinberg equilibrium; PB: Population-based; PCR-RFLP: Polymerase chain reaction-restriction fragment length
polymorphism.

men, evidence of HWE and the condition of casecontrol matching. Any discrepancies in assessments by
the two reviewers were resolved by discussion to achieve
a consensus.
Statistical analysis
The HWE for miR-146a in the control group of each
study was evaluated using a χ 2 test with P < 0.05 indicating a state of disequilibrium[31]. Crude ORs with 95%CIs
were used to assess the association between the miRNA
gene polymorphism and gastric cancer under six genetic
models: the allelic comparison (G vs C), homozygote
comparison (GG vs CC), heterozygote comparison (GG
vs GC, GC vs CC), recessive model (GG vs GC + CC),
and dominant model (GG + GC vs CC). The significance of the pooled ORs was determined by the Z-test
with P < 0.05 indicating statistical significance. Subgroup
analyses were also conducted by ethnicity (Caucasian
and Asian), quality of studies (score < 12 = low quality;
score ≥ 12 = high quality) and sample size (total number of controls and cases < 1000 = small; total number
> 1000 = large). A χ 2-based Q-statistic was used to assess the between-study heterogeneity[32]. If the heterogeneity was significant, indicated by P < 0.05, a random
effects model was used to estimate the summary OR and
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95%CI; otherwise, a fixed effects model was used[33,34].
The effect of heterogeneity was also examined using the
I2 test (range: 0%-100%), which represented the proportion of inter-study variability that could be attributed to
heterogeneity rather than to chance[35]. Sensitivity analyses were performed by omitting one single study each
time to examine the influence of individual data sets on
the pooled ORs. Publication bias was assessed by Begg’s
funnel plots and Egger’s linear regression tests, indicated
by an asymmetric plot or P < 0.05, respectively[36,37].

RESULTS
Characteristics of eligible studies
A total of 1002 articles were retrieved after the first
search in PubMed, Embase, the Cochrane Library and
Google Scholar. Selection following the specified criteria
eliminated 995 studies, leaving seven case-control studies (Figure 1). The publication years of included articles
ranged from 2010 to 2014 (Table 1), with overall sample
sizes ranging from 608 to 3581. Two of the studies were
conducted in Caucasian populations[18,19] and five studies
were conducted in Asian populations[20-24]. The distributions of miR-146a rs2910164 genotype in all studies
were in accordance with HWE in the control cohorts.
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A

G

Study or subgroup
Ahn 2012
Dikeakos 2013
Hishida 2010
Kupcinskas 2014
Okubo 2010
Zeng 2010
Zhou 2012

Events
373
71
435
598
389
277
1978

C
Total
718
268
1718
1152
953
515
4031

Events
549
255
731
126
715
331
1394

Total
1098
1018
2822
266
1545
701
3131

Weight
14.6%
9.8%
17.0%
11.2%
15.8%
12.8%
18.9%

Total (95%CI)
9355
10581
100.0%
Total events
4121
4101
2
2
2
Heterogeneity: Tau = 0.02; χ = 23.29, df = 6 (P = 0.0007); I = 74%
Test for overall effect: Z = 1.00 (P = 0.32)

B

GG

Study or subgroup
Ahn 2012
Dikeakos 2013
Hishida 2010
Kupcinskas 2014
Okubo 2010
Zeng 2010
Zhou 2012

Events
71
13
82
252
73
62
578

CC
Total
133
37
311
475
194
115
1129

Events
159
105
230
16
236
89
286

Total
323
412
863
32
490
208
679

Weight
14.8%
8.5%
17.8%
8.4%
16.5%
13.5%
20.5%

Total (95%CI)
2394
3007
100.0%
Total events
1131
1121
2
2
2
Heterogeneity: Tau = 0.08; χ = 19.59, df = 6 (P = 0.003); I = 69%
Test for overall effect: Z = 1.01 (P = 0.31)

C

GG

0.01

Odd ratio
M-H, random, 95%CI
1.18 [0.79, 1.77]
1.58 [0.78, 3.22]
0.99 [0.73, 1.32]
1.13 [0.55, 2.31]
0.65 [0.46, 0.91]
1.56 [0.99, 2.47]
1.44 [1.19, 1.75]

1.14 [1.03, 1.27]

GC

Study or subgroup
Ahn 2012
Dikeakos 2013
Hishida 2010
Kupcinskas 2014
Okubo 2010
Zeng 2010
Zhou 2012

Events
231
45
271
94
243
153
822

Events
159
105
230
16
236
89
286

Total
323
412
863
32
490
208
679

Total (95%CI)
4567
3007
100.0%
Total events
1859
1121
2
2
2
Heterogeneity: Tau = 0.02; χ = 13.49, df = 6 (P = 0.04); I = 56%
Test for overall effect: Z = 0.30 (P = 0.76)
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1

10

100

CC

0.1

1
GG

Weight
15.2%
10.5%
19.7%
4.1%
17.4%
11.9%
21.2%

100

Odd ratio
M-H, fixed, 95%CI

0.01

CC
Total
452
194
1096
202
565
285
1773

0.1
GG

100.0%

D

10
C

Odd ratio
M-H, random, 95%CI

0.01

Total (95%CI)
2394
4567
Total events
1131
1859
2
2
Heterogeneity: χ = 7.41, df = 6 (P = 0.28); I = 19%
Test for overall effect: Z = 2.44 (P = 0.01)

Events
231
45
271
94
243
153
822

1

1.14 [0.88, 1.49]

Odd ratio
M-H, fixed, 95%CI
1.10 [0.74, 1.61]
1.79 [0.84, 3.81]
1.09 [0.82, 1.45]
1.30 [0.93, 1.81]
0.80 [0.57, 1.12]
1.01 [0.65, 1.56]
1.21 [1.05, 1.41]

Total
133
37
311
475
194
115
1129

0.1
G

Weight
7.7%
1.5%
13.8%
9.7%
12.1%
6.3%
48.9%

Events
71
13
82
252
73
62
578

Odd ratio
M-H, random, 95%CI

1.07 [0.94, 1.22]

Total
452
194
1096
202
565
285
1773

Study or subgroup
Ahn 2012
Dikeakos 2013
Hishida 2010
Kupcinskas 2014
Okubo 2010
Zeng 2010
Zhou 2012

GC

Odd ratio
M-H, random, 95%CI
1.08 [0.90, 1.31]
1.08 [0.79, 1.46]
0.97 [0.85, 1.11]
1.20 [0.92, 1.57]
0.80 [0.68, 0.94]
1.30 [1.04, 1.63]
1.20 [1.09, 1.32]

Odd ratio
M-H, random, 95%CI
1.08 [0.81, 1.43]
0.88 [0.59, 1.32]
0.90 [0.74, 1.11]
0.87 [0.41, 1.84]
0.81 [0.64, 1.04]
1.55 [1.08, 2.22]
1.19 [0.99, 1.42]

10

100

GC

Odd ratio
M-H, random, 95%CI

1.03 [0.87, 1.21]

0.01

0.1

1
GC
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E

GG

Study or subgroup
Ahn 2012
Dikeakos 2013
Hishida 2010
Kupcinskas 2014
Okubo 2010
Zeng 2010
Zhou 2012

Events
71
13
82
252
73
62
578

Total
133
37
311
475
194
115
1129

GC + CC
Events
Total
390
775
150
606
501
1959
110
234
479
1055
242
493
1108
2452

Odd ratio
M-H, random, 95%CI
0.03 [-0.06, 0.12]
0.10 [-0.05, 0.26]
0.01 [-0.04, 0.06]
0.06 [-0.02, 0.14]
-0.08 [-0.15, 0.00]
0.05 [-0.05, 0.15]
0.06 [0.02, 0.10]

Weight
11.7%
5.4%
19.7%
14.0%
14.7%
10.3%
24.2%

Total (95%CI)
2394
7574
100.0%
Total events
1131
2980
2
2
2
Heterogeneity: Tau = 0.00; χ = 12.99, df = 6 (P = 0.04); I = 54%
Test for overall effect: Z = 1.33 (P = 0.18)

F
Study or subgroup
Ahn 2012
Dikeakos 2013
Hishida 2010
Kupcinskas 2014
Okubo 2010
Zeng 2010
Zhou 2012

GG + GC
Events
Total
302
585
58
231
353
1407
346
677
316
759
215
400
1400
2902

0.03 [-0.01, 0.07]

-1

Total
323
412
863
32
490
208
679

-0.5

0
GG

CC
Events
159
105
230
16
236
89
286

Odd ratio
M-H, random, 95%CI

Odd ratio
M-H, random, 95%CI
1.10 [0.84, 1.44]
0.98 [0.68, 1.42]
0.92 [0.76, 1.12]
1.05 [0.51, 2.12]
0.77 [0.61, 0.96]
1.55 [1.11, 2.18]
1.28 [1.08, 1.52]

Weight
15.3%
12.0%
18.3%
5.3%
16.9%
13.0%
19.2%

Total (95%CI)
6961
3007
100.0%
Total events
2990
1121
2
2
2
Heterogeneity: Tau = 0.04; χ = 19.66, df = 6 (P = 0.003); I = 69%
Test for overall effect: Z = 0.63 (P = 0.53)

0.5
GC + CC

1

Odd ratio
M-H, random, 95%CI

1.06 [0.88, 1.28]

0.01

0.1
1
GG + GC CC

10

100

Figure 2 Forest plots of odds ratios for the association of the mir-146a G/C polymorphism with risk of gastric cancer in overall analyses. A: G vs C; B: GG
vs. CC; C: GG vs GC; D: GC vs CC; E: GG vs GC + CC; F: GG + GC vs CC.

No significant differences were found between cases and
controls with respect to gender and age distributions.
The modified quality scores of all studies ranged from 9
to 16, with 71% (5/7) of the included studies classified
as high quality (≥ 12).
Meta-analysis results
Results of the meta-analyses are presented in Figure 2
and Table 2. In the overall analysis, a significantly increased cancer risk was found in the GG vs GC heterozygote comparison (P = 0.01 for pooled OR) (Figure 2C,
Table 2). In the subgroup analysis by ethnicity, a similar
result was found among Caucasians (P = 0.04 for pooled
OR). In the stratified analysis by quality of studies, a significantly increased cancer risk in the same heterozygote
comparison was found among high quality studies (P =
0.04 for pooled OR). Stratified analyses on the basis of
sample size showed a significantly increased cancer risk
among several small sample size subgroups (G vs C, P =
0.01; GG vs CC, P = 0.03; and GG vs GC + CC, P = 0.03).
Sensitivity analyses indicated that no individual study
significantly altered the pooled ORs (data not shown),
demonstrating the robustness of the results.
Evaluation of publication bias
The results of Egger’s linear regression tests are shown
in Table 3. The shapes of the funnel plots (not shown)
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did not identify obvious asymmetry in any of the comparison models, and plot symmetries are evidenced by P
values greater than 0.05. Accordingly, no publication bias
was evident in the meta-analysis.

DISCUSSION
It is well known that there is individual cancer susceptibility despite equivalent environmental exposure, likely
due to polymorphisms in genes involved in carcinogenesis. Thus, genetic susceptibility to cancer, particularly
from SNPs, has been a research focus in the scientific
community. Recently, variations of the miR-146a gene
have drawn increasing attention in cancer etiologies,
and altered expression levels have been observed in inflammatory diseases as well as in cancers[38,39]. Whereas
some studies have failed to find an association[18,19], an
increasing number of studies have suggested that the
rs2910164 SNP in this gene is associated with gastric
cancer risk[20-24]. The results of the present meta-analysis
confirm that this polymorphism is more likely to be associated with gastric cancer risk. This risk is significant
among the individuals with a heterozygous genotype. A
distinct variation in the allele frequency of rs2910164 G
has been found across different ethnicities, ranging from
0.362 in an Asian population to 0.774 in a Caucasian
population[40].
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Table 2 Pooled results for overall and stratified meta-analyses of the miR-146a polymorphism
Contrast

Overall or subgroup

Comparisons (n )

OR (95%CI)

P value

I2

Overall
Asian
Caucasian
High quality
Large sample size
Small sample size
Overall
Asian
Caucasian
High quality
Large sample size
Small sample size
Overall
Asian
Caucasian
High quality
Large sample size
Small sample size
Overall
Asian
Caucasian
High quality
Large sample size
Small sample size
Overall
Asian
Caucasian
High quality
Large sample size
Small sample size
Overall
Asian
Caucasian
High quality
Large sample size
Small sample size

7
5
2
6
3
4
7
5
2
6
3
4
7
5
2
6
3
4
7
5
2
6
3
4
7
5
2
6
3
4
7
5
2
6
3
4

1.07 (0.94-1.22)
1.05 (0.89-1.24)
0.99 (0.72-1.38)
1.05 (0.91-1.22)
0.98 (0.78-1.24)
1.16 (1.03-1.30)
1.14 (0.88-1.49)
1.11 (0.81-1.51)
1.33 (0.80-2.21)
1.15 (0.86-1.53)
0.99 (0.63-1.57)
1.33 (1.03-1.73)
1.14 (1.03-1.27)
1.11 (0.99-1.25)
1.36 (1.01-1.85)
1.12 (1.01-1.26)
1.06 (0.84-1.33)
1.19 (0.97-1.47)
1.03 (0.87-1.21)
0.88 (0.62-1.25)
1.06 (0.87-1.28)
1.03 (0.87-1.23)
0.97 (0.77-1.21)
1.12 (0.93-1.36)
0.03 (-0.01-0.07)
0.02 (-0.03-0.06)
0.07 (-0.00-0.14)
0.02 (-0.02-0.07)
0.00 (-0.07-0.08)
0.05 (0.00-0.10)
1.06 (0.88-1.28)
1.08 (0.86-1.35)
0.98 (0.72-1.38)
1.06 (0.87-1.30)
1.18 (0.98-1.40)
0.97 (0.72-1.31)

0.32
0.54
0.97
0.48
0.89
0.01
0.31
0.51
0.27
0.34
0.97
0.03
0.01
0.06
0.04
0.04
0.64
0.10
0.76
0.48
0.58
0.71
0.76
0.22
0.18
0.54
0.06
0.36
0.94
0.03
0.53
0.52
0.97
0.55
0.07
0.87

74%
82%
0%
78%
90%
0%
69%
79%
0%
74%
88%
0%
19%
24%
0%
26%
60%
0%
56%
0%
68%
62%
73%
40%
54%
66%
0%
60%
83%
0%
69%
29%
0%
75%
23%
86%

G vs C

GG vs CC

GG vs GC

GC vs CC

GG vs GC + CC

GG + GC vs CC

Large sample size: > 1000; Small sample size < 1000.

Table 3 Egger’s linear regression tests for funnel plot asymmetries

G vs C

GG vs CC

GG vs GC

P value
GC vs CC

GG vs GC + CC

GG + GC vs CC

0.712
0.519
0.607

0.742
0.452
0.767

0.902
0.181
0.830

0.823
0.764
0.944

0.961
0.975
0.964

0.689
0.266
0.672

Group
Overall
Asian
High quality

To the best of our knowledge, the present study is the
most comprehensive one to date to assess the relationship between the miR-146a rs2910164 polymorphism
and gastric cancer risk. Nevertheless, our meta-analysis
is not without some of the limitations common to these
types of studies. First, relatively large heterogeneity was
observed across all the studies involved despite the use
of strict criteria for study inclusion and precise data extraction. The overall I2 was high for all comparisons, and
although the value was reduced to almost zero in one
study after stratifying by subgroup analysis, the value
in the other subgroups increased. Therefore, it can be
presumed that the heterogeneity partly resulted from
differences in ethnicity, study quality and sample size. At
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the same time, the heterogeneity may also be caused by
differences in subject selection. Second, the majority of
studies included in this meta-analysis were mainly from
Asia. Thus, the inherent genetic and geographic differences require more data from different ethnic group
to increase the statistical power. Third, the low sample
size in some of the included studies likely influences the
statistical power for evaluating the association between
the miR-146a rs2910164 polymorphism and gastric cancer risk, especially in subgroup analyses. Fourth, a lack
of original data from the reviewed studies limited our
further evaluation of potential interactions, considering
that gene-to-gene and gene-to-environment interactions
might modulate cancer risk. As a result, a more precise
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analysis stratified by variables such as age, smoking status, alcohol consumption, Helicobacter pylori infection and
gastroesophageal reflux could not be performed. Lastly,
although the results for publication bias were not statistically significant, publication bias may still exist, because
only published studies were included in this meta-analysis.
In conclusion, the meta-analysis presented here indicates that miR-146a rs2910164 polymorphism, the G
allele in particular, is more likely to be associated with
gastric cancer risk. Further studies based on a homogeneous population of cancer patients and with larger
sample sizes are needed to confirm these findings.
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Abstract
Primary giant-cell tumors rarely arise in the common
bile duct. We herein report a case of primary giantcell tumor of the common bile duct. The patient was
an 81-year-old male who was diagnosed with a welldefined 1.2-cm mass projecting into the lumen of the
middle common bile duct. Excision of the gallbladder
and extrahepatic bile duct and a Roux-en-Y cholangiojejunostomy were performed. Histologically, the tumor
had no association with carcinomas of epithelial origin
and was similar to giant-cell tumors of the bone. The
tumor consisted of a mixture of mononuclear and multinucleated osteoclast-like giant cells. The mononuclear
cells showed no atypical features, and their nuclei were
similar to those of the multinucleated giant cells. CD68
was expressed on the mononuclear and multinucleated
osteoclast-like giant cells, whereas CD163 immunoreactivity was restricted to the mononuclear cells. Six
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months after the operation, the patient was still alive
and had no recurrence. The interest of this case lies in
the rarity of this entity, the difficulty of preoperative diagnosis, and this tumor’s possible confusion with other
malignant tumors.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Giant-cell tumor; Common bile duct; CD163;
Surgical resection
Core tip: In visceral organs, different types of carcinomas, such as anaplastic spindle- and giant-cell carcinomas of the gallbladder and extrahepatic bile duct, may
contain a variable number of osteoclast-like giant cells.
It is crucial to separate those carcinomas with osteoclast-like giant cells from giant-cell tumors because of
their striking differences in prognosis. This case report
represents the fifth case of a primary giant-cell tumor
of the common bile duct in the English-language literature. We also review several reported cases to summarize clinical information about this rare tumor.
Wang DD, Zheng YM, Teng LH, Sun YN, Gao W, Wang
LM, Wang YH, Li F, Lu DH. Benign giant-cell tumor of the
common bile duct: A case report. World J Gastroenterol 2014;
20(41): 15448-15453 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i41/15448.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i41.15448

INTRODUCTION
Giant-cell tumors of the bone are a relatively common
type of proliferative neoplasm. Extraosseous giantcell tumors with histological features similar to those
occurring in the bone are rare, and these tumors have
been described at several sites including the soft tissues,
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Figure 1 Preoperative images showing the tumor (arrows). A: Non-enhanced upper-abdominal coronal computed tomography demonstrating a 1.2-cm mass
in the middle of the common bile duct; B: Intravenous administration of contrast medium showing mild enhancement of the tumor; C: T2–weighted magnetic resonance image showed that the tumor had a relatively well-defined border; D: Magnetic resonance cholangiopancreatography image revealed stenosis of the common bile duct.

mediastinum, larynx, thyroid, and skin[1-6]. Benign giant
cell tumors of the extrahepatic biliary tree are extremely
rare and under-recognized. A primary giant-cell tumor
of the extrahepatic biliary tree was first recognized as a
biologically benign neoplasm by Albores-Saavedra et al[7]
in 2006. To our knowledge, the case that we are reporting is the fifth case of a primary giant-cell tumor of the
common bile duct in the English-language literature. We
also review several reported cases to summarize clinical
information about this rare tumor.

CASE REPORT
An 81-year-old male presented at our hospital with a
complaint of general fatigue and abdominal dull pain for
a month. His medical history included high blood pressure and cerebrovascular disease. Physical examination
revealed slight jaundice and scleral icterus. His abdomen was flat and soft, and percussion pain was found
in the hepatic region. The results of laboratory tests,
including a complete blood count and measurements of
serum amylase, glucose, electrolytes and liver and kidney
function, were normal. The level of the tumor marker
carbohydrate antigen 19-9 (CA19-9) was normal (13.87
U/mL). The level of alanine aminotransferase was 34
IU/L; total bilirubin, 14.76 μmol/L; direct bilirubin,
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5.41 μmol/L; γ-glutamate transaminase, 56 IU/L; and
carcinoembryonic antigen, 1.89 ng/mL. A computed
tomography (CT) scan of the abdomen revealed a dilated common bile duct, with a 1.2-cm mass projecting
into the lumen of the middle common bile duct, causing
nearly complete obstruction (Figure 1A). Intravenous
administration of contrast medium showing mild enhancement of the tumor (Figure 1B). Magnetic resonance imaging (MRI, Figure 1C) and magnetic resonance
cholangiopancreatography (MRCP, Figure 1D) revealed
stenosis of the common bile duct. The tumor had a relatively well-defined border. Additionally, the gallbladder
was markedly distended. A clinical diagnosis of carcinoma was suspected.
After a multidisciplinary review, the patient was offered surgical resection of the lesion. Excision of the
gallbladder and extrahepatic bile duct and a Roux-en-Y
cholangiojejunostomy were performed. At laparotomy,
gallbladder enlargement and widened proximal bile duct
were found, and there was no evidence of an extraductal
tumor or lymphadenopathy.
Postoperative gross pathology revealed a 1.5 cm × 0.6
cm × 0.6 cm polypoid lesion in the middle of the common bile duct. The tumor tissue was characterized as
hemorrhage (Figure 2).
Microscopically, the tumor was polypoid, showed
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DISCUSSION

Figure 2 Resected specimen revealed a polypoid lesion (arrows) in the
middle of the common bile duct.

a vaguely nodular pattern and infiltrated into the wall
(Figure 3A). The nodules consisted of conspicuous proliferation of two morphological components, including
an abundance of multinucleated osteoclast-like giant
cells and a relatively homogeneous population of round
to polygonal mononuclear cells (Figure 3A and B). The
quantity and quality of the giant cell component were
similar to those identified in primary giant cell tumors
of the bone. The mononuclear cells had oval or round
vesicular nuclei with small and medium-sized nucleoli.
No mitotic figures were found. The nuclei of the giant cells were similar to those of the mononuclear cells.
The cytoplasm was slightly basophilic. Areas of redcell extravasation were common, but there was no cystic
degeneration, osteoid, or bone formation. Vascular invasion was not identified. A small amount of pancreatic
tissue was found around the common bile duct.
Immunohistochemically, all cells except for the remaining epithelium of the bile duct were cytokeratin
negative. No epithelial elements were observed in association with the mononuclear and multinucleated giant cells, as confirmed by negative immunostaining for
epithelial markers, such as cytokeratins (including CK,
CK7, CK20, and CK19) (Figure 3C) and EMA. CD68
(Figure 3D) and Vimentin showed strong granular immunoreactivity in both mononuclear and multinucleated
osteoclast-like giant cells. In contrast, strong CD163 immunoreactivity was restricted to the mononuclear cells,
not in the multinucleated giant cells (Figure 3E). Moreover, the mononuclear cells had an average Ki67 index
of 10%-20% (Figure 3F). No vascular invasion was
observed in the specimen. There were no adenoma-like
structures. Based on these findings, the lesion was consistent with a diagnosis of a benign giant-cell tumor of
the common bile duct. All margins were free of tumor.
There were no postoperative complications. The patient recovered smoothly and was discharged on postoperative day 8. No adjuvant chemotherapy was required.
The tumor exhibited no signs of recurrence or metastatic spread after six months of follow-up.
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Giant-cell tumors of the bone are distinct neoplasms
with a characteristic histological appearance of mononuclear stromal cells and a varying number of multinucleated giant cells. Although uncertainty still exists as to the
origin of the tumors, several authors have suggested a
mesenchymal origin and have considered mononuclear
cells to be the principal cell in these tumors. Multinucleated cells are thought to always be benign, whereas the
presence of mononuclear giant cells is used to separate
benign giant-cell tumors from malignant ones.
Extraosseous tumors containing osteoclast-like giant cells have been described at several sites in the body.
Giant-cell tumors of the extrahepatic biliary tree are
extremely rare and were first described by Albores-Saavedra et al[7] as biologically benign neoplasms. To the best
of our knowledge, only six cases have been reported to
date, among which four were located at the common bile
duct, and the other two were located at the cystic duct
and gallbladder, respectively[7-9]. In the extrahepatic bile
duct, giant-cell tumors usually lead to obstruction and
can be confused with carcinoma preoperatively based on
clinical and imaging studies. In our case, carcinoma of
the common bile duct was also suspected preoperatively.
The vast majority of giant cell tumors of soft tissues
have a benign clinical course[10], and the previous articles
describing 4 patients with giant-cell tumors of the common bile duct suggested that they were benign tumors.
None of the patients developed recurrence or metastatic
disease. Thus, the best therapeutic option should be a
conservative surgical resection with free surgical margins
whenever possible.
Among those four previously reported giant-cell tumors of the common bile duct, three were treated using
Whipple procedure, and the other one was treated by
pylorus-preserving pancreas-head resection and pancreaticogastrostomy. In our case, the tumor was located in the
middle of the common bile duct, and it had a relatively
well-defined border, thus excision of the gallbladder and
extrahepatic bile duct and a Roux-en-Y cholangiojejunostomy were adopted. Pathology analysis revealed that all
margins were free of tumor, suggesting that the surgical
treatment was enough for the patient. The clinical and
pathological features of the cases of giant-cell tumors
of the common bile duct published in the literature are
shown in Table 1.
The differential diagnosis of giant-cell tumor of the
common bile duct includes metastatic giant cell tumor
of the bone, anaplastic spindle- and giant-cell carcinomas with osteoclast-like giant cells, and malignant fibrous histiocytoma.
Grossly as well as histologically and immunohistochemically, giant cell tumor seems identical to its bony
counterpart. Its characteristic brown color is described
frequently in reports dealing with macroscopic features
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Figure 3 Photomicrographs showing the general appearance of the tumor. A: Hematoxylin and eosin (HE) staining. A vague nodular pattern in the tumor and the
normal surface epithelium of the common bile duct are observable. Note the infiltration into the wall; B: Mononuclear cells were mixed with multinucleated osteoclastlike giant cells. There was no cytologic atypia or mitotic figures, red-cell extravasation was present; HE staining; C: Tumor cells showing negative staining for CK19
compared with the remaining normal bile duct; D: Mononuclear cells and multinucleated giant cells showing strong cytoplasmic immunoreactivity for CD68; E: Granular cytoplasmic immunoreactivity for CD163 was restricted to the mononuclear cells; F: The mononuclear cells had an average Ki67 index of 10%-20%.

of giant cell tumor of the bone. Giant cell tumor of the
soft tissue is devoid of atypia, pleomorphism, and atypical mitosis. This diagnosis of a giant-cell tumor of the
common bile duct was considered primarily because no
sign of another tumor could be found. In the reported
cases of benign giant-cell tumors of the extrahepatic
biliary tree, mononuclear cells have been described as
uniform, with no atypia and a low mitosis rate, cytokeratin negativity, and CD163 expression[7]. In our patient,
we found similar pathological findings. All of the tumor
cells were completely negative for epithelial markers
compared with the remaining normal bile duct while being positive for CD68 and CD163.
Anaplastic spindle and giant-cell carcinomas with osteoclast-like giant cells in the bile duct can also show numerous giant cells that may simulate giant-cell tumors[7].
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However, anaplastic spindle and giant-cell carcinomas
with osteoclast-like giant cells display marked atypia and
mitotic figures and these carcinomas are focally cytokeratin positive and CD163 negative. The separation of
giant-cell tumors from other malignant tumors is clinically relevant. To date, the tumor described here has
shown no signs of recurrence or metastatic spread after
6 mo of follow-up.
The origin and nature of these giant cells are subjects
of controversy. Three possibilities are usually considered:
(1) the lesion is a carcinoma in which the tumor cells
undergo a peculiar metaplasia; (2) the tumor arises from
the mesenchyme with the capacity to differentiate into
osseous tissues; or (3) the cells represent a host reaction
to a primary tumor. That is, histiocytes may be recruited
into the tumor by certain factors produced by the tumor
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Table 1 Clinical and pathological features of giant-cell tumors of the common bile duct
Patient

Ref.

Clinical presentation

No.
1

2

3

Albores-Saavedra et al[7] Jaundice, abdominal
pain, CBD obstruction detected by CT
and ERCP
Albores-Saavedra et al[7] Obstructive jaundice,
dilatation of CBD
detected by CT
Griglione et al[8]
Asymptomatic

4

Kolokotronis et al[9]

5

Wang et al (this study)

Abdominal pain,
high-grade stenosis
of the distal bile duct,
suspected distal
common bile duct
malignancy by ERCP
Slight jaundice and
scleral icterus

Patient age (yr)
/sex
56/M

Gross features

1.6 cm polypoid nodule Whipple procedure
with invasion of the bile
duct wall and obstruction of the lumen
1 cm polypoid nodule Whipple procedure
without infiltration of
the bile duct wall
1.5 cm polypoid lesion Whipple procedure

60/M

60/M
73/F

2.5 cm × 0.7 cm

81/M

1.5 cm × 0.6 cm × 0.6
cm polypoid lesion

and then may fuse to form multinucleated giant cells. In
accordance with previous reports, the giant cells present
in our patient showed immunohistochemical evidence of
histiocytic derivation and lacked evidence of epithelial
differentiation. These findings imply that the multinucleated giant cells and mononuclear stromal cells are a specialized form of macrophages.
In conclusion, giant-cell tumors of the common bile
duct are rare but distinctive benign entities. It is crucial
to differentiate benign giant-cell tumors of the common
bile duct from other malignant tumors because of their
different treatments and prognoses. Detailed cytologic
analysis and immunohistochemical staining can help to
clarify the diagnosis.

Related reports

COMMENTS
COMMENTS

2

An 81-year-old male with an unremarkable medical history.
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Abstract
Gangliocytic paraganglioma (GP) is rare and has been
regarded as benign in general with a good prognosis.
We present a patient with duodenal GP showing a malignant and lethal clinical course. A 47-year-old male
patient was found to have a duodenal tumor and enlarged regional lymph nodes. The patient initially underwent a pancreaticoduodenectomy to resect the tumor and involved lymph nodes completely. Histological
and immunohistochemical analyses showed findings
typical of GP. However, the distant metastatic lesions
in the liver and pelvic cavity were rapidly observed after surgery. The patient underwent chemotherapy and
radiotherapy, as well as a second surgery to partly remove the metastatic mass in the pelvic cavity. The histological examination revealed no significant difference
in histological features between the primary duodenal
tumor and the metastatic pelvic mass. However, the
patient finally died of the tumor due to the recurrence
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of the residual pelvic lesion and increased liver mass.
To our knowledge, this is the first report of lethal GP
with multifocal metastases. Our case confirms that GP
should be regarded as a malignant potential tumor
with behavior code of “1”, rather than a benign tumor
of “0”.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Duodenal neoplasms; Gangliocytic neoplasms; Paraganglioma; Lymphatic metastasis; Treatment outcome
Core tip: This case for the first time presents a patient
with duodenalgangliocytic paraganglioma showing distant metastases and a lethal clinical course. It indicates
that gangliocytic paraganglioma should be regarded as
a malignant potential tumor, rather than a benign tumor.
Li B, Li Y, Tian XY, Luo BN, Li Z. Malignant gangliocytic
paraganglioma of the duodenum with distant metastases and a
lethal course. World J Gastroenterol 2014; 20(41): 15454-15461
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i41/15454.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i41.15454

INTRODUCTION
Gangliocytic paraganglioma (GP) is a rare tumor, which
occurs nearly exclusively in the second portion of the
duodenum and is characterized by its triphasic cellular
differentiation, consisting of epithelioid neuroendocrine
cells, spindle-shaped cells with Schwannian cell differentiation, and ganglion-like cells[1]. Since this tumor was
first described by Dahl et al[2], there have been no more
than 200 cases reported in the literature in the world
to date. According to the World Health Organization
(WHO) classification, this lesion has been regarded as
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Figure 1 Preoperative radiological findings of a duodenal lesion. Computed tomography scan revealed that a 3.0 cm duodenal mass in the medial
wall of the subpapillary duodenum (white arrow).

benign, but a few cases with regional lymph node metastasis and even distant metastasis have been reported.
To the best of our knowledge, so far only 18 cases of
GP with regional lymph node metastases[3-20] and two
with bone or liver metastasis[21,22] have been described.
Surprisingly, almost all patients with GP, including those
having lymph node or distant metastasis, gain a good
outcome without recurrence. Moreover, there is no record of a patient dying of GP although only one patient
received irradiation intervention because of aggressive
behavior of the tumor[12]. Herein, we report a unique
case of this clinical entity in a middle-aged male patient.
In contrast to previous cases, our case presents prominent aggressive biological behavior with regional lymph
node, liver and pelvic cavity metastases. The patient died
of GP finally after radiotherapy and chemotherapy. This
is the first presentation of a malignant clinical course
and poor prognosis of GP. The literature on this rare
tumor is reviewed and its clinicopathological characteristics are discussed.

CASE REPORT
Case history
A 47-year-old male patient presented with complaints
of mild upper abdominal pain for 3 mo. During this
period, he was referred to a local hospital for radiological examination. Computed tomographic (CT) scans
revealed a mass in the duodenum, near the duodenal
papilla. A gastrointestinal endoscopy was performed in
the local hospital, but biopsy examination was negative
because only inflammatory mucosa was observed under
the microscopy. As a result, the patient was referred to
our hospital for examination and treatment. Physical
examination results were normal. The laboratory results,
including blood count and liver and renal function, were
within the normal range. The CT images acquired at the
local hospital showed a 3.0 cm duodenal mass in the medial wall of the subpapillary duodenum without signs of
pancreatic invasion (Figure 1). An enlarged lymph node
of the pancreatic posterior group, measuring 1.0 cm, was
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also found. The lesion was preoperatively diagnosed as a
gastrointestinal stromal tumor (GIST) of the duodenum
with lymph node metastasis. The patient underwent a
pancreaticoduodenectomy since the lymph node could
be metastatic, and the mass of the duodenum was gross
totally resected. Postoperative recovery was uneventful without surgical complications. After diagnosis, the
patient received no radiotherapy/chemotherapy and was
only on a regular follow-up. Follow-up CT scans at 4
mo showed that two masses grew in the liver and pelvic
cavity, respectively. Considering that distant metastases
could occur, the patient decided to receive radiotherapy
and chemotherapy. The patient was treated with intensity-modulated radiotherapy over 30 elapsed days, and the
total dose was 5040 cGy. However, the tumors did not
show remarkable radiosensitivity. Therefore, systemic
chemotherapy with the combination of cyclophosphamide, vincristine and dacarbazine was also performed.
Regretfully, the masses did not regress. After chemotherapy, that was nine months after initial surgical resection
of duodenal mass, CT scans revealed that the mass in
the pelvic cavity was larger and the surrounding organs
were pressed. A second laparotomy was performed and
the majority of the pelvic mass was resected. However,
two months later, CT scans showed that a mass re-grew
at the site of original tumor location in the pelvic cavity
and the liver mass became larger, which lost opportunities for surgical treatment (Figure 2). The patient developed persistent ascites and fever. Finally, he died 13 mo
after the initial surgery.
Pathological findings
On microscopic examination, the duodenal mass was
located in the submucosa with extension to the muscularis propria. The mass was nonencapsulated and had
an infiltrative margin, and the pancreas was observed
to be involved. The tumor was composed of three
morphologically distinct cell populations: epithelioid
cells, spindle cells, and scattered ganglion-like cells. The
epithelioid cells, arranged in nests and gland-like structures, had granular eosinophilic cytoplasm and round to
oval-shaped nucleus with an inconspicuous nucleolus.
They were cytologically bland with minimal to mild
nuclear pleomorphism. The spindle cells formed slender fascicles wrapping around nests of epithelioid cells.
These spindle-shaped cells had an elongated and plump
nucleus, including an attenuated eosinophilic cytoplasm
without marked atypia. Tumor cells of a ganglion-like
cell type were rarely seen and had a round nucleus with
conspicuous nucleolus. There was no mitotic figure or
necrosis found in the mass. The metastatic tumor was
found in seven of sixteen lymph nodes, and the metastatic foci showed the presence of the three cellular
components identified in the primary tumor (Figure 3).
Like the duodenal mass, the mass in the pelvic cavity
also exhibited similar histological appearance with three
identical cellular components. The tumor appeared to
have an infiltrative margin and mild to moderate atypia.
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Liver mass

Pelvic mass

4 mo after initial
duodenal surgery

9 mo after initial
duodenal surgery

2 mo after second
pelvic mass resection

Figure 2 Postoperative radiological findings in follow-up periods. Computed tomography (CT) scans at 4 mo and 9 mo after initial duodenal surgery showed
distant metastatic lesions located in the liver (white arrows) and pelvic cavity (black arrows). The mass in the pelvic cavity became larger and pressed the surrounding
tissues. Two months after second pelvic surgery, CT scans showed that the mass re-grew in the pelvic cavity (black arrows) and the liver mass became larger (white
arrows).

No necrosis or hemorrhage was found in the tumor
(Figure 4).
Immunohistochemical findings
By immunohistochemical staining, the epithelioid cells
were positive for cytokeratin (AE1/AE3), neuron-specific enolase (NSE), synaptophysin (Syn), Chromogranin
A (CgA) and CD56. The ganglion-like cells were immunoreactive for Syn and NSE. In contrast, the spindle
shaped cell type showed positive reactivity for S-100
protein, but not for Syn or CgA. Neither cell type was
positive for CD117, CD34, Dog-1, SMA, desmin, Myo
D1 or myogenenin. MIB-1 (Ki-67) labeling index estimated less than 1% in both primary and metastatic foci
(Figure 5). In order to inspect the lymphatic and vascular
invasion of tumor cells, D2-40 and CD31 were used to
highlight the lymphatic vessels and blood vessels, respectively. However, there was no certain vascular invasion
identified in tumor tissues.
Based on the pathological findings, the tumor was
diagnosed as a malignant duodenal GP with regional
lymph node and distant metastases.

DISCUSSION
GP has been known as a rare and benign neuroendocrine tumor. It was first described as “duodenal ganglio-
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neuroma” in 1957 by Dahl et al[2]. In that case, only a
very small marginal area of epithelioid cells was found,
where the greatest portion of the lesion was a ganglioneuroma and the authors classified it as such[2]. In 1962,
Taylor et al[23] described a group of unusual polypoid
tumors in the duodenum which they called “benign nonchromaffin paragangliomas”, mostly because they found
the nests of epithelioid cells to be indistinguishable from
the “Zellballen” of carotid body tumors and other chemoreceptor structures. In 1971, Kepes and Zacharias[24]
suggested the term of “gangliocytic paraganglioma” for
those duodenal lesions, because these tumors had light
and electron microscopic features seen in paragangliomas as well as ganglioneuromas, indicating a transitional
or hybrid form of tumor between gangliocytomas and
nonchromaffin paragangliomas. In 1989, WHO accepted
GP as a new entity of benign tumors of “neurogenic
tumors” because of its distinct morphological and clinical characteristics[25]. However, the 3rd edition[26] and the
latest edition (4th edition)[1] of the WHO classification
revised GP to “endocrine tumor” and “neurodendocrine
neoplasm”, respectively, which further emphasized neuroendocrine differentiation of the tumor.
GPs have been regarded as benign in general, but
a few cases showing lymph node metastasis are well
known which required extensive surgical removal and
adjuvant radiotherapy[7,12,13]. However, the penetrative
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Figure 3 Photomicrographs of the duodenal lesion. A: A low-power image of the duodenal lesion showed a mass occupying the submucosa and extending into
muscularis propria with an infiltrative margin; B: At high-power fields, the lesion was composed of epithelioid cells arranged in a nested fashion, slender spindleshaped cells and occasional ganglion-like cells; C, D: Occasional psammoma bodies could also be found in the lesion; The duodenal lesion exhibited a penetrative
growth pattern with pancreatic infiltration (E) and regional lymph node metastasis (F). All three components of the tumor was found in effaced nodal architecture (A:
HE staining with original magnification × 40; B-D: HE staining with original magnification × 400; E, F: HE staining with original magnification × 200). HE: Hematoxylin
and eosin.

A

B

Figure 4 Photomicrographs of the pelvic cavity lesion. A: At low-power fields, the lesion appeared to have an infiltrative margin without necrosis, hemorrhage or
invasion of blood vessels; B: At high-power fields, the lesion exhibited an admixture of three types of tumor cells, and epithelioid cells were observed to be arranged in
pseudoglandular structures (A: HE staining with original magnification × 100; B: HE staining with original magnification × 400). HE: Hematoxylin and eosin.
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Figure 5 Immunohistochemical analysis of the lesions in the duodenum, lymph nodes and pelvic cavity. The epithelioid cells were positive for cytokeratin
(AE1/AE3) (A) and chromogranin A (B). The spindle-shaped cells were diffusely positive for S-100 protein (C), and ganglion-like cells were positive for synaptophysin (D).
Ki-67 index was low in either epithelioid cell areas (E) or spindle-shaped cell areas (F). A-D: Immunohistochemical staining with original magnification × 400.

growth pattern of the tumor and even lymph node metastasis are not indicative of aggressive behavior or malignancy. Unlike previously reported cases, our case was
characterized clinically by multifocal distant metastases
and a rapidly aggressive clinical course. The patient died
of the disease after surgical resection, chemotherapy and
radiotherapy. To our knowledge, this is the first case of
lethal GP with a malignant clinical course, but without
obvious histological atypia of all three elements of the
tumor, and high mitotic figures or proliferative index.
We have compared the histological difference between
the primary tumor of the duodenum and the metastatic
pelvic mass in the present case, and tried to establish
the histological prognostic indicators of malignant GP.
However, the cytological bland spindle cells along with
mild atypia of epithelioid cells were observed in both
masses. No necrosis or high mitotic activity was found
in tumors, which was consistent with all of reported
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GPs, even those with lymph node or distant metastasis.
Our findings indicate that histological evaluation has
limited prognostic value in GPs. We postulated that
some important factors are involved in the process of
GP invasion and metastasis, which cannot bring obvious morphological changes but indeed induce aggressive biological behavior, and result in the discrepancy
between malignant clinical course and pathological findings. Further molecular or cytogenetic analysis is needed
to elucidate the related mechanisms.
Although most of GPs exhibited good outcomes,
our case suggested that it should not be considered as a
benign tumor. Because of its potentially metastatic behavior, we prefer to label GP as a tumor with “uncertain
malignant potential”, at least for those with evidence
of lymph node and/or distant metastasis. The behavior
code of the tumor is probably best to be regarded as “1
(unspecified, borderline or uncertain behavior)”, rather
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Table 1 Clinicopathological features of gangliocytic paraganglioma with lymph node or distant metastasis
No.

Ref.

1
2
3
4

Büchler et al[3] (1985)
Korbi et al[4] (1987)
Inai et al[5] (1989)
Hashimoto et al[6] (1992)

5

Dookhan et al[7] (1993)

6
7
8
9

Takabayashi et al[8] (1993)
Tomic et al[9] (1996)
Henry et al[21] (2003)
Sundararajan et al[10] (2003)

10
11
12
13
14
15
16
17

Bucher et al[11] (2004)
Wong et al[12] (2005)
Witkiewicz et al[13] (2007)
Mann et al[14] (2009)
Okubo et al[15] (2010)
Saito et al[16] (2010)
Sandmann et al[17] (2010)
Uchida et al[18] (2010)

18
19
20
21

Rowsell et al[22] (2011)
Ogata et al[19] (2011)
Barret et al[20] (2012)
Present case

Age (yr)/
gender

Tumor site

Regional
Tumor
lymph node
size
metastasis
(cm)

Distant
metastasis

Treatment

Outcome

50/male
Ampulla of Vater
73/female
Duodenum
17/male
Duodenum
47/male
Second portion of
the duodenum
41/male
Duodenum

3.0
NA
2.0
6.5

Yes
Yes
Yes
Yes

No
No
No
No

LR
WP
WP
WP

NED 20 mo
NA
NED 32 mo
NED 14 mo

2.5

Yes

No

LR + WP

63/female Papilla of Vater
74/female
Pancreas
50/male
Pancreas
67/female Second portion of
the duodenum
31/female Papilla of Vater
49/female
Duodenum
38/female Papilla of Vater
17/female
Duodenum
61/male
Papilla of Vater
28/male
Papilla of Vater
62/female Ampulla of Vater
67/female Second portion of
the duodenum
52/female
Duodenum
16/male
Ampulla of Vater
51/female Duodenal papilla
47/male
Duodenal papilla

3.2
4.0
2.5
5.0

Yes
Yes
Yes
Yes

No
No
Yes (bone)
No

WP
WP
WP
WP

Recurrence 11 years after
first local resection
NED 24 mo
NED 19 mo
NA
NED 9 mo

3.0
1.4
1.5
NA
3.0
NA
5.0
NA

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
No
No
No
No
No
No

WP
WP + RT
LR + WP
WP
WP
WP
LR
WP

NED 44 mo
NED 12 mo
NA
NED 12 mo
NED 6 mo
NA
NA
NA

1.0
2.5
3.5
3.0

Yes
Yes
Yes
Yes

Yes (liver)
LR
No
WP
No
WP
Yes (liver and
WP + RT + CT +
pelvic cavity) pelvic mass resection

NED 27 mo
NED 36 mo
NED 8 yr
Die 13 moafter initial
surgery

LR: Local resection; WP: Whipple procedure; CT: Chemotherapy; RT: Radiotherapy; NA: Not available; NED: No evidence of disease.

than as “0 (benign)”. We focused on the significant factors associated with the malignant behavior of the tumor
in previously reported cases. To date, there have been no
more than 200 cases of GP reported in the literature in
the world, but only 20 bona fide cases reported as GP
with regional lymph node metastasis or distant metastasis (Table 1). The primary tumors of GP were usually
large (> 2 cm in diameter), relatively well-circumscribed,
had an infiltrative growth margin and frequently extend
into the muscularis propria. However, almost all patients
showed good outcomes without recurrence. Indeed,
only one patient required additional surgical intervention
due to a residue of the tumor at her first endoscopic
procedure[13], one patient has been reported as showing
a recurrence due to a residue of a previous tumor at his
initial surgical intervention[7], one patient received radiotherapy after surgical intervention[12], and two patients
had distant liver and bone metastasis, respectively[21,22].
GP patients with metastasis have extremely good prognosis with long survival periods (6 mo to 11 years), and
there was no record of a patient dying of GP to date
except for our presenting case. Furthermore, despite of
metastatic locations, the neoplastic elements of GP in
metastatic foci were not observed to influence the prognosis of the patients, although epithelioid component
sometimes exhibited as the sole element in metastatic
foci[3,5,6]. Some researchers tried to establish the immunohistochemical prognostic indicators of GP using bcl-2,
p53, and Ki-67, which were acceptable prognostic indi-
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cators in several kinds of neuroendocrine tumors. However, bcl-2 and p53 showed negative reactivity in all of
reported cases[15,27], and Ki-67 labeling index value was
extremely low either in primary tumors or in metastatic
tumors. Therefore, the immunohistochemical evaluation
using these markers may have limited prognostic value in
GPs at present.
Patients with GP usually have favorable prognosis
when they receive total resection, although a residual
mass can recur after a long time[7]. At present, no chemotherapy was advised due to the rarity of distant
metastases and the lack of response of this tumor to
conventional systemic therapy. The present case was
also not responsive to conventional chemotherapeutic
regimens, such as cyclophosphamide and vincristine,
which were associated with response rates of 50%-55%
for malignant paraganglioma. A few cases had been
described to apply radiotherapy for the lesions that had
regional lymph node metastasis, but the efficacy of
treatment was difficult to ascertain[12]. Recent reports
suggested that radiotherapy might be effective in the
management of locally advanced malignant paraganglioma when used in conjunction with radionuclide
therapy (131I-MIBG), but they have not been used in GP
treatment yet. Some authors suggested that the presence
of lymph node and liver metastases should not result
in over-treatment as such behavior was not necessarily
fraught with a bad clinical outcome[22]. So far there have
been no acceptable prognostic factors for malignant
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GPs. But complete resection of the tumor combined
with adjuvant chemo- or radiotherapy is suggested to
apply for GP patients with lymph node and/or distant
metastasis to avoid the potentially rapid progression of
the disease. Of course, more effective chemotherapeutic
regimens and long-term careful follow-up are necessary
for these patients.
In conclusion, we report a rare case of duodenal
GP with regional lymph node and distant metastases
occurring in an adult patient. In contrast to previously
reported GPs with metastasis, our presenting case exhibits marked malignancy with a rapid aggressive clinical course. The patient finally died of GP after surgery,
chemotherapy and radiation intervention, which has
not been previously described. To our knowledge, this
is the first case of lethal GP with multifocal metastases.
Despite the lack of acceptable prognostic indicators for
GPs at present, especially for those with regional lymph
node and/or distant metastasis, our case indicates that
GP is indeed a tumor with uncertain malignant potential.
We suggest adjuvant therapies for the patients with metastasis after complete excision of the tumor, although
the consensus on the adjuvant chemotherapy and/or
radiotherapy for this tumor has not been reached yet.

2
3

4
5
6

7

8
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10

A 47-years-old male patient with duodenal gangliocytic paraganglioma (GP)
showed distant metastases and a lethal clinical course.

Clinical diagnosis

11

A mass was observed in the duodenum, near the duodenal papilla.

Differential diagnosis

Gastrointestinal stromal tumors (GISTs) and poorly differentiated carcinoma of
Vater.

Laboratory diagnosis

12

Imaging diagnosis

13

The laboratory results, including blood count and liver and renal function, were
within the normal range.
Computed tomography (CT) scans revealed a mass in the duodenum, near the
duodenal papilla.

Pathological diagnosis

The tumor was composed of three morphologically distinct cell populations:
epithelioid cells, spindle cells, and scattered ganglion-like cells.

14

Treatment

The duodenal tumor was totally resected and the metastatic lesions of liver and
pelvic cavity were treated with adjuvant radiotherapy and chemotherapy.

15

Related reports

GP has been regarded as benign, but a few cases with regional lymph node
metastasis and even distant metastasis have been reported. However, there
has been no record of a patient dying of GP to date except for our presenting
case.
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Experiences and lessons

The biological behavior of GP is unpredictable, and long-term careful follow-up
is necessary for these patients.
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GP should be regarded as a malignant potential tumor with behavior code of “1”,
rather than a benign tumor of “0”.
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Core tip: A tuberculous vesico-rectal fistula presenting
with severe acute diarrhea, metabolic acidosis, hyperchloremia and hypokalemia while with only mild urinary
tract symptoms is uncommon. Physicians should bear
in mind that diarrhea and acidosis can be caused by
vesico-rectal fistula as a rare cause and can be cured
by tuberculostatic therapy.
Wei XQ, Zou Y, Wu ZE, Abassa KK, Mao W, Tao J, Kang Z,
Wen ZF, Wu B. Acute diarrhea and metabolic acidosis caused
by tuberculous vesico-rectal fistula. World J Gastroenterol 2014;
20(41): 15462-15466 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i41/15462.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i41.15462

INTRODUCTION
Abstract
Acquired vesico-rectal fistula is an uncommon complication of pelvic malignant tumors, surgical injury,
inflammatory disorders such as tuberculosis infection,
radiotherapy and less commonly diverticulum of the urinary tract. The fistula is often identified by urinary tract
abnormalities such as dysuria, recurrent urinary tract
infection, pneumaturia, and fecaluria. Here, we report
an unusual case of a patient with a vesico-rectal fistula
of tuberculous origin, presenting with severe acute diarrhea, metabolic acidosis, hyperchloremia and hypokalemia while with only mild urinary tract symptoms. The
patient was cured by tuberculostatic therapy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Acquired entero-vesical fistula and vesico-enteral fistula
are uncommon complications of colorectal and pelvic
malignant tumors, surgical injury, inflammatory disorders
such as tuberculosis infection and Crohn’s disease, radiotherapy and less commonly diverticulum of the urinary
tract or the intestinal tract[1]. The fistulas are often characterized by recurrent urinary tract infection, dysuria, fecaluria, pneumaturia or sometimes by intestinal abnormalities such as diarrhea, melena and hematemesis[2]. There
have also been a few reports concerning electrolytes and
acid-base disturbance[3,4]. Here, we present a rare case of
a male with a vesico-rectal fistula of tuberculous origin,
characterized by severe acute diarrhea, metabolic acidosis,
hypokalemia and hyperchloremia while with only mild
urinary tract symptoms. The symptoms were relieved totally after one month’s tuberculostatic therapy.
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CASE REPORT
A 41-year-old male was referred to the department of
gastroenterology of our hospital in March 2012 from
a local hospital because of sustaining diarrhea for one
month. A month prior to his admission, the patient had
noticed a dramatic change in his stool habit, passing yellowish watery stool 7-10 times a day, almost 100-200 mL
each time, but there were no rectal tenesmus, bloody
diarrhea, melena, hematemesis or fever. He complained
of oliguria, mild dry mouth, occasionally nausea without vomiting, anorexia and mild intermittent lower
abdominal pain that radiated to the lower back and
was relieved after bowel movements. The daily urine
volume was only 200-300 mL. He reported no fatigue,
urinary frequency, urgency of micturition, odynuria,
dysuria, hematuria, pneumaturia, fecal uriao, arthralgia,
chest pain or cough. Five days prior to his admission, he
started passing dark urine which he described as “black
tea in color”, but still no urinary frequency, urgency of
micturition and dysuria were noted. He had lost weight
of more than 5 kg in the past six months. On physical
examination, he was afebrile, and had rigid abdomen,
lower abdominal tenderness, tender ureter on palpation,
tender flank, especially in the kidney area, tender lumbocostal point, and active bowel sounds. Other physical
examinations were unremarkable.
Routine stool tests showed increased erythrocytes
(++) and leukocytes (++) for one time, but did not reveal any erythrocytes or leukocytes for two times during
the first three days of hospitalization. Urine analysis was
as follows (normal range in parentheses): pH 6.7 (5.4-8.4),
specific gravity 1.020 (1.003-1.030), protein+, occult
blood+++, urine erythrocytes 2753.3 counts/μL (0-18
counts/μL), and urine leukocytes 33308.3 counts/μL
(0-18 counts/μL). Phase-contrast microscopic examination showed that all the urine red blood cells (RBC)
were not malformed. Although the daily urine volume
was only 250 mL, the urine chemistry showed sodium
81.4 mmol/L, potassium 14.8 mmol/L, chloride 130
mmol/L, and urine anion gap (sodium + potassium chloride) -34.2 mmol/L. Laboratory blood tests showed
the following indexes: hemoglobin 74 g/L (120-140 g/L),
peripheral white cell count 9.85 × 109/L (5 × 109-10 ×
109/L), neutrophils 78.7% (40%-60%), peripheral red cell
count 3.03 × 1012/L (4.0 × 1012-4.5 × 1012/L), platelet
count 685 ×109/L (100 × 109-300 × 109/L), peripheral
eosinophil count 0.07 × 109/L (0.02 × 109-0.52 × 109/L)
, serum sodium 134.7 mmol/L(137-147 mmol/L), serum potassium 2.64 mmol/L (3.5-5.3 mmol/L), serum
chloride 119.2 mmol/L (99-110 mmol/L), serum HCO311.4 mmol/L (20.2-29.2 mmol/L), and serum anion gap
(sodium + potassium - chloride - HCO3-) 6.74 mmol/L
(8-16mmol/L). Arterial blood gas analysis (under ambient conditions) revealed pH 7.23 (7.35-7.45), PaCO2
22.5 mmHg (35-45 mmHg) and PaO2 98 mmHg (80-100
mmHg), albumin 33.9 g/L (36-51 g/L), total immunoglobulin 34.3g/L (25-35g/L ), total bilirubin 5.3 μmol/L
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(4-23.9 μmol/L), alkaline phosphatase 57 U/L (35-125
U/L), c-glutamyltranspeptidase 18U/L (7-50 U/L),
aspartate aminotransferase 8 U/L (14-40U/L), alanine
aminotransferase 11 U/L (5-35 U/L), creatinine 129.9
μmol/L (31.8-91.0 μmol/L), blood urine nitrogen 7.88
g/L (2.4-8.2 g/L), uric acid 184 μmol/L (90-420 μmol/L),
prothrombin time 13.6 s (11.0-14.5 s), C-reactive protein
49.5mg/L (0-6.0 mg/L), erythrocyte sedimentation rate
140 mm/h (0-20 mm/h); and serum carcinoembryonic
antigen (CEA) alpha-fetoprotein (AFP), cancer antigen
125(CA125) and cancer antigen 19-9 (CA19-9) were
1.1 μg/L (0-5 μg/L), 1.7 μg/L (0-8 μg/L), 17.2 U/mL
(0-35U/mL) and 6.14 U/mL (0-35U/mL), respectively.
Hepatitis B and C markers were negative. Antinuclear
antibodies (ANA), antineutrophilcytoplasmic antibody
(ANCA) and rheumatoid factor (RF) were not found
in the blood. Tuberculosis (TB)-related antibodies were
present in the blood, and the TB-purified protein derivative (PPD) skin test was strongly positive, while serum
adenosine deaminase (ADA) level was within normal
range as 7 U/L (4-22 U/L). T-SPOT.TB test was positive, indicating the presence of an active tuberculosis infection. All these abnormal results became normal when
the patient was followed up one year later.
Abdominal computed tomography (CT) scan and
CT urography (CTU) revealed a vesico-rectal fistula, an
infection pattern (with suspected tuberculosis) on the
right kidney and right ureter with right renal insufficiency and left ureto-cystic stones with hydronephrosis
(Figure 1). To our regret, the patient refused a follow-up
abdominal CT scan and CTU examination for economic
reasons. Colonoscopy was performed and revealed a
circumscribed fistulous tract arising from the anterior
rectal wall located at 4 cm proximal to anus, with red
and swollen surrounding mucosa, which disappeared totally after 12 mo treatment (Figure 2). However, the biopsy of the surrounding mucosa only revealed chronic
inflammation.
Sodium bicarbonate 2 g and potassium citrate 1
g three times a day were supplemented to treat the
metabolic acidosis, and the serum levels of potassium,
chloride and bicarbonate all became normal soon after
3 d treatment. Before admission and during the beginning period of admission, the patient was started on
an intravenous levofloxacin 0.5 g once a day for 10 d as
experimental antibacterial therapy in a local hospital and
our department. Antidiarrheal drugs (smectite powder 3
g tid) and antispasmic drugs (drotaverine hydrochloride
40 mg tid) were also prescribed by us, but there was no
relief of diarrhea. According to the results of CTU and
T-SPOT.TB, the antibiotic was stopped and the patient
was given isoniazide 0.3 g and rifampicin 0.45 g once a
day, and pyrazinamid 0.25 g tid. Fortunately, the diarrhea
disappeared totally 4 wk later and no surgery was needed. Sodium bicarbonate and potassium citrate supplementations were no longer needed. After 12 mo tuberculostatic therapy, the patient received an ureteroscopic
lithotripsy in another hospital and he has reported no
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Figure 1 Computed tomography images indicated the inflammatory lesions of the right kidney, air gas in the right renal calyx and thickened wall of the
right ureter (A-C, G), left ureto-cystic stone (D, E) and the vesico-rectal fistula (F, H-J). A: Plain computed tomography (CT) scan showed enlargement of the
right kidney with rounded lesions of low density in the parenchyma and air gas in the renal calyx and hydronephrosis of the left kidney; B: No enhancement of the lesions in the arterial phase; C: No enhancement of the lesions in the venous phase; D: Plain CT scan showed air gas in the bladder, thickened wall of the contracted
bladder and left ureto-cystic stone; E: No enhancement of the lesions in the venous phase; F: Axial CT scan image of CT urography (CTU) showed the vesico-rectal
fistula; G: Coronal 2D reconstruction image showed enlargement of the right kidney with rounded lesions of low density in the parenchyma and air gas in the renal calyx and thickened ureter wall; H: Sagittal 2D reconstruction image of CTU showed the vesico-rectal fistula, contrast medium in the rectum and air gas in the contracted
bladder; I: Coronal 3D reconstruction image of CTU showed left hydronephrosis, contracted bladder and loss of function of the right kidney; J: Sagittal 3D reconstruction image of CTU showed the vesico-rectal fistula, contrast medium in the rectum, the left hydronephrosis, contracted bladder and loss of function of the right kidney.

abnormalities since then.

DISCUSSION
Acquired fistulas between the urinary tract and the intestine are uncommon complications of colorectal and
pelvic malignant tumors, surgical injury, inflammatory
disorders such as tuberculosis infection and Crohn’s disease, radiotherapy and less commonly diverticulum of
the urinary tract or the gastrointestinal tract[1]. The most
common symptoms of these acquired fistulas are recurrent urinary tract infection, dysuria, fecaluria, pneumaturia, ect. While the intestinal symptoms such as diarrhea
may also be the main complaint sometimes[2]. In this paper, we report an untypical case with acute diarrhea, hyperchloremic metabolic acidosis and hypokalemia caused
by a vesico-rectal fistula of tuberculous origin, while with
only mild urinary tract symptoms and without fever and
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night sweating. Although numerous red blood cells and
white blood cells were found in the urine which indicated
a severe inflammation of the urinary tract, acute diarrhea
was the chief complaint by this patient and there were
no prominent symptoms of the urinary tract. Usually, the
most possible cause of diarrhea, metabolic acidosis and
hypokalemia occurring simultaneously should be colitis
of various causes, however, the experimental antibacterial
treatment for an infectious colitis and antidiarrheal drugs
did not work in this case. The tuberculosis infection of
urinary tract and the acquired tuberculous vesico-rectal
fistula were identified to be the cause in the end.
In urological diseases, it is well known that both the
reconstruction of the urinary tract with parts of the
gastrointestinal tract and urinary diversion can cause
acid-base disturbances. The mechanism of acid-base
disturbance is mainly as the followings: when the urine
that is delivered by the fistula passes through the lower
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Figure 2 Circumscribed fistulous tract arising from the anterior rectal wall was confirmed by colonoscopy and recovered totally. A: Colonoscopy revealed
a circumscribed fistulous tract arising from the anterior rectal wall located at 4 cm proximal to anus, with red and swollen surrounding mucosa; B: The fistula disappeared totally after 12 mo tuberculostatic treatment.

gut, serum bicarbonate will be excreted and chloride will
be absorbed by the Cl-/HCO3- exchangers in the intestinal epithelia; when the urine passes through the colon,
the urease of some certain bacteria can convert the urea
into bicarbonate ion and ammonium ion, and then a lot
of bicarbonate ions will be excreted into the stool and a
lot of ammonium ions will be reabsorbed together with
chloride or in exchange with sodium[5,6]. Since the urinary anion gap in this case was negative, an intact ability
of increasing the excretion of ammonium ions through
urine was indicated. Systemic depletion of potassium
and hypokalemia have also been reported as a possible
complication of ureterosigmoidostomy before[7]. The
hypokalemia of this case should be a result of the loss of
potassium contained in the watery stools.
With the extensive use of the noninvasive CT scan
with or without 3-dimensional reconstruction, the diagnosis of colovesical fistulas and vesico-rectal fistulas
becomes more accurate. In a group of 24 patients with
enterovesical fistulas, Sarr et al[8] found that the diagnostic
sensitivity of CT scan was 100%, while those of the small
intestinal radiography, the cystoscopy, the cystogram
and the intravenous pyelogram were as low as 38%, 6%,
4% and 0% respectively. Positive CT scan findings had
been obtained as the followings: the phenomenon that
the thickened bladder wall contacted intimately with the
thickened intestinal wall at the site of a fistula was found
in all the 24 patients and the air within the bladder without a recent history of transurethral instrumentation was
seen in 20 patients. These findings show that CT scan is
the most accurate method to make the diagnosis of colovesical fistulas and should be taken as an initial evaluation
for suspected enterovesical fistulas or vesico-enteral fistulas[9]. In comparison with conventional CT, 3-dimensional
CT can provide a better and more complete visualization
of the anatomic relationship between the colon and the
bladder in colovesical fistulas and vesico-rectal fistulas
and can provide further aids in making a diagnosis and in
facilitating the surgical operation[10-12]. As a matter of fact,
the differential diagnosis between enterovesical fistulas
and vesico-enteral fistulas is not easy sometimes; colonoendoscopic examination and cystoscopic examination
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may be of great help. The diagnosis of vesico-rectal fistula was made by abdominal CT and CTU in our patient,
and confirmed by colon endoscopic examination.
Although most of the vesico-rectal fistulas and colovesical fistulas are cured via surgery[13-16], the knowledge
of the treatment for tuberculous vesico-rectal fistula is
very limited. Here, we report a rare case of tuberculous
vesico-rectal fistula presenting with severe acute diarrhea,
metabolic acidosis and hypokalemia cured by tuberculostatic therapy and supplementation of sodium bicarbonate and potassium citrate. This will add important
knowledge to the literature. However, it still remains undetermined whether all tuberculous fistulas can be cured
by conservative therapy.
In conclusion, gastroenterologists should keep in
mind that diarrhea and acidosis can be caused by vesicorectal fistula as a rare cause and tuberculous vesico-rectal
fistula can be cured by conservative therapy in the case
reported here. CT scan with or without 3-dimensional
reconstruction should be taken intially to make the diagnosis of vesico-enteral fistulas and enterovesical fistulas.
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A 41-year-old man presented with severe acute diarrhea, metabolic acidosis,
hyperchloremia and hypokalemia while with only mild urinary tract symptoms.
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tuberculous vesico-rectal fistula.
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Notes in tables and illustrations
Data that are not statistically significant should not be noted.
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P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
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Abstract
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Abstract
Angiogenesis is an essential process for organ growth
and repair. Thus, an imbalance in this process can lead
to several diseases including malignancy. Angiogenesis
is a critical step in vascular remodeling, tissue damage
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and wound healing besides being required for invasive
tumor growth and metastasis. Because angiogenesis
sets an important point in the control of tumor progression, its inhibition is considered a valuable therapeutic
approach for tumor treatment. Chronic liver disease
including hepatitis C virus (HCV) infection is one of the
main cause for the development of hepatic angiogenesis and thereby plays a critical role in the modulation of
hepatic angiogenesis that finally leads to hepatocellular
carcinoma progression and invasion. Thus, understanding of the molecular mechanisms of HCV-mediated hepatic angiogenesis will help design a therapeutic protocol for the intervention of HCV-mediated angiogenesis
and subsequently its outcome. In this review, we will
focus on the molecular mechanisms of HCV-mediated
hepatic angiogenesis and the related signaling pathways that can be target for current and under development therapeutic approaches.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis C virus; Hepatocellular carcinoma;
Angiogenesis; Signaling pathway; Therapy
Core tip: This editorial elaborate the molecular mechanisms of hepatitis C virus (HCV)-mediated angiogenesis
and its mechanisms, and the potential of angiogenic
pathways as target for hepatocellular carcinoma therapy. We summarized the current knowledge of HCVmediated angiogenesis and the possible therapeutic
strategies.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is considered one of
the most common cancers worldwide. Therefore, the limited treatment options and poor prognosis of HCC patients emphasize the importance of the development of
a new therapeutic strategy. Chronic liver diseases including hepatitis C virus (HCV) infection are the major risk
factors for developing HCC[1,2]. Although the molecular
mechanisms that link HCV infections to the development
and progression of HCC are not entirely characterized,
increasing evidence indicates the involvement of hepatic
angiogenesis in the modulation of HCV viral proteinsinduced HCC malignancy[3-5]. Therefore, targeting the
angiogenic signaling pathways is thought to be a relevant
therapeutic strategy for tumor treatment. Accordingly,
understanding the mechanistic role of HCV infection in
the modulation of the imbalance of hepatic angiogenesis
may help to develop novel therapeutic options for HCC
treatment.

ANGIOGENESIS
Angiogenesis is a dynamic, hypoxia stimulated and
growth factor-dependent process that is responsible for
the formation of new vascular structures from preexisting vessels[6,7]. Angiogenesis occurs in several organs in
response to a pathophysiological alteration, and thereby
is one of the most thoroughly studied pathophysiological
phenomena. Besides its role in promotion of the etiopathogenesis of several diseases, angiogenesis is considered a potential therapeutic target for tumor treatment[8,9].
Hypoxia and inflammation are the main inducers of
angiogenesis in liver and other organs[10-13]. Under hypoxia
conditions angiogenesis is regulated through a mechanism mediated by hypoxia inducing factor (HIF)[14,15],
where as its induction during the course of inflammation
is regulated through a mechanism mediated by angiogenic
cytokines and growth factors[11,16]. Thus, the formation of
new functional vessels from preexisting vessels is mediated by tightly regulated mechanism, in which HIF plays
a central role[17,18].
Although neo-angiogenesis is common for most
chronic inflammatory and fibrogenic disorders, the processes of hepatic angiogenesis differ from homologous
processes in other organs or tissues. This may be due to
the unique phenotypic profile as well as to the functional
role of both activated hepatic stellate cells and other liver
myofibroblasts[19,20].

REGULATION OF ANGIOGENESIS
The regulation of angiogenesis is mediated by a mechanism regulated through the balance between the angiogenic growth factors and their inhibitors. These angiogenic growth factors can be released from different
cell types including endothelial cells (ECs), monocytes,
platelets, and smooth muscle as well as tumor cells[21].
Under normal physiological condition, the inhibitors of
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neovascularization is in excess in solid organs, and thereby can overcome the reservoir of growth factors that
are essential for the initiation of the angiogenic process,
a mechanism for the inhibition of neovascularization
in solid organs[22-24]. Whereas, in tumors, the release of
growth factors are in excess. Accordingly, the excess of
the resleased growth factors has the ability to overcome
the inhibitor of angiogenesis, and thereby contributes to
the promotion of tumor progression. Thus, the initiation
of the angiogenic process is an important mechanism for
tumor development and progression. A model for the
regulation of angiogenesis by hepatocyte growth factor
via mechanism mediated by either vascular endothelial
growth factor (VEGF) or thrombospondin 1 is shown
(Figure 1)

MOLECULAR MECHANISMS OF HCVINDUCED ANGIOGENESIS
The role of HCV infection in the regulation of hepatic
angiogenesis is reported in several studies[5,25]. Also, the
microvessel density in liver biopsies of patients with
HCV chronic infection is significantly high when compared to those of patients with hepatitis B virus (HBV)
infection[26]. Accordingly, in vitro analysis of HCV positive sera were found to stimulate the migration and the
proliferation of human ECs[27]. These enhanced migration and proliferation of ECs are attributed to the HCVinduced production of VEGF[27]. There are two different
types of microvascular structures in the liver including
the large vessels that are mainly covered by a continuous
endothelium, and the sinusoids that are lined by a fenestrated endothelium[28]. Sinusoidal capillarization identified by CD34-positive ECs that mainly reported in most
HCCs[29,30]. Moreover, CD34-positive ECs have also been
observed in the sinusoid of both higher-grade and lowergrade dysplastic nodules[31,32], as well as in HCV-associated HCC[33]. Also, the elevation of CD34 in response to
the stimulation of ECs together with the detection of
CD34 in liver biopsies of HCV infected patients provide
evidence for the mechanistic role of HCV infection in
the regulation of hepatic angiogenesis[5]. Although the
direct relation between HCV infection and angiogenesis
has been reported in vitro and in vivo, little is known about
the molecular mechanisms, which are responsible for the
modulation of HCV-promoted hepatic angiogenesis.
Accordingly, the infection of the liver derived cell
line Huh7 with HCV subgenomic replicon was found
to stabilize HIF-1α under normoxic conditions[34], an
evidence for the involvement of HCV viral proteins in
the regulation of HIF-1α, an essential factor for the
regulation of angiogenesis. Further analysis of HCV
proteins (structural or non-structural proteins) using several molecular biological techniques in combination with
inhibitory experiments demonstrated that the oxidative
stress, signal transducer and activator of transcription 3,
nuclear transcription factor NF-κB, mitogen activated
protein kinase (MAPK), phosphatidylinositol 3-kinases
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Figure 1 Representative model for tumor angiogenesis induced by hepatocytes growth factor/Scater factor-Met signaling. Intrinsically hepatocytes growth
factor/Scater factor (HGF/SF) activates Met receptor on the surface of host endothelial cells leading to cell proliferation and migration. Extrinsically, HGF/SF-Met signaling turns on the angiogenic switch by simultaneous upregulation of pro-angiogenic vascular endothelial growth factors (VEGF) expression and down regulation of
thrombospondin 1 (TSP-1) expression from the tumor cells.

(PI3-kinases) play an essential role in the stabilization of
HIF-1α[5,25]. Also, the role of HCV nonstructural proteins NS3 and NS4A-induced reactive oxygen species[35,36]
seems to be essential for the stabilization of HIF-1α, that
in turn, leads to the upregulation of VEGF and other
angiogenic factors[5,37]. Also, the elevation of VEGF secretion in patient’s sera, in subgenomic replicon, and in
HCV core-expressing Huh7 reveals an important role for
HCV infection in the promotion of hepatic angiogenesis[5]. Moreover, HCV-induced VEGF, and subsequently
the activation of endothelial have been reported to be
regulated via mechanism mediated by multiple pathways
including c-Jun-N-terminal kinase, p38 and extracellular
regulated kinase (ERK)[5].
Although the several studies dealing with mechanistic
role of HCV infection in the context of angiogenesis
are limited, the induction of several angiogenic factors
by HCV proteins has been demonstrated[5,38,39]. For example, elevation of Ang-2 in the sera of HCV-infected
patients[39,40], as well as the upregulation of MMP-2 in response to expression of HCV viral proteins[41-43]. Furthermore, the enhancement of MMP-9 by HCV core protein
is also reported[42,44-46]. Moreover, the overexpression of
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cyclooxygenase (COX)-2 in response to the expression
of HCV core or NS5A in hepatocytes has been demonstrated in several studies[47-49]. The mechanism, by which
HCV induces COX-2 has been investigated, and thought
to be regulated via a mechanism mediated by HCVinduced oxidative stress[50].
The findings mentioned above are supported by a
set of clinical investigations. For example, patients with
HCV chronic infection revealed significant elevation of
intrahepatic COX-2, MMP-2 and MMP-9[44]. These intrahepatic COX-2, MMP-2, and 9 along with VEGF and
Ang-2 are thought to play an important role in the stimulation of angiogenesis in the context of HCV-associated
HCC. A proposed model for the possible mechanisms
demonstrating the pathways, which are involved in the
modulation of HCV-induced hepatic angiogenesis is outlined in Figure 2.

ANGIOGENESIS AS THERAPEUTIC
TARGET FOR HCC TREATMENT
The inhibition of angiogenesis is thought to be a relevant therapeutic strategy for HCC treatment. Despite
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Figure 2 Model for hepatitis C virus-mediated hepatic angiogenesis. During the infection with hepatitis C virus (HCV), normal angiogenesis process can be
malignant through the deregulation of genes involved in the angiogenic pathway by viral proteins such as core and non-structural protein NS3. HCV infection can
enhance angiogenic process via multiple pathways. One of these pathways is initiated by HCV core or NS3 via NF-κB and, cyclooxygenase (COX-2) leading to the
activation of vascular endothelial growth factor (VEGF)/PI3K/AKT/mTOR axis. The other pathway is initiated by core and NS3-induced iNOS/NO axis leading to angiogenesis. Further pathway is initiated by HCV-induced suppression of p53-p21 axis leading to the induction of E2F1 that subsequently mediates the activation of ASK1JNK/p38 that results in the induction of TGF-β leading to the activation of extracellular regulated kinase (ERK) pathway. ERK pathway together with c-Jun-N-terminal
kinase (JNK), p38 will be able to trigger the expression of VEGF and subsequently to the promotion of hepatic angiogenesis.

of there has been poor efficacy with treatment using
single-agents as anti-angiogenic approaches in advanced
solid cancers[51,52], many molecular-targeted drugs have
been proofed for their reliability in HCC treatment[53,54].
Although the multi-tyrosine kinase inhibitor sorafenib
demonstrated an overall survival beneﬁt for patients
with HCC, the efﬁcacy of anti-angiogenic agents, including sorafenib in HCC is limited[55]. This may due to that
most of anti-angiogenic agents including sorafenib, can
only target newly formed blood vessels rather than the
matured one. As a consequence the vascular remodeling
can substitute the eliminated newly formed vessels[56,57].
Apart from their ability to block the cell cycle of tumor
cells, most anti-angiogenic agents fail to induce tumor
death, a further limitation for their anti-tumor efficacy.
Hence, the design of an anti-angiogenic approach for
HCC treatment must be taken into account that targeting
a unique signaling pathway by a small-molecule inhibi-
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tor is not sufficient to abrogate or even to block tumor
development and progression. Thus, the combination of
inhibitors of different angiogenic pathways may be more
efficient.
Tumor angiogenesis has received more attention as
a potential target for therapeutic intervention. Although
many of the research studies have focused on the inhibition of vascular endothelial growth factor receptor
(VEGFR) or its ligand, VEGF[58,59], the VEGF/VEGFR
axis, an important mediator of tumor angiogenesis, is only
one of several angiogenic pathways that are essential for
initiation and progression of angiogenesis[60-62]. Thus, recent evidence suggests that Src may be a mediator for the
expression of multiple pro-angiogenic molecules[63,64]. Src
is membrane-associated non-receptor protein tyrosine kinases, and is overexpressed and/or aberrantly activated in
a variety of human tumors[65], therefore targeting of this
pathway may be a relevant strategy for HCC treatment.
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Figure 3 Outline of the targeted therapies, which are currently available or under development for the treatment of hepatocellular carcinoma, and the
molecular targets on which they are believed to act upon. AKT: A protein kinase family of genes involved in regulation of cell survival, Bcl-2-associated agonist of
cell death promoter (BAD), Bcl-2-associated death promoter; Disheveled (DSH) protein, downstream effector Disheveled; EGF: Epidermal growth factor; EGFR: EGF
receptor; ERK: Extracellular signal-regulated kinase; Frizzled: A family of G-protein coupled receptor proteins that serve as receptors in the WNT/β-catenin signaling
pathway; once activated: Frizzled leads to activation of Disheveled in the cytoplasm; GSK-3β: Glycogen synthase kinase 3β; HER2/neu: Human epidermal growth
factor receptor 2, a cell membrane surface-bound receptor tyrosine kinase that is involved in the signal transduction pathways leading to cell growth and differentiation; MEK: Kinases that phosphorylate mitogen activated protein (MAP) kinase (MAPK); mTOR: Mammalian target of rapamycin; PDGFR: Platelet-derived growth factor receptor; PI3K: Phosphatidylinositol-3-kinase; PTEN: Phosphatase and tensin homolog, regulates cell-survival pathway; RAF: A MAP kinase kinase kinase (MAP3K)
that functions in the MAPK/ERK signal transduction pathway; a serine/threonine-specific kinase; RAS: Prototypical member of the RAS superfamily of proteins; activation of RAS signaling causes cell growth, differentiation and survival; the dysregulation of RAS signaling can lead to oncogenesis and cancer.

Although some studies focused mainly on the ability of
Src family kinase inhibitor that is acting directly on tumor
cells through a mechanism mediated by the reduction of
pro-angiogenic factors[66], the anti-angiogenic effect of Src
family kinase inhibitors was found to be more efficient in
vivo[61,67,68]. Thus, the inhibition of Src family kinase activity
by highly potent and selective small-molecule inhibitor(s)
may be a relevant therapeutic strategy for the treatment of
human solid tumors.
Moreover, the ERK/MAP kinase also known as
RAF/MEK/ERK pathway is a ubiquitous signal transduction pathway that is involved in the regulation of
crucial cellular functions such as angiogenesis is thought
to be a promising target for anti-angiogenic agents[69-71].
The activation of this pathway through the overexpres-

WJG|www.wjgnet.com

sion or activation of its components contributes to the
regulation of angiogenesis that, in turn, leads to tumor
progression and metastasis[5,71]. The ERK/MAPK pathway is a downstream pathway of various growth factors
such as insulin growth factor receptor, endothelial growth
factor (EGFR), VEGFR, and platelet-derived growth factor receptor (PDGFR), consequently the ERK/MAPK
pathway is thought to be a valid therapeutic target for the
treatment of HCC[72-76].
Furthermore, constitutive activation of the PI3K/
AKT/mTOR signaling pathway has been established as
determinant of cell growth and survival in solid tumors
including HCC[77]. The activation of PI3K/AKT/mTOR
signaling pathway can be mediated by the enhanced activation of tyrosine kinases receptors such as those of
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IGF and EGF[78]. The expression of both EGF and IGF
receptors is upregulated in HCC and cirrhotic liver[79].
Accordingly, PI3K/AKT/mTOR signaling pathway may
be a potential target for the development of therapeutic
approaches for HCC treatment. Also, WNT/β-catenin
pathway is considered a promised therapeutic target
of HCC treatment, based on its potential role in the
regulation of major and early carcinogenic processes of
HCC[80].
Ligands that bind to the EGFR, such as EGF, play
a central role both in tumor angiogenesis and proliferation, via mechanism mediated by the activation of RAF/
MEK/ERK and PI3/AKT/mTOR pathways[81]. Thus,
based on their efficacy in the treatment of most solid
tumors, targeting of EGF/EGFR signaling pathway may
be beneficial for HCC treatment[82]. As a result, variable
therapeutic targets have been developed based on the
reliability of this pathway as a relevant therapeutic target
for tumor treatment. Thus, the current agents targeting
EGFR in HCC includes erlotinib, lapatinip and gefitinib,
as well as the monoclonal antibody cetuximab[83].
Based on the fact that the activation of IGF signaling pathway induced potent proliferative effects in hepatocytes and thereby promotes the development and
progression of HCC, the targeting of this signaling pathway offers a relevant therapeutic intervention for HCC
treatment. Thus, the inactivation of IGF-1R can induce
growth inhibition, apoptosis or cell cycle arrest[84,85]. Also,
the blockade of IGF-1R consequently leads to inhibition
of its downstream signaling pathways in solid tumors[86].
Therefore, the development of a small-molecule inhibitor for IGF-1R may be relevant for HCC treatment. The
targeted therapies currently available or those under the
development for HCC treatment together with their possible molecular targets are outlined (Figure 3).

during the course of HCV infection. Further analysis is
needed to address, in detail, the molecular mechanisms of
HCV-induced hepatic angiogenesis. The investigation of
these mechanisms may help to improve current therapies
and in the design of an efficient alternative approach for
HCC treatment. Thus, targeting signaling pathways that
are directly involved in the regulation of hepatic angiogenesis may be a powerful strategy for HCC treatment.
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Abstract
Hepatitis C is a liver disease that is transmitted through
contact with the blood of an infected person. An estimated 150 million individuals worldwide have been
chronically infected with the hepatitis C virus (hcv).
Hepatitis C shows significant genetic variation in the
global population, due to the high rate of viral RNA mutation. There are six variants of the virus (HCV genotypes 1, 2, 3, 4, 5, and 6), with 15 recorded subtypes
that vary in prevalence across different regions of the
world. A variety of devices are used to diagnose hepatitis C, including HCV antibody test, HCV viral load test,
HCV genotype test and liver biopsy. Rapid, inexpensive,
sensitive, and robust analytical devices are therefore
essential for effective diagnosis and monitoring of disease treatment. This review provides an overview of
current electrochemical immunosensor and genosensor
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technologies employed in HCV detection. There are a
limited number of publications showing electrochemical
biosensors being used for the detection of hcv. Due to
their simplicity, speciﬁcity, and reliability, electrochemical biosensor devices have potential clinical applications
in several viral infections.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis C virus; Immunosensors; Genosensors; Electrochemical detection; Diagnostic tests
Core tip: The global market for hepatitis C virus (hcv)
treatment will reach $20 billion annually by the end of
the decade. Therefore, a considerable interest in developing simple and reliable methods for detecting and
quantifying HCV is required. Conventional HCV diagnostic tests include virus isolation, immunofluorescence microscopy, enzyme immunoassays and polymerase chain
reaction techniques are becoming obsolete for routine
clinical practices. In this issue, the current knowledge
on the alternative diagnostic devices for HCV detection
is updated, addressing all the topics with a practical
point of view to make this “Topic Highlight” interesting
and useful to most clinicians.
Uliana CV, Riccardi CS, Yamanaka H. Diagnostic tests for
hepatitis C: Recent trends in electrochemical immunosensor
and genosensor analysis. World J Gastroenterol 2014; 20(42):
15476-15491 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i42/15476.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i42.15476

INTRODUCTION
Hepatitis C virus (HCV) infection is a global health problem[1]. HCV is a small (36-65 nm in size) and positivesense single-stranded RNA virus[2]. It can be transmitted
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through contact with the blood of an infected person,
organ transplantations, blood transfusions, renal dialysis,
and intravenous drug abuse[3]. An estimated 2%-3% of
the world’s population, corresponding to approximately
130-170 million persons, has been infected with HCV[4].
Although recent advances in the treatment of HCV
genotype 1 infection using directly acting antiviral agents
are encouraging, there is still a need to develop vaccine
strategies capable of preventing infection[5].
HCV infection has low cure rates and causes serious
adverse effects in some patients, with chronic infections
including cirrhosis and hepatocellular carcinoma[6]. Accurate and sensitive diagnosis in the early stages of HCV infection is important[7]; past HCV infection has no significant influence on the risk of hepatocellular carcinoma[8].
Research into new cost-effective and validated techniques is ongoing, and aims to inform the best practices
for detecting HCV infection and for distinguishing between a resolved HCV infection and a false positive for
HCV antibody in patients with levels of HCV RNA that
are not detectable. The understanding of HCV diagnostic strategies is important in order to be able to provide
comprehensive guidance on testing, reporting, and clinical management, and will improve case definitions for
disease notification and surveillance.

HCV DIAGNOSTIC TESTS
Serological and virological tests have become essential in
the management of HCV infection in order to diagnose
infection, plan treatment, and assess the virological response to antiviral therapy. Virological tools include antiHCV antibody detection, serological determination of
the HCV genotype, and molecular assays that detect and
quantify HCV RNA and determine the HCV genotype.
Anti-HCV antibody testing and HCV RNA testing are
used to diagnose acute and chronic hepatitis C. Only patients with detectable HCV RNA should be considered
for pegylated interferon-alpha and ribavirin therapy, and
the HCV genotype should be systematically characterized
before treatment, as it determines the type and duration
of treatment, the dose of ribavirin, and the virological
monitoring procedure. HCV RNA monitoring during
therapy is used to tailor the duration of treatment in
HCV genotype 1 infection, and molecular assays are used
to establish the end of treatment and, most importantly,
the sustained virological response (in other words, the
therapy endpoint)[9].
Anti-HCV detection
The most commonly used assay for anti-HCV is the
enzyme-linked immunosorbent assay (ELISA, Figure 1).
The advantages of this technique include automation,
highly reproducible results, and low cost. Three generations of ELISA for anti-HCV have been developed over
the past decade.
The first generation of HCV ELISAs, reported in
1989, was produced using recombinant proteins comple-

WJG|www.wjgnet.com

mentary to the NS4 region of the HCV genome, and was
used for HCV antibody screening of blood donations[10].
These tests had limited sensitivity and specificity. In the
procedure, single recombinant antigens from the NS4
region of the HCV genome are immobilized in the wells
of a microtiter plate. The presence of anti-HCV antibodies is revealed by anti-antibodies labeled with an enzyme
that catalyzes the transformation of the substrate into a
colored compound that can be measured by spectrophotometry[11].
Gray and Wreghitt (1989)[12] reported an adaptation
of a first generation ELISA for detecting anti-HCV to
differentiate nonspecific (low avidity) antibody binding
from specific (high avidity) binding by antibodies generated during long-term infection.
Second generation tests have included recombinant/
synthetic antigens from the core and nonstructural NS3
and NS4 regions of the HCV genome. This immunoassay improved the sensitivity and specificity of the test.
Furthermore, it has proved to be quite effective as a
screening test in individuals who are high-risk for chronic
hepatitis C. Approximately 92%-95% of chronic hepatitis
C cases can be detected by second generation ELISA. Finally, the anti-HCV can be detected approximately 10 wk
after the initial infection, compared to an average of 16
wk using the first generation ELISA[13].
Clinical studies have shown a significant number of
HCV-infected individuals who developed antibodies to
the NS5 non-structural protein of the virus. Therefore,
the third generation tests include antigens from the NS5
region of the viral genome, in addition to NS3, NS4,
and the core[14-16]. The third generation tests provide
improved sensitivity and have shortened the antibody
detection period to around 5 wk[17]. The specificity of the
anti-HCV assay (3rd generation) was found to be 99.5%
for blood donor samples and 99.4% for routine clinical
specimens[18].
Ward et al[19] (1994) reported a modified anti-HCV
ELISA to show that anti-HCV avidity in dialysis patients
increases with time after primary infection. Furthermore,
it was observed that patients given immunosuppressive
therapy did not show a progressive increase in anti-HCV
antibody avidity, as was observed for non-immunosuppressed controls, suggesting that immunosuppression
slows the maturation of IgG avidity[12,19]. Kanno and
Kazuyama[20] (2002) reported that anti-HCV avidity was
lower in sera taken from patients with resolved infection
than in sera from chronically infected patients, and that
the avidity index declined in the latter after treatment
with interferon.
Detection of anti-HCV antibodies is unable to distinguish between a current or past infection, because
people will retain anti-HCV antibodies for life once they
have been exposed to HCV[21]. In addition, the testing for
anti-HCV antibodies might provide false negative results,
because it takes 45-68 d to develop anti-HCV antibodies
following HCV infection[22]. On the other hand, detection of HCV RNA can distinguish between a current or
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Anti-HCV detection
(ELISA)

or

No current
HCV infection
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Nonreactive for HCV antibody
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Exceptions:
Acute HCV infection
Hemodialysis
Immunocompromising diseases

HCV RNA detection

Positive

Positive
Current HCV infection

Qualitative HCV RNA test

Negative
Resolved HCV infection

HCV genotype test

Positive
Active HCV infection

Figure 1 Scheme of serologic assays for hepatitis C virus diagnosis. HCV: Hepatitis C virus; ELISA: Enzyme-linked immunosorbent assay.

past infection. However, detection of HCV RNA could
provide false positive results due to contamination. It is
also too expensive and labor-intensive for routine use.
It has been reported that the HCV core antigen can be
detected in the serum of most patients during the acute
infection[23,24].
HCV core antigen levels correlate well with HCV
RNA levels, and may consequently be used as an indirect marker of HCV replication, in a low-cost alternative
technique for diagnosis of acute HCV infection[25-29]. The
HCV core antigen has been reported to appear earlier than
the anti-HCV antibody, and may be detected within 1 or 2
d following the appearance of HCV RNA in serum[30-32].
Effective treatment is available for HVC infection,
but since the disease is asymptomatic, most people with
HCV do not know they are infected. Since 1998, the
Center for Disease Control and Prevention (CDC) has
recommended HCV testing for persons with risk factors for HCV infection[33]. The recommended testing sequence for detection of current HCV infection is shown
in Figure 1. Firstly, the presence of anti-HCV antibodies
in a blood sample is evaluated. A non-reactive test result
indicates the absence of HCV infection. If the individual
is suspected to have been exposed to HCV, a HCV RNA
test is recommended.
An HCV antibody reaction is assumed to be indicative of an infection, and subsequent supplementary antiHCV or HCV RNA tests are required. A repeated reactive result is consistent with a current HCV infection,
a resolved HCV infection, or a false positive result for
HCV antibodies. The test for HCV RNA is evaluated in
order to confirm current infection. If the data are indicative of an HCV reaction and HCV RNA is detected,
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the individual has a current HCV infection. All patients
should have a baseline HCV RNA level measured prior
to starting treatment. If the data are indicative of an
HCV reaction and HCV RNA is not detected, then there
is no current HCV infection. If distinction between true
and false positivity for HCV antibodies is desired, and if
the sample is repeatedly reactive in the initial test, supplementary HCV antibody assays are recommended. This is
also the case if the person tested is suspected of having
had exposure to HCV within the past 6 mo, has clinical
evidence of HCV disease, or if there is concern regarding the handling or storage of the test specimen[34].
In 2003, CDC published guidelines for the laboratory
testing of antibodies to HCV and the reporting of results[35], and issued an update in 2013 due to (1) changes
in the availability of certain commercial HCV antibody
tests; (2) evidence that many persons identified as reactive
by an HCV antibody test might not subsequently be evaluated to determine if they have current HCV infection[36];
and (3) significant advances in the development of antiviral agents with improved efficacy against HCV[37].
Guidance updates in HCV testing technologies
A rapid test for HCV antibodies should firstly be used.
Anti-HCV assays to detect antibodies to HCV Encoded
Antigen, include Abbott PRISM HCV (Abbott, 2006)[38]
and the Ortho HCV Version 3.0 ELISA Test System
(Ortho-Clinical, 2009)[39].
In 2011, the United States Food and Drug Administration (FDA) approved the OraQuick® HCV Rapid
Antibody platform using finger prick capillary blood and
venipuncture whole blood, which enables healthcare providers to deliver an accurate diagnosis in 20 min[40]. The
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Figure 2 Scheme of biosensors devices.

FDA also approved the waived test permitting use of the
assay in untraditional settings such as physicians’ offices,
hospital emergency departments, health department clinics, and other independent counseling and testing sites[41].
In a next step, all positive HCV screening serologic
tests require confirmation by HCV RNA detection.
FDA-approved HCV nucleic acid tests (HCV NAT) for
detection of HCV RNA should be used for testing individual samples or pooled samples of blood from at-risk
patients who test reactive for HCV antibodies. Qualitative
and quantitative HCV NAT assays include the UltraQual
HCV RT-PCR Assay (2001)[42], the COBAS AmpliScreen
HCV Test, v. 2.0 (2002)[43], the HCV RT PCR Assay
(2007)[44], and the Multiplex Assay COBAS TaqScreen
MPX Test (2008)[45].
Other FDA recommendations include supplementary testing for HCV antibodies. If testing is desired to
distinguish between true and false positivity for HCV
antibodies, anti-HCV monitoring may be performed with
a second HCV antibody assay, approved by the FDA for
diagnosis of HCV infection, which is different from the
assay used for the initial antibody testing. HCV antibody
assays vary according to their antigens, test platforms,
and performance characteristics, so biological false positivity is unlikely to be exhibited by more than one test
when multiple tests are applied to a single specimen[46].
A speciﬁc and sensitive method for the quantiﬁcation
of HCV core antigen using an ELISA screening method
has been reported[47,48]. However, while ELISA is less expensive than an HCV RNA test, its limitations mean that
alternative methods with lower detection limits, higher
sensitivity and selectivity, and faster responses need to be
developed[49].
To this end, biosensor technology has the potential
to provide fast and accurate anti-HCV and HCV RNA
detection. According to IUPAC, a biosensor is a device
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that uses specific biochemical reactions mediated by
isolated enzymes, immunosystems, tissues, organelles,
or whole cells to detect chemical compounds, usually by
means of electrical, thermal, or optical signals[50]. Figure
2 shows a schematic diagram of biosensor devices. The
biological recognition element immobilized on bioreceptor surface interacts to analyte; the tranducer converts
the recognition event into a measurable signal; finally, the
output from the transducer is amplified, processed and
displayed. The intensity of signal can be proportional to
the analyte concentrations.
In the present review, the focus will be on the most
recent developments in the technology of electrochemical immunosensors and DNA biosensors or genosensors
for use in HCV studies, including information on applications and future prospects for HCV diagnostics.

IMMUNOSENSOR FORMATS FOR
DIAGNOSTIC APPLICATIONS
Immunosensors are solid-state afﬁnity ligand-based biosensing devices that couple immunochemical reactions
to appropriate transducers. Generally, an immunosensor
consists of a sensing element and a transducer. The sensing element is formed by means of the immobilization
of antigens or antibodies, and the binding event is transformed into a measurable signal by the transducer[51]. The
merits of immunosensors are obviously related to the
selectivity and afﬁnity of the antibody-analyte binding
reaction. These devices are responsible for the transformation of speciﬁc antibody-antigen (Ab-Ag) interactions
into measurable piezoelectric[52], acoustic[53], electrochemical[21,54-56], magnetic[57], or optical signals[58,59], and have
been extensively studied for clinical diagnosis[60].
In recent years, great progress in nanoscience and
nanotechnology has opened new opportunities for as-
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sembling electrochemical immunosensors. Various nanomaterials have been utilized for the fabrication of electrochemical immunosensors, including colloidal gold/silver,
semiconductors, carbon or silica nanoparticles, and magnetic beads[61]. Among these nanomaterials, novel carbon
nanostructures such as carbon nanotubes (CNT), carbon
nanoﬁbers (CNF), and carbon nanorods (CNR) are popular as the support materials for electrochemical immunosensors, due to their electrical conductivity, large surface
area, good chemical stability, and excellent biocompatibility[62-67]. Carbon materials have been extensively used as
immobilized substrates for the fabrication of biosensors,
because of their attractive mechanical, electronic, and
chemical properties[68]. Several researchers have focused
on the ability of surface-confined CNTs to promote
electron-transfer reactions in biosensing devices [69,70].
CNTs can also be coated with high loads of enzymes and
secondary antibodies for signal ampliﬁcation in sandwich
immunoassays[71]. The superior physical and chemical
properties of graphitized mesoporous carbons (GMCs),
including high speciﬁc surface area, good electrical conductivity, excellent chemical stability, and large pore volumes, indicate their potential for application in electrochemical biosensors[72]. The immunosensor formats used
for monitoring viral infections include sandwich-type
and competitive-type assays. In a competitive format,
unlabeled analyte (usually the antigen) in the test sample
is measured by its ability to compete with the labeled antigen in the immunoassay. Typically, the detectable signal
decreases with the increase of analyte concentration, due
to the effect of the background signal[73]. Furthermore,
depending on the immunoassay format used, these tests
can be either direct (where the immunochemical reaction
is directly determined by measuring the physical changes
induced by the formation of the complex) or indirect
(where a sensitively detectable label is combined with the
antibody or antigen of interest)[74]. The distinction has an
entirely different meaning to the use of the terms direct
and indirect in the immunoassay ﬁeld, where both are
tracer-related. They are distinguished according to whether the antibody binding is directly detected (for example,
after an enzyme-labeled antibody is bound to an immobilized coating conjugate, or an enzyme tracer is bound
to an immobilized antibody), or whether the detection
only takes place after a secondary binding reaction (such
as when an enzyme-labeled secondary antibody is used
to label a ﬁrst antibody bound to an immobilized coating
conjugate)[75,76].
In contrast, non-competitive immunoassay formats
(usually the sandwich-type formats) provide the highest
levels of sensitivity and speciﬁcity, due to the use of a
pair of matched antibodies[77].
For the indirect assay modes, this significantly facilitates the problem of signal generation. The tracer labels
either the occupied binding sites of the antibodies or the
free sites. As for the sandwich-type immunosensors, the
primary antibodies are usually immobilized on a solidstate support, and the sandwiched immunocomplex is
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formed between the immobilized primary antibodies
and signal antibodies (usually enzyme-labeled antibodies or nanoparticle-labeled antibodies). The detectable
signal mainly derives from the labeled signal tags. In spite
of many advances in this ﬁeld, there is still a paucity of
novel approaches for improving the simplicity, selectivity, and sensitivity of clinical immunoassays, in order to
respond to the demands and needs of modern medical
diagnostics and biomedical research applications. In this
regard, the protein-mediated assembly of nanoparticles
is a potential tool for the fabrication of new sandwichtype immunosensors. This approach combines tunable
nanoparticle features (size, surface functionality, and core
properties) with the unique physical and chemical properties of proteins and peptides.
The measurement of the labeled analyte (usually
the antibody) is directly proportional to the amount of
antigen present in the sample, so the detectable signal
increases with increasing amounts of the target analyte[78]. The sandwich-type assay is therefore one of the
most popular schemes used in immunosensing and immunoassays. Although the antigen-antibody reaction can
cause the detectable signal to change to some extent, the
change is comparatively small. High-afﬁnity antibodies and appropriate labels are usually employed for the
ampliﬁcation of the detectable signal[79].
Typical methods involve the use of an indicator
system (such as an enzyme label) that results in the
ampliﬁcation of the measured product[80]. Since, for steric
reasons, there is usually a 1:1 ratio of enzyme and signal
antibody used in the traditional enzyme immunoassays,
the detectable signal is always limited[81]. The rapidly
emerging research ﬁeld of nanoparticle labels, and the
processes used to generate, manipulate, and deploy nanomaterials, provides exciting new possibilities for the advanced development of new analytical tools and instrumentation. One major advantage of using nanoparticle
labels lies in the ability to control and tailor their properties to meet the needs of speciﬁc applications. Compared
to the bulk materials, the nanomaterials offer unique
chemical and physical properties, such as high surfaceto-volume ratios and unique conductivities and optical
properties[82], and can provide good biocompatibility.
Various nanoparticle labels including noble metal
nanoparticles, carbon nanomaterials, semiconductor
nanoparticles, metal oxide nanostructures, and hybrid
nanostructures have been developed for use in the
sandwich-type immunosensors and immunoassays[21]. Antibodies (antigens) labeled with nanoparticles can retain
their bioactivity and interact with their counterparts, and
the amount or concentration of an analyte can be determined, based on the detection of the nanoparticles[83].
The enormous signal enhancement associated with the
use of nanomaterial amplifying labels and with the formation of nanoparticle-antibody-antigen assemblies
provides the basis for ultrasensitive immunosensing and
immunoassays[28,84]. When one antibody on the nanoparticle reacts with the corresponding antigen, other biomol-
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Table 1 Recent developments on hepatitis C virus detection by electrochemical immunosensors
Electrode

Immunosensor
format

Antigen

Labelled system

Technique

Performance of the
immunosensor

Ref.

-

Thionine HCV
horseradish
peroxidase (HRP)
antibody

-

Cyclic voltammetry
and Linear scan
voltammetry

The linearity of Hepatitis
C in the range of 3.2 to 16
mg/L with the correlation
coefficient of 0.995

[90]

Sandwich-type

HCV core

Label-free

Cyclic voltammetry,
Electrochemical
impedance
spectroscopy

[91]

GMCs-MB
nanocomposite

Sandwich-type

HCV core

Horseradish peroxidaseDNA-coated CMWNTs as a
secondary antibody layer

Cyclic voltammetry,
Electrochemical
impedance
spectroscopy

Stability: 98.5% (30 d)
Detection limit: 0.17 ng/mL
RSD (different electrodes):
5.1%, 3.9% and 4.8% for 2, 32
and 128 ng/mL HCV core
antigen
Stability: 91.6% (10 d)
Detection limit: 0.01 pg/mL
Regeneration: 8 mol/L urea
solution (RSD, 3.1%)

Glassy carbon electrode
was modified with an
Au-MoO3/Chitosan
nanocomposite

Sandwich-type

HCV nonstructural 5A
protein

Horseradish peroxidaselabelled antibody

Detection range:
1.0 ng/mL-50 µg/mL

[93]

Silk fibroin
nanostructured films on
screen-printed carbono
electrode

Direct assay

HCV nonstructural 5A
protein

Label-free

Cyclic voltammetry,
Chronoamperometry,
Electrochemical
impedance
spectroscopy
Cyclic voltammetry

Sensitivity: 28 µA/µg
Detection range:
0 µg/mL-0.2 µg/mL

[94]

3-Mercaptopropionic,
acid was assembled
on gold electrode to
form a self-assembled
monolayer
Glassy carbon electrode
modified with a
nanocomposite (gold/
zirconia/chitosan)

[92]

HCV: Hepatitis C virus; GMCs-MB: Graphitized mesoporous carbon-methylene blue; CMWNTs: Carboxyl multi-wall carbon nanotubes.

ecules labeled on the nanoparticle will be carried over,
and thus participate in the reaction. Therefore, the high
amount immobilized with the antibodies can increase the
possibility of antigen-antibody reaction, while the enzymes can enhance the sensitivity by ampliﬁcation of the
detectable signal.
Electrochemical immunosensors for HCV monitoring
Several studies have revealed signiﬁcant correlations between HCV core antigen levels and HCV RNA levels in
untreated patients with high viral loads[28].
There are various methods that can be used to detect
HCV core antigen[24,85,86]. The advantages of excellent
sensitivity, rapid response, and cost-effectiveness of the
nanostructured metal oxides make them the preferred
choice for the fabrication of biosensors[87-89].
Electrochemical immunosensors, based on the highly
specific molecular recognition of an antigen by its antibodies, have attracted a high level of interest in clinical
diagnostics, and will be expected to provide fast and highly sensitive detection of HCV core antigen[55]. However,
to the best of our knowledge, there are few reports concerning the use of electrochemical immunosensors for
detection of HCV core antigen. It is valuable to explore
the possibility of using electrochemical immunosensors to detect HCV core antigens in clinical applications.
Table 1 indicates recent developments in HCV detection
using electrochemical immunosensors.
Li et al[90] (2005) reported an electrochemical immunosensor for clinical application, with detection of HCV
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in human serum. Cyclic voltammetry and linear scanning
voltammetry were used to investigate the chemical characteristics of the immunosensor. Linear scanning voltammetry provided linearity for hepatitis C in the range
3.2-16 mg/L, and a correlation coefficient of 0.995. This
method was in good agreement with the enzyme-linked
immunosorbent assay.
Ma et al[91] (2012) reported a label-free electrochemical immunosensor for detecting the core antigen of the
HCV. A glassy carbon electrode was modified with a
nanocomposite made from gold nanoparticles, zirconia
nanoparticles, and chitosan. A sandwich-type immunosensor was developed that displayed high sensitivity to
the HCV core antigen in the concentration range 2-512
ng/mL, with a detection limit of 0.17 ng/mL (at S/N
= 3). Under optimized conditions, this immunosensor
exhibited a wide linear range, good stability, and high sensitivity for the detection of HCV core antigen. The assay
was convenient and cost-effective, and had promising potential for the early clinical diagnosis of HCV infection.
This immunosensor provides an alternative approach
towards the diagnosis of HCV.
In 2013, an ultrasensitive and selective electrochemical immunosensor was developed for the detection of
HCV core antigen. The immunosensor consists of an
electrode modiﬁed with graphitized mesoporous carbonmethylene blue (GMC-MB) nanocomposite, with horseradish peroxidase-DNA-coated carboxyl multi-wall carbon nanotubes (CMWNTs) as a secondary antibody layer.
After modiﬁcation of the electrode with the GMC-MB
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nanocomposite, Au nanoparticles were electrodeposited
onto the electrode to immobilize the captured antibodies. The bridging probe and secondary antibodies linked
to the CMWNTs, together with DNA concatemers, were
obtained by hybridization of the biotin-tagged signal and
auxiliary probes. Finally, streptavidin-horseradish peroxidases (HRP) were labeled on the secondary antibody layer
by means of a biotin-streptavidin system. The MB reduction current was generated in the presence of hydrogen
peroxide, and was monitored by square wave voltammetry. Under optimum conditions, the amperometric signal
increased linearly with the core antigen concentration
(in the range 0.25-300 pg/mL). The immunosensor had
a detection limit of as low as 0.01 pg/mL, and showed
high selectivity. The new protocol presented acceptable
stability and reproducibility, as well as favorable recovery
for HCV core antigen in human serum. The proposed
immunosensor has considerable potential for use in clinical applications, and provides a promising universal multisHRP-DNA-CMWNTs label for different analytes[92].
A novel electrochemical immunosensor was prepared
for the detection of the non-structural 5A protein of
HCV. A glassy carbon electrode was modified with an
Au-MoO3/chitosan nanocomposite that exhibited good
conductivity and biocompatibility. Mesoporous silica
with a large specific surface served as a nanocarrier for
horseradish peroxidase and the polyclonal antibody as the
reporter probe. The immunosensor was characterized by
scanning electron microscopy, electrochemical impedance spectroscopy, and cyclic voltammetry. Following the
sandwich-type immunoreaction, horseradish peroxidase
was efficiently captured on the surface of the electrode
to catalyze the decomposition of hydrogen peroxide. The
analytical signal was obtained as an amperometric i-t curve
(chronoamperometry). The reported assay had a wide
concentration range (between 1 ng/mL and 50 µg/mL)
and a low detection limit of 1 ng/mL for the HCV nonstructural 5A protein. The results demonstrated excellent
reproducibility, high selectivity, and outstanding stability
for determination of the HCV non-structural 5A protein,
and the technique was successfully applied for detection
of the analyte in real serum samples. A one-step modification procedure with Au-MoO3/chitosan nanoparticles
was introduced to avoid cumulative error in multistep
modification, and an RSD of 4.5% was obtained. Benefits
of the biosensor included a short analysis time, a low limit
of detection, high selectivity, and excellent stability for the
determination of HCV NS5A, and the technique was successfully used to detect HCV in real samples[93].
Moraes et al[94] (2013) demonstrated the feasibility of
immunosensors based on nanostructured silk ﬁbroin
(SF) ﬁlms prepared by the layer-by-layer technique. The
antigenic NS5A-1 peptide, derived from the HCV NS5A
protein, was immobilized into the ﬁlms in order to prepare a highly speciﬁc immunosensor. UV-Vis absorption
measurements indicated that the peptide was proportionally adsorbed onto SF in each bilayer deposited. Fluorescence and circular dichroism (CD) spectra indicated that
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the SF/peptide ﬁlm interaction induced secondary structure in NS5A-1. This amperometric sensor (SF/NS5A-1)
proved to be highly sensitive when the composite ﬁlm
was tested in the presence of anti-HCV. The peptide/silk
ﬁbroin interaction can provide new architectures of immunosensors based on antigenic peptide and SF as an
immobilization matrix. The immunosensor described was
able to detect the antibody using a dilution range from
1:100 to 1:10000, with a sensitivity of 28 μA/μg per milliliter. The sensitivity of the device was determined from
the slope of the curve of the linear response plotted
against the anti-HVC concentration in the range 0-0.2
μg/mL (0 to 1:500).
Immunosensor formats for hepatitis viruses have
employed both piezoelectric[95,96] and surface plasmon
resonance-based transducers[97]. Alternatively, cell-based
assays have been considered for HCV detection, using
interaction of the virus with hepatocytes immobilized in
a reactor coupled to electroimpedance monitoring[98], and
specific detection of viral protease in mammalian cells
using green fluorescent protein as reporter molecule has
been described[99]. However, the immunochemical assays
cannot discriminate between current and previous exposures, and in the case of acute infection, the antibodies
might not be present[100]. For these reasons, the detection
of HCV RNA using the polymerase chain reaction (PCR)
is a valuable alternative assay[101,102]. The oligonucleotide
probes suitable for capture of target sequences were investigated using BIAcore[103-105].

Electrochemical genosensors for
HCV detection
The DNA molecule has structural features that allow its
immobilization on electrode surfaces as single (ss-DNA)
or double (ds-DNA) helices[106,107], to produce electrochemical biosensors or genosensors[108-110]. Genosensors
are an alternative for the determination of a range of
analytes in different samples in order to evaluate damage
and/or protection of the DNA molecule, and are suitable tools for the analysis and determination of DNA in
order to diagnose diseases.
DNA hybridization technology has been applied in
biosensor systems, particularly for diagnostic tests, and
offers lower cost, speed, and simplicity of execution.
In the hybridization process, the electrode is modified
by immobilizing the ss-DNA probe, which identifies
the complementary DNA strands and forms a doublestranded hybrid. This identification is effective and
specific in the presence of other non-complementary
sequences[110,111]. HCV is a single-stranded RNA virus,
so the RNA should first be isolated from the serum of
the patient, after which complementary DNA (cDNA) is
produced by transcriptase reaction, and finally the DNA
can be amplified by the PCR.
Although a variety of techniques can be employed
to monitor HCV DNA hybridization, in this review the
focus is on electrochemical biosensors. Various elect-
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rodic materials can be modified with DNA, including
gold[112,113], graphite[114], carbon paste[115], and boron doped
diamond[116]. There are many ways in which nucleic acids
can be immobilized onto electrodes, including covalent
attachment, affinity, self-assembled monolayers (SAM),
adsorption, and electrochemical adsorption[109,117].
Hybridization detection can be performed directly or
indirectly[118,119]. Direct detection (or label-free detection)
involves the measurement of changes in electrochemical signals related to the electroactivity of DNA bases,
most commonly from oxidation of guanine or adenine
moieties in DNA strands. Charge transfer resistance
measured using electrochemical impedance spectroscopy
(EIS)[120] is also direct detection, while indirect detection
can be based on the incorporation of electroactive indicators, using a DNA sequence previously labeled with a
redox-active enzyme or nanoparticles[121]. Indirect DNA
hybridization detection can be performed using electrochemical techniques such as amperometry, differential
pulse voltammetry (DPV), square wave voltammetry
(SWV), and cyclic voltammetry (CV)[122], except when
monitoring using guanine or adenine.
A selective and sensitive label-free DNA hybridization electrochemical method for detection of HCV was
proposed by dos Santos Riccardi et al[123]. Specific sequence HCV type-1 DNA probes were immobilized on
polypyrrole films deposited on Pt microelectrodes. The
monitoring of the hybridization with the complementary
DNA was based on electrostatic modulation of the ionexchange kinetics of the polypyrrole film, and allowed
the detection of HCV-1 with a limit of detection (LOD)
of 1.82 × 10-21 mol/L. With this biosensor, HCV-1 DNA
detection did not show unspecific interactions in the
presence of mismatched sequences from different HCV
genotypes, such as 2a/c, 2b, and 3.
Alteration in the guanine oxidation signal after duplex
formation between the probe and target DNA was used
for DNA hybridization detection in the work developed
by Pournaghi-Azar et al[124]. A 20-mer oligonucleotide
called PHCV1, complementary to the universal sequence
of the HCV1a core protein gene, was used as the probe,
and its complementary oligonucleotide (HCV1a), corresponding to the consensus sequence of the HCV1 core
protein gene, was used as the target DNA. After optimization of probe immobilization and hybridization conditions, the selectivity of the biosensor was studied using
non-complementary oligonucleotides. The biosensor
presented a LOD of 6.5 nmol/L, which, according to the
authors, was comparable with other label-free (guaninebased) electrochemical hybridization detection methods.
The use of disposable electrodes in the construction
of DNA biosensors can be advantageous, since these
electrodes have low construction cost, good reproducibility of the area, the possibility of large-scale production,
and the absence of surface inactivation. Different disposable electrodes have been used, including pencil graphite
electrodes (PGE) and recordable gold CD-Rs.
Riccardi Cdos et al[125] developed a disposable HCV
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genosensor with thin film siloxane-poly(propylene oxide)
hybrids prepared by the sol-gel method and deposited
onto a PGE surface by dip-coating (Figure 3). The recognition probe immobilization was based on the streptavidin (STA)/biotin attachment, since strong interaction occurs between avidin (or streptavidin) and biotin. The STA
was encapsulated in the films, and biotinylated 18-mer
DNA probes for HCV (genotypes 1, 2a/c, 2b, and 3)
were immobilized by means of STA. The complementary
DNA was hybridized to the immobilized target-specific
oligonucleotide probe, followed by avidin-peroxidase
labeling. Using the amperometric technique, the hybridization event was detected by monitoring the enzymatic
response at -0.45V vs Ag|AgCl, using H2O2 as enzyme
substrate and KI as electron mediator. Negative and
positive controls were analyzed, together with positive
samples of sera from patients, and the HCV 1, 2a/c, 2b,
and 3 oligonucleotide probes immobilized on PGE were
able to distinguish between positive and negative serum
samples.
Genosensor development requires that several parameters be optimized, such as the type of immobilization,
concentration of immobilized biomolecules, amongst
others, which leads to an increase in the number of experiments required. The application of statistical tools is
therefore very important in order to be able to explore
and analyze the extensive range of data obtained for a
system. Chemometric studies were employed for the development of another biosensor for HCV using PGE[126].
The main steps of the methodology were the immobilization of STA on a sol-gel film deposited on the PGE
surface, followed by interaction with biotinylated DNA
probes specific for HCV. The hybridization reaction occurred when the electrode was placed in contact with
biotinylated complementary DNA, and avidin-peroxidase
labeling was performed to indirectly detect the HCV.
Electrochemical measurements of the enzymatic activity
were performed using H2O2 and 5-aminosalicylic acid as
substrate and electron mediator, respectively. Fractional
factorial and factorial with center point designs were applied in order to simultaneously evaluate the variables of
interest that had a significant influence on the biosensor
response. MINITAB software was used to generate level
combinations for all factors used in the assays. This strategy had several advantages, such as a reduced number of
experimental runs, more information, and optimization
of the experimental conditions in terms of the biosensor
response. It was possible to obtain optimized concentrations and incubation times for all the biomolecules tested.
Also applying chemometric experiments for the optimization of many parameters, gold electrodes built using
a recordable compact disc (CDtrodes) were used for the
construction of a disposable genosensor for HCV[113].
The variables evaluated were the degree of dilution and
incubation time of DNA probes for HCV-1, dilution and
incubation time of complementary DNA, and concentration and incubation time of conjugate avidin-peroxidase,
which was the label for hybridization. The enzymatic re-
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Figure 3 Hepatitis C virus DNA genosensor. PPO: Poly propylene oxide; BSA: Bovine serum albumin; STA: Streptavidin; HRP: Peroxidase.

sponse was measured by constant potential amperometry,
at -0.05 V vs Ag|AgCl(KClsat). After optimization of all the
parameters for biomolecule immobilization, the amperometric genosensor was employed for HCV-1 DNA detection in HCV-infected patients previously submitted to
the standard qualitative Amplicor HCV test. The results
showed that the current intensities for the positive samples were higher than for the negative samples. The factorial design procedure enabled the identification of critical
parameters, while knowledge of the chemistry involved
enabled further refinement of the technique, where necessary. Full and fractional factorial design methods were
employed for the optimization of a biosensor for hepatitis C diagnosis, and could be extended to other types of
DNA-based biosensors.
A versatile electronic detection platform based on
disposable DNA chips was described by Umek et al[127],
who fabricated an electrode array containing capture
probes specific for sequences in the HCV on separate
electrodes. Printed circuit board technology was used to
manufacture chips with 14 exposed gold electrodes, each
of which was wired to a connector at the chip edge. The
gold electrodes were coated with a self-assembled monolayer containing DNA capture probes. Unlabeled nucleic
acid targets were immobilized on the surface of the SAM
by sequence-specific hybridization with the DNA capture
probe. A separate signaling probe, containing ferrocenemodified nucleotides and complementary to the target
in the region adjoining the capture probe binding site,
was held in close proximity to the SAM in a sandwich
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complex. Since ferrocene is a redox-active metal compound, when a given potential is applied to the electrode,
electron transfer occurs between the ferrocene and the
electrodic surface. The authors demonstrated that the
versatility of this electronic detection platform made it
suitable for multiple applications in diagnostics and pharmacogenetics.
Instead of employing enzymes as a label for hybridization, Liu et al[128] reported the cleavage capacity of an
endonuclease enzyme in the DNA analysis. The authors
developed an approach for qualitative and quantitative
HCV detection based on site-specific DNA cleavage of
BamHI endonuclease, an enzyme derived from Bacillus
amyloliquefaciens. The enzyme recognizes the palindromic
sequence 5’ GGATCC-3’ and cleaves after the first nucleotide, leaving four-base 5’ overhangs[129]. The thioninelabeled probe DNA was self-assembled on the surface of
a gold electrode and hybridized with target cDNA, which
is a 21-mer oligonucleotide related to HCV. The detection was based on variation of the electrochemical signal
of thionine[23] or ferroceneacetic acid (FcA)[25], measured
by cyclic voltammetry before and after digestion with
BamHI endonuclease. BamHI recognizes the duplex symmetrical sequence 5’-GGATCC-3’ and catalyzes doublestranded cleavage between the guanines in the presence
of Mg2+. After the hybridization with complementary
DNA, the cyclic voltammogram showed a pair of redox peaks corresponding to the thionine process. After
hybridization, the electrode was immersed in a solution
containing BamHI, the dsDNA was cleaved at a specific
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site (5’-G/GATCC-3’), and the thionine was removed
from the electrode surface. Therefore, no thionine redox
peak was observed, and the DNA-BamHI endonuclease
interaction model could be used for qualitative HCV
detection. The developed method was used to detect
HCV in serum samples from patients. The results demonstrated that the samples characterized as positive using
the standard qualitative Amplicor HCV test were able
to hybridize with the probe on the electrode, with the
voltammetric signal of thionine decreasing significantly
after cleavage by BamHI, while those samples appearing
as negative in the Amplicor assay were unable to hybridize, so that the thionine response remained almost unchanged after cleavage by BamHI. The major advantages
of this enzymatic cleavage assay were its good specificity,
ease of use, and the ability to perform real-time monitoring. Gold nanoparticles (AuNPs) amplified the signal of
the electroactive label molecule (thionine)[130].
Peptide nucleic acid (PNA) is an extremely good
structural mimic of DNA (or RNA), capable of forming
Watson-Crick base pair-dependent double helices with
DNA or RNA complementary sequences[131]. Its structure is simple, consisting of repeating N-(2-aminoethyl)glycine units linked by amide bonds. The purine (A, G)
and pyrimidine (C, T) bases are attached to the backbone
through methylene carbonyl linkages[132]. Unlike DNA or
DNA analogs, PNAs do not contain any (pentose) sugar
moieties or phosphate groups. An interesting property of
PNA is that the neutral backbone also increases the rate
of hybridization significantly in assays where either the
target or the probe is immobilized[133].
Detection of the DNA sequence related to the HCV
genotype 3a (pHCV3a) core/E1 region was performed
by the group of Dr Pournaghi-Azar using PNA[134-137]. In
the first work[134], the PNA probe was covalently attached
on a gold electrode, followed by hybridization with a
complementary DNA. The hybridization was detected by
accumulating methylene blue (MB) as an electroactive indicator, and the reduction signal of the accumulated MB
was measured by using DP voltammetry. A significant increase in the MB signal was observed after hybridization
with complementary oligonucleotide. Increase in the peak
current was attributed to hybridization of the PNA probe
with the ds-DNA, resulting in PNA/ds-DNA formation,
with which more MB molecules interacted. On the other
hand, non-complementary oligonucleotide showed no
significant interaction with PNA, since the MB signal was
low. The results suggested that the DNA sensor responded selectively to the target. The biosensor presented a
LOD of 5.7 × 10-11 mol/L, was highly reproducible, and
with regeneration could be used seven times for detection of the target DNA. The authors[137] also developed
a biosensor based on direct detection of the target DNA
sequence in recombinant plasmid without denaturation
of ds-DNA. The detection principle was based on hybridization between the PNA, immobilized on a gold
disk electrode, and the target double-stranded plasmid.
The sequence corresponded to a consensus sequence in
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the core/E1 region of the HCV genome, and was used
as a universal segment for detection of all HCV genotypes. Plasmid molecules were used as double-stranded
structures (ds-pl) for hybridization without denaturation,
with the target having a length of 4568 bp and containing core/E1 encoding cDNA. A non-complementary
plasmid was also used. Detection of the hybridization
was accomplished by monitoring the difference between
the DP voltammetric response of methylene blue accumulated on the PNA, before and after hybridization with
complementary ds-pl. After optimization of the parameters, including treatment with RNase A enzyme, washing
time, and washing temperature, interaction between PNA
and the complementary plasmid resulted in a considerable increase in the MB reduction signal, while the noncomplementary plasmid did not lead to any significant
increase of the signal, due to the absence of significant
hybridization between the probe and non-complementary
ds-pl. In this method, the ds-DNA denaturation step was
not necessary, which was adequate for the detection of
target DNA in real samples.
Instead of using DNA or PNA, Park et al[133] used ribonucleic acid (RNA) oligomer of the internal ribosome
entry site sequence specific to the HCV as a target for
a biosensor based on hybridization with the PNA molecule. The HCV genome composed of 9600 bases contains untranslated regions (UTR) at both ends, which play
important roles in translation and transcription. In the 5′
UTR, there is an internal ribosome entry site (IRES) sequence, which is one of the most conservative regions in
the whole HCV genome. Therefore, it is not transformed
during its mutation, and can be considered a suitable
target for HCV analysis. A gold electrode was modified
by the SAM of 3-thiophene-acetamide-diaza-18-crown-6
(TADC) to hold amine-terminated PNA. The nonspecifically bound PNA molecules were removed by displacing
them via the formation of 3-mercaptopropionic acid
(MPA), and finally the electrode modified with PNA and
MPA was dipped into the target RNA solution. RNA detection was conducted by Fourier transform electrochemical impedance spectroscopy (FT-EIS) in the presence of
the Fe(CN)63-/4- redox probe. The ratio of charge-transfer
resistance before and after hybridization showed a linear
increase with log[CRNA], and the LOD was approximately
23 pmol/L.
In most genosensors, the function of electrochemically active compounds is only to act as indicators. The
electrochemical indicators have different binding affinities towards ss-DNA and ds-DNA, and show different
response signals. In recent work, Zhang et al[138] selected
the [Co(phen)2(L-Cys)] metal complex, used as an indicator in DNA biosensors, to act as an indicator as well as
to play a role in immobilization of probe DNA, which
simplified the construction procedure. The gold electrode
was modified by firstly immersing it in saturated L-Cys
methanol solution, followed by dropping [Co(phen)2Cl2]Cl
dimethyl sulfoxide onto the L-Cys-modified electrode
surface to produce [Co(phen)2(L-Cys)]. The DNA probe
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was immobilized by dropping the solution onto the
modified electrode. Hybridization was carried out using
a specific oligonucleotide sequence of HCV subtype 1b.
The results obtained by square wave voltammetry indicated that the current intensity of the probe decreased
sharply when it hybridized with complementary DNA,
while one-base mismatch of the target DNA caused a
very different response signal, and no hybridization signal
was found for the non-complementary DNA. The sensor
showed a response for detection of the specific oligonucleotide sequence that was linear to the logarithm of
the concentration in the range 1.0 pmol/L to 1.0 μmol/L.
According to the authors, the design concept is workable
and [Co(phen)2(L-Cys)] can play the dual roles of electrochemical indicator and anchor for probe DNA immobilization during construction of the sensor.
A commercial electrochemical sensor, called eSensor®
HCV Genotyping Test[138], was designed for the typing and
subtyping of HCV 1a, 1b, 2a/c, 2b, 3, 4, 5, and 6a/b. In
the device, the target DNA is mixed with the signal probe
solution in the cartridge, and is analyzed using electrochemical detection. DNA from a positive sample is amplified by PCR using specific primers. The amplified DNA is
converted to single stranded DNA by exonuclease digestion, and then combined with a signal buffer containing
ferrocene-labeled signal probes that are specific for the
different subtypes. The mixture of amplified sample and
signal buffer is loaded onto a cartridge containing singlestranded oligonucleotide capture probes bound to goldplated electrodes. The cartridge is inserted into the XT-8
instrument, where the single-stranded targets first hybridize to the perfect match signal probe and then hybridize
to the complementary sequences of the capture probe.
The presence of each target is determined by voltammetry, which generates specific electric signals from the
ferrocene-labeled signal probe. This novel technology was
validated by Sam et al[139]. The amplicon from the commercial kit served as a template for nested PCR, followed by a
direct analysis on the electrochemical eSensor® XT-8 detection system for the identification of HCV genotypes. The
assay was validated for limit of detection, which was below 175 IU/mL for all the subtypes except 6ab, as well as
specificity, accuracy, and precision. The authors reported
high performance characteristics, which should facilitate
viral genotyping for personalization of dose and duration
of treatment. The high sensitivity, good intra- and interassay precision, and agreement with a validated method
make this assay particularly well suited for clinical HCV
genotyping to guide antiviral therapy.

mediately after the exposure. Very good sensitivity can
be obtained with genosensors, but replication of c-DNA
requires PCR technology. Nanotechnologies applied to
biosensors have improved the methods for construction
of these devices, with miniaturization increasing portability, accuracy, and reliability. An ideal electrochemical
biosensor should be both integrated and highly automated in order to improve the efficiency of diagnostic
testing. The global biosensor market is currently worth
US $2.3 billion, and is expected to double in value over
the next 5 years, with an annual growth rate in excess of
10% (http://unsw.technologypublisher.com/technology/3102). However, the main challenge is to obtain the
results in a short period of time, at home or in the doctor’s office, using a point-of-care (POC) device that could
be operated by non-laboratory personnel.
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relaxation and ventricular filling is a prominent feature of
CCM. The underlying mechanism of diastolic dysfunction
in cirrhosis is likely due to the increased myocardial wall
stiffness caused by myocardial hypertrophy, fibrosis and
subendothelial edema, subsequently resulting in high filling pressures of the left ventricle and atrium. Currently,

no specific treatment exists for CCM. The liver transplantation is the only established effective therapy for
patients with end-stage liver disease and associated
cardiac failure. Liver transplantation has been shown to
reverse systolic and diastolic dysfunction and the prolonged QT interval after transplantation. Here, we review
the pathophysiological basis and clinical features of cirrhotic cardiomyopathy, and discuss currently available
limited therapeutic options.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cirrhosis; Cardiomyopathy; Pathogenesis;
Hyperdynamic circulation; Diastolic dysfunction

Abstract
Cardiac dysfunction is frequently observed in patients
with cirrhosis, and has long been linked to the direct
toxic effect of alcohol. Cirrhotic cardiomyopathy (CCM)
has recently been identified as an entity regardless of
the cirrhosis etiology. Increased cardiac output due to
hyperdynamic circulation is a pathophysiological hallmark of the disease. The underlying mechanisms involved in pathogenesis of CCM are complex and involve
various neurohumoral and cellular pathways, including
the impaired β-receptor and calcium signaling, altered
cardiomyocyte membrane physiology, elevated sympathetic nervous tone and increased activity of vasodilatory pathways predominantly through the actions of nitric
oxide, carbon monoxide and endocannabinoids. The
main clinical features of CCM include attenuated systolic contractility in response to physiologic or pharmacologic strain, diastolic dysfunction, electrical conductance
abnormalities and chronotropic incompetence. Particularly the diastolic dysfunction with impaired ventricular
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Core tip: Currently, little is known about the pathogenesis, diagnostic parameters and therapeutic principles
of the cirrhotic cardiomyopathy. Increased cardiac
output due to hyperdynamic circulation seems to be a
pathophysiological hallmark of the disease. The main
clinical features of cirrhotic cardiomyopathy include attenuated systolic contractility in response to physiologic
or pharmacologic strain, diastolic dysfunction, electrical
conductance abnormalities and chronotropic incompetence. Here, we review the pathophysiological basis
and clinical features of cirrhotic cardiomyopathy, and
discuss currently available therapeutic options.
Gassanov N, Caglayan E, Semmo N, Massenkeil G, Er F. Cirrhotic cardiomyopathy: A cardiologist’s perspective. World J
Gastroenterol 2014; 20(42): 15492-15498 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i42/15492.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i42.15492
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INTRODUCTION
Liver cirrhosis is associated with a wide range of cardiovascular abnormalities. Cardiac dysfunction in cirrhotic
patients was first described in patients with alcoholic
cirrhosis. Thus, almost half a century ago, Kowalski and
Abelmann[1] described a hyperdynamic circulation with
high cardiac output, decreased arterial pressure and total
peripheral resistance in patients with alcoholic cirrhosis.
For many following years, cirrhosis-associated cardiac impairment was therefore ascribed to the direct toxic effect
of alcohol.
The term cirrhotic cardiomyopathy (CCM) was first
introduced more than 3 decades ago, and is defined as
chronic cardiac dysfunction in cirrhotic patients in the
absence of known cardiac disease, irrespective of the
etiology of cirrhosis[2]. Specific diagnostic criteria for
CCM have recently been formulated by an international
expert consensus committee (Figure 1). Besides increased
cardiac output and low systolic blood pressure due to
peripheral vasodilatation, frequent cardiac changes during CCM include systolic and/or diastolic dysfunction,
electrophysiological abnormalities and chronotropic incompetence. Overt heart failure is not a typical feature of
CCM.
The exact prevalence of CCM remains unknown,
because the disease is generally inapparent at rest and becomes manifest under pharmacological or physical stress.
Electrocardiographic changes, such as QT prolongation or
diastolic dysfunction, are present in the majority of patients
with moderately or severely advanced liver failure (ChildPugh stage B or C)[3]. Generally, cardiomyopathy worsens
with the progression of the underlying liver failure.
The following review is a brief update on the pathogenesis of the disease, its clinical implication and management.

PATHOGENESIS OF CCM
The underlying mechanisms involved in CCM are complex and involve interplay of multiple neurohumoral
and cellular systems. Current thinking focuses on the
increased cardiac output due to hyperdynamic circulation
as the key pathogenetic event in CCM. Further studies
demonstrated that cardiac contractile function is also
adversely affected by cirrhosis, especially when cirrhotic
patients are exposed to stress.
CCM predominantly involves systemic multi-factorial
cellular, neuronal and humoral signaling pathways. These
include the impaired β-receptor and calcium signaling,
altered cardiomyocyte membrane physiology, elevated
sympathetic nervous tone and increased activity of vasodilatory pathways predominantly through the actions of
nitric oxide (NO), carbon monoxide and endocannabinoids[4]. In addition, circulating plasma levels of inflammatory and vasoactive molecules such as endothelins,
glucagone, vasoactive intestinal peptide, tumor necrosis
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factor (TNF)-α, prostacycline and natriuretic peptide are
usually accumulated in cirrhosis due to concomitant liver
insufficiency and the presence of portosystemic collaterals, and, therefore, might be implied in the CCM pathogenesis.

CELLULAR MECHANISMS
β -Receptor and calcium signaling
The β-adrenergic signaling is crucial in modulating cardiac contractility and chronotropy. The possible role of
decreased β-adrenergic receptor density in cirrhosis was
first reported by Gerbes et al[5] more than 2 decades ago.
Since then β-receptor-mediated pathways have extensively been investigated in CCM. Indeed, the β-adrenergic
receptor impairment with a decrease in chronotropic and
inotropic responses may be an early sign of CCM[6]. This
is likely due to a reduction in both receptor density and
function, and is found virtually in all patients with CCM.
In an experimental cirrhosis model, decreased expression of β -receptor density, G-protein subunits
Gs and Gi2α with attenuated cAMP generation was reported by several groups[5,7,8]. It was also demonstrated
that β-adrenergic receptors were desensitized in vivo[6].
Interestingly, blunted muscarinic responsiveness in cirrhotic myocardium was also attributed to the impaired
[9]
β-adrenergic pathway .
Alterations in the fluidity and biochemical properties
of the cellular membrane with increased cholesterol/
phospholipids ratio may cause the diminished β-receptor
function too, and thus contribute to the pathogenesis
of cardiac contractility in cirrhosis[10]. Indeed, abnormal
cell membrane fluidity was detected in cardiac tissue[11],
erythrocytes[12], kidneys[13] and liver[14] in cirrhosis. On the
other hand, the impaired β-receptor signaling in CCM
may also be associated with the increased sympathetic
tone, a phenomenon frequently observed in end-stage
liver disease. For example, Moreau et al[15] showed that
the central α-adrenergic agonist clonidine significantly
reduced plasma norepinephrine levels and decreased
hyperdynamic circulation in cirrhotic patients (Table 1).
Consistently, β-receptor antagonists reduce cardiac output in cirrhotic patients by lowering portal pressure and
portal flow[16]. In this regard, non-selective β-blockers
such as propranolol, nadolol and timolol are more effective than selective β1-blockers in reducing the hepatic
venous pressure gradient[17].
β-adrenergic stimulation or excitation-contraction
coupling leads to the activation of various calcium (Ca2+)
related systems that are crucial for cardiac contraction.
Therefore, alterations in Ca2+ homeostasis may explain
the attenuated contractile responsiveness observed in the
cirrhotic myocardium. Indeed, voltage-gated L-type Ca2+
channel protein expression is significantly decreased in
cardiomyocytes isolated from cirrhotic rats[18]. Moreover,
Ca2+ entry as well as Ca2+-- release were diminished in
cardiac myocytes in the biliary cirrhotic rat model.
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Diagnosis of cirrhotic cardiomyopathy

Absence of known relevant
cardiac disease

Systolic dysfunction
Resting LVEF < 55%
Decreased contractility under
physiological or pharmacological
stress

Diastolic dysfunction
E/A ratio < 1.0
Deceleration time > 200 ms
Isovolumetric relaxation
time > 80 ms

Supportive criteria
Chronotropic incompetence
Electromechanical uncoupling
Prolonged QTc interval
Structural changes:
LA dilatation, LV hypertrophy
Elevated BNP or troponin Ⅰ

Figure 1 Diagnostic criterion for cirrhotic cardiomyopathy, as defined by the expert consensus committee at the World Congress of Gastroenterology in
Montreal, Canada in 2005. LA: Left atria; LV: Left ventricle; EF: Ejection fraction; BNP: Brain natriuretic peptide.

Table 1 Hemodynamic and echocardiographic changes
typically observed in cirrhotic cardiomyopathy
Increased cardiac output and blood volume
Decreased left ventricular afterload due to peripheral vasodilation
Enhanced sympathetic nervous activity
Left ventricular hypertrophy
Left atrial enlargement
Elevated left ventricular end-diastolic diameter
Impairment of diastolic function
Evident systolic dysfunction only during stress

VASOREGULATORY HUMORAL
PATHWAYS
Nitric oxide
Among the vasodilators, most attention has been paid to
NO as the key humoral factor implicated in pathogenesis
of hyperdynamic circulation. NO is synthesized in vascular endothelium constitutively by NO synthase type 1
(neuronal, nNOS) or type 3 (endothelial, eNOS); however, another isoform, the inducible NO synthase (inducible,
iNOS) can be expressed upon stimulation with inflammatory mediators. NO stimulates guanylate cyclase to produce cyclic guanosine monophosphate (cGMP), which
phosphorylates protein kinase G to inhibit Ca2+ influx
into the cytosol and, thus, eventually causing vasodilation. NO exerts a variety of effects on the cardiovascular
system. Whereas NO synthesized by nNOS and eNOS
exerts cardioprotective effects through improvement
of perfusion and inhibition of apoptosis, iNOS-derived
NO has a cardiotoxic effect through the suppression of
muscle contractility and induction of apoptosis[19].
Plasma NO levels are consistently increased in cirrhotic patients in response to transient bacteremia and
increased levels of endotoxins and cytokines [20]. Enhanced NO release has also been detected in splanchnic
vasculature of patients with cirrhosis[21]. In cardiac tissue,
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significantly higher TNF-α, cGMP and iNOS levels were
reported in cardiac homogenates obtained from cirrhotic rats, indicating a possible cytokine - iNOS - cGMP
mediated pathway in the pathogenesis of CCM[22]. The
same study analyzed further the NO-associated effects
on cardiac contractility in isolated left ventricular papillary muscles in response to treatment with the nonspecific NOS inhibitor nitro-L-arginine methyl ester (LNAME). The baseline isoproterenol-stimulated papillary
muscle contractile force was shown to be lower than in
the control groups. However, when the papillary muscles
were pre-incubated with the L-NAME, contractile force
increased significantly in the cirrhotic rats. Similar results
were previously reported by van Obbergh et al[23] who
described a significantly increased ventricular contractility in cirrhotic rat hearts after treatment with the nonspecific NOS inhibitor, L-NMMA (N omega-monomethyl-L-arginine).
Together, enhanced NOS activity in cirrhotic myocardium as well as the improvement of myocardial contractility after administration of NOS inhibitors suggest a
major participation of NO in CCM.
Carbon monoxide
Carbon monoxide, which is mainly produced through
the enzymatic actions of heme oxygenase (HO), seems
to have as similar biochemical properties as NO. High
cGMP levels through activation of guanylyl cyclase were
also attributed to the actions of carbon monoxide[24].
Carbon monoxide acts as a physiological vasodilator
in hepatic microcirculation[25]. In contrast, up-regulated
inducible HO-1 mRNA expression was detected in the
right ventricle in animal model of congestive heart failure[26]. Increased carbon monoxide levels are frequently
found in cirrhotic patients. Experimental evidence also
suggests this substance may be implicated in CCM
pathogenesis. This is largely based on the finding of the
elevated HO-1 mRNA and protein expression in left
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ventricle of cirrhotic rats[27]. Furthermore, treatment of
cirrhotic heart with HO inhibitor, zinc protoporphyrin
IX, restored the elevated cGMP levels[27].
Endocannabinoids
Endogenous cannabinoids, such as anandamide and
2-arachidonoylglycerol, are involved in a variety of
pathological processes in chronic liver disease[28]. Endocannabinoids exert a negative inotropic effect in humans
and in animal models through their interaction with the
inhibitory G-protein-coupled receptors, CB1 and CB2,
leading to the inhibition of adenylate cyclase activity and
Ca2+ influx into the cytosol of the cardiomyocytes[29,30].
Enhanced expression of anandamide and up-regulation
of the cannabinoid signaling pathway has been linked to
the pathogenesis of arterial hypotension in cirrhotic rat
models[28,31]. Moreover, anandamide was identified as a
selective splanchnic vasodilator in cirrhosis[32].
In a rat model of carbon tetrachloride-induced cirrhosis anandamide tissue levels were markedly increased
in both heart and liver[33]. Additionally, injection of the
CB1 antagonist acutely increased mean blood pressure
and improved parameters of cardiac systolic function in
cirrhotic rats. In a rat model of bile duct ligated cirrhosis,
the blunted contractile response of isolated left ventricular papillary muscle was restored after pre-incubation
with a CB1 antagonist[34], suggesting that CB 1-receptor
antagonists might be useful to improve contractile function in CCM.

CLINICAL FEATURES
Most patients with stable liver disease have subtle myocardial impairment that is not or less apparent on routine
examination. However, with progression of the liver disease or under physiological or pharmacological strain, the
cardiac failure becomes manifest.
Cardiac dysfunction resulting from cirrhosis includes
impaired systolic or diastolic function, electrophysiological abnormalities with a prolonged ventricular repolarization (QT interval) and chronotropic incompetence. Although some diastolic alterations may precede the systolic
disturbances, both forms of dysfunction may develop
simultaneously in cirrhotic patients.
Systolic/diastolic dysfunction
Cirrhotic patients exhibit usually normal to increased left
ventricular (LV) ejection fraction at rest. Systolic dysfunction is generally manifested as a blunted increase in
cardiac output and decreased contractility with exercise
or pharmacological stress. For example, Grose et al[35]
reported a submaximal increase in cardiac output following exercise in both alcoholic and non-alcoholic cirrhotic
patients compared with controls. Similarly, exercise in patients with cirrhosis caused an appropriate increase in LV
end-diastolic pressure but without the expected increase
in cardiac index or LV ejection fraction, indicating inadequate ventricular reserve[36]. During exercise, there was
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reduced aerobic capacity and decreased maximal heart
rate compared to controls[36].
The cardiac dysfunction is associated with structural
and contractile abnormalities. Thus, an enlargement in
LV mass, LV end-diastolic and left atrial volumes was
detected by magnetic resonance imaging[37]. Consistent
with the radiologic findings, an echocardiographic evaluation of cardiac parameters in cirrhotic patients revealed
a significant increase in LV end-diastolic diameter and
a reduction in peak systolic velocity and systolic strain
rate. Interestingly, similar structural changes have been
observed in children with biliary atresia awaiting a liver
transplantation[38].
In contrast to systolic impairment, diastolic dysfunction is a prominent feature of CCM[39,40]. It describes an
impairment of ventricular relaxation with reduction of
the early (E) and late (A) phase of ventricular filling, as
recorded by Doppler echocardiography. The underlying
mechanism of diastolic dysfunction in cirrhosis is likely
due to the increased myocardial wall stiffness caused by
myocardial hypertrophy, fibrosis and sub-endothelial edema, and subsequently resulting in high filling pressures of
the left ventricle and atrium[4].
Several studies demonstrated the presence of echocardiographic parameters of diastolic dysfunction, such
as increased A and E wave velocities and deceleration
times along with the decreased E/A ratio in cirrhotic patients, especially in those with ascites[39,41]. In patients with
ascites, cardiac function can be additionally worsened
due to the upward displacement of the diaphragm and
increasing intrathoracic pressure[42]. Subsequently, ascites
can further diminish the right atrial and ventricular compliance resulting in reduced filling and diastolic dysfunction of the right heart[43]. Paracentesis has been shown
to improve ventricular filling by the preload reduction
and by the lowering of the increased basal plasma renin
activity, aldosterone, norepinephrine, and epinephrine.
However, systolic function is generally not affected by
the paracentesis[39].
Transjugular intrahepatic portosystemic shunts (TIPS)
ameliorate - at least partially - the hyperdynamic state but
can, conversely, aggravate heart function by increased
cardiac preload that overstrains the left atrium and the
right atrium and ventricle[44]. Indeed, a recent multicenter
study investigating TIPS vs large volume paracentesis
for treatment of ascites, reported that 12% of the TIPS
group developed heart failure compared to none in the
paracentesis group[45].
In addition, reduced systolic and diastolic function
may have prognostic implications as worsening cardiac
failure may be a significant factor in the development of
renal vasoconstriction and renal dysfunction including
hepatorenal syndrome[46].
Electrophysiologic abnormalities
Experimental and clinical evidence suggests that the
altered fluidity of myocardial cell membrane and abnormalities in β-receptor signaling predominantly contribute
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to the electrophysiologic changes seen in cirrhotic patients. Thus, several transmembrane plasma membrane
ion channels such as potassium (K+) and Ca2+ have been
shown to be dysfunctional both in cirrhotic subjects and
cirrhotic animals[47,48]. Interestingly, both ion channels
seem to be predominantly involved in conduction abnormalities in cirrhotic patients[49,50].
One of the most common electrophysiologic changes
reported in patients with cirrhosis irrespective of its
etiology is a QT interval prolongation detected by electrocardiography. QT prolongation has been reported to
occur in 37%-84% of cirrhotic individuals with either
alcoholic or nonalcoholic liver disease[50]. QT interval
prolongation and variability can affect cardiac rhythm and
cause serious rhythm disturbances including ventricular
arrhythmias and sudden cardiac death. QT prolongation
correlates directly with the severity of the liver disease,
as defined by the Child-Pugh score[50]. Moreover, a direct
relationship between plasma noradrenalin levels and the
corrected QT interval was also reported suggesting that
enhanced adrenergic stimulation of myocardial cells may
play a significant role in abnormal repolarization[50,51].
Chronotropic incompetence is another consistent
finding in alcoholic as well as non-alcoholic cirrhosis, and
refers to inability of the sinus node to increase heart rate
or contractility after appropriate exercise or pharmacological stimulation. Impaired β-receptor signaling and/or
autonomic dysfunction are probably the mechanisms underlying the blunted contractile and chronotropic responsiveness in CCM. Chronotropic incompetence has prognostic relevance too, since it is associated with increased
risk of perioperative complications, especially in patients
undergoing liver transplantation[52,53].

TREATMENT STRATEGIES
Currently, no specific treatment exists for CCM. Given
the pivotal role of the cirrhosis itself in the development
of circulatory abnormalities, efforts should be made to
effectively treat the underlying cirrhotic disease.
In this respect, the liver transplantation is the only
established effective treatment for patients with endstage liver disease and associated cardiac failure. Liver
transplantation has been shown to reverse systolic and
diastolic dysfunction and the prolonged QT interval after
transplantation[54,55]. Additionally, there is a decrease in
cardiac output, heart rate, pulmonary artery pressure, and
an increase in arterial blood pressure and systemic vascular resistance following liver transplantation[56,57]. The
time course of cardiac function recovery as well as factors determining reversibility of the cardiac abnormalities
after transplantation are not yet completely understood.
Torregrosa et al[54] reported significant improvement in
diastolic and systolic function along with the reduction in
myocardial mass between 6 and 12 mo after liver transplantation.
When heart failure becomes evident, treatment principles should be as same as for non-cirrhotic heart failure,
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which include β-blockers, diuretics and preload/afterload
reduction. Diuretics are highly effective in the management of CCM-associated fluid retention. While rapid
symptomatic improvement and a decrease in volume
overload are achieved with loop diuretics, especially for
decompensated heart or liver failure, the long-term therapy with these drugs is associated with several adverse effects, such as increased neurohormonal activation, worsening renal function, and electrolyte disturbances[58,59].
β-blockers may reduce the hyperdynamic load and
improve the prolonged QT interval, besides their effects
on lowering the portal pressure and in the prevention of
variceal bleeding. In patients with portal hypertension,
β-blockers can be combined with nitrates, which are
known to affect the coronary arteries and also have venodilatory effects leading to preload reduction.
Aldosterone antagonists and ACE inhibitors have
beneficial effects in inhibition of the renin-angiotensin-aldosterone system overactivity, reduction of LV dilatation and
wall thickness as well as improvement of diastolic function. However, both drug groups have not demonstrated
long-term efficacy in the treatment of CCM in clinical
setting[60,61]. Moreover, ACE inhibitors should be applied
with special caution because of their potential to aggravate the systemic vasodilation. Similarly, the use of cardiac
glycosides is currently not warranted, since short-acting
cardiac glycosides did not improve cardiac contractility in
patients with alcoholic cirrhosis and LV dysfunction[62].

CONCLUSION
Cardiac abnormalities are common in patients with liver
cirrhosis, regardless of the etiology, and worsens prognosis in these patients. They include increased cardiac
output, low systolic blood pressure, systolic and/or diastolic dysfunction, electrophysiological abnormalities and
chronotropic incompetence. Overt cardiac failure is not
a prominent feature of cirrhosis. However, cardiac dysfunction becomes more apparent with progression of the
underlying liver disease.
Pathogenesis of CCM is multifactorial with major
involvement of the impaired β-receptor signaling, altered
cardiomyocyte membrane physiology, downregulation
of intracellular Ca2+ kinetics and increased activity of vasodilatory pathways through the actions of NO, carbon
monoxide and endocannabinoids.
Clinical management of CCM remains uncertain
because of lack of the clinical evidence and challenging
diagnosis of the disease. To date, there are no proven
therapies apart from the liver transplantation, which was
shown in some studies to reverse the associated cardiac
abnormalities.
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Abstract
In addition to complications relating to the liver, patients with cirrhosis and portal hypertension develop
extrahepatic functional disturbances of multiple organ
systems. This can be considered a multiple organ failure that involves the heart, lungs, kidneys, the immune
systems, and other organ systems. Progressive fibrosis
of the liver and subsequent metabolic impairment leads
to a systemic and splanchnic arteriolar vasodilatation.
This affects both the haemodynamic and functional
homeostasis of many organs and largely determines
the course of the disease. With the progression of the
disease, the circulation becomes hyperdynamic with
cardiac, pulmonary as well as renal consequences for
dysfunction and reduced survival. Infections and a
changed cardiac function known as cirrhotic cardiomyopathy may be involved in further aggravation of
other complications such as renal failure precipitating
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the hepatorenal syndrome. Patients with end-stage
liver disease and related complications as for example
the hepatopulmonary syndrome can only radically be
treated by liver transplantation. As a bridge to this
treatment, knowledge on the mechanisms of the pathophysiology of complications is essential for the choice
of vasoactive drugs, antibiotics, drugs with specific effects on fibrogenesis and inflammation, and drugs that
target specific receptors.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Fibrogenesis; Splanchnic haemodynamics; Inflammation; Bacterial translocation; Infections;
Systemic circulation; Cirrhotic cardiomyopathy; Hepatopulmonary syndrome; Portopulmonary hypertension;
Hepatorenal syndrome; Ascites
Core tip: Patients with cirrhosis develop extrahepatic
functional disturbances as a multiple organ failure that
involves the heart, lungs, kidneys, the immune systems,
and other organ systems. Fibrosis of the liver leads to
a systemic vasodilatation that affects both the homeostasis of many organ systems. The circulation becomes
hyperdynamic, which is often further aggravated by
infections. Changes in organ function involve the heart
as a cirrhotic cardiomyopathy, the kidneys such as the
hepatorenal syndrome and the lungs with development
of a hepatopulmonary syndrome. Liver transplantation
is often the only radical treatment and as a bridge to
this treatment, knowledge on the mechanisms of the
pathophysiology of complications is essential.
Møller S, Henriksen JH, Bendtsen F. Extrahepatic complications
to cirrhosis and portal hypertension: Haemodynamic and homeostatic aspects. World J Gastroenterol 2014; 20(42): 15499-15517
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INTRODUCTION
Patients with chronic liver failure typically present with
symptoms relating to the diseased liver. In particular
patients with cirrhosis show clinical, biochemical, and
pathophysiological signs of structural and functional
changes. Among these are alterations of the synthetic,
excretory, and metabolic capacity, immunologic and regulatory function of hepatocytes, Kupffer cells, sinusoidal
endothelial cells (SEC), biliary cells, and hepatic stellate
cells (HSC). Impaired synthetic capacity of the hepatocytes leads to coagulopathy and to low circulating albumin level and often to jaundice related to compromised
excretion of bilirubin and defects in conjugation[1]. When
cirrhosis progresses the amount of fibrosis increases
with development of regeneration nodules in the liver,
which lead to portal hypertension[2]. Activation of the
HSC by bioactive substances contributes to the elevated
portal pressure[3]. One of the most important complications with relations to portal hypertension is bleeding
from gastro-esophageal varices[4]. The combination of
impaired hepatic degradation and porto-systemic shunting of vasodilators leads to a splanchnic and arterial vasodilatation with reduced splanchnic vascular resistance[5-7].
Over time a hyperdynamic, multi-organ failure syndrome
develops with increased cardiac output and heart rate and
decreased central blood volume[8-11]. Together with portal
hypertension this leads to formation and perpetuation of
ascites[12]. The hyperdynamic syndrome affects a variety
of organ functions such as the lungs with development
of the hepatopulmonary syndrome (HPS) and the heart
with upcome of a cardiovascular dysfunction, including
cirrhotic cardiomyopathy[13]. Due to the systemic and
splanchnic vasodilatation, vasoactive systems like the
sympatho-adrenergic, renin-angiotension-aldosterone,
and the vasopressin system become activated[14]. This mediates vasoconstriction within the kidney with increased
risk of development of hepatorenal syndrome (HRS)[15,16].
Translocation of bacteria from the gut to lymph nodes
leads to complicating infections in relation to variceal
bleeding and infected ascitic fluid as spontaneous bacterial peritonitis (SBP)[17,18]. Impaired phagocytic activity in
cells belonging to the reticulo-endothelial system such as
the Kuppfer cells may facilitate infections, which further
aggravates the circulatory dysfunction[19,20].
During the last decade it has become clear that
chronic liver failure is not only limited to a decreased liver
function, but also involves impairment of most other
organs in the body as part of a multi-organ syndrome
particularly relating to haemodynamic and homoeostatic
disturbances. This review imparts to highlight contemporary mechanisms of extrahepatic haemodynamic complications to chronic liver failure in patients with cirrhosis
and portal hypertension.

PATHOPHYSIOLOGY OF THE LIVER
Structural and functional changes in cirrhosis
The microscopic human liver architecture is arranged in
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lobules with cords of liver cells radiated to a central vein.
The portal tract consists of a triad containing a portal
vein branch, a hepatic arteriole, and a bile duct[1]. Thus,
the liver lobule is quantitatively formed by hepatocytes
and cholangiocytes. In addition to these two primary epithelial cell populations the liver hosts SEC, Kupffer cells,
and HSC, see Figure 1[21-23].
The hepatocytes accounts for approximately 80% of
the total liver cell mass[24]. The hepatocytes have essential
physiological functions, such as regulation of carbohydrate and lipid metabolism, clearance and inactivation
of drugs, ethanol, toxins and various hormones and
vasoactive substances. A very important function of the
hepatocytes is the synthesis of plasma proteins, including
albumin, C-reactive protein, fibrinogen, complement, and
coagulation factors. In patients with acute and chronic
liver injury hepatocyte apoptosis plays a major role for
the impaired metabolic function[25]. When the liver is
exposed for toxic substances such as drugs, alcohol, and
hepatitis B or C virus, fibrogenesis increases and initiates
the cirrhotic process with development of regeneration
nodules with impairment of hepatocyte function[26,27].
The impaired metabolic function results in compromised
degradation of various vasoactive substances, which is
particularly important for the understanding of the systemic and splanchnic haemodynamic changes[28]. Atrial
natriuretic peptide is cleared in the liver with extraction
ratios of 22%-75%[29]. The hepatic extraction of glucagon has been determined by infusion studies and ranges
10%-20% and hepatic extraction ratios of adrenaline and
noradrenaline are very high and ranges 63% to 67%[28].
Renin, angiotensin Ⅱ, substance P, vasopressin, and aldosterone are other important other bioactive substances
with haemodynamic implications that are degraded in the
liver[28].
Kupffer cells are liver macrophages and constitute
80% of all tissue macrophages of the reticuloendothelial
system on the body and about 15% of the liver cells[24].
The Kupffer cells are important for the immune function
of the liver and act as antigen presenting cells of bacteria,
endotoxins, liopolysaccharide (LPS) and other antigens
together with natural killer (NK) cells[30,31]. In addition,
the Kupffer cells play an important role in the expression
of proinflammatory cytokines such as tumour necrosis factor-α (TNF-α), interleukin-1 (IL-1) and IL-6[32].
Furthermore, they play important roles in clearance of
endotoxins, and in the defence of microbial infections
and contribute to the production of the vasodilator nitric
oxide[33].
HSC are located in the space of Disse and they are in
close contact with hepatocytes and SEC, Figure 1. They
are rich of vitamin A, which relates to their function as
hepatic storage of retinyl esters[34]. The HSCs are furthermore actively involved in fibrogenesis and metabolism.
They are involved in matrix degradation and tissue inhibitor of metalloproteinase-1 (TIMP-1) has been shown to
be a survival factor for HSC, and inhibition of the actions of TIMP-1 may be a target for antifibrogenic treat-
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Figure 1 Fibrogenesis after liver injury. Hepatic stellate cells are activated into myofibroblasts that deposit scar matrix in the Space of Disse.

ment[35,36]. HSC has important contractile properties with
relation to the development of portal hypertension[37].
Thus, vasoactive agents, such as endothelin-1 (ET-1), angiotensin-2, and trombin induces contraction[35,37]. From
this point of view the contraction of HSC constitutes a
reversible and dynamic component of the increase in the
hepatic flow and regulation of the portal pressure[3]. This
function is intimately associated with a counter regulation by nitric oxide and carbon monoxide, which induce
relaxation of HSC and thereby ultimately reduces portal
pressure[35,36]. The SECs possess highly specialised physiological functions as they serve as a source of several
bioactive substances[38]. The cells are involved in regulation and production of proinflammatory cytokines and
haemodynamically important vasoactive peptides and
substances, including nitric oxide, ETs, prostanoids, and
prostaglandins[39,40].
It can be concluded, that various cell types of the
liver are deeply involved in the haemodynamic changes
and extrahepatic complications. Thus, impaired hepatocyte degradation of vasoactive substances, production of
vasodilators in the HSC and SEC, and impaired immune
and clearance function of Kuppfer cells inducing production of proinflammatory cytokines and substances are of
importance for the development of portal hypertension
and directly involved in the pathophysiology of extrahepatic hemodynamic complications. Increased portal pressure leads to portosystemic shunts, and thereby increases
the amount of vasodilators and other compounds that
bypass the liver metabolism and degradation.
Fibrogenesis
The histological hallmark of chronic liver failure is
development and perpetuation of fibrosis in the liver.
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Sustained fibrogenesis leads to cirrhosis, which is characterized by distortion of the liver parenchyma and reduction of vascular architecture. The fibrogenetic process is
like a wound-healing response to injuries and a balance
between formation and degradation of fibrotic tissue[35].
This process can be activated by injuries caused by for
example viral hepatitis, alcohol intake, and autoimmune
disorders. These stimuli primarily activate HSC into
myofibroblasts-like cells with contractile, proliferative,
and fibrogenic capacities and it is the primary cell type
responsible for deposition of extracellular matrix in the
liver[34]. The HSCs are located in the subendothelial space
between the hepatocytes, Kupffer cells, and SECs so they
mutually interact through numerous cellular processes
extending across the space of Disse, see Figure 1[37].
Paracrine and autocrine activation of HSCs by tumour
growth factor-β1, which is considered the most potent
fibrogenic cytokine, initiates the fibrotic process in the
liver[35]. In addition, the HSCs cover various physiological
functions, including activation of the immune response,
secretion of cytokines, and angiogenesis[34]. The activation of the HSC into myofibroblasts consists of an
initiation phase and a perpetuation, followed by a resolution phase. Resolution of fibrosis refers to sequences of
events such as apoptosis, senescence, or quiescence[27].
The inflammatory response plays an important role in
fibrogenesis since inflammation always precedes fibrosis and immune activation induces fibrosis by bacterial
LPSs[41]. Kupffer cells also activate HSC by increased
NF-κB activity and secretion of pro-inflammatory cytokines, including TNF-α and monocyte chemoattractant
protein[22,42]. Finally, NK cells have an anti-fibrotic effect
by killing activated HSC. The contractile HSC contributes to the regulation of the sinusoidal blood flow and to
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angiogenesis in the cirrhotic liver[37]. Thereby, the HSCs
contribute to regulate intrahepatic blood flow and portal
pressure. Together with SECs that excert a paracrine effect through nitric oxide synthesis, the HSC represent an
important dynamic component of the sinusoidal haemodynamic resistance in cirrhosis.
It can be concluded that the HSCs are the major fibrogenetic cells type in the injured liver and its numerous
functions have disclosed important targets for effective
antifibrotic therapies[36,43].

REGULATION OF SPLANCHNIC AND
HEPATIC BLOOD FLOW
Homeostasis of the hepatic blood flow is essential since
the liver plays a major role in the clearance of waste products, drugs, and hormones. The liver receives 25% of the
total resting cardiac output through the the hepatic artery
and portal vein, the latter being responsible for 75% of
the total hepatic blood flow[44]. The hepatic blood flow
equals the ratio of the hepatic venous pressure gradient
and post-sinusoidal resistance. In case of portal hypertension, a substantial portal systemic collateral circulation
develops together with an increased mesenterial inflow[45].
The hepatic blood flow can be measured by the indocyanine green clearance (ICG) method applying the Fickprinciple by measurements of ICG-concentrations in the
liver vein and in a peripheral artery[46].
To maintain metabolic homeostasis, the hepatic blood
flow must be adjustable to full fill changing metabolic demands. For example increased regional oxygen consumption is followed by proportional increased blood flow
to the splanchnic area[44]. However, the liver per se is not
able to control the portal inflow and it is the splanchnic
organs that drain into the portal vein that primarily determine changes in portal venous blood flow. Therefore,
different regulatory mechanisms are essential to maintain
haemodynamic and metabolic homeostasis.
Extrinsic regulatory mechanisms
The splanchnic blood flow increases normally after
a meal [47]. The mechanisms are largely unknown but
splanchnic blood vessels are richly innervated by sympathetic nerves from the prevertebral sympathetic ganglia
and an increase in sympathetic nervous outflow is partly
responsible for the initial increase in cardiac output together with mediators such as glucose and long-chain
fatty acids[48]. The extrinsic neural control of intestinal
blood flow is predominantly through sympathetic vasoconstriction mediated by alfa adrenoceptors. Sympathetic
activity reduces intestinal blood flow by increasing the
vascular resistance of the arterioles and veins, and this is
among the major effects on beta-blocking agents on hepatic blood flow and portal pressure[4,14,49].
In normal conditions, the vascular compliance of the
liver is sufficient to maintain pressure homeostasis, but in
cirrhotic patients with increased systemic vascular compliance and reduced hepatic and portal compliance, the
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portal pressure and degree of porto-systemic shunting
increases and thereby the risk of bleeding from oesophageal varices[4,50,51]. This risk is further increased following a
meal that augment the hepatic inflow[52]. Inversely, changes in splanchnic haemodynamics may affect function of
other organs and the existence of a hepatorenal reflex
has been debated for years. Experimental and clinical
studies have provided support for a direct link between
the liver and the kidneys[53,54]. In human cirrhosis, reduced
renal blood flow following an increase in portal pressure
and a concurrent increase in renal venous ET-1 suport
this assumption[55,56]. There are now both clinical and experimental evidence of a hepatic blood flow-dependent
hepatorenal reflex and this is a primary pathophysiological mechanism for renal dysfunction in liver disease[57].
This reflex is activated by adenosine in the space of Mall
and is regulated by hepatic blood flow[54] (Figure 2).
The liver receives blood from both the hepatic artery
and the portal vein. From a homeostatic point of view
this is unique, since it secures a constant blood flow to
the liver through a hepatic arterial buffer system[58]. According to the hepatic arterial buffer hypothesis a reduction in portal blood flow will cause a local accumulation
of adenosine not washed away from the space of Mall
surrounding the hepatic arterial resistance vessels and this
will lead to local vasodilatation[54,59]. The metabolic homeostatic mechanisms maintain constant oxygen delivery,
whereas the myogenic homeostatic mechanisms maintain
a constant intravascular pressure[60].
Local regulatory mechanisms
A number of hormones with vasoactive effects such as
gastrin, vasoactive intestinal polypeptide, cholecystokinin,
secretin, and glucagon are implicated in the fine-tuning
of the splanchnic haemodynamics of the liver[11,61]. As
previously mentioned, SECs and HSCs are intimately involved in the regulation of the sinusoidal blood flow and
potent vasodilators such as nitric oxide, ET-1, and tromboxan-A2 play a role in the vasodilation/vasoconstriction
balance and the dynamic component of the increase in
portal pressure in cirrhosis[40,62-65].
In conclusion, several homeostatic mechanism are involved in maintaining blood flow and metabolism in the
normal liver. During development of cirrhosis and portal
hypertension these mechanisms may not be adequate to
meet the requirements of the body and liver failure, metabolic insufficiency, and portal hypertension may develop.

ROLE OF INFLAMMATION, BACTERIAL
TRANSLOCATION, AND INFECTION IN
CIRRHOSIS
Patients with cirrhosis are more susceptible to bacterial
infections and in particular SBP, urinary tract and pulmonary infections, and Clostridium difficile infections[66,67].
The reduced ability to effective clearance of bacteria
primarily relates to impaired cellular immune function
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Figure 2 Space of Mall is a small space of fluid surrounding a hepatic arteriole, a portal venule and a bile ductule. Adenosine is secreted into the space of
Mall. A reduction in portal blood flow increases adenosine levels and leads to hepatic arteriolar vasodilataion and activation of sensory nerves after[54].

of macrophages and monocytes, depressed neutrophil
phagocytic and intracellular killing and deficiencies in the
complement system[68-70]. Together with increased intestinal permeability and gut bacterial overgrowth this immune dysfunction facilitates transition of bacteria from
the gastrointestinal tract to mesenterial lymph nodes,
see Figure 3[18,70]. Bacterial translocation of especially
Escherichia coli from the gut plays a significant role for
the development of spontaneous infections, in particular SBP[71]. Presence of bacteria or bacterial products in
splanchnic lymph nodes, ascitic fluid, or in the circulation
significantly challenges the homeostatic haemodynamic
balance and the hyperdynamic circulatory state. Bacterial translocation activates monocytes and lymphocytes
and increase the circulating levels of pro-inflammatory
cytokines such as TNF-α and IL-6 as a “cytokine storm”
and subsequent activation of nitric oxide[18,72]. This inflammatory response further augments the circulatory
dysfunction and aggravates the vasodilatory state[73]. Several surrogate markers of bacterial translocation has been
proposed. Lipopolysaccharide binding protein is synthesised in the liver in response to bacteria and increased
levels in cirrhotic patients correlate to the activation of
different vasoactive systems, pro-inflammatory cytokines
and nitric oxide[74]. Findings of bacterial DNA may reflect presence of bacterial components in body fluids and
plasma, and preliminary studies have been promising[75],
but the assessment is associated with significant technical
challenges[76]. In patients with cirrhosis, infection of the
ascitic fluid as in SBP is frequent, and it is an important
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risk factor for the development of circulatory and renal
dysfunction[71,77,78]. Some patients may develop a systemic
inflammatory response syndrome with fever, increased
heart rate, respiratory failure and activated immune system[79] and sepsis in case of a confirmed bacterial etiology[73]. Severe bacterial infections and in particular SBP
are main causes for the development of HRS as about
33% of patients with SBP develop HRS[80,81].
Bacterial translocation may be affected by measures
that ameliorate bacterial overgrowth, intestinal permeability, and immunity, Figure 3. Thus, anti-, pre,- and probiotics and drugs that reduce the gastro-intestinal transit time
may be of benefit[82,83]. Beta-blockers may also reduce the
gastrointestinal transit time and reduce bacterial overgrowth, and results of a recent metaanalysis suggest that
beta-blockers may even prevent SBP[84].
In conclusion, bacterial infections are important complications in cirrhosis. The mechanisms are complex and
bacterial translocation lead through activation of proinflammatory mediators to a homeostatic imbalance that
may precipitate renal and circulatory failure and lead to a
multiorgan failure syndrome.

SYSTEMIC CIRCULATION
The circulatory homeostasis is largely intact in patients
with early cirrhosis and portal hypertension. But with the
progression of the disease over the portal hypertensive,
preascitic to the decompensated, portal hypertensive, ascitic stage, there is an overall direct relation between the
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Figure 3 Illustration of bacterial translocation from the gastrointestinal lumen through the epithelial layers and capillaries to the lymphalic vessels.

Table 1 Vasodilating and vasoconstricting forces involved in
disturbed haemodynamics in cirrhosis (Alphabetic order)
Vasodilator systems
Adenosine
Adrenomedullin
Atrial natriuretic peptide
Bradykinin
Brain natriuretic peptide
Calcitonin gene-related peptide
Carbon monoxide
Endocannabinoids
Endothelin-3
Endotoxin
Enkephalins
Glucagon
Histamine
Hydrogen sulphide
Interleukins
Natriuretic peptide of type C
Nitric oxide
Prostacyclin (PGI2)
Substance P
Tumour necrosis factor-α
Vasoactive intestinal polypeptide
Vasoconstrictor systems
Angiotensin Ⅱ
Adrenaline and noradrenaline
Endothelin-1
Neuropeptide Y
Renin-angiotensin-aldosterone system
Sympathetic nervous system
Vasopressin
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severity of cirrhosis e.g., reflected by the Child or MELD
scores and the degree of hyperdynamic circulation[85-89].
The pathophysiological origin for a variety of extrahepatic complications is a splanchnic and systemic arteriolar
vasodilatation that precedes renal sodium and water retention and plasma volume expansion[90]. According to the
“peripheral arterial vasodilation hypothesis”[91], primary
splanchnic arteriolar vasodilation leads to reduction of
the overall systemic vascular resistance and in advanced
disease, to avid arterial underfilling with low arterial
blood pressure. A modification of this, “the forward
theory of ascites formation” combines arterial underfilling with a forward increase in hepatosplanchnic capillary
pressure and filtration with increased lymph formation[90].
A reduced effective blood volume, which is that part of
the blood volume where volume and baroreceptors are
located, leads to activation of vasoconstrictor systems
and secondary sodium-water retention[90-93]. A number
of potent intrinsic vasodilators are implicated in this and
summarised in Table 1. Particular focus has been given
to nitric oxide, calcitonin gene-related peptide, and adrenomedullin. Other substances with vasodilating properties which have been implicated are natriuretic peptides,
TNF-α, IL-6, substance P, vascular endothelial growth
factor, and cannabinoids[65,94-102]. The delicate homeostatic
balance between primary vasodilatating and counterregulatory vasoconstriction is significantly deviated towards a
sustained systemic vasodilatation, in spite of highly acti-
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Table 2 Circulatory changes in specific vascular beds in
cirrhosis

Table 3 Characterization of cirrhotic cardiomyopathy
Definition
A cardiac dysfunction in patients with cirrhosis characterised by
impaired contractile responsiveness to stress and/or altered diastolic
relaxation with electrophysiological abnormalities in the absence of
other known cardiac disease
Diagnostic criteria
Systolic dysfunction
Blunted increase in cardiac output with exercise, volume challenge
or pharmacological stimuli
Resting EF < 55%
Diastolic dysfunction
E/A ratio < 1.0 (age-corrected)
Prolonged deceleration time (> 200 ms)
Prolonged isovolumetric relaxation time (> 80 ms)
Supportive criteria
Electrophysiological abnormalities
Abnormal chronotropic response
Electromechanical uncoupling/dyssynchrony
Prolonged Q-T interval
Enlarged left atrium
Increased myocardial mass
Increased BNP and pro-BNP
Increased troponin I

Systemic circulation
Plasma volume ↑
Total blood volume ↑
Non-central blood volume ↑
Central and arterial blood volume ↓ (→)
Cardiac output ↑
Arterial blood pressure ↓ (→)
Heart rate ↑
Systemic vascular resistance ↓
Arterial and total vascular compliance ↑
Heart
Left atrial volume ↑
Left ventricular volume → (↑)
Right atrial volume → ↑ ↓
Right ventricular volume → ↑ ↓
Right atrial pressure → ↑
Right ventricular end diastolic pressure →
Pulmonary artery pressure → ↑
Left ventricular end diastolic pressure →
Hepatic and splanchnic circulation
Hepatic blood flow ↓ → (↑)
Hepatic venous pressure gradient ↑
Postsinusoidal resistance ↑
Renal circulation
Renal blood flow ↓
Glomerular filtration rate ↓ →
Pulmonary circulation
Pulmonary blood flow ↑
Pulmonary vascular resistance ↓ (↑)1
Cutaneous and skeletal muscle circulation
Skeletal muscular blood flow ↑ → ↓
Cutaneous blood flow ↑ → ↓

BNP: Brain natriuretic peptide; E/A: Early diastolic/atrial filling ratio; EF:
Left ventricular ejection fraction.

1

Portopulmonary syndrome. ↑ → ↓ denote: Increased, unchanged, or decreased, respectively. Parenthesis denotes less frequent changes.

vation of all vasoconstrictor systems. This is most likely
related to a combination of changes in receptor affinity,
down regulation of receptors and several post-receptor
defects but future research should further disclose the
pathophysiology[13,103].
In general, an increase in cardiac output can be attributed to an increase in venous return, heart rate, and
myocardial contractility, all of which are controlled by
the autonomic nervous system. Arteriolar dilatation, the
presence of arteriovenous communications, expanded
blood volume, and enhanced sympathetic nervous activity may further raise the cardiac output; most of these
pathophysiological mechanisms may operate in advanced
cirrhosis[6,11,14]. In early cirrhosis, the presence of a hyperdynamic circulation is often not apparent. But with
the progression of the liver disease, there is an overall
association to the degree of hyperdynamic circulation.
Studies on circulatory changes with posture suggest
that the patients are mostly hyperdynamic in the supine
position[104-107]. Blood and plasma volumes are expanded
in advanced cirrhosis but the distribution between central and non-central vascular areas is imbalanced[108-111].
Thus, by different techniques it has been established
that the central and arterial blood volume is most often
decreased, whereas the non-central blood volume, in
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particular the splanchnic blood volume is increased in
animals and patients with cirrhosis[6,109,112,113]. The effective arterial blood volume and the central circulation
time (i.e., central blood volume relative to cardiac output)
are substantially reduced and bear a significant relation
to poorer survival in advanced cirrhosis[114]. The haemodynamic changes pertaining to specific vascular beds are
shown in Table 2.
In the decompensated state, plasma volume expansion is a prevailing feature and should be considered secondary to the activation of neurohumoral mechanisms
consequent on mainly splanchnic vasodilatation, low arterial blood pressure, and reduced central and arterial blood
volume.
Evaluation of systemic haemodynamic changes in
clinical practice is complex. Even patients with early
cirrhosis may exhibit a hyperdynamic circulatory state
and a few patients with decompensated cirrhosis with
considerable fluid retention may present a relatively normal circulation[86]. Recently, it has become apparent that
patients with advanced disease and refractory ascites may
have a suppressed cardiac output[115,116]. Moreover, pharmacological treatment e.g., with β-blockers may attenuate
a hyperdynamic circulatory state[86,117,118]. However, on
a whole, there is a direct relationship between the state
of vasodilatation, the systemic circulatory derangement
and the progression of the liver disease, development of
complications and prognosis.

CHANGES IN CARDIAC FUNCTION
Subclinical impairment of the function of the cirrhotic
heart has been known for 60 years[119]. However, it is only
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Figure 4 Mechanisms of cirrhotic cardiomyopathy. The figure reviews the most important mechanisms involved in cirrhotic cardiomyopathy: Desensitisation and
downregulation of β-adrenergic receptors with decreased content of G-protein (Gαi: inhibitory G protein; Gαs: stimulatory G protein) and following impaired intracellular signalling; alterations in particular in M2 muscarinic receptors; upregulation of cannabinoid 1-receptor stimulation; altered plasma membrane cholesterol/phospholipid ratio; increased inhibitory effects of haemooxygenase (HO), carbon monoxide (CO), nitric oxide (NO), and tumour necrosis factor-α (TNF-α); reduced density
of potassium channels; changed function and fluxes through L-type calcium channels; altered ratio and function of collagens and titins. Many post-receptor effects are
mediated by adenylcyclase (AC) inhibition or stimulation. PKA: Protein kinase A.

recently that the reduced function of the heart has been
associated with the development of various complications of cirrhosis. Results of experimental and clinical
studies have shown impaired myocardial contractility
as well as electrophysiological abnormalities in cirrhosis, which have crystalized the clinical entity cirrhotic
cardiomyopathy[13,120,121]. This term denotes a chronic
cardiac dysfunction, characterised by blunted contractile
responsiveness to stress and altered diastolic relaxation
with electrophysiological abnormalities, such as prolongation of the Q-T interval, all occurring in the absence
of any other cardiac disease, Table 3[122,123]. This cardiac
dysfunction may affect the prognosis of the patients and
aggravate the course during invasive procedures such as
surgery, insertion of a transjugular intrahepatic portosystemic shunt (TIPS), and liver transplantation[124-126].
The pathophysiological mechanisms include changes in
the cardiomyocyte plasma membrane, attenuated function of the beta-adrenergic pathway, and greater activity
of inhibitory systems[123,127]. Other studies have focused
on negative inotropic effects of nitric oxide, nitration of
cardiac proteins, carbon monoxide, endogenous cannabinoids, bile acids, and endotoxins[128,129]. The mechanisms
of cirrhotic cardiomyopathy are summarised in Figure 4.
Systolic dysfunction
In patients with cirrhotic cardiomyopathy, cardiac failure
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may become manifest only under conditions of haemodynamic stress. Thus, the left ventricular end-diastolic
pressure increases after exercise, but the expected increases in cardiac stroke index and left ventricular ejection fraction (LVEF) are absent or subnormal, which indicates an inadequate response of the ventricular reserve
to a rise in filling pressure[130]. A vasoconstrictor-induced
increase of 30% in the left ventricular afterload results in
a doubling in pulmonary capillary wedged-pressure, with
no change in cardiac output[131]. This response may be
useful in diagnosing cirrhotic cardiomyopathy. A similar
pattern is seen after insertion of TIPS, but the raised cardiac pressures tend to normalise with time[132,133]. Some of
these patients (12%) may develop manifest cardiac failure
in association with the TIPS insertion[134]. A failure to
increase cardiac output, despite increased ventricular filling pressure, indicates that normalisation of the afterload
impairs cardiac performance and unmasks left ventricular
dysfunction[131].
LVEF reflects systolic function, even though it is very
much influenced by preload and afterload. It has been reported to be normal at rest in some studies and reduced in
one study of a subgroup of patients with ascites[130,131,135].
After exercise, LVEF increases less in cirrhotic patients
than in controls[130,136,137]. The reduced functional capacity
may be attributed to a combination of blunted heart rate
response to exercise, reduced myocardial reserve, and pro-
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Table 4 Diagnostic criteria for the hepatopulmonary syndrome and portopulmonary hypertension
HPS

PoPH

Presence of liver disease

Presence of liver disease and portal
hypertension
Mean pulmonary arterial pressure
> 25 mmHg
Pulmonary vascular resistance > 240
dyn·s·cm-5 left atrial pressure < 15 mmHg

PA-aO2 > 15 mmHg
(> 2 kPa)
Positive contrast enhanced
echocardiography1
1

Visualisation of microbubbles in the left heart chambers within three or
more cardiac cycles implies definite intrapulmonary vascular dilatation.
PA-aO2: Alveolar-arterial oxygen gradient; PoPH: Portopulmonary hypertension; HPS: Hepatopulmonary syndrome.

found skeletal muscle wasting with impaired oxygen extraction[138,139]. By modern techniques like tissue-Doppler
and speckle tracking echocardiography, it is possible also
to detect systolic and diastolic dysfunction at rest[140,141] .
Diastolic dysfunction
The clinical significance of diastolic dysfunction and its
importance in cirrhotic cardiomyopathy has been questioned, as overt cardiac failure is not a prominent feature
of cirrhosis. However, there are several reports of unexpected death from heart failure following liver transplantation, surgical portocaval shunts, and TIPS[134,142]. These
procedures involve a rapid increase in cardiac preload.
In a less compliant heart, the diastolic dysfunction could
be enough to cause pulmonary oedema and heart failure.
This is consistent with the findings of an increase in
pulmonary artery pressure, pre-load, and diastolic dysfunction after TIPS[132]. Diastolic dysfunction affecting
left ventricular filling may progress to systolic dysfunction[123,143]. The pathological basis of the increased stiffness of the left ventricle seems to be cardiac hypertrophy, patchy fibrosis, and subendothelial oedema[131,136,144].
Decreased E/A ratio and delayed early diastolic transmitral filling with prolonged deceleration and isovolumetric
relaxation times indicate diastolic dysfunction on the
Doppler echocardiogram and corresponding characteristics on the tissue-Doppler and speckle tracking echocardiography[131,140,141,145].
Q-T interval prolongation
In cirrhotic patients, the Q-T interval is prolonged and
significantly related to the severity of the liver disease,
portal hypertension, portosystemic shunts, elevated brain
type natriuretic peptide (BNP) and pro-BNP, elevated
plasma noradrenaline, decreased heart rate variability, and
reduced survival[122,124,146-149]. The prolongation of the Q-T
interval is partly reversible after liver transplantation and
beta-blocker treatment[146,150]. Recently, it has been documented that gastrointestinal bleeding further prolongs
the Q-T interval in cirrhosis and independently predicts
bleeding-induced mortality[151]. The prolonged Q-T interval in cirrhosis should be considered an element in
the cirrhotic cardiomyopathy and may be of potential
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use in the stratification and identification of patients at
risk[149,152].
Taken together, cirrhotic cardiomyopathy encompasses impaired contractility and diastolic relaxation, and
electrophysiological abnormalities in particular prolonged
Q-T interval. Independent of aetiology of cirrhosis, systolic dysfunction can be diagnosed at rest by for example
tissue-Doppler imaging or demasked by physical or pharmacological stress. Diastolic dysfunction can be detected
by echocardiography or tissue-Doppler imaging. Cirrhotic
cardiomyopathy may aggravate complications such as
gastro-intestinal bleeding and development of the HRS.
Liver transplantation may revert the cardiac dysfunction
but surgery and TIPS insertion may also aggravate the
condition.

CHANGES IN PULMONARY FUNCTION
Pulmonary dysfunction involves diffusing abnormalities
with development of the HPS and portopulmonary hypertension (PoPH) in some patients with cirrhosis. The
circulatory and neuroendocrine derangements seem to
play important roles in the hepatopulmonary dysfunction
and these aspects should be taken into account in the
management of diffusing and oxygenation-related complications of cirrhosis. Below are the two main entities
HPS and PoPH shortly considered and the pathophysiological differences summarised in Table 4.
HPS
A condition with reduced diffusing capacity, abnormal
ventilation/perfusion ratio and intrapulmonary vascular
dilatations, and low arterial oxygen saturation in association with liver disease and absence of cardiopulmonary
disease is termed HPS[153-156]. Arterial deoxygenation is
reflected by a widened alveolar-arterial oxygen gradient
(PA-aO2)[88,157]. The frequency of HPS in patients with cirrhosis is variably reported from 5%-50% according to the
type of population with respect to aetiology, geography,
etc [154,156,158-160]. The pathophysiological hallmark of HPS,
is dilatations of capillaries near the alveolar areas, see Figure 5. Fallon et al[153] have recently reported increased pulmonary vascular endothelial nitric oxide synthase (NOS)
and increased production of cholangiocyte ET-1 and
increased expression of ET-B receptors[161,162]. Recently,
pulmonary angiogenesis have been implemented in the
development of this complicated pathophysiology[163].
From a practical point of view HPS is defined by arterial hypoxaemia [PaO2 < 70 mmHg (or 9.3 kPa)], an ageadjusted increase in PA-aO2 > 15 mmHg (or 2.0 kPa) and
presence of intrapulmonary vasodilatations[154,162]. A large
proportion of patients with HPS present with insidious
onset of dyspnea, plathypnea (upon standing), orthodeoxia,
clubbing, and cyanosis[164]. The diagnosis requires arterial
blood gas measurements and calculation of PA-aO2, Contrast-enhanced echocardiography (CEE) is today considered the most sensitive test and method of choice in the
diagnosis HPS[156], but also injection of macroaggregated
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Figure 5 Gas exchange in the normal lung (left) and mechanism of hepatopulmonary syndrome (right). The hepatopulmonary syndrome comprises an increased alveolar-arterial oxygen gradient owing to diffusion limitations and development of intrapulmonary right-to-left shunts leading to arterial hypoxaemia.

albumin with estimated the extra-pulmonary shunt fraction > 6% indicates presence of HPS[165]. Currently, the
following criteria for HPS are: (1) Presence of liver disease; (2) PA-aO2 ≥ 15 mmHg (2.0 kPa); and (3) a positive
CEE (Table 4).
At present there is no effective medical therapy for
HPS. Insertion of TIPS has been reported to be successful, but it may result in increased pulmonary pressures
and is therefore not recommended[166,167]. Since HPS is reversible after liver transplantation, it has become an indication for urgent liver transplantation and the long-term
outcome after LT in HPS is increasingly favorable[168,169].
Portopulmonary hypertension
PoPH is defined as a mean pulmonary artery pressure > 25 mmHg and pulmonary vascular resistance
>240 dyn•s•cm-5, and normal left atrial pressure (< 15
mmHg), see Table 4[154,170,171]. The histological appearance
of pulmonary vessels is similar to that seen in primary
pulmonary artery hypertension, and includes smooth
muscle proliferation, hypertrophy, and fibrosis[154]. Various pathophysiological aspects seem to be involved in
the development of portopulmonary hypertension,
including vasoproliferation, genetics, and inflammation
with increased pulmonary phagocytosis[154]. Of particular
interest is the activation of potent local vasoconstrictor
systems, like serotonin and the ET system. ET-1 is produced in the pulmonary endothelium and binding to ETA
and ETB receptors on the pulmonary smooth muscle
cells leads to vasoconstriction[172-175]. Symptoms are typically progressive and include fatigue, chest discomfort,
exertional dyspnoea, oedema, and syncope[175,176]. The
median survival in patients with PoPH is considered low,
about six months[177] and lower than in patients with idiopathic pulmonary hypertension[171]. The diagnosis can be
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based on radiological, echocardiographic, lung functional,
and haemodynamic findings. Pulmonary function tests
often show reduced lung volumes, diffusing capacity,
and forced vital capacities and widened PA-aO2[178]. For
purposes of screening, Doppler-echocardiography can be
used to estimate pulmonary pressures and right ventricular
systolic pressure. Right ventricular systolic pressure thresholds from > 30 to > 50 mmHg as cutt-off limits are still
discussed[156,179].
Different medical treatments that modify the circulation have been applied. These include prostacyclin analogs
such as epoprosterol[180], ET receptor antagonists such as
bosentan[180,181], and phosphodiesterase-5 inhibitors such as
sildenafil[182]. The effects of these drugs are however modest. TIPS and liver transplantation are not treatment options of choice in these patients sice a mean pulmonary
artery pressure > 35 mmHg is associated with increased
mortality following liver transplantation[168,183,184].
In conclusion, a considerable number of cirrhotic
patients present with changes in pulmonary vascular resistance, impaired ventilation, and hypoxaemia as part of
HPS or PoPH. Although, the prevalence varies, the circulatory and neuroendocrine derangements seem to play
important roles in the clinical aggravation, hepatopulmonary dysfunction, and circulatory reactivity of these entities. Therefore these pathophysiological aspects should
be taken into account in the clinical management of the
patient with cirrhosis and pulmonary dysfunction.

CHANGES IN RENAL FUNCTION
Acute kidney injury (AKI) is frequent in patients with
cirrhosis and determines the prognosis in advanced cirrhosis. HRS denotes a functional and partly reversible
impairment of renal function. HRS is precipitated by
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Table 5 New diagnostic criteria for the hepatorenal
[192]
syndrome from the International Ascites Club (2013)
Cirrhosis with ascites
Serum creatinine > 133 mmol/L (1.5 mg/dL)
No improvement of serum creatinine (decrease to a level of <
133 mmol/L) after at least 2 d with diuretic withdrawal and volume
expansion with albumin. 1 g/kg of body weight per day up to a
maximum of 100 g/d
Absence of shock
No current treatment with nephrotoxic drugs
Absence of parenchymal kidney disease as indicated by proteinuria >
500 mg/d, or microhaematuria, (> 50 red blood cells per high power
field) and /or a normal renal ultrasonography

factors that aggravate the effective hypovolaemia in decompensated cirrhosis, by lowering arterial pressure and
cardiac output and enhance sympathetic nervous activity.
Acute kidney injury in cirrhosis
Acute renal failure is estimated to occur in approximately
20% of hospitalized patients with cirrhosis[185]. Several attempts have been made to achieve agreement on a more
precise definition of AKI. AKI has been defined as an increase in serum creatinine ≥ 133 µmol/L (≥ 1.5 mg/dL)
or an increase > 50%, but initiatives from the Acute Kidney Injury Network and others have defined AKI as an
absolute increase in serum creatinine > 26.4 µmol/L (≥
0.3 mg/dL) (or a 50% increase over 48 h)[186]. Differential
diagnosis of AKI in cirrhosis is difficult as it ranges from
pre-renal AKI (45%), intra-renal AKI including acute tubular necrosis and glomerulonephritis (32%), HRS (23%),
and seldom post-renal AKI (< 1%).
HRS
Approximately 20% of the cirrhotic patients with ascites
who are resistant to diuretics, progress to HRS[187]. HRS
denotes a functional prerenal failure that is unresponsive
to volume expansion in patients with chronic liver disease
and ascites without significant morphological changes
in renal histology, and with a largely normal tubular
function (Table 5)[78,188]. The prognosis of patients with
a full-blown HRS is poor ranging from days to weeks
and liver transplantation is the only radical treatment for
the HRS[187,189]. Two types of HRS have been defined
depending on the rapidness and the extent of the renal
failure[78,190,191]. Type-1 HRS is an acute form with a rapid
decrease in renal function and renal failure as an independent predictive factor; type-2 HRS is a chronic form with
a more stable renal dysfunction[191,192].
Pathophysiology of HRS
The major elements in the development of HRS are the
diseased liver, the circulatory dysfunction with vasodilatation and lowering of the arterial blood pressure, the
abnormal systemic neuro-humoral regulation with activation of the sympathetic nervous system which alters renal autoregulation, a cardiac dysfunction due to cirrhotic
cardiomyopathy with a pre-terminal decline in cardiac
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output[40,193,194]. These aspects are summarised in Figure 6.
Low systemic vascular resistance, central hypovolaemia, reduced baroreflex sensitivity, and abnormal renal
autoregulation play a pivotal role in the circulatory dysfunction[111,193,195]. In patients with increased sympathetic
nervous activity, the autoregulation curve may be shifted
towards the right side[193]. Because of this, even minor
reductions in arterial blood pressure may be harmful to
renal perfusion. Thus, the renal blood flow decreases with
the advancement of the clinical stage of liver dysfunction[196] and in these patients low arterial pressure relates
to survival[11,85,197]. Cirrhotic cardiomyopathy has been
described as a condition with impaired contractile responsiveness to stress and altered diastolic relaxation[123].
With the progression of the disease, the reduction in the
systemic vascular resistance becomes so severe that the
hyperdynamic cirrhotic heart is unable further to increase
the high cardiac output, which leads to an underfilling of
the central vascular bed and effective central hypovolaemia[111,188,198]. There is now evidence from several studies of a relation between the terminal decline in cardiac
output and the progression of the disease, development
of HRS, and survival[115,116]. We have therefore recently
hypothesized a cardiorenal interaction in patients with
advanced cirrhosis and renal dysfunction that refers to a
condition where cardiac dysfunction in cirrhosis is a major determinant of the course of patients who develop
HRS[199] (Figure 7).
Bacterial translocation from the gut plays a significant
role for spontaneous infections and the circulatory dysfunction characterised by aggravation of vasodilatation
elicited by an inflammatory response with the production
of proinflammatory cytokines such as TNF-α and IL-6 as
a “cytokine storm”[72]. SBP is frequent in patients with cirrhosis and is an important risk factor for the development
of circulatory dysfunction and HRS (Figure 3)[71,77,78].
The future in terms of therapy will probably attack
different aspects in the pathophysiological process. A
multi-target strategy should seek efficiently to counteract
the arterial vasodilatation, central hypovolaemia, and arterial hypotension by administration of potent vasoconstrictors such as terlipressin combined with human serum
albumin. Development of orally long-acting systemic
vasoconstrictors should be encouraged. All patients with
HRS including those who respond to terlipressin and
albumin should be properly prioritized on the waiting list
for liver transplantation.

CHANGES IN ADRENAL FUNCTION
Increased cortisol levels due to activation of the hypothalamus-pituitary-adrenal axis represent an important
adaptive mechanism in critical illness, regulating inflammation and cardiovascular response to the sympathetic
nervous system. Circulating cytokines, such as TNF-α
and IL-6, might impair pituitary responsiveness leading to
inadequate cortisol secretion[200,201]. This has been termed
relative adrenal insufficiency (RAI), which is associated
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with more pronounced hemodynamic instability, vasopressor dependency and increased mortality in critically
ill patients[202,203].
In addition, RAI has been reported in cirrhosis as
part of a hepato-adrenal syndrome with inhibition of
ACTH and CRH due to high levels of pro-inflammatory
cytokines[203,204]. Since patients with adrenal insufficiency
may exhibit similar characteristics in terms of cardiac
dysfunction, we recently hypothesized that adrenal insufficiency may contribute to cirrhotic cardiomyopathy
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and to precipitate HRS[200]. The relation between cardiac
dysfunction and development of HRS should therefore
be focus for treatment strategies that seek to improve
cardiac function[116].

CONCLUDING SUMMARY
The recent years have considerably improved our knowledge on the mechanisms of disease processes in chronic
liver disease. The cellular and humoral responses related
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to the fibrogenesis, inflammation, and bacterial translocation have been shown to be highly involved in the
development of portal, splanchnic, and systemic haemodynamic complications to chronic liver disease. These
extra-hepatic complications comprise changes in numerous organ systems as a multi-organ failure syndrome.
The arterial vasodilatation and the general increased
vascular compliance are directly linked to the cardiac and
circulatory changes and to pulmonary haemodynamics
and function. In conditions such as HRS and PoPH a
preferential reactive and counter-regulatory vasoconstriction is prevailing. The function of the heart in cirrhosis is
disturbed, with a hyperdynamic circulation with increased
cardiac output and heart rate. Cardiac performance and
the systolic and diastolic functions are clearly impaired
and may contribute to other complications such as HRS
as part of a cardio-renal syndrome.
Knowledge on the mechanisms of development of
complications is crucial with respect to choice of vasoactive drugs, drugs with specific effects on fibrogenesis
and inflammation, and drugs that target specific receptors. Although major unsolved questions remain, the
circulatory and humoral derangements play important
roles in the clinical aggravation of renal complications,
cardio-pulmonary dysfunction, and circulatory reactivity.
This aspect is important to take into account in futures
research programmes and in the clinical handling of the
cirrhotic patient.
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Abstract
The incidence of obesity and its related conditions, including non-alcoholic fatty liver disease (NAFLD), has
dramatically increased in all age groups worldwide.
Given the health consequences of these conditions,
and the subsequent economic burden on healthcare
systems, their prevention and treatment have become
major priorities. Because standard dietary and lifestyle
changes and pathogenically-oriented therapies (e.g. ,
antioxidants, oral hypoglycemic agents, and lipid-lowering agents) often fail due to poor compliance and/or
lack of efficacy, novel approaches directed toward other
pathomechanisms are needed. Here we present several
lines of evidence indicating that, by increasing energy
extraction in some dysbiosis conditions or small intesti-
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nal bacterial overgrowth, specific gut microbiota and/or
a “low bacterial richness” may play a role in obesity,
metabolic syndrome, and fatty liver. Under conditions
involving a damaged intestinal barrier (“leaky gut”), the
gut-liver axis may enhance the natural interactions between intestinal bacteria/bacterial products and hepatic
receptors (e.g. , toll-like receptors), thus promoting the
following cascade of events: oxidative stress, insulinresistance, hepatic inflammation, and fibrosis. We also
discuss the possible modulation of gut microbiota by
probiotics, as attempted in NAFLD animal model studies
and in several pilot pediatric and adult human studies.
Globally, this approach appears to be a promising and
innovative add-on therapeutic tool for NAFLD in the
context of multi-target therapy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Modulation of gut microbiota by probiotics is
supported by a number of studies conducted with nonalcoholic fatty liver disease animal models and in several pilot pediatric and adult human studies. Globally, this
approach appears to be a promising add-on therapeutic
tool to be used in the context of a tailored multi-target
therapy especially in cases where standard dietary and
lifestyle changes have failed.
Paolella G, Mandato C, Pierri L, Poeta M, Di Stasi M, Vajro P.
Gut-liver axis and probiotics: Their role in non-alcoholic fatty
liver disease. World J Gastroenterol 2014; 20(42): 15518-15531
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i42/15518.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i42.15518

15518

November 14, 2014|Volume 20|Issue 42|

Paolella G et al . Gut-liver axis and probiotics in NAFLD

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the hepatic
manifestation of metabolic syndrome and the leading cause of chronic liver disease in pediatric and adult
individuals living in industrialized countries. NAFLD
includes steatosis and non-alcoholic steatohepatitis
(NASH), which is characterized by steatosis and periportal and lobular inflammation. Progression to fibrosis
and cirrhosis represents the primary complications of
NAFLD[1]. The pathogenetic mechanisms that lead to
NAFLD seem to be strictly linked to peripheral insulin
resistance (IR) and oxidative stress in hepatocytes. In fact,
reduced cell responses to insulin lead to increased levels
of insulinemia. Consequently, hyperactivating hormonesensitive lipase increases lipolysis in adipose tissue, which
in turn increases free fatty acid (FFA) levels. Regarding
the liver, IR causes gluconeogenesis and decreased glycogen synthesis, thereby increasing the FFA production rate
and inhibiting beta-oxidation. The consequences of this
IR-dependent “first hit” may be compensated by antioxidant hepatic mechanisms in the cell until the FFA surplus
leads to a mitochondrial overload of oxygen free radicals,
which, in turn, causes lipid peroxidation (“second hit”).
Finally, the activation of multiple inflammatory pathways
results in necroinflammatory events, fibrosis, and liver
cirrhosis.
A growing body of evidence has begun to indicate
that gut-liver axis malfunction [small intestinal bacterial
overgrowth (SIBO), intestinal dysbiosis, and increased intestinal permeability (“leaky gut”)] is another leading factor in the development and progression of NAFLD[2-5].
This information is particularly important because of:
(1) the high resistance of obese patients to the standard
treatment of obesity and of its complications (i.e., lifestyle
changes and hypocaloric diets); (2) poor effectiveness of
other NAFLD pathomechanism-driven pharmacological
treatments in reducing steatosis and its complications;
and (3) the possibility of modulating the gut-liver axis[6,7].
Here we review the most recent data about the gutliver axis and its role in NAFLD pathogenesis and progression. We also review experimental studies in animal
models and preliminary results from several randomized
clinical trials conducted to establish whether probioticinduced modulation of the intestinal microbiota (IM)
improves liver disease outcome.

GUT-LIVER AXIS COMPONENTS
The gut-liver axis refers to the close anatomical and
functional relationship between the gastrointestinal tract
and the liver. The interaction between the two organs,
whether healthy or diseased, includes the transfer of IMassociated molecules to the liver[8]. Alterations of this axis
(constituted by the intestinal barrier, IM, and liver) may
occur due to changes in intestinal permeability and microbiome composition in several clinically relevant conditions, including NASH and cirrhosis[9].
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The intestinal barrier is a complex functional unit
composed of luminal and mucosal elements (e.g., epithelial cells layer; mucosal barrier; innate and acquired
immune components); the neuroenteric, vascular, and endocrine systems; digestive enzymes; and the IM (Figure 1).
This barrier plays a key role in protecting against enteric
organisms, potentially harmful toxins, and bacterial bioproducts closely associated with health and susceptibility
to disease.
The intestinal epithelium consists of a single layer of
columnar cells, which are mainly absorptive cells (80%),
with the remaining 20% being Paneth, goblet, and enteroendocrine cells. Intestinal cells are bound together by
tight junctions (TJs) and the zonula adherens (known collectively as the “apical junction complex”), as well as gap
junctions and desmosomes. TJs form a multifunctional
complex characterized by a series of fusion points on the
cell membranes of adjacent cells. Tight junction tetraand single-span transmembrane proteins mediate cell-tocell adhesion and seal the paracellular space between epithelial cells. In addition to providing a barrier to noxious
molecules, TJs can also operate as pores for the permeation of ions, solutes, and water, as appropriate. Indeed,
among the tetra-span proteins (occludin, claudin, and tricellulin), specific claudin isoforms (claudin-2, -7, -12, and
-15) determine selective barrier permeability. Single-span
transmembrane proteins, on the other hand, are mostly
junctional adhesion molecules. Being an immunoglobulin
superfamily, junctional adhesion molecules participate in
the regulation and maintenance of the TJ barrier. These
proteins are associated with peripheral membrane (plaque)
proteins such as zonula occludens (ZO) proteins 1, 2,
and 3. The latter, located in the intracellular side of the
plasma membrane, contribute to anchoring the TJ protein complex to the actin component of the cytoskeleton
(Figure 1). Intestinal epithelium homeostasis requires
coordination between TJ proteins, the actin cytoskeleton,
endocytosis, and the intracellular signaling pathways[10].
The structure of TJs is constantly remodeled consequent
to interactions with external stimuli, such as food residues, and pathogenic or intestinal bacteria. Regulation of
TJs depends also on several signal transduction networks,
including those of the G protein and a number of specific kinases[11-14].
Besides regulating paracellular permeability, the intestinal barrier can activate the innate immune cells (e.g.,
dendritic cells), thereby preventing systemic infections
triggered by intestinal microorganisms. The protrusions
of these “sentinel cells” reach the intestinal lumen, where
they are able to sense the presence of pathogens; however
they also reach the normal intestinal flora and nutrients,
and induce immune responses by activating specific B-cells
(“acquired immunity”)[15,16]. The health of the intestinal
tract is also maintained by Paneth cells, a type of specialized secretory epithelial cell that inhabits the mucosal surface of the small intestine and produces high quantities of
defensins, and antimicrobial and antibiotic peptides[17,18].
Another critical element in the homeostasis of the
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Figure 1 Intestinal barrier and liver. The intestinal microbiota plays an important role in the development of gut-associated lymphoid tissue (GALT), IgA secretion,
and the production of antimicrobial peptides. Environmental factors (injury, infection, or high fat diet) may induce small intestinal bacterial overgrowth (SIBO)/intestinal
dysbiosis and increased intestinal permeability that promote the translocation of bacteria and bacterial products, pathogen-associated molecular patterns (PAMPs),
and damage-associated molecular patterns (DAMPs). Malfunction of tight junctions (TJ), composed of occludin, claudin, and tricellulin proteins, and under the influence of proteins involved in the cascade of the signal-transduction pathways (G protein and protein kinase C), probably play a critical role in gut “leakiness”. Activation
of toll-like receptors (TLRs) induces hepatic inflammation, lipogenesis, fibrogenesis, oxidative stress, and insulin sensitivity. In particular, activation of TLRs on stellate
cells determines hepatic fibrosis and activation of TRLs on Kupffer cells promotes hepatic inflammation. In some dysbiosis conditions an high proportion of ethanol
producing bacteria (E. Coli) may lead to high levels of endogenous alcohol, whose effects further reflect on intestinal permeability and hepatic damage. HFD: High fat
diet; LPS: Lipopolysaccharide; PKC: Protein kinase C; SCFA: Short chain fatty acids.

intestinal barrier is the mucosal barrier, which is constituted by a set of glycosylated molecules and enzymes.
The intestinal mucus produced by goblet cells consists of
two layers: an outer layer that is an ideal habitat for microbial colonization, and an inner, denser layer containing
relatively few bacteria that exerts a protective function[18].
The mucosal barrier interacts directly with the overlying
components and may therefore influence the microbial
balance. The release of mucus containing antimicrobial
molecules prevents bacterial contact. Moreover, intestinal
mucus provides transduction signals that modulate the
pro-inflammatory and apoptotic pathways. However,
intestinal microorganisms have developed several smart
strategies to bypass these mechanisms, namely the release
of mucolytic enzymes, inhibition of mucin synthesis, and
damage of TJs. Interestingly, low levels of Akkermansia
Muciniphila have been linked to obesity as they live in
mucus on intestinal epithelium, and reduce the absorp-
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tion by promoting the mucus layer thickness.
Intestinal barrier malfunction allows translocations
of dangerous gut bacteria and/or their products into the
mesenteric portal bloodstream[19]. Intestinal barrier damage, increased intestinal permeability, dysbiosis, and SIBO
appear to play a pivotal role in NAFLD pathogenesis and
development[3].
The gut microbiota consists of trillions of microorganisms (i.e., approximately 1014 bacteria and archaea)
from more than 1000 species, with a total weight of approximately 1-2 kg[20]. Dysbiosis of the gut microbiota refers to an imbalance in the microbial community in terms
of qualitative and quantitative changes, metabolic activity,
and topographic distribution[19,21,22]. The human gut microbiota is mainly composed of Bacteroidetes and Firmicutes.
Proteobacteria, Verrucomicrobia, Actinobacteria, Fusobacteria,
and Cyanobacteria are present in minor proportions. Physiologically, they contribute 5%-15% of the dietary energy
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Table 1 Intestinal microbiota composition in obese individuals
Ref.
Turnbaugh et al[30]

Turnbaugh et al[31]

Mouzaki et al[32]
Armougom et al[33]
Million et al[34]
Nadal et al[35]
Santacruz et al[36]
Zhang et al[37]

Wong et al[38]

Zhu et al[39]

Schwiertz et al[40]

Subjects

Method

Firmicutes

Bacteroidetes

Actinobacteria

Proteobacteria

Archaea

12 ob/2 nw

16 S RNA
pyrosequencing
454
16 S RNA
pyrosequencing
454
qPCR

+

-

/

/

/

--

++

==

==

--

No statistical
difference
/
/
++

/

-==
--

No statistical
difference
/
++

++

--

++

/

/

+
(Prevotellaceae)

+
(Coriobacteriaceae)

+

++

--

++

+
(Methanobrevibacter
smithii)
/

++

--

++

/

==

-

/

-

31 MZ twin
==
pairs/23 DZ twin
pairs/46 mo
17 nw/11 ss/22
++
NASH
20 ob/20 nw
qPCR
++
68 ob/47 nw
qPCR; cell counts
++
39 ob adolescents
FISH
++
low calorie 10 wk
36 ob adolescents
RT-PCR
++
low calorie 10 wk
3 ob/3 nw
qPCR + 16 S RNA
+pyrosequencing (Lachnospiraceae)
454
16 ob NASH/
16 S RNA
-22 nw ctrls
pyrosequencing
454
16 nw/25 I/
16 S RNA
-22 NASH
pyrosequencing
454
33 ob/35 ow/30 nw
qPCR
--

+

Firmicutes: Clostridia, Lactobacillales, Coccacea; ob: Obese; nw: Normal weight; ss: Simple steatosis; ow: Overweight; MZ: Monozygotic; DZ: Dizygotic.

harvest by fermenting undigested alimentary residues[23].
The microbiota of obese subjects have a higher capacity
to harvest energy from the diet, thereby providing substrates that can activate the lipogenic pathways.
The IM is influenced by both exogenous (dietary habits, food containing plant fibers and non-digestible carbohydrates that exert “prebiotic” effects, lifestyle, drugs,
and method of birth delivery) and endogenous (bacterial
mucosal receptors and interactions, intestinal pH, and
immune response) factors[24].
Characterization of the gut microbiota profile is becoming increasingly more accurate thanks to new molecular microbiology techniques (next-generation sequencing) that supplement the results of culturomics-based
investigations. Studies of the IM have also, at a functional
level, started to depict the complex metabolic interplay
between bacterial activities (metabolome) and the host.
These studies revealed that the IM can influence conditions that involve not only the gastrointestinal tract (celiac
disease, inflammatory bowel diseases, and irritable bowel
syndrome), but also a growing number of extra-intestinal
pathologies including obesity, IR, diabetes, cardiovascular disease, allergic diseases, and autism[25]. The concept
that the IM is involved in obesity-related NAFLD was
recently re-proposed, however various aspects of this association remain to be elucidated[26,27].

INTESTINAL MICROBIOTA IN OBESITY
AND NAFLD
Obesity impacts on gastrointestinal health in various
ways: by interfering with IM composition, reducing
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bowel movement, increasing SIBO, causing nutritional
deficiency, and damaging barrier function which may
result in bacterial translocation[28]. The composition of
the IM in obese individuals has been the object of several controversial studies[26,29] (Table 1). The IM profile in
NAFLD[32] and NASH[38] is less well documented. With
a few exceptions (probably due to ethnic and/or dietary
differences), most studies reported an increased proportion of Firmicutes over Bacteroidetes[37,38]. Some drugs (e.g.,
proton pump inhibitors) may influence the IM profile,
promoting an higher proportion of Firmicutes. However,
one specific member of the Firmicutes phylum (Oscillibacter
spp.) may be significantly under-represented in NAFLD
patients[41]. In addition, investigators have recently started
to focus on IM gene “richness” (i.e., the number of gut
microbial genes), which appears to be reduced in individuals with obesity-related metabolic syndrome features
(IR/type 2 diabetes, hyperlipidemia, and hypertension)[42]
and with chronic inflammatory stigmata[43].
Intestinal epithelium, microbes, and dietary pattern
share several multi-directional communications[29,39,40]. For
example, a high fat diet (HFD) promotes a proinflammatory microbiota, but also interferes with intestinal permeability as a consequence of the increased secretion of bile
acids. High fructose consumption favors an IM able to
harvest energy, and also increases intestinal permeability[43].
The IM in obese and NAFLD patients is particularly
likely to serve as an additional source of energy by fermenting unused energy substrates (e.g., indigestible fibers
and polysaccharides), thereby resulting in the production
of organic acids [the short chain fatty acids (SCFAs)
butyrate, acetate, and propionate] (Figure 1). SCFAs also
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Figure 2 Mechanisms of the interplay between the intestinal microbiota and non-alcoholic fatty liver disease. Intestinal dysbiosis promotes the translocation
of bacterial products [e.g., damage associated molecular patterns (DAMP) and pathogen-associated molecular patterns (PAMPs)] from the intestinal lumen into the
lamina propria and to the bloodstream. This event is associated with the activation of toll-like receptor 4 (TLR-4), which causes hepatic fibrogenesis and systemic
inflammation. Furthermore, the intestinal microbiota reduces fasting-induced adipose factor (FIAF) expression, lipogenesis, and free fatty acids (FFA) uptake. The gut
microbiota have an increased capacity to harvest energy from non-digestible indigestible complex polysaccharides into monosaccharides and short chain fatty acids
(SCFAs), which are substrates for hepatic lipogenesis and gluconeogenesis. Endogenous ethanol production by some bacteria is another mechanism damaging the
liver. The properties of bile acids, which exert bacteriostatic activity, are also altered. The conversion of choline into methylamines leads to insulin resistance, fat accumulation, and ROS production (modified from refs 4 and 91). LPL: Lipoprotein lipase.

play an important adipogenic role by activating two G
protein-coupled receptors (Gpr40 and Gpr43) that are
expressed in the small intestine, colon, adipose tissue, and
immune cells[44]. While increased levels of SCFAs enhance
intestinal barrier integrity[12], they are also responsible for
reduced gut motility and transit time, which may promote
small intestinal bacterial overgrowth. A high prevalence
of SIBO has been observed in obese subjects[28], as well
as in adult[27], and pediatric[45] NAFLD in parallel with
the severity of hepatic steatosis, which may be associated
with elevated blood lipopolysaccharides (LPS)[45] (Figure
1). See Figure 2 for a summary of the major mechanisms
of the interplay between the IM and NAFLD.
The relevant role played by the IM in various pathological conditions has recently been proven in fecal transplantation experiments. Fecal transplantation appears to
be capable of modulating the gut microbiota not only
in patients with gastrointestinal diseases (inflammatory
bowel diseases and Clostridium difficile infection), but also
in pathological conditions of distant organs, including
obesity and its associated metabolic phenotypes[46]. As an
example, Ridaura et al[47] confirmed that fat mass and obesity-associated metabolic phenotypes were transmissible
from human twins (one obese and one lean) to germ-free
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mice with uncultured fecal communities and with their
corresponding fecal bacterial culture collections. Furthermore, mice that initially received the obese twin’s microbiota were also able to transmit the pathological metabolic
condition to co-housed mice that had received the lean
twin’s microbiota provided the latter had not received
a healthy diet. Other extra-intestinal diseases such as
multiple sclerosis, IR, and idiopathic thrombocytopenic
purpura could also become targets for this experimental
treatment[46].

GUT-LIVER AXIS MALFUNCTION AND
NAFLD
As previously mentioned, obesity and diet-related intestinal barrier damage may favor gut-liver axis malfunction,
thereby allowing further liver steatosis and a deranged
passage of bacterial components into circulation (the
so-called “leaky” gut). Hepatotoxic bacterial products
[pathogen-associated molecular patterns (PAMPs) and
damage-associated molecular patterns (DAMPs)] reaching the liver via the portal circulation have been shown
to activate specific toll-like receptors (TLRs) present in
many different liver cells, including Kupffer cells, stellate
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cells, and hepatocytes. Kesar and Odins[48] extensively reviewed the location of TLRs in the liver and their specific
PAMP/DAMP ligands.
Lipopolysaccharide, a cell wall component of gramnegative bacteria, is the prototypical ligand for TLR4 and
one of the most widely studied PAMPs. It initiates the
pro-inflammatory cascade that indirectly activates the
MyD88-dependent pathway (nuclear factor kappa B, the
protein-1-dependent pathway of the mitogen-activated
protein kinase activator), and LPS-induced TNF alpha
factor (Figure 1). TLR2 also senses other bacterial products, such as lipoteichoic acid from gram-positive bacteria, to regulate the maintenance of barrier function and
intestinal permeability. In mice, TLR2 deficiency is associated with increased absorption of bacterial LPS and
metabolic syndrome[49,50].
Gut dysbiosis and a phenotype characterized by
obesity, IR, hyperlipidemia, and hypertension occur in
TLR5-knockout mice[51]. Interestingly, transplantation of
TLR5-/- fecal microbiota to germ-free wild-type mice was
associated with obesity and metabolic syndrome. TLR9
ligand, which recognizes the unmethylated CpG motifs
of bacterial DNA, was documented in the blood of a
murine NAFLD model[52]. Moreover TLR-9-deficient
mice showed less IR and a less pronounced fibrogenic response[52]. A HFD may also favor liver sensitivity to LPS
by increasing the expression of TLR2, TRL4, and CD14.
This pathway is involved in NAFLD pathogenesis,
particularly in TLR4 induction of hepatic fibrogenesis.
TRL4 can induce hepatic fibrosis by activating stellate
cells and by enhancing radical oxidative species together
with TNF-α production and systemic inflammation[49,50]
(Figure 1).
Finally, also inflammasomes (i.e., large intracellular
multiprotein complexes that play a central role in innate
immunity) detect and respond to a large range of PAMPs,
including bacterial flagellin and DAMPs. Inflammasomes
include a member of the NOD-like receptor family that
recruits the inflammasome-adaptor protein ASC, which
in turn interacts with caspase-1. This cascade of events
may lead to inflammasome activation and subsequent
maturation of the proinflammatory cytokines interleukin
(IL)-1β and IL-18. This activation, which is crucial for
host defense against pathogens, also appears to play a
role in the pathogenesis of the inflammatory component
of obesity and NAFLD[53].

PROBIOTICS AND NAFLD TREATMENT:
EVIDENCE FROM ANIMAL MODELS AND
HUMAN STUDIES
Probiotics, which are defined by the FAO/WHO as “live
microorganisms which when administered in adequate
amounts confer a health benefit on the host”, have attracted interest given the possibility of positively altering
the IM composition and its interactions with the immune
system and gut epithelium. The growth and/or activity of bacteria in the digestive system may moreover be
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stimulated by prebiotics (non-digestible food ingredients)
in ways claimed to be beneficial to health. Probiotics can
include elements of the normal human flora. They are introduced into the body to increase their dominance in the
bowel, thereby reversing the damage or harm caused by
detrimental bacteria. Commercialized probiotics include
lactic acid bacteria (Clostridium/Bacillus gram-positive
bacteria and Actinomycetes gram-positive Bifidobacteria) and
spore-forming bacteria (Clostridium-Bacillus gram-positive
bacteria). Lactic acid bacteria have been used in both
clinical and experimental studies. Obviously, they must
be resistant to pH changes, mechanical stress, extreme
temperatures, enzymatic activities, and osmotic force to
survive until they reach the intestinal colonization site.
Less is known about spore-forming bacteria, which,
theoretically, are ideal for dietary supplementation given
their resistance to harsh conditions[54]. The effectiveness
of probiotic delivery to the gastrointestinal tract varies
greatly depending on formulation. The microencapsulated formulation, in which probiotic bacteria are enclosed
in a coating material, appears to protect them until they
reach the gut targets[55].
Many physiological studies have shown that intestinal
barrier function may be improved/modulated by probiotics under several conditions. As an example, Streptococcus
thermophilus and Lactobacillus acidophilus play a role in the
activation of TJ proteins, thereby preventing the development of a “leaky” intestine[56]. In addition, as shown in
Figure 1, Lactobacillus rhamnosus GG can prevent inflammation and apoptosis in the lining of intestinal epithelial
cells[57]. The biochemical pathways mediating the effect
exerted by probiotics on TJ function include the protein
kinase C and MAP kinase pathways, which involve both
the redistribution and altered expression of the TJ proteins occludin and ZO[12,58,59].
Probiotic administration may repair damaged intestinal barrier and hence restore its function. In particular,
Lactobacillus casei DN-114001[60] and VSL#3 (a mixture of
pre- and probiotics)[61] seem to restore intestinal barrier
function by enhancing the expression of ZO-2 and protein kinase C in TJs. Intraduodenal administration of Lactobacillus plantarum MB452 enhances ZO expression near
TJs in healthy individuals[62]. Escherichia coli strain Nissle
1917 restored mucosal permeability in the murine dextran
sulfate sodium-induced colitis model by increasing ZO-1
expression[43]. Finally, in vitro studies have shown that probiotics can increase the expression of TJ-related occludin
and cingulin[27] and promote mucus secretion. Probiotics
also exert antimicrobial activity by producing antibacterial
substances called “bacteriocins”.
In the following section we summarize the results of
studies published between 2000 and 2014 that evaluated
the effect of probiotic treatments in animal models and
in NAFLD patients. Data were retrieved from the major
data banks (PubMed, Google Scholar, Medscape, and
Embase).
Animal studies
Most studies refer to the use of a single probiotic or
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Table 2 Studies with probiotics in animal models of non-alcoholic fatty liver disease
Ref.

Animal model

Probiotic

Weeks

Positive effects

Li et al[63]
Esposito et al[64]

HFD ob/ob mice
HFD Sprague-Dawley
rats

VSL#3
VSL#3

4
4

Ma et al[65]

HFD-WT male C57BL6

VSL#3

4

Reduced liver inflammation and serum ALT
Significantly reduced TNF alpha levels, MMP-2
and MMP-9 activities, iNOS, and Cox-2 expression.
Increased PPAR-alpha expression
Improved NKT cells depletion, insulin resistance, and
hepatic steatosis

MCD mouse

VSL#3

10

Prevented PPAR-induced fibrosis. Increased
expression of Bambi, a negative regulator of the TGFβ
signaling pathway

12

Reversed IR and prevented steatohepatitis by
transactivation of PPARγ
Reduced liver fat deposition, decreased total
cholesterol, triglycerides, uric acid, and insulin
resistance
Attenuated the TLR4 signaling pathway and
increased PPAR activity
Both probiotics reduced ≥ 50% the incidence of
steatohepatitis by modulating apoptosis + antiinflammatory activity
Significantly diminished histological grade, steatosis
and cell ballooning scores

Velayudham
et al[66]

Mencarelli et al[67]
Bhathena et al[68]

Wagnerberger
et al[69]
Karahan et al[70]

Yalçin et al[71]

Xu et al[72]

Fazeli et al[75]
Endo et al[77]

Chiua et al[78]

12

High fructose intake
C57BL/6 L mouse
MCD Wistar rats

Lactobacillus
Casei-Shirota
Pro1; Pro2

2 and 8

Broilers fed low-protein
diet

Primalac 454

4

HFD Sprague-Dawley Lactobacillus acidophilus
rats
Bifidobacterium longum

Nardone et al[74]

Raso et al[76]

Apo E-/- mice fed
VSL#3
dextran sulfate sodium
MCD Bio F1B Golden Lactobacillus fermentum
Syrian hamster
ATCC

8

12

Ischemia/reperfusion Lactobacillus Paracasei
8
(I/R) in rats fed a
standard or MCD diet
Rats on high cholesterol Lactobacillus plantarum
2
diet
A7
Male Fischer CDAA
Butyrate producing 8, 16, 50
rats
Clostridium butyricum
MIYAIRI 588
HepG2 cells exposed to
LPS
Rats on a HFD

Lactobacilli bacteria
lisate
Synbiotic with
Lactobacillus paracasei
B21060

6

Bifidobacterium longum was superior to Lactobacillus
acidophilus in attenuating liver fat accumulation.
No variation of intestinal permeability in the treated
groups
Reduced LPS levels. Attenuated I/R-related damage

Significantly reduced levels of cholesterol, TG and
LDL
Delayed CDAA-induced NAFLD progression and
liver tumorigenesis. Reduced lipid deposition and
improved IR, serum endotoxin levels, and hepatic
inflammatory indexes. Improved ZO-1 expression
Suppressed cytokine signaling 1 and PPAR alpha via
NOD-NF-κB and cross-regulation of TLR4
Improved IR parameters
Reduced cytokine synthesis and restored the HFDdysregulated TLR 2, 4 and 9 mRNAs.Preserved gut
barrier integrity

Negative effects
NS

NS
Did not prevent
NASH.
Did not protect
against MCD liver
injury
NS
NS

NS

Increased serum
TG

NS

NS
NS

NS
NS

Primalac 454: Lactobacillus acidophilus, Lactobacillus casei, Enterococcus faecium, and Bifidobacterium thermophilus; VSL#3: Streptococcus thermophilus, Bifidobacterium breve, Bifidobacterium longum, Bifidobacterium infantis, Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus paracasei, and Lactobacillus delbrueckii
subsp. bulgaricus; Pro1: Lactobacillus fermentum, Lactobacillus plantarum, and Enterococcus faecium; Pro2: Enterococcus faecium and Lactobacillus Pl; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; TNF: Tumor necrosis factor; IL: Interleukin; IR: Insulin resistance; PPAR: Peroxisome proliferatoractivated receptors; MMP: Matrix metalloproteinase; NOS: Nitric oxide synthase; NOD: Nucleotide-binding oligomerization domain receptors; TLR: Tolllike receptors; CDAA: Choline-deficient, L-amino acid-defined; MCD: Methionine-choline deficient.

probiotic mixtures in NAFLD animal models that was
mostly obtained by genetic manipulation, or in which the
animals received a high-fat diet, a methionine-choline
deficient diet (MCD), or a choline-deficient L-amino acid
diet.
VSL#3: VSL#3 is a mixture of probiotic bacteria including Lactobacilli that has been used in a number of experimental and human studies of NAFLD treatment. VSL#3
has 450 billion bacteria per sachet, with a mixture of
eight different bacterial species (Lactobacilli, Bifidobacteria,
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and Streptococcus; Table 2). We retrieved five studies that
used this probiotic mixture. In 2003, a cornerstone paper
showed that VSL#3 treatment significantly decreased
hepatic inflammation, serum alanine aminotransferase
(ALT) levels, and hepatic oleic acid levels in a genetically
obese ob/ob mice NAFLD model. The effects were mediated by modulation of IR, as shown by reduced activity
of the c-Jun N-terminal kinase. This is a TNF-regulated
kinase that promotes IR and decreases the DNA binding
activity of NF-κB, which is the target of I-kappa-B-kinase
beta (another TNF-regulated enzyme that probably repre-

15524

November 14, 2014|Volume 20|Issue 42|

Paolella G et al . Gut-liver axis and probiotics in NAFLD

sents the link between inflammation and obesity-induced
IR). Consistent with these treatment-related pathogenetic
mechanisms, fatty acid beta-oxidation, and uncoupling
protein-2 expression decreased after VSL#3 treatment[63].
In rats with HFD-induced NAFLD, we showed that
VSL#3 markedly reduced the oxidative damage, protein
nitrosylation, and tissue TNFα level, and increased the
expression of peroxisome proliferator-activated receptor
(PPARα), which indicates that it can control inflammatory and oxidative damage[64]. The treatment also significantly reduced serum and liver triglyceride concentrations, which were associated with a reduction in body but
liver fat mass, thus suggesting that this probiotic could
reduce dietary fat absorption. Our data confirmed previous findings[65] that VSL#3 improved IR and natural
killer cell-depletion. The effects of VSL#3 on IR were
also corroborated in other NAFLD animal models, in
which the probiotic did not affect hepatic steatosis and
had variable effects on the inflammatory component of
NASH[66,67]. Improved liver fibrosis was primarily due to
a reduction in the accumulation of collagen and alphasmooth muscle actin, likely via PPARγ transactivation/
upregulation[66].
We identified ten studies in which several genera of
Lactobacilli alone or mixed with another genus were used
in mammal or avian NAFLD animal models. As shown
in Table 2, Lactobacilli decreased liver fat deposition, serum levels of total cholesterol, triglycerides and uric acid,
and IR[68]. Interestingly, they also prevented fructose-induced steatosis by markedly attenuating the TLR4 signaling pathway and increasing PPARγ activity[69]. A combination of Lactobacilli and Enterococci probiotics reduced by
at least 50% the incidence of steatohepatitis in cholinedeficient diet-induced NAFLD by modulating apoptosis
and anti-inflammatory activity[70]. In a low-protein-diet
avian NAFLD model, PrimaLac 454 (a mixture of two
Lactobacilli, an Enterococcus, and a Bifidobacterium) produced
a significant reduction in the histological grade of steatosis and in cell ballooning scores[71].
In a study comparing two probiotics (Lactobacillus
acidophilus and Bifidobacterium longum) in rats with HFDinduced NAFLD, Bifidobacterium longum was superior in
attenuating liver fat accumulation. The lack of changes
in intestinal permeability in treated mice was attributed
to the effect of peptidoglycan-polysaccharide polymers
rather than to endotoxin-induced stimulation of TNF-α
release[72]. This concept is supported by a human study in
which levels of antibodies to peptidoglycan-polysaccharide polymers significantly decreased after administration
of Lactobacillus GG in pediatric NAFLD[73] (see below).
In rats with liver damage due to ischemia/reperfusion (I/R) that were fed a standard or steatogenic (MCD)
diet, Lactobacillus paracasei attenuated I/R-related damage,
whereas the effect was less pronounced in MCD-fed
rats[74]. Lactobacillus plantarum A7 reduced lipid levels and/
or IR in rats receiving high-cholesterol diets[75].
A very recent study showed that a synbiotic composed of Lactobacillus paracasei B21060 plus arabinogalac-
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tan and fructooligosaccharides, delayed NAFLD progression in a HFD rat model. The synbiotic improved liver
inflammatory markers and many aspects of IR, such as
fasting response, hormonal homeostasis, and glycemic
control[76].
Other probiotics: A butyrate-producing probiotic (MIYAIRI 588) reduced the lipid deposition and significantly
improved the triglyceride content, IR, serum endotoxin
levels, and hepatic inflammatory indexes in a rat model
of choline-deficient diet-induced NAFLD[77]. This observation indirectly supports the proposed role of butyrate in the maintenance of intestinal barrier integrity[12].
Finally, in vitro studies showed that Lactobacilli also exert
direct anti-inflammatory activity against target (HepG2)
liver cells previously exposed to LPS by inducing IL10
and suppressor of cytokine signaling 1 and PPAR alpha
via NOD-NF-κB and TLR4 cross regulation[78].
Collectively, these studies conducted in animal models indicate that probiotics may play a role in NAFLD
treatment. It is not always clear how probiotics modulate
the various aspects of the inflammatory, oxidative, and
metabolic pathomechanisms underlying both the origin
and progression of NAFLD. It is conceivable that they
might correct the IM imbalance in obese individuals or
they may act as direct modulators of intestinal barrier
integrity by producing bacteria-derived molecules (“hostbacterial cross talk”)[79]. Accordingly, it might be useful, in
future studies, to integrate studies on the effectiveness of
a single probiotic or probiotic cocktails with small intestinal and colonic colonization data.
Human studies
Based on the results of cellular and animal models, probiotics have long been an attractive potential therapeutic
tool for human NAFLD. Unexpectedly, we retrieved
only ten such studies [seven randomized controlled trials (RCTs)]. Indeed, the 2007 Cochrane meta-analysis,
performed to elucidate the beneficial and harmful effects
of probiotics in NAFLD or NASH, did not yield clear
outcomes due to a lack of RCTs[80]. The only two pilot
non-randomized studies identified at that time showed
that VSL#3 or Lactobacilli plus a prebiotic and vitamin
mixture (Bio-Flora) were well tolerated, and that they improved conventional liver function tests and reduced the
levels of markers of lipid peroxidation and/or TNF-α.
In particular, a 2-mo supplementation with BioFlora decreased the levels of liver enzymes in 10 biopsied adults
affected by NASH. One month after washout, both ALT
and gamma glutamyltransferase improved significantly.
The treatment also induced a reduction in oxidative stress
markers [malondialdehyde (MDA) and 4-hydroxynonenal
(4-HNE)][81]. A second study included in the Cochrane
meta-analysis assessed the treatment effects of the probiotic VSL#3 in patients with different categories of adult
chronic liver diseases, including 22 NAFLD patients for
whom treatment significantly improved the plasma levels
of MDA and 4-HNE (precise data were not reported)[82].
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Table 3 Studies with probiotics in human non-alcoholic fatty liver disease
Ref.

Probiotic(s)

Study design

Month

Wong et al[87]

Lepicol: 10 g/d
10 adult NASH ctrls
10 adult NASH
patients

RCT

6

Vajro et al[73]

Lactobacillus GG: 12
billion CFU/d
10 pediatric obese ctrls
10 pediatric obese
patients
Bio-Flora: 4 tablets/d
10 adult NASH
patients
VSL#3: 450 billion/d
22 patients

RCT

2

Open label

2

Open label

NR

Loguercio et al[81]

Loguercio et al[82]

Main results

ALT or AST

Significantly reduced
Pr vs plac:
AST
ALT NS decrease
Changed intrahepatic AST: -13 ± 31 vs 23 ± 32,
triglyceride content
P = 0.021
(IHTG)
Significantly reduced
Pr vs plac:
aminotransferases and
Decreased ALT 70.3 ±
anti-peptidoglycan34.76 vs 40.1 ± 22.37, P
polysaccharide Abs.
= 0.03
TNF-α stable
Decreased ALT and GGT
Decreased ALT
-64.5% ± 26.5%, P < 0.01

GGT

US/MRI/LH

NR

Reduced IHTG
at SMR
(P = 0.034)

Normal

Unchanged

-55 ± 31,
P < 0.01

NR

Significantly improved
NR
NR
NR
plasma MDA and 4-HNE
(data not shown)
Significantly increased
Unchanged
NR
Increased liver
ultrasound liver fat
fat at MRS
NS different glycosylated
Hb; TNF-α, IL-6
Significantly reduced
Decreased in Pr:
118 ± 63 vs 107
NR
aminotransferases
ALT: 67.7 ± 25.1 vs 60.4 ± 60 (P < 0.05)
± 30.4, P < 0.05
AST: 41.3 ± 15.5 UI/L vs
35.6 ± 10.4 UI/L,
P < 0.05

Solga et al[84]

VSL#3: 450 billion/d 4
adult NAFLD patients

Open label

4

Aller et al[85]

Lactobacillus bulgaricus
streptoc.
Thermophiles: 500
million CFU/d
14 adult NAFLD ctrls
14 adult NAFLD
patients
Bifidobacterium longum
and Fos: 2.5 g/d + vit
B1, B2 , B6, B12 + life
style
34 adult NASH ctrls
32 adult NASH
patients
Proxetin: 2 tablets/d

RCT

3

RCT

4

Improved fibrosis scores
in 70% of patients.
Reduced HOMA-IR, LDL
cholesterol , CRP, TNF-α,
AST

RCT

6

RCT

6

RCT

4

Significantly reduced
Pr vs plac:
NR
Reduced US
ALT in Metformin/
ALT Decrease
grade in M/Pr,
Probiotic (M/Pr) vs M/ 45.2 ± 32.5 vs 112.5 ± 69,
P < 0.01
placebo (M/Plac)
P < 0.001
M reduced BMI enhanced
by Pr
Significantly and
Pr vs plac
Reduced Pr vs
Significant
persistently reduced ALT Decreased ALT (wk) 28
plac
improvement
Significantly reduced
-25.1 vs -7.3, P < 0.001 -15.8 vs -5.21,
elastography
AST, HOMA-IR, GGT,
P < 0.01
and fibrosis
CRP, TNF-α,
score
and NF-κB p65
Significantly increased
Pr vs plac
NR
Significantly
GLP-1 and aGLP-1 Sign.
ALT unchanged
improved
decreased BMI
ultrasound fatty
liver score

Malaguarnera
et al[86]

Shavakhi et al[91]

Eslamparast et al[89]

Alisi et al[90]

Metformin: 500 mg/d
36 adult NASH ctrls
34 adult NASH
patients
Proxetin 2 tablets/d
26 adult NASH ctrls
26 adult NASH
patients

VSL#3

Pr vs plac:
ALT NS decrease
AST -69.6 vs -45.9,
P = 0.05

NR

Decreased US
bright liver
-42% vs -11%,
P < 0.001

Proxetin: Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus rhamnosus, Lactobacillus bulgaricus, Bifidobacterium breve, Bifidobacterium longum, Streptococcus thermophilus + FOS 350 mg; Lepicol: Lactobacillus plantarum, Lactobacillus delbrueckii, Lactobacillus acidophilus, Lactobacillus rhamnosus, and Bifidobacterium
bifidum (Each sachet contains 10 g of probiotic cultures) + FOS; VSL#3: Streptococcus thermophilus, Bifidobacterium breve, Bifidobacterium longum, Bifidobacterium
infantis, Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus paracasei, Lactobacillus delbrueckii subsp. bulgaricus; BioFlora: Lactobacilli (acidophilus; lactis;
casei; brevis; salivarum; rhamnosus; plantarum; bulgaricus), iron, vitamin C, B6, D3, B2, B12, folic acid and zinc oxide, + FOS; FOS: Fructooligosaccharides; ALT:
Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma-glutamyl transpeptidase; MRI: Magnetic resonance imaging; LH: Liver histology; BMI: Body mass index; NR: Not reported; Pl: Placebo; Pr: Probiotic; NS: Not significant; Sign: Significantly; TNF: Tumor necrosis factor; IL: Interleukin.

Subsequent to that publication[80] and to an ESPGHAN meta-analysis[83], Solga et al[84] published a preliminary study warning about the possible deleterious effect
of VSL#3 on hepatic steatosis. However, as shown in
Table 3, five RCTs appeared a few years after this study,
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none of which recorded such a harmful effect. In the
first RCT, conducted by our group in a pediatric NAFLD
population, a multivariate analysis revealed a significant
decrease in ALT values (average variation vs placebo, P =
0.03), with normalization in most (80%) cases, after Lacto-
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bacillus GG treatment, irrespective of changes in the BMI
Z score and visceral fat. In addition, the levels of antipeptidoglycan-polysaccharide antibodies, which are indirect indicators of small intestinal bacterial overgrowth,
decreased significantly, thereby suggesting a possible
improvement of intestinal dysbiosis and/or gut barrier
leakage. TNFα and bright liver parameters on ultrasound
remained unmodified, as reported in earlier studies[73].
Subsequent to our pediatric data, a study on the effect of probiotic treatment (Lactobacillus bulgaricus and
Streptococcus thermophilus) in adults with histologically
proven NAFLD confirmed a significant reduction in liver
enzymes[85]. In agreement with our study, anthropometric parameters and cardiovascular risk factors remained
unchanged in both the treated and control groups. Treatment with Bifidobacterium longum plus the prebiotic FOS
induced a significant improvement in serum inflammatory, metabolic, and liver enzyme parameters. End-of-study
repeat liver biopsies showed improved fibrosis scores in
70% of patients and a decrease in the NASH activity index[86]. Administration of Lepicol (a 5 probiotics mixture)
in histologically proven adult NAFLD patients resulted
in a significant decrease in their intrahepatic triglyceride
(IHTG) content, as measured by proton-magnetic resonance spectroscopy (P = 0.034), and a reduction in their
serum aspartate aminotransferase level[87]. In another
paper, the same authors reported IM colonization data
before and after treatment compared to a healthy control
population[38]. Improvement in IHTG was associated
with a reduction in the abundance of Firmicutes and an
increase in Bacteroidetes. This was accompanied by corresponding changes at the class, order, and genus levels.
In contrast, bacterial biodiversity did not differ between
NASH patients and controls, and did not change with
probiotic treatment[38].
The clinical studies reported above have very recently
been reviewed in a meta-analysis which confirmed that
probiotic treatment reduces levels of aminotransferases,
total-cholesterol, and TNF-alpha, and improves IR in
NAFLD patients[88]. However, these results should be
viewed in the light of the modest number of patients
included in each study and the short time frame of treatment (median 3.75 mo)[88]. Two new pilot RCTs studies
published after the meta-analysis confirmed the previous
results. In the first pilot RCT, the effectiveness of synbiotic supplementation (Primalac) plus lifestyle changes vs
lifestyle changes alone was studied in adult NAFLD[89].
The primary outcome (ALT reduction) was attained
after only 14 wk of treatment and was maintained until
completion of the study. Inflammatory parameters (CRP,
TNF-α, and NF-κB p65) were also significantly reduced.
In the second pilot RCT that enrolled 22 children with
biopsy-proven NAFLD, administration of VSL#3 for 4
mo significantly improved BMI and ultrasonographic fatty liver parameters[90]. Moreover, there was an increase in
the levels of glucagon-like peptide 1 and of its activated
form, an enterochromaffin cell product that promotes
insulin sensitivity. ALT values were in normal range at
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baseline and did not change during the study.
Lastly, a comparison of the effects of metformin ±
probiotics (MetPr) in 32 adult NAFLD patients showed a
more significant decrease in aminotransferase, cholesterol, triglyceride levels, and BMI levels in the MetPr group
than in the Met placebo group[91]. Notably, probiotics enhanced the effect of metformin in reducing the BMI.
Collectively, these clinical studies reinforce experimental observations of the possible therapeutic role of
probiotics in NAFLD treatment. In general, it appears
that probiotics act on different targets (i.e., they modify
the gut microbiota composition; reduce intestinal permeability and the translocation of bacterial products in
portal circulation; and modulate the liver inflammation
pathways and collagen deposition). However, various
aspects remain unclear; it is still not known how different
probiotics act on specific targets, and only a few studies
have compared the effects of a single probiotic vs another. Moreover, most of the studies performed with a mixture of probiotics were also associated with one or more
prebiotics, which exert an independent effect on NAFLD
(e.g., increasing the level of Bifidobacterium and Lactobacillus
spp[83,92,93]).
Because of the variety of pathomechanisms underlying NAFLD (IR, oxidative stress, and gut-liver axis
malfunction), a multi-targeted therapeutic approach
that includes add-on IM modulation by probiotics[91,94,95]
seems more reasonable than a single treatment approach.
Nonetheless, as the data available are not yet sufficient to
recommend any individual pharmacological treatment for
human NAFLD[96,97], it appears that patients clearly unable to lose weight or change sedentary habits might benefit the most from tailored treatments targeting multiple
pathomechanisms.

CONCLUSION
In summary, the issues discussed in this review make it
increasingly clear that the IM influences gut permeability, systemic inflammation levels, and host metabolism,
thereby contributing to obesity and fatty liver disease.
Several findings suggest that probiotics affect the IM and
that they act by modulating visceral and hepatic fatty deposition via the gut-liver axis. Consequently, they may be
proposed as add-on NAFLD treatment complementary
to standard dietary and behavior strategies.
Since different probiotic species may exert different
effects on the IM, further studies are needed to shed light
on the interaction between probiotics and the IM[98]. In
particular, a more precise evaluation of the specific gut
microbiota composition profiles in lean, obese, and/or
NAFLD individuals will probably enable better personalized modulation of the IM by pro-, pre-, and synbiotics.
Finally, because fructose appears to be closely related to
obesity, hepatic fat accumulation, IR, and gut-liver axis
malfunction, the use of pro-and prebiotics to limit the
adverse effects of fructose by reducing TLR4 receptor
activation is another appealing strategy that warrants fur-
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ther attention[98,99].
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Abstract
Non-alcoholic fatty liver disease (NAFLD) is an important health problem worldwide. NAFLD encompasses a
histological spectrum ranging from bland liver steatosis
to severe steatohepatitis (nonalcoholic steatohepatitis,
NASH) with the potential of progressing to cirrhosis and
its associated morbidity and mortality. NAFLD is thought
to be the hepatic manifestation of insulin resistance
(or the metabolic syndrome); its prevalence is increasing worldwide in parallel with the obesity epidemic. In
many developed countries, NAFLD is the most common cause of liver disease and NASH related cirrhosis
is currently the third most common indication for liver
transplantation. NASH related cirrhosis is anticipated to
become the leading indication for liver transplantation
within the next one or two decades. In this review, we
discuss how liver transplantation is affected by NAFLD,
specifically the following: (1) the increasing need for
liver transplantation due to NASH; (2) the impact of the
increasing prevalence of NAFLD in the general population on the quality of deceased and live donor livers
available for transplantation; (3) the long term graft
and patient outcomes after liver transplantation for
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NASH, and finally; and (4) the de novo occurrence of
NAFLD/NASH after liver transplantation and its impact
on graft and patient outcomes.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Nonalcoholic steatohepatitis (NASH) related
cirrhosis is anticipated to become the leading indication for liver transplantation within the next one or two
decades. In this review, we discuss how liver transplantation is affected by non-alcoholic fatty liver disease
(NAFLD), specifically the following: the increasing need
for liver transplantation due to NASH; the impact of the
increasing prevalence of NAFLD in the general population on the quality of deceased and live donor livers
available for transplantation; the long term graft and
patients outcomes after liver transplantation for NASH,
and, finally; the de novo occurrence of NAFLD/NASH
after liver transplantation and its impact on graft and
patient outcomes.
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INTRODUCTION
The term non-alcoholic fatty liver disease (NAFLD) covers a wide spectrum of non-alcohol related, fatty liver
disorders, ranging from bland steatosis (NAFL, nonalcoholic fatty liver) to severe steatohepatitis (nonalcoholic
steatohepatitis, NASH) (Figure 1). NAFL is thought to
be a benign condition, characterized by the presence of

15532

November 14, 2014|Volume 20|Issue 42|

Zezos P et al . Liver Transplantation and NAFLD
NAFLD spectrum
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Transplantation

Decompensation

Figure 1 Natural history of the nonalcoholic fatty liver disease. NAFL: Nonalcoholic fatty liver; NASH: Nonalcoholic steatohepatitis; HCC: Hepatocellular carcinoma; NAFLD: Nonalcoholic fatty liver disease.

that NASH will become the most common cause of advanced liver disease within the next ten to twenty years,
and that NASH-related end-stage liver disease will become the most common indication for liver transplantation[6]. In addition, the increasing prevalence of NAFLD
in the general population, also affects the presence of
steatosis in deceased and live donor livers available for
transplantation. Furthermore, liver transplantation for
NASH related end-stage liver disease, does not improve
factors (such as IR) predisposing to NAFLD. Thus,
these recipients are at risk for recurrence of NAFLD in
the graft. Finally, the prevalence of IR is high after liver
transplantation for any (also non NAFLD related) indications, and these patients may develop de novo NAFLD in
the graft (Figure 2). In the following, all the above aspects
are reviewed in sequence.

End stage liver
disease
HCC
Indication for LT
post-LT outcomes

Steatosis of liver
graft

co-morbidities
complications

(deceased/living)
NAFLD
NASH
pre-LT related
co-morbidities
recipients
living donors

Management and
treatment
pre-LT and post-LT
post-LT recurrence

de novo
NAFLD/NASH

Figure 2 Impact of nonalcoholic fatty liver disease/nonalcoholic steatohepatitis on liver transplantation. LT: Liver transplantation; NASH: Nonalcoholic steatohepatitis; HCC: Hepatocellular carcinoma; NAFLD: Nonalcoholic
fatty liver disease.

hepatocyte steatosis without evidence of hepatocellular
injury or fibrosis. Thus, NAFL is, in general, believed not
to progress to relevant liver disease. In contrast, NASH
is histologically characterized by hepatocyte damage (e.g.,
ballooning) and inflammation with the potential to progress to fibrosis and cirrhosis, and its associated morbidity
(including hepatocellular carcinoma) and mortality[1].
NAFLD is associated with obesity, type 2 diabetes
mellitus, dyslipidemia, and the metabolic syndrome. It is
presumed that the underlying common pathophysiology
among these conditions is insulin resistance (IR) and that
NAFLD is the hepatic manifestation of IR[1-3].
Not too surprisingly, patients with NAFLD (NAFL
and NASH) have an increased mortality due to cardiovascular disease, while liver-related mortality is, in addition,
increased in patients with NASH[1,4,5].
In parallel with the obesity epidemic, the prevalence
of NAFLD is increasing worldwide. Thus, it is estimated
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NASH RELATED END-STAGE LIVER
DISEASE AS INDICATION FOR LIVER
TRANSPLANTATION
As mentioned above, the prevalence of NAFLD is increasing worldwide in parallel with the obesity epidemic.
It is estimated that the prevalence of NAFLD in the
adult US population is 30%-40%, while studies from
other parts of the world report a prevalence ranging
from 6% to 35% (median approximately 20%)[6]. Furthermore, it has been estimated that 15%-20% of patients
with NAFLD have NASH. This translates into a NASH
prevalence in the general population of 3%-5%. Thus,
millions of people are at risk of their liver disease progressing to cirrhosis, and potentially requiring liver transplant (LT)[7]. A more recent study from the US observed
an even higher prevalence of NAFLD and NASH in the
general population (46% and 12%, respectively), and 2.7%
in the entire cohort had established, advanced NASH related liver fibrosis, leading to an estimated > 2 million US
adults with NASH related, advanced liver disease[8]. The
prevalence of NAFLD increases to 70%-90% among patients in high risk populations such as the morbidly obese
or diabetics[1,6,8].
According to the scientific registry of transplant recipients (SRTR) in the United States[9], NASH related cir-
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Table 1 Nonalcoholic steatohepatitis related cirrhosis as an
indication for liver tranplantation
Ref.

Database

Years

Charlton et al[9]

SRTR

2001-2009

Kemmer et al[10]

UNOS

http://optn.transplant.hrsa.gov

OTPN

NASH
NASH Cirrhosis
Cirrhosis Tx
waiting list

Increased
1.2%→9.7%
2007-2010 Increased
5.1%→7.5%
2013
Nov 1st

8.5% + 5.5%
for CC

NASH: Nonalcoholic steatohepatitis; CC: Cryptogenic cirrhosis; Tx: Transplantation; SRTR: Scientific registry of transplant recipients, United States;
UNOS: United network for organ sharing, United States; OTPN: Organ
procurement and transplantation network, United States.

rhosis is currently the third most common indication for
liver transplantation surpassed only by hepatitis C virus
(HCV), and alcoholic related cirrhosis. During the last
10 years there was a substantial increase in the proportion of transplants performed for NASH, from 1.2% in
2001 to 9.7% in 2009. In another recent analysis, using
the united network for organ sharing (UNOS) database,
Kemmer et al[10] reported that 7.7% of all adult LT recipients had a diagnosis of NASH-cirrhosis during the period 2007-2010. They also found a steady increase in LT
for NASH related end-stage liver disease from 5.1% in
2007 to 7.5% in 2010, which held true for all age groups.
Furthermore, NASH-cirrhosis was the most common
non-malignant indication for LT in patients older than
65 years, whereas it was the third indication for LT in patients younger than 65 years.
Based on organ procurement and transplantation network data as of November 1, 2013, 16629 patients were
registered on the waiting list for liver transplantation in
the US. NASH cirrhosis was the indication for 1427 of
these patients (8.5%), and cryptogenic cirrhosis (CC) for
another 954 patients (5.7%). Taking into account that the
majority of cryptogenic cirrhosis is considered to be secondary to unrecognized NASH[11,12], NASH related endstage liver disease is likely the indication for liver transplantation in more than 10% of the patients currently
listed in the United States (Table 1).
Collectively, these observations indicate that NASH is
a rapidly growing, in fact, the only growing indication for
liver transplantation in the United States.

IMPACT OF NAFLD ON DONOR LIVERS
AVAILABLE FOR TRANSPLANTATION
The increasing prevalence of NAFLD in the general population translates directly into an increasing prevalence of
NAFLD in both, potential deceased and live liver donors.
Graft steatosis, in turn, affects both, the quality and the
quantity of donor livers available for transplantation[13-16].
Thus, it is well known that primary graft non-function, primary graft dysfunction/delayed graft function,
and, consecutively graft outcome, are associated with
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graft steatosis[15,16]. Upon reperfusion, steatosis induces
microcirculatory and cellular changes in the liver graft
potentially leading to hepatocyte necrosis. In addition, the
regeneration potential of steatotic livers is impaired[17-19].
Compared to microvesicular steatosis, macrovesicular
steatosis renders livers more vulnerable to injury and cell
death[20]. In addition, mild steatosis (< 30%) is associated
with less postoperative complications than more severe
degrees of steatosis (> 30%)[13,14,21]. A recent study using
UNOS data showed that the presence of more than 30%
of macrovesicular steatosis was an independent risk factor for impaired 1-year graft survival[16].
The gold standard for assessing the severity and type
of steatosis in a potential donor liver remains the liver biopsy. Routine imaging modalities (ultrasonography, computed tomography or magnetic resonance imaging) are
not sensitive and precise enough to quantitate steatosis
below 30%, and cannot discriminate between micro- and
macrovesicular steatosis. Unfortunately, waiting for the
result of a liver biopsy prior to decision making regarding
accepting a deceased donor organ, will unduly prolong
cold ischemia time and is therefore not feasible in most
instances (and a frozen section is notoriously inadequate
for this purpose).
For live liver donation, most programs exclude donors with macrovesicular steatosis > 10%-15%[22,23]. Noninvasive preoperative evaluation of living donors for liver
steatosis has its limitations. Some programs therefore
perform donor liver biopsies universally, others only in
cases where steatosis > 10%-15% can otherwise not be
ruled out with reasonable certainty[24]. In a recent study,
Ahn et al[25] assessed histologically the degree and type of
steatosis in a cohort of 492 living liver donors with negative liver US and normal aminotransferase levels. They
found that although most of these patients had minimal
or mild degrees of steatosis, a few had moderate microsteatosis that had not been detected by imaging.

LONG TERM OUTCOMES OF LIVER
TRANSPLANTATION FOR NAFLD AND
NASH
There are several recent, retrospective, single center series reporting on outcomes after liver transplantation for
NASH related end-stage liver disease (Table 2). Malik et
al[26] compared the outcomes in patients transplanted for
NASH cirrhosis with those transplanted for other indications [primary biliary cirrhosis, primary sclerosing cholangitis (PSC), alcoholic liver disease and HCV]. Early mortality in NASH recipients was increased, but the 5-year
mortality was similar to patients transplanted for other
indications. Infection was the main cause of death (50%)
in the NASH, but not the control group. Recipients
characterized by NASH cirrhosis, older age (> 60 years),
higher BMI (> 30 kg/m2), pre-LT diabetes mellitus, and
hypertension had 1-year post-transplant mortality of
50%.
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Table 2 Post liver transplantation outcomes for nonalcoholic fatty liver disease, nonalcoholic steatohepatitis
Ref.

NASH

Malik et al[26]
24 h
30-d
1-yr
3-yr
5-yr
Bhagat el al[27]
1-yr
3-yr
5-yr
9-yr
Barrit et al[28]
30-d
1-yr
3-yr
Afzali et al[29]
1-yr
3-yr
5-yr
Singal et al[30]
1-yr
3-yr
5-yr
10-yr

Non-NASH

Remarks

Post-LT mortality
4.0%
1%-3%
6.0%
2%-5%
21.5%
13%-18%
25.5%
16%-30%
27.5%
19%-35%
Post-LT survival

Non-NASH: PBC, PSC, ALD, HCV
NASH group: Increased early mortality
Infection: Main cause of death in NASH group (50%)
High risk NASH group: 50% 1-yr mortality
Older age (> 60 yr), Higher BMI (> 30 kg/m2), Pre-LT diabetes mellitus and Hypertension

82.0%
79.0%
75.0%
62.0%

92.0%
86.0%
86.0%
76.0%

Non-NASH: ETOH
NASH group
Higher cardiovascular morbidity
Higher risk of acute rejection and recurrent steatohepatitis

81.0%
76.0%
76.0%

97.0%
89.5%
83.5%

NASH group: Increased early mortality
All recipients: Diabetes, risk factor for increased 3-yr mortality

87.6%
82.2%
76.7%

Variable

Non-NASH: Any other indication
NASH group: Excellent survival, similar to PSC and HBV

Variable

Non-NASH: PSC, PBC, ALD, HCV, HBV, CC, HCC
NASH group: Excellent survival, 3-, 5-yr survival best of all

89.0%
85.5%
84.0%
84.0%

Post-LT: Post liver transplantation; NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis; PSC: Primary sclerosing cholangitis;
PBC: Primary biliary cirrhosis; ALD: Alcoholic liver disease (ETOH); HCV: Hepatitis C virus; HBV: Hepatitis B virus; CC: Cryptogenic cirrhosis; HCC: Hepatocellular carcinoma.

Bhagat et al[27] compared he outcomes of liver transplantation in patients with NASH cirrhosis and alcoholic
cirrhosis (ETOH), and found that the overall and cardiovascular mortality was numerically - albeit not significantly - increased in the NASH group. Barritt et al[28] reported
that NASH cirrhosis as indication for LT is an independent factor associated with early (30-d) post-LT mortality,
hazard ratio 8.96 (95%CI: 1.06-75.8), P = 0.04.
Two large national US studies addressing outcomes
of LT for NASH cirrhosis were recently published.
Charlton et al[9] used the SRTR database, Afzali et al[29] the
UNOS database. Both studies found that the post-LT
survival of NASH recipients was excellent (1-year 87.6%,
3-year 82.2%, 5-year 76.7%) and similar to recipients with
non-NASH indications. Another recent study by Singal et
al[30] corroborated that 1-10 year graft and patient survival
rates were similar in patients transplanted for NASH,
PSC and HBV related cirrhosis, respectively.
Finally, a recent systematic review and meta-analysis
compared survival, and causes of death after liver transplantation for NASH and other etiologies[31]. One-, 3and 5-year patient survivals were similar in NASH and
non-NASH recipients. However, cardiovascular (CV)
events and sepsis were more frequent as causes of death
in NASH recipients. The authors concluded that patients
with NASH cirrhosis must be carefully evaluated and selected for transplantation and that post-LT cardiovascular
and infection complications must be treated aggressively.
These observations are further corroborated by the
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study of VanWagner et al[32] who found that NASH patients had an increased risk for the development of CV
events during the first year of liver transplantation compared to ETOH patients (26% vs 8%, P < 0.001, respectively). The majority of the CV events occurred during
the immediate perioperative period, and over 50% of
NASH patients with a post-LT CV event had underlying
risk factors such as the metabolic syndrome. CV events
were the second most common cause of death in NASH
recipients (9% vs 4% in EtOH recipients), surpassed only
by sepsis (11% vs 1%).
Collectively, liver transplantation for NASH seems,
with the current selection process, to result in excellent
overall graft and patient survival (up to 10 years). However, CV events and mortality, as well as sepsis events and
mortality seem to be more frequent in recipients transplanted for NASH compared to other indications.

FATTY LIVER DISEASE AFTER LIVER
TRANSPLANTATION
The prevalence of IR and of other risk factors for
NAFLD increase after liver transplantation. Thus, not
too surprisingly, both recurrent NAFLD and de novo
NAFLD in the allograft have been described.
Recurrence of NAFLD in the allograft is common
post-LT. Bhagat et al[27] reported 33% recurrence of steatohepatitis in biopsy specimens at any time during the
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first 6 mo post-LT in NASH-cirrhosis recipients, but
the course of recurrent NASH was benign since none
of these patients developed cirrhosis or required retransplantation during a 10-year follow-up. Yalamanchili
et al[33] studied the post-LT outcomes in a 257 patients
transplanted for CC or NASH cirrhosis. They found that,
in the CC/NASH group, the probability of developing
hepatic steatosis (NAFL) at 1, 2, 5 and 10 years postLT was with 8.2%, 13.6%, 24.9%, and 32.9% at all time
points higher than in patients transplanted for other
indications (3.1%, 5.9%, 9.6%, and 10%, respectively).
However, development of NASH in the graft was rare
(13 out of 257 patients), advanced fibrosis was uncommon, and overall survival in the CC/NASH group was
the same as in patients transplanted for other indications.
Finally, Dureja et al[34] reported that recurrent NAFLD
(predominantly NASH) was histologically found in 39%
of recipients transplanted for NAFLD related or cryptogenic cirrhosis associated with the metabolic syndrome.
While survival was not affected by NAFLD recurrence,
a high frequency of cardiovascular disease and of infection-related morbidity and mortality was noted in patients
with NAFLD recurrence.
Collectively, NAFLD seems to recur in at least 1/3 of
patients transplanted for NASH cirrhosis. While, NAFLD
recurrence does not seem to affect overall graft and patient
survival up to 10 years, CV and infection related morbidity
and mortality seem to be increased in these patients.
At least 30% of liver transplant recipients for non
NAFLD related indications develop IR and/or other
risk factors for NAFLD typically within 1-3 years post
LT[35-38]. There is therefore growing interest in the de
novo occurrence of post-LT NAFLD in recipients transplanted for non-NAFLD indications[39,40]. Dumortier et
al[41] studied retrospectively the prevalence of NAFLD
in post-LT liver biopsy specimens obtained by protocol
biopsies in a population of recipients transplanted for
non-NAFLD/CC cirrhosis and assessed the risk factors
for NAFLD development. They found that de novo liver
steatosis developed in 30% and steatohepatitis in 5%
of the recipients. Analysis of data revealed that obesity,
hyperlipidemia, diabetes mellitus, arterial hypertension,
tacrolimus treatment, alcoholic cirrhosis as an indication
for transplantation, and pre-transplant liver graft steatosis, were risk factors for the de novo development of postLT NAFLD. The more of these factors were present, the
higher was the prevalence of steatosis.
Recent data suggest that the genetic predisposition
plays role in the post-LT recurrence of NAFLD. It is well
established that the patatin-like phospholipase domaincontaining protein 3 (PNPLA3) rs738409-G allele is associated with an increased fat accumulation in the liver, and is
a risk factor for developing more advanced liver disease in
NAFLD patients[42]. A recent study showed that the presence of the rs738409-G allele of the PNPLA3 in the recipients, but not in the donors, is an independent risk factor for post-LT steatosis[43]. These findings are in keeping
with a previous study demonstrating that the presence of
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the PNPLA-3 rs738409 G- allele was associated with the
development of post-LT obesity and diabetes mellitus[44].

MANAGEMENT OF NAFLD AFTER LIVER
TRANSPLANTATION
Many drugs have been evaluated for treating NAFLD/
NASH in the non-transplant setting (e.g., pioglitazone,
metformin, vitamin E, pentoxyphylline, ursodeoxycholic acid). Suffice it to say that no drug intervention trial
was able to demonstrate a benefit that would justify the
wide spread use of the drug in NAFLD/NASH[45-47]. We
are not aware of solid data on the effects on post liver
transplant outcomes of treatment of insulin-resistance
prior to liver transplantation in patients with NAFLD.
Thus, beyond life style measures and the control of risk
factors[48], there is currently no universally accepted medical therapy with proven efficacy available for NAFLD/
NASH. Dietary modifications could affect the progression of NAFLD. In a recent study, Kontogianni et al[49]
found that patients with NAFLD adhering to a Mediterranean diet had less severe liver disease and lower degree
of IR[49]. Additionally, the role of bariatric surgery at time
of LT in patients with obesity and NASH related cirrhosis remains to be defined[50].

CONCLUSION
NAFLD is expected to become the most common indication for liver transplantation within the next 1-2 decades. Despite the fact that recent studies have shed some
light on the prevalence of NAFLD in patients awaiting
LT and on the outcomes of recipients transplanted for
NASH related cirrhosis, many aspects remain ill defined.
The latter include, but are not limited to, the proportion
of patients with NASH cirrhosis that is a priori excluded
from liver transplantation because of co-morbidities, as
well as strategies allowing to prevent the increased CV
and infection related morbidity and mortality in recipients transplanted for NASH. The latter include bariatric
surgery at the time of LT and attempt to tailor immunosuppressive regimens to the risk factor profile in NASH
recipients. To address these and other issues, adequately
powered, prospective, and whenever possible controlled
trials will be required.
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Abstract
Nonalcoholic fatty liver disease (NAFLD), a hepatic
manifestation of metabolic syndrome, is the most
common chronic liver disease, and the prevalence is
rapidly increasing worldwide. Nonalcoholic steatohepatitis (NASH), the severe form of NAFLD, can progress
to liver cirrhosis and hepatocellular carcinoma (HCC).
Although noninvasive clinical scores and image-based
diagnosis for NAFLD have improved, histopathological evaluation of biopsy specimens remains the gold
standard for diagnosing NAFLD/NASH. Steatosis, lobular inflammation, and hepatocellular ballooning are
all necessary components for the diagnosis of NASH;
fibrosis is also typically observed. Other histopathological abnormalities commonly observed in NASH include
hepatocellular glycogenated nuclei, lipogranulomas,
and acidophil bodies. The characteristics of pediatric
NAFLD/NASH differ from adult NAFLD/NASH. Specifically, steatosis and portal inflammation are more severe
in pediatric NAFLD, while intralobular inflammation and
perisinusoidal fibrosis are milder. Although interobserver agreement for evaluating the extent of steatosis and
fibrosis is high, agreement is low for intralobular and
portal inflammation. A recently reported histological
variant of HCC, steatohepatitic HCC (SH-HCC), shows
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features that resemble non-neoplastic steatohepatitis,
and is thought to be strongly associated with underlying NASH. In this report, we review the histopathological features of NAFLD/NASH.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Histopathology; Nonalcoholic fatty liver disease; Nonalcoholic steatohepatitis; Pediatric; Interobserver variation
Core tip: Nonalcoholic fatty liver disease (NAFLD), a hepatic manifestation of metabolic syndrome, is the most
common chronic liver disease, with a rapidly increasing prevalence worldwide. Nonalcoholic steatohepatitis
(NASH), the severe form of NAFLD, can progress to
liver cirrhosis and hepatocellular carcinoma. Although
noninvasive clinical scores and image-based diagnosis
for NAFLD have improved, histopathological evaluation of biopsy specimens remains the gold standard for
diagnosing NAFLD/NASH. In this report, we review the
histopathological features of NAFLD/NASH.
Takahashi Y, Fukusato T. Histopathology of nonalcoholic fatty
liver disease/nonalcoholic steatohepatitis. World J Gastroenterol
2014; 20(42): 15539-15548 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i42/15539.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i42.15539

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a condition in which excessive fat accumulates in the liver of a
patient without a history of alcohol abuse. NAFLD is
etiologically associated with systemic and hepatic insulin
resistance, and is regarded as a hepatic manifestation of
metabolic syndrome[1,2]. The number of patients with
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Table 1 Histopathological abnormalities in nonalcoholic
[7]
steatohepatitis
Histopathological abnormalities
Necessary components
Steatosis (macro > micro; accentuated in zone 3)
Lobular inflammation (mixed, mild; scattered polymorphonuclear
leukocytes as well as mononuclear cells)
Hepatocellular ballooning
(most apparent near steatotic liver cells, typically in zone 3)
Usually present; but not necessary for diagnosis
Perisinusoidal fibrosis (in zone 3)
Hepatocellular glycogenated nuclei (in zone 1)
Lipogranulomas (in the lobules; of varying size, but usually small)
Acidophil bodies or periodic acid-Schiff-stained Kupffer cells
Fat cysts
May be present but not necessary for diagnosis
Mallory-Denk bodies (in ballooned hepatocytes)
Iron deposition (in hepatocytes or sinusoidal lining cells)
Megamitochondria (in hepatocytes)

NAFLD is rapidly increasing worldwide, consistent with
the increased prevalence of obesity. NAFLD is currently
the most common chronic liver disease; the prevalence
of NAFLD in the adult population of developed countries is approximately 30%[3]. NAFLD has also become
a significant liver disease in children due to the increased
prevalence of childhood obesity[4].
NAFLD is classified into two categories: simple steatosis, in which only hepatocellular steatosis is observed,
and nonalcoholic steatohepatitis (NASH), in which both
necroinflammatory reactions and hepatocellular steatosis
occur. Although simple steatosis generally has a benign
clinical course, NASH, which can be present in one
third of NAFLD cases, is a progressive disease that can
advance to liver cirrhosis and hepatocellular carcinoma
(HCC)[5,6]. Steatohepatitic HCC (SH-HCC), a histological
variant of HCC, is thought to be strongly associated with
underling NASH.
Various noninvasive clinical scores have been proposed to diagnose NASH and predict fibrosis, and imaging-based diagnosis of NAFLD has improved. However,
histopathological evaluation of biopsy specimens remains
the gold standard for diagnosing NAFLD/NASH. In
this study, we review the histopathological findings of
NAFLD/NASH.

DIAGNOSIS OF NASH
When diagnosing NAFLD/NASH, other liver diseases
such as alcoholic liver disease, drug-induced liver injury,
Wilson’s disease, α1-antitrypsin deficiency, and viral hepatitis have to be excluded clinically. In the summary report of the American Association for the Study of Liver
Diseases (AASLD) Clinical Single Topic Conference on
NASH held in 2002, the histopathological abnormalities
of NASH were summarized[7] (Table 1). In this report,
steatosis (macro > micro, accentuated in zone 3), lobular
inflammation (mixed, mild), and hepatocellular ballooning (most apparent near steatotic liver cells, typically in
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zone 3) were identified as the necessary components for
the diagnosis of NASH. Fibrosis was not necessary for
the diagnosis of NASH, although it is usually present[8].
Currently, most hepatopathologists diagnose NASH according to these criteria, although a complete consensus
has not been reached.
When the histological patterns are not sufficient to
make an unequivocal diagnosis of NASH but suggestive changes are evident, the term “borderline NASH”
is used[9,10]. In a study on pediatric NASH, Patton et al[11]
proposed a diagnostic categorization consisting of “not
NASH”, “borderline zone 3 NASH”, “borderline zone
1 NASH”, and “definite NASH”. The diagnosis, borderline zone 3 NASH, is used for cases that have some,
but not all, of the histological features of steatohepatitis;
therefore, an unequivocal diagnosis cannot be made. Borderline zone 1 NASH corresponds to type 2 NASH, as
defined by Schwimmer et al[12] (described later). The classification of “type 1 NASH” and “type 2 NASH” may
be impractical, as discussed below, and the classification
proposed by Patton et al[11] may be more practical.

GRADING AND STAGING OF NASH
Brunt et al[13] classified the necroinflammatory grades of
NASH as grade 1 (mild), grade 2 (moderate), and grade 3
(severe) based on the degree of hepatocellular steatosis,
ballooning and disarray, and inflammation (intralobular
and portal) (Table 2). Simultaneously, they proposed a
scoring system for staging based on the location and
extent of fibrosis: stage 1, zone 3 perisinusoidal fibrosis;
stage 2, portal fibrosis with the abovementioned stage
1; stage 3, bridging fibrosis in addition to stage 2; and
stage 4, cirrhosis (Table 2). The NASH Clinical Research
Network (NASH CRN) later subclassified stage 1 into 3
categories: stage 1A, mild perisinusoidal fibrosis in zone
3; stage 1B, moderate perisinusoidal fibrosis in zone 3;
and stage 1C, only portal/periportal fibrosis[14]. Stage 1C
fibrosis is observed occasionally in children or severely
obese patients.
The NASH CRN designed the NAFLD activity score
(NAS) for use in clinical research[14]. This score can be
used for the full spectrum of NAFLD, including simple
steatosis. The score is calculated as the unweighted sum
of the scores for steatosis (0-3), lobular inflammation
(0-3), and ballooning (0-2), and ranges from 0 to 8 (Table
3). The main purpose of NAS is to evaluate histological
changes over time, rather than serve as diagnostic criteria
for NASH. However, some studies have used the threshold values of NAS, specifically NAS ≥ 5, as a surrogate
for the histological diagnosis of NASH, because NAS
≥ 5 has been reported to correlate with a diagnosis of
NASH, and biopsies with scores of ≤ 2 were diagnosed
as “not NASH”[14]. Recently, Brunt et al[15] reviewed biopsies from 976 adults in NASH CRN studies, and found
that only 75% of biopsies with definite NASH had NAS
≥ 5, whereas 28% of borderline NASH and 7% of
“not NASH” biopsies had NAS ≥ 5. In addition, 3%
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[13]

Table 2 Grading and staging system for nonalcoholic steatohepatitis
Grading and staging
Grading
Grade 1 (mild)

Steatosis: up to 66%
Ballooning: occasional in zone 3
Intralobular inflammation: scattered polymorphs ± lymphocytes
Portal inflammation: no or mild

Grade 2 (moderate)

Steatosis: any degree
Ballooning: obvious, predominantly zone 3
Intralobular inflammation: polymorphs and chronic inflammation noted
Portal inflammation: mild to moderate

Grade 3 (severe)

Steatosis: panacinar
Ballooning: ballooning and disarray obvious, predominantly in zone 3
Intralobular inflammation: scattered polymorphs ± mild chronic inflammation
Portal inflammation: mild or moderate

Staging
Stage 1
Stage 2
Stage 3
Stage 4

Zone 3 perisinusoidal/pericellular fibrosis, focal or extensive
Zone 3 perisinusoidal/pericellular fibrosis + focal or extensive periportal fibrosis
Zone 3 perisinusoidal/pericellular fibrosis + portal fibrosis + bridging fibrosis
Cirrhosis

Table 3 Components of nonalcoholic fatty liver disease
[14]
activity score
Item

Definition

Score

Steatosis

< 5%
5%-33%
> 33%-66%
> 66%

0
1
2
3

Lobular inflammation

No foci
< 2 foci per 200 × field
2-4 foci per 200 × field
> 4 foci per 200 × field

0
1
2
3

None
Few balloon cells
Many cells/prominent ballooning

0
1
2

Ballooning

100 mm

Figure 1 Steatosis in nonalcoholic fatty liver disease. Macrovesicular
steatosis, predominantly distributed in zone 3, is observed (Masson trichrome
staining).

of cases with NAS ≥ 5 were “not NASH”, and 29% of
cases with NAS ≤ 4 were NASH. Therefore, the authors
concluded that the diagnosis of definite NASH or the
absence of NASH does not always correlate with the
threshold values of NAS.

HISTOPATHOLOGICAL FEATURES OF
NAFLD/NASH
Adult NAFLD/NASH
Steatosis: Hepatocellular steatosis is the hallmark of
NAFLD, and steatosis in more than 5% of hepatocytes
is required for the diagnosis of NAFLD[8,16,17]. Hepatocellular steatosis is classified into two types: macrovesicular
and microvesicular. In macrovesicular steatosis, a single
large fat droplet or smaller well-defined fat droplets occupy the cytoplasm of hepatocytes, pushing the nucleus
to the periphery. In microvesicular steatosis, the cytoplasm of hepatocytes is filled with tiny lipid droplets,
and the nucleus is located centrally in the cell. Steatosis
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in NAFLD is usually macrovesicular; however, microvesicular steatosis may also be present. It was reported that
microvesicular steatosis is present in approximately 10%
of biopsies from patients with NAFLD[18]. Steatosis in
NAFLD usually begins in zone 3 (Figure 1), although
panacinar steatosis may also be seen with severe steatosis.
An increasing severity of steatosis was reported to be
positively associated with lobular inflammation, zone 3
fibrosis, and definite steatohepatitis[19]. In the same study,
panacinar steatosis was more often associated with ballooning, Mallory-Denk bodies (MDBs), and advanced
fibrosis compared with zone 3 steatosis.
Lobular and portal inflammation
Intralobular inflammation is also present in NASH (Figure
2); it is usually mild, and consists of a mixed inflammatory cell infiltrate (lymphocytes, neutrophils, eosinophils,
and Kupffer cells). Polymorphs sometimes surround ballooned hepatocytes (that typically contain a MDB); this
lesion is referred to as “satellitosis”. Although satellitosis
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50 mm

100 mm

Figure 2 Lobular inflammation in nonalcoholic steatohepatitis. Necroinflammatory foci (arrows) are scattered in the hepatic lobule (hematoxylin and
eosin staining).

patocytes with rarefied cytoplasm, and reflects hepatocellular injury (Figure 3). Fat droplets and/or MDBs may be
observed in ballooned hepatocytes. Hepatocellular ballooning is believed to result from alteration of the intermediate filament cytoskeleton. In ballooned hepatocytes,
the two hepatocyte keratins cytokeratins 8 and 18 are disrupted and no longer present throughout the cytoplasm;
instead, they are dispersed to the periphery[24]. Although
recognition of ballooned hepatocytes may be difficult in
slides stained with hematoxylin and eosin (H and E), the
loss of cytokeratin 8/18 immunostaining can serve as an
objective marker of ballooned hepatocytes[25].

20 mm

Figure 3 Ballooning and Mallory-Denk bodies in nonalcoholic steatohepatitis. Ballooned hepatocytes are recognized as swollen hepatocytes with rarefied cytoplasm (black arrows). Mallory-Denk bodies are eosinophilic irregularshaped aggregates in the cytoplasm of hepatocytes (white arrow) (hematoxylin
and eosin staining).

can be occasionally seen in NASH, it is more common in
alcoholic hepatitis[20]. Scattered lobular microgranulomas
(sinusoidal Kupffer cell aggregates) and lipogranulomas
(consisting of fat droplets as well as admixtures of inflammatory cells and collagen) are also often observed in
NASH.
Portal inflammation in NAFLD/NASH is usually absent or mild, and consists mainly of lymphocytes. When
portal inflammation is disproportionately severe, the possibility of concurrence of other liver diseases (such as hepatitis C and autoimmune hepatitis) should be considered.
In the convalescent stage after treatment for NAFLD/
NASH, portal chronic inflammation may increase, or not
decrease, relative to the lobular features[21]. Chronic portal
inflammation (greater than mild) has been associated with
the amount and location of steatosis, ballooning, and advanced fibrosis[22,23]. Therefore, greater than mild chronic
portal inflammation in untreated NAFLD could be considered a marker of advanced disease.
Hepatocellular ballooning
Hepatocellular ballooning is characterized as swollen he-
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Figure 4 Fibrosis in nonalcoholic steatohepatitis. The characteristic pattern
of fibrosis in nonalcoholic steatohepatitis is perisinusoidal/pericellular (chicken
wire) fibrosis, which usually begins in zone 3 (reticulin staining).

Fibrosis
The characteristic pattern of fibrosis in NASH is perisinusoidal/pericellular (chicken wire) fibrosis, which
typically begins in zone 3. Masson trichrome or reticulin
staining can be useful to evaluate fibrosis (Figure 4).
Recently, very fine non-zonal sinusoidal fibrosis was
reported, particularly in adult NAFLD patients postintervention[26]. Fibrosis in NAFLD is usually observed
with an active necroinflammatory reaction; however,
fibrosis without active lesions can also occur, and prior
episodes of steatohepatitis are suggested in such cases[27].
As NASH progresses, portal/periportal fibrosis, bridging
fibrosis, and liver cirrhosis may occur. In a meta-analysis
of ten longitudinal histological studies, older age and
parenchymal or portal inflammation on the initial biopsy
were independent predictors of progression to advanced
fibrosis in NASH[28]. During advanced fibrosis or cirrhosis, steatosis and necroinflammatory reactions may disappear, and this status is known as burn-out NASH[27,29].
Patients with these symptoms are diagnosed with cryptogenic cirrhosis and NAFLD/NASH is estimated to be a
leading cause of cryptogenic cirrhosis[30-33]. NASH-related
cirrhosis is most commonly macronodular or mixed[8,34].
Glycogenated nuclei
Glycogenated nuclei are vacuolated nuclei observed usually in periportal hepatocytes, and commonly occur in
NAFLD. The presence of glycogenated nuclei is useful
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for discriminating between NASH and alcoholic steatohepatitis (ASH), as they are rarely observed in ASH[35].
Apoptotic hepatocytes (acidophil bodies)
Apoptotic hepatocytes (acidophil bodies) are observed
often in NASH[36], and are deeply eosinophilic rounded
bodies, with or without hyperchromatic nuclear fragments. These structures are most commonly observed in
sinusoids.
MDBs
MDBs are eosinophilic irregular-shaped aggregates
found in the cytoplasm of hepatocytes (Figure 3). These
structures are usually observed in ballooned hepatocytes
in zone 3, and mainly consist of cytokeratins 8 and 18,
ubiquitin, and p62[37,38]. When MDBs are present in ballooned hepatocytes, they can be identified immunohistochemically as aggregates of cytokeratins 8 and 18 within
otherwise cleared out cells[24]. However, it remains unclear
whether MDBs serve as bystanders, exert protective effects, or promote injury[38]. The presence of MDBs is
not definitively required, but is helpful for the diagnosis
of NASH. MDBs are not specific to NASH; they are
also observed in other liver diseases including alcoholic
hepatitis, chronic cholestasis, and HCC[39]. In alcoholic
hepatitis, MDBs are also observed in non-ballooned hepatocytes[8].
Iron deposition
Iron accumulation in NAFLD/NASH is usually mild,
and can occur within hepatocytes, the sinusoidal lining
cells of the reticuloendothelial system, or both[24,34,40].
Valenti et al[41] reported that iron accumulation, which
was predominant in hepatocytes but not in the reticuloendothelial system, was associated with advanced fibrosis
in NASH. However, Nelson et al[42] reported that NASH
patients with iron accumulation in the reticuloendothelial
system were more likely to have advanced fibrosis compared to patients with iron accumulation in hepatocytes.
These results are contradictory, and further studies are
needed to elucidate the significance of iron deposition in
NASH.
Megamitochondria
Megamitochondria are round or crystal-shaped eosinophilic structures in the cytoplasm of hepatocytes. They
are observed most commonly in hepatocytes with microvesicular steatosis. Megamitochondria in NASH are
distributed equally in all zones, and are abundant similarly
in low- and high-stage groups[43]. Although megamitochondria are poorly understood lesions in NASH, they
may be the result of injury from lipid peroxidation, or
could represent an adaptive change[34].
Other findings
Ductular reaction refers to ductular proliferation at the
portal tract interface. It arises from progenitor cells in the
periportal area, and is accompanied by neutrophils and
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stromal changes[34]. In NASH, the extent of ductular reaction is associated with fibrosis[44].
One of the newly described lesions observed in
NASH was the presence of an arterial branch in zone 3,
commonly within perisinusoidal fibrosis[40,45]. Pathologists
should maintain knowledge of this finding because it can
be easily confused with the portal tract.
Pediatric NAFLD/NASH
It is estimated that 2.6%-9.6% of children and adolescents have NAFLD[46-48]. Pediatric NAFLD/NASH has
different histological characteristics than adult NAFLD/
NASH[49]. Schwimmer et al[12] investigated the histological
features of 100 cases of pediatric NAFLD, and proposed
that two different forms of steatohepatitis existed. Type
1 NASH had histological patterns usually seen in adult
patients, and was characterized by steatosis, ballooning
degeneration, and perisinusoidal fibrosis in the absence
of portal features. Type 2 NASH exhibited a unique histological pattern in pediatric patients, characterized by
steatosis, portal inflammation, and portal fibrosis in the
absence of ballooning degeneration and perisinusoidal
fibrosis. In their study, type 1 NASH was present in only
17% of subjects, whereas type 2 NASH was present in
51%, and the prevalence of simple steatosis was 16%.
Advanced fibrosis was present in 8%, and cirrhosis was
detected in 3%. In cases of advanced fibrosis, the pattern
was generally comparable to type 2 NASH. Children with
type 2 NASH were significantly younger and had a greater severity of obesity than children with type 1 NASH.
Male patients were significantly more likely to have type 2
NASH and less likely to have type 1 NASH than female
patients. Type 1 NASH was more common in Caucasian
children, whereas type 2 NASH was more common in
children of Asian, Native American, and Hispanic ethnicity. It is possible that there is a different pathogenesis,
natural history, and responsiveness to treatments between
type 1 and type 2 NASH. However, it remains unclear
whether type 2 NASH converts into type 1 NASH with
increased age of the patient.
Schwimmer et al[12] characterized the histological pattern as an overlap of types 1 and 2 NASH or indeterminate in only 16% of subjects. However, subsequent studies reported that more than 50% of pediatric NAFLD
cases exhibited overlapping features of types 1 and 2
NASH[50,51]. We compared the histological characteristics
of NAFLD in 34 pediatric and 23 adult cases that were
confirmed by liver needle biopsy[52] (Table 4). Steatosis
was more severe in pediatric than adult cases, and half
of pediatric cases presented with panacinar steatosis.
Perisinusoidal fibrosis was significantly milder in pediatric
cases than in adult cases, and lobular inflammation and
ballooning were milder in pediatric cases compared to
adult cases. In contrast, portal inflammation was more severe in pediatric cases. There were no obvious differences
in the degree of periportal fibrosis between pediatric and
adult individuals. Periportal fibrosis in the absence of
perisinusoidal fibrosis (fibrosis stage 1C) was observed
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Table 4 Histopathological features of pediatric and adult nonalcoholic fatty liver disease
cases n (%)
Item

Location

Fibrosis
Perisinusoidal1

Periportal

Stage

Inflammation
Lobular

Portal

Ballooning

Diagnosis

Pediatric (n = 34)

Adult (n = 23)

0 (< 5%)
1 (5%-33%)
2 (> 33%-66%)
3 (> 66%)
Zone 3
Zone 1
Azonal
Panacinar

0 (0)
10 (29)
15 (45)
9 (26)
12 (35)
0 (0)
5 (15)
17 (50)

0 (0)
7 (30)
14 (61)
2 (9)
14 (61)
0 (0)
4 (17)
5 (22)

0 (none)
1 (mild)
2 (moderate)
0 (none)
1 (mild)
2 (moderate)
3 (severe)
4 (cirrhosis)
0 (none)
1A (mild, zone 3, perisinusoidal)
1B (moderate, zone 3, perisinusoidal)
1C (periportal)
2 (perisinusoidal + periportal)
3 (bridging fibrosis)
4 (cirrhosis)

19 (56)
10 (29)
5 (15)
18 (53)
13 (38)
2 (6)
1 (3)
0 (0)
12 (34)
4 (12)
2 (6)
7 (21)
6 (18)
3 (9)
0 (0)

6 (26)
8 (35)
9 (39)
13 (57)
6 (26)
2 (9)
1 (4)
1 (4)
6 (26)
5 (22)
2 (9)
0 (0)
5 (22)
4 (17)
1 (4)

0 (no foci)
1 (< 2 foci per 200 × field)
2 (2-4 foci per 200 × field)
3 (> 4 foci per 200 × field)
0 (none)
1 (mild)
2 (moderate)
3 (severe)
0 (none)
1 (few)
2 (many/prominent)
Not NASH
Borderline zone 1 NASH
Borderline zone 3 NASH
Definite NASH

7 (21)
18 (52)
7 (21)
2 (6)
11 (32)
14 (42)
9 (26)
0 (0)
16 (47)
10 (29)
8 (24)
8 (24)
7 (21)
5 (15)
14 (40)

2 (9)
13 (56)
6 (26)
2 (9)
10 (43)
11 (48)
2 (9)
0 (0)
6 (26)
13 (57)
4 (17)
4 (17)
2 (9)
5 (22)
12 (52)

Score/code

Steatosis
Grade

1

Perisinusoidal fibrosis was significantly milder in pediatric cases than in adult cases. Borderline zone 1
NASH corresponds to type 2 NASH[52]. NASH: Nonalcoholic steatohepatitis.

exclusively in pediatric cases. The prevalence of bridging
fibrosis and liver cirrhosis was lower in pediatric patients
compared with adults. Type 2 NASH was observed in
21% of pediatric subjects, which was more than double
the prevalence observed in adult subjects (9%). Fifty percent of pediatric cases exhibited overlapping features of
types 1 and 2 NASH, and intralobular and portal changes
were positively and significantly correlated. Our study,
performed in Japanese individuals, suggested that pediatric NAFLD exhibits histological features that differ from
those of adult NAFLD. The classification of “type 1
NASH” and “type 2 NASH” may be impractical as many
pediatric NAFLD cases show overlapping features of
types 1 and 2 NASH, and intralobular and portal changes
are positively correlated. Recently, it was demonstrated
that liver biopsy specimens from children with NAFLD
and normal or mildly elevated alanine aminotransferase
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(ALT) levels showed significant histological abnormalities, including advanced fibrosis in children with mildly
elevated ALT[53]. Thus, measuring ALT may underestimate liver injury in pediatric NAFLD.

HISTOLOGICAL DIFFERENCES BETWEEN
ALCOHOLIC LIVER DISEASE AND NAFLD
The differential diagnosis of alcoholic liver disease and
NAFLD is generally based on clinical information regarding alcohol intake, since differentiating based on
histological appearance is challenging. However, several
histological differences have been reported. Features
more common in ASH than NASH include canalicular
cholestasis, numerous and well-formed MDBs, prominent ductular reaction, and acute inflammation and fibro-
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the results of these studies.

VALUE OF LIVER BIOPSY IN NAFLD/
NASH

50 mm

Figure 5 Histological appearance of alcoholic steatohepatitis. Canalicular
cholestasis (black arrow), Mallory-Denk bodies (white arrows), and acute inflammation in the portal tract are observed (hematoxylin and eosin staining).

sis in the portal tract (Figure 5). Sclerosing hyaline necrosis and veno-occlusive lesions are observed occasionally
in alcoholic liver disease, but these lesions have not been
reported in NAFLD[8]. In general, necroinflammatory
activity in ASH is more severe than in NASH[27]. Features
that are more common in NASH than ASH include severe steatosis, glycogenated nuclei, and lipogranulomas.
Although steatosis is an important pathological feature
for the diagnosis of NASH, it is not always present in
ASH. Nakano et al[54] reported that the fibrosis in NASH
shows a lattice pattern, whereas fibrosis in alcoholic liver
disease shows a solid pattern on reticulin-stained slides.

INTEROBSERVER VARIATION IN THE
HISTOPATHOLOGICAL ASSESSMENT OF
NASH
The accurate evaluation of each pathological feature in
NASH can be difficult, and thus accurate pathological
diagnosis of NASH can be challenging. The significant
difference in the prevalence of NASH between similar
populations has been explained mainly by the different
histological criteria used for diagnosing NASH in clinical studies[55]. As such, these findings made the results of
clinical studies questionable. Therefore, we studied the
extent of interobserver variation in the histopathological assessment of NASH[55]. In the study, eight hepatopathologists read liver biopsy slides of 21 cases where the
clinical diagnosis was NASH or suspected NASH, and
assessed the histopathological features. There was good
agreement in evaluating the extent of steatosis and fibrosis, and moderate consistency concerning the localization
of steatosis and fibrosis. However, there was only slight
or poor agreement for evaluating ballooning and intralobular and portal inflammation. Two other studies also
assessed interobserver variation in the histopathological
assessment of NASH, and the findings were generally
similar to our study, with the exception of good agreement for ballooning[14,56]. Establishing a standardized
pathological diagnosis for NASH is necessary based on
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Liver biopsy is invasive and potentially harmful. Furthermore, histological lesions of NASH are unevenly distributed throughout the liver parenchyma, and liver biopsy
sampling error can result in substantial misdiagnosis and
staging inaccuracies[57]. Since liver biopsy has such drawbacks, novel imaging and serum-based assays to predict
the presence of NAFLD/NASH, fibrosis, and/or inflammation have been studied.
Transient elastography measuring liver stiffness has
been reported to have high negative predictive value
and modest positive predictive value for assessment of
advanced fibrosis in NAFLD; thus, it may be useful as
a screening test to exclude advanced fibrosis[58]. Various
serum molecular markers have been reported to be useful
in diagnosing NASH or predicting fibrosis in NAFLD.
The level of serum cytokeratin 18 fragments reflects hepatocyte apoptosis, and the area under the receiver operating characteristic curve (AUROC) for NASH diagnosis
was 0.83[59]. Serum levels of Mac-2 binding protein (Mac2bp), a major fucosylated glycoprotein, were recently
shown to be elevated in NASH patients, and the AUROC
for predicting NASH was 0.816[60]. Furthermore, it was
reported that the Enhanced Liver Fibrosis panel (ELF),
an algorithm of serum-based tests, had an AUROC of
0.90 for distinguishing severe fibrosis, 0.82 for moderate
fibrosis, and 0.76 for no fibrosis in NAFLD[61].
Although non-invasive tests for the diagnosis of
NAFLD/NASH have progressed, as discussed above, the
accuracy of these tests is inadequate. Particularly, characterization of individuals who are in the early and middle
stages of NASH remains beyond the scope of most of
these types of test. Currently, liver biopsy is the only
method to accurately evaluate the extent and pattern of
steatosis, necroinflammation, and fibrosis, and confirm
the diagnosis of NAFLD/NASH. Liver biopsy evaluation remains the standard against which other assays and
clinical algorithms must be matched and validated, and
thus the histopathological evaluation of biopsy specimens continues to be the gold standard for diagnosing
NAFLD/NASH.

SH-HCC
NASH can progress to liver cirrhosis and HCC. The
5-year incidence of HCC for cirrhotic NASH was reported to be 11.3%[62], and a substantial proportion of HCC
cases without hepatitis B or C viral infections are estimated to be derived from NASH. However, the pathological
features of HCC derived from NASH have not been
elucidated for extended period of time. In 2010, Salomao
et al[63] reported a distinctive histological variant of HCC
that they termed SH-HCC. SH-HCC shows features that
resemble non-neoplastic steatohepatitis, including large
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Figure 6 Histological appearance of steatohepatitic hepatocellular carcinoma. Large droplet steatosis, ballooning of malignant hepatocytes, MalloryDenk bodies (arrows), inflammation, and fibrosis are observed in tumor tissue
(hematoxylin and eosin staining).

droplet steatosis, ballooning of malignant hepatocytes,
MDBs, inflammation, and pericellular fibrosis (Figure 6).
In a subsequent study, the same group reported that the
prevalence of SH-HCC in all HCC cases was 13.5%[64].
Almost all cases of SH-HCC occurred in patients with
underlying steatohepatitis. SH-HCC was diagnosed in
35.7% of HCC patients with either NASH or alcoholic
liver disease, compared with only 1.3% of HCC patients
with other chronic liver diseases. Subsequently, Jain et
al[65] reported that SH-HCC was much more common
in cirrhotic NAFLD patients compared with those with
alcoholic cirrhosis. Therefore, SH-HCC is thought to be
strongly associated with underlying steatohepatitis, particularly NASH.

6
7

8

9

10

11

CONCLUSION
In this report, we reviewed the pathological features of
NAFLD/NASH. Pathological assessment remains the
gold standard for diagnosis of this disease. Steatosis,
lobular inflammation, and hepatocellular ballooning are
the necessary components for the diagnosis of NASH,
and pathologists must evaluate these findings correctly.
However, interobserver agreement can be poor in regards
to evaluation of intralobular inflammation and ballooning, and thus clearly defined criteria for assessing these
findings should be established. When evaluation of intralobular inflammation is difficult, immunohistochemical
staining for leukocyte common antigen (a marker of lymphocytes) and CD68 (a marker of histiocytes/Kupffer
cells) may be beneficial. Immunohistochemical staining
for cytokeratin 8/18 is useful to objectively evaluate hepatocellular ballooning. Pediatric NAFLD has different
histological characteristics from adult NAFLD, and special attention is needed for diagnosis.
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making decisions when EUS-FNA is inconclusive, increasing the yield of EUS-FNA by guiding the puncture
with simultaneous imaging of the vascularity. The development of CH-EUS has also opened up exciting possibilities in other research areas, including monitoring
responses to anticancer chemotherapy or to ethanolinduced pancreatic tissue ablation, anticancer therapies
based on ultrasound-triggered drug and gene delivery,
and therapeutic adjuvants by contrast ultrasound-induced apoptosis. Contrast harmonic imaging is gaining
popularity because of its efficacy, simplicity and noninvasive nature, and many expectations are currently
resting on this technique. If its potential is confirmed in
the near future, contrast harmonic imaging will become
a standard practice in EUS.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
Over the last decade, the development of stabilised microbubble contrast agents and improvements in available ultrasonic equipment, such as harmonic imaging,
have enabled us to display microbubble enhancements
on a greyscale with optimal contrast and spatial resolution. Recent technological advances made contrast harmonic technology available for endoscopic ultrasound
(EUS) for the first time in 2008. Thus, the evaluation
of microcirculation is now feasible with EUS, prompting
the evolution of contrast-enhanced EUS from vascular
imaging to images of the perfused tissue. Although the
relevant experience is still preliminary, several reports
have highlighted contrast-enhanced harmonic EUS (CHEUS) as a promising noninvasive method to visualise
and characterise lesions and to differentiate benign
from malignant focal lesions. Even if histology remains
the gold standard, the combination of CH-EUS and EUS
fine needle aspiration (EUS-FNA) can not only render
EUS more accurate but may also assist physicians in
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Key words: Microbubbles; Contrast agents; Contrastenhanced harmonic endoscopic ultrasound; Pancreatic
tumour; Gastrointestinal submucosal tumour
Core tip: The recent development of stabilised contrast
agents and enhancements to the endoscopic ultrasound equipment have opened an avenue for the realtime imaging of parenchymal microvascularisation without Doppler-related artefacts. Preliminary experience
suggests that contrast-enhanced harmonic endoscopic
ultrasound (CH-EUS) is superior to other imaging techniques, such as EUS or computed tomography, in the
differential diagnosis of pancreatic masses and other
gastrointestinal diseases. In this paper, we describe the
basic principles and technical aspects of performing this
new technique and analyse the clinical value of CH-EUS
and its potential applications in the near future.
Alvarez-Sánchez MV, Napoléon B. Contrast-enhanced harmonic endoscopic ultrasound imaging: Basic principles, present
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INTRODUCTION
The dynamic observation of parenchymal enhancement
during computed tomography (CT) or magnetic resonance imaging (MRI) examinations allows for the evaluation of abdominal organ perfusion. The patterns of
enhancement may predict diagnoses of focal lesions and
other digestive disorders. Concerning transabdominal
ultrasonography (US), attempts have been made for years
to depict the microcirculation with Doppler ultrasound
to achieve a better characterisation of several pathological processes. Doppler is useful for evaluating large blood
vessels with fast-flowing blood, including the major
visceral vessels of the abdomen (portal vein, hepatic artery…), but unfortunately, this modality is not sensitive
enough to detect slow and low-volume flow at the level
of perfusion[1]. Microbubble contrast agents increase the
intensity of backscattered ultrasounds and were used initially to improve the Doppler detectability of the blood
flow in small vessels[2]. However, contrast-enhanced Doppler US has several disadvantages. First, it may produce
blooming artefacts (over-painting), which refer to the
widened appearance of a vessel when compared with
the results of fundamental B-mode imaging[3,4]. Second,
Doppler US is sensitive to motion artefacts. Tissue movement can produce stronger Doppler signals than the
signals from the contrast, resulting in a flash artefact[3,4].
Therefore, contrast harmonic imaging (HI) has been introduced to overcome this problem by suppressing the
background tissue signals[5].
The past decade has witnessed great activity towards
the development of stabilised microbubble contrast
agents. During the same time period, there have also been
enhancements of the available ultrasound equipment,
such as HI-specific software and broad-band transducers, which have dramatically improved the ability of US
to explore microcirculation and given rise to the evolution of contrast-enhanced transabdominal US for uses
ranging from vascular imaging to images of the perfused
tissue. Additionally, endoscopic ultrasonography (EUS)
has become the imaging modality with the highest spatial
resolution since its introduction in the 1980s. However,
because of its low acoustic power and limited bandwidth,
contrast-enhanced harmonic endoscopic ultrasound (CHEUS) has not been feasible until five years ago, when
technological advances made contrast harmonic technology available for the first time for EUS. Although experience is still limited, several reports have highlighted this
technique as a promising noninvasive method, not only
for characterising lesions but also for better assessing
tumour staging and resectability. In this article, we aim to
review the physical principles of contrast harmonic imag-
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ing (CHI), technical issues of CH-EUS, clinical applications and future research areas.

WHAT IS HI?
HI is a relatively new ultrasonic imaging method that
produces images based on non-linear acoustic effects
of ultrasound interactions with tissues or microbubble
contrast agents. “Linear” and “non-linear” are engineered
terms that describe the response of a system to an applied echo-signal. The scattered signals from a linear
system have the same frequency as the transmitted pulse.
However, a non-linear response contains both the original insonated frequency and signals containing multiples
of the transmitted frequency, known as harmonics. Unlike conventional US, in which images are formed from
scattered echoes of the insonating frequency (fundamental frequency), harmonic US uses harmonic signals. More
specifically, HI picks up twice the transmission frequency
(second harmonic) from the received signals[6-10].

CHI: BASIC PRINCIPLES
Ultrasound contrast agents: Physicochemical overview
The major differences in acoustic impedance between the
gas microbubbles and the surrounding blood or tissue
make microbubbles the most effective scatterers for ultrasound contrast agents (UCAs)[6]. The general composition of a bubble is a gas core stabilised by a shell. Current UCAs consist of microbubbles with a 2-5 micron
diameter capable of transpulmonary passage for systemic
enhancement after intravenous injection. A bubble of
this size is unstable in an aqueous system, and therefore,
it must be encapsulated by a stabilising shell to achieve
long lasting persistence[11,12].
The type of gas and the composition of the shell
confer different physicochemical properties and different
behaviours in the ultrasound field. However, the physical
principles of the interaction between the microbubble
and the incident ultrasound wave are basically the same.
An acoustic wave generated by an ultrasound system consists of alternating high and low pressures. A microbubble exposed to an ultrasound wave alternately compresses
under the positive pressure and expands under the negative pressure. In ultrasound imaging, the mechanical
index (MI) is displayed on the monitor to indicate the
acoustic power; this index can be used to characterise
the response of microbubbles to an applied acoustic
wave[6,8-10]. The MI of an ultrasound wave is defined as
the peak negative pressure amplitude estimated in situ
divided by the square root of the frequency. Depending
on this ultrasound parameter, three different phenomena
may occur, as follows[13]: (1) scattering increase. At very
low MI (< 0.1), the bubbles oscillate in a symmetrical
manner and a stable linear scattering is produced; (2)
harmonic production. At low/medium MI (0.1-0.6), an
asymmetrical bubble oscillation occurs, during which the
microbubbles expand more than they contract because of
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Table 1 Types of microbubbles used in contrast-enhanced harmonic endoscopic ultrasound
Microbubble
Definity
Sonovue
Sonazoid

Company

Shell

Gas

Bristol-Myers Squibb Medi- Lipids Octofluorocal imaging Inc (New York)
propane
Bracco Diagnostics
Lipids Sulfurhexa(Princeton, NJ)
fluoride
GE Healthcare
Lipids Perfluoro(Piscataway, NJ)
butane

Size (µm)

Storage

Preparation

Approval

1.1-3.3

Refrigerate
2 ℃-8 ℃
No special storage conditions
-

Activate through
Vialmix agitation
Reconstitute with
5 mL saline
Reconstitute with
2 mL water

Worldwide

2-3
1-2

their higher resistance to compression. This asymmetry is
what constitutes the harmonic emissions; and (3) bubble
collapse. At high MI (> 0.6), a transient non-linear scattering is generated, followed by microbubble destruction.
Contrast ultrasound imaging using the first generation
of air-filled UCAs, such as Levovist®, requires destruction
of the microbubble, thereby limiting the imaging in real
time[4]. As CH-EUS was not possible with these UCAs
because the transducer of the echoendoscope is too
small to produce sufficient acoustic power to break the
microbubbles, Doppler EUS has been used[14]. In the last
years, a new class of more stabilised and longer lasting
UCAs has been manufactured; these UCAs use a heavy
gas (perfluorocarbon) with a lower diffusibility and blood
solubility that is encapsulated into a resistant and flexible
lipid shell. These properties make it possible to use a low
acoustic power, avoiding the destruction of microbubbles
for a longer period and resulting in continuous real-time
assessment[15-17]. Moreover, a low MI allows for effective
tissue signal suppression because the non-linear response
from tissue is minimal with low acoustic power[4]. Among
these second-generation UCAs, only three (SonoVue®,
Sonazoid® and Definity®) have been used for CH-EUS.
Their main physicochemical characteristics and dosages
are shown in Table 1. After an intravenous bolus injection, they present a pure intravascular distribution, which
means that they do not diffuse into the extravascular
space, unlike the currently approved contrast agents for
CT or MRI. This behaviour allows for real-time scanning with higher temporal resolution than other imaging
modalities are capable of generating[18]. Gases are not
metabolised in the human body, and several minutes after
their administration, they are eliminated by the lungs in
exhaled air. The stabilising shells are filtered by the kidney and eliminated by the liver. The most remarkable difference between these UCAs is that Sonazoid is a tissuespecific agent; as such, after a preliminary vascular phase,
it presents a late hepatosplenic phase. This effect has
been shown to be due to the trapping of microbubbles
by Kupffer cells[19].
UCAs have demonstrated an excellent safety profile,
as any adverse reactions are rare and usually of mild
severity. They have no specific renal, cerebral or liver
toxicity, and their embolic potential is of no clinical
significance[18-21]. Severe anaphylactic reactions are rare
(< 0.002%)[21]. There are several subgroups of patients
who will substantially benefit from their use, including
patients with renal impairment and patients with CT or
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Europe, China, South Korea,
Hong Kong, India, Singapore
Japan

MR contrast allergies. Furthermore, their use is not associated with any ionising radiation[1]. Nevertheless, serious
cardiopulmonary reactions, including fatalities, have been
reported in echocardiographic applications, and thus, microbubbles must be avoided in patients with severe cardiopulmonary diseases. Interactions between ultrasounds
and microbubbles also produce biological effects, such
as cavitation, haemolysis and cell death, in in vitro experiments, although generally when high ultrasound powers
are used, unlike the low MIs applied in human diagnostic
procedures[18-21]. However, this may constitute a potential
safety concern when UCAs are used in tissues where
microvascular damage could have severe consequences,
such as the eye or the brain[18,21].
CHI modalities
Because tissues respond in mainly linear ways to incident
ultrasound, the use of the non-linear properties of microbubbles in CHI offers the possibility of separating the response of the bubble from that of the surrounding tissue,
thus enabling the evaluation of the microcirculation[22].
Contrast harmonic power doppler imaging
As previously mentioned, tissue movements can produce
stronger Doppler signals than those from the contrast,
resulting in a flash artefact. The combination of power
Doppler with secondary harmonic filtering may reduce
these motion artefacts[23] (Figure 1). To increase the sensitivity to the UCA, the tissue response must be reduced
due to the spectral overlap between the fundamental
(f0) and second harmonic (2 × f0) components of the
received spectrum. This can be achieved by transmitting narrow-band signals that, in return, deteriorate the
resolution of the image[8-10,22-24] (Figure 2). In addition,
contrast harmonic power Doppler images will always be
obscured by a residual harmonic component of the tissue
response[24]. Although it was originally assumed that ultrasound propagation through the tissue was completely
linear, in fact, tissues are not linearly elastic, leading to a
propagation distortion that results in the generation of
harmonics[10,22-25].
Contrast enhanced HI in greyscale
Both tissue and UCA have a second harmonic frequency
spectrum. The need to distinguish between them to improve image contrast led to the development of contrastspecific imaging techniques. These techniques display
microbubble enhancement in greyscale, and their main
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Figure 1 Schematic view of the frequency range used for filtering the second harmonic.
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Total transducer
bandwidth/efficiency

f0

2 × f0

f0

2 × f0

Overlap of the frequency range

Figure 2 Effects of narrowing the band pulse.

advantage over harmonic power Doppler imaging is that
they can work over the entire bandwidth of the received
echo signal[26]. The harmonic signal is separated from the
fundamental one, not by filtering, but rather by sending
two trains of pulses out of phase with each other, followed by adding the values of the returning echoes. As
a consequence, the signal bandwidth is preserved with
increased spatial resolution[27]. Two of these contrastspecific imaging techniques have been implemented for
contrast-enhanced HI in EUS: the dynamic contrast harmonic imaging (dCHI) used by Hitachi platforms and the
extended pure harmonic detection (ExPHD) for Aloka
systems.
dCHI: A sequence of two ultrasound waves of alternating phases (the second wave is the inverted replica of
the first) is sent out. The image is then processed based
on the sum of both pulses. In a linear medium, the responses to the first and second waves are equal waves
with an opposite form, and the sum of the two responses
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is zero. A non-linear system does not reflect back identical inverted waveforms; because the waves do not cancel
each other completely, the harmonic addition results in
an image of non-linear scatterers[1,4,5] (Figure 3). Although
this pulse-inversion technique more intensively depicts
signals from microbubbles than those from the tissues, it
is not able to completely filter out signals from the tissue,
and non-linear propagation effects still limit the maximal
obtainable agent-to-tissue ratio[23,24].
ExPHD: This technique depicts the presence of a contrast agent by differentiating between the harmonics generated by the tissue from the harmonics generated by the
agent. Signals are changed between the two transmissions
in the area with contrast and in the area without contrast.
However, microbubbles produce not only stronger second harmonic signals but also greater phase variations
(phase shifts) than tissue. ExPHD technology can be
used to detect phase shifts in the received signals and
synthesises them with the signals of the second harmon-
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Figure 3 Principle of phase inversion mode.
Transmission

Fundamental
frequency

Second
harmonic

+
Tissue
Phase shift

+

+

Microbubbles

Synthesize

Figure 4 Principle of extended pure harmonic technique.

ics to reinforce the second harmonics (Figure 4). This
processing results in an enhanced imaging of the signals
from the contrasts[14,28,29].
In addition to these contrast-specific techniques, one
of the most prominent components in HI is the transducer technology. The reflection frequency range of the
second harmonic components is wide compared with
the fundamental frequency (Figure 2). Therefore, a large
transducer bandwidth is necessary for these harmonic
techniques because they require that the central frequency
of the received response be set to twice the central frequency of the transmitted pulse to cover the total range
of the fundamental and second harmonic spectra[8,30].
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The microcirculation of the abdominal organs was
evaluated by contrast harmonic sonography with an
experimental EUS probe in the surgically opened abdomens of 12 dogs in 2005[31]. Soon after, phase inversion
software was adapted to try CH-EUS and was preliminary used in six patients[32]. In 2008, for the first time,
CH-EUS was introduced into clinical practice as a consequence of the manufacturing of a prototype echoendoscope with a dedicated broadband transducer[29].

PERFORMING CH-EUS: CRITICAL POINTS
There are several important aspects that need to be ob-
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served when performing CH-EUS. A large-gauge intravenous catheter of 16-18 G must be employed for the injection to avoid breaking the microbubbles. A three-way
stop-cock should be connected to the syringe with the
contrast in line with the catheter, and an additional syringe should contain a saline solution at an angle of 90º.
Because the high pressure during the injection may burst
the bubbles, the contrast must be administered slowly
and followed by a saline flush to avoid microbubble persistence in the vein[33,34].
After exploring the area of interest in fundamental
B-mode, a dual screen is displayed, showing the CH-EUS
image and conventional B-mode image at the same time.
This is useful to confirm the appropriate scanning area.
The setting will be optimised, and a low MI (typically
below 0.4) should be selected. However, fine adjustments
of the MI and insonation mode (intermittent vs real-time
modes) are advisable, mainly depending on the target. A
relatively lower MI (0.25-0.30) is suitable for lesions located near the transducer (2 cm or less), but a frequency
decrease (5 MHz) and therefore a higher MI (0.35-0.40)
may be needed to explore targets farther away from the
transducer (1.5-3 cm). Due to its higher sensitivity, a
higher MI may also be useful to ascertain the presence of
a microvessel in very hypovascular lesions. Intermittent
transmissions of the ultrasound beam are used to allow
enough bubbles to flow into the small parenchymal vessels before they are imaged and destroyed by the fresh
blood inflow during the non-transmission period. Therefore, intermittent contrast harmonic images are obtained
infrequently (lower image rate) at selectable time intervals
(0.2 s - interval delay) with a higher acoustic power and
higher MI (0.35-0.40), able to destroy bubbles in the area
of interest. This results in a stronger signal intensity and
longer enhancement, thereby optimising the exploration
of microvascular perfusion. With a continuous insonation
at a lower MI (0.25-0.30), images are obtained at a higher
rate, allowing for real-time observations; thus, flow is observed mostly in larger vessels with a higher flow velocity.
After setting the parameters in the ultrasound platform
and while keeping the interest area within the field of vision, the contrast is injected, and dynamic observation is
then performed[33].
It can take 10-20 s to observe the contrast agent’s
arrival, after which the arterial phase starts. This arterial
phase lasts approximately 30-45 s, during which time the
enhancement increases progressively. Most abdominal
organs have only an arterial blood supply, the exception
being the liver, which also has a portal venous supply that
leads to two different inflow phases (arterial and portal)
with different arrival times. After the arterial phase, there
is a progressive washout of the contrast, and the venous
phase persists from 30 to 120 s (Figure 5). Video recording of the most relevant sequences for subsequent review
is recommended[21,33].

CLINICAL APPLICATIONS OF CH-EUS
The first experience with CH-EUS using a new linear
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prototype echoendoscope was reported by Kitano et al[29].
Initially, they carried out experiments in vitro on a phantom model to determine the optimal MI. The maximum
changes in echointensity were observed with a MI of
0.35-0.40. Then, they performed in vivo experiments on
dogs to examine the microcirculation of the canine digestive organs and, finally, on two patients, one with pancreatic cancer and another with a gastrointestinal stromal
tumour. CH-EUS showed no vessels in the pancreatic
tumour, although diffuse fine vessels were detected inside
the stromal tumour. These results suggest the possible
role of CH-EUS in the investigation of certain pathological digestive conditions. In light of these encouraging
findings, the same authors conducted a second study to
evaluate the potential of CH-EUS in different clinical applications[35]. After performing CH-EUS on 77 patients
with a normal pancreas, a MI of 0.4 was established as
the most appropriate value to observe the pancreatic perfusion. Then, a heterogeneous group of 27 patients with
different pancreatic, gallbladder and gastrointestinal diseases underwent CH-EUS and contrast-enhanced Doppler EUS. Although no firm conclusions could be drawn
because of the small number of patients, the capacity of
CH-EUS to successfully visualise the microcirculation of
several digestive diseases was demonstrated, and its utility
in differential diagnoses was also suggested. Following
this preliminary experience, several studies have confirmed the potential of this technique, mainly in the field
of pancreatic pathology, although recently other indications have also been studied.
Solid pancreatic masses
The characterisation of pancreatic tumours remains
a challenge with important diagnostic and therapeutic
implications. Despite recent advances introduced in diagnostic imaging, there is no ideal diagnostic procedure
for the differentiation of pancreatic tumours. Histology
obtained by EUS-FNA is the gold standard. Nevertheless, needle aspiration can produce false results because
of sampling errors.
Ductal adenocarcinomas are generally hypovascular
because of their markedly desmoplastic changes. In contrast, endocrine tumours have abundant arterial vascularisation, whereas the vascularity of chronic pancreatitis
is usually equivalent to that in normal parenchyma[36].
These particularities have been exploited, and characteristic enhancement patterns of pancreatic masses using CH transabdominal ultrasonography (CH-US) have
been recently described [36,37]. Adenocarcinomas have
been found to be hypoenhanced after contrast injection.
Conversely, neuroendocrine tumours (NET) were mostly
hyperenhanced. Pancreatitis-associated masses have been
reported to have similar enhancements to those of the
normal pancreatic parenchyma, depending upon the inflammation and fibrosis. The main limitation of CH-US
is the restricted image resolution and poor visualisation
of deep areas due to intervening abdominal gas and fat.
These drawbacks are overcome by CH-EUS; due to the
proximity of the probe to the pancreatic gland, EUS
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A

B

C

Figure 5 Pancreatic neuroendocrine tumour (left side B mode, right side CH mode). A: No tumour enhancement is observed 6 s after injecting the contrast; B:
15 s after the injection, the contrast uptake is maximal; C: 30 s after the injection, the enhancement begins to decrease.

Figure 6 Hypoenhanced pattern in a pancreatic adenocarcinoma.

yields the highest spatial resolution images, surpassing
those achieved by US, CT and MRI[38].
Recently, three groups have prospectively evaluated
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the performance of CH-EUS in characterising solid
pancreatic masses after SonoVue or Sonazoid injection
with a new broadband-transducer echoendoscope in 35,
90 and 277 patients, respectively[39-41]. Adenocarcinoma
was diagnosed as an inhomogeneous hypoenhanced mass
(Figure 6) with high sensitivity (89%-95%) and specificity (64%-89%). A hyperenhanced pattern of the mass on
CH-EUS was 88% to 94% predictive of a lesion other
than adenocarcinoma in the two first series, whereas a hypervascular enhancement diagnosed NET (Figure 7) with
a sensitivity and specificity of 79% and 99%, respectively,
in the last series. Although one study using contrast-enhanced Doppler EUS showed the heterogeneous texture
as the most significant factor for malignancy in pancreatic
NET, at present, no experience has been reported with
CH-EUS for this indication[42].
Preliminary experience by several groups has suggested that CH-EUS is superior to CT and that contrast
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Figure 7 Hyperenhanced pattern in a pancreatic neuroendocrine tumour.

Figure 8 Autoimmune pancreatitis with hypoechogenic aspect in B mode
(left image) and diffuse enhancement in contrast mode (right image).

harmonic technology can improve the diagnostic accuracy of conventional EUS. Kitano et al[41] found that CHEUS was significantly more accurate than multidetector
CT in diagnosing small ductal carcinomas (P = 0.034).
In this study, EUS detected 12 lesions smaller than 2
cm that were missed by CT (10 adenocarcinomas and 2
NETs). CH-EUS revealed that 7 adenocarcinomas and
2 NETs displayed hypoenhancement and hyperenhancement, respectively. The same author reported that six adenocarcinomas without clear margins when explored by
EUS were clearly outlined with CH-EUS. Biliary stents
and chronic pancreatitis are well-known limitations of
EUS. It has been suggested by Fusaroli et al[40] that CHEUS may play an important role in overcoming these
limitations. The authors were able to diagnose 7 adenocarcinomas in seven patients whose pancreas had been
visualised inadequately owing to biliary stents or diffuse
chronic pancreatitis.
One of the most challenging issues facing current
imaging techniques is the differential diagnosis between
pancreatic cancer and mass-forming chronic pancreatitis.
On CH-US, chronic pancreatitis-related masses [Figure
8, hypoechogenic aspect in B mode (left image) and diffuse enhancement in contrast mode (right image)] have
been described to show a similar enhancement during the
early phase and a similar wash-out rate to that of the surrounding parenchyma[43]. Nevertheless, there is an inverse
relation between the echo intensity and the length of the
inflammatory process, most likely related to an increase
of the fibrosis. Therefore, the sonographic features of
pancreatic cancer and chronic pancreatitis can be very
similar and may even coexist within the same patient. Initially, Kitano et al[35] observed a homogeneous isovascular
pattern in all three patients with chronic pancreatitis in
their first series of CH-EUS. However, 1 out of 7 and 9
out of 13 chronic pancreatitis-related masses in the series by Napoléon and Fusaroli[39,40], respectively, showed
hypoenhancement at CH-EUS. Later, in a larger study by
Kitano et al[41], 6 out of 46 inflammatory pseudotumours
exhibited a non-enhanced pattern, whereas another 4 exhibited a hypoenhanced pattern. According to these findings, a qualitative hypoenhanced pattern after contrast
injection could not differentiate between a benign mass
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of chronic pancreatitis and adenocarcinoma in another
study on 30 patients[43]. In this group, Seicean et al[43] used
an index of contrast uptake ratio based on greyscale histograms to perform a quantitative analysis. The uptake
ratio index was significantly lower for adenocarcinoma
than for chronic pancreatitis, with a sensitivity of 80%
and a specificity of 91%. More recently, another quantitative approach analysing time intensity curves (TICs) has
been evaluated twice[43,44]. Using this new modality, Matsubara et al[44] revealed that the echo-intensity reduction
rate from its peak at 1 min was the greatest in pancreatic
cancer, followed by mass-forming pancreatitis, autoimmune pancreatitis, and NET (P < 0.05). CH-EUS in
combination with TIC increased the sensitivity, specificity
and accuracy to 96%, 93%, and 95%, respectively. Gheonea et al[45] confirmed statistically significant differences in
TIC values (P < 0.001) when comparing pseudotumoural
chronic pancreatitis and pancreatic cancer. In addition, a
third study by Imazu et al[46] also suggested TIC analysis
as a useful tool in discriminating between adenocarcinoma and autoimmune pancreatitis.
Although EUS-FNA is the gold standard to characterise solid pancreatic masses detected by EUS, due to
its low (average rate of 70%) negative predictive value
(NPV), a negative result cannot exclude malignancy[39].
Whether CH-EUS is superior to EUS-FNA remains
unclear because two studies have reported discordant results[39,41]. Nevertheless, CH-EUS appears to at least act as
a helpful complementary tool for EUS-FNA. Napoleon
et al[39] suggested that CH-EUS may be helpful in assisting
physicians to make a decision between surgery and follow-up in the case of a negative result after EUS-FNA.
They observed that 4 out of 5 adenocarcinomas with
false-negative EUS-FNA findings were hypoenhanced at
CH-EUS. Additionally, CH-EUS revealed that all ductal
carcinomas with false-negative EUS-FNA results had
hypoenhancement in the study by Kitano et al[41] The
combination of CH-EUS and EUS-FNA increased the
sensitivity of EUS-FNA for identifying adenocarcinoma
in this series from 92% to 100%. In addition, CH-EUS
may be useful in increasing the yield of EUS-FNA. Usually, multiple passes of a FNA needle are required to ob-
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observed using multidetector CT. These results have been
confirmed in a prospective study by Yamashita et al[52]
who performed CH-EUS on 17 consecutive patients who
had an IPMN with mural lesions. The sensitivity, specificity, positive predictive value (PPV), NPV and accuracy of
CH-EUS for mural nodule detections were 100%, 80%,
92%, 100%, and 94%, respectively. In contrast, 5 (3 of
them larger than 10 mm) of the 12 mural nodules were
not detected by multidetector CT.

Figure 9 Hypoenhanced pancreatic adenocarcinoma with hyperenhanced
peripheral foci (arrows) corresponding to inflammatory changes.

tain adequate samples from pancreatic tumours because
of the frequent presence of fibrosis and necrosis with no
viable cells. Simultaneous imaging of microcirculation by
CH-EUS could help avoid false negative results due to
bloody samples [in hyperintense areas, (Figure 9) or due
to necrosis or fibrosis (in areas with no signal)]. However, this possibility has not been extensively evaluated.
Kitano et al[47] performed FNA guided by CH-EUS on
39 patients with pancreatic tumours. No viable cells were
found in areas with a enhancement, whereas adequate
samples were obtained from 80% of sites with a heterogeneous vascular pattern and in all cases from areas with
a homogeneous pattern. Malignant cells were found in
73% and 61% of sites with heterogeneous and homogeneous enhancement, respectively.
Cystic pancreatic tumours
Cystic pancreatic tumours encompass a wide variety of
lesions with similar sonographic features but different
biological behaviours, and their accurate preoperative diagnosis remains difficult. During CH-US, the vascularised
structures of cystic lesions become progressively echogenic, whereas the intracystic content (blood clots, debris
and mucin) remains completely invisible. For this reason,
CH-EUS can improve the characterisation of pseudocysts and the differential diagnosis between benign
and malignant intraductal papillary mucinous neoplasia
(IPMN). The presence of mural nodules is one of the
most important criteria for making decisions about surgical intervention for IPMN[48]. The performance of CT
and EUS to discriminate between mural nodules and mucous clots is not satisfactory[49]. The use of CH-EUS on
IPMN was initially reported twice at the DDW in 2008
and 2009[50,51]. Hirooka et al[50] performed CH-EUS on
75 patients with IPMN. All of the operated cases among
28 patients showing enhancement corresponded to adenoma or more advanced lesions. Six of these patients
with invasive carcinoma displayed the coexistence of
hypervascular papillary growth areas with hypovascular
invasive regions. In another series of 19 IMPN, Kitano
et al[51] found enhancements on CH-EUS in 17 patients
(89%). This figure was significantly greater than the 37%
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Gastrointestinal submucosal tumours
Gastrointestinal submucosal lesions include a wide variety
of benign and malignant tumours. The differential diagnosis is performed based on the information gathered after observing the wall layer from which the tumour arises,
the echogenicity, the echo pattern and internal features.
However, these factors are sometimes insufficient, such
as in the differential diagnosis between leiomyomas and
gastrointestinal stromal tumours (GIST) and especially
in comparison between benign and malignant GIST.
Although EUS-FNA is widely accepted for diagnosing
submucosal tumours, it has several limitations. EUS-FNA
and EUS-Trucut biopsy show only a moderate diagnostic yield[53]. Among several prognostic factors for GIST,
when invasion of the surrounding structures or metastases are absent, one of the most important factors is
the mitotic count of histological samples. Unfortunately,
specimens of EUS-FNA from these tumours are often
insufficient for counting mitosis[53].
Only three studies have evaluated the role of CHEUS in characterising submucosal tumours[54-56]. In the
first, Sakamoto et al[54] assessed whether CH-EUS can
predict the malignant risk of GIST. All 16 high-risk GIST
patients had irregular vessels and heterogeneous enhancement, whereas only five of the 13 low-risk GIST patients
exhibited this feature. CH-EUS predicted malignant GIST
with a sensitivity, specificity and accuracy of 100%, 63%,
and 83%, respectively, in comparison with the 63% sensitivity, 92% specificity, and 83% accuracy of EUS-FNA
for diagnosing high-grade malignant GIST. The authors
suggested that CH-EUS may play an important role in
predicting the malignancy risk of GIST. However, there is
no agreement about the ability of CH-EUS to distinguish
GIST from other spindle cell tumours, as opposite results
have also been reported. When CH-EUS was used to assess the vascularity of 17 esophagogastric submucosal
tumours, Kannengiesser et al[55] observed that the eight
lesions with hyperenhancement were all histologically
identified as GIST, whereas the nine hypoenhanced lesions corresponded to four lipomas and five leiomyomas.
They concluded that CH-EUS can discriminate GIST
from truly benign submucosal lesions with good accuracy.
Accordingly, out of 51 submucosal tumours Fusaroli
et al[56] found that GIST and NET were prevalently hyperenhanced (Figures 10 and 11), whereas leiomyomas
(Figure 12) and lipomas were hypoenhanced, reflecting
a significant difference between the contrast uptake of
GIST and leiomyomas (P = 0.0007). In contrast, in the
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Figure 10 Gastric gastrointestinal stromal tumour displayed as hyperenhanced submucosal lesion with some macrovessels (arrows) inside the tumour.

A

B

Figure 11 Duodenal carcinoid tumour: Hyperenhancement after contrast
injection.

Figure 13 Ampullary tumour with echoic material inside the distal bile
duct. A: No enhancement is observed 7 s after contrast injection; B: Bile duct
involvement is diagnosed after contrast enhancement 28 s after the injection.
Figure 12 Leiomyoma of the gastric cardias showing a hypoenhanced
pattern.

study by Sakamoto et al[54] low-grade malignant GIST and
all benign spindle cell neoplasms, including 6 leiomyomas
and 1 schwannoma, presented regular vessels and homogeneous enhancement at CH-EUS, indicating that EUSFNA is necessary for the histological differentiation of
spindle cell tumours. Further research is required to confirm the role of CH-EUS in differentiating submucosal
tumours and in predicting GIST malignancy.
Other indications
The use of CH-EUS is still in the beginning stages; as
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such, its anecdotal applications in several areas of potential interest have not yet been completely explored to determine whether CH-EUS could play an important role.
Biliary tract diseases
A recent report about CH-EUS in one patient with
biliary papillomatosis of the extrahepatic bile duct confirmed that CH-EUS can differentiate sludge from true
lesions by demonstrating vascularity[57]. Sludge and nonshadowing stones can be excluded in the presence of
arterial enhancement (Figure 13). Nevertheless, the ability
of CH-EUS to differentiate between the different polypoid lesions of the gallbladder is less evident and has
only been evaluated twice[58,59]. Differentiating gallblad-
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Figure 14 Perivascular infiltration by a pancreatic adenocarcinoma displayed as a hypoechoic wall thickening of the celiac artery (arrows).

der carcinoma from adenomyomatosis can be easy in
fundamental B-mode EUS, but discriminating between
gallbladder adenomas and cholesterol polyps based on
EUS remains still challenging because they have similar
echogenicity and morphology. A differential diagnosis
between adenomas and cholesterol polyps is important
because adenomas can transform into malignant lesions,
whereas cholesterol polyps are benign lesions that do not
need to be followed up or resected. Park et al[58] observed
that homogeneous and heterogeneous enhancement
was shown mostly by adenomas and cholesterol polyps,
respectively. The homogeneous pattern corresponds
histologically to the microvessels uniformly distributed
between glands in the connective tissue, whereas the heterogeneous enhancement may be explained by the loose
distribution of microvessels in cholesterol polyps. However, the sensitivity and specificity of CH-EUS were only
75% and 67%, respectively. The authors hypothesised
that a quantitative perfusion analysis may be necessary to
increase the diagnostic accuracy of CH-EUS in this indication. However, due to their lower risk of malignancy,
gallbladder polyps smaller than 10 mm are generally managed by observation, leaving the major pitfall to be dealing with larger gallbladder polyps. Choi et al[59] evaluated
the performance of CH-EUS in assessing the malignant
potential of gallbladder polyps larger than 10 mm. In this
study, the sensitivity and specificity of CH-EUS in diagnosing malignant polyps were 94% and 93%, respectively,
when considering the presence of irregular vessels and
perfusion defects as predictors of malignancy.
Lymph nodes
The accurate characterisation of lymph nodes is a crucial factor in oncologic staging for the estimation of the
prognosis and selection of treatment options. Morphologic echo features are not accurate enough to predict
the benign or malignant nature of lymph nodes. Lymph
nodes have been explored by this new technique as part
of a study investigating intra-abdominal lesions of undetermined origin[60]. A preliminary suspicion of lymphadenopathy can be intuitively determined, but other possibilities must be considered. CH-EUS was used to study
43 undetermined intra-abdominal lesions suspected to be
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malignant lymph nodes; in fact, 35 lesions were lymph
nodes in the final pathological analysis, but the remaining
8 lesions included 3 GIST, 3 abscesses, 1 schwannoma,
and 1 paraganglioma. Heterogeneous enhancement was
only observed in malignant lesions, and only one malignancy presented a homogeneous pattern. The sensitivity, specificity, PPV, NPV and accuracy of CH-EUS for
the differential diagnosis between benign and malignant
lesions were 96%, 100%, 100%, 94%, and 98%, respectively. Although cytological diagnosis based on the
samples obtained by EUS-FNA is the standard practice,
a non-invasive diagnostic tool is also important to guide
clinical decision-making, especially when tumours are not
accessible for EUS-FNA, when EUS-FNA of the lymph
nodes requires traversing the tumour, or when the obtained samples are insufficient.
Tumour staging
In addition to the characterisation of pancreatic tumours,
T staging, especially regarding vascular invasion, is crucial to planning the appropriate treatment strategy for
pancreaticobiliary neoplasia (Figure 14). EUS errors in
the local staging of tumours are often somehow due to
peritumoural inflammation, which renders the tumoural
margins unclear due to the difficulty of distinguishing between peritumoural inflammatory tissue and hypoechoic
tumours. The interface between inflammatory tissue
and the tumour was better depicted with CH-EUS by
enhancing the peritumoural inflammation in a study by
Imazu et al[61]. They compared EUS and CH-EUS in 26
patients before each underwent a surgical resection for
pancreaticobiliary tumours. CH-EUS was significantly superior to EUS for T staging, with an overall accuracy of
92% and 69%, respectively (P < 0.05). CH-EUS correctly
staged six cases over-staged by EUS. No portal vein involvement was demonstrated in four of the cases by CHEUS. CH-EUS depicted the portal wall more clearly and
therefore was more specific for the diagnosis of portal
invasion, compared to EUS (100% vs 83%). Using quantitative CH-EUS, Seicean et al[43] were unable to reproduce
these results. The staging of pancreatic adenocarcinoma
was not modified based on the application of CH-EUS
compared with EUS. Therefore, the role of CH-EUS for
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tumour staging needs to be clarified in further and larger
studies.
Nodules and masses in other organs, such as the suprarenal glands and the spleen, also warrant subsequent
assessment. Although histology is the optimal mode of
diagnosis for infiltration by lymphoma, it is not ethically
feasible to perform systematic splenic biopsies as part of
the diagnostic work-up for staging lymphomas due to the
higher complication rates of splenic-FNA. Recently, in a
study on 100 patients with Hodgkin lymphoma, CH-US
correctly identified 30 out 33 patients with nodular infiltration of the spleen, whereas CT and positron emission
tomography only detected 13 patients[62]. Nevertheless,
splenic sonography is limited by the difficulty of imaging
the deep pole and subphrenic regions, as well as the potential for shadows from the left colonic flexure. Therefore,
CH-EUS might be a useful mean of avoiding these obstacles. Other potential applications, such as portal hypertension and the assessment of depth invasion in oesophageal
and gastric neoplasias, require further investigation.
It is important to know that all of the above indications constitute off-label uses of UCAs. The use of UCAs
for abdominal indications is only licensed for liver applications in Europe and the United States. However, the
safety and efficacy of UCAs for off-label areas have been
demonstrated in several studies by researchers all over the
world. Moreover, the publication of the European guidelines on UCAs for non-liver examinations recognises their
utility in many other areas, allowing practitioners of ultrasound to move forward with the application of off-label
UCAs. The lack of license means patients should be informed and asked to sign an informed consent document.
Practitioners must screen all patients for contraindications,
and resuscitation equipment should be at hand[21,33].

FUTURE: THERANOSTICS
Significant progress towards the development of microbubbles as theranostics has expanded their applications
to a wide variety of biomedical indications, especially in
oncology.
Predicting and monitoring therapy response
Understanding prognostic factors before treating patients with anti-tumour agents may be helpful in selecting patients predicted to have an improved survival after
chemotherapy. Gemcitabine is currently the chemotherapeutic agent of choice for unresectable pancreatic cancer,
although in some patients, the treatment has not been
effective. Sofuni et al[63] used CH-US in patients with unresectable advanced pancreatic cancer treated by chemotherapy. They found that patients with abundant intratumour blood flow had a significantly better response, and
these changes in intratumour blood flow after treatment
were related to prognosis (P = 0.006).
More recently, Yamashita et al[64] performed CH-EUS
on 39 consecutively admitted patients with unresectable pancreatic cancer who were scheduled to undergo
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chemotherapy. They looked for large intratumoural vessels, as opposed to the previous study’s evaluation of
enhancement patterns. The hypothesis that tumours with
intratumoural vessels are chemosensitive appears to be
reasonable because drugs penetrate tumours through vessels. In fact, the authors showed that both progressionfree survival and overall survival were significantly longer
in patients with intratumoural large vessels (P = 0.037
and P = 0.027, respectively) and that a positive vessel sign
was an independent factor associated with longer survival
by multivariate analysis (OR = 0.22).
In the past few years, pancreatic cancer treatment by
tissue ablation has gradually been accepted. Experiments
in pigs have demonstrated that CH-EUS is a successful
technique to visualise the altered pancreatic perfusion in
the focal areas of pancreatic necrosis after tissue ablation,
thus facilitating post-treatment follow-up[65].
Although no study has evaluated the role of CHEUS in monitoring anti-angiogenic treatments of GIST,
an early predicted response with CH-EUS may be possible by analysing the decrease in vascularity before any
volume reduction is observed. If confirmed in further
studies, CH-EUS may become a safe, highly accurate and
cost-effective alternative to CT and PET-CT[66].
Targeted microbubbles
Future challenges include targeted imaging and the use
of microbubbles for therapeutic purposes. Only a few
studies in these fields have been performed using CH-US,
and most of these occurred in an experimental setting.
Targeted ultrasound imaging: Antibodies, peptides
and other targeting moieties may be bound to microbubbles to target sites of inflammation, angiogenesis and
cancer to obtain more disease-specific information, to
better characterise tumours and to more sensitively monitor therapeutic responses[67]. Although targeted imaging is
becoming especially popular in monitoring the response
to anticancer treatments in the last few years, few preclinical studies have been carried out. In one of these studies,
Korpanty and co-workers[68] used molecular ultrasound
targeting the VEGF in an orthotopic model of pancreatic cancer during anti-angiogenetic treatment. They found
a decreasing marker density after therapy that correlated
with the observed treatment effects.
Therapeutic applications of microbubbles: The applications of therapeutic ultrasounds can be classified
into those that enhance the delivery of therapeutic agents
and those based on the direct effects of ultrasound energy deposition[69].
Ultrasound-triggered drug and gene delivery: Bioactive substances (genes, drugs, proteins, etc.) can be
attached to or incorporated into microbubble shells.
Microbubbles can be destroyed by applying high ultrasound energies. This leads to increased capillary and cell
membrane permeability in the immediate vicinity, thus
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facilitating tissue and cell penetration by loaded bioactive
substances[70].
Usually, the major limitation of systemic chemotherapy is the off-targeted side-effects. Focusing the
ultrasound field at the target tissues and organs improves
not only the efficacy but also the selectivity of the treatment; thus, the undesirable side effects in healthy tissues
may be reduced[71]. Recently, Tinkov et al[72] demonstrated
the significantly decreased tumour growth of a pancreas
carcinoma model in rats due to ultrasound-targeted microbubble destruction following the administration of
a novel doxorubicin-loaded, phospholipid-based microbubble formulation.
Similarly, microbubble UCAs have the potential to
dramatically improve gene therapies by enhancing the delivery of plasmid DNA products to malignant tissues[73].
Microbubbles as therapeutic agents: The therapeutic
potential of microbubbles is mainly based on damage
to the cell wall. Microbubble oscillation in a sonicated
medium generates heat as a result of friction with surrounding structures and their decompression. The release
of heat to the surrounding tissues causes local damage[74].
Although thermal injury is the best-known application of
therapeutic ultrasound, another mechanism of cell damage is acoustic cavitation. Acoustic cavitation consists of
fast microbubble growth and expansion, leading to their
ultimate collapse under the influence of high powered ultrasound waves in a fluid medium[69]. The collapse of the
bubbles near the blood vessel walls results in irreversible
damage to intact cells and a non-destructive increase in
membrane permeability[74].
In conclusion, CHI has been available for EUS over
the last five years, and preliminary experience has shown
CH-EUS to be a successful imaging technique for the
characterisation of several digestive disorders, especially
pancreatic tumours, which have been more extensively
studied. More recently, the potential of CH-EUS to
improve EUS-FNA accuracy and the local staging of
pancreaticobiliary cancers has also been suggested. Other
possible applications have been proposed, such as the
prediction and monitoring of tumour responses to chemotherapy drugs, follow-up after tumoural tissue ablation,
and targeted delivery of gene and drug-based therapies.
Prospective and larger studies are needed to confirm these
promising results, to standardise the microvascularity patterns and to investigate unexplored potential indications.
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Abstract
Pancreatic adenocarcinoma remains a most deadly malignancy, with an overall 5-year survival of 5%. A subset
of patients will be diagnosed with potentially resectable
disease, and while complete surgical resection provides
the only chance at cure, data from trials of postoperative chemoradiation and/or chemotherapy demonstrate
a modest survival advantage over those patients who
undergo resection alone. As such, most practitioners
believe that completion of multimodality therapy is the
optimal treatment. However, the sequence of surgery,
chemotherapy and radiation therapy is frequently debated, as patients may benefit from a neoadjuvant
approach by initiating chemotherapy and/or chemoradiation prior to resection. Here we review the rationale
for neoadjuvant therapy, which includes a higher rate
of completion of multimodality therapy, minimizing the
risk of unnecessary surgical resection for patients who
develop early metastatic disease, improved surgical
outcomes and the potential for longer overall survival.
However, there are no prospective, randomized studies
of the neoadjuvant approach compared to a surgeryfirst strategy; the established and ongoing investigations of neoadjuvant therapy for pancreatic cancer are
discussed in detail. Lastly, as the future of therapeutic
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regimens is likely to entail patient-specific genetic and
molecular analyses, and the treatment that is best applied based on those data, a review of clinically relevant
biomarkers in pancreatic cancer is also presented.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic cancer; Neoadjuvant therapy;
Chemotherapy; Chemoradiation; Biomarkers
Core tip: The sequence of multi-modality therapy for
pancreatic cancer continues to be debated, though
many pancreatic cancer specialists are increasingly
utilizing neoadjuvant chemoradiation prior to surgical
resection. This manuscript details the rationale for neoadjuvant therapy, the data that supports its use, and
the potential of biomarker use for personalizing care in
pancreatic cancer.
Sutton JM, Abbott DE. Neoadjuvant therapy for pancreas cancer:
past lessons and future therapies. World J Gastroenterol 2014;
20(42): 15564-15579 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i42/15564.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i42.15564

INTRODUCTION
The diagnosis of pancreatic cancer portends a very poor
prognosis. Worldwide, approximately 300000 new cases
of pancreatic cancer are diagnosed annually, while in the
United States, pancreatic adenocarcinoma remains the
fourth leading cancer-related cause of death in both men
and women[1]. The American Cancer Society estimates
that approximately 45000 patients will be diagnosed
with pancreatic cancer in 2013 while over 37000 patients
will succumb to this disease by year’s end[2]. The average
American’s lifetime risk for developing pancreatic cancer
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is 1%-2% and, unlike most other malignancies, the incidence of pancreatic cancer has been slowly increasing
over the last decade. Pertinent risk factors for developing
pancreatic cancer include chronic pancreatitis, smoking,
diabetes mellitus, significant family history, and certain
genetic disorders such as cystic fibrosis, hereditary pancreatitis, Peutz-Jeghers syndrome, and Lynch syndrome[3].
Despite more sophisticated imaging modalities including high-resolution computed tomography scanning and
endoscopic ultrasound, the overall 5-year survival for
all patients with pancreatic cancer approaches 5%. This
abysmal statistic is underscored by the fact that many
patients present late in their disease process, with four
out of five patients initially presenting with unresectable tumor burden; one-third of these patients will have
locally-advanced disease deemed unresectable while the
remaining two-thirds will have evidence of stage Ⅳ distant metastases found on staging work-up[4].
Complete resection of pancreatic cancer with negative surgical margins is obligatory for long-term survival,
and, while surgery remains the only curative therapy for
pancreatic cancer, only 15% of patients undergoing resection are actually cured of their disease long-term[5].
The remaining 85% will eventually develop locoregional
recurrence and/or distant metastases. Frequently, pancreatic cancer recurs systemically while sparing the surgical
site, suggesting systemic disease was present at the time
of diagnosis and initial resection. As such, both chemoradiation and chemotherapy have been utilized as adjuncts
to surgical resection in an attempt to minimize locoregional and distant recurrence, respectively.
Two major drivers of poor survival in patients with
pancreatic cancer are delayed detection and lack of effective chemotherapy. Unlike many other gastrointestinal
malignancies, pancreatic cancer tends to remain asymptomatic and undiagnosed until significant locoregional
or distant disease is present. While early detection is rare,
patients diagnosed with tumors limited to the pancreas
without nodal involvement who undergo resection can
experience a median survival of 33 mo with 1-, 3-, and
5-year survivals of 80%, 49%, and 41%, respectively[6].
Unfortunately, current screening modalities are neither
sensitive nor specific enough to identify and diagnose
these tumors at such an early stage, limiting the number
of patients who undergo meaningful and curative surgical resection. Furthermore, current chemotherapy regimens are only marginally effective in extending survival
(a fact that has not changed in over 30 years)[7-12]. Based
on these challenges, recent attention has turned to novel
therapeutic agents and delivery sequences in an attempt
to improve survival within this vulnerable patient population.

LESSONS FROM THE PAST - ADJUVANT
THERAPY TRIALS
Several prospective randomized trials investigating the
benefit of adjuvant therapy following surgical resection

WJG|www.wjgnet.com

paved the way for current practice patterns. Early studies
utilized fluorouracil (5-FU) as the backbone of chemoradiation and/or chemotherapy regimens. In 1985, the Gastrointestinal Tumor Study Group (GITSG) demonstrated
a nearly 2-fold improvement in median survival and a
3-fold improvement in 2-year survival rates of patients
who received systemic 5-FU and 5-FU based chemoradiation (40 Gy) following resection[7]. However, due to
the small sample sizes (n = 22 for observation, n = 21 for
treatment), as well as the historically low survival within
the control group, many have remained critical of these
early findings. Fourteen years later, the European Organisation of Research and Treatment of Cancer (EORTC)
published a study comparing split course 5-FU-based
chemoradiation vs observation following resection with
curative intent of combined pancreatic and periampullary
tumors[13]. Despite the modest improvement in survival
(17.1 mo vs 12.6 mo) in patients who received adjuvant
therapy, the study was underpowered to achieve statistical significance in the subset of patients with pancreatic
tumors, and these authors concluded that chemoradiation
was not beneficial in this setting.
In an effort to further clarify the role of adjuvant
therapy, the European Study Group for Pancreatic
Cancer (ESPAC) investigated the efficacy of both chemotherapy and chemoradiation in patients undergoing
surgical resection[9]. Utilizing a 2 × 2 factorial design, patients were randomized to either observation, 5-FU based
chemotherapy, 5-FU based chemoradiation, or both after
undergoing curative resection. This study demonstrated a
significant survival benefit for patients who received systemic 5-FU based chemotherapy, while chemoradiation
conferred a negative prognosis, leading to a European
standard of care that does not include radiation therapy
in the multimodal treatment of pancreatic cancer. Due
to criticisms regarding the randomization scheme, the
relatively low-dose of radiation administered (a hypofractionated dose of 20 Gy vs the traditional 50.4 Gy),
as well as the lack of quality control of the radiotherapy
administered, the negative prognostic effect of chemoradiotherapy was generally not accepted within the United
States.
For many years, 5-FU was the only efficacious chemotherapeutic agent available in the treatment of pancreatic cancer. One promising alternative, gemcitabine,
was introduced in the 1990s, and initial phase 1 studies
demonstrated a reasonable safety profile with low rates
of significant toxicity[14]. Burris et al[15] noted that patients
with locally advanced pancreatic cancer treated with gemcitabine demonstrated a significant clinical benefit and
modest improvement in survival compared to treatment
with the traditional 5-FU regimen. That same year, the
phase 3 study CONKO-001 began accruing. This trial
sought to compare adjuvant single-agent gemcitabine vs
observation in patients following curative-intent resection of pancreatic cancer. Almost a decade later, the
initial results of the CONKO-001 trial demonstrated
a significantly prolonged disease-free survival in the
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gemcitabine arm[8]. An updated analysis published this
year with a median follow-up of 136 mo confirmed the
disease-free survival advantage of gemcitabine compared
to observation (13.4 mo vs 6.7 mo, p < 0.001). Beyond
that, patients treated with adjuvant gemcitabine also had
a significantly improved overall survival (OS). Five- and
ten-year OS rates between the gemcitabine and observation groups were 20.7% vs 10.4% and 12.2% vs 7.7%,
respectively[16]. In a more recent phase Ⅲ trial, the US
Intergroup/RTOG9704 study investigated the impact of
adding gemcitabine to a 5-FU based chemoradiation and
chemotherapy regimen following resection[17]. This study
demonstrated a modest clinical (but not statistically significant) improvement in median and 5 year overall survivals. These adjuvant trials, and other studies substantiating the activity of gemcitabine in the setting of advanced
and metastatic disease, have established this drug as a
standard first-line therapy postoperatively[18].

RATIONALE FOR NEOADJUVANT
THERAPY
While chemoradiation and systemic chemotherapy have
been shown to improve survival in patients undergoing
surgical resection of pancreatic cancer, the sequencing of
these treatment modalities remains a topic of continued
research and debate. Specifically, with emerging data that
chemotherapy and/or chemoradiation prior to surgical extirpation can be associated with superior patient
outcomes, the notion of neoadjuvant therapy followed
by resection has gained traction among many pancreatic
cancer specialists. As the neoadjuvant strategy evolves,
the question of which patients should undergo neoadjuvant therapy persists. Should all patients with potentially
resectable tumors receive chemoradiation prior to surgery, or only those with borderline resectable or locally
advanced tumors? And which patients are likely to benefit
most from a neoadjuvant regimen? Currently, we do not
have strong evidence-based answers to these questions.
However, supporters of a neoadjuvant approach point to
its ability to select a patient population that will ultimately
and maximally benefit from completion of multimodality
therapy. In general, initially treating patients with a neoadjuvant approach will inherently “select-in” ideal candidates for surgery while “selecting-out” poor operative
candidates or those with distant disease[19]. A more detailed rationale for the neoadjuvant approach is outlined
here (Table 1).
Improving margin negative resection rates
Neoadjuvant radiotherapy results in the killing of cancer cells at the periphery of the tumor. By sterilizing the
microscopic edge of the tumor, patients may experience
improved negative margin resection rates and therefore
a reduction in local recurrence[20,21]. Because surgical
resection leads to a significant disruption of the native
blood supply within the pancreatic tissue and neighbor-
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Table 1 Rationale for patient selection for neoadjuvant
therapy in pancreatic cancer
Rationale in support of neoadjuvant therapy
Increasing the likelihood of margin-negative resection[4,20-25]
Increasing the likelihood of completion of multimodality therapy[5,26-29]
Increasing efficacy of radiotherapy[4,24]
Minimizing pancreatic leak (without increasing complications)[19,30-34]
Determination of indeterminant lesions[29,35]
Declaration of distant metastases[4,29]
Decreasing “open-and-close” rates[19]
Allowing a patient’s functional status to declare itself[36]
Improved cost-effectiveness[37]

ing retroperitoneal nodal basin, chemotherapeutic agents
delivered as pro-drugs which rely on the production of
active metabolites for cytotoxicity and/or sensitization
of the tissue prior to radiation may not be delivered as
effectively to the site of cancer in post-operative tissue
without an intact blood supply[22]. A study published in
Annals of Surgery in 2008 investigated the tissue-level response in patients with resectable pancreatic tumors undergoing neoadjuvant chemotherapy[23]. In this prospective phase Ⅱ trial, patients received 4 bi-weekly cycles of
gemcitabine and cisplatin prior to restaging and surgical
resection. Following therapy, cytopathologic and histological responses to the chemotherapy regimen were noted
in 83% and 54% of patients, respectively. A significant
reduction in tumor metabolism as determined by fluorodeoxyglucose uptake was also identified as compared
to baseline, and this finding correlated with histological
Ki-67 expression. Similarly, external beam radiotherapy
requires well-perfused and well-oxygenated tissue to exert
its maximal ionizing damage. Relative tissue hypoxia has
been shown to confer radiation resistance, especially in
an adjuvant setting[4,24]. By providing radiotherapy to unadulterated and well-oxygenated tissue, radiation therapy
proves more potent and efficacious. Furthermore, receipt
of radiotherapy preoperatively allows for delivery of a
smaller dose in a more directed radiation field and avoids
administering radiation to a freshly reconstructed bowel
anastomosis[4].
Increasing resectability
While pre-operative locoregional and systemic therapy
has the potential to improve rates of margin-negative
resection, neoadjuvant therapy can also increase the
number of operable candidates by converting an initially
unresectable tumor to a resectable one. A meta-analysis
by Gillen et al[25] demonstrated that approximately onethird of patients who were deemed unresectable at initial
staging may undergo neoadjuvant therapy and convert to
operable candidates while maintaining similar survival estimates as those initially deemed resectable. With the estimated 45000 new cases diagnosed annually it the United
States, this translates to a chance at a curative resection
for 15000 patients who would have otherwise died of
their disease burden.
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Figure 1 Survival in patients with pancreatic cancer who undergo neoadjuvant therapy vs a surgery-first approach. Survival curves for patients who
complete multimodality therapy, inclusive of chemoradiation and curative-intent
resection, incorporating major postoperative complications or those who never
undergo resection.

Completion of multimodality therapy
The use of multimodality therapy (surgical resection,
chemotherapy and radiation therapy) is being increasingly
recognized as the optimal approach to treating patients
with pancreatic cancer[26]. However, the efficacy of multimodality therapy, whether given pre- or postoperatively,
is contingent upon completion of the ascribed regimen.
Given the inherent morbidity and associated post-operative complications of pancreatic surgery, an estimated
25%-50% of patients will experience a delay or never
initiate adjuvant therapy[5,27,28]. A recent study from The
University of Texas MD Anderson Cancer Center evaluated the rates of completion of multimodality therapy
in those who underwent neoadjuvant therapy vs those
who initially underwent surgical resection[29]. Eighty-three
percent of patients who underwent neoadjuvant therapy
received their entire multimodality regimen vs just 58% of
patients who underwent surgical resection first. Consider
also that 100% of patients who underwent resection the modality of pancreatic cancer treatment proven to
matter the most - received the maximal benefit of their
multimodality therapy. While there was no significant difference in major postoperative complications between
the two treatment strategies, those patients who experienced major postoperative complications were less likely
to complete their adjuvant multimodality therapy. Not
surprisingly, those patients who completed multimodality therapy demonstrated a significant survival advantage
compared to those who did not (36 mo vs 11 mo, p <
0.001) regardless of timing (Figure 1). This study demonstrates that patients who undergo neoadjuvant therapy
are more likely to not only initiate but also complete their
course of non-surgical treatment, and therefore experience its full therapeutic potential.
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Prohibitive
performance
status
n = 17 (47%)

Patient
refusal
n = 1 (3%)

Figure 2 Outcomes in patients who undergo neoadjuvant therapy. Of
those patients with potentially resectable pancreatic tumors who undergo
chemoradiation, 71% went on to undergo complete surgical resection. Reasons
for not undergoing complete resection included declaration of distant metastases, prohibitive performance status, anatomically unresectable locally-advanced
tumor, and patient refusal.

Minimizing pancreatic leak (without increasing
complications)
As directed radiation can result in significant glandular fibrosis, the radiation therapy itself may allow for a
pancreatic anastomosis with a lower leak rate as a result
of a firmer, fibrotic pancreas[30-32]. Numerous studies
evaluating intra- and post-operative complications following neoadjuvant chemoradiation have noted relative
reductions in pancreatic anastomotic leak rates in patients
treated preoperatively, with pancreatic fistula rates in
the single digits[19,33]. Though some studies have demonstrated that neoadjuvant therapy is associated with higher
intraoperative blood loss, vascular reconstruction rates,
and longer operative time, no documented studies have
demonstrated increased rates of postoperative complications in patients following neoadjuvant therapy[31,34].
Indeterminant lesions, declaration of distant metastases,
and decreasing "open-and-close" rates
Roughly half of the patients who are newly diagnosed
with pancreatic adenocarcinoma present with distant
metastases at the time of initial staging[4]. Additionally,
a significant number of patients without evidence of
distant metastases on initial staging are found to have unanticipated metastases at the time of surgery (though this
is partially dependent upon the interval duration between
imaging and operation); these patients likely harbored micrometastatic tumor cells at the time of initial staging[35].
As such, neoadjuvant therapy may help to identify this
subset of patients and prevent “open-and-close” operations. Still yet, some patients may demonstrate no evidence of distant disease on initial staging or at the time
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of surgery, yet develop radiographic evidence of distance
metastases within months of resection. Undergoing neoadjuvant treatment in this scenario provides time for micrometastases to declare themselves radiographically, prior to operation. A recent study by Tzeng et al[29] outlined
these possibilities (Figure 2). In those patients who demonstrate distant disease at the completion of neoadjuvant
therapy, the identification of aggressive tumor biology
spares them the morbidity of an otherwise futile surgery.
An additional cohort of patients may have indeterminate
lesions on initial staging. Neoadjuvant treatment allows
for these potentially metastatic lesions to enlarge, shrink,
or remain unchanged-thus providing additional diagnostic
information for otherwise potentially resectable disease
prior to undergoing surgery.
Temporal assessment of functional status
In addition to those patients with anatomically borderline pancreatic tumors, the group from MD Anderson
describes another cohort of patients who may have a
borderline functional status. This group, termed Borderline Resectable Type C, are those patients with resectable
tumors who present as sub-optimal surgical candidates
given their extreme age, poor functional status, significant
weight loss and/or malnutrition, or debilitating medical
comorbidities[36]. Utilizing the American College of Surgeons National Surgical Quality Improvement Program
(ACS-NSQIP) Database, they noted that approximately
one-third of patients undergoing elective pancreaticoduodenectomies met their criteria for Borderline Type
C[36]. Moreover, this cohort was more likely to experience
major postoperative complications and death compared
to medically-optimized patients[28]. One may suggest that
neoadjuvant therapy in these frail patients could provide
a window for medical optimization prior to surgery, or at
the very least a chance for a debilitated functional status
to declare itself prior to undergoing the morbidity of a
pancreatic resection.
Cost-effectiveness
In addition to data supporting neoadjuvant therapy from
a patient outcomes perspective, there are data to suggest
that neoadjuvant therapy is more cost-effective -from
a societal perspective - than a surgery first approach.
A recent study by Abbott et al[37] utilized data from the
National Surgical Quality Improvement program, the
American College of Surgeons National Cancer Data
Base, and a prospectively-maintained database of patients
undergoing neoadjuvant therapy at MD Anderson to
construct an analytic model investigating the costs and
survival for patients undergoing various treatment strategies. The authors concluded that receipt of neoadjuvant
chemoradiation for pancreatic cancer yielded an improved survival (reported in quality-adjusted life months)
as well as a significant cost savings of approximately
$10000 per patient-case compared to those undergoing a
surgery-first approach. In our current healthcare climate,
which stresses improved quality under continued fiscal
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constraints, treatment strategies that achieve optimal outcomes at reduced costs will be increasingly expected.
Limitations of neoadjuvant therapy
There are, of course, limitations to pursuing neoadjuvant therapy in all patients. Firstly, patients with initially
resectable tumor burdens may experience local progression of their disease while receiving neoadjuvant therapy.
Though very rare (2%-3%) in these patients, the absence
of distant metastases with concomitant local advancement may result in an unresectable tumor. In these patients, a surgery-first approach may have benefitted them,
though with an aggressive tumor biology - marked by
progression on chemotherapy - it is difficult to make any
strong conclusions about outcomes in this small cohort
of patients. Secondly, unlike data on adjuvant therapy
regimens, large randomized prospective phase Ⅲ trials
investigating the efficacy of neoadjuvant regimens are
lacking. To date, no phase Ⅲ trials directly comparing
neoadjuvant therapies to adjuvant therapies have been
published; as such, we are currently forced to extrapolate
our knowledge from smaller phase Ⅰ/Ⅱ investigations.

NEOADJUVANT THERAPY TRIALS
Two recently published reviews by Lowy[5] and Abbott et
al[38] extensively discuss the landmark neoadjuvant trials
published through 2008. Here, we will review a select few
of these studies and proceed to focus on recent investigations published within the last 5 years (Table 2).
The first major study investigating the effects of
chemoradiation in the neoadjuvant setting was published
in 1993 by Yeung et al[39]. In this Phase Ⅱ study, patients
with biopsy-proven pancreatic (n = 26) or duodenal cancer (n = 5) were treated with 50.4 Gy of radiation and
concurrent tissue-sensitizing 5-FU and mitomycin C. Due
to progression of disease in one-third of the study population, patients with pancreatic adenocarcinoma achieved
a resection rate of 38%. In those resected patients, the
authors reported a reduction in the rate of positive surgical margins and regional lymph node involvement in
patients who underwent neoadjuvant therapy. The 5-year
survival rates were 58% and 0% for those patients who
underwent resection vs those unresected, respectively.
Since that initial study, further investigations into the
role of neoadjuvant therapy prior to attempted resection
have demonstrated improved resection rates with variability in effects on median survival. With various radiation regimens (30.0 to 50.4 Gy), combinations of chemotherapeutic agents (e.g., 5-FU, mitomycin C, paclitaxel,
and cisplatin) and dosing, resection rates ranging from
45%[27] to 85%[40] were associated with median survival
durations of two years or less. A recent Phase Ⅱ study
from France published in 2008 enrolled 41 patients with
localized, potentially resectable pancreatic adenocarcinoma and treated them with 50 Gy of radiation combined
with 5-FU and cisplatin[41]. Twenty-six patients (63%)
went on to curative resection, and 81% had an R0 resec-
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Table 2 Recently published prospective neoadjuvant trials of multimodal therapy for pancreatic cancer n (%)
Ref.

Initial staging

Regimen
Chemoradiation

Chemotherapy

Resection

Survival

Notes

Gem: 42%, Gem +
Cis: 62%
(1 yr survival)
Overall: 9.4 mo,
R: 11.7 mo (2 yr
survival 32%)
UR: 5.7 mo

Overall: 26.5 mo;
R: 19.1 mo
Overall: 22.7 mo;
R: 34 mo, UR: 7 mo
(p < 0.001);

Randomized Phase Ⅱ;
No difference in surgical
complcations
Phase Ⅱ; 67.5% were
successfully treated with
entire radiation dose and
≥ 75% chemotherapy
dose; 81% achieved an R0
resection
Phase Ⅱ; 80% achieved an
R0 resection
Phase Ⅱ; 27% 5 yr OS,
36% vs 0% for resected vs
unresected

Palmer et al[106], 2007

Resectable
(n = 50)

N/A

Gem vs Gem + Cis

Le Scodan et al[41], 2008

Resectable
(n = 41)

50 Gy + 5-FU + Cis

N/A

Overall: 27 (54);
Gem: 9 (38), Gem +
Cis: and 18 (70)
26 (63)

Heinrich et al[107], 2008

Resectable
(n = 28)
Resectable
(n = 86)

N/A

Gem + Cis

26 (93)

30 Gy + Gem

N/A

64 (74)

Evans et al[19], 2008

Varadhachary et al[33],
2008

Resectable
(n = 90)

30 Gy + Gem + Cis

Gem + Cis

52 (66)

Turrini et al[108], 2010

Resectable
(n = 34)
Borderline

45 Gy + Docetaxel

N/A

17 (50)

Arm A: 50.4 Gy +
Gem (n = 10)

Arm B: Gem + Cis
+ 5-FU then 50.4
Gy + 5-FU (n = 11)
Gem + Oxaliplatin

A: 3 (30)
B: 2 (22)

Landry et al[109], 2010

Sahora et al[45], 2011

Sahora et al[46], 2011

Pipas et al[43], 2012

Wo et al[51], 2013

Kim et al[44], 2013

Shinoto et al[52], 2013

Unresectable
N/A
(n = 18),
borderline
(n = 15)
Borderline
N/A
Gem + Docetaxel
(n = 12),
Unresectable
(n = 13)
Resectable
54 Gy + Cetuximab
N/A
(n = 4),
+ Gem
Borderline
(n = 23),
Unresectable
(n = 6)
Resectable Short-course photon
N/A
(n = 10)
RT (3 Gy × 10, 5 Gy
× 5 qod, 5 Gy × 5
qd) + Capecitabine
Resectable
30 Gy + Gem +
N/A
(n = 23),
Oxaliplatin
Borderline
(n = 39),
Unresectable
(n = 6)
Resectable
30.0-36.8 Gy E
N/A
(n = 26)
of Carbon-ion
radiotherapy (CIRT)

13 (39)

Overall: 17.4 mo;
R: 31 mo,
UR: 10.5 mo
R: 32 mo
R: 26.3 mo
A: 19.4 mo
B: 13.4 mo
R: 22 mo
UR: 12 mo
(P = 0.046)

Phase Ⅱ

Phase Ⅱ; 10% R0 resection;
5 yr survival resected 41%
Phase Ⅱ; early termination
due to poor accrual
Phase Ⅱ; 69% R0 resection

8 (32)

R: 16 mo,
UR: 12 mo

Phase Ⅱ; 87% R0 resection

25 (76)

R: 24.3 mo

Phase Ⅱ;
92% R0 resection

N/A

N/A

Phase Ⅰ; closed early due to
intraoperative complications
(fibrosis)

43 (63)

21 (81)

Overall: 18.2 mo; Phase Ⅱ, multi-institutional
R:27.1 mo, UR: 10.9

Overall: 42%,
R: 52%
(5 yr survival)

Phase Ⅰ; short course
radiation

Gem: Gemcitabine, Cis: Cisplatin; 5-FU: Fluorouracil; Gy: Gray; R: Resected patients; UR: Unresected patients; N/A: Not available.

tion. Despite this, the 2-year overall survival rate in those
resected patients was 32%.
The introduction of gemcitabine-based chemoradiation into neoadjuvant treatment regimens showed more
promise for patients with pancreatic adenocarcinoma.
In part due to gemcitabine’s potent radiosensitizing effect compared to alternative chemotherapeutic agents[42],
its use in the neoadjuvant setting has led to significantly
longer median survival rates compared to 5-FU, cisplatin,
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and mitomycin C based chemoradiation regimens, often
with an improved side-effect profile. In a recent report
from MD Anderson, patients with potentially resectable
stage Ⅰ/Ⅱ pancreatic adenocarcinoma received gemcitabine-based chemoradiation with rapid-fractionation
external beam radiation therapy (30 Gy)[19]. Of the 74%
patients who underwent successful resection, the median survival was 34 mo (compared to 7 mo for the 26%
of patients who did not undergo resection). This study
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concluded that even with a rapid-fractionation protocol
of gemcitabine-based chemoradiation, similar (if not
improved) survival outcomes can be achieved in patients
who receive the standard-fractionation external beam
radiation therapy dose of 50.4 Gy. That same year, the
same group failed to demonstrate any benefit of adding
gemcitabine and cisplatin to preoperative gemcitabinebased radiation therapy beyond that achieved by neoadjuvant gemcitabine-based radiation alone[33]. However, despite no statistical survival benefit, this trial demonstrated
an excellent overall survival of over 30 mo in those
undergoing resection - an improvement over many prior
trials.
In reviewing these survival data, recognizing the results based on intent-to-treat analyses is critical. Regimen
crossover, treatment-related toxicity, debilitating performance status, progression of disease while receiving
therapy, patient refusal, and patient death are several factors that prevent patients from receiving the full extent
of their therapy. When analyzing all patients with initially
potentially resectable pancreatic cancer from these two
studies - combining those who underwent resection and
those patients who did not - an overall survival of 22.7
and 17.4 mo, respectively, was noted. Based on these
intent-to-treat analyses, neoadjuvant therapy followed by
resection of the pancreatic tumor yields comparable survival with patients randomized to undergo resection followed by adjuvant therapy. At the very least, neoadjuvant
therapy does not result in inferior survival, while sparing
a significant number of patients the morbidity of a futile
PD. Thus, neoadjuvant therapy should be considered as
a favorable therapeutic approach to patients with potentially resectable pancreatic cancer.
Gemcitabine has also been studied in the setting of
borderline and unresectable tumors. Pipas et al[43] recently investigated a cetuximab/gemcitabine/intensitymodulated radiotherapy combination in an initial cohort
consisting of patients with resectable (n = 4), borderline
resectable (n = 23), and unresectable (n = 6) tumors. In
total, following neoadjuvant therapy, 25 patients (76%)
underwent curative-intent resection. Ninety-two percent
of resected patients had a negative surgical margin, and
two experienced complete pathologic responses to the
regimen. The median survival of those patients who
underwent resection was 24.3 mo, comparable to historical controls of patients initially deemed resectable upon
presentation. A similar finding was recently published
by Kim et al[44], evaluating gemcitabine, oxaliplatin, and
30 Gy of radiation in patients with localized and locallyadvanced pancreatic adenocarcinoma. Two-thirds of the
68 enrolled patients initially presented with either borderline or unresectable tumors. However, 63% of patients
went on to curative resection, and the median survival of
patients undergoing resection was 27.1 mo.
Others have investigated neoadjuvant chemotherapy
without concurrent radiation therapy. Sahora et al[45] have
reported two phase Ⅱ trials evaluating gemcitabinebased neoadjuvant chemotherapy alone in patients with
borderline or unresectable tumors. One study used a
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NeoGemOx protocol consisting of gemcitabine and oxaliplatin given as Ⅳ infusions once weekly for 6-9 wk[45].
Notably, 18 patients presented with disease deemed unresectable at inclusion, while the remaining 15 patients had
borderline resectable tumors. Following treatment with
the NeoGemOx regimen, 13 patients, or 39% of those
without clearly resectable tumors proceeded to undergo
resection with curative intent. The median overall survival
of this cohort was 22 mo, statistically longer than those
without significant tumor regression. The second study
utilized gemcitabine and docetaxel-based neoadjuvant
chemotherapy (NeoGemTax) in a similar patient population[46]. Of the total 25 eligible patients, 13 had unresectable disease and 12 had borderline resectable disease at
the time of inclusion. Although a similar percentage of
patients (32%) experienced tumor regression to allow an
attempt at curative resection as compared to the NeoGemOx regimen, the median survival of those patients
downstaged with the NeoGemTax did not significantly
differ from those patients whose tumors failed to regress
(16.3 mo vs 12.2 mo). Despite a lack a radiotherapy in
either study, R0 resection rates for the NeoGemOx and
NeoGemTax regimens were 69% (9/13 resected patients)
and 87% (7/8 patients), respectively. It is important to
keep in mind, however, the relatively low sample sizes
within these phase Ⅱ trials (n = 33 and n = 25) as well as
the overall resection rates (13/33, 39%; and 8/25, 32%)
before concluding that radiation has a limited role in the
neoadjuvant setting.

THERAPIES OF THE FUTURE
Ongoing trials
In an attempt to better define optimal treatment sequences, the NEOPAC study (NCT01521702) is an
ongoing multicenter prospective randomized phase Ⅲ
trial which aims to determine the efficacy of neoadjuvant
chemotherapy vs adjuvant chemotherapy in patients with
pancreatic head cancer[47]. This trial is currently recruiting patients with biopsy-proven resectable cancer who
will be randomized to one of two arms: (1) neoadjuvant
chemotherapy consisting of gemcitabine and oxaliplatin
followed by surgery and adjuvant gemcitabine; or (2) initial surgical resection followed by adjuvant gemcitabine,
with the primary endpoint of progression-free survival.
No patients are randomized to receive concurrent radiotherapy, as this study aims to investigate the efficacy of
chemotherapy only.
The Interdisciplinary Study Group of Gastrointestinal Tumours of the German Cancer Aid is also currently
performing a multicenter randomized phase Ⅱ trial comparing neoadjuvant therapy with adjuvant therapy in patients undergoing resection of their pancreatic tumor[48].
Patients with potentially resectable tumors are randomized to A) neoadjuvant chemoradiation with concurrent
gemcitabine and cisplatin followed by surgical resection
or B) immediate resection. Given its repeated demonstration of therapeutic benefit, post-operative adjuvant chemotherapy will be administered for 6 mo to patients in
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both arms of the study.
The combination chemotherapeutic regimen of 5-FU,
leucovorin, irinotecan, and oxaliplatin, referred to collectively as FOLFIRINOX, is a newer treatment option for
patients with pancreatic cancer. A recent phase Ⅲ study
published in the New England Journal of Medicine found
this regimen to be superior to the gemcitabine in patients
with metastatic pancreatic cancer, with prolonged median overall survival (11.1 mo vs 6.8 mo) and disease-free
survival (6.4 mo vs 3.3 mo)[11]. Given the relative success
of this novel regimen in the metastatic setting, the Alliance for Clinical Trials in Oncology is spearheading a
multicenter single-arm pilot study (Alliance A021101)
to evaluate FOLFIRINOX as a neoadjuvant regimen
for patients with borderline resectable tumors at initial
presentation, utilizing FOLFIRINOX followed by 50.4
Gy of capecitabine-based chemoradiotherapy prior to
surgery[49]. Primary outcomes are focused on survival and
toxicity of this regimen. This will be the first multicenter
trial specifically evaluating FOLFIRINOX in the neoadjuvant setting for patients with borderline resectable
disease.
For those patients with locally advanced unresectable
pancreatic cancer, the RECLAP trial is a phase Ⅰ study
investigating the safety and efficacy of super-selective
intra-arterial delivery of chemotherapy to the tumor bed
via an indwelling subcutaneous port[50]. Outcomes of
interest include toxicity, disease-free and overall survival,
and conversion from unresectable to potentially resectable tumors.
Wo et al[51] recently published a small phase Ⅰ study of
patients with resectable pancreatic cancer who underwent
neoadjuvant accelerated short-course photon chemoradiation therapy with concurrent capecitabine. Patients
received photon radiotherapy at escalating doses of 3Gy
× 10 d, 5 Gy × 5 d administered every other day, and 5
Gy × 5 consecutive days. Unfortunately, this radiation
protocol resulted in significant intraoperative morbidity
associated with radiation-induced fibrosis of the surgical field and forced the study to close early. Shinoto et
al[52] investigated the toxicity and efficacy of carbon-ion
radiotherapy (CIRT) as a short-course neoadjuvant treatment in patients with resectable tumors. The dose of
CIRT was sequentially increased by 5% increments from
30 to 36.8 Gy equivalents with resection 2 to 4 wk after
the completion of CIRT. None of the resected patients
experienced local recurrence, and 5-year survival rates
for those resected was 52% - a rather promising finding
when compared to historical rates.
Finally, the NEOPANC trial is a single-arm prospective phase Ⅰ/Ⅱ study investigating neoadjuvant short
course intensity-modulated radiation therapy in combination with surgery and intraoperative radiation therapy
of 15 Gy for the treatment of resectable pancreatic
cancer[53]. The authors hypothesize that neoadjuvant and
intraoperative radiation administration will allow for dose
escalation, reduced toxicity, and improved patient tolerance. The primary outcomes include 1 year local recurrence as well as feasibility of delivering such a regimen,
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with secondary endpoints of overall and disease-free
survival, toxicity, and associated morbidity and mortality.
Additional therapeutic options
The novel agent S-1, an oral fluoropyrimidine analogue,
has shown great therapeutic success in numerous Japanese studies. S-1 consists of a combination of three
drugs: the 5-FU prodrug tegafur, 5-chloro-2,4-dihydroxypyridine (CDHP; an inhibitor of dihydropyrimidine
dehydrogenase enzyme activity), and potassium oxonate
(OXO; an inhibitor of 5-FU phosphorylation in the gastrointestinal tract, thereby reducing side effects[54]. This
drug mimics the anticancer agent 5-FU by intercalating
itself into actively-synthesizing strands of DNA and
causing the rapidly dividing cells to undergo apoptosis,
and this formulation has clear advantages over 5-FU. The
bioavailability of single-agent 5-FU administered orally
is minimal due to the high activity of dihydropyrimidine
dehydrogenase within the enterocytes, which lead to premature metabolism. CDHP and OXO within S-1 act to
prevent the premature metabolism of the prodrug until it
has successfully been absorbed and delivered to its target
cells. The oral administration is therefore not only more
convenient than the Ⅳ form of 5-FU, but also allows for
predictable absorption and pharmacokinetic properties[54].
Given its widespread success in numerous phase Ⅱ
trials, S-1 was studied in a phase Ⅲ trial in patients with
locally advanced or metastatic disease[55]. This trial was
powered to demonstrate non-inferiority of S-1 to gemcitabine, and 834 chemotherapy-naïve patients were randomly assigned to receive S-1, gemcitabine, or both. The
noninferiority of S-1 to gemcitabine was demonstrated,
but gemcitabine plus S-1 was not superior to gemcitabine
alone, providing an argument for the use of S-1 as singleagent therapy in the setting of advanced pancreatic cancer. From these data, a study was designed to evaluate the
efficacy of S-1 in the neoadjuvant setting. Tajima et al[56]
retrospectively evaluated neoadjuvant gemcitabine plus
oral S-1 in patients with potentially resectable pancreatic
cancer. Of the 13 patients who received the neoadjuvant
treatment, no patients demonstrated disease-progression
or distant metastases prior to resection. The investigators
found a trend towards improved 3-year survival (55.6%
for the neoadjuvant treatment group vs 29.6% in the resection group), but this pilot study was underpowered to
detect a significant difference. A larger phase Ⅰ study of
the gemcitabine plus S-1 neoadjuvant regimen is currently underway. While most trials involving S-1 have been
conducted in Japan, additional trials are being developed
across Europe and the United States.
Molecular markers of interest
The armamentarium of chemotherapeutic agents used to
treat pancreatic cancer in the neoadjuvant setting, though
continually improving, is sub-optimal. Prolonging survival
by mere months suggests that pharmacological improvements can-and need to-be made. A topic of great interest
and ongoing research in the field of chemotherapeutic
optimization centers on evolving from a one-size-fits-all
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Table 3 Select clinically valuable pancreatic cancer biomarkers
Gene product

Target drug

hENT1

Gemcitabine Nucleoside inhibitor, prevents [59-64]
DNA synthesis in cancer cells
5-FU/S-1
Suicide inhibitor of TS,
[65-71]
prevents DNA synthesis in
cancer cells
Erlotinib
Tyrosine kinase inhibitor,
[72-79]
prevents EGFR-mediated cell
cycle progression and cellular
proliferation
N/A
N/A
[80-88]
NabDisruption of microtubule
[12,89-94]
paclitaxel
formation during mitosis
N/A
Tumor suppression, initiation, [95-99]
and metastasis

TS/DPD

EGFR

CA 19-9
SPARC
SMAD4

Mechanism

Ref.

CA 19-9: Carbohydrate antigen 19-9; TS: Thymidylate synthase; hENT1:
Human equilibrative nucleoside transporter-1; SPARC: Secreted protein
acidic and rich in cysteine; EGFR: Epidermal growth factor receptor.

neoadjuvant regimen to a more individualized regimen
tailored to a patient’s specific tumor genotype and biology. Identifying novel biomarkers associated with pancreatic cancer may not only allow for the development of
individualized treatment regimens, but also may allow for
earlier disease detection, and an extraordinary amount of
research is being performed to identify an accurate tumor
marker or a panel of markers that could aid in the management of this disease[57]. As a testament to the current
popularity of biomarker identification within pancreatic
adenocarcinoma, a recent analysis by Harsha et al[58] identified over 2500 gene products with evidence of overexpression at the mRNA level, protein level, or both. Here
we will review a select few biomarkers, focusing on those
with potential prognostic value and those that may prove
“actionable” in future therapeutic endeavors (Table 3).
Human equilibrative nucleoside transporter-1
Gemcitabine is an analog of the nucleoside deoxycitidine.
This prodrug is transported into a cell and subsequently
phosphorylated to its active forms gemcitabine diphosphate or gemcitabine triphosphate[59]. The active forms
of gemcitabine then confer their cytotoxic effects by
inserting into synthesizing DNA chains and disrupting
further DNA synthesis, and gemcitabine’s cellular uptake
is dependent upon the human equilibrative nucleoside
transporter-1 (hENT1) protein[60]. As this receptor is
traditionally upregulated on the surface of pancreatic
adenocarcinoma cells, gemcitabine has proven to be an
effective chemotherapeutic option in many patients.
However, despite its therapeutic benefit in patients
with both resectable and unresectable pancreatic tumors,
not all patients respond to gemcitabine treatment. One
potential mechanism for resistance to gemcitabine includes a relative downregulation or mutation of hENT1
receptors which ultimately leads to decreased cellular uptake of the drug[60]. In vitro analyses of pancreatic tumor
cell lines have demonstrated that hENT1 protein expression is a significant determinant of gemcitabine activity
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within pancreatic tumor cells: overexpression of the
hENT1 protein on the pancreatic cell surface correlates
with increased uptake and activity of gemcitabine, while
relative underexpression of hENT1 along the cell surface
correlates with gemcitabine resistance[61].
Several studies have sought to test the prognostic
potential of hENT1 receptor status in the clinical setting.
One study performed immunohistological staining on
tumor blocks of gemcitabine-treated pancreatic cancer[62].
These authors noted that in patients with detectable
hENT1 protein staining in pancreatic tumor cells, median
survival was significantly longer (13 mo vs 4 mo, P = 0.01)
than in those patients with less abundant, heterogenous
hENT1 staining. Another investigation identified hENT1
protein expression as highly correlative with clinical
outcomes of disease-free survival, overall survival, and
time to disease progression. Of concern with both these
investigations, however, was the heterogenous patient
population, including patients with both localized as well
as advanced (metastatic) disease. Additionally, as both
studies were retrospective analyses, it is difficult to make
claims beyond those of a correlative nature.
Farrell et al[63] performed immunohistological staining
for hENT1 on a tissue microarray of resected pancreatic
tumors as part of the RTOG9704 study. These authors
noted that hENT1 receptor expression was predictive
of disease-free and overall survival in resected pancreatic
cancer for those patients treated with gemcitabine but
not 5-FU. Similarly, Kim et al[64] also found associations
between low expressions of hENT1 protein and worse
overall and disease-free survival in patients with resected
pancreatic adenocarcinoma independent of gemcitabine
therapy. However, no studies to date have investigated
hENT1 expression in a neoadjuvant setting. As such,
evaluation of hENT1 receptor status at the time of initial
pancreatic tumor biopsy may prove advantageous in predicting eventual pathological and clinical responsiveness
to gemcitabine-based chemotherapy.
Thymidylate synthase and dihydropyrimidine
dehydrogenase
Thymidylate synthase (TS) is the intracellular enzyme
responsible for synthesizing thymidine, a pyrimidine
nucleoside required for DNA replication. 5-FU acts as
a suicide inhibitor by irreversibly binding and inhibiting
TS and thus preventing the production of deoxythymine
monophosphate (dTMP)[65]. Without sufficient levels
of dTMP, rapidly dividing cells are unable to synthesize
DNA and therefore undergo apoptosis. Acting as a pyrimidine analogue, 5-FU is metabolized inside the cell
into one of several possible cytotoxic metabolites which
are incorporated into the actively synthesizing strands of
DNA and RNA.
Both from an efficacy and a toxicity perspective, significant variability exists between patients treated with
5-FU. Such therapeutic unpredictability in response to
5-FU has been linked to the rate-limiting enzyme in
5-FU’s metabolic pathway, known as dihydropyrimidine
dehydrogenase (DPD)[66]. Interestingly, an estimated one

15572

November 14, 2014|Volume 20|Issue 42|

Sutton JM et al . Neoadjuvant therapy for pancreas cancer

in ten individuals carries a genetic mutation rendering
them unable to metabolize 5-FU to its active metabolite. Laboratory testing for this mutation is available and
could be used to identify patients in whom 5-FU may be
ineffective (or even toxic). While both TS and DPD have
been shown to be upregulated in the setting of pancreatic cancer[67], genetic variations do exist. For example,
one Japanese study identified that over half of Japanese
pancreatic tissue samples expressed low levels of TS in
combination with high levels of DPD[68]. Perhaps not
surprisingly, another study from Japan concluded that
high DPD mRNA levels within pancreatic tumor sections
were associated with high rates of therapeutic response
to S-1[69].
Several studies have investigated TS enzyme expression in pancreatic tumors as a prognostic variable. One
study reviewed tissue cores from a retrospective series of
132 resected patients[70]. On immunohistological analysis,
roughly two-thirds of patients had high intratumoral TS
protein expression while the remaining one-third had
low expression. The median survival of patients with
low TS expression was longer than those with high TS
expression, and high TS expression was identified as an
independent predictor of mortality on multivariate analysis. Moreover, in the subset of patients who received
adjuvant 5-FU, there was a significant survival advantage
in patients with high TS protein expression. In contrast,
adjuvant 5-FU did not influence survival in patients with
low TS expression. From these data, the authors concluded that high TS expression is a poor prognostic marker
in patients with resected pancreatic cancer, however these
patients do benefit from adjuvant 5-FU therapy. Alternatively, a similar study investigating TS protein expression
found conflicting results[71]. Again, TS expression was
evaluated via immunohistochemistry in 98 patients following an R0 resection of pancreatic head cancer. These
authors noted only 26% of these tumors demonstrated
high TS expression, and, in contrast to the prior study,
these authors concluded that TS predicted favorable
disease-free, cancer-specific, and overall survivals. While
the specific prognostic value of TS remains debatable, it
is clear that genetic variations in the protein expression
of TS and DPD may contribute to variable efficacy of
5-FU-based regimens.
Epidermal growth factor receptor
The epidermal growth factor receptor (EGFR) is a
transmembrane receptor responsible for a wide array of
downstream signaling pathways involved in both normal
cells and those undergoing carcinogenesis[72]. Pancreatic
cancer cells are known to overexpress EGFR, and studies
have demonstrated correlations between receptor/ligand
coexpression and larger tumors, advanced clinical staging,
and decreased survival[73,74]. As such, tyrosine kinase inhibitors are a novel class of therapeutic agents developed
to act at one of the active binding sites along the receptor to prevent EGFR-mediated cell-cycle progression
and cellular proliferation. Erlotinib is one of the most
thoroughly investigated agents in the pre-clinical setting,

WJG|www.wjgnet.com

and this tyrosine kinase inhibitor has been shown to act
synergistically with gemcitabine to exhibit extended antitumor activity in both in vitro and in vivo models[75-77].
Additionally, erlotinib has been a component of
combination therapy. Unfortunately, despite reports of
favorable safety and toxicity profiles, few studies have
yielded breakthrough improvements in patient survival.
Combination therapy of erlotinib and bevacizumab, a
monoclonal antibody to vascular endothelial growth factor receptor (VEGF-R), found relatively little improvement in patients with advanced pancreatic cancer who
failed previous gemcitabine therapy[78]. However, another
recent phase Ⅲ trial randomly assigned patients with
unresectable locally advanced or metastatic pancreatic
cancer to receive either gemcitabine or gemcitabine plus
erlotinib[79]. One-year survival and disease-free survival
were statistically significantly improved in those patients
with combination therapy. Overall survival was statistically improved as well, though only by several weeks,
which calls into question its clinical significance. EGFR
inhibition has also been shown to act synergistically with
chemoradiation in promoting antitumor properties[77].
Carbohydrate antigen 19-9
Carbohydrate antigen 19-9 (CA 19-9) is the most familiar
cell-surface protein used in the management of pancreatic cancer[80,81]. It was first discovered in the serum of
pancreatic and colon cancer patients in 1981 and has
since been identified in other malignant and benign pathologies within the gastrointestinal tract[82]. Initial studies
proposed CA 19-9 as a screening tool, but its relatively
low sensitivity and specificity prevented its widespread
adoption as a screening tool for pancreatic adenocarcinoma[83,84]. Traditionally, the utility of this overexpressed
cellular surface protein has been in the assessment of
response to chemotherapy and identification of tumor
recurrence following resection, but data suggest CA 19-9
may also have a prognostic role[81,85]. A recent study of
324 patients with resectable pancreatic cancer correlated
outcomes with various tumor markers, and the investigators demonstrated that a high preoperative CA 19-9 ×
carcinoembryonic antigen (CEA) index was an independent predictor of survival and strongly correlated with
early postoperative mortality[86].
Two recent studies from MD Anderson evaluated CA
19-9 in patients who underwent neoadjuvant therapy prior to surgical resection. The first evaluated the relationship between CA 19-9 and surgical outcomes in patients
with borderline resectable disease[87]. Normalization of
CA 19-9 following neoadjuvant therapy was associated
with longer overall survival in both resected (38 mo vs
26 mo; P = 0.020) and unresected (15 mo vs 11 mo; P =
0.022) patients. Conversely, failure of CA 19-9 to normalize was identified as an independent factor associated
with shorter overall survival (HR = 2.13, P = 0.001). The
second study evaluated the ability of CA 19-9 to predict
completion of multimodality therapy involving neoadjuvant chemoradiation and surgical resection[88]. Although a
low pretreatment CA 19-9 had a high positive predictive
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value of completing neoadjuvant multimodality therapy,
it concurrently demonstrated a low negative predictive
value. Additionally, the investigators in this study found
no association between a drop in CA 19-9 and histopathologic response to neoadjuvant multimodality therapy.
From this, the authors discarded the notion of incorporating pretreatment CA 19-9 levels into their decisionmaking algorithm.
Secreted protein acidic and rich in cysteine
Beyond cell surface proteins and secreted molecules,
increasing preclinical evidence is demonstrating the role
of tumor microenvironments in the initiation, migration,
basement membrane invasion, angiogenesis, and potential metastasis of pancreatic cancer[58]. One protein found
in this microenvironment, the cell-surface molecule secreted protein acidic and rich in cysteine, or SPARC, is
one of the most heavily researched stromal proteins[89].
Healthy pancreatic tissue typically stains faintly positive
for the SPARC protein within acinar cells, islet cells, and
fibroblasts within the pancreatic extracellular matrix.
While normal ductal cells rarely stain positive, Guweidhi
et al[90] noted a 31-fold increase in SPARC protein staining
within pancreatic adenocarcinoma compared to normal
tissue. (Interestingly, they also noted a 16-fold increase
in SPARC protein expression in chronic pancreatitis.)
One study identified positive immunohistological SPARC
staining in 84% of retrospectively reviewed pancreatic adenocarcinoma tissue samples[91]. SPARC mRNA
overexpression has been associated with both disease
progression and poor prognosis in resected pancreatic
tumors[92,93].
A recent phase Ⅲ multi-institutional study published
demonstrated a significant survival benefit in patients
with stage-Ⅳ pancreatic cancer who received nab-paxlitaxel in combination with gemcitabine vs gemcitabine
monotherapy[12]. Nab-paclitaxel’s antitumor effects are
found in the disruption of microtubule formation and
disassembly during cellular mitosis, and this particular
formulation exploits paclitaxel bound to albumin. This
structure not only improves the side effect profile but
also favors accumulation within tumor cells by the binding of albumin to SPARC. By binding to SPARC within
the extracellular matrix, nab-paclitaxel successfully disrupts the organization of the tumor cells and induces
a marked alteration in the tumor architecture, resulting
in increased tumor softening and permeability[94]. These
findings could prove beneficial from both chemotherapeutic delivery and surgical resection perspectives.
SMAD4
Another stromal-based protein gaining popularity in pancreatic cancer is SMAD4, a member of the Smad family.
SMAD4 activity is muted in pancreatic cancer, and its
specificity for pancreatic cancer makes it one of the most
heavily investigated tumor markers[95]. This family of proteins signals through the transforming growth factor-beta
(TGF-β) receptor, a major receptor in the pathogenesis
of pancreatic cancer[96]. This transcription factor pathway
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typically regulates cellular proliferation, differentiation,
and apoptosis, and has been shown to act in tumor suppression, as well as tumor initiation and progression
depending on the stage of carcinogenesis as well as cell
type[97]. SMAD4 has also been implicated in promoting
tumor metastasis in pancreatic cancer[98].
SMAD4 has been shown to be mutated in up to 50%
of all pancreatic adenocarcinomas. Despite its clear association with the diagnosis, its prognostic role remains less
distinct. Though some investigations suggest functional
SMAD4 loss predicts a poor prognosis, other studies
failed to demonstrate a relationship between SMAD4
mRNA expression and patient survival[99]. Due to the
complexity of TGF-β signaling in pancreatic cancer, further investigations are needed to identify potential novel
targeted therapies involving SMAD4.
Non-coding RNA
Beyond the classical protein products discussed previously, the field of epigenetics has begun to play an increasingly important role in the identification oncologic
tumor markers and treatment optimization[100]. Unlike
typical RNA molecules which code for functional proteins, non-coding RNA molecules themselves function
in various methods to influence transcriptional and posttranscriptional regulation of gene expression[101]. In particular, one recent study suggested that the microenvironment of a tumor may stimulate a microRNA gene family
that induces tumor resistance to therapy and promotes
tumor cell invasion and metastasis[102]. Individual microRNA molecules are proving to have important treatment
and prognostic value, as is found in a non-coding RNA
named HOTAIR, which is upregulated in pancreatic tissue and has demonstrated pro-oncogenic function and
an association with more aggressive tumor biology[103].
Preis et al[104] identified a consistent and significant overexpression of a microRNA named miR-10b in pancreatic
cancer cells compared to benign tissue, while decreased
expression of miR-10b was correlated with improved response to multimodality neoadjuvant therapy, likelihood
of resection, delayed time to metastasis, and increased
rate of survival. The field of research in epigenetics will
likely support further studies on the identification of biomarkers diagnostic and therapeutic for pancreatic cancer.
While these select few biomarkers have been presented individually, it is likely they will prove most prognostic and therapeutically efficacious when analyzed as
biomarker arrays instead of individual proteins. Indeed,
patients harboring multiple mismatch repair gene polymorphisms have been associated with significantly worse
survival compared to those patients with fewer (or no)
mutations[105]. In the near future, gene expression analyses
will likely play a significant role in the management of
cancer patients, allowing for accurate prognostic information gleaned from the tissue at the time of initial biopsy.

CONCLUSION
In summary, patients with pancreatic adenocarcinoma
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who undergo surgical resection coupled with chemotherapy and/or chemoradiation have the best opportunity for
long-term survival. However, the multitude and variety
of chemotherapeutic options demonstrate that no current regimen in our armamentarium is clearly superior to
others. Variations in tumor biology, the presence or absence of molecular markers, a patient’s functional status,
and tolerability of potential side effects of current chemotherapeutic and radiation regimens make a simple and
single universal therapeutic treatment modality difficult
to advocate. In the meantime, there are a number of reasons to believe a neoadjuvant approach may be the best
available strategy at this time, capitalizing on the critical
concept of patient selection. Furthermore, molecular
biomarkers such as hENT1, SPARC, and SMAD4 have
gained recent popularity for their apparent predictive and
prognostic abilities, and both epigenetic profiling and the
identification of various oncologic microRNA molecules
are likely to contribute to the field of pancreatic cancer
treatment.
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Abstract
Pancreatic cancer is one of the most common gastrointestinal tumors, with its incidence staying at a high
level in both the United States and China. However,
the overall 5-year survival rate of pancreatic cancer is
still extremely low. Surgery remains the only potential
chance for long-term survival. Early diagnosis and precise staging are crucial to make proper clinical decision
for surgery candidates. Despite advances in diagnostic
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technology such as computed tomography (CT) and endoscopic ultrasound, diagnosis, staging and monitoring
of the metabolic response remain a challenge for this
devastating disease. Positron emission tomography/CT
(PET/CT), a relatively novel modality, combines metabolic detection with anatomic information. It has been
widely used in oncology and achieves good results in
breast cancer, lung cancer and lymphoma. Its utilization
in pancreatic cancer has also been widely accepted.
However, the value of PET/CT in pancreatic disease is
still controversial. Will PET/CT change the treatment
strategy for potential surgery candidates? What kind of
patients benefits most from this exam? In this review,
we focus on the utility of PET/CT in diagnosis, staging,
and assessment of resectability of pancreatic cancer. In
addition, its ability to monitor metabolic response and
recurrence after treatment will be emphasis of discussion. We hope to provide answers to the questions
above, which clinicians care most about.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Position emission tomography/computed
tomography; Pancreatic cancer; Diagnosis; Staging;
Metabolic response
Core tip: Position emission tomography/computed tomography (PET/CT) is a useful modality in the detection
of pancreatic cancer, while its use in staging is limited
by the lack of enhanced CT scan and a relatively poor
sensitivity in detecting metastatic lymph nodes. It has
the advantage in monitoring metabolic response, making it optimal in evaluation of different kinds of treatment and also in detecting suspected recurrence. The
correlation between Standardized Uptake Value and
prognosis remains controversial. Many efforts have been
made to improve the diagnostic efficacy of PET/CT.
Wang XY, Yang F, Jin C, Fu DL. Utility of PET/CT in diagnosis,
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INTRODUCTION
Pancreatic cancer, one of the most common gastrointestinal tumors, remains a great threat to public health. In
the United States, the estimated incidence of pancreatic
cancer in 2013 ranks 10th for men and 9th for women.
However, the estimated mortality ranked 4th for both
sexes[1]. In China, from 1998 to 2007, the annual incidence for men and women showed an increase in both
urban and rural area[2]. In 2009, pancreatic cancer incidence ranked 7th among all malignancies, with reported
mortality ranking 6th[3]. The overall 5-year survival rate of
pancreatic cancer is still extremely low, lesser than 5%[4,5].
Although surgery is a potential therapeutic method for
long-term survival, the 5-year survival rate after radical
resection fluctuates around 10%-29%[6-8].
To date, standard diagnostic workup for pancreatic
cancer includes conventional imaging such as multi-detector computed tomography (MDCT), magnetic resonance
imaging (MRI), endoscopic ultrasound (EUS), as well as
invasive procedures such as EUS-guided fine-needle aspiration (EUS-FNA). MDCT remains the most widely used
imaging modality for cancer staging. It makes the golden
standard for local infiltration. However, missing of small
liver metastasis has been reported[9]. Although MRI has
been widely used for evaluation of pancreatic lesions, its
overall value is controversial[10]. Recently, EUS has been
more widely used in detection of clinically suspected
pancreatic lesions. With FNA, it has been reported to
be the most accurate imaging technique for pancreatic
neoplasms[11,12]. However, Doppler ultrasonography including contrast enhancement also has limitations, such
as blooming artifacts, poor spatial resolution, and low
sensitivity (SE) to slow flow[13-15].
Increased glycolysis is a characteristic metabolic feature of malignant tumors[16]. Although many tracers have
been introduced, 18F-fluorodeoxyglucose ( 18F-FDG),
which aims to glucose metabolism, remains the most
widely used one. After converted into 18FDG-6-PO4, it
does not continue along the glycolytic cycle and accumulates in cancer cells. Based on this principle, positron
emotion tomography (PET) was introduced in 1976.
However, the lack of precise anatomic information had
limited its use. Since the combination of PET and CT in
1999[17], PET/CT had been widely applied in oncology.
In this review, we focus on the utility of PET/CT in the
diagnosis, staging, and assessment of resectability and
metabolic response of pancreatic cancer.
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PET/CT IN DIAGNOSIS OF PANCREATIC
CANCER
PET has always been reported to be a highly sensitive
and accurate method for detecting pancreatic cancer.
The reported SE ranges from 78% to 95%, and accuracy
from 64% to 91%[18-25]. The combination of PET and
CT improves them to 85%-97%, and 85%-95%[26-32].
However, the specificity (SP) is relatively low and varies
greatly among different studies, with 50%-87% for PET
alone[18-25] and 61%-94% for PET/CT[26-32]. Several studies on utilization of PET/CT in diagnosis of pancreatic
cancer are shown in Table 1. A meta-analysis conducted
by Tang et al[33] showed a pooled SE of 90.1%, with an SP
of 80.1%. Another meta-analysis by Wu et al[34] revealed
similar results with a pooled SE of 87% and an SP of
83%. The possible reason for the relatively low SP may
be misdiagnosis of mass forming pancreatitis as tumors
on PET imaging.
The differential diagnosis between mass-forming
pancreatitis and pancreatic carcinoma has always been a
challenge. Long-term chronic inflammation will lead to
rich fibrosis of pancreatic parenchyma which makes the
lesion appear as a low density mass on CT with a weak
or no enhancement[19]. The reported SE and SP of CT
for differentiating chronic pancreatitis from cancer were
82%-94% and 83%-90%, respectively[35]. MRI showed
similar results as CT, with the SE and SP of 93% and
87%, respectively[36].
18
FDG-PET was once thought to be the solution to
this problem. Reske et al[37] reported that the overexpression of glucose transporter 1 was generally increased in
pancreatic cancer but not in chronic pancreatitis, which
revealed the possibility of diagnosing pancreatic cancer
from mass-forming pancreatitis. Positive results were
reached by Imdahl et al[38] in 1998 and by van Kouwen et
al[19] in 2004 through prospective study. Detailed information of PET/CT in differential diagnosis of pancreatic
carcinoma and mass-forming pancreatitis is showed in
Table 2. However, value of FDG-PET/CT in differential
diagnosis of pancreatic cancer from chronic pancreatitis
is still controversial, as a consensus has not been reached
on whether or when PET/CT should be applied.
FDG uptake caused by increased glycolytic activity
has been shown in inflammatory cells such as neutrophils
and activated macrophages[39,40]. Accordingly, FDG has
been reported to accumulate in various inflammatory
processes, including acute pancreatitis[41], auto-immune
pancreatitis [42-45], tuberculosis[46,47], and mass-forming
chronic pancreatitis. High 18FDG-uptake by mass forming chronic pancreatitis has been also reported by many
studies[27,48,49]. A recent study by Kato et al[50] indicated
that differentiation between metastasis-free pancreatic
cancer and mass-forming pancreatitis was difficult by
FDG-PET/CT due to considerable overlapping between
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Table 1 Position emission tomography/computed tomography in detection of malignant pancreatic tumors
SUV (max) of
Study Maligancy/ SUV (max) of
design
all (n )
malignant lesions benign lesions
(mean ± SD)
(mean ± SD)

Ref.

Keogan et al[24]
1
Rose et al[23]
1
Delbeke et al[22]
2
Lemke et al[20]
1
Lytras et al[18]
Heinrich et al[32]
Nishiyama et al[31]
Bang et al[30]
Kauhanen et al[29]
Buchs et al[28]
4
Buchs et al[28]
Santhosh et al[27]
Hu et al[26]

R
R
R
R
R
P
R
R
P
R
R
R
R

25/37
52/65
52/65
64/100
72/112
46/59
55/86
93/102
19/38
36/45
36/45
57/87
54/80

5.4
5.0 ± 1.2
5.1 ± 2.6
5.75 ± 2.69
5.1 ± 2.1
4.85 ± 2.77
6.5 ± 4.5
6.5 ± 4.5
8.64 ± 5.21
6.3 ± 2.4

1.4
0.85 ± 0.1
0.85 ± 1.7
3.69 ± 1.58
3.2 ± 1.8
2.25 ± 0.75
3.4 ± 3.1
3.4 ± 3.1
4.86 ± 4.54
2.9 ± 2.0

Cutoff
value

SE

SP

PPV

NPV

3.0
3.5
-3
3.5
2.6
2.8
3.5

88.00%
92.30%
92.30%
84.37%
73.00%
89.13%
89.09%
96.77%
85.00%
72.00%
96.00%
96.36%
96.29%

83.33%
84.62%
84.62%
61.11%
60.00%
69.23%
70.97%
77.78%
94.44%
33.30%
66.60%
78.57%
72.72%

91.67%
96.00%
96.00%
79.41%
80.00%
91.11%
84.48%
97.82%
94.44%
80.00%
92.30%
94.64%
89.65%

76.92%
73.33%
73.33%
68.75%
49.00%
64.29%
78.57%
70.00%
85.00%
25.00%
80.00%
84.61%
88.89%

LR(+) LR(-)

5.28
6
6
2.17
2.89
3.07
4.35
15.3
4.49
3.53

0.144
0.09
0.09
0.26
0.16
0.15
0.04
0.16
0.05
0.05

Accuracy

86.49%
90.76%
90.76%
76.00%
64.00%
84.75%
82.56%
95.09%
89.47%
64.00%
90.30%
92.75%
89.47%

Fluorodeoxyglucose-position emission tomography (FDG-PET) scan without computed tomography (CT); 2Voxel-based retrospective registration and fusion of CT and PET were performed with software. PET imaging and CT were not taken at the same time; 3Lesions measured visually; 4Data obtained with
extra scan of enhanced PET/CT. SE: Sensitivity; SP: Specificity; NPV: Negative predictive value; PPV: Positive predictive value; R: Retrospective study; P:
Prospective study.
1

Table 2 Position emission tomography/computed tomography in differential diagnosis of pancreatic carcinoma and mass-forming
pancreatitis
1

Ref.

Study
design

Stollfuss et al[25]
Mertz et al[21]
van Kouwen et al[19]
Lytras et al[18]

R
R
R
R

PC/CP SUV(max) of PC SUV(max) of CP Cutoff
value
(mean ± SD)
(mean ± SD)
43/30
31/4
32/77
54/25

3.16 ± 1.22
-

1.00 ± 0.55
-

1.53
2.80
-2
-3

SE

SP

PPV

NPV

93.18%
87.09%
90.62%
78.00%

93.10%
50.00%
87.01%
55.00%

95.35%
93.33%
74.35%
78.00%

90.00%
33.33%
95.71%
55.00%

LR(+) LR(-) Accuracy
13.51
1.74
6.97
-

0.07
0.25
0.11
-

93.15%
82.86%
88.07%
64.00%

1

Fluorodeoxyglucose-position emission tomography (FDG-PET) scan without computed tomography (CT); 2Results were judged to be abnormal if focal accumulation of the tracer was detected in the area of the pancreas. Faint and/or diffuse FDG uptake in the pancreatic region (i.e., uptake slightly higher than
the surrounding background, but clearly lower than the liver) was not considered suspicious for pancreatic cancer; 3Lesions measured visually. SE: Sensitivity; SP: Specificity; NPV: Negative predictive value; PPV: Positive predictive value; R: Retrospective study; P: Prospective study.

the Standardized Uptake Value (SUVmax) values of these
two diseases.
Dual-phase 18FDG imaging has been supposed to improve diagnostic efficacy. Mean value of SUVdelayed was
significantly higher than that of SUVearly (P < 0.01) in
pancreatic cancer. In benign pancreatic disease, there was
a tendency of decreased SUVdelayed compared to SUVearly, but there was no significant difference in the mean
values. Retention index [RI = (SUVdelayed-SUVearly)
× 100/SUVearly] had a diagnostic accuracy of 88% and
an SE of 93% for suspected pancreatic cancer[31]. Recent
studies[50] revealed that the ranges of SUV(max) for pancreatic cancer and mass forming pancreatitis were mostly
overlapped.
18
FDG with enhanced CT was another attempt to
improve diagnostic efficacy. In the study by Buchs et al[28],
the statistical parameters of enhanced PET/CT surpassed those of unenhanced one, although none of them
was of statistical significance (SE: 96% vs 72%, P = 0.076;
SP: 66.6% vs 33.3%, P = 0.52; accuracy 90.3% vs 64%, P
= 0.085).
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PET/CT IN STAGING AND ASSESSMENT
OF RESECTABILITY OF PANCREATIC
CANCER
Precise pre-operative staging is crucial to make appropriate treatment decisions. Generally, resectability of pancreatic cancer concerns two problems: local tumor invasion
of major vascular structures and distant metastasis. The
ultimate goal is to save patient from unnecessary surgical
exploration.
In most medical centers, an enhanced CT scan is not
included in the routine PET scan. The plain CT is used
for location only, thus limiting PET/CT’s value in T staging. Wakabayashi et al[51] reported that FDG-PET without
enhancement only detected 22.2% (2/9) of cases of invasion into the major arteries while CT found all 9 cases
(100%). Strobel et al[52] reported using contrast-enhanced
18
F-FDG PET/CT to detect all five arterial infiltrations (100%/100%). However, PET and unenhanced
PET/CT failed to detect arterial infiltration in all 5 cases
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Table 3
F-fluorodeoxyglucose-position emission tomography/computed tomography in N-staging and detection of
liver metastasis of pancreatic cancer
Ref.

Study
design

N-staging
Heinrich et al[32]
P
Maemura et al[59]
R
1
Wakabayashi et al[51]
P
Kauhanen et al[29]
P
1
Imai et al[60]
R
Detection of liver metastasis
Fröhlich et al[63]
R
Mertz et al[21]
R
Lytras et al[18]
R
Heinrich et al[32]
P
Maemura et al[59]
R
Wakabayashi et al[51]
P
Farma et al[62]
R
Strobel et al[52]
R
Kauhanen et al[29]
P

SE (%) (true positive/total positive)
PET/CT

CT

21.42 (3/14)
50.00 (3/6) 66.67 (4/6)
57.10 (8/14) 78.6 (11/14)
38
0 (0/6)
0 (0/6)
68 (15/22)
78 (7/9)
33.33 (3/9)
22
20
81 (13/16)
56 (9/16)
37.5 (3/8)
87.5 (7/8)
52.6 (10/19) 73.7 (14/19)
61
57
46 (5/11)
88(6/7)
42.86 (3/7)

P value
0.56
0.42
-

0.06
0.81
0.22
0.04
0.18

0.09

118

F-fluorodeoxyglucose-position emission tomography (FDG-PET) scan
without computed tomography (CT). SE: Sensitivity; SP: Specificity; NPV:
Negative predictive value; PPV: Positive predictive value; R: Retrospective
study; P: Prospective study.

(0%/100%).
Pancreatic carcinoma tends to transfer to lymph
nodes at an early stage. In a study by the Japanese Pancreas Society (JPS), 306 of 822 TS1 (tumors < 2 cm in
diameter) pancreatic cancer (37.2%) already had lymph
node metastasis[53]. Kaťuchová et al[54] also reported that
out of 319 histopathologically negative lymph nodes
(34 patients), 134 lymph nodes were classified as immunohistochemically positive (21 patients). The detection
of metastatic lymph nodes has always been a challenge.
CT can only detect lymphadenopathy which may also be
caused by inflammation. Lymph node size is not a reliable parameter for the evaluation of metastatic involvement[55]. FDG-PET/CT has reached good results in the
N staging of non-small cell lung cancer, periorbital malignancies and nasopharyngeal carcinoma[56-58]. However,
its utilization in pancreatic cancer is limited. The reported
SE of FDG-PET/CT for detecting metastatic lymph
nodes ranges from 21%-38%[20,29,32]. Maemura et al[59] reported an SE of 50% for para-aortic lymph node, while
Imai et al[60] reported an SE of 0%. Detailed information
is showed in Table 3. Lesions that smaller than 5 mm in
diameter are hard to detect even for FDG-PET/CT. The
low metabolic state and partial volume effect may be the
reasons. Thus, it is improper to decide the necessity and
range of lymphadenectomy based on FDG-PET/CT
pre-operative N-staging results.
As a whole body exam, PET/CT possesses the unparalleled advantage in M staging. The reported SP is
as high as 91%-100%. Strobel et al[52] reported an SE of
100% for detecting lung and bone metastases. Kitajima et
al[61] reported three pancreatic cancer patients with ovarian metastases detected only by FDG-PET/CT. In the
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study by Strobel et al[52], unenhanced and enhanced PET/
CT had accuracies of 60% and 80% for detecting peritoneal implantation. Farma et al[62] also reported two peritoneal metastases found by PET/CT alone. The particular
SE for detecting liver metastasis, however, dropped to
22% to 88%[18,21,29,32,51,59,62,63]. The detailed information of
studies focused on the detection of liver metastasis by
FDG-PET/CT is showed in Table 3. One of the possible reasons may be that the detection of small liver
metastatic lesions is limited by partial volume effects[64].
The high metabolic background of the liver may be another reason[56].
The overall influence of 18F-FDG PET/CT on
the management of pancreatic cancer has been widely
studied. In early years, FDG-PET without CT did not
perform well. Wakabayashi et al[51] reported that FDGPET only surpassed CT in the detection of bone metastasis and concluded that PET did not perform precisely
enough in staging of the disease. Since then, many studies revealed the capability of FDG-PET/CT to evaluate
pre-operative staging by providing extra information. In
the study conducted by Farma et al[62], 11% (7/82) of patients with invasive cancer had a change in their management, as PET/CT detected metastatic lesions that were
not identified by the standard staging protocol in these
patients. Bang et al[30] reported that 18FDG-PET/CT
changed the pretreatment stage in 26.9% (25/93) of patients with pancreatic ductal adenocarcinoma. More importantly, 18FDG-PET/CT scanning resulted in a change
in resectability status in 20 cases (21.5%). Although some
investigators hold a negative opinion[29], PET/CT plays a
critical role in changes in the management of pancreatic
cancer[21,59,65,66].

PET/CT IN TUMOR RECURRENCE
DETECTION AND METABOLIC RESPONSE
MONITORING
Early detection of tumor recurrence and accurate postoperative staging are crucial for prescribing optimal
individualized treatment[67,68]. Elevation of serum level
of CA19-9 has been shown to be a sensitive indicator
of recurrent pancreatic cancer but did not provide information about location of recurrence[69]. For patients
who underwent surgery, PET/CT is able to detect recurrence early during the follow-up. Ruf et al[70] conducted
a study including 31 patients with suspected recurrence
after surgery. Among the 23 patients with local recurrence, the detection rate of FDG-PET was 96%, while
that of CT/MRI was 39%. Among 12 liver metastases,
the detection rate of FDG-PET was 42%, while that of
CT/MRI was 92%. Other malignant abdominal lesions
were detected by FDG-PET only. Similar results were
reported by Sperti et al[71]. In their study, tumors recurred
in 63 of 72 (87.5%) patients. Tumor relapse was detected
by CT in 35 patients, while by FDG-PET in 61. FDGPET influenced treatment strategies in 32 of 72 patients
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(44.4%). The confirmation of recurrent pancreatic cancer
in the remnant pancreas has also been reported by other
researchers[72,73].
FDG-PET/CT’s ability to detect the metabolic
change before morphological changes has been proven
by in vivo studies[74,75]. It has been successfully utilized in
monitoring the metabolic changes during chemotherapy
and/or radiation therapy. Chang et al[76] reported that
PET-CT was a more effective method for evaluating tumor response than conventional CT after radiotherapy
for unresectable pancreatic cancer. In another study[77],
CT and FDG-PET were done before and after arterial
infusion chemotherapy combined with external radiation
therapy (ERT) for unresectable patients. CT could not
reveal the actual location of the tumor before treatment
in two cases. PET image showed high uptake in the pancreatic head before treatment and the significant decrease
of SUV after treatment. In addition, FDG-PET image
showed therapeutic effects 2 mo before changes appeared
on CT images in another two cases. Heinrich et al[78] reported a significant SUV decrease (mean SUV from 4.4
to 3.0) that occurred during chemotherapy (P = 0.031)
for locally advanced pancreatic cancer (LAPC). Their results were confirmed by many other studies[30,79-82]. With a
wide approval in monitoring metabolic response, PET/
CT now engages in clinical trials on novel drugs such as
nab-paclitaxel[83].

PET/CT IN PREDICTION OF PROGNOSIS
Proliferation index is important for malignant potential
in pancreatic cancer and neuroendocrine tumors (NETs).
Buck et al[84] found that Ki-67 immunoreactivity enabled
reliable differentiation between benign and malignant
pancreatic tumors. The mean percentage of Ki-67 positive cells was approximately ten-fold higher in pancreatic
cancer than in pancreatitis, indicating that proliferative activity is elevated strongly in the former but only slightly in
the latter. However, no significant correlation was found
between Ki-67 immunoreactivity and FDG uptake (P =
0.65). Their results accorded with in vitro results, which
indicated no correlation between proliferative activity and
FDG uptake in human cancer cells[85].
Whether 18FDG PET is a prognostic factor for patients with pancreatic cancer is debatable. In a study by
Sperti et al[86], SUV value of 18FDG was calculated in 60
of the patients and divided into high (> 4) and low (≤ 4)
groups. The median survival for patients with SUVs > 4.0
(n = 29) was 265 d vs 178 d for those with SUVs ≤ 4.0 (n
= 31) (P = 0.005). Multivariate analysis showed that only
stage (P = 0.001) and SUV (P = 0.0002) were independent predictors of survival. Similar results were obtained
by Zimny et al[87] using a cutoff value of 6.1. Epelbaum
et al[88] confirmed that global 18F-FDG influx (18F-FDG
INF) was the only significant variable for overall survival
(OS) in patients with localized disease, independent of
resectability.
Correlation between metabolic response on FDG-

WJG|www.wjgnet.com

PET and prognosis is still controversial. Results varied
greatly among various studies. Topkan et al[89] conducted
a study including 32 unresectable LAPC patients treated
with concurrent chemoradiotherapy. Median OS, progression-free survival (PFS), and local-regional PFS for
those with greater (n = 16) vs lesser (n = 16) SUV (max)
change were 17.0 mo vs 9.8 mo (P = 0.001), 8.4 mo vs 3.8
mo (P = 0.005), and 12.3 mo vs 6.9 mo (P = 0.02), respectively. On multivariate analysis, SUV (max) difference
was predictive of OS, PFS, and LRPFS, independent of
existing covariates. The great SUV decrease indicating
better prognosis was also confirmed by several other
studies[60,78,88]. On the contrary, Heinrich et al[78] revealed
that significant SUV decrease occurred during chemotherapy was correlated with Ki-67 expression (P = 0.016),
and histologic response (P = 0.01), while the metabolic
response was not predictive of the median disease-free
survival (P = 0.49) or OS (P = 0.43).

NEW DEVELOPMENTS AND PROSPECTS
The fusion of PET and MRI has shown more accurate localization of the FDG uptake in relation to the pancreatic
ductal system[89,90]. Tatsumi et al[91] showed that the diagnostic accuracy was higher on PET/T1-w or PET/T2-w
MRI (93.0 and 90.7%, respectively) than PET/CT (88.4%),
although no statistical significance was obtained. Nagamachi et al[92] showed that FDG-PET/MRI fusion image,
which provided more anatomic information, significantly
improved accuracy compared with PET/CT (96.6% vs
86.6%). Dilatation of main pancreatic ducts was noted
in 65.9 % of solid types and in 22.6% of cystic types on
PET/MRI-T2 fusion images. Especially in cystic types,
intra-tumor structures such as mural nodules (35.4%) and
intra-cystic septum (74.2%) were also detected.
With regard that pancreas is located at a relatively
greater distance from the diaphragm, respiratory gating
procedure does not ameliorate the diagnostic assessment
of primary tumors. Furthermore it could be useful to
improve staging both in the liver and lung. In default of
respiratory gating equipment, Kasuya et al[93] suggested
that deep-inspiration breath-hold PET/CT technique
seems feasible for accurate localization and improves the
quantification of SUV. Further investigation is needed
about the real application of these new procedures and
protocols.
The finding of more tumor specific tracers is another
major endeavor. The most widely reported 18F-FET assesses proportion of cells undergoing active proliferation.
von Forstner et al[94] demonstrated FLT uptake in PancTuI and BxPC-3 pancreatic cancer cell lines. However,
the outcomes of clinical studies were controversial[95,96].
The hypoxia agent 18F-FMISO, aimed at the hypoxic
environment of pancreatic cancer, was compared with
FDG by Segard et al[97]. In their study, only 2 pancreatic
cancer patients demonstrated increased FMISO activity,
while all ten patients showed FDG uptake. Mean FDG
SUV (max) was 6 (range: 3.8-9.5) compared to 2.3 for
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FMISO (range: 1-3.4). Other reported tracers included
choline analogues (11C-CHO, 18F-dOC)[98] and 11C-harmine[99]. The most recent pilot study used antibody like
anti-CD147 monoclonal antibody[100] as a probe or even
targeted mutant KRAS2 mRNA with 111In-DOTAnPoly(diamidopropanoyl)m-KRAS2 PNA-D(Cys-Ser-LysCys) nanoparticles[101]. However, none of them is able to
replace FDG at the time being. Further study in this field
is still needed. Another kind of novel tracers worth noticing is somatostatin receptor (SSTR) tracers, like Yttriumlabelled peptides[102], which are used for imaging and peptide receptor-mediated radiotherapy for pancreatic NETs.
Around 80% of enteropancreatic NETs express SSTRs,
with some differences in different tumor types and even
within the same tumor[103]. Recently, Putzer et al[104] reported 68Ga-DOTA-TOC PET imaging to be an established
imaging procedure for accurate staging for NET patients.
68
Ga-DOTA-TOC revealed more tumor sites than 68GaDOTA-LAN. The tumor to background ratios for tumor
and liver calculated from SUV(max) measurements were
significantly higher for 68Ga-DOTA-TOC than 68GaDOTA-LAN (P < 0.02).
In conclusion, FDG-PET/CT is a useful modality for
detection of pancreatic cancer. Its false positive findings
in mass forming pancreatitis may lower its specificity. Its
use in tumor staging is limited by the lack of enhanced
CT scan and a relatively poor SE in detecting metastatic
lymph nodes. However, for most of the time extra information about distant metastasis is vital enough to change
clinical management. FDG-PET/CT has the advantage
in monitoring metabolic response, making it optimal in
evaluation of different kinds of treatments. It is also a
valuable tool to detect suspected recurrence. The correlation between SUV and prognosis remains controversial.
Many efforts have been made to improve diagnostic efficacy of PET/CT. Though the outcome is not sufficient
today, more possibility may lay in the future.
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with left lateral sectionectomy, which is performed for
adult to child living donation. In this setting, the laparoscopic technique is now well standardized, is associated
with decreased donor blood loss and hospital stays and
provides graft of similar quality compared to the open
approach. On the other hand laparoscopic major right
or left hepatectomies for adult-adult LDLT currently
lack standardization and various techniques such as the
full laparoscopic approach, the hand assisted approach
and the hybrid approach have been reported. Hence,
even-though several reports highlight the feasibility of
these procedures, the true benefits of laparoscopy over
laparotomy remain to be fully assessed. This could be
achieved through standardization of the procedures and
creation of international registries especially in Eastern
countries where LDLT keeps on flourishing.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver transplantation; Laparoscopy; Living
donation; Postoperative course

Abstract
In Western countries, living donor liver transplantation
(LDLT) may represent a valuable alternative to deceased donor liver transplantation. Yet, after an initial
peak of enthusiasm, reports of high rates of complications and of fatalities have led to a certain degree of
reluctance towards this procedure especially in Western
countries. As for living donor kidney transplantation, the
laparoscopic approach could improve patient’s tolerance
in order to rehabilitate this strategy and reverse the
current trend. In this setting however, initial concerns
regarding patient’s safety and graft integrity, need for
acquiring surgical expertise in both laparoscopic liver
surgery and living donor transplantation and lack of
evidence supporting the benefits of laparoscopy have
delayed the development of this approach. Similarly to
what is performed in classical resectional liver surgery,
initial experiences of laparoscopy have therefore begun
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Core tip: Initial concerns regarding patient’s safety and
graft integrity, need for acquiring surgical expertise in
both laparoscopic liver surgery and living donor transplantation (LDLT) and lack of evidence supporting the
benefits of laparoscopy have delayed the development
of this approach in LDLT. Preliminary experiences of
laparoscopic liver resection for LDLT have begun with
laparoscopic left lateral sectionectomy for adult-child
LDLT, where the procedure is now well standardized
and provides satisfactory results. On the other hand,
lack of standardization and multiplicity of the techniques currently limit the evaluation of this approach in
the setting of major liver resection for adult-adult LDLT.
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INTRODUCTION
Liver transplantation (LT) is the mainstay treatment for
patients with end-stage liver disease or early hepatocellular carcinoma occurring on cirrhosis with survival rates
reaching up to 80% and 70% at 1 and 5 years respectively[1]. Yet, the long-lasting imbalance between graft availability and an increasing number of patients on the waiting list required development of several other strategies.
Living donor liver transplantation (LDLT) has emerged
as a valuable alternative to deceased donor LT[2]. In Eastern countries, where the hesitancy to donate organs after
death corroborates with strong cultural and religious
beliefs, rates of deceased organ donation of 0.05-6.0 per
million[3] are among the lowest observed and have led to
successful development of LDLT. In Western countries,
after an initial peak of enthusiasm during the late 90’s,
reports of fatal complications published in both scientific
journals[4,5] and in the public press have led to a marked
decrease in the number of procedures. Hence, LDLT
now barely account for 4%-5% of the total number of
LTs in Europe and in the United States[6,7]. This proportion contrasts with that of living kidney transplant, which
has reached almost 40% in the last 10 years in the United
States[8,9]. While this large difference is certainly mainly
the consequence of the higher risks of complications
and death in live liver donors, one should nevertheless
bear in mind that the use of the laparoscopic approach in
living donor nephrectomy has led to an overall increase
in donation rates[10]. In living donor nephrectomy, several
meta-analyses and randomized controlled trials have established that laparoscopy was associated with decreased
morbidity rates and postoperative pain, shorter in-hospital stay, lower cost, better quality of life and faster return
to work[9,10].
In classical resectional liver surgery (i.e., for malignant
or benign disease), initial concerns regarding both safety
and feasibility of the laparoscopic approach, especially
for major hepatectomies have led to delay its development and it’s only recently that this strategy has gained
acceptance. Hence, the laparoscopy is now considered
as the approach of choice for several procedures such
as left lateral sectionectomy (LLS)[11,12]. Yet, its use in the
setting of living donation still raises several concerns
about not only donor safety but also graft integrity[13].
The objective of this comprehensive review is therefore
to discuss on the past and present limits of the laparoscopic approach for living donation in order to provide
relevant insights regarding its current place. To such end,
a MEDLINE search was performed for relevant English
full-text articles using a combination of the following key
words “LDLT” with “laparoscopy” and/or “laparoscopy
assisted hepatectomy” and/or “laparoscopic hepatectomy” and/or “LLS” and/or “left hepatectomy” and/or
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“right hepatectomy” and/or “right posterior sectionectomy”. The reference lists of the selected papers were also
searched in order to obtain additional relevant articles.

WHY HAS THE DEVELOPMENT OF
LAPAROSCOPY BEEN DELAYED IN THE
SETTING OF LIVING LIVER DONATION?
Long and necessary learning curve
The most controversial topic in liver surgery is clearly the
performance of laparoscopic living donor hepatectomy.
In laparoscopic liver resection for LDLT, both expertise in LDLT as well as in laparoscopic liver surgery are
required. On one hand, LDLT only represents a small
proportion of all LT annually performed, especially in
Western countries[6,7], which clearly limits the possibility of fast development. On the other hand, mastering
both liver surgery and laparoscopic techniques should be
achieved before attempting laparoscopic liver resections.
In this setting, several reports have emphasized that a
minimum of 15-60 procedures depending on the extent
of the resection was required before optimal results
could be obtained[14,15]. As experience with advanced technological support in minimally invasive surgery increased,
laparoscopic liver resections have therefore trended from
minor wedge resections and LLS for peripherally located
lesions towards major resections[15,16]. Altogether, it is not
surprising that the development of laparoscopic liver
resection for LDLT has been delayed until initial reports
highlighting the safety and feasibility of laparoscopic liver
surgery were released.
Interestingly, when it came to performing laparoscopic LLS for living donation, a learning curve of approximately 20 procedures was also observed before achieving
optimal blood loss, warm ischemia times[17], postoperative
course and hospital stay[18]. This finding supports that
even the most experienced surgeons in both laparoscopic
liver surgery and LT will have to face some kind of difficulties at the beginning of their experience.
Initial concerns regarding patient safety and graft
integrity using the laparoscopic approach
Donor safety is clearly the main issue of this strategy.
Mortality after living donation ranges from 0.05%-0.1%
for left lateral section donation to 0.2% for right liver
donation[19]. Also, a consistently reported rate of complication of approximately 40%[20,21] including major ones
such as biliary fistula, infections or pulmonary complications[22,23] in case of open right liver donation may discourage these healthy donors. These risks, superimposed
with elevated rates of psychological difficulties[21] following donation affect both medical teams and general opinion. In Western countries, where deceased LT is widely
available, this has led to a certain degree of reluctance
among medical teams and a decrease in living donation
is currently observed. In this setting, laparoscopic liver
donation could not suffer worse results than the open ap-
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proach and should at the best reduce these risks in order
to rehabilitate this strategy and reverse the current trend.
Several concerns regarding patients safety have longlimited the development of the laparoscopic approach
in patients undergoing classical liver resectional surgery.
In particular, an important initial reluctance was the risk
and management of hemorrhage under laparoscopy.
However, with technical refinements and growing expertise during the past two decades, several reports have
emphasized decreased blood loss and transfusion rates
in patients undergoing laparoscopic liver resection compared to patients operated under laparotomy[24-26]. Possible explanations for this finding include the 30-degree
reverse Trendelenburg position reducing hepatic backflow, more effective hemostasis on the cut surface due
to laparoscopic magnification and possibly the effects
of pneumoperitoneum, which could both decrease cut
surface bleeding[27] and therefore leave enough time for
laparoscopic haemostasis or conversion when required.
Another important issue, which has now been sorted out,
was the theoretical increased risk of gas embolism as a
consequence of the pneumoperitoneum itself. In this
setting, one should nevertheless bear in mind that this
pneumoperitoneum is made of CO2, which solubility is
greater than that of nitrogen[13] and that several experimental studies have clearly established that CO2 was not
associated significant hemodynamic instability[13].
In donors undergoing open hepatecomy graft retrieval is generally achieved using large midline or subcostal
laparotomies. In case of full laparoscopic approach, the
graft has to be placed in a plastic bag and extraction is
usually performed using smaller incisions such as suprapubic incisions. In this setting, several authors have raised
some concerns regarding the risk of physical graft integrity and prolonged warm ischemia time (WIT)[28]. First,
it has now been established that liver function tests and
graft functional recovery were identical in patients operated under laparotomy or laparoscopy. Second, our group
has shown that even-though longer WIT were observed
in laparoscopically retrieved grafts, this did not impact
graft related postoperative complications or survival[29].
Altogether, there is currently no argument supporting
that the laparoscopic approach itself could jeopardize the
quality of the graft.
Delayed evidence supporting the benefits of the
laparoscopic approach in liver surgery
Today, laparoscopic minor liver resections are considered
to be safe and reproducible techniques and even superior
to the open approach. In this setting, laparoscopic LLS
is now considered the gold standard for malignant or
benign lesions[11,12]. Apart from obvious cosmetic benefits
the reported advantages of laparoscopy over laparotomy
are multiple. These include decreased surgical site infections[30] and postoperative ascites[25,26], shorter hospital
stay[30,31], and improved cost effectiveness[32]. Still, these
benefits mainly arose from the results of retrospective
case-control series or meta-analyses of retrospective
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studies. Hence, even-though laparoscopic surgery has
certainly gained global acceptance over the last 20 years,
current medical literature clearly lacks strong evidence
when it comes to the specific subset of liver surgery.
Among the several explanations that may account for this
major drawback, ethical concerns clearly limited the feasibility of randomized controlled trials comparing open
and laparoscopic approaches.

INITIAL EXPERIENCE WITH
LAPAROSCOPIC LIVER RESECTION FOR
LIVING DONATION: THE MODEL OF
LAPAROSCOPIC LLS FOR ADULT-CHILD
LDLT
As for liver resection for malignant or benign lesions, laparoscopic approaches to living donation were initially described for removing an adult left lateral segment graft for
transplantation into a child. First described simultaneously
in Brazil and Australia in 1989[33,34], open LLS for adultchild LDLT is now a well-standardized procedure and has
been shown to provide the best patient survival rates[35,36].
In this setting, the rationale of performing this procedure
through laparoscopy was to provide the healthy donors
with the advantages of this modern minimal invasive approach and, at the same time, to assure maximal safety of
the procedure and the procurement of grafts of optimal
quality. Hence, since the first report of full laparoscopic
LLS for adult-child LDLT in 2002[37], this approach has
progressively gained increased acceptance.
Table 1 summarizes the results of the three most
important series focusing on laparoscopic LLS for adultchild LDLT[18,29,38]. Of these, the first two series were small
case control studies, which mainly aimed at reporting both
safety and feasibility of this approach. From the donor
point of view, the laparoscopic approach was associated
with decreased blood loss[29,38], improved postoperative
course with decreased postoperative complication rates[29],
shorter postoperative recovery and hospital stays[38] compared to the open approach. From the recipient point of
view, even though the laparoscopic approach was associated with longer WIT[29] compared to the open approach,
recipients displayed similar postoperative liver function
tests and identical rates of biliary complications, graft
loss leading to retransplantation and overall postoperative
mortality[29,38]. Interestingly, our recent bicentric report of
70 LLS for adult-child LDLT highlighted an 8% rate of
hepatic artery thrombosis (HAT)[18]. This rate, which may
seem higher compared to values reported in the literature,
may account for several explanations. First, at the beginning of this experience, living donation was dedicated to
emergency situations, including acute necrosis in biliary
atresia recipients or retransplantation for acute liver graft
failure, which are well known to be at higher risk of complications. In that sense, the same series reported a 0%
HAT rate in the center where LLS for adult-child LDLT
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Table 1 Summary of the studies reporting the results of full laparoscopic left lateral sectionectomy for adult-child living donor liver
transplantation
Ref.
Soubrane et al[29], 2006
Kim et al[38], 2011
Scatton et al[18], 2014

Study type

n

Major
complication

Blood loss
(mL)

Transfusion

Hospital stay
(d)

Warm ischemia
time (mn)

Recipient
HAT

Retransplantation

Case control
Case control
Case series

30
22
70

6.0%
0.0%
1.4%

19 ± 44
396 ± 72
82 ± 79

0%
0%1

7.5 ± 2.3
6.9 ± 0.3
6 (3-18)

10 (6-12)
6±2
9 ± 4.1

12.5%
0.0%
8.0%

6%
0%
9%

1

For allogenic transfusion, 6 (8.6%) donors underwent autogenic transfusion. HAT: Hepatic artery thrombosis.

was performed electively. Second, no anticoagulants were
given to the donor at the time of vessels division suggesting that a systematic protocol for anticoagulation before
retrieval should probably be introduced.
Altogether, with almost 100 procedures performed to
date, both safety and reproducibility of laparoscopic LLS
for adult-child LDLT have now been established. Eventhough some minor adjustments are still required, there is
no doubt that this approach will become the standard of
care in upcoming years.

LAPAROSCOPIC MAJOR LIVER
RESECTION FOR ADULT-ADULT LIVING
DONATION
Adult to adult (AA) LDLT was introduced almost a
decade after LDLT for children[39]. AA LDLT is mainly
performed using two types of partial grafts i.e., right hemiliver grafts and left hemiliver grafts, both with specific
advantages and shortcomings. In this setting, the use of
laparoscopy has raised several issues concerning both
safety and feasibility but also usefulness. Hence, it’s only
very recently that the first reports of laparoscopic major
hepatectomy for AA LDLT have been released.
Laparoscopic right hepatectomy for AA LDLT
Living donor right hepatectomy, which entrails removal
of about two thirds of the donor liver represents the
main type of partial liver graft for AA LDLT. While
right liver graft donation provides an adequate volume
of transplanted functional liver parenchyma and therefore ensures recipients safety, it has raised much concern
about donor safety. Indeed, less than 10 years ago, AA
LDLT using right liver grafts was still associated with
a 30% donor transfusion rate and a 40% postoperative
complication rate[20,21] including biliary tract complications
and pulmonary complications in 3%-8%[40] and 10%[23] of
the donors respectively. To rehabilitate this strategy and
reverse the current trend of decreasing AA live donation
rates, efforts in reducing these high complication rates
were clearly required[41]. In this context, several units have
therefore advocated that the laparoscopic approach for
AA LDLT living donation could be considered as an option to reduce donor morbidity. Indeed, increasing number of reports have emphasized that laparoscopic right
hepatectomy for classical liver resection demonstrated
better surgical outcomes than the open approach in terms
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of reduced intraoperative blood loss and postoperative
hospital stay[42-45]. Various techniques of laparoscopic right
hepatectomy have been reported[46-50]. Currently, three
main techniques of laparoscopic right hepatectomies have
been described: (1) the pure “full” or “totally” laparoscopic approach where the whole procedure is performed
through laparoscopy; (2) the hand assisted laparoscopic
approach where a hand port is used to facilitate the operation; and (3) the laparoscopic assisted approach or “hybrid
technique” where pedicular dissection and liver mobilization are performed under laparoscopy when parenchymal
transection and specimen extraction are performed using
a short (midline or subcostal) incision. Currently, there
are no published data indicating the superiority of one
technique over the others and the choice of the technique
depends on the surgeons’ expertise and preference as well
as the indication for surgery. In our experience we believe
that the hybrid method may be used as a valuable “salvage” alternative strategy, which offers the possibility for
safe conversion in case of bleeding or large tumor with
involvement of the hepatocaval confluence.
Some detractors of laparoscopic major hepatectomy
for LDLT only consider this approach as a pure technical
achievement[28]. On the opposite, several HPB surgeons
have focused on developing laparoscopic right hepatectomy using conceptual and standardized techniques[29,51]
with the aim to ensure donor safety through decreased
intraoperative blood loss, improved postoperative course
with decreased morbidity and faster rehabilitation[46].
As shown in Table 2, 167 cases of laparoscopic right
hepatectomy for AA LDLT have been reported between
2006 and 2014, mostly through case reports, case series
or case match series with low statistical power[51-62]. Of
these, two procedures were performed using a full laparoscopic approach, one procedure was performed using
a robot-assisted technique, while the 164 other cases
were performed using hand assisted or hybrid techniques.
In these reports, there was no evidence indicating that
the laparoscopic approach for right hepatectomy living
donation was superior to conventional open approach.
However, it should be emphasized that (1) no death was
reported; (2) the rate of severe complications (0% to
17%) was quite low; and (3) the lengths of hospital stay (3
to 12 d) were more than acceptable.
Altogether, currently published results seem to confirm previous assertions regarding the feasibility of the
laparoscopic approach for right hepatectomy in the setting of AA LDLT. Whether potential physical and psy-
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Table 2 Summary of the studies reporting the results of laparoscopic assisted, hand assisted, robot assisted or full laparoscopic right
hepatectomy for living donor liver transplantation
Ref.

Study type

n

Major complication

Blood loss (mL)

Laparoscopic right hepatectomy using midline incision “Hybrid Method”
Koffron et al[52], 2006
Case series
4
0%
150
Kurosaki et al[53], 2006
Case series
3
0%1
300 ± 1901
Baker et al[54], 2009
Case control
33
0%
420 ± 220
Nagai et al[55], 2012
Case series
4
350 ± 174
Soyama et al[56], 2012
Case series
6
6%1
520 ± 2901
Zhang et al[57], 2014
Case control
25
0%
380 ± 110
Laparoscopic hand-assisted right hepatectomy using a transverse or subcostal incision
Suh et al[58], 2009
Case series
7
14%
Choi et al[59], 2012
Case control
20
870 ± 653
Hwang et al[60], 2012
Case control
20
0%
290 ± 67
Single port laparoscopic hand-assisted right hepatectomy using a transverse or subcostal incision
Choi et al[59], 2012
Case control
40
450 ± 316
Hand assisted laparoscopic right-Lobe Hepatectomy
Suh et al[58], 2009
Case series
2
0%
Robot-assisted right lobe donor hepatectomy
Giulianotti et al[61], 2012
Case report
1
0%
350
Totally Laparoscopic right-Lobe Hepatectomy
Soubrane et al[51], 2013
Case report
1
0%
100
Rotellar et al[62], 2013
Case report
1
0%
100

Transfusion

Hospital stay (d)

0%
0%1
0%
0%1
0%

3±1
11 ± 31
4.3
6.3 ± 1.3
7 ± 1.4

0%

10 ± 7
12.1 ± 2.8
10.7 ± 2.6

-

11.8 ± 4.4

-

12 ± 2

0

5

0
0

7
4

1

Specific results of right hepatectomy were not detailed, and separated from left hepatectomy.

chological benefits of a smaller incision superimposed
on at least similar postoperative results may change the
landscape for living liver donors leading to an increased
willingness to donate will nevertheless clearly require further investigations.
Laparoscopic left hepatectomy for AA LDLT
The rationale of left hemi-liver graft donation for AA
LDLT would be to reduce the risk brought on the donor
while providing the recipient with a sufficient amount
of functional liver parenchyma at the same time. From
the donor point of view, left hemi-liver grafts account
for approximately 40% of the donors’ total liver volume
and this type of hepatectomy is generally associated with
decreased rates of postoperative biliary and pulmonary
complications[23,63,64]. Yet, some authors advocate that
the use of these smaller grafts essentially transfers the
risk from the donor to the recipient[65] in the form of
small-for-size syndrome (SFSS). Indeed, a graft to recipient weight ratio (GRWR) under 0.8% or a graft volume
standard liver volume (GV/SLV) less than 40% is considered as an increased risk factor for graft failure after
LT in adult recipients. In this context, the first published
series of adult LT using left liver grafts reported worse
outcomes as compared to right liver grafts. Nowadays
however, improvements in the preoperative planning with
tailoring of the type of donor hepatectomy to the recipients’ needs[66] as well as refinements in surgical technique
with optimal outflow reconstruction[67,68] and both selective use of splenic artery occlusion[69] or portocaval shunt
creation[70] allow patients and grafts survivals to reach
those of right grafts for LDLT[71-73]. Altogether, even if
these considerations may appear to be beyond the scoop
of this review, they largely explain the delayed develop-
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ment of AA LDLT using laparoscopically harvested left
hemiliver-grafts, which was not correlated to technical
difficulties but rather to inherent limitations related to
this type of grafts.
In classical resectional surgery, laparoscopy may indeed be considered a valuable approach with low intraoperative blood loss, overall complications, and mortality
rates. This has led some authors to considering this approach as the future standard of care for this procedure[74,75]. This widely contrasts with the small number
of series reporting the results of laparoscopic assisted
or full laparoscopic left hepatectomy in the setting of
LDLT[53,56,76-78] (Table 3). Still, preliminary studies of laparoscopic assisted left hemi-hepatectomies for AA LDLT
with or without caudate lobe harvesting have emphasized
that this approach was associated with low postoperative
morbidity and provided shorter hospital stays than in the
open approach. On the other hand, the very limited experience of 6 cases of totally laparoscopically harvested
left hemi-liver grafts for LDLT arising from two expert
centers[77,78] currently does not allow drawing any solid
conclusion regarding the safety of this approach.

FUTURE EXPECTATIONS
Need for standardization
With increasing reports highlighting the safety and feasibility of the laparoscopic approach for both traditional
liver resectional surgery and live donor liver hepatectomy,
several improvements such as laparoscopic right posterior
sectionectomy or full robotic right and left hepatecomies
are likely to be expected in upcoming years. However,
these refinements may be considered as pure technical
achievements and there is a more important need for
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Table 3 Summary of the studies reporting the results of laparoscopic assisted or full laparoscopic left hepatectomy for living donor
liver transplantation
Ref.

Study type

n

Major complication

Laparoscopic assisted left hemli-hepatectomy using midline incision “Hybrid Method”
Kurosaki et al[53], 2006
Case series
10
0%1
Soyama et al[56], 2012
Case series
9
6%1
Marubashi et al[76], 2013
Case control
14
6.5%2
Totally laparoscopic left hemi-hepatectomy
Samstein et al[77], 2013
Case series
2
0%
Troisi et al[78], 2013
Case series
4
25%3

Blood loss (mL)

Transfusion

Hospital stay (d)

300 ± 1901
520 ± 2901
353 ± 3962

0%1
0%1
0%

11 ± 31
11.5 ± 3.6

125
50-80

0%
0%

4±1
5±1

1

Specific results of left hepatcetomy were not detailed, and separated from right hepatectomy; 2Specific results of left hepatectomy were not detailed, and
separated from left lateral sectionectomy; 3One out of four patient required roux-y hepaticojejunostomy for right posterior duct stenosis.

surgical units to achieve standardization of the existing
procedures. Indeed, the technique of major liver resections is not standardized even through laparotomy and
countless techniques including those focusing on vascular
control strategy of resection with primary mobilization
of the right liver or anterior approach without mobilization or parenchymal transection have been reported. In
the setting of laparoscopic major liver resection, there is
no doubt that standardization would both increase the
reproducibility of the techniques and allow overcoming reluctances to promote the widespread development
of this approach. The question on how the progression
from surgical innovation to more standardized techniques
can be achieved is still an open debate. As an example,
our group has recently reported a conceptual technique
of laparoscopic right hepatectomy based on facts and
oncologic principles, the so-called “caudal approach”[49].
Hopefully, this technique, which was developed in order
to both decrease morbidity and improve reproducibility
regardless of the indication for liver resection will also
promote standardization.
Need for reports arising from Eastern countries
Apart from LLS for adult-child living donation, large
sided series or studies comparing the results of full laparoscopic right and left major liver resection for living
donation to similar open procedures are currently lacking
and need to be conducted. Knowing that randomized
controlled trials are unlikely to be undertaken, creating an
international registry and comparing the results to open
cohorts might allow us to evaluate the relevance and
risks of the approach. Furthermore, the fact that all four
reports focusing on full laparoscopic major hepatectomy
for living donation arose from either European or American centers suggests an underdevelopment of this approach in Eastern countries. In France, as in many other
Western countries, the number of major liver resection
for liver donation is particularly low. This is at least partly
due to the continuously decreasing overall number of
LDLT. In this setting, there is a crucial need for reports
of laparoscopic LDLT arising from Eastern expert centers, which annually perform hundreds of major hepatectomies for LDLT[79-81].
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CONCLUSION
apart from laparoscopic LLS for adult-child LDLT, the
current place of laparoscopy in living donor hepatectomy
still lacks high level of evidence. Creation of international
registries especially in Eastern countries should be undertaken in order to assess the relevance of this approach.
Even-though preliminary reports tend to support both
safety and potential benefits of laparoscopy in the setting
of LDLT, future challenges should include standardization of the technique in order to achieve a certain degree
of reproducibility and favor widespread development.
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Abstract
Single incision laparoscopy (SIL) has become an
emerging technology aiming at a further reduction of
abdominal wall trauma in minimally invasive surgery.
Available data is encouraging for the safe application of
standardized SIL in a wide range of procedures in gastroenterology and hepatology. Compared to technically
simple SIL procedures, the merit of SIL in advanced
surgeries, such as liver or colorectal interventions,
compared to conventional laparsocopy is self-evident
without any doubt. SIL has already passed the learning curve and is routinely utilized in expert centers.
This minimized approach has allowed to enter a new
era of surgical management that can not be acceded
without a fruitful combination of prudent training, consistent day-to-day work and enthusiastic motivation for
technical innovations. Both, basic and novel technical
specifics as well as particular procedures are described
herein. The focus is on the most important surgical interventions in gastroenterology and aims at reviewing
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the current literature and shares our experience in a
high volume center.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This paper demonstrates the current state of
single port laparoscopic surgery in gastroenterology
and hepatology. The defined indications, standardized
and novel technical specifics as well as the surgical
strategy of particular procedures that are successfully
performed are described herein according to the review
of the international literature and the surgical standards
developed at our department which is regarded one of
the high-volume centers for single port surgery in the
world (more than 2200 procedures).
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com/1007-9327/full/v20/i42/15599.htm DOI: http://dx.doi.
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INTRODUCTION
Throughout the past few years laparoscopic surgery has
become a gold standard for many procedures in general
surgery. This development is based on a reduced morbidity, shorter hospital stays, less postoperative pain and a
quicker recoveries. The quest for even less invasive procedures has emphasized reducing the surgical trauma by
minimizing the size or number of trocar incisions, with
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the ultimate goal to omit any visible scar at the abdominal
wall. Single incision laparoscopic surgery (SIL) is part of
recent developments in minimally invasive surgery to further allay abdominal wall trauma. Although the first steps
in diagnostic laparoscopy were developed in the early
18th century using one single umbilical incision, technical
limitations mandated the use of multiple trocars to perform minimally invasive surgery, at least for the purpose
of therapeutic intervention. Almost two-hundred years
later gynecologists adopted the transumbilical single incision approach for laparoscopic tubal ligation[1]. Recent
advances in instrumentation provided the opportunity
to revisit the SIL concept in technically more demanding procedures. Again, gynecologists pioneered the field
with the first SIL hysterectomy[2] and SIL appendectomy
in 1991[3]. General surgeons cautiously gravitated towards
SIL by developing either extraumbilical one-trocar techniques[4] or gradually reducing the incisions for appendectomy by means of a transumbilical laparoscopic assisted
technique[5]. The first report on SIL cholecystectomy is
attributed to Paganini et al[6] but first published by Navarra et al[7].
Due to the slow development of new inventions
within the medical society it took another ten years to
introduce SIL in the daily surgical routine. Despite the
contemplative reluctance of surgeons evaluating safety
and feasibility, another main factor supported the advance of SIL, namely the scientific realization of the vision of performing surgery without any scar by utilizing
the mouth, vagina or anus as the entrance to the surgical
field - natural orifice transluminal endoscopic surgery
(NOTES). This new methodology immediately attracted
patients who stated that they would prefer NOTES over
standard laparoscopy if the risks associated with the two
approaches were similar[8]. This emphasizes the negative
effects of surgical scars; despite proven risks of pain,
bleeding, infection or hernia, often a patients first concern is to maintain a scarless cosmesis.
However, the concept of NOTES has several disadvantages and limitations with the currently available
instruments, including abdominal spillage of gastric, urinary, or colonic contents, the necessity of many special
instruments, difficulties in maintaining the spatial orientation, difficult tasks of viscerotomy closure with the
additional risk of leakage from gastrotomy or colotomy.
Therefore, NOTES has to be evaluated thoroughly in
experimental models before it can be transposed into the
clinical routine. Since there are so many obstacles in the
development of NOTES, it is still in its early stages. On
the other hand it has in turn stimulated a revived interest in SIL which represents an attractive alternative to
both conventional laparoscopy and NOTES, by hiding
the scar in the depth of the navel. In addition SIL can
be performed with standard laparoscopic instruments
and follows well known strategic surgical steps. Therefore, surgical outcomes and safety procedures are unaffected when it comes to the ease of converting a singleport surgery to a multi-port conventional laparoscopy
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immediately. It is noteworthy that the transvaginal and
transrectal route, which were thoroughly studied to enable NOTES, are both under consideration to act as valid
exit gates for specimen retrieval in SIL in order to keep
the transumbilical incision as small as possible to further
reduce postoperative pain. The use of mini-laparoscopic
instruments via three millimeter multi-ports represent a
technical alternative to SIL and NOTES aiming at the
least possible surgical trauma. At present, even if no conclusive evidence based statement can be issued to exactly
rank one method before the other this professional controversy fruitfully generates new views, approaches and
strategies that spark the fire of surgical evolution.

TERMINOLOGY
The initial description for SIL was not homogenous.
Many synonyms were used in the current literature, some
of which were trademarks others more intuitive linked
the transumbilical approach to a NOTES concept. Table
1 gives the most commonly used synonyms of SIL.

INDICATIONS
Many professionals in the medical field remember the repeated warnings concerning risks related to laparoscopic
surgery when this new method was compared to the
open approach in former days. Arguments, such as increased risk of organ injury, a prolonged learning curve,
or the need for young colleagues to have well-established
training in open surgery before starting with new techniques, were declaimed like a mantra but finally failed to
prove to be effectively true.
As a consequence, the indications for SIL surgery
are the same as for standard laparoscopic surgery (LS).
This excludes all forms of general peritonitis and patients
whose medical history does not allow the application of
a pneumoperitoneum. LS in small children utilizes special
instruments, this has to be taken into account even more
with SIL, which requires a working distance of at least
ten centimeters from the entrance port to the target to
enable sufficient triangulation.
Preexisting scars at the abdominal wall are no longer
a contraindication for this technique, but may, at least,
counterbalance the cosmetic advantage. Otherwise, preexisting scars may be indicators for intraabdominal adhesions. It is the open approach of SIL that allows for best
view and devision of adhesions with immediate effect
since no additional port site has to be prepared bluntly to
deliver working instruments.

LEARNING CURVE
Starting with SIL procedures represents a challenge for
both, beginners and experienced laparoscopic surgeons
since this technique initially increases the individual mental workload and reduces the surgical task performance
compared to times in the past when standard laparoscopy
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Table 1 Synonyms for single incision laparoscopy
Synonyms for single incision laparoscopy
Laparoendoscopic single-site surgery
Single incision laparoscopic surgery, SILS™
Single port access surgery
Single port laparoscopy
Embryonic natural orifice transluminal endoscopic surgery (NOTES)
Single incision pediatric endosurgical techniques
Single-access-site laparoscopic surgery
Single-site-access laparoscopic surgery
Single site umbilical laparoscopy
One port umbilical surgery
Transumbilical endoscopic surgery
Trans-umbilical laparoscopic assisted
Natural orifice trans-umbilical surgery
Hybrid procedures (on the way to NOTES)

first broke in the field of open surgery. However, for
surgical novices this moot difference in performance is
reduced within some procedures which could be demonstrated in various performance studies. At the end, training in SIL appears to result in better skill acquisition and
these improved surgical abilities can be utilized to carry
out both SILC and LC, whereas training in LC fails to
have the same effect[9]. The same is true for experienced
laparoscopic surgeons.
Training therefore is paramount to prevent a free-style
obstacle race during the first SIL procedures, which unfortunately ends up discrediting the method rather than
redounding to the patients’ advantage. Prudent proctoring might be helpful for surgeons to get SIL skills in their
repertoire[10].
As there is a significant difference in the level of difficulty over all SIL procedures, a universally valid number
of required procedures for passing the learning curve can
not be stated. However, the available data suggest a number of 10 to 50 cases would be necessary to traverse the
vulnerable period during take off with SIL.

GENERAL TECHNIQUE AND
INSTRUMENTS
Methods of entering the umbilicus can vary. Most surgeons prefer cutting vertically in the groove of the navel
to hide the scar[11]. At the end of the procedure a virtually
scarless aspect can be achieved by incorporation of the
incision within the restored umbilical crease using an intracutaneous running suture that combines a linear with
a purse-string closure. Others advocate cutting at the
upper margin of the umbilicus with a slight lengthening
to both sides resulting in a omega-shaped line[12]. In the
standing position this scar is hardly detectable after surgery. A transumbilical horizontal incision is advocated by
others[13] to possibly prevent postoperative pain by nontransection of cutaneous nerves that take course from
lateral.
However, for the removal of a larger specimen extending the scar sometimes is necessary. In this case, we
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prefer to exceed the arch of the umbilicus at the lower
margin for achieving a satisfying cosmetic result. The
positive correlation between length of incision and risk
for wound complications has been scientifically proven[14]
for incisions longer than four centimeters in open surgery. Assumably, for SIL and conventional laparoscopy
a similar correlation should exist although available data
can not convincingly identify any thresholds. In our experience the better ability to perform a fascial closure
under direct vision after SIL might outweigh the risk of
a longer incision compared to conventional laparoscopy.
An incidence of 5.8% incisional hernia after SIL cholecystectomy as published by Alptekin et al[15] possibly embodies a substantial number of preexisting fascial defects
adjacent to the incision that failed to be identified during
wound closure. In our patient population, a prevalence
of preexisting small umbilical hernias or fascial defects is
documented in approximately 40%. These defects can be
identified more accurately by a transumbilical approach
than in LS. The fascial closure in SIL is still under debate,
a general recommendation for the use of non-absorbable
sutures or meshes can not be given yet. In our hands, the
use of slowly absorbable sutures for fascial closure results in an acceptable low rate of umbilical complications,
including hernia[11].
The reduction of incisional trauma by using one
single approach was first achieved by use of an optical
trocar. However, this technique had limitations in the surgical performance which mandated the use of additional
trocars and suspending sutures. Therefore, low profile
trocars were deployed through separated fascial incisions.
Later on, single-port devices enclosing three to four
working channels or a gel cap were developed to bring
three or more instruments through one fascial incision
(Figure 1). Sufficient sealing of the pneumoperitoneum is
of paramount importance for SIL that is provided by all
single-port devices. These port devices slightly increase
the direct procedural costs but reduce the risk for wound
complications significantly[11]. In order to be even more
cost effective, hand-made ports are developed that combine a wound protecting foil with a sterile surgical glove
where the fingertips serve as points of access, yet maintain an airtight seal for insufflation. As an alternative,
reusable SIL ports are available now that show a breakeven in procedural costs after 15-20 interventions when
compared to conventional laparoscopy.
A negative characteristic feature of the SIL technique
can be experienced when instruments clash inside and
outside the body due to the deflection at a single fulcrum
at the umbilicus. To diminish this awkward effect, several
different strategies can be pursued.
First, crossing the instruments leads to a virtual exchange of the right and left side, meaning that the instrument that is deployed with the right hand is positioned
at the left side of the operative field and vice versa. In
this situation, the use of at least one articulating or bent
instrument reestablishes triangulation and prevents clashing of hands outside. Furthermore, it is an advantage to
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Figure 1 Commercially available single port devices: Reusable (upper) and disposable systems (lower).

deploy longer graspers to reach the target via the longer
curved way. Handling with pre-bent instruments seems
easier when starting with SIL. However, articulating instruments with rotating tips enable more degrees of freedom for complex movements in advanced procedures.
The bent or articulating instrument should always be
used in the supporting hand whereas the straight instrument is in the operating one to facilitate more demanding
performance tasks, such as dissection, sealing, clipping or
suturing.
Second, double-curved instruments can be used.
These instruments provide instrument guidance for both
hands when used effectively. This advance in handling is
counterbalanced by the fact that instrument movement in
a linear axis is hardly possible.
Third, a variety of different retracting devices has
been developed. Of these, different suspending sutures
proved to be of particular use in the exposition of the
operating field. Self-made devices built of sutures or
wires allow for flexible or static retraction in a string
puppet like fashion whereas intra-abdominal retractors
are available (EndoGrab, EndoLift, Virtual Ports, Israel;
VERSA Lifter, TPEA Lifter, Surgical Perspective, France)
to be positioned more versatile to act as virtual ports.
Fourth, the most sophisticated devices for SIL are operative platforms, such as the disposable SPIDER™ (Single
Port Instrument Delivery Extended Reach, TransEnterix,
DACH Medical) device or the da Vinci Single-Site™
Instrumentation robot (Intuitive Surgical, Inc). These
systems offer all possible degrees of freedom for dissection or retraction. The SPIDER™ delivers two flexible
instruments as graspers, hooks or scissors together with
a five millimeter camera and an additional straight trocar

WJG|www.wjgnet.com

through a four channel shaft. The da Vinci SI robot additionally offers stereoscopic vision and subtle guidance of
instruments. At present, higher costs and longer operation times due to laborious installation impede wide acceptance of this robotic platform at least for simple SIL
procedures. It has to be investigated if those platforms
are able to justify their inclusion in more advanced applications, such as SIL liver or bile duct surgery.
Along with the selection of useful working instruments and retraction devices, choosing an appropriate
camera system with a corresponding optic plays a crucial
role. The insertion of an extra long camera system with
a 30° or 45° optic facilitates instrument handling outside
the body enormously. Laparoscopes with a flexible tip
proved to be helpful in various situations but require
subtle guidance.

MEASURES
Within the last five years more than 2000 transumbilical SIL procedures were performed in our Department.
Table 2 shows the number of patients with regard to
the specified SIL procedures. Figure 2 demonstrates
representative samples of postoperative views following
simple and advanced SIL interventions.
A brief description of the current scientific evidence
and some technical refinements is given for the respective
indications as follows.
SIL appendicectomy
In 1991 Pelosi described the first successful SIL-appendicectomy (AE)[3]. This approach has the potential to offer
the same benefits commonly associated with laparoscopic
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in intra- and postoperative complications[21-23]. The need
for a longer operating time is balanced by a trend to lower postoperative pain and improved patient satisfaction.
We perform SIL-CHE for acute and non acute gallbladder disease in all patients eligible for laparoscopic
surgery. Intraoperative cholangiography, a rendez-vous
bile duct exploration with intraoperative ERCP/EPT or
stone removal can already be performed easily with this
approach.

Table 2 Single incision laparoscopy procedures performed at
SJOG Hospital, Salzburg, Austria from Sept. 2008 to Nov.
2013
Transumbilical SIL procedures
Cholecystectomies
Inguinal hernia repairs
Colorectal resections
Appendectomies
Liver resections
Small bowel resections
Fundoplications
Gastric resections
Pancreas resections
Adrenalectomies
Others
Total

n
801
525
376
274
40
29
21
21
9
9
102
2207

SIL: Single incision laparoscopy.

surgery in terms of recovery and pain with, perhaps, an
even better cosmetic result. It is regarded the easiest of
the surgical standard SIL procedures with the shortest
learning curve[10]. For novices regarding SIL technique
the limitation in working angles require some adjustment
in instrument handling, therefore the use of at least one
bendable instrument is recommended.
Data of randomized controlled studies, comparative
studies and meta-analyses revealed that SIL-AE compared to the conventional laparoscopic approach produces longer operative times in children and obese and
therefore resulting in greater costs. In contrast, less pain
and faster recovery is reported in cases with perforation
when operated by means of SIL[16-20]. SIL-AE does not
increase the rate of complications and therefore represents a valuable alternative to conventional laparoscopic
appendectomy with the benefit of better cosmetic satisfaction among patients.
At our department, SIL-AE has become the standard
method for appendectomy in nearly all cases of acute appendicitis. This procedure, in our hands, turned out to be
ideal for proctoring residents and novices in this technique.
SIL cholecystectomy
As mentioned above, the first official presentation of
SIL-cholecystectomy (CHE) by Paganini and Navarra
dates back almost 20 years. A variety of different techniques have been described so far, of which some obviously ignore the rules of safety by compromising the
standard dissection in the triangle of Calot. However,
more or less sophisticated variations have been published
using sutures, wires, endohooks, SPIDER™, robotics etc.
All of these variations proved to be safe and feasible for
SIL-CHE, at least in non-acute cases. The initial enthusiasm for SIL-CHE resulted in a high number of low profile feasibility studies that provoked justified skepticism.
The lack of sufficient data to clearly prove any inferiority
or benefit still hampers scientific conclusion. The current
evidence shows that SIL-CHE offers a safe alternative to
conventional cholecystectomy with a comparable profile
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SIL colorectal resection
Starting at 2008[24-26] various SIL techniques have been
described for resection of the right, transverse or left colon, as well as rectal resections. The umbilicus as site of
port placement is suitable in all SIL-colorectal resection
(CR) procedures and can provide access to all parts of
the colorectal frame, solely the dissection at the splenic
flexure can be challenging in some patients due to a high
distance between these two organs. Another benefit of
this access is the possibility of harvesting even large and
bulky specimens. An incision length of five centimeters
can be easily hidden in the umbilical arch, but allows removing bulky colonic specimen, as in sigmoid resection
for recurrent diverticulitis.
Aiming at a reduction of risks for wound complications in SIL-CR surgery an access via a Pfannenstiel incision was described and the procedures could be carried
out successfully[27]. The enhanced distance to the splenic
flexure was no problem in this series of three patients.
Access via the prospective stoma site is an obvious
consideration when stoma creation is planned, as in many
patients with rectum resection and TME. This technique
is feasible and provides excellent exposure to the ascending colon, sigma and rectum[28].
The best site for specimen retrieval is currently under
debate. The advocates of the transvaginal route favor
that site for the negligible amount of pain reported
postoperatively and the mere unlimited widening to extract bulky organs. In male patients the transrectal route
might serve as a sufficient retrieval site not only after
deep rectal resections but also for left side colectomies.
Considerations regarding infection of the surgical track,
seeding of pathologic cells or functional impairment of
the healthy organ that thereby suffers from additional iatrogenic trauma have still not been assessed scientifically.
Randomized controlled trials between SIL and conventional CR indicate a comparable outcome which
favors SIL-CR in terms of shorter hospital stay and a
trend to lower pain. Therefore SIL-CR might serve as a
safe alternative to the conventional approach in a selected
group of non-obese patients[29-33].
Depending on the type of resection, different surgical
steps are crucial: (1) Right hemicolectomy and ileocolic
resection. The patient is placed in the supine position
with the surgeons standing on the left. Dissection and intestinal transection do not differ from LS. After completing the dissection the specimen is placed in a tearproof
retrieval bag and pulled out through the umbilicus. This
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Figure 2 Postoperative image. Postoperative image of the umbilical wounds immediately after single incision laparoscopy (SIL) appendicectomy (A), SIL left colectomy (B), SIL left lateral liver resection (C), and SIL pancreas tail resection (D), respectively.

maneuver provides additional skin protection and is also
an effective method to protect the peritoneum from any
bacterial or tumor cell contamination through the spillage
of squeezed fluid. Two different techniques of an anastomosis can be carried out: First, the corresponding sides
are pulled out through the umbilicus and the anastomosis
can be carried out externally. However, swelling of the
bowel may complicate the repositioning of the anastomosis, also missing the orientation of the mesentery may
lead to a distortion of the two intestinal ends. Second, the
anastomosis technique is performed intra-corporeally as
described by Morales-Conde[13]. Both ends of the intestine are fixed by a retracting suture and the anastomosis
is conducted via a stapler. The insertion site is closed by
a transverse running suture. This avoids traction of the
pedicle of the mesentery of the corresponding intestinal
segments as it might happen during the extracorporeal
technique. An additional widening of the fascial incision
can be prevented; and (2) Left colectomy, low anterior
resection, total colectomy, and proctocolectomy with ileal
pouch-anal anastomosis. The patient is placed on a split
leg table with the operating team on the right side. Again,
dissection and intestinal transection can be carried out
as known from LS. After completion of the dissection,
the specimen is caught in a tearproof bag as mentioned
above and extracted through the umbilicus. Transanal
anastomosis is carried out according to the technique of
LS.
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SIL liver resections
In contrast to the above mentioned operative techniques,
only few data concerning SIL-L are available. Most of the
published data are case reports or extended case reports
with literature reviews. Due to the demanding technique
of laparoscopic liver surgery, the step forward towards
SIL was made very cautiously. In 2009 we first published
our limited experience of SIL-liver resections (L)[24].
Interestingly, some of the first published procedures
performed in this technique were resections for malignancies[34,35]. Technical papers demonstrating feasibility
and safety of the particular resection in small patients
cohorts were presented thereafter. At present the largest
series was conducted by Shetty et al[36] and Choi et al[37]
dealing with liver resections for hepatocellular carcinoma
including right and left hepatectomies and with hepatectomies for liver transplantation. These data prove feasibility and safety of this surgical high-end performance in
selected patients.
To date our group has conducted 40 SIL-L procedures, with a range from simple fenestration of liver cysts
to highly demanding procedures including right hepatectomy or multiple resections in posterior segments.
In most of these cases, patients were placed in an
anti-Trendelenburg position and the access was accomplished via an umbilical port. Pathologies in segment Ⅳ
b, Ⅶ or Ⅷ are ideally approached from below the right
costal margin to provide a sufficient view. As mentioned
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before, adequate exposition of the operating field is mandatory and can be achieved by appropriate table angulation. Particular operative steps concerning dissection and
vessel ligation do not differ from standard laparoscopic
liver resection; specimen retrieval should always be carried out by use of a retrieval bag in parenchymatous organ resections.
Available data suggest the feasibility of this technique
in the hands of an expert in selected cases. However,
it has to be stressed that the clinical application of this
technique is in need of an expertise in all three scopes,
SIL, laparoscopic and open liver surgery, respectively.
SIL pancreas resections
Single incision laparoscopic pancreas resection represents
a very exotic ambit of this technique. As standard laparoscopic pancreas surgery is among the most demanding
procedures in minimal invasive surgery, the application of
SIL-pancreas resections (P) into clinical routine has, understandably, not yet progressed without conflicts. This is
represented by a low number of available data, involving
only five published case reports. Authors report on distal
pancreatectomy and necrosectomy, concluding that the
technique is feasible[38-40].
We have so far conducted 9 SIL-P procedures at
our institution, including two enucleations of small endocrine tumours and seven distal pancreatectomies for
cancer. This patient group, of course, is highly selected
concerning patients’ parameters (body mass index, age,
and American Society of Anesthesiologists classification), tumour size, and tumour localisation. For optimal
exposition of the operating field, all patients were placed
in a right lateral position. Further improvement could be
achieved by the use of retraction systems and the appropriate tilting of the table.
Again, operative steps in tissue preparation, handling
and dissection did not differ from those in standard
laparoscopic pancreas surgery. It has to be emphasized
that profound skills in laparoscopic pancreas surgery are
indispensable for a safe implication of SIL-P into clinical
routine.
SIL gastroesophageal procedures
SIL-gastroesophageal (GE) procedures include a variety
of different procedures with a clear focus on the stomach. As this review does not focus on metabolic procedures we steer clear of dealing with SIL sleeve gastrectomy, SIL gastric band application and SIL gastric bypass
in detail. However, it has to be mentioned that these procedures represent a numerous variety of SIL procedures
which are widely used in both, clinical and scientific application, yet.
SIL surgery at the esophagus is in a very early stage.
Clinical application of classic esophageal resection has
been documented only in few cases[41]. Procedures for
the treatment of achalasia and gastro-esophageal reflux
are far more common. The development of these procedures is strongly advocated by Ross et al[42]. This group
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oversees a high number of SIL-GE procedures and has
evaluated SIL fundoplication (SIL-F) to be as safe as
“classic” laparoscopic fundoplication with comparable
remission of symptoms but superior cosmesis. They have
published encouraging data about SIL Heller myotomy
with anterior fundoplication for achalasia and the learning curve in SIL-F.
SIL gastric procedures (SIL-G) are mainly narrowed
down to the resection of gastrointestinal stromal tumors
(GIST) or small benign lesions. These procedures can,
depending on the localisation of the lesion, be performed
safely and with few technical adjustments compared to
LS[43]. Procedures for gastric cancer are rare which is
mainly owed to the technically demanding step of lymph
node dissection. However a first case report could at least
demonstrate the feasibility[44].
Our experience in SIL-GE is limited to a total of 41
procedures (21 cases of each, SIL-F and SIL-G, respectively). The patients in our setting are placed as in laparoscopic procedures with the surgeon standing between the
patient’s legs. However, tissue dissection slightly differs
from standard LS: Organ retraction for SIL-F is more
challenging, as many available transumbilical systems are
not suitable for retracting fatty livers. In our hands, this
was best facilitated with the use of the Endo-Sail (AMI,
Austria). Other technical challenges are the closeness of
the instruments’ working area to the pancreas, endangering possible clashing with this vulnerable organ, and the
length of the instruments required to reach the esophagus in order to perform a proper intra-thoracic dissection. In addition, ideal construction of the gastric wrap
with intracorporeal suturing is demanding. Nowadays,
SIL-G is routinely applied in GIST if the localisation of
the lesion is accessible by a minimally invasive approach.
The same is true for perforated duodenal ulcer. However,
gastric cancer with the necessity of an extended lymph
node dissection should be performed only in well designed study settings for oncological reasons.

CONCLUSION
SIL surgery represents an important step forward - towards the ultimate surgeon’s goal to bypass the abdominal wall thereby providing scarless visceral procedures.
Available data is encouraging for the safe application of
SIL in a wide range of procedures in gastroenterology
and hepatology. Although pro and cons of SIL compared to LS in technically simple procedures have to be
further assessed scientifically in detail, the merit of SIL
in advanced interventions, such as liver or demanding
colorectal surgery, is self-evident without any doubt. SIL
has already entered a new era of surgical management
that can not be acceded without a fruitful combination
of prudent training, consistent day-to-day work and enthusiastic motivation for technical innovations.
Finally, by means of improving our surgical skills,
utilizing novel techniques without being commercially
tempted, and strictly focusing on the clinical outcome,
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the time is ripe to offer our patients this less invasive, better surgery.
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Abstract
The surgical treatment of neuroendocrine tumors
(NETs) draws on experience and guidelines more than
on prospective randomized trials. The incidence of NET
is increasing in all parts of the gastrointestinal tract. A
variety of classifications introduced over the last decade
may have led to difficulties in judging clinical relevance
and determining the right surgical strategy. The North
American Neuroendocrine Tumor Society and the European Neuroendocrine Tumor Society have developed
usable guidelines from the available literature. For more
than 20 years laparoscopy has developed as the gold
standard for various surgical indications. Nevertheless,
few trials have compared open and laparoscopic surgery with regard to NET. This review summarizes the
recent literature on surgery for NET and incorporates
the evidence on laparoscopy for cancer which might be
also applied for NET.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The level of evidence for the role of laparoscopy for gastrointestinal neuroendocrine tumors (NET)
is low. There is a lack of randomised trials. The authors
searched for relevant literature for Net and laparoscopy
as well as laparoscopic surgery for gastrointestinal
malignancies. This paper provides a recent update for
minimal invasive treatment for NET and included the
pre- and postoperative management. In particular, this
article also showed the value of radionuclide imaging
for treatment stratification and management of these
patients based on the overexpression of somatostatin
receptors in the tumor.
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GENERAL CONSIDERATIONS
Malignant neuroendocrine tumors (NET) are classified
according to their biological behavior and degree of differentiation as well-differentiated neuroendocrine tumors
or well- and poorly differentiated carcinomas. Up to
70% of ubiquitous tumors occur in the gastrointestinal
tract[1]. The overall incidence of NET estimated according to the SEER database in the United States is 5.25
per 100000 persons[2]. This tumor often shows clinical
signs caused by the hormonal activity of the tumor tissue; these are mainly diarrhea and flushing symptoms.
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In addition to the synthesis and secretion of a variety of
biogenic amines, neuropeptides and neurotransmitters,
the expression of somatostatin receptors (SSTR) is also
an important feature of these tumors and provides the
basis for scintigraphy including SPECT and PET using
radiolabeled somatostatin analogues[3,4]. Approximately
85%-95% of all NETs express SSTRs on the cell membrane[5]. The sensitivity of the scintigraphy investigation
procedure for NET is dependent on the intensity of
receptor expression and decreases with the degree of
dedifferentiation of the NET lesions. Methods for detection of SSTR-positive NETs are primarily used in the
diagnosis and treatment stratification of highly differentiated G1 and G2 NETs[6].

Literature research
A systemic review of the scientific literature was carried
out using PubMed - Medline, Embase, the Chochrane
library and Clinical trials gov., and relevant online journals
and the internet for the years 1983 - February 2014 to
obtain access to all relevant publications, especially randomized controlled trials, systemic reviews and metaanalysis involving neuroendocrine tumors and laparoscopic
surgery. The search terms were: NET, Enets, neuroendocrine tumor, globelet cell tumor, carcinoid, laparoscopy,
laparoscopic surgery, mis, mic, laparoscopic colectomy,
laparoscopic colorectal surgery, colectomy, appendectomy,
laparoscopic appendectomy, meckel diverticulum and
small bowel.

Histology, staging, grading and
prognosis assessment
The histopathological routine diagnosis of neuroendocrine tumors based on an assessment by the WHO classification and the additional consideration of the European Neuroendocrine Tumor Society ENETS consensus
proposal[7,8].
According to the ENETS recommendations[9], the
implementation of immunohistochemistry with synaptophysin and chromogranin A (CgA) as a basic diagnostics
is proposed to confirm the diagnosis of a neuroendocrine tumor and additionally an immunohistochemistry
with MIB-1 (Ki-67 antigen) should be performed to
determine the proliferation fraction as standard of care.
In the current WHO classification the GEP-NETs are
classified according to the particular localization of the
primary tumor, since their tumor biology, metastasis and
prognosis differ significantly depending on the primary
location of the tumor. The old and the new WHO classifications distinguish between well-differentiated and
poorly differentiated neoplasms. All well-differentiated
neoplasms, regardless of whether they behave benignly
or develop metastases, will be called NETs, and graded
G1 (Ki67 < 2%) or G2 (Ki67 2%-20%). All poorly differentiated neoplasms will be termed neuroendocrine
carcinomas (NECs) and graded G3 (Ki67 > 20%)[2,10].
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To stratify the GEP-NETs and GEP-NECs regarding
their prognosis, and thus also for the differentiated treatment decision and deciding on the appropriate aftercare
or follow-up, they are now further classified according to
TNM-stage systems that were recently proposed by ENETS and the AJCC/UICC[10].

Tumor markers in NET
CgA is recommended for all known NETs of the GEP
tract[11]. The determination of CgA has for all NETs of
the GEP a sensitivity of 56%-85% and a specificity of
64%-96%. Various assays differ in sensitivity and specificity and are therefore not directly comparable. Moderate increases in serum levels of CgA can the differential
diagnosis by the following diseases be caused; medication with proton pump inhibitors, ECL hyperplasia of
the stomach with hypergastrinemia in chronic atrophic
gastritis (NETs of the stomach type 1), primary hyperparathyroidism, pituitary adenomas, pheochromocytoma,
neuroblastoma, C-cell hyperplasia of the thyroid gland,
medullary thyroid carcinoma, essential arterial hypertension, heart failure, kidney failure or liver failure. From a
determination of CgA as a pure screening parameter for
tumor search is therefore not recommended.

Genetic testing in NET
The indication for genetic counseling and genetic diagnosis must be considered and the differential diagnosis with
NET of the pancreas, since they not only sporadically,
but can occur in the context of hereditary syndromes
of the following in about 5%-10% of all cases[1]; Multiple endocrine neoplasia type 1 (MEN1) - the syndrome
includes primary hyperparathyroidism, NET of the
pancreas (gastrinomas, insulinomas, non-functional),
Hypophysendadenome, rarely thymic or bronchial NET,
Von Hippel-Lindau (VHL) syndrome including pheochromocytoma, hemangioblastoma of the CNS, renal
cell carcinoma and retinal angioma, cysts and serous cystadenomas of the pancreas. In almost 10% of all patients
with VHL syndrome functionally inactive NETs of the
pancreas additionally occur.

Nuclear medicine imaging
Somatostatin receptor scintigraphy (SRS) using 111InDTPA octreotide (OctreoScan®) including additional
SPECT imaging is a widely available and sensitive means
of detecting SSTR-positive tumors[12]. Recently, PETcomputed tomography (PET-CT) using 68gallium-labeled
compounds was introduced for diagnosis of these tumors[12]. This imaging method has been shown to be
superior to SPECT and CT for various indications, i.e.,
initial diagnosis, staging and restaging.
This cross-sectional imaging method using 68galliumlabeled compounds is characterized by excellent spatial
resolution and pharmacokinetic properties. This investi-
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A

B

Figure 1 Various compounds. 68Ga-DOTA-NOC-PET was performed in a 68-year-old patient with metastatic insulinoma of the
pancreatic tail; initial presentation with multiple liver metastases (A)
that largely disappeared after three applications of 90Y-DOTA-TOC (13
GBq overall activity). Follow-up after the last PRRT clearly revealed
improvement of the extent of disease (B). The patient subsequently
underwent laparoscopic resection of the pancreatic tail, of one liver
segment and splenectomy. PET reevaluation after 1.5 years showed
no residual disease (C).

C

gation can be performed within a few hours after tracer
administration and has a significantly higher detection
rate, catching even small lymph nodes and bone metastases, while conventional 111In-pentetreotide scintigraphy
requires one to two days for performance and has lower
sensitivity. Unexpected distant metastases that would have
escaped the usual diagnostic procedures are also identified by 68Ga-PET scan[12]. In such situations, in particular
in progressive disease, systemic therapy approaches are
inevitable. However, tumor burden reduction should be
considered in any stage, even in metastatic disease, and
thus an accurate staging procedure is required for management of these patients. A very important advantage
of this tracer over other PET tracers is the ability to also
assesses the SSTR status of lesions derived from the
NET, which is necessary for administration of radiolabeled SST analogs for therapeutic use[13]. Meanwhile,
various compounds are available including 68Ga-DOTA[Tyr3] octreotate (Ga-DOTA-TATE), 68Ga-DOTA[Tyr3] octreotide (Ga-DOTA-TOC) and Ga-DOTANOC[13] as shown in Figure 1. By contrast, 18F-FDG,
commonly used in oncology, is of minor importance in
these tumors, mostly due to their low metabolic activity.
Only in poorly differentiated carcinomas of neuroendocrine origin can the use of this tracer be considered[14].
All these nuclear medicine imaging techniques are applied
to properly characterize tumor lesions in terms of inherent biological features and extent of disease.
Based on ionizing radiation image-guided approaches
using radiolabeled SST analogs are under investigation to
improve intraoperative detection of small lesions using
gamma probes[15]. Such promising techniques, however,
require further confirmation and standardization in clinical trials. Initially, it was shown in nine patients with suspected GEP-NET that intraoperative gamma counting
localized three carcinoids and additionally revealed lymph
node metastases in one case[16]. Radio-guided surgery depicted five pancreatic NETs, the smallest of which was
8 mm in diameter. This technique may become an ideal
supplement to laparoscopic procedures.

of the stomach, duodenum, small bowel, appendix, colon
or rectum.

Surgical strategies according to
NET site

Duodenal NETs
These tumors make up only 5% of all NETs of the
gastrointestinal tract. They have a low rate of distant
metastasis (9%-15%)[25] and therefore an excellent prog-

NETs of the gastrointestinal tract are classified as tumors
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Gastric NETs
These account for approximately 7% of all NETs are
divided into three different types: type 1 associated
with chronic atrophic gastritis, type 2 associated with
Zollinger-Ellison syndrome, and a sporadic type 3[17].
Most of them, estimated 70%-80%, are type 1 and-non
aggressive. However, the typical appearance is in multiple
lesions[18]. Treatment is dependent on tumor size, depth
of infiltration and gastrin dependency, as well as the presence of metastasis. Standard treatment of type 1 lesions
< 1 cm is endoscopic removal and observation. Lesions
> 1 cm should be further staged by endoultrasound followed by endoscopic mucosal resection (EMR).
Surgery is recommended if the tumor spreads beyond
the submucosa or if R0 was not achieved with EMR. In
such cases antrectomy or distal gastrectomy is mandatory.
Depending on the tumor site, total gastrectomy can be
the only treatment option[18].
Role of laparoscopy: Very little literature is available
on the laparoscopic treatment of gastric NET. However, there is evidence to show that laparoscopic distal
gastrectomy with or without lymph node dissection for
cancer is safe and has all the advantages of laparoscopy
as compared to open resection[19,20]. In difficultly situated
lesions and/or small submucosal lesions that are too big
for EMR but feasible for a wedge resection, a rendezvous technique appears to be easy and safe. A combination of endoscopy and laparoscopy might help localize
the tumor for laparoscopy and minimize the percentage
of resected stomach[21]. This technique was successfully
described in 1999 [22] and in modern set-ups today is
known as a hybrid NOTES procedure[23]. In summary,
laparoscopic resection of gastric NETs is feasible and
safe, while providing shorter hospital stay and improved
quality of life. From an oncological point of view, it is
equivalent to open resection[24].
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nosis and a high postoperative survival rate of 83.3%[26].
For preoperative localization diagnosis of sometimes
very small tumors in the pancreas/duodenal wall, PETCT showed high sensitivity in delineating malignant lesions[27]. For small lesions < 1 cm endoscopic resection
should be the treatment of choice. In the periampullary
region transduodenal resection might be favorable to
endoscopic resection. However, there is no standard or
consensus for tumors between 1 and 2 cm[28]. A minimally invasive rendez-vouz procedure combining endoscopy
and laparoscopy like in gastric surgery might also be a
promising way to treat such lesions[29,30]. A radical resection should always be considered, at least for tumors > 2
cm[31], even in cases involving known distant metastases
with impact on further prognosis[32,33]. This usually calls
for a duodenopancreatectomy (Whipple procedure) or a
pylorus-preserving duodenopancreatectomy. At specialized centers 5-year survival rates exceeding 60% can be
achieved after R0 resections, independently of the extent
of surgery, with surgical mortality below 5% and acceptable morbidity ranging between 20% and 30%[32].
The role of laparoscopy is limited. In his review Gagner reported 146 laparoscopic Whipple procedures performed from 1994 to 2009 for different indications. The
reported procedures are different, mixing laparoscopic
with laparoscopically assisted and manually assisted. The
conversion rate was 46%[34]. However, a total laparoscopic Whipple procedure is feasible[35]. The most recent
review shows that experienced and specialized centers
can perform a duodenopancreatectomy laparoscopically
with a reasonable operating time and low morbidity and
mortality[36]. Still, it is not yet standard.
In summary, laparoscopy for duodenal NETs is beneficial in hybrid NOTES technique for full-thickness
resection of a limited lesion. Laparoscopic duodenopanreatectomy is feasible.
NET of the pancreas
Functionally inactive NET of the pancreas account for
up to 85% of NET of the pancreas. These tumors are
often large at diagnosis, as they are diagnosed only by local displacement phenomena or random. The task of imaging procedures is the differential diagnostic distinction
of functionally non active NETs of the pancreas from
pancreatic adenocarcinoma. Here FDG uptake pattern in
PET/CT can differentiate malignant from benign massforming lesions of the pancreas with high accuracy[37].
Due to improved diagnosis, the incidence of non-functional neuroendocrine pancreatic tumors has increased
significantly in recent years. A radical resection should
always be sought, at least for tumors > 2 cm[31]. Both an
R1 resection including vascular grafts in large NET of
the pancreas, as well as operations of the first violinist
in already with distant stage seem to impact favorably on
the prognosis and should be considered to surgical pancreatic centers[38]. Overall 5-year survival rates of > 60%
may be achieved at R0 resections, regardless of the scale
of operation leading to surgical mortality rates below 5%
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and acceptable morbidity between 20% and 30%[32].
Laparoscopic surgery has been established as feasible
and safe for distal pancreatectomy. The technique has
been accepted in the treatment of solitary and small Nets.
Michelle Gagner is known as a pioneer in minimally invasive surgery of pancreatic nets and was one of the first
surgeons describing minimally invasive surgery for nets
on the pancreas in 1996[39]. Several case series have been
published demonstrating the feasibility of laparoscopic
resection of neuroendocrine tumors in the pancreas[40].
Fernandez - Cruz showed in 49 patients, that the oncological criteria may be achieved without any difference to
the open approach and patients benefit due to the short
hospital stay and low morbidity[39]. Lo could show that
tumors can be enucleated from the body of the pancreas
or treated by resection of the tail safely[41]. Intraoperative
ultrasound may seem to be useful and sensitive for the localization[42]. However there is a lack of randomized trials.
Small bowel NETs
Forty percent of all gastrointestinal NETs are found
in the distal jejunum and ileum, most commonly in
the terminal ileum. Of these so-called mid-gut tumors
25%-30% contain multiple tumor lesions. If tumors are
smaller than 1 cm, the probability of lymph node involvement is less than 5%. However, malignant lesions in
this region are usually larger than 1 cm with invasion of
the muscularis propria. In this situation NETs are often
already metastasized. A carcinoid syndrome is generally
observed in only about 5%-10% of NETs. It mainly occurs in mid-gut tumors of the ileum or jejunum with liver
metastasis, sometimes accompanied by endocardial fibrosis of the right heart and bronchospasm.
Small-bowel carcinoids often also induce local obstruction of the bowel by desmoplastic reaction of the
adjacent mesenteric connective tissue with the clinical
feature of an ileus. Thus, surgical resection of the primary tumor is the most important treatment option[43],
even in a palliative situation with known distant metastases, and results in overall better outcome. A recent study
showed better results with improved survival in patients
with unresectable liver metastasis[44]. It should be noted
that even primary tumors < 1 cm in diameter show a very
high rate of lymph node metastases. Therefore, for proven or suspected small-bowel NET central lymph node
dissection should always be performed. Moreover, it is
recommended that a prophylactic cholecystectomy also
be performed in well-differentiated tumors as a possible
systemic treatment approach after initial intervention in
order to avoid possible side-effects from the administration of long-acting somatostatin analogs[45]. Since NETs
of the small intestine are sometimes also associated with
non-endocrine neoplasia of the gastrointestinal tract,
postoperative endoscopic evaluation of the gastrointestinal tract is routinely recommended to exclude other malignancies and especially adenocarcinomas.
The available scientific literature rarely mentions the
role of laparosocopy in treatment of small bowel NETs.
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However, for small lesions it is feasible to perform a laparoscopically assisted full-thickness endoscopic resection
including lymph node dissection[30]. In all other cases, laparoscopy is suitable and safe for identification of the tumor and performance of a radical resection of the mass
including a lymph node dissection. This is even more
beneficial as the exact location of the tumor might not
have been identified in the preoperative diagnostic workup. With regard to locating the tumor, laparoscopy is at
least as good as open surgery and will give the patient all
the benefits of minimally invasive surgery as opposed
to an open approach. Surgery should be performed by
an experienced surgeon. Small lesions of the submucosa
often present themselves only as a localized fibrosis or
thickening of the intestinal wall[46]. However, in each case
the whole small intestine has to be examined from the
ligament of Treitz to the ileocolic valve. In asymptomatic
patients or if the mass is found accidentally prophylactic
resection of the tumor is recommended[47].
A rare NET site in the small bowel is the coincidence
of a Meckel diverticulum gathering the tumor. A review
published in 2000 reported 111 cases. This NET location
is an ideal indication for laparoscopy. The tumor can be
resected with a single cut using an endoscopic stapling
device[48]. The technique is similar to a laparosocpic appendectomy. Alternatively, it can be performed by segmental resection including intracorporeal stapled or sewn
anastomosis. Another safe way is to perform a minilaparotomy at the site of a trocar (e.g., at the umbilicus or suprapubic area), bring out the mass and perform an open
resection.
Appendix NETs
Neuroendocrine tumors of the appendix are most often
found accidentally during an appendectomy for suspected acute appendicitis. NET may also be revealed in
a normal-looking appendix removed during gynecological laparoscopy[49]. The incidence of NET in histological
examination following appendectomy is 0.3%-1.1%[50].
These tumors are rare and rarely associated with typical
carcinoid symptoms[51]. The prognosis is usually good because of the typical location at the tip of the appendix[1].
No randomized trial has been conducted on the value of
laparoscopy in the treatment of NETs of the appendix.
Bucher found in his retrospective analysis comparing
patients undergoing open or laparoscopic appendectomy
(LAE) for NET that LAE is safe and equivalent to open
appendectomy. The authors conclude that the preoperative diagnosis of appendiceal NET is not a contraindication for LAE[52]. The main questions posed by the tumor
site are if, when and how to perform a re- operation.
Tumor size > 2 cm, infiltration of the mesoappendix
and histologically proven globlet cell carcinoid should be
followed by oncologic right-sided hemicolectomy[53] or
ileocecal resection including the ileocecal vessels[54]. If the
mesoappendix is infiltrated, the risk for distant metastasis
increases to almost 50%. Evaluation of the mesoappendix and the meso of the ileocecal region can be easily
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performed laparoscopically. This gives rise to the general
opinion that laparoscopy is beneficial in patients with
suspected appendiceal mass. However, there is very little
evidence to prove this point. The first case report on a
laparoscopic two-stage resection of a globlet cell carcinoma was made in 2006[55], followed by a case report on the
same topic in 2008[56]. Both authors conclude that there
is very little evidence to support laparoscopy for NET,
but that laparoscopy should be seen to have the same
value as for appendix tumors of other entities. Therefore,
laparoscopic treatment provides the same results as does
open surgery[53]. Finally, a recently published case report
including a review of the literature presents the first case
involving the 2010 WHO diagnostic criteria[57].
NETs of the colon are normally characterized by
poor prognosis; most of these tumors show distant metastases at the time of initial diagnosis. Colonic NETs
should be staged according to the TNM Classification,
as suggested by Rindi et al[8]. Tumors > 2 cm are treated
by colon resection including local lymph node dissection
according to the tumor site similar to colon cancer. While
there is neither specific evidence and nor randomized
trials comparing open and laparoscopic treatment of colonic NETs, there is enough indeed evidence with regard
to laparoscopic surgery and colon cancer. Two questions
are of interest here: is it oncologically safe to remove a
colonic tumor laparoscopically or not. Abraham in 2004
published short-term outcomes following laparoscopic
resection for colon cancer. Laparoscopy is associated
with less morbidity, less pain, faster recovery and shorter
hospital stay than is open resection, without compromising oncological clearance[58]. Bonjer summarized the
available data in his review including 12 randomized trials
with long-term data; these studies included 3346 patients.
Bonjer concluded that laparoscopic surgery for colon
cancer is safe and provides the same oncologic results as
open surgery[59]. NETs of the rectum are relatively common and usually detected by endoscopy as small submucosal, highly differentiated tumors. Rectal NETs < 1 cm
with no infiltration of the muscularis propria have excellent prognosis. However, only two-thirds of tumors are
smaller than 1 cm at diagnosis. In the presence of rectal
NETs endosonography is recommended to estimate tumor size, depth of tumor invasion and evaluate perirectal
lymph nodes. Moreover, an MRI investigation with rectal
filling is useful to assess local invasion of the primary
tumor and the extent of lymph node involvement. Very
low-risk tumors < 1 cm with invasion of the submucosa
only (T1A N0 M0) can be removed by endoscopic submucosal dissection or by transanal resection. Patients with
G1 tumors and tumor-free margins can be considered
cured after this procedure. The standard polypectomy
with a snare is not recommended because of submucosal
spreading and, consequently, incomplete removal.
Tumors of 1-2 cm in diameter have an intermediate
risk of developing lymph node metastasis, which can be
managed similarly to the very low-risk group provided
that enosonography and MRI do not raise any suspicion
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of invasion of the muscularis mucosae and/or lymph
node metastases.
Lesions > 2 cm in diameter with exclusion of distant
metastases call for anterior resection of the rectum. The
value of laparoscopy for this diagnosis is similar to that
for rectal cancer. Breuink found in his Cochrane review
that laparoscopy for rectal cancer provides less blood
loss and fewer clinical advantages with regard to length
of stay, pain and quality of life[60]. Recently, the Dutch
group published their long-term results on laparoscopic
resection for rectal cancer with regard to health-related
quality of life (COLOR Ⅱ). They found no difference
after four weeks and up to 24 mo. This is the first trial to
conclude that HRQL following rectal cancer surgery was
not affected by surgical approach[61]. Since 2007 a novel
approach has been described with regard to reduction of
access trauma. Single-incision surgery for colon pathologies was first described by Remzi and is slowly evolving at
highly specialized centers[62]. While a first review by Makino et al[63] demonstrated that this technique is feasible and
safe for the colon, we do not know the real advantages
of this reduced-port technique. This is also true for rectal
cancer[64]: further trials are needed to prove the benefit of
this approach.

Surgical and local ablative
therapy of liver metastases

laparoscopy provides advantages with regard to healthrelated quality of life, pain, blood loss and length of stay.
Therefore, a laparoscopic approach to a gastrointestinal
NET is recommended. Various nuclear medicine techniques for diagnosis and systemic therapy can amend the
surgical procedure before, during and after intervention.
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Abstract
Endometriosis is a gynecological condition that presents as endometrial-like tissue outside the uterus and
induces a chronic inflammatory reaction. Up to 15% of
women in their reproductive period are affected by this
condition. Deep endometriosis is defined as endometriosis located more than 5 mm beneath the peritoneal
surface. This type of endometriosis is mostly found
on the uterosacral ligaments, inside the rectovaginal
septum or vagina, in the rectosigmoid area, ovarian
fossa, pelvic peritoneum, ureters, and bladder, causing
a distortion of the pelvic anatomy. The frequency of
bowel endometriosis is unknown, but in cases of bowel
infiltration, about 90% are localized on the sigmoid
colon or the rectum. Colorectal involvement results in
alterations of bowel habits such as constipation, diarrhea, tenesmus, dyschezia, and, rarely, rectal bleeding.

WJG|www.wjgnet.com

Differential diagnosis must be made in case of irritable
bowel syndrome, solitary rectal ulcer syndrome, and a
rectal tumor. A precise diagnosis about the presence,
location, and extent of endometriosis is necessary to
plan surgical treatment. Multidisciplinary laparoscopic
treatment has become the standard of care. Depending
on the size of the lesion and site of involvement, fullthickness disc excision or bowel resection needs to be
performed by an experienced colorectal surgeon. Longterm outcomes, following bowel resection for severe
endometriosis, regarding pain and recurrence rate are
good with a pregnancy rate of 50%.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Endometriosis; Colorectal endometriosis;
Deeply infiltrative endometriosis; Laparoscopy; Diagnosis; Treatment
Core tip: Multidisciplinary laparoscopic treatment of
extensive endometriosis with bowel involvement has
become the standard of care. Depending on the size
of the bowel lesion and site of bowel involvement, fullthickness disc excision or bowel resection needs to
be performed by an experienced colorectal surgeon.
This narrative review discusses in depth the role of a
colorectal surgeon in a multidisciplinary team treating
bowel endometriosis. From clinical and diagnostic workup to surgical treatment for different colorectal localizations of endometriosis, each issue is addressed. Furthermore, postoperative outcomes, regarding symptom
control, recurrence, and fertility, are discussed.
Wolthuis AM, Meuleman C, Tomassetti C, D’Hooghe T, de Buck
van Overstraeten A, D’Hoore A. Bowel endometriosis: Colorectal
surgeon’s perspective in a multidisciplinary surgical team. World
J Gastroenterol 2014; 20(42): 15616-15623 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i42/15616.htm
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INTRODUCTION
Endometriosis is a common health disorder in women,
which is defined as the presence of endometrial-like tissue outside the uterus, inducing a chronic inflammatory
reaction. The three clinical presentations are peritoneal
endometriosis, endometriotic ovarian cysts (endometriomas), and deeply infiltrative endometriosis or deep
endometriosis (DE)[1]. DE is defined as endometriosis
located more than 5 mm beneath the peritoneal surface.
It is mostly found on the uterosacral ligaments, inside
the rectovaginal septum or vagina, in the rectosigmoid
area, ovarian fossa, pelvic peritoneum, ureters, and bladder. DE can cause a complete distortion of the pelvic
anatomy[2]. This review specifically focuses on the role of
a colorectal surgeon in the treatment of DE in a multidisciplinary setting. Therefore, the aim of this paper is to
underline the point of view of a colorectal surgeon in the
multidisciplinary therapy of bowel endometriosis.

CLINICAL FEATURES OF BOWEL
ENDOMETRIOSIS
Endometriosis occurs during the active reproductive
period. It is estimated that up to 15% of all women of
reproductive age have endometriosis. About one-third of
infertile women suffer from endometriosis[3]. Endometriosis affects the bowel in 3%-37% of all cases[4], and in
90% of these cases the rectum or sigmoid colon are also
involved[5,6]. The histopathological diagnosis of endometriosis is usually straightforward. The term “bowel endometriosis” should be used when endometrial-like glands
and stroma infiltrate the bowel wall reaching at least the
subserous fat tissue or adjacent subserous plexus[7]. In
general, the most common presenting clinical features are
pelvic pain and infertility. The natural history of the disease has never been well defined due to the asymptomatic nature of the disease in many women. Even women
with bowel endometriosis may be asymptomatic. For
these patients, the clinical course appears to be benign,
and surgical resection is probably not indicated, especially
when there is no associated infertility. In women with
moderate to severe disease, some degree of intestinal
symptoms may be present. Intestinal symptoms due to
endometriosis may vary depending on location and menstrual cycle[8]. Symptoms of endometriosis can be nonspecific with considerable overlap with other clinical
conditions, delaying a diagnosis and treatment. Moreover,
physical examination, especially vaginal examination, may
be completely normal, which hampers the diagnosis in
young females. Chronic pelvic pain, often more severe
during menstruation or at ovulation, is the most common
symptom associated with endometriosis. Rectal involvement may result in alterations in bowel habits such as
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constipation, diarrhea, dyschezia, tenesmus, and, rarely,
rectal bleeding. Differential diagnosis must be made with
irritable bowel syndrome, solitary rectal ulcer syndrome
and a rectal tumor[9]. Although colonic endometriosis
may be asymptomatic, it can also present as large bowel
obstruction. Colonic endometriosis must be differentiated from Crohn’s disease, diverticular disease, adhesions,
or neoplasm. Also for small bowel implants secondary to
endometriosis, difficulty exists to differentiate this condition from Crohn’s disease, because a similar endoscopic
and histologic image can be seen. Intestinal perforation
due to endometriosis may occur in the colon[10] and also
in an appendix with transmural endometriosis.

DIAGNOSIS AND PREOPERATIVE
WORK-UP
Preoperative work-up is essential in planning a multidisciplinary surgical treatment and is usually done by the
gynecologist. Precise diagnosis is necessary with regard
to location and extent of bowel endometriosis. For the
evaluation of bowel endometriosis, with or without involvement of the rectovaginal septum, transvaginal ultrasonography, barium enema examination, and magnetic
resonance imaging (MRI) are the imaging techniques of
choice. These technical investigations should aim to: (1)
document the extent of the disease; (2) help in planning
a multidisciplinary treatment; and (3) counsel patients
regarding postoperative complications. Transvaginal
ultrasonography is a non-invasive tool, available at the
gynecological outpatient clinic (Figure 1). DE can be detected as a heterogeneous, hypo-echoic, and sometimes
spiculated mass[11]. According to a recent meta-analysis,
bowel endometriosis can be diagnosed by transvaginal
ultrasound with pooled estimates of sensitivity and
specificity of 91% and 98%, respectively[12]. If bowel
endometriosis is suspected, a barium enema examination is performed to investigate the extent of the disease
(Figure 2). Deep invasion of the bowel wall appears as
an extrinsic mass compressing the bowel lumen in association with fine crenulation of the mucosa in this particular region. Also, bowel strictures at the rectosigmoid
junction can be seen. Based on this diagnostic potential,
barium enema can guide the colorectal surgeon regarding
the level of dissection, although the exact distance to the
anal sphincter cannot be measured[13]. MRI can be helpful in diagnosis of multifocal endometriosis as well as in
defining the condition’s anatomical location. A contrast
enhanced mass or hyperintense foci on T1-weighted or
fat-suppression T1-weighted MRIs strongly suspect the
presence of hemorrhagic foci or hyperintense cavities
secondary to endometriosis. A hypointense nodule can
be seen on T2-weighted images with the signal of the tissue mass close to that of pelvic muscles. The sensitivity
and specificity of MRI, to detect pelvic endometriosis, is
around 90%[14,15]. Rectosigmoidoscopy or colonoscopy
are of little value in the diagnosis of bowel endometriosis, because endometriosis is an extrinsic, typically a non-
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A

B

Figure 1 Transvaginal ultrasound image, sagittal view. A: Hypoechoic nodule in the rectovaginal septum measuring 1 cm × 0.9 cm (arrow). The nodule obliterates
the pouch of Douglas, invades the anterior rectal wall, and causes anatomical distorsion (dotted arrow); B: A large hypoechoic retrocervical nodule affecting the rectosigmoid colon is seen (arrow). Note the typical “indian headdress sign”, indicating deep endometriosis into the bowel wall.

A

B

Figure 2 Barium enema, sagittal view. A: Extrinsic mass compressing the rectum secondary to severe pelvic endometriosis (arrow); B: Stricture of the sigmoid colon secondary to endometriosis (arrow). Note the fine crenulation of the mucosa (dotted arrow).

transmural disease.

OPERATIVE TREATMENT
The abovementioned imaging techniques are required to
adequately assess the extent of endometriosis. However,
exploratory laparoscopy is the gold standard to diagnose
and to uniformly classify endometriosis[4]. Exploratory
laparoscopy allows for examination of the uterus along
with the uterosacral ligaments, ovaries and ureters, the
sigmoid colon, and the upper rectum. The accuracy
of exploratory laparoscopy is investigator-dependent
and should be performed by an experienced gynecologist in cooperation with a colorectal surgeon. However,
the pouch of Douglas cannot always be exposed, and
rectovaginal endometriosis can be difficult to diagnose
because of its intraperitoneal location[16]. The goal of
endometriosis surgery is to obtain good long-term outcomes with regard to pain relief, recurrence rates, and
fertility. Therefore, complete excision of all endometrial
implants without compromising ovarian function is mandatory. Prevention of postoperative adhesion formation
and improvement of quality of life are secondary aims.
The association between different types of endometriotic
lesions, such as peritoneal endometriosis, endometriomas,
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or DE, should not influence surgical treatment, as radical
removal of endometriosis resulting in functioning pelvic
organs is of paramount importance. Multidisciplinary
laparoscopic treatment has become the standard of care
for treatment of bowel endometriosis in optimization of
patients’ outcomes during their reproductive years[17,18].
Non-randomized studies have shown that laparotomy
and laparoscopy are equally effective in the treatment of
endometriosis-associated pain[19]. Because laparoscopy is
usually associated with a better postoperative recovery,
shorter hospital stay, and better cosmesis, it is preferred
to open surgery. If the relevant experience with laparoscopy is not available, or when DE is suspected or
diagnosed, it is recommended to refer the patient to an
expert center that offers minimally invasive treatment in
a multidisciplinary context[20]. There is a general consensus that symptomatic endometriosis, especially DE, is
best treated by a single laparoscopic operation in order
to restore pelvic anatomy and to improve pain, quality
of life, and fertility[21,22]. Experienced surgical judgment
by both gynecological and colorectal surgeons is essential to determine whether a bowel resection is required.
In our center, a three-step surgical procedure was performed, and summarized below[23]. In the first step, after
placing temporary ureteric stents by the urologist, the
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gynecological surgeon excises all visible endometriosis
laparoscopically with a CO2 laser to restore normal pelvic
anatomy. In the second step, the urologist is consulted
to evaluate and/or restore integrity of the ureters and
the bladder. Finally, the colorectal surgeon evaluates the
bowel. The decision to perform a laparoscopic segmental
colectomy is taken under the following conditions: (1)
large direct full-thickness trauma too extensive to be sutured; (2) extensive lesion to the bowel wall musculature
in the absence of full-thickness damage but with impact
on functionality; and (3) extensive lateral dissection compromising the bowel wall vascularization and/or innervation. In literature, controversy exists with regard to bowel
resection. In our opinion, a patient-tailored approach is
of utmost importance regarding the treatment of bowel
endometriosis with emphasis on the patient’s symptoms,
radical removal of endometriosis, and bowel function.
It is difficult to compare published data on outcome of
the treatment of bowel endometriosis, because surgical techniques are not standardized. Moreover, bias with
regard to selection of patients and surgical procedures is
often present in observational studies reporting on the
outcome of endometriosis surgery[24]. Large prospective
studies with standardized reporting of data will be necessary to evaluate surgical outcome in different centers[24-26].
Rectovaginal DE
Rectovaginal endometriosis extends from the top of the
posterior vaginal wall to the anterior rectal wall and to the
uterosacral ligaments laterally. Laparoscopic resection is
the treatment of choice for DE involving the rectovaginal septum, and several authors have reported good clinical outcomes with improvement in dysmenorrhea, dyspareunia, and chronic pelvic pain of 60%-92%, 70%-100%,
and 60%-93%, respectively[23,24,26-28]. However, to date, the
debate with regard to different surgical techniques and
the necessity of either a full-thickness disc rectal excision
or a restorative resection is still ongoing[24,25]. If there
is no rectal wall invasion, laparoscopic resection can be
done with few complications and good outcome[29]. In
our opinion, it is necessary to prepare the rectum with
mechanical bowel preparation in case of rectal wall invasion. Subsequently, probes will be placed into both the
uterus and the rectum to improve exposure. Pararectal
spaces are opened and a circular incision around the
nodule is made. It is dissected free from the uterosacral
ligaments safeguarding the ureters. Then, a plane between the rectum and the lesion can be found using CO2
laser dissection. Only after completion of the resection
from the rectal wall, the nodule is dissected from the
posterior vaginal wall. In case of vaginal wall invasion,
the posterior fornix is excised and closely sutured. Superficial rectal lesions can be excised from the bowel using
the “shaving” technique, but the integrity of the wall
should be carefully assessed and checked with an air leak
test[30,31]. An experienced colorectal surgeon should judge
on how to best restore rectal wall integrity by weighing
two different surgical options, full-thickness disc excision
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or partial rectal resection with reanastomosis. Moreover,
in our center, radical excision of all endometriotic implants with clear margins is equally important in surgical
decision-making. The decision to perform full-thickness
disc excision or restorative bowel resection is mainly
based on precise judgment by an experienced colorectal
surgeon with expertise in radical endometriosis surgery.
Because there are no guidelines whether or not to perform a resection, the decision is made on a case-by-case
basis. Invasion of more than 50% of the bowel circumference, multiple nodules, or nodules larger than 3 cm are
indications for a bowel resection[32]. Thus, full-thickness
disc excision is limited to the size of the lesion, depth of
infiltration, and the location. The procedure fails to be
microscopically complete in 40% of women due to active
glandular endometrial foci deeply infiltrating the bowel
wall[32,33]. For a small nodule, full-thickness disc excision
of the anterior rectal wall can be performed safely[32-36].
However, the rectal wall should be well vascularized and
innervated allowing a single layer transverse closure with
separate sutures. If a restorative rectal resection is performed, care should be taken to preserve optimal bowel
function. A side-to-end anastomosis or a colonic J pouch
anastomosis is often necessary when part of the rectal
ampulla is excised. In our center, a defunctioning loop
ileostomy is performed only when there are sutures on
the vagina, the rectum, and the ureter/bladder. An omentoplasty to protect the pelvic sutures is not performed
routinely. Complications, such as anastomotic leakage or
rectovaginal fistula, after bowel resection and anastomosis can occur[37]. Different studies reported anastomotic
related complications, such as leakage, pelvic abscess,
and rectovaginal fistula. The incidence varied 1%-6%, at
a mean rate of 4.7%[38]. In papers reporting on bowel resection for endometriosis, the incidences of anastomotic
leakages, abscesses, and rectovaginal fistulae were 1.5%,
0.3%, and 2.7%, respectively[24]. In papers reporting on
both bowel resection and full-thickness disc excision, the
incidences for abovementioned complications were 0.7%,
0.3%, and 0.7%, respectively[24]. Therefore, bowel resection leads to good operative outcomes with a low and acceptable major complication rate.
Rectosigmoid endometriosis
In case of bowel endometriosis infiltrating the sigmoid
colon, a laparoscopic segmental colectomy may be required in order to obtain complete macroscopic clearance resulting in a good outcome regarding pain, quality
of life, and infertility[6,39-41]. In 1991, the first case of
laparoscopic colectomy for bowel endometriosis was described[42]. Since then, several groups have reported good
results[23,37,43-46]. However, a selective approach towards
bowel resection is justified, because endometriosis is a
benign condition and operative morbidity should be kept
low. On the other hand, for sigmoidal endometriosis, a
sigmoid resection or so-called high anterior resection is
suggested considering it is technically impossible to perform a discoid excision on the sigmoid colon (Figure 3).
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Figure 3 Laparoscopic view of bowel endometriosis invading the sigmoid colon (arrow). Same patient as in Figure 2B.

Figure 4 Small bowel adhesions secondary to invasion by endometriosis
(arrow).

A superior rectal artery sparing approach is performed
with preservation of autonomic nerves, which has been
shown to improve sexual and urological functioning[47].
When neoplasia is a concern, an oncological segmental
colectomy with lymphadenectomy should be performed.
A randomized clinical trial comparing laparoscopicallyassisted and open colorectal resection for endometriosis
showed benefits on pain and postoperative complications
in the laparoscopic group. Moreover, a laparoscopic approach offered a higher spontaneous pregnancy rate and
similar improvement in quality of life compared to open
surgery[48]. Therefore, in a tailored approach of segmental
colectomy for severe symptomatic endometriosis, access
trauma to the abdomen should be minimal to allow fast
recovery. We described a technique to extract the specimen transanally, so that a laparotomy can be avoided.
This natural orifice specimen extraction colectomy
(NOSE-colectomy) has good outcomes in patients requiring a colorectal resection for bowel endometriosis[49].
Recently, a prospective cohort study comparing patients
with and without bowel resection after CO2 laser laparoscopic excision, observed good clinical outcomes and low
major morbidity; anastomotic leakage was only 1%[23].
Small bowel and appendiceal endometriosis
Small bowel or appendiceal involvement is rare and does
not always cause symptoms. Usually, non-specific symp-
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Figure 5 Segmental enterectomy (8 cm) for small bowel endometriosis.
The bowel is cut open longitudinally. Note the two foci of non-transmural endometriosis (arrows) obliterating the bowel lumen.

toms, such as recurrent pain and abdominal bloating, can
accompany this type of endometriosis. However, acute
small bowel obstruction due to fibrotic adhesions secondary to endometriosis has been described[50]. Endometriosis can cause acute appendicitis with typical symptoms
such as right iliac fossa pain, fever, nausea, and elevated
white blood cell count. Appendiceal endometriosis can
also act as a lead point leading to ileocecal invagination.
Moreover, it can cause obstruction of the appendicular
orifice with secondary mucocele formation. Appendiceal
endometriosis is treated by appendectomy. The treatment
of small bowel endometriosis depends on the size and
location of the lesion. Small implants may be treated by
wedge excision and sutured closure. If more than 50%
of the bowel wall is affected or if the lesion is close to
the ileocecal valve, a segmental small bowel resection or
ileocecal resection may sometimes be performed (Figures
4 and 5)[51].
Outcome of multidisciplinary surgery
Long-term outcome of radical endometriosis surgery
evaluates three important parameters: (1) symptom control; (2) recurrence rate; and (3) pregnancy. Due to heterogeneous data reports on pain outcomes, it is difficult
to compare results. Differences among reported results
are mostly due to considerate variations in pain measure-
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ment, method of evaluation, and length of follow-up.
Overall, most of the studies show an improvement in
pain, gynecological, and intestinal symptoms after bowel
resection[24]. Moreover, a recent study showed that radical
but fertility sparing surgery, with or without bowel resection, has comparable and good psychological outcomes
concerning depression levels, relationship satisfaction, and
sexual function[47]. Endometriosis recurrence rate, after
bowel resection, has been reported in 4.7%-25% of cases
after a follow-up period of more than two years[24]. Meuleman and colleagues reported on three different cohorts
of patients and showed a recurrence rate between 3% and
7% after CO2 laser ablation and bowel resection. In a multidisciplinary setting, aiming at radical excision of endometriosis, recurrence rates can be low and results can be
consistent over time[23,41,52]. Observed post-operative pregnancy rates after bowel resection vary between 24% and
57%[1,5,17,28,36,41,46,53,54]. A recent prospective cohort study
showed similar pregnancy rates comparing a group of
patients who had bowel resection to a group of patients
without bowel resection, 50% vs 51%, respectively[23]. The
cumulative pregnancy rate was 44%, 58%, and 73% after
1, 2, and 3 years, respectively. This is in line with other retrospective studies reporting a cumulative pregnancy rate
of 49% (at two years) and 52% (at 29 mo)[41]. More recently, the endometriosis fertility index staging system was
validated to predict non-assisted reproductive technology
pregnancy after endometriosis surgery. This scoring system is the best available staging tool to counsel patients
after a radical surgery about their fertility prognosis and
eventual need for fertility treatment[55,56]. Postoperative
medical treatment is beyond the scope of this article;
nevertheless, important considerations regarding active
child wish and secondary prevention should be taken into
account, during follow-up of patients who underwent a
radical multidisciplinary endometriosis surgery. Although
guidelines regarding the role of postoperative hormonal
therapy exist, there is insufficient evidence showing significant benefit of hormonal therapy accompanying endometriosis surgery on the outcomes, specifically pain management[20,57]. However, postoperative hormonal therapy
could be prescribed for indications, such as contraception
or secondary prevention[20,23].

resection is indicated. In our opinion, a patient-tailored
approach is crucial and the least invasive radical option
should be chosen. In the future, research should focus
on long-term outcome improvements of the multidisciplinary treatment for bowel endometriosis with regard to
symptoms, quality of life, cosmetic outcome, recurrence
of endometriosis, and fertility.
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Abstract
Gut microbiota plays an important role in cirrhosis. The
liver is constantly challenged with commensal bacteria
and their products arriving through the portal vein in
the so-called gut-liver axis. Bacterial translocation from
the intestinal lumen through the intestinal wall and
to mesenteric lymph nodes is facilitated by intestinal
bacterial overgrowth, impairment in the permeability
of the intestinal mucosal barrier, and deficiencies in
local host immune defences. Deranged clearance of
endogenous bacteria from portal and systemic circulation turns the gut into the major source of bacterialrelated complications. Liver function may therefore be
affected by alterations in the composition of the intestinal microbiota and a role for commensal flora has been
evidenced in the pathogenesis of several complications
arising in end-stage liver disease such as hepatic encephalopathy, splanchnic arterial vasodilatation and
spontaneous bacterial peritonitis. The use of antibiotics
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is the main therapeutic pipeline in the management of
these bacteria-related complications. However, other
strategies aimed at preserving intestinal homeostasis
through the use of pre-, pro- or symbiotic formulations
are being studied in the last years. In this review, the
role of intestinal microbiota in the development of the
most frequent complications arising in cirrhosis and the
different clinical and experimental studies conducted to
prevent or improve these complications by modifying
the gut microbiota composition are summarized.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cirrhosis; Encephalopathy; Portal hypertension; Spontaneous bacterial peritonitis; Microbiota;
Bacterial translocation
Core tip: The close relationship between the most frequent complications arising in patients with cirrhosis
and the gut microbiota has been intensively studied in
the last years and has enhanced the relevance of the
constant communication between the gut and the liver
in the management of patients with cirrhosis. This review intends to integrate the existing knowledge of the
role of intestinal microbiota plays in the development of
these complications and the evidence on the possible
efficacy of gut-microbiota modulating strategies to help
in their management.
Gómez-Hurtado I, Such J, Sanz Y, Francés R. Gut microbiotarelated complications in cirrhosis. World J Gastroenterol 2014;
20(42): 15624-15631 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i42/15624.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i42.15624

INTRODUCTION
Cirrhosis is the common end-stage liver histologic distortion for several hepatic diseases, characterized by the
presence of regenerative nodules that causes portal hy-
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pertension. This fact in turn alters intestinal motility inducing intestinal bacterial overgrowth (IBO)[1]. The close
relationship between the most frequent complications
arising in patients with cirrhosis and the gut microbiota
has been intensively studied in the last years and has
enhanced the relevance of the constant communication between the gut and the liver in the management of
patients with cirrhosis[2]. Complications such as hepatic
encephalopathy (HE), spontaneous bacterial peritonitis
(SBP) and variceal bleeding are directly caused or aggravated by the translocation of enteric bacteria or their
products into the blood of cirrhotic patients.
The current pathogenic mechanism to explain the
passage of bacteria or their products from the intestinal
lumen through the intestinal barrier and to mesenteric
lymph nodes is defined as bacterial translocation (BT)[3,4].
IBO, impairment in intestinal permeability, and deficiencies
in local host immune defences are the major mechanisms
postulated to favour BT in cirrhosis[5,6]. Any of these abnormalities deranges clearance of endogenous bacteria
from portal and systemic circulation, turning the gut into
the major source of bacterial-related complications.
The large bowel is the most densely populated natural
environment known, containing roughly 1014 bacterial
cells[7], which represents around ten times more microbial
cells than eukaryotic cells. Gut microbiota is a large and
diverse population of living microorganisms (approximately 500-1500 different bacterial species[8]), susceptible
to environmental and pathophysiological alterations[9].
Original studies on mice showed that gastrointestinal
microbiota is mainly composed by Enterobacteriaceae, Lactobacillus, Bacteroides and Clostridium[10,11]. More recent studies
using next generation sequencing techniques (NGS) that
allow a deeper analysis of the microbiota have reveled alterations in phylotypes previously overlooked using conventional techniques in patients with liver cirrhosis[12,13].
These experimental studies have brought the attention of clinicians to new therapeutic strategies targeting
gut microbiota composition and function and aimed at
preventing BT episodes and inflammation in cirrhosis. In
fact, a recent publication by Kakiyama et al[14] provides interesting data in which among other reasons, dysbiosis is
occurring in patients with cirrhosis in part due to low bile
acid input into the gut. In this regard, prebiotics, probotics or symbiotics have been evaluated in different clinical
studies in the last years[15].
This review intends to integrate the existing knowledge of the role of intestinal microbiota plays in the
development of the most frequent complications arising
in cirrhosis and the evidence on the possible efficacy of
gut-microbiota modulating strategies to help in the management of these complications.

HE
HE is a serious and progressive neuropsychiatric condition that occurs in patients with advanced cirrhosis.
Overt HE presents as a wide spectrum of clinical signs
and symptoms, ranging in severity from mild confusion
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to life-threatening coma. Minimal HE is a more subtle
form of the condition; it is characterized by deficits in
cognitive function that can be detected with specialized
tools. HE is considered to complicate up to 25% of presentations of acute liver failure[16], and is associated with
poor survival[17,18].
Ammonia is a key factor in the pathogenesis of HE
in cirrhotic patients[19]. The association between ammonia
neurotoxicity and HE was first suggested by studies in
dogs with porto-cava anastomosis[20]. Ammonia is generated in the intestines from dietary nitrogen, primarily
from the breakdown of urea by urease present in colonic microbiota[21]. Under normal conditions, ammonia
is metabolized to urea in the liver, but in the setting of
liver failure, ammonia can bypass the liver into systemic
circulation, inducing oxidative stress by generation of
free radicals, and the nitrotyrosination of proteins in the
brain[22]. This process is critical for mithochondrial function, and may cause failure of normal neurotransmission.
Ammonia is taken up by astrocytes in the brain, and converted to glutamine where it exerts an osmotic effect and
result in astrocyte swelling and brain edema[23-25].
Several studies show that gut microbiota is altered in
cirrhotic patients with HE. More specifically, a quantitative change in the Bacteroides/Firmicutes ratio, with the
prevalence of potentially pathogenic bacteria (e.g., Enterobacteriaceae)[13,26] and the reduction of commensals (Lachnospiraceae)[26] have been described. Liu et al[27] demonstrated
a significant fecal overgrowth of potentially pathogenic
Escherichia coli (E. coli) and Staphylococcus spp. in the gut
microbiota of cirrhotic patients with minimal HE. Other
studies have shown that patients with cirrhosis and HE
had higher concentration of Enterobacteriaceae and Alcaligenaceae compared with control subjects and cirrhotic patients without HE[26]. This study shows, as well, that specific bacterial families (Alcaligenaceae, Porphyromonadaceae,
Enterobacteriaceae) are strongly associated with cognition
and inflammation in HE[26]. Bajaj et al[26,28,29] also studied
the relationship between gut microbiota, inflammation
and cognition in cirrhotic patients. Increased Alcaligenaceae abundance was significantly associated with poor
cognitive performance, whereas Enterobacteriaceae were
associated with worsening inflammation in the cirrhosis
group. Alcaligenaceae are Proteobacteria that degrade urea
to produce ammonia, which may explain his association
with poor cognitive function[30]. Finally, in patients with
HE, markers of Th17 and immune response were highly
correlated with gut microbiome components, possibly
indicating a synergy between inflammation and cognition
with microbiome changes[31,32]. This evidence supports
previous data revealing the components of the gut microbiota are required for the differentiation of Th17 cells
in mouse models of autoimmune disease[33].
Treatment of HE is based in part on manipulation of
the gut microbiota[34], with the aim to decrease the production and intestinal absorption of ammonia[35]. Lactulose (4-O-β-d-galactopyranosyl-d-fructose) is the most
widely used treatment in HD; it lowers the colonic pH as
a result of the production of organic acids by bacterial
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fermentation, inducing an environment that is both hostile to the survival of urease-producing gut bacteria, such
as Klebsiella spp. and Proteus spp, facilitating the growth of
acid resistant, non-urease-producing species, such as lactobacilli and bifidobacteria. This approach firstly reduces
the ammonia production in the colonic lumen and secondly the acidification of colonic environment reduces
the absorption of ammonia by nonionic diffusion[35].
Rifaximin is a non-absorbable antibiotic that is known
that improve cognitive function in HE, especially its subclinical form, minimal HE, but the precise mechanism
of its action is unclear[36]. A recent clinical trial by Bajaj et
al[36] demonstrates that rifaximin is associated with reduction in endotoxemia in patients with cirrhosis and minimal HE, with a modest change in the stool microbiota
composition, reducing Veillonellaceae and increasing Eubacteriaceae. After rifaximin therapy, there was also a significant change in the serum metabolome characterized by a
specific increase in serum fatty acids. Although rifaximin
is more effective than lactulose in the maintenance of
remission and decreased re-admission in patients with
minimal HE, it was not as cost-effective as lactulose[37].
The administration of probiotics that may modulate
the gut microbiota composition or function in HE has
had as primary objective to reduce the total amount of
ammonia that reaches the portal system; this effect can
be mediated through various mechanisms [38]. Several
studies have shown the efficacy of some probiotics in the
treatment of minimal HE and the prevention of overt
HE episodes[39]. The first studies with probiotics in patients with cirrhosis and HE[40,41], compared the effects of
administration of Enterococcus faecium SF68 vs lactulose on
ammoniemia and clinical scores of HE. In these randomized studies, the probiotic SF68 showed similar results to
lactulose during the treatment period. The therapeutic effect was maintained even during the washout period but
only in the group treated with probiotics, suggesting that
SF68 transiently colonize the colon and, consequently,
this could favor the persistence of the effects.
In a prospective, randomized controlled trial, probiotics (including strains of the species Bifidobacterium breve,
Bifidobacterium longum, Bifidobacterium infantis, Lactobacillus
acidophilus, Lactobacillus plantarum, Lactobacillus paracasei,
Lactobacillus bulgaricus, Streptococcus thermophilus, 110 billion
CFU, available as VSL#3) were found to be effective in
preventing HE in patients with cirrhosis[42]. However, in
a double-blind placebo-controlled study that included
patients with cirrhosis and at least one major complication of cirrhosis in the past, probiotic supplementation
did not show beneficial effects on portal hypertension
or decreased hepatic synthetic function, in patients with
compensated cirrhosis[43]. Nevertheless, results pointed
toward a possible positive effect of this probiotic in patients with above normal baseline ammonia levels.
An interesting study in rats with experimental cirrhosis demonstrated that a strain of the probiotic Lactobacillus plantarum is able to decrease amoniemia[44]. Considering the importance of ammonia in the pathogenesis of
HE[45], this study suggests that treatment with this pro-
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biotic may be useful in patients with cirrhosis to treat or
prevent this complication. Also, several studies[27,46-48] have
yielded interesting results with synbiotics both in presence of overt HE, but also in minimal HE, as detected by
improvement of all psychometric evaluations. However,
the correlation between ammonia concentration and HE
severity in patients with cirrhosis of liver is still poor[49].
Actually, it is common to find patients with symptoms of
overt HE with just moderately elevated arterial ammonia
levels[50]. This is probably related to the fact that HE is
believed to be the consequence of different disturbances
developed in advanced cirrhosis, and not only of hyperammoniemia[51,52].

SPLANCHNIC ARTERIAL VASODILATION
Splanchnic arterial vasodilation is the principal factor in
the pathogenesis of the hyperdynamic circulatory syndrome that occurs in patients with cirrhosis and portal
hypertension[53-55]. Increased synthesis and vascular release of the potent vasodilator nitric oxide (NO) is considered to be its main cause. Activation of the endothelial
and inducible forms of nitric oxide synthase (eNOS and
iNOS respectively) are considered to be the main sources
of the elevated levels of NO in the splanchnic circulation. While activation of eNOS is due mostly to shear
stress, exposure to bacteria and their products, directly or
involving host cytokines, has been associated with activation of iNOS and increased release of NO[56] which in
turn exacerbates further the circulatory disarrangement
of cirrhosis[57,58]. TNF-a is also known to be involved in
the pathogenesis of the hyperdynamic circulatory syndrome in portal hypertension[59,60].
Esophageal varices develop in response to the portal
hypertension. Compared with other collaterals, gastroesophageal varices are important because of their risk
of rupture and bleeding. Esophageal variceal bleeding is
a serious event with 30% mortality per episode, and the
likelihood of rebleeding reaches 30% to 40% in the first
6 wk without adequate therapy.
The management of variceal bleeding requires a complex approach[61] including vaso-pressors[62], use of prophylactic antibiotics[63,64], emergency endoscopic therapy[65,66],
access to salvage therapy with trans-jugular intrahepatic
portosystemic shunting (TIPS) in the most severe cases[67],
as well as improvements in general supportive and critical
care.
The use of prophylactic antibiotics (norfloxacin or
ceftriaxone) in the setting of acute variceal bleeding is
standard practice because it is known that decreases the
rate of bacterial infection, risk of early rebleeding, and
mortality[68,69]. However, antibiotic prophylaxis is associated with risk of infection with multi-resistant strains.
The effect of the quinolone on the enteric bacterial load
not only decreases the risk of bacterial infections but also
increases systemic vascular resistance, improving haemodynamics[70].
Studies have suggested that chronic manipulation of
the intestinal microbiota could have beneficial effects
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on the treatment of portal hypertension, but a few studies[37,43,71-73] have investigated the administration of probiotics to patients with variceal bleeding. In an experimental
model of pre-hepatic portal hypertension[73], bacteriotherapy with a strain of Lactobacillus acidophilus or Lactobacillus
GG. did not cause significant changes in BT between the
animals treated with probiotic (82%) and those treated
with placebo (75%), probably because of their ineffectivenes to modulate the microbiota composition.
In general no portal hypotensive effect has been
observed when administering probiotics. In two different studies[74,75], the VSL#3 probiotic (a mix of lactic
acid bacteria) used in patients with compensated or early
decompensated cirrhosis and hepatic venous pressure
gradient > 10 mmHg, resulted in no reduction in portal
pressure. In one of them though[75], probiotic administration helped to decrease plasma endotoxin that suggests
possible beneficial effects of probiotics for this patient
population. In a recent study performed in cirrhotic
patients having large esophageal varices without history of variceal bleeding[71], adjunctive probiotic VSL#3
improved the response rate to propranolol therapy and
was safe and well tolerated in patients with cirrhosis. A
double-blind placebo-controlled study that included patients with liver cirrhosis and at least one major complication of cirrhosis in the past (like variceal bleeding), and
where the participants were randomly assigned to receive
different probiotic capsules or placebo[43], did not show
any significant clinical or laboratory effect of probiotic
administration in patients with cirrhosis.

SBP
Bacterial infections are a frequent complication in patients with decompensated cirrhosis, with an incidence
at the time of admission or during the hospitalization
of about 32% in the most recent prospective studies[76].
Among them, SBP is the most common type of infection, induced in up to 70%-80% of cases by aerobic
Gram-negative enteric organism, mainly E. coli and Klebsiella pneumoniae[77-79]. SBP is the infection of ascitic fluid
in the absence of any primary intra-abdominal source,
and it is considered to be present if the ascitic neutrophil
count is in excess of 250 per microliter[69], with either
positive or negative microbiological culture[79,80].
Broad-spectrum intravenous antibiotic therapy should
be commenced immediately after diagnosed paracentesis in patients in whom SBP is clinically suspected or
after the demonstration of a raised ascitic neutrophil
count, without waiting for the result of the culture. SBP
is usually treated with antibiotics using third generation
cephalosporins. Cefotaxime or similar third-generation
cephalosporin for a total course of 5 d is the treatment
of choice[81-84]. Oral ofloxacin has been shown in one randomized controlled trial to be as effective as intravenous
cefotaxime for a subgroup of patients with SBP and absence of risk factors[85]. Ciprofloxacin or levofloxacin can
be used in patients who are intolerant to beta lactams.
Patients surviving a SBP episode have a recurrence rate
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at 1 year of approximately 70%. In this setting indefinite
selective intestinal decontamination with oral Norfloxacin
reduces the risk of SBP recurrence from 50% to 20% at
2 years[86].
An increased frequency of infections due to quinolone-resistant (either Gram positive or negative) and multiresistant bacteria has recently been recognized though
in patients being treated with norfloxacin, and this is associated with failure to control the infection with empiric
antibiotic therapy and increased mortality[87]. New alternative strategies are needed for the empirical prophylaxis
of nosocomial infections in cirrhosis. There have been
several studies looking for alternative therapies to the use
of Norfloxacin in high-risk patients with cirrhosis. In an
experimental model in rats with CCl4-induced cirrhosis,
long-term prophylactic trimethoprim-sulfamethoxazole
administration delayed the development of ascites and reduced the incidence of Gram-negative bacteria translocation, without increasing Gram-positive episodes, suggesting that trimethoprim-sulfamethoxazole might be a good
alternative to norfloxacin[88]. Another study showed that
ciprofloxacin administered in a weekly dose was ineffective in selective intestinal decontamination, and was not
useful in preventing SBP[89]. Rifaximin has been shown to
decrease portal-hypertension related complications in a
prospective randomized trial[90]. Taken together, available
information suggests that blockade of episodes of BT by
using oral antibiotics decreases the risk of development
of different types of complications, and not only infections. Their use though, predisposes patients to develop
infections by QR and MR bacteria. New therapeutic options are needed.
Proinflammatory cytokines are involved in the process of BT. Administration of anti TNF has been shown
to significantly decrease BT in a rat model of cirrhosis[91].
This approach however has not been pursued further
for the risk of inducing infections. Pentoxyfilline is also
an anti TNF drug that has been shown to have a similar
efficacy to norfloxacin in the prevention of BT and SBP
in rats with CCl4-induced cirrhosis and ascites[92]. This is
in line with an experimental study in CCl4-induced cirrhosis in rats showing that a prolonged oxidative stress in
the intestine, accompanied by changes in gut microbiota
composition, might facilitate translocation across the
mucosa, resulting in complications such as SBP[93]. In
fact, pentoxifylline administration, but not norfloxacin,
decreases oxidative stress in cecal mucosa.
Probiotics appear therefore as attractive alternatives
to antibiotics. They are often components of the commensal intestinal microbiota and have been shown to
exert a number of beneficial effects mainly in animal
models and to a lesser extent in humans. Results reported
in the literature are still conflicting regarding efficacy. In
a rat model of experimental CCl4-induced cirrhosis and
ascites[94], Lactobacillus GG was unable to prevent both BT
and infection of the ascitic fluid. In another study using
Lactobacillus johnsonii (L. johnsonii) LA1 with antioxidants[95]
in rats with CCl4-induced cirrhosis, there was a decrease
in intestinal enterobacteria and in BT compared to un-
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treated control rats, and there was a reduction in malonyldialdehyde (MDA) levels, an index of intestinal oxidative
damage; however, in this study, the probiotic was not
administered in the absence of antioxidants to be able to
attribute a role to the probiotic per se. A recent work using
the same animal model without antioxidants[96], indicate
that L. johnsonii La1 alone has no significant effect on
intestinal microbiota and BT in this experimental model
of cirrhosis. The present data suggest that the beneficial
effects observed in the previous study were mainly due to
the antioxidant effect of vitamin C and glutamate.
A double-blind, randomized-controlled trial was
conducted in cirrhotic patients who had either recovered
from SBP (secondary prophylaxis) or who were at a high
risk for the development of SBP[97] to assess the efficacy
of administration of probiotics as secondary prophylaxis
of infections. Norfloxacin (400 mg/d) with probiotic
capsules (strains of Enterococcus faecalis, Clostridium butyricum, Bacillus mesentericus JPC, Bacillus coagulans) or norfloxacin with a placebo were given and the occurrence of SBP
within a period of 6 mo, and side effects of therapy and
mortality were recorded. Results were similar between
groups, showing that the addition of probiotics to norfloxacin does not improve its efficacy in primary or secondary prophylaxis of SBP or in reducing the mortality
in cirrhotic patients with ascites.
Stadlbauer et al[98] observed that treatment with Lactobacillus casei Shirota in cirrhotic patients of alcoholic etiology improved the phagocytic activity of neutrophils, decreased the levels of soluble TNF receptor 1 and 2 after
stimulation with endotoxin and decreased overexpression
of TLR4, indicating that the beneficial effect of the probiotic would result, at least in part, from the modification
of the antigenic stimulus and IL10 secretion.
Recently, our group has evaluated the effects of Bifidobacterium pseudocatenulatum CECT7765 on BT and the
liver status in a experimental model of cirrhosis in Balb/
c mice by oral administration of CCl4, resulting in an
improved gut barrier integrity and showing a beneficial
effect against induced bacterial antigen translocation with
E. coli[99].

CONCLUSION
As reviewed here, many studies have demonstrated the
relevance of the interaction between the gut and the liver
in the development of bacteria-related complications in
cirrhosis. Changes in the microbiota composition have
been shown to disturb intestinal immune homeostasis,
which plays a central role in the proper management of
the host-microbe crosstalk, not only favouring the translocation of pro-inflammatory bacterial products but also
impairing the immunological host defence mechanisms
against them and facilitating the production of soluble
mediators that further complicate the liver disease.
While the use of antibiotics continues being an effective strategy for the management of these complications, other alternatives have emerged in the attempt to
avoid the adverse impact of antibiotic therapy on the

WJG|www.wjgnet.com

microbiota composition and function, given its relevance
in keeping the intestinal homeostasis. These strategies include the use of pre-, pro- or synbiotic formulations, and
experimental faecal transplantation aimed at restoring a
“healthier” microbiota environment in patients with decompensated cirrhosis. Nevertheless, in contrast to abundant clinical evidence of efficacy and safety of the use
of antibiotics in these patients, data available regarding
the efficacy of these other strategies mainly comes from
individual experimental studies[100]. The results of ongoing research in this area and the design of further studies
on alternative microbiota-based interventions to prevent
or to modulate bacteria-related complications in cirrhosis
will shed light into the intimate interaction between the
gut and the liver that lay down the development of these
complications and into the design of more efficient strategies to re-shape the microbiota.
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Abstract
The potential for the positive manipulation of the gut
microbiome through the introduction of beneficial
microbes, as also known as probiotics, is currently
an active area of investigation. The FAO/WHO define
probiotics as live microorganisms that confer a health
benefit to the host when administered in adequate
amounts. However, dead bacteria and bacterial molecular components may also exhibit probiotic properties.
The results of clinical studies have demonstrated the
clinical potential of probiotics in many pathologies, such
as allergic diseases, diarrhea, inflammatory bowel disease and viral infection. Several mechanisms have been
proposed to explain the beneficial effects of probiotics, most of which involve gene expression regulation
in specific tissues, particularly the intestine and liver.
Therefore, the modulation of gene expression mediated
by probiotics is an important issue that warrants further
investigation. In the present paper, we performed a
systematic review of the probiotic-mediated modulation
of gene expression that is associated with the immune
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system and inflammation. Between January 1990 to
February 2014, PubMed was searched for articles that
were published in English using the MeSH terms “probiotics" and "gene expression" combined with “intestines", "liver", "enterocytes", "antigen-presenting cells",
"dendritic cells", "immune system", and "inflammation".
Two hundred and five original articles matching these
criteria were initially selected, although only those articles that included specific gene expression results (77)
were later considered for this review and separated
into three major topics: the regulation of immunity and
inflammatory gene expression in the gut, in inflammatory diseases of the gut and in the liver. Particular
strains of Bifidobacteria , Lactobacilli , Escherichia coli ,
Propionibacterium , Bacillus and Saccharomyces influence the gene expression of mucins, Toll-like receptors,
caspases, nuclear factor-κB, and interleukins and lead
mainly to an anti-inflammatory response in cultured
enterocytes. In addition, the interaction of commensal
bacteria and probiotics with the surface of antigenpresenting cells in vitro results in the downregulation of
pro-inflammatory genes that are linked to inflammatory
signaling pathways, whereas other anti-inflammatory
genes are upregulated. The effects of probiotics have
been extensively investigated in animal models ranging from fish to mice, rats and piglets. These bacteria
induce a tolerogenic and hyporesponsive immune response in which many genes that are related to the
immune system, in particular those genes expressing
anti-inflammatory cytokines, are upregulated. By contrast, information related to gene expression in human
intestinal cells mediated by the action of probiotics is
scarce. There is a need for further clinical studies that
evaluate the mechanism of action of probiotics both in
healthy humans and in patients with chronic diseases.
These types of clinical studies are necessary for addressing the influence of these microorganisms in gene
expression for different pathways, particularly those
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that are associated with the immune response, and to
better understand the role that probiotics might have in
the prevention and treatment of disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gene expression; Immunity; Immunotolerance; Inflammation; Microbiota; Probiotics; Gut; Liver
Core tip: Probiotics, which include live microorganisms
as well as dead bacteria and bacterial molecular components, confer a health benefit to the host when administered in adequate amounts. Most of the published
research articles that are devoted to probiotics evaluate
the effects of probiotics on the prevention and treatment of diseases. However, only a few of these articles
address the mechanism of action of these microorganisms. This paper reviews the mechanisms of action that
have been proposed to explain the beneficial effects of
probiotics, most of which involve gene expression regulation in specific tissues, particularly the intestine and
liver. Several strains of Lactic acid bacteria , Escherichia
coli , Propionibacterium , Bacillus and Saccharomyces influence the gene expression in gut and liver cells, leading mainly to anti-inflammatory responses and to the
enhancement of immunotolerance to foreign antigens.
Plaza-Diaz J, Gomez-Llorente C, Fontana L, Gil A. Modulation of immunity and inflammatory gene expression in the
gut, in inflammatory diseases of the gut and in the liver by
probiotics. World J Gastroenterol 2014; 20(42): 15632-15649
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i42/15632.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
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Several important mechanisms underlying the beneficial effects of probiotics include the modification of the
gut microbiota, the competitive adherence to the mucosa
and epithelium, the strengthening of the gut epithelial
barrier and the regulation of the immune system and inflammation[5,13]. Most of these mechanisms involve gene
expression regulation in specific tissues, particularly the
intestine and liver.
In this sense, the probiotic-mediated modulation of
gene expression is an important issue that needs to be
addressed. The expression of mucin genes (MUC) can be
affected by probiotics. Likewise, toll-like receptor (TLR)
and nucleotide-binding oligomerization domain (NOD)receptor genes as well as pro-inflammatory transcription
factors, cytokines, and apoptosis- related enzyme genes
can also be affected by commensal bacteria.
In the present paper, we performed a systematic
review of the probiotic-mediated modulation of gene
expression that is associated with the immune system and
inflammation. Between 1990 to February 2014, PubMed
was searched for articles that were published in English
using the MeSH terms “probiotics” and “gene expression” combined with “intestines”, “liver”, “enterocytes”,
“antigen-presenting cells”, “dendritic cells”, “immune
system”, and “inflammation”. Two hundred and five
original articles matching these criteria were initially selected, although only those articles that included specific
gene expression results (77) were later considered for the
review and separated into three major topics: the regulation of immunity and inflammatory gene expression in
the gut, in inflammatory diseases of the gut and in the
liver.

INTRODUCTION

REGULATION OF IMMUNITY AND
INFLAMMATORY GENE EXPRESSION IN
THE GUT BY PROBIOTICS

The potential for the positive manipulation of the gut
microbiome through the introduction of beneficial microbes, as also known as probiotics, is currently an active
area of investigation[1,2]. Probiotics are generally recognized as live microorganisms that confer a health benefit
to the host when administered in adequate amounts[3],
although dead bacteria and bacterial molecular components may also exhibit probiotic properties[4]. In particular, strains belonging to Bifidobacterium and Lactobacillus
are the most widely used probiotic bacteria[5] and exert
health-promoting properties, including, for example, the
maintenance of the gut barrier function and the local and
systemic modulation of the host immune system[6,7].
Clinical studies have demonstrated the clinical potential of probiotics against many diseases[5], such as allergic
pathologies (including atopic eczema[8] and rhinitis[9]),
diarrhea[10], inflammatory bowel disease (IBD)[11] and viral
infection[7]. However, generalizations concerning the potential health benefits of probiotics should not be made
because probiotic effects tend to be strain-specific[12,13].

The intestinal epithelium is constantly exposed to high
levels of food and bacterial antigens. Under normal physiological conditions, the intestinal epithelial monolayer
facilitates a controlled and selective flux of components
between the lumen and the underlining mucosa[14]. The
intestine and the gut-associated lymphoid tissue (GALT)
are essential components of the immune defense, protecting the body from foreign antigens and pathogens
while tolerating commensal bacteria and dietary antigens.
The balance between tolerance and immunity in the
intestine is, in part, dictated by antigen-presenting cell
(APCs) populations in the gut. The dysregulation of this
balance can contribute to the pathogenesis of numerous
inflammatory conditions[15]. The inflammatory response
in the intestinal tract is abrogated or avoided by the complex and well-regulated tolerance-inducing mechanisms in
the GALT.
Several cells that are capable of antigen presentation
exist in the GALT, including enterocytes and other intestinal epithelial cells (IEC), such as M cells, dendritic cells
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(DCs), macrophages, and T and B cells[16]. Microbes activate DCs directly via the DCs’ pattern recognition receptors (PRR) or indirectly by capturing the apoptotic/necrotic products of other cells that are dying in response
to microbial exposure[16]. PRRs are comprised of TLRs,
NOD-like receptors (NLRs), adhesion molecules and
lectins[13].
Commensal bacteria and probiotics can interact with
these cells, thereby exerting immunomodulatory effects.
Below we review the probiotic modulation of the genes
that are involved in inflammation and immunity in intestinal cultured cells, as well as in animals and humans.
Intestinal cultured cells
Although most studies regarding probiotics have reported anti-inflammatory effects, certain probiotic strains
have been shown to exert pro-inflammatory effects. The
effects of selected probiotics on the gene expression in
intestinal cells, namely HT-29, T84, Caco-2, APCs (e.g.,
RAW264.7 macrophages) and DCs, are reviewed below.
Enterocytes
Otte and Podolsky[17] (2004) provided insight into the
molecular mechanisms by which probiotic bacteria interact with the intestinal surface. The effects of Escherichia
coli (E. coli) Nissle 1917 (EcN), the probiotic mixture
VSL#3, bacterial cell lysates, and conditioned media on
monolayer resistance, interleukin (IL)-8 secretion, mucin
gene expression, and tight junction proteins were evaluated by these authors in T84 and HT-29 cells. The EcN as
well as debris and cell extracts induced pro-inflammatory
IL-8 secretion from the IEC, whereas no such effect was
observed with VSL#3. A soluble factor that was released
from VSL#3 increased monolayer resistance, prevented
the pathogen-induced decrease in monolayer resistance,
and stabilized tight junctions. VSL#3 induced the expression of mucins in intraepithelial cells, and these organisms as well as EcN diminished Salmonella dublin-induced
cell death[17].
Similarly, Mack et al[18] (1999) showed that Lactobacillus
plantarum (L. plantarum) 299v and Lactobacillus rhamnosus
GG (LGG) quantitatively inhibited the adherence of
an attaching and effacing pathogenic E. coli to HT-29
IEC but did not inhibit the adherence to non-intestinal
HEp-2 cells. Media enriched with MUC2 and MUC3 mucins were added exogenously to binding assays and were
shown to inhibit the enteropathogen adherence to HEp-2
cells. The incubation of L. plantarum 299v with HT-29
cells increased the MUC2 and MUC3 mRNA expression
levels. These authors proposed that probiotic agents,
which can bind to epithelial cells in vitro and colonize the
intestinal tract in vivo, induce epithelial cells to secrete
mucins that diminish enteric pathogens that are bound to
mucosal epithelial cells.
In another study using trans-epithelial electrical resistance (TEER) across Caco-2 cell layers, Anderson et
al[19] (2010) described the effect of L. plantarum MB452
on tight junction integrity. L. plantarum MB452 caused a
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dose-dependent TEER increase across Caco-2 cell monolayers compared to a control medium. Nineteen tight
junction-related genes had altered expression levels in
response to L. plantarum MB452. L. plantarum MB452 also
caused changes in tubulin and proteasome gene expression that may be linked to the intestinal barrier function.
Audy et al[20] (2013) investigated the differential gene
expression of potential probiotics, LPS, and enteropathogenic bacteria on human IEC using a custom-designed
expression microarray evaluating 17 specific hostresponse pathways. The main outcome was the differential regulation of the central mitogen-activated protein
kinases (MAPK) signaling pathway in response to these
probiotics, validated later with quantitative real-time PCR
(qPCR).
Different strains of bifidobacteria were tested for
their effects on HT-29 in in vitro models of the noninflamed and inflamed intestinal epithelium. None of the
tested bifidobacteria induced the activation of nuclear
factor-kappa beta (NF-κB), indicating that bifidobacteria
themselves do not induce inflammatory events. However, six out of eight tested bifidobacteria inhibited the
LPS-induced NF-κB activation in a dose- and straindependent manner. By contrast, the NF-κB activation in
response to challenge with tumor necrosis factor-alpha
(TNF-α) was not affected by any of the tested bifidobacteria, indicating that the inhibitory effect of bifidobacteria is specific for LPS-induced inflammation in IECs. As
shown with two of the six inhibition-positive bifidobacteria, the LPS-induced inhibition of NF-κB activation
was accompanied by a dose-dependent decrease in IL-8
secretion and by lower mRNA levels for IL-8, TNF-α,
cyclooxygenase 2 (COX-2), and intercellular adhesion
molecule 1 (ICAM-1)[21].
Ruiz et al[22] (2005) characterized the molecular mechanisms for the initial interaction of probiotic Bifidobacterium
lactis (B. lactis) strain BB12 with native and IEC lines. B.
lactis-monoassociated Fisher F344 rats transiently induced
the phosphorylation/activation of the NF-κB transcriptionally active subunit RelA and the MAPK p38 in native
IECs 5 d after the initial bacterial colonization. Additionally, IL-6 gene expression significantly increased after 5
d. The adenoviral delivery of the mutant IKK-beta and
the inhibition of the p38 MAPK pathway significantly
blocked the B. lactis-induced IL-6 gene expression in
IECs, suggesting that B. lactis triggers NF-κB and MAPK
signaling to induce gene expression in the intestinal epithelium[22]. Likewise, the inhibition of IL-8 secretion by
intestinal epithelial INT-407 cells that were incubated
with B. lactis HN019 has been reported by Liu et al[23]
(2010).
Three species of Bifidobacterium and Enterococcus faecalis
differentially modulate the in vitro production of cytokines from LPS-stimulated RAW264.7 macrophages. The
three species of Bifidobacterium significantly inhibited the
phosphorylation of IκB-alpha that had been previously
induced by LPS and modulated the IL12p40, IL-1β , and
TNF-α mRNA levels. The mRNA levels of suppressor
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of cytokine signaling (SOCS)1 or SOCS3 increased in
response to exposure to Bifidobacterium species combined
with LPS. Conversely, E. faecalis combined with LPS induced significantly lower levels of SOCS mRNA than
those in those cells that were induced by Bifidobacterium
species combined with LPS[24].
Imaoka et al[25] (2008) co-cultured peripheral blood
mononuclear cells (PBMNC) that were isolated from
ulcerative colitis (UC) patients or HT-29 cells with heatkilled probiotic bacteria or the culture supernatant of Bifidobacterium breve (B. breve) strain Yakult (BbrY) or Bifidobacterium bifidum strain Yakult (BbiY) to estimate the amount
of secreted IL-10 or IL-8. Both strains of the probiotic
bifidobacteria induced IL-10 production in the peripheral blood mononuclear cells (PBMNC), although BbrY
was more effective than was BbiY. The inhibitory effect
of the conditioned medium (CM) that was derived from
BbiY was greater than that of the CM that was derived
from BbrY. The DNAs of the two strains had a comparable inhibitory activity against the secretion of IL-8.
The conditioned medium of BbiY induced a repression
of the IL-8 gene with a higher expression of Iκ B-zeta
mRNA 4 h after the culture of HT-29 cells compared to
that in the absence of CM.
Boesten et al[26] (2011) determined the genome-wide
transcriptional response of HT-29 cells to TNF-α following exposure to B. breve strains M-16V, NR246 and
UCC2003. Approximately 54% of the TNF-α induced
genes were solely suppressed by the presence of B. breve
M-16V. These genes included apoptosis-related cysteine
protease caspase 7 (CASP7), interferon regulatory factor
3 (IRF3), amyloid beta (A4) precursor protein-binding
family A member 1 (APBA1), NADPH oxidase (NOX5),
and leukemia inhibitory factor receptor (LIFR). The extracellular IL-8 concentration did not change, indicating
that B. breve M-16V only partially modulates the TNF-α
pathway.
Anti-inflammatory effects by Lactococcus lactis subsp.
cremoris FC have been shown by Nishitani et al[27] (2009) in
both in vivo and in vitro experimental models. L. lactis subsp. cremoris FC showed preventive and therapeutic effects
with the amelioration of colon length and histological
score and an attenuation of pro-inflammatory cytokine
mRNA expression in inflamed colon tissue. In an in vitro
gut inflammation model consisting of a co-culture of
IEC (Caco-2) and macrophages (RAW264.7), treatment
with the probiotic downregulated the pro-inflammatory
IL-8 mRNA expression in Caco-2 cells and inhibited the
nuclear translocation of NF-κB in RAW264.7 cells.
Likewise, O'Flaherty and Klaenhammer (2012) demonstrated that the exposure time to L. acidophilus impacted the immune-related gene expression profiles of
IECs. In this study, a 1-h rather than a 4- or 8-h exposure
time resulted in the maximal differential expression of
immune-related genes and genes that are targeted by the
NF-κB complex. After an initial exposure to L. acidophilus, the expression of the immune-related genes returned
to baseline levels[28].
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Oksaharju et al[29] (2011) examined the effects of
LGG, L. rhamnosus Lc705, Propionibacterium freudenreichii
ssp. shermanii JS, Bifidobacterium animalis (B. animalis) spp.
lactis Bb12 and their combination on human mast cell
gene expression. The LGG and L. rhamnosus Lc705 suppressed genes that encoded the allergy-related highaffinity IgE receptor subunits α and γ (FCER1A and
FCER1G, respectively) and the histamine H4 receptor.
The LGG, L. rhamnosus Lc705 and the combination
of the four probiotics had the strongest effect on the
expression of genes involved in mast cell immune system regulation and on several genes that encoded proteins with a pro-inflammatory impact, such as IL-8 and
TNF-α , whereas genes that encoded proteins with antiinflammatory functions, such as IL-10, were upregulated.
Paszti-Gere et al[30] (2012) investigated the immunomodulatory effect of the culture supernatant of five
bacterial strains in a non-transformed cell line that was
derived from porcine jejunal epithelial IPEC-J2 cells that
had been previously subjected to oxidative stress with
hydrogen peroxide. L. plantarum 2142 had significantly
decreased the IL-8 and TNF-α mRNA levels with the
concomitant upregulation of HSP70 gene expression.
However, B. animalis subsp. lactis BB-12 and Bacillus amyloliquefaciens CECT 5940 had the opposite effect, increasing the gene expression of either IL-8, TNF-α or both.
No effects were observed with Enterococcus faecium CECT
4515 or Lactobacillus casei Shirota.
Zanello et al[31] (2011) reported that the yeast Saccharomyces cerevisiae (strain CNCM I-3856) modulates transcript
and protein expression in the inflammation, recruitment
and activation of immune cells in differentiated porcine
intestinal epithelial (PIE) IPEC-1 cells and demonstrated
that viable S. cerevisiae inhibits the enterotoxigenic E. coli
(ETEC)-induced expression of pro-inflammatory transcripts (IL-6, IL-8, CCL20, CXCL2, and CXCL10) and
proteins (IL-6, IL-8). This inhibition was associated with
a decrease in ERK1/2 and p38 MAPK phosphorylation,
an agglutination of ETEC by S. cerevisiae and an increase
in the anti-inflammatory PPAR-γ nuclear receptor mRNA
level.
Latvala et al[32] (2011) investigated which non-pathogenic bacteria could stimulate the expression of SOCS3,
which controls the expression of pro-inflammatory cytokine genes in human primary macrophages. Lactobacillus
and Streptococcus species induced SOCS3 mRNA expression directly in the absence of protein synthesis and indirectly via bacteria-induced IL-10 production. The MAPK
p38 signaling pathway played a key role in the bacteriainduced SOCS3 gene expression.
The gene expression profiles of Caco-2 cells that
were treated with EcN were analyzed via a microarray
analysis by Ukena et al[33] (2005). The results revealed 126
genes that were specifically regulated after treatment with
EcN. A second human intestinal cell line as well as pieces
of small intestine from BALB/c mice were used to
confirm the regulatory data of selected genes by qPCR.
Among others, the expression of genes encoding the
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pro-inflammatory molecules monocyte chemo-attractant
protein-1 (MCP-1), macrophage inflammatory protein-2
alpha (MIP-2α ) and macrophage inflammatory protein-2
beta (MIP-2b ) increased up to 10-fold. Elevated levels of
MCP-1 and MIP-2α mRNA were confirmed using LoVo
cells. MCP-1 gene expression was also upregulated in
mouse intestinal tissue.
Wang et al[34] (2013) analyzed the immunomodulatory
effects of Lactobacillus casei Zhang (LcZ) in RAW264.7
macrophages. The immunostimulating effects of live LcZ
were significantly attenuated in heat-killed LcZ. The live
LcZ promoted TLR2 mRNA transcription, whereas the
heat-killed LcZ enhanced transcription of TLR2, TLR3,
TLR4, and TLR9.
The effects of L. plantarum genomic DNA on the
LPS-induced MAPK activation, NF-κB activation, and
the expressions of TNF- α, IL-1 receptor-associated
kinase M, and the pattern recognition receptor were
studied in human monocyte-like cells. L. plantarum genomic DNA inhibited this signaling pathway and TNF-α
production accompanied by the suppression of TLR2,
TLR4, and TLR9 and the induction of IL-1 receptorassociated kinase M, a negative regulator of TLR[35].
Cammarota et al [36] (2009) analyzed the probiotic
potential of L. plantarum DSMZ 12028 in vitro using the
pathogen E. coli K4 and a certified probiotic, L. paracasei
F19, as controls in Caco-2 and HT-29 cells. Real-time
PCR was used to monitor the expression of TLRs and
cytokines in a monocytic cell line (THP-1) following bacterial exposure. L. plantarum downregulated TLR mRNA
levels with the exception of TLR2, while L. paracasei F19
and E. coli K4 significantly upregulated TLR2 and 4, respectively.
Ghadimi et al[14] (2010) tested the effects of DNA
from LGG and Bifidobacterium longum on the TLR9 signaling cascade and the barrier integrity of polarized HT-29
and T84 cells that had been previously treated with
TNF-α. The HT-29 and T84 cells enhanced expression
of TLR9 in a specific manner, which was subsequently
associated with the attenuation of TNF-α-induced NFκB activation and NF- κB mediated IL-8 expression.
TLR9 silencing abolished this inhibitory effect. Apically
applied LGG DNA attenuated the TNF-α enhanced
NF-κB activity by reducing the IκBα degradation and
p38 phosphorylation. Likewise, LGG DNA diminished
the TNF-α-induced membrane integrity reduction.
Eleven different probiotic strains with immunoregulatory capabilities used a common mechanism to induce
tolerance in PIE cells. Immunoregulatory strains interacted with TLR2, upregulated the expression of ubiquitinediting enzyme A20 in PIE cells, and beneficially modulated
the subsequent TLR4 activation by reducing the activation of MAPK and NF-κB pathways and the production
of pro-inflammatory cytokines[37].
Gao et al[38] (2012) analyzed the myeloid differentiation
primary response protein 88 (MyD88) expression using
small interfering RNA in HT-29 cells. The knockdown of
MyD88 did not affect Clostridium butyricum-induced elevat-
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ed levels of NF-κB, IL-8, IL-6, and TNF-α, suggesting a
MyD88-independent route for TLR signal transduction
in human epithelial cells. However, a significant reduction
in the levels of NF-κB, IL-8, IL-6, and TNF-α was evident in the absence of TLR2 expression, indicating the
need for TLR2 in C. butyricum recognition.
In addition, the modulation of TLR-4 gene expression by Bacillus mesentericus TO-A, Clostridium butyricum
TO-A, and Streptococcus faecalis T-110 in human colonic
epithelial cells HT-29 was investigated by Isono et al[39]
(2007). Culture supernatants or heat-killed bacteria were
added to HT-29 cells. Treatment with C. butyricum TO-A
culture supernatant downregulated the TLR4 mRNA and
protein levels but only in the presence of butyrate. This
effect seems to be mediated by the transcription factor
PU.1.
Bacillus species, non-pathogen spore-forming microorganisms, are being used as probiotics owing to
evidence indicating that these species are important for
the development of a robust gut-associated lymphoid
system[40]. Huang et al[40] (2008) tested the ability of six
Bacillus strains (B. subtillis PY79, HU58 and HU68, B.
licheniformis HU14 and HU53, and B. flexus HU37), from
the human gut to induce the pro-inflammatory cytokines
TNF-α, IL-6 and IL-1α in cultured RAW264.7 macrophages. The highest levels of induction were with TNF-α
followed by IL-6, for which all of the strains induced expression. IL-1α was only induced by B. subtillis PY79 and
HU68 and B. licheniformis HU14. The authors also determined the expression of TLR-2 and TLR-4 in RAW264.7
macrophages that were co-incubated with either spores
or vegetative cells of B. subtillis PY79, demonstrating a
clear temporal increase in the expression of both TLR-2
and TLR-4 over time. A closer inspection of TLR-2 and
TLR-2 induction indicated that for vegetative cells, there
was a progressive increase in the expression during the 6-h
period of evaluation. However, for induction by spores,
there was a significant increase in the expression only between h 4 and 6.
In summary, specific strains of bifidobacteria, lactobacilli, EcN, Propionibacterium, Bacillus and Saccharomyces
influence the gene expression of mucins, TLRs, caspases,
NF-κ B, and ILs, leading mainly to an anti-inflammatory
response. Notwithstanding, specific responses are dependent on particular strains and intestinal cell types.
Dendritic cells
Dendritic cells (DCs) are potent APCs that induce a
primary immune response against microbial infection
and other stimuli[41]. Upon activation, DCs upregulate
co-stimulatory molecules and migrate to secondary lymphoid organs where they activate antigen-specific T cells.
The types of cytokines and other factors that are secreted
by DCs and other innate immune cells program the differentiation of naïve Th0 into Th1, Th2 or Th17 effector
cells or Treg cells[16]. Understanding the direct interaction
between commensal bacteria and DCs is particularly important in determining how the immune system of the
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gut is able to distinguish these bacteria from pathogens
and elicit a tolerogenic response[42].
In this sense, the mixture probiotic VSL#3 induces
the release of significant levels of IL-10 in DC culture
supernatants if added over a period of 3 d. IL-10 is a
critical Th2 cytokine that suppresses IL-12 production
and therefore other cytokines, such as interferon gamma
(IFN-γ) and TNF-α[43]. Drakes et al[41] (2004), using DCs
that were generated from mice bone marrow showed that
VSL#3 induces the release of higher amounts of IL-10
and more modest levels of IL-12. This study highlighted
the fact that the presence of probiotic bacteria during
the development of DCs influences the outcome of
the immune response[41]. Changes in the DC cell surface
phenotypes may result in altered DC function or cytokine production[44]. To determine the action of probiotic
VSL#3 on the DC surface phenotypes, Drakes et al[41]
(2004) added the probiotic mixture during the DC generation phase, observing that the addition of 103 and 105
organisms/mL did not alter the immature phenotype of
DC; however, higher concentrations (107 organisms/mL)
upregulated the DC co-stimulatory molecule expression
of CD80, CD86, CD40, and major histocompatibility
complex class (MHC) class Ⅱ I-Ad.
In agreement with the aforementioned study, Mastrangeli et al[45] (2009) demonstrated that the effects of
VSL#3 on BALB/c mice bone marrow (BM) DC maturation were time- and dose-dependent and peaked after
18 h of co-culture at the 107-organisms/mL dose. Live
and sonicated VSL#3 induced a significant upregulation
of CD83, CD86 and MHC class Ⅱ. Moreover, both of
the VSL#3 preparations were as effective as the LPS
control in inducing DC maturation. In addition, live
VSL#3 at the same dose induced a significant production by BMDCs of high levels of IL-12p70 and IL-10,
significantly higher than those obtained after LPS stimulation. However, sonicated VSL#3 induced lower levels
of IL-12 and IL-10, which were in any case significantly
higher than those that were induced by LPS and higher
than the control (medium only) levels.
In addition, D’Arienzo et al[46] (2009), using BMDCs
that were generated from a DQ8 tg mouse, a well characterized model of food antigen sensitivity, demonstrated
that incubation with 108 colony-forming units (CFU)/mL
of L. paracasei IMPC2.1, L. plantarum ITM21B, L. fermentum DRL38 and B. lactis NCCC2818 two days before cell
harvesting in the presence/absence of LPS stimulated
CD86 expression, with L. plantarum and L. paracasei inducing higher expression levels. However, no strains
modulated the expression of CD11c or CD80 or further
enhanced the LPS-induced CD86 expression. These data
clearly indicate that probiotic exposure alters the immature phenotype of DCs. Regarding the cytokine analysis,
immature BMDCs revealed no significant differences
for IL-12, whereas in mature BMDCs (LPS-treated), L.
plantarum and L. fermentum enhanced IL-12 production. In
addition, the IL-10 levels were low in both un-stimulated
and LPS-induced DCs. Moreover, the L. fermentum, L
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plantarum and B. lactis strains induced a significant increase
in TNF-α in immature BMDCs, while L. fermentum and B.
lactis induced a significant increase in mature BMDCs[46].
Furthermore, the incubation of murine BMDCs with
heat-killed L. lactis subsp. cremoris FC and L. lactis subsp.
cremoris ATCC 19257 (as a control strain) enhanced the
production of IL-10, IL-12, IL-6 and TNF-α in a dosedependent manner[47]. Compared to L. lactis subsp. cremoris
ATCC 19257, L. lactis subsp. cremoris, FC induced higher
levels of IL-12 production, whereas treatment with L.
lactis subsp. cremoris ATCC 19257 induced higher levels
of IL-6 production. Moreover, the production of IL-10,
IL-12, IL-6 and TNF-α that was induced by L. lactis
subsp. cremoris FC was almost completely depleted in the
culture supernatants of BMDCs that were derived from
MyD88-/- mice. This result suggests that L. lactis subsp.
cremoris FC activates DCs and induces cytokine production through a MyD88-dependent pathway[47].
Certain Lactobacillus spp. posses strong IL-12- inducing properties whose production depends on the upregulation of type I IFNs that are mainly involved in the
immune response against viral infection[48]. In this sense,
Weiss et al[48] (2010) investigated whether L. acidophilus
NCFM could induce anti-viral defense gene expression in
immature murine DCs. A genome-wide microarray analysis revealed that the induction of virus-related genes was
most prominent for the RSAD2 gene (radical S-adenosyl
methionine domain-containing 2). The genes encoding
IFN-induced T cell-specific GTPase (TGTP2), IFNstimulated gene 15 (ISG15), IFN-regulatory factor (IRF-7)
and TLR-3, all of which are involved in the viral immune
defense that is induced by IFN-β, were similar among the
highest significantly upregulated genes. The upregulation
of viral response genes seems to be caused by a rapid,
strong and transient upregulation of IFN-β , which in
turn stimulates the transcription of a number of other
genes that are involved in viral defense. Moreover, the
upregulation of IFN-β in DCs was much stronger upon
stimulation with L. acidophilus NCFM compared with that
of cells that were stimulated with Poly I:C, EcN and B.
bifidum Z9. In addition, IFN-β expression was markedly
reduced in TLR-2-/- DCs, dependent on endocytosis, the
major cause of the induction of IL-12 and TLR-3 in DCs
that were stimulated with L. acidophilus NCFM. These
results reveal that certain lactobacilli trigger the expression of viral defense genes in DCs in a TLR-2-dependent
manner.
The stimulation of chicken bone marrow dendritic
cells (chi-BMDCs) with LPS, Saccharomyces boulardii (Sb),
Bacillus subtillis B10 (Bs), and a co-culture of Sb+Bs and
phosphate-buffered saline (PBS) as a control group revealed that the treatment groups modulate the phenotype
and biological functions of chi-BMDCs. The gene expression levels of MHC-II, CD40, CD80 and CD86 were
upregulated in the stimulated groups. Furthermore, the
cell surface receptors TLR-1, 2, 4 and 15 showed significant upregulation at the mRNA levels. In addition, the
levels of the associated factors MyD88, TRAF6, TAB1
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and NF-κ B mRNA increased in all of the treatment
groups compared to those of the control group. However, the NF-κB response was significantly higher in the
LPS treatment. Regarding the cytokine production levels,
the probiotics improved the production of IL-1β, IL-17,
IL-4, transforming growth factor beta (TGF- β ) and
IL-10, whereas IL-8 and IFN-γ were downregulated[49].
In an interesting study, Latvala et al[50] (2008) stimulated human monocyte-derived DCs (moDCs) with nine
probiotic bacteria (two well-characterized probiotics, L.
rhamnosus GG and B. animals Bb12, and seven potentially probiotic bacteria). These authors showed that S.
thermophilus THS efficiently induced TNF-α, IL-6 and
IL-12. B. animalis Bb12 and B. breve Bb99 were potent inducers of TNF-α , IL-1β , IL-6, IL-10, IL-12, and IFN-γ .
However, B. longum strain 1/10 was not as efficient as
B. animalis Bb12 and B. breve Bb99 in inducing cytokine
production. L lactis subsp. cremoris ARH74 and L. helveticus 1129 were as efficient as bifidobacteria. By contrast,
LGG and LC705 as well as L. mesenteroides subsp. cremoris
PIA2 were poor inducers of cytokine production in
moDCs. The cytokine responses were directly associated with the bacterial dose; a 40:1 bacteria:host cell
ratio showed the highest cytokine production levels. In
addition, all of the studied bacteria induced CCL20 production in a dose-dependent manner, whereas none of
the aforementioned bacteria were able to induce CCL19
production[50]. According to the gene expression levels, L.
mesenteroides subsp. cremoris PIA2, LGG and LC705 were
weak inducers of moDC cytokine responses. By contrast,
bifidobacteria, S. thermophilus THS, L. lactis ARH74 and L.
helveticus 1129 induced the production of the pro-inflammatory cytokines and chemokines TNF-α, IL-6, IL-12,
CCL20 and CXCL10. In addition, S. thermophilus THS
and B. breve Bb99 stimulated the highest upregulation of
human leukocyte antigen (HLA) class Ⅱ (ratio 10:1) in
the moDCs, whereas a ratio of 40:1 for L. lactis subsp.
cremoris ARH74 was required to maximize HLA class Ⅱ
induction. MoDCs that were stimulated with probiotic
bacteria matured equally well as cells that were stimulated
with pathogenic S. pyogenes, a known inducer of moDC
maturation[50].
Furthermore, human myeloid DCs that were isolated
from PBMCs and treated with a ratio of 10:1 for B. infantis or L. salivarius for 48 h stimulated a significant increase
in IL-10 and TNF-α secretion compared to that of the
untreated DCs[51].
In an elegant study, Evrard et al[52] (2011) investigated
the effects of Lactobacillus rhamnosus 35 (Lcr35) on human
PBMNC, using a multiplicity of infection (MOI) ranging
from 100 to 0.01. These authors’ flow cytometry data indicated the Lcr35-induced semi-maturation of DCs with
the upregulation of the expression of HLA-DR, CD86
and CD83 as well as the upregulation of CCR7. The
Lcr35-induced phenotype was intermediate between that
of immature DCs and that of fully mature LPS-induced
DCs, a so-called semi-mature DCs phenotype. In addition, a gene array analysis showed great dose-dependent
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variations. At a MOI of 10823 genes were overexpressed
(with a 3-fold change threshold), and 859 were downregulated. Most of these genes were involved in four main
biological processes: immune and inflammatory responses, antigen processing and presentation via MHC, intracellular signaling and signal transduction. At an MOI of
0.01, the expression of 58 genes was upregulated, while
that of 138 genes was downregulated. In addition, at an
MOI of 10, these authors observed that the expression
of genes directing a Th1 (IL12A, IL12B and TNF-α) or
a Th17 (IL1B, IL6, IL23A, Il12B and TGFB1) profile was
strongly upregulated. A comparison of these results with
the Torri’s model[53] of the molecular signature of inflammation indicated that at an MOI of 10, Lcr35 exhibited
a pro-inflammatory DC phenotype in response to 76%
of the genes, neither a pro- nor an anti-inflammatory DC
phenotype in response to 11% and an anti-inflammatory
DC phenotype in response to 13%. A quantitative reverse transcriptase PCR analysis revealed that at an MOI
of 10, the transcription of the CCL20, IL1B, IL12B and
TNF-α genes increased by approximately 100-, 300-, 400and 200-fold, respectively. In addition, the expression of
IL-23 and PYSG2 increased, although less strikingly, and
the CCR7, FCAR, and IL-8 genes were upregulated[52].
Regarding cytokine production, a strong dose-dependent
increase of IL-12p40, TNF-α and, to a lesser extent,
IL-10 was induced by Lcr35 compared to the untreated
immature DCs[52].
Most of the studies on probiotic activity have been
performed in human moDCs or murine DCs, which
are different from human gut DCs[54]. Recently, our research group[55] co-incubated intestinal-like human DCs
from cord blood CD34+ progenitor cells[56] with B. breve
CNCM I-4035 or its cell-free supernatant (CFS), S. typhi
or a combination of these treatments for 4 h. These
treatments upregulated TLR-9 gene transcription. In addition, CFS was a more powerful inducer of TLR-9 expression than were the probiotic bacteria in the presence
of S. typhi. In addition, both of the treatments induced
Toll-interacting protein (TOLLIP) gene expression. Furthermore, CFS decreased the pro-inflammatory cytokines
and chemokines in DCs that were challenged with S.
typhi. By contrast, B. breve CNCM I-4035 was a potent
inducer of the pro-inflammatory cytokines TNF-α, IL-8
and RANTES (regulated upon activation normal T cell
expressed, and presumably secreted) as well as of antiinflammatory cytokines, including IL-10. CFS restored
the TGF-β levels in the presence of S. typhi. These results
indicate that B. breve CNCM I-4035 affects the intestinal
immune response, whereas its supernatant exerts antiinflammatory effects that are mediated by DCs[55]. Likewise, Lactobacillus paracasei and its CFS also decreased the
pro-inflammatory cytokines and chemokines in human
intestinal DCs that were challenged with Salmonella. CFS
was as effective as the bacteria in reducing pro-inflammatory cytokine expression. These treatments strongly
induced the transcription of the TLR-9 gene. In addition,
an upregulation of the CASP8 and TOLLIP genes was
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also observed. L. paracasei CNCM I-4034 was a potent
inducer of TGF-β2 secretion, whereas the supernatant
enhanced the innate immunity through the activation of
TLR signaling[7]. Giahi et al[4] (2012) investigated the effect of heat-inactivated LGG and Lactobacillus delbrueckii
subsp. bulgaricus on the expression of TLR4 and signaling
factors, such as p38 MAPK and Iκ B, at the transcription
level in human monocyte-derived DCs. LGG significantly
downregulated the expression of p38, while the Iκ B expression was significantly reduced in the Lactobacillus delbrueckii subsp. bulgaricus-treated DCs.
In summary, the interactions of commensal bacteria
and probiotics with the surface of APCs, mainly through
TLR, in most studies result in the downregulation of
pro-inflammatory genes that are linked to inflammatory
signaling pathways, whereas other anti-inflammatory
genes are upregulated. The probiotic-mediated increase
in TGF-β and IL-10 expression can help to explain the
immunotolerance process that is mediated by these microorganisms.
Animal studies
Matsumoto et al [57] (2011) supplemented the diet of
10-mo-old Crj:CD-1 female mice with B. animalis subsp.
lactis LKM512 for 11 mo. The colonic mucosal function
was better in LKM512 mice, with increased mucus secretion and better maintenance of tight junctions. B. animalis
subsp. lactis LKM512 also downregulated the expression
of aging-associated and inflammation-associated genes.
The gene expression levels in 21-mo-old B. animalis
subsp. lactis LKM512-treated mice resembled those in
10-mo-old untreated (younger) mice.
Ohtsuka et al[58] (2012) examined the immunomodulatory effects of B. breve M-16V during early infancy in rat
pups during the newborn or weaning period. The numbers of upregulated and downregulated genes were greater during the weaning period than during the newborn
period, and these were greatest in the colon, with fewer
genes altered in the small intestine and the fewest in the
spleen. The expression of inflammation-related genes,
including lipoprotein lipase (LPL), glutathione peroxidase 2 (GPX2), and lipopolysaccharide-binding protein
(LBP), was significantly reduced in the colon during the
newborn period. In weaning rat pups, the expression of
CD3d, a cell surface receptor-linked signaling molecule,
was significantly enhanced in the colon; however, the expression of co-stimulatory molecules was not enhanced.
Trevisi et al[59] (2008) investigated the potential synergic action of one prebiotic with increasing dietary doses
of a probiotic strain of B. animalis on the translocation of
bifidobacteria and on TLR gene expression in different
organs of weaned piglets. The linear effect of the dose
of B. animalis on the expression of the TLR2-encoding
gene in the lymph nodes was observed when fructo-oligosaccharides were added to the diet. TNF-α-encoding
gene expression was positively correlated with the TLR4and TLR2-encoding genes.
The effect of live L. plantarum 299v (Lp299v), Lacto-
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bacillus rhamnosus R0011 (LrR0011), and Bifidobacterium bifidum R0071 (BbR0071) were analyzed in rats. After killing
the rats via CO2 suffocation, the MUC2, MUC3, neuronal
apoptosis inhibitor protein (NAIP), human inhibitor
of apoptosis protein 1/cellular inhibitor of apoptosis 2
(HIAP1/cIAP2), and human inhibitor of apoptosis protein 2/cellular inhibitor of apoptosis 1 (HIAP2/cIAP1)
mRNA and protein levels were analyzed via qPCR and
immunohistochemistry. Live Lp299v, BbR0071, and
LrR0011 increased MUC3 protein and mRNA expression
in the jejunum and ileum. A heat-killed non-adherent
derivative of Lp299v failed to induce MUC3 expression.
Lp299v did induce the expression of HIAP2/cIAP1 and
NAIP expression. MUC3 mucin expression was elevated
for 5 d after the oral administration of Lp299v; however,
this effect was not sustained despite ongoing daily ingestion of a probiotic[60].
Three groups of rats orally received LGG, B. animalis
MB5, or PBS for 28 d. Each group was divided into two
subgroups of tolerized or immunized rats receiving ovalbumin (OVA; 7 mg) or PBS on days 7, 9, and 11. All of
the rats were immunized with OVA (300 mg) on days 14
and 21. In the tolerized rats, the OVA-induced proliferative response of mesenteric lymph nodes (MLN) and
spleen cells did not differ from those of the control, indicating that the two probiotics maintained the tolerance.
Lactobacillus rhamnosus GG and B. animalis MB5 in the
immunized rats reduced the OVA-induced proliferative
response in the MLN but not in the spleen, whereas the
proliferative response to anti-CD3 and concanavalin A
of the MLN and spleen cells as well as the delayed-type
hypersensitivity reaction were not affected by probiotic
treatment, indicating that the OVA-specific hyporesponsiveness is restricted to intestinal immunity. This hyporesponsiveness was associated with CD4+CD25+Foxp3+T
cell expansion, increased IL-10 and TGF-β after LGG,
and increased apoptosis after B. animalis MB5 in MLN[61].
The effects of L. acidophilus, inulin, or both (synbiotic)
on pathogen-induced inflammatory responses, NF-κB,
and Smad 7 signaling were evaluated in a murine model
to parallel infantile enteric disease. Newborn mice were
inoculated bi-weekly for 4 wk with L. acidophilus, inulin,
or synbiotic and challenged with Citrobacter rodentium (Cr)
at 5 wk. The results showed that the host defense against
Cr infection correlated with enhanced colonic IL-10
and TGF-β expression and the inhibition of NF-κB in
synbiotic-treated mice, whereas mice that were pretreated
with synbiotic, L. acidophilus, or inulin had an attenuation
of Cr-induced Smad 7 expression[62].
Deng et al[63] (2013) evaluated the ability of the coadministration of Bacillus subtillis RJGP16 and Lactobacillus
salivarius B1 to stimulate local immune responses. Thirty
two newborn piglets were divided into four groups and
were orally administered with different combinations of
probiotics (none; RJGP16; B1; RJGP16 and B1) at the
ages of 0, 7 and 11 d. These authors analyzed the parameters of the mucosal immunity of piglets one week after
weaning. The results showed that the expressions of IL-6
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in the duodenum and ileum and of porcine beta-defensins (pBD)-2 in the duodenum significantly increased with
the co-administration of RJGP16 and B1. Additionally,
the expression and release of TLR-2 and the number of
IgA-producing cells increased.
In addition, the cytokine gene expression in the
spleen and in Peyer’s patches of mice that received dahi
supplemented with L. casei was analyzed. The mRNA levels of IFN-γ in both the spleen and in the Peyer’s patches
were significantly increased in the probiotic dahi group
after 14 and 28 d compared with those of the control
and dahi groups. The abundance of IL-2 mRNA also
significantly increased in the Peyer’s patches of probioticfed animals[64].
The effects of lactic acid bacteria on the control of
lactococcosis and the impact of probiotics on the expression of immune-related genes were investigated in the
head kidney and intestine of rainbow trout. L. plantarum,
Lactococcus lactis and Leuconostoc mesenteroides were administered orally for 36 d. Twenty-one days after the start of
the feeding period, the fish were challenged with Lactococcus garvieae. Only the fish that were fed the diet containing
L. plantarum showed significantly improved protection
against L. garvieae compared to that of the control. Subsequently, qPCR was used to measure the mRNA levels
of IL-1β , IL-8, IL-10 and TNF-α in the head kidney and
of IL-8, TLR5 and IgT in the intestine of the control
and L. plantarum groups. The expression of IL-1β , IL-10
and TNF-α was significantly upregulated by L. plantarum.
Moreover, the mRNA levels of IL-10, IL-8 and IgT were
significantly higher in the L. plantarum group after L. garvieae infection, suggesting that L. plantarum can stimulate
the immune response of rainbow trout. These findings
demonstrate that direct probiotic-host interactions with
the intestine are not always necessary to induce host
stimulatory responses that ultimately enhance disease resistance[65].
Pirarat et al[66] (2011) investigated the modulation of
immunity in Nile tilapia by LGG and found higher levels
of TNF-α and IL-1 gene expression. As described before
for intestinal cultured cells, probiotic bacteria influence
the immune response and inflammation by controlling
TLR, NF-κB and cytokine gene expression in animal
models.
In summary, the effects of probiotics have been extensively investigated in animal models ranging from fish
to mice, rats and piglets. These bacteria induce a tolerogenic and hyporesponsiveness immune response in which
many genes that are related to the immune system, in
particular those expressing anti-inflammatory cytokines,
are upregulated.
Human studies
Compared to intestinal cultured cells and animal models,
there are only a few studies in humans evaluating the effects of probiotic bacteria on the expression of genes
that are involved in immunity and inflammation.
Van Baarlen et al[67] (2011) obtained transcriptomes in
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an intervention study after a double-blind placebo-controlled cross-over study to investigate the in vivo mucosal
responses of healthy adults to probiotics. In the mucosa
of the proximal small intestine of healthy volunteers,
probiotic strains from the species Lactobacillus acidophilus,
L. casei, and L. rhamnosus each induced differential generegulatory networks and pathways in the human mucosa.
Comprehensive analyses revealed that these transcriptional networks regulate major basal mucosal processes
and uncovered remarkable similarity to the profiles that
were obtained in response to specific bioactive molecules
and drugs.
Lammers et al[68] (2005) analyzed the expression of IL1β , IL-6, IFN-γ , TNF-α , IL-12, IL-10, TGF-β and IL-8 in
endoscopic samples. The data showed that patients who
were treated with probiotics had significantly lower mucosal mRNA expression levels of IL-1β , IL-8, and IFN-γ
compared with those of the placebo-treated patients.
Di Caro et al[69] (2005) evaluated the gene expression
pattern that was induced by Bacillus clausii in the intestinal
mucosa of healthy individuals. Six male patients who
were affected by mild esophagitis were treated for one
month with esomeprazole and were randomly selected
to receive or not B. clausii (groups Ⅰ and Ⅱ, respectively).
Duodenal biopsies were taken pre- and post-treatment
to identify the modification of gene expression. After B.
clausii administration, a total of 158 and 265 genes were
upregulated and downregulated, respectively. Bacillus clausii
mainly affected the expression of genes that are involved
in the immune response and inflammation, apoptosis and
cell growth, cell differentiation, cell-cell signaling, cell adhesion, signal transcription and transduction.
Information regarding gene expression in human intestinal cells that are mediated by the action of probiotics
is very scarce (Table 1 summarizes the principal results).
Hence, new studies should consider this aspect to ascertain the mechanism of action of specific strains in the
modulation of the immune response and inflammation,
mainly in chronic disorders of the gut.

REGULATION OF GENE EXPRESSION
BY PROBIOTICS IN INFLAMMATORY
DISEASES OF THE GUT
The intestinal microbiota plays essential roles in nutrient
absorption and metabolism, immune stimulation, satiety
and pain. An altered composition of intestinal microbiota has been reported in IBD patients[70]. IBD is linked
to post-inflammatory and stress-correlated factors that
cause changes in the perception of visceral events.
Probiotic bacteria may be effective in treating IBD
symptoms[71]. The effects of B. breve (DSMZ 20213) and
LGG on the expression of IL-17 and IL-23, which play
an important role in IBD, and on the epigenetic machinery were evaluated in a 3D co-culture model that was
composed of human intestinal HT-29/B6 or T84 cells
and PBMCs. The cells were treated with LPS in the pres-
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Table 1 Regulation of immunity and inflammatory gene expression in the gut by probiotics
Study
Intestinal cultured cells
Enterocytes
Ghadimi et al[14]
Otte et al[17]
Mack et al[18]
Anderson et al[19]
Audy et al[20]
Riedel et al[21]
Ruiz et al[22]
Liu et al[23]
Okada et al[24]
Imaoka et al[25]
Boesten et al[26]
Nishitani et al[27]
O'Flaherty et al[28]
Oksaharju et al[29]
Paszti-Gere et al[30]
Zanello et al[31]
Latvala et al[32]
Ukena et al[33]
Wang et al[34]
Kim et al[35]
Cammarota et al[36]
Tomosada et al[37]
Gao et al[38]
Isono et al[39]
Huang et al[40]
Dendritic cells
Bermudez-Brito et al[7]
Weiss et al[48]
Rajput et al[49]
Latvala et al[50]
Evrard et al[52]
Bermudez-Brito et al[55]
Ayehunie et al[56]
Animal studies
Matsumoto et al[57]
Ohtsuka et al[58]
Trevisi et al[59]
Dykstra et al[60]
Foye et al[62]
Deng et al[63]
Jain et al[64]
Pérez-Sánchez et al[65]
Pirarat et al[66]
Human studies
van Baarlen et al[67]
Lammers et al[68]
Di Caro et al[69]

Probiotic strain

Genes involved

DNA from L. rhamnosus GG and B. longum
E. coli Nissle 1917 and VSL#3
L. plantarum 299v and L. rhamnosus GG
L. plantarum MB452
Lactobacilli and bifidobacteria strains
Bifidobacteria strains
B. lactis BB12
B. lactis HN019
Bifidobacteria
B. breve strain Yakult and B. bifidum strain Yakult
B. breve strains M-16V, NR246 and UCC2003
L. lactis subsp. cremoris FC
L. acidophilus
Bifidobacteria, lactobacilli, and P. freudenreichii
L. plantarum 2142 and bifidobacteria
Saccharomyces cerevisiae CNCM I-3856
Lactobacillus and Streptococcus species
E. coli Nissle 1917
L. casei Zhang
L. plantarum genomic DNA
L. plantarum DSMZ 12028
Eleven different probiotic strains
C. butyricum
C. butyricum TO-A
Bacillus species

TLR-9 and IL-8
Mucins genes
MUC2 and MUC3
Tight junction-related genes
MAPK signaling pathway
NF-κB activation, IL-8, TNF-α , COX-2, and ICAM-1
NF-κB, MAPK signaling, and IL-6
IL-8
IL12p40, IL-1β , TNF-α , and SOCS1
IL-8 and Iκ B-zeta
CASP7, IRF3, A4, APBA1, NOX5, and LIFR
IL-8
NF-κB signaling
FCER1A, FCER1G, IL-8, TNF-α , and IL-10
IL-8 and TNF-α
PPAR-γ
SOCS3
MCP-1, MIP-2alpha and MIP-2beta
TLR2, TLR3, TLR4, and TLR9
TLR2, TLR4, and TLR9
TLR2 and TLR4
MAPK and NF-κB pathways
IL-8, IL-6, and TNF-α
TLR-4
TLR-2 and TLR-4

L. paracasei CNCM I-4034
L. acidophilus
S. boulardii and B. subtillis B10
Bifidobacteria, lactobacilli, and S. thermophilus THS
L. rhamnosus 35
B. breve CNCM I-4035
L. delbrueckii subsp. bulgaricus

TLR9, CASP8, and TOLLIP
Genes encoding IFN, TLR-3, and IL-12
MyD88, NF-κ B, TLR-1, 2, 4, and 15
TNF-α , IL-1β , IL-6, IL-10, IL-12, and IFN-γ
IL12, TNF-α , IL1B, IL6, TGFB1, IL-23, and IL-8
TLR-9 and TOLLIP
TLR-4, p38, and Iκ B

B. animalis subsp. lactis LKM512
B. breve M-16V
B. animalis
Bifidobacteria and lactobacilli
L. acidophilus
B. subtillis RJGP16 and L. salivarius B1
L. casei
L. plantarum, L. lactis, and L. mesenteroides
L. rhamnosus GG

Aging-associated and inflammation-associated genes
LBP
TLR-2 and TLR-4
MUC2, MUC3, NAIP, HIAP1/cIAP2, and HIAP2/cIAP1
IL-10 and TGF-β
IL-6 and pBD-2
IFN-γ and IL-2
IL-1β , IL-8, IL-10, TNF-α , IL-8, TLR5, and IgT
TNF-α and IL-1

L. acidophilus, L. casei, and L. rhamnosus
VSL#3
B. clausii

Gene-regulatory networks and pathways in human mucosa
IL-1β , IL-6, IFN-γ , TNF-α, IL-12, IL-10, TGF-β , and IL-8
Genes involved in the immune response and inflammation

A4: Amyloid beta; APBA1: Precursor protein-binding family A member 1; CASP7: Cysteine protease caspase 7; COX2: Cyclooxygenase 2; FCER1A: Allergyrelated high-affinity IgE receptor subunits α; FCER1G: Allergy-related high-affinity IgE receptor subunits γ; HIAP1/cIAP2: Human inhibitor of apoptosis
protein 1/cellular inhibitor of apoptosis 2; HIAP2/cIAP1: Human inhibitor of apoptosis protein 2/cellular inhibitor of apoptosis 1; ICAM-1: Intercellular
adhesion molecule 1; IFN-γ: Interferon gamma; IL: Interleukin; IRF3: Interferon regulatory factor 3; LBP: Lipopolysaccharide-binding protein; LIFR: Leukemia inhibitory factor receptor; MAPK: Mitogen-activated protein kinases; MCP-1: Monocyte chemo-attractant protein-1; MIP-2α: Macrophage inflammatory protein-2 alpha; MIP-2β: Macrophage inflammatory protein-2 beta; MUC: Mucins; MyD88: Myeloid differentiation primary response protein 88; NAIP:
Neuronal apoptosis inhibitor protein; NF-κB: Nuclear factor-kappa beta; NOX5: NADPH oxidase; PPAR-γ: Peroxisome proliferator-activated receptor
gamma; SOCS: Suppressor of cytokine signaling; p-BD2: Porcine beta-defensins 2; TGF-β: Transforming growth factor beta; TLR: Toll-like receptor; TNF- α:
Tumor necrosis factor-alpha; TOLLIP: Toll-interacting protein; VSL#3: mixture of Bifidobacterium longum, Bifidobacterium infantis, Bifidobacterium breve, Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus delbrueckii subsp. bulgaricus, Lactobacillus plantarum, and Streptococcus salivarius subsp, thermophilus.

ence or absence of bacteria for 48 h, and the expression
of IL-17, IL-23, and CD40 at the mRNA and protein
levels was assessed using qPCR. The NF-κB activity was
assessed by NF-κB-dependent luciferase reporter gene
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assays. B. breve and LGG diminished the LPS-induced
expression of IL-17, IL-23, and CD40 as well as histone
acetylation and slightly enhanced DNA methylation.
These effects were paralleled by a decrease in the nuclear
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translocation of NF-κB, as demonstrated by a decrease
in the expression of MyD88, IRAK-1, IκBα, the nuclear
NF-κB p50/p65 subunits, p-p38 MAPK and p-MEK1
and the NF-κB-dependent luciferase reporter gene activity in LPS-stimulated cells[72].
To mimic the IBD response to Gram-negative
bacteria, Grimoud et al[73] (2010) used HT-29 cells that
were sensitized to the inflammatory response to LPS by
IFN-γ, which increased the expression of TLR4, the LPS
biosensor, and were then treated by probiotics, prebiotics and synbiotics. Only three probiotic strains induced a
proliferation decrease but with a lack of reproducibility.
Binary or ternary probiotic associations, complemented
or not by prebiotics, significantly decreased proliferation,
especially with a synbiotic association of B. breve, Lactococcus lactis and L. oligoalternan.
Angiogenesis is an integral process of inflammatory
responses in IBD and is required for mucosal remodeling during restitution. Chen et al[74] (2013) indicated that
Saccharomyces boulardii modulates angiogenesis to limit
intestinal inflammation and promote mucosal tissue
repair by regulating vascular endothelial growth factor
(VEGF) receptor signaling using an adenovirus expressing VEGF-A(164) in the ears of adult nude mice.
IBD increases the risk of colorectal cancer. Bassaganya-Riera et al[75] (2012) studied the cellular and molecular
mechanisms underlying the efficacy of probiotic bacteria
in mouse models of inflammation-driven colorectal cancer. Immune cell subsets in the MLN, spleen and colonic
lamina propria lymphocytes (LPL) were phenotypically
and functionally characterized. The mice were treated
with conjugated linoleic acid (CLA) or VSL#3 and recovered faster from the acute inflammatory phase of disease
and had lower disease severity in the chronic, tumorbearing phase of disease. VSL#3 increased the mRNA
expression of TNF-α , angiostatin and PPAR-γ , whereas
CLA decreased COX-2 levels. Moreover, the VSL#3treated mice had increased IL-17 expression in the MLN
CD4+ T cells and an accumulation of Treg LPL and
memory CD4+ T cells. Finally, IBD in a rat model with
male neonatal maternal separation (NMS) was reported
and treated orally with placebo or VSL#3 from days
3 to 60, while normal, not-separated rats were used as
controls. A microarray analysis demonstrated that NMS
induced a robust change in the expression of subsets of
genes (CCL2, NOS3, THP1, NTRK1, CCR2, BDRKRB1,
IL-10, TNFRSF1B, TRPV4, CNR1 and OPRL1) that are
involved in pain transmission and inflammation. TPH1,
tryptophan hydroxylase 1, a validated target gene in IBD
treatment, was markedly upregulated by NMS; this effect
was reversed by VSL#3 intervention[71].
Ulcerative colitis
Garrido-Mesa et al[76] (2011) tested the association of
minocycline and EcN in a mouse model of reactivated
colitis. The mice were assigned to different groups: noncolitic and dextran sodium sulfate (DSS) control groups
(without treatment), and minocycline, EcN, and mino-
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cycline plus EcN treated groups. Colitis was induced
by adding DSS to the drinking water (3%) for 5 d; 2 wk
later, the colitis was reactivated by subsequent exposure
to DSS. The inflammatory status was evaluated daily by a
disease activity index (DAI), and the colonic damage was
assessed histologically and biochemically by the mRNA
relative expression of different mediators. Minocycline
and EcN exerted an intestinal anti-inflammatory effect
and attenuated the reactivation of the colitis, as shown by
the reduced DAI values; these effects were greater when
both of the treatments were combined. These effects
were evidenced histologically and biochemically by the reduced expression of TNFα , IL-1β , IL-2, MIP-2, MCP-1,
ICAM-1, iNOS and MMP-9 together with an increased
MUC-3 and ZO-1 expression. In the same model, Claes et
al[77] (2010) utilized a dltD mutant of the model probiotic
LGG in its lipoteichoic acid molecules. The mice received
either PBS, LGG wild-type or the dltD mutant via drinking water. The macroscopic parameters, histological abnormalities, and cytokine and TLR expression levels were
analyzed to assess the disease activity. The mice that were
treated with the dltD mutant showed an improvement of
some of the colitic parameters compared to the LGG
wild-type-treated mice in both experimental models. In
addition, treatment with the dltD mutant correlated with
a significant downregulation of TRL-2 expression and of
downstream pro-inflammatory cytokine expression in the
colitic mice.
Lactobacillus rhamnosus OLL2838 was employed in the
DSS model. The barrier function was restored by the administration of live and heat-killed OLL2838 to the DSStreated animals, and an increased expression of ZO-1
(4.8-fold) and myosin light-chain kinase (3.1-fold) was
found in IECs that were isolated from mice of the heatkilled OLL2838 group[78].
The efficacy of probiotics in the recurrent trinitrobenzenesulfonic (TNBS)-induced colitis model in BALB/
c mice has been tested. A microarray analysis revealed
differences in expression of genes that are related to
inflammation and immune processes between untreated
mice and those that were treated with the probiotics L.
plantarum NCIMB8826 or VSL#3. The effects of probiotics on colonic gene expression were most profound
during active inflammation, in particular on gene clusters
that are related to mast cells and antimicrobial peptides[79].
Amit-Romach et al[80] (2010) evaluated and compared
the effects of two probiotic regimens, LGG and a mixture of Streptococcus thermophilus, Lactobacillus acidophilus,
and Bifidobacterium lactis in both normal and TNBS acid
colitis-induced rats. Colonic tissues were used for mRNA
analysis via qPCR. The administration of both of the
probiotic regimens reduced the expression of the pro-inflammatory cytokines TNF-α and IL-6 and increased the
expression of MUC2 compared with the that of the colitis group[80]. Using the same model, Duary et al[81] (2012)
examined the effects of L. plantarum Lp91 on the gene
expression of cytokines and other molecules. L. plantarum
Lp91 downregulated TNF-α and COX-2 in mice with
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colitis. IL-10 was significantly upregulated in colitis and
non-colitis mice that were treated with L. plantarum Lp91,
while other anti-inflammatory markers, i.e., COX-1, IL-4
and IL-6, were significantly upregulated in the colitis mice
that were treated with L. plantarum Lp91. The MUC2
gene was also significantly up regulated in the non-colitis
group.
The antioxidant potential of Lactobacillus rhamnosus
CNCM I-3690 using the nematode Caenorhabditis elegans as
host was investigated. The transcriptomic analysis of C.
elegans that were fed this strain showed that an increased
lifespan is correlated with the differential expression of
the DAF-16/insulin-like pathway, which is highly conserved in humans. In addition, this Lactobacillus strain
reduced inflammation in a murine model of colitis[82].
Finally, the synbiotic (Bifidobacterium longum and inulinoligofructose) was tested in UC patients. The treatment
was administered for a period of one month in a double
blind, randomized, controlled trial using 18 patients with
active UC. The sigmoidoscopy scores were reduced in
the test group (start 4.5, end 3.1) compared with those of
the placebo group (start 2.6, end 3.2). The mRNA levels
for human beta defensins 2, 3, and 4, which are strongly upregulated in active UC, were significantly reduced in the
test group after treatment. TNF-α and IL-1α , which are
inflammatory cytokines that drive inflammation and induce defensin expression, were also significantly reduced
after treatment[83].
Necrotizing enterocolitis
Necrotizing enterocolitis (NEC) afflicts extremely lowbirth-weight neonates, and probiotics reduce its incidence
and severity. Nitric oxide (NO) is involved in the pathogenesis of NEC, and caveolin-1 regulates NO signaling.
D’Souza et al[84] (2010) evaluated the importance of NO
in formula-fed neonatal rats that were supplemented with
“Florastar Kids” and/or galacto-oligosaccharides and
fructo-oligosaccharides. Samples from the terminal ileum
were analyzed for total NO metabolites, growth factors,
and gene expression of caveolin-1, NOS isoforms, and antioxidants. The data showed that formula feeding with and
without supplementation resulted in significant growth
restriction. Caveolin-1, endothelial NOS, and neuronal NOS
were simultaneously downregulated with formula feeding,
while the inducible NOS was upregulated. Superoxide
dismutase and glutathione peroxidase were upregulated
with supplementation. Moreover, Lin et al[85] (2008) evaluated probiotics in the incidence of NEC. Lactobacillus
rhamnosus GG reduced the chemically induced intestinal
epithelial apoptosis, demonstrating that LGG upregulates
a battery of genes with known and likely cytoprotective
effects.
Other inflammatory disorders
There are many inflammation-based intestinal diseases.
However, probiotics have been tested in only a few of
these diseases.
The gastroprotective potential of Bifidobacterium bifi-
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dum BF-1 in a rat model of acid-ethanol-induced acute
gastric injury was investigated to elucidate its potential
compared with Streptococcus thermophilus YIT 2021. Living
B. bifidum BF-1 and S. thermophilus YIT 2021 or vehicle
was orally administered to rats, and acid-ethanol gastric
injury was induced 2 h later. Mucin 5ac (muc5ac) gene
expression in gastric corpus samples and gastric mucin
production in stomach samples from the B. bifidum BF-1
group, but not the S. thermophilus YIT 2021 group, were
significantly higher than those in the respective samples
from the vehicle group[86].
Mirpuri et al[87] (2012) evaluated the enteral administration of LGG in mice with intestinal injury due to the administration of platelet-activating factor (PAF) and LPS.
The probiotic strain downregulated the expression of
TNF-α and MIP-2 but failed to alter IL-10 mRNA and
protein expression. LGG did however induce the mRNA
expression of the IL-10R2 subunit of the IL-10 receptor.
IL-10 receptor activation has been associated with the
signal transducer and activator of transcription (STAT)
3-dependent induction of members of the SOCS family. In 2-wk-old mice, LGG also induced STAT3 phosphorylation, increased the colonic expression of SOCS-3,
and attenuated the colonic production of MIP-2 and
TNF-α. These LGG-dependent changes in phosphoSTAT3, SOCS3, MIP-2 and TNF-α were inhibited by the
antibody-mediated blockade of the IL-10 receptor. Thus
LGG decreased the baseline pro-inflammatory cytokine
expression in the developing colon via the upregulation
of IL-10 receptor-mediated signaling, most likely due to
the combined induction of phospho-STAT3 and SOCS3.
The principal findings concerning gene expression in
inflammatory diseases of the gut mediated by probiotics
appear in Table 2.
Although studies evaluating the mechanism of action
of probiotics in IBD are heterogeneous because of the
different methodological approaches, basically probiotics
lead to the downregulation of a number of pro-inflammatory genes and the upregulation of others, e.g., mucin
genes, which can help explain the beneficial effects of
probiotics in decreasing the activity of these gut diseases.

REGULATION OF IMMUNITY AND
INFLAMMATION GENE EXPRESSION IN
THE LIVER BY PROBIOTICS
A large body of evidence has highlighted the concept
that putative intestinal bacteria-derived compounds may
affect liver metabolism and, therefore, cause systemic
diseases[88,89]. Serum LPS levels have been proposed to increase upon obesity and steatosis, leading to a metabolic
endotoxemia that can modulate pro-inflammatory cytokines as well as glucose and lipid metabolism in the liver
or adipose tissue[90-93]. Endotoxemia is considered a major
risk for inducing liver inflammation in nonalcoholic steatohepatitis (NASH) and nonalcoholic fatty liver disease
(NAFLD) in humans[94-97]. NASH and NAFLD are as-
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Table 2 Regulation of gene expression by probiotics in inflammatory diseases of the gut
Study
Inflammatory bowel disease
Disfrutti et al[71]
Ghadimi et al[72]
Grimoud et al[73]
Chen et al[74]
Bassaganya-Riera et al[75]
Ulcerative colitis
Garrido-Mesa et al[76]
Claes et al[77]
Miyauchi et al[78]
Mariman et al[79]
Amit-Romach et al[80]
Duary et al[81]
Grompone et al[82]
Furrie et al[83]
Necrotizing enterocolitis
D'Souza et al[84]
Lin et al[85]
Other inflammatory disorders
Gomi et al[86]
Mirpuri et al[87]

Probiotic strain

Genes involved

VSL#3
B. breve (DSMZ 20213) and L. rhamnosus GG
B. breve and L. lactis
Saccharomyces boulardii
VSL#3

IL-10, TNFRSF1B
IL-17 and IL-23
TLR-4
VEGF
TNF-α , COX-2, and PPAR-γ

E. coli Nissle 1917
L. rhamnosus GG wild type and mutant
L. rhamnosus OLL2838
L. plantarum NCIMB8826 and VSL#3
L. rhamnosus GG and a mixture of probiotics
L. plantarum Lp91
L. rhamnosus CNCM I-3690
B. longum

TNF-α , IL-1β , IL2, MIP-2, MCP-1, ICAM-1, MUC3, and ZO-1
TLR-2
ZO-1
Inflammation and immune genes
MUC2, IL-6, and TNF-α
IL-4, IL-6,COX-1, COX-2, and TNF-α
DAF-16/insulin-like pathway
Human beta defensins 2, 3, and 4, TNF-α , and IL-1α

S. boulardii
L. rhamnosus GG

Caveolin-1 and NOS-isoforms
Genes with cytoprotective effects

B. bifidum BF-1
L. rhamnosus GG

MUC5
IL-10, MIP-2, and TNF-α

COX1: Cyclooxygenase 1; COX2: Cyclooxygenase 2; ICAM-1: Intercellular adhesion molecule 1; IL: Interleukin; MCP-1: Monocyte chemo-attractant protein-1; MIP-2: Macrophage inflammatory protein-2 alpha; MUC: Mucins; NOS isoforms: Constitutional neuronal isoform (nNOS), the inducible isoform
(iNOS), and the endothelial isoform (eNOS); PPAR-γ: Peroxisome proliferator-activated receptor gamma; TLR: Toll-like receptor; TNF-α: Tumor necrosis
factor-alpha; TNFRSF1B: Tumor necrosis factor receptor superfamily, member 1b; TOLLIP: Toll-interacting protein; VEGF: Vascular endothelial growth factor; VSL#3: Mixture of Bifidobacterium longum, Bifidobacterium infantis, Bifidobacterium breve, Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus delbrueckii
subsp. bulgaricus, Lactobacillus plantarum, and Streptococcus salivarius subsp, thermophilus; ZO: Zona occludens.

sociated with increased gut permeability in humans[98,99].
Cani et al[100] (2009) demonstrated the alteration of gutbarrier function in genetic models of obesity. Overall,
these studies strongly suggest a direct link between the
gut microbiota, the gut barrier, and hepatic changes.
Few papers have been published regarding the probiotic-mediated modulation of genes that are involved in
immunity and inflammation in the liver. These few papers
are reviewed below and are organized by pathology.
Sepsis
Bu et al[101] (2006) described a bacteria-free, lysozymemodified probiotic product that was obtained by treating
the probiotic bacteria, Lactobacillus spp., with lysozyme
(LzMPC), which might be beneficial for the treatment of
sepsis owing to the potent immunomodulatory effects
of lysozyme on macrophages. The oral administration of
LzMPC effectively protected rats against lethality from
polymicrobial sepsis that was induced by cecal ligation
and puncture. LzMPC was engulfed by macrophages in
the liver after crossing the intestinal barrier. The LzMPCinduced protection was associated with an increase in the
bacterial clearance in the liver. Surgical stress or cecal ligation and puncture caused a decrease in the cathelicidinrelated peptide (CRAMP) expression in the liver, whereas
the enteral administration of LzMPC restored CRAMP
gene expression in these animals. In addition, macrophages from LzMPC-treated rats had an enhanced capacity of cytokine production in response to LPS or LzMPC
stimulation.
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Inflammation
Mair et al[102] (2010) evaluated the 4-wk administration
of a probiotic mixture (Enterococcus faecium, Lactobacillus
salivarius, L. reuteri and Bifidobacterium thermophilum) on
cell turnover, growth and inflammatory marker gene
expression [caspase-3; cyclin-dependent kinase-4, CDK-4;
insulin-like growth factor Ⅰ, (IGF-I); NF-κ B; TNF-α ;
and TGF-β ] in piglets’ intestines and liver. The gene expression of CDK-4 and TGF-β was upregulated in the
jejunum and the mesenteric lymph nodes, respectively,
in the probiotic group. In addition, the probiotic group
exhibited an upregulation in cell turnover marker genes
in the colon and blood. No significant differences were
observed in gene expression in the liver tissue.
The administration of L. ingluviei to mice promotes
alterations in the intestinal microbiota, weight gain increase, and accelerated metabolism as well as liver enlargement and inflammation. Angelakis et al[103] (2012)
studied the mRNA expression of genes that are involved
in lipogenesis and inflammation in the liver of BALB/c
mice gavaged for different periods of time with this probiotic strain. The mRNA expression of fatty acyl synthase (FAS), sterol regulatory element binding protein 1
(SREBP-1), cytochrome P450 2E1, 3-phosphoinositidedependent protein kinase-1 (PDPK1), acyl-Coenzyme
A dehydrogenase-11 (Acad11), ATP-binding cassette
sub family member G (ABCG2), and DEAD box polypeptide 25 (DDX25) was significantly higher in the
probiotic-fed mice compared with that of the control
mice. This result was accompanied by a low-grade in-
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Table 3 Regulation of immunity and inflammation gene expression in the liver by probiotics
Study
Sepsis
Bu et al[101]
Inflammation
Mair et al[102]
Angelakis et al[103]
Experimental liver disease
D'Argenio et al[104]
Zuo et al[105]

Probiotic strain

Genes involved

Lactobacillus spp.

CRAMP

E. faecium, L. salivarius, L. reuteri and B. thermophilum
L. ingluviei

CDK-4 and TGF-β
TNF-α

L. paracasei B21060
L. casei, B. subtillis, and Pichia anomala

TNF-α , TGF-β , IL-10, TLR4, TLR2, iNOS, eNOS, and α SMA
Genes involved in immunity

CDK-4: Cyclin-dependent kinase-4; CRAMP: Cathelicidin-related peptide; IL: Interleukin; TGF-β: Transforming growth factor beta; iNOS: Inducible isoform; eNOS: Endothelial isoform; TLR: Toll-like receptor; TNF-α: Tumor necrosis factor-alpha.

flammatory state in the liver, suggested by a significantly
increased mRNA expression of liver TNF-α in the mice
that received probiotics.
Experimental liver disease
D’Argenio et al[104] (2013) specifically examined the effects
of a synbiotic formulation on an experimental model of
CCl4-induced liver fibrosis in rats. The synbiotic product
was a mixture of a probiotic strain (L. paracasei B21060)
with L-glutamine, arabinogalactan and xylo-oligosaccharides as prebiotics. The serum ALT and AST activities as
well as liver histology and collagen deposition improved
in fibrotic mice with the synbiotic mixture compared
with those of the placebo group. The serum levels of
the pro-inflammatory cytokine TNF-α were significantly
increased in rats with liver fibrosis compared with those
of normal rats, whereas the synbiotic treatment normalized the plasma levels of TNF-α and significantly enhanced the anti-inflammatory cytokine IL-10. In the liver,
TNF-α , TGF-β , TLR4, TLR2, iNOS and α SMA mRNA
levels were upregulated in rats with CCl4-induced liver
fibrosis and downregulated by the synbiotic treatment.
Moreover, the IL-10 and eNOS mRNA levels increased
in the fibrotic rats that received synbiotics.
Aflatoxins are naturally occurring toxins that are produced by Aspergillus flavus and Aspergillus parasiticus, which
are species of fungi. Aflatoxin exposure produces an
acute hepatic necrosis that results in cirrhosis or hepatocarcinoma. Because aflatoxin-producing members of
Aspergillus are common and widespread in nature, these
compounds pose serious hazards to human and animal
health, and chemoprevention strategies aimed at reducing
their toxicity in animal diets are needed. Zuo et al[105] (2013)
investigated one such strategy that was based on the administration of a mixture of three aflatoxin-degrading
probiotic strains (Lactobacillus casei, Bacillus subtillis, and
Pichia anomala) along with the aflatoxin-degrading enzyme
from Aspergillus oryzae to Arbor Acres broilers that were
fed an aflatoxin-supplemented diet. The administration
of this mixture to chickens that were fed the aflatoxinsupplemented diet resulted in the restorations of (1) the
antioxidant enzymatic defense in the serum and liver;
and (2) the hepatic expression of an array of genes that
are involved in apoptosis, cell growth, immunity and me-
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tabolism. Table 3 summarizes the reported investigation
related to gene expression in the liver by probiotics.

CONCLUSION
Probiotics exert their actions through interaction with
intestinal cells, which in turn modify the expression of
many genes that are mainly related to the gut-associated
immune system. Although the specific actions are dependent on the particular bacteria and strains, probiotics
mainly induce a tolerogenic response to external antigens
by interacting with TLR and down-regulating the expression of NF-κB and pro-inflammatory cytokines.
There is a need for further clinical studies that
evaluate the mechanism of action of probiotics both in
healthy humans and patients with chronic diseases. These
types of clinical studies are necessary for addressing the
influence of these microorganisms in gene expression
for different pathways, particularly those that are associated with the immune response, and to better understand
the role that probiotics might have in the prevention and
treatment of disease.
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Abstract
Intestinal alkaline phosphatase (IAP) plays an essential
role in intestinal homeostasis and health through interactions with the resident microbiota, diet and the gut.
IAP’s role in the intestine is to dephosphorylate toxic
microbial ligands such as lipopolysaccharides, unmethylated cytosine-guanosine dinucleotides and flagellin
as well as extracellular nucleotides such as uridine diphosphate. IAP’s ability to detoxify these ligands is essential in protecting the host from sepsis during acute
inflammation and chronic inflammatory conditions such
as inflammatory bowel disease. Also important in these
complications is IAP’s ability to regulate the microbial
ecosystem by forming a complex relationship between
microbiota, diet and the intestinal mucosal surface.
Evidence reveals that diet alters IAP expression and activity and this in turn can influence the gut microbiota
and homeostasis. IAP’s ability to maintain a healthy
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gastrointestinal tract has accelerated research on its
potential use as a therapeutic agent against a multitude
of diseases. Exogenous IAP has been shown to have
beneficial effects when administered during ulcerative
colitis, coronary bypass surgery and sepsis. There are
currently a handful of human clinical trials underway investigating the effects of exogenous IAP during sepsis,
rheumatoid arthritis and heart surgery. In light of these
findings IAP has been marked as a novel agent to help
treat a variety of other inflammatory and infectious
diseases. The purpose of this review is to highlight the
essential characteristics of IAP in protection and maintenance of intestinal homeostasis while addressing the
intricate interplay between IAP, diet, microbiota and the
intestinal epithelium.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Intestinal alkaline phosphatase; Inflammation; Infection; Lipopolysaccharides; Inflammatory disease; Intestinal microbiota; Diet
Core tip: Intestinal alkaline phosphatase (IAP) is important for intestinal health. IAP’s role in the intestine
encompasses both protection from systemic infections
and chronic inflammatory diseases such as inflammatory bowel disease. There is a complex interplay occurring between IAP, diet, microbiota and the intestinal
epithelium which has accelerated research on IAP as a
potential therapeutic against these inflictions. The purpose of this review is to highlight the essential characteristics of IAP in maintaining homeostasis in the intestines while addressing the complex interplay between
IAP, diet, microbiota and the intestinal epithelium.
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alkaline phosphatase, diet, gut microbes and immunity. World
J Gastroenterol 2014; 20(42): 15650-15656 Available from:
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IAP, LIPOPOLYSACCHARIDE AND INFECTION

INTESTINAL ALKALINE PHOSPHATASE
Alkaline phosphatases (AP) are hydrolase enzymes that
catalyze the breakdown of monophosphate esters by
removal of their phosphate groups. AP are grouped into
two classes: the tissue non-specific alkaline phosphatases
(TNAP), which are expressed in bone; liver; and kidney[1]
and tissue specific isozymes which include placental alkaline phosphatase (PLAP), germ cell alkaline phosphatase;
and intestinal alkaline phosphatase (IAP).
IAP is a homodimer with each subunit comprised
of two Zn++ and one Mg++ ions[2], which are essential in
maintaining the structural integrity and catalytic activity
of the enzyme. IAP functions predominantly in alkaline
conditions with optimal activity occurring at a pH of
9.7[3]. IAP is ubiquitously expressed by enterocytes in the
duodenum[1] and thereafter to a much lesser extent in the
jejunum, ileum and colon[4,5] and is largely absent in the
stomach[5,6]. The TNAP isoform is also normally found
at low levels in the healthy colon[7]. IAP molecules exist in
high concentrations within lumenal vesicles secreted by
enterocytes on the brush border of the microvilli (Figure
1). Though largely membrane bound, small levels of IAP
are also released bidirectionally into the blood as well as
the lumen[8] where they may travel throughout the intestinal tract. Interestingly, IAP levels in humans differ across
blood types with types O and B showing the highest levels of IAP while type A shows the lowest[9]. Infiltrating
neutrophils have been shown to contain AP granules[10],
which are thought to be of the TNAP isoform[11]. Recently however, using an antibody specific to the intestinal isoform we found infiltrating immune cells in mouse colons
to be localized with IAP during during infectious colitis[12].
IAP is the most evolutionarily conserved of the APs
sharing 89.5% of its amino acid sequences with PLAP[13],
in humans these genes are located on chromosome 2[14].
In contrast, TNAP types share only 50% of their amino
acids with IAP[13] and are located on chromosome 4[14].
This indicates an evolutionary split between tissue specific and the tissue non-specific isotypes. The IAP enzyme in humans is encoded by the ALPI gene[15] while
two isozymes have been identified in mice: duodenal IAP
(dIAP) and global IAP (gIAP). Mouse dIAP and gIAP
share 79% genetic homology[16] and are encoded by the
Akp3 and Akp6 genes, respectively[17,18]. There are also
two known IAP isozymes in rats: IAP Ⅰ and IAP Ⅱ
encoded by the alpi1 and alpi2 genes, respectively. Phylogenetic comparisons show that mouse gIAP is similar to
both mouse dIAP and rat IAP Ⅰ but not to human IAP.
In general, most murine studies have focused on IAP
generally and not the specific isoforms and as a result the
specific function of each isozyme is poorly understood.
Recent reviews have highlighted the importance of IAP
in gut homeostasis[19,20].
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Lipopolysaccharide (LPS) is a major component of the
cell wall of Gram-negative bacteria. Its aberrant presence in the blood (endotoxemia) can stimulate strong
inflammatory responses as seen during infection-induced
sepsis but at lower levels can also stimulate low levels
of chronic inflammatory responses like those seen during obesity, diabetes and heart disease. Circulating LPS
binds to toll-like receptor (TLR) 4 on immunocytes
activating the secretion of pro-inflammatory cytokines
via the master regulatory nuclear factor-kappaB (NF[21]
κB) pathway . During infection, if the pathogen can
overwhelm the host defenses, increasing cytokine levels
can ultimately lead to septic shock and death. IAP plays
a crucial role in preventing sepsis against enteric infection by dephosphorylating the endotoxin harboring lipid
A moiety of LPS[22]. IAP is a mucosal defense factor that
limits bacterial translocation across the mucosal barrier
into the mesenteric lymph nodes[7,21]. It has been shown
that administration of bovine IAP prevents translocation of bacteria in mice infected with Salmonella enterica
serovar Typhimurium[23]. We recently demonstrated the
association of IAP activity and survival during enteric
infection in a model of high-fat feeding. We compared
various high-fat diets (HFD) and found that while ω-6
polyunsaturated fatty acid (PUFA) exacerbated damage
associated with colitis, increased IAP activity was associated with protection of the mice against sepsis during
Citrobacter rodentium infection. In contrast, isocaloric and
isonitrogenous diets supplemented with ω-3 PUFA led to
impaired IAP activity associated with an increased sepsisassociated mortality during infection[12]. Beyond IAP’s
local activity at the gut mucosa, about 1%-2% of IAP is
released into the bloodstream or the gastrointestinal lumen, which may broaden its range of action against both
local and systemic infections[23]. In support of this, IAP
has been shown to be active in feces indicating that IAP
released into the intestinal lumen retains its function as it
moves through the gut[21].

IAP AND INFLAMMATION
In addition to LPS, IAP can also dephosphorylate other
potentially pro-inflammatory ligands such as adenosine
triphosphate (ATP)[24], uridine diphosphate (UDP) nucleotides released from damaged cells[25,26], unmethylated
cytosine-guanosine dinucleotides (CpG); a component of
bacterial DNA[27] and flagellin; a protein in bacterial flagellum[28]. These ligands or microbe-associated molecular
patterns (MAMPs) activate TLR 2, 3, 5 and 9 on immune
and epithelial cells[29] inducing downstream inflammatory
responses. To mitigate these responses, IAP expression
increases through activation of the inflammatory mediator Resolvin E1 (RvE1)[30]. RvE1 is a lipid mediator derived from ω-3 PUFAs eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA)[31]. RvE1 acts as an agonist
of the G protein-coupled receptor Chemerin receptor
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Figure 1 Intestinal alkaline phosphatase regulates gut homeostasis. Intestinal alkaline phosphatase (IAP) secreted by the enterocytes plays a vital role in various
physiological functions in and around the intestine. Though mainly membrane-bound, IAP can be found both in the lumen and blood. High concentration of IAP molecules are present in protein-rich lumenal vesicles on the lumenal and apical side of the epithelium. IAP dephosphorylates both lumenal and circulating lipopolysaccharides (LPS) derived from the cell wall of gram negative bacteria effectively eliminating their toxic constituent. Preliminary work from our lab and others have shown
IAP expressed on infiltrated immunocytes in the lamina propria. IAP is also crucial in preventing the transmigration of bacteria across the epithelium layer, preventing
downstream activation of immunocytes and the subsequent inflammatory responses. Through its complex relationship with food, commensal bacteria and immune
cells, IAP plays an essential role in gut homeostasis.

23 (Chem R23) found on neutrophils, macrophages and
dendritic cells; which in turn can attenuate immune cell
transmigration. Chem R23 receptors are also present on
intestinal epithelial cells, where their activation increases
epithelial IAP expression and activity[30,32]. In a series of
studies Campbell et al[30,32] showed IAP mRNA expression
to be reduced during DSS-induced colitis in mice while
the addition of RvE1 was able to induce IAP mRNA
expression, resulting in significantly attenuated disease severity. They further showed the addition of an IAP inhibitor to reverse the RvE1-induced protection against DSS,
highlighting the role of RvE1 in mediating IAP expression and activity. This would suggest that EPA-derived
RvE1, as seen in EPA-rich diets, can activate IAP and
therefore protect against colitis. In contrast, we found
that fish oil, rich in EPA and DHA, supplemented on a
background diet high in ω-6 PUFA resulted in lower IAP
activity associated with sepsis during an infectious model
of colitis[12]. These studies highlight the complex role that
diet has on the function of IAP in the gut or perhaps the
various and specific roles of IAP during colonic damage
vs enteric infection. Inflammation itself can regulate IAP
gene expression and activity, though the mechanisms are
not yet fully understood. Malo et al[33] showed that the
pro-inflammatory cytokines interleukin (IL)-1β and tumor necrosis factor (TNF)-α inhibit ALPI gene expres-
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sion in HT-29 human colon adenocarcinoma cells. This
suggests that cytokine-mediated gene silencing may have
important implications in altering epithelial health and
function during intestinal inflammation. More research is
required to understand the relationship between IAP and
its involvement during acute and chronic inflammation.

IAP AND CHRONIC INFLAMMATORY
DISEASES
Altered IAP expression has been implicated in many
chronic inflammatory states such as IBD, celiac disease
and obesity. IBD patients have reduced ALPI gene expression in inflamed tissues[4]. Oral administration of
IAP during murine colitis reduces colonic inflammation
as demonstrated by decreases in mRNA levels of the
key pro-inflammatory cytokine TNF-α and nitric oxide
producing inducible nitric oxide synthase (iNOS)[5]. This
suggests that exogenous IAP may be protective against
colitis. It has been reported that patients with ulcerative
colitis have reduced colonic pH levels[34]. One report using chicken IAP showed that the enzyme is inactivated at
pH 6; however the addition of Zn ions resulted in reactivation of IAP even at pH 4.5. This indicates that under
certain conditions IAP can function at even low pH
levels[35], such as those seen during colitis. Another factor
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important in IBD is increased levels of extracellular nucleotides such as ATP and UDP which has been directly
associated with intestinal inflammation[25]. These nucleotides are released during cellular damage and death[26]
such as seen during active IBD, and bind to receptors on
macrophages, epithelial cells and infiltrating T-cells. By
means of dephosphorylation, IAP blocks the subsequent
inflammatory responses induced by these nucleotides[24,25].
Gut homeostasis is vital for maintaining a balanced
metabolism, not surprisingly then endogenous IAP has
been recently implicated in metabolic syndromes[36]. In
an elegant series of studies by Kaliannan et al[36], it was
shown that IAP knock-out (KO) mice display features
of metabolic syndrome such as: obesity, elevated blood
glucose, endotoxemia, glucose intolerance and hyperinsulinemia. Supplementation with oral IAP was able to prevent and reverse these conditions in both the KO mice as
well as in models of HFD-induced metabolic syndrome.

IAP, MICROBIOTA AND INTESTINAL
HOMEOSTASIS
It has been suggested that IAP can directly regulate the
ecology of the gut microbiota. Oral administration of
IAP in mice showed a reduction in severity rates of Salmonella Typhimurium and Clostridium difficile (C. difficile)
infections[37]. These changes were associated with IAP’s
ability to rapidly restore the commensal gut microbiota.
A plausible explanation is through IAP’s capacity to
control pH, which in turn alters bacterial growth. IAP
achieves this by dephosphorylating luminal phosphates
such as ATP[24,37]. This results in increased levels of
bicarbonate ion secretion which is important for maintaining homeostasis and gut barrier function[6]. It should
be noted however, that Salmonella Typhimurium and C.
difficile colonization in the gut in these models required
prior antibiotic treatments in order to deplete the microbiota, potentially obscuring IAP’s true role in reducing
inflammatory responses[38]. In another study, Bates et
al[38] showed that IAP reduced inappropriate inflammatory responses in germ-free zebrafish larvae compared
to control larvae incubated with a stereospecific IAP
inhibitor, L-phenylalanine. IAP-rich larvae had decreased
neutrophils in their gut epithelium compared to the IAP
inhibited larvae which were able to recruit neutrophils in
response to LPS stimulation. In a series of experiments,
Malo et al[39] showed IAP-KO mice to display an altered
ecosystem with reduced total fecal bacteria compared to
their wild type (WT) counterparts. In their experiments,
WT mice had higher levels of Lactobacillaceae group and
Escherichia coli (E. coli) expression compared to KO mice
as the absence of IAP prevented E. coli from colonizing
the gut. Further, oral administration of IAP resulted in
increased colonization of E. coli in the IAP-KO mice.
This is important because the loss of commensal bacteria
such as E. coli can create a vulnerable gut environment
allowing for colonization of potential pathobionts[40]. A
follow-up study by the same group confirmed that ATP
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and other nucleotide triphosphates inhibit the growth of
commensal bacterial and that introduction of IAP can
promote their growth[24]. These studies confirm the interaction between IAP and the microbiota as a novel dimension in which IAP regulates intestinal health.

INTERPLAY BETWEEN FOOD AND IAP
Diet has been regarded as an important factor in many
pathological conditions such as IBD, metabolic syndrome, diabetes and infection. IAP is regulated by dietary
macronutrients as well as fasting. Mice fasted for two
days showed significant decreases in IAP expression and
as a result decreased LPS-dephosphorylating activity
compared to non-fasted mice[21]. This is important in the
context of trophic enteral feeding because as suggested
by Goldberg et al[21] starvation in critically ill patients may
lead to IAP downregulation and therefore an increased
susceptibility to pathogenic infection. The re-introduction
of food in these mice resulted in the recovery of IAP expression, suggesting an adaptive response of IAP to food
availability. IAP is important during HF feeding as it is
involved in the rate-limiting step of fatty acids transport
across the plasma membrane into the enterocytes[18,41].
IAP secretion increases in response to HFD[16], likely in a
negative feedback manner to negate the resulting increases in intestinal LPS levels[36,42]. Another study showed
that gIAP, but not dIAP, protein expression significantly
increased in response to an HFD with 45% fat content
[77% from saturated fatty acids (SFA)][17]. HFD increases
the uptake of fatty acids by enterocytes through a gIAPdependent mechanism. In contrast, another study using
an HFD consisting of 36.3% SFA caused reduced IAP
activity and increased TLR 4 activation in diet-induced
obese prone rats[42]. Therefore, increased consumption
of HFD induces an inflammatory response and results
in downregulation of IAP expression. The differences
between these two studies suggest that the amount of fat
in a diet can discordantly influence IAP regulation. Further studies are required to investigate the specific effects
of SFA on IAP. Work from our lab has shown that mice
fed diets high in ω-6 PUFA (20% w/w) have increased
IAP expression within the lamina propria. In attempt to
mitigate colitic responses, ω-3 PUFA was supplemented
in these HFD which resulted in decreased IAP expression and activity[12]. However, these mice unexpectedly
suffered from higher incidences of sepsis-associated
mortality. Taken together, these findings suggests that
in addition to the amount of fat, the consumption of
particular dietary fatty acids can also alter IAP expression
and activity, a vital consequence to the host during infection. The effects of HFD on IAP expression may also be
potentially linked to one particular IAP isozyme. dIAP
knock out (Akp3-/-) mice showed increased weight gain
during a HFD diet compared to WT[18]. These phenotypic responses however, may be compensatory actions of
intact gIAP (Akp6) in these mice. Therefore, AKP6-KO
experiments are needed to provide more insight, as each
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Table 1 Summary of completed and ongoing clinical human trials using exogenous bovine intestinal alkaline phosphatase
1

Study design

Route of
administration

Study phase

Treatment effect

Sample size/
Estimated
1
enrollment

Ref.

Randomized, placebo

Intravenous

2

32

Kats et al[47] (2012)

Severe sepsis and septic
shock on acute kidney
injury
Moderate to severe
ulcerative colitis

Double-blind,
randomized and
placebo
Uncontrolled

Intravenous

2

Increased endogenous
alkaline phosphatase
release
Improved renal function

36

Heemskerk et al[49] (2009)

Oral

2

20

Lukas et al[50] (2010)

Sepsis in patients with acute
kidney injury (AKI)

Double-blind,
randomized and
placebo

Intravenous

2

Short term improvement
of moderate/severe
ulcerative colitis
Renal protection from
sepsis in patients with
AKI

36

Pickers et al[48] (2012)

Non-randomized
Randomized doubleblind, placebo-controlled

Subcutaneous
Intravenous

1 and 2
3

Ongoing study
Ongoing study

10
228

NCT014164932
NCT011446112

Area of study

Completed trials
Coronary artery bypass

Ongoing trials
Acute rheumatoid arthritis
Safety and efficacy during
heart surgery

1

Refers to ongoing trials; 2The trial numbers associated with ongoing clinical studies was obtained from clinicaltrials.gov.

isozyme may function differently during inflammation
and infection.
Protein consumption may also play an important role
in regulating IAP. Rats fed protein-free diets showed a
36%-38% reduction in IAP activity[43]. In this experiment
however, the rat diets were high in starch and therefore
IAP levels may potentially be altered due to high levels
of carbohydrates rather than from the lack of protein.
These results taken together suggest that there is a complex interplay between diet and IAP activity, and that customized diets may be beneficial in regulating IAP levels.

IAP AS A THERAPEUTIC AGENT
There is growing evidence that IAP administration during infection and inflammation may be a novel therapeutic strategy in reducing disease complications. IAP
supplementation may also be an effective tool in battling
the rising problem of antibiotic related infections such as
C. difficile associated diseases (CDAD). In support of this,
oral administration of IAP concurrently with antibiotics
in mice was shown to completely prevent CDAD as well
as other enteric pathogens like Salmonella Typhimurium[37].
This is critical because administering antibiotics can induce a microbial imbalance in the gut, known as dysbiosis. This creates a favorable environment for pathogens
and increases host susceptibility to infection.
Another therapeutic application of IAP for decreasing pro-inflammatory responses is in neonates suffering
from necrotizing enterocolitis (NEC)[44]. Administration
of IAP in rats reduced serum levels of pro-inflammatory
cytokines TNF-α, IL-5 and IL-1β during NEC. These
levels resemble that of the healthy controls indicating
that exogenous IAP has the ability to downregulate the
immune response and normalize inflammation in these
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infants, however this did not decrease the overall incidence of NEC. Tuin et al[5] showed that supplementation with IAP during rat colitis also significantly reduced
pro-inflammatory markers TNF-α, IL-1β and iNOS.
As a result there was significant improvement in colonic
morphology, though no improvement in clinical symptoms such as: weight loss, diarrhea or rectal bleeding.
IAP was also shown to be beneficial in mice with cystic
fibrosis (CF); a known chronic pulmonary disease associated with intestinal bacterial overgrowth[45]. Exogenous
IAP restored intestinal permeability and reduced 80%
of intestinal bacteria overgrowth in mice with CF[46].
Most clinical trials to date report administration of IAP
through intravenous injections as to avoid major degradation and digestion in the stomach and upper intestinal
tract. A method that has not been reported in humans
is rectal enemas as this allows direct IAP delivery to the
large intestine. Also to date, exogenous IAP in the form
of enteric coated or delayed-release capsules has not been
reported. IAP appears to have extensive therapeutic potential and has relatively safe pharmacokinetic properties,
as a result several clinical human trials have begun. There
are currently four completed IAP human trials[47-50] and
two ongoing studies which includes research on acute
rheumatoid arthritis and safety and efficacy of IAP use
during heart surgery (Table 1).

CONCLUSION
IAP’s role in catalyzing the breakdown of monophosphate esters is well established, however, only within the
last decade has the role of IAP as a key regulator of inflammation, infection and gut microbiota been explored.
IAP also plays a key role in protecting the host during
chronic inflammatory diseases. IAP expression and activ-
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ity is altered as a result of its complex interplay between
dietary factors, the microbiota and the host. In light of
these findings IAP has been marked as a potential therapeutic agent to help treat a variety of inflammatory and
infectious diseases.
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approach for UC therapy. Various therapies targeting
a restoration of the enteric microbiota have shown efficacy in treating patients with active and chronic forms
of UC. Such therapies include fecal microbiota transplantation, probiotics, prebiotics, antibiotics, helminth
therapy, and dietary polyphenols, all of which can alter
the abundance and composition of the enteric microbiota. Although there have been many large, randomized
controlled clinical trials assessing these treatments, the
effectiveness and safety of these bacteria-driven therapies need further evaluation. This review focuses on
the important role that the enteric microbiota plays in
maintaining intestinal homeostasis and discusses new
therapeutic strategies targeting the enteric microbiota
for UC.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Ulcerative colitis (UC) is a leading form of inflammatory bowel disease that involves chronic relapsing or
progressive inflammation. As a significant proportion
of UC patients treated with conventional therapies do
not achieve remission, there is a pressing need for the
development of more effective therapies. The human
gut contains a large, diverse, and dynamic population of microorganisms, collectively referred to as the
enteric microbiota. There is a symbiotic relationship
between the human host and the enteric microbiota,
which provides nutrition, protection against pathogenic
organisms, and promotes immune homeostasis. An
imbalance of the normal enteric microbiota composition (termed dysbiosis) underlies the pathogenesis of
UC. A reduction of enteric microbiota diversity has been
observed in UC patients, mainly affecting the butyrateproducing bacteria, such as Faecalibacterium prausnitzii , which can repress pro-inflammatory cytokines.
Many studies have shown that enteric microbiota plays
an important role in anti-inflammatory and immunoregulatory activities, which can benefit UC patients.
Therefore, manipulation of the dysbiosis is an attractive
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Key words: Ulcerative colitis; Enteric microbiota; Dysbiosis; Probiotic; Fecal microbiota transplantation;
Polyphenol
Core tip: The human gut is comprised of a large, diverse, and dynamic microbiota. The enteric microbiota
plays an important role in regulating anti-inflammatory
and immunoregulatory activities. An imbalance of the
normal enteric microbiota composition, termed dysbiosis, underlies the pathogenesis of ulcerative colitis
(UC). Therefore, manipulation of the dysbiosis is an attractive strategy for UC therapy. This review discusses
new therapies associated with the regulation of enteric
microbiota for UC patients.
Chen WX, Ren LH, Shi RH. Enteric microbiota leads to new
therapeutic strategies for ulcerative colitis. World J Gastroenterol
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INTRODUCTION
Inflammatory bowel disease (IBD) refers to chronic relapsing or progressive inflammatory conditions that may
affect the entire gastrointestinal tract. Ulcerative colitis
(UC) and Crohn’s disease (CD) are two main clinically
defined forms of IBD[1]. In UC, inflammation is limited
to the lining of the colon, whereas transmural inflammation occurs along any part of the gastrointestinal tract in
CD[2]. The incidence and prevalence of IBD have continued to increase over the past few decades throughout
various regions around the world[3]. Although the precise
pathogenesis is unknown, it is thought that the etiology
of IBD involves dysfunction of the mucosal immune
system, which develops from complex interactions between the host immune system and genetic and environmental factors[4].
The gastrointestinal tract is possibly the most complicated immune organ of the entire human body. The
intestinal mucosa is continuously exposed to a variety of
commensal microbiota and food antigens. The gut must
suppress excessive immune responses to antigen stimulation, and thus uses both acquired and innate immune
systems to maintain intestinal homeostasis. Evidence suggests that the development and function of the intestinal
immune system depend on its specific enteric microbiota,
which appears to have co-evolved[5]. However, a disruption in this system can lead to aberrant immune responses
to the enteric microbiota and cause chronic inflammation
within the gut[5,6]. This review focuses on the important
role the enteric microbiota plays in maintaining intestinal
homeostasis and discusses new therapeutic strategies for
UC that are based on the enteric microbiota.

HUMAN ENTERIC MICROBIOTA
The human gut is a complex anaerobic environment with
a large, diverse, and dynamic enteric microbiota composed
of more than 100 trillion microorganisms - which is ten
times greater than the total estimated number of human
cells[7]. Until the 1990s, the characterization of the enteric
microbiota was limited to the use of bacteriological culture. However, less than 30% of fecal microorganisms
observed under the microscope can be cultured. More recent advances in culture-independent techniques, such as
16S rRNA gene probing-based strategies and metagenomics, have broadened our knowledge of the complexity of
this ecosystem[8,9]. The enteric microbiota is comprised of
more than 1000 different bacterial species[10]. The majority
of these organisms are from seven phyla: Firmicutes, Bacteroidetes, Proteobacteria, Fusobacteria, Verrucomicrobia, Cyanobacteria and Actinobacteria. Over 90% of the human enteric
microbiota are from the Firmicutes and Bacteroidetes phyla,
though Proteobacteria are also common[11,12].
There is a beneficial, symbiotic relationship between
the host and the enteric microbiota. The host provides a
nutrient-rich habitat to support the microbiota, which in
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return confers a huge diversity of genes and metabolic
functions. First, the enteric microbiota provides nutrition
to the host by fermenting non-digestible substrates and
producing short chain fatty acids, and aiding in the absorption of ions, amino acids and vitamins. Second, the
microbiota provides a barrier against pathogenic bacteria.
Furthermore, the microbiota plays an important role in
regulating immune and gut homeostasis[13]. Importantly,
an imbalance of this symbiotic state, termed dysbiosis,
underlies the pathogenesis of several inflammatory diseases, including allergic skin and respiratory disorders,
rheumatoid arthritis, type Ⅰ diabetes and IBD[14].
Enteric microbiota in IBD
Quantitative and qualitative changes in the composition
of the enteric microbiota have been observed in IBD,
through a decrease in the diversity and an increase in
the concentration of bacterial species[13,15]. Dysbiosis in
patients with CD has been well characterized, with a loss
of bacteria from the Firmicutes phylum, including Faecalibacterium prausnitzii (F. prausnitzii), the major butyrateproducing bacterium in cluster IV of the Clostridium
leptum phylogenetic group in the gut[16]. Butyrate, the key
energy source for colonic epithelial cells, represses the
production of pro-inflammatory cytokines in the intestinal mucosa. The reduction of F. prausnitzii in mucosal
and fecal samples represents the most replicated speciesspecific finding so far in CD[17-19].
The decrease in enteric microbiota diversity has also
been described in UC[20-22]. Researchers found significantly fewer Bacteroides and Clostridium (C. coccoides and C.
leptum) in fecal samples of UC patients[23], and a higher
amount of Enterococcus and Gammaproteobacteria[21,22,24]. Additionally, Machiels et al[25] found that two well-known
butyrate-producing Firmicutes bacteria, Roseburia hominis
and F. prausnitzii, were reduced in UC patients. Moreover,
the presence of butyrate-producing members of the clostridial cluster was found to vary with disease activity[26].
Varela et al[27] found that counts of F. prausnitzii were associated with relapse and maintenance of clinical remission, with low counts corresponding to short-term remission, and counts increasing during remission. In another
study that analyzed both fecal and biopsy UC specimens,
F. prausnitzii was sharply decreased in both, whereas Bifidobacterium was significantly increased in the biopsy specimens of active UC[28]. However, the composition of fecal
and mucosal-associated microbiota changes throughout
the progression of UC[26,29].
It is still not clear whether the observed dysbiosis
contributes to the development or is a consequence
of UC. Although studies documenting the association
between microbial changes and UC do not necessarily
predict cause-effect relationships, they at least demonstrate that the enteric microbiota plays an important role
in anti-inflammatory and immunoregulatory activities,
which can benefit UC patients[30].
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THERAPIES ASSOCIATED WITH ENTERIC
MICROBIOTA
Current therapeutic strategies for treating UC typically
follow a step-up strategy, including mesalazine, steroids,
immunosuppressants and biologics[31]. Although a considerable proportion of patients maintain remission when
using this approach, a significant number of them experience persistent disease activity and ultimately require
colectomy[32]. Therefore, the development of new and effective therapies is needed. Manipulation of the dysbiosis
is an attractive therapeutic approach, particularly because
the interaction between enteric microbiota and the host
immune system perpetuates the inflammation in UC.
Fecal microbiota transplantation
Fecal microbiota transplantation (FMT) involves the administration of fecal material from a healthy donor into
the intestinal tract of a recipient. This approach attempts
to recover the composition and function of the enteric
microbiota in patients with chronic gastrointestinal infections and IBD[33]. FMT was first used in 1985 when
standard treatments for Clostridium difficile infection (CDI)
failed. The efficacy achieved by this application[34] has
since brought greater attention to FMT, which is increasingly being used for treatment of IBD, and UC in particular.
A case report published in 2003 documented six
patients with UC who were treated with FMT[35]. Some
symptoms of UC improved within one week, and a complete reversal of symptoms was achieved in all patients by
four months after FMT. In addition, there was no clinical,
colonoscopic, or histologic evidence of UC in any patient
after 1 to 13 years, even without any UC medication. Another study observed ten children with mild to moderate
UC for four weeks after receiving FMT[36]. Seven of these
subjects showed a clinical response within one week,
and six maintained a clinical response after one month.
Among these, three subjects achieved clinical remission
after one week, which was maintained throughout the
four-week observation period. Furthermore, no serious
adverse events were noted.
In contrast, some studies report only temporary
clinical improvement from FMT rather than remission.
Kump et al[37] reported short-term clinical improvement
with colonoscopic FMT in six patients that were nonresponsive to standard medical therapy. Although there
were significant changes in the composition of the intestinal microbiota that resulted in a partial improvement of
UC-associated dysbiosis, none of the patients achieved
clinical remission. Similar results were obtained in a study
of five patients with moderate to severe active UC by Angelberger et al[38]. Only one patient was observed to have
some clinical improvement, and none of the five patients
achieved remission during the 12-wk study. A transient
increase in the similarity to donor microbiota and an increase in phylotype richness were detected in two patients
less than four weeks after FMT. Notably, the microbiota
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of the sole clinical responder was similar to the donor’s,
even 12 wk after FMT, which was characterized by successive colonization by the anti-inflammatory and shortchain fatty acid-producing F. prausnitzii, Rosebura faecis and
Bacteroides ovatus.
There are several possible explanations for the failure
of FMT in some UC patients[39]. First, enteric microbiota
in non-responsive patients may be affected by other factors, including dietary intake or exposure to cigarette
smoke. Second, the dysbiosis may be a result of UC,
rather than the cause. Finally, the type of patients used in
these studies may have affected the results, as those with
more severe disease and for whom current medical therapies had failed were chosen.
Because of the uncertain effectiveness and safety issues, the study of FMT in UC is complicated. Further
studies should identify the best candidates for FMT, such
as patients with mild to moderate UC, those who already
have a medically induced remission, or those who are
newly diagnosed. In addition, more attention should be
paid regarding the side effects accompanying FMT. A
recent case report of a patient with UC that had been in
remission for more than 20 years experienced a UC flareup after FMT for treatment of CDI[40]. Thus, additional
careful studies are needed to determine the effectiveness
and safety of FMT, and to facilitate the development of
FMT as potential therapy for UC patients.
Probiotics and prebiotics
Probiotics are living non-pathogenic microbes, including
Lactobacilli, Bifidobacteria, Enterococci and some yeast species[41], which can benefit the host and affect the structure
and function of the enteric microbiota through diverse
mechanisms[42]. Prebiotics, which also confer benefits to
the host, are defined as non-digestible, selectively fermented, short-chain carbohydrates that allow specific
changes in the composition and/or activity of the enteric
microbiota[43]. Probiotics and prebiotics have been widely
used in the prevention and treatment of important gastroenterological conditions, such as irritable bowel syndrome (IBS) and IBD, and infectious diarrhea.
A probiotic mixture named VSL3, consisting of four
strains of Lactobacilli, three strains of Bifidobacteria and
one strain of Streptococcus thermophiles, was effectively used
as maintenance therapy in patients with recurrent or
chronic pouchitis[44-46]. Further evidence supporting the
use of probiotics was provided by a one-year, placebocontrolled, double-blind study involving a total of 29
children with active UC who received either VSL3 or a
placebo in addition to steroid induction and mesalamine
maintenance treatment[47]. A greater number of patients
receiving the placebo relapsed within one year, suggesting
that VSL3 is effective in maintaining remission. In two
randomized, double dummy trials, Nissle 1917, a nonpathogenic strain of Escherichia coli (E. coli), was as effective as standard mesalamine in maintaining remission in
UC[48,49]. In both studies, there were no differences in the
percentage of patients who relapsed or the safety profile
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of one-year treatments with E. coli Nissle 1917 or mesalamine. However, an open-label, randomized trial by Zocco
et al[50] demonstrated that treatment with Lactobacillus GG
was more effective than mesalamine in prolonging the
relapse-free time in UC patients.
Probiotics also have the capability to induce remission. In a multicenter, randomized, double-blind, placebo-controlled trial including 147 adult patients with mild
to moderate UC, a greater percentage of patients receiving VSL3 for 12 wk achieved remission or had greater
activity reduction [reduced UC disease activity index
(UCDAI) score] than those receiving a placebo[51]. In a
similarly designed clinical trial, 144 patients who received
VSL3 for 8 wk in addition to their standard pharmaceutical therapy had greater improvement in UCDAI scores,
and a significant reduction in rectal bleeding[52]. A study
by Oliva et al[53] demonstrated that local administration
of Lactobacillus reuteri ATCC 55730 with standard oral
mesalazine reduced the inflammation of rectal mucosa in
pediatric UC patients.
The prebiotic germinated barley foodstuff has also
been shown to reduce the clinical activity of UC together
with the baseline treatment, and to maintain remission[54-56]. The combined use of probiotics and prebiotics,
such as Bifidobacterium and galacto-oligosaccharide, has
also been shown to improve the clinical status of UC patients[57]. However, other studies using combinations of
probiotics and prebiotics have been less successful[58,59].
Future probiotic and prebiotic treatments for UC patients
should be more personalized, taking into consideration
the age of patient, the phase of disease, and the molecular pattern of dysbiosis[60]. Moreover, therapeutic outcomes may be improved by careful selection of agents,
and protective commensal enteric species may be more
suitable.
Antibiotics
There have been conflicting results over the past few
decades concerning the efficacy of antibacterial therapies
for the treatment of UC[31]. However, a combination of
broad-spectrum antibiotics completely inhibited spontaneous colitis in animal models, suggesting a possible
rationale for antibiotic combination therapy for the
treatment of UC[61,62]. A two-week antibiotic combination therapy consisting of amoxicillin, tetracycline and
metronidazole (ATM) was shown to be effective against
Fusobacterium varium in UC patients[63,64]. F. varium has been
detected in the colonic mucosa of a large number of UC
patients[65] and can induce UC lesions in experimental animals[66]. ATM treatment was also shown to provide more
efficient improvement, remission and steroid withdrawal
than a placebo in a double-blind, multicenter trial including 105 patients that was conducted in patients with
chronic mild to severe relapsing UC[67]. This treatment
has also shown efficacy in the treatment of refractory or
steroid-dependent UC[68].
Helminth therapy
Modern hygienic practices prevent exposure to helminth
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parasites, though epidemiological data suggest that people who carry helminths have fewer immune-mediated
diseases[69,70]. Helminth infections may alter the abundance and composition of enteric microbiota, resulting in
a greater proportion of anti-inflammatory strains[71]. The
biocomplexity of the gut, including the interactions between parasites and the enteric microbiota, can influence
inflammatory processes[72]. Studies in rodent models revealed that intestinal parasites and parasite products regulate host immunity and alleviate IBD-like inflammation[73].
In a randomized, double-blind, placebo-controlled trial
involving 54 patients with active UC, a greater number of
patients who received 12 wk of treatment with Trichuris
suis ova showed improvement with no side effects[74].
Similarly, three patients with active UC in an open trial attained remission with 12-wk T. suis ova treatment with no
side effects[75].
Dietary polyphenols
Diet can modulate enteric microbiota composition, with
a strong effect on human health[76]. Polyphenols are members of a large family of plant-derived compounds that
have drawn attention due to their antioxidant and antiinflammatory properties[77]. Some in vitro and in vivo studies indicate that dietary polyphenols and their metabolites
can interact with the enteric microbiota, and enhance the
growth of probiotic bacteria[78-84]. Due to the prebiotic
potential and anti-inflammatory effects, polyphenol supplementation could potentially serve as a complementary
medicinal approach to UC. However, there have been no
clinical trials evaluating the use of dietary polyphenols for
the treatment of UC.

CONCLUSION
As a form of IBD, UC has its own genetic, pathogenic
and therapeutic identity. Despite recent advances in UC
therapeutic resources, a considerable proportion of UC
patients are still refractory to conventional treatment.
Dysbiosis is an important immunologic and pathologic
process in UC. Accumulating knowledge of dysbiosis
has promoted the use of enteric microbiotal regulation
as a novel promising adjuvant in UC therapy. Therapeutic approaches, such as FMT, probiotics, antibiotics,
dietary polyphenols, and helminth therapy, can alter the
abundance and composition of enteric microbiota, and
improve patient outcomes. However, the safety and effectiveness of bacteria-driven therapies need further
evaluation.
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Abstract
Wireless capsule endoscopy (ce) is a technology developed for the endoscopic exploration of the small bowel.
The first capsule model was approved by the Food and
Drug Administration in 2001, and its first and essential
indication was occult gastrointestinal (GI) bleeding.
Over subsequent years, this technology has been refined to provide superior resolution, increased battery
life, and capabilities to view different parts of the GI
tract. Indeed, cases for which ce proved useful have
increased significantly over the last few years, with new
indications for the small bowel and technical improvements that have expanded its use to other parts of the
GI tract, including the esophagus and colon. The main
challenges in the development of ce are new devices
with the ability to provide therapy, air inflation for a better vision of the small bowel, biopsy sampling systems
attached to the capsule and the possibility to guide and
move the capsule with an external motion control. In
this article we review the current and new indications
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of ce, and the evolving technological changes shaping
this technology, which has a promising potential in the
coming future of gastroenterology.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Wireless capsule endoscopy; Obscure gastrointestinal bleeding; Small bowel tumors; Colon capsule endoscopy; Esophageal capsule endoscopy
Core tip: In this article we present a review of the actual devices and indications of capsule endoscopy. We
deal with current and well established indications and
with the novel applications of this technology, which
being minimally invasive, has a great perspective for
technical improvements and clinical applications. Besides dealing with the new and more controversial
indications, we review novel devices, some still under
development, which will probably achieve worldwide
application in the forthcoming years.
Redondo-Cerezo E, Sánchez-Capilla AD, De La Torre-Rubio
P, De Teresa J. Wireless capsule endoscopy: Perspectives beyond gastrointestinal bleeding. World J Gastroenterol 2014;
20(42): 15664-15673 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i42/15664.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i42.15664

INTRODUCTION
Before the development of capsule endoscopy (CE) the
small bowel could be explored only by invasive procedures (intraoperative enteroscopy) or poorly effective
methods, such as small bowel series. The widespread
availability of CE, which allows a better mucosal visualization with few complications, has elicited a revolution
in small bowel endoscopy, and a significant increase in
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Table 1 Current capsule endoscopy devices

Length, mm
Diameter, mm
Weight, g
Frame rate, frames/s
Image sensor
Field of view
Illumination
Antenna (body leads), n
RT view
Recording time, h
Image transmission

PillCam SB3

EndoCapsule

MiroCam

OMOM capsule

CapsoCam SV-1

26
11
3.4
2-6
CMOS
156°
6 white LEDs
8
RT viewer
8
RF

26
11
3.8
2
CCD
145°
6 white LEDs
8
VE-1 viewer
8
RF

24
11
3.4
3
CMOS
150°
6 white LEDs
9
Miro Viewer
11
HBC

28
13
6
2
CMOS
140°
NA
14
Real-timer monitoring
6-8
RF

31
11
12-20 (3-5 per camera)
360°
16 white LEDs
NA
15
CapsoView

RT: Real-time; RF: Radio frequency; HBC: Human body communication.

the indications of CE.
The first CE indication was obscure gastrointestinal
(GI) bleeding (OGIB), with two key reports published
in 2001 and 2002[1]. Since then, technical improvements
and increasing clinical experience have led to many studies that analyzed the efficacy of CE in this setting, and its
role in the diagnostic algorithm for OGIB.
However, technical improvements and clinical considerations have broadened the range of applicability
for CE, including examination of segments of the GI
tract other than the small bowel, including the colon and
esophagus, which are within reach of conventional endoscopy, but can benefit from increased safety and comfort with CE.
In this review article we will to evaluate the current
and novel applications of CE, with focus on the likely expansion of this established but still promising technology
to many other fields (table 1).

CE FOR THE SMALL BOWEL: TYPES AND
DIFFERENCES
Actually, there are four different manufacturers for small
bowel CE devices that have the following common technical features: (1) the capsule, which contains the camera,
with differences in size, vision angle, battery life, etc.; (2)
the reception system, which includes an antenna array
capable of surrounding a body to receive the transmitted
video output, a data recorder, and a battery. Everything is
set on a belt attached to the patient that holds the entire
device; and (3) the workstation, which is a computer used
for processing and evaluation of the downloaded images,
contained in the data recorder and transformed into a
video datastream.
Improvements in these systems have led to better image quality and battery duration, which have increased the
diagnostic yield. The currently available CE devices are
described below.
PillCam SB3 (Given Imagin Ltd. Yoqnean, Israel): It
was the first CE device approved by the FDA, in August
2001 (M2A), and it was followed soon by its second version, M2A plus, and by the PillCam SB series, its third
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version (PillCam SB3). This new version has a better resolution and an auto adjustable speed of frame acquisition
depending on the capsule’s speed of progression in the
small bowel. The associated software (Rapid Reader v8)
offers improvements, such as the possibility of visualizing several different frames at the same time, the ability to
measure lesion’s size, and a detector of bleeding lesions[2]
the capability to apply digital light filters to perform electronic chromoendoscopy (FICE, Fuji Intelligent Chromo
Endoscopy) for the better characterization of mucosal
abnormalities, and an atlas for real-time comparisons.
EndoCapsule (Olympus Corporation, Allentown,
PA): The FDA approved this new CE device in 2007.
It is similar to PillCam SB and incorporates a blood indicator that marks suspicious bleeding points along the
small bowel. It has an automatic control of reproduction
speed, and four simultaneous different frames can be visualized at the same time on the screen.
MiRo (IntroMedic Co., Seoul, South Korea): This
device was available in many countries between 2007 and
2009, and was approved by the FDA in 2013. This device
has a different system of data transmission through the
patient’s own tissues[3], allowing an increased battery life
and time for frames acquisition. One trial showed similar
diagnostic yield and complete small bowel examinations
between EndoCapsule and MiRo in 50 patients[4].
ONOM (Jinshan Science and Technology Company,
Chongqin, China): Despite the higher size and weight of
this capsule, it has widespread applications because of its
cost-effectiveness.
CapsoCam SV1 (CapsoVision Inc. Saratoga, CA):
This device offers a novel concept, with 4 cameras, a
peak acquisition speed of 5 frames/s and a 360º view of
the small bowel. The images are loaded into the capsule,
without the requirement of an external receptor; however the capsule has to be recovered by the patient and
connected to the workstation. In a multicenter trial[5] with
73 patients that compared this capsule with PillCam SB2,
a strong diagnostic concordance was reported; however
CapsoCam required a longer video analysis time. Nevertheless, this device offers a better vision of the ampullar
area, with good visualization of this particular area reported in 70% patients in a study[6].
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A
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01:09:29
FR

30 Oct 13

B

PillCam®SB 3

Figure 1 Active bleeding and angiodysplasias in patients with obscure gastrointestinal bleeding. A: Active bleeding; B and C: Angiodysplasias in patients with
obscure gastrointestinal bleeding.

INDICATIONS FOR SMALL BOWEL CE
OGIB
OGIB (Figure 1) (is the first and most common indication for small bowel CE, and shows a better yield. The
global diagnostic yield of CE for OGIB ranges between
30% and 70%, which is higher than that of push enteroscopy, double balloon enteroscopy, and small bowel series,
with sensitivities of 31%, 23% and 5% respectively. In a
2007 study[7], CE showed its superiority over computed
tomography (CT) and angiography in the detection
of bleeding lesions, and detected a suspected bleeding
source in patients with negative results for two other
procedures. CE seems to impact OGIB management
and outcomes. In a retrospective study of 75 patients[8],
CE diagnosed relevant lesions in 66.7% patients, and 49
(50.7%) of these patients, underwent confirmatory tests
and subsequently received specific therapy [surgery, medical therapy, nonsteroidal anti-inflammatory drug (NSAID)
withdrawal].
The diagnostic yield of CE for OGIB increases when
the procedure is performed in the first 48 h after bleeding onset[9,10]. Other recognized factors related to a higher
diagnostic yield include: advanced age, male sex, hospital
admission and increased transfusion requirements[11].
The most frequent finding of OGIB is intestinal angiodysplasia (22%). Other causative lesions include: (1)
small bowel ulcer (10%); (2) esophago-gastric benign lesions (i.e., esophagitis or gastritis) (11%); (3) blood in the
small bowel in the absence an identified lesion (8%); (4)
small bowel tumors (7%); and (5) small bowel varices (3%).
Iron deficiency anemia
Iron deficiency anemia (IDA) is usually determined by
blood loss through the GI tract. Therefore, CE is a good
method to identify causative lesions, once other common
potential bleeding sources located within the reach of up-
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per or lower endoscopy have been ruled out. CE proved
its superiority over enteroclysis in a previous study, with
a causative lesion identification rate of 57% with the former and 11.8% with the latter[12].
Crohn’s disease
CE plays a role in diagnosing suspected Crohn’s disease
(CD) (Figure 2) when the clinical history is compatible
with its findings after a normal examination by conventional endoscopy. It also plays a role in small bowel evaluation in patients with indeterminate colitis and disease
extension assessment in patients with known CD[13]. The
diagnostic yield in this setting is 66%-71% for known CD
and 33%-68% for suspected CD[14].
In a 2010 meta-analysis[15], the diagnostic yield for
small bowel CD was higher (50%-70%) with CE than
with other procedures such as small bowel series (22%),
colonoscopy (48%), push enteroscopy (8%), and enteroclysis/CT enterography (31%). In another study[16], CE
was compared with magnetic resonance imaging (MRI)
enterography and CT enterography, and showed a clearly
higher sensitivity and specificity.
Apart from allowing diagnostic confirmation and
evaluation of CD extension, CE can be used to appraise
disease activity and severity, facilitating therapeutic modifications with the intention to achieve mucosal healing,
which has a direct impact on disease prognosis[17].
On the other hand, CE has been shown to identify
patients with a higher likelihood of a flare, with some
authors observing that the presence of lesions in the
jejunum in otherwise asymptomatic patients predicts a
higher risk of a clinical exacerbation in the following two
years[18]. CE was also proved to be superior to colonoscopy in the detection of postsurgical recurrence of CD
(65% vs 25%), with better patient acceptance and tolerability, and it also even allowed the exploration of the
neo-ileum that was not accessible by colonoscopy[19].
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A

B

Figure 2 Ulcers in the small bowel. A: Ulcer with erythematous and edematous edges; B: Serpiginous ulceration and stenosis affecting the entire colon circumference.

A

B

Figure 3 Tumors in the small bowel. A: Dark tumor (arrows) confirming metastases from melanoma after surgery; B: Subepithelial white lesion compatible with lipoma.

0:08:04

0:09:54

Figure 4 Enlarged gastric areas in a patient with Peutz Jeghers syndrome.

The main known complication of CE in patients with
CD is capsule retention in strictures, which has been observed in up to 5% patients. Therefore, when a stricture
is suspected, a patency capsule should be administered
before conventional CE. The other option is to select alternative procedures to study the small intestine, such as
CT enterography and MRI enterography[20].
Small bowel tumors and polyps
CE is an outstanding method for the detection of small
bowel tumors and polyps (Figure 3), and the study of
polyps in polyposis syndromes, such as familial adenomatous polyposis (FAP) and Peutz Jeghers syndrome[21]
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(Figure 4).
The most common presentation of small bowel
tumors is OGIB[22]. The most common histopathological type is adenocarcinoma, followed by carcinoid, lymphoma, sarcoma and hamartoma. The most common
location is the jejunum (40%-60%), followed by the ileum
(25%-40%) and duodenum (15%-25%).
The most commonly occurring benign tumors in the
small bowel are inflammatory polyps, lymphangioma,
hemangioma, adenoma and lipoma. The most frequent
metastatic tumor is melanoma[23], but there also some
case reports of metastatic colorectal cancer (CRC) and
hepatocellular carcinoma[24].
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0:02:04

0:06:07

Figure 5 Small bowel lymphangiectasia.

Vanishing visceral compression that protrudes to the
small bowel lumen can confound an inexperienced physician who may misdiagnose it as a subepithelial mass.
Some signs, such as well-defined margins, or visualization
of the lesion for more than 10 min, increase the likelihood of a true subepithelial mass[25] (Figure 3B).
With regard to small bowel tumors, CE has improved
the diagnostic yield of previous procedures[26], allowing
an early diagnosis at a lower cost[27]. However, its impact
on the management and prognosis of these patients has
yet to be proven.
Hereditary polyposis syndromes also affect the small
bowel, and the sensitivity and small bowel polyp detection rate are higher with CE than with X-ray series[28], can
be considered as an alternative follow-up[29,30]. However,
CE tends to underestimate the number of polyps and
exhibits poor performance while exploring the ampulla.
In a prospective study[31], CE was successful in identifying
jejunal or ileal polyps; however it missed the ampullary
area in all patients. Therefore, the role of CE in polyposis
syndromes has yet to be established.
Other important applications of CE include the diagnosis of patients with suspected B-cell lymphoma; in
such cases it can diagnose the condition, assess disease
extension, and evaluate the response to chemotherapy[32].
Celiac disease
Histology is the gold standard for the diagnosis of celiac
disease. Therefore, CE cannot be the primary diagnostic
tool in this setting, because of its inability to take biopsies. Nevertheless, CE can identify typical mucosal changes observed in this disease[33], similar to upper endoscopy
but with the advantages of the lack of insufflation and
the higher image magnification. When compared with
histology, CE has a sensitivity of 70% and specificity of
100% for the diagnosis of celiac disease[34]. Therefore, the
role of CE is to assess mucosal abnormalities in patients
with positive serology but normal histology[35,36], keeping
in mind that a normal CE examination does not rule out
celiac disease, given its somewhat low negative predictive
value (77%)[34].
CE also plays an important role in refractory or complicated celiac disease, allowing the diagnosis of T-cell lymphoma, ulcerative jejunoileitis and adenocarcinoma[37,38].
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Small bowel graft vs host disease after bone marrow
transplantation
Graft vs host disease (GVHD) is a severe complication
of bone marrow transplantation, and usually requires
quick intervention. In most patients, upper endoscopy or
colonoscopy with biopsy is required for diagnosis. The
role of CE has been evaluated in several studies, with two
of them[39,40] reporting relevant findings in regard to acute
GVHD. These studies showed a high positive predictive
value for CE in patients with suspected GVHD, given
that patients with no findings did not develop the disease
at the 2 mo follow up.
In conclusion, CE can be as useful as conventional
endoscopy and biopsy for the diagnosis of GVHD[41,42].
NSAID induced enteropathy
The real clinical impact of CE in this group of patients
remains unknown, because up to 44% patients receiving
NSAIDs have small bowel lesions. Its role is clearer in
patients with OGIB after negative results are obtained in
conventional endoscopy. The most common lesions are
superficial erosions, petechiae, denudated mucosa, bleeding lesions, and ulcers, etc. Maiden et al[43] showed that CE
performed after 2 wk of treatment with NSAIDs and a
proton pump inhibitor (PPI) for 40 healthy volunteers
detected abnormalities in 65.5% patients, including reddened folds, active bleeding, angiodysplasia, and lymphangiectasia (Figure 5).
Abdominal pain of unknown origin
CE has shown a low diagnostic yield in patients with abdominal pain (13%) or chronic diarrhea (9%).
From the first few studies, researchers have tried to
accurately select cases where CE can demonstrate and
improved diagnostic yield. The DEDAP-Plus study[44]
comprised 50 patients with abdominal pain and chronic
diarrhea. Two independent researchers found relevant
findings in 36% and 40% patients, and potentially relevant findings in 14% and 24% patients. In this study
patients were classified according to the presence of
symptoms or “plus signs” such as weight loss, serum inflammatory markers, chronic anemia, and suspected GI
bleeding. Researchers observed an increased diagnostic
yield in patients with elevated inflammatory markers (OR
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Figure 6 Erythematous lesions in the upper gastrointestinal tract. A: Erythematous esophageal lesions in a patient with gastrointestinal amyloidosis; B: Gastric
lesions in patients with obscure gastrointestinal bleeding.

0:43:10

0:32:20

0:30:30

Figure 7 Portal hypertension related gastropathy in a cirrhotic patient.

= 3.2), with an increase likelihood of CD detection.
In a 2011 multicenter Greek study[45], 72 patients with
chronic abdominal pain were evaluated using CE. The
global diagnostic yield was 44.4%, ranging from 21.4%
in patients with abdominal pain without elevated serum
inflammatory markers (CRP, ESR) to 66.7% in patients
with altered parameters and 90.1% in patient who also
presented with diarrhea. They concluded that elevated
serum inflammatory markers are associated with a higher
diagnostic yield for CE.
Other indications
Apart from the abovementioned indications, CE can be
useful in other settings with small bowel involvement.
Nevertheless, the rarity of those conditions prevents researchers from making general statements on its possible
role. Specifically, CE can be useful in diagnosing systemic
diseases and vasculitis[46] with small bowel involvement,
such as Henoch-Schonlein purpura, Churg-Strauss syndrome and Behçet disease)[47-49].
CE has also been evaluated for use in recipients
of small bowel transplantation, for whom ileoscopy is
the standard procedure to evaluate rejection. In a 2003
study[50] CE and ileoscopy were used in 5 patients with
a prior bowel transplant. CE was better tolerated and
provided high quality images of the small bowel in four
patients. When the terminal ileum showed no abnormalities with both techniques, CE detected mucosal changes
in segments inaccessible by ileoscopy in three patients.
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INDICATIONS OUTSIDE THE SMALL
BOWEL
In 2004, Given Imagin Ltd. developed a video capsule
(PillCam ESO) for the esophagus, and its third version
(PillCam ESO 3) was approved by the FDA in 2011. It
has dual cameras that capture 35 frames/s for 30 min. Although its role remains unclear it has been proposed as a
minimally invasive procedure for esophageal diseases[50,51]
(Figures 6 and 7).
The first PillCam ESO study[52] included 73 patients
with gastroesophageal reflux disease and 9 patients with
known Barrett’s esophagus who underwent CE followed
by standard upper endoscopy. The sensitivity and specificity of CE were 97% and 100% for Barrett’s esophagus
and 98% and 100%, respectively for diagnosing esophagitis. However, further cost-effectiveness analyses showed
that Barrett’s esophagus screening using PillCam ESO
was not cost-effective compared with that using conventional upper endoscopy[53].
On the other hand, some studies point to a role for
this capsule as an alternative to the conventional approach in special cases: (1) Patients with gastroesophageal
reflux disease[54]; (2) Detection of esophageal varices in
patients with cirrhosis. A multicenter study[55] showed its
ability to discriminate small and big varices, which may
facilitate a specific therapy. Indeed, cost-effectiveness
analyses do not support the use of this capsule as a
conventional method, which can be reserved for special
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cases[56]; and (3) In the emergency room, CE shoed better
performance compared with a nasogastric tube and similar performance compared with upper endoscopy while
determining the presence of an active bleeding, thus
demonstrating no therapeutic abilities. Therefore, it is not
a true alternative to upper endoscopy in this setting[55-58].
Another important goal for CE developers is the colon. Given Imagin produced the colon capsule (PillCam
Colon), and they have now manufactured the second
generation of this device. It has dual cameras, enabling
it to acquire images from both ends. The angle of view
from each imager is 172º. It has been approved in Europe because of its potential role in CCR screening although this remains to be clarified[59-61]. In a 2010 metaanalysis[62] sensitivity and specificity for adenoma and
carcinoma detection were 69% and 86%, respectively. A
further study[63] observed improved sensitivity and specificity of 88% and 95%, respectively, for polyps measuring
≥ 10 mm, suggesting that CE may be a promising tool
for screening, although it needs improvements before becoming an alternative to colonoscopy for CCR screening.
This device can also be an alternative when colonoscopy
is incomplete, when the patient rejects colonoscopy or
when colonoscopy is associated with substantial risks derived from the patient’s condition or comorbidities[64].
In 2012 the European Society of Gastrointestinal Endoscopy (ESGE) introduced guidelines[61] to homogenize
clinical practice. Patients with average CRC risk: CE is an
alternative for the screening. Patients that a high risk of
CRC (alarming symptoms with a family or personal history of CRC): CE is not an alternative, because the probability of finding lesions requiring biopsies or polypectomy
is high. Every patient with polyps measuring > 6 mm or
with more than three polyps should undergo colonoscopy[65]. Patients without findings on CE should repeat the
procedure in 5 years, unless they have poor bowel cleansing. In situations where colonoscopy is not an option, CE
can be an alternative, although further studies comparing
CE with radiological methods are required.
Finally, CE can be useful for the detection of colonic
diverticular disease or mucosal inflammatory changes[63],
but no studies have addressed its role in non-neoplastic
diseases. There are no objective data to support the use
of CE for the diagnosis or follow-up of inflammatory
bowel disease. Colon CE has been tested in patients with
inflammatory bowel disease, and it exhibited a performance similar to that of colonoscopy[66,67], albeit without
the ability to take biopsy samples.

FUTURE OF CE
CE has undergone continuous improvements since its
first description including better image resolution, an
increased number of frames obtained from the explored
areas, a longer battery life, and better software for the visualization and management of images.
Improvement in the angle of vision
Apart from the abovementioned CapsoCam SV1, which
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widened the angle of vision to 360º, there is another device, the Sayaka Capsule (RF Systems Lab Company, Nagano, Japan), which has described in 2005, and has a side
camera that rotates, obtaining 30 frames/s. These frames
are processed into an extensive series of overlap mosaicing, offering a map of the entire GI tract. The same
company designed the Norika capsule, with a lens angled
at 75º and a magnetic field based propulsion system.
Capsule with therapeutic capabilities
Capsules with anchoring devices have been developed,
allowing for a precise drug delivery into the tract. Various systems are available, such as the one described by
Woods[68], with a stopping mechanism that unfolds in 1.8 s
and the ability to deliver 1 mL of medication to a target
within the small intestines via a 1.5 mm needle.
Active, operator controlled, ce
Two CE systems with remote motion control are under
study: (1) External systems, such as magnetic fields that
can guide and move the capsule[69-71]; and (2) Internal systems, within the capsule itself, which can move it through
the small bowel[71-75].
Capsules with air inflation ability
Peristalsis is a common difficulty faced during exploration of some segments of the small bowel using CE.
Inflation in some situations can significantly improve the
visualization of these areas. Certain devices are under
development, such as the one published by Gorlewicz et
al[76], which has, in different compartments, chemical substances that release carbon dioxide when mixed, allowing
distension and better small bowel exploration.

CONCLUSION
CE is a safe and acceptable method for GI tract exploration, and its use is widespread. Although the most common indication for CE is OGIB with suspected origin in
the small bowel, there are other situations where it has
been used, in other parts of the GI tract that are accessible by standard endoscopy. However, its use should be
restricted to patients with risk levels or characteristics that
make CE safe and more acceptable.
CE still has two major drawbacks compared with
conventional endoscopy: the possibility of external motion control and the inability to treat lesions. Despite this,
technological advances in the field may, in the near future,
drive CE to become the first choice of modality for the
diagnosis, treatment and follow-up of GI tract diseases.
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Abstract
Central pancreatectomy (CP) is a parenchyma-sparing
surgical procedure. The aims are to clarify the history and the development of CP and to give credits to
those from whom it came. Ehrhardt, in 1908, described
segmental neck resection (SNR) followed, in 1910, by
Finney without reconstructive part. In 1950 Honjyo described two cases of SNR combined with gastrectomy
for gastric cancer infiltrating the neck of the pancreas.
Guillemin and Bessot (1957) and Letton and Wilson
(1959) dealt only with the reconstructive aspect of
CP. Dagradi and Serio, in 1982, performed the first
CP including the resective and reconstructive aspects.
Subsequently Iacono has validated it with functional
endocrine and exocrine tests and popularized it worldwide. In 2003, Baca and Bokan performed laparoscopic
CP and, In 2004, Giulianotti et al performed a robotic
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assisted CP. CP is performed worldwide either by open
surgery or by using minimally-invasive or robotic approaches. This confirms that the operation does not
belong to whom introduced it but to everyone who carries out it; however credit must be given to those from
whom it came.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic history; Pancreatic surgery; Central pancreatectomy; Conservative pancreatectomy
Core tip: Central pancreatectomy (CP) is a parenchymasparing surgical procedure. Dagradi and Serio, in 1982,
performed the first CP including the resective and reconstructive aspects. Before the description of Dagradi
and Serio the previous descriptions of CP included only
different parts of the complete surgical technique. Subsequently Iacono has validated it with functional endocrine and exocrine tests and popularised it worldwide.
Nowadays CP is performed worldwide either by traditional open surgery or by minimally-invasive or robotic
approaches.
Iacono C, Ruzzenente A, Bortolasi L, Guglielmi A. Central
pancreatectomy: The Dagradi Serio Iacono operation. Evolution
of a surgical technique from the pioneers to the robotic approach.
World J Gastroenterol 2014; 20(42): 15674-15681 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i42/15674.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i42.15674

INTRODUCTION
Since the 1980s, the panorama of pancreatic resections
has widened, with the development of new operations
other than proximal and distal pancreatectomy (DP).
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Figure 1 Dr. JMT Finney (courtesy of National Library of Medicine National Institutes of Health Department of Health and Human Services
Bethesda, MD, United States).

The aims of these operations have been to spare normal pancreatic parenchyma. These new operations are
duodenum-sparing pancreas head resection[1], resection
of ventral or uncinate process of the pancreas[2], dorsal
pancreatectomy[3], middle preserving pancreatectomy[4]
and central pancreatectomy (CP)[5].
Although CP has gained its place in the clinical armamentarium of surgeons worldwide, many authors have reported incorrect information regarding the history of this
operation, and subsequent authors have perpetuated this
misinformation, because they not have carefully read and
considered the original papers and have simply repeated
the same wrong information without verification. This
has been confirmed in our systematic review and metaanalysis of the papers published in English literature[6,7].
The aim of this report was to clarify the history of
this technique in an attempt to avoid the emergence and
perpetuation of inaccuracies about the origin and development of the procedure.
Data sources
Reviewing all the papers for a systematic review and
meta-analysis, published on British Journal of Surgery 2013;
100: 873-885[7], we found out that most of the authors
reported wrong information or believed to have discovered the technique.
Credit for the first description of segmental pancreatic resection must be given to Oskar Ehrhardt of the
Elisabeth-Krankenhaus in Konigsberg, Prussia who published in 1908 on Dtsch med Wochenschr[8]. Finney[9] describes the operation performed by Ehrhardt in 1907 as
follows: “Woman age 32 years; three months previously
a gastroenterostomy had been performed for cancer of
the pylorus. Operation showed cancer of pylorus and a
separate tumor in head of pancreas. Stomach and upper
portion of duodenum together with most of head and
body of pancreas resected including duct of Wirsung.
The two extreme ends of pancreas were left. These were
then brought together by sutures and drained with gauze
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strips. Pancreatic fistula resulted. After two weeks piece
of necrotic pancreas discharged through wound after
which fistula closed”. In the original paper in German,
Ehrhardt described that at 4 mo from the operation the
patient suffered of local unresectable tumor recurrence
and died after 1 mo from the diagnosis of recurrence.
The original description in German reporting two cases
reads[8]: “Der erste Fall betraf eine 32 jährige Frau mit
einem seit etwa einem halben Jahr bestehenden Pyloruscarcinom. Im Mai 1907 fand sich bei der Laparotomie
ein überfaustgroßes Carcinom des Pylorus. im Pankreaskopf fühlte man einen zweiten Tumor [ich führte]
die Gastroenterostomia retrocolica post. [durch]. Am
4. August 1907 machte ich die Relaparotomie... man
musste zunächst den Magen resezieren [ich] musste die
Resektion am Duodenum bis in den absteigenden Teil
fortsetzen. Ich nahm noch große Stücke des Pankreas
fort. In der Tiefe dieses Defekts war ein Gang, der Ductus Wirsungianus eröffnet. Ich beschloss die Wundränder
im Pankreas aneinander zu nähen, und hatte die Freude,
dass ich wenigstens die Gegend des Ductus Wirsungianus
adaptieren und so eine Art von Naht des Ganges machen
konnt Ich legte einen Vioformgazestreifen in die Pankreaswunde. Der zweite Wundverlauf war ein guter, doch
blieb an der Tamponstelle eine Fistel, aus der sich nach
zwei Wochen ein ziemlich großer Sequester des Pankreas
ausstieß. Hiernach verheilte die Fistel.
Dieser güntige Zustand hielt indessen nur 4 Monate an,
im Dezember kam Patientin miteinem großen,inoperabeln
Rezidiv zumir. Es handelte sich um ein großs Drüsenrezidiv, an dem Patientin 5 Monate nach der Resektion zugrunde ging.
Im zweiten fall, den ich nur kurz schildern will, da
hier die Resektion des Pankreas wenig ausgedehnt war,
handelte es sich gleichfalls um ein Pyloruscarcinom. Auch
hier war der Tumor mit dem Pankreaskopf verwachsen.
[Ich] konnte ihn im Pankreas abtrennen ohne mit den
Arterien oder dem Ausführungsgang in Collision zu
kommen. Ich nähte die Drüsenkapsel. über dem Defekt
zusammen und schloß die Bauchwunde ohne zu tamponieren. Ich habe von der Patientin noch 1 ½ Jahre nach
der Operation günstige Nachrichten gehabt.”
Finney [9] (Figure 1) in 1910 described segmental
pancreatic neck resection for a cystic tumour. The two
stumps were oversewn and not drained enterically and,
as expected, the patient developed a pancreatic fistula.
The reported description of the operation reads[9]. “The
tumor would not shell out, and the whole middle portion of the gland was removed with it, leaving a small
area each of the head and tail. These two fragments were
brought together with mattress sutures of catgut. The
patient bore the operation well. A fistula developed at the
site of the drain which continued for about three months.
Three times, including our own case, the gland has been
completely divided and then the remaining portions
brought together and sutured. All three cases recovered’’.
For his time, Finney, first president of the American
College of Surgeons[10], described a unique operation,
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Figure 2 Technique performed by Guillemin and Bessot to reconstruct an
accidental pancreatic transection while searching for the Wirsung duct
for intraoperative wirsungraphy (published in Mem Acad Chir Paris; 83:
869-871, with permission of Mem Acad Chir Paris).

however reconstruction was made by suturing together
the two stumps. Suturing together two pancreatic stumps
is not currently considered appropriate. Nonetheless
it has been reported recently with anecdotal success in
three patients (one with mucinous cystadenoma and two
with traumatic transection of the pancreatic neck)[11] and
in experimental mongrel dog model[12] with an end-toend anastomosis between the two pancreatic stumps, and
with pancreatic duct anastomosis (duct-to-duct) with or
without stenting.
Takada et al[13] ascribed the first CP operation to the
work done by Honjyo in 1950[14]. This paper which was
published in Japanese, and unfortunately, for which
translation has been not available until now in literature,
described two cases of central resection of the pancreas
combined with gastrectomy for gastric cancer infiltrating the neck of the pancreas. Although Honjyo did a
central resection, the distal pancreatic stump was not
reconstructed. Instead it was oversewn and wrapped with
omentum in attempt to prevent pancreatic leakage. The
proximal stump was also oversewn.
The primary closure of distal pancreatic stumps without entero-pancreatic anastomosis is currently not considered appropriate. Nonetheless primary closure of the
distal stump was recently reported, surprisingly, without
any pancreatic fistulation[15].
Guillemin and Bessot[16] in 1957 or Letton and Wilson[17] in 1959 suggested by some authors as first Authors
to introduce CP, described only the reconstructive aspect
of CP. In fact Guillemin and Bessot[16] only carried out
transection of the isthmus followed by a double digestive
anastomosis of the two pancreatic stumps to an omegashaped jejunal loop (Figure 2).
Guillemin and Bessot[16] treated a patient with calcifying chronic pancreatitis and renal tuberculosis. In an attempt to visualize the main pancreatic duct, they inadvertently transected the entire pancreatic neck and decided
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to drain the two pancreatic stumps with an omega jejunal
loop.
The original description of their operation (in
French) reads. “Intervention le 27 mars 1957: le pancreas
volumineux est induré, rigide, sur toute son étendue, On
s’efforce de découvrir par punction le canal de Wirsung,
puis de pratiquer une pancréatographie. On ne recuille
pas de liquide, et les clichés ne son pas concluanis. l’incision du pancreas a la jonction de la tete avec l’isthme
ne permet pas de trouver le Wirsung. On arrive ainsi sur
le confluence portal. Devant cette situation, aprés avoir
realize une sectione transversale complete du pancreas
on prend la decision de faire une double anastomose du
sommet de l’anse jéjunale avec chacune des tranches de
section pancréatique. Anastomose pancréato-jéjunale en
deux plans aux points séparés, solidarisation par quelques
points des branches afférente et efferente de l’anse jéjunale qui est amarrée au mésocolon tranverse, anastomose
latéro-latérale jéjuno-jéjunale au pied de l’anse[16]”.
Letton and Wilson[17] performed the reconstructive
aspect of CP by oversewing the cephalic stump with interrupted sutures and carrying out a pancreatico-jejunostomy to the distal stump. However this reconstruction
was performed in a patient with traumatic transection of
the neck of the pancreas, although no pancreatic parenchymal resection was performed (Figure 3).
In 1982, Dagradi (Figure 4) and Serio planned and
performed the first CP to resect an insulinoma of the
pancreatic neck (Figure 5); they reported the technique in
1984 in Enciclopedia Medica Italiana (Figure 6)[5].
To spare normal pancreatic parenchyma, Dagradi and
Serio removed an insulinoma from the pancreatic neck by
CP. This landmark operation in 1982 marked the first use
of CP. These Authors described the resective and reconstructive aspects of the technique.
The original technique included the following steps.
After incision of the superior and inferior margins of the
pancreas the segment harbouring the lesion was mobilized, and the pancreas was isolated at its superior margin
from the splenic artery, ligating and severing some collateral vessels. Subsequently the posterior surface of the
pancreas was carefully dissected from the splenic vein in
such a way as to avoid vessel injury. After placing marginal stitches on the cephalic and distal sides, the pancreas was transected. The resected pancreatic specimen
was sent for pathological analysis to check the resection
margins and to confirm the diagnosis by frozen sections.
Haemostasis of the two raw surfaces was achieved with 4
or 5/0 stitches. Wirsung’s duct of the cephalic stump was
sutured selectively with a figure-of-eight stitch. A row
of 3/0 non-absorbable interrupted overlapping stitches
of the mattress type was along the entire length of the
stump and tied. An end-to-end pancreatico-jejunostomy
was carried out with a single layer of 3/0 non-absorbable
interrupted stitches. The operation was concluded with
the construction of an end-to-side jejuno-jejunostomy
with a double layer of absorbable stitches, approximately
50 cm distal to the pancreatic anastomosis.
Subsequently Serio and Iacono[18-35] have validated
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Figure 3 Drawing of reconstruction after pancreatic traumatic transection of the pancreatic neck using by Letton and Wilson (published on Surg Gynecol
Obstet 109: 473-478, with permission of Elsevier Science Inc. United States).

Figure 4 Professor Adamo Dagradi, a pioneer in hepato-biliary-pancreatic
surgery (from the book: Scritti in onore di Adamo Dagradi nel XXV anniversario del suo ordinariato, Grafiche Fiorini, Verona 1989 with permission).

and popularized this technique, with several reports in
the national and international literature as well as several
congress presentations and videos with the appropriate
indications and contraindications.
In these papers the indications for CP were: benign
lesions between 2 and 5 cm in size, where a simple enucleation entails risk of injury to the main pancreatic duct; cystic lesions not suitable for enucleation especially in young
patients; symptomatic serous cystadenoma; mucinous
cystadenoma; pseudopapillary tumours; small tumours
that are deeply located in the gland and are therefore not
eligible for simple enucleation; focal chronic pancreatitis
with isolated and short stenosis of Wirsung’s duct; solitary metastases in the pancreatic neck, for example, from
kidney, and metastatic pancreatic endocrine tumours in a
multimodality program treatment; and selected cases of
intraductal papillary mucinous neoplasm (IPMN).
The contraindications of this technique were: malignant tumours (especially ductal adenocarcinoma);
neoplastic involvement from other organs (e.g., stomach,
or colon); diffuse chronic pancreatitis; large lesions for
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Figure 5 Surgical specimen from the first central pancreatectomy operation to resect an insulinoma of the pancreatic neck (published in J Gastrointest Surg 11: 364-376 with permission of Springer, New York, United
States).

which it is not possible to preserve at least 5 cm of distal
pancreatic stump; distal body-tail atrophy; and Mellière
and Moullé type-Ⅲ pancreatic vascularisation (the bodytail of the pancreas receives its arterial blood supply exclusively from the transverse pancreatic artery, left branch
of the dorsal pancreatic artery)[36].
At the end of the 1980s, this technique aroused criticism owing to the high risk for the formation of fistula
because of the presence of two pancreatic stumps.
In 1988, the French surgeon Fagniez reported two
cases of limited conservative pancreatectomy[37]. Thereafter Asanuma et al[38] reported other two cases of segmental pancreatectomy in 1993, and in the same year Rotman
et al[39] of Fagniez group, reported 14 cases of medial
pancreatectomy.
This operation initially named intermediate pancreatectomy, in 1994 it was renamed as CP[24]. In 1995, the
results on 11 patients were presented at Annual Meeting
of Pancreas Club Inc. in San Diego by Iacono. Ikeda et
al[40] published their results with 24 cases, and FernandezCruz and colleagues described three cases (treated with
what they called conservative pancreatic resection)[41].
Many different terms to define the same operation
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appears a way to rediscover an already known technique.
Among the different denominations the term CP seem
to be the most appropriate and nowadays it it the most
frequently used in the literature. The other terms that can
be currently found are middle pancreatectomy, median
pancreatectomy, medial pancreatectomy, segmental pancreatectomy, limited conservative pancreatectomy, intermediate pancreatectomy.
In 1997 we assessed the functional results after CP
with oral glucose tolerance test, the pancreo-lauryl test,
and assay of faecal fat excretion in all of the operated patients; moreover in a subgroup of patients the same tests
were been performed before and after surgery[42]. Our results showed that there was no postoperative impairment
of endocrine and exocrine function.
In 1998, Warshaw at Massachusetts General Hospital in Boston applied this technique for the first time in
United States and described it in a paper entitled “Middle
segment pancreatectomy: a novel technique for conserving pancreatic tissue”[43].
In 1998, Partensky et al[44] reported the first 10 cases
of reconstruction of the distal stump with pancreaticogastrostomy. Currently, many pancreatic groups perform
CP worldwide[7,45-55].
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By the end of the 1990s, the number of publications
about CP had increased and to 2010, about 1000 cases
have been reported[6,7] (Figure 7).
More recently, in 2003, Baca and Bokan[56] performed
the first laparoscopic CP for a case of cystadenoma in a
55-year-old woman. Their full-text original paper was published only in German, while in English was published
only the abstract in which they reported the following description: “The patient was placed in lithotomy position.
Four trocars were placed the pancreas showed a 6-cm ×
6-cm × 6-cm, well-bordered, cystic tumor in the corpus.
The healthy tissue in the head area of the pancreas was
divided with the linear stapler. The resected pancreas segment was placed in an endobag until removal. The tail
segment was anastomized in situ end-to-side with the first
jejunum loop behind the Treitz’s ligament. There was no
postoperative complication, and the postoperative course
was observed...”.
Other authors have described cases managed with a
laparoscopic approach[7,57-60]. In 2004, Giulianotti et al[61,62]
performed the first robot-assisted CP. Since then, other
have also undertaken robot-assisted CP[7,62-65]. The description of the operation from the paper of Giulianotti
et al[62] was: ‘‘a 12-mm trocar was placed in order to position a 30-degree-scope robotic camera at the umbilicus.
Three 8-mm robotic ports were inserted. An additional
12-mm port was placed on the left side of the umbilicus
for use with the assistant’s instruments. The first part of
the procedure was performed laparoscopically. The gastrocolic ligament was opened. An ultrasonic examination
of the pancreas was performed. The da Vinci surgical
arm cart was then brought into a position directly cranial
to the patient and docked to the robotic trocars. The
splenic artery on the superior border of the pancreas was
dissected and surrounded with a vessel loop. The superior mesenteric vein was exposed at the inferior edge of
the pancreatic neck. Using the robotic grasper, a tunnel
was created under the pancreatic neck. Upon completion of the tunnel, tape was passed through, which was
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divided to the right side of the lesions by using an endoscopic stapler. Interrupted stitches of polypropylene
4/0 were applied to the proximal stump. The pancreatic
body was progressively dissected from the splenic vessels.
Each small branch of the splenic vein and artery, to and
from the pancreas, was tied and sectioned. Transection
of the pancreas was carried out on the left side of the lesions, using a robotic ultracision device. The anterior wall
of the distal pancreatic remnant was then anastomosed
to the posterior wall of the gastric body, using a single
layer of monofilament 4-0 running suture. The gastric
wall was and the posterior aspect of the pancreatic stump
was sutured to the posterior gastric wall by using a single
layer of monofilament 4-0 running suture. Interrupted
4-0 polypropylene stitches were placed to reinforce the
pancreaticogastrostomy and to achieve hemostasis of the
eventual bleeding point. Two drains were systematically’’.
In the systematic review, recently published, in 963 CP
operations performed before the end of 2010 a complication rate of 45.3% and a mortality rate of 0.8% were
reported. The incidence of exocrine and endocrine insufficiency was very low. The most frequent indications for
CP were endocrine tumours followed by cystic tumours[66].
From a technical perspective the most frequent
reconstruction for the distal stump was pancreaticojejunostomy followed by pancreatico-gastrostomy. On
the other hand, the proximal stump is treated in many
cases by burying it with interrupted stitches after elective
closure of Wirsung’s duct[6,7].
Some recent papers have compared CP with DP. A
meta-analysis confirmed that the exocrine and endocrine
functions are well preserved following CP compared to
DP despite a higher incidence of complications associated with CP than DP[6,7].

CONCLUSION
Since 1907 several surgeons applied in the evolution of
this technique, the pioneers in the demolitive part (Ehrhardt, Finney, Honjyo) and in the 50s in the reconstructive part (Guillemin and Bessott and Letton and Wilson),
only Dagradi and Serio in 1984 published the complete
surgical intervention.
Nowadays CP is performed worldwide either by traditional open surgery or by minimally-invasive or robotic approaches. This confirms that the operation does not belong
to whom introduced it but to everyone carries out it; however, credit must be given to those from whom it came.
CP is not an alternative to PD or DP. For expert
pancreatic surgeons it can be the procedure of choice
for benign or low-grade malignant lesions of the neck or
proximal body of the pancreas because it does not impair
exocrine and endocrine function, even though it increases
the risk of postoperative pancreatic fistula.
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Abstract
Resistance to 5-fluorouracil (5-FU), an important anticancer drug, is a serious challenge in the treatment of
pancreatic cancer. Equilibrative nucleoside transporter
1 and multidrug-resistance protein (MRP) 5 and MRP8,
rather than P-glycoprotein, play important roles in 5-FU
transport. Thymidylate synthase, dihydropyrimidine
dehydrogenase, methylenetetrahydrofolate reductase
and thymidine phosphorylase are four key enzymes involved in 5-FU metabolism. Other metabolic enzymes,
including uridine monophosphate synthetase, also
contribute to chemoresistance. Intracellular signaling
pathways are an integrated network, and nuclear factor kappa-light-chain-enhancer of activated B cells,
AKT and extracellular signal-regulated kinases are signaling pathways that are particularly relevant to 5-FU
resistance. In addition, recent reports indicate that
STAT-3 is a crucial survival protein. Proteomic assays

WJG|www.wjgnet.com

provide a powerful tool for identifying target proteins
and understanding the role of microRNAs and stromal
factors to facilitate the development of strategies to
combat 5-FU resistance.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: 5-fluorouracil; Resistance; Transporters;
Metabolic enzyme; Signaling pathway; Stromal factors;
MicroRNA; Proteomic investigation
Core tip: 5-fluorouracil (5-FU) is one of the most important drugs for human pancreatic cancer. Although
recent studies have questioned the effectiveness of
5-FU against pancreatic cancer, it remains a good
choice for pancreatic cancer. Our paper discusses recent studies that provide novel insights into 5-FU chemotherapy in pancreatic cancer.
Wang WB, Yang Y, Zhao YP, Zhang TP, Liao Q, Shu H. Recent
studies of 5-fluorouracil resistance in pancreatic cancer. World J
Gastroenterol 2014; 20(42): 15682-15690 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i42/15682.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i42.15682

INTRODUCTION
Pancreatic cancer is one of the most fatal types of cancer
worldwide, accounting for 3% of new cancer cases and
6% of all cancer-related deaths in the United States[1].
The annual death rate for pancreatic cancer patients has
remained stable over the past 10 years, and approximately
4% of patients survive for 5 years after diagnosis[2]. 5-fluorouracil (5-FU), a widely accepted anti-cancer drug, was
ﬁrst introduced in 1957[3]. As a pyrimidine analog, 5-FU
exerts its anticancer effects through the inhibition of thymidylate synthase (TS) and the incorporation of its metabolites into RNA and DNA[4,5]. Despite initial doubts
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concerning the efficacy of 5-FU, numerous studies have
since demonstrated a valuable role for 5-FU in combined
treatment protocols compared with single gemcitabine
chemotherapy [6,7]. However, 5-FU chemoresistance,
which may result from deficient drug uptake, alterations
of targets, activation of DNA repair pathways, resistance
to apoptosis and the tumor microenvironment, and other
serious problems have been reported[8]. In this review, we
will discuss recent studies that provide novel insights into
the mechanisms of 5-FU resistance.

TRANSPORT MECHANISMS
5-FU targets intracellular enzymes, and thus, the efficiency of 5-FU treatment depends on transport systems.
However, there is little information regarding the role of
transporters in mediating 5-FU resistance in pancreatic
cancer. Nucleoside transporter systems, including human
equilibrative nucleoside transporters (hENTs) and concentrative nucleoside transporters (hCNTs), particularly
hENT1, play important roles in the cellular uptake and
supply of nucleosides and nucleoside analogues. Tsujie
et al[9] reported that high expression of hENT1 mRNA
led to low sensitivity to 5-FU in pancreatic cancer, which
suggests that hENT1 plays an important role in 5-FU resistance and that hENT1 mRNA levels might be a useful
marker to predict 5-FU sensitivity in pancreatic cancer.
Furthermore, Gao et al[10] observed that inhibition of
hENT1 by dipyridamole (DP) could increase the intracellular concentration of 5-FU, thereby enhancing cytotoxicity in human pancreatic cancer cell lines. High expression of hENT1 may preferentially facilitate the uptake
of nucleosides relative to 5-FU. Alternatively, hENT1
may provide a bilateral channel for 5-FU, whereas other
transporters actively pump 5-FU into the cell. For example, 5-FU is a substrate of the human organic anion
transporter 2 (hOat2, SLC22A7)[11] but not hCNT1[12].
Members of the ATP-binding cassette (ABC) transporter
superfamily facilitate drug resistance via their role as efflux pumps. Interestingly, P-glycoprotein (P-gp, ABCB1),
which is encoded by the multidrug resistance 1 gene
(MDR1) and is the most common drug resistance ABC
transporter, is not involved in 5-FU resistance[13], but the
expression of multidrug-resistance protein 5 (MRP5,
ABCC5)[14-16] and MRP8 (ABCC11)[17] is correlated with
cellular 5-FU sensitivity.
The role of breast cancer resistance protein (BCRP,
ABCG2) remains controversial. ABCG2 can transport
the nucleotide CdAMP, similar to several other ATPbinding cassette transporters of the ABCC (multidrug
resistance protein) family, and the nucleoside cladribine.
In addition, the expression of ABCG2, a target gene of
MSX2, correlates with chemoresistance in pancreatic
cancer[18,19].

METABOLIC ENZYMES
Previous studies focused primarily on genes involved in
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5-FU metabolism. Four intracellular enzymes are considered key determinants in controlling 5-FU sensitivity or
resistance: thymidylate synthase (TS, TYMS), dihydropyrimidine dehydrogenase (DPD), methylenetetrahydrofolate reductase (MTHFR) and thymidine phosphorylase
(TP)[20]. The majority of studies have focused on gene
polymorphisms or expression, and few have examined
pancreatic cancer.
5-fluorodeoxyuridine monophosphate (5-FdUMP),
the metabolite of 5-FU, directly binds to TS and inhibits
its activity, catalyzing the conversion of deoxyuridine
monophosphate (dUMP) to deoxythymidine monophosphate (dTMP) using 5,10-methylene tetrahydrofolate
(CH2THF) as the methyl donor[4]. Immunohistochemical
analysis of paraffin-embedded tissues from 212 patients
with pancreatic head or periampullary cancer following
5-FU-based adjuvant treatment revealed a significantly
increased median survival of patients with low intratumoral TS expression compared with those patients with
high TS expression[21]. Furthermore, high TS expression
was an independent predictor of poor prognosis. The
TS gene can be classified into two different “alleles”
based on the expression of a 28-bp variable number tandem repeat (VNTR) in the 5’ untranslated region (UTR)
of TS: either two repeats (2R) or three repeats (3R) (with
three common genotypes, 2R/2R, 2R/3R and 3R/3R)[22].
In addition, the 3R allele can be subclassified according
to the presence of a single nucleotide polymorphism
(SNP) replacing a cytosine with a guanine (G/C) in 3R
(3C or 3G)[23]. An analysis of a panel of seven pancreatic
cancer cell lines revealed that cells of the 3R/3R genotype, which express high levels of the TS protein, exhibit
lower sensitivity to 5-FU compared with cells of the
2R/2R or 2R/3R genotype[24]. In a clinical study of patients with metastatic gastrointestinal cancer, Cui et al[25]
observed that patients with the 2R/3R genotype may be
more sensitive to chemotherapeutic regimens, including
5-FU, than those with 3R/3R. By contrast, Hur et al[26]
observed no significant difference in the tumor responses of 3R/3R and 2R/3R patients. In a meta-analysis of
20 studies, Wang et al[27] observed a significant increase
in the overall survival of rectal cancer patients exhibiting the TS 3R/3R genotype. Taken together, these data
highlight the need for further studies investigating the
role of TS polymorphisms in 5-FU resistance.
TS, FdUMP and CH2FH4 form an inactive ternary
complex that is stabilized by high CH2FH4 levels. MTHFR, a key regulatory enzyme involved in intracellular
folate metabolism, converts CH2FH4 to 5-methyltetrahydrofolate (CH3FH4) and reduces 5-FU efficacy. The two
most common polymorphisms linked to altered enzymatic activity are C677T and A1298C. In preclinical studies,
the C677T mutation was associated with increased chemosensitivity of colon and breast cancers to 5-FU[28], and
mutated A1298C variants exhibited enhanced 5-FU efficacy[29]. Clinical studies performed by Delgado-Plasencia
et al[30] demonstrated that colorectal cancer (CRC) patients
expressing variant T genotypes (CT or TT) at the C677T
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polymorphism exhibited a higher survival rate after chemotherapy than the homozygote CC variant. No significant associations between the MTHFR c.1298 genotypes
or MTHFR diplotypes and survival were observed[31].
More than 80% of administered 5-FU is catabolized
by DPD in the liver. Thus, patients with DPD enzyme
deficiency are at risk for developing serious 5-FU toxicity. Previous studies have demonstrated an association
between DPD expression and patient survival. Immunohistochemical analysis of DPD expression in 176
patients with upper tract urothelial carcinoma (UTUC)
revealed no significant association between DPD levels
and patient prognosis. However, significantly higher levels of cell growth inhibition and a higher IC50 value for
5-FU were observed in UMUC-3 cells following targeted
silencing of DPD by siRNA compared with controls[32].
Ciaparrone et al[33] demonstrated that CRC patients receiving adjuvant, systemic 5-FU and exhibiting high DPD
expression had significantly shorter disease-free survival
and overall survival compared with patients with low
DPD expression. An analysis of 15 human pancreatic
cancer cell lines and two 5-FU-resistant sub-lines revealed
a significant correlation between 5-FU IC50 values and
the expression of TS × DPD (quantitative analyses of
mRNA expression levels), suggesting that pancreatic
cancer cells with high TS and/or DPD levels are more
resistant to 5-FU[34].
The first step of activation of 5-FU in tumor tissues
involves the conversion of 5-FU to fluorodeoxyuridine
by TP. TP, also referred to as platelet-derived endothelial
cell growth factor, is an angiogenic factor that promotes
angiogenesis in vivo and stimulates the in vitro growth of
a variety of endothelial cells. The role of TP in the clinical response to fluoropyrimidine-based chemotherapy
is complex. In a clinical study involving 35 patients with
newly diagnosed, locally advanced pancreatic cancer
who received radiotherapy with capecitabine, which is
metabolized to 5-FU by TP, Saif et al[35] revealed that a
lower TP/DPD mRNA ratio was significantly associated
with higher overall survival. Miyake et al[36] also observed
this association in a cohort of 25 pancreatic cancer patients following immunohistochemical analysis of the
TP/DPD ratio in their surgical specimens.
Furthermore, Griffith et al[37] observed differential expression of uridine monophosphate synthetase (UMPS)
isoforms in the MIP101 and MIP/5-FU CRC cell lines
and demonstrated that a low UMPS A/B isoform ratio,
rather than the abundance of UMPS mRNA, might be
predictive of 5-FU resistance.
Taken together, these studies indicate that intracellular nucleoside metabolic enzymes are promising candidates as mediators of 5-FU resistance.

ROLE OF GENES INVOLVED IN CELL
CYCLE REGULATION, PROLIFERATION,
REPAIR AND APOPTOSIS
DNA and/or RNA damage caused by 5-FU leads to the
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activation of DNA repair systems or apoptosis. Thus,
the alteration of genes involved in cell cycle regulation,
proliferation, repair and apoptosis plays an important
role in 5-FU resistance.
To investigate genes involved in 5-FU resistance, Wang
et al[38] performed gene expression analysis using HGU133A arrays in five breast cancer cell lines, including
the 5-FU resistant cell lines MCF-7FU1, MCF-7FU5 and
T47DFU2.5 and their drug-sensitive parental counterparts,
MCF-7WT and T47DWT. Significant down-regulation of key
genes involved in 5-FU activation was observed in 5-FU
resistant cells, including TK, UMPK and OPRT. Furthermore, overexpression of genes involved in cell cycle regulation, proliferation, repair and apoptosis, including TS,
c-YES, NF-ES, p65 and c-Flip, was detected in the resistant
cell lines. Cotransfection of NF-κB p50 and p65 cDNA
induced 5-FU resistance in MCF-7 cells and reduced the
expression of genes governing the G1-S and S-phase
transitions. Cotransfection of NF-κB p50 and p65 cDNA
induced 5-FU resistance in MCF-7 cells. Both NF-κBand 5-FU-induced resistant cell lines exhibited reduced
expression of genes governing G1-S and S-phase transitions. The expression of genes involved in DNA replication was also down-regulated in resistant cell lines. These
findings were highly consistent with the slower growth
rate, higher proportion of G1 cells and lower proportion
of S-phase cells in the resistant cell lines. This phenotype
may protect resistant cells from cell death induced by the
incorporation of 5-FU into DNA chains by allowing time
to repair 5-FU-induced damage[38].
Ischenko et al[39] tested the hypothesis that inhibition
of Src tyrosine kinase could augment the chemosensitivity of the drug-resistant human pancreatic cancer cell
lines AsPC5-FU RES and L3.6pl5-FU RES to 5-FU. The
authors observed the following: (1) inhibition of Src
tyrosine kinase activity by PP2 enhances 5-FU-induced
cytotoxicity and induces apoptosis in 5-FU-resistant
cells following 5-FU treatment; (2) Src specifically regulates 5-FU chemosensitivity in both the parental and
chemotherapy-resistant cell lines; (3) overexpression of
TS in chemotherapy-resistant cell lines is suppressed by
PP2; and (4) 5-FU-induced EGFR–AKT pathway activation is affected by PP2 in chemotherapy-resistant cell
lines, and PP2 restores the chemosensitivity of AsPC5FU RES pancreatic tumors to 5-FU in vivo [39]. Taken
together, these studies indicate that 5-FU resistance may
be reversed by PP2, a Src tyrosine kinase inhibitor, via
the EGFR-Akt pathway, by overcoming TS regulation.
Zhao et al[40] also observed that pERK expression levels
were noticeably increased in 5-FU-resistant SW1990/FU
cells compared with their parental cell line. Treatment of
SW1990/FU cells with the ERK inhibitor PD98059 sensitized cells to 5-FU by activating caspase-8 and reducing phospho-Bcl-2. Yoon et al[41] also reported that the
AKT and ERK1/2 signaling pathways were activated in
the 5-FU-resistant intrahepatic cholangiocarcinoma cell
line SCKR. Bcl-2 expression was also elevated in these
cells, and the phosphoinositide 3-kinase (PI3K) inhibitor
LY294002 was capable of altering this phenotype.
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Can et al[42] demonstrated the importance of a Ca2+calmodulin (CaM)-p53 axis in 5-FU-induced extrinsic
apoptosis. Inhibition of this pathway using a Ca2+-chelator or inhibitors of CaM abrogated the ability of 5-FU
to activate caspase-8 and inhibited subsequent cell death.
Furthermore, both TS inhibition and misincorporation
of 5-FU metabolites into RNA result in p53 stabilization, and p53 may be involved in downstream signaling
pathways in response to 5-FU[4].
Dicitore et al[43] reported that aberrant constitutive activation of STAT3 protein is frequently detected in pancreatic adenocarcinoma, and type Ⅰ interferons (IFNs),
especially IFN-α, activated the JAK-2/STAT-3 pathway.
Dicitore et al[44] also reported the therapeutic role of
peroxisome proliferator-activated receptor γ (PPAR-γ) in
combination with other drugs (IFNs, gemcitabine and
COX-2 inhibitors), highlighting molecular interactions
and signaling pathways involved in pancreatic cancer
cells, including Ras/Raf/MAPK pathway, Akt/PKB
signaling, and Erk-1/2 pathway. Vitale et al[45] treated human pancreatic cell line BxPC-3 with combination of
recombinant IFN-β and PPAR-γ agonist troglitazone,
and found a synergistic growth inhibition by MTT assay.
Westen blot analysis showed that IFN-β-induced activation of STAT-3, MAPK, and Akt could be counteracted
by TGZ-induced inactivation of STAT-3. The combination also decreased anti-autophagic bcl-2/beclin-1 complex formation due to inactivation of the Akt-mTORdependent pathway. Spitzner et al[46] recently demonstrated that STAT-3 inhibition sensitizes colorectal cancer to
5-FU–based chemoradiotherapy (CT/RT) both in vitro
and in vivo. Inhibition of STAT3 by RNAi-mediated silencing in both SW480 and SW837 cell lines exposed to
3 μmol/L of 5-FU and irradiation, and a subcutaneous
xenograft model led to profound CT/RT sensitization.
The inhibitory effect of STAT-3 in pancreatic cancer is
worth expecting.
Cell signaling networks encompass numerous complicated pathways that involve significant crosstalk. To
describe the main molecular mechanisms of 5-FU chemoresistance, we created an illustration based on many
related studies; further studies are necessary to elucidate
the roles of these networks (Figure 1).

CONTRIBUTION OF STROMAL FACTORS
TO DRUG RESISTANCE
Pancreatic cancer cells are typically surrounded by dense
stroma. Stromal factors contribute significantly to the
tumor microenvironment, but the role of the cancer
microenvironment in 5-FU chemoresistance is just beginning to be explored. Sato et al[47] tested the sensitivity
of MiaPaCa-2 and AsPC-1 cells to 5-FU following preincubation with recombinant annexin Ⅱ (rANX Ⅱ). In
MiaPaCa-2 cells, treatment with rANX Ⅱ led to the suppression of caspase-3 activation and increased Bcl-2/Bax
ratio. Pre-incubation of cells with rANX Ⅱ increased
5-FU resistance. Chen et al[48] demonstrated that the ex-
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pression of focal adhesion kinase (FAK) related to 5-FU
chemosensitivity involves an Akt/NF-kappaB signaling pathway in human CRC cells. Suppression of FAK
expression significantly decreased 5-FU resistance and
markedly increased the apoptosis of multicellular spheroid culture cells. Thus, 5-FU chemoresistance also requires the FAK/Akt/NF-κB survival signaling pathway.
Expression of the obesity hormone leptin[49], stromal cellderived factor-1α (SDF-1α)/CXCR4 cross-talk[50] and
[51]
β6-integrin expression have also been associated with
5-FU resistance in colon cancer cells. In addition to these
classical signaling pathways, a new membrane receptor,
calcium sensing receptor (CaSR), has also been shown to
regulate drug resistance. Activation of CaSR by extracellular Ca2+ or its agonists enhanced the sensitivity of human colon carcinoma cells to 5-FU and down-regulated
TS expression and the anti-apoptotic protein survivin[52].
Furthermore, the tumor-suppressive function of vitamin
D in human colon carcinoma cells requires functional
CaSR and promotes a cytotoxic response to 5-FU in a
CaSR-dependent manner by suppressing the expression
of TS and survivin[53]. Recent increased interest in pancreatic stellate cells should provide novel findings related
to 5-FU resistance and the tumor microenvironment.

MICRORNAS AND 5-FU RESISTANCE
MicroRNAs (miRNAs) are small, 19-25 nucleotide (nt),
non-coding RNAs that function as post-transcriptional
regulators capable of blocking the translation of mRNAs
into protein and/or promoting the degradation of target
mRNAs. Kurokawa et al[54] profiled the expression of
miRNAs in DLD-1/R and KM12C/R cells, two 5-FUresistant colon cancer sub-lines derived from the DLD-1
and KM12C cell lines, using Agilent human miRNA
microarrays (G4471A) that included 723 human and 76
human viral miRNAs from the Sanger miRBase release
10.1. The authors identified the specific up-regulation
of eight miRNAs in DLD-1/R cells and 22 miRNAs
in KM12C/R cells, in particular, miR-19b and miR-21.
Subsequent miRNA: mRNA immunoprecipitation
(RIP)-Chip analysis demonstrated that 66 mRNAs were
recruited following the transfection of miR-19b into
DLD-1 and DLD-1/R cells, including SFPQ (splicing
factor proline and glutamate-rich), which has been linked
to cell cycle function. SFPQ functions at different cell
cycle stages to maintain sister chromatid interactions[55],
and depletion of this gene has been shown to cause
abnormal cell accumulation in the S phase of the cell
cycle[56]. Similarly, Rossi et al[57] observed up-regulation of
miR-19a (a paralog of miR-19b) and miR-21 in HT29 and
HCT-119 colon cancer cells in response to 5-FU exposure.
The majority of miR-21 targets are tumor suppressors, including PTEN[58,59], PDCD4[59] and Bcl-2[59]. By performing
in silico analysis coupled to experimental validation, Boni et
al[60] determined that miR-192 and miR-215 target TYMS
expression in CRC cell lines; however, down-regulation
of TYMS by miR-192/215 did not sensitize CRC cell
lines to 5-FU treatment. Based on these results, the au-
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Figure 1 Pancreatic cancer cell survival pathways in 5-fluorouracil resistance. DNA and/or RNA damage caused by 5-fluorouracil (5-FU) leads to the activation
of DNA repair systems or the apoptosis cascade. Several cell survival pathways, including the epidermal growth factor receptor (EGFR)/mitogen-activated protein
kinase (MAPK)/extracellular signal-regulated kinase (ERK) pathway, Akt/mechanistic target of rapamycin (mTOR) pathway, STAT3 dependent pathway, phosphatidyl
inositol 3-kinase (PI3K)/nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) pathway and Wnt/GSK3b/b-catenin pathway, are involved in 5-FU resistance in pancreatic cancer.

thors hypothesized that additional events induced by the
knockdown of proteins targeted by miR-192 are likely
involved in the cellular response to 5-FU independent
of TYMS inhibition. Ectopic expression of miR-192 in
RKO and LoVo cells transfected with siRNA targeting
TYMS decreased 5-FU chemosensitivity. The functions
of other miRNAs are currently under investigation, and
the use of online databases will likely be critical in understanding their roles in mediating 5-FU resistance[61].
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Proteomic investigation of 5-FU resistance
Proteomics is a powerful tool for detecting and identifying
drug resistance-related proteins. Two-dimensional gel electrophoresis (2-DE) followed by mass spectrometry (MS),
such as liquid chromatography-tandem mass spectrometry
(LC-MS/MS) or matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS),
is now a commonly employed method. A significant number of studies have investigated the mechanisms underly-
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ing gemcitabine resistance in pancreatic cancer cells[62-64],
and similar studies related to 5-FU resistance are now
underway. Yoshida et al[65] identified 40 differentially expressed protein spots between TS-1-resistant cells, PK45p
and KLM-1, and TS-1-sensitive cells, Panc-1, BxPC-3,
MiaPaCa-2 and PK59, using 2-DE and LC-MS/MS. TS-1
is a mixture of 5-FU and tegafur (FT), a metabolically
activated prodrug of 5-FU. Among the 40 differentially
expressed proteins, 29 were up-regulated, including hypoxia up-regulated protein 1 (oxygen regulated protein,
ORP150) and annexin A1. Kimura et al[66] identified two
ribosomal proteins, L15 and L37, by proteomic analysis
of DLD-1 and DLD-1/5-FU cells by 2-DE and MALDITOF/TOF-MS/MS. Tan et al[67] identified 102 unique
proteins, including p16, Maspin, PRDX6, PSMB7, MYL6,
PHB and HSP27, in the altered hepatocellular carcinoma
(HCC) cell line SMMC-7721/5-FU compared with parent cells. Furthermore, down-regulation of PRDX6 and
PSMB7 enhanced 5-FU sensitivity in SMMC-7721/5-FU
cells. Isobaric tags for relative and absolute quantitation
(iTRAQ) is a non-gel-based technique used to quantify
proteins from different sources in a single experiment
followed by LC-MS/MS[68]. Using this technique, Tong
et al[69] identified 52 proteins that were differentially expressed in the HCC cell line BEL7402/5-FU compared
with its 5-FU-sensitive counterpart, BEL7402. Of these
52 differentially expressed proteins, 26 were increased in
BEL7402/5-FU, notably annexin A3 (ANX3), one of the
least-studied members of the annexin family. Importantly,
suppression of ANX3 led to the enhancement of 5-FU
sensitivity in BEL7402/5-FU cells. Although these experiments are associated with inherent technical variability,
proteomic studies provide new targets for investigating
novel mechanisms of 5-FU resistance.

CONCLUSION
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More than 60 years after its development, 5-FU continues to be an important anticancer drug. However,
more significant studies are required to understand the
mechanisms underlying 5-FU resistance in pancreatic
cancer. Screening at the genomic and proteomic levels
has provided an abundance of candidate targets, and
summarizing these studies and applying this knowledge
for the development of successful 5-FU-based treatment
strategies are essential. With comprehensive databases,
the analysis of signaling networks, protein-protein interactions and intracellular-extracellular crosstalk is now
possible. Multi-drug resistance studies have increased
interest in drug-directed research. The study of chemoresistance mechanisms is likely to promote the application of novel, successful combination chemotherapy
protocols for improved outcomes for cancer patients.
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CONCLUSION: After the intravenous administration of
cisplatin, abnormal motor activity was produced in the
involved vagus nerve and in the involved serotonergic
neurons via another pathway. This study was the first
to determine the relationship between 5-HT and emesis-induced motor activity.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
AIM: To investigate whether 5-hydroxytryptamine (serotonin; 5-HT) is involved in mediating abnormal motor
activity in dogs after cisplatin administration.
METHODS: After the dogs had been given a 2-wk recovery period, all of them were administered cisplatin,
and the motor activity was recorded using strain gauge
force transducers. Blood and intestinal fluid samples
were collected to measure 5-HT for 24 h. To determine
whether 5-HT in plasma or that in intestinal fluids is
more closely related to abnormal motor activity we
injected 5-HT into the bloodstream and the intestinal
tract of the dogs.

WJG|www.wjgnet.com

RESULTS: Cisplatin given intravenously produced abnormal motor activity that lasted up to 5 h. From 3 to
4 h after cisplatin administration, normal intact dogs
exhibited retropropagation of motor activity accompanied by emesis. The concentration of 5-HT in plasma
reached the peak at 4 h, and that in intestinal fluids
reached the peak at 3 h. In normal intact dogs with
resection of the vagus nerve that were administered
kytril, cisplatin given intravenously did not produce
abnormal motor activity. Intestinal serotonin administration did not produce abnormal motor activity, but
intravenous serotonin administration did.

Core tip: Previous studies have investigated the motility
change unique to cisplatin-induced emesis. This study
is the first to investigate whether 5-hydroxytryptamine
(serotonin; 5-HT) is involved in mediating abnormal
motor activity in dogs after cisplatin administration.
Cisplatin given intravenously produced abnormal motor activity that lasted up to 5 h. In normal dogs with
resection of the vagus nerve that were administered
5-HT 3 receptor antagonist (kytril), cisplatin given intravenously did not produce abnormal motor activity.
Abnormal motor activity was produced in the involved
vagus nerve and in the involved serotonergic neurons
via another pathway.

15691

November 14, 2014|Volume 20|Issue 42|

Ando H et al . peripheral mechanism underlying cisplatin-induced emesis
Ando H, Mochiki E, Ohno T, Yanai M, Toyomasu Y, Ogata
K, Tabe Y, Aihara R, Nakabayashi T, Asao T, Kuwano H.
Mechanism of gastrointestinal abnormal motor activity induced
by cisplatin in conscious dogs. World J Gastroenterol 2014;
20(42): 15691-15702 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i42/15691.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i42.15691

INTRODUCTION
Cisplatin is a widely used chemotherapeutic drug in cancer treatment; however, it produces many side effects,
including nephrotoxicity, emesis, and diarrhea[1]. Emesis
is an especially common and severe side effect after cisplatin administration. The main mechanism of cancer
chemotherapeutic induced acute emesis is thought to be
the stimulation of the vomiting center of the medulla
oblongata by 5-hydroxytryptamine (serotonin; 5-HT),
which is released from intestinal enterochromaffin (EC)
cells following cisplatin administration via afferent vagal
nerve fibers[2]. Suppression of nausea appears to be due
to an antagonistic action on the 5-HT3 receptors[3]. After
the 5-HT receptors were classified by Bradley et al[4], selective antagonists of 5-HT3 receptors were developed.
Many studies have confirmed the pharmacological role
of 5-HT, and particularly 5-HT3 receptors, in the control of anticancer drug-induced emesis[5]. However, the
mechanism of emesis-induced abnormal gastrointestinal
motility remains unclear.
The gastrointestinal (GI) tract is the largest single
store of 5-HT within the mammalian body due to the
presence of EC cells in the intestinal mucosa[6] and serotonergic neurons in the enteric nervous system, such
as the myenteric plexus[7]. Most of the experiments have
been carried out in vitro[8-10]. One study has shown that
5-HT can be released from EC cells into the intestinal
lumen[11] and portal circulation via mechanisms associated with cholinergic and adrenergic actions, intraluminal
pressure, hypertonic glucose, or luminal acidification[10,12].
However, the precise role of 5-HT in the occurrence of
vomiting has not been fully elucidated.
Since emesis is known to be accompanied by abnormal gastrointestinal motility[13-17], in the present study, we
focused on both gastrointestinal motor activity and the
concentrations of 5-HT in plasma and intestinal fluids
of conscious dogs after intravenous administration of
cisplatin. We investigated whether 5-HT is involved in
mediating abnormal gastrointestinal motor activity in
conscious dogs. We also studied the relationship between
plasma and luminal concentrations of 5-HT in conscious
dogs after intravenous administration of cisplatin. This
study is the first to determine the relationship between
5-HT and emesis-induced gastrointestinal motor activity.
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MATERIALS AND METHODS
Animal preparation
Healthy mongrel dogs of both sexes weighing 10-15 kg
were used. All dogs were fasted overnight and then anesthetized by a single intravenous injection of thiopental
sodium (Ravonal; Tanabe Pharmaceutical, Osaka, Japan;
20 mg/kg body weight). General anesthesia was maintained by intratracheal inhalation of halothane (Fluothane; Takeda Chemical Industries, Osaka, Japan) and
oxygen. A silastic tube (Silastic 602-205; Dow Corning,
Midland, MI) was inserted into the superior vena cava
through a branch of the right external jugular vein (jugular tube) and used for the withdrawal of blood samples
and injections. The jugular tube was brought out through
a skin incision on the neck, and its outer end was fixed
to the adjacent skin with silk sutures. The abdominal
cavity was opened by a middle incision.
Force transducers were implanted on the serosal surfaces of the gastric body, antrum, pylorus, mid-duodenum,
and jejunum 1 and 2 (20 and 40 cm distal to Treitz’s ligament, respectively). Another silastic tube (Silicone tube
SR1554; Tigers Polymer, Osaka, Japan) was inserted into
the duodenum through the duodenal wall (duodenal
tube) and used for the injection of agents and the withdrawal of intestinal fluid samples. The lead wires of the
force transducers and the duodenal tube were taken out
of the abdominal cavity through a subcutaneous tunnel
and brought out through a skin incision made between
the right and left scapula. After closure of the abdominal
cavity, a jacket-type protector was placed on each dog to
protect the lead wires and tubes from being damaged if
the dogs scratched themselves. The dogs were housed in
individual experiment cages, maintained with intravenous
drip infusions of Lactec G (Otsuka Pharmaceutical,
Tokyo, Japan) for 6 d postoperatively, and gradually returned to normal dog food (Funabashi Farm, Funabashi,
Japan; 15 g/kg body weight per day). This study was
approved by the Review Committee on Animal Use at
Gunma University, Maebashi, Japan (07-139).
Monitoring of gastrointestinal contractions
The wires from the transducer were connected to a telemeter, and the data were transmitted to a recording system (Eight Star system, Star Medical, Tokyo, Japan). Recorded signals were used to determine the motility index
(MI) values. The MI was the integrated area between the
baseline (zero level) and the contractile wave expressed
as motor units measured with the Eight Star system. In
addition, the data were used to identify the phases of
contractile activity. Each phase was visually determined
according to the following criteria: the quiescent period
was defined as phase Ⅰ; phase Ⅱ consisted of clusters
of irregular contractions that followed phase Ⅰ and preceded phase Ⅲ; phase Ⅲ was the period during which a
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group of strong contractions lasting more than 15 min
occurred; and phase Ⅳ was a short period of subsiding
contractions immediately following the phase Ⅲ contractions.
Test substances
Cisplatin and 5-HT (serotonin hydrochloride: SigmaAldrich Japan K.K., Tokyo, Japan) were dissolved in an
injection solvent (Hikari Pharmaceutical, Tokyo, Japan)
immediately before use. Cisplatin was donated by Nippon Kayaku (Tokyo, Japan). The dexamethasone sodium
phosphate (decadron phosphate injection; Banyu Pharmaceutical, Tokyo, Japan), α-receptor antagonist phentolamine (regitin) (Novartis Pharma K.K., Tokyo, Japan),
β-receptor antagonist propranolol (inderal) (AstraZeneca
K.K., Osaka, Japan), 5-HT3 receptor antagonist (kytril) (Chugai Pharmaceutical, Tokyo, Japan), muscarinic
receptor antagonist atropine (Tanabe Pharmaceutical,
Osaka, Japan), and dopamine D2 receptor antagonist
(prinperan) (Astellas Pharmaceutical, Tokyo, Japan) were
purchased. The antagonist doses were determined according to previous studies[2,10,18-22]. Emesis did not occur in dogs receiving 1.0 mg/kg cisplatin; however, it
did occur in dogs receiving 1.2 mg/kg cisplatin, which
was the dose selected for the present study. In previous
studies[19,20,22], dogs were usually given cisplatin at a dose
of 3.0 mg/kg, about three times higher than the dose
administered in the present low-dose study. Before each
intravenous administration of cisplatin, we confirmed
that there was no abnormal motor activity.
Experimental protocol
Effects of cisplatin and drugs on cisplatin-induced
emesis: The experiments were started after all the dogs
had been given a 2-wk recovery period. Before cisplatin
administration, the interdigestive state of each dog was
recorded for at least 6 h as a control study. After control data were obtained from each dog, the study with
cisplatin and various other drugs commenced. After
the interdigestive migrating motor contractions (IMCs)
were confirmed to have occurred and 20 min after the
spontaneous phase Ⅲ contractions of the jejunum 2
(40 cm distal to Treitz’s ligament) had terminated, all
the dogs were administered cisplatin (1.2 mg/kg). Blood
and intestinal fluid samples were withdrawn from the
jugular tube and duodenal tube 0, 1, 3, 4, 5, 7, 9, and 24
h later, and 5-HT was measured. For the 5-HT measurements, whole blood and intestinal fluids were collected
in vacuum plastic tubes containing ethylenediaminetetraacetic acid (EDTA) 2Na. The fluids were then frozen
and stored at -30 ℃ until assaying. The samples were
subjected to high-performance liquid chromatography
(HPLC) (BML, Kawagoe, Japan).
Dexamethasone (1 mg/kg), phentolamine (regitin; 0.5
mg/kg), propranolol (inderal; 0.5 mg/kg), or granisetron
(kytril; 0.05 mg/kg) was given as a single-bolus injection
20 min after the spontaneous phase Ⅲ contractions of
the jejunum 2 had terminated. Granisetron (kytril; 0.05
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mg/kg) was also given as a single-bolus injection in the
dogs. Cisplatin (1.2 mg/kg) was given 1 h after the administration of each inhibitor.
Atropine (0.05 mg/kg + 0.05 mg/kg per hour) was
given as a single-bolus injection. The injection was followed by a 30-min continuous intravenous infusion
starting 20 min after the spontaneous phase Ⅲ contractions of the jejunum 2 had terminated. Metoclopramide
(0.5 mg/kg + 0.5 mg/kg per hour) was given as a singlebolus injection. This injection was followed by a 5-h
continuous intravenous infusion starting 20 min after the
spontaneous phase Ⅲ contractions of the jejunum 2 had
terminated. Cisplatin (1.2 mg/kg) was given 1 h after the
start of the administration of each inhibitor.
Then, the dogs were divided into two groups: a
normal intact dog group (ND) and a normal intact dog
group with resection of the vagus nerve (NDRVN). The
NDRVN (n = 4) underwent a truncal vagotomy, with the
ventral and dorsal vagi cut immediately below the diaphragm. The dogs in the ND (n = 10) did not undergo
surgery and served as the control group.
Effect of 5-HT
After the IMCs were confirmed to have occurred and 20
min after the spontaneous phase Ⅲ contractions of the
jejunum 2 had terminated, the ND and NDRVN were
administered 5-HT intravenously through the jugular tube
(600 μg/kg) and into the duodenum through the duodenal
tube (600 and 5400 μg/kg) according to the procedures
described in previous studies[2,10,18-22]. Zhu et al[10] reported
that intraluminal infusion of 10-5 M 5-HT elicited increases in vagal afferent discharge by activating the 5-HT3
receptors in rats. Following the procedures described previously[10], we administered 5-HT (200 μg/kg) according
to the conversion of the mol concentration. In the dogs,
such doses of an intraluminal infusion of 5-HT did not
elicit abnormal motor activity, but three-fold doses (600
μg/kg) did. The subsequent gastrointestinal motility was
recorded for at least 4 h. The MI values during the 60
min following 5-HT administration (600 μg/kg) were
calculated for the ND and NDRVN.
Analysis of data
Gastrointestinal motility was quantified by calculating the
MI, which was equivalent to the area under the curve.
The MI was calculated using a computer-assisted system
(Eight Star system, version 6.0, Star Medical, Tokyo, Japan). Gastrointestinal motility after 5-HT administration
(600 μg/kg) was analyzed for 60 min.
Statistical analysis
Results are expressed as mean ± SE. The data were subjected to detailed statistical analyses using repeated measures of analysis of variance (ANOVA). When significant
differences were detected, differences between means
were checked using the Fisher’s protected least significant
difference test. The Mann-Whitney U test was used to
test the significance of differences among groups. P-val-
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Figure 1 Interdigestive motor activity observed after intravenous administration of cisplatin (1.2 mg/kg). A: Interdigestive motor activity was observed in the
ND (n = 10); B: From approximately 3 to 4 h after the intravenous administration of cisplatin, the ND exhibited retropropagation of gastrointestinal motor activity from
jejunum 2 to the gastric body, accompanied by emesis. ND: normal intact dog group; i.v.: intravenous administration.

ues < 0.05 were considered significant. Statistical calculations were performed with the use of StatView® software
(version 5.0; Abacus Concepts, Inc., Berkeley, CA).

RESULTS
Effects of cisplatin on gastrointestinal contractions
and cyclic 5-HT concentrations in plasma and intestinal
fluids
In all dogs in the fasted state, cyclic changes of contractions were detected, including a quiescence period
followed by a group of strong contractions (phase Ⅲ).
Abnormal motor activity in the dogs developed from the
duodenum, followed by jejunum 1 and 2 and the antrum
and pylorus about 2.5 h after intravenous administration
of cisplatin (Figure 1A). Cisplatin given intravenously
resulted in the complete interruption of IMCs and predominantly produced abnormal motor activity which
lasted up to 5 h (Figure 1A). From about 3 to 4 h after
the intravenous administration of cisplatin, the dogs
exhibited retropropagation of gastrointestinal motor
contractions from jejunum 2 to the gastric body, accom-
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panied by emesis (Figure 1B). The most frequent emetic
episodes were observed from 3 to 4 h after cisplatin administration. Emesis developed in all the dogs.
The concentrations of 5-HT in plasma and intestinal fluids determined in these experiments are shown
in Figure 2. The plasma 5-HT concentration increased,
reached the peak at 4 h after the intravenous administration of cisplatin, and then exhibited small fluctuations
and declined (Figure 2A). The plasma 5-HT concentration at 0 h was significantly higher than those obtained
at 4 and 7 h (P < 0.05). The 5-HT concentrations in
intestinal fluids increased, reached the peak at 3 h after
the intravenous administration of cisplatin, and then declined (Figure 2B). The 5-HT concentration in intestinal
fluids at 0 h was significantly higher than those obtained
at 3, 4, and 5 h (P < 0.05).
Effects of drugs and vagotomy on cisplatin-induced
abnormal motor activity
After dexamethasone (1 mg/kg), phentolamine (regitin;
0.5 mg/kg), propranolol (inderal; 0.5 mg/kg), atropine
(0.05 mg/kg + 0.05 mg/kg per hour), or metoclo-
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Figure 2 Changes in concentrations of 5-hydroxytryptamine in plasma and intestinal fluids. A: Changes in the plasma 5-HT concentrations in ND (n = 10).
Each symbol represents mean ± SE. The plasma 5-HT concentration obtained at 0 h was significantly higher than those obtained at 4 and 7 h (ap < 0.05); B: Changes
in the 5-HT concentrations in intestinal fluids in ND (n = 10). Each symbol represents mean ± SE. The 5-HT concentration in intestinal fluids at 0 h was significantly
higher than those obtained at 3, 4, and 5 h (ap < 0.05). 5-HT: 5-hydroxytryptamine; ND: normal intact dog group.
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Dexamethasone (decadron®)
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Figure 3 In normal intact dog group, cisplatin (1.2 mg/kg) was given 1 h after dexamethasone administration (1.0 mg/kg), and interdigestive motor activity
was observed.

pramide (0.5 mg/kg + 0.5 mg/kg per hour) administration, cisplatin given intravenously also resulted in the
complete interruption of IMCs and predominantly produced abnormal motor activity that lasted up to about 5
h (Figures 3 and 4). However, in dogs that had received
intravenous metoclopramide, emesis did not occur. In
the NDRVN (n = 4) (Figure 5A), cisplatin given intravenously also produced abnormal motor activity that, however, lasted for a shorter duration. After the NDRVN (n
= 4) was administered granisetron (kytril; 0.05 mg/kg),
cisplatin given intravenously did not produce abnormal
motor activity (Figure 5B). In the ND (n = 6) administered granisetron (kytril; 0.05 mg/kg) (Figure 6), cisplatin
given intravenously also produced abnormal motor activity that, however, lasted for a shorter duration. In three
of the four NDRVN dogs and three of the six ND dogs
that received granisetron (kytril; 0.05 mg/kg), emesis did
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not occur. The emetic episodes in the dogs receiving
cisplatin alone (control, n = 10), granisetron (kytril; 0.05
mg/kg, i.v., n = 6), and NDRVN dogs (n = 4) are shown
in Figure 7. The emetic episodes were, respectively,
5.80 ± 0.66, 0.66 ± 0.33, and 0.25 ± 0.25 in the control
group, granisetron (kytril) group, and NDRVN. Significant differences were detected among the control group,
kytril group, and NDRVN (P < 0.05).
Effect of 5-HT
To determine whether 5-HT in plasma or in intestinal
fluids causes abnormal motor activity, we administered
5-HT intravenously through the jugular tube (600 μg/kg)
(Figures 8A and 9A) and into the duodenum through the
duodenal tube (600 and 5400 μg/kg) (Figures 8B, 9B,
and C), respectively, in the ND and NDRVN.
In the ND, after the intravenous administration of
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(1)
(2)
(3)
(4)
(5)
(6)

Dexamethasone
Phentolamine
Propranolol
Granisetron
Atropine
Metoclopramide

(1)
(2)
(3)
(4)
(5)
(6)

Dexamethasone 1 mg/kg
Phentolamine 0.5 mg/kg
Propranolol 0.5 mg/kg
Granisetron 0.05 mg/kg
Atropine 0.05 mg/kg
Metoclopramide 0.5 mg/kg
bolus

Phase Ⅲ 20 min

60 min

Cisplatin
1.2 mg/kg
bolus

5h

30 min
(6) metoclopramide
(5) atropine 0.05 mg/kg per hour 0.05 mg/kg per hour
i.v. infusion for 30 min
i.v. infusion for 5 h

Figure 4 Blocker study chart. In the nd, dexamethasone (1 mg/kg), phentolamine (regitin; 0.5 mg/kg), propranolol (inderal; 0.5 mg/kg), or granisetron (kytril; 0.05
mg/kg) was given as a single-bolus injection starting 20 min after the spontaneous phase Ⅲ contractions of the jejunum 2 had terminated. Kytril (0.05 mg/kg) was
also given as a single-bolus injection in the ND and NDRVN (n = 4). Cisplatin (1.2 mg/kg) was given 1 h after the administration of each inhibitor. In ND, atropine (0.05
mg/kg + 0.05 mg/kg per hour) was given as a single-bolus injection, followed by a 30-min continuous intravenous infusion starting 20 min after the spontaneous phase
Ⅲ contractions of the jejunum 2 had terminated. In the ND, metoclopramide (0.5 mg/kg + 0.5 mg/kg per hour) was given as a single-bolus injection, followed by a 5-h
continuous intravenous infusion starting 20 min after the spontaneous phase Ⅲ contractions of the jejunum 2 had terminated. Cisplatin (1.2 mg/kg) was given 1 h
after the start of the administration of each inhibitor. ND: Normal intact dog group; NDRVN: Normal intact dog group with resection of the vagus nerve; i.v.: intravenous
administration.

A
Gastric antrum

Pylorus

Duodenum

Jejunum 1
200 gr
Jejunum 2
Time intervals, 1 h

CDDP (1.2 mg/kg) i.v.

B
Gastric antrum

Pylorus

Duodenum

Jejunum 1
200 gr
Jejunum 2
Time intervals, 1 h

Granisetron (Kytril®) CDDP (1.2 mg/kg) i.v.
(0.05 mg/kg) i.v.

Figure 5 In normal intact dog group with resection of the vagus nerve, interdigestive motor activity was observed after the intravenous administration of
cisplatin (1.2 mg/kg). A: Normal intact dog group with resection of the vagus nerve (NDRVN) (n = 4) was given cisplatin (1.2 mg/kg), and interdigestive motor activity
was observed; B: In the NDRVN (n = 4), cisplatin (1.2 mg/kg) was given 1 h after granisetron (kytril) administration (0.05 mg/kg), and interdigestive motor activity was
observed. i.v.: intravenous administration.
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Figure 6 In the normal intact dog group (n = 6), cisplatin (1.2 mg/kg) was given 1 h after granisetron (kytril) administration (0.05 mg/kg), and interdigestive
motor activity was observed.
a
a
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7
6
5
4
3
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0
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Granisetron
(Kytril®) i.v.
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Figure 7 numbers of emetic episodes in dogs receiving cisplatin alone
(control, n = 10), kytril (0.05 mg/kg, intravenous administration, n = 6) alone,
and vagotomy (the normal intact dog group with resection of the vagus
nerve; n = 4). Each bar represents mean ± SE. Significant differences were detected among the control group, granisetron (kytril) group, and normal intact dog
group with resection of the vagus nerve (NDRVN). Control, open bar; i.v., hatched
line; RNG, filled bar. aP < 0.05 vs control. i.v.: intravenous administration.

5-HT (600 μ g/kg), phasic contractions, such as abnormal motor activity lasting for about 30 min, were
induced immediately in the antrum, pylorus, duodenum,
and jejunum 1 and 2. The duration and amplitude of the
motor activity in the antrum and pylorus were longer
and stronger than those in the duodenum and jejunum
(Figure 8A). In the NDRVN, after the intravenous administration of 5-HT (600 μg/kg), phasic contractions,
such as abnormal motor activity lasting for 10 to 20 min,
were immediately induced in the pylorus, duodenum,
and jejunum 1 and 2. The duration and amplitude of
motor activity were not longer or stronger than those
in the ND (Figure 9A). In the ND and NDRVN, after
the intraduodenal administration of 5-HT (600 μg/kg),
phasic contractions, such as abnormal motor activity
lasting for about 10 min, were immediately induced in
the duodenum and jejunum 1 and 2 (Figures 8B and 9B).
In the ND and NDRVN, contractions induced by the
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intraduodenal administration of 5-HT were obviously
shorter and weaker than those resulting from intravenous administration. In the NDRVN, the duration and
amplitude tended to increase as the dose of 5-HT was
increased, and after the intraduodenal administration of
5-HT (5400 μg/kg), phasic contractions, such as phase
Ⅱ-like activity lasting for about 1 h, were immediately
induced in the pylorus, duodenum, and jejunum 1 and 2
(Figure 9C). The pattern of these contractions induced
by the intravenous administration of 5-HT was different
from that of spontaneously occurring IMCs.
MI data were recorded for 60 min after the intravenous and intraduodenal administration of 5-HT (600
μg/kg) in the ND (n = 4) (Figure 10A) and the NDRVN
(n = 4) (Figure 10B). The MI for the intravenous administration was higher than that for the intraduodenal
administration in the antrum, duodenum, jejunum 1, and
jejunum 2. In the MI of the antrum, duodenum, jejunum
1, and jejunum 2 in the ND showed significant differences between the intravenous and intraduodenal groups
(P < 0.05) (Figure 10A).

DISCUSSION
In this study, when cisplatin was given intravenously,
IMCs disappeared and were replaced predominantly by
abnormal phase Ⅱ-like motor activity. Thus, in all dogs,
phase Ⅰ, Ⅲ, and Ⅳ activities either disappeared or markedly decreased in duration, and abnormal motor activity
developed for about 5 h, starting at 2.5 h after cisplatin
administration. Retropropagation of gastrointestinal
motor activity originating from jejunum 2 occurred in all
dogs in which emesis developed. This motility change,
unique to emesis, was similar to that reported in other
studies[14-17]. The present study is the first to characterize
and quantify gastrointestinal motor responses during cisplatin administration.
When the concentrations of 5-HT in plasma and
intestinal fluids increased, IMCs disappeared and were
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Figure 8 Responses to the intravenous and duodenal administration of 5-hydroxytryptamine in the normal intact dog group. A: Responses to the intravenous administration of 5-hydroxytryptamine (5-HT) (600 μg/kg) in the ND; B: Responses to the duodenal administration of 5-HT (600 μg/kg) in the ND. ND: Normal
intact dog group; i.v.: intravenous administration; i.d.: intraduodenal administration.

replaced predominantly by abnormal motor activity. To
determine whether 5-HT in plasma or in intestinal fluids
is more closely related to abnormal motor activity, we
administered 5-HT into the vein and the intestinal tract
of the dogs. Motor activity similar to cisplatin-induced
abnormal motor activity was produced by intravenous
serotonin administration. We administered the same
amount of serotonin into the duodenum, but the reaction was negligible. The dose of intravenously administered serotonin was different from the maximal value of
5-HT, which we measured after cisplatin administration.
We did not measure the 5-HT concentration in whole
blood but in plasma because the platelets, which are in
whole blood, include the most 5-HT. We assumed that
the doses of intravenously administrated serotonin were
different from the maximal value of 5-HT measured after cisplatin administration.
Most of the 5-HT from EC cells is secreted via the
basolateral membrane into the portal circulation; a smaller portion is released from the apical membrane into the
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intestinal lumen[23]. The basal vascular release of serotonin was 10 times higher than the luminal release[24]. Serotonin released from the basolateral site of the EC cells
may reach the connective tissue space of the lamina propria and exert paracrine effects on either endocrine cells
or intrinsic and extrinsic nerve terminals[24]. It has been
reported that exogenously applied serotonin inhibits
acid secretion and that this effect is exerted by serotonin
injected into blood vessels but not by serotonin injected
into the gastric lumen[25]. Judging from the previous results, serotonin released from the basolateral site of the
EC cells seems to be more important than serotonin
released from the apical site of the EC cells. Our results
are in good agreement with those of previous studies,
confirming that abnormal motor activity is produced by
intravenous serotonin administration.
We investigated the effects of various antagonists on
abnormal activity induced by cisplatin administration.
Cisplatin-induced responses, which are abnormal activities, were not inhibited by dexamethasone, phentolamine,
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Figure 9 Responses to the intravenous and duodenal administration of 5-hydroxytryptamine in the normal intact dog group with resection of the vagus
nerve. A: Responses to the intravenous administration of 5-HT (600 μg/kg) in the NDRVN; B: Responses to the duodenal administration of 5-HT (600 μg/kg) in the
NDRVN; C: Responses to the duodenal administration of 5-HT (5400 μg/kg) in the NDRVN. NDRVN: normal intact dog group with resection of the vagus nerve; 5-HT:
5-hydroxytryptamine, serotonin; i.v.: intravenous administration; i.d.: intraduodenal administration.
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propranolol, atropine, or metoclopramide but were partly
inhibited by granisetron (kytril). Fukunaka et al[2] reported
that dexamethasone is effective in cisplatin-induced
emesis in the delayed phase. In the present study, dexamethasone did not inhibit cisplatin-induced responses,
which are abnormal in acute emesis. Phentolamine and
propranolol did not affect abnormal activity induced by
cisplatin administration, which suggests that cisplatin
administration exerts its effects independently of the
sympathetic nervous system. Lang et al[17] reported that
sympathetic splanchnic nerve denervation did not block
vomiting in dogs. Supradiaphragmatic vagotomy eliminated the digestive tract responses associated with motion sickness-induced vomiting, but phasic contractions
were not blocked by atropine[26]. These results coincided
with our result showing no emesis in dogs receiving intravenous metoclopramide. It has been shown that metoclopramide blocks dopamine D2 receptors at conventional
doses (0.1-0.4 mg/kg, i.v.)[27]; however, the drug also
blocks 5-HT3 receptors at higher doses[5,27-29]. In fact, the
results of the present study demonstrate that cisplatininduced emesis was suppressed by the injection of a high
dose of metoclopramide.
The action of cytotoxic drugs initiates within the GI
tract, resulting in activation of the biosynthesis of 5-HT
and an increase in the concentration of 5-HT[23]. 5-HT
may stimulate the 5-HT3 receptors on the adjacent vagal
afferent nerves[30-32]. Fukunaka et al[2] demonstrated that
electrical stimulation of the abdominal vagal afferents
induced an increase in the concentration of 5-HT in the
ferret area postrema. Pretreatment with 5-HT3 receptor antagonists diminished the increase in area postrema
5-HT but did not alter the increase in ileal 5-HT levels[2].
Thus, the increased 5-HT levels induced by anticancer
drugs in the vomiting center were inhibited by 5-HT3
receptor antagonists. Taken together, these results suggest that cytotoxic drugs induce acute emesis mainly
through actions on the gastrointestinal tract. In ferrets,
the area postrema contains a high concentration of
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5-HT3 receptors and receives visceral afferent innervation from the gastrointestinal tract[2]. With regard to our
results, in the NDRVN dogs receiving granisetron (kytril)
intravenously, cisplatin given intravenously also produced abnormal motor activity that, however, lasted for
a shorter duration. In three of the four NDRVN dogs
and three of six ND dogs receiving granisetron (kytril),
emesis did not occur. In the NDRVN dogs receiving
intravenous granisetron (kytril) administration, cisplatin
did not induce abnormal activity. Our results, which are
in good agreement with those of previous studies[2,22],
demonstrate that 5-HT3 receptors act dominantly on
the visceral neuron, which projects from the gut to the
central nervous system. Fukui et al[22] reported that cisplatin evokes emesis mainly by acting on the vagal afferent terminals through the release of 5-HT and that
peripheral 5-HT3 receptors are involved in this action.
The abnormal motor activity was produced in part in the
involved vagus nerve and in the involved serotonergic
neurons[33,34].
In conclusion, cisplatin-induced abnormal motor
activity was produced by 5-HT in blood or in intestinal
fluids. After the intravenous administration of cisplatin,
abnormal motor activity was produced in part in the
involved vagus nerve and in the involved serotonergic
neurons. This study was the first to determine the relationship between 5-HT and emesis-induced abnormal
motor activity, which is going on now.
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Abstract
AIM: To evaluate protective effects of Chunggan extract (CGX), a traditional herbal formula, under 4 wk of
alcohol consumption-induced liver injury.
METHODS: Male Sprague-Dawley Rats were orally
administered 30% ethanol daily for 4 wk with or without CGX. The pharmaceutical properties were assessed
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through liver enzymes, histopathology, fibrogenic cytokines, and alcohol metabolism in hepatic tissues as well
as by in vitro experiment using HSC-T6 cells.
RESULTS: Four weeks of alcohol consumption notably
increased liver enzymes and malondialdehyde levels in
serum and hepatic tissue. CGX not only prevented the
collagen deposition determined by histopathology and
hydroxyproline content, but also normalized transforming growth factor-beta, platelet-derived growth factorbeta and connective tissue growth factor at the gene
expression and protein levels in liver tissue. Moreover,
CGX treatment also significantly normalized the abnormal changes in gene expression profiles of extracellular
matrix proteins, matrix metalloproteinase and their
inhibitors, alcohol metabolism, and inflammatory reactions. In the acetaldehyde-stimulated HSC-T6 cells, CGX
considerably inhibited collagen production and normalized fibrogenic cytokines in both gene expression and
protein levels.
CONCLUSION: The present study evidenced that CGX
has hepatoprotective properties via modulation of fibrogenic cytokines and alcohol metabolism in alcoholic
liver injury.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Alcohol abuse; Liver injury; Traditional Chinese Medicine; Fibrogenic cytokines; Hepato stellate
cell
Core tip: We observed that the protective effect of
Chunggan extract (CGX) on alcohol induced rat model
of hepatic injury. In this study, 4 wk of alcohol consumptions markedly induced hepatic injury. Treatment
with CGX significantly reverses and ameliorates profibrogenic cytokines including transforming growth
factor-β, platelet-derived growth factor-BB, and connective tissue growth factor. We also revealed the sig-
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nificant effects of alcohol metabolism related molecules
by CGX treatment. The pharmacological actions were
supported by in vitro assay that acetaldehyde stimulated HSC-T6 cell activation was normalized by CGX. Collectively our results suggest that CGX will be applicable
to treat patients with alcoholic liver injury through amelioration of fibrotic changes and alcohol metabolisms.
Kim HG, Kim JM, Han JM, Lee JS, Choi MK, Lee DS, Park
YH, Son CG. Chunggan extract, a traditional herbal formula,
ameliorated alcohol-induced hepatic injury in rat model. World J
Gastroenterol 2014; 20(42): 15703-15714 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i42/15703.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i42.15703

INTRODUCTION
Various types of liver diseases can be induced by diverse causes, such as hepatitis virus types A, B, and C;
chemicals; toxic drugs; metabolic disorders; and alcohol
abuse[1]. Among them the alcohol abuse is the most common cause of hepatic disorders worldwide, in the United
States, and in north-western Europe, with mortality rates
of 5% to 6%[2]. Liver diseases show a wide spectrum of
pathological cascades, from steatostasis to hepatofibrosis
and hepatocellular carcinomas. And then, these cascades
represent major concerns within the field of hepatology
worldwide[3]. Especially, in the case of chronic alcohol
abuse-related liver injuries are approximately attributed to
10%-15% of all cases of fibrotic change[4].
In alcohol metabolism, several mediators are directly
or indirectly associated to hepatic injury. Alcohol is metabolised mainly by cytochrome P450 2E1 (CYP2E1)
in hepatocytes and it does not damage, if the amount
ingested is not in excessive quantity. Under the circumstance of an excessive amount of alcohol ingestion,
however, CYP2E1 not only generates reactive oxygen
species (ROS), including the superoxide anion radical and
hydrogen peroxide, but also produces highly reactive conjugated adducts[5]. These oxidative stressors can lead to
attack the normal liver cells. In addition, acetaldehyde, an
intermediate of the alcohol metabolism process, accumulates in the hepatic tissues and acts as a free radical that
readily damages normal hepatic tissues during extreme
amount or long-term alcohol consumption[6].
Particularly the production of pro-inflammatory cytokines, including tumour necrosis factor-alpha (TNF-α),
interleukin-6 (IL-6), and IL-1β, also causes liver injuries
by oxidative stress. These pathological states lead to hepatostellate cell (HSC) activation[5,7,8]. The activated HSCs
rapidly release large amounts of pro-fibrogenic cytokines,
such as transforming growth factor-beta (TGF-β), platelet-derived growth factor-beta (PDGF-β), and connective
tissue growth factor (CTGF); they then form extracellular
matrix (ECM) including collagen types Ⅰ, Ⅲ, and Ⅳ in
hepatic tissues[9,10]. Therefore, the main goal in the treatment of alcohol consumption-derived hepatic injury is to
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relieve or inhibit HSC activation[11].
Chunggan extract (CGX) is a commercially available
with modification of a traditional herbal medicine comprising 13 herbs intended to “cleaning the liver”. CGX
has been used in South Korea since 2001 as a remedy for
patients with chronic liver disorders, such as alcoholic
liver injury[12]. We have previously presented scientific
evidences for the pharmaceutical effects and antioxidant
properties of CGX in various animal models, mainly with
various chemotoxins[13-15]. Although we already proved
the pharmacological properties of CGX in above models,
the anti-fibrosis effects and its pharmacological actions
on chronic alcohol-induced liver injury have not yet been
determined.
In this study, we investigated the hepato protective
properties of CGX and its possible mechanisms of action in a 4-wk alcohol consumption rat model.

MATERIALS AND METHODS
Preparation of CGX
CGX consists of 13 kinds of different types of the Traditional Chinese Medicine (TCM) derived materials (herbal
plants and animal based materials), including 5 g each of
Artemisia Capillaris Herba, Trionycis Carapax, Raphani
Semen; 3 g each of Atractylodis Rhizoma Alba, Hoelen,
Alismatis Rhizoma, Atractylodis Rhizoma, Salviae Miltiorrhizae Radix; 2 g each of Polyporus, Aurantii Immature Fructus, Amomi Fructus, and 1 g of Glycyrrhizae
Radix and Aucklandiae Radix (Table 1).
All of the materials in CGX were identified by a herbalogy professor of Oriental Medicine Collage in Daejeon
University. The commercially available CGX was manufactured by Kyoungbang Pharmacy (Incheon, South
Korea) which company approved good manufacturing
practice (GMP) from the Korea Food and Drug Administration, according to over-the-counter Korean monographs. Briefly, 120 kg of the 13 kinds of mixture was
boiled in 1200 L distilled water for 4 h at 100 ℃, filtered
using a 300-mesh filter (50 μm), condensed, and lyophilised. The CGX extract satisfied the herb, heavy metals,
general bacteria, fungi, and specific pathogens criteria, as
determined by a confirmation test for each, and the final
yield from the original dried mixture was 10.1% (w/w).
Lyophilised CGX extract (100 mg) was dissolved in 50%
and 90% methanol (20 mL for qualification analysis and
quantitative analysis) and mixed. The solution was filtered
through an Acrodisc® LC 13-mm syringe filter (0.45-μm
pore size; Ann Arbor, MI, United States).
Quantitative analysis of CGX using high-performance
liquid chromatography
For reproducibility of CGX, quantitative analysis was
performed with nine of reference compounds solutions;
scopoletin, liquiritin, naringin, esculetin, rosmarinic acid,
salvianolic acid B, poncirin, glycyrrhizin, and tanshinone
IIA (200 μg/mL) were prepared in 90% methanol and
stored at < 4 ℃. The standard solutions were prepared
by six concentrations of diluted solutions (methanol).
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munoglobulin G horseradish peroxidase conjugate were
purchased from Santa Cruz Biotechnology (Santa Cruz,
CA, United States).

Table 1 Herbal prescription of Chunggan extract
Herbal name

Scientific name

Artemisiae Capillaris Herba
Artemisia capillaries Thunberg
Trionycis Carapax
Trionyx sinensis Wiegmann
Raphani Semen
Raphanus sativus Linne
Atractylodis Rhizoma Alba
Atractylodes macrocephala Koidz
Hoelen
Poria cocos Wolf
Alismatis Rhizoma
Alisma orientalis (Sam.) Juzepczuk
Atractylodis Rhizoma
Atractylodes chinensis Koidzumi
Salviae Miltiorrhizae Radix
Salvia miltiorrhiza Bunge
Polyporus
Polyporus umbellatus Fries
Aurantii Immaturus Fructus
Poncirus trifoliate Rafin
Amomi Fructus
Amomum villosum Lour
Glycyrrhizae Radix
Glycyrrhiza uralensis Fisch.
Aucklandiae Radix
Aucklandia lappa Decne.

Relative
amounts
(g)
5
5
5
3
3
3
3
3
2
2
2
1
1

All calibration curves of each chemical compound
were attained by assessing the peak areas at six concentrations in the range of 3.13-100 μg/mL for all reference
compounds. The linearity of the peak area (y) vs concentration (x, μg/mL) curve for each component was used
to calculate the contents of the main CGX components.
Quantitative analysis was performed under identical
conditions using an 1100 series high-performance liquid
chromatography (HPLC) device (Agilent Technologies, Santa Clara, CA, United States) equipped with an
autosampler (G11313A), column oven (GA1316A), binary pump (G1312), diode-array detector, and degasser
(GA1379A). The analytical column with a Gemini C18
(4.6 mm × 250 mm; particle size, 5 μm; Phenomenex,
Torrance, CA, United States) was kept at 30 ℃ during
the analysis. Data were acquired and processed using
ChemStation software (Agilent Technologies). The mobile phase conditions contained 10% acetonitrile in water
with 0.05% formic acid (A) and 90% acetonitrile in water
(B). The gradient flow was as follows; 0-30 min, 0%-20%
B; 30-50 min, 20%-75% B; and 50-60 min, 75%-100%.
The analysis was operated at a flow rate of 1.0 mL/min
and detected at 280 nm. The injection volume was 10 μL.
Reagents and chemicals
1,1,3,3-tetraethoxypropane (TEP), acetaldehyde, chloramine T, collagen type I, and trichloroacetic acid (TCA)
were purchased from Sigma (St. Louis, MO, United
States); perchloric acid was obtained from GFS Chemical
Co. (Columbus, OH, United States); and thiobarbituric
acid (TBA) was purchased from Lancaster Co. (Lancashire, United Kingdom). Histofine was from Nichirei Biosciences (Tokyo, Japan); hydrochloric acid and
phosphoric acid were from Kanto Chemical Co., Inc.
(Tokyo, Japan); n-butanol was purchased from J.T. Baker
(Center Valley, PA, United States); Mayer’s haematoxylin
and isopropanol were obtained from Wako Pure Chemical Industries (Osaka, Japan); TRI reagent was obtained
from Invitrogen (Carlsbad, CA, United States); and goat
anti-human CTGF antibody, CTFG standard solution,
rabbit anti-human CTGF antibody, and anti-rabbit im-
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Animals and experimental design
Thirty-nine specific pathogen-free male Sprague-Dawley
rats (6-wk-old, 190-210 g) were purchased from Koatech
(Gyeonggi-do, Rep. of Korea). After 7 d of acclimation
to an environmentally controlled room at 22 ℃ ± 2 ℃
under a 12/12-h light/dark cycle with pellet food (Koatech) and tap water provided ad libitum, the rats were
divided randomly into five groups of six to nine animals
each: normal (n = 6, distilled water), control (n = 9, alcohol with distilled water), alcohol with 100 mg/kg CGX
(n = 9), alcohol with 200 mg/kg CGX (n = 9), and CGX
alone (n = 6, 200 mg/kg CGX) groups. Chronic hepatic
injury and hepatofibrosis were induced by oral administration of 30% ethanol solution (10 mL/kg) for 4 wk
(six times weekly), with the exception of the normal and
CGX-only groups. All animals given 30% alcohol were
administrated distilled water or CGX (100 or 200 mg/kg)
with gastric gavages 6 h before alcohol consumption.
Body weight was recorded twice weekly, and whole
blood was collected from the abdominal common artery
under ether anaesthesia at the end of the experiment. The
liver and spleen of each rat were removed and weighed,
and liver tissues were then fixed in 10% formalin solution or stored in RNAlater (Ambion, Austin, TX, United
States) or at -70 ℃ for the examination of histomorphology, RNA expression, or biochemical parameters,
respectively. Experiments were designed and performed
in strict accordance with the Guide for the Care and Use
of Laboratory Animals (National Institutes of Health
publication No. 85-23, revised 1985) and approved by the
Institutional Animal Care and Use Committee of Daejeon University (animal ethical clearance No. DJUARB
2011-035).
Serum biochemical analysis
Whole blood was collected from the abdominal aorta
under the ether anaesthesia condition on the final day of
the experiment after a 12-h fast. Serum was separated
by centrifugation (3000 g, 15 min) following blood clotting. The serum levels of aspartate transaminase (AST),
alanine transaminase (ALT), alkaline phosphatase (ALP),
and lactate dehydrogenase (LDH) were determined with
an auto chemistry analyser (Chiron, Emeryville, CA,
United States).
Histopathological analysis
For histopathological evaluation, a portion of liver tissue
in 10% formalin solution was re-fixed in Bouin’s solution.
The paraffin-embedded liver tissue was sectioned (5-μm
thickness) for haematoxylin and eosin (HE) and Masson’
s trichrome staining. Characteristic histopathological features, such as hepatocyte destructions and fibrosis, were
examined under microscopy (IX71; Olympus, Tokyo,
Japan).
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Determination of hydroxyproline in liver tissues
Hydroxyproline determination was performed using a
slight modification of the previous method[16]. Briefly,
liver tissues (200 mg) which were stored at -70 ℃ were
homogenized in 2 mL 6 N of hydrogen chloride, and
incubated overnight at 110 ℃. After filtering the acid
hydrolysates using filter paper (Toyo Roshi Kaisha, Tokyo, Japan), the 50 μL of hydrolysis samples or hydroxyproline standards were incubated at 50 ℃ until perfectly
dried. The dried samples were dissolved with same volumes of absolute methanol, and then added 1.2 mL of
50% isopropanol and 200 μL of chloramine-T solution
to each sample, followed by incubation at room temperature for 10 min. After 10 min of incubation, the Ehrlich’s
solution (1.3 mL) was added to each samples mixture and
incubated at 50 ℃ for 90 min. The optical density of the
reaction product was read at 558 nm using a spectrophotometer (Cary 50; Varian, Palo Alto, CA, United States).
A standard curve was constructed using serial dilutions
of 1.0 mg/mL solutions of hydroxyproline.
Determination of lipid peroxidation in liver tissue and
serum
Lipid peroxidation levels in liver tissue and serum were
determined by measuring malondialdehyde (MDA), an
end product of lipid peroxidation, using the thiobarbituric acid-reactive substances (TBARS) method as described previously[17,18]. The concentration of TBARS was
expressed as μmol/g tissue or μmol in serum, using TEP
as a standard. MDA levels in liver tissue were determined
as follows. Briefly, 0.15 g liver tissue was homogenised
in 1.5 mL ice-cold 1.15% potassium chloride buffer, and
130 μL homogenate was mixed 80 μL 1% phosphoric
acid. The mixture was incubated for 45 min at 100 ℃
after added to 260 μL 0.67% TBA solution. The serum
levels of MDA were determined with another method
contrary to tissue MDA as follows. Fifty microlitres of
serum samples or standard solutions were mixed with
500 μL 20% TCA and 200 μL 0.67% TBA, and incubated for 30 min at 100 ℃. After incubation, the mixture
was cooled on ice with vigorous vortexing with 1.03 mL
n-butanol. After centrifugation of each mixture at 3000
g for 15 min, the absorbance of the upper organic layer
was measured at 520 and 535 nm with a spectrophotometer (Cary 50; Varian) and compared with the value from
freshly prepared TEP as a standard.
Determination of cytokines in liver tissue and HSC-T6
cells
Levels of TGF-β1, PDGF-BB, and interferon-gamma
(IFN-γ) in liver tissue were measured using commercial
enzyme-linked immunosorbent assay kits (BioSource, San
Jose, CA, United States; RD Systems, Minneapolis, MN,
United States). CTGF levels were measured manually, as
we described previously with simply modification[14]. The
units were picomoles or nanomoles per mg protein, and
protein concentrations were determined using a bicinchoninic acid protein assay kit (Sigma). In addition, the
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levels of the above-mentioned cytokines were measured
in culture media of HSC-T6 cells. Briefly, HSC-T6 cells
(2 × 106 cells) were seeded in six-well plates with 2 mL
Dulbecco’s modified eagle medium (DMEM) with 10%
foetal bovine serum (FBS) and incubated overnight.
After 24 h of incubation at 37 ℃ and 5% CO2, the cell
culture media were changed to serum-free DMEM and
the cells were pre-treated with CGX (100 μg/mL) for 2 h,
followed by treatment with 100 μmol/L acetaldehyde for
24 h. The culture media were used for measurement of
TGF-β1, PDGF-BB, and CTGF according to the above
mentioned.
Real-time polymerase chain reactions in tissues and
HSC-T6 cells
Total 17 kinds of genes were analysis for the mRNA
expression levels in liver tissue samples or HSC-T6 cells.
Total RNA was isolated from liver tissue samples using
TRIzol reagent (Molecular Research Center, Cincinnati, OH, United States). cDNA was then synthesized
from total RNA (2 μg) in a 20-μL reaction using a highcapacity cDNA reverse transcription kit (Ambion). The
primers for alpha-smooth muscle actin (α-SMA), collagen type 1 alpha 1 (ColT1a1), collagen type 1 alpha 2
(ColT1a2), TGF-β1, PDGF-β, CTGF, tissue inhibitor
of metalloproteinases (TIMP)-1, TIMP-2, matrix metalloproteinase (MMP)-2, MMP-9, IFN-γ, toll-like receptor-4 (TLR-4), chemokine (C-C motif) ligand 5 (CCL 5),
monocyte chemotactic protein-1 (MCP-1), acetaldehyde
dehydrogenase (ALDH), CYP2E1, and β-actin were as
follows (forward and reverse, respectively): TGF-β, AGG
AGA CGG AAT ACA GGG CTT T and AGC AGG
AAG GGT CGG TTC AT; PDGF-β, ACC ACT CCA
TCC GCT CCT TT and TGT GCT CGG GTC ATG
TTCA A; CTGF, CAG TTG GCT CGC ATC ATA
GTT G and GTG TGT GAT GAG CCC AAG GA;
IFN-γ, TGC TCA TGA ATG CAT CCT TTT T and
GAA AGA CAA CCA GGC CAT CAG; α-SMA, AAC
ACG GCA TCA TCA CCA ACT and TTT CTC CCG
GTT GGC CTT A; ColT1a1, CCC AGC GGT GGT
TAT GAC TT and GCT GCG GAT GTT CTC AAT
CTG; ColT1a2, CCC AGA GTG GAA GAG CGA TTA
and GCT GCG GAT GTT CTC AAT CTG; TIMP-1,
CTC CTC GCT GCG GTT CTG and CGA CGC TGT
GGG AAA TGC; TIMP-2, GTC CAT CCA GAG GCA
CTC ATC and CCC AGA AGA AGA GCC TAA ACC
A; MMP-2, TGT GGC AGC CCA TGA GTT C and
TCG GAA GTT CTT GGT GTA GGT GTA; MMP-9,
TCG AGG GAC GCT CCT ATT TGT and CCA TAT
TTT CTG TCT GTG TCG TAG TCA; ALDH; GAG
TCT TCT ACC ATC AAG GCC AAT and GCT CGC
TCA ACA CTC TTT CTC A; CYP2E1, AGA AGG
AAA AAC ACA GCC AAG AA and GTT GTG CTG
GTG TCA GTT C; CCL 5, AGG AGT ATT TTT ACA
CCA GCA GCA A and CTT CTC TGG GTT GGC
ACA CA; MCP-1, CCA CTC ACC TGC TGC TAC
TCA T and CTG CTG CTG GTG ATT CTC TTG T;
TLR-4, GAG GCA GCA GGT CGA ATT GTA and
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AAC AGG GCT TTT TTG AGT CTT CTC; and β-actin,
CTA AGG CCA ACC GTG AAA AGA T and GAC
CAG AGG CAT ACA GGG ACA A. Reactions were
performed with 8 μL iQ SYBR Green Supermix, 1 μL 10
pM primer pair, 8.5 μL distilled water, and 2.5 μL cDNA.
Each polymerase chain reaction was performed under
the following conditions: 95 ℃ for 5 min followed by 40
cycles of 95 ℃ for 1 min, 58 ℃ for 40 s and 72 ℃ for 40 s,
followed by a single fluorescence measurement.
To determine mRNA expressions in HSC-T6 cells,
the cells (2 × 106 cells) were seeded in six-well plates with
2 mL DMEM with 10% FBS and incubated overnight
at 37 ℃ and 5% CO2, after which the cell culture media
were changed to serum-free DMEM. Next, various concentrations of CGX (25, 50, or 100 μg/mL) were added
to the wells. After 2 h of incubation with CGX, the 100
μmol/L acetaldehyde was treated for 24 h, and total RNA
was extracted using TRIzol reagent. The cDNA synthesis
and gene expression experiment in cells were according
to the same method of liver tissues. For analysis of data,
the gene expression levels were compared with those of
β-actin as a reference gene.
Quantification of intracellular collagen levels in HSC-T6
cells
To evaluate the effect of CGX on the production of
collagen in HSC-T6 cells, the collagen content was determined according to a previous method, with slight
modification[19]. Briefly, HSC-T6 cells (5 × 106 cells) were
seeded onto 60-mm dishes with 3 mL DMEM with 10%
FBS and incubated overnight at 37 ℃ and 5% CO2, and
the cell culture media were then changed to serum-free
DMEM. After a 2-h pre-treatment with various concentrations of CGX (25, 50, or 100 μg/mmol/L), the
cells were added to 100 mmol/L acetaldehyde. After 48
h of incubation, the cells were harvested using 500 μL
protease inhibitor cocktail (10 mmol/L ethylenediaminetetraacetic acid, 10 mmol/L n-ethylmaleimide, and 1
mmol/L phenylmethylsulfonyl fluoride in 10 mmol/L
phosphate-buffered saline) with an ice scraper. Total protein was obtained by vigorously vortexing (three 30-s iterations separated by 15-s intervals on ice). The tubes were
submitted to collagen precipitation reaction with 25%
saturated ammonium sulphate for 24 h at 4 ℃. The collagen was isolated by centrifugation (24000 g, 1 h, 4 ℃),
the supernatants were discarded from the tubes, and the
pellet was dissolved in 2 mL 0.5 mol/L acetic acid. One
hundred microlitres of collagen aliquots were transferred
to the 1.8-mL tube and added to 1 mL Sirius Red dye
solution (50 μmol/L dye solution in 0.5 mol/L acetic
acid). This was followed by vortexing, placing the tube at
room temperature for 30 min, and then centrifuging at
24000 g for 40 min. The pellet was eluted with 1 mL 0.1
N potassium hydroxide. Next, absorbance of the sample
with type 1 collagen as a standard was determined at 540
nm using a spectrophotometer (Soft Max 5.1; Molecular
Devices, Sunnyvale, CA, United States).
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Statistical analysis
The results are expressed as means ± SD. The statistical
significance of differences among groups was determined
by one-way analysis of variance, followed by Student’s
unpaired t-test. In all analyses, P < 0.05, P < 0.01, or P <
0.001 was taken to indicate statistical significance.

RESULTS
Fingerprint analysis of CGX
The major nine of reference compounds were matched
with components of CGX. In the quantitative analysis,
the standard curves for the nine compounds which were
containing scopoletin, liquiritin, naringin, esculetin, rosmarinic acid, salvianolic acid B, poncirin, glycyrrhizin, and
tanshinone IIA were y = 11.887x - 8.247 (R2 = 0.999), y
= 16.447x - 11.451 (R2 = 0.999), y = 15.211x - 11.069 (R2
= 0.999), y = 11.713x - 9.079 (R2 = 0.999), y = 17.497x 16.149 (R2 = 0.999), y = 7.937x - 16.028 (R2 = 0.998), y
= 17.155x - 8.843 (R2 = 0.999), y = 0.728x - 0.245 (R2 =
0.991), and y = 29.448x - 21.802 (R2 = 0.999), respectively. CGX and its standard mixtures analysis by HPLC were
performed with detection at 280 nm (Figure 1A and B).
The retention times of each components was as follows;
scopoletin for 22.13 min, liquiritin for 23.16 min, naringin for 28.30 min, esculetin for 31.21 min, rosmarinic acid
for 32.05 min, salvianolic acid B for 37.63 min, poncirin
for 38.22 min, glycyrrhizin for 46.38 min, and tanshinone
IIA for 59.12 min. The contents of components were in
the range of 1.823-228.79 μg/g (Figure 1A-C).
Effects on body weight and relative organ weight
Four weeks of alcohol consumption notably inhibited
body weight gain compared with the normal group (P <
0.05), and CGX treatment had no significant effect on
body weights (Table 2). No remarkable difference among
groups was observed in the absolute or relative change in
spleen or liver weight.
Effects on changes in serum biochemical parameters
Four weeks of alcohol consumption considerably elevated serum AST, ALT, ALP, and LDH levels by 1.7-, 2.0-,
1.3- and 1.2-fold, respectively. These elevations were significantly ameliorated by CGX treatment (AST, P < 0.05
for 100 and 200 mg/kg; ALT, P < 0.05 for 100 and 200
mg/kg; LDH, P < 0.001 for 200 mg/kg, respectively).
Serum levels of ALP and LDH were significantly lower
in the CGX-only group than in the normal group (P <
0.05; Table 2).
Histopathological analysis
Four weeks of alcohol consumption induced minor
hepatocyte destructions. CGX administration ameliorated
these alterations, as demonstrated by HE staining (Figure
2A). In addition, slight fibrotic changes around the hepatic central vein were observed in the control group treated
with alcohol, and CGX administration (100 and 200 mg/
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Figure 1 Fingerprint analysis of chunggan extract. Chunggan extract (CGX) and its main compounds were subjected to high-performance liquid chromatography
(HPLC). Histograms of the reference compounds mixture (A) and the CGX sample using HPLC (B) was constructed, and quantitative analysis was performed for each
reference compounds in CGX (C).

Table 2 Body weight, organ weights, serum biochemistry parameters and oxidative stress parameters
Groups

Normal

Body mass (g)
Liver mass (g)
Spleen mass (g)
Liver mass (%)
Spleen mass (%)
AST (IU/L)
ALT (IU/L)
ALP (IU/L)
LDH (IU/L)

347.3 ± 15.6
10.2 ± 0.7
0.8 ± 0.1
2.9 ± 0.1
0.2 ± 0.0
119.7 ± 18.1
45.8 ± 2.5
203.0 ± 29.7
1406.4 ± 68.3

Alcohol

Alcohol with CGX treatment

325.4 ± 20.4a
10.1 ± 1.5
0.8 ± 0.1
3.1 ± 0.5
0.2 ± 0.0
226.3 ± 120.2a
91.0 ± 39.5a
269.9 ± 111.2
1646.1 ± 224.3a

100

200

327.8 ± 24.6
9.3 ± 1.2
0.7 ± 0.1
2.8 ± 0.3
0.2 ± 0.0
125.1 ± 18.1c
70.3 ± 10.9c
190.7 ± 33.4
1338.0 ± 444.6

329.5 ± 16.0
9.6 ± 0.7
0.8 ± 0.1
2.9 ± 0.1
0.2 ± 0.0
105.3 ± 9.8c
54.2 ± 6.5c
174.9 ± 17.3
1009.6 ± 164.1d

CGX 200
332.3 ± 16.5
9.2 ± 0.6
0.8 ± 0.1
2.8 ± 0.1
0.2 ± 0.0
106.7 ± 5.2
45.7 ± 7.7
162.8 ± 20.0a
925.2 ± 115.2a

Rats were orally administered with alcohol (10 mL of 30% ethanol/kg) with/without CGX (100 or 200 mg/kg) for 4 wk. Body weight were recorded twice
weekly during experiment. At the end of the experiment, whole blood was collected and liver and spleen were removed. Data were expressed as mean ± SD (n
= 6-9); aP < 0.05 vs normal group; cP < 0.05 vs alcohol group; dP < 0.01 vs alcohol group. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;
ALP: Alkaline phosphatase; LDH: Lactic dehydrogenase.

kg) attenuated this histological change, as demonstrated
by Masson’s trichrome staining (Figure 2B).
Effects on hydroxyproline and MDA contents in liver
tissue
Four weeks of alcohol consumption increased hepatic
hydroxyproline content 2.4-fold compared with the normal group, and CGX treatment significantly ameliorated
this increase compared with the control group (P < 0.05
for 200 mg/kg; Figure 2C). Hepatic and serum MDA
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levels were notably elevated after four weeks of alcohol
consumption by 1.5- and 1.8-fold, respectively, compared
with those in the normal group. CGX treatment significantly reduced these increased MDA levels compared
with the control group (P < 0.05 for 200 mg/kg; Figure
2D and E).
Effects on pro-fibrogenic cytokines and IFN-γ in liver
tissue
Alcohol treatment notably increased TGF-β1 and PDGF-
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Figure 2 Histopathological examinations and contents of hydroxyproline and malondialdehyde. Rats were orally administered 30% alcohol (10 mL/kg) with or
without Chunggan extract (CGX; 100 or 200 mg/kg) for 4 wk. The removed liver tissues were examined using haematoxylin and eosin (A) and Masson’s trichrome (B)
staining under an optical microscope (× 200 magnifications). Hydroxyproline (C) and malondialdehyde (MDA) (D) contents in the liver tissue and serum MDA concentrations (E) were measured. Data are expressed as means ± SD (n = 6-9). aP < 0.05 vs normal group, bP < 0.01 vs normal group, cP < 0.05 vs control group.

BB levels in hepatic tissue compared with the normal
group. CGX treatment significantly attenuated the elevation of TGF-β (P < 0.05 for 200 mg/kg) and PDGF-BB
(P < 0.05 for 100 and 200 mg/kg) levels. The CTGF level
was increased slightly by alcohol administration and normalised by CGX treatment, but this effect was not significant. Four weeks of alcohol consumption remarkably
decreased the IFN-γ level in hepatic tissue, whereas CGX
treatment significantly recovered this level compared with
the control group (P < 0.05 for 200 mg/kg; Figure 3A).
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Effects on mRNA expressions in liver tissue
Four weeks of alcohol consumption caused remarkable up-regulation of TGF-β1, PDGF-BB and CTGF
gene expressions, but down-regulated IFN- γ in gene
expression. These alterations in gene expressions were
significantly ameliorated by CGX treatment (P < 0.05
for 100 or 200 mg/kg; Figure 3B). Alcohol consumption
significantly up-regulated the gene expressions of α-SMA,
ColT1a1, ColT1a2, TIMP-1, TIMP-2, CYP2E1, TLR-4,
CCL 5, and MCP-1, and CGX administration significant-

15709

November 14, 2014|Volume 20|Issue 42|

Kim HG et al . CGX ameliorated alcohol-induced hepatic injury

Concentrations (ng/mg protein)

A

1

3

TGF-β

PDGF-BB

2

b

a

Normal Alcohol CGX 100 CGX 200 CGX 200

Normal Alcohol CGX 100 CGX 200 CGX 200

Normal Alcohol CGX 100 CGX 200 CGX 200

Alcohol

TGF-β1

6

c

c

c

Alcohol

Fold changes of gene expressions

IFN-γ

c

1

0

B

CTGF

b

Normal Alcohol CGX 100 CGX 200 CGX 200

Alcohol

PDGF-β

Alcohol

CTGF

IFN-γ

b

5
4

c

3
a
2

c

a
c

c

c
a

1
0

Normal Alcohol CGX 100 CGX 200 CGX 200
Alcohol

Normal Alcohol CGX 100 CGX 200 CGX 200

Normal Alcohol CGX 100 CGX 200 CGX 200

Alcohol

Alcohol

Normal Alcohol CGX 100 CGX 200 CGX 200
Alcohol

Figure 3 Changes in hepatofibrosis-associated cytokines in protein and gene expression. Rats were orally administered 30% alcohol (10 mL/kg) with or
without Chunggan extract (CGX; 100 or 200 mg/kg) for 4 wk. The levels of transforming growth factor-beta (TGF-β), platelet-derived growth factor-BB (PDGF-BB),
connective tissue growth factor (CTGF), and interferon-gamma (IFN-γ) were determined in liver homogenates by enzyme-linked immunosorbent assays (A), and their
gene expressions were determined by real-time polymerase chain reactions (B). Data are expressed as means ± SD (n = 6-9). aP < 0.05 vs normal group, bP < 0.01
vs normal group, cP < 0.05 vs control group, dP < 0.01 vs control group. 1Only TGF-β was expressed as ng/100 μg protein. Others were according to the mg/protein,
but TGF-β1 was only according to the 100 mg/mg protein.

ly attenuated these changes, with the exception of CCL
5. On the other hand, the gene expression of ALDH was
notably down-regulated by alcohol consumption, and
CGX administration normalised this alteration (Table 3).
Effects on collagen production and cytokines in HSC-T6
cells
Intracellular collagen contents were approximately
1.4-fold higher in T6 cells compared with those not treated with acetaldehyde, and pre-treatment with CGX (100
μg/mL) significantly inhibited the production of collagen at the intracellular level (P < 0.05, Figure 4A). Acetaldehyde treatment remarkably elevated pro-fibrogenic
cytokines by 3.1-, 1.1-, and 2.1-fold for TGF-β, PDGFBB, and CTGF, respectively, compared with non-treatment with acetaldehyde in T6-cell culture medium (P <
0.05 for 100 μg/mL in TGF-β and CTGF; P < 0.01 for
100 μg/mL in PDGF-BB, respectively; Figure 4A). The
mRNA expression levels of ColT1a1, TGF-β1, PDGF-β,
and CTGF were remarkably up-regulated by 1.2- 1.3-, 1.4-,
and 1.7-fold, respectively, due to acetaldehyde stimulation
in T6 cells, and CGX efficiently down-regulated these
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abnormal changes (P < 0.05 for 50 μg/mL in PDGF-β
and 100 μg/mL in ColT1a1; P < 0.01 for 50 μg/mL
in TGF-β1 and 100 μg/mL in TGF-β1, PDGF-β, and
CTGF, respectively; Figure 4B).

DISCUSSION
Chronic alcohol consumption is one of the greatest concerns in hepatic injuries which can lead to steatohepatitis,
hepatofibrosis, cirrhosis, and hepatocellular carcinoma.
The liver is very vulnerable organ to alcohol abuse because it is the main organ to metabolize and detoxify it.
Hepatic injury caused by alcohol abuse is detected in approximately 15% of all patients with hepatofibrosis[4].
Many of studies have focused on the treatment of
alcohol-associated chronic liver injury, especially using
herbal plants[20,21]. In current study, we purposed to investigate hepatoprotective and anti-fibrotic effects of CGX
in a rat model of chronic alcohol consumption.
In our experiment, a 4-wk administration of 30%
ethanol (10 mL/kg) induced typical characters of alcoholic liver injury, as evidenced by approximately 2-fold
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Table 3 Relative gene expressions in hepatic tissues
Groups

Normal

Alcohol only
1.26 ± 0.51a
1.72 ± 0.08b
1.63 ± 0.80
1.64 ± 0.11b
1.72 ± 0.18b
0.84 ± 0.63
0.72 ± 0.34
1.33 ± 0.04b
0.73 ± 0.18a
1.44 ± 0.27a
1.17 ± 0.07b
1.48 ± 0.21b

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

α-SMA
ColT1a1
ColT1a2
TIMP-1
TIMP-2
MMP-2
MMP-9
CYP2E1
ALDH
TLR-4
CCL 5
MCP-1

Alcohol with CGX treatment
100

200

1.26 ± 0.42
1.18 ± 0.14
0.81 ± 0.10d
0.78 ± 0.04d
0.92 ± 0.03d
1.23 ± 0.30c
1.00 ± 0.81
0.87 ± 0.03d
0.81 ± 0.27
1.22 ± 0.08d
1.06 ± 0.35
1.26 ± 0.10d

0.97 ± 0.18c
1.01 ± 0.01d
0.74 ± 0.25d
0.79 ± 0.02d
0.92 ± 0.12d
1.27 ± 0.17c
1.10 ± 0.16c
0.84 ± 0.07d
0.83 ± 0.13
0.95 ± 0.24c
0.74 ± 0.31
1.50 ± 0.13

CGX 200 only
1.19 ± 0.18
0.94 ± 0.53
1.01 ± 0.41
1.16 ± 0.06
1.43 ± 0.14b
1.27 ± 0.48
1.04 ± 0.78
0.90 ± 0.14
1.13 ± 0.38
1.06 ± 0.04
1.08 ± 0.06
1.63 ± 0.09

Rats were orally administered with alcohol (10 mL of 30% ethanol/kg) with/without CGX (100 or 200 mg/kg) for 4 wk. At the end of the experiment, liver
tissues were collected for mRNA expressions by real-time PCR. Data were expressed as mean of fold changes ± SD (n = 4) aP < 0.05, bP < 0.01 vs normal
group, cP < 0.05, dP < 0.01 vs alcohol group. ALDH: Acetaldehydedehydrogenas; CCL 5: Chemokine (C-C motif) ligand-5; ColT1a1: Collagen type 1a1;
ColT1a2: Collagen type 1a2; CYP2E1: cytochrome p450 2E1; MCP-1: Monocyte chemotactic protein-1; MMP-2: Matrix metalloproteinase-2; MMP-9: Matrix
metalloproteinase-9; TIMP-1: Tissue inhibitor of metalloproteinases-1; TIMP-2: Tissue inhibitor of metalloproteinases-2; α-SMA: alpha-smooth muscle actin.
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Figure 4 Effects of Chunggan extract on collagen production and pro-fibrogenic cytokines in T6 cells. HSC-T6 cells (2 × 106 cells) were pre-treated with CGX (50
or 100 μg/mL) 2 h before acetaldehyde (ALD) treatment (100 μmol/L) for 24 h. The intracellular collagen type 1 level was measured using Sidney’s method, and levels of transforming growth factor-beta (TGF-β), platelet-derived growth factor-BB (PDGF-BB), and connective tissue growth factor (CTGF) in media were determined
using enzyme-linked immunosorbent assays (A). The gene expressions for collagen type 1a1, TGF-β, PDGF-β and CTGF were measured using real-time polymerase
chain reactions (B). The results are expressed as the fold-change relative to the normal group. Data are expressed as means ± SD (n = 4). aP < 0.05 vs normal group;
b
P < 0.01 vs normal group; cP < 0.05 vs ALD-only group, dP < 0.01 vs ALD-only group.
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increases in biochemical parameters, including AST, ALT,
ALP, and LDH (Table 2). These alterations were significantly ameliorated by CGX treatment. CGX treatment
also resulted in improved histopathological findings with
Masson’s trichrome staining, although 4 wk of 30% ethanol administration did not fully induce a fibrotic change
(Figure 2A and B). This limitation in the fibrotic change
achieved in oral ethanol administration models is well
recognized[22-25]. However, hepatic hydroxyproline content was significantly increased by 2.4-fold in the control
group compared with the normal group. Hydroxyproline is a major component of the protein collagen and a
critical biomarker of fibrotic change[26]. As we expected,
CGX treatment significantly normalised this change (Figure 2C). These results indicate the anti-hepatic injury action of CGX, especially focused on the amelioration of
fibrotic changes in the liver tissue.
The liver fibrosis is a consequence of HSC activation that leads to the over-production of collagen and
accumulation of ECM molecules. Four weeks of alcohol consumption activated HSCs, as evidenced by upregulation of the gene expressions of α-SMA, ColT1a1,
and ColT1a2 (Table 3). Oxidative stress is known to play
a key role in the pathogenesis of alcohol-induced hepatic
injuries, including fibrosis[27,28].
Continuous oxidative stress readily damages hepatocytes and accelerates the stimulation of HSC activation, leading to transformation into collagen-producing
myofibroblasts[29]. The 4-wk alcohol treatment drastically
increased MDA levels in serum and hepatic tissue, and
CGX significantly reduced these alterations (Figure 2D
and E). In our experiment, antioxidant components, including superoxide dismutase, catalases, and glutathioneredox enzymes, were depleted in the control group, and
these distortions were notably attenuated by CGX treatment (data not shown).
In HSC activation and ECM production, pro-fibrogenic cytokines such as TGF-β, PDGF-β, and CTGF
play pivotal roles. In the case of alcoholic liver injury,
these three cytokines repeatedly inhibit the regeneration of hepatocytes[30]. TGF-β not only activates HSCs,
but also positively affects the receptor expressions of
PDGF-β and CTGF[31]. PDGF-β plays a critical role in
the proliferation and activation of HSCs[32,33]. The hepatic
tissue levels of TGF-β and PDGF-BB were considerably
up-regulated in terms of protein and gene expressions
by the 4-wk alcohol treatment, and CGX significantly
normalized these alterations (Figure 3). CTGF is synthesized from hepatocytes or HSCs, and is up-regulated
by TGF-β1 in hepatic injury due to alcohol consumption[34-36]. The up-regulation of CTGF gene expression
by alcohol was more pronounced than were those of
TGF-β1 and PDGF-β. CGX treatment significantly regulated this change in gene expression, but not in protein
level (Figure 3).
IFN-γ is well known for the anti-fibrogenic cytokine
that can inhibit HSC proliferation[30]. In our study, IFN-γ
was notably down-regulated in terms of protein and gene
expression levels, and these abnormalities were normal-
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ized by CGX treatment (Figure 3). Liver fibrosis is a very
dynamic phenomenon resulting from an imbalance in
ECM production and its degradation[37]. MMPs selectively
degrade ECMs, whereas TIMPs act to inhibit MMP functions in hepatic fibrogenesis[38]. Alcohol consumption notably induced the up-regulation of TIMP-1 and TIMP-2,
but the down-regulation of MMP-2 and MMP-9. These
alterations in gene expression were significantly ameliorated by CGX treatment (Table 3).
Furthermore, we partially investigated the effects of
CGX on alcohol metabolic enzymes, such as CYP2E1
and ALDH. As a detoxification enzyme, CYP2E1 contribute to generate ROS or CYP2E1 adducts, which acts
as free radicals in case of excessive alcohol ingestion in
liver tissue[5,39,40]. ALDH is a main enzyme that rapidly
converts acetaldehyde, a typical free radical in the alcohol
metabolism process, to non-toxic acetate[41]. Additionally,
TLR-4, CCL 5, and MCP-1 are linked directly or indirectly to the pathogenesis of alcohol-induced hepatic injury
and hepatic fibrosis.
TLR-4 plays a major role in chronic alcohol consumption-induced hepatic injury[42]. CCL 5 and MCP-1
are chemokines that act in the inflammatory response
during hepatic injury[43]. Our results exhibited the effects
of CGX on the regulation of the above-mentioned gene
expressions, which were altered by alcohol consumption
(Table 3).
To verify the pharmacological actions of CGX in
this study, we adapted an in vitro model using rat-derived
HSCs, a T6 cell line, under acetaldehyde-treated conditions. Acetaldehyde is known as the direct stimulation
of HSCs activation[44]. Upon Stimulation with acetaldehyde to the T6 cells produced collagen type 1, TGF-β1,
PDGF-β, and CTGF gene expression as well as protein
levels. However, these overall alterations were significantly stabilized by CGX (Figure 4). These results demonstrate that the protective effect of CGX and its regulation of pro-fibrogenic cytokines both in in vivo and in vitro
experiments.
In conclusion, our results strongly suggest that CGX
efficiently affects alcohol consumption-induced hepatic
injury through regulation of pro-fibrogenic cytokines as
well as alcohol metabolism.

COMMENTS
COMMENTS
Background

Alcohol abuse can cause severe liver injuries including alcoholic steatohepatitis
as well as hepatofibrosis, even hepato cellular carcinoma via oxidative liver
damage and fibrotic change. Until recent days, there is no therapeutic drug
to care alcohol abuse-induce liver injury. Chunggan extract (CGX) has been
developed to cure various liver diseases in clinical fields. Previous studies reported that CGX was potentially applied to prevent or treat various liver disease
including chemical-induced acute and chronic liver fibrosis and NASH using
animal models.

Research frontiers

CGX, which was developed from Traditional Chinese Medicine and it is composed of 13 different herbal materials and it has been used to treat patients
with various liver diseases such as viral hepatitis, fatty liver or alcoholic liver
disorder since 2001. Moreover, CGX was studied on the safety and toxicology
studies using Rats and beagle dogs. In alcoholic liver injury, the research hot-
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spot is how to modulate the pathological changes such as oxidative damages
or fibrotic changes by CGX and to improve its effectiveness on preventing those
alterations.

Innovations and breakthroughs

11

The study revealed the pharmacological properties of CGX mainly focused on
the pro-fibrogenic cytokines as well as alcohol metabolism related molecules.
Moreover, the corresponded mechanisms were observed in rat derived hepatic
stellate cells (HSC) cell line using HSC-T6 cells.

12

Applications

There is no therapeutic way to treat or cure alcoholic liver injury. Therefore, it
is important to develop a new drug to treat the alcoholic liver injury. Results
in present study suggest that the CGX is a potential therapeutic material that
could be used in preventing alcohol-induced hepatofibrotic change, oxidative
damage and alcohol metabolism.

13

Terminology

CGX, which means “cleaning the liver” and has been used to treat various
liver disorders, was invented according to the Traditional Chinese Medicine
based theory, and it is composed of different 13 kinds of herbal materials. Profibrogenic cytokines: The major composition of Pro-fibrogenic cytokines are
growth factors including transforming growth factor (TGF)-β, platelet-derived
growth factor (PDGF)-BB and connective tissue growth factor (CTGF). During
hepatofibrosis these cytokines were released from activated hepatostellate cells
and leads to collagen accumulation in liver tissues; HSC: HSC is a kind of liver
cells, which is responsible for formation of hepatofibrosis through the activation
of HSC. When it is activated the myofibroblasts were formed via the release of
pro-fibrogenic cytokines such as TGF-β, PDGF-BB and CTGF.

14

15

Peer review

The present manuscript is a good descriptive study in which authors analyze
the anti-hepatofibrotic properties of CGX on 4 wk alcohol consumption induced hepatic injury in rat model. In this study, CGX significantly reduced liver
enzymes in the serum level and also considerably ameliorated the abnormal
values of pro-fibrogenic cytokines as well as oxidative stress damages in the
liver tissues. Moreover, its pharmacological mechanisms of CGX were also
observed in acetaldehyde-stimulated HSC-T6 cells.
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Abstract
AIM: To investigate esophageal Helicobacter pylori (H.
pylori ) colonization on esophageal injury caused by reflux and the related mechanisms.

METHODS: An esophagitis model, with acid and bile
reflux, was surgically produced in male rats. The rats
were randomly divided into either: (1) an esophagogastroduodenal anastomosis (EGDA) group; (2) an
EGDA with H. pylori infection group; (3) a pseudo-operation with H. pylori infection group; or (4) a pseudooperation group. All rats were kept for 36 wk. Based
on the location of H. pylori colonization, the EGDA rats
with H. pylori infection were subdivided into those with
concomitant esophageal H. pylori colonization or those
with only gastric H. pylori colonization. The esophageal
injuries were evaluated grossly and microscopically.
The expressions of CDX2 and MUC2 were determined
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by real-time polymerase chain reaction (RT-PCR) and
immunohistochemistry. Ki-67 antigen expression was
determined by immunohistochemistry. The mRNA levels
of cyclin D1, c-Myc, Bax and Bcl-2 were determined by
RT-PCR. Cell apoptosis was evaluated using the TdTmediated dUTP nick-end labeling method.
RESULTS: Esophagitis, Barrett’s esophagus (BE),
and esophageal adenocarcinoma (EAC) developed in
rats that underwent EGDA. When comparing rats with
EGDA and concomitant esophageal H. pylori colonization to EGDA-only rats, the severity of injury (87.9 ± 5.2
vs 77.2 ± 8.6, macroscopically, 92.5 ± 8.0 vs 83.8 ±
5.5, microscopically, both P < 0.05) and the incidences
of BE (80.0% vs 33.3%, P = 0.055) and EAC (60.0%
vs 11.1%, P < 0.05) were increased. These increases
were associated with upregulation of CDX2 and MUC2
mRNA (10.1 ± 5.4 vs 3.0 ± 2.9, 8.4 ± 4.6 vs 2.0 ± 3.2,
respectively, P s < 0.01) and protein (8.1 ± 2.3 vs 3.3 ±
3.1, 7.3 ± 4.0 vs 1.8 ± 2.7, respectively, all P < 0.05).
The expression of Ki-67 (8.9 ± 0.7 vs 6.0 ± 1.7, P <
0.01) and the presence of apoptotic cells (8.3 ± 1.1 vs
5.3 ± 1.7, P < 0.01) were also increased significantly in
rats with EGDA and concomitant esophageal H. pylori
colonization compared with rats with EGDA only. The
mRNA levels of cyclin D1 (5.8 ± 1.9 vs 3.4 ± 1.3, P <
0.01), c-Myc (6.4 ± 1.7 vs 3.7 ± 1.2, P < 0.01), and
Bax (8.6 ± 1.6 vs 5.1 ± 1.3, P < 0.01) were significantly increased, whereas the mRNA level of Bcl-2 (0.6 ±
0.3 vs 0.8 ± 0.3, P < 0.01) was significantly reduced in
rats with EGDA and concomitant esophageal H. pylori
colonization compared with rats with EGDA only.
CONCLUSION: Esophageal H. pylori colonization increases esophagitis severity, and facilitates the development of BE and EAC with the augmentation of cell
proliferation and apoptosis in esophageal mucosa.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Adenocarcinoma; Animal model
Core tip: The relationship between gastroesophageal
reflux disease and Helicobacter pylori (H. pylori ) is controversial. This study demonstrates that esophageal
H. pylori colonization can aggravate esophageal injury
and promote the incidence of Barrett’s esophagus and
esophageal adenocarcinoma. Gastric H. pylori colonization did not aggravate esophageal mucosal lesions in
rats with mixed reflux. However, esophageal H. pylori
infection was associated with increased cell proliferation
and apoptosis in the esophagi of rats with mixed reflux.
Loss of balance between cell proliferation and apoptosis may be important in H. pylori -induced esophageal
malignancy.
Chu YX, Wang WH, Dai Y, Teng GG, Wang SJ. Esophageal Helicobacter pylori colonization aggravates esophageal injury caused
by reflux. World J Gastroenterol 2014; 20(42): 15715-15726
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i42/15715.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i42.15715

INTRODUCTION
Esophageal adenocarcinoma (EAC) has received considerable attention in recent years due to the rapid
increase in incidence rate and poor prognosis[1]. As a
result, the number of studies attempting to elucidate the
mechanisms of this increasingly prevalent cancer has
increased. Barrett’s esophagus (BE) is the result of intestinal metaplasia, where the normal esophageal squamous
epithelium is replaced by simple columnar intestinaltype epithelium. BE is generally recognized as the major
precursor for EAC. The estimated risk of BE patients
developing EAC is 30-125 times higher than that of the
general population[2]. Although various factors have been
suggested to cause BE development, the pathogenesis of
the disease remains unknown.
Chronic gastroesophageal reflux with bile plays a
crucial role in the development of BE[3]. Acid and bile,
the main components of gastroesophageal refluxate, act
synergistically to induce mucosal injury[4]. Both components have been suggested to promote intestinal-type differentiation in esophageal keratinocytes by inducing the
expression of the caudal type homeobox 2 (cdx2) gene,
an intestine-specific transcription factor involved in intestinal differentiation. Aberrant expression of this gene is
associated with intestinal metaplasia and tumorigenesis[5].
Homeodomain protein CDX2 regulates goblet-specific
mucin 2 (muc2) gene expression resulting in the differentiation of intestinal epithelium[6]. Experimental models
of gastroesophageal reflux in rodents provide a basis for
understanding the molecular events, which characterize
the metaplasia-dysplasia-adenocarcinoma process in the
esophagus.
Helicobacter pylori (H. pylori) has been widely recognized
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as an important causative factor in the development of
gastric adenocarcinoma. Studies indicate that H. pylori
may colonize in the lower esophagus with gastric metaplasia. The prevalence of H. pylori infection in the lower
esophagus varies from 20%-70%[7,8]. A preliminary study
on the association between H. pylori infection and gastroesophageal reflux disease (GERD) suggested that the
colonization of H. pylori occurs in the lower esophagus.
Hence, the bacteria potentially aggravate esophageal mucosa injury and increase the incidence of BE and EAC
with the upregulation of CDX2[9]. However, that particular study lacked an additional group of rats with both
chronic reflux and esophageal H. pylori infection. Data
analyses combined all the groups of rats with chronic
reflux and esophageal H. pylori infection, as well as rats
treated with celecoxib. The implicit mechanisms for the
increase in esophageal injury and the subsequent progression from esophagitis to BE and EAC associated with H.
pylori colonization are unknown.
The imbalance between cell proliferation and apoptosis is common in neoplasia development. Ki-67 expression, a marker of cell proliferation, is increased in Barrett’
s epithelium and adenocarcinoma[10]. Cyclin D1, a regulating factor of the cell cycle, and c-Myc, a transcriptional
enhancer, are overexpressed in gastric tumorigenesis induced by H. pylori infection[11,12]. Cell apoptosis is a complex process regulated by various apoptotic proteins, such
Bcl-2 and Bcl2-associated X protein (Bax). While Bax
promotes apoptosis, Bcl-2 inhibits the process. Both Bax
and Bcl-2 have been shown to be associated with the development of gastric adenocarcinoma caused by H. pylori
infection[13,14]. However, the alteration of cell proliferation
and apoptosis in the esophagus in response to H. pylori
infection has not been investigated.
The aims of the present study were to verify our previous findings by using a group of rats with chronic reflux
and esophageal H. pylori colonization, and to investigate
the possible mechanisms in the sequence of inflammation-metaplasia-adenocarcinoma in response to H. pylori
colonization of the esophagus. A rat model of chronic
acid and bile reflux with H. pylori infection was successfully established. As a result, the severity of esophagitis,
the incidence of BE and EAC, the index of proliferation
and apoptosis of esophageal mucosa, and the expression
of possible regulators could be determined.

MATERIALS AND METHODS
Animals and surgery
Sixty-five specific-pathogen-free male Sprague-Dawley
rats (8-wk-old) were purchased from Vital River Laboratory Animal Technology Co. Ltd. (Beijing, China). The
rats were allowed to acclimate for one week with standard
solid laboratory chow and distilled water, in an animal
room with controlled temperature, and a 12 h light-dark
cycle. The rats were randomly divided into four groups:
(1) an esophagogastroduodenal anastomosis (EGDA)
group (n = 15); (2) an EGDA-H. pylori infection group
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(n = 34); (3) a pseudo-operation with H. pylori infection
group (pseudo-operation with H. pylori gastric gavage; n
= 8); and (4) a pseudo-operation group [pseudo-operation
with brain heart infusion (BHI) gastric gavage; n = 8]. In
our previous study, the mortality of rats that underwent
EGDA was 40%-50%, and the prevalence of esophageal
H. pylori colonization was 64.3%[9]. As a result, more rats
were assigned to both the EGDA and EGDA-H. pylori
infection groups. Based on the H. pylori colonization
site, the rats in the EGDA-H. pylori infection group were
further divided into two subgroups: EGDA with concomitant esophageal H. pylori colonization and EGDA
with gastric H. pylori colonization. EGDA was performed
as described previously to create a rat model with acid
and bile reflux[15]. Briefly, a side-to-side anastomosis was
made between the gastroesophageal junction and the
middle duodenum on the anti-mesenteric border with an
accurate mucosa-to-mucosa position. In the two pseudooperation groups, the rats’ abdomens were opened, the
bowels were flipped, and the abdomens were sutured. H.
pylori infection was established by inoculating the H. pylori
strain SS1 intragastrically two weeks after EGDA. The
study was approved by the Animal Care Committee of
Peking University First Hospital (Beijing, China).
Rats were anesthetized 36 wk after surgery with chloral hydrate (0.3 mg/kg, intraperitoneal). The esophagus
was removed 0.2 cm above the anastomotic stoma. The
macroscopic score of esophageal mucosal injury was
evaluated according to the presence of: (1) hyperemia; (2)
edema; (3) erosion; (4) ulcer; (5) intramural; or (6) intraluminal hemorrhage[16]. Once removed, the esophagus was
longitudinally cut into three segments. One segment was
fixed in 40 g/L formaldehyde, and the other two were
kept in liquid nitrogen for subsequent mRNA extraction. Gastric specimens were taken and opened along
the greater curvature. The anterior and posterior wall of
the stomach, including the body and the antrum, were
cut roughly into two 3 mm × 10 mm segments along
the greater curvature. One segment was used for a rapid
urease test and the other was immediately immersed in
10% buffered formalin and embedded in paraffin. Blood
samples were collected from the abdominal aorta and
centrifuged for 20 min at 3500 rpm. The supernatants
were aliquoted and stored at -70 ℃ until further use.
Histologic and immunohistochemical studies
Paraffin sections (4 μm thick) were stained with hematoxylin and eosin (HE) to examine inflammation of the
esophagus and the presence of BE and EAC. BE was
defined as the presence of columnar epithelium with
intestinal-type goblet cells[17]. EAC was diagnosed when
dysplastic columnar epithelial cells invaded the basement
membrane[18]. The microscopic scores of the esophageal
mucosal injury were evaluated as previously described[16].
High-iron diamine-Alcian blue-Periodic acid-Schiff (HIDAB-PAS) staining was performed according to the HID
and AB-PAS kit protocols (Shijiheli Co. Ltd., Beijing,
China). For immunohistochemical staining, paraffin
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sections were immersed in xylene and hydrated using a
graded alcohol series. Antigen retrieval was performed
by immersing the sections in 0.01 mol/L citrate buffer
(pH 6.0) and heating in a microwave oven at 80 W for 20
min. After a 10 min peroxide-block treatment (BioGenex
Laboratories, Fremont, CA, United States) to eliminate
endogenous peroxidase activity, the sections were blocked
with power block (BioGenex Laboratories) for 10 min in
a humidified box at room temperature to eliminate nonspecific binding. Sections were incubated overnight at 4 ℃
with primary antibodies: rabbit anti-rat Ki-67 monoclonal
antibody (Abcam, Cambridge, United Kingdom), mouse
anti-rat CDX2 monoclonal antibody (Cell Signaling Technology Inc., Beverly, MA, United States), or rabbit anti-rat
MUC2 polyclonal antibody (Santa Cruz Biotechnology,
Dallas, TX, United States). The sections were rinsed in
phosphate-buffered saline (PBS) and incubated with super
enhancer (BioGenex Laboratories) for 20 min, followed
by Polymer-HRP (BioGenex Laboratories) for 40 min.
Staining was developed with diaminobenzidine (BioGenex
Laboratories) under a light microscope. Sections were
counterstained with hematoxylin. Full-tissue section slides
were scored using an “H-score approach”[19]. The percentage of cells positively stained was scored as: a = 0% (score
0); 1%-20% (score 1); 21%-40% (score 2); 41%-60% (score
3); 61%-80% (score 4); or 81%-100% (score 5). The intensity of staining was categorized as i = absent (score
0); faint (score 1); moderate (score 2); or strong (score 3).
High power magnification (400 ×) was used to count the
number of positive cells. The final score for the counted
cells was calculated by multiplying a by i with a minimum
possible value of 0 and a maximum of 15.
RNA extraction and real-time polymerase chain reaction
Total RNA was extracted from frozen esophageal tissues.
The esophageal tissue was cleaved with 1 mL TRIzol® (Life
Technologies, Carlsbad, CA, United States), followed by
200 μL of chloroform. The mixture was then shaken
vigorously and centrifuged at 12000 rpm for 15 min at
4 ℃. The supernatant was mixed with 500 μL of isopropanol and centrifuged again at 12000 rpm for 15 min
at 4 ℃. The RNA pellet was washed with 75% ethanol,
dried, resuspended in sterile water, and quantified using
a NanoDrop spectrophotometer (ND-1000V3.5.2 software, NanoDrop Technologies, Wilmington, DE, United
States). Reverse transcription of mRNA to cDNA was
performed using a High Capacity cDNA Reverse Transcription Kit (Life Technologies). The total reaction
volumes were 20 μL, and consisted of 10 μL of 2 ×
master mix and 10 μL of RNA sample (2 μg total RNA).
Reverse transcription was performed in a thermal cycler
(Eppendorf, Hamburg, Germany) at 25 ℃ for 10 min,
37 ℃ for 120 min, and 85 ℃ for 5 min. The cDNAs
were aliquoted and stored at -70 ℃. Real-time polymerase
chain reaction (RT-PCR) was performed using the Applied Biosystems 7500 Sequence Detection System (Applied Biosystems of Thermo Fisher Scientific, Waltham,
MA, United States). Primers were designed by Primer
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Express 3.0 software (Applied Biosystems) and were as
follows: Cdx2, forward, 5’- CCATGAGGAGCACGGACACT-3’ and reverse, 5’-TTCTGCCCTCTGT CCTCGAT-3’; Muc2, forward, 5’-CGTGCCACGGCAAGGT-3’
and reverse, 5’-AGTGTCACAGG AGCAGGAGTC-3’;
C - M yc, f o r wa r d , 5 ’ - G C G T TAT T T G A AG C C TGAATTTCC-3’ and reverse, 5’-CCTGTTAGCGAAGCTCACGTTG-3’; Ccnd1 (cyclin D1), forward,
5’-CTA ATGTAAAGCCAGCCGCAATG-3’ and reverse, 5’-TGGACACAGCAGCCCTCAAG -3’; Bcl-2, forward, 5’-GGGATGCCTTTGTGGAACTATATG-3’ and
reverse, 5’-TGAGCAGCGTCTTCAGAGACA-3’; Bax,
forward, 5’-GCGATGAACTGGACAA CAACAT-3’ and
reverse, 5’-TAGCAAAGTAGAAAAGGGCAACC-3’;
and Actb ( β -actin; housekeeping gene), forward,
5’-GCCTCACTGTCCACCTTCCA-3’ and reverse,
5’-GTCCGCCTAGAAGCATTTGC-3’. RT-PCR was
performed in a final volume of 15 μL containing 1 μL
of cDNA, 7.5 μL of SYBR Green RT-PCR Master Mix
(Applied Biosystems), 1 μL of forward and reverse primers, and 5.5 μL of sterile water. The reactions were carried out according to the following parameters: denaturation at 95 ℃ for 10 min, followed by 40 cycles at 95 ℃
for 15 s, 60 ℃ for 1 min, and a further melting curve step
at 95 ℃ for 15 s, 60 ℃ for 30 s, and 95 ℃ for 15 s. All
reactions were performed in triplicate. The PCR products
were quantified using the 2-ΔΔCT comparative method.
H. pylori culture and inoculation
H. pylori strain SS1 obtained from the National Collection
of Type Cultures (Colindale, London, United Kingdom)
was cultured in a microaerobic humidified atmosphere on
a Columbia agar (Oxoid, Hampshire, United Kingdom)
plate with 80 mL/L defibrinogen goat blood (Baote Ltd.,
Beijing, China) at 37 ℃. After 48 h incubation, the bacteria were harvested in BHI broth (Oxoid, Hampshire,
United Kingdom) and adjusted to 1 × 108 CFU/mL.
EGDA rats were inoculated intragastrically for two weeks
with 1 mL of H. pylori suspension every other day for a
total of three times.
H. pylori detection
Warthin-Starry silver staining, a rapid urease test (RUT),
and a serological test were used to confirm H. pylori infection. Paraffin-embedded esophageal and gastric sections
were processed according to the Warthin-Starry silver
staining protocol with H. pylori appearing dark-brown to
black. For the RUT, samples from rat stomach and the
lower esophagus were placed in a tube filled with RUT
reagent and monitored for color change (from yellow to
red) for up to 24 h. For the serological test, an antigenspecific antibody in serum was detected by an enzymelinked immunosorbent assay (CagA-Hp-IgG ELISA kit,
Jingying Co. Ltd., Shanghai, China)[9,20]. Samples with optical density (A) readings 2.1-fold greater than uninfected
rats were considered positive. Rats with positive WarthinStarry silver staining, or with positive RUT and anti-H.
pylori serological tests were considered positive for H.
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pylori infection.
TdT-mediated dUTP nick-end labeling
Apoptosis was determined by the TdT-mediated dUTP
nick-end labeling (TUNEL) method according to the
protocol of the In Situ Cell Death Detection kit (Roche,
Basel, Germany). Sections were de-waxed with xylene
and hydrated, and then placed in 0.1 M citrate buffer (pH
6.0) in a microwave oven at 80 W for 20 min. After rinsing with PBS, sections were mixed with TUNEL mixture
(enzyme solution and label solution) and incubated at
37 ℃ for 60 min in a dark humidified box. Following
this incubation, the converter-peroxidase was added and
sections were incubated at 37 ℃ for 30 min. Staining
was developed with diaminobenzidine, and sections were
counterstained with hematoxylin. TUNEL scoring was
the same as that used for immunohistochemistry.
Statistical analysis
All quantitative values are expressed as mean ± SD. Statistically significant differences between groups were determined using χ 2, Fisher’s exact, or nonparametric Wilcoxon and Mann-Whitney U tests. Data management and
statistical analyses were performed using SPSS software
16.0 (SPSS Inc., Chicago, IL, United States). All analyses
were considered significant when the P value was less
than 0.05.

RESULTS
General observations
Within eight weeks of surgery, 21 rats died: six in the
EGDA group, and 15 in the EGDA-H. pylori infection
group. Of these, ten were due to anastomotic infarction,
seven to malnutrition caused by vomiting, and four were
due to undetermined reasons. Forty-four rats survived 36
wk after operation and completed the study: eight were in
the pseudo-operation group, eight were in the pseudo-operation-H. pylori infection group, nine were in the EGDA
group, and 19 were in the EGDA-H. pylori infection group.
Gastric colonization of H. pylori was detected in all H. pylori
inoculated rats. Of the 19 rats in the EGDA-H. pylori infection group, 10 were found to have concomitant H. pylori
colonization in the esophagus (Figure 1).
Esophageal H. pylori colonization aggravates
esophageal injury caused by chronic reflux
The esophagi in the two pseudo-operated groups appeared smooth and light pink (Figure 2A). The middle
and lower esophagi of EGDA rats were markedly dilated
and thickened with hyperkeratinization. Epithelial sloughing and ulcerations were found in large areas of the lower
esophagi in EGDA rats. Esophagitis was identified as
either a “white cobblestone” appearance or a “white tree
bark” appearance (Figure 2A).
Under the microscope, normal rat esophagus displayed stratified keratinized squamous epithelium (Figure
2B). The esophagi of rats in the two pseudo-operation
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Figure 1 Helicobacter pylori infection detected with the Warthin-Starry silver staining method. Warthin-Starry silver staining revealed A: Intestinal metaplasia in
the esophagus (200 × magnification); B: Helicobacter pylori (H. pylori) colonizing the esophagus (arrow) (1000 × magnification); C: H. pylori colonizing the stomach (1000
× magnification).
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Figure 2 Macroscopic and microscopic findings in the rat esophagus. A: Macroscopic findings in the esophagus: 1, Normal esophagus; 2, Esophagitis with tree
bark appearance; 3, Barrett’s esophagus; and 4, esophageal adenocarcinoma. Microscopic findings; B: Normal squamous epithelium (400 × magnification); C: Reflux
esophagitis (200 × magnification); D: Barrett’s esophagus (200 × magnification); E: Intestinal metaplasia in the esophagus detected by High-iron diamine-Alcian BluePeriodic acid-Schiff (400 × magnification); F: Esophageal adenocarcinoma (400 × magnification).
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Figure 3 Findings of mucosal injury in the lower esophagus. A: Macroscopic scoring of esophageal mucosal injury; B: Microscopic scoring of esophageal mucosal injury. bP < 0.01 vs pseudo-operation and pseudo-operation with Helicobacter pylori (H. pylori) infection groups; cP < 0.05 vs esophagogastroduodenal anastomosis (EGDA) group.

Table 1 Incidence of Barrett’s esophagus and esophageal
adenocarcinoma in rats n (%)
Groups (n )
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Pseudo-operation (8)
Pseudo-operation with H. pylori infection (8)
EGDA (9)
EGDA with H. pylori infection
Concomitant esophageal colonization (10)
Only gastric colonization (9)

BE

EAC

0
0
3 (33.3)

0
0
1 (11.1)

8 (80.0)a
2 (22.2)

6 (60.0)a,c
1 (11.1)

a

P < 0.05 vs pseudo-operation and pseudo-operation with Helicobacter
pylori (H. pylori) infection groups; cP < 0.05 vs esophagogastroduodenal
anastomosis (EGDA) group. BE: Barrett’s esophagus; EAC: Esophageal
adenocarcinoma.

groups did not reveal any abnormalities. However, mucosal injury and typical appearance of reflux esophagitis
were found in the middle and lower esophagi of rats that
underwent EGDA. An increase in the thickness of squamous epithelium, with basal cell hyperplasia and elongation of lamina propria papillae, was found in the EGDA
rat esophagi (Figure 2C). Other pathologic findings included the infiltration of inflammatory cells, squamous
epithelium deletion, columnar epithelium replacement,
intestinal metaplasia, dysplasia, and even EAC (Figure
2D-F). The scores of esophageal mucosal injury were increased in EGDA rats compared to rats without EGDA (P
< 0.05). There were significant reductions in the scores
of esophageal mucosal injury in EGDA rats with only
gastric H. pylori colonization compared to EGDA rats (P
< 0.05). The EGDA rats with concomitant esophageal H.
pylori colonization had higher mucosal injury scores in the
lower esophagus than EGDA rats (P < 0.05) (Figure 3).
Esophageal H. pylori colonization promotes the
development of BE and EAC in the presence of chronic
reflux with CDX2 and MUC2 overexpression
None of the rats in the two pseudo-operation groups
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suffered from BE or EAC. There was no statistical difference in the incidence of BE and EAC in EGDA rats
compared to rats in the two pseudo-operation groups
(Table 1). Concomitant esophageal H. pylori colonization
accompanied by chronic reflux increased the incidence of
BE and EAC (P < 0.05). However, the frequency of BE
and EAC remained unchanged between the EGDA rats
with only gastric H. pylori colonization and the EGDA
rats (Table 1).
In an effort to determine the role of CDX2 and its
downstream molecules, the expression of the markers of
intestinal metaplasia was evaluated. Chronic reflux caused
by EGDA induced the expression of CDX2 and MUC2.
Overexpression of CDX2 and MUC2 in the esophagus
was found in EGDA rats with concomitant esophageal H.
pylori colonization, as compared to EGDA rats (P < 0.05)
(Figure 4).
Esophageal H. pylori colonization disrupts the balance
between cell proliferation and apoptosis in esophageal
mucosa
Loss of balance between cell proliferation and apoptosis is common in the development of neoplasia. Ki-67
expression was analyzed to evaluate the extent of cell
proliferation, while TUNEL staining was used to indicate
apoptosis in esophageal mucosa. In both normal esophageal mucosa and mucosa with esophagitis, basal layer cells
in squamous epithelium expressed Ki-67. The TUNELpositive cells were horny layer cells located in squamous
epithelium. Ki-67 expression and TUNEL-positive cells
were also detected in metaplastic glands and mesenchymal cells in Barrett’s mucosa and EAC.
Sporadic expression of Ki-67 was found in esophageal squamous epithelial cells in the two pseudo-operation groups. Similarly, there were few TUNEL-positive
cells in the esophagi of rats from the two pseudo-operation groups. In contrast, the expression of Ki-67 protein
and the number of TUNEL-positive cells increased in
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Figure 4 mRNA and protein expressions of CDX2 and MUC2 in the rat esophagus. The relative mRNA expression levels of CDX2 (A) and MUC2 (B) in the
esophagus; Immunohistochemistry (IHC) scoring of CDX2 (C) and MUC2 (D) protein expression in the esophagus. aP < 0.05, bP < 0.01 vs esophagogastroduodenal
anastomosis (EGDA), pseudo-operation, and pseudo-operation with Helicobacter pylori (H. pylori) infection groups.

the esophagi of rats that underwent EGDA (P < 0.05). In
EGDA rats with concomitant esophageal H. pylori colonization, Ki-67 expression was elevated, and an increased
number of esophageal apoptotic cells was detected (P <
0.05). The expression of Ki-67 in the esophagus was significantly decreased (P < 0.05), whereas the numbers of
apoptotic cells remained unchanged in EGDA rats with
gastric H. pylori colonization compared to EGDA rats
(Figure 5).
Esophageal H. pylori colonization increases the
expression of genes involved in the regulation of cell
proliferation and apoptosis
To elucidate the regulatory mechanisms for the imbalance between cell proliferation and apoptosis, the mRNA
expression of associated genes was investigated. There
was no statistical difference in the mRNA expression of
cyclin D1 and c-Myc in the esophagi of the two pseudooperation groups, however, both were significantly induced in EGDA rats (both P < 0.05). Further increases
in the expression of cyclin D1 and c-Myc mRNAs were
evident in EGDA rats with concomitant esophageal H.
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pylori colonization (P < 0.01). The mRNA expression of
cyclin D1 and c-Myc was reduced in EGDA rats with
only gastric H. pylori colonization compared to EGDA
rats (P < 0.05).
There were no significant differences in the mRNA
expression of Bax or Bcl-2 in the esophagi of rats in the
pseudo-operation and pseudo-operation-H. pylori infection groups. However, Bax mRNA in the esophagus increased significantly, whereas Bcl-2 mRNA was reduced
in EGDA rats compared to the rats of the two pseudooperation groups (Ps < 0.05). Bax mRNA was further
induced, and Bcl-2 reduced, in the esophagi of EGDA
rats with concomitant esophageal H. pylori colonization
compared to EGDA rats (both P < 0.01). There was no
significant difference in the expression of Bax or Bcl-2
mRNA between EGDA rats and EGDA rats with only
gastric H. pylori colonization (Figure 6).

DISCUSSION
H. pylori has been shown to increase the risk of precancerous lesions in the stomach; however, the role H. pylori
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Figure 5 Ki-67 expression and TdT-mediated dUTP nick-end labeling assay in rat esophagus. A: Immunohistochemistry (IHC) scoring of Ki-67 expression in the
esophagus; B: The scoring of apoptotic cells in the esophagus as determined by TdT-mediated dUTP nick-end labeling (TUNEL) assay; C: IHC staining of Ki-67positive cells and TUNEL-positive apoptotic cells. a, e: Normal esophagus mucosa; b, f: Esophagitis; c, g: Barrett’s esophagus; d, h: Esophageal adenocarcinoma; a-d:
IHC staining of Ki-67; e-h: apoptotic cells stained by TUNEL. All of the samples were viewed under 200 × magnification. bP < 0.01 vs pseudo-operation and pseudooperation with Helicobacter pylori (H. pylori) infection groups; cP < 0.05, dP < 0.01 vs esophagogastroduodenal anastomosis (EGDA) group.

infection plays in the esophagus remains controversial.
Epidemiologic studies have shown lower prevalence
of H. pylori infection in patients with GERD, BE, and
EAC[21]. Fallone et al[22] reported a correlation between H.
pylori infection and a reduction in the severity of reflux
esophagitis. These findings suggest an inverse association
between H. pylori infection and the risk of esophagitis, as
well as BE and EAC. However, Henihan et al[7] found that
severe esophageal mucosal injury can result from H. pylori
colonization of the esophagus.
Until recently, no research differentiated the importance of different H. pylori colonization sites on the development of GERD. We established a rat model with
chronic acid and bile reflux using EGDA. To elucidate
the effects of H. pylori infection on reflux esophagitis
and development of BE and EAC, EGDA rats were infected with H. pylori. Gastric colonization of H. pylori was
detected in all rats inoculated with H. pylori. In H. pyloriinoculated rats without reflux, no H. pylori colonization or
related lesions were found in the esophagus. These findings suggest that H. pylori colonization of the stomach
has no influence on the esophageal mucosa of rats in the
absence of reflux. Acid and bile reflux, due to EGDA,
led to injury of the lower esophagus, and initiated the replacement of squamous epithelium by columnar epithelium in the esophagus. H. pylori colonization was found
in Barrett epithelium of the lower esophagus of some
rats that underwent EGDA. The inflammation scores of
esophageal injury were not aggravated in EGDA rats with
gastric H. pylori colonization compared to EGDA rats.
However, the severity of esophagitis was exacerbated and
the incidence of BE and EAC increased in EGDA rats
with concomitant esophageal H. pylori colonization. The
ability of H. pylori infection to affect the esophagus may
depend on the type of infection site. Esophageal H. pylori
infection may play an important role as an aggressive factor and initiate a pathogenic process.
Previous studies have indicated that H. pylori can
colonize the gastric-type epithelium of the lower esophagus[7]. In the present study, esophageal squamous epi-
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thelium damaged by chronic acid and bile reflux might
be replaced by Barrett’s epithelium, providing the prerequisite for H. pylori colonization. Long-term exposure
of squamous epithelium to acid and bile produced by
EGDA caused the development of columnar epithelium
metaplasia through de novo metaplasia or proximal migration of duodenal epithelium[23]. The high incidence of
columnar epithelium in the lower esophagus provided
the high possibility of H. pylori colonization observed in
the present study. Up to 52.6% (10/19) of rats inoculated
with H. pylori strain SS1 after EGDA, were found to have
H. pylori colonization in the lower esophageal mucosa
with gastric metaplasia. The high H. pylori colonization
rate of the esophagus was associated with the strong
ability of SS1 strain to colonize[24], the chronic reflux of
gastric contents that contained a large amount of the
bacteria, and the high incidence of columnar epithelium
replacement in the lower esophagus caused by EGDA.
The results of the present study are consistent with our
previous findings which showed that esophageal H. pylori
colonization increased the severity of reflux esophagitis
and augmented the risk for the development of BE and
EAC.
CDX2 is expressed in the epithelium of the small
intestine and colon[25] and is generally accepted as one of
the key factors in the induction of intestinal metaplasia
and the formation of intestinal-type carcinoma[5]. In rat
models, acid and bile can induce CDX2 expression, an
early event in lesions caused by reflux, and considered to
be a key step in EAC morphogenesis[4,26]. H. pylori induces
cag pathogenicity island-dependent mRNA expression
of CDX2 and MUC2[27]. In our study, H. pylori further
increased the expression of CDX2, while its downstream
target, MUC2, was induced by mixed reflux leading to the
development of BE and EAC. The findings of this study
suggest that the combined presence of injurious refluxate and H. pylori infection synergistically activate ectopic
expression of CDX2, which in turn initiates the development of the intestinal phenotype.
Chronic acid and bile reflux produces severe esopha-
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Figure 6 mRNA levels of cyclin D1, c-Myc, Bax, and Bcl-2 in the esophagus. Quantitative real-time polymerase chain reaction determination of cyclin D1 (A), Bax
(B), c-Myc (C) and Bcl-2 mRNA levels (D). aP < 0.05, bP < 0.01 vs pseudo-operation and pseudo-operation with Helicobacter pylori (H. pylori) infection groups; cP < 0.05,
d
P < 0.01 vs esophagogastroduodenal anastomosis (EGDA) group.

geal injury and initiates metaplasia, dysplasia, and even
EAC[4]. In the present study, esophageal H. pylori colonization further promoted the process. It is known that
both H. pylori infection and bile exposure induce intestinal metaplasia of gastric mucosa and the development
of gastric adenocarcinoma[28-30]. Therefore, we speculated
that infection of H. pylori in the lower esophagus might
initiate a pathologic process, as in the stomach, and facilitate the development of BE, and even EAC. The high
incidence rates of BE and EAC found in this study were
associated with the synergistic effect of mixed reflux
caused by EGDA and H. pylori infection.
Disruption of the balance between cell proliferation
and apoptosis can occur in chronic inflammation and tumorigenesis. In most neoplasms, proliferation is induced
while apoptosis is inhibited. Previous animal studies have
also reported promotion of cell proliferation and apoptosis in mixed reflux esophagitis[31], which is consistent with
the results from this study. It is well known that H. pylori
CagA- or VacA-positive strains can directly induce proliferation and apoptosis in human gastric cells[32-34]. CagA
pathogenicity island-positive H. pylori induces apoptosis
more rapidly[33]. In previous studies, VacA-positive H.
pylori was able to induce apoptosis by a mitochondrial
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membrane permeability change[35]. The presence of CagA
and VacA proteins is important for inducing apoptosis.
H. pylori SS1, a virulent strain positive for both VacA and
CagA, may induce the alteration of cell proliferation and
apoptosis in the esophagus and initiate the development
of EAC.
Cell cycle regulatory genes are known to be involved
in the loss of control of cell proliferation and apoptosis
and the development of EAC. Studies have revealed increased levels of Ki-67, cyclin D1, and c-Myc in BE and
EAC[10,36,37]. In the present study, an increase in BE and
EAC, in response to esophageal H. pylori colonization,
further increased the expression of these genes compared to EGDA rats. Bax and Bcl-2 are required for the
regulation of cell apoptosis[38,39]. Previous studies indicated that H. pylori induced apoptosis of gastric epithelium
via a mitochondrial pathway. H. pylori VacA modulates the
permeability of mitochondrial membrane in a transmembrane-potential dependent manner[40]. The imbalance of
Bax/Bcl-2 expression, as indicated in this study, increased
the apoptosis rate when H. pylori colonized the esophagus. In the current rat model with acid and bile reflux,
the increased apoptotic rate might counteract the significant cell proliferation increase in the esophageal mucosa.
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Over-proliferation enhances the possibility of aberrant
gene expression; therefore, the compensated cell death
may be a protective mechanism against this over-proliferation. The alteration in the expression of genes involved
in the regulation of cell proliferation and apoptosis and
the subsequent imbalance between the two may play an
important role in the development of BE and EAC.
In conclusion, H. pylori strains may colonize the
esophageal mucosa, aggravate the inflammation of the
lower esophagus, and induce intestinal metaplasia or even
adenocarcinoma. Loss of balance between proliferation
and apoptosis may be important in H. pylori-induced
esophageal diseases.
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Background

The relationship between gastroesophageal reflux disease and Helicobacter
pylori (H. pylori) is controversial. Previous studies have shown that H. pylori
colonization in the esophagus increased the incidence of Barrett’s esophagus
(BE) and esophageal adenocarcinoma (EAC). However, the relevant mechanism is not clear. The authors established a rat model of chronic acid and bile
reflux with H. pylori infection and investigated the possible mechanisms in the
process from inflammation to malignancy in response to H. pylori colonization
in the esophagus.

8

9

Research frontiers

Chronic gastric H. pylori infection in an animal model induces gastric adenocarcinoma. Studies have shown H. pylori colonizing the BE columnar epithelium.
However, the outcomes of esophageal H. pylori colonization and the relevant
mechanisms have not been determined.

10

Innovations and breakthroughs

The authors found that H. pylori colonization of the esophagus might play an
aggressive role and initiate a pathogenic process from esophagitis to BE and
EAC. This is the first study to investigate the effect esophageal H. pylori colonization has on cell proliferation and apoptosis in the esophagus.

11

Applications

Eradication of H. pylori infection in patients with gastroesophageal reflux disease (GERD) is a hot topic. This study indicates that esophageal H. pylori colonization aggravates esophagitis, and as a result, promotes the occurrence of
BE and EAC via loss of balance between cell proliferation and apoptosis. Consequently, in order to prevent esophageal malignancy in patients with GERD, H.
pylori should be eradicated in patients with concomitant esophageal colonization. These findings further our knowledge on potential ways of eradicating H.
pylori infection.

Terminology

The macroscopic and microscopic scoring systems of esophageal injury are
valid scores for quantifying the severity of esophageal injury based on the epithelial damage, vascular damage, and inflammatory extension.

12

13

Peer review

In this study, the authors indicate that esophageal H. pylori colonization aggravates reflux esophagitis and increases the incidences of BE and EAC. Loss of
balance between cell proliferation and apoptosis in the esophagus contributes
to tumorigenesis caused by H. pylori infection. However, more studies are
needed to further elucidate the mechanisms involved in the esophageal injury
associated with H. pylori colonization.
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resistin were determined using fluorescent real-time
PCR and enzyme linked immunosorbent assay, respectively, on days 0, 2, 4, 6, and 8 during the differentiation of 3T3-L1 preadipocytes exposed to GW4064.
Moreover, mRNA expression of AdipoR2 and OB-Rb
was also examined using fluorescent real-time PCR at 0,
12, 24, and 48 h in HepG2 cells treated with GW4064.
RESULTS: The mRNA expression of FXR, PPAR-γ2,
adiponectin, leptin, resistin, AdipoR1, AdipoR2, and
OB-Rb and protein levels of adiponectin, leptin, and
resistin increased along with differentiation of 3T3-L1
preadipocytes (P < 0.05 for all). The mRNA expression of FXR, PPAR-γ2, adiponectin, leptin, and AdipoR2
in 3T3-L1 preadipocytes, and AdipoR2 and OB-Rb in
HepG2 cells was significantly increased after treatment
with GW4064, when compared with the control group (P
< 0.05 for all). A similar trend was observed for protein levels of adipokines (including adiponectin, leptin
and resistin). However, the expression of resistin, AdipoR1, and OB-Rb in 3T3-L1 cells did not change after
treatment with GW4064.
CONCLUSION: The FXR agonist through regulating,
at least partially, the expression of adipokines and their
receptors could offer an innovative way for counteracting the progress of metabolic diseases such as nonalcoholic fatty liver disease.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To investigate the effect of GW4064 on the
expression of adipokines and their receptors during
differentiation of 3T3-L1 preadipocytes and in HepG2
cells.

Key words: Farnesoid X receptor; Adipokines; Adipokine receptors; 3T3-L1 cells; HepG2 cells; Nonalcoholic
fatty liver disease

METHODS: The mRNA expression of farnesoid X receptor (FXR), peroxisome proliferator-activated receptor-gamma 2 (PPAR-γ2), adiponectin, leptin, resistin,
adiponectin receptor 1 (AdipoR1), adiponectin receptor
2 (AdipoR2), and the long isoform of leptin receptor
(OB-Rb) and protein levels of adiponectin, leptin, and

Core tip: Our study emphasizes for the first time the
effect of GW4064, a synthetic farnesoid X receptor
(FXR) agonist, on the expression of adipokines and
their receptors, and indicates that the way FXR agonist may act in the progress of nonalcoholic fatty liver
disease (NAFLD) is at least partially through regulat-
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ing the expression of adipokines and their receptors.
Therefore, our data provide a further theoretical basis
for using an FXR agonist in the therapeutic approach
of NAFLD.
Xin XM, Zhong MX, Yang GL, Peng Y, Zhang YL, Zhu W.
GW4064, a farnesoid X receptor agonist, upregulates adipokine
expression in preadipocytes and HepG2 cells. World J Gastroenterol 2014; 20(42): 15727-15735 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i42/15727.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i42.15727

INTRODUCTION
In light of the rapidly increasing incidence of obesity,
nonalcoholic fatty liver disease (NAFLD) is becoming
one of the most common chronic liver diseases worldwide[1], affecting 20%-40% of the general population in
industrialized countries[2]. NAFLD encompasses the entire spectrum of fatty liver disease in individuals without
significant alcohol consumption, ranging from hepatic
steatosis to more severe situations like nonalcoholic
steatohepatitis (NASH) and cirrhosis. NAFLD begins
with hepatic steatosis, and in 12%-40% can progress
to NASH[3]. NASH is characterized by the presence of
hepatocyte ballooning and apoptosis, inflammation and
pericellular fibrosis. NASH may further progress to liver
cirrhosis, eventually leading to hepatocellular carcinoma
and liver failure. In late stages of NASH liver transplantation may be needed[4,5]. Pathogenesis of NAFLD
remains poorly understood[6]. Presently, the predominant
treatment for NAFLD consists of weight loss with lifestyle modiﬁcations[7] because no drugs have yet been
approved by international agencies. There is an urgent
need to develop novel therapeutics for treatment of this
common and potentially severe disease.
Farnesoid X receptor (FXR), a member of the nuclear
receptor superfamily of ligand activated receptors, is
mainly expressed in the liver, intestine, kidneys and adrenal glands, with less expression in the adipose tissue and
heart[8-10]. Initially, FXR was thought to have an important role in regulating bile acid metabolism[11]. A number
of studies have since proved that FXR has many other
functions, especially for regulating metabolic homeostasis. Numerous studies have demonstrated that activation
of FXR by its selective agonist can reverse biochemical
and hormonal dysfunction of NAFLD. Firstly, FXR
is able to improve peripheral insulin sensitivity in striated muscle and adipose tissue, and control glucose
homeostasis through regulation of gluconeogenesis and
glycogenolysis in the liver[12-15]. Secondly, FXR is a key
regulator of lipid metabolism. Several studies agree that
FXR activation can alleviate accumulation of triglycerides, oxidative stress and lipid peroxidation in the liver by
reducing serum lipid levels[16-19]. Lastly, inflammation and
fibrosis in the liver are the main histopathological fea-
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tures of NASH, and several studies have demonstrated
that FXR agonists can antagonize hepatic inflammatory processes and exert protective effects against liver
fibrosis[20-22]. Li et al[23] also demonstrated that GW4064
could inhibit ET-1-mediated activation of the Rho/Rhoassociated kinase (ROCK) pathway in activated hepatic
stellate cells (HSCs), which could represent a new mechanism contributing to the anti-cirrhotic effects of FXR
ligands. It is noteworthy that hepatic FXR expression
declines in patients with NAFLD[24]. All these data suggest that FXR could represent an interesting therapeutic
approach for NAFLD.
Adipokines, secreted by the white adipose tissue, which
is an important endocrine organ, take part in the regulation
of insulin resistance, energy metabolism and metabolic
syndromes. They are also thought to play an important
role in the pathogenesis of NAFLD[25,26]. Rizzo et al[15]
demonstrated that FXR was expressed in the adipose
tissue, where its activation promoted the process of
adipocyte differentiation. However, the effects of FXR
activation on the adipokines and their receptors are not
yet fully understood. In the present study, we investigated whether FXR controls the expression of adipokines
and their receptors directly or indirectly. We studied the
effects of GW4064, an FXR selective agonist, on adipokines (including adiponectin, leptin and resistin) and
their receptors [including adiponectin receptor 1 (AdipoR1), adiponectin receptor 2 (AdipoR2) and the long
isoform of leptin receptor OB-Rb] during the differentiation of 3T3-L1 preadipocytes, and on AdipoR2 and
OB-Rb in HepG2 cells.

MATERIALS AND METHODS
Materials
Dulbecco’s modified Eagle’s medium (DMEM), trypsin and fetal bovine serum (FBS) were acquired from
Hyclone (Waltham, MA, United States). GW4064 was
obtained from Tocris Bioscience (Bristol, United Kingdom). Dimethylsulfoxide (DMSO), oil red O staining,
insulin, dexamethasone, and 1-methyl-3-isobutyl-xanthin
(IBMX) were purchased from Sigma (Saint Louis, MO,
United States). RNAiso Reagent, PrimeScript RT reagent
kit with gDNA eraser and SYBRPremix Ex Taq™ Kit
were acquired from TAKARA (Dalian, China). Florescent real-time quantitative RT-PCR was performed using
a Roche LightCycler480 (Roche Diagnostics Ltd, Lewes,
United Kingdom), and PCR primers were designed by
Invitrogen (Shanghai, China). Mouse resistin, adiponectin
and leptin enzyme linked immunosorbent assay (ELISA)
kits were purchased from Yajikit (Shanghai, China) and
the microplate reader was a TECAN F50 (Männedorf,
Switzerland).
Cell culture and differentiation
3T3-L1 preadipocytes and HepG2 cells (The Type Culture
Collection of the Chinese Academy of Sciences, Shanghai, China) were cultured in DMEM supplemented with
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Table 1 Sequences of primers for reverse transcription and real-time polymerase chain reaction amplification
Species
Rat

Human

Gene

Forward primer

Reverse primer

Amplification (bp)

FXR
PPARγ 2
Adiponectin
leptin
resistin
AdipoR1
AdipoR2
OB-Rb
GAPDH
AdipoR2
OB-Rb
GAPDH

GCTGTGTGTTGTCTGTGGAGA
AGCTCTACAACAGGCCTCAT
CCTGGCCACTTTCTCCTCAT
CCTGTGGCTTTGGTCCTATC
AGCTGTGGGACAGGAGCTAA
TCCACACAGAGACTGGCAAC
TGTTTGCCACCCCTCAGTAT
AGCTAGGTGTAAACTGGGACA
ACCCCCAATGTGTCCGTCGT
TGTTTGCCACCCCTCAGTAT
TACTTTGGAAGCCCCTGATG
GCACCGTCAAGGCTGAGAAC

GGCGTTCTTGGTAATGCTTC
TTGTGGATCCGGCAGTTAAG
ACGTCATCTTCGGCATGACT
ATACCGACTGCGTGTGTGAA
GGAGGGGAAATGAAAGGTTC
TTGGTCTCAGCATCGTCAAG
AGCCAGCCTATCTGCCCTAT
GCAGAGGCGAATCATCTATGAC
AGCCCAAGATGCCCTTCAGTGG
CAGCCTATCTGCCCTATGGT
AAGCACTGAGTGACTGCACG
TGGTGAAGACGCCAGTGGA

103
190
132
128
96
87
139
159
118
136
246
145

FXR: Farnesoid X receptor; PPAR-γ2: Peroxisome proliferator-activated receptor-gamma 2; AdipoR1: Adiponectin receptor 1; AdipoR2: Adiponectin receptor 2; OB-Rb: Long form of the leptin receptor; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

10% FBS, 100 U/mL penicillin, and 100 μg/mL streptomycin at 37 ℃ in a 5% CO2 humidiﬁed atmosphere.
3T3-L1 preadipocytes were differentiated two days
after inducing confluence by exposing them to a differentiation mixture (DIM) containing 5 μg/mL insulin, 0.5
mmol/L IBMX, and 1 μmol/L dexamethazone in 10%
FBS-supplemented DMEM for 48 h. On day 2, cells
were cultured in DMEM containing 10% FBS and 5 μg/
mL insulin for 48 h. On day 4 and thereafter, DMEM
containing 10% FBS only was subsequently replaced
every 48 h. In general, by day 8, 80%-90% of preadipocytes differentiated into adipocytes as determined by
lipid accumulation visualized by Oil Red O staining.
In the 3T3-L1 adipocytes, the treatment group received 5 μmol/L of GW4064 on day 0 as the differentiation was beginning; the control group received an equal
volume of DMSO at the same time. In the HepG2 cells,
the treatment group received 5 μmol/L of GW4064 for
0, 12, 24, or 48 h after the cells had been serum-deprived
for 24 h; the control group received an equal volume of
DMSO at the same time.

95 ℃ with continuous measurement of fluorescence,
were produced at the end of each PCR to confirm amplification of specific transcripts. The mean value of the
duplicates for each sample was calculated and expressed
as the cycle threshold (CT). The amount of mRNA was
normalized according to that of the endogenous control
(GAPDH). The ΔCt values were calculated in every sample for the target gene as follows: Cttarget gene - Ctreference gene
with GAPDH as the reference gene. Relative expression
(ΔΔCt) was calculated as ΔCt of the test group minus
ΔCt of the control group and then presented as 2-ΔΔCt.

RNA extraction and cDNA synthesis
Total RNA was isolated from 3T3-L1 cells in both the
treatment and control groups using RNAiso Reagent on
0, 2, 4, 6, and 8 d after the start of the differentiation
process; total RNA was isolated from HepG2 cells at 0,
12, 24, 48 h after addition of GW4064. cDNA was synthesized from 1 μg of total RNA using PrimeScript RT
reagent kit with gDNA eraser.

Statistical analysis
All data are expressed as mean ± SD. Student’s t test or
one-way ANOVA was used to determine signiﬁcant differences between groups. In all statistical comparisons, a P
value less than 0.05 was considered statistically signiﬁcant.
All experiments were conducted at least three times. All
analyses were performed using SPSS version 13.0.

Real-time PCR
For real-time PCR, 100 ng of template was used in a
20 μL reaction system containing 0.2 μmol/L of each
primer and 10 μ L of 2 × SYBRPremix Ex Taq™.
Samples were incubated in the LightCycler for an initial denaturation at 95 ℃ for 30 s, followed by 40 PCR
cycles, each consisting of 95 ℃ for 5 s and 50 ℃ for 20
s. The oligonucleotide primers for the study are shown
in Table 1. Melting curve profiles, which depict cooling
of the sample to 65 ℃ for 15 s and heating slowly to
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ELISA
To evaluate the protein levels of adipokines, we used
ELISA kits to detect the supernatant collected during
the differentiation of 3T3-L1 cells and measured the
concentrations of adiponecin, leptin and resistin. ELISA
was performed according to the manufacturer’s instructions. Standard curves and sample concentrations were
calculated based on absorbance (OD) values at 450 nm,
as measured using a microplate reader.

RESULTS
Expression of FXR and PPARγ 2 mRNAs during
differentiation of 3T3-L1 adipocytes after GW4064
treatment
FXR mRNA expression increased 2.17-fold by the second day, reached the peak on the fourth day (2.66-fold),
and was 2.31-fold greater than in preadipocytes on the
eighth day (F = 22.238, P < 0.001) (Figure 1A). PPARγ2
mRNA level gradually increased along with maturation
and was 2.96-fold greater than in preadipocytes on the
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Figure 1 GW4064 (5 μmol/L) stimulates farnesoid X receptor (A) and peroxisome proliferator-activated receptor-gamma 2 (B) mRNA expression during the
differentiation of 3T3-L1 preadipocytes. GW4064 was added on day 0. Total RNA was extracted and subjected to fluorescent real-time PCR as described in Section 2. FXR and PPAR-γ2 mRNA levels were determined according to normalized GAPDH expression and compared to untreated control cells (100%). Data represent
mean ± SD of three independent experiments. aP < 0.05 vs the control group. Error bars = mean ± SD. FXR: Farnesoid X receptor; PPAR-γ2: Peroxisome proliferatoractivated receptor-gamma 2.

eighth day (F = 128.900, P < 0.001) (Figure 1B).
Subsequently, our experiment focused on the effect
of FXR agonist on the process of adipocyte differentiation: the 3T3-L1 cells were treated with 5 μmol/L
GW4064, since when they were preadipocytes. We
found that FXR expression was maximal on the eighth
day (1.40-fold greater than in the control group, P <
0.05) (Figure 1A). Finally, we observed that GW4064
increased PPARγ2 mRNA expression at the maturation
of preadipocytes (1.32-fold greater than in the control
group, P < 0.01) (Figure 1B).
Protein and mRNA levels of each adipokine and
their corresponding receptor increase during the
differentiation of 3T3-L1 adipocytes after GW4064
treatment
Gene expression of adipokines (including adiponectin,
leptin and resistin) and their corresponding receptors
(including AdipoR1, AdipoR2 and OB-Rb) increased
along with the differentiation process (P < 0.05 for all),
and all, except adiponectin, could be detected in the
3T3-L1 preadipocytes before the differentiation (Figure
2). Quantitative real-time PCR analysis revealed that
GW4064 treatment prompted 1.27-, 1.19-, and 1.45-fold
increases in mRNA expression of adiponectin, leptin
and AdipoR2, respectively (P < 0.01) (Figure 2A, B, E).
However, there were no changes in the expression of
resistin, AdipoR1 or OB-Rb (Figure 2C, D, F). Furthermore, protein levels of adiponectin, leptin and resistin
followed the same trend as their gene expression. We
also observed that the levels of adiponectin and resistin
secretion were greater than that of leptin (Table 2).
GW4064 raises AdipoR2 and OB-Rb gene expression in
a time-dependent manner in HepG2 cells
We further tested whether GW4064 could affect the
adipokine receptors in a targeted organ such as the liver.
For this purpose, we detected mRNA expression of
AdipoR2 and OB-Rb in the HepG2 cells treated with
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GW4064 (5 μmol/L) for 0, 12, 24, or 48 h. We considered only AdipoR2 in our study because it is mainly
expressed in the liver, whereas AdipoR1 is mainly expressed in skeletal muscles. After 48 h of GW4064 treatment, AdipoR2 and OB-Rb mRNA expression increased
1.62- and 1.36-fold, respectively, and the increase was
time-dependent (P < 0.001) (Figure 3A, B).

DISCUSSION
Adiponectin is an insulin-sensitizing hormone, which
is almost exclusively secreted by the adipose tissue.
Adiponectin is the only adipokine whose serum level is
inversely correlated with body mass index (BMI) and
adipose tissue volume. Adiponectin exhibits anti-atherogenic, anti-diabetic and anti-inflammatory properties,
and plays a key role in slowing down the progression of
NAFLD[27-29]. Adiponectin achieves these effects through
two distinct receptors, AdipoR1 and AdipoR2, which
play different biological roles[30,31]. AdipoR1, which is
ubiquitously expressed and mostly abundant in the skeletal muscle, regulates de novo lipogenesis and fatty acid
(FA) oxidation through the activation of AMP-activated
protein kinase (AMPK). AdipoR2, which is mainly expressed in the liver, suppresses inﬂammation and oxidative stress through a peroxisome proliferator activated
receptor[32,33]. It is noteworthy that decreasing levels of
plasma adiponectin and hepatic AdipoR2, not AdipoR1,
were found in patients with NAFLD or NASH[34,35]. Low
adiponectin levels are correlated with insulin resistance
and liver steatosis[36]. Moreover, impaired expression of
adiponectin receptors may be associated with adiponectin resistance. Thus, we hypothesized that both plasma
adiponectin levels and hepatic expression of adiponectin receptors might play roles in the development of
NAFLD. In the present study, real-time PCR and ELISA
analysis revealed that GW4064, a highly selective FXR
agonist, increased gene expression and secretion of
adiponectin in 3T3-L1 cells in vitro. The mRNA expres-

15730

November 14, 2014|Volume 20|Issue 42|

Xin XM et al . GW4064 upregulates adipokine expression

B

Adiponectin mRNA relative level

Control
15

GW4064
a

Leptin mRNA relative level

A

10
a
5
a
0

0

2

4

6

Control
a

20
a

15
a

10
5
0

8

GW4064

25

0

2

Time of differentiation (d)

C

D

GW4064

AdipoR1 mRNA relative level

Resistin mRNA relative level

40

20

0

0

2

4

6

8

GW4064

2

1

0

0

2

F

a

6
a
4
2
0

0

2

4

6

6

8

Control

8

GW4064

25
OB-Rb mRNA relative level

AdipoR2 mRNA relative level

a

GW4064

4

Time of differentiation (d)

Control
8

8

Control
3

Time of differentiation (d)

E

6

Time of differentiation (d)

Control
60

4

20
15
10
5
0

0

2

Time of differentiation (d)

4

6

8

Time of differentiation (d)

Figure 2 GW4064 (5 μmol/L) stimulates adiponectin (A), leptin (B), adiponectin receptor 2 (E) mRNA expression, but did not change expression of resistin
(C), adiponectin receptor 1 (D), or long form of the leptin receptor (F) during the differentiation of 3T3-L1 preadipocytes. GW4064 was added on day 0. Total
RNA was extracted and subjected to fluorescent real-time PCR as described in Section 2. The mRNA levels of target genes were normalized to GAPDH expression
and compared with untreated control cells (100%). Data represent mean ± SD of three independent experiments. aP < 0.05 vs the control group. Error bars = mean
± SD. AdipoR1: Adiponectin receptor 1; AdipoR2: Adiponectin receptor 2; OB-Rb: Long form of the leptin receptor; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

Table 2 Protein levels of adiponectin, leptin and resistin as detected by enzyme linked immunosorbent assay (mean ± SD)
Adipokines

Group

Adiponectin (μg/L)
Leptin (pg/mL)
Resistin (μg/L)

Control
GW4064
Control
GW4064
Control
GW4064

Differentiation time (d)
0

2

4

6

8

0
0
527.75 ± 7.30
527.75 ± 7.30
58.97 ± 0.21
58.97 ± 0.21

0
0
579.22 ± 2.62
590.57 ± 11.65
64.20 ± 0.25
64.06 ± 0.08

73.16 ± 1.14
74.98 ± 1.14
601.92 ± 11.65
629.93 ± 7.97a
72.10 ± 0.47
72.18 ± 0.31

75.13 ± 0.79
94.64 ± 4.54a
647.34 ± 3.47
686.69 ± 7.30a
82.36 ± 0.83
84.26 ± 2.19

80.12 ± 3.88
96.30 ± 1.72a
652.63 ± 4.73
741.19 ± 3.47a
94.31 ± 2.31
92.41 ± 0.13

a

P < 0.05 vs untreated cells.

sion of hepatic AdipoR2 was also elevated in a timedependent manner. Therefore, the activation of FXR
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could improve NAFLD by directly increasing serum adiponectin levels and enhancing the effects of adiponectin
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Figure 3 GW4064 (5 μmol/L) stimulates adiponectin receptor 2 (A) and long form of the leptin receptor (B) mRNA expression in HepG2 cells in a timedependent manner. HepG2 cells were serum-deprived 24 h before GW4064 was added. Total RNA was extracted and subjected to fluorescent real-time PCR as
described in Section 2. AdipoR2 and OB-Rb mRNA levels were normalized to GAPDH expression and compared to cells at 0 h (100%). Data represent mean ± SD
of three independent experiments. aP < 0.05 vs the cells at 0 h. Error bars = mean ± SD. AdipoR2: Adiponectin receptor 2; OB-Rb: Long form of the leptin receptor;
GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

on the targeted organ by indirectly increasing hepatic
AdipoR2 expression. Furthermore, our study showed
that the mRNA expression of AdipoR2, but not AdipoR1, increased after GW4064 treatment in 3T3-L1 adipocytes. Previous reports have shown that adiponectin
also exerts autocrine or paracrine effects on adipocytes
themselves. Overexpression of adiponectin accelerates
adipogenesis and generates more numerous and larger
lipid droplets in differentiated adipocytes[37]. Therefore,
GW4064 could also augment the autocrine and paracrine effects of adiponectin by elevating the expression
of AdipoR2 in 3T3-L1 cells, leading to acceleration of
3T3-L1 ﬁbroblast differentiation and increased adiponectin secretion.
Leptin is a product of the OB gene and is mainly
released by the white adipose tissue in a mass-dependent
manner. Leptin represses food intake, promoting energy expenditure by acting at the hypothalamus level,
and stimulating the anorexigenic pathways[38,39]. Leptin
activates its receptors at the cell membrane level in order to exert its properties. Leptin receptors (OB-R) are
subdivided into long, short, and soluble isoforms, and
can be found throughout the body, but are especially
abundant in the brain and liver[40,41]. The short isoform
(OB-Ra) has limited signaling activity, whereas the long
isoform (OB-Rb) mediates almost all of the biological
effects of leptin by activating the JAK2/STAT3 protein
kinase signal transduction cascade[42]. The role of leptin
in NAFLD patients is still debated because of conflicting results. Some reports indicate that leptin participates
in the pathogenesis of NAFLD by amplifying inflammation and fibrogenesis through upregulation of proinflammatory and profibrogenic cytokines [43]. Leptin
also inhibits insulin activities[44]. Serum leptin levels are
also higher in patients with NAFLD than in healthy
subjects[45,46] and are positively correlated with NAFLD
severity. As a result, these patients develop leptin resistance. In contrary, some reports hold the opposite idea
that leptin is a protective factor for NAFLD. Schwartz
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et al[47] demonstrated that leptin, which has important effects on glucose homeostasis, could reverse hyperglycaemia in ob/ob mice before body weight is corrected. Leptin
supplementation appears to be an effective therapy,
which signiﬁcantly reduces hepatic steatosis, cell injury,
metabolic proﬁle, and transaminase activity in hypoleptinemic lipodystrophic patients with NASH[48]. In our
study, similar to adiponectin, the gene and protein levels
of leptin in mature 3T3-L1 adipocytes increased significantly after GW4064 treatment. This result may be due
to the fact that the FXR agonist promotes the differentiation of adipocytes and is consistent with the positive
correlation between leptin levels and fat cell volume[15].
Interestingly, the mRNA expression of OB-Rb in the
HepG2 cells increased in a time-dependent manner after GW4064 therapy. Recent studies have demonstrated
that the expression of OB-Rb in the liver of NAFLD
patients is lower than normal, resulting in leptin resistance[49,50]. In addition, our study showed that OB-Rb
had a low basal expression in the 3T3-L1 cells and increased its expression during cell differentiation, which
indicates that leptin could act on adipocytes via autocrine
or paracrine pathways. However, no information is yet
available on the effect of GW4064 on the expression of
leptin in 3T3-L1 cells.
The third adipokine studied in our study was resistin
which is mainly secreted by macrophages, rather than by
adipocytes, in humans[51]. Several experiments in rodent
models have shown that resistin may induce glucose homeostasis, insulin resistance, and hepatic steatosis[52-54].
However, no human studies have demonstrated a clear
relationship between resistin and NAFLD. In our study,
GW4064 treatment did not affect resistin expression, so
we did not explore further this aspect. Since resistin had
no specific receptor, we did not study its receptor.
Peroxisome proliferator activated receptor-gamma
(PPAR-γ), which belongs to the nuclear hormone receptor superfamily, is highly expressed in the adipose tissue.
PPAR-γ plays a key role in the regulation of adipocyte
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differentiation and glucose metabolism[28]. PPAR-γ appears to act as a prominent regulator that can stimulate
the whole program of adipogenesis and also as a transcriptional activator of many fat speciﬁc genes that are
involved in lipid synthesis, growth regulation, insulin
signaling, adipokine and associated receptor production[55-57]. Rizzo et al[15] and Abdelkarim et al[58] have shown
that the FXR agonist promotes adipocyte differentiation through a mechanism at least partly involving the
induction of PPAR-γ expression. In our study, PPAR-γ
expression increased along with the FXR increase after
GW4064 treatment. We hypothesized that the effects of
the FXR agonist on the adipokines and their receptors
in 3T3-L1 cells involved the regulation of PPAR-γ expression. Since the differentiation of fat cells is affected
by various other factors, further studies are warranted to
elucidate the precise mechanisms whereby FXR agonists
are able to impact the adipokines and their receptors.
This study described the expression of adiponectin,
leptin, resistin and their receptors during the differentiation of 3T3-L1 adipocytes. We have demonstrated that
the FXR agonist, GW4064, increased gene expression
and protein levels of adiponectin and leptin, and gene
expression of AdipoR2. Moreover, in HepG2 cells,
GW4064 enhanced AdipoR2 and OB-Rb gene expression. This study also provides evidence that the FXR
agonist regulated adipokines and expression of the associated receptor genes at least partly through the PPAR-γ
pathway. Globally, these data may pave the road for a
new therapeutic approach in the field of nonalcoholic
fatty liver disease. Since adipokines and their receptors
also play important roles in other metabolic diseases,
FXR agonists might be of interest in therapeutic approaches for other metabolic diseases.

cess of adipocyte differentiation. This study highlights for the first time the effect
of GW4064, a synthetic FXR agonist, on adipokines and their receptors. The
authors have also proposed a mechanistic basis for using FXR agonists in the
treatment of NAFLD. FXR agonists may also be considered for the treatment
of other metabolic diseases because adipokines and their receptors are key to
those as well.

Applications

The study results strongly suggest that FXR agonist may be a potential therapeutic drug that could be used not only in NAFLD but also in other metabolic
diseases.

Peer review

This is a good study in which the authors demonstrate the effect of an FXR agonist on adipokines and their receptors in 3T3-L1 adipocytes and HepG2 cells.
The results suggest that the effect of FXR agonist on NAFLD may be partially
through regulating the expression of adipokines and their receptors. The study
provides more evidence for the use of FXR agonists in the treatment of NAFLD
and other metabolic diseases.
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Abstract
AIM: To investigate the possible role of chitinase
3-like-1 (CHI3L1) in the progression of colitis-associated carcinoma (CAC).
METHODS: Thirty-four Balb/c mice were randomly
assigned to five groups, including the control, CAC
control, CAC + caffeine, colitis control and colitis + caffeine. Three animals were sacrificed every two weeks
for blinded macroscopic inspection, histological analysis,
and total RNA extraction. An immunofluorescent assay
was performed using specimens from the colitis control
and colitis + caffeine groups to investigate whether
the protective effect of caffeine was associated with
less oxidative DNA damage. In vitro , HT29 cells prestimulated with different concentrations of recombinant
CHI3L1 protein and H2O2 were loaded with the DCFHDA fluorescent probe to determine the effect of CHI3L1
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on intracellular reactive oxygen species production.
RESULTS: CHI3L1 mRNA was increased during the
progression of colon carcinogenesis. Tumors were
mostly located in the distal end of the colon where the
expression of CHI3L1 was higher than in the proximal
colon. Caffeine-treated mice developed fewer tumors
and milder inflammation than untreated mice. CHI3L1
protein increased reactive oxygen species in HT29 cells
when exposed to H2O2.
CONCLUSION: Caffeine reduces tumor incidence by
decreasing oxidative DNA damage. CHI3L1 may contribute to CAC by increasing reactive oxygen species
production.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Inflammatory bowel disease; Ulcerative
colitis; Colitis-associated carcinoma; Murine model; Chitinase 3-like-1; Oxidative stress; Colorectal cancer
Core tip: Increased expression of chitinase 3-like-1
(CHI3L1) mRNA was found in ulcerative colitis patients
with dysplasia. It is not known whether CHI3L1 contributes to inflammation-driven carcinogenesis. Our
study showed increased expression of CHI3L1 during
the progression of carcinogenesis. Caffeine protected
against severe inflammation and neoplasms by acting
as a scavenger of reactive oxygen species (ROS), which
may be partly attributed to CHI3L1 inhibition. In vitro
data showed that CHI3L1 increased ROS production
in colonic epithelial cells under conditions of oxidative
stress. Our study has made a modest advance in the
exploration of CHI3L1 in colitis-associated carcinoma.
Ma JY, Li RH, Huang K, Tan G, Li C, Zhi FC. Increased expression and possible role of chitinase 3-like-1 in a colitisassociated carcinoma model. World J Gastroenterol 2014;
20(42): 15736-15744 Available from: URL: http://www.wjgnet.
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INTRODUCTION
Cancer risk is a lifelong major fear in patients who suffer
from inflammatory bowel diseases (IBD)[1]. In general,
the risk of colorectal cancer (CRC) increases 8 or 10
years after the establishment of IBD diagnosis. Depending on the study and country, the risk of developing CRC
in patients with ulcerative colitis (UC) fluctuates between
0.9-fold and 8.8-fold[2]. Compared with sporadic CRC,
cancer in IBD is macroscopically heterogeneous and
tends to be poorly delimited, irregular, and multifocal,
which results in challenges for gastroenterologists associated with the detection of dysplasia by endoscopy[3].
Therefore, there is an urgent need to detect neoplastic
lesions at an early stage.
The chitinase 3-like-1 (CHI3L1) molecule was discovered 10 years ago and is a biomarker for chronic inflammation and some types of carcinoma including IBD
and colitis-associated carcinoma (CAC). CHI3L1 does
not seem to be a specific biomarker for CAC. However,
the pathogenic effect of CHI3L1 on IBD has gradually
been recognized by more and more researchers. Serum
CHI3L1 is elevated in UC and Crohn’s disease (CD) patients and increases with increasing disease activity and
the degree of stricture formation[4,5]. CHI3L1 mRNA
level was up-regulated in active UC and the involved
region in CD compared with inactive UC and the uninvolved region in CD[6]. Chitin is the most abundant polysaccharide in microorganisms. CHI3L1 does not possess
any catalytic activity, but is able to interact with chitin,
and contributes to the exacerbation of acute colitis due
to enhancement of bacterial adhesion and invasion of
colonic epithelial cells through the chitin-binding protein[7,8]. Furthermore, CHI3L1 induces NF-κB activation
and subsequent pro-inflammatory cytokine production
such as TNF-α and IL-8 in colon cell lines (CECs). A
recent study reported a significant increase in the expression of CHI3L1 in non-dysplastic mucosa from patients
with IBD and remote dysplasia/cancer, compared to patients with IBD without dysplasia and healthy controls[9].
As dysplasia can be multifocal, the proximal CHI3L1overexpressed mucosa is likely to have a high risk of developing dysplasia/cancer. Combining the evidence that
CHI3L1 promotes acute inflammation and CAC arises
in inflammation, we hypothesize that CHI3L1 may be an
aggressive promoter for initiating and/or accelerating oncogenic transformation in chronic inflamed mucosa.
In the present study, we used the classic Azoxymethane (AOM)/dextran sulfate sodium (DSS) model to induce tumors in mice. We documented, for the first time,
increased expression of CHI3L1 during the progression
of carcinogenesis. As the development of acute colitis
can be reduced with caffeine treatment due to the downregulation of CHI3L1 expression[10], we evaluated wheth-
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er caffeine can protect against chronic inflammation
flare and reduce carcinogenic events. Because caffeine
is an anti-oxidation agent and a CHI3L1 inhibitor, and
oxidative stress is a well-accepted mechanism underlying
the pathophysiology of IBD[11,12], we examined whether
CHI3L1 is related to oxidative damage.

MATERIALS AND METHODS
Ethics
All animal experiments were approved by the Committee on Animal Experimentation of Sun Yat-Sen University and performed in compliance with the University’s
Guidelines for the Care and Use of Laboratory Animals.
Animal experiments
Forty nine 6-8-wk old male WT Balb/c mice were housed
under specific pathogen-free conditions at Sun Yat-Sen
University with free access to food and water during the
course of the experiments. The studies contained three
control groups: animals given saline by intraperitoneal injection and water without DSS (MW 36000-50000 D, MP
Biomedicals, Santa Ana, CA, United States) which served
as the control, mice given 3 cycles of DSS alone which
served as the colitis control, and mice given DSS followed by an injection of AOM (Sigma-Aldrich, St. Louis,
MO, United States) which served as the CAC control.
Caffeine was administered orally in the period between
DSS cycles in the CAC + caffeine and colitis + caffeine
groups. These mice had free access to 2.5 mmol/L caffeine (Aladdin Reagent, Shanghai, China) dissolved in
the drinking water. 2.5 mmol/L (approximately 19.419
mg/kg per mouse and equivalent to 2-3 cups of coffee)
was an appropriate concentration according to previous
in vivo and in vitro studies by Lee et al[10]. The protocol is illustrated in Figure 1. Three animals were sacrificed every
two weeks for blinded macroscopic inspection, histological analysis, and total RNA extraction.
Hematoxylin/eosin staining and immunohistochemistry
After careful dissection, the colon was divided equally into
five segments from the proximal to the distal end. A third
of each segment was fixed in 10% formalin, dehydrated
in increasing concentrations of ethanol and embedded in
paraffin. The other segments were preserved at -80 ℃ for
subsequent RNA extraction. Tissue sections (3 μm) were
stained using hematoxylin/eosin (HE) and examined under the microscope (Olympus BX51 microscope, Tokyo,
Japan). For immunohistochemistry analysis, tissue sections were incubated in citrate buffer (0.01 mol/L, pH 6.0)
at 95 ℃-100 ℃ for 10 min in a water bath for antigen
retrieval. The sections were allowed to cool to room temperature. The sections were then incubated in 3% H2O2
for 10 min and in 3% bovine serum albumin for 30 min
at room temperature followed by overnight incubation at
4 ℃ with rabbit anti-YKL-40 antibody (1:70, PL Laboratories, British Columbia, Canada). The sections were then
washed with PBS and incubated with peroxidase-marked
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Figure 1 Outline of the protocol in the murine model of colitis-associated carcinoma and chronic colitis. AOM (12 mg/kg) plus 3 cycles of DSS (3%) with or
without caffeine (2.5 mmol/L) was introduced to animals in the CAC group (8 mice/group). Animals in the colitis group were administered 3 cycles of DSS with or without caffeine (5 mice/group). AOM: Azoxymethane; DSS: Dextran sulfate sodium; CAC: Colitis-associated carcinoma.
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Figure 2 HT-29 cells do not express chitinase 3-like-1 constitutively.
CHI3L1: Chitinase 3-like-1.

secondary antibody for 1 h at room temperature. The immunoreaction product was detected using 3,3’-diaminobenzidinetetrahydrochloride (DAB) (ZSGB-Bio, Beijing,
China) and examined under a microscope.
Real-time quantitative PCR
RNA was isolated using RNAiso Plus reagent (TaKaRa,
Dalian, China), and RNA (1 mg) was reverse transcribed
for synthesis of the first cDNA strand according to the
manufacturer’s protocol. Real-time quantitative (Q)PCR analyses were performed with the SYBR Green
I Master and the LC480 thermal cycler quantitative
PCR machine (Roche Diagnostics, Switzerland). Pairs
of primers for mouse CHI3L1 (forward: 5’-GTACAAGCTGGTCTGCTACT-3’, reverse: 5’-GTTGGAGGCAATCTCGGAAA-3’) and mouse β-actin (forward:
5’-GTGGGCCGCTCTAGGCACCA-3’, reverse: 5’-CGGTTGGCCTTAGGGTTCAGGGG-3’) were used[6].
Immunofluorescent assay for 8-hydroxyguanine
8-hydroxyguanine (8-OHdG), a marker of oxidative
damage to RNA and DNA[13], was used to test whether
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reduced abnormal DNA and RNA products in colon
specimens was one of the mechanisms involved in the
protective effect of caffeine. Briefly, deparaffinized sections were rehydrated using routine methods. After antigen retrieval and blocking non-specific antigen binding
sites, the primary antibody was applied (8-OHdG antibody, 1:80, Santa Cruz, CA, United States). The mixture
was then incubated overnight in a moist environment at
4 ℃. Next, the slides were washed three times with PBS
for 5 min each wash, and goat-FITC secondary antibody
was applied (1:100, Santa Cruz, CA, United States) in
dark conditions. The sections were counter-stained with
4′,6-diamidino-2-phenylindole (DAPI, 1:20, Beyotime,
Shanghai, China). The immunoreaction product was detected under the microscope at an excitation wavelength
of 488 nm and an emission wavelength of 510 nm.
Cell lines and culture
SW480, Caco-2 and HT29 cell lines were obtained from
the American Type Culture Collection (ATCC, Manassas,
VA, United States) and cultured in Dulbecco’s modified
Eagle’s medium (Gibco), supplemented with 10% (v/v)
fetal calf serum at 37 ℃ in 5% CO2. HT-29 cells do not
express CHI3L1 constitutively and were therefore chosen
for our study (Figure 2).
Cell fluorescence
HT29 cells were cultured to 80% confluence in 6-well
plates. HT29 cells were stimulated with different concentrations of recombinant human CHI3L1 protein (SB
Inc. Beijing, China) for 24 h (0, 40, 80 ng/mL) followed
by 200 μmmol/L H2O2 for 1.5 h. After that, HT29 cells
were loaded with 10 μmmol/L of 2, 7-dichlorodihydrofluoresceindiacetate (DCHF-DA, Sigma-Aldrich, St.
Louis, MO, United States) for 20 min and washed 3 times
with PBS to avoid high background fluorescence[14]. Wells
without stimulation were also loaded with fluorescent
probe and served as controls. Fluorescence intensity was
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Figure 3 Chitinase 3-like-1 is up-regulated during the progression of carcinogenesis. A: Histological changes after AOM/DSS administration (HE staining,
objective, 20 ×); B, C: CHI3L1 expression increased during the progression of colon carcinogenesis (B: Immunohistochemistry staining, objective, 40 ×). In Figure
C, data represent mean ± SD. n = 3 at each time point. aP < 0.05 distal: day 56 vs day 0, 14, 28 and 42; bP < 0.01 distal: day 42 vs day 0, 14, 28; distal vs proximal.
AOM: Azoxymethane; DSS: Dextran sulfate sodium; CAC: Colitis-associated carcinoma; CHI3L1: Chitinase 3-like-1.
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Figure 4 Chitinase 3-like-1 inhibition may be one of the underlying mechanisms in the protective effect of caffeine. A: Caffeine suppresses CHI3L1 expression in both the CAC group and colitis group; B: Macroscopic overview of representative colonic samples from the CAC control group and the CAC + caffeine group;
C: HE staining of colonic specimens from the colitis control group and caffeine-treated group (objective, 20 ×). CAC: Colitis-associated carcinoma; CHI3L1: Chitinase
3-like-1.

measured by a LSR Fotessa flow cytometer (BD, NJ,
United States) at an excitation wavelength of 488 nm and
an emission wavelength of 510 nm.
Statistical analysis
Values of the measured parameters were expressed as
mean ± SD. Mauchly’s test of sphericity, student’s t-test or
Welch’s test was used to detect significant differences between the groups. A value of P < 0.05 was considered statistically significant. All statistical analyses were processed
using SPSS 19.0 (IBM, Armonk, NY, United States).

RESULTS
Increased CHI3L1 expression during progression of
colon carcinogenesis
To monitor the histological changes during the time
course of carcinogenesis, we sacrificed mice at day 0,
14, 28, 42, 56, and 80, respectively. Carcinoma in situ appeared at day 42, and advanced during the following days
(Figure 3A). To confirm the hypothesis that CHI3L1
is associated with the promotion of carcinogenesis, we
determined CHI3L1 protein expression by immunohistochemical analysis in the colons of AOM/DSS treated
mice at the indicated time intervals. If CHI3L1 plays an
essential role in neoplasia, its colonic expression should
be altered during the course of carcinogenesis. As expected, CHI3L1 was faintly expressed in normal mucosa.
Following injection of the carcinogen and subsequent
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DSS intake, CHI3L1 expression was up-regulated in neoplastic cells, crypt cells, and in cells infiltrating the lamina
propria and submucosal regions (Figure 3B). Similarly,
this pattern was observed at the mRNA level (Figure 3C).
Furthermore, the inflection point was between days 35
and 42, which was consistent with the above microscopic
changes.
According to a previous report, tumors are usually
located in the middle to distal colon in mice [15]. This
prompted us to investigate whether there was a difference
in the level of CHI3L1 expression between the distal and
proximal colon. CHI3L1 expression in the proximal colon was lower at day 42 and day 56 than in the distal colon (P < 0.01, Figure 3C), which indicated that the difference was more obvious after carcinoma in situ appeared.
Therapeutic effect of caffeine on tumor incidence and
degree of inflammation
Western blot was performed to confirm the efficacy
of caffeine. Compared with the untreated groups, the
groups treated with caffeine showed decreased CHI3L1
expression (Figure 4A). Of note, there were apparent differences in the macroscopic and microscopic appearance
of the colon in treated and untreated mice in the CAC
group and colitis group (Figure 4B, C). The tumor incidence rate was 25% in the CAC + caffeine group (2/8)
compared with 75% in the CAC control group (6/8). The
specimen from the colitis control group at day 56 showed
a loss of crypts of two-thirds and marked inflammatory
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Figure 5 Immunofluorescence images of 8-hydroxyguanine expression in colon samples. Comparison of 8-OHdG expression in mice from the colitis control
group and the colitis + caffeine group are shown (objective, 20 ×). 8-OHdG: 8-hydroxyguanine.

cell infiltration. In contrast, the caffeine treated group
showed relatively mild inflammation. Two mice in the
colitis control group spontaneously developed carcinoma
at day 80 (2/5), without AOM acceleration (Figure 4C).
None of the mice in the colitis + caffeine group developed tumors (0/5).
Caffeine treatment decreased oxidative DNA damage
Oxidative DNA damage leads to genetic mutations which
have been linked to colitis-colorectal cancer transition[16].
As caffeine is a well-known antioxidant agent, we wondered whether this mechanism could explain the above
protective effects. To confirm this hypothesis, we compared 8-OHdG expression in the colitis control group
and the colitis + caffeine group. Mice treated with caffeine
exhibited attenuated oxidative DNA damage (Figure 5).
CHI3L1 increased intracellular ROS production following
H2O2 exposure
Caffeine can inhibit CHI3L1, thus we determined whether
CHI3L1 influenced intracellular reactive oxygen species
(ROS) production. As CHI3L1 is a type of secretory protein, we added recombinant protein to the cells to mimic
exocrine secretion[17]. Koutroubakis et al[4] reported that
mean serum YKL-40 levels were 102.6 ± 82.7 ng/mL in
UC patients. Therefore, concentrations of 0 ng/mL, 40
ng/mL and 80 ng/mL were used in this study. H2O2 is
usually used to initiate oxidative stress conditions in vitro
and 200 μmol/L is an appropriate concentration to ef-
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fectively enhance ROS level and maintain 92.0%-97.9%
cell viability[18]. An oxidation-sensitive fluorescent probe,
DCFH-DA, was used to detect intracellular oxidants. The
results showed that recombinant CHI3L1 protein alone
did not increase the intracellular level of ROS. However,
when exposed to H2O2, HT29 cells supplemented with
recombinant CHI3L1 protein achieved a higher loading
concentration of fluorescence probe. CHI3L1 protein at
40 and 80 ng/mL significantly increased the level of ROS
under oxidative stress conditions (P < 0.05, P < 0.05).
However, a statistically significant dose-dependent association was not observed (Figure 6A, B).

DISCUSSION
Several classic acute murine models of UC including both
gene deficiency (IL-10 knockout, T-cell receptor α-chain
knockout, B-cell-deficient TCRα double knockout) and
chemical induction methods (dextran sodium sulfate
colitis) have shown increased expression of CHI3L1
mRNA[6]. However, to date, no inflammation-induced
carcinogenesis model has been developed to show the
change in CHI3L1 expression level during the progression of malignancy. This study showed that the expression of CHI3L1 is specifically induced during the course
of colonic inflammation and ultimately carcinoma. Furthermore, expression in the distal colon was higher than
that in the proximal colon, suggesting that CHI3L1 may
be responsible for the development of tumors. Previous
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research has also correlated poor prognosis in colorectal
cancer with increased CHI3L1 expression[19]. However,
increased expression level alone is not enough to support
the hypothesis that CHI3L1 contributes to inflammationinduced neoplasia. Therefore, we investigated whether a
CHI3L1 inhibitor had a protective effect on the colon.
Tumor number reflects tumor initiation, whereas a difference in tumor size typically provides evidence of the
factors involved in tumor progression[20]. Caffeine-treated
mice developed fewer and smaller tumors, suggesting that
caffeine is effective in controlling inflammation-induced
tumor initiation and tumor progression.
A previous study described a reduction in acute colitis
due to caffeine, and correlated this with bacterial interac-
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tion[10]. Considering that anti-oxidation is a well-known
function of caffeine, we examined the possibility that this
may be one of the underlying mechanisms in addition
to the inhibition of bacterial translocation. As expected,
mice not treated with caffeine demonstrated severe
oxidation-induced DNA damage, as evidenced by significant expression of 8-OHdG in colon samples. As caffeine is an inhibitor of CHI3L1, we investigated whether
CHI3L1 was involved in increased oxidative stress. Various concentrations of CHI3L1 protein alone did not
increase intracellular ROS in HT29 cells. However, when
challenged with H2O2, CHI3L1-treated HT29 cells exhibited an enhanced level of ROS. This effect was obvious
when 40 ng/mL CH3L1 protein was added. Although
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a statistically significant concentration-dependent effect
was not observed, 40 ng/mL and 80 ng/mL CHI3L1 increased the level of ROS compared to the control group.
This may be explained by the unstable nature of ROS,
as they are very reactive[21-23]. However, the tendency was
clear. Previous research has shown that a chitin derivative, chitosan oligosaccharide, can preserve the intestinal
epithelial barrier integrity through anti-oxidative and
anti-apoptotic mechanisms, which is consistent with the
findings in our study[24]. Thus, it can be concluded that
CHI3L1 makes the colon cell line more susceptible to
oxidative stress and caffeine is a potent inflammation
suppressor by decreasing oxidative products which lead
to tumor initiation. Further in vivo studies should be carried out to determine whether CHI3L1 influences the
balance between oxidative stress genes and antioxidant
defense genes.
Besides chitosan oligosaccharide, chitin microparticles
have also been reported to ameliorate DSS-induced acute
colitis by modulating cytokine balance and the microbial environment in the colon[25]. However, it is difficult
to satisfy the technological requirements for large scale
preparation of chitin products of certain purity, diameter
and concentration for medical use. Compared with chitin
particles and chitosan oligosaccharide, relatively low extraction/production costs and good tolerance levels make
caffeine an ideal option to target chitinase-mediated IBD
pathogenesis. Other pan-family 18 chitinase inhibitors
including allosamidin and methylxanthine derivatives (e.g.,
theophylline and pentoxifylline) are also attractive candidates requiring further research[26]. CHI3L1 antibody has
already been proved to control bacterial adhesion and
invasion in intestinal mucosa[6]. However, further investigation is required to determine the possible allergy and
anti-antibody effect.
In conclusion, our study as presented has made a
modest advance in the exploration of CHI3L1 in colitisassociated carcinoma. One limitation of our work is that
caffeine is not a specific inhibitor of CHI3L1. The protective effects cannot solely, but may partly, be attributed
to CHI3L1 inhibition. CHI3L1 gene deficient mice may
provide strong support for the tumor promoter role of
CHI3L1. Together with the finding that caffeine protects
against severe inflammation and neoplasms by acting as
a scavenger of ROS and the in vitro data indicating that
CHI3L1 is involved in oxidative stress, it can be concluded that CHI3L1 may participate in inflammation-driven
carcinogenesis by elevating ROS levels. Further research
should be conducted to elucidate the unknown mechanisms involved in the induction of CHI3L1 in CAC and
the feasibility of CHI3L1 as a therapeutic target of inflammatory bowel disease.
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Background

Patients with long-standing ulcerative colitis have an increased risk of developing colorectal cancer, although the oncogenes involved are largely unknown.

Research frontiers

chitinase 3-like-1 (CHI3L1), one of the mammalian members of the chitinase
family, was reported to contribute to the exacerbation of acute colitis in a mouse
model. The role of CHI3L1 in colorectal cancer in the presence of inflammatory
bowel disease is unknown. In this study, the authors demonstrated that CHI3L1
was over-expressed during the course of carcinogenesis and its possible promoter role in colitis-associated carcinoma was assessed.

Innovations and breakthroughs

Recent reports have highlighted the therapeutic effect of caffeine, as a panfamily 18 chitinase inhibitor, in ameliorating acute colitis by suppressing bacterial adhesion. This is the first study to report that caffeine is also able to reduce
chronic inflammation and tumor incidence by scavenging reactive oxygen species (ROS). Furthermore, this in vitro studies suggested that CHI3L1 increased
intracellular ROS production following H2O2 exposure. The authors conclude
that CHI3L1 may participate in inflammation-driven carcinogenesis by elevating
ROS levels.

Applications

This study is a preliminary exploration into the expression and possible mechanism of CHI3L1 in colitis-associated carcinoma. Blocking CHI3L1 expression
may be a promising therapeutic option in the treatment of patients with inflammatory bowel disease.

Terminology

Oxidative stress is defined as an imbalance between the generation of ROS
and decreased antioxidant defense systems. ROS produced in inflammatory
reactions lead to DNA damage and genetic alterations, which pave the way for
chronic inflammatory bowel disease (IBD)-related colorectal cancer.

Peer review

The work shows for the first time the association of increased expression of
CHI3L1 with an experimental model of colitis-associated colorectal cancer. It
also shows a temporal and spatial (more distal) relationship with the intensification of the expression of a candidate marker, underscoring its possible potential
to indicate malignancy. The impact of CHI3L1 on intracellular ROS production
provides an insight of the oncogeneic role of this gene into the process of IBDrelated carcinogenesis.
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virus (JC virus) in a small cohort of patients with colon
cancer and to assess its presence in hepatic metastasis.

Abstract

Core tip: This is the first case-control study, to our
knowledge, assessing, although with a small sample
size, the potential metastatic spread of John Cunning-

AIM: To evaluate the prevalence of John Cunningham
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METHODS: Nineteen consecutive patients with histologically diagnosed colon cancer were included in our
study, together with ten subjects affected by histologically and serologically diagnosed hepatitis C virus
infection. In the patients included in the colon cancer
group, JC virus was searched for in the surgical specimen; in the control group, JC virus was searched for in
the hepatic biopsy. The difference in the prevalence of
JC virus in the hepatic biopsy between the two groups
2
was assessed through the χ test.
RESULTS: Four out of 19 patients with colon cancer
had a positive polymerase chain reaction (PCR) test
for JC virus, and four had liver metastasis. Among the
patients with liver metastasis, three out of four had a
positive PCR test for JC virus in the surgical specimen
and in the liver biopsy; the only patient with liver metastasis with a negative test for JC virus also presented
a negative test for JC virus in the surgical specimen. In
the control group of patients with hepatitis C infection,
none of the ten patients presented JC virus infection
in the hepatic biopsy. The difference between the two
groups regarding JC virus infection was statistically
2
significant (χ = 9.55, P = 0.002).
CONCLUSION: JC virus may play a broader role than
previously thought, and may be mechanistically involved in the late stages of these tumors.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: John Cunningham virus; Colon cancer; Metastasis
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INTRODUCTION
Colorectal cancer (CRC) is the third most frequent malignancy, and constitutes the second leading cause of
cancer mortality among both men and women in the
United States[1]. Mortality in CRC is usually caused by
metastatic disease. Even if increasing efforts to the diagnosis of CRC at an early stage with screening programs,
more than 25% of patients are still diagnosed with metastatic disease, and a further 25% develop metastases.
Up to now, the molecular mechanisms underlying the
development of metastasis are not fully understood[2].
Actually, infectious diseases are acquiring relevance because they are thought as leading pathogenic elements
in human cancer: in fact all about twenty percent of
human cancers are associated with infectious agents,
particularly in the gastrointestinal tract[3], but this is not a
mainstream oncologic research area. It has been thought
that the development of several types of human cancers
could be triggered by exposure to different infectious
agents, such as human papilloma virus (HPV) infection
associated with cervical carcinoma[4], hepatitis B virus
associated with liver carcinoma[5], Epstein-Barr virus associated with Burkitt lymphomas[6], HTVL-1 associated
with Adult T-cell Leukemia/Lymphoma[7], or Helicobacter pylori associated with gastric carcinoma[8]; more
recently a human retrovirus, XMRV, has been associated
with sporadic prostate cancer[9-11]. In addition, an association has been reported between the development
of lower gastrointestinal tract neoplasias and infectious
agents[8], e.g., between CRC and John Cunningham virus
(JC virus) infection.
JC virus, a member of the polyomaviridae family,
ubiquitously infects humans, 70% to 80% of the adult
population having JC virus-specific antibodies[12,13]. Several studies demonstrated that JC virus infection takes
place during early childhood and remains subclinical.
After primary infection, JC virus can be found in the
kidneys, B lymphocytes, and gut mucosa.
However, under conditions of severe immunosuppression, the virus could become reactivated and induce
the fatal demyelinating disease progressive multifocal
leukoencephalopathy (PML)[14]. In addition, there is an
increasing evidence that JC virus may be associated with
several human neoplasias. In fact, JC virus genomic
sequences and oncogenic T-antigen (T-Ag) expression
have been reported in a variety of human malignancies,
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including brain tumors[15,16] CRC[17-20], gastric cancer[21],
and esophageal cancer[22].
JC virus has been reported to be associated with CRC
and could contribute to the cancer phenotype by several
mechanisms. Among JC virus proteins, two in particular,
large T-antigen and agnoprotein, could interfere with cell
cycle control and genomic instability mechanisms, but
further viral proteins could also contribute to cell transformation. Some viral DNA sequences are found in carcinoma lesions, but less frequently in adenomas, and not
in the normal tissue. These findings suggest that viral
DNA integration in the host cell genome might result in
chromosomal damage and malignant transformation[23].
However, to date its role in provoking metastasis has
not been demonstrated, though it has been hypothesized
that JC virus T-Ag could mediate metastasis in CRC cells
through increased migration and invasion[24].
The aim of this study is to evaluate the prevalence of
JC virus in a small cohort of patient with colon cancer
and to assess its presence in hepatic metastasis, comparing it with a cohort of patients with liver disease but
without colon cancer.

MATERIALS AND METHODS
Study population
Nineteen consecutive patients (47.4% male, 52.6% female) with histologically diagnosed colon cancer, followed between January 2012 and October 2012 at our
hospital, were included in the study, together with ten
subjects, employed as a control group of individuals in
the same geographic areas, affected by histologically and
serologically diagnosed hepatitis C virus infection. This
cohort of control subject was chosen to assess the prevalence of JC virus in the livers of patients without known
primary colorectal cancer.
Among patients from the colon cancer group, JC virus
was searched for in the surgical specimen (primary colon
cancer tissue and liver metastasis tissue); in the control
group, JC virus was searched for in the hepatic biopsy.
Liver biopsies were all standard percutaneous samples,
and the threshold of adequacy for histological assessment
was the presence of more than five portal tracts.
The difference in the prevalence of JC virus in the hepatic biopsy between the two groups was assessed through
the χ 2 test.
DNA extraction
Paraffin-embedded tissues were sectioned at 10 microns
and five sections were cut with a standard microtome
and transferred into a 1.5 mL microtube.
To prevent cross-contamination between the samples, the microtome blade was washed with xylene and
ethanol after sectioning of each block.
Genomic DNA was extracted from paraffin embedded tissue section using the ZR Genomic DNA-Tissue
Miniprep (Zymo Research, United States), according to
the manufacturer’s recommendations.
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Table 1 Clinical and pathological features of the patients with colorectal cancer
Age (median, range), yr
Location of the colorectal cancer (n)

70 (59-87)
Caecum and ascending colon: 12/19
Transverse colon: 1/19
Descending colon: 2/19
Sigma 3/19
Rectum 1/19
7:12
G1: 1/19
G2: 12/19
G3: 6/19
A: 0/19
B1: 0/19
B2: 2/19
C1: 3/19
C2: 10/19
D: 4/19
5:19
5:19
12:19
10:19
10:19
1:19
4:19
4:19
3:19

Sex (Male:Female)
Grading

Staging according to Dukes’ Classification (n)

Mucinous component (n)
Signet ring component (n)
Presence of tumor infiltrating lymphocytes (n)
Perineural invasion (n)
Microvascular invasion (n)
Lymphangiosis (n)
JC virus positivity in the colonic specimen (n)
Liver metastasis (n)
JC virus positivity in the hepatic specimen (n)
JC virus: John Cunningham virus.

Extreme caution was taken to perform all preparatory polymerase chain reaction (PCR) steps, including
DNA extraction in a separate room isolated from any
post-PCR samples to prevent contamination.
All the DNA samples were amplified using betaglobin primers (fragment of 175 bp) to confirm their
integrity.
Nested PCR for the JC virus genoma
For the detection of JC virus gene sequences, polymerase chain reaction amplifications were performed using gene-specific primers for T-antigen.
For JC virus T-antigen, T1 and T2 (nucleotides
3049-3069 of the Mad-1 strain, 5’ TGGCCTGTAAAGTTCTAGGCA 3’ and 3229-3207, 5’ GCAGAGTCAAGGGATTTACCTTC 3’ respectively) which amplify
sequences in the NH2-terminal region of the JC virus
T-antigen, were used for the first PCR, whereas T1 and T3
(nucleotides 3193-3171, 5’ AGCAACCTTGATTGCTTAAGAGA 3’) were used for the second PCR (110 bp)[25].
PCR reaction mixture contained 0.5 U Taq polymerase, 1 × PCR Buffer (50 mmol/L KCl and 10 nmol/L
MgCl2, 10 pmol of each dNTPs, 1.5 mmol/L MgCl2, 10
pmol of each primers and 100-200 ng of extracted DNA.
PCR conditions were denatured at 95 ℃ for 10 min,
followed by 30 cycles of denaturation at 95 ℃ for 15 s ,
annealing at 55 ℃ for 30 s and extension at 72 ℃ for 30
s followed by 7 min final extension at 72 ℃.
Nested PCR was carried out as the first PCR cycles,
using 1% (volume) of the first PCR product with internal primers.
The PCR amplification products were run on 2%
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agarose gel and stained with ethidium bromide and visualized under ultraviolet light.

RESULTS
Clinical and demographical data of the study population
are summarized in Table 1.
Four out of 19 patients (21.05%) with colon cancer
had a positive PCR test for JC virus, and four (21.05%)
had liver metastasis. Among the four patients with liver
metastasis, three out of 4 (75%) had a positive PCR test
for JC virus both in the surgical specimen and in the
liver specimen; the only patient with liver metastasis with
a negative test for JC virus also presented a negative test
for JC virus in the primary tumor.
In the control group of patients with hepatitis C infection, none of the ten patients (0%) presented JC virus
infection in the hepatic biopsy.
The difference between the two groups regarding JC
virus infection was statistically significant (χ 2 = 9.55, P =
0.002).

DISCUSSION
JC virus DNA sequences and proteins have been found
in a wide range of human neoplasias of glial and nonglial origin, as gliomas, ependymomas and medulloblastomas, as well as in several non-neural clinical specimens
of gastrointestinal tumors, such as CRC[8], suggesting
that they could infect a broad range of cell types. However, the role of JC virus in such neoplasias is poorly
understood.
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Even if several studies have evaluated the role of the
presence of JC virus DNA in colonic tissue using PCR,
more recently Burnett-Hartman and coworkers reviewed
five studies examining colorectal neoplastic tissue detecting JC virus DNA in colorectal neoplasias at varying
frequencies, finding from 26% to 89% of carcinomas
positive for JC virus.
A very important challenge is to establish whether
the presence of JC virus presents any difference between
tumors of different grades and its normal surrounding
mucosa. Few studies have been performed in this context.
Two studies evaluated colorectal adenomatous tissue from separate patients with adenomas and normal
colorectal tissues from controls. The first study reported
a JC virus infection in 61% of cancerous tissue, 60% of
adenomatous tissue and 30% of normal tissue samples
from controls, showing a OR = 6.2 (95%CI: 2.4-16.6)
comparing neoplastic tissue to normal tissue. This study
showed that JC virus viral copy numbers were statistically significantly higher in neoplastic colorectal tissue with
regard to normal colorectal tissue[26]. The second study
presented lower rates of detection for JC virus, finding
26% of cancerous colorectal tissue, 5% of adenomas
and 0% of normal tissue positive for JC virus[27].
Furthermore, in the study performed by Link and coworkers[24], some phenotypic changes were demonstrated
that were associated with marked alterations in the expression of a large number of genes of JC virus. These
results are in line with a previous study by Nerurkar and
colleagues in which the authors analyzed gene expression
alterations following transfection of a full-length JC virus
plasmid into glial cells[28]. Indeed, the study of Link and
coworkers suggests a novel role for JC virus T-Ag in human CRC. The authors demonstrated that transfection
of JC virus early transcripts into cancer cells could increases migration and invasion through up-regulation of
metastasis-associated genes[24].
Our study presents some limitations, like the retrospective design, the small number of patients with liver
metastasis and the absence of detection of JC virus in the
normal mucosa surrounding the colorectal cancer, as well
as the absence of mention of the level of viral expression in the analyzed tissue. However, the primary aim of
our study was simply to assess the presence of JC virus
in the hepatic metastasis of colorectal cancer, comparing
it with a cohort of patients with liver disease but without
colon cancer. Furthermore, our points of strength are the
presence of a control group and the finding of a prevalence of JC virus, in colon cancer, which has largely been
overlooked in the scientific literature, with the finding of
the scientific literature, with the exception of the study
performed by Link and co-workers[24].
Based on this data, we propose that JC virus T-Ag may
play a broader role than previously thought, and may be
mechanistically involved in the late stages of these tumors.
Forthcomings prospective case-control studies, with a
larger number of patients in both the arms and targeted
to evaluate the difference in the level of expression of
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JC virus in the primary tumoral colonic tissue and in the
normal surrounding colonic mucosa, as well as to study
migration and invasion, could clarify the true prevalence
of JC virus in colon cancer and in liver metastasis, making it possible to find a true “mechanical” role of JC
virus in the late stages of CRC.
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Abstract
AIM: To assess whether metformin, which has a chemopreventive effect in chronic liver disease, has any
chemotherapeutic effect in hepatocellular carcinoma.
METHODS: This was a retrospective study of 701 pa-
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tients with newly diagnosed hepatocellular carcinoma
(HCC) seen between January 2005 and June 2011 at
Mayo Clinic, Rochester, Minnesota. This patient cohort
was a part of the global HCC BRIDGE study, which is a
large longitudinal study of HCC determining the realworld experience of HCC characteristics, management
and patient outcomes. We defined significant metformin exposure as continuation of this agent at least 90
d beyond diagnosis of HCC, and compared survival of
diabetic patients on metformin to diabetic patients not
on metformin and non-diabetics.
RESULTS: Our cohort was 72.9% male, with a mean
± SD age of 62.6 ± 12.3 years. The most common
etiologies of liver disease were hepatitis C (34%), alcoholic liver disease (29%), fatty liver disease (15%) and
hepatitis B (9%). By univariate analysis, using diabetics not on metformin as the reference group, diabetic
patients with HCC on metformin had no survival advantage, with a HR (95%CI) of 1.0 (0.8-1.3). Non-diabetic
HCC patients also did not appear to have a survival
advantage as compared to diabetic HCC patients not
on metformin, as demonstrated by a HR (95%CI) of
1.1 (0.7-1.7). Diabetics on metformin beyond 90 d after
HCC diagnosis had a longer median survival at 34.2 mo,
as compared to 25.5 mo among diabetic patients who
were not on metformin or had discontinued metformin
within 90 d after HCC diagnosis. This finding was likely
due to potential survival bias among those who lived
long enough to receive metformin.
CONCLUSION: Although the literature suggests a chemotherapeutic effect in other malignancies, our study
demonstrates no survival benefit to the use of metformin in diabetic patients with HCC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatocellular carcinoma; Metformin; Diabetes; Survival; Liver disease; Lactic acidosis
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Core tip: Metformin has been shown to prevent the development of hepatocellular carcinoma (HCC) among
patients with diabetes and chronic liver disease in retrospective studies. This agent results in inhibition of the
mTOR pathway, integral to many malignancies. We investigated the role of metformin as a chemotherapeutic
agent in HCC, by assessing whether its use in patients
newly diagnosed with this cancer had improved survival
as compared to diabetics on other hypoglycemic agents
and those without diabetes. Our analysis clearly reveals
that there is no overall survival benefit in using metformin for those patients newly diagnosed with HCC.
Bhat M, Chaiteerakij R, Harmsen WS, Schleck CD, Yang JD,
Giama NH, Therneau TM, Gores GJ, Roberts LR. Metformin
does not improve survival in patients with hepatocellular carcinoma. World J Gastroenterol 2014; 20(42): 15750-15755 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i42/15750.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i42.15750

INTRODUCTION
Hepatocellular carcinoma (HCC) arises in the context
of chronic liver disease and has been rising in incidence
across North America, as the number of people with
hepatitis C cirrhosis and non-alcoholic steatohepatitisinduced cirrhosis increases[1]. It is often diagnosed at an
advanced stage, when curative treatments such as resection or liver transplant are no longer feasible, resulting
in a poor overall 5-year survival rate of less than 15%[2].
In fact, HCC is the most rapidly rising cause of cancerrelated deaths among men in the United States[3]. The
only chemotherapeutic option that has been shown to
modestly increase survival in advanced HCC is sorafenib,
a Ras-Raf kinase and vascular endothelial growth factor
(VEGF) inhibitor[4]. Given that HCC develops through
the upregulation of various pathways including the mammalian target of rapamycin (mTOR) pathway, mTOR inhibitors are currently being investigated as chemotherapy
for HCC[5]. Growth factors such as insulin-like growth
factor (IGF-1) stimulate the mTOR pathway, a survival
pathway whose upregulation has been detected in up to
50% of HCC tumors[6]. This stimulation of the mTOR
pathway leads to selectively increased translation of
mRNAs key to fuelling tumor development and progression. The mTOR pathway as a pro-survival pathway is
particularly affected by cellular energetics. AMP-activated
protein kinase (AMPK), an intracellular sensor serving
to maintain energy balance, is stimulated by increased
energy consumption as reflected by an elevated AMP/
ATP ratio. AMPK activation in turn inhibits the mTOR
pathway and anabolic processes, including the energyconsuming process of protein synthesis.
Metformin, a biguanide medication used commonly
in diabetics, is known to inhibit the mTOR pathway
through AMPK activation. Metformin has been shown to
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inhibit tumor growth in vitro and in vivo by inducing apoptosis in various malignancies including breast[7], lung[8] and
melanoma[9]. A greater effect on HCC could be anticipated, given that the organic cation transporter 1 (OCT1) is
most highly expressed in hepatocytes, enabling increased
uptake of metformin in the liver[10]. Retrospective studies
have suggested that metformin prevents development of
HCC among patients with diabetes[11] and diabetic patients with chronic liver disease[12]. The former large population-based study by Chen et al[11] demonstrated a dosedependent decrease in the risk of HCC among diabetic
patients. A recent meta-analysis further confirmed a 50%
decreased HCC incidence among diabetics on metformin[13]. This hypoglycemic agent has been shown to have
a potent tumor suppressive effect in various malignancies, through AMPK activation and subsequent inhibition
of the mTOR pathway. The observed activation of the
mTOR pathway in about 50% of HCCs makes mTOR
inhibition relevant to their treatment[3]. Based on the
above convincing literature for a chemopreventive effect
in HCC and in vivo animal data on a chemotherapeutic
effect of metformin on various malignancies including
HCC, the goal of our study was to assess whether metformin might have a chemotherapeutic effect in patients
newly-diagnosed with HCC.
We performed a retrospective study at Mayo Clinic to
investigate two clinical questions: firstly, whether metformin had a significant effect on survival of patients newlydiagnosed with HCC, and secondly, whether it was safe
for patients with HCC developing in the context of cirrhosis to continue on metformin.

MATERIALS AND METHODS
This study was comprised of 701 patients aged ≥ 18
newly diagnosed with HCC between January 2005 and
June 2011. This patient cohort was a part of the global
HCC BRIDGE study, which is a large longitudinal cohort study of HCC determining the real-world experience of HCC characteristics, management and patient
outcomes. The diagnosis of HCC was made by histopathology or noninvasive criteria according to the American
Association for the Study of Liver Disease (AASLD) or
European Association for the Study of the Liver (EASL)
guidelines. Data were collected retrospectively and prospectively as recorded in the medical record into the
BRIDGE database. Information on metformin was additionally abstracted from the medical record. Significant
metformin exposure was defined as intake of this medication at the time of HCC diagnosis, and continuation
beyond 90 d following diagnosis. The study was approved
by the Mayo Clinic Rochester Institutional Review Board.
Statistical analysis
We separated the HCC patients into the following categories: non-diabetics, diabetics not on metformin or who
discontinued metformin within 90 d of HCC diagnosis,
and diabetics who continued metformin beyond 90 d af-
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Table 1 Baseline characteristics of patients in the study
Non-diabetic (n = 438)

Variables
Age, yr
Mean ± SD
Median
Q1, Q3
Range
Age group
< 20 yr
21-40 yr
41-60 yr
≥ 61 yr
Gender
Female
Male
Caucasian
Etiology of liver disease
Hepatitis C
Hepatitis B
Alcoholic liver disease
Nonalcoholic fatty liver disease
Other
BCLC stage
Missing
0/A
B
C
D

Diabetics not on metformin (n = 207) Diabetics on metformin (n = 56)

P value

61.4 ± 13.3
61.1
53.9, 71.4
19.0-91.5

64.7 ± 10.3
65.5
56.7, 72.0
19.8-89.4

64.4 ± 9.7
62
57.7, 71.4
43.3-88.0

0.003

2 (0.5)
22 (5.0)
189 (43.2)
225 (51.4)

1 (0.5)
2 (1.0)
64 (30.9)
140 (67.6)

0 (0.0)
0 (0.0)
19 (33.9)
37 (66.1)

132 (30.1)
306 (69.9)
326 (74.4)

47 (22.7)
160 (77.3)
168 (81.2)

11 (19.6)
45 (80.4)
43 (76.8)

0.170

161 (37.2)
49 (11.3)
129 (30.0)
25 (5.8)
74 (16.9)

61 (29.9)
6 (2.9)
59 (28.9)
63 (30.9)
18 (8.7)

12 (21.8)
5 (9.1)
10 (18.5)
14 (25.9)
15 (26.8)

0.030
0.002
0.210
< 0.0001
0.012

125
72 (23.0)
43 (13.7)
165 (52.7)
33 (10.5)

45
26 (16.0)
15 (9.3)
96 (59.3)
25 (15.4)

17
11 (28.2)
4 (10.3)
23 (59.0)
1 (2.6)

0.080

0.001

0.060

All data except for age are shown in n (%). BCLC: Barcelona-Clınic Liver Cancer.

ter HCC diagnosis. Follow-up was censored on January 1,
2013. Death was the primary endpoint. Median survival,
defined as the time from day 91 after the first diagnosis
date to the date of last follow-up or death, was estimated
using the Kaplan-Meier method and compared using the
log-rank test. Patients who were lost to follow-up or died
within 90 d after HCC diagnosis were excluded from the
analysis. The association between age, gender, etiology
of chronic liver disease, the Barcelona-Clınic Liver Cancer (BCLC) stage, diabetes or metformin use and risk of
death was determined by HR and 95%CI calculated by
Cox-proportional hazards regression. Variables with a P
value of < 0.05 were included in a multivariate model.
Gender was also included in the multivariate model as a
potential confounder. A P value of < 0.05 was considered statistically significant.

RESULTS
Our cohort was 72.9% male, with a mean ± SD age of
62.6 ± 12.3 years. The most common etiologies of liver
disease were hepatitis C (34%), alcoholic liver disease
(29%), fatty liver disease (15%) and hepatitis B (9%).
The BCLC stage distribution at the time of diagnosis is
shown in Table 1.
Table 2 shows univariate and multivariate Cox Proportional Hazards analysis of survival predictors of HCC
patients in this study. Given that BCLC stage is a known
predictor of survival in HCC patients, only the 514 patients for whom data on the BCLC stage was available
were included in the multivariate Cox Proportional Haz-
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ards analysis. By univariate analysis, using diabetics not
on metformin as the reference group, diabetic patients
with HCC on metformin had no survival advantage, with
a HR (95%CI) of 1.0 (0.8-1.3). Non-diabetic HCC patients also did not appear to have a survival advantage as
compared to diabetic HCC patients not on metformin, as
demonstrated by a HR (95%CI) of 1.1 (0.7-1.7).
By the time the data was censored, 427 of the 701
(60.9%) patients had died. The median survival of the
entire cohort was 26.9 mo with a 1-year survival rate of
26.9% (95%CI: 59.0-66.3). Figure 1 illustrates the KaplanMeier curves of these groups, with the diabetics on metformin beyond 90 d of HCC diagnosis having the longest
median survival of 34.2 mo as compared to 25.5 mo
among diabetic patients who were not on metformin or
had discontinued metformin within 90 d after HCC diagnosis (Table 2).
Assessment of survival in patients with HCC in the
context of fatty liver disease also showed no benefit to
the use of metformin. Although nonalcoholic fatty liver
disease (NAFLD)-related HCC patients with diabetes
who were on metformin had longer median survival than
those not on metformin (36.5 mo vs 16.3 mo), the survival difference was not statistically significant (P = 0.24),
likely due to the small number of NAFLD-related HCC
patients who were on metformin (n = 14).

DISCUSSION
Type 2 diabetes is a significant risk factor for the development of malignancies, including HCC[14]. Diabetes
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Table 2 Survival of patients newly diagnosed with hepatocellular carcinoma, categorized according to demographics, etiologies of
liver disease, stage, diabetes status and metformin use

Male
Age, per 10 yr
Caucasian
Etiology of liver disease
Hepatitis C
Hepatitis B
Alcoholic liver disease
NAFLD
BCLC stage
0/A
B
C
D
Diabetes
metformin status
Non-diabetic
Continue metformin
No metformin or
Discontinue within 90 d
In patients with NAFLD
Non-diabetic
Continue metformin
No metformin or discontinue
within 90 d

Number of
deaths/total

Median survival
(mo)

1-yr Kaplan-meier
estimate (95%CI)

Unadjusted HR
(95%CI)

P value

Adjusted HR
(95%CI)

P value

314/511
329/537

25.2
24.6

61.8% (57.7-66.3)
64.6% (60.6-68.9)

1.1 (0.9-1.3)
1.2 (1.1-1.3)
0.9 (0.8-1.1)

0.54
< 0.001
0.36

1.0 (0.8-1.3)
1.2 (1.1-1.3)

0.73
< 0.001

127/234
30/60
126/198
64/102

29
30.2
19.8
29.4

65.6% (59.7-72.1)
58.1% (46.3-72.8)
60.8% (54.3-68.1)
67.6% (58.8-77.7)

0.8 (0.6-0.9)
0.9 (0.6-1.3)
1.0 (0.8-1.3)
1.0 (reference)

39/109
32/62
205/284
32/59

> 97.3
41.0
15.2
30.6

88.4% (82.5-94.8)
70.0% (59.3-82.7)
50.1% (44.5-56.4)
58.9% (47.2-73.5)

1.0 (reference)
1.9 (1.2-3.1)
3.8 (2.7-5.4)
2.4 (1.5-3.8)

< 0.001
0.005
< 0.001
< 0.001

1.0 (reference)
2.0 (1.2-3.1)
3.7 (2.6-5.2)
2.5 (1.6-4.0)

< 0.001
0.005
< 0.001
< 0.001

257/438
37/56
133/207

27.3
34.2
25.5

61.4% (56.9-66.3)
60.6% (48.8-75.4)
65.5% (59.2-72.4)

1.0 (0.7-1.4)
0.9 (0.7-1.1)
1.0 (reference)

0.98
0.30
0.52

1.1 (0.7-1.7)
1.0 (0.8-1.3)
1.0 (reference)

0.59
0.77
0.86

11/25
7/14
46/63

46.7
36.5
16.3

79.5% (64.9-97.3)
65.7% (43.1-100.0)
63.0% (51.8-76.7)

0.4 (0.2-0.7)
0.6 (0.3-1.4)
1.0 (reference)

0.005
0.24
0.01

0.0095
0.52
0.75
0.98

BCLC: Barcelona-Clınic Liver Cancer; NAFLD: Nonalcoholic fatty liver disease.
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Figure 1 Kaplan-Meier survival curves of patients with hepatocellular
carcinoma according to the following categories: (1) non-diabetics; (2)
diabetics not on metformin; and (3) diabetics on metformin.

remains a risk factor even after having adjusted for traditional liver disease risk factors such as alcoholic and
viral liver disease[3,15]. This is most likely due to the higher
prevalence of non-alcoholic steatohepatitis among diabetics, which is in itself a risk factor for HCC. An insulinresistant state leads to activation of the IGF-1/mTOR
signalling cascade and consequent hepatic steatosis. Additionally, patients with cirrhosis have defective insulin
release and sensitivity, which can further contribute to
hyperglycemia[16].
The increased risk of HCC among patients with an
insulin-resistant state is the reason metformin has garnered such interest as a chemopreventive and chemo-
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therapeutic agent. Recently, research into therapeutics
for malignancy has turned towards agents that modify
aspects of metabolism. The pro-survival mTOR pathway is particularly affected by cellular energetics. AMPactivated protein kinase (AMPK), an intracellular sensor
that serves to maintain energy balance, is stimulated by
increased energy consumption as reflected by an elevated
AMP/ATP ratio. AMPK activation in turn inhibits
the mTOR pathway and anabolic processes, including the energy-consuming process of protein synthesis.
Metformin is thought to affect tumor growth by two
mechanisms: (1) through inhibition of mitochondrial oxidative phosphorylation which activates AMPK thereby
resulting in mTOR pathway inhibition; and (2) through
decreased serum glucose, which inhibits IGF-R, thereby
preventing downstream mTOR pathway activation in
insulin-responsive cancers[17]. Over the last few years,
metformin has demonstrated promising results in various malignancies, including breast cancer[7], lung cancer[8]
and melanoma[9]. Retrospective studies have suggested
that metformin prevents development of HCC among
patients with diabetes[11] and those with chronic liver
disease[12]. A greater effect on HCC could be anticipated,
given that the OCT1 transporter is most highly expressed
in hepatocytes, enabling increased uptake of metformin
in the liver[10]. Therefore, the reality of in vivo pharmacokinetics favours accumulation of metformin in the liver.
Metformin is absorbed from the gut into the portal vein
circulation, which drains directly into the liver. In vitro,
by inhibiting the mTOR pathway, rather than activating
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it as insulin would, metformin arrests the cell cycle and
induces cancer cell apoptosis[18]. In vivo, metformin has
been shown to inhibit DEN-induced liver tumorigenesis
by affecting lipogenesis[19] and inhibit tumor growth in
mouse xenograft models of HCC[20]. Induction of cancer
cell apoptosis following cell cycle arrest appears to be the
mechanism underlying tumor growth inhibition in these
xenograft models[21].
We therefore set out to evaluate whether metformin
had a therapeutic effect on HCC once diagnosed. Based
on our findings, one can conclude that in patients with
a new diagnosis of HCC, continuation of metformin
beyond 90 d after this diagnosis does not appear to have
a beneficial chemotherapeutic effect as measured by survival. This result was independent of BCLC stage and
patient age. Additionally, patients with HCC caused by
fatty liver disease had no greater survival advantage on
metformin as compared to those patients not on metformin. It may be that HCCs that develop in patients
on metformin break through this agent, and are either
resistant to mTOR inhibition or dependent on other procarcinogenic pathways. Two recent retrospective studies
of metformin use among breast cancer patients revealed
no evidence of improved survival, even when adjusting
for cumulative metformin duration[22,23]. However, we
did also find that metformin appears to be well tolerated
without major side effects, in particular lactic acidosis in
this patient population with advanced liver disease. This
finding supported our recent report showing that metformin can be used safely in patients with cirrhosis, regardless of severity of liver impairment, if there is no specific
contraindication[24].
An important point to note is our definition of significant exposure, wherein only those patients who had
continued metformin beyond 90 d after the diagnosis of
HCC were considered as having been significantly exposed. The censoring of patients who passed away within
90 d of diagnosis accounts for the paradoxically increased
median survival of the remaining stage D patients as
compared to that of stage C patients. This is because a
significant proportion of the stage D patients died within
90 d after HCC diagnosis. Nonetheless, the confidence
intervals for the two median survivals have substantial
overlap, indicating that the median survivals were in fact
similar.
This study is the first to evaluate whether metformin
has any positive impact on HCC once diagnosed. The
main limitations are the retrospective study design and
the relatively small population of 701 patients. Due to
the retrospective study design, we were not able to obtain
information on dose and duration of metformin use.
Additionally, data on BCLC stage was missing for some
patients. Because information on the first treatment for
HCC was not always recorded in the BRIDGE database,
the analysis was not adjusted for HCC treatment modalities. Nonetheless, given that BCLC Stage itself dictates
the type of treatments patients undergo, adjusting for
BCLC Stage accounts for the type of treatment the patients have undergone. Whether metformin had a differ-
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ent effect on patients who received different treatments
was not investigated. Despite the suggestive finding of
benefit of metformin in the subgroup of HCC patients
with NAFLD, the analysis may not have adequate power
to show statistical significance due to the small number
patients of those who were on metformin. This finding
needs to be further examined in a larger cohort of HCC
patients with NAFLD. Finally, this study was conducted
at a tertiary care referral centre, and therefore may be
weighted more heavily towards a patient population with
more advanced liver disease/cancer.
In summary, our study demonstrates that there is no
survival benefit to metformin use in diabetic patients with
a new diagnosis of HCC. This is in keeping with similar outcomes in the recent literature of metformin use
among patients already diagnosed with cancer. Our study
at least provides a preliminary indication that metformin
does not help prevent progression of HCC in real life.
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METHODS: One-hundred-and-thirty-two cirrhotic outpatients underwent electroencephalography (EEG), paper-and-pencil psychometry (PHES) and critical flicker
frequency, scored on the original/modified (CFFo/CFFm)
thresholds. Eighty-four patients underwent Dopplerultrasound to diagnose/exclude portal-systemic shunt.
Seventy-nine were followed-up for 11 ± 7 mo in relation to the occurrence of hepatic encephalopathy (HE)related hospitalisations.
RESULTS: On the day of study, 36% had grade Ⅰ HE,
42% abnormal EEG, 33% abnormal PHES and 31/21%
abnormal CFFo/CFFm. Significant associations were
observed between combinations of test abnormalities;
however, agreement was poor (Cohen’s κ < 0.4). The
prevalence of EEG, PHES and CFFo/CFFm abnormalities
was significantly higher in patients with grade Ⅰ overt
HE. The prevalence of EEG and CFFm abnormalities was
higher in patients with shunt. The prevalence of EEG
abnormalities was significantly higher in patients with
a history of HE. During follow-up, 10 patients died, 10
were transplanted and 29 had HE-related hospitalisations. Grade Ⅰ HE (P = 0.004), abnormal EEG (P = 0.008)
and abnormal PHES (P = 0.04) at baseline all predicted
the subsequent occurrence of HE; CFF did not.
CONCLUSION: CHE diagnosis probably requires a
combination of clinical, neurophysiological and neuropsychological indices.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
AIM: To investigate the agreement and prognostic
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value of different measures of covert hepatic encephalopathy (CHE).

Core tip: Covert hepatic encephalopathy is a hetero-
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geneous entity, which should probably be sought for
by a combination of clinical, neurophysiological and
neuropsychological indices. Grade Ⅰ hepatic encephalopathy (HE), as diagnosed by an experienced clinician,
holds prognostic relevance and is associated with a
higher degree of hepatic failure. Thus, while its use as
an outcome for clinical trials is not recommended, the
abolition of Grade Ⅰ HE seems premature.
Montagnese S, Balistreri E, Schiff S, De Rui M, Angeli P,
Zanus G, Cillo U, Bombonato G, Bolognesi M, Sacerdoti D,
Gatta A, Merkel C, Amodio P. Covert hepatic encephalopathy:
Agreement and predictive validity of different indices. World J
Gastroenterol 2014; 20(42): 15756-15762 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i42/15756.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i42.15756

INTRODUCTION
The diagnosis of hepatic encephalopathy (HE) is problematic. Clinical scales have been criticized because of
limited specificity and considerable inter-operator variability, especially in relation to mild HE[1]. Similarly, there
is no real agreement as to which psychometric, neurophysiological, and/or psychophysical tests should be
utilized[2].
Recently, the term covert hepatic encephalopathy
(CHE) has been proposed. CHE encompasses both minimal HE (i.e., abnormalities detected on neuropsychological, neurophysiological and/or psychophysical testing)
and grade Ⅰ overt HE, based on the West Haven classification[3]. The idea behind the proposal is that the clinical
diagnosis of grade Ⅱ overt HE is less controversial than
that of grade Ⅰ. Thus, grouping any alteration which is
milder than grade Ⅱ may help contain disagreement between centres and facilitate comparisons in multicentre
clinical trials. However, CHE has been agreed upon but
not formally defined or assessed. In addition, while its
potential advantages are clear in relation to the top end
of the HE severity spectrum (≥ HE grade Ⅱ), there
is more uncertainty as to which test/test combination
should be utilized to distinguish unimpaired patients
from patients with CHE (bottom end of the HE severity spectrum).
The aim of the present study was to investigate the
agreement and prognostic validity of clinical, psychometric, neurophysiological and psychophysical indices of
CHE, also in relation to ammonia levels, portal-systemic
shunt, HE history and the development of HE-related
hospitalisations over time.

MATERIALS AND METHODS
The patient population comprised 132 consecutive outpatients with cirrhosis (94 men; age: 58 ± 11 years) from
1 June 2009 to 1 November 2011. The diagnosis of cirrhosis and its etiology were determined by use of clini-
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cal, laboratory, radiological, and, where needed, histological variables. The functional severity of the liver disease
was assessed using the Child-Pugh grading system[4] and
model for end-stage liver disease (MELD)[5]. Patients
were excluded if they were < 20 years or > 80 years of
age, could not comply with the study procedures, had
misused alcohol in the preceding 6 mo, had a history of
significant head injury, cardiovascular/cerebrovascular
disease or significant neurological/psychiatric co-morbidity, were taking psychoactive drugs, had symptoms or
signs of infection or had overt HE ≥ grade Ⅱ according to the West Haven criteria.
Neuropsychiatric assessment
Neuropsychiatric assessment was conducted in one morning session after breakfast. All patients underwent clinical
assessment, EEG recording, PHES and CFF, in the aforementioned order.
Clinical assessment: Each patient’s mental status was
assessed by an experienced physician (MS or AmP). The
assessment included a detailed and comprehensive medical history, full neurological examination; exclusion of
concomitant neurological disorders or other metabolic
encephalopathies; and a clinical grading of the neuropsychiatric abnormalities according to the West Haven criteria[6]. Patients were finally qualified as having/not having
grade Ⅰ overt HE and were excluded from the study if
they had overt HE ≥ grade Ⅱ.
Neurophysiology: EEGs were recorded for 10 minutes, eyes-closed, in a condition of relaxed wakefulness,
using a 21-electrode EEG cap. Electrodes were placed
according to the International 10-20 system; the ground
electrode was Fpz; the reference electrode was Oz; impedance was kept below 5 kΩ. Each channel had its own
analogue-to-digital converter; the resolution was 0.19
μV/bit (Brainquick 3200, Micromed, Italy equipment).
One continuous 80-100 s period of artifact-free EEG
tracing was selected for subsequent spectral analysis by
Fast Fourier Transform. The following spectral parameters were calculated on the P3-P4 derivation: the mean
dominant frequency (MDF), which is an estimate of
the background frequency of the EEG, and the relative
power of the spectral bands delta (1-3.5 Hz), theta (4-8
Hz), alpha (8.5-13 Hz) and beta (13.5-25.5 Hz). EEGs
were classified as normal/abnormal based on the spectral criteria proposed by Van der Rijt et al[7] and subsequently modified by Amodio et al[8].
Psychometry: Psychometric performance was assessed,
under standardized conditions, using number connection
tests A and B, the digit symbol subtest of the Wechsler
adult intelligence scale, and line tracing and serial dotting tests[9]. Individual psychometric test results were
scored in relation to age- and education-adjusted Italian
norms[10]. Psychometric performance was classified as
impaired if the sum of the integer scores of each test
computed from age- and education-adjusted Z values
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(integer score = -3 for Z ≤ -3, -2 for -3 < Z ≤ -2, -1 for
-2 < Z ≤ -1, 0 for -1 < Z < 1, 1 for Z ≥ 1), known as
psychometric hepatic encephalopathy score (PHES), was
[9,10]
≤ -4 . The mean psychometric Z score (MPZS) was
also calculated, as suggested by Amodio et al[10].
Psychophysiology: Critical flicker frequency (CFF) is the
highest frequency in cycles per second at which the flicker
of a flickering light source can be detected; at frequencies
above the cutoff the light source appears to be continuous. CFF was measured with a Hepatonorm analyzer and
two alternative thresholds for abnormality were utilised:
the original one (o) proposed by Kircheis et al[11] (abnormal < 39; CFFo) and the modified one (m) proposed by
Romero-Gómes et al[12] (abnormal < 38; CFFm).
Plasma ammonia
Fasting venous ammonia was measured in the emergency laboratory immediately after blood had been drawn in
an iced tube.
Portal-systemic shunts
Doppler ultrasound evaluations were obtained in 84/132
patients (64%) by three equally experienced operators
(BG, BM, SD), using one ultrasound machine (ATL 5000,
Philips) with a 5 MHz convex probe provided by a colour- and pulsed-Doppler device. Patients were qualified
as having portal-systemic shunts if convoluted, anechoic
channels were detected, and venous flow confirmed by
colour-Doppler[13].
HE history and HE development
Information about previous episodes of overt HE (clinical records plus patients’/relatives’ reports) was obtained
in 120 patients, of which 76 (63%) had a positive history.
Finally, 79/132 patients (60%) patients were followed prospectively for 11 ± 7 mo, in relation to the occurrence of
death/transplantation and HE-related hospitalisations.
One patient (male 50, Child-Pugh score B7, MELD
11) was studied prior to, and on three occasions after
placement of a transjugular intrahepatic portal-systemic
shunt (TIPS); one patient (male 70, A6, MELD 9) was
studied immediately and 18 wk after TIPS placement;
two patients (male 63, B9, MELD 14 and male 69, B7,
MELD 9) were studied during and after the resolution
of an episode of grade Ⅱ overt HE.
Ethics
The protocol was approved by the Hospital of Padua Ethics Committee. All participating subjects provided written,
informed consent. The study was conducted according to
the Declaration of Helsinki (Hong Kong Amendment)
and European Good Clinical Practice guidelines.
Statistical analysis
Differences between groups were examined using MannWhitney U or Student t-test, as appropriate. Differences
between multiple groups were examined using ANOVA
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(post-hoc: Tukey test) or Kruskal-Wallis ANOVA, as appropriate. Categorized indices were compared by Pearson’s χ 2. Agreement between categorized indices was
assessed by Cohen’s kappa coefficient (poor: 0 < κ < 0.4;
fair: 0.4 < κ < 0.6; good: 0.6 < κ < 0.8; excellent: 0.8
< κ < 1). The predictive validity of different variables
on the occurrence of HE-related hospitalizations was
assessed using the Kaplan-Meier cumulative survival
method; patients hospitalized because of HE were qualified as complete cases.

RESULTS
The etiology of cirrhosis was viral (hepatitis C or B) in
54 (41%) patients, alcohol in 49 (37%), mixed (viral plus
alcohol) in 19 (14%), cryptogenic in three (2%), autoimmune and Wilson’s disease in two each (1.5%), and
nonalcoholic steatohepatitis, primary biliary cirrhosis and
haemochromatosis in one each (1%). Functionally, 44 patients (33%) were qualified as Child-Pugh class A, 62 (47%)
B, and 26 (20%) C. The average MELD score was 13 ± 5.
On the day of study, 47 (36%) patients had grade Ⅰ HE,
56 (42%) had abnormal EEG, 44 (33%) abnormal PHES
and 41/28 (31/21%) abnormal CFFo/CFFm. Significant
associations were observed between combinations of
test abnormalities; however, agreement was poor (Tables
1 and 2). Similarly, significant correlations were observed
between neurophysiological and neuropsychological/
psychophysical indices analysed as continuous variables
(MDF vs MPZS: r = 0.51, P < 0.0001; MDF vs CFF: r =
0.20, P < 0.05; MPZS vs CFF: not significant).
Of the 47 patients with grade Ⅰ HE, 34 (72%) had
abnormal EEG, 30 (64%) abnormal PHES and 20/14
(43/30%) abnormal CFFo/CFFm. Such prevalence was
significantly higher compared to that of patients with no
grade Ⅰ HE for all three types of indices (EEG: 72%
vs 26%, P < 0.0001; PHES: 64% vs 16%, P < 0.0001;
CFFo/CFFm 43% vs 25%, P = 0.03, 30% vs 16%, P
= 0.07). Similarly, when quantitative neuropsychiatric
indices were analysed as continuous variables, patients
with grade Ⅰ HE had slower EEG and worse PHES
and CFF performances than their counterparts with no
grade Ⅰ HE (Table 3).
Trend/significant differences in ammonia levels were
observed in patients with/without grade Ⅰ HE (91 ± 62
μmol/L vs 67 ± 52 μmol/L, P = 0.07) and patients with
abnormal/normal EEG (101 ± 60 μmol/L vs 52 ± 42
μmol/L, P < 0.001). In contrast, ammonia levels were
comparable in patients with/without PHES (86 ± 64
μmol/L vs 70 ± 52 μmol/L, P > 0.05) or CFFo/CFFm
abnormalities (81 ± 62 μmol/L vs 74 ± 55 μmol/L, P >
0.05, 94 ± 67 μmol/L vs 71 ± 53 μmol/L, P > 0.05).
Of the 85 patients with no grade Ⅰ HE, 22 (26%)
had abnormal EEG, 14 (16%) abnormal PHES and
21/14 (25/16%) abnormal CFFo/CFFm. Depending
on the CFF threshold utilised 47/51 (55/60%) patients
had no test abnormalities (unimpaired). No significant
associations were observed between combinations of
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Table 1 Number of subjects with varying combinations of electroencephalographic and psychometric/psychophysic abnormalities
PHES
EEG normal
EEG abnormal
Association
Cohen ĸ

CFFo

CFFm

Normal

Abnormal

Normal

Abnormal

Normal

Abnormal

58
30

18
26

57
34

19
22

64
40

12
16

χ 2 = 7.5, P = 0.006

χ 2 = 3.0, P = 0.08

0.23

χ 2 = 3.1, P = 0.08

0.15

0.14

EEG: Electroencephalography; PHES: Psychometric hepatic encephalopathy score; CFFo/m: Critical flicker frequency original/modified.

A

Table 2 Number of subjects with varying combinations of
psychometric and psychophysic abnormalities

Normal
PHES normal
PHES abnormal
Association
Cohen ĸ

Abnormal

69
19
22
22
χ 2 = 11.0, P = 0.001
0.3

Normal

Abnormal

75
13
29
15
χ 2 = 6.5, P = 0.01
0.21

PHES: Psychometric hepatic encephalopathy score; CFFo/m: Critical
flicker frequency original/modified.
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test abnormalities (abnormal EEG vs abnormal PHES
or CFFo/CFFm; abnormal PHES vs abnormal CFFo/
CFFm). However, significant correlations were observed
between neurophysiological and neuropsychological indices analysed as continuous variables (MDF vs MPZS: r =
0.30, P < 0.01; MDF and MPZS vs CFF: not significant).
Of the 84 patients who underwent Doppler ultrasound, 60 (71%) were qualified as having portal-systemic
shunts. Trends were observed for a higher prevalence of
EEG (50% vs 29%, P = 0.08) and CFFm abnormalities
(25% vs 4%, P = 0.03) in patients with portal-systemic
shunt; in contrast, the prevalence of PHES and CFFo
abnormalities was comparable in the two groups. When
quantitative neuropsychiatric indices were analysed as
continuous variables, patients with portal-systemic shunt
had slower EEG (delta power: 11% ± 12% vs 5% ± 3%,
P = 0.02), while PHES and CFFo/CFFm performances
were comparable in the two groups (Table 3).
Of the 120 patients in whom HE history was obtained, 76 (63%) had a positive history. The prevalence
of EEG abnormalities was significantly higher in patients with a positive history (51% vs 27%, P = 0.01)
while those of PHES and CFFo/CFFm abnormalities
were comparable in the two groups. When quantitative
neuropsychiatric indices were taken as continuous variables, patients with a history of HE had slower EEG
(P < 0.01 for most spectral indices, Table 2) and worse
PHES scores (-2.9% ± 3.9% vs -1.5% ± 3.5%, P = 0.05)
than their counterparts with negative history, while CFF
was comparable in the two groups (Table 3).
During follow-up, 10 patients died, 10 were transplanted and 29 had HE-related hospitalisation. The presence of grade Ⅰ HE (P = 0.004), abnormal EEG (P =
0.008) and abnormal PHES (P = 0.04) at baseline all predicted the subsequent occurrence of HE; CFFo/CFFm
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Figure 1 Cumulative hepatic encephalopathy-free survival. Cumulative
hepatic encephalopathy (HE)-free survival over the follow-up period in relation
to the combination of electroencephalographic (EEG) and clinical abnormalities (panel A, χ 2 = 8.2, P = 0.041) and the combination of psychometric hepatic
encephalopathy score (PHES) and clinical abnormalities (panel B, χ 2 = 7.8, P =
0.050) at baseline.

did not. The presence of grade Ⅰ HE had independent,
additional prognostic value compared to tests alone as
patients with grade Ⅰ HE (with or without EEG/PHES
abnormalities) had worse prognosis than those with
EEG/PHES abnormalities who appeared clinically
normal (Figure 1). In addition, only patients with a com-
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Figure 2 Model for end-stage liver disease scores in patients. Model for end-stage liver disease scores (MELD) in patients grouped based on the combination of
electroencephalographic (EEG) and clinical abnormalities (panel A) and the combination of psychometric hepatic encephalopathy score (PHES) and clinical abnormalities (panel B). aP < 0.05, bP < 0.01 vs post-hoc comparisons.

Table 3 Electroencephalographic, psychometric and psychophysic indices in relation to the presence of grade Ⅰ hepatic encephalopathy, portal-systemic shunt and a history of hepatic encephalopathy
EEG
No grade Ⅰ HE
(n = 85)
Grade Ⅰ HE
(n = 47)
No portal-systemic shunt
(n = 24)
Portal-systemic shunt
(n = 60)
No HE history
(n = 44)
HE history
(n = 76)

Psychometry

CFF

MDF (Hz)

δ

θ

α

β

PHES

MPZS

10.3 ± 1.8

7% ± 6%

26% ± 17%

45% ± 17%

21% ± 13%

-0.9 ± 2.9

-0.2 ± 0.9

41.9 ± 5.4

15% ± 16%b

43% ± 17%b

29% ± 18%b

12% ± 8%b

-5.3 ± 4.0b

-1.5 ± 1.1b

39.9 ± 5.3a

10.1 ± 1.8

5% ± 3%

29% ± 23%

44% ± 18%

21% ± 13%

-1.3 ± 2.8

-0.3 ± 0.8

42.8 ± 5.1

9.3 ± 2.2

11% ± 12%d

35% ± 19%

36% ± 19%

18% ± 13%

-2.6 ± 3.8

-0.7 ± 1.1

41.2 ± 5.7

10.2 ± 1.7

6% ± 7%

25% ± 17%

48% ± 18%

21% ± 12%

-1.5 ± 3.6

-0.3 ± 1.1

41.9 ± 5.9

12% ± 12%f

37% ± 19%f

35% ± 19%f

17% ± 12%

-2.9 ± 4.0

-0.8 ± 1.1e

40.6 ± 5.3

8.2 ± 1.9b

9.1 ± 2.1f

a

P < 0.05, bP < 0.01 vs no grade Ⅰ hepatic encephalopathy (HE); dP < 0.01 vs no portal-systemic shunt; eP < 0.05, fP < 0.01 vs no HE history. EEG: Electroencephalography; CFF: Critical flicker frequency; MDF: Mean dominant frequency; PHES: Psychometric hepatic encephalopathy score; MPZS: Mean psychometric Z score.

bination of EEG/PHES abnormality and grade Ⅰ HE
had significantly higher MELD scores than unimpaired
patients (Figure 2).
In the four patients studied on repeat occasions, both
the EEG and the PHES reflected changes in clinical
conditions and modified treatment regimes, at least to
some degree, while the CFF did not (Table 4).

DISCUSSION
The results of this study indicate that CHE is a heterogeneous syndrome.
The presence of grade Ⅰ HE, diagnosed by an experienced hepatologist based on the original West Haven
criteria[6], was associated with previous and subsequent
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HE episodes, with higher ammonia levels and with more
profound alterations in psychometric, neurophysiological and psychophysical indices. In addition, patients with
grade Ⅰ HE and EEG/PHES abnormalities had higher
MELD scores than unimpaired patients, while those
with EEG/PHES abnormalities alone did not. This suggests that even mild neuropsychiatric alterations should
be sought for on clinical examination, despite difficulties in their formal definition and in comparing them
over time and/or across centres[1]. The fact that patients
with grade Ⅰ HE had higher MELD scores and were at
higher risk of HE development makes it unlikely that
their being qualified as grade Ⅰ HE, even in the absence
of PHES and/or EEG abnormalities, was a result of
clinical misclassification.
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Table 4 Electroencephalographic, psychometric and psychophysic indices in four patients who were studied in different conditions
over time
Patient

Condition

1 male 55, B7, MELD 11
1
1
1
2 male 70, A6, MELD 9
2
3 male 63, B9, MELD 14
3
4 male 69, B7, MELD 9
4

Baseline
Post-TIPS, overt grade Ⅰ
Post-TIPS, treated
Post-TIPS, treated
Post-TIPS, overt grade Ⅰ
Post-TIPS, treated
Overt grade Ⅱ
Treated
Overt grade Ⅱ
Treated

Time

EEG

0
+ 11 mo
+ 19 mo
+ 23 mo
0
+ 18 wk
0
+ 11 wk
0
+ 6 wk

Psychometry

CFF

MDF (Hz)

δ

θ

α

β

PHES

MPZS

(Hz)

10.8
9.6
10.5
11.5
7.9
10.7
4.8
8.2
5.4
10.8

8%
3%
3%
4%
7%
10%
42%
4%
45%
4%

19%
34%
15%
11%
64%
18%
50%
67%
38%
21%

49%
49%
64%
59%
20%
44%
6%
21%
10%
51%

24%
14%
18%
27%
9%
28%
2%
7%
7%
24%

5
5
2
4
0
-1
-6
-1
-9
-3

1.6
1.6
0.9
1.2
-0.2
-0.1
-1.8
-0.5
-2.4
-0.7

41
49
46
46
46
39
42
57
37
39

HE: Hepatic encephalopathy; EEG: Electroencephalography; CFF: Critical flicker frequency; MDF: Mean dominant frequency; PHES: Psychometric hepatic
encephalopathy score; MPZS: Mean psychometric Z score; TIPS: Transjugular intrahepatic portosystemic shunt.

The agreement between abnormalities in psychometric, neurophysiological and psychophysical indices was
poor. In patients without grade Ⅰ HE, abnormalities in
these indices were not even associated with one another.
These observations are probably related to a number
of factors. Firstly, psychometric, neurophysiological
and psychophysical tools measure different aspects of
brain functioning, which do not necessarily change simultaneously, or even in parallel, especially in patients
with mild/no clinical signs of HE[14]. It has already been
highlighted that psychometric, neurophysiological and
psychophysical tests can all be expected to be normal in
very well compensated cirrhotics, and abnormal in those
with severe, overt HE[2]. However, in intermediate states,
their behavior is probably more erratic, and more sensitive to confounding factors[15]. Secondly, thresholds for
abnormality of these indices for patients with cirrhosis
have been derived in different ways, often on relatively
small populations, and may need improving. For example, the original spectral EEG thresholds were derived
by comparison of patients graded on the West Haven
criteria[7]. In contrast, PHES thresholds were defined as
deviations from normal reference values, adjusted for
age and education, and then assessed in patients with cirrhosis with no/varying degree of clinical abnormality[9].
The hypothesis that threshold adjustment may be needed
is supported by the fact that while limited associations
were observed between test abnormalities, there were
significant correlations between continuous psychometric, neurophysiological and psychophysical indices.
Thirdly and finally, changes in psychometric, neurophysiological and psychophysical indices may reflect different
pathogenic mechanisms. For example, EEG slowing has
been shown to reflect high ammonia and indole levels,
while abnormalities in PHES performance seem more
closely associated with raised inflammatory markers[16].
Based on the above considerations, and the observation that grade Ⅰ HE, the EEG and the PHES all
predicted subsequent HE-related hospitalizations, their
association may represent a reasonable screening system
for CHE. Similarly, the EEG and the PHES could be
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utilized to monitor patients over time, as they were also
shown to reflect, albeit on a small number of representative cases, changes in clinical conditions and therapeutic
regimes. In addition, their association would ensure that
both hyperammonaemia and inflammation, which are
considered major pathogenic mechanisms in relation to
HE development, are “covered”[17].
The fact that CFF, based either on the original or the
modified threshold, had less obvious relationships with
clinical status, a history and the subsequent development of HE is only partially in contrast with previously
published data. In the original paper by Kircheis et al[11],
considerable overlap was observed between CFFo performances of patients qualified as having no, subclinical
and grade Ⅰ HE; these classes would now all be part of
CHE. At odds with our results, in the study by RomeroGómez et al[12], correlations were observed between CFF
and PHES performance in patients with minimal HE, and
CFF at baseline predicted the development of HE over
time. However, in the same study the agreement between
PHES and CFFm abnormalities was poor, as in our study.
This was also the case in a study by Dhiman et al[18], who
also suggested that CFF, contrary to previous observations, might be strongly influenced by age. This was recently confirmed by Goldbecker et al[19] who, in line with
our results, also showed limited sensitivity of CFF in
confirming the diagnosis of overt HE.
In conclusion, our results suggest that CHE is a heterogeneous entity, which should probably be screened
for by a combination of clinical, neurophysiological and
neuropsychological indices. The presence of clinically
detectable signs of HE, albeit mild, holds prognostic relevance. Thus the definition of a more reproducible, less
operator-dependent diagnostic system for grade Ⅰ HE
seems worthy of further research efforts.
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Abstract
AIM: To investigate the effects of gastric lavage with
2000 mL of saline in laparoscopic and endoscopic cooperative surgery.
METHODS: Twenty two patients who were diagnosed
with a gastric gastrointestinal stromal tumor were enrolled. In former term, irrigations of the stomach were
conducted whenever it was necessary, not systematically (Non systemic lavage group). In latter term, the
stomach was thoroughly cleaned with 2000 mL of saline using an endoscope with a water jet, and Duodenal
balloon occlusion was conducted to prevent refluxed
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bile and pancreatic juice (Systemic lavage+balloon occlusion group). The gastric wall was sprayed with 20
mL of distilled water, and 20 mL of gastric juice was
collected in a sterile tube and submitted for culture. 20
mL of ascites was also collected from the laparoscopic
ports and submitted for culture. We compared WBC,
CRP, BT between two groups, and verify the reduction
effect of bacterial counts in Systemic lavage+balloon
occlusion group.
RESULTS: WBC count before, 1 d after, and 3 d after
laparoscopic and endoscopic cooperative surgery (LECS)
were 5060 (95%CI: 4250-9640), 12140 (6050-14110),
and 6910 (5320-12520) in Non systemic lavage group,
4400 (3660-7620), 8910 (6480-10980), and 5950
(4840-7860) in Systemic lavage+balloon occlusion
group. Significant differences between two groups at
the day after LECS (P = 0.029) and the 3 d after LECS
(P = 0.042). CRP levels in Non systemic lavage group
and in Systemic lavage+balloon occlusion group were
significantly different at the day after LECS (P = 0.005)
and the 3 d after LECS (P = 0.028). BTs (℃) in Non
systemic lavage group and in Systemic lavage+balloon
occlusion group were also significantly different at the
day after LECS (P = 0.004) and the 3 d after LECS (P
= 0.006). In a logarithmic comparison, bacterial load
before gastric lavage, after lavage, and ascites culture
were 6.08 (95%CI: 4.04-6.97), 0.48 (0-0.85), and 0.21
(0-0.56). The bacterial counts before and after gastric
lavage were significantly suppressed (P = 0.007), but no
significant difference between gastric juice culture after
lavage and ascites (P = 0.154).
CONCLUSION: Pre-LECS lavage with 2000 mL of saline exhibited a bacteria-reducing effect equivalent to
disinfectants and obtained favorable results in terms of
clinical symptoms and data.
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Core tip: Although laparoscopic and endoscopic cooperative surgery (LECS) is a safer minimally invasive
surgery that utilizes the advantages of both flexible
endoscopy and laparoscopy, LECS invariably involves
exposure to bacteria in the oral cavity because the
flexible endoscope is passed through the oral cavity
into the stomach. Nevertheless, there was no report
how to disinfect the digestive tract more effectively. In
this study, we established the systematic disinfection
procedures of digestive tract lavage, endoscope disinfection and clean procedure of endoscopist and assistants in preparation for more minimal invasive flexible
endoscopic surgery in near future.
Mori H, Kobara H, Tsushimi T, Fujihara S, Nishiyama N,
Matsunaga T, Ayaki M, Yachida T, Tani J, Miyoshi H, Morishita
A, Masaki T. Reduction effect of bacterial counts by preoperative
saline lavage of the stomach in performing laparoscopic and
endoscopic cooperative surgery. World J Gastroenterol 2014;
20(42): 15763-15770 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i42/15763.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i42.15763

INTRODUCTION
Recent years have seen an increase in the number of reported cases of laparoscopic and endoscopic cooperative
surgery (LECS), a minimally invasive surgery that utilizes
the advantages of both flexible endoscopy and laparoscopy to treat gastrointestinal stromal tumors (GIST) and
other gastric submucosal tumors not requiring lymph
node dissection. LECS is now covered by insurance in Japan. With the ingenuities of endoscopists and surgeons,
various techniques have been reported for LECS[1-3]. In
approaches to a target organ through a skin incision, as
with surgery, indigenous bacteria, Mycobacterium tuberculosis,
filamentous fungi, spore-forming bacteria, viruses, etc.,
become causative organisms of infection; thus, surgical
disinfection has been performed to prevent contamination of the surgical field[4], reducing the resident bacteria
from 10[4,5] to approximately 10[2,3].
LECS invariably involves exposure to bacteria in
the oral cavity because the flexible endoscope is passed
through the oral cavity into the stomach; however, no
study has reported methods of disinfection or lavage
that systematically reach inside the stomach from the oral
cavity. LECS entails exposure of the flexible endoscope
from the digestive lumen to inside the abdominal cavity;
however, whether iodine disinfection, as in surgery, lavage
with saline, or other disinfection methods is effective is
unreported and unknown.
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Natural orifice transluminal endoscopic surgery
(NOTES) is a procedure that involves perforation of the
stomach wall. In animal experiments, a transgastric route
in NOTES is also a means for predicting intraperitoneal
infection upon endoscopic submucosal dissection (ESD)
perforation[5]. The present study is a comparative trial that
aimed to verify the effects of gastric lavage with 2000 mL
of saline in LECS on the gastric and intraperitoneal bacterial loads.

MATERIALS AND METHODS
A comparative study between the former term and the
latter term was conducted with twenty two patients who
were diagnosed with a gastric GIST between September
2009 and December 2013 at Kagawa University Hospital
and Ehime Rosai Hospital underwent LECS. In former
term, between September 2009 and August 2011, twelve
patients were performed LECS without systematic disinfection of flexible endoscope and endoscopist before
LECS. All patients with observed bacterial infection with
Helicobacter pylori (H. pylori) were preoperatively eradicated.
A dose of 30 mg of the proton pump inhibitor (PPI)
lansoprazole was administered once daily from the day
before surgery. In this former term, we didn’t sterilize
endoscopes using during LECS with ethylene oxide (EtO)
gas. We used only 2% glutaraldehyde washing to disinfect
flexible endoscope which was recommended by Japanese
Gastroenterological Society (JGES) officially. Irrigations
of the stomach were conducted whenever it was necessary, not systematically (Non systemic lavage group).
Figure 1 shows a flowchart of irrigation and pre- and
post- LECS gastric juice sampling for bacterial culture
in latter term between September 2011 and December
2013. A dose of 30 mg of the proton pump inhibitor
(PPI) lansoprazole was administered once daily from
the day before surgery. The patinets gargled and rinsed
their mouths five times with iodine the day before surgery; on the day of the LECS, they similarly gargled and
rinsed their mouths 3 h before and 30 min before surgery. In addition to the iodine mouth gargle, the patients
performed a throat gargle with 0.45% povidone iodine
solution diluted with purified water, which is used for
throat gargling in routine clinical practice. The inside of
the stomach was evenly sprayed with 20 mL of distilled
water before the start of the LECS, and 20 mL of gastric
juice was collected in a sterile tube and submitted for
stomach bacterial culture before gastric lavage. The inside
of the stomach was thoroughly cleaned with 2000 mL of
saline using an endoscope with a water jet (GIF Q260J,
Olympus, Tokyo, Japan). Duodenal balloon occlusion
was conducted as follows: A nylon loop was made at the
tip of the balloon to facilitate firm grasping. The balloon
was passed through to the bulbus duodeni. The balloon
was inserted into the descending part of the duodenum
and pulled up to the bulbus. The balloon was inflated and
fixed in place by injecting it with 60-70 mL of air to prevent refluxed bile and pancreatic juice (Figure 2).
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10 patients scheduled for LECS
for gastric GIST in latter term

Spraying with 20 mL of distilled
water before preoperative gastric
lavage; suction removal of the
distilled water and gastric juice

Submitted for bacterial culture
for 48 h at 37 ℃ (CFU/mL)

LECS after 2000-mL systematic
saline lavage and duodenal
balloon occlusion to prevent
bile, pancreatic juice
Suture closure of the tumor resection opening
followed by spraying with 20 mL of distilled
water inside the stomach; suction removal of
the distilled water and gastric juice

Submitted for bacterial culture
for 48 h at 37 ℃ (CFU/mL)

Suture closure of tumor resection
opening followed by suction
collection of 20 mL of ascites
from the laparoscopic ports

Submitted for bacterial culture
for 48 h at 37 ℃ (CFU/mL)

Figure 1 Flowchart of sampling measurement in the latter term. The inside of the stomach was evenly sprayed with 20 mL of distilled water right before the
LECS, and 20 mL of gastric juice was collected in a sterile tube and submitted for stomach bacterial culture before gastric lavage. The inside of the stomach was
washed evenly with 2000 mL of saline. After suture closure of the tumor resection opening, without no more lavage, the gastric wall was sprayed with 20 mL of distilled
water, and 20 mL of gastric juice was collected in a sterile tube and submitted for culture; 20 mL of ascites was collected from the laparoscopic ports and submitted for
culture. LECS: Laparoscopic and endoscopic cooperative surgery; GIST: Gastrointestinal stromal tumors.

A

B

C

D

Figure 2 Duodenal balloon occlusion to prevent bile and pancreatic juice. A: A nylon thread was made as loop at the tip of the balloon to facilitate firm grasping.
B: The balloon was passed through to the bulbus duodeni. C: The balloon was inserted into the descending part of the duodenum and pulled up to the bulbus. D: The
balloon was inflated and fixed in place by injecting it with 60-70 mL of air to prevent refluxed bile and pancreatic juice.
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During insertion from the esophagus to the stomach through an overtube, the digestive tract was cleaned
carefully with 2000 mL of saline, and then all of the
lavage solution was suctioned out. Next, during the removal of the endoscopes from the stomach, lavage was
performed along the esophagus and overtube. The face,
mouthpiece, and areas around the mouth were also disinfected with iodine. To begin sterile operation, the gassterilized endoscope was replaced by the endoscopic surgeon and assistants after washing their hands (Systemic
lavage + balloon occlusion group).
The patients were placed in a supine position, and
faces oriented slightly leftward. A 15-mm incision was
made in the umbilicus through a laparoscopic port for
camera port insertion. Two 12-mm ports were inserted
in the upper left and right umbilicus, and a 5-mm port
was inserted in the upper left abdomen in an inverted
trapezoidal shape. The stomach periphery was observed,
and where necessary, the greater omentum was also
treated. For cardia and posterior wall lesions, the lesser
omentum was dissected to open omental bursa, and
gauze was inserted to protect the dorsal organs. Two oral
endoscopes sterilized with EtO gas were used. Endoscope insufflation with CO2 was used all cases. A safety
margin of approximately 8-10 mm around the tumor
was marked for the incision with Dual Knife (Olympus,
Tokyo, Japan). Mucosal local injection was made with
equal amount hyaluronic acid and Glyceol with 0.5 mL
of indigo carmine. An incision was made through the
deepest layers of the submucosa using ESD, leaving only
the muscle layer. After full-thickness resection of the
gastric wall, the tumors were excised transorally with the
flexible endoscopes with assistive laparoscopy.
After collection of the resected tumor, without lavage,
the gastric wall was sprayed with 20 mL of distilled water,
and 20 mL of gastric juice was collected in a sterile tube
and submitted for culture. In addition, 20 mL of ascites
was collected from the laparoscopic ports and submitted
for culture without lavage. These samples were cultured
in the Brain Heart Infusion pure culture media (37 ℃,
48 h). In addition, after we took samples from formed
colonies, we cultured these samples in blood agar media (37 ℃, 24 h). We detected bacterial strains using the
Gram Positive and Gram negative detect card: VITEK 2
®
(BIOMERIEUX Co., Tokyo, Japan). Cultured bacterial
loads were converted to logarithmic representation and
compared.
All LECS were performed only by Dr. H. Mori and
all the procedure of LECS were not changed since we
previously reported[6]. We changed only the pre-operative
disinfection methods such as non-systemic lavage and
systemic lavage.
Operative devices
Endoscopes: The endoscopes used were GIF types Q260J
and H260Z (Olympus). All the endoscopes were sterilized
with EtO gas. Operations using a flexible endoscope were
performed aseptically.
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Incision knife: Dual Knife (KD-650L, Olympus) and
IT knife 2 (KD-611L, Olympus) Hemostatic forceps:
Coagrasper (FD-410LR, OLYMPUS, Tokyo, Japan) Tip
attachment: Elastic Touch Attachment (TOP co., Tokyo,
Japan) Overtube: Split Barrel (TOP co, Tokyo, Japan) CO2
insufflation device: UCR (OLYMPUS, Tokyo, Japan).
The present clinical study was conducted with preapproval by the institutional ethics committee of Kagawa
University Hospital, Kagawa, Japan, and was enrolled in
the university hospital medical information network (No.
000008691).
Primary outcome
Temporal change in the bacterial load in the gastric juice
and ascites cultures before and after LECS, during which
gastric systematic saline lavage and duodenal balloon occlusion was performed or not.
Secondary outcome
White blood cell (WBC) and C-reactive protein (CRP)
values before LECS and on postoperative days 1 and 3,
with gastric saline lavage or not. Change in body temperature (BT) before LECS and on postoperative days 1
and 3, with gastric saline lavage or not.
Statistical analysis
Patient baseline statistics were analyzed using the unpaired t-test and chi square test. All values were presented as median (95%CI). P < 0.05 was considered statistically significant. The multidata from the comparison
of the WBC, CRP, and BT values were analyzed using
the unpaired t-test at a significant level of 5%. Data and
statistical analyses were performed using GraphPad
Prism version 5 for Windows (GraphPad Software,
San Diego, CA, United States).

RESULTS
Table 1 shows patient baseline such as the ages, sexes, excision sites, excision diameter, operation time, and length
of hospital stay, and there were no significant differences
between two groups.
Table 2 shows median changes and 95%CI in the
WBC count, CRP and BT of both groups, the day before
LECS, the day after LECS, and 3 d after LECS.
The median changes in the WBC count (/μL) before, 1 d after, and 3 d after LECS were 5060 (95%CI:
4250-9640), 12140 (6050-14110), and 6910 (5320-12520),
respectively in Non systemic lavage group, on the other
hand, the WBC count (/ μ L) before, 1 d after, and 3
d after LECS were 4400 (95%CI: 3660-7620), 8910
(6480-10980), and 5950 (4840-7860), respectively in Systemic lavage+ balloon occlusion group. There were significant differences between two groups at the day after
LECS (P = 0.029) and the 3 d after LECS (P = 0.042).
The median changes in the CRP levels (mg/mL) the
day before, the day after, and 3 d after LECS were 0.08
(95%CI: 0.02-0.52), 5.49 (3.56-7.51), and 5.35 (0.67-20.1)
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Table 1 Patient characteristics
Non systemic lavage group (n = 12)
Age (yr), (range) (mean ± SD)
Sex; Male/Female
Location; U/M/L
Operation time (min)
Resected specimen (mm)
Hospitalization duration (d)

Systemic lavage + balloon occlusion group (n = 10)

P value

48-76 (66.3 ± 9.2)
2/8
5/5/0
112-216 (131.6 ± 63.6)
26-40 (32.9 ± 16.3)
9 (8-12 )

0.3261
0.6992
0.1662
0.0871
0.7931
0.8241

52-78 (69.7 ± 8.8)
3/9
6/5/1
128-249 (146.3 ± 83.8)
28-43 (38.7 ± 14.0)
10 (7-13)

Unpaired t-test; 2χ 2 test. SD: Standard deviation; U: Upper region of the stomach; M: Middle region of the stomach; L: Lower region of the stomach.

1

Table 2 Clinical data of pre-/post- laparoscopic and endoscopic cooperative surgery
Non systemic lavage group
(n = 12)
WBC (/μL) median (95%CI)

CRP (mg/mL) median (95%CI)

BT (℃) median (95%CI)

Day before LECS
Day after LECS
LECS day 3
Day before LECS
Day after LECS
LECS day 3
Day before LECS
Day after LECS
LECS day 3

5060 (4250-9640)
12140 (6050-14110)
6910 (5320-12520)
0.08 (0.02-0.52)
5.49 (3.56-7.51)
5.35 (0.67-20.1)
36.4 (36.1-37.0)
38.1 (37.6-38.5)
37.6 (36.0-38.0)

Systemic lavage + balloon occlusion
group (n = 10)

P value (unpaired t -test)

4400 (3660-7620)
8910 (6480-10980)
5950 (4840-7860)
0.03 (0.01-1.10)
2.21 (0.39-5.17)
2.17 (0.14-3.90)
37.1 (36.5-37.4)
37.6 (36.8-38.6)
37.1 (36.3-37.4)

0.125
0.029
0.042
0.158
0.005
0.028
0.071
0.004
0.006

LECS: Laparoscopic and endoscopic cooperative surgery; WBC: White blood cell; CRP: C-reactive protein; BT: Body temperature.

Table 3 Bacterial counts before/after gastric systematic lavage
Case No.
1
2
3
4
5
6
7
8
9
10

Gastric juice culture before gastric
lavage (CFU/mL)

Gastric juice culture after suture closure (CFU/mL)

Ascites culture after suture closure (CFU/mL)

1.5 × 106
2.1 × 105
1.3 × 104
1.5 × 104
1.1 × 104
9.4 × 106
1.2 × 106
2.5 × 105
1.8 × 104
1.0 × 106

1
7
1
3
2
4
3
5
1
3

7
1
1
3
1
1
1
2
1
1

in Non systemic lavage group, on the other hand, the
CRP levels (mg/mL) before, 1 d after, and 3 d after
LECS were 0.03 (95%CI: 0.01-1.10), 2.21 (0.39-5.17), and
2.17 (0.14-3.90), respectively in Systemic lavage+ balloon
occlusion group. There were significant differences between two groups at the day after LECS (P = 0.005) and
the 3 d after LECS (P = 0.028). The median changes in
the BTs (℃) the day before, the day after, and 3 d after
LECS were 36.4 (95%CI: 36.1-37.0), 38.1 (37.6-38.5), and
37.6 (36.0-38.0) in Non systemic lavage group, on the
other hand, the median changes in the BTs (℃) before, 1
d after, and 3 d after LECS were 37.1 (95%CI: 36.5-37.4),
37.6 (36.8-38.6), and 37.1 (36.3-37.4), respectively in Systemic lavage+ balloon occlusion group. There were significant differences between two groups at the day after
LECS (P = 0.004) and the 3 d after LECS (P = 0.006).
Table 3 shows the actual results of bacterial cultures.
In a logarithmic comparison of the changes in bacterial
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load in the gastric juice culture before gastric lavage, gastric juice culture after wound suture closure, and ascites
culture from the ports after wound suture closure, the
median values obtained were 6.08 (95%CI: 4.04-6.97),
0.48 (0-0.85), and 0.21 (0-0.56), respectively. The bacterial counts in the gastric juice culture before gastric lavage
and after suture closure were significantly suppressed (P
= 0.007). The bacterial counts in the gastric juice culture
before gastric lavage and the ascites culture after suture
closure were also significantly reduced (P = 0.007), but
no significant difference was observed in the bacterial
counts in the gastric juice culture and ascites culture after suture closure (P = 0.154; Figure 3).

DISCUSSION
There was no report with regard to relationships between
systematic lavage from oral cavity to stomach before
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P = 0.007
7

P = 0.007

P = 0.154
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H = 14.4, P = 0.0007 (Kruskal-Wallis H -test)

Figure 3 Bacterial load before and after systematic lavage of the stomach.
The bacterial counts in the gastric juice culture before gastric lavage and the
ascites culture after suture closure were also significantly reduced (P = 0.007),
but no significant difference was observed in the bacterial counts in the gastric
juice culture and ascites culture after suture closure (P = 0.154).

LECS and the preoperative and postoperative changes
in the gastric juice and ascites bacterial loads, the clinical
data, and the incidence of fever. Before and after LECS
for GISTs < 40 mm, which is the limit size retrieved
from the oral cavity, gastric lavage clearly lowered the gastric bacterial load, and the bacterial counts in the gastric
juice and ascites cultures after suture closure were significantly suppressed equivalently in 48 h of culture at 37 ℃.
The bacteria detected in the cultures included Streptococcus
salivarius, S. mitis, S. mitior, S. mutans, Porphyromonas gingivalis, Bacterionema matruchotii, and Propionbacterium acnes, which
are normal and representative resident flora of the oral
cavity. The oral cavity showed no substantial change in
the predominant species in terms of the distribution of
these resident flora. We detected Gram - positive coccus
such as Streptococcus salivarius, Streptococcus mitis, Streptococcus
mitior by Gram staining which are normal and representative resident flora of the oral cavity, and there were any
differences in bacterial type detected in gastric juice and
ascites cultures.
Regarding the risk of infection, the pull technique
can induce fistula infection or peritonitis by the resident
flora of the oral cavity, which has occurred during per
oral gastrostomy (PEG), but with the push technique,
complications of fistula infection and peritonitis are rare.
Therefore, the risk for infection with the resident flora
of the oral cavity cannot be ignored[7]. This suggests that
although the bacteria in the oral cavity can cause infection, bacteria in the stomach cannot cause intraperitoneal
infection in the presence of the strongly acidic gastric
juices. Normal gastric juice has a pH of ≤ 3, and almost
all bacteria cannot grow inside the stomach; however,
gastric migration of resident flora of the oral cavity via
PPI administration and feeding tubes has been reported
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to cause gastric bacterial infection and growth[8]. With
regard to LECS, considering the exposure of gastric
juice which damages abdominal organs, PPI is administered to suppress the gastric acid. This indicates that
the resident flora of the oral cavity are transferred to the
inside of the stomach via the endoscope insertion, leading to an increase in the population of the resident flora
of the oral cavity in the stomach, which have surgical
site infection to some extent. In the present study, for
the actual bacterial loads, gastric lavage with 2000 mL
of saline caused the suppression of the bacterial count
in case 6, who had the greatest bacterial count before
gastric lavage, from a large number at 9.4 million/mL of
gastric juice to as low as 4 CFU/mL of gastric juice and
1 CFU/mL of ascites with 2000-mL saline lavage. With
these resident flora of the oral cavity, growth can be adequately suppressed with the bacterial count-suppressing
effects of lavage and with antibiotic administration, but
patients infected with H. pylori, a gram-negative bacterium with a toxic outer membrane and high pathogenicity[9], are thought to all require preoperative eradication
before bacterial exposure of the abdominal cavity.
In other reports, 500-mL saline lavage and irrigation
with 200 mL of 5% Betadine obtained by diluting povidone iodine (Betadine) with purified water was reported
in pig experiments to have reduced 15-17 × 103 CFU/
mL bacterial load in gastric juice culture before lavage to
as low as 0-3 CFU/mL, making it possible to suppress
adhesion and abscess formation after NOTES[10]. Gastric
lavage with a povidone iodine solution via a transgastric
route in humans has been reported to be effective, but no
research has systematically addressed infection. Reports
indicate that no evident adhesion or abscess formation
occurred with gastric lavage with povidone iodine solution or 500-mL saline, and whether either has a reliable
effect in reducing bacterial load is unknown[11,12].
We previously reported a prospective randomized trial
of the effects of reducing gastric bacteria with or without gastric lavage (a clean group with gastric lavage and a
regular group without gastric lavage) in 50 cases of ESD
for early gastric cancer. In that study, the clean group
had a median gastric juice bacterial load of 6.50 (95%CI:
3.88-8.11) before gastric lavage and 1.69 (0.84-3.68) after
ESD completion after gastric lavage, indicating that the
bacterial load in the gastric juice culture was significantly
reduced by the 2000-mL saline gastric lavage, a result
similar to that of the present study.
However, with ESD, the WBC counts before surgery
and days 1 and 2 after surgery in the clean group were
not significantly elevated (H = 4.99, P = 0.08), with a
preoperative median of 5140 (95%CI: 3240-7590) and a
postoperative median of 6460 (3241-7900) on day 1 and
5530 (3243-7500) on day 2; moreover, the CRP levels
were not significantly different among the three groups
(H = 7.06, P = 0.06), with a preoperative median of 0.09
(95%CI: 0.01-0.87) and a postoperative median of 0.27
(0.01-1.34) on day 1 and 0.37 (0.01-2.50) on day 2[13], a
result unlike the significant increase in WBC count and
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CRP level in the present study. One factor for this could
be surgical stress, which reportedly causes a significant
elevation in WBC count and CRP level during open surgery, which results in a large surgical wound. In reports
on open and laparoscopic cholecystectomies[14,15], ESD
does not involve abdominal wall destruction or a fullthickness resection that includes the muscle layer. By contrast, LECS does cause some surgical stress due to the
full-thickness resection with the abdominal wall wounds
caused by inserting four ports. The bacterial count after
LECS was also almost zero, indicating that the slight increases in the WBC count and CRP level were not associated with fever, which explains the difference between
ESD and LECS in terms of surgical stress.
Reports on gastric lavage also indicated that 500-mL
saline significantly reduced the bacterial load in gastric
juice cultures with respect to the placement of biologic
mesh used in the treatment of abdominal wall herniation
by transgastric NOTES in a pig experiment[16,17].
The povidone iodine solution exhibited a bactericidal
effect because of the oxidizing property of iodine, but
simultaneously caused tissue damage to normal living
cells. Gastric lavage with 5% povidone iodine solution
undeniably causes gastric mucosal damage, although
there is no report to support this. A 2000 mL saline
gastric lavage yielded results similar to those after gastric
lavage with iodine. While the extent of gastric mucosal
damage caused by ≥ 5% concentrations of iodine is unknown, gastric lavage using 2000 mL of saline appears
valid in terms of safety.
In conclusion, preoperative lavage with 2000 mL
of saline for LECS exhibited a bacteria-reducing effect
equivalent to disinfection using disinfectants and obtained
favorable results in terms of clinical symptoms and data.
Moreover, LECS seems to be a sterile operation with the
use of flexible endoscopes, which allows for a systematic
implementation of LECS.

gastric juice and ascites bacterial culture as well as clinical data such as WBC,
CRP and BT.
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Abstract
AIM: To investigate the difference in magnifying endoscopic findings of gastric epithelial dysplasias (GEDs)
according to the morphologic characteristics.
METHODS: This study included 46 GED lesions in 45
patients who underwent magnifying endoscopy using narrow band imaging (ME-NBI) before endoscopic
resection. During ME-NBI, the microvascular and microsurface (MS) patterns and the presence of light blue
crest (LBC) and white opaque substance were investigated. GEDs were categorized as adenomatous, foveolar, and hybrid types, and their mucin phenotype was
evaluated.
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RESULTS: Of the 46 lesions, 27 (59%) were categorized as adenomatous, 15 (32%) as hybrid, and the
remaining 4 (9%) as foveolar. All adenomatous GEDs
showed the round pit and/or tubular MS patterns, all
foveolar GEDs showed the papillary pattern, and hybrid GEDs showed mixed patterns (P < 0.001). LBC
was more frequently observed in adenomatous GEDs
than in hybrid or foveolar GEDs (52%, 33%, 0%, respectively), although this difference was not significant
(P = 0.127). The papillary MS pattern was associated
with MUC5AC and MUC6 expression, and the round pit
and/or tubular MS patterns were associated with CD10
expression.
CONCLUSION: The MS pattern in ME-NBI findings is
useful for predicting the morphologic category and mucin phenotype of GEDs, and ME-NBI findings may guide
decisions regarding GED treatment.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Stomach; Dysplasia; Narrow band imaging;
Magnifying endoscopy; Mucin
Core tip: Microsurface patterns in the magnifying endoscopy using narrow band imaging (ME-NBI) are
different according to the morphologic category and
mucin phenotype in gastric epithelial dysplasias (GEDs).
Considering that foveolar GEDs tend to be associated
with high-grade morphology, ME-NBI findings such as
the papillary microsurface pattern may guide decisions
regarding GED treatment.
Kang HM, Kim GH, Park DY, Cheong HR, Baek DH, Lee BE,
Song GA. Magnifying endoscopy of gastric epithelial dysplasia
based on the morphologic characteristics. World J Gastroenterol
2014; 20(42): 15771-15779 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i42/15771.htm DOI: http://
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INTRODUCTION
Gastric epithelial dysplasia (GED) is generally accepted as
a neoplastic lesion to gastric adenocarcinoma[1]. GED has
traditionally been categorized into the adenomatous (or
intestinal) and foveolar (or gastric) types on the basis of
morphologic features[2,3], but the clinical relevance of this
GED classification has not been extensively studied thus
far. Western studies have shown that most foveolar GEDs
are low grade, while adenomatous GEDs tend to be associated with intestinal metaplasia and high grade, and tend
to have an increased risk of malignant transformation[4,5].
In contrast, East Asian studies have shown that foveolar
GEDs are more commonly high grade and are associated
with the development of secondary dysplastic lesion[6,7].
Recent developments in mucin immunohistochemistry
have supported efforts to categorize gastric neoplasms on
the basis of the pattern of mucin expression. Previous
studies have reported that the pattern of mucin expression in gastric cancer is clinically significant, suggesting
biologic differences in pre-neoplastic lesions and/or the
process of malignant transformation[8-11].
Magnifying endoscopy (ME) has been used clinically
because it enables visualization of the mucosa in great
detail. Many studies have been reported on the clinical
application of ME, particularly for the colon and esophagus[12-14]. Additionally, the application of ME using narrow band imaging (ME-NBI) is becoming increasingly
common, and it has been reported to be useful for the
diagnosis of gastrointestinal tumors[15-17] as well as histologic gastritis[18-20]. In fact, the characteristic ME-NBI
findings for gastric carcinoma are well demonstrated[9,10,12].
However, only a few studies have investigated the usefulness of ME-NBI for GEDs[4,8,21], and to our knowledge,
no study has examined the ME-NBI findings of GEDs
depending on the morphologic category and pattern of
mucin expression. Therefore, the present study aimed to
investigate the difference in ME-NBI findings between
adenomatous and foveolar GEDs, and to analyze the
association between ME-NBI findings and the mucin expression pattern.

MATERIALS AND METHODS
Study population
A total of 46 GEDs in 45 patients (28 men and 17
women; age range, 45-82 years; mean age, 62 years) who
underwent ME-NBI and were diagnosed with GED by
endoscopic resection were enrolled between June 2012
and May 2013. All patients underwent upper endoscopy
for various indications, including health check-ups and
complaints of abdominal discomfort or dyspepsia. The
following patients were excluded from the study: patients
who had severe systemic diseases or advanced chronic
liver diseases; those on histamine-2 receptor antagonists,
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proton-pump inhibitors, or non-steroidal anti-inflammatory drugs; those who had received Helicobacter pylori (H.
pylori) eradication therapy; and those with a history of
gastric surgery. The study protocol was reviewed and approved by the Institutional Review Board of the Pusan
National University Hospital.
ME using narrow band imaging
The EVIS-LUCERA SPECTRUM system (Olympus
Co., Ltd., Tokyo, Japan), comprising a light source (CLV260SL), a processor (CV-260SL), and a magnifying video
endoscope (GIF-H260Z), was used as the video endoscopy system. This system was equipped with both white
light and NBI modes, which could be toggles within one
minute, using a button on the control head of the video
endoscope. The system can reach zoom magnifications
of 80 ×. To obtain a clear view with ME-NBI, a soft
black hood (MB-46; Olympus Co., Ltd.) was fitted on the
distal tip of the endoscope in order to maintain the focal
distance.
ME-NBI was performed by a single experienced
endoscopist (Kim GH) who had previously performed
over 100 ME-NBI examinations. All with conventional
endoscopy, all examinations were performed under conscious sedation with 2-5 mg of midazolam. After routine
observation, ME-NBI examinations of GED areas were
performed to evaluate the microvascular (MV) pattern,
microsurface (MS) pattern, and the presence or absence
of light blue crest (LBC) and white opaque substance
(WOS) (Figures 1 and 2). MV patterns were categorized
as regular or irregular, while MS patterns were classified
as (1) round pit; (2) tubular; (3) mixed (both round pit
and tubular); (4) papillary; or (5) absent. LBC was defined
as a fine, blue-white line on the crest of the epithelial
surface/gyri[19,20], and WOS was defined as a whitish substance that obscured the MV pattern within a neoplastic
lesion[22,23]. LBC or WOS was considered positive when
these features were present in ≥ 10% of the dysplastic
area.
Endoscopic resection
Endoscopic resection was performed by 2 experienced
endoscopists (Kim GH and Song GA), using a singlechannel endoscope (GIF-H260 or GIF-Q260; Olympus
Co., Ltd.). Endoscopic resection was performed under
conscious sedation, with cardio-respiratory monitoring. For sedation, 5-10 mg of midazolam and 25 mg of
meperidine were administered intravenously; propofol
was administered as needed during the procedure. Two
methods were used: endoscopic mucosal resection (EMR)
and endoscopic submucosal dissection (ESD). In EMR,
the saline solution (0.9% saline with small amount of epinephrine and indigo carmine) was injected into the submucosal layer to separate the superficial layers from the
muscularis propria, thereby reducing the risk of perforation. The lesion was then resected using a snare. In ESD,
marking outside the lesion, identified by conventional
endoscopy or chromoendoscopy with indigo carmine
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Figure 1 Endoscopic and histologic findings of adenomatous gastric epithelial dysplasia. A: An elevated lesion with nodular changes is seen at the antrum; B:
Magnifying endoscopy using narrow band imaging shows a mixed (tubular and round pit) microsurface and regular microvascular pattern. Light blue crests are also
seen (arrow); C: Histologic examination shows that the dysplasia is composed of tubules lined by columnar cells with hyperchromatic, pencillate nuclei with pseudostratification (Haematoxylin-Eosin stain, × 10). The dysplastic epithelium is strongly positive for CD10 (G) and negative for MUC2 (D), MUC5AC (E) and MUC6 (F)
(Immunohistochemistry, × 10).

solution, was made with argon plasma coagulation. After
marking, the saline solution was injected submucosally
around the lesion to lift it off the muscular layer. And
then, a circumferential mucosal incision was performed
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outside the marking dots using the IT knife (Olympus
Co., Ltd.,) and/or Flex knife (Olympus Co., Ltd.,). Next,
submucosal dissection was carried out with the above
mentioned knives for complete removal of the lesion. If
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Figure 2 Endoscopic and histologic findings of foveolar gastric epithelial dysplasia. A: A slightly depressed lesion is seen at the antrum; B: Magnifying endoscopy using narrow band imaging shows a papillary microsurface and slightly irregular microvascular pattern; C: Histologic examination shows that the dysplasia is
composed of cuboidal to columnar cells with a pale cytoplasm and basally located ovoid nuclei. Hyperplasia of the foveolar region with irregular glandular branching
and epithelial folding are also seen (Haematoxylin-Eosin stain, × 10). The dysplastic epithelium is strongly positive for MUC5AC (E) and negative for MUC2 (D), MUC6
(F) and CD10 (G) (Immunohistochemistry, × 10).

necessary during the procedure, a submucosal injection
was repeated and endoscopic hemostasis was achieved.
A high-frequency electrosurgical current generator (Er-
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botom VIO 300D; ERBE, Tübingen, Germany) was
used during marking, mucosal incision, submucosal dissection and hemostasis.
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Histological assessment
Endoscopic resection was performed within 2 wk after
ME-NBI. The resected specimens were fixed in 10%
buffered formalin. GEDs with adjacent non-GED mucosa were serially cut into 2-mm slices in parallel, embedded
in paraffin, sectioned, and stained with hematoxylin-eosin
for histologic examination. All histologic samples were
examined by an expert pathologist (Park DY) who was
blinded to the ME-NBI findings. Each lesion was categorized as adenomatous, foveolar, or hybrid on the basis
of morphologic features as described previously[3,4,6]. Adenomatous GED was characterized by tubules or glands
lined by columnar cells with hyperchromatic, pencillate
nuclei with pseudostratification, similar to the colonic
adenomatous epithelium (Figure 1). In contrast, foveolar GED featured columnar cells with a pale cytoplasm
and basally located round to oval nuclei, resembling the
gastric foveolar epithelium (Figure 2). Hyperplasia of the
foveolar region with irregular glandular branching and
epithelial folding was also frequently noted in foveolar
GED. When GED showed at least 10% of the second
phenotype, it was classified as hybrid. Each GED was
also classified as low or high grade depending on architectural complexity and cytologic atypia[3,24].
Mucin phenotype
We immunohistochemically examined the expression of
MUC2 (Ccp58, 1:500; Novocastra Laboratories, Newcastle, UK), MUC5AC (CLH2, 1:500; Novocastra Laboratories), MUC6 (CLH5, 1:500; Novocastra Laboratories),
and CD10 (56C6, 1:100; Novocastra Laboratories) in the
dysplastic epithelium as described previously[6]. Briefly,
5-µm-thick consecutive sections were deparaffinized and
hydrated through a graded series of alcohol. After inhibition of endogenous peroxidase activity by immersion
in 3% H2O2/methanol solution, antigen retrieval was
conducted by treatment with 10 mmol/L citrate buffer
(pH 6.0) in a microwave oven for 10 min. Next, the sections were thoroughly washed in phosphate-buffered
solution and incubated first with biotinylated secondary
antibody and then with avidin-biotinylated horseradish
peroxidase complex (Vectastain Elite ABC kit; Vector
Laboratories, Burlingame, CA, United States). Finally, the
immune complexes were visualized by incubation with
0.01% H2O2 and 0.05% 3,3’-diaminobenzidine tetrachloride. Nuclear counterstaining was accomplished using
Mayer’s hematoxylin. Immunostaining was considered
positive if at least 10% of the dysplastic cells were immunoreactive[6,10]. Mucin phenotypes were divided into 4
types, namely, gastric (G-type), intestinal (I-type), gastrointestinal (GI-type), and unclassified (N-type), depending
on the combination of immunohistochemical markers
expressed for gastric mucin (MUC5AC and MUC6) and
intestinal mucin (MUC2 and CD10) (Figures 1 and 2).
MUC5AC, MUC6, MUC2, and CD10 have been found
to be specifically expressed in the gastric foveolar epithelium, pyloric gland cells, goblet cells, and brush border,
respectively[25].
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Statistical analysis
Differences in clinicopathologic and ME-NBI findings
among the 3 GED types were evaluated using the oneway analysis of variance (ANOVA) test for continuous
data and the χ 2 test for categorical variables. The association between mucin expression and ME-NBI findings
was assessed using the χ 2 test or Fisher’s exact test. Statistical calculations were performed using the SPSS version 21.0 software for Windows (SPSS, Chicago, United
States). Results were considered statistically significant
when the P value was < 0.05.

RESULTS
Clinicopathologic characteristics of GEDs
Of the 46 GED lesions, 27 (59%) were categorized as
adenomatous, 15 (32%) as hybrid, and the remaining 4
(9%) as foveolar on the basis of their morphologic features (Table 1). Patients with adenomatous GEDs were
younger than those with hybrid or foveolar GEDs (P =
0.023). No significant difference was found in the tumor
size, location, color, gross shape, and histologic grade
among the 3 GED types. However, the prevalence of
H. pylori infection was higher in cases of adenomatous
GEDs than in those of hybrid and foveolar GEDs (85%,
47%, 50%, respectively; P = 0.020). In terms of the mucin phenotype, adenomatous GEDs mainly showed the
I-type (82%), hybrid GEDs mainly showed the G-type
(53%) and GI-type (40%), and all foveolar GEDs showed
the G-type (100%) (P < 0.001).
ME-NBI findings of GEDs
The irregular MV pattern was observed in 56% of the
adenomatous GEDs, 73% of the hybrid GEDs, and
75% of the foveolar GEDs (P = 0.517) (Table 2). All
adenomatous GEDs showed the round pit and/or tubular patterns. All 4 foveolar GEDs showed the papillary
pattern (100%), while the hybrid GEDs mainly showed
the mixed (33%) and papillary (33%) patterns. Thus,
the MS patterns differed significantly depending on the
morphologic category (P < 0.001). LBC was observed
more commonly in adenomatous GEDs than in hybrid
and foveolar GEDs (52%, 33%, 0%, respectively), but
this difference was not statistically significant (P = 0.127).
Further, no difference in the presence of WOS was observed among the 3 GED types.
Association between mucin expression and ME-NBI
findings
The round pit and/or tubular patterns, which were the
main MS patterns exhibited by adenomatous GEDs, were
associated with CD10 expression (P < 0.001). In contrast, the papillary MS pattern mainly shown by foveolar
GEDs was associated with MUC5AC and MUC6 expression (P = 0.001 and P = 0.014, respectively) (Table 3).
The MV pattern was not associated with the expression
of any mucin marker. The presence of LBC was associated with CD10 expression (P = 0.002), but the presence
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Table 1 Baseline clinicopathologic characteristics of gastric
epithelial dysplasias according to the morphologic type n (%)
P value

Morphologic type

Age (yr, mean ± SD)
Sex
Male
Female
Tumor size
(cm, mean ± SD)
Location
Body/fundus
Antrum
Color
Discolored
Norma/reddish
Gross shape
Elevated/protruded
Flat/depressed
Histologic grade
Low
High
H. pylori infection
Present
Absent
Mucin phenotype
G-type
I-type
GI-type
N-type

Table 2 Magnifying endoscopy using narrow band imaging of
gastric epithelial dysplasias according to the morphologic type
n (%)
P value

Morphologic type

Adenomatous

Hybrid

Foveolar

(n = 27)

(n = 15)

(n = 4)

Adenomatous

Hybrid

Foveolar

64.3 ± 7.5

(n = 27)

(n = 15)

(n = 4)

59.4 ± 7.3

67.1 ± 9.0

16 (59)
11 (41)
1.3 ± 0.5

9 (60)
6 (40)
1.7 ± 1.1

4 (100)
0 (0)
1.9 ± 1.1

17 (63)
10 (37)

6 (40)
9 (60)

1 (25)
3 (75)

13 (48)
14 (52)

3 (20)
12 (80)

1 (25)
3 (75)

24 (89)
3 (11)

11 (73)
4 (27)

3 (75)
1 (25)

24 (89)
3 (11)

11 (73)
4 (27)

3 (75)
1 (25)

23 (85)
4 (15)

7 (47)
8 (53)

2 (50)
2 (50)

1 (4)
22 (82)
2 (7)
2 (7)

8 (53)
0 (0)
6 (40)
1 (7)

4 (100)
0 (0)
0 (0)
0 (0)

0.023
0.413

Microsurface pattern
Round pit
Tubular
Mixed
Papillary
Absent
Microvascular pattern
Regular
Irregular
Light blue crest
Present
Absent
White opaque substance
Present
Absent

0.242
0.251

0.172

0.328

0.328

0.020

< 0.001

H. pylori: Helicobacter pylori; G-type: Gastric-type; I-type: Intestinal-type;
GI-type: Gastrointestinal-type; N-type: Unclassified-type.

of WOS was not associated with the expression of any
mucin marker (Table 4).

DISCUSSION
GED is an unusual neoplasm that could be a direct precursor to gastric carcinoma[5], but there is no consensus
on the management of this lesion when it is diagnosed
by pre-treatment biopsy[21]. In our previous study, we
found that adenomatous and foveolar GEDs show distinct clinicopathologic features: foveolar GEDs tend to
be associated with high-grade morphology[6]. Therefore,
we hypothesized that treatment plans could be devised
more effectively if the morphologic category of GEDs
could be predicted. Although some studies have examined ME-NBI findings for GEDs[15,21,26-28], to our knowledge, no study has investigated the ME-NBI findings of
GEDs categorized morphologically. The results of the
present study showed a clear difference in the MS pattern
between adenomatous and foveolar GEDs. The former
showed the round pit and/or tubular patterns, whole the
latter predominantly showed the papillary pattern. In addition, the round pit and/or tubular patterns were associated with CD10 expression, whereas the papillary pattern
was associated with MUC5AC and MUC6 expression.
ME-NBI enables clearly visualization of the MS
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< 0.001
2 (7)
15 (56)
10 (37)
0 (0)
0 (0)

1 (7)
2 (13)
5 (33)
5 (33)
2 (13)

0 (0)
0 (0)
0 (0)
4 (100)
0 (0)

12 (44)
15 (56)

4 (27)
11 (73)

1 (25)
3 (75)

14 (52)
13 (48)

5 (33)
10 (67)

0 (0)
4 (100)

9 (33)
18 (67)

5 (33)
10 (67)

1 (25)
3 (75)

0.517

0.127

1

structure as well as the MV structure of an organ. Therefore, the MS pattern on ME-NBI may have reflected the
histologic characteristics of the GEDs. In fact, because
pathologic examination shows that adenomatous GEDs
are composed of large tubules on pathology, they exhibited round pit and/or tubular patterns on ME-NBI.
On the other hand, because hyperplasia of the foveolar
region with irregular glandular branching and epithelial
folding is usually seen in foveolar GEDs, they exhibited
a papillary pattern on ME-NBI, like ikra. Hybrid GEDs
exhibited a mix of the MS patterns of adenomatous and
foveolar GEDs. However, the MV pattern did not differ
between adenomatous and foveolar GEDs. Therefore,
the morphologic category of GEDs can be predicted
only from the MS pattern on ME-NBI before endoscopic resection.
We previously found that in terms of mucin phenotype exhibited, the foveolar GEDs were more often positive for MUC5AC, while adenomatous GEDs were more
often positive for CD10[6]. Similarly, in the present study,
adenomatous GEDs mainly exhibited the I-type; foveolar
GEDs, the G-type; and hybrid GEDs, the G- and GItypes. We also investigated the ME-NBI findings of the
GEDs according to the mucin expression and found that
although the MV pattern was not associated with mucin
expression, the MS pattern differed significantly depending on the mucin phenotype expressed. The round pit
and/or tubular patterns, the main MS patterns shown by
adenomatous GEDs, were associated with CD10 expression, while the papillary pattern, the main MS pattern
of foveolar GEDs, was associated with MUC5AC and
MUC6 expression. These results suggest that the mucin
phenotype influences morphogenetic differences in the
surface glandular structure[25].
LBC is thought to be an accurate predictor of intestinal metaplasia of the stomach[19,20]. It is speculated that
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Table 3 Mcrosurface and microvascular patterns according to mucin expression in gastric epithelial dysplasias n (%)
P value

Microsurface pattern

MUC2 expression
Negative (< 10%)
Positive (≥ 10%)
MUC5AC expression
Negative (< 10%)
Positive (≥ 10%)
MUC6 expression
Negative (< 10%)
Positive (≥ 10%)
CD10 expression
Negative (< 10%)
Positive (≥ 10%)

Round pit and/or tubular

Papillary

Absent

(n = 35)

(n = 9)

(n = 2)

Microvasulcar pattern
Regular

Irregular

(n = 17)

(n = 29)

15 (88)
2 (12)

28 (97)
1 (3)

12 (71)
5 (29)

16 (55)
13 (45)

14 (82)
3 (18)

18 (62)
11 (38)

5 (29)
12 (71)

12 (41)
17 (59)

0.569
33 (94)
2 (6)

8 (89)
1 (11)

2 (100)
0 (0)

26 (74)
9 (26)

1 (11)
8 (89)

1 (50)
1 (50)

28 (80)
7 (20)

3 (33)
6 (67)

1 (50)
1 (50)

7 (20)
28 (80)

8 (89)
1 (11)

2 (100)
0 (0)

P value

0.545

0.001

0.301

0.014

0.149

< 0.001

0.417

Table 4 Presence or absence of light blue crest and white opaque substance according to mucin expression in gastric epithelial
dysplasias n (%)
P value

Light blue crest
MUC2 expression
Negative (< 10%)
Positive (≥ 10%)
MUC5AC expression
Negative (< 10%)
Positive (≥ 10%)
MUC6 expression
Negative (< 10%)
Positive (≥ 10%)
CD10 expression
Negative (< 10%)
Positive (≥ 10%)

Absent (n = 27)

Present (n = 19)

25 (93)
2 (7)

18 (95)
1 (5)

14 (52)
13 (48)

14 (74)
5 (26)

16 (59)
11 (41)

16 (84)
3 (16)

15 (56)
12 (44)

2 (11)
17 (89)

White opaque substance
Absent (n = 31)

Present (n = 15)

29 (94)
2 (6)

14 (93)
1 (7)

18 (58)
13 (42)

10 (67)
5 (33)

23 (74)
8 (26)

9 (60)
6 (40)

12 (39)
19 (61)

5 (33)
10 (67)

1

1

0.220

0.575

0.106

0.495

0.002

LBC results from differences in the reflectance of the
light at the surface of the brush border and that LBC is
associated with cells positive for CD10[19]. The present
study, also found that LBC was associated with CD10
expression. Further, LBC was found more often in adenomatous GEDs than in foveolar GEDs, although this
difference was not statistically significant. In our previous study, we found that foveolar GEDs were associated
more often with background intestinal metaplasia showing retained expression of G-type mucin[6]. In contrast,
adenomatous GEDs were significantly associated with
background intestinal metaplasia showing a complete
I-type mucin phenotype (CD10). This difference in mucin expression in the background intestinal metaplasia
could explain the biologic difference in mucin expression
between the morphologically distinct GEDs, which in
turn explains why LBC is seen more often in adenomatous GEDs than in foveolar GEDs.
WOS is known to result from the accumulation of
lipid droplets in the neoplastic GED cells, which suggests
that GEDs with WOS may have the ability to absorb
lipids[29]. The frequency of occurrence of WOS remains
poorly elucidated. In a Japanese study, 26 (53%) of 49
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P value

0.723

GEDs showed WOS, which was observed in GI- and
I-type GEDs[22]. In the present study, the frequency of
WOS was 33% (15/46), and it did not differ depending
on morphologic category or mucin phenotype expressed.
This study has some limitations, which must be acknowledged. First, this was a retrospective study that
evaluated the difference in ME-NBI findings between
adenomatous and foveolar GEDs. Therefore, some bias
may have been introduced when the ME-NBI images
were retrospectively reviewed. However, we capture at
least 8-15 images per GED during ME-NBI, and this
comprehensive collection of images may compensate
for the retrospective nature of this study to some degree.
Second, we could not exactly match each portion of the
ME-NBI image to its corresponding portion in the histologic specimens, especially those stained immunohistochemically. Third, the number of foveolar GEDs was
relatively lower than that of adenomatous GEDs. In our
experience, foveolar GEDs constitute about 15%-20%
of all GEDs (unpublished data). The number of hybrid GEDs, which are a mixed form of adenomatous
and foveolar GEDs, however, was quite high, and these
GEDs showed characteristic ME-NBI findings of both
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adenomatous and foveolar GEDs. Therefore, we believe
that the small number of foveolar GEDs could not have
influenced the interpretation of our results. Lastly, since
the ME-NBI findings were interpreted by a single experienced endoscopist, inter-observer variation was not
evaluated. Although the reliability of ME-NBI findings
has been reported recently[30,31], inter-observer variability
in assessing these findings must be evaluated before clinical application. Furthermore, computer-assisted automatic analysis for ME-NBI images would be considered
for quantitative examinations going beyond qualitative
observation[32,33].
In conclusion, MS pattern in the ME-NBI findings
is useful for predicting the morphologic category and
mucin phenotype in GEDs. Considering that foveolar
GEDs tend to be associated with high-grade morphology, ME-NBI findings such as the papillary MS pattern
may guide decisions regarding GED treatment.

5

6

7

8

9
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Abstract
AIM: To characterize clinical, laboratorial, and histological profile of pediatric autoimmune gastritis in the setting of unexplained iron deficiency anemia investigation.
METHODS: A descriptive, observational study including pediatric patients with a diagnosis of autoimmune
gastritis (positive parietal cell antibody and gastric corpus atrophy) established in a 6 year period (2006-2011)
in the setting of refractory iron deficiency anemia (refractoriness to oral iron therapy for at least 6 mo and
requirement for intravenous iron therapy) investigation,
after exclusion of other potentially contributing causes
of anemia. Helicobacter pylori (H. pylori ) infection and
anti-secretory therapy were also excluded. Data were
retrospectively collected from clinical files, including:
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demographic data (age, gender, and ethnic background), past medical history, gastrointestinal symptoms, familial history, laboratorial evaluation (Hb, serum ferritin, serum gastrin, pepsinogen Ⅰ/ pepsinogen
Ⅱ, B12 vitamin, intrinsic factor autoantibodies, thyroid
autoantibodies, and anti-transglutaminase antibodies),
and endoscopic and histological findings (HE, Periodic
Acid-Schiff/Alcian blue, gastrin, chromogranin A and
immunochemistry analysis for CD3, CD20 and CD68).
Descriptive statistical analysis was performed (mean,
median, and standard deviation).
RESULTS: We report a case-series concerning 3 girls
and 2 boys with a mean age of 13.6 ± 2.8 years (3
Caucasian and 2 African). One girl had type Ⅰ diabetes.
Familial history was positive in 4/5 cases, respectively
for autoimmune thyroiditis (2/5), sarcoidosis (1/5) and
multiple myeloma (1/5). Laboratorial evaluation on admission included: Hb: 9.5 ± 0.7 g/dL; serum ferritin:
4.0 ± 0.9 ng/mL; serum gastrin: 393 ± 286 pg/mL;
low pepsinogen Ⅰ/ pepsinogen Ⅱ ratio in 1/5 patients;
normal vitamin B12 levels (analyzed in 3 patients). Endoscopy findings included: duodenal nodularity (2/5)
and gastric fold softening (2/5), and histological evaluation showed corpus atrophic gastritis with lymphocytic
infiltration (5/5), patchy oxyntic gland mononuclear cell
infiltration (5/5), intestinal and/or pseudo-pyloric metaplasia in corpus mucosa (4/5), and enterochromaffin
cell hyperplasia (4/5). Immunochemistry for gastrin on
corpus biopsies was negative in all cases. Duodenal
histology was normal. All biopsies were negative for H.
pylori (Giemsa staining and cultural examination).
CONCLUSION: We highlight autoimmune gastritis as
a diagnosis to be considered when investigating refractory iron deficiency anemia in children, particularly in
the setting of a personal/familial history of autoimmune
disease, as well as the diagnostic contribution of a
careful immunohistological evaluation.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Autoimmune gastritis (AIG) is a rare entity at
young age. Although classically associated with pernicious anemia in adulthood, its presentation as irondeficiency anemia (IDA) has been recently reported,
particularly in younger patients. Our study aimed to
further contribute to a better characterization of clinical and histological expression of AIG at pediatric age,
highlighting IDA as a precocious hematological manifestation and the diagnostic contribution of a careful
immunohistological evaluation. Furthermore, in the setting of personal and/or familial history of autoimmune
disease, the importance of taking AIG into account and
including parietal cell antibodies in the autoimmune
screening panel is emphasized.

to 20% in the general population, as assessed by the serological biomarker of parietal cell antibody[12]. However,
its true incidence worldwide remains unclear, because it is
usually asymptomatic before clinical presentation as pernicious anemia in adulthood.
In children, AIG is considered a very rare condition[13,14]. There are only a few reports of AIG in pediatric
patients[8,15-18] and, in such cases, it is rarely associated with
IDA[16]. In fact, in the two series that have been published
to date, gastric autoimmunity has been incidentally disclosed in the setting of type 1 diabetes[18] and thyroiditis[19].
The present study describes 5 pediatric cases of AIG
diagnosed during the work-up evaluation of IDA, emphasizing the important contribution of gastric corpus
histopathology findings to a definitive diagnosis.

MATERIALS AND METHODS
Gonçalves C, Oliveira ME, Palha AM, Ferrão A, Morais A, Lopes
AI. Autoimmune gastritis presenting as iron deficiency anemia
in childhood. World J Gastroenterol 2014; 20(42): 15780-15786
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i42/15780.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i42.15780

INTRODUCTION
Autoimmune gastritis (AIG) is an inflammatory condition of the stomach, typically restricted to the corpus and
characterized by the presence of autoantibodies against
the proton pump H+/K+ adenosine triphosphatase
(present in gastric parietal cells), and to a lesser extent to
intrinsic factor[1-3]. The immunopathogenic basis for this
process seems to involve the activation of parietal cellspecific T helper type 1 CD4-T cells[4,5]. Macroscopically,
gastric mucosa becomes thinner and the folds soften.
Histologically it is characterized by the loss of gastric
glandular structures in the oxyntic mucosa, which are
inappropriately replaced by glands[6]. Histological features result in achlorhydria, low serum pepsinogen Ⅰ,
and hypergastrinemia. Additionally, a proliferation of
enterochromaffin-like cells (ECL) occurs due to trophic
stimulus induced by hypergastrinemia[4,7,8].
AIG is a well-known cause of pernicious anemia in
middle-aged and elderly adults, and is usually expressed
by cobalamin deficiency and megaloblastic anemia. Its
role in iron deficiency anemia (IDA) (a recognized complication of achlorhydria) has recently been evaluated,
and seems to be more prevalent in young patients with
AIG compared to older patients in whom pernicious
anemia is the most prevalent hematologic condition[1,9,10].
Hershko et al[10] reported a significant frequency of AIG
in adults with IDA without gastrointestinal symptoms
and a progressive increase in mean corpuscular volume
with age[9].
AIG accounts for up to 10% of cases of gastritis in
adults[11] and it has an estimated overall prevalence closer
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We performed a descriptive, observational case-series study
of five cases of pediatric AIG retrospectively collected
from clinical files covering a 6-year period (2006-2011).
Diagnosis was suggested during investigation of IDA
[Hemoglobin (Hb) < 2 SD for age and sex and serum
ferritin < 15 ng/mdL], refractoriness to oral iron therapy
for at least 6 mo, and requirement for intravenous iron
therapy. Upper endoscopy confirmed the presence of
corpus atrophic gastritis and positive anti-parietal cell autoantibodies (PCA). At least three gastric biopsies were
collected from each patient (gastric fundus, corpus, and
antrum). Duodenal mucosa biopsies were also obtained.
Cultural examination for Helicobacter pylori (H. pylori), according to standard methodology[20], was performed in all
cases.
Formalin-fixed (10%), paraffin-embedded tissues
from antrum and corpus biopsies were processed according
to conventional histological technique. Serial sections (4
μm) were stained with hematoxylin-eosin (HE), Giemsa
staining for H. pylori, and Periodic acid- Schiff/Alcian
blue staining at pH = 2.5 to confirm the presence of intestinal and pseudopyloric metaplasia (antral-like mucosa
obtained from anatomically-collected corpus mucosa). Degree of active and chronic inflammation was scored on
a scale of 0 to 3 (0 = none, 1 = mild, 2 = moderate, and
3 = intense) according to the updated Sidney system[21].
As gastrin cells are absent from corpus mucosa, gastrin
immunostaining was performed in all cases (indirect
method with polymer detection system peroxidase/DAB)
were performed for gastrin (polyclonal antibody, 1:1800
dilution, A0568, DAKO®), to ensure that the biopsied
tissue was obtained from corpus. ECL-cell hyperplasia
in the gastric corpus was also evaluated in all cases using
chromogranin A staining (polyclonal antibody, 1:350 dilution, Invitrogen®). Results were scored as normal, linear,
or nodular hyperplasia, using the modified Solcia classification[22]. According to this classification, linear ECLcell hyperplasia is characterized by a linear sequence of at
least five ECL-cells lying inside the basement membrane
of glands. The diagnosis requires at least two such lines
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Table 1 Demographic, clinical and laboratorial characterization of autoimmune gastritis patients
Patient 1
Patient Data
Age (yr)
Gender
Ethnicity
Personal History
Familial History
Symptoms
Laboratorial Data
Hemoglobin (g/dL)
Serum ferritin (ng/mL)
(Ref: 7-140)
Vitamin B12 (pg/mL)
(Ref: 200-835)
Gastrin (pg/mL)
(Ref: < 100)
PGI/ PGII
(Ref: > 1.0)
PCA
IFA
TPO/Tg-Ab

Patient 2

Patient 3

Patient 4

Patient 5

14.75
16
14.1
16.1
7.25
M
F
M
F
F
African
African
Caucasian
Caucasian
Caucasian
Type Ⅰ Diabetes
Mother (sarcoidosis, Mother (breast cancer).
Mother
Mother (autoimmune Mother (autoimmune
multiple myeloma) Uncles (type Ⅰ diabetes) (breast cancer)
thyroiditis)
thyroiditis)
Dyspepsia
Dyspepsia
-

Mean ± SD
13.6 ± 2.87
-

9.1
4.5

10.7
5.6

9.7
4.1

9.9
2.9

8.5
3.,2

9.56 ± 0.71
4.06 ± 0.96

-

509

236

618

-

454 ± 160

106

479

548

32

800

393 ± 286

1.68

0.9

2.07

1.09

1.04

1.36 ± 0.46

(+)
(-)
(-)

(+)
(-)
(-)

(+)
(-)
(-)

(+)
(-)
(+)

(+)
(-)
(-)

-

PCA: Parietal-cell antibody; IFA: Intrinsic factor antibody; TPO/Tg-Ab: Anti-thyroid antibodies.

per linear millimeter of mucosa; micronodular ECL-cell
hyperplasia is defined by the presence of micronodular
clusters of five or more ECL-cells not exceeding 150 μm
in size.
To characterize mucosal inflammatory infiltrate, corpus
biopsy immunostaining with anti-CD3 antibody (polyclonal A0452, DAKO®), anti-CD20 antibody (Clone L26,
M0755, DAKO®), anti-CD68 antibody (Clone PG-M1,
A0452, DAKO®), and anti-gastrin (polyclonal, A0568,
DAKO®) was performed. All positively-marked cells
were counted (epithelium, crypt, and lamina propria) at 40x
magnification; results were expressed as number of immunostained cells per field. Sections were independently
evaluated by two experienced pathologists. Clinical data
concerned age, gender, ethnic background, past medical
history, familial history, and laboratorial data at admission.
These included iron status evaluation (Hb, ferritin), serum
B12 vitamin levels, serum gastrin, serum pepsinogen Ⅰ,
pepsinogen Ⅱ, respective ratio (PGⅠ/PGⅡ), and autoimmune profile [PCA, intrinsic factor auto-antibodies
(IFA), anti-thyroglobulin and/ or anti-thyroid peroxidase
autoantibodies (TPO/Tg-Ab) and anti-transglutaminase
auto-antibodies (TgA)]. H. pylori serology was further
included. Other potentially contributing causes of anemia were excluded, namely gastrointestinal blood loss,
nutritional deficiency, menstrual losses, inflammatory
bowel disease, and celiac disease. No patient was under
any pharmacological treatment, including anti-secretory
therapy.
Descriptive statistical analysis was performed (mean,
median, SD, minimum, and maximum).

RESULTS
The five patients included in this report had a mean age of
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13.6 ± 2.8 years and a male:female ratio of 2:3. Three patients were Caucasian and two were of African origin. Regarding past medical history, one girl had type Ⅰ diabetes
and the rest were previously healthy. Familial history was
positive for autoimmune thyroiditis (two mothers), multiple myeloma (MM) and sarcoidosis (one mother), breast
cancer (two mothers), and type Ⅰ diabetes (two uncles of
one child). No patient had major gastrointestinal symptoms (Table 1).
Laboratorial values on admission included: mean Hb
= 9.5 ± 0.7 g/dL; mean serum ferritin = 4.1 ± 0.9 ng/dL;
mean serum gastrin = 393 ± 286 pg/mL (4/5 had hypergastrinemia) and the PGⅠ/PGⅡ ratio below 1 in only
one patient. Serum B12 vitamin levels were normal in the
three patients in whom it was performed (Table 1). Laboratory values were otherwise normal including liver and
kidney function tests.
All patients bar one had negative IgG for H. pylori. By
definition, all children had positive PCA; none had positive IFA. TPO/Tg-Ab were positive in the sole patient
with autoimmune thyroiditis and none had positive TgA
(Table 1).
Esophagogastroduodenoscopy showed slight nodular
duodenitis in two patients and fold softening in the other
two patients.
Histological findings included the presence of a diffuse and moderate to intense mononuclear infiltrate composed of lymphocytes and plasma cells in the lamina propria (Figure 1, Table 2). In all cases, patchy oxyntic gland
mononuclear cell infiltration was evident, with moderate
to severe atrophic gastritis in four patients (Figure 2) and
mild atrophic gastritis in one (younger patient). In corpus
mucosa, intestinal and pseudopyloric metaplasia were observed in one and three patients, respectively. All biopsies
were negative for H. pylori, both in Giemsa staining and
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Figure 1 Gastric antrum mucosa (hematoxylin-eosin staining) with chronic atrophic gastritis and moderate-to-intense inflammatory infiltrate.

Figure 2 Gastric corpus mucosa: Loss of oxyntic cells and the presence
of pseudo-pyloric metaplasia.

Table 2 Gastric biopsies immunostaining counts for T
lymphocytes, B lymphocytes, and macrophages
CD3
1

Patients

CD20

Control

(range)
L. propria

204.4
(108-284)
Epithelium
77.6
(16-143)
Crypts
170.2
(77-355)
Overall
-

2

CD68

Patients Control Patients Control
(range)

(range)

66
6

40.6
(16-73)
0

8

17

0

0

-

-

-

0

50.8
(16-119)

9

1

Patients: Results expressed as mean number (and range) of stained cells
per power field (× 40); 2Control: Histologically normal corpus biopsy.

cultural examination.
Characterization of cor pus mucosa inflammatory
infiltrate showed that it was mainly composed of T lymphocytes (CD3+) rather than B lymphocytes (CD20+)
or macrophages (CD68+). Gastrin immunostaining of
corpus biopsies was negative in all cases, indicating that
the biopsies concerned the oxyntic mucosa (data not
shown). Furthermore, chromogranin A staining at corpus
showed linear ECL-cell hyperplasia in 4/5 patients and
micronodular ECL-cell hyperplasia in 3/5 cases (Figure 3).
Duodenal biopsies showed no major abnormalities in any
of the patients.

DISCUSSION
AIG is recognized as a very rare condition in childhood[13,14],
but due to its asymptomatic course in the majority of the
patients, it may remain underdiagnosed at a young age.
In this report, we studied five youths with a diagnosis
of AIG presenting as IDA. Though this association has
recently been highlighted in the adult population, it has
rarely been reported in pediatric patients.
IDA is a common condition in childhood[23], and its
refractoriness to oral iron therapy should suggest a range
of gastrointestinal pathologies, including celiac disease.

WJG|www.wjgnet.com

Figure 3 Chromogranin A staining of gastric corpus mucosa from a patient with autoimmune gastritis. Note the linear and nodular (arrows) hyperplasia of endocrine cells.

This entity was excluded in our patients. Although iron
absorption is also known to be impaired in the setting of
gastric hypo/achlorhydria, gastric atrophy is usually not
considered a frequent etiological factor for IDA in the
pediatric age group. In adult patients with IDA and no
major gastrointestinal symptoms, it has been previously
reported that 20% had gastric atrophy associated with hypergastrinemia and positive PCA[24]. Moreover, Hershko
et al[25] reported that AIG is 4-6 times more frequent
in patients with unexplained IDA than celiac disease.
Although pernicious anemia is considered the classic
hematological presentation of AIG, further studies have
highlighted IDA as a precocious manifestation of this
gastric condition[10,11]. Hershko et al[25] compared patients
with macrocytic anemia and patients with IDA to show
that the former were much younger, and the mean globular volume of erythrocytes, ferritin, and gastrin increases
with age as cobalamin levels decrease[9]. In our report, all
patients bar one (a seven year old girl) were adolescents
and diagnosed as having AIG during investigation for refractory IDA, thus reinforcing the hypothesis of IDA as
an early manifestation of AIG. On the other hand, it can’t
be assumed that AIG is the only etiologic factor, as IDA
in fertile woman may incur menstrual loss[10,26]. Although
in the present study intravenous iron therapy and follow-
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up data were not included, it is well recognized that
periodical replacement of iron stores in these patients is
necessary.
Although serum gastrin levels were increased in three
of our patients in the present study, the PGⅠ/PGⅡ
ratio was low in only one patient. The different disease
course time, as well as lesser histological involvement,
should be taken into account in patients of a young age
compared to those in adulthood.
Lahner et al[27] have recently reported, PCA and IFA
sensitivity of 81.5% and 37%, respectively, in adults. It is
not surprising that all our patients had positive PCA and
negative IFA, as it has been argued that the positivity of
IFA increases with age and the duration of the disease[28],
and eventually some patients will develop IFA at later
stages.
It has been clearly established that a CD4+ T cell
response to the H/K ATPase beta-subunit, in particular,
is essential for the initiation of autoimmune gastritis[29].
Thus, the immunopathology of autoimmune gastritis is
due to a disruption of the mucosal immune response,
potentially involving Treg cells, rather than a direct depletion of the end-stage parietal and zymogenic cells[29]. According to the frequent association of AIG with other
autoimmune diseases, we report the case of one girl with
a previous diagnosis of type 1 diabetes and another case
with positive TPO/Tg-Ab without clinical manifestations.
There was also a strong familial history of autoimmunity
in three patients (type 1 diabetes in the uncles of one girl
and autoimmune thyroiditis in the mothers of two girls).
Previous studies showed that type 1 diabetes[30,31] and autoimmune thyroiditis[19,32,33] may be associated with positive PCA and AIG at young ages.
Segni et al[19] reported an incidence of PCA in patients
with autoimmune thyroid disease reaching 21%, with
atrophic gastritis in 5/18 patients submitted to endoscopy. Interestingly, all our patients had both positive PCA
and corpus atrophic gastritis. This underlines the need to
screen patients with autoimmune conditions for AIG.
Concerning histopathological features, we noticed
that in all of our patients (with one exception) there was
a moderate to severe gastritis with intense inflammatory
infiltrate (T lymphocytes predominance, as expected),
intestinal and/or pseudo-pyloric metaplasia, and ECL
micronodular or linear hyperplasia. Micronodular hyperplasia is generally combined with linear hyperplasia and is
typically found in patients with autoimmune chronic atrophic gastritis in association with higher levels of serum
gastrin[22].
The importance of a firm histological diagnosis of
AIG should be emphasized, which requires a representative number of gastric mucosal samples (antrum, corpus,
and fundus) due to the focal nature of the process[4,34]. It is
also essential to topographically localize mucosal biopsies
in order to ensure that the gastritis process is localized to
the corpus and fundus (negative immunohistochemistry for
G cells).
The association of H. pylori with AIG is a controver-
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sial issue. Although AIG is not classically associated with
H. pylori active infection, this agent had been advocated
by some authors as a trigger for the development of the
autoimmune process in the gastric mucosa[35-37].
According with this, no culture was positive and only
one of our patients had positive IgG serology for H. pylori, which was compatible with past infection. These findings are consistent with previous reports that did not find
an association between AIG and H. pylori infection[38].
Finally, concerning the issue of cancer risk, endoscopic
surveillance of AIG every 5 years has been suggested[39].
In conclusion, our study aimed to further contribute
to a better characterization of the clinical expression of
AIG at a pediatric age, as well as highlighting IDA as a
precocious hematological manifestation and the diagnostic contribution of a careful immunohistological evaluation. Furthermore, in the setting of personal and/or
familial history of autoimmune disease, the importance
of taking AIG into account and including PCA in the autoimmune screening panel is emphasized.
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Abstract

between February and April 2013 (winter/spring period).
The mean VD serum concentration and its correlation
with disease activity of CD were determined for each
season separately. In a subgroup of patients, the effects
of VD supplementation on winter VD serum concentration, change in VD serum concentration from summer
to winter, and winter sIBDQ score were analyzed.
RESULTS: During the summer/autumn and the winter/spring period, 28% and 42% of IBD patients were
VD-deficient (< 20 ng/mL), respectively. In the winter/spring period, there was a significant correlation
between sIBDQ score and VD serum concentration in
UC patients (r = 0.35, P = 0.02), with a trend towards
significance in CD patients (r = 0.17, P = 0.06). In the
winter/spring period, VD-insufficient patients (< 30
ng/mL) had a significantly lower mean sIBDQ score
than VD-sufficient patients; this was true of both UC
(48.3 ± 2.3 vs 56.7 ± 3.4, P = 0.04) and CD (55.7 ±
1.25 vs 60.8 ± 2.14, P = 0.04) patients. In all analyzed
scenarios (UC/CD, the summer/autumn period and the
winter/spring period), health related quality of life was
the highest in patients with VD serum concentrations of
50-59 ng/mL. Supplementation with a median of 800
IU/d VD day did not influence VD serum concentration
or the sIBDQ score.

AIM: To investigate the effect of vitamin D (VD) concentrations and VD supplementation on health related quality of life in inflammatory bowel disease (IBD) patients.

CONCLUSION: VD serum concentration correlated
with health related quality of life in UC and CD patients
during the winter/spring period.

METHODS: A cohort of 220 IBD patients including
141 Crohn’s disease (CD) and 79 ulcerative colitis (UC)
patients was followed-up at a tertiary IBD center. A
subgroup of the cohort (n = 26) took VD supplements
for > 3 mo. Health related quality of life was assessed
using the short IBD questionnaire (sIBDQ). VD serum
concentration and sIBDQ score were assessed between
August and October 2012 (summer/autumn period) and
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Core tip: In a cohort of 220 inflammatory bowel disease
(IBD) patients, we observed that vitamin D (VD)-insuf-
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ficient patients (< 30 ng/mL) had a lower health related
quality of life (sIBDQ) in the winter/spring period. In all
analyzed scenarios (ulcerative colitis/Crohn’s disease,
the summer/autumn and the winter/spring period),
the health related quality of life was the highest in patients with VD serum concentrations of 50-59 ng/mL,
indicating a possible target level for therapeutic VD
supplementation. Furthermore, we observed that supplementation with currently recommended doses of VD
supplementation of 800 IU/d VD did not influence VD
serum concentration or the sIBDQ score.
Hlavaty T, Krajcovicova A, Koller T, Toth J, Nevidanska M, Huorka M, Payer J. Higher vitamin D serum concentration increases
health related quality of life in patients with inflammatory bowel
diseases. World J Gastroenterol 2014; 20(42): 15787-15796
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i42/15787.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i42.15787

clinical data suggest that there is an association between
low VD concentration and increased disease activity in
ulcerative colitis (UC) and Crohn’s disease (CD)[13,14].
There are limited clinical data on the effect of VD
replacement therapy on disease activity or health related
quality of life. Miheller et a[15] observed that the CD activity index (CDAI) score and the concentration of C-reactive
protein were significantly reduced in a small cohort of
35 CD patients in remission who received 1000 IU VD
supplementation per day. In a small placebo-controlled
randomized trial of CD patients, oral supplementation
with 1200 IU VD3/day reduced the risk of relapse from
29% to 13% (p = 0.06)[16]. However, in another small
prospective study, VD replacement therapy did not influence disease activity in IBD patients[17].
Given the controversy concerning the effects of VD
in IBD patients, the primary aim of this study was to
evaluate the effect of VD serum concentration on health
related quality of life in CD and UC patients. In addition,
we also assessed the impact of supplementation with currently recommended doses of VD on the serum concentration of VD and health related quality of life.

INTRODUCTION
The well known north-south gradient of inflammatory
bowel disease (IBD) prevalence, epidemiological data,
data from animal models, and genetic association studies of vitamin D (VD) receptor polymorphisms suggest
that VD plays an important role in the pathogenesis of
IBD[1-3]. There is increasing evidence of the influence of
VD on disease activity and its possible therapeutic use.
The role of VD in calcium metabolism and healthy
bone development has been recognized for more than
a century. However, the discovery that the VD receptor
is present in most tissues and cells of the body provided
new insight into the non-calcemic functions of VD, such
as cell proliferation, immunomodulation and cell differentiation[4,5]. The VD receptor is abundantly expressed in
immune cells. VD stimulates the production of T-regulatory lymphocytes and expression of interleukin 4 and
transforming growth factor β, inhibits the differentiation
of CD4+ T lymphocytes into Th1 cells, and suppresses
the effector functions of T lymphocytes[4]. VD deficiency
is suggested to play a role in the pathogenesis of various
immune-mediated diseases, including IBD, multiple sclerosis, rheumatoid arthritis, type Ⅰ diabetes, systemic lupus
erythematosus and psoriasis[6]. VD receptor agonists have
favorable effects in animal models of these diseases[7].
Modern lifestyles appear to result in widespread VD
deficiency, especially at the end of winter[8,9]. In a large
population study from Germany, 81% of men and 89%
of women had a VD intake from food of lower than 200
IU/d and 57% of men and 58% of women were VDdeficient (< 20 ng/mL)[9].
VD deficiency is common among IBD patients, including those who have been recently diagnosed with
such diseases[10-12]. The positive effects of VD are well
documented in many animal models of IBD[7]. Limited

WJG|www.wjgnet.com

MATERIALS AND METHODS
This was a retrospective study of a cohort of IBD patients that were followed-up at a tertiary IBD center between August 1, 2012 and April 30, 2013.
Study population
Patients with CD and UC who were older than 18 years
and managed by the IBD center of the Department of
Internal Medicine, Division of Gastroenterology and
Hepatology, University Hospital Bratislava, Slovak Republic, who visited our center between August 1, 2012
and October 30, 2012 (summer/autumn period) and between February 1, 2013 and April 30, 2013 (winter/spring
period) were screened. These periods were selected to
match the expected highest vitamin D levels at the end
of a high sunshine period and the lowest vitamin D levels
at the end of a low sunshine period in our geographical
area. Patients were eligible if their VD status had been
measured in our laboratory on at least one occasion during the study period. Using these aforementioned criteria,
220 IBD patients (141 CD patients and 79 UC patients)
were included in the study. The demographic and clinical
characteristics of each patient were determined, including
age, duration of disease, disease location, disease behavior according to the Montreal classification, and IBDrelated surgeries[18]. These data are provided in Table 1.
Patients were treated with mesalamine, prednisone, azathioprine, infliximab or adalimumab based on the clinical
assessment of the treating gastroenterologist following a
step-up approach to therapy.
Assessment of VD serum concentration
VD serum concentration was measured in a fasting
state in 196 IBD patients (124 CD patients and 72 UC
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status and sIBDQ score was analyzed for all visits and
for the summer/autumn period and the winter/spring
period separately. The mean sIBDQ score was also analyzed when patients were stratified according to their VD
serum concentration into bins of 10 ng/mL. Finally, the
effects of the summer/autumn period VD serum concentration and the mean of the summer/autumn period
and the winter/spring period VD serum concentrations
on the winter/spring period sIBDQ score were analyzed.

Table 1 Clinical characteristics of the cohort according to
the Montreal classification n (%)
Characteristics

CD (n = 141)

UC (n = 79)

74 (52)
38.5 ± 12.8
9.8 ± 6.4
L1: 63 (45)
L2: 29 (21)
L3: 44 (31)
L4: 4 (3)

39 (49)
47.0 ± 16.1
10.5 ± 7.2
E1: 8 (10)
E2: 39 (49)
E3: 33 (41)

Females
Age (yr, mean ± sd)
Disease duration (yr, mean ± sd)
Location

Behavior
B1
B2
B3
IBD surgery
VD supplementation

56 (40)
37 (27)
46 (33)
46 (33)
30 (21)

2 (3)
18 (23)

CD: Crohn’s disease; VD: vitamin D; IBD: inflammatory bowel diseases;
UC: ulcerative colitis.

patients) during the summer/autumn period and in 140
IBD patients (97 CD patients and 43 UC patients) during
the winter/spring period.
The serum concentration of 25(OH)D was determined using high-performance liquid chromatography
(HPLC, Agilent 1200) in a clinical biochemistry laboratory at the hospital. The parameters of the HPLC method
were ultraviolet detection at 264 nm, flow rate of 1 mL/
min, temperature of 40  ℃, and analysis time of 10 min.
This method measures 25 (OH)D3 and 25 (OH)D2.
The mean VD serum concentration and its correlation with health related quality of life were determined
for each season separately.
The VD serum concentrations of 116 IBD patients
(80 CD patients and 36 UC patients) were determined in
both the summer/autumn period and the winter/spring
period. In this subgroup, the summer/autumn period
and the winter/spring period were compared in terms of
VD serum concentration and short inflammatory bowel
disease questionnaire (sIBDQ) score. The change in VD
serum concentration between the summer/autumn period
and the winter/spring period was determined (∆VD). This
sub-cohort was stratified into patients who had a normal
VD serum concentration and those who did not. A VD
serum concentration ≥ 30 ng/mL was considered to
be normal. Patients with a VD serum concentration of
20-29.9 ng/mL were considered to be VD-insufficient and
those with a VD serum concentration of < 20 ng/mL
were considered to be VD-deficient. Patients were stratified according to their VD serum concentration into bins
of 10 ng/mL.
Determination of health related quality of life
Disease specific health related quality of life was measured at each visit using the sIBDQ[19]. In our center, this
questionnaire is used as a part of the clinical routine
for both CD and UC patients and those patients with
sIBDQ scores ≥ 50 (maximum is 70) are considered to
be in clinical remission[20]. The correlation between VD
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VD supplementation
In our collaborating center that treats osteoporosis,
patients who are found to have a reduced bone mineral density by a DEXA scan are supplemented with
1000-1200 mg/d calcium and 400-1000 IU/d VD. The
dose depends on the patient’s weight, compliance and the
formulation used. For this study, to be considered as VDsupplemented, the patient must have been taking a minimum of 400 IU VD supplementation daily for at least 3
mo prior to the measurement of VD serum concentration (Table 1). In a subgroup of patients for whom VD
serum concentration was measured in both the summer/
autumn period and the winter/spring period, the effects
of VD supplementation on the winter/spring period VD
serum concentration, change in VD serum concentration
from the summer/autumn period to the winter/spring
period, and the winter/spring period sIBDQ score were
analyzed.
Statistical analysis
Statistical tests were performed using SPSS 19.0 (IBM
SPSS Inc., Chicago, Illinois, United States).
Nominal and ordinal variables, such as clinical characteristics, VD status (sufficient/insufficient) and sIBDQ
status (remission, activity) and season, were analyzed using the Chi square test with Yates’s correction. If any cell
of the contingency table contained a value of less than 5,
Fisher’s exact test was used instead.
Continuous variables (age, duration of disease, VD
serum concentration and sIBDQ score) were analyzed
for normality using the Kolmogorov-Smirnov test. Separate summer/autumn period and winter/spring period
mean VD serum concentrations and sIBDQ scores were
compared among groups using Student’s T test or an
analysis of variance (ANOVA). Correlations between VD
serum concentration and sIBDQ score were tested using
Pearson’s R correlation test. In a sub-cohort of patients
for whom VD serum concentration was measured in
both the summer/autumn period and the winter/spring
period, the effect of VD supplementation on the winter/spring period VD serum concentration and sIBDQ
score, as well as comparisons of VD serum concentration and sIBDQ score between the two seasons, were
tested using the paired Student’s T test.
Statistical significance was considered at the level of p <
0.05. In multiple comparisons (ANOVA), Bonferroni’s correction was applied. If not stated otherwise, results are
reported as mean ± SE.
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Figure 1 Differences in the mean vitamin D serum concentrations of
inflammatory bowel disease patients between summer and winter. The
horizontal lines represent the mean ± SE. VD: Vitamin D.

Ethical considerations
The study was approved by the local ethical committee.
All subjects gave written approval for their clinical data to
be analyzed for research purposes.

RESULTS
Comparison of VD serum concentration and health
related quality of life between the summer/autumn
period and the winter/spring period
The mean VD serum concentration was significantly
higher in the summer/autumn period than in the winter/
spring period (28.2 ± 0.9 ng/mL vs 23.8 ± 1.1 ng/mL; p
= 0.002) (Figure 1). This difference in VD serum concentration between seasons was observed in both CD (27.8
± 1.2 ng/mL vs 23.2 ± 1.3 ng/mL, p = 0.01) and UC (29.0
± 1.5 ng/mL vs 24.9 ± 2.0 ng/mL, p = 0.10) patients.
Patients were stratified according to their VD serum
concentrations in the winter/spring period and the summer/autumn period into bins of 10 ng/mL. Table 2
shows the numbers of UC and CD patients in each bin.
For UC patients, the mean sIBDQ score was significantly higher in the summer/autumn period than in the
winter/spring period (54.8 ± 1.6 vs 51.3.0 ± 2.1; p = 0.02).
The mean sIBDQ score of CD patients did not significantly differ between the summer/autumn period and the
winter/spring period (57.6 ± 1.1 vs 57.1 ± 1.1, p = 0.5).
Effect of VD serum concentration on disease related
quality of life
The mean sIBDQ score was significantly higher for UC
patients that had a normal VD serum concentration than
for those that had a low VD serum concentration (56.5 ±
1.9 vs 51.6 ± 1.5, p = 0.04). When the two seasons were
examined separately, this difference was only significant
in the winter/spring period (48.3 ± 2.3 vs 56.7 ± 3.4, p
= 0.04), not in the summer/autumn period (54.8 ± 1.9
vs 56.4 ± 2.1, p = 0.6) (Figure 2A). In the winter/spring
period, the mean sIBDQ score was significantly higher
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for CD patients that had a normal VD serum concentration than for those that had a low VD serum concentration (60.8 ± 2.14 vs 55.7 ± 1.25, p = 0.04) (Figure 2B). By
contrast, there was no significant difference in the summer/autumn period (low VD serum concentration, 57.9
± 1.2 vs normal VD serum concentration, 57.8 ± 1.6; p =
0.9) or when measurements from both the summer/autumn period and the winter/spring period were analyzed
(low VD serum concentration, 56.8 ± 0.9 vs normal VD
serum concentration, 58.8 ± 1.2; p = 0.18).
Next, we analyzed the mean sIBDQ scores of CD
and UC patients that had been categorized according to
their summer/autumn period and winter/spring period
VD serum concentrations into bins of 10 ng/mL (Table
3, Figure 3).
In UC patients, the mean sIBDQ score increased with
VD serum concentration over the bins from < 10 ng/mL
to 50-59.9 ng/mL. There were only three patients in the
> 60 ng/mL bin and their mean sIBDQ score was low.
This pattern of sIBDQ score increasing with VD serum
concentration was also observed in CD patients. In UC
patients, the mean sIBDQ score of patients in the lowest
VD serum concentration bin (< 10 ng/mL) was significantly lower than those of patients in each of the other
bins (p < 0.05), apart for the > 60 ng/mL bin. The mean
sIBDQ score of UC patients with VD serum concentrations of 50-59.9 ng/mL was furthermore significantly
higher than that of UC patients with VD serum concentrations of 10-19.9 ng/mL (p < 0.05).
Next, we performed correlation analysis between VD
serum concentration and sIBDQ score. There was no
significant correlation between VD serum concentration
and sIBDQ score in CD patients, although there was a
trend towards significance in the winter/spring period (r
= 0.17, p = 0.06; Figure 4A). By contrast, in UC patients,
there was a significant correlation between VD serum
concentration and sIBDQ score when both the summer/
autumn period and the winter/spring period measurements were considered (r = 0.23, p = 0.02). This was also
true when only the winter/spring period measurements
were considered (r = 0.35, p = 0.03), but not when only
the summer/autumn period measurements were considered (r = 0.1, p = 0.5) (Figure 4B).
Smoking, disease location, disease behavior and past
IBD surgery did not significantly affect the association
of VD serum concentrations and sIBDQ scores in either
CD or UC patients.
Effects of VD supplementation on VD serum
concentration and disease related quality of life
Next, we analyzed the effect of VD supplementation
on VD serum concentration in the IBD sub-cohort for
whom measurements were collected in both the summer/autumn period and the winter/spring period. VD
supplementation did not significantly affect the mean
VD serum concentration in the summer/autumn period (supplemented patients, 30.2 ± 1.2 ng/mL vs nonsupplemented patients, 26.8 ± 2.7 ng/mL, p = 0.6) or the
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Table 2 Vitamin D serum concentrations in the summer/autumn and the winter/spring period and ulcerative colitis/Crohn´s disease
cohorts n (%)
VD concentration IBD summer/autumn
(n = 196)
(nmol/L)
< 10
10-19.9
20-29.9
30-30.9
40-40.9
50-50.9
> 60
> 30 (normal)

CD summer/autumn
(n = 124)

10 (5)
45 (23)
61 (31)
42 (21)
25 (13)
7 (4)
6 (3)
41%

UC summer/autumn IBD winter/spring CD winter/spring
(n = 97)
(n = 140)
(n = 72)

8 (6)
28 (23)
38 (31)
27 (22)
16 (13)
4 (3)
3 (2)
40%

2 (3)
17 (24)
23 (32)
15 (21)
9 (13)
3 (4)
3 (4)
42%

22 (16)
37 (26)
43 (31)
21 (15)
11 (8)
6 (4)
0
27%

16 (16)
25 (26)
31 (32)
13 (13)
7 (7)
5 (5)
0
26%

UC winter/spring
(n = 43)
6 (14)
12 (28)
12 (28)
8 (19)
4 (9)
1 (2)
0
30%

VD: vitamin D; IBD: inflammatory bowel diseases; CD: Crohn´s disease; UC: ulcerative colitis.
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Figure 2 Mean short inflammatory bowel diseases questionnaire score in the winter/spring period according to vitamin D status. A: UC patients; B: CD patients. Low VD serum concentration (< 30 ng/mL), Normal VD serum concentration (> 30 ng/mL). CD: Crohn´s disease; UC: Ulcerative colitis; VD: Vitamin D; sIBDQ:
Short inflammatory bowel diseases questionnaire.

Table 3 Mean short inflammatory bowel diseases questionnaire scores of Crohn´s disease and ulcerative colitis patients in the
summer/autumn and the winter/spring period according to their vitamin D serum concentrations
VD concentration
(ng/mL)

< 10
10-19.9
20-29.9
30-30.9
40-40.9
50-50.9
> 60

sIBDQ (mean ± SE)
CD

UC

Summer/autumn
(n = 107)

Winter/spring
(n = 87)

All measurements
(n = 194)

Summe/autumn
(n = 72)

Winter/spring
(n = 44)

All measurements
(n = 116)

56.6 ± 3.0
58.6 ± 2.3
58.2 ± 1.7
58.4 ± 1.7
56.0 ± 3.0
66.7 ± 1.7
53.7 ± 6.2

55.8 ± 2.2
56.0 ± 2.6
56.1 ± 1.8
61.8 ± 2.3
59.0 ± 6.1
60.0 ± 3.2
na

56.1 ± 1.7
57.3 ± 1.7
57.0 ± 1.2
59.6 ± 1.4
56.8 ± 2.7
62.9 ± 2.3
53.7 ± 6.2

281
54.3 ± 2.4
56.9 ± 2.9
56.3 ± 2.5
58.0 ± 2.2
63.0 ± 5.0
451

44.5 ± 3.5
49.0 ± 3.4
48.3 ± 4.2
53.3 ± 5.1
60.3 ± 3.5
70
na

42.1 ± 3.8a
51.7 ± 2.1
53.0 ± 2.5
55.1 ± 2.5
58.9 ± 1.9
65.3 ± 3.7c
451

a

P < 0.05 vs all other bins except > 60 ng/mL; cp < 0.05 vs the < 10 ng/mL and 10-19.9 ng/mL bins; 1too few cases to calculate the mean value. Na: Not
available; VD: Vitamin D; IBD: Inflammatory bowel diseases; CD: Crohn‘s disease; UC: Ulcerative colitis; sIBDQ: Short inflammatory bowel diseases questionnaire.

winter/spring period (supplemented patients, 24.0 ± 1.6
ng/mL vs non-supplemented patients, 25.9 ± 2.5 ng/mL,
p = 0.8). The mean decrease in VD serum concentration
from the summer/autumn period to the winter/spring
period was smaller in VD-supplemented patients than
in non-supplemented patients (-1.0 ± 2.8 ng/mL vs -6.1
± 1.5 ng/mL, p = 0.10). Table 4 shows similar analyses
conducted on CD and UC patients separately.
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We analyzed the correlation between the change in
VD serum concentration from the summer/autumn period to the winter/spring period and the winter/spring
period sIBDQ scores. These two variables were significantly correlated in UC patients (r = 0.47, p = 0.03) but
not in CD patients (r = 0.03, p = 0.8) (Figure 5).
Finally, we analyzed the winter/spring period sIBDQ
scores of a subgroup of patients that had normal VD se-
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Figure 3 Effect of vitamin D serum concentration on disease activity according to diagnosis and season. The horizontal lines represent the sIBDQ score
mean ± SE. VD serum concentration bins: 0: 0-9.9 ng/mL; 1: 10-19.9 ng/mL; 2: 20-29.9 ng/mL; 3: 30-39.9 ng/mL; 4: 40-49.9 ng/mL; 5: 50-50.9 ng/mL; 6: > 60 ng/mL.
VD: Vitamin D; sIBDQ: short inflammatory bowel diseases questionnaire.

rum concentrations in both the summer/autumn period
and the winter/spring period. In UC patients, the mean
winter/spring period sIBDQ score of patients who had
normal VD serum concentrations in both seasons was
significantly higher than that of patients who did not (58.6
± 2.4 vs 48.3 ± 4.8, p = 0.07). In CD patients, the mean
sIBDQ scores of these two subgroups did not significantly differ.

DISCUSSION
During the summer/autumn period and the winter/
spring period, 28% and 42% of IBD patients in this
study were VD-deficient (< 20 ng/mL), respectively. A
further 31% were VD-insufficient (20-29.9 ng/mL) in
both seasons. The prevalence of VD deficiency and insufficiency did not differ between CD and UC patients.
This is in agreement with several other Western studies
that reported that the prevalence of VD deficiency (< 20
ng/mL) was 18%-39% and 50%-57% at the end of the
summer/autumn period and the winter/spring period,
respectively, and that about a further 35% of people were
VD-insufficient (20-29.9 ng/mL)[12,21-23]. In the current
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study, the mean VD serum concentration was 4.2 ng/mL
higher in the summer/autumn period than in the winter/
spring period, which is similar to the seasonal difference
reported by Bours (3 ng/mL)[23]. This difference in VD
serum concentration between seasons is logical because
production of VD3 depends heavily on exposure to
sunshine. In the West, only a small amount of VD is obtained from the diet.
sIBDQ score, an indicator of disease specific health
related quality of life, was significantly higher in the summer/autumn period than in the winter/spring period in
UC patients (54.8 ± 1.6 vs 51.3 ± 2.1, P = 0.02) but not
in CD patients. There is considerable controversy concerning seasonal variation in disease activity in CD and
UC patients[24]. Some studies reported that the rate of
flare-ups is low in the summer period, particularly in UC
patients[25,26].
In the current study, a low VD serum concentration
(< 30 ng/mL) was associated with a lower sIBDQ score
in the winter/spring period in both CD and UC patients.
In UC patients, the winter/spring period sIBDQ score
correlated significantly with the winter/spring period VD
serum concentration (r = 0.35) and the winter/spring
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Figure 4 Correlation between vitamin D serum concentration and short inflammatory bowel diseases questionnaire score. A: CD patients in winter; B: UC
patients in winter. sIBDQ: Short inflammatory bowel diseases questionnaire; VD: Vitamin D; CB: Confidence border; CD: Crohn´s disease.
Table 4 Effect of vitamin D supplementation on vitamin D levels and short inflammatory bowel diseases questionnaire in Crohn´s
disease and ulcerative colitis patients
Characteristics
(mean ± SE)

VD summer/autumn
sIBDQ summer/autumn
VD next winter/spring
sIBDQ next winter/spring
∆ VD (winter/springsummer/autumn)

IBD

CD

UC

No VD
supplementation
(n = 90)

VD
supplementation
(n = 26)

NO VD
supplementation
(n = 64)

VD
supplementation
(n = 16)

NO VD
supplementation
(n = 26)

VD
supplementation
(n = 10)

30.2 ± 1.4
56.7 ± 1.1
24.0 ± 1.6
56.8 ± 1.2

26.8 ± 2.7
54.4. ± 2.1
25.9 ± 2.5
50.2 ± 2.3a

30.3 ± 1.7
57.5 ± 1.3
22.8 ± 1.6
58.6 ± 1.3

27.1 ± 3.4
56.5 ± 2.6
26.4 ± 3.2
54.5 ± 2.5

29.8 ± 2.7
54.3 ± 2.3
27.0 ± 2.5
53.0 ± 2.5

26.4 ± 4.3
50.6 ± 3.7
25.0 ± 4.1
42.9 ± 4.2a

-6.2 ± 1.5

-1.0 ± 2.8

-7.5 ± 1.6

-0.7 ± 3.11

-2.8 ± 3.2

-1.4 ± 5.2

1

Not significant; aP < 0.05 vs control group. VD: Vitamin D; IBD: Inflammatory bowel diseases; CD: Crohn‘s disease; UC: Ulcerative colitis; sIBDQ: Short
inflammatory bowel diseases questionnaire.

period sIBDQ score correlated even more strongly with
the mean of winter/spring period and the summer/autumn period VD serum concentrations (r = 0.46). In CD
patients, there was a trend towards significant correlation
between the winter/spring period sIBDQ score and the
winter/spring period VD serum concentration (r = 0.17,
p = 0.06).
Several recent studies made similar observations. In a
recent trial of 504 IBD patients (403 CD and 101 UC),
vitamin D deficiency was associated with lower sIBDQ
in CD [regression coefficient -2.21, 95%CI: -4.1-(-0.33)]
but not in UC (regression coefficient 0.41, 95%CI:
-2.91-3.73), as well as with increased disease activity in
CD (regression coefficient 1.07, 95%CI: 0.43-1.71)[11].
In a small study of CD patients, serum 25(OH)D3 concentration correlated with disease activity, as assessed by
the Harvey-Bradshaw index (r = -0.484, P < 0.004)[14]. In
another open label study of CD patients, after 12 wk of
VD supplementation to a target serum VD concentration
of more than 40 ng/mL, the mean IBDQ scores rose
from baseline 156 ± 24 to 178 ± 22 points (p = 0.0006)[27].
Blanck recently reported that UC patients who were VDdeficient (< 30 ng/mL) were more likely to have high
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disease activity (68%, n = 19) than UC patients who
were not (33%, n = 14) (p = 0.04)[13]. An inverse correlation between 25(OH)D concentration and calprotectin
concentration has been reported in CD (Pearson's r =
-0.35, p = 0.04), UC (r = -0.39, p = 0.04) and in all IBD
together (r = -0.37, p = 0.003)[28]. IBD patients who were
VD-insufficient (< 30 ng/mL) prior to anti-tumor necrosis factor-α treatment stopped this therapy earlier than
patients who were not[29]. This effect was significant in
patients who stopped treatment owing to the loss of response (HR = 3.49; 95%CI: 1.34-9.09) and was stronger
for CD than for UC (HR = 2.38; 95%CI: 0.95-5.99). In a
Dutch study of 316 IBD patients, low VD concentration,
which was defined as the lowest quartile (< 16.8 ng/mL),
was associated with increased disease activity[23].
In the current study, in all analyzed scenarios (UC/CD,
summer/autumn period/winter/spring period), health
related quality of life was the highest in patients with VD
serum concentrations of 50-59 ng/mL, indicating a possible target level for therapeutic VD supplementation. In
a study by Hawai, the highest 25(OH)D3 concentration
recorded following natural exposure to ultraviolet B was
60 ng/mL and the authors recommended this as the up-
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Figure 5 Correlation between the change in vitamin D serum concentration from summer to winter and the winter short inflammatory bowel diseases questionnaire score in ulcerative colitis patients. VD average is the
mean value of the summer/autumn and winter/spring VD serum concentrations.
sIBDQ 1H2013 is the sIBDQ score measured in the winter/spring period of
2013. sIBDQ: Short inflammatory bowel diseases questionnaire; UC: Ulcerative
colitis; VD: Vitamin D; CB: confidence border.

per limit when prescribing VD supplements[30].
With regards to a mechanistic explanation for our
observations, VD might influence the disease activity and
consequently the disease specific health related quality of
life. The positive immunomodulatory effects of VD are
well documented in many animal models of IBD[7]. VD
also plays an important role in mucosal barrier homeostasis and preserving the integrity of epithelial junctions[31].
VD is also suggested to function in the physiological
packaging of mucins in goblet cells[32].
In the current study, supplementation with a median
of 800 IU/day VD (range: 400-1000 IU) did not influence the summer/autumn period VD serum concentrations. However, the change in VD serum concentration
from the summer/autumn period to the winter/spring
period was reduced from -6.2 ± 1.5 ng/mL in nonsupplemented patients to -1.0 ± 2.8 ng/mL in VD-supplemented patients (p = 0.10, n.s.). Supplementation with
such doses of VD for 4-6 mo did not affect disease related quality of life. In a small study on 55 IBD patients,
the level of VD supplementation (mean, 371 IU/d) and
25[OH] serum concentration were only correlated during
non-sunny months[33]. A small study from Ireland on a
cohort of 58 CD patients identified VD supplementation
(median, 340 IU/d) as an independent factor associated
with adequate VD status in both the summer/autumn
period and the winter/spring period[12]. In a recent study
of 83 pediatric CD patients, supplementation with 400
IU or 2000 IU VD daily for 3 mo increased VD serum
concentrations by a mean 2.8 ng/mL and 16 ng/mL,
respectively, vs the baseline[34]. In an open label study on
19 CD patients, twenty-four weeks supplementation with
up to 5000 IU/d vitamin D3 effectively raised serum
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25(OH)D3 and reduced CDAI scores[27].
Although experimental animal studies and in vitro
studies have provided evidence that VD supplementation
may affect disease activity in CD and UC patients, there
are limited clinical data. In a small double-blinded placebo-controlled randomized trial, oral supplementation
of CD patients with 1200 IU/d VD3 non-significantly
reduced the risk of relapse from 29% to 13% (P = 0.06)[16].
In another small study of 35 CD patients in remission,
treatment with 1,25(OH)2D3 and 25(OH)D3 significantly decreased clinical activity, as measured by the CD
activity index, as well as mean C-reactive protein concentration[15].
The current study has several limitations. First, all
analyses of health related quality of life were univariate,
despite this variable being modulated by multiple factors.
The study design and the numbers of patients in the
UC and CD cohorts prevented multivariate analyses and
confounding bias was possible. The correlation between
VD serum concentration and sIBDQ score was not affected by disease location, disease behavior, previous
IBD surgery or smoking. However, we did not examine
the effects of disease medication. Second, the association between VD serum concentration and health related
quality of life can be interpreted in several ways. A lower
VD serum concentration may result in higher disease
related quality of life. Alternatively, higher disease activity reflected in lower sIBDQ might result in a lower VD
serum concentration level owing to reduced intestinal
absorption and/or changes to diet or lifestyle. Third, the
effects of VD supplementation are dose-dependent. The
patients took 400, 800 or 1000 IU/d VD. To evaluate the
effects of VD supplementation more precisely, patients
need to be prescribed a standardized dose of VD in a
prospective study.
To sum up, VD supplementation with adequate doses
and saturation of 25(OH)D3 reserves might be a novel
therapeutic approach for IBD that is simple, effective,
safe and inexpensive. Based on the findings of this study,
we believe that patients with UC, and perhaps also those
with CD, who are VD-insufficient might benefit from
VD supplementation with adequate doses to increase
their VD serum concentration to around 50 ng/mL. It
is likely that currently recommended doses of VD supplementation are too low to achieve this level and that
higher doses are needed. Further studies are needed to
confirm the association of VD with disease activity and
to explore the optimal treatment protocol.

COMMENTS
COMMENTS
Background

Vitamin D (VD) has strong immunomodulatory effects. The well known northsouth geographical gradient of inflammatory bowel diseases (IBD) prevalence,
genetic and epidemiology studies and animal model data suggest that VD plays
a role in the pathogenesis of IBD.

Research frontiers

There is limited and conflicting evidence of the influence of VD on disease activity in patients with IBD. Clinical data concerning the effect of VD supplemen-

15794

November 14, 2014|Volume 20|Issue 42|

Hlavaty T et al . Vitamin D influences quality of life in IBD
tation on the disease activity and/or disease related quality of life are scarce.

Innovations and breakthroughs

In this study, VD-sufficient patients [25(OH)D > 30 ng/mL] had a higher health
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Abstract
AIM: To investigate the causes and intraoperative detection of endoscopic retrograde cholangiopancreatography (ERCP)-related perforations to support immediate
or early diagnosis.
METHODS: Consecutive patients who underwent
ERCP procedures at our hospital between January
2008 and June 2013 were retrospectively enrolled in
the study (n = 2674). All procedures had been carried out using digital fluoroscopic assistance with the
patient under conscious sedation. For patients showing
alterations in the gastrointestinal anatomy, a short-type
double balloon enteroscope had been applied. Cases of
perforation had been identified by the presence of air in
or leakage of contrast medium into the retroperitoneal
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space, or upon endoscopic detection of an abdominal
cavity related to the perforated lumen. For patients
with ERCP-related perforations, the data on medical
history, endoscopic findings, radiologic findings, diagnostic methods, management, and clinical outcomes
were used for descriptive analysis.
RESULTS: Of the 2674 ERCP procedures performed
during the 71-mo study period, only six (0.22%) resulted in perforations (male/female, 2/4; median age:
84 years; age range: 57-97 years). The cases included
an endoscope-related duodenal perforation, two periampullary perforations related to endoscopic sphincterotomy, two periampullary perforations related to
endoscopic papillary balloon dilation, and a periampullary or bile duct perforation secondary to endoscopic
instrument trauma. No cases of guidewire-related
perforation occurred. The video endoscope system employed in all procedures was only able to immediately
detect the endoscope-related perforation; the other
five perforation cases were all detected by subsequent
digital fluoroscope applied intraoperatively (at a median
post-ERCP intervention time of 15 min). Three out of
the six total perforation cases, including the single case
of endoscope-related duodenal injury, were surgically
treated; the remaining three cases were treated with
conservative management, including trans-arterial embolization to control the bleeding in one of the cases.
All patients recovered without further incident.
CONCLUSION: ERCP-related perforations may be difficult to diagnose by video endoscope and digital fluoroscope detection of retroperitoneal free air or contrast
medium leakage can facilitate diagnosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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raphy; Fluoroscopy; Duodenum; Perforation; Diagnosis
Core tip: Duodenal perforation is a rare complication
of endoscopic retrograde cholangiopancreatography
(ERCP) with potentially life-threatening consequences.
Early diagnosis and management is key to reducing
patient morbidity and mortality, yet intraoperative detection of periampullary perforations is difficult even
with video-equipped endoscope systems. In our 71-mo
experience of performing ERCP, only six perforation
cases occurred, five of which were undetected by intraoperative video endoscopy and required digital fluoroscopy for detection. Thus, fluoroscopic detection of
retroperitoneal free air or contrast medium leakage can
aid in intraoperative diagnosis and timely management
of ERCP-related perforations.
Motomura Y, Akahoshi K, Gibo J, Kanayama K, Fukuda S,
Hamada S, Otsuka Y, Kubokawa M, Kajiyama K, Nakamura K.
Immediate detection of endoscopic retrograde cholangiopancreatography-related periampullary perforation: Fluoroscopy or
endoscopy? World J Gastroenterol 2014; 20(42): 15797-15804
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i42/15797.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i42.15797

INTRODUCTION
Endoscopic retrograde cholangiopancreatography
(ERCP)-related perforation is a relatively rare surgical
complication, but has life-threatening consequences if
undetected or unresolved in a timely manner[1,2]. ERCPrelated perforations are classified according to the involved tissue regions, including the bowel wall, the retroperitoneal duodenum, and the pancreatic or bile ducts[3-5].
In theory, endoscope-related injuries to the duodenum
can be detected immediately via the endoscope itself, and
surgery to resolve the complication can be initiated to
resolve the situation before ending the surgical period[3-6].
In contrast, endoscopic sphincterotomy (EST)-related
periampullary injuries are more difficult to detect via endoscope and may be successfully resolved using conservative (nonoperative) treatment strategies[3-7]. Diagnosis
of EST-related periampullary injuries is usually made by
fluoroscopy or computed tomography (CT) detection of
retroperitoneal free air and/or contrast media leakage in
the involved abdominal space[3-5,7-9].
The overall incidence of ERCP-related perforations
has been reported to range from 0.14% to 1.3%[1-5,7-20],
with the EST-related perforations being the most frequent with incidences ranging from 0.03% to 1.3% and
mortality rates ranging from 0% to 36%[1-5,7-9,11,12,14-19]. The
immediate/early detection rate of EST-related perforation ranges widely, from 36% to 100% (for an average of
78%), from the relevant reports in the publicly available
medical literature[3-5,7,8,11,12,16-19]. In order to determine the
rates of incidence and characteristics of detection for
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EST-related perforations in our hospital, which is representative of a large public healthcare institution that
routinely performs ERCP and serves a densely populous
metropolitan region in Japan, we undertook a retrospective study of the cases of ERCP-related perforations experienced over a 71-mo period. Our findings identify the
endoscopic and radiologic procedures and results leading
to immediate/early diagnosis that can facilitate initiation
of appropriate clinical management (both conservative
and surgical) to successfully resolve ERCP-related perforations in a timely manner.

MATERIALS AND METHODS
Patients
Consecutive patients who underwent ERCP procedures
in the endoscopy center of Aso Iizuka Hospital (Iizuka,
Japan) between January 2008 and June 2013 were retrospectively enrolled in the study. Among the total 2674
procedures performed, six resulted in ERCP-related perforations. Perforation was defined as the presence of air
or contrast medium in the retroperitoneal space detected
by radiological imaging, or as the presence of a cavity in
the abdomen related to the perforated lumen detected by
video or non-video endoscopy. For patients with ERCPrelated perforations, the data on medical history, endoscopic findings, radiologic findings, diagnostic methods,
management, and clinical outcomes were collected and
used for descriptive analysis.
ERCP-related perforation classification
Each perforation case was assessed using a modified version[17] of the classification strategy described by Stapfer
et al[4], so that endoscope-related perforations involving
the lateral or medial duodenal wall were classified as
type Ⅰ, EST- or endoscopic papillary balloon dilation
(EPBD)-related periampullary perforations were classified as type Ⅱ, endoscopic instrument/non-guidewirerelated ductal or duodenal perforations were classified as
type Ⅲ, and guidewire-related perforations (with X-ray
detected retroperitoneal air) were classified as type Ⅳ.
ERCP procedures and instruments
All patients were placed under conscious sedation
(achieved with intravenous delivery of 35 mg pethidine
hydrochloride and 0.5-2.0 mg flunitrazepam) for the duration of the surgical procedure. All ERCP procedures
were carried out with digital fluoroscope assistance using
the C-vision Safire® videofluoroscope system or the Sonialvision Safire® volumetric X-ray digital linear tomosynthesis system (Shimadzu Corporation, Kyoto, Japan). For
video-assisted endoscopy the JF-260 or TJF-240 video
endoscopes (Olympus, Tokyo, Japan) were used. For patients with alterations in gastrointestinal anatomy, such as
Roux-en-Y total gastrectomy or Billroth Ⅱ gastrectomy,
double balloon (DB)-ERCP was performed with the EC450B15 short-type double balloon enteroscope (DBE)
(Fujifilm, Saitama, Japan)[21]. For procedures performed
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Table 1 Clinical characteristics of endoscopic retrograde cholangiopancreatography-related perforation cases
No

Age/Sex

Indications

1

70/M

CBD stone

2
3
4
5
6

Perforation
site

Type

Mechanisms Insufflation Detection (Time
of perforation
in minutes)

Diagnostic
modality

Management

Length of hospital
stay after perforation,
in days
16

41
13
22

Ⅰ

Endoscope

Room air

Immediate (0)

Endoscope

84/F
97/F

Afferent loop
(Billroth-II)
CBD stone Periampullary
CBD stone Periampullary

Ⅱ
Ⅲ

Room air
Room air

Immediate (15)
Immediate (46)

Fluoroscope
Fluoroscope

70/F
57/M
90/F

CBD stone Periampullary
CBD stone Periampullary
CBD stone Periampullary

Ⅱ
Ⅱ
Ⅱ

EST
Endoscopic
instrument
EST/EPBD
EST
EPLBD

Immediate
surgery
Surgery
ERBD

CO2
CO2
CO2

Immediate (20)
Immediate (4)
Immediate (3)

Fluoroscope
Fluoroscope
Fluoroscope

Surgery
ENBD
ENBD

56
64

CBD: Common bile duct; ENBD: Endoscopic nasobiliary drainage; EPBD: Endoscopic papillary balloon dilation; EPLBD: Endoscopic papillary large-balloon dilation; ERBD: Endoscopic retrograde biliary drainage; EST: Endoscopic sphincterotomy.

Figure 1 Endoscope-related perforation. A perforation of the long limb with
Billroth Ⅱ anastomosis that occurred during double balloon enteroscope insertion and was detected immediately by endoscopic view (Case 1).

prior to April 2009, standard air insufflation was used to
create the intraluminal space; procedures performed from
April 2009 onwards used carbon dioxide (CO2) to create
the intraluminal space.

RESULTS
During the 71-mo study period, at total of 2,674 ERCP
procedures were carried out and only six (0.22%) resulted
in duodenal perforations (male:female, 2:4; median age:
84 years; age range: 57-97 years). As shown in Table 1,
the cases included one an endoscope-related duodenal
perforation (type Ⅰ ), two EST-related periampullary
perforations (type Ⅱ), two EPBD-related periampullary
perforations (type Ⅱ), and one periampullary or bile duct
perforation considered to be secondary to endoscopic instrument trauma (type Ⅲ). No cases of guidewire-related
perforation (type Ⅳ) occurred in our study population.
Detection of perforation, management, and clinical
outcomes
In Case 1, a perforation of the long limb with Billroth Ⅱ
anastomosis, the perforation occurred upon DBE insertion during the second session of ERCP and was detected immediately by endoscopic view (Figure 1). Endoscopic closure of this perforation was initially attempted

WJG|www.wjgnet.com

using an endoclip, but when this attempt failed surgical
suturing was performed. The patient recovered without
incident and was discharged on post-operative day 16.
Both of the cases of EST-related perforations (type Ⅱ)
(Cases 2 and 5) were detected during the ERCP procedure
via fluoroscope-mediated discovery of free air in the retroperitoneal space (Figure 2A and B) at 15 min (Case 2)
and 4 min (Case 5) post-EST. Contrast media leakage was
also seen in Case 2 (Figure 2A). However, in neither case
was the perforation detected by endoscopic view. Both
patients were subjected to an emergency CT scan immediately following the surgical procedure, and the presence
of retroperitoneal free air was verified for both cases (Figure 2C and D) along with contrast media leakage in Case
2. Both cases were treated with a conservative approach,
which included endoscopic drainage (endoscopic retrograde biliary drainage (ERBD) for Case 2 and endoscopic
nasobiliary drainage (ENBD) for Case 5) and broadspectrum parenteral antibiotic therapy with duration according to daily observation of each patient’s condition.
Although Case 2 showed a reduction in the volume of
retroperitoneal free air at post-EST day 6, fluid collection
in the retroperitoneal space was found to have increased
and the patient continued to experience abdominal pain.
Results from laboratory tests indicated a high white
blood cell (WBC) count and a high C-reactive protein
level at that time. Therefore, surgery was performed on
post-EST day 8. The patient recovered without incident
and was discharged on post-EST day 56. For Case 5, the
conservative treatment approach was effective, without
need for surgical intervention; the patient was discharged
on post-EST day 13.
For Case 3, an endoscopic instrument-related perforation (type Ⅲ), the patient had presented with a substantial
mass of food residue in the periampullary diverticula
prior to the ERCP procedure (Figure 3A); the residue was
successfully removed by endoscopic forceps prior to the
ERCP procedure. The perforation was diagnosed when
free air was discovered in the retroperitoneal space by
intraoperative fluoroscopy (Figure 3B). The ERCP procedure was immediately abandoned and a plastic ERBD
stent was inserted. As the retroperitoneal free air was present prior to EST (Figure 3C), the perforation was consid-
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A

B

C

D

Figure 2 Endoscopic sphincterotomy-related perforations. A: Retroperitoneal free air (arrows) and contrast media leakage (arrowhead) were observed by fluoroscopy (Case 2); B: Retroperitoneal free air (arrows) was observed by fluoroscopy (Case 5); C: Retroperitoneal free air and contrast media leakage was detected by
a computed tomography (CT) scan performed immediately after surgery (Case 2); D: Retroperitoneal free air was detected by CT scan performed immediately after
surgery (Case 5).

A

B

C

Figure 3 Endoscopic instrument-related perforation. A: A food residue of substantial volume was observed in the periampullary diverticula prior to the endoscopic
retrograde cholangiopancreatography (ERCP) procedure (Case 3); B: Retroperitoneal free air (arrows) was detected by fluoroscopy after endoscopic sphincterotomy
(EST) was performed during the ERCP procedure; C: The free air (arrows) was present before EST was performed.

ered to be an injury caused by an endoscopic instrument.
Conservative treatment was effective, and the patient
recovered without the need for surgical intervention. The
patient was discharged on post-operative day 64.
Both of the cases of EPBD-related perforations
(type Ⅱ) (Cases 4 and 6) were detected during the ERCP
procedure via fluoroscope-mediated discovery of free air
in the retroperitoneal space (Figure 4A and B) at 20 min
(Case 4) and 3 min (Case 6) post-EPBD. Neither case of
perforation was detected by endoscopic view during the
surgery, and both were confirmed upon finding retroperitoneal free air by emergency CT scan performed im-
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mediately after the surgical procedure (Figure 4C and D).
Although EST had been performed in Case 4 prior to the
EPBD, the perforation was considered to be related to
EPBD as the EST incision was short and the free air was
not present prior to the performance of EPBD. In Case
6, a recurrent bile duct stone was found and endoscopic
papillary large-balloon dilation (EPLBD) was attempted
without EST, which led to periampullary massive hemorrhage that obstructed endoscopic visualization of the
perforation site. Both cases were treated with a conservative approach, which included endoscopic drainage
(ERBD for Case 4 and ENBD for Case 6) and broad-
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A

B

C

D

Figure 4 Endoscopic papillary balloon dilation-related perforations. A: Retroperitoneal free air (arrows) was detected by
fluoroscopy (Case 4); B: Retroperitoneal free air (arrows) was
detected by fluoroscope during balloon dilation (Case 6); C: Retroperitoneal free air was detected by computed tomography (CT)
scan performed immediately after surgery (Case 4); D: Retroperitoneal free air was detected by CT scan performed immediately
after surgery (Case 6).

spectrum parenteral antibiotic therapy with duration according to daily observation of each patient’s condition.
Although the perforation in Case 4 was considered to
be manageable without surgery, the huge bile duct stone
remained and was deemed difficult to remove endoscopically. Since the patient was already scheduled to undergo
cholecystectomy for cholelithiasis in another two days
from the current time, the decision was made to follow
a conservative treatment plan and assess the perforation
during the upcoming surgery; however, the perforation
was not detected during surgery and appeared to have
resolved. The patient recovered without incident and was
discharged on post-ERCP day 41. Conservative treatment, including trans-arterial embolization to control the
bleeding, was effective in Case 6; the patient recovered
without need for surgical intervention and was discharged
on post-operative day 22.

DISCUSSION
Rates of duodenal perforation, which is a rare but serious complication of ERCP, have been reported in the
range of 0.14%-1.3%[1-5,7-20]. In the current study of 2674
consecutive patients who underwent ERCP in the endoscopy center at our hospital, the incidence rate (0.22%) fell
within this range and represented three of the four types
of the general ERCP-related perforation classifications
[types Ⅰ-Ⅲ, with no type Ⅳ (guidewire-related) cases][3-7].
For diagnosis of the scope-related injuries (type Ⅰ),
neither fluoroscopy nor CT was necessary; the perforation site was large enough to be readily identified by endoscopy, as reported in previous studies[3-6]. The large size
of the injury necessitates immediate surgery, and a con-
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servative (nonsurgical) treatment approach is less likely
to be effective or safe. In our single case of endoscoperelated perforation, we detected the perforation endoscopically, almost immediately after it occurred, by viewing the retroperitoneal cavity directly. Our use of DBE,
a forward-looking endoscope, in this procedure likely
facilitated the nearly immediate detection of the injury. It
is important to note that these injuries may not always be
detectable by a duodenal scope, which is used frequently
in ERCP procedures. Therefore, fluoroscopic detection
of free air (an indicator of perforation) could be critical
for early detection of the procedure-related injury.
EST- or EPBD-related perforations (type Ⅱ) may
be more difficult to detect by endoscopy alone. In the
current study, four of the ERCP procedures resulted
in EST-related perforations (n = 2) and EPBD-related
perforations (n = 2), none of which were detected by the
video endoscope, even in retrospective assessment of
the endoscopic findings. Several reports in the publicly
available literature have addressed the detection of ESTrelated perforations; the relevant reports identified by a
simple keyword search of the PubMed database are summarized in Table 2[3-5,7,8,11,12,16-19]. The cases in these other
reports were most frequently diagnosed by fluoroscopy
or CT scan, and the corresponding detection rates ranged
from 36% to 100%. In addition, some of the studies
reported mortality rates for these previous cases, and the
rates ranged widely from 0 to 36%, for an average of 5.2
%[1-5,7-9,11,12,14-19]. Although a low rate of immediate detection does not necessarily equate to a high rate of mortality (Table 2), the patient cohort studied by Wu et al[12] did
have a relatively high mortality rate that may have been
related to the low immediate/early detection rate. On the
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Table 2 Previously reported rates of endoscopic sphincterotomy-related perforation, mortality, surgery required, and immediate/
early detection
Ref.

Publication year

Cotton et al[1]
Loperfido et al[2]
Howard et al[3]
Stapfer et al[4]
Masci et al[10]
Enns et al[5]
Christensen et al[11]
Wu et al[12]
Fatima et al[13]
Assalia et al[7]
Kapral et al[14]
Morgan et al[8]
Cotton et al[15]
Shi et al[23]
Kim et al[9]
Kim et al[16]
Polydorou et al[17]
Kwon et al[18]
Li et al[19]
Kim et al[20]
Average

Total perforation rate, %

1991
1998
1999
2000
2001
2002
2004
2006
2007
2007
2008
2009
2009
2009
2009
2011
2011
2012
2012
2012

EST-related perforation
Rate, %

Surgery, %

Mortality, %

Immediate/early diagnosis, %

1.30
0.43
0.36
0.42
0.57
0.14
0.85
0.17
0.09
0.55
0.38
0.10
0.03
0.26
0.40
0.07
0.30
0.29
0.11
0.23
0.35

26.8
50.0
4.5
50.0
36.0
15.4
NR
45.0
36.4
11.8
8.3
0
75.0
NR
11.1
60.0
20.0
3.1
0
NR
26.7

16.3
8.3
4.5
0
NR
0
10.0
36.0
NR
5.9
8.3
0
0
NR
0
0
0
3.1
0
NR
5.15

NR
NR
90.9
66.7
NR
76.9
100
36.0
NR
94.1
NR
66.7
NR
NR
NR
60.0
96.7
70.0
100
NR
78.0

NR
1.01
0.60
1.00
0.64
0.35
1.27
0.45
0.60
0.71
0.50
0.20
0.14
NR
0.89
0.16
0.40
0.63
0.19
0.62
0.58

EST: Endoscopic sphincterotomy; NR: Not reported.

other hand, the mean detection rate with no mortality in
these previous reports is 77.8% (60%-100%)[4,5,8,16,17,19].
Thus, immediate/early detection is considered to be one
of the most important factors, and not the only factor,
contributing to the successful management of ERCPrelated duodenal perforation.
In the current study, five of the six perforations [with
the exception of the endoscope-related (type Ⅰ) case]
were undetected by endoscopy, but all six of the perforations were detected by intraoperative fluoroscopy (with
a median time of 15 min following the injury-inducing
endoscopic intervention). It is not difficult to identify the
presence of retroperitoneal free air by fluoroscopy, if the
typical findings are known. For our five type Ⅱ and type
Ⅲ cases, the presence of free air was detected below the
liver (n = 4) as well as around the right kidney (n = 5).
For two of these cases (Cases 5 and 6), the detection was
made within 4 minutes of the injury-inducing endoscopic
intervention. During surgery, endoscopists tend to concentrate their attention on the endoscopic view and/or
the narrow area of the cholangio/pancreatogram. This
focus may prove detrimental, however, in that it may
delay the warning signs of injury, such as the presence
of free air in the retroperitoneal space. To address this
potential pitfall, our hospital’s standard process requires
obtainment of one radiographic image of the entire abdominal area prior to the start of the ERCP procedure;
this image is then compared with a similar image taken
immediately following the procedure, as suggested by
Li et al[19]. Moreover, our process requires the participation of an additional expert-level endoscopist to actively
observe the X-ray monitor used during the procedure. In
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most cases the X-ray monitor is zoomed in to a specific
relevant area, such as the bile duct and/or pancreatic
duct, but the image is also observed in its zoomed out
form in order to monitor the wider and entire abdominal
area, with special attention paid to the area below the
liver or around the right kidney to ensure our chances
of detecting any retroperitoneal free air. We believe that
the routine monitoring of the zoomed out image during
procedures is one of the best ways to improve the rate of
immediate detection of perforation.
A distinguishing feature of the ERCP procedures performed on three cases in the current study is the use of
CO2 insufflation, as opposed to the room air insufflation
that was used for the other three cases. The practice of
CO2 insufflation for ERCP was instituted with the expectation of obtaining better X-ray images, based upon previous studies showing that CO2 insufflation during ERCP
reduces the bowel gas volume which can otherwise occlude the image[22,23]. On the other hand, this technique
may increase the risk of failing to notice the presence free
air because of the quick absorbance rate of CO2. However, we did detect the presence of retroperitoneal free air
in all of our cases for which CO2 insufflation was used.
If the case had been that immediate detection could not
be made, it might have been impossible to diagnose the
perforation by fluoroscopy after a couple of hours had
passed following the injury. Indeed, careful observation
of the X-ray monitor during the procedure could make
the detection of free air possible even when CO2 is used
for the insufflation, and because of the rapid absorbance
rate immediate detection during the procedure is even
more critical when CO2 insufflation is used.
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Another important factor in the management of ERCP-related duodenal perforation is the timing of the surgical intervention performed to resolve the complication.
It has been reported that delay in surgical intervention
leads to poor outcomes[4,8,12,13,18-20]. Although most of the
type Ⅱ periampullary perforations are considered to be
manageable by conservative (nonsurgical) approaches[3-7],
surgical intervention is recommended when the accumulation of fluid in the peritoneal or retroperitoneal cavity
persists[4,12,16]. In the current study, one patient (Case 2) fit
this indication for surgical intervention; additionally, this
was the only case that showed contrast media leakage,
suggesting that the presence of contrast leakage may correlate with indication of surgery[4].
In conclusion, this study suggests that retroperitoneal
free air (a diagnostic indicator of bowel perforation) can
be detected immediately during ERCP by fluoroscopy
alone. An immediate post-surgical CT scan should also
be performed for patients in whom perforation is suspected, even in the absence of fluoroscopic evidence of
retroperitoneal free air. Nonetheless, it is impossible to
avoid ERCP-related perforation completely, and the possibility of perforation should be carefully monitored during every procedure.
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Applications

This study suggests that retroperitoneal free air can be detected immediately
during the ERCP procedure by fluoroscopy alone. Intraoperative monitoring
of the entire abdominal area using a videofluoroscope system or a volumetric
X-ray digital linear tomosynthesis system may help to increase rates of diagnosis for ERCP-related perforations and initiation of timely therapies. Such
an approach may help to decrease the rates of unfavorable outcomes due to
delayed diagnosis.

Terminology

Endoscopic retrograde cholangiopancreatography is a surgical technique by
which a catheter is inserted into the duodenal papilla of Vater in order to infuse
a contrast media into the bile and/or pancreatic duct by means of fluoroscopyassisted endoscopy for diagnosis of cholangiopancreato-related abnormalities,
such as bile duct stones or cancers.

Peer review

This report of a series of six cases of ERCP-related perforation provides clinically relevant insights into the endoscopic and radiologic findings that can aid
in immediate/early diagnosis and timely initiation of appropriate surgical or conservative therapy. The results from this single-center study using a Japanese
cohort of patients suggest that retroperitoneal free air can be detected immediately during the ERCP procedure by fluoroscopy.
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Abstract
AIM: To assess the relationship between long-term
colorectal patient survival and methods of calculating
composite performance scores.
METHODS: The Taiwan Cancer Database was used
to identify patients who underwent bowel resection for
colorectal adenocarcinoma between 2003 and 2004.
Patients were assigned to one of three cohorts based
on tumor staging: cohort 1, colon cancer stage < Ⅲ;
cohort 2, colon cancer stage Ⅲ; cohort 3, rectal can-
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cer. A composite performance score (CPS) was calculated for each patient using five different aggregating
methods, including all-or-none, 70% standard, equal
weight, analytic hierarchy process (AHP), and principal
component analysis (PCA) algorithms. The relationships
between CPS and five-year overall, disease-free, and
disease-specific survivals were evaluated by a Cox proportional hazards model. A goodness-of-fit analysis for
all five methods was performed using Akaike’s information criterion.
RESULTS: A total of 3272 colorectal cancer patients
(cohort 1, 1164; cohort 2, 790; cohort 3, 1318 patients) with a mean age of 65 years were enrolled in
the study. Bivariate correlation analysis showed that
CPS values from the equal weight method were highly
correlated with those from the AHP method in all cohorts (all P < 0.05). Multivariate Cox hazards analysis
showed that CPS values derived from equal weight and
AHP methods were significantly associated with fiveyear survivals of patients in cohorts 1 and 2 (all P <
0.05). In these cohorts, higher CPS values suggested
a higher probability of five-year survival. However, CPS
values derived from the all-or-none method did not
show any significant process-outcome relationship in
any cohort. Goodness-of-fit analyses showed that CPS
values derived from the PCA method were the best fit
to the Cox proportional hazards model, whereas the
values from the all-or-none model showed the poorest
fit.
CONCLUSION: CPS values may highlight process-outcome relationships for patients with colorectal cancer in
addition to evaluating quality of care performance.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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analysis
Core tip: Performance measures allow healthcare stakeholders to evaluate the quality of services provided and
maintained by healthcare organizations. However, it is
unknown whether the implementation of performance
measurements may also improve patient outcome. This
study aimed to investigate the association between
composite performance scores calculated with five different algorithms and survival of surgical patients with
non-stage Ⅳ colorectal cancer. Models with weighted
schemes showed that higher performance scores correlated with increased five-year survivals. However, the
most stringent criterion-based strategy, the all-or-none
method, failed to show any association.

paralleled by improvement in patient outcome. For this
reason, an investigation of process-outcome correlation
is crucial to ensure that the design of the performance
measurement system is appropriate. This study compared
five methods [all-or-none, 70% standard, equal weight,
analytic hierarchy process (AHP), and principal component analysis (PCA)] for the calculation of a composite
performance score (CPS) for the treatment of newly diagnosed colorectal cancer patients from hospitals participating in the Taiwan Cancer Database (TCDB). The aim
of this study was to assess the relationship between the
composite performance score and the long-term survival
of patients.

MATERIALS AND METHODS
Chung KP, Chen LJ, Chang YJ, Chang YJ. Can composite performance measures predict survival of patients with colorectal
cancer? World J Gastroenterol 2014; 20(42): 15805-15814
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i42/15805.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i42.15805

INTRODUCTION
In recent decades, performance measurements for medical care have been implemented to assess the quality of
care provided by hospitals. These assessments consist of
a standardized set of valid, reliable, and evidence-based
measures applicable to the process of accreditation and
for improvements in quality and performance[1]. In addition, the healthcare system can develop its own performance measures, and payer organizations can use individual measures as pay-for-performance criteria[2,3]. Although
the goal of these assessments is to ultimately improve
patient care and outcome, their effect has been largely
untested[4]. A report from the Institute of Medicine (IOM)
emphasized the importance of performance and quality
assessment of cancer care[5]. However, studies of performance measures to date have been based on descriptions
of given hospitals, geographic areas, or populations, and
have primarily focused on breast cancer[6]. The IOM has
recommended the use of summary measures (composite
measures) to streamline assessments from various organizations and government agencies[7]. Such composite
measures can eliminate the limitations associated with individual measures[8,9], and have increasingly been used to
summarize healthcare performance and enhance provider
and hospital accountability. However, no consensus has
been established for the incorporation of assessments
into a reliable composite measure[10].
Colorectal cancer is a major public health threat and
the second leading cause of cancer deaths in United
States, the third leading cause in Taiwan, and the fourth
leading cause worldwide[11-15]. However, the advancement
in available adjuvant therapies, including chemotherapeutic agents, target and radiation therapies[16,17], has not been
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Data sources and patient selection
The data in this study were obtained from the TCDB,
a nation-wide cancer registry containing disease characteristics, treatment modalities, and updated follow-up
status for patients with six major types of cancer, and
were linked with the National Health Insurance Database
(NHID), a population-based database containing claim
data from all healthcare organizations in Taiwan[1]. Patients newly registered in the TCDB (with International
Classification of Disease for Oncology ICD-O-3 C18.0
colon-C21.8 rectum) from 2003 to 2004 were identified.
Patients who did not undergo curative surgery (i.e., biopsy only, colostomy only, or no surgery of any kind) or
transanal excision were excluded from the analysis. Curative surgery referred to total proctectomy, hemicolectomy, partial, subtotal, or total colectomy, or colectomy
with resection of the diseased organ (operation type code
20-90). Patients with stage Ⅳ disease, pathological report
other than adenocarcinoma, or no treatment record in the
NHID were also excluded. Patients enrolled in this study
were then linked to the 2002-2005 NHID to acquire comorbidity status and linked to a third database (2003-2009
death registry from the Ministry of the Interior) to recheck survival status and identify cause of death if any.
Enrolled patients were divided into one of three cohorts
according to disease stage. The variables available for this
study included age at diagnosis, sex, comorbidity index,
primary tumor site, stage, pathological grade (differentiation) and stage, surgical margin, tumor invasion depth,
lymph node evaluation, chemotherapy, and radiotherapy.
The primary endpoint was five-year survival, including
overall survival (OS), disease-free survival (DFS), and
disease-specific survival (DSS)[2].
Performance measures and AHP questionnaire
A set of performance measures for colorectal cancer
has been developed by our group in collaboration with
multidisciplinary professionals (proposed by the Taiwan
Clinical Oncology Group from the National Health Research Institute)[1]. This multidisciplinary panel endorsed
11 measures covering three categories: two pre-treatment,
six treatment, and three follow-up measures. For this
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Table 1 Priorities and weights of performance measures for colorectal cancer using the analytic hierarchy process method
Category

Description

Global
1
priority

Cohort 1

Cohort 2

Cohort 3

Pre-treatment (PT)

PT1

0.144

0.213

0.193

0.213

Treatment (T)

PT2
T1

CRC patients with pre-operative chest X-ray and abdominal
ultrasound, CT scan, or MRI
Early stage of CRC
CRC patients with history of surgical resection that were
checked by colonoscopy or barium enema LGI series with
sigmoidoscopy within six months peri-operatively
Patients with non-metastatic CRC offered curative resection
or neoadjuvant therapy within six weeks of diagnosis
Patients with stage Ⅰ to Ⅲ CRC who underwent wide
surgical resection with a “negative margin”
CRC patients who underwent surgery with pathology
reports on tumor and node stage
Patients with stage Ⅰ to Ⅲ CRC with twelve or more lymph
nodes examined in pathology reports
Patients (< 70 yr) with stage Ⅲ CRC who received
chemotherapy within eight weeks after surgery
CRC patients (stages Ⅰ–Ⅲ) survived after five postoperative years
RC patients (stages Ⅰ–Ⅲ) experienced no local recurrence
after five post-operative years
CRC patients expired within 30 d after surgery

0.104
0.030

0.154
0.044

0.140
0.040

0.154
0.044

0.057

0.084

0.077

0.084

0.133

0.197

0.179

0.197

0.116

0.172

0.156

0.172

0.092

0.136

0.124

0.136

T2
T3
T4
T5
T6
Follow-up (F)3

F1
F2

F3
Sum of priorities (or weights)

Weight

2

Measure

0.069

0.093

0.101
0.082
0.073
1.0014

1.000

1.000

1.000

1

Values from Chung et al[18], 2013; 2Individual weight was derived proportionally from individual global priority; 3Measures from follow-up category were not
considered as process measures; 4Value due to rounding. Cohort 1: Colon cancer patients, stage < Ⅲ; Cohort 2: Colon cancer patients, stage Ⅲ; Cohort 3: Rectal cancer patients. CRC: Colorectal cancer; RC: Rectal cancer; CT: Computed tomography; MRI: Magnetic resonance imaging; LGI: Lower gastrointestinal.

study, an emphasis was placed on pre-treatment and the
first six treatment measures, which were modified to allow binary status assignments (yes/no, concordant/nonconcordant) at the patient level[18]. Priorities or weights
(Table 1) were used in subsequent CPS calculations in
this study. The design of the study is shown in Figure 1.
All-or-none calculation of the CPS
The all-or-none score is a dichotomous variable that
signifies patients for whom all of the audited aspects of
care are met. This method has recently been advocated
largely on the basis that acceptance of anything less than
complete care is incompatible with the pursuit of excellence[6,19-22].
70% standard calculation of the CPS
The 70% standard method is a less stringent version of
the all-or-none method that was recently adopted by
Reeves et al[23]. The 70% standard score is a dichotomous
variable with a lowered criterion such that only 70% of
the audited aspects of care need to be met.
Equal weight calculation of the CPS
The equal weight score represents the mean percentage
of audited aspects of care that are met for each patient
method and assumes that all indicators contribute equally
to the outcome[24]. The equal weight method has been
used to evaluate changes in quality of care over a fiveyear period in a representative general practice sample in
England[25] and to explore the trend of composite hospi-
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tal measures following coronary artery bypass surgery[20].
AHP calculation of the CPS
The AHP method was developed by Thomas to solve
complex problems involving multiple criteria and features
an ordinal pair-wise comparison of attributes ranging
from a score of 1 (equal importance) to 9 (extreme importance)[18]. The AHP technique results in priorities of
attributes (weights of performance measures) that add
up to 1. This method was used by Richman et al[26] for the
selection of prostate cancer treatments. Among the five
methods used in the present study, it is the only one that
requires experts’ choices in a questionnaire survey.
PCA calculation of the CPS
The PCA calculation is a simple, non-parametric method
of extracting relevant information from complex datasets[27]. The goal of the PCA method is to reduce the
dimensionality of a dataset containing a large number of
interrelated variables, while retaining its variation to the
greatest extent possible[10]. This method has previously
been used to rank American hospitals[28].
Statistical analysis
Statistical analyses were performed using SAS, version 8.2
(SAS Institute Inc., Cary, NC, United States) and SPSS
12.0 (SPSS Inc., Chicago, IL, United States) statistical software. Multivariate Cox proportional hazards models were
constructed for survival analyses. All estimates were derived by controlling for age, sex, comorbidity, chemother-
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Extensive literature
review (122)

Consensus building stage:
Modified Delphi technique
Stakeholder feedback
Performance measures (25)

1

Update

Measures list (78)
Face-to-face expert meeting

2

3

Performance measures (8 + 3)

Expert’s questionnaires

All-or-none

70% standard

Equal weight

PCA

4

AHP

Composite performance score

Patient outcome

Figure 1 Flow chart of the study design (modified from Chung et al[1], 2010 and Chung et al[18], 2013). 1Including 3 pre-treatment measures, 16 treatment measures, and 6 monitor measures (Chung, 2010); 2Meetings were held on September 4 and October 2, 2009 at the College of Public Health, National Taiwan University;
3
Including 2 pre-treatment measures, 6 treatment measures, and 3 follow-up measures (Chung, 2013); 4Questionnaire was mailed on October 25, 2009 and completed as of November 20, 2009 (Chung, 2013). PCA: Principal component analysis; AHP: Analytic hierarchy process.

apy, and tumor, lymph node, and metastasis (TNM) stage.
Values are expressed as mean ± SD, and P < 0.05 was
considered to be statistically significant. Akaike’s information criterion (AIC) was used to represent the goodnessof-fit of models in the CPS. To identify the best model,
AIC = 2k - 2 ln(L), where k refers to the number of
parameters, and L refers to the maximized value of the
likelihood function for the estimated model[29]. As the
smallest value of AIC indicates the best model fit, data
are reported as ∆AIC (difference from the best model).
As result, the best model is defined by an AIC = 0.

RESULTS
Description of patient cohorts
A total of 8143 patients newly diagnosed with colorectal
cancer from 2003 to 2004 were treated in 29 hospitals
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participating in the TCDB program (Figure 2). Of the
3272 patients who were eligible for this study, 1164 patients had stage < Ⅲ colon cancer (cohort 1), 790 patients had stage Ⅲ cancer (cohort 2), and 1318 patients
had rectal cancer (cohort 3). The mean age of patients
among the cohorts ranged from 64.3 to 66.8 years, and all
cohorts were comprised of a greater proportion of male
patients (Table 2).
In cohorts 1 and 2, tumors were most often located
in the sigmoid colon, followed by the ascending colon.
Comorbidity indices of patients were more frequently
≥ 2, and ≥ 3 (71%) for cohort 2. The majority of tumors in all cohorts were moderately differentiated (about
81%). These tumors commonly penetrated through the
muscularis propria of the colorectal wall into the subserosa (cohorts 1 and 3), and directly invaded other organs
(cohort 2). TNM staging indicated that the majority of
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8143 patients
Newly diagnosed colorectal cancer, treated at
29 hospitals (TCDB 2003, 2004)

Excluded 3045 patients with stage Ⅳ
disease or unknown pathologic stage

5098 patients
With colorectal cancer < stage Ⅳ

Excluded 50 patients with pathology reports
other than adenocarcinoma or anal cancer

Excluded 75 patients who did not undergo
curative surgery or did not have information
about lymph node counts

4973 patients
Colorectal adenocarcinoma with performance
measures information

Excluded 1701 patients with incomplete
composite measures information

3272 patients
Colorectal adenocarcinoma with complete
process measures information

1164 patients
(Cohort 1)
Colon adenocarcinoma (< stage
Ⅲ) with available nodal status and
complete performance measures
information

790 patients
(Cohort 2)
Colon adenocarcinoma (stage Ⅲ)
with available nodal status and
complete performance measures
information

1318 patients
(Cohort 3)
Rectal adenocarcinoma with
available nodal status and
complete performance measures
information

Figure 2 Enrollment of colorectal patients. TCDB: Taiwan cancer database.

cohort 3 patients (58.2%) presented with N0 status at
the time of first treatment, whereas most patients of cohort 2 were of N1 staging (63.9% vs 35.4% in N2). The
number of lymph nodes retrieved and examined was 17.7
± 12.6, 19.3 ± 13.9, and 15.4 ± 10.0 for patients of cohorts 1, 2, and 3, respectively. Harvests of more than 25
lymph nodes were uncommon. Adjuvant chemotherapy
was administered to 26.3, 75.9, and 49.6% patients, and
radiotherapy to 2, 4.1, and 23.4% patients from cohorts
1, 2, and 3, respectively. The mean follow-up duration of
all patients was 54.6 ± 21.5 mo (range, 0.0 to 84.0). Fiveyear overall survival rates were 87.1, 73.0, and 88.7% for
cohorts 1, 2, and 3, respectively.
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Association between composite performance score and
survival
The CPS values calculated by each of the five methods
are presented in Table 3, ranging from 0 to 1 for all
methods except PCA. CPS values derived with the equal
weight method were strongly correlated with values derived using the AHP and PCA methods in cohort 1, and
with the AHP method only in cohorts 2 and 3 (Table 4).
The relationships between CPS values derived from each
of the five methods and patient survival are summarized
in Table 5, including HR estimated after controlling for
confounders. Five-year OS in cohort 1 was significantly
associated with CPS values derived with the 70% stan-
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associations between five-year survivals and CPS values
for patients in cohort 3. Moreover, CPS values derived
with the all-or-none method gave no prediction for fiveyear survival. The goodness-of-fit model analysis using
AIC showed that the best method for predicting five-year
survivals, with the lowest AIC values, was the PCA method, followed next by the AHP and equal weight methods
(Table 6).

Table 2 Characteristics of patients undergoing colectomy for
colorectal adenocarcinoma n (%)
Parameter
Age (yr)
Sex (M/F)
Location
Rectum
Rectosigmoid junction
Sigmoid
Descending
Splenic flexure
Transverse
Hepatic flexure
Ascending
Cecum and appendix
Overlapping
Unspecified
Comorbidity
CCI (0 or 1)
CCI (2)
(> 3)
Grade
Well differentiated
Moderately differentiated
Poorly differentiated
Un-differentiated
Unspecified
Staging (p)
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ
pT1
pT2
pT3
pT4
Unspecified
pN0
pN1
pN2
Unspecified
Lymph node examination
Chemotherapy (yes)
Radiotherapy (yes)
Follow-up months (range)
Five-year survival rate

Cohort 1

Cohort 2

Cohort 3

(n = 1164)

(n = 790)

(n = 1318)

66.8 ± 13.1
656 (56.4)/
508 (43.6)

65.4 ± 13.6
431 (54.6)/
359 (45.4)

64.3 ± 12.8
781 (59.3)/
537 (40.7)

124 (10.7)
440 (37.8)
124 (10.7)
35 (3.0)
107 (9.2)
47 (4.0)
173 (14.9)
77 (6.6)
12 (1.0)
25 (2.1)

88 (11.1)
313 (39.6)
72 (9.1)
17 (2.2)
70 (8.9)
38 (4.8)
118 (14.9)
44 (5.6)
7 (0.9)
23 (2.9)

1318 (100)
-

63 (5.4)
659 (56.6)
442 (37.9)

26 (3.3)
103 (25.7)
661 (71.0)

73 (5.5)
531 (40.3)
714 (54.2)

102 (8.8)
937 (80.5)
61 (5.2)
1 (0.1)
63 (5.4)

46 (5.8)
640 (81.0)
87 (11.0)
17 (2.2)

101 (7.7)
1072 (81.3)
89 (6.8)
1 (0.1)
55 (4.2)

295 (25.3)
869 (74.7)
133 (11.4)
164 (14.1)
694 (59.6)
162 (13.9)
11 (0.9)
1164 (100)
17.7 ± 12.6
306 (26.3)
23 (2.0)
57.1 ± 20.1
(0-84.0)
87.1

790 (100.0)
15 (1.9)
37 (4.7)
574 (72.7)
158 (20.0)
6 (0.8)
505 (63.9)
280 (35.4)
5 (0.6)
19.3 ± 13.9
600 (75.9)
32 (4.1)
51.3 ± 23.2
(0.1-84.0)
73

311 (23.6)
459 (34.8)
548 (41.6)
107 (8.1)
287 (21.8)
719 (54.6)
198 (15.0)
7 (0.5)
767 (58.2)
299 (22.7)
246 (18.7)
6 (0.5)
15.4 ± 10.0
654 (49.6)
308 (23.4)
54.7 ± 21.3
(0-83.8)
88.7

DISCUSSION

Pathological staging and T and N classifications as defined by the American Joint Committee on Cancer, 6th edition. CCI: Charlson comorbidity
index; M/F: Male/Female; p: Pathological.

dard, equal weight, AHP, and PCA methods (HR = 0.76,
95%CI: 0.59-0.98; HR = 0.32, 95%CI: 0.14-0.74; HR =
0.32, 95%CI: 0.14-0.73; and HR = 0.85, 95%CI: 0.78-0.92,
respectively, all P < 0.05). Similar results were found for
the five-year DSS and DFS (except marginal significance
for DFS by the 70% standard method). These data indicate that a patient with a higher CPS in cohort 1 had an
increased probability for five-year survival. For patients in
cohort 2, the CPS values derived with the AHP method
were significantly associated with five-year OS or DSS,
and values derived with the equal weight method were
only associated with the DSS. There were no significant
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The complexity of colorectal cancer and its treatment
limit the availability of solid evidence concerning the
quality of care and its relation to patient outcome.
This study is the first, to our knowledge, to assess such
process-outcome relationships by use of composite measures in colorectal cancer therapy. The most important
finding of this study is that almost all of the aggregating
methods used to generate a CPS, the use of which have
been controversial[20], correlated with patient survival.
The results of this study demonstrate that the allor-none method of generating a composite measure
of treatment quality was not associated with patient
outcome for any of the cohorts examined. This is in
contrast to results obtained by Cheng et al[6], who demonstrated a positive relationship between all-or-none
performance measures and five-year OS and DFS for
patients with breast cancer within a single hospital. This
discordance could be attributed to the fact that the level
of performance measures for breast cancer is higher than
for colorectal cancer. Additionally, the heterogeneity of
population-based data may play a role, as patients from
29 hospitals were included in the present study. Despite
the differences in methodologies, both studies reveal the
possibility that CPS shows prognostic significance in the
field of cancer care. The current study also substantiates
the role for AHP in the performance measurement of
colorectal cancer. The AHP method incorporates multicriteria selection, which is useful for deciding priorities in
performance measures, and valuable expert clinical input
to facilitate clinicians’ adherence to the chosen performance measures. Unlike the equal weight method, the
AHP provides prioritized ranking of target measures for
subsequent discretion, which may prove most useful for
the design of pay-for-performance programs[18].
The selection of an appropriate aggregating method
for calculating a CPS is not always stereotyped. The “absolute score” methods (all-or-none and 70% standard)
represent the degree to which a provider has achieved a
predefined threshold of quality of care for each patient.
The judgment of 70% is arbitrary, aimed to strike a balance between strictness and leniency[23]. The scores derived from the remaining aggregating methods, however,
are modified by weighting each measure before aggregation. These methods, namely the AHP, PCA, and equal
weight, differ on the relative contribution that each measure makes to the composite score.
The use of a weighting scheme raises complex questions, such as how to select a suitable criterion on which
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Table 3 Composite performance scores (mean, range) calculated by different methods
Cohort

All-or-none

70% standard

Equal weight

AHP

PCA

1

0.07 ± 0.26
(0.00-1.00)
NA
NA
0.05 ± 0.21
(0.00-1.00)

0.78 ± 0.42
(0.00-1.00)
0.68 ± 0.47
(0.00-1.00)
0.76 ± 0.43
(0.00-1.00)

0.74 ± 0.14
(0.29-1.00)
0.73 ± 0.12
(0.25-0.88)
0.73 ± 0.14
(0.14-1.00)

0.78 ± 0.14
(0.22-1.00)
0.73 ± 0.12
(0.27-0.86)
0.77 ± 0.13
(0.19-1.00)

0 ± 1.00
(-6.44-1.04)
0 ± 1.00
(-2.03-1.23)
0 ± 1.00
(-13.13-0.59)

2
3

Cohort 1: Colon cancer patients stage < Ⅲ; Cohort 2: Colon cancer patients stage Ⅲ; Cohort 3: Rectal cancer patients. AHP: Analytic hierarchy process; NA:
Not applicable; PCA: Principal component analysis.

Table 4 Correlation matrix of composite performance scores calculated by different methods
Cohort

Method

1

All-or-none
70% standard
Equal weight
AHP
PCA
All-or-none
70% standard
Equal weight
AHP
PCA
All-or-none
70% standard
Equal weight
AHP
PCA

2

3

All-or-none

70% standard

Equal weight

AHP

PCA

1
0.784b
0.710b
0.664b

1
0.918b
0.819b

1
0.853b

1

1
0.843b
0.753b
0.436b

1
0.891b
0.502b

1
0.823b

1

1
0.794b
0.700b
0.407b

1
0.904b
0.484b

1
0.419b

1

1
0.149b
0.500b
0.476b
0.288b
NA
NA
NA
NA
NA
1
0.125b
0.429b
0.416b
0.071b

Cohort 1: Colon cancer patients stage < Ⅲ; Cohort 2: Colon cancer patients stage Ⅲ; Cohort 3: Rectal cancer patients. bP < 0.01 vs control. AHP: Analytic
hierarchy process; NA: Not applicable; PCA: Principal component analysis.

Table 5 Associations between composite performance score and five-year survival by multivariate Cox proportional hazards model
Cohort

Survival

Method
All-or-none

1

2

3

OS
DSS
DFS
OS
DSS
DFS
OS
DSS
DFS

70% standard

Equal weight

AHP

PCA

HR

95%CI P value

HR

95%CI

P value

HR

95%CI

P value

HR

95%CI

P value

HR

95%CI P value

0.88
0.93
0.93

0.45-1.73
0.40-2.20
0.49-1.80
NA
NA
NA
0.54-2.13
0.60-2.92
0.58-2.19

0.76
0.69
0.78
0.92
0.88
0.96
0.93
0.9
0.95

0.59-0.98
0.52-0.91
0.61-1.01
0.73-1.17
0.69-1.13
0.76-1.21
0.75-1.16
0.81-1.01
0.75-1.16

0.032
0.009
0.057
NS
NS
NS
NS
NS
NS

0.32
0.30
0.40
0.42
0.35
0.48
0.07
0.61
0.73

0.14-0.74
0.12-0.79
0.17-0.92
0.16-1.08
0.13-0.94
0.19-1.23
0.34-1.46
0.28-1.34
0.35-1.50

0.007
0.014
0.031
NS
0.038
NS
NS
NS
NS

0.32
0.28
0.36
0.39
0.31
0.47
0.72
0.66
0.76

0.14-0.73
0.11-0.70
0.16-0.80
0.15-0.98
0.12-0.81
0.19-1.18
0.35-1.49
0.30-1.43
0.37-1.55

0.007
0.006
0.013
0.045
0.017
NS
NS
NS
NS

0.85
0.85
0.87
0.92
0.90
0.95
0.98
1.00
0.99

0.78-0.92 < 0.001
0.77-0.95
0.002
0.79-0.95
0.002
0.83-1.03
NS
0.81-1.01
NS
0.83-1.03
NS
0.89-1.08
NS
0.89-1.11
NS
0.90-1.08
NS

1.07
1.33
1.13

NS
NS
NS

NS
NS
NS

Cohort 1: Colon cancer patients stage < Ⅲ; Cohort 2: Colon cancer patients stage Ⅲ; Cohort 3: Rectal cancer patients. AHP: Analytic hierarchy process; DFS:
Disease-free survival; DSS: Disease-specific survival; NA: Not applicable; OS: Overall survival; PCA: Principal component analysis.

to base the weights, how to determine the value each
weight should take, and how to determine the sensitivity
of the score to the weights. The equal weight method is
the simplest and most straightforward, ensuring that each
performance measure makes an equal contribution, regardless of how discrepant their priorities are. The PCA
method, based on statistical models, and the AHP method, based on experts’ preferences for measures, assign
different weights to each measure. The PCA method can

WJG|www.wjgnet.com

eliminate the double counting of performance measures,
though the set of weights used in the composite score
will change as a result of its sensitivity to data modification, revision, and updating[24]. The AHP method recruits
participation of expert medical professionals via a questionnaire survey at the outset, which can increase the
transparency of the composite score. This can encourage
cooperation between clinical practitioners and academic
researchers, as well as other stakeholders, which may be
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Table 6 Model fit analysis of Akaike’s information criterion values calculated by different methods
Cohort
1

2

3

Survival
OS
DSS
DFS
OS
DSS
DFS
OS
DSS
DFS

Method
All-or-none

70% standard

Equal weight

AHP

PCA

12.819
8.823
9.406
NA
NA
NA
0.843
1.053
0.617

8.544
2.412
6.023
14.655
4.593
2.385
0.483
0.380
0.543

6.002
3.047
4.921
11.914
1.363
0.246
0
0
0

5.895
1.691
3.434
11.205
0
0
0.105
0.421
0.177

0
0
0
0
2.520
1.605
0.750
1.507
0.659

Cohort 1: Colon cancer patients stage < Ⅲ; Cohort 2: Colon cancer patients stage Ⅲ; Cohort 3: Rectal cancer patients. Values represent the ∆AIC, where the
best model is defined as AIC = 0. AHP: Analytic hierarchy process; AIC: Akaike’s information criterion; DFS: Disease-free survival; DSS: Disease-specific
survival; OS: Overall survival; PCA: Principal component analysis.

more likely to result in the incorporation of quality improvement programs into daily practice, thus paving the
way for enhancement of patient outcome.
As corresponding academic associations develop performance measures of cancer care quality independently,
discrepancies between the specification of measures used
in this study and other works should not be overlooked.
Two of the performance measures (T3, T4) in this study
contained combinations of two to three measures, as in
the study by Malin et al[30]. However, unlike their study, we
recommended that chest X-rays, ultrasound, and computed tomography scans be ordered for pre-operative checks
for patients with colorectal cancer instead of ultrasound
alone, as was suggested for patients with rectal cancer by
their study. Another discrepancy was the commencement
of chemotherapy for stage Ⅲ colon cancer within two
months of diagnosis, in contrast to Desch et al[31] who
advocated treatment within four months. However, the
minimal requirement of examining 12 lymph nodes remained the same in our study.
There were several limitations of the present study.
First, although TCDB covered about 60% of all newly
diagnosed colorectal cancer patients, the results cannot be
considered as universal. Second, fewer than seven measures in each criterion are permitted in the AHP framework. This restriction inevitably precludes the consideration of some measures that may be meaningful, though
a recent study shows that the tendency to reduce the
number of performance measures is in pursuit of a useful and meaningful end[31]. Third, the choice of weighting
schemes was constrained by the concern for case-based
adherence, rather than for comparison between the organizational or nationwide levels. Fourth, the failure to
demonstrate a process-outcome relationship in patients
with rectal cancer indicates that there is still a need for
revisal of these measures.
In conclusion, the results suggest that the implementation of performance measurement may improve
patient outcomes. For clinicians, adherence to composite
measures may increase colorectal cancer patients’ fiveyear survivals. For policymakers, the all-or-none method
should not be used to evaluate colorectal cancer care, as
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this method failed to correlate with patient outcome. For
healthcare researchers, performance measurement is still
not predictive for survival in patients with rectal cancer,
indicating that research concerning the quality of cancer care should be expanded by comprehensive survival
studies or clinical trials. Future research may uncover
additional performance measures to allow for extension
of this process-outcome assessment to other cancer domains and to achieve both an authentic improvement in
the quality of care as well as better patient prognosis.
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Abstract
AIM: To compare the effectiveness of needle-free incision suture closure with butterfly tape and traditional
secondary suturing techniques in treating incision infection.
METHODS: Two hundred and twenty-three patients
with incision infection following hepatobiliary surgery
at a tertiary hospital were randomly divided into three
groups: 90 patients were closed by needle-free inci-
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sion suture closure, which gradually closed the incision wound when drainage from incision infection was
visibly decreased and healthy granulation tissues had
grown; 79 patients were closed by butterfly bandage;
another 54 patients were closed by traditional secondary suturing technique. Healing time of incision infection was calculated from the beginning of dressing
change to the healing of the incision.
RESULTS: Healing time in the needle-free incision
suture closure group (24.2 ± 7.2 d) was significantly
shorter than that in the butterfly bandage group (33.3
± 11.2 d) and the traditional secondary suturing group
(36.2 ± 15.3 d) (P < 0.05). Healing time in the butterfly bandage group appeared to be slightly shorter than
that in the secondary suture group, but the difference
was not statistically significant (P > 0.05).
CONCLUSION: Needle-free incision suture closure
could gradually close the infection wound at the same
time of drainage and dressing change, thereby shortening the healing time.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Incision infection; Needle-free incision suture closure; Secondary suture; Drainage; Wound healing; Hepatobiliary surgery
Core tip: Both the secondary suturing closure and butterfly bandage methods have been widely used in clinical practice to treat incision infections for many years
but have many drawbacks. In comparison to traditional
methods the needle-free method of incision infection
closure had following advantages: significant decrease
in wound closure time; ability to adjust the suture tension at different times and gradually close the wound,
thus allowing drainage and dressing at the same time;
elimination of complicated and painful secondary suture; elimination of risk of secondary infection; and ex-
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introduced as follows.

treme ease of use.
Ma WJ, Zhou Y, Mao H, Xu RH, Shrestha A, Li FY, Lorance A,
Yang Q, Zhang YQ, Jiang T, Feng H, Zhang W, Cheng NS. Healing time of incision infection after hepatobiliary surgery treated
by needle-free incision suture closure. World J Gastroenterol
2014; 20(42): 15815-15819 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i42/15815.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i42.15815

INTRODUCTION
In surgical practice, an incision is the basic step that gains
access to the operative field. However, the incision itself
is a trauma, disrupting the integrity of local skin tissue,
damaging the local protective barrier, promoting microbial invasion and growth, and causing further complications, of which the most common is wound infection[1-8].
As surgical techniques have advanced and hospital infection control has progressed, the rate of incision healing
has significantly improved, yet incision infection still
occurs for many reasons. The current rate of surgical
wound infection is as high as 8.4%, and the treatment
of infected incision remains an issue for surgeons[3,4]. In
the past, postoperative wound infections were handled
by secondary suturing or the butterfly bandage method,
often after several weeks of open drainage and dressing.
These traditional methods have many drawbacks; use of
the butterfly bandage prevents continuous observation
of the wound condition, the tape itself cannot be guaranteed to be sterile, and the adhesion strength of tape
is often gradually reduced during wound closure. More
importantly, the butterfly bandage exerts uneven forces
and cannot gradually diminish the tension on an incision
wound. For these reasons, this method often results in
excessive extrusion of the wound, thereby hindering the
growth of granulation tissue. The secondary suture method also has several shortcomings such as post-procedure
pain and the need for local anesthesia, and because the
appropriate time for closure is very hard to determine,
the closure period is often prolonged. Furthermore,
the success rate of the secondary suture method is low;
sometimes if there is reinfection, the wound has to be reopened, thereby inconveniencing both patients and medical staff. Despite the flaws of these two traditional methods, which have been used clinically for many years for
the control of incision infection, still no major changes
have been made[8-10].
From January 2010 to June 2013, 90 incision infections after hepatobiliary surgery in our hospital were
treated by needle-free incision suture closure (NFISC) (Li
Chen Co., Chengdu, China). We found that this method
of infected wound closure had the following advantages:
unobstructed drainage of wound discharge, early wound
closure, shorter wound healing time and higher success
rate of incision closure. Our preliminary experience is
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MATERIALS AND METHODS
General information
From January 2010 to June 2013, 223 incision infections
after hepatobiliary surgery at West China Hospital, Sichuan University School of Medicine, were selected for
this study. These cases included 109 male patients and
114 female patients, ranging in age from 21 to 77 years
(mean 43 years); 135 cases had wound infection after biliary surgery and 88 cases had wound infection after hepatic surgery. The Hospital Infection Diagnostic Criteria
were used[2-4]. The inclusion criterion for this study was
postoperative infection on the incision site, and the exclusion criterion was a history of any underlying disease
that would affect wound healing. Occurrences of wound
fat liquefaction were excluded. Appropriate consent was
obtained from each patient. These 223 patients were randomly divided into three groups and treated accordingly:
the NFISC group had 90 cases treated by needle-free incision suture closure (Li Chen Co., Chengdu, China), the
BB group had 79 cases treated by the butterfly bandage
method, and the SS group had 54 cases treated by the
secondary suture method. The study protocol was approved by the ethics committee review board of Sichuan
University.
Methods
In the NFISC group (n = 90), patients who were diagnosed with surgical wound infection were treated by immediate removal of stitches and other foreign bodies, and
drainage of pus. Needle-free suture treatments were used
in these patients soon after the drainage decreased significantly and healthy granulation tissue appeared. At the
early stage of closure, this method imposed only a small
closure force so that the wound remained open; thus the
infected fluids drained freely, and dressing of the wound
could still be performed. At the later stage of closure, the
skin edges of both sides were gradually brought together
after much growth of healthy granulation tissue, resulting in complete wound closure (Figures 1 and 2). In the
butterfly bandage method group (n = 79) and traditional
secondary needle suture group (n = 54), infected wounds
were closed by the butterfly bandage or secondary suture
methods, respectively, when abnormal secretions disappeared and much healthy granulation tissue had grown
after regular change of wound dressings. Wound healing
time was calculated from the discovery of incision infection to the healing of the incision.
Statistical analysis
Data were analyzed using the SPSS v11.0 software package (SPSS, Chicago, IL, United States). Quantitative data
are expressed as mean and standard deviation. Statistical
comparisons between groups were performed using oneway analysis of variance. The least significant difference
test was performed to compare two groups. A P-value <
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Figure 1 Wound site before closure.
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Figure 3 Healing time in patients with incision infection. The wound healing time in the needle-free incision suture closure (NFISC) group was significantly shorter than that in the traditional butterfly bandage group (BB group)
and secondary suture group (SS group). Healing time in the butterfly bandage
group appeared to be slightly shorter than that in the secondary suture group,
but the difference was not statistically significant (P > 0.05). aP < 0.05 vs BB
group and SS group.

Figure 2 Closure of the infection wound using needle-free incision suture
closure.

0.05 was considered statistically significant.

RESULTS
All patients had a Class Ⅱ right upper quadrant incision
under the costal margin. Patients enrolled in this study
had no underlying diseases that influenced the healing of
the incision wound. Using analysis of variance no statistically significant differences were found at baseline (P >
0.05).
Wound healing time in the NFISC group was 24.2 ±
7.2 d; in the BB group, 33.3 ± 11.2 d; in the SS group,
36.2 ± 15.3 d. The latter included seven cases with failure
of wound closure in which the patient had to undergo
debridement, drainage dressing and re-suturing, which
took longer to heal. The wound healing time in the
NFISC group was significantly shorter than that in the
BB and SS groups (P < 0.05 for both) (Figure 3). Healing
time in the BB group appeared to be slightly shorter than
that in the SS group, but the difference was not statistically significant (P > 0.05) (Figure 3).

DISCUSSION
Incision infection, one of the most common complications of surgery, results in longer hospital stays, increased
medical expenses and many other problems for patients
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and caregivers. The incidence of wound infection directly
affects outcomes of surgical procedure, patient satisfaction and the reputation of medical institution[5,11,12].
Wound infection prevention and control have been officially included in hospital management programs and
have become an important criterion in evaluation of the
quality of medical care[9,10,13]. Research has shown that infection of the incision site is 50% attributable to patientrelated factors and 35% to staff-related factors. Risk
factors for postoperative wound infection include old
age, underlying diseases that influence the wound healing
process, other infections, long operative time, poor suturing techniques, blood clots, foreign bodies, faults in the
cutting edges and poor health status of patients[6]. Incision infection after abdominal surgery can be healed by
traditional techniques, but this often delays healing time,
requires a longer hospital stay, and leaves patients with
large scars after healing. The secondary suture technique
can significantly shorten the course of healing compared
with butterfly bandaging but still is not satisfactory because improper techniques and improper suture time
sometimes make it impossible to avoid reinfection, which
exacerbates the patient’s suffering and economic burden.
The treatment of incision infection depends completely on open drainage. In normal healing, healthy
granulation tissue grows slowly from the base of the
wound, gradually filling and connecting the wound gap;
however, if necrotic debris formed in the infected wound
is not drained quickly, it will interfere with the formation
of granulation tissue, interrupting new capillary network
formation. Accumulation of toxins and enzymes by pyogenic bacteria leads to wound tissue necrosis of collagen
fibers, collagen dissolution and increased tissue damage,
thereby delaying the wound closure time and leading to
the formation of thick scars.
In the past, incision infections were usually treated
by secondary suture or butterfly bandage techniques,
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both of which had many limitations. Secondary suturing
requires the patient to undergo local anesthesia prior to
closure and often results in post-procedure pain, delayed
healing, a coarser scar and sometimes a need to reopen
and drain the wound because of reinfection. The butterfly bandage technique imposes uneven force on the
wound edges and prevents direct observation of the
wound healing; other drawbacks include preventing the
drainage of infected fluids, secondary contamination by
the tape itself, high wound pressure affecting the growth
of granulation tissue, and inconvenience in wound cleaning and dressing. More importantly, when using butterfly
bandages, the incision wound tension cannot be adjusted
at different times. Thus the closure of the incision often
has to rely on granulation tissue, which results in formation of thick scars. These scars may affect various functions and range of motion especially when they occur
at joints or other parts. Thus, practical effects of these
traditional secondary closure techniques for the infected
incision wound are not wholly satisfactory.
Needle-free incision suture closure avoids the need to
puncture the skin. By avoiding introduction of a foreign
body, this source of a possible reaction is eliminated,
and incision inflammation and scarring are consequently
reduced[14]. Because the incision is open, necrotic material from the infected incision wound can be drained easily, thereby keeping the wound clean and promoting the
healthy growth of granulation tissue, which will have a
good effect on infected wound healing and patient satisfaction[15]. Moreover, needle-free incision suture closure
method allows us to adjust the suture tension over time
and gradually close the infected incision.
According to the results obtained from this study,
management of infected incision wound using needlefree incision suture method gradually closes the infection
wound and at the same time allows drainage and dressing
change, thus shortening the wound healing time. Our
preliminary clinical studies have shown that, compared
to conventional sewing (secondary suture technique or
butterfly bandage), the needle-free incision suture closure
method is indeed a preferred method of incision closure, on the basis of significantly reduced healing time.
Compared to conventional needle stitching or butterfly
bandage to deal with infected wounds, needle-free incision suture closure method imposes equal wound closure
force distribution, gradual reduction in the wound tension, and thereby can gradually close the incision with no
secondary contamination; most importantly, it is convenient to observe and change dressing during the gradual
closure of wound, and such advantages are not possessed
by traditional methods[16].
This preliminary study of the clinical efficacy of the
needle-free incision suture closure method is limited in
scope, presenting only one key measure of clinical efficacy. Prior to wide clinical use, this method requires further
study including other measures of efficacy and safety and
longer-term follow-up.
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Incision infection is one of the most common complications of surgery. In the
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Abstract
AIM: To evaluate the long-term results of conventional
chemoradiotherapy and laparoscopic mesorectal excision in rectal adenocarcinoma patients without adjuvant therapy.
METHODS: Patients with biopsy-proven adenocarcinoma of the rectum staged cT3-T4 by endoscopic ultrasound or magnetic resonance imaging received neoadjuvant continuous infusion of 5-fluorouracil for five
weeks and concomitant radiotherapy. Laparoscopic surgery was planned after 5-8 wk. Patients diagnosed with
ypT0N0 stage cancer were not treated with adjuvant
therapy according to the protocol. Patients with ypT12N0 or ypT3-4 or N+ were offered 5-fluorouracil-based
adjuvant treatment on an individual basis. An external
cohort was used as a reference for the findings.
RESULTS: One hundred and seventy six patients were
treated with induction chemoradiotherapy and 170
underwent total mesorectal excision. Cancer staging
of ypT0N0 was achieved in 26/170 (15.3%) patients.
After a median follow-up of 58.3 mo, patients with
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ypT0N0 had five-year disease-free and overall survival
rates of 96% (95%CI: 77-99) and 100%, respectively.
We provide evidence about the natural history of patients with localized rectal cancer achieving a complete
response after preoperative chemoradiation. The inherent good prognosis of these patients will have implications for clinical trial design and care of patients.
CONCLUSION: Withholding adjuvant chemotherapy
after complete response following standard neoadjuvant chemoradiotherapy and laparoscopic mesorectal
excision might be safe within an experienced multidisciplinary team.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Exercise; Follow-up; Gastrointestinal diseases; Irritable bowel syndrome; Physical activity
Core tip: This study shows that patients with localized
rectal cancer can achieve a complete response after
preoperative chemoradiation. The inherent good prognosis of these patients will have implications for clinical
trial design and care of patients. Withholding adjuvant
chemotherapy after complete response following standard neoadjuvant chemoradiotherapy and laparoscopic
mesorectal excision might be safe within an experienced multidisciplinary team.

resectable patients[7].
Although the strategy of presurgical CRT is well
established, the benefit of adjuvant therapy after neoadjuvant CRT and total mesorectal excision (TME) is not
supported by randomized clinical trials. Nevertheless, the
National Comprehensive Cancer Network guidelines recommended postoperative chemotherapy for all patients
undergoing preoperative CRT, regardless of surgical pathology results[8], and the European Society for Medical
Oncology has recommended a similar strategy for colon
cancer (high-risk stage Ⅱ and stage Ⅲ)[9]. Interestingly,
Bujko et al[10] questioned the value of adjuvant therapy,
specifically in the subset of patients that were in remission. Although patients with complete pathologic remission (no residual tumor and mesorectal lymph nodes are
negative for metastases) fare well in multiple series[11,12],
there is uncertainty as to whether this is due to the induction (CRT), the adjuvant or to both therapies.
The aim of this single-institution prospective study
was to evaluate DFS and OS when adjuvant chemotherapy was omitted in patients with complete pathologic remission after conventional CRT and laparoscopic TME
in a tertiary-care setting. An external cohort of patients
drawn from a randomized clinical trial[13] was used to
compare the findings.

MATERIALS AND METHODS
García-Albéniz X, Gallego R, Hofheinz RD, Fernández-Esparrach G, Ayuso-Colella JR, Bombí JA, Conill C, Cuatrecasas M,
Delgado S, Ginés A, Miquel R, Pagés M, Pineda E, Pereira V,
Sosa A, Reig O, Victoria I, Feliz L, María de Lacy A, Castells
A, Burkholder I, Hochhaus A, Maurel J. Adjuvant therapy sparing in rectal cancer achieving complete response after chemoradiation. World J Gastroenterol 2014; 20(42): 15820-15829
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i42/15820.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i42.15820

INTRODUCTION
Randomized clinical trials demonstrate that preoperative
chemoradiotherapy (CRT) and radiotherapy have better
local control, lower toxicity and higher compliance than
postoperative adjuvant CRT for all patients, including
those selected as high-risk[1,2]. Only one study has shown
an improvement in disease-free survival (DFS) with the
preoperative CRT strategy [3]. However, these results
should be interpreted with caution as the analysis was carried out in only 267 of the initially planned 900 patients.
In addition, presurgical CRT was better than presurgical
radiotherapy alone in terms of local recurrences in both
resectable[4-6] and non-resectable patients[7]. No benefit in
DFS or overall survival (OS) was seen when comparing
CRT with radiotherapy in resectable tumors. However,
a significant benefit was obtained in time-to-treatment
failure and cancer-specific survival, favoring CRT in non-
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Patients
From November 2000 to November 2008, all patients
with a biopsy-proven adenocarcinoma of the rectum
admitted to the Colorectal Cancer Unit at our hospital
were evaluated for inclusion in the prospective cohort.
Exclusion criteria for CRT treatment in the study were: (1)
early stage (cT1-2N0); (2) cT3Nx located above the line
crossing the promontorium and the acetabulum in a lateral projection of the barium enema; (3) elderly patients
with frailty criteria or over 85 years of age; (4) patients
unfit for CRT or with previous pelvic radiotherapy; (5)
patient refusal to participate; and (6) metastatic disease.
The study protocol was approved by the Ethics Committee of the Hospital Clínic of Barcelona, Spain.
Preoperative staging and treatment
Staging was performed in all cases by endoscopic ultrasound, abdominal spiral computed tomography, barium
enema, chest X-ray and, after February 2006, pelvic magnetic resonance imaging. Patients received neoadjuvant
chemotherapy comprised of a continuous infusion of 225
mg/m2 per day 5-fluorouracil for five weeks, with concurrent radiotherapy (45 Gy).
Surgical procedure and pathology evaluation
Surgery was performed by two surgeons (AML and SD
have both performed approximately 50 laparoscopic rectal surgeries yearly since 1997) and included abdominoperineal resection and low anterior resection by laparoscopy. All resections were performed according to TME
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principles 5-8 wk after completion of CRT.
Patients were considered as having achieved a “complete response” if there was no residual tumor and
mesorectal lymph nodes were negative for metastases
(ypT0N0). Hematoxylin and eosin stained specimens
were reviewed following standard protocols by three
examiners (JAB, MC, RM) blinded to patient outcome.
Patients with ypT1-2N0 stage cancer were considered
as having achieved an “intermediate response”. Patients
with ypT3-4 specimens or with the presence of pathologic lymph node involvement (ypN1) were considered to
be “poor responders”.
Postoperative strategy and follow-up
Patients with residual disease (intermediate and nonresponders) were offered adjuvant chemotherapy with
48 h continuous infusion of 5-fluorouracil (3 g/m2) with
folinic acid (200 mg/m2) every two weeks for six cycles.
Patients showing complete pathologic response were not
offered adjuvant chemotherapy after surgery (“wait and
see” approach).
Follow-ups consisted of visits to the surgery and/or
oncology outpatient clinics every three months during the
first two years, every six months for the following three
years, and yearly thereafter. General laboratory work-up
with carcinoembryonic antigen (CEA) levels was obtained
and physical examination was performed during all visits.
Abdominal and pelvic computed tomography scans were
scheduled every six months for two years and annually
after the second year of follow-up. Chest radiograph was
performed annually and colonoscopy was carried out every three years in all patients. When recurrence was suspected, histologic confirmation was attempted whenever
possible.
External reference
Given that the results of our single-institution non-randomized cohort may reflect a selection of patients rather than
the effect of a therapeutic approach, a second cohort of
patients following a similar treatment program was taken
from a randomized clinical trial (NCT01500993) as a reference to evaluate the results. The NCT01500993 study is
a non-inferiority clinical trial comparing capecitabine with
fluorouracil in chemoradiotherapy for locally advanced
rectal cancer [13]. From this trial, we selected patients
undergoing the same therapeutic strategy as the main
cohort: neoadjuvant chemoradiotherapy followed by surgery and adjuvant chemotherapy (both CRT and adjuvant
chemotherapy could be capecitabine- or fluorouracilbased), and for whom information was available regarding the degree of pathologic response achieved after
chemoradiotherapy. Details on dosing and schedules can
be found in the main publication[13]. With the exception
of two covariates (days in hospital and type of surgery in
terms of open vs laparoscopy), the same information was
available from this cohort.
Statistical analysis
Statistical analyses were performed using SAS V9.3 soft-
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ware (SAS Institute, Cary, NC, United States). Medians
were compared using a Wilcoxon score test and proportions were compared with a χ 2 test. Logistic regression was
used to evaluate presurgical determinants for achieving
a complete response. DFS was defined as the time from
diagnosis until local and/or distant recurrence or death
for any cause, whichever occurred first. OS was defined
as time from diagnosis to death from any cause. Administrative censoring was established on December 1, 2011.
Kaplan-Meier curves were used to plot survival and compute five-year DFS and OS. Cox proportional hazards regression with Efron method for ties was used to perform
the survival analysis. Multivariate analysis was built using
those variables with a P < 0.10 in the univariate analysis.
Radial margin involvement was excluded from the multivariate analysis given its collinearity with the exposure of
interest by definition. Continuous variables were entered
as such in the models. The proportional hazards assumption was verified by plotting the cumulative marginal residuals and assessing for significance.

RESULTS
Patient characteristics and response to CRT
From November 2000 to November 2008, 435 patients
were evaluated for inclusion. A total of 201 patients
underwent preoperative CRT. Reasons for exclusion are
shown in Figure 1. Twenty-five patients were included in
two clinical trials[14,15] and were not analyzed in the current cohort, and six patients did not have radical surgery
after CRT. Therefore, 170 patients constituted the basis
of this analysis. The median age of all patients was 67
years (range: 40-85 years) and 68% (116/170) were male
(Table 1). A fully laparoscopic approach was intended in
161 (95%) patients, of whom 17 were switched to open
surgery (17/161; 4%). A low-anterior resection was performed in 119 (70%) patients and abdominoperineal resection was performed in 35 (21%) patients. In the surgical specimens of 81 (48%) patients, 12 or more lymph
nodes could be identified. The overall median follow-up
was 58.3 mo (range: 3.8-129.8 mo). Radial margin assessment was carried out in 147 patients (89%). Patients
with ypT0N0 were considered by definition as R0 independently of radial margin assessment. R0 resection was
performed in 132/147 (90%) assessed patients. Complete pathologic response was obtained in 15% (26/170)
of patients, and an intermediate response was obtained
in 28% (47/170). A median number of 11 lymph nodes
were retrieved, and an absence of lymph node involvement (ypN0) was found in 130/170 specimens (76%).
Significant differences were found in the levels of
CEA at diagnosis among patients with different types
of responses (P < 0.05). There were also significant differences among patients with complete, intermediate
and poor responses in days spent in the hospital and involvement of the radial margin (negative by definition in
ypT0N0 patients; Ps < 0.05). Age-, sex-, presurgical staging- and presurgical hemoglobin-adjusted analyses identified CEA as the sole predictor of complete response
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Rectal cancer cohort (n = 435)

Metastatic disease at diagnosis
(n = 46)

Stage uT3 NX (n = 389)

Neoadjuvant CRT (n = 201)

Ineligible for neoadjuvant CRT (n = 188)
Stage uT1-2 N0 (n = 32)
Anterior resection for upper third location (n = 33)
Age > 85 or severe comorbidities (n = 33)
Previous pelvic RT for any reason (n = 5)
Patient decision (n = 2)
No apparent reason (n = 32)

Metastatic disease at
diagnosis (n = 176)

Within clinical trials (n = 25)

Not operated (n = 6)
Unresectable (n = 2)
Palliative surgery (n = 2)
TEM (n = 1)
Death (PD) (n = 1)

Surgery (n = 188)

Complete response (n = 26)

Intermediate response
(n = 47)

Poor response (n = 97)

No adjuvant CT (n = 26)

Adjuvant CT (n = 11)
No adjuvant CT (n = 36)

Adjuvant CT (n = 47)
No adjuvant CT (n = 50)

Figure 1 Patient flow chart of the main cohort. CRT: Chemoradiotherapy; CT: Chemotherapy; PE: Pulmonary embolism; RT: Radiotherapy; TEM: Transanal endoscopic microsurgery.

achievement (used as a continuous variable, OR = 0.82,
95%CI: 0.68-0.99, P = 0.0362).
DFS and OS
None of the complete-responder patients received adjuvant chemotherapy according to the study protocol,
though 11/47 (23%) patients with an intermediate response did. However, a significantly larger proportion
(47/97; 48%) of patients in the poor-responder group
received adjuvant chemotherapy (P < 0.001).
Recurrences were observed in 46/170 patients (27%).
In the group of poor-responders there were 42/97 (43%)
relapses (30 distant only, 9 local only, and 2 local and distant relapses). In the group of intermediate-responders,
there were two distant relapses and one local relapse (3/47;
6% relapse). One of 26 (4%) patients with a complete
response developed metastases and none presented lo-
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cal recurrence. The patient with complete response developed an isolated liver metastasis 15 mo after primary
resection, which was salvaged with a right hepatectomy.
Systemic recurrence occurred most frequently in the liver
(11%), followed by the lung (10%), peritoneum (4%) and
lymph nodes (3%). Figure 2 shows the cumulative hazards of local and distant relapse. Local relapses are seen
late in follow-up in both the intermediate- and poor-responder groups, which were significantly different among
groups (P = 0.0112). The cumulative hazard of distant
relapse rose steadily in the group of poor-responders
and stabilized after 43 mo of follow-up. Three distant relapses were seen in the group of intermediate-responders
in the first 25 mo of follow-up.
Four patients (4/73; 5%) from the complete- and
intermediate-responders groups died from causes not
related to rectal cancer, compared with eight (8/97; 8%)
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Table 1 Descriptive baseline statistics by type of response achieved
1

Variable
Age, yr
Female
CEA4
< 3.6 μg/L
3.6-20.9 μg/L
> 20.9 μg/L
Presurgical hemoglobin, g/dL
Clinical stage
cT2N0
cT2N1
cT3N0
cT3N1
cT4N0
cT4N1
Severe stenosis precluding staging
Distance from tumor to anal margin, cm
Previous abdominal surgery
Type of surgery
APR or miles intervention
Low-anterior resection
Other
Laparoscopic vs open surgery
Fully laparoscopic
Intraoperative conversion to open
Open from the beginning
Hospital stay, d
Number of lymph nodes resected
Patients with ≥ 12 lymph nodes resected
Involvement of radial margin
No
Yes
Not assessed

2

3

Complete

Intermediate

Poor

(n = 26)

(n = 47)

(n = 97)

65.5 (39.9-84.9)
11 (42)

65.7 (42.9-84.0)
14 (30)

65.5 (41.3-83.5)
29 (30)

26 (55)
20 (43)
0
14.0 (7.9-18.2)

47 (49)
41 (42)
9 (9)
13.4 (7.6-18.4)

0
0
11 (42)
14 (54)
1 (4)
0
0
7.0 (2.0-12.0)
14 (54)

25 (4)
3 (6)
21 (45)
14 (30)
0 (0)
0
7 (15)
5.0 (1.0-15.0)
16 (34)

0 (0)
3 (3)
38 (39)
38 (39)
2 (2)
3 (3)
13 (13)
8.0 (1.0-15.0)
39 (40)

4 (15)
21 (81)
1 (4)

8 (17)
33 (70)
6 (13)

23 (24)
65 (67)
9 (9)

25 (96)
1 (4)
0
5.0 (3.0-16.0)
11 (1-27)
12 (46)

42 (89)
4 (9)
1 (2)
6.5 (4-55)
10 (1-33)
20 (43)

77 (79)
12 (12)
8 (8)
7 (2-145)
12 (1-29)
49 (51)

26 (100)
0
0

44 (94)
0
3 (6)

62 (64)
15 (16)
20 (21)

21 (81)
5 (19)
0
13.1 (9.2-16.0)

P value
0.8407
0.4551
0.0122

0.0580
0.1325

0.0697
0.2546
0.5368

0.1748

0.0164
0.3768
0.6600
< 0.0001

Values are presented as n (%) or median (range), unless otherwise indicated. 1ypT0N0; 2ypT1-2N0; 3ypT3-4N1-2; 4This variable has one missing value; 5Although cT2N0 staging was considered an exclusion criterion, these tumors were located in the low rectum and we considered the risk of local relapse without neoadjuvant chemoradiotherapy too high. APR: Abdominoperineal resection; CEA: Carcinoembryonic antigen.

patients in the poor-responders group. At a median
follow-up of 58.3 mo, five-year DFS was 96 (95%CI:
89-100), 93 (95%CI: 86-100) and 54% (95%CI: 44-65) in
the complete, intermediate and poor response groups, respectively (P < 0.0001) (Figure 3A). Five-year OS was 100,
93 (95%CI: 86-100) and 67% (95%CI: 58-78) in the complete, intermediate and poor response groups, respectively
(P = 0.0002) (Figure 3B).
In the multivariate analysis, type of response was the
main predictive factor for DFS. Taking the poor responders as the reference category (since it is the most frequent
type of response), patients with complete response had
a HR for DFS of 0.07 (95%CI: 0.01-0.54) and patients
with an intermediate response had an HR of 0.16 (95%CI:
0.06-0.46). Baseline CEA level and days of admission
following surgery were also predictive for DFS (Table 2).
Patients with intermediate response also presented better OS in the multivariate analysis when compared with
patients with poor response, with an HR of 0.30 (95%CI:
0.11-0.78) (Table 3).
External reference cohort
One hundred and forty five patients were evaluated from

WJG|www.wjgnet.com

the NCT01500993 study. Seventy-three and 72 patients
were treated with fluorouracil- or capecitabine-based
regimes, respectively. There were no relevant differences
from the main cohort in terms of age, presurgical hemoglobin, CEA or clinical staging. The proportion of
patients achieving a complete response was lower in the
external reference cohort (10%), and the proportion of
patients with a poor response was slightly higher (62%).
A multivariate analysis of age, sex, CEA, clinical stage
and presurgical hemoglobin did not identify any of these
factors as predictors of response. Of note, in both cohorts, clinical stage was unrelated to the type of response
achieved (χ 2: P = 0.36 for the main cohort and P = 0.61
for the external reference cohort).
Three patients did not receive adjuvant chemotherapy,
one in the complete-responder group and two in the
poor-responder group. This is the principal difference
from the main cohort, where complete-responders were
not treated with adjuvant chemotherapy. Median follow
up was 43.7 mo (range: 0.5-63.7 mo). No patient with
complete or intermediate response suffered a local relapse during the study follow-up. Three-year local relapsefree survival was 90% (87% in the main cohort) (Figure
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Figure 2 Cumulative hazards estimates. A: Local relapse in the main cohort; B: Distant relapse in the main cohort; C: Local relapse in the external reference cohort
(note: complete- and intermediate-responders overlap); D: Distant relapse in the external reference cohort.

Table 2 Multivariate analysis of disease-free survival
Variable

Main cohort

Type of response after CRT
ypT0N0
ypT1-2N0
ypT3-4/N1-2
CEA
Pre-surgery clinical stage
T2-3N0
T4 and/or N1
Admission stay after surgery1, d

External reference cohort

HR (95%CI)

P value

HR (95%CI)

P value

0.07 (0.01-0.54)
0.16 (0.06-0.46)
Reference
1.02 (1.01-1.03)

0.0100
0.0007

0.51 (0.15-1.7)
0.41 (0.18-0.94)
Reference
1.02 (1.01-1.03)

0.2700
0.0360

0.0010

Reference
1.19 (0.82-1.73)
1.02 (1.01-1.02)

0.3500
0.0020

Reference
1.66 (0.85-3.26)

0.0072

0.1400

1

This variable was not available in the external reference cohort. CEA: Carcinoembryonic antigen; CRT: Chemoradiotherapy.

2). Rate of distant relapse was also different by type of
response achieved, with a three-year distant relapse-free
survival of 93%, 84% and 68% for complete-, intermedi-
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ate- and poor-responders, respectively (P = 0.0430). In
the main cohort these percentages are 97%, 96% and
67% (P < 0.0001).
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Figure 3 Kaplan-Meier estimates. A: Disease-free survival in the main cohort; B: Overall survival in the main cohort; C: Disease-free survival in the external reference cohort; D: Overall survival in the external reference cohort.

Table 3 Multivariate analysis of overall survival
Variable

Main cohort

Chemotherapy1
Type of response after CRT
ypT0N0
ypT1-2N0
ypT3-4/N1-2
CEA
Presurgical clinical stage
T2-3N0
T4 and/or N1

External reference cohort

HR (95%CI)

P value

1.09 (0.55-2.16)

0.810

NE
0.30 (0.11-0.78)
Reference
1.00 (0.97-1.03)

0.014

HR (95%CI)

P value

0.61 (0.19-2.02)
0.32 (0.13-0.83)
Reference

0.420
0.019

0.780
Reference
1.89 (0.95-3.76)

0.069

1

This factor was not evaluated in the external reference cohort because all patients were scheduled to receive chemotherapy. CEA: Carcinoembryonic antigen; CRT: Chemoradiotherapy; NE: Not estimable (no deaths).

The degrees of response to CRT and CEA level were
predictors of DFS (Table 2) and degrees of response to
CRT and presurgical clinical stage were predictors of OS

WJG|www.wjgnet.com

(Table 3). There were three deaths in the group of complete-responders in the external reference cohort. One
patient died due to distant spread of the disease, another
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due to myocardial infarction without evidence of relapse,
and the third death was due to septic shock following
elective surgery of the primary tumor. Three-year OS
was 86%, 90% and 75% in the complete-, intermediateand poor-responders, respectively (P = 0.0370) (Figure
3). The magnitude of the prediction of OS by degree
of response was similar to the main cohort (HR = 0.32,
95%CI: 0.13-0.83, for intermediate- vs poor-responders)
(Table 3). The magnitude of the prediction of DFS by
degree of response, although statistically significant, was
lower (Table 3). Both DFS and OS were worse by type
of response achieved in the external reference cohort
compared with the main cohort (Figure 3).

DISCUSSION
This is the largest prospective rectal cancer cohort used
to date to evaluate the withholding of adjuvant therapy
for complete pathologic responders after standard CRT
and laparoscopic resection. Our long-term oncologic results are comparable with those obtained in our external
reference cohort and with previous studies[16-18].
We provide evidence that patients achieving ypT0N0
fare extremely well, despite adjuvant treatment not being
administered. Complete-responders in the main cohort
presented even better DFS and OS than those ypT0N0
patients in the external reference cohort, where adjuvant
chemotherapy was recommended. Important baseline
prognostic factors (i.e., age, clinical stage, CEA, hemoglobin) did not differ between both cohorts. The main
cohort represents an unselected population, whereas the
external reference cohort was taken from a clinical trial,
which tends to include fitter patients.
The most widely used and reproducible system for
evaluating CRT efficacy is down-staging. Although different down-staging classifications have being proposed[18-20],
the most commonly used method separates ypT0-2N0
and ypT3-4 or N+. As most patients treated with preoperative CRT are staged by endoscopic ultrasound or magnetic resonance imaging as cT3, and T3 (involvement of
mesorectum) is optimally defined with both techniques[21],
it seems reasonable to use this down-staging classification. Another advantage is that this method is widely
reproducible among pathologists and includes pathologic
nodal information. Several studies have confirmed the
prognostic value of this specific down-staging[16,20,22,23].
We observed differences in DFS and OS in the main and
external reference cohorts. The degree of pathologic response was more discriminative in the main cohort, and
prognosis was better in each strata. This could be due
to random variability or to better pathologic assessment
in the main cohort. Better classification of the patients
would encompass a stage migration and improvement of
the prognosis in every stratum. Other reasons for differences in the percentage of complete pathologic responses
is that time from termination of CRT and surgery in the
external reference cohort was usually four weeks, whereas
in the main cohort it was five to eight weeks.
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Although methodologically complex, oncologists should
pursue the identification of dynamic strategies of treatment for rectal cancer where initial response to CRT
could guide subsequent adjuvant therapies and surveillance policies. This can be achieved either by highquality observational data and proper analytic methods[24]
or with randomized clinical trials. Clinical trials studying
adjuvant chemotherapy should consider that pathologic
down-staging after neoadjuvant CRT separates patients
with different prognoses and endorses proper stratification (e.g., ypT1-2N0 vs ypT3-4 or N+). The timing and
magnitude of risk of local and distant recurrence shown
here may also help to guide postsurgical surveillance
strategies in these patients. Our results suggest that local
relapse surveillance can be more flexible in patients with
good response since the risk is very low.
Adjuvant chemotherapy following neoadjuvant CRT
has not been proven beneficial in randomized clinical trials[4,25], though an unplanned sub-analysis of a European
Organization for Research and Treatment of Cancer
Radiation Oncology Group trial suggested a benefit in
ypT0-2 patients[26]. An important limitation of this study
is that only a subset (78%) of the originally randomized
patients was included, which introduces the risk of a selection bias[27] not solved by the original randomization,
turning the study into an observational one and thus subject to bias due to unmeasured confounders. Only one
prospective clinical trial (SCRIPT) is currently evaluating
the value of adjuvant therapy with a control arm without
therapy. The other trial (CHRONICLE) was closed before schedule due to low accrual.
Although we suggest that patients with ypT0N0
should not be treated with adjuvant chemotherapy, this
statement should be taken with caution for two reasons.
First, the results are based on a single third-level oncologic institution, where expert radiologists, surgeons,
gastroenterologists and oncologists coordinate to provide
state-of-the art oncologic care and surveillance to patients, and these results may lack the external validation
required for extrapolation to other institutions. Second,
our study has a limited number of patients. However,
our study has a long follow-up, is the first to evaluate the
natural history of patients after CRT without adjuvant
therapy, and included all patients with > cT3, mid and
low rectal tumors younger than 85 years, reflecting a
non-selected population of patients.
In conclusion, we have shown that the natural behavior of ypT0N0 patients is optimal when treated in a tertiary care center and that adjuvant chemotherapy could
be of low therapeutic value. Our results suggest that
withholding adjuvant chemotherapy from those patients
achieving ypT0N0 after standard neoadjuvant CRT and
TME, if treated by an experienced multidisciplinary
team, might be a reasonable option.
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Laparoscopic resection: minimally invasive surgery using small incision in the
abdomen. Total mesorectal excision: excision of the fat and fascia surrounding
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Abstract
AIM: To determine celiac disease (CD) prevalence and
associated manifestations or risk factors in healthy
adult Emiratis.
METHODS: It is a cross-sectional prospective study,
recruiting 1197 (573 women and 624 men) healthy
Emiratis between September 2007 and April 2008
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among those who went to Al Ain Hospital to undertake the prenuptial examination. Test for anti-tissue
transglutaminase (tTG) IgA antibodies was used for CD
diagnosis. Subjects with positive results in the anti tTG
antibodies assay were also tested for anti-endomysial
(EMA) IgA antibodies. A structured interview was used
to collect basic demographic and clinical recall data
including: information on name, contact address, age,
gender, education status, previous diagnosis of CD,
st
diagnosis of CD in 1 degree relatives and history of
“chronic diarrhea, anemia, headache, hepatitis, diabetes, tumor, and thyroid disorder”.
RESULTS: Fourteen blood samples (1.17%; 14/1197)
were seropositive for CD. The latent CD seropositive patients were 13 women and 1 man and therefore the seroprevalence of CD was 1:86 (14/1197) for adult Emiratis: 1:44 (13/573) for women and 1:624 for men. Binary
logistic regression revealed that history of chronic anemia (crude OR = 7.09; 95%CI: 2.32-21.61; P = 0.003)
and being a woman (OR = 14.46; 95%CI: 1.89-110.91;
P = 0.001) were associated with CD seropositivity.
Whereas, the thyroid disorder showed a positive association with CD seropositivity that approach statistical significance (OR = 11.30; 95%CI: 1.32-96.95; P =
0.09) and therefore was included in the multiple logistic
regression analysis, which showed that CD seropositivity
is independently associated only with history of chronic
anemia (OR = 4.58; 95%CI: 1.45-14.48; P = 0.01) and
being a woman person (OR = 10.47; 95%CI: 1.33-82.14;
P = 0.026).
CONCLUSION: Compared to men the CD seroprevalence among women was remarkably higher. The CD
association with women and chronic anemia is of importance from a public health perspective.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Celiac disease (CD) prevalence is unknown in
United Arab Emirates. Screening for CD among adult
Emiratis was done by using anti TtG antibodies and
anti-endomysial antibodies (EMA) confirmed those
positive. A structured interview was used to collect
demographic data and clinical history. Eleven hundred
ninety seven subjects were included in the study;
the seroprevalence was 1:86 for all adults; 1:44 for
women; 1:624 for men. Chronic anemia and being a
woman independently associated significantly with CD
seropositivity. To our knowledge, this is the first study
on CD prevalence among Emiratis; reporting the highest gender difference in CD seroprevalence worldwide.
Abu-Zeid YA, Jasem WS, Lebwohl B, Green PH, ElGhazali G.
Seroprevalence of celiac disease among United Arab Emirates
healthy adult nationals: A gender disparity. World J Gastroenterol
2014; 20(42): 15830-15836 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i42/15830.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i42.15830

INTRODUCTION
Celiac disease (CD) is a chronic inflammatory condition
in the small intestine, as a response to eating gluten in
genetically susceptible individuals. Many symptoms are
associated with CD including chronic diarrhea, anemia,
and iron/vitamins deficiencies; but what is called as
silent or latent CD is also common. Therefore, CD is
considered as one of the less diagnosed diseases and affected persons are mostly unaware of having the disease.
Moreover, diagnosis of CD often is required for extraintestinal manifestations, including psychiatric[1], skin[2],
and autoimmune diseases[3]. Those who remain undiagnosed are at risk of many long-term complications
including but not limited to infertility, osteoporosis, and
lymphoma. The basis of treatment of CD is abiding to
a diet free of gluten[4]. Therefore, timely diagnosis is essential not just to enable proper treatment of symptoms
but also to avoid possible complications[5].
The early epidemiological studies of CD in Europe
were based on clinical presentation followed by intestinal biopsies led to undervaluing the prevalence of the
disease. Development of highly sensitive and specific
serological tests on which subsequent epidemiological
studies were based upon, resulted in reporting higher
CD prevalence and revealing many clinical features of
the disease[6]. Although intestinal biopsy is considered as
the gold standard in diagnosis, serological tests are needed to screen for people who need the biopsy. Serology is
also useful in distinguishing between the disease and the
other causes of intestinal villi atrophy. The recommended test for CD screening is anti-tissue transglutaminase
(tTG) antibodies. The test detects both IgA and IgG
antibodies. The sensitivity of anti tTG antibodies test is
more than 90% but the specificity is less compared with
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anti-endomysial antibody (EMA) test[7]. The tTG test is
based on ELISA which is from a cost and time perspective superior to EMA test[8].
CD affects all ages and races worldwide and its
prevalence varies from 0.5%-3%. Initially the disease was
thought to be largely confined to northern Europe and
Australasia and not common in North America and the
Middle East, but CD is now known to be prevalent in all
those regions[9]. The published prevalence for CD varies
between 1:150-1:300 in UK and 1:80-1:122 in Ireland[4],
while it was 1:200 among Italian school children which
is much more than earlier prevalence based on clinical
findings[10]. Hotmeier and Caspary reported that; for
each diagnosed CD patient there are approximately 7-10
undiagnosed patients[11]. The above-mentioned findings
suggested an analogy to what is called CD iceberg. A
study reported a prevalence of 1:96 in north India and
the study concluded that CD is more common than expected[12], while the prevalence was 1:50 in Shiraz, Iran[13].
There are few reports from the Middle East and the
Gulf on the prevalence of CD, and to our knowledge no
study exists on the prevalence of CD in UAE nationals.
Therefore, this study aims at estimating the prevalence
of CD among healthy adult Emiratis.

MATERIALS AND METHODS
Study design
This study was a prospective cross sectional concerning
CD prevalence in Al Ain city among adult Emiratis who
were undergoing the tests of prenuptial examination.
Sample size calculation was based on an estimated CD
prevalence of 1%, and a lower 95% confidence limit of
0.58%. The estimated minimum number of subjects to
be included was 1150; and was adjusted to around 1200
to include about 4% more than the required number.
Study area
Al Ain is the second largest city in the Emirate of Abu
Dhabi, it is located inland on the country’s eastern border with Oman about 165 km from Abu Dhabi and
about 140 km from Dubai. The area of this city covers
over 1.17 million hectares mostly of sand dunes, the
temperature during the year ranges between 10 ℃ up
to 48 ℃. Al Ain city is the country hub for learning,
harboring the UAE University and is famous as a tourist
destination. The city is divided into 35 districts with a
total population of 0.63 million, 30.8% of whom were
Emiratis (estimation of mid 2012).
Al Ain Hospital is one of two major governmental
hospitals in Al Ain city and at the time of sampling, it
was the only place in the city performing the prenuptial
examination tests for UAE nationals.
Study population and blood sampling
The study population is Emiratis who visited Al Ain
Hospital for the prenuptial examination between September 2007 and April 2008. The inclusion criteria were:
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being an adult (16 years of age or more), not previously
diagnosed as a CD patient and willing to participate in
the study. The exclusion criteria were: Emiratis less than
16 years of age, Emiratis who were diagnosed as having CD, Emiratis with serological equivocal results for
CD diagnosis and all non-Emiratis. Blood sampling was
carried out at Al Ain Hospital; 5 mL was obtained from
each subject. Sera were separated on the same day and
stored at -80 ℃. Sera were tested for anti-tissue transglutaminase (tTG) IgA antibodies, total IgA measurement
was carried out for sera which were negative in tTG IgA.
Seropositive sera in anti tTG IgA antibodies were tested
for anti EMA IgA antibodies and the following criteria
were used to define a serum as CD positive: positive in
both anti tTG IgA and anti EMA IgA antibody tests;
or in sera with total IgA deficiency, positive in both anti
tTG IgG and anti EMA IgG antibodies. The criteria for
a serum sample to be designated as CD seronegative
were if sufficient in total IgA to be negative in anti tTG
IgA, or if deficient in total IgA to be negative in anti
tTG IgG.
Demographic and clinical recall data
For each subject a structured interview was done and
included information on name, contact address, age,
gender, education status, knowledge about CD, if he/she
was previously diagnosed as CD patient, diagnosis of
CD in 1st degree relatives, history of: chronic diarrhea,
anemia, headache, diabetes, tumor, hepatitis and thyroid
disorder.
Anti tTG IgA antibodies
Anti tTG IgA antibodies were measured using an ELISA
method based on human recombinant transglutaminase
(IBL International, Hamburg, Germany). The test was
carried out according to the manufacturer instruction.
Interpreting the results for tTG IgA qualitatively was
based on OD cutoff ratio values as described in the
footnote of Table 1.
Total human serum IgA
Quantitative determination of human IgA in serum was
carried out using an ELISA method. The test was carried out according to the manufacturer recommendation
(XEMA, Medica Co., Moscow, Russia). Sera with IgA
level < 0.05 g/L are considered IgA deficient.
Anti-endomysial IgA antibody
The test is based on indirect immunofluorescence assay
for semi-quantitative assessment of endomysial antibodies. The test was carried out according to the manufacturer instruction (Immco diagnostics, New York, United
States).
Ethical aspects
Al Ain Medical District Human Research Ethics Committee approved the ethical application in July 2007.
Upon fully explaining the objectives and the expected
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benefits from participating in the study, each subject included in the study gave his/her consent for the blood
sample and to provide the required information for the
structured interview.
Statistical analysis
Data analysis was carried out on personal computer using
SPSS (version 15, SPSS Inc., Chicago, IL, United States).
The difference in age between “men and women” and
between “diabetics and non-diabetics” was assessed by
the student’s t-test. The linear by linear (for ordinal variables), the Pearson χ 2 test and the Fisher exact test were
used to compare dichotomous nominal variables between
women and men. Binary and multiple logistic regressions were used to analyze the association between the
variables obtained from the structured interview with CD
serology.

RESULTS
Study population attributes
Fourteen hundred and thirty persons were requested to
participate in the study and 1211 (84.7%) approved. Fourteen were excluded due to grossly hemolyzed samples (11)
or equivocal CD serology (3). Therefore, 1197 Emiratis
(573 women and 624 men) were included in the study.
The age range was 16-70 years with a mean ± SD of
24.87 ± 6.35. The mean age for men 26.36 ± 7.413 was
higher (P < 0.001) compared to women 23.247 ± 4.427.
The distribution according to age of the study population into 6 groups (16-20, 21-25, 26-30, 31-35, 36-40 and
> 40 years of age) and according to gender, showed that
most men and women (87.4%) were between 16 and 30
years and there were more men in all the age groups except in the age group 16-20 years (data not shown).
Serological data
All sera tested for total IgA antibodies were IgA sufficient (data not shown). Fourteen blood samples (1.17%;
14/1197) were seropositive for anti tTG IgA and anti
EMA IgA and fulfilled the CD seropositive definition
and therefore their donors were considered serologically
as CD patients (Table 1). The 14 seropositive patients
were 13 women and 1 man and therefore the seroprevalence of CD was 1:86 (14/1197) for adult Emiratis: 1:44
(13/573) for women and 1: 624 for men.
Association of variables with CD serology
In order to test for any association between variables
obtained through the structured interview and CD serology, results of binary logistic regression analyses are presented in Table 2. The History of chronic anemia (OR =
7.09, 95%CI: 2.32-21.61, P = 0.003) and being a woman
(OR = 14.46; 95%CI: 1.89-110.91, P < 0.001) were associated with CD seropositivity. Whereas, the thyroid
disorder showed a positive association with CD serology that approach statistical significance (OR = 11.30;
95%CI: 1.32-96.95, P = 0.09) and therefore was included
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Table 1 Demographic, serology and clinical history data in
adult Emiratis diagnosed serologically with celiac disease
Subject
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Gender

Age

M
F
F
F
F
F
F
F
F
F
F
F
F
F

24
28
22
24
23
20
20
22
25
18
24
27
24
22

1

tTG IgA
7.6
1.27
2.42
3.6
8.25
3.15
6.6
4.87
9.1
9.89
9.13
7.6
4.25
6.78

EMA IgA

Clinical history

+++
+
+++
++
+++
++
+++
+++
+++
+
+++
+
+++
++

a
t
n
n
a
n
n
a
n
a
n
n
n
a

1

Using qualitative evaluation ratio for tissue transglutaminase (tTG) IgA
the cutoff for the positive > 1.2, equivocal 0.85-1.2, and negative subjects <
0.85. a: Anemia; t: Thyroid disorder; n: No complain; M: Male; F: Female;
EMA: Anti-endomysial antibodies.

in the multiple logistic regression analysis. Using multiple logistic regressions (for the statistically significant
variables in binary logistic regression in addition to the
variable thyroid disorder) revealed that only history of
chronic anemia and being a woman were independently
associated with CD serology (Table 2). Five out of the
14 CD patients reported a history of chronic anemia
and one patient reported a thyroid disorder. None of the
remaining eight CD patients complained from diarrhea
or any symptoms or signs of any disease (Table 1).
CD serology and structural interview variables in men
and women
The distribution of gender in relation to CD serology
and the structural interview data was analyzed. Most
of the CD seropositive were women (P = 0.0006) and
most of the anemic persons were women (P < 0.001),
whereas, most of the diabetics were men (P < 0.005).
The difference in diabetes between the two sexes is most
likely due to age. Diabetics (mostly men) had significantly higher (P < 0.001) age (35.76 ± 12.454) than nondiabetics (24.67 ± 6.028). No other significant difference
in the studied variables was found between the two sexes
(Table 3).

DISCUSSION
The epidemiological pattern of CD in the world has
changed due to many factors e.g., more awareness to the
wide variation in the clinical presentations of CD and
discovering new serological tests which are simpler, inexpensive and led to increase in the power of detection
and hence increase in the reported prevalence of CD[6].
The new serological tests have helped in diagnosis of CD
and reporting a higher disease prevalence (1:133) in some
countries[14]. However, the actual prevalence of CD is still
not clear in spite of these efforts to detect the disease.
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In the Middle East, there are few studies on the
prevalence of CD in the general population, most of the
studies focus on populations at risk, such as those having autoimmune disease e.g., diabetes mellitus type Ⅰ and
autoimmune thyroiditis[15]. Generally CD prevalence is
undervalued and its clinical features have not been fully
determined due to small sample size, selection bias,
limited knowledge about CD and insufficient research
funds [6,16]. In Libya, as an example of a Middle East
country, CD prevalence among school students was (1:41)
much higher than those reported in Europe or North
America [17]. In Saudi Arabia, CD prevalence among
healthy adolescents was (1:45) for both sexes; (1:33) for
females and (1:68) for males. The investigators concluded that the CD prevalence in their study may be among
the highest worldwide[18].
To our knowledge, this is the first study on CD prevalence in UAE. This study is prospective cross-sectional
concerning CD prevalence among adult UAE nationals
who were in the course of undertaking the prenuptial
examination. The prenuptial tests include screening for
HIV, hepatitis B, syphilis and anemia. The only targeted
population was men and women who were apparently
healthy at time of recruitment. Choosing this population
is satisfactory because the aim of the study is to detect
silent/latent CD in healthy adult UAE nationals. Furthermore, from a logistic point of view, those Emiratis were
in the process of giving blood for the prenuptial tests,
therefore, there was no need for much effort to persuade
them to participate in the study. Moreover, the choice of
the study population may be reason for the nearly equal
gender ratio in this study. The slight men majority in our
study can be explained in part that women refused more
to participate in the study compared to men; also, some
men came alone because their intention was to marry
foreigners and the prenuptial tests for foreigners is not
carried at the test center at Al Ain Hospital.
In this study, the overall prevalence of CD is 1:86
among UAE nationals of Al Ain city is higher than the
CD prevalence in the general population of Western
Europe; in Denmark (1:330), Finland (1:130), Germany
(1:500), Italy (1:184) and Netherland (1:198)[8]. The CD
high prevalence among healthy adult Emiratis emphasize
the CD iceberg terminology (that refers to many undiagnosed CD patients in the general population).
Chronic anemia is a major manifestation of CD; it
was shown to be associated with seropositivity for CD.
Five seropositive subjects have a history of chronic anemia. Several studies reported anemia as the most common sign of CD among adults. In a study of 200 CD
patients, 5% of them were anemic due to nutritional deficiency[19]. Thus, it is suggested that all patients who have
anemia or iron deficiency should be examined for CD.
Iron deficiency usually affects 2%-5% of adolescents,
adult girls and women[20]. Most of the anemic subjects in
this study were women, which is in agreement with the
fact that anemia is more common in women compared
with men.
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Table 2 Distribution and association of variables according to celiac disease serology in Emiratis distribution n (%)
Variable
CD in family
Anemia
Headache
Diarrhea
Diabetes
Tumor
Thyroid disorder
Hepatitis
Sex

No3
Yes
No3
Yes
No3
Yes
No3
Yes
No3
Yes
No3
Yes
No3
Yes
No3
Yes
Man3
Woman

CD-ve

CD+ve

1181 (99.8)
2 (0.2)
1097 (92.7)
86 (7.3)
1171 (99.0)
12 (1.0)
1178 (99.6)
5 (0.4)
1162 (98.2)
21 (1.7)
1182 (99.9)
1 (0.1)
1175 (99.3)
8 (0.7)
1172 (99.1)
11 (0.9)
623 (52.7)
560 (47.3)

14 (100)
0 (0.0)
9 (64.3)
5 (35.7)
14 (100)
0 (0.0)
14 (100)
0 (0.0)
14 (100)
0 (0.0)
14 (100)
0 (0.0)
13 (92.9)
1 (7.1)
14 (100)
0 (0.0)
1 (7.1)
13 (92.9)

1

OR (95%CI)
[P value]

0.998 (0.99-1.00)
[0.828]
7.09 (2.32-21.61)
[0.003]
0.997 (0.99-1.00)
[0.594]
0.99 (0.98-1.00)
[0.731]
0.996 (0.99-1.00)
[0.480]
0.98 (0.97-0.99)
[0.878]
11.30 (1.32-96.95)
[0.09]
0.998 (0.99-1.00)
[0.610]
14.46 (1.89-110.91)
[0.001]

2

OR (95%CI)
[P value]
-

4.58 (1.45-14.48)
[0.01]
10.47 (1.33-82.14)
[0.026]

1

Crude odd ratio; 2Adjusted odd ratio; 3Reference group. CD: Celiac disease.

Table 3 Distribution of celiac disease serology and structural interview data in adult Emiratis men and women distribution n (%)
Parameter
CD Serology
CD in family
Anemia
Headache
Diarrhea
Diabetes
Tumor
Thyroid disorder
Hepatitis

-ve
+ve
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

Frequency

Men

Women

1183 (98.8)
14 (1.2)
1195 (99.8)
2 (0.2)
1106 (92.4)
91 (7.6)
1185 (99.0)
12 (1.0)
1192 (99.6)
5 (4.4)
1176 (98.2)
21 (1.8)
1196 (99.9)
1 (0.1)
1188 (99.2)
9 (0.8)
1186 (99.1)
11 (0.9)

623 (99.8)
1 (0.2)
624 (100)
0 (0.0)
601 (96.3)
23 (3.7)
618 (99.0)
6 (1.0)
621 (99.5)
3 (0.5)
606 (97.1)
18 (2.9)
623 (99.8)
1 (0.2)
622 (99.7)
2 (0.3)
617 (98.9)
7 (1.1)

560 (97.7)
13 (2.3)
571 (99.7)
2 (0.3)
505 (88.1)
68 (11.9)
567 (99.0)
6 (1.0)
571 (99.7)
2 (0.3)
570 (99.5)
3 (0.5)
573 (100)
0 (0.0)
566 (98.8)
7 (1.2)
569 (99.3)
4 (0.7)

P value
0.00061
0.2291
< 0.0012
1.0002
1.01
< 0.0052
1.01
0.0961
0.6422

1

Fisher's Exact Test; 2χ 2 with continuity correction. CD: Celiac disease.

The women-to-men ratio of those who are seropositive for CD in this study (13:1) is much higher than
that reported in Finland (11:21)[21], Sweden (7:3)[22], and
Argentina (2:1)[23] but comparable to the ratio reported
from eastern Switzerland (10:1)[24]. In this study, the seroprevalence of CD in Emirati women was considerably
higher compared with men; this dichotomy in genderrelated CD prevalence was more remarkable compared
to studies from other countries. Most of our subjects
(87.4%) were in the young age category (16-30) which
agrees with the conclusion of Dixit and coworkers[25]
that “gender disparity was most marked in young adults
between the ages 18 and 29 years of whom only 18% of
the patients diagnosed with CD were males”. There are
unknown factors that contribute to the high prevalence
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of latent CD among women; two obvious factors are
the amount of gluten consumption and the extent of
intestinal damage[26]. There is no study comparing the
consumption of wheat in women and men in UAE and
this study didn’t include this variable in the structured interview. There are indications that autoimmune diseases
have common genetic risk factors and many of these
are gender-predisposed[27]. Possibly women are genetically more susceptible to environmental exposure factors that affect the immunological processes leading to
CD. Smoking may be protective against CD and in UAE
men constitute the bulk of smokers[28,29], also some endoscopy-confirmed CD patients who were smokers had
negative CD serology[30]. Therefore, smoking may partly
explain why in this study the prevalence of celiac disease
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in men was much lower compared with women. In support of this interpretation a retrospective study, from
Sheikh Khalifa Medical City, Abu Dhabi, UAE, reported
that only 48% of CD children patients were females[31].
Therefore, on the assumption that those children were
nonsmokers at the time of study, it is imperative to interpret the difference in CD prevalence between women
and men in this study on epigenetic or environmental
factors e.g., smoking rather than on inherent genetic susceptibility between the genders. On the other hand, the
gender discrepancy may be related to the failure of the
serological test to detect the disease in young men due
to hormonal or environmental factors. Therefore, one
may suggest that for young men with clinical symptoms
suggestive of the disease, endoscopy and biopsy should
be the basis for diagnosis with less emphasis on the serological tests.
There are some limitations in this study; most of the
study population were at the age range of 16-30 years;
therefore, compared to the general population older age
groups were less represented. The diagnosis relied only
on highly specific serological tests but was not proved
by biopsy. There was no information on the diet of the
sampled population, but it is well known that due to the
modern lifestyle, the consumption of fast food (wheatbased diets) among Emiratis has increased considerably
during the last decades[32]. Finally, the study includes only
the major risk factors for CD and does not include factors that may be protective against CD such as smoking.
In conclusion, as anemia is a major manifestation rather than a risk factor of CD, gender is the most important
risk factor associated with CD seropositivity in this study,
with much higher prevalence in women (1:44) compared
with men (1:624). These findings are of importance from
a public health perspective and should be conveyed to the
health authority for raising the awareness of the disease
among health workers and the general population. Health
workers should know that there are many undiagnosed
CD women patients among UAE nationals. Therefore,
they should refer any patient with vague symptoms, complications or signs suggestive of CD to the healthcare
specialists for further examination. Among the measures
to diagnose latent/silent or unrecognized CD in the general population is the screening of all women who suffer
from chronic anemia.

Background

Celiac disease (CD) can be easily mistaken for many other diseases due to its
vast clinical symptoms and presentations. CD is a chronic inflammatory condition in the small intestine, in response to eating gluten in genetically susceptible
individuals. It is a lifelong disease and the only treatment up-to-date is the
complete abiding to a gluten-free diet. The highest prevalence of the disease
worldwide has been reported in the Middle East. The aim of this study is to determine CD prevalence and associated manifestations or risk factors in healthy
adult Emiratis.

Research frontiers

The lack of information on the prevalence of the disease from many countries is
hindering the effort to draw a worldwide prevalence map of the disease. There
is no previous report on the prevalence of CD in the United Arab Emirates.

Innovations and breakthroughs

The authors have reported for the first time the prevalence of CD among Emiratis. Furthermore, from public health perspective our findings of the highest
worldwide gender disparity in the CD prevalence has great impact, the prevalence in women was 1:44 compared with 1:624 in men. The study points to the
importance of considering CD as an etiological agent particularly in Emiratis
women who suffer from chronic anemia.

Applications

The results suggest that CD is common among young Emiratis women in Al
Ain; therefore, further studies on CD in UAE are warranted to determine the
actual CD prevalence in UAE.

Peer review

CD prevalence is unknown in UAE and Screening for CD is very important. This
is the first study on CD prevalence among Emiratis and it reports the highest
gender difference in CD seroprevalence worldwide.
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in the intervention group (6.5% vs 28.4%), and the
duration of AAD in days was significantly shorter (1.7
± 1.1 vs 3.1 ± 2.1). Higher age and creatinine and
lower albumin were identified as risk factors for AAD.
Ampicillin was the antibiotic with the highest rate of
AAD (50%) and with the greatest AAD reduction in the
probiotic group (4.2%, relative risk reduction 92%). The
economic analysis showed a cost advantage of nearly
60000 €/year in a department of this size. The second
study confirmed the preventive effect of the drink with
Lactobacillus casei DN114001; however, there were no
advantages found for the other tested probiotic drink
containing Lactobacillus casei Shirota.
CONCLUSION: In contrast to a drink containing Lactobacillus casei Shirota, a commercially available probiotic
drink containing Lactobacillus casei DN 114001 costefficiently reduces the prevalence of AAD during antibiotic
treatment.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To investigate the effect of Lactobacillus-containing commercially available probiotic formulations in
Germany during antibiotic treatment with an analysis of
cost-efficiency.
METHODS: In an observational study, we analyzed
the frequency of bowel movements from 258 patients
with infections in a primary care hospital in western
Germany; 107 of the patients were offered a probiotic
drink containing at least 10 billion cultures of Lactobacillus casei DN 114001 b.i.d. The economic analysis
was based on the costs of patient isolation vs preventive intake of probiotics. In a second pilot study, two
commercially available probiotic drinks with different
Lactobacillus casei strains were directly compared in 60
patients in a randomized controlled fashion.
RESULTS: In the first study, the incidence of antibioticassociated diarrhea (AAD) was significantly reduced
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Core tip: The presented study used a large primary hospital cohort to test the effect of a commercially available
probiotic drink in the prevention of antibiotic-associated
diarrhea (AAD) in a decision-based manner. This is the
first manufacturer-independent study showing a clear
advantage of a probiotic drink containing Lactobacillus
casei DN 114001 in AAD prevention. The study additionally contains a calculation of cost-effectiveness and
identifies risk factors for AAD. In a second small pilot
study, we compared for the first time two commercially
available drinks in a head-to-head analysis.
Dietrich CG, Kottmann T, Alavi M. Commercially available
probiotic drinks containing Lactobacillus casei DN-114001 re-
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20(42): 15837-15844 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i42/15837.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i42.15837

INTRODUCTION
Antibiotic-associated diarrhea (AAD) is a common
problem in the treatment of infectious diseases. During
treatment with antibiotic drugs, 5%-49% of patients,
depending on the type of the antibiotic used, suffer
from diarrhea[1,2]; typically, a pathogenic bacterium is not
identified in the diarrhea. In approximately 10%-25% of
cases, AAD is caused by Clostridium difficile (C. difficile), and
the incidence of this bacterium is rising[3]. The presence
of diarrhea requires the isolation of the patient until C.
difficile-associated diarrhea (CDAD) has been ruled out by
stool cultures. In primary hospitals without their own microbiology departments, this diagnostic procedure could
take two or three days. During this period, the isolation
of the patient leads to a lack of availability of the adjacent beds for other patients and to higher costs of patient care through the necessity of wearing coats, masks,
caps and gloves to avoid transferring bacteria to other
patients. These additional costs and the discomfort for
patients, relatives and staff members could be avoided by
a more rapid diagnostic procedure and by the prevention
of AAD and CDAD[4]. Data from surveys and our own
observations suggest that isolated patients are visited less
frequently and consequently are treated worse than nonisolated patients[5-7].
A recent meta-analysis of 82 randomized controlled
studies detected a statistically significant reduction in
AAD when probiotics were used concomitantly during
the administration of antibiotics. However, the studies[8-14] were extremely heterogeneous in terms of their
patient population and use of probiotics and antibiotics. Although cultures of lactobacillus[15] were used in
the majority of the studies, the bacterial strains were
poorly defined and characterized. Clear evidence for a
standardized adjuvant probiotic administration could not
be formulated, although more than 11000 patients were
included in these studies[16]. Another meta-analysis found
a statistically significant advantage for lactobacillus strain
probiotics; however, there was significant heterogeneity
in the study design (study population, probiotic used, definition of AAD, dose and duration of probiotic administration)[17]. In a systematic review, four out of six studies
of the highest quality supported an effect of probiotics
against AAD[18].
A recent randomized, double-blind placebo-controlled study was not able to show the effectiveness of
the administration of Saccharomyces boulardii in the
reduction of AAD[19]; however, older studies and a metaanalysis detected an advantage for this strain[20].
The situation regarding probiotics is unclear, and specific recommendations are lacking[21].
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Eser et al[1] recently summarized the available evidence
and concluded that lactobacillus rhamnosus GG and
casei-based probiotics and products using Saccharomyces boulardii and probiotic mixtures could be used in the
prevention of AAD; these authors assigned a grade of
evidence of 1a for the lactobacillus rhamnosus GG and
casei-based probiotics and a grade of 2b for the Saccharomyces boulardii and probiotic mixtures[1]. Given the present data, it is difficult to share these recommendations.
We hypothesize that the prevention of AAD could
be most effective if probiotics are used that are widely
distributed and accepted by the patients and are not perceived as an additional drug/tablet (low threshold for
intake resulting in good compliance). In Germany and in
many other countries, several formulations of lactobacillus strains are sold as food products in supermarkets.
Therefore, these formulations are easily available and
could be used in the outpatient setting and during hospital stays. The majority of these products have a pleasant
taste, and the distribution of these probiotic drinks is
experienced in a very positive manner by the patients.
Only one study using a commercial product has been
published[22]. This study showed a positive effect of the
probiotic drink; however, the study was supported by the
manufacturer and used an AAD definition that is unsuitable for use in hospitals (AAD defined as 3 or more loose
stools in at least 3 consecutive days)[22]. However, in hospitals, diarrhea of one-day duration leads to the isolation
of the patient.
The aim of our study was to test the efficacy of commercially available probiotic drinks (Actimel® and Yakult®)
in the prevention of AAD in a decision-based manner regarding necessary isolation in a primary hospital (3 loose
stools on one day) independently from the manufacturer.
A calculation of the economic advantage of antibioticaccompanied prophylactic treatment with probiotics was
performed after finalizing the study. Data from the patients were used to identify risk factors for AAD to tailor
preventive probiotic treatment to certain risk groups.

MATERIALS AND METHODS
First study
In a large Internal Medicine department in a primary
hospital (Bethlehem hospital in Stolberg/Rhineland, Germany), we recorded the presence of AAD in three hospital wards (wards A5, A6 and A7). AAD was defined as at
least 3 watery/fluid stools in a 24-h period. On ward A5,
all of the patients treated with antibiotics were offered
commercially available probiotic drinks [Actimel® (Danone
GmbH, Munich, Germany)], 100 mL, each containing at
least 1010 colony forming bacteria of Lactobacillus casei defensis DN-114001, bought via the canteen kitchen of the
hospital) twice daily for the duration of antibiotic treatment over a period of 3 mo. On wards A6 and A7, all of
the patients were treated as usual without any probiotics.
The basic data of the patient groups are shown in Table
1. After this study period, all of the charts of the patients
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with informed consent on the three wards (n = 258)
were analyzed retrospectively for information regarding
diarrhea during treatment with antibiotics leading to the
isolation of the patient. The results of ward A5 (n = 107)
were compared with the two other wards (n = 151) of the
same hospital, which served as the controls. Patients with
sepsis, pancreatitis and oncologic diseases and patients on
dialysis were excluded. These exclusion criteria followed
the known safety profile of the probiotics and are consistent with recommendations from the literature[1,21,23,24].
Second study
After obtaining encouraging results in the first study, we
designed a controlled randomized study (to our knowledge, the first head-to-head-comparison) using two different commercially available probiotic drinks, Actimel
®
(Danone, Lactobacillus casei defensis DN-114001) and
Yakult® (Yakult Deutschland GmbH, Neuss, Germany,
Lactobacillus casei Shirota). Both preparations are widely
available as food products and claim to contain at least
1010 colony forming bacteria of Lactobacillus casei strains.
The probiotic drinks were bought by the canteen kitchen
of the hospital. This part of the study took place in the
same Internal Medicine department and started only a
short period after the end of the first study. Due to the
sponsor-independent nature of the study, we were unable
to design this study as double-blind. Consecutive patients
on the three wards were asked to participate in this study
by using probiotic drinks twice daily and were randomized in the sequence of admission. The basic data of
the patient groups are shown in Table 2. After obtaining
informed written consent, the patients were randomized
and received open-label drinks. All of the patient charts
were analyzed regarding diarrhea during the antibiotic
treatment. The study was approved by the local ethics
committee.
Statistical analysis
The statistical analysis was performed using SPSS Version
20.0 (SPSS Inc., United States). All of the metric variables were analyzed regarding normal distribution with
the Shapiro-Wilk test or the Kolmogorov-Smirnov test.
Comparisons of independent normally distributed variables was performed using a t-test. The homogeneity of
variances was tested with the Levene test. Non-normally
distributed samples were compared using the MannWhitney-U test. The categorized data were analyzed with
the chi-square test and Fisher’s exact test.
In all of the tests, two-sided significance was tested
with the assumption of P < 0.05 as significant.

RESULTS
First study
In the probiotics group, the incidence of AAD was much
lower than that in the control group (6.5% vs 28.4%, P <
0.001). Probiotics reduced the duration of AAD from 3.1
± 2.1 d in the control patients to 1.7 ± 1.1 d in the pa-
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tients using these drinks (P = 0.015, for all data see Table
3). If analyzed according to the days of diarrhea relative
to the entire duration of the hospital stay, the difference
in AAD prevalence was higher (1.65% vs 14%). The OR
for AAD in the probiotic group was 0.177; in the control
group, the OR for AAD was 5.66.
Figure 1 shows the incidence of AAD for each antibiotic. The majority of cases of AAD occurred with
treatment using ampicillin/sulbactam. The greatest AAD
reduction when using probiotic drinks was observed in
treatment with ampicillin/sulbactam (4.2% vs 50%, relative risk reduction 92%), ceftriaxone and metronidazole
(0% vs 23 and 25%, respectively, relative risk reduction in
both cases 100%). We observed a very low incidence of
AAD with piperacillin and clindamycin (data not shown).
However, these antibiotics were seldom used on the standard care wards.
The length of the entire hospital stay was longer in
the control patients with diarrhea (15.5 ± 10.6 d) than
in the control patients without diarrhea (12.2 ± 8.3 d, P
= 0.01) and in the patients with diarrhea using probiotics (12.75 ± 6.7 d, Table 4). However, the length of the
entire hospital stay was not significantly different in the
probiotic group compared with the control group (11.2
± 6.8 vs 12.2 ± 8.3, P = 0.386, Table 3). The majority of
episodes of AAD started on day 3 of treatment with antibiotics in both groups (data not shown).
Patients with diarrhea in both groups tended to be older, to have higher creatinine levels and to have lower albumin levels. There was no difference in diarrhea frequency
regarding gender or body mass index (BMI) (Table 4).
In our hospital, we calculated the burden of patient
isolation during AAD (requirement for protective masks,
caps, gloves and coats) to be approximately 70 €/d. Based
on the results from this first study and the number of
patients in our department, we expect costs of approximately 77800 €/year for isolating patients without probiotic use and of approximately 14400 €/year for patients
using probiotics. These calculations consider an isolation
length of approximately 2 d as realistic until negative
stool cultures are present. Even if the costs of the probiotic drinks (4586 €/year) are taken out of this sum,
there is a clear advantage for the strategy of prophylactic
probiotic use during antibiotic treatment (58800 €/year).
Any additional costs for longer hospital stays of patients
with diarrhea were not included in this calculation.
Second study
We observed significant differences in the frequency of
diarrhea between the two groups. The diarrhea frequency
in the Actimel group was similar to that of the first study
(6.7%), whereas the presence of AAD was much higher
in the Yakult group (33.3%), similar to the results of
the control group from the first study (P = 0.021, Table
5). The duration of diarrhea was clearly shorter in the
Actimel group (2.5 ± 0.7 vs 4.4 ± 2.5), although this difference did not reach significance. The only cases of C.
difficile infection occurred in the Yakult group (3 cases,
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Table 1 Basic data (mean ± SD or percentage) of patients in the first study
Variable

Actimel group (ward A5)

Controls (wards A6/A7)

107
70.8 ± 15.6
48.6%
52.3%
25.7 ± 4.2
1.2 ± 0.8
3.5 ± 0.4
Pulmonary: 55.7%
Genitourinary: 26.4%
Biliary: 2.8%
Sepsis: 5.7%
Diverticulitis: 2.8%
Dermal: 2.8%
Misc.: 3.7%
Ampicillin: 26.4%
Cefuroxime: 23.5%
Ceftriaxone: 12.2%
Ciprofloxacin: 16.0%
Clarithromycin: 12.2%
Tazobactam: 3.8%
Levofloxacin: 6.6%
Moxifloxacin: 3.8%
Metronidazole: 3.7%
Clindamycin: 0.0%
Cotrimoxazole: 0.9%
7.3 ± 4.2

151
70.8 ± 16.5
52.3%
56.6%
26.1 ± 4.8
1.1 ± 0.6
3.5 ± 0.4
Pulmonary: 50.0%
Genitourinary: 22.0%
Biliary: 8.0%
Sepsis: 1.3%
Diverticulitis: 2.7%
Dermal: 4.0%
Misc.: 12.0%
Ampicillin: 19.3%
Cefuroxime: 18.7%
Ceftriaxone: 10.7%
Ciprofloxacin: 20.0%
Clarithromycin: 6.7%
Tazobactam: 2.7%
Levofloxacin: 2.7%
Moxifloxacin: 0.0%
Metronidazole: 6.7%
Clindamycin: 3.3%
Cotrimoxazole: 4.9%
6.1 ± 3.6

n
Age (yr)
Male gender
PST 0 or 1
BMI
Creatinine (mg/dL)
Albumine (mg/dL)
Diagnosis
(site of infection/sepsis)

Antibiotics

Days of treatment

P value
NS
NS
NS
NS
NS
NS
NS

NS

0.008

NS: No significance; BMI: Body mass index.

Table 2 Basic data (mean ± SD or percentage) of patients in the second study
Variable
n
Age (yr)
Male gender
PST 0 or 1
BMI
Creatinine (mg/dL)
Albumin (mg/dL)
Diagnosis
(aite of infection/aepsis)

Antibiotics

Days of treatment
Concurrent PPI treatment
Antibiotic treatment in history

Actimel group

Yakult group

30
69.7 ± 17.6
63.3%
70.0%
25.9 ± 4.2
1.2 ± 0.5
3.4 ± 0.3
Pulmonary: 30.0%
Genitourinary: 50.0%
Biliary: 3.3%
Sepsis: 0.0%
Diverticulitis: 0.0%
Dermal: 13.3%
Misc.: 3.3%
Ampicillin: 20.0%
Cefuroxime: 20.0%
Ceftriaxone: 20.0%
Ciprofloxacin: 0.0%
Clarithromycin: 10.0%
Tazobactam: 0.0%
Levofloxacin: 20.0%
Moxifloxacin: 0.0%
Cotrimoxazole: 3.3%
Penicillin: 13.3%
6.0 ± 3.1
23.3%
3.3%

30
74.1 ± 17.5
60.0%
51.7%
25.1 ± 4.1
1.1 ± 0.3
3.3 ± 0.3
Pulmonary: 50.0%
Genitourinary: 26.7%
Biliary: 6.7%
Sepsis: 3.3%
Diverticulitis: 3.3%
Dermal: 6.7%
Misc.: 3.3%
Ampicillin: 36.7%
Cefuroxime: 10.0%
Ceftriaxone: 10.0%
Ciprofloxacin: 3.3%
Clarithromycin:16.7%
Tazobactam: 10.0%
Levofloxacin: 20.0%
Moxifloxacin: 3.3%
Cotrimoxazole: 6.7%
Penicillin: 0.0%
6.6 ± 3.7
50.0%
10.0%

P value
NS
NS
NS
NS
NS
NS
NS

NS

NS
0.06
NS

NS: No significance; BMI: Body mass index.

WJG|www.wjgnet.com

15840

November 14, 2014|Volume 20|Issue 42|

Dietrich CG et al . AAD prevention by Lactobacillus casei
Table 3 Endpoint data (mean ± SD or percentage) of the
first study
Parameter

Actimel group
(ward A5)

Controls
(wards A6/A7)

P value

11.2 ± 6.8
6.5%
1.7 ± 1.1

12.2 ± 8.3
28.4%
3.1 ± 2.1

NS
< 0.001
0.015

Hospital stay (d)
Diarrhea
Duration of diarrhea (d)

Table 4 Differences in patients (mean ± SD or percentage)
with and without diarrhea in the first study
Diarrhea

No diarrhea

n
Age (yr)
Gender

49
74.9 ± 13.3
M: 20.0%
F: 18.4%
15.0 ± 10.1
1.5 ± 0.8
3.2 ± 0.2
25.3 ± 4.7

206
69.6 ± 16.5
M: 80.0%
F: 81.6%
11.1 ± 6.9
1.1 ± 0.6
3.4 ± 0.3
26.1 ± 4.5

Hospital stay (d)
Creatinine (mg/dL)
Albumine (mg/dL)
BMI

NS: No significance.

60

Parameter

Controls

Lactobacillus

P value
0.028
NS
0.007
< 0.001
0.04
NS

NS: No significance; BMI: Body mass index.

50

Table 5 Endpoint data (mean ± SD or percentage) of the
second study

%

40
30

Parameter
Hospital stay (d)
Diarrhea
Duration of diarrhea (d)
CDAD

20
10
0

Actimel group

Yakult group

P value

10.8 ± 7.7
6.7%
2.5 ± 0.7
0.0%

11.8 ± 7.8
33.3%
4.4 ± 2.5
10.0%

NS
0.021
NS
NS
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NS: No significance; CDAD: Clostridium difficile-associated diarrhea.

Figure 1 Percentage of patients with diarrhea with frequently used antibiotics (closed bars-no probiotic, open bars-probiotic drinks).

10% of all patients in this group). The occurrence rates
of AAD depending on the antibiotic used were similar to
the first study (data not shown).
The patients with diarrhea tended to be older, to have
lower albumin levels and to have higher creatinine levels;
however, the creatinine levels did not reach statistical
significance in the second study because of the limited
number of patients (Table 6). We analyzed patients with
and without diarrhea for the concurrent intake of PPIs
and antibiotic treatment in the recent history and found
significant differences (Table 6).
Other analyzed factors (the presence of enteral nutrition, dementia, atrial fibrillation, chronic lung disease,
congestive heart failure, diabetes mellitus, smoking, heavy
alcohol consumption) were not significantly different between the study groups or between the patients with and
without diarrhea (data not shown).

DISCUSSION
Our data from a large number of patients show for the
first time in a manufacturer-independent manner that a
commercially available probiotic drink (Actimel®) with
a specific lactobacillus casei strain is able to significantly
reduce the frequency and duration of AAD and that
this reduction is cost-effective. In a large cohort in our
department, the twice daily ingestion of this drink led to
an AAD frequency of only 6.5%, whereas in the control
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group, AAD was approximately four times more frequent. The duration of AAD was significantly shorter in
the Actimel patients. The patients and medical professionals benefited from the use of probiotic drinks because this protocol significantly reduced the necessity of
isolating patients on the ward. Less isolation saves time
for medical professionals and increases the quality of life
for patients, relatives and medical staff. Additionally, in
a cost analysis, we calculated the financial benefit for a
department as large as ours to be more than 50000 € per
year. Significant side effects were not recorded, suggesting that this probiotic drink is safe even for ill and old patients, taking into account the applied exclusion criteria.
Possible bias might result from the fact that the study
was performed on three different wards and that the control group did not receive a placebo.
However, the second part of our study confirmed
this result for Actimel in a ward-independent manner,
although this part was performed with a smaller number of patients. Furthermore, we showed that another
lactobacillus casei drink was not able to improve the AAD
frequency. This result suggests a specific effect of the
Lactobacillus casei strain used in Actimel or of the composition of the drink, including the other included bacterial strains (Lactobacillus bulgaricus and Streptococcus
thermophilus). There might be some features of the
study patients that caused Yakult to not be more successful than the control group of the first study. First,
the patients in the Yakult group were older and had a
worse performance status, although these differences did
not reach significance. Additionally, the patients in the
Yakult group had more pulmonary infections and more
often received ampicillin as the antibiotic; ampicillin was
associated with the highest AAD-frequency. This admin-
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Table 6 Differences in patients (mean ± SD or percentage) with and without diarrhea in the second study
Parameter
n
Age (yr)
Gender
Hospital stay (d)
Creatinine (mg/dL)
Albumine (mg/dL)
BMI
Concurrent PPI treat.
Antibiotic treatment in history

Diarrhea

No diarrhea

12
80.3 ± 13.4
M: 21.6%
F:17.4%
19.3 ± 10.9
1.2 ± 0.4
3.3 ± 0.5
24.0 ± 4.0
75.0%
33.3%

48
69.8 ± 18
M: 78.4%
F: 82.6%
9.3 ± 5.2
1.1 ± 0.4
3.6 ± 0.4
25.9 ± 4.1
27.1%
0.0%

P value
0.019
NS
< 0.001
NS
< 0.001
NS
0.005
0.001

NS: No significance; BMI: Body mass index.

istration of ampicillin might be the reason for the three
cases of CDAD in this group. In the Actimel group, no
CDAD was observed, emphasizing the positive effect of
the probiotic.
The second study confirmed the positive effects for
one of the commercially available probiotic drinks containing the specific lactobacillus strain DN-114001; however, these results could not be transferred to all lactobacillus preparations because either the defined lactobacillus
strain or the composition of the fermented milk drink
might confer different effects on AAD.
In the analysis of patients with diarrhea vs the patients
without diarrhea, several factors appeared to emerge as
promoting AAD. In both study parts, the patients with
diarrhea were older and had a lower albumin level and
a higher creatinine level. The creatinine variable did not
reach significance in the second study most likely because
of the smaller patient number. These results, however,
are in agreement with an earlier study[19], suggesting that
these factors promote AAD. There could be pathophysiological explanations for these data. Doctors often forget
to reduce the dose of the antibiotic according to the renal
function in patients with only limited renal insufficiency.
Additionally, the albumin level reflects the nutritional status and might influence the pharmacokinetics of antibiotic substances via blood protein binding. These findings
and their possible explanations should lead to the careful
dosing of antibiotics in older patients with mild to moderate renal insufficiency.
Treatment with antibiotics in the medical history has
long been associated with CDAD[25]. Our data from the
second study imply that prior antibiotic treatment might
also be a risk factor for AAD. The role of concurrent
PPI therapy is controversial[25,26]; however, our limited
data support an association between concomitant PPI
therapy and AAD. The number of patients in the second
study is too low to obtain confident data regarding these
factors, and future studies with higher power should examine these associations. These findings should further
contribute to a reduction in the generous use of PPI.
Our data have implications for hospitals without their
own microbiological departments. In such hospitals, ruling out specific infections, such as CDAD in the case of
AAD, takes several days and necessitates the isolation of
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patients to avoid spreading the infection. In an era of
increasing nosocomial infections and more severe CDAD
infections, the avoidance of AAD is the best preventive measure; furthermore, the isolation of patients is a
nuisance to the patients and the hospital staff and leads
to worse medical care of these patients[5-7]. Additionally,
cost-reduction is enormous and likely underreported
because we did not include the cost of a longer hospital
stay for AAD patients or for stool cultures.
The data from existing studies and our own data from
the present study justify the use of probiotics for the
prevention of AAD during antibiotic treatment, especially in geriatric patients with recent antibiotic use, renal
insufficiency and lower albumin values. It is probable that
even the generalized use of probiotics is cost-effective
and safe. Our study implies that careful dose modifications in patients with lower albumin and higher creatinine
levels might contribute to a lower prevalence of AAD;
however, these issues should be investigated in separate
studies.

COMMENTS
COMMENTS
Background

Antibiotic-associated diarrhea (AAD) is an important problem that occurs
during antibiotic treatment and has a significant economic burden. Probiotics
have been shown to reduce AAD, especially when the probiotic contains Lactobacillus strains. Several probiotic formulations containing Lactobacillus casei
are commercially available, have pleasant tastes and could contribute to AAD
prevention.

Research frontiers

The concept of using commercially available probiotic drinks for AAD prevention is attractive. These drinks are readily available, and the threshold for intake
is low. The authors show in this study that one commercially available drink
containing Lactobacillus casei DN 114001 was very effective in preventing AAD.
Interestingly, a different commercial probiotic drink containing another Lactobacillus casei strain was not better in the prevention of AAD compared with the
control group. Higher age, lower serum albumin and lower serum creatinine
concentrations were identified as risk factors for AAD.

Innovations and breakthroughs

This is the first study without support from the manufacturer showing the effectiveness of a commercial probiotic drink in the prevention of AAD. Additionally,
the authors conducted the first head-to-head study of two probiotic formulations
in AAD prevention and showed that the specific Lactobacillus strain or the
general drink composition is responsible for the AAD preventive effect. The application of the commercial probiotic drink containing Lactobacillus DN 114001
is highly cost-effective.
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Applications

This study shows that the general use of probiotics during antibiotic treatment
could reduce the occurrence of AAD and health costs. Additionally, risk groups
of AAD are identified; antibiotic treatment should be supervised carefully in
these groups.

12

AAD (antibiotic-associated diarrhea) denotes diarrhea occurring during antibiotic treatment. Some of these cases of diarrhea are related to Clostridium
difficile. When experiencing episodes of diarrhea, patients must be isolated and
can only be visited by individuals wearing protective coats, masks, gloves and
caps. Probiotics are living microbes conferring a health benefit by modifying the
intestinal microbiota of the host.

13

Terminology

Peer review

The article contains a few grammatical and formatting errors. The suggested
corrections are listed below in more detail. As a general note, the authors
should remove the deleted portions from their prior draft for the purpose of presentation.
14
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RESULTS: No significant differences were observed
between the NaP group (n = 158) and PEG group (n =
162) in bowel cleansing quality (adequate preparation
93.0% vs 92.6%, p = 0.877), patient compliance (p =
0.228), overall adverse events (63.3% vs 69.1%, p =
0.269), or adenoma detection rate (34.8% vs 35.2%, p
= 0.944). Patient acceptability, satisfaction, and patient
rating of taste were higher in the NaP group than in the
PEG group (p < 0.001).
CONCLUSION: NaP tablets, compared with PEG solution, produced equivalent colon cleansing, did not
cause more side effects, and had better patient acceptability and satisfaction in the relatively young (age < 60
years) healthy individuals without comorbidity. An oral
tablet formulation could make bowel preparation less
burdensome, resulting in greater patient participation
in screening programs.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To compare efficacy, patient compliance, acceptability, satisfaction, safety, and adenoma detection rate
TM
of sodium phosphate tablets (NaP, CLICOLON ) to
a standard 4 L polyethylene glycol (PEG) solution for
bowel cleansing for adults undergoing colonoscopy.
METHODS: In this multicenter, randomized, prospective, investigator-blind study, the relatively young (19-60
years) healthy outpatients without comorbidity were
randomly assigned to one of two arms. All colonoscopy
were scheduled in the morning. The NaP group was
asked to take 4 tablets, 5 times the evening before and
4 tablets, 3 times early on the morning of the colonos-
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copy. The PEG group was asked to ingest 2 L of solution the evening before and 2 L early in the morning
of the procedure. Adequacy of bowel preparation was
scored using the Boston bowel preparation scale.

Key words: Sodium phosphate tablets; Polyethylene
glycol; Colonoscopy; Bowel preparation
Core tip: Sodium phosphate (NaP) tablets were equally
efficacious as standard 4 L polyethylene glycol (PEG)
solution for bowel cleansing for colonoscopy and did
not results in greater side effects. Furthermore, patient
acceptance and satisfaction of NaP tablets were superior to 4 L PEG solution. NaP tablets in this trial were
safe, well-tolerated, and efficient for bowel preparation
in the relatively young (age < 60 years) healthy individuals without comorbidity. A more acceptable oral tablet
formation might provide a valuable alternative for indi-
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viduals who are reluctant to undergo colonoscopy because of aversion to the currently available purgatives.
Jung YS, Lee CK, Kim HJ, Eun CS, Han DS, Park DI. Randomized controlled trial of sodium phosphate tablets vs polyethylene
glycol solution for colonoscopy bowel cleansing. World J Gastroenterol 2014; 20(42): 15845-15851 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i42/15845.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i42.15845

INTRODUCTION
Colonoscopy is currently the gold standard for detection of colorectal neoplasms[1]. However, inadequate
bowel preparation can reduce detection of polyps that
are potentially cancerous[2,3]. Several studies reported that
4%-5% of colorectal cancers can be missed on a single
colonoscopic examination[4,5] and one of the main reasons for missed colorectal cancers is incomplete bowel
cleaning[6]. Moreover, poor bowel preparation can result
in a longer procedure time, shorter intervals of followup colonoscopy, and increased economic costs[3]. Consequently, professional societies propose measuring bowel
preparation quality as one of the most important quality
indicators for colonoscopy[7].
Polyethylene glycol (PEG) is the most commonly
used agent for colon cleansing because it does not cause
fluid exchange across mucosal membranes, limiting fluid
and electrolyte disturbances[8]. However, the need to ingest a large volume of fluid and the unpleasant flavor of
PEG reduce patient compliance. Although small-volume
preparations using 2 L PEG have been introduced, some
patients do not tolerate PEG-based bowel preparation.
Sodium phosphate (NaP) tablets were developed to
improve patient acceptability of the bowel preparation
regimen. In Western countries and Japan, NaP tablets
are reported to be similar or better than PEG solution
for patient compliance, acceptability, and safety as well as
bowel cleansing efficacy[9-13]. In May 2012, a novel tabletbased NaP formulation (CLICOLONTM tablets; Korea
Pharma Co.) was approved by the Korean Ministry of
Food and Drug Safety for colon cleansing prior to colonoscopy. This study is the first Korean trial to compare
the efficacy of NaP tablets and 4 L PEG solution for
bowel preparation in controlled circumstances: with outpatients, split-dosing preparation, low-residual diet, and
detailed instructions. In addition, this study compared
polyp and adenoma detection rates, patient compliance,
acceptability, satisfaction, and safety between the two
regimens.

MATERIALS AND METHODS
Study population
This prospective, investigator-blinded, randomized, and
multicenter study was conducted at three university hos-
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pitals (Kangbuk Samsung Hospital, Kyung Hee University Hospital, and Hanyang University Hospital) in Korea.
Between December 2012 and October 2013, consecutive
outpatients aged 19-60 years who were scheduled to undergo routine elective colonoscopy were recruited to this
study. The study protocol was approved by the Institutional Review Boards at the participating medical centers.
All patients who agreed to participate in the study signed
a written informed consent form.
Adult outpatients undergoing colonoscopy for
colorectal cancer screening were candidates for inclusion.
We included only the relatively young (aged < 60 years)
healthy subjects without comorbidity. Exclusion criteria
were: inpatient status; serious medical conditions such
as renal, cardiac, liver, or metabolic disease; electrolyte
imbalance such as hypernatremia or hyperphosphatemia;
stroke or dementia; major psychiatric illness; pregnancy,
breast feeding, or risk of becoming pregnant; known allergy to PEG or NaP; prior history of colonic resection;
incomplete colonoscopy examination; functional constipation defined by Rome Ⅲ diagnostic criteria; or taking
angiotensin-converting enzyme (ACE) inhibitors, angiotensin receptor blockers (ARBs), or nonsteroidal antiinflammatory drugs (NSAIDs).
Bowel preparation protocol and bowel cleansing
assessment
After patient enrollment, clinical research coordinators
at each participating center randomized patients using
a computer-generated random sequence and gave each
patient oral and written instructions on one of two bowel
preparations: NaP tablet (CLICOLON tablets, South
Korea Pharma Co., Seoul; dibasic sodium phosphate
anhydrous 398 mg, monobasic sodium phosphate monohydrate 1102 mg) or 4 L PEG solution (Taejoon Pharm
Inc., Seoul; 236 g polyethylene glycol, 22.7 g Na2So4, 6.74
g NaHCO3, 5.86 g NaCl, and 2.97 g KCl). Agents for
bowel cleansing were dispensed by clinical research coordinators. All participants were scheduled for colonoscopy
in the morning (9:00 AM-1:00 PM) to reduce bias related
to procedure time. All participants were instructed to eat
a low-residual diet for 3 d before scheduled colonoscopy
and a clear liquid diet before 6:00 PM on the day before
the colonoscopy. The NaP group was asked to take 20
NaP tablets the evening before (from 8:00 PM) and 12
NaP tablets early in the morning of the colonoscopy (beginning 3 to 5 h before procedure), consuming 4 tablets
every 15 min with 240 mL water. The PEG group was
asked to ingest 2 L the evening before (from 8:00 PM)
and 2 L early in the morning of the colonoscopy at 250
mL every 15 min with complete ingestion at least 3 h before the procedure.
Colonoscopies were performed under conscious sedation by experienced colonoscopists (> 1000 cases) who
were blinded to the results of preparation randomization.
Colonoscopies used conventional videoendoscopes (CFQ260AI, CF-H260AI; Olympus Medical Systems, Tokyo,
Japan). Bowel cleansing adequacy was assessed using the
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Randomized (n = 360)

NaP tablets (n = 180)

PEG solution (n = 180)

Withdraw consent (n = 5)
Colonoscopy not taken (n = 17)

Withdraw consent (n = 3)
Colonoscopy not taken (n = 15)

Analyzed (n = 320)
NaP tablets (n = 158) vs PEG solution (n = 162)

Figure 1 Enrollment flow chart. PEG: Polyethylene glycol; NaP: Sodium phosphate.

Boston Bowel Preparation Scale[14], which independently
evaluates different colonic segments. The colon was
divided into 3 segments: right (cecum and ascending colon), transverse, and left (descending, sigmoid colon, and
rectum). Each section was scored as 0 to 3:0, unprepared
colon segment with mucosa not seen because of solid
stool that could not be cleared; 1, portion of colon segment mucosa seen, but other areas of the colon segment
not well seen because of staining, residual stool, and/or
opaque liquid; 2, minor amount of residual staining, small
stool fragments and/or opaque liquid, but mucosa of
colon segment seen well; and 3, entire mucosa of colon
segment seen well with no residual staining, small stool
fragments and/or opaque liquid. Based on this system,
we defined inadequate bowel preparation as a score of
0 or 1 on any colon segment and adequate preparation
as a score of ≥ 2 for all location[14]. Prior to study commencement, all endoscopists received information about
the classification and performed calibration exercises involving 20 colonoscopies.
Evaluation of patient compliance, acceptability,
satisfaction, and safety
Before colonoscopy, we collected patient information,
including age, gender, body mass index (BMI), functional
constipation according to Rome Ⅲ diagnostic criteria, indications for colonoscopy, and history of previous operation and colonoscopy. Immediately before colonoscopy,
patients completed a questionnaire on their preparation
experience (amount of purgative ingested, difficulty and
taste of the study preparation, any associated adverse effects, and satisfaction level).
Compliance was rated using a 3-grade scale based on
consumption of the study preparation: optimal (100%);
good (≥ 75%); poor (< 75%). Acceptability was measured based on difficulty of completing ingestion of the
cleansing agent (3-point scale: none, some, much). Patient
satisfaction was scored on a 10-point visual analog scale
(VAS) of 0 (very bad) to 10 (excellent). Cleansing solution taste was graded using a 5-point scale of very bad,
bad, neutral, good, very good. Patients were also asked if
they had experienced any adverse events (nausea, vomiting, abdominal pain, bloating, anal irritation symptom, or
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sleep disturbance).
Statistical analysis
This study was designed to assess the noninferiority of
NaP tablets compared to 4 L PEG for successful bowel
cleansing. Noninferiority was defined as a one-sided
97.5%CI greater than -15.0% for the difference in successful cleansing between the two treatment arms. The
sample size of 150 patients for each study arm (NaP
tablets and 4 L PEG) was determined assuming success
rates of 70% for colon cleansing in both treatment arms,
a 15.0% noninferiority margin, and a significance level of
0.025 powered at 82%. The success rate for colon cleansing was based on prior studies[15,16]. We estimated a dropout rate of 20% and aimed to recruit 360 participants to
provide at least 300 evaluable assessments. Student’s t-test
was used to compare numerical variables between groups.
2
χ , Fisher’s exact test, or linear-by-linear association tests
were used to compare categorical variables. P values <
0.05 were considered to be statistically significant. The
software program SPSS (v. 18, Chicago, Illinois, United
States) was used for statistical analyses.

RESULTS
Baseline characteristics of patients
A total of 360 patients were randomized to receive NaP
tablets (n = 180) or 4-L PEG (n = 180). Excluded were
40 patients, of whom 8 withdrew consent before examination and 32 did not come to the hospital on the
reserved colonoscopy date. Included were 320 patients,
of whom 158 received NaP tablets and 162 received 4
L PEG (Figure 1). No significant differences in age, sex,
BMI, prior experience with colonoscopy, and surgical history were observed between the two groups. Abdominal
pain was more frequent as the indication for colonoscopy
in NaP group, whereas family history of CRC was more
frequent in PEG group (Table 1).
Bowel preparation quality and detection rate of
colorectal polyps and adenomas
Bowel cleansing quality in three colon segments is reported by group in Table 2. No significant difference was
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Table 1 Demographic data and indication for colonoscopy

Table 3 Detection rate of colorectal polyps and adenomas

n (%)

Mean age (yr)
Male
BMI
Experience of colonoscopy
Surgical history
Indication for colonoscopy
Screening
Bowel habit change
Stool caliber change
Melena/hematochezia
Abdominal pain
Anemia
Weight loss
P/Hx of CRN
F/Hx of CRC
For polypectomy

NaP tables
(n = 158)

PEG solution
(n = 162)

P value

46.5 ± 9.8
70 (44.3)
23.2 ± 3.1
67 (42.4)
23 (14.6)

48.6 ± 10.3
69 (42.6)
23.0 ± 3.0
74 (45.7)
35 (21.6)

0.064
0.758
0.628
0.555
0.102

89 (56.3)
9 (5.7)
8 (5.1)
13 (8.2)
22 (13.9)
2 (1.3)
1 (0.6)
13 (8.2)
0
1 (0.6)

81 (50.0)
17 (10.5)
6 (3.7)
16 (9.9)
10 (6.2)
2 (1.2)
3 (1.9)
17 (10.5)
7 (4.3)
3 (1.9)

0.257
0.116
0.552
0.608
0.021
1.000
0.623
0.487
0.015
0.623

n (%)

Values are means ± SD. BMI: Body mass index; P/Hx: Past history; CRN:
Colorectal neoplasm; F/Hx: Family history; CRC: Colorectal cancer; PEG:
Polyethylene glycol; NaP: Sodium phosphate.

Bowel cleansing
Adequate
Inadequate
Boston scale score
Right colon
Transverse colon
Left colon
Global colon
Cecal insertion time (min)
Withdrawal time (min)
Total colonoscopy time (min)

PEG solution
(n = 162)

P value

147 (93.0)
11 (7.0)

150 (92.6)
12 (7.4)

0.877

2.6 ± 0.6
2.8 ± 0.5
2.8 ± 0.5
8.2 ± 1.3
4.5 ± 2.7
10.5 ± 4.6
15.2 ± 6.4

2.5 ± 0.7
2.7 ± 0.5
2.8 ± 0.5
8.0 ± 1.2
4.2 ± 2.6
9.5 ± 3.6
13.7 ± 5.4

0.262
0.022
0.990
0.221
0.224
0.028
0.023

Values are means ± SD. PEG: Polyethylene glycol.

seen between the two groups in bowel cleansing scores
for overall bowel preparation (8.2 vs 8.0, p = 0.221). Similar proportions of patients had adequate bowel preparation in the NaP and PEG groups (93.0% vs 92.6%, p =
0.877).
Withdrawal (10.5 min vs 9.5 min, p = 0.028) and total colonoscopy time (15.2 min vs 13.7 min, p = 0.023)
were prolonged in the NaP group compared to the PEG
group, but no significant difference was seen in cecal insertion time. We did not consider polypectomy time.
Table 3 shows the detection rates for colorectal polyps and adenomas. The NaP and PEG groups showed
no significant differences in the detection rate for polyps (57.6% vs 50.0%, p = 0.173) or adenomas (34.8% vs
35.2%, p = 0.944). No differences were seen in the total
number of polyps (1.3 vs 1.2, p = 0.752) or adenomas (0.7
vs 0.6, p = 0.679) per patient regardless of lesion size.
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PEG solution
(n = 162)

P value

91 (57.6)
1.3 ± 1.7

81 (50.0)
1.2 ± 1.8

0.173
0.752

76 (48.1)
0.9 ± 1.3

63 (38.9)
0.8 ± 1.5

0.096
0.770

43 (27.2)
0.5 ± 1.0

44 (27.2)
0.4 ± 0..8

0.991
0.508

55 (34.8)
0.7 ± 1.3

57 (35.2)
0.6 ± 1.1

0.944
0.679

40 (25.3)
0.4 ± 0.9

39 (24.1)
0.4 ± 0.8

0.797
0.813

29 (18.4)
0.3 ± 0.7

33 (20.4)
0.3 ± 0.6

0.648
0.744

Values are means ± SD. PEG: Polyethylene glycol.

Patient compliance, acceptability, and satisfaction
We assessed patient acceptability as difficulty of completing ingestion of the cleansing agent (Table 4). More
patients in NaP group reported no difficulty completing
ingestion of the cleansing agent than in the PEG group
(54.4% vs 30.9%, p < 0.001). For cleansing agent taste,
fewer patients in the NaP group evaluated the study
preparation as “very bad” or “bad” compared with the
PEG group (19.0% vs 42.0%, p < 0.001). The mean VAS
score indicating patient satisfaction with the bowel preparation regimen was significantly higher in the NaP group
than in the PEG group (7.8 vs 6.5, p < 0.001). However,
patient compliance was not significantly different between groups, based on consumption of the cleansing
agent (optimal preparation 95.6% vs 91.4%, p = 0.228).

Table 2 Bowel preparation quality and procedure-related
factors n (%)
NaP tables
(n = 158)

Polyps regardless of size
Participants
Polyps/patient
Polyps diameter ≤ 5 mm
Participants
Polyps/patient
Polyps diameter > 5 mm
Participants
Polyps/patient
Adenomas regardless of size
Participants
Polyps/patient
Adenomas diameter ≤ 5 mm
Participants
Polyps/patient
Adenomas diameter > 5 mm
Participants
Polyps/patient

NaP tablets
(n = 158)

Adverse events
In the both groups, the most common complaint was
nausea and abdominal distension/bloating. The frequency
of reported adverse events, including nausea, vomiting,
abdominal pain, abdominal distension/bloating, anal irritation symptom, and sleep disturbance was comparable
for the two groups (63.3% vs 69.1%, p = 0.269) (Table 5).
No serious adverse events occurred and no participant
ceased the study because of adverse events.

DISCUSSION
NaP tablets were developed to increase patient acceptance of bowel preparation. A tablet formulation of
NaP (VisicolTM, Salix Pharmaceuticals, Inc, Morrisville,
NC) was approved by the United States Food and Drug
Administration in 2001 as a 40-tablet dose (60 g). A
concern with the original formulation of Visicol was the
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Table 5 Incidence of adverse events n (%)

Table 4 Patient compliance, acceptability and satisfaction
NaP tablets

PEG solution

(n = 158)

(n = 162)

Compliance (amount of intake of cleansing agent)
Optimal (100%)
151 (95.6)
148 (91.4)
Good (75%-100%)
6 (3.8)
14 (8.6)
Poor (< 75%)
1 (0.6)
0
Acceptability (difficulty of the preparation)
None
86 (54.4)
50 (30.9)
Some
59 (37.3)
85 (52.5)
Much
13 (8.2)
27 (16.7)
Taste of the preparation
Very bad
4 (2.5)
14 (8.6)
Bad
26 (16.5)
54 (33.3)
Neutral
82 (51.9)
75 (46.3)
Good
38 (24.1)
14 (8.6)
Very good
8 (5.1)
5 (3.1)
Satisfaction level (VAS)
7.8 ± 2.0
6.5 ± 2.4

P value

Adverse events
Nausea
Vomiting
Abdominal pain
Abdominal distension/bloating
Anal irritation symptom
Sleep disturbance
Total

0.228

< 0.001

< 0.001

PEG solution
(n = 162)

P value

53 (33.5)
17 (10.8)
11 (7.0)
44 (27.8)
6 (3.8)
3 (1.9)
100 (63.3)

53 (32.7)
17 (10.5)
14 (8.6)
61 (37.7)
8 (4.9)
7 (4.3)
112 (69.1)

0.875
0.939
0.576
0.062
0.618
0.336
0.269

PEG: Polyethylene glycol; NaP: Sodium phosphate.

< 0.001

VAS: Visual analog scale; PEG: Polyethylene glycol; NaP: Sodium phosphate.

appearance in the colon of residue from microcrystalline
cellulose, an insoluble binder commonly used in tablet
manufacturing that can obscure mucosal visualization.
Therefore, the manufacturer developed a residue-free
NaP tablet (Osmoprep™, Salix Pharmaceuticals Inc.)
with same active ingredient. Several studies confirmed
that the 32-tablet residue-free NaP regimen (Osmoprep)
is superior to the 40-tablet residue-free NaP and NaP
regimen (Visicol) for bowel preparation, based on safety,
efficacy, and patient preference[17,18].
CLICOLON tablets, an improved version of Osmoprep tablets, are the first Korean NaP tablets for bowel
cleansing. CLICOLON tablets might be more acceptable
for swallowing because they are smaller and lighter than
Visicol or Osmoprep tablets. In addition, CLICOLON
tablets disintegrate more quickly than Visicol or Osmoprep tablets, and thus might have a faster effect. This
study was conducted to determine the bowel cleansing
efficacy and safety of the newly developed CLICOLON
tablets compared with 4 L PEG solution.
In this study, NaP tablets had an equivalent bowel
cleansing action as standard 4 L PEG and did not cause
greater side effects. Furthermore, NaP tablets were superior to 4 L PEG in patient acceptability, satisfaction,
and patient taste ratings. Numerous previous studies
compared NaP tablets with PEG solutions for bowel
cleansing efficacy and patient tolerance. Aronchick et al[9]
compared a PEG solution, an oral NaP solution, and a
prototype of the marketed NaP tablet for colonoscopy
preparation. According to their results, colon cleansing
efficacy was similar for all three purgatives. However,
compared with both oral liquid purgatives, significantly
fewer patients who used the tablets responded that they
would refuse to take the same preparation in the future
or would prefer a different bowel preparation. Moreover,
no patients using the tablets reported a barely tolerable
or unacceptable taste compared with 46% of patients
using NaP solution and 14% of patients using PEG solution. Aronchick et al[9] concluded that NaP tablets were
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NaP tablets
(n = 158)

preferred over oral NaP solution or PEG solution. Kastenberg et al[10,11] compared NaP tablets (Visicol) with 4 L
PEG solution, and reported equivalent colon cleansing,
fewer side effects, and better tolerance and acceptability
by patients. A recent study conducted in Japan revealed
significantly higher preference for and acceptance of NaP
tablets than PEG with sodium picosulfate solution[12].
In another Japanese study, NaP tablets were compared
with PEG solution and showed equivalent colon cleansing efficacy with a higher detection rate for diminutive
polyps[13]. These results and our results suggest that tablet
purgatives are preferred by patients and as effective and
safe as existing aqueous preparations.
However, several studies have reported adverse events
for NaP including electrolyte imbalances such as hypernatremia[19], hyperphosphatemia[20-23], or hypocalcemia[24]
and acute phosphate nephropathy[25,26]. Acute phosphate
nephropathy, a type of acute renal failure, is a rare but
serious adverse event associated with the use of oral
NaP tablets for bowel cleansing. NaP regimen should
not be used in patients with preexisting renal disease and
adequate hydration should be ensured for all patients[27].
Most cases of acute phosphate nephropathy occurred
in patients of advanced age or with renal disease or hypertension, or patients using medicines that affect renal
perfusion or function (such as ACE inhibitors, ARBs, or
NSAIDs)[26,27]. For participant safety, our study excluded
people at increased risk of acute phosphate nephropathy
such as people more than 60 years old, or patients with
comorbidity including renal disease and hypertension.
In addition, participants in our study were given detailed
instructions from the clinical research coordinator about
bowel preparation including to drink adequate amounts
of water. No serious adverse events such as acute renal
failure were observed in our study. Our study results suggested that NaP tablets were safe for bowel preparation
in healthy people under 60 years old, with no comorbidity, who were provided appropriate and detailed instruction on bowel preparation.
Our study had several limitations. First, we included
only outpatients without serious comorbidities and patients undergoing morning colonoscopy. Therefore, our
results cannot be applied to inpatients with comorbidities
or patients undergoing afternoon colonoscopy. Second,
interobserver bias might have occurred because several
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endoscopists performed the colonoscopies and scored
bowel preparation quality. However, before study commencement, all endoscopists performed calibration exercises of 20 colonoscopies intended to reduce interobserver bias. Third, renal function and electrolyte level were
not monitored after colonoscopy, although they were
confirmed to be normal before colonoscopy. However,
we excluded patients at risk of renal dysfunction. Furthermore, participants returned to the hospital within 1-2
wk of their colonoscopy to be assessed for purgatives-related complications. Finally, this was an investigator-only
blinded study. However, a double-blind or double-dummy
design (both patient and investigator) would not be possible because patients needed to take 32 NaP tablets or 4
L PEG solution. This limitation might have affected the
patient acceptability and satisfaction results.
In conclusion, NaP tablets were equally efficacious
as standard 4 L PEG solution for bowel cleansing for
colonoscopy and did not results in greater side effects.
Furthermore, patient acceptance and satisfaction of NaP
tablets were superior to 4 L PEG solution. NaP tablets in
this trial were safe, well-tolerated, and efficient for bowel
preparation in the relatively young (aged < 60) healthy
individuals without comorbidity. A more acceptable oral
tablet formation might provide a valuable alternative for
individuals who are reluctant to undergo colonoscopy
because of aversion to the currently available purgatives.
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days, the total volumes of fluids administered in the
R group were significantly lower than those in the S
group (1620 ± 430 mL vs 3110 ± 840 mL; 2090 ± 360
mL vs 2750 ± 570 mL; 1750 ± 260 mL vs 2740 ± 490
mL; 1620 ± 310 mL vs 2520 ± 300 mL; P < 0.05). De+
+
creased ratios of circulating CD4 /CD8 T lymphocytes
(1.47 ± 0.28 vs 2.13 ± 0.26; 1.39 ± 0.32 vs 2.21 ±
0.24; P < 0.05) and Treg percentage values (2.79 ± 1.24
vs 4.26 ± 1.04; 2.46 ± 0.98 vs 4.30 ± 1.12; P < 0.05)
were observed after surgery in both groups. However, in
the R group, these values restored more quickly starting
from postoperative day 2 (1.44 ± 0.24 vs 1.34 ± 0.27;
2.93 ± 1.08 vs 2.52 ± 0.96; P < 0.05). The proportion
of patients with complications was significantly lower in
the restricted group (36 of 89 vs 59 of 96, P < 0.01).
CONCLUSION: Perioperative restricted intravenous
fluid regimen leads to a low postoperative complication
rate and better cellular immunity preservation in patients with colorectal cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To investigate the effect of perioperative restrict+
+
ed fluid therapy on circulating CD4 /CD8 T lymphocyte ratio, percentage of regulatory T cells (Treg) and
postoperative complications in patients with colorectal
cancer.
METHODS: A total of 185 patients met the inclusion
criteria and were included in the randomized clinical
trial. These patients were divided into two groups according to receipt of either perioperative standard (S,
n = 89) or restricted (R, n = 96) fluid therapy. Clinical
data of these patients were collected in this prospective study. Perioperative complications and cellular im+
+
munity changes (CD4 /CD8 and Treg) were analyzed
comparatively between the two groups.
RESULTS: Both during surgery and on postoperative
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Core tip: This prospective study revealed that perioperative restricted intravenous fluid regimen results in
a low postoperative complication rate and better preservation of cellular immunity, which at least in part,
explains the improved postoperative clinical outcomes
associated with the restricted fluid regimen in patients
with colorectal cancer.
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INTRODUCTION
In the hospital setting, intravenous fluid administration
has became one of the most usual therapies[1,2]. The exact
quantity of intravenous fluid is not known or is roughly
calculated. The correlation between extracellular water
volume and fluid administration in surgery is poorly understood, and is a matter for debate. In current practice,
the volume of fluids administered in major abdominal
procedures can reach 4-6 L during the operation and
approximately 10-20 L postoperatively[3]. As a result, an
increase in the patient’s weight caused by an overload of
intravenous fluids is often observed in the postoperative
period. Traditional fluid therapy in major surgery causes
a body weight increase of 3-6 kg[4]. Interstitial oedema,
disturbed coagulation, impaired wound healing and cardiopulmonary complications are associated with fluid
overload, which has been shown to decrease muscular
oxygen tension and delay recovery of gastrointestinal
function[5,6]. Furthermore, postoperative weight gain and
intraoperative fluid overload have been associated with
poor survival and complications[7-9].
Several studies have demonstrated that the volume
and type of administered liquids differentially influenced
the immunity and inflammation, which was in line with
another study showing that volume replacement using
colloid could significantly reduce inflammatory response
in patients with major abdominal surgery compared with
crystalloid-based treatment[1,9-11].
Therefore, we supposed that a perioperative fluid restriction regimen could decrease postoperative complications by regulating inflammatory responses. In addition, it
was previously reported that CD4/CD8 ratio and regulatory T cells (Treg) play an important role in the outcomes
of gastrointestinal cancer surgery [12,13]. However, the
detailed mechanisms of the perioperative fluid restriction
therapy to reduce postoperative complications and regulate inflammatory function remain unknown to date[9,14,15].
The aim of this study was to compare the effect of a
restricted perioperative intravenous fluid regimen to a
standard regimen on complications and immunological
function in patients with colorectal resection.

MATERIALS AND METHODS
Patients
We conducted a prospective, randomized study from
March 2009 to December 2012 in the Department of
General Surgery of Taizhou People’s Hospital of the
Medical College of Nantong University (China). Adult
patients admitted for elective colorectal resection were
considered eligible if they had no life-threatening systemic diseases [American Society of Anesthesiologist
(ASA) Ⅰ-Ⅲ]and did not meet the following exclusion
criteria: current lactation, pregnancy, language problems,
smoking within 2 wk, diabetes mellitus, renal insufficiency, disseminated or secondary cancer, inflammatory
bowel disease, alcohol overconsumption, mental disorder
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and contraindications to epidural analgesia. Randomization was achieved by using computer-generated random
numbers, and was stratified for colonic or rectal surgery.
A list of randomized numbers for grouping according to
receipt of either perioperative standard (S) or restricted
(R) fluid therapy was generated by computer and sealed
in opaque envelopes by a research assistant blinded to
the study objective and design. Sequential distribution
of these envelopes determined the perioperative approach used on each study subject. Both oral and written
consents were collected from patients or the next-of-kin
relatives. This study was conducted in accordance with
the principle of good clinical practice, the Declaration
of Helsinki, and the study protocol was approved by the
Institutional Review Board in Taizhou People’s Hospital.
Restricted and standard perioperative fluid therapy
Perioperative fluid regimens in both R and S groups
are demonstrated in Table 1. Operative blood losses in
both S and R groups were estimated by weighing bloodsoaked sponges, and by measuring the volume collected
in drains and suction bottles. 6% hydroxyethyl starch
(HAES) in saline was used to replace the loss of blood,
with an allowance for 500 mL of extra normal saline as
decided by the anesthesiologist according to clinical findings. The blood component treatment was started when
the estimation of blood loss reached 1500 mL, with the
goal of obtaining 25%-35% hematocrit (patients with
cardiovascular diseases were given a higher percentage
of hematocrit) in both groups. A maximum of 25 mL/
kg of lactated Ringer’s (RL) solution was used. In order
to correct intraoperative blood loss, HAES (6%) was
also used to obtain further requirements of fluid. 5%
albumin solution was administered if the maximum allowable dose of 6% HAES reached (33 mL/kg per day).
After surgery, 30 mL/h of oral fluid was allowed in all
patients. The total oral fluids were increased to 60 mL/h
after 12 h, and to unrestricted oral fluids after 24 h unless nausea was observed. If 200 mL of drinking water
was tolerated in patients in 0.5 h, intravenous fluid treatment was discontinued. In addition, whole blood lactate
was measured to guide the fluid treatment as previously
described[8]. In order to adjust the above-mentioned fluid
regimens, blood lactate was monitored during the operation (every hour) and after the operation (2, 6, 12, 24, 36,
48, and 72 h). A maximum of allowed HAES (6%) was
1500 mL, only when active bleeding was observed. If the
maximum allowable dose of HAES had been reached (33
mL/kg per day), 5% albumin solution was administered.
Presurgery and postsurgery management
Patients received intravenous cephoxitin (1-2 g/8 h) as
antibiotic prophylaxis initiated on induction of anesthesia
0.5-1 h before incision unless contraindicated, repeated
every 4 h if the operation had not been terminated, and
continued for 24 h after operation. Re-feeding was programmed to begin on the day after operation, via either
the oral or the enteral route, unless contraindicated, and
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nasogastric tubes were not routinely used. Prophylaxis of
deep vein thrombosis was administered to all moderateand high-risk patients with 20-40 mg of enoxaparin 1-2
h before surgery and repeated daily after surgery on an
individual basis. All patients were encouraged to perform
early mobilization after operation. General anesthesia or
combined (general and thoracic epidural) was employed
at the anesthesiologist’s discretion.
Laboratory tests
Samples of venous EDTA blood were collected serially before 8 a.m. on the day before surgery as well as
on days 1, 2, 3, and 5 after surgery. CD4, CD8 and Treg
(CD4+CD25+Foxp3+) were detected as described previously[13]. Briefly, 50 μL of heparinized blood were incubated at 4 ℃ with 10 μL of each monoclonal antibody
specific for a surface antigen (i.e., CD4, CD8, CD25)
or an irrelevant isotype-matched monoclonal antibody,
conjugated to a different fluorochrome for 30 min. Peripheral blood samples were depleted of red blood cells
by incubation with 1 mL of FACS lysing solution (BD
Biosciences) at room temperature for 10 min at the end
of this step. And the intracellular staining procedure was
started when all samples were washed twice with PBS. To
this end, cells were first resuspended in 0.25 mL of Cytofix/Cytoperm solution (BD Biosciences) and allowed
to sit for further 20 min. In order to favor penetration of
anti-Foxp3 in the subsequent incubation, samples were
then washed twice with BD Perm/Wash (BD Biosciences) to keep cells permeabilized. Samples were maintained
in a minute amount of BD Perm/Wash solution (50 μL)
containing FITC-conjugated anti-Foxp3 or FITC-conjugated isotype-matched irrelevant antibody (10 μL) at
4 ℃ for 30 min, then washed twice with BD Perm/Wash
solution, and finally resuspended in 250 μL of PBS. Flow
cytometry was immediately performed on a FACS Calibur instrument (BD Biosciences) and a minimum of 105
events were acquired for each analysis.
Clinical data collection and assessment
Fluid administration and loss were both recorded from
the initiation of abrosia to postoperative day (POD)5.
Intraoperative and postoperative physiologic parameters
were monitored, venous blood was sampled daily until
POD5 or until hospital discharge, and arterial blood was
collected as needed. Any complication recorded within
30 d as well as death and other adverse effects, including
ischemia and impairment of renal function after surgery
were defined as the primary outcomes and the secondary
outcomes, respectively. Baseline and surgical characteristics, and postoperative complications were recorded.
Statistical analysis
Before the trial was started, it was estimated that a sample
size of 70 patients in each group had a power of 80% to
detect an effect size of 1.00 standard deviation (SD) using a two-group t-test with a two-sided significant level
of 0.05.
Statistical analyses were performed using SPSS soft-
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ware version 17.0 (SPSS, Inc.). Data are expressed as
means with their SD. The Mann-Whitney U test was
used to analyze non-parametric ordinal data and the
Student’s t-test was used to analyze normally distributed
continuous data. The χ 2 test or Fisher’s exact test were
used to compare complications between groups, and
results were considered statistically significant if P values
were < 0.05.

RESULTS
In all, 364 patients underwent colorectal resection at the
Department of Surgery, Taizhou People’s Hospital, during the study period. Of these, 185 patients completed
the trial at last, including 96 in the S group and 89 in the
R group (Figure 1).
Baseline characteristics are shown in Table 2. The
clinical characteristics were similar in two groups (P >
0.05).
Patients in the R group received significantly lower
volumes of fluids than those in the S group both during
operation and on POD1-3 (Figure 2A-C). The numbers of patients receiving higher volumes of fluids than
planned to resolve hyperlactatemia were similar in each
group [R group: 27 (30.3%) vs S group: 23 (24.0%), P =
0.33]. In addition, the administration of dopamine and
epinephrine was also similar between the R group and
S group [R group: 22 (24.7%) vs S group: 19 (19.8%), P
= 0.42]. There was no significant difference in time to
return of bowel function (passage of flatus) between
the restricted and standard groups (2.8 ± 0.8 d vs 3.0 ±
0.9 d, P = 0.11). In the first 3 d after surgery the median
weight gain was smaller in the restricted group (Figure 3).
The circulating CD4+/CD8+ T cells ratios were decreased in both groups after surgery (P < 0.05; Figure
4A). However, the ratios in the R group were restored
much more quickly starting from POD2 compared with
the S group (P < 0.05; Figure 4A). Treg play a nonredundant role in the maintenance of immune homeostasis.
Interestingly, the Treg percentage values after surgery
were also decreased in both S and R groups. After the
operation, suppressed Treg percentage values were found
on POD1, which were gradually restored on POD2-5
in both groups. However, expression of Treg in the S
group was consistently lower than that in the R group on
POD1-5 (P < 0.05; Figure 4B).
The number of patients with complications, as well
as the total number of complications, was significantly
lower in the restricted group (Table 3). The incidence
of anastomotic leakage was similar in the two groups (2
in the R group vs 8 in the S group, P = 0.10). However,
more heart insufficiency complications were observed in
the restricted group (8 vs 1, P = 0.02). In the postoperative period 3 patients in the restricted group had reversible acute renal failure (P = 0.11).

DISCUSSION
This study assessed the effect of perioperative restricted
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Assessed for eligibility (n = 364)

Not randomized (n = 167)
Did not meet inclusion criteria (n = 144)
Refused to participate (n = 10)
Other reasons (n = 13)

Randomization (n = 197)

R group (n = 98)

S group (n = 99)

Allocated and received
restricted perioperative
fluid therapy

Allocated and received
standard perioperative
fluid therapy

Analysed (n = 89)

Analysed (n = 96)

Excluded for:
Other surgical specialty issues (n = 4)
Epidural catheter could not be placed (n = 3)
Discontinued intervention (n = 2)

Excluded for:
Other surgical specialty issues (n = 2)
Epidural catheter could not be placed (n = 1)

Figure 1 CONSORT diagram for the trial. R group: Restricted fluid therapy group; S group: Standard fluid therapy group.

Table 1 Perioperative fluid regimens
Perioperative period
Preloading of epidural analgesia
During the operation
Remainder of the operation day
Days following operation

Restricted fluid

Standard fluid

No preloading
7 mL/kg RL in first hour; 5 mL/kg per hour RL in following hours
1000 mL 5% glucose (with potassium if needed)
1000-1500 mL crystalloid

500 mL 6% HAES
12 mL/kg per hour RL
12 mL/kg per hour RL
2000-2500 mL crystalloid

HAES: Hydroxyethyl starch; RL: Lactated Ringer’s solution.

intravenous fluid therapy on immunological function
and postoperative complications. Our results showed
that patients treated with a perioperative restricted intravenous fluid regimen had significantly fewer postoperative complications after elective colorectal surgery.
Interstitial oedema due to fluid overload may predispose to complications[16]. Further effects of fluid overload may be poorer wound healing and a delayed return
of bowel function[16,17]. Many studies have demonstrated
that postoperative immunity dysfunction is associated
with high complication rates[18-20]. Additionally, it was
reported that sustained suppression of lymphocyte function and numbers may be caused during the postsurgical
period of colorectal surgery, which may promote the
rates of postoperative complications[18,21-25]. It was also
reported that increased lymphocyte cell death by Fasmediated circulating lymphocyte subset apoptosis can
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be found in patients with major surgery[26,27]. These findings were in line with those from other studies showing
that the surgical procedures decreased the T-lymphocyte
population[15,20,28,29]. A previous study demonstrated an
increased CD4/CD8 ratio during the postoperative
period in patients with colorectal cancer receiving antiinflammatory therapy using fish oil [30]. Furthermore,
Zhu et al[31] demonstrated that CD4/CD8 ratio to return
to normal might indicate recovery of the anti-infection
mechanism and may have reduced septic events. Th1,
Th17 and Treg cells represent three CD4+ T-cell subsets
that share important developmental elements, but ultimately bifurcate into distinct phenotypes with remarkably opposite activities, with Th1 and Th17 cells being
pro-inflammatory, and Treg being anti-inflammatory[32,33].
Treg are positively correlated with effector T-cells, and
the activity of all these effector T cells is attenuated by
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Table 2 Baseline and surgical characteristics of the patients in the two study groups

Age (yr)
Male/Female
Body mass index
ASA grade
Ⅰ
Ⅱ
Ⅲ

Dukes stage
A
B
C
Comorbidity
Cardiovascular diseases
Pulmonary diseases
Other diseases
Smokers
Site of surgery
Colon
Rectum
Type of surgery
Laparoscopic
Open
Stoma
Blood loss (mL)
Length of operation (min)

Restricted fluid (n = 89)

Standard fluid (n = 96)

P value

64.7 ± 16.8
50/39
21.9 ± 4.2

65.4 ± 17.6
56/40
22.3 ± 3.8

0.78
0.77
0.50
0.98

29
37
23

30
41
25

9
54
26

8
65
23

46
11
16
21

43
14
15
19

59
30

62
34

27
62
12
120 ± 46
146 ± 52

35
61
15
133 ± 62
154 ± 48

0.61

0.78

0.53
0.81

0.38

0.68
0.11
0.28

ASA: American Society of Anesthesiologists.

Table 3 Postoperative complications of the patients in the two study groups n (%)
Restricted fluid (n = 89)

Standard fluid (n = 96)

5 (5.6)
7
2
1
2
1
22 (24.7)
25
13
7
21 (23.6)
28
5
8
1
3
3
60
36 (40.4)

13 (14.6)
19
5
3
8
1
38 (39.6)
44
15
18
30 (31.3)
34
10
1
1
0
7
97
59 (61.5)

Patients with major surgical complications
Total major surgical complications
Sepsis/shock
Anastomotic bleeding
Anastomotic leakage
Peritonitis without leakage
Patients with minor surgical complication
Total minor surgical complications
Wound dehiscence, infection, haematoma
Blood transfusion
Patients with organ-specific complications
Total organ-specific complications
Urinary tract infection
Heart insufficiency
Respiratory insufficiency
Renal insufficiency
Cognitive disorder
Total postoperative complications
Total patients with complications

the anti-inflammatory action of Treg[33]. These cells are
critical for the prevention of excessive immune activation and autoimmune responses perpetrated by self-reactive T cells[13,32]. In the present study, patients received
the perioperative restricted intravenous fluid regimen
underwent an attenuated reduction and faster recovery of
CD4+/CD8+ ratios and Treg percentage values compared
with those received the standard perioperative intravenous fluid treatment.
These results indicated that better preserved immune

WJG|www.wjgnet.com

P value
0.069
0.29
0.62
0.10
1.00
0.03
0.85
0.03
0.24
0.23
0.02
1.00
0.11
0.34
< 0.01

function may contribute to a better regulated inflammatory response in these patients. Although the detailed
mechanism underlying this effect is unclear to date,
cellular swelling caused by the perioperative restricted
intravenous fluid regimen may have led to disruption of
intracellular signaling mechanisms, which ultimately resulted in poor clinical outcomes[34-36].
The greater number of perioperative blood transfusions in the standard group was most likely explained
by the excess amount of fluid with low haemoglobin
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A

R group
S group

4000

b
b

b

3000

b

2000
1000
0
Day of operation POD1

B

b
Bodyweight change (kg)

Total fluid volume (mL)

5000

POD2

b
2

1

POD1

POD2

POD3

Figure 3 Body weight changes in the first 3 d after surgery in two groups.
Data are mean ± SD. POD: Postoperative day; R group: Restricted fluid therapy group; S group: Standard fluid therapy group. bP < 0.01 R group vs S group.

R group
S group

b

b

3

0

POD3

3000

R group
S group

4

a

A

b

b

POD2

POD3

2000

a

+

Day of operation POD1

1.5

R group
S group

b
1500
6% HAES (mL)

b

2.0

+

0

C

R group
S group

2.5

1000
CD4 /CD8 ratios

Crystalloid (mL)

b
2000

1.0

1000

B

POP

POD1

POD2

POD3

POD5
R group
S group

6

0
Day of operation POD1

POD2

POD3

Figure 2 Evolution of intravenous fluids received by the patients in two
groups. Data are mean ± SD. POD: Postoperative day; HAES: Hydroxyethyl
starch; R group: Restricted fluid therapy group; S group: Standard fluid therapy
group. aP < 0.05, bP < 0.01 R group vs S group.

concentration and haemodilution, triggering transfusion of erythrocytes. Interestingly, the loss of estimated
blood between the two groups was similar. In the present study, there were more cardiac complications in the
restricted group. Furthermore, more patients had mild,
reversible renal failure in the postoperative period in the
restricted group. However, there was no statistically significant difference. The renal failure may have been triggered by the restricted amount of fluid in these patients.
In addition, increased creatinine levels were also noted in
previous studies, but renal failure was not more common
when fluid was restricted[37]. These findings indicate that
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Treg percentage values

500

4

a

b

b

a

POD1

POD2

POD3

POD5

2

0

POP

Figure 4 Evolution of peripheral blood CD4+/CD8+ ratios and Treg percentage values in two groups. Data are mean ± SD. POP: Pre-operation; POD:
Postoperative day; R group: Restricted fluid therapy group; S group: Standard
fluid therapy group. aP < 0.05, bP < 0.01 R group vs S group.

the use of a restricted fluid regimen needs to be accompanied by increased observation of cardiac and renal
status.
There were no deaths in the present trial, in contrast
to some previous studies of restricted fluid regimens in
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colorectal surgery[9,16]. Holte et al[38] demonstrated that
patients in the restricted group had improved pulmonary
function, and a trend towards fewer postoperative complications including major complications such as small
bowel obstruction and anastomotic leakage. However,
major surgical complications were comparable between
two groups in this study.
In conclusion, perioperative restricted intravenous
fluid therapy leads to a low postoperative complication
rate and better cellular immunity preservation after surgery in patients with colorectal cancer, which could at
least in part, explains the improvement of clinical outcomes associated with the restricted fluid therapy regimen. However, this is a single clinical center study and
a multi-center study with a larger number of patients is
necessary to strengthen our findings.
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Abstract
AIM: To describe spontaneous, or interferon (IFN)- or
immunization-induced skin lesions in hepatitis B virus
(HBV) infection.
METHODS: A comprehensive literature search of all
the papers presenting case reports of dermatological
lesions in patients with chronic HBV infection was carried out. We included only patients with histologically
proven skin lesions that appeared in the normal course
of hepatitis B infection, or after immunization for hepatitis B or antiviral treatment.
RESULTS: We found 44 papers on this topic, reporting 151 cases. About 2% of patients with hepatitis B
infection, mainly men, presented with skin lesions.
Among patients with chronic hepatitis B, vasculitis and
essential mixed cryoglobulinemia seemed to be the
most frequent skin lesion (53.3%), followed by papular
changes, rashes and Gianotti-Crosti syndrome, skin carcinoma and Henoch-Schönlein purpura were rare. IFN
treatment seemed to be effective against HBV-associated and immunoglobulin-complex-mediated disease
(vasculitis). Two cutaneous lesions (lichen planus and

WJG|www.wjgnet.com

granuloma annulare) were described after hepatitis B
vaccination. Systemic lupus and lupus-like lesions were
the most frequently encountered lesions after antiviral
treatment. Immunosuppressive and steroid therapy
ameliorates lichen planus lesions in 50% of cases.
CONCLUSION: Vasculitis was the most frequent spontaneous skin lesion found in chronic hepatitis B. Lichen
planus was most frequent after immunization and lupus/lupus-like lesions after IFN.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis B; Skin diseases; Adverse effects;
Immunization
Core tip: Chronic hepatitis B is a common infection with
various etiologies, including the involvement of several
systems. We investigated the skin lesions of patients
with chronic or acute hepatitis B. We also looked for
skin lesions related to vaccination and antiviral therapy.
Most common lesions in chronic hepatitis B virus infection encountered in a comprehensive literature search
are: 41% essential mixed cryoglobulinemia and 15.3%
vasculitis; 10.5% (lichen planus-like lesions) respectiveley 7.2% of all lesions included in the review were associated with immunization (lichen planus) and antiviral
therapy (lupus-like lesions).
Grigorescu I, Dumitrascu DL. Spontaneous and antiviral-induced
cutaneous lesions in chronic hepatitis B virus infection. World J
Gastroenterol 2014; 20(42): 15860-15866 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i42/15860.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i42.15860

INTRODUCTION
Skin lesions represent one of the extrahepatic manifesta-
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tions in hepatitis B virus (HBV) infection. The aim of
the present review was to describe the cutaneous manifestations in HBV infection that can appear either spontaneously or after antiviral therapy or even after hepatitis
B vaccination and to review their pathogenesis.

MATERIALS AND METHODS
A systematic literature search of electronic databases, including PubMed, EBSCO, ISI Thomson, was performed
(1976 to February 2014) for all studies assessing skin
lesions in HBV infection or after hepatitis B vaccination/antiviral therapy. The search strategy included text
terms and MeSH headings for skin lesions and HBV infection: “Skin lesions induced by HBV”, “Skin lesions in
viral hepatitis B”, “Cutaneous lesions in viral hepatitis B”,
“Cutaneous lesions after interferon (IFN)”. The “related
articles” function in PubMed was also used to identify
articles not found in the original search.
inclusion criteria
The inclusion criteria used were: full journal publication,
abstracts of articles, including patients with skin lesions
after hepatitis B vaccination, antiviral therapy or during the normal course of the disease. Papers in English,
German and French were included in the study, or in any
language but with an English abstract.
Exclusion criteria
Studies were excluded if they did not meet the inclusion
criteria; these were abstracts/articles containing general
literature data about extrahepatic manifestations in hepatitis B without any case report or abstracts without mentioning the exact type of skin lesion.
Types of participants
We included only patients with histologically proven skin
lesions that appeared in the normal course of hepatitis B
infection, after immunization for hepatitis B, or after antiviral treatment. The titles and abstracts of all identified
studies were reviewed by two independent authors (DDL,
GI) according to the MOOSE criteria.

RESULTS
The first search resulted in a total of 44 articles. After
reviewing the abstracts, 35 studies addressed the description of skin lesions in hepatitis B and 31 met our inclusion criteria. Included articles were published between
1976 and February 2014 and reported a total of 151
patients. The four excluded articles did not mention the
exact name of each type of skin lesion.
Regarding the incidence of the lesions in patients with
acute or chronic HBV infection, 94.3% (117/124) of the
patients had chronic infection, without exact data about
genotype or gender predominance, only 5.6% (7/124)
had acute infection; 10.5% (16/151) from all persons included in the review were related to vaccination and 7.2%
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(11/151) to antiviral treatment.
Skin involvement in chronic HBV
Among the 17 articles including 117 cases (Table 1)
found with skin lesions that appeared in patients with
chronic hepatitis B infection, essential mixed cryoglobulinemia (EMC; n = 48) and vasculitis were the most frequent ones (n = 18), followed by papular changes (n =
13) and purpuric and maculopapular rash (n = 11). Skin
carcinoma and Henoch-Schönlein purpura were reported
as singular cases and Gianotti-Crosti syndrome was described in a single article.
Vasculitis was reported by three authors in 18 cases,
all who were already known to have chronic HBV infection[1-3]. Significant skin changes after histamine intradermal injection were detected only in hypersensitivity vasculitis, even in the absence of cutaneous vasculitis, and
other forms were of nonpalpable purpura with acuteonset distal symmetric sensorimotor polyneuropathy, and
painful petechia rash on both lower legs and the inner
surface of the thighs. Administration of intravenous immunoglobulin with entecavir, prednisolone in addition
to the entecavir, α-IFN improved these types of lesions.
An intradermal histamine provocation test proved to be a
simple, noninvasive method for diagnosing hypersensitivity vasculitis[3].
There were also 48 patients described with HBVrelated EMC syndrome among the category of systemic
vasculitis of the small/medium size vessels by 11 authors; 10/48 (20.8%) of them appeared in a group of
North African Jewish women with Raynaud syndrome[4];
one in a patient with recurrent purpura[5]; one in a quiescent HBV carrier[6]; one in a woman with precore/core
HBV mutant unable to synthesize hepatitis B e antigen
(HbeAg)[7]; and one case referred to a 12-year-old boy presenting with pseudoleukocytosis[8]. Galli et al[9] reported a
large number of EMC patients, but no data regarding the
exact number of the HBV-associated EMC patients was
given by the Italian Study Group on Cryoglobulinemia.
Van Voorst Vader et al[10] cited a case of epidermodysplasia verruciformis and multiple skin cancers in a patient
with viral B cirrhosis.
Henoch-Schönlein purpura was observed only in one
patient: a 32-year-old man with recurrent purpura in association with chronic hepatitis B infection of 10 years
duration. The skin lesions disappeared after antiviral
treatment (lamuvidine and IFN-α) and reappeared after
the end of treatment[11].
Infantile papular acrodermatitis (Gianotti-Crosti syndrome) was described by Ishimaru et al[12] in the context
of the epidemic in 1974-1975 in 48 patients from Southeast Japan; 42 of them having the genotype ayw (genotype
D), and three the adr type, with the impossibility of determination in the rest of the patients.
Skin involvement in acute HBV
In three articles, skin lesions related to acute hepatitis B
infection (Table 2) were single cases of urticaria, perior-
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Table 1 Articles including skin lesions in chronic hepatitis B

Table 2 Articles including skin lesions in acute hepatitis B

Ref.

Year

No. of
patients

Skin lesion

Ref.

Year

No. of
patients

Skin lesion

Ergin et al[11]

2005

1

Glück et al[2]
van Voorst Vader et al[10]

1994
1986

1
1

Mehndiratta et al[1]
van Aalsburg et al[35]
Popp et al[26]

2013
2011
1981

1
1
5

Vasculitic polyneuropathy
Urticaria and periorbital edema
10 rashes, 1 lichenoid lesion

Weiss et al[45]

1978

1

Chossegros et al[3]

1987

16

1981

1

1977
1986
1994
1996
2014
2011
1981
1985
2012
2007
1976

25
10
1
1
1
1
6
1
1
1
48

Henoch-Schönlein
purpura
Vasculitis
Epidermodysplasia
Verruciformis, skin
carcinoma
Erythematous
maculopapular and
purpuric rashes
Hypersensitivity
vasculitis
10 rashes, 1 lichenoid
lesion
EMC
EMC
EMC
EMC
EMC
EMC
EMC
EMC
EMC
EMC
Gianotti-Crosti
syndrome

[26]

Popp et al

[30]

Levo et al
Horowitz et al[4]
Löhr et al[7]
La Civita et al[5]
Yamazaki et al[6]
Yadav et al[8]
Garcia-Bragado et al[46]
Cupella et al[47]
Pasquet et al[31]
Bouhsain et al[48]
Ishimaru et al[12]

Table 3 Articles including skin lesions after hepatitis B
immunization

EMC: Essential mixed cryoglobulinemia.

bital edema, vascular polyneuropathy, lichenoid reaction
and four cases of rashes.
Skin involvement after hepatitis B immunization
We found 16 patients in the eight articles (Table 3) related
to hepatitis B vaccination. Cutaneous changes associated
with hepatitis B immunization were predominantly represented by lichen planus and lichen-planus-like lesions
(n = 14), and only rare cases of granuloma annulare and
polyarteritis nodosa (PAN) were described.
Lichen planus and lichenoid lesions (n = 14) were
found predominantly in male patients, with ages between
11 and 19 years, and four of them were described in
black people. They were located over the upper and lower
extremities, upper trunk, neck, thighs, and abdomen, and
followed Blaschko’s lines in two cases[13]. They appeared
as itchy violaceous papules and plaques, widespread pruritic erythematous eruption, and in one case evolved to
produce strikingly blue macules before spontaneously disappearing. The immunization-associated lichenoid lesions
appeared 8-10 d after the first injection, and also after the
booster doses. Half of the cases were treated successfully
with oral retinoids or corticosteroids[14,15].
Granuloma annulare was described as papular and
patch lesions in a 51-year-old white woman 2 mo after
the second dose of hepatitis B vaccine[16]. In another report it appeared in a 40-year-old woman as disseminated,
non-pruriginous eruption with small, orange/flesh colored, non-annular papules on the upper extremities, then
on the trunk and the lower extremities, 1 mo after the last
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Ref.

Year

No. of
patients

Skin lesion

Mérigou et al[13]
Saywell et al[14]
Criado et al[15]

1998
1997
2004

8
1
2

Wolf et al[16]

1998

1

Agrawal et al[49]
Ventura et al[17]
Al-Khenaizan et al[50]
Usman et al[51]

2004
2009
2001
2001

1
1
1
1

Lichen planus
Lichenoid reaction
Lichen planus, granuloma
annulare
Generalized granuloma
annulare
Lichen planus
Polyarteritis nodosa
Lichen planus
lichen planus

booster, and 3 wk after the 5-year booster of GenHevac
B Pasteur[15]. Treatment with dapsone 50-100 mg/d led to
complete regression of the lesions within 4 mo.
Cutaneous PAN (CPAN) and microscopic polyangiitis were described 1 wk after injection of the third dose
of hepatitis B vaccine in an 11-year-old boy with a 3-mo
history of extensive livedo reticularis mainly affecting the
lower extremities, abdomen and upper extremities; prednisolone (1 mg/kg per day) and azathioprine reduced the
skin lesions after 6 wk of treatment.
Livedo reticularis of the extremities and abdomen,
and absence of any cutaneous nodule, was the only skin
manifestation in an 11-year-old boy in the PAN type of
skin changes[17].
Skin involvement in HBV after IFN therapy
Since 1998 only three authors have described cutaneous
changes related to IFN administration for HBV infection
in 11 patients (Table 4). Lupus and lupus-like lesions together with alopecia were the most frequent skin lesions
described after IFN treatment in hepatitis B. Bullous
pemphigoid was described in only one article.
Lupus and lupus-like lesions were the skin lesions detected after 8 mo administration of pegylated (Peg)-IFN[18]
α2b (160 µg/wk) and in another study we could not establish the exact time and type of antiviral medication[19].
In both cases, lupus-like reactions occurring during IFN
therapy were reversible after treatment withdrawal.
Bullous pemphigoid was described in a 12-year-old
Turkish Caucasian girl 1 wk after HBV immunization
(Gen-Hevac) as a generalized itchy blistering skin lesion
(vesicles and tense hemorrhagic/purulent bullae and urticarial/annular plaques) starting at the vulval and perianal
region, and then with widespread changes on almost
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Table 4 Articles including skin lesions due to antiviral
treatment
Ref.

Year

No. of
patients

Yilmaz et al[18]
Kartal et al[44]

2009
2007

1
9

García-Porrúa et al[19]

1998

1

Skin lesion

Type of IFN

Lupus
Peg-IFN-α-2b
Skin lesions (4),
IFN-α-2a
alopecia (9)
Lupus-like
IFN-α

Peg IFN: Pegylated interferon.

the whole body (except palms, soles and mucous membranes), associated with important weight loss[20]. She
had a good response to 2 mo combination therapy with
systemic prednisone and azathioprine, and the lesions
gradually decreased within 6 mo; no scars or side effects
were noticed.

DISCUSSION
The present review identified articles, most of them being case reports, on skin lesions in HBV during natural
evolution of after preventing or therapeutic interventions. The strength of all the articles included in this
review was the histological proof of every specific lesion.
Study limitations comprised the low number of patients
involved in each study, and the language of some articles,
which prevented access. Only 9% of the retrieved papers
were not included in this review, thus the missing information should not have caused any distortion of our
results. The main reason for excluding articles was the
absence of the exact name of each type of skin lesion.
Another limitation was the impossibility of establishing
an incidence rate of skin lesions in hepatitis B, or after
antiviral therapy or hepatitis B vaccination, due to the low
number of patients in all the included articles.
The percentage of patients who developed skin lesions, from all patients with hepatitis B infection, was
approximately 2%, with a predominance of men (72.3%),
as reported by the FDA [21]. The exact prevalence of
skin lesions among all the patients with HBV infection
or those receiving HBV vaccination could not be established. We did not find any comparative study with
hepatitis C patients regarding the cutaneous changes, as
in autoimmune thyroid disease, where hepatitis C patients
are more susceptible than those with hepatitis B[22]. Although some authors noticed a correlation between HBe
antibody positivity, or an elevated platelet count and the
incidence of extrahepatic clinical and biological manifestations in chronic hepatitis B patients[23], we could not find
any significant association with such parameters.
The exact mechanisms responsible for the development of different skin lesions is not known. There was
no association between HBV conditions (HBeAg/Ab,
serum levels of HBV DNA), HLA haplotype, or race,
that would explain predisposition to development of
specific skin changes. Nor was any correlation found
between chronic infection and HBV genotype, similar
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to other data from the literature[23], except the association
of the Gianotti-Crosti syndrome and the D genotype[12,24].
From the pathogenetic point of view, it is believed that
disorders of primarily immunocomplex genesis generate
skin vasculitis, Raynaud’s syndrome, nodular periarteritis,
and mixed cryoglobulinemia[25]. Cutaneous lesions associated with liver disease may result from immune-complexmediated vascular injury, proven histologically by vascular
deposits of immunoglobulins, complement, and fibrin
in the skin, as well as hypocomplementemia, circulating
immune complexes, and mixed cryoglobulinemia[26]. Vaccination against hepatitis B has been associated with various complications including the occurrence or worsening
of immunologically mediated diseases such as vasculitis,
myasthenia gravis, multiple sclerosis and systemic lupus.
Several lesions in chronic HBV infection are related to
immune complex deposition, rashes with neutrophil
infiltration that leads to small vessel necrosis. Regarding
bullous pemphigoid, hepatitis B surface antigen (HBsAg)
seems to have a trigger function for inducing nonspecific
immune reactivation or by stimulating specific antibody
production that may crossreact with BP antigens[27]. Type
Ⅱ (monoclonal IgM and polyclonal IgG) and type Ⅲ
(polyclonal IgM and monoclonal IgG) cryoglobulins are
found in patients with chronic HBV infection.
The case described by Chossegros et al[3] and the published reports about hypersensitivity vasculitis indicate
that IFN treatment is effective against HBV-associated
and immunoglobulin-complex-mediated disease. Blood
vessels of the superficial dermis with HBsAg, complement components CIq and C3, transient urticarial skin
lesions, and periorbital edema were demonstrated in
three patients with the pre-icteric phase of acute hepatitis
B[28,29]. The case of epidermodysplasia verruciformis and
multiple skin cancers in a patient with hepatitis B cirrhosis emphasizes the importance of immune surveillance in
the protection against virus-associated tumors, because
human papillomavirus type 5 was detected by skin histology[10]. Henoch-Schölein purpura may be considered
a rare cutaneous complication in hepatitis B, but this
infection should always be suspected when diagnosing
purpura. HBV infection seems to be involved in the appearance of EMC, therefore, Levo et al[30] suggest that the
term essential mixed cryoglobulinemia should be replaced
by “mixed cryoglobulinemia secondary to HBV”. On the
contrary, the greater prevalence of HBsAg found in cryoglobulinemia secondary to chronic liver disease compared
with that found in EMC led to the conclusion that there
was no association between HBV and EMC[9]. Antiviral
treatment (with IFN-α 2b3 MIU three times weekly) led
to negative serum cryoglobulins, even in the presence of
HBe-negative HBV mutants[7], even if sometimes this led
to concomitant worsening of neuropathy, which might
be an indication of treatment discontinuity[5]. Entecavir
and plasmapheresis[6], and even rituximab along with entecavir[31], may have a beneficial effect in treating EMC,
although systemic corticoid therapy might be added.
Suspicion of cryoglobulinemia should be raised any time
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patients have leukocytosis and thrombocytosis unsubstantiated by examination of a peripheral blood film and
manual count[8]. Although the pathogenesis of EMC in
patients with HBV remains unclear, similar processes to
those proposed in cases of hepatitis C, such as positive
selection of B cells releasing monoclonal cryoglobulins
and B-cell populations producing polyclonal cryoglobulins, may be involved[32].
HBsAg can function as the triggering factor for bullous pemphigoid by inducing a nonspecific immune reactivation or by stimulating a specific antibody production
that may crossreact with bullous pemphigoid antigens[20].
Baykal et al[27] explains vaccination as a triggering factor
of bullous pemphigoid of any age by stimulating the immune system with an unexplained mechanism.
The first case of lichen planus occurring after hepatitis
B vaccine was reported in 1990[33]. Chronic graft vs hostlike autoimmune reaction has been suggested as possible
pathogenetic mechanism. It occurs irrespective of the type
of vaccine used and might appear a few days to 3 mo after
any of the three doses[34]. Predominance of lichen planus
in children with pigmented skin suggested a genetic predisposition. The eruption following Blaschko’s lines suggests that a clonal keratinocytic population is the target
of lichenoid inflammation. HBV immunization could be
a stimulus triggering a cytotoxic lymphocyte-mediated reaction. In Nepal, HBV and hepatitis C virus do not seem
to be important in the pathogenesis of lichen planus[35].
Generalized granuloma annulare affects older patients
with a more chronic course, which is resistant to treatment, and an association with diabetes mellitus in 21%
of cases[16]. Its pathogenesis and etiology are still not well
understood: autoimmune response originating from a
delayed hypersensitivity reaction against the similarity to
an antigen of the skin, mediated by T lymphocytes[36]; an
immune-mediated type Ⅲ reaction[37]. The literature describes observations of generalized granuloma annulare
in predisposed subjects after BCG vaccination[38]. Relapse
after the 5-year booster injection makes hepatitis B vaccination involvement credible. CPAN and microscopic
polyangiitis are two distinct additional categories of
PAN[24], which are characterized by necrotizing inflammatory changes in small and medium-sized arteries[39,40],
and were first reported in a child by Ventura et al[17].
The absence of systemic involvement and the benign,
but chronic and relapsing course characterize classical
PAN[41]. Bourgeais et al[42] explains its pathophysiological
mechanism as being related to vascular deposits of excess
circulating immune complexes of antigens. High HBV
replication and HBe antigenemia were seen in almost all
cases of PAN associated with wild-type HBV infection,
suggesting that lesions could result from the deposit of
viral Ag/Ab complexes soluble in Ag excess, possibly
involving HBeAg. Traditional immunosuppressive and
steroid therapy should no longer be used for HBV PAN
cases, as the efficacy of antiviral agents and plasma exchanges was proven in HBV-associated PAN[43].
Regarding the skin lesions connected to IFN treat-

WJG|www.wjgnet.com

ment, Kartal et al[44] found that 8% of patients who were
treated with α-2a IFN treatment had this type of complication. Among the treated patients, lupus and lupuslike lesions seemed to be the most frequent skin lesions
encountered in α-2b Peg-IFN administration[18].
Vasculitis was the most frequent skin lesion found in
chronic hepatitis B infection, due to immunological reactions. The most common dermatological adverse reactions caused by IFN administration were lupus/lupuslike lesions. The most frequent skin disease caused by
hepatitis B immunization was lichen planus.
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with HBV infection or people receiving HBV vaccination could not be established. There was no comparative study of hepatitis C patients regarding cutaneous changes, as in autoimmune thyroid disease, where hepatitis c patients
are more susceptible than those with HBV.

Innovations and breakthroughs

Vasculitis was the most frequent skin lesion in chronic hepatitis B infection,
due to immunological reactions. The most common dermatological adverse
reactions after interferon (IFN) administration were lupus/lupus-like lesions.
The most frequent skin disease caused by hepatitis B immunization was lichen
planus.

Applications

Patients with vasculitis should always undergo screening for chronic hepatitis
infection. Further data, implying genetic analysis, are needed to detect special
susceptibility of patients for developing skin reactions after immunization or
antiviral treatment. New correlations between different parameters (hepatitis B
e antigen/antibody, serum levels of HBV DNA) could establish the patient’s risk
of developing skin reactions due to antiviral treatment or HBV immunization.

Terminology

Vasculitis is a group of disorders that involve inflammation of arteries and veins,
leading to their destruction. Lupus-like reactions are drug-induced lupus erythematosus and include an autoimmune response caused by chronic medication
(IFN in their case) producing symptoms similar to those of systemic lupus. Lichen planus is a disease of the skin and/or mucous membranes that resembles
lichen, with a possible autoimmune cause, but unknown initial trigger. Purpura
is the appearance of red/purple discolorations measuring 0.3-1 cm on the skin
that do not blanch on applying pressure and are caused by bleeding underneath the skin usually secondary to vasculitis or dietary deficiency of vitamin
C. Cryoglobulinemia is a medical condition that is caused by proteins called
cryoglobulins, which are present in the blood. When the cryoglobulin proteins
are a mixture of various antibody types, and forming for unknown reasons (essential), the conditions is referred to as essential mixed cryoglobulinemia. It is
characterized by joint pains and swelling (arthritis), enlargement of the spleen,
skin vasculitis with purplish patches, and nerve and kidney disease.

Peer review

The manuscript is an interesting review of literature regarding skin lesions related to HBV infection. It represents the first review addressing this aspect, thus
it could be useful from a clinical perspective. The review is well structured. The
search strategy and the selection criteria of papers included in the analysis are
right. They also discuss the mechanism of the described skin lesions. The data
are interesting and important in the management of patients with HBV infection
and subjects who received HBV vaccination.
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Abstract
AIM: To systematically review the surgical outcomes of
totally laparoscopic gastrectomy (TLG) vs open gastrectomy (OG) for gastric cancer.
METHODS: A systematic search of PubMed, Embase,
Cochrane Library, and Web of Science was conducted.
All original studies comparing TLG with OG were included for critical appraisal. Data synthesis and statistical
analysis were carried out using RevMan 5.1 software.
RESULTS: One RCT and 13 observational studies
involving 1532 patients were included (721 TLG and
811 OG). TLG was associated with longer operation time [weighted mean difference (WMD) = 58.04
min, 95%CI: 37.77-78.32, P < 0.001], less blood loss
[WMD = -167.57 min, 95%CI: -208.79-(-126.34), P <
0.001], shorter hospital stay [WMD = -3.75 d, 95%CI:
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-4.88-(-2.63), P < 0.001] and fewer postoperative complications (RR = 0.71, 95%CI: 0.58-0.86, P < 0.001).
The number of harvested lymph nodes, surgical margin, mortality and cancer recurrence rate were similar
between the two groups.
CONCLUSION: TLG may be a technically safe, feasible
and favorable approach in terms of better cosmesis,
less blood loss and faster recovery compared with OG.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Gastrectomy; Intracorporeal
anastomosis; Laparoscopy; Meta-analysis; Survival
Core tip: Laparoscopy-assisted gastrectomy for gastric
cancer has rapidly become popular in the past decades
due to its minimally invasive advantages over open gastrectomy (OG). However, totally laparoscopic gastrectomy (TLG) remains controversial in terms of safety and
technical issues. This study evaluated the safety and
efficacy of TLG compared with OG for gastric cancer by
performing a systematic review and meta-analysis of
the literature. The existing research shows that TLG is
safe and feasible, and can achieve similar lymph node
dissection effects to those of OG, and is characterized
by advantages such as less pain, fewer postoperative
complications, and rapid recovery, and is expected to
achieve the same effect in oncological treatment as
OG.
Chen K, Pan Y, Cai JQ, Xu XW, Wu D, Mou YP. Totally laparoscopic gastrectomy for gastric cancer: A systematic review and
meta-analysis of outcomes compared with open surgery. World J
Gastroenterol 2014; 20(42): 15867-15878 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i42/15867.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i42.15867
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INTRODUCTION
Laparoscopy-assisted gastrectomy (LAG) for gastric
cancer was ﬁrst reported in 1994[1], and has undergone
rapid development and gained popularity in the past
few decades. Laparoscopic surgery has multiple beneﬁts
compared with open gastrectomy (OG) such as minimal
invasiveness, the possibility of practical maneuvers based
on anatomic understanding through a good visual ﬁeld
and magniﬁcation, earlier patient recovery after surgery
and better postoperative quality of life[2-5]. During LAG,
lymph node dissection is performed laparoscopically.
However, a mini-laparotomy is performed in the epigastrium, through which the anastomosis is performed
under direct vision. Totally laparoscopic gastrectomy
(TLG) preserves the integrity of the abdominal wall,
which is considered to be incisionless, except for the
trocar wounds[6], and is a laparoscopic approach for intracorporeal anastomosis without auxiliary incision and
contact with the tumor. TLG represents the evolution
of LAG. However, there are some technical difficulties
when performing intracorporeal anastomosis, thus LAG
is still a common approach in laparoscopic surgery[7].
The safety and efﬁcacy of LAG has been demonstrated
in large retrospective studies and randomized controlled
trials (RCTs)[2,3,8-11]. In addition, several meta-analyses and
systematic reviews have been published on LAG[12-15].
Similar studies have not been conducted to assess the
potential benefits and disadvantages of TLG. The aim
of this study was to compare TLG with OG with respect
to surgical outcomes, morbidity, mortality and functional
recovery. Long-term outcomes after TLG and OG in patients with any stage of gastric cancer were also evaluated
in a systematic review of the literature and meta-analyses
were performed.

MATERIALS AND METHODS
Search strategy
Systematic searches of PubMed, Embase, Cochrane Library, and Web of Science were performed to identify articles published up to February 2014 that compared TLG
and OG. The search terms “gastric adenocarcinoma”,
“gastric cancer”, “laparoscopic”, “laparoscopy”, “gastrectomy”, “completely”, “totally”, “intracorporeal” and
“endocorporeal” were utilized. The links of each search
result and all references in the original articles identiﬁed
were reviewed to identify additional literature that was
not indexed. Only studies written in English were considered for inclusion.
Eligibility criteria
Studies meeting the following criteria were included:
comparative, peer-reviewed studies of TLG vs OG in
patients with gastric cancer for which the full text of the
article was available. If two studies from the same group
were identiﬁed, the most recent study or that including
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more subjects was selected unless the reports were from
different time periods. The papers containing any of the
following were excluded: (1) laparoscopic-assisted, handassisted, or robot-assisted gastrectomy; (2) non-gastric
carcinoma cases; (3) tumors not in the stomach such as
the esophagus; and (4) studies in which < 2 of the indices
under study were reported, or it was difficult to calculate
these from the results.
Data extraction and quality assessment
Two authors independently extracted the data using a
unified datasheet, and controversial issues were decided
by discussion. The extracted data included: author, study
period, geographical region, number of patients, operation time, blood loss, number of retrieved lymph nodes,
proximal and distal margin distance, time to ﬂatus, time
to oral intake, length of hospital stay, morbidity, mortality, and long-term outcomes. Postoperative complications
were classified as medical (cardiovascular, respiratory,
or metabolic events; nonsurgical infections; deep vein
thrombosis; and pulmonary embolism) or surgical (any
anastomotic leakage or ﬁstula, any complication that required reoperation, intra-abdominal collections, wound
complications, bleeding events, pancreatitis, ileus, delayed
gastric emptying, and anastomotic stricture). This classification system was based on the Memorial Sloan-Kettering
Cancer Center complication reporting system[16]. If the
study provided medians and ranges instead of mean ±
SD, we estimated the mean ± SD as described by Hozo et
al[17]. RCTs were evaluated by the Jadad composite scale.
High quality trials scored more than 2 out of a maximum
possible score of 5. The quality of the non-randomized
studies was assessed using the Newcastle-Ottawa Quality
Assessment Scale (NOS). This scale varies from zero to 9
stars: studies with a score equal to or higher than 6 were
considered methodologically sound.
Statistical analysis
Continuous variables were assessed using weighted mean
difference (WMD), and dichotomous variables were
analyzed using the RR. Statistical heterogeneity, which
indicated between-study variance, was evaluated according to the Higgins I2 statistic[18]. To account for clinical
heterogeneity, which refers to diversity relevant to clinical
situations, we used the random-effects model based on
DerSimonian and Laird’s method. Subgroup analysis of
intraoperative outcomes, such as operation time, blood
loss, and number of retrieved lymph nodes, was conducted for the number of TLG cases performed (40 cases
were used as a cut-point), as the learning curve may have
an impact on the operative outcomes. Potential publication bias was determined by conducting an informal visual inspection of funnel plots based on the complications.
Data analyses were performed using Review Manager
Version 5.1 (RevMan 5.1) software downloaded from the
Cochrane Library. P < 0.05 was considered statistically
significant.
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group compared with the OG group (P < 0.001) (Figure
2A). Blood loss during surgery was decreased during the
laparoscopic procedure (P < 0.001) (Figure 2B). The rate
of transfusions was lower for TLG with a marginal difference between the groups (P = 0.09). No statistical difference was found between the two groups in terms of the
number of harvested lymph nodes (P = 0.59) (Figure 2C).
We also analyzed the retrieval of lymph nodes between
the TLG and OG groups using the modified D2 lymphadenectomy, and no difference was noted (WMD = -1.33,
95%CI: -3.92-1.26, P = 0.31). The length of the proximal
resection margin was similar in both groups (P = 1.00), as
was the length of the distal resection margin (P = 0.28).

Initial literature search (n = 1968)

Abstracts excluded because of not
comparing totally laparoscopic and
open gastrectomy (n = 1948)

Articles retrieved for full-text
evalution (n = 20)

Articles excluded because of failure
[19-24]
to meet inclusion criteria (n = 6)
Reasons: Including non-gastric
[19,20]
carcinoma cases (n = 2)
;
[21,22]
lacking statistical data (n = 2)
[23]
or confounding factors (n = 1) ;
including robot-assisted gastrectomy
[24]
(n = 1)

Subgroup analysis of the learning curve
The overall effects of operation time, blood loss and retrieved lymph nodes were unchanged in the subgroups,
although performing > 40 TLG cases resulted in a moderate reduction in operation time and blood loss. The outcomes of subgroup analyses are summarized in Table 4.

Articles suitable for meta-analysis
[25-38]
(n = 9)

Figure 1 Flow chart of literature search strategies. Spelling of search in
figure incorrect.

RESULTS
Studies selected
The initial search strategy retrieved 1968 publications
in English. After the titles and abstracts were reviewed,
papers without a comparison of TLG and OG were
excluded, which left 20 comparative studies, six[19-24] of
which did not meet the inclusion criteria and were excluded. This left a total of one RCT and 13 observational
studies[25-38], all of which were accessible in full-text format. A flow chart of the search strategies, which includes
the reasons for excluding studies, is illustrated in Figure 1.
Study characteristics and quality
A total of 1532 patients were included in the analysis
with 721 undergoing TLG (47.1%) and 811 undergoing
OG (52.9%). These patients represented international
studies and included data from 9 different countries or
regions (5 from Italy, 1 from Belgium, 1 from France,
1 from the United States, 1 from Chile, 2 from South
Korea, 1 from Japan, 1 from Taiwan and 1 from Hong
Kong). In general, the quality of the included studies was
satisfactory. The RCT received a Jadad score of 3. According to the NOS, three of the 13 observational studies received 7 stars, three articles received 8 stars, and the
remaining seven received 9 stars. The characteristics and
methodological quality assessment scores of the included
studies are summarized in Table 1. The outcomes reported by the included studies are shown in Table 2.
Intraoperative effects
All intraoperative outcomes are summarized in Table 3.
Longer duration of operation was observed in the TLG
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Postoperative clinical course
All postoperative outcomes are summarized in Table 3.
Postoperative pain was evaluated by the number of days
of analgesic use. Patients who underwent TLG received
fewer analgesics (P < 0.001). The outcomes also favored
TLG for first flatus day (P = 0.001) and first oral intake
(P < 0.001), which indicated a quicker recovery of bowel
function. Moreover, postoperative hospital stay was 3.75
d shorter for TLG patients (P < 0.001) (Figure 2D).
Mortality was described in seven studies, and there
was no significant difference in postoperative mortality between the groups (P = 0.40) (Figure 2E). The rate
of overall postoperative complications was lower in the
TLG group (P < 0.001) (Figure 2F). Visual inspection of
the funnel plot revealed symmetry, indicating no serious
publication bias (Figure 3). After further analysis, surgical complications were also lower in the TLG group (P =
0.03). Wound problems such as infection and dehiscence
occurred in 1.7% of TLG patients compared with 6.3%
of OG patients (P < 0.001)[25,28,30,31,36-38]. Other surgical
complications such as anastomotic leakage, intra-abdominal collections, bleeding, and anastomotic stricture were
similar between the two groups (P > 0.05). In addition,
TLG was associated with a significant reduction in medical complications (P = 0.008) with a possible contribution from pulmonary complications (TLG = 2.8%, OG
= 4.8%, P = 0.003)[25-29,31,33-36,38]. The specific postoperative complications included in the studies are summarized
in Table 5.
Recurrence and long-term survival rate
Six studies reported cancer recurrence[25,28,30,31,34,37]. The
recurrence risk in the TLG group was 22.7% (77/339)
and was 21.9% (63/288) in the OG group, however,
the difference was not significant (RR = 1.00, 95%CI:
0.74-1.34, P = 0.98) (Figure 2G). Seven studies reported
postoperative survival rate[25,31-34,36,37], all of which did not
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Italy
Italy
South Korea
Taiwan
Belgium
United States
Hong Kong
France
Italy
Chile
Italy
Italy
Japan
South Korea

Region

RCT
OCS (R)
OCS (P)
OCS (P)
OCS (R)
OCS (P)
OCS (R)
OCS (P)
OCS (P)
OCS (R)
OCS (P)
OCS (R)
OCS (P)
OCS (P)

Study design

2005
2007
2008
2008
2008
2009
2009
2010
2011
2012
2012
2012
2013
2013

Year
1992-1996
2000-2005
2005-2006
1998-2005
2003-2006
2005-2008
2001-2006
2001-2007
2006-2009
2005-2010
2008-2012
2003-2009
1998-2008
2011

Study period
30
48
20
34
38
30
18
51
30
31
41
25
186
139

TLG
29
99
20
34
22
30
41
79
30
31
41
25
123
207

OG

Sample size
D1, D2
D2
D1 + β, D2
D2
D2
D2
D1 + α/β, D2
D2
D2
D1 + α/β, D2
D1 + α/β, D2
D1 + α/β, D2
D2
D2

Level of
lymphad-enectomy
D
S, T
D
S
T
S
D
D, T
D
S, T
S, T
T
D, P, T
T

Surgical extension
B-II, R-Y
R-Y
B-I, R-Y
B-II
R-Y
B-II, R-Y
B-II, R-Y
B-II, R-Y
R-Y
B-II, R-Y
B-II, R-Y
R-Y
B-I, R-Y
R-Y

Reconstruction
NR
2.1%
0
2.9%
NR
NR
5.0%
6.0%
6.7%
3.2%
0
0
2.2%
0

Conversion
3.3%
2.1%
0
0
2.6%
0
0
0
0
0
2.4%
0
1.1%
0

TLG
6.7%
3.0%
0
0
4.5%
0
2.4%
2.5%
0
0
4.9%
0
0
0

OG

Mortality
1245
1245
12345
1245
1245
145
12345
-

1

Matched factors
32
7
8
9
8
9
7
9
9
9
8
9
9
7

Quality scores

15870

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Operation time

Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y

Blood loss

Y

Y

Y

Transfusion

Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y

RLN

Y

Y

Proximal margin

Y

Y

Y

Distal margin

Reported days of analgesic use; 2Reported days and amount of analgesic use. Y: Yes; RLN: Retrieved lymph nodes.

1

Huscher et al[25]
Pugliese et al[26]
Song et al[27]
Lee et al[28]
Topal et al[29]
Strong et al[30]
Wong et al[31]
Chouillard et al[32]
Scatizzi et al[33]
Moisan et al[34]
Cianchi et al[35]
Siani et al[36]
Shinohara et al[37]
Kim et al[38]

Ref.

Table 2 Outcomes of included studies

Y2

Y1

Y1

Y1
Y2
Y2

Analgesic use

Y

Y

Y

Ambulation

Y

Y
Y

Y

Y
Y
Y

Flatus

Y
Y

Y
Y
Y

Y
Y
Y

Oral intake

Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y

Hospital stay

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Morbidity

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Mortality

Y
Y

Y
Y
Y
Y
Y

Y

Survival

Jadad scores; 2Factors matched between groups: 1: Age; 2: Sex; 3: Body mass index; 4: Stage; 5: Type of gastrectomy. RCT: Randomized controlled trial; OCS: Observational clinical study; P: Prospectively collected data; R: Retrospectively collected data; TLG: Totally laparoscopic gastrectomy; OG: Open gastrectomy; D: Distal gastrectomy; P: Proximal gastrectomy; T: Total gastrectomy; S: Subtotal gastrectomy; B-I: Billroth-I; B-II: Billroth-II; R-Y: Rouxen-Y; NR: Not reported.

1

Huscher et al[25]
Pugliese et al[26]
Song et al[27]
Lee et al[28]
Topal et al[29]
Strong et al[30]
Wong et al[31]
Chouillard et al[32]
Scatizzi et al[33]
Moisan et al[34]
Cianchi et al[35]
Siani et al[36]
Shinohara et al[37]
Kim et al[38]

Ref.

Table 1 Summary of studies included in the meta-analysis
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Table 3 Pooled short-term outcomes
Outcomes

No. of studies

Operation time (min)
Blood loss (mL)
Transfusion
Retrieved lymph nodes
Proximal margin (cm)
Distal margin (cm)
Analgesics given (d)
Time to ambulation (d)
Time to first flatus (d)
Time to oral intake (d)
Hospital stay (d)
Overall complications
Surgical complications
Medical complications
Mortality

Sample size

14
12
3
13
2
3
3
3
7
8
13
14
12
11
7

Heterogeneity

Overall effect size

95%CI of overall effect

P value

WMD = 58.04
WMD = -167.57
RR = 0.49
WMD = -0.48
WMD = 0.00
WMD = 0.94
WMD = -1.79
WMD = -0.91
WMD = -1.97
WMD = -2.39
WMD = -3.75
RR = 0.71
RR = 0.75
RR = 0.57
RR = 0.65

37.77-78.32
-208.79-(-126.34)
0.21-1.11
-2.21-1.26
-1.47-1.46
-0.76-(2.64)
-2.37-(-1.21)
-1.65-(-0.16)
-3.18-(-0.77)
-3.34-(-1.45)
-4.88-(-2.63)
0.58-0.86
0.57-0.98
0.38-0.86
0.24-1.76

< 0.001
< 0.001
0.09
0.59
1.00
0.28
< 0.001
0.02
0.001
< 0.001
< 0.001
< 0.001
0.03
0.008
0.40

2

TLG

OG

(P value, I )

721
552
268
683
159
190
108
264
337
525
683
721
635
615
412

811
574
233
789
227
258
159
252
456
580
789
811
690
670
434

< 0.001, 97%
< 0.001, 87%
0.11, 54%
0.04, 46%
0.03, 80%
0.03, 70%
0.33, 11%
< 0.001, 93%
< 0.001, 98%
< 0.001, 96%
< 0.001, 83%
0.74, 0%
0.76, 0%
0.97, 5%
0.96, 0%

WMD: Weighted mean difference; RR: Risk ratio; TLG: Totally laparoscopic gastrectomy; OG: Open gastrectomy.

A

TLG

OG

Mean difference

Study or subgroup

Mean

SD

Total

Mean

SD

Total

Weight

Huscher
Pugliese
Song
Topal
Lee
Wong
Strong
Chouillard
Scatizzi
Cianchi
Siani
Moisan
Kim
Shinohara

196.0
240.0
254.3
187.0
283.0
252.8
270.0
260.0
240.0
245.3
211.0
250.0
144.0
369.7

21.0
23.0
42.1
60.0
122.0
31.3
55.8
82.5
32.5
10.2
23.0
65.0
45.5
109.5

30
48
20
38
34
18
30
51
30
41
25
31
139
186

168.0
220.0
221.8
152.5
195.0
150.0
126.0
200.0
180.0
166.2
185.0
210.0
137.0
263.6

29
31
63.5
25
26
102.5
34.6
40
30
10.5
19
63.8
48.3
76.9

29
99
20
22
34
41
30
79
30
41
25
31
207
123

7.6%
7.7%
6.5%
7.2%
5.9%
6.4%
7.1%
7.1%
7.5%
7.8%
7.7%
6.6%
7.7%
7.3%

Total (95%CI)

721
2

811

2

100.0%

Mean difference

IV, Random, 95%CI

Year

28.00 [15.04, 40.96]
20.00 [11.08, 28.92]
32.50 [-0.89, 65.89]
34.50 [12.75, 56.25]
88.00 [46.07, 129.93]
102.80 [68.25, 137.35]
144.00 [120.51, 167.49]
60.00 [35.70, 84.30]
60.00 [44.17, 75.83]
79.10 [74.62, 83.58]
26.00 [14.31, 37.69]
40.00 [7.94, 72.06]
7.00 [-3.03, 17.03]
106.10 [85.31, 126.89]

2005
2007
2008
2008
2008
2009
2009
2010
2011
2012
2012
2012
2013
2013

58.04 [37.77, 78.32]

2

Heterogeneity: Tau = 1361.64; χ = 391.69, df = 13 (P < 0.00001); I = 97%

-100 -50

Test for overall effect: Z = 5.61 (P < 0.00001)

B

TLG

Study or subgroup Mean
Huscher
Pugliese
Song
Topal
Lee
Strong
Wong
Chouillard
Cianchi
Siani
Moisan
Shinohara

229.0
150.0
79.1
10.0
74.0
200.0
132.5
150.0
118.7
250.0
100.0
154.3

Total Mean

144.0
85.0
49.1
98.8
23.0
216.5
80.0
205.0
10.7
150.0
113.0
287.1

Total (95%CI)

30
48
20
38
34
30
18
51
41
25
31
186

391.0
394.0
243.6
450.0
190.0
150.0
175.0
240.0
312.4
495.0
300.0
388.7

552
2

2

Mean difference
Total

Weight

IV, Random, 95%CI

Year

136.0
125.0
117.2
337.5
113.0
216.5
195.0
139.2
42.9
190.0
300.0
272.8

29
99
20
22
34
30
41
79
41
25
31
123

8.4%
10.4%
9.3%
4.7%
10.2%
6.3%
8.5%
8.9%
11.1%
7.1%
6.1%
8.9%

-162.00 [-233.45, -90.55]
-244.00 [-278.42, -209.58]
-164.50 [-220.19, -108.81]
-440.00 [-584.49, -295.51]
-116.00 [-154.76, -77.24]
50.00 [-59.56, 159.56]
-42.50 [-112.70, 27.70]
-90.00 [-154.09, -25.91]
-193.70 [-207.23, -180.17]
-245.00 [-339.89, -150.11]
-200.00 [-312.85, -87.15]
-234.40 [-297.35, -171.45]

2005
2007
2008
2008
2008
2009
2009
2010
2012
2012
2012
2013

574

100.0%

-167.57 [-208.79, -126.34]

2

Test for overall effect: Z = 7.97 (P < 0.00001)
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50 100
Favours OG

Mean difference

SD

Heterogeneity: Tau = 3927.31; χ = 83.84, df = 11 (P < 0.00001); I = 87%
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0

Favours TLG
OG

SD

IV, Random, 95%CI

IV, Random, 95%CI

-500

-250
Favours TLG

0

250
500
Favours OG
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C

TLG

OG

Mean difference

Mean difference

Study or subgroup

Mean

SD

Total

Mean

SD

Total

Weight

IV, Random, 95%CI

Year

Huscher
Pugliese
Song
Lee
Strong
Wong
Chouillard
Scatizzi
Cianchi
Moisan
Siani
Kim
Shinohara

30
32
37.5
34.5
18
25.8
19
31
29.4
35
35
37
45.3

14.9
9
15.2
11.1
8.4
10.5
10.8
11
1.6
14.8
18
15.3
16.9

30
48
20
34
30
18
51
30
41
31
25
139
186

33.4
36
31.9
36.5
21
20
22
37
28.7
39
40
34
43.8

17.4
14
16.4
15.1
10.7
14.3
16.3
20.3
2.3
24.3
16
11.8
17.2

29
99
20
34
30
41
79
30
41
31
25
207
123

3.7%
11.0%
2.8%
5.7%
8.1%
5.4%
8.6%
3.7%
21.4%
2.7%
2.9%
13.5%
10.6%

-3.40 [-11.68, 4.88]
-4.00 [-7.75, -0.25]
5.60 [-4.20, 15.40]
-2.00 [-8.30, 4.30]
-3.00 [-7.87, 1.87]
5.80 [-0.73, 12.33]
-3.00 [-7.66, 1.66]
-6.00 [-14.26, 2.26]
0.70 [-0.16, 1.56]
-4.00 [-14.02, 6.02]
-5.00 [-14.44, 4.44]
3.00 [-0.01, 6.01]
1.50 [-2.39, 5.39]

2005
2007
2008
2008
2009
2009
2010
2011
2012
2012
2012
2013
2013

789

100.0%

-0.48 [-2.21, 1.26]

Total (95%CI)

683
2

2

IV, Random, 95%CI

2

Heterogeneity: Tau = 3.48; χ = 22.22, df = 12 (P = 0.04); I = 46%

-10

Test for overall effect: Z = 0.54 (P = 0.59)

D
Study or subgroup

Mean

TLG
SD

Total

Mean

OG
SD

Total

Weight

Mean difference
IV, Random, 95%CI

Year

Huscher
Pugliese
Lee
Song
Strong
Wong
Chouillard
Scatizzi
Cianchi
Moisan
Siani
Kim
Shinohara

10.3
10.0
8.5
9.7
5.0
8.0
8.0
7.0
8.1
7.0
10.5
7.0
16.3

3.6
3
2.8
3
6
9
4.5
11
0.5
13.8
1.5
11.2
9.8

30
48
34
20
30
18
51
30
41
31
25
139
186

14.5
18.0
12.1
10.9
7.0
9.0
11.5
9.0
11.5
10.5
14.5
8.0
24.3

4.6
5.0
3.2
4.0
6.3
10.8
4.3
4.3
0.8
7.8
3.1
5.3
11.9

29
99
34
20
30
41
79
30
41
31
25
207
123

8.3%
10.1%
9.8%
8.1%
6.2%
3.2%
9.5%
4.4%
11.6%
3.0%
10.0%
8.5%
7.3%

-4.20
-8.00
-3.60
-1.20
-2.00
-1.00
-3.50
-2.00
-3.40
-3.50
-4.00
-1.00
-8.00

2005
2007
2008
2008
2009
2009
2010
2011
2012
2012
2012
2013
2013

789

100.0%

Total (95%CI)

683
2

2

[-6.31, -2.09]
[-9.30, -6.70]
[-5.03, -2.17]
[-3.39, 0.99]
[-5.11, 1.11]
[-6.31, 4.31]
[-5.06, -1.94]
[-6.23, 2.23]
[-3.69, -3.11]
[-9.08, 2.08]
[-5.35, -2.65]
[-3.00, 1.00]
[-10.53, -5.47]

TLG
Events
Total

-10

Weight

Risk ratio
M-H, Random, 95%CI

Year

Huscher

1

30

2

29

17.9%

0.48 [0.05, 5.05]

2005

Pugliese

1

48

3

99

19.7%

0.69 [0.07, 6.44]

2007

Topal

1

38

1

22

13.3%

0.58 [0.04, 8.80]

2008

Wong

0

18

1

41

9.9%

0.74 [0.03, 17.27]

2009

Chouillard

0

51

2

79

10.8%

0.31 [0.02, 6.28]

2010

Cianchi

1

41

2

41

17.7%

0.50 [0.05, 5.30]

2012

Shinohara

2

186

0

123

10.7%

3.32 [0.16, 68.48]

2013

434

100.0%

Total (95%CI)

412

Total events

6
2

2

10

0

5

10

Favours OG

Risk ratio
M-H, Random, 95%CI

0.65 [0.24, 1.76]

11
2

Heterogeneity: Tau = 0.00; χ = 1.48, df = 6 (P = 0.96); I = 0%

0.002

Test for overall effect: Z = 0.85 (P = 0.40)
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-5
Favours TLG

OG
Events
Total

5

Favours OG

Mean difference
IV, Random, 95%CI

Test for overall effect: Z = 6.53 (P < 0.00001)

Study or subgroup

0

-3.75 [-4.88, -2.63]

2

Heterogeneity: Tau = 2.83; χ = 71.70, df = 12 (P < 0.00001); I = 83%

E

-5

Favours TLG

0.1
Favours TLG

15872

1

10

500

Favours OG
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F

TLG
Events
Total

Study or subgroup

OG
Events
Total

Weight

Risk ratio
M-H, Random, 95%CI

Year

Huscher

7

30

8

29

5.0%

0.85 [0.35, 2.03]

2005

Pugliese

6

48

14

99

4.8%

0.88 [0.36, 2.16]

2007

15

38

9

22

9.5%

0.96 [0.51, 1.83]

2008

Lee

7

34

6

34

4.0%

1.17 [0.44, 3.11]

2008

Song

1

20

1

20

0.5%

1.00 [0.07, 14.90]

2008

Strong

8

30

13

30

7.4%

0.62 [0.30, 1.27]

2009

Wong

3

18

8

41

2.7%

0.85 [0.26, 2.85]

2009

Chouillard

9

51

20

79

7.8%

0.70 [0.34, 1.41]

2010

Scatizzi

2

30

8

30

1.8%

0.25 [0.06, 1.08]

2011

Siani

4

25

5

25

2.7%

0.80 [0.24, 2.64]

2012

Moisan

7

31

4

31

3.1%

1.75 [0.57, 5.38]

2012

Cianchi

9

41

14

41

7.5%

0.64 [0.31, 1.32]

2012

Kim

14

139

45

207

12.3%

0.46 [0.26, 0.81]

2013

Shinohara

44

186

43

123

30.9%

0.68 [0.48, 0.96]

2013

811

100.0%

0.71 [0.58, 0.86]

Topal

Total (95%CI)

721

Total events

136
2

198
2

2

Heterogeneity: Tau = 0.00; χ = 9.45, df = 13 (P = 0.74); I = 0%

0.1 0.2
0.5
Favours TLG

Test for overall effect: Z = 3.42 (P = 0.0006)

G

TLG
Events

Total

OG
Events

Total

Weight

Risk ratio
M-H, Random, 95%CI

Year

Huscher

11

30

10

29

18.2%

1.06 [0.53, 2.11]

2005

Lee

2

34

1

34

1.6%

2.00 [0.19, 21.03]

2008

Strong

4

30

5

30

5.8%

0.80 [0.24, 2.69]

2009

Wong

2

28

9

41

4.1%

0.33 [0.08, 1.39]

2009

Moisan

5

31

4

31

5.8%

1.25 [0.37, 4.22]

2012

Shinohara

53

186

34

123

64.5%

1.03 [0.72, 1.49]

2013

288

100.0%

1.00 [0.74, 1.34]

Study or subgroup

Total (95%CI)

339

Total events

77
2

Risk ratio
M-H, Random, 95%CI

1

2
5 10
Favours OG

Risk ratio
M-H, Random, 95%CI

63
2

2

Heterogeneity: Tau = 0.00; χ = 2.97, df = 5 (P = 0.71); I = 0%

0.05
0.2
Favours TLG

Test for overall effect: Z = 0.03 (P = 0.98)

1

5
20
Favours OG

Figure 2 Meta-analysis of the pooled data. A: Operation time; B: Intraoperative blood loss; C: Retrieved lymph nodes; D: Postoperative hospital stay; E: Mortality; F:
Overall complications; G: Recurrence.

Table 4 Subgroup analysis of learning curve using a cut-point of 40 totally laparoscopic gastrectomy cases
Outcomes

No. of studies

Operation time (min)
< 40 TLG cases
> 40 TLG cases
Blood loss (mL)
< 40 TLG cases
> 40 TLG cases
Retrieved lymph nodes
< 40 TLG cases
> 40 TLG cases

Overall effect size

95%CI of overall effect

P value

< 0.001, 92%
< 0.001, 99%

WMD = 60.54
WMD = 53.91

35.64-85.45
16.74-91.08

< 0.001
0.004

232
342

< 0.001, 84%
< 0.001, 85%

WMD = -155.04
WMD = -194.81

-133.22
-95.98

< 0.001
< 0.001

240
549

0.23, 25%
0.06, 63%

WMD = -1.41
WMD = 0.03

-6.11
-4.27

0.37
0.98

Sample size

Heterogeneity
2

TLG

OG

(P value, I )

9
5

256
465

262
549

8
4

226
326

8
5

218
465

TLG: Totally laparoscopic gastrectomy; OG: Open gastrectomy; WMD: Weighted mean difference.

find a significant difference between the two groups. Although Strong et al[30] did not report specific survival rate,
they also found no significant difference in the survival
rate between the two groups after 36 mo of follow-up (P
> 0.05). The systematic review of long-term survival out-
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comes is summarized in Table 6.

DISCUSSION
The TLG technique was first conceptualized by Goh et
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Figure 3 Funnel plots of the overall postoperative complications.

al[39] in 1992, who reported two TLGs for the treatment
of peptic ulcers. In 1996, Ballesta-Lopez first used this
surgical technique for the treatment of gastric cancer and
documented its feasibility and efficacy[40]. Although TLG
has been in use for over 20 years, its development has
been limited as successful reconstruction of the digestive
tract has been difficult to achieve laparoscopically. However, continuous improvement and technical advances
(in equipment as well as training) have made the application of TLG techniques in oncologic surgery for gastric
cancer possible. Although RCTs are ideal for a metaanalysis, it is difficult to conduct a high-quality RCT to
evaluate a new surgical intervention due to obstacles such
as learning curve effects, ethical and cultural resistance,
and urgent or unexpected events during surgery. For
these reasons, the inclusion of non-RCTs is an appropriate strategy to extend the source of evidence. Therefore,
our meta-analysis included existing observational studies
with strict inclusion and exclusion criteria to evaluate the
safety and efficacy of TLG.
Postoperative morbidity is usually used to estimate
the feasibility and safety of a procedure. Morbidity was
signiﬁcantly lower in the TLG group than in the OG
group, regardless of surgical or medical complications.
Fewer surgical complications were primarily attributed
to reduced wound complications (infections, dehiscence,
etc.) in the TLG group. The scattered trocar incisions
and contractible sample-extracting incision may explain
the reduced wound infection seen in the TLG group.
However, other surgical complications (such as leakage
and intra-abdominal abscess) were not reduced in the
TLG group. This is not surprising as the laparoscopic
technique, although less invasive, results in the same organ and lymphatic resection as the open procedure. The
significantly reduced medical complications could be explained by the reduced invasiveness of the laparoscopic
technique and less postoperative pain. Postoperative pain
was less serious in the TLG group than in the OG group
as seen by the lower dosage or shorter duration of analgesic use. We also found that pulmonary complications
occurred less often in the TLG group than in the OG
group. One plausible hypothesis might be that the pain
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caused by a large incision as well as the use of tension sutures and abdominal bandages after laparotomy can make
patients loath to cough, expectorate and perform exercise breathing effectively, thus the patients are prone to
complications such as pulmonary infection. Our pooled
analysis demonstrated that the postoperative hospital stay
was 3.75 d shorter for TLG patients. The reduced use
of analgesic drugs, shortened time of abdominal cavity
exposure, less bowel manipulation, reduced inflammatory
reactions, and earlier postoperative activities are considered to be the main reasons for earlier gastrointestinal recovery from laparoscopic surgery. However, the considerably longer postoperative stay may also have been related
to local preferences and different health care systems, and
some current series from referral centers report a median
stay of more than 14 d after OG, which was considerably
longer than that after TLG[25,26,36,37]. The current median
length of stay at our hospital after TLG is 10 d, which is
similar to most of the included studies[41]. Theoretically,
decreased postoperative complication rates and faster
recovery have the potential to allow eligible patients to
receive postoperative chemotherapy in a timely manner,
and therefore, possibly contribute to an improved oncologic outcome. However, these theoretical advantages are
unproven.
Operative blood loss and the need for transfusions
were lower in TLG cases shown in the pooled analysis.
The reduced length of the incision wound and the application of energy-dividing devices, such as the Harmonic
Scalpel and Ligasure, contributed to the reduction in
blood loss. Another reason is that laparoscopy allows a
magniﬁed view of small vessels, particularly during dissection of the plane between the pancreas envelope and
some major vessels such as the left gastric artery, common hepatic artery, coeliac trunk and splenic vessels.
The most consistent ﬁnding in this meta-analysis was
the longer operation time for TLG. The learning curve
which is related to the surgeon’s experience, familiarity
with instruments, and assistant compliance, can influence some of the outcomes studied, such as operation
time and lymph node retrieval[42]. It has been suggested
that experienced laparoscopic surgeons reach a plateau
in operation time after about 40 operations[42,43]. As most
of the studies in the present analysis did not explicitly
describe the surgeon’s level of proﬁciency, a subgroup
analysis was carried out by selecting studies in which the
surgeon had performed more than 40 TLG operations as
a surrogate marker of proﬁciency. This analysis demonstrated a moderate reduction in TLG operation time. Another reason for the prolonged operation time for TLG
may be related to the reconstruction step, which is more
difficult to complete during laparoscopy. To overcome
these potential problems, various modified techniques
have been reported. The most representative methods
for distal gastrectomy are a delta-shaped anastomosis to
perform a Billroth-I gastroduodenostomy and a linear
stapler method to perform a side-to-side Billroth II gastrojejunostomy[41,44]. Two other intracorporeal reconstruc-
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P value

Total (%)

Kim et al[38]

Shinohara et al[37]

Siani et al[36]

Cianchi et al[35]

Moisan et al[34]

Scatizzi et al[33]

Chouillard et al[32]

Wong et al[31]

Strong et al[30]

Topal et al[29]

Lee et al[28]

Song et al[27]

Pugliese et al[26]

TLG
OG
TLG
OG
TLG
OG
TLG
OG
TLG
OG
TLG
OG
TLG
OG
TLG
OG
TLG
OG
TLG
OG
TLG
OG
TLG
OG
TLG
OG
TLG
OG
TLG
OG

Group

30
29
48
99
20
20
34
34
38
22
30
30
18
41
51
79
30
30
31
31
41
41
25
25
186
123
139
207
721
811

n

7
8
61
141
1
1
7
6
151
91
8
13
3
8
91
201
2
8
7
4
9
14
4
5
441
431
14
45
136
198

Total events

5
5
1
1
24 (3.4)
27 (3.4)
0.99

1
1
1
3
2
4
2
1
4
2
2
4
1

1
2
2

1
2
3

Leakage

4
5
2
4
7 (1.9)
9 (2.4)
0.63

1

Stenosis

2
9
13 (2.8)
28 (4.8)
0.003

1
5
1
2

3
1

2

1

1
1

4
5
3

Pulmonary

2
2
10
1
12
8 (1.7)
31 (6.3)
< 0.001

1
3
1

1
2

2
2

Wound

17 (4.5)
9 (3.0)
0.32

12
8

2

1

1

1

1

Pancreatitis

3
2
12 (4.0)
9 (2.4)
0.23

1

1

3
4

3
1
3

Obstruction

2 (1.6)
5 (4.0)
0.45

1

1
2

1

1
1

Cardiovascular

3
2
8 (2.3)
4 (0.9)
0.11

1

1
1

1

1

1

1

Bleeding

11
11 (2.7)
23 (5.3)
0.06

9
9

2
1
1

1

Abscess

2
4
6 (2.0)
11 (3.0)
0.42

2
1
2
1
2
2

1

Other

1
1
4
4
3
2
NR
NR
8
2
5
NR

NR
NR
NR
NR
0
0
2
0
6
0
NR
NR
NR
NR

Reoperation

tion methods used in total gastrectomy are also representative; one using a transorally inserted anvil (OrVil™; Covidien) to perform an end-to-side esophagojejunostomy[45], the
other using linear staplers to perform a side-to-side anastomosis[46]. These methods help to simplify the procedure of reconstruction and shorten the operation time.
Oncological outcome is a critical measure of success in laparoscopic surgery for malignant tumors. The number of retrieved lymph nodes and surgical resection margin
are the major indicators of oncological surgical quality. The present meta-analysis showed that the number of retrieved lymph nodes with TLG was similar to that for OG, and
significantly more than the 15 lymph nodes advocated by the Union for International Cancer Control (UICC). To reduce heterogeneity, a subgroup analysis of the extent of
modified D2 lymphadenectomy was performed[26,28-30,32,33,37,38], which conﬁrmed that similar numbers of lymph nodes were harvested. With regard to the length of the resection
margin, only a limited number of studies reported on the proximal margin. There were no significant differences between the two groups overall. However, our previous meta-

Some complications were not speciﬁed. NR: Not reported; TLG: Totally laparoscopic gastrectomy; OG: Open gastrectomy.

1

[25]

Huscher et al

Ref.

Table 5 Systematic review of postoperative complications and reoperation n (%)
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Table 6 Systematic review of long-term survival
Ref.
Huscher et al[25]
Lee et al[28]
Song et al[27]
Wong et al[31]
Chouillard et al[32]
Scatizzi et al[33]
Moisan et al[34]
Siani et al[36]
Shinohara et al[37]

Group

Follow-up (mo)

Recurrence

Survival rate (%)

TLG
OG
TLG
OG
TLG
OG
TLG
OG
TLG
OG
TLG
OG
TLG
OG
TLG
OG
TLG
OG

60 (2-88)
55 (7-90)
NR1
NR1
11
13.8
32 (2-79)
27 (1-79)
29 (12-74)
33 (14-79)
18 (2-37)
18 (7-42)
28
40
32.6
31.9
48.8(25-58.5)a

11
10
2
1
4
5
2
9
NR
NR
NR
NR
5
4
NR
NR
53
34

5-yr DFS: 57.3, 5-yr OS: 58.9
5-yr DFS: 54.8, 5-yr OS: 55.7
NR
NR
NR2
NR2
5-yr OS: 81.0
5-yr OS: 67.5
OS, 1-yr: 88.4, 2-yr: 71.2, 3-y: 43.2
OS, 1-yr: 88.3, 2-yr: 54.8, 3-yr: 38.4
42-mo OS: 70.9
42-mo OS: 56.8
3-yr DFS: 79.4, 3-yr OS: 82.3
3-yr DFS: 83.4, 3-yr OS: 86.9
5-yr DFS: 54.2, 5-yr OS: 55.7
5-yr DFS: 52.1, 5-yr OS: 52.9
5-yr DFS: 65.8b, 5-yr OS: 68.1b
5-yr DFS: 62.0b, 5-yr OS: 63.7b

1

All patients were followed up for at least 2 years; 2DFS at 36 mo demonstrated no signiﬁcant difference between the groups. Follow-up time was shown as median (range); a: Shown as interquartile range; b: Calculated by excluding stage IA and missed followup patients. DFS: Disease-free survival; OS: Overall survival; NR: Not reported.

analysis demonstrated a reduced proximal margin in the
LAG group compared with the OG group[4,15]. We argued
that such a result may relate to the nature of LAG, where
the specimen is resected and reconstruction is performed
through a mini-laparotomy; and it is difficult to pull the
proximal stomach using a narrow incision, which may influence the distance of the proximal margin. TLG avoids
such difficulties and a longer proximal margin may be expected. The length of the distal resection margin was also
similar between the two groups. Both proximal and distal
margin lengths demonstrated that TLG is oncologically
acceptable for proximal or distal located tumors. Cancer
recurrence and long-term survival rate are two visually
effective outcomes for evaluating surgical interventions
in oncological therapy. The majority of recurrences occur
during the first two years after surgery[47], therefore, we
used two years as the qualification for NOS to assess the
adequate follow-up period of each study. Based on these
data, postoperative cancer recurrence and long-term survival rate in the TLG group were similar to those in the
OG group. We extracted OS and DFS from data in all
available articles. However, we did not analyze this due
to the lack of survival data. Therefore, more studies of
long-term outcomes are still required to assess the oncological adequacy of TLG.
This analysis has some limitations: (1) most of the
studies included were non-randomized and retrospective
in nature. Hence, these results are only an estimate of the
true beneﬁt of TLG for gastric cancer. We would like to
emphasize the importance of RCTs for evaluating the
potential short- and long-term beneﬁts of TLG; (2) the
laparoscopic cohorts from most, if not all of these institutions, represented initial experiences, and most of the
studies had small sample sizes with fewer than 50 TLG
procedures, which could have introduced a bias against
the outcomes of TLG, because surgical parameters might
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be influenced by the surgeon’s learning curve; (3) the homogeneity test for the continuous variables showed the
existence of signiﬁcant heterogeneity among the included
studies. Therefore, we used a random effects model to
evaluate these parameters; and (4) some studies reported
that TLG could further reduce trauma compared to
LAG, especially in obese patients[48,49]. However, none
of the included studies evaluated the effectiveness of
TLG for very obese patients, which could undermine the
strength of the analysis to some extent.
In conclusion, TLG is a safe, feasible approach for
patients with gastric cancer. The results of TLG were
favorable in terms of better cosmesis, less blood loss and
faster recovery. However, more methodologically highquality comparative studies are required to adequately
evaluate the status of TLG.

COMMENTS
COMMENTS
Background

Since it was first reported in 1994, laparoscopic-assisted gastrectomy (LAG) for
gastric cancer has undergone rapid development and gained popularity in the
past 20 years. During LAG, lymph node dissection is performed laparoscopically. However, resection of the stomach and anastomosis is performed with a
direct view through a mini-laparotomy in the epigastrium. Totally laparoscopic
gastrectomy (TLG) is considered to be incisionless, except for the trocar
wounds, and is a laparoscopic approach for intracorporeal anastomosis without
auxiliary incision. Although several meta-analyses and systematic reviews have
been published on LAG, similar studies have not been conducted to assess the
potential benefits and disadvantages of TLG.

Research frontiers

In order to accurately assess the current status of TLG, the authors strictly
limited the inclusion criteria by focusing exclusively on TLG and carried out a
comprehensive meta-analysis. This will contribute to a more systematic and
objective evaluation of the safety of TLG in cancer treatment.

Innovations and breakthroughs

Based on this meta-analysis, TLG is a safe, feasible approach for patients with
gastric cancer. The results of TLG were favorable in terms of better cosmesis,
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less blood loss and faster recovery, albeit with a longer operation time.

13

Applications

Despite a longer operation time, TLG can be performed safely in experienced
surgical centers with a shorter hospital stay and fewer complications than open
surgery. However, more methodologically high-quality comparative studies are
required to adequately evaluate the status of TLG.

Peer review

This is a well written paper which will add a great deal to the literature on the
subject. In the future, TLG will be rapidly developed in the field of abdominal
minimally invasive surgery. Future research should compare LAG and TLG to
verify the safety and feasibility of TLG.
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Abstract
AIM: To investigate whether dairy product consumption is a risk factor for gastric cancer.
METHODS: We searched the PubMed and Web of Science databases for English-language studies on dairy
product consumption and gastric cancer risk that were
published between October 1980 and September 2013.
One author independently extracted data and assessed
study quality. Based on the heterogeneity results, we
used either the fixed effects model or the random effects model to compute the summary relative risks
and 95% confidence intervals (CIs). We also analyzed
subgroups according to the study design, geographic
region, sex, and whether there were adjustments for
confounders (smoking and drinking) with respect to the
sources of heterogeneity.
RESULTS: We found 39 studies that were potentially
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eligible for inclusion in this meta-analysis, including 10
cohort studies and 29 case-control studies. The summary relative risk for gastric cancer, comparing the
highest and lowest dairy product consumption categories, was 1.06 (95%CI: 0.95-1.18). Specific analyses
for milk, butter, and margarine yielded similar results,
but the results for cheese and yogurt were different.
There was significant heterogeneity for all studies (Q
2
= 112.61; P = 0.000; I = 67.1%). No publication bias
was observed (Egger’s test: P = 0.135; Begg’s test: P =
0.365). There was a nonsignificant association between
dairy product consumption and gastric cancer risk in
the subgroup analysis for the study design, sex, geographic region, and whether there were adjustments
for confounders (smoking and drinking).
CONCLUSION: In our meta-analysis, dairy product
consumption was associated with a nonsignificantly
increased risk of gastric cancer. However, this result
should be verified using large, well-designed prospective studies.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Milk; Dairy product; Gastric cancer; Metaanalysis
Core tip: Previously published epidemiologic studies
have presented inconclusive results on the association
between dairy product consumption and gastric cancer risk. Therefore, we performed a meta-analysis to
further explore the possibility of an association. To the
best of our knowledge, this is the first meta-analysis
that explores the association between dairy product
consumption and gastric cancer risk. We analyzed the
effects of consuming individual dairy product and the
total effects of all dairy product on gastric cancer risk,
and we conducted subgroup analyses for the study
design, sex, region, and adjustment factors. Our study
offers new insight into gastric cancer prevention.
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INTRODUCTION
Gastric cancer remains the fourth most common cancer
and the second leading cause of cancer mortality worldwide, even though the incidence and mortality rates have
steadily decreased over the last half century[1-3]. Epidemiological investigations have associated the risk of gastric
cancer with living habits[4-6]. Because dietary intake may
be an important factor in the etiology of gastric cancer[7],
it has recently become popular to analyze the dietary factors that may be associated with gastric cancer.
Although milk is thought to contain all of the substances that are essential for human nutrition[8], some
dairy products, such as cheese and whole milk, have a
high fat content. One study associated a higher intake of
high-fat dairy product with an increased risk of gastric
cardia adenocarcinoma[9].
Dairy product consumption may affect various carcinogenesis pathways. Dairy intake is thought to modify
cancer risk through the following biological effects: a
higher circulation of insulin-like growth factor 1[10,11],
modification of the vitamin D status[12,13], a higher intake
of conjugated linolenic acid[14,15], and exposure to contaminants such as polychlorinated biphenyls[16-18]. Some
meta-analyses have reported that dairy product consumption could increase the risk of ovarian[19] and prostate[20]
cancers while reducing the risk of colorectal cancer[21,22].
It is unclear whether dairy product consumption is a
risk factor for gastric cancer because the previously published epidemiologic studies have presented inconclusive
results on this topic[23,24]. Therefore, we performed a meta-analysis of cohort and case-control studies to analyze
the possibility of an association between dairy consumption and gastric cancer risk.

MATERIALS AND METHODS
Search strategy
We searched the PubMed (http://www.ncbi.nlm.nih.gov/
pubmed/) and Web of Science (http://isiknowledge.
com) databases for English-language studies on dairy
product consumption and gastric cancer risk that were
published between October 1980 and September 2013.
We performed our search using the following terms: (dairy
product or dairy or milk or food or diet) and (stomach or
gastric) and (cancer or neoplasm or carcinoma or tumor).
Study selection
Studies were included if they met the following criteria:
(1) had been published as an original article; (2) had a
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case-control or prospective cohort design; (3) had clearly
defined outcomes such as gastric or stomach cancer; (4)
presented relative risk (RR) estimates, odds ratios (ORs),
or hazard ratios (HRs) with corresponding 95% confidence intervals (CIs) for the association between gastric
cancer and dairy product consumption; and (5) were published in English between October 1980 and September
2013. If data were duplicated in more than one study, the
most recent or informative study was used. In this metaanalysis, we considered “dairy”, “milk product”, and “milk
and dairy product” as equivalent to “dairy product.”
One cohort study[25] and 21 case-control studies[9,26-45]
were excluded for the following reasons: CIs were not
provided[26-35], anatomic subsites or Lauren gastric cancer classifications were presented[9,25,36-38], more than one
RR that involved single or multiple gastric cancer was
found[39], gastric cancer was divided into two types according to the microsatellite instability status or promoter
hypermethylation of the hMLH1 gene[40,41], or the exposure was nonspecific (e.g., mixed with coffee or tea)[42-45].
Data extraction
One investigator (Y.S.) extracted the following data from
each publication: basic study information (first author
and year of publication), the country where the study was
conducted, the study design, the type of control subjects
used in the case-control study (population- or hospitalbased), the number of cases, the sample size, the followup duration, the type of dairy product and consumption
categories, the RRs with 95%CIs for the association between gastric cancer and dairy product consumption, and
covariate adjustments. We selected the most fully adjusted
RRs for inclusion in the multivariate model.
Quality assessment
To assess the study quality, we adopted an evaluation
system that was based on the Newcastle-Ottawa Scale.
The quality of the included studies was evaluated based
on the following three aspects: the selection of the study
populations, the comparability of the populations, and
the ascertainment of exposure. The highest possible
score was 9 stars, and a high quality study was defined as
a study with ≥ 6 stars.
Statistical analysis
The RR and its corresponding 95%CI were used to measure the effect of interest. Because gastric cancer risk is
relatively low in the general population, the ORs from
case-control studies were assumed to be the same as the
RRs and HRs. For simplicity, we report all results as the
RR[46]. One of the included case-control studies used two
control groups (population- and hospital-based); we used
the RR in relation to the population control subjects. We
assessed the statistical heterogeneity among the studies
with both the Q and I2 statistics. The null hypothesis that
the studies are homogeneous was refused if the P-value
for heterogeneity was < 0.10 or the I2 was > 50%. Based
on the heterogeneity results, we used either the fixed ef-
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Literature research:
Database: PubMed, Web of Science
Key words: (dairy product or dairy or milk or food or diet) and (gastric or stomach) and (cancer or neoplasm or carcinoma or tumor)
Limits: English-language studies only. Published between October 1980 and September 2013

Search results combined n = 7629
PubMed n = 3692
Web of Science n = 3937

Excluded duplicate studies n = 2829

Studies remaining after excluding duplicate n = 4800

Excluded n = 4083 after title review

Abstract reviewed n = 717

Excluded n = 656 after abstract reviewed
Studies reviewed n = 61

Excluded n = 22 after full text reviewed
Confidence intervals were not provided n = 10
Anatomic subsites or Lauren gastric cancer classification were presented n = 5
More than one RR was found n = 1
Gastric cancer was divided into two kinds n = 2
Exposure was nonspecific n = 4

Studies included in this meta-analysis n = 39

Cohort studies n = 10

Case-control studies n = 29

Figure 1 Flow chart of the selection of publications included in this meta-analysis.

fects model or the random effects model to compute the
summary relative risks (SRRs) and 95%CIs. The causes
of heterogeneity were investigated by subgroup analyses. We conducted a sensitivity analysis by omitting one
study in turn and examining whether the results were
influenced by any single study. Funnel plots, the Begg’s
adjusted rank correlation test[47], and the Egger’s regression asymmetry test[48] were used to assess the publication
bias (P < 0.10 was taken to indicate significant publication bias). We performed all analyses with STATA11.0
software (STATA, College Station, TX, United States).
All statistical tests were two-sided.

RESULTS
Study characteristics and quality assessment
We found 39 studies[4,24,39,49-84] that were potentially eligible
for inclusion in this meta-analysis, including 10 cohort
studies[49-58] and 29 case-control studies[4,24,39,59-84]. The pro-
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cess of selecting studies is shown in Figure 1. Of the 10
cohort studies, 3 were carried out in the United States, 4
in Japan, 2 in Europe, and 1 in South Korea (Table 1). Of
the 29 case-control studies, 5 were carried out in Japan;
4 in the United States; 3 in China; 2 each in Iran, Poland,
Turkey, and Italy; and 1 each in Germany, Sweden, Portugal, France, Mexico, Venezuela, South Korea, Serbia,
and Uruguay. One case-control study[39] had two control
groups (population- and hospital-based) (Table 2).
The quality scores of the included studied are presented in Tables 3 and 4. The quality scores ranged from
5 to 8 for the case-control studies and 7 to 9 for the cohort studies.
Dairy products
Highest vs lowest intake categories: Thirty-eight studies[4,24,39,49-83] presented results on the comparison between
the highest vs lowest dairy consumption categories and
gastric cancer risk. We eliminated one study[83] because
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Table 1 Characteristics of published cohort studies on dairy product consumption and gastric cancer risk
Ref.

Region and
design

Nomura et
al[49], 1990

No. of cases
(outcome)

United States;
150
cohort
(incidence)

Kneller et al[50], United States;
75
1991
cohort
(mortality)

Sample
size

Follow-up
(yr)

Type of meat and
consumption categories

7990
men

19

Milk (times/wk)
≤1
2-4
≥5
Ice cream (times/wk)
≤1
2-4
≥5
Butter, margarine, cheese
(times/wk)
≤1
2-4
≥5
Dairy
Quartiles

17633
men

20

Galanis et al[51], United States;
1998
cohort

108 (44
women,
64 men)
(incidence)

11907
(6297
women,
5610
men)

14.8

Ngoan et al[52],
2002

116 (39
women,
77 men)
(mortality)

13250
(7333
women,
5917
men)

10.5

Japan; cohort
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Milk (glasses/d)
<1
1
2-3
≥4
Used before but not currently
Milk (cups/d)
0
≥1
Milk (cups/d)
0
≥1
Milk (cups/d)
0
≥1
Fresh milk
≤ 2-4 times/mo
2-4 times/wk
≥ 1 time/d
Fresh milk
≤ 2-4 times/mo
2-4 times/wk
≥ 1 time/d
Fresh milk
≤ 2-4 times/mo
2-4 times/wk
≥ 1 time/d
Milk products
≤ 2-4 times/mo
2-4 times/wk
≥ 1 time/d
Milk products
≤ 2-4 times/mo
2-4 times/wk
≥ 1 time/d
Milk products
≤ 2-4 times/mo
2-4 times/wk
≥ 1 time/d
Margarine
≤ 2-4 times/mo
2-4 times/wk
≥ 1 time/d
Margarine
≤ 2-4 times/mo
2-4 times/wk
≥ 1 time/d

15882

Adjusted RR
(95%CI)

Covariate
adjustments
Age

1.0
1.5 (0.8-2.5)
1.2 (0.8-1.6)
1.0
0.9 (0.6-1.3)
1.1 (0.7-1.8)

1.0
1.1 (0.5-2.1)
1.4 (0.9-2.2)
1.00
1.2 (0.67-2.26)
1.1 (0.61-2.10)
1.2 (0.61-2.44)

Year of birth and
current cigarette
smoking

1.00
1.4 (0.76-2.74)
0.9 (0.45-1.70)
2.4 (1.10-5.04)
1.2 (0.50-2.68)
Women
Age, years
1.0
of education,
1.0 (0.5-1.8)
Japanese place
Men
of birth, gender.
1.0
Among man
1.0 (0.6-1.7)
also adjusted for
Total (women and men) cigarette smoking
1.0
and alcohol intake
1.0 (0.7-1.5)
status
Women
Women or men:
adjust for age
0.9 (0.3-2.3)
Total: adjust for
1.3 (0.6-2.6)
age, sex, smoking,
Men
processed meat,
liver, cooking or
1.3 (0.7-2.4)
salad oil, suimono
0.9 (0.5-1.6)
and pickled food
Total (women and men)
1.5 (0.8-3.0)
0.8 (0.4-1.6)
Women
1.2 (0.3-5.6)
3.1 (0.8-11.6)
Man
1.7 (0.8-3.6)
1.5 (0.5-4.2)
Total (women and men)
1.3 (0.6-2.8)
1.4 (0.5-3.6)
Women
0.6 (0.2-1.9)
0.9 (0.3-2.9)
Man
1.1 (0.5-2.1)
1.1 (0.5-2.6)
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Margarine

Total (women and men)

≤ 2-4 times/mo

Khan et al[53],
2004

Tokui et al[54],
2005

Japan; cohort

Japan; cohort

51 (15
3158
women and
(1634
36 men)
women,
(mortality)
1524
men )

859 (285
women,
574 men)
(mortality)
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110792
women
and men

14.8

11

2-4 times/wk
≥ 1 time/d
Milk
A
B
Milk
A
B
Butter/margarine
A
B
Butter/margarine
A
B
Cheese
A
B
Cheese
A
B
Milk
None
1-2/mo
1-2/wk
3-4/wk
≥ 1/d
Milk
None
1-2/mo
1-2/wk
3-4/wk
≥ 1/d
Yogurt
None
1-2/mo
1-2/wk
3-4/wk
≥ 1/d
Yogurt
None
1-2/mo
1-2/wk
3-4/wk
≥ 1/d
Cheese
None
1-2 times/mo
1-2 times/wk
3-4 times/wk
≥ 1 times/d
Cheese
None
1-2/mo
1-2/wk
3-4/wk
≥ 1/d
Butter
None
1-2/mo
1-2/wk
3-4/wk
≥ 1/d
Butter
None
1-2/mo
1-2/wk
3-4/wk
≥ 1/d

15883

0.8 (0.4-1.8)
0.7 (0.3-1.8)
Women
1.0 (0.4-3.0)
Men
1.1 (0.5-2.2)
Women

Women: adjust for
age, health status,
health education,
health screening
and smoking
Men: adjust for
age, smoking

0.6 (0.2-2.3)
Men
1.7 (0.9-3.2)
Women
1.2 (0.3-5.4)
Men
1.2 (0.5-3.0)
Women
1.00 (Referent)
0.62 (0.33-1.18)
0.90 (0.58-1.38)
0.78 (0.50-1.21)
0.83 (0.60-1.13)
Men
1.00 (Referent)
1.13 (0.79-1.63)
1.17 (0.87-1.58)
1.08 (0.79-1.48)
1.06 (0.84-1.35)
Women
1.00 (Referent)
0.95 (0.63-1.43)
1.38 (0.93-2.05)
0.85 (0.44-1.63)
0.88 (0.47-1.64)
Men
1.00 (Referent)
0.69 (0.49-0.98)
0.86 (0.58-1.28)
1.22(0.76-1.97)
0.82 (0.50-1.37)
Women
1.00 (Referent)
1.31(0.92-1.85)
0.93 (0.57-1.52)
0.60 (0.24-1.46)
1.18 (0.52-2.69)
Men
1.00 (Referent)
0.93 (0.72-1.20)
1.08 (0.80-1.48)
1.32 (0.86-2.04)
0.79 (0.39-1.61)
Women
1.00 (Referent)
0.76 (0.50-1.17)
1.27 (0.85-1.90)
0.37 (0.14-1.01)
1.22 (0.65-2.26)
Men
1.00 (Referent)
0.97 (0.75-1.27)
0.96 (0.70-1.33)
0.92 (0.57-1.47)
0.70 (0.38-1.29)

Age
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Van der Pols et
al[55], 2007

United
Kingdom,
Scotland;
cohort

Pham et al[56],
2010

Japan; cohort

Buckland et
al[57], 2010

European
countries;
cohort

Ko et al[58], 2013 South Korea;
cohort

770
(mortality)

4383
children

477 (157
63403
women, 320 (women
men)
37 673,
(mortality) men 25
730)

65

-

449 (190
women,
men 259)
(incidence)

485044
(women
340467,
men
144577)

8.9

166
(incidence)

9724
women
and men

8.5

Margarine
None
1-2/mo
1-2/wk
3-4/wk
≥ 1/d
Margarine
None
1-2/mo
1-2/wk
3-4/wk
≥ 1/d
Total dairy
Group 1 (low)
Group 2
Group 3
Group 4 (high)
Milk (cups/d)
< 0.5
0.5-0.8
> 0.8 - < 1.2
≥ 1.2
Dairy products pattern (factor score)
Quartiles

Women
1.00 (Referent)
0.98 (0.64-1.50)
1.09 (0.74-1.59)
0.69 (0.39-1.22)
0.82 (0.50-1.33)
Men
1.00 (Referent)
0.83 (0.61-1.12)
1.14 (0.87-1.49)
0.92 (0.62-1.36)
0.72 (0.48-1.10)
1.00
1.17 (0.39-3.47)
1.46 (0.44-4.89)
0.81 (0.09-7.34)

Age, sex, energy,
fruit, and calcium
intakes

1.00
1.17 (0.41-3.34)
1.40(0.46-4.26)
0.79 (0.11-5.73)
Women
Age, tobacco
1.00
smoking status,
0.96 (0.64-1.45)
history of gastric
0.74 (0.47-1.18)
ulcer, stomach
0.77 (0.48-1.23)
cancer screening,
Dairy products pattern (factor score)
Men
body mass index,
Quartiles
1.00
educational level,
0.82 (0.61-1.10)
and total energy
0.74 (0.54-1.01)
intake
0.72 (0.52-0.99)
Dairy products
Women
Sex, body mass
Tertiles
1 (reference)
index, educational
1.22 (0.84-1.77)
level, smoking
0.97 (0.65-1.45)
status, cigarette
Dairy products
Men
smoking intensity,
Tertiles
1 (reference)
and total energy
0.86 (0.63-1.17)
intake.
0.98 (0.70-1.37)
Dairy products
Total (women and men)
Tertiles
1 (reference)
1.01 (0.80-1.27)
0.97 (0.75-1.25)
Dairy products
Total (women and men) Total: adjust for
Almost never
age, sex, cigarette
1-4 times/mo
1.15 (0.78-1.70)
smoking, body
1-4 times/wk
1.25 (0.82-1.92)
mass index, alcohol
≥ 1 time/d
1.30 (0.83-2.06)
drinking, and area
Dairy products
Women
of residence
Low intake
Women or men:
High intake
1.10 (0.91-1.33)
adjust for age,
Dairy products
Men
cigarette smoking,
Low intake
body mass index,
High intake
1.05 (0.92-1.19)
alcohol drinking,
and area of
residence

A: Reference group = took never + took several times per year + took several times per month; B: Comparison group = took several times per week + took
every day. RR: relative risk (rate ratio or hazard ratio); CI: confidence interval.

dairy product consumption was analyzed as a continuous variable. The SRR for gastric cancer, comparing the
highest and lowest dairy product consumption categories,
was 1.06 (95%CI: 0.95-1.18). Significant heterogeneity
was seen among these studies (Q = 112.61; P = 0.000; I2
=67.1%). Both Egger’s test (P = 0.135) and Begg’s test (P
= 0.365) had symmetric funnel plots and lacked any indi-
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cation of publication bias (Figure 2).
Sensitivity analysis: We conducted a sensitivity analysis
by omitting one study at a time and observing its influence on the overall estimate. The SRR for dairy product
consumption and gastric cancer risk was 1.06 (95%CI:
0.94-1.18) after excluding a study by Khan et al[53], which
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Table 2 Characteristics of published case-control studies on dairy product consumption and gastric cancer risk
Ref.
Correa et al[59], 1985

Region and design

Cases/
controls

Type of item and
consumption categories

Adjusted RR
(95%CI)

Covariate adjustments

United States; case control
(hospital based)

391/391

Dairy products

Whites
1.06 (0.68-1.63)
Blacks
0.85 (0.53-1.34)

Age, sex, respondent status,
education, income, tobacco, and
alcohol use

Dairy products
Wu-Williams et al[60], United States; case control
1990
(population based)

137/137

Milk
≤ 1/wk
≥ 2-4/wk

Mettlin et al[24], 1990

Boeing et al[61], 1991

United States; case control
(hospital based)

Germany; case control
(hospital based)

115/1300

143/579

≥ 5/wk
Whole Milk
None
< Daily
Daily
2%Milk
None
< Daily
Daily
Skim Milk
None
< Daily
Daily
Milk
Tertiles

Dairy products
Tertiles

Cheese
Tertiles

Boeing et al[62], 1991

Yu et al[63], 1991

Hoshiyama et al[39],
1992

Poland; case control
(hospital based)

741/741

China, case control
(population based)

84/2676

Japan; case control
population based
hospital based

294/294

294/202

Memik et al[64], 1992

Hansson et al[65], 1993

Turkey; case control
(population based)

252/609

Sweden; case control
(population based)

338/669
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Cheese score
Low
Moderate
High
Milk
Nonusers
Users

Dairy products
≤ 1/wk
2-4/wk
≥ 5/wk
Dairy products
≤ 1/wk
2-4/wk
≥ 5/wk
Milk
0-200 ml/wk
200-600 ml/wk
600 ml/wk
Whole milk (ml/wk)
≤ 199
> 199-2700
> 2700-4100
> 4100-6900
> 6900
Skimmed milk
(ml/wk)
0
>0
Soured milk (times/mo)
≤ 0.9
> 0.9-7

15885

1.0
0.8 (0.4-1.7)
1.0 (0.6-1.7)
1.0
2.9 (1.7-4.9)
3.9 (2.3-6.6)

Age, sex, smoking history,
education, and country of residence

1.0
0.5 (0.3-0.9)
0.4 (0.2-0.6)
1.0
1.0 (0.5-2.3)
0.5 (0.2-1.3)
1.0
1.23 (0.77-1.97)
1.31 (0.82-2.10)

Milk and dairy products: adjust for
age, sex, hospital
Cheese: adjust for age, sex, hospital,
raw vegetables, citrus fruit,
processed meat, whole-meal bread

1.0
0.71 (0.45-1.12)
0.63 (0.39-1.03)
1.0
1.09 (0.67-1.75)
0.55 (0.30-0.98)
1.0
0.92 (0.73-1.17)
0.92 (0.67-1.26)
1.0
0.9 (0.5-1.7)

1.0
0.6 (0.4-1.0)
0.8 (0.6-1.2)

Age, sex, education, occupation,
residence

Age, sex, family income, family
history of stomach cancer, family
history of other cancer, history of
tuberculosis, blood type, cigarette
smoking, alcohol, strong tea, fruit,
and milk consumption
Age, sex, administrative division,
and smoking status
Age, sex, area, smoking status

1.0
0.9 (0.5-1.6)
1.0 (0.7-1.6)
1.0
0.91 (0.43-1.94)
5.33 (3.09-9.26)
Age, gender, SES
1.19 (0.68-2.05)
1.58 (0.97-2.59)
1.35 (0.83-2.20)
1.73 (1.02-2.94)

0.77 (0.53-1.12)

0.82 (0.54-1.24)
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Inoue et al[66], 1994

Japan; case control
(hospital based)

668/668

Falcao et al[67], 1994

Portugal; case control
(hospital based)
France; case control
(hospital based)

74/193

Cornée et al[68], 1995

92/128

> 7-11
> 11-19
> 19
Cheese (times/mo)
≤7
> 7-29
> 29-59
> 59
Milk
< 3-4 times/wk
≥ 3-4 times/wk
Milk
≤ 0.51/d
Total dairy products
Tertiles

Milk (all types)
Tertiles

Hard cheese
Tertiles

Soft cheese
Tertiles

Yoghurt
Tertiles

Butter and cream
Tertiles

Muñoz et al[4], 1997

Watabe et al[69], 1998

Ward et al[70], 1999

Muñoz et al[71], 2001

Kim et al[72], 2002

Chen et al[73], 2002

Italy; case-control
(hospital based)

Japan; case control
(population based)

Mexico; case control
(population based)

88/103

242/484

220/752

Venezuela, case control
(population based)

292/485

Korea; case control
(hospital based)

136/136

United States; case control
(population based)

124/449
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Butter (score)
Low
Intermediate/high
Margarine (score)
Low
Intermediate/high
Milk
Daily
Cheese
≥ 3/wk
Butter
≥ 3/wk
Yogurt
Daily
Dairy products
(times/wk)
<5
5-10
11-16
≥ 17
Dairy products
Quartiles

Milk and milk products
Low
Medium
High
Dairy products (times/wk)
Quartiles
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0.84 (0.55-1.26)
0.81 (0.51-1.30)
0.90 (0.58-1.42)

1.03 (0.64-1.65)
0.84 (0.53-1.31)
0.79 (0.48-1.32)
Sex
1.0 (0.80-1.25)
0.33 (0.11-0.99)
1.0
1.10 (0.53-2.30)
1.80 (0.89-3.66)

Age, sex, occupation and total
energy intake

1.0
1.53 (0.73-3.19)
1.57(0.75-3.29)
1.0
1.09 (0.52-2.26)
1.48 (0.74-2.96)
1.0
0.64 (0.31-1.30)
0.92 (0.47-1.80)
1.0
0.86 (0.40-1.88)
0.75 (0.37-1.54)
1.0
1.31 (0.64-2.71)
1.44 (0.71-2.93)
1.0
1.88 (1.03-3.44)

Age, sex, area of residence, and
education

1.0
2.42 (1.06-5.51)
0.6 (0.43-0.83)
0.83 (0.51-1.33)
1.57 (0.96-2.53)
0.66 (0.38-1.09)

1.0
2.1 (1.2-3.7)
2.3 (1.2-4.2)
2.7 (1.4-5.0)
1.0
1.58 (0.98-2.55)
2.08 (1.30-3.32)
2.43 (1.46-4.04)
1.00
0.75 (0.42-1.35)
0.68 (0.34-1.36)
0.79 (0.35-1.7)
1.40 (0.68-2.8)
0.76 (0.34-1.7)

Age, gender, total calories, chili
pepper consumption, added salt,
history of peptic ulcer, cigarette
smoking, SES

Age, sex, tobacco, alcohol, total
calories and SES

Age, sex, SES, family history and
refrigerator use

Age, sex, energy, respondent type,
body mass index, alcohol use,
tobacco use, education, family
history, vitamin supplement
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Milk (times/wk)
Quartiles

Ito et al[74], 2002

Japan; case control
(hospital based)

Lissowska et al[75],
2004

Poland; case control
(population based)

De Stefani et al[76],
2004

Uruguay; case control
(hospital based)

Huang et al[77], 2004

Japan; case control
(hospital based)

Fei et al[78], 2006

China; case control
(hospital based)
Italy; case control
(hospital based)

Lucenteforte et al[79],
2008

Chen et al[80], 2009

China; case control
(hospital based)

Pourfarzi et al[81],
2009

Iran; case control
(population based)

Lazarevic et al[82],
2010

Serbia; case control
(hospital based)

Icli et al[83], 2011

Turkey; case control
(hospital based)
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508/36490

0.72 (0.33-1.6)
1.7 (0.85-3.5)
0.86 (0.39-1.9)

Milk
Almost never
1.0
Occasionally
0.98 (0.75-1.27)
3-4 times/wk
1.09 (0.85-1.39)
Everyday
0.85 (0.62-1.18)
274/463 Diary product (times/wk)
< 18.9
1.0
18.9-25.8
0.96 (0.63-1.46)
25.9-32.9
0.87 (0.54-1.40)
> 32.9
0.94 (0.57-1.54)
240/960
Dairy foods
Total (women and men)
Tertiles
1.0
1.24 (0.85-1.80)
0.89 (0.59-1.33)
Dairy foods
Women
Highest tertile vs Lowest
1.45 (0.64-3.29)
tertile
Dairy foods
Men
Highest tertile vs Lowest
0.75 (0.46-1.20)
tertile
GCFH(+)
Milk
464/6 310
< 1/d
≥ 1/d
GCFH(-)
0.86 (0.70-1.05)
1524/44
Milk
396
< 1/d
≥ 1/d
0.98 (0.88-1.09)
189/567
Milk products
High vs low
0.690 (0.524-0.907)
230/547
Milk and yogurt
(servings/wk)
≤ 0.5
1.0
> 0.5-4.5
0.77 (0.45-1.33)
> 4.5-7
0.81 (0.50-1.30)
> 7-9
0.88 (0.50-1.54)
> 9-24
1.06 (0.64-1.78)
Cheese (servings/wk)
≤ 1.8
1.0
> 1.8-3.0
1.38 (0.79-2.41)
> 3.0-3.8
1.43 (0.82-2.49)
> 3.8-5.1
1.22 (0.70-2.15)
> 5.1-10.7
1.63 (0.92-2.90)
41/205 Dairy products (times/wk)
<3
1.00
≥3
0.72 (0.13-4.15)
Milk (/d)
No
1.00
Yes
1.02 (0.16-7.08)
217/394
Dairy products
≤ 2 times/wk
1.00
3-4/wk
3.77 (1.92-7.42)
> 1/d
2.28 (1.23-4.22)
Cheese
≤ 2 times/wk
1.00
3-4/wk
1.00 (0.39-2.56)
> 1/d
1.16 (0.54-2.51)
102/204
Milk
Tertiles
1.00
2.60 (0.86-7.87)
5.08 (1.59-10.16)
Dairy
Tertiles
1.00
0.42 (0.20-1.23)
0.63 (0.33-1.72)
253/253
Milk
Low
1.0
Moderate
1.4 (0.7-2.6)
High
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Age, year, season of fist hospital
visit, smoking habit, family history
of gastric cancer

Age, sex, education, smoking, and
calories from food

Total: adjust for age, sex, residence,
urban/rural status, education, body
mass index, and total energy intake
Women or men: adjust for age,
residence, urban/rural status,
education, body mass index,
tobacco smoking, alcohol drinking,
and total energy intake
Age, sex

Age, sex, education, year of
interview, body mass index, tobacco
smoking, family history of stomach
cancer, and total energy intake

Age and years of schooling

Age, sex, education, family history
of gastric cancer, citrus fruits,
garlic, onion, red meat, fish, dairy
products, strength and warmth of
tea, preference for salt intake and H.
pylori

Age, sex, residence, education,
meals regularity, tobacco smoking,
and history of cancer in the first
degree relatives
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Pakseresht et al[84],
2011

Iran; case control
(population based)

286/304

Yogurt
Low
Moderate
High
Dairy
Per 100 g

1.0
0.8 (0.4-1.5)
1.0 (0.2-4.9)
1.01 (0.90-1.13)

Age, sex, education, living area,
smoking, gastric symptoms, income,
owning refrigerator, duration of
using refrigerator, seeds preparing
method, frying H. pylori infection.

RR: relative risk (rate ratio or hazard ratio); CI: confidence interval; SES: socio-economic status; PCC: population-based case-control; HCC: hospital-based
case-control; H. pylori: Helicobacter pylori.

Table 3 Methodological quality of cohort studies included in this meta-analysis
Ref.

Nomura et al[49],
1990
Kneller et al[50],
1991
Galanis et al[51],
1998
Ngoan et al[52],
2002
Khan et al[53],
2004
Tokui et al[54],
2005
Van der Pols et
al[55], 2007
Pham et al[56],
2010
Buckland et
al[57], 2010
Ko et al[58],
2013

Assessment
Control
Outcome of
of outcome
for
interest not
present at start of important
1
factors
study

Total
Follow-up long Adequacy
of follow-up quality
enough for
3
scores
outcomes to of cohorts
2
occur

Representativeness
of the exposed
cohort

Selection
of the non
exposed
cohort

Ascertainment
of exposure

*

*

*

*

*

*

*

*

8

*

*

*

*

*

*

*

*

8

*

*

*

*

**

*

*

*

9

*

*

*

*

**

*

*

*

9

*

*

*

*

**

*

*

*

9

*

*

*

*

*

*

*

*

8

*

*

-

*

*

*

*

*

7

*

*

*

*

**

*

-

*

8

*

*

*

*

*

*

*

*

8

*

*

*

*

**

*

*

*

9

1

A maximum of two stars could be awarded for this item. Studies that controlled for age received one start, whereas studies that controlled for smoking or
drinking received an additional start; 2A cohort study with a follow-up time > 8 years was awarded one start; 3A cohort study with a follow-up rate > 70%
was awarded one start.

had 9 stars in the quality assessment. The SRR was 1.06
(95%CI: 0.94-1.19) after excluding another study by
Correa et al[59] that had divided participants into two ethnic groups. The SRR changed from 1.06 to 1.07 (95%CI:
0.94-1.23) after excluding the study by Huang et al[77] in
which participants had a family history of gastric cancer.
Subgroup analysis: In a subgroup analysis performed according to the study design, the SRR for dairy product
consumption in hospital-based case-control studies[4,24,59,61,62,66-68,72,74,76-80,82,83] was 0.94 (95%CI: 0.83-1.08).
The SRR in population-based case-control studies[39,60,63-65,69-71,73,75,81] was 1.36 (95%CI: 0.94-1.96); for cohort
studies[49-58], it was 1.00 (95%CI: 0.89-1.14) (Figure 3A). The
population-based case-control studies had significant heterogeneity (Q = 59.14; P = 0.000; I2 = 83.1%). The cohort
studies and hospital-based case-control studies did not have
significant heterogeneity (Q = 12.90; P = 0.167; I2 = 30.2%
and Q = 30.50; P = 0.016; I2 = 47.5%, respectively).
When we analyzed the subgroups according to the

WJG|www.wjgnet.com

geographic region, there was a modest, nonsignificant
effect of dairy product consumption on gastric cancer
for studies performed in United States[24,49-51,59,60,70,71,73,76]
(SRR = 1.20; 95%CI: 0.95-1.50; Q = 20.18; P = 0.017;
I2 = 55.4%) and Europe[4,55,57,61,62,64,65,67,68,75,79,82,83] (SRR
= 1.15; 95%CI: 0.86-1.55; Q = 55.50; P = 0.000; I2 =
78.4%), but this relationship did not hold for studies
in Asia[39,52-54,56,58,63,66,69,72,74,77,78,80,81] (SRR = 0.92; 95%CI:
0.83-1.02; Q = 23.08; P = 0.059; I2 = 39.3%) (Figure 3B).
In the subgroup analysis according to sex, the SRR
was 0.98 (95%CI: 0.90-1.07) in men[51-54,56-58,76] and 1.00
(95%CI: 0.88-1.13) in women[51-54,56-58,76]. These studies
lacked heterogeneity (Q = 9.42; P = 0.224; I2 =25.7%
for men and Q = 6.70; P = 0.460; I2 = 0.0% for women)
(Figure 3C).
We also stratified these studies, adjusting for smoking
and drinking. The SRR for gastric cancer in 17 studies
that were adjusted for smoking[24,39,50,52,53,56-59,63,70,71,73-75,79,82]
was 1.06 (95%CI: 0.90-1.25); the SRR in 5 studies that
were adjusted for drinking[58,59,63,71,73] was 1.19 (95%CI:
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Table 4 Methodological quality of case-control studies included in this meta-analysis
Same method of Nonresponse Total
Adequate Representativeness Selection Definition of Control for important Exposure
2
rate
quality
of cases
of control
control
factor or additional assessment ascertainment for
definition of
1
scores
cases and cohorts
factor
cases

Ref.

Correa et al[59],
1985
Wu-Williams et
al[60], 1990
Mettlin et al[24],
1990
Boeing et al[61],
1991
Boeing et al[62],
1991
Yu et al[63], 1991
Hoshiyama et
al[39], 1992
Memik et al[64],
1992
Hansson et al[65],
1993
Inoue et al[66],
1994
Falcao et al[67],
1994
Cornée et al[68],
1995
Muñoz et al[4],
1997
Watabe et al[69],
1998
Ward et al[70],
1999
Muñoz et al[71],
2001
Kim et al[72],
2002
Chen et al[73],
2002
Ito et al[74], 2002
Lissowska et
al[75], 200
De Stefani et
al[76], 2004
Huang et al[77],
2004
Fei et al[78], 2006
Lucenteforte et
al[79], 2008
Chen et al[80],
2009
Pourfarzi et
al[81], 2009
Lazarevic et
al[82], 2010
Icli et al[83], 2011
Pakseresht et
al[84], 2011

*

*

-

*

**

*

*

-

7

*

*

*

-

-

*

*

-

5

-

*

-

*

**

*

*

-

6

*

*

-

*

*

*

*

-

6

*

*

-

*

*

*

*

-

6

*
*

*
*

*
*

*
-

**
**

*
*

*
*

-

8
7

*

*

*

*

-

-

*

-

5

*

*

*

-

*

*

*

-

6

*

*

-

*

-

*

*

*

6

*

*

-

*

-

*

*

-

5

*

*

-

*

*

*

*

-

6

*

*

-

*

*

*

*

-

6

*

*

*

-

-

*

*

-

5

*

*

*

*

**

*

*

-

8

*

*

*

-

**

*

*

-

7

*

*

-

*

*

*

*

-

6

*

*

*

-

**

*

*

-

7

*
*

*
*

*

*
-

**
**

*
*

*
*

-

7
7

*

*

-

*

**

*

*

-

7

-

*

-

*

*

*

*

-

5

*
*

*
*

-

*
*

**

*
*

*
*

-

5
7

*

*

-

*

*

*

*

-

6

*

*

*

*

*

*

*

-

7

*

*

-

*

**

*

*

-

7

*
*

*
*

*

*
*

**

*
*

*
*

-

5
8

1

A maximum of two stars could be awarded for this item. Studies that controlled for age received one start, whereas studies that controlled for smoking or
drinking received an additional start; 2One star was assigned if there was no significant difference in the response rate between case and control subjects by
using the χ2 test (P = NS). NS: Not significant.

0.81-1.74). There was significant heterogeneity between
these smoking-adjusted studies (Q = 35.00; P = 0.004; I2
= 54.3%) and drinking-adjusted studies (Q = 11.47; P =
0.022; I2 = 65.1%) (Table 5).
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Individual dairy product items
Seven cohort studies[49-55], 6 population-based case-control studies[60,63-65,69,73], and 10 hospital-based case-control
studies[24,61,66-68,74,77,80,82,83] of milk consumption were in-
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Begg's funnel plot with pseudo 95% confidence limits

10

Log RR

5

0

-5

-10
0

2
SE of log RR

4

Figure 2 Funnel plot of studies evaluating the association between dairy
product consumption and gastric cancer risk.

cluded in our meta-analysis. When we analyzed the effects
of the study design, the SRR was 1.05 (95%CI: 0.89-1.23)
in cohort studies, 1.16 (95%CI: 0.62-2.17) in populationbased case-control studies, and 1.09 (95%CI: 0.87-1.35)
in hospital-based case-control studies (Figure 4A). There
was significant heterogeneity for population-based casecontrol studies (Q = 45.23; P = 0.000; I2 = 88.9%) and
hospital-based case-control studies (Q = 21.23; P = 0.012;
I2 = 57.6%) but not for cohort studies (Q = 6.48; P =
0.372; I2 = 7.4%). We analyzed the geographic region,
including studies performed in America[24,49-51,60,73] (SRR =
1.13; 95%CI: 0.92-1.39; Q = 4.99; P = 0.417; I2 = 0.0%),
Europe[55,61,64,65,67,68,82,83] (SRR = 1.58; 95%CI: 0.89-2.80; Q
= 37.37; P = 0.000; I2 = 81.3%), and Asia[52-54,63,66,69,74,77,80]
(SRR = 0.93; 95%CI: 0.86-1.00; Q = 8.30; P = 0.404; I2 =
3.7%). For subgroup analysis according to sex, the SRR
of gastric cancer associated with milk consumption was
1.03 (95%CI: 0.85-1.26) in men[51-54] and 0.91 (95%CI:
0.71-1.18) in women[51-54]. These studies lacked heterogeneity (Q = 0.30; P = 0.959; I2 = 0.0% for men and Q =
1.35; P = 0.717; I2 = 0.0% for women).
Nine studies on cheese consumption were included
in our meta-analysis. When we examined these 9 studies
together, the SRR for gastric cancer was 0.95 (95%CI:
0.80-1.12) for individuals in the highest compared with
the lowest category of cheese consumption. These studies did not have significant heterogeneity (Q = 8.80; P =
0.360; I2 = 9.1%). There was no observed publication bias
(Egger’s test: P = 0.621; Begg’s test: P = 0.754). Additionally, we calculated the SRR for gastric cancer separately
for three study designs: hospital-based case-control studies[61,62,68,79] (SRR = 0.98; 95%CI: 0.78-1.22), populationbased case-control studies[65,69,81] (SRR = 0.86; 95%CI:
0.63-1.18), and cohort studies[53,54] (SRR = 1.02; 95%CI:
0.66-1.58) (Figure 4B). In the subgroup analysis according to the geographic region, studies in Europe[61,62,65,68,79]
had an SRR of 0.95 (95%CI: 0.77-1.16; Q = 7.87; P =
0.097; I2 = 49.2%), whereas studies in Asia[53,54,69,81] had an
SRR of 0.96 (95%CI: 0.71-1.29; Q = 0.92; P = 0.820; I2 =
0.0%).
We included four studies specifically reporting on
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yogurt consumption[54,68,69,83] in our meta-analysis. The
SRR for gastric cancer for the highest vs lowest yogurt
consumption category was 0.79 (95%CI: 0.41-1.51) in
hospital-based case-control studies[68,83], 0.66 (95%CI:
0.39-1.12) in population-based case-control studies[69],
and 0.84 (95%CI: 0.57-1.24) in cohort studies[54]. When
all four studies were examined together, the SRR was 0.77
(95%CI: 0.58-1.03). There was no evidence of heterogeneity (Q = 0.62; P = 0.891; I2 = 0.0%) or publication
bias (Egger’s test: P = 0.923; Begg’s test: P = 1.000) when
comparing these 4 studies. In the subgroup analysis by
geographic region, the SRR was 0.79 (95%CI: 0.41-1.51;
Q = 0.10; P = 0.747; I2 = 0.0%) for studies in Europe[68,83]
and 0.77 (95%CI: 0.56-1.06; Q = 0.52; P = 0.172; I2
=0.0%) for studies in Asia[54,69].
Only 3 studies[4,54,69] on butter consumption and gastric cancer risk were analyzed in our meta-analysis. An
analysis of all 3 studies showed an SRR of 1.35 (95%CI:
0.88-2.08) for high vs low butter consumption. Significant
heterogeneity was seen among these 3 studies (Q = 4.40;
P = 0.111; I2 = 54.6%), but there was no publication bias
(Egger’s test: P = 0.349; Begg’s test: P = 0.296).
A limited number of studies (3 in total)[4,52,54] on margarine were included in our meta-analysis. The SRR for
gastric cancer was 1.04 (95%CI: 0.51-2.12) in the pooled
analysis, which was obtained from comparing the highest
and lowest margarine consumption categories. There was
significant heterogeneity in these 3 studies (Q = 6.83; P =
0.033; I2 = 70.7%), but there was no publication bias (Egger’s test: P = 0.601: Begg’s test: P = 1.000).

DISCUSSION
To the best of our knowledge, this is the first meta-analysis to report on an association between dairy product
consumption and gastric cancer risk. Twenty-eight casecontrol studies and 10 cohort studies were combined to
expand the sample size and obtain a more creditable result. The SRR for gastric cancer according to the highest
vs lowest dairy product consumption category was 1.06
(95%CI: 0.95-1.18). Ten publications[26-35] were excluded
from this meta-analysis because they did not provide
95%CIs. The exclusion of those studies reduced the
study population, which may have affected our result.
Among the 38 included publications, 1[64] reported
an extremely positive association between dairy product
consumption and gastric cancer incidence (RR = 5.33).
When we excluded this study and recalculated the SRR
with the remaining studies, we found that the SRR decreased from 1.06 to 1.01. The modest, nonsignificant
risk of gastric cancer from dairy product consumption in
this meta-analysis may be attributable to this single study.
Significant heterogeneity was seen among the 38
studies. To investigate the reasons for heterogeneity, we
conducted subgroup analyses for the study design, geographic region, sex, and whether there were adjustments
for confounders (smoking and drinking). However, we
did not find a possible source of heterogeneity, despite
the subgroup analyses.
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A
Study ID

OR (95%CI)

%weight

HCC
[59]
Correa et al , 1985
[24]
Mettlin et al , 1990.
[61]
Boeing et al , 1991
[62]
Boeing et al , 1991
[66]
Inoue et al , 1994
[67]
Falcao et al , 1994
[68]
Cornée et al , 1995
[4]
Muñoz et al , 1997
[72]
Kim et al , 2002
[74]
Ito et al , 2002
[76]
De Stefani et al , 2004
[77]
Huang et al , 2004
[78]
Fei et al , 2006
[79]
Lucenteforte et al , 2008
[80]
Chen et al , 2009
[82]
Lazarevic et al , 2010
[83]
Icli et al , 2011
2
Subtotal (I = 47.5%, P = 0.016)

0.96 (0.70, 1.31)
0.94 (0.19, 4.67)
0.63 (0.39, 1.03)
0.92 (0.67, 1.26)
1.00 (0.80, 1.25)
0.33 (0.11, 0.99)
1.80 (0.89, 3.66)
2.05 (1.26, 3.34)
0.68 (0.34, 1.36)
0.85 (0.62, 1.18)
0.89 (0.59, 1.33)
0.95 (0.87, 1.05)
0.69 (0.52, 0.91)
1.28 (0.88, 1.88)
0.72 (0.13, 4.15)
0.63 (0.33, 1.72)
1.33 (0.73, 2.45)
0.94 (0.83, 1.08)

3.67
0.43
2.58
3.65
4.31
0.84
1.65
2.57
1.69
3.61
3.05
5.05
3.95
3.22
0.37
1.32
2.02
43.96

Cohort
[49]
Nomura et al , 1990
[50]
Kneller et al , 1991
[51]
Galanis et al , 1998
[52]
Ngoan et al , 2002
[53]
Khan et al , 2004
[54]
Tokui et al , 2005
[55]
Van der Pols et al , 2007
[56]
Pham et al , 2010
[57]
Buckland et al , 2010
[58]
Ko et al , 2013
2
Subtotal (I = 30.2%, P = 0.167)

1.23 (0.97, 1.55)
1.20 (0.61, 2.44)
1.00 (0.70, 1.50)
1.40 (0.50, 3.60)
1.21 (0.84, 1.74)
0.90 (0.79, 1.04)
0.81 (0.09, 7.34)
0.74 (0.56, 0.96)
0.97 (0.75, 1.25)
1.30 (0.83, 2.06)
1.00 (0.89, 1.14)

4.23
1.69
3.21
1.00
3.32
4.84
0.24
3.98
4.08
2.76
29.34

PCC
[60]
Wu-Williams et al , 1990
[63]
Yu et al , 1991
[39]
Hoshiyama et al , 1992
[64]
Memik et al , 1992
[65]
Hansson et al , l993
[69]
Watabe et al , 1998
[70]
Ward et al , 1999
[71]
Muñoz et al , 2001
[73]
Chen et al , 2002
[75]
Lissowska et al , 2004
[81]
Pourfarzi et al , 2009
2
Subtotal (I = 83.1%, P = 0.000)

1.00 (0.60, 1.70)
0.90 (0.50, 1.70)
0.80 (0.60, 1.20)
5.33 (3.09, 9.26)
0.96 (0.68, 1.36)
0.84 (0.55, 1.28)
2.70 (1.40, 5.00)
2.43 (1.46, 4.04)
0.76 (0.34, 1.70)
0.94 (0.57, 1.54)
2.28 (1.23, 4.22)
1.36 (0.94, 1.96)

2.40
1.99
3.44
2.26
3.44
2.95
1.89
2.46
1.37
2.52
1.97
26.7

Overall (I = 67.1%, P = 0.000)
1.06 (0.95, 1.18)
NOTE: Weights are from random effects analysis

100.00

2

0.09

1

11.1

B
Study ID
America
[59]
Correa et al , 1985
[49]
Nomura et al , 1990
[60]
Wu-Williams et al , 1990
[24]
Mettlin et al , 1990
[50]
Kneller et al , 1991
[51]
Galanis et al , 1998
[70]
Ward et al , 1999
[71]
Muñoz et al , 2001
[73]
Chen et al , 2002
[76]
De Stefani et al , 2004
2
Subtotal (I = 55.4%, P = 0.017)
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OR (95%CI)

%weight

0.96 (0.70, 1.31)
1.23 (0.97, 1.55)
1.00 (0.60, 1.70)
0.94 (0.19, 4.67)
1.20 (0.61, 2.44)
1.00 (0.70, 1.50)
2.70 (1.40, 5.00)
2.43 (1.46, 4.04)
0.76 (0.34, 1.70)
0.89 (0.59, 1.33)
1.20 (0.95, 1.50)

3.67
4.23
2.4
0.43
1.69
3.21
1.89
2.46
1.37
3.05
24.4
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Europe
[61]
Boeing et al , 1991
[62]
Boeing et al , 1991
[64]
Memik et al , 1992
[65]
Hansson et al , l993
[67]
Falcao et al , 1994
[68]
Cornée et al , 1995
[4]
Muñoz et al , 1997
[75]
Lissowska et al , 2004
[55]
Van der Pols et al , 2007
[79]
Lucenteforte et al , 2008
[57]
Buckland et al , 2010
[82]
Lazarevic et al , 2010
[83]
Icli et al , 2011
2
Subtotal (I = 78.4%, P = 0.000)

0.63 (0.39, 1.03)
0.92 (0.67, 1.26)
5.33 (3.09, 9.26)
0.96 (0.68, 1.36)
0.33 (0.11, 0.99)
1.80 (0.89, 3.66)
2.05 (1.26, 3.34)
0.94 (0.57, 1.54)
0.81 (0.09, 7.34)
1.28 (0.88, 1.88)
0.97 (0.75, 1.25)
0.63 (0.33, 1.72)
1.33 (0.73, 2.45)
1.15 (0.86, 1.55)

2.58
3.65
2.26
3.44
0.84
1.65
2.57
2.52
0.24
3.22
4.08
1.32
2.02
30.39

Asia
[63]
Yu et al , 1991
[39]
Hoshiyama et al , 1992
[66]
Inoue et al , 1994
[69]
Watabe et al , 1998
[52]
Ngoan et al , 2002
[72]
Kim et al , 2002
[74]
Ito et al , 2002
[53]
Khan et al , 2004
[77]
Huang et al , 2004
[54]
Tokui et al , 2005
[78]
Fei et al , 2006
[80]
Chen et al , 2009
[81]
Pourfarzi et al , 2009
[56]
Pham et al , 2010
[58]
Ko et al , 2013
2
Subtotal (I = 39.3%, P = 0.059)

0.90 (0.50, 1.70)
0.80 (0.60, 1.20)
1.00 (0.80, 1.25)
0.84 (0.55, 1.28)
1.40 (0.50, 3.60)
0.68 (0.34, 1.36)
0.85 (0.62, 1.18)
1.21 (0.84, 1.74)
0.95 (0.87, 1.05)
0.90 (0.79, 1.04)
0.69 (0.52, 0.91)
0.72 (0.13, 4.15)
2.28 (1.23, 4.22)
0.74 (0.56, 0.96)
1.30 (0.83, 2.06)
0.92 (0.83, 1.02)

1.99
3.44
4.31
2.95
1
1.69
3.61
3.32
5.05
4.84
3.95
0.37
1.97
3.98
2.76
45.21

Overall (I = 67.1%, P = 0.000)
1.06 (0.95, 1.18)
NOTE: Weights are from random effects analysis

100.00

2

0.09

1

11.1

C
Study ID

OR (95%CI)

%weight

Women
[76]
De Stefani et al ,2004
[51]
Galanis et al ,1998
[52]
Ngoan et al ,2002
[53]
Khan et al ,2004
[54]
Tokui et al ,2005
[56]
Pham et al ,2010
[57]
Buckland et al ,2010
[58]
Ko et al ,2013
2
Subtotal (I = 0.0%,P = 0.460)

1.45 (0.64,3.29)
1.00 (0.50,1.80)
3.10 (0.80,11.60)
0.89 (0.45,1.76)
0.90 (0.72,1.12)
0.77 (0.48,1.23)
0.97 (0.65,1.45)
1.10 (0.91,1.33)
1.00 (0.88,1.13)

0.78
1.27
0.29
1.12
10.7
2.36
3.25
14.51
34.29

Men
[76]
De Stefani et al ,2004
[51]
Galanis et al ,1998
[52]
Ngoan et al ,2002
[53]
Khan et al ,2004
[54]
Tokui et al ,2005
[56]
Pham et al ,2010
[57]
Buckland et al ,2010
[58]
Ko et al ,2013
2
Subtotal (I = 25.7%,P = 0.224)

0.75 (0.46,1.20)
1.00 (0.60,1.70)
1.50 (0.50,4.20)
1.36 (0.89,2.08)
0.91 (0.76,1.08)
0.72 (0.52,0.99)
0.98 (0.70,1.37)
1.05 (0.92,1.19)
0.98 (0.90,1.07)

2.27
1.93
0.46
2.9
16.92
5.04
4.63
31.55
65.71

Heterogeneity between groups: P = 0.778
2
Overall (I = 7.4%,P = 0.369)
0.99 (0.92,1.06)

100.00
0.0862

1

11.6

Figure 3 Forest plots of gastric cancer risk associated with dairy product consumption, stratified by study design (A), geographic region (B) and sex (c).
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Table 5 Subgroup analysis of relative risks for the association between dairy product consumption and gastric cancer risk
No. of studies

RR (95%CI)

Q -value

ph

I2

38
10
17
11

1.06 (0.95-1.18)
1.00 (0.89-1.14)
0.94 (0.83-1.08)
1.36 (0.94-1.96)

112.61
12.90
30.50
59.14

0.000
0.167
0.016
0.000

67.1%
30.2%
47.5%
83.1%

8
8

1.00 (0.88-1.13)
0.98 (0.90-1.07)

6.70
9.42

0.460
0.224

0.0%
25.7%

15
13
10

0.92 (0.83-1.02)
1.15 (0.86-1.55)
1.20 (0.95-1.50)

23.08
55.50
20.18

0.059
0.000
0.017

39.3%
78.4%
55.4%

17
21
5
33

1.06 (0.90-1.25)
1.06 (0.91-1.23)
1.19 (0.81-1.74)
1.04 (0.93-1.17)

35.00
77.31
11.47
98.41

0.004
0.000
0.022
0.000

54.3%
74.1%
65.1%
67.5%

Study design
All studies
Cohort studies
HCC studies
PCC studies
Sex
Women
Men
Region
Asia
Europe
America
Adjustments
Smoking
No smoking
Drinking
No drinking

RR: relative risk (rate ratio or hazard ratio); CI: Confidence interval.

After performing the subgroup analysis for the study
design, discrepancies were observed between case-control
studies and the cohort studies. Because exposure information is collected after diagnosing gastric cancer, casecontrol studies can result in selection bias. Individuals
in case-control studies, especially in hospital-based casecontrol studies, may change their earlier long-term dietary
habits to avoid disease-related digestive symptoms. For
example, patients with gastric cancer may stop drinking
milk because of the onset of symptoms (stomachache,
vomiting, and nausea). Patients in hospital-based casecontrol studies were likely to be health conscious, which
could strongly influence their dietary habits and confound the observed association. Moreover, a possible
reason for the difference in the risk estimates is that the
participants in the prospective cohort and case-control
studies had different exposure levels for the highest consumption categories.
We found a nonsignificant, protective effect for dairy
product consumption on gastric cancer in Asian populations but did not observe this effect for European and
American populations. Ethnic differences, different eating habits, and the gap in economic development may
explain this discrepancy. For example, milk is a major
animal source of dietary protein in an Asian diet, especially in developing countries; however, milk is essentially
a breakfast food in the West. Cheese and yogurt are also
popular foods in the West. Approximately 60% of the
studies used in our meta-analysis were conducted in Europe and America. Differences in dairy production and
aseptic technology may also have affected these results.
Smoking and drinking may increase the risk of gastric cancer. We found a nonsignificant risk of developing gastric cancer from dairy product consumption after
adjusting for the two factors independently. In our metaanalysis, nearly 50% of the studies were adjusted for
smoking, and < 20% of the studies were adjusted for
drinking. Because not enough studies were adjusted for
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the subjects’ smoking and drinking habits, we could not
obtain a convincing result.
Different types of individual dairy product produce
different effects on the gastric cancer risk. Frequent,
long-term dairy product consumption (especially whole
milk and butter, which have the highest fat content) can
lead to obesity. An animal experiment study[85] has suggested that obesity increases pro-inflammatory immune
responses and accelerates Helicobacter felis-induced gastric
carcinogenesis by enhancing immature myeloid cell trafficking and Th17 response. We found an inverse association between gastric cancer risk and yogurt consumption,
but this association was not significant. Yogurt is a type
of fermented milk; one study[86] found that Propionibacterium freudenreichii (P. freudenreichii) - the sole bacterium contained in some fermented milk - could inhibit the adhesion of the causative agent for gastric cancer, Helicobacter
pylori (H. pylori), to digestive epithelial cells and inhibit H.
pylori-induced damage. The study also reported that the
aqueous phase of this fermented milk kills human gastric
cancer cells via metabolites, including propionate and
acetate that are released by the bacterium P. freudenreichii.
In an animal experiment, P. freudenreichii-fermented dairy
had an anti-inflammatory effect[87]. Together, these findings imply that P. freudenreichii-fermented milk can act as a
prophylaxis for gastric cancer. Dairy products, especially
milk, contain many essential nutrients, such as conjugated
linoleic acid, vitamins, and minerals, which may promote
positive health effects[88]. Studies[89] performed in animals
and in vitro have shown the protective effects of conjugated linoleic acid against carcinogenesis in the forestomach, potentially by inhibiting the cyclooxygenase-2 or
lipoxygenase pathway or by inducing the expression of
apoptotic genes.
Our meta-analysis has several strengths. First, to the
best of our knowledge, this is the first meta-analysis to
explore an association between dairy product consumption and gastric cancer risk. We included 10 prospective
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A
Study ID

OR (95%CI)

%weight

Cohort
[49]
Nomura et al , 1990
[50]
Kneller et al , 1991
[51]
Galanis et al , 1998
[52]
Ngoan et al , 2002
[53]
Khan et al , 2004
[54]
Tokui et al , 2005
[55]
Vander Pols JC et al , 2007
2
Subtotal (I = 7.4%, P = 0.372)

1.20
2.40
1.00
0.80
1.06
0.97
0.79
1.05

(0.80, 1.60)
(1.10, 5.04)
(0.70, 1.50)
(0.40, 1.60)
(0.59, 1.93)
(0.80, 1.17)
(0.11, 5.73)
(0.89, 1.23)

6.35
3.07
6
3.45
4.13
7.9
0.65
31.53

PCC
[60]
Wu-Williams et al , 1990
[63]
Yu et al , 1991
[64]
Memik et al , 1992
[65]
Hansson et al , l993
[69]
Watabe et al , 1998
[73]
Chen et al , 2002
2
Subtotal (I = 88.9%, P = 0.000)

1.00
0.90
5.33
1.03
0.60
0.86
1.16

(0.60,
(0.50,
(3.09,
(0.66,
(0.43,
(0.39,
(0.62,

4.7
3.99
4.46
5.34
6.53
2.91
27.92

HCC
[24]
Mettlin et al , 1990
[61]
Boeing et al , 1991
[66]
Inoue et al , 1994
[67]
Falcao et al , 1994
[68]
Cornée et al , 1995
[74]
Ito et al , 2002
[77]
Huang et al , 2004
[80]
Chen et al , 2009
[82]
Lazarevic et al , 2010
[83]
Icli et al , 2011
2
Subtotal (I = 57.6%, P = 0.012)

0.94 (0.19, 4.67)
1.31 (0.82, 2.10)
1.00 (0.80, 1.25)
0.33 (0.11, 0.99)
1.57 (0.75, 3.29)
0.85 (0.62, 1.18)
0.95 (0.87, 1.05)
1.02 (0.16, 7.08)
5.08 (1.59, 10.16)
1.40 (0.70, 2.60)
1.09 (0.87, 1.35)

1.70)
1.70)
9.26)
1.62)
0.83)
1.90)
2.17)

0.95
5.14
7.59
1.8
3.18
6.6
8.57
0.7
2.33
3.68
40.55

2

Overall (I = 70.1%, P = 0.000)
1.11 (0.94, 1.31)
NOTE:Weights are from random effects analysis

100.00

0.0984

1

10.2

B
Study ID

OR (95%CI)

%weight

HCC
[61]
Boeing et al , 1991
[62]
Boeing et al , 1991
[68]
Cornée et al , 1995
[79]
Lucenteforte et al , 2008
2
Subtotal (I = 58.9%, P = 0.063)

0.55 (0.30, 0.98)
0.92 (0.67, 1.26)
1.16 (0.71, 1.88)
1.63 (0.92, 2.90)
0.98 (0.78, 1.22)

8.08
28.39
11.94
8.59
57

PCC
[65]
Hansson et al , l993
[69]
Watabe et al , 1998
[81]
Pourfarzi et al , 2009
2
Subtotal (I = 0.0%, P = 0.700)

0.79 (0.48,
0.83 (0.51,
1.16 (0.54,
0.86 (0.63,

1.32)
1.33)
2.51)
1.18)

11.07
12.33
4.8
28.19

Cohort
[53]
Khan et al , 2004
[54]
Tokui et al , 2005
2
Subtotal (I = 0.0%, P = 0.607)

1.20 (0.56, 2.57)
0.94 (0.55, 1.60)
1.02 (0.66, 1.58)

4.88
9.93
14.81

Heterogeneity between groups: P = 0.767
2
Overall (I = 9.1%, P = 0.360)
0.95 (0.80, 1.12)

100.00
0.3

1

3.33

Figure 4 Forest plots of gastric cancer risk associated with milk (A) or cheese (b) consumption, stratified by study design.
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cohort studies and 29 case-control studies. Second, we
conducted a comprehensive search of the literature on
the association between dairy product consumption and
gastric cancer risk. Third, our research included a large
sample size (837072 subjects and 11791 cases). Fourth,
by using a large number of studies from 1980 to the
present, we enhanced our statistical power for examining
the association between dairy product consumption and
gastric cancer risk. Fifth, our study was not subject to
publication bias such that the probability of publishing a
study did not rely on the strength and direction of the association.
Despite these strengths, our meta-analysis has some
limitations. First, we calculated the gastric cancer RR
according to the highest vs lowest dairy product consumption; as a result, we could not evaluate associations
between different dairy product consumption levels and
gastric cancer risk. Second, because we could only collect
data from published investigations, we did not include
any relevant unpublished data, which may affect our
results. Moreover, we limited our study to assessing studies that were published in English. Third, the majority
of studies reported in this meta-analysis utilized a casecontrol design, which is more susceptible to recall and
selection biases than a cohort design. Fourth, most of
studies in our meta-analysis provided RR estimates that
were adjusted for a common set of variables (age, sex,
and body mass index), but none of the studies could
fully adjust for all confounders. For example, infection
with H. pylori is a known risk factor for gastric noncardia
cancer[90]. In our meta-analysis, only two case-control
studies[81,84] were adjusted for H. pylori. Fifth, heterogeneity may be introduced through the methodological differences among the studies, including different intake
measurements. Additionally, because most of the studies
presented here used food-frequency questionnaires, the
results were likely to be affected by misclassification of
dairy product consumption. Sixth, few studies were designed to investigate the risk of gastric cancer from dairy
product consumption. Seventh, the studies included in
our meta-analysis were only conducted in United States,
Europe, and Asia, which limits the findings to the studied
populations. Thus, studies of other populations are warranted to generalize our findings.
In conclusion, dairy product consumption was associated with a nonsignificantly increased risk of gastric cancer. However, this result should be verified using large,
well-designed prospective cohort and case-control studies, especially in Africa. Future studies should control for
more potential confounders, especially for confounders
with known gastric cancer risks. In addition, further investigation is warranted to determine whether the effect
of dairy product consumption varies by gastric cancer
type.

cause of cancer-related mortality. It has recently become popular to analyze the
risk factors that may be associated with gastric cancer. Some meta-analyses
have found that the risk of gastric cancer is associated with processed meat
and coffee, and some meta-analyses have reported that dairy product consumption could increase the risk of ovarian and prostate cancers. It remains
unclear whether dairy product consumption is a risk factor for gastric cancer.

Research frontiers

Many case-control and cohort studies have researched the association between
gastric cancer and dairy product consumption, but the conclusions have been
inconsistent. Therefore, the authors performed a meta-analysis to analyze this
association.

Innovations and breakthroughs

In this study, the authors found that dairy product consumption was associated with a nonsignificantly increased risk of gastric cancer. To the best of our
knowledge, this is the first meta-analysis to report an association between dairy
product consumption and gastric cancer risk.

Applications

This study may offer new insight into gastric cancer prevention. The authors
observed that the gastric cancer risk is not significantly related to dairy product
consumption. However, this result should be verified using large and welldesigned studies, especially in Africa. An exploration of the mechanism for this
association will be conducted with a future animal experiment.

Terminology

A meta-analysis is a method for explaining the association between two factors.
We collected as much case-control and cohort study data as possible to expand
our sample size and obtain a more creditable result. Subgroup analyses were
used to investigate the reasons for heterogeneity.

Peer review

This paper is potentially interesting since it deals with a very interesting issue in
gastroenterology, as well as in public health medicine. This is a well written article in spite of heterogeneity of data of relevant articles. This issue is important
and the work is well conducted.
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Abstract
AIM: To investigate the associations of interleukin-17
(IL-17 ) genetic polymorphisms and serum levels with
ulcerative colitis (UC) risk.
METHODS: Relevant articles were identified through a
search of the following electronic databases, excluding
language restriction: (1) the Cochrane Library Database
(Issue 12, 2013); (2) Web of Science (1945-2013); (3)
PubMed (1966-2013); (4) CINAHL (1982-2013); (5)
EMBASE (1980-2013); and (6) the Chinese Biomedical
Database (1982-2013). Meta-analysis was conducted
using STATA 12.0 software. Crude odds ratios and standardized mean differences (SMDs) with corresponding
95% confidence intervals (CIs) were calculated. All of
the included studies met all of the following five criteria: (1) the study design must be a clinical cohort or
a case-control study; (2) the study must relate to the
relationship between IL-17A/F genetic polymorphisms
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or serum IL-17 levels and the risk of UC; (3) all patients
must meet the diagnostic criteria for UC; (4) the study
must provide sufficient information about single nucleotide polymorphism frequencies or serum IL-17 levels;
and (5) the genotype distribution of healthy controls
must conform to the Hardy-Weinberg equilibrium
(HWE). The Newcastle-Ottawa Scale (NOS) criteria
were used to assess the methodological quality of the
studies. The NOS criteria included three aspects: (1)
subject selection: 0-4; (2) comparability of subjects:
0-2; and (3) clinical outcome: 0-3. NOS scores ranged
from 0 to 9, with a score ≥ 7 indicating good quality.
RESULTS: Of the initial 177 articles, only 16 case-control studies met all of the inclusion criteria. A total of
1614 UC patients and 2863 healthy controls were included in this study. Fourteen studies were performed
on Asian populations, and two studies on Caucasian
populations. Results of the meta-analysis revealed that
IL-17A and IL-17F genetic polymorphisms potentially
increased UC risk under both allele and dominant models (P < 0.001 for all). The results also showed that
UC patients had higher serum IL-17 levels than healthy
controls (SMD = 5.95, 95%CI: 4.25-7.65, P < 0.001).
Furthermore, serum IL-17 levels significantly correlated with the severity of UC (moderate vs mild: SMD
= 2.59, 95%CI: 0.03-5.16, P < 0.05; severe vs mild:
SMD = 7.09, 95%CI: 3.96-10.23, P < 0.001; severe vs
moderate: SMD = 5.84, 95%CI: 5.09-6.59, P < 0.001).
The NOS score was ≥ 5 for all of the included studies. Based on the sensitivity analysis, no single study
influenced the overall pooled estimates. Neither the
Begger’s funnel plots nor Egger’s test displayed strong
statistical evidence for publication bias (IL-17A/F genetic polymorphisms: t = -2.60, P = 0.019; serum
IL-17 levels: t = -1.54, P = 0.141).
CONCLUSION: The findings strongly suggest that IL17A/F genetic polymorphisms and serum IL-17 levels
contribute to the development and progression of UC.
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Core tip: This is the first meta-analysis focusing on the
associations of interleukin-17 (IL-17 ) genetic polymorphisms and serum IL-17 levels with the risk of ulcerative colitis. The results of the study indicate that both
IL-17A/F genetic polymorphisms and serum IL-17 levels
may play a role in the development and progression of
ulcerative colitis.
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INTRODUCTION
Ulcerative colitis (UC) is a chronic relapsing intestinal
inflammatory disorder of the colon. Although the disease has a variable distribution, it is limited to the distal
bowel[1]. Clinically, UC affects the colon and rectum,
involving the innermost mucosal lining and manifesting
as a continuous area of inflammation without unaffected
mucosal segments[2]. The most common symptoms of
UC are abdominal discomfort and blood or pus present
in diarrhea[3]. Although UC can occur in people of any
age, it usually develops between the ages of 15 and 30
and is less common between the ages of 60 and 80[3]. It
is estimated that the highest annual incidence of UC was
24.3 per 100000 people per year in Europe. Other parts
of the world fared better with 6.3 per 100000 personyears in Asia and the Middle East, and 19.2 per 100000
person-years in North America[4]. In general, UC is a disease caused by a complex interaction of environmental,
genetic, and immunoregulatory factors[5,6]. Environmental
risk factors, such as infectious agents, drugs, diets, and
stress, are crucial to UC susceptibility[7]. A dysregulated
T helper (Th) cell response has been suggested to play a
major role in causing chronic gut inflammation[8,9]. Furthermore, recent studies have also suggested that interleukin-17 (IL-17) genetic polymorphisms and serum levels may be associated with an increased risk of UC[10,11].
The IL-17 family is generally regarded as a bridge
system connecting innate and adaptive immunity[12]. Six
related ligands (IL-17 A-F) and five receptors have been
identified in this family[13]. Among them, IL-17A and
IL-17F are the most researched cytokines responsible
for the pathogenic activity of Th17 cells[14,15]. The most
important role of IL-17 is induction and mediation of
proinflammatory responses[16]. Previous studies have
demonstrated a strong and independent association between IL-17 and the pathogenesis of multiple T-cell-
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mediated autoimmune diseases including rheumatoid
arthritis, multiple sclerosis, and inflammatory bowel
diseases[17,18]. In short, the dynamic equilibrium between
pro-inflammatory and anti-inflammatory cytokines may
be decisive in normal cells[19]. Although IL-17 stimulates
the expression and production of proinflammatory cytokines in human cells, it may disrupt this equilibrium. As
a result, proinflammatory cytokines are overexpressed,
leading to facilitation of the pathologic lesions of the
colonic mucosa, which is inevitably related to the severity
of gut inflammation[20,21]. It has been hypothesized that
IL-17 is significantly associated with the development and
progression of UC[22], with the majority of the studies
focusing on the role of IL-17A and IL-17F[23]. Recently,
however, some studies have also suggested that elevated
serum IL-17 levels are associated with an increased UC
risk[14,24]. Moreover, several studies on single nucleotide
polymorphisms have suggested that there is a connection
between UC susceptibility and the IL-17 gene cluster[10,25].
Genetic polymorphisms in IL-17A and IL-17F may influence the expression of IL-17 via CXC chemokine induction and subsequent neutrophil recruitment, thus affecting UC susceptibility[26]. Recent evidence has proposed
that genetic polymorphisms in IL-17A and IL-17F and
serum IL-17 levels may be involved in the incidence of
UC[14,24]. However, the results of these studies have been
contradictory. Therefore, the aim of this meta-analysis
was to evaluate the associations of IL-17A/F genetic
polymorphisms and serum IL-17 levels with UC risk.

MATERIALS AND METHODS
Literature search
Without language restriction, the following databases
were searched through August 1, 2013: PubMed, Web of
Science, Google Scholar, Cochrane Library, CISCOM,
CINAHL, EBSCO, and Chinese Biomedical Database.
The following keywords and Medical Subject Headings
terms were used for the search: (“SNP” or “mutation”
or “genetic polymorphism” or “variation” or “polymorphism” or “single nucleotide polymorphism” or
“variant”) and (“ulcerative colitis” or “ulcer colitis” or
“ulcerative colonitis” or “ulcer enterocolitis” or “UC”)
and (“interleukin-17” or “interleukin-17A” or “IL-17A”
or “interleukin-17F” or “IL-17F”). A manual search was
also performed to identify other potential articles.
Selection criteria
Studies had to meet all five of the following criteria in
order to be included in the analysis: (1) the study design
must be a clinical cohort or a case-control study; (2) the
study must relate to the relationship between IL-17A/F
genetic polymorphisms or serum IL-17 levels and risk of
UC; (3) all patients must meet the UC diagnostic criteria;
(4) the study must provide sufficient information about
SNP frequencies or serum IL-17 levels; and (5) the genotype distribution of healthy controls must conform to the
Hardy-Weinberg equilibrium (HWE). If a study did not
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Studies were excluded, due to:
(n = 15) Letters, reviews, meta-analysis
(n = 27) Not human studies
(n = 36) Not related to research topics

Title and abstract
review

Initial search
st
(October 1 , 2013)
(n = 177)

Studies were excluded, due to:
(n = 16) Not case-control or cohort study
(n = 22) Not relevant to interleukin-17
(n = 40) Not relevant to ulcerative colitis

Full-text review

Title and abstract
review

Studies were excluded, due to:
(n = 2) Duplicate publication
(n = 3) Not provide sufficient data

Data integrity review

Figure 1 Flow chart of the literature search and study selection.
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Figure 2 Distribution of the number of topic-related literatures in the electronic databases.

meet all of the inclusion criteria, it was excluded. In cases
where authors published several studies using the same
subjects, either the most recent or the largest sample size
publication was included.
Data extraction
Two researchers systematically extracted all relevant data
from all included studies using a standardized form, including: (1) publication language; (2) publication year;
(3) first author’s surname; (4) geographic location of the
study; (5) study design; (6) sample size; (7) source of the
subjects; (8) allele frequencies; (9) tissue sample source;
(10) SNP genotyping method; (11) evidence of HWE in
healthy controls; and (12) serum IL-17 levels.
Study quality assessment
Methodological qualities of the studies were independently assessed by two researchers according to the NewcastleOttawa Scale (NOS)[27]. The NOS included three criteria:
(1) subject selection: 0-4; (2) comparability of subjects: 0-2;
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Statistical analysis
The STATA version 12.0 software (Stata Corp, College Station, TX, United States) was used for analyses.
Crude odds ratios (ORs) or standardized mean differences (SMDs), with their corresponding 95% confidence
intervals (CIs), were used to evaluate the specified relationships. The Z test was used to estimate the statistical
significance of the pooled data. The Cochran’s Q-statistic
and I2 test were used to evaluate inter-study heterogeneity[28]. If the Q-test showed a P < 0.05 or I2 test exhibited
> 50%, indicating the presence of significant heterogeneity, the random effects model was used; otherwise,
the fixed-effects model was used. Subgroup and metaregression analyses were performed to investigate potential sources of heterogeneity. Sensitivity analysis was
performed to evaluate the influence of a single study on
the overall estimate. Begger’s funnel plots and Egger’s
linear regression tests were conducted to investigate the
possibility of publication bias[29]. A P-value < 0.05 was
considered statistically significant.

RESULTS
Characteristics of the included studies
An initial literature search identified 177 potential articles.
Subsequent review of the titles and abstracts excluded
78 articles. Examination of the remaining studies’ full
texts and data integrity led to the exclusion of an additional 83 articles. Finally, 16 case-control studies, which
met all the inclusion criteria, were included in the metaanalysis[10,14,26,30-42]. The study selection process is shown in
Figure 1. The distribution of the number of topic-related
publications in electronic databases for the last decade
is shown in Figure 2. A total of 1614 UC patients and
2863 healthy controls were included in this meta-analysis.
Overall, 14 studies were conducted on Asian populations
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Table 1 Baseline characteristics and methodological quality of the included studies focused on IL-17A/F genetic polymorphisms
Ref.

Year

Country

Ethnicity

Yu et al[42]
Hayashi et al[10]
Kim et al[41]
Chen[40]
Seiderer et al[26]
Arisawa et al[39]

2012
China
Asian
2012
Japan
Asian
2011 South Korea
Asian
2009
China
Asian
2008
Germany Caucasian
2008
Japan
Asian

Number

Gender (M/F)

Case Control
270
202
268
148
216
111

268
475
258
373
967
248

Age (yr)

Case

Control

Case

Control

Genotyping
method

Gene
type

NOS
score

130/140
114/88
83/65
110/106
56/55

136/132
241/234
233/140
609/358
133/115

47.4 ± 14.1
41.1 ± 14.3
38.4 ± 12.9
42.6 ± 14.8
39.0 ± 14.3

47.1 ± 12.9
59.4 ± 12.7
37.9 ± 16.1
47.4 ± 11.3
46.6 ± 18.4

PCR-LDR
PCR-SSCP
Direct sequencing
PCR-RFLP
PCR-RFLP
PCR-SSCP

IL-17A/F
IL-17A
IL-17A
IL-17F
IL-17F
IL-17A/F

8
8
6
8
8
7

F: Female; LDR: Ligase detection reaction; M: Male; NOS: Newcastle-Ottawa Scale; PCR: Polymerase chain reaction; RFLP: Restriction fragment length
polymorphism; SSCP: Single-strand conformation polymorphism.

Table 2 Baseline characteristics and methodological quality of the included studies focused on serum interleukin-17 levels

Control

Case

Control

Detection
method

NOS
score

Asian
Asian
Asian
Asian
Asian

99
20
50
24
54

10
30
50
20
30

70/29
22/28
10/14
30/24

4/6
25/25
7/13
19/11

32
38.0 ± 6.0
37.6 ± 9.4
40.9 ± 8.3

48
37.0 ± 5.0
38.9 ± 9.9
50.6 ± 5.3

ELISA
ELISA
ELISA
ELISA
ELISA

6
7
7
7
7

China

Asian

24

30

14/10

17/13

-

-

ELISA

8

China

Asian

29

26

18/11

13/13

41.4 ± 9.6

32.0 ± 11.2

ELISA

6

China

Asian

25

10

12/13

-

-

-

ELISA

8

34

38

-

-

35.6 (14-53)

-

ELISA

8

40

30

28/12

19/11

ELISA

8

Ethnicity

Ohman et al[14]
Liu[38]
Lin et al[37]
Chen[36]
Zhen et al[35]

2013
2013
2012
2012
2011

China
China
China
China
China

Luo et al[34]

2011

Xin et al[33]

2010

He et al

2010

Rovedatti et al[31]

2009 United Kingdom Caucasian
2005

Liang et al

Age (yr)

Case

Country

[30]

Gender (M/F)

Control

Year

[32]

Number
Case

Ref.

China

Asian

41.5 ± 12.0 41.3 ± 12.0

F: Female; M: Male; NOS: Newcastle-Ottawa Scale.

and two studies on Caucasian populations. Genotyping methods included polymerase chain reaction (PCR)single-strand conformation polymorphism assays, PCRligase detection reactions, direct sequencing, and PCRrestriction fragment length polymorphism assays. The
control genotype frequencies were all found to be within
the HWE. Serum IL-17 levels were determined by ELISA assays in all of the studies. The NOS scores were ≥
5 for all the included studies. Tables 1 and 2 contain summaries of the study characteristics and methodological
quality on IL-17A/F genetic polymorphisms and serum
IL-17 levels, respectively.
Quantitative data synthesis
Six studies focused on the relationships between the IL17A/F genetic polymorphisms and susceptibility to
UC[10,26,39-42]. The random effects model was used due to
the existence of significant heterogeneity among studies.
The meta-analysis shows strong correlations between IL17A (allele model: OR = 1.40, 95%CI: 1.18-1.66, P <
0.001; dominant model: OR = 1.36, 95%CI: 1.11-1.66,
P < 0.01) and IL-17F (allele model: OR = 1.47, 95%CI:
1.29-1.67, P < 0.001; dominant model: OR = 1.41,
95%CI: 1.22-1.63, P < 0.001) genetic polymorphisms and
an increase in UC risk (Figure 3A and B). A subgroup
analysis by country suggests that there are associations
between the IL-17A/F genetic polymorphisms and an
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increased risk of UC in Chinese and Japanese populations (Figure 3C and D), but not in Korean and German
populations.
Ten studies reported differences in serum IL-17 levels
between UC patients and healthy controls. Due to obvious heterogeneity, the random effects model was used
to analyze the data. Our results demonstrate that UC
patients have higher serum IL-17 levels than healthy controls (SMD = 5.95, 95%CI: 4.25-7.65, P < 0.001) (Figure
4A). Furthermore, serum IL-17 levels showed significant
correlations with the severity of UC (moderate vs mild:
SMD = 2.59, 95%CI: 0.03-5.16, P < 0.05; severe vs mild:
SMD = 7.09, 95%CI: 3.96-10.23, P < 0.001; severe vs
moderate: SMD = 5.84, 95%CI: 5.09-6.59, P < 0.001)
(Figure 4B-D).
The sensitivity analysis results suggest that no single
study influenced the overall pooled estimates (Figure
5). There was no evidence of obvious asymmetry in the
Begger’s funnel plots (Figure 6). An Egger’s test also did
not display strong statistical evidence for publication bias
(IL-17A/F genetic polymorphisms: t = -2.60, P = 0.019;
IL-17 serum levels: t = -1.54, P = 0.141).

DISCUSSION
IL-17, a relatively recently described cytokine, has been
shown to act as a bridge between adaptive and innate
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A

Gene type (M allele vs W allele)

Included studies

OR (95%CI)

%weight

IL-17A
Yu PL-a (2012)
Hayashi R (2012)
Kim SW (2011)
Arisawa T-a (2008)
2
Heterogeneity test (I = 67.8%, P = 0.026)
Z test (Z = 3.81, P < 0.001)

1.39
1.49
1.14
1.87
1.40

(1.18,
(1.22,
(0.98,
(1.34,
(1.18,

1.62)
1.83)
1.33)
2.60)
1.66)

19.95
15.89
20.59
8.55
64.99

Yu PL-b (2012)
Chen B (2009)
Seiderer J (2008)
Arisawa T-b (2008)

1.52
1.44
1.25
1.06

(1.32,
(0.91,
(0.80,
(0.58,

1.76)
2.26)
1.96)
1.91)

21.27
5.18
5.31
3.25

2
Heterogeneity test (I = 0.0%, P = 0.589)
Z test (Z = 5.82, P < 0.001)

1.47 (1.29, 1.67)

35.01

2
Heterogeneity test (I = 43.7%, P = 0.087)
Z test (Z = 5.78, P < 0.001)

1.39 (1.25, 1.56)

100.00

OR (95%CI)

%weight

IL-17F

Random effects analysis
0.384

B

1

2.6

Gene type (WM + MM vs WW)

Included studies

IL-17A
Yu PL-a (2012)
Hayashi R (2012)
Kim SW (2011)
Arisawa T-a (2008)
2
Heterogeneity test (I = 60.9%, P = 0.053)
Z test (Z = 2.98, P = 0.003)

1.36
1.27
1.15
2.34
1.36

(1.11, 1.65)
(1.00, 1.62)
(0.94, 1.40)
(1.46, 3.76)
(1.11, 1.66)

20.62
15.52
20.48
5.29
61.92

Yu PL-b (2012)
Chen B (2009)
Seiderer J (2008)
Arisawa T-b (2008)

1.42
1.63
1.32
1.10

(1.20,
(1.00,
(0.83,
(0.59,

1.69)
2.65)
2.09)
2.05)

24.29
5.06
5.52
3.21

2
Heterogeneity test (I = 0.0%, P = 0.788)
Z test (Z = 4.57, P < 0.001)

1.41 (1.22, 1.63)

38.08

2

1.35 (1.21, 1.52)

100.00

OR (95%CI)

%weight

IL-17F

Heterogeneity test (I = 25.7%, P = 0.224)
Z test (Z = 5.14, P < 0.001)
Random effects analysis
0.266

C

1

3.76

Country (M allele vs W allele)

Included studies
China
Yu PL-a (2012)
Yu PL-b (2012)
Chen B (2009)
I 2 = 0.0%, P = 0.687
Z test (Z = 7.10, P < 0.001)
Japan
Hayashi R (2012)
Arisawa T-a (2008)
Arisawa T-b (2008)
I 2 = 32.6%, P = 0.227
Z test (Z = 3.64, P < 0.001)
Korea
Kim SW (2011)
Z test (Z = 1.75, P = 0.081)
Germany
Seiderer J (2008)
Z test (Z = 0.99, P = 0.322)
2
Heterogeneity test (I = 43.7%, P = 0.087)
Z test (Z = 5.78, P < 0.001)
Random effects analysis
0.384
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1
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1.39
1.52
1.44
1.46

(1.18,
(1.32,
(0.91,
(1.31,

1.62)
1.76)
2.26)
1.62)

19.95
21.27
5.18
46.40

1.49
1.87
1.06
1.53

(1.22,
(1.34,
(0.58,
(1.22,

1.83)
2.60)
1.91)
1.93)

15.89
8.55
3.25
27.70

1.14 (0.98, 1.33)

20.59

1.25 (0.80, 1.96)

5.31

1.39 (1.25, 1.56)

100.00

2.6
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D

Country (WM + MM vs WW)

Included studies
China
Yu PL-a (2012)
Yu PL-b (2012)
Chen B (2009)
I 2 = 0.0%, P = 0.775
Z test (Z = 5.41, P < 0.001)
Japan
Hayashi R (2012)
Arisawa T-a (2008)
Arisawa T-b (2008)
I 2 = 64.8%, P = 0.058
Z test (Z = 1.84, P = 0.065)
Korea
Kim SW (2011)
Z test (Z = 1.35, P = 0.178)
Germany
Seiderer J (2008)
Z test (Z = 1.17, P = 0.244)
2
Heterogeneity test (I = 25.7%, P = 0.224)
Z test (Z = 5.14, P < 0.001)
Random effects analysis
0.266

1

OR (95%CI)

%weight

1.36
1.42
1.63
1.41

(1.11,
(1.20,
(1.00,
(1.24,

1.65)
1.69)
2.65)
1.60)

20.62
24.29
5.06
49.97

1.27
2.34
1.10
1.49

(1.00,
(1.46,
(0.59,
(0.98,

1.62)
3.76)
2.05)
2.26)

15.52
5.29
3.21
24.02

1.15 (0.94, 1.40)

20.48

1.32 (0.83, 2.09)

5.52

1.35 (1.21, 1.52)

100.00

3.76

Figure 3 Forest plots of the relationship between IL-17A/F genetic polymorphisms and ulcerative colitis risk under the allele and dominant models.

immune systems[43]. Generally, IL-17 functions as a proinflammatory cytokine, which induces destruction of the
pathogen’s cellular matrix upon invasion of the immune
system by extracellular pathogens[44]. Six members of the
IL-17 family have been identified, including IL-17A, IL17B, IL-17C, IL-17D, IL-17E (also called IL-25), and IL17F[45]. Of these, IL-17A and IL-17F, responsible for
the pathogenic activity of Th17 cells, have been widely
investigated. Recent studies have shown a potentially
important role between IL-17 polymorphisms and the
risk of UC[39,41]. UC, an inflammatory disorder of the
gastrointestinal tract, is a result of the dysregulation of
the immunologic response to microbial flora in intestinal
lumen[31]. IL-17 may stimulate cytokine and chemokine
production in endothelial cells via macrophage activation,
thereby leading to neutrophil recruitment and inflammation[46]. Consequently, IL-17 has been presumed to be a
pleiotropic cytokine in an autocrine loop of the mucosal
immune system during UC pathogenesis[14]. Several investigations have shown that IL-17 increased intercellular
adhesion molecule-1 cell surface expression and upregulated the production of nitric oxide. Proinflammatory
activities and effects of IL-17 on adhesion molecules
suggest its importance in UC[47,48]. As members of the
IL-17 family, IL-17A and IL-17F share similar functions,
especially in terms of their ability to induce chemokine
expression, which is important in neutrophil recruitment
and activation. Consequently, IL-17A and IL-17F may
also significantly correlate with the risk of UC[44,49].
The human IL-17 gene was mapped to chromosome 2q31[50]. Several studies have indicated that the
IL-17A G197A (rs2275913)[39] and IL-17F 7488 A>G
(rs763780)[40] alleles, as well as serum IL-17 levels[24,51], are
significantly linked to the development of UC. However,
contradictory conclusions on the exact role of IL-17
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gene polymorphisms and expression in UC exist[52,53].
Potential explanations for the inconsistent results include
ethnic differences, the various gene areas examined, and
small sample sizes used in the studies. Thus, this metaanalysis aimed to provide a more comprehensive and reliable conclusion regarding the associations of IL-17 gene
polymorphisms and serum IL-17 levels with the risk of
UC.
The results of this meta-analysis show that polymorphisms in both the IL-17A (G197A) and IL-17F (7488T/
C) genes are associated with an increased incidence of
UC and suggest that these polymorphisms may be significantly involved in the development of UC. Although the
mechanism has yet to be identified, mutations in IL-17A
and IL-17F may affect their activation and pro-inflammatory functions, which are necessary for the response
to immune system invasion, resulting in cellular matrix
destruction, colonic injuries, and thereby increasing susceptibility to UC[25,41]. Consistent with our study, Hayashi
et al[10] have reported a significantly higher G197A (IL17A) allele frequency in UC patients than in healthy
controls, suggesting an increased risk of developing UC
with homozygosity. A study conducted by Arisawa et al[39]
revealed that both G197A (IL-17A) and 7488 A>G (IL17F) alleles were independently and significantly associated with susceptibility to and pathophysiologic features
of UC.
Additionally, IL-17 serum levels were significantly correlated with the severity of UC, suggesting serum IL-17
might be closely related to the inflammatory progress of
this disease. A reasonable explanation for this correlation
may be that IL-17 mutations alter the stability of a larger
number of related pro-inflammatory cytokines secreted
into the serum of UC patients[54]. Consistent with these
findings, Ajduković et al[47] revealed that the median serum

15904

November 14, 2014|Volume 20|Issue 42|

Li J et al . Interleukin-17 and ulcerative colitis risk

A

Plasma IL-17 levels (overall)
Liu LN (2013)
Lin QC (2012)
Chen JH (2012)
Zhen ZD (2011)
Luo F (2011)
Xin L (2010)
He Y (2010)
Rovedatti L (2009)
Liang XJ (2005)
2
Heterogeneity test (I = 96.4%, P < 0.001)
Z test (Z = 6.86, P < 0.001 )
Random effects analysis
-25.7

B

0

Ohman L (2013)
Chen JH (2012)
Zhen ZD (2011)
Liang XJ (2005)
2
Heterogeneity test (I = 95.1%, P < 0.001)
Z test (Z = 1.98, P = 0.048 )
Random effects analysis
0

9.94
12.05
11.09
11.75
7.07
12.07
12.01
12.06
11.96
100.00

SMD (95%CI)

%weight

Ohman L (2013)
Chen JH (2012)
Zhen ZD (2011)
Liang XJ (2005)
2
Heterogeneity test (I = 86.8%, P < 0.001)
Z test (Z = 4.43, P < 0.001 )
Random effects analysis
-12

0

Ohman L (2013)
Chen JH (2012)
Zhen ZD (2011)
Liang XJ (2005)
2
Overall (I = 0.0%, P = 0.858)
Z test (Z = 15.18, P < 0.001 )
Random effects analysis
-8.04

26.49
23.57
25.29
24.65
100.00

SMD (95%CI)

%weight

3.66 (2.48, 4.85)
8.68 (5.42, 11.94)
8.35 (6.28, 10.42)
8.44 (4.91, 11.98)
7.09 (3.95, 10.23)

28.87
22.72
26.63
21.78
100.00

SMD (95%CI)

%weight

6.17 (5.03, 7.32)
5.52 (3.38, 7.65)
5.44 (4.08, 6.80)
5.98 (3.92, 8.04)
5.84 (5.09, 6.59)

43.25
12.50
30.84
13.41
100.00

12

Plasma IL-17 levels (severe vs moderate)

Included studies

(-0.76, 0.26)
(1.68, 5.33)
(2.46, 4.85)
(2.23, 5.13)
(0.03, 5.16)

5.33

Plasma IL-17 levels (severe vs mild)

Included studies

D

11.49 (9.12, 13.86)
4.25 (3.54, 4.96)
7.00 (5.39, 8.61)
6.26 (5.20, 7.32)
21.52 (17.35, 25.68)
2.29 (1.61, 2.98)
0.95 (0.18, 1.72)
3.17 (2.47, 3.87)
4.08 (3.25, 4.91)
5.95 (4.25, 7.65)

-0.25
3.50
3.65
3.68
2.59

-5.33

C

%weight

25.7

Plasma IL-17 levels (moderate vs mild)

Included studies

SMD (95%CI)

0

8.04

Figure 4 Forest plots of the relationship between serum interleukin-17 levels and ulcerative colitis risk under the allele and dominant models.
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used. The two ends of the dotted lines represent the 95%CI.
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line indicates the mean magnitude of the effect. IL-17: Interleukin-17.

IL-17 concentration in patients with UC was significantly
higher than that in controls. Ohman et al[14] also found
that serum IL-17 levels in treatment-naive UC patients,
measured at the onset of the disease, reflected the clinical disease severity, and thus, might be a valuable tool in
the clinical management of newly diagnosed UC patients.
Despite the relatively small sample sizes in the present
study, a subgroup analysis by country suggests that IL17A/F genetic polymorphisms are associated with an increased risk of UC in Chinese and Japanese populations,
but not in Korean and German populations. Taken together, the findings are partially consistent with previous
studies, which suggested that IL-17A and IL-17F gene
polymorphisms, as well as serum IL-17 levels, contribute

WJG|www.wjgnet.com

to an individual’s susceptibility to UC and may be useful
biomarkers in the detection and clinical management of
UC.
As the first meta-analysis on the association of IL-17
genetic polymorphisms and serum IL-17 levels with the
risk of UC, our study has some limitations. First, the
results lacked sufficient statistical power to assess associations between IL-17 and UC risk due to a relatively small
sample size. In addition, a meta-analysis is a retrospective
study that may lead to subject selection bias. Third, this
meta-analysis failed to obtain the original data of included studies, potentially limiting further clinical assessment
of importance of IL-17 genetic polymorphisms and serum IL-17 levels in UC. Importantly, the inclusion criteria

15906

November 14, 2014|Volume 20|Issue 42|

Li J et al . Interleukin-17 and ulcerative colitis risk

of cases and controls were not always well defined in the
included studies, thus potentially influencing the results.
In conclusion, the meta-analysis suggests a potential
role of IL-17A/F polymorphisms and serum IL-17 levels in the development and progression of UC and they
can thus potentially be used as biomarkers for early UC
detection. However, due to limitations mentioned above,
additional detailed studies are still necessary to confirm
these findings.
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control HE manifestations, but the presence of portal
vein thrombosis is considered a contraindication. In
this presentation we show a cirrhotic patient with severe HE and portal vein thrombosis who was submitted
to embolization of a large portosystemic shunt. Case
report: a 57 years-old cirrhotic patient who had been
hospitalized many times for persistent HE and hepatic
coma, even without precipitant factors. She had a wide
portosystemic shunt and also portal vein thrombosis.
The abdominal angiography confirmed the splenorenal
shunt and showed other shunts. The larger shunt was
embolized through placement of microcoils, and the
patient had no recurrence of overt HE. There was a
little increase of esophageal and gastric varices, but no
endoscopic treatment was needed. Since portosystemic
shunts are frequent causes of recurrent HE in cirrhotic
patients, portal vein thrombosis should be considered a
relative contraindication to perform a shunt embolization. However, in particular cases with many shunts and
severe HE, we found that one of these shunts can be
safely embolized and this procedure can be sufficient to
obtain a good HE recovery. In conclusion, we reported
a case of persistent HE due to a wide portosystemic
shunt associated with portal vein thrombosis. As the
patient had other shunts, she was successfully treated
by embolization of the larger shunt.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
Hepatic encephalopathy (HE) is a cognitive disturbance
characterized by neuropsychiatric alterations. It occurs in acute and chronic hepatic disease and also
in patients with portosystemic shunts. The presence
of these portosystemic shunts allows the passage of
nitrogenous substances from the intestines through
systemic veins without liver depuration. Therefore, the
embolization of these shunts has been performed to
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Key words: Recurrent hepatic encephalopathy; Liver
cirrhosis; Port systemic shunt; Shunt embolization; Portal vein thrombosis
Core tip: Portosystemic shunts are a cause of hepatic
encephalopathy and decreased survival of cirrhotic
patients. The embolization of these shunts has been
performed to control hepatic encephalopathy manifestations, but the presence of portal vein thrombosis is
considered a contraindication. We presented a cirrhotic
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patient with persistent hepatic encephalopathy and
hepatic coma. She had a wide splenorenal shunt and
also portal vein thrombosis. As she had other shunts,
we performed the embolization of the largest shunt
and she achieved a good recovery. In conclusion, for
patients with many shunts and severe hepatic encephalopathy, one of these shunts can be successfully
embolized.
Franzoni LC, Carvalho FC, Garzon RGA, Yamashiro FS, Augusti L, Santos LAA, Dorna MS, Baima JP, Lima TB, Caramori
CA, Silva GF, Romeiro FG. Embolization of splenorenal shunt
associated to portal vein thrombosis and hepatic encephalopathy.
World J Gastroenterol 2014; 20(42): 15910-15915 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i42/15910.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i42.15910

INTRODUCTION
According to the increase of portal pressure, many cirrhotic patients develop decompensated liver disease, and
many of these complications are still a challenge. Hepatic
encephalopathy (HE) is a severe neuropsychiatric illness
that occurs in acute and chronic liver diseases, often in
cirrhotic patients. HE is not always reversible, and can
lead to hepatic coma and death[1]. Furthermore, multiple
bouts of hepatic coma are the only known risk factor for
hepatocerebral degeneration[2]. The latter disease can be
distinguished from HE because it leads to typical motor
disturbances, varying from Parkinsonism to chorea.
Overt HE can afflict 30%-40% of cirrhotic patients,
and after one episode, the overall survival is only 15%
after three years[3,4]. HE is classified as type A when it
occurs in acute liver failure, type B when there are portosystemic bypasses without intrinsic hepatocellular disease and type C in the presence of cirrhosis and portal
hypertension with portosystemic shunts[5]. Another classification divides HE presentation into overt (episodic or
persistent) and covert (minimal)[6]. HE intensity is graded
according to the West Haven criteria. Cerebral toxicity
in HE is caused by many factors, but the lack of hepatic
conversion of ammonia to urea and glutamine is still
considered a key point. The blood ammonia reaches the
central nervous system and increases glutamine formation
inside the astrocytes, leading to some HE manifestations.
Many patients with episodic HE can be treated only
by correcting the trigger factor. Patients with persistent
HE usually need medications that prevent the ammonia
formation from the gut and kidneys. For this purpose,
antibiotics, non-absorbable disaccharides and l-ornithinel-aspartate (LOLA) are frequently employed. The most
severe cases are commonly associated with portosystemic
shunts, which can be embolized to improve HE manifestations, hepatic function, quality of life and survival[7-13].
From 46% to 70% of patients with refractory HE
present with large spontaneous portosystemic shunts,
which represent a therapeutic target for their neurologi-
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cal condition[7]. Even so, portal vein thrombosis (PVT) is
considered a contraindication for embolization of these
shunts, and cases with PVT are excluded from studies
aimed to evaluate the results of embolization procedures[7].
Additionally, there is no doubt that liver cirrhosis is a
major cause of PVT. The reported rates of PVT are in
the range of 0.6%-15.8% in patients with liver cirrhosis,
but these rates increase in relation to the patients’ age and
their liver disease severity, reaching 15% in patients awaiting liver transplantation[14]. Unfortunately, liver transplantation for patients with advanced PVT (grades 3-4
according to the Yerdel classification) is a big challenge,
and even in specialized centers the results are not as good
as in patients without PVT[15]. Thus, there is a significant
amount of cirrhotic patients who cannot be included in
the liver transplantation list because they have PVT. Since
the prevalence of portal vein thrombosis rises in proportion to the liver disease severity, even among patients
who are already waiting for liver transplantation there is a
considerable amount who need to be removed from the
waiting list.
Once PVT occurs, these patients suffer an important
raise on their portal pressure and this is a stimulus to the
development of portosystemic shunts, which are a further predictor of poor prognosis and a cause of hepatic
encephalopathy[8]. Therefore, the question is: how these
patients should be managed when the liver transplantation is not an option and they have PVT and hepatic encephalopathy? In some selected cases, the embolization
of the large portosystemic shunt seems to be an effective
and safe option. We report herein a case of a large spontaneous portosystemic shunt associated with PVT which
was successfully treated by embolization of this shunt.

CASE REPORT
A 57-year-old woman with hepatitis-C-related cirrhosis,
diabetes and arterial hypertension had been hospitalized
many times for multiple episodes of HE (grades 2-4) in
2010. Of note, in most of these episodes no trigger factor was found. Her MELD (Model of End-Stage Liver
Disease) score was 14 and the hepatitis C virus relapsed
after she finished the antiviral treatment. During the
hospitalizations the patient received antibiotics, LOLA,
lactulose and branched-chain amino acids (BCAA). Even
so, these medications were not sufficient to avoid new
episodes of HE and hepatic coma. In January of 2011,
an abdominal ultrasonography exam showed that she
had hepatofugal flux into her portal and splenic veins,
associated with portal vein thrombosis. In February of
2011, a computed tomography scan confirmed the portal
vein thrombosis with cavernomatous transformation and
showed the presence of a large spontaneous splenorenal
shunt.
After obtaining informed consent from the patient
and her family, we decided to perform an angiographic
exam to evaluate the possibility of embolization of her
splenorenal shunt, even in the presence of the portal vein
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Figure 1 Venographic images of the splenorenal shunt before the embolization, showing a narrowing point where the 8 microcoils would be
placed. Inferior vena cava (white arrow); left renal vein (white arrowhead);
splenorenal shunt with the catheter inside it (black arrow); narrowing location
inside the splenorenal shunt (black arrowhead).
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Figure 3 Ammonia values and their respective dates obtained from venous samples before and after the shunt embolization (arrow), showing
that there were no major differences between the values before and after
the procedure, due to the other shunts that the patient already had before
the embolization. The black arrow indicates the date of the splenorenal shunt
embolization.

flow of 5 cm/s. The patient continued with high serum
ammonia levels, indicating that the other portosystemic
shunts kept their flow (Figure 3). She maintained only
minor HE (grade 0) and therefore has not been hospitalized since 2011. Her MELD score changed from 14 to 12
points.

DISCUSSION
Figure 2 Angiographic images of the splenic vein after the shunt embolization, showing the 8 microcoils placed in the splenorenal shunt. Splenic
vein (black arrow); microcoils (black arrowhead). The catheter is inside the
splenic artery, and the image is obtained in a late phase after the contrast injection. The metallic tip of the nasoenteral tube can also be seen in the right upper
quadrant.

thrombosis. Prior to that, we did an upper endoscopy,
which showed thin esophageal varices, mild portal hypertensive gastropathy and gastric varices in the stomach
fundus. None of these findings required prophylactic
procedures. Venous catheterization was performed in
March of 2011 while the patient was again hospitalized
with hepatic coma (HE grade 4), showing that even
though the splenorenal shunt was occluded by a balloon,
the contrast injected still left the shunt. This signal indicated that there were other shunts that could maintain
the hepatofugal portal flow even without the larger shunt.
Given this context, 8 microcoils were placed in a narrowing location into the splenorenal shunt (Figure 1). After
the procedure the splenic artery was catheterized to show
the indirect flow in the splenic vein (Figure 2).
Further upper gastrointestinal endoscopic exams
were carried out in April and June of 2011, revealing the
same pattern of the gastroesophageal varices. A new abdominal ultrasonography was performed in June of 2011,
showing the same profile of hepatofugal portal vein
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Portosystemic shunts can be a cause of HE even when
the patient still presents preserved hepatic function,
while more than 46% of cirrhotic patients with these
shunts will develop HE[3-5]. In a study of percutaneous
transhepatic portography carried out in 460 patients with
portal hypertension, the authors observed that the most
frequent collateral route involved two veins: the left gastric vein, which was connected to the esophageal varices,
and the “posterior gastric vein” (a distinct vein located
between the left gastric vein and the short gastric vein).
This latter vein constituted a major collateral route in
42% of patients, and also formed renal shunts in 23% of
them. The relative frequency of renal shunt formation
by this vein was significantly greater than that by the left
gastric vein (12%) and the short gastric vein (18%)[16].
The closure of portosystemic shunts has been performed as a way to improve the neurological condition
of patients with severe HE. In 1981, Hanna et al[17] retrospectively evaluated 7 patients after portosystemic shunt
occlusion (surgical or spontaneous), and found that all
of them achieved improvement of HE; but 2 patients
died after gastroesophageal bleeding and worsening of
hepatic function. In 1987, Uflacker et al[18] performed direct shunt embolization through radiological techniques
in 5 patients. Of note, four of them had their symptoms
controlled but 1 died after intra-abdominal bleeding. This
and many other studies showed that shunt embolization is useful and less harmful than the surgical closure,
although both procedures are associated with such com-
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plications as ascites and enlargement of esophageal varices[13,19]. In 2004, Mezawa et al[20] carried out embolization
of the splenic vein, instead of the direct occlusion of
the splenorenal shunts. None of the six patients submitted to the splenic vein embolization had complications
and most achieved control of symptoms. The authors
concluded that splenic vein embolization is as effective as
the direct occlusion of the splenorenal shunts and leads
to a lesser degree of elevation in the portal vein pressure,
making this procedure safer than the first ones. Until
now, no direct comparisons of these two techniques have
been published. These previous studies were limited to
reports and case series whose aim was to evaluate the HE
symptoms after shunt closure. However, other authors
had shown that shunt occlusion also improves the hepatic function as soon as the procedure is performed[21-23].
Therefore, Kumamoto et al[8] decided to analyze the
impact of the shunt closing in time, evaluating 59 cirrhotic patients divided into three groups: patients without
splenorenal shunt (SRS), SRS patients not embolized and
SRS patients submitted to embolization. After three years,
the patients with SRS had a large increase in the ChildPugh classification and a shorter survival time than the
two other groups. More prophylactic rubber band ligation
was needed in the SRS group submitted to embolization,
but the rate of gastrointestinal bleeding did not differ
significantly between the groups. The authors concluded
that large SRS results in progressive liver dysfunction and
worsens the survival rates among cirrhotic patients. Laleman et al[7] performed a multicenter retrospective study
evaluating the efficacy of portosystemic embolization in
37 cirrhotic patients with refractory HE. Two years after
the procedure, 48.6% of patients had become free of
HE whereas 78.4% presented improved autonomy. The
number and the length of hospitalizations were also reduced. There were no deaths and the authors did not find
any signs of significant worsening of gastroesophageal
varices, portal hypertensive gastropathy or ascites. They
concluded that the embolization of these shunts is safe
and effective.
Another aspect to be discussed is that even patients
with portal venous thrombosis without liver cirrhosis
have signs of hepatic encephalopathy, and the proposed
physiopathology is the presence of portal-systemic
shunting, showing the relevance of the hepatic circulatory disturbances[24]. Thus, the mechanism of hepatic
encephalopathy improvement after the splenorenal shunt
embolization seems to be directly linked to the hepatic
venous flow.
Although in our patient both the portal vein thrombosis and the serum ammonia persisted after the shunt
embolization, the hepatic blood flow enhancement is the
most conceivable reason to the hepatic encephalopathy
improvement. As the hepatic blood flow depends mostly
of the portal vein, before the embolization she had a
serious limitation in her hepatic circulation, not only due
to the portal vein thrombosis but mainly because the
splenorenal shunt turning aside the portal flow. A partial
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correction of this flow steal was possible due to the fact
that she had portal vein thrombosis with cavernomatous
transformation, so even after the shunt embolization
there were other veins that kept part of the venous flow
around the portal vein. Since Doppler abdominal ultrasonography can measure the blood flow only into the portal
vein and not in other small veins that keep the flow to the
liver, on cases like this patient’s the imaging exams performed could not provide evidence to this partial increase
in the hepatic flow, but the decrease in the MELD score
(without changes in creatinine levels) is a good marker of
liver function improvement. The MELD score decreasing
demonstrates that we re-established part of the hepatic
venous flow by closing the shunt and increasing the flow
into the other veins that kept the hepatic flow. Despite
that, there is not a clear recommendation to perform
portosystemic shunt embolization in patients with portal
thrombosis, and this case was indeed an exception.
Another interesting issue is the possibility of prior
prophylaxis and treatment of portal vein thrombosis as
a modality of prophylaxis and treatment of hepatic encephalopathy. First, regarding the treatment, as liver cirrhosis is a major cause of portal venous thrombosis, we
need to be aware to confirm the presence of acute portal
vein thrombosis in cirrhotic patients to begin the anticoagulation in order to re-establish the hepatic venous flow
as soon as possible, because it is a marker of decompensated disease[25,26]. When the portal venous thrombosis
is only diagnosed at the routine imaging exams, the evidence to indicate the anticoagulation is not so clear, since
patients with cavernomatous transformation are excluded
from the studies of anticoagulation treatment[25]. Unfortunately, most of these imaging exams are indicated just
as a screening strategy to find hepatocellular carcinoma
nodules at an early stage, so they are performed no more
than twice a year. As a result, many diagnoses of portal
thrombosis in these patients are confirmed only when
the acute phase of thrombus formation was missed and
the complications are already installed. To avoid these
late diagnoses, doctors who attend cirrhotic patients must
be aware of the possibility of portal venous thrombosis
in any kind of cirrhosis decompensation with no evident
trigger factor. Therefore, cirrhotic patients with abdominal pain, hepatic encephalopathy, esophageal variceal
bleeding or newly diagnosed ascites without a comprehensible trigger factor should be submitted to abdominal
ultrasonography before the hospital discharge. Doing this
simple and non-invasive exam at time, much more cases
of acute and subacute thrombosis could be found earlier,
avoiding the late diagnosis and its complications. We also
could reflect on the anticoagulation treatment to some
selected patients when the time of the portal thrombosis is not clear enough and they already have some signs
of late diagnosis, but the better strategy in this setting is
controversial.
The role of prophylactic treatment to cirrhotic patients aiming to avoid portal venous thrombosis is still
more controversial because they have a significant risk of
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bleeding. There is not a clear indication for this prophylaxis, but it also could be considered in selected patients
who already have some kind of procoagulation disturbances. However, this is a complex issue that was not well
evaluated yet. We hope that further studies can access this
topic to raise more information about it.
It is important to note that almost all the studies
about portosystemic shunts embolization excluded patients who had portal vein thrombosis. We found only
one case report of a patient with portal vein thrombosis
having been previously submitted to thrombolysis before
the shunt embolization[27]. But until now we have not
found cases of patients who, like ours, had already undergone partial recanalization of the portal vein and other
portosystemic shunts that maintain the gastrointestinal
flow even after the closure of the SRS.
Given that the main complication of the SRS embolization is the worsening of gastroesophageal varices, the
majority of the authors considered endoscopic exams to
be a key indicator to keep the patients free from gastroesophageal bleeding after this procedure. In our case, still
in the presence of portal vein thrombosis, this effect was
insignificant because she had other shunts. Even so, endoscopic surveillance was performed to certify she would
not suffer bleeding complications, as other authors suggested[7,8].
In addition to the endoscopic exams, abdominal ultrasonography must be carried out before the shunt
embolization[11]. Portal vein thrombosis must be carefully
evaluated, but in our opinion it should not be considered
an absolute contraindication for this procedure. The
presence of other portosystemic shunts should be recognized as a clue that the patient still can be submitted
to the embolization of the largest one. In our patient the
procedure was done with metallic microcoils. Sclerosing agents could also be used, such as ethanolamine and
cyanoacrylate. Portal venous gradient pressure may be
measured before and after the shunt embolization to
obtain more information about the portal venous hemodynamic changes of each patient; but its unavailability in
most hospitals should not prevent the embolization of a
splenorenal shunt in comatose patients as in our case.
In conclusion, we reported a case of persistent HE
due to a large portosystemic shunt associated with portal
vein thrombosis. As the patient had other shunts, she was
successfully treated through embolization of the largest
shunt. Portal vein thrombosis still should be considered a
relative contraindication to perform a shunt embolization.
However, in particular cases with many shunts and severe
HE, we show that the largest shunt can be safely closed
and that this procedure can be sufficient to achieve good
HE recovery. Endoscopic follow-up was performed and
detected no complications.

COMMENTS
COMMENTS
Case characteristics

The patient had been hospitalized many times presenting cognitive decline,
memory loss, attention deficit, behavioral disorders, psychomotor slowing and
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recurrent episodes of coma, even without precipitant factors.

Clinical diagnosis

The patient had splenomegaly, cutaneous vascular spiders, drowsiness, mental
confusion and flapping tremor without neurological focal deficits, leading to the
diagnosis of portal hypertension and hepatic encephalopathy.

Differential diagnosis

The abdominal ultrasonography exam showed signs of cirrhosis, portal vein
thrombosis and a large splenorenal shunt, thus confirming the clinical diagnosis.

Laboratory diagnosis

Serum ammonia and total bilirubins levels were increased, while platelets count
was markedly decreased and blood electrolytes were normal.

Imaging diagnosis

The venous catheterization verified the splenorenal shunt and showed other
shunts that could maintain the hepatofugal portal flow even without the larger
shunt.

Treatment

Antibiotics, lactulose and branched-chain amino acids were not sufficient to
avoid new episodes of hepatic coma, therefore the embolization of the larger
splenorenal shunt was done and after this procedure the patient maintained
only minor hepatic encephalopathy.

Related reports

Since the prevalence of portal vein thrombosis rises in proportion to the liver
disease severity, many cirrhotic patients who are waiting for liver transplantation need to be removed from the waiting list, because advanced portal vein
thrombosis impairs the liver transplantation. Once the portal vein thrombosis
occurs, these patients suffer an important raise on their portal pressure and this
is a stimulus to the development of portosystemic shunts, which are a further
predictor of poor prognosis and a cause of hepatic encephalopathy. If the liver
transplantation is no more possible and the patient has severe hepatic encephalopathy associated to portal vein thrombosis, new treatment options are
needed, and the splenorenal shunt embolization could be one of them. Conversely, the presence of portal vein thrombosis is considered a contraindication
to portosystemic shunt embolization. In this article we performed the splenorenal shunt embolization even in the presence of portal vein thrombosis, showing
that it is feasible and safe in selected patients.

Experiences and lessons

In severe hepatic encephalopathy, splenorenal shunt embolization can be the
best treatment, and in selected cases it can be done even in the presence of
portal vein thrombosis.

Peer review

By the first time a patient with portal vein thrombosis and hepatic coma was
submitted to embolization of a splenorenal shunt without the thrombosis treatment. Therefore, this paper shows a new perspective to severe hepatic encephalopathy cases, even in the presence of portal vein thrombosis. However,
the article is based in just one patient, so the findings should be cautiously
analyzed and further articles are needed to confirm them.
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Core tip: An endoscopic-radiologic rendezvous technique may be used for stent application in the treatment of biliary strictures where previous endoscopic
retrograde cholangiopancreatography and percutaneous transhepatic attempts have failed. Recently, it
was reported that successful endoscopic-radiologic
rendezvous procedures were performed in the subhepatic space in patients with complete transections of
the common bile duct, especially secondary to surgical
injury. Herein, we report a modified rendezvous technique in the duodenal bulb as an extraordinary location
in a patient with a duct-to-duct complete anastomotic
stricture after liver transplantation.

Abstract
An endoscopic or radiologic percutaneous approach
may be an initial minimally invasive method for treating biliary strictures after living donor liver transplantation; however, cannulation of biliary strictures is
sometimes difficult due to the presence of a sharp or
twisted angle within the stricture or a complete stricture. When an angulated or twisted biliary stricture
interrupts passage of a guidewire over the stricture, it
is difficult to replace the percutaneous biliary drainage
catheter with inside stents by endoscopic retrograde
cholangiopancreatography. The rendezvous technique
can be used to overcome this difficulty. In addition to
the classical rendezvous method, in cases with complete transection of the common bile duct a modified
technique involving the insertion of a snare into the
subhepatic space has been successfully performed.
Herein, we report a modified rendezvous technique in
the duodenal bulb as an extraordinary location for a
patient with duct-to-duct anastomotic complete stricture after liver transplantation.
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INTRODUCTION
Biliary strictures are not uncommon after living donor
liver transplantation (LDLT), and two-thirds of biliary
strictures can be treated by endoscopic retrograde cholangiopancreatography (ERCP). If ERCP fails, percutaneous transhepatic biliary drainage (PTBD) is recommended[1,2]. Although maintaining a PTBD catheter for
a long period is beneficial for treating biliary strictures, it
may be difficult for patients, especially in liver transplant
patients, due to the development of PTBD catheter-re-
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Figure 1 Fifty-three-year-old-man was admitted to our clinic for removal of a percutaneous internal-external biliary drainage catheter and insertion of
stents via endoscopic retrograde cholangiopancreatography. A: Internal portion of the percutaneous transhepatic biliary drainage (PTBD) catheter (arrowheads)
and the balloon catheter extending from the papilla towards the common bile duct (CBD) (arrows) were observed separately on cholangiography; B: Despite several
attempts at simultaneous percutaneous transhepatic cholangiography, all attempts at advancing a guidewire (arrow) proximally through the papilla into the intrahepatic
bile ducts failed and the guidewire (arrowhead) could not be advanced into the CBD; C: The guidewire which was inserted transpapillarily was intentionally pushed
through the paracholedocal area at the level of the CBD stricture and spontaneously came out of the duodenal bulb. A snare was slowly introduced via the transhepatic route into the bulbus and the guidewire was caught by closing the snare under endoscopic visualization; D: The guidewire was pulled proximally all the way through
the percutaneous access (arrows); E: This was followed by a 5 and 7 mm balloon dilatation of the stricture (arrows). Another guidewire, which was inserted into the
duodenal bulb at the site of the PTBD’s internal orifice, is also shown in this figure (arrowhead); F: In the third month of follow-up, the stricture was almost completely
resolved, and the patient was then followed stent-free.

lated complications, such as leakage, pain, infection, and
accidental removal of the PTBD catheter. Therefore,
replacing PTBD catheters with inside stents is recommended. When an angulated or twisted biliary stricture
interrupts passage of a guidewire over the stricture, it is
difficult to replace the PTBD catheter with inside stents
by ERCP[3]. The rendezvous technique can be used to
overcome this difficulty. The rendezvous procedure is
classically performed after transhepatic advancement of
a guidewire through the papilla for subsequent ERCP[4,5].
In addition to this classical rendezvous method, in cases
with complete transection of the common bile duct
(CBD), a modified technique involving the insertion of
a snare into the subhepatic space has been successfully
performed[6,7]. Herein, we report a modified rendezvous
technique in the duodenal bulb as an extraordinary location in a patient with a duct-to-duct complete anastomotic stricture after liver transplantation.

CASE REPORT
A 53-year-old-man was admitted to our clinic for removal of a percutaneous internal-external biliary drainage catheter and insertion of stents via ERCP. He had

WJG|www.wjgnet.com

a history of right lobe LDLT due to hepatitis B-related
cirrhosis and hepatocellular carcinoma three years ago.
After a short time, a duct-to-duct anastomotic stricture
developed. Because cannulation of the intrahepatic bile
ducts via ERCP was unsuccessful, an internal-external
biliary drainage catheter was inserted after balloon dilatation of the stricture via percutaneous transhepatic
cholangiography (PTC). The biliary drainage catheter
was kept in place, and the patient had undergone balloon dilatation of the stricture via a transhepatic route
five times in the previous seven months. After admission
to our clinic, ERCP was performed. At the beginning of
ERCP, the tip of the internal-external biliary drainage
catheter was protruding from the apex of the bulbus, an
astonishing endoscopic finding. Intrahepatic bile ducts
could not be opacified after a balloon (Anrei Medical
Co. Ltd Hangzhou, China) occluded cholangiography
obtained through the papilla, and all attempts at advancing a guidewire (0.035 inch VisiGlide, Olympus Europa
Holding GMBH Hamburg, Germany) proximally into
the intrahepatic bile ducts failed (Figure 1A, B). On a
simultaneous PTC, a guidewire could not be advanced
into the CBD despite several attempts (Figure 1B).
These findings indicated complete stenosis of the anas-
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tomosis during the previous year; therefore, we resolved
these problems by performing a modified rendezvous
technique. A guidewire inserted through the papilla was
intentionally pushed strongly into the paracholedochal
space at the level of the stricture, which was then spontaneously advanced into the bulbus of the duodenum
alongside the biliary drainage catheter. Later, a snare
(Micro-Tech Nanjing Co. Ltd. Hamburg, Germany)
was slowly introduced via the transhepatic route into
the bulbus and the guidewire was caught by closing the
snare under endoscopic visualization (Figure 1C). The
guidewire was pulled proximally all the way through the
percutaneous access (Figure 1D). This was followed by a
5 and 7 mm balloon (Ventura biliary dilatation catheter,
Panmedikal, Gloucester, United Kingdom), dilatation of
the stricture (Figure 1E) and placement of an internalexternal biliary drainage catheter through the papilla.
Two weeks later, the drainage catheter was removed and
two biliary plastic stents (Erdamed Biliary Stent, Istanbul, Turkey) were inserted into the right anterior and
posterior segments of the liver via ERCP. In the third
month of follow-up, the stricture was almost completely
resolved and the patient was then followed stent-free
(Figure 1F).

DISCUSSION
There have been no other reports in the literature regarding the misplacement of the internal portion of
the percutaneous internal-external drainage catheter
to the duodenal bulb, and this case was the first in our
clinic. In patients with liver transplantation, placement
of the PTBD catheter in the wrong location, such as the
duodenal bulb as in our case, can cause several complications, such as leakage, pain, infection, and accidental
removal of the PTBD catheter. Two alternatives can be
performed in such cases in which transpapillary cannulation of the intrahepatic bile ducts is not possible
because of complete stenosis of the anastomosis. The
first option is to accept the overall risks and to live with
the PTBD catheter, and the second is surgery. The rendezvous procedure is classically performed after transhepatic advancement of a guidewire through the papilla
for subsequent ERCP[5]. In a recent report, Fiocca et al[6]
performed a 100% successful endoscopic-radiologic rendezvous procedure in the subhepatic space in patients
with complete transection of the common bile duct. We
also successfully performed this technique in another
patient with a complete transection of the CBD due to
previous cholecystectomy[7]. This experience encouraged
us to perform the same endoscopic-radiologic rendezvous technique in the duodenal bulb. The procedure
was successful, and we avoided the possible risks that
may develop due to PTBD or surgery. We suggest that
the rendezvous technique can be performed as an initial
method for treating similar biliary complications after
liver transplantation.
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COMMENTS
COMMENTS
Case characteristics

A 53-year-old-man with a history of right lobe living donor liver transplantation
(LDLT) due to hepatitis B-related cirrhosis and hepatocellular carcinoma three
years ago was admitted to our clinic for removal of a percutaneous internalexternal biliary drainage catheter and with the complaint of pruritis.

Clinical diagnosis

The signs were scratch wounds on the skin secondary to pruritis, large abdominal scar due to previous liver transplantation and a percutaneous biliary drainage catheter on the abdomen.

Differential diagnosis

Stricture of the biliary anastomosis, biliary injury, ischemic cholangiopathy,
chronic rejection, posttransplantation disease recurrence.

Laboratory diagnosis

Hemoglobin: 11.5 g/dL; aspartate aminotransferase: 99 U/L; alanine aminotransferase: 87 U/L; alkaline phosphatase: 475 U/L; glutamyltransferase: 155
U/L; total bilirubin: 1.8 mg/dL; direct bilirubin: 1.4 mg/dL; other laboratory tests
were within normal limits.

Imaging diagnosis

The tip of the internal-external biliary drainage catheter was protruding from the
bulbus during endoscopic retrograde cholangiopancreatography (ERCP) and a
stricture blocking advance of the guidewire proximally was recorded on cholangiography.

Pathological diagnosis

Pathological examination was not performed.

Treatment

After passage between the proximal and distal segments of the bulbus was
achieved via the endoscopic-radiologic rendezvous method, balloon dilatation
of the stricture and placement of an internal-external biliary drainage catheter
through the papilla were performed.

Related reports

Biliary strictures are common in LDLT patients, and ERCP, percutaneous transhepatic cholangiography or, infrequently, surgical management is necessary
for treatment.

Experiences and lessons

This case report suggests that an endoscopic radiologic rendezvous technique
can be performed as an alternative method for treating biliary strictures in which
the conventional endoscopic and radiologic methods have failed after liver
transplantation, even if the rendezvous localization is the duodenal bulb. This
procedure should be considered before invasive management options, such as
surgery.

Peer review

The endoscopic radiologic rendezvous technique is a viable alternative method
for treating biliary strictures, especially in patients with liver transplantation.
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Abstract
The patient was an asymptomatic 43-year-old woman.
Abdominal ultrasonography and enhanced computed
tomography showed a tumor lesion accompanied by
multiple cystic changes in the liver and the pancreatic
tail. Endoscopic ultrasound-fine needle aspiration was
performed on the pancreatic tumor lesion and revealed
pancreatic neuroendocrine tumor (PNET). As it was
unresectable due to multiple liver metastases, the decision was made to initiate treatment with everolimus
and transcatheter arterial chemoembolization. The
patient ceased menstruating after the start of everolimus administration. When the administration was
discontinued due to interstitial lung disease, menstruation resumed, but then again stopped with everolimus
resumption. An association between everolimus and
amenorrhea was highly suspected. Amenorrhea occurred as a rare adverse event of everolimus. As the
younger women might be included in PNETs patients,
we should put this adverse event into consideration.
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Core tip: This is the first case report of amenorrhea
as a rare adverse event associated with everolimus
treatment for pancreatic neuroendocrine tumor. As the
younger women might be included in pancreatic neuroendocrine tumors patients, we should put this adverse
event into consideration.
Kawaguchi Y, Maruno A, Kawashima Y, Ito H, Ogawa M, Mine
T. Amenorrhea as a rare drug-related adverse event associated
with everolimus for pancreatic neuroendocrine tumors. World J
Gastroenterol 2014; 20(42): 15920-15924 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i42/15920.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i42.15920

INTRODUCTION
Pancreatic neuroendocrine tumors (PNETs) are becoming more frequent in both incidence and prevalence.
PNETs at the time of diagnosis have reached an advanced stage, and the tumors are metastatic or unresectable, in 65% of cases. For PNETs at such a stage,
prognosis is poor, mainly because few good treatments
exist. A recent prospective study showed sunitinib and
everolimus to exert antitumor activity against PNETs.
The drug-related adverse events associated with everolimus were stomatitis, aphthous ulceration, lymphopenia,
neutropenia or infections[1]. In this case, we experienced
amenorrhea as a rare drug-related adverse event. Thia
is the first case report of amenorrhea as a rare adverse
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event associated with everolimus treatment for PNETs.

CASE REPORT
The patient was an asymptomatic 43-year-old woman.
Her past medical and family histories were unremarkable. Because multiple hepatic tumors were identified at
a routine health check-up, she was referred to our hospital. There were no marked physical findings. Blood biochemistry tests revealed no abnormalities in either tumor
markers or endocrine data except for mildly elevated
alkaline phosphatase and gamma-glutamyl transferase.
Abdominal ultrasonography showed a tumor lesion accompanied by multiple cystic changes in the liver, and
abdominal enhanced computed tomography identified
a contrast-enhanced tumor lesion accompanied by multiple cystic changes in the liver (Figure 1). The pancreatic
tail showed contrast enhancement of the same level as
that in the pancreatic parenchyma, confirming a tumor
lesion accompanied by cystic changes in a portion of
the liver (Figure 1). Endoscopic ultrasound-fine needle
aspiration was performed on the pancreatic tumor lesion
and revealed a neuroendocrine tumor (NET) G2 (Figure
2). As it was unresectable due to multiple liver metastases, the decision was made to initiate treatment with
everolimus and transcatheter arterial chemoembolization
(TACE). Approximately 4 mo after starting everolimus
administration, the patient developed interstitial lung
disease (Grade 2). As symptoms disappeared and image findings improved after drug suspension for 2 mo
and 10 d, treatment with everolimus was resumed with
a dose reduction to 5 mg/d. At 2.5 mo after treatment
resumption, there was no recurrence of interstitial lung
disease. The KL-6 level reflected well the state of interstitial lung disease. The patient ceased menstruating after
the start of everolimus administration. When the administration was discontinued due to interstitial lung disease,
menstruation resumed, but then again stopped with
everolimus resumption. As the patient had experienced
no prior episodes of menstrual disorders or irregularities, an association with everolimus was highly suspected
(Figure 3). At approximately 1 year after the start of
treatment, she underwent TACE three times and has
since had a favorable course, with the therapeutic effect
of a partial response. We experienced a patient with a
PNET accompanied by multiple liver metastases that responded to combination treatment with everolimus and
TACE. After discontinuation of everolimus due to the
development of interstitial lung disease, this drug could
be resumed and continuously administered at a reduced
dose without recurrence of the lung disease. However,
amenorrhea occurred as a rare adverse event.

DISCUSSION
PNETs are becoming more frequent in both incidence
and prevalence, and now account for about 1.3% of
the incidence, and 10% of the prevalence, of pancreatic

WJG|www.wjgnet.com

Figure 1 Abdominal enhanced computed tomography showed a contrastenhanced tumor lesions accompanied by cystic changes in the liver and
the pancreatic tail.

cancer[2-4]. PNETs at the time of diagnosis have reached
an advanced stage, and the tumors are metastatic or unresectable, in 65% of cases. For PNETs at such a stage,
prognosis is poor. Patients with distant metastatic disease
have a median survival time of 24 mo[3], and few good
treatments exist.
The majority of patients with PNETs receive chemotherapy, radiotherapy, somatostatin analogue therapy, or
some combination of these treatments.
A recent prospective study showed sunitinib and
everolimus to exert antitumor activity against PNETs[1,5].
Yao et al[1] showed that 10 mg/d everolimus significantly
prolonged the survival of advanced PNETs in comparison with a placebo. Also, the rate of severe adverse
events was lower in the everolimus group than in the
placebo group.
Everolimus is an antitumor drug that inhibits mammalian target of rapamycin (mTOR) pathway. As mTOR
pathway plays a role in proliferation and angiogenesis, everolimus has an important antitumor effect on
PNETs[4,6-10].
The safety profile of everolimus has been examined
in prior studies[1,11]. Stomatitis and aphthous ulceration
were reported as the commonest drug-related adverse
events in these studies. Lymphopenia, neutropenia and
infections have also been reported as common adverse
events associated with everolimus. However, as most of
these adverse events were mild and manageable, there
were few that this treatment failed to terminate[1]. Though
severe adverse events of interstitial pneumonitis were
also reported, in most cases, the treatment guidelines
were effectual in eliminating the disease. The present patient developed interstitial pneumonitis during everolimus
administration. However, it resolved with temporary suspension of drug administration, and there has been no
recurrence, to date, since the resumption of everolimus
at a reduced dose.
With regard to amenorrhea, our patient had no prior
history of menstrual disorders. Menstruation ceased after the start of everolimus administration and resumed
when the drug was suspended, then ceased again with re-
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Figure 2 Endoscopic ultrasound-fine needle aspiration revealed a neuroendocrine tumor. A: Hematoxylin and eosin; B: Chromogranin A; C: CD56; D: Synaptophisin.
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Figure 3 Clinical course. TACE: Transcatheter arterial chemoembolization.

administration. Therefore, an association between everolimus and amenorrhea was strongly suspected. There are
no case reports, to our knowledge, describing amenorrhea associated with everolimus, and it was thus consid-
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ered to be a rare drug-related adverse event. In the EXIST-2 study of angiomyolipoma, 11 amenorrhea-related
events were reported in 8 of 52 female patients (15%)
receiving everolimus[12]. When patients were followed
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without receiving treatment, amenorrhea disappeared in
7 and persisted in 4 until 28 d after the end of treatment.
In the EXIT-1 study of subependymal giant cell astrocytomas, 3 amenorrhea-related events were reported in
3 of 29 female patients (10%) receiving everolimus[13].
Two patients were followed without treatment and one
received medication. The amenorrhea disappeared in 1
patient and persisted in 2, though reportedly disappeared
thereafter.
Everolimus-induced amenorrhea is a potential, albeit rare, drug-related adverse event. Unfortunately, the
mechanism underlying the occurrence of amenorrhea
has not been examined endocrinologically, and no treatment for amenorrhea has yet been established. Therefore, endocrinological studies are required in the future.
As PNETs tend to develop in relatively young people,
we should be aware that the administration of everolimus could result in amenorrhea.

COMMENTS
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Case characteristics

An asymptomatic 43-year-old woman that multiple hepatic tumors were identified at a routine health check-up.

Differential diagnosis

Multiple hepatic tumors, pancreatic tumor.

7

Laboratory diagnosis

Blood biochemistry tests revealed no abnormalities in either tumor markers or
endocrine data except for mildly elevated alkaline phosphatase and gammaglutamyl transferase.

Imaging diagnosis

Abdominal enhanced computed tomography identified contrast-enhanced multiple tumor lesions accompanied by cystic changes in the liver and the pancreatic tail.

8

Pathological diagnosis

Endoscopic ultrasound-fine needle aspiration, which was performed on the
pancreatic tumor lesion, revealed a neuroendocrine tumor (NET) G2.

Treatment

The patient was treated with everolimus in combination with transcatheter arterial chemoembolization.

9

Related reports

This is the first case report of amenorrhea as a rare adverse event associated
with everolimus treatment for pancreatic NET.

Term explanation

10

Everolimus is an antitumor drug that inhibits mammalian target of rapamycin
(mTOR) pathway. As mTOR pathway plays a role in proliferation and angiogenesis, everolimus has an important antitumor effect on PNETs.

Experiences and lessons

As the younger women might be included in PNETs patients, we should put this
adverse event “amenorrhea” into consideration.

11

Peer review

This article is the first case report of amenorrhea as a rare adverse event associated with everolimus treatment for PNETs.
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Abstract

Hachiya H, Kita J, Shiraki T, Iso Y, Shimoda M, Kubota K. Intraductal papillary neoplasm of the bile duct developing in a patient with primary sclerosing cholangitis: A case report. World J
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We report a case of intraductal papillary neoplasm of
the bile duct (IPNB) that developed in a patient with
primary sclerosing cholangitis. A 46-year-old woman
was admitted to our hospital with obstructive jaundice.
The liver function tests demonstrated increased serum
liver enzyme levels. Computed tomography showed dilatation of the intrahepatic bile ducts. Abdominal ultrasonography revealed a highly echoic protruding lesion
in the posterior bile duct near the right lobe of the liver.
The lesion was suspected to be IPNB, but we were unable to confirm whether it was a carcinoma. A right
hepatectomy was performed, and this showed that the
dilated bile duct was filled with mucin and contained
several yellowish papillary tumors. Histologically, the
neoplastic biliary epithelium showed papillary growth in
the dilated lumen. The tumor was diagnosed as IPNB,
high-grade intraepithelial neoplasia secreting abundant
mucin. No recurrence has been detected 3 years after
surgery.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Intraductal papillary neoplasm of the bile duct
(IPNB) is a variant of bile duct carcinoma that is characterized by grossly visible lesions and better outcomes
compared with cholangiocarcinoma (CCA). Primary
sclerosing cholangitis (PSC) is considered to be a risk
factor for CCA. We report a 46-year-old woman who
presented with dilatation of the intrahepatic bile ducts
and mucin in the common bile duct. This is the first
case of PSC in which IPNB developed in the setting of
high-grade intraepithelial neoplasia.

INTRODUCTION
According to the 2010 World Health Organization
(WHO) classification of tumors, there are two types of
precancerous/early cancer of the bile duct. The first type
is characterized by flat or micropapillary growth of atypical biliary epithelium and is known as biliary intraepithelial neoplasm. The other type is intraductal papillary neoplasm of the bile duct (IPNB) with malignant potential,
which is characterized histologically by prominent papillary growth of atypical biliary epithelium.
IPNB is characteristic of producing abundant mucin,
and clinically, it can cause biliary dilation, obstructive
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jaundice, and cholangitis. Furthermore, patients with
Primary sclerosing cholangitis (PSC) are known to be at
increased risk of developing cholangiocarcinoma (CCA).
Recent studies have demonstrated that CCA may arise
from premalignant lesions such as IPNB[1]. Here, we describe a case of IPNB developing in a patient with PSC.

A

CASE REPORT
A 46-year-old woman with an 8-year history of Behçet’s disease was hospitalized with obstructive jaundice. On admission, the liver function tests demonstrated increased
serum liver enzyme levels: aspartate aminotransferase,
104 U/I; alanine aminotransferase, 101 U/I; alkaline
phosphatase, 929 U/I; γ-glutamyl transpeptidase, 667
U/I; and total bilirubin, 2.2 mg/dL. The levels of tumor
markers, such as α-fetoprotein, CA 19-9, and carcinoembryonic antigen, were normal. Antibodies against hepatitis C virus and hepatitis B surface antigen were negative.
The indocyanine green clearance rate at 15 min was 5.4%.
Colonoscopy revealed inflammatory bowel disease unclassified (IBDu). Abdominal ultrasonography revealed
a highly echoic protruding lesion in a dilated posterior
bile duct of the right lobe (Figure 1A). Intraductal ultrasonography demonstrated low-echoic mucin in the common bile duct (Figure 1B). CT showed dilatation of the
intrahepatic bile ducts of the bilateral lobes and a papillary lesion in the posterior segment, which was poorly
enhanced with contrast. The right lobe atrophied from
410 g to 230 g (expected liver weight) over 18 mo, and
the left lobe became enlarged (Figure 2). Endoscopic retrograde cholangiography (ERC) showed a filling defect in
the common bile duct and narrowing of the intrahepatic
bile duct, creating asymmetry with a withered branch-like
appearance, compatible with PSC (Figure 3). Positron
emission tomography (PET) demonstrated no abnormal
accumulation of FDG (Figure 4). Based on a diagnosis
of IPNB, the patient underwent right hepatectomy. The
operation time was 501 min, and operative blood loss
was 778 mL. The right lobe was atrophic and the resected
liver volume was 122 g (Figure 5). Macroscopically, the
lumen of the intrahepatic bile duct was filled with mucin,
and there were several yellowish papillary tumors (Figure
6). Histologically, the epithelia of the dilated bile duct exhibited papillary tumors, which secreted abundant mucin.
In the subepithelial stroma, no ovarian-like mesenchymal
stroma was evident. The tumor was diagnosed as IPNB
on a background of high-grade intraepithelial neoplasia
with negative surgical margins, and the epithelial subtype
of IPNB was the intestinal type. Immunohistochemical
staining revealed that the tumor epithelia was positive for
cytokeratin (CK) 7, CK20, and mucin (MUC) 2, and negative for MUC5AC and MUC6 (Figure 7). In the parenchyma of the protuberant mass, no cells were positive for
CK7 or CK20 (Figure 8). Periductal concentric fibrosis
of the bile ducts (onion skin-like appearance) suggested
the presence of PSC (Figure 9). At 3 years after the operation, the patient had no signs of recurrence.
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Figure 1 Ultrasonogram demonstrating a hyper-echoic lesion (arrow) in
a dilated posterior bile duct of the right lobe (A), Intraductal ultrasonography demonstrates the presence of hypo-echoic material, that was considered likely to be mucin (B).

DISCUSSION
IPNB was first proposed as a distinct entity in the 2010
revision of the WHO classification of tumors of the
liver and intrahepatic bile duct[2,3]. Nakanuma et al[4] have
reported that IPNB is characterized by proliferation of
neoplastic epithelial cells with fibrovascular stalks in the
bile duct lumen, mucin hypersecretion, and considerable
dilatation or multilocular changes of the affected bile
ducts. IPNB frequently arises during a reactive change
in chronic biliary tract disease, such as PSC, intrahepatic
calculosis and hepatolithiasis[5]. It is difficult to make an
accurate preoperative diagnosis because of IPNB’s low
incidence and the lack of specificity in its clinical manifestation. The pathognomonic features of IPNB include
cholangiectasis and obstructive jaundice due to the production of a large quantity of mucin. This causes various
symptoms such as abdominal pain, pyrexia, anorexia and
vomiting. Laboratory analysis commonly reveals elevated
levels of hepatobiliary enzymes. Many cases are discovered during routine medical examination or follow-up for
other disorders, as most patients are negative for hepatitis
virus markers. US, CT, MRI, ERC, cholangioscopy and
IDUS are all useful for diagnosing tumor extension, involvement of the bile duct and the presence of mucin.
PSC is a chronic cholestatic syndrome of unknown
etiology characterized by fibrosing inflammatory destruction of the intrahepatic and/or extrahepatic bile
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A

B

D

E

C

Figure 2 Abdominal computed tomography scan shows expansion of the bilateral intrahepatic bile duct. The right lobe has atrophied and the left lobe is enlarged. A posterior branch has expanded in the shape of a cyst. A: 18 mo before surgery; B-E: Enhanced computed tomography (arrow: Middle hepatic vein).

A

B

Figure 3 Intrahepatic bile duct shows narrowing, which created asymmetry with a withered branch-like appearance (A) (arrow); Endoscopic retrograde
cholangiography shows a filling defect in the common bile duct (B) (arrow).

Figure 4 No area shows abnormal uptake of FDG (arrow).
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Figure 5 Right liver appears to be atrophic (arrow, demarcation line).
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Figure 6 Intrahepatic large bile duct in the right lobe is filled with mucin and shows several yellowish-tan papillary tumors (arrow).

A

B

C

D

E

F

G

Figure 7 Tumors have proliferated and have a partly papillary appearance. A: Secreting mucin into the parenchyma (arrow) (HE stain × 40); B: HE × 200; C: CK7
positive; D: CK20 positive; E: MUC2 positive; F: MUC5AC negative; G: MUC6 negative.

ducts[6]. It has been suggested that PSC may have some
involvement in stepwise progression to CCA via the
metaplasia-dysplasia-carcinoma sequence[7], and biliary
tract carcinogenesis may thus be a multistep process
resulting from chronic biliary inflammation. According
to one report, among 200 patients followed up for an

WJG|www.wjgnet.com

average of 12.4 years, 107 (60%) had IBD, 8 (4.5%) had
IBDu and 13 (6.5%) had CCA[8]. Both PSC and Behçet’s
disease are associated with bowel lesions. To our knowledge, there has been no case report in which PSC and
Behçet’s disease coexisted. Although PSC is considered
to be a risk factor for CCA, the frequency of CCA in
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50.0 mm

Figure 8 Neoplastic cells were histologically classed as the intestinal
type. CK7 negative in the parenchyma (× 200).

Figure 9 Periductal concentric fibrosis of the bile ducts was present. Onion skin-like appearance, × 200.

patients with PSC has been reported to vary from 7% to
30%[1]. In a retrospective study of 100 consecutive orthotopic liver transplantations performed for PSC, Lewis
et al found 30 patients with CCA, and among the remaining 70 patients, 11 had papillary lesions[1]. No association
between the duration of PSC and the incidence of CCA
has been demonstrated[6].
In our present patient, IPNB developed on a background of PSC. Fortunately, IPNB was found at the
precancerous stage, due to clinical signs and symptoms
attributable to abundant mucin production. To our
knowledge, this is the third reported case of PSC with
concurrent IPNB. The first such case occurred in a
60-year-old woman, and IPNB was diagnosed on the basis of bile duct dilatation and elevation of hepatobiliary
enzyme levels one year after the patient had been diagnosed with PSC[9]. The patient underwent extended resection of the left lobe of the liver and was found to have an
intraductal papillary neoplasm with an associated invasive
carcinoma. The patient had no signs of recurrence 27
mo after surgery. The second case of IPNB occurred in
a 50-year-old woman who had been diagnosed with PSC
26 years previously[10]. The patient underwent orthotopic
liver transplantation because of multiple episodes of
acute cholangitis. Pathological examination demonstrated
intraductal papillary neoplasia with an associated invasive
carcinoma. Therefore, our present case of IPNB is the
first to have been diagnosed at the premalignant stage.
Surgical resection is the first choice of treatment for
IPNB. Curative surgical resection, including any invasive
carcinoma, has been reported to yield good outcomes,
with 1-, 3-, and 5-year survival rates of 96%, 84% and
81%, respectively[11]. If intraoperative pathological examination demonstrates a positive surgical margin including
dysplasia, additional resection should be performed to
obtain cancer-negative surgical margins because positive
resection margins are strongly associated with shorter
overall and recurrence-free survival[12]. In fact, after curative resection, our patient is currently doing well without
any signs of recurrence 3 years after surgery.
In conclusion, we have described the first case of
PSC in which IPNB developed on a background of high-

grade intraepithelial neoplasia. Patients with PSC should
be recognized as being at risk of developing IPNB and
subsequent CCA.

WJG|www.wjgnet.com

COMMENTS
COMMENTS
Case characteristic

A 46-year-old woman with a history of resected intraductal papillary neoplasm
of the bile duct (IPNB) with primary sclerosing cholangitis (PSC).

Clinical diagnosis

Obstructive jaundice, cholangitis.

Differential diagnosis

Mass-forming cholangiocarcinoma, mucinous cystic neoplasm, pyogenic cholangitis with bile duct stones.

Laboratory diagnosis

The liver function tests demonstrated increased serum liver enzyme levels: aspartate aminotransferase, 104 U/L; alanine aminotransferase, 101 U/L; alkaline phosphatase, 929 U/L; γ-glutamyl transpeptidase, 667 U/L; and total bilirubin, 2.2 mg/dL.

Imaging diagnosis

Computed tomography/Endoscopic retrograde cholangiography showed dilatation of the intrahepatic bile ducts and mucin in the common bile duct.

Pathological diagnosis

The tumor was diagnosed as IPNB on a background of high-grade intraepithelial neoplasia.

Treatment

The patient underwent right hepatectomy.

Related reports

There are two cases of PSC with concurrent IPNB.

Term explanation

IPNB was found at the precancerous stage due to clinical signs and symptoms
attributable to abundant mucin production.

Experiences and lessons

When cystic lesions are observed in PSC patients, IPNB is unlikely and the
patient should undergo regular scans.

Peer review

This article is the first case of PSC in which IPNB developed on a background
of high-grade intraepithelial neoplasia.
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Abstract
Several clinical trials have demonstrated the potent
antiviral efficacy of entecavir (ETV), and this relatively
new nucleoside analogue drug has rapidly become a
frequently prescribed therapy for chronic hepatitis B

WJG|www.wjgnet.com

(CHB) worldwide. While the studies have also shown
a good overall safety profile for ETV, adverse drug
reactions (ADRs) in patients with advanced cirrhosis
have been reported and represent a broad spectrum
of drug-induced injuries, including lactic acidosis, myalgia, neuropathy, azotemia, hypophosphatemia, muscular weakness, and pancreatitis, as well as immunemediated responses (i.e. , allergic reactions). Cutaneous
ADRs associated with ETV are very rare, with only two
case reports in the publicly available literature; both of
these cases were classified as unspecified hypersensitivity allergic (type I) ADR, but neither were reported
as pathologically proven or as evaluated by cytokine
release analysis. Here, we report the case of a 45-yearold woman who presented with a generalized maculopapular rash after one week of ETV treatment for
lamivudine-resistant CHB. The patient reported having
experienced a similar skin eruption during a previous
three-month regimen of ETV, for which she had selfdiscontinued the medication. Histopathological analysis
of a skin biopsy showed acanthotic epidermis with focal
parakeratosis and a perivascular lymphocytic infiltrate
admixed with interstitial eosinophils in the papillary and
reticular dermis, consistent with a diagnosis of drug
sensitivity. A lymphocyte stimulation test showed significantly enhanced IL-4, indicating a classification of type
Ⅳb delayed hypersensitivity. The patient was switched
to an adefovir-lamivudine combination regimen and the
skin eruption resolved two weeks after the ETV withdrawal. This case represents the first pathologically and
immunologically evidenced ETV-induced delayed type
hypersensitivity skin reaction reported to date. Physicians should be aware of the potential, although rare,
for cutaneous ADRs associated with ETV treatment.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Entecavir; Delayed type hypersensitivity;
Maculopapular drug eruption; Dermatology; Adverse
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drug reaction; Chronic hepatitis B
Core tip: A potent efficacy and good overall safety
profile has supported the rapid establishment of entecavir as a frequently prescribed antiviral nucleoside
for treatment of chronic hepatitis B (CHB). Among the
adverse drug reactions that have been reported in CHB
patients, allergic dermatitis is especially rare, with only
two cases in the literature to date. This report describes
a pathologically and immunologically evidenced case of
entecavir (ETV)-induced type Ⅳ delayed hypersensitivity reaction, which resolved upon ETV withdrawal.
Kim JT, Jeong HW, Choi KH, Yoon TY, Sung N, Choi YK,
Kim EH, Chai HB. Delayed hypersensitivity reaction resulting in maculopapular-type eruption due to entecavir in the
treatment of chronic hepatitis B. World J Gastroenterol 2014;
20(42): 15931-15936 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i42/15931.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i42.15931

INTRODUCTION
Entecavir (ETV), a nucleoside analogue, is a highly potent antiviral agent. While the clinical trials of ETV in
chronic hepatitis B (CHB) patients have demonstrated a
good overall safety profile, cases of adverse drug reactions (ADRs) have been reported both during the licensing period and after market introduction. An ETV-901
rollover study of a large group of CHB patients treated
with ETV for at least five years showed that most adverse drug events were mild (grade 1) to moderate (grade
2); the relatively small portion of severe (grade 3) or
potentially life-threatening (grade 4) adverse events (accounting for 19%, with only 4% considered ETV-related)
included myalgias, neuropathy, increased lipase, increased
serum creatinine, hypophosphatemia, muscular weakness,
pancreatitis, and creatinine phosphokinase elevation[1].
Other studies showed that the rates of adverse events
most commonly reported in ETV-treated patients (e.g.,
headache, fatigue, dizziness and nausea) were comparable
to rates in patients treated with the longer established
nucleoside analogue lamivudine (LAM)[2,3]. Unlike LAM,
however, ETV appears to rarely induce cutaneous ADRs.
To date, only two cases of ETV-related cutaneous ADRs
have been reported in the publicly available literature[4,5],
and very little is known about the manifestation and clinical course of these rare events. Here, we describe the
presentation, diagnosis and management of a case of
delayed hypersensitivity reaction to ETV that manifested
as a maculopapular eruption after one week of treatment
in a CHB patient.

CASE REPORT
A 45-year-old woman was referred to our dermatology
department (College of Medicine and Medical Research
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Institute at the Chungbuk National University, Cheongju,
South Korea) for evaluation of a generalized erythema
involving the lower back and extremities. History taking
revealed that the patient had taken a seven-day course
of ETV (1.0 mg/d, prescribed for CHB) prior to the
development of the skin rash. Further inquiry of the
CHB status revealed the following ten-year history of antiviral therapy: LAM therapy (100 mg) was first initiated
in 2004, when (according to medical records) the patient
showed compromised liver function [125 U/L aspartate
aminotransferase (AST); 88 U/L alanine aminotransferase (ALT)], positivity for hepatitis B e antigen (HBeAg),
negativity for hepatitis B e antibody (anti-HBe), and high
viral load [3.38 × 106 IU/mL hepatitis B virus (HBV)
DNA]. After 4 years of the LAM therapy, the patient
developed viral breakthrough and genetic analysis confirmed the presence of two LAM-resistance-associated
mutations (L180M and M204V). The drug therapy was
switched to ETV (1.0 mg/d) on February 4 2008. The
patient reported that she took the prescribed ETV for
three months, but developed a disseminated, itchy rash
(fitting the clinical description of a maculopapular eruption). The patient could not remember the exact timeline
of the rash onset, but reported having noticed the rash
“after about one month of treatment”. The patient stated
that she continued to take the medication over the next
two months because she did not consider the possible
relation to the drug. On April 4 2008, the patient visited
the outpatient clinic at our hospital and obtained a threemonth refill of the ETV, but she self-discontinued the
medication after one month. The patient did, however,
request a follow-up visit and presented to the outpatient
clinic for her next assigned visit on July 4 2008, when she
reported to the attending staff that she had not taken
the prescribed ETV since the self-discontinuation and
refused a prescription refill. In both months, the liver enzyme analyses showed levels of AST and ALT within the
normal range (April: 23 and 24 U/L; July: 20 and 18 U/L,
respectively) and elevated HBV DNA (April: 3.55 × 103
IU/mL; July: 7.11 × 102 IU/mL), indicating viral breakthrough had occurred.
At the patient’s next visit on September 29 2008, she
accepted re-initiation of the ETV treatment (corresponding to seven months after the initial ETV treatment) due
to the staff ’s urging to address her continued elevated
HBV DNA levels (6.76 × 102 IU/mL; AST and ALT, 23
and 16 U/L, respectively). However, when the patient
revisited our clinic a little over one month later (on November 10 2008), she reported that after one week of restarting the medication, the same disseminated, itchy rash
again developed on the lower back and extremities (Figure
1). At this time, the patient also chose to visit a private
dermatology clinic as well as our hospital’s dermatology
outpatient clinic. In our clinic, the attending staff performed a skin biopsy for histopathological analysis; the
findings were consistent with a diagnosis of drug sensitivity (Figure 2) and the patient was switched to adefovirLAM combination therapy. The skin eruption resolved
within two weeks of the ETV withdrawal, and after one
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Figure 2 Hematoxylin and eosin stained erupted skin biopsy sample. The
epidermis is acanthotic with focal parakeratosis (arrows). A perivascular lymphocytic infiltrate admixed with interstitial eosinophils is present in the papillary
and reticular dermis (arrowheads). Magnification: 200 ×.

month, the HBV DNA level remarkably increased (from
6.76 × 102 IU/mL measured on September 29 2008 to
1.50 × 103 IU/mL on December 29 2008). The patient
also reported that in early September 2008, she had
started consuming an over-the-counter extract of the
Garcinia gummi-gutta fruit (former scientific name: garcinia
cambogia; common name: tamarind), by the brand name
of “Fat-Down” (Cheil Jedang, Seoul, South Korea) as
a weight loss supplement; our review of the literature
indicated that the active component of G. gummi-gutta
is hydroxycitric acid, which has potential influencing effects on lipid metabolism[6,7]. The patient was withdrawn
from the ETV regimen and prescribed antihistamines
(azelastine at 2 mg bid and olopatadine at 10 mg bid) and
a low-dose steroid (prednisone at 10 mg qd) until the
symptom resolved. Testings on February 4 and March 4
2009 showed an increasing trend in viral load (1.49 × 104
and 1.74 × 104 IU/mL, respectively) and the patient was
switched back to the adefovir-LAM therapy, which appeared to effectively control the viral breakthrough as the
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Figure 1 Cutaneous eruption associated with entecavir that manifested
after one week of therapy in a non-naïve patient with chronic hepatitis B.
Coalescent erythema, intermingled with papules, was observed on the lower
back.
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Figure 3 Alanine aminotransferase and hepatitis B virus DNA levels following the course of various antiviral treatments. Entecavir (1 mg) treatment could not be continued past the 15th day due to an adverse drug reaction
(skin rash). ALT: Alanine aminotransferas; HBV: hepatitis B virus; ADV: Adverse
drug reaction; BT: Breakthrough; ETV: Entecavir; LAM: Lamivudine.

tests showed lower viral load on April 1 2009 (1.10 × 102
IU/mL).
A physical examination of the patient during the skin
ETV-associated eruption revealed pruritic, erythematous macules, intermingled with papules on the anterior
chest, lower abdomen and lower back, as well as on the
extensor side of the right thigh and the tibial side of the
lower leg. Initial laboratory tests showed the patient had
a normal white blood cell count (4990 cells/L, with 3.2%
eosinophil content), hemoglobin level (12.6 g/dL), and
platelet count (190000 cells/L). Liver enzyme tests indicated normal function (AST and ALT, 16 and 23 U/L,
respectively), and the patient’s total bilirubin level was
also within normal range (0.4 mg/dL). The changing pattern of ALT and HBV DNA levels is plotted in Figure
3, in relation to the course of the antiviral treatments.
Serological testing for the HBV surface antigen at this
time showed positive results, while testing for the HBV
surface antibody showed negative results; the patient also
tested positive for HBeAg and negative for anti-HBe.
Other viral serological testing yielded negative results for
hepatitis viruses A, C and E, Epstein-Barr virus, and cytomegalovirus. The serological testing results for antibodies against influenza A and B and human immunodeficiency virus type 1 were also negative, and all tests carried
out in the Venereal Disease Research Laboratory yielded
“non-reactive” test results. Similarly, all of the tests for
anti-mitochondrial, antinuclear and anti-smooth muscle
antibodies were negative.
Allergy skin tests (skin prick and patch test) were ordered by the treating staff, but the patient refused both
procedures. The patient did, however, allow for a peripheral blood draw to determine the cytokine release profile
of the peripheral blood mononuclear cells (PBMCs)
(Figure 4). The lymphocyte stimulation test was carried
out as follows[8]: the patient’s heparinized blood sample,
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Figure 4 Cytokine release profile of peripheral blood mononuclear cells
isolated from the patient during the cutaneous eruption associated with
entecavir treatment. The level of secreted interleukin (IL)-4 was significantly
elevated at 18 and 24 h after entecavir treatment. IL-4 is the representative
cytokine of type 4b hypersensitivity.

alongside a sample from an anonymized normal control (a
volunteer healthy patient who took entecavir for five days
and experienced no ADRs, with blood drawn on day-7
after the treatment was initiated, corresponding to the appropriate drug washout period), was centrifuged through
the Ficoll-Paque PLUS medium (GE Healthcare Bio-Sciences AB, Uppsala, Sweden); the layer of isolated PBMCs
was collected and washed twice with sterile phosphatebuffered saline; the prepared PBMCs were then plated at
1 × 106 cells/mL per well in a 6-well plate in the presence
of ETV at 2.0 × 10-4 mol/L; the plate was incubated for
72 h at 37  ℃ in a humidified atmosphere with 5% CO2;
the cell culture supernatants were harvested at 6, 18, 24,
48 and 72 h (data not shown) and applied to the Bio-Plex
200 System with Luminex xMap Technology (Bio-Rad
Laboratories, Hercules, CA, United States) for automated
detection and quantification of the cytokine release
profile; the data were analyzed using the accompanying
Bio-Plex Manager Software, v4.1 and mean values of
the cytokines’ concentrations (calculated as results from
triplicate wells) were used to assess statistically significant
changes in response to ETV over time. The levels of interleukin (IL)-4 were found to be significantly enhanced
at post-ETV treatment hours 18 and 24, indicating a classification of type Ⅳb delayed hypersensitivity (Figure 4).
None of the other tested cytokines (interferon-γ, tumor
necrosis-α, granulocyte-macrophage colony-stimulating
factor, IL-2, IL-6, IL-8, and IL-10) showed a significant
change in response to the ETV treatment.

DISCUSSION
This case report describes a type Ⅳb delayed hypersensitivity reaction to ETV in a 45-year-old woman with
an over ten-year history of CHB and various antiviral
therapies. The cutaneous eruption from the drug hypersensitivity developed within one week of the ETV treatment, which had previously occurred within one week to
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one month of initiation of prior ETV treatments. The
patient’s diagnosis was confirmed by both skin biopsy
findings and lymphocyte stimulation test results.
Two other cases of cutaneous ADRs associated with
ETV have been reported in the medical literature. The
first of those cases was diagnosed as cutaneous immediate allergy induced by ETV according to a scratch test
showing a positive reaction for ETV[4]. The second case
was diagnosed as a delayed hypersensitivity to ETV, with
the eruption considered to be T-cell-mediated, according
to results from the lymphocyte stimulation test; specifically, tritiated-thymidine incorporation was significantly
increased by the addition of ETV to peripheral lymphocyte culture, with a stimulation index of 7.2 compared to
a normal control[5]. However, neither of these cases of
ETV sensitivity was histopathologically proven, and our
case described herein represents the first reported case of
delayed hypersensitivity to ETV based on a more comprehensive panel of clinical observations (i.e., detailed
clinical course, pathological findings and lymphocyte
stimulation testing).
The workup for diagnosing drug sensitivity is very
cumbersome, and it can be categorized as a wastebasket
diagnosis. While there are no specific histopathological
findings that can be used to diagnose drug sensitivity[9],
histopathology can be used to rule out other diagnoses;
although this approach provides limited insights, if any
at all, into the pathognomonic features related to a particular drug sensitivity. During the history taking for the
current case, the patient recalled noticing the eruption at
about one month after the first ETV treatment was initiated. The patient was unable to provide any more precise
information on the interval between the initial administration of ETV and the development of the symptoms.
Moreover, the patient reported a history of non-adherence to the prescribed regimen and of similar skin eruptions occurring shortly after the times that the ETV regimen would be re-initiated to address viral breakthrough
and failure of other antivirals. The symptoms described
during this clinical course of treatments were compatible
with the signs of a delayed hypersensitivity reaction occurring in response to the ETV drug.
The skin biopsy findings of this patient included
hyperkeratosis with parakeratosis and mild acanthosis
in the epidermis and a mild to moderate superficial,
perivascular lymphocytic infiltrate admixed with numerous eosinophils in the upper dermis. Inflammatory cell
infiltration confined to the superficial dermis and the
perivascular and interstitial pattern of dermal infiltration
are common findings among cutaneous drug eruption
cases; a review by Gerson et al[9] calculated that 80%-82%
of reported cases showed these findings. Moreover, the
immune cell-type composition of the inflammatory cell
infiltrate is frequently either lymphocytes or lymphocytes
and eosinophils[9]. Histological analysis of the eruption
biopsy sample from the current case revealed that the inflammatory cell infiltrate included both lymphocytes and
eosinophils, and that the dermal infiltrates were distrib-
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uted both perivascularly and in the interstitium. Thus, the
histopathological findings of this patient were compatible
with those of other drug sensitivity cases reported in the
literature.
We also investigated the cytokine release assay profile of our case, using PBMCs isolated during an ETVassociated eruption event. A type Ⅳb hypersensitivity
reaction is characterized by enhanced cytokine release
of IL-5, IL-4 and IL-13, which activate eosinophils (the
main cells that modulate this type of reaction). The clinical manifestations of a type Ⅳb reaction include maculopapular exanthema accompanied by eosinophilia[10].
According to the cytokine release assay performed in
our study, only the level of IL-4 in the supernatant
of PBMCs isolated from our patient was significantly
enhanced at 18 and 24 h after ETV treatment. While
other cytokines (IL-2, IL-6, IL-8 and TNF-α; data not
shown) were also found to be elevated in the patient, the
differences from the controls were not significant; we
currently do not understand why only IL-4 showed a significant elevation and we intend to further investigate the
cytokine profile in our future studies.
The drug eruption was not severe in our case, but the
symptom of itchiness was affecting her quality of life.
The patient self-discontinued the ETV medical treatment
and refused further medications at times throughout the
course of her CHB disease management for personal
reasons. By tracing the history of her taking the ETV,
we recognized that the skin eruption corresponded with
the ETV medication and was reproduced sooner with retreatment of ETV; this may indicate sensitization causing
a more rapid response. It is also intriguing to consider
that the patient consistently experienced high levels of
HBV DNA in serum during her drug withdrawal periods,
and it is possible that a drug-resistant strain may have developed in this high viral load environment. Indeed, the
serum level of HBV DNA sharply decreased during her
treatment period with the adefovir-LAM combination
therapy, which was first prescribed as a rescue therapy for
LAM resistance. Certainly ADRs, such as skin eruption,
can affect a patient’s compliance with a drug regimen, but
patients rarely consider that their behavior of poor drug
compliance may further worsen their disease condition
by promoting drug resistance.
The patient described herein also undertook a nonmedically prescribed intake of an unproven health food
supplement. The limited research on a primary constituent of this supplement, hydroxycitric acid, has yet to
show any evidence that it can induce any kind of skin
rashes or that it can interact with concomitantly taken
pharmacologic agents.
In conclusion, we have reported the first pathologically and immunologically evidenced case of ETV-induced
type Ⅳ delayed hypersensitivity reaction manifested as
a cutaneous eruption. The long history of this patient’
s experiences with ETV medication (consisting of short
treatment periods of three months and one week) that
consistently corresponded to a skin reaction also hinted at
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a progressive drug sensitivity (re-manifestation in shorter
time periods). Furthermore, this case demonstrates how
periods of non-compliance with antiviral drug regimens
may produce a high viral load environment that can support development of drug-resistance mutations.
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Case characteristics

A 45-year-old woman with an over ten-year history of chronic hepatitis B and
various antiviral treatment strategies presented with a generalized maculopapular rash that developed after entecavir (ETV) treatment.

Clinical diagnosis

Delayed hypersensitivity reaction associated with ETV and manifested as cutaneous eruption.

Differential diagnosis

A causal relationship existed between the drug administered and the symptom
onset. The patient had no history of skin rash before the initial ETV treatment.

Laboratory diagnosis

Liver function markers were normalized and hepatitis B virus (HBV) DNA level
was decreased following the ETV treatment. However, the HBV DNA level rose
during periods of antiviral withdrawal.

Pathological diagnosis

Histopathological analysis of the erupted skin biopsy showed perivascular lymphocytic infiltration and accumulated interstitial eosinophils.

Treatment

In cases of suspected drug-induced skin eruption, the corresponding drug
should be withdrawn. Following withdraw of ETV, the patient was switched to
another appropriate antiviral (adefovir-lamivudine combination) and given an
antihistamine and low dose steroid until the symptom resolved.

Related reports

Two case reports of unspecified hypersensitivity allergic (type Ⅰ) cutaneous
eruption related to ETV exist in the medical literature and describe diagnoses
by skin test and lymphocyte stimulation test.

Term explanation

Type Ⅳ hypersensitivity (known as a delayed hypersensitivity reaction) manifests as an inflammatory reaction within days of exposure to the causative
agent. All drug eruptions are classified as either type Ⅰ or type Ⅳ.

Experiences and lessons

Drug eruption is a bothersome adverse drug reaction involving the cutaneous
tissues, and it can affect a patient’s compliance with a necessary medication
regimen. Poor compliance with antivirals for treating chronic hepatitis B can
lead to viral breakthrough and may promote development of a drug-resistant
phenotype.

Peer review

This report describes a rare case of ETV-induced type Ⅳ delayed hypersensitivity reaction with manifestation as a cutaneous eruption that was diagnosed
according to evidence obtained during evaluation of the patient’s clinical course,
histopathological analysis and cytokine release profiling. The unclear causal
relationship between drug administration and symptom onset in the first round
of ETV treatment and concomitant drug can represent an obstacle to obtaining
the correct diagnosis of an adverse drug reaction.
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Core tip: Complications can occur during and after
treatment of gastric varices via endoscopic variceal
obturation with tissue glue. Laceration of the esophageal varicose vein with tissue glue emboli and massive
bleeding caused by endoscopic variceal ligation are
reported here. Cap-fitted gastroscopy may be helpful
in sclerotherapy for cardiac varices by providing better
endoscopic vision.
Wei XQ, Gu HY, Wu ZE, Miao HB, Wang PQ, Wen ZF, Wu
B. Endoscopic variceal ligation caused massive bleeding due
to laceration of an esophageal varicose vein with tissue glue
emboli. World J Gastroenterol 2014; 20(42): 15937-15940
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i42/15937.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i42.15937

INTRODUCTION
Abstract
Endoscopic variceal obturation of gastric varices with
tissue glue is considered the first choice for management of gastric varices, and is usually safe and effective. However, there is still a low incidence of complications and some are even fatal. Here, we present a case
in which endoscopic variceal ligation caused laceration
of the esophageal varicose vein with tissue glue emboli
and massive bleeding after 3 mo. Cessation of bleeding
was achieved via variceal sclerotherapy using a cap-fitted gastroscope. Methods of recognizing an esophageal
varicose vein with tissue glue plug are discussed.

Endoscopic variceal obturation of gastric varices with tissue glue is considered the first choice for management of
gastric varices, and is usually safe and effective. There is
still a low incidence of complications and some are even
fatal. Here, we present a case in which endoscopic variceal ligation (EVL) caused laceration of the esophageal
varicose vein with tissue glue emboli and massive bleeding 3 mo after the treatment. Hemostasis was achieved via
sclerotherapy of the bleeding varices through cap-fitted
gastroscopy. More accurate methods of recognizing an
esophageal varicose vein with tissue glue plug should be
provided.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Key words: Gastroesophageal varices; Variceal bleeding; Laceration; Varices ligation; Tissue glue injection

A 54-year-old woman was admitted to our department on
September 5, 2013 upon her first episode of severe up-
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Figure 1 Esophagogastroduodenoscopy revealed incomplete tissue glue extrusion and massive bleeding. A: Tissue glue extrusion was shown via endoscopy; B: Straight esophageal varices with red color signs were observed in the cardiac area; C: A piece of tadpole-shaped, semi-transparent, semi-soft tissue glue
partially covered by a small piece of mucosa and blood vessel wall adhering to the transparent cap was released from the cap; D: Massive bleeding was revealed; E:
The endoscopic vision was poor without the aid of the transparent cap; F: Massive, spurting bleeding was observed with the aid of the transparent cap; G: A precise
intravenous injection was achieved with the aid of the transparent cap; H: The bleeding ceased.

per gastrointestinal bleeding presenting with hematemesis
and melena. She had been on regular lamivudine-based
therapy for hepatitis-B-virus-related decompensated liver
cirrhosis for 4 years, and had a history of partial splenic
arterial embolization for hypersplenism for 3 years.
Esophagogastroduodenoscopy (EGD) was performed
when she had stable vital signs, with cessation of bleeding after successful internal therapy. Severe Sarin type 2
gastroesophageal varices[1] with obvious red color signs
on both gastric varices (GVs) and esophageal varices
(EVs) and mild portal hypertensive gastropathy were
observed. The largest GV was approximate 12 mm in diameter. Three pericardial GVs with red color signs were
obturated with 3, 2 and 2 mL of homogenous tissue glue
mixtures of N-butyl-2-cyanoacrylate (Histoacryl) and
lipiodol with a ratio of 1:1, via a standardized injection
method as secondary prophylaxis[2]. No complication of
ectopic embolism was observed on plain chest X-ray film
after the procedure. For further treatment of the EVs,
monthly follow-up EGD was suggested, however, the
patient returned at 1 and 3 mo after the first endoscopic
therapy. The patient underwent EVL at the most severe
sites using Wilson-Cook 6 Shooter multi-band ligator
during her second EGD.
On December 9, 2013, the third EGD was performed and EVL was planned to eliminate some of the
remaining EVs as a part of the sequential therapy. Some
extruded glue was observed in the gastric fundus (Figure
1A). An EV that was continuous with the GV on the
greater curvature of the stomach was picked up as the
first EV to be ligated. Grossly, this vein was straight, blue
in color, approximate 9 mm in diameter, and mild red
color signs was observed on its surface (Figure 1B). It
was similar in endoscopic appearance with the numerous
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other EVs that we have observed in our experience of >
10 years. The ligation site was approximate 5 mm proximal to the Z-line and 38 cm from the incisor. By suction
with a regular negative pressure of 0.04 kPa, a nodular
variceal protrusion bulb was formed in the cavity of the
transparent cap, however, the bulb could not be released
from the cavity. We then put the handle button into a two
way mode and released the handling string. We also tried
to wash out the bulb through the air flow and water flow,
but we still failed to release the bulb from the cap cavity and the endoscopic field of vision was lost. We had
to withdraw the endoscope gently and a tadpole-shaped,
semi-transparent substance adhering to the transparent
cap was found. It was approximate 10 mm long and approximate 3 mm in diameter and was identified as a piece
of soft, semi-solidified tissue glue partially covered by a
small piece of mucosa and blood vessel wall (Figure 1C).
Hematemesis developed and the patient’s blood pressure
dropped suddenly to 70/50 mmHg. These signs suggested that, despite its normal-like appearance, the targeted
EV had carried a large amount of tissue glue that was
extended from the GVs, and suction of this special EV
with a tissue glue plug had torn its vessel wall and caused
massive upper gastrointestinal bleeding.
Intravenous fluids and transfusion were started immediately for volume expansion and vital signs were monitored closely. We then took off the ligator system and
inserted the endoscope again, and massive bleeding was
observed (Figure 1D). However, a clear endoscopic view
was not possible (Figure 1E), because the bleeding was
too massive and vision was blurred by the high tension
in the luminal wall and frequent peristaltic movement of
the gastric cardia, which can often result from close contact of the mucosa with the front end of the endoscope.
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The responsible vein had to be empirically located and 5
mL of 1% aethoxysklerol was injected intravenously at
the site, approximate 36 cm from the incisor, however,
this turned out to be ineffective because the bleeding was
not stemmed. Endoscopy was then performed with the
aid of a transparent cap with the rigid front-end part of
10 mm left outside, and a better endoscopic view was
achieved by pressing against the esophageal wall with the
transparent cap. Blood was seen spurting from the ruptured EV, which was approximate 5 mm proximal to the
Z-line and 38 cm from the incisor. The site of the vein
responsible for the bleeding was located precisely (Figure
1F), and a further 10 mL 1% aethoxysklerol was injected
intravenously with the aid of the transparent cap (Figure
1G). The bleeding eventually ceased (Figure 1H) and
there was no re-bleeding after the procedure. The patient
was prescribed 10 mg propranolol three times daily 1
wk later and she has been well since then. We suggested
construction of a transjugular intrahepatic portosystemic
shunt, however, the patient has not yet received this.

DISCUSSION
GVs are present in 5%-30% of patients with portal hypertension, and the overall incidence of bleeding caused
by variceal rupture varies from 3% to 30%[3,4]. Endoscopic variceal obturation of GVs with tissue glue is considered the first choice for management of GVs[5]. Although the incidence of complications from endoscopic
GV obturation with tissue glue is low, there are still some
complications that may include abdominal pain, massive
intraoperative bleeding, rebleeding due to early-onset
extrusion of tissue glue cast, giant gastric ulcer, sepsis,
and distant embolization[6]. Ectopic emboli may occur in
the brain, lung, kidney, right atrium and portal vein, and
may be fatal[6-8]. Here, we report a case in which massive
bleeding was due to laceration by EVL of the esophageal varicose vein with a tissue glue plug. To the best of
our knowledge, this is the first report of this complication. The tissue glue plug in the esophageal varicose vein
should be formed by tissue glue that was extended from
the gastric varicose vein with injection of N-butyl-2cyanoacrylate. Therefore, ligation of a varicose vein with
a tissue glue plug can be dangerous, and there raises a
question about how to differentiate a varicose vein with a
tissue glue plug from that without a plug.
Cipolletta et al[9] have reported treatment of acutely
bleeding EVs using tissue glue injection followed by
EVL, however, they have not described how to recognize the glue plug. Usually, when we perform EVL in a
patient with a history of tissue glue injection for GVs,
we compress the varicose vein gently using the transparent cap to establish whether it is hard. The ligation site
should be at least 5-10 mm proximal to the Z-line and
the suction should be performed slowly and gently with a
relatively lower suction pressure so that we can determine
whether the nodular variceal protrusion bulb is formed
easily. If it is felt that the esophageal varicose vein is too

WJG|www.wjgnet.com

hard when it is compressed with the transparent cap, or
if the nodular variceal protrusion bulb cannot be formed
easily, the procedure should be stopped and another ligation site should be selected. On the present occasion, we
failed to recognize the plug since the glue was still soft,
and the esophageal varicose vein was torn by the ligation band and massive bleeding occurred. More accurate
methods of recognizing esophageal varicose vein tissue
with glue plug should be provided. In theory, plain computed tomography (CT) combined with 2D or 3D CT
venography after tissue glue injection provides detailed
information[10]. Endoscopic ultrasound (EUS)-guided
transesophageal treatment of gastric fundal varices, with
combined coiling and cyanoacrylate glue injection, and
EUS-guided treatment of bleeding duodenal varices have
been used to judge the adequacy of endoscopic therapy
by demonstrating absence of blood flow in the varices[11,12]. Therefore, EUS can help to determine whether
there is a glue embolus in the EV. However, this kind of
work has not yet been done.
The endoscopic vision is often blurred by the high tension in the luminal wall and frequent peristaltic movement
of the cardia, which can result from close contact of the
mucosa with the front end of the endoscope[13]. Cap-fitted
gastroscopy improves visualization and targeting of lesions
and improves biopsy accuracy in Barrett’s esophagus[13,14].
Here, we showed that with the help of a transparent cap,
visualization of the cardiac area was improved, even in
the situation of massive bleeding and targeting of the
bleeding varices became easier and more accurate. Capfitted gastroscopy seems to be helpful in sclerotherapy
for cardiac varices, however, this needs confirmation
from more studies specifically for EVs treatment in the
future.
In the present case, cessation of bleeding was achieved
via endoscopic variceal sclerotherapy. However, if endoscopic variceal sclerotherapy fails to work, what should
be done? There are only a few reports in the literature
of the same complication. According to experience with
management of massive bleedings caused by gastroesophageal varices rupture, we think that the SengstakenBlakemore tube should be used, followed by transjugular
intrahepatic portosystemic shunt or surgery.
In conclusion, EV embolization can occur when tissue glue injection is used to obturate the gastric fundal
varices of the gastroesophageal varices. Varicose vein
ligation with a tissue glue plug can be dangerous and
severe bleeding may occur. A more accurate method of
recognizing the tissue glue plug in an esophageal varicose
vein should be provided. Cap-fitted gastroscopy may be
helpful in sclerotherapy for cardiac varices.
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Abstract
We have read with interest the recently published article entitled “Clinical significance of serum procalcitonin
in patients with ulcerative colitis” by Koido et al . They
aimed to investigate the association of procalcitonin
with ulcerative colitis (UC) activity. They concluded
that elevated procalcitonin levels were significantly
correlated with UC activity. We would like to thank the
authors for their comprehensive contribution.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: In a recently published article entitled “Clinical significance of serum procalcitonin in patients with
ulcerative colitis”, Koido et al investigated the association of procalcitonin with ulcerative colitis (UC) activity.
They concluded that elevated procalcitonin levels were
significantly correlated with UC activity. We would like to
thank the authors for their comprehensive contribution.
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TO THE EDITOR
We have read with interest the recently published article
entitled “Clinical significance of serum procalcitonin in
patients with ulcerative colitis” by Koido et al[1]. They
aimed to investigate the association of procalcitonin
(PCT) with ulcerative colitis (UC) activity. They concluded that elevated procalcitonin levels were significantly
correlated with UC activity. We would like to thank the
authors for their comprehensive contribution.
PCT under normal conditions is the 116-amino acid
peptide precursor of the biologically active hormone calcitonin secreted by the parafollicular C-cells of the thyroid gland and involved in calcium homeostasis[2]. Their
levels increase in inflammatory states following bacterial
or fungal infections, tumors, trauma and surgery[3]. In addition, PCT can be a useful tool for diagnosis of sepsis
and septic shock. Additionally, it can be used as a guide
for antibiotic therapy in individual patients as a surrogate
biomarker[4].
Currently, only a few studies examining the relationship
between PCT and UC exist in the literature. Oruç et al[2]
reported that PCT has no diagnostic value in determining
disease activity after PCT levels in UC patients failed to
show any statistical significance when compared with that
of healthy control subjects.
Clinically, it is not easy to differentiate relapses of UC
from an existing enteric infection. Several microorganisms
including Clostridium difficile, Campylobacter, Salmonella and
Shigella species, Escherichia coli, Entamoeba histolytica, and
cytomegalovirus can precipitate exacerbation of UC. A
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recent study by Nitzan et al[5] concluded that high rates of
Clostridium difficile infection are associated with severe inflammatory bowel diseases related to prior antibiotic use.
In the study of Koido et al[1], they declared that stool
cultures were performed to exclude all possible infective
etiologies. We, however, did not find this method to be adequate since some of these microorganisms cannot be cultivated via the classic stool culture method. Routine stool
examination, parasitic examination and Clostridium difficile
toxin A/B antigen tests are vital, albeit, they are simple
methods. Since the infective pathogens couldn’t be cultivated in stool cultures, these undetected bacterial, viral
or parasitic microorganisms might have triggered the exacerbation of UC and led to the elevation of PCT levels.
It would have been better if the authors had performed
detailed microbiological assessments. In addition, the
authors didn’t clarify whether any of the patients with
severe UC was given anti-microbial therapy prior to UC
activity. It would have been more accurate, if the authors
had mentioned these conditions as limitations. Either
nonspecific elevations or false negativity in PCT levels
can be seen in some situations[3]. In this context, repeated
measurements of PCT could have been performed to
minimize or rule out false negativity that may arise as a
result of single measurements. And finally, it would have
been more useful if the authors mentioned the level of
the procalcitonin in the remission phase.

In conclusion, further studies are required to determine the relationship between PCT and UC activity. It is
vital that PCT be evaluated with other independent variables and markers (e.g., C-reactive protein, erythrocyte
sedimentation rate) to provide the required information about the inflammatory status of the patient. Also,
the crucial role of detailed microbiological assessment
should be critically appraised.
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If experimental animals were used, the materials and methods
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and details of animal care should be provided.

MANUSCRIPT PREPARATION
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be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
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Title page
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SUBMISSION OF MANUSCRIPTS
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Discussion, Acknowledgements, References, Tables, Figures,
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provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, province, country, and email. All the letters in the email should be in
lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the E-versions.
Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title,
a second under column heads, and a third below the Table, above
any footnotes. Vertical and italic lines should be omitted.

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g., Telephone: +86-10-59080039 Fax: +86-10-85381893
Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

Abstract
There are unstructured abstracts (no less than 200 words) and
structured abstracts. The specific requirements for structured
abstracts are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write
the Aim in the form of “To investigate/study/…”), METHODS (no less than 140 words for Original Articles; and no less
than 80 words for Brief Articles), RESULTS (no less than 150
words for Original Articles and no less than 120 words for Brief
Articles; You should present P values where appropriate and
must provide relevant data to illustrate how they were obtained,
e.g., 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001), and CONCLUSION
(no more than 26 words).
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Coding system
The author should number the references in Arabic numerals according to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated with increased intestinal permeability[1,2]”. If references are
cited directly in the text, they should be put together within the
text, for example, “From references[19,22-24], we know that...”.
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ensure the spelling accuracy of the first author’s name. Do not list
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Key words
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Core tip
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e.g., PMID and DOI, which can be found at http://www.ncbi.
nlm.nihgov/sites/entrez?db=pubmed and http://www.crossref.
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on the bar itself. File names should identify the figure and panel.
Avoid layering type directly over shaded or textured areas. Please
use uniform legends for the same subjects. For example: Figure 1

WJG|www.wjgnet.com

Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
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Statistical data
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Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).
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pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose concentration, c (glucose) 6.4 ±
2.1 mmol/L; blood CEA mass concentration, p (CEA) = 8.6
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641
should be read 23243641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
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Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
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HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
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Claudia RL Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Carla Daltro, Salvador
José Sebastiao dos Santos, Ribeirao Preto
Eduardo LR Mello, Rio de Janeiro
Sthela Maria Murad-Regadas, Fortaleza
Claudia PMS Oliveira, Sao Paulo
Júlio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo
Vietla Satyanarayana Rao, Fortaleza
Raquel Rocha, Salvador
AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo
Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver
Frank J Burczynski, Winnipeg
Wangxue Chen, Ottawa
Francesco Crea, Vancouver

WJG|www.wjgnet.com

Mirko Diksic, Montreal
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver
Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou

II

Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Bing Xia, Wuhan
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
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Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Damian Casadesus, Havana
Germany
Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere
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Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn

III

Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
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Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
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Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia

IV

Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
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Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
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Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo



Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
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Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
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Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Jordan

Portugal

Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
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stage with portal hypertension, liver transplantation is
the optimal option; and in cases of associated disease,
percutaneous ethanol injections, radiofrequency and
microwave ablation are the ideal treatments. Despite
the possibility of detecting microvascular invasion with
HR, several studies and some randomized controlled
trials revealed that overall survival and DSF rates in patients with VES HCC are much the same after ablation
and HR. Therefore, ablation can be regarded as a firstline choice for patients with VES HCC. It is important
to emphasize that the choice of treatment should be
weighed carefully in the context of a multidisciplinary
cancer team.

Abstract

Core tip: It is well recognized that one cause of chronic
liver disease and hepatocellular carcinoma (HCC) is
alcohol consumption. There is only one way of diagnosing HCC, which is early identification through surveillance, when curative treatments become possible.
After stopping alcohol intake the risk of liver cancer
decreases by 6% to 7% a year, and an estimated time
period of 23 years is also needed. Ablation can be regarded as a first-line choice for patients with very early
stage HCC. It is important to underline that the choice
of treatment should be weighed carefully in the context
of a multidisciplinary cancer team.

It is well recognized that one cause of chronic liver
disease and hepatocellular carcinoma (HCC) is alcohol
consumption. Research in Italy and the United States
concludes that the most common cause of HCC (responsible for 32% to 45% of HCC) is alcohol. It has
recently been shown that a significant relationship between alcohol intake, metabolic changes, and hepatitis
virus infection does exist. Alcohol may be a factor in the
development of HCC via direct (genotoxic) and indirect
mechanisms (cirrhosis). There is only one way of diagnosing HCC, which is early identification through surveillance, when curative treatments become possible.
After stopping alcohol intake the risk of liver cancer decreases by 6% to 7% a year, and an estimated time period of 23 years is also needed. Therefore, surveillance
is also important in former drinkers and, in our opinion,
independently from the presence of compensated cirrhosis. In cases of very early stage (VES) and early
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INTRODUCTION
Hepatocellular carcinoma (HCC) is ranked the sixth most
common form of cancer globally, and is the third most
common cause of cancer mortality[1]. The most recent
statistics available estimated 609000 deaths globally from
this disease in 2004[2].
According to the World Health Organization (WHO),
liver disease is responsible for 70% of directly recorded
mortality from alcohol, and alcohol causes around 80%
of deaths from liver disease[3].
Among men and women, 33% (11%-54%) and 18%
(3%-38%) of the total number of HCCs is caused by past
and present alcohol intake in the selected European countries (France, Italy, the United Kingdom, the Netherlands,
Greece, Germany, and Denmark)[4].
More recently, Welzel et al[5]. evidenced that the largest
attributable fraction of the population is associated with
alcohol abuse plus HCV infection (39.7%), followed by
diabetes/obesity (36.6%), alcohol related liver disorders
(23.5%), HCV (22.4%), HBV (6.3%), and rare genetic
disorders (3.2%).
Mancebo et al[6] affirmed that the annual HCC rate
among those patients with Child-Pugh Class A or B alcoholic cirrhosis is around 2.5%. Both platelet count and
age can be used to classify those at risk of developing
HCC into 3 separate groups during the next 5 years. The
annual HCC rate in the group having neither of these
factors (age < 55 years, platelets > 125000), with one factor (age > 55 years or platelets < 125000), and with both
factors (age > 55 years and platelets < 125000) was 0.3%,
2.6%, and 4.8% (p < 0.0001) respectively.

Natural History of Alcohol
Associated to HCC
The spectrum of hepatic injury caused by alcohol ranges
from clinically insignificant or biochemical damage, to
alcoholic hepatitis, fatty liver, and all the way up to cirrhosis[7,8].
Alcohol intake leads to liver damage through endotoxins, oxidative stress, and inflammation[8,9].
Furthermore, independently to the ingestion of alcohol through drinking, ethanol is produced endogenously
in small quantities in a normal intermediary metabolism,
and in the gastrointestinal tract in particular, by the formation of microbes. The concentrations caused by this
process in human venous blood have been approximated
as being between 0 and 50 μm[5].
Liver function is responsible for most alcohol metabolism. The three metabolic systems in the liver able to
perform ethanol oxidation are: the microsomal ethanol
oxidizing system, which is to be found in the smooth
endoplasmic reticulum of hepatocytes, cytosolic alcohol dehydrogenase (ADH), and catalase, situated on the
peroxisomes. The finished product of all these hepatic
enzymes is acetaldehyde.
The dominating enzyme pathway is alcohol dehydro-
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genase[8].
The alcohol oxidation caused by any of the mechanisms outlined above produces acetaldehyde, which is
quickly metabolized to acetate, mostly by cytosolic Aldehyde Dehydrogenase 1 (ALDH1) and mitochondrial Aldehyde Dehydrogenase 2 (ALDH2)[7,8].
There are various histological stages through which
alcoholic liver disease (ALD) is thought to advance: fatty
liver (steatosis), steatohepatitis (alcoholic hepatitis, alcoholic steatonecrosis), fibrosis, cirrhosis and HCC.
Alcoholic steatosis is largely macrovesicular, being
more pronounced in zone three of the liver acinus, the
area around the central veins. As yet there has been no
clarification of the pathophysiology of ALD. The intramitochondrial redox potential is changed by the metabolism of ethanol through the generation of NADH by
ADH. Oxidative stress is thus caused by ethanol. This in
turn is detrimental to tricarboxylic acid cycle activity and
the beta-oxidation of fatty acids, leading to an increase in
intra-hepatocellular free fatty acids, a greater formation
of triacylglycerol, and higher rates of synthesis of very
low-density lipoprotein[9].
A non-oxidative pathway of ethanol also exists. In
order to form fatty acid ethyl esters the esterification of
ethanol with fatty acids has to take place; this reaction is
initiated and catalysed by the fatty acid ethyl esters synthase enzyme. Phosphatidylethanol via phospholipase D
with a decrease in phosphatidylcholine is also generated
via this pathway[8].
The intestinal epithelial tight junctions are disturbed
by acetaldehyde through augmenting the intestinal permeability to endotoxins. A vital part is played by endotoxemia in damaging the liver by triggering Kupffer cells to
secrete a spectrum of reactive oxygen intermediates and
cytokines, and by causing hepatic sinusoids to increase
vascular permeability[8]. Tumor necrosis factor (TNF)-α,
along with a rise in TNF-α receptors, and acting as an
inflammatory mediator, could well lead to further hepatic injury. It is recognized that an increase in TNF-α is
related to a worse prognosis[8]. We can state that cellular
oxidative-stress (due to a disproportion between a lack of
anti-oxidant defence mechanisms and the generation of
free radicals, which includes a decrease in phosphatidylcholine, glutathione, and vitamin E) along with endotoxemia are definitely the main mediators in the progression
to steatohepatitis and fibrosis[8].
Around 20% to 40% of patients with steatosis have
changes on their liver biopsies indicative of steatohepatitis: steatosis along with hepatocellular damage and the
related fibrosis and inflammation.
When steatohepatitis has developed, the liver morphology rarely goes back to normal, even after cessation,
and there is a higher risk of the development of cirrhosis.
Once the stellate cells have been activated (fibrogenesis),
the hepatic stellate cells (HSC) react to a range of stimuli
in both an autocrine and paracrine way to reproduce,
migrate and contract; they secrete extracellular matrix
components, cytokines, chemokine, proteases and growth
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factors. They also express transcription factors and signalling molecules[8].
Three principal kinds of scarring are prominent in
human ALD: sinusoidal capillarization (pericellular fibrosis), centrilobular scarring and periportal fibrosis. The
fibrosis process ends in central-to-central veins bridging
fibrosis and regenerative nodules, or cirrhosis.
Among the various genetic polymorphisms that favour alcoholic hepatopathy, some of them are strongly
determining. The list includes genes that modulate alcohol metabolism, oxidative stress, lipid storage, endotoxininduced inflammation, and fibrogenetic pathways. Recently, two genetic polymorphisms have been identified:
TNF-α and patatin-like phospholipase domain-containing protein 3[10].
Polymorphism of the gene encoding for CD14 expressed on a Kupffer cell has been implicated in the risk
of ALD and HCC.

Risk Factors
There is no clear-cut linear association between the
amount of alcohol ingested and the development of hepatic disease.
Studies have shown women to be two times as susceptible as men to alcohol-mediated hepatotoxicity, and
they can develop more serious ALD after a shorter time
consuming alcohol and with smaller quantities.
It was found by O’Shea et al[11] that consuming 25 to
80 g/d of alcohol for 10 years or more for men and 12
to 20 g/d for women increases the risk of developing cirrhosis.
It was reported by Bellentani et al[12] that the changes
of developing cirrhosis or more minor liver disease with
an alcohol consumption of more than 30 g/d were 13.7
and 23.6 in comparison to teetotallers[8,12].
In a more up-to-date meta-analysis, increased chances
of death from cirrhosis was observed in both men and
women consuming 12-24 g of alcohol daily. Furthermore, the study also recorded a significant rise in women
drinking up to 12 g/d. It has been proposed by the European Association for the Study of Liver Disease that
if there is a threshold, then it is very low and difficult to
detect due to the difficulties of measuring a daily alcohol
intake of less than 10-12 g[8].
Consuming alcohol between mealtimes has been
shown to raise the odds of developing ALD by 2.7 times
in comparison with those who drink only with their
meals.
Other crucial important independent risk factors
come into play: abdominal fat, obesity, diabetes, hyperlipidaemia, resistance to insulin, metabolic syndrome, various hepatitis viruses (mostly HBV and HCV) and Pearls
grade[8,11,13].
It was demonstrated by Raynard et al[14] that blood
fasting glucose and body mass index (BMI) are further independent risk factors for the development of fibrosis in
alcohol-related hepatic disease. It has also been independ-
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ently verified that there is a correlation between Pearls
Grade and a fibrosis score. Being overweight or obese also
lead to a rise in susceptibility to endotoxin hepatic injury.
Moreover, it is recognized that there is a close association
between endotoxemia and the severity of alcohol-related
hepatic damage.
Alcohol consumption and chronic hepatitis C infection are responsible for 70% to 90% of all chronic hepatic disease in western countries. Moreover, as many as
8% to 43% of patients with ALD also test positive for
anti-HCV.
A major risk factor in both the histological and clinical progression of HCV infection is alcohol consumption. It was shown in a recent study that the combined effects of alcohol and HCV work together to augment free
radical formation in the liver, and to lower its antioxidant
defences. Moreover, it has been assessed that both moderate (< 50 g/d) and heavy drinking (> 50 g/d) increase
the odds of developing oxidative stress by 3 times and
13 to 24 times, respectively[9,15]. It was also demonstrated
by Perlemuter et al[16] that the expression of HCV core
protein and chronic ingestion of alcohol in combination
enhance hepatic lipid peroxidation and work together to
increase the expression of hepatic TNF-α and TGF-β.
The HSC are activated by TGF-β, causing extracellular
matrix to be overproduced; The formation of ROS is
also caused by TGF-β, which may lead to further hepatic
fibrosis[9,16].

Alcohol and Carcinogenesis
Recently, the International Agency for Cancer Research
(WHO) evidenced that ethanol, acetaldehyde and alcohol
intake are carcinogenic for humans (group 1). Alcohol
consumption is associated with an increased risk of the
following cancer types: head and neck, oral cavity, pharynx, larynx, oesophagus, bowel, breast and, obviously,
liver[17-20].
The underlying causes of cancers related to alcohol
consumption are not yet clear, although various factors
have been proposed as having a role to play[21-23]: the localized effects of alcohol, the induction of cytochrome
P4502E1 (CYP2E1) (the conversion of various xenobiotics), acetaldehyde (isoenzyme polymorphism), malnutrition, the interaction with retinoids, alterations in the level
of methylation, immunological surveillance and angiogenesis.
Alcohol could well be crucial in initiating cancers, due
to enhancing certain oncogene expression or the impairment of cells’ ability to mend their DNA, thus increasing
the chances that oncogenic mutations will take place.
ADH metabolizes ethanol to acetaldehyde. This
function is also carried out by CYP2E1 and, to a much
lesser degree, by catalase. It is then oxidized to acetate by
ALDH.
Acetaldehyde is not only extremely toxic, it is also
carcinogenic. Cells or tissues are exposed to an amount
of acetaldehyde after alcohol consumption which may be
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significant and could well increase carcinogenesis.
Acetaldehyde derived from the metabolism of ethanol is carcinogenetic for humans (Group 1: oesophagus,
neck and head). Studies have shown[8] that beer has a significantly lower acetaldehyde content than wine or spirits.
ALDH is the enzyme which causes the oxidation of
acetaldehyde. Acetaldehyde formation and degradation is
dependent on the actions of both ADH and ALDH.
Exposure to acetaldehyde in men is known to be
cumulative. An up-to-date, large-scale epidemiological
survey has backed up this premise by showing a supramultiplicative combined chance of oesophageal cancer
in subjects who consume both alcohol and tobacco, and
who were low ADH1B and ALDH2-deficient carriers (the
highest adjusted OR being as high as 382.3)[8,24,25].
The activity of total alcohol dehydrogenase is significantly greater in cancer tissues than in healthy ones (i.e.
oesophagus, liver and colon-rectum). ADH activity in
cancer cells is much greater than ALDH activity, indicating that cancer cells have a higher propensity for ethanol
oxidation, but less capability for removing acetaldehyde
than healthy tissues[8,26,27].
Both ADH and ALDH are encoded by multiple
genes. As some of these genes exist in several different
forms and the enzymes which are encoded by certain
of these variants may lead to increased levels of acetaldehyde, the presence of these variants may cause a predisposition to cancer. Recently it was evidenced that the
combination of a genotype of myeloperoxidase (MPO)
(associated with higher MPO expression), and just one
Ala-superoxide dismutase 2 allele (related to high hepatic
iron levels) significantly increases the odds of the occurrence of HCC and mortality in patients suffering from
alcoholic cirrhosis[8,28,29].
It is possible that alcohol acts as a co-carcinogen by
increasing the effects of direct carcinogens found, for
example, in diet and tobacco. This effect of alcohol is
partly due to CYPP450 enzyme induction (in the lungs,
liver and intestine), which can metabolize various dietary
and tobacco components into those free radicals which
promote cancer[23].
The concentration of CYP2E1 in the liver has been
demonstrated as being possibly related to hydroxyethyl
radical generation, and therefore to lipid peroxidation.
Lipid peroxidation triggers the production of 4-hydroxynonenal, which can bind to purine and pyrimidine DNA
bases, thus generating carcinogenic exocyclic ethenoDNA adducts. A significant association has been shown
to exist between CYP2E1 induction and the occurrence
of exocyclic etheno-DNA adducts in hepatocytes.
It has been demonstrated by Seitz that CYP2E1 activity takes place at fairly low levels of alcohol ingestion (40
g/d) and that, with this level of consumption, induction
is detectable even within one week, although how far and
how much is different between individuals. Some patients
show a very minor level of CYP2E1 activity-related induction, while others show a much higher level. Therefore, it is likely that this difference in level of CYP2E1
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activity-related induction may have an effect on alcoholic
carcinogenesis in men[22].
Chronic alcohol ingestion also leads to lower levels
of retinoic acid. This is mainly caused by CYP2E1 induction, which leads to the degradation of retinol and
retinoic acid to polar metabolites (for example, 4-oxo and
18-hydroxy retinoic acid). This rise in the metabolism of
retinoic acid leads to reduced levels of retinoic acid, thus
causing an augmented expression of the AP1 gene and
a subsequent rise in the c-jun and c-fos proteins. In the
end this leads to a rise in cycline D1, which is related to
hyperproliferation in the liver. Therefore, there is a relationship between retinoic acid deficiency and accelerated
carcinogenesis[22].
DNA methylation alters the expression of genes:
hypomethylation is related to enhanced gene expression.
The hypomethylation of tumor promoter genes in particular has been suggested as a possible underlying factor for the cancer development. The decrease in the liver
enzyme methyladenosyltransferase Ⅱ in alcohol-related
diseases causes lower S-adenosylmethionine (SAMe)
production, (the methyl donor for DNA methylation
reactions). Moreover, levels of homocysteine are usually augmented in alcohol-related diseases, leading to an
increase in S-adenosylhomocysteine levels and restricting
the activity of DNA methyltransferase enzymes. In some
experimental models, a scarcity of SAMe caused by a diet
lacking in methionine-choline, causes DNA hypomethylation and increases in the breaking of DNA strands,
thereby producing DNA instability and a greater risk of
cancer. In transgenic mice which have no methyladenosyltransferase Ⅱ, the spontaneous development of HCC
occurs. These experiments provide evidence for DNA
methylation abnormalities being an underlying factor for
cancer in alcohol-related diseases[30-33]. Figure 1 shows the
main alcohol-induced carcinogenic pathways.

HEPATOCARCINOGENESIS
Role of alcohol
Alcohol-related cirrhosis of the liver is most likely the
main risk factor for HCC in groups of people with low
rates of infection of the hepatitis B and hepatitis C viruses, such as the United States and northern Europe.
There have been studies in the United States and in
Italy which indicate that alcohol is the main cause of
HCC (making up 32% to 45% of HCC).
Alcohol intake has definitely been recognized as a
cause of HCC. This may well be related to the development of HCC due to direct (genotoxic) and indirect factors (cirrhosis development)[34].
There is a liver carcinogenesis model proposed by
Donato et al[34] showing the disease to have been caused
by alcohol consumption.
It shows both the early (initiation) and late stages
(promotion/progression) of carcinogenesis.
Long-term alcohol intake, as mentioned above, causes
CYP2E1 enzyme induction; this results in augmented

15946

November 21, 2014|Volume 20|Issue 43|

Testino G et al . Alcohol and HCC
Ethanol

ADH
CYP2E1

ROS

Acetaldehyde

Lipidperoxidation
ROS

ALDH
Adducts

DNA damage

Acetate
Inhibition apoptosis
Inhibition DNA-repair system

Cancer

Figure 1 Alcohol ANS carcinogenesis. ADH: Alcohol dehydrogenase; CYP2E1:
Cytochrome P4502E1; ALDH: Aldehyde dehydrogenase; ROS: Reactive oxygen
species.

hepatic acetaldehyde production. Hepatic oxidative stress
and the production of reactive oxygen species (ROS), especially hydroxyethyl radicals, increase dramatically. ROS
is able to form protein adducts and DNA. Free radicals
are also able to react with lipid molecules located in the
cell membrane, allowing the production of biologically
reactive aldehyde molecules.
We recently studied the various mechanisms of the
starting-point of carcinogenesis in subjects with long-term
ALD[34,35].
Since alcohol is one of the leading causes of ROS
production and oxidative stress, how often DNA damage occurs in the peripheral lymphocytes of patients with
ALD seems to be of particular interest.
According to our experience, human lymphocytes were
separated from peripheral blood (4 ml) using centrifugation through a Ficoll solution for 30 min at 400 × g. After
being plated in 24-well uncoated tissue culture plates (2 ×
10-5 cells/14.5-mm well), the fragmentation of the DNA
was measured using an alkaline Comet assay as used by
Singh et al[36]. For each patient the images of 50 randomly
chosen cells from 2 slides were studied, and how much
DNA damage had occurred was measured by tail length
(TL) and tail moment (TM) with computerized image
analysis (Sorin System, Florence, Italy). TM is calculated
by measuring the tail length and the fraction of the total
DNA contained in the tail.
A statistically significant increase in average TL and
TM values can indicate alkali-labile sites and DNA singlestrand breaks, was evidenced in the lymphocytes of subjects with alcoholic cirrhosis.
These data indicate a direct genotoxic effect of alcohol. The close relationship between alcohol consumption
and oxidative DNA damage indicates that free radicals
arising from the metabolism of ethanol could lead to the
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fragmentation of DNA in lymphocytes. In general, these
results indicate that genotoxic mechanisms may occur in
alcohol-dependent subjects’ livers, and therefore may be
a factor behind hepatocarcinogenesis.
Moreover, the level of fragmentation of DNA in peripheral blood lymphocytes seems to correlate with how
severe liver cirrhosis is.
Lambert et al[37] defined DNA methylation patterns in
HCC. They discovered a high number of specific genes
with aberrant hypermethylation. The genes which were
differentially hypermethylated in HCC are commonly
found in the host response to infection (DOK1), neurotransmission and angiogenic growth (CHRNA3), Ras
signalling (RASSF1A), and detoxification of carcinogens
(GSTP1).
The most commonly hypermethylated gene is RASSF1A which is a tumor suppressor gene. The second most
frequently methylated gene (tumor suppressor) in HCCs
is DOK1. In 54% of the cases, hypermethylation of
GSTP1 was found. GSTP1 belongs to the glutathione
S-transferase family that prevents variety of carcinogens
from damaging cells. Lambert et al[37] concluded that specific genes in cirrhotic tissue with aberrant methylation,
although not at all common, backed up the theory that
the hypermethylation of certain genes in pre-malignant
lesions could well predate and thus be a factor in the development of hepatic cancer.
Human Toll-like-receptor (TLR) constitutes 11 members, structurally recognizable by the existence of a leucinerich repeat domain within their extracellular domain,
and a Toll/Interleukin-1 receptor domain within their
intracellular domain; each one being responsible for recognizing specific viruses, bacteria and fungi microbial
structures. Despite a robust pro-inflammatory and antiviral response after TLR stimulation being favourable to
get rid of pathogens at first, a longer or greater activation
of TLR signalling could well be disadvantages[38]. TLRs
are molecular sensors; they sense products deriving from
pathogens, and bind to various adapter proteins that
kick-start specific signalling pathways, for example the
interleukin 1 (IL1), the receptor-associated kinase family,
and the TANK-binding kinase 1. These adapters trigger
pathways which cause the activation of their own specific
transcription factor; interferon regulatory factor 3 (IRF3)
and nuclear factor kappa B (NF-κB). Both IRF3 NF-κB
cause the discharge of many different immune and inflammatory cytokines such as TNF and IL6, which have
proven to be perfect targets for inflammatory diseases.
In experimental models, mice deficient in TLR were discovered to be safe from, or developed fewer inducible
tumors. These findings indicate that biological signals are
stimulated tumor cells activated by TLR; this might be a
connection between inflammation and cancer on a molecular level[38].
Eirò et al[38] showed a relationship between the expression of TLR, tumor aggression and unfavourable prognosis. These outcomes provide support for conducting
additional studies about the impact of TLRs on HCC
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prognosis, and to investigate and develop novel therapeutic strategies for liver cancer.
Forty percent of HCCs are clonal, and are thus considered to originate from progenitor/stem cells.
Telomere length in proliferating tissues is longest at
birth and shortens progressively with age, so telomere
length is a marker of biological cellular aging. Individuals with shorter telomeres have a higher risk of cancer at
multiple sites.
Pavanello et al[39] demonstrated that telomere length
was nearly halved in alcohol consumers compared with
controls, and decreased in relation with an increase in
drink-units per day. Individuals drinking > 4 drink-units/
d had substantially shorter telomere lengths than those
drinking < 4 drink-units/d. Telomere shortening is a
feature of chronic liver disease and cirrhosis. Telomerase
reactivation has been associated with hepatocarcinogenesis in the advanced stages (dysplastic lesions up to well
differentiated, moderately differentiated and poorly differentiated HCC)[40]. Eighty five percent of human HCC
specimens showed a reactivation of telomerase activity,
thus providing a selection advantage aiding uncontrolled
hepatocyte replication[41].
Loss and/or mutation of p53 usually occurs in late
stages of tumorigenesis (dysplastic nodule HCC)[40].
A methyl-deficient diet is often observed in alcoholics.
Lu and Mato[42] demonstrated that knockout mice with
impaired SAMe synthesis spontaneously developed fatty
liver and hepatocellular carcinoma; SAMe administration
induced apoptosis in the hepatoma cells and prevented
liver cancer, thus supporting this hypothesis.
During the late phase (promotion/progression), hepatocyte DNA could well be caused by hyperproliferation
to become vulnerable to mutagenesis, leading to gene instability. Moreover, it has been shown that HCC develops
due to chronic oxidative stress applying specific pressure
that gives rise to the outgrowth of progenitor cell clones
which are most resistant to oxidant injury[43].
Usually, liver progenitor cells are the second line of
defence against liver failure. Oval cells have the bipotential ability to differentiate between hepatocytes and bile
duct cells. Progenitor cells are present in the terminal
bile ductules, also called the canals of Hering. This latent
group of cells is a reserve population to be triggered to
action when the adult hepatocytes cannot mend or regenerate the damaged liver. The oval cells reproduce in the
portal zone and appear to be a grouping of progenitor
cells surrounded by cells made up of intermediate differentiation.
Most mature hepatocytes in alcoholic fatty livers are
senescent, and cannot replicate to compensate for the
increased rates of hepatocyte death caused by ethanol[44].
Gu et al[45] highlighted that ethanol induces angiogenesis and vascular endothelial growth factor (VEGF)
expression. In their research, a CAM model from the
embryo of a chick with human fibrosarcoma was used
to show that administering a physiologically appropriate
dose of ethanol produced a significant rise in intramu-
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ral vascular volume density and growth of tumor and,
together with the up-regulation of VEGF expression
in tumors. The authors discovered that physiologically
relevant amounts of alcohol led to a dose-related rise in
both VEGF mRNA, and protein expression in cultured
fibrosarcoma cells in humans.
This experience of Gu et al[45] supports the hypothesis
that angiogenesis induction and VEGF expression by alcohol represent an important factor behind the progression of cancer associated with alcohol intake[46].
Matsuhashi et al[47] evidenced that alcohol intake is
closely related to the tumor volume doubling time of
HCC in patients with type C cirrhosis.
Nahon et al[29] demonstrated that MPO and manganese superoxide dismutase 2 (MnSOD2) polymorphisms
comodulate the chances of HCC and mortality in alcoholic cirrhosis.
Their objective was to find out whether G-463AMPO, Ala16Val-SOD2, or T-262C-CAT (catalase) dimorphisms have an effect on the risks of HCC and mortality
in alcoholic cirrhosis. The GG-MPO genotype (causing
a high MPO expression) together with at least one AlaSOD2 allele (correlated to a high iron score in the liver)
significantly increased the chances of HCC and mortality
in subjects with alcoholic cirrhosis.
A modest intake of alcohol (20-70 g/d) might play
a more significant role in hepatic carcinogenesis than is
presently thought[48].
Recently, Persson et al[49] evidenced how the consumption of three drinks per day is positively associated with
both HCC occurrence and liver disease mortality. In this
study, folate intake modified the relationship between
alcohol and HCC incidence, but had no effect on the relationship between alcohol and liver disease mortality.
Alcohol and cofactors
There is a major correlation between alcohol intake (50 to
80 g/d), hepatitis virus infection (HBV, HCV, and metabolic changes, which has recently been shown by Hassan
et al[50]. They showed a serious rise in risk when alcohol
intake is associated with diabetes mellitus and hepatitis
viruses. A common pathway for hepatocarcinogenesis
has been suggested.
In cases of heavy alcohol intake (> 80 g/d) along
with long-term hepatitis virus infection (HBV or HCV),
an OR of 53.9 has been found (alcohol alone OR = 2.4,
virus alone OR = 19.1); in cases of heavy alcohol intake
along with diabetes (both insulin-dependent and noninsulin-dependent) an OR of 9.9 has been found (diabetes
alone 2.4)[50,51].
The risk of HCC incidence is 3.1 times higher in users of alcohol who have a BMI of 30 kg/m2 or higher,
compared with non-users with a BMI of less than 30
kg/m2, which is suggestive of a synergic effect. Obesity
significantly augments the risk of HCC incidence in users
of alcohol, but not in non-users[51].
French et al[52] demonstrated the role of TLR signalling as being the factor behind liver stem cell and pro-
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genitor transformation to HCC. This pathway indicates
how alcohol raises the chance of HCC in cases of HCV
and HBV infection, hemochromatosis, diabetes, and α-1antitrypsin deficiency. This correlation is caused by triggering a common pathway; TLR signalling leads through
NF-κB activation to the production of pro-inflammatory
cytokines and the expression of growth factors via the
stimulation of the activator protein 1.
HCV NS5A-induced TLR4 is triggered by endotoxemia correlated with alcohol consumption, causing further TLR4 signalling, which in turn up-regulates the stem
cell marker Nanog necessary for TLR4-dependent liver
oncogenesis. This discovery on the NS5A-TLR4-Nanog
axis in synergistic oncogenesis is starting to give new insights into molecular mechanisms for HCC in alcoholic
HCV patients. Experimental studies performed on rats,
identified that Nanog is up-regulated by TLR4 activation
and by the CD133/Nanog-positive cells being present in
hepatic tumors. The TLR4-dependent mechanism leads
to liver disease through HCV and alcohol, and is partially
dependent on Nanog, a TLR4 downstream gene[53].
It is well known that, in cases of non-alcoholic hepatic disease, HCC development might be favoured by
moderate alcohol consumption.

Surveillance and Diagnosis
A causal link between alcohol consumption and HCC has
been confirmed.
In a multivariate analysis, four variables have been
found to be independent predictors of HCC: being 55
years of age and over, the co-presence of anti-HCV positivity, prothrombin activity of 75% or less, and a platelet
count of < 75 × 103/ml[54,55].
Surveillance leading to early discovery is the only way
of diagnosing HCC when curative treatments are possible[56].
High-risk HCC groups for whom surveillance is recommended include: cirrhotic patients from any cause,
non-cirrhotic patients with chronic HBV infection, and
those with a perinatal acquisition of the infection, or with
an end-stage liver disease.
Moreover, a meta-analysis indicates that the risk of
hepatic cancer actually decreases after giving up alcohol
by 6% to 7% a year. An estimated period of 23 years is
necessary after giving up drinking, as is a correspondingly
high 95% confidence period of 14 to 70 years in order
that the risk of hepatic cancer becomes the same as that
of teetotallers[57].
Therefore, surveillance for HCC should also be
imperative in former drinkers and, in our opinion, independently of the presence of compensated cirrhosis[58,59].
Ultrasonography (US) is recommended as the primary
surveillance exam for HCC.
One operator-dependent technique is US; an appropriate professional training program to carry out US is
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strictly necessary.
The ITALICA Group affirmed that semi-annual surveillance increases the detection rate of very early HCC,
and reduces the number of advanced tumors as compared to an annual program.
The detection of serum levels of α-fetoprotein is not
adequate for surveillance[60,61].
The identification of nodules of under 2 cm is considered the ideal goal of surveillance due to their excellent prognosis after radical treatments[61-64].
Ultrasound-guided biopsies may be particularly valuable for the diagnosis of small nodules in cirrhosis; nevertheless, they may be not completely reliable as sampling
errors are possible. Differential diagnosis between early
HCC and dysplastic nodules is difficult, including biopsy
material.
Immunohistochemical staining for heat-shock protein-70, glypican-3, and glutamine synthetase could well
establish a diagnosis when non-conclusive results return
from conventional staining[65]. 30% of HCC may have
non-diagnostic biopsies.
US has to be repeated at 3-mo intervals if a nodule
smaller than 1 cm has been found; in cases of nodules
of over 1 cm, the diagnosis should be made by imaging
criteria based on contrast enhancement patterns (CT and
MR). During the arterial phase intense contrast uptake,
and during the venous/delayed phase contrast washout,
are both considered specific for HCC.
Contrast-enhanced US (CEUS) is not advisable due
to false positive HCC diagnosis in subjects suffering from
cholangiocarcinoma[66,67].
Recently, Friedrich-Rust et al[59,68] confirmed that international guidelines for ultrasounds recommended the
performance of CEUS as the most effective method
after conventional ultrasounds for the diagnostic work-up
of focal liver lesion.
The results emerging from meta-analysis back up the
proposals of the European Federation of Societies for
Ultrasound in Medicine and Biology to utilise CEUS as
the first method of choice.
In the diagnosis of HCC, no statistically significant
difference was found between CT/MRI and CEUS, while
CEUS sensitivity was found to be much higher.
Jang et al[69] confirmed that CEUS can be routinely
utilised for focal lesions found unexpectedly by a conventional US, and to make obscure lesions detected on an
MRI or CT clearer.
In relation to the chance that CEUS gives false-positive HCC diagnoses in subjects suffering from cholangiocarcinoma, the authors affirm that hypervascular
cholangiocarcinoma can present an enhancement pattern
much the same as that of HCC during the arterial phase.
Although this more often presents as early washout[69-71]
in CEUS, and the median time of the beginning of washout is recognized as being 2 min in HCC. CEUS is found
in a few European and Asian guidelines, but has not re-
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ceived approval from the FDA in the United States[69,72-74].

Very Early and Early HCC:
Stadiation and Traditional
Treatment
The Barcelona Clinic Liver Cancer criteria (BCLC) are
well known by hepatologists[75].
We have mainly focused on Very Early Stage and
Early Stage HCC. Usually, PST is 0-1.
Very early stage HCC (VES) consists of the existence
of a single nodule smaller than 2 cm in a patient with
Child-Pugh A disease.
Early stage (ES) is the presence of a single nodule of
under 5 cm, or up to 3 nodules of under 3 cm.
Hepatic resection (HR) is the most effective treatment for VES HCC; in cases of normal portal pressure
and normal values of bilirubin. An excellent functional
hepatic reserve with no signs of portal hypertension is
essential to guarantee good outcomes and avoid lifethreatening postsurgical complications[76].
Liver transplantation appears to be the best choice in
cases of VES and ES HCC with portal hypertension. If
comorbidities exist, percutaneous ethanol injections and
radiofrequency (RF) are the ideal treatments[77].

Ablation Treatment: the
Evolution
HR is viewed as the most effective treatment for patients
who are not eligible for LT.
This point of view is not founded on RCTs vs other
possible treatment options, but on the medical assumption that HR is the most appropriate treatment to obtain
total tumor ablation, along with a surrounding layer of
tissue.
This point of view was formed in spite of some nonRCTs comparing HR and ablation that did not produce
more favourable results in favour of HR.
HR certainly allows histological evaluations; the presence of microvascular invasion and microsatellite nodules
must be taken into account to establish a prognosis. It is
a well-known fact that the presence of these histological
findings is possible, even in cases of nodules of < 2 cm.
A few authors have proposed that the discovery of
risk factors of recurrence, for example microsatellite nodules after resection or microvascular invasion ought to be
considered an indication for LT (“ab initio” LT)[77-79].
Koijro et al[80] made a distinction between indistinctly
and distinctly nodular HCC.
Nevertheless, microinvasion is improbable in cases of
nodules of < 1.5 cm, and in cases of nodules of between
1.5 cm and 2 cm, microinvasion is found in about 10%
of cases on the basis of the experimental data[81-84].
Nodules of between 1 cm and 1.5 cm show typical
features; they are indistinctly nodular, well-differentiated,
with a rate of microinvasion of about 2%, without satel-
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litosis, and with a hypovascular pattern.
HCCs of between 1.5 and 2 cm are usually moderately/
well-differentiated, with a distinctly nodular structure, a
rate of microinvasion of between 10% and 22%, with
satellitosis in about 10% of cases, and with a hypovascular pattern.
With an increasing diameter, the rate of microinvasion increases proportionally (30%-60% in nodules 2-5
cm in size, and up to 60%-80% in those 5 cm in size)[81].
Despite the possibility of detecting microvascular invasion with HR, several studies and some RCTs revealed
that the rates of OS and DFS in subjects with VES HCC
are much the same after ablation and HR[63,85,86].
These data have indicated the need to revise the Barcelona Criteria, with specific regard to VES HCC treatment; the OS rate is similar between resection and ablation (5-year survival rate, resection 64%-91%, ablation
67%-86%)[76,87-90].
Most authors consider ablation as the treatment of
choice for patients with single HCC nodules measuring 2
cm or less, even when no contraindications for resective
surgery exist, and obviously when the anatomical position
of the nodule allows access without exposing patients to
life-threatening complications.
The 5-year survival rate for both surgical resection
and ablation varies in relation to the presence of portal
hypertension; the survival rate is > 70% in patients without portal hypertension, which reduces to 50%-60% in
cases of portal hypertension (> 10 mmHg), and in cases
of decompensated cirrhosis the survival rate is lower
than 50%.
Tremosini et al[91] affirmed that the outcome offered
by resection or liver transplantation may be similar to that
offered by ablation if all tumours could be effectively
ablated. Indeed, in a solitary HCC of < 2 cm, ablation
should be considered as the first choice over transplant
because the risk of recurrence would not make the latter
feasible. Then resection would be considered if ablation
should fail.
As time has passed, most authors have confirmed this
concept[91], gradually abandoning the concern with microinvasion.
Recently, however, microinvasion has been associated with a poor prognosis, even in those patients who
underwent “ab initio” LT, compared to those who had
resection (or other treatments)[92]. HCV infected patients,
as well as those with ALD, had the same poor prognosis
in cases of microinvasion.
Barreto et al[92] confirmed that Sumie et al[93] had earlier
recognized the impact of vascular invasion and had suggested the use of the Gross classification as a basis for
predicting patients who were at an increased risk for having microscopic vascular invasion.
The Markow model analysis demonstrated that ablation leads to lower rates of complication, almost no perioperative death, lower non-neoplastic tissue ablation, and
becomes less expensive by decreasing treatment times,
stays in hospital, materials utilised, and the requirement
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for blood transfusions[94].
Therefore, ablation can be viewed as the most effective option for patients with VES HCC, who are not
eligible for LT[87].
Lencioni and Crocetti[87] described long-term outcomes of HCC patients treated with RF ablation; the
published results show that in subjects with ES HCC and
Child-Pugh class A disease, 5-year survival periods reach
51% to 64%, and can be as high as 76% in patients who
meet the BCLC surgical resection criteria.
One unanswered question is if RF ablation can challenge surgical resection as the first treatment of choice
in cases of early HCC (a solitary nodule of under 5 cm);
there are no definitive conclusions.
Some trials affirm that in cases of a solitary nodule
of between 2 cm and 3 cm, there is no significant difference in the OS between SR and RFA. In cases of a
solitary nodule of > 3 cm, the OS is significantly longer
in the resection group. In patients with a solitary HCC of
between 3 and 5 cm in size, the RF-TACE combination
could be considered. Moreover, local tumour progression
rates seem to be significantly less in the RF and TACE
ablation-treated group than in the RF ablation-only group
(6% vs 39%, p = 0.012)[95].
Surveillance after ablation can be organized as follows
(even if there are not enough data to define an optimal
surveillance protocol after treatment): a multiphase,
cross-sectional image analysis 1 mo after the treatment,
then at 3-mo intervals for at least 2 years, and at 6 to
12-mo intervals thereafter.
The risk of HCC decreases after cessation of alcohol
by 6% to 10% a year; after several years the risk becomes
equal to that of the general population[96].
Many authors have considered the issue of chemoprevention. Prevention strategies, in cases of viral aetiology,
have been evaluated over the years (up to the proposal of
a maintenance interferon therapy). On the other hand, in
cases of alcohol-related diseases or NASH, the issue is
still under debate[87]. Further research on chemoprotective
agents is ongoing (i.e., silybin, SAMe and curcumin, alone
or in association).
Chemoprevention should obviously be associated with
nutritional therapy and physical activity (healthy diet and
lifestyle) appropriate to the patients’ clinical conditions.
We can conclude, as suggested by Le et al[97], that:
“ablation may be appropriate in selected …… considering both medical and surgical criteria. Ablation offers a
safe and efficacious alternative with improved long-term
survival and the choice between resection and ablation
for patients with HCC should be weighed carefully in the
context of a multidisciplinary cancer team” (hepatologist,
surgeon, oncologist and so on).
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Abstract
Hepatocellular carcinoma (HCC) is currently the sixth
most common type of cancer with a high mortality
rate and an increasing incidence worldwide. Its etiology is usually linked to environmental, dietary or lifestyle factors. HCC most commonly arises in a cirrhotic
liver but interestingly an increasing proportion of
HCCs develop in the non-fibrotic or minimal fibrotic
liver and a shift in the underlying etiology can be observed. Although this process is yet to be completely
understood, this changing scenario also has impact
on the material seen by pathologists, presenting them
with new diagnostic dilemmas. Histopathologic criteria for diagnosing classical, progressed HCC are well
established and known, but with an increase in detection of small and early HCCs due to routine screening
programs, the diagnosis of these small lesions in core
needle biopsies poses a difficult challenge. These lesions can be far more difficult to distinguish from one
another than progressed HCC, which is usually a clear
cut hematoxylin and eosin diagnosis. Furthermore lesions thought to derive from progenitor cells have recently been reclassified in the WHO. This review sum-
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marizes recent developments and tries to put new HCC
biomarkers in context with the WHOs reclassification.
Furthermore it also addresses the group of tumors
known as combined hepatocellular-cholangiocellular
carcinomas.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Histology; Pathology; Hepatocellular carinoma
Core tip: Hepatocellular carcinoma (HCC) is currently
the sixth most common type of cancer with a high
mortality rate and an increasing incidence worldwide.
HCC most commonly occurs on ground of a cirrhotic
liver but interestingly an increasing proportion of HCCs
develop in the non-fibrotic or minimal fibrotic. Although
this process is yet to be completely understood, this
changing scenario also has impact on the material
seen by pathologists, presenting them with new diagnostic dilemmas. This review summarizes recent
developments and tries to put new HCC biomarkers in
context with the WHOs reclassification.
Schlageter M, Terracciano LM, D’Angelo S, Sorrentino P. Histopathology of hepatocellular carcinoma. World J Gastroenterol
2014; 20(43): 15955-15964 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i43/15955.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i43.15955

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most common type of cancer and with about 9.2% of all deaths it
is the third most common cause of cancer death[1]. HCC
is more common in males than in females and mostly
occurs in developing countries. The increasing trend is
mainly due to a cohort effect related to infection with
hepatitis B and C viruses (HBV and HCV), the incidence
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of which peaked in the 1950s to 1980s. By contrast, in
North America, Europe, and Japan, HCV infection is the
main risk factor, together with alcohol use. Time trends
in incidence of hepatocellular carcinoma of developed
countries parallel the timing of HCV spread. In Japan
and Europe, where HCV infection spread earlier than in
the United States, the incidence of hepatocellular carcinoma has almost reached a plateau and in some areas it
is declining; however, in the United States, incidence is
still increasing and the infection could have a synergistic
effect with other risk factors, such as non-alcoholic fatty
liver disease.
In most cases, HCC is a multistage disease whose
occurrence is linked to environmental, dietary and lifestyle factors[2]. Unlike other cancers, HCC usually arises
on a previously damaged organ, mostly in the setting of
chronic hepatopathy, cirrhosis[3,4], or in association with
hereditary diseases such as hemochromatosis, Wilson’s
disease and a-1-antitrypsin deficiency. However, in about
15%-20% of cases HCC may occur in the non-fibrotic
liver or in livers with minimal portal fibrosis without any
septal fibrosis[5].
Although histopathologic criteria for diagnosing
classical, progressed hepatocellular carcinoma have not
recently changed, diagnosis of small and early lesions
has gained of importance due to the increased detection
rate of these early lesions in routine screening programs.
These lesions can be far more difficult to distinguish
from one another than progressed HCC. Furthermore
lesions thought to derive from progenitor cells have recently been reclassified in the WHO.

Precursor lesions
HCC
Although a typical adenoma-carcinoma sequence does
not represent a frequent pathway in hepatic carcinogenesis, hepatocellular adenoma (HCA) may rarely act as a
precursor lesion of HCC[4]. It occurs predominantly in female patients using oral contraceptives, but has also been
described female patients with maturity onset diabetes
of the young type 3[6]. In males it is described in patients
with glycogen storage disease or androgen treatment.
This type is usually beta-catenin mutated and is reported
to have a higher risk of malignant transformation[7].
Metabolic syndrome has recently also been described as
an emerging risk factor for HCA[6]. Obesity and alcohol
mostly lead to an inflammatory HCA, which express proteins such as Amyloid A and CRP. Generally, malignant
transformation has been described in 4%-8% of patients.
In some cases no etiology for the development of a hepatocellular adenoma can be determined. The differential
diagnosis between HCA and well-differentiated HCC
arising in non-cirrhotic liver can be challenging, especially
when tumors histologically similar to HCA occur in unusual clinico-pathological settings, such as in a man or an
older woman and/or display cytological or architectural
atypia[8].
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Dysplastic foci
Dysplastic foci are uniform lesions and their morphology,
cytoplasmatic staining, nuclear size and cellular atypia
discriminates them from the surrounding liver tissue. By
definition, these clusters are < 1 mm in size and do not
fulfill criteria for malignancy i.e. invasive growth[9]. A similar and hard to distinguish lesion is small cell dysplasia.
These are round foci of small dysplastic cells with an increased nuclear/cytoplasmatic ratio. They are usually seen
in cirrhotic livers and are also considered premalignant
lesions due to their increased proliferation index and low
rate of apoptosis[10].
Dysplastic nodules
In contrast to dysplastic foci, dysplastic nodules are defined as being larger than 1mm in size. These lesions are
usually found in cirrhosis and are generally subdivided
into low-grade and high-grade lesions. Both subtypes
have been described as possible progenitor lesions to
HCC but regression has also been described in literature.
Low-grade dysplastic nodules only present minimal abnormality with a normal to slightly increased nuclear/cytoplasmatic ratio, minimal atypia, no mitoses and one to
two cells wide cell plates. Portal tracts and the reticulin
network are still present. The borders of the lesions can
be rounded but usually do not show compression of the
adjacent liver tissue. In addition, high-grade dysplastic
nodules may display the following histological features:
increased nuclear/cytoplasmatic ratio, nuclear hyperchromasia, irregular nuclear borders, peripheral location of
the nucleus, occasional mitoses, cell plates > 2 cells, basophilic cytoplasm, pseudo gland formation and resistance
to iron accumulation. Occasional unpaired arteries have
also been described in high-grade dysplastic nodules[9,11,12].

Gross Pathology
Up until only two decades ago, it was unknown how
HCC arose and how it evolved from early to advanced
cancer in humans. With the remarkable advances of various diagnostic imaging techniques and the establishment
of a follow-up system for the high-risk population, the
numbers of surgically resected cases of early stage small
HCCs and the amount of biopsy material form minute
HCCs has increased. Extensive morphologic studies
of this material have revealed that many HCCs arise in
equivocal nodular lesions, such as dysplastic nodules
in the cirrhotic liver and are highly differentiated in the
early stages. At the same time, it has been established that
well-differentiated HCC in the early stages evolves to
advanced and dedifferentiated tumor in a multistep fashion[13,14]. This is particularly true for patients with chronic
HBV and hcv infections.
An additional characteristic feature of HCC is its
frequent occurrence in the form of multiple nodules[15].
In HCC, the simultaneous occurrence of multiple HCCs
may reflect either the dissemination of malignant cells
from a single primary tumor to form satellite tumor nod-
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ules (intrahepatic metastasis), or the synchronous development of several independent tumors. The two possible
mechanisms of development of multiple HCCs reflect
important differences in pathogenesis that appear to have
an impact on treatment and prognosis[16]. Differences in
prognosis between these two categories probably result
from the fact that multiple HCCs developing from intrahepatic metastasis are more aggressive and more poorly
differentiated than multiple HCCs that are composed of
several independent tumours that emerge more or less simultaneously. Molecular analysis of the HBV integration
patterns and genetic changes has indicated independent
multicentric development of these nodules[15,17-20].
During histological assessment, small and early HCCs
should be distinguished from advanced disease. While the
diagnosis is mostly clear in advanced stage cases, small,
early and therefore mostly well-differentiated lesions can
be problematic. Due to established screening programs in
cirrhotic patients, biopsies of these lesions problematic
lesions have increased in number.
The international consensus group for hepatocellular
carcinoma[21] and the WHO[22] propose the following classification: (1) early HCC: a: well differentiated; b: small
size (< 2 cm); and c: poorly defined margins, vaguely
nodular type; and (2) progressed HCC: a: > 2 cm; b:
small size (< 2 cm), but moderately differentiated, distinctly nodular type.
HCCs of the vaguely nodular type occur more often
in cirrhosis, are usually smaller in size and less often show
portal vein invasion than the distinctly nodular type. Furthermore they are hypovascular and almost never show
intrahepatic metastasis. In resected specimens, they are
sometimes difficult to localize, because their margins to
the surrounding liver tissue are not well defined and portal tracts are retained within the tumor[11]. The distinctly
nodular subtype has a discernible capsule and usually occurs in a cirrhotic liver.
Progressed hepatocellular carcinoma can grossly be
classified into the following macroscopic groups: nodular,
massive and diffuse. The nodular type can either consist
of a single or multiple nodules. Single nodules are usually
encapsulated and may show extracapsular growth in the
vicinity of the primary nodule. The multinodular type is
an aggregation of a varying amount of small nodules.
The massive type is defined as a large tumor with irregular demarcation. This morphologic appearance can also
been seen in advanced stage nodular HCC. The diffuse
type is described to have many small nodules in a liver
lobe or the whole organ[11].
Rarely a pedunculated or protruded growth can be
observed. If the HCC grows extrahepatically with a peduncle, this should be termed “pedunculated”. If a peduncle is absent the term “protruding” is adequate[11].

Histopathology
The classical histomorphologic features of HCC are the
following: well vascularized tumors with wide trabeculae
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(> 3 cells), prominent acinar pattern, small cell changes,
cytologic atypia, mitotic activity, vascular invasion, absence of Kupffer cells and the loss of the reticulin network[23]. The most common histologic growth patterns
are: trabecular-resembling normal liver tissue, pseudoglandular or acinar with possible bile or fibrin content
and the compact or solid pattern (Figure 1). Bile production can frequently be observed. Within the tumor cells
Mallory-bodies and pale bodies can be also present[22].
Histomorphologic appearance of hepatocellular carcinoma varies greatly from patient to patient and even in
a single patient, different stages of intratumoral differentiation and growths patterns can be observed. Some authors postulate a step-wise dedifferentiation of an initially
well differentiated small lesion into a larger, less differentiated tumor which leads to intratumoral heterogeneity. The
well differentiated lesion is usually replaced by tissue of
the dedifferentiated component in advanced disease and
therefore leads to a nodule in nodule appearance. Especially in very advanced stage, but sometimes also in small
tumors, the initial well-differentiated tumor component
may not be discernible[13,14,24,25].
In contrast, progressed HCC shows an expansive and
infiltrative histologic growth pattern with complete neovascularization with unpaired arteries and possible vascular infiltration. There are no portal tracts seen within
the tumor and all the classical histologic patterns (i.e.,
trabecular/sinusoidal, pseudoglandular, solid and undifferentiated) are usually present (Figure 1). The tumors are
mostly encapsulated and septae are detected. Encapsulation is reported to be more frequent in tumor arising in
a cirrhotic liver than in non-cirrhotic livers[11]. Most of
these tumors show satellite nodules within 2 cm of the
primary tumor nodule as well as metastasis in the liver.
In HCC, angioarchitecture plays a very important role
during tumor growth and is also essential part of modern imaging modalities. Progressed HCC has classical
unpaired arteries positive for SMA and CD34. These arteries are not associated with a portal tract and therefore
have no contact to bile ducts. They also show less elastic
fibers compared to normal intrahepatic arteries. Early
HCC of the vaguely nodular type has a reduced density
of unpaired arteries compared to progressed HCC and
therefore appears hypovascular in imaging. Due to the
presence of portal tracts within tumor, although less in
number than in normal liver tissue, these lesions also receive blood from the portal vein[26,27]. Early HCC of the
distinctly nodular type as well as progressed-HCC appear
hypervascular because of earlier neovascularization with
unpaired arteries.

Histologic grade
Although some authors suggest using a conventional
3-scale system, the most widely used grading system in
HCC remains the 4-scale Edmondson and Steiner system[28,29]. Grade Ⅰ consists of small tumor cells, arranged
in trabeculae, with abundant cytoplasm and minimal
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than grade Ⅱ and have angulated nuclei. Grade Ⅳ has
prominent pleomorphism and often anaplastic giant cells.
Since HCC is usually quite heterogeneous the eligibility
of tumor grading in biopsy specimens is unclear. A study
done by Pawlik et al[30] demonstrates that needle core
biopsies, especially of progressed HCCs tend to undergrade tumors compared to following surgical resection
specimens.

A

Histologic variants
20 mm

Fibrolamellar HCC
Fibrolamellar HCC is a rare subtype first described by
Edmondson accounting for less than 1% of all tumors[31].
This subtype is seen in young patients without liver cirrhosis and with no other known predisposing factors and
has a better prognosis than classical HCC[32,33]. Grossly it
shows many fibrous septae and may have a central scared
zone with possible calcification, therefore mimicking focal nodular hyperplasia (Figure 2D). Histologically the tumor cells grow in sheets and trabeculae that are separated
by collagen fibers which are often hyalinized and show
a characteristic lamellar pattern[11]. Cytoplasmatic inclusions such as ground glass pale bodies and cytoplasmatic
globules which are PAS-positive and immunoreactive to
anti fibrinogen are often seen. Van Eyken and colleagues
report an abundant CK7 and a focal CK19 expression in
this subtype[34].

B

50 mm

C

Sarcomatous HCC
Sarcomatous HCC is another subtype which can occur by
itself, but also within classical HCC. The tumor cells are
spindle-shaped and show bizarre anaplastic figures. Giant cells are often present, but they can also been seen in
other types of HCC. In cases where there is no adjacent
classical HCC, these tumor can be difficult to distinguish
from leiomyosarcoma and fibrosarcoma[35,36].

20 mm

D

20 mm

Figure 1 Growth patterns of progressed hepatocellular carcinoma. A:
Hepatocellular carcinoma (HCC) with trabecular growth pattern [hematoxylin
and eosin (HE), × 300]; B: HCC with pseudoglandular growth pattern (HE, ×
100); C: HCC with solid growth pattern (HE, × 200); D: HCC with giant cell formation (HE, × 200).

nuclear irregularity that are almost indistinguishable from
normal liver tissue. Grade Ⅱ tumors have prominent
nucleoli, hyperchromatism and some degree of nuclear
irregularity. Grade Ⅲ tumors show more pleomorphism
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Scirrhous HCC
Scirrhous HCC shows diffuse fibrotic change which can
occur after various antitumoral treatments and seldom in
untreated tumors. These fibrotic changes often lead to
misdiagnosis as cholangiocellular carcinoma or metastasis
in preoperative imaging. This type of tumor histologically
shows fibrosis along the sinusoid-like blood spaces, with
atrophy of the trabeculae. In immunohistochemistry HePar-1 and CK7 (65%) can be positive[37]. Kojiro[11] reports
a marked CD8+ predominant lymphocyte infiltrate in
84% of the cases. In his series he also describes a unique
directly subcapsular location of most of these tumors
which leads to a possible pedunculated macroscopy.
clear-cell variant of HCC
The clear-cell variant of HCC is usually arranged in a
trabecular pattern and is characterized by clear cytoplasm
that contains glycogen and a variable amount of fat
vesicles[38]. Mostly only parts of the tumor show these
clear-cell changes (Figure 2A). A male predominance of
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ance of > 5% of the tumor, presence of Mallory-bodies,
fibrosis, inflammation and ballooning of the hepatocytes
as in steatohepatitis (Figure 2C). The inflammatory infiltrate usually consists of neutrophils, plasma cells and
lymphocytes. Fibrosis usually appears in a pericellular and
trabecular form. These patients often suffer from nonalcoholic steatohepatitis but this phenotype of carcinoma
is also seen in patients without steatohepatitic changes in
the non-neoplastic liver tissue[40].

A

HCC with lymphoid stroma
HCC with lymphoid stroma is an entity only described in
a few case reports. This is a tumor consisting of a massive inflammatory infiltrate, often with very few identifiable tumor cells in HE stain (Figure 2B). Most of the
cells are lymphocytes, some macrophages, giant cells,
plasma cells and neutrophils can also be detected. Immunohistochemical subtyping of the lymphoid cells show
more CD3+ T-Cells than CD20+ B-Cells. The T-Cells
are mostly of the CD4+ subtype[41,42]. It is still unclear if
this is a regression phenomenon or an entity by its own.

B

Immunohistochemistry and
Differential diagnosis

C

Especially in early stage and therefore mostly well differentiated hepatocellular carcinoma immunohistochemistry
can be helpful for distinguishing adenoma, focal nodular
hyperplasia and dysplastic nodules from HCC[23].

20 mm

D

20 mm

Figure 2 Histologic variants of hepatocellular carcinoma. A: Hepatocellular
carcinoma (HCC), clear cell variant [hematoxylin and eosin (HE), × 100]; B:
HCC with lymphoid stroma (HE, × 100/× 200). C: HCC, steatohepatic variant
(HE, × 200); D: HCC, fibrolamellar variant (HE, × 50).

variable degree is reported of this particular subtype of
HCC[11,39].
Steatohepatic HCC
Steatohepatic HCC is characterized by a steatotic appear-
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Adenoma vs well-differentiated HCC
In conventional histology hepatocellular adenoma resembles normal liver tissue but may show pseudoglandular architecture, especially when arising in a patient with
anabolic use. The tumor cells often have an increased
cell size due to increased intracellular glycogen or fat accumulation but show regular nuclei without atypia. The
cell sheets are 2 layers thick. HCC arising from transformed adenoma is usually well- to moderately-differentiated and only few cases showed vascular invasion or
satellite nodules[43].
Beta-catenin mutations are reported in 20% of all
HCCs, with a higher rate in HCC developing from livers
with chronic hepatitis C[44]. Hepatocellular adenoma can
also be beta-catenin activated in 10%-15% of the cases.
The beta-catenin mutation leads to a series of upregulated genes which are important for cell proliferation. One
of these genes is glutamine-synthetase, which is therefore
diffusely positive in beta-catenin mutated tumors. Normal
liver tissue shows glutamine-synthetase expression in the
pericentral hepatocytes but not in periportal or midzonal
localized hepatocytes. In hepatic adenoma, glutaminesynthetase can either be completely negative, localized
in the pericentral area as in normal liver, or show patchlike expression with no particular pattern. In beta-catenin
mutated hepatic adenoma diffuse and strong expression
is seen[45].
Glypican-3 is a proteoglycan which is a histochemi-
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A

B

C

D

Figure 3 Immunohistochemistry. A: well-differentiated hepatocellular carcinoma (HCC) [hematoxylin and eosin (HE), × 20]; B: Glypican-3 (HE, × 10/×
200); C: Heat-shock-protein 70 (HE, × 10/× 200); D: Gluthamine-synthetase
(HE, × 10/× 200).

cal and serological marker for HCC. In normal liver it
is not expressed but it occurs in fetal liver and the placenta. Glypican-3 has been reported in 70%-90% of all
HCCs[46-49].
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High-grade dysplastic nodule vs well-differentiated HCC
Although these criteria are still controversial, in cases
where cell plates are thick (> 3 cells), there is a focal
pseudoglandular growth pattern and a loss of the reticulin network, HCC can possibly be diagnosed with
conventional histology. Unfortunately not all HCCs show
these patterns and high-grade dysplastic nodules can
mimic similar histological features[12].
High-grade dysplastic nodules can either be of the
distinctly or vaguely nodular type in a cirrhotic liver.
These lesions show atypia which is insufficient for the
diagnosis of HCC, usually have an increased cell density
compared to the surrounding liver tissue and show an
irregular trabecular pattern. The most common form
of cytological atypia is small cell change/dysplasia characterized by small cells with decreased cytoplasma and
moderately enlarged nuclei[50]. Unpaired arteries have
also been described in these lesions. The best criterion
to differentiate these lesions from early HCC is stromal
invasion, but this can be very difficult to assess, especially
in biopsy specimens. In a cirrhotic liver, this feature can
be difficult to distinguish from small groups of hepatocytes entrapped within fibrous septae. In these cases, a
CK7/19 stain can be helpful to highlight the ductular reaction around these foci, since these non-neoplastic intraseptal hepatocytes and the adjacent ductular reaction in
dysplastic nodules are thought to derive from a common
progenitor cell. This ductular reaction should be present around 50% of the circumference of a nodule and is
mostly absent in HCC[21,51-53].
Furthermore high-grade dysplastic nodules may show
peripheral and focal staining for CD34, whereas diffuse
sinusoidal staining is typically seen in nodular HCC. Some
authors suggest using CD34 combined with Glypican-3
to achieve a higher sensitivity. Numbers on Glypican-3
expression in dysplastic nodules vary widely (3%-76%).
CD34 in combination with SMA also marks unpaired
muscularised arteries. Unfortunately neovascularization is
rarely complete in early HCC[46,54,55].
Gluthamine-synthetase (GS) expression is seen more
frequently in HCC than in high-grade dysplastic nodules
(69.8% vs 13.6%). In these positive dysplastic nodules GS
was expressed in less than 50% of the cells whereas in
HCC it was reported positive in over 50% of the cells[56].
In addition to Glypican-3 and GS, Di Tommaso and
colleagues also reported heat shock protein 70 (HSP70)
to be positive in 73.5% of HCCs while only a single case
of dysplastic nodule was positive. They therefore suggest
using the combination of HSP70, GS and Glypican-3 for
discriminating HCC from high-grade dysplastic nodule.
When using these three markers they could achieve a sensitivity of 72% and a specificity of 100% for the detection
of malignancy with a cut-off of any two positive markers
in resection specimens (Figure 3). In biopsy specimens the
markers are less sensitive due to unequal distribution of
positive cells. It is therefore recommended to use clathrin
heavy chain as an additional marker in small biopsy specimens to increase sensitivity[57,58].
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In conclusion the loss of the reticulin fiberwork, stromal invasion and a positivity of at least 2 out of 3 markers (HSP70, GS, Glypican 3) are considered the strongest
parameters in the diagnosis of early HCC in resection
specimens[55].
Molecular analysis can be useful for proving clonality of a lesion, but since well differentiated HCC and
high-grade dysplastic nodules can both have monoclonal
growth patterns this analysis is not particularly helpful in
this differential diagnosis[11].
HCC vs metastasis
The differential diagnosis of HCC varies greatly depending on the underlying liver disease. In hepatitic/cirrhotic
livers, HCC, its precursor lesions and cholangiocellular
carcinoma occur more frequently than malignant lesions
of non-hepatic origin. In patients without underlying
liver disease, HCC accounts only for about 2% of malignant liver neoplasms. The most common primary sites
that metastasize into the liver are lung, colon, pancreas
and breast[59]. In some cases metastasis can mimic hepatocellular carcinoma. The primary tumors resembling
HCC include clear-cell renal cell carcinoma, clear-cell
adenocarcinoma of the female genital organs, adrenal
carcinoma and hepatoid adenocarcinoma of the stomach. Sometimes metastatic neuroendocrine tumors of the
gastrointestinal tract, especially with trabecular growth
pattern can also be difficult to distinguish from HCC.
In cases where the hepatic origin of a tumor is unclear, polyclonal CEA (pCEA) or Hepatocyte Paraffin 1
antigen (Hep Par-1) can be useful to prove the hepatic
origin while the latter is considered the most sensitive
and specific marker. These markers are also positive in
normal liver tissue and Hep Par-1 positivity has also
been described in adenocarcinoma of the lung, pancreas,
stomach, esophagus, gall bladder, small intestine, adrenal
gland, melanoma, paraganglioma and the urinary bladder.
Hep Par-1 shows a cytoplasmatic granular positivity in
almost all well-differentiated HCCs, but this number diminishes to < 50% in poorly differentiated HCC. pCEA
shows diffuse cytoplasmatic expression in most adenocarcinomas, but in HCC there is a distinct “chicken-wire
fence” pattern around the canaliculi. As with Hep Par-1,
the sensitivity and specificity of pCEA decline with dedifferentiation of the tumor[11,59,60]. In the adult, alphafetoprotein (AFP) is positive in HCC and germ cell tumors while normal liver tissue does not stain for AFP. In
contrast to the previous two markers, the percentage of
AFP-positive tumor cells increases with dedifferentiation.
In HCC CD10 shows a similar staining pattern as pCEA,
but is negative in adenocarcinomas. MOC-31 is a marker
which is expressed in glandular epithelia of various sites,
but is negative in HCC, melanoma and lymphoma. HCC
is usually positive for CK8 and CK18 and negative for
CK7, CK19 and CK20 in about 70% of the cases[59].
Combined hepatocellular-cholangiocarcinoma
Less than 1% of all liver carcinomas are combined he-
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patocellular-cholangiocarcinoma. In contrast to classical
HCC which is thought to develop from mature hepatocytes in a multistep carcinogenesis, recent studies suggest
a common progenitor cell capable of differentiating into
hepatocytes and cholangiocytes that is activated when liver damage occurs and therefore leads to various types of
combined carcinomas[61,62]. These combined carcinomas
usually show a staining for CK7/19 although this has also
been described in classical HCC. The expression of these
markers can either be interpreted as transdifferentiation
into cholangiocytes or dedifferentiation in a common
progenitor cell[63]. The WHO subclassifies these carcinomas into the classical subtype and the subtype with stem
cell features. The latter is the case when the stem cell features predominate and is then subdivided into the typical,
intermediate and cholangiolocellular subtype[22].
In the classical subtype the hepatocellular and biliary
component have the typical morphology of HCC and
biliary adenocarcinoma respectively and may have any differentiation. The hepatocellular component can be highlighted with a Hep Par-1, CD10 or pCEA staining, the
biliary component with a D-PAS or mucicarmine stain
to show mucin production and immunohistochemically
with CK7/19 and epithelial membrane antigen (EMA). A
low expression of Hep Par-1, CD56, c-KIT and epithelial
cell adhesion molecule (EpCAM) has also been reported.
CD133 and vimentin are usually negative. The biliary
component often shows abundant desmoplastic stroma.
The hepatocellular component may also stain positive for
CK7/19. In the zone where these components intersect,
cells often have phenotypical and/or immunohistochemical properties of stem/-progenitor cells[64-67].
Since it remains unclear if the subtypes with stemcell features are all distinctive entities, they are, for the
time, according to the WHO, subsumed under the term
“combined hepatocellular-cholangiocarcinoma with stem
cell features”. In contrast to the classical type, the following subtypes are not mucin-producing. While Hep Par-1
expression is less frequent in these subtypes with stem
cell features than in the classical subtype, expression of
CD133, EpCAM and vimentin is significantly higher[67].
These subtypes are often intermixed but their major
components are defined as follows:
The typical subtype shows mature hepatocytes with
peripheral aggregates of small cells with a high nuclear/
cytoplasmatic ratio and hyperchromatic nuclei. These
peripheral cells are positive for CK7/19, EMA, CD56,
c-KIT and EpCAM and don’t show any mucin production. Adjacent to these cells abundant stroma can be
observed.
The intermediate cell subtype is composed of cells
with intermediate features of both hepatocytes and cholangiocytes. The cells are gathered in stands, solid nests or
trabeculae. The cells are small and have scant cytoplasm
with an increased nuclear/cytoplasmatic ratio and are usually embedded within less stroma than the typical subtype.
Expression of CK7/19 and EMA is frequent, while positivity for HePar-1, CD56, CD133, EpCAM is observed
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less often.
The cholangiolocellular subtype, previously designated
“cholangiolocellular carcinoma”, shows small monotonous glands with antler-like intersection patterns. The
tumor cells are cuboidal, embedded in thick stroma, but
smaller in size than non-neoplastic hepatocytes with a
high nuclear/cytoplasmatic ratio and with pronounced
nuclei. Biliary markers (CD7/19, EMA) are expressed,
while Hep Par-1 is negative. This subtype is reported to
have a significantly higher CK19 expression compared to
the classical subtype. Furthermore an increased expression of CD133, EpCAM and vimentin over the classical
and intermediate cell subtypes has also been observed[67].
In addition to these WHO listed subtypes, Terada[68]
suggest another subtype with features of ductal plate
malformations.
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Abstract
Pegylated interferon (IFN) α-2a or 2b in combination
with ribavirin for children aged 3 years and older is the
standard treatment for paediatric chronic hepatitis C.
This treatment regimen was developed firstly in adults.
In recent years, a number of direct-acting antiviral
agents (DAAs) are under development for treatment of
chronic hepatitis C virus (HCV) infection. These agents
block viral replication inhibiting directly one of the
several steps of HCV lifecycle. DAAs are classified into
several categories based on their molecular target:
HCV NS3/4A protease inhibitors, HCV NS5B polymerase inhibitors and HCV NS5A inhibitors. Other promising compounds are cyclophilin A inhibitors, mi-RNA122
and IFN-λ. Several new drugs associations will be
developed in the near future starting from the actual
standard of care. IFN-based and IFN-free regimens
are being studied in adults. In this constantly evolving
scenario new drug regimens targeted and suitable for
children would be possible in the next future. Especially for children, it is crucial to identify the right combination of drugs with the highest potency, barrier to

WJG|www.wjgnet.com

resistance and the best safety profile.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis C virus; Children; Treatment; Interferon; Ribavirin; Daclatasvir; Sofosbuvir; Efficacy;
Safety
Core tip: The discovery of new drugs and new therapeutic regimens is changing radically the approach to
chronic hepatitis C virus infection. The efficacy and
safety of pegylated interferons (IFNs) and ribavirin are
well known in children. The introduction of direct antiviral agents has already changed the standard of care
in adults. Other new drugs and IFN free regimens have
been proposed with promising results. This scenario
could pone new perspectives in treatment of children
with chronic hepatitis C.
Serranti D, Indolfi G, Resti M. New treatments for chronic hepatitis C: An overview for paediatricians. World J Gastroenterol
2014; 20(43): 15965-15974 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i43/15965.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i43.15965

INTRODUCTION
Hepatitis C virus (HCV) chronically infects an estimated
170 million people worldwide[1,2]. HCV infections have
been significantly reduced by the implementation of
blood-donor screening and the leading source of HCV
infection in children is transmission from the mother to
the child[3]. Approximately 20% of perinatally infected
children undergo spontaneous clearance of HCV RNA
in the first 5 years of life, with subsequent normalization
of aminotransferase levels[4]. The cumulative probability
of chronic progression is approximately 80%[4], although
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Table 1 End-points generally evaluated to assess treatment efficacy
RVR
EVR
End-of-treatment response
SVR
Non-response
Relapse

Undetectable serum hepatitis C virus (HCV) RNA after 4 wk of treatment
Undetectable or at least a 2 log decrease in serum HCV RNA from baseline level after 12 wk of treatment
Undetectable serum HCV RNA at the conclusion of treatment
Undetectable serum HCV RNA 24 wk after the end of treatment
Detectable serum HCV RNA at 24 wk of treatment without any significant decrease in serum HCV RNA level
Detection of serum HCV RNA after SVR had been achieved

RVR: Rapid virological response; EVR: Early virological response; SVR: Sustained virological response.

children with chronic hepatitis C are often asymptomatic.
Children with chronic infection are evaluated usually
on a six-montly basis. Serum aminotransferases, bilirubin (total and direct/conjugated), albumin, HCV RNA
levels, complete blood count and prothrombin time/international normalized ratio are considered appropriate
monitoring tests[5]. Liver biopsy is generally unnecessary[5] but it is appropriate in children with clinical and
biochemical signs suggestive of advanced liver disease[6].
Pegylated (PEG)-interferon (IFN) α-2a or 2b in combination with ribavirin for children aged 3 years and older is
the standard treatment for children with chronic hepatitis
C. This treatment was previously approved in adults[7].
Recently, different direct-acting antiviral agents (DAAs)
are under development for treatment of chronic HCV
infection in adults[8,9]. These agents block viral replication
by directly inhibiting one of several steps of the HCV
lifecycle[10]. In daily clinical practice the current therapeutic approach to children with chronic hepatitis C should
be influenced and driven by the knowledge of the ongoing and rapidly progressing development of new drugs
for HCV infection. The aim of the present review is to
summarize and to provide paediatrician with an up-todate summary of the rationale underlying new treatment
regimens for HCV infection and to discuss critically the
suitability of the different regimens for children.

Combined treatment with PEG
IFN and ribavirin in children: the
standard of care
PEG-IFN is a compound synthesized by covalently linking a polyethylene glycol moiety to IFN. This addition
confers an extended serum half-life, compared with the
non- PEG IFN, allowing once-weekly dosing. Ribavirin
is a synthetic guanosine analogue with activity against
several RNA and DNA viruses, including Flaviviridae.
It acts by interfering with the synthesis of guanosine
triphosphate, inhibiting the viral capping of mRNA
and inhibiting viral RNA polymerase. The combination
of PEG-IFN with ribavirin is the standard of care for
adults with chronic infection by HCV other than genotype 1. PEG-IFN with ribavirin associated to telaprevir
or boceprevir is the standard of care for adults with
chronic infection by HCV genotype 1. The FDA and
EMA approved PEG-IFN α-2b in combination with
ribavirin for children aged 3 years and older in 2008 and
2009, respectively. The use of PEG-IFN α-2a for chilWJG|www.wjgnet.com

dren aged 5 years and older was approved by the FDA
in 2011 and by the EMA in 2013. These approvals were
based on open-label single arm clinical trials in children
and adolescents[11,12] and supported by evidences coming
from randomized controlled trials in adult populations.
Only one randomized clinical trial had been conducted in
children comparing and demonstrating the superiority of
the combination therapy of PEG-IFN and ribavirin on
monotherapy with PEG-IFN[13].
PEG-IFN standard doses are 1.5 μg/kg per week for
2
[14]
α-2b and 100 μg/m per week for α-2a . Ribavirin standard
[14]
dose is 15 mg/kg per day . Genotypes 1 and 4 should be
treated for 48 wk. Patients with genotypes 2 and 3 should
be treated for 24 wk[15].
A recent meta-analysis collected results from 8 trials
evaluating the efficacy of administration of PEG-IFN
plus ribavirin in children infected by HCV and conclude
that PEG-IFN plus ribavirin is an effective therapy in
the majority of children and adolescents with HCV[16].
By this treatment regimen, sustained viral response (SVR)
is achieved in 58% of children affected and the rate of
relapse is low (7%)[16]. The discontinuation rate due to virologic breakthrough was very low (4%). However, 15%
of the children treated did not show virologic response
to drugs[16].
The efficacy of PEG-IFN plus ribavirin regimen
was found to be different according to viral genotypes.
Early viral response (EVR) and SVR rates (see Table 1
for definitions) were high for genotypes 2 and 3 by this
treatment (87% and 89%, respectively)[16]. Instead genotypes 1 and 4 presented a lower rate of EVR (61%) and
SVR (52%)[16].
Rapid viral response (RVR) was identified as the best
predictor of SVR in adults receiving PEG-IFN plus ribavirin. Eighty nine percent of genotype 1 infected patients
who attained RVR were described to achieve SVR [12].
RVR and EVR could be considered important tools
to decide for treatment withdrawn in patients who are
unlikely to attain SVR. Viral load under 600000 IU/mL
has been defined as a positive predictor of SVR among
patients infected by genotype 1[12]. Single-nucleotide polymorphisms (SNP) around the gene for interleukin 28B
(IL-28B) have been associated with different results of
treatment in adults[17-20]. Preliminary studies are confirming the predictive role of SNPs of IL-28B also in children[21,22]. Others predictors of SVR identified in adults,
such as younger age, baseline aminotransferases levels,
sex, previous treatments and liver histology, were not
confirmed in children[12].
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Children treated with PEG-IFN plus ribavirin generally experienced at least one adverse event, however,
discontinuation of treatment due to adverse events
was low, reported approximately in 4% of the children
treated[16]. Appropriate counselling with parents about
the impact of therapy adverse effects is crucial before
starting the treatment. Constitutional symptoms such as
fever, fatigue, myalgias, arthralgias, headaches and nausea are frequently reported[23] and attributed to IFN[24].
Generally these symptoms are well tolerated and disappear after the first weeks of therapy[12]. Weight loss and
inhibited growth are common while receiving PEGIFN plus ribavirin. However, most patients experience
compensatory weight and height gain after completion
of treatment[12]. Approximately one third of children
treated experienced bone marrow suppression due to
IFN administration[13]. Neutropenia is frequent but it is
not associated to increased infection susceptibility and
generally resolves after the end of therapy[25]. IFN usually induces asymptomatic thrombocytopenia due to
suppression of megakaryopoiesis, to platelets sequestration in capillaries[26] or to an immune-mediated mechanism[23]. Ribavirin is responsible of hemolytic anemia[27].
Its metabolites seem to induce oxidative damage of red
blood cells[28]. Drug dose reduction generally improves
the red blood cells count without decreasing the SVR
rate[5]. Neuropsychiatric complications are frequently associated to PEG-IFN therapy[29]. Irritability and depression are the most frequent symptoms in children. Suicidal ideations are rare[13]. Thyroid abnormalities are very
common during PEG-IFN plus ribavirin treatment[30,31]
and the production of antithyroid peroxidase or antithyroglobulin autoantibodies may be responsible of the thyroid function decrease[32]. The administration of PEGIFN is responsible of a wide variety of ophthalmological complications in adults. Ocular manifestations are
rare in children[33], but ophtalmological follow up during
therapy is warranted. Skin rashes, dry skin, pruritus and
alopecia were commonly observed during therapy with
PEG-IFN plus ribavirin and the injection site reactions
are common when PEG-IFN is administered[34,35].

Targets of new therapies for HCV
Recently, viral enzymes responsible for the crucial steps
of the life cycle of HCV have become the target small
inhibiting molecules called DAAs. HCV genome is a positive-strand 9.6-kb RNA[36,37]. The HCV genome encodes
a single precursor polyprotein that is processed by host
signal peptidases and HCV proteases into structural (core,
envelope E1, and E2/p7), and non-structural (NS2, NS3,
NS4A, NS4B, NS5A, and NS5B) proteins[36,38]. The virus
replicates with the help of a polymerase. When the virus
enters liver cells, it releases its RNA and is translated into
the precursor polyprotein. The polyprotein is processed
by the proteases into several polypeptides with different functional roles in the virus life cycle[38,39]. DAAs are
small molecules interfering at different steps of viral life
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cycle. They are classified into several categories, based on
their molecular target: HCV NS3/4A protease inhibitors,
HCV NS5B polymerase inhibitors, HCV NS5A inhibitors and others.
HCV NS3-4A protease inhibitors
NS3-4A inhibitors target the shallow enzymatic groove
of the HCV protease and thereby inhibit HCV polyprotein procession[40]. NS3-4A protease inhibitors can be
divided in two molecular classes: macrocyclic inhibitors
and linear tetra-peptide α-ketoamide derivatives[40]. They
are characterized by a remarkable antiviral activity, but
they present some limitations at the same time. First approved NS3-4A protease inhibitors were telaprevir and
boceprevir (linear ketoamide derivates)[41,42]. Telaprevir
or boceprevir monotherapy resulted in a sharp initial decline in plasma HCV-RNA concentration during the first
days of dosing, but also in a rapid selection of resistant
variants and viral breakthrough[43,44]. The association of
telaprevir or boceprevir with PEG-IFN plus ribavirin
reduces the risk of resistance development and results
in SVR rates of approximately 70%-80% in treatmentnaïve HCV genotype 1 patients[45,46]. The association of
telaprevir or boceprevir with PEG-IFN plus ribavirin is
the actual standard of care in adults with chronic genotype 1 HCV infection.
The effectiveness of triple therapy with telaprevir
or boceprevir is clear, but the low barrier to resistance
remains an important limitation[47-49]. Although newer
NS3-4A protease inhibitors are being developed, the
resistance profiles of linear tetrapeptide and macrocyclic
inhibitors are overlapping. Amino acid position R155 in
NS3 constitutes the central position for resistance development and different mutations at this amino acid site
confer resistance to all protease inhibitors that are currently in advanced clinical development[50-53]. The overlapping resistance avoid the possibility of combination
with other NS3-4A protease inhibitors.
Another important limitation of NS3-4A protease
inhibitors is the occurrence of severe side effects[45,46,54].
The most important side-effects associated with boceprevir are anemia, neutropenia and dysgeusia. Telaprevir is
responsible for skin rashes and anorectal symptoms[55,56].
Drug-to-drug interactions limit the use of these two
compounds. Telaprevir and boceprevir are both substrates and inhibitors of CYP3A. CYP3A metabolized
approximately 60% of medications. Drug-to-drug interactions could modify the concentrations of telaprevir
and boceprevir reducing their efficacy or increasing their
side effects[57,58]. Furthermore, telaprevir and boceprevir
should be administered with fatty foods and three times
per day. These factors make telaprevir and boceprevir two
drugs that could be very difficult to be given to children
especially in association with PEG-IFN plus ribavirin.
NS5A inhibitors
NS5A is an RNA binding protein that interacts with other HCV non-structural proteins[8]. It is capable of altering
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NS5B polymerase activity in vitro. NS5A role is not completely clear[59]. It is involved in modulation of multiple
aspects of the cellular environment and is also required
for viral assembly[60]. Daclatasvir is the first NS5A inhibitor discovered and newer drugs of this class are under development[61,62]. NS5A inhibitors show broad coverage of
HCV genotypes in vitro[63]. Their activity in vivo have been
only tested for genotype 1 patients. Daclatasvir monotherapy resulted in an rapid HCV RNA decline[64]. Similarly
to NS3-4A protease inhibitors, the decline was as fast
as the development of resistant variants[64-66]. Substitutions at positions L31 and Y93 had the greatest ability to
confer resistance to daclatasvir[67]. Resistance acquired for
daclatasvir was overlapping with other compounds of
NS5A inhibitor class[67,68]. However, HCV variants resistant to NS5A inhibitors were not resistant to other class
of DAAs, so NS5A inhibitors remain a good chance for
combination therapy thanks to their potential broad genotypic coverage. Diarrhea and mild headache were the
most common adverse events observed in phase Ⅱ clinical studies[69]. Considering its efficacy, the possibility of
single daily dosing and the relative safety profile, daclatasvir should be considered a suitable drug for combination
therapy also in children with chronic HCV infection.
NS5B inhibitors
NS5B inhibitors interfere with viral replication by binding to the NS5B RNA-dependent RNA polymerase[70-72].
They can be divided into two distinct categories: nucleoside analogue inhibitors and non-nucleoside inhibitors[73].
Nucleoside analogue inhibitors mimic the natural substrates of the polymerase and are incorporated into the
growing RNA chain, thus causing direct chain termination by tackling the active site of NS5B[74].
Nucleoside analogue inhibitors present a broad genotypes activity and a high barrier to resistance. NS5B is a
highly conserved region among HCV genotypes and mutation in this site can lead to loss of function or impaired
viral replication. Sofosbuvir is the most promising drug
of this class of DAAs[75]. It is a once-daily drug, which
can be taken with or without food. A recent clinical trial
showed that 100% of previously untreated genotype 2
and 3 patients achieved SVR with sofosbuvir plus ribavirin regimen[76]. In other studies, response for genotype 3 was lower than 2. In the FISSION trial, 56% of
treatment-naïve genotype 3 patients achieved SVR after
12 wk of treatment with sofosbuvir plus ribavirin[77]. In
the VALENCE trial, 24 wk of treatment in genotype 3
patients showed SVR rates of 90% in treatment-naïve patients, 87% in treatment-experienced patients and 60% in
treatment-experienced patients with cirrhosis, suggesting
that a longer duration of therapy is better for genotype
3[78].
For previously untreated genotype 1 patients, sofosbuvir plus ribavirin resulted in 84% SVR rate[76]. The
same regimen resulted in very low SVR rate (10%), when
administered to genotype 1 patients who had no response
to previous therapy[76]. Sofosbuvir was generally well tol-
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erated when given alone, in combination with ribavirin or
in combination with PEG-IFN and ribavirin. Headache,
fatigue, insomnia, nausea, rash, and anaemia were adverse
events observed with sofosbuvir-based therapies[76]. This
drug presented high antiviral activities and, in addition,
its high barrier to resistance development suggests that it
is an optimal candidate for IFN-free combination therapies in adults with chronic hepatitis C[79]. These features,
together with the possibility of single daily dosing, make
sofosbuvir a suitable drug also for children.
Non-nucleoside NS5B inhibitors act on various allosteric sites to induce conformational changes in the HCV
polymerase[80]. NS5B protein structure offers different
biding sites, so many different non-nucleoside NS5B
inhibitors are under development[81]. Difference with nucleoside inhibitors consists in more distant binding sites
from the active site of NS5B. Studies evaluating the efficacy of non-nucleoside NS5B inhibitors demonstrated a
good efficacy in reduction of HCV RNA levels and mild
well tolerated side effects[82]. However, non-nucleoside
NS5B inhibitors presented low barrier to resistance and
high frequency of viral breakthrough when administered
in monotherapy[82,83]. Another limitation of non-nucleoside NS5B inhibitors is the absence of broad genotype
activity[84], in contrast with nucleoside inhibitors.

Host-Targeting Antiviral Agents
An increasing number of host factors, such as cyclophilin
A or microRNA-122 (miR-122), which are required for
HCV replication have been identiﬁed as promising candidates for host-targeting antiviral agents.
Cyclophilin A is a cellular enzyme that enhances HCV
replication[85-87]. Its cellular functions are not completely
understood. Cyclophilin A interacts with NS5A and, as
consequence, also modulates the polymerase activity of
NS5B[85,88].
Alisporivir is the first cyclophilin A inhibitor and
studies on its activity are currently ongoing[89]. Alisporivir
acts blocking cyclophilin A-NS5A interactions in a dosedependent manner. Alisporivir had a potent activity and
an additive effect on HCV replication in genotype 1 and
4 patients, when combined with PEG-IFN[90]. Its efficacy
was demonstrated also in patients with genotype 2 or 3
infections[91]. The efficacy of alisporivir against all HCV
genotypes is associated with a very high barrier to resistance[91]. Mutations conferring viral resistance can emerge
in the NS5A protein, but occur less frequently than with
DAAs[92]. Alisporivir is orally administered one time a day.
This drug is a promising antiviral agent that can be possibly used in different drug regimens. Despite these data, it
is currently on hold due to rare cases of severe pancreatitis during combination therapy with alisporivir and PEGIFN.
MiR-122 is a liver-expressed microRNA which binds
the 5’ non-coding region of the HCV genome, resulting
in an upregulation of viral RNA levels[93]. MiR-122 plays
a key role in HCV replication[94-96]. Miravirsen acts pre-

15968

November 21, 2014|Volume 20|Issue 43|

Serranti D et al . New frontiers in paediatric HCV treatment

Direct acting antiviral agents

PEG-IFN +
RIBA ± DAA

NI + RIBA

NI + PI
± RIBA

NI + NS5A
± RIBA

NS5A + PI +
NNI ± RIBA

Figure 1 Association of direct-acting antiviral agents in chronic hepatitis C treatment. PEG-IFN: Pegylated interferon; RIBA: Ribavirin; NI: Nucleoside inhibitor;
PI: Protease inhibitor; NS5A: NS5A inhibitor; NNI: Non-nucleoside inhibitor; DAA: Direct-acting antiviral agent.

venting the binding of miR-122 to the HCV genome[97].
It is the first micro-RNA targeting drug evaluated in
clinical studies. First results demonstrate that the use
of miravirsen in patients with chronic HCV genotype 1
infection was associated with prolonged dose-dependent
reductions in HCV RNA levels without evidence of viral
resistance[98].
IFN-λ
The combination of the PEG-IFN type α with ribavirin is associated with significant side effects, resulting in
high rates of noncompliance, and demonstrates variable
efficacy against numerous HCV genotypes. In addition,
completion of treatment often suffers because of poor
adherence by patients due to drug-related adverse events,
including psychiatric disorders, flu-like symptoms, and/or
haematological abnormalities, such as haemolytic anaemia
and neutropenia[99]. Human IFN-λ is a recently described
human type Ⅲ IFN[100,101]. Its biological characteristics are
comparable to those of type Ⅰ IFNs, such as IFN-α and
IFN-β[100,102]. Similarly, IFN-λ exerts its antiviral activities by inducing the expression of IFN-stimulated genes
through activation of the Janus kinases Jak1 and Tyk2[103].
The receptor complex for IFN-λ is more restricted than
that of the type Ⅰ IFN receptor and is highly expressed
in liver cells and minimally on hematopoietic cells[104].
These characteristics have made IFN-λ an ideal candidate for antiviral therapy against HCV, with the potential of having reduced adverse events normally associated
with IFN-α. Moreover, the lack of cross-resistance between IFN-λ and DAAs may be crucial for future treatment strategies. Results from a phase 2 trial investigating
IFN-λ as a new therapeutic agent against chronic infection with HCV were recently reported[105]. Compared
with IFN-α, the IFN-λ based regimen showed similar to
slightly better SVR rates in adult patients infected with
genotypes 2 or 3[105]. Furthermore, the treatment was associated with fewer adverse events[105] and preliminary
results showed a more robust decline at week 12 of
treatment in adult patients infected with genotypes 1 and
4[105]. These results encourage the possible future applications of IFN-λ in chronic hepatitis C therapy in adults
as well as in children. In children adverse events related
to IFN-α are less frequently observed than adults. However, a further reduction would be desirable.
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Therapies in Clinical Development
The present standard of care in children is PEG-IFN
plus ribavirin. The efficacy of this association is higher
in children than in adults, though the low SVR rate for
genotype 1 and 4 is a major problem also in children.
The new standard of care in adults, recently approved
only for genotype 1, is the triple therapy with PEG-IFN,
ribavirin and telaprevir/boceprevir. Triple therapy is
not yet approved in children, but its limitations seem to
be relevant in terms of adherence to therapy, especially
in paediatric patients. The new drugs discovered open
new possibilities of therapy in adults and, in the next
future, in children too. New all-oral drug associations
will be possible. New promising drug regimens could be
targeted on children, considering the specific needs of
these patients. Different drugs regimens are being tested
(Figure 1) and we can distinguish IFN-based and IFNfree regimens.
IFN-based regimens
As the addiction of telaprevir/boceprevir to PEG-IFN
plus ribavirin, other newer NS3-4A inhibitors have been
proposed for triple therapy in treatment-naïve HCV
genotype 1 patients. Simeprevir has been tested in phase
Ⅲ clinical trials. It needs once daily dosing (in contrast
with triple daily dosing of telaprevir and boceprevir) and
showed a SVR rate of approximately 80%. Triple therapy by the association of nucleoside inhibitor sofosbuvir
and PEG-IFN plus ribavirin has been tested in phase
Ⅲ clinical trial. After only 12 wk of treatment, 90% of
SVR rate was obtained in treatment-naïve patients with
HCV genotype 1, 4, 5 and 6[106]. Triple therapy with the
NS5A inhibitor daclatasvir led to SVR in 59%-100% of
treatment-naïve HCV genotype 1 and 4 patients, according to daclatasvir dosage and HCV genotype[107]. Data
on triple therapies demonstrates their efficacy. However,
considering that the success of triple therapies differs
significantly according to infection with specific HCV
subtypes and emerging viral resistance, a more futuristic approach could be quadruple therapy, including two
DAAs of different classes in combination with PEGIFN-a and ribavirin[108].
IFN-free regimens
The introduction of DAAs in HCV treatment empha-
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sized the possibility of exclusion of PEG-IFN from
therapy[109]. The PEG formulation only partially solved
the impact of therapy on the quality of life of the patients. However, the elimination of injections could be
considered a progress in chronic hepatitis C treatment,
in order to provide an all-oral regimen with a reduced
impairment of life quality, most of all in children. In this
contest a large number of possible IFN-free regimens,
with or without ribavirin are object of study right now.
Combining drugs that have different targets of action
could results in an additive or synergistic antiviral effect
while lessening the chance of antiviral resistance. Associations that have been tested are NS5B inhibitors with or
without ribavirin, NS5A inhibitors combined with NS5B
inhibitors, NS3-4A inhibitor with or without ribavirin
and, finally, the combinations of multiple DAAs with or
without ribavirin[77].
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CONCLUSION
Progresses achieved during the last five years are rapidly
and radically changing the approach to chronic HCV
infection. Recently, the continuous emerging of new
compounds dramatically increased the possibilities of a
successful treatment. Numerous new drugs targeting various aspects of the HCV life cycle and host-targeting antiviral agents are in development. Combinations of DAAs
have synergistic effects, decrease the risk of resistance,
improve antiviral efficacy, are effective on different genotypes and could have favourable safety profiles. Different new drug regimens are still based on the association
of DAAs with PEG-IFN however all-oral therapies are
extremely promising. The possible emerging of viral resistance is the most relevant problem related to IFN-free
regimens, though the discovery of host targeting antiviral
agents could supply this limit of DAAs. IFN-free treatment regimens would be more suitable in children, than
triple or quadruple IFN-based therapies. It is mandatory
to identify the right combination of drugs with the highest potency and barrier to resistance and the best safety
profile. In this constantly evolving scenario new drug
regimen targeted on paediatric population would be possible in the next future.
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Abstract
Hepatitis C virus (HCV) infections represent a major
global health problem. End-stage liver disease caused
by chronic HCV infection is a major indication for liver
transplantation. However, after transplantation the engrafted liver inevitably becomes infected by the circulating virus. Direct acting antivirals are not yet approved
for use in liver transplant patients, and limited efficacy
and severe side effects hamper the use of pegylated
interferon combined with ribavirin in a post-transplant
setting. Therefore, alternative therapeutic options need
to be explored. Viral entry represents an attractive target for such therapeutic intervention. Understanding
the mechanisms of viral entry is essential to define the
viral and cellular factors involved. The HCV life cycle is
dependent of and associated with lipoprotein physiology and the presence of lipoproteins has been correlated
with altered antiviral efficacy of entry inhibitors. In this
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review, we summarise the current knowledge on how
lipoprotein physiology influences the HCV life cycle. We
focus especially on the influence of lipoproteins on antibodies that target HCV envelope proteins or antibodies
that target the cellular receptors of the virus. This information can be particularly relevant for the prevention
of HCV re-infection after liver transplantation.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis; Lipids; Neutralisation; Antiviral
therapy; Animal models
Core tip: We reviewed the influence of lipids and lipoproteins on the hepatitis C virus life cycle and their
impact on viral neutralization by antibodies that target
the viral envelope proteins or that target the receptors
used by the virus to infect the hepatocyte.
Vercauteren K, Mesalam AA, Leroux-Roels G, Meuleman P.
Impact of lipids and lipoproteins on hepatitis C virus infection
and virus neutralization. World J Gastroenterol 2014; 20(43):
15975-15991 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i43/15975.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i43.15975

INTRODUCTION
Approximately 3% of the world’s population is chronically
infected with the hepatitis C virus. Depending on the
genotype of the infecting virus, 50% to 80% of chronically infected patients clear the virus upon treatment with
pegylated interferon and ribavirin[1]. Addition of one
of the recently approved protease inhibitors: telaprevir,
boceprevir or simeprevir; or the nucleotide analogue
polymerase inhibitor sofosbuvir, significantly increases
the response rate in patients infected with HCV genotype
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1[2-4]. However, side effects and drug-drug interactions severely complicate the use of first wave protease inhibitors
in triple therapy in chronically infected patients in need
for liver transplantation[5,6]. Therefore, cocktails of other
direct acting antivirals (DAAs) without interferon are
needed to treat this expanding patient population. Very
recently, sofosbuvir has been approved in combination
with ribavirin for the treatment of chronic HCV patients
with hepatocellular carcinoma awaiting liver transplantation in order to prevent post-transplant HCV recurrence.
No drug interactions with immunosuppressive therapy
were observed and post-transplantation sustained virologic response (SVR) was achieved in more than half of
the patients[7]. Although promising results have been presented of studies investigating the effect of DAA-based
regimens in patients suffering from recurrent HCV[8-10],
today no therapy exists that protects the liver graft from
being infected in viremic pre-transplant patients.
The viral entry process offers multiple targets for the
development of alternative strategies for the prevention
of HCV recurrence[11]. The viral envelope glycoproteins,
E1 and E2, are major components of the viral particle
and play a pivotal role in the entry process. The envelope protein E2, and especially its hypervariable region
1 (HVR1), is the main target for neutralizing antibodies
that are generated by the humoral immune response.
Presumably, broadly cross-neutralizing monoclonal antibodies (mAbs) directed against HCV E2 could represent
a promising tool for effective passive immunotherapy.
However, due to the high propensity of the virus to
continually mutate, and the high variability of this region
in particular, neutralizing anti-HVR1 antibodies have
only limited cross-genotype neutralization potency[12].
Nevertheless, neutralizing antibodies play a role in viral
protection and disease outcome[13,14]. Therefore, the applicability of HCV neutralizing antibodies as a means
of preventing HCV re-infection of liver allografts has
been explored. Although proof of concept pre-clinical
studies showed promising results[15-18], no or only transient effects on HCV RNA levels and HCV recurrence
after liver transplantation were observed in clinical studies[19-22]. This lack of effectiveness could partially be explained by the observation that human serum, and HDL
in particular, lower the neutralization efficacy of antiHCV neutralizing antibodies[23-25].
HCV relies on multiple host cell membrane molecules to establish initial cell contact and other more
specific interactions to initiate the ensuing entry into the
hepatocyte. Glycosaminoglycans and the LDL-receptor
have been proposed to as initial attachment factors for
HCV to the surface of the hepatocyte[26,27]. For actual
endocytosis, the virus first needs to interact with SRBI and CD81 before being directed to the tight junction
proteins claudin-1 (CLDN1) and occludin[28-31]. Blockade
of one or more of these host cell factors represent an
attractive strategy for antiviral intervention.
During the HCV entry process and different other
steps in the viral life cycle, lipids and lipoproteins have
been reported to intervene. For example, essential roles
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for HCV entry have been dedicated to lipid receptors,
free lipoproteins and apolipoproteins (Apo) associated
with the viral particle, whereas lipid droplets and ApoE
expression are important during assembly and release
of the viral particle respectively. In this review, we focus
on the interaction of lipid physiology with HCV virology and to what extent these interactions influence the
antiviral efficacy of entry inhibitors, more specifically
neutralizing antibodies targeting either the viral envelope
or the cellular (co-)receptors used by HCV for its entry.

LIPIDS AND LIPOPROTEIN METABOLISM
Blood plasma and interstitial fluid represent an aqueous
environment wherein hydrophilic interactions predominate. To transport hydrophobic lipids throughout the
body these are incorporated into water-soluble aggregates of protein and lipid, known as lipoproteins. Lipoproteins are defined by their apolipoprotein, cholesterol,
triglyceride and phospholipid content and subdivided
by their buoyant densities into high, low, intermediate
and very low density lipoproteins (HDL, LDL, IDL and
VLDL respectively) and chylomicrons[32]. A schematic
representation of lipoprotein metabolism can be found
in Figure 1.
In the enterocyte, absorbed dietary lipids are reesterified to triglycerides (TG), cholesteryl esters and
phospholipids that, together with fat-soluble vitamins,
are assembled and secreted into the bloodstream as
TG- and ApoB48-rich chylomicrons. In contrast, endogenously synthesized lipids are secreted by the liver in
VLDL particles containing ApoB100. Both these ApoBcontaining lipoproteins are involved in the lipid delivery
pathway and therefore circulate in the blood in order to
distribute lipids to peripheral and specific target tissues.
This process is controlled by the apolipoproteins present
in these particles that act as receptor ligands or enzyme
cofactors. ApoCⅡ for example acts as a cofactor for
lipoprotein lipases (LPL), which catalyzes the hydrolysis
of TG into 2-monoacylglycerol and free or non-esterified fatty acids for tissue utilization as an energy source,
for energy storage and thermoregulation in specialized
tissues such as muscles, white and brown adipose tissues respectively. The physiological site of action of the
lipase is located at the luminal surface of the capillary
endothelial cells, because TG-rich lipoprotein particles
are too large to cross the capillary endothelium in most
tissues. The enzyme is attached to the endothelium via
highly charged, membrane-bound chains of heparan
sulphate-proteoglycans (HSPG). ApoB-containing lipoproteins acquire ApoCⅡ and ApoE in circulation, immediately after secretion or due to protein exchange with
HDL. Chylomicron TG can then be hydrolyzed into free
fatty acids by LPL, leading to the formation of smaller
chylomicron remnants, which are taken up by the liver
via ApoE interaction with the LDL-R or the low density
lipoprotein receptor-related protein 1. In addition, LPL
converts VLDL into ApoE- and cholesterol-rich IDL
that can also be removed by these receptors. Assisted by
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Figure 1 schematic representation of lipoprotein metabolism. Refer to text for further details. CM: Chylomicron; CMR: Chylomicron remnant; Apo: Apolipoprotein;
VLDL: Very low density lipoprotein; IDL: Intermediate density lipoprotein; LDL: Low density lipoprotein; HL: Hepatic lipase; LPL: Lipoprotein lipase; SR-BI: Scavenger
receptor class B type Ⅰ; LDL-R: Low density lipoprotein receptor; LRP1: Low density lipoprotein receptor-related protein 1; CETP: Cholesteryl ester transfer protein;
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hepatic lipase (HL), LPL can further metabolise IDL to
LDL, upon which it loses most of its ApoE and can be
recognized and internalized by the hepatic LDL-R via its
ApoB moiety. The lipid-proteoglycan bridging capacity
of these lipases facilitates clearance of lipolytic remnant
particles by presentation to hepatic surface proteoglycans before receptor-mediated endocytosis. Although
mainly recycled to the liver, LDL can also be taken up
by peripheral cells by the LDL-R. Importantly, excess
LDL and chylomicron remnants can invade the arterial
wall, become oxidized and be taken up by the scavenger
receptor on arterial wall macrophages that are hence
transformed into foam cells, a process leading to atherosclerosis[33,34].
Besides TG, also cholesterol is transported through
the bloodstream via lipoprotein particles. Cholesterol
is an essential component of the plasma membrane by
maintaining the barrier function between intra- and extracellular environment, modulating its fluidity, and creating
“rafts” that concentrate signalling molecules. Cholesterol
is transported back to the liver in a process called reverse
cholesterol transport that implicates HDL. Nascent HDL
is generated by the transfer of phospholipids and cholesterol from peripheral tissues, intestine and liver onto
ApoA-1. This process is catalyzed by the ATP-binding
cassette A1 transporter. The cholesterol contained in this
nascent HDL is then esterified by lysolecithin cholesterol
WJG|www.wjgnet.com

acyltransferase thereby forming more spherical mature
HDL. Additional cholesterol can be loaded onto mature
HDL by another ABC transporter, ABCG1. HDL can
further capture free cholesterol from membrane pools via
interactions with SR-BI, lipid rafts and caveolae. These
processes are important in preventing atherosclerotic vessel disease by allowing macrophages to efflux artery wall
cholesterol. During their passage through the circulation the ApoE content of HDL increases due to protein
exchange with VLDL. In addition, the cholesteryl ester
transfer protein can transfer cholesteryl ester from HDL
to chylomicrons, VLDL and their remnants in exchange
for TG. HDL-cholesteryl-esters can be utilized by the
liver through the SR-BI receptor. After hydrolysis, free
cholesterol can be metabolized to bile acids that are
excreted into the digestive tract via biliary secretion. Extrahepatically, SR-BI supports HDL-cholesteryl-esters
consumption as a precursor for the manufacture of all
steroid hormones[35,36].

INTERPLAY BETWEEN PATIENT LIPID
METABOLISM, CHRONIC HCV AND
ANTI-HCV THERAPY EFFICACY
Chronic HCV infection has been linked to various lipid
metabolism disorders. HCV perturbs lipid homeostasis
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while supporting its own survival but thereby causing
liver disease. These HCV-induced lipid homeostasis alterations affect serum lipid profiles that lead to hepatic
steatosis, the accumulation of hepatocellular lipid droplets[37]. Especially genotype 3 HCV infections are associated with reduced levels of total and LDL cholesterol
and with the development of hepatic steatosis [38]. In
these patients, steatosis and hypocholesterolemia are associated with high viral load[39].
It has been observed that HCV infection in humanized mice mediates changes in the hepatic expression
of genes that regulate lipid metabolism[40]. Also during
the early stages of HCV infection in chimpanzees that
permanently or transiently cleared the virus upon IFN-γ
induction, host genes involved in lipid metabolism were
shown to be differentially regulated[41]. These observations suggest that lipid metabolism is essential for the
HCV life cycle or viral clearance[40] and that changes
in lipid metabolism can influence the efficacy of antiHCV treatment. Indeed, pre-treatment serum LDL and
cholesterol levels in HCV infected patients were found
to directly correlate with response to interferon-based
therapy[42], while liver steatosis was associated with a lower sustained response rate to interferon-based therapy[39].
Furthermore, cholesterol-lowering statins possess antiHCV capacities[43,44]. However it should be mentioned
that their anti-HCV property is not considered to depend on their inhibitory effects on cholesterol biosynthesis, but rather on their capacity to inhibit geranylgeranyl
pyrophosphate synthesis, which is important for HCV
RNA replication. Although clinical proof of anti-HCV
activity of statin monotherapy is lacking or contradictory[45-48], its combination with interferon-based therapy
may improve virologic response rates[49-52]. Another inhibitor of cholesterol synthesis, bezafibrate, only slightly
reduced HCV viremia in chronic hepatitis C patients
with concomitant hyperlipidaemia[53]. Finally, HCV viremia has been shown to inversely correlate with serum
triglyceride levels[54]. In fact, high triglyceridemia during
acute HCV infection may facilitate viral clearance since
triglyceridemia was increased in patients that cleared
HCV infection[55]. Chronic HCV infection is associated
with the development of insulin resistance which further
promotes the progression of steatosis and fibrosis[56].
Since insulin resistance induces interferon resistance, the
management of insulin resistance by means of insulin
sensitizers such as metformin[57] or pioglitazone[58] has
been proposed to improve interferon-based HCV treatment outcomes, however insulin therapy reduced SVR[52].

viral life cycle is tightly
associated with hepatic lipid
metabolism pathways
HCV circulates in the bloodstream as a very heterogeneous population, not only genetically (quasispecies) but
also physicochemically. The latter is the result of the
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association of viral particles with immunoglobulins and
lipoproteins. HCV particles vary in density between 1.03
and 1.34 g/ml and the very low-density population appears to be particularly infectious[59]. This population is
known as lipoviroparticles, i.e. lipoprotein-like structures
composed of triglyceride-rich lipoproteins containing at
least ApoB and E, viral RNA and HCV core protein[60-62].
Effects on HCV entry
HCV hepatocyte entry involves lipid receptors: Scavenger receptor class B type Ⅰ . The scavenger receptor
class B type Ⅰ (SR-BI) is a highly glycosylated 509 amino
acid long glycoprotein with a large extracellular domain
anchored to the plasma membrane at both the aminoand carboxy-termini. It is concentrated in microdomains
that correspond to cholesterol and sphingolipid-enriched
plasma membrane microdomains (lipid rafts) called
caveolae[63]. SR-BI is the principal HDL receptor but it
also binds VLDL, LDL and oxidized lipoproteins. SRBI predominantly mediates selective uptake of HDLcholesteryl esters (CE) in a two-step process that first
involves HDL binding with subsequent incorporation of
CE to the plasma membrane pool, followed by hydrolysis to free cholesterol by a neutral CE hydrolase and
storage in an intracellular cholesterol pool. This process
occurs without catabolism of the HDL particle. In addition, an alternative lipid exchange pathway exists that
is thought to gain importance in case of disturbed lipid
metabolism and which comprises concomitant endocytosis of SR-BI and whole HDL particles followed by
particle re-secretion. HDL re-secretion could be linked
to cholesterol efflux, since re-secreted HDL particles are
enriched in cellular cholesterol. SR-BI is also involved
in bidirectional free cholesterol flux. As mentioned
before, it is expressed predominantly in the liver and
steroidogenic tissues. In hepatocytes, SR-BI transports
cholesteryl esters for membrane function and synthesis
of bile acids, thereby participating in reverse cholesterol
transport and cholesterol homeostasis. In steroidogenic
tissues, such as the adrenal cortex, it delivers cholesteryl
esters for the synthesis of glucocorticoids[63-65].
Attachment through ApoE: SR-BI was initially discovered as an HCV (co-)receptor based on its ability to interact with soluble E2 (sE2). Deletion of HVR1 impaired
the binding of sE2 to SR-BI suggesting that this region
is particularly involved in this interaction[29]. However,
more recent data of Dao Thi et al[66] revealed that the
HCV-associated lipoproteins are even more important for
the interaction of the virus with SR-BI. Indeed, intermediate density HCV particles (1.10-1.16 g/ml) bound efficiently to human SR-BI expressed on BRL3A cells that
are devoid of endogenous SR-BI. Surprisingly, a mutation in HVR1 (L339R) that abrogates sE2 binding to SRBI, did not alter the ability of cell culture-derived HCV
(HCVcc) to bind human SR-BI. In addition, BRL3A
cells expressing mouse SR-BI, which is unable to bind
sE2, also supported HCVcc binding. Furthermore, de-
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spite the observation that Blocker of Lipid Transport-4
(BLT-4) and anti-E2 antibodies both block sE2-SR-BI
binding, they did not abrogate HCV-SR-BI binding. In
contrast, HCVcc did not attach to a mouse SR-BI variant that is unable to bind lipoproteins. These findings indicate that lipid components of HCV rather than E2 are
mainly responsible for HCV-SR-BI binding. This idea
was further strengthened by the observation that purified VLDL and ApoE inhibited HCV-SR-BI binding[66].
Earlier indications that HCV-associated lipoproteins are
involved in SR-BI attachment, rather than E2 itself, were
reported by Maillard et al[67]. They observed that SRBI-binding of HCV from sera of infected patients was
insensitive to anti-E2-HVR1 antibodies, whereas this
interaction was inhibited by ApoE and VLDL.
Lipid transfer function of SR-BI is involved during postattachment HCV entry: SR-BI has also been demonstrated to mediate post-binding events during HCV entry[68].
Besides its primary HCV attachment function through
HCV-associated ApoE, SR-BI is involved in HCV entry
by means of its lipid transfer ability. Antibodies that
inhibit HDL binding and SR-BI-mediated lipid transfer potently inhibit HCV infection of different genotypes both in cell culture and in humanized uPA-SCID
mice[69,70]. In addition to SR-BI-specific antibodies, smallmolecule inhibitors of SR-BI-mediated cholesteryl ester
lipid uptake (ITX-5061, ITX-7650, Rimcazole and BLT
(block lipid transport)-2, 3 and 4) also have proven antiHCV activity[23,71-76]. However, it should be noted that besides their ability to block SR-BI-mediated lipid transfer,
these molecules all abrogate the sE2-SR-BI interaction
as well.
Increasing evidence for the role SR-BI’s lipid transfer
function plays during HCV entry was provided by Dao
Thi et al[66]. These investigators showed that the inhibition of HCV pseudoparticle (HCVpp) entry in murine
SR-BI expressing cells by BLT-4 correlated with the level
of lipid transfer abrogation. Due to the inability of HCV
E2 to bind murine SR-BI, this finding indicates the essential involvement of SR-BI’s lipid transfer function in
mediating HCV entry in a process that is completely independent of E2’s attachment to and/or interaction with
SR-BI. Additional proof of this concept was delivered
by the observation that an HCVpp E2 mutant (L399R),
unable to bind SR-BI, was still dependent on the presence of SR-BI for its infectivity. This mutant therefore
used SR-BI for cell entry by other means than its E2
binding capacity. Furthermore, mouse SR-BI mutants,
unable to bind E2 and impaired in their lipid transfer,
reduced HCVpp infection proportional to their impairment of lipid transfer ability[66]. In addition, anti-SR-BI
mAbs have been reported that interfere specifically with
post-binding steps during the HCV entry process linked
to SR-BI’s lipid transfer function without affecting the
SR-BI-E2 or SR-BI-HDL interactions[77].
Post-attachment SR-BI-E2 interaction: Although it ap-
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pears increasingly unlikely that E2 is directly involved
in SR-BI mediated primary attachment of HCV to the
host cell, a functional role for E2 during the interaction
of HCV with SR-BI should not be ignored. Indeed,
Catanese et al[78] identified residues in SR-BI that are involved in sE2 binding (AA 70-87 and residue E210), but
these are distinct from the HDL binding site (C323[79]).
Mutations in this region that confer SR-BI defective for
sE2 binding (however retaining its oligomerization, HDL
binding and cholesterol efflux activity) impaired the ability of SR-BI to mediate HCV infection. This indicates
that the E2 binding ability of SR-BI remains important
for HCV infection[78]. These observations convince us
to believe that the ability of E2 to interact with SR-BI is
not predominantly involved in primary HCV attachment
but rather becomes important during a post-attachment
process. Accordingly, the interaction of E2 with SR-BI
is essential for the infection enhancement-process mediated by HDL (cfr. infra)[66].
In conclusion, currently available data reveal three
important SR-BI functions involved in HCV entry: (1)
SR-BI-ApoE attachment; (2) SR-BI lipid transfer; and
(3) SR-BI-E2 interaction. Altogether, it can be suggested
that SR-BI functions as a primary HCV receptor that
interacts with virus-associated lipoproteins before subsequent direct interactions occur with the HCV glycoprotein E2. Through its lipid transfer function, SR-BI may
crucially facilitate the accessibility or the recruitment of
the HCV receptor complex by membrane cholesterol
enrichment. Finally, the ability of SR-BI to simultaneously interact with HDL and E2 might be essential for
the support or even enhancement of HCV infection.
LDL-receptor. This receptor transfers LDL particles
into cells through clathrin-coated pits and vesicles before
lysosomal degradation. Within the cell, LDL-derived
cholesterol elicits several regulatory functions in cholesterol metabolism and homeostasis, including feedback
inhibition of cholesterol synthesis[80]. VLDL is not a ligand for LDL-R whereas its lipolytic remnants IDL and
LDL, respectively resulting from sequential triglyceride
hydrolysis catalyzed by LPL and HL, are[33].
While HCV envelope glycoprotein E2 did not bind to
LDL-R[81], it was proposed to function as an HCV attachment/entry factor through interaction with HCV associated ApoE and ApoB[60]. Indeed, LDL has been shown
to compete with serum-derived HCV for LDL-R [82].
In addition, Molina and co-workers demonstrated the
involvement of LDL-R in HCV infection of primary
hepatocytes[83]. The virus is thought to hijack the ability
of LDL-R to capture lipoproteins from the circulation
for uptake of cholesterol into cells. This mechanism is
not exclusive to Flaviviridae but may be a general feature
among viruses that are associated with lipoproteins[27].
However, LDL-R implication in the HCV life cycle has
been controversial. Although it has been suggested that
HCV infectivity is facilitated by interactions between
HCV’s ApoE moiety and LDL-R[84-86], recent data indi-
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cate that this is not necessarily the case. Prentoe et al[87]
observed that LDL-R antibodies interfering with ApoEand ApoB-dependent LDL-R association blocked HCV
infectivity less efficiently compared to LDL-R antibodies
with lower interference of lipoprotein association. Furthermore, addition of exogenous LPL increased HCV
binding to LDL-R, which increased HCV RNA internalization but reduced HCV infectivity[88]. These data
encourage us to speculate that HCV can indeed interact
with LDL-R but this event does not necessarily lead to
a productive infection. Since LDL-R blocking studies
clearly assigned a supporting role for LDL-R in the life
cycle of HCV, we assume that this function must be distinct from its lipoprotein binding capacities. Interestingly, recent work from Albecka et al[88] confirms a role for
LDL-R in the life cycle of HCV but indicates that it is
mainly involved in viral replication rather than supporting productive HCV entry. In summary, the function of
LDL-R during the HCV life cycle seems double-edged:
(1) inhibition of infection through HCV-associated lipoprotein recognition, which supposedly paves the way to
non-productive HCV entry; and (2) support of infection
by enhancing replication.
NPC1L1. The most recently described host cell protein
that modulates HCV cell entry is the Niemann-Pick C1like 1 cholesterol uptake receptor (NPC1L1)[89]. NPC1L1
is a 13-transmembrane-domain cell surface cholesterolsensing receptor expressed on the apical surface of intestinal enterocytes and the bile canalicular membrane of
human hepatocytes[90]. It is critical for intestinal cholesterol absorption[91] and regulation of biliary cholesterol
concentration[92]. Probably, the cholesterol uptake activity
of NPC1L1 is involved in HCV entry. Antibody-mediated receptor blockade of NPC1L1 large extracellular
loop 1 (LEL1), but not LEL 2 or LEL3, and NPC1L1
silencing impairs HCVcc infection initiation. Ezetimibe,
a 2-azetidinone-class NPC1L1 antagonist that has been
approved by the FDA as a cholesterol-lowering medicine[93] inhibits HCV uptake of all major genotypes in
vitro at a post-binding step and delays genotype 1b infection in humanized mice[89].
HSPG, LPL and hepatic triglyceride lipase. Although LPL
exerts its physiological action at the luminal surface of
for example cardiac, muscle and adipose tissue endothelial cells, it is found to be synthesized by parenchymal
cells and thought to be translocated to its site of action
afterwards. LPL is a secretory water-soluble protein that
belongs to the triglyceride lipase family and has triacylglycerol hydrolase activity that targets lipoproteins such as
chylomicrons and VLDL through their ApoCⅡ moiety.
By hydrolyzing the triacylglycerol component, LPL provides fatty acids to peripheral tissues and therefore plays
a central role in overall lipid metabolism. In addition,
LPL has a non-catalytic function based on its heparin- and
lipoprotein-binding domains, which enables it to form a
bridge between lipoproteins and cell surface HSPG, es-

WJG|www.wjgnet.com

pecially with strong ligand affinity to hepatocyte HSPG
(syndecan-1). Since HCV particles are tightly associated
to lipoproteins, hepatocyte HSPG has been proposed
as a possible attachment receptor for HCV[94-96]. In addition, ApoE has been implicated in virus attachment to
the host cell by an interaction that involves cell surface
HSPG, in particular syndecan-1[97,98].
Although extrahepatically expressed, peripheral LPL
was shown to be an important component of lipoproteins
capable of mediating their binding to hepatic receptors
and, thereby targeting lipoproteins to the liver for internalization and degradation in hepatocytes[34,99,100]. As it is
involved in hepatic clearance of lipoproteins from the
circulation, LPL’s role has been investigated in HCV cell
entry. It was observed that exogenous LPL indeed mediates cellular binding of HCV through HCV-associated
lipoproteins in an HSPG-dependent manner. These
findings suggest an indirect interaction of HCV with
HSPG, through LPL. As mentioned however, while LPL
enhances HCVcc binding to hepatoma cells, it actually
decreases HCV infectivity[88,101,102].
Different mechanisms can be proposed to explain this
abortive LPL-dependent infection process. LPL could
mediate hepatic lipoviral clearance either by means of its
lipoprotein bridging abilities to liver HSPG (syndecan-1),
that leads to direct endocytosis through the HSPG-metabolic pathway and degradation of HCV[101], or alternatively by its lipolytic activity, or by a combination of both.
The enzymatic activity of LPL could transform HCV-associated lipoproteins into lipoprotein remnants that facilitate virus binding to LDL-R, also a non-productive HCV
entry pathway[88,103]. Finally, using electron microscopy
Maillard et al[102] provided evidence for infectivity inhibition by retention of the viral particle at the cell surface,
rather than non-productive cellular uptake, that depended
on both LPL-mediated lipolytic modification of the viral
lipoprotein content and its strong bridging effect.
As mentioned, LPL is a non-hepatically expressed
triglyceride lipase, mainly involved in converting VLDL
to IDL and LDL. Another enzyme catalyzing IDL to
LDL conversion is the hepatically expressed hepatic
triglyceride lipase (HTGL). Modification of HCVcc-associated lipoproteins exerted by these lipases, resulted in
a decreased amount of HCV-associated ApoE and HCV
of higher density, which caused loss of HCV infectivity. HTGL blockade partially neutralized LPL-mediated
infection inhibition and its knockdown even increased
HCV infectivity[103]. Altogether, these observations tempt
us to hypothesize that interactions with lipases can target
the lipoviroparticle to an abortive entry pathway that involves LDL-R and/or HSPG.
Lipid receptor ligands influence HCV entry: Several SR-BI receptor ligands have been reported to alter
HCV infectivity; HDL enhances HCV entry (see next
paragraph) whereas VLDL, LDL, oxidized LDL and
amyloid-α have inhibitory effects. OxLDL presumably
inhibits HCV infection by two different mechanisms.
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First, it affects the biophysical properties of the viral
particle; and second it perturbs the interaction between
HCV and SR-BI in a non-competitive manner[104,105]. Serum amyloid A, an acute phase protein and SR-BI receptor ligand, was also shown to possess anti-HCV activity
by interacting with the viral particle[106,107].
Both LDL and VLDL reduce infectivity of HCVpp[23,108].
VLDL inhibits HCVcc probably by abrogating the binding between virus associated ApoE and SR-BI[66]. To some
degree, LDL also inhibits SR-BI interaction with HCV
from serum of infected patients but less efficiently than
VLDL [67]. Accordingly, LDL and VLDL outcompete
serum-derived lipoviroparticle binding to hepatocyte
cell lines[60]. LDL has also been shown to compete with
serum-derived HCV for LDL-R[82].
HDL enhances HCV infection: Different groups reported that infectivity of HCVcc and HCVpp in cell culture
is enhanced by the presence of human serum, in which
the HDL component was identified as the responsible
agent[23-25,69,72,73,108,109]. It was discovered that the HVR1
region of E2 is particularly important for this process,
since HVR1 deletion or mutations in this region greatly
hamper the infection enhancement ability of HDL. Accordingly, we observed that HVR1 deletion or other
mutations in the envelope glycoproteins that alter HCV’
s SR-BI-dependency for viral entry render these viruses unable to benefit from HDL-mediated infection
enhancement[110]. SR-BI is indeed the host cell factor
supporting this phenomenon. This is endorsed by the
observations that HDL-mediated infection enhancement
can be abolished by both small-molecule inhibitors of
SR-BI’s lipid transfer[23,72,73] and mutations in SR-BI that
reduce its lipid transfer function[109]. However, besides
lipid transfer abrogation, these receptor mutations and
small molecule inhibitors also decreased the binding
potential of sE2 to SR-BI, making it impossible to discriminate the involvement of these two receptor functions in the enhancing process. Dao Thi et al[66] recently
confirmed the essential role of the E2 binding function
of SR-BI in this context. They observed that mouse SRBI, which has functional lipid transfer activity but lacks
E2 binding properties, did not allow HDL to enhance
HCV infectivity. In addition, HDL did not enhance cell
entry of HCVpp harboring SR-BI binding defective E2.
Since, to our knowledge, it has never been shown that
HDL infection enhancement solely relies on the ability of
SR-BI to interact with E2, independent of SR-BI’s lipid
transfer, we propose a concerted action of both receptor
functions in this process. We postulate that the critical
E2-SR-BI interaction positions the HCV viral particle in
such a way that it significantly benefits from SR-BI’s lipid
transfer, leading to infection enhancement. By promoting the SR-BI mediated lipid transfer, HDL could either
change cholesterol contents of the lipoviroparticle itself
or initiate cholesterol enrichment of the host cell plasma
membrane resulting in facilitation of post-attachment
entry events. It has indeed been reported that HCV entry is dependent on the cholesterol content of the host
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cell membrane[111]. Possibly, cholesterol-mediated elevated
plasma membrane fluidity assists and accelerates essential events in the HCV entry process such as receptor
recruitment and interactions, particle internalization and
fusion. Of note, HDL does not stimulate HCVpp or sE2
binding to CD81 or SR-BI, and no indication for direct
interactions between HDL and HCVpp have been observed[73,112].
Increased receptor recruitment and interactions. E2specific antibodies do not abrogate HCV binding to SRBI, yet they neutralized infectivity of HCV particles of
all densities[66]. Although E2 is therefore not involved in
primary HCV-SR-BI attachment, it does mediate HCV
cell entry by enabling HDL to enhance its infectivity and
through interaction with more downstream entry factors. It is observed that the HVR1 region of E2 masks
the viral binding site to CD81[113], the central regulator
of HCV entry[114]. Possibly by inducing a conformational
change to the viral envelope, HCV-E2-SR-BI interaction activates the virus for CD81 receptor engagement.
A kinetic analysis of HCVcc entry illustrated that SR-BI
acts at an early step in the infection process closely linked
to the interactions of the virus with CD81 and CLDN1
suggesting that HCV entry may be mediated through the
formation of co-receptor complexes[68,115]. Additional evidence for co-receptor complex formation between CD81
and CLDN1 was demonstrated using FRET analysis[116].
SR-BI localizes to cholesterol-enriched plasma membrane microdomains[117] where also tetraspanins such as
CD81 associate with each other, with other tetraspanin
and with non tetraspanin proteins. These associations are
modulated by cholesterol[118,119]. Therefore, SR-BI/HDL
mediated cholesterol enrichment of the plasma membrane could increase the efficiency of co-receptor complex formation. For this reason, the SR-BI-HDL-HCV
interaction should act in concert with downstream HCV
receptors. CD81 is indeed required for SR-BI/HDL-mediated HCV entry enhancement since silencing of CD81
expression abolished this process[68]. In addition, CD81
and SR-BI cooperatively mediate HCV infection, and
this is dependent on membrane cholesterol content[111].
Cellular cholesterol depletion also decreased HCV infectivity by reducing CLDN1 localization, CLDN1-CD81
and CD81-CD81 association at the plasma membrane[120].
Furthermore, SR-BI and CD81 mutants defective for
receptor palmitoylation, which is essential for their partitioning in cholesterol-rich microdomains, reduced HCV
entry[109,121]. Hydrolysis of sphingomyelin, another important plasma membrane lipid constituent, reduced
HCV entry by decreasing CD81 cell surface levels[122]. Altogether, these observations emphasize that the function
of HCV cell entry factors strongly depends on specific
membrane lipid contents. Therefore, it can be assumed
that these HCV receptor associations benefit from SRBI/HDL-mediated cholesterol delivery.
Accelerated particle internalization. HDL-mediated HCVpp
and HCVcc entry acceleration has been observed[24,73]. HDL
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accelerates HCV endocytosis by reducing the time that
viral particles are cell-bound before being internalized[73].
This pre-internalization phase may reflect the time needed
to form HCV receptor complexes, a process that likely
benefits from SR-BI/HDL-mediated cholesterol delivery
(cfr supra). This is in agreement with the rate-limiting role
fulfilled by SR-BI in HCV entry[123,124].
Increased fusion. After formation of the HCV-receptor
complex, HCV utilizes clathrin-dependent receptor mediated endocytosis to enter cells. Of note, the function
of these specialized cholesterol-enriched plasma membrane domains, clathrin-coated pits, is also dependent on
membrane cholesterol levels[125]. The internalization step
of endocytosis involves the budding of vesicles from the
plasma membrane, which are then targeted to and fused
with an early endosomal compartment. In the early endosome, acidification probably induces a conformational
change in the E1E2 glycoproteins, after which the viral
envelope fuses with the endosomal membrane, thereby
releasing the viral nucleocapsid into the cytoplasm[126,127].
This fusion process is significantly facilitated by the
presence of cholesterol and sphingomyelin in the target
membrane[128,129] and ApoCI, an exchangeable apolipoprotein that predominantly resides in HDL, on the viral
membrane[112]. Since HDL did not directly interact or exchange ApoCI with HCV, the authors propose a mechanism for ApoCI exchange mediated by a close interaction of HDL with HCV at their common receptor, SRBI[112]. We hypothesize that this exchange depends on a
correct approximation of HCV with HDL, mediated by
an intact SR-BI-E2 interaction that is essential for HDLmediated infection enhancement.
Effects on viral RNA replication
Genomic HCV RNA replication[130] has also been linked
to lipid metabolism[131]. Changes in hepatocyte lipid content could therefore affect the replication of the HCV
genome. Indeed, an anti-LDL-R mAb decreased HCV
RNA replication by altering intracellular lipid content[88].
For example decreased free/esterified cholesterol and
phosphatidylcholine/phospatidylethanolamine ratios
were observed[88]. Of particular interest is the latter ratio
of membrane phospholipids which, when decreased, has
been linked to steatohepatitis. A decrease of this phospholipid ratio affects endoplasmic reticulum membrane
integrity where HCV replication takes place[132]. In addition, the HCV polymerase, NS5B, contains a sphingolipid
binding motif and a sphingolipid biosynthesis inhibitor
was found to block HCV replication[133]. Finally, the lipid
kinase phosphatidylinositol 4-kinaseⅢα (PI4KⅢα) was
shown to be a host cofactor essential for efficient HCV
replication by supporting the formation of the membranous web, an altered membrane structure specialized in
HCV RNA replication[134,135].
Effects on assembly and secretion
Lipid droplets establish an HCV production microenvironment: The lipid droplet (LD) is an organelle
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used for the storage of neutral lipids and the maintenance of intracellular lipid homeostasis. LDs consist of
a core of triglycerides and cholesteryl esters, surrounded
by a phospholipid monolayer and associated proteins.
It moves through the cytoplasm where it can interact
with the endoplasmic reticulum, thereby facilitating lipid
and protein transport to other organelles. In addition,
cell signaling and trafficking events have been linked to
LDs[136].
Moradpour et al[137] found that HCV core protein is located on the endoplasmic reticulum membrane and on the
surface of cytoplasmic LDs[138]. Moreover, it was shown
that LD-association of HCV proteins is essential for
production of infectious HCV particles. HCV core proteins on the LDs seem to induce endoplasmic reticulum
derived LD-associated membrane rearrangements. These
rearrangements might establish an HCV production microenvironment recruiting HCV RNA and non-structural
proteins around LDs[139]. In addition, the HCV core protein induces LD overproduction which might be linked
to steatosis and abnormal lipid metabolism caused by
chronic HCV infection[140]. Besides lipid storage, the LD is
involved in the lipoprotein secretory pathway[141], which is
found to intersect with the HCV assembly process[142].
HCV secretion intersects with the VLDL secretory
pathway: The first step in the VLDL assembly process
involves co-translational lipidation of ApoB-100, the
main protein component of VLDL. Thereto, microsomal triglyceride transfer protein (MTP) interacts with
ApoB100 to deliver lipids from LDs into the endoplasmic reticulum lumen. Additional lipidation results in a
triglyceride-poor form of VLDL. After transportation to
the Golgi apparatus, depending on the triglyceride level,
it can either be secreted as such or further lipidated, and
associated to other apolipoproteins such as ApoE, into
mature triglyceride-rich VLDL by fusing with bulk lipids
from luminal LDs[141].
HCV and VLDL are both uniquely secreted by hepatocytes and circulate in blood associated to each other[60,61,143].
This complexation likely occurs during viral particle
assembly and release, processes found to intersect with
VLDL assembly and secretion pathways. On isolated membrane vesicles containing the HCV replication complex,
Huang et al[142] observed enrichment of proteins involved
in VLDL assembly, such as ApoB, ApoE and MTP. In
addition, HCV production was reduced by VLDL assembly blockade using ApoB silencing and MTP inhibition[142,144,145]. These findings, together with the observation that infectious intracellular precursors of HCV have
a higher buoyant density compared to secreted HCV[146,147]
argues for a lipidation of HCV during a maturation process that parallels VLDL formation. Additional evidence
for the overlap of HCV and VLDL assembly processes
is provided by the work of Icard et al[148]. They detected
HCV glycoproteins in ApoB containing triglyceride rich
lipoproteins when expressed in Caco-2 and HepG2 cells,
but not in Huh7 hepatoma cells, an event that was prevented by MTP inhibition. Moreover, HCV is thought
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to divert cellular processes towards its own generation,
which is detrimental to the hepatocyte’s VLDL production. An HCV-induced deficiency in arylacetamide
deacetylase, an enzyme involved in VLDL production
by lipolysis of triacylglycerol from LDs, was identified
to cause VLDL production impairment during the early
peak of HCV infection in culture[149].
Besides MTP and ApoB, ApoE is essential during
VLDL and HCV production. Fazio et al[150] demonstrated
that ApoE is not exclusively important for lipoprotein
uptake alone, but it can be recycled to be involved in lipoprotein assembly as well. Interestingly, its knockdown hampers the production of infectious HCV particles[151,152].
Production of secreted infectious HCV was very poorly
restored after ectopic expression of an ApoE mutant
that is unable to be secreted; infectious HCV particles
accumulated intracellularly instead[86]. It should be noted
that Jiang et al[152], emphasize the importance of ApoE
during HCV production but show that ApoB inhibition
does not affect this process. They attribute the effect of
MTP inhibitors on HCV production suppression to its
inhibitory consequences on ApoE expression rather than
its blockade of ApoB lipidation. Accordingly, production of HCV from non-liver cells depends on ectopic
expression of ApoE[153] and not ApoB or MTP[154]. ApoE
interacts with HCV nonstructural protein 5A (NS5A)
that is involved in HCV production. Hence assemblydefective HCV mutants had strongly impaired ApoENS5A binding[152,155]. ApoE is suggested to be involved in
an assembly step that acts between capsid envelopment
and secretion of infectious HCV[154].
Apolipoproteins and lipids are HCV particle constituents: While the requirement of ApoB for HCV
assembly is controversial, ApoB-containing lipoviroparticles have been identified in patients[60]. Although VLDL
and both anti-ApoB and ApoE block serum derived
lipoviroparticle binding to hepatocyte cell lines[60], only
VLDL and anti-ApoE can efficiently compete them out
for interaction with SR-BI[67]. The presence of ApoE on
the viral particle is confirmed in different reports and
is assigned a very important function in HCV entry, especially since ApoE specific antibodies neutralize HCV
infectivity [84,151,156]. As mentioned, ApoE, rather than
HCV glycoprotein E2, is involved in primary attachment
of HCV to SR-BI[66,67]. In addition, ApoE is involved in
direct cell-to-cell transmission[154] and the loss of HCV
associated ApoE, after LPL treatment, resulted in decreased HCV infectivity[103].
ApoCI, an exchangeable apolipoprotein that predominantly resides in HDL, has been identified as a component of the HCV viral particle[157]. While ApoCI is not a
minimal requirement for HCV assembly[154], its association occurs within the cell prior to virus release[157]. Like
HDL, pre-incubation of HCVpp with ApoCI resulted in
a genotype-independent enhancement of infection. The
observation that anti-ApoCI suppressed the HDL-mediated infection enhancement further suggests that ApoCI
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is a key mediator of this process[108,112,157]. As mentioned,
ApoCI enhances HCV infectivity by specifically promoting HCV fusion. It should be noted that higher concentrations of ApoCI inhibited HCVpp infectivity by
specifically disrupting the viral membrane[112].
In support of the tight association with lipoproteins,
it was observed that the lipid composition of HCV particles is strikingly different from cell membranes, but its
increased ratio of cholesteryl esters-to-phospholipids
rather resembles that of LDL and VLDL[156]. Furthermore, the association of cholesterol and sphingolipids
with HCV is essential for cell internalization, virus maturation and infectivity[158,159]. In addition, HCV-associated
cholesterol might contribute to the virion’s interaction
with ApoE, since cholesterol-extracted HCVcc showed
dramatically reduced reactivity with anti-ApoE[159].

Effect of lipoproteins on
antiviral efficacy of anti-HCV and
anti-receptor antibodies
Effect of lipoproteins on escape from anti-HCV
neutralizing Abs
HCV-associated lipoproteins: Lipoproteins associated to virus particles could mask neutralizing epitopes,
thereby facilitating viral escape from the humoral immune response. Besides viral components, cell entry of
HCV is initiated and mediated by endogenous proteins
providing a mechanism of escape from the humoral
immune response. Indeed, HCV uses associated host
lipoprotein components to attach to lipid receptors on
the hepatocyte. This explains, at least partially, the inefficiency of anti-envelope antibodies to prevent primary
hepatocyte attachment of HCV and to neutralize HCV
infectivity[66,67]. Indeed, it has been postulated that viruslipoprotein interactions play a role in immune evasion[60].
Some evidence has been obtained to support this hypothesis. It was observed that HCV particles of lower
density are more resistant to neutralizing antibodies, a
feature that might however be specific for gt2a virus
only[160-162]. In addition, serum-derived HCV particles
have been observed that were seemingly totally bound
to beta-lipoprotein, a condition that coincided with the
absence of HCV-IgG complexes, suggesting that virus
associated lipoproteins may restrict the access of antienvelope antibodies[163].
Previous studies have indicated a role for HVR1 and E2
residue 451 in covering the CD81 binding site, shielding
neutralizing epitopes and infectivity of low density viral
particles[113,160]. In addition, Tao and coworkers described
a mutant (I414T) with increased susceptibility to E2 neutralizing Abs. Although prior to release, no difference in
neutralization behavior was observed between mutant
and wild type virus, the latter became more resistant to
neutralization upon cell secretion. This observation was
attributed to increased ApoE and ApoCI abundance
on the viral particle[147]. Accordingly, HCV production
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in ApoE knockdown cells generates viral particles with
increased sensitivity to neutralization[164]. In addition, a
correlation was observed between ApoE association and
the ability of a viral isolate to escape from neutralizing
antibodies and infect the liver graft after liver transplantation[164]. This might explain viral quasispecies evolution during liver transplantation. Clinical virus isolates
selected during the liver transplantation process were
indeed characterized by enhanced viral entry and escape
from neutralizing antibodies compared to non-selected
variants[165].
We hypothesize that the interaction of HCV-associated ApoE with the host cell receptor SR-BI initiates
changes to the viral particle by altering its lipid content,
mediated by SR-BI’s lipid transfer activity. Alternatively,
the ApoE-SR-BI interaction could precede and direct
E2 presentation to SR-BI, which in turn initiates a conformational change in E2. These modifications might
result in exposing CD81 binding sites and neutralizing
epitopes in E2. This gradual epitope exposure could be
a system used by HCV to preclude neutralizing antibody
recognition and might be needed for E2 to interact with
the downstream receptor CD81. It has indeed been suggested that CD81 binding epitopes are not yet exposed
on circulating particles[81,166,167]. This implies that anti-E2
antibodies interfering with E2-CD81 interactions may
only exert their neutralizing activity from the moment of
epitope exposure after SR-BI docking until the interaction with the downstream coreceptor complex. Importantly, HDL reduces this time window presumably by
facilitating receptor complex formation[73].
Virus-free lipoproteins: As mentioned before, HDL
is able to enhance HCV infectivity via the SR-BI lipid
transfer and E2 binding function. It was observed that
HDL reduces the lag between HCV-host cell binding
and its actual internalization. This might reflect a reduction in the time needed to form a functional receptor
complex and the time needed for viral glycoprotein E2
to engage with CD81. Therefore, HDL can reduce the
antiviral efficiency of molecules blocking these interactions by shortening the time window during which such
molecules are active. In fact, the virus might use this
entry acceleration to escape humoral immune responses
that target this virus-host factor interaction[73]. This was
confirmed by a kinetic analysis revealing that HCVpp
entry enhancement by HDL is initiated earlier than the
activity of neutralizing antibodies[24]. Accordingly, by
enhancing HCV entry, HDL lowers the neutralization
efficacy of such anti-HCV antibodies. This neutralization
attenuation effect was specifically observed for antibodies
interfering with the E2-CD81 interaction (such as AP33,
3/11 and H48) and was not observed for polyclonal
anti-E1 or an antibody with slower neutralization kinetics that interfered with E2-SR-BI (designated 9/27)[24,73].
In addition, antibodies isolated from HCV-infected patients also suffer from reduced neutralization efficacy in
the presence of human serum or HDL[23-25]. Inhibition
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of SR-BI’s lipid transfer restores neutralization by antiHCV antibodies in the presence of human serum[23,24,73];
resistance to neutralization by an anti-E2 neutralizing
Ab (C1) correlated with increased SR-BI expression
levels[123]; and, the neutralizing activity of patient sera
increased with lower SR-BI levels[24]. These observations
indicate that SR-BI is the responsible factor, activated
by HDL, for neutralization attenuation of anti-HCV
antibodies. In conclusion, although antibodies that bind
to the viral envelope, and thereby interfere with receptor interactions, are able to neutralize HCV infection,
SR-BI/HDL interactions accelerate the entry of HCV
particles that are not yet neutralized. This process therefore might help the virus to persist in patients. Indeed,
persisting viral strains were more efficiently facilitated by
serum than those that were controlled during the acute
phase[25].
Effect of lipoproteins on escape from anti-receptor Abs
Anti-CD81 antibodies: Another class of HCV entry
inhibitors that interfere with CD81 and E2 interactions
are CD81-receptor blockers. If this receptor blocker is
not present before the virus initiates its entry, HDL could
again reduce its antiviral efficacy by shortening the window of effective antiviral activity. Accordingly, HCV
infection inhibition using an anti-CD81 mAb, designated
JS81, was strongly reduced when added during infection
in the presence of human serum[73]. Once more, the attenuation of anti-CD81 antiviral efficacy was alleviated
by blocking SR-BI, indicating that compounds that block
E2-CD81 interaction are less potent when SR-BI is activated. The same antibody was effective in preventing
HCV infection in a human-liver chimeric mouse model,
but was unable to resolve infection when administered
shortly (six hours to three days) after viral challenge[70,168].
This again highlights the importance of CD81 receptor
blocker availability before exposure to the virus.
Anti-SR-BI antibodies: In contrast to CD81 receptor
blockade, the timing of SR-BI inhibition seems less delicate since administration of anti-SR-BI mAb therapy
three days after HCV inoculation still successfully protects humanized mice from infection[70,169]. Accordingly,
we have shown that this therapy effectively inhibits direct
cell-to-cell transmission, hence indicating that it exerts
its antiviral activity even after the primary infection is established. Therefore, compared to anti-CD81 therapy, it
appears that the time frame after infection during which
the anti-SR-BI therapy remains effective is significantly
larger. As mentioned, HDL reduces the antiviral efficacy
of molecules interfering with CD81-E2 interactions by
shortening the time window during which such molecules are active[73]. In contrast, it was shown that HDL
did not negatively affect anti-SR-BI’s antiviral efficacy[69].
Moreover, we observed that human HDL positively influences the ability of an anti-SR-BI specific antibody,
mAb1671, to inhibit HCV infectivity[110]. Addition of in
vivo-like concentrations of human HDL to anti-SR-BI
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mAb1671 in the HCV cell culture system significantly
increases its antiviral efficacy, enabling almost complete
infection inhibition. This observation might explain why
the antibody reaches higher protection levels in humanized mice than it does in the HCV cell culture system;
and why it has a larger therapeutic window compared to
anti-CD81 in vivo. Of note, anti-SR-BI small molecule
ITX-5061’s antiviral efficacy was not increased by the
addition of in vivo-like concentrations of human HDL in
the HCV cell culture system.

CONCLUSION

5

6

7

As mentioned, today no anti-HCV therapy is approved
for prevention of re-infection after liver transplantation.
Interestingly, anti-SR-BI therapy was strongly protective
in humanized mice after exposure to a serum-derived viral
variant that escaped the control of the adaptive immune
response and became dominant after liver transplantation[165,169]. These variants have an increased entry phenotype and escape more easily from envelope neutralizing
antibodies, possibly due to increased HCV-ApoE associations[164]. These data suggest that SR-BI receptor blockade may be a novel therapeutic approach to prevent graft
reinfection in liver transplant patients. Furthermore,
since active SR-BI was shown to be the responsible
factor for HDL-mediated infection enhancement and
reduced efficacy of anti-CD81 and anti-E2 neutralizing
Abs, SR-BI inhibitors might increase their antiviral efficacy in vivo. Although HCV variants have been described
that are more resistant to anti-SR-BI therapy in culture,
these variants remain fully responsive to anti-SR-BI
therapy in humanized mice[110]. These observations encourage us to speculate that combinations of anti-SR-BI
with anti-E2 antibodies might be worth the considering
in the context of liver transplantation.
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Abstract
Hepatitis C virus (HCV) infection represents an important public health problem worldwide. Reduction
of HCV morbidity and mortality is a current challenge
owned to several viral and host factors. Virus molecular
evolution plays an important role in HCV transmission,
disease progression and therapy outcome. The high
degree of genetic heterogeneity characteristic of HCV
is a key element for the rapid adaptation of the intrahost viral population to different selection pressures
(e.g. , host immune responses and antiviral therapy).
HCV molecular evolution is shaped by different mechanisms including a high mutation rate, genetic bottlenecks, genetic drift, recombination, temporal variations and compartmentalization. These evolutionary
processes constantly rearrange the composition of the
HCV intrahost population in a staging manner. Remarkable advances in the understanding of the molecular
mechanism controlling HCV replication have facilitated
the development of a plethora of direct-acting antiviral
agents against HCV. As a result, superior sustained viral responses have been attained. The rapidly evolving
field of anti-HCV therapy is expected to broad its landscape even further with newer, more potent antivirals,
bringing us one step closer to the interferon-free era.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis C virus; Evolution; Phylogenetics;
Drug resistance; Clinical outcome
Core tip: Hepatitis C virus (HCV) infection remains as an
important public health problem worldwide. Viral molec-
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ular evolution determines, in many ways, the outcome
of HCV infection. Here, we present up-to-date information about the role of HCV molecular evolution in virus
ransmission, disease progression and antiviral therapy.
Preciado MV, Valva P, Escobar-Gutierrez A, Rahal P, RuizTovar K, Yamasaki L, Vazquez-Chacon C, Martinez-Guarneros
A, Carpio-Pedroza JC, Fonseca-Coronado S, Cruz-Rivera M.
Hepatitis C virus molecular evolution: Transmission, disease
progression and antiviral therapy. World J Gastroenterol 2014;
20(43): 15992-16013 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i43/15992.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i43.15992

INTRODUCTION
Globally, hepatitis C virus (HCV) infection affects approximately 180 million people[1], in addition to three
million new infections occurring annually[2,3]. The prevalence of HCV infection varies greatly from region to
region, and as a result, the burden of disease exhibits
important differences worldwide[2]. HCV is one of the
leading causes of chronic liver disease associated with
end-stage cirrhosis and hepatocellular carcinoma[4], with
approximate 20% of chronically infected patients developing cirrhosis, and about 10% progressing to cancer[5].
HCV is a small single-stranded, positive polarity, enveloped virus belonging to the Hepacivirus genus within
the Flaviviridae family. The RNA genome (about 9.6 kb
in length) contains a single open reading frame (ORF)
encoding for a polyprotein which is flanked by a 5’- and
3’-untranslated regions (UTR). The 5’-UTR contains
an internal ribosomal entry site (IRES) which is essential for viral replication. The polyprotein is processed
into three structural proteins (C, E1, E2) and seven
nonstructural proteins (p7, NS2, NS3, NS4A, NS4B,
NS5A, NS5B) (Figure 1)[6,7]. The HCV core is a highly
conserved protein that makes up the viral nucleocapsid
and plays role in pathogenesis[8]. E1 and E2 are highly
glycosylated proteins that participate in cell entry (Figure
2)[9]. E2 contains three hypervariable regions (HVR),
known as HVR1-3[10], which are under continuous selection pressure exerted by the host immune system. P7
is a 63-amino acid polypeptide that serves as a signal
sequence for the translocation of NS2 into the lumen
of the endoplasmic reticulum for further cleavage. P7
is also essential for particle assembly and release of infectious virions[11,12]. NS2 is a transmembrane protein
required for viral replication while NS3 is the HCV protease and NTPase/helicase[13,14]. The HCV protease disrupts the interferon (IFN) and toll-like receptor-3 (TLR3)
signaling pathways by cleaving host proteins including
the caspase recruitment domain of the mitochondrial
antiviral signaling protein (MAVS)[15,16], and TIR-domaincontaining adapter-inducing interferon-β (TRIF) (Figure
2)[17]. NS4A acts as a cofactor for the NS3 protease and
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NS4B is a small hydrophobic protein required for recruitment of other viral proteins[18,19]. NS5A is a hydrophilic phosphoprotein needed for viral replication[20,21].
Lastly, NS5B is the HCV RNA dependent RNA polymerase (RdRp)[22], which lacks proofreading and error
correction mechanisms, resulting in a highly error prone
replication process[23].
HCV virions bind to the host cellular receptors via
E2[6]. The initial viral attachment is mediated by heparin
sulfate proteoglycans on the hepatocyte surface[24]. Multiple cellular receptors such as the scavenger receptor class
B type Ⅰ[25], CD81[26,27], claudin-1[28], and occludin[29], in
addition to several entry factors including the receptor
tyrosine kinases, the epidermal growth factor receptor[30],
the ephrin receptor A2[30] and the Niemann-Pick C1-like
1 cholesterol absorption receptor[31] have been identified
(Figure 2). Once bound to the cell, HCV particles are
then internalized by pH-dependent and clathrin mediated endocytosis[32,33]. Upon entry, the viral genome is
released from the nucleocapsid into the cytoplasm and
subsequently translated. The NS4B then induces the formation of membranous webs that serve as scaffolds for
viral replication. After genome amplification and protein
expression, progeny virions are assembled and released
by the constitutive secretory pathway (Figure 2)[7,23].
The HCV mutation rate generates a high degree of
intrahost genetic diversity[34], allowing for rapid adaptation[35]. This characteristic molecular plasticity of HCV is
a key biological property that enables rearrangement of
the intrahost viral population under different selection
pressures, such as the immune response and antiviral
therapy, warranting viral persistence[36,37]. HCV molecular
evolution plays a pivotal role in virus transmission, progression of disease and outcome of therapy. Therefore,
understanding the mechanisms driving the molecular
evolution of HCV is likely to help to implement measures aimed to control HCV-related disease.

genetic heterogeneity AND
Molecular evolution
Viral genotypes
Seven major HCV genotypes and several subtypes have
been identified (Figure 3)[38]. HCV exhibits a complex
taxonomic structure[38]. Genetic diversity between HCV
genotypes is about 30%, while subtypes differ by about
15%[39,40]. HCV genotypes show a characteristic distribution in different geographical regions[41]. Genotypes 1,
2 and 3 exhibit a worldwide distribution. Genotypes 1
and 2 are endemic in West Africa while genotype 3 is endemic to the Indian subcontinent. Genotypes 4 and 5 are
primarily found in Africa, and genotype 4 is particularly
endemic in Egypt and Central Africa. Genotype 6 is endemic of Asia whereas the distribution of genotype 7 has
not been fully assessed[41-45]. Genotype 2 is the oldest lineage, followed by genotypes 3, 5 and 6, while genotypes 1
and 4 emerged more recently. Globally distributed genotypes are referred as epidemic, and their rapid dissemina-
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Figure 1 Hepatitis C virus genome and nucleotide variability. A schematic representation of the viral genome is depicted. The degree of nucleotide variability
along the viral genome is also shown. The target molecules for anti-HCV therapy are noted, and the antiviral agents are indicated. A selection of FDA approved and
in development compounds are shown. Roman numerals in brackets indicate the current clinical phase of development. HCV: Hepatitis C virus; FDA: Food and Drug
Administration; PI: Protease inhibitors.

tion over the last century is primarily attributed to modes
of transmission including the use of intravenous drugs,
nosocomial transmission and blood transfusions[46]. Endemic genotypes are usually highly divergent and limited
to well defined geographic regions[47]. These characteristic
distribution patterns facilitate the identification of the
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site of origin and tracking of the genetic history of different HCV lineages. In general, high degree of genetic
variability among HCV strains evolving in relatively small
geographical regions suggests long-term evolution. Conversely, strains exhibiting lower genetic heterogeneity
have shorter genetic histories and are often associated
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Figure 2 Hepatitis C virus replication cycle. The replicative cycle of hepatitis C virus (HCV) is displayed. HCV interaction with its cell receptors is shown. Upon
entry, the HCV genome is released into the cytoplasm and subsequently translated and translocate into the RE. The membranous web is used as scaffold for viral
replication. Interferon and TLR3 signaling pathways are disrupted by the HCV NS3/4A protease by cleaving MAVS and TRIF (upper right window). Assembled virions
are released via the constitutive secretory pathway. HCV: Hepatitis C virus; MAVS: mitochondrial antiviral signaling protein; TRIF: toll-like receptor-domain-containing
adapter-inducing interferon-β.

with recent introduction and higher transmission rates[47].
Molecular evolution
Different molecular mechanisms including mutation,
genetic drift, recombination and natural selection shape
the molecular evolution of HCV.
Insertion of point mutations by the RdRp is the primary element contributing to the high genetic variability
of HCV. The HCV mutation rate in vivo is about 2.5 ×
10-5 per nucleotide per genome replication[48]; however,
higher estimates have been obtained[49]. Selection determines if a given mutation would be fixed in the viral
population. Extrinsic selective pressures, such as the
host immune response and antiviral treatment, and intrinsic functional constraints determine the accumulation
of mutations in specific subgenomic regions[50]. These
constraints define the tolerance to mutations in different
regions resulting in an uneven distribution of genetic
variability along the genome (Figure 1)[51,52]. Despite the
high degree of genetic variability, the HCV antigenic
diversity is significantly convergent[51], implying a large
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but restricted genetic space. This reduction in antigenic
diversity is also likely due to structural and functional
constrains[53] that restrict the sequence space and favors
homoplasy[51]. The homoplastic nature of HCV antigenicity contrasts with the extensive nucleotide variability
and represents an important venue for vaccine development[51].
Amino acid variability plays an important role in HCV
infection. For instance, amino acid variability in the NS3/4
protease coding region affects its catalytic efficiency[54],
allowing HCV to explore a broad range of protease genetic configurations[55]. Interestingly, minor HCV variants
can display improved catalytic activities when compared
to the master sequence, including those bearing resistant
mutations to antiviral drugs[55]. Thus, these functional differences between variants can affect various aspects of
the HCV replication cycle.
Genetic bottlenecks are an important force driving
the molecular evolution and transmission of HCV[56,57],
by inflicting a strong selective pressure during the acute
phase of infection[57]. The intensity of the selective pres-
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Figure 3 Hepatitis C virus genotypes and subtypes. Representative strains belonging to all seven genotype and all different subtypes are presented.

sure imposed by genetic bottlenecks is such that only
a handful of HCV variants manage to establish infection[58,59], commonly resulting in a profound founder effect (Figure 4). Upon transmission, HCV nucleotide diversity is reduced by purifying selection and subsequent
bottlenecks[57]. Interestingly, the antibody response does
not seem to significantly affect the composition of the
transmitted/founder HCV population[58]. Rapid evolution after the occurrence of genetic bottlenecks usually
results in the emergence of rare fit variants that quickly
dominate the next population (Figure 4)[57,59].
Genetic drift is also a contributor to the molecular
evolution of HCV[60-62]. Genetic drift refers to the stochastic fluctuations in frequencies of variants in the viral
population. Overall, large populations are less stochastic
and undergo less genetic drift than small populations.
While virus populations are often large, genetic drift still
has been shown to be an important factor in viral evolution, suggesting that the genetic processes are mostly deterministic. Viral populations undergoing severe genetic
bottleneck events frequently experience founder effects,
which significantly reduce population size, allowing a
small number of variants to establish infection, favoring
genetic drift. In HCV infection, the extent of genetic
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drift is reduced as the time of infection progresses[60-63].
This might be explained by the large population size
frequently observed in chronically infected patients in
comparison to acute cases. Additionally, occurrence of
genetic drift might be affected by fluctuations in the viral load throughout the infection[64]. Anti-HCV therapy
might also prompt genetic drift upon relapsing since
viral populations are reduced considerably prior to reestablishment as a result of treatment failure.
Genetic recombination is another mechanism that
participates in HCV genetic heterogeneity. Recombination generates genetic variability by rearranging genomic
molecules during RNA elongation when the polymerase
switches from donor to acceptor molecules, resulting in
a nascent RNA with traits from both parental viruses[65].
HCV recombination also occurs via endoribonuclease
digestion of parental molecules within base-unpaired
regions, followed by ligation[66]. For recombination to
occur, co-infection or superinfection in the same cell
by two parental viruses is required[67]. HCV genetic recombination is considered a rare event[68], and therefore,
while co-infection is possible, it remains relatively infrequent. Superinfection exclusion during HCV infection
has been reported[69-71]. Thus, simultaneous infection is
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respective stage.

feasible but sequential infection is severely impaired[72],
suggesting that infected cells become refractory to succeeding infections; and therefore, limiting recombination.
Nonetheless, naturally occurring inter-genotype, intragenotype (inter-subtype) and intra-strain HCV recombinants have been reported[73-76]. HCV recombination has
important clinical and epidemiological implications that
affect molecular epidemiology, surveillance of emergent
new lineages and drug resistance strains[67].
HCV exists as an ensemble of closely related but genetically divergent variants, commonly referred as “quasispecies”[77]. Nevertheless, the existence of viral quasispecies has been extensively debated[77-79]. In HCV molecular epidemiology, the term quasispecies has become
a synonymous of intrahost genetic variation[79]. Analysis
of the HCV intrahost genetic variation is important for
genetic relatedness, drug resistance, molecular evolution
and epidemiological studies[80,81]. Rapid[34,82], and slow[83,84]
HCV divergence has been reported in different settings.
Rapid divergence of HCV represents an important challenge for genetic relatedness studies since molecular
epidemiological links can be lost between related cases in
relatively short periods of time[34].
HCV molecular evolution involves a series of complex processes characterized by temporal variations that
constantly reshape the architecture of the viral population[81,83,85,86]. HCV evolves in an specific staging fashion
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through incremental changes between communities and
random mutations accompanied by fluctuation in the
frequency of coexisting viral subpopulations (Figure 4)[85].
In stage 1, HCV infection is established in the new host
after occurrence of the initial genetic bottleneck, resulting in a strong founder effect before the onset of the
adaptive immune response. Stage 2 is characterized by
small incremental evolution steps through different communities, due to selective pressures imposed by the immune response. Stage 3 features a genetic diversification
leading to the emergence of new subpopulations owned
to the decline of previously dominant populations. In
stage 4, HCV reaches settlement under strong negative
selection[85]. These temporal variations are likely to affect
HCV transmission since different viral variants are available at different time points during infection (Figure 4).
The degree of “transmissibility” may exhibit important
differences among different viral variants; thus, determining the capacity of each population to successfully
establish infections in the new host[87]. This staging is
also likely to play an important role in clinical outcome
and assist in therapy management since viral populations
may be differentially sensitive to treatment at particular
stages[88].
Compartmentalization
While the liver is the main site for HCV replication, com-
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partmentalization affecting other organs has been suggested to occur in both, natural infections in humans and
experimentally infected chimpanzees[81,89-93]. However,
limited information on HCV variability in extrahepatic
sites is available. Different HCV populations have been
found in a variety of tissues and cell types, suggesting
the existence of extrahepatic reservoirs[94-96]. The concept
of compartmentalization assumes that the distribution
of viral variants in a non-random manner varies between
tissues with an specific evolution rate for each compartment[97,98]. Compartmentalization in the same organ has
also been observed as nontumor and tumor hepatic cells
exhibit different populations, and are likely subjected to
different selective pressures[99]. Compartmentalization
has been shown in immunocompromised[97,100], immunocompetent[101], and transplanted individuals[102,103], further
supporting its role in HCV persistence and pathogenesis.
Compartmentalization has also been proposed to
play role in HCV molecular evolution[86]. In this evolu-
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tionary model, co-existing lineages represent genetically
distinct subpopulations of infected liver cells (Figure 5).
However, only one subset of viral subpopulations commonly circulates in serum at any given time. This may be
explained by the fluctuation of neutralizing antibodies
over time which in turn modify the relative frequency of
lineages and differences in replication and shedding rates
of virus populations[86].
Different mutation patterns in the HCV 5’UTR have
been reported to occur in compartmentalized populations. Importantly, minor nucleotide changes occurring
in this region can directly affect HCV translation efficiency. Thus, the effect of mutations in the HCV IRES
might be cell type dependent[93,104], resulting in different
replication rates. Therefore, HCV compartmentalization is not only determined by cell entry but also replication. NS5A and NS5B compartmentalized variants
with different functional properties have also been observed[105,106]. These findings highlight the importance of
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compartmentalization in functionality of specific viral
proteins.
Detection of HCV negative RNA strands has been
reported in peripheral blood mononuclear cells (PBMC),
lymph nodes, bone narrow and brain. Genetic differences between plasma and PBMC HCV variants have
been found to persist for long periods of time[101,102,107].
Compartmentalization can be explained by the distribution of tissue specific receptor on different cell types[95].
Compartmentalization in PBMC is facilitated by high
levels of CD81 expression[108]. The existence of HCV
variants with different CD81 binding capacities has also
been suggested[108]. Higher conservation in the CD81-2
HCV binding region has been observed in PBMC-derived variants in comparison to serum-derived strains[108].
Additionally, PBMC- associated HCV variants have also
been detected after resolution of HCV infection, suggesting that compartmentalization can also play role
in occult HCV infection[108]. In B cells, the interaction
between E2 and CD81, as a result of compartmentalization, leads to cell activation, which in turns protects
lymphocytes from activation-induced cell death and
regulates their function[94,109]. Therefore, E2-CD81 engagement may contribute to HCV associated B cell lymphoproliferative disorders and insufficient neutralizing
antibody production[109]. In human T lymphocytes, HCV
infection is mediated by the CD5 receptor, a member of
the scavenger receptor cysteine-rich family[110]. However,
the factors determining lympho- and hepatotropism are
not well known. While compartmentalization remains
controversial[111-113], the potential implications in persistence, cell tropism, drug resistance, and vaccine development warrant further research[52].

virUS transmission
HCV transmission primarily occurs via parenteral routes.
Epidemic of recreational injection drugs and unsafe
injections resulted in a large number of HCV infections
during the 20th century[114,115]. Importantly, differences
in transmission rates have resulted in distinctive HCV
prevalence and genotype distribution worldwide[116-118].
HCV viral transmission is a dynamic process that
has been subjected to significant changes during the last
century. Certain risk factors, such as use of illegal intravenous drugs and risk behaviors among homosexual
men, significantly facilitate virus transmission and create
optimal conditions for rapid HCV molecular evolution[34].
The modes of transmission in a given epidemiological settings affect the intra and interhost genetic variability within the transmission network[34,83,119]. In high
risk population groups, higher transmission rates occur
among acute cases leading to spread of more infectious
variants[87]. However, the patterns of HCV transmission
can change over time[120], and this in turn affects HCV
transmissibility.
HCV transmission networks are difficult to identify
for several reasons. The long incubation period makes it
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difficult to link related cases to a common source of infection[34]. Additionally, acute HCV infections are usually
asymptomatic, making identification of cases challenging[121]. The lack of laboratory methods and appropriate
molecular surveillance systems capable of distinguishing
acute from chronic infections further complicates identification of incident cases[122]. Recognition of HCV transmission is of critical importance in implementing measures aimed to prevent virus spread. Transmissions of
fast evolving viruses, such as HCV, are difficult to trace
since strains from epidemiological linked cases are genetically related but rarely identical. Thus, interpretation of
viral phylogenies is inherently uncertain and should be
used cautiously[123]. Phylogenetic branching not always
correspond to directly linked transmission events, and
available sequences may not represent all individuals belonging to the transmission network. In consequence, local epidemic sequences can group together in the absence
of direct transmission[123], and therefore, phylogenetic
linkage among strains cannot show, beyond any doubt,
direct transmission between possibly linked cases, despite
of inclusion of local unrelated controls[124]. However, local control sequences do help in those instances where
direct transmission did not occur by showing sufficient
phylogenetic separation between suspected cases[124,125].
Hence, proper epidemiological investigations should be
performed in conjunction to adequately assess relatedness
between HCV cases. Additionally, in high risk groups reinfection with closely related strains may preclude the use
of paraphyletic clustering to relate cases[124].
Estimating the time of infection based purely on genetic data has been reported by using evolutionary molecular clock models[125-127]. However, confidence limits
associated with molecular clock estimates can vary significantly, making interpretation difficult. Different factors can affect the accuracy and reliability of estimates
of molecular divergence including sampling, temporal
and anatomical distribution of sampling, genome region sequenced, super- or re-infection, and evolutionary
models and algorithms used[124]. Thus, interpretation and
reliability of such approaches requires further validation.
HCV evolution is also affected by other instances
such as co-infection with other viruses or pregnancy[35].
This might be associated with the implicit alteration of
the immune response in the mother. During pregnancy,
viral levels are commonly increased and CD8+ T cell
cytotoxicity reduced along with loss of HLA escape
mutants, with the consequently emergence of enhanced
fitness strains, and further reversion during the interpregnancy periods[102]. Thus, maternal cellular immunity
impairment and emergence of more fit viruses might
facilitate HCV perinatal transmission. Compartmentalization of HCV in PBMC has been proposed to play
role in perinatal transmission, acting as Trojan horses for
viral entry[128,129]. Moreover, PBMC-infected cells have
been shown to be a risk factor for HCV vertical transmission[130,131]. In this setting, children infected perinatally
bear infection with more fit viruses[101,132]. Transmission
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of more fit wild-type or revertant viruses could favor
persistent infection in infants[128].
Tracking of HCV infection depends on sequence information originated from different subgenomic regions.
The 5’-UTR region has been widely used for detection
owned to its degree of conservation across genotypes
while the NS5B region is the target of election for HCV
genotyping[133,134]. However, these two regions do not
contain sufficient sequence information to establish
genetic relatedness between clinical isolates. Genetic relatedness studies primarily rely on information obtained
from the HVR1[34,81,83,119]. Importantly, the rapid divergence in this region represents a challenge for molecular
epidemiological studies, which can lead to loss of genetic
links between related isolates[34]. Sequencing of multiple
and longer subgenomic regions has been proposed as
an alternative to overcome the limitations imposed by
the rapid molecular evolution of HCV[34]. The NS5A
has also been used to establish relatedness among HCV
cases[85], which can aid to restore links between isolates
owned to a lower nucleotide substitution rate. Despite
the usefulness of different subgenomic regions for the
characterization of clinical isolates, whole genome sequencing should be the ultimate goal for HCV molecular
characterization.
The selective forces that shape the HCV molecular
evolution are complex in nature and required sophisticated methods to be assessed. Until recently, molecular
approaches used to detect low frequencies variants and
assess the intrahost viral genetic variation, such as standard cloning techniques[57], limiting dilution[135] and single
genome amplification[59], were cumbersome, time-consuming, and expensive[136]. Moreover, these conventional
methods are difficult to implement and provide limited
insights in the composition of the intrahost population[133]. The relatively recent advent of next generation
sequencing platforms has allowed the detection of rare
variants present at much lower frequencies[136-139], facilitating the characterization of the HCV intrahost viral
population in remarkable detail[136,140,141].

disease progression
HCV molecular evolution is intimately associated with
disease outcome and progression[142,143]. HCV-related liver
disease gradually advances from chronic hepatitis to liver
cirrhosis and to hepatocellular carcinoma (HCC)[144]. The
rate of disease progression differs considerably among
HCV cases, and the cause for these differences remains
poorly understood. However, viral genotypes have been
associated with pathogenesis of HCV-related infection, in addition to dictating the path of treatment[145].
Impairment of different pathways has also been associated with the infecting genotypes, which in turns leads
to distinct pathological settings. Overall, HCV genotype
1 is associated with more aggressive disease, increased
insulin resistance, poor response to therapy, higher risk
of cirrhosis and hepatocellular carcinoma development,
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while genotype 3 is associated with increased steatosis
and fibrosis[145,146]. Thus, the identification and characterization of HCV types and subtypes provides insight into
the different outcome of HCV infection and responsiveness to therapy[145].
HCV core has been associated with disease progression by inducing apoptosis through the extrinsic and
intrinsic pathways[147]. The signaling pathway converges
into a common apoptotic pathway where the caspase enzyme cascade is triggered. As a consequence, intracellular components and DNA are degraded, leading to cells
death and ultimately causing liver damage[148]. Apoptosis
of liver cells plays an important role in the pathogenesis of end stage liver disease[149]. Interestingly, HCV
core induces both pro- and anti-apoptotic effects[150-154].
HCV suppresses apoptosis by preventing the release of
cytochrome C in the mitochondria, resulting in inactivation of caspase-9, -3 and -7[155]. When HCV core binds
to the downstream death domain of the Fas-associated
death domain (FADD) protein and FLICE (FADDlike interleukin-1beta-converting enzyme)-like inhibitory
protein results in anti-apoptotic state[156]. HCV core also
binds to p53 resulting in either inhibition or activation
of apoptosis[157,158]. This dual behavior of HCV core in
regulation of apoptosis is of the utmost importance in
progression to HCC. The association between different
amino acid residues in the HCV core region and disease
progression has been reported[159]. Particularly, amino
acid 70 in the HCV core has been closely associated
with progression to HCC[160-163]. A detailed analysis of
the quasispecies nature of the HCV core region showed
that mutants bearing this residue is linked to advance
of liver disease. Sequence variations in the core region
have also been reported in tumor cells[164]. Analyses of
the full-length of the core gene from patients with HCC
showed that mutations in the core protein may affect
the course of HCV infection[165-168]. HCV infection is
associated with an increased risk of developing diabetes
mellitus [169,170]. Additionally, amino acid substitutions
in the HCV core from genotype 1b isolates have been
suggested as predictor markers for insulin resistance in
diabetic patients without signs of cirrhosis[171]. Isolates
from patients with severe insulin resistance bear higher
proportions of Glu70 (His70) and/or Met91. Therefore,
genetic variability occurring in the HCV core is likely to
affect its interaction with host proteins and thereby disease progression.
Steatosis is commonly observed in HCV cases and
contributes to progressive hepatic injury. Development
of hepatocellular steatosis is more frequently observed
in cases infected with HCV genotype 3[172,173]. However,
not all patients infected with genotype 3 develop steatosis[174]. Therefore, infection with genotype 3 is only one
of the elements in the multi factorial nature of steatosis.
Other studies have also implicated HCV genotype 3 in
rapid progression to fibrosis[175], further supporting the
role of genotyping in disease progression.
The complexity of the viral population in the NS5A
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region has been shown to be associated with HCC[176].
However, the specific mechanisms by which NS5A
promotes disease progression are not understood. The
NS5A inhibits the activated protein kinase (PKR), an important mediator of the IFN anti-viral response, apoptosis and cell proliferation[177-179], which can lead to liver
damage. Additionally, NS5A can act as transcriptional
activators affecting cellular signaling[180]. The NS5A encompasses the interferon-sensitivity determining region
(ISDR) which is associated with response to antiviral
therapy[181]. Thus, the NS5A interaction with host proteins is pleiotropic in nature, making difficult the characterization of the participant elements in pathogenesis.
In individuals progressing to end-stage liver disease,
complexity of the quasispecies population at baseline is
greater and tends to reduce over time, while non-progressors course with gradual increase in complexity[182].
Patients progressing to end stage liver disease, who
likely exert less immune pressure on the HCV population, exhibit reduction in the complexity of the viral
population[182]. High genetic complexity of the intrahost
HCV population and liver injury has also been observed
in immune-competent children associated with vertical transmission in comparison to immune-suppressed
patients[183]. The dynamics of the HCV quasispecies are
also associated with progression to fibrosis after liver
transplantation[184-187]. Recurrence of HCV infection is
universal after transplantation; however, clinical outcome
is variable[188,189]. Several factors affect the outcome of
recurrent HCV disease upon transplantation including
HCV genotype [190,191], virus load[192], and co-infection
with cytomegalovirus[193,194]. Co-infection with human
immunodeficiency (HIV) virus has also been associated
with progression to severe liver disease[195]. Co-infected
patients with unfavorable prognosis are presented with
a relatively stable quasispecies population which can be
a reflection of the limited immune pressure commonly
observed in these patients[184].

Molecular aspects of Therapy
and drug resistance
The “ideal” outcome of the anti-HCV treatment is a sustained virologic response (SVR), defined as undetectable viral RNA for six months after completion of treatment[196].
Until recently, the only option for HCV therapy was a
combination of pegylated interferon‑α (PEG-IFNα)
and ribavirin (RBV). The efficacy of this regime ranged
between 20%-80%, depending on race, disease stage,
infecting genotype and distinct single nucleotide polymorphisms located in the IFN-λ3 promoter gene[197,198]. Poor
outcome was the common feature among patients infected with HCV genotype 1 undergoing IFNα-RBV therapy[196]; thus, the infecting genotype was an important
determinant for response to treatment[199]. Therefore,
efforts aimed to find predictive markers for SVR were
pursued by several groups. Besides infecting genotype
and viral titer, other viral molecular factors used to pre-
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dict IFN therapy outcome rendered controversial results.
For instance, the 39 amino acids located in the interferon
sensitivity determining region (ISDR) in the N5A gene
were proposed to be predictive of SVR[181,200,201]. Thus,
four or more substitutions in this small region correlated with responsiveness in Asian patients infected with
HCV genotype 1b. However, the association between
ISDR and SVR in other races rendered controversial results[202,203].
Major advances in the anti-HCV therapy have been
made during the past few years[204]. This has resulted in
significant improvement in SVR. The landscape of treatments for HCV is expected to change drastically with
more efficient IFN-free antiviral therapies being approved
in the near future[205]. Insights into the molecular structure
of different HCV proteins have greatly fostered the development of new drugs, commonly referred as directacting antiviral agents (DAA). Experience with antiretrovirals has provided a valuable framework for the
development of DAA against HCV. In theory, every
step of the HCV replication cycle is a potential target
for antiviral therapy; however, good results with HIV
protease inhibitors suggested the HCV protease as an
ideal candidate. Nonetheless, both NS3 and NS5B have
been targets for anti-HCV therapy; with two-thirds of
drugs directed against these proteins currently in Phase
Ⅱ and Ⅲ trials, and few already approved by the United
States Food and Drug Administration (FDA). In addition, DAA directed to the NS5A protein have also been
developed (Figure 1, Table 1).
HCV NS3 protease inhibitors
From a chemical point of view, HCV NS3/4A protease
inhibitors can be divided into three main categories:
(1) linear peptidomimetics with an alpha-ketoamide
group that binds the active site, covalently blocking the
enzymatic activity (first class); (2) linear non-covalent
peptidomimetic inhibitors (second class); and (3) macrocyclic non-covalent peptidomimetic inhibitors (third
class)[206,207].
In May 2011, telaprevir and boceprevir, both belonging to the first class of protease inhibitors, were approved
by the FDA for treatment of patients chronically infected with HCV genotype 1. In large Phase Ⅲ studies, SVR
rates of 67%-75% among treatment-naive and 59%-64%
in treatment-experienced patients were achieved with triple regimens (PEG-IFNα, RBV plus either telaprevir or
boceprevir) in comparison to the standard therapy with
IFNα/RBV[109,208-210]. SVR rates depend on the patient
previous response to dual therapy and fibrosis stage[211],
being considerably lower in patients with null response
and liver cirrhosis[210,212]. Additionally, these drugs still require the leading phase with IFNα/RBV; and therefore,
are prone to develop drug resistance[207]. Two features
contribute to this observation: (1) the low-fidelity of the
HCV RdRp and large progeny generated per day; and
(2) the complex structure of the HCV protease active
site. The estimated error rate of the HCV RpRd is about
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Table 1 Amino acid substitutions within the direct-acting antiviral agents target associated with resistance to different direct-acting
antiviral agents agents
Drug target

DAA agents

RAV

Telaprevir
Boceprevir
Faldaprevir
Simeprevir
ABT-450
Danoprevir
Vaniprevir

V36M/A1, T54A/S1, R155K/T1, A156S/T/V1
V36M/A , T54A/S1, V55A1, R155K/T1, A156S/T/V1, V158I, V170A, M175L
R155K1, A156T/V, D168V/E1
1
V36M, F43S, Q80K , S122A/R, R155K1, A156T/V, D168V/E1, I170T
V36M/A/G, V55I, R155K1, A156T/V, D168A/V1
V36M/A, V55I, R155K1, D168E/T1
R155G1/K/N/S/T, A156V, D168V1/G/A

Mericitabine
BI 207127
Lomibuvir/VX-222
Setrobuvir

S282T, L159F, L320F
P495L1/S/A/T/Q, P496S, V499A
L419S1, R422K1, M423TV
M414T/L, G554D, D559G

Daclatasvir

M28V/A/T, Q30R/E/H, L31V/M1, Q54H/N/Y, H58D, Q62R/E, A92K/T, Y93H/N/C1

NS3/4A protease

1

NS5B polymerase

NS5A

1

Amino acid position number represents the key mutations that are clearly associated with virologic failure. A: Alanine; C: Cysteine; D: Aspartate; E: Glutamate; F: Phenylalanine; G: Glycine; H: Histidine; L: Leucine; I: Isoleucine; K: Lysine; M: Methionine; N: Asparagine; P: Proline; Q: Glutamine; R: Arginine; S:
Serine; T: Threonine; V: Valine; Y: Tyrosine; DAA: Direct-acting antiviral agents; RAV: Resistant associated variants.

10-fold higher than the HIV reverse transcriptase[213],
and the virion production rate about 100-fold higher,
originating resistant mutants as minor populations in
treatment naïve patients[133,214,215]. While some studies
have reported frequencies of HCV resistance mutants <
1%[133,214,215], others have shown higher proportions[216].
These resistant associated variants (RAV) can rapidly
emerge and come to prominence after few days of treatment and are responsible for treatment failure in many
patients[217-219].
Boceprevir and telaprevir share extensive cross-resistance. RAV most frequently associated with telaprevir
monotherapy include R155K, A156S/T/V, V36M, and
T54A/S (Table 1). Similar variants are observed with boceprevir monotherapy, in addition to V170A and V55A
(Table 1). Similar profiles of resistance in vitro have been
observed for each substitution resulting in low-to-moderate resistance for V36M, T54A/S, V55A, R155K, A156S,
and V170A, and high resistance for A156T/V and double mutants R155K/V36M[218,220]. Substitutions associated
with resistance to protease inhibitors generally reduce the
catalytic efficiency of the HCV protease. For this reason,
these mutants are rarely detected as the dominant variant
in the intrahost HCV population in the absence of the
antiviral drug. Recent studies have shown that non-responders to protease inhibitors carried a dominant strain
of RAV at the time of virus breakthrough or relapse,
but the wild-type strain re-emerged as the dominant variant after completion of therapy[221,222]. RAV have been
reported for most antiviral agents in development, with
widespread cross-resistance for both linear and macrocyclic groups[218,223]. For example, certain substitutions
involving residues such as R155 as well as R155/A156
often confer resistance against most protease inhibitors
at a moderate fitness cost to the virus. Thus, in the absence of antiviral drugs, RAV replicate with moderate
efficiency compared to wild-type viruses[222,224].
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Telaprevir and boceprevir have restricted spectrum
of action over HCV genotypes. While telaprevir has
some clinical effect against genotype 2, and boceprevir
seems to be effective against genotype 3, their use is prescribed off-label for these genotypes[223]. Drug resistance
to protease inhibitors displays a low genetic barrier (i.e.,
the number of nucleotide changes required to generate
RAV) which represents a particular problem in HCV
subgenotype 1a infection, as the genetic barrier is lower
compared to subgenotype 1b[225].
Second and third classes of NS3 protease inhibitors,
which do not form covalent bounds with their targets,
have several advantages over the first-class compounds[226].
These NS3 protease inhibitors include linear non-covalent
molecules such as faldaprevir, asunaprevir, sovaprevir,
GS-9451 and macrocyclic inhibitors such as simeprevir, danoprevir, ABT-450, GS-9256; and vaniprevir
(Table 1)[207,227-234]. Most of these new DAA are currently
in Phase Ⅱ or Ⅲ clinical trials with the exception of
simeprevir which has been already approved by FDA.
These antiviral agents have showed high rates of SVR,
comparable or higher than boceprevir or telaprevir triplecombination regimens, in HCV genotype 1 patients when
used in combination with PEG-IFN and RBV. These
NS3 HCV protease inhibitors tend to have a broader
spectrum of action over different HCV genotypes; however, these DAA are not pan genotypic antivirals owned
to different inhibitory efficacies across genotypes[227,235,236].
Simeprevir exhibits high antiviral activity against genotypes 2, 4, 5, and 6 whereas no effect has been observed
with genotype 3[236]. First class protease inhibitors genetic
barrier is low and extensive cross-resistance in comparison to second and third class protease inhibitors[218]. In
particular, mutations R155K/T/Q have been shown to
confer broad cross-resistance while mutations D168/E/
G/H/T/Y confer resistance specifically to non-covalent
peptidomimetic inhibitors, regardless of linear or mac-
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rocyclic structure[218,233,237-239]. Notably, D168 is one of
the few active site residues not entirely conserved among
HCV genotypes, which is replaced by glutamine in isolates belonging to genotype 3, partly explaining why HCV
genotype 3 is “naturally resistant”[240]. Moreover, substitution Q80K is present in about 20% of genotype 1a
sequences and confers resistance to Simeprevir[237]. This
mutant has been associated with breakthrough infection
in treatment-naïve subjects[220].
NS5B polymerase inhibitors
Another strategy to inhibit viral replication is the development of polymerase inhibitors which interfere with
viral replication by binding to the NS5B RdRp. NS5B
inhibitors can be divided into two distinct categories:
nucleosides inhibitors and non- nucleoside inhibitors.
Nucleoside analogue inhibitors mimic the natural
substrates of the polymerase causing direct chain termination[241,242]. The NS5B active site is well-conserved
across HCV genotypes as amino acid substitutions in
this location are generally poorly tolerated and result in
remarkable loss of fitness[223,243]. Among nucleoside analogue, mericitabine has been shown to increase SVR rates
in patients infected with genotype 1 and 4[244]. Sofosbuvir,
recently approved by the FDA, has demonstrated extraordinary efficacy for treatment of adults infected with genotypes 1 and 4 in combination with IFN/RBV, and for
the treatment of adults infected with genotypes 2 and 3
in IFN-free regimens[106,245,246]. Importantly, several factors
usually associated with poor outcomes in HCV infected
patients had no effect on the efficacy of sofosbuvir;
thus, only male gender and the presence of cirrhosis are
predictive of unfavorable outcome. Substitution S282T
conferring resistance to sofosbuvir has been observed in
vitro but not in vivo[223]. However, mutants L159F/L320F
in the NS5B polymerase conferring low-level resistance
to mericitabine and sofosbuvir has been reported recently[223,247]. Overall, nucleoside polymerase inhibitors tend to
exhibit good activity against a broad range of genotypes
and have a high genetic barrier to resistance which makes
them a promising class of anti-HCV agents.
Non-nucleoside inhibitors are chemically and functionally much more diverse than nucleoside inhibitors.
Non-nucleoside inhibitors usually bind to several discrete
sites on the HCV polymerase, which results in conformational protein changes before the elongation complex is
formed[241,242]. A limitation of this mechanism of action
is that binding sites are less conserved among genotypes
compared to the active site. As a consequence, lower
cross-genotypic activity and higher probability of RAV
development is observed. Despite efficacy against HCV
genotype 1, resistance occurs at a low fitness cost[218].
Several non-nucleoside inhibitors targeting at least
four distinct allosteric binding sites are in development. Two of these binding sites, named “thumb Ⅰ”
and “thumb Ⅱ”, are located on the polymerase thumb
domain, whereas the other two sites, “palm Ⅰ” and
“palm Ⅱ” are close to the active site cavity and involve
primarily amino acids from the palm domain. Certain
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non-nucleoside inhibitors develop drug resistant variants carrying mutations at different positions, e.g., BI
207127 targeting thumb Ⅰ at P495, P496 and V499; lomibuvir targeting thumb Ⅱ at L419, R422 and M423 as
well as setrobuvir affecting palm Ⅰ at M411, G554 and
D559[220].
NS5A inhibitors
Disruption of the recruiting capabilities of NS5A can
also be targeted for antiviral drug development. Recently,
identification of lead compounds capable of inducing a rapid decline in viral load and emergence of RAV,
characterized by amino acid substitutions located in the
NS5A protein, confirmed their specificity[248,249]. These
agents feature broadly genotypic coverage but low genetic barrier to resistance[207,250].
Daclatasvir is a replication complex inhibitor currently in Phase Ⅲ. Daclatasvir is active at picomolar concentrations in vitro displaying activity over a broad range
of HCV genotypes[249,251]. The resistance profile of daclatasvir has been linked to the N-terminus of NS5A[249].
The most remarkable RAV associated to daclatasvir are
Y93H/C/N, which also confer cross-resistance to other
NS5A inhibitors[249]. Interestingly, Y93 is found near the
protein dimer interface, leading to speculate that NS5A
inhibitors might affect the monomer/dimer equilibrium[252]. Monotherapy with these drugs rapidly selects
for the outgrowth of resistant variants, similar to other
HCV protease inhibitors[220,251,253,254].
Interferon-free therapy regimens
IFN-free combination trials are ongoing with different DAA. The current challenge is the development of
an oral regimen including compounds with different
mechanisms of action, synergistic interactions and pangenotypic activity. Drugs in an IFN-free therapy should
not display overlapping resistance profiles. In principle,
this is achievable since most DAA target different viral
proteins or binding sites in the same protein. Several
DAA are expected to successfully complete phase Ⅲ trials in anticipation of licensing. Initially, different IFNbased regimens (sofosbuvir, faldaprevir and simeprevir)
will be readily available for treatment of HCV genotype
1. In the near future, combination of antiviral agents
lacking cross-resistance with good safety profile will be
the new recommended therapy regime. Recent clinical
studies have shown SVR > 90% in patients administered
with DAA cocktails including protease and polymerase
inhibitor[207]. For example, Sofosbuvir is currently being
evaluated in IFN-free combinations with simeprevir and
daclatasvir. In turn daclatasvir efficacy is being assessed
in combination with asunaprevir and/or non-nucleoside
polymerase inhibitor BMS791325[207,255].
The rapid development of DAA has broadened the
landscape of anti-HCV drugs which will probably include
extensive number of possible ingredients for an effective
combinatory regimen. Results from recent clinical trials
have firmly established the concept that a permanent
cure can be achieved with IFN-free combinations of
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DAA[96,256].
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CONCLUSION
HCV molecular evolution in many ways dictates virus
transmission, progression to severe liver disease and
therapy outcome. The molecular mechanisms exploited
by the virus to achieve persistence are numerous and
complex in nature. The sophisticated evolutionary process to which HCV is subjected during transmission
and upon infection further limits our understanding of
the participating elements of HCV pathogenesis. The
remarkable HCV mutation rate represents a challenging
task for vaccine development and molecular epidemiology. In this new era of advance sequencing technologies,
the implementation of enhanced molecular surveillance
is of the utmost importance to accurately monitor circulation of viral strains. Comprehensive molecular studies
are also required to uncover the participant elements
responsible for virulence.
The rapidly evolving field of DAA is heading to the
development of IFN-free regimens with superior SVR
and pan genotypic activity and less prone to side effects.
However, emergence of RAV remains an important concern. Importantly, and despite the emergence of HCV
RAV, which are frequently developed upon anti-HCV
treatment, high SVR rates are attainable. Detection of
minor variants should be conducted before and during
treatment with new drugs to monitor development of
resistance and better manage patients.
The major advances on therapy have been the results
of many efforts focused on discovering the nuances associated with HCV replication. However, the development of successful vaccines imposed a more daunting
task. Thus, the path to HCV vaccination should be as
exciting, if not more, than the road to efficacious treatment.
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Abstract
Tumor necrosis factor-α (TNF-α) inhibitors are biological
agents introduced in the late 1990s for the treatment of
different immune-mediated diseases as inflammatory
bowel disease, rheumatoid arthritis and psoriasis. The
most commonly used TNF-α antagonists are infliximab,
adalimumab, and certolizumab pegol, and though highly effective in lowering inflammation, the efficacy must
be weighed against the potential for adverse events.
The treatment-induced immunosuppression is suspected to increase the risk of infections, including the risk
of reactivation of latent tuberculosis, as the TNF-α cytokine plays an important role in the immune function.
In this topic highlight a short overview of the infection
risk associated with TNF-α inhibiter therapy is outlined
with a focus on the overall risk of serious infections,
mycobacterial infection and latent viral infections.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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inhibitors are increasing worldwide for the treatment of
several chronic immune-mediated diseases as rheumatoid arthritis and inflammatory bowel disease (IBD). As
the drugs are relatively new on the market, their longterm safety profile remains uncertain. In particular,
a concern regarding an increased infections risk has
been debated. In the current topic highlight, a brief
overview of the current literature regarding the risk of
infections in patients with IBD exposed to TNF-α inhibitors is outlined.
Andersen NN, Jess T. Risk of infections associated with biological
treatment in inflammatory bowel disease. World J Gastroenterol
2014; 20(43): 16014-16019 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i43/16014.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i43.16014

INTRODUCTION
Inflammatory bowel disease (IBD), comprising ulcerative colitis (UC) and Crohn’s disease (CD) are relapsing
inflammatory conditions affecting the gastrointestinal
tract. Since their introduction in the late 1990s, tumor
necrosis factor-α (TNF-α) inhibitors have altered the
treatment paradigm in IBD and other chronic inflammatory conditions as rheumatoid arthritis and psoriasis.
TNF-α inhibitors are chimeric, partly or fully humanized
monoclonal antibodies or antibody fragments impairing
the pro-inflammatory cytokine, TNF-α. Initially, TNF-α
inhibitors were approved for treating fistulizing cd but
rapidly their indication expanded and currently, infliximab, adalimumab, certolizumab pegol and golimumab
are approved for the treatment of moderate to severe
active IBD in adults (certolizumab pegol solely approved
for CD and golimumab solely approved for UC)[1-5], and
recently infliximab has been approved for refractory CD
and UC in pediatric patients[6,7]. Assembled, the benefits

16014

November 21, 2014|Volume 20|Issue 43|

Andersen NN et al . IBD and risk of infections

of TNF-α inhibitors in the management of IBD are indisputable, but concerns about potential adverse events
remain an important issue. TNF-α has a central role in
the immune system stimulating the differentiation of
monocytes into macrophages, recruitment of neutrophils and creation of granulomas[8]. Inhibiting this cytokine in the case of inappropriate immune responses as
seen in IBD, could potentially impair the effectiveness of
the host immune function in the defense against infectious organisms, thereby leading to an increased risk of
infections, including the risk of opportunist infections.
Shortly after the introduction of infliximab a concern
regarding the risk of reactivation of latent tuberculosis
(TB) was raised and has led to obligate screening for
latent TB prior to TNF-α inhibitor exposure[9]. Early
randomized clinical trials examining the risk of infectious complications have primarily suggested that there
is no overall increased risk of infections after treatment
with TNF-α inhibitors, but, the true risk profile often
relies on ongoing surveillance during the post marketing period with the accumulation of a large number of
unselected exposed patients. For this purpose, population- and register-based observational studies are useful,
though residual confounding often challenges the interpretation of these studies. Further, drug specific analyses
are complicated by the fact that the majority of IBD
patients receiving TNF-α inhibitors have concurrent exposure to other immunomodulators as azathioprine and
prednisolone, drugs also known to possess an infection
risk per se[10-12]. Hence, multiple factors must be taken into
account when analyzing and interpretation the infectious
risk estimates related to biological treatment.
The aim of the current topic highlight is to give a
brief up-date on the existing evidence on the potential
increased risk of infections, including the risk of reactivation of latent TB and viral pathogens in IBD patients
treated with TNF-α inhibitors.

OVERALL INFECTION RISK
Prior to the approval of infliximab for IBD in the late
1990’s, several large, randomized pivotal phase 3 clinical
trials were conducted in order to assess the effectiveness
of the drug and outline a safety profile. Lichtenstein
et al[13] performed a pooled analysis of infections risk
based on these sponsor-initiated trials, including the ACCENT Ⅰ[3,14], ACCENT Ⅱ[15] and SONIC[1] trials in CD
and the ACT Ⅰ and ACT 2[2] trials in UC. Authors found
that a larger proportion of infliximab- than placebotreated UC patients had at least one infection (50.1% vs
36.3%; P < 0.001) whereas the proportion of CD patients treated with infliximab vs placebo who had one infection was similar (49.1% vs 45.3%; p = 0.402). The proportion of IBD patients having one serious infection was
similar in infliximab vs placebo treated patients (4.7% vs
3.7%; P = 0.427). Infections expressed as incidences per
100 person-years revealed that infliximab-treated IBD patients had an incidence of 113.80 (95%CI: 109.12-118.62)
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vs 115.79 (95%CI: 104.26-128.25) in placebo-treated
IBD patients. Similarly, no significant difference between
infliximab-treated and placebo-treated IBD patients in
incidence of serious infections was observed and authors
concluded that infliximab treatment in patients with IBD
did not appear to affect incidences of infections. However, the design of randomized clinical trials is often with
stringent inclusion and exclusion criteria, and limited
follow-up and sample size, hence presenting selected
patients populations, that are not optimal for evaluation
of the overall, long-term risk of adverse events. In 2009,
Fidder et al[16] conducted a single-centre cohort study,
evaluating the long-term safety of infliximab in 734 exposed IBD patients followed for a median of 58 mo.
The study suggested that the infection rate was similar in
IBD patients treated with infliximab compared to IBD
patients treated with conventional therapies. In contrast, a prospective, observational study with equivalent
follow-up time, based on data from the North American
TREAT (Crohn’s Therapy, Resource, Evaluation, and Assessment Tool) registry found that infliximab treatment
was associated with a significant 43% increased risk of
serious infections (HR = 1.43; 95%CI: 1.11-1.84) but
authors pointed out that CD severity and use of prednisone and narcotic analgesic carried higher risks, thus the
increased risk of serious infection might be attributed to
disease severity rather than the infliximab treatment per
se[17]. Another North American study including combined
data from four large databases in the SABER (Safety Assessment of Biologic Therapy) project investigated the
rate of serious infections in patients with different autoimmune disease (IBD, RA, psoriasis, psoriatic arthritis,
and ankylosing spondylitis) exposed to TNF-α inhibitor
treatment compared with the rate in propensity score
matched non-users[18]. Among 2323 patients with IBD
exposed to TNF-α inhibitors no increased risk of serious
infections was observed (365 d risk window) following
exposure, with an adjusted HR of 1.13 (95%CI: 0.85-1.50)
whereas an insignificant trend towards an increased risk
was observed for those with concomitant glucocorticoid treatment (> 10 mg/d) with a HR of 1.38 (95%CI:
0.98-1.95). Only for RA patients did the study have sufficient power to analyze the risk of serious infections for
the different TNF-α inhibitors separately and stratified
analyses revealed that exposure to infliximab was associated with a 25% significant increased risk of serious
infections when compared to non-biological treatment
(HR = 1.25; 95%CI: 1.07-1.48). There were no increased
risk of serious infections related to adalimumab. A small
cohort study from Korea compared the risk of serious
infections between infliximab and adalimumab in 175 patients with different autoimmune disorders (including 54
with IBD) and found similar infections rates in patients
exposed to adalimumab and infliximab but no analyses
with a comparison group were performed[19].
From the Food and Drug Administration Adverse
Event Reporting System, Deepak et al[20] studied the association between infections risk and different drugs, in-
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cluding TNF-α inhibitors in patients with IBD. Authors
found that the risk of serious infections was increased in
IBD patients treated with TNF-α inhibitors as monotherapy (OR = 1.95; 95%CI: 1.06-3.59) and further revealed
that there was no incremental increase in risk, when
combining the treatment with other immunomodulators.
A register-based study from the United Kingdom compared the risk of serious infections in patients with rheumatoid arthritis (RA) exposed to TNF-α inhibitors with
those exposed to conventional treatments and found
a small, significant increased risk related to TNF-α inhibitor exposure (HR = 1.2; 95%CI: 1.1-1.5) with no
significant difference between the different TNF-α inhibitors[21]. Further, when limiting the follow-up to the
first 90 days after exposure to TNF-α inhibitors revealed
a augmented increased risk of serious infections (HR =
1.8; 95%CI: 1.3-2.6) suggesting that the risk of serious
infections is dependent on time since exposure with an
increased risk in the early post-treatment period. The
study also studied the effect of age on risk of infections
and although increasing age was an independent risk factor for serious infections in both treatment groups, there
was no difference in relative risk of infection in patients
on TNF-α inhibitor therapy in the older population.
To summarize, the overall risk of infections related
to TNF-α inhibitor exposure in patients with IBD tend
to be limited during long follow-up and mostly driven
by patient factors including comorbidities and steroid
use. However, the potential for TNF-α inhibitor therapy
to improve disease control and allow for steroid dose
reduction or elimination, could even out the risk estimates and mask a more substantial increased infections
risk related to TNF-α inhibitors per se. There is a need
of further longitudinal observational studies examining
the risk in the different TNF-α inhibitors separately and
during different risk windows to assess the potential of a
time varying effect.

MYCOBACTERIAL INFECTIONS
According to the World Health Organization, an estimated 8.6 million people developed Tuberculosis (TB)
and 1.3 million died from the disease in 2012 making the
disease a major global health problem[22]. Shortly after
introduction of infliximab, the concern of reactivation
of latent TB in patients receiving TNF-α inhibitors was
raised as reports from the Food and Drug Administration Adverse Events Reporting System revealed higher
rates of TB in patients exposed to infliximab compared
to the background rates[9]. There were 70 reported cases
of TB in patients exposed to infliximab for a median of
12 wk and in 48 patients, TB developed after three or
fewer infusions. Of the 70 cases, 91% were from countries with low incidence of TB. The association is further
strengthen by the biological plausible link, as TNF-α
plays an important role in granuloma formation, which
is responsible for the sequestration of mycobacteria.
The risk of TB reactivation following TNF-α inhibitor
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treatment is mostly studied in patients with rheumatoid
arthritis[23-25] and there is a wide variation in TB rates
observed amongst the different studies and a consensus
report stated that the relative risk of TB increases 1.6-25
times with exposure to TNF-α inhibitors depending on
the clinical context, the drug used and the patient’s country of origin[26]. Interestingly, two studies investigating the
risk of reactivation of latent TB in patients with cd did
not find any cases of TB and this raises the possibility of
a substantial lower risk of TB in patients with IBD compared to those with rheumatoid arthritis, possibly partly
because of the younger age of IBD patients[27,28]. In light
of the significant morbidity and mortality associated with
TB reactivation, current guidelines demand that patients
with IBD who are to be treated with TNF-α inhibitors
should first be screened for latent TB with a chest x-ray
and tuberculin skin test[29,30] (in case of a negative test
in patients at high TB risk a Quantiferon test should be
considered[29,31-33]). If there is evidence of latent TB infections, patients should begin treatment with isoniazid
therapy prior to introducing TNF-α inhibitor treatment.

LATENT VIRAL INFECTIONS
An increased risk of viral infections has also been associated with TNF-α inhibitor exposure as TNF-α has an
important role in viral clearance. Particularly the risk of
reactivation of varicella zoster virus (VZV), cytomegalovirus (CMV) and viral chronic hepatitis B has received
attention.
TNF-α plays a role in the immune response against
VZV as it blocks antigen expression and viral virus replication[34]. Infection with VZV in children causes chickenpox (primary infection) and the infection then becomes
latent and may be reactivated in adults causing herpes
zoster (shingles). The potential association between
TNF-α inhibitors and herpes zoster is mainly studied
in patients with RA. A German study including 5040
patients with RA revealed that exposure to the TNF-α
inhibitors infliximab and adalimumab was associated
with an 82% significant increased risk after adjustment
for age, disease severity and glucocorticoid use (HR
= 1.82; 95%CI: 1.05-3.15)[35]. However a more recent
study, including 33324 new users of TNF-α inhibitors
in patients with RA, IBD, psoriasis, psoriatic arthritis,
or ankylosing spondylitis did not find a higher risk of
herpes zoster in patients with IBD or other inflammatory diseases who initiated TNF-α inhibitor therapies
compared with patients who initiated non-biologic treatment regimens[36]. As the evidence is not clear, clinicians
should be aware of the potential increase risk of herpes
zoster, particularly in the light of the high prevalence of
VZV seropositive patients. Prior to initiation of TNF-α
inhibitor treatment, VZV vaccine may be administered
to all adults without evidence of immunity to VZV, but
administration of live attenuated VZV vaccine is contraindicated during TNF-α inhibitor therapy and should be
given at least 3 wk prior to initiation of any immunosup-
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Table 1 Testing to undertake prior to initiation of tumor necrosis factor-α inhibitor treatment
Infection
TB

HBV

HIV
VZV

Tests

Consequences

Latent TB infection should be tested by a combination of patient history, chest X-ray, tuberculin skin test and interferon-gamma release
assays (Quantiferon test) according to local prevalence and national
recommendations. The Quantiferon test is preferred in patients
receiving immunosuppressive therapy and in BCG immunized
patients

Patients diagnosed with latent TB infection prior to TNF-α inhibitor
exposure should be treated with a complete therapeutic regimen for
latent TB. TNF-α inhibitor treatment should not be initiated prior to
one month after the introduction of anti-TB treatment
When active TB is diagnosed, anti TB-therapy must be started, and
TNF-α inhibitor therapy must be stopped but can be resumed after
two months if needed
Blood test for HBsAg, anti- HBsAb and HBcAb to determine HBV Patients with acute HBV infection (HBsAg positive) should be treated
status. In patients with positive HBsAg, viremia (HBV-DNA)
with antiviral drugs and treatment with TNF-α inhibitors should not
should also be quantified
be initiated before a test of HBV DNA is negative
In case of evidence of quiescent HBV infection patients should be
regularly monitored for evidence of HBV replication during treatment
with TNF-α inhibitors
Blood test for HIV serology
In patients with uncontrolled HIV infection, treatment with TNF-α
inhibitors is contra-indicated
In case of a negative history of chicken pox/herpes zoster infection Patients with negative serology for VZV should be vaccinated and
VZV serology should be tested
treatment with TNF-α inhibitor should be awaited three weeks

TB: Tuberculosis mycobacterium; TNF-α: Tumor necrosis factor-α; HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen; HBsAb: Hepatitis surface
antibody; HBcAb: Hepatitis B core antibody; HIV: Human immunodeficiency virus; VZV: Varicella zoster virus.

pressant including TNF-α inhibitors.
Cytomegalovirus is another member of the Herpes
virus family and has a high seroprevalence in adults[37].
The primary infection in immune-competent patients is
nearly always asymptomatic or comparable to mild mononucleosis-like symptoms but afterwards the infection
often becomes latent. Treatment with TNF-α inhibitors
has been related to reactivation of latent CMV infections
in patients with IBD[37,38]. The handling of CMV infection
in IBD patients remains a challenge as the distinction between active CMV infection and active CMV disease (the
presence of both CMV infection and the presence of
clinical signs and symptoms, such as fever, leukopenia, or
end organ involvement) may be difficult. As there are no
current consensus on how to manage active CMV infections/CMV disease in IBD patients treated with TNF-α
inhibitors or other immunosuppressant drugs large, controlled trials on antiviral treatment are needed to clearly
elucidate the benefits of antivirals in this setting, and to
possibly identify risk factors that help identify patients
who need antiviral therapy[39].
The awareness of hepatitis B virus (HBV) infections
has increased because of several case reports of severe
hepatitis B virus reactivation in patients exposed to TNF-α
inhibitors[40-42]. Although the role of TNF-α in chronic viral
hepatitis is limited, there is evidence that TNF-α synergizes with interferons in suppressing viral replication[43]
and is essential in clearing HBV[44]. Hence, inhibiting the
TNF-α cytokine could potentially increase HBV replication leading to active disease. Currently, it is recommended that all patients with IBD are screened for HBV
before introducing TNF-α inhibitor therapy and if active
HBV replication is detected, antiviral treatment should
be administered prior to introducing TNF-α inhibitor
therapy.
Table 1 summarizes which tests to undertake prior to
initiation of treatment with TNF-α inhibitors.
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Based on the current ECCO (European Crohn Colitis Organisation) consensus on preventing opportunistic
infections in patients with IBD the following vaccinations are recommended to be given prior to the initiation
of TNF-α inhibitors: Influenza (annual), Pneumococcal,
Hepatitis B, Varicella, HPV (only women)[45].

CONCLUSION
There is limited evidence of a substantial increased overall
risk of serious infections in patients with IBD exposed to
TNF-α inhibitors, however, a small increased risk may not
be ruled out, particularly in patients receiving concomitant
treatment with corticosteroids and comorbidity. Additionally, it seems that there is an association between exposure
to TNF-α inhibitors and different site- and pathogenspecific infections. The risk of reactivation of latent TB
infections should be recognized and minimized by TB
testing prior to the initiation of TNF-α inhibitor treatment, particularly in countries with high TB incidence.
Likewise, it is recommended to screen for latent hepatitis
B virus infection and VZV prior to TNF-α inhibitor
treatment. The magnitude of the risk of reactivation of
CMV in IBD patients exposed to TNF-α inhibitors and
other immunosuppressant drugs is not clear and there is
no current consensus on how to manage these patients.
In the future, with a growing number of patients exposed to TNF-α inhibitors and hence increasing power,
there is need for studies examining the risk of infections following TNF-α inhibitor exposure in patient
sub-groups, as for example the elderly. Further there is
a need of studies investigating the risk of infections according to specific TNF-α inhibitors separately.
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Abstract
Some colorectal cancer (CRC) patients present symptoms of bowel obstruction, which is considered a surgical emergency. Because of poor medical condition and
high incidence of post-surgical complications, there
has been increasing use of self-expanding metal stents
(SEMS) for the purpose of palliation or as a bridge to
surgery with some benefits, including shorter hospital
stays, lower rates of adverse events, and one-stage
surgery. However, with increasing survival of CRC patients, there have been controversial data on clinical
outcomes and complications, compared between SEMS
use and surgery for treatment of malignant bowel
obstruction. We review recent clinical data on clinical
outcomes of SEMS use compared to surgery, including
complications.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colon; Cancer; Obstruction; Stent; Palliation
Core tip: Accumulating evidence has supported the
clinical efficacy of self-expanding metal stents (SEMS)
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placement in patients with malignant colorectal obstruction. As a bridge to surgery or a palliative measure,
SEMS placement achieves significantly more beneficial
short-term outcomes to relieve obstructive symptoms
compared with emergent surgery. Furthermore, SEMS
placement can avoid emergent surgery with stoma
creation, which increases perioperative morbidity and
mortality. However, the negative results of SEMS placements found in recent randomized controlled trials
should not be overlooked. For successful outcomes of
SEMS placement, the cause of bowel obstruction, purpose of intervention, life expectancy, medical condition,
and endoscopic skill should be considered with careful
examination on patient status.
Hong SP, Kim TI. Colorectal stenting: An advanced approach
to malignant colorectal obstruction. World J Gastroenterol 2014;
20(43): 16020-16028 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i43/16020.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i43.16020

INTRODUCTION
Among colorectal cancer (CRC) patients, 7%-29% initially present symptoms of bowel obstruction, such as
vomiting, abdominal pain, and distention[1]. Because malignant bowel obstruction develops into intestinal ischemia or perforation, it is considered as a surgical emergency[1,2]. However, these patients are usually in poor medical
condition and have a high incidence of post-surgical
complications. Despite advances in preoperative patient
care, emergent surgical decompression results in a higher
mortality of 15%-20% and morbidity of 45%-50% than
elective surgery of 0.9%-6%[3,4]. In addition, up to 40%
of patients require a permanent colostomy after emergent surgery and have low health-related quality of life
and increased expenses related to colostomy care[5].
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A

B

Figure 1 Self-expandable metallic stent placement for acute left-side malignant obstruction. A: Fluoroscopy showed a malignant stricture with 3 cm length at a
rectosigmoid junction. A guide wire was passed through the stricture; B: A 8 cm uncovered stent was successfully inserted and deployed.

Since the first palliative use of metal stents in the early
1990s[6,7], there has been increasing use of self-expanding
metal stents (SEMS) for the palliation of malignant
bowel obstruction[8-12]. SEMS may be used for the purpose of palliation or as a bridge to surgery to permit onestage surgery at a later date. A systematic review reported
a technical success rate of 96.2% (range, 66.6%-100%)
and a clinical success rate of 92% (range, 46%-100%)[13].
In the palliative group, the median duration of patency
was 106 d (range, 68-288 d). Relative to emergent surgery, SEMS placement had positive outcomes, including
shorter hospital stays, and lower rates of adverse events.
Because of these reasons, SEMS treatment has been
regarded as a first-line treatment for malignant bowel
obstruction. However, a recent Cochrane systematic review including five randomized clinical trials found that
patients receiving emergent surgery had better clinical
success than those receiving SEMS (98.84% vs 78.05%, P
= 0.001), and failed to show enough evidence to support
an initial use of SEMS for the palliation of malignant
colorectal obstruction, even though the SEMS group
experienced the advantages of shorter hospital stay and
procedure time and lower blood loss[14]. Therefore, this
review describes recent clinical studies of SEMS use
compared to surgery, focusing on clinical outcomes according to the cause of obstruction and the purpose of
its use. This review includes SEMS-related complications
and managements thereof.

MALIGNANT COLORECTAL
OBSTRUCTION DUE TO PRIMARY
COLORECTAL CANCER: BRIDGE TO
SURGERY
In patients with malignant colorectal obstruction with
curable disease, SEMS can provide a chance for onestage surgery with primary anastomosis after decompres-
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sion (Figure 1). Without decompression, these patients
usually receive emergent surgical resection with an ostomy, followed by a second operation with reanastomosis. We reported a technical success rate of 97.8% and a
clinical success rate of 94.7% for SEMS as a bridge to
surgery[15]. Thus, for the purpose of serving as a bridge
to surgery, SEMS has several advantages over emergent
surgery, including medical stabilization, full staging workup, conversion of emergent to elective surgery, one-stage
surgery with primary anastomosis, and laparoscopic approach[12,16,17].
Although several retrospective and prospective studies support these observations and suggest the primary
use of SEMS as a bridge to surgery[15,16,18,19], randomized
controlled trials (RCTs) yield conflicting results. Thus
far, six randomized controlled studies have been conducted comparing the clinical efficacy of SEMS with
that of emergent surgery (Table 1)[20-25]. Of those, four
RCTs showed favorable outcomes of SEMS[20-22,25], while
two RCTs reported unfavorable outcomes of SEMS
compared to emergent surgery[23,24]. In RCTs, the overall
technical success rate was 78.7% (range, 46.7%-100%),
and the overall clinical success rate was 76.7% (range,
40%-96.7%). Interestingly, the technical and clinical success rates of SEMS were quite different between RCTs
with favorable SEMS (88.8% and 87.5%, respectively)
and unfavorable SEMS (58.5% and 55.1%, respectively).
This may have been due to differing degrees of experience of endoscopists with the use of SEMS in patients
with malignant colorectal obstruction, as the two RCTs
with unfavorable outcomes of SEMS had been conducted in multi-center trials, including several academic
and community teaching hospitals, while the four RCTs
with favorable SEMS outcomes had been conducted in a
single center. Other factors, including different degree of
obstruction and tumor biology may influence the results.
One multicenter RCT by Pirlet et al[23] enrolled 60 patients
in nine centers, and SEMS were inserted endoscopically

16021

November 21, 2014|Volume 20|Issue 43|

WJG|www.wjgnet.com

France

Netherlands
China

Pirlet et al[23]

van Hooft et al[24]

1

25

9

1

1

1

Centers

48 (ST: 24; ES: 24)

98 (ST: 47; ES: 51)

60 (ST: 30; ES: 30)

28 (ST: 15; ES: 13)

39 (ST: 20; ES: 19)

60 (ST: 30; ES: 30)

Population

Left colon

Left colon

Left colon

Left colon

Left colon

Left colon

Location

Wallstent

Wallstent

Hanaro,
WallFlex
Bard

WallFlex

NA

Stent type

ST: 83.3%

ST: 70.2%

ST: 46.7%

ST: 100%

ST: 75%

ST: 96.7%

Technical
success

ST: 83.3%

ST: 70.2%

ST: 40%

ST: 100%

ST: 70%

ST: 96.7%

Clinical
success

No

12.8%

6.6%

No

No

No

Stent perforation

ST: 100%;
ES: 100%
ST: 93.3%;
ES: 100%
ST, 73.3%;
ES, 46.7%
ST: 44.7%;
ES: 23.5%
ST: 83.3%;
ES: 54%

NA

Primary
anastomosis

Leakage

ST: 13.5; ES: 14

NA

ST: 23; ES: 17

ST: 13; ES: 10

ST: 14; ES: 13

ST: 13; ES: 8

Overall postoperative Hospital stay (d)
complication

ST: 0%;
ST: 13.8%; ES: 50%
ES: 3.3%
ST: 5%; ES: ST: 5%:
ST: 35%; ES, 58%
10.5%
ES: 0%
No
ST, 5%: ST: 13.3%; ES: 53.8%
ES, 30.7%
ST: 30%; ES: ST: 6.6%: ST: 26.7%; ES: 33.3%
26.7%
ES: 6.6%
NA
ST: 10.6%:
ST: 25%; ES: 23%
ES: 1.9%
ST: 16.7%;
ST: 0%:
ST: 8.3%; ES: 70.8%
ES: 8.3%
ES: 8.3%

No

Permanant
stoma

ST

ES

ES

ST

ST

ST

Conclusion
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In CRC patients with unresectable metastatic disease and bowel obstruction, SEMS has been performed as a therapeutic option for palliation to avoid stoma creation. There
have been three RCTs to compare the clinical efficacies of SEMS and of surgery (Table 2). Early two RCTs compared the clinical efficacies of SEMS and of colostomy
showed favorable outcomes for SEMS. Fiori et al[27] enrolled 28 patients and reported technical and clinical success rates of 100%for SEMS. Mean operative time and median

MALIGNANT COLORECTAL OBSTRUCTION DUE TO PRIMARY COLORECTAL CANCER: PALLIATIVE AIM

or radiologically. The primary outcome was the need for a stoma. They showed that 56.7% of the surgery group sustained a stoma placement compared to 43.3% of the SEMS
group (P = 0.30). They reported a technical success rate of 46.7% and a clinical success rate of 40% for SEMS use. Another multicenter RCT by van Hooft et al[24] enrolled 98
patients in 25 centers, and the primary outcome was mean global health status during a 6 mo follow-up assessing by quality-of-life questionnaire. They failed to show better outcomes with SEMS and reported technical and clinical success rates of 70.2% for SEMS use. Among the 6 RCTs, only these 2 RCTs had stent-related colon perforations (6.6%[23]
and 12.8%[24]). The most common cause of technical failure was the inability to pass the stricture with the guidewire. However, even in the RCT with unfavorable SEMS outcome, when limited to patients with successful SEMS placement, all patients received elective surgery with primary anastomosis[23]. This indicates that SEMS can result in sufficient outcomes with acceptable complication rates, provided that the performing endoscopists are fully experienced in the techniques of stenting.
A recent meta-analysis including 14 randomized and non-controlled studies for SEMS as a bridge to surgery confirmed the benefits of SEMS over emergent surgery[26].
Using pooled analysis, technical success was achieved at a rate of 96.9% (range, 46.7%-100%) and the clinical success rate was 94.2% (range, 40%-100%). In terms of stentrelated adverse events, the migration rate was 0% (range, 0%-10.5%), and the perforation and silent perforation rates were 0.1% (range, 0%-12.8%) and 0.1% (0%-26.6%),
respectively. Pooled analysis showed that stoma creation was significantly lower in the SEMS group (0%-51.1%) than in the surgery group (0%-96.6%; P = 0.03). Primary
anastomosis was also achieved significantly more frequently in the SEMS group (44.7%-100%) than in the surgery group (13.8%-100%; P < 0.001). Other morbidity, including anastomotic leakage and infections, tended to be low in the SEMS group. Mortality and length of hospital stay did not differ between the two groups. Therefore, as a
bridge to surgery, SEMS is a safe and an effective therapeutic option and can be regarded as a first-line treatment for palliation of malignant colorectal obstruction in highexperienced centers. SEMS can provide a chance for patients to receive one-stage surgery without ostomy. However, in low-experienced centers, surgery should be considered as a treatment of choice.

ST: Stent; ES: Emergent surgery; NA: Not available.

Cheung et al[25]

Spain

Singapore

Egypt

Country

Alcántara et al[22]

Ho et al[21]

Ghazal et al[20]

Ref.

Table 1 Randomized controlled studies on self-expandable metallic stents as a bridge to surgery in patients with malignant colorectal obstruction
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Centers

28 (ST: 11; ES: 11)

30 (ST: 15; ES: 15)

21 (ST: 11; ES: 10)

Population
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Simgoid
colon,
rectum

Left colorectum
Left colon

Location

Wallstent

Wallstent

WallFlex

Stent type

ST: 100%

ST: 93.3%

ST: 90%

Technical
success

ST: 100%

ST: 100%

ST: 90%

Clinical
success

NA

Early: 20%;
Late: 40%
None

Stent
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Conclusion

hospital stay were significantly shorter in the SEMS group than in the colostomy group. Because the study focused on early clinical outcomes of each modality, there was no
data on the long-term patency of SEMS and stent-related complications. Xinopoulos et al[28] enrolled 30 patients and reported a technical success rate of 93.3% and a clinical
success rate of 100% for SEMS. There was no stent-related perforation during the procedures. The duration of hospital stay did not differ between the two groups. During
the follow-up period, there was a stent reobstruction rate of 42.9% and no perforation. Although the cost of materials was high in the SEMS group, the total cost did not
differ between the two groups. However, a recent multicenter RCT was ended early due to the unexpectedly high rate of perforation in the SEMS group. van Hooft et al[24]
planned to enroll 85 patients for each SEMS or surgery group to evaluate survival with good health upon leaving the hospital. In the 11 patients in the SEMS group, the technical and clinical success rates were 90%. They reported six cases of stent-related perforation. Two cases developed at 12 d after stent placement. Four cases developed 30 d
after stent placement. Seven patients with stenting received chemotherapy and four patients experienced stent-related perforation. During follow-up, stent migration and stent
reobstruction occurred at rates of 10% and 20%, respectively. Of the 10 patients in the surgery group, six underwent resection with primary anastomosis. Therefore, the authors suggested that surgery should be considered as a first-line treatment for patients who are candidates for chemotherapy.
In contrast to this recent RCT, several prospective and retrospective studies have supported the use of SEMS as a palliation for bowel obstruction in patients with incurable
CRCs as opposed to surgery[11,29,30]. We reported a retrospective study to compare the long-term clinical efficacies of SEMS (71 patients) and palliative surgery (73 patients) for
palliation of malignant colorectal obstruction in patients with unresectable CRCs[11]. The median follow-up period was 9.63 mo (range, 0.6-43.2 mo) in the SEMS group and
9.83 mo (range, 0.6-37.1 mo) in the surgery group. The technical and clinical success rates for SEMS were both 95.8%, which was comparable with those for palliative surgery.
The overall complication rate was significantly lower in the SEMS group than in the surgery group (15.5% vs 32.9%), while the major complication rates did not differ between
the two groups (7% vs 8.2%). The median hospital stay and the median time to chemotherapy administration were significantly shorter in the SEMS group than in the surgery
group. Although the patency duration of the first stent in the SEMS group was shorter than that in the surgery group (137 d vs 268 d), the median patency duration after a second stenting (229 d) was comparable to that of the surgery group. This indicates that most stent reobstructions can be managed endoscopically. Although overall complications
were significantly higher in the SEMS group than in the surgery group (33.8% vs 17.8%), major complications did not differ (18.3% vs 8.2%). Stoma creation was significantly
higher in the surgery group than in the SEMS group (50.7% vs 18.3%). Nine patients developed stent-related perforation. Two perforations occurred during the procedures.
Two perforations occurred in the early period, less than 30 d after SEMS placement, and another five perforations occurred in the late period.
A recent prospective cohort study compared the short-term outcome of an SEMS group (112 patients) with a previous surgery group (60 patients)[30]. They reported a 96%
technical success rate and a 90% clinical success rate for SEMS. Of 112 patients with stenting, 88 were for palliation, and 18% of patients ultimately underwent surgery due
to poor outcomes and stent complications. Although the overall morbidity rate did not differ between the two groups, the procedure-related 30-d mortality was significantly
higher in the surgery group than in the SEMS group (20% vs 7%). Among 112 patients, 5.4% experienced stent-related perforations. Meanwhile, a recent retrospective single
center study compared the clinical outcomes of SEMS (36 patients) with those of surgery (52 patients)[31]. They reported a 97.2% technical success rate and a 100% clinical
success rate for SEMS. The overall complication rate did not differ between the two groups. Stent-related perforation occurred in only one patient (2.8%). The median hospi-

ST: Stent; ES: Emergent surgery; NA: Not available.
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Table 2 Randomized controlled studies on self-expandable metallic stents as a palliative aim compared to surgery in patients with incurable malignant colorectal obstruction
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tal stay, the median time to starting chemotherapy, and
stoma creation rate were significantly lower in the SEMS
group than in the surgery group. From these two reports,
although the overall complication rates did not differ
between the two groups, the procedure-related mortality
rate was significantly higher in surgery group than stent
group.
Two recent meta-analyses reported conflicting results
on the clinical efficacy of SEMS compared with that
of surgery. One meta-analysis reported a 93.9% clinical
success rate for SEMS[32]. Although the long-term complications were significantly higher in the SEMS group
than in the surgery group, the short-term complications
and mortality were not different, and the hospital stay
was significantly shorter in the SEMS group. Another
meta-analysis showed that the SEMS group had significantly lower clinical success than the surgery group
(93.1% vs 99.8%)[33]. Although the overall complications
did not differ (34.0% vs 38.1%), the 30-d mortality was
significantly lower in the SEMS group than in the surgery group (4.2% vs 10.5%). Hospital stay (9.6 d vs 18.8
d), time to initiation of chemotherapy (15.5 d vs 66.4 d),
and stoma formation (12.7% vs 54.0%) were significantly
lower in the SEMS group than in the surgery group.
Because most studies focused on the clinical outcomes of SEMS, the oncologic outcomes of SEMS for
the purpose of palliation were not clearly established.
We reported that the median time to progression (7.97
mo vs 7.40 mo) and the median overall survival (10.9
mo vs 13.0 mo) did not differ between the SEMS group
and the surgery group[11]. Although the time to the first
chemotherapy was definitely shorter in the SEMS group
than in the surgery group, this might not affect survival.
Another retrospective study supported our result [29].
They reported no difference in overall survival between
SEMS and surgery (14 mo vs 11 mo). However, a recent
retrospective study reported a poor oncologic outcome
of an SEMS group compared to a surgery group[31]. Although they showed clinical efficacies for SEMS placement comparable to previous studies, the median overall
survival was significantly shorter in the SEMS group
than the surgery group (7.6 mo vs 15.9 mo). The authors
explained this by the effect of primary tumor resection.
They reported that all of the patients underwent primary tumor resection. However, this explanation is not
supported by the fact that in our study, 89% of patients
underwent primary tumor resection, yet there was no
difference in overall survival between the two groups [11].
Moreover, they included only 36 patients in the SEMS
group, and more patients with American Society of
Anesthesiologists (ASA) III and IV in the SEMS group
than in the surgery group. These differences may influence their results. A recent meta-analysis also found no
difference in the overall survival rate between SEMS and
surgery (7.64 mo vs 7.88 mo)[33].
It is evident that the early clinical efficacy of SEMS is
comparable to that of surgery and that the rate of early
stent-related complications is acceptable. Although a
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previous multicenter RCT with Wall Flex stents reported
an unexpectedly high rate of stent perforation[34], this
observation was not observed in other studies with the
same stents[35,36]. Thus, the perforations may have been
attributable to endoscopic factors. Although long-term
patent duration with SEMS is shorter than with surgery
due to stent-related complications, repeated stent placements can overcome this limitation. Therefore, SEMS
is one of therapeutic optionsfor palliation of malignant
colorectal obstruction in patients with incurable disease,
based on the life expectancy and surgical risk.

SECONDARY COLORECTAL
OBSTRUCTION DUE TO EXTRA-COLONIC
TUMOR
Colonic obstructions may also occur from compression
or invasion by extra-colonic tumors. The etiology for
obstruction by extrinsic cancer includes metastatic or
far-advanced gastric, gynecologic, pancreatic, bladder, or
small bowel tumors, and a location of obstruction related to the primary tumor’s location, such as transverse colon obstruction in the case of gastric cancer, because of
anatomical proximity[37]. In these cases, the patients may
be in state of carcinomatosis and have adhesions due to
prior surgery or chemoradiation. Therefore, the colon
may have complex strictures and be immobilized, which
means that the bowel is not movable during the colonoscopy. In this setting, considering the poor prognosis,
short life expectancy, and high mortality and morbidity
rate associated with palliative surgery, colorectal stenting
could be an alternative therapeutic option instead of palliative surgery[38,39].
Because the obstruction pattern and tumor characteristics related to extra-colonic tumor are different from
those of primary colorectal cancer, the results of stent
insertion are expected to be different. However, there
have been limited data on the use of colorectal stents in
patients with extra-colonic tumor-related obstruction.
The reported success rates of SEMS in colorectal obstruction by extra-colonic tumor vary. Shin et al[37] reported favorable technical and clinical success rates for SEMS
(87.2% and 82.1%, respectively), which are comparable
with previous data on obstruction by primary colorectal
cancer[40,41], and Kim et al[42] also found favorable technical and clinical success rates (90.0% and 85.0%, respectively) in treating colorectal obstruction by non colonic
malignancy with peritoneal carcinomatosis via SEMS.
However, Keswani et al[43] reported significantly lower
technical and clinical success rates (66.7% and 20.0%,
respectively) in cases of extra-colonic obstruction than
in primary colorectal cancer (97.1% and 88.6%, respectively). However, these reports are derived from different patient settings, including different distributions of
primary tumor etiology and locations of obstructions.
Therefore, the heterogeneity of tumor origins and selection bias by selected inclusion could cause differences in

16024

November 21, 2014|Volume 20|Issue 43|

Hong SP et al . Recent advances of colorectal stenting

the success rates for SEMS in colorectal obstruction by
extra-colonic tumor. In addition, there could be many
possible etiologies for technical failure, such as the inability to pass the guidewire through the obstruction site
due to sharply angulated, tortuous, and fixed intestinal
segments, and colonic immobilization due to adhesions
and peritoneal seedings, which make it difficult to access
the obstructive lesion during stent insertion. Another
consideration that could account for a low clinical success rate is the failure to decompress bowel obstructions
after successful stenting in the case of extensive compression by extrinsic mass or multifocal strictures caused
by carcinomatosis. In addition, Kim et al[44] reported that,
in patients with extra-colonic obstruction by advanced
gastric cancer, SEMS insertion seemed to be less effective than emergency surgery for palliation of colorectal
obstruction. Therefore, careful examination of various
imaging studies and of the patient’s condition to obtain
accurate information would be necessary before deciding between stent insertion and surgery.
As for the complications of SEMS in extra-colonic
tumor-related obstruction, such as migration, restenosis, and perforation, Shin et al[37] and Kim et al[42] found
rates and patterns similar to those of SEMS in primary
colorectal cancer. However, Keswani et al[43] reported a
significantly higher risk of SEMS complications, including death, than in patients with primary colorectal cancer. With regard to stent migration, it has been proposed
that the smoother and less fixable surface of the colon
wall caused by extrinsic tumors might increase migration of covered stents, suggesting that uncovered stents
might be suitable for colorectal obstructions caused by
an extrinsic tumor[37].
However, all these data on success rates and complications have been from limited studies with small
heterogeneous patient groups, and thus, further evaluation of the role of SEMS in extra-colonic tumor-related
bowel obstruction should be performed in large retrospective analyses or randomized, prospective studies to
definitively determine the outcomes and complications
of SEMS versus surgery.

OVERCOMING STENT-RELATED
COMPLICATIONS
A previous meta-analysis found that reobstruction rates
were 12% (range, 1%-92%), migration rates 11% (range,
0%-50%), and perforation rates 4.5% (range, 1%-92%).
A recent meta-analysis including only incurable malignant colorectal obstruction reported a 10.1% perforation
rate, a 9.2% migration rate, and an 18.3% reobstruction
rate[13,41]. A recent cohort study with 382 patients reported a 3.9% perforation rate, a 1.8% migration rate, a 2.1%
reobstruction rate, and a 0.5% bleeding rate within 30 d
after SEMS placement[36]. In our institution, we reported
a 4.0% perforation rate, 9.0% migration rate, and a 22.9%
reobstruction rate after successful stent placement[15].
Thanks to modern polychemotherapy combined with
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targeted agents, the survival of patients with unresectable
CRCs has lengthened from 11-13 mo to 14.8-21.5 mo[45].
Therefore, the chance to develop stent-related complications in patients with CRCs after successful stenting has
increased concomitantly.
Of the possible stent-related complications, perforation is the most disastrous. Stent-related perforation can
occur during the procedure, which is primarily due to
factors related to the endoscopist, or in the follow-up
period, in which case it is related to stent factors and chemotherapeutic agents. A recent meta-analysis including
malignant and benign strictures found a 7.4% perforation rate[46]. Dilation after stent placement significantly
increased the risk of perforation, to 20.4%. Although
chemotherapy without bevacizumab showed a similar risk
of perforation, bevacizumab-based therapy significantly
increased the risk of perforation, to 12.5%.
Colon stents are classified into uncovered stents and
covered stents. Our previous study showed that the median duration of first stent patency was 137 d (range,
14-1217 d) in patients with unresectable colorectal cancers[11]. However, during the follow-up period, 29.6% of
patients developed reobstruction due to stent migration,
tumor outgrowth, or ingrowth. In light of this finding,
covered stents have been developed to reduce reobstruction by blocking tumor ingrowth.
There have been a few studies to compare the clinical
efficacies of uncovered stents with covered stents. Park
et al[16] conducted a randomized prospective single center
study to compare the clinical efficacies of uncovered
WallFlex stents (Boston Scientific Co) and covered Comvi stents (Taewoong Medical Co) in 151 patients with malignant colorectal obstruction. Among 151 patients, 120
had primary colorectal cancer and 31 had extra-colonic
malignancies. Technical (98.7% vs 98.7%) and clinical success rates (92.0% vs 95.9%) were not statistically different
between the WallFlex group and the Comvi stent group.
Stent reobstruction due to tumor infiltration tended to be
high with WallFlex stents compared to with Comvi stents
(14.5% vs 3.8%). However, stent migration was significantly higher with Comvi stents than with WallFlex stents
(21.1% vs 1.8%). Stent patency did not differ between
the two groups (6 mo with WallFlex stent vs 7.3 mo with
Comvi stents). Therefore, although covered stents were
developed to reduce stent reobstruction by theoretically
blocking tumor infiltration and increasing stent patency,
this recent study failed to show any clinical advantage of
covered stents, which had a high incidence of stent migration.
Primary colectomy after successful stent placement
could be a therapeutic option in patients with unresectable CRCs to prevent long-term complications of SEMS.
Our data found that 14 of 130 patients with unresectable
obstructive CRCs underwent further primary colectomy
after successful stent placement[47]. Up to 44.6% of patients experienced long-term complications with SEMS,
and multivariate analysis revealed that primary colectomy
after successful endoscopic stent placement significantly
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Figure 2 Stent in-stent placement for re-obstruction. A: Colonoscopy showed a tumor in-growth in a previously inserted uncovered stent at splenic flexus; B:
Fluoroscopy showed a significant narrowing of stent due to the tumor in-growth; C: A guide wire and a stent were inserted sequentially through the previously inserted
stent; D: A 10 cm uncovered stent was successfully deployed without complications.

reduced the risk of reobstruction. Therefore, primary
colectomy after successful endoscopic stent placement
could be an alternative therapeutic option in unresectable CRC patients, especially those who expect longterm survival.
Patients with SEMS experience reobstruction at a rate
of up to 30%[11,13,41]. In these cases, second stent placement is one of the therapeutic options for palliation of
reobstruction (Figure 2). As mentioned above, the median
patent duration of SEMS including second stent placement was similar to that of surgery[11]. Our recent study
including 79 patients with second SEMS and 36 patients
with palliative surgery after reobstruction showed a
97.5% technical success rate and 86.1% clinical success
rate for SEMS[48]. Although clinical outcomes were better in palliative surgery, procedure-related mortality occurred only in palliative surgery. Therefore, second stent
placement should be considered as an alternative treatment to relieve malignant colorectal reobstruction, and
palliative surgery should be considered for patients who
have good performance and expect long-term survival.

obstruction. As a bridge to surgery or a palliative measure,
SEMS placement achieves significantly more beneficial
short-term outcomes to relieve obstructive symptoms
compared with emergent surgery. Furthermore, SEMS
placement can avoid emergent surgery with stoma creation,
which increases perioperative morbidity and mortality.
However, the negative results of SEMS placements
found in recent RCTs should not be overlooked[24,34].
Most of the retrospective and prospective studies with
positive results for SEMS placements were performed in
large volume centers with experienced endoscopists. Extensive studies on the prerequisites for successful SEMS
placement are required. In cases of colorectal obstruction by extra-colonic tumor, because there is insufficient
evidence to support the benefit of SEMS with respect to
success rate and complications, SEMS could be indicated
in cases where decompressive surgery is not feasible.

CONCLUSION

2

Accumulating evidence has supported the clinical efficacy
of SEMS placement in patients with malignant colorectal

3
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Abstract
The known factors that have contributed to the decline
of Helicobacter pylori (H. pylori ) eradication rate include
antibiotic resistance, poor compliance, high gastric acidity, high bacterial load, and cytochrome P450 2C19 (CYP2C19) polymorphism. Proton pump inhibitor (PPI) is
important in the eradication regimen. The principal enzyme implicated in the metabolism of PPIs is CYP2C19.
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The effects of PPI depend on metabolic enzyme, cytochrome P450 enzymes, and CYP2C19 with genetic differences in the activity of this enzyme (the homozygous
EM, heterozygous EM (HetEM), and poor metabolizer).
The frequency of the CYP2C19 polymorphism is highly
varied among different ethnic populations. The CYP2C19
genotype is a cardinal factor of H. pylori eradication
in patients taking omeprazole- based or lansoprazolebased triple therapies. In contrast, the CYP2C19 polymorphism has no significant effect on the rabeprazolebased or esomeprazole-based triple therapies. The efficacy of levofloxacin-based rescue triple therapy might
be also affected by the CYP2C19 polymorphism, but CYP2C19 genotypes did not show obvious impact on other
levofloxacin-based rescue therapies. Choice of different
PPIs and/or increasing doses of PPIs should be individualized based on the pharmacogenetics background of
each patient and pharmacological profile of each drug.
Other possible factors influencing gastric acid secretion
(e.g. , IL-1β- 511 polymorphism) would be also under
consideration.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Helicobacter pylori ; CYP2C19; Polymorphism;
Eradication; Rabeprazole; Omeprazole; Lansoprazole;
Pantoprazole; Esomeprazole
Core tip: This manuscript outlines the impact of cytochrome P450 2C19 (CYP2C19) polymorphism on eradication of Helicobacter pylori (H. pylori ), including the influences on first line triple therapies, rescue therapies and
levofloxacin- based therapies. We suggest that the strategy of eradicating H. pylori should include the examination of CYP2C19 polymorphism, especially for patients
receiving rescue therapies or with drug resistances.
Kuo CH, Lu CY, Shih HY, Liu CJ, Wu MC, Hu HM, Hsu WH,
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INTRODUCTION
According to Maastricht Ⅳ Consensus Report, indications for anti-Helicobacter pylori (H. pylori) therapy include
gastroduodenal ulcer disease, gastric low-grade mucosaassociated lymphoid tissue lymphoma, atrophic gastritis,
and early gastric cancer following endoscopic resection[1].
The first-line regimen for H. pylori eradication includes
proton pump inhibitor (PPI), clarithromycin (CAM),
and amoxicillin (AMX), or metronidazole. However, the
failure rate of triple anti-H. pylori therapies has increased
up to 30%[2,3]. The known factors include antibiotic resistance, poor compliance, high gastric acidity, high bacterial
load, and cytochrome P450 2C19 (CYP2C19) polymorphism that contribute to the decline of H. pylori eradication rate[4] So the triple regimen should be abandoned
when the CAM-resistance rate in the region is more than
15%-20%, because many studies published recently have
demonstrated that the intention to treatment eradication
rate is falling short of 80%[5-7]. The same consideration
should be also suitable for high levofloxacin resistance
area.
According to the recommendation of the Asian Pacific Helicobacter pylori meeting 2012 in Singapore: (1)
in areas with low clarithromycin resistance rates, standard
triple therapy should be the primary choice, while bismuth-containing quadruple, sequential therapy and concomitant therapy could be alternative first-line therapies;
and (2) in areas with high clarithromycin resistance, regimens including bismuth-containing quadruple, sequential
therapy and concomitance should be the better choice for
first-line regimens. So the antibiotics resistance should be
analyzed in the high clarithromycin and/or levofloxacin
resistant rate area.
PPI is important in the eradication regimen. Except
for the anti-secretory effect, PPI can also increase the efficacy of the antibiotics by decreasing antibiotic decay in
the gastric juices, and also possesses direct anti-H. pylori
activity[8-11]. The mechanisms whereby PPIs influence the
efficacy of eradicating H. pylori include (1) PPIs make
acid-labile antibiotics more stable by increasing gastric
PH value, especially clarithromycin, thereby increasing
concentration and H. pylori sensitivity to antibiotics; and
(2) PPIs may alter transport of antibiotics from plasma
to gastric juices, increasing luminal concentrations and
elevating the success rate of eradication[12]. The importance of potent acid inhibition during eradication therapy has recently been demonstrated[13-17].
The principal enzyme implicated in the metabolism
of PPIs (except rabeprazole) is CYP2C19[18-20] (Figure 1A
and B). The effects of PPI depend on the genetic differ-
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ences of CYP2C19[21]. It is well known that CYP2C19 has
polymorphisms in exon 4 (*3) and in exon 5 (*2). Furthermore, the homozygous extensive metabolizer (HomEM)
harbors two wild-type alleles (or *1/*1), heterozygous EM
(HetEM) carries 1 loss-of-function (LOF) variant allele
(frequently *2 or *3), and poor metabolizer (PM) has two
LOF variant alleles (*2/*2, or *2/*3)[22,23].
HomEM produces abundance of the enzyme, and
metabolizes PPI at high rates. HetEM, with one wild-type
and one mutation-type, compromises the rates of PPI
metabolism (Table 1).
Several trials have been published concerning the
effect of the CYP2C19 genotype on eradication of H.
pylori by various PPIs-based therapies[24-29]. Cure rates of
standard triple therapy depend on the availability of PPI,
which itself depends on the CYP2C19 and MDR polymorphisms[1]. Besides these, we would point out the impact of CYP2C19 genotypes on levofloxacin-based firstline and rescue therapies. This was seldom emphasized
in previous articles.

ANALYSIS OF CYP2C19 GENOTYPES
For analysis of CYP2C19 genotypes, all enrolled patients’ peripheral blood leukocytes were obtained before
the eradication therapy was begun. DNA was extracted
from the leukocytes with a commercially available kit
(QIAGEN K.K., Tokyo, Japan) and stored until use.
Genotyping procedures for identifying the CYP2C19
wild type (wt) gene and two mutated alleles, CYP2C19
m1 and CYP2C19 m2, were performed by a polymerase
chain reaction-restriction fragment length polymorphism
method with allele-specific primers[30]. However, this
technique is expensive and not all medical unit can carry
out it. This is one of the limitations for managing H. pylori infection.

DIFFERENCE OF GEOGRAPHIC
DISTRIBUTION
The frequency of the CYP2C19 polymorphism is highly
varied among different ethnic populations. According
to previous reports, Asian people have a higher proportion of poor metabolizers compared to whites[14]. Approximately 2%-6% of Caucasians and 1% of AfricanAmericans have been identified as PM, but this reaches
more than 14.0% in Asian populations[31-33]. For example,
the frequency of PM in Japanese (19%-23%) is much
highe[34-36].
On the other hand, the prevalence rate of HomEM
is about 70% for Caucasians, but only 30%-40% for
Asians[37]. Since the CYP2C19 genotype is related to different abilities of PPIs to inhibit gastric acid secretion, genotyping of CYP2C19 gene would be a useful tool in the
optimization of H. pylori eradication therapy. Therefore,
differences of geographic distribution should be taken
into consideration in selecting kinds or doses of PPIs for
eradication.
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Figure 1 Hepatic metabolism of proton pump inhibitors (except rabeprazole) (A) and metabolic pathways of proton pump inhibitors and their cytochrome
P450 (CYP) isoforms involved (b).

Table 1 Impact of cytochrome P450 2C19 genotypes on metabolism of proton pump inhibitors

HomEM
HetEM
PM

Genotype

Ratio (Asian)

Ratio (Caucasian)

Metabolism of PPIs

wt/wt
wt/m1 or wt/m2
m1/m2

30%-40%
45%-55%
13%-23%

70%
25%-27%
3%-5%

At highest rates
At moderate rates
At lowest rates

HomEM: Homozygous extensive metabolizer; HetEM: Heterozygous extensive metabolizer; PM: Poor metabolizer; PPIs: Proton pump inhibitors; wt: Wildtype allele; m1/m2: Mutated alleles.

PHARMACOKINETICS OF PPI
PPIs were introduced in 1989; they targeted the gastric
H+/ K+-ATPase. PPIs result in a major medical therapeutic advance in the treatment of peptic ulcers and
GERD due to more rapid healing of the mucosal lesions
and symptom relief.
PPIs are inactive in their native form and are rapidly
metabolized by the liver. They are acid-activated pro-
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drugs, and the plasma level of PPIs at the time point of
the gastric acid secretion would influent the efficacy of
PPIs. The rate of the metabolism is dependent on the
character of the cytochrome P450 system, especially
S-mephenytoin 4’-hydroxylase (CYP2C19)[38]. CYP3A4
is also an important factor for this[39]. The genetic polymorphisms of CYP2C19 may bring about differences in
pharmacokinetics (PK), pharmacodynamics and clinical
efficacy of PPIs.
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The PK properties of PPIs (area under the plasmic
concentration curve (AUC), Cmax and clearance) have significant difference between CYP2C19 PM and HomEM.
The ratios of the mean AUC values in PM vs HomEM
for omeprazole, pantoprazole, lansoprazole and rabeprazole are 6.3, 6, 4.3 and 1.8 respectively[40]. PM exhibits a
3- to 10-fold higher AUC than HomEM, while HetEM
exhibits a 2- to 3-fold higher AUC[32,41].
Omeprazole is converted to hydroxyl and 5-O-demethyl
metabolites by CYP2C19, and to the sulfone by CYP3A4[38].
The other PPIs also are extensively metabolized by CYP2C19 and CYP3A4. It has been shown that the mean
intragastric pH values were higher in PM than in EMs
for both omeprazole and lansoprazole[23]. Rabeprazole
showed the least difference, and this is probably due to
the metabolism of rabeprazole, which involves a nonenzymatic reduction[40]. Rabeprazole is metabolized to
thioether-rabeprazole mainly via a non-enzymatic pathway, with minor involvement of CYP2C19[42]. Esomeprazole is a pure S-isomer of omeprazole, which is different from omeprazole composed of the equal amount
of R- and S-isomer. R-omeprazole is more sensitive to
CYP2C19 while S-omeprazole is less sensitive[43,44]; therefore, S-omeprazole provides better plasma level of the
drug. Besides this, Esomeprazole has minimal first pass
metabolism, undergoes less hydroxylation via CYP2C19,
and has been shown to have greater gastric acid suppression effect than omeprazole[45,46]. So rabeprazole and
esomeprazole appear less influenced by polymorphism
of CYP2C19[12,14].

IMPACT OF CYP2C19 POLYMORPHISM
ON TRIPLE THERAPIES
Furuta et al[47] first reported that mutations in exon 4[*3]
and exon 5[*2] of CYP2C19 may affect the eradication
rates in H. pylori-positive patients using a 1-week tripletherapy regimen with omeprazole, amoxicillin, and
clarithromycin in 1998. A previous meta-analysis of 17
studies in Asian patients about the effects of CYP2C19
polymorphisms on the efficacy of PPI-based dual and
triple therapy for H. pylori eradication was reported by Padol et al[48]. They found that omeprazole-based regimens
were affected by CYP2C19 genotype status, whereas rabeprazole- and lansoprazole-based therapies were not. It
also demonstrated significantly lower H. pylori eradication
rates in HomEM compared to PM exposed to standard
triple or dual therapies.
A meta-analysis showed a significant difference in H.
pylori eradication rates between wild-type individuals and
carriers of at least one LOF allele (OR = 2.26; 95%CI:
1.58-2.96; P < 0.0001). The difference was also obvious
when HomEM and HetEM were compared (OR = 2.79;
95%CI: 1.77-4.41; P < 0.0001). However, when individual agents were analyzed separately, a significant difference was observed for omeprazole and lansoprazole
only, whereas no difference between all genotypes was
observed for rabeprazole[49].
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Although rabeprazole has been suggested to be the
PPI least affected by CYP2C19 genotype[50], there are
some controversial results. Some studies found the eradication rate of a rabeprazole regimen still correlated with
the CYP2C19 genotype[51-53]. Besides this, there were 3
clinical studies[51,54,55] that directly compared H. pylori eradication rates of lansoprazole and rabeprazole according
to CYP2C19 polymorphism. They all reported no significant differences of eradication rate between lansoprazole- and rabeprazole- based therapies among different
CYP2C19 genotypes. morphism. However, these studies
had relatively small sample size and insufficient randomization.
It is reasonable that increasing dosage might overcome the effect of CYP2C19 polymorphism. One study
in China demonstrated that increasing the dosage of
omeprazole (20-40 mg) would improve the efficacy of
eradication[56]. However, other studies did not find a similar dose-dependent effect by use of omeprazole, rabeprazole, and lansoprazole[57,58]; therefore, this strategy needs
further survey.
There might be less consistency across the above metaanalysis studies derived from the randomized control
trials or cohort studies. Results of one recent large scale
meta-analysis analyzed all PPIs-based triple therapies.
It showed that a significant difference existed in the
H. pylori eradication rates with omeprazole-based triple
therapy between the HomEM and PM genotypes, between HomEM and HetEM genotypes, but not between
the HetEM and PM genotypes. Similarly, lansoprazolebased triple therapy exhibited a significant difference in
the H. pylori eradication rates between HomEM and PM
genotypes, between HomEM and HetEM genotypes,
but not between HetEM and PM genotypes. Contrary
to the above, rabeprazole- or esomeprazole-based triple
therapies did not show any significant difference in H.
pylori eradication rates among all three genotypes[59].

IMPACT OF CYP2C19 POLYMORPHISM
ON RESCUE THERAPIES
A previous study reported that fluoroquinolone antibiotics decreased CYP3A- and CYP1A-mediated biotransformation by competitive inhibition, indicating a potential to interact with agents such as PPIs that are metabolized by these enzymes[60]. Thus, it can be reasonable that
levofloxacin may inhibit the activity of CYP3A4 and/or
CYP2C19, decreasing the metabolism of PPIs, and resulting in higher concentrations of PPIs. However, this
hypothesis requires further investigation.
The efficacy of levofloxacin-based rescue triple therapy has been shown to be affected by the CYP2C19 polymorphism[61]. It reveals that the incidence of HomEM
and HetEM genotypes was slightly higher in the group
with failure of eradication than in the group with success of eradication, but the difference was not significant,
while the incidence of the PM genotype was significantly
lower in the group with eradication failure than in the
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group with successful eradication. However, another
study disclosed that in patients treated by triple therapies
with esomeprazole plus levofloxacin, CYP2C19 genotype
had no significant effect on rates of H. pylori eradication[57].
Empirically modified sequential therapy containing
levofloxacin and high-dose esomeprazole showed different findings. The eradication rates were not affected by
the CYP2C19 polymorphism. The use of a higher dose
of esomeprazole could probably overcome the influence
of CYP2C19 polymorphisms on the eradication rate of
the modified sequential therapy[62]. Besides these, one
study showed that the polymorphism of CYP2C19 did
not influence quadruple therapy[63].

IMPACT OF CYP2C19 POLYMORPHISM
ON NEW GENERATION PPIS
There are some new types of PPIs, e.g., tenatoprazole, ilaprazole reported in recent years. Tenatoprazole is a novel proton pump inhibitor with a seven-fold longer plasma
half-life H(+)/K(+)-ATPase inhibitors[64]. There are no
much data about the impact of CYP2C19 polymorphism
on tenatoprazole. Ilaprazole is a new proton pump inhibitor and its major metabolite is ilaprazole sulfone. It is
predominantly metabolized by CYP3A4/5[65].

OTHER INFLUENCING FACTOR

CONCLUSION
The CYP2C19 variant carriage is an important factor of
H. pylori eradication rate in patients taking omeprazoleor lansoprazole-based triple therapies. The efficacy of
levofloxacin-based rescue triple therapy might be also
affected by the CYP2C19 polymorphism, but CYP2C19
genotypes did not show obvious impact on levofloxacinbased quadruple rescue therapies.
Other possible factors influencing gastric acid secretion (e.g., IL-1β - 511 polymorphisms) should also come
under consideration.
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Abstract
Acute on chronic liver failure (ACLF) is a disease entity with a high mortality rate. The acute event arises
from drugs and toxins, viral infections, bacterial sepsis, interventions (both surgical and non-surgical) and
vascular events on top of a known or occult chronic
liver disease. ACLF secondary to reactivation of chronic
hepatitis B virus is a distinct condition; the high mortality of which can be managed in the wake of new
potent antiviral therapy. For example, lamivudine and
entecavir use has shown definite short-term survival
benefits, even though drug resistance is a concern
in the former. The renoprotective effects of telbivudine have been shown in a few studies to be useful in
the presence of renal dysfunction. Monotherapy with
newer agents such as tenofovir and a combination of
nucleos(t)ides is promising for improving survival in
this special group of liver disease patients. This review
describes the current status of potent antiviral therapy
in patient with acute on chronic liver failure due to reactivation of chronic hepatitis B, thereby providing an
algorithm in management of such patients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This topic highlight is an exhaustive review of
acute on chronic liver failure (ACLF) secondary to reactivation of chronic hepatitis B virus (HBV) infection.
It sheds light on current aspects of pathogenesis and
definitions of reactivation of HBV and mechanisms of
liver injury in acute on chronic liver failure in the wake
of virus reactivation. The importance and effects of different nucleos(t)ide analogs in ACLF has been emphasized and an algorithm for management of this distinct
condition has been provided.
Philips CA, Sarin SK. Potent antiviral therapy improves survival in
acute on chronic liver failure due to hepatitis B virus reactivation.
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ACUTE ON CHRONIC LIVER FAILURE
Acute on chronic liver failure (ACLF) was first described
in 1995[1], with chronic and acute liver disease occurring simultaneously. ACLF has been defined variably
by different working groups worldwide. In 2009, The
Asia Pacific Association for the Study of Liver (APASL)
Working Party Group defined it as an acute hepatic
insult manifesting as jaundice and coagulopathy complicated within 4 wk by the development of ascites and/or
encephalopathy in a patient with previously diagnosed or
undiagnosed chronic liver disease. APASL defined liver
failure in ACLF as serum bilirubin > 5 mg/dL and international normalized ratio (INR) > 1.5 or prothrombin
activity < 40%[2]. Another proposition at the European
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70% of all cases, and alcohol, only 15%[9-11]. HBV reactivation maybe either spontaneous or due to intensive
chemotherapy or immunosuppressive therapy, immune
restoration after highly active antiretroviral therapy for
HIV[12] (Table 1), and reactivation of occult HBV infection by rituximab-based chemotherapy[13].

Table 1 Risk factors and causes of reactivation of chronic
hepatitis B
Causes of HBV reactivation
Cancer chemotherapy
Immunosuppressants
Corticosteroid withdrawal
Interferon therapy
Hepatitis A/E virus superinfection
Hepatitis C virus superinfection
Hepatitis delta virus superinfection/
co-infection
Interaction with HIV infection
Effect of immune reconstitution
therapy

Risk factors
Male sex
Genotypes B and D
Pre-core and core promoter
mutations
Elevated ALT at presentation

PATHOPHYSIOLOGY OF ACLF

Modified from Jindal et al. Liver International (2011).

Association for the Study of the Liver/American Association for the Study of Liver Diseases single topic
symposium defined ACLF as acute deterioration of
pre-existing chronic liver disease usually related to a precipitating event and associated with increased mortality
at 3 mo due to multiorgan failure. This definition was
brought on with application of the Sequential Organ
Failure Assessment scores and the APACHE Ⅱ scoring
system[3]. The occurrence of organ failure in patients
with cirrhosis with a defined severity of liver disease indicates a poor prognosis. A precipitating event generally
culminates into ACLF due to an altered host response
to injury resulting in aberrant and inappropriate inflammatory response and immune dysfunction increasing
susceptibility to infections. Elevated levels of multiple
pro- and anti-inflammatory cytokines have been extensively described in ACLF[4-6]. The inflammatory response
is responsible for the immune dysregulation that predisposes to infection, which aggravates a proinflammatory
response, resulting in a cycle of adverse events. ACLF
can be considered to go through an initial systemic inflammatory response syndrome (SIRS) stage, a mixed
inflammatory stage and then a compensated anti-inflammatory response[7]. The etiological agents precipitating
the acute events in ACLF are diverse from East to West.
Alcohol and drugs predominate in the West and infectious diseases predominate in the East. Among the infectious aetiologies, reactivation of hepatitis B virus (HBV)
constitutes a major cause of ACLF in the Asian region.
Other important infectious agents in these parts include
hepatitis A and E viruses, mostly in the Indian subcontinent[8]. The noninfectious causes include alcoholism in
the preceding 4 wk, hepatotoxic drugs, complementary
and alternative medications, autoimmune hepatitis flare,
acute Wilson’s disease, surgical interventions, and variceal bleeding. The underlying chronic liver diseases are
predominantly constituted by alcoholic cirrhosis in the
western region (50%-70%), while hepatitis B constitutes
only 10%-15% of cases. On the contrary, in the Asian
region, hepatitis-B-related cirrhosis constitutes around
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The mechanisms behind ACLF include mainly immune
dysfunction, intestinal bacterial translocation, and circulatory dysfunction. Kupffer cell activation has been regarded as the main orchestrator of immune dysfunction
in ACLF. This activation occurs most commonly through
lipopolysaccharide or Gram-negative bacterial endotoxin.
Binding of these leads to Toll-like receptor (TLR)-associated activation pathways that produce downstream signaling cascades. This leads to production of inflammatory
mediators like cytokines, chemokines, oxygen-derived
free radicals, eicosanoids, and lysosomal and proteolytic
enzymes. Interleukin (IL)-1, IL-6, IL-7, IL-18 and tumor
necrosis factor α culminate in SIRS. The phenomenon
of immune paralysis in decompensated cirrhosis holds
good for the pathophysiological manifestation in ACLF;
thereby promoting a defect in compensatory anti-inflammatory response syndrome.
The natural killer cell component of innate immunity
plays a role in ACLF pathogenesis. Thus, ACLF pathogenesis is considerably more sepsis-like. These changes
occur at the microcirculatory level, which leads to perfusion abnormality and hepatocyte dysfunction. The
pathophysiology of ACLF secondary to viral hepatitis is
considered to be due to fibrin deposition and thrombosis
within the microvasculature. The pivotal role in hepatocellular injury observed in this group of acute insults
is considerably different from other acute insults. The
generation of fibrin elicited is different from that of classical pathways of coagulation, such as that induced by
mechanical trauma or bacterial lipopolysaccharide.
The pathophysiology of ACLF due to viral hepatitis
is proposed to be through activated endothelial cells and
macrophages that express distinct cell-surface procoagulants, including prothrombinase, and fibrinogen like protein 2 fibroleukin (Fgl2-fibrolekin), which are important
for both initiation and localization of fibrin deposition.
Fgl2-fibroleukin is critical in this aspect. In a study by
Zhu et al[14], Fgl2-fibroleukin expression was detected in
91% of patients with severe ACLF secondary to HBV
reactivation. This paved the way for a correlation between human Fgl2-fibroleukin expression and severity
of liver disease (levels of bilirubin), and measurement of
this expression in peripheral blood monocytes was proclaimed to be useful in monitoring the severity of ACLFHBV and for therapeutic intervention at the needed time.
Spontaneous or treatment-related inflammatory flares
are seen in patients with chronic HBV. This corresponds
to abrupt increases in serum levels of alanine transaminase which is a result of an increase in intrahepatic
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HBV status at Baseline

HBV status at Reactivation

HBsAg +
Anti HBe +
HBV DNA -

HBsAg +
Anti HBe +
HBV DNA +

HBsAg IgG anti HBc Anti HBs +
HBV DNA -

HBsAg +
HBV DNA +

HBsAg+
HBeAg Anti HBe +

HBsAg+
HBeAg +
Anti HBe +

HBsAg IgG HBc +
HBV DNA -

HBsAg +
IgG HBc +
HBV DNA +

HBsAg IgG HBc +
HBV DNA -

HBsAg +
IgG HBc +
HBV DNA -

HBsAg HBV DNA -

HBsAg HBV DNA -

Figure 1 Serological and virological profiles in reactivation of chronic
hepatitis B. HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen.

necroinflammatory processes associated with increases
in intrahepatic lymphocytes, most commonly, cytotoxic
T lymphocytes (CTLs). The reactivation of hepatitis B
occurs in 14%-50% of patients following chemotherapy,
and mortality rates can be in the range of 5%-12% even
in the presence of timely antiviral treatment. The risk
factors associated with HBV reactivation include treatment with corticosteroids, younger age, male gender and
antiviral resistance[14].

PATHOPHYSIOLOGY OF HBV
REACTIVATION
Chronic hepatitis B natural history is characterized by
sessions of flares or exacerbations (Figure 1). Chronic
HBV infection is staged into three phases (Figure 2): the
first phase being that of immune tolerance [characterized by presence of hepatitis B e antigen (HBeAg), high
serum DNA levels and normal transaminases, and no or
minimal inflammation]. Two to three decades after the
chronic infection, the second phase of immune clearance
begins. Here, the replication becomes more intense and
serum HBV DNA levels increase and there biochemical
deterioration begins. Recurrent episodes of reactivation
and remission leads to acceleration and progression of
chronic HBV infection. The third phase is the low replicative phase, which is defined by the absence of HBeAg
and the presence of anti-HBe, relatively normal transaminase levels, and low serum HBV DNA. Histologically, there could be mild hepatitis and fibrosis or even
cirrhosis. This stage could persist indefinitely and it is in
this phase that reactivation occurs, either spontaneously
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or under immunosuppressant use. The aminotransferase
levels surges during this stage, associated with sudden
emergence of viral replication. This is applicable to both
HBeAg-positive and -negative patient groups[15,16]. Reactivation of chronic HBV infection could also occur in
the immune clearance phase and is seen in 40%-50% of
HBeAg-positive patients. This could lead to a prolonged
course if the clearances are repeated and unsuccessful.
Reactivation in HBeAg- negative patients (15%-30%)
also leads to acute decompensation and is seen usually
when there is HBeAg seroconversion[17]. Eight different
HBV genotypes (A-H) have been described based on
their genomic heterogeneity. In the Asia-Pacific countries, genotype B and C HBV are predominant with
genotype C HBV associated with delayed HBeAg seroconversion and more aggressive disease activity as compared to other HBV genotypes. It is also associated with
a higher risk of hepatocellular carcinoma. Genotype
B HBV was found to be the predominant HBV strain
among patients suffering from severe acute exacerbation.
The HBV genotype B is associated with a more vigorous
immune response that leads to a higher chance of successful immune clearance but also a higher risk of hepatic decompensation during the hepatitis flare. On the contrary, HBV genotype C is associated with less vigorous
and more prolonged, abortive immune clearance, which
is more likely to cause progressive liver damage and
eventually liver cirrhosis and hepatocellular carcinoma[18].
The effect of different HBV genotypes on reactivation
has been assessed in many studies. Yuen et al[19], Imamura
et al[20] and Chauhan et al[21] undertook studies that revealed that genotype B was the predominant strain that
caused reactivation in patients with chronic HBV. This
genotype was also found to be associated with a greater
surge in immune-mediated response, higher clearance,
and higher risk of hepatic decompensation[22-24]. HBeAg
functions to induce immune tolerance. In the absence of
HBeAg, patients harboring pre-core mutant HBV may
have a more rigorous immunological response. Chronic
infection with pre-core mutants has been often associated with multiple flares with interspersed asymptomatic
periods. Mutations at the basal core promoter regions
lead to decreased HBeAg synthesis, active liver histology,
and increased viral replication. These exacerbations are
seen to lead to fulminant hepatic failure[20,25,26].
Reactivation processes in HBV are likely due to changes
in the immunological control of viral replication. The
liver injury is mediated by expanded numbers of T cells
that react with HBeAg and hepatitis B core antigen
(HBcAg). This cross-reaction leads to HBcAg/HBeAgspecific T cells that are immunologically overactive. The
cellular infiltrates at areas of necroinflammation are
mainly CD81 CTLs that are directed to HBcAg peptides
on the surface of hepatocytes[21,27]. In the presence of
ACLF, the inflammatory process seen at the immunological level is similar to that seen in severe sepsis. The
monocyte activation is depressed and anti-inflammatory
cytokine storm is exacerbated. Activation of TLRs oc-
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Parameter
Age

Immune Tolerance
First to Second Decade

Immune Active
Third and Fourth Decade

Inactive
Fifth and Sixth Decade

(depends on different geographical
regions)

(depends on different
geographical regions)

(depends on different
geographical regions)

PNALT

DNA≥ 5 logs in HBeAg+ve (60%)
Fibrosis ≥ 2 (40%)

PIEALT

DNA ≥ 5 logs in HBeAg+ve (74%)
Fibrosis ≥ 2 (65%)
Higher in HBeAg+ve
Lower the liver fibrosis
Present
Absent
High

HBsAg
(Quantitative)
HBeAg
Anti HBe
HBV DNA
(Quantitative)
Outcome

90% go to HBeAg +ve immune
active phase

Immune tolerance

Mild

HAI

DNA ≥ 5 logs in HBeAg-ve (35%)
Fibrosis ≥ 2 (14%)
Annual rate of flare 4.3%
DNA ≥ 5 logs in HBeAg-ve (76%)
Fibrosis ≥ 2 (63%)
Lower in HBeAg -ve
< 1000 IU/mL+
< 2000 viral DNA copies/mL
Present
Absent
Absent
Present
Moderate to Low
Low
90% achieve seroconversion
80% to 90% stay in this
to anti HBe of which 20% to
phase, 10% to 20% revert
40% revert back
back to anti Hbe +ve immune
active phase, 0.5% to 1% per
year achieve HBsAg clearance

Reactivation
Second to Sixth Decade, mostly Third
Decade
(depends on different geographical
regions)
Male Predominance
ALT > 10 ULN
More in HBeAg +ve than in HBeAg -ve

Present/absent
Absent/present
High
Depends on severity of hepatitis and
underlying chronic liver disease, age,
comorbidities, HBeAg status, DNA
levels, ALT levels, Histologic activity
index and presence of drug resistant
mutants

Immune active

Inactive phase

Reactivation

Moderate/severe

None/mild

Moderate/severe

HBsAg +ve

HBeAg +ve

HBeAg -ve/ AntiHBe +ve

Reverse seroconversion

ALT and DNA

Figure 2 Natural history of chronic hepatitis B virus infection and phases of reactivation. The variations in alanine aminotransferase (ALT) and DNA levels are
shown in relation to histological activity index (HAI) (also shown in the inset). ALT (circles) and HBV DNA (squares). PIEALT: persistently or intermittently elevated ALT
[defined as ≥ 3 ALT values in the year prior to baseline liver biopsy, and all values were > 40 IU/L and had remained so until the start of treatment or last follow-up
if not treated (persistently elevated) or if they had ≥ 3 ALT values and ≥ 1 > 40 IU/L in the year prior to baseline biopsy or anytime until the start of treatment or last
follow-up, if not treated (intermittently elevated)]. PNALT: Persistently normal ALT (defined as ≥ 3 ALT values in the year prior to baseline liver biopsy, and all values
were < 40 IU/L and had remained so until the start of treatment or last follow-up if not treated). HBeAg: Hepatitis B e antigen.

curs, which are associated with recognition of specific
pathogen-associated molecular patterns. TLR2-5, 7, 9
and 10 are expressed highly during ACLF related to HBV
reactivation. It has also been shown that B lymphocytes
activity and peripheral glucocorticoid receptor expression
(which is increased) are also involved in the pathogenesis
of ACLF related to HBV reactivation. Massive accumulation of plasma cells secreting IgM and IgG targeting HBcAg has been demonstrated. Lai et al[28] investigated the
dynamics and clinical significance of serum HBV DNA
levels during the terminal phase of ACLF with different
HBeAg status. They found that the serum levels of HBV
DNA in patients with HBeAg positivity were higher than
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those in patients with anti-HBe positivity as the disease
phase of ACLF nears fatality. Following the deterioration
to liver failure, the HBV DNA load in HBeAg(+) patients remained stable, while that in anti-HBe(+) patients
decreased[29].
Previously, chronic hepatitis was classified into chronic
active hepatitis, chronic persistent hepatitis, chronic lobular hepatitis, and non-specific reactive hepatitis. Nair and
Perrillo, in 2001, defined a flare as an increase in alanine
aminotransferase (ALT) of at least twice the upper limit
of normal (ULN) compared with baseline values, while
Yuen and colleagues defined a flare as elevated transaminases above twice the ULN. Chu et al[30] defined acute
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Table 2 Factors to differentiate severe acute exacerbation of chronic hepatitis B from acute hepatitis B
Parameters
IgM anti-HBc

> 600 Paul Ehrlich units/mL
> 1:1000 titer
> 2.25 × 104/mL
(121 000 copies/mL)

HBV DNA

AVH-B

HBV-R

Yes
(7 s and 8 s forms)
Yes
No

Yes
(19 s form)
No
Yes

No

Yes

No
No

Yes
Yes

Liver biopsy: evidence of chronic hepatitis such as lymphocytic portal inflammation with interface hepatitis, spotty
lobular inflammation, portal expansion, periportal fibrous strands, bridging fibrosis, and/or cirrhosis
Basal core promoter mutation
Pre-core stop codon mutation
Jindal et al. Management of acute hepatitis B and reactivation of hepatitis B. Liver International 2013. HBV: Hepatitis B virus.

Acute icteric hepatitis with HBsAg +ve

Conjugated hyperbilirubinemia with markedly elevated ALT (> 10 ULN)

IgM anti HBc +ve

< 1:1000
(< 600 Paul ehrlich units)

HBV DNA

4

> 1:1000
(< 600 Paul ehrlich units)

4

> 2.2 × 10 IU/mL

< 2.2 × 10 IU/mL

Reactivation of CHB

Acute hepatitis B

Figure 3 Algorithm for diagnosis of acute viral hepatitis B vs hepatitis B reactivation. HBeAg: Hepatitis B e antigen; ALT: Alanine aminotransferase.

exacerbation or hepatitis flares as “an abrupt elevation
of ALT over 300 U/L in patients with a baseline ALT
level below 200 U/L or fivefold the ULN”[31,32]. Lok et
al[24] arbitrarily defined acute exacerbation or hepatitis
flare as “an abrupt elevation of serum ALT to beyond
200 U/L (over fivefold the ULN) or a greater than
threefold increase in ALT, whichever is higher”. More
recently, a definition of “intermittent elevations of aminotransferase activity to more than 10-fold the ULN and
more than twice the baseline value” was adopted at the
National Institute of Health workshop on management
of hepatitis B, 2000. All of the above definitions agree
that an ALT elevation > 200 U/L or fivefold the ULN
is the minimum criterion. Currently, a safe definition
of hepatitis flares or acute exacerbations is an abrupt
elevation of serum ALT to over fivefold the ULN, and
for reactivation, more than 10 times the ULN. This is
also suggested by the increase or reappearance of serum
HBV DNA in a patient with chronic or past HBV infection[33-35]. This is also suggested by the increase or reap-
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pearance of serum HBV DNA in a patient with chronic
or past HBV infection[30-33].
The main challenge in diagnosing reactivation of
chronic HBV infection is to differentiate it from acute
hepatitis B (Table 2 and Figure 3). Patients with severe
acute reactivation can have positive IgM anti-HBc which
again creates dilemma with diagnosis of acute hepatitis B.
Levels of more than 600 Paul-Ehrilch units/mL or IgM
anti HBc > 1:1000 suggest an acute infection with high
inflammatory activity. Kumar et al[38] suggested that a low
titer of anti HBc IgM (< 1:1000) and high HBV DNA (>
0.5 pg/mL or 2.2 × 104 IU/mL, which is equivalent to
141500 copies/mL) are useful in identifying severe acute
reactivation of HBV from acute hepatitis B. In Japanese
studies, the presence of basal core promoter mutation
and pre-core stop codon mutations have been suggested
to differentiate severe acute exacerbations of chronic
HBV infection from acute HBV-related hepatitis[36-39].
Previous history of chronic hepatitis B or a positive family history suggests possibility of reactivation, whereas
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[22]

Table 3 Independent prognostic factors for mortality (and liver transplantation) in severe acute exacerbation of chronic hepatitis B
Chan et al

Parameters

[40]

2002,

J Viral Hepatol

Age
Sex
Albumin
Bilirubin
Prothrombin Time
ALT
Platelet count
HBeAg
HBV DNA
Creatinine
AFP
Cirrhosis
Ascites
CTP

N/A
N/A
N/A
High
N/A
N/A
Low
N/A
Not studied
N/A
Not studied
Not studied
Not studied
Not studied

Yuen et al

[19]

Chien et al

2003,

Clin Infect Dis
N/A
N/A
N/A
High
Prolonged
N/A
Low
N/A
N/A
N/A
N/A
Present
Not studied
Not studied

[49]

2003, Tsubota et al

[45]

2005, J

J Hepatol

Gastroenterol Hepatol

N/A
N/A
Low
High
Prolonged
N/A
Low
N/A
N/A
N/A
N/A
N/A
Present
High

N/A
N/A
N/A
High
Prolonged
N/A
N/A
N/A
N/A
Not studied
N/A
Present
N/A
High

Kumar et al

[38]

2006,

Dig Dis Sci

N/A
N/A
N/A
High
Prolonged
High
Not studied
High
High
Not studied
Not studied
Not studied
Not studied
Not studied

AFP: α-fetoprotein; N/A: Not applicable; HBeAg: Hepatitis B e antigen; ALT: Alanine aminotransferase; HBV: Hepatitis B virus; CTP: Child-Turcotte-Pugh.

historic receipt of high-risk blood, or percutaneous or
sexual exposure also suggests acute hepatitis B. The outcome of acute severe exacerbation of chronic hepatitis
B depends on the underlying severity of liver disease.
Acute severe exacerbation of chronic hepatitis B can
occur in the immune clearance phase affecting 40%-50%
of HBeAg-positive patients and can be prolonged when
there is repeated unsuccessful clearance of HBeAg. Reactivation of chronic hepatitis B at the HBeAg-negative
phase, seen in 15%-30% of HBeAg-negative patients, can
also result in acute decompensation, and is occasionally
associated with HBeAg seroreversion. HBV DNA level
that can differentiate whether HBeAg-negative patients
would remain inactive carriers or develop exacerbations
is currently unknown. The first prospective study by Lok
et al[34], investigating the natural history of acute exacerbations in chronic hepatitis B found that 15%-47% of
patients developed exacerbations after 4 years follow-up.
In patients with flares, up to 8% of patients developed
decompensation. The mortality rates associated with
ACLF-HBV are in the range of 65%-93% and 30%-70%
in the absence of liver transplantation. Yuen et al[19] evaluated the prognostic factors in severe exacerbation of
chronic hepatitis B. The parameters independently associated with an adverse outcome included pre-existing
cirrhosis, high Child-Turcotte-Pugh (CTP) class scores,
hypoalbuminemia, high total bilirubin levels, prolonged
prothrombin time (PT), and thrombocytopenia. Furthermore, in hospital, peak bilirubin, duration of peak PT,
development of encephalopathy, and presence of ascites
were also found to be poor prognostic indicators. Chan
et al[40] from a series in Hong Kong found that the only
independent factors that led to a poor outcome in ACLF
related to acute HBV reactivation were thrombocytopenia and high serum bilirubin. In the presence of both risk
factors, the mortality in that series was 69%.
Jeng et al[41] in their study from Taiwan on HBeAgpositive, non-cirrhotic patients with acute exacerbation,
found that about 5% of exacerbations resulted in hepatic decompensation, and serum HBV DNA levels was
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the only significant risk factor. A DNA level cut off of
1.55 × 109 copies/mL predicted decompensation with
a sensitivity of 85%, with a negative predictive value
of 99% and a positive predictive value of 24%. Once
the disease reached the stage of ACLF, the prognosis
was poor with high 3-mo mortality. Among the models
used in predicting survival in ACLF in chronic hepatitis
B, the MELD score was found to be more objective as
compared to the CTP score[41-43]. Scores that were found
to be better than MELD in predicting survival in ACLFHBV patients found variables of hepatorenal syndrome,
positive HBeAg, hypoalbuminemia, and prolonged PT to
be more reassuring. Another model based on the presence of hepatic encephalopathy, hepatorenal syndrome,
positive HBeAg and prolonged PT was also found to be
better than MELD and CTP score. Before the advent
of lamivudine, the prognostic model for ACLF-HBV
consisted of the presence of hepatorenal syndrome,
liver cirrhosis, HBeAg positivity, hypoalbuminemia, and
low prothrombin activity. With the arrival of lamivudine
therapy for ACLF-HBV patients, the prognostic model
changed, with hypoalbuminemia, INR and HBV DNA
levels becoming forerunners. Furthermore, studies from
South East Asian countries reported that MELD scores
of 30-40, low HBV load, and rapid declines in HBV
DNA were good predictors of mortality in patients with
ACLF-HBV treated with lamivudine. HBV replication
hence became the key factor in predicting mortality in
this group of patients (Table 3)[44].

ANTIVIRAL TREATMENT OF ACLF-HBV
The aim of antiviral treatment for ACLF-HBV is to reduce viral load at an appreciably high rate, thereby promoting reduction in hepatocyte cell death and improved
survival outcomes by prevention of decompensationrelated multiorgan complications in this group of severely ill patients. Several studies have delineated the
fact that low pretreatment HBV DNA load and a rapid
decrement in viral load improves outcomes in ACLF-
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HBV[44], whereas a study from India reported that a 2
log decrease in HBV DNA at week 2 improved survival
benefit in patients with ACLF-HBV[15]. Antiviral therapy
also promotes chances of stabilization to liver transplant
time and improves transplant outcomes. Although liver
transplantation significantly improves survival rates,
it is limited by many factors, and most importantly by
donor shortages. Studies have debated on the issue of
antiviral therapy related improvement in the long term[8];
lamivudine decreased viral load significantly, but did not
result in significant biochemical or clinical improvement
compared with those patients given placebo. Mortality
of patients receiving nucleoside analog therapy was significantly lower than the placebo group, which indicated
that antiviral therapy improved prognosis of patients
with ACLF-HBV if implemented as soon as possible[44].
Even in the age of effective antiviral therapy, early transfer to a transplantation facility should be considered
before managing conservatively by medical means. The
APASL consensus guidelines on ACLF describe the value of early and prompt institution of antiviral therapy in
ACLF-HBV. Patients who were detected to have chronic
hepatitis B infection and in whom chemotherapy or immunosuppression modalities need to be started were
suggested to undergo prompt antiviral prophylaxis for
prevention of reactivation-related serious consequences.
As per AASLD and EASL recommendations, although
lamivudine or adefovir may be adequate for short-term
prophylaxis, antiviral nucleoside analogs with a higher
barrier to resistance should be considered for patients
in whom long-term prophylaxis is likely, particularly if
high levels of HBV DNA are present before immunosuppressive therapy. HBV DNA levels are now not an
indication for commencement of antivirals in ACLF
HBV reactivation, as earlier starting of such therapy,
even prophylactic, has been found to have great survival
benefit in the long run. A detailed discussion on antiviral
therapy follows.

LAMIVUDINE
Chan et al[40] investigated the role of lamivudine in treatment of severe hepatitis-B-related acute exacerbations
leading to ACLF in 28 patients as against 18 controls.
It was concluded that lamivudine conferred no survival
benefit to conventional treatment in severe exacerbations
of chronic hepatitis B and that patients with thrombocytopenia and high bilirubin should be considered for
liver transplantation. Tsubota et al[45] studied 25 patients
with spontaneous severe acute exacerbation treated with
lamivudine, and found that lamivudine monotherapy did
not significantly prevent progression to hepatic failure.
Multivariate analysis identified baseline serum bilirubin
≥ 6 mg/dL, pre-existing cirrhosis and baseline PT <
40% as independent determinants of the event. It was
then shown that lamivudine monotherapy conferred no
significant protection against rapid progression of the
disease to hepatic failure, but it resulted in long-term
benefits, and that lamivudine combined with other drugs
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could be more beneficial for patients with the aforementioned risk factors. The same group similarly analyzed
prospectively 116 consecutive lamivudine-naïve patients
who had received long-term lamivudine therapy (> 1
year). They stated that severe acute exacerbation tended
to reduce or delay development of biochemical breakthrough. Eventually the group concluded that the study
provided important information for the development of
more effective and rational long-term lamivudine therapy
for HBeAg-positive, chronic hepatitis B patients infected
exclusively with genotype C[46]. Wong et al[25] treated 45
patients with severe acute exacerbation and 31 controls
with lamivudine for a median of 2.8 (range 1.0-7.1) years
and 3.8 (range 3.5-8.4) years, respectively. They found
that compared with controls, patients with severe acute
exacerbation had higher HBeAg seroconversion rates
and lower risk of virological breakthrough. However,
33% of patients with severe acute exacerbation still
developed lamivudine resistance and virological breakthrough by 5 years. HBV DNA levels at week 4 and prolonged baseline PT were independent factors associated
with virological breakthrough. It was then concluded
that among patients with severe acute exacerbation of
HBeAg-positive chronic hepatitis B treated with lamivudine, virological breakthrough and post-treatment
relapse were common despite a high rate of HBeAg seroconversion[47]. In their study from Taiwan, Chen et al[48]
for a period of 10 mo, studied a total of 60 consecutive
acute exacerbation of HBV-related ACLF patients and
treated with 150 mg/d lamivudine. They concluded that
lamivudine may prevent fatality in chronic hepatitis B
patients with hepatic decompensation if therapy was
started early enough or before serum bilirubin levels
rose over 20 mg/dL, and that it helped less if serum level had already risen over that level[49]. Sun et al[50] studied
the influential factors of prognosis in lamivudine treatment for patients with acute-on-chronic hepatitis B liver
failure. They found that the cumulative survival rates of
patients in the lamivudine group were higher than those
of the control group and the low virus load group. For
patients with a MELD score of 20-30 by week 4, the
mortality of those with HBV DNA that was undetectable or declined for > 2 log10 was lower than that of
those with < 2 log10 decline. The group concluded that
lamivudine could significantly decrease the 3-mo mortality of patients with a MELD score of 20-30, and that a
low pretreatment viral load and rapid decline of HBV
DNA load were good predictors for the outcome of
treatment (Table 4)[50].
Lamivudine therapy for ACLF-HBV became less
enthusiastically received once drug resistance set in. This
was then followed by setting up of studies that evaluated
other options for management of patients with liver failure and ACLF with HBV reactivation.

ADEFOVIR
Use of adefovir for ACLF-HBV has been rare. In two
case reports, adefovir dipivoxil failed to salvage cases of
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Table 4 Studies that have provided long-term data on lamivudine treatment for severe acute exacerbation of chronic hepatitis B
Characteristics
Location
Follow up
(median, yr)
ALT (median, IU/L)
Bilirubin (median, mg/dL)
PT/INR (median)
HBeAg +ve (%)
HBV DNA (median, log copies/mL)
SVR

Viral Heapt

[25]
Wong et al
2009, J
Gastroenterol Hepatol

Hong Kong
2.5

Hong Kong
2.8

Chan et al

[40]

2002, J

1758
31.6
1.63
0
6.76
21/26

1325
19.6
1.60
100
8.08
21/29

Tsubota et al

[45]

2005, J

Gastroenterol Hepatol

Kumar et al

[38]

2006,

Dig Dis Sci

Japan
2.9

India
1.5

816
14.4
1.58
70
8.69
18/21

1658
10.1
2.0
83
5.135
21/31

SVR defined by Chan and Wong as < 10000 copies/mL; Tsubota as undetectable by bDNa assay (Chiron) and by Kumar as < 600 copies/mL. SVR: Sustained virological response.

lamivudine resistance after jaundice and liver failure developed. Adefovir has a relatively weak antiviral activity
and the onset of action is slow. It is hence not advisable
to use adefovir as a first-line drug in the treatment of
acute severe exacerbation. High-dose entecavir and tenofovir are alternative agents for lamivudine resistance[51,52].

ENTECAVIR
Chen and his group treated 55 patients with severe acute
exacerbation of HBV leading to decompensation with
entecavir, comparing them with 74 other patients who
were not treated with nucleoside analogs. Entecavir greatly
reduced HBV replication in different periods of therapy
(P < 0.001), but the MELD score and liver function
(ALT, albumin, bilirubin and PT) showed no significant
change. However, the MELD score and parameters of
liver function (albumin, bilirubin and PT) were different
between the two groups (P < 0.05). These results suggested that short-term suppression of HBV replication
may not slow down the progression of liver failure in
patients with chronic severe hepatitis B[53].
A brief summary of studies related to ACLF-HBV
and treatment with entecavir, or in comparison with lamivudine, is given in Table 5.
In 2013, Lai et al[54] analyzed the data from 182 HBeAgnegative patients with ACLF in China, and found that 93
were treated with entecavir 0.5 mg/d orally and 89 with
lamivudine 100 mg/d orally. HBV DNA level decreased
within 3 mo in both groups (P < 0.05), regardless of the
pretreatment MELD score. In patients with the same
range of pretreatment MELD scores, treatment duration, post-treatment HBV DNA levels, percentage of
HBV DNA level < 2.7 log copies/mL, biochemical parameters, MELD scores, and 3-mo mortality were similar
in the two groups (all P > 0.05). Thus, in HBeAg-negative patients with ACLF, the short-term efficacy of entecavir vs lamivudine was similar and the degree of pretreatment liver failure significantly affected the outcome
of treatment. Liu et al[55] studied entecavir and lamivudine
therapy for severe acute chronic hepatitis B and compared the efficacy at 4 wk with that of entecavir or lamivudine therapy in patients with severe acute exacerbation
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caused by chronic hepatitis B. The groups received 0.5
mg entecavir or 100 mg lamivudine daily. They found no
significant differences between the virological and biochemical responses or the deterioration rates of the two
groups[57]. These results suggested that short-term treatment with lamivudine markedly alleviated the increased
bilirubin levels in patients with severe acute exacerbation
of chronic hepatitis B, and that there was no significant
difference in the deterioration rate between patients
treated by the two types of medication. Entecavir did
not show any superiority over lamivudine, particularly in
its ability to reduce bilirubin levels. However, entecavir
also did not lead to the elevation of short-term mortality
rates. In a recent study by Chen et al[59], 21 consecutive
patients with ACLF-HBV were treated with either telbivudine or entecavir. During the initial 2-wk period, the
change in bilirubin was -1.2 mg/dL in the survivors, but
was +8.05 mg/dL in those that died (P = 0.009), and by
combining the baseline and on-treatment bilirubin levels,
a positive predictive value of 80% and a negative predictive value of 100% were achieved. During the course,
deterioration of estimated glomerular filtration rate was
significant in the entecavir-treated group (P = 0.028), but
not in telbivudine-treated patients. Additionally, the patients treated with telbivudine had a significant increase
in serum α-fetoprotein (27.9-191.9 ng/mL, P = 0.046)
in the first 2 wk, whereas the corresponding increase was
not found in those treated with entecavir (P = 0.139).
This prospective observational study concluded that
the baseline and on-treatment bilirubin levels should be
combined to achieve a better predictive value, and that
telbivudine might have renoprotective effects in addition
to its efficacy in viral suppression in patients with severe
acute exacerbation[59]. Recent studies by Chen et al[60] on
entecavir vs lamivudine in chronic hepatitis B patients
with severe acute exacerbation and hepatic decompensation revealed that the choice between entecavir and lamivudine was not an independent factor for mortality in
chronic hepatitis B patients with acute exacerbation and
hepatic decompensation, and that patients with ascites,
hepatic encephalopathy, and MELD scores ≥ 24 were
associated with poor outcome, and should be considered
for liver transplantation. The pros and cons of lami-
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Table 5 Summary of older studies that dealt with role of entecavir and entacavir vs lamivudine in patients of hepatitis B virus-relat[52-55]
ed acute on chronic liver failure
Study

Patient No. Drug used (no. of
patients treated)

Clinical implications

Salient features

Conclusion

No difference in mortality rates
below 3 mo and after 3 mo,
MELD not affected between
groups
Tongji prognostic predictor
model is better than MELD in
prognostication in HBV-ACLF

Short-term suppression of
HBV replication offers no
benefit on survival

Chen et al[53]

55

Entecavir

ALT, albumin, bilirubin, PT; no significant change between groups

Wong et al[56]

124

Entecavir

Treatment achieved

Shouval et al[61]

36 vs 117

Cui et al[58]

33/34/37

Imamura et al[20]

34

< 3 logs HBV DNA; significantly
higher survival rate; prevention of
liver or renal dysfunction
Entecavir (36);
Prolonged jaundice, encephalopathy, More liver-related mortality in
Lamivudine (117)
ascites in Entecavir group
entecavir group, faster virological response
Entecavir (33);
Liver function and MELD scores did No significant difference in 3-mo
lamivudine (34);
not improve significantly
survival was observed, levels of
placebo (37)
HBV DNA and rates of recurrence of HBV-associated ACLF
were lower

Entecavir and lamivudine consecutively

No reduction of < 1 log IU/mL in
HBV DNA after 1 or 3 mo of treatment. Initial virological response,
with lamivudine and entecavir,
respectively, was 83.3% and 100%

Entecavir prevents disease
progression and increases
the
survival of patients with
HBV-ACLF

Short-term mortality high in
entecavir group, but faster
reduction in viral load
Nucleoside analog treatment
did not improve the shortterm prognosis of patients
with HBV-associated ACLF
although it was efficacious
and safe in the management
of HBV DNA levels
Twelve months after treatment, Entecavir appears to be as
41.6% of 24 lamivudine group
effective as lamivudine in
patients switched to another
the treatment of patients
drug or added adefovir to their with acute exacerbation of
treatment due to the emergence
chronic hepatitis B
of lamivudine-resistant mutants

HBV: Hepatitis B virus; ACLF: Acute on chronic liver failure.

vudine vs entecavir in decompensated or severe acute
exacerbation of chronic hepatitis B can be summarized
as entecavir being more effective in promoting faster
viral load decrement, albeit its hepatic and extrahepatic
adverse effects. It was also stated that the available clinical evidence suggests that clinicians treating chronic
hepatitis B patients with acute HBV exacerbation or
decompensated liver disease should use the most potent
nucleoside analogs available[61].

TENOFOVIR
In a seminal study by Garg et al[62], consecutive patients
with ACLF due to spontaneous reactivation of chronic
hepatitis B were randomized to receive either tenofovir
or placebo. The primary endpoint was survival at 3 mo.
The cumulative survival of two groups of ACLF-HBV
patients treated with tenofovir vs placebo is shown in the
Kaplan-Meier graph in Figure 4. More than 2 log reduction in HBV DNA levels at 2 wk was found to be an independent predictor of survival. The authors concluded
that tenofovir significantly reduced HBV-DNA levels,
improved CTP and MELD scores, and reduced mortality in patients with severe spontaneous reactivation of
chronic hepatitis B presenting as ACLF, and that reduction in HBV-DNA levels at 2 wk should be considered
a desirable goal and a good predictor of survival. However, genotype D was the predominant HBV genotype in
the Indian patients (85.2%), but genotype B or C is the
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main HBV genotype in China. Also, it is still unknown
whether HBV genotype may affect the results of antiviral treatment in ACLF. As mentioned earlier, the Wong
et al[47] study shed light on the problem of lactic acidosis
or an exaggerated immune response due to rapid virological suppression, which may lead to and exacerbate
liver injury among patients with severe acute exacerbation of chronic hepatitis B. However, the latter explanation is contradictory to the opinion of Garg et al[62]
who proposed that rapid reduction in HBV DNA levels
independently predicted a good short-term survival rate.
Thus, larger prospective and multicenter studies are encouraged to evaluate further the effect of tenofovir and
entecavir on short-term mortality of patients with HBVassociated ACLF.

REVIEW OF META-ANALYSIS
In a meta-analysis of antiviral therapy in ACLF-HBV by
Xie et al[63], the core issue of effectiveness of nucleoside
analogs on patients with chronic-hepatitis-B-associated
liver failure was considered. They searched 11 randomized controlled trials that included 654 patients with
chronic-hepatitis-B-associated liver failure. Three hundred and forty patients adopted nucleoside analogs,
such as lamivudine, entecavir, telbivudine or tenofovir,
and the remaining 314 patients adopted no nucleoside
analog or placebo. In this meta-analysis, examination of
survival, HBeAg seroconversion, and reduction in serum
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A
Cumulative probability of survival (%)

100

Tenofovir
Placebo

80
60
40

P value < 0.05
(log rank test)

20
0
0

15

30

45

60

75

90

11
9
2

10
8
2

10
8
2

Follow up in 90 d
Number of patients:
Tenofovir:
Placebo:

27
14
13

24
14
10

19
11
8

14
10
4

B

≥ 2 log reduction

HBV DNA reduction in Tenofovir group

< 2 log reduction

HBV DNA reduction in Placebo group

8

7
5
2
1
Survived

0

0

0

Died

Survived

Died

Figure 4 Cumulative survival of two groups of acute on chronic liver failure-hepatitis B virus patients treated with tenofovir vs placebo is shown in the
Kaplan-Meier graph below. A: Cumulative survival of acute on chronic liver failure-hepatitis B virus (ACLF-HBV) group of patients who were randomized to receive
tenofovir vs placebo. Of the 90 patients with ACLF of different etiologies, 27 (26%) were due to reactivation of chronic hepatitis B. The median baseline HBV DNA level
was 9 × 105 IU/mL. Fourteen patients received tenofovir and 13 placebo. At 3 mo the probability of survival was higher in the tenofovir than the placebo group [8/14 (57%)
vs 2/13 (15%), respectively; P < 0.03]. The cause of death in the 15 patients was progressive liver failure leading to multiorgan failure. In the surviving patients, there
was a significant improvement in the Child-Turcotte Pugh (CTP) and model for end-stage liver disease (MELD) scores and significant decline in the HBV DNA levels
in the tenofovir group, whereas these parameters did not change significantly in the placebo group. B: A 2-log reduction in HBV DNA level at 2 wk predicted survival
benefit. Garg et al[61] 2011 (Hepatology). HBV: Hepatitis B virus.

HBV DNA level were studied. The overall analysis revealed that nucleoside analogs significantly improved 1-,
3- and 12-mo survival. Comparison of 3-mo HBV DNA
showed a significant reduction in use of nucleoside analogs, and comparison of 3-mo HBeAg seroconversion
showed a highly significant increase in HBeAg loss in
patients receiving antiviral therapy. This analysis concluded that nucleoside analogs in patients with chronichepatitis-B-associated liver failure significantly improved
patient survival, HBeAg seroconversion, and rapidly
reduced HBV DNA levels. A second meta-analysis by
Yu et al[64] investigated the application of nucleos(t)ide
analogs in HBV-related ACLF, and examined their efficacy and safety. In this study, the 3-mo mortality was
defined as the primary efficacy measure. ACLF reactivation and HBV-DNA inhibition were considered secondary efficacy measures. The study found a total of five
eligible studies that showed that antiviral treatment with
nucleos(t)ide analogs significantly reduced HBV DNA
(HBV DNA reduction > 2 log). ACLF patients receiving
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nucleos(t)ide analogs had significantly lower 3-mo mortality, as well as incidence of reactivation compared to
those who did not. There was no significant difference
in the prognosis of patients treated with entecavir or
lamivudine. The findings of this meta-analysis suggested
that nucleos(t)ide analog treatment reduced short-term
mortality as well as reactivation of HBV-related ACLF.
Nucleos(t)ide analogs were well-tolerated during therapy
(with no adverse outcomes documented) and evidence
indicated that entecavir and lamivudine conferred comparable short-term benefits in these patients. The important studies on antiviral therapy for patients with acute
severe hepatitis B and decompensation of cirrhosis are
shown in Table 6.

PROGNOSTIC MODELS FOR ACLF-HBV
Fan et al[65] identified the risk factors for predicting the
outcome of acute-on-chronic hepatitis B liver failure
(ACHBLF). Their study included 113 patients (87 men
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Table 6 Important studies on antiviral therapy in hepatitis-B-related acute on chronic liver failure
Ref.

Country

Yang et al[79]
Sun et al[50]

China
China

Qiu et al[80]
Cui et al[58]

China
China

Zhang et al[72]

China

Garg et al[62]
Chen et al[60]

India
China

Chen et al[47]

China

Qin et al[81]

China

Lai et al[54]

China

Chen et al[82]

China

Study design

Drugs/dose

No of patients
treated

End events

Follow
up

RCT
Entecavir (0.5 mg)
55
Liver function, HBV DNA
1 mo
Retrospective
LAM (100 mg)
130
Mortality, DNA, YMDD mutation 3 mo
cohort
RCT
Telbivudine (600 mg)
30
Liver function, HBV DNA
1 mo
Retrospective LAM (100 mg) or EVT (0.5 mg) 67 (LAM) vs
Mortality, MELD, HBV DNA,
12 mo
cohort
EVT (37)
recurrence
Observational LAM (100 mg) plus Dexameth56
Liver function, MELD, Survival
1 mo
study
asone (10 mg/d, 5 d)
RCT
Tenofovir (300 mg) vs placebo
14 vs 27
Mortality, MELD, HBV DNA
3 mo
Retrospective LAM (100 mg) or EVT (0.5 mg) 72 (LAM) vs 34
Mortality, recurrence, HBV
7 mo
cohort
(EVT)
DNA, YMDD mutation
RCT
LAM (100 mg) or EVT (0.5 mg)
42(EVT) vs
HBV DNA, YMDD mutation,
7 mo
30(LAM)
MELD Na
RCT
Telbivudine (600 mg)
12
Mortality, liver function, HBV
3 mo
DNA
RCT
LAM (100 mg) or EVT (0.5 mg)
93(EVT) vs
HBV DNA, MELD, HBeAg -ve
3 mo
89(LAM)
RCT
Entecavir (0.5 mg) plus Dexa31
Liver function, MELD, Mortality 3 mo
methasone (10 mg/d, 3 d)

Remarks
Useful
Not useful
Useful
Similar
Useful
Useful
Similar
Evt more useful
Useful in renal
dysfunction
Evt useful
Useful

HBV: Hepatitis B virus.

and 26 women) with a mean age of 49.84 years. Fiftytwo patients survived, and 61 died. Liver failure (85.2%),
sepsis (34.4%), and multiple organ failure (39.3%) were
the main causes of death. Multivariate analyses showed
that APACHE Ⅱ scores ≥ 12 and positive blood culture
on the day of diagnosis and MELD scores ≥ 28 after
the first week of treatment were independent predictors
of mortality. Zheng et al[66] investigated the dynamic patterns of the natural progression as well as their impact
on the outcomes of ACHBLF. In this study, the baseline
characteristics showed that there were significant differences in only HBV DNA levels and platelet count
between the deceased and surviving patients. Furthermore, the dynamic state of the MELD score gradually
increased from an initial hepatic flare until week 4 of
ACHBLF progression, and there were notable changes
in the dynamic state of the MELD score at two time
points (weeks 2 and 4) during ACLF-HBV progression. The MELD scores were significantly greater in the
dead group (24.80 ± 2.99) than in the survival group
(19.49 ± 1.96, P < 0.05) during the clinical course of
ACHBLF, and the MELD scores of the survival group
began to decrease from week 4, while they continued
to rise and eventually decreased as more patients died.
The gradients of the ascent and descent stages predicted
exactly the severity and prognosis of ACLF-HBV. It was
concluded that the natural progression of ACLF-HBV
could be divided approximately into four stages including ascent, plateau, descent, and convalescence stages,
according to different trends in liver failure progression.
Thus, the special patterns of the natural progression of
ACLF-HBV could be regarded as a significant predictor
of the 3-mo mortality of ACLF-HBV. He et al[67] compared four prognostic models and a new logistic regression model to predict short-term prognosis of ACH-
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BLF. In their study, the 3-mo mortality was 43.6%. The
largest concordance statistic predicting 3-mo mortality
was MELD score at 2 wk after admission, followed by
MELD scores: sodium and integrated MELD (iMELD)
scores, ΔMELD, ΔMESO and MELD plus sodium
(MELD-Na) scores (Figure 5). In multivariate logistic
regression analysis, the independent factors predicting
prognosis were found to be hepatic encephalopathy,
serum creatinine, INR, and total bilirubin at 2 wk after
admission and cholinesterase upon admission. This regression model had a greater prognostic value compared
to the MELD score at 2 wk after admission.

NEW FRONTIERS
Di Campli et al[68] in 2007 utilized for the first time, granulocyte colony-stimulating factor (G-CSF) treatment in
patients with ACLF (alcoholic liver failure). They found
out that this therapy was able to induce CD34 mobilization in patients with ACLF. The expression pattern of
chemokine CXC receptor 4, very late activation antigen 4,
and vascular endothelial growth factor receptor suggested
that these molecules are involved in G-CSF-induced stem
cell mobilization, which eventually led to liver regeneration and repair. However, they did not show the effect
of G-CSF on survival benefit. Similarly, Spahr et al[69]
investigated the efficacy of G-CSF in patients with alcoholic steatohepatitis, and observed an elevated peripheral
CD34+ cell count and proliferating hemopoietic cells in
the liver tissues, but they failed to demonstrate improvement of liver function.
Garg et al[70] studied the efficacy of G-CSF in ACLF
patients. The first report of G-CSF therapy in ACLFHBV was by Duan et al[71] in 2013. They observed that
G-CSF therapy increased the peripheral neutrophil count
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Parameters

AUC

95%CI
Lower

Upper

Cutoff

Sensitivity (%)

Specificity (%)

27.5

61.3

85.6

70.7

76.3

MELD_2

0.800

0.733

0.866

MESO_2

0.796

0.729

0.864

iMELD_2

0.758

0.687

0.829

45.57

74.7

64.9

ΔMELD

0.752

0.679

0.825

0.5

58.7

77.3

ΔMESO

0.729

0.653

0.805

0.902

73.3

57.7

MELD-Na_2

0.728

0.653

0.803

74.7

67.0

1.986

29.65

Figure 5 Sensitivity, specificity, and 95%CI for the four model for end-stage liver disease-based prognostic models used to predict mortality with the best
predictive cut offs at 3 mo[67].

and CD34+ cell count in patients with HBV-associated
ACLF, and that G-CSF treatment demonstrated improved liver function compared to the control group, as
demonstrated by the CTP and MELD scores. After 3
mo follow-up, the survival rate in the treatment group
(48.1%) was found to be significantly higher than that
in the control group (21.4%). G-CSF therapy could be a
potential tool for management of such a sick cohort of
patients.
Interferon therapy is contraindicated because it exacerbates hepatic decompensation. Corticosteroids, based
on their anti-inflammatory activity, have been used in
a recent study, wherein intravenous dexamethasone 10
mg/d was given for 5 d, together with continuous lamivudine to 56 patients. When compared with controls,
dexamethasone treatment was an independent factor
influencing survival, with a rapid decline in serum bilirubin in the first 5 d being predictive of survival. Another
study showed no impact on survival of dexamethasone
therapy along with entecavir standard treatment in patients of ACLF-HBV[72].

ACLF-HBV AND LIVER TRANSPLANTATION
Orthotopic liver transplantation remains the only definitive therapy for patients with ACLF-HBV who do not
stabilize on medical management. Chan et al[73] concluded
that live donor liver transplantation using the right lobe
is an effective therapeutic option for patients with ACLF
due to hepatitis B. It results in satisfactory survival outcomes comparable with those in patients undergoing living donor liver transplantation for elective conditions.
The APASL consensus experts have agreed to the
use of standard King’s College Hospital criteria for liver
transplantation in patients with ACLF and the need for
earlier intervention for type 1 hepatorenal syndrome or
spontaneous bacterial peritonitis. Liver transplantation
in patients with ACLF has been retrospectively analyzed
by Bahirwani et al[74]. They showed that the group with
ACLF had 26% mortality compared with 17% in the
non-ACLF group. The difference was significantly different in univariate analysis, but when only single organ
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transplants were analyzed, the results were not significant. On multivariate analysis, ACLF was not an independent predictor of post-transplant mortality, arguing
strongly that this is a good indication for transplantation.
The timing of transplantation is crucial because patients
with ACLF may provide a window of opportunity.
Living-donor transplantation is an attractive option; the
experience of which has been reported extensively in
South-East Asia, mainly in patients with ACLF resulting from HBV reactivation. Chen et al[75] suggested that
although the patients with ACLF and hepatorenal syndrome had a more difficult postoperative course, living
donor transplantation could be performed safely, and
overall, there were no significant differences in 5-year
survival of about 80%. Similar observations have been
made by Chok et al[76] in similar cohorts of patients.
Finkenstedt et al[77] investigated the feasibility of transplantation and determined the postoperative outcomes
of patients with ACLF. They found that multiorgan
failure was the most common cause of death. Patients
who developed infectious complications (particularly
pneumonia and/or sepsis) and patients who received renal replacement therapy or mechanical ventilation were
less likely to undergo transplantation. The 1- and 5-year
survival rates of 87% and 82% were comparable to the
rates for non-ACLF patients. This study showed that
liver transplantation remains the only therapeutic option
for the vast majority of patients with ACLF. However,
transplantation was feasible in < 25% of the patients
with a 5-year survival rate > 80%.
Duan et al[78] studied 100 consecutive patients with
pathologically confirmed ACLF who underwent liver
transplantation. The preoperative data showed that all
patients were in a serious condition with a median high
MELD score of 32. The patients underwent either deceased donor or living donor liver transplantation with
an overall mortality of 20%. The 1-, 3- and 5-year cumulative survival rates were 76.8%, 75.6% and 74.1%,
respectively, and graft 1-, 3- and 5-year accumulative survival rates were 73.3%, 72.1% and 70.6%, respectively. It
was concluded that both deceased and living donor liver
transplantation were effective therapeutic options for pa-
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HBV Reactivation - acute on chronic liver failure

Stratify according to clinical scenario

Mild disease

Moderate disease

Severe disease

Mild jaundice
No extra hepatic organ failure
Failure

Moderate jaundice
One extra hepatic organ failure

Severe jaundice
> 1extra hepatic organ

Supportive management
Antibiotics for superimposed infection
Treatment for hepatic encephalopathy
Terlipressin and albumin for hepatorenal syndrome
Nutritional therapy
Management of acute bleeding
Correction of symptomatic coagulopathy

Antiviral therapy

Lamivudine not recommended due to
limited potency and resistance profile

Definitive therapy

Alternate therapy

GCSF as add-on therapy
(needs more validation)

Tenofovirmonotherapy (THERAPY
OF CHOICE) or combined with
Telbivudine for faster DNA lowering

Telbivudinemonotherapy in patients
of underlying renal dysfunction,
rapid DNA lowering rates warranted

Entecavir not recommended when
renal dysfunction and MELD above
24, in lactic acidosis

Monitor HBV DNA levels weekly
Serial MELD Scores
New or worsening organ failure

Rising MELD, ALF like presentation (with
King’s College Hospital Criteria fulfilment),
available living donor/cadaver liver

Liver
transplantation

Liver Dialysis
(needs validation)

Figure 6 Algorithm for management of acute on chronic liver failure secondary to reactivation of chronic hepatitis B. HBV: Hepatitis B virus.

tients with ACLF and the short- and long-term survival
rates were encouraging.
In the era of more technically astute liver transplantation methodology, it is important to conduct more
prospective and multicenter studies to define preoperatively which patients would benefit from transplantation
in this group of patients.
A possible algorithm for management of ACLFHBV is given in Figure 6.
The use of highly potent antiviral therapy has been
shown to improve outcomes in ACLF-HBV patients.
Lamivudine and entecavir showed similar rates of improvement, but definite short-term survival benefits. Adefovir is not particularly helpful in a serious disease such
as ACLF-HBV. Tenofovir, even though used in a small
subset of study patients, still showed greater benefit than
that achieved by other antiviral agents. Telbivudine has
been shown in a few studies to be useful in the presence
WJG|www.wjgnet.com

of renal dysfunction, due to its renoprotective effects.
The current concepts in management of HBV-related ACLF have come a long way, but several issues remain to be addressed before standardized protocols can
be recommended. The use of nucleoside and nucleotide
analogs is warranted, and has clear survival benefits.
Larger, challenging and well-designed studies to compare the many available high-potency antiviral agents in
ACLF-HBV patients need to be undertaken to clarify
and produce standardized management protocols. The
goals in this cohort of patients who have high mortality
rates in the absence of effective drug intervention need
to be defined.
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Abstract
In the past few decades, chronic hepatitis B (CHB)
has evolved from a disease that was untreatable and
progressive, to one that can be easily controlled with
antiviral therapy. However, patients with severe liver
disease still remain difficult to treat despite the availability of highly potent nucleos(t)ide analogs. These
include those with underlying cirrhosis, severe flares
of CHB, hepatocellular carcinoma (HCC), and for those
undergoing liver transplantation. For those with established cirrhosis, antiviral therapy should be considered
for all, as unpredictable flares can still occur, which can
be fatal for those with advanced chronic liver disease.
However, even with effective viral suppression, the
development of HCC can still occur. For patients with
severe flares of CHB, although the use of antiviral can
improve long term outcomes, a significant proportion
may still die without liver transplantation. The short
term prognosis of these patients is dependent on both
the severity of flare and underlying pre-existing liver
disease. In patients with decompensated cirrhosis,
liver failure secondary to severe flares, or those with
HCC, liver transplantation may be curative. After liver
transplantation, long term antiviral therapy is required
to prevent graft loss from recurrent hepatitis B infection. The use of hepatitis B immune globulin (HBIG) in
combination with an oral antiviral agent has been the
mainstay of post-transplant antiviral regimen for over a
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decade. With newer and more potent antiviral agents
such as tenofovir and entecavir, use of these agents
along with HBIG have demonstrated to be effective in
preventing significant recurrence in the long term.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Antiviral therapy; Cirrhosis; Liver failure;
Liver transplantation; Hepatocellular carcinoma
Core tip: This review discusses the treatment of chronic hepatitis B in patients with underlying severe liver
disease, including cirrhosis, acute on chronic liver failure, hepatocellular carcinoma, and those undergoing
liver transplantation. Despite the availability of highly
potent antiviral drugs, these patients are often difficult to manage. The use of currently available antiviral
agents is discussed along with its efficacy in these patients with severe hepatitis B liver disease.
Fung J, Lai CL, Yuen MF. Management of chronic hepatitis
B in severe liver disease. World J Gastroenterol 2014; 20(43):
16053-16061 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i43/16053.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i43.16053

INTRODUCTION
With an estimated 400 million people worldwide infected
with the hepatitis B virus (HBV), chronic hepatitis B
(CHB) continues to be a major global health problem.
Up to 40% of patients infected with CHB may develop
liver complications, including cirrhosis, liver decompensation, and hepatocellular carcinoma (HCC)[1]. In a
recent study of 6689 CHB patients, HBV was the cause
of death in over 40%, and the rate was similar between
non-Asians and Asia-Pacific Islander origin[2]. Not until
the recent decade, CHB was largely a progressive and untreatable disease. The major milestone in CHB manage-
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ment was the approval of the first nucleoside/nucleotide
analogue (NA), lamivudine (LAM) in 1998. However,
LAM was associated with high rates of resistance[3]. Since
then, four other NAs have been approved for the treatment of CHB, namely adefovir (ADV), entecavir (ETV),
telbivudine, and tenofovir (TDF). All NAs are effective
in achieving the short term goals of HBV DNA suppression and normalization of liver parenchymal enzymes[4-11].
The key difference between the NAs pertain to their
varying barriers to resistance[12]. Through the effects of
viral suppression, long-term treatment with NAs can
reduce and prevent the development of cirrhosis and
reduce the development of HCC[13-17]. However, a significant proportion of HBV carriers remain untreated for
various reasons. As CHB is largely asymptomatic, HBV
carriage is unlikely to be apparent unless it is screened.
Once diagnosed, treatment may not be instituted because
of ineligibility according to current treatment guidelines,
cost, compliance to follow-up, and patient’s own decision.
It is therefore not surprising that a significant proportion
of HBV carriers can present for the first time with advanced liver disease.

MANAGEMENT OF CIRRHOSIS
In patients with advanced fibrosis and established cirrhosis, long term therapy with NAs can lead to regression
of fibrosis and even cirrhotic changes[18-22]. However, in
advanced stages of cirrhosis, when the liver is already
contracted with gross lobular architectural distortions and
portal hypertension, the changes are likely to be irreversible. Although antiviral therapy should ideally have been
started prior to the onset of progressive liver fibrosis,
there are major reasons for treating patients with established cirrhosis. The goals of treatment for this population are to prevent further liver injury and progressive
liver damage leading to decompensation, to improve liver
function, and to decrease the risk of HCC development
and ultimately, to reduce mortality.
Ideally, all CHB patients with cirrhosis and detectable
viral load should be considered for treatment. However,
there are differences in the criteria for starting antiviral
therapy for HBV cirrhosis between the major regional
treatment guidelines. The European Association for the
Study of the Liver guidelines recommend that treatment
should be started using a drug with low resistance profile irrespective of the level of alanine aminotransferase
(ALT) as this may be normal in advanced liver disease[23].
The American Association for the Study of Liver Diseases (AASLD) guidelines suggest that treatment for
compensated patients should only be started when ALT
> × 2 upper limit of normal, or if the HBV DNA level
is elevated (> 2000 IU/mL) with elevated ALT[24]. For
patients with decompensated cirrhosis, treatment should
be promptly initiated with a NA that can rapidly suppress
viral load with a low risk of drug resistance. The Asia
Pacific Association for the Study of the Liver (APASL)
guidelines recommend treatment for those with HBV
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DNA levels ≥ 2000 IU/mL with compensated cirrhosis[25]. However, spontaneous flares of hepatitis can occur
at any time, and in patients with cirrhosis (even if compensated), these episodes may lead to decompensation,
increasing chance of death or the need for liver transplantation (LT). Therefore, all HBV cirrhotic patients
who remain hepatitis B surface antigen (HBsAg) positive
should be considered for antiviral therapy.
The duration of therapy for patients with cirrhosis
should be long-term. For compensated cirrhosis, the
AASLD guidelines recommend that treatment can be
stopped in hepatitis B e antigen (HBeAg)-positive patients if they undergo HBeAg seroconversion together
with at least 6 mo of consolidation therapy, or in the
event of HBsAg seroconversion for HBeAg-negative
patients[24]. However, the risk of virological rebound in
patients with treatment-induced HBeAg seroconversion after cessation of antiviral therapy has been shown
to be significantly high[26]. As virological rebound and
subsequent flare after discontinuing treatment may result in decompensation in cirrhotic patients, it would
be prudent to consider long-term maintenance antiviral
therapy. For decompensated patients, life-long treatment
is recommended.
The long term benefits of oral antiviral therapy in
cirrhotic CHB patients was established in a multicenter
randomized placebo-controlled trial of 651 patients using LAM, showing significant reduction in overall disease
progression, lower rate of Child-Pugh score increase, and
a reduction in the development of HCC[13]. Subsequent
non-placebo trials have demonstrated the efficacy of
newer NAs in decompensated liver disease. A randomized study comparing ETV and ADV demonstrated
superior viral suppression with ETV, with similar improvements in Child-Pugh scores[27]. A randomized study
comparing TDF (n = 45), TDF + emtricitabine (n = 45),
and ETV (n = 22) showed similar efficacy in HBV DNA
suppression, and improvement in Child-Pugh and MELD
scores[28]. In fact, an earlier study using LAM showed a
biphasic survival pattern, with a high mortality rate within
the first 6 mo due to liver failure in patients with decompensated cirrhosis[29]. Factors associated with early mortality included bilirubin, creatinine, and HBV DNA levels.
For those surviving beyond 6 mo, the long term survival
was excellent (88% at 3 years). The importance of HBV
DNA suppression in decompensated cirrhotic patients
was highlighted in a randomized placebo-controlled trial
using TDF in 27 patients[30]. Those patients treated with
TDF had significant reduction in HBV DNA levels with
improvements in Child-Pugh and MELD scores, and
reduction in mortality. A greater than 2 log reduction in
HBV DNA levels at week 2 was found to be an independent predictor of survival.
It is likely that the short term survival is independent
of the type of antiviral therapy, and non-head to head
comparison studies have shown similar 1-year survival
rates of 84%-93% between the five currently approved
NAs in decompensated CHB cirrhosis[29,31,32]. As previ-
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ously mentioned, virtually all patients with cirrhosis who
are commenced on antiviral therapy will require life-long
treatment. Therefore, NAs with a high barrier to resistance should be used to minimize the risk of virological
breakthrough and subsequent flares, as this can often
lead to disastrous consequences in patients with established cirrhosis[33-38]. A recent meta-analysis comparing
ETV and LAM showed similar reduction in mortality,
with better virological response and lower rate of resistance observed in those treated with ETV[39].
In patients with severe liver disease, there should be
heightened vigilance to ensure that any adverse effects
from medication use are minimized. There have been
cases of severe lactic acidosis occurring with the use of
ETV in patients with impaired liver function[40]. These
patients all had higher MELD scores of > 18 with impaired creatinine clearance. Therefore, patients with renal impairment should have their antiviral dose adjusted
accordingly. In the randomized trials of ETV in decompensated cirrhosis, no lactic acidosis was reported[27,28].

ACUTE FLARE OF CHB
Acute flare of CHB can occur in both treatment-naïve
patients and those already on antiviral therapy. In the former setting, loss of immunotolerance in HBeAg-positive
patients may result in acute flares. For those who are
HBeAg-negative, ongoing viral replication can still occur, leading also to recurrent flares. For treated patients,
acute flares can occur with cessation of therapy or noncompliance, and also with the development of drug
resistant mutations. In severe cases, acute flares can lead
to acute on chronic liver failure (AOCLF). The APASL
consensus has defined AOCLF as an acute hepatic insult
manifesting as jaundice and coagulopathy, complicated
within 4 wk by ascites and/or encephalopathy in patients
with existing chronic liver disease[41]. The development
of AOCLF depends on 2 key factors, the severity of the
acute insult and the degree of underlying chronic liver
disease. Liver failure can occur with a moderate flare
with underlying cirrhosis, or with a severe flare in noncirrhotic patients.
As discussed previously, the biphasic pattern of survival
means that a significant proportion will succumb within the
first few mo of presentation even with the commencement of antiviral therapy. The use of molecular adsorbent recirculating system (MARS) can decrease plasma
concentration of bilirubin, creatinine, and ammonia in
AOCLF. Initial small randomized trials of patients with
AOCLF suggested that using albumin dialysis may improve survival[42-44]. However, in a recent multicenter trial
of 189 AOCLF patients randomized to receive MARS (n
= 95) vs standard (n = 94) therapy, there was no difference in the 28 d transplant-free survival (60% vs 59.2%
respectively, P = 0.88) and in the 90-d transplant-free
survival (44.7% vs 43.7% respectively, P = 0.97)[45]. Thus
although MARS therapy is safe in this group of patients,
there does not appear to be any survival benefit.
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Therefore, for those patients not responding to antiviral therapy, LT remains the only curative option. For
those with evidence of liver decompensation, early referral to a LT center is recommended. There is currently
no consensus on whom and when to transplant, and
the most widely adopted criteria is the King’s criteria for
acute liver failure. However, many of these patients have
underlying chronic liver disease and may not fulfil the criteria for acute liver failure. In addition, patients with AOCLF often evolved into a chronic state, without fulfilling
the King’s criteria, but remain decompensated without
transplantation. There are studies showing that MELD
score on presentation could be used to predict mortality from AOCLF. For patients with MELD score greater
than 30, the short-term mortality can be as high as 92%
even when NAs are given[46,47]. These patients should be
urgently considered for LT. For those with intermediate MELD score e.g., 20-30, the short-term mortality is
around 44%-50%. Monitoring other prognostic parameters is therefore required and LT may also be required.
These parameters include prothrombin time, INR, creatinine, sodium, the presence of hepatic encephalopathy,
the presence of cirrhosis, hepatorenal syndrome, HBeAg
status, and albumin[48-51]. In the absence of the definite
criteria for AOCLF, clinical judgment is often made on
factors such as the presence of hepatic encephalopathy,
degree of liver dysfunction including the level of jaundice
and coagulopathy, the presence of multiorgan involvement, and the use of imaging to determine the presence
of underlying cirrhosis, portal hypertension and dynamic
changes in liver size with serial scanning.
The outcome after LT for AOCLF is excellent, and
is similar to those achieved by LT for other liver conditions. In a study of 50 patients with acute flare of CHB
and 99 cirrhotic patients with acute decompensation, the
5-year survival rate was 93.2% and 90.5% respectively[52].

HEPATOCELLULAR CARCINOMA
It is well known that HBV replication is an important
contributing factor for the development of HCC[53]. Antiviral therapy remains the cornerstone in reducing the
incidence in HCC[54]. Studies using LAM demonstrate
a reduction in HCC development in both cirrhotic and
non-cirrhotic patients, although the benefit is diminished
by the development of drug resistance[3,13,55]. Failure to
remain in virological remission is a risk factor for HCC[56].
A case control study showed a lower cumulative 5-year
HCC incidence in patients treated with ETV compared to
the control group (3.7% vs 13.7% respectively, P < 0.001),
with a lower risk of HCC in the ETV group (HR = 0.37,
95%CI: 0.15-0.91, P = 0.30)[16]. An analysis of 2671 CHB
patients, antiviral therapy was associated with a lower
risk of HCC compared with non-treated patients (adjusted HR = 0.39, 95%CI: 0.27-0.56, P < 0.001)[57]. Several meta-analyses/systematic reviews have also shown
the benefits of antiviral therapy in reducing the rate of
HCC development[58-61]. A recent systematic review and
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meta-analysis however was less clear on the benefits of
antiviral therapy in preventing HCC and mortality[62]. Unfortunately, antiviral therapy will not completely remove
the risk of HCC, especially for those with established cirrhosis where the liver is already prone to carcinogenesis
even without viral replication[56]. Therefore, close followup and stringent surveillance for the development of
HCC is essential for all cirrhotic patients.
Once HCC develops, treatment for HBV will depend
on the stage of disease and the treatment undertaken.
Ideally, all patients should be on antiviral therapy as the
majority will have underlying cirrhosis. Even for noncirrhotic patients, the fact that HCC has developed shows
that the virus itself has an important role in hepatocarcinogenesis. For non-surgical patients, a high viral load
prior to chemotherapy results in higher rates of severe
hepatitis during chemotherapy[63]. The APASL guidelines
recommend that antiviral treatment should be commenced in all HCC patients with HBV DNA > 2000 IU/
mL before and/or after curative therapy, and treatment
should be started preemptively for all patients undergoing
transarterial chemo-embolization (TACE)[25]. Longer survival has been shown in patients receiving TACE with the
additional of antiviral therapy[64]. For those with advance
stage HCC where survival is limited, resistance becomes
less of an issue, and a more cost-effective approach may
be recommended[65].
For the overwhelming majority of patients with HCC,
surgical removal of the tumor by resection or LT is the
only curative option; the latter will be discussed in a
subsequent section. Antiviral therapy is important for
patients undergoing resection as the hepatic reserves
will be limited and compromised in the post-operative
period. Therefore, flares of hepatitis may lead to decompensation for untreated patients[66]. Surgery and anesthesia may also impart a state of immunosuppression in the
early post-operative period, thereby increasing the risk
of HBV reactivation[67]. A high pre-operative viral load
has been associated with worse overall and recurrencefree survivals after curative resection[68]. There is also
the potential increased risk of recurrent HCC due to the
process of necrosis and regeneration of remaining hepatocytes, which may induce DNA mutations and instability. Up-regulation of adhesion molecules on cells lining
sinusoids may increase the risk of distant metastasis[69].
Viral load and hepatic inflammatory activity have
been associated with late recurrences after HCC resection[70]. A cohort of 72 resected patients with HBV-related HCC showed that the absence of antiviral treatment
was a risk in tumor recurrence[71]. An HBV DNA of >
2000 IU/mL at the time of resection was a significant
risk factor (RR = 22.3, 95%CI: 3.3-150.5, P = 0.001). In a
nationwide cohort study from Taiwan of 4051 untreated
vs 518 NA-treated CHB patients with resected HCC,
even though there was a higher rate of cirrhosis in the
latter (38.7% vs 48.6% respectively, P < 0.001), the risk
of HCC recurrence was lower in the NA-treated patients
(43.6% vs 20.5% respectively, P < 0.001)[72]. NA use was
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independently associated with a significantly lower HCC
recurrence risk (HR = 0.67, 95%CI: 0.55-0.81, P < 0.001).
Therefore, antiviral therapy plays an important role
in preventing the development of HCC, but also in the
recurrence of HCC after curative resection. A metaanalysis also demonstrated the beneficial effects of antiviral therapy with regards to HCC recurrence (OR = 0.59,
95%CI: 0.35-0.97, P = 0.04), and liver-related mortality
(OR = 0.13, 95%CI: 0.02-0.69, P = 0.02)[73]. Another
recent meta-analyses including 20 studies demonstrated
that the presence of high viral load significantly increased overall HCC recurrence risk after curative therapy, whereas antiviral therapy had potential beneficial
effects in preventing recurrence[74].

LIVER TRANSPLANTATION
Indications for LT in CHB include severe flares, chronic
decompensation, and the development of HCC. The
goals of therapy for these patients have been discussed
in detail for patients with acute flares, decompensated
cirrhosis, and also for patients with HCC[75]. There is
also evidence to suggest that antiviral therapy before LT
may prevent HBV recurrence after LT by reducing the
level of viremia to extremely low levels[76-78]. After LT,
the primary goal of antiviral therapy is to prevent HBV
recurrence and to prevent graft loss. Prior to the availability of effective HBV prophylaxis in the 1980s, LT for
CHB was a relative contraindication. High rates of graft
re-infection leading to severe flares and loss of graft occurred in the absence of antiviral therapy. The use of
hepatitis B immune globulin (HBIG) after LT was the
first major milestone in the prevention of post-transplant HBV recurrence. HBIG monotherapy reduced
HBV recurrence by a rate of approximately 70%[79]. As
it is a type of passive immunization, the effects are immediate and transient, resulting in the need for frequent
antibody titer monitoring and parental injection. The
second milestone was the approval of LAM for the
treatment of CHB. Although LAM monotherapy is effective in preventing 60%-95% of HBV recurrence, a
major disadvantage is the high rate of drug resistance[80].
By combining HBIG with LAM, over 95% of HBV recurrence can be prevented. This combination has been
the mainstay of therapy for most LT centers worldwide
for the past few decades. The cost of HBIG therapy can
be reduced through the use of lower doses which have
shown to be equally efficacious[81].
With the availability of highly potent NAs with low
drug resistance rates, recent studies have shown that
an HBIG-free regimen can be adopted. An early smallscaled study demonstrated that HBIG can be safely
withdrawn with the addition of ADV together with LAM
without an increase risk in virological relapse[82]. A recent
study also demonstrated no HBV recurrence at 96 wk for
patients treated with emtricitabine + TDF + HBIG, with
cessation of HBIG after 6 mo post LT[83]. A completely
HBIG-free regimen in a cohort of CHB patients using
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ETV monotherapy, has been reported, showing no episodes of HBV flares or graft loss secondary to recurrent
HBV infection[84]. The combination of LAM + ADV
without HBIG has also been shown to be effective[85]. A
recent large long-term cohort study of 362 CHB post-LT
patients receiving only NAs without HBIG showed that
at year 8 after LT, 98% had undetectable HBV DNA.
Moreover, the survival was excellent at 83% at 8 years,
with no mortality related to HBV recurrence[86]. This
clearly shows that an HBIG-free regimen is safe and effective, and increasing studies have also demonstrated the
efficacy of this therapeutic approach[87-93].
However, HBIG remains part of the antiviral prophylaxis in many transplant centers. It has to be said
that the use of HBIG is likely to result in a higher rate
of HBsAg negativity due to the fact that the passive
anti-HBs antibodies will bind with HBsAg, leading to a
further reduction in detection rate when compared with
HBIG-free protocols. However, this does not signify
eradication of HBV as cessation of prophylaxis is likely
to result in reactivation. Therefore, life-long antiviral
therapy is currently the standard of care after LT for
CHB.

without the use of HBIG has been shown to be effective with excellent long-term outcome.
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Abstract
Methanogenic archaea are known as human gut inhabitants since more than 30 years ago through the
detection of methane in the breath and isolation of two
methanogenic species belonging to the order Methanobacteriales, Methanobrevibacter smithii and Methanosphaera stadtmanae . During the last decade, diversity
of archaea encountered in the human gastrointestinal
tract (GIT) has been extended by sequence identification and culturing of new strains. Here we provide an
updated census of the archaeal diversity associated

WJG|www.wjgnet.com

with the human GIT and their possible role in the gut
physiology and health. We particularly focus on the
th
still poorly characterized 7 order of methanogens, the
Methanomassiliicoccales, associated to aged population. While also largely distributed in non-GIT environments, our actual knowledge on this novel order of
methanogens has been mainly revealed through GIT
inhabitants. They enlarge the number of final electron
acceptors of the gut metabolites to mono- di- and
trimethylamine. Trimethylamine is exclusively a microbiota-derived product of nutrients (lecithin, choline,
TMAO, L-carnitine) from normal diet, from which seems
originate two diseases, trimethylaminuria (or Fish-Odor
Syndrome) and cardiovascular disease through the proatherogenic property of its oxidized liver-derived form.
This therefore supports interest on these methanogenic
species and its use as archaebiotics, a term coined
from the notion of archaea-derived probiotics.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Human gut microbiota; Methanogens; Methanomassiliicoccus; Methanomethylophilus; Trimethylaminuria; Trimethylamine; Methane; Cardiovascular disease;
Archaebiotics; Probiotics
Core tip: Archaea are naturally occurring components of
the human gut microbiota, whose biological significance
has been recently reevaluated. In this review, an update of the current knowledge about the archaea from
the human gut is provided, integrating the new order of
methanogens, Methanomassiliicoccales. By its particular
metabolism, this lineage is likely a depleting biological agent of a gut microbiota metabolite from diet implied in cardiovascular disease and trimethylaminuria,
trimethylamine. The recent provocative proposal of
archaea as a new class of probiotics (archaebiotics)
should focus the interest on the third domain of life
concerning the gut physiopathology and human health.
Gaci N, Borrel G, Tottey W, O’Toole PW, Brugère JF. Archaea
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the investigated relationships between methanogens and
the physiological state of their human host, with a focus
on the age relationships, and we discuss the putative
implications of the representatives of the Methanomassiliicoccales for human health.

INTRODUCTION

METHANOGENS, METHANOGENESIS
AND THE DIGESTIVE TRACT

Archaea are unicellular microorganisms which have long
been seen as “extreme bacteria”. However, although
some are indeed extremophiles (e.g., hyperthermophiles
hyperacidophiles and hyperhalophiles), it is now clear
that a large part of them are mesophiles and widespread
in the environment[1,2]. They form a separate branch of
life, the domain Archaea, alongside of the two other domains: Eukarya and Bacteria[3]. It has recently been suggested that eukaryotes have appeared within the domain
Archaea[4], which nevertheless remains controversial[5].
The domain Archaea includes a wide variety of organisms that share properties with both bacteria (various
morphologies: coccus, spirillum, bacillus or irregular
shapes, presence of a single circular chromosome, lack
of introns, similar post-transcriptional modifications)
and eukaryotes (similar molecular machinery for DNA
replication, RNA transcription and protein translation,
presence of histones for chromosomal DNA packaging)[6]. It also presents unique characteristics such as lack
of peptidoglycan in the cell wall, when present and membrane formed by L-glycerol ethers/isoprenoids chains
instead of D-glycerol esters/fatty acids as in the two other
domains[7-9]. Some of these archaea have a unique and
particular metabolism, the methanogenesis. Methanogenic
archaea are strict anaerobes that occur in a large range of
environments, such as freshwater[10] and marine[11] sediments, soils[12,13] and the gut of numerous animal species[14,15], including humans[16-18]. Their physiology and
ecology is widely studied for their intrinsic capacity to
produce methane which is both an energy source (biogas)
in bioreactor[19] and a greenhouse gas emitted from natural and anthropic environments, including livestock[20,21].
As a recurrent component of the human digestive tract,
impact of archaea[22] and more particularly methanogens[23,24] on human health have been questioned for
many years.
Notewithstanding the fact that archaea are also identified in the oral microbiota of human (see[25] for a recent
review), this article mainly focuses on methanogenic and
non-methanogenic archaea in the gut. A concise description of methanogenesis and of the two Methanobacteriales, Methanobrevibacter smithii (M. smithii) and Methanosphaera
stadtmanae (M. stadtmanae) whose occurrence in the human
gut is known since three decades is given. In a second
part the current knowledge about the archaeal diversity
in our gut is presented from recent studies, and a more
detailed focus is made on a newly described order of
methanogens, the Methanomassiliicoccales, for which
physiological and genomics data from human-retrieved
strains are now available. Finally we display a census of
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Until recently, methanogens were organized into 6 orders
(Methanobacteriales, Methanococcales, Methanomicrobiales, Methanosarcinales, Methanopyrales, Methanocellales)
(filled square yellow boxes in Figure 1), all belonging to
the phylum Euryarchaeota. A 7th order of methanogens
phylogenetically related to the Thermoplasmatales was
recently proposed on the basis of sequences retrieved
from human gut [26,27]. Two names were subsequently
proposed, Methanoplasmatales [28] and Methanomassiliicoccales[29], the latter being now validated by the International Committee on Systematics of Prokaryotes
(ICSP)[30] (Figure 1). Methanogenesis is coupled to different energy conservation systems and represents the
sole energetic metabolism of methanogens. For this metabolism, methanogens could only use a limited number
of substrates originating from the anaerobic degradation
of the organic matter by hydrolytic and fermentative
bacteria[31]. Methanogens have therefore a terminal position in the microbial trophic chains. According to the
metabolic classification used today, one can define the
hydrogenotrophic, methylotrophic and acetotrophic (or
acetoclastic) class of methanogenesis[31]. Most of the
methanogens are hydrogenotrophs that use H2 (and often formate) to reduce CO2 into methane[32]. The methylotrophic methanogens use methylated compounds
such as methanol, methylamines and methyl-sulfides,
converting the methyl group of these compounds into
CH4 with substrate-specific methyltransferases[33]. Reducing equivalents for this methanogenesis are obtained
by an additional oxidation of a methyl group into CO2
through the methyl-oxidation pathway, corresponding to the first steps of the hydrogenotrophic pathway
operating in reverse. A variant of this pathway consists
in the direct use of H2 present in the environment as
an electron donor, instead of the reducing equivalents
produced by the methyl-oxidation pathway. Interestingly,
the methanogens restricted to this variant were found to
be associated to gut environments (see below). Finally,
few archaea affiliated to the Methanosarcinales are able
to use acetate as substrate for methanogenesis[34]. The
methyl-coenzyme M reductase (MCRI or MCRII isoenzyme), responsible for the formation of CH4 from CH3S-CoM and H-S-CoM, is shared by all methanogens. The
alpha-subunit of this enzyme, encoded by mcrA (or mrtA
for the isoenzyme MCRII), is considered as a functional
marker of methanogens and is widely used for their
specific detection by molecular approaches[35]. Owning
to the congruence between mcrA and 16S rRNA genes
based phylogenies[36], mcrA is also used to investigate the
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Figure 1 Archaeal representatives associated to the human digestive tract. A simplified phylogeny of the Archaea (adapted from[89,148]) is shown. Taxonomic
orders are drawn in filled square boxes, those composed of methanogens in yellow and others in light grey. Orders in which some members have been found in the
human digestive tract are indicated in light blue boxes when identified by sequences derived from nested-PCR (or deep sequencing on low yield amplifications for
Nitrososphaera spp.) or a limited number of studies, and other are indicated in dark blue boxes in which abundant and recurrently reported species are mentioned in
orange boxes or light blue when observed from limited number of studies. For the Methanomassiliicoccales (1), also referred as Methanoplasmatales in the literature,
the repartition of Methanomassiliicoccus spp. and Ca. Methanomethylophilus spp. in two different clades is highlighted by yellow branches (see the text for details).

affiliation and phylogenetic diversity of methanogens in
various environments, including the human GIT[26,27,37-39].
The digestive tract of animals and especially of ruminants harbors a large variety of methanogens[40] with
the different types of methanogenesis (hydrogenotroph,
methylotroph and acetotroph), even though acetoclastic
methanogenesis is considered to be a minor pathway in
rumen[41] and acetoclastic methanogens were never detected in the human distal gut.
In humans, methanogenesis is mainly H2-dependent,
for the reduction of CO2 and for the reduction of methylcompounds: this H2 depletion optimizes the fermentation
and modifies the metabolic pathways of fermentative
bacteria[17]. This role is shared with two other types of hydrogenotrophic microorganisms, the reductive acetogenic
bacteria (e.g., Ruminococcus spp.[42]) and the sulfate-reducing
bacteria (e.g., Desulfovibrio spp.[43]). Hydrogenotrophic
methanogenesis from CO2 efficiently decreases the gas
partial pressure in the colon by consuming 4 moles of
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H2 and 1 mole of CO2 to produce 1 mole of CH4. The
figure 2 shows the role of the gut methanogens (white
filled box) in the overall gut metabolism of nutrients (blue
circle).
Specific tests have been developed, such as the “breathtest”[16], in which the presence of methane in breath is
synonymous to the presence of methanogenic archaea
in the gut (usually after a lactose challenge test). It was
determined that the detection of more than 1 ppm of
methane in breath vs atmospheric concentration (lowest detection capacity) reflects the minimum presence
of 107-108 methanogens per gram of stool[44,45]. Using
this test, the human population may be divided into two
different groups: the methane-producers and the nonmethane-producers. A review of the studies based on
the methane breath test has stressed the high variability
of the prevalence of methane producers in different
geographic and ethnic populations[23], ranging from 34%
to 87%, with level above 70% observed in rural African
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Figure 2 simplified representation of the role of methanogens in the gut microbiota metabolism and possible association with diseases. Diet leads to
proteins and polysaccharides that enter the gut where they are metabolized by the hydrolytic and fermentative bacteria present in the gut (large blue circle). This
produces various compounds (some important being indicated in orange circles), and large amounts of H2, which in turn inhibit the fermentation processes. H2 partial
pressure is lowered by hydrogenotrophs, three different types being present in the gut (sulfate-reducing bacteria, acetogens and methanogens). Here, only the methanogens are shown, which are either able to use CO2, methanol, or methyl-compounds [monomethylamine (MMA); dimethylamine (DMA) and trimethylamine (TMA)]
reduced by hydrogen to form methane, found in breath and flatulence. A highlight on the TMA use is given in Figure 3. The presence of methanogens in the mouth is
also indicated. Altogether, the presence of methanogens has been linked to several diseases (in yellow) but these remains to be clarified (see Table 2 for further explanations).

populations[46-48].

M. smithii, the DOMINANT human
gut methanogen
Metabolism and adaptations
From the 80s to very recently, only 2 different archaeal
species belonging to Methanobacteriales have been
identified and isolated from the human gut microbiota,
M. smithii[49] and M. stadtmanae[50] (formerly named M.
stadtmaniae). These archaea have a different metabolism
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of methanogenesis, M. smithii using H2 (or formate) to
reduce CO2 and M. stadtmanae using H2 to reduce methanol. M. smithii is able to colonized the human GIT at
least from the cecum to the rectum[39,51,52]. Pyxigraphic
sampling on 6 individuals and quantification by culturebased approaches has suggested that M. smithii preferentially colonizes the distal colon[51]. A recent qPCRbased quantification of the hydrogenotrophic microbes
associated to the colonic mucosa did not report significant changes in the abundance of methanogens along
the colon[39]. However, this study also reports that the
methanogens would represent a larger proportion of
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Table 1 Available genomics data (GenBank, March 2014) from methanogens of the human gut
Species
Methanobacteriales
Methanobrevibacter smithii

Methanobrevibacter arboriphilus
Methanobrevibacter oralis
Methanosphaera stadtmanae
Methanomassiliicoccales
Methanomassiliicoccus luminyensis
Ca. Methanomassiliicoccus intestinalis
Ca. Methanomethylophilus alvus

1

Strain (DSMZ
collection number)

Status

PS (DSM 861)
F1 (DSM 2374)
ALI (DSM 2375)
TS145A
TS145B
TS146A
TS146B
TS146C
TS146D
TS146E
TS147A
TS147B
TS147C
TS94A
TS94B
TS94C
TS95A
TS95B
TS95C
TS95D
TS96A
TS96B
TS96C
ANOR1
JMR01
(DSM 3091)

Chromosome
Scaffolds
Scaffolds
Contigs
Contigs
Contigs
Contigs
Contigs
Contigs
Contigs
Contigs
Contigs
Contigs
Contigs
Contigs
Contigs
Contigs
Contigs
Contigs
Contigs
Contigs
Contigs
Contigs
Scaffolds
Scaffolds
Chromosome

1.85
1.73
1.71
1.78
1.80
1.79
1.79
1.95
1.71
1.95
2.01
1.97
1.97
1.89
1.89
1.91
1.99
1.97
1.98
2.01
1.98
1.87
1.82
2.22
2.11
1.77

B10 (DSM 25720)
Issoire-Mx1
Mx1201

Contigs
Chromosome
Chromosome

2.62
1.93
1.67

mta

BSH

Accession

ABC

gene

number

31.0
31.3
31.3
31.1
31.1
31.2
31.1
31.2
31.1
30.4
30.5
30.4
30.4
30.2
30.2
30.3
30.2
30.2
30.2
30.2
30.3
30.2
31.1
25.5
27.8
27.6

1
0
1
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
2
4

1
1
1
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
22
2
1

CP000678.1
ABYV00000000
ABYW00000000
AEKU00000000
AELL00000000
AELM00000000
AELN00000000
AELO00000000
AELP00000000
AELQ00000000
AELR00000000
AELS00000000
AELT00000000
AELU00000000
AELV00000000
AELW00000000
AELX00000000
AELY00000000
AELZ00000000
AEMA00000000
AEMB00000000
AEMC00000000
AEMD00000000
CBVX000000000
CBWS000000000
CP000102

[54]
[126]
[126]
[55]

60.5
41.3
55.6

33
33
13

0
0
1

CAJE00000000
CP005934
CP004049

[88]
[87]
[86]

Size (Mb) GC%

Genome reference

[83]
[63]
[58]

1

as given by genbank, March 2014; 2original analysis from this work: a tblasn of the protein sequence of mtaA (YP_447810), mtaB (YP_447248), mtaC
(YP_447249) and the BSH (Bile Salt Hydrolase) gene (YP_447796) from Methanosphaera stadtmanae on the draft genome sequence of Methanobrevibacter arboriphilus ANOR1, Methanobrevibacter oralis JMR01 and Methanobrevibacter smithii strains from[55]. 3Numbers of mtaBC genes detected, homologues of mtaA
genes are also present in the 3 Methanomassiliicoccales genomes but their specific implication in either methanol and/or methylamines utilization pathways has not yet been determined.

the hydrogenotrophic microbes in the rectum than in
the left and right colon[39]. Several important adaptations
of M. smithii to the human gut environment have been
described, using genomics and transcriptomics[53-57]. In
a humanized gnotobiotic mouse model, M. smithii was
shown to adapt its gene expression in presence of a
dominant gut microbe, Bacteroides thetaiotaomicron (B. thetaiotaomicron), and to modify the metabolic pathways of
this bacteria[53]. M. smithii strains have also the property to
produce glycans mimicking those found in the gut[54] and
possess a large diversity of adhesion-like proteins whose
substrate-related regulation suggests adaptive answers to
different niches in the gut[55]. M. smithii and M. stadtmanae
have gene to cope with the presence of bile acid, notably
the bile acid salts hydrolase gene (BSH)[54,58], with likely a
bacterial origin[59]. Over 15% of the coding genes of these
two species might have been transferred from bacteria,
with a large contribution of Firmicutes, a dominant bacterial lineage in the gut[56,57]. The putative gut origin of
these genes is supported by the observation that 20 of
the 22 bacterial OTUs found to be positively associated
to M. smithii in 136 subjects were affiliated to the Fir-
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micutes[55]. Several of these genes are involved in transport and surface function and could have facilitated the
adaptation of M. smithii and M. stadtmanae to human GIT
environment. M. smithii was also shown to be efficient
in competition for the nitrogenous nutrient pool[54] and
have the capacity to use several end-products derived
from organic matter degradation in the gut[54]. In regard
to this last aspect, it is interesting to quote that almost all
sequenced human GIT associated methanogens possess
the genes mtaABC encoding methyl-transferases required
for methanol utilization (this study, see Table 1 and below), highlighting the importance of this metabolism for
gut methanogens. In the case of M. stadtmanae, it is clear
that these genes are involved in methanogenesis[58], but
their role remains less clear for Methanobrevibacter spp..
M. smithii does not only occur in the distal gut, but
also sparsely in the oral cavity[60] and the vagina[61]. In the
oral cavity, methanogenic archaea are dominated by a
third species, Methanobrevibacter oralis (M. oralis), isolated
in the mid 90’[62] and whose genome was recently sequenced[63]. This species have attracted a great attention
because its occurrence is strongly related to periodonti-
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tis[24]. While M. smithii and M. oralis are phylogenetically
close (their 16S rRNA gene share 98% identity), they
are clearly specialized on gut and oral cavity, respectively.
One aspect of this specialization is supported by the
presence of a bile salt hydrolase gene in all sequenced
M. smithii species but not in the genome of M. oralis (this
study, see Table 1). Another aspect might rely on the versatility of these two species, M. oralis lacking the mtaABC
genes present in almost all other M. smithii strains. Moreover, M. oralis is able to reduce CO2 with H2 but not
formate for methanogenesis, a difference compared to M.
smithii[62]. Obviously their niche partitioning is probably
under dependence of other properties, notably those
favoring M. oralis over M. smithii in the mouth, which will
require further investigations.
Prevalence in the population
In a large analysis of three different individuals gut bacteria and archaea, with samples from different segments
of the intestine and feces (cecum; ascending, transverse,
distal and sigmoid colon), the cloning/sequencing of
16S rRNA genes[52] revealed the presence of archaea in
2 of the 3 individuals. Of the 1534 archaeal clones, all
the sequences corresponded to M. smithii. This agrees
with previous culture-dependent studies[45,47] and subsequent culture-independent studies indicating M. smithii
is the most prevalent and abundant methanogen in the
human gut[26,27,37,44,64]. Recent metagenomics studies support also this predominance[65-68], even if this kind of
studies is prone to difficulties and limitations to correctly
attribute nucleic sequences to species: it necessitates
more particularly referenced genomes, data that are not
always available at the species level for archaea from the
gut. The gut microbiota shotgun metagenomics analysis
performed on 96 healthy Russian adults indicated that
there were variations among individuals, and among
populations[69], therefore confirming results from methane breath-tests mentioned above[23,48,70,71]: M. smithii was
the second and third most prevalent prokaryotic species
in the microbiota in two of the 96 Russian adults (representing between 11% and 14%), and more globally,
Russian adults showed generally a higher level of M.
smithii than Chinese, Danish and US people, while being lower compared to the Amerindian group[69]. Based
on a modified method of DNA extraction, Dridi et al[64]
reported that 95.7% of 700 individuals tested by qPCR
were positive for M. smithii. However, subsequent studies
performed with the same method reported lower levels
with 75%-89%[72] and 64%[73] of individuals positive to M.
smithii.
Therefore, it seems that M. smithii is found in more
than 50% of the adult population, forming a highly prevalent microbe of the gut, but remains undetected in some
people. Whether the lack of detection is due to a real
absence or of a technical threshold remains still unclear,
but it is conceivable that the methanogens present at low
abundance in some individuals have likely a very low
physiological incidence. M. stadtmanae shows a lower
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prevalence: it has been found approximately in 1 people
on 3 to 5 (32.6%[74] and 17%-25%[27] of the population).

Recent EXPANSION OF the archaeal
diversity associated WITH the
human GASTROINTESTINAL TRACT
The advent of molecular methods[75,76] has greatly improved our knowledge of the gut microbiota composition. As for bacterial populations, studies based on
culture-independent approaches have largely participated
to the identification of novel archaeal phylotypes associated to the human GIT. During the last decade, gene
sequences retrieved from human oral cavity, colonic mucosa or feces have been affiliated to several taxonomic
orders shown in light and dark blue boxes in Figure
1: they represent 1 order within Crenarchaeota and
Thaumarchaeota, and 5 within the Euryarchaeota, showing that 3 of the 5 archaeal phyla are represented in the
human GIT.
Large diversity of archaea occurring likely at a low
abundance
A set of sequences closely related to Sulfolobus species
of the phylum Crenarchaeota was obtained by nested
PCR on feces of 4 adults[77]. Colonization of the gut
by these archaea would be particularly surprising considering the acido-thermophilic nature of other known
representatives of Crenarchaeota. Sequences affiliated
to this phylum were never retrieved in other studies, and
therefore their presence may be attributed to an unusual
case or to a microorganism in transit. However, some
of the “Uncultured Crenarchaeote” sequences of this
study (AY887071; AY887074; AY887077; AY887078)
are closely related to “Candidatus Nitrososphaera gargensis”[78], a moderately thermophilic ammonium oxidizer
of the phylum Thaumarchaeota[2], not yet proposed in
2005. More recently, an investigation on the associations
of diet with fungal and archaeal populations by 16S pyrosequencing also revealed the presence of sequences
affiliated to the genus Nitrososphaera, in low yield amplifications and only in samples without M. smithii[79]. These
sequences were detected in 16 samples from the 96
analyzed. A nested PCR assay targeting the amoA gene
(encoding the ammonia mono-oxygenase) confirmed
this result. The report of sequences affiliated to Nitrososphaera in two independent studies argues for their presence, even at low abundance, in the human gut microbiota[79]. Their low abundance might be due, for a part
to their oxygen requirement for ammonium-oxidation,
as reported for other ammonium-oxidizing archaea so
far[80].
Non-methanogenic euryarchaeota affiliated to the
Halobacteriales were reported by two studies based on
nested-PCR. The analysis of fecal samples using the
PCR fingerprinting method DGGE (denaturing gradient
gel electrophoresis) showed the presence of several se-
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quences related to halophilic archaea in healthy Koreans.
DNA sequences analyses revealed from 93% to 99% of
identity to known Halobacteriales, Halorubrum koreense,
Halorubrum alimentarium and Halococcus morrhuae[81]. These
euryarchaeota are also found in salt-fermented seafood,
therefore arguing that they may be related to Korean eating habits[81]. The presence of a large diversity (15 phylotypes with a 97.5% similarity cut off on 16S rRNA gene
sequences) of haloarchaea was also detected by nestedPCR approaches in colonic mucosa biopsies and, in a
lower extent, from feces obtained from German subjects
with IBD[82]. Parallel detection of archaea in table salts
has revealed a high and underestimated diversity of haloarchaea suggesting the possible origin of these archaea,
regardless of their transient or persistent status in the
human gut[82]. Several phylotypes were also detected in
pre-endoscopic lavage solutions but were different from
those retrieved from the biopsies. Interestingly one haloarchaea related to Halosimplex sp. was enriched in a low
salt concentration medium (2.5% w/v) inoculated with
microbes associated to a biopsy, showing that some of
them are viable.
The few studies performed on archaea associated to
mucosa have also detected methanogens not previously
retrieved from feces samples[39,82], suggesting that mucosa displays an overall larger diversity of archaea than
feces, possibly reflecting greater niche heterogeneity and
refuges when less adapted to gut conditions compared
to M. smithii and M. stadtmanae. In addition to the haloarchaea, Oxley et al[82] have also reported sequences closely
related to Methanobrevibacter arboriphilus from biopsies of
two individuals. A strain of this species was subsequently
isolated from a human stool sample and its genome was
sequenced[83] (Table 1). Clone sequences of mcrA closely
related to Methanoculleus chikugoensis, a hydrogenotrophic
methanogen of the order Methanomicrobiales were
found associated to the intestinal mucosa[39]. As reviewed
by Nguyen-Hieu et al[84], several other archaea such as M.
mazei and M. congolense were also sparsely retrieved in the
oral cavity.
Overall, this larger diversity suggests new functionalities and putative new archaea-host interactions. However most of these lineages of methanogenic and nonmethanogenic archaea were identified from nested-PCR
based experiments, suggesting there low abundance and
possibly transient status in the human GIT [39,77,79,81,82].
This is not the case of sequences affiliated to the recently
proposed 7th order of methanogens[26,27,37,38].

mology with sequences of this order than of all others[37]. The other study concluded to a clearly distinct and
distant evolutionary branch compared to all other methanogens, and postulated for a new order of methanogens[26]. In parallel, the investigation of the co-occurring
archaeal 16S rRNA genes provided a sequence related
to the Thermoplasmatales, only in the sample positive
for the atypical mcrA sequence[26]. The almost strict cooccurrence of Thermoplasmatales-related 16S rRNA
sequences and atypical mcrA sequences was extended to
a larger range of human-associated samples, highlighting also the diversity of this putative new order[27]. The
final evidences of the existence of these new methanogens phylogenetically related to the Thermoplasmatales
were subsequently provided by the culturing of several
representatives of this order from human feces samples,
either in pure culture (Methanomassiliicoccus luminyensis[85])
or in consortia (Ca. Methanomethylophilus alvus[86] and
Ca. Methanomassiliicoccus intestinalis[87]), and the sequencing of their genome[86-88] (Table 1). The phylogenetic positioning of these methanogens was confirmed
by a phylogenomic approach including 7472 marker
positions from 84 Euryarchaeota genomes[89]. On the
basis of enrichment cultures from hindgut of termites
the name of Methanoplasmatales was proposed for this
order[28]. However, according to the rules of the International Code of Nomenclature of Bacteria[90], the name of
Methanomassiliicoccales was then claimed by Iino et al[29]
in 2013 and subsequently validated by the International
Committee on Systematics of Prokaryotes[30]. In the human digestive tract, the occurrence of the Methanomassiliicoccales representatives is not restricted to the colon
as the 16S rRNA gene sequences of Ca. M. alvus shares
97%-98% identity with two 16S rRNA gene sequences
retrieved in the oral cavity (FJ458322[91]; JQ433705[38]).
These two sequences derived from oral cavity were almost similar to each other (2 differences on 357 aligned
sites), suggesting that they belong to two strains of a
same Ca. Methanomethylophilus species. In their study,
Horz et al[38] retrieved it in 10% of the subjects where it
was estimated to represent 0.5% of the overall prokaryotic community[84]. It is thus likely that some species of
Methanomassiliicoccales are more adapted to the oral
cavity while others are more adapted to the colonic environment, similarly to the niche partitioning of M. smithii
and M. oralis between the colon and the oral cavity, respectively[92].

Seventh order of methanogens: From an uncultured
Thermoplasmatales-related lineage to the
Methanomassiliicoccales
In 2008, two studies on the human gut methanogens
revealed, in addition to sequences attributed to M. smithii
and M. stadtmanae, mcrA sequences extremely distant to
any other cultured methanogens[26,37]. These sequences
were associated to the Methanosarcinales order in the
study of Scanlan et al[37] due to a weak, but higher ho-

UNIQUE PROPERTIES OF THE
METHANOMASSILIICOCCALES IN THE
HUMAN GUT
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The only isolated strain of this order, Methanomassiliicoccus luminyensis B10, was obtained from human feces[85].
This strain is H2 and methanol dependent for its methanogenesis[85], like M. stadtmanae[58]. This is also the case
for Ca. Methanomethylophilus alvus[86] and Ca. Metha-
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nomassiliicoccus intestinalis[87]. Other members of the
Methanomassiliicoccales cultured in consortia from the
GIT of higher termites and millipedes[28] and from an
anaerobic digester sludge[29] share the same characteristic.
The first genome analyses of Ca. M. alvus, Ca. M. intestinalis and M. luminyensis revealed several fundamental
aspects and putative generalized characteristics of this
order[87-89]. First of all, the genes involved in the CO2reduction/methyl-oxydation pathways are completely
absent[89], while the other methanol-using methanogen
under dependence of H2, M. stadtmanae, still possesses
most of them. Moreover, the three genomes show the
genetic potential to encode an unusual amino acid, pyrrolysine (Pyl) discovered 10 years earlier in Methanosarcinaceae[93-95]. This 22nd proteinogenic amino acid is derived
from lysine which is then incorporated into proteins by
a specific genetic code during the translation, and relies
on the amber stop codon suppression though specific
tRNAs[94]. This strange event in the evolution of the
genetic code is restricted to a few bacteria and methanogenic archaea from the Methanosarcinaceae family. In the
Methanomassiliicoccales, this seems followed by a specific evolution, with consequences for the entire genome
(very low use of amber codon UAG as translation stop
signal, regardless of GC%) (Borrel et al[95]).
Adding methylamines to the list of valuable electron
acceptors in the human gut
Pyrrolysine is an essential component of the catalytic site
of the methyltransferase which is involved in the methylotrophic methanogenesis from methylated amines [monomethylamine (MMA), dimethylamine (DMA) and trimethylamine (TMA)]. The genes for these methyltransferases
(respectively mtmB, mtbB and mttB) are present in the
three genomes, their open reading frame being interrupted by an amber stop codon[86,87,95,96], as observed in the
Methanosarcinaceae[94]. The detection of mttB transcripts,
having an amber stop codon presumably coding for Pyl
has also been demonstrated in inhabitants of the cattle
rumen belonging to the Methanomassiliicoccales (the
Rumen Cluster C, RCC cluster[97]). In this study, this gene
was overexpressed in ruminal microbiota cultures in the
presence of TMA, coupled to enhanced methanogenesis,
providing strong clues that TMA is a substrate for methanogenesis in the representatives of the Methanomassiliicoccales. Using the isolated strain M. luminyensis B10
in pure culture, we definitively demonstrated that TMA,
in presence of H2, is one of its methanogenic substrates,
as are also MMA and DMA, in addition to methanol[96].
Therefore, this leads to reconsider the electron acceptors in the human gut by including methylamines, when
representatives of Methanomassiliicoccales are present
(Figure 3). This could have likely important consequences for the digestive physiology as well as for human pathologies.
Large environmental distribution with a clade evolution
dedicated to the GIT?
Sequence database mining associated to phylogenetic
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studies have now shown that this order of methanogens
has a large environmental distribution[28,29,89]. It seems that
this order may be divided in at least 3 different evolutionary clades[89], two of them being represented in Figure 1.
One is almost only composed of GIT members[28] and is
proposed to form a distinct family among this order to
which we will refer therein as Ca. Methanomethylophilaceae. A second clade, more distantly related, is exclusively
composed of sequences retrieved from other environments and is to date, without any genome sequences and/
or isolated representative. At last, there is a third clade,
with an intermediary phylogenetic position between these
two formers containing sequences from both GIT and
non-GIT environments[89]: even if retrieved from human
feces, M. luminyensis and Ca. M. intestinalis belong to this
latter clade (family Methanomassiliicoccaceae among the
Methanomassiliicoccales order), mostly composed of sequences derived from sediments and soils[89].
Ca. M. alvus belongs to the clade mainly composed
of sequences from GIT, and therefore its genome could
be of particular interest to understand the role of the
Methanomassiliicoccales in the human (and other animals) GIT. It reveals typical adaptations to the GIT
which are not present in the others. For example, the
genome of Ca. M. alvus encodes a bile salts hydrolase
(BSH) that confers resistance to the antimicrobial properties of bile salts in the digestive environment[96] (Table
1), absent from M. luminyensis and Ca. M. intestinalis.
We report here the presence of the BSH genes in the
genomes of the 20 strains of M. smithii isolated and
sequenced by Hansen et al[55] and in the genome of M.
arboriphilus[83] (Table 1). This gene is poorly represented
in other archaeal lineages with the notable exception of
a distant homolog present in numerous Halobacteriales
genomes[98].
A comparative genome analysis has been realized for
these human digestive representatives of Methanomassiliicoccales and revealed other significant differences
between the Methanomassiliicoccus spp. and Ca. M. alvus[99].
Thus, Methanomassiliicoccus spp. could be more recent human GIT inhabitants, and/or accidental ones, giving
them a different role in the human GIT, positive or negative. Therefore, obtaining other human and environmental strains coupled with epidemiological studies will allow
learning more about them.

Relationships of methanogens
with physiological states of the
human host
During the last three decades, studies have tried to determine if any relationship existed between the presence
of methanogens and some human diseases. These possible diseases are indicated in the figure 2, while the
table 2 summarizes some of the putative pros and cons
of the role of archaea from available data on humans
concerning various digestive pathologies (colorectal
cancers CRC, inflammatory bowel disease IBD, irritable
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Figure 3 Faith of trimethylamine originating from the gut microbiota metabolism and putative role of representatives of Methanomassiliicoccales. A: Several common foods (containing lecithin/choline, L-carnitine, trimethylamine oxide,…) are metabolized into trimethylamine (TMA) by some bacterial components of the
microbiota; B: When the microbiota does not contain any members of the 7th order of methanogens, the gut-originating TMA reaches the liver, where it is oxidized by
the flavin-monoxygenase FMO3 into trimethylamine oxide (TMAO) (Blue arrows in B). This odorless molecule has recently been shown to be associated to cardiovascular diseases (CVD) and has pro-atherogenic properties. In some people however, with a deficiency in liver oxidation, the TMA is not or less metabolized (orange
arrows in B) and reaches various body fluids, leading to trimethylaminuria (TMAU) or “fish-odor syndrome”; C: When present, either naturally or by supplementation
(Archaebiotics), it is hypothesized that members of the 7th order of methanogens, through their up to now unique metabolism in the gut, might decrease the concentration of TMA by converting it into methane, therefore leading to an archaea-mediated TMA depletion before it can reach the liver. This could therefore be a convenient
way to prevent CVD or limit TMAU.

bowel syndrome IBS, obesity, constipation). To date,
no direct link with mechanisms has been established
between these diseases and methanogens, and contradictory results were found for example concerning CRC.
However, it was proposed that the presence of M. smithii
promotes calories intake from diet: in an animal model,
M. smithii was shown to influence the metabolism of one
of the most important saccharolytic microbiota species,
B. thetaiotaomicron[53]. This phenomenon was observed
in germ-free mice inoculated with M. smithii and B. thetaiotaomicron, together or separately[53]: the co-implementation led to a mutual gain with an increase in energy
retrieval (hydrolysis and fermentation), and importantly,
an increased lipogenesis and host fat. Very recently, M.
stadtmanae has been shown to be more prevalent in IBD
patients [100]. Interestingly, M. stadtmanae stimulates in
vitro TNF production, an inflammatory cytokine, from
peripheral blood mononuclear cells of healthy patients,
while patients affected by IBD have a higher circulating
IgG response to M. stadtmanae[100]. At last, methanogens
seem also linked to a pathology of the oral cavity, the
periodontitis, in which the severity corroborates to the
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abundance of methanogens[24] (Table 2).
higher prevalence and diversity of methanogens with
age
Among all the various relationships sought between the
occurrence of methanogens and the physiological state
of human host cohorts, the age relationship was the most
consistently observed. As highlighted by the literature
review of Levitt et al[23] (2006) on studies based on the
methane breath test, the proportion of people excreting
methane is higher among adults than among children with
virtually no methane producers under 5-year-old[16,101,102].
Such age-related increase of the proportion of methane
producers was less clearly observed during adulthood
with more studies reporting no statistical change (see for
example[23,103,104]). Recently, an association between age
(and also sex) and breath methane was described in the
German population (428 subjects, age range: 4-95)[105].
Studies based on molecular approaches support this relationship and provide supplemental information through
the lower detection limit of the methanogens and the
access to their diversity. Significantly lower proportion of
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Table 2 Possible association between several human diseases and methanogens
Pathology

Pros for a role or an association

Cons

Colorectal
cancer

80% of colorectal cancer patients are methane producers[127]

No significant relation with the amount of breath
methane[48,71,129-131]
Native Africans with high level of methanogenic archaea
are less susceptible to sporadic colorectal cancer[48]
Decreased proportion of M. smithii in obese[72,73,133]

Methane production increases with the severity of colorectal cancer[128]
Higher levels of methanogens in obese[132]
Higher levels of M. smithii in anorexic people (adaption to diet restriction?)[134]
Lower proportion of methane-producers/methanogen carriers in patients with
IBD[104,135]
Correlation with higher production of methane (also compared to IBD patients)[136]

Obesity
Anorexia
IBD
IBS
Diverticulosis
Constipation

Subjects with diverticulosis often with high level of methanogens[45]
Association with chronic constipation/transit time[138,139]

Periodontitis

Level of methane significantly associated with the severity of constipation[136,140]
Association with IBS constipation/increase of transit time[141-143]
Possible pathogenic role and increased proportions of hydrogenotrophs and
methanogens in severe cases[24,145,146]
After therapy, decrease in the prevalence of archaea[147]

No significant difference in methane production with
controls[137]
No significant difference between constipated children
and controls[144]

IBD: Inflammatory bowel disease; IBS: Irritable bowel disease.

methanogens among babies[27] and children[44] than among
adults were also reported based on PCR approaches.
Time monitoring of the gut microbiota composition
in babies over 2 years have shown that gut associated
methanogens can be present in the early life, with 7 on
14 babies positive for methanogens[106]. However, their
abundance was low (103-106 copies/g of stool), likely
below the necessary threshold for CH4 detection in the
breath and they were only temporarily present during the
first weeks of life[107]. This transient state contrast with
reports of stable populations of methanogens in adults
sampled at several time points[55,107,108]. The prevalence of
M. smithii has been linked to bacterial genera[79] and gut
enterotypes[65] which are also considered stables in adults,
suggesting the very specific competitive and symbiotic
interactions of methanogens with other member of the
microbiota. Due to the fast evolving composition of the
microbiota of babies, the occurrence of the favorable
ecological conditions for the colonization of M. smithii
could only be temporary. Another non-exclusive reason
of this low prevalence and transient state could rely on
the high transit time in babies.
One study from our group[27] has reported a not significant trend of increased prevalence among elderly
adults (79.4 ± 6.7 years) in comparison to younger adults
(33.0 ± 6.4 years) which agrees with previous reports
based on the methane breath test[27]. Importantly this
study has pointed an increase of the diversity of the
methanogens. Indeed, several distant phylotypes affiliated to the Methanomassiliicoccales were more frequently
observed in the elderlies (40% of those tested on a small
panel of 20 patients) and far less in adults (10%), and
almost absent in the newborns (only 1 positive out of 17
tested)[27]. Accordingly, a similar age-related increase of
M. luminyensis and possibly Ca. M. intestinalis was subsequently observed based on qPCR[74]. The increase of diversity between adults and elderlies remains unexplained,
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even if it is now well known that the gut microbiota
of the elderlies is different from the adults[109,110] with
variations due to diet/nutrition, residence location and
the general health of the elderlies[66]. Several hypotheses
can be made: first, methanogenic archaea are known
to be insensitive to most of the antibiotics used in human health[9,111], mainly due to the composition of their
membrane and cell wall, but also to their specificity in
their DNA/RNA metabolism. It is therefore tempting
to hypothesize that they could be selected by treatments
accumulation during the life. Second, methanogenic archaea have relatively long doubling time, and the slower
transit time observed with aging may be also a factor of
this over representation in the elderlies compared to the
adult, and even more compared to newborns and infants
under two years[109,112]. Collectively these studies suggest
that the prevalence of methanogens in the population
increases rapidly in the first years of life, mainly by the
colonization of M. smithii, and that the last part of life is
characterized by an increase of the diversity through the
colonization by various representatives of the Methanomassiliicoccales. Another hypothesis relies not directly to
aging, but to the different generations between elderlies
compared to present adults: exposure to farm animals,
germs carried by food and diet habits, etc… have evolved
over the years, and it may be possible that present adults
have less chance to be inoculated than have their parents.
Studies on various ethnical/geographical populations
would provide interesting complementary data.
TMA-based methanogenesis, a beneficial incidence in
human health?
Due to their very specific metabolism leading to TMA
depletion for methanogenesis, the currently identified
representatives of the Methanomassiliicoccales might
have a positive effect on health. TMA is responsible of
the rotting fish characteristic odor, to which our olfac-
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tion is extremely sensitive. This prevents us to ingest
spoiled fishes and seafood. TMA is however a product
of diet metabolism by the intestinal microbiota, usually
associated to the consumption of foods containing either
choline and lecithin (such as eggs, beef, dairy products,
vegetables…), L-carnitine (meat, energy drinks…) or
TMAO (trimethylamine-N-oxide in seafood, fish…), as
exemplified in Figure 3A[113-116]. TMA is then absorbed in
the intestine, goes to the liver where it is oxidized to the
odorless TMAO via a flavin monooxygenase (mainly the
FMO3), which reaches the circulation before being eliminated in the urine, leading to a TMAO vs (TMA+TMAO)
urine ratio superior to 92% (Figure 3B). It is likely that
TMA is also metabolized into methane when archaea
from the Methanomassiliicoccales are present, preferentially to methanol for which inter-microbial species competition occurs in the intestine (i.e., with M. stadtmanae,
and possibly M. smithii). Therefore, when present, the
Methanomassiliicoccales could lower the intestinal TMA
concentration, leading to lowered TMA intestinal absorption, and in consequence to a lower TMAO plasmatic
level after liver conversion.
The gut origin of TMA is involved at least in two
human diseases. The team of the Pr Stanley Hazen in
Cleveland recently demonstrated an association between
plasma levels of TMAO and the risk of myocardial infarction, stroke, and death within the next three years.
Thus, in 2595 patients, plasma levels of L- carnitine,
related to high plasmatic TMAO levels is correlated to
a high incidence of cardiovascular events, with or without adjustments to the traditional risk factors[115]. This
is identical with plasma levels of choline, betaine and
TMAO[117], the upper quartile of plasmatic TMAO concentration increasing the major adverse cardiovascular
events to 2.5 [113]. These prognostic values of choline
and betaine are only effective when concomitant to an
increase in plasma TMAO level, i.e. from TMA production in the gut[118]. Plasma TMAO seems however much
more than a plasma marker: it seems to promote foam
cell formation by increasing the expression of receptors
involved in macrophage uptake of circulating cholesterol
(scavenger receptors CD36 and SR-A1), and conversely
by reducing the reverse cholesterol transport and its
elimination as bile acids from the intestine[115]. Therefore,
limiting TMA production and absorption in the intestine
is a mean to reduce plasmatic TMAO level, and its deleterious effects on blood vessels, which is likely to what
the Methanomassiliicoccales contributes naturally when
present.
There is also another human pathology, the trimethylaminuria[119-121] (TMAU) which involves the gut microbiota TMA production. After intestinal TMA production
and absorption, some people are unable to oxidize it
into TMAO in their liver, due to a genetic or acquired
liver deficiency affecting the FMO3 functionalities. In
this case, unmetabolized TMA reaches the general circulation and is distributed throughout the body fluids. It is
next excreted through sweat, exhalation and urine [where
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TMAO vs (TMAO+TMA) ratio is then below 92%,
with a decrease depending on the severity of the FMO3
deficiency]. Thus, TMAU causes an unpleasant odor of
rotten fish to the affected person, due to its presence in
sweat and breath, for which the human olfactory system
is very sensitive. This causes an extremely debilitating
disease, at the social and psychological level[120], for which
no real treatments are proposed: the affected people often empirically adapt their diet in order to limit gut TMA
production, by renouncing to eggs, red meat, beans,….
Still poorly recognized and diagnosed, its prevalence remains unknown, but some FMO3 encoding gene mutations could affect about 1% of the population[122]. Here
again, the unique metabolic properties of the Methanomassiliicoccales could limit gut TMA concentration,
without the bad side effects of limiting choline inputs by
diet.
We then suppose the physiological positive impact
that may have the Methanomassiliicoccales as a TMA depleting agent in the intestinal microbiota, leading to the
conversion of TMA into CH4, an odorless and inert gas
before it reaches the liver for eventual conversion. This
metabolism is so far only realized by a few methanogens,
and among gut-naturally occurring methanogens, only
members of the Methanomassiliicoccales. What can
be inherently possible in the gut microbiota containing the methanogenic Methanomassiliicoccales could
be reproduced by supplementing the gut microbiota by
this kind of microorganism. Accordingly, the 7th order
of methanogens could therefore be used as a probiotics
to prevent cardiovascular disease, acting by reducing the
amount of the pro-atherogenic TMAO produced by the
liver and therefore its plasma level. A supply with Methanomassiliicoccales could also be a simple way to limit
TMAU, by reducing the TMA concentration in the gut
and in consequence, its olfactory impact on the body. In
both pathology cases, it will be possible to avoid drastic diets (as it is usually done for TMAU patients), thus
limiting nutritional deficiencies risks. This concept of
probiotics has recently been developed under the name
of “archaebiotics” as to show the innovative and the
positive aspect that we expect from archaeal strains to
human health[96]. However, it remains to be shown that
this metabolic activity is effective in the human GIT (as
it is already done in the rumen[97]) without causing inconvenience or bad side effects. Preliminary in vitro studies
on human microbiota[123,124] are therefore necessary to
determine which representatives of the Methanomassiliicoccales could be supplied and further tested for
their impact on other gut microbiota components, as it
was recently done for the gut methanogen M. smithii (W.
Tottey, personal communication). Using exhaustive microbiota analysis tools applicable to in-vitro systems such
as Next Generation Sequencing[76] or DNA phylogenetic
microarrays like the HuGChip[125], an in-vitro selection
of the best strains should be possible, also based on
functional analysis (e.g., transcriptomics and metabolomics), that would be then followed by rationale tests in
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animals/humanized gnotobiotic mice, before clinical
research.

7

CONCLUSION

8

The diversity of the archaeal component of the human
gut microbiota has been greatly renewed during these
last few years and will likely continue to grow: difficulties
to culture them in the laboratory has been counterpart
by the generalization of Next Generation Sequencing
technologies, used mainly in 16S diversity studies and
metagenomics. Links with diseases/human health, if any,
will therefore be established in the next years, considering the archaea as a diverse population, as it is for bacteria, with more discriminant methods than methane in
breath for methanogens. The recently discovered 7th order of methanogens illustrates these points: the presence
of different phylogenetic clusters may signify different,
even opposite, incidence for the health, and therefore
highly-discriminant tools are needed. This order was
named Methanoplasmatales, and then Methanomassiliicoccales (according to the first described species)[28,29],
the current official name[30]. Within, and besides Methanomassiliicoccaceae, we propose the family name of
Methanomethylophilaceae for the clade encompassing
the digestive species of the Candidatus genus Methanomethylophilus. This would highlight the unique dependence to methylated compounds among methanogens,
for the whole order (methane-, methanogenic; methylophilus, that likes methyl compounds). Genomics has strongly helped in the determination of their putative roles in
the GIT, and indicated their unique metabolic properties
before experimental proofs. This shows the potent physiological importance of the still poorly known domain
Archaea in the human gut, and the role of its members,
beneficial or deleterious, remaining to be determined.
It may also provide, as it is for the Methanomassiliicoccales, new directions in probiotics design.
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Abstract
Gut microbiota exerts a significant role in the pathogenesis of the metabolic syndrome, as confirmed by
studies conducted both on humans and animal models.
Gut microbial composition and functions are strongly
influenced by diet. This complex intestinal “superorganism” seems to affect host metabolic balance modulating energy absorption, gut motility, appetite, glucose
and lipid metabolism, as well as hepatic fatty storage.
An impairment of the fine balance between gut microbes and host’s immune system could culminate in
the intestinal translocation of bacterial fragments and
the development of “metabolic endotoxemia”, leading to systemic inflammation and insulin resistance.
Diet induced weight-loss and bariatric surgery promote significant changes of gut microbial composition,
that seem to affect the success, or the inefficacy, of
treatment strategies. Manipulation of gut microbiota
through the administration of prebiotics or probiotics
could reduce intestinal low grade inflammation and improve gut barrier integrity, thus, ameliorating metabolic
balance and promoting weight loss. However, further
evidence is needed to better understand their clinical
impact and therapeutic use.
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Core tip: The present review offers a summary of available studies exploring the pathogenic role of gut microbiota in the development of metabolic syndrome,
subdividing experimental evidences coming from animal models and human subjects, since their results
are not always comparable. The relative influences of
dietary intake on gut microbial composition and functions are also explored, as well as the effects on intestinal microhabitat exerted by diet-induced weight loss
and bariatric surgery. Finally a critical evaluation of the
available evidences on probiotic and prebiotics is reported, delineating their potential clinical impact.
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Colecchia A. Gut microbiota and metabolic syndrome. World J
Gastroenterol 2014; 20(43): 16079-16094 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i43/16079.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i43.16079

INTRODUCTION
The metabolic syndrome is defined by a combination of
interconnected physiological, biochemical, clinical and
metabolic factors linked to an increased risk of cardiovascular diseases and type 2 diabetes mellitus[1]. Raised
blood pressure, dyslipidemia (defined by increased triglycerides and reduced high-density lipoprotein cholesterol),
raised fasting glucose and central obesity are metabolic
syndrome’s main features, as defined by the International
Diabetes Federation (IDF)[2].
The worldwide prevalence is variable, ranging from
< 10% to 84%, depending on geographical origins and
composition of the studied population, as well as the
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definition criteria applied[1]. However, its high economic
and social burden is still growing, thus, clinical research
is focusing on understanding the complex pathogenesis
of metabolic disorders.
Recent evidences have proposed the potential role of
gut microbiota as pathogenic factor affecting host metabolic balance and disorders[3]. In fact, gut microbiota
seems to exert a great variety of functional properties
impacting human physiology and pathology[4]: modulation of host nutrition and energy harvest by the production of vitamins and fermentation of food components
indigestible by the host; influence of intestinal epithelial
homeostasis; development of host immune system; protection against pathogens; drug metabolism[4-6].
Initial studies on gut microbial composition and function were limited by the difficulty to culture all intestinal
microbes[7]. The recent introduction of analyzing methods, based on bacterial genome sequencing and “metagenome” analysis, has contributed to increase the knowledge
about uncultivable microbes, gut microbial functions, its
cross-talk with the host and the potential pathogenic role
related to host’s diseases[8].
In the present review, the pathogenic role of gut
microbiota on the development of metabolic disorders,
such as obesity, type 2 diabetes mellitus and non-alcoholic fatty liver disease (NAFLD), as well as the influence
of diet on gut microbial composition, will be discussed.
Available evidences emerging from studies conducted
on animal models and humans are reported separately,
thus, underlining that experimental and clinical observations are not always comparable. Finally, the therapeutic
implications of gut microbiota manipulation, through
the administration of probiotics and prebiotics, are also
discussed.

GUT MICROBIOTA AND OBESITY
Experimental studies on animal models
First evidences about the role of gut microbiota on the
development of obesity came from studies conducted
on germ free mice (GF-mice) compared to conventionally raised mice (CONV-R)[9]. In basal conditions, the
latter have a 40% higher body fat content than GF-mice
and this phenomenon was independent from the food
intake. Moreover, after colonization of GF-mice with
intestinal flora coming from CONV-R mice, a significant
increase of body weight, in particular a 60% increase of
body fat, a significant increase of hepatic triglycerides
synthesis and the development of insulin resistance
were observed in recipients (CONV-D), independently
from food intake and total energy expenditure[9]. Several
mechanisms have been proposed to explain these observations[9]: the increased secretion of leptin, observed
in CONV-D mice, was associated to reduced insulin
sensitivity; the increased monosaccharides absorption in
CONV-D mice enhanced hepatic triglyceride synthesis
by up-stimulation of lipogenic genes, such as acetylCoA carboxylase and fatty acid synthase, through the
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activation of carbohydrate response element binding
protein and sterol response element binding protein-1;
moreover, gut microbiota, inoculated in CONV-D mice,
seemed to suppress the expression of fasting-induced
adipose factor (FIAF), a central regulator of lipid metabolism, that modulates lipoprotein lipase (LPL) activity
in adipose tissue[10]. The suppression of FIAF, induced
by gut microbiota, resulted in enhanced LPL activity and
increased fatty acids storage in adipocytes[9]. Indeed, in
their study[9], Bäckhed and colleagues concluded that gut
microbiota represents an environmental factor affecting
host’s predisposition to develop obesity and increase adiposity.
In a subsequent study[11], Bäckhed and colleagues observed that GF-mice, fed with “high sugar - high fat Western diet”, do not seem to develop obesity[11]. The main
mechanisms explaining GF resistance to diet-induced
obesity are the enhanced fatty acids oxidation, uncoupled
with decreased LPL activity and fatty acids storage[11]. The
first mechanism is promoted by increased AMP-activated
protein kinase activity, an activator of mitochondrial enzymes, involved in fatty acid oxidation in skeletal muscle
and liver. On the other hand, GF-mice showed elevated
levels of FIAF, which suppresses LPL activity[11].
Moreover, GF-mice colonized with intestinal flora
coming from obese mice showed a more evident increase of body weight and of fat tissue than those
colonized with gut flora deriving from lean mice[12]. The
speculated mechanism was the increased energy harvest
promoted by gut microbiota metabolism, in particular by
microbes deriving from obese subjects[9,12].
The mechanism through which gut microbes contribute to increased energy absorption seems to be the
production of short chain fatty acids (SCFAs), resulting from the hydrolysis and the fermentation of dietary
polysaccharides. SCFAs, such as propionate, butyrate and
acetate, could be absorbed and used as source of energy,
but seem to exert more complex metabolic functions
influencing host appetite[13,14], intestinal transit time[13],
energy absorption and energy harvest[15].
For example, SCFAs increase intestinal absorption of
monosaccharides stimulating the expression of sodium/
glucose transporter-1[15].
SCFAs also contribute to modulate host appetite and
food intake interacting with G-coupled proteins expressed
by enteroendocrine cells and promoting the release of
glucagon-like peptide-1 (GLP-1) and peptide YY, which
directly influence host’s satiety[13,14].
Moreover, SCFAs influence lipid metabolism by increasing lipogenesis[9] and inhibiting fatty acids oxidation[11], as
previously reported.
Other studies have reported specific changes of gut
microbiota composition in genetically obese mice (ob/ob
mice), compared to lean counterparts, showing a 50%
reduction in the abundance of Bacteroidetes and a proportional increase in Firmicutes[16]. These specific changes
could contribute to the increased SCFAs production and
energy harvest observed both in obese mice and in GF-
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mice colonized with ob/ob mice microbiota[12].
However, it’s not clear how and why, in obese subjects, gut microbiota seems to extract more energy from
ingested food[17]. Moreover, this mechanism is insufficient
to explain the more significant weight gain observed in
GF-mice colonized with intestinal flora coming from
obese donor, compared to that observed in mice receiving lean donor’s microbiota[12,17]. In genetically obese mice
ob/ob, leptin deficiency could in part explain the increased
efficiency of gut microbiota to extract energy from food;
however, it’s not clear why the metabolic activity of
“obese-gut microbiota” is still increased, also when transferred to wild-type lean donors[17].
Other putative mechanisms have also been proposed.
For example, high-fat diet has shown to increase the
proportion of Gram-negative species in gut microbiota,
thus, contributing to an increased intestinal absorption
of bacterial fragments, such as lipopolysaccharides (LPS).
As a consequence, the increased levels of circulating
LPS lead to a condition defined as “metabolic endotoxemia”[18], in which, however, blood LPS levels are lower
than those observed in septic shock. The experimentally
induced endotoxemia in mice leads to body weight gain,
fasted hyperglycemia and hyperinsulinemia, similar to
that observed on high-fat-fed mice[18].
Increasing evidence suggests that high-fat diet promotes changes in gut microbiota composition, but the
subsequent development of obese phenotype occurs only
in the presence of metabolic endotoxemia[19].
Fei et al[20] found that a specific endotoxin-producing
bacterium, the Enterobacter cloacae B29, isolated from
morbidly obese human’s gut, induced obesity and insulin
resistance in GF-mice, increasing endotoxin circulating
levels. The Authors concluded that an increase of endotoxin-producing bacteria in gut microbiota, represents a
cause, rather than a consequence, of the host’s metabolic
balance deterioration. Indeed, these two studies [19,20]
imply that lowering metabolic endotoxemia, could represent a potential treatment strategy for the metabolic disease, even if additional studies are necessary to confirm
this assertion.
Metabolic endotoxemia is promoted by increased
intestinal permeability and bacterial translocation related
to a low grade intestinal inflammation state, resulting
from the interaction between luminal bacteria and host’s
immune system[18,19,21].
Bacterial antigens are recognized by specific receptors exposed by intestinal dendritic cells, such as NOD1,
CD-14 and Toll-like receptor 4 (TLR-4). The interaction
between these receptors and bacterial peptidoglycan or
LPS activates mucosal inflammation and bacterial translocation[21], through the activation of the NF-κB pathway.
Bacterial translocation is prevented in mice lacking the
specific microbial pattern recognition receptors NOD1 or
TLR-4[21]. In fact, animal models resistant to high-fat diet
induced obesity, showed reduced TLR-4 activation and
decreased intestinal translocation[19].
However, even if some studies have explained the
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role of host immune system in promoting metabolic endotoxemia and bacterial translocation[18,19,21], other studies
have underlined the role of immune response in maintain
gut homeostasis and prevention of gut dysbiosis[22,23].
For example, TLR-5 seems to exert a central function
in the recognition of pathogen-associated molecular patterns (PAMPs) and in the stimulation of inflammatory
response in order to maintain mucosal homeostasis[22].
TLR-5 deficient mice develop intestinal dysbiosis, hyperphagia, obesity and insulin resistance[23]; moreover, these
tracts could be transmitted by colonizing wild type mice
with gut microbiota deriving from TLR-5 knock-out
mice.
Another mechanism involved in the regulation of gut
ecosystem homeostasis is the endocannabinoid system[24].
In fact endocannabinoid receptors expressed in the gut
(eCB1) interact with bacterial LPS, modulating gut permeability, LPS translocation and inducing metabolic endotoxemia[24].
On the other hand, gut microbiota is essential for
host’s immune system maturation, gut-associated lymphoid tissue development and a well-balanced T-cells
differentiation[25]. Indeed, GF-mice show an immature
gut-associated lymphoid tissue and several systemic immune system dysfunctions. Moreover, an intestinal dysbiosis contributes to an altered differentiation of T-cells,
an imbalance between T-helper and T-regulatory lymphocites, leading to the disruption of immune tolerance
and the development of autoimmune diseases[26].
In conclusion, evidences emerging from studies conducted on animal models have confirmed the pathogenic
role exerted by gut microbiota on the development of
obesity. In fact, microbial products, mainly SCFAs, regulate several host’s metabolic functions, energy absorption and appetite. Moreover, the complex interactions
between gut microbes and host’s immune system affect
gut microbial homeostasis and composition, intestinal
dysbiosis, bacterial translocation and the subsequent development of metabolic endotoxemia, which is essential
for the development of obese phenotype and insulin
resistance.
Human clinical studies
Studies conducted on obese human subjects have confirmed specific changes on gut microbiota composition,
such as a reduction of Bacteroidetes phylum and a proportional increase of Firmicutes[27-29]. Moreover, a reduction
of Bifidobacterium and Bacteroides and an increase of Staphylococcus, Enterobacteriaceae and Escherichia coli were detected
in overweight compared to normal-weight pregnant
women[29].
However, other studies showed conflicting results:
Duncan et al[30] reported no significant differences of
the Bacteroidetes/Firmicutes ratio between obese and lean
subjects, as well as no significant changes of fecal Bacteroidetes count during diet induced weight loss. On the
contrary, Schwiertz et al[31] reported a significant increase
of Bacteroidetes in obese and overweight subjects.
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Studies conducted on obese twins have revealed differences on phyla distribution between obese and lean
subjects: reduced microbial diversity, such as a relative
reduction of Bacteroidetes and Actinobacteria, were found
among obese subjects, but no significant changes in
Firmicutes proportion emerged[32]. The identification of a
“core microbiome” in obese subjects led to the assumption that functional changes, related to different genes
and metabolic pathways expression by gut microbiota,
rather than the diversity of organismal assemblage, could
explain different physiological states (obese or lean)[32];
in particular, a preferential increase of genes involved in
sugar and carbohydrate metabolism could be present in
overweight subjects[32].
The functional changes in overweight’s gut microbiota lead to an increased production of SCFAs[12,31], with
a consequent raised capacity of energy harvest[12] associated to a preferential increase of propionate[31].
A more recent study underlined that low genetic richness in gut microbiota, reflecting a reduced microbial
diversity and a preferential expression of few metabolic
pathways, is correlated with overall adiposity, insulin
resistance and a more pronounced inflammatory phenotype[33]. The qualitative changes in gut microbiota of
obese subjects were represented by an increase of Proteobacteria and Bacteroidetes phyla, a decrease of anti-inflammatory bacteria, such as Akkermansia muciniphila, and an
increase of pathogens, such as Campylobacter and Shigella.
The changes lead to a decreased production of butyrate,
a protective substance affecting intestinal barrier integrity,
as well as an increased mucus degradation potential and
oxidative stress management[33].
Qualitative changes of gut microbiota composition
have been found also in early stages of life. Two studies[34,35] conducted on overweight children demonstrated
a reduction of beneficial bacteria, such as Bifidobacteria[34],
Desulfovibrio and Akkermansia muciniphila-like bacteria[35],
associated with an increase of pathogens or Gram negative bacteria, such as Staphylococcus aureus[34] and Enterobacteriaceae[35]. Thus, identifying early changes of gut microbiota could predict subsequent development of obesity.
Moreover, gut microbial composition, in overweight
adolescents, seems to influence the extent of weight loss,
obtained after dietary restriction and increased energy
expenditure by physical activity, independently from total
food intake[36]. Indeed, increased total bacteria, Bacteroides
fragilis group, Clostridium leptum group, and Bifidobacterium
catenulatum group counts, associated to decreased levels
of Clostridium coccoides group, Lactobacillus group and Bifidobacterium group before and after dietary interventions
are associated to a strongly significant weight loss, independently from total food intake. Thus, gut microbiota
could potentially influence the efficacy of dietary interventions[36].
Several “non-dietary” factors seem to influence gut
microbial composition, since the early stages of life. Indeed, delivery mode[37,38], infant feeding[39], antibiotic use[40],
gestational age and infant hospitalization are the most im-

WJG|www.wjgnet.com

portant factors[37]. In fact, term birth, vaginal delivery, short
hospitalization, less exposure to antibiotics and breastfeeding are associated to a more “beneficial” gut microbiota,
characterized by higher numbers of Bifidobacteria and lower
numbers of Clostridium difficile and of Escherichia coli[37].
In conclusion, studies conducted on human subjects have confirmed the pathogenic role exerted by gut
microbiota. However, the observations emerging from
these clinical studies are not always comparable to the
results reported in experimental studies conducted on
animal models. In fact, the alteration of Bacteroidetes/Firmicutes ratio in gut microbial composition has not been
confirmed in all human studies. The main features characterizing overweight subjects’ microbiota are reduced
microbial diversity, decrease of bacteria with potential
anti-inflammatory properties and increase of pathogens.
Recent evidences have underlined the importance of
functional changes of gut microbiota, resulting from the
alteration of genetic pathways expression, on the pathogenesis of obesity, rather than the simple organismal assemblage.

INFLUENCE OF DIET
Observations in human subjects
Diet seems to strongly influence gut microbial composition since the first stages of life[41]. De Filippo et al[42]
compared fecal microbiota of European children (EU),
mostly fed with a “modern western diet”, to gut microbiota of children coming from a rural African village
of Burkina Faso (BF), mostly fed with a “high-fiber
diet”. BF children showed a significant enrichment in
Bacteroidetes and depletion in Firmicutes, associated to increased abundance of bacteria from the genus Prevotella
and Xylanibacter, compared to EU children. On the other
hand, Enterobacteriaceae (Shigella and Escherichia) were
significantly underrepresented in BF compared to EU
children. These differences reflect the adaptation of gut
microbiota to host’s diet, with consequent enrichment of
bacterial species hydrolyzing complex polysaccharides in
BF group. The results of this adaptation are the maximization of energy extraction from dietary fibers, but also
an enrichment of microbial diversity and the potential
protection from inflammation and non-infectious colonic disease, observed in rural communities[42].
On the other hand, high-fat/low-fiber Western diet
promotes the overgrowth of gram-negative pathogens,
with consequent increased intestinal translocation of
bacterial LPS[18]. LPS interaction with specific receptor
of host’s immune-system (TLR-4/CD-14) culminates in
an inflammatory cascade[43] that precedes the development of insulin resistance, obesity and diabetes[18].
Sequencing studies of fecal metagenomes of individuals coming from different countries lead to the identification of three robust clusters, defined “enterotypes”. The
three main clusters are dominated by the genera Bacteroides,
Prevotella and Ruminococcus (enterotype 1, 2 and 3 respectively). These clusters are indicative of the existence of
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limited numbers of well-balanced host-microbial symbiotic states that are not influenced by the geographical origin,
but seem to be shaped by the diet[44].
Regular red meat consumption, as well as the highfat/low fiber Western diet, is associated to a predominance of Bacteroides -rich gut ecosystem, with associated
increased expression of genes involved in protein degradation. On the other hand, Prevotella species dominate
in vegetarians with preferential expression of genes involved in starch break-down[41,45].
The gut microbiome seems to rapidly respond to specific changes of diet. Indeed, in a study in which “animalbased diet” and “plant-based diet” were assigned to
two groups of healthy volunteers, rapid changes of gut
microbial composition were observed in both groups[46].
In particular, the animal-based diet increased the abundance of bile-tolerant and amino-acids metabolizing
microorganisms (Alistipes, Bilophila and Bacteroides), while
it decreased the levels of Firmicutes that metabolize dietary plant polysaccharides (Roseburia, Eubacterium rectale
and Ruminococcus bromii), thus reflecting the functional
and metabolic changes induced by dietary compounds[46].
However, although these changes appeared within the
first 24 h, the overall enterotype identity remains stable[47].
In conclusion, diet contributes to shape gut microbial
composition, creating a stable cluster of microorganisms
defined “enterotype”. Diet modification seems to induce
rapid changes of gut microbial composition, although
enterotype identity is not altered. However, further studies are needed to establish the effect of long term dietary
changes on gut microbial composition and function.

chow, gained more body weight and body fat than their
conventional counterpart[52].
Therefore, these observations demonstrate that a diet
rich in lipids, in particular saturated fatty acids, promotes
weight gain and increases visceral adiposity, shaping gut
microbiota composition and influencing, both directly
and indirectly through the intermediation of intestinal
flora, energy absorption and harvest[53].
Other studies have also underlined the role of dietary
lipids in promoting low-grade gut inflammation and increased intestinal permeability, as previously described
also in GF mice[48]. Indeed, diet rich in lipids is associated to a significant decrease of Bifidobacteria, known to
produce butyrate, which exerts anti-inflammatory effects
and promotes gut barrier integrity[54]. Moreover, it is associated to an increase of sulfate-reducing/endotoxinproducing bacteria belonging to the Desulfovibrionaceae
family, leading to an increased gut inflammation and
impaired barrier function[55]. HFD contributes also to the
development of increased intestinal permeability as demonstrated by the reduced expression of genes encoding
for components of tight junctions[56]. Furthermore, the
extent of increased gut permeability is correlated to specific microbial changes, such as a reduction of Lactobacillus and an increase of Oscillobacter[56].
In conclusion, experimental evidences from animal
models demonstrate that HFD promotes weight gain
by altering gut microbial composition and by increasing
intestinal permeability.

Lessons from animal models
High-fat Western diet contributes to the development
of obesity, to weight gain and to the increase of white
adipose tissue through the intermediation of gut microbiota. A confirmation comes from experimental studies
showing that high-fat diet (HFD) promotes weight gain
only in conventional mice but not in germ-free mice[48].
Moreover HFD promotes the same changes in gut
microbiota composition found in obese subjects, influencing the Bacteroidetes/Firmicutes ratio[49]. The colonization of GF-mice with gut microbiota coming from highfat fed conventional mice is associated to significant
weight gain.
de Wit et al[50] found that saturated fatty acids promote weight gain, increased adiposity and the development of fatty liver by modifying gut microbial composition and enhancing lipogenesis.
Moreover, high-fat diet promotes specific changes of
gut microbial composition, such as a reduction of Bacteroidetes and an increase of Firmicutes and Proteobacteria, in
both obese and lean phenotypes[51], suggesting its role in
shaping intestinal flora, independently from geneticallydetermined host’s phenotype[51]. Furthermore, the experimental study by Fleissner and colleagues[52], reported
that high-fat diet promotes weight gain, also in absence
of gut microbiota. In fact, GF-mice, fed with high-fat

Experimental studies on animal models
LPS-induced metabolic endotoxemia is the first step for
the development of insulin resistance and diabetes[18].
Indeed, mice fed with high-fat diet have shown increased
proportion of LPS-containing microbiota in the gut as
well as circulating LPS. Experimental LPS infusion lead
to fasted hyperglycemia and hyperinsulinemia. Moreover,
CD14/TLR-4 mutant mice, resistant to LPS, were also
resistant to high-fat diet-induced metabolic diseases, because, in this animal models, the subsequent expression
of inflammatory cascade in liver and fat was significantly
reduced[18,57]. CD14 mutant mice showed insulin hypersensitivity even during normal diet, suggesting the potential role of CD14 to set host’s insulin sensitivity in physiological conditions[18].
The modulation of gut microbiota, through the administration of a broad spectrum antibiotic therapy, ameliorated glucose tolerance in ob/ob and diet-induced obese
and insulin-resistant mice, influencing inflammatory, and
metabolic status of the host, independently from food
intake[58].
Similarly, Cani et al[59] found that antibiotic treatment
reduced metabolic endotoxemia and the cecal content
of LPS in both high-fat-fed and ob/ob mice, with consequent reduction of systemic inflammation and improvement of insulin sensitivity. Similar results were observed
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in CD14 mutant ob/ob mice, independently from antibiotic treatment.
On the other hand, a recent study[60] defined the protective role of the bacterium Akkermansia (A.) muciniphila
against the development of metabolic diseases.
A. municiphila, a member of the Verrucomicrobia phylum, is a mucus-degradating bacteria, located in the mucus layer, representing 1%-4% of the bacterial population
in the colon[61]. The abundance of this mucin-degrading
bacterium,is inversely correlated to body weight in rodents and humans[60], and is negatively associated to type
1[62] and type 2[63] diabetes. The normalization of A. muciniphila abundance through prebiotic administration is
correlated with an improved metabolic profile, reduced
fat-mass, metabolic endotoxemia, adipose tissue inflammation and insulin resistance. Moreover, it seems that A.
muciniphila administration led to increased intestinal levels
of endocannabinoids that control inflammation, the gut
barrier integrity, and gut peptide secretion[60]. However,
the exploitation of all these effects requires viable bacteria, because treatment with heat-killed cells did not improve the metabolic profile[60].
In the presence of bacteria producing butyrate or
conjugated linolenic acid, such as Bifidobacteria or Lactobacillus, an improvement of glucose tolerance in association with a decrease of endotoxemia, of circulating proinflammatory cytokines and of intestinal permeability,
were observed[59,64].
In conclusion, gut microbiota promotes the development of insulin resistance and diabetes by inducing
metabolic endotoxemia. Bacteria with potential antiinflammatory properties, such as A. municiphila, Bifidobacteria and Lactobacilli, exert a protective role by enhancing
gut barrier integrity and by preventing bacterial translocation.
Human clinical studies
As demonstrated in animals, high energy intake increases
levels of circulating LPS also in humans[65]. Circulating
LPS stimulates the TLR-2 mediated inflammatory response and increases the secretion of pro-inflammatory
cytokines by the adipose tissue[32]. LPS levels are significantly increased in diabetic subjects, compared to controls, and seem to decrease with the administration of
antidiabetic therapy (rosiglitazone)[66].
A longitudinal study[67] found that increased levels of
blood circulating bacteria are present before the development of diabetes. Moreover, pyrosequencing analyses
conduced on subjects in the early phases of reduced
glucose tolerance, identified a core blood microbiota,
mostly (85%-90%) composed by Proteobacteria phylum,
which could represent a potential biomarker for predicting the development of diabetes[67].
Specific changes in gut microbiota composition have
been observed in diabetic subjects: an increase of Bacteroides and Prevotella was associated to a proportional decrease
of Firmicutes and Clostridia[68]. Furthermore, a decrease of
anti-inflammatory bacteria, such as Bifidobacteria was also
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observed[69].
However, Zhang et al[70] found that specific changes
of gut microbiota composition could be identified in
each progressive stage leading to the development of
diabetes. The relative abundances of butyrate-producing
bacteria (Akkermansia muciniphila and Faecalibacterium
prausnitzii) seems to decrease along with decreasing glucose tolerance, in association with a decrease of Verrucomicrobiae. On the other hand, Betaproteobacteria levels show
an opposite trend.
Recently, Qin et al[63] have developed a novel gut microbiota analytical platform to identify disease-associated
metagenomic markers. Comparing gut microbial metagenome of diabetic to healthy control subjects, the Authors
found that in diabetic subjects only a moderate degree of
gut microbial dysbiosis was present, characterized by a
selective increase in several opportunistic pathogens and
a reduction in bacteria producing beneficial metabolites,
such as butyrate[63]. Indeed, it’s well known that butyrate
may exert a protective role, enhancing the expression of
tight junctions genes, promoting gut barrier function and
reducing bacterial translocation[71].
The beneficial effect of butyrate is confirmed by a
study from Vrieze et al[72], in which diabetic subjects received a fecal microbiota transplant from lean donors.
After the transplant diabetic subjects showed a significant increase of intestinal butyrate-producing bacteria,
which was correlated to an improvement of insulin sensitivity[72].
Similarly, Karlsson et al[73] developed a mathematical model, deriving from metagenome analysis of fecal
samples’ from 145 European women with different degrees of glucose tolerance, to accurately predict the development of diabetes. Appling this model to a Chinese
cohort, the Authors identified different metagenomic
predictors for diabetes between European and Chinese
people. Thus, they concluded that metagenomic predictive tools for diabetes should be specific for the age and
geographical location of the studied population[73].
In conclusion, human studies confirmed the pathogenic role of metabolic endotoxemia for the development of insulin resistance and diabetes. The progressive development of glucose intolerance and diabetes
proceeds along with a corresponding decrease of antiinflammatory and butyrate-producing bacteria, as well
as an increase of pathogens. Indeed, the experimental
enrichment of butyrate-producing bacteria is associated
to an improvement of insulin sensitivity.

GUT MICROBIOTA AND NAFLD
Experimental studies on animal models
As previously explained, gut microbiota strongly influences energy absorption and storage, in particular by
modulating monosaccharides absorption and hepatic
de novo lipogenesis through complex pathways which
influence expression of genes involved in these specific
metabolic reactions[9]. In fact, GF mice receiving gut

16084

November 21, 2014|Volume 20|Issue 43|

Festi D et al . Gut microbiota and metabolic syndrome

microbial colonization from conventional mice show a
significant increase in triglycerides synthesis and fatty
storage in hepatocytes[9].
Although gut microbiota could modulate per se lipid
metabolic pathways in hepatocytes, specific changes in
microbial composition are able to influence the development of fatty liver.
Indeed, although high-fat diet experimentally induced
weight gain in conventional mice, not all of them developed reduced glucose tolerance, hyperinsulinemia and
overt fatty liver[74]. A pyrosequencing study revealed that
mice developing insulin resistance and fatty liver showed
an increased number of Lachnospiraceae and Barnesiella,
associated with a decrease of Lactobacilli. These alterations were not observed in mice resistant to diet induced
metabolic syndrome[74].
Moreover, gut microbiota could contribute to the
development of fatty liver through the ethanol production[75]. In fact, in genetically obese mice breath ethanol
tested levels were significantly higher than in lean mice
and antibiotic treatment could reduce by 50% the cumulative ethanol production[75].
Other proposed mechanisms through which gut
microbiota could influence the susceptibility to develop
NAFLD are the alteration of the choline[76] and the bile
acid[77] metabolisms.
More recently, the role of fructose-rich diet has been
explored[78]: the experimental administration of a 30%
fructose solution, for 8 wk, to a group of mice, is associated to the development of hepatic steatosis and a
significant increase of hepatic transaminases. The onset
of fructose induced-NAFLD is associated to the development of small bowel bacterial overgrowth, increased
intestinal permeability, increased circulating endotoxin
and the subsequent activation of Kupffer cells mediated
hepatic inflammation[78].
Gut microbiota also exerts a role in the progression
from fatty liver to non-alcoholic steatohepatitis (NASH)
and the development of hepatic fibrosis. It has been
observed that experimentally induced endotoxemia activates hepatic inflammatory response through the recruitment of Kupffer cells by TLR-4 mediated signaling[79].
Indeed, in TLR-4 deficient mice, as well as after the
experimental destruction of Kupffer cells, inflammatory
response and liver damage are significantly reduced[79].
Furthermore, recent studies[80,81] have underlined the
role of cytoplasmic multiprotein complexes, called inflammosomes, in the development of inflammatory liver
injury. These inflammosomes are expressed in most liver
cells, such as Kupffer cells, liver sinusoidal endothelial
cells, periportal myofibroblasts and hepatic stellate cells.
The activation of cytosolic inflammosomes, induced
by the interaction with LPS or with other microbial
antigens coming from bacteria circulating in the portal
system, leads to the expression of the pro-inflammatory
cascade[80,81] and modulates hepatic fibrotic tissue deposition[82].
Although inflammosomes play a critical role in the
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pathogenesis of liver disease, inflammosome-deficient
mice show a more severe hepatic injury and a faster
progression to NASH, probably because these cytosolic complexes may contribute to modulate gut microbial composition, and their dysfunction leads to gut
dysbiosis[83].
In conclusion, gut microbiota affects the susceptibility to develop fatty liver and NASH. Bacterial ethanol
production, alterations of choline and bile acids metabolism, the stimulation of hepatocytes’ lipogenesis
and the development of an increased intestinal permeability leading to metabolic endotoxemia are the main
mechanisms involved. The complex interaction between
microbial antigens and the cytosolic inflammosomes
affects the activation of inflammatory cascade and the
development of hepatic fibrosis.
Human clinical studies
Similar mechanisms observed in animals have been proposed to explain the putative role of gut microbiota on
the pathogenesis of NAFLD in humans.
In particular, an higher prevalence of small bowel
bacterial overgrowth and an increased intestinal permeability have been observed in obese subjects affected by
NAFLD, and these variables seem to be correlated with
the severity of hepatic steatosis[84].
Moreover, specific changes in gut microbial composition have been observed in patients affected by NASH,
such as a lower percentage of Bacteroidetes and higher
fecal Clostridium coccoides concentrations. However, after
adjusting for body mass index (BMI) and dietary intake,
only the difference of Bacteroidetes fecal concentrations
resulted significant. Thus, an inverse association between
the presence of NASH and the percentage Bacteroidetes
in the stools, independent from BMI and diet, was observed[85].
A significant increase of circulating levels of ethanol,
promoted by intestinal overgrowth of ethanol-producing
bacteria, such as Enterobacteriaceae and Escherichia coli, have
been found also in patients affected by NASH[86].
Alteration of choline metabolism have been proposed as causative mechanism also in human subjects. In
fact it’s well known that hepatic steatosis, promoted by
parenteral nutrition, is partly due to choline deficiency,
and its supplementation could reverse hepatic fat accumulation[87]. More recently the experimental administration of choline deficient diet was associated to variations
of the intestinal concentrations of Gammaproteobacteria
and Erysipelotrichi, that were directly associated to changes in liver fat amount[88].
The development of NASH is associated, also in humans, to increased systemic inflammation, promoted by
TLR-4 mediated interaction with circulating PAMPs, with
consequent release of pro-inflammatory cytokines[89].
In conclusion, the development of fatty liver is promoted by small bowel bacterial overgrowth and increased
intestinal permeability. Bacterial ethanol production and
choline deficiency have been confirmed as pathogenic
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mechanisms also in human subjects. Moreover, the development of NASH is affected by the complex interaction
between circulating bacterial antigens and host’s immune
system.

THERAPEUTIC STRATEGIES
Diet induced weight loss and bariatric surgery
Weight loss promoted by calories restricted diet and increased physical activity is associated to significant changes in the composition of gut microflora.
Sotos et al[90] found that nutritional intervention strategy based on an energy restricted diet associated to a
physical activity program for 3 mo, on a group of obese
adolescents, was associated to a significant reduction of
sulphate-reducing bacteria and Enterobacteriaceae, which
was more pronounced in subjects in which interventions
were successful. Moreover, in subjects who didn’t reach
significant weight loss, the proportion of beneficial
bacteria belonging to Roseburia-Eubacterium populations
remained low[90]. Furthermore, diet-induced weight loss
has also been associated to a reduction of C. histolyticum,
C. lituseburense and E. rectale-C. coccoides and an increase of
the Bacteroides-Prevotella group[91].
As previously reported, subjects with a low bacterial
gene richness are characterized by more marked overall
adiposity, insulin resistance and dyslipidaemia and a more
pronounced inflammatory phenotype when compared
to high bacterial gene richness individuals[33]. A recent
study of Cotillard et al[92] reported that dietary intervention improves low gene richness and clinical phenotypes
in obese subjects, but the treatment strategies seem to
be less efficient for inflammation variables in individuals
with lower gene richness. Thus, in these latter subjects,
dietary interventions could be less effective.
Some studies conducted on subjects submitted to surgical Roux-en-Y gastric by-pass (RYGB) reported a profound change of gut microbiota composition, related to
the surgically reverted anatomy of alimentary tube. These
changes might contribute to the successful weight loss obtained in these patients.
Zhang et al[93] found that the reduction of gastric acid
and the modification of the total length of small bowel
contribute to the growth of facultative anaerobes, with a
significant increase of Gammaproteobacteria. On the other
hand, Firmicutes and in particular methanogens bacteria,
which seem to contribute to the increased energy extraction from fermentation of polysaccharides in obese subjects, are strongly decreased after RYGB[93].
The increase of Bacteroides-Prevotella group was also
observed after weight loss promoted by RYGB, in association to an increase of Faecalibacterium prausnitzii species, directly linked to the reduction in low-grade inflammation[94].
The direct transit of carbohydrates to the small intestine, without the prior exposure to gastric acids, promotes the growth of Proteobacteria and Enterobacteria fermenting complex carbohydrates[95]. The increased pro-
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duction of metabolites deriving from oligosaccharides
fermentation is well known to contribute to increased
GLP-1 and peptide YY production, which contribute to
reduce appetite and to improve beta-pancreatic cell function and insulin secretion[96].
After RYGB it has been also observed an increase of
intestinal gamma-amino-butyric acid production by gut
microbes, which also stimulates the release of GLP-1
and peptide YY[95].
Lips et al[97] also reported that RYGB improves gut
hormone release, such as GLP-1 and peptide YY, and
glucose tolerance in diabetic subjects. However, it is not
sufficient alone to maintain glucose metabolism balance,
since calories restriction is the major determinant of
short-term benefit in glucose tolerance.
RYGB does not induce only beneficial effects. Indeed, it seems to influence the increase of pathogens
bacteria, such as Escherchia coli, and the decrease of beneficial bacteria, such as Lactobacilli and Bifidobacteria[94].
Moreover, the reduced availability of energy extractable
from glucose promotes increased energy extraction from
tricarboxylic acid cycle intermediates and from protein
catabolism, thus, facilitating the development of renal
tubular acidosis[95].
In conclusion, diet induced weight loss is associated
to specific changes in gut microbial composition, in
terms of increased beneficial anti-inflammatory bacteria
and reduced pathogens. A subgroup of patients with low
microbial gene richness has shown a more aggressive
clinical phenotype and a less responsiveness to therapeutic strategies.
Bariatric surgery promotes evident changes in intestinal bacterial composition. These changes could reinforce
the beneficial effects of the surgical intervention on
host’s appetite and insulin sensitivity. However, potential
negative effects, such as the decrease of beneficial bacteria and the risk of developing renal tubular acidosis,
need to be considered.
Probiotics
Probiotics are defined by the Food and Agricultural Organization and the World Health Organization as “live
microorganisms which when administered in adequate
amounts, confer a beneficial health effect on the host”[98].
Several studies have demonstrated that probiotic
strains, in particular those of the Lactobacillus and Bifidobacterium genera, exert multiple beneficial effects in subjects affected by metabolic syndrome. Indeed, they seem
to promote weight loss and the reduction of visceral
adiposity, to improve glucose tolerance, and to modulate
intestinal low grade inflammation.
The experimental studies[98-104] demonstrating the beneficial effects observed in HFD-induced metabolic syndrome, after the administration of probiotics containing
Bifidobacterium strains, are reported in Table 1.
Cani et al[105] and Amar et al[21] have demonstrated the
putative mechanisms through which Bifidobacterium strains
could contribute to counteract detrimental effects of meta-

16086

November 21, 2014|Volume 20|Issue 43|

Festi D et al . Gut microbiota and metabolic syndrome
Table 1 Studies conducted on animal models showing effects of probiotics containing Bifidobacterium strains on metabolic disorders
Studied animals

Probiotic

Dose

Duration of
treatment (wk)

Effects

Ref.

C57BL/6J mice

Bifidobacterium breve B-3

109 CFU

8

↓body weight, epididymal fat, serum cholesterol, glucose,
insulin and HOMA index
↑expression of FIAF, adiponectin
↓serum cholesterol, triglycerides, glucose, insulin resistance,
leptin, IL-6, monocyte chemotactic protein-1, liver steatosis,
adipose tissue
↑glucose tolerance
Improvement of immune system functionality
Improvement of HFD induced metabolic disorders trough ↓
endotoxin levels and intestinal inflammation, ↑expression of
Reg Ⅰ genes
↓visceral fat, liver steatosis
↑insulin sensitivity
↓body and fat weights, serum cholesterol, triglycerides,
glucose, leptin, AST, ALT and lipase levels

[99]

C57BL-6 mice

Bifidobacterium pseudocatenulatum CECT 7765

HFD-fed rats

Bifidobacterium longum

HFD-rats, standard
diets fed rats
Sprague-Dawley rats

Sprague-Dawley rats

7

Bifidobacterium adolescentis

12

B. pseudocatenulatum SPM 1204, 108-109
B. longum SPM 1205, and B.
CFU
longum SPM 1207
Bifidobacteria L66-5, L75-4,
108 CFU
M13-4 and FS31-12, originated
from normal human intestines

7

6

B. M13-4 strain ↑body weight
B. L66-5 strain ↓body weight
All strains ↓serum and liver triglycerides, serum and liver
cholesterol

[100]

[101]

[102]
[103]

[104]

CFU: Colony-forming units; IL-6: Interleukin-6; HFD: High-fat diet; Reg Ⅰ genes: Intestinal regenerating family genes; AST: Aspartate aminotransferase;
ALT: Alanine aminotransferase; FIAF: Fasting-induced adipose factor; HFD: High-fat diet.

bolic syndrome. The administration of probiotics containing Bifidobacterium is associated to an improvement of gut
epithelial barrier, promoted by increased expression of
tight-junction proteins[21,105]. Consequently, a significant reduction of bacterial translocation, intestinal inflammation
and metabolic endotoxemia have been observed[18,21].
Other studies[106-118] have demonstrated the beneficial effects exerted by probiotics containing Lactobacillus
strains on animals and human subjects, showed in Table
2 and Table 3, respectively.
These studies underline that Lactobacillus strains, especially those producing conjugated linoleic acid[106-108],
contribute to body weight loss, reduction of adipocyte
size and adipose tissue mass, as well as to improve glucose tolerance, modulating the expression of leptin and
fatty acid synthetase.
Other studies reported the positive effects of Lactobacillus probiotics in modulating serum lipid profile
through the stimulation of fatty acids oxidation[109-111,115],
or by inhibiting lipoprotein lipase activity through Angiopoietin like-4, a microbial regulated protein[114].
Nerstedt et al[115] also reported the improvement of gut
immune functionality, promoted by Lactobacillus strains.
The administration of probiotics combining Bifidobacterium and Lactobacillus strains, such as VSL#3, significantly improve glucose tolerance and reduce food intake,
increasing the production of SCFAs and of butyrate that
stimulate the intestinal production of GLP-1[119].
Moreover, the administration of probiotics containing Lactobacillus strains alters gut microbial composition,
promoting the expansion of the host’s own Bifidobacteria
population, improving the metabolic functions and reducing the pro-inflammatory activity[120].
Recently, the role of probiotics as therapeutic strat-
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egy for the treatment of hepatic steatosis and NAFLD
is emerging[121]. The putative mechanism involved are the
improvement of gut microbial homeostasis of gut barrier function and integrity of the modulation of endotoxemia and of pro-inflammatory response[121], as well as
the improvement of hepatic response against oxidative
damage[110].
However, although encouraging results emerge from
meta-analysis evaluating the role of probiotics for the
treatment of NAFLD[122] and the results of most studies
seem to be promising, they have to be considered with
caution. Indeed, the available evidences suggesting the
employ of probiotics for the treatment of obesity are
still weak[123] and, therefore, the therapeutic use of probiotics for the treatment of metabolic disorders has not
yet been recommended[124].
Prebiotics
Prebiotics are defined as non-digestible polysaccharides
that promote “the selective stimulation of growth and/
or activity(ies) of one or a limited number of microbial
genus(era)/species in the gut microbiota that confer(s)
health benefit to the host”[125].
The most studied prebiotics are the inulin and various types of fructo-oligosaccharides, which enhance the
growth of beneficial bacteria such as Bifidobacteria or Lactobacilli.
Table 4 illustrates studies[105,126-131] conducted on animal models, employing several types of prebiotics, such
as oligofructose, arabinoxylan and inulin and their related effects on the metabolic syndrome.
Prebiotics contribute to modify gut microbial composition, enhancing the growth of Bifidobacteria[105,130,131],
Bacteroides[129-131], Prevotella and Roseburia[130] and promoting
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Table 2 Studies conducted on animal models showing effects of probiotics containing Lactobacillus strains on metabolic disorders
Studied subjects

Probiotic

Duration of
treatment

Effects

Ref.

Lactobacillus rhamnosus PL60
Lactobacillus plantarum PL62
Lactobacillus gasseri SBT2055

8 wk
8 wk
4 wk

[106]
[107]
[108]

Zucker diabetic fatty rats

Lactobacillus fermentum NCIMB 5221

8 wk

Male Kunming mice

L. plantarum CAI6, L. plantarum SC4

28 d

Lactobacillus rhamnosus GG

13 wk
12 wk

C57BL/6 mice

Lactobacillus reuteri ATCC PTA 4659
(ATCC), DSM 17938 (DSM), L6798
Lactobacillus plantarum strain No. 14

C57B/6J mice

Lactobacillus paracasei ssp paracasei F19

10 d

GF and NMF mice

Lactobacillus paracasei ssp paracasei F19
or Lactobacillus acidophilus NCFB 1748

10 d

↓body weight gain, white adipose tissue, hepatic steatosis
↓body weight, visceral adipose tissue, serum glucose levels
↓adipocyte size, leptin levels
No significant changes in serum glucose and lipids levels, and
liver lipids levels
↓fasting insulin levels, insulin resistance, serum triglycerides
and LDL cholesterol levels, atherosclerosis
↑HDL cholesterol levels
↓serum total and LDL cholesterol levels, LDL/HDL cholesterol
ratio, triglycerides levels, hepatic steatosis
↑serum HDL cholesterol, hepatic anti-oxidant Nrf-2 mediated
response
↓liver and mesenteric adipose tissue, weight gain
↑glucose tolerance, gluconeogenesis, fatty acids oxidation
↓body weight gain, insulin levels, hepatic steatosis
↑fatty acids oxidation
↓adipocyte size, white adipose tissue, serum leptin and total
cholesterol levels
↓body weight
↑triglyceride load of the lipoprotein VLDL, angiopoietin-like 4
protein that ↓fatty storage
↑adipsin, adiponectin, fatty acids oxidation
Improvement of efficacy of intestinal immunological barrier
↓resistine like β

C57BL/6J mice
C57BL/6J mice
Sprague-Dawley rats

C57BL/6J mice
Apoe-/- mice

11 wk

[109]

[110]

[111]
[112]
[113]
[114]

[115]

LDL: Low-density lipoprotein; HDL: High-density lipoprotein; VLDL: Very low-density lipoprotein.

Table 3 Studies conducted on humans showing effects of probiotics on metabolic disorders
Studied subjects
Overweight humans

Subjects with increased abdominal adiposity
Women affected by postmenopausal metabolic
syndrome

Probiotics

Duration of
treatment

Effects

Ref.

Lactobacillus gasseri
SBT2055

12 wk

[116]

Lactobacillus gasseri
SBT2055
Lactobacillus plantarum

12 wk

↓body weight, visceral and subcutaneous fat area,
BMI, waist and hip circumference
↑serum adiponectin
↓body weight, visceral fat area, BMI, waist and hip
circumference, body fat mass
↓serum glucose and homocysteine levels

90 d

[117]
[118]

BMI: Body mass index.

the relative decrease of Firmicutes[129,131].
Moreover, they contribute to reduce body weight,
body fat and adipocyte size by modulating food intake
and appetite, by promoting the production of GLP-1,
peptide YY and the decrease of ghrelin, and, at the same
time, by decreasing fatty acid storage[126,127,130,131].
Furthermore, the reduction of intestinal low grade inflammation promoted by the improvement of gut barrier
integrity[128,130] and the decrease of pro-inflammatory[105]
cytokines release, lead to an improvement of glucose tolerance and insulin sensitivity.
Similar effects have been observed in studies conducted on human subjects[132-136] as reported in Table 5.
A recent meta-analysis, exploring the beneficial effects of prebiotics on subjects with metabolic syndrome,
reported a statistically significant reduction of post prandial glucose and insulin levels[137]. On the other hand, data
regarding effects on body weight, total energy intake, sati-
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ety, GLP-1 and peptide YY production and inflammatory
pattern seem to be controversial[137].

CONCLUSION
Available clinical and experimental evidence suggests
that gut microbiota is a potential pathogenetic factor for
the development of metabolic syndrome. The overall
expression of its detrimental effects seems to be influenced by complex interactions involving diet, lifestyle,
environmental factors, such as antibiotic therapies, genetic predisposition, as well as a complex cross-talk between intestinal microbes and the host’s immune system.
Administration of probiotics and prebiotics has been
widely used in order to manipulate gut microbiota. However, although several studies reported encouraging
results, solid clinical evidence recommending their therapeutic use for metabolic diseases has not emerged, and
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Table 4 Studies conducted on animal models showing effects of prebiotics on metabolic disorders
Studied subjects

Prebiotic

Duration of treatment

Effects

Ref.

Wistar rats

OFS

50 d

[126]

Wistar rats

OFS

6 wk

HFD fed mice

OFS

13 wk

C57B/6J mice

OFS

4 wk

C57B/6J mice

OFS

8 wk

C57B/6J mice

AX

4 wk

↓Body weight, food intake, fat mass, serum triglycerides, ghrelin
↑GLP-1
↓Food intake, serum glucose and insulin
↑GLP-1, glucose tolerance
↑Bifidobacterium, glucose tolerance
↓Pro-inflammatory cytokines, endotoxemia
↓LPS, hepatic inflammatory and oxidative stress markers, intestinal permeability
↑GLP-2
↓Firmicutes/Bacteroides ratio, fat mass, oxidative stress, low grade inflammation
↑Glucose tolerance, GLP-1 and leptin sensitivity
↑Bacteroides, Prevotella, Roseburia, Bifidobacterium spp
Improvement of gut barrier function
↓Adipocyte size, fatty acids storage, body weight, serum cholesterol, insulin resistance, low grade inflammation
↓Firmicutes, food intake
↑Bacteroides, Bifidobacterium, satiety hormones

Lean and obese JCR:
LA.cp rats

Inulin-OFS

10 wk

[127]
[105]
[128]
[129]
[130]
[131]

OFS: Oligofructose; GLP-1: GLucagon-like peptide-1; LPS: Lipopolysaccharides; GLP-2: Glucagon-like peptide-2; AX: Arabinoxylose; HFD: High-fat diet.

Table 5 Studies conducted on humans showing effects of prebiotics on metabolic disorders
Studied subject

Prebiotic

Duration of
treatment

Effects

Ref.

OFS

2 wk

[132]

GOS
Inulin-type fructans

12 wk
3 mo

Yacon syrup (containing
OFS)
OFS

120 d

↓Food and energy intake, hunger
↑satiety
Significant ↑ Bifidobacterium
↑Bifidobacterium and Faecalibacterium prausnitzii
↓Circulating LPS, Bacteroides, Propionibacterium
↓Body weight, BMI, waist circumference, serum LDL cholesterol
levels
↓Body weight, ghrelin, calories intake, serum glucose, insulin
↑peptide YY

Healthy men and women
Healthy humans
Obese women
Obese-dyslipidemic women
Overweight and obese adults

12 wk

[133]
[134]
[135]
[136]

OFS: Oligofructose; GOS; Galactooligosaccharides; LPS: Lipopolysaccharides; BMI: Body mass index; LDL: Low-density lipoprotein.

knowledge about the long term efficacy of this treatment
is still lacking. Therefore, additional studies and randomized controlled trials using probiotics and prebiotics, are
needed to further understand their clinical impact on gut
microbiota manipulation.
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Abstract
Fermented foods have been consumed for centuries
across many geographical locales and have traditionally
been considered healthy foods, partly because of the
live microbes contained in them. The concept of “probiotics” further requires that the microbes be defined and
their health effects be demonstrated through human
intervention studies or other suitable investigations
before marketing with corresponding health messages.
Here, we review recommendations for fermented foods
and probiotics in several countries outside the EU, focusing on food-based dietary guidelines. We emphasize
recommendations on yoghurt and probiotics made by
expert bodies. We found that dietary guidelines commonly advocate the consumption of yoghurt or similar
products, but specific comments on probiotics are rare.
Further, we reviewed guidelines from clinical associations. In general, they acknowledge the beneficial ef-

WJG|www.wjgnet.com

fects of probiotics, but often suggest the need for further research. This is true despite good quality evidence
supporting the role of probiotics for certain health
effects, such as prevention of eczema in infants, management of side effects from antibiotics and alleviation
of functional bowel symptoms. Additional research to
support future dietary recommendations should focus
on determining effect size, identifying responders and
non-responders, clarifying strain-specificity of effects
and confirming mechanisms.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Fermented foods; Probiotics; Dietary guidelines; Health claims
Core tip: Probiotics are by definition beneficial to health.
Benefits can be nutritional, clinical, medical and treatment-related. Nutritional benefits of probiotics and fermented foods have been recognized in varying degrees
in European Union dietary recommendations. This review summarizes the nutritional and therapeutic recommendations for probiotics and fermented foods outside
European Union countries.
Ebner S, Smug LN, Kneifel W, Salminen SJ, Sanders ME.
Probiotics in dietary guidelines and clinical recommendations
outside the European Union. World J Gastroenterol 2014;
20(43): 16095-16100 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i43/16095.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i43.16095

INTRODUCTION
Food-based dietary guidelines may include beneficial microbes or dairy products as recommended foods for specific dietary purposes. In Europe, for instance, five countries include yoghurt and/or beneficial microbes in their
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Figure 1 Possible regulatory pathways related to probiotics in food, supplements, feed and probiotic formulations in medicine.

dietary guidelines[1,2] Beneficial microbes have been used
in food for centuries. In particular, the use of fermented
milk has been described in several historical documents.
The term “yoghurt” was defined in 1925 and specifies a
typical milk fermented with Streptococcus thermophilus and
Lactobacillus delbrueckii subsp. bulgaricus[1]. Fermented foods
have a long history of safe use. The European Union further reviews microorganisms and compiles a list known as
the “Qualified Presumption of Safety” (QPS) list, which
delineates biological agents deemed safe for use in foods,
such as bacteria, yeasts, filamentous fungi and viruses for
food and feed additives[2]. The International Dairy Federation lists 62 genera and 264 species used in mainly in dairy
products, but also in other food matrices[3].
Probiotics are defined as “live microorganisms which
when administered in adequate amounts confer a health
benefit on the host”[4]. Elie Metchnikoff introduced the
concept of probiotic microorganisms, from the Greek
“pro bios” (for life), in 1907. The term “probiotics” was
proposed in several sources: by Ferdinand Vergin in 1954
for “active substances that are essential for a healthy development of life”[1], by Werner Kollath in 1953[5] and was
used by Lilly and Stillwell in 1965[6]. Several Lactobacillus
and Bifidobacterium species have been investigated intensely,
and certain strains of Saccharomyces, Enterococcus, Lactococcus,
Propionibacterium and Streptococcus species have been considered as microorganisms with probiotic properties[7].
A large collection of bacteria, yeasts and filamentous
fungi with a history of safe use is being used for the fermentation of foods. In general, the primary aim is to produce healthy and easily digestible foods, which have an
enhanced shelf life and also contain live microorganisms.
Specific microbes have been reported to exert general
beneficial effects on human health, such as competing
with pathogens, enhancing the gut barrier against pathogens, modifying digestion of nutrients and by modulating
the gut-associated lymphoid tissue[8]. Microbes fulfilling
the requirements set up by the WHO/FAO (2002) can
further be considered to be probiotics-as beneficial as microbes in fermented foods generally, but with additional
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documented health effects. Intervention trials are the best
for establishing causality; however, well-controlled observational studies can also provide evidence of probiotic
function[2,3].

PROBIOTICS TODAY
The biological effects of probiotics are strain specific,
thus it is not possible to extrapolate failure or success
of one strain to another, even for taxonomically closely
related strains, unless a common efficacy mechanism
functions in both strains[9]. Nevertheless, numerous metaanalyses provide evidence that multiple probiotics may
function similarly with respect to certain benefits to
health.
An overview of the possible regulatory pathways
for fermented foods and probiotics is given in Figure 1.
Areas of intensive research with specific probiotics comprise acute gastroenteritis or diarrhea in various forms,
such as acute infectious diarrhea[10,11]; antibiotic associated diarrhea and its side effects[12,13] or traveller’s diarrhea[14]; irritable bowel syndrome symptoms[15,16]; inflammatory bowel disease[14,17]; Helicobacter pylori infections[18];
and oral health[19], including reducing the risk of caries
and gingivitis.
Probiotics in nutritional recommendations and/or
dietary guidelines
Nutritional recommendations vary from country to country, because the nutrient intake and the priority in the
selection of principal nutrients may depend on available
foods and food preferences. In the EU member states,
the main food groups within national dietary guidelines
do not differ considerably, but the differences in the
types of foods within the groups and the recommended
amounts deviate substantially. To date, there are no harmonized guidelines on an EU level because of a lack of
representative consumption data[20]. Similar challenges are
present in other parts of the world.
In an earlier study, the nutrition guidelines given by
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Table 1 Occurrence of yoghurt and/or probiotics as relevant issues in different food-based dietary guidelines
Country

Organization

New
Zealand

Ministry of
Health

Canada

United
States

Document

Yoghurt recommendation

Probiotic recommendation

Part 1: New
Milk and milk products, including yogurt. Provide energy, protein, fats
Zealand Food
(mostly saturated), vitamins (riboflavin, B12, A) and minerals (calcium,
and Nutrition
iodine, phosphorus, zinc). They are important for children and young
Guidelines[24] people to ensure optimal bone health. Reduced or low fat particularly, milk
and milk products are the best choices because these foods include less
saturated fat, and often more protein and calcium than high-fat alternatives
Agriculture
ProbioticsYoghurt (as lower fat milk alternative; milk per se as source of Vitamin D)
and Agriunderstanding
Food
them will lead
Canada;
to greater use[25];
Health
Canada's Food
Canada
Guide[26]

United States
Dietary
Department Guidelines for
of
Americans,
Agriculture
2010[28]

India

All milks, including yogurts, frozen yogurts and cheeses. Most choices
should be fat-free or low fat. Milk and milk products contribute many
nutrients, such as calcium, vitamin D (for products fortified with vita-min
D), and potassium, to the diet. Moderate evidence shows that intake of
milk and milk products is linked to improved bone health, especially in
children and adolescents. Moderate evidence also indicates that intake of
milk and milk products is associated with a reduced risk of cardiovascular
disease and type 2 diabetes and with lower blood pressure in adults.
Choosing fat-free or low-fat milk and milk products provides the same
nutrients with less solid fat, and thus, fewer calories. In addition, selecting
more milk group intake as fat-free or low-fat fluid milk or yogurt rather
than as cheese can increase intake of potassium, vitamin A, and vitamin D
and decrease intake of sodium, cholesterol, and saturated fatty acids
Recommended as curd

Not mentioned

Approved by Health Canada as
Functional Food with Added
Probiotics[27]: Activia® with
Biﬁdobacterium (animalis) lactis
DN-173 010; DanActive® with
Lactobacillus casei DN-114 001;
Yoptimal® and iÖGO ProbioTM
with Biﬁdobacterium lactis BB-12
and Lactobacillus acidophilus LA-5)
Not mentioned

National
Dietary
Not mentioned
Institute of Guidelines for
Nutrition
Indians[29]
Australia
The
The Australian Milks, including buttermilk, yoghurt (all yoghurts including reduced fat
Not mentioned
Department
Guide to
or full cream-without added sugar), soy yoghurt (calcium fortified), and
of Health and
Healthy
cheese
Ageing;
Eating[30]
Milk, cheese and yoghurt provide calcium in a readily absorbable and
The
Australian
convenient form. They have various health benefits and are a good source
Australian
Dietary
of many nutrients, including calcium, protein, iodine, vitamin A, vitamin
Nutrition
Guidelines[31] D, riboflavin, vitamin B12 and zinc. Avoiding dairy foods and not making
Foundation;
suitable alternative choices, such as the ones recommended in this food
group, can affect your long-term health
Brazil
The Ministry
The Food
Milk is an important source of vitamin B2 and main source of calcium in
Not mentioned
of Health
Guide[32]
the feed; dairy products such as yoghurt and cottage cheese have the same
profile
China
The Ministry China's Dietary
Yogurt, as source of calcium
Not mentioned
of Health
Guidelines
(2007)[33],
Chinese Dietary
Guidelines[34]
Israel
Ministry of
The Food
Yogurt as source of calcium in the group of protein-rich foods
Not mentioned
Health
Pyramid[35]
Japan
Health and
The Food
Yoghurt as a source of calcium
Not mentioned
Agriculture
Guide[36]
ministries
Mexico
Department
The Plate of
Recommended
Not mentioned
of Nutrition Good Eating[37]
and Health
Promotion
Thailand
Ministry
Mentioned in general along with milk
A list of approved microorganisms
of Public
for food use provided, but no
Health[38]
recommendation made.
Turkey
Ministry of
Basic Food
Yogurt, cheeses contain important nutrients: proteins, calcium,
Not mentioned
Health
Groups[39]
phosphorus, vitamin B2 (riboflavin) and vitamin B12; eating yogurt and
drinking ayran (buttermilk) help in treatment of diarrhea
All the reviewed countries (except India, which recommends curd) suggest yoghurt in their dietary guidelines. For the time being Canada is the only
country mentioning probiotics.
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Table 2 Recommendations on probiotics from scientific associations
Scientific society
National
Institute for
Health and
Care

Excellence
(NICE)
European
Society of
Paediatric
Gastroenterology,
Hepatology and
Nutrition
(ESPGHAN) and
European Society for
Paediatric Infectious
Diseases (ESPID)
European
Society of
Paediatric
Gastroenterology,
Hepatology and
Nutrition
(ESPGHAN)

Area of application

Recommendations

Diarrhoea and vomiting Probiotic specificity for each target should be considered available studies report benefits in reduced
in children under 5:
duration of diarrhea or stool frequency
NICE guideline[44]
BUT: published studies have methodological limitations - in specific evaluated probiotics and treatment
regimes
Many of the studies were conducted in developing countries - response to probiotic therapy may differ
Good quality randomized controlled trials should be conducted in the United Kingdom
Evidence-based
Selected probiotics may reduce the duration and intensity of symptoms
Guidelines for the
Oral rehydration solution with Lactobacillus GG may be beneficial in children with acute gastroenteritis;
Management of Acute however, because of insufficient evidence, routine use is not recommended
Gastroenteritis in
Lactobacillus GG and Saccharomyces boulardii showed benefits in the management of diarrhea but
Children in Europe[39] evidence of a lack of risk of antibiotic resistance transfer is required

Supplementation of
infant formula with
probiotics and/or
prebiotics[45]

Probiotic-supplemented formula: no safety concerns with regard to growth and adverse effects for
healthy infants
Administration of probiotic-supplemented infant formula during early life does not result in any
consistent clinical effects
Administration of a few probiotics supplemented to infant or follow-on formulae and given beyond
early infancy may have clinical benefits; however there is too much uncertainty to draw reliable
conclusions
No extrapolation of safety and clinical effects of one probiotic microbe to another ones
Generally there is a lack of data on the long-term effects of the administration of formula supplemented
with probiotics; would be of particular importance
Routine use of probiotic-supplemented formula in infants is not recommended by the Committee

governments or government-related expert organizations
of 13 EU member states (Austria, Denmark, Estonia,
Finland, France, Germany, Ireland, Italy, Poland, Spain,
Sweden, the Netherlands and the United Kingdom) plus
Switzerland, were reviewed, with the particular aim of
comparing the dietary guidelines concerning yoghurt
and probiotic products[21]. All countries included yoghurt as part of a healthy diet. Interestingly, none of
countries mentioned yoghurt as an alternative for people
with lactose intolerance, even though there is an approved “function claim” on live cultures in yoghurt or
fermented milk to “improve lactose digestion of the
product in individuals who have difficulty digesting
lactose” in the European Union[22]. Yoghurt is easily digestible, it normally contains less lactose and supports
further lactose hydrolysis via bacterial lactase activity.
This information is important for countries with populations commonly unable to digest lactose. Moreover, only
five of the countries considered in the survey explicitly
recommended yoghurt because of live bacteria or even
probiotic properties, even though accumulating evidence
supports the benefits of ingestion of live cultures[23]. In
this paper, we extend our research approach to ten countries outside the European Union (Table 1). Different
approaches were used to search the websites of the responsible organizations for dietary guidelines. There, the
search was conducted by targeting “nutrition guidelines”
or “dietary guidelines” and “yoghurt” or probiotics. Any
statements recommending yoghurt, probiotics or probi-
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otic yoghurt were assessed.
Probiotics and guidance of scientific societies
Several clinical organizations have assessed probiotics
and probiotic foods for their evidence-based health effects. Such evaluations have resulted in clinical recommendations made by medical organizations that suggested specific well-defined probiotics for specific clinical
conditions, such as treatment and prevention of acute
gastroenteritis, necrotizing enterocolitis, or antibiotic associated diarrhea or, more broadly, to supplement infant
formula to make it resemble the composition and microbial content of human milk[40-41]. Recently, other studies
suggested that the benefits of probiotics can positively
impact healthcare costs. This nutritional economics approach applies both to general community health care
and to specialist care in hospitals[42,43] (Table 2).

CONCLUSION
Probiotics and fermented foods, specifically fermented
milks, may benefit human health in many ways. Fermented foods are usually easily digestible. They provide
live beneficial microorganisms to the human diet and
have a long history of safe use. There are many products with the label “probiotic”. However, such products
often do not meet minimum criteria, such as defined
content, appropriate viable count at end of shelf life
and suitable evidence of health benefit. Therefore, a
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recent panel of International Scientific Association of
Probiotics and Prebiotics recommended that the term
“probiotic” should be used only for products that deliver
live microorganisms with a suitable viable count of welldefined strains with a reasonable expectation of delivering benefits for the wellbeing of the host[46]. Evidence
from well-conducted observational studies and numerous
randomized, controlled trials supports their potential
contribution to human health. Their role in dietary guidelines of many nations has been illustrated; however, a
deeper understanding of probiotic health benefits needs
to be analyzed from the already existing human studies to
identify opportunities to develop evidence-based dietary
and clinical recommendations for probiotics.
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Abstract
Enteral nutrition has been strongly recommended by
major scientific societies for the nutritional management of patients with acute pancreatitis. Providing
severe acute pancreatitis patients with enteral nutrition
within the first 24-48 h of hospital admission can help
improve outcomes compared to parenteral nutrition
and no feeding. New research is focusing in on when
and what to feed to best improve outcomes for acute
pancreatitis patients. Early enteral nutrition have the
potential to modulate the immune responses. Despite
this consistent evidence of early enteral nutrition in patients with acute pancreatitis, clinical practice continues
to vary due to individual clinician preference. Achieving the immune modulating effects of enteral nutrition
heavily depend on proper placement of the feeding
tube and managing any tube feeding associated complications. The current article reviews the immune
modulating effects of enteral nutrition and pro- and
prebiotics and suggests some practical tools that help
improve the patient adherence and tolerance to the
tube feeding. Proper selection of the type of the tube,
close monitoring of the tube for its placement, patency
and securing its proper placement and routine checking
the gastric residual volume could all help improve the
outcome. Using peptide-based and high medium chain

WJG|www.wjgnet.com

triglycerides feeding formulas help improving feeding
tolerance.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Enteral nutrition; Acute pancreatitis; Immune
modulating
Core tip: Due to the decreased food intake and increased
nutrient requirements, patients with acute pancreatitis
are at increased risk of malnutrition. Beyond meeting
calorie and protein requirements, enteral nutrition exerts an immune modulating effect on the intestinal and
systemic immune responses. Achieving the beneficial
effects of enteral nutrition requires proper selection,
placement and management of the feeding tubes and
proper selection of the feeding formula. This review
highlights new research of the immune effects of enteral nutrition, probiotics and prebiotics and suggests tools
to help improve the patient adherence and tolerance to
tube feeding.
Hegazi RA, DeWitt T. Enteral nutrition and immune modulation of acute pancreatitis. World J Gastroenterol 2014;
20(43): 16101-16105 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i43/16101.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i43.16101

INTRODUCTION
The majority of acute pancreatitis (AP) episodes are
considered mild or moderate. However, up to a third of
patients with AP present with either severe acute pancreatitis (SAP) (defined as either infected (peri)pancreatic
necrosis or persistent organ failure) or critical AP (defined
as both infected (peri)pancreatic necrosis and persistent
organ failure) according to a newly published consensus
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Table 1 Current nutrition practice guidelines of enteral nutrition in patients with severe acute pancreatitis
Association

Recommendation for nutritional care of SAP (Grade)

International Consensus Guideline
Committee[28]
European Society of Parenteral and
Enteral Nutrition[29]
ASPEN/SCCM 2009 Critical Care
Guidelines[30]

American College of Gastroenterology[31]

EN is generally preferred over PN, or at least EN should, if feasible, be initiated first. (Grade A: Platinum)
For EN, consider small peptide-based, medium chain triglyceride oil formula to improve tolerance. (Grade B:
Gold)
In severe necrotizing pancreatitis, EN is indicated if possible (A)
Peptide-based formula can be used safely in AP (A)
Standard formula can be tried if they are tolerated (C)
Patients with severe acute pancreatitis may be fed enterally by the gastric or jejunal route. (Grade: C)
Tolerance to EN in patients with severe acute pancreatitis may be enhanced by the following measures:
Changing the content of the EN delivered from intact protein to small peptides, and long-chain fatty acids to
medium-chain triglycerides of a nearly fat-free elemental formulation. (Grade: E)
In severe AP, EN is recommended to prevent infectious complications
Parenteral nutrition should be avoided unless the enteral route is not available, not tolerated or not meeting
caloric requirements (strong recommendation, high quality of evidence)

SAP: Severe acute pancreatitis; EN: Enteral nutrition.

classification of the severity of AP[1]. SAP is a common
cause of systemic inflammatory response syndrome
(SIRS), a serious complication that is associated with
multi-organ failure, increased risk of infections and
mortality and mediated by increased expression of proinflammatory cytokines and chemokines[2]. In addition to
this inflammatory and catabolic stress, the gastrointestinal symptoms patients with AP present with (abdominal
pain, vomiting and diarrhea) pose an even more increased risk of malnutrition. Enteral nutrition (EN) exerts immune modulating effects in patients with AP beyond meeting the caloric and protein requirements. The
current article reviews the nutritional issues of patients
with AP and explores the potential immune modulating
role of EN and nutrients.

IMMUNE MODULATING EFFECTS OF
ENTERAL NUTRITION
Compared to parenteral nutrition (PN), the use of enteral nutrition in patients with SAP has been shown to
improve clinical outcomes, decrease infective complications and reduce the incidence of multiple organ failure
in patients with SIRS[3]. The exact mechanism of these
beneficial effects of enteral nutrition in patients with
SIRS remains to be determined. Previous studies to explain these effects suggest immunomodulatory effects
of enteral nutrition on both the systemic and intestinal
mucosal immune systems. The integrity of the intestinal
epithelial and immune cells of the gut-associated lymphoid tissue and the intestinal barrier plays an important
role in maintaining intestinal homeostasis and preventing bacterial translocation[4]. The intestinal epithelial cells
(IEC)-derived cytokine secretion plays a major role not
only in maintaining intestinal mucosal functions but also
in the maturation and optimum functions of lymphocytes. Enteral nutrients play a major role in maintaining
the integrity of IEC. For instance, duodenal infusion of
the amino acid glutamine induced the expression of the
major cytoprotective enzyme, heme-oxygenase-1 (HO-1).
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HO-1 is an important enzyme for immune homeostasis
and exerts anti-inflammatory effects in animal models of
intestinal inflammation[5].
The literature has consistently shown that EN is preferred to PN in patients with SAP and therefore EN was
recommended by major gastroenterology, critical care and
nutrition societies (Table 1). Consistently, Wu et al[6] (2010)
conducted a randomized trial to determine the effects of
EN compared to PN in preventing pancreatic necrotic
infection in patients with SAP. EN patients experienced
significantly less (P < 0.05) necrosis, surgery related complications and mortality compared to the PN group[6].
The most common cause of mortality (27%) was multiple organ failure from sepsis impacting 43% of patients
on PN and 11% on EN (P < 0.05)[6].
The beneficial immune, hormonal and endocrine effects of EN on the intestinal mucosa make it superior
to long-term starving patients with mild and moderate
acute pancreatitis. Consistently, a recent randomized
controlled trial showed that patients receiving EN within
24 h of hospital admission had significantly reduced intensity and duration of abdominal pain, need for opiates,
and risk of oral food intolerance as compared to the nofeeding group, with no difference in hospital length of
stay[7].
For EN to exert its immune and other beneficial effects, the patient’s tolerance to the fed formula is key.
Tube feeding associated intolerance is common, occurring in approximately 50% of tube-fed patients. Due to
the associated exocrine pancreatic insufficiency, patients
with SAP are at even higher risk of feeding intolerance.
The nutrient composition of EN formulas may help
enhance the tolerance to the formula and increase the
likelihood of adherence for patients to achieve their goal
feeding. Consistently, major clinical and scientific societies recommend feeding patients with SAP with peptide
based and high medium chain triglycerides formulas
(Table 1). Interestingly, medium chain triglycerides have
been shown to exert anti-inflammatory effects in animal
models of inflammatory bowel diseases[8].
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EARLY VS DELAYED ENTERAL
NUTRITION
We previously reported that early initiation of jejunal feeding (within 24 h of consulting) and reaching
early goal tube feeding were associated with less duration of stay in the intensive care unit independent of
the APACHE Ⅱ scores[9]. Consistently, a retrospective
analysis of predicted SAP patients early EN (< 48 h)
was superior to delayed EN (> 48 h) in the prevention
of infected necrosis and mortality[10]. Akin to SAP, early
EN is preferred to late EN in critically ill and surgical patients[11]. Recently, Sun et al[12] investigated the impact of
early EN on the immune function and clinical outcomes.
The single-center, prospective, randomized controlled
trial analyzed 60 patients with SAP. One group (n = 30)
received EN within 48 h of admission and the second
group received TPN days 1-7 and then started EN on day
8. At day 7, difference were seen in the immune parameters between the two groups with the early EN group
having significant differences in CD4+ T-lymphocyte
percentage, CRP levels, HLS-DR expression and IgG
levels (P < 0.05). No significant differences were seen in
CD4+/CD8+, CD8+ T-lymphocyte percentage, IgM or
IgA. The authors suggest that early EN in SAP patients
may play a role in moderating the excessive immune response that is seen in the early stages of SAP. Significant
decreases in ICU stay, pancreatic infections, MODS and
SIRS were seen in the early EN group. There was no difference seen in hospital mortality or surgical operations
between the two groups. While this study reported on
early EN compared to delayed EN, the data reported
is comparing early EN to exclusive TPN in days 1-7 of
hospital stay.
While research continues to support early EN in SAP
patients, there is an ongoing discussion of the optimal
tube type selection that allows patients to reach goal
feeding rates while minimizing stimulating the exocrine
pancreatic secretions. In 2012, Singh et al[13] conducted a
randomized, parallel-group, active controlled trial to determine if there was a difference in clinical outcomes for
patients fed nasogastric (NG) vs nasojejunal (NJ). A pilot
study had previously suggested that there were no differences in clinical outcomes[14] and this larger study further
supports those findings[13]. There was no significant difference seen between NG and NJ groups in pain in mortality, refeeding, length of hospital stay or intestinal permeability[13]. The NG group did experience significantly higher
rates of any one infectious complication compared to the
NJ group (95%CI)[13]. Tube placement either NG or NJ
in AP patients can positively impact the patient. We have
previously shown that a double-lumen nasogastric decompression and jejunal feeding tube system (NGJ) is a safe
conservative management for patients with gastric outlet
obstruction reducing the need for surgery and PN[15].
Interestingly, despite the prevailing evidence of the
clinical outcome benefits of EN in patients with AP, physician preference for PN is still a reality leading to many
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unnecessary PN orders. A study in Australia and New
Zealand by Davies et al[16] in 2011 determined that the most
common reasons patients received PN were preference
of the treating intensivist (38%) or surgeon (22%). In this
prospective observational multicenter study, 42% of the
patients received PN and that PN was more frequently the
initial therapy compared to EN[16]. Some myths and fears
of initiating tube feeding in patients with SAP may have
contributed to these observations. Having the technical
capabilities of not only placing the enteral tubes but more
importantly managing them is key to implementing a successful tube feeding strategy at any certain setting. For instance, tube displacement, a complication that could lead to
the risk of aspiration, should be managed by radiographic
confirmation of the position of the tip of tube and routine
follow up by a dedicated nutrition therapy team. We have
previously shown that devices like nasal bridles could help
maintaining the tubes in place[17]. Certain types of tubes like
the NGJ tube system is another tool that can help address
the problems of monitoring and managing the gastric residual volume while maintaining enteral feeding.

IMMUNE MODULATING EFFECTS OF
PREBIOTICS AND PROBIOTICS
The intestinal luminal micro biota plays an important role
in the pathogenesis of SAP-associated infections. It was
hypothesized that the gut is the “undrained abscess” in
patients with SAP[18]. Microbial analysis of peri-pancreatic
fluid collections reveal that the source of these microbial
translocation is likely the intestinal lumen[18]. Therefore,
modulating the milieu of the intestinal microbes into the
more beneficial strains had been the target of years of research. Probiotics are the exogenous microbes that when
given orally exerts some benefits to the host. Prebiotics
are non-digestible dietary carbohydrates fermented by
the intestinal microbes the byproducts of which stimulate the proliferation of the beneficial intestinal microbes
or enhance their metabolic activities. Pre and probiotics
have been hypothesized to possibly play a role in AP by
modulating the gut micro biota to decrease bacterial translocation and reduce the associated infections. Prebiotics
have been previously reported to be beneficial to the care
of SAP patients by normalizing APACHE Ⅱ and CRP
levels[19]. However, the study by Besselink et al[20] (2008)
casted some doubt on the beneficial role of probiotics.
To summarize, Besselink et al[20] randomized 298 patients
with predicted SAP into two groups. The intervention
group received a probiotics mix of probiotics strains and
was compared to a placebo group. Both groups received
enteral feeding. The primary endpoint of the study, infectious complications, was not significantly different between the two groups and mortality was higher in the probiotics group. However, this study has some limitations
that were previously discussed in detail[21,22]. For instance,
questions were raised regarding the lack of clinical studies
demonstrating the safety of the specific probiotics mix
and doses used in the study. At baseline, gut ischemia was
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more common in the probiotics group raising a concern
of selection bias. Moreover, both study groups received
a prebiotics-supplemented enteral formula. It could be
questioned whether the bifidogenic effects of these prebiotics had resulted in “iatrogenic bacterial overgrowth”
in the probiotics group or that the outcome of the study
could have been affected by a more favorable effect in the
control group. Sharma et al[23] looked at the role of probiotics on gut permeability and endotoxemia to prevent
infectious complications in AP patients. The investigators enrolled 50 patients into a double-blind, randomized
placebo controlled trial. Due to results of the aforementioned study by Sharma et al[23] was abandoned the study
after only enrolling 50 patients. The analysis of the 50
patients did not show any effects of probiotics in helping
maintain gut integrity to prevent infectious complications.
The authors suggest that probiotic use is inappropriate in
the routine management of AP.
Research continues in the area of probiotics in SAP
patients to help better understand which strains of probiotics may prove to possess clinical benefits. One interesting concept is to combine probiotics with EN. In 2013,
Wang et al[24] studied the effects of ecoimmunonutrition
(adding combined live Bacillus subtilis and Enterococcus faecium enteric-coated probiotics to EN) on gastric motility
and cytokine production in patients with SAP. The study
included 183 patients who were randomized to receive
TPN, EN or ecoimmunonutrition. Compared to TPN,
EN and ecoimmunonutrition significantly decreased
plasma TNF-a and IL-6 levels (P < 0.05) with the ecoimmunonutrition group seeing even further decreases at
days 7 and 14 compared to the EN group (P < 0.05). At
days 7 and 14, the anti-inflammatory cytokine IL-10 levels were significantly increased in both EN and ecoimmunonutrition groups compared to the TPN group (P <
0.05) with the ecoimmunonutrition group again showing
greater increases compared to the EN group (P < 0.05).
The study was also able to detect significant differences
in the occurrence of pancreatic sepsis, MODS and mortality among the three groups. The EN and the ecoimmunonutrition group had significantly less rate of sepsis,
MODS and mortality compared to TPN (P < 0.005)
and the ecoimmunonutrition group had significantly less
levels of markers of inflammation compared to the EN
group.
Akin to the ecoimmunonutrition is the synbiotics approach of combining probiotics and prebiotics. Studies
of the effects of synbiotics in the management of patients with acute pancreatitis have been previously investigated and showed promising results. Olah and colleagues
randomized 45 patients with acute pancreatitis into two
groups[25]. Both groups received jejunal feeding of isocaloric feeding formulas supplemented with 10 grams of
oat fiber. The treatment group (22 patients) received live
lactobacillus plantarum 299, and the control group (23
patients) received a similar dose of heat-inactivated lactobacillus plantarum 299. The rate of pancreatic infection
was significantly lower in the synbiotics group than the
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control group (30% vs 5 %, P < 0.05). Moreover, patients
required significantly less surgical interventions in the
synbiotics group as compared to the control group (22%
vs 5%, P < 0.05)[25]. The same investigators also studied
the effectiveness of another group of synbiotics (a mix
of 4 different lactobacillus genera and 4 plant fibers)supplemented jejunal feeding in patients with severe
acute pancreatitis[26,27]. Consistently, the study showed
that septic complications (infected pancreatic necrosis
or abscesses) were significantly lower in the synbiotics
group. The inherent composition of individual patient’s
intestinal micro biota could play a role in determining the
effects of the different strains of probiotics and type of
prebiotics. Identifying these profiles of intestinal micro
biota could help selecting the right combination of probiotics and/or prebiotics for the right patient, an interesting area for future research.

CONCLUSION
Patients with acute pancreatitis are at increased risk of
malnutrition due to both decreased food intake and
increased requirements as a result of the associated inflammatory disease. In addition to meeting calorie and
protein requirements, enteral nutrition exerts an immune
modulating effect on the intestinal and systemic immune
responses. Enteral nutrients, prebiotics and probiotics
are important for the optimal function of the intestinal
epithelial cells and maintaining the intestinal micro biota
homeostasis. Achieving the beneficial effects of enteral
nutrition requires proper selection, placement and management of the feeding tubes and proper selection of the
feeding formula.
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Abstract
Necrotizing pancreatitis is an uncommon yet serious
complication of acute pancreatitis with mortality rates
reported up to 15% that reach 30% in case of infection. Traditionally open surgical debridement was the
only tool in our disposal to manage this serious clinical entity. This approach is however associated with
poor outcomes. Management has now shifted away
from open surgical debridement to a more conservative management and minimally invasive approaches.
Contemporary approach to patients with necrotizing
pancreatitis and/or infectious pancreatitis is summarized in the 3Ds: Delay, Drain and Debride. Patients
can be managed in the intensive care unit and any
intervention should be delayed. Percutaneous drainage can be utilized first and early in the course of the
disease, followed by endoscopic drainage or video assisted retroperitoneoscopic drainage if necrosectomy is
deemed necessary. Open surgery is now less frequently
performed and should be reserved for cases refractory
to any other approach. The management of necrotizing
pancreatitis therefore requires a multidisciplinary dynamic model of approach rather than being a surgical
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disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Necrotizing pancreatitis; Severe acute pancreatitis; Debridement; Necrosectomy; Infected necrosis; Endoscopic necrosectomy; Video-assisted retroperitoneal debridement; Percutaneous catheter drainage
Core tip: This is a review of the most current literature
in management of necrotizing pancreatitis and infected
necrotizing pancreatitis. The recent years more conservative management has been advocated. Additionally, if necrosectomy is required, minimally invasive
approaches such as endoscopic, laparoscopic, or video
assisted retroperitoneoscopic debridement are gaining
popularity over the traditional open surgery. This paper
illustrates this paradigm shift and can help guide the
multidisciplinary teams when treating patients with severe acute pancreatitis.
Kokosis G, Perez A, Pappas TN. Surgical management of necrotizing pancreatitis: An overview. World J Gastroenterol 2014;
20(43): 16106-16112 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i43/16106.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i43.16106

INTRODUCTION
Acute pancreatitis currently accounts for more than 200000
hospital admissions every year in the United States[1,2]. In
most cases, acute pancreatitis represents a mild, self-limited
disease but in 15%-25% severe acute pancreatitis (SAP)
develops, manifested with pancreatic parenchymal and/or
peri-pancreatic tissue necrosis[3]. Pancreatic necrosis accounts for substantial additional morbidity, with mortality
rates remaining as high as 10%-20% despite advances in
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critical care[4,5]. The clinical course of SAP is divided in two
phases. An early inflammatory phase that lasts the first 2
wk and a late phase after the first 2 wk, marked by infectious complications. Mortality rates in the event of infected
necrotizing pancreatitis increase up to 30% with surgical
intervention and nearly 100% in the absence of any intervention[6,7].
Historically the only tool in our disposal was laparotomy therefore early open surgical intervention for extensive pancreatic necrosis had been broadly adopted. This
previously held dogma has now matured into a dynamic
and multi-modal management strategy. The volume of
open surgical debridement has dramatically fallen over
the years as the minimally invasive techniques prove to
be effective. This paper will review the current trends in
intervention for the treatment of necrotizing pancreatitis
and infected pancreatic necrosis.

PATHOLOPHYSIOLOGY,
CLASSIFICATION, AND CLINICAL
COURSE OF NECROTIZING
PANCREATITIS
Acute pancreatitis is most commonly caused by gallstones or alcohol, with less common etiologies including
tumor, trauma, hypertriglyceridemia, medications (e.g.,
azathioprine, furosemide, steroids, cimetidine) and iatrogenic injuries (e.g., endoscopic retrograde cholangiopancreatography and surgery)[8]. The pathogenesis is initially
caused by unregulated activation of trypsin within the
pancreatic acinar cells. After activation of trypsinogen to
trypsin, several enzymes such as elastase, phospholipase
A2 and the complement and kinin are activated. The
release of these enzymes and the resulting injury to the
pancreatic parenchyma triggers an inflammatory cascade
resulting in additional cytokine production, including
interleukin (IL)-1, -6 and -8, as well as tumor necrosis
factor α[1]. Additionally, activation of endothelial cells
enables the migration of leukocytes with release of more
injury inducing enzymes. The endpoint of this cascade
is a systemic inflammatory response syndrome (SIRS),
characterized by loss of vascular tone, systemic vascular
resistance and increased capillary permeability with third
spacing of plasma volume, leading to hypotension. SIRS
can produce adult respiratory distress syndrome and multiorgan dysfunction syndrome.
The Atlanta Symposium held in 1992 was a landmark
consensus that established a clinically based classification
system for acute pancreatitis[9]. The advancement in diagnostic imaging and understanding of pathophysiology
through ongoing basic science research led to revisions
throughout these years. The sepsis related organ failure
assessment (SOFA score), was an alternative soring system increasingly applied for predicting outcome based
on the degree of multiorgan failure[10]. More recently,
multidisciplinary consensus panels have recommended
revisions to further globalize the definitions of acute
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pancreatitis and the clinical entities associated with it[3,11].
Of all the above entities, necrotizing pancreatitis most
commonly manifests as necrosis involving both the pancreatic and peripancreatic tissues and less commonly the
pancreatic or peripancreatic tissues alone[3]. Acute necrotic collections occurring in necrotizing pancreatitis are
heterogeneous collections with varying amounts of fluid,
usually occurring less than 4 wk after the onset of acute
pancreatitis. Walled off necrosis occurring in the context
of necrotizing pancreatitis, has the same above characteristics with acute necrotic collections but occurs 4 or more
weeks after the onset. Most of the evidence suggests no
absolute correlation between the extent of necrosis and
the risk for infection or duration of symptoms, although
this is still controversial[11,12]. Contrast enhanced computed tomography (CECT) provides the highest accuracy for
necrotizing pancreatitis when performed after the first
week[1,13]. Fine needle aspiration under radiologic guidance has been widely used in the past, however its clinical
relevance has diminished and its utilization is no longer
recommended as a necessary diagnostic tool[14].
The natural history of necrotizing pancreatitis is variable as it may remain solid or liquefy, remain sterile or become infected over time[11]. The first 2-4 d after the onset
of acute pancreatitis are the most important when about
15%-25% of patients takes the course of a severe disease. If necrosis occurs, it is usually characterized by two
phases. During the first phase, occurring the first 2 wk, a
systemic inflammatory response is predominant, which
is often associated with multiple organ failure, especially
after the first 72 h, conferring to 50% of the mortality. In
the second, late phase that starts 14 d after the onset of
symptoms, the systemic inflammation often regresses and
infected necrosis occurs in about 30% of patients with
necrotizing pancreatitis[15,16]. The bacteriological analysis
of the fluid reveals predominantly gut flora, as Escherichia
coli, Enterococcus, Klebsiella, however, Staphylococcus aureus,
and candida species have been observed[12,17].

SURGICAL MANAGEMENT OF
NECROTIZING PANCREATITIS AND
COMPLICATIONS
The early management of severe acute pancreatitis and
necrosis is of great importance and should take place
in the intensive care unit, mainly consisting of vigorous
resuscitation to overcome the substantial third spacing
resulting from peripancreatic inflammation and capillary
leak. Administration of antibiotics in case of pancreatic
necrosis without documented infection remains a controversial area. Prophylactic antibiotics were generally
recommended in the past but more recently, randomized
studies have failed to show clear benefit. Although current literature does not support use of prophylaxis in all
cases of severe acute pancreatitis, early empiric use in
patients with clinical signs of infection (fever, leukocytosis, hemodynamic instability) is clearly advocated[18,19].
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Indication for surgical intervention is when there is documented or suspected infection. The presence of infection
can be established with a positive computed tomography
(CT) guided FNA although it is not the standard of care.
Infection can be presumed with the presence of extraluminal gas in the pancreatic or peripancreatic tissues on
CECT. Patients without documented infection and with
clinical deterioration, SIRS, and MOFS are no longer
thought to be immediate candidates for surgical intervention and surgery is reserved as the last resort[3,16,20]. In
particular, the first week of acute pancreatitis characterized by SIRS has very poor prognosis regardless surgical
intervention[16]. Emergent surgery regardless the timing is
indicated in case of abdominal compartment syndrome
and intestinal perforation as a result of fulminant necrotic
pancreatitis[21]. Sterile acute necrotic collection will require
surgical intervention only in the presence of significant
mechanical obstruction, such as biliary and gastric outlet
obstruction and failure to thrive[3].
Available methods for intervention include the open
approach, the minimally invasive approaches with percutaneous catheter placement, laparoscopic and retroperitoneoscopic approach, endoscopic and lastly hybrid
approaches that will be analyzed below.
Open surgical approach
Although open surgery during the early phase can be
associated with mortality rates up to 65%, randomized
data confirms the benefit of late surgical intervention
(at least 12 d after the onset of symptoms) with decrease
of mortality to 27% and even lower between 10%-20%
in specialized centers[22,23]. Necrosectomy is performed
either through a subcostal or a midline longitudinal incision. The retroperitoneum is entered through the lesser
sac and the pancreas is exposed. In cases that the above
approach is not feasible, infracolic approach has been described as alternative. Debridement is typically performed
with blunt finger dissection or ring forceps representing an organ-sparing technique[3,22]. Formal resection is
avoided to minimize the incidence of bleeding, fistulae
and removal of vital tissue[3]. Enterotomies are avoided,
again to decrease the incidence of post-operative enterocutaneous fistula[4]. Cholecystectomy can be added to the
procedure in cases of gallstone pancreatitis[24]. The area
of necrosectomy is irrigated with several litters of saline.
Two distinct open surgical completion techniques have
been described: (1) open abdominal packing, with return
trips to the operating room every 48 h for further debridement until granulation tissue has replaced the retroperitoneal necrosis, a processes called “marsupialization”.
Some authors have described the “sandwich technique”
were suction tubes were placed for superficial drainage
and the wound was covered by protective materials (Opsite
dressings) and a mesh was interposed between the edges
of the fascia[25,26]. All reoperations can be made in the surgical intensive care unit (ICU). Wounds were permitted
to heal by secondary intention; and (2) continuous postoperative lavage. This technique involves insertion of two
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or more double lumen Salem® sump tubes (20-24 French)
and single lumen silicone rubber tubes (28-32 French)
through separate incisions with their tips in the lesser sac
and necrotic areas. The smaller lumen tubes are used as
the inflow and the larger lumen tubes for outflow. Thirty
five to forty litters of fluid are used for lavage. Drains
can be removed within 2-3 wk[27,28]. Alternatively, “closed
packing” is similar to continuous lavage, but also involves
multiple, large gauze-filled Penrose® drains that pack the
abscess cavity and control minor bleedings. Drains can be
removed after a minimum of 7 d[6,28,29].
The above techniques are associated with complications in the immediate post-operative period as well as
long term. Potential immediate complications include
hollow viscus perforation, organ failure, infection, wound
dehiscence and end organ failure such as renal failure.
Bleeding is rare and can be managed angiographically[5].
Long-term complications include incisional hernias,
gastrointestinal fistula, gastric outlet stenosis, colonic
and pancreatic fistulas. All the above are more common
with the open techniques. Additionally, exocrine and endocrine pancreatic insufficiency is another known long
term complication. Morbidity varies between studies and
rates 34%-95% have been reported[3]. Mortality averages
between 10%-20% in most studies[6]. Between the two
above-mentioned open techniques, the closed continuous
lavage is most commonly used[30].
Percutaneous therapy
In 1998, Freeny et al[31] first described image guided percutaneous catheter drainage (PCD) to temporize sepsis and half of the patients included in the study were
treated with the above technique as the only intervention.
Since then, PCD has progressively become more popular
as a first line treatment. The minimally invasive nature
of this technique allows intervention even in the early
phase of severe necrosis, when an open approach would
be associated with increased mortality. It can be used as
the primary treatment, as an adjunct to other techniques,
or to reduce post-operative persistent fluid collections[3].
With preferred retroperitoneal approach through the left
flank, catheters of size 12-30 French are placed with the
guidance of CT or ultrasound. Saline flushes are used
every 8 h[32,33]. The largest study to date, to review the
percutaneous technique comes from van Baal et al[34] in
2011. Eleven studies, including 384 patients were analyzed and revealed infected necrosis in 70.6% of the patients treated with PCD and organ failure in 67.2%. No
additional surgical necrosectomy was required in 55.7%.
Indications for PCD in the above studies were culture
proven infected necrosis or clinical deterioration despite
maximal medical management. PCD as the first step in
a step-up approach was studied in a randomized control
trial that will be discussed further in this article. In 33%
of the patients included in this study PCD was the only
approach[35]. Mortality associated with this technique is
found to be about 20%[32]. Morbidity averages at 28%
with most common complications being colonic perfora-
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tion, intra-abdominal bleeding, gastrointestinal and internal and external pancreatic fistula[34].
Laparoscopic approach
Laparoscopic approach for pancreatic necrosectomy is
not so widely advocated and no large series or randomized studies are available. Parekh in 2006 described a
laparoscopic technique utilizing 3 ports and a hand port
for infra-colic approach and blunt dissection with the
fingers or with an endo-dissector and several drains left
in 19 patients. Indications were mainly, documented
necrosis, progressive organ failure, or persistent symptoms. Success rate was 77% but mortality was 11% with
morbidity rate reported 58% mainly including pancreatic
fistula, central line infections and clostridium difficile infection. Advantages of this minimally invasive technique
are less wound infections and risks include dissemination
of retroperitoneal infection into the retroperitoneum.
Specialized centers have reported laparoscopic drainage
of necrotic collections, once they are walled off, either in
the stomach or the small bowel, but this technique is not
widely used, due to the technical challenge associated[36].
Retroperitoneoscopic approach
This approach is a modified laparoscopic approach and
includes a constellation of modified techniques that utilize a percutaneous tract, usually created under CT guided
drainage[37]. This tract is dilated so that a rigid nephroscope, endoscope or even a laparoscope is advanced to
provide direct visualization of the necrosis. Then an incision is made through a left translumbar approach[37-39] or a
small subcostal incision (5-7 cm)[40] and debridement and
lavage is performed until resolution of the necrosis. The
term widely used to describe all the above is video assisted
retroperitoneal debridement (VARD) and previously used
terms as sinus tract endoscopy. Horvath et al[41], in 2010,
performed a multicenter prospective study to evaluate
the safety and efficacy of VARD utilized in 40 patients
with infected pancreatic necrosis diagnosed by FNA. A
retroperitoneal percutaneous drain was placed within
48 h of admission and was upsized every 3-4 d until a
20 French drain was reached and that was eventually
used as the VARD route. From the 40 patients initially
enrolled, 25 underwent VARD and 81% required only
one trip to the OR (success rate). Patients crossing over
to open surgery were found to have a central collection
with inferior extension to the mesenteric root, therefore
not amenable to drainage or VARD through the required
retroperitoneal approach. The authors reported the associated morbidity, including 6% hemorrhage, 10% enteric fistulas and no mortality. Overall in the literature an
average success rate is reported as high as 88%, mortality ranges from 0%-20% and peri-procedural morbidity
10%-30%[3,32,33,38,39].
Endoscopic approach
Endoscopic necrosectomy is widely used for infected
pancreatic necrosis as a means of a minimally invasive
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approach. It utilizes moderate sedation (midazolam or
propofol and fentanyl) and endoscopy to advance an endoscope in the stomach. Approach to the area of necrosis can be performed either through the stomach or the
duodenum. Puncture of the fluid collection can be made
either directly by visualizing a bulge or with endoscopic
ultrasound (EUS) guidance with the latter being more
technically successful and with less adverse effects[42,43].
The collection is punctured with a 19-gauze needle and a
guide-wire is advanced under fluoroscopic guidance. The
tract is balloon dilated up to 8mm. Then, 2 or more double pigtail plastic stents are placed and the collection is
irrigated with 1 liter of normal saline per 24 h. Necrotic
tissue is evacuated with a basket, a net or a polypectomy
snare[44]. A systematic review of endoscopic necrosectomy of pancreatic necrosis by Haghshenasskashani et al[45]
in 2011 revealed an overall 76% definitive resolution with
endoscopic techniques alone, with a median of 4 sessions. Mortality was 5% and morbidity about 30%, with
most common bleeding. Fatal air embolism has been reported in a multicenter study of transluminal endoscopic
necrosectomy in Germany (the GEPARD study) and
therefore carbon dioxide is now more commonly used
for insufflation rather than air[46]. Additionally, this study
reports success rate of 80% after a mean of 6 sessions
with mortality 7.5% and morbidity 26%. Bakker et al[44] in
2012 published a randomized trial comparing endoscopic
transgastric necrosectomy vs surgical necrosectomy for
infected necrotizing pancreatitis. Twenty-two patients
were randomized in the study, twelve in the surgical arm
and ten in the endoscopic. The endoscopic necrosectomy
reduced the post-procedural inflammation as measured
by the IL-6 levels, especially the first 24 h. This was also
reflected in the significantly lower new-onset multi-organ
failure (0% vs 50%) and pancreatic fistulas (10% vs 70%).
Additionally, mortality and major morbidity was reduced
in the endoscopic group when compared to the open
(20% vs 80%).
Hybrid approach
More recently, “step-up” approaches in managing infected pancreatic necrosis are gaining more popularity. This
approach utilizes a percutaneous drain or endoscopy to
mitigate sepsis. If drainage fails to control sepsis, the next
step is minimally invasive retroperitoneal necrosectomy,
VARD or sinus tract endoscopy. The rationale behind
this approach is the aim to control the sepsis, rather than
complete removal of the infected necrosis. This reduces
the rate of complications and death my minimizing the
surgical trauma and the inflammatory response to a surgical intervention in already critically ill patients. This approach also addresses the challenge of intervening early
in the course of necrotizing pancreatitis (first week) that
is associated with increased mortality. Percutaneous drains
to control sepsis are used, instead of open necrosectomy.
The PANTER study, published by van Santvoort et al[35]
and Besselink et al[47] in 2010, established a paradigm
shift in managing infected necrotic pancreatitis with a
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zyme use (7% vs 33%) was higher in the open group and
reached statistically significant difference in every parameter assessed. The same study group in 2011 published a
prospective observational cohort study of 639 patients
treated for pancreatic or peripancreatic necrosis. Sixty-two
percent of the patients enrolled in the study were treated
conservatively and 38% with an intervention (PCD, endoscopic transluminal catheter drainage, VARD, open necrosectomy). Mortality in the conservative group was 7%
and 27% in the group undergoing intervention. Catheter
drainage was the first intervention in 63% of cases and
no additional necrosectomy was required in 35% of patients[15]. In choosing the correct approach to the necrotizing pancreatitis, an important aspect of management is
timing and a randomized study[22] two retrospective studies[29,48] and a prospective study[15] clearly show a clinical
benefit from postponing debridement for approximately
4 wk after admission. The use of less invasive techniques
prior to that, if needed, will allow surgical debridement to
be deferred or eventually avoided if possible[3]. Based on
the above a treatment algorithm is proposed in Figure 1.

Acute pancreatitis

Severe acute pancreatitis
(Necrosis, infected Necrosis)

Mild

Non-surgical management

ICU support
(NPO, fluid resuscitation, TPN
enteral nutrition, antibiotics)

Improvement
Infection, clinical deterioration
MOF, FTT

Percutaneous drainage

Improvement
Infection, clinical deterioration
MOF, FTT

CONCLUSION

Endoscopic or laparoscopic drainage,
VARD, percutaneous drainage

Improvement
Infection, clinical deterioration
MOF, FTT, perforation, ACS

Open surgery

Figure 1 Treatment algorithm for acute pancreatitis. ICU: Intensive care
unit; MOF: Multi-organ failure; FTT: Failure to thrive; ACS: Acute compartment
syndrome; VARD: Video assisted retroperitoneal debridement.

conservative and minimally invasive approach. Eightyeight patients were enrolled in the study, 44 underwent an
open necrosectomy and 1 underwent VARD. In the stepup arm 43 patients were assigned to undergo minimally
invasive approach according to a protocol. Specifically,
the majority would begin with percutaneous drainage.
If after 72 h of observation there were no documented
clinical improvement, a second procedure would be pursued, commonly endoscopic drainage and/or VARD. The
35% of the patients assigned to the step-up approach,
were treated with percutaneous drainage only. New onset multi-organ failure occurred less in the minimally
invasive step-up approach group compared to the open
necrosectomy (12% vs 40%). Although mortality was not
significantly different between the two groups, long-term
morbidity including new onset diabetes mellitus (16% vs
38%), incisional hernias (7% vs 24%) and pancreatic en-

WJG|www.wjgnet.com

Most cases of acute pancreatitis are self-limited. However, necrotizing pancreatitis and more so infected necrosis,
when they develop, can be associated with increased morbidity and mortality, making management a challenge. In
the past, surgical necrosectomy through a laparotomy has
been the mainstay for treatment of infected necrosis and
cases of clinical deterioration despite maximal treatment.
This approach is however associated with poor outcomes,
is seldom used and should be considered as the last resort
only. The management of infected necrosis has shifted
towards less invasive approaches. It is now clearly recommended that a multidisciplinary group, when approaching
a patient with severe acute pancreatitis complicated by
necrosis and/or infection, should gear treatment towards
the “3Ds” (Delay-Drain-Debride). Drainage early in the
course of the disease, followed by endoscopic drainage,
VARD or laparoscopy if debridement is necessary.
More randomized studies comparing a large number
of this remarkably heterogeneous group of patients
will further elucidate a more consistent protocol. The
clinical features of each patient will currently dictate an
individualized management plan made by experts in the
appropriate setting, with the appropriate resources and
equipment.
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Abstract
Acute pancreatitis (AP) is a frequent disease with degrees of increasing severity responsible for high morbidity. Despite continuous improvement in care, mortality remains significant. Because hypovolemia, together
with microcirculatory dysfunction lead to poor outcome,
fluid therapy remains a cornerstone of the supportive
treatment. However, poor clinical evidence actually
support the aggressive fluid therapy recommended in
recent guidelines since available data are controversial.
Fluid management remains unclear and leads to current heterogeneous practice. Different strategies may
help to improve fluid resuscitation in AP. On one hand,
integration of fluid therapy in a global hemodynamic resuscitation has been demonstrated to improve outcome
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in surgical or septic patients. Tailored fluid administration after early identification of patients with high-risk
of poor outcome presenting inadequate tissue oxygenation is a major part of this strategy. On the other
hand, new decision parameters have been developed
recently to improve safety and efficiency of fluid therapy in critically ill patients. In this review, we propose a
personalized strategy integrating these new concepts in
the early fluid management of AP. This new approach
paves the way to a wide range of clinical studies in the
field of AP.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatitis; Fluid; Passive leg raising; Preload; Central venous pressure
Core tip: Fluid therapy is a cornerstone of the early
supportive treatment of acute pancreatitis. However,
poor clinical evidence actually support the aggressive
fluid therapy recommended in recent guidelines since
available data are controversial. In this review, based
on our experience of fluid management in the critically
ill patients, we propose a tailored fluid administration
relying on the individual benefit to risk balance, as a
part of a global goal-directed hemodynamic strategy.
Bortolotti P, Saulnier F, Colling D, Redheuil A, Preau S. New
tools for optimizing fluid resuscitation in acute pancreatitis. World
J Gastroenterol 2014; 20(43): 16113-16122 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i43/16113.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i43.16113

INTRODUCTION
The incidence of acute pancreatitis (AP), currently ranging from 13 to 45/100000 per year, increases steadily[1],
making AP the first gastro-intestinal cause of hospi-
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talization in the United States. Persistent organ failure
occurring in the first few days is the main determinant
of severity and defines severe AP[2]. Despite early management, in-hospital mortality of these patients, around
30%, remains high[3].
Due to numerous mechanisms, hypovolemia is a wellrecognized risk factor of poor outcome in patients with
AP[4]. During severe AP, an uncontrolled inflammatory
response alters endothelial functions leading to vasodilation, capillary leakage and edema. Together with vomiting, ascite or ileus, this vascular dysfunction promotes
hypovolemia and acute circulatory failure. Circulatory
dysfunction leads to tissue hypoperfusion, ischemia and
subsequently to self-sustaining disease with persistent
pancreatic injury, extra-pancreatic tissue damage and organ failures[5].
Despite better knowledge of its pathophysiology[6,7],
treatment of AP remains mostly supportive[8]. Rapid fluid
perfusions, so called fluid loading or volume expansion
are a cornerstone of AP management. Fluid loading
allows rapid correction of hypovolemia, and efficient
prevention of circulatory dysfunction[9]. Nevertheless,
if appropriate fluid resuscitation prevents worsening of
pancreas injury and development of organ failures, it may
lead to poor outcome when excessive or insufficient[10-14].
Because of potential adverse effects, fluid resuscitation
should therefore be cautiously administered in accordance with relevant evidence.

OPTIMIZING FLUID RESUSCITATION
IN ACUTE PANCREATITIS: WHAT IS
RECOMMENDED? WHAT IS CURRENTLY
DONE?
When taking care of patients suffering from AP, it is
strongly recommended to immediately assess hemodynamic status and begin resuscitative measures[15]. Early and
aggressive fluid resuscitation is usually recommended and
seems to reduce morbidity and mortality[1,15-19].
Early resuscitation refers mostly to fluid loading
within the first 24 h of management[2,9,20]. Aggressive resuscitation is a liberal strategy of fluid administration to
reach predetermined endpoints. In the latest guidelines,
aggressive fluid therapy is defined as the administration
of 250-500 mL per hour to all patients, except for those
suffering from cardiovascular, renal and other comorbid
conditions. Moreover, in case of suspicion of severe
volume depletion, additional fluids are recommended.
Proposed endpoints for guiding fluid therapy are mostly
based on clinical parameters [arterial blood pressure,
heart rate (HR) and urinary output (UO)], blood urea
nitrogen (BUN)[3,15], hematocrit changes at 12-24 h after admission, and optionally central venous pressure
(CVP)[4,9,21]. Finally, based on these endpoints, reassessment of fluid requirement is advised every 6 h within the
first 24 to 48 h.
Nevertheless, there is poor consistent evidence to
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support such fluid strategy [5]. Recommendations are
based on moderate levels of evidence, since studies are
mostly observational with conflicting results[6,9]. As a result, current practice shows great heterogeneity, with various attitudes regarding fluid administration and chosen
endpoints. In a recent New Zealand survey, physicians
declared using aggressive fluid therapy in AP with organ
failure. More than 70% of physicians estimated giving
more than 4 L of fluids in patients with severe AP during the first 24 h after hospital admission. In theory, fluid
administration as recommended might lead to an amount
of about 6-12 L of fluids during the first 24 h[7,9,15]. However, aggressive fluid therapy as routinely performed
corresponds to an average of 4.5 L of fluid over the first
24 h[8,9], against 3.5 L for non-aggressive therapy. In the
same survey, fluid loading was mostly guided by UO, HR,
blood pressure, hematocrit, BUN and lactate, even if the
latter is not mentioned in the recommendations.
This explains the current controversy in the literature about necessary fluid volume, adequate timing and
endpoints to achieve[5,8,9]. Moreover, some studies rather
support restrictive strategies and report a positive impact on mortality[5,10,16]. Indeed, aggressive fluid loading
may be detrimental, not only for patients suffering from
AP[2,11,12,22] but more generally when any significant fluid
therapy is needed[3,5-7,10,13-15,23-25]. The failure to clearly
demonstrate the superiority of one fluid strategy over
another may come from the great variability of individual
response to volume expansion and the specific hemodynamic status of each patient at a given time. Consequently, aggressive therapy may be appropriate for some
patients and deleterious for others.
New methods allowing better hemodynamic and fluid
management have been developed over the last 15 years.
These strategies aim to restore specific hemodynamic parameters with an individualized management named “early
goal-directed therapy”, in which fluid expansion takes
a major part. The first step of this method is to clearly
determine the specific population to which it should be
applied. The second step is to assess tissue perfusion
and oxygenation goals to be achieved. The last step is to
choose the appropriate therapy in order to reach these
predetermined goals. Fluid management then becomes
part of a global hemodynamic strategy that has proved to
be valuable in high-risk surgical patients and severe sepsis[16,26]. Understanding how hemodynamic criteria can be
used to guide fluid therapy in these patients would help
improving care and research in the field of AP[1,17,27].

GLOBAL HEMODYNAMIC
RESUSCITATION: THE EARLY
GOAL-DIRECTED THERAPY
Early goal-directed therapy (EGDT) is an aggressive,
time-sensitive and individualized approach of global
hemodynamic management. It is started within the very
first hours after admission, before the occurrence of per-
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Table 1 Diagnostic criteria for acute pancreatitis with high risk of poor outcome
Criteria for high risk of poor outcome

Hospitalization
setting

Organ or system dysfunction

Severe AP:
Intensive care
Cardio-vascular: SAP < 90 mmHg despite 20-30 mL/kg fluid loading
Persistent organ or system dysfunction (> 48 h)
Respiratory: PaO2 < 60 mmHg
Risk factors for severe AP:
Intermediate or Renal: Creatinine ≥ 2 mg/dL or UO < 0.5 mL/kg of body weight/h for 1 h, despite
Organ or system dysfunction (< 48 h)
intensive care
20-30 mL/kg fluid loading
Lactate > 3 mmol/L
Hematological: Platelet count < 80000/mm3 or decrease > 50% of initial platelet count
Persistent SIRS1 (> 24 h)
Metabolic: pH ≤ 7.30 or base deficit ≥ 5.0 mmol/L in association with lactate > 3
Pancreatic necrosis
mmol/L Gastro-intestinal:
Pleural effusion or pulmonary infiltrates
Gastro-intestinal bleeding (> 500 mL/24 h)
BUN > 20 mg/dL or rising BUN
Neurological: Altered mental status
Hematocrit > 40% or rising hematocrit
Age > 55 yr or comorbid disease or obesity
1

SIRS is defined by the presence of ≥ 3 of the following criteria: Pulse > 90 beats/min, Respirations > 20/min or PaCO2 < 32 mmHg, Temperature > 38 ℃
or < 36 ℃, WBC count > 12000 or < 4000 cells /mm3 or > 10% immature neutrophils. AP: Acute pancreatitis; BUN: Blood urea nitrogen; PaCO2: Partial
pressure of carbon dioxide in arterial blood; PaO2: Partial pressure of oxygen in arterial blood; SAP: Systolic arterial pressure; SIRS: Systemic inflammatory
response syndrome; UO: Urinary output; WBC: White blood cell.

sistent organ failure that it aims to prevent[13,27].
This strategy arises from the finding that early aggressive therapy in acute diseases such as stroke, trauma
or acute myocardial infarction improves mortality and
outcomes[27]. EGDT has been conceived for optimizing
treatment when tissue oxygenation is impaired by hemodynamic failure. It is a multifaceted strategy aiming to
adjust oxygen delivery to oxygen consumption[13,14]. The
concept of a global hemodynamic strategy guided by
oxygen transport variables was first proposed in 1983 for
high-risk surgical patients[28]. EGDT as a time-sensitive
method has been initially applied to patients suffering
from severe sepsis and septic shock[27], then in all patients
with elevated lactate level, regardless of etiology[13]. It
also has been proposed for perioperative management
of patients undergoing major surgery, like cardiovascular
or gastro-intestinal surgeries[29-33]. In these populations,
EGDT is a now widely performed strategy that reduces
morbidity, mortality and healthcare resource consumption[26,27,34]. Although no human trial evaluated such strategy in AP, most patients suffering from AP share similar
pathophysiology, risk factors and severity with patients
in whom this approach has been studied. Thus, even
though clinical studies are needed to allow transposition
to AP, EGDT may be suitable for this severe disease in
the course of which many rapid hemodynamic changes
can happen[35,36].
Immediate identification on admission of patients
requiring EGDT based on the evaluation of the patient
severity and potential outcome constitutes the very first
step of the strategy. In severe sepsis and septic shock,
EGDT is performed when patients present persistent
hypotension with systolic blood pressure < 90 mmHg
after a volume expansion of 20-30 mL/kg over a 30-min
period or hyperlactatemia > 4 mmol/L[14]. In their study,
Jansen et al[13] performed EGDT for every patient with
lactatemia > 3 mmol/L on admission to the ICU. When
included, patients were stratified into four groups: sepsis,
neurologic, cardiac arrest and other nonsepsis, which accounted for 38% of the inclusions. Even though the au-
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thors did not mention whether some AP were included,
these patients frequently meet these inclusion criteria.
Twenty percent of patients will develop moderately
severe to severe AP[37], characterized by the presence of
either local or systemic complication, or organ failures.
The resolution of organ failures in the first two days
defines moderately severe AP. This group has prolonged
hospitalizations and requires ICU care in 50% of cases,
but maintains a mortality rate similar to the mild AP
group[38]. Persistent organ failure is the main determinant
of severity in AP and defines severe AP. Eighty percent
of patients with severe AP will stay in the ICU. As patients with severe AP are at high risk of poor outcome,
patients with high risk of severe AP would be considered
at risk of poor outcome too. Despite the lack of reliable markers for early prediction of AP severity, several
indices have been proposed[15]. Thus, along with refractory hypotension and elevated lactatemia, established risk
factors for severe AP might be good candidates for early
detection of patients at risk of poor outcome (Table 1).
Nevertheless, further studies are needed to determine
the most suitable parameters for early identification of
at risk-patients in whom EGDT would be needed in this
setting.
For those pre-selected patients, optimization of parameters reflecting tissue perfusion and oxygenation
remains the major goal to achieve during severe sepsis
and high-risk surgery. Thus, essential determinants or estimates of oxygen delivery are assessed step by step and
corrected if needed.
In order to monitor and optimize microcirculatory
function, HR and mean arterial pressure (MAP) are mainly
used. As tachycardia remains a clinical sign of circulatory failure therapeutic strategy aims to lower HR under
100 beats/min. MAP, reflecting effective organ perfusion
pressure, has to be maintained above 65 mmHg[27].
Microcirculatory function, finally ensuring tissue perfusion, can be estimated by lactate level and UO[27,39,40].
Lactate level increases when aerobic cellular respiration
is impaired and switched towards anaerobic metabolism.
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UO, in roughly reflecting glomerular perfusion, provides
valuable information on general tissue perfusion. Both
are good clues to evaluate tissue perfusion even if not
entirely specific. For instance, lactate levels can possibly
increase in rare metabolic diseases or when liver failure
occurs. UO can be altered during organic renal failure,
independently of hemodynamic disorders[41]. Similarly,
mottling score, reflecting skin hypoperfusion can also be
helpful to estimate global tissue perfusion[42,43]. EGDT
aims to normalize lactate level and Jansen and al. targeted
a 20%-decrease every two hours[13]. Therapeutic intervention also aims to maintain UO over 0.5 mL/kg per hour
and make mottling disappear.
The balance between oxygen delivery (DO2) and systemic oxygen consumption (VO2) is approached by measurement of central venous oxygen saturation (ScvO2).
Its measurement can be easily performed on a blood
sample taken from a central venous catheter inserted in
the superior vena cava territory. SvO2 depends on global
oxygen transport and tissue oxygen extraction and consumption as can be seen in the modified Fick equation:
SvO2 ≈ SaO2 - [VO2 /(CO × Hb × 1.34)] where SaO2
represents arterial oxygen saturation, CO cardiac output
and Hb hemoglobin[44]. Each parameter described previously should be optimized to reach an ScVO2 level >
70%, associated with a normal lactate level. Importantly,
when ScVO2 is superior to 70% but lactate level remains
high, the presence of microcirculatory dysfunction with
oxygen extraction impairment leading to persistent tissue
hypoxia despite adequate oxygen transport should be suspected.
To carry out this step-by-step strategy, patients should
be closely monitored. Together with standard monitoring
of vital signs, specific devices including central venous
catheters and urinary catheters have to be implemented
when patients meet severity criteria. EGDT is then implemented during the first 6-8 h of the patient’s management. Previously described endpoints should be closely
and regularly checked to assess treatment efficiency. For
instance, Rivers et al[14] checked endpoints every 30 min.
Jansen et al[13] measured blood lactate level together with
other chosen endpoints every two hours.
Global hemodynamic goals are achieved by numerous
treatments (e.g., fluids, red blood cell transfusion, oxygen,
ventilation, analgesics, sedatives, antipyretics, vasoconstrictors, vasodilators and cardiac treatments) depending
on the presence of hypovolemia, anemia, low SaO2, vasoplegia and cardiac dysfunction. In this global approach,
fluid therapy plays an early and major role (Figure 1).
A rigorous management of fluid loading is essential to
succeed in reaching endpoints and requires simple but
adequate guiding tools.

MANAGEMENT OF FLUID
RESUSCITATION: A CORNERSTONE OF
THE EARLY GOAL-DIRECTED THERAPY
The clinician’s major concerns are to assess for each
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fluid prescription whether fluid infusion would improve
the patient’s hemodynamics and organ perfusion, with
minimal risk of adverse effect. Three situations can be
encountered. The first one is a patient with undisputed
need for volume expansion, presenting obvious hypovolemia with a clearly identified etiology. For instance
patients with severe AP or sepsis at the very beginning
of the treatment are very likely hypovolemic and usually receive 20-30 mL/kg of fluids within the first 60-90
min. In this case, the benefit to risk balance is obvious.
The second situation is obvious fluid overload such as
a patient with congestive heart failure and acute pulmonary edema for whom volume expansion would clearly
be deleterious. The last situation concerns patients with
hemodynamic impairment for whom volume expansion
represents a major therapeutic option, but with uncertain
benefit to risk balance. This remains the most frequently
encountered case for which specific tools have been created. Indeed, when only based on clinical parameters (e.g.,
mottling, HR, blood pressure or UO), barely one half
of the critically ill patients will respond positively to fluid
loading[45]. Because of the potential adverse effects of
inappropriate fluid perfusions[10-14,46], tools intended to assess and predict the effects of fluid loading may be helpful to guide fluid therapy and improve patients outcome.
When applied in practice, EGDT leads to differences in patients’ fluid management. Rivers and al. found
that a greater amount of fluid was given to the EGDT
group compared with the standard group in the first 6 h
(4981 mL vs 3499 mL; P < 0.001), even though the total
amount of fluid over the first 72 h was similar (13443
mL vs 13358 mL; P = 0.73). As a result, a 30% decrease
in hematocrit associated with a larger amount of transfusion of red blood cells was observed in the EGDT group
compared with standard care in the first 6 h[27]. As the
beneficial effect of this strategy is based on the adaptation of hemodynamic management on tissue oxygenation, there is still a lack of evidence concerning the best
tools to use for guiding fluid resuscitation.
Assessing fluid responsiveness: fluid challenge
Fluid challenge (FC) intends to assess a patient’s fluid
responsiveness during a volume expansion test. First
described by Weil and Henning[47], FC is a titrated administration of 50-200 mL of fluid over a 10 min interval, with a concomitant close monitoring of patient’s
cardiovascular response. Fluid responsiveness is defined
by a fluid-induced increase in stroke volume (SV), or in
CO as the product of SV by HR. A positive response
is considered when fluid loading leads to an increase in
SV ≥ 10%-15%[45]. Indeed, if optimization of systemic
hemodynamics and tissue perfusion remains the ultimate
goal of fluid therapy, increase in SV is considered as a
prerequisite to achieve it[48]. FC is the reference standard
method to distinguish responders from non-responders
to fluid loading[34]. Current international guidelines recommend 250-1000 mL of crystalloids or 250-500 mL of
colloids over 15-30 min, repeated after reassessment until
endpoints are achieved[26,34,49].
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AP with high risk of poor outcome?
YES

Inadequate tissue oxygenation?

 MAP < 65 mmHg  Lactate > 3 mmol/L
 UO < 0.5 mL/kg per hour
 HR > 100 bpm
 Mottling
 ScVO2 < 70 %

 Red Blood Cell transfusion
 Oxygen
 Mechanical ventilation
 Analgesics, sedatives
 Antipyretics
 Vasoconstrictors
 Vasodilators
 Cardiac treatments

YES

High risk of fluid overload?

 Acute lung injury
HH
 Renale failure
 Cardiac dysfunction
NO

YES

Fluid challenge
(250-500 mL of crystalloid or colloid over 15-30
min, AND fluid responsiveness assessment)

Benefit/risk of fluid challenge?

FC efficient but unsufficient

  in SV or PP during PLR
 CVP < 4 mmHg

  in SV or PP during FC
  CVP < 2 mmHg during FC
Inadequate tissue oxygenation
FC efficient and sufficient

Consider other
supportive therapies

Benefit > Risk

Risk > benefit

 No  in SV or PP during PLR

 Adequate tissue oxygenation
FC unefficient

 No  in SV or PP during FC
  in CVP > 5 mmHg during FC
 Inadequate tissue oxygenation

Figure 1 Suggested algorithm for fluid management in acute pancreatitis. AP: Acute pancreatitis; MAP: Mean arterial pressure; HR: Heart rate; ScvO2: Central
venous oxygen saturation; UO: Urinary output; SV: Stroke volume; PP: Arterial pulse pressure; PLR: Passive leg raising; CVP: Central venous pressure; FC: Fluid
challenge.

When performed in anesthesiology, where invasive
monitoring techniques such as trans-esophageal Doppler,
esophageal echocardiography or thermodilution enable
continuous assessment of CO, fluid infusion is continued as long as CO increases[50,51]. However, continuous
CO measurement is often not available for non-surgical
patients. In that case, noninvasive measurement of SV
before and after FC with transthoracic echocardiography
is a relevant parameter to estimate fluid responsiveness[52].
If SV monitoring cannot be performed, blood pressure derived indexes may help to predict fluid responsiveness. Indeed, fluid-induced changes in arterial pulse
pressure (PP) are correlated to some extent to changes in
SV[53,54]. Monnet et al[54] found that a fluid-induced increase
in invasive PP over 17% attested of fluid responsiveness
with a sensitivity of 65% and a specificity of 85%. Lakhal
et al[53] showed that an increase beyond 23% for invasive
PP, or 35% for noninvasive PP reliably predicted fluid responsiveness. On the opposite, fluid responsiveness was
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unlikely under 5% of PP change. Nonetheless, the large
range of inconclusive results (i.e., 5%-17% of changes in
PP) represents a major limit of this method.
In parallel, dynamic analysis of CVP can be monitored as an indicator of safety limits[13,47,55]. CVP is commonly used as an estimation of cardiac preload at the
bedside. Preload is defined as the load in cardiac chambers present before isovolumetric ventricular contraction
has started. It represents the stress exerted on ventricular
walls in end diastole. Venous return is a major determinant of preload and is mostly dependent on volemia.
Thus, hypovolemia decreases preload whereas volume
expansion increases it. Described by Frank and Starling,
there is up to a certain limit a positive relationship between end-diastolic ventricular load and systolic SV, called
preload-dependence[45]. In that case, fluid administration
leads to a large increase in SV while CVP remains stable
or presents only a minimal increase. Preload-dependence
is thus associated with a positive response to volume ex-
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with unclear benefit to risk balance, such as those who develop pulmonary, cardiac or renal dysfunction[11,12,57]. New
parameters aiming to predict fluid responsiveness have
been developed to this end.

Negative
fluid
response

Positive
fluid
response
SV

Small increase
in SV

Large increase
in SV

Small increase
in CVP

Large increase
in CVP

CVP

Figure 2 Schematic representation of central venous pressure/stroke
volume of normal (solid line) and failing heart (dotted line). When the heart
is fluid responsive, a fluid challenge induces a large increase in stroke volume
(SV) and a small increase in central venous pressure (CVP). When the heart is
fluid unresponsive, a fluid challenge induces a small increase in SV and a large
increase in CVP. In contrast, there is no reliable threshold of CVP that can be
used in current practice to predict a positive or negative response to fluid loading. This threshold depends mostly on the cardiac function at the time of fluid
infusion.

pansion. However, beyond a certain individual threshold,
an increase in preload does not increase SV anymore,
which corresponds to a preload-independence state.
For those patients, fluid administration leads to poor SV
improvement but consistent increase in CVP with high
risk of fluid overload (Figure 2). Subsequently, volume
expansion-induced changes in CVP have been proposed
as a safety limit of FC[47,55]. As long as changes in CVP remain below 2 mmHg FC is continued until hemodynamic
endpoints are fulfilled. For an increase in CVP ranging
from 2-5 mmHg, fluid infusion should be stopped for a
while then restarted. Over a 5 mmHg increase, FC should
be stopped. The time interval to assess filling pressures
and fluid responsiveness was every 10 min in the initial
description. However, with the availability of continuous
vital signs monitoring, the intervals may be extended to
30 min.
FC allows a prompt correction of fluid deficit, with a
shorter duration of hypovolemia and organ hypoperfusion, compared with a protracted fluid infusion strategy
over 12 h or more[55]. FC only requires a central venous
catheter to control safety limits, together with conventional monitoring of vital signs and CO if available (Figure
1). Nevertheless, this strategy, although approved by experts and routinely used in intensive care has never been
confirmed by a prospective controlled trial[55]. In addition,
despite close monitoring, the effect of fluid infusion is
retrospectively assessed, and the repetition of FC might
lead to fluid overload. Such risk remains a major concern
for patients with AP, as they present an increased risk of
acute lung injury[56]. Therefore, fluid responsiveness should
ideally be estimated before fluid is administered to avoid
ineffective or deleterious fluid administration for patients
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Predicting fluid-responsiveness: preload and preloaddependence
The ultimate goal of tools aiming to predict fluid-responsiveness is to find where individual ventricular hemodynamic status is located on the Franck-Starling curve (Figure
2). In other terms, indexes predicting fluid responsiveness
are assessing cardiac preload-dependence[58].
Based on aforementioned physiological concepts, one
could postulate that low preload values are more likely to
be associated with preload-dependence and conversely
for high preload values. However, several studies show
that this assertion is not true. When CVP or pulmonary
artery occlusion pressure (PAOP) are used as estimates
of cardiac preload, they usually fail to predict fluid responsiveness[45,59]. This can easily be understood because
Franck-Starling curve is specific to each patient[45]. Thus,
there is no way to know whether a single absolute CVP
or PAOP level corresponds to a preload-dependence
or -independence zone[60] (Figure 2). Even for extreme
values of CVP or PAOP, there is no reliable threshold
that can be used in current practice to predict a positive
or negative response to volume expansion[45,59]. However,
preload evaluation, and particularly CVP measurements
are still recommended in hemodynamic management
algorithms for several reasons[34]. First, it is easy to assess,
only requiring a central venous catheter. Second, as detailed above dynamic analysis of CVP is still valuable in
evaluating FC response. Eventually, CVP values standing
below 4 mmHg, even if not predictive of fluid responsiveness, ensure safe fluid loading with little risk of overfilling[34,61] (Figure 1).
Consequently, indexes predicting fluid-responsiveness
focus on preload-dependence rather than preload assessment[58]. Passive leg raising (PLR) maneuver is an easy
maneuver that mimics volume expansion by shifting
venous blood from the lower limbs and the splanchnic
vessels toward the intrathoracic vessels[62]. Thus, PLR
leads to a rapid and reversible increase in cardiac preload
and subsequently in SV in case of preload dependence.
To be efficient, PLR maneuver has to be performed as
follows[63]: the patient’s baseline position is lying down on
a bed, half-sitting in semirecumbent position, with a 45°
angle between trunk and lower limbs, which are horizontal. Then, a 45° bascule of the bed should be done, so
that the trunk becomes horizontal and the lower limbs
rise up. Impact of the maneuver appears within the first
minute, while the hemodynamic measurements are recorded. PLR mimics an approximate 300-450 mL FC[63,64].
A close correlation is observed between changes in SV
measured with TTE or esophageal Doppler, after PLR
and after a 500 mL of fluid loading in critically ill patients
with sepsis or acute pancreatitis[64-67]. When considering a
recent meta-analysis enrolling 9 clinical studies that evalu-
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ated the accuracy of PLR to predict fluid responsiveness, a PLR-induced change in SV superior to 8%-15%
predicted fluid responsiveness with a sensitivity of 89%
and specificity of 91%[68]. When considering PP as a surrogate of SV, a PLR-induced change in PP > 9%-12%
predicts fluid responsiveness with sensitivity of 60%
and a specificity of 86%[68] (Figure 1). The main limit of
the PLR technique is the presence of intra-abdominal
hypertension. Indeed, in ventilated critically ill patients,
Mahjoub et al[69] showed that PLR failed to predict fluid
responsiveness when intra-abdominal pressure exceeded
16 mmHg due to false negatives. As demonstrated by
Kitano et al[70], Takata et al[71] when intra-abdominal pressure exceeds right atrial pressure, the inferior vena cava
collapses and impairs venous return. The PLR-induced
change in cardiac preload is decreased making the PLR
maneuver inefficient[69-71]. As intra-abdominal hypertension is a common complication of AP, intra-abdominal
pressure should be measured before using PLR.
Other indexes based on heart-lung interactions have
also been developed. However, they are only validated for
mechanically ventilated patients under strict conditions
of sedation, ventilation and cardiac rhythm[72]. Because
the proportion of patients requiring mechanical ventilation during AP remains very low, with specific multidisciplinary management in intensive care[56], these parameters
are not discussed in this review. In spontaneously breathing patients, respiratory variations in inferior vena cava
diameter or PP are still in development[73-75]. As existing
data were not confirmed in large population studies, and
as most of them didn’t include patients with AP, the use
of such parameters in spontaneously breathing patients
with AP seems hazardous and yet to be validated.
The impact of fluid therapy based on preload-dependence parameters has been evaluated in studies involving
surgical patients[76-78]. When compared with liberal or
preload-based fluid administration, the use of preloaddependence parameters drives to a decrease in lactate
level, perioperative complications and time to discharge.
Interestingly, this strategy leads either to a greater[77,78] or
to a lesser[76] amount of fluid compared with the control
group. These results suggest that the efficiency of such
strategy comes from volume expansion adjustment to
patient’s needs rather than from the total amount of fluid
administered. Patients involved in these studies were mechanically ventilated and no similar trial exists in spontaneously breathing patients. Moreover, there is a great lack
of data in patients with AP. Nevertheless, a recent study
performed on anesthetized pigs with experimental AP
compared a fluid therapy based on preload-dependence
indexes to a CVP-based strategy. The fluid therapy guided by preload-dependence parameters increased survival
(29.4% vs 11.8%; P < 0.05) by preventing microcirculation dysfunction, pancreatic damages and pulmonary
edema. These results are concordant with human findings
described just before, and confirm the inability of CVP
to guide fluid therapy[79]. These encouraging data might
open the way to further research in humans with AP.
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CONCLUSION
Adopting an individualized early goal-directed strategy
seems very promising to optimize fluid resuscitation in
patients with AP. However, since AP has specific pathophysiology, evolution, complications and outcome, further studies are required to provide a suitable algorithm.
The first step will be to define parameters allowing early
identification of patients needing EGDT, notably those
at risk to develop severe or necrotizing AP. Among parameters previously described in the literature, elevated
lactate level and refractory hypotension could be good
candidates. The second step is to clearly define ultimate
goals of hemodynamic resuscitation reflecting tissue
perfusion and oxygenation. If those are not achieved,
EGDT should immediately be implemented and carried on until adequate systemic perfusion is restored.
Close reassessment of initial endpoints has to be performed every 30 min to readjust treatment without delay.
Because volume expansion plays a major role in this
strategy, fluids should be administered early. Inadequate
fluid replacement can occur when guided on clinical parameters alone, static preload assessment with CVP or
worse, blindly. A safe and practical way to perform fluid
loading remains FC, with simultaneous assessment of
fluid-responsiveness and control for risk of overload.
However, for patients with high risk of fluid overload,
predicting fluid-responsiveness before volume expansion
may reduce the number of FC and improve patient outcomes. PLR is an accurate validated maneuver to predict
fluid-responsiveness. It can widely be used provided the
absence of intra-abdominal hypertension. These considerations open the way to a wide range of clinical studies
aiming to adapt and validate such strategies in the specific
population of patients with AP.
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Abstract
The use of enteral feeding as part of the management
of acute pancreatitis dates back almost two decades.
This review describes the indications for and limitations
of enteral feeding for the treatment of acute pancreatitis using up-to-date evidence-based data. A systematic
review was carried out to analyse current data on the
use of enteral nutrition in the management of acute
pancreatitis. Relevant literature was analysed from
the viewpoints of enteral vs parenteral feeding, early
vs delayed enteral nutrition, nasogastric vs nasojejunal feeding, and early oral diet and immunonutrition,
particularly glutamine and probiotic supplementation.
Finally, current applicable guidelines and the effects
of these guidelines on clinical practice are discussed.
The latest meta-analyses suggest that enteral nutrition significantly reduces the mortality rate of severe
acute pancreatitis compared to parenteral feeding. To
maintain gut barrier function and prevent early bacterial translocation, enteral feeding should be commenced
within the first 24 h of hospital admission. Also, the
safety of nasogastric feeding, which eases the administration of enteral nutrients in the clinical setting, is likely
equal to nasojejunal feeding. Furthermore, an early
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low-fat oral diet is potentially beneficial in patients with
mild pancreatitis. Despite the initial encouraging results,
the current evidence does not support the use of immunoenhanced nutrients or probiotics in patients with
acute pancreatitis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Acute pancreatitis; Enteral nutrition; Immunonutrition; Probiotics
Core tip: The application of enteral feeding in acute
pancreatitis is much debated. This systematic review
provides global insight for clinicians on how to incorporate enteral feeding in the management of acute
pancreatitis. The timing, route and composition of enteral nutrition are discussed with up-to-date evidencebased data, and the latest relevant guidelines are also
detailed. Importantly, enteral nutrition significantly reduces mortality in severe acute pancreatitis compared
to parenteral nutrition. Furthermore, early commencement of enteral feeding (within the first 24 h) is beneficial, and the safety of the nasogastric route seems
to be equal to that of the nasojejunal route.
Oláh A, Romics Jr L. Enteral nutrition in acute pancreatitis:
A review of the current evidence. World J Gastroenterol 2014;
20(43): 16123-16131 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i43/16123.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i43.16123

INTRODUCTION
The treatment of acute pancreatitis is purely symptomatic
because there is no effective therapy to prevent the activation of inflammatory and proteolytic cascades. This vicious cycle of cell signalling is believed to be triggered by
bacterial infection, predominately Gram-negative strains.
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The most likely hypothetical source of the bacterial infection is the gastrointestinal tract. Bacterial translocation
is caused by increased permeability in the gut and a consequent migration of macromolecules such as bacteria,
endotoxins and antigens from the gastrointestinal tract to
the portal system, mesenteric lymph nodes, liver, spleen
and pancreas. This process leads to the stimulation of
macrophages, circulatory neutrophils and granulocytes,
and then the release of pro-inflammatory cytokine causes
an inflammatory response. If the inflammatory response,
which is initially part of the defence mechanisms of the
host, is over-activated, it may turn into a self-destructive
process. The unbalanced production of inflammatory
mediators might lead to the development of systemic
inflammatory response syndrome (SIRS), infectious
pancreatic necrosis and ultimately multi-organ failure
(MOF)[1].
Severe acute pancreatitis (SAP) represents a typical
model of septic syndrome due to a failure of the gut barrier. Hence, one of the main therapeutic goals in SAP is
to maintain gut integrity to prevent bacterial and endotoxin translocation and improve the immune system of
the gut. Recently, various clinical methods have aimed to
prevent or decrease bacterial translocation. These methods include enteral feeding, with or without immunonutrition, as well as the use of probiotics during treatment.
This paper provides a review of the available data in the
evidence-based literature on the application of enteral
feeding to acute pancreatitis. Furthermore, the authors
discuss the evidence supporting early as opposed to delayed commencement of enteral feeding. The latest results
on immunonutrition and probiotic use are also presented.
In addition, the debate on the adequate route for enteral
feeding is outlined. Finally, up-to-date guidelines and clinical practices are discussed.

ENTERAL NUTRITION VS PARENTERAL
NUTRITION
Prolonged parenteral feeding carries numerous unfavourable side-effects such as atrophy and increased permeability of the gut mucosa. Furthermore, the lack of
peristaltic stimulation results in hypomotility of the gut,
and the stagnant bowel contents also cause significant
changes in the intestinal microflora. Conversely, enteral
feeding prevents the aforementioned atrophic changes as
the uptake of nutrients in intestinal epithelial cells comes
directly from the intestinal lumen. In addition, enteral
feeding facilitates gut motility due the hyperosmolarity
of the nutrients. These pathophysiological mechanisms
protect against the overgrowth of abnormal intestinal
flora and increased gut permeability, hence, potentially
alleviating subsequent bacterial translocation.
In the first two randomised prospective trials, McClave et al[2] and Nakad et al[3] demonstrated that nasojejunal feeding is feasible, safe and beneficial in mild to moderate pancreatitis, or even severe pancreatitis. Altogether,
16 randomised controlled trials involving 847 patients
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with acute pancreatitis compared enteral to parenteral
feeding[2,4-18]. Eleven of these studies randomised patients with severe pancreatitis or predicted SAP. All metaanalyses demonstrated a statistically significant reduction
of infectious complications with the use of enteral nutrition[19-21], except two studies which failed to confirm the
beneficial effect of nasojejunal feeding[6,16]. Hence, enteral
nutrition has been established as a key component in the
management of SAP[22].
The meta-analyses published by Marik and Zaloga[21]
as well as McClave et al[23] demonstrated that the use of
enteral nutrition resulted in a significant reduction of
infectious complications and length of hospital stay, as
well as a trend toward reduced organ failure. However,
these meta-analyses failed to confirm that enteral feeding
could reduce mortality. In a meta-analysis published by
Petrov et al[20], more homogenous subgroups were compared, and altogether 202 patients with predicted SAP
were included. The mortality rate in the enteral nutrition
group was 4% (4/95) vs 15.9% (17/107) in the parenteral
nutrition group, a statistically significant difference (RR
= 0.32; 95%CI: 0.11-0.98; p = 0.03). Furthermore, Cao
et al[19] analysed six randomised controlled trials involving
224 patients and demonstrated a statistically significant
decrease in mortality (OR = 0.251; 95%CI: 0.095-0.666,
p = 0.005) and MOF (OR = 0.306; 95%CI: 0.128-10.736)
in patients receiving enteral feeding. Finally, in a recent
meta-analysis involving 381 patients from eight randomised controlled trials, Yi et al[24] found that total enteral nutrition is significantly superior to total parenteral
nutrition in patients with SAP. A statistically significant
difference was observed in mortality (p = 0.001; OR =
0.37; 95%CI: 0.21-0.68), infectious complications (p =
0.004; OR = 0.46; 95%CI: 0.27-0.78), organ failure (p =
0.02; OR = 0.44; 95%CI: 0.22-0.88) and surgical intervention (p = 0.003; OR = 0.41; 95%CI: 0.23-0.74). However, no difference was detected in terms of length of
hospital stay and duration of nutrition administration.
In summary, the data accumulated so far provide
strong evidence of the benefits of enteral over parenteral
nutrition in patients with SAP, because the risk of mortality was statistically less in patients given enteral compared
to parenteral nutrition. Importantly, in the clinical setting,
there are no specific contraindications for enteral nutrition. It can be performed safely even when SAP is complicated by fistulas, ascites or pseudocysts. The role of
parenteral nutrition is limited in conditions such as severe
ileus, when enteral nutrition can be restricted by paralysis.
Nevertheless, enteral feeding in reduced amounts is still
suggested in these cases, which provides the physiological
benefits discussed above[25] (Table 1).

EARLY VS DELAYED ENTERAL
NUTRITION
Although the exact pathophysiological mechanisms of
bacterial infection have not been determined, it seems
unequivocal that it is a significant risk factor for pancre-
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Table 1 Studies investigating the potential benefits of enteral vs parenteral feeding
Ref.

Year

Country/institution

No. of patients

McClave et al[2]
Kalfarentzos et al[4]
Windsor et al[5]

1997
1997
1998

30
38
34

Paraskeva et al[7]
Oláh et al[59]
Abou-Assi et al[9]
Gupta et al[10]

2001
2002
2002
2003

Louie et al[12]

2005

United States/University of Louisville, KY
Greece/University of Patras
United Kingdom/St James’s Univ Hospital
London
Greece/Pireus General Hospital
Hungary/Petz A. Teaching Hospital, Gyor
United States/Virginia Univ. Hosp., RA
United Kingdom/Southampton General
Hospital
Canada/University of Alberta

Eckerwall et al[37]

2006

Petrov et al[13]

2006

Control arm

Benefits of enteral vs parenterlal
feeding

23
89
53
17

Parenteral feeding
Cheaper, better glucose control
Parenteral feeding
Lower complication rate, cheaper
Parenteral feeding Decreased organ failure and complication rates
Parenteral feeding
Lower surgical intervention rate
Parenteral feeding
Less septic complications
Parenteral feeding Less septic complications, cheaper
Parenteral feeding
Shorter hospital stay, cheaper

28

Parenteral feeding

Sweden/Lund University Hospital

69

Parenteral feeding

Russia/Nizhny Novgorod Hosp

22

Parenteral feeding

Lower complication rate, better
glucose control
Lower complication, MOF and
mortality rates
No significant difference

MOF: Multi-organ failure.

atic necrosis and the development of MOF during SAP.
Importantly, bacterial translocation and pathogen overgrowth can be detected in the very early phase of acute
pancreatitis. In a multicentre study, Besselink et al [26]
demonstrated that bacteraemia can be detected as early
as day 7 and that infected necrosis can be detected on
average 26 d after hospital admission. Furthermore, early
bacterial invasion may aggravate SIRS, which in turn
makes the patient even more susceptible to organ failure.
This can result in a vicious cycle, because the development of organ failure frequently precedes bacterial infection. Hence, if bacterial translocation can be reduced
or prevented through the maintenance of the intestinal
barrier with enteral feeding, then it is reasonable to begin
enteral feeding as early as possible.
A systematic meta-analysis published by Petrov et al[27]
involving 11 randomised controlled trials demonstrated
that the risk of MOF, pancreatic infectious complications and mortality were significantly reduced in patients
with acute pancreatitis who were enterally fed within the
first 48 h of admission as opposed to parenteral feeding.
Importantly, the differences were not statistically significant, if enteral nutrition was commenced 48 h after admission. In fact, a large amount of evidence-based data
support the administration of enteral nutrition within 24
h of hospital admission[28].
This has been further confirmed by Sun et al[29] in a
recently published randomised controlled trial. The authors investigated the effects of early administration of
enteral nutrition on the immune function and clinical
outcomes of 60 patients with SAP. The incidences of
multiple organ dysfunction syndrome, SIRS and pancreatic infection, as well as the duration of stay in the
intensive care unit, were significantly lower in the early
administration group (commenced within 48 h of hospital admission) than in patients whose enteral feeding
began on the eighth day of hospital stay. However, the
authors did not report a difference in mortality between
the two groups, which could have been due to the rela-
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tively low number of patients in the study. In another
recent randomised controlled trial involving 197 patients
with SAP, Wereszczynska-Siemiatkowska et al[30] found
that enteral feeding within 48 h of admission significantly decreased the incidence of infective necrosis/fluid
collection, respiratory failure, intensive care treatment
and mortality compared to enteral feeding started after
48 h of hospital admission. While a clear trend towards
a reduction in the rate of multi-organ dysfunction and
surgical interventions was observed in patients with early
enteral feeding, these differences were not statistically
significant. An interesting aspect of the pathophysiology
of acute pancreatitis was investigated in a pilot study
by Sun et al[31], which compared the incidence of intraabdominal hypertension in 60 patients with early (within
48 h) or delayed (after day 8) administration of enteral
nutrition. Intra-abdominal hypertension was more prevalent in patients with delayed administration of enteral
nutrition. They also argued that higher intra-abdominal
pressure (over 15 mmHg) may correlate with intolerance
to feeding (Table 2).
The above findings were confirmed by a recent metaanalysis on the benefits of early administration of enteral
nutrition commenced within 48 h of hospital admission[32]. Based on 11 studies involving 775 patients, Li et
al[32] concluded that early enteral feeding was associated
with significant reductions in all infections (OR = 0.38;
95%CI: 0.21-0.68; p < 0.05), catheter-related septic
complications (OR = 0.26; 95%CI: 0.11-0.58; p < 0.05),
pancreatic infection (OR = 0.49; 95%CI: 0.31-0.78; p <
0.05), hyperglycaemia (OR = 0.24; 95%CI: 0.11-0.52; p
< 0.05), length of hospitalisation [mean difference -2.18;
95%CI: -3.48-(-0.87); p < 0.05] and mortality (OR = 0.31;
95%CI: 0.14-0.71; p < 0.05). Importantly, a multi-centre
randomised controlled trial that investigated 208 patients
with predicted SAP has yet to report its results. The
PYTHON trial, which was organised by the Dutch Pancreatitis Study Group, compared very early nasojejunal
feeding (within 24 h of hospital admission) to standard

16125

November 21, 2014|Volume 20|Issue 43|

Oláh A et al . Enteral nutrition in acute pancreatitis
Table 2 Studies investigating the potential benefits of early vs late enteral feeding
Ref.

Year

Sun et al[29]

2013

Wereszczynska-Siemiatkowska et al[30]
Sun et al[31]

Country/Institution

No. of patients

China/Nanjing Medical
University
2013 Poland/Medical University
Bialystok
2013
China/Nanjing Medical
University

60
197
60

Control arm

Benefits of early vs late enteral
feeding

Late enteral feeding Lower infective complication, MOF
and SIRS rates
Late enteral feeding Lower complication and mortality
rates
Late enteral feeding Lower intra-abdominal hypertension rate

MOF: Multi-organ failure; SIRS: Systemic inflammatory response syndrome.

practice (oral nutrition on demand, or if needed, enteral
feeding after 72 h)[33].

NASOGASTRIC VS NASOJEJUNAL
FEEDING
While the placement of a nasogastric tube is a simple
routine procedure that can facilitate the commencement
of early enteral feeding, nasojejunal feeding requires an
endoscopist or radiologist for tube placement, which
may cause a delay in the start of early enteral feeding.
Hence, nasogastric feeding seems to be the most feasible
option in clinical practice. However, arguments against
nasogastric feeding are based on the effects of stimulating pancreatic secretion and gastric emptying problems
due to paralysis.
Eatock et al[34] were the first to investigate these concerns in a prospective pilot study and found that nasogastric
feeding is safe and well-tolerated. Then, two randomised
controlled trials that compared nasogastric and nasojejunal feeding[35,36] concluded that nasogastric nutrition
at a slow rate of infusion was well tolerated, and there
were no differences in the outcome measures (discharge,
surgery and mortality rate) between the two groups. Another randomised controlled trial, which compared early
nasogastric feeding to total parenteral nutrition in patients with predicted SAP[37], demonstrated that enterally
fed patients had significantly more total complications
and pulmonary complications within the first 3 d. Two
meta-analyses based on the above studies involving a total of 131 patients[38,39] revealed no significant differences
in mortality rate, length of hospital stay, infectious complications or MOF in SAP between nasogastric enteric
feeding and conventional feeding. A recent meta-analysis
based on three randomised trials involving 157 patients
drew the same conclusion, that nasogastric feeding is not
inferior to nasojejunal feeding[40]. Although nasogastric
feeding seems safe and well tolerated compared to nasojejunal feeding, more high-quality randomised controlled
trials are needed to provide strong evidence, because the
sample sizes in the studies conducted to date have been
relatively low.

Early oral diet
Regarding early oral feeding, a pilot study was the first
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to demonstrate the feasibility of administration of an
oral diet an average of 3 d after hospital admission[41].
To determine if oral feeding is feasible for treating mild
pancreatitis, Eckerwall et al[42] randomised 60 patients
with mild acute pancreatitis to compare the efficacy
and feasibility of immediate oral feeding and traditional
fasting. No differences were found in amylase values or
the systemic inflammatory response between the two
groups. This trial proved that immediate oral feeding
is feasible and safe for treating mild acute pancreatitis.
Furthermore, two randomised controlled trials demonstrated that it is not necessary to keep the patient on a
liquid diet after acute mild pancreatitis[43,44], as no detrimental effects were observed from a solid diet. In fact,
a solid diet was associated with a shorter length of hospital stay[44]. Hence, patients with mild acute pancreatitis
can be started on a low-fat oral diet, although an initial
period of fasting is still reasonable[28].

IMMUNONUTRITION: GLUTAMINE
SUPPLEMENTATION
Immunoenhanced nutrients involve substrates that modulate the activity of the host immune system and inflammatory response (Table 3). Immunonutrition formulas
include glutamine, arginine, nucleotides and omega-3
fatty acids, as well as enteral nutrients supplemented by
probiotics. Experimental studies have suggested that supplementation of enteral feed with glutamine or omega-3
fatty acids may reduce the severity of experimental acute
pancreatitis[45]. However, results have been rather moderate in the clinical setting. The four randomised controlled
trials on this subject[46-49] demonstrated that immunonutrition has some beneficial effects, such as a shortened
length of hospital stay, reduced gut permeability and
decreased plasma endotoxin levels, but no significant
differences were found in terms of clinical outcomes.
Furthermore, a meta-analysis published by Petrov et al[50]
based on three randomised controlled trials[48-50] clearly
demonstrated that immunonutrition, compared to standard enteral nutrition, was not associated with a significantly reduced risk of total infectious complications (RR
= 0.82; 95%CI: 0.44-1.53; p = 0.53) or mortality (RR =
0.64; 95%CI: 0.20-2.07; p = 0.46).
As for glutamine supplementation, emerging evidence
suggests that glutamine supplementation should be con-
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Table 3 Anti-infective and immunomodulatory properties of
immunonutrients
Anti-infective and immunomodulatory properties of immunonutrients
Reduced bacterial overgrowth
Maintenance of natural balance of intestinal flora
Reduced intestinal permeability
Reduced serum endotoxin levels
Antagonist effect against pathogenic bacteria
Prevent pathogenic bacterial adherence to intestinal mucosa
Bacterocidal and bacterostatic effect (lactic acid production)
Increased proportions of NK cells, T-lmphocytes, Ig-A producing plasma
cells
Increased phagocytosis

sidered in patients with a critical illness associated with a
catabolic response. A meta-analysis published by Asrani et
al[51], which included 505 patients from 12 studies, demonstrated that glutamine supplementation resulted in a significantly reduced risk of mortality (RR = 0.30; 95%CI:
0.15-0.60; p < 0.001) and total infectious complications
(RR = 0.58; 95%CI: 0.39-0.87; p = 0.009), but not the
length of hospital stay (MD = -1.35; 95%CI: -3.25-0.56;
p = 0.17). However, a clear advantage of glutamine
supplementation was seen in patients who received total
parenteral nutrition as opposed to enteral nutrition. We
drew a similar conclusion when we investigated the effects of intravenous glutamine and early administration
of enteral nutrition on SAP outcomes in a prospective
randomised controlled trial with 45 patients[52]. This study
demonstrated that enteral nutrition supplemented by
intravenous glutamine reduced the rate of complications
(infected acute and post-necrotic peripancreatic fluid collections, infected pseudocysts and walled-off pancreatic
necrosis), but the extent of reduction was not statistically
significant. However, the mean hospital stay of the group
that received intravenous glutamine and enteral feeding
was 10.6 d, significantly shorter than that of the control
group, who received enteral feeding alone (15.9 d; p =
0.00104).

IMMUNONUTRITION: PROBIOTIC
SUPPLEMENTATION
Probiotics are live microorganisms that confer a health
benefit to the host, are responsible for the maintenance
of the natural balance among gut flora and possess an
in vivo antagonist effect against pathogenic bacteria. The
most widely used probiotic bacteria are Lactobacillus and
Bifidobacterium, which can be isolated from human faeces
or intestinal mucosa. Prebiotics are non-digestible food
ingredients that are necessary for the propagation of
probiotics. Prebiotics selectively stimulate the growth and
activity of certain bacteria in the normal gut flora. Synbiotics are nutritional supplements containing both probiotics and prebiotics[53].
Physiologically, some probiotics have been shown to
have significant anti-infective and immunomodulatory
properties. In addition, they can also prevent pathogenic
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bacteria from adhering to the gut mucosa via their strong
affinity for enterocytes. The complex bacteriostatic and
bactericidal effects of probiotics are mainly due to the
production of lactic acid and antimicrobial peptides.
Basic data from experimental pancreatitis models
initially confirmed the beneficial effects of probiotics.
Application of Lactobacillus plantarum (L. plantarum) reduced the rate of infective necrosis[54], while Saccharomyces
boulardii with concomitant ciprofloxacin lowered the histopathologic scores of acute necrotizing pancreatitis[55].
Furthermore, probiotics reduced the severity of acute
experimental pancreatitis, as well as bacterial translocation to extra-intestinal sites due to a reduction in duodenal bacterial overgrowth, the latter reducing late-phase
mortality[56,57].
Similarly, prospective randomised controlled trials
have demonstrated beneficial effects of probiotics in
acute pancreatitis. Karakan et al[58] showed that probiotics reduced the length of hospital stay in enterally fed
patients when prebiotics were also applied. Supplementation of enteral nutrients with L. plantarum improved
clinical outcomes, although control group patients in
this study were fed parenterally[17]. In clinical studies, the
effects of lactic acid-producing bacteria in acute pancreatitis was investigated for the first time in our department[59]. We found that the rate of pancreatic infectious
complications was significantly lower in patients who
received live L. plantarum. However, mortality was not
significantly different between the two groups. We also
investigated the use of a combination formula called
“Synbiotic 2000” in patients with predicted severe pancreatitis[60]. A decreasing trend in the rate of MOF and
septic complications was detected, but these differences
did not reach statistical significance. In a multicentre,
double-blind, placebo-controlled trial called PROPATRIA organised by the Dutch Acute Pancreatitis Study
Group[61], 298 patients with predicted SAP were randomised to receive fibre-enriched enteral nutrition for
28 d with a multispecies probiotic preparation (Ecologic
641) or a placebo. The rate of infectious complications
was comparable in both groups, and the mortality rate
was higher in the synbiotic group (16% vs 6%), which
was mainly due to bowel ischemia. Furthermore, organ
failure and MOF were more common in the probiotic
group (13.2% vs 4.9% and 3.0% vs 0.7%, respectively),
although these differences did not reach statistical significance. Certainly, the synbiotic composition used in
the PROPATRIA trial should not be used in critically
ill patients[62]. Interestingly, a recent retrospective analysis[63] revealed that probiotic treatment had no apparent
negative effect on patients with predicted SAP without
initial organ failure, although the authors could not
demonstrate the beneficial effects of probiotics in this
subgroup of patients. However, the latest randomised
controlled trial by Cui et al[64] supported the use of probiotics in combination with enteral feeding. The authors
compared 70 patients with SAP who received parenteral
feeding, enteral feeding or enteral feeding supplemented
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with Bifidobacterium. They found that the incidence of upper gastrointestinal bleeding, infection and abscess were
significantly lower in the probiotic group, and that the
length of hospital stay was also significantly shortened in
this group. Nevertheless, the results of this study, which
was a single-centre study with a relatively low patient
number, do not deny the conclusion of the PROPATRIA trial warranting the cautious application of probiotics in SAP. In fact, probiotics cannot be recommended
for the management of acute pancreatitis based on the
presently available evidence-based data[65,66].

CONCLUSION

LATEST GUIDELINES
Recently, an International Consensus Guideline was published based on 11 previous guidelines of various societies, which was endorsed by the American Society for
Parenteral and Enteral Nutrition[67]. The committee established three categories for the level of evidence in their
statements. Importantly, enteral nutrition is generally preferred over parenteral nutrition, and if feasible should be
initiated first. Furthermore, continuous enteral nutrition
infusion over bolus or cyclic administration is preferred.
Similarly, the use of a nasogastric tube for administering enteral nutrition (and the lack of a need to position
a postpyloric feeding tube) is also suggested by the committee. Finally, the committee recommends using enteral
nutrition in the presence of pancreatic complications such
as fistulas, ascites and pseudocysts.
Two other guidelines on the management of acute
pancreatitis were published last year, which involved
statements on nutritional support during acute pancreatitis. The American College of Gastroenterology guideline
recommends enteral nutrition in SAP to prevent infectious complications, whereas parenteral nutrition should
be avoided[68]. The most detailed guidelines are based on
the collaboration of the International Association of
Pancreatology and the American Pancreatic Association
involving 121 expert authors, which suggest that enteral
nutrition is the preferable method of nutritional support
in acute pancreatitis[69]. As far as the composition of
nutrients, either elemental or polymeric nutrition formulations can be used. In addition, nasogastric feeding is
equally as effective as nasojejunal feeding, and the relevant evidence supports nasogastric feeding. However, a
prospective randomised controlled trial called the Study
on Nutrition in Acute Pancreatitis is currently underway,
which will provide further evidence on nasogastric vs
nasojejunal feeding (http://clinicaltrials.gov/ct2/show/
NCT00580749).
Despite the relatively clear guidelines, everyday clinical practice does not necessarily follow these recommendations. In a recent study by Sun et al[70], 43.3% of United States physicians utilised total parenteral nutrition for
the treatment of pancreatitis and 36.5% used nasojejunal
feeding. Moreover, private physicians use nasojejunal
tube feeding in only 19.9% of cases. In a transatlantic
survey of nutrition practices in the United Kingdom, the
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Republic of Ireland and Canada, 54.2% favoured early
feeding in SAP. There was a higher tendency towards
enteral nutrition in university hospitals with the nasojejunal route being preferred[71]. In Sweden, enteral feeding is a routine practice in 60% of the hospitals[72]. The
positive effects of a national consensus conference were
demonstrated by Rebours et al[73] in a study involving 176
hospitals in France. While enteral feeding was applied in
25% of the hospitals in 2001, it increased to 58% after
the consensus conference.

Current evidence confirms that the administration of
enteral nutrition is beneficial for the treatment of SAP.
Enteral feeding reduces mortality, infectious complications and MOF. As far as the route of enteral feeling is
concerned, nasogastric tube feeding is likely to be equally
as effective as nasojejunal feeding in SAP. In terms of
the timing of enteral nutritional support, relatively early
administration within 48 or 72 h of hospital admission is
suggested. However, current evidence does not support
the application of immunoenhanced nutrients or probiotic supplements, and therefore they cannot be recommended for the management of acute pancreatitis at this
time.
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Abstract
Chronic pancreatitis is an ongoing disease characterized by persistent inflammation of pancreatic tissues.
With disease progression, patients with chronic pancreatitis may develop troublesome complications in addition to exocrine and endocrine pancreatic functional
loss. Among them, a pseudoaneurysm, mainly induced
by digestive enzyme erosion of vessels in proximity
to the pancreas, is a rare and life-threatening complication if bleeding of the pseudoaneurysm occurs. At
present, no prospective randomized trials have investigated the therapeutic strategy for this rare but critical
situation. The role of arterial embolization, the timing
of surgical intervention and even surgical procedures
are still controversial. In this review, we suggest that
dynamic abdominal computed tomography and angiography should be performed first to localize the bleeders
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and to evaluate the associated complications such as
pseudocyst formation, followed by arterial embolization
to stop the bleeding and to achieve early stabilization
of the patient’s condition. With advances and improvements in endoscopic devices and techniques, therapeutic endoscopy for pancreatic pseudocysts is technically feasible, safe and effective. Surgical intervention
is recommended for a bleeding pseudoaneurysm in patients with chronic pancreatitis who are in an unstable
condition, for those in whom arterial embolization of
the bleeding pseudoaneurysm fails, and when endoscopic management of the pseudocyst is unsuccessful.
If a bleeding pseudoaneurysm is located over the tail
of the pancreas, resection is a preferential procedure,
whereas if the lesion is situated over the head or body
of the pancreas, relatively conservative surgical procedures are recommended.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Chronic pancreatitis complicated with a bleeding pseudoaneurysm is a life-threatening condition.
Therapeutic strategies for this rare disease remain controversial. In this review, surgical treatment as a firstline therapy is associated with a high mortality rate in
emergency situations. Dynamic abdominal computed
tomography and angiography should be performed as
the initial management strategy to localize the bleeder,
followed by embolization to control the bleeding to
achieve early stabilization of the patient’s condition.
Surgical intervention should be performed for patients
who are unable to undergo or who fail arterial embolization for pseudoaneurysm bleeding, or when endoscopic management of the pseudocyst is unsuccessful.
Chiang KC, Chen TH, Hsu JT. Management of chronic
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INTRODUCTION
Chronic pancreatitis (CP) is a long-standing disease characterized by chronic persistent inflammation, leading
to permanent duct deformity and insufficiency of both
endocrine and exocrine functions. The real incidence
and prevalence of CP is hard to estimate due to the
lack of exact diagnostic criteria. In general, CP patients
present with the classic triad of pancreatic calcifications,
steatorrhea, and diabetes mellitus, which are usually seen
in very advanced disease. The diagnosis of CP mainly
depends on the presentation of typical clinical presentations, imaging findings, pathological features, or exocrine
functional insufficiency alone or in combination[1].
The approximate annual incidence of CP is around
7-10 per 100000 people[2]. The causes of CP are complex and involve both environmental and genetic factors.
Alcohol consumption, nicotine usage, pancreatic duct
obstruction, hyperlipidemia, hypercalcemia, and autoimmune diseases are thought to be the most common
causes[1,3,4]. Among them, alcohol has been deemed as
the leading cause of CP, accounting for 60% and 35%
of CP patients in Western countries and China, respectively[3]. The cumulative incidence of CP was 13% in 10
years and 16 % in 20 years[5]. Whether acute pancreatitis
(AP) may progress to CP is still controversial. Postmortem examinations in 405 patients who died of AP
showed that the majority of patients had no histological signs of CP[6]. Different experimental models of AP
did not provide evidence of AP progressing to CP[7,8].
A study recruiting 532 patients with initial attack of AP
with an average follow-up time of 7.8 years showed that
the progression from AP to CP occurred only in alcoholics. In addition, smoking significantly enhanced the
risk of progression from alcoholic AP to CP[5]. Besides
the insufficiency of endocrine and exocrine functions,
abdominal pain is the major symptom of CP. Moreover,
during CP development and progression, complications
such as pseudocyst formation, mechanical obstruction
of the gastrointestinal tract and common bile duct, pancreatic ascites, pleural effusion, splenic vein thrombosis
with portal hypertension and subsequent varices bleeding, and pseudoaneurysm formation may occur[4]. Due
to the recent improvements in endoscopy techniques and
instrumentation, most of the abovementioned complications can be treated by endoscopy and medical treatment[9]. The exception is a pseudoaneurysm, which can
be a lethal complication of CP if bleeding occurs. For
patients without appropriate treatment, the mortality
rate may be as high as 90%. Even with a rapid diagnosis and immediate therapy, the reported mortality rate
still ranges from 15% to 50% [10,11]. With advances in
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radiological techniques and instrumentation in the past
decade, angiography followed by embolization has been
widely used and plays an important role in the diagnosis
and management of this situation. To date, therapeutic
strategies for CP complicated with pseudoaneurysm
bleeding remain controversial. The urgent condition of
CP-associated pseudoaneurysm bleeding complicates the
management, and thus makes prospective randomized
trials difficult. Reports on CP complicated with pseudoaneurysm bleeding are mainly retrospective, and most are
from a single institute or limited case reports. Arterial
embolization or surgical intervention is currently widely
utilized in managing this rare life-threatening condition.
In this review, we focus on CP complicated with pseudoaneurysm bleeding with the aim of providing better
and reasonable therapeutic strategies to treat this rare
but critical situation.

ASSOCIATION OF CP AND
PSEUDOANEURYSMS
Pseudoaneurysm formation associated with CP is a rare
complication resulting from the erosion of pancreatic or
nearby vessels by leaked pancreatic juice. This persistent
vessel erosion leads to permanent communication of invaded vessels to the CP-induced pseudocyst, giving rise
to the formation of a pancreatic pseudoaneurysm. The
majority of related studies have included cases of CPrelated vessel injury, which is not associated with pseudocyst formation, as pancreatic pseudoaneurysms for
analysis. Three possible mechanisms have been reported
to account for the formation of pancreatic pseudoaneurysms: (1) vessel disruption with pseudoaneurysm
formation due to severe inflammation and/or pancreatic
enzyme autodigestion of a pancreatic or peripancreatic
artery; (2) communication of an established pseudocyst
and a peripancreatic vessel converting the pseudocyst
into a large pseudoaneurysm; and (3) a pseudocyst eroding the bowel wall with bleeding[12,13]. Although the occurrence of a pseudoaneurysm in CP is uncommon,
once ruptured it may bleed into the gastrointestinal tract
or pancreatic duct, both mimicking gastrointestinal tract
bleeding and delaying the correct diagnosis, or directly
bleed into the peritoneal or retroperitoneal cavity leading to unstable hemodynamic status and a high mortality
rate. The reported incidence of CP complicated with
pseudoaneurysm bleeding ranges from 4% to 10%[14-17].
The splenic artery is most frequently involved, followed
by the gastroduodenal, pancreaticoduodenal, and hepatic
arteries[18].

DIAGNOSIS OF CP COMPLICATED WITH
PSEUDOANEURYSM BLEEDING
Since gastrointestinal tract bleeding in patients with CP
is usually attributable to stress-related peptic ulcers, erosive gastritis, or varices over the gastric fundus, and as a
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pseudoaneurysm may also bleed into the digestive tract,
it is difficult to differentiate pseudoaneurysm bleeding
from other causes of gastrointestinal tract bleeding in
patients with CP. However, the early detection and localization of a bleeding pseudoaneurysm is very important
for further management, and key to improving patient
survival. Ultrasonography is of little value in this respect,
although several studies have demonstrated a successful
diagnosis of a pseudoaneurysm using this method[19].
Marshall et al[20] reported that dynamic-contrast abdominal computed tomography (CT) should be the first
choice of diagnostic tool for CP complicated with a
pseudoaneurysm, as it can delineate the anatomy and location of the bleeding pseudoaneurysm in detail. In addition, Balthazar et al[21] also suggested that dynamic CT
can not only identify the bleeding pseudoaneurysm but
also other CP-associated complications. Several studies
have shown that angiography is extremely valuable, with
sensitivity rates of more than 90% in localizing bleeding
pseudoaneurysms[10,18,22,23]. In agreement with their findings, our previous study demonstrated that sonography
and dynamic abdominal CT identified pseudoaneurysms
in 2 of 5 patients (40.0%) and 4 of 7 patients (57.1%),
respectively[24]. Furthermore, angiography led to a correct
diagnosis in 7 patients with a sensitivity rate of 100%[24].
Collectively, angiography seems to be a preferential diagnostic tool for CP complicated with pseudoaneurysm
bleeding, and we suggest that it should be performed as
soon as possible if there is a high index of suspicion of
this diagnosis.

ARTERIAL EMBOLIZATION
IN CP COMPLICATED WITH
PSEUDOANEURYSM BLEEDING
With the enormous improvements in radiological techniques and instrumentation, angiography has been
widely used to detect visceral arterial bleeding sites with
subsequent arterial embolization to stop the bleeding
in the past decade. A radiological vascular approach
has been shown to be effective for CP patients with
pseudoaneurysm bleeding. In the study of Udd et al[17],
33 patients with CP complicated with pseudoaneurysm
bleeding were identified from 745 CP patients, and angioembolization successfully stopped the bleeding in 22
of these patients. Only 3 patients experienced rebleeding
requiring re-embolization. The success rate varied according to the bleeding site, with an 80% success rate for
bleeders around the pancreatic head and 50% for those
of the splenic artery[17]. Tulsyan et al[25] reported that endovascular treatment of visceral artery aneurysms and
pseudoaneurysms was technically successful in 98% of
48 procedures, with a 30-d mortality rate of 8.3% (n =
4). However, 3 patients required secondary interventions for persistent flow (n = 1) and rebleeding from the
previously embolized aneurysms (n = 2)[25]. In addition,
Bergert et al[22] enrolled 35 patients (8 with necrotizing

WJG|www.wjgnet.com

pancreatitis and 27 with CP) with bleeding pseudoaneurysms treated over a period of 10.5 years with a median
follow-up of 4.6 years. Angiographic embolization was
performed as the initial treatment in 16 patients (61%
embolization rate) with 2 rebleeding, and a mortality rate
of 19% for the patients undergoing embolization. In
our previous study, 2 of 9 patients with CP complicated
with pseudoaneurysm bleeding received emergency
angioembolization as first-line therapy[24]. The bleeding
was stopped after the procedure, however, both patients
developed rebleeding later[24]. To date, the rebleeding rate
of pseudoaneurysm bleeding in patients with CP after
angioembolization is unclear due to the high heterogeneity of patients recruited in each study. Nevertheless, the
application of angiography and angioembolization as
first-line therapy to locate the bleeding site and stop the
bleeding to stabilize vital signs in patients with bleeding pseudoaneurysms seems to be a reasonable therapy
strategy, and is widely used in current clinical practice[17,22,23,26,27].

SURGERY FOR PSEUDOANEURYSM
BLEEDING IN PATIENTS WITH CP
Since CP is a disease characterized by ongoing inflammatory processes, some studies recommend that embolization should be considered a temporary procedure to
control bleeding, and that subsequent surgical intervention should be conducted as soon as possible to prevent
rebleeding[26]. In general, surgical procedures including
direct arterial ligation with drainage of a pseudocyst or
partial pancreatectomy are used to treat pseudoaneurysm
bleeding in patients with CP. Bresler et al[12] reported
the results of surgical therapy for 10 patients with CP
complicated with pseudoaneurysm bleeding. The surgical procedures included transcystic arterial ligation and
external pancreatic pseudocyst drainage in 5 patients,
distal pancreatectomy in 3 patients, and pancreaticoduodenectomy in 2 patients. One patient (10%) died of sepsis after pancreaticoduodenectomy. However, there was
no rebleeding after surgery in their study leading them
to conclude that surgical therapy is an acceptable procedure to treat pseudoaneurysm bleeding in patients with
CP. Distal pancreatectomy was also recommended for
patients with bleeders situated in the tail of the pancreas,
while transcystic arterial ligation was suitable for the
patients with the bleeder located at the head and body
of the pancreas[10]. In another study enrolling 6 patients
with CP complicated with pseudoaneurysm bleeding, the
authors suggested that primary resection of the pseudoaneurysm should be the treatment of choice[26]. The
authors considered that although angiography followed
by transcatheter embolization is effective in this regard,
it should be considered as a bridging therapy and definite
surgical intervention should be conducted as soon as
possible, since CP is an ongoing process[26]. Udd et al[17]
also suggested that patients with unsuccessful arterial
embolization should undergo emergency hemostatic
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Table 1 Summary of studies concerning chronic pancreatitis-related bleeding
Ref.

Study design

n

Intervention

Gambiez et al[10]

Retrospective

14

Angioembolization or surgery

El Hamel et al[11]

Retrospective

Udd et al[17]

Retrospective

Bergert et al[22]

Retrospective

Hsu et al[24]

Retrospective

de Perrot et al[26]

Retrospective

Savastano et al[27]

Retrospective

Bhasin et al[31]

Retrospective

Comments

The immediate effectiveness of arterial embolization was remarkable. Subsequent surgery should be reserved for patients in a
good general condition with other chronic pancreatitis (CP)-related complications that are not amenable to minimally invasive
techniques
15
Surgery
Favorable results were achieved in two-thirds of patients undergoing primary pancreatic resection which is recommended whenever possible for the treatment of bleeding pancreatic pseudocysts and pseudoaneurysms associated with CP
33
Angioembolization or surgery
All hemodynamically stable patients with CP and bleeding
pseudoaneurysms should undergo prompt initial angiographic
evaluation and embolization if possible. Emergency hemostatic
surgery is indicated for unsuccessful embolization
27
Angioembolization or surgery
Angioembolization is effective to stop CP-related bleeding. Partial pancreatectomy is superior to vessel ligation
9
Angioembolization and/or surgery
Angiography is valuable in localizing bleeding pseudoaneurysms. Patients with bleeding pseudoaneurysms associated with
CP treated surgically seemingly obtained good outcomes
6
Angioembolization and/or surgery
Angiography followed by transcatheter embolization is effective
to stop bleeding. Pancreatic resection should be performed for the
treatment of pseudoaneurysms
8
Angioembolization and/or surgery
Angioembolization is effective to stop acute bleeding in CP to
achieve a stable condition quickly. Subsequent surgery is needed
to obtain definite treatment
8 Percutaneous thrombin injection/emboliza- Embolization followed by transpapillary drainage is effective to
tion and endoscopic retrograde transpapilmanage CP patients complicated with a bleeding pseudocyst
lary drainage of pseudocyst

surgery with ligation of the bleeding vessel in the head
of the pancreas, and distal pancreatectomy for bleeding from the splenic artery or its branch. Furthermore,
Bergert et al[22] found that ligation or repair of the bleeding vessel was associated with higher rebleeding and
reintervention rates, and that partial pancreatectomy was
the preferred choice of treatment. In our previous investigation, 7 patients received emergency (n = 4) and elective (n = 3) surgery as the initial therapy, and all of them
survived without rebleeding[24]. In addition, 5 patients
underwent surgical treatment for associated pseudocysts,
and no cases of rebleeding occurred[24]. With advances
and improvements in endoscopic devices and techniques
in the last decade, successful endoscopic management
of CP-associated pseudocysts has been reported[28-30].
Weckman et al[29] reported 170 CP patients with pancreatic pseudocysts who were treated endoscopically, with a
success rate of 86% and no procedure-related mortality.
Nonetheless, 23 (14%) patients required surgical interventions because therapeutic endoscopy was unsuccessful or technically impossible[29]. In addition, Bhasin et al[31]
reported 8 CP patients with pseudoaneurysms associated
with pseudocysts who underwent radiological arterioembolization or thrombin injections followed by successful
endoscopic transpapillary drainage through the major
(n = 5) or minor papilla (n = 3), and resolution of the
pseudocysts was noted within 6 wk with no significant
complications related to the procedures. Taken together,
the role of emergency surgery for bleeding pseudoaneurysms in patients with CP is still controversial. However,
considering the substantial surgery-related morbidity
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and mortality rates when used as the initial therapy for
pseudoaneurysm bleeding in patients with CP under
emergency conditions, most recent studies suggest that
surgical intervention should be performed in patients
who are unable to undergo or who fail arterial embolization for pseudoaneurysm bleeding, or when endoscopic
management of the pseudocyst is unsuccessful[17,22,31,32].

CONCLUSION
A pseudoaneurysm is a rare complication in patients
with CP, and is caused mainly by erosion of nearby vessels due to digestive enzyme leakage. Life-threatening
conditions with subsequent high mortality rates may
develop once pseudoaneurysm bleeding occurs without
appropriate management. Table 1 summarizes the studies on interventions for CP patients complicated with
pseudoaneurysm bleeding and comments on the treatment. To date, therapeutic strategies for pseudoaneurysm bleeding in patients with CP remains challenging
and are still under debate due to the lack of prospective
randomized trials and the available data having very high
heterogeneity with different conclusions. Nonetheless, it
is widely accepted that surgical treatment as a first-line
therapy is associated with a high mortality rate in emergency situations. Most authors in recent publications
suggest that dynamic abdominal CT and angiography
should be performed as the initial management strategy to localize the bleeder, followed by embolization to
control the bleeding to achieve early stabilization of the
patient’s condition. Surgical intervention should be per-
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formed for patients who are unable to undergo or who
fail arterial embolization for pseudoaneurysm bleeding,
or when endoscopic management of the pseudocyst is
unsuccessful. If a bleeding pseudoaneurysm is located
over the tail of the pancreas, resection is the preferred
procedure, whereas for lesions situated over the head
or body of the pancreas, relatively conservative surgical
procedures are recommended.
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Abstract
Acute pancreatitis (AP) is an inflammatory disease of
the pancreas which involves the pancreas and surrounding tissue, and systemic inflammation with a
characteristic systemic increase of vascular permeability
and increased risk of multiple organ dysfunction. Currently, the pathogenesis of AP is fuzzy, and the diagnosis and treatment need to be standardized. Nevertheless, increased knowledge of AP may achieve more
thorough understanding of the pathogenesis. The use
of further advanced diagnostic tools and superior treatment, potentially will help clinicians to manage AP at
an appropriate stage. However, in view of the multi factorial disease and the complex clinical manifestations,
the management of patients with AP is also remaining
areas for improvement.
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INTRODUCTION
Acute pancreatitis (AP) annual incidences are reported
to range from 5 to 80 cases per 100000 population,
which are associated with a startling mortality rate and
high annual costs. A number of studies have been conducted every year to elucidate the pathogenesis of AP, to
standardize the diagnosis and the treatment of AP. The
pathophysiology of AP is complex and involves several
inflammatory pathways. The clinical course is usually
benign, and clinical signs and symptoms, as well as amylasemia/amylasuria levels, decrease within a few days; however, around 20% of cases develop complications both
at the local and systemic levels, with pancreatic necrosis
being most common and relevant[1]. At an early stage of
the disease an acute inflammatory process of sudden onset occurs in the peripheral and internal areas of the pancreas, which induces multiple organ system dysfunction
syndromes in the lung, kidney, liver, and other organs[2].
AP-related mortality still affects around 10% of patients;
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half of deaths occur during the first two weeks, usually
related to distributive shock and multiple organ failure
syndrome; the rest occur later in the course of the disease and result from complications related to the development of pancreatic necrosis and its complications. On
account of a better understanding of physiopathology,
the improvement of the therapeutic armamentarium,
advances in nutritional support[3], dynamic approaches
of continuous extra renal replacement techniques, acknowledgement of the central role of pancreatic infection[4], and advances in surgical techniques in improving
the inflammatory response in AP[5], AP management has
achieved a major breakthrough. However, in view of the
multi factorial disease and the complex clinical manifestations, the management of patients with AP is an area for
improvement.

PATHOGENESIS
The pathophysiology of AP is complex and involves
several inflammatory pathways. The initial trigger is the
activation within the pancreatic parenchyma of various
proteolytic enzymes, usually promoted by the presence
of bile and duodenal contents inside pancreatic ducts[1].
In most western countries 30% to 55% of cases are
caused by sludge or gallstones, which are known as biliary
pancreatitis[5]. The others are a complication from excess
nutrition and alcohol intake. The overproduction of inflammatory mediators (cytokines and non-cytokines) may
result in the systemic manifestations of AP[6-8]. Acinar
cell damage initiates AP, accounting for local inflammation and local activation of the immune system of the
pancreas[6]. Some recent studies have shown that mild AP
is associated with extensive apoptotic acinar cell death,
whereas acinar cell necrosis with minimal apoptosis is involved in severe AP[9,10].
Pancreatic acinar cells can produce cytokines and
chemokines that are involved in the inflammatory response, including the inflammasome-associated factors
interleukin-6 (IL-6), IL-18 and caspase-1, which are
found in the basolateral region of acinar cells[11,12]. IL-6,
which is known to be involved in the signal transducer
and activator of transcription 3/suppressor of cytokine
signaling-3 (STAT3/SOCS3) cascade, transmits signals
by binding to its membrane-bound receptor, IL-6 receptor, and is ubiquitously expressed. The inflammationassociated nuclear factor kappa B induced myeloid cell
secreting IL-6, and the effects of IL-6 were mediated
by complexation with soluble IL-6 receptor, which is
known as trans-signaling. The trans-signaling of IL-6
stimulated phosphorylation of STAT3 and the production of the neutrophil attractant chemokine ligand 1 in
pancreatic acinar cells. The expression of cytokines and
chemokines, as well as the inflammasome-associated
IL-18 and caspase-1, indicate that the inflammatory
mediators released during the early response to lipopolysaccharide are produced exclusively by pancreatic
acinar cells. In addition, a recent study suggested that the
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alcohol-exacerbated lipopolysaccharides response that
initiates sub-clinical AP is mediated by acinar cells. Thus,
acinar cells are the major source of inflammatory mediators after early pancreatic injury and during the early
onset of sub-clinical AP.
Acinar damage by such inflammatory mediators induces the expression of endothelial adhesion molecules
and results in a vicious circle that determines an extensive
involvement of the vascular endothelium, which in turn
generates vasodilation, increased capillary permeability
and interstitial edema. In most of these cases the inflammatory process is similar to that of serious sepsis, which
leads to multiple organ failure and death. Furthermore, as
is the case with sepsis, genetic polymorphisms for some
cytokines are associated with prognosis. Meanwhile, free
oxygen radicals regulate necrosis extent in acinar cells,
the development of pancreatic edema, inflammatory cell
sequestration within the pancreas, and the release of inflammation mediators from both acinar and non-acinar
cells in the pancreas. The decreased plasma antioxidant
levels (total ascorbic acid) and the increased release of
lipid peroxidation byproducts are significantly reflected
in patients with AP. The body has a number of free oxygen radical-clearing systems, both enzymatic (superoxide
dismutase, catalase, myeloperoxidase, and glutathione
peroxidase) and non-enzymatic (carotenes, ascorbic
acid, tocopherol)[13]. Uric acid, albumin and ascorbic acid
represent most of the antioxidant capability of human
plasma. The other elements present include bilirubin,
a-tocopherol, a-carotene, tryptophan, tyrosine and selenium. The antioxidant is dependent upon the conditions
extant in a specific microenvironment at a given time, and
the type of oxidative situation[1]. The antioxidant defense
system represents a complex network with interactions,
synergisms, and specific actions on a given oxidant[14]. A
number of studies in animal models have analyzed the
association between oxidative metabolism and pancreatic
inflammation. Studies in laboratory animals suggest that
pancreatic oxidative stress occurs in early stages following
induction. Treatment with antioxidant agents has been
seen to reduce acinar cell damage and edema in several
animal models. This suggests that ongoing free oxygen
radical formation reduces antioxidant defensive systems
in cells. Regarding the role of bradykinin and nitric oxide,
there is controversy in that on the one hand they seem to
relieve pancreatic dysfunction by strengthening vascularization and its secretory capacity while on the other there
is the notion that nitric oxide may enhance oxidative
stress[15]. This mechanism of action in human beings is
pending further study.

DIAGNOSIS
The diagnosis of AP requires at least 2 of the 3 features:
(1) abdominal pain (epigastric pain often radiating to the
left flank and the back); (2) serum amylase and lipase
levels at least three times greater than the upper limit
of normal; and (3) characteristic findings on contrast-
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Table 1 Determinant-based classification of acute pancreatitis
severity

Table 2 Modified Marshall Scoring System for organ failure
System

Classification
(peri)
Pancreatic
necrosis
Organ failure

Mild AP

Moderate AP

Severe AP

No

Sterile

Infected

Infected

No

(and/or)
transient

(or)
persistent

(and)
persistent

1

2

3

4

≤ 101
Respiratory
> 400 301-400
201-300
101-200
(PaO2/FiO2)
≤ 1.4
Renal (serum
1.4-1.8
1.9-3.6
3.6-4.9
> 4.9
creatinine, mg/dL)
Cardiovascular
> 90
< 90
< 90
< 90
< 90
Fluid
Not fluid PH < 7.3 PH < 7.2
(systolic blood
responsive responsive
pressure mmHg,
without inotropic
support)

AP: Acute pancreatitis.

enhanced computed tomography (CT), magnetic resonance imaging or transabdominal ultrasonography[16].
Sometimes the CT examination is essential to confirm
the diagnosis of AP: abdominal pain suggestive for the
disease but without serum amylase and lipase levels at
least three times greater than normal, which is seen in late
presentation of disease in the patient[17]. If AP is on the
basis of the first two criteria, contrast enhanced CT may
not be necessary in emergency. The onset of AP is defined as the time of onset of abdominal pain and it is not
the same as the time of admission to the hospital. The
interval between onset of abdominal pain and admission to the hospital should be noted precisely, especially
if patients with SAP are transferred to an intensive care
unit (second admission) when this type of data are often
neglected[16,18,19].
In previous reports, classification of AP was with
three subtypes. A web-based institution consultative process revised and updated the Atlanta classification of AP
with the involvement of multiple international pancreatic societies[16,19,20]. According to the severity of AP, the
disease is classified as mild, moderate, severe and critical
by the absence or presence of organ failure and local or
systemic complications.
The latest classification of AP: (1) mild AP (MAP) is
characterized by the absence of both pancreatic (peri) necrosis and organ failure; (2) moderate AP is characterized
by the presence of sterile (peri)pancreatic necrosis and/
or transient organ failure; (3) severe AP (SAP) is characterized by the presence of either infected (peri)pancreatic
necrosis or persistent organ failure; and (4) critical AP is
characterized by the presence of infected (peri) pancreatic necrosis and persistent organ failure (Table 1).
Organ failure is defined for 3 organ systems (respiratory, cardiovascular and renal) based on the worst measurement over a 24-h period. In patients without preexisting organ dysfunction, organ failure is defined as either a
score of 2 or more in the assessed organ system using the
Sepsis-related Organ Failure Assessment (SOFA) score[21]
or when the relevant threshold is breached, as shown:
(1) respiratory: partial pressure of oxygen (PaO2) < basal
60 mmHg (with supplementary O2); or PaO2/fraction
of inspiration O2 (FiO2) ≤ 300 mmHg (≤ 40 kPa); (2)
cardiovascular: systolic arterial pressure (SAP) less than
90 mmHg or a reduction of 40 mmHg in basal SAP,
with signs of tissue hypoperfusion (lactate > 3 mmol/L);
Saturation of central venous oxygen SvcO2 < 70%; and
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Score
0

Critical AP

PaO2: Partial pressure of oxygen; FiO2: Fraction of inspiration O2.

(3) renal: an increase of basal creatinine by 2 (AKI-2,
RIFLE-I) and/or reduction of urinary flow (oliguria) <
0.5 mL/kg per hour × 12 h[22,23].
The most accurate marker in defining the severity
of disease is dysfunction/persistent organ failure (lasting over 48 h)[19,24]. The scoring system (in Table 2) was
chosen for its simplicity, universal applicability in clinical
practice and in research and its ability to stratify disease[19]. Some others like the SOFA scoring system and
APACHE Ⅱ for patients managed in a critical care unit,
which includes inotropic and respiratory support, can be
used to assess the severity of dysfunction/organ failure.
However, for an easier hierarchy, these scores are not
included in current classifications[16,19]. A score equal to
or greater than 2 in each system defines the presence of
organ failure.
The presence or absence of local complications is very
important. Local complications of AP are: acute peri-pancreatic fluid collections, acute necrotic collections, pancreatic pseudocyst and walled off necrosis[16,18,19,25]. Other
local complications of AP include perturbance of gastric
emptying, splenic or portal vein thrombosis, and necrosis
of the colon[18,26]. Local complications may be suspected
in the presence of recurrent or persistent abdominal pain,
increased serum enzymes, worsening of organ dysfunction and/or clinical signs of sepsis (fever or leukocytosis)
that require imaging evaluation[27-29].
We think that the accurate description of local complications and of the natural evolution of the disease’s specific stages, along with the standardization of terminology
will improve the therapeutic management and scientific
research data reporting quality.

TREATMENT AND MANAGEMENT OF AP
We recommend the early detection and treatment of AP
patients who have organ failure so as to initiate invasive
measures to revive the patients as soon as possible. “Potentially severe AP” (PSAP) , which is a new concept in
Consensus Statement for intensive care management of
AP conference in 2012 was introduced which was defined
as a modality of AP which presents one or more organ
failures (respiratory problems, renal, arterial hypotension)
or alarm signs and it is useful for initial management of
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AP. Some of the previously published criteria show that
the severity indicated that patients may fail to recover
satisfactorily and called these “alarm signs”. The “alarm
signs” are those forms of symptoms/signs or data in an
AP patient that indicate a probable failure to recover well.
Alarm signs can be of a radiological, clinical or prognostic scales or analytical nature that were described in the
Atlanta classification[23].
The AP alarm signs are the following: (1) clinical: age,
obesity, pleural effusion, abdominal defenses, alteration
of consciousness; (2) radiological: free peritoneal fluid,
pleural effusion; (3) analytical: Hematocrit > 44%, Procalcitonin greater than 0.5 ng/mL during the first 24 h;
C-reactive protein (CRP) > 150 mg/L, or a progressive
increase in 48 h; and (4) prognosis scales: APACHE-0 > 6;
APACHE Ⅱ > 8; Ranson-Glasgow > 3 points.
Early administration of fluids is recommended in
patients with PSAP, mainly during the first 72 h, during
which the first 24 h is the most important[30,31]. Regarding
the genre of fluid to be administered, colloid vs crystalloid, there is no general recommendation for AP treatment, although balanced crystalloid solutions have been
observed to control systemic inflammatory response
syndrome (SIRS) in PSAP, as well as CRP levels when
compared to physiological saline serum[32-34].
The amount of balanced crystalloids should not
exceed 4.3 L during the first 24 h treatment. It must be
taken with special care when reviving patients with more
severe pancreatitis and more comorbidities. Nevertheless,
in the first 24 h the administration of more than 3-4 L of
fluids seems to be associated with a poor prognosis on
account of an increased rate of acute respiratory failure
and a greater need for admission to intensive care units,
either because of the deleterious direct effects of fluid
infusion, or involvement of a patient with complicated
AP[35-37]. Stroke volume variation, systolic pulse variation, pulse pressure variation and the overall volume at
the end of diastole can be considered useful parameters
for assessing IAH patient response to fluid treatment,
when taking into account that the response thresholds
that distinguish responders from nonresponders can be
increased[38,39].
Chronic alcoholic pancreatitis (CAP) and SAP produce a SIRS which result in a highly catabolic, hyperdynamic and hyper-metabolic stress situation[40,41]. The
determining factor in patient recovery is previous nutritional status. Implementing total parenteral nutrition and
bowel rest has become the classic concept of treating
AP. Specialized nutritional support in PSAP, in its CAP
and SAP forms, should be utilized early, in the first 48 h
after initial resuscitation. If enteral nutrition cannot be
administered, due to intolerance to this nutrition, or if
it results in an exacerbation of SAP, parenteral nutrition
is indicated. SEMICYUC-SENPE (2011) Consensus: a
total caloric intake of 25-30 Kcal/kg per day, without
exceeding an glucose intake of > 4 g/kg per day, protein
intake of 1-1.8 g/kg per day and an intake 0.7-1.5 g/kg
per day of lipid. Emerging data suggest that the time,
quantity, route and composition of artificial nutrition
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aim to reduce pancreatic secretion, modulate inflammatory response, prevent and treat malnutrition associated
with a severe metabolic-catabolic situation, prevent the
development of systemic and local infections in pancreatitis patients[42-45]. In conclusion, nutritional support has
become one of the most important factors in the treatment and management of PSAP patients.
Owing to the systemic release of cytokines and pancreatic enzymes, SAP can affect most remote organs by
a systemic vascular response. By inhibiting pancreatic
secretion, somatostatin and its analogues have been used
in severe AP patients, due to their abilities to indirectly
reduce the activity of myeloperoxidase[46], reduce release
of inflammatory mediators[47], prevent ischemia-reperfusion injury[48] and prevent bacterial translocation[49,50].
Octreotide and its analogues have been recommended in
conventional treatment of SAP for a long time, though
the actual effects have been discussed[51]. Octreotide treatment is dose-dependent and its effect might be limited
by the blood-pancreatic tissue interface, e.g., by ischemia
and impaired microcirculation[52-54]. In a recent study,
continuous regional artery infusion (CRAI) with octreotide in SAP reduced the pancreatic amylase release into
peripheral blood, improved the effects of both local and
systemic inflammatory response[55], and confirmed the
achievement of octreotide beneficial effects locally in the
pancreas.
5-fluorouracil (5-Fu) is considered as an another
specific treatment, which has been tried in AP treatment
since the 1970s[56,57]. Essentially, 5-Fu can reduce the synthesis of pancreatic enzymes, or serve as a proteinase inhibitor[58]. Continuous regional arterial infusion with 5-Fu
can reduce the serum amylase levels in patients. A recent
study demonstrated that the combined use of octreotide
and 5-Fu, administered via CRAI, achieved a synergetic
effect in treatment.
The acute necrotizing pancreatitis-induced changes in
inflammatory factors and intra-abdominal pressure (IAP)
at the intestinal barrier were especially obvious at 6 h
post-induction, which is suggested to be an early therapeutic window for AP treatment. The normal value of
IAP in noncritical patients is < 0 mmHg and in critical
patients is < 12 mmHg. The increase in IAP or in intraabdominal hypertension (the pressure ≥ 12 mmHg) was
detected more than a century ago, which has been known
to lead to some alterations in the functioning of the organism[59-62]. The reduction of intra-abdominal pressure
is pivotal in preventing AP progress and organ failure,
which can be achieved by non-surgical clinical therapies
and/or surgical techniques. Non-surgical therapies used
to reduce IAP of intestinal contents include prokinetics
(erythromycin, neostigmine, metoclopramide), the gastric
or rectal probe, relaxation and sedation and the reduction
of the third space with diuretics exerted and/or kidney
dialysis techniques. If these options fail to reduce and
optimize IAP and abdominal perfusion pressure, surgical
management should be considered. Among the surgical
techniques, percutaneous drainage[63,64] or decompressive laparotomy[65,66] should be considered first in those
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cases where there is a quantity of free intraabdominal
fluid. If surgical techniques are performed and there is
no suspicion of infected necrosis, it is important that no
necrosectomy should be performed to prevent it from
occurring.
In the 1970s, a group of investigators first proposed
a change of strategy in the therapeutic approach of “reducing or mitigating the inflammatory process in the
pancreas”, by initially using peritoneal lavage[67,68]. With the
development of the medical technology, hemofiltration
played a critical role in removing inflammatory mediators
(IL-1, IL-6, tumor necrosis factor α, platelet-activating
factor and complementary fractions) in AP. They obtained
consistent data which support the beneficial effects of
hemofiltration on the clinical situation and recovery of
patients with SIRS or MOF, which conduces especially to
the stabilization of the hemodynamic and respiratory systems[69-72]. It is based on some fascinating arguments using
hemofiltration as a specific immunomodulating treatment
in SAP, such as the positive effect these techniques have
on maintaining cellular defense capacity, preventing the
development of infections and maintaining the function
of certain organs and, finally, improving the possibility of having a positive impact on the prognosis of SAP
patients. Early application of continuous veno-venous
hemofiltration promotes negative fluid balance and reduction of intra-abdominal hypertension in patients with
SAP, without any associated increased infection or mortality rate, and may reduce hospital stay[73].
Nevertheless, there is a consensus on the conservative
management of AP patients with sterile necrosis, which
is based on traditional medical treatment. Some published
studies advocate conservative treatment, even in patients
with infected pancreatic necrosis[74-77]. On account of
the high mortality rates for patients who are infected,
pancreatic necrosis is treated conservatively; this treatment is not advisable unless the patients refuse to adopt
pancreatic necrosectomy or are considered inoperable
due to some high comorbidities[78]. Radiologically guided
percutaneous catheters are applied, which is considered
as a “bridge” technique until a more specific treatment
can be applied and can obtain a beneficial effect for stabilizing patients who are too serious to tolerate any type of
necrosectomy[79]. In a systematic review of the literature
on the usefulness of percutaneous drainage as the sole
technique in the treatment of patients with pancreatic
necrosis, the use of this was found to be adequate for
some patients who may not require surgery. A recent
national study on patients undergoing surgery shows that
necrosectomy for patients with sterile necrosis is associated with increased mortality, meanwhile supporting conservative treatment unless a pancreatic or peri-pancreatic
infection is detected[80].
A fraction of patients with non-infected necrosis can
benefit from surgical treatment after the acute stage in
pancreatitis: (1) after several weeks of conservative treatment, patients who are still suffering from fever, nausea
and/or vomiting, lethargy and hyperamylasemia after
attempts to return to an oral diet, typically have large
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amounts of necrotic tissue with concealed retroperitoneal
infections that are objectified after debridement[81]; (2) patients who are suffering from postnecrotic rupture of the
main pancreatic duct, which is defined as “disconnected
duct syndrome”, are tributaries of surgical treatment[82];
and (3) organization of necrosis leads to biliary stenosis
and/or intestinal obstruction.
Pancreatic necrosis has two distinct phases, the early
and late phases, that indicate its dynamic process. The
conclusive evidence which advised against necrosectomy
of sterile necrosis[83,84] indicates that the best time to perform surgery is during the late phase, often after three or
four weeks from the disease onset, in which the necrosis
infection is common[79].
Minimally invasive pancreatic necrosectomy[85], which
is similar to open necrosectomy, has been developed in
surgical treatment, but remains controversial. One group
of surgeons support the management of AP, which relegates open necrosectomy to a secondary option after the
failure of a minimally invasive technique. On the other
hand, there is another group of surgeons who suggest
it as a complementary method of open necrosectomy,
which is only helpful for the management of waste collection after conventional surgical treatment. Currently
endoscopic techniques, with some exceptions, have
failed to demonstrate their superiority over conventional
techniques; however, the future of minimally invasive
techniques in the treatment of patients with infected pancreatic necrosis is promising, as long as the experience in
handling it increases and the new technology needed for
obtaining the best results appears[82,86].
Due to the physiological stress to patients with SAP
with infected necrosis, a laparotomy and open necrosectomy produces a further exacerbation called the “second
hit”, which brings an increasing mortality rate. Carter’s
group in Glasgow[87] described retroperitoneal approach
which is a classic lumbotomy adaptation for debridement of infected necrosis basically localized on the
(peri)pancreas. Some surgeons suggest that compared
with open necrosectomy, the operation using retroperitoneal access to the pancreatic area is a minimal access approach for drainage and debridement of infected pancreatic necrosis. Some studies report that this technique does
not increase the mortality rate of patients after surgery,
which can be applied as many times as necessary, and has
advantages over other access approaches.
In summary, patients with sterile necrosis may perform conservational treatment and necrosectomy can be
applied in the best time, and who with infected necrosis
should be treated surgically based on the clinical situation. Retroperitoneal approach pancreatitis necrosectomy
can be performed to reduce “second hit” compared with
open surgeries and mortality rate.

CONCLUSION
AP is a disease of high mortality, and thousands of studies about it have been reported in the world. Increased
knowledge of the AP may achieve more thorough un-

16142

November 21, 2014|Volume 20|Issue 43|

Feng YC et al . Study on acute pancreatitis

derstanding of the pathogenesis. The use of further
advanced diagnostic tools and superior treatment, potentially will help clinicians to manage AP at an appropriate
stage. However, in view of the multi factorial disease and
the complex clinical manifestations, the management of
patients with AP is an area for improvement.
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Abstract
Pancreatitis is an increasingly common and sometimes
severe disease that lacks a specific therapy. The pathogenesis of pancreatitis is still not well understood. Cal2+
cium (Ca ) is a versatile carrier of signals regulating
many aspects of cellular activity and plays a central
role in controlling digestive enzyme secretion in pan2+
creatic acinar cells. Ca overload is a key early event
and is crucial in the pathogenesis of many diseases.
2+
In pancreatic acinar cells, pathological Ca signaling (stimulated by bile, alcohol metabolites and other
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causes) is a key contributor to the initiation of cell
2+
injury due to prolonged and global Ca elevation that
results in trypsin activation, vacuolization and necrosis,
all of which are crucial in the development of pan2+
creatitis. Increased release of Ca from stores in the
intracellular endoplasmic reticulum and/or increased
2+
Ca entry through the plasma membrane are causes
of such cell damage. Failed mitochondrial adenosine
triphosphate (ATP) production reduces re-uptake and
2+
extrusion of Ca by the sarco/endoplasmic reticulum
2+
2+
Ca -activated ATPase and plasma membrane Ca 2+
ATPase pumps, which contribute to Ca overload.
Current findings have provided further insight into the
roles and mechanisms of abnormal pancreatic acinar
2+
Ca signals in pancreatitis. The lack of available specific treatments is therefore an objective of ongoing
research. Research is currently underway to establish
2+
the mechanisms and interactions of Ca signals in the
pathogenesis of pancreatitis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatitis; Calcium signaling; Pancreatic
acinar cells; Overload; Cell injury
Core tip: Calcium (Ca2+) overload is crucial in the pathogenesis of pancreatitis, which results in trypsin activation, vacuolization and necrosis. Such cell injury results
2+
from increased Ca released from intracellular endo2+
2+
plasmic reticulum Ca stores, increased Ca entry
2+
through the plasma membrane and Ca pump defects.
Current findings have provided further insight into the
2+
roles and mechanisms of Ca overload in pancreatitis.
The lack of specific treatments is a stimulus for ongoing research. This review summarizes recent advances
2+
in our understanding of Ca signaling in the pathogenesis of pancreatitis, and discusses how research has
guided our search for potential therapeutic targets.
Li J, Zhou R, Zhang J, Li ZF. Calcium signaling of pancreatic acinar
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INTRODUCTION
Pancreatitis remains a disease with significant morbidity
and lethality, and is typically caused by alcohol abuse or
complications arising from biliary disease[1]. The pathogenesis of pancreatitis is multi-factorial and has not yet been
clarified[2-5]. In recent years, several pancreatic mechanisms
have been proposed, such as trypsinogen activation[6],
pancreatic microcirculation malfunction[7], calcium (Ca2+)
overload[8-10] and inflammatory pathways[11-13]. Among
these various theories, Ca2+ overload is receiving increasing attention and is being extensively investigated in the
pathogenesis of pancreatitis[14]. Recent advances in our
understanding of Ca2+ signaling of pancreatic acinar cells
in the pathogenesis of pancreatitis are reviewed in this
article, including a discussion on how research has guided
our search for potential therapeutic targets.

PHYSIOLOGICAL AND PATHOLOGICAL
CA2+ SIGNALS IN PANCREATIC ACINAR
CELLS
As the most universal carrier of biological signals, intracellular Ca2+ is involved in the modulation of virtually
all cellular functions, from its origin at fertilization to its
end in the apoptotic process[15]. Intracellular Ca2+ acts
both as a first and a second messenger to control cellular
functions via regulating free-Ca2+ concentrations in the
cytoplasm, for example, controlling the contraction and
relaxation of muscles, and regulating secretion from exocrine glands[16]. Ca2+ signals elicited by physiological stimulation are transient and mostly localized in the granulecontaining apical pole, whereas sustained global elevation
of cytosolic Ca2+ concentrations can be fatal[17-19]. The
digestive enzymes produced by pancreatic acinar cells
are packaged in zymogen granules in the apical pole[20].
Physiological stimulation elicits proenzyme exocytosis
exclusively through the apical membrane[21]. Ca2+ overload causes inappropriate intracellular trypsin activation,
vacuolization and necrosis[20,22-26], which contribute to
subsequent cell injury and are often fatal in human acute
pancreatitis[27]. Pretreatment with pharmacological Ca2+
chelators or blockers was found to prevent premature digestive enzyme activation, vacuolization, skeletal disruption and acinar cell necrosis induced by Ca2+ overload[28].

RELEASE OF CA2+ FROM THE
ENDOPLASMIC RETICULUM
There are two types of G protein-coupled receptors local-

WJG|www.wjgnet.com

ized on the plasma membrane, namely, acetylcholine (ACh)
and cholecystokinin (CCK) receptors[8]. ACh is a secretagogue that activates phospholipase C (PLC) through ACh
receptor ligand binding, which in turn cleaves phosphatidylinositol 4,5-bisphosphate into the classic Ca2+-releasing
messengers inositol 1,4,5-trisphosphate (IP3) and diacylglycerol to mobilize Ca2+ and activate protein kinase C
respectively[29]. The other principal secretagogue in acinar
cells is the hormone CCK, which exists in multiple molecular forms, such as CCK8 and CCK58. CCK interacts
with its receptor and activates adenosine diphosphateribosyl cyclase to produce the novel Ca2+-releasing agent
nicotinic acid adenine dinucleotide phosphate (NAADP)
and cyclic adenosine diphosphate-ribose (cADPR).
There are two types of regulated Ca2+-release channels
localized on the endoplasmic reticulum (ER) membrane,
namely, the IP3 receptors (IP3R) and ryanodine receptors (RyR). IP3R are concentrated in the apical part of
the acinar cell and binding of IP3 activates gated Ca2+
channels to release intracellular stored Ca2+ from the ER,
which participates in the apical cytosolic Ca2+-spiking response to stimulation with physiological concentrations
of ACh[10,19,30,31]. RyR in the basal region of acinar cells are
activated by NAADP and cADPR, and oligomers form
gated Ca2+ channels to release intracellular Ca2+ from ER
stores[32] in response to stimulation with physiological
concentrations of CCK[33-35]. Intriguingly, the Ca2+ response mediated by RyR was observed in the apical pole
in mouse acinar cells and required functional IP3R, which
could be interpreted as co-localization and coordination
of RyR and IP3R[36].
Hyperstimulation with agents (in contrast to physiological stimulation) can induce acinar cell injury by IP3Rinduced release of Ca2+ from the ER. The Ca2+ increase
spreads from the apical pole to the basolateral part of the
acinar cell, and a sustained global Ca2+ elevation causes
pancreatitis-like cellular changes, such as abnormal intracellular enzyme activation, vacuolization and necrosis[20].
Treatment with IP3R inhibitors, such as caffeine and
2-aminoethoxydiphenyl borate, can reduce abnormal
Ca2+ signals and the probability of ethanol-induced pancreatitis, but the low affinity and multiple actions restrict
its therapeutic potential[37,38]. Hyperstimulation by CCK8
is specifically dependent on functional RyR, and induces
toxic pancreatitis-like changes as a result of sustained
global elevation of Ca2+ released from the ER. These aberrant Ca2+ signals and acinar cell injuries can be blocked
in vitro and in vivo by pretreating with RyR inhibitors[8,39].
Hyperstimulation by CCK also activates PLC, which
generates IP3 and elicits Ca2+ overload[20].
Although the ER is a large Ca2+ store in the basolateral part of pancreatic acinar cells, there are also extensive acidic Ca2+ stores present in the apical part, which
similarly release Ca2+ into the cytoplasm through IP3,
cADPR and NAADP signaling. Hyperstimulation from
bile acids and alcohol metabolites can elicit pathological
Ca2+ release from both the ER and acidic stores[40,41].
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STORE-OPERATED CA2+ (SOC) INFLUX
Another abnormal Ca2+ signal in the pathogenesis of
pancreatitis is extracellular Ca2+ entry, which is regulated
at the plasma membrane of acinar cells by SOC channels[42]. Under physiological conditions, CCK and ACh
induce the release of Ca2+ from the ER, followed by
Ca2+ extrusion from the cell, suggesting that SOC entry
is required to elevate intracellular Ca2+. The molecular
mechanism underlying these pancreatic Ca2+-entry channels is ill-defined. Current research suggests that Ca2+entry channels belong to the transient receptor potential
family, including Ca 2+ release-activated Ca 2+ channel
protein 1 (Orai1), transient receptor potential channel 1,
and stromal interaction molecule (STIM) 1[43,44]. Recent
studies indicate that STIM proteins serve as sensors,
are concentrated in the ER membrane, and monitor the
Ca2+ concentration in the ER lumen. When the luminal
concentration is reduced in response to secretagogue
stimulation, STIM proteins sense the changes, accumulate and translocate to the plasma membrane where they
co-localize with and activate Orai1 channels[45-48].
Orai1 channels are localized not only in the apical
part of acinar cells, but also in the basal and lateral membranes, which cover about 95% of the pancreatic acinar
cell surface[43]. Following ER Ca2+ store depletion, Orail1
interacts with STIM and activates SOC channels. The
wide distribution of Orai1 channels enables sustained
Ca2+ entry under physiological conditions, without the
need for local Ca2+ concentrations, and refilling of the
ER Ca2+ stores after agonist-elicited depletion[8]. However, Orai1 activity can result in an abnormal sustained
global Ca2+ elevation following pathological stimulation,
such as by high, toxic concentrations of CCK8, alcohol
and bile acid, which all elicit intracellular Ca2+ overload
that is mostly dependent on external Ca2+ influx[20,23,25].
Therefore, SOC entry may be crucial for the development of acute pancreatitis. Without external sustained
global Ca2+ entry, cellular injury does not occur[20,22-25,49].
Removal of external Ca2+ or abrogation of elevated Ca2+
with a Ca2+ chelator can protect acinar cells against abnormal changes, such as trypsinogen activation and vacuolization[20,25,49]. SOC channel blockers might therefore
be a possible therapeutic approach for the treatment of
acute pancreatitis[7].

CA2+ PUMP DEFECTS
Sarco/endoplasmic reticulum Ca2+-activated adenosine
triphosphate (ATP)ase (SERCA) is an ER Ca2+ pump
which actively re-uptakes Ca2+ into the ER lumen to
compensate for resting leakage into the cytosol[8,50]. Under normal physiological conditions, the elevation of intracellular Ca2+ can activate the SERCA pump[19,27,51], and
Ca2+ release elicited by stimulation is followed by Ca2+
re-uptake. The rate of uptake decreases as luminal Ca2+
concentration increases until the uptake rate equals the
resting leak rate[8]. Pathological stimulation by bile acids
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or fatty acids can elicit Ca2+ overload by inhibiting the
SERCA pump and depolarizing the inner mitochondrial
membrane, resulting in reduced ATP production, which
in turn lessens the ability of the SERCA pump to restore
ER Ca2+ stores[25]. Prolonged and uncompensated Ca2+
overload released from ER stores can cause thapsigargin
activation and vacuolization in pancreatic acinar cells,
which can be visualized directly[20].
All eukaryotic cells export Ca2+ through two pathways, the plasma membrane Ca2+-ATPase (PMCA; commonly called the Ca2+ pump) and the Na+-Ca2+ exchanger
(NCE), to prevent Ca2+ overload and for the maintenance
of intracellular Ca2+ at the appropriately low level[52,53].
The PMCA has high Ca2+ affinity but low transport capacity and is ATP-dependent. Any elevation of cytosolic
Ca2+ can activate the PMCA to rapidly extrude Ca2+ in
physiological conditions. Whereas ER-released Ca2+ is
localized in the apical part and Ca2+ entry occurs across
the basolateral surface, PMCA Ca2+ extrusion is confined
to a small apical region only, which restricts the PMCA
function as a fine-tuner of cell cytosolic Ca2+. Pathological stimulation can depolarize mitochondria and cause a
deficiency in ATP production, which inhibits Ca2+ extrusion and aggravates the cytosolic Ca2+ overload[24,54].
The NCE has a low Ca2+ affinity and is a high-capacity transmembrane protein of the plasma membrane
involved in Ca2+ homeostasis, and is especially important in excitable cells. Because of its high capacity, the
NCE can extrude Ca2+ at a much higher rate than the
PMCA, serving as the fast Ca2+ transporting system. For
example, activation of the NCE prevents Ca2+ overload
induced by pathological stimulation and cell death in
neurons. Inactivation of the NCE can cause neuronal
death, which can be visualized directly[55]. In pancreatic
acinar cells, the NCE is of little quantitative importance,
which explains why Ca2+ overloading is particularly dangerous in pancreatic acinar cells[19,27].
As another Ca2+ store, mitochondria also participate
in maintaining cytosolic Ca2+ homeostasis in pancreatic
acinar cells. Mitochondria surround the apical pole in a
perigranular belt, separating zymogen granules from the
basolateral part of the acinar cell, and are also positioned
just beneath the plasma membrane and surrounding the
nucleus[19,27,55-58]. The membrane potential across the inner mitochondrial membrane is the driving force behind
mitochondrial uptake of Ca2+ into the matrix through
the Ca 2+ uniporter, a Ca 2+-selective ion channel [59,60].
Mitochondria in pancreatic acinar cells play an important role in maintaining cytosolic Ca2+ homeostasis[56-58].
When cytosolic Ca2+ is elevated by physiological stimulation, mitochondria sense the Ca2+ in the environment
and take up Ca2+ via the Ca2+ uniporter[60]. Ca2+ spikes
released from the ER occurring in the apical region can
cause immediate Ca2+ uptake into the mitochondrial matrix, preventing further spread of the Ca2+ signal into the
basolateral part of the acinar cell, which contains the nucleus. Perigranular mitochondria function as a Ca2+ buffer barrier[8], causing Ca2+ uptake termination and Ca2+

16148

November 21, 2014|Volume 20|Issue 43|

Li J et al . Calcium signaling and pancreatitis

N

++
Ca

CCKR

N
SOC

C

++
Ca

PMCA

++
Ca

AchR

++
Ca
C

++
Ca
RyR

IP 3R
ER

++
Ca
SERCA

Mitochondrial

N

Figure 1 Diagram showing possible interventions for therapeutic targets of pancreatitis. Blockage of Ca2+ entry will probably depend on inhibition of the storeoperated Ca2+ (SOC) channel in the pancreatic acinar cell. Activation of plasma membrane Ca2+-adenosine triphosphate (ATP)ase (PMCA) and sarco/endoplasmic
reticulum Ca2+-activated ATPase (SERCA) would enhance Ca2+ extrusion from the cell and endoplasmic reticulum (ER). Intracellular Ca2+ release from the ER can be
prevented through inhibition of the inositol 1,4,5-trisphosphate receptor (IP3R) and ryanodine receptor (RyR). Preconditioning strategies could protect mitochondrial
function to ensure adequate ATP production extrusion by Ca2+ pumps and for pancreatic acinar cells to survive intact.

is the most likely explanation for why pretreatment with
Ca2+ chelators can limit the global and sustained elevation of Ca2+.

Table 1 Potential therapeutic targets
Potential therapeutic targets
Store-operated Ca2+ channel
IP3 receptor
Ryanodine receptor
SERCA
PMCA
Mitochondria

TARGETS FOR POTENTIAL THERAPY

IP3: 1,4,5-trisphosphate; PMCA: Plasma membrane Ca2+-adenosine triphosphate (ATP)ase; SERCA: Sarco/endoplasmic reticulum Ca2+-activated
ATPase.

removal via the mitochondrial NCE[61,62]. Mitochondrial
Ca2+ uptake activates Krebs cycle enzymes and drives
ATP production, supplying ATP for SERCA-mediated
Ca2+ re-uptake into the ER and PMCA-mediated Ca2+
extrusion[27,63]. Pathological stimulation that can induce
experimental pancreatitis, such as with bile salts, fatty acids and CCK or its analog, can depolarize the inner mitochondrial membrane, inducing further collapse of the
mitochondrial membrane potential and impairment of
ATP production[64]. This situation prevents perigranular
mitochondrial Ca2+ re-uptake and mitochondria cannot
buffer the apical Ca2+ elevation, causing the local Ca2+
signal to spread to the whole of the acinar cell[30]. Failure
of ATP production reduces the ability of the SERCA
and PMCA pumps to take Ca2+ back into the ER and
for extrusion, which contributes to Ca2+ overload. This
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To date, there is no specific treatment for either acute
or chronic pancreatitis[39,65-67]. The current therapy for
pancreatitis is limited to the inhibition of proteolytic
enzymes. Protease inhibitors have a modest preventative role in experimental animal models, however, they
fail to show therapeutic value in clinical treatment[68,69].
An aberrant increase in cytosolic Ca2+ is a key molecular
event in the pathogenesis of pancreatitis. Intracellular
Ca2+ overload is a major reason for pancreatic acinar
cell injury from toxin stimulation that induces pancreatitis[7,20,22-25,49]. Abnormal, prolonged, global Ca2+ signals
lead to premature enzyme activation, vacuole formation
and acinar cell damage. Thus, it is clinically relevant to
identify the targets of the aberrant Ca2+ signals[70]. New
avenues are required based on current findings in our
understanding of Ca2+ signaling in the pathogenesis of
pancreatitis (Figure 1). Possible interventions include:
(1) inhibition of Ca2+ entry pathways; (2) enhancement
of Ca2+ extrusion; and (3) inhibition of the primary Ca2+
release from the ER; and iv) protection of mitochondrial
function, which can serve as potential therapeutic targets
(Table 1). Recent progress in our understanding of Ca2+
signals of pancreatic acinar cells in the pathogenesis of
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pancreatitis now provides opportunities for the developments of better therapeutic approaches.
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Abstract
The introduction of colorectal endoscopic submucosal
dissection (ESD) has expanded the application of endoscopic treatment, which can be used for lesions with
a low metastatic potential regardless of their size. ESD
has the advantage of achieving en bloc resection with
a lower local recurrence rate compared with that of
piecemeal endoscopic mucosal resection. Moreover, in
the past, surgery was indicated in patients with large
lesions spreading to almost the entire circumference
of the rectum, regardless of the depth of invasion, as
endoscopic resection of these lesions was technically
difficult. Therefore, a prime benefit of ESD is significant improvement in the quality of life for patients who
have large rectal lesions. On the other hand, ESD is not
as widely applied in the treatment of colorectal neoplasms as it is in gastric cancers owing to the associated technical difficulty, longer procedural duration, and
increased risk of perforation. To diversify the available
endoscopic treatment strategies for superficial colorectal neoplasms, endoscopists performing ESD need to
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recognize its indications, the technical issues involved
in its application, and the associated complications.
This review outlines the methods and type of devices
used for colorectal ESD, and the training required by
endoscopists to perform this procedure.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectum; Endoscopic submucosal dissection; Short-term outcomes; Training, indication for
endoscopic treatment
Core tip: For treatment of superficial colorectal tumors,
endoscopists should be aware of the treatment strategies including the indications, technical issues, and adverse events of each technique. The most appropriate
treatment should be selected according to this information and in accordance with the accurate endoscopic
diagnosis. In terms of endoscopic submucosal dissection (ESD), the most serious complication is iatrogenic
perforation at a rate of < 3%. However, most of our
patients with this complication did not need emergency
surgery. Hence, ESD is considered a safe and appropriate procedure when performed by experienced endoscopists who have acquired the necessary technical skills
through adequate training.
Sakamoto T, Mori G, Yamada M, Kinjo Y, So E, Abe S, Otake Y,
Nakajima T, Matsuda T, Saito Y. Endoscopic submucosal dissection for colorectal neoplasms: A review. World J Gastroenterol
2014; 20(43): 16153-16158 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i43/16153.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i43.16153

INTRODUCTION
Endoscopic treatment for superficial colorectal neoplasms
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Figure 1 Indication for colorectal endoscopic submucosal dissection. LST: Laterally spreading tumors; G: Granular; NG: Non-granular; ESD: Endoscopic submucosal dissection; EMR: Endoscopic mucosal resection; HB: Hot biopsy.

has shown rapid progress in the past decade with the introduction of endoscopic submucosal dissection (ESD).
ESD is a state-of-the art technique that enables en bloc
resection regardless of the lesion size[1-4]. Before the advent
of this technique, snare polypectomy or endoscopic mucosal resection (EMR) using an electric snare was the most
popular procedure for local endoscopic excision. EMR is a
simple and safe technique and can be applied for lesions <
20 mm in size that require en bloc resection. If the lesion
size is > 20 mm, en bloc resection is usually difficult and
piecemeal resection[5-7], which has a high local recurrence
incidence and clinically is associated with an inaccurate
pathological evaluation, is performed. Patients who undergo piecemeal EMR require intensive colonoscopic surveillance with repeated examinations recommended every
12 mo. Hence, endoscopists should be knowledgeable of
the recent advances in treatment techniques for superficial
colorectal neoplasms to provide patients with the best care
available. This review outlines the methods and type of
devices used for colorectal ESD, and the training required
by endoscopists to perform this procedure.

INDICATIONS FOR ENDOSCOPIC
TREATMENT
Endoscopic treatment is recommended only for lesions
diagnosed as non-invasive tumors with a low metastatic
potential. The risk factors for lymph node metastasis are
as follows: poorly differentiated, signet-ring cell, and mucinous adenocarcinoma histological types; depth invasion;
lymphovascular invasion; and tumor budding[8]. Depth
invasion can be predicted using magnifying endoscopy
or endoscopic ultrasound prior to treatment. We believe
that pit pattern analysis using magnifying endoscopy has
the highest diagnostic accuracy and is helpful in the treat-
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ment selection process between endoscopic treatment
and surgery. Specifically, the invasive type Ⅴ pit pattern
with a clear demarcated area is crucial in the prediction
of submucosal deep (≥ 1000 μm) invasive cancer; patients with tumors that do not have an invasive pattern
are candidates for endoscopic treatment[9].
To make the appropriate treatment choice, we must
identify lesions that require en bloc resection. The morphological type is a very important factor and must be
taken into consideration when deciding the treatment
strategy (Figure 1). Laterally spreading tumors (LSTs) are
commonly used to describe flat or depressed type lesions.
LSTs are divided into 2 main types: granular (LST-G) and
non-granular (LST-NG) types. We know that LST-NG tumors ≥ 20 mm and LST-G tumors ≥ 30 mm have a significantly higher possibility of submucosal invasion and
require an en bloc resection for an accurate pathological
evaluation. Hence, ESD is indicated in these types of lesions. ESD is also indicated in lesions that are technically
difficult to treat with conventional EMR, which includes
those that are non-lifting after submucosal injection and
those that demonstrate local recurrence. Piecemeal EMR
is recommended in adenomatous lesions, diagnosed during pre-endoscopic examination, and are representative
of the LST-G homogeneous type.

ENDOSCOPIC SUBMUCOSAL
DISSECTION
Treatment devices
We used the water jet endoscope (PCF-Q260JI and GIFQ260J; Olympus Medical System Co., Tokyo, Japan).
When handling of the scope as the operator intends
during the ESD procedure is difficult due to the lesion
location or paradoxical movement, double-balloon colo-
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Figure 2 Devices used for colorectal endoscopic submucosal dissection in the National Cancer Center Hospital, Tokyo, Japan. A: Jet B knife; B: IT knife
nano; C: Short-type ST hood; D: Hemostat Y.

A long-lasting maintenance of submucosal elevation with
submucosal injection is therefore preferable. Considering this, we commonly use 2 solutions; Glyceol (10%
glycerin and 5% fructose; Chugai Pharmaceutical Co.,
Ltd., Tokyo, Japan) mixed with a small amount of Indigo
Carmine and epinephrine, and 0.4% sodium hyaluronate
solution (MucoUp; Seikagaku Corp, Tokyo, Japan)[13]. A
small amount of Glyceol is injected into the submucosal
layer to confirm the appropriate submucosal layer elevation first, and MucoUp is injected into the properly elevated submucosal layer next. Finally, a small amount of
Glyceol is injected again to flush any residual MucoUp[14].

Table 1 Output setting of VIO 300D for colorectal endoscopic
submucosal dissection in the National Cancer Center Hospital,
Tokyo, Japan

Mucosal
incision
Submucosal
dissection

Device

Cut mode

Jet B knife

Dry cut,
[E]3 100 W
Dry cut,
[E]3 100 W
Dry cut,
[E]3 100 W

Jet B knife
IT knife nano

Hemostasis

Hemostat-Y

Coagulation
mode

Forced coag,
[E]2 50 W
Swift coag,
[E]2 50 W
Bipolar,
[E]5 25 W

[E]: Effect; ESD: Endoscopic submucosal dissection.

noscope (EC-450BI, Fujifilm Corp., Tokyo, Japan) can be
used to provide precise control of the endoscope[10].
A ball-tip bipolar needle knife with water jet function
(Jet B knife; XEMEX Co., Tokyo, Japan) is used for mucosal incision and submucosal dissection in the initial part
of the procedure (Figure 2A). A notable characteristic
of this device is use of the bipolar current system, which
minimizes damage to deeper tissues and reduces the risk
of perforation[11,12]. Following that, an insulation-tipped
electrosurgical knife (IT knife nano, KD-612Q; Olympus
Optical Co., Tokyo, Japan), in which the insulation-tip is
smaller and the short blade is designed as a small disk to
reduce the burning effect on the muscular layer, is commonly used to shorten the procedure time (Figure 2B).
As for the distal attachment, we used the short-type
ST hood (DH-28GR and 29CR; Fujifilm Medical Co.,
Tokyo, Japan), which makes it easy to broaden the operator’s horizons and cut the submucosal layer due to its
characteristic tapering shape (Figure 2C).
Electrosurgical current generator
We used the ERBE VIO 300 D (Erbe, Tubingen, Germany). The output setting for ESD procedures is described in Table 1.
Submucosal injection
Maintenance of sufficient submucosal elevation with injection is crucial for the success of the ESD procedure.
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CO2 insufflation
Use of carbon dioxide (CO2) gas for insufflation of the
colonic lumen has been proven effective[15,16]. Insufflation of CO2 can reduce the risk of pneumoperitoneum
in cases of perforation and abdominal problems before
and/or after treatment.
Technique
The endoscopic submucosal dissection procedure see the
figure 3. We initiate the process in retroflex view because
the endoscope can be stabilized and handled better than
in the forward view. Then, after creating sufficient submucosal elevation by injection, the initial mucosal incision is
made with the Jet B knife from the distal side of the lesion.
It is usually difficult to insert the tip of the endoscope
into the submucosal layer immediately after the initial
mucosal incision. This is followed by trimming. The available cutting space is not enough to perform submucosal
dissection during trimming; the submucosal layer near the
mucosal layer is then carefully cut.
After securing a good visual field of the submucosal
layer, submucosal dissection is continued with the same
Jet B-knife. ESD is advantageous in that it allows good
recognition of the structures in the submucosal layer and
makes it possible to prevent bleeding by pre-coagulation
of vessels. If the vessel is thin, pre-coagulation is performed with cutting devices. On the other hand, if it is
a thick or pulsatile artery, coagulation forceps should be
applied. In our institution, Hemostat-Y forceps (H-S2518;
Pentax Co., Tokyo, Japan) were used in bipolar mode
(25 W) to control visible bleeding and minimize the risk
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Figure 3 Endoscopic submucosal dissection procedure. A: A flat elevated lesion (85 mm) located in the ascending colon. It was impossible to have a retroflex
view of this lesion; B, C: Submucosal injection of Glyceol and the first circumferential incision were initiated from the oral side of the lesion in the forward view. The
first cut was made with the Jet B knife; D: After the first circumferential incision, it was difficult to slide the top of the short-type ST hood into the submucosal layer. The
next step was to broaden the visual field by cutting the blue colored submucosal layer near the mucosa carefully (white dotted line); E-G: After step D, it was easy to
slide the top of the short-type ST hood into the submucosal layer; it then became easier to cut the submucosal layer. In this situation, the IT knife nano was useful for
a quick dissection of the submucosal layer; H, I: En bloc resection was achieved without any adverse events within 180 min.

of any burning effect on the muscle layer (Figure 2D).
Moreover, it is also possible to adjust the cutting line during submucosal dissection. In case of adenomatous lesions, the cutting line could be set near the mucosal layer
to reduce perforation. On the other hand, in lesions that
are possibly submucosal invasive cancer, it is necessary to
achieve R0 resection, and the cutting line should be set
deeper (near the muscularis propria) despite the higher
risk of perforation.
After obtaining an adequate visual field with the
process mentioned above, an IT knife nano is used for
continuous dissection. It knife nano, “blade” type knife
having longer useful section, could shorten the procedure
time compared with the “needle” type knife. Throughout
the procedure, repeated submucosal injections should be
added to maintain good submucosal elevation.
After the colorectal ESD was completed, a routine
colonoscopic review to detect any possible perforation or
exposed vessels was conducted, and minimum coagulation
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was performed using the hemostat-Y forceps on nonbleeding visible vessels to prevent postoperative bleeding.
Outcomes
The Japan Society for Cancer of the Colon and Rectum conducted a multicenter, observational study for all
patients treated by conventional endoscopic resection
and ESD for colorectal neoplasms exceeding 20 mm in
size from October 2007 to December 2010[17]. A total
of 816 lesions were treated by ESD and the short-term
outcomes were as follows. The mean lesion size was
about 40 mm in diameter. En bloc resection was achieved
in more than 90% of the cases, regardless of lesion size,
with a perforation rate of 2.0% and delayed bleeding rate
of 2.2%. None of the perforation cases needed emergency surgery as most iatrogenic perforations are very
small, and can be successfully closed with endoscopic clip
placement alone followed by intravenous antibacterial
therapy (nothing per os).
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Figure 4 Hybrid endoscopic submucosal dissection procedure. A: Flat elevated lesion (25 mm) located in the sigmoid colon; B, C: After submucosal injection
of Glyceol, a circumferential incision was made using the top of the snare; D: After an additional submucosal injection, the snaring technique was applied to achieve
complete removal; E: En bloc resection was achieved with no complications; F: Mucosal defect was completely closed using metallic endoclips.

TRAINING FOR ESD
The ESD procedure requires a high level of endoscopic
skill and experience because of the high risk of complications associated with the anatomical characteristics of the
colon. Therefore, a greater understanding of the learning
curve for ESD is required to standardize the training and
achieve wider acceptance of this technique. At our institution, endoscopists who intend to perform colorectal
ESD must meet the following prerequisites: a high skill
level in the non-loop insertion colonoscopy technique
(more than 10 cases of total colonoscopies completed
within 5 min without any patient complaints of abdominal discomfort), skill in conventional EMR or piecemeal
EMR techniques, experience with > 20 gastric ESD cases, and assisting during > 20 colorectal ESDs conducted
by experienced endoscopists[18]. However, in western
countries, gastric cancer is not as common as colorectal
cancer, and it may be difficult to introduce trainees to the
resection of this lesion as the first step of ESD training.
If required, trainees should begin with clinical training
for colorectal ESD for lower rectal lesions, which have
a lower risk of perforation and have a setting similar to
that of gastric lesions.
We reported the short-term outcomes of colorectal
ESD performed by less-experienced endoscopists[18,19].
In terms of the learning curve, they can perform it safely
and independently after preparatory training and experience with ≥ 30 cases. On the other hand, most of LST-G
tumors ≤ 40 mm were treated safely within 120 min procedure time, without any adverse events. Therefore, we
suggest that an LST-G tumor < 40 mm in size is likely to
be suitable for introducing trainees to ESD.

for ESD. It may enable en bloc resection or at least fewer
piecemeal resections for large colorectal neoplasms in a
manner that is both safe and relatively quick. The technique is simple; the first step is circumferential mucosal incision, and the next step involves placing the snare around
it via the circumferential incision and tightening it (Figure
4)[21,22]. However, this technique has limitations. From our
limited experience, it is often difficult to achieve en bloc resection in lesions ≥ 35 mm or LST-NG pseudo-depressed
type tumors, and therefore, we believe that hybrid ESD is
most suitable in lesions 20-30 mm in size.

CONCLUSION
Herein, we have described the outline for endoscopic
treatment of colorectal neoplasms. ESD is a reliable
method for achieving en bloc resection of relatively
large colorectal superficial neoplasms, with superior curability and allows for an accurate pathological evaluation
compared to piecemeal EMR. Moreover, colorectal ESD
has succeeded in reducing extensive surgery of mucosal
carcinomas and improving the overall quality of life for
most patients with lower rectal lesions. On the other
hand, associated technical difficulties and complications
such as iatrogenic perforation have affected worldwide
acceptance and generalization of this technique. Considering the technical difficulties associated with ESD, we
should select the treatment method according to tumor
characteristics identified by pre-treatment examination including magnifying endoscopy or endoscopic ultrasound.
Moreover, the technical difficulty encountered depends
on the macroscopic type of the lesions; treatment of the
LST-NG type lesion or local recurrence is generally more
difficult technically than that of the LST-G type[23,24].

ALTERNATIVE
Hybrid ESD, which was first reported as “endoscopic
resection with local injection of hypertonic saline-epinephrine” by Hirao et al[20] in 1986, is considered an alternative
WJG|www.wjgnet.com
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pathways of carcinogenesis. Somatic mitochondrial DNA
(mtDNA) mutations and variable mtDNA copy number
are involved in gastric tumorigenesis. The aim of this
article is to review the growing literature on the mtDNA
changes in gastric carcinomas and in their precancerous conditions. Furthermore, the authors describe
which research questions remain unexplored, and suggest future research directions.
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Abstract
Gastric cancer is the second most frequent cause of
cancer death worldwide. Patients infected with Helicobacter pylori (H. pylori ) are at increased risk of gastric
cancer. H. pylori induces genomic instability in both
nuclear and mitochondrial (mt) DNA of gastric epithelial cells. Changes in mtDNA represent an early event
during gastric tumorigenesis, and thus may serve as
potential biomarkers for early detection and prognosis
in gastric carcinoma.This review article summarizes the
mtDNA mutations that have been reported in gastric
carcinomas and their precancerous conditions. Unexplored research topics, such as the role of mtDNA
alterations in an alternative pathway of gastric carcinogenesis, are identified and directions for future research
are suggested.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric carcinoma; Precancerous lesions;
Histopathology; mtDNA; Molecular biology
Core tip: Gastric cancer is a heterogeneous disease
with multiple environmental etiologies and alternative
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INTRODUCTION
Mitochondria are cytoplasmic organelles that play an
essential role in numerous biological processes such as
ATP production, iron and calcium homeostasis, production of reactive oxygen species, autophagic cell death
and apoptosis[1]. Mitochondrial (mt) DNA was initially
considered to be naked, unprotected, and vulnerable to
injuries. However, recently several works have shown
that mtDNA is protein-coated and packaged into aggregates called nucleoids[2-3]. Nucleoids are also important
for the biogenesis of mtDNA, as they contain proteins
that mediate DNA replication, repair, and recombination[4-5]. Human mtDNA is a 16.6-kb double-stranded
closed-circular DNA molecule, and a few hundreds to
several thousand copies of mtDNA are present in each
cell[6-7]. It contains 37 genes, including the structural genes
for 13 polypeptides of the electron transport chain involved
in oxidative phosphorylation, two ribosomal RNAs, and a
complete set of 22 tRNAs that are required for translation
of the mtDNA-encoded mRNAs[8]. In addition, mtDNA
contains a non-coding region: the displacement loop (D-
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Figure 1 Intestinal-type adenocarcinoma. Intestinal metaplastic epithelium is adjacent to the carcinoma (A), diffuse-type carcinoma composed of signetring cells showing foamy cytoplasm and an eccentrically located nucleus (B).

loop) that controls both replication and transcription [9].
Generally, each human cell contains several hundred to
1000 mitochondria, and each mitochondrion has 2-10 copies of mtDNA. Somatic mtDNA mutations occur randomly, both in the non-coding D-loop region and the coding
genes, increase with age, and can affect all mtDNA copies
within a cell (homoplasmy) or only some (heteroplasmy)[10,11].
Homoplasmy or a high degree of heteroplasmy are needed
so that a mutation results in an observable mutated cellular
phenotype[10]. How mtDNA regulates the tumorigenesis
process has not been clearly defined, but current evidence
suggests that mutation, reduction, or deletion of mtDNA
lead to defective oxidative phosphorylation, increased reactive oxygen species production, induction of the glycolytic
pathway, and increased expression of prosurvival proteins,
which ultimately results in cancer proliferation and tumorigenesis[12]. Therefore, modulation of mtDNA content in
cancer is important for understanding the disease process.
Gastric cancer is the second leading cause of cancer
death and the fourth most common malignant tumour
in the world. The reason for fatality of gastric cancer is
mainly due to late diagnosis and lack of programs for early
detection; thus, identification of early events in gastric carcinomas is a challenging task[13,14]. Gastric carcinoma is a

heterogeneous disease with several epidemiological and
histopathological characteristics. This tumour is classified
anatomically as proximal (also known as cardia) and distal (also known as noncardia). This classification seems
to distinguish two clinicopathologic entities[15-17]. The
risk factors positively associated with cardial adenocarcinoma include obesity, hiatal hernia and reflux gastroesophagitis, whereas Helicobacter pylori (H. pylori) infection
appears to be the main causative agent for distal gastric
adenocarcinomas[15,18,19]. Pathologically, distal gastric carcinoma may be distinguished according to the Laurèn
classification[20] as intestinal or diffuse subtypes. Recently,
a gastric-type differentiation has been demonstrated in
some cases of intestinal-type adenocarcinomas[21-24], but
the introduction of these new terms may be a source of
semantic confusion, particularly with clinicians.
This review article discusses controversies regarding
histogenesis and classification of distal gastric cancer. In
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addition, it summarizes the mtDNA changes that have
been reported in gastric carcinomas and their precancerous conditions. Future research directions on the role of
mtDNA in gastric carcinogenesis are suggested.

CLASSIFICATION AND PATHOLOGY OF
DISTAL GASTRIC ADENOCARCINOMAS
Based on histopathological features, several classification
systems of gastric cancer have been proposed. The two
most commonly used classifications are the Lauren’s[20]
and the World Health Organization (WHO) systems[25].
The WHO classification distinguishes five major types of
gastric carcinoma. This is based on the predominant morphologic component of the tumour and includes: papillary, tubular, mucinous, poorly cohesive (including signetring cells and other variants) and mixed carcinomas. In
Lauren’s classification, gastric adenocarcinomas are divided
into two main types: intestinal (Figure 1A) and diffuse
(Figure 1B). Intestinal adenocarcinomas usually arise in
an older population with an increased incidence in men
(male/female ratio of 2:1)[15]. These tumours have the gross
appearance of an exophytic mass, and histologically show a
glandular structure resembling the glandular pattern of the
intestine, although some solid or papillary areas are often
present. Diffuse-type carcinomas do not show gender
predominance, tend to develop in younger subjects, and
have a poorer prognosis than intestinal-type tumours.
Grossly, these tumours appear as ulcerative lesions or
involve the entire thickness of the stomach wall, causing the thickening and increased firmness that has been
called “linitis plastic”. Histologically, they are made up
either of separated single cells with or without signet
ring cell configuration or small aggregates of malignant
cells with little or no gland formation[15,26]. It is thought
that diffuse-type gastric carcinomas develop through the
loss of function of E-cadherin, as germline mutations of
the CDH1 gene (encoding E-cadherin) have been found in
30%-40% of hereditary diffuse gastric cancer cases. Furthermore, CDH1 is also frequently inactivated in sporadic
diffuse-type gastric cancers through genetic and epigenetic
alterations[27-33]. A neoplastic precursor lesion associated
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Figure 2 Gastric-type adenocarcinoma showing a papillary growth pattern admixed with a poorly differentiated component. Neoplastic glands are
lined by cuboidal to tall columnar cells showing clear mucinous cytoplasm and
basally oriented enlarged nuclei.

with the development of diffuse-type gastric cancer, and
familial gastric cancer related to E-cadherin mutations, is
usually referred to as “tubule neck dysplasia” and consists
of signet ring cells that line the deep foveolar pits in a pagetoid fashion without mucosal involvement[34-36]. However,

this lesion is rarely found and is not readily recognizable.
Distinctive clinicopathological features of intestinal and
diffuse type of gastric carcinoma are shown in Table 1.
Recently, a new classification of gastric carcinomas
based on mucin expression has been proposed[21-24]. Intestinal gastric carcinomas were reclassified as gastric or
intestinal phenotype on the basis of mucin expression
by surface mucous cells, glandular mucous cells, and intestinal columnar and goblet cells[21-24,37]. Histologically,
gastric-type adenocarcinoma shows a papillary growth
pattern in the upper portion and irregular branching/fusion in the deeper portion. Papillary projections are lined
by columnar cells with clear mucinous cytoplasm and
basally oriented enlarged vesicular nuclei with prominent
nucleoli (Figure 2). Tajima et al[22] showed that gastrictype adenocarcinomas were significantly associated with a
high risk of peritoneal recurrence and a poorer outcome
after surgical resection compared with those with intestinal phenotype adenocarcinoma. Immunohistochemically,
gastric type adenocarcinoma is positive for MUC5AC,
and negative for CD10 and MUC2. Instead, intestinaltype adenocarcinoma is positive for CD10 and MUC2
and negative for MUC5AC[23,24]. Diffuse-type carcinoma
shows a variable positivity for MUC1, MUC2, MUC5AC
and MUC6[26].
The main clinicopathologic features of gastric-type
adenocarcinoma compared to intestinal and diffuse type
carcinomas are shown in Table 1.

H. PYLORI, MTDNA COPY NUMBER AND
GASTRIC CARCINOGENESIS
Several studies show that both intestinal and diffuse types
of gastric cancer are equally associated with H. pylori
infection[15]: a Gram-negative bacterium classified as a
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Class Ⅰ carcinogen by the WHO [38]. However, only a
subset, 1%-2% of infected individuals develop gastric
malignancies[15]. Clinical outcome of H. pylori infection
may be correlated with specific virulence-associated
bacterial genotypes such as cagA and VacA s1/m1. This
genetic variability of H. pylori has been extensively studied in numerous laboratories and results have been summarized in previous publications[39-41].
Experimental studies investigating the role of H.
pylori on the mitochondrial genome of gastric epithelial
cells have recently been reviewed by Strickertsson et al[42].
H. pylori infection has been associated with an increase of
mtDNA mutations both in the mitochondrial D-loop region and in several genes encoding subunits of the electron
transport chain [43,44]. Deletion/insertion mutations have
been described in the D-loop region[43,45,46]. The increase in
the number of mutations was mainly attributed to a rise of
transitions, possibly a consequence of oxidative damage,
and was correlated with bacterial virulence-associated cagA
and vacA s1/m1 genotypes[43]. mtDNA D-loop mutations
may provoke a decrease in the copy number of the mitochondrial genome and alteration in gene expression. mtDNA depletion is a common event in gastric cancers[47,48].
Over 55% of gastric cancers have a lower mtDNA copy
number than their corresponding non-tumoural gastric mucosa[47,48]. These results suggest that the mtDNA mutations
in the D-loop region, due to H. pylori infection, contribute
to the decrease in the mtDNA copy number in gastric
cancer. Recently, Zhang et al[49] demonstrated that variable
mtDNA content (either decreased or increased mtDNA
content) markedly increased the risk of lymph node
metastasis and high mortality in patients with advanced
gastric carcinomas. These observations suggest that copy
number variations of mtDNA may be involved in gastric
cancer progression. However, the disparity of these findings in the alteration of mtDNA copy number among
gastric carcinomas needs further study.

GASTRITIS CLASSIFICATION
The most widely used grading system for gastritis is the
Update Sydney System[50]. The system classifies chronic
gastritis on the basis of topography, morphology, and,
when possible, etiology. Topographic information provides further opportunities for assessing the risk of H.
pylori gastritis. These are: (1) the predominance or restriction of H pylori-related gastritis in the antrum strongly
correlates with an increased risk of peptic ulcer disease,
and of duodenal ulcer in particular; and (2) the occurrence of corpus-predominant or pangastritis is associated
with a high risk of gastric cancer[30]. In particular, patients
with pangastritis are at high risk of diffuse-type gastric cancer, whereas those with corpus-predominant gastritis are at
high risk of intestinal type gastric cancer (Table 1)[51].
An international group of gastroenterologists and
pathologists [the Operative Link for Gastritis Assessment
(OLGA)] has proposed a system for reporting gastritis
in terms of stage (the OLGA Staging System)[52]. The
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Table 1 Clinicopathologic features of intestinal, gastric and diffuse types of distal gastric adenocarcinomas

Age
Sex
(Male: Female)
Precancerous condition

Precancerous lesion
Gross feature
Microscopy

Immunohistochemistry
Liver metastasis
Peritoneal spread
Malignant potential

Intestinal-type adenocarcinoma

Gastric-type adenocarcinoma

Diffuse-type carcinoma

Old age

Old age

Young age

2:1
Corpus-predominant
gastritis with intestinal
metaplasia
Intestinal-type adenoma

Unknown data
Corpus-predominant
Gastritis with pseudopyloric
metaplasia
Pyloric-gland adenoma

1:1
Pangastritis

Exophytic lesion

Exophytic lesion

Tubulopapillary glands
lined by columnar cells
with eosinophilic cytoplasm
CD10 and MUC2
immunoreactivity
Frequent
Rare
Low

Tubulopapillary glands lined by columnar
cells with clear mucinous cytoplasm
MUC5AC
immunoreactivity
Rare
Frequent
High

OLGA system considers gastric atrophy as the lesion that
indicates disease progression. Atrophy is distinguished
in a non-metaplastic (shrinkage or complete disappearance of glandular units, replaced by expanded (fibrotic)
lamina propria) and a metaplastic form including intestinal metaplasia and pseudopyloric metaplasia also known
as spasmolytic polypeptide-expressing metaplasia . The
OLGA staging system ranks gastric cancer risk according to the extent and severity of gastric atrophy and includes 5 stages: 0, Ⅰ, and Ⅱ, or low-grade atrophy associated with a low risk of gastric cancer, and Ⅲ and Ⅳ, or
high-grade atrophy associated with a high risk of gastric
cancer[52]. The histopathological diagnosis of pseudopyloric metaplasia requires the endoscopist to communicate a correct identification of the location of the biopsy
specimen in the body mucosa otherwise the pathologist
considers antral-like mucosa as non-metaplastic[53]. As
atrophic gastritis and pseudopyloric metaplasia remain
difficult histopathologic diagnoses with low interobserver agreement, a gastritis staging system has recently
been proposed as an alternative to the OLGA (OLGIM
system)[54]. In the OLGIM system only intestinal metaplasia is considered as the key lesion to score for staging
purposes[54]. Although replacement of atrophic gastritis
by intestinal metaplasia in the staging of gastritis considerably increases interobserver agreement, the OLGIM
system disregards pseudopyloric metaplasia that is now
recognized as an important step in the tumorigenesis of
gastric-type adenocarcinoma. By focusing on intestinal
metaplasia only, the OLGIM system might be less sensitive in identifying patients with high-risk gastritis[55].

HISTOGENETIC PATHWAY OF
INTESTINAL-TYPE GASTRIC
CARCINOMA
According to the Correa model, histogenesis of intestinal
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Tubular-neck dysplasia:
signet-ring cell in situ
Ulcerative lesion and
linitis plastic
Discohesive cells or signet ring cells

Variable positivity for MUC1, MUC2, MUC5AC,
MUC6
Rare
Frequent
High

type gastric cancer follows a pathway of chronic active
gastritis due to H. pylori infection leading to multifocal atrophy, intestinal metaplasia, followed by gastric dysplasia
and finally invasive adenocarcinoma[15]. Previous studies[56-58]
showed a sequential accumulation of mitochondrial microsatellite instability (MSI) in the histological progression
from chronic gastritis to cancer via intestinal metaplasia and
dysplasia. These findings suggested an important role of
mtMSI in the progression of gastric carcinogenesis. Recent
studies[59] using mtDNA mutations as a marker of clonal
expansion demonstrated that intestinal metaplastic epi-

thelium shares a common mtDNA mutation and spreads
by fission: a process characterized by a bud arising from
the isthmus/neck region that continues until a new gland
and foveolus is formed. Furthermore, they showed that
dysplasia can arise from a single clone of mutated intestinal metaplastic glands and expand to form the entire
dysplastic lesion[60]. These morphologic and mtDNA
findings strongly support Correa’s hypothesis of intestinal-type gastric carcinogenesis[15].

ALTERNATIVE PATHWAYS OF GASTRIC
CARCINOGENESIS
However, recent studies based on minute EGC less than
3 mm in diameter have not confirmed the association
between intestinal metaplasia and intestinal type gastric
cancer[61]. Some authors consider intestinal metaplasia a
paracancerous lesion rather than a precancerous condition,
a withered branch in the histogenetic evolution of gastric
carcinoma [62,63]. Detailed mapping studies of resected

stomachs from patients with intestinal-type gastric cancer have shown that atrophic gastritis, but not intestinal
metaplasia, is present in every case[64,65]. Gastric atrophy
therefore appears to be a better indicator of gastric cancer risk than intestinal metaplasia. Atrophy is generally
present as either a multifocal or a diffuse pattern in gastric
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A

B

Figure 3 Gastric adenoma of intestinal type (A), dysplastic epithelium shows mild architectural changes with little branching or irregularity (left, note
prominent lymphoid follicle in the adjacent non-neoplastic mucosa (right), alcian bleu- periodic acid Schiff; A few small goblet cells are scattered among
columnar cells showing elongated nuclei (B) (Alcian blue- periodic acid Schiff).

tissue and is, by definition, associated with the presence of
pseudopyloric metaplasia[66,67]. This type of metaplasia may
be a consequence not only of H. pylori corpus-dominant
gastritis, but also of autoimmune gastritis, where disruption
of oxyntic glands is due to lymphocytes. Pseudopyloric

metaplasia is more strongly associated with gastric cancer than intestinal metaplasia and might be the precursor
to the cancerous lesion[64-66]. In some mouse models of
gastric cancer, classic intestinal metaplasia seen in humans is not observed, whereas pseudopyloric metaplasia
clearly precedes and gives rise to gastric cancer[68]. The
precancerous condition of pseudopyloric metaplasia has
also been confirmed in patients who developed remnant
carcinomas 16-20 years after a previous gastrectomy[69].
In experimental models, where chronic inflammation
is absent, pseudopyloric metaplasia does not progress
to dysplasia or neoplasia, suggesting that pseudopyloric
metaplasia per se may not be precancerous in the absence
of inflammation. To our knowledge, there are no biomolecular studies regarding the role of mtDNA mutation in
pseudopyloric metaplasia.

GASTRIC ADENOMA:
RECLASSIFICATION BASED ON
CLINICAL, MORPHOLOGIC AND MTDNA
FINDINGS
To elucidate the role of mtDNA mutations in gastric carcinogenesis, we analyzed mutations in the D-loop region
of mtDNA in 24 paraffin-embedded gastric adenomas
from a high gastric cancer risk area in northern Italy[46].
H. pylori infection was assessed by histological examination (Giemsa staining). The gastric adenomas were divided
into two groups by their association with H. pylori gastritis.
Group A with lesions arising on a background of H. pyloripositive gastritis contained 7 patients, and group B with
lesions associated with H. pylori-negative gastritis contained
17 patients. Group A had a larger proportion of high-grade
lesions than group B and showed a foveolar phenotype.
Group B had a larger proportion of cases with mtDNA
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D-loop mutations than group A and exhibited an intestinal
phenotype. Our data provide evidence for the morphologic
and mtDNA biomolecular heterogeneity of gastric adenomas[46]. Further studies confirmed clinical and morpho-

logic heterogeneity in gastric adenomas[37,70-76]. Phenotypically, the majority of gastric adenomas belong to the
intestinal type (containing goblet cells, absorptive cells,
Paneth cells, and/or columnar cells with various degrees
of differentiation) (Figure 3). Gastric-type adenomas are
predominantly composed of pyloric gland mucous cells
(pyloric gland adenomas) or foveolar-like cells (foveolartype adenomas)[37,70-75]. Pyloric gland adenomas occur predominantly in old women; they tend to arise in the corpus mucosa of the stomach, showing close association
with pseudopyloric metaplasia of fundic glands[70-75]. Histologically, pyloric gland adenomas are composed of pyloric glands-type tubules that are not fused and are lined
by a monolayer of cuboidal to low columnar epithelial
cells containing clear cytoplasm or pale eosinophilic cytoplasm (showing a ground glass appearance) without
an apical mucin cap[69-70,73-74]. The nuclei tend to be round
and usually lack prominent nucleoli. Immunohistochemically, pyloric gland adenomas are positive for MUC6 (pyloric gland marker) with variable MUC5AC (foveolar cell
marker) stain. MUC2 and CD10 are generally negative[74].
Taken together, these studies confirm that intestinaltype adenomas may represent a step towards malignant
transformation of intestinal-type adenocarcinoma, according to Correa’s cascade, but suggest that gastrictype adenomas represent a distinct evolutionary pathway
of gastric carcinogenesis. Thus, it is plausible that each
metaplasia gives rise to a distinct type of differentiated
gastric adenocarcinoma; e.g., classic intestinal metaplasia
could evolve into intestinal-type gastric adenocarcinoma,
according to Correa’s hypothesis, whereas it is possible
to suggest a histogenetic sequence: pseudopyloric metaplasiagastric-type adenoma -gastric-type adenocarcinoma.

CONCLUSION
Gastric adenocarcinoma is a heterogeneous disease with
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alternative pathways of carcinogenesis. This review article
reveals that most research efforts regarding mtDNA alterations focus on gastric carcinogenesis according to the
Correa model. Further studies are needed to define with

greater clarity the possible role of mtDNA mutations in
alternative pathways of gastric carcinogenesis, such as
pseudopyloric metaplasia-gastric type adenocarcinoma.
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Abstract
Liver regeneration after major surgery may activate occult micrometastases and facilitate tumor growth, leading to liver tumor recurrence. Molecular changes during
liver regeneration can provide a microenvironment that
stimulates intrahepatic tumor propagation through
alterations in cellular signaling pathways, where activation and proliferation of mature hepatocytes, hepatic
progenitor cells, non-parenchymal liver cells might
favor both liver regeneration and tumor growth. This
review highlights recent advances of tumor growth and
development in the regenerating liver, possible mechanisms and clinical implications.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatocellular carcinoma; Colorectal cancer; Recurrence; Liver regeneration; Hepatic progenitor cell; Epithelial to mesenchymal transition
Core tip: The liver has a unique capacity for regeneration after cellular damage or partial removal of tissue,
and modern liver surgery relies on this property. Liver
regeneration is a complex process involving a large
array of growth factors, cytokines and cells to restore
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hepatic mass and function. Experimental and clinical
data indicate that the regeneration signals facilitate
the growth of both primary and secondary liver tumors
and can alter their malignant potential. This is an important mechanism underlying recurrence after liver
surgery. New therapeutic strategies founded on better
insight into the relationship between liver regeneration
and tumor biology are needed.
Shi JH, Line PD. Effect of liver regeneration on malignant hepatic
tumors. World J Gastroenterol 2014; 20(43): 16167-16177
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i43/16167.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i43.16167

INTRODUCTION
Malignant liver tumors can be classified into primary cancers and secondary (metastatic) tumors. Hepatocellular
carcinoma (HCC) is the most common primary malignancy
of the liver, accounting for 70%-85% of the total liver cancer cases, is the leading cause of death amongst cirrhotic
patients and the third leading cause of cancer mortality
worldwide[1-4]. The prognosis of HCC without specific
treatment is poor with median survival of early and advanced HCC being 6-9 mo and 1-2 mo, respectively[5]. In
developed countries 30%-40% of HCC patients are now
being diagnosed at earlier stages when curative treatments
can be optimally applied[6-8]. Liver surgery, including liver
resection and liver transplantation (LTx), are the primary
curative options from an intention-to-treat perspective
for HCC with an overall 5-year survival rate of 40%-70%
after resection and a superior 5-year overall survival after
liver transplantation above 70% in well-selected candidates[7-12]. Although liver surgery can achieve long-term
control in some patients with early HCC, tumor recurrence rates are high at approximately 50% at 3-years observation after hepatic resection[13].
The majority of malignant liver tumors in western
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countries are metastatic tumors. Colorectal cancer (CRC)
is the third most common cancer[1] and the fourth leading
cause of cancer deaths worldwide[14,15]. javascript:newshowcontent (“active”, “references”); The liver is the most
frequent and often unique site of metastasis (colorectal
liver metastases - CLM) and are present at diagnosis of
CRC in about 30% of patients (synchronous) and in
about 40% of patients after aggressive surgery on the
primary tumor (metachronous) [16,17]. Modern surgical
techniques and chemotherapy can improve the five-year
survival rate for selected patients with CLM, but intrahepatic recurrence after liver resection occurs in 40%-60%
of patients, usually within 12-18 mo postoperatively[18,19].
Although some patients may benefit from more aggressive approaches when recurrence is still observed in
the liver, this is generally associated with a poor outcome
in most of cases owing to multi-centricity or inadequate
functional liver reserve if a resection were to be attempted[20-23]. The high frequency of tumor recurrence following liver surgery is still a significant clinical problem
impairing the long-term survival.
Accumulating clinical and experimental studies have
suggested that liver regeneration following surgical resection may activate occult micrometastases, facilitate
tumor growth and thereby contribute to tumor recurrence[16,24-27]. Similarly, an enhanced tumor growth rate has
been reported following portal vein embolization when
performed as a preparation to liver resection[28]. The association between the development of micrometastases,
neoplastic progression and the factors involved in liver
regeneration that particularly promote neoplastic progression are only partly understood. It is therefore necessary
to investigate mechanisms of recurrent liver tumor in the
regenerating liver, in order to find strategies for suppressing tumor recurrence after surgery.

CLINICAL AND PATHOLOGICAL
CHARACTERISTICS OF RECURRENT
LIVER CANCER
The liver accounts for 30%-91% of recurrent HCC and
40% of CRC metastases after surgery[18,29-31]. The presence of satellite lesions, intrahepatic microvascular invasion and poor histological differentiation are markers for
recurrence and a bad prognosis[11,32]. There are two distinct categories of recurrences: undetected micrometastasis due to multicentric tumor or “de novo” cancer arising
as a result of an underlying carcinogenic liver disease in
the liver remnant[11,30,31,33].
This distinction may have significant prognostic and
therapeutic implications, but it can be difficult to make
a differentiation between the two types in individual
patients. In general, recurrence due to residual tumors
missed at initial workup or incomplete resection margins
usually occur earlier, well within the first 24 postoperative
months, and the shorter the time frame from primary
operation to diagnosis of relapse, the worse the prog-
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nosis[34]. Patients with multicentric primary liver cancer
presenting with a late solitary recurrence and good liver
function, can after thorough evaluation appear to be
good candidates for re-resection, as opposed to patients
with intrahepatic metastases, which are often multifocal[31]. Further studies based on a systematic analysis of
both recurrent and primary tumors may help to clarify
this issue[35,36].

LIVER SURGERY AND POSTOPERATIVE
LIVER REGENERATION
Liver surgery, including liver resection and in selected
cases LTx, as well as radiofrequency ablation (RFA), are
the first-line options for early HCC and limited CLM.
Liver resection may be performed when there is a sufficient functional reserve in the liver remnant, no extrahepatic metastases and no severe portal hypertension.
Since 1996, orthotopic LTx[37] has been the preferred
treatment for small HCC developed in cirrhosis as it
cures both the tumor and the cirrhosis[38,39]. Living-donor
transplantation is an alternative, which enables patients
to avoid the long waiting time before LTx and is a more
effective approach to reduce the dropout rate from the
waiting list[40]. Despite that CLM is still considered an
absolute contraindication for liver transplantation, recent
single center experience have shown that patients with
CLM can achieve long-term survivals of 95%, 68% and
60% at 1, 3 and 5 years respectively[41]. RFA has become
the most frequently used form of ablative therapy[42].
The main advantage of RFA is the ability to treat a variable number of liver lesions, and to increase resectability
rate by combining RFA with resection if several lesions
throughout the parenchyma have to be removed simultaneously[43]. RFA achieves a local complete response
rate of more than 80%[44] , improves the overall survival
compared with other modalities such as chemotherapy
or percutaneous ethanol injection[45,46], and has in selected series demonstrated a similar 5-year survival rate as a
primary liver resection[47].
Liver regeneration is a reparative process following parenchymal damage or surgical resection of the liver[48]. The
compensatory process of hepatic regeneration involves
numerous cells and molecules (cytokines and growth factors) that mediate their role through multiple molecular
pathways[48-52] (Table 1).
The progression of liver regeneration is segmented
roughly in three phases: priming (G0 to G1 phase), proliferation (G1 to M phase) and termination. Liver regeneration progression is highly coordinated by the signal communication between hepatocytes and non-parenchymal
cells, and is also influenced by endocrine factors, sympathetic intervention, and blood perfusion of the liver. The
process of restoration of liver volume is initiated by the
replication of various types of intrahepatic cells. Replication of hepatocytes generally starts within 1 d after major
resection in both rodents and humans. This is predominantly due to that the hepatocytes go from the quiescent
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Table 1 Sum-up of signal molecules involved in liver regeneration
Regeneration
Phases
Priming stage

Proliferation
stage

Termination
stage
Others

Molecular factors

Origin

Targets and Effects

Involved Signalling pathways

Nitric oxide, prostaNPLCs
glandins, tumor necrosis factor, interleukin 6
HGF
HSCs and other NPLCs, hepatocytes;
mesenchymal cells
TGF-a
Hepatocytes, HSCs
EGF
Salivary glands in intestine and
pancreas
IGF
Hepatocytes, NPLCs
PDGF
Hepatocytes
VEGF

Trigger of liver regeneration, sensitiz- NF-κB, JAK/STAT3 and MAPK
ing hepatocytes to growth factors for
signaling pathway
replication
Cooperative effects allow the hepatoHGF/cMet signaling pathway
cytes to overcome cell-cycle
Checkpoint-controls and transition of EGFR signaling pathway IGF-1R
hepatocytes from G0, through G1, to
and insulin receptor
the S phase of the cell cycle, leading to
DNA synthesis and cell proliferation
Mitosis in NPLCs, remodelling of ECM
PDGFR in HSCs
VEGF receptor in endothelial
cells
TGF-β
HSCs, other NPLCs, mesenchymal Inhibition of hepatocyte DNA syntheTGF-β signaling pathway
cells
sis, remodeling of ECM, restoration at
the end of regeneration
Wnt/β-catenin plays a supportive role in liver regeneration; metalloproteinase play a pivotal role in ECM degradation, generation and
degradation of active growth factor and signaling molecules in the ECM

Nonparenchymal liver cells: Kupffer cell, sinusoidal endothelial cells and hepatic stellate cells. HGF: Hepatocyte growth factor; TGF-a: Transforming
growth factor a; EGF: Epidermal growth factor; IGF: Insulin-like growth factor; PDGF: Platelet-derived growth factor; VEGF: Vascular endothelial growth
factor; TGF-β: Transforming growth factor β; HSCs: Hepatic stellate cells; NPLCs: Nonparenchymal liver cells; ECM: Extracellular matrix.

G0 phase to the G1 phase, undergo mitosis and continue
during sufficient rounds of mitosis to restore the original
mass of the liver trough the stimulation of growth factors and other mitogens. Nonparenchymal cells, such as
sinusoidal endothelial cells, Kupffer cells, and biliary duct
cells replicate in a delayed fashion[48,50,53,54], but demonstrate a similar synchronicity in DNA synthesis and mitosis as seen in hepatocytes[48]. Accompanying the cellular
replication, there is also a breakdown and remodeling of
the extracellular matrix (ECM), promoted by cell-ECM
interactions, which is also of vital importance in regulating liver regeneration[55].
The original size and weight of the liver is re-established within one week after hepatectomy in rodents and
about 3 mo in humans[48]. The parenchyma that have
been damaged or removed does not regrow and the
growth of the remnant liver or graft is a restoration of
function by induced hyperplasia. Thereafter, the hepatocytes enter their non-replicative and quiescent, functional state. The lobes are slowly reorganized and hepatic
histology is completely restored after 2-3 wk in rodents
and 3-6 mo in humans[48,56]. Clinical data shows that liver
regeneration is significantly impaired in damaged livers
due to viral hepatitis[57] and this is true also for a variety
of other chronic liver diseases.

REGENERATION FACTORS INFLUENCING
TUMOR GROWTH AND METASTASIS
Development and progression of liver cancer and liver
metastases is a multifaceted molecular process, which is
linked to alterations in some prominent cellular signalling
pathways, including RAS/RAF-MAPK pathway, phosphatidylinositol-3 kinase (PI3K)/AKT pathway, WNT/
β-catenin pathway, insulin-like growth factor pathway
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(IGF), hepatocyte growth factor (HGF)/c-MET pathway
and growth factor-regulated angiogenic signaling[16,19,58-61].
It has been demonstrated that the cellular and molecular changes following hepatectomy, including surgical
stress responses, ischemia reperfusion injury can alter the
kinetics of tumor growth and thereby contribute to recurrence[16,62-64]. The factors related to the surgical stress itself
represent transient changes, whereas the process of liver
regeneration can act as a stronger and more sustained
stimulus that promotes the growth of occult tumors and
neoplastic development. Liver regeneration after surgery
provides a microenvironment with many growth factors
and cytokines that are favorable for tumorgenesis and
tumor propagation through cell activation, proliferation,
migration and angiogenesis[16,19,24-27]. The majority of studies in HCC indicate that factors linked to tumor invasiveness and vascular involvement are the most important[20].
In addition, the mechanisms involving endocrine, autocrine and paracrine occurring during liver regeneration
can influence dormant micrometastases and tumorgenesis in the remnant liver[16,50].
Major surgery results in a rapid influx of cytokines,
such as tumour necrosis factor α (TNF-α) and interleukin
6 (IL-6), and angiogenic factors that alter the microenvironment of distant dormant tumor deposits. Growth factors such as HGF, epidermal growth factor, transforming
growth factor alpha (TGF-α) and TGF-β, which play an
essential role in liver regeneration, have been shown to
be associated with increased tumor aggressiveness and
metastasis[58-61,65] (Figure 1, Figure 2 and Table 2). Tumor
growth requires the balance of growth factors and cytokines in the microenvironment to favor angiogenesis[66].
Angiogenic inhibitors, ECM proteins and ECM protein
fragments are determining for maintaining the dormant
state[67,68]. ECM breakdown and rebuilding during liver re-
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generation are required for tumor metastasis into within
the liver, or through the blood and lymphatic circulation.
Well documented factors common to liver ECM changes
during liver regeneration include matrix metallopeptidases (MMPs), fibroblast growth factor (FGF), hypoxiainduced factor-1a, vascular endothelial growth factor
(VEGF) and platelet-derived growth factor (PDGF)[50].
The epithelial cells from the primary or recurrent liver
tumor, may in addition themselves undergo an epithelial
to mesenchymal transition (EMT) and thereby increase
their invasive potential as a response to various stimuli
within the tumor microenvironment[69]. The growth factors that bind to tyrosine-kinase receptors, such as EGF,
HGF, TGF-β, FGF and MMPs, can promote EMT in
carcinoma cells[70]. These factors are upregulated by liver
surgery and in ECM remodeling during liver regeneration and can thereby account for an increased growth
and metastatic potential in the case of remnant tumor
cells.

HEPATIC PROGENITOR CELLS AND
LIVER REGENERATION
In the normal adult liver after injury or surgery, loss of
liver parenchyma is repaired by replication of mature hepatocytes[71-73]. However, pre-existing liver diseases such
as chronic HBV and HCV infection, alcoholic fatty liver
disease, hemochromatosis and other conditions severely
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impair the ability of hepatocytes to replicate. This can actuate a second regenerative mechanism by activation of
hepatic progenitor cells (HPCs)[48,74]. HPCs (also called
oval cells in rodents) are quiescent, existing in low numbers around the periportal region (the canals of Hering)
in a normal liver. Following severe and prolonged liver
trauma, these cells are capable of proliferation and differentiation into both hepatocytes and cholangiocytes,
and typically form the hepatoblast, comprising small
ductules and strings of cholangiocytes, termed the ductular reaction[75]. Previous reports have shown that the
presence of HPCs might contribute to liver regeneration
following transplantation[76,77]. Activation of HPCs under
diverse situations, like liver diseases or major liver surgery can be of significance to maintain and restore liver
homeostasis after stress.
No single marker offers complete specificity for the
identification of HPC[73]. Multiple combinations of different phenotypes and molecular markers have been
used to differentiate between HPCs and other hepatic
cells. The stem compartment of the liver is assumed to
consist of cells with various phenotypes and multiple
molecular markers, including markers of adult hepatocytes (albumin, cytokeratins 8 and 18), cholangiocytic
markers (cytokeratin 7 and 19, OV-6 and Glutathione-Stranspeptidase), fetal hepatoblasts (αFP, delta-like protein), and hematopoietic stem cell (Thy -1, Sca-1, c-kit,
CD34, CD133)[71,78].
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Table 2 Sum-up of signal pathways in hepatocellular carcinoma
Signaling pathways
Receptor tyrosine kinase signaling pathways

Intercellular kinase signaling pathways

HGF/c-MET
EGF(TGF-a)/EGFR
IGF/IGFR
VEGF/VEGFR
PDGF/PDGFR
TGF-b1/SMAD
RAF/MEK/ERK
PI3K/AKT/mTOR
Wnt/b-catenin
Hedgehog
NK-κB, JAK/STAT3

Cell survival

Cell
proliferation

√
√
√

√
√
√

Cell
differentiation

Cell migration

Angiogenesis

√

√

√
√
√

√
√
√
√

√
√
√
√
√

√
√
√
√
√

√
√
√
√
√
√

√

HGF: Hepatocyte growth factor; EGF: Epidermal growth factor; TGF-a: Transforming growth factor alpha; IGF: Insulin-like growth factor; VEGF: Vascular
endothelial growth factor; PDGF: Plate differentiation growth factor receptor; TGF-b: Transforming growth factor beta.

Previous studies have shown that HPCs can be hematopoietic derived or liver-resident cells. Hematopoietic
stem cells (HSCs) may be recruited from the bone marrow by chemo-attractants that cause them to migrate and
infiltrate into the liver lobules via the canals of Hering.
This effect seems to be related to the extent of resection
and the presence of concomitant liver disease[79]. Liver
resident stem cells may also be recruited and activated by
hepatocellular damage. This initiates an immune response
in the liver, which leads to the secretion of a complex
mixture of cytokines and growth factors. TNF-α and
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IL-6 released by Kupffer cells stimulate proliferation of
HPCs, while interferon (IFN) can prime HPCs to respond
to mitogenic stimuli. Growth factors of HPC released
by hepatic stellate cells include EGF, TGF-α, HGF and
TGF-β. Thus, the cytokines released by Kupffer cells,
hepatic stellate cells and HPCs themselves may act in
concert to control HPC proliferation and remodeling of
the liver parenchyma[71,80,81].
Both hematopoietic and hepatic derived HPCs require the essential inflammatory cytokines and regenerative growth factors to proliferate and transdifferentiate.
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These include TNF, IL-6, IFN-α, TGF-α, FGF, TGF-β
and HGF[81,82], indicating that the activation and differentiation of HPCs is dependent on a delicate regulatory
interplay between liver stress and regenerative capability
and response. Several studies have reported that liver
surgery and acute liver injury can lead to mobilization of
progenitor cells, both after partial hepatectomy in general and in HCC patients[75,83-86]. The exact mechanism
is still not fully clarified. Recently Langenberg et al[85]
showed that major liver surgery could mobilize HSCs
into the liver where they differentiated into HPCs. This
effect could last up to 24 h in response to elevated levels of granulocyte colony-stimulating factor (G-CSF),
indicating that G-CSF may have a significant role in the
activation of progenitor cells of hematopoietic origin[86].

HEPATIC PROGENITOR CELLS AND
LIVER TUMOR DEVELOPMENT
Activation of progenitor cells in liver regeneration might
directly facilitate hepatic carcinogenesis[87-89]. This hypothesis has been tested and confirmed in many rodent and
human experiments. In human chronic liver diseases, particularly chronic HBV or HCV infection with accompanying liver cirrhosis, proliferation of HPCs are directly
related to disease severity, suggesting that activation of
this cell compartment is associated with an increased
risk of HCC development[90]. Hepatocellular cancers that
derive from progenitor cells have been indicated by the
fact that many human HCC tumors contain a mixture of
mature hepatocytes and an intermediate phenotypes between HPCs and mature hepatocytes, similar to progenitor cells[87,91,92]. In addition, these tumors exhibit gene expression profiles identical to hepatoblasts derived from
HPCs. HCC tumors that are derived from HPCs, display
a significantly poorer prognosis and a higher recurrence
rate after surgical resection and liver transplantation in
retrospective reviews[87,91,92]. Furthermore, recruitment
of progenitor cells has been shown to contribute to liver
cancer formation in a preclinical model, and probably
give rise to HCC as well as intrahepatic cholangiocarcinoma, supporting the view that progenitor cells in some
cases have a critical role in the initiation and progression
of liver cancers[48,88,89,93,94]. These findings might also support the hypothesis of genuine liver cancer stem cells
that might be derived from HPCs[94-96].
The progenitor cells can also affect HCC progression through indirect contribution of growth factors.
In experimental rodent models with intrahepatic tumor
implantation and concomitant liver resection, the presence of tumor seems to stimulate liver regeneration in
major resected animals (> 70%) compared with resected
animals without tumor, and this could possibly partly be
attributed to the activation of progenitor like cells[25,95].
Similarly, in vitro and in vivo models testing the influence
of progenitor cells on rodent HCC cells and experimental
tumors indicate that the progenitor cells causes a “stemlike” expression profile in the HCC cells making them
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more resistant to chemotherapy and creating tumors that
grow faster with greater invasive and metastatic potential.
These changes seems to be partly related to activation of
the of MAPK, AKT, TGF-β1 and Wnt/β-catenin pathways[93].

CLINICAL IMPLICATIONS AND FUTURE
TRENDS
Recurrence following surgical treatment for liver tumors
is a common and significant problem. The best strategy
to minimize recurrence due to occult tumors is achieved
by measures aimed at improvement in preoperative radiologic imaging and staging. Vast improvements have been
made the last decade in imaging methodology. Modern
computed tomography (CT) and magnetic resonance
imaging (MRI) with liver specific contrast media and
diffusion-weighted analysis have greatly improved the
sensitivity and specificity for detection of small malignant
lesions[97]. The cirrhotic liver represents a particular challenge, since small tumors can be hard to distinguish from
regeneration nodules. Contrast enhanced ultrasound has
been shown to be a very useful method in this respect,
yielding similar diagnostic utility as MRI and CT[98]. In
difficult cases, a combination of the different methods
is often needed. Ultrasound has the advantage that it can
also be used intraoperatively to increase the probability
of achieving a negative margin (R0) during resection.
Some studies have advocated the use of indocyanine
green fluorescence imaging and demonstrate that this
furthers increases diagnostic accuracy[99].
A relapse of malignant disease in the liver is a bad
prognostic sign for the patient, and the therapeutic options might, depending on anatomical location, liver function and general performance status is limited. All the
treatment modalities in use for primary treatment of liver
tumors, i.e., surgical resection, liver transplantation, local
ablation, and transcatheter arterial chemoembolization
(TACE) http://en.wikipedia.org/wiki/Transcatheter_ar
terial_chemoembolization have been tried in setting of
recurrent disease[20,100-102]. Repeat hepatectomy appears to
be the best treatment with a reported resectability rate
ranging from 10% to 77%[29]. Patients treated by repeat
hepatectomy have better survival rates than those treated
by other palliative methods, but selection bias and lack
of randomized trials makes it difficult to ascertain the
magnitude of this improvement on an intention to treat
basis [29,103-105]. A longer interval from hepatectomy to
recurrence is associated with improved survival[101,103].
TACE appears to be the best option in recurrent HCC
tumors that are unresectable due to multimodularity or
inadequate functional liver reserve[20]. TACE might in
a few cases downstage the tumor size making it resectable[106]. In general, multimodal therapy for recurrent liver
tumors (TACE, local ablation and re-resection) can result
in a prolonged 5-year survival rate of up to 20%[20-23].
New techniques have been suggested to target malignant liver tumors without retarding the capability of liver
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regeneration.
The most important new trends of therapy against
liver tumor are advances in molecular targeted therapy
and employment of immunotherapy. Improvements
in the understanding of the molecular basis of cancer
have led to the development of targeted agents tailored
to inhibit specific protein kinases involved in intracellular signal transduction pathways, which drive tumor
progression and recurrence, including RAS/RAF-MAPK
pathway, PI3K/AKT pathway, WNT/β-catenin pathway,
IGF, HGF/c-MET pathway and growth factor-regulated
angiogenic signaling. Sorafenib was firstly approved by
the Food and Drug Administration in 2007 for the treatment of advanced HCC based on the demonstrated
improved overall survival benefits, and several targeted
agents have demonstrated early evidence suggesting
significant antitumor activity in phase Ⅰ/Ⅱ trials. However, few studies have looked at the effects of these new
molecular agents on both liver regeneration and regression of liver tumors. Kinoshita et al[107] reported that
angiogenesis inhibitor TNP-470 prevented metastases
of VX2 carcinoma without retarding liver regeneration
after hepatectomy. Despite these results, the angiogenesis mechanism that they discussed is controversial[108].
Liver regeneration is a complex and partly angiogenesisdependent process. Hepatocellular production of VEGF
leads to maximal levels 48-72 h after partial hepatectomy,
and this can increase the dilatation and permeability of
blood vessels. Inhibition of angiogenesis by angiostatin
impairs both angiogenesis and liver regeneration[109-111].
Another approach to inhibit tumor proliferation and angiogenesis has been suggested through blockade of the
renin-angiotensin system (RAS)[112]. Interestingly, intervention on RAS utilizing angiotensin converting enzyme
inhibitors and angiotensin Ⅱ type 1 blockers improves
liver regeneration and inhibits tumor growth in animal
models[113]. To our knowledge, no human trials are available testing the validity of these experimental observations in clinical practice.
In order to combine the diverging need for both liver
regeneration and an anti tumor cell microenviroment
in the liver remnant following surgery, more efforts are
needed comparing gene and protein expressions in normal and regenerating hepatocytes and malignant cells by
microarray and proteomic technology in order to identify signaling pathways that are unique to the hepatoma
cells. This is probably critical in order to identify novel
targets and to better understand the biology of the cancer cell population that escapes the current treatment
strategies and thereby cause recurrences.
Immunotherapy is an evolving and promising treatment
option for liver tumors, which might have the potential to
lower recurrence rates and improve overall survival after
surgery for liver tumors. In general, immunotherapy is
based on the premise that tumor-related self antigens (e.g.,
AFP) can be selectively targeted, thereby eliciting a tumorspecific response. Moreover, new insights into immunogenic cancer cell death indicate that certain types of
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chemotherapy and radiotherapy can be associated with
immune responses that are of clinical significance[114,115].
New techniques are being investigated in human subjects
and animal models, including the adoptive transfer of
viral antigen-specific T cells, cytokines injections, autologous tumor pulsed dendritic cells, the use of AFP- derived peptides and adenoviruses, and immunization with
tumor cells fused with antigen-presenting cells[116-118]. The
mechanisms that enable liver cancer to escape attack by
the immune system still remain unclear. Further knowledge into how immunogenic cell death of cancer cells
might be evoked can aid in the development of novel
therapeutic principles.
Liver-directed therapy for primary and metastatic disease could be promising for small-sized tumor or “oligometastatic” tumors. Low-power laser irradiation (LPLI) is
suggested to be an effective minimally invasive palliative
treatment option for patients with small liver tumors[119,120].
Interestingly in this context was that LPLI was shown to
improve liver regenerative capacity of a small liver remnant after hepatectomy through activation of the HGFMAPK/PI3K pathway[121].

CONCLUSION
Surgical therapy for liver tumors implies and often is dependent on a postoperative liver regeneration processes.
Regeneration following surgery provides a microenvironment with many growth factors and cytokines that are
necessary for proliferation of mature hepatocytes but
concomitantly favorable for liver tumor progression.
Progenitor cells can under certain conditions be activated after major surgery, and may have a stimulating and
nourishing effect on liver tumors. A better understanding
of the relationship between liver regeneration and liver
tumor propagation is of significance for the clinical management of patient presenting with primary and secondary liver tumors and will provide a basis for novel therapeutic strategies in order to minimize cancer recurrence
after liver surgery.
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Abstract
Colon cancer remains a significant clinical problem
worldwide and in the United States it is the third most
common cancer diagnosed in men and women. It is
generally accepted that most malignant neoplasms of
the colon arise from precursor adenomatous polyps.
This stepwise progression of normal epithelium to carcinoma, often with intervening dysplasia, occurs as a
result of multiple sequential, genetic mutations-some
are inherited while others are acquired. Malignant polyps are defined by the presence of cancer cells invading through the muscularis mucosa into the underlying
submucosa (T1). They can appear benign endoscopically but the presence of malignant invasion histologically poses a difficult and often controversial clinical
scenario. Emphasis should be initially focused on the
endoscopic assessment of these lesions. Suitable polyps should be resected en-bloc , if possible, to facilitate
thorough evaluation by pathology. In these cases,
proper attention must be given to the risks of residual
cancer in the bowel wall or in the surrounding lymph
nodes. If resection is not feasible endoscopically, then
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these patients should be referred for surgical resection. This review will discuss the important prognostic
features of malignant polyps that will most profoundly
affect this risk profile. Additionally, we will discuss effective strategies for their overall management.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Malignant polyp; Endoscopic mucosal resection; Submucosal invasion; Early colon cancer; Lymphovascular invasion; Tumor budding
Core tip: This article discusses the important prognostic
features of malignant polyps that will ultimately inform
the overall management. Emphasis should be placed
on the risks of residual disease in the colon wall and/or
in the surrounding lymph nodes.
Aarons CB, Shanmugan S, Bleier JIS. Management of malignant colon polyps: Current status and controversies. World J
Gastroenterol 2014; 20(43): 16178-16183 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i43/16178.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i43.16178

INTRODUCTION
Colorectal cancer remains a challenging clinical entity
worldwide and in the United States it is the third most
common cause of cancer-related mortality in both men
and women. Fortunately, the incidence of colorectal cancer is declining, in large part due to more prevalent educational and screening programs designed to detect early
cancers and their precursor polyps[1]. It is widely accepted
that more than 95% of colorectal cancers arise from
adenomatous polyps, which are generally defined as benign lesions with dysplastic epithelium that have variable
potential for malignancy. This adenoma-carcinoma sequence is well described and is often an indolent process
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that can take many years to fully manifest after a stepwise
accumulation of genetic alterations[2,3].

MALIGNANT COLON POLYPS
While adenomatous polyps can harbor high-grade dysplasia and other non-invasive histology, malignant polyps
are defined by the invasion of adenocarcinoma through
the muscularis mucosa but limited to the submucosa
(pT1). These polyps account for up to 12% of polyps in
polypectomy series and the incidence is increasing with
more efficacious screening programs employing colonoscopy[2], which is a fundamental tool in the prevention of
colorectal cancer and the treatment of some advanced
polyps. Approximately 80%-90% of adenomas are less
than 1 cm and, therefore, more easily amenable to complete excision with conventional snare polypectomy (especially pedunculated polyps). However, the treatment of
larger lesions can be more challenging and require more
advanced techniques, such as endoscopic mucosal resection (EMR) or endoscopic submucosal dissection (ESD),
which are being used with increasing frequency in specialized centers. These techniques afford the opportunity
for complete excision rather than a piecemeal approach.
This is a critical initial step in the overall management of
malignant polyps because a complete excision facilitates
a more comprehensive histological examination. Unfortunately, this is not the typical presentation in routine
clinical practice. More commonly, a patient presents
for evaluation after a resected polyp, thought to have
a benign appearance at endoscopy, is found to have an
invasive focus of adenocarcinoma on final pathological
review. This scenario can often become further complicated if the polypectomy site is not marked at the initial
endoscopy. This limits endoscopic re-evaluation, if needed, and renders untrustworthy the proper identification
of the involved segment of colon if definitive resection
is deemed appropriate. The consulting physician is then
left with the difficult task of stratifying risk-weighing the
risk of residual or recurrent disease, the risk of lymph
node metastasis and balancing them against the patient’s
operative risk. Analysis of the existing body of data demonstrates that this is still a controversial topic that generally requires a multidisciplinary approach. This review will
discuss the important prognostic features of malignant
polyps that will most profoundly affect this risk profile.
Additionally, we will discuss effective strategies for their
overall management.

POLYP CLASSIFICATION AND
ASSESSMENT OF RISK
Size and morphology
Polyps are initially characterized endoscopically by their size
and morphology, which are two important features that
may predict underlying malignancy and should ultimately
guide how advanced polyps are managed. Morphologi-
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cally, polyps can be broadly classified as either pedunculated or sessile. Pedunculated polyps are those attached
to the colonic mucosa by a stalk of variable length, while
sessile polyps grow in a more flattened pattern over the
mucosa with less separation of the adenomatous epithelium from the underlying layers of the bowel wall[4].
The latter are often, understandably, more difficult to
completely remove with conventional snare polypectomy,
depending on their location within the colon and their
size. Studies have shown that those polyps ≤ 5 mm have
negligible risk of malignancy and are therefore more
amenable to standard techniques for endoscopic removal.
Using a prospective registry of colorectal polyps, Nusko
et al[5] performed a multivariate analysis of 11188 adenomas detected at colonoscopy. Of the 5027 adenoma < 5
mm analyzed, none contained invasive carcinoma. Larger
polyps between 1.5 and 3.5 cm have higher malignant potential ranging from 19%-43% and should be approached
with more caution[5,6].
Ultimately, the endoscopic assessment of polyps can
be a subjective process that can vary between endoscopists. Fortunately, as image resolution has improved, there
has also been an appreciable improvement in the ability
to further characterize the endoscopic appearance of
these polypoid lesions. The uses of narrow band imaging
and chromoendoscopy have been shown to be effective
adjuncts in this process. Narrow band imaging uses light
at specific wavelengths, which enhances visualization of
the mucosal surface and the associated vessels. In conjunction with routine imaging, chromoendoscopy uses
special dyes that stain the mucosa and provides contrast
between normal and abnormal tissue[7,8]. Using these concepts, the Paris and Kudo pit classification systems further assess the degree of irregular contours, ulcerations,
and pit patterns (using magnifying chromoendoscopy) to
stratify risk of underlying malignancy[9]. While they can
be helpful, these classifications are still poorly standardized globally, which can lead to marked interobserver
variability[10].
Depth of invasion
Histologically, polyps are classified by several factors but
perhaps the most important feature is the depth of invasion. In 1985, Haggitt et al[11] put forward a classification
system for pedunculated and sessile polyps based on the
depth of invasion of adenocarcinoma. According to this
classification system, pedunculated polyps can be classified as levels 0-4. Level 0 indicates cancer cells that are
limited to the mucosa but do not penetrate through the
muscularis mucosa (carcinoma in situ or intramucosal carcinoma). Levels 1 through 3 pertain to pedunculated polyps only. Level 1 indicates cancer cells invading through
the muscularis mucosa into the submucosa but limited
to the head of the polyp. When the cancer cells invade
into the level of the neck (the junction of the head and
the stalk) of the polyp, this denotes level 2. Level 3 indicates cancer cells invading any part of the stalk and level
4 signifies cancer cells invading into the submucosa of
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Figure 1 Haggitt classification of pedunculated and sessile polyps. Reprinted permission from[29].

the bowel wall below the stalk of the polyp but above
the muscularis propria. All sessile polyps with any degree
of invasion were defined as level 4 (Figure 1). In this
landmark study, they found that level 4 invasion was associated with statistically significant adverse prognostic
factors[4,6,11]. These findings were confirmed in subsequent studies. Nivatvongs et al[12] reported a series of 151
patients undergoing colectomy for polyps with invasive
carcinoma to determine the incidence of lymph node
metastasis based on depth of invasion. They found that
10% of patients with sessile malignant polyps had evidence of lymph node metastasis. Overall, the incidence
of lymph node metastasis in patients with pedunculated
polyps was 6%; however, when the level of invasion
reached level 4 the incidence increased to 27%[12].
In the early 1990s Kudo et al[13] and Kikuchi et al[14]
further classified the submucosal invasion of adenocarcinoma in sessile polyps into three levels (Figure 2): Sm1invasion into the upper third of the submucosa; Sm2invasion into the middle third of the submucosa; Sm3invasion into the lower third of the submucosa.
This apparently subtle distinction has proved quite
significant, as further study has shown that the penetration of cancer cells into the lower third of the submucosa (Sm3) of sessile lesions is associated with a greater
risk of lymphatic spread (up to 23%)[15]. However, use of
this classification system can prove challenging for pathologists if the endoscopically resected specimen does
not include a significant portion of the submucosa or
some of the muscularis propria, which would define the
deepest border of the submucosa. Others have modi-
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fied this classification system in more practical terms by
measuring the degree of submucosal invasion from the
muscularis mucosa[16]. The results from a recent systematic review and meta-analysis of 23 studies of this topic
demonstrated that a depth of submucosal invasion > 1
mm was significantly associated with lymph node metastasis[17].
Polypectomy resection margin
The requisite margin of a polypectomy resection is still a
matter of much debate due to the risk of luminal recurrence. This ranges from 0% to 2% in malignant polyps
with a margin of resection greater than 1 mm. However,
when the resection margin is involved, or < 1 mm, the
percentage of relapse ranges between 21% and 33%.
Subsequently, many authors believe that a resection margin of ≥ 2 mm is ideal[2]. In 2012, Butte et al[18] reported
a series of colectomies performed following polypectomy in 143 patients with clear or suspicious submucosal
invasion. They found residual invasive disease in 11% of
colectomy specimens. Analysis of margin status at polypectomy revealed that 16% of patients had residual invasive disease in the colon wall if the polypectomy margin
was < 1 mm and 21% had residual invasive disease if the
margin was indeterminate. None of the patients with a
polypectomy margin ≥ 1 mm had residual invasive disease. The overall rate of lymph node metastasis in this
study was 7%[18].
Other pathologic predictors
In addition to the depth of invasion and margin sta-
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Figure 2 Classification of submucosal (Sm) invasion of malignant polyps. Reprinted permission from[29].

tus, invasive adenocarcinomas can also be classified
by distinct histologic findings, namely tumor budding
architecture, degree of differentiation, or the presence
of lymphovascular invasion. These are among the more
commonly studied pathologic features, which can be of
important prognostic significance that may ultimately influence management.
As compared with grade 1 (well-differentiated) adenocarcinomas, grade 3 (poorly-differentiated) cancers have
been shown to be associated with adverse outcomes.
Similarly, the presence of lymphovascular invasion has
been significantly associated with increased lymph node
metastasis[2,19,20].
Tumor budding refers to small clusters of undifferentiated cancer cells ahead of the invasive front of the
lesion. While this is not a routinely examined pathologic
parameter, there is increasing evidence that the quantitative assessment of tumor budding reflects clinical aggressiveness of colon cancers. This has also been shown by
some to be a poor prognostic feature[20-22].

MANAGEMENT
Although the diagnosis of invasive adenocarcinoma in
polyps is ultimately based on histological examination,
the overall clinical management of malignant polyps
should begin with their initial assessment at the time of
index endoscopy-based on the size and morphology.
Those suspicious for submucosal invasion or not deemed
amenable for endoscopic removal should be referred for
definitive surgical resection. It is important that the polyp
site be marked to facilitate identification at the time of
surgery.
Larger, sessile polyps should be referred to advanced
endoscopists for consideration for EMR or ESD with the
ultimate goal of complete, intact resection for histological
evaluation. Endoscopic mucosal resection was developed
for removal of sessile polyps confined to the mucosa
and submucosa and is typically used for complete excision of lesions up to 2 cm. There are several techniques
for EMR that have been described including cap-, and
ligation-assisted EMR; however, injection-assisted EMR
is most commonly employed. This typically involves an
initial submucosal injection of saline, or other suitable in-
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jectates, which elevates the identified lesion and facilitates
its removal from the deeper layers with an electrocautery
snare[23,24]. The inability to lift a polyp with submucosal
injection heralds the potential for deeper invasion by
malignancy, and indicates suitability for endoscopic management. Endoscopic submucosal dissection is generally
employed for larger GI lesions but has not been widely
adopted for advanced colorectal polyps. Similar to EMR,
ESD initially involves the saline lift of the polyp; however, this is followed by a mucosal incision and submucosal dissection with specialized endoscopic electrosurgical
knives[23,25]. These techniques are more technically challenging and are associated with slightly higher risk of
serious complications (bleeding and perforation). Again it
is paramount that the polypectomy site be marked endoscopically so that the area can be reassessed for surveillance or can be identified if surgery is needed.
Based on the aforementioned prognostic features, the
management of malignant polyps that have been previously excised depends on the risk of residual disease in
the colon wall, the risk of lymph node metastasis, and
the patient’s general medical condition (Figure 3). Highrisk polyps are characterized by poor differentiation, the
presence of lymphovascular invasion, deep submucosal
invasion (> 1 mm), margin < 1 mm, and piecemeal resection (inability to completely assess the resected margin).
These patients should be referred for definitive oncologic
segmental resection, if medically fit for surgery[26]. Colectomy can be carried out in the traditional open technique
or with a laparoscopic approach. Laparoscopy provides
the benefits of less postoperative pain, quicker recovery
of bowel function postoperatively, shorter hospital stays,
improved cosmesis, and earlier return to normal activities without compromising oncologic results[26,27]. Lowrisk polyps are characterized by the lack of these poor
prognostic features and, if completely excised, can be
managed adequately with conventional polypectomy and
appropriate surveillance.
Using this risk stratification, Choi et al[22] reported a
series of 87 patients that were followed prospectively
after endoscopic resection of a malignant polyp. Among
the 30 high-risk patients that opted for surgical resection,
20% were found to have lymph node metastasis. Twenty
patients with high-risk features opted for surveillance or
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Figure 3 Algorithm for the management of malignant colon polyps. Sm: Submucosal; EMR: Endoscopic submucosal resection.

had prohibitive factors for radical surgery. Of these patients, 3 (15%) had a recurrence. There were 30 patients
without risk factors, and none developed lymph node
metastasis or recurrent cancer after opting for surgery or
surveillance[22].

SURVEILLANCE
The United States Multi-Society Task Force on colorectal cancer and other international organizations have
established clear guidelines on colonoscopy surveillance
after polypectomy based on the size and number of adenomatous polyps excised[8,28]. However, currently there
is no established standard for surveillance after endoscopic removal of malignant polyps in patients that do
not undergo surgery. Most authors suggest initial follow
up endoscopy in 3-6 mo but the duration of subsequent
surveillance varies[8,10]. There does not appear to be a role
for routine CT imaging due to its poor sensitivity.

CONCLUSION
The management of malignant polyps can be challenging and often requires a multidisciplinary approach. Emphasis should be placed on the proper initial endoscopic
assessment of these polyps and appropriate, complete
resection using conventional snare polypectomy or more
advanced techniques, such as endoscopic mucosal resection. After successful polypectomy, regardless of technique, appropriate decision analysis must be applied to
those polyps deemed “malignant”. Patients with polyps
that are concerning for malignancy during endoscopy or
resected polyps with high-risk features (positive or inde-
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terminate resection margins, margin < 1 mm, lymphovascular invasion, poor differentiation, Sm3 invasion, or
tumor budding) should be referred for consultation for
segmental colectomy, if medically fit, as the incidence of
lymph node metastasis is high. Similarly, appropriate surveillance after polypectomy is critical to mitigate the risk
of recurrent or metachronous disease. By understanding
the risk factors associated with lymph node metastases
based on the anatomic and histologic features of polyps,
we as clinicians, can help risk stratify our patients and
make rational, safe and informed choices for surgery.
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Abstract
Hepatitis C virus (HCV) is not usually cleared by our
immune system, leading to the development of chronic
hepatitis C infection. Chronic HCV induces the production of various cytokines, predominantly by Kupffer
cells (KCs), and creates a pro-inflammatory state in
the liver. The chronic dysregulated production of interferon (IFN) and other cytokines by KCs also promotes
innate immune tolerance. Ribavirin (RBV) monotherapy
has been shown to decrease inflammation in liver of
patients with chronic hepatitis C. Sustained virological response (SVR) is significantly higher when IFN is
combined with RBV in chronic HCV (cHCV) infection.
However, the mechanism of their synergy remains unclear. Previous theories have attempted to explain the
anti-HCV effect based on direct action of RBV alone on
the virus or on the immune system; however, these
theories have serious shortcomings. We propose that
hemolysis, which universally occurs with RBV therapy
and which is considered a limiting side effect, is precisely the mechanism by which the anti-HCV effect is
exerted. Passive hemolysis results in anti-inflammatory/antiviral actions within the liver that disrupt the
innate immune tolerance, leading to the synergy of
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RBV with IFN-α. Ribavirin-induced hemolysis floods
the hepatocytes and KCs with heme, which is metabolized and detoxified by heme oxygenase-1 (HMOX1) to
carbon monoxide (CO), biliverdin and free iron (which
induces ferritin). These metabolites of heme possess
anti-inflammatory and antioxidant properties. Thus,
HMOX1 plays an extremely important anti-oxidant, anti-inflammatory and cytoprotective role, particularly in
KCs and hepatocytes. HMOX1 has been noted to have
anti-viral effects in hepatitis C infected cell lines. Additionally, it has been shown to enhance the response
to IFN-α by restoring interferon-stimulated genes
(ISGs). This mechanism can be clinically corroborated
by the following observations that have been found
in patients undergoing RBV/IFN combination therapy
for cHCV: (1) SVR rates are higher in patients who develop anemia; (2) once anemia (due to hemolysis) occurs, the SVR rate does not depend on the treatment
utilized to manage anemia; and (3) ribavirin analogs,
such as taribavirin and levovirin, which increase intrahepatic ribavirin levels and which produce lesser hemolysis, are inferior to ribavirin for treating cHCV. This
mechanism can also explain the observed RBV synergy
with direct antiviral agents. This hypothesis is testable and may lead to newer and safer medications for
treating cHCV infection.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Chronic hepatitis C; Therapy; Ribavirin;
Hemolysis; Heme oxygenase-1
Core tip: Innate immune tolerance leads to chronic hepatitis C virus (cHCV) infection even as a pro-inflammatory
state develops within the liver. The suppression of heme
oxygenase-1 (HMOX1) by HCV plays a major role in
perpetuating the infection and inflammation. Ribavirin
(RBV) therapy, which increases heme delivery to the
liver, can overcome this inhibition. HMOX1 induction
in Kupffer cells reduces the pro-inflammatory state
produced by HCV, whereas HMOX1 induction in hepa-
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tocytes decreases viral multiplication and apoptosis.
HMOX1-induced in the liver by hemolysis, results in
higher sustained viral response (SVR) rates when RBV
is used with interferon (IFN) in the treatment of cHCV.
Soota K, Maliakkal B. Ribavirin induced hemolysis: A novel
mechanism of action against chronic hepatitis C virus infection.
World J Gastroenterol 2014; 20(43): 16184-16190 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i43/16184.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i43.16184

INTRODUCTION
Hepatitis C is a major public health problem affecting
approximately 2% of the world’s population, which
constitutes almost 170 million people[1]. Most of the infections are due to hepatitis C virus (HCV) genotype 1,
which responded poorly to therapy until the advent of
direct-acting agents[2]. With such a large disease burden,
HCV is currently the most common cause of hepatocellular cancer and liver transplantation in the United States
and Europe[3].

PATHOPHYSIOLOGY
HCV is a positive single-stranded RNA virus that exists
in 6 different genotypes, with genotype 1 being the most
common. Virus replication occurs through an RNAdependent RNA polymerase lacking the proofreading
function, thereby producing many quasispecies in an
infected person. This virus production is likely one of
the primary causes for the limited immune-mediated
control over HCV[1]. Spontaneous recovery from chronic
infection (beyond 6 mo after acute infection) is rare and
cHCV infection can lead to the development of liver cirrhosis, and liver failure and/or hepatocellular carcinoma
in a substantial number of patients.

INFLAMMATORY MILIEU IN CHRONIC
HCV (cHCV) INFECTION
cHCV infection is a state of persistent inflammation in
the liver, although the exact mechanism for its pathogenesis remains unclear. Patients with cHCV have altered monocyte functions and are known to produce
higher levels of tumor necrosis factor-α (TNF-α) and
interferon-γ (IFN-γ)[4]. When acute infection/inflammation becomes chronic, the mechanisms that dampen the
inflammation are impaired[5,6]. This impairment leads to
end-organ damage over time. A similar process occurs
when acute HCV infection becomes chronic, leading to
liver damage/fibrosis and, eventually, cirrhosis of the
liver[6].
Kupffer cells (KCs) are resident macrophages in the
liver that appear to originate from bone marrow. Chronic
non-specific activation of these cells occurs in cHCV,
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leading to heightened production of IFN- γ , TNF- α
and other inflammatory cytokines. CD163 receptors on
the liver cells also have concomitantly increased expression, which appears to be an effort to suppress/resolve
the inflammation[7]. CD163 is a hemoglobin scavenger
receptor, which, under normal circumstances, promotes
anti-inflammatory response by upregulating heme metabolized and detoxified by heme oxygenase-1 (HMOX1).
However, patients with cHCV have reduced levels of
HMOX1, even with high levels of CD163[8]. These seemingly opposing actions help to perpetuate viremia and
chronic inflammation in the liver, along with a state of
immune tolerance to HCV that decreases the effectiveness of exogenous IFN in clearing the virus[9] (Figure 1).

CURRENT CHCV TREATMENT OPTIONS
Since the early 1990s, IFN-α has been the mainstay of
treatment for cHCV. Introducing ribavirin (RBV) to the
anti-HCV therapy greatly improved the sustained virological response (SVR) or cure rates. Major trials have concluded that RBV addition to IFN therapy improves SVR
to 40%-50% in patients with genotype 1, which is far superior to therapy with pegylated IFN alone (15%-20%)[10].
The following disparate hypotheses have been proposed
to explain the synergy of ribavirin with IFN in increasing the SVR: (1) direct inhibition of HCV replication;
(2) inhibition of host inosine monophosphate dehydrogenase; (3) mutagenesis induction in rapidly replicating
virus, inducing error catastrophe; (4) immunomodulation by inducing the Th1 response; and (5) modulation
of Th1 (cell mediated immunity) and Th2 (humoral immunity) lymphocyte balance[11]. None of these hypotheses has convincingly explained the synergistic antiviral
effects of the combined therapy with IFN and RBV on
hepatitis C.
RBV alone does not have any appreciable direct antiHCV effects, and the exact mechanism of action in cHCV
therapy remains a mystery. Although various new directacting antiviral agents with far superior SVR compared
with the present treatment options are being developed
and approved for the treatment of cHCV, RBV remains
an integral part of several of the new antiviral regimens.
Thus, deciphering the mechanism of RBV in cHCV
therapy is important for continuing further research in
this field for therapeutic purposes and for learning more
concerning the pathogenesis of liver disease in cHCV
infection.
Use of IFN-α in cHCV
Treatment with IFN-α induces the expression of specific genes in liver cells known as IFN-stimulated genes
(ISGs)[12]. These genes serve as mediators for exerting
the antiviral response of IFN. Patients with low baseline
levels of ISGs tend to show good response to exogenous
IFN[9]. However, high pre-treatment endogenous IFN
and ISG production by KCs and peripheral blood mononuclear cells has been associated with reduced SVR rates

16185

November 21, 2014|Volume 20|Issue 43|

Soota K et al . Ribavirin induced hemolysis in chronic HCV

RBV

Passive hemolysis

Heme

CD 163

CD 91

+
Kupffer cell HMOX1
Anti-oxidant
Anti-inflammatory

+

HM

OX
1

1
OX

HM

-

-

-

Hepatocyte HMOX1
Anti-apoptotic
Anti-viral (mild)

HCV

Figure 1 Opposing actions of ribavirin and HCV on cellular HMOX1 concentration. Ribavirin releases heme from erythrocytes through passive hemolysis. The
uptake of heme by hepatocytes (via CD91) and Kupffer cells (via CD163) activates heme oxygenase. HMOX1 acts as a powerful anti-inflammatory and anti-oxidant
in Kupffer cells, whereas it has anti-apoptotic and weak antiviral properties when expressed in hepatocytes. HCV core protein inhibits HMOX1 in both of these cells,
producing contrasting actions. This inhibition perpetuates viremia and results in immune tolerance, decreasing the efficiency of IFN in clearing HCV. Heme may be
able to reverse the blocking effect of Hepatitis C on HMOX1. CD91: Receptor for the heme-hemopexin complex on hepatocytes. This receptor mediates heme uptake,
HMOX1 activation. HCV: Hepatitis C virus; HMOX1: Heme Oxygenase - 1; RBV: Ribavirin; IFN: Interferon.

with combination therapy[13]. A recent study concluded
that if this chronic local production of IFN by Kupffer
cells is disrupted, then a break in tolerance and improved
outcomes may occur in cHCV patients receiving combined IFN-α/RBV therapy[9].
Use of RBV in cHCV
The use of RBV as a combination therapy with IFN for
chronic HCV patients was first proposed in the early
1990s. Various studies conducted to evaluate the role of
RBV in cHCV infection have shown that it has minimal
effects on viremia; however, RBV monotherapy decreases
inflammation in these patients, as evidenced on serial
liver biopsies and by reduced transaminase levels[14,15].
However, the biochemical response to RBV appears to
accurately predict the response to subsequent combination therapy with IFN-α, as shown by Rotman et al[16]
This finding suggests that the anti-inflammatory activity
of ribavirin plays a critical role in its synergy with IFN
against HCV. As mentioned earlier, several different
mechanisms have unsuccessfully been explored to explain this synergy.
Combination therapy: RBV and IFN
Combination therapy with RBV and IFN leads to decreased inflammation, as measured by the reduction
in the levels of pro-inflammatory cytokines and trans-
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aminases in patients who respond to the treatment (responders) compared with those patients who do not respond to the treatment[17,18]. Inhibiting this inflammation
before or during IFN therapy may improve outcomes, as
concluded by Lau et al[9] after studying the effect of combination therapy on rapid responders and non-responders. We propose that this is precisely the role played by
ribavirin alone or in combination with exogenous IFN in
cHCV patients.

HEMOLYTIC ANEMIA IN RBV THERAPY
Therapy with RBV results in hemolytic anemia due to the
accumulation of the drug in the red blood cells (RBCs),
frequently leading to adjustment of the dosage and/or
discontinuation of therapy, which, in turn, can affect the
SVR. Ribavirin-induced hemolysis is passive and noninflammatory-/non-immune-mediated. Ribavirin-induced
hemolysis is also dose-related and sustained, unlike hemolysis in G-6-PD deficiency situations. The reduction in
hemoglobin levels appears to correlate directly with the
degree of hemolysis and inversely with the erythropoetic ability of the bone marrow. Hemolysis and reduced
hemoglobin can lead to major side effects; however,
treatment-related anemia, particularly during the first 4-8
wk, correlates well with the efficacy (SVR rate) of the
combination therapy[19].
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HMOX1: A MIRACULOUS
ANTI-INFLAMMATORY ENZYME
HMOX1 is one of the most potent intracellular antiinflammatory mediators in humans. HMOX1 was first
characterized by Tenhunen et al[20] in 1968 as an enzyme
responsible for the breakdown and detoxification of
heme in humans. HMOX1 is the rate-limiting enzyme that
catabolizes heme to produce equimolar concentrations
of biliverdin, carbon monoxide and iron. Heme Oxygenase is present in three isoforms: HMOX1, HMOX2,
and HMOX3, respectively[21]. HMOX2 and HMOX3 are
constitutively expressed, whereas HMOX1 is the primary
inducible form responsible for heme catabolism. HMOX1
can be induced by its substrate heme and by numerous
oxidative stress stimuli including, but not limited to, UV
light, lipopolysaccharide, heat shock or hyperoxia. Since
the discovery of this property, multiple researchers have
shown its benefit as an anti-oxidant, anti-inflammatory,
anti-apoptotic and anti-proliferative agent[22,23]. Experiments in knockout mice (HMOX1-/-) demonstrated significantly higher cytokine responses, including TNF-α
and IFN-γ in comparison to wild type (HMOX1+/+) when
exposed to mitogens, such as lipopolysaccharide[24]. These
actions of HMOX1 have proven to be protective against
inflammatory insults to the brain, liver, kidney and lung.
As mentioned previously, chronic hepatitis C is a
state of chronic and persistent inflammation of the liver.
The HCV genome consists of genes encoding 10 proteins, which include core, envelope, and non-structural
proteins[25]. Of these proteins, core protein and NS5A
are the strongest regulators of oxidative stress in HCV.
In 2002, Okuda et al[26] and Li et al[27] demonstrated that
core protein is capable of inducing reactive oxygen species (ROS) both in vivo and in vitro in hepatitis C. These
ROS activate different proteins, including Nrf2, which
controls the ability of cells to address oxidative stress[28].
Similarly, non-structural protein NS5A causes Ca2+ release from the endoplasmic reticulum, which triggers
ROS release in the mitochondria, leading to the activation of nuclear factor kappa B and signal transducer and
activator of transcription-3 pathways[29]. These pathways
are implicated in tumor development, growth and metastasis[30,31]. ROS ultimately lead to oxidation of membrane
lipids and cell death. With this knowledge, anti-oxidants
have been proposed to be utilized in HCV infections,
where these molecules can lead to impaired HCV replication and/or increase the effectiveness of IFN therapy.
A phase Ⅰ clinical trial by Melhem et al[32] showed normalized liver enzymes (44% of patients), decreased viral
load (25%) and histological improvement (36.1%) in patients with cHCV who were treated with a combination
of anti-oxidant therapy.
HMOX1 in HCV
During the last decade, the discovery of the anti-inflammatory properties of HMOX1 and the presence of
oxidative stress in patients with cHCV has caused many
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researchers to evaluate the use of HMOX1 as a therapeutic option in cHCV. Down-regulation of HMOX1 is
observed in hepatocyte cell lines that express HCV core
protein, and HMOX1 induction in these cells in response
to cytotoxic stressors is also diminished[33]. Heme is a potent inducer of HMOX1 and can abrogate HCV-induced
HMOX1 suppression in hepatocytes. Ribavirin-induced
hemolysis provides sufficient heme that (1) increases
HMOX1 in Kupffer cells and decreases inflammation;
(2) increases HMOX1 in hepatocytes, which decreases
the oxidative damage and apoptosis caused by HCV and
which slightly decreases HCV replication; and (3) restores
IFN promoter activation and ISG production, which are
altered by HCV core proteins and by NS3/4A, which interfere with IFN signaling[34].

BIOCHEMICAL EVIDENCE FOR
HEMOLYSIS AS THE MECHANISM
FOR THE SYNERGISTIC ACTION OF
RIBAVIRIN AGAINST HCV
Zhu et al[35] evaluated the effect of HMOX1 overexpression
and induction on human hepatoma cell lines. HMOX1
overexpression in these cell lines led to a marked reduction in the HCV RNA titer by an average of 3.8-fold in
comparison to the controls, and these effects were reversed with HMOX1 knockdown. HCV RNA replication
was reduced with the induction of HMOX1 by hemin.
The same study also showed that HMOX1-overexpressing
subclones showed reduced pro-oxidant levels and had
improved viability to oxidant-mediated cytotoxicity. In
2007, Shan et al[36] showed that increasing HMOX1 by
silencing the Bach 1 gene using an antagonist of microRNA-122 (miR-122) decreases HCV replication by
64%-84%, depending on the cell line (The Bach 1 gene
represses HMOX1, and miR-122 is required for HCV
RNA replication.). A similar study by Hou et al[37] demonstrated that microRNA-196 can be used to suppress
the Bach 1 gene, leading to HMOX1 upregulation, which
inhibited HCV expression. In an experimental model,
lucidone, which is a plant compound, was shown to enhance Nrf2 expression, leading to HMOX1 activation
and HCV RNA suppression through increasing the antiviral IFN response and through blocking HCV NS3/4A
protease[38]. This compound acted synergistically with
IFN, protease inhibitor telaprevir, NS5A inhibitor or
NS5B inhibitor to suppress HCV RNA replication, and
its effects were nullified by blocking HMOX1 gene expression.
HMOX1 catabolizes heme to produce equimolar
concentrations of carbon monoxide, biliverdin and iron
(which induces and binds to ferritin). Biliverdin, carbon
monoxide and ferritin have been shown to possess antiinflammatory properties. Among the three, biliverdin
has been studied the most in hepatitis C. Zhu et al[39]
highlighted the role of biliverdin as the primary antiviral
agent released by heme catabolism. Biliverdin possesses
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Biochemical
evidence

Clinical
evidence

RBV causes hemolysis
to release heme

RBV therapy results
in hemolytic anemia

Heme increases HMOX1 in Kupffer
cells and decreases inflammation

SVR rates are higher in
patients who develop anemia

Heme increases HMOX1 in
hepatocytes, which decreases
oxidative damage and apoptosis

SVR rate does not depend
in the treatment utilized to
manage anemia

Restores the IFN promoter
activation and interferon-stimulated
response genes (ISRG)

RBV analogs, such as taribavirin,
which causes lesser anemia, are
inferior to RBV for treatment of cHCV

Figure 2 Summary of the bio-chemical and clinical evidence of our proposed hypothesis. Ribavirin leads to passive hemolysis to release heme which activates
HMOX1 in the liver and produces a synergistic effect with IFN on cHCV infection. HMOX1: Heme Oxygenase - 1; IFN: Interferon.

significant antiviral activity and inhibits NS3/4A protease, which is utilized by HCV. Biliverdin also enhances
the action of IFN when used together against HCVinfested cells.

CLINICAL EVIDENCE FOR HEMOLYSIS
AS THE MECHANISM FOR THE
SYNERGISTIC ACTION OF RIBAVIRIN
AGAINST HCV INFECTION
The following clinical outcomes have been seen in patients undergoing treatment with anti-HCV therapy (Figure
2): (1) Sulkowski et al[40] evaluated the role of anemia in
cHCV patients receiving combination therapy. Among
patients treated with boceprevir, RBV and Peg-IFN combination therapy, those patients who developed anemia
had a much higher SVR rate (72%) than those patients
who did not develop anemia (58%). Another study
showed that a higher dose of RBV is associated with a
higher degree of anemia and an improved SVR rate[41];
(2) once anemia develops during RBV therapy, SVR rates
do not depend on the approach used to manage anemia
(reduced RBV or use of erythropoietin)[40]. Those patients who were given erythropoietin-stimulating agents
were able to receive higher daily and cumulative doses of
ribavirin. This finding suggests that the level of ribavirin
in the serum or RBCs does not influence SVR but that
the degree of anemia, which is a surrogate marker for hemolysis in those patients with healthy bone marrow, does;
(3) cHCV patients with thalassemia, which precludes a
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robust bone marrow response to RBV-induced hemolysis, respond poorly to combination therapy. This poor
response can be slightly mitigated by periodic packed
RBC transfusions along with iron chelation. However,
interestingly, IFN alone appeared to result in high SVR
rates of 60%-70% in younger (< 18 years) cHCV patients with thalassemia, with no additional benefit from
ribavirin. This finding suggests that hemolysis may be a
more important factor than the serum or RBC level of
ribavirin in achieving SVR[42]; (4) ribavirin analogs, such as
taribavirin, which increases the intracellular ribavirin levels in the hepatocytes, and levovirin, which causes lesser
hemolysis and anemia compared with ribavirin, produced
inferior SVR rates when combined with IFN-α[43,44]. A
safer dosage of taribavirin which produces a significant
lesser degree of anemia compared with RBV was found
to be inferior to RBV in treating cHCV infection[43]; and
(5) inosine triphosphatase gene polymorphisms, which
decrease hemolysis, appear to reduce clinically significant
anemia and the required dose of ribavirin[45]. However,
the increased daily and cumulative dosing of ribavirin
does not translate into improved SVR. This finding again
suggests that the ribavirin level is less important for SVR
than the dose sufficient to cause adequate hemolysis.

CONCLUSION
One of the possible mechanisms of ribavirin’s synergy
with IFN in cHCV therapy is due to passive hemolysis,
which supplies heme to the hepatocytes and Kupffer
cells. Heme induces HMOX1 and increases the products
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of heme metabolism, which reverses the pro-oxidant,
pro-inflammatory, immune tolerant state induced by
HCV. The break in tolerance produced by HMOX1 and
its products allow for optimal induction of ISGs by exogenously administered IFN, resulting in increased SVR.
Most likely by the same mechanism, ribavirin can
also synergize with direct-acting agents against HCV
by improving the intracellular antioxidant and antiviral
actions in the liver and by improving the efficacy of endogenous IFN. This hypothesis is testable and may lead
to newer and safer medications that can overcome the
anti HMOX1 effect of HCV by mechanisms other than
hemolysis induction.
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Abstract
In the last decades, the treatment of pancreatic pseudocysts and necrosis occurring in the clinical context
of acute and chronic pancreatitis has shifted towards
minimally invasive endoscopic interventions. Surgical
procedures can be avoided in many cases by using endoscopically placed, Endoscopic ultrasonography-guided techniques and drainages. Endoscopic ultrasound
enables the placement of transmural plastic and metal
stents or nasocystic tubes for the drainage of peripancreatic fluid collections. The development of selfexpanding metal stents and exchange free delivering
systems have simplified the drainage of pancreatic fluid
collections. This review will discuss available therapeutic techniques and new developments.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Endoscopic ultrasonography (EUS)-guided
drainage of pancreatic pseudocysts and walled-off
necrosis has become an established less invasive management of these difficult to treat complications of
acute and chronic pancreatitis. New developments such
as forward-viewing echoscopes and exchange-free delivery systems for the insertion of stents and drainages
have simplified the technically challenging procedure.
Specially designed self-expanding metal stents aim on
improved drainage of the cyst content. This article reviews new EUS-guided techniques and their indications.
Braden B. Dietrich CF. Endoscopic ultrasonography-guided endoscopic treatment of pancreatic pseudocysts and walled-off necrosis: New technical developments. World J Gastroenterol 2014;
20(43): 16191-16196 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i43/16191.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i43.16191

INTRODUCTION
Peripancreatic fluid collections frequently occur in the
context of acute and chronic pancreatitis. Fortunately,
more than 50% will resolve spontaneously and, therefore,
a conservative expectant approach is often the right clinical decision.
The updated Atlanta classification[1] tries to overcome
the existing confusion in reporting morphologic features
and complications of pancreatitis. The revised definitions
differ between acute peripancreatic fluid collections associated with acute interstitial oedematous pancreatitis and
acute necrotic collection occurring in necrotising pancreatitis in the acute phase. On the other hand in the late
phase after more than 4 wk, the classifications describes
pancreatic pseudocysts developing from interstitial oede-
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matous pancreatitis or walled-off necrosis resulting from
necrotizing pancreatitis (Table 1).
Only superinfected or clinically symptomatic pseudocysts should be considered for interventional treatment.
Infection, pain, malnutrition or compression of biliary,
intestinal or vascular structures might present an indication for endoscopic or percutaneous drainage. The size
of the cyst alone should not influence the decision for
interventional treatment.
Apart from external and transmural endoscopic drainages, some pseudocysts with communication to the pancreatic duct might be suitable for transpapillary drainage
via endoscopic retrograde pancreatography (ERP). It is
also possible to combine percutaneous and transmural
drainages to allow frequent flushing through the external
drain; similar techniques also exist for necrosectomy (hybride necrosectomy)[2,3].
Infected pseudocysts, pancreatic abscesses and infected necrosis often require drainage. Preferably, the
intervention should be delayed to at least 4 wk or longer
- if possible - after disease onset to allow demarcation
and liquidification of the necrosis. Despite all enthusiasm
for new technical developments and minimal invasive
techniques, we should not forget that conservative management with antibiotic therapy alone can also result in
a good outcome in selected, clinically stable patients[4-6].
Therefore, ideally, all decisions for intervention and when
to intervene should be discussed in a multidisciplinary
team.

ENDOSCOPIC ULTRASONOGRAPHY
GUIDED PSEUDOCYST DRAINAGE
Even in large bulging pseudocysts, the endoscopic ultrasonography (EUS) guided drainage is superior to the
purely endoscopic approach as the puncture of vascular
structures can be avoided by Doppler sonographic visualization[7,8].
The puncture of the cyst is usually performed using
a 19G needle under endosonographic view. Cyst content can be aspirated for biochemical analysis [amylase
or lipase, carcinoembryonic antigen (CEA)], gram stain,
culture and cytology. Through the lumen of the needle a
0.035” guide wire can be advanced until it curls up in the
cyst which adds stabilisation of the position and access
by forming anchoring extra loops in the cavity[9-11].
Enlargement of the newly created ostium can be
achieved by balloon dilatation over the guide wire. Alternatively, the canal can be widened using a cytostome and
diathermy. The cystotome also allows the direct puncture
of the cyst as it contains an integrated needle knife catheter which can be used instead of the 19G needle but
lacks stiffness. The outer metal ring of the cystotome allows application of diathermy and the creation of a 10 Fr
channel.
Stents or nasocystic tubes can be placed over the
guide wire. Usually, pigtail stents are preferred due to a
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Table 1 Modified according to the updated Atlanta classification
for definition of peripancreatic fluid collections based on
[1]
contrast enhanced computed tomography criteria
Acute phase < 4 wk
Interstitial
oedematous
pancreatitis

Necrotising
pancreatitis

Late phase > 4 wk

Acute peripancreatic
Pancreatic pseudocyst
fluid collection (homogenous
(well circumscribed,
with fluid density, no
usually round or oval,
definable wall, no necrosis, homogenous fluid density,
adjacent to pancreas, not
no debris, well defined
intra-pancreatic)
wall)
Acute necrosis
Walled-off necrosis
(heterogenous and also
(heterogenous and also
non-liquid density, no
non-liquid density, well
definable wall, intra- and/or defined wall, completely
extrapancreatic location)
encapsulating, intra- and/
or extrapancreatic location)

Table 2 Equipment for endoscopic ultrasonography-guided
pseudocyst drainage
Ultrasound processor
Linear array echoscope with 3.8 mm instrument channel
19 G EUS needle or cytostome and HF generator
Stiff guidewires (e.g., JagwireTM)
Dilatation balloon catheter
Pigtail prosthesis (e.g., 10 F)
Fluoroscopy optional

reduced dislocation rate. The insertion of two or more
stents is desirable to improve cyst drainage and to prevent occlusion of stent and ostium as the cyst content
then also empties through the gaps between the stents.
Direct insertion of two guide wires into the cyst through
balloon catheter or cystotome before insertion of the
first stent facilitates the placement of the second stent.
Recently, the so-called multiple transluminal gateway
technique has been reported for treatment of walled-off
necrosis. This method requires the EUS-guided creation
of two or three transmural tracts between the necrotic
cavity and the gastrointestinal lumen. While one tract is
used to flush saline solution via a nasocystic catheter, multiple stents in the other tracts are deployed to facilitate
drainage of necrotic contents. This method was superior
compared to the conventional single tract technique and
might avoid the need for endoscopic debridement or
open surgery in some cases[12].
The EUS-guided stent placement can be performed
by endosonographic and endoscopic visualization only,
however, fluoroscopy is often helpful, especially as the
endosonographic view can become difficult after the cyst
puncture and during stent placement (Table 2).
It can be challenging to discriminate pseudocysts
from benign and malignant cystic neoplasia. Morphological criteria including vascularized septa and solid
nodules in the wall of the cyst are indicators for a cystic
neoplasia. Contrast enhanced ultrasound has a major
impact for the diagnostic workflow of pancreatic cystic
lesions[13,14]. The biochemical analysis of the cystic fluid
including amylase and the CEA has proved to be helpful
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and morbidity for endoscopic necrosectomy compared to
the open surgical approach[16].
Conventional endoscopic snares and dormia baskets
can be used to carefully extract the necrotic material into
the stomach or duodenum. Usually, many repeated endoscopic sessions (on average 4 in a recent meta analysis[17])
are necessary to mobilise the necrotic tissue completely.
Complications such as perforation (4%) and bleeding
(18%) can occur during endoscopic necrosectomy. Particularily the bleeding can be horrendous because often
large vessels transverse the cysts or necrotic cavity. Such
procedures should only be undertaken by experienced
endoscopic interventionalists in high volume centers that
have back up by skilled hepatobiliopancreatic surgeons
and interventional radiologists. In a recent meta analysis
from 14 studies, more than 80% of patients with walledoff necrosis could be successfully treated by endoscopic
necrosectomy alone; this was associated with 6% mortality and a complication rate at 36%[17].
Use of carbon dioxide insufflation is mandatory to
avoid air embolism.

A

B

NEW DEVELOPMENTS

C

Figure 1 Endoscopic ultrasonography guided placement of a transgastric
metal stent allows endoscopic access into the necrotic cavity for endoscopic debridement. A: Gastric end of the covered transmural stent; B: Endoscopic view within the stent showing blocking necrotic material; C: Endoscopic
view of the necrotic cavity after passage of the endoscope through the metal
stent (two weeks after flushing via a nasocystic tube).

in the differential diagnosis between mucinous tumours
(IPMN and mucinous cystadenoma with high CEA) and
pancreatic pseudocysts (high amylase and low CEA).

ENDOSCOPIC NECROSECTOMY
In case of extensive necrosis, it can be necessary to extract the necrotic tissue from the walled-off cyst in order
to induce the healing process. This requires the creation
of a large caliber transmural orifice between the gastric
or duodenal and the cystic lumen which allows the passage of a standard endoscope into the cystic cavity. In
2000, Seifert reported the first three cases of endoscopic
debridement of infected retroperitoneal necrosis[15]. Since
then multicenter studies have proven reduced mortality

WJG|www.wjgnet.com

Antegrade echoscope
An echoendoscope with an antegrade view of 120 degree and 3.7 mm instrument channel has been designed
by Olympus (TGF-UC260J) to improve the endoscopic
orientation after the initial puncture facilitating further
interventional steps such as dilatation or stent inserting.
The straight instrument channel allows better instrument
control due to reduced resistance. Compared to conventional linear echoscopes the antegrade type has curved
linear array with a much shorter rigid portion at the tip
and a capability to angulate the tip up to 180 degree
which improves manoeuvrability and e.g., enables retroflexion in the fundus. An auxillary water channel flushes
away blood and turbid cyst contents for clear endoscopic
views.
First studies including a randomized controlled multicenter trial have shown promising results compared to
conventional longitudinal echoendoscopes[18-20].
New self-expandable metal stents
Usually, metal stents are not required to drain pseudocysts containing clear fluids but for infected cysts and
walled-off necrosis a long term securing of a large diameter cyst opening by a metal stent can be helpful to allow
drainage of larger particles and repeated direct endoscopic debridement (Figure 1). During the last years, self-expandable metal stents (SEMS) have been adapted to the
needs of EUS guided cyst drainage. Large flanges should
prevent dislocation of the stent, particularly feared is the
migration of the stent into the necrotic cavity. The stents
are covered to avoid leakage between cyst and stomach
wall, it also prevents ingrowth and enables easy removal
at a later timepoint. The self-extendable metal stents
designed for drainage of pancreatic fluid collections and
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Table 3 Covered self-expandable metal stents for endoscopic ultrasonography guided pancreatic cyst drainage
Stent

Company Length (mm) Internal diameter (mm) Maximal flange diameter (mm) Delivery device length (mm) Delivery device diameter (Fr)

AxiosTM Xlumena
10
AixTM
Leufen
30
NagiTM Taewoong 10 or 20 or 30

BCFTM
Hanaro

M.I. Tech

30 or 40

10 or 15
10 or 15
10 or
12
or
14
or 16
10 or 12

21 or 24
25
22 or
24
or
26
or 28
25

Figure 2 Computed tomography abdomen with visible metal stent between stomach and residual walled-off necrosis 6 wk after endoscopic
ultrasonography guided insertion (initial cyst diameter 14 cm).

necrosis open to an internal diameter of more than 1 cm
lumen to allow direct and repeated endoscopic access for
endoscopic necrosectomy and extraction of necrotic tissue (Figure 2). The Axios stent (Xlumena™) and the Aix
stent (Leufen™) are examples of such stents designed
for EUS guided insertion, but also other companies are
now producing similar stents. The covered stent produced by Hananro has extraflanges at the gastric end to
stop migration into the cyst (Table 3).
The yo-yo-like design of the new SEMS such as the
Axios™ stent results in a lumen apposing effect[21,22]. This
can be adventageous in pancreatic fluid collections with
indeterminate wall adherence.
Recent studies demonstrate a lower occlusion rate
and the need for only one stent insertion due to the large
diameter, the option for endoscopic access to the cavity
as clear advantages of SEMS compared to conventional
stents[23-26]. The migration risk remains. Some interventionalists place a double pigtail stent through the metal
stent to prevent stent dislocation.
One step devices
Several new developments aim to simplify the EUS
guided technique and to combine the steps of puncture,
dilatation/enlargement of the ostium and drainage in one
single tool.
The cystostome already combines the cyst puncture
with an inner needle knife catheter followed by the dia-
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1460
2300
1800

10.8
10
10.5

1800

10.2

thermy by a metal ring at the tip of the outer sheet[27].
Exchange over a wire for stenting is still necessary.
However, a new development also now comes with a
preloaded straight stent which can be placed directly after
diathermy.
The Giovannini stent device[28] is an all-in-one stent
introduction system combining a 0.035 needle-wire suitable for cutting diathermy, a 5.5 F guiding catheter and a
preloaded straight plastic stent (8, 5 or 10 F, 5-cm-long).
The needle-wire is introduced under EUS-guidance into
the fluid collection using cutting current. After removing
the internal rigid part, the wire can be curled in the cystic
cavity to stabilize the position. The guiding and dilatation catheter follows over the wire and finally the straight
plastic stent can be transmurally positioned (Giovannini
Needle Wire Oasis; Cook endoscopy, Winston-Salem,
NC, United States). This one-step EUS-guided technique
for transmural cyst access has proven safe and effective
for the management of pancreatic pseudocysts and abscesses[29].
A new combination tool is the “Naxix-access-device”
(Xlumena™) which consists of a 19 G trocar with a
short extandable side blade. The side blade enlarges the
ostium to 3.5 mm diameter which allows to advance a
pear shaped anquoring and a 10 mm dilatation balloon.
The device has also additional channels for guide wires
and contrast injection[30]. Avoiding device exchanges, this
accessory allows access, guidewire insertion, tract enlargement and dilatation.
The recent technical developments have provided us
with easier deployable stent systems for the EUS-guided
management of pancreatic fluid collections. The SEMS
appear safer and more effective in hitherto existing case
series and studies. Large-sized, randomised comparative
studies are required for further evaluation and this will
lead to continued improvement of the techniques.
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Science, Google Scholar, and the Cochrane Database of
Systematic Reviews, with search terms broadly defined
to capture discussions of HCV and its relationship with
NHL and/or lymphoproliferative diseases. References
were screened to further identify relevant studies and
literature in the basic sciences. A total of 62 reports
discussing the relationship between HCV, NHL, and lymphoproliferative diseases were identified. Epidemiological studies suggest that at least a portion of NHL may
be etiologically attributable to HCV, particularly in areas
with high HCV prevalence. Studies that showed a lack
of association between HCV infection and lymphoma
may have been influenced by small sample size, short
follow-up periods, and database limitations. The association appears strongest with the B-cell lymphomas relative to other lymphoproliferative diseases. Mechanisms
by which chronic HCV infection promotes lymphoproliferative disease remains unclear. Lymphomagenesis is a
multifactorial process involving genetic, environmental,
and infectious factors. HCV most probably have a role
in the lymphomagenesis but further study to clarify the
association and underlying mechanisms is warranted.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
Chronic hepatitis C virus (HCV) infection has been associated with liver cancer and cirrhosis, autoimmune
disorders such as thyroiditis and mixed cryoglobulinema, and alterations in immune function and chronic
inflammation, both implicated in B cell lymphoproliferative diseases that may progress to non-Hodgkin lymphoma (NHL). HCV bound to B cell surface receptors
can induce lymphoproliferation, leading to DNA mutations and/or lower antigen response thresholds. These
findings and epidemiological reports suggest an association between HCV infection and NHL. We performed
a systematic review of the literature to clarify this potential relationship. We searched the English-language
literature utilizing Medline, Embase, Paper First, Web of
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INTRODUCTION
Chronic hepatitis C virus (HCV) infection is an insidious form of liver disease that can silently progress to
cirrhosis over a period of 10-30 years in 20% of cases.
Chronic HCV infection has also been associated with extrahepatic manifestations, including membranoproliferative glomerulonephritis, various autoimmune disorders,
and idiopathic pulmonary fibrosis.
HCV is a single, positive-strand RNA hepatotrophic
virus with marked genetic variability[1]. It exhibits lymphotropism, the ability to replicate in peripheral blood
mononuclear cells, which may represent the association
between HCV infection and the development of lymphoproliferative disorders[2]. HCV is a the possible cause
of B-cell dysregulation diseases and conditions and B-cell
lymphoproliferative disorders that may progress to nonHodgkin lymphoma (NHL)[3], three and was identified as
a principle cause of mixed cryoglobulinemia[4,5].
Infectious agents have been associated with the development of B-cell lymphoma[1], and several studies
have suggested that infection with HCV is a risk factor
for the development of B-cell NHL[1-3].
Oncogenesis is a multifactorial process in which many
viruses, including Epstein-Barr virus, human papilloma
virus, and human T cell leukemia\lymphoma virus, play
a well-known role.1 Epidemiological studies have demonstrated an association between HCV infection and
NHL[6-10], suggesting that HCV infection plays a role in
the development of premalignant and malignant hematologic disorders[2,6,11,12]. Other studies have shown that
treatment of NHL with antiviral therapy in patients infected with HCV can lead to regression of lymphoproliferative disease[13,14]. In contrast, other studies have shown
a lack of association between HCV infection and the
development of lymphoma[15,16]; thus, debate regarding a
potential relationship between HCV and NHL continues.

RESEARCH
We searched the English-language literature utilizing
Medline, Embase, Paper First, Web of Science, Google
Scholar, and the Cochrane Database of Systematic Reviews, with search terms broadly defined to capture discussions of HCV and its relationship with NHL and/or
lymphoproliferative diseases. References were screened
to further identify relevant studies and literature in the
basic sciences.
Findings supporting the association between HCV and
NHL
In one study 3 on HCV-positive patients, 13.7% (32/233)
had monoclonal gammopathy compared to an incidence
in the general population of 1%. Of the 32 cases, 24
(75%) were benign and were not associated with a malignant disorder; however the other eight (25%) were
associated with a malignant lymphoproliferative disorder
or plasma cell disorder, and two additional subjects with-
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out monoclonal gammopathy were diagnosed as having
a malignant lymphoproliferative disease. In this study,
the overall prevalence of malignant lymphoproliferative
disease/plasma cell disorder in individuals with HCV
infection was 4.3%. Monoclonal gammopathy was found
in 14% of the patients with chronic HCV infection and
was associated with malignant lymphoproliferative disease in more than 25% of such patients.
Another study[17] showed that the prevalence of HCV
among lymphoproliferative disease patients was 7.8%
compared with a prevalence of 1.19% in the group with
myeloproliferative and myelodysplastic disorders, and
0.64% in the general population. After subtype analysis,
the strongest association between HCV and lymphoproliferative disease was found in patients with diffuse large
B-cell lymphoma. The authors proposed that an antiHCV antibody test should be performed routinely in
lymphoma patients.
In another study, HCV prevalence was 17.5% (70/400)
in lymphoma patients and 5.6% (22/396) in controls.
The highest prevalence rates were found among patients
with lymphoplasmacytic lymphoma and marginal zone
lymphoma (30% and 26.6%, respectively), both of which
are considered indolent types of B-cell NHL. Among the
two largest subgroups of B-cell NHL, the HCV prevalence was more elevated among patients with large B-cell
lymphoma (19.0%), an aggressive form of B-cell NHL,
compared to patients with follicular B-cell NHL (13.9%),
an indolent form of lymphoma. This study suggests that
the association between B-cell NHL and HCV infection
is not genotype-specific because no difference in genotype distribution was found between the control group
and the study group[18].
In contrast to the findings described above, several
other studies have found that the genotype 2a was more
frequent among patients with monoclonal gammopathy
than those without[19,20]. Furthermore, genotypes 1b and
2a were suggested to be risk factors for the developing
lymphoma in HCV patients[21].
Other studies have compared the prevalence of HCV
infection among patients with different types of lymphoproliferative disorders, including Hodgkin’s disease,
acute lymphoblastic leukemia, multiple myeloma, T-cell
NHL and B-cell NHL. A total of 537 patients were
tested for HCV infection and compared to the general
population. Among all lymphoproliferative disorders, the
prevalence and the relative risk (RR) of being infected
with HCV was increased only in those with B-cell NHL
and, specifically, in the subgroup of immunocytomas,
whereas the histologic types of other patients were only
occasionally associated with HCV infection[22]. Likewise, a
recent meta-analysis of 15 case control studies and three
prospective studies found a higher RR for NHL among
HCV-positive individuals and the etiologic fraction of
NHL attributable to HCV was more than 10% in areas
with high HCV prevalence[23].
Finally, in a seminal study, response to interferon therapy (interferon α and ribavirin, alone and in combination)
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was compared for nine patients having splenic lymphoma
with villous lymphocytes and HCV infection versus a
control group of six similarly treated patients having
splenic lymphoma with villous lymphocyte who tested
negative for HCV infection. All nine patients who tested
positive for HCV had a remission of their lymphoma
after the loss of detectable HCV RNA in the blood, and
one patient had a relapse when HCV RNA became detectable again. In contrast, none of the six HCV-negative
patients had a response to interferon therapy[14]. Similar
findings were published in a subsequent study[24]. These
studies comprise one of the strongest arguments supporting the association of HCV infection with NHL.
Mechanism of pathogenesis
The mechanism by which chronic HCV infection promotes
lymphoproliferative disease remains unclear. Some studies
have shown that treatment of HCV infection with viral
elimination methods reduces the incidence of malignant
lymphoma in patients infected with HCV[14,25-27]. Over
the years, several theories involving different mechanisms
have been proposed. One such idea is that hypermutation
induced by HCV infection of the immunoglobulin genes
in B cells can be the cause of lymphomagenesis[28,29].
Another proposed theory is that HCV infection-induced
hypermutation causes genetic instability and chromosomal aberrations, possibly resulting in neoplastic transformation[30]. Soluble interleukin 2 receptor (sIL-2R) has
been shown to take part in some cancers, including T-cell
lymphoma, nasopharyngeal carcinoma, lung and breast
cancer, epithelial ovarian cancer, renal cell carcinoma,
and hepatocellular carcinoma in Egyptian patients[31-37].
In splenocytes of HCV transgenic mice that express the
full HCV genome in B cells (RzCD19Cre mice), the level
of IL-2R was higher than levels in splenocytes derived
from mice that express Cre under the transcriptional
control of the B lineage-restricted CD19 gene. (CD19Cre
mice). Furthermore, serum concentrations of sIL-2R
in RzCD19Cre mice that developed B-cell lymphomas
were higher. Serum sIL-2Rα levels above 1000 pg/mL
were highly suggestive for the development of B-cell
lymphomas in RzCD19Cre mice[38].
Chronic antigenic stimulation is thought to be important in the pathogenesis of HCV-related B-cell NHL .The
immune response that occurs in HCV-positive patients
against one HCV antigen, the E2 envelope glycoprotein
(E2), suggests that the restricted V gene observed in lymphoproliferative disorders may be linked to this antigen.
V-region genes from human anti-E2 antibodies derived
from B cells of HCV-infected individuals show a similar
V gene bias to that observed in HCV-associated mixed
cryoglobulinemia and NHL[39,40]. These studies implicate
the specific immune response against the E2 antigen in
the pathogenesis of B-cell lymphoproliferative diseases
and, potentially, in HCV-associated lymphomas. The E2
protein may be the antigen involved in driving B cell proliferation. B cells bind E2 via their specific B-cell receptor
and could engage both B-cell receptor and CD19/CD21/
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CD81 (tetraspanin) signaling complexes simultaneously[41,42]. Furthermore, the HCV core protein induces IL-10
expression in mouse splenocytes[43] and IL-10 upregulates
expression of IL-2R (Tac/CD25) in normal and leukemic B lymphocytes[44]. Therefore, IL-10 and IL-2R might
induce B cell transformation and B-cell NHL. The induction of IL-2, IL-10, and Bcl-2 by the HCV core protein
and the induction of IL-12 by E2 have been proposed as
mechanisms that play a major role in lymphomagenesis[43].
Striking geographic differences in the prevalence of
lymphoproliferative disease have been found, suggesting that genetic and/or environmental factors are also
involved in the pathogenesis of this disorder. The prevalence is higher in Italy, the United States, Brazil, and Japan, but not in other countries where the prevalence of
HCV infection in the general population is lower, such
as in Canada. A total of 100 patients with B-cell lymphoma (10 high grade 46 intermediate grade 44 low grade)
and 100 controls with non-hematological malignancies
were studied in North America. None of the controls
or lymphoma patients had antibodies to HCV, suggesting that HCV is unlikely to play an important role in the
pathogenesis of B-cell lymphoma in North America.
In contrast, a study of another general population was
performed in patients of second-generation DanishSwedish origin, and it was found that the presence of
HCV infection was a risk factor for the development of
NHL despite the low prevalence of HCV infection in
this population[10,18,45-51]. Factors that can contribute to
geographic differences include the prevalence of HCV
infection in the general population-HCV appears to be
associated with B-cell NHL mainly in countries such
as Italy, where HCV is highly prevalent[52]; HCV genotype[53]; and the type of virology testing used, since the
detection of HCV antibodies without testing for HCV
RNA may underestimate the true rate of HCV infection
in NHL patients[54].
Findings against the association between HCV and NLH
In addition to the findings described above, data have
been collected in recent years that argue against an association between HCV infection and lymphoproliferative
disorders. One study from India showed that the incidence of HCV infection was 1% in patients with NHL
and 0% in patients with chronic lymphocytic leukemia[55].
In another case-controlled study from Pakistan, the prevalence of HCV infection was not significantly different in
143 lymphoma patients compared with 29 controls (5% vs
3.4%, respectively)[56]. A prospective case-controlled study
assessed whether HCV infection preceded the development of NHL by examining the serum of 95 subjects
with NHL diagnosed at a mean 21 years after screening
for anti-HCV antibodies and HCV RNA. In this study,
samples from four of 95 case subjects and one of 95
matched control subjects had repeatedly reactive HCV
enzyme-linked immunosorbent assay enzyme-linked immunosorbent assays. None of these cases, however, were
confirmed HCV seropositive by third generation strip
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immunoblot assay (RIBA-3). Furthermore, none of the
serum samples from case subjects were found to be HCV
RNA-positive by real time PCR (RT-PCR). Based on this
study, HCV infection acquired during early adulthood
was determined to not be a risk factor for subsequent
B-cell neoplasia over the course of a patient’s lifetime[49].
Another study exploring the association between HCV
and HBV infections with lymphoproliferative diseases[18]
showed no significant association between the presence
of anti-HCV antibodies and the risk of developing NHL,
multiple myeloma, or Hodgkin’s lymphoma. This study
did find that chronic HBV infection may increase the risk
of lymphoid malignancies.
In a prospective study of 2162 patients with HCV
infection in Japan, the incidence of NHL was not considerably elevated (only four of the 2162 patients with HCV
had NHL); however, the median follow-up time was less
than 6 years. This short follow-up period may explain the
low rate of NHL in this study since NHL may typically
develop only after long-standing HCV infection[57]. In another study of 2,533 female patients infected with HCV,
an association between HCV infection and NHL was not
observed[58].
Several studies have failed to find an association between HCV infection and lymphoma subtypes such as
mucosa-associated lymphoid tissue lymphoma of the
stomach[48,59-62]. Furthermore, a study of HIV-positive patients with concurrent HCV infection revealed that HCV
infection was not associated with an increased risk of developing NHL. In addition, no relationship between NHL
risk and anti-HBcAg or anti-HBsAg was found[19].
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CONCLUSION
In conclusion, lymphomagenesis is a multifactorial process in which genetic, environmental, and infectious factors can all be involved.
The above review described some studies that found
a strong association between HCV infection and the
development of lymphoma, particularly non-Hodgkin
lymphoma one of the regions for this strong association
between HCV and lymphoproliferative disease can be
due to the overrepresentation of lymphoplasmacytoid
lymphomas/immunocytomas relative to other B-NHL
histotypes in several studies is likely the result of a selection bias towards the inclusion of patients with type
Ⅱ MC in these centers, and this reason might account
for the apparently high prevalence of HCV infection in
B-NHL patients in these series[63]. The studies presented
here that showed a lack of association between HCV
infection and lymphoma may have been influenced by
small sample size, short follow-up periods,and geographic variation. We believe this field of study would benefit
from further prospective trials.
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Abstract
AIM: To test whether a new rinse solution containing
polyethylene glycol 35 (PEG-35) could prevent isch-
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emia-reperfusion injury (IRI) in liver grafts.
METHODS: Sprague-Dawley rat livers were stored
in University of Wisconsin preservation solution and
then washed with different rinse solutions (Ringer’s
lactate solution and a new rinse solution enriched with
PEG-35 at either 1 or 5 g/L) before ex vivo perfusion
with Krebs-Heinseleit buffer solution. We assessed the
following: liver injury (transaminase levels), mitochondrial damage (glutamate dehydrogenase activity), liver
function (bile output and vascular resistance), oxidative
stress (malondialdehyde), nitric oxide, liver autophagy
(Beclin-1 and LCB3) and cytoskeleton integrity (filament
and globular actin fraction); as well as levels of metalloproteinases (MMP2 and MMP9), adenosine monophosphate-activated protein kinase (AMPK), heat shock
protein 70 (HSP70) and heme oxygenase 1 (HO-1).
RESULTS: When we used the PEG-35 rinse solution,
reduced hepatic injury and improved liver function were
noted after reperfusion. The PEG-35 rinse solution prevented oxidative stress, mitochondrial damage, and
liver autophagy. Further, it increased the expression of
cytoprotective heat shock proteins such as HO-1 and
HSP70, activated AMPK, and contributed to the restoration of cytoskeleton integrity after IRI.
CONCLUSION: Using the rinse solution containing
PEG-35 was effective for decreasing liver graft vulnerability to IRI.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver washout; Liver transplantation; Rinse
solution; Ischemia-reperfusion injury; Polyethylene
glycol 35; Nitric oxide; Adenosine monophosphate-activated protein kinase; Heme oxygenase 1; Heat shock
protein 70; Metalloproteinases
Core tip: Research into optimal rinse solutions for
graft washout is limited, and their clinical application
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is dependent on surgeon preference. We present a
new rinse solution containing polyethylene glycol 35
(PEG-35) that is not only suitable for washing liver
grafts after cold preservation, but also provided good
graft protection against reperfusion injury. Using
PEG-35 in the rinse solution resulted in less hepatic injury, a significant induction of cytoprotective proteins,
and the preservation of cytoskeletal integrity. Thus,
PEG-35 supplemented rinse solutions may contribute
to liver graft protection against ischemia-reperfusion
injury.
Zaouali MA, Bejaoui M, Calvo M, Folch-Puy E, Pantazi E, Pasut G, Rimola A, Ben Abdennebi H, Adam R, Roselló-Catafau
J. Polyethylene glycol rinse solution: An effective way to prevent ischemia-reperfusion injury. World J Gastroenterol 2014;
20(43): 16203-16214 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i43/16203.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i43.16203

INTRODUCTION
Liver transplantation (LT) has had a profound impact on
patient outcomes in end-stage liver disease, representing
the most effective treatment for many patients with acute
or chronic liver failure[1]. Ischemia-reperfusion injury (IRI)
is an inherent risk of LT, and is often responsible for
early graft failure within the first week of surgery[2-4]. IRI
is initiated when the liver is recovered from the donor
and placed in cold storage solution; it continues when
the graft is re-warmed prior to LT, and persists at graft
revascularization after LT[3,4]. Research has identified several strategies to reduce the impact of these multifactorial
processes on graft function.
Maintaining organ viability during cold storage (i.e.,
preservation) is an important prerequisite for a successful outcome after LT[1,5]. For this reason, the composition of organ preservation solutions is crucial; during
cold storage, the solution must prevent cell swelling,
impaired energy metabolism, acidosis, and the accumulation of precursors of reactive oxygen intermediates[1,5].
Currently, the University of Wisconsin (UW) solution is
the one most commonly used for LT[6,7]. However, several studies have reported that its composition is limited
by: (1) the high concentration of K+ ions in preserved
grafts that could cause cardiac arrest in the recipient at
reperfusion[8]; (2) the oncotic agent, hydroxyl-ethyl starch
(HES), which confers high viscosity with incomplete
distribution of the UW solution in the liver graft, particularly between the intravascular space and liver parenchyma; and (3) the hyper-aggregating effects of HES
on erythrocytes, which may hamper liver graft reperfusion[9-11]. These limitations have led physicians to rinse
grafts before revascularization to remove the K+ ions,
HES, and toxins that accumulate during preservation,
and to ensure optimal conditions for graft revascularization and viability.
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Current studies on rinse solutions for organ washout
are limited. Ringer’s lactate solution (RLS) was initially
used, before a more effective alternative was proposed
by Adam et al[12] who used a macromolecular albumin solution to restrict reperfusion damage. Later, the Carolina
rinse solution was shown to prevent IRI[13-15], but it has a
complex composition and contains HES, which induced
red blood cell aggregation and incomplete washout[11].
Despite some reductions in liver injury, the optimal washout solution has yet to be established and current practice depends mostly on physician preference.
In previous studies, we have used polyethylene glycol
(PEG) 35 as an oncotic agent in Institut Georges Lopez
(IGL-1) preservation solutions for liver graft conservation[16-18]. PEG-35 is a non-toxic, water-soluble polymer
that prevents red blood cell aggregation when compared
to HES[1,11]. PEG has shown protective effects in different organs and can reduce oxidative stress through the
preservation or restoration of membrane integrity[19].
Moreover, several studies have demonstrated the efficiency of PEG in kidney[20], heart[21], liver[22], pancreas[23], and
small bowel[24] preservation in experimental models and
clinical studies.
In the present study, we investigated the efficacy of
liver washout with a new PEG-35 rinse solution after
graft cold preservation in UW solution.

MATERIALS AND METHODS
Animals
Male Sprague-Dawley rats (250 g body weight) were
anesthetized under isoflurane inhalation according to European Union regulations (Directive 86/609 EEC), and
surgery was performed as previously reported[25]. Animals
were randomly distributed into groups as described below.
Liver washout
After 24 h cold storage in UW solution, the liver grafts
were subjected to normothermic washout with different
rinsing solutions (Table 1 and Table 2) and then re-perfused for 2 h at 37 ℃. The experimental groups were as
follows: Group 1, Ringer’s lactate solution (RLS) (n = 8)
as shown in Table 1; the liver grafts were flushed with
RLS (15 min; room temperature) and then re-perfused
for 2 h at 37 ℃. Group 2, Base solution (BS) (n = 8);
same as Group 1, but flushed with the BS, as indicated in
Table 2. Group 3, (BS + PEG1) (n = 8); same as Group 1,
but flushed with BS supplemented with PEG-35 at 1 g/L
(Table 2). Group 4, (BS + PEG5) (n = 8); same as Group
1, but flushed with the BS supplemented with PEG-35 at
5 g/L (Table 2).
Model of isolated perfused rat liver
After cold storage in UW solution, the liver grafts were
rinsed at room temperature for 15 min using one of the
rinse solutions indicated above. Then livers were connected via the portal vein to a recirculating perfusion
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Table 2 Composition of the different rinse solutions: BS,
BS+PEG35 at 1g/L (BS+PEG1) and BS+PEG35 at 5g/L (BS
+ PEG5)

Table 1 Composition of Ringer’s lactate solution
Ringer lactate solution
Composition

Concentration (mg/100 mL)

NaCl
KCl
CaCl2.2H2O
NaC3H5O3
Osmolarity (mOsm/L)
pH

600
40
27
312
277
5.0-7

system for 2 h at 37 ℃. Time zero was the point at which
the portal catheter was satisfactorily connected to the
circuit. As previously reported, during the first 15 min
of perfusion (initial equilibration period), the flow was
steadily increased until we achieved stabilization of the
portal pressure at 12 mm Hg (Pressure Monitor BP-1;
World Precision Instruments, Sarasota, Florida). The flow
was controlled by a peristaltic pump (Minipuls 3; Gilson,
France)[26,27]. The reperfusion liquid consisted of a cell
culture medium (William’s medium E; Bio Whittaker,
Barcelona, Spain) with a Krebs-Heinseleit-like electrolyte
composition enriched with 5% albumin for oncotic pressure[28]. Before entering the liver, the buffer was exposed
to a mixture of 95% O2 and 5% CO2, a heat exchanger
(37 ℃), and a bubble trap[27,28]. During normothermic reperfusion lasting 120 min, the effluent was collected at 30
min intervals to measure the liver aminotransferase levels
and the liver function (bile, vascular resistance). Biochemical parameters were measured 2 h after reperfusion.
Biochemical determinations
Transaminase assay: Hepatic injury was assessed by
measuring transaminase levels using commercial kits
from RAL (Barcelona, Spain). Briefly, 200 μL of effluent
perfusate was added to the substrate provided by the
commercial kit and the levels of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were
determined at 365 nm with an ultraviolet spectrometer
and calculated according to the manufacturer’s instructions[27,29].
Bile Output: Liver function was assessed by measuring
bile production. Bile was collected through a cannulated
bile duct and output was reported as microliter per gram
of liver (μL/g liver)[26].
Vascular resistance: Liver circulation was assessed by
measuring perfusion flow rate and vascular resistance.
The perfusion flow rate was assessed continuously during reperfusion (expressed as mL/min/g liver). Vascular resistance was defined as the ratio of portal venous
pressure to flow rate (expressed as mmHg/min/g liver/
mL)[26].
Glutamate dehydrogenase activity: The mitochondrial
enzyme glutamate dehydrogenase (GLDH) was used as
an indirect measure of mitochondrial damage as previ-
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Composition (g/L)

BS

CaCl2.2H2O
KH2PO4
NaH2PO4
MgSO4.7H2O
Lactobionic acid
Raffinose
PEG 35
pH
Osmolarity (mOsm/L)

1.3
5
20
5
100
30
7.4
320

BS + PEG1
1.3
5
20
5
100
30
1
7.4
320

BS + PEG5
1.3
5
20
5
100
30
5
7.4
320

BS: Base solution; BS + PEG1: BS with PEG-35 at 1 g/L; BS + PEG5: BS
with PEG-35 at 5 g/L.

ously reported[28].
Lipid peroxidation assay: Lipid peroxidation in the
liver was used as an indirect measure of the oxidative injury induced by ROS. Lipid peroxidation was determined
by measuring the formation of malondialdehyde (MDA)
with the thiobarbiturate reaction[28].
Determination of nitrites and nitrates: Nitric oxide
(NO) production by the liver was determined by measuring tissue accumulation of nitrites and nitrates, as previously reported[28].
Western blot analysis
Liver tissue was homogenized as previously described[28].
Total protein was loaded in Laemmli buffer onto a
SDS-polyacrylamide gel in a Mini Cell (Bio-Rad). The
proteins were transferred to polyvinylidene difluoride
membranes and blocked in 1 × phosphate buffered saline (PBS)/0.05% Tween 20/5% non-fat dry milk. Membranes were immunoblotted with antibodies directed
against phospho-AMPK (adenosine monophosphateactivated protein kinase) (Thr172), total AMPK, Beclin-1,
and LCB3 (Cell Signaling Technology Inc, Beverly, Massachusetts); anti-endothelial NO synthase (eNOS) and
heat shock protein (HSP) 70 (BD Transduction Laboratories, Lexington, Kentucky); and β-Actin, actin, and
heme oxygenase-1 (HO-1; Sigma Chemical, St. Louis,
Missouri). The secondary antibody was added for 1 h and
the membranes were developed using enhanced chemiluminescence reagents from Bio-Rad (Hercules, California)
and quantified by scanning densitometry.
Zymography
Frozen tissue samples were homogenized with a lysis
buffer and centrifuged as described elsewhere[30]. Supernatants were used for extraction of gelatinolytic activity with Gelatin-Sepharose 4B (Amersham Biosciences,
Uppsala, Sweden). Extracted liver samples were used to
perform gelatin zymography using gelatinase zymography standards. The gels were stained in 0.1% amido black
in a 1:3:6 ratio of acetic acid:methanol:water for 30 min
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Figure 1 Alanine aminotransferase (A) and aspartate aminotransferase (B) levels in the perfusate of livers rinsed with different washout solutions (RLS,
BS, BS + PEG1, and BS + PEG5) and subjected to 2 h of normothermic reperfusion. aP < 0.05 vs RLS; cP < 0.05 vs BS. Please see BS composition in Table 2.
PEG: Polyethylene glycol; RLS: Ringer’s lactate solution; BS: Base solution; BS + PEG1: BS with PEG-35 at 1 g/L; BS + PEG5: BS with PEG-35 at 5 g/L. AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.

and destained in the solvent, followed by a final wash in
distilled water. Gelatinolytic enzymes were detected as
transparent bands on the gel[30].
Confocal fluorescence microscopy
The liver was fixed, cryoprotected with sucrose, embedded in optimal cutting temperature media, and frozen
on a copper plate on dry ice. Cryosections (5 μm) were
cut in a cryostat and post fixed in 4% buffered paraformaldehyde for 10 min, and then permeabilized with PBS
containing 0.1% Triton X-100 and 1% bovine serum
albumin (BSA) for 30 min. For actin visualization, the
slides were incubated with tetramethylrhodamine-phalloidin (TRITC-phalloidin, Sigma; dilution 2 μmol/L) in
PBS with 1% BSA and 0.2% Triton X-100 for 30 min.
Slides were washed 3 times for 15 min with PBS. The last
PBS wash included Hoechst 33342 (Invitrogen; dilution
1 μmol/L). Finally, cryosections were mounted using
Mowiol (Calbiochem).
Confocal images were acquired with a Leica TCS SP5
laser scanning microscope (Leica Microsystems, Germany)
equipped with a 63 × NA1.4 oil-immersion objective.
Hoechst-33342 and Phalloidin-A555 images were acquired
sequentially using an acousto-optical beam splitter with 405
nm and 561 nm laser lines and emission detection ranges
of 415-450 nm and 570-650 nm respectively. The confocal pinhole was set at 1 Airy unit and when 3-dimensional
reconstruction was required, stacks of images every 0.3
mm were acquired. The sinusoid circularity of livers (based
on Phalloidin staining) was quantified on ImageJ (Wayne
Rasband, National Institute of Health, United States)
as 4π × [(Area)]/[(Perimeter)2]. Briefly, the red channel
(phalloidin-A555 staining) was mean filtered (radius 1),
before thresholding, conversion to a binary image, and
inversion. Sinusoids were selected and circularity was
measured (in 16 mm2 of each sample). A value of 1.0
indicated a perfect circle; as the value approached 0.0, an
increasingly elongated shape was more likely.
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Statistical analysis
Data were expressed as mean ± SE, and were compared
statistically by variance analysis, followed by the StudentNewman-Keuls test (Graph Pad Prism software). P < 0.05
was considered significant.

RESULTS
Liver injury
Effluent fluid was collected to determine ALT and AST
levels after 2 h of reperfusion as a predictor of organ
damage after cold IRI. Figure 1 shows the AST and ALT
profiles of the liver grafts subjected to washout with RLS,
BS, and BS+PEG-35 solutions (Table 2). Use of the BS
solution supplemented with PEG-35 prevented AST and
ALT release after 2 h of reperfusion when compared
to both the RLS and BS solutions. No differences were
found when BS + PEG1 (1 g/L) and BS + PEG5 (5 g/L)
solutions were compared.
Liver function
Liver function was assessed by measuring bile production
and vascular resistance. As indicated in Figure 2A, a significant increase was observed in bile production after 2 h of
reperfusion in liver grafts flushed with BS + PEG1 and
BS + PEG5 rinse solutions when compared to RLS and
BS alone. These results were consistent with a reduced
vascular resistance after 2 h of reperfusion, as shown by
the profiling studies reported in Figure 2B.
Oxidative stress and mitochondrial injury in the liver
To evaluate the effect of PEG-35 rinse solutions in oxidative stress and mitochondrial damage, we measured
levels of MDA, a lipoperoxidation marker. We observed
a significant MDA reduction with the PEG-35 rinse solutions when compared to BS alone (Figure 3A). This preventive effect was more marked when compared to RLS.
These results were consistent with liver mitochondrial
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damage measured by GLDH activity in liver perfusate at
the end of the 2-h reperfusion period. Livers rinsed with
RLS showed the highest GLDH activity when compared
to those rinsed with BS alone (Figure 3B). PEG-35 (either 1 g/L or 5 g/L) added to BS significantly reduced
GLDH levels when compared to RLS and BS alone. No
differences were observed between the PEG-35 groups.
Cell signaling pathways implicated in liver protection
We evaluated the cytoprotective cell signaling pathways
involved in liver grafts by assessing the effect of PEG-35
rinse solutions on AMPK phosphorylation. We found
a significant increase in phosphorylated AMPK levels
in liver grafts rinsed with PEG-35 containing solutions
when compared to RLS and BS (Figure 4A). This was
concomitant with increases in nitrite/nitrate levels and
eNOS activation (Figures 4B and C).
In addition, we examined the effect of PEG-35 rinse
solutions on the induction of heme oxygenase-1 (HO-1)
and HSP70 (known cytoprotective proteins involved in
the reduction of liver damage after IRI). The highest
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HO-1 protein levels were observed in livers rinsed with
PEG-35 solution when compared to RLS and BS alone.
Major differences were observed between the 5 g/L
and 1 g/L concentrations of PEG-35 (Figure 5A). The
HSP70 protein expression pattern was similar to that described for HO-1 expression (Figure 5B).
Liver cytoskeleton alteration
Next, we evaluated the impact of PEG-35 rinse solutions
on liver cytoskeleton distribution by assessing changes in
filamentous actin (F-actin) and globular actin (G-actin).
Our results demonstrated that the greatest G-actin fraction was observed in livers rinsed with the RLS when
compared to BS and PEG-35 solutions (Figure 6). Conversely, the F-actin fraction was higher in the PEG-35 solution than in either RLS or BS alone (Figure 6). This was
consistent with the metalloproteinase (MMP) activation
shown in Figure 7. In fact, we observed a significant reduction in MMP9 activity in livers flushed with PEG-35
solutions when compared to those flushed only with RLS
or BS. No differences were found between the PEG-35
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Figure 5 Heme oxygenase 1 (A) and heat shock protein 70 (B) protein
levels in livers flushed with different washout solutions (RLS, BS, BS +
PEG1, and BS + PEG5) and subjected to 2 h of normothermic reperfusion.
a
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oxygenase 1.
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solutions. In addition, we observed an increased MMP2
activity only when BS was used. However, no differences
were found between the PEG-35 solutions and RLS (Figure 7B). The alterations in the actin cytoskeleton resulted
in changes in cell shape and adhesiveness: we observed
sinusoidal shape changes in livers rinsed with RLS as opposed to a normal hexagonal morphology in livers rinsed
with the PEG-35 solutions (Figure 8).
Liver autophagy
In liver grafts subjected to 24 h of UW cold preservation
and 2 h of reperfusion, we evaluated the incidence of
liver graft autophagy by measuring the levels of estab-
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lished markers, Beclin-1 and LCB3. As evidenced in Figure 9, Beclin-1 and LCB3 levels fell significantly in livers
washed with PEG-35 rinse solutions compared to those
washed with either RLS or BS alone.
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Several rinse solutions have been proposed for the efficient washout of liver grafts before transplantation. In
this paper we demonstrate that the washout step is necessary for both the removal of remaining preservation solution, and also for protecting the liver graft against IRI.
Following our experience in the use of PEG-35 for fatty
liver preservation[17,28,29], we have explored its use as a
rinse solution. Due to the fact that PEG-35 is the oncotic
agent at low concentrations in the IGL-1 preservation
solution, we compared rinse solutions supplemented with
PEG-35 at 1 g/L and 5 g/L.
PEG polymers are water-soluble, biocompatible, nontoxic materials that are commercially available at different molecular weights[1,19]. PEG is approved for use in
humans by the FDA, and its applications range from use
as an excipient in drug formulations, cosmetics, and food
preparations to use as a conjugating polymer for therapeutic protein delivery[31]. To date, the use of PEG in
preservation solution has been associated with several advantages, but it has not yet been tested in rinse solutions.
In this study, we demonstrated that the PEG-35 rinse
solution prevented liver injury after 2 h of reperfusion
when compared to the grafts flushed with either RLS
or BS alone. This effective protection was concomitant
with a subsequent improvement in hepatic function, as
reflected by bile production[17] and a significant reduction
in vascular resistance. These results are consistent with
previous reports evidencing the protective role of different PEG molecules for organ preservation[16,20,28].
A growing body of evidence indicates that mitochon-
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Figure 7 Effects of washout on metalloproteinase 9 (A) and metalloproteinase 2 (B) activity in livers flushed with different washout solutions
(RLS, BS, BS + PEG1, and BS + PEG5) and subjected to 2 h of normothermic reperfusion. aP < 0.05 vs RLS; cP < 0.05 vs BS; eP < 0.05 vs BS + PEG1.
PEG: Polyethylene glycol; RLS: Ringer’s lactate solution; BS: Base solution; BS
+ PEG1: BS with PEG-35 at 1 g/L; BS + PEG5: BS with PEG-35 at 5 g/L. MMP:
Metalloproteinase.

drial dysfunction is a critical pathological process in liver
IRI. Impaired mitochondrial function results in defective
energy use and excessive reactive oxygen species generation[32]. Here we demonstrated that the addition of
PEG-35 to a rinse solution prevented mitochondrial damage and oxidative stress, when compared to either RLS
or BS solutions. Our results are in line with previously
reported data demonstrating the effective antioxidant role
of PEG, through the suppression of lipid peroxidation,
after rewarming cold-stored hepatocytes[33]. This prevention was also accompanied by increases in HSP70 and
HO-1 expression. Overexpression of both HSPs, well
known markers of graft survival after transplantation[34],
was more relevant for PEG-35 at 5 g/L when compared
to 1 g/L suggesting that the higher concentration was
more suitable for increasing liver graft tolerance to IRI.
In our study, the PEG-35 rinse solution increased
phosphorylated AMPK levels. AMPK is an enzyme involved in cellular energy balance that regulates the downstream signaling pathways towards an energy-conserving
state[35]. AMPK activation before or during organ preservation helps to limit organ injury and maintain graft qua-
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lity[36,37]. We have previously reported that AMPK inducers
ameliorated fatty liver graft preservation when added to
preservation solutions[38]. We have now demonstrated that
PEG-35 rinse solutions contribute to AMPK activation;
furthermore, rinsing liver grafts with solutions containing
PEG-35 resulted in activation of constitutive eNOS and
subsequent NO generation[36,37]. NO is a gaseous vasodilator that protects liver endothelial cells against IRI[39].
Its activation is consistent with the observed decreases in
vascular resistance after washing out with PEG-35 rinse
solutions, which are associated with NO generation and
contribute to preventing microcirculation alterations after
liver graft revascularization.
Changes in cytoskeletal structure and cell morphology
occur in the liver following IRI that can ultimately lead to
graft dysfunction[40-42]. Recently, it has been reported that
PEG contributes to the regulation of endothelial cell barrier by rearranging the actin cytoskeleton[43]. Subcellular
F-actin is an important component of the cytoskeleton,
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and the balance between F-actin and monomeric G-actin
largely determines the functional outcome. It is important
to note that F-actin forms microfilaments in liver cells,
which are involved in intracellular processes, the maintenance of cell morphology, and bile canalicular motility
necessary for bile secretion[42,44,45]. With this in mind, we
explored the effects of PEG-35 rinse solutions on the
liver cytoskeleton by measuring F- and G-actin distribution and ultrastructural changes by confocal microscopy.
Livers subjected to washout with RLS and BS showed
low F-actin content reflecting actin cytoskeletal derangement, probably associated with ischemia. In contrast,
PEG-35 use reversed the loss of F-actin by increasing its
polymerization, as reflected by an increased F-actin/G-actin ratio. This confirms the protective effect of PEG-35
rinse solution in preventing the loss of cell integrity during IRI.
Extracellular matrix turnover, influenced by MMP9
and MMP2, occurs during tissue remodeling after IRI[46,47].
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In experimental models of hepatic IRI, inhibiting MMP2
and MMP9 has also reduced tissue damage[30,48]. In this
study, we demonstrated that the PEG-35 rinse solutions
inhibited MMP9 activity, suggesting cytoskeletal stability
compared to either RLS or BS. This fact is consistent
with the reduction of morphological alterations on
confocal microscopy. Specifically, we observed that liver
graft cells rinsed with RLS or BS acquired a slightly deformed round shape, while those washed with PEG-35
rinse solutions demonstrated normal morphology.
Our results suggest that cytoskeletal integrity is better
preserved by the presence of PEG-35 in rinse solutions.
This is consistent with another study where high-molecular-weight PEG physically bound to cardiac myocyte
plasma membranes was observed to activate signaling
pathways that protect against hypoxia-reoxygenation associated cell death[49]. It has also been reported that PEG
joins various regulatory elements of the endothelial cell
barrier, thus providing beneficial effects on the architecture of the endothelial cytoskeleton[43].
Autophagy is associated with the turnover of longlived proteins, cytosolic components, or damaged organelles. It is a highly regulated process involving the formation
and delivery of autophagosomes to lysosomes for degradation. Based on growing evidence linking autophagy to
IRI[50-52], we evaluated its potential involvement during the
liver graft washout process. Indeed, autophagy has long
been recognized to occur in organs under stress conditions such as IRI[52,53], although its precise role remains
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unclear and controversial. Although we know that the activation of autophagy during ischemia is essential for cell
survival and maintaining organ function, through AMPK
dependent mechanisms, its role during reperfusion could
be detrimental[52,54,55]. Autophagy in reperfusion is accompanied by a robust up-regulation of Beclin-1, which in
turn is exacerbated by the generation of reactive oxygen
species, leading to a massive degradation of vital molecules and autophagic cell death[55,56].
In this study, we demonstrated that liver graft washout using a rinse solution containing PEG-35 prevented
liver autophagy. This is demonstrated through diminished
Beclin-1 and LC3B levels, similarly to that reported for
post-conditioning in a rat brain model[57]. The data reported here are consistent with studies carried out by
Gotoh et al[58], who implicated autophagy in the initiation
of graft dysfunction after rat liver transplantation. Thus,
we can speculate that the prevention of mitochondrial
damage and ROS production by PEG-35 could explain
the decreases in Beclin-1 and LC3B after liver graft washout. The overall benefits of using PEG-35 as a rinse
solution are summarized in Figure 10.
In conclusion, we have demonstrated that the use
of a new rinse solution containing PEG-35 protects rat
liver grafts against IRI and it could therefore be a useful
clinical tool for increasing liver graft protection against
reperfusion injury.
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Background

Ischemia-reperfusion injury (IRI) is a determinant factor of graft function during
and after liver transplantation. IRI is a complex process accompanied by oxidative stress, loss of cell membrane integrity, and cell death. Liver graft washout
prior to revascularization is an obligatory step to remove any remaining preservation solution; however, this practice is dependent on individual surgical practices. Liver graft washout strategies are not standardized and have not been
investigated in detail. Here, the authors propose a new rinse solution containing
polyethylene glycol (PEG) 35 as suitable for liver graft protection against IRI. In
addition, the underlying mechanisms are investigated.

Research frontiers

PEG is a non-toxic, water soluble polymer that has been associated with
beneficial effects after various insults, including IRI. PEG is known to decrease
reactive oxygen species, to protect liver mitochondria, to protect against cell
death, and to help preserve cell membrane integrity. The presence of PEG-35
(35000 k-daltons) in the novel Institut Georges Lopez 1 preservation solution
(as an oncotic agent) has been associated with the prevention of hepatic IRI.
The benefits are due, in part, to adenosine monophosphate protein kinase and
endothelial nitric oxide synthase activation. Thus, the authors added PEG-35 to
a rinse solution to evaluate the potential benefits in washing-out and increased
graft protection against IRI.

Innovations and breakthroughs

The authors provide evidence that washing out the liver grafts prior to reperfusion with a rinse solution that contains PEG-35 is an effective tool for providing
a more effective protection against IRI. This is confirmed by decreases in hepatic injury and oxidative stress, ameliorated hepatic function, and more efficient
preservation of liver endothelial integrity.
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Applications

Liver graft washout with a PEG-35 rinse solution is a useful strategy for efficient
graft rinse and provides superior prevention before graft revascularization in
clinical practice.

12

Terminology

Rinse solution is used for removing the remaining preservation solution and
any toxic agents produced during cold storage of the graft. The use of rinse
solution favors the most suitable graft revascularization and survival after
transplantation.

13

Peer review

In this study, the authors studied a new rinse solution containing PEG-35 for
preventing IRI in the liver graft. Using biochemical determinations, Western
Blot Analysis, zymography and confocal fluorescence microscopy, they studied
the function of PEG-35 in the processes of liver injury, liver function, oxidative
stress, mitochondrial injury, liver cytoskeleton alteration and liver autophagy.
While the role of PEG-35 in the protection against IRI is not surprising, I believe
that there are merits in this study because it may give some cues for future
research and clinical application in LT.
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Abstract
AIM: To investigate the effects of a low fermentable,
oligosaccharides, disaccharides, monosaccharides and
polyols diet (LFD) and the probiotic Lactobacillus rhamnosus GG (LGG) in irritable bowel syndrome (IBS).
METHODS: Randomised, unblinded controlled trial
on the effect of 6-wk treatment with LFD, LGG or a
normal Danish/Western diet (ND) in patients with IBS
fulfilling Rome Ⅲ diagnostic criteria, recruited between
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November 2009 and April 2013. Patients were required
to complete on a weekly basis the IBS severity score
system (IBS-SSS) and IBS quality of life (IBS-QOL)
questionnaires in a specially developed IBS web selfmonitoring application. We investigated whether LFD
or LGG could reduce IBS-SSS and improve QOL in IBS
patients.
RESULTS: One hundred twenty-three patients (median
age 37 years, range: 18-74 years), 90 (73%) females
were randomised: 42 to LFD, 41 to LGG and 40 to ND.
A significant reduction in mean ± SD of IBS-SSS from
baseline to week 6 between LFD vs LGG vs ND was
revealed: 133 ± 122 vs 68 ± 107, 133 ± 122 vs 34 ±
95, P < 0.01. Adjusted changes of IBS-SSS for baseline
covariates showed statistically significant reduction of
IBS-SSS in LFD group compared to ND (IBS-SSS score
75; 95%CI: 24-126, P < 0.01), but not in LGG compared to ND (IBS-SSS score 32; 95%CI: 18-80, P =
0.20). IBS-QOL was not altered significantly in any of
the three groups: mean ± SD in LFD 8 ± 18 vs LGG 7
± 17, LFD 8 ± 18 vs ND 0.1 ± 15, P = 0.13.
CONCLUSION: Both LFD and LGG are efficatious in
patients with IBS.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Irritable bowel syndrome; Web-based management; Low FODMAP diet; Lactobacillus rhamnosus
GG; Disease severity; Irritable bowel syndrome-quality
of life
Core tip: This is one of the first studies confirming the
efficacy of a low fermentable, oligosaccharides, disaccharides, monosaccharides and polyols diet (LFD) in
a Danish population with irritable bowel syndrome
(IBS). The Lactobacillus rhamnosus GG (LGG) also
has beneficial effects on IBS symptoms, particularly in
diarrhoeal and alternating IBS subtypes. Web-based
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monitoring (such as at: www.ibs.constant-care.dk) of
disease severity and quality of life appears to be feasible among patients with IBS. LFD and LGG should be
recommended for patients with IBS. The web-based
monitoring of disease severity is promising means and
should be more widely implemented among patients
with IBS.
Pedersen N, Andersen NN, Végh Z, Jensen L, Ankersen DV,
Felding M, Simonsen MH, Burisch J, Munkholm P. Ehealth: Low
FODMAP diet vs Lactobacillus rhamnosus GG in irritable bowel
syndrome. World J Gastroenterol 2014; 20(43): 16215-16226
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i43/16215.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i43.16215

INTRODUCTION
Pharmaceutical treatment with laxatives, antidiarrhoeals,
antispasmodics or antidepressants in patients with irritable bowel syndrome (IBS) offers only a mild palliation
of clinical symptoms[1-4]. Alternative treatment interventions such as cognitive behavioural[5], hypnotic[6], zone
therapy[7], dietary interventions[8] and probiotics[9] have
been suggested as potential treatment options for patients with IBS[10,11].
The low fermentable, oligosaccharides, disaccharides, monosaccharides and polyols (FODMAP) diet
(LFD) was developed based on poor absorption of the
short-chain carbohydrates in the small intestine, which
in IBS patients can cause gas production and increase
intestinal osmolarity[12-15]. The FODMAP components
comprise fructose, lactose, fructo- and galacto-oligosaccharides (fructans, and galactans), and polyols (such
sorbitol, mannitol, xylitol and maltitol) all of which
putatively have three common functional properties:
poorly absorbed in the small intestine, osmotically active molecules, and rapidly fermented by bacteria. The
mechanism of LFD is assumed to be a decrease in the
production of hydrogen and methane in the bowel upon
minimizing the intake of these short-chain carbohydrates[16,17]. A recent study by Shepherd et al[14], revealed a
reduction of global abdominal symptoms in up to 75%
of patients with IBS, however, this result has not yet
been replicated.
Probiotics containing the strain Lactobacillus rhamnosus
GG (LGG), with six billion per capsule, has been proven
to reduce symptoms in children with functional gastrointestinal disorders, but the efficacy in adult IBS patients
remains uncertain[18-20].
Self-management and education in IBS patients have
been shown to have a beneficial effect on the disease
burden and economic burden[21-23]. Web-based concepts
for treatment and follow-up of patients with inflammatory bowel disease have been successfully developed and
shown to improve disease course, optimizing patients’
compliance, improving quality of life and generating

WJG|www.wjgnet.com

economic benefits for the health care system[24-26].
The aim of this study was to conduct a randomised,
controlled trial for 6-wk with patients randomised according to either treatment with LFD, LGG capsules,
or a non-intervention control group following a normal
Danish/Western diet (ND). Furthermore, we evaluated
the feasibility of a web-application developed specifically
for IBS patients and investigated whether this program
had any effect on disease severity and disease-specific
quality of life.

MATERIALS AND METHODS
Study subjects
Between November 2009 and April 2013, all IBS patients
from Herlev Hospital, University of Copenhagen, Denmark were assessed for eligibility. All patients fulfilled
the Rome Ⅲ diagnostic criteria for IBS, had negative
outcome of colonoscopy, negative transglutaminase antibodies and lactose intolerance gene test prior to study
enrolment[27]. Furthermore, all patients were subclassified
in three different IBS subtypes depending on their stool
habits, as either diarrhoea-predominant (IBS-D), constipation (IBS-C), or alternating periods of diarrhoea and
constipation (IBS-A)[27].
Patients who had any alarm symptoms such as fever
(> 38.5 ℃), anaemia, unintended weight loss > 5 kg,
familiar disposition to colorectal cancer or any other significant disease were excluded. Patients with a body mass
index (BMI) below 18 were excluded from the dietary
intervention group.
Study design
Patients were included in a 6-wk randomised unblinded
controlled trial and allocated to one of three groups:
LFD, LGG and a non-intervention control group (ND).
Random allocation software at a 1:1:1 based on http://
mahmoodsaghaei.tripod.com/Softwares/randalloc.html
was used. A third person, not involved in the study, generated the random allocation sequence (randomization
list) and numbered packing of the intervention. The randomization was not blinded for either the participants or
the investigators.
All three groups were asked to register their symptoms weekly using the IBS-severity scoring system (IBSSSS)[28,29] and IBS specific quality of life (IBS-QOL)[30,31]
questionnaires on the web-application and were allowed
to continue their regular IBS medication.
The primary endpoint of this study was to evaluate
the reduction of IBS-SSS in the treatment group compared to a non-intervention control group.
Based on the primary endpoint an estimate of the
required sample size (40 patients in each group) was
calculated: (Type Ⅰ error 5%, Type Ⅱ error 20%, power
80%).
n 1 = n 1 ≥ [2(Z 1-α /2 + Z 1-b ) 2*SD 2]/d 2 = [2(1.96 +
0.84)2*802]/502 = 40
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Treatment conditions
LFD: Each patient allocated to the LFD was instructed
in the diet during a one hour session by nutritionists or
dietitians with a special interest in IBS and the LFD. All
patients were requested not to eat food components with
a high content of FODMAPs and a list of these was provided at the session with the dietitian. All patients were
encouraged to contact the dietitian in case of any uncertainties regarding the diet. All patients that underwent
6-wk LFD in our study were reintroduced by our dietitians/nutritionists to some of the restricted diet products, however, adjusting the quantity of these products.
Afterwards patients were connected to the dietitian/nutritionists for a longer time. The lists of food not allowed
in patients on low FODMAP diet used in our study are
based on Australian lists provided by Gibson et al[16,32].
Control group: Patients allocated to control group
(LGG and ND) were requested to follow an unchanged
normal (Danish/Western) diet during the 6-wk study. At
the end of the study, all ND patients were introduced to
a LFD and thereafter guided by dietitians/nutritionists.
LGG capsules
LGG in the form of Dicoflor60 capsules (Pharmaforce,
Hvalsø, Denmark), containing the strain LGG six billion
per capsule, was administered for 6-wk in the LGG group.
Patients receiving probiotics intervention ingested two
capsules of LGG daily. Side effects, if any, were registered
every week.
Measures
Disease severity of IBS was measured by using the IBSSSS questionnaire, which includes 5 items on a 0-100-mm
visual analogue scale (VAS) with total scores ranging from
0 to 500 mm: severity of abdominal pain (Question 1),
frequency of abdominal pain (Question 2), severity of
abdominal distension (Question 3), dissatisfaction with
bowel habits (Question 4), and interference with quality of
life (Question 5). A cut-off IBS-SSS reduction level of 50
points was considered as an improvement[28].
Changes in quality of life during the study were measured by IBS-QOL questionnaire. The questionnaire consists of 34 items, each with a five-point response scale.
The 34 items are based on the following eight variables;
dysphoria, interference with activity, body image, health
worry, food avoidance, social reactions, sexual and relationships[30].
The individual responses to the 34 items are summed
(max score 170), averaged for a total score and then
transformed to a 0-100 scale for easy interpretation, with
higher scores indicating better QOL. The transformation
formula used for the IBS-QOL total and scale scores is:
Score = (The sum of the items - lowest possible score)/
possible raw score range) × 100.
All patients completed both questionnaires via the
web-application upon entry to the study and then weekly
for the study’s duration.
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Additional measures
In order to measure patients’ anxiety and depression the
hospital anxiety and depression scale (HADS) was used[33].
HADS is a self-reported rating scale of 14 items used to
identify and quantify depression and anxiety (seven items
for each subscale). Both measures were administered at
baseline and week 6. The scoring results are expressed
as: 0-7 normal, 8-10 borderline, ≥ 11 anxious and/or
depressed. Furthermore a satisfaction questionnaire (SQ)
to evaluate patients’ satisfaction with the application
was developed[24]. SQ consisted from seven items on a
0-100-mm VAS scale registered at the end of the study,
covering satisfaction with the application, educational
component, and the impact of the application on IBS. A
mean score above ≥ 50-mm on the VAS was considered
a satisfactory result.
Additional baseline characteristics regarding abdominal surgery prior to the study and any IBS medication
such as laxatives, opstipantia, antispasmodics, analeptics
and antidepressives were recorded at the entry of the
study.
Web-application
The web-application www.ibs.constant-care.dk was developed specifically for IBS patients. Access required a
personal login provided by the responsible doctor. Via
the website patients had access to information about
IBS, an e-learning program, how to contact the study
doctor, and treatment options. All patients were individually by a doctor educated in the use of the program
and in IBS generally prior to entering the study and were
required to complete the two questionnaires, IBS-SSS
and IBS-QOL, once a week during the 6-wk trial. The
total score of the questionnaires accumulates automatically after the patient’s insertion of values and allowed
the patients to follow their symptoms severity in a traffic
light chart: green = inactive-mild IBS severity (IBS-SSS
< 175), yellow = moderate (IBS-SSS 175-300), and red
= severe IBS (IBS-SSS > 300)[28].
The web-application is fully secured based on the
net code principles. Each user requires a username and
a password in order to access the web-application. Beside the patients, only certain care providers have access
to patients’ data, allowing continuous monitoring of
patients with regards to disease activity if necessary, to
avoid complications. For the research purpose, registered
data in the web-database were automatically linked to the
Excel export function, allowing statistical analysis. The
link between data and the patient was performed via a
consequent personal and anonymous patient number.
Ethical considerations
The study was approved by the Ethical Committee, Denmark (protocol number H-2-2009-095). All patients included in this study signed an informed consent form.
Statistical analysis
Standard descriptive statistics were performed, including
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IBS patients assessed for eligibility
n = 144

Excluded, n = 21
Not meeting inclusion criteria

Enrolment

Randomised, n = 123

Allocation

LFD, n = 42

LGG, n = 41

ND, n = 40

Discontinued
not analysed

LFD, n = 8

LGG, n = 4

ND, n = 3

Completed
analysed
n = 108

LFD, n = 34

LGG, n = 37

ND, n = 37

Figure 1 Enrollment and progress of patients with irritable bowel syndrome throughout the study. LFD: Low fermentable, oligosaccharides, disaccharides,
monosaccharides and polyols diet; LGG: Lactobacillus rhamnosus GG; ND: Normal (Danish/Western) diet.

frequency distributions for categorical data and calculation of mean ± SD for continuous variables. KruskalWallis 1-way ANOVA test was used to determine statistical differences among the three treatment groups and
the Mann-Witney U two-sample test when analysing for
statistical differences between the individual intervention
groups and the ND group. The Wilcoxon matched pair
test was used in order to assess changes in IBS-SSS and
IBS-QOL in the dependent samples during the 6-wk.
Linear analysis of covariance (ANCOVA) of changes
in IBS-SSS/QOL from baseline to week 6 were used in
controlling the effects of following baseline covariates:
gender, age at diagnosis, smoking status, IBS type, surgery, IBS medication, IBS duration, BMI and treatment
group. Correlations analysis between IBS-SSS and QOL
were done using a non-parametric Spearman’s rank correlation test. A P-value of < 0.05 was considered statistically significant. All data were processed in SPSS software Version 20.0 for Windows (SPSS Inc., Chicago, IL)
and SAS software version 9.3 (SAS Institute Inc. Care,
NC, United States).

RESULTS
A total of 123 patients with IBS were recruited for the
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study. Enrolment and a progress diagram of patients
with IBS through the study period are illustrated in Figure 1. The majority of patients were females, 90 (73%)
and the median age was 37 years (range: 18-74 years).
Forty-two (34%) patients were randomized to LFD, 41
(33%) to LGG and 40 (33%) to the ND group. Patients
and disease characteristics by treatment group are shown
in Table 1.
Drop outs
Fifteen patients discontinued participation in the study
one week after enrolment: eight patients from LFD, four
from LGG and three in the ND group. The reason for
the drop outs in LFD group was difficulty with the diet,
while it was lack of compliance with the web-application
in the LGG and ND groups. Thus the final group for
analysis comprised 108 IBS patients in three different
groups: 34 LFD vs 37 LGG vs 37 ND.
Disease severity (IBS-SSS)
Overall there was a significant reduction of IBS-SSS
mean ± SD in all patients from baseline to week 6, mean
IBS-SSS score 77 ± 104, P < 0.01, as well as in each treatment group (LFD, P < 0.001, LGG, P < 0.01 and ND, P
= 0.03).
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Table 1 Baseline characteristics of patients with irritable bowel syndrome
Characteristics
Male/Female
Age (yr, range)
BMI (range)
Smoking
Current
Former
Never
Missing
Disease duration (yr, range)
Diagnosis subtypes
IBS-A, mixed
IBS-C, constipation
IBS-D, diarrhoeal
Unknown
Abdominal surgery
IBS related medication
IBS-SSS
IBS-QOL

LFD, n = 42

LGG, n = 41

ND, n = 40

8/34
37 (18-71)
23 (19-38)

14/27
43 (20-74)
22 (18-34)

11/29
32 (18-73)
23 (17-34)

5 (12)
8 (19)
24 (57)
5
2.6 (0.7-13)

6 (15)
11 (27)
22 (54)
2
1.8 (0.7-15)

6 (15)
11 (27)
22 (55)
1
2 (0.5-9)

14 (33)
5 (12)
19 (45)
4
7 (17)
16 (38)
327 ± 94
56 ± 21

19 (46)
7 (17)
13 (32)
2
9 (22)
15 (37)
279 ± 84
64 ± 15

14 (35)
7 (17)
18 (35)
1
6 (15)
18 (45)
319 ± 83
57 ± 22

P value
0.30
0.08
0.50
0.92

0.20
0.24

0.40
0.40
0.17
0.24

Data are expressed as n (%), mean ± SD or median (range). FODMAP: Fermentable, oligosaccharides, disaccharides, monosaccharides and polyols; LFD:
Low FODMAP diet; LGG: Lactobacillus rhamnosus GG; ND: Normal (Danish/Western) diet; IBS: Irritable bowel syndrome; SSS: Severity score system; IBSQOL: IBS-quality of life; IBS-A: Alternation of constipation and diarrhoea; IBS-D: Irritable bowel syndrome-diarrhoea predominant; IBS-C: Irritable bowel
syndrome-constipation predominant.

LFD
LGG
ND

P < 0.01

500

IBS-SSS total score

400
300
200
100
0

0

6

t /wk

Figure 2 Box plot of irritable bowel syndrome severity score system (IBSSSS) crude data and the means from the web-based application constantcare for the low fermentable, oligosaccharides, disaccharides, monosaccharides and polyols diet, Lactobacillus rhamnosus GG and normal
(Danish/Western) diet group for week 0 and 6 in the intervention period.
LFD: Low fermentable, oligosaccharides, disaccharides, monosaccharides and
polyols diet; LGG: Lactobacillus rhamnosus GG; ND: Normal (Danish/Western)
diet.

At week 6, comparing mean IBS-SSS between all
three groups, a statistically significant reduction in the
IBS-SSS was observed in LFD and LGG groups compared to the ND group, mean IBS-SSS 133 ± 122 vs 68
± 107, 133 ± 122 vs 34 ± 95, P < 0.01 (Figure 2). Furthermore, comparing each question’s (Q) mean score of
IBS-SSS between week 0 and 6, there was a significant
reduction in all Qs (Q1-Q5) in LFD group (Figure 3A),
in all Qs (apart from Q4) in LGG group (Figure 3B) and
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only in two Qs (Q2 and Q5) for ND group, (Figure 3C) (P
< 0.01).
When dividing IBS patients into subtypes, patients
with IBS-D in LFD experienced significant reduction
in mean IBS-SSS from baseline to week 6, P < 0.01 and
as well in LGG and ND groups (P = 0.01). In patients
with IBS-A, a significant reduction in mean IBS-SSS was
found in the LFD group (P = 0.01) and in the LGG (P
= 0.04), but not in ND (P = 0.12). No significant reduction of IBS-SSS was found in patients with IBS-C type
in any treatment group (Table 2).
The analyses of the covariance showed that patients
taking IBS medication, having higher IBS-SSS at baseline and treated with LFD, significantly improved IBSSSS at the end of the study (IBS-SSS = 55; 95%CI:
11-98, P = 0.01), (IBS-SSS = 0.41; 95%CI: 0.15-0.65, P
= 0.002) and (IBS-SSS = 75; 95%CI: 23-123, P = 0.005).
In contrast, no significant difference was observed in
LFD when compared to the LGG group (IBS-SSS = 43;
95%CI: 8.07-95, P = 0.09. However, current and former
smoking worsened the IBS-SSS (IBS-SSS = 51; 95%CI:
3.8-99, P = 0.03) and (IBS-SSS = 66; 95%CI: 1.08-131, P
= 0.046) (Table 3).
Adjusted linear regression analysis of changes of
IBS-SSS from baseline toward the study period of 6-wk
in all three groups showed a statistically significant improvement of IBS-SSS in LFD group vs ND, (IBS-SSS
= 75; 95%CI: 126-24, P < 0.01), but not in LGG vs ND,
(IBS-SSS = 32; 95%CI: 80-18, P = 0.20) (Table 3, Figure
4A).
Quality of life disease specific (IBS-QOL)
Overall, there was a statistically significant improvement
of IBS-QOL mean ± SD in all patients from baseline to
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Figure 3 Comparison of irritable bowel syndrome severity score system each question (Q) score between week 0 and 6. A: In low fermentable, oligosaccharides, disaccharides, monosaccharides and polyols diet (LFD); B: Lactobacillus rhamnosus GG (LGG); C: Normal (Danish/Western) diet (ND) group. Y axis: Irritable
bowel syndrome severity score system (IBS-SSS) question mean score; X axis: IBS-SSS (Q1-5). IBS-SSS (severity scoring system) questionnaire includes five
questions on a 0-100 VAS scale: severity of abdominal pain (Q1), frequency of abdominal pain (Q2), severity of abdominal distension (Q3), dissatisfaction with bowel
habits (Q4), and interference with quality of life (Q5).

Table 2 Change of the irritable bowel syndrome-severity score system from baseline and after 6-wk
IBS-D
LFD
LGG
ND

Baseline
320 ± 110
297 ± 99
320 ± 89

6-wk
153 ± 136
199 ± 102
257 ± 118

IBS-A

P value
< 0.011
0.011
0.011

Baseline
359 ± 66
251 ± 64
312 ± 99

6-wk
241 ± 111
187 ± 122
322 ± 62

IBS-C

P value
0.011
0.041
0.12

Baseline
289 ± 79
321 ± 79
302 ± 70

6-wk
200 ± 62
270 ± 145
277 ± 135

P value
0.14
0.74
0.61

Change of the irritable bowel syndrome-severity score system from baseline and after 6-wk with low fermentable, oligosaccharides, disaccharides, monosaccharides and polyols diet (LFD) vs Lactobacillus rhamnosus GG (LGG) vs normal (Danish/Western) diet (ND) in different subtypes of IBS patients. Wilcoxon related samples: mean IBS-SSS ± SD. IBS: Irritable bowel syndrome; IBS-D: Diarrhoea predominant; IBS-C: Constipation predominant; IBS-A: Alternating of diarrhoea and constipation. 1Significant result.

week 6, mean IBS-QOL 5.0 ± 17, P < 0.01.
At week 6, no statistically significant improvement
in IBS-QOL was observed in LFD and LGG groups as
compared to the ND group, mean IBS-QOL 8 ± 18 vs 7
± 17 vs 0.1 ± 15, P = 0.13.
Among the patients with IBS-D there was a statistically significant improvement of IBS-QOL in LFD (P =
0.02), but not for the LGG (P = 0.06), or ND group (P
= 0.53). In patients with IBS-A and IBS-C, no statisti-
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cally significant improvement was found in any group (P
> 0.05).
The analyses of the covariance showed that patients
with higher IBS-QOL at baseline, experienced no significantly improved quality of life (IBS-QOL = 0.29; 95%CI:
0.12-0.47, P = 0.001) by the end of the study. Patients
taking IBS medication saw a significant improvement in
IBS-QOL (IBS-QOL = 7.9; 95%CI: 1.02-14.9, P = 0.03)
(Table 3).
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Table 3 Factors influencing positive changes in irritable bowel syndrome-severity score system at follow-up
Effect
Age
BMI
Gender
IBS subtype
IBS subtype
IBS medication
Prior surgery
IBS-SSS
Smoking
Smoking
IBS duration
Treatment group
Treatment group
Treatment group

Contrast

Diff SSS

Lower

Upper

Below 40 yr vs above
kg/m2
Females vs males
IBS-A vs IBS-D
IBS-C vs IBS-D
Yes vs no
Yes vs no
Per baseline SSS point
Current vs never
Former vs never
Per year
LGG vs ND
LFD vs ND
LGG vs LFD

38.0246
0.1812
8.4693
46.1096
50.3197
-54.8795
-11.6029
-0.4082
66.0478
51.6542
4.7145
-31.5190
-75.3656
43.8466

-9.4334
-5.1063
-45.6473
0.6579
-7.1618
-98.4657
-62.1065
-0.6566
1.0815
3.8682
-3.0897
-80.7763
-126.81
-8.0787

85.4826
5.4687
62.5859
91.5613
107.80
-11.2933
38.9007
-0.1598
131.01
99.4401
12.5188
17.7384
-23.9216
95.7720

P value
0.11
0.94
0.75
0.041
0.08
0.011
0.64
0.0011
0.041
0.031
0.23
0.20
0.0041
0.09

Irritable bowel syndrome-severity score system (IBS-SSS) outcome adjusted for baseline covariates: gender, age at diagnosis, smoking status, IBS subtype,
surgery, medication, disease duration and body mas index (BMI). IBS duration, baseline IBS-SSS and treatment modality were used as regression variables
± 95%CI: Lower-upper). LFD: Low fermentable, oligosaccharides, disaccharides, monosaccharides and polyols diet; LGG: Lactobacillus rhamnosus GG; ND:
Normal (Danish/Western) diet; Diff SSS: IBS-SSS difference. 1Significant result.

Table 4 Factors influencing positive changes in irritable bowel syndrome quality of life at follow-up
Effect
Age
BMI
Gender
IBS subtype
IBS subtype
IBS medication
Prior surgery
IBS-QOL
Smoking
Smoking
Time from diagnosis
Treatment group
Treatment group
Treatment group

Contrast

Diff QOL

Lower

Upper

P value

Below 40 yr vs above
Per kg/m2
Females vs males
IBS-A vs IBS-D
IBS-C vs IBS-D
Yes vs no
Yes vs no
Per baseline QOL point
Current vs never
Former vs never
Per year
LGG vs ND
LFD vs ND
LGG vs LFD

-6.3823
-0.2785
2.2012
-6.4508
-4.3839
7.9708
6.1371
-0.2972
-6.2665
-6.9729
-0.1678
7.2158
3.7883
3.4275

-13.6223
-1.1185
-6.3816
-13.7027
-13.5478
1.0208
-1.9592
-0.4739
-16.7074
-14.6297
-1.4072
-0.5844
-4.4003
-4.8844

0.8577
0.5615
10.7840
0.8012
4.7800
14.9209
14.2335
-0.1205
4.1743
0.6839
1.0716
15.0160
11.9769
11.7395

0.08
0.51
0.61
0.08
0.34
0.021
0.13
0.0011
0.23
0.07
0.78
0.06
0.36
0.41

Irritable bowel syndrome quality of life (IBS-QOL) outcome adjusted for baseline covariates: gender, age, smoking status, IBS subtype, Prior abdominal surgery, IBS medication, IBS duration and body mass index (BMI). IBS duration, baseline IBS-QOL and treatment modality were used as regression variables
± 95%CI: Upper-lower). LFD: Low fermentable, oligosaccharides, disaccharides, monosaccharides and polyols diet; LGG: Lactobacillus rhamnosus GG; ND:
Normal (Danish/Western) diet; Diff QOL: IBS-QOL difference. 1Significant result.

Adjusted changes of IBS-QOL from baseline toward
the study period of 6-wk by baseline covariates showed
no statistically significant improvement of IBS-QOL in
LFD compared to ND (IBS-QOL = 3.7; 95%CI: 4-12, P
= 0.36) (Table 4, Figure 4B).
The changes in IBS-QOL correlated well with the
changes in IBS-SSS, r = 0.6, P < 0.001, Figure 5.
Comparison of mean HADS at the baseline and at
the end of the study revealed no statistically significant
differences concerning either anxiety or depression in
any of the three groups {Anxiety (median, range) at
week 0 vs week 6 [LFD: 7 (2-15) vs 6 (2-15), P = 0.74;
LGG: 5 (3-13) vs 5 (2-11), P = 0.14; ND: 7 (3-16) vs 7
(3-17), P = 0.93]. Depression (median, range) at week 0
vs week 6 [LFD 7 (2-17) vs 7 (3-15), P = 0.45; LGG: 7
(2-15) vs 6 (2-13), P = 0.53; ND: 8 (4-18) vs 7 (3-9), P =
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0.22]}.
Feasibility of the web-application
There were nine incidents of the web-application malfunction due to programming errors. The program
administrator repaired these within six hours each time.
There were no cases of patients who did not have access
to the internet at their home and/or work. The age range
of the patients was 18-74 years and no user-oriented
problems were reported in any age group. Completing
the questionnaires once a week was a problem for 11/108
(10%). There were a higher number of consultations in
the LFD group (45%), mostly due to the questions regarding the diet.
Satisfaction with the web-application evaluated by
the VAS questionnaire showed no statistically significant
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Figure 4 Adjusted linear regression analysis. A: Changes of irritable bowel syndrome severity score system (IBS-SSS) from baseline toward the end of the study
(week 6) in all three groups by baseline covariates, x axis: IBS-SSS at baseline; y axis: Change in IBS-SSS during study; B: Changes of IBS-quality of live (QOL) from
baseline toward the end of the study (week 6) in all three groups by baseline covariates. LFD: Low fermentable, oligosaccharides, disaccharides, monosaccharides
and polyols diet; LGG: Lactobacillus rhamnosus GG; ND: Normal (Danish/Western) diet.

difference between intervention groups and the ND
group, P = 0.2.

DISCUSSION
The present study is the first randomised controlled study
addressing the efficacy of LFD and LGG vs a ND group
in IBS in a European population using web-based symptom registration on a web-application. Overall, significant
reduction of IBS symptoms were found in all three treatment groups: LFD, LGG and ND. Taking the different
IBS types into account, a significant reduction in IBSSSS from baseline to week 6 were found in patients with
IBS-D and IBS-A when treated with LFD and LGG. This
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indicates that the effect of the diet is dependent upon the
IBS subtype - being most effective in patients with the
IBS diarrhoeal type, and this should be taken into account
when recommending the diet to IBS patients. The reason
of no effect of LFD on IBS-C subtype was observed in
our study could be because of lack of power. The reduction of symptoms in our study was more evident at the
end of the study (week 6), thus suggesting the diet should
be adhered to for a minimum of 6-wk period[17].
Different diets for IBS patients have been proposed
and their effects approved[34,35]. Food options, including
LFD and, potentially, other dietary strategies are currently
becoming treatment options for IBS patients[8,17,36,37]. In a
recent controlled study in patients with IBS-D and HLA-
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Figure 5 Correlation between changes in irritable bowel syndrome severity score system and quality of life during study period of 6-wk in all three groups.
Y axis: Change of irritable bowel syndrome quality of life (IBS-QOL) during study; X axis: Change in irritable bowel syndrome severity score system (IBS-SSS) during
study. Improvement of IBS-SSS correlates well with the improvement in IBS-QOL in all three groups. LFD: Low fermentable, oligosaccharides, disaccharides, monosaccharides and polyols diet; LGG: Lactobacillus rhamnosus GG; ND: Normal (Danish/Western) diet.

DQ2/8, treatment with a gluten-free diet was associated
with bowel function improvement when compared with
a gluten-containing diet[35].
A previous retrospective trial by Gibson et al[16] along
with other controlled prospective studies [15,38,39], have
shown LFD to be effective in reducing abdominal symptoms (abdominal pain, bloating, flatulence and diarrhoea)
in patients with IBS in an Australian population and in a
New Zealand population. In our study, we described the
effect of LFD on IBS-SSS, which is used for a detailed
IBS symptom assessment in IBS[40].
The diet should be followed by patients for at least 6
wk. There is currently no data available indicating a lower symptom score after discontinued diet intervention,
however, further studies on this are ongoing at Herlev
University Hospital as a follow-up study. This follow
up study will indicate whether or not IBS patient have
discontinued the diet after the intervention period and
the consequences hereof. In addition, Gibson et al from
Australia are currently investigating the long term (side)
effect of the low FODMAP diet in particular the effect
of gut microbiota and immunology[36,41,42].
Higher number of consultations and high percentage
of patients that dropped out of the LFD group elucidate the difficulty with this kind of the diet. The difficult
to follow/adhere to LFD in our study was firstly due to
lots of restriction on foods. In addition the feedbacks
we have had from the patients are that the LFD is also
expensive, difficult to find the products in the stores and
requires more time for preparing the daily meals.
In our study former and current smoking was found
to worsen the IBS-SSS symptoms. This is in agreement
with previous results showing that smoking and other life
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style factors such as alcohol consumption and low levels
of exercise have negative impact on IBS severity[43].
Regarding the weight and BMI, all patients in our
study had a normal BMI with no impact on IBS symptoms in all three groups. Interestingly overweight has
previously been shown to be protective against the onset
or worsening of IBS[44].
In regard to IBS medication, a little more than one
third of patients in our study received conventional IBS
medication such as laxatives, antispasmodic and antidiarrheal agents and antidepressants. Patients being on IBS
medication and LFD responded significantly better than
patients on LFD without IBS medication[45].
The explanation of a better response on combined
therapy in our study might be the complexity of IBS
symptoms and natural disease course of IBS, requiring
medications that might be effective against specific symptoms. Conventional IBS medication was shown to be
more effective than placebo for treating IBS[46] in shortterm studies. A combination of these agents, switch between the preparations or combination with the dietary
options might be more effective[4]. There are limited data
available supporting the long-term safety and effectiveness of these agents.
Probiotics like LGG are another potential treatment
option in patients with IBS[20]. Our study revealed that
patients treated with LGG improved their IBS-SSS significantly at the end of the study especially in IBS-D and
IBS-A subtypes. Recent meta-analyses demonstrated the
effect of LGG on abdominal pain related to functional
disorders in children and on reduction of the duration
of diarrhoea in children with acute gastroenteritis[19,47,48].
Contrary effects were shown in IBS patients treated with
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other probiotics (mixture of Lactobacillus and Bifidobacterium) during a six-month treatment period and compared with a placebo group, 52% vs 41% (P = 0.18) in
primary care functional gastrointestinal disorders and in
acute gastroenteritis in small children[9,49].
A significant reduction in disease severity during the
6-wk period was observed in the ND group, although this
group did not receive any specific treatment. This result
indicates that the web-application could potentially be
used as a treatment option in IBS patients in the future.
The web-application was an efficient way to collect data
and also to give patients the opportunity to describe their
own disease pattern, thereby hopefully aiding understanding and education about their condition. Previous studies
have established the importance of offering education,
information, disease recognition and general support in
the management of IBS and a web-application could potentially be a simple way to provide these sources[22,50]. In
this study we showed that the specially developed webbased application was a practical and user-friendly tool
for patients with IBS, and in fact, had some beneficial
effects on disease severity and quality of life. Overall the
web-based, e-health approach to the management of
IBS is new and little tested but a positive effect on both
patients and health care providers is entirely possible and
should be further substantiated. The goal of this work
to ensure more satisfied patients, to ease the pressure on
health care providers, and to lower the economic cost for
health care systems.
The strength of this study is that this is one of the
first randomised European studies on LFD and LGG in
IBS where a specific web-application was used. The size
of its sample population is also comparatively large, encouraging confidence in its results.
However, some limitations need to be taken into
consideration. One such limitation was a lack of blinding, the fact that the ND group did not receive any placebo constitutes a weakness of the study, when referring
to the large placebo responses in IBS revealed in other
studies. Furthermore, a lack of blinded LFD patients
means that ND patients could have been on a “semi
LFD” due to accesses to information about LFD on the
internet and other media. While a blinded dietary intervention is possible, this requires special facilities and is
time consuming and expensive[38].
Other major limitation is that the conclusions of the
results in interventional groups (LFD and LGG), are
very hard to reach, due to lack of respective controls
to each group and much more than for the “pure web”
group. Moreover, the studied population could be compared with a historical one, followed for the same period
length with no web assistance.
Finally, the results should be evaluated with some
caution due to the fact that no evaluation carried out
on individual adherence with diet in the LFD group. A
new Food Frequency Questionnaire recently developed
in order to semi-quantify the FODMAP intake could
be useful in the screening of patients’ adherence in our
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study[51]. Moreover, the results could be influenced by the
tight cooperation between LFD patients and dietitians/
nutritionists as a placebo response.
In conclusion, both LFD and LGG are efficacious
when treating IBS patients, especially in the IBS-D and
IBS-A subtypes. Further evaluation of adherence to
LFD, satisfaction with dietitians’ advice, and symptom
improvement, short and long-term, is needed.
Support via the web-application appears to be a feasible option for patients with IBS. Further evaluation of
the web-application is in progress and will reveal if there
is any effect on disease course and whether it provides
economic benefits for the health care system.
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Background

In recent randomized controlled studies, mainly using Australian and New Zealand populations, a diet low in fermentable, oligosaccharides, disaccharides,
monosaccharides and polyols (FODMAPs) has shown to relieve symptoms
and improve quality of life for patients with irritable bowel syndrome (IBS).
Efficacy of probiotics containing Lactobacillus rhamnosus GG (LGG) remains
controversial.

Research frontiers

FODMAP diet is diet low in carbohydrates which triggers increase gas production, abdominal bloating and stool fluid and has been prove to attenuate IBS
symptoms.

Innovations and breakthroughs

This is one of the first studies confirming the efficacy of a low FODMAP diet
(LFD) in a Danish population with IBS. LGG also has beneficial effects on
IBS symptoms, particularly in IBS-diarrhoea and alternating periods of diarrhoea and constipation subtypes. Web-based monitoring (such as at: www.ibs.
constant-care.dk) of disease severity and quality of life appears to be feasible
among patients with IBS.

Applications

LFD and LGG should be recommended for patients with IBS. The web-application monitoring of disease severity is promising means and should be more
widely implemented among patients with IBS.

Terminology

FODMAPs are poorly absorbed in the small intestine, hence they are fermented
by bacteria in the colon, causing symptoms like bloating, pain, altered bowel
habits (diarrhoea, constipation or both), gas and more in sensitive individuals.
LFD is a diet based on reduction of poor absorption of the short-chain carbohydrates in the small intestine, reducing gas production and increase intestinal
permeability in IBS patients. LGG is a probiotic, containing six billion bacteria
per capsule and the strain is characterised by good adherence to the intestinal
wall and it is not decomposed by the bile salt or gastric acid and has been
proven to reduce symptoms in children with infectious and functional GUT disorders. IBS-severity scoring symptom is an international validated used for the
measuring of the disease severity in IBS patients.

Peer review

The manuscript addresses an important issue in regards to the influence of diet
on IBS symptoms. The authors compare a low FODMAP diet with a probiotic
strain against diet. They address the limitations of a non-blinded study which
would require further investigation and likely a different study design. The innovative use of web-application (online survey/diary) is an interesting approach.
This is an excellent work, providing new and interesting insights for the management of IBS patients.

16224

November 21, 2014|Volume 20|Issue 43|

Pedersen N et al . Low FODMAP in IBS

REFERENCES
1
2
3

4

5

6
7

8
9

10
11
12

13

14

15

16

17

Dalton CB, Drossman DA. Diagnosis and treatment of irritable bowel syndrome. Drugs Today (Barc) 1998; 34: 585-592
[PMID: 14988758]
Eswaran S, Goel A, Chey WD. What role does wheat play
in the symptoms of irritable bowel syndrome? Gastroenterol
Hepatol (N Y) 2013; 9: 85-91 [PMID: 23983652]
Ford AC, Talley NJ. IBS in 2010: advances in pathophysiology, diagnosis and treatment. Nat Rev Gastroenterol Hepatol 2011; 8: 76-78 [PMID: 21293507 DOI: 10.1038/nrgastro.2010.216]
Brandt LJ, Chey WD, Foxx-Orenstein AE, Schiller LR, Schoenfeld PS, Spiegel BM, Talley NJ, Quigley EM. An evidencebased position statement on the management of irritable
bowel syndrome. Am J Gastroenterol 2009; 104 Suppl 1: S1-S35
[PMID: 19521341 DOI: 10.1038/ajg.2008.122]
Jones M, Koloski N, Boyce P, Talley NJ. Pathways connecting
cognitive behavioral therapy and change in bowel symptoms
of IBS. J Psychosom Res 2011; 70: 278-285 [PMID: 21334499
DOI: 10.1016/j.jpsychores.2010.10.004]
Miller V, Whorwell PJ. Hypnotherapy for functional gastrointestinal disorders: a review. Int J Clin Exp Hypn 2009; 57:
279-292 [PMID: 19459089 DOI: 10.1080/00207140902881098]
Manheimer E, Cheng K, Wieland LS, Min LS, Shen X, Berman BM, Lao L. Acupuncture for treatment of irritable bowel syndrome. Cochrane Database Syst Rev 2012; 5: CD005111
[PMID: 22592702 DOI: 10.1002/14651858.CD005111.pub3]
Talley NJ. Dietary modification as a treatment for irritable
bowel syndrome. Gastroenterol Hepatol (N Y) 2012; 8: 552-554
[PMID: 23293571]
Hungin AP, Mulligan C, Pot B, Whorwell P, Agréus L, Fracasso P, Lionis C, Mendive J, Philippart de Foy JM, Rubin
G, Winchester C, de Wit N. Systematic review: probiotics
in the management of lower gastrointestinal symptoms in
clinical practice -- an evidence-based international guide. Aliment Pharmacol Ther 2013; 38: 864-886 [PMID: 23981066 DOI:
10.1111/apt.12460]
Halland M, Talley NJ. New treatments for IBS. Nat Rev Gastroenterol Hepatol 2013; 10: 13-23 [PMID: 23147658 DOI: 10.1038/
nrgastro.2012.207]
Tack J. Functional diarrhea. Gastroenterol Clin North Am 2012;
41: 629-637 [PMID: 22917168 DOI: 10.1016/j.gtc.2012.06.007]
Yao CK, Tan HL, van Langenberg DR, Barrett JS, Rose R,
Liels K, Gibson PR, Muir JG. Dietary sorbitol and mannitol: food content and distinct absorption patterns between
healthy individuals and patients with irritable bowel syndrome. J Hum Nutr Diet 2014; 27 Suppl 2: 263-275 [PMID:
23909813 DOI: 10.1111/jhn.12144]
Barrett JS, Gearry RB, Muir JG, Irving PM, Rose R, Rosella O,
Haines ML, Shepherd SJ, Gibson PR. Dietary poorly absorbed,
short-chain carbohydrates increase delivery of water and
fermentable substrates to the proximal colon. Aliment Pharmacol Ther 2010; 31: 874-882 [PMID: 20102355 DOI: 10.1111/
j.1365-2036.2010.04237.x]
Shepherd SJ, Gibson PR. Fructose malabsorption and symptoms of irritable bowel syndrome: guidelines for effective
dietary management. J Am Diet Assoc 2006; 106: 1631-1639
[PMID: 17000196 DOI: 10.1016/j.jada.2006.07.010]
Shepherd SJ, Parker FC, Muir JG, Gibson PR. Dietary triggers of abdominal symptoms in patients with irritable bowel syndrome: randomized placebo-controlled evidence. Clin
Gastroenterol Hepatol 2008; 6: 765-771 [PMID: 18456565 DOI:
10.1016/j.cgh.2008.02.058]
Gibson PR, Shepherd SJ. Personal view: food for thought-western lifestyle and susceptibility to Crohn’s disease. The FODMAP hypothesis. Aliment Pharmacol Ther 2005; 21: 1399-1409
[PMID: 15948806 DOI: 10.1111/j.1365-2036.2005.02506.x]
Barrett JS, Gibson PR. Fermentable oligosaccharides, disaccharides, monosaccharides and polyols (FODMAPs) and

WJG|www.wjgnet.com

18

19

20
21

22

23

24

25

26

27

28

29

30

31

16225

nonallergic food intolerance: FODMAPs or food chemicals?
Therap Adv Gastroenterol 2012; 5: 261-268 [PMID: 22778791
DOI: 10.1177/1756283X11436241]
Moayyedi P, Ford AC, Talley NJ, Cremonini F, Foxx-Orenstein AE, Brandt LJ, Quigley EM. The efficacy of probiotics
in the treatment of irritable bowel syndrome: a systematic
review. Gut 2010; 59: 325-332 [PMID: 19091823 DOI: 10.1136/
gut.2008.167270]
Szajewska H, Skórka A, Ruszczyński M, Gieruszczak-Białek
D. Meta-analysis: Lactobacillus GG for treating acute gastroenteritis in children--updated analysis of randomised controlled trials. Aliment Pharmacol Ther 2013; 38: 467-476 [PMID:
23841880 DOI: 10.1111/apt.12403]
McFarland LV, Dublin S. Meta-analysis of probiotics for the
treatment of irritable bowel syndrome. World J Gastroenterol
2008; 14: 2650-2661 [PMID: 18461650]
O’Sullivan MA, Mahmud N, Kelleher DP, Lovett E, O’Morain CA. Patient knowledge and educational needs in irritable
bowel syndrome. Eur J Gastroenterol Hepatol 2000; 12: 39-43
[PMID: 10656208 DOI: 10.1097/00042737-200012010-00008]
Robinson A, Lee V, Kennedy A, Middleton L, Rogers A,
Thompson DG, Reeves D. A randomised controlled trial of
self-help interventions in patients with a primary care diagnosis of irritable bowel syndrome. Gut 2006; 55: 643-648
[PMID: 16099784 DOI: 10.1136/gut.2004.062901]
Pedersen N, Vegh Z, Burisch J, Jensen L, Ankersen DV, Felding M, Andersen NN, Munkholm P. Ehealth monitoring in
irritable bowel syndrome patients treated with low fermentable oligo-, di-, mono-saccharides and polyols diet. World
J Gastroenterol 2014; 20: 6680-6684 [PMID: 24914395 DOI:
10.3748/wjg.v20.i21.6680]
Pedersen N, Elkjaer M, Duricova D, Burisch J, Dobrzanski
C, Andersen NN, Jess T, Bendtsen F, Langholz E, Leotta S,
Knudsen T, Thorsgaard N, Munkholm P. eHealth: individualisation of infliximab treatment and disease course via a
self-managed web-based solution in Crohn’s disease. Aliment Pharmacol Ther 2012; 36: 840-849 [PMID: 22971016 DOI:
10.1111/apt.12043]
Elkjaer M, Shuhaibar M, Burisch J, Bailey Y, Scherfig H,
Laugesen B, Avnstrøm S, Langholz E, O’Morain C, Lynge E,
Munkholm P. E-health empowers patients with ulcerative
colitis: a randomised controlled trial of the web-guided
‘Constant-care’ approach. Gut 2010; 59: 1652-1661 [PMID:
21071584 DOI: 10.1136/gut.2010.220160]
Huang VW, Reich KM, Fedorak RN. Distance management of inflammatory bowel disease: systematic review and
meta-analysis. World J Gastroenterol 2014; 20: 829-842 [PMID:
24574756 DOI: 10.3748/wjg.v20.i3.829]
Dorn SD, Morris CB, Hu Y, Toner BB, Diamant N, Whitehead WE, Bangdiwala SI, Drossman DA. Irritable bowel
syndrome subtypes defined by Rome II and Rome III criteria are similar. J Clin Gastroenterol 2009; 43: 214-220 [PMID:
19623100 DOI: 10.1097/MCG.0b013e31815bd749]
Francis CY, Morris J, Whorwell PJ. The irritable bowel severity scoring system: a simple method of monitoring irritable
bowel syndrome and its progress. Aliment Pharmacol Ther
1997; 11: 395-402 [PMID: 9146781]
Drossman DA, Whitehead WE, Toner BB, Diamant N, Hu
YJ, Bangdiwala SI, Jia H. What determines severity among
patients with painful functional bowel disorders? Am J Gastroenterol 2000; 95: 974-980 [PMID: 10763947 DOI: 10.1016/
S0002-9270(00)00728-0]
Patrick DL, Drossman DA, Frederick IO, DiCesare J, Puder
KL. Quality of life in persons with irritable bowel syndrome:
development and validation of a new measure. Dig Dis Sci
1998; 43: 400-411 [PMID: 9512138]
Drossman DA, Patrick DL, Whitehead WE, Toner BB, Diamant NE, Hu Y, Jia H, Bangdiwala SI. Further validation of
the IBS-QOL: a disease-specific quality-of-life questionnaire.
Am J Gastroenterol 2000; 95: 999-1007 [PMID: 10763950 DOI:

November 21, 2014|Volume 20|Issue 43|

Pedersen N et al . Low FODMAP in IBS

32

33

34
35

36

37

38

39

40

41

10.1016/S0002-9270(00)00733-4]
Gibson PR, Shepherd SJ. Evidence-based dietary management of functional gastrointestinal symptoms: The FODMAP
approach. J Gastroenterol Hepatol 2010; 25: 252-258 [PMID:
20136989 DOI: 10.1111/j.1440-1746.2009.06149.x]
Spinhoven P, Ormel J, Sloekers PP, Kempen GI, Speckens
AE, Van Hemert AM. A validation study of the Hospital
Anxiety and Depression Scale (HADS) in different groups
of Dutch subjects. Psychol Med 1997; 27: 363-370 [PMID:
9089829 DOI: 10.1017/S0033291796004382]
Eswaran S, Muir J, Chey WD. Fiber and functional gastrointestinal disorders. Am J Gastroenterol 2013; 108: 718-727
[PMID: 23545709 DOI: 10.1038/ajg.2013.63]
Vazquez-Roque MI, Camilleri M, Smyrk T, Murray JA,
Marietta E, O’Neill J, Carlson P, Lamsam J, Janzow D, Eckert
D, Burton D, Zinsmeister AR. A controlled trial of glutenfree diet in patients with irritable bowel syndrome-diarrhea:
effects on bowel frequency and intestinal function. Gastroenterology 2013; 144: 903-911.e3 [PMID: 23357715 DOI: 10.1053/
j.gastro.2013.01.049]
Shepherd SJ, Lomer MC, Gibson PR. Short-chain carbohydrates and functional gastrointestinal disorders. Am J Gastroenterol 2013; 108: 707-717 [PMID: 23588241 DOI: 10.1038/
ajg.2013.96]
Staudacher HM, Lomer MC, Anderson JL, Barrett JS, Muir JG,
Irving PM, Whelan K. Fermentable carbohydrate restriction
reduces luminal bifidobacteria and gastrointestinal symptoms
in patients with irritable bowel syndrome. J Nutr 2012; 142:
1510-1518 [PMID: 22739368 DOI: 10.3945/jn.112.159285]
Halmos EP, Power VA, Shepherd SJ, Gibson PR, Muir JG.
A diet low in FODMAPs reduces symptoms of irritable
bowel syndrome. Gastroenterology 2014; 146: 67-75.e5 [PMID:
24076059 DOI: 10.1053/j.gastro.2013.09.046]
de Roest RH, Dobbs BR, Chapman BA, Batman B, O’Brien
LA, Leeper JA, Hebblethwaite CR, Gearry RB. The low FODMAP diet improves gastrointestinal symptoms in patients
with irritable bowel syndrome: a prospective study. Int J
Clin Pract 2013; 67: 895-903 [PMID: 23701141 DOI: 10.1111/
ijcp.12128]
Bijkerk CJ, de Wit NJ, Muris JW, Jones RH, Knottnerus JA,
Hoes AW. Outcome measures in irritable bowel syndrome:
comparison of psychometric and methodological characteristics. Am J Gastroenterol 2003; 98: 122-127 [PMID: 12526947
DOI: 10.1111/j.1572-0241.2003.07158.x]
Gibson PR, Barrett JS, Muir JG. Functional bowel symptoms
and diet. Intern Med J 2013; 43: 1067-1074 [PMID: 24134168

42

43

44

45

46
47

48

49

50

51

DOI: 10.1111/imj.12266]
Muscatello MR, Bruno A, Scimeca G, Pandolfo G, Zoccali
RA. Role of negative affects in pathophysiology and clinical
expression of irritable bowel syndrome. World J Gastroenterol
2014; 20: 7570-7586 [PMID: 24976697 DOI: 10.3748/wjg.v20.
i24.7570]
Liu L, Xiao QF, Zhang YL, Yao SK. A cross-sectional study
of irritable bowel syndrome in nurses in China: prevalence
and associated psychological and lifestyle factors. J Zhejiang
Univ Sci B 2014; 15: 590-597 [PMID: 24903997 DOI: 10.1631/
jzus.B1300159]
Carter D, Beer-Gabel M, Tzur D, Levy G, Derazne E, Novis B,
Afek A. Predictive Factors for the Diagnosis of Irritable Bowel
Syndrome in a Large Cohort of 440,822 Young Adults. J Clin
Gastroenterol 2014; Epub ahead of print [PMID: 24637731]
Saha L. Irritable bowel syndrome: pathogenesis, diagnosis,
treatment, and evidence-based medicine. World J Gastroenterol 2014; 20: 6759-6773 [PMID: 24944467 DOI: 10.3748/wjg.
v20.i22.6759]
Ford AC, Talley NJ. Irritable bowel syndrome. BMJ 2012;
345: e5836 [PMID: 22951548 DOI: 10.1136/bmj.e5836]
Horvath A, Dziechciarz P, Szajewska H. Meta-analysis: Lactobacillus rhamnosus GG for abdominal pain-related functional
gastrointestinal disorders in childhood. Aliment Pharmacol
Ther 2011; 33: 1302-1310 [PMID: 21507030 DOI: 10.1111/
j.1365-2036.2011.04665.x]
Szajewska H, Wanke M, Patro B. Meta-analysis: the effects
of Lactobacillus rhamnosus GG supplementation for the
prevention of healthcare-associated diarrhoea in children.
Aliment Pharmacol Ther 2011; 34: 1079-1087 [PMID: 21899584
DOI: 10.1111/j.1365-2036.2011.04837.x]
Begtrup LM, de Muckadell OB, Kjeldsen J, Christensen RD,
Jarbøl DE. Long-term treatment with probiotics in primary
care patients with irritable bowel syndrome--a randomised,
double-blind, placebo controlled trial. Scand J Gastroenterol
2013; 48: 1127-1135 [PMID: 23957590 DOI: 10.3109/00365521.
2013.825314]
Dorn SD. Systematic review: self-management support
interventions for irritable bowel syndrome. Aliment Pharmacol Ther 2010; 32: 513-521 [PMID: 20497137 DOI: 10.1111/
j.1365-2036.2010.04374.x]
Barrett JS, Gibson PR. Development and validation of a comprehensive semi-quantitative food frequency questionnaire
that includes FODMAP intake and glycemic index. J Am Diet
Assoc 2010; 110: 1469-1476 [PMID: 20869485 DOI: 10.1016/
j.jada.2010.07.011]
P- Reviewer: Carroccio A, Chiba T, Ducrotte P,
Grundmann O, Krogsgaard LR, Quigley EMM, Sinagra E
S- Editor: Gou SX L- Editor: A E- Editor: Liu XM

WJG|www.wjgnet.com

16226

November 21, 2014|Volume 20|Issue 43|

World J Gastroenterol 2014 November 21; 20(43): 16227-16235
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i43.16227

© 2014 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE

MK-0626, a selective DPP-4 inhibitor, attenuates hepatic
steatosis in ob/ob mice
Tatsuya Ohyama, Ken Sato, Yuichi Yamazaki, Hiroaki Hashizume, Norio Horiguchi, Satoru Kakizaki, Masatomo Mori,
Motoyasu Kusano, Masanobu Yamada
Tatsuya Ohyama, Ken Sato, Yuichi Yamazaki, Hiroaki Hashizume, Norio Horiguchi, Satoru Kakizaki, Masatomo Mori,
Masanobu Yamada, Department of Medicine and Molecular
Science, Gunma University Graduate School of Medicine, Gunma 371-8511, Japan
Motoyasu Kusano, Department of Endoscopy and Endoscopic
Surgery, Gunma University Hospital, Gunma 371-8511, Japan
Author contributions: Sato K designed the research, wrote the
paper, and analyzed the data; Ohyama T and Yamazaki Y performed the experiment; Hashizume H, Horiguchi N and Kakizaki S analyzed the data; Mori M and Kusano M revised the draft
critically for important intellectual content; Yamada M gave final
approval of the version to be published.
Supported by Merck Sharp and Dohme
Correspondence to: Ken Sato, MD, PhD, Department of Medicine and Molecular Science, Gunma University Graduate School
of Medicine, 3-39-22 Showa-machi, Maebashi, Gunma 371-8511,
Japan. satoken@gunma-u.ac.jp
Telephone: +81-27-2208127 Fax: +81-27-2208136
Received: November 13, 2013 Revised: January 6, 2014
Accepted: June 14, 2014
Published online: November 21, 2014

Abstract
AIM: To investigate the mechanism and in vivo effects
of MK-0626, a dipeptidyl peptidase-4 inhibitor, on hepatic steatosis using ob/ob mice.
METHODS: We analyzed obese (ob/ob ) 8-wk-old male
mice that had been randomly divided into two groups
of ob/ob mice (n = 16 each) and were treated with
1.5 or 3 mg/kg MK-0626 and two control groups of untreated ob/ob mice and lean littermates (n = 16 each).
All mice were fed a normal chow diet with or without
MK-0626 for either four or eight weeks. Blood samples
were collected, and total hepatectomy was performed.
RESULTS: The administration of dietary MK-0626 ameliorated the hepatic lipid accumulation in ob/ob mice
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treated with 3 mg/kg MK-0626 (3 MK), P < 0.05, vs
untreated ob/ob mice (ob/ob ). The MK-0626 treatment
reduced the serum alanine aminotransferase levels (both
treatment groups, P < 0.05 vs ob/ob ) and glucoses/insulin levels/calculated HOMA scores (1.5 MK, P < 0.05
vs ob/ob ; 3 MK, P < 0.01 vs ob/ob ) and increased the
serum adiponectin levels (3 MK, P < 0.05 vs ob/ob )
in a dose-dependent manner. The MK-0626 treatment
increased the mRNA expression of peroxisome proliferator-activated receptor α/microsomal triglyceride transfer protein (1.5 MK, P < 0.05 vs ob/ob ; 3 MK, P < 0.01
vs ob/ob ) but reduced the sterol regulatory element
binding transcription factor-1c/fatty acid synthase/
stearoyl-CoA desaturase-1 (both treatment groups, P <
0.01 vs ob/ob ). The MK-0626 treatment increased the
activity of AMP-activated protein kinase (AMPK) (both
treatment groups, P < 0.01 vs ob/ob ).
CONCLUSION: MK-0626 could attenuate hepatic steatosis through enhancing AMPK activity, inhibiting hepatic lipogenic gene expression, enhancing triglyceride
secretion from liver and increasing serum adiponectin
levels.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Dipeptidyl peptidase-4 inhibitor; Hepatic
steatosis; ob/ob mice; AMP-activated protein kinase; Microsomal triglyceride transfer protein; Adiponectin
Core tip: Administration of MK-0626, a dipeptidyl peptidase-4 inhibitor, ameliorated hepatic steatosis; reduced
serum alanine aminotransferase, glucose, and insulin
levels; reduced HOMA scores; and increased serum
adiponectin levels in ob/ob mice. MK-0626 treatment
significantly increased the mRNA expression of peroxisome proliferator-activated receptor α and microsomal
triglyceride transfer protein but significantly reduced
sterol regulatory element binding transcription factor1c, fatty acid synthase and stearoyl-CoA desaturase-1.
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AMP-activated protein kinase (AMPK) activity was significantly increased. These results suggest that MK-0626
could attenuate hepatic steatosis by enhancing AMPK
activity, inhibiting hepatic lipogenic gene expression, enhancing triglyceride secretion from the liver and increasing serum adiponectin levels.
Ohyama T, Sato K, Yamazaki Y, Hashizume H, Horiguchi N,
Kakizaki S, Mori M, Kusano M, Yamada M. MK-0626, a selective
DPP-4 inhibitor, attenuates hepatic steatosis in ob/ob mice. World
J Gastroenterol 2014; 20(43): 16227-16235 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i43/16227.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i43.16227

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is the hepatic
manifestation of metabolic syndrome. Other comorbidities of metabolic syndrome include obesity, type 2 diabetes mellitus, hypertension and dyslipidemia coupled with
insulin resistance, which is a central feature of metabolic
syndrome. Thus, improving insulin sensitivity would
decrease hepatic fat deposition and accordingly inhibit
hepatocyte vulnerability to oxidative stress[1].
The incretin hormones glucagon-like peptide-1 (GLP-1)
and glucose-dependent insulinotropic polypeptide (GIP)
play a pivotal role in controlling blood glucose levels[2,3].
In response to meal ingestion, both hormones facilitate
insulin synthesis and release[4-6] and, as a result, an increase
in insulin sensitivity is observed. GLP-1 inhibits glucagon
release, delays gastric emptying and increases satiety[4-6].
These incretin hormones are degraded and inactivated by
dipeptidyl peptidase-4 (DPP-4)[7]. DPP-4 inhibitors prevent the degradation/inactivation of the biologically active
form of GLP-1 and GIP, thereby augmenting the biological activity of GLP-1 and GIP [8], and have been approved
for the treatment of type 2 diabetes.
Previous studies showed that inhibition of DPP-4
prevents hepatic steatosis in animal models[9-13], and a
clinical pilot study with 30 NAFLD patients with type
2 diabetes mellitus showed that the DPP-4 inhibitor sitagliptin improved elevated liver enzymes[14]. However,
the mechanisms by which the DPP-4 inhibitor prevents
hepatic steatosis remain to be elucidated.
ob/ob mice have a naturally occurring spontaneous
point mutation in the leptin gene that prevents the peptide from being produced[15] and are well-recognized as a
naturally occurring model of hepatic steatosis and type 2
diabetes. The characteristics of the ob/ob mouse include
several metabolic and neuroendocrine abnormalities such
as obesity, hyperphagia, hyperinsulinemia, hyperlipidemia,
hyperglycemia and insulin resistance. In addition, ob/ob
mice have a decreased metabolic rate and body temperature. Because ob/ob mice have several characteristics that
mimic metabolic syndrome in humans, these mice form
one of the most widely studied mouse models of obesity
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and metabolic syndrome[16-18].
MK-0626 is a potent, orally active DPP-4 inhibitor
(IC50 = 6.3 nmol/L) with excellent selectivity and oral
bioavailability in preclinical species and in vivo efficacy in
animal models[19]. The objectives of our study were to
characterize the in vivo effects and mechanism of action
of the α-amino amide DPP-4 inhibitor, MK-0626, on
hepatic steatosis using ob/ob mice.

MATERIALS AND METHODS
Animals, treatment and specimen collection
Obese (ob/ob) 6-wk-old male mice and their lean littermates were purchased from Charles Liver Co. Ltd. (Tokyo,
Japan). All mice were housed in cages and maintained
on a 12-h light/dark cycle with free access to food and
water. The mice were acclimatized for 2 wk, during which
time they were fed a normal chow diet (CLEA Rodent
Diet CE-2) from CLEA Japan, Inc. (Tokyo, Japan). At
8 wk of age, they were placed on a normal chow diet
(D12450B) from Research Diets (Tokyo, Japan) as a transition to MK-0626 supplemented D12450B chow. Mice
were randomly divided into two groups of ob/ob mice
(n = 16 each) and were fed either a normal chow diet or
a normal chow diet supplemented with MK-0626 (1.5
mg/kg) or MK-0626 (3 mg/kg). In addition, two control
groups (n = 16 each) of untreated ob/ob mice and lean
littermates were fed a normal chow diet. After the mice
were switched to D12450B, body weight and food intake
were monitored weekly. All mice were fed an experimental diet for either four or eight weeks. At the completion
of the study, fasting blood samples were drawn to analyze glucose and insulin levels and the homeostatic model
assessment (HOMA). Further sera were drawn to measure serum active GLP-1 concentrations and biochemical parameters such as alanine aminotransferase (ALT).
Total hepatectomy was performed at the time of euthanasia, and liver samples were divided for histopathology
and other analyses. For protein or RNA analysis, tissues
were frozen in liquid nitrogen and stored at -80 ℃ until
needed. To achieve statistical power for the study, 64
mice were used for the experiment, and 16 mice were
included in each treatment arm. All mouse procedures
were performed in accordance with the guidelines for
animal care and use established by the Gunma University
School of Medicine.
Hepatic lipid profiles
Total liver lipids were extracted from liver homogenate
using methanol and chloroform, and they were then reacted with a vanillin-phosphoric acid reagent[20]. The hepatic lipid content was measured enzymatically with triglyceride GPO-Trinder and Infinity cholesterol reagents
(Sigma-Aldrich, St. Louis, MO).
Biochemical and histological analysis
Serum glucose and serum ALT were measured with an
auto-analyzer. Adiponectin concentration was measured
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Table 1 Primary pairs for real-time polymerase chain reaction of genes related to hepatic fatty acid metabolism
Gene name
PPARα
SREBP-1c
SCD-1
FAS
MTP
CPT1

Accession

Forward

Reverse

GTTGGCTCCATCCATTGC
AACCTCAGCAACACATCT

AACCATGGGAAGCCAAGTTT
CGTTTACAAAGGGCATGCA

CCCTGGGCATGATTGCAA

AAGAGGACGCCACTCACGAT

Mm00440939
Mm00550338

Mm00435015

PPARα: Peroxisome proliferator-activated receptor α; SREBP-1c: Sterol regulatory element binding transcription factor-1c; SCD-1: Stearoyl-CoA desaturase-1; FAS: Fatty acid synthase; MTP: Microsomal triglyceride transfer protein activity; CPT-1: Carnitine palmitoyltransferase-1.

using a Quantikine ELISA Kit (RD Systems, Minneapolis,
MN, United States). Insulin concentration was measured
using a Mouse Ultrasensitive Insulin ELISA (ALPCO
Diagnosis, Salem, NH). HOMA was calculated using
serum glucose and insulin concentrations. Serum active
GLP-1 was measured using a GLP-1 (Active) ELISA KIT
(Shibayagi, Gunma, Japan). For histological examination,
paraffin-embedded liver tissue specimens were stained
with Hematoxylin-Eosin and Oil Red O. Quantitative
analysis of Oil Red O-stained areas was performed using
the NIH image software program in 10 microscopic fields
at a 400-fold magnification.
RNA expression analysis of the liver specimen
Total RNA was isolated with the ISOGEN RNA extraction reagent (Nippon Gene, Toyama, Japan), quantified
by spectrophotometry and reverse-transcribed to cDNA.
Then, the cDNA was used for polymerase chain reaction
(PCR). It was amplified using iQ-SYBR Green Supermix
with specific oligonucleotide primers for target sequences
or glyceraldehyde-3-phosphate dehydrogenase (for normalization). Taqman Universal PCR Master Mix and the
Taqman Gene Expression Assay (Applied Biosystems Japan Ltd., Tokyo, Japan) were used to analyze the genes of
interest, which included peroxisome proliferator-activated
receptor (PPAR) α, sterol regulatory element binding
transcription factor (SREBP)-1c, stearoyl-CoA desaturase
(SCD)-1, fatty acid synthase (FAS), microsomal triglyceride transfer protein (MTP) activity and carnitine palmitoyltransferase (CPT)-1. The specific oligonucleotide primers are shown in Table 1.
Western blotting analysis
The protein extracted from the liver tissue was run on a
sodium dodecyl sulfate-polyacrylamide electrophoresis gel
and then transferred to a polyvinylidene difluoride (PVDF)
membrane (GE Healthcare United Kingdom Ltd., Buckinghamshire, England). After the membranes were blocked in
PVDF Blocking Reagent from Can Get Signal (TOYOBO,
Osaka, Japan) for one hour at room temperature, they were
probed with primary antibodies to phospho-AMP-activated
protein kinase (AMPK) (1:1000) and AMPK (1:5000).
Statistical analysis
Statistical analysis was performed using SPSS v.16.0 (IBM
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Corp., Armonk, NY, United States). Data were analyzed
by one-way analysis of variance. Values are expressed as
the mean ± SD. A minimum of three independent experiments were performed, unless indicated otherwise. P
values of less than 0.05 were considered statistically significant.

RESULTS
MK-0626 treatment increased active GLP-1
concentrations in the serum of ob/ob mice compared to
MK-0626-untreated ob/ob mice
Serum active GLP-1 concentrations in ob/ob mice were
significantly lower than those in lean mice (Figure 1A).
MK-0626 treatment of ob/ob mice increased serum active GLP-1 concentrations in a dose-dependent manner
(Figure 1A).
MK-0626 treatment reduced serum ALT, glucose and,
insulin levels and HOMA scores and increased serum
adiponectin levels in ob/ob mice compared to MK-0626untreated ob/ob mice
Treatment with MK-0626 for 4 wk in ob/ob mice reduced
serum ALT, glucose, and insulin levels and the calculated
HOMA scores and increased serum adiponectin levels
compared to MK-0626-untreated ob/ob mice in a dosedependent manner. However, the effect of 1.5 mg/kg
MK-0626 on serum adiponectin levels did not reach statistical significance (Table 2).
MK-0626 treatment did not significantly change body
weight, food intake or the ratio of liver weight to body
weight in ob/ob mice
There was no significant change in body weight in either
the low or high dose MK-0626 treatment groups compared with MK-0626-untreated ob/ob mice, a trend that
was sustained throughout the treatment period (Figure
1B). In addition, the food intake of ob/ob mice was not
significantly altered by MK-0626 treatment, and this
trend was sustained over the entire treatment period
(Figure 1C). Body weight and food intake of the mice
at the end of treatment are shown in Figure 1D and E,
respectively. Body weight and food intake of the ob/ob
mice significantly increased throughout the experimental
period compared to their lean littermates regardless of
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Figure 1 Serum active glucagon-like peptide-1 concentrations, body weight, food intake or ratio of liver weight to body weight in ob/ob mice and their lean
littermates. A: Serum active glucagon-like peptide-1 (GLP-1) concentrations (pg/mL) in ob/ob mice that were fed either a normal chow diet (ob/ob) or a normal chow
diet supplemented with MK-0626 (1.5 mg/kg) (ob/ob + MK 1.5) or MK-0626 (3 mg/kg) (ob/ob + MK 3.0) and their lean littermates fed a normal chow diet (lean). Serum
samples were collected at the end of the 8-wk treatment period; B: Changes in body weight in lean, ob/ob, ob/ob + MK 1.5 and ob/ob + MK 3.0 groups during the
treatment; C: Changes in food intake in lean, ob/ob, ob/ob + MK 1.5 and ob/ob + MK 3.0 groups during the treatment; D: A comparison of body weight at the end of
the 8-wk treatment period; E: A comparison of food intake at the end of the 8-wk treatment period; F: A comparison of the ratio of liver weight to body weight at the end
of the 8-wk treatment period. bP < 0.01 vs the lean group; cP < 0.05, dP < 0.01 vs the ob/ob group (n = 16 mice per group).

MK-0626 treatment, except for food intake at week 1
and 7 of therapy (Figure 1B and C). MK-0626 treatment
did not significantly change the ratio of liver weight to
body weight at the end of treatment (Figure 1F).
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MK-0626 treatment reduced hepatic fat content in ob/ob
mice
MK-0626-treated ob/ob mice had a significant reduction
in Oil Red O-stained areas in the liver, and the reduction
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Table 2 Metabolic laboratory findings from each experimental mice group
Laboratory findings
Glucose (mg/dL)
Insulin (μU/mL)
HOMA score
ALT (U/L)
Adiponectin (μg/mL)

Lean
141 ± 43.8
1.83 ± 0.61
0.63 ± 0.06
43.3 ± 10.3
31.15 ± 2.07

ob /ob

ob /ob + MK-0626 (1.5 mg/kg)
288 ± 17.6a
8.42 ± 1.03a
5.98 ± 0.52a
278 ± 70.5a
37.86 ± 3.40

349 ± 15.7
11.54 ± 0.59
9.96 ± 2.32
590 ± 109.5
34.57 ± 1.25

ob /ob + MK-0626 (3 mg/kg)
247 ± 42.5b
7.83 ± 0.44b
4.78 ± 0.166b
272.5 ± 131.5a
39.90 ± 1.28a

a

P < 0.05, bP < 0.01 vs ob/ob mice group. HOMA: Homeostatic model assessment; ALT: Alanine aminotransferase.

occurred in a dose-dependent manner (Figure 2A, B).
Correspondingly, the hepatic lipid content was significantly reduced in MK-0626-treated ob/ob mice in a dosedependent manner (Figure 2C).
MK-0626 treatment increased PPARα and MTP mRNA
expression and decreased the mRNA expression of
SREBP-1c, SCD-1 and FAS
MK-0626 treatment significantly increased hepatic PPARα
mRNA, a key element involved in β-oxidation of free
fatty acids, compared with the MK-0626-untreated ob/ob
control mice (Figure 3). MK-0626 treatment significantly
reduced hepatic mRNA expression levels of SREBP-1c,
FAS and SCD-1, key regulators of de novo hepatic lipogenesis, compared with MK-0626-untreated ob/ob control
mice (Figure 3). In addition, MK-0626 treatment significantly increased MTP mRNA, a key factor responsible
for intracellular lipid transport in the intestine and liver,
compared with MK-0626-untreated ob/ob mice (Figure
3). However, MK-0626 treatment did not significantly
change hepatic mRNA levels of CPT1, a key factor involved in lipolysis, compared with MK-0626-untreated
ob/ob control mice (Figure 3).
MK-0626 treatment increased AMPK activation in whole
liver in a dose-dependent manner
In a dose-dependent manner, MK-0626 treatment increased activation of AMPK, which is a sensor of cellular
energy status and acts as a regulator of hepatic lipogenesis, in whole liver obtained from ob/ob mice compared
with MK-0626-untreated ob/ob mice (Figure 4).

DISCUSSION
The major finding of our study was that MK-0626, a
selective α -amino amide DPP-4 inhibitor, attenuated
liver steatosis in experimental obese and diabetic mice.
This conclusion is based on the result that MK-0626
decreased the degree of Oil red O-staining and hepatic
lipid content in whole livers of ob/ob mice. However, the
mechanism of this hypolipidemic effect was not due to
a decrease in food intake and/or body weight because
MK-0626 treatment did not significantly alter food intake
and body weight in ob/ob mice. As for weight effects, a
GLP-1 receptor agonist generally causes a weight loss
of 1-4 kg in human studies[21-23] and a measurable weight
loss in animal studies[10,24]. Conversely, DPP-4 inhibitors
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are weight neutral in patients with type 2 diabetes[25-27] and
in animal studies[10,11,28], although a contradictory human
study[29] exists. Our study showed that treatment with
MK-0626 did not change body weight, which is consistent with the majority of prior reports. As for food intake, a DPP-4 inhibitor does not cause a decrease in food
intake in animal studies[10,28], which is consistent with our
study. Thus, the effect of MK-0626 on fatty liver was not
due to a change in weight loss or food intake.
A possible mechanism of MK-0626 action on fatty
livers is through enhancement of AMPK activity and the
resultant inhibition of hepatic lipogenic gene expression.
This hypothetical mechanism is supported by prior studies that demonstrated that high fat diet fed DPP4-deficient rats[9] reduce hepatic fat content and that wild-type
and β-cell-specific glucokinase haploinsufficient (Gck+/-)
diabetic mice treated with des-fluoro-sitagliptin (DFS), a
DDP-4 inhibitor[11] also reduce grade of hepatic steatosis.
A DPP4-deficient rat model is very useful for evaluating
the action of DPP-4 inhibition. Although we also used
ob/ob mice, one of the genetically modified animals, our
model of oral administration of DPP4 inhibitor was
also important in view of reflecting a more physiological
state. Thus, we were able to achieve a dose-dependent
effect of the DPP4 inhibitor on hepatic steatosis, which
was supported by a dose-dependent increase in serum active GLP-1 concentrations in ob/ob mice. In diet-induced
fatty livers from wild-type and Gck+/- diabetic mice, DFS
treatment increased the mRNA expression of PPARα,
which is one possible mechanism of ameliorating fatty
liver[11] and is consistent with our results. In our study,
we elucidated the increase in mRNA expression of microsomal triglyceride transfer protein as a new possible
mechanism of ameliorating fatty liver. Another possible
mechanism of ameliorating fatty liver is an increase in
serum adiponectin, which was supported by Souza-Mello
et al[13]. Adiponectin reportedly enhances AMPK and the
PPARα pathway in the liver and skeletal muscle[30], which
correlates well with our results. Interestingly, our results
were also supported by data that demonstrate that plasma
DPP-4 activity negatively correlates with plasma adiponectin in healthy young people[31].
In our model, MK-0626 improved the HOMA score,
which is a surrogate measure of insulin resistance in a
fasting state and tends to represent hepatic insulin resistance[32], which is consistent with the therapeutic effect of
a DPP-4 inhibitor (P32/98) in the Vancouver diabetic fatty
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Figure 2 Assessment of hepatic histology and lipid content in the livers of ob/ob mice and their lean littermates at the end of an 8-wk treatment period.
The groups are the same as those shown in Figure 1; A: Representative hepatic histology of lean, ob/ob, ob/ob + MK 1.5 and ob/ob + MK 3.0 groups. Liver sections
were stained with Oil red O; B: Quantitative histomorphometric analysis for total lipid content of all hepatic histology for each experimental group. Oil red O-stained
areas were quantified in 10 microscopic fields at a 400-fold magnification; C: Quantification of the lipid content of the liver from each experimental group. Results are
expressed as the mean ± SD; n =16 for each group. bP < 0.01 vs the lean group; cP < 0.05, dP < 0.01 vs the ob/ob group.

Zucker Rat[33] and a fructose-rich diet in normal rats[10]
or sitagliptin in high-fat diet-induced obese rats[12]. However, normoglycemic DPP4-deficient rats did not show
improved hepatic insulin sensitivity in vivo and maintained
constant high levels of active GLP-1, implying that active GLP-1 has a direct effect on fat metabolism in a
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DPP4-deficient rat model[9]. Thus, dietary MK-0626 may
improve insulin sensitivity when coupled with the direct
effect of serum active GLP-1. A DPP-4 inhibitor may
also be effective for nonalcoholic steatohepatitis in which
insulin resistance plays a central role. However, there is a
contradictory report that the HOMA-IR was not signifi-
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Figure 3 Effect of MK-0626 on the mRNA expression of genes related to hepatic fatty acid metabolism from whole livers at the end of the 8-wk treatment
period in each experimental group. The groups are the same as those shown in Figure 1. Total RNA extracted from liver tissues was used for mRNA expression
analysis of peroxisome proliferator-activated receptor (PPAR)α, sterol regulatory element binding transcription factor (SREBP)-1c, stearoyl-CoA desaturase (SCD)-1,
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Figure 4 Phosphorylation of AMP-activated protein kinase following MK-0626 treatment in whole livers from each experimental group. The groups are the
same as those shown in Figure 1. A representative western blot shows phosphorylation of AMP-activated protein kinase (AMPK) at the end of the 8-wk treatment period. The histogram below shows the expression of p-AMPK normalized to AMPK. Results are expressed as the mean ± SD; n = 16 for each group. bP < 0.01 vs the
lean group; dP < 0.01 vs the ob/ob group.
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cantly changed with sitagliptin treatment in patients with
type 2 diabetes[27].
In summary, we demonstrated that dietary MK-0626,
a DPP-4 inhibitor, could attenuate hepatic steatosis by
enhancing AMPK activity, inducing inhibition of hepatic
lipogenic gene expression, enhancing triglyceride secretion from the liver and increasing serum adiponectin
levels. Thus, some novel mechanisms of a DPP-4 inhibitor on hepatic steatosis were discovered in our study.
Moreover, our study design was original and persuasive
because of the following reasons: (1) we evaluated the
dose response effect of a DPP-4 inhibitor on hepatic
steatosis; (2) we used a naturally occurring model of hepatic steatosis and type 2 diabetes; (3) we used two distinct control groups; and (4) we used a sufficient number
of mice in each group to achieve statistical power of the
data outcomes. Because DPP-4 inhibitor medications are
widely used in clinical practice and are characterized by
good safety and tolerability profiles, these inhibitors may
provide an effective treatment strategy for patients with
hepatic steatosis induced by type Ⅱ diabetes. Thus, the
effects of a DPP-4 inhibitor on hepatic steatosis should
be further evaluated in a large, prospective human study
in the future.
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Abstract
AIM: To investigate challenges, risk factors, prognostic
indicators, and treatment outcomes associated with
Budd-Chiari syndrome (BCS) at a tertiary care center.
METHODS: A retrospective cohort study was conducted at the University of Pennsylvania in patients
with a diagnosis of BCS or hepatic vein thrombosis. All
patients receiving care at the University of Pennsylvania, and who had at least 2 clinical encounters in the
University of Pennsylvania Health system from January
1, 2008 to September 10, 2013 were eligible for study
inclusion. Data were extracted from the electronic medical record of each patient, and recorded in a secure
Research Electronic Data Capture database. Logistic
regression analyses were applied to identify predictors
of outcome of liver transplant (LT) or death.
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RESULTS: Between January 1, 2008 and September
10, 2013, forty-seven patients were identified. Median
age was 42.4 years. Thirty-one (66.0%) were women.
A majority were Caucasian (68.1%). At diagnosis, 43
(91.5%) patients had ascites, 27 (57.4%) patients had
a hematologic disorder associated with a hypercoagulable state and 26 (55.3%) had cirrhosis. Forty (85.1%)
patients were on anticoagulation (AC), 30 (63.8%)
of whom were maintained on warfarin. Two patients
(4.3%) underwent thrombolytic therapy. A transjugular
intrahepatic portosystemic shunt (TIPS) was placed in
21 (44.7%) patients, 19 (90.5%) of whom were also
on AC. Twenty-one (44.7%) received AC alone. Over a
median of 974 d, 8 (17.0%) patients received LT, and
10 (21.3%) died. The median time from listing to death
was 26 mo [interquartile range (IQR) = 16, 65)]. TIPS
with AC was utilized more frequently in younger patients (P = 0.02). Age, cirrhosis and chronic kidney disease (CKD) were significant predictors of LT or death.
CONCLUSION: AC alone was employed as frequently
as TIPS with AC, though the latter was used more frequently in younger patients with polycythemia vera.
There were no significant differences in treatment
outcome regardless of the therapeutic intervention
employed. Significant predictors of poor prognosis included age, cirrhosis and CKD.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Budd-Chiari syndrome; Transjugular intrahepatic portosystemic shunt; Liver transplantation; Anticoagulation; Hepatic vein thrombosis
Core tip: Budd-Chiari syndrome (BCS) is a challenging disease with a spectrum of clinical manifestations.
It is evident from our experience that this condition
has heterogeneous causes. Once specific prognostic
factors are considered, treatment courses should be
determined on a case-by-case basis but are most consistently instituted in a stepwise fashion. Moreover, in
certain patients with visible hepatic decompensation,
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systemic anticoagulation may need to be fortified with
portal decompression procedures such as transjugular
intrahepatic portosystemic shunt earlier in the disease
process. The liver transplant waitlist mortality was
15.6%; therefore, it is evident that BCS patients have
high mortality despite being considered candidates for
liver transplantation.
Pavri TM, Herbst A, Reddy R, Forde KA. Budd-Chiari syndrome: A single-center experience. World J Gastroenterol 2014;
20(43): 16236-16244 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i43/16236.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i43.16236

INTRODUCTION
Budd-Chiari syndrome (BCS) is characterized by occlusion of the hepatic venous outflow tract that may occur
from the terminal branches of the hepatic venules to the
level of the right atrium[1,2]. Regardless of the etiology of
obstruction, the early stages of BCS are characterized by
a reduction in outflow from the liver[1,3]. Consequently,
venous stasis and congestion result in hypoxic liver injury.
These mechanisms contribute to the development of hepatocyte necrosis in the centrilobular regions of the liver
lobule, progressive centrilobular fibrosis, and ultimately,
cirrhosis[4]. The pathophysiology of BCS is therefore
consistent with the established clinical manifestations,
which include ascites, abdominal pain, and tender hepatomegaly[5]. Unfortunately, though the pathophysiology of
the condition is well understood and there are multiple
therapeutic options including transjugular intrahepatic
portosystemic shunt (TIPS) placement and liver transplantation (LT), BCS still results in excess morbidity and
mortality.
The primary goals of therapy for BCS are to alleviate hepatic congestion and ameliorate liver injury and
its sequelae[6,7]. The cornerstone of therapy is systemic
anticoagulation (AC) and in select cases may include local thrombolytic therapy[1]. Other therapeutic modalities
include insertion of a TIPS or surgical decompression of
the portal system, both of which alleviate elevated hepatic sinusoidal pressure[8,9]. There is controversy surrounding the efficacy of systemic AC in the treatment of BCS,
and it has been shown that this form of therapy must often be supplemented by other treatment modalities such
as portosystemic shunting[10]. Additionally, the insertion
of a TIPS appears to be a highly successful intervention,
which may delay or eliminate the need for LT[11,12]. In a
single European study, the insertion of a TIPS in symptomatic BCS patients was associated with low morbidity
and mortality, while providing long-lasting resolution of
the clinical manifestations of BCS and higher transplantfree survival[13]. It has been suggested that a stepwise
approach to managing BCS is optimal[14]. AC and other
medical therapies are recommended as first line treat-
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ment. While revascularization or placement of a TIPS are
suggested if there is no response to medical therapy, LT
is indicated as a “rescue” therapy, shortly after which AC
should be instituted to prevent recurrent thrombosis[15].
Due to the heterogeneous nature of BCS progression,
data in the literature support an individualized approach
to treatment and encourage a selective, cautious approach
to invasive procedures[16].
Identifiable predictors of prognosis after a diagnosis
of BCS is established are also important in determining
appropriate treatment strategies. Previously established
indicators of prognosis include rapidity and extent of hepatic vein occlusion, severity of underlying liver disease,
and presence of hepatic decompensation[1]. Additional
prognostic factors include age, Child-Pugh (CP) score,
presence of ascites, serum creatinine, and the presence of
features indicating acute injury superimposed on chronic
lesions at the time of diagnosis[17]. In order to better understand the current therapies employed and their associated outcomes, as well as other potential prognostic factors in BCS, a retrospective cohort study was undertaken
in patients presenting to the University of Pennsylvania
with a diagnosis of BCS. This study aimed to characterize
a carefully selected cohort of BCS patients at a tertiary
care center, to elucidate the risk factors for BCS, identify
predictors of prognosis, and evaluate treatment response.

MATERIALS AND METHODS
All patients diagnosed with BCS or hepatic vein thrombosis, as determined by the inclusion of an International Classiﬁcation of Disease, Ninth Revision, Clinical
Modiﬁcation (ICD-9-CM) code consistent with the diagnosis (453.0) in the electronic medical record, receiving
their care at the University of Pennsylvania, and having at
least 2 clinical encounters in the University of Pennsylvania Health system from January 1, 2008 to September 10,
2013 were eligible for study inclusion. All subjects were
at least 18 years of age at the date of data collection.
Subjects less than 18 years of age were excluded from
the study due to lack of access to their electronic medical
records. The Hospital of the University of Pennsylvania
comprises an active hepatology practice, a large and experienced interventional radiology group, as well as a robust
LT program, thus providing a fitting setting for this study.
In order to determine the treatment outcomes of patients who presented with BCS, an extensive chart review
was performed for all potential subjects identified from
the electronic medical record review. Data were collected
and recorded on the following variables: (1) demographics including age, gender, and race; (2) BCS risk factors
including hypercoagulable states (Factor V Leiden, protein C deficiency, protein S deficiency and presence of
G20210A prothrombin gene mutation), hematologic
disorders, malignancies and oral contraceptive exposure;
(3) medical comorbidities; (4) laboratory data on the date
of diagnosis and at the date closest to the date of data
collection; (5) histology data from liver biopsy and/or
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Screened for eligibility (BCS diagnosis) (n = 52)

Excluded: Lack of medical records (n = 5)

Included (n = 47)

TIPS
(n = 21)

TIPS Alone
(n = 2)

HE
(n = 1)

Stenosis
(n = 2)

Death
(n = 1)

AC alone
(n = 21)

TIPS with AC
(n = 19)

Bleeding
(n = 2)

HE
(n = 7)

Stenosis
(n = 10)

Bleeding
(n = 3)

No Therapy
(n = 5)

Death
(n = 5)

HE
(n = 7)

OLT
(n = 5)

Bleeding
(n = 0)

OLT
(n = 3)

HE
(n = 3)

Death
(n = 2)

OLT
(n = 0)

Death
(n = 2)

Figure 1 Treatment and outcomes. BCS: Budd-Chiari syndrome; TIPS: Transjugular intrahepatic portosystemic shunt; AC: Anticoagulation; HE: Hepatic encephalopathy; OLT: Orthotopic liver transplantation.

explant samples; (6) clinical data including symptoms associated with BCS on the date of diagnosis and at the
date closest to the date of data collection; (7) treatment
modality rendered; and (8) treatment outcomes including
gastrointestinal bleeding, TIPS complications, LT and
death.
Statistical analysis
Descriptive statistics were performed on the entire BCS
cohort, including review of disease risk factors, clinical
manifestations at presentation, treatment modalities employed and treatment outcomes observed. Those patients
receiving AC alone were compared to those receiving
TIPS or other types of portosystemic shunting to determine differences in their response to therapy. Additionally, predictors of outcome, as determined by need for LT,
and/or death, were assessed. χ 2 analysis and Fishers exact
testing as appropriate were used to compare categorical
variables. T-tests and Wilcoxon rank sum testing were
used to compare continuous variables. Logistic regression
was used to identify predictors of LT or death. KaplanMeier curves were constructed to determine survival
stratified by transplant status and by treatment modality
employed. Log rank statistics were utilized to compare
Kaplan-Meier curves. A P value of < 0.5 was the prespecified level of significance. Stata 12.1 (College Station,
TX) was utilized for all statistical analyses. The protocol
was approved by the Institutional Review Board at the
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University of Pennsylvania.

RESULTS
Forty-seven patients were identified as having a diagnosis of either BCS or hepatic vein thrombosis (Figure 1).
The mean age of the cohort was 42.4 years [interquartile
range (IQR) = 32.1, 52.1]; 31 (66.0%) were women. The
racial distribution indicated a Caucasian majority (Table
1). The clinical manifestations and hematological risk
factors present at diagnosis are described in Table 1. In
our population of patients at the University of Pennsylvania, the prevalence of BCS exceeded population-based
predictions, as an estimated 0.98% (47/4800) of patients
who had clinic encounters during the study’s 5-year period were diagnosed with BCS.
With regard to treatment, 40 (85.1%) patients were
on systemic AC; 21 (52.5%) of whom were on heparin,
30 (75.0%) on warfarin, and 13 (32.5%) on both. Only 4
(8.5%) were on aspirin. Hydroxyurea, an antineoplastic
drug that is used in the treatment of polycythemia vera
(PV), was utilized in 13 (27.7%) patients. The patients’
symptoms were generally better controlled when compared to the date of diagnosis. Regarding ascites, 43 had
it at diagnosis, 29 had it post-treatment, and only 17 had
the presence of ascites at both time points. While 27
patients were noted to have hepatomegaly at diagnosis,
only 7 had it post-treatment, and 6 patients had it at both
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Table 1 Clinical and laboratory characteristics n (%)
Clinical or laboratory feature
Age (yr) (Median, IQR)
Gender
Male
Race/Ethnicity
African-American
White
Other
Hispanic/Latino
Comorbidities
Alcohol
Anemia
Cerebrovascular accident
Coronary artery disease
Chronic kidney disease
Chronic obstructive pulmonary disease
Congestive heart failure
Cirrhosis
Diabetes mellitus
Hypercholesterolemia
Peripheral vascular disease
Risk factors
Essential thrombocytosis
Factor V leiden mutation
Oral contraceptive use
Paroxysmal nocturnal hemoglobinuria
Protein C deficiency
Protein S deficiency
Polycythemia vera
Laboratory tests
(Median, IQR) or (mean ± SD)
Albumin (g/dL)
Alkaline phosphatase (U/L)
Alanine aminotransferase (IU/L)
Aspartate aminotransferase (IU/L)
Bilirubin, total (mg/dL)
Creatinine (mg/dL)
Hemoglobin (mg/dL)
International normalized ratio
Platelet count (THO/μL)
Disease severity (Diagnosis)
Child-Pugh (CP) score
Model for end stage liver disease
Rotterdam score
Ⅰ
Ⅱ
Ⅲ
Follow-up time (d) (Median, IQR)

Entire cohort (n = 47) TIPS with anticoagulation (n = 19) Anticoagulation alone (n = 21)
42.4 (31.1, 52.1)

33.3 (29.7, 45.8)

46.9 (39.5, 57.3)

P value
0.01

16 (34.0)

6 (31.6)

7 (33.3)

0.91

11 (23.4)
32 (68.1)
4 (8.5)
2 (4.3)

5 (26.3)
12 (63.2)
2 (10.5)
2 (10.5)

3 (14.3)
16 (76.2)
2 (9.5)
0 (0.0)

0.69

2 (4.3)
9 (19.1)
1 (2.1)
2 (4.3)
10 (21.3)
0 (0.0)
1 (2.1)
26 (55.3)
8 (17.0)
2 (4.3)
0 (0.0)

0 (0.0)
2 (10.5)
1 (5.3)
1 (5.3)
6 (31.6)
0 (0.0)
0 (0.0)
13 (68.4)
1 (5.3)
1 (5.3)
0 (0.0)

1 (4.8)
6 (28.6)
0 (0.0)
1 (4.8)
2 (9.5)
0 (0.0)
1 (4.8)
8 (38.1)
4 (19.0)
1 (4.8)
0 (0.0)

1.00
0.24
0.47
1.00
0.12

3 (6.4)
4 (8.5)
2 (4.3)
3 (6.5)
2 (4.26)
1 (2.1)
14 (29.8)

2 (10.5)
1 (5.3)
2 (10.5)
1 (5.3)
1 (5.3)
0 (0.0)
9 (47.4)

1 (4.8)
2 (9.5)
0 (0.0)
2 (9.5)
1 (4.8)
1 (4.8)
4 (19.0)

0.60
1.00
0.23
1.00
1.00
1.00
0.09

2.7 ± 0.5
116 (96, 160)
52 (39, 87)
66 (37, 96)
1.5 (0.9, 2.1)
0.9 (0.6, 1.4)
12.3 ± 2.9
1.5 (1.2, 2.6)
173 (80, 238)

0.07
0.69
0.11
0.33
0.42
0.80
0.02
0.66
0.05

2.9 ± 0.5
131 (98, 161)
59 (36, 119)
67 (42, 113)
1.6 (1.2, 2.9)
0.9 (0.6, 1.3)
13.4 ± 2.7
1.7 (1.3, 2.2)
217 (97, 329)

3.1 ± 0.6
131 (98, 177)
76 (55, 190)
78 (54, 221)
1.7 (1.2, 4.0)
0.8 (0.6, 1.2)
14.5 ± 2.1
1.7 (1.4, 2.2)
262 (181, 376)

9.2 ± 1.5
17.1 ± 6.2

9.3 ± 1.3
16.7 ± 4.9

22
0
11
974 (393, 2697)

10
0
5
1101 (386, 2697)

8.9 ± 1.8
18.9 ± 7.3
10
0
4
834 (190, 1791)

0.22

1.00
0.05
0.34
1.00

0.49
0.63
1.00

0.36

TIPS: Transjugular intrahepatic portosystemic shunt; IQR: Interquartile range.

times. For edema, 15 presented at diagnosis, 13 at the
date of data collection, and 2 at both time points. Only
2 (4.3%) patients underwent thrombolytic therapy alone.
In the cohort, 21 (44.7%) patients received a TIPS procedure and 8 (17.0%) received LT. Although all of the
patients who received a TIPS presented with ascites, only
13 (61.9%) of the 21 patients who received TIPS had resolution of their ascites. Within the TIPS cohort (n = 21),
variceal hemorrhage occurred in 6 (28.6%) patients prior
to the intervention and in 1 (4.76%) post-TIPS. Stenosis was the major complication observed in this cohort,
occurring in 12 (57.1%) of the patients who received a
TIPS. Eleven (52.4%) patients had one or more TIPS
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revisions. Hepatic encephalopathy was seen in 38.1% of
patients post-TIPS.
Ten (21.3%) patients died during a median followup of 974 d (IQR = 393, 2697). Of the patients who
died during follow-up, 6 (60%) were male, 3 (30%) had a
TIPS placed, 8 were evaluated for LT, 5 had been listed
for transplantation but died while waiting, and none underwent LT. The median time from listing to death was
26 mo (IQR = 16, 65). The transplant-free survival rate
was 94.4% at 1 year post-diagnosis, 74.8% at 3 years, and
69.5% at 5 years (Figure 2). Of those who were transplanted, all survived until the end of the follow-up period
(Figure 2). The survival rates for the TIPS with AC co-

16239

November 21, 2014|Volume 20|Issue 43|

Pavri TM et al . Budd-Chiari syndrome
Table 2 Treatment and outcomes n (%)
Entire cohort (n = 47)

Outcome
Anticoagulation
Time to anticoagulation (d)
(Median, IQR)
TIPS
Bleeding
Hepatic encephalopathy
TIPS stenosis1
Resolution of ascites1
Variceal hemorrhage1,2
Liver transplantation
Time to liver transplantation (d)
(Median, IQR)
Death
Time to death (d) (Median, IQR)

TIPS with anticoagulation (n = 19)

40 (85.1)
23 (0, 249)

Anticoagulation alone (n = 21)

19 (100.0)
28 (1, 91)

P value

21 (100)
7 (0, 906)

0.92

0 (0)
3 (14.3)

1.00

21 (44.7)
5 (10.6)
18 (38.3)
12 (57.1)
13 (61.9)
1 (4.76)
8 (17.0)
11101 (295, 2021)

19 (100.0)
2 (10.5)
7 (36.8)
10 (52.6)
12 (63.2)
1 (5.26)
5 (26.3)
947 (519, 1561)

3 (14.3)
1863 (295, 3628)

0.44
0.48

10 (21.3)
811 (686, 1142)

2 (10.5)
1030 (919, 1142)

5 (23.8)
686 (107, 789)

0.41
0.05

These outcomes represent those observed in the post-TIPS setting (at date of data collection); 2For variceal hemorrhage, data were unknown for 6 patients
in the entire cohort, and for 3 patients in the TIPS with AC cohort, in the post-TIPS setting. TIPS: Transjugular intrahepatic portosystemic shunt; IQR: Interquartile range; AC: Anticoagulation.

1.00

1.00

0.75

0.75

Proportion surviving

Proportion surviving

1

0.50
No transplant

0.25

Transplant

0.50
Anticoagulation

0.25

TIPS/Anticoagulation

P = 0.06

0.00

P = 0.22

0.00
0

1

2
3
4
Time from Budd Chiari diagnosis (yr)

5

0

Number at risk

2
3
Time from Budd diagnosis (yr)

4

5

Number at risk

No transplant
39

1

Anticoagulation
29

24

16

10

9

21

Transplant

15

13

8

6

5

15

13

10

7

7

TIPS/Anticoagulation
8

8

7

7

6

6

19

Figure 2 Kaplan-Meier estimate of mortality: Effect of transplant status.

hort were 100% at 1 year post-diagnosis, 91.7% at 3 years,
and 81.5% at 5 years. The survival rates over time for the
cohort treated with AC alone were lower: 89.5% at 1 year,
and 69.2% at 3 and 5 years following diagnosis (Figure 3).
These differences were not statistically significant.
The vast majority of patients who underwent a TIPS
procedure were also on AC, while 44.7% of patients received AC alone (Table 2). Patients receiving TIPS and
AC were compared to patients who received AC alone
(Tables 1 and 2). In general, patients who had a TIPS
placed and were on AC were significantly younger (P
= 0.02) and tended to be enriched with PV (P = 0.09),
reflecting underlying contributing factors or conditions
associated with BCS (Table 1). There were no differences
between treatment subgroups in the severity of liver
disease at the time of diagnosis as determined by the CP
or Model For End-Stage Liver Disease (MELD) scores.
Additionally, there were no differences in time to institu-
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Figure 3 Kaplan-Meier estimate of mortality: Effect of transjugular intrahepatic portosystemic shunt + anticoagulation vs anticoagulation alone.
TIPS: Transjugular intrahepatic portosystemic shunt.

tion of AC between groups. Of the 8 (17.0%) patients
who required LT, 5 had a TIPS placed and 3 were on AC
alone (Table 2). In univariable analysis, age, cirrhosis and
the presence of chronic kidney disease (CKD) were significant predictors of LT or death (Table 3). These were
found to be significant predictors of poor prognosis in
multivariable analysis as well (Table 3). There was no significant difference in mortality in those undergoing TIPS
with AC vs those on AC alone.

DISCUSSION
Our study validated previously recognized underlying risk
factors associated with BCS, including various hypercoagulable states. Further, we evaluated predictors of poor
outcome and assessed the effectiveness of current treat-

16240

November 21, 2014|Volume 20|Issue 43|

Pavri TM et al . Budd-Chiari syndrome
Table 3 Predictors of liver transplant and death
Predictor
Age
Ascites (Diagnosis)
Chronic kidney Disease
CP score (Diagnosis)
Cirrhosis
Creatinine (Diagnosis)
MELD score
TIPS Placement

Univariable odds ratio (95%CI)

Univariable P value

Multivariable odds ratio (95%CI)

Multivariable P value

1.04 (1.00-1.09)
1.96 (0.19-20.4)
10.80 (1.95-59.77)
0.79 (0.49-1.28)
8.18 (1.92-34.84)
1.76 (0.60-5.14)
0.96 (0.85-1.08)
0.95 (0.26-3.42)

0.090
0.570
0.006
0.339
0.004
0.300
0.489
0.935

1.06 (1.00-1.12)

0.062

7.67 (1.20-48.96)

0.031

6.25 (1.19-32.72)

0.030

MELD: Model For End-Stage Liver Disease; TIPS: Transjugular intrahepatic portosystemic shunt; CP: Child-Pugh.

ment modalities employed in BCS. Established predisposing factors for BCS include hematologic and hepatic
metabolic abnormalities, chronic myeloproliferative disorders, malignancies, and oral contraceptive use. In terms
of underlying causes of BCS, prothrombotic disorders
predominate in the West, whereas the etiology is often
idiopathic or possibly even congenital in Asia[18,19]. In our
cohort, we observed that polycythemia vera was the most
common risk factor for hypercoagulability, predisposing
nearly one third of our cohort to vascular thrombosis
(Table 1). With respect to predictors of prognosis, more
invasive therapy in the form of TIPS placement was not
significantly associated with an outcome of either LT or
death, though there was a trend towards a decreased rate
of death in those treated with TIPS and AC when compared to AC alone. The time to institution of AC and the
time to placement of TIPS were not shown to be predictive of prognosis. In multivariable analysis, increasing age,
the presence of cirrhosis at diagnosis, and chronic kidney
disease were found to be significantly associated with poor
prognosis. Unfortunately, no other factors, such as bilirubin or markers of disease severity, were associated with
outcome in this modern cohort. Previously suggested
predictors of prognosis include age, CP score, MELD
score, an established diagnosis of cirrhosis and presenting features including the presence of ascites and elevated
creatinine[13,20].
Though patients were treated with a number of strategies, AC was employed prior to the institution of invasive
therapies in more than 50% of cases, indicating a stepwise
approach to treatment. Placement of a TIPS was applied
more frequently in younger patients and in those with PV
but did not appear to be utilized frequently in patients
with more severe disease. When TIPS was combined with
AC, time to death was lengthened when compared to AC
alone. TIPS in the absence of AC was performed in only
2 patients, thus a comparison with this subgroup was not
statistically feasible. Historically, TIPS has been recommended as a viable and effective treatment option for
both management of portal hypertension and refractory
ascites[21,22]. In terms of resolving ascites, a success rate of
over 90% has been noted in the pretransplant population,
irrespective of etiology of liver disease[23]. However, in
the cohort described, relief of ascites post-TIPS only occurred in 61.9% of patients. We speculate that the thera-
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peutic response to TIPS in BCS patients is limited by a
variety of factors, such as underlying medical conditions,
severity of liver dysfunction as defined by MELD score
at the time of shunt placement, and technical challenges
in placing a shunt in the presence of hepatic vein thrombosis. In theory, a successful TIPS is attainable in the
majority of patients with BCS; however, previous studies
have reported that the procedure is more straightforward
in non-BCS patients with cirrhosis[20].
BCS is a rare condition, with a reported prevalence of
approximately 0.13-0.36 patients per million per year in
population-based and registry-based data[18]. However, current estimates of the prevalence of this disease are lacking.
The moderately high prevalence of BCS we observed reflects the composition of patients at a tertiary care center,
and underscores the fact that BCS patients require coordinated specialty care that may be difficult to obtain outside
of tertiary care centers. The high mortality rate and low
rate of transplantation seen in this cohort raise important
concerns regarding waitlist mortality, contraindications for
LT, and transplant-free survival rates (Tables 4 and 5). A
2008 international study by Garcia-Pagán et al[20] reported
1- and 5-year orthotopic liver transplantation (OLT)-free
survival rates of 88% and 78%, respectively, in a cohort of
124 patients with BCS. In comparison, our cohort demonstrated 1- and 5-year OLT-free survival rates of 94.4%
and 69.5%, respectively. In this cohort, the waitlist mortality was 15.6%; thus, it is evident that BCS patients have
high mortality despite being considered candidates for LT.
Moreover, of the 10 patients who died, half had contraindications to LT, such as metastatic cancer and coronary
artery disease (Table 4).
The highly recommended stepwise treatment regimen for BCS involves AC, remediation of risk factors,
diuretics and prophylaxis for complications of portal
hypertension, followed by thrombolysis with angioplasty
for venous stenosis if indicated, TIPS, and ultimately LT.
This strategy has been associated with 5-year survival
rates of nearly 70%[24,25]. A 2013 study by Fitsiori et al[13]
showed that after placement of a TIPS 93% of BCS patients were symptom- and OLT-free throughout a mean
follow-up of 38.1 mo. However, we did not demonstrate
a reduction in need for LT after TIPS placement. This
may have been in part due to our small sample size. The
results suggest that the management and survival of
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Table 4 Characteristics of patients who died after diagnosis of Budd-Chiari syndrome
Study Age at
ID
death

Gender

Race

Ethnicity

1

49

F

Black or AA Not hispanic
or Latino
White
Not hispanic
or Latino

2

61

M

3

49

M

White

4

59

M

White

5

34

M

White

6

34

M

White

7

67

F

8

52

F

Other

9

42

F

White

10

69

M

White

Evaluated for Listed for
LT? (Y/N) LT? (Y/N)

Contraindication for
LT? (Y/N) If “Yes,”
specify

Time from
listing to
death (mo)

LT?
(Y/N)

Cause of death

Y

Y

N

26

N

Unknown

N

N

N/A

N

Unknown

Not hispanic
or Latino
Not hispanic
or Latino

Y

Y

Y; HCC with extensive
vascular invasion and
lung metastasis
N

65

N

Y

N

N/A

N

Not hispanic
or Latino
Not hispanic
or Latino

Y

Y

Y; poor LT candidate
due to ESRD, history
of CAD, and kidney/
pancreas transplant
Y; Testicular cancer

12

N

Y

Y

N

72

N

Black or AA Not hispanic
or Latino

Y

N

N/A

N

Not hispanic
or Latino

Y

N

N/A

N

Liver failure, metastatic HCC

Not hispanic
or Latino
Not hispanic
or Latino

N

N

N (in transplant
evaluation stage at
date of death)
Y; HCC with
secondary malignant
neoplasm of the lung
Y; Breast cancer

Metastatic colon
cancer
Vertebral
osteomyelitis of the
lumbar spine, MRSA
bacteremia
Metastatic testicular
cancer
Hypercapnic
respiratory failure,
pneumonia
Severe sepsis

N/A

N

Y

Y

N

16

N

Metastatic breast
cancer
Renal failure, liver
failure, possible sepsis

LT: Liver transplantation; AA: African American; HCC: Hepatocellular carcinoma; CAD: Coronary artery disease; ESRD: End-stage renal disease; MRSA:
Methicillin-resistant Staphylococcus aureus; F: Female; M: Male; Y/N: Yes/No; N/A: Not available.

Table 5 Comparison of alive and deceased cohorts n (%)
Patients who died Patients who survived
Age at date of death (yr)
(Median, IQR)
Gender
Male
Female
Race/Ethnicity
African-American
White
Other
Hispanic/Latino
Treatment and management
Anticoagulation alone
TIPS alone
TIPS with AC
Evaluated for LT
Listed for LT
LT
No therapy

(n = 10)

(n = 37)

48.5 (41.3, 59.7)

39.5 (32.1, 48.8)

6 (60)
4 (40)

10 (27)
27 (73)

2 (20)
7 (70)
1 (10)
0 (0)

9 (24)
25 (68)
3 (8.1)
2 (5.4)

5 (50)
1 (10)
2 (20)
8 (80)
5 (50)
0 (0)
2 (20)

16 (43)
1 (2.7)
17 (46)
19 (51)
32 (86)
8 (22)
5 (14)

LT: Liver transplantation; AC: Anticoagulation; TIPS: Transjugular intrahepatic portosystemic shunt; IQR: Interquartile range.

patients with BCS could be ameliorated if treatment options such as LT were more easily and rapidly available to
patients who do not benefit from or worsen clinically af-
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ter TIPS placement. Despite access to optimal resources
and clinical care, treatment challenges persist in the management of both pre- and post-transplant patients with
BCS. The patients in our cohort who did not survive
primarily had advanced liver disease in addition to underlying conditions that rendered them poor candidates for
surgical and/or interventional radiology procedures, such
as extrahepatic malignancies and end-stage renal disease.
This retrospective study demonstrated an alarmingly
high mortality rate (21.3%) in a modern BCS cohort in
the LT era. The results raise valid concerns about the
management and treatment of BCS, a rare and understudied disease process. Lacking in the literature are prospective randomized controlled trials comparing treatment
outcomes in BCS, leaving a reliance on clinical expertise
and individualized treatment plans for effective management of this condition[26,27]. In view of the results of
this and other studies, it is clear that BCS is a challenging
disease with a spectrum of etiologies and clinical manifestations. Once specific prognostic factors are considered,
treatment course should be determined on a case-bycase basis but is most consistently instituted in a stepwise
fashion[28]. Moreover, in certain patients with visible
hepatic decompensation, systemic AC may need to be
fortified with more invasive treatment modalities, such as
TIPS, earlier in the disease progression in order to allevi-
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ate symptoms and restore synthetic function.
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tern between the isolates from the antrum and corpus,
DNA fingerprinting via random amplified polymorphic
DNA analysis was performed to detect differences
among DNA patterns of H. pylori isolates.

Abstract

CONCLUSION: Different antibiotic susceptibility between antrum and corpus biopsies is a common phenomenon and a possible explanation for treatment
failure. Resistant H. pylori strains may be missed if just
one biopsy from one anatomic site of the stomach is
taken for H. pylori susceptibility testing.

AIM: To assess whether antibiotic resistance varies
between the antrum and corpus of the stomach of
patients that are either Helicobacter pylori (H. pylori )
therapy-naive or pre-treated.
METHODS: H. pylori strains were isolated from antrum
and corpus biopsies from 66 patients that received
a diagnostic gastroduodenoscopy for variant clinical
indications. Antimicrobial susceptibility to amoxicillin,
clarithromycin, tetracycline, metronidazole, levofloxacin
and rifabutin was tested with the E -test method on IsoSensitest agar with 10 vol% defibrinated horse blood.
In patients with a different antibiotic susceptibility pat-
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RESULTS: Primary, secondary and tertiary resistance
to clarithromycin was 6.9%, 53.8% and 83.3%, retrospectively. Metronidazole and levofloxacin resistance
also increased according to the number of previous
treatments (17.2%, 69.2%, 83.3%; 13.8%, 23.1%,
33.3%). Tertiary resistance to rifabutin was detected in
12.5% of patients. In none of the 66 patients a resistance against amoxicillin or tetracycline was detectable.
Discordant antibiotic susceptibility between antrum
and corpus isolates for different antibiotics was seen
in 15.2% (10/66) of the patients. Two out of those ten
patients were naive to any H. pylori antibiotic treatment. The remaining eight patients previously received
at least one eradication therapy. DNA fingerprinting
analysis revealed no substantial differences among
DNA patterns between antrum and corpus isolates in
the majority of patients suggesting an infection with a
single H. pylori strain.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Helicobacter pylori treatment; Antibiotic
susceptibility; Heteroresistance; Antibiotic susceptibility
Core tip: Different antibiotic susceptibility between antrum and corpus biopsies of the stomach represents a
phenomenon and a possible explanation for treatment
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failure. Resistant Helicobacter pylori (H. pylori ) strains,
as a possible reason for treatment failure may be
missed in a reasonable number if just one biopsy from
one anatomic site of the stomach is taken for H. pylori
susceptibility testing.
Selgrad M, Tammer I, Langner C, Bornschein J, Meißle J, Kandulski A, Varbanova M, Wex T, Schlüter D, Malfertheiner P. Different antibiotic susceptibility between antrum and corpus of the
stomach, a possible reason for treatment failure of Helicobacter
pylori infection. World J Gastroenterol 2014; 20(43): 16245-16251
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i43/16245.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i43.16245

INTRODUCTION
Helicobacter pylori (H. pylori) is a gram-negative bacterium
that chronically infects the human gastric mucosa. Infection with H. pylori is the main cause of chronic gastritis,
peptic ulcer disease, low grade gastric mucosa-associated
lymphoid tissue (MALT) lymphoma, and gastric adenocarcinoma[1]. The recognition of H. pylori as the key pathogen
in various gastroduodenal diseases with various clinical
manifestations has posed an increasing demand for therapeutic strategies. The development of effective treatment
options for H. pylori infection was leading to an enormous
change in the clinical management of gastroduodenal
diseases with curative antibiotic therapeutic strategies for
H. pylori related diseases such as low-grade gastric MALT
lymphoma and H. pylori related peptic ulcer disease[2]. The
worldwide and frequent use of antibiotic therapies in general and for H. pylori infection in particular is the reason
for an increasing number of H. pylori eradication failures
over the last decade[3]. The explanation for this phenomenon is the increasing antimicrobial resistance seen in many
countries, in particular against clarithromycin[4]. Several
national and international guidelines provide clear recommendations for first and second line treatment options
for the treatment of H. pylori infection[1,5-7]. According to
the European Maastricht consensus, following second
line treatment failure, rescue treatment should be guided
according to antimicrobial susceptibility testing, if available. However, there are no recommendations whether
one or more gastric biopsies need to be taken for the assessment of H. pylori resistance to antibiotics. Because of
the patchy distribution of H. pylori in the gastric mucosa,
biopsies from several sites of the stomach might increase
the diagnostic yield for the detection of H. pylori[8,9]. Additionally, H. pylori strains from one individual patient have
usually either an antibiotic resistant or susceptible phenotype. However, both antibiotic susceptible and -resistant
H. pylori strains may be present in the same patient[10]. H.
pylori infection with differing antimicrobial susceptibilities
in different parts of the stomach is likely to negatively affect the success of eradication therapies. This led to the
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hypothesis whether biopsies from the antrum and corpus
can increase the diagnostic yield in order to optimise H.
pylori antibiotic susceptibility guided therapy.
Therefore, we examined H. pylori antibiotic resistance
in patients from biopsies simultaneously taken from the
antrum and corpus to detect possible different antibiotic
resistance pattern in individual patients.

MATERIALS AND METHODS
This study presents a retrospective analysis to evaluate
the presence of H. pylori antibiotic resistance by analysing
H. pylori isolates from antrum and corpus.
Data collection and patient characteristics
The electronic patient documentation system of the
Department of Gastroenterology, Hepatology and Infectious Diseases at the University Hospital of Magdeburg,
Germany, was used to retrieve all patients that underwent
upper gastrointestinal endoscopy for H. pylori antibiotic
susceptibility testing in the period between January 2010
and October 2012. Furthermore, patients were just considered for inclusion in the study that received biopsies
for antibiotic susceptibility testing from the antrum and
corpus of the stomach. In total, 66 patients, 50 females
and 16 males met these criteria. The mean age of the patients was 52.54 ± 14.50 years. Out of these patients, 43
had a chronic gastritis, 18 had an atrophic gastritis, 2 had
gastric ulcer and 3 suffered from adenocarcinoma of the
stomach. Most of the patients included in the study (n =
37; 56.1%) were previously treated for H. pylori infection.
Twenty-nine patients (43.9%) were naive to any H. pylori
eradication therapy. Thirteen (19.7%) and 24 patients
(36.4%) underwent one and 2 or more eradication therapies, respectively, before antibiotic susceptibility testing.
Ethics
The study was designed with respect to the corresponding sections of the “World Medical Association Declaration of Helsinki-Ethical Principles for Medical Research
Involving Human Subjects”. Due to the retrospective
character of our study that analyzed already realized medical treatments, approval of an IRB was not obtained.
Written informed consent prior to endoscopic treatment
and prior to data analyzing was given by all patients.
Diagnosis of H. pylori and histopathological assessment
Histopathological alterations of the gastric mucosa were
assessed according to the updated Sydney system. Biopsies were processed by routine methods. One section was
stained with hematoxilin and eosin, modified Giemsa for
diagnosis of H. pylori, and PAS stain. H. pylori infection
status was further assessed by rapid urease test (Campylobacter-like organism-test, Kimberly-Clark, Rosewell,
United States).
Gastric biopsy specimen (one biopsy each from the
antrum and corpus) were carried in Portagerm pylori®
tubes (bioMerieux, France) and culture was performed
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on Columbia-agar-based medium that contained 10 vol%
washed human erythrocytes and 10 vol% heat inactivated
horse serum (purchased from the NRZ Nationale Referenzzentrum Helicobacter Freiburg, Germany) without
and with antibiotic supplement (vancomycin 10 mg/mL;
nystatin 1 mg/mL and trimethoprim 5 mg/mL) to suppress the overgrowth of the oral flora[11,12]. Incubation of
the plates was performed under microaerophilic conditions at 37° Celsius by using CampyGen™ gasbags (Oxoid,
Germany) and examination was done every 2-3 d for
up to 10 d. Identification of H. pylori was performed by
typical morphology on Gram stain and positive urease,
oxidase, and catalase tests.
Susceptibility testing to amoxicillin, clarithromycin,
tetracycline, metronidazole, levofloxacin and rifabutin
was performed with the Etest method (bioMerieux,
France) on Iso-Sensitest agar with 10 vol% defibrinated
horse blood (Oxoid, Germany)[13,14]. This test is useful for
analysing slow-growing bacteria with fastidious growth
requirements. It is minimally affected by the size of the
inoculum or the duration of incubation, and therefore
this method is reliable and simple enough to be used routinely. The Etest is able to detect antibiotic-resistant subpopulations. In this study, agar plates were treated with
suspensions of H. pylori after adjustment to a turbidity
approximately equaI to that of a McFarland standard No.
3. Determination of the Minimum inhibitory concentrations (MICs) of the antibiotics was carried out after 3 d
of incubation or until the inhibition zone became visible.
A resistant isolate was definedif the MIC was above the
following breakpoints: amoxicillin, clarithromycin, tetracycline and levofloxacine > 1 mg/L; rifabutin > 4 mg/L
and metronidazole > 8 mg/L[12].
DNA fingerprinting via random amplified polymorphic
DNA analysis
In patients with a different antibiotic susceptibility pattern between the isolates from the antrum and corpus, H.
pylori DNA was extracted from single colony isolates using QIAamp DNA mini Kit (Qiagen, Hilden, Germany).
The specific H. pylori decanucleotide primers 1254, 1281,
and 1290 were applied for DNA fingerprinting via random amplified polymorphic DNA analysis (RAPD-PCR).
RAPD-PCR was carried out in a 27 μL volume, using 20
ng of H. pylori genomic DNA, 20 pmol of each primer,
1.5 U of AmpliTaq DNA polymerase, 250 mmol/L of
deoxynucleotide triphosphate, and 3 mmol/L MgCl2 in
standard PCR-buffer. Amplifications consisted of 40
cycles of 94  ℃ (1 min), 36  ℃ (1 min), 72  ℃ (2 min),
and 72  ℃ (10 min). All RAPD-PCR amplifications were
performed three times to confirm reproducibility of the
results. Analysis of the PCR fragments was performed by
electrophoresis in a 2% agarose gel under 95 voltages for
3 h. The following criteria were used for the classification
of the fingerprint patterns: (1) identical when fingerprint patterns had exactly the same pattern; (2) similar
or degenerate when fingerprints had the same patterns
with additional or different size of bands; or (3) different
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Table 1 Overall antibiotic resistance of 132 isolated Helicobacter

pylori strains isolated from 66 patients n (%)
Antibiotic
Amoxicillin
Clarithromycin
Metronidazole
Tetracycline
Levofloxacin
Rifabutin

Patients with resistant

Helicobacter pylori strains
0 (0)
29 (43.9)
34 (51.5)
0 (0)
15 (22.7)
3 (4.5)

95%CI

0.32-0.56
0.39-0.64
0.09-0.28
0.01-0.04

when the fingerprints had totally different patterns.
Statistical analysis
The Fisher’s exact test with a 95% confidence interval
was used to define differences in the proportion of patients with susceptible and resistant H. pylori strains. P
values were considered significant when P < 0.05.

RESULTS
Overall antibiotic susceptibility
All 132 successfully cultured H. pylori isolates from the
two gastric sites (antrum and corpus) of the 66 patients
were assayed against amoxicillin, clarithromycin, metronidazole, levofloxacin, tetracyclin, and rifabutin (Table
1). Antibiotic resistance to clarithromycin was seen in 29
patients (43.9%) and in 34 patients (51.5%) a resistance
to metronidazole was detected. Antibiotic resistance to
both clarithromycin and metronidazole was found in 18
of the 29 strains. Levofloxacin resistance was found in
15 (22.7%) patients, while rifabutin resistance was seen
in 3 (4.5%) patients. In none of the patients a resistance
against amoxicillin or tetracycline was detectable.
In the 29 patients (43.9%) that have not received any
eradication therapy before H. pylori susceptibility testing,
primary resistance against clarithromycin was 6.9% (n =
2). Primary resistance against metronidazole and levofloxacin was a bit higher with 17.2% (n = 5) and 13.8% (n = 4)
in those patients. Thirteen patients underwent one eradication attempt before resistance testing. In those patients
resistance against clarithromycin and metronidazole was
high with 53.8% (n = 7) and 69.2% (n = 9). Levofloxacin
resistance was detectable in three out of those 13 patients
(23.1%).
Twenty-four patients (36.4%) received at least more
than two eradication therapies. In those patients, clarithromycin resistance was expectably high with 83.3%
(n = 20). A comparably high rate with 83.3% (n = 20)
and 33.3% (n = 8) was also seen for metronidazole and
levofloxacin. Rifabutin resistance was detected in three
patients (12.5%) that all received multiple eradication
therapies. The overall antibiotic resistance increased significantly in accordance to the number of eradication
therapies (P < 0.001). Table 2 gives an overview about
the resistance data regarding the number of previous
eradication attempts.
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Table 2 Antibiotic resistance of Helicobacter pylori strains
depending on the number of eradication therapies n (%)
Patients with resistant

Helicobacter pylori strains
No previous eradication therapy
(n = 29)
Clarithromycin
Metronidazole
Levofloxacin
One previous eradication therapy
(n = 13)
Clarithromycin
Metronidazole
Levofloxacin
Two or more previous eradication
therapies (n = 24)
Clarithromycin
Metronidazole
Levofloxacin
Rifabutin

Table 3 Antibiotic susceptibility in patients with discordant
resistance pattern between antrum and corpus biopsies
Patients

95%CI

2 (6.9)
5 (17.2)
4 (13.8)

0.03-0.18
0.03-0.34
0.02-0.24

7 (53.8)
9 (69.2)
3 (23.1)

0.30-0.98
0.30-0.98
0.04-0.59

20 (83.3)
20 (83.3)
8 (33.3)
3 (12.5)

0.63-0.97
0.69-0.99
0.09-0.47
0.04-0.12

Patient 1
Antrum
Corpus
Patient 2
Antrum
Corpus
Patient 3
Antrum
Corpus
Patient 4
Antrum
Corpus
Patient 5
Antrum
Corpus
Patient 6
Antrum
Corpus
Patient 7
Antrum
Corpus
Patient 8
Antrum
Corpus
Patient 9
Antrum
Corpus
Patient 10
Antrum
Corpus

Clarithromycin Metronidazole Levofloxacin

Rifabutin

Resistant
Susceptible

Resistant
Resistant

Susceptible
Resistant

Susceptible
Susceptible

Susceptible
Susceptible

Resistant
Resistant

Susceptible
Resistant

Susceptible
Susceptible

Resistant
Susceptible

Resistant
Susceptible

Susceptible
Susceptible

Susceptible
Susceptible

Resistant
Resistant

Resistant
Resistant

Susceptible
Resistant

Susceptible
Resistant

Susceptible
Susceptible

Resistant
Susceptible

Susceptible
Susceptible

Susceptible
Susceptible

Resistant
Resistant

Resistant
Susceptible

Susceptible
Susceptible

Susceptible
Susceptible

Susceptible
Susceptible

Susceptible
Susceptible

Resistant
Susceptible

Susceptible
Susceptible

Resistant
Resistant

Resistant
Resistant

Resistant
Resistant

Susceptible
Resistant

Resistant
Resistant

Susceptible
Susceptible

Resistant
Susceptible

Susceptible
Susceptible

Resistant
Resistant

Resistant
Susceptible

Susceptible
Susceptible

Susceptible
Susceptible

Antibiotic susceptibility at different gastric sites (antrum
and corpus)
The overall prevalence of patients infected simultaneously with susceptible and resistant H. pylori strains was
15.2% (10/66). Two out of those ten patients were naive to any H. pylori antibiotic treatment. The remaining
eight patients previously received at least one eradication
therapy. Six patients had in the past at least two eradication therapies, while the remaining two patients had one
eradication attempt.
A different antibiotic susceptibility pattern between
antrum and corpus biopsies against two different antibiotics was detected in three patients, while seven patients
showed a discordant susceptibility against one antibiotic
agent. In two patients resistance against clarithromycin
was detectable in the antrum, while the corpus biopsy
was susceptible against clarithromycin. A comparable result was found for metronidazole. Four patients showed a
resistance in the antrum, while metronidazole sensitivity
was seen in the corpus. In five patients a discordant antibiotic resistance against levofloxacin was detectable. Two
levofloxacin-resistant strains were detected in the antrum
and three resistant strains in the corpus, while the biopsies from the different stomach site were susceptible for
levofloxacin. Different antibiotic resistance against rifabutin was determined in two patients (2.8%) that showed
susceptibility in the antrum and resistance in the corpus.
All ten patients simultaneously infected with susceptible
and resistant H. pylori strains were successfully treated
with different antibiotic regimens which were adapted
to their individual resistance pattern. The results of the
patients with different antibiotic susceptibility between
antrum and corpus biopsies are outlined in Table 3.

available for nine out of the ten patients. In eight patients
who where all previously treated for H. pylori infection
besides one patient no substantial differences from the
DNA pattern of the antrum and corpus isolates were
detectable suggesting an infection with a single H. pylori
strain in the stomach. In only one patient a difference in
the DNA pattern between antrum and corpus was proven suggesting a mixed infection in this patient. This patient received one eradication attempt previously (Figure
1). From a clinical point of view, eight patients suffered
from chronic gastritis, while one patient was diagnosed
with gastric cancer.

DNA fingerprinting
Due to the retrospective character of our study, DNA
isolation of H. pylori isolates from patients with resistance
and sensitivity to the same antibiotic in the same host was

In our study, we demonstrate that different antibiotic susceptibility between antrum and corpus biopsies is a common phenomenon and occurs in eradication naive as well
in previously treated patients.
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Epidemiological data
No statistical significance was observed for differences in
age, gender and gastric diseases of the patients included
in the study. Furthermore, the analysis of the distribution
and histological grade of activity of the gastritis (antrum
vs corpus) did not reveal any difference for the patients
with discordant antibiotic susceptibility between antrum
and corpus isolates (data not shown).

DISCUSSION
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Figure 1 DNA fingerprinting via random amplified polymorphic DNA analysis profiles of Helicobacter pylori isolates from the antrum (A) and corpus (C) of
patient 7-9 with 1254, 1281, and 1290 random primers. A clear difference between antrum and corpus is only observed in patient 7.

In agreement with previous studies, we found a comparably high discordant antibiotic susceptibility to clarithromycin and metronidazole between antrum and corpus biopsies[10,15,16]. Interestingly, clarithromycin resistance
in the heteroresistance cases was exclusively detected in
antrum biopsies, which is in disagreement with previous studies that showed a higher rate of resistant isolates
in the corpus[15,17]. In particular, the resistance against
clarithromycin affects the treatment success of standard
triple therapy and the knowledge of clarithromycin resistance is crucial for the recommendation of first-line
therapy[18]. In regions with a clarithromycin resistance
higher than 20%, clarithromycin based triple therapy
should not be used. In this case, quadruple therapy
should be applied[19]. Our data clearly confirm previous
studies that demanded multiple gastric biopsies from
different sites of the stomach to detect clarithromycin
resistant strains[15,16]. According to our results there is a
reasonable chance to underestimate or miss clarithromycin resistance if just one biopsy is taken for antimicrobial
susceptibility testing. This might certainly negatively affect the treatment success of H. pylori therapy. This is of
particular clinical interest both for patients receiving firstline and patients receiving antibiotic susceptibility guided
rescue therapy. In our study, we took biopsies and tested
them for antibiotic susceptibility separately from the antrum and corpus of the stomach. From a practical point
of view and considering economical aspects, the biopsies
from the antrum and corpus can be cultured together.
Another interesting aspect of our study is the detection of discordant antibiotic susceptibility to levofloxacin
and rifabutin. To our knowledge, this is one the first
reports that describes this discordance between antrum
and corpus biopsies for these two antibiotic agents. After failure of first-line options, levofloxacin based triple
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therapy is currently recommended as a possible secondline therapy. Thus, it is a widely used antibiotic agent for
H. pylori infection and recent data show increasing resistance rates to levofloxacin[4]. Rifabutin is widely accepted
as an important part of H. pylori rescue therapy[20]. The
detected discordant antibiotic susceptibility to the two
antibiotics is in our opinion of great clinical importance
for patients receiving second-line or rescue therapies.
One of the most intriguing aspects of the study is
the result of the DNA-fingerprinting analysis of the H.
pylori isolates of the patients with a discordant antibiotic
susceptibility result between antrum and corpus isolates.
Eight of the nine patients showed identical fingerprinting patterns suggesting an infection with a single H. pylori
strain. Only in one patient substantial difference in the
DNA pattern was detectable suggesting a mixed infection. This finding is in agreement with a previous study
showing that DNA fingerprinting patterns of each pairs
of isolates from the antrum and corpus are identical or
at least similar suggesting that antibiotic resistant H. pylori
strains typically develop from a pre-existing susceptible
strain rather than co-infection with a different strain[10].
This finding might be also an explanation for our results,
because the majority of patients (seven out of eight) with
a single infection, but discordant antibiotic susceptibility
were pre-treated and under these stress conditions (previous antibiotic treatment) alterations in the genomic DNA
occur, which may affect the phenotype of H. pylori. However our results are in disagreement with another study
demonstrating substantial differences among DNA patterns between isolates of the proximal and distal stomach
suggesting a mixed infection[21]. However, in this study
the majority of patients were never treated before testing
which might give an explanation for the disagreement.
A weakness of our study represents the fact that the
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information about the exact composition of previous H.
pylori eradication therapies that a single patient received
is unavailable. It is well known, that the resistance rates
are increasing significantly in dependency of the number
of previously prescribed eradication therapies[22,23]. The
primary resistance rates in our study was comparable to
other studies conducted in Europe[4,22,23], but it has to be
noted that the primary resistance rate against clarithromycin was more than three times higher than in a study that
was conducted in our department from the year 1995 till
2000[24]. The knowledge about previous H. pylori eradication therapies could at least partially explain the high
resistance rates against clarithromycin, metronidazole and
levofloxacin in our patient population. One can just speculate that the majority of patients included in our study
received as first-line therapy clarithromycin based standard triple and as second line levofloxacin based triple
therapy, as recommended in the German S3-guidelines[7].
It is well known, that especially in case of clarithromycin, the resistance rate is dramatically increasing after its
first use and thus this might give the explanation for the
high clarithromycin resistance in our study population.
Another important point is that we could not gather an
accurate history on the intake of other medications due
to the retrospective character of our study. We carefully
analysed our electronic patient data system, however it
is possible that we missed important information about
previous antibiotic intake for other clinical indications.
Clarithromycin and levofloxacin are important antibiotic
agents often used for other infectious diseases, such as
respiratory tract infections[25], and this may be an explanation for the high resistance rates seen in our study.
In conclusion, different antibiotic susceptibility between antrum and corpus biopsies can occur in naive and
pre-treated patients and in our population it is caused
by an infection with a single H. pylori strain. This finding
indicates that H. pylori antibiotic resistant strains may be
missed if biopsies for culture are taken only from one
location and offers a possible explanation for treatment
failure. Thus antibiotic susceptibility guided therapy by
taking just one biopsy from one single site of the stomach might not be considered representative. Therefore,
we suggest taking one separate biopsy from the antrum
and corpus in patients undergoing endoscopy for H. pylori antibiotic susceptibility guided therapy.
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Abstract
AIM: To analyze the clinicopathologic characteristics
and prognostic factors of rectal neuroendocrine tumors.
METHODS: The records of 48 patients with rectal
neuroendocrine tumors who were treated at the Cancer Institute and Hospital, Chinese Academy of Medical
Sciences, Beijing, from March 2004 to September 2009
were retrospectively reviewed. The clinicopathological data were extracted and analyzed, and patients
were followed-up by telephone or follow-up letter to
determine their survival status. Follow-up data were
available for all 48 patients. Uni- and multivariate Cox
regression analyses were performed to determine the
prognostic factors significantly associated with overall
survival.
RESULTS: The tumors occurred mostly in the middle
and lower rectum, and the most prominent symptoms
experienced by patients were hematochezia and diarrhea. The median distance between the tumors and
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the anal edges was 5.0 ± 2.257 cm, and the median
diameter of the tumors was 0.8 ± 1.413 cm. The major
pathological type was a typical carcinoid tumor, which
accounted for 93.8% (45/48) of patients. Tumor-nodemetastasis (TNM) stages Ⅰ, Ⅱ, Ⅲ and Ⅳ tumors accounted for 78.8%, 3.9%, 9.6% and 7.7% of patients,
respectively. The main treatment method, in 72.9%
(35/48) of patients, was transanal extended excision.
The 1-, 3- and 5-year survival rates of the whole group
of patients were 100%, 93.7%, and 91.3%, respectively. Univariate analysis showed that age (P = 0.032),
tumor diameter (P < 0.001), histological type (P <
0.001), TNM stage (P < 0.001), and surgical approach
(P = 0.002) were all prognostic factors. On multivariate
analysis, only the pathological type was shown to be
an independent prognostic factor (HR = 2.797, 95%CI:
1.676-4.668, P = 0.004).
CONCLUSION: In patients with rectal neuroendocrine
tumors, TNM stage Ⅰ is the most common stage found,
and lymph node or distant metastases are rarely seen.
The pathological type of the tumor is an independent
prognostic factor.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Rectal neuroendocrine tumors; Clinical characteristics; Prognostic factors
Core tip: An analysis of the clinicopathologic characteristics of a group of 57 patients with pathologicallyconfirmed diagnoses of rectal neuroendocrine tumors
showed that these tumors mostly occur in the middle
and lower rectum. The most common tumor-node-metastasis stage found was stage Ⅰ, and lymph node or
distant metastases were rarely seen. The major pathological type was a typical carcinoid tumor. Transanal extended excisions generally produced satisfactory curative effects, and the 5-year survival rate was as high as
88.6%. A multivariate analysis of the patient and tumor
characteristics indicated that the pathological type is an

16252

November 21, 2014|Volume 20|Issue 43|

Chi Y et al . Characteristics of rectal neuroendocrine tumors

independent prognostic factor.
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World J Gastroenterol 2014; 20(43): 16252-16257 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i43/16252.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i43.16252

INTRODUCTION
Rectal neuroendocrine tumors are rare with an incidence
of about 3.08 per 100000 person-years[1], but there has
been a slow upward trend in their incidence since the
1990s[2,3]. They are considered to be a type of tumor
with indolent biological behavior and a relatively favorable prognosis[4]. In 2003, Modlin et al[1] reported that the
5-year survival rate was 88.3%. However, in recent years,
studies have found that typically malignant biological behavior, such as lymph node and distant metastases, have
appeared in patients with rectal neuroendocrine tumors.
Bernick et al[5] reported that the 3-year survival rate in
a group of patients with colorectal neuroendocrine tumors was only 13%. This indicates significant differences
among individuals which has a significant effect on the
prognosis of these patients, and consequently tailored
treatments are warranted[6].
This study was undertaken to analyze the clinicopathologic characteristics of rectal neuroendocrine tumors in
a group of patients seen at our institute between March
2004 and September 2009, and to identify the prognostic
factors for their survival.

MATERIALS AND METHODS
The study was a retrospective analysis of 48 patients with
rectal neuroendocrine tumors in whom a definite pathological diagnosis had been made at the Cancer Institute
and Hospital, Chinese Academy of Medical Sciences,
Beijing during the period March 2004 to September 2009.
The patients included 31 males and 17 females, with a
median age of 53.5 years (range: 27-77 years). The tumors were staged via the TNM staging standard for rectal
neuroendocrine tumors which was updated by the European Neuroendocrine Tumor Society in 2007[7].
Survival follow-up
The survival times of all patients were calculated from
the date a definite diagnosis of a rectal neuroendocrine
tumor was made. The last patient follow-up visit was on
June 15, 2012. Follow-ups included telephone calls and
letters and repeat visits by patients to the hospital. The
median follow-up time for all patients in the study group
was 58 mo (range: 12-98 mo).
Statistical analysis
Patient data were analyzed statistically using SPSS® ver-
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sion 17.0 statistical software. The Kaplan-Meier method
was applied for the survival analysis. A log-rank test was
used for a univariate analysis of prognostic factors, and a
Cox proportional hazard model was used for a multivariate
analysis. A P value < 0.05 was considered statistically significant.

RESULTS
Clinicopathological characteristics of the rectal
neuroendocrine tumors
All patients underwent a colonoscopy. The most common symptoms in the 48 patients evaluated were hematochezia in 33.3% (16/48) and diarrhea in 22.9% (11/48).
None of the patients exhibited carcinoid syndrome. The
median distance between the tumors and anal edges was
5.0 ± 2.257 cm. Patients with a distance between the
tumor and the anal edge ≤ 8 cm accounted for 93.8%
(45/48) of the group.
All patients were diagnosed pathologically as neuroendocrine tumors by biopsy, according to the World
Health Organization (WHO) 2000 diagnostic criteria for
gastrointestinal neuroendocrine tumors[8]. The pathological types included 43 cases of typical carcinoid tumors
and 5 cases of atypical carcinoids/poorly differentiated
neuroendocrine carcinoma/small cell carcinomas.
The median diameter of the tumors was 0.8 ± 1.413
cm. In 27 patients, the diameters were 0.1 to 0.9 cm; in
15, they were 1.0 to 1.9 cm; and in 6, they were ≥ 2 cm.
Immunohistochemical staining showed that the tumors
were positive for chromogranin A (CgA), synaptophysin (Syn), and neuron-specific enolase (NSE) in 57.6%
(19/33), 100% (32/32), and 95.2% (20/21) of cases,
respectively. Among the 48 cases, 87.5% (42/48) had a
CT scan to determine whether or not there were metastases to the lymph nodes or distant organs, and 41.7%
(20/48) underwent ultrasonic endoscopy to confirm
the depth of invasion into the rectal wall. The distant
metastasis rate was 4.2% (2/48) at the time of diagnosis.
All patients were staged according to the TNM staging
system for rectal neuroendocrine tumors (Tables 1 and
2)[7]. Stages Ⅰ, Ⅱ, Ⅲ and Ⅳ tumors accounted for 83.3%
(40/48), 4.2% (2/48), 8.3% (4/48), and 4.2% (2/48) of
patients, respectively. Surgical treatment was undertaken
in 97.9% (47/48) of patients, including transanal extended excision in 72.9% (35/48), Dixon’s operation for
rectal cancer in 16.7% (8/48), Mile’s surgery for rectal
cancer in 4.2% (2/48), and endoscopic resection in 4.2%
(2/48). One patient did not received locoregional therapy
because he was initially diagnosed as stage Ⅳ disease with
liver metastasis.
Among the 27 patients with tumors less than 1 cm
in diameter, 81.5% (22/27) received transanal extended
excision, 7.4% (2/27) received endoscopic resection, and
11.1% (3/27) received Dixon’s operation. Among the 15
patients with tumors that were between 1 cm and 2 cm
in diameter, the corresponding percentages were 80%
(12/15), 20% (3/15), and 0%, respectively. Among the 5
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Table 1 Proposed tumor-node-metastasis classification for
neuroendocrine tumors of the rectum (European Neuroendocrine
[7]
Tumor Society 2007)

Table 2 Disease staging for neuroendocrine tumors of the
[7]
colon and rectum
Disease stage

TNM classification

Stage ⅠA
Stage ⅠB
Stage ⅡA
Stage ⅡB
Stage ⅢA
Stage ⅢB
Stage Ⅳ

T: Primary tumor
Tx
Primary tumor cannot be assessed
T0
No evidence of primary tumor
T1
Tumor invades the mucosa or submucosa and size ≤ 1 cm
T1a: size < 1 cm
T1b: size 1-2 cm
T2
Tumor invades the muscularis propria or size > 2 cm
T3
Tumor invades subserosa/pericolic/perirectal fat
T4
Tumor directly invades other organs/structures and/or
perforates the visceral peritoneum
N: Regional lymph nodes
Nx
Regional lymph nodes cannot be assessed
N0
No regional lymph node metastasis
N1
Regional lymph node metastasis
M: Distant metastasis
MX
Distant metastasis cannot be assessed
M0
No distant metastases
M1
Distant metastasis

T1a
T1b
T2
T3
T4
Any T
Any T

N: Regional
nodes
N0
N0
N0
N0
N0
N1
Any N

M: Distant
metastasis
M0
M0
M0
M0
M0
M0
M1

DISCUSSION

TNM: Tumor-node-metastasis.

patients with tumors larger than 2 cm in diameter, 20%
(1/5) received transanal extended excision, 40% (2/5)
received Dixon’s surgery, and 40% (2/5) received Mile’s
surgery.
Analysis of survival status and prognosis of rectal
neuroendocrine tumors
The median survival time in the patients studied was not
reached. The 1-, 3- and 5-year survival rates were 100%,
93.7% and 91.3%, respectively. Three patients demonstrated recurrence and metastases after radical resection,
and the mean time for recurrence/metastasis was 14
mo. Log-rank analysis of prognostic factors showed that
there was a statistically significant difference in the 5-year
survival rate between patients ≥ 55 years of age and patients < 55 years of age (P = 0.032). Subgroup analysis
stratified by TNM stage and tumor type showed that the
5-year survival rate in patients aged ≥ 55 years was lower
in those with atypical rectal neuroendocrine tumors or
disease at TNM stage Ⅲ/Ⅳ (Table 3).
In terms of tumor diameters, the patients were classified into 3 subgroups: those with tumor diameters < 1.0
cm, between 1.0 and 2.0 cm, and > 2.0 cm. There was a
statistically significant difference in the overall survival
between these subgroups (P < 0.001), and also between
the pathological types of carcinoid and non-carcinoid
(atypical carcinoid and neuroendocrine carcinoma/small
cell carcinoma) tumors (P < 0.001) (Figure 1), the TNM
stages (P < 0.001), and the surgical approaches employed
(P = 0.002). However, when these factors were introduced into the Cox proportional hazards model for the
multivariate analysis, only the pathological type was an
independent prognostic factor (HR = 2.797, 95%CI:
1.676-4.668, P = 0.004).
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T: Primary tumor

Clinicopathological characteristics
Rectal carcinoid tumors account for 1% to 2% of all
rectal tumors, and occur mostly in the 60-70 years old
age group[9]. Data on 1481 cases of rectal neuroendocrine
tumors occurring over a period of 30 years in the United
States showed that males accounted for 51.7% of the
overall incidence[1]. In the present study, the most common age of onset was 40-59 years (median of 54 years),
with males accounting for 61.4% of the overall incidence.
This can be compared with other western data, which
shows a trend towards a younger age of onset and a
higher incidence in males.
Nearly 50% of our patients with rectal neuroendocrine tumors showed no obvious symptoms at the time
the diagnosis was confirmed. Rather, the tumors were
generally found by conventional colonoscopy. In patients
with symptoms, rectal bleeding, pain, and constipation
were noted most commonly. Very few patients had carcinoid syndromes, which may be due to the fact that rectal
carcinoid tumors rarely secrete 5-hydroxytryptamine[10].
Rectal carcinoid tumors can arise in the entire rectum. In
this study, the median distance between the tumors and
the anal edges was 5.0 cm, and patients with a distance of
≤ 8 cm between the tumor and the anal edge accounted
for 94.1% of all cases, indicating that the tumors mostly
arise in the middle and lower rectum.
CgA, Syn and NSE are commonly used as biomarkers
to detect neuroendocrine tumors. In the group of patients we studied, positive immunohistochemical staining
rates for these markers were 57.6%, 100% and 95.2%,
respectively. This indicates that Syn and NSE staining are
more sensitive for the diagnosis of rectal neuroendocrine
tumors than CgA. It has been reported in the literature
that the most common sites of metastases of rectal neuroendocrine tumors are lymph nodes and the liver, and
only rarely the lungs[10]. In the present study, 5 patients
were found to have distant metastases at their first visit,
and 4 developed postoperative distant metastases. The
most common sites of metastases were, successively,
the liver and lymph nodes. The lymph node metastases involved nodes adjacent to the iliac arteriovenous,
retroperitoneal and inguinal lymph nodes. When rectal
neuroendocrine tumors have an associated malignancy,
their incidence was about 7%-9%[11]. In the patient group
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100

≥ 55 yr of age

n
Tumor type
Typical
Atypical
TNM stage
Ⅰ/Ⅱ
Ⅲ/Ⅳ

Survival rate

< 55 yr of age

n

Survival rate

Percent survival

Table 3 Comparison of 5-year survival rates in different age
groups stratified by tumor type and tumor-node-metastasis
stage
P value

20
3

95%
0%

23
2

100%
100%

0.284
0.063

19
4

94.70%
25.00%

23
2

100%
100%

0.271
0.144

80

Carcinoid (n = 43)
Non-carcinoid (n = 5)

60

P < 0.001

40

20

0

TNM: Tumor-node-metastasis.

0

50

t/mo

100

150

we studied, 5 (8.8%) patients had concomitant colorectal
adenocarcinomas.

Figure 1 Survival of patients with typical carcinoid and non-carcinoid
tumors.

Survival and prognostic factors
In 2003, Modlin et al[1] reported that the overall 5-year
survival rate of patients with rectal neuroendocrine tumors was 69.5% to 87.4%. In comparison, the overall
5-year survival rate in the patients we studied was higher
(88.6%). The TNM stage is an important prognostic
factor [12-15]. Our study mainly included patients with
stage Ⅰ tumors, reflecting the relatively indolent biological behavior of rectal neuroendocrine tumors which are
characterized by shallow local invasion and few lymph
node and distant metastases. In a statistical analysis,
Landry et al[12] observed that patients with stage Ⅰ tumors
accounted for 83% of all patients. In the present study,
the 5-year survival rate of patients with stage Ⅰ tumors
reached 97.6%, and the 5-year survival rates of patients
with stages Ⅱ, Ⅲ and Ⅳ tumors were 100%, 75% and
0%, respectively. Univariate analysis showed that TNM
staging was a prognostic factor (P < 0.001).
The pathological type of tumor also significantly affects the prognosis[16-18]. According to the WHO 2000
pathological diagnostic criteria for gastrointestinal neuroendocrine tumors based on tissue structures, the degree of differentiation, mitotic rate, and the presence or
absence of necrosis, they can be subclassified into three
types: typical carcinoid tumors, atypical carcinoid tumors,
and neuroendocrine (small cell/large cell) carcinomas.
The typical carcinoids, which accounted for a large proportion of the rectal neuroendocrine tumors (85.2%) in
this study, have a good prognosis, with a 5-year survival
rate approaching 97.8%. The atypical carcinoids and neuroendocrine carcinomas account for a smaller proportion
of tumors, and they demonstrate a significantly worse
prognosis. The 5-year survival rate for this subgroup was
only 33.3% in the present study. Only 4 patients were diagnosed as having a stage Ⅳ neuroendocrine carcinoma
at the first patient visit, indicating that this pathological
type is highly invasive. In the multivariate analysis that we
conducted, the pathological type proved to be an independent prognostic factor (P = 0.004).
Other studies have suggested that the diameters of
rectal neuroendocrine tumors are closely associated with

the invasion depth and with lymph node and distant
metastases, and that they have definite prognostic meaning[18-21]. Patients with tumor diameters between 0.1 and
1 cm have been reported to have a distant metastasis
rate of less than 5% and a 5-year survival rate of 81%.
In contrast, most patients with tumor diameters ≥ 2 cm
had distant metastases and their 5-year survival rate was
18% to 40%[5,9]. In our study, the univariate analysis of
prognostic factors showed that tumor diameter was significantly associated with the prognosis (P = 0.001). For
patients with lesions 0.1-1 cm, 1.1-1.9 cm and ≥ 2 cm
in diameter, the 5-year survival rates were 100%, 93.3%,
and 40%, respectively. In those with tumors ≥ 2 cm with
muscular or serosal invasion, the 5-year survival rate was
50% (3/6), and in those with distant metastasis, the 5-year
survival rate was also 50% (3/6). In 5 of the 6 patients
with lesions ≥ 2 cm who had lymph node or distant metastases, the 5-year survival rate was 40%.
The surgical approach was also a prognostic factor in
our study. Local excision approaches included transanal
extended excisions and endoscopic excisions, the surgical indications for which were tumor diameters ≤ 1 cm
without muscular layer invasion and without lymph node
or distant metastasis[22-25]. Twenty-four of 27 patients
(88.9%) who had tumor diameters < 1 cm underwent
local excisions and the 5-year survival rate in these patients was 100%. Laparotomy procedures included Mile’s
surgery and Dixon’s operation, the indications for which
were advanced disease with tumor diameters ≥ 2 cm,
muscular layer invasion, and lymph node and distant
metastases[26]. In this group, the prognosis was poor, and
the 5-year survival rate was 70.1%. There is still much debate concerning the surgical approaches for patients with
tumor diameters between 1 and 2 cm. Naunheim et al[18]
reported that after local excision, 5% of patients with tumor diameters < 2 cm still had distant metastases, while
Jetmore et al[27] reported that the local recurrence rate
was 0% in patients with tumor diameters < 2 cm and the
curative effects were satisfactory following local excision.
Among the patients in our study with tumor diameters
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between 1 and 2 cm, 12 chose to undergo local excisions
and their 5-year survival rate was 100%. Three patients
chose to undergo laparotomies and the 5-year survival
rate in this group was only 66.7%, suggesting that more
radical surgery does not prolong the survival time.
In 2008, Landry et al[12] reported that age ≥ 65 years
was a poor prognostic factor for rectal neuroendocrine
tumors. In our study, the median age of the patients was
54 years, and the survival analysis showed that the prognosis in those over 55 years of age at diagnosis declined.
A stratified analysis showed that while the 5-year survival
rate of patients under the age of 55 years was 100%, in
patients between 60 and 70 years of age it was 64.3% and
in those between 70 and 80 years of age it was 66.7%.
Possible reasons for this might be that patients with rectal
neuroendocrine tumors who do not have distant metastases have a better prognosis, and most are able to survive
long-term. However, elderly patients with underlying
diseases usually have decreased organ function and insufficient immune function, and these patients often die due
to their underlying disease rather than tumor-specific factors.
It is worth noting that although patients with rectal
neuroendocrine tumors have a good prognosis, 7% to
10% still have liver metastases or distant lymph node
metastases. This study showed that the 3-year survival
rate of patients with stage Ⅳ tumors was 0%. Other
studies undertaken in western countries have shown that
the 5-year survival rate of patients with stage Ⅳ tumors
ranges from 20.6% to 32.3%[1], reflecting the high malignancy rate of these tumors. There is no significant progress in the treatment of such patients, and this is an area
that urgently requires further investigation.
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Abstract
AIM: To examine the correlation of phosphatidylinositol
3-kinase (PIK3) CB expression with preoperative radiotherapy response in patients with stage Ⅱ/Ⅲ rectal
adenocarcinoma.
METHODS: PIK3CB immunoexpression was retrospectively assessed in pretreatment biopsies from 208 patients with clinical stage Ⅱ/Ⅲ rectal adenocarcinoma,
who underwent radical surgery after 30-Gy/10-fraction
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preoperative radiotherapy. The relation between PIK3CB
expression and tumor regression grade, clinicopathological characteristics, and survival time was statistically
analyzed. Western blotting and in vitro clonogenic formation assay were used to detect PIK3CB expression in
four colorectal cancer cell lines (HCT116, HT29, LoVo,
and LS174T) treated with 6-Gy ionizing radiation. Pharmacological assays were used to evaluate the therapeutic relevance of TGX-221 (a PIK3CB-specific inhibitor) in the four colorectal cancer cell lines.
RESULTS: Immunohistochemical staining indicated
that PIK3CB was more abundant in rectal adenocarcinoma tissues with poor response to preoperative
radiotherapy. High expression of PIK3CB was closely
correlated with tumor height (P < 0.05), ypT stage (P
< 0.05), and high-degree tumor regression grade (P
< 0.001). High expression of PIK3CB was a potential
prognostic factor for local recurrence-free survival (P <
0.05) and metastasis-free survival (P < 0.05). High expression of PIK3CB was also associated with poor therapeutic response and adverse outcomes in rectal adenocarcinoma patients treated with 30-Gy/10-fraction
preoperative radiotherapy. In vitro , PIK3CB expression
was upregulated in all four colorectal cancer cell lines
concurrently treated with 6-Gy ionizing radiation, and
the PIK3CB-specific inhibitor TGX-221 effectively inhibited the clonogenic formation of these four colorectal
cancer cell lines.
CONCLUSION: PIK3CB is critically involved in response to preoperative radiotherapy and may serve as
a novel target for therapeutic intervention.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The response of rectal cancer cells to preoperative radiotherapy may be related to the dysregulation
of phosphatidylinositol 3-kinase (PI3K) signaling molecules, in particular high expression of PIK3CB. Therefore, we evaluated whether PIK3CB upregulation was
involved in poor response to preoperative radiotherapy
in patients with rectal adenocarcinoma. We found that
high expression of PIK3CB was indeed involved in poor
response to preoperative radiotherapy, as well as being
associated with adverse outcomes in rectal adenocarcinoma patients treated with 30-Gy/10-fraction preoperative radiotherapy. Using TGX-221 (PIK3CB-specific
inhibitor), we showed that inhibition of PIK3CB expression enhanced the response of colorectal cancer cell
lines to radiotherapy.
Yu WD, Peng YF, Pan HD, Wang L, Li K, Gu J. Phosphatidylinositol 3-kinase CB association with preoperative radiotherapy
response in rectal adenocarcinoma. World J Gastroenterol 2014;
20(43): 16258-16267 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i43/16258.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i43.16258

INTRODUCTION
Colorectal carcinoma is one of the leading causes of
cancer deaths worldwide, and rectal cancer accounts for
30%-35% of these cases[1,2]. According the new National
Comprehensive Cancer Network (NCCN) guidelines for
colon cancer (2012), neoadjuvant chemoradiotherapy
followed by total mesorectal excision is the current standard treatment for advanced mid- and low-rectal cancer.
This regimen can induce tumor regression and thereby
facilitate subsequent resection, resulting in improved local control and survival[3]. However, this strategy does
not provide benefit to all patients[4]. Analysis of intracellular signaling pathways, such as phosphatidylinositol
3-kinase (PI3K), in patients with locally advanced rectal
cancer has identified an expression profile that may
identify patients who will not respond to neoadjuvant
chemoradiotherapy[4].
PI3K proteins are involved in the regulation of many
fundamental cellular processes, such as proliferation, migration and survival[5,6]. Deregulation of PI3K-mediated
pathways has been implicated in the development of
many human tumors, including colorectal cancer[7-10], and
has also been shown to affect chemoradiotherapy sensitization of these tumors[3,4,11,12].
The most thoroughly studied PI3Ks are the class IA
PI3Ks, which are constitutive heterodimers composed of
a p110 catalytic subunit complexed to one of several regulatory subunits, collectively called p85[13]. There are four
members of class Ⅰ PI3K catalytic subunits: PIK3CA,
PIK3CB, PIK3CD and PIK3CG[14,15]. Potential oncogenic
roles of PIK3CA mutation are involved in tumorigenesis
and chemoradiotherapy resistance of colorectal cancer;
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however, the role of upregulation of PIK3CB remains
largely unknown. In this study, we found that expression
of PIK3CB is upregulated in cancer tissues and PIK3CB
expression is closely correlated to ypT stage and tumor
regression grade (TRG) using immunohistochemical
staining. Treatment with radiation and/or a PIK3CBspecific inhibitor in vitro provided evidence to support a
role of PIK3CB in radiation resistance. Higher expression of PIK3CB correlates well with worse response of
rectal cancer to preoperative radiation. Identification of
PIK3CB as a novel target of increasing radiosensitization may help to shed new light on colorectal cancer
treatment.

MATERIALS AND METHODS
Ethics
This study was carried out in accordance with the Declaration of Helsinki (2000) of the World Medical Association. This study was granted ethical approval by the
Peking University Cancer Hospital Institutional Review
Board. All patients provided written informed consent.
Patient eligibility and treatment plan
Clinical data: Data were collected from 208 patients
with resectable rectal carcinoma treated in our hospital
between June 2004 and August 2010. Eligible patients
were selected according to the following criteria: (1) resectable rectal cancer ≤ 10 cm from the anal verge; (2)
evaluated by endorectal ultrasound (ERUS) or magnetic
resonance imaging (MRI) before treatment; (3) histologically identified primary carcinoma of the rectum;
(4) no clinical evidence of distant metastases; (5) having
undergone transabdominal radical resection based on
the principle of total mesorectal excision (TME); and (6)
having undergone R0 resection. Exclusion criteria were
as follows: (1) receipt of concurrent nRCT; (2) presence
of synchronous tumors, or history of other malignant
tumors within 5 years; (3) familial adenomatous polyposis and hereditary non-polyposis colorectal carcinoma;
and (4) death due to complications or other non-cancerrelated causes[16].
Pretreatment evaluation and surgery: All patients underwent ERUS or MRI to evaluate tumor size, invasion
depth, and extent (T stage). All patients had involvement
of pararectal lymph nodes and were diagnosed with clinical stage Ⅱ/Ⅲ rectal cancer. Serum carcinoembryonic
antigen (CEA) was measured, and abdominal computed
tomography (CT) and chest radiography were also routinely performed before treatment. Short-course neoadjuvant radiotherapy with a total dose of 30-Gy (30-Gy/10fraction) was adopted, as recommended by the Chinese
Anti-Cancer Association, based on high-level clinical
evidence[13-16]. Surgical resection was performed 2-4 wk
after full-dose radiation. All included patients underwent
radical resection strictly in accordance with the principles
of TME[17], both for abdominoperineal resection and low
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A

B

C

D

Figure 1 Representative immunostaining of low (A) and high (B) expression of PIK3CB from pretreatment rectal cancer specimens, which respectively
show low (C) and high (D) grades of tumor regression after radiotherapy. Magnification, × 100.

anterior resection.
TRG
Standard pathological tumor staging of the resected
specimen was performed in accordance with the guidelines of the American Joint Committee on Cancer.
Evidence of ypCR was defined as absence of viable adenocarcinoma in the surgical specimen or the presence
of lakes of mucus without tumor cells. The histology
of all surgical specimens was reviewed and confirmed
by an independent element and was classified based on
the Mandard TRG system[18], as follows: (1) complete
regression (fibrosis without detectable tissue of tumor);
(2) fibrosis with scattered tumor cells; (3) fibrosis and
tumor cells with preponderance of fibrosis; (4) fibrosis
and tumor cells with preponderance of tumor cells; and
(5) tumor tissue lacking changes related to regression.
Immunohistochemical assay and histopathological
evaluation of PIK3CB
Tissue microarrays were constructed as follows. Tumor
and normal tissues were embedded in paraffin, and 5 µm
sections stained with hematoxylin and eosin (HE) were
generated to select representative areas for biopsies. Core
tissue biopsy specimens (1.0 mm in diameter) were taken
from these areas of individual donor paraffin blocks and
precisely arrayed into a new recipient paraffin block with
a custom-built instrument (Tissue Arrayer MiniCore;
Alphelys, Plaisir, France). Two-hundred-and-eight pairs

WJG|www.wjgnet.com

of rectal adenocarcinoma and matched adjuvant normal
rectal mucosa specimens were arranged in seven recipient paraffin blocks. Three core tissue biopsies from
adenocarcinomas and two from normal mucosa were
obtained from each specimen. The presence of tumor
tissue on the arrayed samples was verified on the HEstained sections[19,20].
Immunohistochemistry was performed as follows[19].
TMA sections were deparaffinized in xylene and then
rehydrated in a decreasing ethanol series. Endogenous
peroxidase was blocked by incubating with 3% hydrogen
peroxide for 15 min and nonspecific binding was blocked
by incubating with 5% normal goat serum (Zymed Laboratories, San Francisco, CA, United States) for 30 min.
Sections were then incubated with rabbit-anti PIK3CB
monoclonal antibody (1:100 dilution; Epitomics, Burlingame, CA, United States) at 4 ℃ overnight, followed
by a second-step incubation with ChemMate EnVision/
horseradish peroxidase (HRP)-conjugated anti-mouse
reagent, according to the manufacturer’s instructions
(Gene Tech, Shanghai, China). The sections were stained
with diaminobenzidine, rinsed gently, and counterstained
with hematoxylin. The primary antibody was discarded,
or had been replaced by phosphate-buffered saline (PBS)
as a negative control. Two pathologists, who were blind
to patient outcome, independently examined and scored
the sections. Digital images were acquired using a Leica
DM4000B digital camera microscope (Leica, Leipzig,
Germany).
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Endpoints of this research were overall survival (OS),
disease-specific survival (DSS), local recurrences-free survival (LRFS), and metastasis-free survival (MeFS).

Table 1 Associations and comparisons between phosphatidylinositol
3-kinase CB expression and clinicopathological factors in 208
rectal adenocarcinoma patients receiving preoperative radiotherapy
No. of
cases

Parameter
Sex

Male
Female
Age in years < 65
≥ 65
TH in cm
<5
≥5
Ⅱ
PreTNM
1
Ⅲ
(18)
BMI
0
1
2
3
LVI
Negative
Positive
Diff.
ypCR
1
(1)
G1-2
G3-4
ypT
T0
T1
T2
T3
ypN
N0
N1
N2
TRG
1 (G1-2)
2 (G3)
3 (G4-5)

120
88
140
68
74
134
29
161
11
105
76
16
21
187
11
146
50
8
11
55
134
122
55
31
32
79
97

PIK3CB expression
Low

High

37
30
47
20
14
53
9
51
2
29
29
5
4
63
3
41
18
6
4
20
37
36
20
11
29
26
12

83
58
93
48
60
81
20
110
9
76
45
11
17
124
8
105
32
2
7
35
97
86
35
20
3
53
85

Cell lines and drug treatment
HCT116, HT29, LoVo and LS174T colorectal cell lines
(American Type Culture Collection, Manassas, VA, United
States) were cultured in Dulbecco’s Modified Eagle’s Medium supplemented with 10% fetal bovine serum, and
1% penicillin/streptomycin in a fully humidified incubator equilibrated with 5% carbon dioxide.
TGX-221 was purchased from Selleck Chemicals
(Boston, MA, United States) and stored according to the
manufacturer’s recommendations. TGX221 was dissolved
in distilled water, and stored at 80 ℃ as a 100 µmol/L
stock until just prior to use. For in vitro experiments, 100
nmol/L concentration was generated at the time of each
experiment by dilution with sterile PBS.

P value
0.619
0.547
0.002
0.945
0.300

0.222
0.562

0.043

0.608

0.000

1

Lack of number of patients. 0: < 18.4; 1: 18.5-23.9; 2: 24.0-27.9; 3: ≥ 28.0.
TH: Tumor height; BMI: Body mass index; PIK3: Phosphatidylinositol
3-kinase; LVI: Lymph vessel invasion; TRG: Tumor regression grade.

A modified semiquantitative scoring system was used
to evaluate cytoplasmic PIK3CB[19,20]. The staining was
evaluated by a previously described method for: (1) percentage of positive cells (0% = negative; 1 = 0%-10%;
2 = 10%-50%; 3 = 51%-80%; 4 = 81%-100%); and (2)
staining intensity (0 = negative; 1 = low; 2 = moderate; 3
= strong). The final total score was obtained by multiplying the percentage of positive cells score by the staining
intensity score, yielding a total score between 0 and 12.
Based on this total score, tissues were classified as either
PIK3CB low expression (scores 0-5) or PIK3CB high
expression (scores 6-12).
Postoperative therapy, follow-up and research endpoint
All patients in the PRT group were given adjuvant chemotherapy for 6-8 cycles, using the standard regimens
based on 5-fluorouracil or capecitabine, such as FOLFOX, CapeOX, or capecitabine alone[21].
Patients were followed at 3-mo intervals for the first
2 years and then at 6-mo intervals for the next 3 years.
Evaluations consisted of physical examination, serum
CEA measurement, complete blood count, and blood
chemical analysis. Proctoscopy, abdominal ultrasonography, CT of the abdomen and pelvis, and chest radiography were also routinely performed every 6 to 12 mo.
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Quantitative real-time reverse transcriptase polymerase
chain reaction and Western blotting
Quantitative real-time reverse transcriptase polymerase
chain reaction was performed using an OPTICON 2
real-time PCR detection system (Bio-Rad, Hercules, CA,
United States) using human PIK3CB primers (forward:
5’-GGT AAT CGG AGG ATA GGG CAG T-3’; reverse:
5’-CGG CAG TAT GCT TCA AGG ATG AC-3’) and
β-actin primers (forward: 5’-TCC TCC TGA GCG CAA
GTA CTC-3’; reverse: 5’-CAT ACT CCT GCT TGC
TGA TCC A-3’) combined with SYBR Green Master Mix
(Applied Biosystems Inc., Foster City, CA, United States).
Total RNA was extracted from cells with the RNeasy
Mini Kit (Qiagen, Limburg, Netherlands) and cDNA was
subsequently generated with Super-Script Ⅲ (Invitrogen,
Carlsbad, CA, United States). The PCR conditions were:
94 ℃ for 2 min, followed by 40 cycles of 94 ℃ for 20 s,
59 ℃ for 20 s, 72 ℃ for 30 s, and 74 ℃ for 1 s.
Western blotting was performed as previously described [22], with antibodies targeting β -actin (1:2000
dilution) (#CB100997; Proteintech, Chicago, IL, United
States) and anti-rabbit PIK3CB (1:1000 dilution) from
the PI3 Kinase Antibody Sampler Kit (#9655; Cell Signaling Technology, Danvers, MA, United States). The
protease inhibitor cocktail was purchased from Sigma (St.
Louis, MO, United States). Cells were lysed in lysis buffer (20 mmol/L HEPES (pH = 7.2), 150 mmol/L NaCl,
1% Triton X-100, and 10% glycerol). Total protein
(150 µg each) samples were separated on SDS-PAGE,
transferred to nitrocellulose membranes, and immunoblotted with appropriate antibodies. Membranes were
then washed with Tris-buffered-saline with Tween and
incubated with secondary antibodies conjugated to HRP
(Jackson ImmunoResearch Laboratories, West Grove,
PA, United States). Signals were detected using the SuperSignal West Pico Trial Kit (Thermo Scientific, Rockford, IL, United States) and images were acquired using
a MXP102 X-ray film processor (Kodak, Rochester, NY,
United States).
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Figure 2 Kaplan-Meier survival curves plotted to predict overall survival in accordance. A: TGR; B: PIK3CB; C-E: Associations of DSS, LRFS and MeFS between TRG; F-H: PIK3CB immunoexpression are also illustrated. OS: Overall survival; DSS: Disease-specific survival; LRFS: Local recurrences-free survival; MeFS:
Metastasis-free survival; TRG: Tumor regression grade; PIK3: Phosphatidylinositol 3-kinase.

Table 2 Univariate log-rank analysis for important clinicopathological and phosphatidylinositol 3-kinase CB expression

Parameter
Sex
Age
TH
PreTNM
BMI
LVI
Diff.
ypT
ypN
TRG
PIK3CB

DSS

LRFS

HR

95%CI

P value

HR

95%CI

1.482
0.908
0.737
0.976
1.385
2.018
1.065
1.200
0.839
2.337
1.685

0.654-3.356
0.377-2.186
0.320-1.698
0.309-3.084
0.774-2.480
0.687-5.927
0.470-2.415
0.546-2.640
0.498-1.414
1.064-5.136
0.727-3.909

0.346
0.830
0.473
0.967
0.272
0.202
0.880
0.650
0.510
0.035
0.224

0.970
1.491
1.096
0.809
1.180
1.106
0.460
0.971
2.926
1.981
2.228

0.483-1.945
0.749-2.970
0.412-2.915
0.293-2.237
0.732-1.903
0.366-3.340
0.203-1.041
0.537-1.756
1.816-4.713
1.012-3.877
0.801-6.202

MeFS

P value
0.931
0.25602
0.854
0.683
0.497
0.858
0.062
0.923
0.000
0.046
0.125

HR

95%CI

P value

0.586
1.947
0.726
0.507
1.106
0.851
0.438
1.067
2.442
2.755
1.828

0.219-1.570
0.808-4.693
0.218-2.413
0.145-1.771
0.569-2.151
0.214-3.376
0.128-1.494
0.488-2.332
1.275-4.674
1.052-7.215
0.397-8.411

0.288
0.138
0.601
0.287
0.766
0.818
0.187
0.872
0.007
0.039
0.439

DSS: Disease-specific survival; LRFS: Local recurrence-free survival; MeFS: Metastasis-free survival; PIK3: Phosphatidylinositol 3-kinase; TH: Tumor height;
BMI: Body mass index; LVI: Lymph vessel invasion; TRG: Tumor regression grade.

Clonogenic survival
Cells were plated in 6-well plates at a density chosen
to result in 50-100 surviving colonies. Drug treatment
occurred 2 h before radiotherapy with a kilovoltage irradiator (XRAD320; Precision X-Ray, North Branford,
CT, United States) at a dose of 6-Gy. Cells were rinsed
and incubated in complete medium for 12 d. Surviving
colonies (> 50 cells) were counted with the GelCount
System (Oxford Optronix, Oxford, United Kingdom).
Each experiment was performed in triplicate and with
three repeats for each group.
Statistical analysis
Statistical analysis was performed using SPSS for Windows version 16.0 statistical software (SPSS Inc., Chicago,
IL, United States). Comparison of PIK3CB expression
between the subgroups of various clinicopathological
parameters was evaluated by χ 2 test or Fisher’s exact test.
LRFS, MeFS, and DSS, calculated from the date of op-
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eration to the date of event, were the endpoints analyzed.
Survival curves were plotted using the Kaplan-Meier
method, and log-rank tests were performed to evaluate
prognostic differences between groups. The Cox proportional hazards model was used for multivariate analysis.
For all analyses, two-sided tests of significance were used,
and P < 0.05 was considered significant[23].

RESULTS
Clinicopathological features and PIK3CB expression in
association with ypT and TRG
We first examined the expression of PIK3CB in clinical
specimens of rectal cancer using immunohistochemistry. When detected in cell cytoplasm, PIK3CB immunoexpression was successfully scored in all 208 cases.
Low expression of PIK3CB was detected in 67 (32.2%)
cases (Figure 1A). PIK3CB was highly expressed in 141
(67.8%) cases that displayed moderate or strong nuclear
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A

Table 3 Multivariate analysis for important clinicopathological
and phosphatidylinositol 3-kinase CB expression

PIK3CB expression profile in various colon cancer cell lines
16
14

Sex

Male
Female
Age in years < 65
≥ 65
TH in cm
<5
≥5
Ⅱ
PreTNM

BMI

LVI
Diff.

ypT

ypN

TRG

PIK3CB

120
88
140
68
74
134
29

Ⅲ

161

0
1
2
3
Negative
Positive
ypCR
G1-2
G3-4
T0
T1
T2
T3
0
1
2
1 (G1-2)
2 (G3)
3 (G4-5)
Low exp
High exp

11
105
76
16
21
187
11
146
50
8
11
55
134
122
55
31
32
79
97
67
141

43
27
49
21
28
42
7
581
(5)
5
29
31
5
11
59
11 (1)
48
20
1
4
8
57
25
24
21
5
25
40
19
51

value
0.554
0.769
0.053
0.544

0.008

0.506
0.189

0.359

0.043

0.020

0.124

No. e
109
86
130
65
66
129
27
1481
(20)
11
96
72
16
19
176
111 (1)
139
44
8
11
54
122
116
52
27
31
77
87
62
133

MeFS

P

value
0.476
0.502
0.072
0.959

0.628

0.647
0.974

0.374

0.000

0.018

0.011

No. e
90
64
99
55
56
98
23
1151
(16)
6
84
52
13
12
142
10
108
36
8
8
48
90
103
34
17
28
56
70
51
103

Relative expression folds

No. c No. e

LRFS

P

P

value
0.109
0.173
0.004

1
8
6
4

0

0.906

B

0

3 7 12 d
LS174T

R-

0

R+

3 7 12 d 0 3 7 12 d
HT-29
HCT116
Cell lines
R-

R+

R-

R+

0 3 7 12 d
LoVo

R-

R+

PIK3CB
β-actin

0.115
0.951

HCT-116

C

0.544

HT-29

LoVo

LS174T

Clonogenic formation assay
40
35

R-TGX221
R+TGX221

30

0.005

0.021

0.010

25
20
15
10
5

1

Lack of number of patients. DSS: Disease-specific survival; LRFS:
Local recurrence-free survival; MeFS: Metastasis-free survival; PIK3:
Phosphatidylinositol 3-kinase; TH: Tumor height; BMI: Body mass index;
LVI: Lymph vessel invasion; TRG: Tumor regression grade.

immunostaining in > 50% of tumor cells (Figure 1B).
As shown in Table 1, high expression of PIK3CB was
correlated with tumor height (P < 0.05) and ypT (P <
0.05). Of note, the PIK3CB expression level was positively correlated with TRG (P < 0.000; Figure 1C and D),
suggesting its role in resistance to preoperative radiotherapy. Otherwise, the PIK3CB expression status was
not statistically related to other clinicopathological variables. Clinicopathological characteristics of all patients
are summarized in Table 1.
Prognostic impact of PIK3CB expression in rectal
cancer
Next, we examined the correlation between PIK3CB
expression and prognosis of rectal adenocarcinoma
patients using a Kaplan-Meier analysis. Several clinicopathological parameters including tumor height, preTNM, body mass index (BMI), lymphovascular invasion,
differentiation, ypT, ypN, and TRG (Figure 2A-E) were
predictive of at least OS and one of the three endpoints
of this study according to a univariate analysis (Table
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12

2

0.437

Clone numbers

DSS
Parameter

0
HCT-116

HT-29

LoVo

LS174T

Cell lines

Figure 3 Both at mRNA (A) and protein (B) levels, PIK3CB expression was
significantly upregulated in all four colon cancer cells tested (HCT-116,
HT29, LoVo, and LS174T) after in vitro 6-Gy irradiation for 1-12 d. In
vitro clonogenic formation assay after exposure to 6-Gy ionizing radiation of
HCT-116, HT-29, LoVo and LS174T colorectal cancer cells, with or without 100
µmol/L TGX221 (a PIK3CB-specific inhibitor). Each experiment was performed
in triplicate and with three repeats for each group. Error bars represent ± 1
SEM. R: Radiation.

2). Similarly, high expression of PIK3CB was associated
with shorter durations of OS, LRFS, and MeFS (all P <
0.05; Figure 2F-H). However, high expression of PIK3CB was not an independent prognostic indicator for
DSS, LRFS, and MeFS (Table 3) in multivariate analysis.
In addition, TRG and ypN were found to have an independent prognostic impact on survival analysis.
6-Gy irradiation induced upregulation of PIK3CB and
decreased TGX-221 colorectal cancer cell clonogenic
formation
We investigated whether 6-Gy irradiation modulated
PIK3CB expression and affected colorectal cancer cell
growth and survival. TGX-221 functions as a PIK3CBspecific inhibitor[24]. Compared with the cells without ir-
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radiation, PIK3CB was upregulated in a time-dependent
manner at both the mRNA and protein level (Figure 3A
and B) followed by 6-Gy irradiation. In our colorectal
cancer cell models, TGX-221 treatment decreased cell
viability in a dose- and time-dependent manner, with
substantial inhibition (> 50%) after 12 d at concentrations of 100 nmol/L in all four tested cell lines (Figure
3C).

DISCUSSION
PIK3CB does not show cancer-specific mutations. However, it is often differentially expressed in cancer. In
contrast to p110α, wild-type PIK3CB is oncogenic when
overexpressed in cell culture[25]. The poor prognostic effect of PIK3CB overexpression was demonstrated probably because it represents biological aggressiveness of
human colorectal cancers[26].
To the best of our knowledge, this is the first study
to examine the correlation between PIK3CB and patient
survival in a large retrospective study of stage Ⅱ/Ⅲ
colorectal cancer after 30-Gy/10-fraction preoperative
radiotherapy. We found that high expression of PIK3CB
in rectal cancer was associated with a high degree of
TRG, OS, LRFS and MeFS, suggesting that PIK3CB is a
biomarker to identify patients with better outcome, and
a possible therapeutic target. Furthermore, PIK3CB is
also activated in response to preoperative radiotherapy
and represents a potential predictor for radiotherapy.
TGX-221 functions as a PIK3CB-specific inhibitor[24].
In our cell models, we confirmed that PIK3CB reduces
colorectal cancer cell clonogenic formation. This indicates the invasive potential of PIK3CB expression.
These aggressive biological phenotypes of the elevated
expression of PIK3CB may contribute to the poor response to radiotherapy, and therefore are clinically correlated with advanced ypT. A high degree of TRG, representing a worse response after preoperative radiotherapy
for rectal cancer, is closely related to poor survival and
high local recurrence[27,28]. High expression of PIK3CB
corresponded to higher TRG in our study. This also
demonstrates the strong correlation between PIK3CB
expression and poor response after radiotherapy in rectal
cancer patients. Moreover, high expression of PIK3CB
was a prognostic factor for poor OS, LRFS and MeFS in
the univariate analysis but unfortunately not an independent prognostic factor in the multivariate analysis.
Our study population was homogeneous for rectal
adenocarcinoma patients who received the same protocol of preoperative radiotherapy. Our results provide the
first evidence that high expression of PIK3CB predicts
poor sensitivity to radiotherapy, and is a prognostic factor for rectal cancer patients with the modified 30-Gy
protocol for preoperative radiotherapy.
There were some limitations in our study. First, the
histology of all surgical specimens was reviewed retrospectively. We did not compare the expression level of
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PIK3CB in radiation-pretreated rectal adenocarcinoma
tissues with that in post-irradiation tissues. Instead, we
studied PIK3CB expression in four colorectal cancer cell
lines (HCT-116, HT-29, LoVo and LS174T)[29] and their
response to 6-Gy irradiation. The fact that the PIK3CB
mRNA and protein expression were all continuously
upregulated in tested colorectal cell lines after 6-Gy irradiation, and the ability of TGX-221 to inhibit clonogenic formation, indicates that PIK3CB is involved in the
response of colorectal cancer cells to radiotherapy, and
functions as a potential target to assist the radiotherapy.
Second, the redundant roles of different PI3K subunits,
crosstalk between Ras, Src and PI3K, PI3K-PTEN balance, and some upstream or downstream signaling molecules need to be further analyzed. Finally, distinct biological functions other than clonogenic formation ability
related to radioresistance may exist in rectal cancers, and
further studies are warranted. Although further validation
is necessary, these adverse phenotypes of PIK3CB to
overcome cytotoxicity of radiotherapy are also important
in addressing the poor survival of rectal cancer patients
in our study.
In conclusion, we found for the first time that high
expression of PIK3CB was correlated with poor response
and prognosis of rectal cancer patients who received preoperative radiotherapy using a modified 30-Gy protocol.
Suppression of PIK3CB expression by TGX-221 attenuated the clonogenic formation of colorectal cancer cells
in the presence of concurrent irradiation. Our results suggest that high expression of PIK3CB correlates with poor
prognosis and resistance of radiotherapy, and provide
fundamental evidence of PIK3CB inhibition applied to
preoperative radiotherapy protocols in rectal cancer.
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involved in response to preoperative radiotherapy and may serve as a novel
target for therapeutic intervention.

Innovations and breakthroughs

This is believed to be the first study to show that high expression of PIK3CB
is correlated with poor response and prognosis of rectal cancer patients who
received preoperative radiotherapy. Furthermore, the in vitro studies demonstrated that high expression of PIK3CB correlates with poor prognosis and
resistance of radiotherapy.

Applications

By understanding how PIK3CB is induced and by blocking its expression, this
study may provide fundamental evidence for PIK3CB inhibition that can be applied to preoperative radiotherapy protocols in rectal cancer.

Terminology

The PIK3CB protein (PI3K catalytic subunit beta) is part of the activation path-
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way in some solid tumors, including colorectal cancer, and is involved in tumorigenesis and chemoradiotherapy resistance. Such a mechanism is thought to be
crucial in identifying patients who do not respond to preoperative radiotherapy.

Peer review

In the present study, the authors showed that PIK3CB may function as a novel
response-predictive gene and a potential therapeutic target for locally advanced
rectal cancer after 30-Gy/10-fraction preoperative radiotherapy.

15
16

REFERENCES
1

2
3

4

5
6
7

8
9

10
11
12

13

14

Siegel R, Ward E, Brawley O, Jemal A. Cancer statistics,
2011: the impact of eliminating socioeconomic and racial
disparities on premature cancer deaths. CA Cancer J Clin
2011; 61: 212-236 [PMID: 21685461 DOI: 10.3322/caac.20121]
Li M, Gu J. Changing patterns of colorectal cancer in China
over a period of 20 years. World J Gastroenterol 2005; 11:
4685-4688 [PMID: 16094710]
Maas M, Nelemans PJ, Valentini V, Das P, Rödel C, Kuo LJ,
Calvo FA, García-Aguilar J, Glynne-Jones R, Haustermans
K, Mohiuddin M, Pucciarelli S, Small W, Suárez J, Theodoropoulos G, Biondo S, Beets-Tan RG, Beets GL. Long-term
outcome in patients with a pathological complete response
after chemoradiation for rectal cancer: a pooled analysis
of individual patient data. Lancet Oncol 2010; 11: 835-844
[PMID: 20692872 DOI: 10.1016/S1470-2045(10)70172-8]
Mammano E, Galdi F, Pierobon M, Tessari E, Deng J, Pucciarelli S, Agostini M, De Marchi F, Canzonieri V, De Paoli A,
Belluco C, Liotta L, Petricoin E, Pilati P, Nitti D. Multiplexed
protein signal pathway mapping identifies patients with
rectal cancer that responds to neoadjuvant treatment. Clin
Colorectal Cancer 2012; 11: 268-274 [PMID: 22658458 DOI:
10.1016/j.clcc.2012.05.003]
Cantley LC. The phosphoinositide 3-kinase pathway. Science 2002; 296: 1655-1657 [PMID: 12040186]
Yuan TL, Cantley LC. PI3K pathway alterations in cancer:
variations on a theme. Oncogene 2008; 27: 5497-5510 [PMID:
18794884 DOI: 10.1038/onc.2008.245]
Wang B, Wang H, Yang Z. MiR-122 inhibits cell proliferation and tumorigenesis of breast cancer by targeting IGF1R.
PLoS One 2012; 7: e47053 [PMID: 23056576 DOI: 10.1371/
journal.pone.0047053]
Xu Q, Simpson SE, Scialla TJ, Bagg A, Carroll M. Survival of
acute myeloid leukemia cells requires PI3 kinase activation.
Blood 2003; 102: 972-980 [PMID: 12702506]
Johnson SM, Gulhati P, Rampy BA, Han Y, Rychahou PG,
Doan HQ, Weiss HL, Evers BM. Novel expression patterns
of PI3K/Akt/mTOR signaling pathway components in
colorectal cancer. J Am Coll Surg 2010; 210: 767-776, 776-778
[PMID: 20421047 DOI: 10.1016/j.jamcollsurg.2009.12.008]
Huang XF, Chen JZ. Obesity, the PI3K/Akt signal pathway and colon cancer. Obes Rev 2009; 10: 610-616 [PMID:
19527447 DOI: 10.1111/j.1467-789X.2009.00607.x]
Zhan M, Han ZC. Phosphatidylinositide 3-kinase/AKT
in radiation responses. Histol Histopathol 2004; 19: 915-923
[PMID: 15168354]
Zhang T, Cui GB, Zhang J, Zhang F, Zhou YA, Jiang T, Li
XF. Inhibition of PI3 kinases enhances the sensitivity of nonsmall cell lung cancer cells to ionizing radiation. Oncol Rep
2010; 24: 1683-1689 [PMID: 21042768]
Sebag-Montefiore D, Stephens RJ, Steele R, Monson J, Grieve
R, Khanna S, Quirke P, Couture J, de Metz C, Myint AS, Bessell
E, Griffiths G, Thompson LC, Parmar M. Preoperative radiotherapy versus selective postoperative chemoradiotherapy in
patients with rectal cancer (MRC CR07 and NCIC-CTG C016):
a multicentre, randomised trial. Lancet 2009; 373: 811-820
[PMID: 19269519 DOI: 10.1016/S0140-6736(09)60484-0]
Campa D, Vodicka P, Pardini B, Naccarati A, Carrai M, Vodickova L, Novotny J, Hemminki K, Försti A, Barale R, Can-

WJG|www.wjgnet.com

17
18

19

20

21

22

23

24

25
26

27

28

16266

zian F. A gene-wide investigation on polymorphisms in the
taste receptor 2R14 (TAS2R14) and susceptibility to colorectal
cancer. BMC Med Genet 2010; 11: 88 [PMID: 20534144 DOI:
10.1186/1471-2350-11-88]
Cammà C, Giunta M, Fiorica F, Pagliaro L, Craxì A, Cottone
M. Preoperative radiotherapy for resectable rectal cancer: A
meta-analysis. JAMA 2000; 284: 1008-1015 [PMID: 10944647]
Peng Y, Wang L, Du C, Gu J. Expression of vascular endothelial growth factor can predict distant metastasis and
disease-free survival for clinical stage III rectal cancer following 30-Gy/10-f preoperative radiotherapy. Int J Colorectal
Dis 2012; 27: 1555-1560 [PMID: 22645074 DOI: 10.1007/
s00384-012-1485-8]
Heald RJ, Ryall RD. Recurrence and survival after total mesorectal excision for rectal cancer. Lancet 1986; 1: 1479-1482
[PMID: 2425199]
Mandard AM, Dalibard F, Mandard JC, Marnay J, HenryAmar M, Petiot JF, Roussel A, Jacob JH, Segol P, Samama G.
Pathologic assessment of tumor regression after preoperative chemoradiotherapy of esophageal carcinoma. Clinicopathologic correlations. Cancer 1994; 73: 2680-2686 [PMID:
8194005]
Cui M, Yu W, Dong J, Chen J, Zhang X, Liu Y. Downregulation of ABI1 expression affects the progression and prognosis of human gastric carcinoma. Med Oncol 2010; 27: 632-639
[PMID: 19554484 DOI: 10.1007/s12032-009-9260-6]
Hamm A, Veeck J, Bektas N, Wild PJ, Hartmann A, Heindrichs
U, Kristiansen G, Werbowetski-Ogilvie T, Del Maestro R,
Knuechel R, Dahl E. Frequent expression loss of Inter-alphatrypsin inhibitor heavy chain (ITIH) genes in multiple human
solid tumors: a systematic expression analysis. BMC Cancer
2008; 8: 25 [PMID: 18226209 DOI: 10.1186/1471-2407-8-25]
Wang L, Zhong XG, Peng YF, Li ZW, Gu J. Prognostic value
of pretreatment level of carcinoembryonic antigen on tumour downstaging and early occurring metastasis in locally
advanced rectal cancer following neoadjuvant radiotherapy
(30 Gy in 10 fractions). Colorectal Dis 2014; 16: 33-39 [PMID:
23848511 DOI: 10.1111/codi.12354]
Yu W, Sun X, Clough N, Cobos E, Tao Y, Dai Z. Abi1 gene
silencing by short hairpin RNA impairs Bcr-Abl-induced cell
adhesion and migration in vitro and leukemogenesis in vivo.
Carcinogenesis 2008; 29: 1717-1724 [PMID: 18453543 DOI:
10.1093/carcin/bgn098]
Tian YF, Chen TJ, Lin CY, Chen LT, Lin LC, Hsing CH, Lee
SW, Sheu MJ, Lee HH, Shiue YL, Huang HY, Pan HY, Li CF,
Chen SH. SKP2 overexpression is associated with a poor
prognosis of rectal cancer treated with chemoradiotherapy
and represents a therapeutic target with high potential. Tumour Biol 2013; 34: 1107-1117 [PMID: 23328995 DOI: 10.1007/
s13277-013-0652-z]
Gross C, Bassell GJ. Excess protein synthesis in FXS patient
lymphoblastoid cells can be rescued with a p110β-selective
inhibitor. Mol Med 2012; 18: 336-345 [PMID: 22207187 DOI:
10.2119/molmed.2011.00363]
Zhao L, Vogt PK. Class I PI3K in oncogenic cellular transformation. Oncogene 2008; 27: 5486-5496 [PMID: 18794883
DOI: 10.1038/onc.2008.244]
Cui B, Tao J, Yang Y. Studies on the expression patterns of
class I PI3K catalytic subunits and its prognostic significance
in colorectal cancer. Cell Biochem Biophys 2012; 62: 47-54
[PMID: 21910030 DOI: 10.1007/s12013-011-9257-6]
Santos MD, Silva C, Rocha A, Matos E, Nogueira C, Lopes
C. Tumor regression grades: can they influence rectal cancer
therapy decision tree? Int J Surg Oncol 2013; 2013: 572149
[PMID: 24187617 DOI: 10.1155/2013/572149]
Abdul-Jalil KI, Sheehan KM, Kehoe J, Cummins R, O’
Grady A, McNamara DA, Deasy J, Breathnach O, Grogan L,
O’Neill BD, Faul C, Parker I, Kay EW, Hennessy BT, Gillen
P. The prognostic value of tumour regression grade following neoadjuvant chemoradiation therapy for rectal cancer.

November 21, 2014|Volume 20|Issue 43|

Yu WD et al . PIK3CB in radioresistant rectal adenocarcinoma

29

Colorectal Dis 2014; 16: O16-O25 [PMID: 24119076 DOI:
10.1111/codi.12439]
Ahmed D, Eide PW, Eilertsen IA, Danielsen SA, Eknæs M,

Hektoen M, Lind GE, Lothe RA. Epigenetic and genetic
features of 24 colon cancer cell lines. Oncogenesis 2013; 2: e71
[PMID: 24042735 DOI: 10.1038/oncsis.2013.35]
P- Reviewer: Kwon RS, Yuki S S- Editor: Qi Y L- Editor: A
E- Editor: Zhang DN

WJG|www.wjgnet.com

16267

November 21, 2014|Volume 20|Issue 43|

World J Gastroenterol 2014 November 21; 20(43): 16268-16274
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i43.16268

© 2014 Baishideng Publishing Group Inc. All rights reserved.

RETROSPECTIVE STUDY

Insulin-like growth factor receptor-1 overexpression
is associated with poor response of rectal cancers to
radiotherapy
Xiao-Yu Wu, Zhen-Feng Wu, Qin-Hong Cao, Che Chen, Zhi-Wei Chen, Zhe Xu, Wei-Su Li, Fu-Kun Liu, Xue-Quan Yao,
Gang Li
Xiao-Yu Wu, Zhen-Feng Wu, Qin-Hong Cao, Che Chen, ZhiWei Chen, Zhe Xu, Wei-Su Li, Fu-Kun Liu, Xue-Quan Yao,
Department of Surgical Oncology, Affiliated Hospital of Nanjing
University of Traditional Chinese Medicine, Nanjing 210029,
Jiangsu Province, China
Gang Li, Department of General Surgery, Jiangsu Cancer Hospital, Affiliated Cancer Hospital of Nanjing Medical University,
Nanjing 210009, Jiangsu Province, China
Author contributions: Wu XY and Wu ZF contributed equally
to this work; Wu XY and Wu ZF designed research; Wu XY and
Wu ZF performed research; Cao QH and Chen ZW contributed
new reagents or analytic tools; Wu ZF analyzed data; Wu XY
wrote the paper; all the authors contributed to this paper.
Supported by The National Natural Science Foundation of
China, No. 81402523 to Wu XY and No. 81201797 to Li G
Correspondence to: Gang Li, MD, Department of General Surgery, Jiangsu Cancer Hospital, Affiliated Cancer Hospital of Nanjing Medical University, 42 Baiziting, Nanjing 210009, Jiangsu
Province, China. searain@sohu.com
Telephone: +86-25-86600460 Fax: +86-25-86600460
Received: January 27, 2014 Revised: May 2, 2014
Accepted: July 16, 2014
Published online: November 21, 2014

Abstract
AIM: To explore the potential correlation between insulin-like growth factor receptor-1 (IGF-1R) expression
and rectal cancer radiosensitivity.
METHODS: Eighty-seven rectal cancer patients (cTNM ⅠⅢ) treated in our department between January 2011
and December 2012 were enrolled. All subjects were
treated with preoperative radiotherapy and radical resection of rectal carcinoma. Immunohistochemistry and
reverse transcription polymerase chain reaction (RT-PCR)
were performed to detect IGF-1R expression in pre-treatment and postoperative colorectal cancer specimens.
Radiosensitivity for rectal cancer specimens was evalu-
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ated by observing rectal carcinoma mass regression
combined with fibrosis on HE staining, degree of necrosis and quantity of remaining tumor cells. The relative
IGF-1R expression was evaluated for association with
tumor radiosensitivity.
RESULTS: Immunohistochemistry showed diffuse IGF1R staining on rectal cancer cells with various degrees
of signal density. IGF-1R expression was significantly
correlated with cTNM staging (P = 0.012) while no significant association was observed with age, sex, tumor
size and degree of differentiation (P = 0.424, 0.969,
0.604, 0.642). According to the Rectal Cancer Regression Grades (RCRG), there were 31 cases of RCRG1
(radiation sensitive), 28 cases of RCRG2 and 28 cases
of RCRG3 (radiation resistance) in 87 rectal cancer subjects. IGF-1R protein hyper-expression was significantly
correlated with a poor response to radiotherapy (P <
0.001, r = 0.401). RT-PCR results from pre-radiation biopsy specimens also showed that IGF-1R mRNA negative group exhibited a higher radiation sensitivity (P
< 0.001, r = 0.497). Compared with the pre-radiation
biopsy specimens, the paired post-operative specimens
showed a significantly increased IGF-1R protein and
mRNA expression in the residual cancer cells (P < 0.001,
respectively).
CONCLUSION: IGF-1R expression level may serve as
a predictive biomarker for radiosensitivity of rectal cancer before preoperative radiotherapy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Insulin-like growth factor-1 receptor; Rectal
carcinoma; Preoperative radiotherapy; Immunohistochemistry; Reverse transcription-polymerase chain reaction
Core tip: This was the first report examining the rela-
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tion between insulin-like growth factor receptor-1 (IGF1R) expression and radiosensitivity in rectal cancer.
Results showed that IGF-1R hyperexpression is significantly associated with poor response to radiotherapy.
Compared with the pre-radiation biopsy specimens, the
paired post-operative specimens showed a significantly
increased IGF-1R expression in the residual cancer
cells.
Wu XY, Wu ZF, Cao QH, Chen C, Chen ZW, Xu Z, Li WS, Liu
FK, Yao XQ, Li G. Insulin-like growth factor receptor-1 overexpression is associated with poor response of rectal cancers to
radiotherapy. World J Gastroenterol 2014; 20(43): 16268-16274
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i43/16268.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i43.16268

INTRODUCTION
Radiotherapy stands as one of the major supplementary
treatments for rectal carcinoma. Preoperative radiotherapy effectively eliminates the peri-tumor subclinical loci,
shrinks the tumor size, lowers the stage, maximizes the
chance of anus reservation, decreases local recurrence
and maximizes the survival rate[1-3]. However, not all rectal tumors respond well to radiation. Radiotherapy resistance stands as a major challenge in real world practice[4].
Prediction of sensitivity to radiotherapy is therefore of
clinical significance in selecting patients suitable for preoperative treatment.
Conditions with increased insulin-like growth factor-1
(IGF-1) levels, such as acromegaly, are associated with
an increased risk of malignancy, especially in colorectal
cancer[5,6]. The expression of IGF-1 and IGF receptor-1
(IGF-1R) is also found in the majority of colorectal
carcinoma specimens[7], which implies that IGF-1/IGF1R may play an important role in the pathogenesis of
colorectal carcinoma. Studies on IGF/IGF-1R signaling revealed that the binding of IGF-1 to its receptor
activates a series of signal transduction events related to
DNA damage repair, which is considered part of the radiation protection mechanism[8]. Based on these preliminary data, the current study sought to examine the relative expression of IGF-1R in biopsies collected before
and after radiotherapy, which may provide exploratory
evidence on the relationship between IGF-1R expression
and sensitivity to radiotherapy.

MATERIALS AND METHODS
Subjects and patient information
Eighty-seven rectal cancer patients (cTNM Ⅰ-Ⅲ) treated
in our department between January 2011 and December 2012 were enrolled. All subjects were treated with
preoperative radiotherapy and radical resection of rectal
carcinoma. Biopsies before radiotherapy were obtained
via rectoscopy while biopsies after radiotherapy were col-
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lected during surgery. Chest X-ray, computed tomography (CT) and ultrasound examinations were performed
to rule out metastases to lung, liver and peri-aortic lymph
nodes. Varian 23EX linear accelerator was used for preoperative radiotherapy. Intensity-modulated radiation
therapy (total dosage 50 Gy, 2 Gy/time, 25 times during a
5 wk period) were used for the treatment. Surgical operations were performed 4-6 wk after radiotherapy.
Immunohistochemistry
Reagents: Mouse anti-human IGF-1R monoclonal antibody was purchased from Novocastra (United Kingdom).
Methodology: Tissue specimens were formalin-fixed, paraffin-embedded and consecutively sliced into 4-μm thick
sections for immunohistochemistry. The sections were
prepared with classic citric acid-SP immunohistochemistry methodology. The slides were routinely de-waxed
and dehydrated followed by antigen repair under high
temperature and high pressure (0.01 mmol/L citric acid
buffer, 121 ℃, 2 min). Routine immunohistochemistry
staining was performed thereafter as follows: DAB color
development, haematoxylin nucleus re-staining, ethanol
gradient dehydration, transparentizing with dimethylbenzene and resin mounting. Results: IGF-1R staining shows
yellow, yellowish brown or brown signal in cytoplasm. By
analyzing the signal strength, non-staining is considered
negative (score 0), yellow: weak positive (score 1), yellowish brown: medium positive (score 2) and dark brown is
considered strong positive (score 3). Also, results are categorized by positive cell percentage as follows: 0% (score
0), 1%-10% (score 1), 10%-50% (score 2), 50%-100%
(score 3). Final result is defined as the product of two
independent scores. Score 0 is considered negative, score
1-3 is defined as +, score 4-6 is defined as ++, score 9 is
defined +++, respectively. Five typical resolution fields
were selected from each slide and total cell count is no
less than 1000.
Evaluation of sensitivity to radiotherapy
Preoperative sensitivity for rectal cancer specimens was
evaluated by observing rectal carcinoma mass regression
combined with observation of fibrosis in HE staining,
degree of necrosis and quantity of remaining tumor
cells. According to the Rectal Cancer Regression Grades
(RCRG) proposed by Wheeler et al[9], RCRG 1: Sterilization or only microscopic foci of adenocarcinoma remaining, with marked fibrosis; 2: Marked fibrosis but presentation of macroscopic disease; 3: Little or no fibrosis with
abundant macroscopic disease. The RCRG was assessed
by two pathologists who were completely blinded to this
study.
Reverse transcription polymerase chain reaction
analysis
Reagents: Tissue RNA extraction kit and reverse transcription polymerase chain reaction (RT-PCR) kit were
purchased from Promega (United States). IGF-1R primer
sequence: Forward: 5’-TCT TCA AGT GCG GCT CCC
T-3’, Reverse: 5’-TCA CGC TCT GCT TCA CCA C-3’.
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Figure 1 Insulin-like growth factor receptor-1 immunostaining of rectal cancer (× 200) and histopathological response to radiation (× 100) (a radiosensitivitive sample). Negative cytoplasmic immunostaining of rectal cancer cells was seen on the pre-radiation biopsy specimen (left panel); correspondingly, good histopathological response to radiation therapy was seen on the post-operative sample (right panel): most of the entire lesion was replaced by fibrosis and necrosis, relic
tumor glandular tubes and calcifications were seen.

Figure 2 Insulin-like growth factor receptor-1 immunostaining of rectal cancer (× 200) and histopathological response to radiation (× 100) (a radioresistant
sample). Strong cytoplasmic immunostaining of rectal cancer cells was seen on the pre-radiation biopsy specimen (left panel), correspondingly, poor histopathological
response to radiation therapy was seen on the post-operative sample (right panel): most of the tumor remained, and little fibrosis was seen among the tumor cells.

Beta-actin primer sequence: Forward 5’-CTT CCT GGG
CAT GGA GTC-3’, Reverse 5’-GCC GAT CCA CAC
GGA GTA-3’. All necrotic specimens were removed
and no less than 90% tumor cell was confirmed with
pathology before RT-PCR analysis. Fresh frozen tissue
(10 mg) was pulverized and total RNA was extracted following the manufacturer’s instructions. RNA quality was
confirmed with A260/280 ratio between 1.8-2.0 with an ultraviolet spectrophotometer. One step RT-PCR reaction
(50 μL) was used for the current study. Reaction settings
were as follows: 50 ℃ 30 min for reverse transcription,
95 ℃ 2 min followed by 95 ℃ denaturing for 50 s, 58 ℃
annealing for 30 s and 72 ℃ extension for 40 s. Twentyeight cycles of reaction were performed before a final
step of extension (72 ℃) for 7 min. PCR products were
separated with electrophoresis and analyzed with a Scion
imaging analysis system. Relative IGF-1R expression was
normalized by beta-actin internal control. Triplicates were
used in the analysis and final results were calculated as the
mean value of triplicates.
Statistical analysis
SPSS 10.0 software was used for statistical analysis. χ 2
analysis was used for ratio comparison and Spearman test

WJG|www.wjgnet.com

was used in correlation analysis. P < 0.05 was considered
a statistically significant difference.

RESULTS
IGF-1R protein and mRNA expression in rectal
carcinoma specimen
Immunohistochemistry showed diffuse IGF-1R staining
on rectal cancer cells with various degrees of signal density (Figures 1 and 2). With 1:120 antibody concentration,
very rare positive staining was observed in surrounding
stromal cells. There was strong IGF-1R expression (++
to +++ in 54 out of 87 subjects) in rectal carcinoma
specimens before radiotherapy. IGF-1R expression is
significantly correlated with cTNM staging (P = 0.012)
while no significant association was observed with age,
sex, tumor size and degree of differentiation (P = 0.424,
0.969, 0.604, 0.642 respectively, Table 1)
Compared with preoperative biopsy specimens, the
remaining tumor cells in the corresponding 83 surgical
specimens obtained after radiotherapy showed stronger
IGF-1R expression (P < 0.001, Figure 3). Four subjects
had no remaining tumor cells after radiotherapy. Most
of the specimens that underwent radiotherapy showed
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es showed RCRG1 reactions and 2 cases showed RCRG2
reactions, with noRCRG3 reactions. Typical cases were
shown in Figures 1 and 2.

Table 1 Correlation between immunohistochemistry insulinlike growth factor receptor-1 expression on pre-radiation
biopsy specimens and clinico-pathological parameters
Clinico-pathological
parameters
Age
< 55
≥ 55
Gender
Male
Female
Stage
Ⅰ-Ⅱ
Ⅲ

Differentiation
Well, moderately
Poorly
Size (cm)
<4
≥4

Cases

P value

IGF-1R
0-+

++-+++

43
44

14
19

29
25

0.424

49
38

18
15

31
23

0.969

47
40

24
9

23
31

0.012a

51
36

21
12

30
24

0.604

46
41

19
14

27
27

0.642

DISCUSSION

a

P < 0.05 vs stages Ⅰ-Ⅱ. IGF-1R: Insulin-like growth factor receptor-1.

strong IGF-1R expression (+++, 47/83, 56.6% or ++
19/83, 22.9%). There were another 13 subjects with negative IGF-1R expression before radiotherapy who showed
IGF-1R protein expression afterwards.
The product of RT-PCR is a 427 bp fragment. Seventy-seven out of 87 rectal carcinoma specimens from
patients who underwent radiotherapy showed IGF-1R
mRNA expression, which is consistent with immunohistochemistry data (P > 0.05). Part of the surgical specimen, especially those with a Stage 1 reaction to radiotherapy, did not meet the standards for RT-PCR analysis
due to fibrosis and necrosis in most of the tumor tissues.
Fifty-eight subjects met the standards for RT-PCR (tumor
cell > 90%). Compared with the corresponding specimens that underwent radiotherapy, IGF-1R mRNA expression was robustly up-regulated (Figure 4), which was
consistent with IGF-1R protein expression as shown in
immunohistochemistry results.
Tumor radiosensitivity
In 87 rectal cancer subjects, there were 31 cases of RCRG1,
28 cases of RCRG2 and 28 cases of RCRG3. In 4 RCRG1
cases, rectal tumor cells were completely eliminated as manifested by reactive fibrosis, necrosis and calcification after
radiotherapy on HE slides.
Correlation between IGF-1R expression and sensitivity
to radiotherapy
The association between IGF-1R expression in rectal
carcinoma specimens before radiotherapy and sensitivity
to radiotherapy is summarized in Table 2. Subjects with
low IGF-1R protein expression (0-+) in immunohistochemistry showed improved sensitivity to radiotherapy (P
< 0.001, r = 0.401). RT-PCR data revealed that subjects
with negative IGF-1R mRNA expression showed higher
sensitivity to radiotherapy (P < 0.001, r = 0.497). Out of
10 cases with negative IGF-1R before radiotherapy, 8 cas-
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The outcome of rectal cancer radiotherapy varies dramatically in different patients. The sensitivity to radiotherapy
remains a major concern for clinicians. It has been documented that radiation-mediated clonogenic cell death in
solid tumors stands as the major underlying mechanism
by which radiation exerts its therapeutic benefits[10,11].
With the advancement of research on cell cycle regulation apoptosis and DNA repair, scientists endeavored to
identify molecular biomarkers for radiotherapy sensitivity.
Data showed that mutations of anti-tumor gene p53, expression of Ku-70 (an important DNA protease involved
in DNA damage repair), expression of cell proliferation
marker Ki-67, and up-regulation of PCNA are all considered to be negatively associated with sensitivity to radiotherapy[12,13]. Even though there is a rapid accumulation
of related literature, the significance of those molecular
biomarkers in clinical contexts remains controversial,
which warrants further investigations on by-path biomarkers for radiotherapy sensitivity[14,15].
This is the first report examining the relation between
IGF-1R expression and tumor radiosensitivity in rectal
cancer. Results showed that IGF-1R hyperexpression
is associated with a poor response to radiotherapy. In
contrast, all 10 subjects with negative IGF-1R expression showed a good response to radiotherapy (8 cases of
RCRG1 and 2 cases of RCRG2). The potential underlying mechanism may involve a previous report in which
Héron-Milhavet et al[16] reported that the binding of IGF
to IGF-1R could ameliorate radiation-induced cell damage
in an IGF-1R positive mouse fibroblast NIH-3T3 cell line.
This mechanism at least partially involves activation of
MDM2/p53/p21 mediated DNA damage repair signaling machinery. As a matter of fact, IGF-IGF-1R binding
activates DNA damage repair signaling cascades which
include PI3K, MAPK and 14-3-3 protein etc.[17]. Part of
these signaling molecules activates DNA damage repair
genes, including GADD45 and APEN, which facilitates
DNA repair in those scenarios and is considered to be involved in the therapeutic effect of radiation[18]. Recently,
IGF-1R has been also associated with new partners, such
as major vault proteins, BCL-2, BAX, or Ku70/80, related to regulation of apoptosis, and nonhomologous endjoining DNA repair[19-22]. Thus we propose that the higher
protein and mRNA expression of IGF-1R may indicate
the stronger DNA damage repair and anti-apoptosis
capability, which means more surviving tumor cells and
radiotherapy resistance.
In addition, there was a significant up-regulation
of IGF-1R protein and mRNA in remaining rectal adenocarcinoma cells after radiotherapy compared to that
before radiotherapy. One potential explanation for this
observation indicates that IGF-1R hyperexpressed part of
tumor may be the part with better tolerance to radiation,

16271

November 21, 2014|Volume 20|Issue 43|

Wu XY et al . IGF-1R expression and rectal cancer radiosensitivity

Figure 3 Insulin-like growth factor receptor-1 immunostaining in the post-radiation rectal specimens. Regardless of radiosensitivity, strong cytoplasmic immunostaining (left panel) was often seen in the post-radiation remaining cancer cells, fibrosis was seen around the remaining tumor glandular tubes (right panel).
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Figure 4 Insulin-like growth factor receptor-1 mRNA expression by reverse transcription polymerase chain reaction in the paired pre-radiation and postradiation samples. bP < 0.01 vs the paired pre-radiation specimens, the post-operative specimens showed a significantly increased insulin-like growth factor receptor-1 (IGF-1R) mRNA expression. M: Marker; 1-4a: Pre-radiation samples; 1-4b: Post-radiation samples.

Table 2 Relationship between insulin-like growth factor
receptor-1 expression on pre-radiation biopsy specimens and
tumor radiosensitivity in rectal carcinoma
IGF-1R expression
IHC
0-+
++-+++
RT-PCR
+

Cases

RCRG

P value

r

1

2

3

33
54

18
13

9
19

6
22

< 0.001

0.401

10
77

8
23

2
26

0
28

< 0.001

0.497

RCRG: Rectal Cancer Regression Grades; IHC: Immunohistochemistry;
RT-PCR: Reverse transcription-polymerase chain reaction; IGF-1R: Insulinlike growth factor receptor-1.

which culminates in better survival after radiotherapy. An
alternative explanation suggests that this phenomenon
may represent a self-protection reaction to radiotherapy.
By reactive up-regulation of IGF-1R expression, there is
an increase of DNA damage repair in tumor cells which
warrants stronger protection to radiation. Therefore, tumor cells lack of reactive feedback will be eliminated by
radiation. This is probably why remaining rectal adenocarcinoma cells, though very few in number, showed strong
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expression of IGF-1R after radiotherapy. Given that this
reactive IGF-1R upregulation does exist in pathophysiological condition, blockage of IGF/IGR-1R signal transduction may enhance rectal cancer sensitivity to radiation.
As a hot target for specific tumor treatment, monoclonal
antibodies to IGF-1R and small molecule kinase inhibitors have entered the clinical trial stage of development[23]
Thus a discussion of regulation of this pathway combined
with radiotherapy stands as an important question for
clinical practice.
In general, our results show that IGF-1R may serve as
a novel radiotherapy sensitivity indicator for rectal cancer
patients. IGF-1R hyperexpression in rectal cancer may
indicate a better tolerance to preoperative radiotherapy.
Further investigations may be directed to address the following questions: (1) the protective effect of IGF-1 in radiotherapy should be confirmed in colorectal cancer cells
in vitro; and (2) how IGF-1/IGF-1R signal transduction
regulates feedback to radiotherapy mediated cell stress.

COMMENTS
COMMENTS
Background

Conditions with increased insulin-like growth factor-1 (IGF-1) levels, such as
acromegaly, are associated with an increased risk of malignancy, especially in
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colorectal cancer. This implies that IGF-1/insulin-like growth factor receptor-1
(IGF-1R) may play an important role in the pathogenesis of colorectal carcinoma. Studies on IGF/IGF-1R signaling revealed that the binding of IGF-1 to its
receptor activates a series of signal transduction events related to DNA damage
repair, which is considered part of the radiation protection mechanism. Based
on these preliminary data, the current study sought to examine the relative
expression of IGF-1R in biopsies collected before and after radiotherapy, which
may provide exploratory evidence on the relationship between IGF-1R expression and sensitivity to radiotherapy.

Research frontiers

The outcome of rectal cancer radiotherapy varies dramatically in different
patients. The sensitivity to radiotherapy remains as a major concern for clinicians. Even though there is a rapid increase in related literature, the significance of those molecular biomarkers in clinical contexts remains controversial,
which warrants further investigations on by-path biomarkers for radiotherapy
sensitivity.

Innovations and breakthroughs

This is the first report examining the relation between IGF-1R expression and
tumor radiosensitivity in rectal cancer. Results showed that IGF-1R hyperexpression is associated with poor response to radiotherapy. In addition, there
was a significant up-regulation of IGF-1R protein and mRNA in remaining rectal
adenocarcinoma cells after radiotherapy compared to that before radiotherapy.
Based on the DNA repair theory, authors could partially interpret our data: the
higher protein and mRNA expression of IGF-1R may indicate the stronger DNA
damage repair and anti-apoptosis capability, which means more surviving tumor
cells and radiotherapy resistance. But blockage of IGF/IGR-1R signal transduction may enhance rectal cancer sensitivity to radiation.

Applications

As a hot target for specific tumor treatment, monoclonal antibodies to IGF1R and small molecule kinase inhibitors have entered the clinical trial stage of
development. Thus a discussion of regulation of this pathway combined with
radiotherapy stands as an important question for clinical practice. This article
can stand as part of the theoretical basis.

Peer review

Authors investigated the relationship between insulin-like growth factor-1 expression and preoperative response of radiotherapy in rectal cancers. They
showed IGF-1R overexpression was significantly correlated with a poor response to radiotherapy, from the results of immunohistochemistry and reverse
transcription-polymerase chain reaction. The results look informative to the
gastroenterologists.
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72.9%, 50.0% and 33.3%, respectively, in the surgery only group and were 90.0%, 80.6% and 64.1%,
respectively, in the surgery plus sorafenib group. Cumulative survival rates at 4, 8 and 12 mo were 68.4%,
43.6% and 19.4%, respectively, in the surgery only
or TAE/TACE only groups, and were 91.7%, 75.0%
and 60.2%, respectively, in the sorafenib combination
groups (P = 0.04). No unexpected side effects due to
sorafenib were observed. The most common side effect was hand-foot skin reaction. To date, 5 patients
have died. Median follow-up from the start of sorafenib
therapy for the remaining 7 patients is 12.7 mo (range
5.8-32.2 mo).
CONCLUSION: Sorafenib can be used in patients with
ruptured HCC as it has interesting activity and is well tolerated; dose adjustment is generally not required. However, a larger prospective study is necessary to determine the efficacy of sorafenib in this group of patients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
AIM: To report the outcome of patients with ruptured
hepatocellular carcinoma (HCC) treated at a single center during a 5-year period.
METHODS: We retrospectively analyzed 32 patients
who presented with ruptured HCC at Shandong Provincial Hospital Affiliated to Shandong University between
2008 and 2013.
RESULTS: The mean age of the patients was 53 years
(range 39-71 years). Of these patients, 22 received
surgical management, 10 underwent transarterial embolization (TAE) or transarterial chemoembolization
(TACE), and 12 received sorafenib after surgery, TAE or
TACE. Cumulative survival rates at 4, 8 and 12 mo were
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Core tip: Spontaneous rupture of hepatocellular carcinoma (HCC) is a life-threatening condition. Currently,
sorafenib is available for HCC patients with spontaneous rupture, although its efficacy and safety have not
been reported. This study aims to report the outcome
of patients with ruptured HCC in a single center during
a 5-year period. We retrospectively analyzed 32 patients who presented with ruptured HCC at our institute
between 2008 and 2013. We concluded that sorafenib
can be used in patients with ruptured HCC as it has
interesting activity and is well tolerated. However, a
larger prospective study is necessary to determine the
efficacy of sorafenib in this group of patients.
Zheng SZ, Liu DJ, Sun P, Yu GS, Xu YT, Gong W, Liu J. Feasi-
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bility and safety of sorafenib treatment in hepatocellular carcinoma patients with spontaneous rupture. World J Gastroenterol
2014; 20(43): 16275-16281 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i43/16275.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i43.16275

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
form of liver cancer, accounting for approximately 90%
of primary malignant liver tumors in adults. It is the sixth
most common cancer and the third most common cause
of cancer-related death worldwide[1]. The incidence of
HCC has increased dramatically in the past decades and
is expected to continue to increase for the next two decades[2]. Spontaneous rupture of HCC is an uncommon
and potentially life-threatening presentation with a varied
incidence throughout the world. One report showed that
its incidence was < 3% in Western countries and was
> 10% in Asian countries[3-5]. The mortality rate due to
spontaneous rupture of HCC is high and has been reported to range from 32%-100%[6-8].
The treatment of ruptured HCC includes emergency
or staged liver resections, transarterial embolization (TAE),
transarterial chemoembolization (TACE), and hepatic artery ligation[7,9]. Although the overall prognosis of patients
with ruptured HCC is poor, some studies have reported a
promising outcome following emergency liver resection.
Recently, sorafenib, a multi-targeted small molecule
tyrosine kinase inhibitor, which inhibits tumor growth
and angiogenesis by inhibiting intracellular RAF kinases
(CRAF, BRAF and mutant BRAF) and cell surface kinase
receptors (VEGFR-2, VEGFR-3, PDGFR-beta, cKIT
and FLT-3), has become the standard treatment for advanced HCC based on two large randomized phase Ⅲ
trials[10,11].
However, the use of sorafenib in spontaneous rupture of HCC has not been studied and there is little information on this drug for patients with ruptured HCC.
Therefore, we conducted a retrospective study to determine the efficacy and safety of sorafenib in patients with
spontaneous rupture of HCC.

MATERIALS AND METHODS
This was a retrospective study of patients with spontaneous rupture of HCC treated in Shandong Provincial
Hospital Affiliated to Shandong University, Jinan, China,
during the period 2008-2013. The aim of this study was
to examine the survival of the patients with spontaneous
rupture of HCC treated with sorafenib and its side effects. Between January 2008 and August 2013, 32 patients
were clinically diagnosed with spontaneously ruptured
HCC. Of these patients, 22 received surgical management (emergency or staged liver resections), 10 received
TAE or TACE, and 12 received sorafenib after surgery,
TAE or TACE. None of the patients had recently re-
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ceived HCC treatment such as surgery or TACE within
one month of the diagnosis of HCC rupture. HCC was
diagnosed according to the diagnostic guidelines issued
by the American Association for the Study of Liver Diseases[12]. HCC rupture was defined as disruption of the
peritumoral liver capsule with enhanced fluid collection
in the perihepatic area adjacent to the HCC by dynamic
liver computed tomography (CT)[13], and when abdominal
paracentesis showed an ascitic red blood cell count of >
50000 mm3/mL in bloody fluid[14]. Details of patient demographics, clinical features, and medical history, including hepatitis status and histologic evidence of cirrhosis,
were recorded. The severity of liver disease was classified
according to Child-Pugh criteria. Patient demographics,
prior therapy, best response, survival data and relevant
toxicities were obtained and recorded in a database. All
patients were started on sorafenib 200 mg b.i.d. and titrated up to a full dose of 400 mg b.i.d. after 5-7 d if no
toxicity was observed. The primary outcome measure was
patient survival. Complete data, with a median follow-up
of 12.7 mo, were available.
Statistical analysis
Statistical analyses were performed using SPSS 13 for
Windows software. A P value < 0.05 was considered
statistically significant. Categorical variables were summarized as frequencies and percentages. Quantitative
variables were summarized as medians and ranges. Overall survival from the start of sorafenib was summarized
using the method of Kaplan and Meier.

RESULTS
Patient characteristics
The baseline characteristics of the 32 patients are summarized in Table 1. The patients (25 male and 7 female)
were classified as Child-Pugh A, Child-Pugh B or ChildPugh C, and had a median age of 53 years. The etiology
of liver disease was hepatitis B infection in 25, hepatitis
C in 2, alcohol in 2, and unknown in the remaining 3
patients. Fifteen of the 32 patients had a single HCC and
17 patients had multiple HCCs. Median tumor size was 8.3
cm (range, 2.9-25.5 cm), and only 3 patients had HCCs
within the Milan criteria. Before treatment, 0, 3, 11, 12
and 6 patients were found to have Barcelona Clinical Liver Cancer stage 0, A, B, C, or D stage HCC, respectively.
Median alpha-fetoprotein concentration at diagnosis of
HCC rupture was 864 ng/mL (range, 6-54 000 ng/mL).
Seven patients required a vasopressor due to shock at
presentation. Ruptured HCC was located on the surface
of the liver in all patients.
Treatment outcomes
One-month overall cumulative mortality for the 32 study
subjects was 12.5% (Figure 1). Cumulative survival rates
at 4, 8 and 12 mo were 85.9%, 69.3% and 55.1%, respectively, in the surgical group and 70.3%, 23.3% and 11.7%,
respectively, in the TAE/TACE group. Cumulative sur-
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Table 1 Clinical characteristics of the 32 patients with ruptured hepatocellular carcinoma n (%)

1.0

Cumulative survival rates

Age
Mean (range), yr
Gender (male/female)
Etiology
HBV/HCV/alcohol/others
Child-Pugh classification
A/B/C
Extra-liver sites of metastatic disease
Tumor size (cm)
Tumor number
Single/multiple
Within Milan criteria
BCLC stage
0/A/B/C/D

53 (39-71)
25/7
25 (78.1)/2 (6.3)/2 (6.3)/3 (9.4)

Alpha-fetoprotein (ng/mL)
mean (range)
Treatment Resection/TAE(TACE)
Sorafenib

Survival function

0.8

Total (n = 32)

Variable

3 (9.4)/12 (37.5)/10 (31.3)
4 (12.5)
8.3 (2.9-25.5)

Censored
0.6

0.4

0.2

8 (25.0)/24 (75.0)
3 (9.4)

0.0
0

0 (0.0)/3 (9.4)/11 (34.4)/
12 (37.5)/6 (18.8)

4

8

12

16
20
t /mo

28

32

36

Figure 1 Overall cumulative survival Kaplan-Meier curve for the 32 study
subjects.

864 (6-54000)
22 (68.8)/10 (31.2)
12 (37.5)

1.0

HBV: Hepatitis B virus; HCV: Hepatitis C virus; BCLC: Barcelona Clinical
Liver Cancer; TAE: Transarterial embolization; TACE: Transarterial chemoembolization.

Surgery (n = 22)
TAE/TACE (n = 10)

vival rates at 4, 8 and 12 mo were higher in the surgical
group than in the TAE/TACE group (P < 0.01) (Figure
2). Cumulative survival rates at 4, 8 and 12 mo were
72.9%, 50.0% and 33.3%, respectively, in the surgery only
group and were 90.0%, 80.6% and 64.1%, respectively
in the surgery plus sorafenib group. Cumulative survival
rates at 4, 8 and 12 mo tended to be higher in the surgery plus sorafenib group, although the difference was
statistically insignificant (P = 0.18) (Figure 3). Cumulative
survival rates at 4, 8 and 12 mo were 68.4%, 43.6% and
19.4%, respectively, in the groups treated with surgery or
TAE/TACE only, and were 91.7%, 75.0% and 60.2%,
respectively, in the surgery or TAE/TACE plus sorafenib
groups (P = 0.04) (Figure 4).
Sorafenib treatment and toxicity
Three patients discontinued sorafenib and 9 continue
with sorafenib treatment. To date, patients have been
treated for a median of 12.8 mo (range 4.1-32.2 mo).
Table 2 summarizes sorafenib-induced toxicity observed
thus far. All patients were started on sorafenib 200 mg
b.i.d. and titrated up to a full dose of 400 mg b.i.d. after
5-7 d if there was no toxicity noted; however, 3 patients
required temporary dose reduction due to hand-foot skin
reaction and diarrhea. Most of the toxicities seen in this
group of patients occurred at the dose of 400 mg b.i.d.
and were expected side effects of sorafenib. Hand-foot
skin reaction was the most common side effect.
To date, 2 patients have achieved a complete radiographic response. Three patients achieved disease stabilization as their best response. Seven patients have progressed, and 5 patients have died. Median follow-up from
the start of sorafenib therapy in the remaining 6 patients
is 12.7 mo (range 5.8-32.2 mo). None of the patients dis-

Cumulative survival rates

0.8
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24

Surgery-censored
TAE/TACE-censored

0.6

0.4

0.2

0.0
0

4

8

12

16
20
t /mo

24

28

32

36

Figure 2 Comparison of cumulative survival rates between surgery group
and transarterial embolization/transarterial chemoembolization group.
Cumulative survival rates in the surgery group (n = 22, median survival time
of 13.61 mo; 95%CI: 7.49-19.72) and in the TAE/TACE group (n = 10, median
survival time of 6.67 mo; 95%CI: 4.23-8.97). Cumulative survival rates at 4, 8
and 12 mo in the surgical group were significantly higher than in the TAE/TACE
group (P < 0.01). TAE: Transarterial embolization; TACE: Transarterial chemoembolization.

continued sorafenib due to toxicity.

DISCUSSION
Hepatocellular carcinoma is a common cause of death,
with 100000 lives lost annually in China[4]. Spontaneous
rupture of HCC is an uncommon, but lethal complication with an incidence of approximately 15% in Asia[15].
The mechanism of spontaneous rupture of HCC is
unclear, but has been attributed to central necrosis in the
rapidly growing HCC, hemorrhage and venous congestion inside the tumor, coagulopathy due to underlying
cirrhosis, and minor trauma causing a sudden increase
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Surgery (n = 12)

1.0

Table 2 Sorafenib toxicity grades based on common terminology
criteria for adverse events version 4.0

Surgery + Sorafenib (n = 10)
Surgery-censored
Surgery + Sorafenib-censored

Cumulative survival rates

0.8

Adverse events
Hand-foot skin reaction
Diarrhea
Hypertension
Skin rash
Anorexia
Mucositis
Agrypnia

0.6

0.4

Grade 1/2

Grade 3/4

3
2
1
2
2
1
1

1
2
0
0
0
0
0

0.2

0.0
0

4

8

12

16
20
t /mo

24

28

32

36

Figure 3 Comparison of cumulative survival rates between surgery alone
group and surgery combined sorafenib group. Cumulative survival rates
in the surgery only group (n = 12, median survival time of 11.41 mo; 95%CI:
6.31-15.49) and in the surgery plus sorafenib group (n = 10, median survival
time of 16.47 mo; 95%CI: 7.49-19.72). Cumulative survival rates at 4, 8 and 12
mo tended to be higher in the surgery plus sorafenib group, despite the difference being statistically insignificant (P = 0.18).
Surgery/TAE/TACE (n = 20)

1.0

Combined sorafenib (n = 12)
Surgery/TAE/TACE-censored
Combined sorafenib-censored

Cumulative survival rates

0.8

0.6

0.4

0.2

0.0
0

4

8

12

16
20
t /mo

24

28

32

36

Figure 4 Comparison of cumulative survival rates between surgery alone
group and transarterial embolization/transarterial chemoembolization
alone group. Cumulative survival rates in the surgery only or TAE/TACE only
group (n = 20, median survival time of 8.32 mo; 95%CI: 6.93-9.57) and in the
surgery or TAE/TACE plus sorafenib group (n = 12, median survival time of
16.41 mo; 95%CI: 10.97-21.83). Cumulative survival rates at 4, 8 and 12 mo
were higher in the surgery or TAE/TACE plus sorafenib group (P = 0.04). TAE:
Transarterial embolization; TACE: Transarterial chemoembolization.

in pressure within the tumor[9,16,17]. The primary objective of initial management is to achieve hemostasis by
either TAE/TACE or surgery. Several studies have proposed that selective hepatic artery ligation or emergency
hepatectomy are the treatments of choice in patients
with limited tumor and preserved liver function (ChildPugh grade A or B), with TAE/TACE as the next-best
choice[16,18]. TAE/TACE is effective in controlling bleeding in HCCs, with a lower in-hospital mortality rate than
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surgery; however, the outcome is still dependent on liver
function. In addition to poor liver function, the multifocal
nature of the tumor and large tumor size may also help
explain the risk of decompensation and poor outcome.
It has been shown that early mortality is not dependent
on the modality of treatment, but on the patient’s prerupture disease state, history of cirrhosis, liver function at
the time of rupture, and the degree of shock[19,20].
Previous reports demonstrated that patients who
underwent emergency hepatectomy had significantly better survival rates. This may have been due to the fact
that the majority of patients who underwent emergency
hepatectomy were non-cirrhotic and had reasonable liver
function. Emergency or early hepatectomy in such patients will facilitate restoration of hepatic perfusion and
preservation of liver function[8,21]. A comparable survival
rate was also noted in patients who underwent elective
hepatectomy after initial control of bleeding by surgical
perihepatic packing. Although surgical treatment of peritoneal dissemination of HCC is not curative, surgery may
improve survival and provide a good quality of life in
selected patients[22]. Yang et al[23] concluded that improvements in surgical technique and perioperative care have
made partial hepatectomy a safe and effective treatment
in the event of spontaneous HCC rupture. Yoshida et al[16]
reported that cumulative survival rates in the ruptured
group at 1, 5 and 10 years were 90.0%, 67.5% and 20.3%,
respectively, and concluded that survival rates after elective hepatectomy in patients with ruptured HCC are
good, and that TAE followed by elective hepatectomy
is considered an effective strategy for patients with ruptured HCC[6].
In our study, cumulative survival rates at 4, 8 and 12
mo were higher in the surgical group than in the TAE/
TACE group (P < 0.01). Thus, surgical management was
superior to TAE/TACE in treating ruptured HCC. We
observed an overall 30-d mortality rate of 12.5%, while
the mortality rate was over 30% in other similar reports.
This may be because our institute focuses on surgical
treatment and patients with severe rupture of HCC and
poor liver function have an extremely guarded prognosis and cannot tolerate surgical hepatic resection. Thus,
TAE/TACE should be suggested in patients who cannot
tolerate liver resection, especially in those with poor liver
function.
Treatment of ruptured HCC is challenging. Recently,
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sorafenib, an oral multikinase inhibitor with activity
against Raf-1, B-Raf, VEGFR2, PDGFR and c-Kit
receptors, was shown to have potent antiangiogenic
and proapoptotic activity and therefore has a marked
antitumoral effect[24]. The improved survival in patients
treated with sorafenib is supported by the highest level
of evidence, and sorafenib is considered the standard
systemic therapy for HCC in patients with well-preserved
liver function and advanced-stage HCC or in patients
with HCC progressing after locoregional therapies[25,26].
Rupture of HCC can lead to peritoneal dissemination
and recurrence, and the tumor-node-metastasis classification of the International Union Against Cancer classifies
ruptured HCC as T4[27]. Sorafenib should be available for
HCC patients with spontaneous rupture. However, thus
far only limited data are available with regard to the safety
and efficacy of sorafenib in HCC patients with spontaneous rupture. Therefore, it is important that more data on
the use of sorafenib in HCC patients with spontaneous
rupture become available.
Our single-institution data clearly showed that it is
feasible to use sorafenib in patients with ruptured HCC.
In terms of efficacy, thus far, 2 patients have achieved
a complete radiographic response. Three patients have
achieved disease stabilization as their best response.
Seven patients have progressed and 5 patients have died.
Median follow-up from the start of sorafenib therapy for
the remaining 6 patients is 12.7 mo (range 5.8-32.2 mo).
Cumulative survival rates at 4, 8 and 12 mo tended to be
higher in the surgery plus sorafenib group than in the
surgery only group, although the difference was statistically insignificant (P = 0.18). Cumulative survival rates
at 4, 8 and 12 mo were higher in the groups treated with
surgery or TAE/TACE plus sorafenib than in the groups
treated with surgery or TAE/TACE only (P = 0.04). Our
results showed that sorafenib is effective in the treatment
of ruptured HCC.
To date, two studies have reported the clinical outcomes of patients on sorafenib treatments and have
addressed the management of sorafenib-related adverse
events (AEs) in daily clinical practice: the GIDEON
study (Global Investigation of therapeutic DEcisions
in hepatocellular carcinoma and Of its treatment with
sorafeNib), conducted on a very large population of
HCC patients in more than 40 countries[28], and the SOFIA (SOraFenib Italian Assessment) study, conducted in
Italy[29]. Sorafenib appeared to be well-tolerated in both
the GIDEON and the SOFIA studies; however, a number of AEs were reported in both studies. The most frequent sorafenib-associated AEs were dermatological lesions, cancer-related fatigue and diarrhea. Grade 3/4 liver
dysfunction has also been reported in 3% of patients
treated with sorafenib compared with placebo in the
SHARP trial (supplementary appendices)[10] and in 1% of
patients treated with sorafenib in the GIDEON study[30].
The safety profile of sorafenib was similar, although a
slightly higher rate of AEs and the need for dose reduction was reported when compared with the landmark
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phase Ⅲ trials. Proper management of sorafenib-associated AEs reduces the risk of dose reductions and/or
treatment interruptions, thus optimizing the clinical benefits associated with this agent[31].
In our study, all of the patients were started on a
reduced sorafenib dose of 200 mg b.i.d. and titrated
up to the full dose of 400 mg b.i.d. after 5-7 d without
any problems. Toxicities seen at the higher dose were
mostly the expected side effects of sorafenib. None of
the patients needed permanent dose reduction; however, 3 patients required temporary dose reduction due
to hand-foot skin reaction and diarrhea. None of the
patients discontinued sorafenib due to toxicity. Recently,
sorafenib has been used in the treatment of patients with
advanced HCC, even in patients with recurrent HCC
after liver transplantation; however, dose adjustment may
be required[32]. Our study showed that sorafenib dose adjustment was not required in the treatment of ruptured
HCC. In our study, almost all toxicities were expected
and no new serious AEs were observed.
To our knowledge, our series includes one of the largest groups of patients with spontaneous rupture of HCC
who received sorafenib in a single institution. Our series
has shown that it is feasible to use sorafenib in conjunction with other therapeutic regimens such as surgery,
TAE and TACE in patients with rupture of HCC and
dose adjustment is generally not required.
The limitations of the present study are as follows:
the retrospective design and small sample size are two
main limitations of this study. Nevertheless, our study is
the first to provide evidence of the outcome of sorafenib
treatment and its toxicity in patients with rupture of
HCC.
In conclusion, we confirm that sorafenib has interesting activity and acceptable tolerability in patients with
HCC rupture. However, future trials are required to confirm the efficacy and safety of this drug in patients with
rupture of HCC.

COMMENTS
COMMENTS
Background

Hepatocellular carcinoma (HCC) is the sixth most common cancer and the
third most common cause of cancer-related death worldwide. Spontaneous
rupture of HCC is an uncommon and potentially life-threatening presentation.
The reported high mortality rate due to spontaneous rupture of HCC ranges
from 32%-100%. Recently, sorafenib has become the standard treatment for
advanced HCC. However, the use of sorafenib in spontaneous rupture of HCC
has not been studied and there is little information on this drug in HCC patients
with spontaneous rupture. Therefore, the authors conducted a retrospective
study to determine the efficacy and safety of sorafenib in patients with spontaneous rupture of HCC.

Research frontiers

Sorafenib is a multi-targeted small molecule tyrosine kinase inhibitor which
inhibits tumor growth and angiogenesis by inhibiting intracellular RAF kinases
(CRAF, BRAF, and mutant BRAF) and cell surface kinase receptors (VEGFR-2,
VEGFR-3, PDGFR-beta, cKIT, and FLT-3). Sorafenib has become the standard treatment for advanced HCC. It demonstrated a modest survival benefit
over placebo in 2 phase Ⅲ trials, especially in patients with Child-Pugh A liver
disease. However, there is little information on this drug in HCC patients with
spontaneous rupture.
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Innovations and breakthroughs

Sorafenib is a multi-targeted small molecule tyrosine kinase inhibitor which
inhibits tumor growth and angiogenesis by inhibiting intracellular RAF kinases
(CRAF, BRAF, and mutant BRAF) and cell surface kinase receptors (VEGFR-2,
VEGFR-3, PDGFR-beta, cKIT, and FLT-3), and it has become the standard
treatment for advanced HCC based on two large randomized phase Ⅲ trials.
However, the use of sorafenib in spontaneous rupture of HCC has not been
studied and there is little information on this drug in HCC patients with spontaneous rupture. The authors conducted a retrospective study to determine the
efficacy and safety of sorafenib in patients with spontaneous rupture of HCC.

Applications

The study results suggest that sorafenib can be used in patients with ruptured
HCC as it has interesting activity and is well tolerated; dose adjustment is generally not required.

Terminology

11

12
13

Sorafenib: Sorafenib is an oral multi-kinase inhibitor which blocks tumor-cell
proliferation and increases the rate of apoptosis. Sorafenib is the only agent with
proven survival benefit in the treatment of advanced hepatocellular carcinoma.

14

This is a good retrospective study in which authors analyze the feasibility and
safety of using sorafenib in hepatocellular carcinoma patients with spontaneous
rupture. The results are interesting and suggest that sorafenib can be used in
ruptured HCC patients with an interesting activity and tolerable toxicity.

15
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Abstract
AIM: To develop a technique of sleeve-wrapping the
pedicled omentum around the esophagogastric anastomosis for preventing and localizing leakage.
METHODS: This study includes data from 86 patients
who were diagnosed with esophageal cancer and underwent the technique of sleeve-wrapping the pedicled
omentum around esophagogastric anastomosis after
esophagectomy between November 2011 and July 2013.
The early complications that occurred during follow-up
were analyzed.
RESULTS: Postoperative complications included pulmonary complications (13/86; 15.1%) and abdominal or
thoracic wound infection (3/86; 3.5%). Complications
that occurred during follow-up included one case of
anastomosis leakage (limited by omentum; 1.2%) and
five case of anastomosis stricture (5.8%). No deaths
occurred. All complications were resolved through traditional treatment. No additional surgery was needed.

WJG|www.wjgnet.com

CONCLUSION: Sleeve-wrapping of the pedicled omentum around esophagogastric anastomosis after esophagectomy is safe and effective for preventing and localizing anastomosis leakage without increasing anastomosis
stricture.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Anastomotic leakage; Esophageal cancer; Esophagectomy; Esophagogastrostomy; Pedicled
omentum
Core tip: This study describes sleeve-wrapping of the
pedicled omentum around esophagogastric anastomosis
after esophagectomy to prevent and localize anastomosis leakage for the treatment of esophageal carcinoma.
A total of 86 patients with esophageal carcinoma were
operated upon with the new anastomosis technique at
our institute, and only one patient developed anastomotic leakage, which was limited by the omentum, and
successfully cured by conservative treatment. A better
understanding of this may provide a good alternative
method for anastomosis after esophagogastrectomy of
esophageal cancer.
Liu QX, Deng XF, Hou B, Min JX, Dai JG. Preventing and
localizing esophagogastric anastomosis leakage by sleevewrapping of the pedicled omentum. World J Gastroenterol 2014;
20(43): 16282-16286 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i43/16282.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i43.16282

INTRODUCTION
Esophagectomy for early- and middle-stage esophageal
tumors remains the standard for curative or palliative
therapy. For patients with node-negative esophageal car-
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(range: 10-29 d). The patient characteristics are shown in
Table 1.

Table 1 Characteristics of the patients
Characteristics

Value

Male/female, n
Age, yr
Site of tumor, n
Upper thoracic
Middle thoracic
Lower thoracic
Tumor size, cm
Stage of tumor, n

21/66
63 ± 8
17
39
31
3 ± 1.5
12
21
43
11

Ⅰ
Ⅱa
Ⅱb
Ⅲ

Note: Values are means ± standard deviation were available.

cinoma who have had resection, it is possible to achieve
five-year survival rates of 43%-54%[1,2]. Esophagogastric
anastomotic leakage is considered a life-threatening postoperative complication, especially when it occurs in the
chest. Postoperative anastomotic leakage rates of 2%-20%
have recently been reported for esophagectomy with
cervical anastomosis. Cervical anastomoses have a higher
leakage rate than intrathoracic anastomoses, but leaks
from the latter are usually more life threatening[3-5].
Anatomical factors implicated in anastomotic leakage
include inadequate blood supply, lack of serosa, and fragile
longitudinal muscle layers, which make it difficult to attain
watertight suturing for the esophagogastric anastomoses.
Anastomosis for esophageal reconstruction is of central
importance in the practice of esophageal surgery. Most
anastomoses can be successful when the site is tension
free and nourished with an excellent blood supply. Various
technical innovations have been reported for prevention
of anastomotic leakage, including wrapping the stomach
around the anastomosis, stapling devices, tunnel esophagogastrostomy, triangulating stapling technique, and wrapping
an omental graft around the anastomosis[6-8]. However, the
outcomes are still disappointing or controversial and no
standardized treatment strategy has been settled.
Here, we introduce our initial experience with a modified esophagogastric anastomosis technique (sleeve-wrapping of the pedicled omentum around esophagogastric
anastomosis) after esophagectomy for preventing and
localizing anastomosis leakage.

MATERIALS AND METHODS
Patients
This study protocol was approved by the Ethics Committee of the Third Military Medical University, Chongqing,
China and all the patients gave written informed consent.
Between November 2011 and July 2013, a total of 86
patients with esophageal carcinoma were operated upon
with the new anastomosis technique at our institute. The
distance from the incisors to the tumors ranged from 21
to 37 cm; and the longitudinal dimension ranged from 1
to 5 cm. The average length of hospital stay was 17.5 d

WJG|www.wjgnet.com

Surgical procedure
The patients were placed in the left vertical supine position with the right chest wall turned towards the surgeon.
The esophagus was circumferentially mobilized and the
tumor was dissected at the appropriate level through a
right thoracotomy, with proximal and distal margins > 5
cm. The operative procedure also included removal of
the lymph nodes along the celiac axis, left gastric artery,
and lesser curve of the stomach. The right gastroepiploic
artery was carefully preserved and the omentum was freed
from the transverse colon and divided at the edge adherent to the colon so that both arterial communications
and sufficient length of omentum were fully preserved.
We mobilized 10-15 cm of pedicled omentum, with ≥ 6
cm remaining attached to the mobilized stomach on the
terminal gastroepiploic arcade, close to the prospective
line of gastric resection (Figure 1). We inserted a gastric
tube with a diameter of 3 cm, with resection of the lesser
curvature through midline laparotomy. The stomach was
pulled through the anterior mediastinum for end-to-side
esophagogastric anastomoses for ease of construction and
standardization of the procedure. The curved circular stapler (CDH Ethicon; Johnson & Johnson, New Brunswick,
NJ, United States) was used for end-to-side esophagogastric anastomoses in which a double ring of staples was
produced with inversion of the esophageal and stomach
borders. After the esophagogastric anastomosis was completed, a long and intact pedicled omentum was loosely
sleeve-wrapped around the esophagogastric suture line.
Subsequently, several sutures of the omentum were placed
in the position of the residual esophagus and stomach, to
ensure an esophagogastric anastomosis without tension
(Figure 2). A nasogastric tube was inserted into the duodenum, and a vacuumed drainage tube was placed before the
incision was closed.
Postoperative period and follow-up
All patients were observed after discharge every month
thereafter for one year. Barium swallow examination
and endoscopy were performed in all of the patients at
follow-up to detect anastomotic leakage and benign anastomotic stricture. Diagnosis of anastomotic stricture was
confirmed by endoscopy, where a 10-mm-diameter flexible endoscope could not pass.

RESULTS
The average operative time of this procedure in 86 patients was 234 ± 28 min (mean ± standard deviation).
Thirteen patients (13/86; 15.1%) developed postoperative pulmonary complications and they were all treated
conservatively with bronchodilators, chest physiotherapy,
and antibiotics. Abdominal or thoracic wound infection
developed in three patients who responded to conservative management and were discharged within 24 ± 5 d
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Pdeicled omentum

Figure 1 Pedicled omentum. Mobilized omentum and harvest of a 10-15-cm-length of pedicled omentum.

Esophagus

Stomach

Figure 2 Omentum sleeve-wrapped around the esophagus. Sleeve-wrapping of the pedicled omentum around the esophagogastric anastomotic site after esophagectomy. Several sutures were made in the residual esophagus and stomach to avoid tension, and to maintain the position of the omentum between the stomach and
esophagus.

Figure 3 Barium examination. Barium swallow examination and X-ray film
were performed when anastomotic leakage occurred.

Figure 4 Digestive endoscopy examination. Endoscopic view of the anastomosis was performed when anastomotic leakage occurred postoperatively.

postoperatively. Five patients developed anastomotic
stricture. Only one patient developed anastomotic leakage, which was limited by the omentum, and successfully cured by conservative treatment. In this patient, we
clearly noticed the function of the pedicled omentum in
preventing and localizing anastomotic leakage. When the
patient exhibited symptoms that were highly suspicious
of anastomotic leakage, barium swallow examination and
endoscopy were performed. In the X-ray film we did not
observe anastomotic leakage (Figure 3). However, endos-

copy of revealed anastomotic leakage, which seemed to
be blocked by the omentum (Figure 4). This patient was
managed conservatively with enteral nutrition and the
anastomotic leakage closed spontaneously in 10 d.
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DISCUSSION
Esophageal resection with gastric tube reconstruction is
currently considered the standard treatment for curative
or palliative care in patients with esophageal cancer[9]. It is
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reported that the five-year survival rates in patients with
esophageal carcimona who have had resection with nodenegative disease are between 43% and 54%[10]. However,
esophagogastric anastomotic leakage between the remaining esophagus and gastric tube is still a life-threatening
complication after esophageal resection, especially when
the leakage occurs in the chest. The wound-healing process of esophageal anastomosis mimics that of wound
healing in other tissues, which includes three phases:
inflammation (0-4 d), proliferation (5-10 d), and remodeling (> 10 d)[11]. The use of a pedicled omentum may be
effective in promoting these three phases. In our series,
patients who were treated by the new technique had a
quicker recovery and lower leakage rate compared with
patients who underwent conventional anastomosis (1.2%
vs 4%-10%[12-17]). In previous studies, the omentum or
pedicled omentum was used simply to cover the esophagogastric anastomosis to avoid anastomosis leakage[18,19].
Compared with previous methods, the present technique
has three advantages: (1) the right gastroepiploic artery
was carefully preserved and the omentum was freed from
the transverse colon and divided at the edge adherent to
the colon, so that the length of the pedicled omentum
and the arterial communications were preserved more
fully; (2) two or three branches of the right gastroepiploic
artery were preserved on the pedicled omental flap, which
can provide an adequate blood supply; and (3) after wrapping the pedicled omental flap around the esophagogastric anastomosis, several sutures were placed to maintain
the position of the omentum between the stomach and
esophagus to ensure an anastomosis without tension.
Patients with stage Ⅰ-Ⅲ cancer are suitable candidates for our procedure. Careful preoperative workup
for cervical, thoracic and mediastinal lymph node metastases is important. The length of the segment transected
should be determined according to the length of the
tumor, but the margin should be > 5 cm to reduce the
chance of residual tumor. Both cervical and thoracic
anastomoses are for this technique, though it is mainly
used for thoracic anastomosis. Although leakage is more
frequent with cervical anastomoses, these heal spontaneously with conservative management.
Based on the uncomplicated performance and shorter
operating time of our procedure, it is applicable to all patients undergoing esophagectomy for esophageal cancer,
and even to elderly patients. In our group, the procedure
was performed safely in 15 patients > 75 years of age, of
whom the eldest (85 years-old) had a smooth recovery.
Anastomotic leakage occurred in one patient aged 65
years, but we were pleased to observe by barium swallow
examination that the contrast agent did not leak from the
esophageal lumen. Also, endoscopic examination showed
that the omentum successfully blocked anastomotic leakage. This patient was managed conservatively and recovered in 10 d.
In conclusion, sleeve-wrapping the pedicled omentum around esophagogastric anastomoses is a feasible
procedure for esophagectomy of esophageal cancer. The
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major advantages of the procedure are that it has a lower
postoperative anastomotic leakage rate and shorter recovery time, and even when anastomotic leakage occurs,
it can reduce the mortality and healing time.

ACKNOWLEDGMENTS
The authors thank the study participants as well as all
the researchers and staff for their contributions to this
study.

COMMENTS
COMMENTS
Background

Esophagectomy is still the standard treatment for patients with esophageal carcinoma. However, conventional esophagogastrostomy after esophagectomy is
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anastomotic leakage, including wrapping the stomach around the anastomosis,
stapling devices, tunnel esophagogastrostomy, triangulating stapling technique,
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from the transverse colon and divided at the edge adherent to the colon, so
that the length of the pedicled omentum and the arterial communications were
preserved more fully; (2) two or three branches of the right gastroepiploic artery
were preserved in the pedicled omental flap, which can provide an adequate
blood supply; and (3) after wrapping of the pedicled omental flap around the
esophagogastric anastomosis, several sutures were placed to maintain the
position of the omentum between the stomach and esophagus to ensure an
anastomosis without tension.

Applications

The study results suggest that sleeve-wrapping the pedicled omentum around
an esophagogastric anastomosis is a feasible procedure for esophagectomy of
esophageal cancer.
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Pedicled omentum is the omentum that is freed from the transverse colon and
divided at the edge adherent to the colon, with arterial communications.

Peer review

This is a well-written and scientific description of esophageal anastomotic
techniques from a single institution over a relatively short time frame. The methodology and results are clear and helpful. This paper describes an interesting
method for anastomoses after esophagectomy for squamous cell carcinoma of
the thoracic esophagus. The authors are to be congratulated on their excellent
results.

REFERENCES
1

2

16285

Tabira Y, Yasunaga M, Sakaguchi T, Yamaguchi Y, Okuma
T, Kawasuji M. Outcome of histologically node-negative
esophageal squamous cell carcinoma. World J Surg 2002; 26:
1446-1451 [PMID: 12297913]
Tachibana M, Kinugasa S, Yoshimura H, Shibakita M, Tonomoto Y, Dhar DK, Nagasue N. Clinical outcomes of extended
esophagectomy with three-field lymph node dissection for

November 21, 2014|Volume 20|Issue 43|

Liu QX et al . Preventing and localizing anastomosis leakage

3

4

5
6

7

8
9

10

11

esophageal squamous cell carcinoma. Am J Surg 2005; 189:
98-109 [PMID: 15701501]
Hulscher JB, Tijssen JG, Obertop H, van Lanschot JJ. Transthoracic versus transhiatal resection for carcinoma of the
esophagus: a meta-analysis. Ann Thorac Surg 2001; 72: 306-313
[PMID: 11465217]
Honda M, Kuriyama A, Noma H, Nunobe S, Furukawa TA.
Hand-sewn versus mechanical esophagogastric anastomosis
after esophagectomy: a systematic review and meta-analysis.
Ann Surg 2013; 257: 238-248 [PMID: 23001084 DOI: 10.1097/
SLA.0b013e31826d4723]
Urschel JD. Esophagogastrostomy anastomotic leaks complicating esophagectomy: a review. Am J Surg 1995; 169: 634-640
[PMID: 7771633]
Takemura M, Yoshida K, Fujiwara Y. Modified triangulating
stapling technique for esophagogastrostomy after esophagectomy for esophageal cancer. Surg Endosc 2013; 27: 1249-1253
[PMID: 23093236 DOI: 10.1007/s00464-012-2586-8]
Dai JG, Zhang ZY, Min JX, Huang XB, Wang JS. Wrapping of
the omental pedicle flap around esophagogastric anastomosis
after esophagectomy for esophageal cancer. Surgery 2011; 149:
404-410 [PMID: 20850852 DOI: 10.1016/j.surg.2010.08.005]
Yuan Y, Wang KN, Chen LQ. Esophageal anastomosis. Dis
Esophagus 2014; Epub ahead of print [PMID: 24438553 DOI:
10.1111/dote.12171]
Zheng QF, Wang JJ, Ying MG, Liu SY. Omentoplasty in
preventing anastomotic leakage of oesophagogastrostomy
following radical oesophagectomy with three-field lymphadenectomy. Eur J Cardiothorac Surg 2013; 43: 274-278 [PMID:
22648923 DOI: 10.1093/ejcts/ezs285]
Swanson SJ, Batirel HF, Bueno R, Jaklitsch MT, Lukanich JM,
Allred E, Mentzer SJ, Sugarbaker DJ. Transthoracic esophagectomy with radical mediastinal and abdominal lymph node
dissection and cervical esophagogastrostomy for esophageal
carcinoma. Ann Thorac Surg 2001; 72: 1918-1924; discussion
1924-1925 [PMID: 11789772]
Shomaf M. Histopathology of human intestinal anastomo-

12

13

14

15

16

17

18

19

sis. East Mediterr Health J 2003; 9: 413-421 [PMID: 15751935]
Craig SR, Walker WS, Cameron EW, Wightman AJ. A prospective randomized study comparing stapled with handsewn
oesophagogastric anastomoses. J R Coll Surg Edinb 1996; 41:
17-19 [PMID: 8930036]
Law S, Fok M, Chu KM, Wong J. Comparison of hand-sewn
and stapled esophagogastric anastomosis after esophageal resection for cancer: a prospective randomized controlled trial.
Ann Surg 1997; 226: 169-173 [PMID: 9296510]
Laterza E, de’ Manzoni G, Veraldi GF, Guglielmi A, Tedesco
P, Cordiano C. Manual compared with mechanical cervical oesophagogastric anastomosis: a randomised trial. Eur J
Surg 1999; 165: 1051-1054 [PMID: 10595609]
Okuyama M, Motoyama S, Suzuki H, Saito R, Maruyama
K, Ogawa J. Hand-sewn cervical anastomosis versus stapled
intrathoracic anastomosis after esophagectomy for middle
or lower thoracic esophageal cancer: a prospective randomized controlled study. Surg Today 2007; 37: 947-952 [PMID:
17952523]
Luechakiettisak P, Kasetsunthorn S. Comparison of handsewn and stapled in esophagogastric anastomosis after esophageal cancer resection: a prospective randomized study. J Med
Assoc Thai 2008; 91: 681-685 [PMID: 18672632]
Zhang YS, Gao BR, Wang HJ, Su YF, Yang YZ, Zhang JH,
Wang C. Comparison of anastomotic leakage and stricture
formation following layered and stapler oesophagogastric
anastomosis for cancer: a prospective randomized controlled trial. J Int Med Res 2010; 38: 227-233 [PMID: 20233534]
Ohwada S, Ogawa T, Kawate S, Koyama T, Yamada T, Yoshimura S, Sato Y, Tomizawa N, Ohya T, Morishita Y. Omentoplasty versus no omentoplasty for cervical esophagogastrostomy following radical esophagectomy. Hepatogastroenterology
2002; 49: 181-184 [PMID: 11941948]
Thakur B, Zhang CS, Tan ZB. Omentoplasty versus no omentoplasty for esophagogastrostomy after surgery for cancer of
cardia and esophagus. Indian J Cancer 2004; 41: 167-169 [PMID:
15659870]

P- Reviewer: Bintintan VV, Huang XB, Pal S S- Editor: Gou SX
L- Editor: AmEditor E- Editor: Liu XM

WJG|www.wjgnet.com

16286

November 21, 2014|Volume 20|Issue 43|

World J Gastroenterol 2014 November 21; 20(43): 16287-16292
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i43.16287

© 2014 Baishideng Publishing Group Inc. All rights reserved.

OBSERVATIONAL STUDY

Multipurpose use of the over-the-scope-clip system (“Bear
claw”) in the gastrointestinal tract: Swiss experience in a
tertiary center
Michael Christian Sulz, Reto Bertolini, Remus Frei, Gian-Marco Semadeni, Jan Borovicka, Christa Meyenberger
Michael Christian Sulz, Reto Bertolini, Remus Frei, GianMarco Semadeni, Jan Borovicka, Christa Meyenberger, Division of Gastroenterology and Hepatology, 9007 Gallen, Switzerland
Author contributions: Sulz MC designed the study together
with Frei R and Semadeni GM; all authors provided data; Sulz
MC and Bertolini R analysed and interpreted the data and wrote
the manuscript; Borovicka J and Meyenberger C interpreted the
data, revised the manuscript and approved the final version.
Correspondence to: Michael Christian Sulz, MD, Division of
Gastroenterology and Hepatology, Kantonsspital St. Gallen, Rorschacher Strasse 95, 9007 Gallen,
Switzerland. michael.sulz@kssg.ch
Telephone: +41-71-4941245 Fax: +41-71-4942862
Received: May 16, 2014
Revised: June 21, 2014
Accepted: July 15, 2014
Published online: November 21, 2014

CONCLUSION: OTSC is a useful tool for endoscopic
closure of various GI lesions, including fistulae and
leakages. Future randomized prospective multicenter
trials are warranted.

Abstract
AIM: To evaluate the outcome of over-the-scope-clip
system (OTSC) for endoscopic treatment of various indications in daily clinical practice in Switzerland.
METHODS: This prospective, consecutive case series
was conducted at a tertiary care hospital from September 2010 to January 2014. Indications for OTSC
application were fistulae, anastomotic leakage, perforation, unroofed submucosal lesion for biopsy, refractory
bleeding, and stent fixation in the gastrointestinal (GI)
tract. Primary technical success was defined as the
adequate deployment of the OTSC on the target lesion. Clinical success was defined as resolution of the
problem; for instance, no requirement for surgery or
further endoscopic intervention. In cases of recurrence,
retreatment of a lesion with a second intervention was
possible. Complications were classified into those related to sedation, endoscopy, or deployment of the clip.
RESULTS: A total of 28 OTSC system applications were
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carried out in 21 patients [median age 64 years (range
42-85), 33% females]. The main indications were fistulae (52%), mostly after percutaneous endoscopic gastrostomy tube removal, and anastomotic leakage after
GI surgery (29%). Further indications were unroofed
submucosal lesions after biopsy, upper gastrointestinal bleeding, or esophageal stent fixation. The OTSC
treatments were applied either in the upper (48%) or
lower (52%) GI tract. The mean lesion size was 8 mm
(range: 2-20 mm). Primary technical success and clinical success rates were 85% and 67%, respectively. In
53% of cases, the suction method was used without
accessories (e.g. , twin grasper or tissue anchor). No
endoscopy-related or OTSC-related complications were
observed.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Over-the-scope-clip system; OTSC; Bear
claw; Endoscopic closure; Gastrointestinal lesion; Perforations; Fistulae; Leakage
Core tip: In this prospective case series, we report the
outcome of the over-the-scope-clip system (OTSC) in
endoscopic treatment of various indications, including
closing fistulae and repairing anastomotic leakages in
daily clinical practice in Switzerland. The OTSCs (n =
28) were applied in 21 patients. Primary technical and
clinical success rates were 85% and 67%, respectively.
No complications were observed related to endoscopy
or OTSC. OTSC is a useful tool for endoscopic closure
of various gastrointestinal lesions.
Sulz MC, Bertolini R, Frei R, Semadeni GM, Borovicka J, Mey-
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INTRODUCTION
The over-the-scope-clip (OTSC) system (Ovesco Endoscopy AG, Tübingen, Germany) is a new endoscopic
device, suitable for closing gastrointestinal (GI) fistulae or
anastomotic leakages. It can also be used as a hemostatic
tool for controlling GI bleeding and for esophageal stent
fixation. To the best of our knowledge, only case reports
or small case series have described the efficacy and safety
of the OTSC; to date, no human clinical randomized
controlled trials are available. The available case series
and reports are inhomogeneous, in terms of the indication, study design, site of application, and definition of
success.
We present a prospective case series that reflects our
daily clinical experience with OTSC in a tertiary endoscopy center in Switzerland. This case series describes
primary successful closure in over 80% of GI lesions,
mainly fistulae or anastomotic leakages. This data contributes to the knowledge of OTSC experiences.

MATERIALS AND METHODS
Methods
This observational, single-arm, prospective and consecutive case series was conducted at a hospital with tertiary
care endoscopy from September 2010 to January 2014.
Simple descriptive statistics were used and no hypothesis
testing was performed. Data are expressed in absolute
numbers (f.e. 6/21) and in percentages (f.e. 29%) in relation to all patients or the concerning group. Data on sex,
age, indication, details of the procedure, and outcome
were collected prospectively. Approval for using pseudonymized patient data was obtained from the local Ethics committee. The indications for OTSC applications
included fistulae, anastomotic leakages, perforations,
unroofed submucosal lesions after biopsy, refractory
bleeding, and stent fixation. Exclusion criteria included
pregnancy, patients < 18 years of age, or failure to provide informed consent. Primary technical success was
defined as the adequate deployment of the OTSC on the
target lesion. Clinical success was defined as resolution of
the problem; for instance, no requirement for surgery or
further endoscopic intervention. In cases of recurrence,
retreatment of a lesion with a second intervention was
possible. Complications were classified into those related
to sedation, endoscopy, or deployment of the clip.
Seven experienced endoscopists performed OTSC
applications. They were trained by the most experienced
endoscopist. The OTSC was applied at the discretion of
the endoscopist.
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Figure 1 Case number 21 with fistula. A: Fistula between descending colon
and rectum after surgery. Cap and loaded over-the-scope-clip (OTSC) visible; B:
Fistula closed with OTSC.

We used GIF-1TQ, GIF-H, CF-HQ, and PCF-H
endoscopes (Olympus, Tokyo, Japan). The OTSC deployment was arranged according to the manufacturer's
instructions. All interventions were performed under
non-anaesthesiologist-administered propofol. After the
endoscopic evaluation of the gastrointestinal lesion, the
endoscope was withdrawn, re-inserted with the mounted
and loaded OTSC device, and positioned towards the lesion (Figure 1). Afterwards, the tissue around the lesion
was invaginated into the applicator cap by use of suction,
OTSC Twin Grasper or OTSC Anchor (both Ovesco
Endoscopy AG, Tübingen, Germany), at the discretion
of the operator. The operator chose on the basis of lesion size and type of tissue the size and type of OTSC.
When the tissue was trapped adequately, the OTSC could
be released and the technical success was evaluated visually. Additionally, the procedure was documented with
fluoroscopy.

RESULTS
Individual patient data are presented in detail in Table 1.
A total of 28 OTSC applications were carried out in 21
patients. The main indications (Figure 2) were fistulae
[11/21 (52%)] (Figure 1) and anastomotic leakage after
GI surgery [6/21 (29%)]. In two cases [2/21 (10%)],
OTSC was successfully used to close an unroofed submucosal gastric tumor after biopsy (e.g., Figure 3). Ten
[10/21 (47%)] lesions were in the upper GI tract (Table 2).
Only 4/21 (19%) patients had prior endoscopic therapy.
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Table 1 Demographic data, indications, lesion sizes, interventions and successes/outcomes of 21 patients treated with over-thescope-clip
No. Sex Age (yr)
1

M

59

2

M

42

3

M

70

4

F

63

5

M

71

6

F

62

7

M

60

8

F

59

9

M

55

10

F

47

11

M

45

12

F

67

13

M

84

14

M

51

15

F

82

16
17

M
M

85
63

18

M

59

19

F

81

20
21

M
M

68
71

Indication

Lesion size
(mm)

OTSC
type

Twin grasper (T) Technical Clinical
Anchor (A)
success success

Right-sided colocutaneous fistula
5
14/6
with abscess
Fibrotic cardiac fistula with
2
12/3a
recurrent infections after gastric
12/6a
sleeve surgery, 21 mo prior
2 anastomotic leakages 3 wk
Each 20
3 clips
after low anterior resection of
adenocarcinoma
PEG gastrostomy closed due to
5
1 clip
secondary peritonitis
Ileorectal anastomotic leakage
7
14/6
after colectomy 6 mo prior, due to
stenosing chronic diverticulitis
Anastomotic leakage after right
3
12/6a
hemicolectomy
Anastomotic leakage 6 wk after low
5
12/6a
anterior resection
2 rectoabdominocutaneous fistulae Each 2 × 2
14/6a
after small and large bowel
resections with rectal stump in
Crohn’s disease
Gastrocutaneous fistula after PEG
20 × 5
tube removal 7 days prior
Gastrocutaneous fistula after gastric
6
2 × 11/6a
sleeve resection
Infected gastrocutaneous fistula
2
11/6a
after PEG tube removal
Fistula of the rectum and abscess in
8
12/6a
the small pelvis after surgery
Anastomotic leakage after
8
12/6t
ileosigmoidostomy
Endoscopic unroofing of a
10
12/6gc
submucosal antral tumor for biopsy
Infected gastrocutaneous fistula
3
12/6gc
after PEG tube removal
Gastrocolic migration of PEG tube
4
12/6a
Anastomotic leakage after
5
12/6t
colorectal resection
Endoscopic unroofing of a
15
12/6gc
submucosal gastric tumor for
biopsy (Figure 3)
Dieulafoy lesion, Forrest Ia;
8
12/6t
known achalasia
Fixation of esophageal stent
11/6a
Fistula between colon and rectal
15
12/6a
stump after Hartmann procedure
due to rectal cancer

nd

2 OTSC

Clinical success
nd
after 2 OTSC

-

Y

Y

N

T

N

N

12/6a

Y

A

N

Same session

Y

A

Y

Y

N

A

Y

N

N

-

Y

Y

N

A

Y

Y

N

A

Y

N

14/6a

-

Y

Not amenable due to esophageal stenosis

A

Y

Y

N

-

Y

Y

N

T+A

Y

N

2 × 12/3a

A

Y

Y

N

-

Y

Y

N

-

Y

Y

N

-

Y
Y

Y
Y

N
N

-

Y

Y

N

-

Y

Y

N

A

Y
Y

Y
N

N
Y

N

N

No. 12: In the first session, the anal stenosis did not allow passage of the colonoscope with the mounted OTSC system; No. 16: Combined with colonoscopic
removal of the PEG tube; No. 20: After endoscopic removal of the dislocated esophageal stent. History of aortoesophageal fistula, mediastinitis, and thoracic endovascular aortic repair 1 mo prior; No. 21: Further failure with 12/6a and 12/6gc. OTSC: Over-the-scope-clip; PEG: Percutaneous endoscopic gastrostomy; M: Male; F: Female.

The mean lesion size was 8 mm (range 2-20 mm; Table 2).
In 2/21 (9.5%) patients, the lesion site was not accessible
endoscopically due to stenosis. In one of those 2 cases,
the OTSC application was possible after the colonoscope
was replaced with a gastroscope.
In 52% (11/21) of the patients, the suction method
was used. Accessories, including the OTSC Twin Grasper
and the OTSC Anchor (both Ovesco Endoscopy AG,
Tübingen, Germany) were applied in 48% of patients
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(10/21). Primary technical success and clinical success
were achieved in 85% (18/21) and 67% (14/21) of cases,
respectively (Table 3). There were two failures 2/10 (20%)
in the upper GI tract: one was a fibrotic fistula, 2 mm in
diameter; another was at an inaccessible site, due to an
esophageal stenosis. There were five failures 5/11 (45%)
in the lower GI tract; two anastomotic leakages and three
fistulae could not be successfully treated technically or
clinically. One of these patients had a history of Crohn’s
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Figure 2 Indications for over-the-scope-clip application in 21 patients.

disease.
Overall, five of twenty-one patients required additional OTSCs; three of these resulted in technical and clinical
success. No complications were reported (Table 3).

DISCUSSION
This prospective series is representative of our daily clinical routine experience with the OTSC system in a tertiary
endoscopy center in Switzerland. The distribution of GI
lesions was typical, with a wide spectrum of indications
in the upper and lower GI tract. To date, only two smaller
Swiss case series on OTSC have been described. In one,
Seebach et al[1] presented their experience with 7 patients
that received OTSCs for treating GI perforations. In the
other, Gubler et al[2] reported the successful closure of
iatrogenic perforations in 14 patients.
Our series revealed an overall clinical success rate of
67% and confirmed other studies that showed that the
OTSC is a useful endoscopic device for treating lesions
in the GI tract. The definition of success is variable in
the literature. Some authors - like us - generally defined
success as the resolution of the problem[2,3], but others
did not provide a specific definition[4,5]. Some studies
used endoscopy to evaluate the success of an OTSC application[6]. In a systematic review, Weiland et al[7] found
that OTSC showed technical and clinical success rates
of 80%-100% and 57%-100%, respectively, for endoscopic closure of iatrogenic GI perforations. Other authors reported clinical success rates ranging from 71%
to 95%[3,4,8-11]. To the best of our knowledge, the largest
series published to date was conducted in the US, and it
comprised 45 patients with a variety of indications, similar to those in our series; they reported a clinical success
rate of 71%[8]. In Europe, although the results are currently unpublished, OTSC data are available for up to 84
patients, and the technical success rate was notably higher
(93%)[12]. However, the authors mainly treated severe GI
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bleeding in the upper GI; thus, it is difficult to compare
those data with ours. The current case series showed
good efficacy in OTSC applications, with no severe adverse events. However, few studies have reported severe
adverse events due to clip placement; adverse events
included lumen obstruction of the small bowel[8], esophageal perforation[13], or the situation that the Twin grasper
was fixed by an OTSC clip application by accident[12].
In our study, fistulae were the main indication; most
(45%) occurred after percutaneous endoscopic gastrostomy (PEG) tube removals. In a pediatric population,
persistent gastrocutaneous fistulae appeared after a PEG
removal in 34% of cases[14]. For adults, to the best of our
knowledge, no data exist regarding the incidence of fistulae. Our series confirmed findings from other studies that
showed that fistulae are typically treated successfully with
the OTSC[4,8,15,16]. We reported technical and clinical failure rates regarding fistulae of 18% and 45%, respectively.
One failure appeared in a patient with Crohn’s disease.
One fistula after PEG removal was not accessible, due to
esophageal stenosis. The other two fistulae were related
with cancer or infection. One was a fibrotic fistula. Manta
et al[6] described similar problems with fibrotic tissue.
Baron et al[8] reported that fistulae were the main indication in their US multicenter study. They reported a broad
spectrum of clinical success, depending on the indication,
but most patients had a history of bariatric surgery.
Anastomotic leakage is currently the most frequent
major complication after colorectal surgery. The incidence has not decreased over the last ten years, despite
technical improvements, like the stapler technique and
other surgical modalities[17]. The OTSC is a helpful, innovative option for treating anastomotic leakage, given its
minimally invasive character. OTSC has shown a relatively high clinical success rate and a negligible complication
rate. In the present study, we reported a technical and
clinical success rate of both 83% regarding the closure of
anastomotic leakage. Baron et al[8] reported a success rate
of 65%, but some of the patients that experienced failures had a history of extensive radiation treatment and
cancer.
OTSC is described as a successful tool for achieving
hemostasis in refractory upper GI bleeding after failed
conventional therapy[18]. Its greatest value is found in particular situations, like Dieulafoy bleedings. A fairly new
complementary hemostatic tool is known as Hemospray
(Cook Medical, Winston-Salem, North Carolina, United
States). In our hospital, many endoscopists have performed Hemospray in various applications, and they have
achieved a very high success rate. They were also convinced with its practicability[19]. Moreover, in the event of
Hemospray failure, OTSC can be applied subsequently.
However, to date, no studies have compared Hemospray
to OTSC.
We successfully used OTSC for closure after the unroofing of a submucosal gastric lesion to acquire a biopsy.
To our knowledge, this indication has not been reported
previously, and we recommend using OTSC for this kind

16290

November 21, 2014|Volume 20|Issue 43|

Sulz MC et al . OTSC for gastrointestinal disorders

A

B

C

Figure 3 Case number 18 with submucosal gastric tumor. A: Submucosal gastric tumor, the clip was applied three months ago due to a bleeding after biopsy; B:
Incision, unroofing, and biopsy of the yellowish tumor with a radial jaw (later histopathology indicated it was a lipoma); C: Closure of the resected area with over-thescope-clip.

Table 3 Outcome data of the 28 applied over-the-scopeclip in 21 patients, technical and clinical success, use of
accessories, complications n (%)

Table 2 Demographic data, indications, lesion size and
localization of the over-the-scope-clip applications
Characteristics
Number of patients (% females)
Age, median (range), yr
Indications
Fistulae (OTSC application)
Colon
After PEG tube removal (colon or stomach)
Stomach after surgery
Anastomotic leakage
Unroofed submucosal lesion after biopsy
Upper gastrointestinal bleeding
Esophageal stent fixation
Localization
Upper GI tract
Lower GI tract
Lesion size, mean (range), mm

Patients (n , unless
otherwise indicated)

Outcome

21 (33%)
64 (42-85)
11
4
5
2
6
2
1
1

28
18 (85)
14 (67)
3 out of 5 (60)
10 patients (47)
2
9
0

Please note that in one case Twin grasper and Tissue anchor were both
used. OTSC: Over-the-scope-clip.

10
11
8 (2-20)

OTSC: Over-the-scope-clip; PEG: Percutaneous endoscopic gastrostomy.

of lesion.
One technical limitation of OTSC is the presence of
endoluminal stenosis that does not allow passage of the
endoscope with a mounted OTSC device. In this situation, the endoscopist can mount an OTSC with a smaller
diameter or change the type of endoscope. Furthermore,
fibrotic tissue is an important reason for technical failure.
Fibrotic tissue is rigid and difficult to suction or pull into
the transparent cap. In addition, other studies have reported limitations in using OTSC for treating chronic fistulae, particularly after radiation therapy or after thermal
damage[8].
It is important to be aware that there is a maximum size
limit for lesions that can be closed successfully with OTSC.
Gubler et al[2] closed iatrogenic perforations up to 30 mm
in diameter with OTSC, and they achieved technical success in 13 of 14 patients. They recommended the OTSC
for treating perforations up to 30 mm in diameter. The lesion diameters in our series ranged from 2 to 20 mm.
This case series study had some limitations. First, our
series comprised a relatively small number of patients.
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Value

Number of OTSC applications
Primary technical success
Permanent clinical success
Clinical success after 2nd intervention
Use of accessories
Twin grasper, n
Tissue anchor, n
Complications, n

Second, we did not provide a control group with other
therapeutic options, like surgery, alternative endoscopic
devices, or a non-interventional approach. Third, the
observation period and the assessment of clinical success
after intervention varied, and they were not standardized.
Fourth, patients treated in a tertiary endoscopy center are
typically not comparable with patients in district hospitals; this represents a selection bias. Finally, the decision
of whether to apply OTSC depended on the endoscopist’s judgment; therefore, patient inclusion criteria were
subjective, and the study was neither case-controlled nor
randomized.
In conclusion, OTSC is a useful endoscopic device
for treating a variety of lesions in the upper and lower
GI tract. OTSC showed a good success rate and noticeably few complications. To date, OTSC applications have
only been described in case series. Future randomized
prospective controlled multicenter trials are needed to
compare the OTSC with other therapies.
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The over-the-scope-clip system is a new device for endoscopic treatment of
various diseases in the gastrointestinal tract like postsurgical problems or
bleeding.
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Research frontiers

This innovative endoscopic clip system is fairly new and therefore it is important
to analyze its success and side effects.

Innovations and breakthroughs

This is the first case series that reflects daily clinical experience with the overthe-scope-clip system in a tertiary endoscopy center in Switzerland.

9

Applications

This case series showed a good success rate and noticeably few complications
for a variety of gastrointestinal lesions with the over-the-scope-clip system. The
authors provide further information to the existing literature.

10

Terminology

Gastro- and colonoscopes are instruments for the examination of the gastrointestinal tract. An endoscopic clip is a device for the closure of a defect. A fistula
is an abnormal connection between two structures, e.g., between stomach and
skin. An anastomotic leakage is an abnormal defect between two parts of the
intestine that have been connected surgically.

11

Peer review

This case series carried information about clinical application of over-the-scopeclip in various indications of gastrointestinal lesions. The high success rate and
expended indications may be interested for other gastroenterologists.
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Abstract
AIM: To compare the prevalence of Functional gas
trointestinal disorders (FGIDs) using ROME Ⅲ and
ROME Ⅱ and to describe predictors of FGIDs among
eating disorder (ED) patients.
METHODS: Two similar cohorts of female ED inpatients,
aged 17-50 years, with no organic gastrointestinal or
systemic disorders, completed either the ROME Ⅲ (n
= 100) or the ROME Ⅱ (n = 160) questionnaire on
admission for ED treatment. The two ROME cohorts were
compared on continuous demographic variables (e.g. ,
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age, BMI) using Student’s t -tests, and on categorical
2
variables (e.g. , ED diagnosis) using χ -tests. The
relationship between ED diagnostic subtypes and FGID
2
categories was explored using χ -tests. Age, BMI, and
psychological and behavioural predictors of the common
(prevalence greater than 20%) ROME Ⅲ FGIDs were
tested using logistic regression analyses.
RESULTS: The criteria for at least one FGID were
fulfilled by 83% of the ROME Ⅲ cohort, and 94% of the
ROME Ⅱ cohort. There were no significant differences
in age, BMI, lowest ever BMI, ED diagnostic subtypes
or ED-related quality of life (QOL) scores between
ROME Ⅱ and ROME Ⅲ cohorts. The most prevalent
FGIDs using ROME Ⅲ were postprandial distress
syndrome (PDS) (45%) and irritable bowel syndrome
(IBS) (41%), followed by unspecified functional bowel
disorders (U-FBD) (24%), and functional heartburn (FH)
(22%). There was a 29% or 46% increase (depending
on presence or absence of cyclic vomiting) in functional
gastroduodenal disorders because of the introduction
of PDS in ROME Ⅲ compared to ROME Ⅱ. There was
a 35% decrease in functional bowel disorders (FBD) in
Rome Ⅲ (excluding U-FBD) compared to ROME Ⅱ. The
most significant predictor of PDS was starvation (P =
0.008). The predictor of FH (P = 0.021) and U-FBD (P
= 0.007) was somatisation, and of IBS laxative use (P
= 0.025). Age and BMI were not significant predictors.
The addition of the 6-mo duration of symptoms
requirement for a diagnosis in ROME Ⅲ added precision
to many FGIDs.
CONCLUSION: ROME Ⅲ confers higher precision in
diagnosing FGIDs but self-induced vomiting should
be excluded from the diagnosis of cyclic vomiting.
Psychological factors appear to be more influential in
ROME Ⅱ than ROME Ⅲ.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

16293

November 21, 2014|Volume 20|Issue 43|

Wang X et al . Functional gastrointestinal disorders in eating disorder patients

Key words: Anorexia nervosa; Bulimia nervosa; Eating
disorders; Gastrointestinal diseases; Irritable bowel
syndrome
Core tip: We compared the prevalence, behavioural and
psychological predictors of functional gastrointestinal
disorders using ROME Ⅲ and ROME Ⅱ questionnaires
in two similar cohorts of eating disorder patients. We
found the added timeframe requirement in ROME
Ⅲ added precision in diagnosing many Functional
gastrointestinal disorders (FGIDs). We also found certain
FGIDs in ROME Ⅲ are predicted by eating behaviours
and appear to have less psychological input compared
to ROME Ⅱ. These findings suggest that abnormal
eating behaviours may play a more direct role in the
disturbed physiology (both sensation and motility) of
the gastrointestinal tract and hence the pathogenesis of
certain FGIDs.
Wang X, Luscombe GM, Boyd C, Kellow J, Abraham S.
Functional gastrointestinal disorders in eating disorder
patients: Altered distribution and predictors using ROME Ⅲ
compared to ROME Ⅱ criteria. World J Gastroenterol 2014;
20(43): 16293-16299 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i43/16293.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i43.16293

INTRODUCTION
Functional gastrointestinal disorders (FGIDs) are prevalent and affected individuals have poorer quality of life[1-5].
These disorders are different from other gastrointestinal
(GI) disorders because structural abnormalities are subtle
or cannot be demonstrated by formal investigation.
Therefore the diagnosis of FGIDs has mainly relied on
the use of self-report questionnaires[6,7]. With increasing interest and understanding in these disorders, various
questionnaires have been designed and revised over the
years to best reflect their true prevalence[6,7].
The main types of eating disorders include anorexia
nervosa (restricting type AN-R or binge purge type
AN-P), bulimia nervosa (BN) and eating disorders not
otherwise specified (restricting type EDNOS-R or binge
purge type EDNOS-P). Abnormal eating disorder related
behaviours include restriction of food intake, binge eating, purging and excessive exercise[8]. Eating disorder (ED)
patients frequently report GI symptoms including bloating, nausea, epigastric discomfort, and a sensation of fullness. These symptoms may not only lead to unnecessary
diagnostic tests but more importantly the refusal of food
intake and justification for continuing their disordered
eating. We have previously studied the prevalence and
characteristics of FGIDs using ROME Ⅱ and found that
patients with eating disorders exhibited a broad spectrum
of different FGIDs[9]. Furthermore, we have observed
a relationship between pelvic floor dysfunction and abdominal bloating and distension in ED patients[10].
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ROME Ⅲ adult diagnostic criteria for FGIDs were
published in 2006 and preserved the majority of the diagnoses previously found in ROME Ⅱ while significant
changes were made in the gastroduodenal disorders
group[6,7]. Functional dyspepsia has two new subdivisions
in the ROME Ⅲ diagnostic criteria: postprandial distress
syndrome (PDS) and epigastric pain syndrome[6]. There
is a more detailed classification of vomiting syndromes
including exclusion of DSM-Ⅳ diagnosed ED patients
from functional vomiting, but not cyclic vomiting syndrome. In addition, rumination syndrome is now categorised as a functional gastroduodenal disorder whereas
previously it was classified as a functional esophageal
disorder. There is also a more detailed classification of
the functional biliary tract and sphincter disorders. The
most significant change to the Rome Ⅲ classification is
an additional requirement of chronicity for a diagnosis,
that is, the symptoms must be present for the last 3 mo,
with symptom onset at least 6 mo prior to diagnosis. In
contrast, using ROME Ⅱ, symptoms present during 12
wk (3 mo, which may not necessarily be consecutive) in
the previous year would fulfil the diagnostic criteria.
Since publication of the ROME Ⅲ criteria, research
has focused on one or a few FGIDs[11-14]. No study has
described all of the FGIDs by ROME Ⅲ in a single
publication, especially in the context of eating disorders.
Only few papers have described individual FGIDs using
ROME Ⅲ in patients with EDs[15].
The aims of the study were 1. to describe the prevalence and psychological and behavioural predictors of
FGIDs among eating disorder patients using ROME Ⅲ
criteria and 2 to compare their prevalence with FGIDs in
a similar group of ED patients using ROME Ⅱ criteria.
We were also interested in the prevalence of FGID categories and individual FGIDs with and without the 6-mo
requirement of ROME Ⅲ to determine if this was a factor in any altered prevalence of FGIDs.

MATERIALS AND METHODS
Subjects
One hundred consecutive female inpatients in a specialized
Eating Disorder Unit for treatment of their ED in
2011-2012, aged 17-50 years, with no major medical (celiac
disease, endometriosis, diabetes) or major psychiatric illness
(bipolar depression) were included in the study. A second
cohort of 160 consecutive eating disorder patients who
completed the ROME Ⅱ during inpatient treatment in the
same unit for previous studies[9,16] were also included in this
study. On admission, all patients were asked to complete
psychological and eating disorder related questionnaires, and
the ROME Ⅲ symptom questionnaire (details below).
All patients also underwent routine clinical evaluation
including blood tests (haematology, biochemistry, thyroid
function) and specific investigations to exclude organic
gastrointestinal disease where appropriate.
Ethics approval was granted by the Human Ethics
Committee of the Northside Clinic.

16294

November 21, 2014|Volume 20|Issue 43|

Wang X et al . Functional gastrointestinal disorders in eating disorder patients
Table 1 Descriptive details and diagnoses of the ROME Ⅲ
1
and ROME Ⅱ cohorts
Descriptive details
Age (yr)
Current BMI kg/m2
Lowest BMI kg/m2
QOL ED score2
ED diagnoses
AN-R
AN-P
BN
EDNOS-R
EDNOS-P

ROME Ⅲ cohort
n = 100

ROME Ⅱ cohort
n = 160

Mean ± SD
25.1 ± 7.9
18.5 ± 3.8
15.9 ± 2.9
16.0 ± 3.5
%
27
20
9
14
30

Mean ± SD
24.7 ± 6.4
18.2 ± 3.6
15.7 ± 4.2
16.3 ± 3.2
%
26
20
18
11
25

1

No significant differences between cohorts for descriptive details or
diagnoses; 2Range 0 to 24, > 7 indicative of the presence of an ED. AN-R:
Anorexia nervosa-restricting; AN-P: Anorexia nervosa-purging; BN:
Bulimia nervosa; EDNOS-R: Eating disorder not otherwise specifiedrestricting; EDNOS-P: Eating disorder not otherwise specified-purging;
QOL ED: QOL related to eating disorders.

Questionnaires
The self-reported questionnaires comprised the following:
(1) the ROME modular questionnaire[6,7] for gastrointestinal
symptoms; (2) psychological questionnaires, namely the
Eysenck Neuroticism Scale, from the Eysenck Personality
Questionnaire[17], the Beck Depression Inventory[18], the
State-Trait Anxiety Inventory[19] and the somatisation
subscale from the Brief Symptom Inventory[20]; and (3)
specific eating disorder questionnaires, namely the Eating
and Exercise Examination (EEE)[21,22], an efficient, selfreport, and computer-reported standardized examination
of eating and exercise behaviours, attitudes and feelings.
The EEE includes the QOL related to eating disorders[23,24],
and the Eating Attitudes Test (EAT)[25], a 40-item measure
of overall eating disorder pathology. The eating disorder
behaviours were: self-induced vomiting, laxative use, binge
eating (episodes of overeating felt to be out of control),
starvation (eight waking hours per day without eating),
and exercise, measured as average days per month for the
previous 3 mo.
The specific categories of predictors of FGIDs
were (1) psychological characteristics, i.e., somatisation,
neuroticism, state and trait anxiety, depression, EAT score;
(2) eating disordered behaviours (average in previous 3
mo) including food restriction, exercise, starvation (more
than 8 waking hours without eating), binge eating (eating
5 or more standard servings of food in one episode,
associated with a feeling of being out of control),
laxative use, self-induced vomiting; and (3) demographic
characteristics including age, current BMI and lowest
ever BMI.
Statistical analysis
The two ROME cohorts were compared on continuous
demographic variables (e.g., age, BMI) using Student’s
t-tests, and on categorical variables (e.g., ED diagnosis)
using χ 2 tests. The relationship between ED diagnostic
subtypes (AN-R, AN-P, EDNOS-R, and EDNOS-P and
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BN combined) and FGID categories was also explored
using χ 2 tests.
Age, BMI, and psychological and behavioural predictors
of the presence or absence of the common (prevalence
greater than 20%) ROME Ⅲ FGIDs and the presence
of more than three FGID diagnoses were tested using
logistic regression analysis. The prevalence of greater than
20% was chosen in order to obtain adequate numbers
for statistical analysis. Initially three logistic regressions
were conducted: with age and BMI; the behavioural
variables; and the psychological variables. The significant
predictors from each of these analyses were entered into
a final logistic regression. Alpha was set at P < 0.05 for
all analyses. Statistical analysis was performed using IBM
SPSS Statistics for Windows (Version 20.0., Armonk, NY:
IBM Corp).

RESULTS
Descriptive details and ED diagnoses
The descriptive and ED diagnoses of the ROME Ⅲ and
ROME Ⅱ cohorts are shown in Table 1. There are no
significant differences between the two cohorts on any
of the continuous measures or ED diagnostic subtypes
(all P > 0.05).
Prevalence of FGID categories
The prevalence of FGID categories for ROME Ⅲ (with
and without 6-mo requirement) and ROME Ⅱ are shown
in Table 2. For ROME Ⅲ functional gastroduodenal
disorders prevalences are given with and without cyclic
vomiting included and functional bowel disorders with and
without unspecified bowel disease. There was a significant
difference between the ED diagnostic subgroups for
presence of gastroduodenal disorders (χ 2 = 9.67, υ =
3, P = 0.022) which no longer remained after cyclic
vomiting was excluded (Table 3). There were no significant
differences in prevalence of functional oesophageal
disorders, functional bowel disorders or anorectal disorders
between the four ED diagnostic subtypes.
Prevalence of individual FGIDs
The prevalence of individual FGIDs for ROME Ⅲ (with
and without the 6-mo criteria) and ROME Ⅱ are shown
in Table 4. The following diagnoses are only applicable
to the ROME Ⅱ cohort and have been removed from
the ROME Ⅲ: Unspecified Functional Abdominal Pain
(2.5%), Gallbladder Dysfunction (1.8%), Sphincter of
Oddi Dysfunction (0%), Levator Ani Syndrome (5.6%),
and Pelvic Floor Dyssynergia (5.6%).
Predictors of commonly occurring FGIDs
Only four FGIDs occurred in 20% or more of patients.
The predictors of these are shown in Table 5.

DISCUSSION
This is the first study of all categories of FGIDs using
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Table 2 Prevalence of functional gastrointestinal disorders categories for ROME Ⅲ (with and without 6-mo requirement) and
ROME Ⅱ (with 3-mo requirement)
ROME Ⅲ cohort (n = 100)
Region
A: Functional Esophageal Disorders
B: Functional Gastroduodenal Disorders
Without cyclic vomiting
C: Functional Bowel Disorders
Without unspecified bowel disease
D: Functional Abdominal Pain Syndrome
E: Functional Gallbladder and Sphincter of Oddi Disorders
F: Functional Anorectal Disorders1
Total
At least one FGID
At least 3 FGIDs

ROME Ⅱ cohort (n = 160)

With 6-mo requirement

With 3-mo requirement

Present 3 mo or more

34%
62%
45%
77%
53%
3%
0%
16%

55%
79%
60%
98%
80%
6%

40%
16%

20%

83%
34%

88%
4%
2%
35%
94%
36%

1

Two ROME Ⅲ functional gastrointestinal disorders (FGIDs) within the functional anorectal disorder category are for 3 mo only (and F1. Functional Fecal
Incontinence not included).

Table 3 Prevalence of individual functional gastrointestinal disorders present in ROME Ⅲ with and without 6-mo presence
requirement and the prevalence of these in ROME Ⅱ
ROME Ⅲ (n = 100)

A1: Functional Heartburn1
A2: Functional Chest Pain of Presumed Esophageal Origin1
A3: Functional Dysphagia1
A4: Globus1
B1: Functional Dyspepsia1
B1a: Postprandial Distress Syndrome1
B2a: Aerophagia1
B2b: Unspecified Excessive Belching1
B3a: Chronic idiopathic nausea1
B3c: Cyclic vomiting syndrome
B4: Rumination Syndrome in Adults1
C1: Irritable Bowel Syndrome1
C2: Functional Bloating1
C3: Functional Constipation1
C5: Unspecified Functional Bowel Disorder1
F1: Functional Fecal Incontinence (3 mo)
F2a: Chronic Proctalgia1
F2b: Proctalgia Fugax (3 mo)

ROME Ⅱ (n = 160)

With 6-mo requirement

With 3-mo requirement

Present 3 mo or more

22%
8%
6%
1%
0%
45%
14% (a,b combined)

26%
17%
16%
2%
57%
72%
18% (a,b combined)

10%
17%
7%
41%
1%
11%
24%
15%
5%
11%

14%
19%
7%
57%
3%
27%
18%
15%
5%
11%

24%
4%
9%
5%
7%
11%
2%
45%
30%
26%
11%
21%

1

FGID in ROME Ⅲ and ROME Ⅱ; B3b. Functional vomiting1 is excluded for ED patients. Prevalences of individual FGID < 5 excluded from table, B1b:
Epigastric pain syndrome1; C4: Functional diarrhea1; D: Functional abdominal pain syndrome; E: Functional gallbladder and sphincter of oddi disorders;
E1: Functional gallbladder disorder; E2: Functional biliary sphincter of oddi disorder; E3: Functional pancreatic sphincter of oddi disorder; F3: Functional
defecation disorders.

ROME Ⅲ in ED patients and the first to compare prevalence based on ROME Ⅱ and ROME Ⅲ criteria[12,13].
The introduction with ROME Ⅲ of the requirement of
presence of symptoms for at least 6 mo is a key influence
in the differences observed in prevalence of individual
FGIDs in patients with ED.
PDS, a new FGID, was common in ED patients and
the most significant predictor was starvation. This finding could be explained by the physiological repercussions
of severe food restriction, such as delayed gastric emptying[26-28]. This is consistent with the recent finding of
Santonicola et al[15], that there is a significant higher propensity for AN patients to have early satiety compared to
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BN patients. What occurred first cannot be determined;
it could be starvation leading to impaired gastric emptying leading to PDS or it could be discomfort on eating
for other reasons, including psychological, resulting in
semistarvation because of fear of PDS symptoms of
fullness and discomfort. Because these are eating disorder
patients both could be true. PDS is also weakly predicted
by depression, the greater the depressive symptoms the
greater the likelihood of PDS. When starvation and depression are occurring together it is hard to ascertain,
which came first, particularly among eating disorder patients as both are common.
Our data also suggests less exercise is associated with
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Table 4 Prevalence of functional gastrointestinal disorders categories for ROME Ⅲ (with 6-mo requirement) by eating disorder
sub-types
ROME Ⅲ cohort
A: Functional Esophageal Disorders
B: Functional Gastroduodenal Disorders
Without cyclic vomiting
C: Functional Bowel Disorders
Without unspecified bowel disease
D: Functional Abdominal Pain Syndrome
E: Functional Anorectal Disorders1
Total
At least one FGID
At least 3 FGIDs

AN-R (n = 27)

AN-P (n = 20)

BN (n = 9)

EDNOS-R (n = 14)

EDNOS-P (n = 30)

14.8%
44.4%
44.4%
63.0%
40.7%
7.4%
7.4%

35.0%
75.0%
60.0%
85.0%
65.0%
5.0%
10.0%

33.3%
88.9%
44.4%
77.8%
55.6%
0.0%
11.1%

42.9%
42.9%
35.7%
85.7%
50.0%
0.0%
35.7%

46.7%
70.0%
40.0%
80.0%
56.7%
0.0%
20.0%

70.4%
18.5%

95.0%
40.0%

88.9%
33.3%

85.7%
35.7%

83.3%
43.3%

1

Functional fecal incontinence not included. AN-R: Anorexia nervosa-restricting; AN-P: Anorexia nervosa-purging; BN: Bulimia nervosa; EDNOS-R: Eating
disorder not otherwise specified-restricting; EDNOS-P: Eating disorder not otherwise specified-purging; NB: Functional gallbladder and sphincter of oddi
disorders were absent for the entire sample; FGID: Functional gastrointestinal disorders.

Table 5 Behavioural and psychological predictors of the commonly occurring ROME Ⅲ functional gastrointestinal disorders among
eating disorder patients
ROME Ⅲ FGID
A1: Functional Heartburn
B1a: Postprandial Distress Syndrome

Predictors

Somatisation
Starvation
Exercise
Depression
C1: Irritable Bowel Syndrome
Laxatives
C5: Unspecified Functional Bowel Disorder Somatisation

B

Wald

υ

P

OR

0.13
0.58
-0.57
0.67
0.46
-0.19

5.31
6.99
6.23
4.73
5.05
7.21

1
1
1
1
1
1

0.021
0.008
0.013
0.030
0.025
0.007

1.14
1.79
0.56
1.07
1.58
0.83

95%CI
1.02
1.16
0.36
1.01
1.06
0.73

1.27
2.76
0.88
1.14
2.35
0.95

The potential predictors: Age, BMI, binge eating behaviour, vomiting, depression and state and trait anxiety did not predict any common functional
gastrointestinal disorders (FGIDs). There were no significant predictors of presence of three or more FGIDs.

PDS. This is in keeping with our previous study that there
was a worsening of oesophageal disorders in among patients undertaking excessive, intense exercise as a means
of weight control[16]. The amount and intensity of exercise of eating disorder patients can be extreme[23] and
could result in upper gastrointestinal problems which
commonly occur in marathon runners[29]. This should not
be interpreted to mean light to moderate exercise should
not be undertaken, in fact the reverse is true, moderate
exercise improves depression[30].
It is likely that the intermittent or long term negative
energy balance in these patients results in an alteration
of GI motility and that this leads to further food restriction in order to prevent resultant GI symptoms[31]. That
is, the symptoms provoked by eating in the presence of
dysmotility result in the reinforcement and continuation
of the disordered eating.
Another key finding was that IBS was prevalent in
both cohorts. IBS was only weakly predicted by laxative
use (not abuse) in the ROME Ⅲ cohort, whereas, in previous studies using ROME Ⅱ criteria IBS was predicted
by somatisation and anxiety[9]. This suggests the ROME
Ⅲ criteria, with the inclusion of the 6-mo criteria and the
exclusion of unspecified bowel disorders (U-FBD), are
more specific for the IBS symptom cluster. It is possible
that laxative use may prime or condition the GI tract to
IBS symptoms.
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U-FBD was present in 24 percent of ROME Ⅲ patients. We observed that somatisation was associated
with decreased odds of U-FBD. Perhaps those who are
lower on the somatisation spectrum will not report sufficient symptoms to qualify for a specific FGID, and thus
become classified as U-FBD. In Boyd et al[9] more than
three FGIDs present in ROME Ⅱ was strongly predicted
by neuroticism (indicative of psychopathology) whereas in
the current study there were no predictors despite the presence of more than three ROME Ⅲ FGIDs in 34 percent
of patients. This finding again may relate to the improved
precision of the criteria for FGIDs when the 6-mo time
stipulation is used. Fluctuations in appearance and disappearance of FGIDs in ED patients have been reported
for ROME Ⅱ FGID[32]. The imprecision of ROME Ⅱ
diagnostic clusters and the capacity to diagnose based on
acute or less temporally stable symptoms, could explain
the relationship between presence of multiple FGIDs
and neuroticism. The precision of ROME Ⅲ diagnoses and requirement for more ‘chronic’ or temporally
stable symptoms would explain the loss of association
with multi-morbidity and neuroticism in the ROME Ⅲ
sample.
FH was predicted by somatisation in both ROME
Ⅱ and ROME Ⅲ. In ROME Ⅲ there was a substantial
increase in functional gastroduodenal disorders of 46%.
This was reduced to 29% if cyclic vomiting was not
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included in the diagnosis. There was a significant difference between the ED diagnostic subgroups for presence
of gastroduodenal disorders with the patients who purge
(self-induce vomiting) being more likely to report gastroduodenal disorders. This difference no longer remains
after cyclic vomiting was excluded. This suggests that selfinduced vomiting should not be included in cyclic vomiting as it is giving an inflated and misleading prevalence of
this disorder. There was also decrease in functional bowel
disorders of 11%; this decrease was 35% after unspecified
bowel disease was removed.
The study would have benefited by a larger cohort of
patients completing the ROME Ⅲ and follow-up over 12
mo to investigate the stability of the FGIDs now with the
introduction of requirement of the presence of symptoms for 6 mo or more. One potential weakness of the
study is the reliance on self-report data. Although there
were no differences between the two cohorts they were
both inpatients at a specialised clinic and therefore not
representative of all eating disorder patients.
Using the ROME Ⅲ criteria in an ED patient sample,
specific abnormal eating related behaviours such as starvation, exercise and laxative use are associated with the
presence of certain FGIDs. These findings are consistent
with the notion that FGIDs can arise from long term
abnormal eating and the altered neuronal and hormonal
physiology in the gastrointestinal tract[33,34]. Higher emotional states such as prolonged stress may predispose and
then sensitise individuals to express their feelings as gut
symptoms and in the long term abnormal eating reinforces the altered physiological states[35].

CONCLUSION

has focused on its utility and application and most of the publications focused
on one or two types of FGIDs. Systematic examination and characterisation
of all FGIDs using ROME Ⅲ criteria have not been conducted in patients with
eating disorders. In this publication, the authors studied and characterised the
prevalence and certain characteristics of FGIDs in a group of patients with
eating disorders.

Innovations and breakthroughs

This is the first report to examine all types of FGIDs in the eating disorder
population and authors have found that compared to ROME Ⅱ, the new ROME
Ⅲ results in higher precision in the diagnosis of FGIDs. Interestingly, certain
FGIDs in ROME Ⅲ appear to have more input from altered eating behaviours
than psychological factors compared to the ROME Ⅱ counterparts.

Applications

The authors findings suggest altered gut physiology as a more important factor
in the pathogenesis of FGIDs and research in eating disorder patients offers a
unique niche to the understanding of altered gut physiology and its interaction
with psychological factors.

Terminology

Eating disorders are a group of diagnoses that are characterised by abnormal
eating behaviours and associated psychological and physiological changes.
Anorexia nervosa, bulimia nervosa and eating disorders not otherwise specified
are subtypes of eating disorders. Functional oesophageal, gastroduodenal,
bowel, abdominal pain and anorectal disorders are subgroups of functional
gastrointestinal disorders classified in ROME Ⅲ diagnostic criteria.

Peer review

The authors compared the prevalence of various FGIDs in patients with
eating disorders using ROME Ⅲ to those in ROME Ⅱ diagnostic criteria and
demonstrated higher precision of certain diagnoses using ROME Ⅲ criteria.
The authors also showed certain FGIDs are associated with abnormal eating
behaviours. The study offers some interesting aspect to the understanding of
the pathogenesis of FGIDs.
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Abstract
AIM: To estimate and compare sex-specific screening
polypectomy rates to quality benchmarks of 40% in
men and 30% in women.
METHODS: A prospective cohort study was undertaken of patients aged 50-75, scheduled for colonoscopy,
and covered by the Québec universal health insurance
plan. Endoscopist and patient questionnaires were used
to obtain screening and non-screening colonoscopy
indications. Patient self-report was used to obtain history of gastrointestinal conditions/symptoms and prior
colonoscopy. Sex-specific polypectomy rates (PRs) and
95%CI were calculated using Bayesian hierarchical logistic regression.
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RESULTS: In total, 45 endoscopists and 2134 (mean
age = 61, 50% female) of their patients participated. According to patients, screening PRs in males
and females were 32.4% (95%CI: 23.8-41.8) and
19.4% (95%CI: 13.1-25.4), respectively. According
to endoscopists, screening PRs in males and females
were 30.2% (95%CI: 27.0-41.9) and 16.6% (95%CI:
16.3-28.6), respectively. Sex-specific PRs did not meet
quality benchmarks at all ages except for: males aged
65-69 (patient screening indication), and males aged
70-74 (endoscopist screening indication). For all patients aged 50-54, none of the CI included the quality
benchmarks.
CONCLUSION: Most sex-specific screening PRs in
Québec were below quality benchmarks; PRs were especially low for all 50-54 year olds.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Benchmarking; Colonoscopy; Colorectal
cancer; Quality assurance; Screening
Core tip: Colonoscopy quality is essential to effective
colorectal cancer screening. Polypectomy rates (PRs)
of 40% in men and 30% in women have recently been
proposed as screening colonoscopy quality indicators.
In this prospective cohort study, we sought to estimate
and compare screening PRs in Québec with published
screening colonoscopy quality benchmarks. We found
that sex-specific screening PRs benchmarks were rarely
met. The very low screening PRs in patients aged 50-54
could not be explained by shorter than recommended
screening intervals. Further research is needed to understand the discrepancy between quality benchmarks
and clinical practice.
Sewitch MJ, Jiang M, Fon Sing M, Barkun A, Joseph L. Screening
polypectomy rates below quality benchmarks: a prospective
study. World J Gastroenterol 2014; 20(43): 16300-16305
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INTRODUCTION
Endoscopic polypectomy is the standard treatment for
gastrointestinal polyps[1,2] and reduces the incidence of
subsequent colorectal cancer (CRC)[3]. Polypectomy is
performed during colonoscopy, a key procedure to both
opportunistic and organized CRC screening that facilitates visualization of the entire colon and performance
of therapeutic options (e.g., biopsy, polypectomy). Delivery of high quality colonoscopy is essential to effective
CRC screening, and quality assurance programs and colonoscopy quality indicators have been developed to ensure
that endoscopists operate within accepted standards of
care. The adenoma detection rate (ADR) is considered a
critical colonoscopy quality indicator owing to its association with interval cancers (missed at colonoscopy) and
implication for screening failure[4]. However, ADR calculation is problematic, given the unavailability of data both
at the time of colonoscopy and in administrative health
databases that commonly results from the difficulty for
data linkage between endoscopy and pathology reports.
To overcome these difficulties, experts have proposed
the polyp detection rate or polypectomy rate (PR)[5-7], the
proportion of colonoscopies that result in the removal
of one or more polyps, as a surrogate for the ADR. The
PR overcomes the drawbacks of and is highly correlated
with the ADR[5-7]. Screening ADRs of 25% for men and
15% for women[4] and PRs of 40% for men and 30% for
women[5] have been proposed to ensure cost-effective
CRC screening, despite the difficulties in discerning
screening from non-screening colonoscopies with reasonable accuracy in administrative health databases[8-12].
In the present study, we sought to estimate and compare PRs in Québec with published colonoscopy quality
benchmarks. To overcome the challenge of identifying
screening colonoscopy in administrative health databases,
PR estimates were calculated using patient- and endosopist-reported colonoscopy indications (screening/nonscreening).

MATERIALS AND METHODS
A prospective cohort study was undertaken by combining data from two prospective cohort studies that used
the same study methodologies; the second study was
undertaken to increase the sample size of the first study.
Recruitment occurred during January-March 2007 and
January 2008-March 2009 at one of six hospital endoscopy facilities in Montréal; these included the McGill
University Health Centre (Royal Victoria Hospital and
Montreal General Hospital), the Sir Mortimer B Davis
Jewish General Hospital, St. Mary’s Hospital Centre,
Hôpital Maisonneuve-Rosemont, Hôpital Fleury and the
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Centre Hospitalier de l’Université de Montréal. Potential
participants included staff endoscopists and their patients
who were about to undergo colonoscopy. Eligible endoscopists, i.e. those with provincial colonoscopy billing
privilege, were enrolled prior to patient recruitment. A
research assistant approached patients in the waiting area
prior to colonoscopy to ascertain eligibility (aged 50-75,
scheduled for colonoscopy, covered by the Québec provincial health insurance board (RAMQ) at the time of
study and in the preceding year). The research assistant
administered the patient questionnaire to consenting
patients to assess history of large bowel conditions and
symptoms[13], prior colonoscopy, and the reason for the
index colonoscopy. Administrative health data (RAMQ)
from the day of the index colonoscopy were used to
determine polypectomy status. An endoscopist questionnaire was used to ascertain the colonoscopy indication.
Colonoscopy indications have been defined in detail
elsewhere[14] and will be described briefly. Endoscopist
screening indication was defined as colonoscopy performed in individuals without symptoms or with a family
history of CRC; endoscopist non-screening indication
was defined as either surveillance (performed in individuals with history of either colon, polyps, CRC, ulcerative
colitis or Crohn’s disease), diagnostic (performed for large
bowel symptoms), or confirmatory (performed to followup on a positive screen). Patient screening indication was
defined as colonoscopy performed in individuals without
a history of either gastrointestinal (GI) conditions in the
past 12 mo or large bowel symptoms in the past 6 mo;
patient non-screening indication was defined as having
a history of either GI conditions in the past 12 mo or
large bowel symptoms in the past 6 mo. This definition
of the patient colonoscopy indication is consistent with
the “asymptomatic” definition upon which the quality
benchmarks are based[4].
Ethics
Ethics approval was obtained from the McGill Faculty
of Medicine Institutional Review Board and the research
ethics committees at the study sites prior to study inception. Endoscopists and patients provided written informed consent prior to their participation. We followed
the STROBE guidelines in the reporting of this observational study[15].
Statistical analysis
Descriptive statistics were used to characterize the study
population. Bayesian hierarchical logistic regression modeling with random intercepts to account for endoscopistlevel clustering was used to estimate sex-specific PRs
according to colonoscopy indication and patient age
(50-54/55-59/60-64/65-69/70-75 years). Adjusted PR
estimates were calculated from model rate estimates by
accounting for the imperfect accuracy of the RAMQ database polypectomy billing code[16]. Previously we estimated that sensitivity and specificity of the RAMQ database
polypectomy billing code in comparison to medical chart
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Table 1 Sex-specific polypectomy rates according to patient and endoscopist colonoscopy indications (n = 2134)
Male
Colonoscopy indication

1

Patient
Endoscopista
Endoscopistb

Female

Screening PRs
% (95%CI)

Non-screening PRs
% (95%CI)

Screening PRs
% (95%CI)

Non-screening PRs
% (95%CI)

32.4 (23.8-41.8)
30.2 (22.3-38.9)
31.4 (23.5-39.7)

34.4 (27.0-41.9)
37.3 (29.7-45.3)
36.1 (28.2-44.4)

19.4 (13.1-25.4)
16.6 (11.0-22.7)
17.6 (11.7-23.7)

22.3 (16.3-28.6)
26.3 (19.4-33.3)
25.2 (18.1-32.4)

1

Screening colonoscopy indications defined as follows: (1) Patient: colonoscopy performed in individuals without a history of either gastrointestinal
conditions in the past 12 mo or large bowel symptoms in the past 6 mo; (2) Endoscopista: colonoscopy performed in asymptomatic individuals or those with
a family history of colorectal cancer; and (3) Endocopistb: colonoscopy performed in asymptomatic individuals or those with a family history of colorectal
cancer; or reported as confirmatory colonoscopy (performed to follow-up on a positive screen). PRs: polypectomy rates.

data were 84.7% (95%CI: 78.6-89.4) and 99.0% (95%CI:
97.5-99.6), respectively[17]. We then converted the confidence intervals into close-fitting beta densities that were
used in the model as prior distributions for sensitivity
and specificity. For all other parameters, non-informative
prior distributions were used. Bayesian 95% credible
intervals, analogous to frequentist confidence intervals,
were reported for all model results and are indicated by
CI. Because some experts may consider confirmatory
colonoscopy as a screening exam, sensitivity analysis was
performed in which endoscopist-reported confirmatory
colonoscopies were recategorized to screening. All analyses were conducted using WinBUGS software version
1.4.3 (MRC Biostatistics Unit, Cambridge).

RESULTS
Participants
Of the 2394 eligible patients approached, 2134 (89.1%)
(mean age = 60.9 ± 7.1, 49.9% female) consented to
participation. Reasons for exclusion were: 236 (9.9%) refused, 5 (0.2%) were sampled in both cohorts, 12 (0.5%)
had no available RAMQ data, and 7 (0.3%) were missing
the patient colonoscopy indication. The 45 endoscopists
included 38 (84.4%) gastroenterologists, 6 (13.3%) surgeons, and 1 (2.2%) internist.
Baseline patient characteristics revealed that 627 (29.4%)
had a history of GI conditions, 852 (40.0%) had lower
abdominal symptoms in the previous 6 mo, 505 (23.7%)
had a family history of CRC, 60 (2.8%) had a positive fecal occult blood test in the past 12 mo, and 991 (46.4%)
had had a prior colonoscopy in the last 10 years. According to patients and endoscopists, the proportions of
screening colonoscopies were 40.3% (95%CI: 38.2-42.4)
and 55.1% (95%CI: 52.9-57.2), respectively. There were
no missing data on patient characteristics.
Polypectomy rates
At the index colonoscopy, 548 (25.7%) patients had at
least one polypectomy. Sex-specific PR estimates according to patient and endoscopist screening and nonscreening colonoscopy indications are shown in Table 1.
For all indications, PR estimates were consistently higher
in males compared to females. According to patients,
screening PR estimates in males and females were 32.4%
(95%CI: 23.8-41.8) and 19.4% (95%CI: 13.1-25.4), re-
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spectively, and non-screening PR estimates were 34.4%
(95%CI: 27.0-41.9) and 22.3% (95%CI: 16.3-28.6),
respectively. According to endoscopists, screening PR
estimates in males and females were 30.2% (95%CI:
22.3-38.9) and 16.6% (95%CI: 11.0-22.7), respectively,
and non-screening PR estimates were 37.3% (95%CI:
29.7-45.3) and 26.3% (95%CI: 19.4-33.3), respectively.
The sensitivity analysis that reclassified 41 endoscopistreported confirmatory colonoscopies to screening colonoscopies showed almost no effect on the PR estimates
for males and females (data not shown).
Sex-specific PR estimates according to patient and endoscopist colonoscopy indications and patient age are presented in Table 2. Estimates were higher for males [range:
18.1% (95%CI: 9.5-27.1) to 51.2% (95%CI: 31.0-72.0)]
compared to females (range: 11.0% (95%CI: 3.1-20.5) to
28.8% (95%CI: 12.6-46.6)). Quality benchmarks were met
in males aged 65-69 (40.4% (95%CI: 20.6-62.1)) according
to patient screening indication, and in males aged 70-74
(42.1% (95%CI: 27.5-58.9)) according to endoscopist
screening indication. For females, no screening PR estimate reached the quality benchmark level. For all 50-54
year olds, both the PR estimates and their accompanying
credible intervals failed to reach the quality benchmark
level. To explore the possibility that 50-54 year olds were
inappropriately screened, we restricted the analysis to patients who reported no colonoscopy in the prior 10 years.
PRs remained very low: 19.4% and 21.1%, according to
patient and endoscopist screening indications, respectively (data not shown).

DISCUSSION
The present observational study estimated and compared
sex-specific PRs to quality benchmarks according to
patient age and colonoscopy indication (screening/nonscreening), in which screening was defined as colonoscopies performed in asymptomatic individuals. Our findings
showed that for individuals undergoing outpatient colonoscopy, sex-specific PR estimates were lower than quality benchmarks, with two exceptions: males aged 65-69
according to patient screening indication and males aged
70-74 according to endoscopist screening indication. Our
findings corroborate those of others that showed higher
PRs in men compared to women[18-20] and increasing PRs
with advancing age in screening[20-22] and non-screening[23]
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Table 2 Sex-specific polypectomy rates according to patient and endoscopist colonoscopy indications by patient age (n = 2134)
Patient indication
Age
category
(yr)

n

Screening PRs
% (95%CI)
Male

50-54
55-59
60-64
65-69
70-74

500
489
456
373
316

23.0 (10.5-37.9)
32.3 (18.3-47.0)
28.5 (12.7-46.8)
40.4 (20.6-62.1)
34.6 (18.3- 52.9)

Female
11.0 (3.1-20.5)
27.2 (17.2- 38.2)
15.6 (7.2-26.9)
16.5 (6.1-28.4)
28.8 (12.6- 46.6)

1

Endoscopist indication
Screening PRs
% (95%CI)

Non-screening PRs
% (95%CI)
Male
18.1 (9.5-27.1)
32.3 (18.1-47.0)
37.9 (25.7-50.8)
39.9 (23.9-55.6)
39.3 (21.9- 55.9)

2

Non-screening PRs
% (95%CI)

Female

Male

Female

Male

Female

19.6 (11.9- 28.2)
21.6 (12.4- 32.1)
21.8 (12.8- 32.1)
24.0 (10.5- 39.6)
24.1 (11.1- 37.6)

20.5 (9.5, 33.2)
33.0 (20.0- 46.2)
31.8 (16.8- 48.8)
30.4 (14.4- 46.6)
42.1 (27.5- 58.9)

16.6 (7.6-26.3)
22.6 (12.8-32.2)
14.3 (7.0-22.6)
14.5 (4.5-25.8)
17.2 (5.3-32.0)

19.2 (8.1-31.6)
32.3 (18.7-46.6)
36.9 (22.3-51.8)
51.2 (31.0-72.0)
40.7 (25.3- 55.3)

13.1 (4.3-23.8)
25.6 (14.7- 39.8)
28.0 (14.9- 42.0)
28.6 (13.0- 46.3)
28.8 (11.6- 46.3)

1

Patient screening indication: colonoscopy performed in individuals without a history of either gastrointestinal conditions in the past 12 mo or large bowel
symptoms in the past 6 mo; 2Endoscopist screening indication: colonoscopy performed in asymptomatic individuals or those with a family history of
colorectal cancer. PRs: polypectomy rates.

colonoscopies. Sensitivity analysis had almost no effect
on the PR estimates.
Of note, very low PR estimates were observed for
individuals aged 50-54, as none of the credible intervals
included the quality PR benchmarks. These findings suggest either inferior polyp detection resulting from poor
quality colonoscopy or differences in biology resulting
from increased risks for CRC and polyps with advancing age[24]. Inappropriate use of screening colonoscopy
did not appear to contribute to low PRs. In the future, if
benchmarks apply to colonoscopy naïve individuals, then
prior colonoscopy dates should be obtained from reliable
sources.
Low overall and sex-specific PRs have been observed
by others. In one cohort study of screening and nonscreening colonoscopies, only 20% of approximately
1.8 million colonoscopies included a polypectomy[18]. In
one population-based study in Alberta, 23.7% of men
and 15.4% of women undergoing a first colonoscopy
had polypectomy[19], and large variation in endoscopist
PR rates was observed. In contrast, we calculated PRs
according to patient characteristics rather than by endoscopist, to elucidate whether at certain ages, quality
benchmarks were met. Whereas we previously showed
a statistically significant association between patient age
and PRs after adjusting for sex, family history of CRC,
colonoscopy indication, prior colonoscopy and endoscopist specialty[25], findings from the present study advance
our understanding by showing how having a younger clientele could result in endoscopist failure to meet quality
standards.
Prior colonoscopy experience may eventually produce
counter-intuitive PRs. Although we did not find very low
PRs in the 70-74 age category, CRC screening was not
widespread at the time of our study; in fact, only 50%
of Canadians were up-to-date with CRC screening[26].
However, with the participation of individuals in successive screening rounds and the detection and removal of
polyps and adenomas, incidence of CRC and precancerous polyps may be reduced in older people. This idea is
supported by findings from two population-based studies, conducted between the early 1990s and late 2000s,
that showed increased CRC incidence in persons aged
51-70 and decreased incidence in those over 71[27,28]. The
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continued use of PR benchmarks to evaluate endoscopist
colonoscopy performance may need to adapt to changes
that result from increased CRC screening over time. Implementing a comprehensive program of education and
standardized testing might reduce the need for benchmark revision. Currently in Canada refresher courses are
offered to endoscopists on how to improve colonoscopy
performance[29] that could be followed by standardized
evaluation of colonoscopy quality with the requirement
of meeting predetermined criteria to perform colonoscopy.
Study strengths include: (1) increased generalizability
owing to the multicenter design and recruitment of most
staff endoscopists at the study sites; and (2) low risk for
information bias due to the assessment of patient colonoscopy indication prior to colonoscopy performance,
and the objective assessment of polypectomy status
based on administrative health data. Study limitations include: (1) wide credible intervals for the PR estimates due
to small patient sample size; (2) possible reporting bias as
the endoscopist may have filled out the indication questionnaire after the colonoscopy when the polypectomy
status was known; and (3) possible confounding due to
lack of bowel preparation quality data, as inadequately
cleansed patients have lowered diagnostic yield for polyps[30,31]. We did not use self-reported colonoscopy in the
prior 10 years to define the non-screening indication;
although patients self-report prior colonoscopy with fair
agreement when compared to medical records (kappas
ranging from 74% to 87%)[32-34], accuracy of the timing
of the colonoscopy has not been evaluated.
In conclusion, most sex-specific screening PRs in
Québec were below quality benchmarks; PRs were especially low for all 50-54 year olds. As this was a descriptive
study, future larger studies that include data on bowel
preparation quality and pathology, and administrative data
on colonoscopy in the prior 10 years are needed to help
elucidate the reasons for discrepancies between quality
benchmarks and clinical practice.
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Endoscopic polypectomy is the standard treatment for gastrointestinal polyps
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and reduces the incidence of subsequent colorectal cancer. The polyp detection
rate or polypectomy rate has been proposed as a quality colonoscopy benchmark. Screening polypectomy rates of 40% for men and 30% for women are
proposed. The polypectomy rate overcomes the disadvantages of the adenoma
detection rate, including the unavailability of data at the time of colonoscopy
and in administrative health databases, and the difficulty for data linkage with
pathology reports.
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Screening colonoscopy quality indicators have been proposed to ensure costeffective colorectal cancer screening.

Innovations and breakthroughs

The results of this study corroborated those of others that showed higher polypectomy rates in men compared to women that also increased with advancing
age in both screening and non-screening colonoscopies. The especially low
rates in the 50-54 year old age group needs to be explored.

Applications

As these are the first polypectomy rate data from Quebec, our findings will increase awareness among endoscopists of the low polyp detection rates. Future
larger studies that include information on bowel preparation quality and pathology, and administrative data on colonoscopy in the prior 10 years will to help
elucidate the reasons for the discrepancies between polypectomy benchmarks
and clinical practice.

Terminology

The polyp detection rate or polypectomy rate is defined as the proportion of
colonoscopies that result in the removal of one or more polyps.
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Peer review

The authors investigated polypectomy rates in screening and non-screening
colonoscopies in Quebec using provincial health administrative data. This paper
seems to be important and promising.
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Abstract
AIM: To evaluate the diagnostic characteristics of magnifying endoscopy with acetic acid spray and narrowband imaging (MA-NBI) for early colorectal cancer.
METHODS: We conducted a prospective study to
evaluate the diagnostic characteristics of MA-NBI in differentiating early colorectal adenocarcinomas from adenomas. To compare the results, we used magnifying
endoscopy with NBI (M-NBI) and magnifying endoscopy with crystal violet staining (M-CV). The study was
performed in 2 phases. In phase 1, 10 colonoscopists
at our institution were shown still photographs of 35
colorectal polyps (24 adenocarcinomas and 11 adenomas) in M-NBI, MA-NBI, and M-CV. They made diagnostic predictions using a five-grade scoring evaluation.
We plotted receiver operating characteristic curves and
compared the areas under the curves (AUCs). In phase
2, colorectal polyps measuring ≥ 8 mm were prospectively enrolled. During real-time colonoscopy, one of
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the 7 colonoscopists scored the lesion as an adenocarcinoma or an adenoma and assigned a level of confidence to the prediction (high or low). We calculated
the accuracy, sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) for
each method and compared the proportions of highconfidence predictions.
RESULTS: In phase 1, the mean ± SD AUCs were 0.64
± 0.031 in M-NBI, 0.71 ± 0.066 in MA-NBI, and 0.76
± 0.059 in M-CV (P < 0.05 for M-NBI vs MA-NBI, P <
0.001 for M-NBI vs M-CV, and not significant for MANBI vs M-CV). In phase 2, 84 patients with 91 lesions
(46 adenocarcinomas and 45 adenomas) were enrolled.
The diagnostic characteristics were as follows: 73%
accuracy, 85% sensitivity, 60% specificity, 68% PPV,
and 79% NPV in M-NBI; 73% accuracy, 80% sensitivity, 64% specificity, 70% PPV, and 76% NPV in MA-NBI;
and 73% accuracy, 83% sensitivity, 62% specificity,
69% PPV, and 78% NPV in M-CV. The proportions of
high-confidence predictions were 57% in M-NBI, 75%
in MA-NBI, and 76% in M-CV (P < 0.005 for M-NBI vs
MA-NBI, P < 0.0005 for M-NBI vs M-CV, and P = 1.0 for
MA-NBI vs M-CV).
CONCLUSION: MA-NBI is useful for differentiating
early colorectal adenocarcinomas from adenomas.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Differentiating early colorectal adenocarcinomas from adenomas using magnifying endoscopy with
narrow-band imaging can sometimes be difficult because
the surface pattern is frequently obscure. Magnifying
endoscopy with acetic acid spray and narrow-band
imaging (MA-NBI) accentuates the surface pattern of
colorectal polyps. This study showed that MA-NBI and
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magnifying endoscopy with crystal violet staining (M-CV)
are useful for differentiating early colorectal adenocarcinomas from adenomas. Moreover, MA-NBI is more
time- and cost-effective than M-CV and could be beneficial for routine colonoscopies in terms of diagnostic
accuracy, efficiency, and cost-effectiveness.
Goto N, Kusaka T, Tomita Y, Tanaka H, Itokawa Y, Koshikawa Y,
Yamaguchi D, Nakai Y, Fujii S, Kokuryu H. Magnifying narrowband imaging with acetic acid to diagnose early colorectal cancer.
World J Gastroenterol 2014; 20(43): 16306-16310 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i43/16306.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i43.16306

INTRODUCTION
Magnifying endoscopy with narrow-band imaging (MNBI) is useful for differentiating neoplastic from nonneoplastic colorectal polyps and for estimating the depth
of invasion of early colorectal cancers[1,2]. Differentiating
early colorectal adenocarcinomas from adenomas using
M-NBI is sometimes difficult because the surface pattern
is frequently obscure and the vascular pattern does not
directly reflect structural atypia. Magnifying endoscopy
with crystal violet staining (M-CV) provides a clear pit
pattern image[3,4]; however, M-CV is a time-consuming
procedure. Magnifying endoscopy with acetic acid spray
and narrow-band imaging (MA-NBI) quickly accentuates the surface pattern through the acetowhite reaction
(Figure 1). The usefulness of this method has been reported for differentiating neoplastic from non-neoplastic
colorectal polyps[5]; however, this usefulness has not been
reported for differentiating early colorectal adenocarcinomas from adenomas. The aim of this study was to evaluate the diagnostic accuracy of MA-NBI for differentiating early colorectal adenocarcinomas from adenomas and
to compare the accuracy with those of M-NBI and M-CV.

MATERIALS AND METHODS
Study design
We conducted a prospective study to compare the diagnostic characteristics of M-NBI, MA-NBI, and M-CV
for differentiating early colorectal adenocarcinomas from
adenomas. The study was conducted in 2 phases. Phase
1 compared the diagnostic characteristics of M-MBI,
MA-NBI, and M-CV using still photographs of known
histology, and phase 2 compared these diagnostic characteristics during real-time colonoscopy. The study was
approved by the institutional committee. The patients
involved in the real-time colonoscopy study provided
written informed consent. The study was conducted according to the tenets of the Declaration of Helsinki.
Patients, participants and procedures
Phase 1: Between January 2012 and January 2013, a total

WJG|www.wjgnet.com

of 562 polyps were treated by endoscopic mucosal resection or endoscopic submucosal dissection at our institution. We reviewed all recorded photographs of these polyps and noted that 35 polyps (24 adenocarcinomas and
11 adenomas) had clear photographs of M-NBI, MANBI, and M-CV at the same magnification ratio, such as
the images shown in Figure 1. Ten colonoscopists with
3 to 21 years of colonoscopy experience participated in
the study. The colonoscopists were independently shown
the still photographs of these 35 polyps in each modality
and made diagnostic predictions of adenocarcinoma or
adenoma using a five-grade evaluation score. We plotted
receiver operating characteristic (ROC) curves for each
modality for the 10 colonoscopists and compared the areas under the curves (AUCs).
Phase 2: We prospectively enrolled patients who underwent routine screening or diagnostic colonoscopy and
had polyps measuring ≥ 8 mm that had not previously
been biopsied for histological examination. Hyperplastic
polyps, sessile serrated adenomas/polyps, hamartomatous
polyps and advanced cancers were excluded from the
study. Seven colonoscopists with 3 to 21 years of colonoscopy experience participated in the study. Before resection, one of the colonoscopists examined the lesion in
M-NBI, MA-NBI, and M-CV. For each modality, during
the examination, the colonoscopist scored the lesion as an
adenocarcinoma or adenoma and immediately assigned a
level of confidence (high or low) to the prediction. The
colonoscopists were instructed to assign a prediction with
high confidence when they had > 90% certainty regarding the diagnosis. Colonoscopies were performed using
high-definition endoscopes (CF-H260AZI or CF-HQ290,
with an Evis Lucera Elite CV-290 light source, CLV-290
processor, and OEV-261H monitor; all from Olympus,
Japan). For MA-NBI, we sprayed 5 mL of a 1.5% acetic
acid solution on the lesion and immediately examined the
lesion. For M-CV, we sprayed a 0.2% crystal violet solution on the lesion, waited more than one minute, washed
off the superfluous solution with water, and examined
the lesion. After the examination, the lesion was resected
and retrieved, and an independent pathologist who was
blinded to the endoscopic prediction reported the histology of the lesion, according to the Vienna classification[6].
We compared the diagnostic characteristics and the proportions in which the predictions were made with high
confidence.
Statistical analysis
In phase 1, the Dorfman-Berbaum-Metz multiple-reader
multiple-case (DBM-MRMC) software was used to fit the
ROC curve and to calculate the AUCs. Comparisons of
the AUCs were performed using Tukey’s post-hoc test.
In phase 2, we calculated the accuracy, sensitivity, and
specificity, as well as the positive predictive value (PPV)
and negative predictive value (NPV). The comparisons of
paired proportions were performed using McNemar’s test.
The comparisons of categorical data were performed
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A

B

C

Figure 1 Magnifying endoscopy of early colorectal adenocarcinoma. A: M-NBI shows the vascular pattern and the surface pattern; however, the surface pattern
is obscure; B: MA-NBI effaces the vascular pattern and accentuates the surface pattern; C: M-CV provides a clear pit pattern. M-NBI: Magnifying endoscopy with
narrow-band imaging; MA-NBI: Magnifying endoscopy with acetic acid spray and narrow-band imaging; M-CV: Magnifying endoscopy with crystal violet dye.
P < 0.001

1
0.9

P < 0.05

Table 1 Diagnostic characteristics of magnifying endoscopy
with narrow-band imaging, magnifying endoscopy with
acetic acid spray and narrow-band imaging, and magnifying
endoscopy with crystal violet dye

NS

Area under the curve

0.8
0.7

M-NBI

MA-NBI

M-CV

73% (63%-81%)
85% (71%-93%)
60% (45%-73%)
68% (55%-79%)
79% (36%-90%)

73% (63%-81%)
80% (67%-90%)
64% (50%-77%)
70% (56%-81%)
76% (61%-87%)

73% (63%-81%)
83% (69%-91%)
62% (48%-75%)
69% (56%-80%)
78% (62%-89%)

0.6
Accuracy (95%CI)
Sensitivity (95%CI)
Specificity (95%CI)
PPV (95%CI)
NPV (95%CI)

0.5
0.4
0.3
0.2

M-NBI: Magnifying endoscopy with narrow-band imaging; MA-NBI;
Magnifying endoscopy with acetic acid spray and narrow-band imaging;
M-CV: Magnifying endoscopy with crystal violet dye; PPV: Positive
predictive value; NPV: Negative predictive value.

0.1
0

M-NBI

MA-NBI

M-CV

Figure 2 Comparison of the areas under the receiver operating characteristic curves of 10 colonoscopists for differentiating early colorectal adenocarcinomas from adenomas. M-NBI: Magnifying endoscopy with narrowband imaging; MA-NBI: Magnifying endoscopy with acetic acid spray and
narrow-band imaging; M-CV: Magnifying endoscopy with crystal violet dye; NS:
Not significant.

using Fisher’s exact test. All reported P values were twosided.

RESULTS
Phase 1
The mean ± SD AUCs were 0.64 ± 0.031 for M-NBI, 0.71
± 0.066 for MA-NBI, and 0.76 ± 0.059 for M-CV (P < 0.05
for M-NBI vs MA-NBI, P < 0.001 for M-NBI vs M-CV,
and not significant for MA-NBI vs M-CV) (Figure 2).
Phase 2
Between July 2013 and December 2013, a total of 84
patients with 91 polyps fulfilled the inclusion criteria and
were prospectively enrolled in the study. The lesions consisted of 46 adenocarcinomas with a median size of 12.5
mm (range, 8-35 mm), and 45 adenomas with a median
size of 10 mm (range, 8-23 mm). Of the 46 adenocarcinomas, 38 were intramucosal cancers, and 8 were submucosal cancers. The diagnostic characteristics were 73%
accuracy, 85% sensitivity, 60% specificity, 68% PPV, and
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79% NPV in M-NBI; 73% accuracy, 80% sensitivity, 64%
specificity, 70% PPV, and 76% NPV in MA-NBI; and
73% accuracy, 83% sensitivity, 62% specificity, 69% PPV,
and 78% NPV in M-CV (Table 1). The proportions of
high-confidence predictions were 57% (52/91) in M-NBI,
75% (68/91) in MA-NBI, and 76% (69/91) in M-CV (P
< 0.005 for M-NBI vs MA-NBI, P < 0.0005 for M-NBI
vs M-CV, and P = 1.0 for MA-NBI vs M-CV) (Figure 3).
When the predictions were made with high confidence,
the accuracy, specificity, and PPV were significantly higher in MA-NBI; the accuracy, sensitivity, and PPV were
also significantly higher in M-CV, whereas the diagnostic
characteristics did not differ significantly in M-NBI (Table
2, Table 3 and Table 4). We also plotted ROC curves for
each modality. The AUCs were 0.79 in M-NBI, 0.82 in
MA-NBI, and 0.85 in M-CV. There were no significant
differences among the three modalities.

DISCUSSION
The usefulness of acetic acid spray has predominantly
been reported in the fields of Barrett’s esophagus and
early gastric cancer[7,8]. The usefulness of this method in
colonoscopy has only been reported for differentiating
neoplastic from non-neoplastic polyps[5], in which M-NBI
without acetic acid spray also has excellent diagnostic ac-
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P < 0.0005

100

High-confidence predictions (%)

90

P < 0.005

80

Table 3 Diagnostic characteristics of magnifying endoscopy
with acetic acid spray and narrow-band imaging

NS
76

75

70
60

57

50

Accuracy (95%CI)
Sensitivity (95%CI)
Specificity (95%CI)
PPV (95%CI)
NPV (95%CI)

40
30

52/91

68/91

69/91

M-NBI

MA-NBI

20
10
0

P value for highconfidence vs

79% (68%-87%)
83% (67%-92%)
76% (59%-87%)
78% (63%-89%)
81% (63%-91%)

52% (36%-71%)
70% (39%-90%)
39% (18%-65%)
47% (25%-70%)
63% (30%-90%)

0.02
0.69
0.04
0.04
0.35

low-confidence
predictions

Table 4 Diagnostic characteristics of magnifying endoscopy
with crystal violet dye

Table 2 Diagnostic characteristics of magnifying endoscopy
with narrow-band imaging
Highconfidence
predictions
(n = 52)

Lowconfidence
predictions
(n = 39)

P value for highconfidence vs

79% (66%-88%)
87% (70%-95%)
68% (47%-84%)
79% (62%-90%)
79% (56%-92%)

64% (48%-77%)
81% (56%-94%)
52% (33%-71%)
54% (35%-72%)
80% (54%-94%)

0.16
0.68
0.37
0.08
1.00

Accuracy (95%CI)
Sensitivity (95%CI)
Specificity (95%CI)
PPV (95%CI)
NPV (95%CI)

low-confidence
predictions

Highconfidence
predictions
(n = 69)

Lowconfidence
predictions
(n = 22)

P value for highconfidence vs

81% (70%-88%)
92% (78%-98%)
68% (50%-82%)
78% (64%-88%)
88% (68%-96%)

46% (27%-65%)
38% (13%-70%)
50% (27%-73%)
30% (10%-61%)
58% (32%-81%)

0.002
0.002
0.330
0.006
0.090

low-confidence
predictions

CI: Confidence interval; PPV: Positive predictive value; NPV: Negative
predictive value.

CI: Confidence interval; PPV: Positive predictive value; NPV: Negative
predictive value.

curacy[9]. In this study, we aimed to compare the diagnostic
characteristics of M-NBI, MA-NBI, and M-CV in differentiating early colorectal adenocarcinomas from adenomas. In phase 1, the AUCs for MA-NBI and M-CV were
significantly higher than the AUC for M-NBI. This result,
however, only reflects the evaluation of still photographs
of magnifying endoscopy. During routine colonoscopy,
we first make a prediction based on the findings without
optical magnification; then, we magnify the area of interest
and spray acetic acid or crystal violet dyes, as necessary. To
clarify the role that MA-NBI plays in routine colonoscopy,
we evaluated the diagnostic characteristics during real-time
colonoscopy in phase 2 of the study. Although the accuracy, sensitivity, specificity, PPV, NPV and the AUCs were
somewhat identical among the three modalities, MA-NBI
and M-CV significantly increased the high-confidence predictions with higher accuracy compared with M-NBI.
MA-NBI and M-CV efface the vascular pattern and
provide a clear surface pattern that directly reflects the
glandular structure of the lesion observed during the histopathological examination. However, there is a difference in
the surface patterns between MA-NBI and M-CV (Figure
1). MA-NBI does not clarify a rough margin, a narrow lumen, or absent staining, all of which could be observed in
M-CV and are important in distinguishing between mildly

WJG|www.wjgnet.com

Lowconfidence
predictions
(n = 23)

CI: Confidence interval; PPV: Positive predictive value; NPV: Negative
predictive value.

M-CV

Figure 3 Comparison of the proportions in which predictions were made
with high confidence. M-NBI: Magnifying endoscopy with narrow-band imaging; MA-NBI: Magnifying endoscopy with acetic acid spray and narrow-band imaging; M-CV: Magnifying endoscopy with crystal violet dye; NS: Not significant.

Accuracy (95%CI)
Sensitivity (95%CI)
Specificity (95%CI)
PPV (95%CI)
NPV (95%CI)

Highconfidence
predictions
(n = 68)

irregular and severely irregular type Ⅴ (Ⅰ) pit patterns
for estimating the depth of cancer invasion. This study
suggests that in terms of differentiating adenocarcinomas
from adenomas, the enhanced surface pattern in MA-NBI
could be as informative as the pit pattern in M-CV.
Recently, there has been a trend toward the resectand-discard policy, in which colonoscopists resect polyps
measuring < 10 mm based on the optical diagnosis and
discard the samples without submitting them to pathology[10,11]. The aim of the resect-and-discard policy was to
reduce the volume of histology by diagnosing and treating many obvious benign adenomas and rectosigmoid
hyperplastic polyps; polyps should be sent for pathology
when the optical diagnosis is not definitive. In the Detect
InSpect ChAracterise Resect and Discard (DISCARD)
trial, polyps measuring 6-9 mm were sent for pathology
more often than polyps measuring ≤ 5 mm (22% vs 8%,
respectively), showing the difficulty and importance of
making high-confidence predictions for larger polyps. Our
study showed that even for polyps measuring ≥ 8 mm,
MA-NBI and M-CV facilitate high-confidence predictions
with high accuracy. Moreover, MA-NBI is more time- and
cost-effective than M-CV; the time required to obtain a
clear image is approximately 14 s in MA-NBI[5], whereas
more than one minute is required in M-CV. Therefore, we
believe that MA-NBI could play an important role in routine colonoscopy.
This study has limitations. Because of the small sample
size in phase 2, we could not show a significant increase in
the overall accuracy or in the AUCs. In addition, although
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10 colonoscopists with different experience levels participated, this work is a single-center study in Japan; thus, it
might be difficult to extrapolate the results to colonoscopists who are not experienced with magnifying endoscopy.
We have shown that MA-NBI is useful for differentiating early colorectal adenocarcinomas from adenomas;
MA-NBI could benefit routine colonoscopy in terms of
the diagnostic accuracy, efficiency and cost-effectiveness.
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differentiating neoplastic from non-neoplastic colorectal polyps; however, the
usefulness for differentiating early colorectal adenocarcinomas from adenomas
has not been reported.
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differentiating early colorectal adenocarcinomas from adenomas. The results
suggest that we could substitute MA-NBI for M-CV to differentiate early colorectal adenocarcinomas from adenomas.
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MA-NBI could play an integral role in routine colonoscopy because differentiating early colorectal adenocarcinomas from adenomas is of great importance.
MA-NBI could confer a benefit in terms of the diagnostic accuracy, efficiency,
and cost-effectiveness.
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Applications

Terminology

For MA-NBI, we sprayed 5 mL of a 1.5% acetic acid solution on the lesion and
immediately examined the lesion. For M-CV, we sprayed a 0.2% crystal violet
solution on the lesion, waited more than one minute, washed off the superfluous solution with water, and examined the lesion.
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Peer review

To evaluate the diagnostic characteristics of MA-NBI in early colorectal cancer,
the authors conducted a two-phase prospective study and concluded that
MA-NBI was useful for differentiating early colorectal adenocarcinomas from
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advances in the early diagnosis of colorectal cancer.
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endoscopic submucosal dissection (ESD) for superficial
gastric neoplasia (SGN).
METHODS: Surveillance esophagogastroduodenoscopy (EGD) using a TME was conducted in 182 patients
that had undergone ESD for SGN. Autofluorescence
imaging (AFI) was conducted after white-light imaging
(WLI). When SGN was suspicious, magnifying endoscopy with narrow-band imaging (ME-NBI) was conducted. Final diagnoses were made by histopathologic
findings of biopsy specimens. The detection rates of
lesions in WLI, AFI, and NBI, and the characteristics of
lesions detected by WLI and ones missed by WLI but
detected by AFI were examined. The sensitivity, specificity, and accuracy of endoscopic diagnosis using WLI,
AFI and ME-NBI were evaluated.
RESULTS: In 242 surveillance EGDs, 27 lesions were
determined pathologically to be neoplasias. Sixteen
early gastric cancers and 6 gastric adenomas could be
detected by WLI. Sixteen lesions were reddish and 6
were whitish. Five gastric neoplasias were missed by
WLI but were detected by AFI, and all were whitish and
protruded gastric adenomas. There was a significant difference in color and pathology between the two groups
(P = 0.006). Sensitivity, specificity and accuracy in MENBI were higher than those in both WLI and AFI. Specificity and accuracy in AFI were lower than those in WLI.
CONCLUSION: Surveillance using trimodal imaging
endoscopy might be useful for detecting another lesion
after endoscopic submucosal dissection for superficial
gastric neoplasia.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To evaluate the effectiveness of trimodal imaging endoscopy (TME) to detect another lesion after

Key words: Autofluorescence imaging; Endoscopic submucosal dissection; Superficial gastric neoplasia
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Core tip: We report surveillance esophagogastroduodenoscopy (EGD) using trimodal imaging videoendoscopy
(TME) to detect another lesion after endoscopic submucosal dissection (ESD) for superficial gastric neoplasia (SGN). In 242 surveillance EGDs, 16 early gastric
cancers and 11 gastric adenomas were detected, 5 of
which were missed by white-light imaging (WLI) but
were detected by autofluorescence imaging (AFI). The
five were whitish and protruded gastric adenomas.
Sensitivity, specificity and accuracy in magnifying endoscopy with narrow-band imaging were higher compared to those in both WLI and AFI. Surveillance using
TME is useful for detecting another lesion after ESD for
SGN.
Imaeda H, Hosoe N, Kashiwagi K, Ida Y, Nakamura R, Suzuki
H, Saito Y, Yahagi N, Iwao Y, Kitagawa Y, Hibi T, Ogata H,
Kanai T. Surveillance using trimodal imaging endoscopy
after endoscopic submucosal dissection for superficial gastric
neoplasia. World J Gastroenterol 2014; 20(43): 16311-16317
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i43/16311.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i43.16311

INTRODUCTION
Endoscopic submucosal dissection (ESD) for early gastric cancer (EGC) has been developed recently[1-3]. Since
en bloc resection is needed for accurate histopathologic
diagnosis, ESD has become the standard endoscopic
treatment for EGC in Japan. Metachronous multiple
gastric cancers, however, developed within 3-5 years in
2.7%-14% of patients after endoscopic resection (ER)
for EGC[4-7]. The frequency of metachronous gastric
cancers in patients after ER for EGC is higher than that
of gastric cancers in the general population. Eradication
of Helicobacter pylori (H. pylori) infection was reported to
decrease the incidence of metachronous gastric cancers
in patients who had undergone ER for EGC, but about
3% of them had metachronous lesions at 3-year followup[8]. Surveillance using esophagogastroduodenoscopy
(EGD) after ER for EGC is therefore very important for
detecting such lesions at the early stage, when they are
still resectable by ESD.
Exogenous fluorophores such as 5-aminolevulinic
acid[9] and endogenous fluorophores such as collagens,
nicotinamides, adenine dinucleotides, flavins, and porphyrins[10-12] are used in autofluorescence (AF) endoscopy for examining the gastrointestinal (GI) tract. When
the mucosal layer and the submucosal layer are illuminated with blue excitation light, green AF light is emitted
from endogenous fluorophores in the submucosal layer.
The intensity of this AF was diminished by abnormal
vessels, the thick mucosa, fibrosis, inflammation, and the
changes of endogenous fluorophores correlated with
the neoplasia[10-13]. AF videoendoscopy (GIF-FQ260Z,
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Olympus Medical Systems Corp., Tokyo, Japan) using
combination of autofluorescence imaging (AFI) and
reflectance imaging has been reported in observation of
superficial neoplasias in the esophagus[14-17], stomach[18,19],
and colon[19]. Kato et al[20] reported that AFI detected
10% more neoplasms than did white-light imaging (WLI)
and that although the sensitivities of WLI and AFI are
comparable, clinical value of AFI is limited because its
specificity is considerably lower than that of WLI (i.e.,
its use resulted in a large number of false positives). The
GIF-FQ260Z videoendoscopy combines not only AFI
endoscopy but also magnifying endoscopy with WLI and
narrow-band imaging (NBI) in a single endoscope with
two charge-coupled devices. It is a trimodal imaging endoscopy (TME) system, and TME is effective for detecting early-stage neoplasias in the esophagus[21], stomach[20]
and colon[22].
The aim of this study was to evaluate the ability of
surveillance EGD using TME system to detect another
lesion after ESD for SGN.

MATERIALS AND METHODS
Patient population
One hundred eighty-two patients (147 male and 35 female; mean age 70.2 years) who had undergone ESD for
SGN at Keio University Hospital were enrolled between
January 2010 and December 2011 in this prospective
study.
The study protocol was approved by the institutional
review board at our hospital, and it was registered with
the UMIN Clinical Trials Registry (UMIN000003120).
Informed consent was obtained from each patient.
Overall study design
We used a high-resolution magnifying endoscopy with
80-fold optical magnification (GIF-FQ260Z), that is
able to be easily switched from WLI mode to AFI or
NBI mode and the standard videoendoscopy system
(LUCERA CV-260SL; Olympus Medical Systems Corp.).
The TME system conducts illumination of red, green,
and blue light, which were used for WLI and NBI and
illumination of an excitation/reflected light, which were
used for AFI. Hemoglobin absorbs short-wavelength
blue light, therefore, the appearance of microvessels in
the superficial mucosal layer is enhanced. NBI mode
was performed with magnification. The AFI allowed the
light emitted from a xenon lamp to direct to a rotating
filter wheel that passed 390-470 nm excitation light and
540-560 nm green light. A pseudocolor image based
on the AF signals and reflected light was reconstructed,
therefore high-intensity of AF showed green color and
low-intensity of AF showed magenta color. The AFI
system displayed the pyloric mucosa or the atrophic
mucosa as green, blood vessels as dark green, and the
fundic mucosa or neoplasia as magenta.
Patients underwent surveillance EGD using TME
system under conscious sedation with flunitrazepam
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(0.2-0.4 mg). First, an examiner performed endoscopic
observation using WLI, second, did that using AFI.
Third, if lesions were suspected by WLI or AFI, endoscopic observation using magnifying endoscopy with
narrow-band imaging (ME-NBI) was performed. All
lesions identified by WLI or AFI modalities that seemed
to be neoplasias were recorded as endoscopic neoplasias
and biopsies were performed. A lesion identified by WLI
endoscopy was recorded as a neoplasia if it was, from
its color and appearance, recognized as or suspected
to be an EGC or adenoma. A lesion identified by AFI
endoscopy was recorded as a neoplasia if its color was
different from that of the surrounding mucosa and its
circumferential margin was definite. A lesion in ME-NBI
was recorded as a neoplasia if it could be demarcated
from the surrounding mucosa by irregular microsurface pattern and/or irregular microvascular pattern.
The histopathologic finding obtained from the biopsy
specimens were deemed to be the gold standard for the
diagnosis. The examinations were performed by one of
four endoscopists. AFI and ME-NBI were considerably
different from WLI, the AFI and ME-NBI examinations were, therefore, performed by endoscopists who
had previously experienced diagnosis of EGC by TME
system using AFI and ME-NBI mode for more than 20
lesions.
Characteristics of SGNs detected by WLI and ones
missed by WLI but detected by AFI were analysed. The
sensitivity, specificity, and accuracy of endoscopic diagnosis using WLI, AFI and ME-NBI of pathology-proven neoplasia were evaluated. Assessment of the spread
of atrophic gastritis evident by AFI mode was based
on Kimura-Takemoto classification: closed-type gastric
mucosal atrophy has an atrophic border in the antrum or
the lesser curvature of the gastric body, and open-type
gastric mucosal atrophy has that in the lateral wall or
the greater curvature of it[23]. If the mucosa in the lesser
curvature of the gastric body was purple, the diagnosis
was closed-type atrophic gastritis; if the mucosa in the
lateral wall or the greater curvature of it was green, the
diagnosis was open-type atrophic gastritis.
Histopathology
Biopsy specimens were immersed in 10% formalin, embedded in paraffin, sectioned serially, and stained with
hematoxylin and eosin. The diagnostic histopathologic
criteria were based on the revised Vienna classification[24].
Category 3, which was mucosal low-grade neoplasia was
classified as gastric adenoma, and category 4, which was
mucosal high-grade neoplasia was classified as gastric
carcinoma. Expert GI pathologists diagnosed the histopathologic findings of all biopsy specimens.
Statistical analysis
The data were analysed using SPSS software, version
17 (SPSS Inc., Chicago, IL), and statistical significance
was assessed by Fischer’s exact test, Student’s t-test and
Mann-Whitney’s U test. All probability values calculated
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in this analysis were sided, and P values of less than 0.05
were considered to denote statistical significance.

RESULTS
Two hundred and forty-two surveillance EGDs using
the TME system were conducted in 182 patients. EGD
was performed once in 129 patients, twice in 46 patients,
and three times in 7 patients. Forty lesions detected by
WLI were suspected to be neoplasias; of these lesions,
23 were identified as possible neoplasias by ME-NBI.
Twenty-two of these 23 lesions were determined pathologically to be neoplasias. Thirty-four lesions detected by
AFI were suspected to be neoplasias, five of them were
identified as possible neoplasias by ME-NBI. All five
were determined pathologically to be neoplasias (Figure
1). All of the 27 lesions determined pathologically to be
neoplasias were detected by ME-NBI. Sixteen lesions in
16 patients were determined pathologically to be EGC
(15 intramucosal lesions and one slightly submucosal
lesion, and 15 well-differentiated adenocarcinomas and
one moderately-differentiated adenocarcinoma). Eleven
lesions in 10 patients were pathologically defined as gastric adenoma. SGN was detected in 2 of the 28 patients
(7.1%) with closed-type atrophic gastritis and in 24 of
the 154 patients (15.6%) with open-type atrophic gastritis. The number of lesions did not differ significantly
between patients with the closed and open types of atrophic gastritis (P = 0.38).
Twenty-two of 27 lesions (81%) were detected by
WLI (Figure 2) and five (19%) were missed by WLI but
were detected by AFI. All of the five lesions were, however, detected in the second WLI after AFI (Figure 3).
There was no significant differences in size, structure,
or location between lesions detected by WLI and ones
missed by the first WLI but detected by AFI (Table 1).
Sixteen of 22 lesions detected by WLI were reddish and
6 were whitish, but all of five lesions missed by the first
WLI but detected by AFI were whitish. There was a
significant difference in color between the two groups
(P = 0.006). Sixteen of 22 lesions detected by WLI were
EGCs and 6 were gastric adenomas, but 5 missed by the
first WLI but detected by AFI were gastric adenomas
that were slightly protruded. There was a significant difference in pathology (carcinoma/ adenoma) between the
two groups (P = 0.006).
Sensitivity in ME-NBI was higher than that in WLI
(P = 0.02) and that in AFI (P = 0.02). Specificity in MENBI was higher than that in WLI (P < 0.001) and that in
AFI (P < 0.001). Accuracy in ME-NBI was higher than
that in WLI (P < 0.001) and that in AFI (P < 0.001). In
addition, both specificity and accuracy in AFI were lower
than those in WLI (P < 0.001) (Table 2).

DISCUSSION
EGC is a good indication for ER and surveillance EGD is
considered to reduce the mortality correlated with gastric
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242 EGDs enrolled

WLI-neoplasia 40

ME-NBI-neoplasia 23

Pathologyneoplasia 22

AFI -neoplasia 34

ME-NBI- non neoplasia 17

WLI-ME-neoplasia 5

WLI-ME- non neoplasia 29

Pathologynonneoplasia 17

Pathologyneoplasia 5

Pathologynonneoplasia 29

Pathologynonneoplasia 1

Figure 1 Flow diagram of neoplastic lesions detected by trimodal imaging endoscopy. EGD: Esophagogastroduodenoscopy; WLI: White-light imaging; AFI:
Autofluorescence imaging; ME: Magnifying endoscopy; NBI: Narrow-band imaging.

A

B

C

D

Figure 2 Protruded early gastric cancer. A: Whitish lesion detected in white-light imaging; B: Magenta lesion in autofluorescence imaging; C: Demarcation line in
narrow-band imaging (NBI); D: Irregular mucosal pattern and irregular vascular pattern in magnifying endoscopy with the NBI.

neoplasia[1-3]. Moreover, surveillance EGD after ESD for
SGN is important to detect metachronous SGNs. Twenty-two lesions (81%) were detected by WLI, 5 lesions
(19%) were missed by WLI but were detected by AFI in
this study, therefore approximately one fifth could not be
correctly diagnosed in WLI mode. Kato et al[18] reported
that the detection rate of EGC was more than 10% not
only by WLI but also by AFI. In our study, the detection
by AFI was also similar to that reported by Kato et al[18].
Our study found AFI videoendoscopy to be effective for
identifying gastric neoplasias missed by WLI videoendos-
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copy. All five lesions missed by the first WLI were able to
be detected in the second WLI. All five lesions missed by
WLI were, however, gastric adenomas in this study.
Sixteen of the neoplasias detected by WLI were reddish and six were whitish, and all five missed by WLI
but detected by AFI were whitish. All five lesions were
located in the atrophic mucosa, and they resembled the
surrounding relatively whitish atrophic mucosa, because
there was little color difference. It thus might be difficult
to detect gastric neoplasias that were minimally protruded and/or were small. All five lesions were minimally
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A

B

D

E

C

Figure 3 Protruded gastric adenoma. A: Lesion not detected in white-light imaging; B: Magenta in autofluorescence imaging; C: Lesion detected in the second
white-light imaging (arrow); D: Demarcation line in narrow-band imaging (NBI); E: Regular mucosal pattern and irregular vascular pattern in magnifying endoscopy
with NBI.

Table 1 Characteristics of superficial gastric neoplasias detected by white light imaging and of those detected not by white light imaging but by autofluorescence imaging
Detection mode
n (%)
Mean tumor size (mm)
Color (reddish: whitish)
Type (protruded:depressed)
Location (U:M:L)
Pathology (carcinoma:adenoma)

WLI

not WLI but AFI

P value

22 (81)
12.1 (5-60)
16:6
14:8
2:9:11
16:6

5 (19)
11.6 (5-20)
0:5
5:0
0:2:3
0:5

0.400
0.006
0.280
0.640
0.006

WLI: White light imaging; AFI: Autofluorescence imaging; U: Upper-third portion of the body; M: Middle-third portion of the body; L: Lower-third portion
of the body.

Table 2 Comparison of diagnostic accuracy for white light,
autofluorescence and magnifying endoscopy with narrow band
Method
Sensitivity
Specificity
Accuracy

WLI

AFI

ME-NBI

81.5%a
61.7%b
68.9%b

81.5%a
14.9%b,d
39.2%b,d

100%
97.9%
98.6%

a

P = 0.02, bP < 0.01 vs magnifying endoscopy with narrow band imaging
(ME-NBI); dP < 0.01 vs white light imaging (WLI). AFI: Autofluorescence
imaging.

protruded, and three of 5 were small (7 mm or less).
Moreover, two of 5 lesions missed by the first WLI were
located in the anterior wall behind the angle, which were
necessary to be observed carefully not to be missed.
ME-NBI can reduce large false-positive numbers de-
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tected by WLI and/or AFI, it is, therefore, deemed to be
the mainstay of TME system in increase of diagnostic
accuracy for SGN[20]. Diagnoses based on WLI and AFI
depend on the changes in the color and configuration
of lesions, that are not always specific for gastric neoplasias. In our data, the specificity in AFI was especially
low. ME-NBI, in contrast, has the advantage of yielded
clearer images of the microsurface pattern and microvascular pattern, which show abnormalities specific for
neoplasia and enables an endoscopically pathologic diagnosis[20]. Therefore, ME-NBI reveals high diagnostic
specificity for SGN and makes a correct diagnosis of
the false-positive lesion detected by WLI and AFI in the
TME system. Recently, the number of patients being administered antithrombotic drugs is increasing, therefore,
endoscopic biopsy might increase the risk of post-biop-
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sy hemorrhage in such patients. Histological findings by
biopsy specimen might not be sufficient for evaluating
the whole region in some gastric neoplasias, while endoscopic findings of the TME system could evaluate the
whole region, due to high accuracy of the TME system.
The biopsy samples are deemed to be the gold standard
for diagnosis, however, they might not always be necessary for some gastric neoplasias.
Ezoe et al[25] reported that sensitivities in WLI and
WLI + ME-NBI were respectively 40.0% and 95.0%. In
our study the sensitivity in WLI was 81.5%. In the study
reported by Ezoe et al[25], all lesions were depressed-type
gastric cancers less than 10 mm in diameter, whereas 19
of the 27 lesions in our study protruded and 10 were
over 10 mm in diameter. This may be the reason the
WLI-mode sensitivity in our study was higher than that
reported by Ezoe et al[25]. The specificities in WLI and
ME-NBI reported by Ezoe et al[25] were similar to those
in our study.
Hanaoka et al[26] reported that the recurrence rate after ESD for EGCs was higher in the open-type atrophic
gastritis than in the closed-type one. No significant difference between the two groups was noted in our study,
perhaps because our data were analysed at only one
point in only about 70% of the patients. Hanaoka et al[26],
however, reported results obtained when surveillance
EGD was scheduled annually after ESD and eradication of H. pylori infection, and in their study the median
follow-up duration was 55 mo.
There are some limitations to our study. It was performed in a single center and the sample size was small.
About one-fifth of the neoplasias in this study were
found by AFI rather than WLI, all of them were not,
however, adenocarcinomas but gastric adenomas. Three
gastric adenomas which were missed by WLI but were
detected by AFI were histologically diagnosed by only
biopsy specimens, because the patients did not hope to
undergo ESD. Therefore, those histopathologic findings
might be not accurate, because it is sometimes difficult
to differentiate gastric cancers from gastric adenomas by
biopsy specimens. AFI videoendoscopy has low specificity in detecting gastric neoplasias, and it has large numbers
of false positives. TME using ME-NBI as well as WLI
and AFI, takes more time than endoscopic observation
using only WLI but eliminates the need to take biopsy
specimens so false positive lesions can be excluded pathologically. In this study, four well-trained endoscopists
performed the TME videoendoscopy. The advanced
techniques of ME-NBI are necessary to obtain clearer images of lesions and to clarify the advantages. Tada et al[27]
reported that AFI improved sensitivity of endoscopic diagnosis of EGC by less experienced endoscopists. In the
near future, we need additional study using TME system
by less experienced endoscopists.
In conclusion, surveillance using trimodal imaging
endoscopy might be useful for detecting another lesion
after endoscopic submucosal dissection for superficial
gastric neoplasia.
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RESULTS: A total of 60 consecutive patients were
included in the study. All patients received rebamipide 300 mg per day for 4 wk. One patient in 2W
group who showed bleeding within two weeks and
received endoscopic treatment was excluded from
further analysis. The numbers of patients with ulcers
in the healing/scar stage in the 2W and 4W groups
at 4 wk after ESD were 20/6 and 28/5, respectively,
with no significant difference. The ulcer healing rate
in the 2W and 4W groups were 96.1% [95% confidence interval (CI): 94.6%-97.55] vs 94.8% (95%CI:
92.6%-97.1%), respectively, with no statistical difference (UMIN000006951).

Abstract

Core tip: There is no consensus regarding the optimum
period of treatment of patients with post endoscopic
submucosal dissection (ESD) ulcers. 60 patients who
underwent ESD for gastric cancer were randomized to
two groups and treated with proton pump inhibitor for
4 wk (4W group) or 2 wk (2W group). The numbers of
patients with ulcers in the healing/scar stage and the
ulcer healing rate at 4 wk after ESD showed no statistical difference between 2W and 4W groups. Two-week
treatment with a proton pump inhibitor is as effective
as four-week treatment for healing post ESD ulcers.

AIM: To investigate the optimum period of treatment
for post endoscopic submucosal dissection (ESD) ulcers.
METHODS: Patients who underwent ESD for gastric
cancer were randomized to two groups and treated
with esomeprazole 20 mg per day for 4 wk (4W group)
or 2 wk (2W group). At 4 wk after ESD, we measured
the size of the artificial ulcers by endoscopy and determined the ulcer healing rate, compared with the size
of the ESD specimens. This randomized controlled trial
study was approved by our ethics committee and registered in the UMIN Clinical Trial Registry.
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CONCLUSION: Two-wk treatment with a proton pump
inhibitor is as effective as four-week treatment for healing post ESD ulcers.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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for healing post endoscopic submucosal dissection ulcers. World J
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INTRODUCTION
Recently, improvements in endoscopic treatment techniques and technology have enabled the development of
a new method, endoscopic submucosal dissection (ESD).
ESD is a less invasive treatment for early gastric cancer
than gastrectomy[1-3]. In addition, we can obtain precise
histological data following ESD. After ESD, delayed
bleeding, which is defined as hematemesis or melena up
to 30 d after the procedure, may be treated by emergency
endoscopy. The frequency of delayed bleeding varies
with the tumor location and size[4,5]. Proton pump inhibitors (PPIs) are used widely to avoid delayed bleeding.
PPIs have a strong effect in up-regulating gastric pH and
promoting the healing of gastric ulcers, but various side
effects of PPIs also have been reported, for example,
pneumonia, intestinal infection, osteoporosis, and microscopic colitis[6]. In addition, most PPIs are metabolized by
the cytochrome P450 pathway, specifically CYP2C19 and
CYP3A3, so that combined medication with PPIs and
other drugs which are metabolized by the same pathway
should be undertaken with care or avoided completely[7,8].
It is difficult to identify the occurrence timing of peptic
ulcers associated with Helicobacter pylori (H. pylori) infection
accurately and to compare the difference in ulcer healing
between the H. pylori infected ulcer and the artificial ulcer
after ESD directly. In contrast, Hashimoto et al[9,10] reported that the speed of healing of artificial ulcers was faster
than that of ordinary peptic ulcers and showed that the
pathophysiology of artificial ulcers which form after ESD
might differ from peptic ulcers associated with H. pylori
infection. Therefore, we suppose that the duration of PPI
treatment for post ESD ulcers might be reduced to avoid
the side effects of PPIs, unlike peptic ulcers associated
with H. pylori infection. However, there is no consensus
regarding the optimal period of PPI treatment of patients
with artificial ulcers after ESD treatment. Therefore, we
evaluated the optimal period of treatment of post ESD
ulcers in a randomized controlled trial.

MATERIALS AND METHODS
Study design and patients
This study was a paralleled, randomized controlled trial
that investigated the pharmacodynamic effect, efficacy
and safety of a proton pump inhibitor in patients, following ESD treatment. Before ESD treatment, patients
who were to be treated at Chiba University Hospital from
January 2012 to March 2013 were recruited. Patients using antithrombotic drugs, with a tendency to bleed or on
dialysis were excluded. Informed consent was obtained
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from all patients and this study was approved by the Ethics Committee of Chiba University Hospital (Registration
number, UMIN000006951). In this study, patients with
ESD were enrolled, randomized and treated with esomeprazole 20 mg per day, either for 4 wk (4W group) or 2
wk (2W group) (Figure 1). All patients received rebamipide 300 mg per day for 4 wk. Post procedure-related
bleeding was recorded when hematemesis or melena were
observed or the hemoglobin concentration decreased by
more than 2 g/dL.
Measurement of the ulcer healing rate and speed
At 4 wk after ESD, we measured the size of the artificial
ulcers by endoscopy and determined the ulcer healing
rate and speed compared to the size of the ESD specimens. In addition, we calculated the ulcer healing speed
(mm2/mo) of cases in the stage of healing, that is (ESD
size) - (Ulcer size at 4 wk). The primary outcome variable
was the ulcer healing rate in the 2W and 4W groups.
ESD procedure
ESD was performed with a conventional single-channel
endoscope (GIF-H260Z or -Q260J, Olympus, Tokyo,
Japan) or 2-channel endoscope (2TQ260M, Olympus).
We used an IT knife 2 (KD-611L, Olympus) and an electrosurgical current was applied with the use of an electrosurgical generator (VIO300D, ERBE). The injection
solutions contained glycerin and hyaluronic acid sodium
(0.4%) with 1% indigo carmine dye. The ulcers that developed after ESD were carefully examined endoscopically and any visible vessels were heat-coagulated using
hemostatic forceps (FD-410LR, Olympus). Thereafter,
the resected specimens were stretched, pinned flat on a
cork board, and measured.
Statistical analysis
All data are represented as the mean ± SD. The unpaired
t-test, χ 2 test, and Mann-Whitney U test were used for
statistical analyses as appropriate with the statistical program SPSS version 21 statistical analysis package (SAS
Institute, Cary, NC, United States). A P value of less than
0.05 was considered statistically significant.

RESULTS
Baseline characteristics of the patients after ESD
treatment
The clinical characteristics of the 60 patients after ESD
treatment are shown in Table 1 and the average size
of ESD in the 2W group was less than that of the 4W
group (P = 0.048, Mann-Whitney U test) in spite of randomized assignation.
Ulcer healing rate of the patients after ESD treatment
Re-bleeding was observed in one patient and emergency
endoscopy and endoscopic treatment was given within 2
wk of the ESD treatment. This patient was excluded from
further analysis. The othes did not show post procedure-
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0 wk

2 wk

Figure 1 Study design. After endoscopic submucosal dissection, all
patients were randomized to 2 wk (2W) or 4 wk (4W) group. They were
administered an intravenous infusion of omeprazole 20 mg every 12 h
for 1 d, and received oral esomeprazole (20 mg/d) for 2 wk or 4 wk and
rebamipide at a dose of 300 mg orally, 3 times a day for 4 wk. ESD:
Endoscopic submucosal dissection; PPI div: Drip intravenous infusion
of proton pump inhibitor (omeprazole 40 mg/d); GS: Gastroendoscopy.

4 wk

Esomeprazole 20 mg
Rebamipide 300 mg

PPI div
ESD

Randomized

GS
Healing/scar stage
Size of ulcers

Esomeprazole 20 mg
Rebamipide 300 mg

Table 2 Clinical characteristics of artificial ulcer after endoscopic
submucosal dissection treatment with rapid healing

Table 1 Baseline characteristics and status of ulcer at 4 wk
after endoscopic submucosal dissection
2 wk
(n = 27)

Parameter
Clinical background
Age (yr)
Gender (male/female)
Helicobacter pylori infection
(+/-/unknown)
Location (upper/middle/lower)
Size of ESD (mm2)
Serum albumin (g/dL)
Comorbidity
Diabetes (+/-)
Hyperlipidemia (+/-)
Hypertension (+/-)
Status of ulcer at 4 wk after ESD1
Stage of ulcer
(active/healing/scar)
Ulcer healing rate (%)
(average, 95%CI)

4 wk
(n = 33)

73.3 ± 7.8
17/10

70.8 ± 9.3
19/14

NS2
NS3

18/8/1

25/6/2

NS3

3/10/14
1/14/18
777.6 ± 437.8 1251.2 ± 918.6
4.1 ± 0.4
4.1 ± 0.4
3/24
7/20
8/19

6/27
8/25
11/22

Healing area in healing stage

P value

Parameter

(n = 24)

Age (yr)
72.6 ± 8.9
Sex (male/female)
15/9
Location of tumors (upper/
1/11/12
middle/lower third)
Helicobacter pylori infection
17/5/2
(+/-/unknown)
2
Initial ulcer size (mm )
1689.3 ± 835.7
Healing rate (%)
94.6 ± 4.5
Treatment period (2 wk/4 wk)
7/17
Comorbidity
Diabetes (yes/no)
4/20
Hyperlipidemia (yes/no)
3/21
Hypertension (yes/no)
10/14

NS3
0.0484
NS2
3

NS
NS3
NS3
2

0/20/6

0/28/5

NS

96.1
(94.6-97.5)

94.8
(92.6-97.1)

NS3

2

≥ 968.5 mm

1

2
< 968.5 mm P value
(n = 24)

68.8 ± 9.0
15/9

NS1
NS2

1/8/15

NS2

16/8/0

NS2

633.5 ± 243.8
94.0 ± 6.6
13/11

< 0.0013
NS3
NS2

5/19
7/17
3/21

NS2
NS2
0.0492

Paired t-test; 2χ test; 3Mann-Whitney U test. NS: No significance.
2

1

One patient in 2 wk group who showed bleeding within 2 wk and
received endoscopic treatment and proton pump inhibitor for 4 wk was
2
excluded for these analysis; 2Paired t-test; 3χ test; 4Mann-Whitney U test.
ESD: Endoscopic submucosal dissection; NS: No significance.

related bleeding. The numbers of patients in the ulcer
healing (H)/scar (S) stage at 4 wk after ESD were 20/6
and 28/5 in the 2W and 4W groups, respectively, and this
showed no significant difference (Table 1). There was no
ulcer in the active stage. We evaluated the ulcer healing
rate at 4 wk and these were 96.1% [95% confidence interval (CI): 94.6%-97.5%] vs 94.8% (95%CI: 92.6%-97.1%),
respectively, which showed the non-inferiority of 2-wk
treatment compared with 4-wk treatment. The drug compliance of all patients was over 80% of the established
quantity. No accumulation of adverse events for a specific
symptom, disease or laboratory abnormality was observed.
Clinical characteristics in rapid healing of artificial ulcer
after ESD treatment
Because the median healing area in 48 patients at the H
stage at 4 wk was 968.5 mm2, we designated this as rapid
healing, that is good healing (≥ 968.5 mm2) in the H
or S stage at 4 wk. We observed a significant difference
between the rapid healing and non-rapid healing groups
in the initial ulcer size (P < 0.001, Mann-Whitney U test)
and the disease rate of hypertension (P = 0.049, χ 2 test)
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Table 3 Analysis for status of ulcer and healing area in
healing stage after adjusting the size of endoscopic submucosal
dissection

2

Size of ESD (mm )
Ulcer healing rate (%)
(average, 95%CI)
Ulcer healing speed in
(mm2/mo)

2 wk
(n = 17)

4 wk
(n = 23)

P value

962.2 ± 390.8

1016.2 ± 397.3

NS1

94.5 (92.7-96.3)

94.0 (91.1-96.9)

NS1

908.8 ± 370.6

960.7 ± 377.7

NS1

1

Paired t-test; ESD: Endoscopic submucosal dissection; NS: No significance;
CI: Confidence interval.

(Table 2). In contrast, age, sex, tumor location in the
stomach, H. pylori infection, ulcer healing rate, diabetes,
hyperlipidemia, and the duration of PPI treatment did
not predict the speed of ulcer healing. To adjust for the
difference of ESD size between 2W and 4W groups,
we selected the patients who were within the range (average ± 1 SD), and the size-matched analysis was also
performed (Table 3). As a result, there was no significant
difference in ulcer healing rate and speed.

DISCUSSION
In previous studies, artificial ulcers that developed after
ESD treatment healed within 8 wk, irrespective of size
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and location[11]. However, there is no consensus regarding
the optimum duration of treatment following ESD. The
most frequent complication that occurs after endoscopic
therapy is bleeding and the rate of intraoperative bleeding is significantly higher with ESD than with endoscopic
mucosal resection. Uedo et al[12] indicated that PPI therapy prevented delayed bleeding from the ulcer created by
ESD more effectively than did histamine H2-receptor antagonist treatment. In this study, the ratio of ulcer healing
was more than 90% in both groups at 4 wk after ESD
treatment. In addition, the rate of intraoperative bleeding
did not differ significantly between the groups.
Oh et al[13] reported that the degree of healing of
ESD-induced ulcers was dependent on the initial ulcer
size. Kobayashi et al[14] reported that a larger sized ulcer
after ESD was the only significant predictor of delayed
healing. In this study, the factor that influenced the area
of healing during the healing stage at 4 wk after ESD
was the initial ulcer size, the disease rate of hypertension and not the duration of PPI treatment. In addition,
the ratios of H and S stages did not differ between the
2W and 4W groups. One patient showed re-bleeding but
this occurred within 2 wk and, therefore, was not related
to the duration of PPI treatment. The relation between
hypertension and ulcer healing is unknown and further
study is needed. Using the size of ESD as a deterministic
factor for randomization might improve the analysis, but
in-sub-group analysis of patients whose ulcers initially
were sized within the average ± 1 SD showed no significant difference in the initial size and ulcer healing rate
between the 2W and 4W groups (Table 3). PPIs are a
very well tolerated drug class. Their high safety, efficacy
and wide distribution lead to overuse, inappropriate dosage and excessive durations of treatment. Howell et al[15]
reported that increasing levels of pharmacologic acid
suppression are associated with increased risks of nosocomial Clostridium difficile (CD) infection and Barletta et
al[16] reported that the duration of PPI therapy is significantly associated with CD infection and suggested consideration of restricting PPI use, given the short exposure
time. However, more recent studies have offered conflicting viewpoints regarding the association between PPI use
and increased risk of CD infection[17-19]. Freedberg et al[20]
reported that receipt of PPIs concurrent with CD treatment was not associated with recurrence of CD infection
among hospitalized adults with CD, and that increased
age and increased comorbidities significantly predicted
recurrence. In this study, the mean age of the patients
who underwent ESD treatment was over 70 years, 13
patients (22%) being 80 years of age or more, and comorbidities (diabetes, hyperlipidemia, and hypertension)
often were observed. In addition, PPIs are metabolized
by the cytochrome P450 pathway, specifically CYP2C19
and CYP3A3. Clopidogrel, which is used to inhibit
blood clots, requires biotransformation for conversion
to its active form, mediated by the enzymes CYP2C19
and CYP3A3[21]. The Food and Drug Administration in
the United States issued a recommendation against the
combined use of clopidogrel and specific PPIs (potent
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CYP2C19 inhibitors). Therefore, it is not desirable to use
PPIs blindly for a long period and we have to define the
optimized period of PPI use, especially for patients with
a past history of CD infection, pneumonia or use of
clopidogrel.
In this study, all patients were treated with rebamipide for 4 wk. Rebamipide has been reported to induce
healing of ulcers, especially artificial ulcers[14]. Nishizawa
et al[22] reported that the administration of rebamipide
could induce the expression of Sonic Hedgehog (Shh)
and we also reported that the expression level of Shh in
the gastric mucosa showed a good correlation with the
speed of healing of artificial ulcers[23], that is, rebamipide
could promote the healing of ulcers via Shh, which could
influence some cellular and tissue functions, including cell
proliferation and tissue repair[24,25]. The use of rebamipide
might eliminate the distinction in healing rate between
the 2W and 4W groups. But, in our previous report, we
treated 45 artificial ulcers after ESD only by PPI (esomeprazole or omeprazole) for 4 wk and showed that the
healing rate was 94.6% (95%CI: 90.7%-98.5%), which
was not different from those of 2W or 4W groups in this
study[23]. This result suggested us that the effect of adding rebamipide on healing ulcer was limited.
In conclusion, two-week treatment with PPI is as effective as four-week treatment for healing post ESD ulcers. In view of the results of this study, we could shorten
the period of PPI treatment for artificial ulcers after ESD.
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Abstract
AIM: To investigate the efficacy of lubiprostone compared to Senna on bowel symptoms and constipation in
post-operative orthopedic patients treated with opioids.
METHODS: In this double blind, randomized, active
comparator trial, adults who required opioids for analgesia
following orthopedic procedures and who were admitted
in inpatient rehabilitation were randomized following base®
line assessments to lubiprostone (Amitza ), orally twice a
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day or Senna (generic) two capsules administered daily
for six days. Subjects were assessed using the patient
assessment of constipation (PAC)-symptoms (PAC-SYM)
and the PAC-quality of life (PAC-QOL) scales measured
at baseline and Day 7; Subjects were assessed daily
for secondary measures included the Bristol stool scale
bowel consistency, specific bowel symptom score (Nausea, cramping, straining, completeness, abdominal
pain, time per lavatory attempt, assistance needed),
adverse events and rescue medications required. Function was measured using the functional independence
measure (FIM) at admission and discharge; length of
stay (LOS) and missed treatments due to gastrointestinal symptoms were also assessed.
RESULTS: 64 adults were enrolled; 56 participants
(28 in each group) had baseline and follow up measures and were included in the intention to treat (ITT)
analyses. 43 participants completed the study, 21 in
the active lubiprostone and 22 in the active Senna
group. The mean age of the participants was 71.5
years (SD = 11.4 years, range: 28-96 years). In the
ITT analyses, participants showed significant improvement in bowel symptoms as measured by the PACSYM (mean ± SD, -0.28 ± 0.60, range: -1-2.33) and
PAC-QOL (mean ± SD, 0.33 ± 0.81, range: -1.5-2.0)
over time, but there were no significant differences
between the lubiprostone and Senna groups in mean
change in the PAC-SYM (-0.20 ± 0.60 vs -0.36 ± 0.61,
P = 0.61 respectively) or the PAC-QOL (0.29 ± 0.76 vs
0.37 ± 0.87, P = 0.61 respectively). The mean change
in each bowel symptom also did not significantly differ between treatment groups on ITT analyses, except
for completeness of bowel movement, with the Senna
group showing greater negative mean change in bowel
movement completeness (-0.56 ± 1.01 vs -2.00 ± 1.41,
P = 0.03) and for reduction of abdominal pain, favoring
Senna (-0.14 ± 0.73 vs -0.73 ± 1.08, P = 0.04). Fifteen
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(75%) participants in the lubiprostone and in the Senna
group requested rescue treatments. Participants made
significant functional improvement from admission to
discharge over a median LOS of 12 d, with a mean FIM
change of 29.13 ± 13.58 and no significant between
group differences (27.0 ± 9.2 vs 31.5 ± 16.6, P = 0.27).
CONCLUSION: Both lubiprostone and Senna improved
constipation-related symptoms and QOL in opioid-induced constipation, with no significant between-group
differences.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Constipation; Opioids; Lubiprostone; Senna ;
Orthopedics; Rehabilitation
Core tip: Constipation is frequent in postoperative orthopedic patients treated with opioids. Opioid side effects are associated with poorer pain control, and thus
may limit the ability to mobilize patients immediately
following orthopedic surgery. There is very limited information comparing the efficacy and safety of pharmacologic interventions for opioid-induced constipation.
In this study we found that two medications, lubiprostone and Senna , were associated with improvement in
bowel-related symptoms in opioid-induced constipation
in post-operative orthopedic patients, with no differences found between the two medications. Rescue bowel
medications were frequently required by participants in
both groups, indicating that multiple laxative medications may be required for constipation symptom control
in this setting.
Marciniak CM, Toledo S, Lee J, Jesselson M, Bateman J, Grover
B, Tierny J. Lubiprostone vs Senna in postoperative orthopedic
surgery patients with opioid-induced constipation: A doubleblind, active-comparator trial. World J Gastroenterol 2014;
20(43): 16323-16333 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i43/16323.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i43.16323

INTRODUCTION
The use of opioid analgesics is often required to provide
adequate pain relief following major orthopedic surgical
procedures, however the use of this class of medications
for pain control frequently results in symptoms of constipation, which may worsen patient distress[1]. Constipation
symptoms have also been demonstrated to impact healthrelated quality of life[2-4]. In a meta-analysis of eleven trials
using opioid analgesics in non-cancer patients, constipation was among the most common side effects described,
and these symptoms were reported by 41% of patients[5].
Lubiprostone (Amitiza®) is a locally acting type-2
chloride channel activator that increases intestinal fluid
and electrolyte secretion, and thus increases intestinal
motility[6]. It has been shown to be efficacious for chronic
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constipation and constipation predominant irritable bowel syndrome. Lubiprostone was also recently approved for
opioid-induced constipation in adults with chronic noncancer pain[7,8]. Lubiprostone’s action to improve intestinal secretion may counter opioid activity on the μ-opioid
receptors in the gastrointestinal tract. With the binding
of opioid agonists to these μ-receptors, there is release
of excitatory and inhibitory neurotransmitters, resulting
in reduced intestinal mobility and mucosal secretions[9,10].
Research suggests lubiprostone may reverse morphine
induced anti-secretory effects through its direct action on
mucosal chloride channels[11,12]. In mice, lubiprostone has
been found to increase circular small intestinal smooth
muscles contraction[13].
Among patients requiring opioids for pain control,
those managed postoperatively following elective orthopedic surgery often require both short and long acting
opioids. While opioids are generally an effective method
for pain control, they are associated with significant constipation specifically within the orthopedic population[14].
Opioid-related adverse effects have been noted in up to
54% of patients receiving opioids after orthopedic surgery, and those patients with constipation have a significantly longer postoperative length of stay in acute care[15].
Selected postoperative patients may require hospitalization in acute rehabilitation following orthopedic procedures due to significant functional loss and co-morbid
conditions. During the period of rehabilitation, patients
often continue opioid medications for pain control as
functional mobility training is accelerated. Such individuals are already at heightened risk for chronic constipation,
as constipation has been found to be associated with reduced functional status; constipation is also present with
increased frequency in the frail elderly, a common group
seen in acute rehabilitation[16,17].
The purpose of this study is to assess the efficacy of
lubiprostone compared to standard care for the treatment
of constipation in orthopedic patients receiving opioids
for pain control during inpatient rehabilitation care. At
the time of study initiation, Senna, a contact stimulant
laxative that increases propulsive peristaltic activity of
the colon through local effects on the mucosa, was the
medication used for initial treatment of constipation at
our institution and thus this drug was thus chosen as the
comparator. The study was undertaken to compare the
efficacy of lubiprostone compared to Senna on opioidassociated constipation symptoms and to assess the impact of these constipation interventions on rehabilitation
outcomes in adults hospitalized following orthopedic
surgery.

MATERIALS AND METHODS
Design
In this double blind, active comparator trial, participants
were randomized to lubiprostone or Senna for six days,
and bowel symptoms followed daily, with primary outcome assessments performed at baseline and following
completion of the study drug intervention. This study
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was approved by the local Institutional Review Board,
and potential participants were approached for participation after referral from their inpatient attending physicians. All participants provided written informed consent
prior to study enrollment and randomization.
The study was funded by a grant from Takeda Pharmaceuticals North America, Inc. The study was registered
at clinicaltrials.gov website, study number NCT00662363.
Study population
Participants were recruited from the inpatient population
of an academic freestanding rehabilitation hospital following admission for impairments related to an orthopedic surgery. Qualifying participants were adults reporting
constipation, 18 years old or greater who were able to
provide informed consent. At baseline, opioids must have
been received within the prior 24 h of hospitalization for
pain control. The use of opioids for immediate post-op
analgesia following orthopedic surgical procedures could
be intravenous, intramuscular, transdermal or oral. For
study enrollment, it was also required that the continued
use of opioids was expected to be required for pain control treatment during rehabilitation. Opioid medications
taken during rehabilitation were always administered by
the transdermal or oral route.
Inclusion criteria: Additional inclusion criteria required
for study participation were the following: anticipated
duration of rehabilitation hospitalization of at least 7 d;
Woman of childbearing potential were required to have
a negative serum pregnancy test; at least one associated
symptom of constipation needed to be present at the
time of baseline assessment: lumpy or hard stools, feeling
of incomplete evacuation of bowels, abdominal cramping or pain straining with movement of bowels or painful
bowel movement effort and/or need for manual assistance to have a bowel movement.
Exclusion criteria: The following exclusion criteria were
used for this study: known allergy or sensitivity to the
study medications; current pregnancy, diarrhea on the day
of enrollment; diagnosis of Clostridium difficile infection
during the current hospitalization; pre-existing medical or
neurologic condition or surgical procedures (other than
their recent orthopedic procedure) which are known to
commonly lead to bowel dysfunction such as, but not
limited to Crohn’s disease, ulcerative colitis, multiple
sclerosis, cerebral palsy, spinal cord injury, malabsorption
syndrome, irritable bowel syndrome, abdominopelvic
neoplasm (gastric, colon cancer), or severe liver disease.
Subjects with a history of colon cancer and/or resection
who developed persistent gastrointestinal symptoms following the resection were excluded while subjects with
colonic or ileocolonic resection greater than 2 years from
study enrollment and with no gastrointestinal problems
following that procedure were included.
Predetermined criteria for removal: Subjects were interviewed daily while on the study treatments, including
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daily assessment of bowel movements and abdominal
symptoms. Subjects who required rescue medications for
three consecutive days or with severe abdominal symptoms as assessed by the investigators were also to be
withdrawn.
Procedures
This study included an initial visit (Day 0) for screening
and baseline data collection, daily follow-up visits (Days
1-6) while on study medications, and an exit visit (Day 7).
Potential subjects were identified from a list of admitted
patients with the rehabilitation diagnosis of orthopedic
impairment. Subjects admitted to rehabilitation following
orthopedic procedures were approached for participation after confirmation and approval from their primary
admitting physician and identification regarding whether
they were on opioid medications for pain control. At the
baseline visit, subjects were screened for inclusion and
exclusion criteria and pregnancy testing performed, if applicable. Demographic, medical and functional information was obtained and baseline assessments performed.
Enrolled participants were taken off any scheduled bowel
medications they were currently receiving to treat their
constipation on the day of randomization. Subjects were
randomized to one of two treatment groups (active Senna
or lubiprostone with corresponding placebo) for Days 1-6
of the study. Subjects were interviewed daily for symptoms, and final assessments performed at Day 7.
Participants were randomized by pharmacy staff at
Day 1 in a 1:1 ratio in blocks of 4 to either Senna (generic)
or lubiprostone (Amitiza®, Takeda Pharmaceuticals). The
drugs were administered as follows: lubiprostone 24 μg
orally twice a day given with meals and placebo Senna
capsules, two orally at noon, or two Senna tablets daily
at noon and placebo lubiprostone capsules twice a day.
Thus participants received either active lubiprostone with
placebo Senna tabs or active Senna with placebo lubiprostone tabs. Lubiprostone and identically appearing lubiprostone placebo tablets were provided by Takeda. Senna
tablets were over-encapsulated by the institution’s pharmacy staff and identically appearing Senna placebo tablets
were also provided by the institution’s pharmacy. The
study medication treatments were started in the morning
after the baseline visit and administered for a total of six
days. The physician investigators, the research assistants
administering study questionnaires, nurses, and subjects
were blinded to the treatment regimen.
Pill counts were performed daily and the subject’s medication administration record reviewed to assess compliance.
Outcome measures
Baseline assessments included bowel symptoms and a
quality of life measure, the patient assessment of constipation (PAC), described below, as well as the following bowel
symptoms: nausea, cramping, straining, completeness,
bowel pain, time per lavatory attempt, assistance needed,
number of unsuccessful attempts for bowel movement,
number, and size of bowel movement. The consistency
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of bowel movements was rated on the Bristol stool scale.
Subjects were assessed daily while on the study medication and asked to rate bowel symptoms over the past
24 h. Daily opioid use (over 24 h) was recorded, as well as
missed therapies due to bowel symptoms, adverse events,
and rescue laxatives taken due to persistent bowel symptoms. On Day 7, subjects completed the bowel symptoms
assessments and in addition they were reassessed using
the PAC.
Subjects were also monitored daily for adverse events.
Subjects requesting withdrawal from the study medication interventions were asked to continue completion of
the study assessment measures and these findings were
used in the intention to treat analysis. Subjects discharged
before Day 7 completed the follow up measures on the
day of discharge.
The predetermined main outcome measure was between group comparisons on the patient constipation
questionnaire. Secondary endpoints were between group
comparisons of spontaneous bowel movements, bowel
symptoms, adverse events, need for rescue medications,
missed therapies, length of stay and admission and discharge functional status.
Gastrointestinal
PAC: The PAC has previously been found to be a valid
and reliable way to measure constipation symptoms and
clinical course[18]. The PAC has both a symptom (SYM)
component, composed of 12 items and a quality of life
(QOL) component consisting of five items. The PACSYM questionnaire has shown good concurrent and
clinical validity for opioid-induced constipation in a number of pain populations and has demonstrated responsiveness to treatment. There are three symptom domains
within the PAC-SYM: Abdominal symptoms (4 items),
rectal symptoms (3 items) and stool symptoms (5 items).
This questionnaire was completed by the subjects at baseline and Day 7 of the trial. The PAC-SYM is a symptom
scale where higher numbers indicate more symptoms.
Change from baseline to 7 d was calculated and larger
negative differences indicated greater improvement in
constipation symptoms. The PAC-QOL is a quality of
life scale where higher numbers indicate better quality
of life. Change from baseline to 7 d was calculated and a
larger positive difference indicated greater improvement.
Constipation symptoms[19]: The following symptoms
were rated (as over the past 24 h) on a 5 point scale from
0 (never) to 4 (always) at baseline (Day 0), daily during
study medication administration (Days 1-6) and Day 7:
nausea, cramping, straining, completeness, and abdominal
pain. The number of bowel movements in the past 24 h
was also recorded.
Time per lavatory attempt: This was rated by number
of minutes per attempted bowel movement in the past
24 h on a scale from 0 (less than 5 min) to 4 (more than
30 min). Ratings were performed at baseline and Days 1-7.
Assistance needed: The amount of assistance required

WJG|www.wjgnet.com

for a bowel movement in the past 24 h was rated on a
three point scale: 0 (without assistance), 1 (with laxatives),
or 2 (use of finger or enema to have a bowel movement).
The level of assistance was rated at baseline and Days 1-7.
Number of unsuccessful attempts for bowel movement: This was rated over the past 24 h on a five point
scale: 0 (never), 1 (1-3 times) 2 (3-6 times), 3 (6-9 times)
and 4 (more than 9 times). Ratings were performed at
baseline and Days 1-7.
Bristol stool scale[20]: Bowel movements were assess
daily and rated using this scale. This scale rates the stool
form by 7 types, where Type 1 describes separate hard
lumpy stool to Type 7 (watery stool with no solid pieces).
This was rated at baseline and Days 1-7.
Rehabilitation measures
Functional independence measure[21]: The functional
independence measure (FIM) is a standard rehabilitation
scale that measures 18 items in two domains, motor and
cognition. Each domain is rated on a seven-point scale
where 1 indicates complete dependence for the activity
and 7 complete independence without physical or equipment assistance. This was measured at admission and
discharge from rehabilitation. The bowel sub-score of
the FIM was separately evaluated. FIM efficiency was calculated by taking the FIM change over the rehabilitation
stay divided by the length of the rehabilitation admission.
Length of stay: This was measured in days and calculated from admission to discharge from rehabilitation.
Missed therapies: Any physical therapy, occupational
therapy, or speech therapy visits missed during days one
through six of the study due to medical symptoms was
recorded; sessions missed due to bowel symptoms were
separately described.
Statistical analysis
Based on the power analysis, a sample size of n = 29
was determined per group. Using this sample size, it was
calculated that the study would have over 80% power to
detect a difference of 0.5 units in the change in constipation symptoms score between the lubiprostone and the
Senna treatment groups, with a significance level of 0.05.
This was based on a two-sample t-test and assumed that
the standard deviation of the change for the constipation
symptoms score was 0.66 units[18]. Given expected screening failures and study dropout, we planned on screening
approximately 70 patients and enrolling 64.
Continuous measures (those reported as means and
standard deviations) and their differences were compared
between groups using an independent two-sample t-test.
Categorical measures (those reported as frequencies and
percentages) were compared between groups using the χ 2
test or Fisher’s exact test if frequencies were low. If no
significant differences were found, then the groups were
combined and change from baseline to 7 d was assessed
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Participant flow diagram
Assessed for eligibility
(n = 72)
Excluded (n = 8)
Not meeting inclusion criteria (n = 8)
Reasons: Prior GI disorder (2),
diarrhea on baseline day (1),
no associated bowel symptom (5)

Enrollment

Randomized (n = 64)

Allocation
Allocated to lubiprostone (n = 32)

Allocated to senna (n = 32)

Excluded:
Withdrew prior
to receiving study
drug-decided not
to participate
(n = 1)
Received any of allocated lubiprostone (n = 31)

Received any allocated senna (n = 29)

Withdrew prior to receiving
Any study drug (n = 2) (1
decided not to receive
drug, 1 withdrew due to
development of rash)
Died prior to receiving any
Study drug (n = 1)

Excluded:
Acute care transfer with
hypotension (n = 1)

Excluded after receiving
at least one dose of
study medication:
Withdrawals for GI
symptoms (n = 3)

ITT analysis-

Randomized to lubiprostone; Baseline and Follow
up assessments completed (n = 28)

Randomized to Senna; Baseline and Follow up
assessments completed (n = 28)

Excluded:
Withdrawals due to: GI
symptoms (n = 2)
Discharge home (n = 4),
Changed mind about
participating (n = 1)

Excluded:
Withdrawals due to GI
symptoms (n = 4), discharge
home (n = 1), INR variability
and rash (n = 1)
(One subject withdrew from
drug Day 6 but received 80%
study drug and completed
follow-up
assessments included)

(One subject withdrew
Day 6, received 80% of drug
and completed assessments
and was included in analysis)
One subject refused
med intermittently but did
not withdraw, received <
80% study drug, not included
in analysis

One subject received only
1 d of active drug due to
computer error, and not
included in analysis
Analysis(completers)

Received at least 80% of
scheduled lubiprostone and
completed Baseline and Follow
up assessments (n = 21)

Received at least 80% of
scheduled senna and completed
Baseline and Follow up
assessments (n = 22)

Figure 1 Participant flow diagram. ITT: Intention to treat; GI: Gastrointestinal.

using paired t-tests for continuous data or McNemar’s test
for categorical data. Analyses were done for the intent-totreat population as well as for the participants completing
study medication and assessments.
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RESULTS
Patients were recruited for the study. Figure 1 depicts
participant randomization and study progression. There
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Table 1 Participant characteristics
Characteristics

Intent to treat

Completers

Lubiprostone
n = 28

Senna
n = 28

P value

Lubiprostone
n = 21

70.6 ± 12.1
88.5 ± 23.4
5.81 ± 2.72
20 (74)

72.5 ± 10.8
84.0 ± 16.7
7.71 ± 6.95
15 (54)

0.54
0.42
0.19
0.16
0.76

68.9 ± 12.6
93.4 ± 21.7
6.10 ± 2.90
15 (71)

69.6 ± 9.6
85.4 ± 17.0
6.50 ± 4.21
13 (59)

5 (18)
1 (4)
2 (7)
20 (71)

7 (25)
0 (0)
3 (11)
18 (64)

6 (27)
0 (0)
0 (0)
16 (73)

4 (19)
1 (5)
1 (5)
15 (71)

Age, yr
Weight, kg
Days postoperative, d
Sex, female
Race/ethnicity
African American
Hispanic
Unknown
White
Primary surgery
Diagnosis
Total knee or hip replacement
Spinal surgery
Hip/femur fracture
Other

Senna
n = 22

0.18
14 (50)
8 (14)
5 (9)
1 (2)

21 (75)
5 (18)
1 (4)
1 (4)

P value
0.85
0.20
0.72
0.53
0.72

0.64
13 (62)
5 (24)
2 (10)
1 (5)

11 (50)
8 (32)
3 (18)
0 (0)

Data are expressed as absolute n (%) or mean ± SD.

were eight individuals screened who did not meet inclusion and/or exclusion criteria. Reasons for exclusion
were: history of Crohn’s disease (1 person), history of
irritable bowel disease (1), diarrhea on baseline visit day
(1), or no associated bowel symptom (5). Subjects were
enrolled and randomized. Sixty subjects received at least
one dose of the study drugs. Fifty-six subjects had baseline and follow up measures (28 in each treatment group)
and were used for intention to treat analyses (ITT). Fortythree subjects completed the study as defined by receiving at least 80 percent of the study drug, baseline assessments and final assessments. This group is designated
on the tables as “Completers”. Twenty-one of these 43
subjects received lubiprostone and 22 received Senna.
Table 1 contains demographic information. The mean
age of the participants in the ITT groups was 70.6 years
for those receiving lubiprostone and 72.5 years for those
receiving Senna. There were no significant differences in
the baseline demographics between the two treatment
groups (Table 1). Thirty of the subjects were on at least
one scheduled laxative at screening (range: 1-3/d) (which
was discontinued at Day 1), and also additional as needed
(prn) laxatives. The remainder of the subjects were taking laxatives as needed for constipation symptoms. The
subject groups also did not differ in their baseline total
daily opioid dose, as compared by calculating the equianalgesic dose for the narcotic taken, with doses reported
as morphine equivalents (mean ± SD, Day dose: 70.8
± 95.5 mg vs 53.4 ± 41.5 mg, P = 0.44 for lubiprostone
and Senna groups). Subjects groups also did not differ
between the total opioid doses taken over Days 1-7 (total
dosage: 501.3 ± 628.8 mg vs 408.0 ± 329.5 mg, P = 0.54
for lubiprostone and Senna).
All gastrointestinal study parameters indicated comparability between randomized groups at baseline. The
results for the primary and secondary efficacy for gastrointestinal measures are reported in Table 2. There were
no significant differences in study parameters between
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randomized groups for the ITT population. In particular,
there were no significant differences between the lubiprostone and Senna groups in mean change from baseline
to Day 7 assessments in the PAC-SYM (-0.20 ± 0.60 vs
-0.36 ± 0.61, P = 0.61) or PAC-QOL (0.25 ± 0.78 vs 0.50
± 0.80, P = 0.61). Group data were combined to assess
the significance of changes from baseline to 7 d. Within
group analyses showed significant differences between
Day 0 and 7 ratings on the PAC SYM and QOL. For
only the Completer groups comparison, the ratings of
bowel symptoms (completeness of bowel movement)
was significantly different between the lubiprostone and
Senna groups in mean change from baseline to Day 7 assessments, with the Senna group showing greater negative
change in bowel movement completeness (-0.56 ± 1.01
vs -2.00 ± 1.41, P = 0.03). There was also a significant
difference in the reduction of abdominal pain, favoring
Senna (P = 0.04). No significant difference were found for
PAC-SYM subscales comparing the two treatment groups
for any of these measures, with a mean overall change
score of -0.38 (SD = 0.66) for the abdominal symptom
score, -0.14 (SD = 0.71) for rectal symptom score, and
-0.29 (SD = 0.96) for the stool symptom score. For within group analyses, participants demonstrated significant
improvement in bowel symptoms as measured by the
PAC-SYM (mean ± SD, baseline: 0.86 ± 0.71, Day: 0.58
± 0.51, P = 0.002) and PAC-QOL (baseline: 1.37 ± 0.61,
Day 7: 1.75 ± 0.67, P = 0.007) over time.
Rehabilitation outcome measures are reported in
Table 3. The overall mean length of stay was 14.7 d with
SD = 7.72 (median = 12; range: 2-37 d) and length of
stay did not differ by group. No differences were found
in functional outcomes between the two treatment
groups; admission FIM score was 69.1 (SD = 13.0) and
discharge 98.4 (SD = 14.2), with a FIM efficiency of 2.38
(SD = 1.26). Subjects showed improvement on their FIM
bowel score across the study time frame; at admission,
the bowel FIM item rating was 4.12 (SD = 1.50, range:
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Table 2 Gastrointestinal outcomes: Patient assessment in constipation
Outcome measure

PAC-SYM
Baseline
Day 7
Change
PAC-QOL
Baseline
Day 7
Change

Intent to treat

Completers

Lubiprostone
n = 28

Senna
n = 28

P value

Lubiprostone
n = 21

Senna
n = 22

P value

0.72 ± 0.56
0.51 ± 0.41
-0.22 ± 0.57

0.93 ± 0.77
0.63 ± 0.59
-0.29 ± 0.58

0.10
0.06
0.89

0.76 ± 0.60
0.57 ± 0.44
-0.20 ± 0.60

0.95 ± 0.81
0.59 ± 0.58
-0.36 ± 0.61

0.25
0.35
0.61

1.50 ± 0.64
1.66 ± 0.59
0.99 ± 0.78

1.41 ± 0.73
1.83 ± 0.79
0.42 ± 0.84

0.63
0.35
0.30

1.42 ± 0.55
1.67 ± 0.56
0.25 ± 0.78

1.32 ± 0.66
1.82 ± 0.77
0.50 ± 0.80

0.63
0.35
0.61

Data are expressed as absolute numbers (percentage) or mean ± SD. PAC-SYM: Patient assessment of constipation (PAC)-symptoms; PAC-QOL: PACquality of life.

Table 3 Gastrointestinal symptoms
Outcome measure

Nausea
Baseline
Day 7
Change
Cramping
Baseline
Day 7
Change
Painful bowel movement evacuation effort (straining)
Baseline
Day 7
Change
Completeness of bowel movement
Baseline
Day 7
Change
Abdominal pain
Baseline
Day 7
Change
Time per lavatory attempt
Baseline
< 5 min
5-10 min
> 10 min
NA
Day 7
< 5 min
5-10 min
> 10 min
NA

Intent to treat

Completers

Lubiprostone
n = 28

Senna
n = 28

P value

Lubiprostone
n = 21

Senna
n = 22

P value

0.61 ± 0.79
0.39 ± 0.79
0.21 ± 0.92

0.64 ± 0.99
0.46 ± 0.96
0.18 ± 0.86

0.88
0.76
0.88

0.57 ± 0.81
0.38 ± 0.80
0.19 ± 1.03

0.64 ± 1.05
0.50 ± 1.01
0.14 ± 0.83

0.82
0.67
0.85

0.25 ± 0.70
0.14 ± 0.36
0.11 ± 0.57

0.54 ± 0.84
0.11 ± 0.31
0.43 ± 0.92

0.17
0.69
0.12

0.29 ± 0.78
0.14 ± 0.36
0.14 ± 0.57

0.63 ± 0.90
0.04 ± 0.21
0.59 ± 0.96

0.18
0.28
0.07

1.40 ± 1.50
0.47 ± 0.70
0.64 ± 0.93

0.87 ± 1.46
0.75 ± 1.37
0.42 ± 1.38

0.98
0.55
0.62

1.53 ± 1.55
0.60 ± 0.74
0.58 ± 0.90

1.18 ± 1.60
0.87 ± 1.51
0.78 ± 1.30

0.58
0.72
0.69

1.56 ± 1.42
0.67 ± 0.97
0.82 ± 1.17

2.00 ± 1.41
0.55 ± 1.23
1.55 ± 2.11

0.23
1.00
0.33

1.53 ± 1.51
0.86 ± 1.03
0.56 ± 1.01

2.10 ± 1.29
0.46 ± 1.06
2.00 ± 1.41

0.12
0.24
0.03

0.29 ± 0.71
0.07 ± 0.26
0.21 ± 0.69

0.59 ± 1.01
0.04 ± 0.19
0.56 ± 1.05

0.20
0.56
0.16

0.19 ± 0.68
0.05 ± 0.22
0.14 ± 0.73

0.73 ± 1.08
0.00 ± 0.00
0.73 ± 1.08

0.06
0.34
0.04

2 (7)
12 (43)
8 (29)
6 (21)

4 (14)
7 (25)
10 (36)
7 (25)

0 (5)
11 (52)
7 (33)
3 (14)

3 (14)
5 (23)
8 (36)
6 (27)

8 (30)
8 (30)
4 (15)
7 (26)

9 (32)
6 (21)
6 (21)
7 (25)

7 (32)
3 (14)
5 (23)
7 (32)

7 (33)
7 (33)
4 (19)
3 (14)

0.40

0.08

0.87

0.66

Data are expressed as absolute numbers (percentage) or mean ± SD. NA: Not significant.

1-6) and at discharge 5.33 (SD = 1.25, range: 2-7) with no
between group differences.
Adverse events were reported for subjects (n = 60)
receiving at least one dose of the two study medications
and these events are detailed in Table 4. Gastrointestinal
disorders were the most common events reported. There
were three serious adverse events. Two events occurred in
subjects who received at least one dose of the study medication. One death occurred Day 1, however this subject
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had not received any active study drug before the time
of the event. One serious adverse event occurred in one
subject receiving Senna when the subject required transfer to acute care due to hypotension on Day 5. She was
found to have an elevated troponin, with hypotension
thought to be related to stress cardiomyopathy and dehydration. The final event was a subject on lubiprostone
who dislocated her knee and required transfer to acute
care. None of these three events were assessed related to
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Table 4 Bowel movements and Bristol stool scale
Outcome measure

Number of unsuccessful attempts for bowel movement
Baseline
0
1
2-3
4+
Day 7
0
1
2-3
4+
Change (improved)
Number of bowel movement
Baseline
Day 7
Change
Consistency of bowel movement (Bristol stool scale)
Baseline
Type 1
Type 2
Type 3
Type 4
Type 5
Type 6
Type 7
NA
Day 7
Type 1
Type 2
Type 3
Type 4
Type 5
Type 6
Type 7
NA

Intent to treat
Lubiprostone
n = 28

Senna
n = 28

10 (36)
4 (14)
10 (36)
4 (14)

11 (39)
8 (29)
5 (18)
4 (14)

15 (75)
6 (21)
7 (25)
0 (0)
9 (32)

17 (61)
7 (25)
4 (14)
0 (0)
12 (43)

0.96 ± 1.17
0.93 ± 0.90
-0.04 ± 1.50

0.61 ± 0.83
0.93 ± 0.86
0.32 ± 0.90

4 (14)
1 (4)
3 (11)
1 (4)
2 (7)
4 (14)
1 (4)
12 (43)

0 (0)
2 (17)
4 (14)
3 (11)
0 (0)
2 (7)
0 (0)
17 (59)

4 (14)
1 (4)
2 (7)
6 (21)
1 (4)
2 (7)
1 (4)
11 (39)

0 (0)
4 (14)
2 (7)
10 (36)
0 (0)
2 (7)
1 (4)
9 (32)

Completers

P value

Lubiprostone
n = 21

Senna
n = 22

0.17

P value

0.29
5 (24)
3 (14)
9 (43)
4 (19)

7 (32)
7 (32)
4 (18)
4 (18)

0.42

10 (48)
6 (29)
5 (24)
0 (0)
12 (57)

14 (64)
5 (23)
3 (14)
0 (0)
13 (59)

0.92

0.19
1.00
0.29

0.95 ± 0.92
0.95 ± 0.92
0.00 ± 1.22

0.64 ± 0.90
0.91 ± 0.87
0.27 ± 0.98

0.26
0.87
0.42

4 (19)
1 (5)
2 (5)
1 (5)
2 (10)
2 (10)
1 (5)
8 (38)

0 (0)
2 (9)
3 (14)
1 (5)
0 (0)
2 (9)
0 (0)
14 (64)

4 (19)
1 (5)
1 (5)
5 (24)
0 (0)
2 (10)
0 (0)
8 (38)

0 (0)
4 (18)
1 (5)
8 (36)
0 (0)
1 (5)
1 (5)
7 (32)

0.31

0.60

0.18

0.20

0.32

0.22

Data are expressed as absolute numbers (percentage) or mean ± SD. NA: Not significant.

study treatments (Table 5).
Information on subject withdrawals is detailed in Figure 1. Twenty-one subjects withdrew before completing
the six days of study medication. Three subjects withdrew from the study following randomization but before
receiving any study medications. One subject in the lubiprostone group and one in the Senna group changed their
mind about participating. A third subject in the Senna
group withdrew to a rash. One subject died before receiving active study drug (see above). Reasons for withdrawal,
with some participants reporting more than 1 reason,
included: abdominal pain (4 participants), diarrhea (2),
nausea (2), loose stools (3), cramping (5), early discharge
(5), knee dislocation (1), unstable blood test (international
normalized ratio in a subject on warfarin) (1), rash (1),
and headache (1).
Two subjects who did not withdraw from the study
received less than 80 percent of the active drug. For the
initial subject enrolled in the trial, the computer electronic
order task did not work properly for nurse administration and the subject received one day of study drug. An

WJG|www.wjgnet.com

additional subject refused doses due to gastrointestinal
symptoms, but did not withdraw, and received less than
80 percent of the study interventions over the six days
of medication administration. These two subjects were
included in the ITT analysis, but not the analysis of subjects completing trial interventions. Other protocol deviations included: missed one day of data collection (1 subject), one dose of study medications missed (2), one dose
of incorrect medication administered (1 subject), scheduled constipation medications were not initially changed
(1), rescue meds taken for three days, but the subject was
not withdrawn (1).
Rescue medications for symptoms of constipation
were requested by 15 (75%) of the lubiprostone and 18
(78.2%) of the Senna participants, which was not significantly different (P = 0.93). Rescue medications used by
subjects in this study included milk of magnesia, polyethylene glvcol. magnesium citrate, lactulose and suppositories. Subjects required a mean of 2.25 doses/enrolled
subjects in the lubiprostone group and 2.26 doses in the
Senna group (P = 0.87).
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Table 5 Adverse event
System/adverse event

Number receiving at least one dose
Number of participants with any event
Gastrointestinal disorders
Nausea
Diarrhea
Abdominal pain
Abdominal cramping
Constipation
Nervous system disorders
Headache
Skin disorders rash
Musculoskeletal disorders
Patellar dislocation
Laboratory evaluations
Hematologic
Cardiovascular disorders
Cardiomyopathy
Total events

Any adverse event
Lubiprostone
Senna
n = 31
n = 29
14 (45.2)

12 (41)

3 (9.7)
5 (16.1)
8 (25.8)
6 (19.4)
0

5 (17.2)
2 (6.9)
2 (6.9)
6 (20.7)
1 (3.4)

0
0

1 (3.4)
1 (3.4)

1 (3.2)
0
0

0
1 (3.4)

23

1 (3.4)
20

All adverse events in participants receiving at least one dose of study
medication. Data are expressed as absolute numbers (percentage) or mean
± SD.

Rehabilitation outcome measures are reported in
Table 3. The overall mean length of stay was 14.7 d with
SD = 7.72 (median = 12; range: 2-37 d) and length of
stay did not differ by group. No differences were found
in functional outcomes between the two treatment
groups; admission FIM score was 69.1 (SD = 13.0) and
discharge 98.4 (SD = 14.2), with a FIM efficiency of 2.38
(SD = 1.26). Subjects showed improvement on their FIM
bowel score across the study time frame; at admission,
the bowel FIM item rating was 4.12 (SD = 1.50, range:
1-6) and at discharge 5.33 (SD = 1.25, range: 2-7) with no
between group differences.

DISCUSSION
In this study, we found that both Senna and lubiprostone
were associated with improvement in bowel related symptoms over the treatment period, however we did not find
significant differences in the primary efficacy measures
between these two medications. Rescue bowel medication
use was frequently required by the participants in both
groups however, and thus may have limited our ability to
distinguish differences between these regimens. Nevertheless, this latter finding indicates that multiple laxative
medications may be required for constipation symptom
control with opioids in this setting.
Bowel related symptoms in patients with opioid constipation are frequent. While involved in physical and occupational therapy, both control of pain with activity as
well control of bowel symptoms is required in order to
participate and benefit from such interventions. Despite
the need for frequent rescue medication for bowel symptoms by the participants in this study, it is of interest that
we did not find bowel symptoms precluded therapy at-
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tendance to any great degree, though any impact on other
activities outside of therapy was not examined.
In a survey of patients taking oxycodone for nonmalignant pain, constipation was reported by 53.1%; overall
opioid-related side effects in this study was found to impact adherence to prescribed medication dosages and has
been found to be associated with poorer pain control[22].
Initiation of laxatives to prevent constipation symptoms has been recommended when opioids are prescribed for pain control, however satisfactory results with
laxatives for control of this symptom have been reported
to be less than 50%[23,24]. Common interventions to control constipation symptoms include bowel stimulants and
osmotic laxatives, but such medications may be ineffective or result in unpredictable bowel function. Mu-opioid
receptor antagonists appear to be safe and effective for
laxation in palliative care patients, however at this time
only subcutaneous methylnaltrexone is available in the
US[25]. In subjects in rehabilitation, naltrexone resulted in
earlier laxation compared to placebo[26]. A multi-institutional study assessing the impact of prophylactic medications on the incidence of opioid-induced gastrointestinal
dysfunction in hospitalized cancer patients found that
premedication significantly lowered the rate of constipation, however, constipation was still present in 34% of
these patients despite the use of laxatives[25,27]. Identification of medications that provide better control of bowel
symptoms is needed, as are comparison trials to identify
the most effective regimens to reduce the resultant morbidity. Additionally, although effectiveness did not differ,
costs do differ for the two medications evaluated in the
present study in that Senna is available as a generic medication and thus less costly; a full cost benefit analysis was
not the performed as a component of this study, however.
Whether the physical activity that these subjects performed as part of their rehabilitation treatment could
have influenced the improvement in constipation symptoms found in this study is not known. There has been
little evaluation of the effects of physical activity as an
intervention for bowel dysfunction. There were not between group differences in baseline functional status.
This finding and the absence of significant differences in
change in function between groups, as well as absent differences in missed therapies suggests that activity levels
were similar and was unlikely to have affected measured
outcomes between groups.
Limitations to this study include its smaller sample
size. In addition, we describe results for a specific patient
population, which may limit generalizability of the result
of this study to other subjects with opioid induced constipation.
Subjects utilizing either lubiprostone or Senna demonstrated improvement in symptoms of constipation
and quality of life as measured by the PAC-SYM and
PAC-QOL. Most participants in each of the treatment groups required additional medications to control
symptoms. Thus the analyses reflect both the treatment
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group medications as well as the additional medication
interventions required. This may have impacted our ability to detect differences between the treatment groups,
but does confirm that more than one medication may be
required for control of constipation symptoms in this
patient population.
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medications were frequently utilized by both groups, suggesting that multiple
laxative medications may be required for control of constipation symptoms in
this setting.
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Both medications evaluated in this trial improved constipation and thus may
be utilized, however as no differences were noted in efficacy between the two
treatment groups, other factors such as medication cost may be a consideration
to guide the choice of intervention. In addition, patients may require the prescription of more than one medication for control of constipation symptoms.
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intestinal tract in addition to the central nervous system. Mu-agonists cause
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lubiprostone-based new therapy for opioid use-associated constipation in postoperative orthopedic patients. primarily in a geriatric population. It appears
that the new drug did not show better efficacy than the conventional Senna in
symptoms of constipation and quality of life. Most participants in each of the
treatment groups required additional medications to control symptoms. The
study also demonstrated that more than one medication may be required for
control of constipation symptoms for the study population. These results would
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RESULTS: In our original study, serum IL-8 yielded an
AUC of 0.742 [95%CI: 0.635-0.849]. The sensitivity
and specificity were 85.42% and 54.05%, respectively,
at a cut-off value of 5.39. In this meta-analysis, we
included five studies with 668 CRC patients and 374
controls and one study in our own center with 48 CRC
patients and 37 controls. The pooled sensitivity and
specificity of IL-8 were 0.69 (95%CI: 0.42-0.87) and
0.85 (95%CI: 0.68-0.94) for CRC detection. Besides,
the area under the sROC curve was 0.86 (95%CI:
0.82-0.88). Subgroup analysis suggested that there
was no heterogeneity in the Asian subgroup but some
in the European subgroup. In addition, no publication
bias was found according to the Deek’s funnel plot
asymmetry test.
CONCLUSION: Serum IL-8 is a promising biomarker
for CRC detection and may become a clinically useful
tool to identify high-risk patients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To assess the diagnostic value of serum interleukin-8 (IL-8) in the detection of colorectal cancer (CRC).
METHODS: An original study was conducted to explore the potential value of IL-8 in CRC diagnosis.
Receiver operating characteristic (ROC) analysis was
performed and the area under the curve (AUC) value
was calculated. PUBMED and EMBASE were searched
(to October, 2013), supplemented with manual screening for relevant publications. Meta-analysis methods
were applied to pool sensitivity, specificity, positive and
negative likelihood ratios, and diagnostic odds ratios
and to construct a summary receiver-operating characteristic (sROC) curve. Heterogeneity across studies was
2
checked by the I test and Deek’s funnel plot method
was applied to test publication bias.
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Key words: Interleukin-8; Colorectal cancer; Diagnostic
value; Case-control study; Meta-analysis
Core tip: Serum cytokine concentrations may reflect
inflammatory processes during the carcinogenesis of
colorectal cancer (CRC). The authors conducted an
original study to explore the diagnostic value of interleukin-8 (IL-8) in CRC. Besides, standard statistical
methods for meta-analysis were applied in the present
study. Six studies were finally included (including our
study). The pooled results suggested that serum IL-8
is a promising biomarker for CRC detection and may
represent a clinically useful tool to identify high-risk
patients.
Jin WJ, Xu JM, Xu WL, Gu DH, Li PW. Diagnostic value of
interleukin-8 in colorectal cancer: A case-control study and
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INTRODUCTION
Colorectal cancer (CRC) is one of the most common cancers worldwide and also an important source of cancer-related death[1,2]. Detection of early-stage CRC is critical for
curative treatment interventions, which can significantly
reduce the incidence and mortality[3-6]. The present clinical
examinations, such as sigmoidoscopy, colonoscopy and
fecal occult blood test etc., have been widely used for CRC
screening[7,8]. However, sigmoidoscopy and colonoscopy
are considered time consuming, invasive and cumbersome[9-11], and fecal occult blood test screening suffers for
its low sensitivity for polyps, especially smaller ones[6,12].
Thus, non-invasive diagnostic biomarkers are critical for
CRC early detection.
Cytokines are a category of soluble peptides that play
an important role in inflammation and the initiation and
promotion of carcinogenesis[11,13]. As a member of the
CXC cytokine family, interleukin-8 (IL-8) is one of the
most significantly upregulated chemokines in CRC, and
contributes to tumor growth, invasion and metastasis in
CRC[14-16]. IL-8 induces CRC cell proliferation and migration by a disintegrin and metalloprotease (ADAM)dependent pathway, and heparin-binding epidermal
growth factor (EGF)-like growth factor (HB-EGF) plays
an important role as the major ligand for this pathway[17].
Therefore, several studies[10,11,18-20] have evaluated the application of IL-8 in the diagnosis of CRC; however, the
results were contradictory. As a consequence, the aim of
this meta-analysis was to systematically assess the diagnostic value of IL-8 for assisting in the diagnosis of CRC.

MATERIALS AND METHODS
Ethics statement
The study has obtained the approval from the Local Research Ethics Committee of Huzhou Central Hospital;
data were from department of Anorectal branch, Huzhou
Central hospital. Informed consent was obtained from all
patients in the study.
Original study
We conducted an original study to explore the diagnostic
value of IL-8 expression in CRC. Serum samples were
collected in EDTA tubes from 37 healthy controls in
Hangzhou First People’s Hospital and from 48 patients
before surgery in Zhejiang Cancer Hospital, the Second
Affiliated Hospital of Wenzhou Medical University and
Huzhou Central hospital. All samples were immediately
frozen in liquid nitrogen and kept at -80 ℃ until IL-8
extraction. No patients had received adjuvant treatment,
including radiotherapy or chemotherapy before surgery
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and diagnosis. Serum IL-8 levels were measured using
human IL-8/nucleosome assembly protein 1 (NAP-1)
Platinum enzyme-linked immunosorbent assay kit (eBioscience, Inc. Vienna, Austria). The data of the original
study were also included in the meta-analysis.
To determine the diagnostic performance of IL-8
level in CRC, ROC analysis was performed and the AUC
value was calculated. The optimal cutoff threshold was
determined at the point on the ROC curve at which
(sensitivity + specificity - 100%) was maximal. Sensitivity
and specificity were calculated using this cutoff value.
Meta-analysis
Literature search and selection criteria: PUBMED and
EMBASE (to October, 2013) were searched without restrictions to identify eligible studies. The following terms
were applied: “interleukin-8” OR “interleukin8” OR “interleukin 8” OR “IL-8” OR “IL8” OR “IL 8”; “colon”
OR “rectal” OR “colorectal”; “cancer” OR “tumor” OR
“tumour” OR “carcinoma” OR “neoplasm”. References
of relevant articles and reviews were also scanned for
potentially missing studies. Titles and abstracts were first
scanned, and then full articles of potential eligible studies
were reviewed. Meeting abstracts were excluded because
of the limited data. The retrieved studies were carefully
examined to exclude potential duplicates or overlapping
data. This meta-analysis was designed, conducted and reported according to Preferred Reporting Items for Systematic Reviews and Meta-Analyse (PRISMA) and Meta-analysis Of Observational Studies in Epidemiology (MOOSE)
statements[21,22].
Articles were included if they met all the following
criteria: (1) the outcome of interest was CRC; (2) serum
IL-8 levels were measured for the evaluation of CRC;
(3) absolute numbers of true positive (TP), false positive
(FP), true negative (TN) and false negative (FN) results
were provided or could be derived; and (4) articles as full
papers in English or Chinese were retrieved. Studies were
excluded if they were performed in patients after induction of chemotherapy or surgery.
Data extraction and quality assessment: Two reviewers
(Jin WJ and Xu JM) independently extracted the following
information from each study, using a standardized protocol: authors, year of publication, country, study design
(prospective or retrospective), patient characteristics (including sample size, gender and mean age) and number of
TP, FP, TN, and FN was extracted. We finally identified
five articles[10,11,18-20], and one study in our own center was
extracted (current study). Discrepancies were resolved by
a third investigator.
The quality of methodology for each study was assessed using the quality assessment of diagnostic accuracy studies (QUADAS)[23]. For each component, a score
of 1 was applied if the answer was “yes”; otherwise, a
score 0 was applied.
Data synthesis and statistical analysis: The analyses
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PUBMED search
(n = 559)

EMBASE search
(n = 943)

Total
(n = 1502)

Duplicate articles (n = 352)
Excluded after title and abstract review (n = 1073)

Articles retrieved for more exact assessment
(n = 77)

Papers provided insufficient data (n = 26)
Reviews or systematic reviews (n = 2)
Not on the right topic or target population (n = 42)
Language was neither English nor Chinese (n = 2)

5 eligible published papers
included in the meta-analysis

Figure 1 Flow diagram of the study selection process.

of sensitivity, specificity, likelihood ratios (LRs) and diagnostic odds ratio were performed and data were finally
summarized in an sROC curve. The numbers of TP, FP,
TN and FN were analyzed to calculate sensitivity and
specificity. The formula for a positive LR is sensitivity/(1
- specificity), and the formula for a negative LR is (1 sensitivity)/specificity. A clinical test that has a positive LR
greater than 5.0 and a negative LR less than 0.2 could be
defined useful[24,25]. Thus, the combined LRs provide the
diagnostic odds ratio (positive LR/negative LR)[26,27].
Heterogeneity across studies was checked by the I2
[28]
test , which quantifies the proportion of total variation
across studies caused by heterogeneity rather than chance.
Deek’s funnel plot method was applied to test publication bias[29]. All P values presented were two-sided. The
association was considered significant if the P ≤ 0.05.
All analyses were conducted using Stata software (version 12.0; StatCorp, College Station, TX, United States)
and Meta-Disc (version 1.4, Unit of clinical biostatics, the
Ramoy Cajal Hospital, Madrid, Spain).

RESULTS
Study characteristics and data quality
After searching PUBMED and EMBASE, 1502 articles
were identified. One thousand one hundred and fifty
articles remained after removing 352 duplicated papers.
Review of the titles and abstracts resulted in exclusion
of 1073 articles. For the remaining 77 articles, 72 were
excluded for the following reasons: insufficient data (n
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= 26), not on the right topic or targeted population (n =
42), not an original article (n = 2), language was neither
English nor Chinese (n = 2). Finally, five studies[10,11,18-20]
with 668 CRC patients and 374 controls and one original study in our own center with 48 CRC patients and
37 controls (current study) were included. The selection
process is shown in Figure 1 and the characteristics of
the included studies are shown in Table 1. Among the
six studies, two were conducted in Asian countries and
the remaining four were in European countries. All six
studies were case-control studies. The participant age
ranged from 31 to 99.1 years. All studies were of high
quality.
Original study
Forty-eight CRC patients and 37 normal controls were enrolled to assess the diagnostic value of IL-8 in CRC. The
ROC analysis revealed that serum IL-8 might be a potential biomarker to discriminate patients with CRC from
controls. The AUC value was 0.742 (95%CI: 0.635-0.849;
Figure 2). The sensitivity and specificity were 85.42% and
54.05%, respectively, at a cut-off value of 5.39.
Efficacy of IL-8 for the detection of CRC
The diagnostic value was evaluated by analyzing the five
extracted studies and our original study. The pooled sensitivity was 0.69 (95%CI: 0.42-0.87), and the pooled specificity was 0.85 (95%CI: 0.68-0.94; Figure 3A). The area under
the sROC curve was 0.86 (95%CI: 0.82-0.88; Figure 3B).
Significant heterogeneity was found in both sensitivity (Q
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Table 1 Characteristics of included studies
Study

Country

Design

Male

Age (yr)

No. of
participants

(%)
Pengjun et al[11], 2013

China

Case-control

52.4

Kantola et al[18], 2012

Finland

Case-control

51.0

Bünger et al[10], 2012

Germany Case-control

52.3

Bünger et al[19], 2011

Germany Case-control

52.0

Kaminska et al[20], 2005

Poland

Case-control

49.0

Current study

China

Case-control

52.1

31-74
149 CRC, 93
(mean 58.0) colorectal adenoma, 69 controls
Mean 67.9
148 CRC, 86
controls
40.5-99.1
164 CRC, 34
(mean 69.6) colorectal adenomas, 119 controls
38-88
50 CRC, 50 con(mean 71.2)
trols
32-82
157 CRC, 50
controls
Mean 55.4 48 CRC, 37 controls

Sensitivity Specificity

TP

FP

FN

TN

QUADAS
score

0.869

0.971

149

2

23

69

12

0.809

0.821

115

18

27

84

12

0.220

0.900

81

6

287

52

12

0.280

0.940

50

3

129

50

12

0.883

0.580

157

36

21

50

11

0.854

0.541

41

17

7

20

12

TP: True positive; FP: False positive; TN: True negative; FN: False negative; QUADAS: Quality assessment of diagnostic accuracy studies; CRC: Colorectal
cancer.

pooled sensitivity was 0.58 (95%CI: 0.25-0.85) in the
European subgroup with significant heterogeneity (P =
0.00, I2 = 99.07%), as shown in Table 2.

1.00

Sensitivity

0.75

Publication bias
There was no significant publication bias according to
the Deek’s funnel plot asymmetry test (Figure 4D).

0.50

Area under ROC curve = 0.7421

0.25

DISCUSSION
0.00
0.00

0.25

0.50

0.75

1.00

1-specificity

Figure 2 Area under the receiver operating characteristic curve value of
interleukin-8 in colorectal cancer from the original study. ROC: Receiver
operating characteristic.

= 484.33; df = 5.00; P = 0.00; I2 = 98.97%) and specificity
(Q = 69.59; df = 5.00; P = 0.00; I2 = 92.81%). The positive
LR, negative LR and the diagnostic odds ratio value were
3.51 (95%CI: 1.93-6.35; Figure 4A), 0.33 (95%CI: 0.16-0.68;
Figure 4B), and 12.03 (95%CI: 4.74-30.54; Figure 4C), respectively.
Sensitivity and subgroup analyses
Sensitivity analysis was conducted to explore the potential impact of within-study heterogeneity. After removing the two studies of Bunger[10,19], the pooled sensitivity
changed from 0.69 (95%CI: 0.42-0.87) to 0.86 (95%CI:
0.82-0.88), with a significant decrease in heterogeneity
from Q = 484.33; df = 5.00; P = 0.00; I2 = 98.97% to
Q = 3.56; df = 3.00; P = 0.31; I2 = 15.71%, as shown in
Table 2.
Subgroup analysis was available in patients from different geographical regions. We found that the pooled
sensitivity was 0.86 (95%CI: 0.81-0.91) in the Asian subgroup with no heterogeneity (P = 0.83, I2 = 0.00%). The
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The present meta-analysis first assessed the diagnostic
value of IL-8 in the detection of CRC. Five studies with
668 CRC patients and 374 controls were included and an
original study was also used to explore the potential value
of IL-8 in CRC diagnosis. As the present meta-analysis
showed, IL-8 has a pooled sensitivity of 0.69, a specificity
of 0.85 and an AUC of 0.86, which suggested that IL-8
might be an non-invasive method for CRC diagnosis.
The diagnostic odds ratio (DOR) combines the strengths
of sensitivity and specificity as an independent indicator,
and was reported to be a useful indicator for evaluation
of a diagnostic method[30]. The DOR value of IL-8 was
12.03, indicating moderate diagnostic accuracy. However,
the positive LR (3.51) and negative LR (0.33) suggested
that IL-8 might be not adequate to rule in and rule out
CRC patients.
Multiple mechanisms have been proposed to explain
the diagnostic value of IL-8. It has been reported that
IL-8 has a multifunctional role in CRC progression, and
is involved in enhancing the survival of cancer cells, promoting tumor cell proliferation and regulating adhesion
and invasion[31,32]; moreover, studies suggested that it
induces cell migration in colon cancer cells, acting as an
autocrine growth factor[33,34].
Cell lines derived from human colon carcinomas secrete
IL-8 in vitro and this chemokine has also been detected
immunohistochemically in human colon carcinoma specimens, in which it is tumor cell associated. Supplementing
endogenously produced IL-8 by the recombinant chemo-
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A
Studyld

Sensitivity (95%CI)

Studyld

Specificity (95%CI)

Kaminska/2005

0.88 [0.83-0.93]

Kaminska/2005

0.58 [0.47-0.69]

Bünger/2011

0.28 [0.21-0.35]

Bünger/2011

0.94 [0.84-0.99]

Bünger/2012

0.22 [0.18-0.27]

Bünger/2012

0.90 [0.79-0.96]

Kantola/2012

0.81 [0.74-0.87]

Kantola/2012

0.82 [0.74-0.89]

Pengjun/2013

0.87 [0.81-0.91]

Pengjun/2013

0.97 [0.90-1.00]

Current study

0.85 [0.72-0.94]

Current study

0.54 [0.37-0.71]

Combined

0.69 [0.42-0.87]

Combined

0.85 [0.68-0.94]

Q = 484.33, df = 5.00, P = 0.00

Q = 69.59, df = 5.00, P = 0.00

I 2 = 98.97 [98.64-99.30]

I 2 = 92.81 [88.60-97.03]

0.2 0.9
Sensitivity

B

sROC with prediction and confidence contours

1.0

6

2
3

Sensitivity

0.4 1.0
Specificity

1

0.5

Observed data

5

Summary operating point
SENS = 0.69 [0.42-0.87]
SPEC = 0.85 [0.68-0.94]

4

SROC curve
AUC = 0.88 [0.82-0.88]
95% confidence coutour
95% Prediction coutour

0.0
1.0

0.5

0.0

Specificity

Figure 3 Diagnostic performance of interleukin-8 in the detection of colorectal cancer. A: Forest plots of the pooled sensitivity and specificity in CRC diagnosis; B:
sROC curve analysis in CRC diagnosis. sROC: Summary receiver operating characteristic; CRC: Colorectal cancer.

kine led to stimulation of cell growth[33]. This may suggest
that IL-8 acts as an autocrine growth factor for colon carcinoma cell lines.
IL-8 was reported to promote cell proliferation and
migration through metalloproteinase-cleavage in human
colon carcinoma cells[17]. The biological actions of IL-8
are mediated by binding to its receptors, IL-8RA (CXCR1)
and IL-8RB (CXCR2), which are members of seven
trans-membrane G-protein-coupled receptor (GPCR)
family[35-39]. CXCR1 and CXCR2 both bind IL-8 with high
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affinity; however, CXCR2 also binds to other CXC chemokines[39,40]. These receptors also play an important role
in tumor microenvironment and tumor progression[41,42].
Stimulation of the receptors can induce shedding of
EGF ligands in CRC cells via activation of ADAM, with
subsequent transactivation of the EGF receptor[17]. Subsequently, the carboxy-terminal fragments of HB-EGF
are trafficked into the nucleus by special metalloproteinases, and exert some effects on regulation of cell proliferation[43]. Thus, IL-8 induces CRC cell proliferation and
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A

Summary LR+

Study
ID

RR (95%CI)

Kaminska (2005)

2.11 (1.63, 2.72)

Bünger (2011)

4.93 (1.60, 15.19)

Kantola (2012)

4.59 (3.00, 7.03)

Bünger (2012)

2.13 (0.97, 4.65)

Current study

1.86 (1.29, 2.69)

Pengjun (2013)

30.75 (7.83, 120.72)

2

Overall (I = 87.0%, P = 0.000)

3.51 (1.93, 6.35)

Note: weights are from random effects analysis
0.01

1

B

100

Summary LR-

Study
ID

RR (95%CI)

Kaminska (2005)

0.20 (0.13, 0.32)

Bünger (2011)

0.76 (0.68, 0.85)

Kantola (2012)

0.23 (0.16, 0.33)

Bünger (2012)

0.87 (0.78, 0.96)

Current study

0.27 (0.13, 0.57)

Pengjun (2013)

0.14 (0.09, 0.20)

2

Overall (I = 98.6%, P = 0.000)

0.33 (0.16, 0.68)

Note: weights are from random effects analysis
0.01

C

1

100

Summary diagnostic odds ratio

Study
OR (95%CI)

ID

Kaminska (2005)

10.38 (5.56, 19.40)

Bünger (2011)

6.46 (1.93, 21.66)

Kantola (2012)

19.88 (10.28, 38.43)

Bünger (2012)

2.45 (1.01, 5.90)

Current study

6.89 (2.46, 19.30)

Pengjun (2013)

223.50 (51.24, 974.80)

2

Overall (I = 84.4%, P = 0.000)

12.03 (4.74, 30.54)

Note: weights are from random effects analysis
0.01
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1

100
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D

Deeks' funnel plot asymmetry test

Study

P value = 0.72

Regression line

0.06
6

1/root (ESS)

0.07

3
2

4
5

0.08
0.09
0.10
0.11

1

1

10

100

1000

Diagnostic odds ratio

Figure 4 Positive likelihood ratio, negative likelihood ratio, diagnostic odds ratio and Deek’s funnel plot. A: Positive LR; B: Negative LR; C: Diagnostic OR; D:
Deek’s funnel plot asymmetry test. LR: Likelihood ratio; OR: Odds ratio.

Table 2 Sensitivity and subgroup analyses

Sensitivity analysis
All studies

Cases/
controls

Sensitivity

716/411

0.69
484.33/5.00/0.00/98.97% 0.85 (0.68-0.94) 69.59/5.00/0.00/92.81%
(0.42-0.87)
0.86
3.56/3.00/0.31/15.71% 0.79 (0.52-0.93) 43.51/3.00/0.00/93.10%
(0.82-0.88)

3.51

0.33

12.03

3.81

0.20

20.53

0.86
0.05/1.00/0.83/0.00% 0.82 (0.74-0.89) 31.20/1.00/0.00/96.8%
(0.81-0.91)
0.58
322.69/3.00/0.00/99.07% 0.85 (0.68-0.93) 34.56/3.00/0.00/91.32%
(0.25-0.85)

7.34

0.18

37.74

3.01

0.43

7.91

Results without
two from Bunger
Subgroup analysis
Asia

502/242

Europe

519/305

197/106

SEN heterogeneity
2

Specificity

SPE heterogeneity

2

2

(χ /γ/P /I )

2

(χ /γ/P /I )

Positive LR Negative LR Diagnostic
OR

SEN: Sensitivity; SPE: Specificity; LR: Likelihood ratio; OR: Odds ratio.

migration by an ADAM-dependent pathway, and HBEGF plays an important role as the major ligand for this
pathway[17]. Although these studies explained the association between IL-8 and CRC, further studies are required.
To determine the sources of heterogeneity is also an
important goal of a meta-analysis. The different geographical regions and sample sizes may partially explain
the heterogeneity observed in our study; however, there
was still significant heterogeneity. Another important reason may be that there is wide range of cutoff values for
IL-8 levels in the included studies.
The present meta-analysis has several strengths. First,
this is the first meta-analysis to assess the diagnostic value of IL-8 to detect CRC. Second, most of the included
studies were of high methodological quality. Third, an
original study was also applied to explore the diagnostic
value of IL-8 in CRC. In addition, no publication bias
was observed.
This study also has some limitations. First, the number of studies involved in the meta-analysis was not large
enough. Second, significant heterogeneity was found.
Sensitivity and subgroup analyses were applied, while the
results could not fully explain the observed heterogeneity.
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In conclusion, the present meta-analysis confirmed the
diagnostic value of IL-8 to detect CRC and it might represent a clinically useful tool to identify high-risk patients.
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CRC. The results are interesting and suggest that IL-8 may represent a clinically useful tool to identify high-risk patients.
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Abstract
Repeated anastomotic recurrence (AR) of colonic cancer
is uncommon. We report a case of a double-isolated AR
after sigmoidectomy. In 2003, a 60-year-old woman
underwent stapled sigmoid resection for a moderately
differentiated adenocarcinoma. Further rectal bleeding
occurred after six months, and colonoscopy detected
an AR. Thus, an additional stapled colorectal anastomosis was performed. Ten months later, a colonoscopy
detected a circumferential AR that prompted the completion of a second colorectal resection, with a doublestapled colorectal anastomosis. Twenty-four hours after
surgery, a massive pulmonary embolism occurred, and
the patient died within a few hours. At present, only
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six cases of repeated isolated AR have been described.
Repeated segmental colorectal resections are generally
associated with a favourable prognosis, with a median
survival rate of 45 mo (range, 13-132 mo). Repeated
isolated ARs are rare, and segmental colorectal resections are generally associated with long-term diseasefree survival.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Repeated Anastomotic Recurrence; Stapled
Anastomosis; Viable Exfoliated Cells
Core tip: We report a case of a double isolated anastomotic recurrence (AR) after sigmoidectomy. At present,
only six cases of repeated isolated AR have been described. Repeated isolated ARs are rare, and segmental colorectal resections are generally associated with
long-term disease-free survival.
Conzo G, Mauriello C, Gambardella C, Cavallo F, Tartaglia
E, Napolitano S, Santini L. Isolated repeated anastomotic recurrence after sigmoidectomy. World J Gastroenterol 2014;
20(43): 16343-16348 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i43/16343.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i43.16343

INTRODUCTION
Colorectal cancer is the second most common neoplasia
in Western countries. Sometimes, within 24 mo after curative surgery, a locoregional extraluminal recurrence may
occur; the resultant 5-year mortality rate is 80%-90%[1].
Emergency surgery, poor colorectal surgery skills, poor
tumour differentiation and advanced disease stages are
the main risk factors of death[2,3].
Many series have focused on local recurrences fol-
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Figure 1 June 2003-Lumen stricture caused by circumferential sigmoid colon cancer 35 cm from the anal verge.

lowing the surgical treatment of rectal cancer, whereas
only a few published studies have investigated locoregional recurrences among patients undergoing colonic
cancer surgery[4].
However, isolated (without disseminated disease)
anastomotic recurrence (AR) inside the bowel lumen is
uncommon, although it is generally associated with better long-term survival compared to locoregional recurrence. Historically, the risk is greater for rectal cancer
than colonic cancer, with a reported AR incidence of
2%-4%[5].
Moreover, repeated AR following colorectal resections for colonic cancer is unusual, and all published data
are case reports.
AR usually results from the luminal implantation of
viable exfoliated tumoral cells during surgical manipulation or from proliferative instability at the anastomotic
site promoting metachronous carcinogenesis[6,7].
Herein, we describe a rare case in which an isolated
double AR following curative mechanical sigmoid resection was observed.
Using the keywords “colorectal anastomotic recurrence”, “local recurrence”, “locoregional recurrence”,
“repeated recurrence”, “local relapse”, and “viable exfoliated cells”, a PubMed database search (PubMed, National Library of Medicine, Bethesda, MD, United States)
was performed. Few cases of subsequent colorectal AR
following colonic resections have been previously described, and each case was diagnosed by rectal bleeding
or follow-up colonoscopy. In most cases, a favourable
prognosis following repeated segmental colorectal resections was observed.

CASE REPORT
In June 2003, we observed a 60-year-old woman complaining of constipation and rectal bleeding. She was not
affected by any coagulation disorder or major comorbidities. Colonoscopy revealed a circumferential friable
neoplasm, with large necrotic areas in the sigmoid colon,
35 cm from the anal verge. The neoplasm strictured the
lumen, preventing further passage of the endoscope (13
mm) (Figure 1).
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The patient underwent a preoperative work-up consisting of routine blood tests, including tumour markers,
and a whole body computed tomography (CT) scan,
which detected neither local infiltration nor liver and pulmonary metastases. A segmental sigmoid colon resection
was performed, followed by a stapled colorectal side-toend anastomosis (Premium Plus CEEA™ Stapler 31,
Covidien®, Dublin, Ireland). Pathological examination
showed a moderately differentiated (G2) adenocarcinoma, without any vascular or lymphatic invasion; the
tumour was stage 1, according to the TNM classification
(pT2N0M0), and B1, according to the Astler and Coller
classification. No metastases were detected in the twenty
excised lymph nodes, and the resection margins were 5
cm proximal and 3 cm distal.
Based on the Italian Association of Medical Oncology guidelines[8], the patient did not undergo chemotherapy, and she was enrolled in a follow-up program. After
six months, new rectal bleeding occurred, and colonoscopy detected an area of hypertrophic and oedematous
mucosa approximately 18 cm from the anal verge that
occupied half of the circumference of the colorectal
anastomosis (Figure 2).
Several biopsies showed infiltration of the lamina
propria related to an adenocarcinoma recurrence. Contrast-enhanced whole-body CT scan did not rule out any
distant or local metastases.
In January 2004, a segmental colorectal resection was
performed (Premium Plus CEEA™ Stapler 31, Covidien®,
Dublin, Ireland), followed by a stapled colorectal side-toend anastomosis. Pathological examination confirmed
the pre-operative diagnosis of G2 adenocarcinoma with
tumour-free aortocaval lymph nodes (pT2N0M0), and a
normal mucosal pattern 8 cm proximal and 6 cm distal
from the tumour was reported. A 10-cycle chemotherapy regimen with 5-fluorouracile 425 mg/m2 and folic
acid 20 mg/m2 was performed weekly. The colonoscopy
that was performed 10 mo later detected a further circumferential recurrence at the previous anastomotic site
(Figure 3).
Contrast-enhanced CT scan did not reveal any distant metastases. The serum CEA level was normal. In
November 2004, a colorectal resection (with a double-
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Figure 2 December 2003 - First colorectal AR, six months after primary surgery.

A

B

Figure 3 November 2004 - Second AR, seventeen months after primary surgery.

stapled colorectal anastomosis approximately 5 cm from
the anal verge) and an abdominopelvic lymphadenectomy were performed. Pathological examination showed
a G2 adenocarcinoma AR infiltrating the muscular layer
(pT3N0M0-Astler and Coller stage B2); the circumferential margin of resection and 10 excised lymph nodes
were tumour free. Twenty-four hours after surgery, a
massive pulmonary embolism occurred, and the patient died few hours later, despite thromboprophylaxis
therapy with low-weight heparin (nadroparin 2.850 UI)
that had been continuously administered since the night
before surgery.

DISCUSSION
The literature review found only a few previous reports
of repeated isolated AR, all of which occurred fewer
than two years after curative resection for colonic cancer.
The first case was described by Roncoroni et al[9] in a 65year-old female patient (double AR). AR (pT2N0M0)
was observed one year after a stapled left hemicolectomy, and the second occurrence (pT2N0M0) came nine
months after the colorectal resection. The patient underwent stapled colorectal and, subsequently, a doublestapled coloanal anastomosis and adjuvant radiotherapy.
She was disease free 54 mo after the first operation. The
second case was described by Yajima et al[10] in a 44 -yearold woman. The first recurrence occurred after 12 mo,
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and the second occurred after 34 mo following a mechanical sigmoidectomy for G2 adenocarcinoma of the
sigmoid colon. A double-stapled colorectal anterior resection for the repeated AR was performed, followed by
adjuvant chemotherapy. Perioperative rectal remnant irrigation was performed with 2000 mL of normal saline.
No evidence of further recurrence was found 48 mo after the patient’s initial operation. Futami et al[11] reported
another case in a 64-year-old female patient (double recurrence). The first AR was observed only 3 mo after a
stapled sigmoidectomy for a pN0 adenocarcinoma, with
no lymphatic or vascular invasion. Preoperative colonic
retrograde irrigation and perioperative lavage of a rectal
remnant by a polyvinylpyrrolidone iodine (PVP-I) solution were performed, along with the stapled colorectal
resection. An abdominoperineal resection for a second
(pN0) AR was carried out after twelve months. The survival rate was not reported. Funahashi et al[12] described
an exceptional case of repeated (three times) AR in a
51-year-old man at 6, 15 and 24 mo after the first sigmoidectomy. This patient received an anterior rectal resection, associated with colonic irrigation by 5% PVP-I;
a low anterior resection, associated with an en-bloc resection of small intestine and bladder; and finally, an abdominoperineal resection with lateral lymphadenectomy.
Approximately 8 years after surgery, the patient was well,
demonstrating favourable oncological outcomes for AR.
In the reported cases, the AR diagnosis was confirmed
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Table 1 Subsequent isolated anastomotic recurrences following colorectal resections for colonic cancer: the characteristics of reported cases
Ref.
Roncoroni et al[9]
Futami et al[11]
Funahashi et al[12]
Yajima et al[10]
Costi et al[19]
Conzo et al

1

1

Year

Age (yr)

AR (number)

First AR interval time
(mo)

CEA level
(ng/mL)

Survival (mo)

Colorectal
irrigation

Dis Colon Rectum 2004
J Nippon Med Sch 2007
WJSO 2007
Surg Today 2007
WJS 2011
-

65 Female
64 Male
51 Male
44 Female
65 Female
60 Female

2
2
3
2
2
2

12
3
6
12
21
6

Normal
Normal
Normal
Normal
Normal
Normal

54
13
42
48
132
17

Yes
Yes
Yes
-

AR: Anastomotic recurrences.

by colonoscopy or rectal bleeding. Most serum CEA values were normal, and repeated segmental colorectal resections were associated with a favourable prognosis, with a
median survival rate of 45 mo (range, 13-132 mo). Only 2
cases required the performance of an abdominoperineal
resection (Table 1). Repeated AR that occurred despite
colorectal irrigation represented 3 of the 6 reported cases.
Regardless of notable therapeutic progress, local recurrence after curative colorectal resection occurs in up to
32% of patients[11]. More frequently, locoregional extraluminal recurrence occurs within 24 mo after surgery, often
without disseminated disease and generally resulting in a
poor prognosis. This incidence is higher for distal localisation (sigmoid colon and rectum), confirming the higher
malignancy of left colon cancer. Inadequate resection
margins and occult lymphatic involvement are the most
frequent causes.
However, isolated colonic recurrences at the anastomotic site following colorectal resections for colonic cancer
are uncommon, with a 4%-12% rate reported[5]. A higher
risk is observed in the treatment of rectal cancer. AR is
generally associated with a better long term survival[13,14],
which has also been confirmed in the treatment of rectal
cancer by Matsuda et al[15] who found a higher survival
rate in AR compared to pelvic recurrence among 21 patients undergoing rectal cancer surgery.
In most cases, incomplete resection or implantation
of exfoliated cells was involved[2,16].
Biological, surgical and genetic factors should be considered in determining colorectal local recurrence. Aggressive histological type, poor differentiation (G3) and
advanced tumour stage are the main biological risk factors[17]. Radial margins, inadvertent rectal perforation,
distal and proximal rectal margins, and en-bloc resections of adherent tumours are considered to be the main
surgical risk factors[18]. Costi et al[19] also demonstrated a
high genetic instability in two patients who were affected
by repeated AR.
In our case, the pathological examination of all specimens showed tumour-free margins, as well as the absence
of lymph-vascular invasion and no lymph node involvement or occult metastases. Hence, this condition was
considered to be a double isolated primary AR rather than
a perianastomotic locoregional case. The implantation of
viable exfoliated cells appears to be the main cause of recurrence. Exfoliation and subsequent cancer cell implantation remain a controversial subject of active research.
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Exfoliated cells may proliferate along the anastomotic
site, often after stapled anastomosis, precipitating a local
relapse. The isolation of viable desquamated cancer cells
from colonic lavage solution or from stapling devices has
been well demonstrated by different studies. Although
these cells are capable of implanting on the raw surface
of suture materials, the AR rate after curative colorectal
resections, which are often performed without perioperative colorectal irrigation, remains low. Therefore, different
unknown AR pathogenetic factors should be investigated. Moreover, it is well known that anal fissure or fistula,
haemorrhoidectomy sites, and other types of mucosal
injury can promote the implantation and growth of viable cancer cells[20]. To decrease implantation risk, Jenner
et al[21] proposed intraluminal irrigation with the cytocidal
agent PVP-I. This procedure decreased suture line recurrence rates from 10%-16% to 2%-3%[11]. However, after
curative resections, we do not routinely perform colorectal remnant irrigation; in the literature, the indication data
are debatable. In addition, in the subsequent AR-presenting cases, perioperative colorectal lavage by PVP-I or by
normal saline, as performed in 3 out of 6 cases, was still
unable to prevent AR.
Keighley et al[22] described another mechanism for local recurrence based on the biological instability at the
anastomotic site, which may increase susceptibility to
cancer. Animal studies have shown an increased yield of
bowel tumours at the site of anastomosis after resection,
regardless of whether the insult occurred before or after
the administration of common chemical carcinogens.
It has been suggested that the proliferative instability
along the anastomotic line caused by suture materials can
allow the engraftment of exfoliated malignant cells[23-25].
Titanium and descending braided sutures can provide a
substrate for exfoliated malignant cells, thereby resulting
in recurrences along the suture line. However, despite
reports of AR caused by cancer cell implantation using
the double-stapling technique[26-29], no statistically significant difference has been reported in the local recurrence
rate between stapled and hand-sewn anastomoses[26,29,30].
Experimental studies recommend the use of absorbable
monofilament manual sutures because of their lower
carcinogenic potential. Nevertheless, there is no statistical evidence supporting this hypothesis[31].
In our case, we cannot exclude the possibility that the
isolated AR was caused by metachronous carcinogenesis,
as demonstrated in Roncoroni’s case by the appearance
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of polyps at anastomosis site[9].
Because of the rarity of isolated repeated AR, there
is no standardised surgical strategy. Whenever possible,
AR should be addressed by the re-excision of the anastomosis, with 5-cm clear margins. Segmental colectomy
and total colectomy are both acceptable options[32].
The blood supply to the remaining bowel should
always be assessed when planning these subsequent resections. Segmental colorectal resections are generally
associated with long-term, disease-free survival.
In conclusion, after curative stapled surgical resection
for colonic cancer, isolated repeated AR is rare, and a favourable prognosis has mostly been reported; however,
disease management may be associated with significant
morbidity or mortality rates. This outcome may be because of either the implantation of viable cells or the
proliferative instability of the stapled suture line; furthermore, genetic factors may also be involved. Colorectal
irrigation by PVP-I or by normal saline did not prevent
repeated AR in the reported cases. An early diagnosis
by intensive endoscopic follow-up can allow for curative
colorectal resections. Based on our limited experience in
managing operable AR, segmental resection followed by
intensive careful endoscopic monitoring could result in
long-term disease-free survival.

toring, could result in a long-term disease-free survival.

Peer review

Because of the rarity of isolated repeated AR, there is no standardized surgical strategy; AR may be due either to the implantation of viable cells or to the
proliferative instability of the stapled suture line, and yet genetic factors may
be involved; although limited experience in the management of operable AR,
segmental resection, followed by intensive endoscopic careful monitoring, could
result in a long-term disease-free survival.
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jejunal anastomosis) due to an internal hernia through
Petersen’s space causing a SMV thrombosis. The necrotic
bowel was removed, the internal hernia was reduced
and Petersen’ space was sutured by not-absorbable
running suture. An anticoagulant therapy was begun
in the post-operative time and the patient was discharged after 28 d. Conclusions: The internal hernia
diagnosis is rarely confirmed by preoperative exams
and it is obtained in most cases by laparoscopy but the
improvement of technologies and the discover of “new”
CT signs interpretation can address to an early laparoscopic treatment for high suspicion cases.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
Intestinal occlusion by internal hernia is not a rare complication (0.2%-5%) after Laparoscopic Roux-en-Y-GBP
(LGBP) with higher morbidity and mortality related to
mesenteric vessels involvement. In our Center, from
October 2009 to April 2013 we have had 17 pts treated
for internal hernia on 412 LGBP (4.12%). Clinical case:
28-year-old woman, operated of LGBP (BMI = 49; comorbidity: diabetes mellitus and arthropathy) about 10
mo before, was affected by recurrent abdominal pain
with alvus alteration lasting for a week. After vomiting, she went to first aid Unit of a peripheric hospital
where she made blood tests, RX and US of abdomen
that resulted normal so she was discharged with flu like
syndrome diagnosis. After 3 d the patient contacted
our Center since her symptoms got worse and was
hospitalized. Blood tests showed an alteration of hepatic enzymes and amylases. The abdominal computed
tomography (CT) showed the presence of fluid in perisplenic, peri-hepatic areas and in pelvis and a “target
like imagine” of “clustered ileal loops” with a superior
mesenteric vein (SMV) thrombosis involving the Portal Vein. During the operation, we found a necrosis of
80 cm of ileus (about 50 cm downstream the jejuno-
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Core tip: We report a rare case of patients with a small
bowel infarction due to Portomesenteric Vein thrombosis following an Internal Hernia through the Petersen’
s space as a complication of Roux-en-Y laparoscopic
gastric bypass and the different computed tomography
physiological and pathological “uncommon signs” that
must be searched and recognized. With the progressive diffusion of Bariatric Surgery, it is very important
that all digestive surgeons and emergency physicians
have knowledge of these rare but serious complication
caused by internal hernia because these patients could
be also hospitalized in urgency in whatever Surgery
Unit that doesn’t commonly deal with obesity surgery.
Fabozzi M, Brachet Contul R, Millo P, Allieta R. Intestinal
infarction by internal hernia in petersen’s space after laparoscopic
gastric bypass. World J Gastroenterol 2014; 20(43): 16349-16354
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INTRODUCTION
Internal hernia after Laparoscopic Roux-en-Y-GBP (LGBP)
is not a rare complication (1%-5% of patients)[1]. It can
also occur after gastric or colonic surgery. After gastric
bypass the conditioning factors may be: (1) more difficult exposure of small bowel and related mesentery in
laparoscopy; (2) more complicated laparoscopic suture
of mesentery; (3) less post-operative adhesions in Laparoscopy; (4) weight loss reduces intraperitoneal fat, with
enlargement of mesenteric or mesocolic defects; and
(5) an additional possible site of herniation in retrocolic
compared to antecolic gastric bypass (GBP).
The potential sites of Internal Hernia depend from
the alimentary ROUX-limb positioning. The retrocolic
alimentary limb shows three sites: through the transverse
mesocolon, trough the Petersen’s space and the jejunojejunostomy mesentery. The antecolic antegastric alimentary limb instead, shows only 2 sites and for this reason
it is the most practiced: through the jejunojejunostomy
mesentery and through the Petersen’s space.
According to the data of Literature, this complication
usually occurs about a year after Gastric Bypass[2-4] and
may lead to intestinal perforation by intestinal ischemia
in 9.1% and death in 1.6%[5]. In fact, pneumoperitoneum
during laparoscopic surgery may be a factor favouring
thrombosis in the mesenteric venous system especially in
obese patients.
The preoperative diagnosis is very difficult since the
symptoms are not specific or blurred. Generally, the
patients accuse vague abdominal pain with nausea and
sometimes vomiting. The laboratory exams are not specific too. Sometimes it could be a modest alteration of
transaminases and amylase[6]. The only significant instrumental exam to discover internal hernia after GBP is the
Abdominal CT that can show specific physiological (Table
1) and pathological (Table 2)[7] signs that must be searched
and recognized (Figure 1, Figure 2, Figure 3, Figure 4 and
Figure 5).

CASE REPORT
A 28-year-old woman operated of GBP for morbid obesity 10 mo before (BMI = 49; comorbidity: diabetes mellitus and arthropathy), presented recurrent abdominal pain
lasting for a week, with alvus alteration and two episodes
of vomiting in the last two days. She went in the first
Aid Unit of a peripheric hospital where she made Blood
Tests, Radiography and Ultrasonography of abdomen
that resulted normal. She was discharged with flu like
syndrome diagnosis and with painkillers and antiemetic
therapy. Unfortunately, the symptoms worsened so she
was hospitalized in our Center 3 d after. The blood
test showed an alteration of hepatic enzymes and amylases so she was submitted to Abdominal CT scan that
showed some fluid in peri-splenic, peri-hepatic areas and
in pelvis, a “target like imagine” of “clustered ileal loops
(Figure 6), a superior mesenteric vein (SMV) thrombosis
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Table 1 Normal computed tomography findings after gastric
bypass
1
2
3
4

The jejuno-jejunal anastomosis (and the biliary limb) on the left
side of abdomen
Absence of loops behind the SMA
Absence of loops in mesocolic and mesenteric space
Mesenteric fan and jejuno-jejunal anastomosis deployed on the
left side of abdomen

SMA: Superior mesentery artery.

Table 2 Computed tomography signs of internal hernia after
[7]
gastric bypass
SIGNS

Sensitivity% Specificity%

Swirled mesentery
Mushroom
Hurricane eye
Small-bowel obstruction
Clustered loops
Small-bowel behind superior mesentery
artery
Overall impression
Right-sided anastomosis (or mesenteric fan
deployed on the right side of abdomen)

61-83
33-72
6-17
11-39
6-17
0-44

67-94
89-100
100
83-94
72-83
89-100

56-78
6-11

78-89
100

Figure 1 Jejuno-jejunal anastomosis on the left side of abdomen (arrow).

involving the Portal Vein (Figure 7). The patient underwent to urgent laparotomy. A necrosis of 80 cm of
ileum (Figure 8) (about 50 cm downstream the jejunojejunal anastomosis) due to an internal hernia through
Petersen” s space and a Superior Mesenteric Vein thrombosis were found. The necrotic bowel was removed
and primary ileo-ileal anastomosis was performed. The
internal hernia was reduced and the Petersen’ space was
sutured by not-absorbable running suture. Before and
after the operation the patient was submitted to I.V. anticoagulant therapy that was continued until the last days
before discharge and replaced by an oral anticoagulant
at home. The patient was discharged after 28 d with oral
anticoagulant therapy.
The post-operative follow-up was normal and no coagulation disorders of the patient was found. The abdominal CT in the second month showed a recanalization of

16350

November 21, 2014|Volume 20|Issue 43|

Fabozzi M et al . Intestinal infarction by Petersen's hernia

Figure 2 Major intensity projections computed tomography reconstructions can show the absence of loops behind the superior mesentery
artery (arrow).

Figure 5 Small-bowel behind superior mesentery artery at computed tomography slice (arrow).

SMV and an almost complete recanalization of Portal
Vein (Figure 9). The one year follow-up after thrombosis
was regular.

DISCUSSION

Figure 3 Major intensity projections computed tomography reconstructions show the Mesenteric fan deployed on the left side of abdomen (arrow).

Figure 4 “Hurricane eye” computed tomography sign of internal hernia
(arrow).

WJG|www.wjgnet.com

Deep venous thrombosis of intestinal vessels is a severe
even if infrequent complication after abdominal operations and was first reported in 1895 by Elliot[8]. It is the
cause of acute mesenteric ischemia in 5%-15% of patients[9]. From 1935 the mortality rate (about 34%)[10] is
drastically decreased thanks to the improvement in diagnostic and therapeutic field (use of anticoagulants, thrombolytic agents and endovascular techniques).
Laparoscopic surgery may predispose to early deep
venous thrombosis (in the first p.o. mounth) due to
many factors such as: pneumoperitoneum that increases
the abdominal pressure and slows the venous return to
the heart, hypercapnia that induces mesenteric vasoconstriction and coagulation alterations.
The elevated CO2 blood levels in particular, cause
sympathetic vasoconstriction responsible for increase in
peripheral resistors, in mean arterial blood pressure, in
pulmonary artery and capillary wedge pressure.
Another factor determining increased peripheral resistors is the elevated vasopressin rate caused by hypercapnia[11,12].
The tissue factor secretion induced by surgical trauma may cause SMV thrombosis in predisposed patients
with undiagnosed coagulative disorders. This hypothesis
is confirmed by high rate of SMV thrombosis during
laparoscopy for colonic inflammatory diseases such as
diverticulitis. In literature, it has also been described the

16351

November 21, 2014|Volume 20|Issue 43|

Fabozzi M et al . Intestinal infarction by Petersen's hernia

Figure 6 Portal and superior mesenteric thrombosis (arrow).

Figure 7 Computed tomography signs of “Clustered loops” (arrow).

influence of laparoscopy on coagulations favouring a
prothrombotic state[13].
In our case moreover the Portomesenteric thrombosis
has a cause different from that one previously reported:
the developing of an internal hernia about 10 mo after
Gastric Bypass for morbid obesity. The presence of coagulation abnormalities was excluded by post-operative
blood tests.
Intestinal infarction presents aspecific symptoms that
make the clinical diagnosis very difficult therefore the
only suspicion must be essential to address diagnostic
exams and early treatments. Blood tests may show leukocytosis, elevated creatinine kinase, amylase, and lactate[6].
The gold standard for diagnosis is CT scanning which
has a sensitivity of 90% (7). CT signs suggesting SMV
thrombosis are SMV dilation surrounded by hyper-dence
tissue, edematous bowel or mesenteric fat stranding.
It’s important to know which signs must be searched
and all types of CT reconstruction (vascular MIP) must
be required to discover these signs. The surgeon or radiologist must know the normal CT signs of patients after
Gastric Bypass (Table 1) and research the nine pathological CT signs of internal hernia of which the “hurricane
eye” and “the right-sided anastomosis” (with its mesentery) present the best specificity (Table 2). However, the
combination of more signs can improve the suspicion
index.
Other diagnostic exams includes angiography, trans-
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Figure 8 Small bowel infarction.

abdominal doppler ultrasound and magnetic resonance
imaging but these techniques don’t show any real advantages vs CT scan[11,14].
In our patient, the diagnosis of intestinal infarction
by internal hernia was suspected by CT and confirmed by
operation. Diagnostic laparoscopy is not recommended
by many Authors for a suspected SMV thrombosis, so we
decided to perform in our patient a laparotomy to avoid
the increase in abdominal pressure caused by pneumoperitoneum that could further slow the venous return
and worsen the intestinal ischemia[15,16].
However, in some cases diagnostic laparoscopy is preferred to exclude bowel ischemia and avoid a non-therapeutic laparotomy[9]. CT scan in fact is useful for the diagnosis
of SMV thrombosis, but it is not able to determine the
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Figure 9 Comparison of computed tomography before and 2 mo after surgery shows the Portal and Mesenteric recanalization after the anticoagulant
therapy (arrow).

extent of bowel ischemia[17].
In our patient, after the laparotomy, we found an internal hernia through the Petersen's space that caused the
venous outflow reduction in Superior Mesenteric Vein
resulting in Portomesenteric thrombosis and jejunal loop
necrosis[18].
In conclusion, the internal Hernia is an important
complication that is difficult to identify and usually occurs about a year after surgery. Patient’s medical (and
surgical) history is the key for its diagnosis and treatment. Recurrent pain, nausea, vomiting and diarrhea are
nonspecific symptoms and diagnosis is rarely confirmed
by preoperative exams. High index of suspicion of internal hernia especially after laparoscopy in particular in
GBP operations, is needed for early diagnosis and treatment. The improvement of technologies can show high
suspicion CT “signs” for internal hernia but the diagnosis was obtained in most cases by laparoscopy. For this
reason, early laparoscopic exploration in patient operated
of GBP presenting symptoms of bowel obstruction, is
mandatory. If the diagnosis of intestinal infarction is
clear by CT scan, it is recommended to make open surgical procedure to avoid the worsening of thrombosis also
in other vascular districts in post-operative time.
With the progressive diffusion of Bariatric Surgery in
the world, it is very important that all digestive surgeons
and emergency physicians have knowledge of these rare
but serious complications caused by internal hernias because these patients with nonspecific symptoms, could
be also hospitalized in emergency in whatever Surgery
Unit also without experience in obesity surgery.
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Abstract
A ciliated hepatic foregut cyst (CHFC) is a rare foregut
developmental malformation usually diagnosed in adulthood. Five percent of reported cases of CHFC transform
into squamous cell carcinoma. We report the presentation, evaluation, and surgical management of a symptomatic 45-year-old male found to have a 6.2 cm CHFC.
Contrast tomography-guided fine-needle aspiration
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demonstrated columnar, ciliated epithelium consistent
with the histologic diagnosis of CHFC. The intracystic
levels of carbohydrate antigen (CA) 19-9 and carcinoembryonic antigen (CEA) were extremely high (978118
U/mL and 973 μg/L, respectively). Histologically, the
wall of the cyst showed characteristic pseudopapillae
lined with a ciliated stratified columnar epithelium, underlying smooth muscle, an outer fibrous layer and no
atypia. Immunohistochemistry for CA19-9 and CEA was
positive. This is the first case report of a CHFC in which
levels of CA 19-9 and CEA were measured. Our findings
suggest that a large sized multilocular cyst and elevated cyst CA19-9 and CEA levels do not exclude a CHFC
from consideration in the diagnosis. CHFCs should be
included in the differential diagnosis of hepatic lesions.
Accurate diagnosis of a CHFC is necessary given its potential for malignant transformation, and surgical excision is recommended.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ciliated hepatic foregut cyst; Carbohydrate
antigen 19-9; Carcinoembryonic antigen; Computed
tomography-guided fine-needle aspiration; Magnetic
resonance imaging; Squamous cell carcinoma
Core tip: A ciliated hepatic foregut cyst (CHFC) is a
rare foregut developmental malformation usually diagnosed in adulthood. Five percent of reported CHFC
cases transform into squamous cell carcinoma. We
report the evaluation and surgical management of a
symptomatic 45-year-old male found to have a 6.2 cm
CHFC diagnosed by an intracystic columnar, ciliated
epithelium. We report for the first time extremely high
intracystic level of carbohydrate antigen (CA) 19-9 and
no atypia. A large sized multilocular cyst and elevated
cyst CA19-9 do not exclude CHFCs from diagnostic
consideration. Given its potential for malignant transformation, surgical excision is recommended.
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INTRODUCTION
Ciliated hepatic foregut cysts (CHFCs) are extremely
rare congenital, benign, most often solitary and unilocular cystic lesions that arise from the embryonic foregut[1].
The developmental origin may account for the specific
histologic features of a pseudostratified, ciliated, mucinsecreting, columnar epithelium[1]. Ciliated hepatic foregut
cysts were first described by Friedrich in 1857, and approximately 100 cases of CHFCs have been reported so
far[2-8]. Most CHFCs are located in the fourth segment
of the liver. Malignant transformation to squamous cell
carcinoma (SCC) has been reported, and although this
is rare, the survival rate after progression to malignancy
is poor[9]. In addition, it is often difficult to distinguish,
clinically and radiographically, CHFC from neoplastic
cysts such as hepatobiliary cystadenoma and cystadenocarcinoma. While nonneoplastic cysts are characteristically small, unilocular (simple), asymptomatic, and are
without malignant potential, neoplastic cysts are large,
multilocular, symptomatic, and must be completely excised because of their malignant metastatic potential[10-12].
Therefore, early and accurate diagnosis is important, and
a CHFC should be included in the differential diagnosis
of hepatic cysts. We present a case of an unusual CHFC
in a 45-year-old male that was large, bilocular, and associated with extremely high cyst levels of carbohydrate
antigen (CA) 19-9 and carcinoembryonic antigen (CEA),
which is described for the first time.

B

Figure 1 Magnetic resonance imaging. A: With contrast; B: Without contrast.
Magnetic resonance imaging demonstrates a 6.2 cm multilocular cystic lesion
in segment 4. The cyst content was heterogeneous and avascular and included
proteinaceous material. No wall enhancement was detected.

CASE REPORT
A 45-year-old male complained of a 1-year history of
intermittent peri-umbilical pain associated with 13 kg
weight loss. There was no associated jaundice or rigors.
In his physical examination, fullness was palpated over
his epigastrium. Liver function tests were unremarkable. An abdominal ultrasound scan reported a 45 mm
diameter complicated, heterogeneous, avascular, cystic
lesion in segment 4, with no intrahepatic or extra biliary
dilatation or gallstones. Computed triple-phase contrast tomography (CT) and magnetic resonance imaging (MRI) (Figure 1) confirmed a large, solitary 45 mm
diameter multilocular cystic mass in segment 4. There
were no other mass lesions. The cyst was hypoechoic
in ultrasound, hypoattenuating in unenhanced CT, and
did not enhance on administration of contrast in CT or
MRI. The serological levels of α-fetoprotein, CA19-9
and CEA were within normal limits. Six months later, a
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Figure 2 A computed tomography-guided diagnostic fine-needle aspiration revealed ciliated epithelial cells with no atypia.

repeat MRI demonstrated that the diameter of the cystic
lesion had increased in size to 6.2 cm and that the cyst
content was heterogeneous and avascular and included
proteinaceous material. No wall enhancement was detected. CT-guided diagnostic fine-needle aspiration revealed ciliated epithelial cells with no atypia consistent
with the diagnosis of CHFC (Figure 2). The intracystic
levels of CA19-9 and CEA were extremely high (978118
U/mL and 973 μg/L, respectively). There was no evidence of malignancy. Magnetic resonance cholangiopancreatography did not disclose a communication between
the cyst and the biliary system. In view of the diagnostic
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A

B

Figure 3 Wall of the cyst. Histologically, the wall of the cyst showed characteristic pseudopapillae lined by ciliated stratified columnar epithelium, loos
subepithelial connective tissue, underlying smooth muscle and an outer fibrous
layer and no atypia, compatible with diagnosis of a ciliated hepatic foregut cyst.

uncertainty, the cyst was excised. Grossly, the cyst was
multilocular, 6 cm in greatest diameter, and contained
viscous fluid. Histologically, the wall of the cyst showed
characteristic pseudopapillae lined with ciliated stratified
columnar epithelium, loose subepithelial connective tissue, underlying smooth muscle, an outer fibrous layer
and no atypia, compatible with a diagnosis of a CHFC
(Figure 3). Immunohistochemistry for CA19-9 (Figure
4A) and CEA (Figure 4B) was positive.

DISCUSSION
A CHFC is a rare, congenital hepatic lesion characterized by its ciliated columnar epithelial lining. Because
of the asymptomatic nature of CHFC, the majority of
cases are found incidentally during imaging studies, autopsy, or surgery[2]. Most cysts are not detected until the
fourth decade of life, while some patients may present
with right upper abdominal pain, obstructive jaundice, or
portal hypertension[2]. Increased use of abdominal imaging techniques has improved detection rates of CHFC,
thus explaining why over 85% of cases have been reported in the past 20 years[2,6]. The cyst diameter size, at
6.2 cm, was larger than the mean diameter of all previously reported cases of CHFC (> 4 cm)[2]. In addition,
the cyst was multilocular, which is a rare presentation in
adult cases of CHFC compared with a previous reported
study where over 90% of adult cases of CHFC were
unilocular[2]. However, the cyst was histologically similar
to those in the cases previously described.
While the typical clinical course of CHFC is benign,
5 previously reported adult patients had malignant transformation to SCC[2,9], comprising approximately 5% of
all reported CHFCs. This frequency, taken together with
the aggressive disease course and poor prognosis, suggests that a CHFC must not be presumed benign and
should be regarded with clinical suspicion[9]. Accurate
diagnosis of a CHFC is mandatory given its potential for
malignant transformation, and surgical excision is recommended.
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Figure 4 Immunohistochemistry. A: Carbohydrate antigen (CA) 19-9: Some
cells, including ciliated ones show apical staining for CA19-9; B: Carcinoembryonic antigen (CEA): Few cells show weak positivity for CEA.

Hepatic biliary cystadenoma and cystadenocarcinoma
are often difficult to distinguish clinically and radiographically from CHFCs. Cystadenoma and cystadenocarcinoma are mostly large, multilocular, and symptomatic and include mural nodules and papillary projections,
calcifications and wall enhancements[13]. Aspiration of
biliary cystadenoma often demonstrates bile-tinged mucin that can allow differentiation from a CHFC, apart
from the obvious ciliated epithelial cells detected in
CHFCs. With adequate tissue sampling, cytology can reveal malignant glandular cells and mucin, suggesting biliary cystadenocarcinoma, although these cells are rarely
identified[13]. The role of cyst fluid CEA, CA19-9, and
serum tumor markers remains controversial. Although
many providers may measure CA19-9, the sensitivity and
specificity are not high enough to differentiate a cystadenoma from cystadenocarcinoma[13]. Fuks et al[14] have
recently assessed the ability of intracystic tumor marker
concentrations to differentiate hepatic simple cysts from
malignant or premalignant mucinous cystic lesions such
as biliary cystadenomas. Unlike CEA and CA19-9, a
tumor-associated glycoprotein 72 level of more than 25
units/mL differentiated hepatic simple cysts from mucinous cysts, with a sensitivity and a specificity of 0.79 and
0.97, respectively[14]. We have detected for the first time
in our case of CHFC, extremely high levels of cystic fluid CEA and CA19-9. We assume that the epithelial cells
lining the cyst can produce mucin, and we have demonstrated that they are also immunoreactive to cytokeratins
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CA19-9 and CEA.
Thus, we have presented an unusual case of CHFC
that was large, multilocular, and associated with high
cystic levels of CA19-9 and CEA. These findings clearly
indicate that large size, multilocularity, and elevated
CA19-9 do not exclude a CHFC from consideration in
the diagnosis. More studies are required to elucidate the
role of cyst CA19-9 and CEA levels in the diagnosis
of CHFCs. Accurate diagnosis of a CHFC is necessary
given its potential for malignant transformation, and surgical excision is recommended.

large, multilocular, and associated with a high intra-cystic levels of CA19-9 and
CEA and not malignant.
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Abstract
Primary malignant tumors of the small intestine are
rare, comprising less than 2% of all gastrointestinal tumors. An 85-year-old woman was admitted with fever
of 40 ℃ and marked abdominal distension. Her medical history was unremarkable, but blood examination
showed elevated inflammatory markers. Abdominal
computed tomography showed a giant tumor with
central necrosis, extending from the epigastrium to the
pelvic cavity. Giant gastrointestinal stromal tumor of the
small intestine communicating with the gastrointestinal
tract or with superimposed infection was suspected.
Because no improvement occurred in response to antibiotics, surgery was performed. Laparotomy revealed
giant hemorrhagic tumor adherent to the small intes-

WJG|www.wjgnet.com

tine and occupying the peritoneal cavity. The giant
tumor was a solid tumor weighing 3490 g, measuring
24 cm × 17.5 cm × 18 cm and showing marked necrosis. Histologically, the tumor comprised spindle-shaped
cells with anaplastic large nuclei. Immunohistochemical
studies showed tumor cells positive for vimentin, CD31,
and factor Ⅷ-related antigen, but negative for c-kit
and CD34. Angiosarcoma was diagnosed. Although no
postoperative complications occurred, the patient experienced enlargement of multiple metastatic tumors
in the abdominal cavity and died 42 d postoperatively.
The prognosis of small intestinal angiosarcoma is very
poor, even after volume-reducing palliative surgery.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Angiosarcoma; Small intestine; Prognosis;
Sepsis; Immunohistological marker
Core tip: Angiosarcoma represents 1%-2% of softtissue sarcomas and most frequently occurs in the subcutis. This tumor may affect internal organs such as the
heart, liver, and spleen, and only rarely emerges in the
gastrointestinal tract. Details of angiosarcoma of the
small intestine are thus particularly scarce. We encountered a case of small intestinal angiosarcoma showing
rapid tumor growth. We speculate that the giant tumor
became hypoxic due to ischemia, resulting in tumor
necrosis and perforation. Postoperative prognosis was
very poor, and a multidisciplinary approach to establishing optimal treatment is warranted.
Takahashi M, Ohara M, Kimura N, Domen H, Yamabuki T, Komuro K, Tsuchikawa T, Hirano S, Iwashiro N. Giant primary angiosarcoma of the small intestine showing severe sepsis. World J
Gastroenterol 2014; 20(43): 16359-16363 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i43/16359.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i43.16359
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INTRODUCTION
Angiosarcoma represents 1%-2% of soft-tissue sarcomas
and most frequently occurs in the subcutis. This tumor
may affect internal organs such as the heart, liver, and
spleen, and only rarely involves the gastrointestinal tract.
Details of angiosarcoma occurring in the small intestine
are therefore particularly valuable. This report describes
the case of a patient with primary giant angiosarcoma of
the small intestine.

CASE REPORT
An 85-year-old woman with no relevant past history
was admitted to our institution with a fever of 40 ℃
and marked abdominal distention. Blood examination
showed: white blood cell count, 25200/µL; hemoglobin,
7.8 g/dL; platelets, 328000/µL; C-reactive protein, 30.07
mg/dL; and lactate dehydrogenase, 505 IU/L. Tumor
markers were not elevated. Abdominal computed tomography (CT) showed a giant tumor occupying from
the epigastrium to the pelvic cavity and displaying central
necrosis with multiple lung metastasis (Figure 1A, B).
Because the feeding artery for the tumor was the superior
mesenteric artery, giant gastrointestinal stromal tumor
(GIST) of the small intestine was suspected. T2-weighted
magnetic resonance imaging showed a giant, low-intensity, enhanced tumor including an air level. Blood culture
was positive. Because no improvement of sepsis was
achieved despite administration of empiric therapy with
antibiotics (doripenem hydrate), surgery was performed
for infection control on hospital day 3. Intraoperatively, a
giant hemorrhagic, flexible tumor arising from the small
intestine was seen occupying the peritoneal cavity (Figure
2A). Multiple small tumors were identified at other sites
of the small intestine and abdominal wall (Figure 2B).
A giant tumor in the small intestine was resected along
with 15 cm of small intestine, with reconstruction by
functional end-to-end anastomosis. A few small tumors
in other areas of the small intestine and peritoneum were
also resected, but many tumors remained (R2). The operation time was 85 min. Total intraoperative blood loss
was 770 mL. The giant tumor was a solid tumor weighing
3490 g, measuring 24 cm × 17.5 cm × 18 cm and showing marked internal necrosis and hemorrhage (Figure
3A). The cut surface showed a large amount of hemorrhage in the small intestine flowing from the giant tumor
(Figure 3B). Histological examination of the tumor revealed spindle-shaped cells with large, anaplastic nuclei.
These tumor cells showed proliferation in a herringbone
pattern and a partial palisade arrangement. Multinucleated giant cells were sometimes observed. Immunohistochemical studies showed positive results for CD31,
vimentin, and factor Ⅷ-related antigen (Figure 4A and B),
but negative results for CD34, c-kit, CAM5.2, AE1/AE3,
desmin, α-smooth muscle actin and HMB45. Based on
these pathological findings, angiosarcoma of the small intestine was diagnosed. The Ki67 labeling index was about
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50%, indicating a highly malignant tumor. The resected
small tumors of the intestine and peritoneum showed the
same histological findings and were diagnosed as tumor
dissemination. No postoperative complications such as
leakage or sepsis were encountered, but disseminated
nodules remaining in the abdominal cavity showed rapid
growth after the operation. On postoperative day 22, results of blood examination showed obstructive jaundice
and CT indicated an increase in tumor size. The general
state of the patient continued to deteriorate and she died
on postoperative day 42. After obtaining consent from
the family, autopsy was performed. Almost all of the
abdominal organs showed involvement by disseminated
necrotic nodules, up to 5 cm in maximum diameter. The
autopsy revealed multiple tumors in the intestines, peritoneum, lungs and pleura.

DISCUSSION
Primary malignant tumors of the small intestine are rare,
comprising less than 2% of all gastrointestinal tumors[1].
Among these, the most frequent are malignant carcinoid,
adenocarcinoma, and leiomyosarcoma[2].
Angiosarcomas are characterized by proliferation of
tumor cells with vascular endothelial features. These very
rare neoplasms account for only 1%-2% of all soft-tissue
sarcomas. Most are identified on the scalp, skin and soft
tissues of the head and neck region, and are extremely
rare in the gastrointestinal tract[3]. Involvement of internal
organs has been reported, predominantly in the liver and
spleen[4,5]. To the best of our knowledge, only 12 cases of
primary angiosarcoma of the small intestine have been
reported in the English literature since 2000 (Table 1)[6].
The precise predisposing factors for angiosarcoma
remain unknown, although associations with exposure to
polyvinyl chloride and radiation have been identified[3].
The patient in the present case had not been exposed to
either polyvinyl chloride or radiation.
Angiosarcomas show a double growth pattern, with
vasoformative and/or solid expansion[7]. The vasoformative growth pattern can range from well-formed vessels
over vascular spaces with papillary projections to slit-like
anastomosing vascular channels. On the other hand, the
solid growth pattern consists of two cell types: sheets of
spindle-shaped cells; or large, polygonal epithelioid-type
cells. The mitotic rate is also high. In the present case,
angiosarcoma showed a solid growth pattern based on
the pathological findings. Most reported cases of angiosarcoma appear to initially present with bleeding or anemia and are found at a size less than 10 cm, mainly due
to the fragile nature of the tumor and rich vasoformative
components. However, in the present case, the angiosarcoma showed dominance of the solid growth pattern
with many juvenile cells and the speed of tumor growth
was thus remarkable. We speculate that the giant tumor
became hypoxic due to ischemia, resulting in tumor necrosis. Furthermore, with the advance of tumor necrosis,
the wall of the small intestine became weakened and
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Figure 1 Preoperative computed tomography. A: Abdominal computed tomography (CT) shows a giant tumor with central necrosis, extending from the epigastrium
to the pelvic cavity; B: Chest CT shows multiple lung metastases.

A

B

Cranial

Caudal

Figure 2 Intraoperative images. A: On laparotomy, a giant, flexible tumor occupies the peritoneal cavity; B: The tumor is adherent to the small intestine and appears
hemorrhagic. Multiple small tumors are recognized at other sites of the small intestine (arrow) and abdominal wall.

A

B

Figure 3 Resected specimen. A: The resected tumor is solid, weighing 3490 g
and measuring 24 cm × 17.5 cm × 18 cm. Continuity is seen between the tumor
and small intestine (arrows show small intestine); B: The inside of the tumor appears necrotic. Furthermore, a hole (3 cm in diameter) is present between the
tumor and small intestine, and a large amount of coagulated blood is present in
the small intestine (arrow).

perforated. We suspected the presence of sepsis, since
the tumor showed communication with the tract of the
small intestine, presumably due to the above-mentioned
mechanisms. Most patients with angiosarcoma of the
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small bowel present with abdominal pain, nausea, and
diarrhea[8]. To the best of our knowledge, only two prior
reports have described intestinal perforation occurring
with abdominal angiosarcoma[9,10], and no prior reports
have presented giant abdominal angiosarcoma (diameter
> 20 cm). This rare case suggests the diversity of symptoms and clinical severity of poorly differentiated angiosarcoma in the small intestine.
Pathological diagnosis of angiosarcoma may be a
challenge, and immunohistological markers are needed to
differentiate this tumor from poorly differentiated carcinomas[3] and sarcomas. Immunohistochemical analysis for
the expression of endothelial markers, CD31, CD34, and
factor Ⅷ-associated antigen is crucial[6]. In this case, the
cytoplasm of the main giant tumor and other resected
small tumors was positive for CD31 and vimentin and
very focally positive for factor Ⅷ-related antigen. Both
types of tumor cells were negative for CD34. Histopathologically, differential diagnoses thus included fibrosarcoma, leiomyosarcoma, GIST, malignant melanoma
and angiosarcoma. However, the results of immunohistochemical study excluded all of these tumors, with the
exception of angiosarcoma.
Outcomes for patients with intestinal angiosarcoma
are extremely poor, with most not surviving long into the
postoperative period or dying within a few months of
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A

B

Figure 4 Histopathological examination. A: Positive staining for CD31; B: Positive staining for factor Ⅷ-related antigen.

Table 1 Overview of the literature on primary angiosarcoma of the small intestine since 2000
Author

Patient
(age/sex)

Tumor
manifestation

Tumor size
(cm)

Histology

Symptoms

Therapy

Outcome

Delvaux et al
2000
Fraiman et al
2003
Keleman et al
2004

67/M

Jejunum ileum

2.2

Epithelioid

Resection

85/M

Small intestine

8-10

High-grade

76/M

Ileum

NA

Died 3 mo after
Operation
Survived
At least 1 yr
Died 9 d after
Operation

Allison et al
2004
Allison et al
2004
Butrón Vila et al
2005

84/F

Jejunum

NA

Mixed,welldifferentiated and
epithelioid
Epithelioid

Melena
Abdominal pain
Weight loss
Decreased appetite
Abdominal pain
Poor appetite

47/M

Jejunum

NA

Epithelioid

70/M

Ileum

5

87/M

Jejunum
(and duodenum)

NA

Mixed, welldifferentiated and
epithelioid
Epithelioid

51/F

Terminal ileum

NA

73/M

NA

NA/M

Jejunum
(and duodenum)
Jejunum

Welldifferentiated
Epithelioid

NA

NA

84/M

Small intestine

NA

Epithelioid

85/F

Small intestine

24 × 17.5 ×
18

High-grade

Report year
1
2
3

4
5
6

7

Al Ali et al
2006

Policarpio-Nicolas et al
2006
9 Grewal et al
2008
10 Turan et al
2010
11 Zacarias Föhrding et al
8

2012
12 Our case

Anemia
Shortness of breath
Anemia
Shortness of breath
Abdominal pain
Vomiting

Resection
Chemotherapy
Resection

NA
NA

Resection
Chemotherapy
Radiation
Lethargy, weakness
Endoscopy,
Chest pain
Argon Plasma
coagulation
Decreased appetite
Resection and
Vague abdominal pain Palliative care
Weakness, anemia
Resection
Melena
Acute abdominal
Resection
Chemotherapy
signs
Anemia, melena
Resection

Sepsis

Resection

Died 17 mo after
Diagnosis
Died 4 mo after
Diagnosis
Survived
At least 4 yr
Died 6 wk after
Diagnosis
Died 10 mo after
Operation
Died 4 mo after
Operation
Died 3 yr after
Operation
Died from
intracranial
Hemorrhage
Died 42 d after
operation

Modified from Zacarias Föhrding et al[6]. Overview of the literature on primary angiosarcoma of the small intestine since 2000. NA: Not available; M: Male; F:
Female.

diagnosis[11]. In the present case, tumor proliferation was
extremely rapid, and the patient died on postoperative
day 42. No curative therapies have yet been established
for gastrointestinal angiosarcoma.
Chemotherapy with doxorubicin and weekly paclitaxel has been used for metastatic angiosarcoma and
seems to provide longer progression-free survival[12,13].
Adjuvant thalidomide therapy has recently been used as
an experimental measure, as some studies have shown
this approach to be beneficial in patients with cutaneous
angiosarcoma. Almost no statements have been made re-
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garding the efficacy of chemotherapy for small intestinal
angiosarcoma. A multidisciplinary approach to establishing optimal treatment is thus warranted.
In conclusion, we have reported a rare case of giant
angiosarcoma (diameter > 20 cm) of the small intestine
that resulted in perforation from necrosis caused by
expansive solid-type tumor growth. No curative therapies have yet been established for this pathology, and
outcomes for small intestinal angiosarcoma remain very
poor, even after palliative surgery to achieve volume reduction.

16362

November 21, 2014|Volume 20|Issue 43|

Takahashi M et al . Primary small intestinal angiosarcoma

COMMENTS
COMMENTS

3

Case characteristics

Main symptom of this present case was high fever.

Clinical diagnosis

Main clinical findings of this present case were high fever and abdominal distention.

4

Preoperatively, we suspected giant gastrointestinal stromal tumor from the
computed tomography (CT).

5

Differential diagnosis
Laboratory diagnosis

This present case showed elevating inflammatory reaction at the blood examination.

Imaging diagnosis

The CT showed giant abdominal tumor displaying central necrosis and multiple
lung metastatic tumors.

Pathological diagnosis

6

7

Immunohistochemical studies positive results for CD31, vimentin and factor
Ⅷ-related antigen.

Treatment

The treatment for this present case was only palliative surgery. Chemotherapy
or radiotherapy were not performed.

8

Related reports

Small intestinal angiosarcoma is very rare. Especially, giant small intestinal angiosarcoma was not reported. This present case was first report of giant small
intestinal angiosarcoma over 20 cm. In this report, the relation between a tumor
growth pattern and tumor necrosis is discussed. This differs from past articles.

9

Term explanation

Every terms in this paper is common and not necessary to explain.

10

Experiences and lessons

The authors experienced a case of giant angiosarcoma of the small intestine
resulted in perforation. Outcomes for small intestinal angiosarcoma remain very
poor, even after palliative surgery.

11

Peer review

In this case report, the authors reported a very rare case of giant angiosarcoma
of small intestine showing sepsis. They also reported that sepsis was presented
since necrotic portion of tumor had communication with tract of small intestine.
This present case was not being able to be performed adjuvant therapy.
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Abstract
Acute pancreatitis during pregnancy is a rare event,
and can be associated with high maternal mortality and
fetal loss. Gallstone disease is thought to be the most
common causative factor of acute pancreatitis, but,
in many cases, the cause remains unclear. We report
a case of a 36-year-old woman at 35 wk of gestation,
who presented with severe pain confined to the upper
abdomen and radiating to the back. The patient was
diagnosed with acute idiopathic pancreatitis, which was
managed conservatively; she recovered within several
days and then delivered a healthy baby. Therefore
it is important to consider acute pancreatitis when a
pregnant woman presents with upper abdominal pain,
nausea and vomiting in order to improve fetal and maternal outcomes for patients with acute pancreatitis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Acute pancreatitis; Pregnancy; Pancreatitis
in pregnancy; Idiopathic; Idiopathic acute pancreatitis
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Core tip: Acute pancreatitis in pregnancy is infrequent
and, if poorly managed, it can increase maternal and
fetal mortality. There have been a few case reports
published about acute idiopathic pancreatitis in pregnancy thus far. Here, we report a case of a patient that
th
presented with epigastric pain at her 35 wk of gestation and was consequently diagnosed with acute idiopathic pancreatitis. The patient successfully recovered
after conservative treatment and did not experience
any complications. This case emphasizes the importance of early diagnostic studies and proper therapeutic
management to help reduce maternal mortality and fetal loss associated with acute pancreatitis during pregnancy.
Kim JY, Jung SH, Choi HW, Song DJ, Jeong CY, Lee DH, Whang
IS. Acute idiopathic pancreatitis in pregnancy: A case study. World
J Gastroenterol 2014; 20(43): 16364-16367 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i43/16364.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i43.16364

INTRODUCTION
Acute pancreatitis in pregnancy occurs infrequently and
has a reported incidence of approximately 1 in 1000 to 3
in 10000 births[1,2]. Recently, Zhang et al[3] reported the incidence of pregnancy-associated acute pancreatitis to be
22.7%. The most frequent etiology of acute pancreatitis
in pregnancy is biliary (caused by gallstones or sludge),
and other causes are hyperlipidemia or alcohol abuse.
Characterized by acute symptom onset, many complications and high mortality, it is difficult to diagnose and
treat. Therefore, this condition is often misdiagnosed
and treatment can be delayed, which threatens the health
of both mothers and babies. In past decades, a high
perinatal mortality rate of up to 50% secondary to acute
pancreatitis resulted from neonatal deaths after preterm
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delivery. However, recent advances of diagnostic testing
technology, including imaging (e.g., abdominal ultrasound,
endoscopic ultrasound) and neonatal intensive care, have
enabled early diagnosis and management and play an important role in improving the prognosis of mother and
premature infant survival. Herein we describe a case of
acute idiopathic pancreatitis in late pregnancy and discuss
its etiology and diagnosis.

Table 1 Laboratory data

WBC ( 4 × 103/μL-10 × 103/μL)
Neutrophils (40%-74%)
Lymphocytes (19%-48%)
Eosinophils (0%-7%)
RBC (4.2 × 106/μL-5.4 × 106/μL)
Hb (12-16 g/dL)
Hct (37%-47%)
Plt (130 × 103/μL-400 × 103/μL)
CRP (0-0.5 mg/dL)
Amylase (30-110 U/L)
Lipase (13-60 U/L)
FBS (74-100 mg/dL)
T.P/Alb (6-8/3.3-5.3 g/dL)
AST/ALT (0-40/0-40 IU/L)
ALP/r-GTP (39-117 IU/L, 0-58 IU/L)
T.B/D.B (0.2-1.2/0-0.6 mg/dL)
BUN/Cr (5-25/0.5-1.4 mg/dL)
Cholesterol (150-250 mg/dL)
Triglyceride (44-166 mg/dL)
HDL cholesterol (40-68 mg/dL)
LDL cholesterol (0-130 mg/dL)
LDH (250-520 IU/L)
Total Calcium (8.2-10.8 mg/dL)

CASE REPORT
A previously healthy 36-year-old multiparous woman
(gravida 4, para 2) was admitted at 35 wk of gestation
with severe pain localized to the upper abdomen and
radiating to the back. The pain was steady, lasted for 2 h
and was relieved by lying down. She had no relevant past
medical history or family history of autoimmune disease.
On regular examination, she and her fetus had been in
good health until the onset of symptoms. Vital monitoring at admission showed a pulse rate of 75/min, blood
pressure of 100/60 mmHg, body temperature of 37.0 ℃
and a respiratory rate of 20/min. Physical examination
revealed slightly decreased bowel sounds, epigastric tenderness and a gravid uterus. Fetal heart tones were 140/
min.
Initial laboratory testing showed a white blood cell
count of 8620/μL, a hemoglobin level of 11.9 g/dL, a
hematocrit count of 34.2%, a red blood cell count of 3.52
million cells/μL and C-reactive protein of 0.3 mg/dL.
There was no hemoconcentration on admission and the
hematocrit count decreased to 28.1% after intravenous
fluids were administered. Initial serum amylase level was
502 IU/L and lipase level was 539 IU/L. On hospital
day 4, the level of amylase decreased to 96 IU/L and the
lipase level decreased to 178 IU/L (Table 1). Abdominal
ultrasound revealed that the anterior-posterior (AP) diameter of the visible body portion of the pancreas was
in the upper normal range (about 18.2 mm) and slit-like
fluid collection, which can develop with pancreatitis, was
seen in the perisplenic area. No definite evidence of intra- or extra-hepatic duct dilatation was present and the
gallbladder was unremarkable (Figure 1). The patient was
finally diagnosed with acute idiopathic pancreatitis according to laboratory and abdominal ultrasound results
and there was no evidence of other causes of acute pancreatitis. This case was determined to be mild acute pancreatitis based on the Ranson criteria and a bedside index
of severity in acute pancreatitis (BISAP) score of 0.
The patient was managed with intravenous fluids, analgesics and by nil per oral. We monitored the fetus using
the non-stress test based on amniotic fluid volume. The
test results for the fetus were satisfactory for gestational
age. The mother improved with this supportive treatment within two days and started a soft diet without any
symptoms. Serum amylase and lipase levels dropped to
96 IU/L and 178 IU/L, respectively, on the 4th hospital
day. The patient was discharged on the 4th hospital day in
good health.
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HD#1

HD#4

8620
81.8
11.6
0.3
3.52
12
34.2
119
0.3
502
539
87
6.3/3.6
21/11
91/8
0.3/0.1
8.5/0.5
268
108
73
117
342
7.7

7450
80.9
11.6
0.7
2.87
10.0
28.1
103
96
178
74
5.0/3.0
15/7
81/8
0.3/0.1
4.8/0.43
214

HD: hospital day; WBC: White blood cells; RBC: Red blood cells; Hb:
Hemoglobin; Hct: Hematocrit; Plt: Platelet; CRP: C-reactive protein; FBS:
Fasting blood sugar; T.P.: Total protein; Alb: Albumin; AST: Aspartate
transaminase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase;
γ-GTP: Gamma-glutamyl transpeptidase; T.B.: Total bilirubin; D.B.: Direct
bilirubin; BUN: Blood urea nitrogen; Cr: Creatinine; HDL: High density
lipoprotein; LDL: Low density lipoprotein; LDH: Lactate dehydrogenase.

The patient was followed for 10 d after discharge
and was determined to be in good health. She delivered
a viable female infant by normal spontaneous vaginal
delivery at 39 wk + 5 d of pregnancy. The newborn had
good Apgar scores of 8 in the first minute and 9 in the
5th minute and the baby’s birth weight was 3.135 kg (range
50th to 75th percentile). The newborn’s physical examination and clinical findings were normal. The patient has
maintained her health and had not experienced a recurrence of acute pancreatitis when assessed at 10 d after
discharge and 15 d postpartum.

DISCUSSION
In South Korea, five cases of acute pancreatitis during
pregnancy have been reported since 2005. The precipitating factors included 4 cases of hypertriglyceridemia and
1 case of alcohol-induced pancreatitis; however, there
have been no case reports of acute idiopathic pancreatitis during pregnancy in South Korea. The etiological
associations of acute pancreatitis during pregnancy are
similar to those in the general population. Acute pancreatitis in pregnancy is most often associated with gallstone
disease or hypertriglyceridemia[1]. Several cases of acute
idiopathic pancreatitis in pregnancy have been reported
worldwide[4-6]. Geng et al[7] reported that 38.9% of cases
of acute pancreatitis in pregnancy were caused by biliary
tract diseases, 27.8% were due to hypertriglyceridemia,
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A

B

C

Figure 1 Abdominal ultrasound of the patient. A: Anterior-posterior diameter of the visible body portion of the pancreas is in the upper normal range (about 18.2
mm); B: slit-like fluid collection (arrow) in the perisplenic area was consistent with acute pancreatitis; C: A normal gallbladder and no evidence of intra- or extrahepatic
duct dilatation were noted.

and 11.1% were idiopathic.
The relationship between acute pancreatitis and pregnancy remains unclear. Pregnancy does not primarily
predispose pregnant woman to pancreatitis, but it does increase the risk of cholelithiasis and biliary sludge formation. Gallstones are the most common etiological factor
and thought to be responsible for about 70% of cases of
acute pancreatitis in pregnancy. Theoretical explanations
for the association between pregnancy and biliary tract
diseases include an increased bile acid pool size, percentage of cholic acid, cholesterol secretion and decreased
enterohepatic circulation. Moreover, progesterone in
pregnancy provokes gallbladder volume increase and slow
emptying, induces bile stasis in the duodenum and then
increases reflux[1]. Estrogens increase cholesterol secretion and minimally alter gallbladder function. Also, in the
third trimester, an enlarged uterus and increased intraabdominal pressure on the biliary duct bring about acute
pancreatitis more frequent[8].
Hyperlipidemia is the second most common causative
factor of acute pancreatitis, and pregnancy increases
the level of serum cholesterol, causes biliary stasis and
induces gallstone formation. Hypertriglyceridemia may
also directly cause acute pancreatitis. Plasma triglycerides
increase to 2-4 times in pregnancy, principally in the third
trimester, due to increased triglyceride-rich lipoprotein
production and decreased lipoprotein lipase activity[9,10].
In women with abnormal lipoprotein metabolism, this
can lead to severe hypertriglyceridemia precipitating
pancreatitis. More than 1000 mg/dL of serum triglyceride level is an identifiable risk factor and reduction of
triglyceride levels to well below 1000 mg/dL effectively
prevents further episodes of pancreatitis[11,12]. In this case,
the initial serum triglyceride level was 108 mg/dL; therefore, the patient was not considered to have hypertriglyceridemia-induced acute pancreatitis.
Other etiological factors for acute pancreatitis include
alcohol abuse, diabetes mellitus, and, rarely, hyperparathyroidism, connective tissue diseases, abdominal surgery, infections or iatrogenic sources such as diuretics, antibiotics
and antihypertensive drugs.
Laboratory tests are essential for diagnosing acute
pancreatitis and the tests can include serum amylase, lipase, complete blood count, serum triglycerides, calcium
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and liver function tests. An elevated serum amylase level
has a diagnostic sensitivity of 81% and adding serum lipase increases this sensitivity to 94%[11].
Abdominal ultrasound is an ideal imaging technique
for diagnosing acute pancreatitis in pregnancy because it
has no associated radiation risk and is useful for detecting dilated pancreatic ducts and pseudocysts[13]. However,
it is difficult to diagnose acute pancreatitis in pregnancy
by ultrasound because an enlarged uterus and combined
ileus make a pancreas shadow invisible. Recently, additional useful imaging tools have been developed to detect
acute pancreatitis in pregnancy. Abdominal ultrasound,
computed tomography (CT), endoscopic ultrasound and
magnetic resonance cholangiopancreatography (MRCP)
are available for diagnosing a biliary etiology for acute
pancreatitis. The usefulness of CT is substantially restricted in pregnancy because of the potential radiation
exposure to the fetus.
Conservative therapy for acute pancreatitis, which
includes gastric decompression, antispasmodic drugs, and
antibiotics, is the first choice therapy, and the efficacy of
surgical treatment remains controversial. However, surgical treatment could be considered under circumstances
such as pancreatic enlargement, necrosis and gastroin
testinal perforation. In case of moderate to severe acute
pancreatitis that does not improve after 2-3 d of conservative management, endoscopic retrograde cholangiopancreatography (ERCP) or MRCP should be used to search
for a causative factor. MRCP is associated with lower
radiation exposure risks for the mother and fetus compared with other methods. However, MRCP can be used
only for diagnosis and not for treatment. The role of
therapeutic ERCP with sphincterotomy in the management of pregnant patients with acute pancreatitis without
common bile duct stones continues to be controversial[14].
In a few cases, non-radiation ERCP was used during
pregnancy and had good therapeutic effects[15]. Overall,
a multi-disciplinary approach that includes obstetricians,
surgeons and gastroenterologists is a key aspect of severe
acute pancreatitis management[16].
When a pregnant woman presents with upper abdominal pain, acute pancreatitis as well as acute gastritis,
peptic ulcer disease and acute cholecystitis should be considered and the serum amylase and lipase levels should
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be assessed in addition to using diagnostic imaging tools.
In the past, pancreatitis during pregnancy was associated with a 20%-50% maternal death rate and fetal loss.
However, recent studies have shown that there is a less
than 5% mortality rate due to earlier diagnosis and better treatment options and advances in neonatal intensive
care[13]. Although the diagnostic criteria and clinical scales
for acute pancreatitis are not specific for pregnant patients, the Ranson criteria and BISAP score can be used
to evaluate the severity of and to treat acute pancreatitis
during pregnancy.
In conclusion, acute pancreatitis in pregnancy is an infrequent condition that can result from unknown origins,
as identified in this case. Because delayed diagnosis and
treatment can allow for a greater prevalence of shock and
sepsis in both the pregnant woman and the fetus, early
diagnosis and classification of severity of acute pancreatitis at presentation are an essential step for successful
management in patients suffering from acute abdominal
pain during pregnancy.

postpartum. This is an interesting study and would provide useful information
once the following points have been completely addressed.
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Abstract
Eosinophilic gastroenteritis is a rare disease of unknown
etiology. It is characterized by patchy or diffuse eosinophilic infiltration of the bowel wall to a variable depth
and various gastrointestinal manifestations. We describe a case of severe eosinophilic gastroenteritis presenting as frequent bowel obstruction and diarrhea in
a 35-year-old man. The patient was misdiagnosed and
underwent surgery because of intestinal obstruction
when he was first admitted to a local hospital. Then
he was misdiagnosed as having Crohn’s disease in another university teaching hospital. Finally, the patient
asked for further treatment from our hospital because
of the on-going clinical trial for treating refractory
Crohn’s disease by fecal microbiota transplantation.
Physical examination revealed a slight distended abdomen with diffuse tenderness. Laboratory investigation
showed the total number of normal leukocytes with
neutrophilia as 90.5%, as well as eosinopenia, mono-
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cytopenia and lymphocytopenia. Barium radiography
and sigmoidoscopy confirmed inflammatory stenosis of
the sigmoid colon. We diagnosed the patient as having
eosinophilic gastroenteritis by multi-examinations. The
patient was treated by fecal microbiota transplantation combined with oral prednisone, and was free from
gastrointestinal symptoms at the time when we reported his disease. This case highlights the importance
of awareness of manifestations of a rare disease like
eosinophilic gastroenteritis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Eosinophilic gastroenteritis; Bowel obstruction; Diarrhea; Fecal microbiota transplantation; Prednisone
Core tip: We report a case of severe eosinophilic gastroenteritis presenting as frequent bowel obstruction
and diarrhea in a 35-year-old man. The patient was
misdiagnosed and underwent surgery because of intestinal obstruction when he was first admitted to a local
hospital. Then he was misdiagnosed as having Crohn’s
disease in another hospital. Here we present our experience of diagnosis and treatment with fecal microbiota
transplantation and oral prednisone for this case. This
case is characterized by the unusual features of eosinophilic gastroenteritis and effects of novel therapy.
Dai YX, Shi CB, Cui BT, Wang M, Ji GZ, Zhang FM. Fecal microbiota transplantation and prednisone for severe eosinophilic
gastroenteritis. World J Gastroenterol 2014; 20(43): 16368-16371
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i43/16368.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i43.16368

INTRODUCTION
Eosinophilic gastroenteritis is a rare disease characterized
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by patchy or diffuse eosinophilic infiltration of the bowel
wall to a variable depth and symptoms associated with
the gastrointestinal tract[1,2]. The first description of the
disease was made by Talley et al[3]. The pathogenesis and
etiology of the disease remain unknown[4,5]. Diagnostic
criteria include demonstration of eosinophilic infiltration
of the bowel wall, lack of evidence of extra-intestinal
disease, and exclusion of various disorders that could
mimic a similar condition[1]. Here we present our experience of diagnosis and novel therapy for a case of severe
eosinophilic gastroenteritis presenting as frequent bowel
obstruction and diarrhea.

A

B

CASE REPORT
A 35-year-old man was first admitted to a local hospital in March 2012 for progressing abdominal pain and
distension. Computer tomography scan demonstrated
marked wall thickening and stenosis of the intestine in
the lower right abdomen. An emergency laparotomy was
performed for the consideration of acute appendicitis.
Exploration revealed focal stricture in the ileocecal junction. Segmental resection of the ileocecum and end to
end anastomosis were performed. After the operation, diarrhea and incomplete ileus still occurred frequently, and
symptomatic treatment had little effect. Severe intestinal
obstruction recurred in September 2012, at which time
doctors in another university teaching hospital reviewed
previous surgical biopsy and diagnosed the patient as
having Crohn’s disease. After eliminating infection, two
weeks prednisone and two months nasogastric tube feeding of enteral nutrition and azathioprine did not improve
the symptoms. He suffered from diarrhea over twenty
times a day. Finally, the patient asked for further treatment from our hospital in November 2012 because of
the on-going clinical trial (NCT01793831) for treating
refractory Crohn’s disease by fecal microbiota transplantation (FMT). The patient had no history of drug allergy,
asthma, or allergic rhinitis. Physical examination revealed
a slight distended abdomen with diffuse tenderness. Laboratory investigation showed the total number of normal
leukocytes, with neutrophilia of 90.5%, eosinopenia of
0%, monocytopenia of 2.2%, lymphocytopenia of 7.2%,
erythrocyte sedimentation rate 42 mm/h, and C-reactive
protein 69 mg/L. Blood and stool bacterial culture were
negative. Blood tests for Cytomegalovirus and EpsteinBarr virus were negative. Sigmoidoscopy revealed an
obvious stenosis and a smooth, diffusely inflamed sigmoid mucosa from which multiple biopsies were taken
(Figure 1). Barium radiography confirmed a stricture of
the sigmoid colon (Figure 2). Previous surgical biopsy
showed a dense infiltration of eosinophils throughout
the entire thickness of the bowel wall (Figure 3). After
excluding the possibilities of malignancy by surgical
pathology, parasitic disease by stool examination, and
autoimmune disease by immunological tests, eosinophilic
gastroenteritis was diagnosed. Antibiotics was used, but
there was no clinical improvement. The patient strongly
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Figure 1 Endoscopic picture of the sigmoid colon. A: Multiple biopsies
were taken from the diffusely inflamed mucosa and revealed eosinophilic infiltration; B: Stricture of the sigmoid colon and smooth mucosa.

Figure 2 X-ray barium radiography discloses significant stenosis of the
sigmoid colon.

demanded FMT treatment for his disease, and the donor
of the feces was his 9-year-old healthy daughter. The
routine screening for potential pathogens was performed
in all donors. After single standardized FMT through the
mid-gut by gastroscope, referring to our previous protocol[6], the frequent diarrhea was dramatically reduced
within one week. However, the stenosis still existed. For
consideration of combined therapy, prednisone 35 mg/d
was used in the first three weeks and gradually reduced
until it was terminated within seven weeks. The patient
recovered well and was free from gastrointestinal symptoms until six weeks after he stopped steroids. Diarrhea
recurred but the stricture of the sigmoid colon disap-
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A

B

Figure 3 Microscopy of the resected ileocecal revealing eosinophilic infiltration from the submucosa to the subserosa. A: Boundary of muscular and serosal
layer become indistinct (HE × 40); B: Dense eosinophilic infiltrates in the mucosa (HE, × 400).

peared during colonoscopy. A steroid was used again for
six weeks. The patient was completely free of recurrence
during the follow-up 11 mo, at which time he regained 10
kg and had normal working capability.

DISCUSSION
Eosinophilic gastroenteritis is an uncommon disease and
can be seen anywhere in the gastrointestinal tract. In 1970,
Klein et al[7] classified the disease into mucosal, muscular
and serosal types based on the depth of involvement. The
involvement of different layers usually gives rise to different clinical manifestations. The most common mucosal
disease generally presents with diarrhea, bleeding, and
protein-losing enteropathy, or malabsorption. Involvement of the muscle layer may cause bowel wall thickening and subsequent intestinal obstruction, which was the
manifestation in this patient. The subserosal form usually
presents with peritonitis and eosinophilic ascites, with or
without any or all of the symptoms associated with mucosal and/or muscle layer disease[1,8].
Because the pathogenesis and etiology of the disease
are not clear, there are no standards for the diagnosis of
eosinophilic gastroenteritis. Talley et al[3] have identified
three main diagnostic criteria: (1) the presence of gastrointestinal symptoms; (2) biopsies demonstrating eosinophilic infiltration of one or more areas of the gastrointestinal tract, or characteristic radiological findings with
peripheral eosinophilia; or (3) no evidence of parasitic or
extra-intestinal disease. However, the definitive diagnosis
is the histologic demonstration of eosinophilic infiltration of some part of the gastrointestinal tract[2]. Rarely,
Crohn’s disease or ulcerative colitis might be associated
with peripheral eosinophilia, but they can usually be excluded by biopsy because of a lack of eosinophilia[9].
There is no consensus about the treatment of eosinophilic gastroenteritis, but long term steroid treatment is
the mainstay management so far. It is now well appreciated that intestinal microbiota make up a microbial organ
that is integral to overall host physiology, including pivotal roles in metabolism and immune system function[10].
The concept of FMT in traditional Chinese medicine has
been recorded for at least 1700 years to treat intestinal
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diseases[11]. Reports of applications outside of Clostridium
difficile infection are emerging because more patients request treatment and more clinics incorporate FMT into
their treatment repertoire, which will pave the way for
the use of FMT in several idiopathic conditions[12]. After
all this comprehensive consideration, we eventually tried
the combination treatment of FMT and prednisone,
and achieved good clinical effects. We can differentiate
between the effects of prednisone and FMT because
FMT was used one week before prednisone and dramatically reduced the frequency of diarrhea within several
days. This indicated the fast therapeutic role of FMT in
eosinophilic gastroenteritis cases presenting as long-term
diarrhea. Besides, the patient did not benefit from the
two-week treatment with prednisone before he went to
our hospital and appeared to respond to our combination
treatment judging by the disappearance of the gastrointestinal symptoms. However, it remains unclear whether
FMT could cure eosinophilic gastroenteritis or maintain
long term clinical remission if prednisone was not given.
As far as we know, this is the first report where FMT was
used to treat severe eosinophilic gastroenteritis.
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Abstract
Hepatic actinomycosis is rare, with few published cases.
There are no characteristic clinical manifestations, and
computed tomography (CT) shows mainly low-density
images, making clinical diagnosis difficult, and leading
to frequent misdiagnosis as primary liver cancer, metastatic liver cancer or liver abscess. Diagnosis normally
requires examination of both the aetiology and pathology. This article reports one male patient aged 55 who
was hospitalized because of repeated upper abdominal
pain for more than 2 mo. He exhibited no chills, fever
or yellow staining of the skin and sclera, and examination revealed no positive signs. The routine blood
results were: haemoglobin 110 g/L, normal numbers of
leukocytes and neutral leukocytes, serum albumin 32
g/L, negative serum hepatitis B markers and hepatitis C
antibodies, normal tumour markers (alpha-fetoprotein
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and carcinoembryonic antigen). An abdominal CT scan
revealed an 11.2 cm × 5.8 cm × 7.4 cm mass with an
unclear edge in the left liver lobe. The patient was diagnosed as having primary liver cancer, and left lobe resection was performed. The postoperative pathological
examination found multifocal actinomycetes in the hepatic parenchyma, which was accompanied by chronic
suppurative inflammation. A focal abscess had formed,
and large doses of sodium penicillin were administered
postoperatively as anti-infective therapy. This article
also reviews 32 cases reported in the English literature,
with the aim of determining the clinical features and
treatment characteristics of this disease, and providing
a reference for its diagnosis and treatment.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver; Actinomycosis; Diagnosis; Therapeutics
Core tip: Actinomycetes are Gram-positive anaerobic
bacteria. Hepatic actinomycosis is very rare, with no
specific clinical manifestations or imaging features. The
clinical diagnosis of hepatic actinomycosis is difficult,
and the rate of misdiagnosis is high. It is often misdiagnosed as malignant liver tumour. This paper reports
one case of recently diagnosed and treated hepatic
actinomycosis, and reviews 32 previously confirmed
hepatic actinomycosis cases. The clinical characteristics
and diagnosis of hepatic actinomycosis are analysed,
providing a reference for the diagnosis and treatment
of this disease.
Yang XX, Lin JM, Xu KJ, Wang SQ, Luo TT, Geng XX, Huang
RG, Jiang N. Hepatic actinomycosis: Report of one case and
analysis of 32 previously reported cases. World J Gastroenterol
2014; 20(43): 16372-16376 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i43/16372.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i43.16372
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INTRODUCTION
Actinomycosis is a chronic, granulomatous and suppurative disease caused by infection with actinomycetes[1,2].
These organisms are part of the normal flora existing in
the human pharynx oralis, gastrointestinal tract and female reproductive tract, have low pathogenicity, and normally cause infections in the facial area, chest, abdominal
and pelvic cavities[1,3]. Abdominal actinomycotic diseases
include abdomen and intrauterine devices (IUD)-related
pelvic abscesses, and infections of the appendix, anus,
rectum and liver[4]. Hepatic actinomycosis (HA) is very
rare, and is often a secondary infection. If no primary
lesion is found, it might be considered a primary or isolated HA, but with non-specific clinical manifestations
and radiographic changes, the clinical diagnosis is difficult, often resulting in delayed diagnosis and treatment[2].
This paper reports one case of recently diagnosed and
treated HA, and reviews 32 confirmed cases of HA in
the English literature, aiming to provide a reference for
the diagnosis and treatment of HA.

Figure 1 Computed tomography displaying a large low-density shadow in
the left liver lobe.

CASE REPORT
A 55-year-old male was hospitalized as a result of repeated upper abdominal pain lasting more than 2 mo.
There was no evidence of radioactive pain, chills, fever,
nausea, vomiting, abdominal distension, diarrhoea, yellow staining of the skin and sclera, or gum bleeding.
The patient had been administered infusion therapy at
a local hospital for two weeks (the specific drug was
unclear), without significant improvement. Since onset,
his mood, appetite, sleeping habits, stools and urine had
remained unchanged, but he had lost about 10 kg. The
patient denied a past history of eating raw meat, trauma,
or blood transfusion. The patient occasionally drank
a small amount of alcohol, and until 4 mo previously,
had smoked 10 cigarettes/d for 20 years. The physical examination revealed: temperature 36.5 ℃, pulse 98
beats/min, respiration 20 times/min, blood pressure
119/82 mmHg. The patient’s mood was normal, the skin
and sclera were not yellow, and there were no petechiae,
liver palms or spider veins. The general superficial lymph
nodes were not palpable or enlarged. The sounds of
lung breathing were clear, without obvious dry or wet
rales in either lung, the heart was not enlarged, the heart
rate was regular at 98 beats/min and no pathological
murmurs were heard. The abdomen was soft, with mild
epigastric tenderness, but without rebound tenderness or
muscle tension; the murphy sign was negative, the liver
and spleen were not palpable, and there was no sensitivity to percussion in the hepatonephric area; the excursive
sonant was (-), and the lower extremities had no oedema.
Routine blood tests revealed that the haemoglobin was
110 g/L, the total numbers of leukocytes and neutral leukocytes were normal, the serum albumin was 32 g/L, and
other parameters were normal. The hepatitis B markers
and hepatitis C antibodies were negative and the tumour
markers (alpha-fetoprotein and carcinoembryonic anti-

WJG|www.wjgnet.com

Figure 2 Sulphur particles surrounded by neutrophilic granulocyte infiltration (HE staining, × 100).

gen) were normal. An abdominal computed tomography
(CT, SIEMENS somatom sensation 16, Germany) scan
showed an approximately 11.2 cm × 5.8 cm × 7.4 cm
mass with an unclear edge in the left hepatic lobe, which
involved Ⅱ, SⅡ, SⅢ and SIV. Abnormal blood vessels
could be seen in the arterial phase, with regurgitation and
mild enhancement of the arteries; the portal vein was
more clearly visible, and thus there was considered to be
a high possibility of neoplastic lesions. The hepatogastric
ligaments and the para-abdominal aorta lymph nodes
were enlarged and metastasized (Figure 1). The clinical
diagnosis indicated primary liver cancer, and therefore left
lobe resection was performed. The postoperative pathological examination revealed multifocal actinomycetes in
the hepatic parenchyma, accompanied by chronic suppurative inflammation, and a focal abscess. The peripheral
fibrous tissues and bile ducts showed hyperplasia, the
vessels were dilated, and the liver cells partially denatured,
accompanied by chronic inflammatory cell infiltration in
the portal area (pathological staining reagents: hexamethylenetetramine, sodium tetraborate and crystal violet were
purchased from Chengdu Kelong Chemical Reagents,
and basic fuchsin was purchased from Shanghai 3rd Reagent Industry, Figure 2).
The patient was administered sodium penicillin 4000000
units iv.gtt q6h postoperatively. Thirteen days later the
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1996 to 2012 were retrieved from Medline[2,5-30], which in
total reported 32 cases.

Table 1 Basic information about the hepatic actinomycosis
patient n (%)
Age (yr)
Gender (male/female)
Duration (d)
Median (d)
Combined diseases
Diabetics
Previous history of abdominal surgery and
trauma2
Pancreatitis
Oral diseases
IUD
Drinking
Asthma
Gastroesophageal Reflux
Diverticulitis
Chickenpox
Fever
Weight loss
Anemia
Peripheral blood WBC and/or neutralization
increased
Diagnostic methods
Liver puncture fluid
Liver puncture biopsy
Liver lobe resection
Others (fiberscopic lung biopsy, pleura biopsy
and ovariotomy, 1 case each)
Misdiagnosed
Liver malignant tumor
Hepatophyta
Liver hydatidosis
Others3
Treatments
Surgery or puncture drainage + anti-infection
Liver lobe resection + anti-infection
Anti-infection alone

Clinical features of HA: Among the 32 HA patients
identified, the youngest was 5 years old, while the oldest
was 86 years old. Most were male. Onset was chronic
or subacute, with the shortest duration being 3 d, and
the longest 1 year; the average duration was 82.3 ± 96.6
days. Most patients had complications, among which
the most common was a previous history of abdominal
surgery, especially gastrointestinal surgery and gynaecological surgery, followed by diabetes, oral diseases and
the use of IUD. Among these patients, 92.6% reported
fever, 60% reported weight loss, 70.8% had anaemia,
and 93.1% showed increased numbers of peripheral
blood leukocytes and/or neutrophils, as shown in Table 1.
Seventy-five percent (24/32) of patients had a secondary
HA infection in the lungs, chest, pelvic and abdominal
organs, etc., while the original HA infection was confined
to the liver (Table 1).

45.5 ± 21.12 (5-86)
19/13
82.3 ± 96.6 (3-365)
37.5
191 (59.4)
5 (15.6)
9 (28.1)
3 (9.4)
3 (9.4)
2 (6.3)
1 (3.1)
1 (3.1)
1 (3.1)
1 (3.1)
1 (3.1)
25/27 (92.6)
15/25 (60.0)
17/24 (70.8)
27/29 (93.1)

Imaging features of HA: The imaging features of HA
were mainly low-density changes (68.8% of cases), making
it easily misdiagnosed as primary liver cancer and metastatic liver cancer; 18.7% exhibited abscess-like changes, which
would be difficult to differentiate from acute bacterial liver
abscess; in addition, a few exhibited cystic, mass-like and
nodular changes. A single lesion was found in 72.4% of
patients, and the right liver lobe was the most common
site of infection, with a cumulative involvement rate of
93.1%. The imaging characteristics of HA are shown in
Table 2.

19/32 (59.4)
4/32 (12.5)
6/32 (18.7)
3/32 (9.45)
20/28 (71.4)
8/28 (28.6)
2/28 (7.1)
2/28 (7.1)
12/32 (37.5)
6/32 (18.7)
14/32 (43.8)

1

Some patients had multiple complications; 2The abdominal surgeries
included the gastroesophageal surgery, appendicitis surgery, stent placement for chronic pancreatitis, biliary tract surgery and ectopic pregnancy
surgery; 1 case was accompanied with a history of chest and abdomen
trauma; 3Hepatic inflammatory pseudotumor and tuberculosis had 1 case,
respectively.

patient had improved and was discharged. The patient
continued treatment with sodium penicillin 4000000 units
iv.gtt q6h at a local hospital. One month later, the patient
had no discomfort, and abdominal CT revealed that
most of the left liver was missing. The left branch of the
portal vein was not visible, and there was a low-density
cystic mass shadow in the left hepatic surgical area, with a
maximum layer diameter of about 5.8 cm and water density. The boundary was clear, and the right liver lobe was
displaced and deformed. Punctiform gas could be seen at
the front edge of the conglomerate shadow, high-density
puncto-striatus shadows could be seen at some edges,
while the front fat gap was fuzzy, possibly due to changes
in encapsulated fluid.

DISCUSSION
Literature analysis of HA
Twenty-eight case reports with complete data of HA from
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Diagnosis of HA: The diagnosis of HA depends on
the clinical manifestations and imaging findings, and thus
it is easily misdiagnosed as a malignant tumour or acute
bacterial liver abscess. None of the 32 patients was diagnosed simply according to clinical manifestations and
radiographic changes. Other diagnostic methods included
ultrasound or CT-guided liver puncture drainage, liver
puncture biopsy and liver surgical biopsy for pathological
and aetiological examinations (Table 2). The final diagnosis relies on the histopathology and aetiology. The pathological examination may find specific sulphur granules,
and Gram staining may find filamentous Gram-positive
bacteria; however, the positive rate of actinomycetes in
pus and tissue fluid cultivation is normally only 50%, and
therefore cultivation should not be relied upon by itself,
but should be combined with histopathological examination and smear Gram staining. The pathological and aetiological features of HA are presented in Table 3.
Treatment of HA: Treatment of HA mainly involves
surgical drainage or puncture drainage, hepatic resection,
and postoperative anti-infection treatment with anti-infectives such as penicillin, amoxicillin, amoxicillin/clavulanic
acid, ampicillin, clindamycin and minocycline for 3-12
mo[2,6-31]; and outcome is usually satisfactory.
The actinomyces are Gram-positive anaerobic bac-
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Although HA is a chronic suppurative infection, in
the absence of active treatment, patients may experience
systemic failure, multiple-organ failure, disseminated intravascular coagulation and other life-threatening sequelae. Penicillin is the first choice of antimicrobial therapy,
and amoxicillin, chloramphenicol, erythromycin, clindamycin, tetracycline and doxycycline are also effective.
HA is resistant to the following drugs: fluoroquinolones,
aztreonam, aminoglycosides (except for streptomycin),
fosfomycin (in vitro susceptibility test). Antibiotics should
be administered for 3 mo or more, and even up to 12 mo.
After proactive, timely and effective antimicrobial therapy, the prognosis is good. In patients who exhibit abscess
or cyst-like changes, ultrasound or CT-guided percutaneous drainage or surgical drainage might be performed.
For patients who exhibit low-density changes on imaging,
surgical resection is an important method of treatment if
anti-infective therapy is not effective.

Table 2 Imaging characteristic of hepatic actinomycosis
Imaging characteristic (cases)
Imaging characteristics (32)
Low density
Abscess-like
Cystic
Mass-like and nodular
Lesion numbers (29)
Single
Multiple
Lesion distribution (29)
Liver right lobe
Liver left lobe
Liver right and left lobes

n (%)
22 (68.8)
6 (18.7)
2 (6.3)
2 (6.3)
21 (72.4)
8 (27.6)
19 (65.5)
2 (6.9)
8 (27.6)

Table 3 Pathological and aetiological diagnosis of hepatic actinomycosis
Diagnostic method (cases)
Histodiagnosis (31)
Sulfur granules
Etiological diagnosis
Gram staining (27)
Cultivation (20)
Actinomyces
Other bacteria
Mixed infection

n (%)

COMMENTS
COMMENTS

22 (71.0)

Case characteristics

22 (81.5)

A 55-year-old male patient was hospitalized as a result of repeated upper
abdominal pain lasting more than 2 mo. There was no evidence of radioactive
pain, chills, fever, nausea, vomiting, abdominal distension, diarrhoea, yellow
staining of the skin and sclera, or gum bleeding.

10 (50.0)
3 (15)
4 (20)

Clinical diagnosis

teria, and actinomycosis has been recognized for more
than 150 years. It is mainly caused by Actinomyces israelii.
As the clinical manifestations are diverse, with slow disease progression and a low incidence, diagnosis is difficult, and misdiagnosis is common[31]. The pathological
manifestations are chronic suppurative changes, resulting
in multiple small abscesses in the liver. Actinomyces are
part of the normal flora in the oropharynx, gastrointestinal tract and female reproductive tract, and can cause
infections in various body parts, such as the chest, abdomen, pelvis and central nervous system. HA is often a
secondary infection following abdominal infection, and
primary HA is rare. HA accounts for 15% of abdominal
actinomycosis, and 5% of all actinomycosis. However,
the preoperative diagnosis rate is less than < 10%, and
it is difficult to distinguish from HCC and liver abscess
radiologically[6].
On CT, HA is mainly seen as single or multiple lowdensity shadows, which might be accompanied by the
enhancement; the border is often unclear, and it is easy to
confuse HA with primary hepatocellular carcinoma and
metastatic liver cancer. HA sometimes produces abscesslike and cyst-like changes, and thus is often misdiagnosed
as liver abscess and liver hydatid disease. Thus, the imaging diagnosis alone is insufficient to make a correct diagnosis. The diagnosis is mainly based on percutaneous biopsy or pathological biopsy after surgical resection, while
abscess-like or cystic-like changes on imaging would
require the examination of drainage fluid. The smear diagnostic methods include Gram staining, cultivation and
the pathological finding of sulphur particles.
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The physical examination revealed: temperature 36.5 ℃, pulse 98 beats/min,
respiration 20 times/min, blood pressure 119/82 mmHg.

Laboratory diagnosis

Routine blood tests revealed that the haemoglobin was 110 g/L, the total numbers of leukocytes and neutral leukocytes were normal, the serum albumin was
32 g/L, and other parameters were normal. The hepatitis B markers and hepatitis C antibodies were negative and the tumour markers (alpha-fetoprotein and
carcinoembryonic antigen) were normal.

Imaging diagnosis

An abdominal computed tomography (CT, SIEMENS somatom sensation 16,
Germany) scan showed an approximately 11.2 cm × 5.8 cm × 7.4 cm mass with
an unclear edge in the left hepatic lobe, which involved II, SII, SIII and SIV.

Pathological diagnosis

The peripheral fibrous tissues and bile ducts showed hyperplasia, the vessels
were dilated, and the liver cells partially denatured, accompanied by chronic
inflammatory cell infiltration in the portal area.

Treatment

The patient was administered sodium penicillin 4000000 units iv.gtt q6h postoperatively. Thirteen days later the patient had improved and was discharged. The
patient continued treatment with sodium penicillin 4000000 units iv.gtt q6h at a
local hospital.

Peer review

In this study, the authors investigated the clinical characteristics and diagnosis
of hepatic actinomycosis. This will increase our understanding of hepatic actinomycosis and reduce the misdiagnosis rate.
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Abstract
Calcification of the portal venous system is a rare entity
that can be incidentally discovered during computed
tomography (CT). We describe a case of extensive
calcifications in the portal venous system in a middleaged male patient with hepatocellular carcinoma (HCC).
This patient presented with epigastric pain that had no
obvious origin prior to admission. Laboratory examinations were positive for hepatitis B surface antigen
and α-fetoprotein, and severe esophageal and gastric
varices were detected during gastroscopy. Abdominal
X-ray plain film showed well-defined linear and tracklike calcification, with irregular margins directed along
the course of the portal venous system. CT revealed
extensive calcifications along the course of the portal,
splenic, superior mesenteric and gastroesophageal
veins. He underwent splenectomy 22 years ago due to
splenomegaly and partial hepatectomy seven months
before because of HCC of low-grade differentiation,
confirmed by pathology. Finally, the patient was diagnosed with postoperative recurrent HCC and extensive
portal venous system calcification after selective hepatic angiography under digital subtraction angiography.
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Core tip: We reported a case of extensive calcifications
in portal venous system combined with hepatocellular
carcinoma (HCC) in a middle-aged man. He underwent
splenectomy 22 years ago for splenomegaly and partial
hepatectomy 7 mo before due to HCC. Extensive calcifications along the course of the portal vein were found
on computed tomography.
Wang CE, Sun CJ, Huang S, Wang YH, Xie LL. Extensive calcifications in portal venous system in a patient with hepatocarcinoma.
World J Gastroenterol 2014; 20(43): 16377-16380 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i43/16377.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i43.16377

INTRODUCTION
Portal vein calcification seen on abdominal radiography
is rare, and occurs even more rarely in the portal trunk
and its branches, such as the splenic and superior mesenteric veins. To the best of our knowledge, such extensive
calcifications in the portal venous system combined with
hepatocelluar carcinoma (HCC) have not been previously
reported. Here, we report a recent case with evidence of
calcifications in the portal venous system confirmed by
computed tomography (CT).

CASE REPORT
A 46-year-old man was admitted for upper abdominal
pain of 2 mo duration on February 25, 2014. He underwent splenectomy 22 years ago due to splenomegaly, pancytopenia, and portal hypertension caused by hypertension-related liver cirrhosis, and partial hepatectomy seven
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Figure 1 Plain abdominal radiography revealed linear and track-like calcification. A: Abdominal plain film showing well-defined linear and track-like calcification,
with irregular margins directed along the course of the portal vein; B: Computed tomography (CT) scan showing speckled calcifications in the esophageal vein; C: Linear calcification along the portal vein wall and globular calcification around the lesser curvature of stomach were found on CT images; D: CT scan revealed speckled
calcification along the left wall of the superior mesenteric vein; E: Dense calcifications along the splenic vein were present on axial CT imaging.

months before due to HCC of low-grade differentiation,
confirmed by surgery and pathology. He denied drug and
alcohol abuse. Physical examination was essentially negative except for mild epigastric tenderness and two scars
below the bilateral costal arch. Hemoglobin (144 g/L),
white blood cell count (8.04 × 109/L) and platelet count
(290 × 109/L) were within normal ranges. Liver function tests were unremarkable except for a total bilirubin
level of 22.5 µmol/L, with a direct bilirubin level of 4.8
µmol/L. Serum levels of α-fetoprotein and hepatitis
B surface antigen were 235.6 ng/mL and 3.15 IU/mL,
respectively. Endoscopic examination of the esophagus
revealed severe gastroesophageal varices that did not
receive any therapy before admission. Plain abdominal radiography revealed linear and track-like calcification with
irregular margins directed along the course of the portal
vein (Figure 1A). Calcifications in the portal, splenic,

WJG|www.wjgnet.com

superior mesenteric and gastroesophageal veins were
detected on abdominal CT (Figure 1B-E). On digital subtraction angiography, the tree structure of the calcified
portal vein was clearly demonstrated (Figure 2A). On the
arterial phase of selective celiac arteriography, multiple
tumor staining in the right upper quadrant was detected
(Figure 2B).

DISCUSSION
Calcification in the portal vein or its tributaries visible
on abdominal radiography is a rare radiological finding,
and almost always occurs in patients with long-standing
portal hypertension, regardless of underlying etiology[1,2].
Sclerosis and calcification within the thickened intima and
media of the vein may result from mechanical stress[3,4].
Since Moberg[5] first described in 1943 a case in which the
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B

Figure 2 Tree structure of the calcified portal vein was clearly demonstrated. A: The tree structure of calcified portal vein was particularly well seen on digital
subtraction angiography; B: Multiple tumor staining was demonstrated clearly in the arterial phase of selective celiac arteriography.

diagnosis of portal vein thrombosis could be made from
a plain abdominal roentgenograph, the clinical presentation has generally been that of recurrent hemorrhage,
and less than 50 well-documented cases of portal vein
calcification have been reported in the English-language
literature[4-18]. A review of 21 cases of portal vein calcification reported by Kawasaki et al[2] revealed that the
average age was 53.7 ± 10.2 years and the male-to-female
ratio was 17:4, reflecting the higher morbidity in adult
men. All the reported cases of portal vein calcification
were associated with portal hypertension, and there was
histological evidence of cirrhosis in the majority of cases.
Most patients had esophageal varices and a clinical history of hematemesis[2].
The portal vein arises at the junction of the superior
mesenteric and splenic veins and extends for about 8 cm
superiorly and laterally before dividing into left and right
branches that enter the liver parenchyma[19]. The calcified
lesions were located in the portal vein in all the patients,
splenic vein in 62%, superior mesenteric vein in 33%,
and inferior mesenteric vein in none. The precise cause
was not elucidated in any of the previous cases reviewed.
Calcium may be deposited either in a thrombus or, as
in the present case, in the vessel wall[19,20]. A distinctive
radiographic feature of portal venous calcification is the
presence of radiodensity that corresponds to the course
of the vein. Calcification of the portal vein should be
considered if elongated opacity is seen corresponding to
the location and direction of the vein. Minimal calcification can be frequently missed on plain film radiography
and even on pathological examination. The widespread
use of CT is of value in improving the positive rate of
calcification. Ayuso et al[20] reviewed patients with portal
vein calcification who were examined with abdominal
plain film (n = 10) and CT (n = 9). Calcium was seen on
CT scans in nine cases and on abdominal plain films in
only five. Abdominal CT showed this abnormality with
increasing frequency because of its ability to demonstrate
small amounts of calcium not visible on plain film radiography. Furthermore, the characteristic position, location and pattern of portal vein wall calcification permit
its diagnosis from abdominal radiographs.
Verma et al[21] found a high operative mortality as-
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sociated with calcifications in portal venous system in
patients undergoing liver transplantation. In that study,
two of seven patients with portal and mesenteric calcification present on CT died during liver transplantation as
a result of portal venous thrombosis[21]. None of the patients without venous calcification on abdominal CT and
receiving liver transplantation were found to have portal
vein thrombosis during surgery. This finding indicates
that the detectable portal and mesenteric calcifications
on CT may be a sign of portal vein thrombosis at surgery, which may result in difficult transplantation or even
failure[21]. In addition, the presence of portal vein calcification is of clinical significance, as calcified portal vein
is a difficult vessel with which to perform a transjugular
intrahepatic portosystemic stent shunt[2].

COMMENTS
COMMENTS
Case characteristics

A 46-year-old man with a history of splenectomy due to splenomegaly presented with epigastric pain.

Clinical diagnosis

Upper abdominal pain and mild epigastric tenderness were detected in the patient with long-standing portal hypertension.

Differential diagnosis

The differential diagnosis included hepatolithiasis, cholelithiasis and schistosomiasis.

Laboratory diagnosis

Hemoglobin (144 g/L), white blood cell count (8.04 × 109/L), platelet count (290
× 109/L) and liver enzymes were within normal ranges except for a total bilirubin
level of 22.5 µmol/L, direct bilirubin level of 4.8 µmol/L, α- fetoprotein level of
235.6 ng/mL and hepatitis B surface antigen level of 3.15 IU/mL.

Imaging diagnosis

Computed tomography scan showed extensive calcifications along the course
of the portal vein.

Pathological diagnosis

Pathology revealed hepatocellular carcinoma of low-grade differentiation combined with portal vein calcification.

Treatment

The patient was treated with splenectomy and partial hepatectomy.

Related reports

Fewer than 50 cases of portal vein calcification have been reported, and the
mechanism of calcification is unclear.

Term explanation

Calcification of the portal venous system is defined as calcium deposited either
in a thrombus or in the vessel wall of the portal venous system.
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Experiences and lessons

Calcification of the portal venous system can be diagnosed by radiographic
examination and can offer some assistance to patients undergoing liver transplantation.

Peer review

This article reports an extremely rare case of extensive calcifications in the
portal venous system in a patient with hepatocellular carcinoma, which has not
been documented previously.
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Abstract
Adenosquamous carcinoma rarely occurs in the pancreas, and is characterized by the presence of cellular components from both duct adenocarcinoma and
squamous carcinoma. Here, we describe a rare case of
pancreatic adenosquamous carcinoma with sarcomatous change. Immunohistochemistry showed that the
sarcomatous lesion lost the epithelial marker and aberrantly expressed of acquired mesenchymal markers,
which indicated that this special histological phenotype
may be attributed to epithelial-mesenchymal transition.
This case also indicated that a routine radical surgery
without aggressive treatment strategies was still appropriate for adenosquamous carcinoma of the pancreas
with sarcomatoid change.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Adenosquamous carcinoma rarely occurs in
the pancreas, and is characterized by the presence of
cellular components from both duct adenocarcinoma
and squamous carcinoma.
Lu BC, Wang C, Yu JH, Shen ZH, Yang JH. A huge adenosquamous carcinoma of the pancreas with sarcomatoid
change: An unusual case report. World J Gastroenterol 2014;
20(43): 16381-16386 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i43/16381.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i43.16381

INTRODUCTION
Adenosquamous carcinoma always arises in organs that
are predilection sites for adenocarcinoma, such as the
gastrointestinal tract and uterus, or for squamous carcinoma, such as the esophagus and vagina[1]. Adenocarcinoma is the most common histopathology of pancreatic
cancer, adenosquamous carcinoma also occur in the
pancreas, making up only approximately 1%-4% of all
pancreatic exocrine malignancies, including specimens
from autopsy and clinical surgery[2,3]. As in other organs,
pancreatic adenosquamous carcinoma is characterized
by the presence of cellular components from both duct
adenocarcinoma and squamous carcinoma. When a third
cellular component is found, can the tumor still be defined as adenocarcinoma and squamous carcinoma?
Epithelial-mesenchymal transition (EMT), a transition between different phenotypes, is regarded as essential process in tumor progression[4]. When EMT occurs,
epithelial tumor cells lose their restricted phenotypes,
concomitant with the loss of epithelial characteristics
and the acquisition of motile behavior. These changes,
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which contribute to the transition from an epithelial morphology towards a more mesenchymal fibroblastic (e.g.,
sarcomatoid) phenotype, have been reported to occur
in some special tumors, such as cholangiocarcinomas[5];
this change is also defined as sarcomatous change[6]. For
many carcinomas, such as breast carcinoma and cholangiocarcinomas, EMT always comes with a poor prognosis, because it promotes the process of cancer invasion,
metastasis and resistance to chemotherapy[7-9].
Three different cellular components synchronously
arise in the lesion of carcinoma has been reported in other organs, including thymus, esophagus, and stomach[10-12],
however, the similar neoplasm has not been reported. In
this report, we describe a case of huge pancreatic adenosquamous carcinoma with sarcomatous change. This case
indicated that a routine radical surgery without aggressive treatment strategies was still appropriate for adenosquamous carcinoma of the pancreas with sarcomatoid
change.

CASE REPORT
A 58-year-old woman was hospitalized with a 2-wk history of epigastric fullness and poor appetite on July 26,
2013. She did not complain of jaundice, vomiting, fever,
or weight loss. Three years previously, the patient had
undergone left lateral hepatic lobectomy and common
bile duct exploration for left hepatolithiasis and choledocholithiasis. At that time, no pancreatic neoplasia was
found on a contrast-enhanced computed tomography
(CECT) scan of the abdomen. On examination at our
hospital, a 12 cm × 10 cm mass with obscure boundaries, a smooth surface, and poor mobility was palpated.
No other remarkable findings were detected on physical
examination except for slight tenderness in the left and
right upper quadrants. Laboratory tests showed a white
blood cell count of 12.2 × 109/L, a C-reactive protein
level of 188 mg/L (normal value, 0-8 mg/L), carcinoma
antigen 19-9 (CA 19-9) of 3630 U/mL (normal value,
0-37 U/mL), carcinoma antigen 125 of 645 U/mL (normal value, 0-35 U/mL), carcino embryonic antigen of
7.43 ng/mL (normal value, 0-10 ng/mL), and squamous
cell carcinoma antigen of 2.5 ng/mL (normal value, 0-2.5
ng/mL). Other routine tests were normal, including liver
function analysis, bilirubin, amylase, and blood glucose. A
CECT scan of the abdomen showed a huge solid-cystic
neoplasm of 15 cm × 12 cm located amidst the pancreas,
spleen, and stomach. The lesion was well circumscribed
with heterogeneous enhancement, and it displaced the
surrounding organs, including the stomach, spleen, tail
of the pancreas, and left kidney (Figure 1A). Magnetic
resonance imaging showed the lesion to possibly originate from the tail of the pancreas; retroperitoneal lymph
nodes were enlarged, and other findings correlated with
the CECT (Figure 1B). Gastroscopy showed upheaval of
the posterior gastric wall because of pressure from the
mass. The patient was presumptively diagnosed with pancreatic cystadenocarcinoma prior to surgery.
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On surgical exploration, the left upper quadrant of
the abdomen was full of the solid-cystic neoplasm, and a
small volume of ascites was present. The mass measured
16 cm × 18 cm, and it invaded and displaced the surrounding organs, including the gastric fundus, the entire
spleen, and the tail of the pancreas. Celiac artery and
superior mesenteric artery (Figure 1A) were displaced but
without involvement, however, splenic artery had been
enclosed by the mass. Approximately 2500 mL of dull
red liquid was extracted from the solid-cystic mass, and a
frozen section of the capsule wall was read as a “malignant
tumor” arising from the pancreas. We performed an en
bloc resection of the distal pancreatic tumor, including
the neoplasm, tail of the pancreas, fundus of the stomach, spleen, and peripheral lymph nodes (Figure 1C). Surgical margins were negative.
Pathological examination by Image-pro Plus 5.1
identified three different cellular components within the
lesion. One component showed irregularity, glands, and
tracts typical of a carcinoma (Figure 1D); another part of
the lesion was characterized by clumps and streaks, with
keratin pearls and intercellular desmosomes (Figure 1E).
The final cellular component consisted of spindle cells,
with multiplicative division of the nuclei and an immature appearance (Figure 1F). The principal pathologic diagnosis for the pancreatic neoplasm was adenosquamous
carcinoma of the pancreas. In the extrapancreatic lesion,
invasive squamous carcinoma appeared in the gastric
wall, sarcomatoid change arose in the lymph nodes, and
squamous carcinoma with sarcomatoid change arose on
the spleen. Lymphatic invasion occurred in 12 of the 12
nodes around the splenic hilum, 3 of 5 nodes around the
pancreas, 1 of 2 nodes adjacent to mesenteric vessels,
and 1 of 3 nodes around the celiac trunk. On immunohistochemistry (IHC), E-cadherin and CA 19-9 were
positive in the lesions containing cellular components of
squamous carcinoma, vimentin was positive in the sarcomatoid lesions, and cytokeratin 7 (CK7) was positive
in all lesions (Table 1 and Figure 2). The patient had an
uneventful recovery and left the hospital 10 d after the
operation; she received traditional Chinese medicine and
thymosin as post-discharge treatment. Five months later,
multiple metastases were found in the left upper quadrant
and the liver. However, the patient was alive and selfsufficient as of this writing.

DISCUSSION
In this case, the neoplasm unexpectedly consisted of
three different histopathological types, including not only
adenocarcinoma and squamous carcinoma but also sarcoma. The question of how this special neoplasm arose
is a significant one. To explore the origin of the three different cellular components, IHC staining was performed.
In a previous study, CK7, a common keratin marker
for gastrointestinal tumors, and CA 19-9, a classical tag
protein for pancreatic tumors, were aberrantly expressed
in adenosquamous carcinoma of the pancreas[13]. Given
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Figure 1 Imaging and pathological diagnosis of the neoplasm. A: Contrast-enhanced computed tomography scan of lesion, arrow: superior mesenteric artery; B:
Magnetic resonance imaging scan of lesion; C: the resected specimen in operation; D-F: Pathological examination identified three different cellular components within
the lesion, including adenocarcinoma (D), squamous carcinoma (E) and sarcomatoid change (F).

Table 1 Cellular components and the results of immunohistochemistry in different organs
Location
Gastric wall
Pancreas
Spleen
Lymph nodes

Cell component

CK7

CA 19-9

E-cadherin

Vim

Squamous carcinoma
Adenosquamous carcinoma with sarcomatous change
Squamous carcinoma
Sarcomatous change
Sarcomatous change

+
+
+
+
+

+
+
+
-

+
+
+
-

+
+

CK7: Cytokeratin 7; CA 19-9: Carcinoma antigen 19-9.

that CK7 was positive in all the different parts of our
patient’s neoplasm and that CA 19-9 was positive in the
adenocarcinoma and squamous cellular components, it
is reasonable that the neoplasm should be defined as adenosquamous carcinoma of the pancreas. However, this
does not answer the question of how the mesenchymal
sarcomatoid lesions arose. In our opinion, EMT is a possible explanation. Loss of the epithelial marker E-cadherin
and aberrant expression of acquired mesenchymal markers (such as vimentin) are important characteristics in the
process of EMT[14]. To verify our hypothesis, IHC was
performed to look for E-cadherin and vimentin expression. Loss of membranous E-cadherin expression and
acquired vimentin expression were observed in tumor
cells of the sarcomatoid lesion, while strong expression
of E-cadherin and negative expression of vimentin were
observed in the adenocarcinoma and squamous carcinoma portions of the lesion (Table 1 and Figure 2). p63,
a central transcription factor is constitutively expressed
at high levels in a variety of epithelial tissues[15], high
expressed in the squamous carcinoma portions of the lesion but low expressed in sarcomatoid lesion (Figure 2I
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and J). Another pathologic characteristic of note was that
the sarcomatous change generally presented as squamous
cellular lesions in sites such as the spleen and lymph
nodes. Overall, these findings indicate that the adenosquamous carcinoma of the pancreas was undergoing a
special development process, which maybe influence the
biological behaviour of the neoplasm.
Adenosquamous carcinoma of the pancreas is associated with high rates of recurrence and metastasis
and carries a poor prognosis, much worse than even that
of pancreatic adenocarcinoma[3,16], which has a reported
median overall survival of no more than 5 mo[2]. Surgery
is still the first-line treatment for adenocarcinoma of the
pancreas, and the median survival can reach 14.4 mo for
R0 resection and 8 mo for R1 resection[17]. Chemoradiotherapy is unable to achieve a similar or better curative effect. In our case, sarcomatoid change arose from adenosquamous carcinoma of the pancreas, which is regarded
as a key step during cancer invasion and metastasis[7], and
has been associated with resistance to chemotherapy and
radiotherapy[8,9]. Given that the particulars of our case
and because the surgical margins were negative, no post-
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Figure 2 Immunohistochemistry of different cellular components within the lesion. A, B: cytokeratin 7 was examined in the lesion of adenocarcinoma (A) and
squamous carcinoma (B); C, D: Carcinoma antigen 19-9 was examined in the lesion of adenocarcinoma (C) and squamous carcinoma (D); E, F: Vimentin was examined in the lesion of adenocarcinoma (E) and sarcomatoid change (F); G, H: E-cadherin was examined in the lesion of adenocarcinoma (G) and sarcomatoid change (H);
I, J: p63 was examined in the lesion of squamous carcinoma (I) and sarcomatoid change (J).

operative chemotherapy or radiotherapy were used except
for traditional Chinese medicine and thymosin. Metastases were found 5 mo after surgery, but the patient was
alive as of this writing. In our opinion, although adenosquamous carcinoma of the pancreas with sarcomatoid
change may indicate a poor prognosis, radical surgery
without following aggressive treatment strategies may be
more appropriate for the rare case.
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Abstract
Red cell distribution width is a measure of deviation of
the volume of red blood cells. It is a marker of anisocytosis and often used to evaluate the possible causes
of anemia. Elevated red cell distribution width levels
are also associated with acute and chronic inflammatory responses. In nonalcoholic steatohepatitis, inflammation is accompanied with steatosis. For assuming
red cell distribution width as a marker of nonalcoholic
steatohepatitis, intervening factors such as levels of
inflammatory markers should also be evaluated.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Red cell distribution width; Steatohepatitis;
Inflammatory markers; Steatosis; Fibrosis
Core tip: Red cell distribution width is a marker of
anisocytosis and often used to evaluate the possible
causes of anemia. Elevated red cell distribution width
levels are also reported to be associated with acute
and chronic inflammatory responses. In nonalcoholic
steatohepatitis, hepatic steatosis is associated with
hepatic inflammation. As red cell distribution width is

WJG|www.wjgnet.com

not a specific marker, for assuming it as an indicating marker of nonalcoholic steatohepatitis and fibrotic
stage, other confounding factors such as levels of inflammatory markers might be evaluated.
Gulcan Kurt Y, Cayci T, Aydin FN, Agilli M. Red cell distribution
width and nonalcoholic steatohepatitis. World J Gastroenterol
2014; 20(43): 16387-16388 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i43/16387.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i43.16387

TO THE EDITOR
Cengiz et al[1] reported the role of red cell distribution
width (RDW) as an indicating marker of nonalcoholic
steatohepatitis and fibrotic stage in a recent issue of
World Journal of Gastroenterology. This study provides scientific information on the clinical utility of RDW for
indicating the presence of nonalcoholic steatohepatitis
(NASH). Although there are some papers indicating a
relationship between RDW and NASH[2] and fibrosis[3],
we think that some points should be discussed in this
article. First, the progression of NASH is strongly associated with lobular inflammation in liver and chronic
systemic inflammation[1]. It has been reported that acute
and chronic inflammatory responses are associated with
elevated RDW levels[4]. There is no information regarding
the inflammatory status of all subjects, such as levels of
C-reactive protein, tumor necrosis factor-alpha, and interleukin 6 in the study. Second, medication (for example
antihypertensive drugs including selective β1 receptor
blockers) in the patients with NASH is not stated in the
text. RDW is a marker of anisocytosis (red cell size variation), which is usually evaluated with a fully automated
hematology analyzer, as part of the complete blood
count[5]. The RDW levels may also reflect neurohumoral
activation, thyroid disease, acute or chronic inflammation
and the use of selective β1 receptor blockers such as
nebivolol and metoprolol[6,7]. Therefore, in our opinion,
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assessment of RDW could not provide reliable information. Finally, the authors investigated the relationship
between the RDW levels and the presence of NASH
and also fibrotic score in patients with NASH[1]. Assuming RDW as an indicating marker of NASH and fibrotic
stage needs evaluation of other intervening factors such
as levels of inflammatory markers. The findings of this
article would be more valued if additional data for major
metabolic confounders have been mentioned.
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Books
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Abstract
The association between ulcerative colitis (UC) and
colorectal cancer (CRC) has been acknowledged. One
of the most serious and life threatening consequences
of UC is the development of CRC (UC-CRC). UC-CRC
patients are younger, more frequently have multiple
cancerous lesions, and histologically show mucinous or
signet ring cell carcinomas. The risk of CRC begins to
increase 8 or 10 years after the diagnosis of UC. Risk
factors for CRC with UC patients include young age at
diagnosis, longer duration, greater anatomical extent
of colonic involvement, the degree of inflammation,
family history of CRC, and presence of primary sclerosing cholangitis. CRC on the ground of UC develop from
non-dysplastic mucosa to indefinite dysplasia, lowgrade dysplasia, high-grade dysplasia and finally to invasive adenocarcinoma. Colonoscopy surveillance programs are recommended to reduce the risk of CRC and
mortality in UC. Genetic alterations might play a role in
the development of UC-CRC. 5-aminosalicylates might
represent a favorable therapeutic option for chemoprevention of CRC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: ulcerative colitis-associated colorectal can-
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Chemoprevention
Core tip: Colorectal cancer (CRC) is more frequent in
patients with long-term ulcerative colitis (UC), and is
one of the most serious and life threatening consequences of UC. Knowledge of risk factors for CRC is important to identify UC patients who need surveillance.
Colonoscopy surveillance programs are recommended
to reduce the risk of CRC and mortality in UC. Genetic
alterations might play a role in the development of CRC
in UC patients. 5-aminosalicylates might represent a favorable therapeutic option for chemoprevention of CRC.
Yashiro M. Ulcerative colitis-associated colorectal cancer. World
J Gastroenterol 2014; 20(44): 16389-16397 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i44/16389.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i44.16389

INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory bowel
disease showing mucosal inflammation from the rectum
to the oral side. Crohn and Rosenberg reported the first
case of adenocarcinoma complicating UC in 1925[1]. The
risk of developing colorectal cancer (CRC) is found to
be high in patients with long-term UC[2,3]. UC-CRC is
considered to develop from a non-neoplastic inflammatory epithelium to dysplasia to cancer. Therefore, colonoscopic surveillance in patients with long-standing UC
has been recommended. UC-CRC shows characteristic
clinicopathological features of CRC. In this paper, the
characteristic properties of UC-CRC are reviewed.

CLINICAL FEATURES OF COLITISASSOCIATED CRC
Clinicopathological features
UC-CRC patients are younger, more frequently have mul-
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tiple cancerous lesions, and a macroscopically permeating pattern of spread, including mucinous or signet ring
cell carcinomas, compared with sporadic CRC[1-3]. The
advanced stage at presentation causes less favorable outcome of UC-CRC in IBD patients.
Incidence of UC-CRC
An inflammatory environment is believed to play an important role in the pathogenesis of UC-CRC in patients
with chronic colitis[4]. UC-CRC accounts for about 1%
of all CRC[5]. The risk of CRC begins to increase 8 or
10 years after the initial diagnosis[6-8]. Table 1 summarizes representative reports on the risk of developing
colorectal cancer in patients with UC. Eaden et al[9] conducted a meta-analysis of 116 studies, and found that
the probability of CRC in patients with UC increased
with the duration of disease; 1.6% at 10 years after a
onset of UC, 8.3% at 20 years after, and 18.4% at 30
years after. This increased incidence of UC-CRC is four
to ten times greater than that for sporadic CRC, and the
average age of onset is 20 years earlier. Several other
studies reported that the risk of UC-CRC in UC patients was 5%-7% at 20 years after onset of disease[10-14],
7%-14% at 25 years[15,16] and 7.5%-18%[9,17] at 30 years.
Eaden et al[9] confirmed that there is an increased risk
for UC-CRC in pancolitis (5.4%), while the incidence in
all patients with UC was 3.7%. In some countries, patients with UC have not been found to be at increased
risk of CRC development. Winther et al[18] reported that
the probability of CRC in Denmark was 0.4% by 10
years, 1.1% by 20 years, and 2.1% by 30 years of disease,
suggesting that neither the overall cancer risk nor the
UC-CRC risks increased after a median of 19 years of
follow-up evaluation. This low rate of CRC development may reflect the high rates of surgical approach and
chemoprevention for UC in Denmark. Taken together,
the 5-aminosalicylic acid (5-ASA) treatment and frequent
surveillance colonoscopy with proctocolectomy for dysplasia could explain the reduction in the incidence of
CRC in UC patients. Moreover, current studies indicate
that the risk of CRC seems to be lower. Rutter and coworkers reported cumulative incidences of UC-CRC of
2.5% at 20 years of colitis duration, 7.6% at 30 years,
and 10.8% at 40 years[19] indicating only a 1.5 to 2-fold
increased risk for CRC (5%) in comparison with the
non-UC population. Söderlund et al[20] indicated that the
overall cumulative incidence of CRC at 10, 20, and 30
years after the inflammatory bowel disease (IBD) diagnosis was 1%, 1.5%, and 2.7%, respectively. Manninen
et al[21] reported only slightly increased risk for UC-CRC
in UC patients in a Finnish cohort. Hata et al[22] reported
that the cumulative risks for the development of invasive
cancer at 10, 20, and 30 years were 0.5%, 4.1%, and 6.1%,
respectively, while those for the development of definite
dysplasia at 10, 20, and 30 years were 3.1%, 10.0%, and
15.6%, respectively. A further current systematic review
with meta-analysis in 2014, based on 81 studies and
181923 patients, reported that the risk of UC patients
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developing colorectal cancer has decreased steadily, and
the incidence rate decreased from 4.29/1000 patientyears in the 1950s to 1.21/1000 patient-years in the last
decade[23]. The risk of developing CRC with longstanding
Crohn’s colitis is considered to be similar to that of UC,
while the incidence of CRC in Crohn’s disease showed
various ranges in cancer risk[24-27].
Patients with UC who have undergone proctocolectomy have a very small risk of dysplasia in the ileal
pouch [28]. Anal transitional zone dysplasia after ileal
pouch-anal anastomosis is infrequent. Anal transitional
zone preservation did not lead to the development of
cancer in the anal transitional zone after five to ten years
of follow-up[29].
Patients with UC who develop CRC have a worse
prognosis than for CRC patients without UC[30-33], and
the long-term prognosis of UC-CRC is even worse when
patients with the same tumor stage are compared[32]. UCCRC is frequently diagnosed at an advanced stage[33].
These findings emphasize the importance of knowledge
of risk factor for UC-CRC and surveillance for patients
with UC.

RISK FACTORS OF UC-CRC
Knowledge of risk factor for CRC is important to categorize subgroups of UC patients who need frequent
surveillance or intense treatment. Risk factors for CRC
in UC patients include, anatomical extent, young age at
diagnosis, duration of disease, concurrent primary sclerosing cholangitis (PSC) and family history of CRC. In
addition, smoking, pseudopolyps, persistent inflammation
of the colon and backwash ileitis are also risk factor for
CRC[34,35]. These UC patients with risk factors should be
enrolled in an intensive surveillance program.
Pancolitis
The anatomical extent of colitis is an independent risk
factor for the development of CRC. A meta-analysis
showed that the incidence of CRC in patients with extensive UC was 5.4%[36]. Patients with pancolitis are at
high risk of CRC, left-sided colitis is moderate risk, and
proctitis and proctosigmoiditis are low risk, being similar
to the non-UC population[20,37,38]. Ekbom et al[38] reported
that UC patients with pancolitis had a 15-fold higher risk
of CRC compared with the non-UC group, in contrast to
an increased risk of 2.8 for patients with left-sided colitis
and no significant increased risk for those with proctitis,
and reported an overall risk of 4.8 for UC patients with
extensive disease.
Young age
Young age at onset of colitis has been reported as an
independent risk factor for CRC[6]. CRC risk varied by
age at initial diagnosis of UC; patients diagnosed at childhood (0-19 years old) had a relative risk of 43.8 followed
by those diagnosed in young (20-39 years old) with a relative risk of 2.65[39].
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Table 1 Risk of developing colorectal cancer in patients with ulcerative colitis
Ref.

Year

Gilat et al[14]
Lennard-Jones et al[13]
Langholz et al[7]
Eaden et al[9]
Hata et al[22]
Winther et al[18]
Lakatos et al[17]
Rutter et al[107]
Söderlund et al[20]

1988
1990
1992
2001
2003
2004
2006
2006
2009

Years after UC
10

15

20

0.2%

2.8%
3%

5.5%
5%

25

Country
30

40

13.5%
3.1%

1.6%
0.5%
0.4%
0.6%
1%

8.3%
4.1%
1.1%
5.4%
2.5%
1.5%

18.4%
6.1%
2.1%
7.5%
7.6%
2.7%

10.8%

Israel
United Kingdom
Denmark
United Kingdom
Japan
Denmark
Hungary
United Kingdom
Sweden

UC: Ulcerative colitis.

Long disease duration
Duration of UC is an important risk factor for CRC development. Among patients with IBD, the median time
from diagnosis of IBD to CRC was 17 years; 21% of
IBD patients developed tumors within 10 years after onset[40].
PSC
IBD patients with PSC, a chronic cholestatic liver disease,
have an increased risk of CRC[41]. Broomé et al[42] revealed
a cumulative risk of CRC in UC patients with PSC of 9%
after 10 years duration of symptoms, 31% after 20 years
and as high as 50% after 25 years; compared with 2%,
5% and 10% in patients with UC alone matched for each
duration. A meta-analysis found that 21% of UC patients
with PSC developed CRC compared with 4% of UC patients without PSC. The risk of CRC in UC patients with
PSC was 4.8-fold higher than that in patients with UC
without PSC[43].
Family history of colorectal cancer
A family history of CRC in UC patients increases the risk
of CRC, irrespectively of the type and extent of IBD, as
compared with patients with UC without positive family
history for CRC[44-46].

MOLECULAR FEATURES OF UC-CRC
Genetic characteristics detected in sporadic CRC, such
as genetic mutations, microsatellite instability (MSI),
and DNA hypermethylation, were also recognized in
UC-CRC[4,33,47-50]. Mutations in p53 occur early in the
adenoma-carcinoma sequence and are often detected in
non-dysplastic or indefinite dysplasia in UC, while p53
mutations occur in the late phase in sporadic adenoma[51].
MSI is also relatively frequent in non-dysplastic inflamed
epithelia, and transforming growth factor β receptor type
II (TGFβRII) is one of genes targeted by the MSI process in UC-CRC[50]. Hyper-methylation of hMLH1[50,52],
p16INK4a[53], and p14ARF[54] seems to precede dysplasia
and contribute to the genetic alterations in UC-CRC[55].
MicroRNAs (miRNAs) play a critical role in regulating
key pathogenic mechanism in IBD[56]. The miRNA-124a
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gene has a tumor-suppressive function and is methylated
during carcinogenesis in UC patients, and the methylation
level of miR-124a-3 is a promising marker for estimating individual risk for CAC[57]. By contrast, miRNA-155
overexpression is particularly associated with MSI in CACRC[58]. These molecules might be useful biomarkers for
early detection and treatment response of CRC in IBD
patients.
Inflammatory stresses, such as reactive oxygen species
and some free radicals, may cause these genetic changes[59-61] and are considered to be factors in the pathogenesis of UC-CRC[62,63].

SURVEILLANCE COLONOSCOPY
Cancer surveillance is based on the high-risk factors that
identify patients who are likely to develop cancer. The
management of UC has changed with biological therapies, surgical treatment, and surveillance tools, which
have reduced the risk of CRC in patients with UC[9,20,23].
Surveillance is recommended during the remission state
to reduce the difficulty of differentiating reactive change
from dysplasia[64]. Data from an 18-year surveillance program demonstrated that cancer was detected at an early
stage in 80% of surveyed patients, compared with only
41% of non-surveyed UC patients[65]. There is evidence
that surveillance colonoscopy reduces the risk of CRC
and mortality in UC: The overall 5-year survival rate was
77% for the surveillance group, compared with only 36%
for the control group[33,35,65]. It has been reported that a
prior history of surveillance colonoscopy reduces the
odds of developing CRC by 60%-80%[35,66].
These guidelines, commissioned by the Clinical Services’ Committee of the British Society of Gastroenterology for clinicians and allied professionals caring for patients with IBD in the United Kingdom, provide an good
clinical practice for surveillance and treatment[67]. The
guidelines state that UC patients should be advised to
have a review colonoscopy 8-10 years after disease onset
to check the extent of colitis. Current recommendations
are for regular surveillance every 1-2 years in the second
decade of the disease to yearly by the fourth decade. The
recommended guidelines for the surveillance of CRC in
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Table 2 Timing of surveillance colonoscopy for colorectal cancer in ulcerative colitis
Ref.
Van Assche et al[73]

Farraye et al[72]

Kornbluth et al[70]
Cairns et al[68]

Leighton et al[69]
Eaden et al[71]

Year

Guidelines

Beginning of surveillance (years after
onset of symptoms)

Surveillance schedule

2013

European Crohn’s and Colitis
Organization (ECCO)

8 yr

High risk1; 1-2 yr
Low risk1; 3-4 yr

2010 American Gastroenterological Association
(AGA)

Extensive colitis or left-sided colitis; 1-2
yr
Patients with PSC; 1 yr
High-grade or low-grade dysplasia;
colectomy or repeat colonoscopy within 6
mo
Indefinite dysplasia; 3 to 12 mo
No dysplasia; 1-2 yr

8 yr

2010

American College of Gastroenterology
(ACG)

8-10 yr

1-2 yr

2010

British Society of Gastroenterology (BSG)

10 yr

lower risk2; 5 yr
intermediate risk3; 3 yr
higher risk4; 1 yr

2006

American Society for Gastrointestinal
Endoscopy (ASGE)

8-10 yr

2002

United Kingdom

1-2 yr
(indefinite dysplasia: 3 to 6 mo)

8-10 years (pancolitis)
15-20 yr (left-sided colitis)

3 yr (second decade)
2 yr (third decade)
1 yr (fourth decade)

1

Low-risk is 0-2 points and high-risk is 3-4 points; risk factor: pancolitis, endoscopic and/or histological inflammation, pseudopolyps, and family history of
CRC: each risk factor is counted with one point; 2lower risk: extensive colitis with no active inflammation or left-sided colitis; 3intermediate risk: extensive
colitis with mild active inflammation or post-inflammatory polyps or family history CRC in FDR aged ≥ 50; 4higher risk: active inflammation or stricture
in past 5 years or dysplasia in past 5 years declining surgery or PSC/transplant for PSC or family history CRC in FDR aged < 50. PSC: Primary sclerosing
cholangitis; CRC: Colorectal cancer; FDR: First-degree relatives.

UC by some societies[67-75] are summarized in the Table
2. These recommend surveillance programs are summarized as follows: (1) surveillance colonoscopy should be
performed during remission state; (2) initial surveillance
colonoscopy for CRC should be performed 8-10 years
after onset; (3) regular surveillance should be performed
annually or biannually; (4) surveillance colonoscopy for
patients with PSC should be performed annually from
the beginning of PSC diagnosis; (5) random biopsy of
four lesions might be taken every 10 cm through the colon; and (6) if dysplasia is detected, the biopsies should
be reviewed by a second gastrointestinal pathologist.
The main aim of surveillance programs is to detect
dysplastic alterations. The cumulative probability of developing dysplasia or CRC in UC patients was 7.7% at 20
years and 15.8% at 30 years[13]. CRC incidence was 14 of
1000 UC patients-years’ duration and the incidence of
any advanced lesion was 30 of 1000 person-years’ duration. When low-grade dysplasia (LGD) is detected on
surveillance, there is a 9-fold risk of developing cancer
and 12-fold risk of developing any advanced lesion[76].
Among patients with LGD who undergo colectomy, 19%
will already harbor CRC or high-grade dysplasia (HGD)
and 30%-50% will develop advanced neoplasia over the
following 5 years[77-79]. HGD carries a 43% risk of synchronous cancer[80].
The guidelines described random biopsy[67]. A study
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of multiple biopsies taken at colonoscopy suggested that
33 biopsies are required to give a 95% chance of detecting dysplasia[81]. In contrast, targeted biopsies are recommended to increase the frequency of dysplasia detection,
compared with random biopsies. Chromoendoscopy
might improve the imagining of subtle mucosal changes
that are suggestive of neoplasia, compared with standard
endoscopy[82]. Indigo carmine contrast dye highlights irregularities in the mucosal architecture, improving the
precision of endoscopic diagnosis. Methylene blue stains
the normal epithelium of the colon; the absence of staining might indicate the presence of neoplastic changes in
the intestine. Magnifying endoscopy could assist us to
further visualize the delicate surface patterns[83].
On the other hand, some studies have highlighted
the failures of surveillance colonoscopy by the guidelines[39,84,85]. In 50%-80% of cases with colitis-associated
neoplasms, the lesions are not visible upon endoscopy[38].
It would be necessary to clarify that the surveillance systems could contribute to the decline of the mortality of
UC patients.

TREATMENT FOR DYSPLASIA
Histopathological diagnosis of polypoid mucosa of UC is
important with respect to clinical treatment for dysplasia.
UC with HGD usually leads to a total colectomy because
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of the high incidence of adenocarcinoma (42%-67%
of the colectomy specimens)[75,79,86]. When HGD in flat
mucosa is the initial discovery, surgery or polypectomy
is done. Polypectomy should be performed along with
biopsies taken from the surrounding mucosa. If the polypectomy is confirmed as complete and biopsies of the
adjacent mucosa are negative for dysplasia, a follow-up
examination within 6 mo should be performed[75,78]. If the
dysplastic lesion persists or “dysplasia associated lesions
or masses” (DALM) exists, a proctocolectomy should be
performed[75].
In contrast, the management of LGD is controversial[87]. About 30%-50% of patients with LGD progressed
to HGD or CRC; an unrecognized synchronous CRC
may already be present in up to 20% of UC patients with
LGD[77,79], which indicates that LGD is a risk factor for
CRC. In contrast, some studies have shown that patients
with LGD have a lower rate of CRC than previously reported[88].
Dysplasia found in DALM or in areas without any
macroscopically visible mucosal alteration is believed to
be the origin CRC[89,90]. The guidelines also state that particular attention should be paid to DALM that harbor a
high risk of progression to CRC[71]. In addition, patients
with DALM are recommended to undergo prophylactic
proctocolectomy with an ileoanal pouch. By contrast,
some polyps, such as adenoma-like mass (ALM), are
unrelated to colitis and can be managed by endoscopic
polypectomy because of less carcinogenic potential[91].
The serrated neoplasia pathway was recently proposed in CRC[92]. Serrated epithelial changes and sessile
serrated polyps are uncommonly detected (0.2%-1%) by
colonoscopy in chronic ulcerative colitis and Crohn’s disease patients[93], while Bossard et al[94] found that serrated
lesions, such as hyperplastic polyps and sessile serrated
polyps/adenomas, accounted for approximately 7% of
premalignant lesions in the inflamed mucosa of patients
with IBD.

CHEMOPREVENTION
Chemoprevention refers to the use of an anti-inflammatory therapy or other substance to reduce or prevent the
development of cancer. The current decreased incidence
of CRC might be due to a better control of inflammation
by improved medical therapy and higher rates of mucosal
healing[95]. Intervening before the development of neoplasia might be promising method to decrease cancer and
prevent colectomy.
5-ASA
5-ASA, the nuclear kappa-B pathway inhibitor, is a first
line agent for anti-inflammatory therapy[96]. Continuing
inflammation is a plausible mechanism causing malignant
transformation; therefore, anti-inflammatory therapy
might be useful for chemoprevention in UC patients.
5-ASA reduces oxidative stress, inhibits cell proliferation
and promotes apoptosis[96]. Most reports indicated that
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5-ASA reduces the risk of CRC in chronic ulcerative colitis[34,35,97,98]; however, a few did not. A meta-analysis performed by Herrinton et al[85] showed a protective association between the use of 5-ASA and CRC or a combined
end point of CRC/dysplasia: in a pooled analysis of 334
CRC cases among patients with UC, regular use of 5-ASA
reduced the risk of CRC by approximately 50%, similar to the regular use of nonsteroidal anti-inflammatory
drugs (NSAIDs) in patients without UC[99]. In contrast,
several studies did not find any chemopreventive effect of
5-ASA[100-102].
Ursodeoxycholic acid
Ursodeoxycholic acid (UDCA) may be a practical chemoprevention against colonic exposure to bile acid in
patients with PSC[103]. UDCA use was closely associated
with decreased prevalence of neoplasia because UDCA
reduces the colonic concentration of the secondary
bile acid as a carcinogen[104,105]. It has been reported that
UDCA reduced the risk of CRC in PSC patients with
IBD by 80%[103].
Steroids, aspirin, NSAIDs
There are several studies that suggest steroids, aspirin,
and NSAIDs may reduce the incidence and mortality of
CRC in UC[34,35,106].
Total colectomy
The cumulative CRC risk in patients with UC is 30%-40%
at 20-30 years after onset of disease, which might suggest that total colectomy is recommend after 15 years of
disease in patients with UC. However, the role for prophylactic colectomy in patients with IBD remains controversial.

FUTURE DIRECTION
Accumulating studies about UC-CRC suggest that control of long-term background inflammation and mucosal
damage is vital. The use of maintenance chronic ulcerative colitis therapies could be an important strategy for
reducing CRC risk in UC patients. Inflammatory stresses,
such as reactive oxygen species and some free radicals,
have been considered to cause genetic damages of UC
epithelium. UC-CRC shows characteristic clinicopathological features. Analysis of the correlation between these
genetic features and clinicopathological features might be
useful to develop new therapies and to reduce the risk of
UC-CRC in the future.
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Abstract
The evaluation of therapeutic efficacy is necessary
to predict the outcome of patients with metastatic
colorectal cancer (CRC). In these patients, there is a
critical need for predictive chemosensitivity assays and
biomarkers to optimize efficacy and minimize toxicity.
The introduction of targeted agents has improved the
progression-free survival and overall survival of patients
with metastatic disease. However, approximately 50%
of patients do not show a positive response to chemotherapy and the selection of patients likely to respond
to a specific regimen remains challenging. Cell culturebased chemosensitivity tests use autologous viable
tumor cells to evaluate susceptibility to specific agents
in vitro and predict their direct effects. Adenosine triphosphate-based assays and methyl thiazolyl-diphenyltetrazolium bromide-based assays are used widely as

WJG|www.wjgnet.com

sensitivity tests because of their short assay period,
technical simplicity, and the requirement of small
amount of specimen. Among protein- and gene-based
chemosensitivity assays, assessment of KRAS mutation
status predicts the response to epidermal growth factor
receptor-targeted therapy in CRC patients. The validation of predictive and prognostic markers enables the
selection of therapeutic regimens with optimal efficacy
and minimal toxicity for each patient, which has been
termed personalized treatment. This review summarizes currently available predictive and prognostic chemosensitivity tests for metastatic CRC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal adenocarcinomas; Colorectal
cancer; Chemotherapy; In vitro assays; Molecular targeted therapy; Individualized therapy
Core tip: This review summarizes currently available
predictive and prognostic chemosensitivity tests and
biomarkers in terms of cell culture, protein, and gene.
Cell culture-based chemosensitivity tests are used widely in clinical practice because of their short assay period, technical simplicity, and the requirement of small
amount of specimen. Among protein- and gene-based
chemosensitivity assays, assessment of KRAS mutation
status predicts the response to epidermal growth factor
receptor-targeted therapy in colorectal cancer patients.
Yoon YS, Kim JC. Recent applications of chemosensitivity tests
for colorectal cancer treatment. World J Gastroenterol 2014;
20(44): 16398-16408 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i44/16398.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i44.16398

INTRODUCTION
Colorectal cancer (CRC) is the third most common can-
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cer and the fourth most frequent cause of cancer death
worldwide[1]. CRC develops as a consequence of accumulated genetic and epigenetic alterations that result in the
loss of tumor suppressor genes and activation of oncogenes.
The response to chemotherapy varies among patients,
with objective tumor response rates to standard chemotherapy regimens of 30%-40% in patients with metastatic
CRC. Therefore, a reliable method to determine the sensitivity or resistance of tumors to specific chemotherapy
agents would be useful in clinical practice. For this purpose, cell culture-based chemosensitivity tests have been
investigated for more than 30 years; however, their use
is limited by technical issues, a low success rate for primary culture, length of time required, and poor correlation with clinical response. To overcome these obstacles,
gene- and protein-based chemosensitivity tests have been
investigated, and certain gene alterations have been identified that are predictive of clinical drug response.
In the present review, we discuss recent advances in
cell culture-based chemosensitivity tests and the identification of genomic alterations as biomarkers for the
design of efficient chemotherapy regimens for CRC patients.

CELL CULTURE-BASED
CHEMOSENSITIVITY TESTS
In cell culture-based chemosensitivity tests, autologous
viable tumor cells are evaluated to determine the susceptibility of that tumor to specific agents in vitro and to predict the response to therapy. Although cell culture-based
chemosensitivity tests have been investigated extensively,
they are not widely used because of technical problems,
a low success rate for primary culture, length of time required, and poor correlation with clinical response[2]. In
2004, the American Society of Clinical Oncology (ASCO)
stated that the use of in vitro drug response assays to
select chemotherapeutic agents for individual patients is
not recommended outside of the clinical trial setting[3].
In a 2011 update, no changes were made to the original
ASCO guidelines because of insufficient evidence to support the use of these assays in clinical practice[4]. Several
in vitro chemosensitivity and drug resistance assays have
been developed, including the human tumor cloning assay, differential staining toxicity, adenosine triphosphate
(ATP)-based and methyl thiazolyl-diphenyl-tetrazolium
bromide (MTT) assays, histoculture drug response assay
(HDRA), and extreme drug response assay (EDRA)[3,5].
Among these assays, ATP-based and MTT assays are
commonly used as simple sensitivity tests. The advantages of these assays are a short assay period, technical simplicity and the requirement of a relatively small amount
of specimen[6,7]. Table 1 describes cell culture-based in
vitro assays that have been recently used in clinical trials
of human solid cancers.
ATP-based assay
The ATP-based assay is a sensitive cytometric assay that
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evaluates tumor cell viability by measuring the intracellular ATP levels of drug-exposed cells and untreated
controls[8]. This test has several advantages over other
cell-based assays, including higher sensitivity for predicting cell viability, accurate distinction between cancer cells
and normal cells and the requirement of a small number
of cells[9]. The ATP-based chemotherapy response assay
(ATP-CRA) is an improved method in which the proliferation of normal cells in tumor tissues can be inhibited
through the use of ultralow attachment culture plates;
this assay does not require large amounts of specimen
and has a relatively short test turnaround time[10]. Several
preclinical and clinical studies have shown the feasibility and good treatment outcomes of ATP-CRA-guided
chemotherapy in ovarian, breast, stomach, and lung cancer[11-14].
Differences in the chemosensitivity of CRC patients
to several anticancer drugs, including 5-fluorouracil
(5-FU), oxaliplatin, and irinotecan have been investigated
in preclinical studies[15,16]. The only clinical study was reported by Hur et al[6] who showed that ATP-CRA could
improve treatment response and resectability in initially
unresectable colorectal liver metastasis. In their study,
the authors showed that the ATP-CRA guided chemotherapy group showed better treatment response (48.4%
vs 21.9%, P = 0.027) and a higher rate of resectability of
hepatic lesions (35.5% vs 12.5%, P = 0.032). However,
multi-institutional randomized controlled trials are needed to validate the use of ATP-CRA for individualized
chemotherapy in CRCs.
MTT assay and histoculture drug response assay
The MTT assay is a high throughput (96-well plates)
method for the quantification of viable cells without the
need for elaborate cell counting. It is commonly used
to determine the cytotoxicity of drugs at different concentrations. The principle of the MTT assay is that mitochondrial activity remains constant in viable cells, and
therefore an increase or decrease in the number of viable
cells is correlated with changes in mitochondrial activity. The mitochondrial activity of cells is reflected by the
conversion of the tetrazolium salt MTT into formazan
crystals, which can be solubilized. The absorbance of the
resulting solution, which indicates cell viability, is quantified by measuring the optical density (OD) at 540 and
720 nm using a plate reader. Presently, clinical correlation studies using the MTT assay have been reported for
breast and stomach cancers[17,18].
Hoffman et al[19] developed the HDRA and applied
it to the three-dimensional culture of tumor tissue fragments using a collagen gel matrix and an MTT end
point[20]. Several conventional drug sensitivity tests use
isolated tumor cells obtained after enzymatic digestion.
By contrast, the HDRA technique uses cancer tissue
fragments in which cells maintain their native architecture and can grow in three dimensions. This enables the
maintenance of intercellular contacts and interactions
with stromal cells. The HDRA thus enables assessment
of the sensitivity of tumor cells to anticancer drugs un-
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Table 1 Overview of the cell culture-based chemosensitivity tests
Name

Studied tumor type

MTT[17,18]

Breast and stomach

HDRA[5,21,22]

ATP[6,11-14]

EDRA[26,31]

Description

The MTT assay measures mitochondrial activity and is most often used to detect loss of cell survival/cell viability in
response to a drug or toxin. Tumor cell suspensions are cultured with various chemotherapy agents for 3-4 d and then
exposed to the MTT reagent; because it reduces intracellularly to a blue dye, the intensity of uptake yields an estimate
of the number of viable cells to determine drug sensitivity
Stomach, breast,
The HDRA uses cancer tissue fragments and three-dimensional cell culture, in which intercellular contacts and
ovary, and colon
interactions with stromal cells are maintained. Tumor specimens are cut into 1-mm3 pieces and put on a gelatin
sponge infiltrated with culture medium containing a test drug. After incubation for 3-7 d, cell viability is assessed
using the MTT assay
Ovary, breast,
The quantification of intracellular concentrations of ATP as a measure of cell survival has gained wide acceptance
stomach, and colon
for the evaluation of the medium and long-term cytotoxic effects of drugs (2-3 d). The assay is based on the
bioluminescent detection of cellular ATP and is extremely sensitive, allowing the measurement of ATP levels in a
single adherent or non-adherent mammalian cell
Ovary, breast, lung, After 3-5 d of culture, tumor cells obtained from fresh biopsy specimens are labeled with tritiated thymidine. The level
and colon
of uptake is tracked after exposure to chemotherapy drug concentrations that approximate the peak level achieved
clinically. Extreme resistance is identified when thymidine incorporation is inhibited in the presence of the drug by
less than one standard deviation of the median cell inhibition measured for several hundred reference tumor samples

MTT: Methyl thiazolyl-diphenyl-tetrazolium bromide; HDRA: Histoculture drug response assay; ATP: Adenosine triphosphate bioluminescence; EDRA:
Extreme drug resistance assay.

der conditions that mimic those of the in vivo environment[21]. The correlation rate of the HDRA to clinical
response was reported to range from 74% to 92.1% in
several studies of head and neck, gastric, and colorectal
cancers[5,22,23].
Recently, our group compared chemosensitivity assessed using the HDRA with the clinical response to
different treatment regimens in patients with advanced
CRC[7]. HDRAs were performed to assess the effect of
seven combinations of anticancer drugs, including 5-FU
with leucovorin (FL), FL with oxaliplatin (FOLFOX)
and with irinotecan (FOLFIRI), and their combinations with bevacizumab and cetuximab. The results of
324 HDRAs showed that tumor inhibition rates were
higher for FOLFOX (34.2%-39.2%) than for FOLFIRI
(24.2%-32.7%, P < 0.001). Evaluation of 86 chemotherapeutic regimens showed that the correlation rate
of HDRA to the clinical response to chemotherapy was
66.3% (57/86), with sensitivity and specificity values of
72.7% (40/55) and 54.7% (17/31), respectively. Despite
variations in accuracy, HDRA might be a feasible and
useful technique to predict chemosensitivity in individual
patients. Similar to the ATP-CRA, further randomized
multi-institutional studies are necessary to support the
routine clinical application of the HDRA.
Extreme drug response assay
The EDRA was developed by Kern et al[24] as an exclusion test to identify drugs unlikely to elicit a response.
According to the Bayesian theory, any laboratory assays
will be accurate only when the assays are extremely (>
98%) specific for drug resistance, concurrently with high
overall response rates. The EDRA measures inhibition
of DNA synthesis by calculating the rate of proliferating tumor cells plated in agar medium using a thymidine
incorporation methodology. The percent inhibition of
cellular thymidine incorporation (PCI) comparing the
quadruplicate negative and duplicate positive controls is
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calculated for each drug using a liquid scintillation counter. Tumor specimens are classified as exhibiting extreme
drug resistant (EDR) to an agent when the PCI result is
more than one standard deviation below the median PCI
for examining drug[25]. Kern et al[24] reviewed 450 correlations between EDRA results and clinical response over
an 8-year period and identified EDR with > 99% specificity. The EDRA has been used to identify patients with
therapeutic failure and relapse in various types of tumors
including ovary, breast, and lung cancers[26-29].
In CRC, Fan et al [30] analyzed the outcomes of
EDRAs in 102 CRC patients treated with 5-FU single
chemotherapy using cell viability and ATP assays. In the
clinical correlation of 25 Dukes’ D patients with EDRA,
the sensitivity and specificity of the assay were 100% and
95%, respectively. Recently, Mechetner et al[31] analyzed
the results of EDRA performed in 4854 CRC specimens
and showed that primary and metastatic tumors showing
EDR to FL had up to 58% cross-resistance to a variety
of chemotherapy agents, with the lowest percentages
for oxaliplatin (11% and 8%, respectively) and irinotecan
(16% and 14%, respectively). Approximately 20% of
tumors showed EDR to either FOLFOX or FOLFIRI.
They concluded that the results of the EDRA obtained
at initial diagnosis may be useful for the selection of
therapeutic regimens for metastatic disease.

GENE-AND PROTEIN-BASED
CHEMOSENSITIVITY TESTS
Molecular markers of fluoropyrimidines
Thymidylate synthase: The gene expressions of thymidylate synthase (TS), dihydropyrimidine dehydrogenase
(DPD), and thymidine phosphorylase (TP) play a key
role in 5-FU resistance. TS, an essential enzyme for DNA
synthesis, is the target of 5-FU. Despite controversial
results[32,33], many studies and meta-analyses have shown
that the downregulation of intra-tumoral TS protein
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Table 2 Protein and gene-based chemosensitivity tests in colorectal cancer
Marker

Target chemotherapy drug

TS[34,35]
DPD[33,35]
TP[39]
UGT1A1[49]

5-FU
5-FU
5-FU
Irinotecan

ERCC1[54]

Oxaliplatin

KRAS[65-69]
NRAS[72]
BRAF[74-77]

Anti-EGFR
Anti-EGFR
Anti-EGFR

Function

Change

Essential enzyme for DNA synthesis
TS expression ↓
Degradation of 5-FU
DPD expression ↓
Activation of 5-FU (from 5’-DFUR to 5-FU)
Stromal TP expression ↑
Degradation of the active metabolite of
Polymorphism of UGT1A
irinotecan (SN-38)
(UGT1A1*28)
Excision nuclease that repairs platinumERCC1 expression ↓
induced DNA adducts
Proto-oncogene in the EGFR signaling pathway
Mutation of the KRAS gene
Proto-oncogene in the EGFR signaling pathway
Mutation of the NRAS gene
Signaling gene acting downstream of KRAS Mutation of the BRAF gene (V600E)

Consequence
1

Chemotherapy response ↑
1
Chemotherapy response ↑
1
Chemotherapy response ↑
Irinotecan toxicity↑
1

Chemotherapy response ↑

Chemotherapy response↓
Chemotherapy response↓
Chemotherapy response↓

1

Chemotherapy responses of these markers are generally inconsistent without strong evidences. TS: Thymidylate synthase; 5-FU: 5-fluoropyrimidine;
DPD: Dihydropyrimidine dehydrogenase; TP: Thymidine phosphorylase; 5’-DFUR: 5’-Deoxy-5-fluorouridine; UGT1A1: Uridine diphosphate
glucuronosyltransferase 1A1; ERCC1: Excision repair cross-complementation group 1; anti-EGFR: Anti-epidermal growth factor receptor (cetuximab or
panitumumab).

and mRNA expression is a strong prognostic marker for
the response to 5-FU based chemotherapy regimens in
CRC[34,35] (Table 2).
DPD: DPD catalyzes the first and rate-limiting step of
the pyrimidine catabolic pathway. DPD is also responsible for the degradation of 5-FU and influences the antitumor and adverse effects of 5-FU. High intratumoral
DPD activity markedly decreases the cytotoxic effect of
5-FU. Despite its low incidence, DPD deficiency is associated with severe adverse effects after 5-FU-based chemotherapy and can result in death mainly from infectious
disease due to neutropenia[36]. DPD protein and mRNA
expression is a strong prognostic marker of the response
to 5-FU based chemotherapy regimens in CRC[33,35].
TP: TP is a key enzyme involved in the synthesis and
degradation of pyrimidine nucleotides. The antiapoptotic
and angiogenic effects of TP are closely related to the
growth and metastasis of CRC. In addition, TP is a key
enzyme in the activation pathway of the 5-FU prodrug
5’-deoxy-5-fluorouridine (5’-DFUR) to 5-FU[37]. The expression of TP in CRC has a dual function. High expression of TP is associated with poor prognosis in patients
with CRC, as indicated by increased infiltration, growth,
and tumor metastasis. However, the upregulation of TP
expression in CRC tissues improves the curative effect
of 5-FU, which is important in the treatment of CRC.
Therefore, the up- and down-regulation of TP expression in tissues plays an important role in the emergence
and development of tumors and may affect prognostic
and therapeutic indices. Despite conflicting results regarding the association between TP expression and prognosis[37-39], TP serves as an indicator of angiogenic potential and plays an important role in cancer chemotherapy
as a target for antiangiogenic agents and as an activating
enzyme of 5-FU prodrugs[40].
Single-nucleotide polymorphisms: Genome-wide
single nucleotide polymorphism (SNP) analysis may
represent a promising approach for the identification of
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new predictive biomarkers for clinical application. The
chemosensitive SNP markers GPC5 rs553717 (AA),
SSTR4 rs2567608 (AA) and EPHA7 rs2278107 (TT)
were identified through a three step process consisting of in vitro screening, identification, and validation[41].
These candidate markers are significantly correlated with
recurrence or chemoresponsiveness in patients receiving
fluoropyrimidine-based adjuvant chemotherapy. Recently,
our group identified two chemosensitive SNP markers
for chemoradiation (CRT) therapy in patients with low
lying rectal cancer. Two candidate markers, CORO2A
rs1985859 and FAM101A rs7955740, may be of value for
the prediction of radiosensitivity to preoperative CRT,
although further validation is needed in large cohorts[42].
Molecular markers of irinotecan
Uridine diphosphate glucuronosyltransferase 1A1:
Irinotecan (CPT-11) is an inhibitor of DNA topoisomerase I that is widely used in the treatment of CRC. Irinotecan is metabolized to its active metabolite, SN-38, which
is 1000 times more active than the unmodified drug. The
major route of SN-38 elimination is via glucuronidation
by uridine diphosphate glucuronosyltransferase 1A1
(UGT1A1), an essential enzyme involved in the complex
metabolism of irinotecan. UGT1A1*28 is a common allele with seven TA repeats in the promoter of UGT1A1
compared with the wild-type allele (UGT1A1*1) with
six repeats. A seven-repeat allele is associated with decreased transcription and expression of UGT1A1 and
reduced enzymatic activity, which lead to higher or
more prolonged exposure to SN-38. Investigation of
the variant UGT1A1*28 showed that the homozygous
variant allele is associated with a significantly increased
risk for myelosuppression and gastrointestinal toxicities
in patients treated with irinotecan[43]. The frequency of
UGT1A1*28 is very low in Asians compared with that
in Caucasian[44,45]. Another polymorphism, UGT1A1*6,
characterized by replacing single nucleotide in exon1 of
UGT1A1, has been also considered to be related with reduced SN-38 glucuronidation activity and bears a higher
allele frequency in Asians than Caucasians[45]. A recent
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meta-analysis of 11 studies revealed that UGT1A1*6
polymorphisms is also potential biomarkers predicting
irinotecan-induced severe toxicity in Asians in addition
to UGT1A1*28[46]. Studies investigating the efficacy of
irinotecan in CRC patients bearing different UGT1A1*28
genotypes have yielded conflicting results that are difficult to interpret because of small sample sizes and the
associated poor statistical power[47]. Overall, UGT1A1
genotypes predict severe neutropenia and diarrhea, but
not treatment efficacy[48,49].
Molecular markers of oxaliplatin
Excision repair cross-complementation group 1: Oxaliplatin is a platinum analogue that differs from cisplatin
by the presence of a diaminocyclohexane ligand in its
chemical structure. Excision repair cross-complementation group 1 (ERCC1) is an excision nuclease within the
nucleotide excision repair (NER) pathway that plays a
major role in the repair of platinum-induced DNA adducts. Overexpression of ERCC1 has been reported in
cisplatin-resistant cancer cell lines[50]. Downregulation of
ERCC1 expression in tumor tissues is associated with favorable overall survival in advanced CRC patients treated
with oxaliplatin-based chemotherapy[51]. However, clinical
correlations between ERCC1 polymorphisms and poor
oncologic outcomes have been reported[52,53]. In a recent
study, immunohistochemical analysis showed a correlation between negative expression of the ERCC1 protein
and favorable overall survival and low recurrence rates[54].
However, the precise role of ERCC1 expression needs to
be validated in further studies.
Molecular markers of EGFR-targeted treatment
The monoclonal antibodies cetuximab and panitumumab, which target the epidermal growth factor receptor
(EGFR), have expanded the range of treatment options
for metastatic CRC[55]. EGFR and downstream signaling
pathways are activated by several mechanisms, including
overexpression of the receptor, overexpression of the ligand, activating mutation of the receptor, or inactivation
of tumor suppressor genes. EGFR ligands, the receptor itself, and the downstream signaling molecules, such
as KRAS, NRAS, BRAF, PIK3CA, and its suppressor
PTEN, have all been examined as potential effectors of
resistance to EGFR-targeted therapy[56]. The mutation
status of signaling molecules downstream of the EGFR
target may predict the clinical response to EGFR-targeted
therapies.
EGFR ligands: EGFR ligands, such as amphiregulin and
epiregulin, may stimulate EGFR through an autocrine or
paracrine loop with positive feedback[57]. Amphiregulin
and epiregulin are coregulated by binding to the same
receptor. Accordingly, similar prognostic or predictive effects would be expected. Despite inconsistent results[58],
many studies reported that increased expression of genes
encoding amphiregulin and epiregulin strongly associated
with increased therapeutic benefit from cetuximab in
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metastatic CRC patients with KRAS wild-type[59-62]. Although previous data have shown similar results for amphiregulin and epiregulin, epiregulin is recently favored as
a better predictor[58,63]. Further researches confirming the
usefulness of these candidate markers are needed.
KRAS: Activating mutations in the KRAS oncogene, located on the short arm of chromosome 12, are commonly associated with progression from a benign adenoma to
a dysplastic adenocarcinoma and occur in 30%-40% of
CRCs[64]. The value of KRAS as a predictive biomarker
for anti-EGFR therapy has been demonstrated, as mutations of this gene result in the activation of the EGFR
pathway. In 2006, Lièvre et al[65] showed that whereas all
patients who responded to cetuximab presented with
wild-type KRAS, 68% of non-responders showed mutations in this gene. Phase Ⅲ CRYSTAL and phase Ⅱ
OPUS trials showed the benefit of cetuximab in metastatic CRC patients treated with FOLFIRI and FOLFOX,
respectively[66,67]. These findings were confirmed in many
other studies[68,69]. Currently, the presence of the wildtype form of KRAS is considered a positive predictive
marker of response to EGFR inhibitor therapy. KRAS
mutations are associated with lack of treatment response
and a reduction in median progression-free survival (PFS)
in patients treated with cetuximab/panitumumab alone
or in combination with chemotherapy. The results of
several clinical trials have led to the recommendation of
KRAS mutational screening of codons 12 and 13 in patients with metastatic CRC[70].
NRAS: NRAS mutations, which occur in a smaller percentage (approximately 5%) of patients than KRAS mutations, arise at a later stage in the development of CRC
and suppress apoptosis[71]. A recent PRIME trial showed
that extended RAS mutations including NRAS exons 2,
3, or 4 were associated with inferior PFS and overall survival after panitumumab-FOLFOX4 treatment[72]. Therefore, NRAS mutational screening should be considered
in terms of its low incidence and time-cost benefits.
BRAF: An activating mutation (V600E) of the KRAS
downstream signaling protein BRAF is present in
3%-12% of CRC patients[73]. BRAF mutations are mutually exclusive of KRAS mutations in CRC [68]. The
negative prognostic value of BRAF mutations in KRAS
wild-type patients treated with anti-EGFR therapy was
demonstrated in several studies[74-77]. A recent pooled
analysis of the CRYSTAL and OPUS trials confirmed
that BRAF mutation is not a predictive marker for response of cetuximab in combination chemotherapy but
shows as a negative prognostic marker[78]. Although evidence is still insufficient to demonstrate an actual association of BRAF mutations with non-responsiveness to
anti-EGFR therapy, BRAF genetic screening is recommended by National Comprehensive Cancer Network
in patients with KRAS wild-type before anti-EGFR
therapy.

16402

November 28, 2014|Volume 20|Issue 44|

Yoon YS et al . Chemosensitivity tests for colon cancer

PI3K/PTEN: Another major downstream signaling
pathway activated by EGFR in addition to the KRASBRAF-MAPK pathway is the PI3K/PTEN/AKT signaling pathway. PIK3CA can be dysregulated by activating
mutations in the PIK3CA p110 subunit or through
inactivation of the tumor suppressor phosphatase and
tensin homologue (PTEN) phosphatase. PIK3CA and
PTEN mutations can coexist with KRAS and BRAF
mutations[79,80]. The clinical impact of PTEN protein expression and PIK3CA mutations remains controversial.
Sartore-Bianchi et al[81] showed that PIK3CA mutations
and PTEN loss in CRCs are significantly associated
with lack of response to panitumumab or cetuximab
treatment. However, Prenen et al[82] reported no strong
rationale for using PIK3CA mutations as a single marker
for sensitivity to cetuximab in chemotherapy-refractory
metastatic CRC. A recent randomized controlled trial also
showed that neither PIK3CA mutation status nor PTEN
expression are prognostic or predictive of response to
cetuximab[83]. Further studies are needed to confirm the
usefulness of these candidate markers.

well established as indicators of poor prognosis[90], data
regarding the predictive effect of baseline VEGF-A levels have largely been inconsistent[91]. A recent study demonstrated that an early increase of plasma VEGF-A level
after the initial decrease is a potential predictive marker
of a poor response and reactive resistance to bevacizumab[92]. The predictive value of VEGF-A to bevacizumab
will be evaluated in the phase Ⅲ MERiDiAN trial (opening in 2012).

SNP: Patients carrying the GG genotype at DFNB31
rs2274159 or LIFR rs3729740 are more sensitive to cetuximab-containing regimens than those carrying at least
one A allele[84]. Cell lines transfected with the G allele at
LIFR rs3729740 and the C allele at ISX rs361863 showed
higher sensitivity to cetuximab-containing regimens than
those with the A and T alleles. Recently, a clinical association study conducted by our group showed that patients
homozygous for the wild-type alleles (GG) of LIFR
rs3729740 exhibited a 1.9 times greater overall response
rate and 1.4 mo longer PFS than those homozygous or
heterozygous for the mutant allele[85].

SNP: Several SNP markers have been identified as markers of chemosensitivity to bevacizumab therapy. Koutras
et al[98] reported that the VEGF-1154 GG genotype was
a significant adverse prognostic factor for overall survival
in patients with metastatic CRC receiving irinotecanbased chemotherapy plus bevacizumab. Recently, Loupakis et al[99] showed that VEGFR-2 rs12505758 C-variants
were associated with shorter PFS [HR = 1.36 (1.05-1.75),
P = 0.015] compared to T/T variants. Our group found
that patients carrying the TT genotype at ANXA11
rs1049550 or at least one G allele at LINS1 rs11247226
were more sensitive to bevacizumab therapy than those
carrying at least one C allele or the AA genotype[84]. In a
recent clinical association study, we showed that the TT
genotype at ANXA11 rs1049550 was correlated with increased sensitivity to bevacizumab[85]. These data indicate
that SNP analysis may represent a promising approach
for the identification of novel predictive biomarkers for
clinical application.

Molecular markers for VEGF targeted treatment
Vascular endothelial growth factor (VEGF) and its receptors VEGFR-1, VEGFR-2, and VEGFR-3 are intimately
involved in cell migration and proliferation and promote
endothelial cell survival and protection against endothelial cell apoptosis and senescence[86]. Bevacizumab is a recombinant humanized monoclonal IgG1 antibody against
VEGF-A that decreases the availability of free circulating
VEGF-A, preventing receptor activation. Hurwitz et al[87]
showed that bevacizumab significantly improved overall
survival in patients with metastatic CRC[87]. Although certain candidate markers have been identified, no efficient
chemotherapy marker for bevacizumab-based regimens
has been established.
Plasma VEGF-A: The measurement of concentrations
of circulating protein is an attractive biomarker strategy,
as blood is easily accessible, the assays are inexpensive,
and the proteins may be readily and quantitatively measured by automated methods[88]. Plasma VEGF levels
have been proposed to reflect VEGF-dependent tumor
angiogenesis, and might predict benefit from bevacizumab[89]. Although increased plasma VEGF-A levels are
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Neuropilin-1: Neuropilin-1 (NRP1) is a VEGF coreceptor that enhances VEGF binding to VEGFR-2,
VEGFR-2 phosphorylation, and VEGF-induced signaling and migration[93]. Preclinical data suggest that NRP1
is a valid anticancer target which has roles in both the
proliferation of tumor cells and pathological angiogenesis[94,95]. In gastric and breast cancers, tumor NRP1
expression was identified as a potential predictor of
bevacizumab efficacy[96,97]. Despite insufficient data for
CRC, tumor NRP1 expression appears as a promising
biomarker for anti-angiogenic therapy.

CD133: CD133, a surface protein widely used for the
isolation of colon cancer stem cells, is associated with
tumor angiogenesis and recurrence. Pohl et al[100] showed
that patients with high gene expression levels of CD113
(> 7.76) showed a significantly greater tumor response
(RR = 86%) than patients with low expression levels (≤
7.76, RR = 38%, adjusted P = 0.003), independent of the
expression of VEGF or its receptor. Combined analyses
of two CD113 polymorphisms (rs2286455 and rs3130)
showed a significant association with PFS (18.5 mo vs 9.8
mo, P = 0.004) in multivariate analysis as an independent
prognostic factor for PFS (adjusted P = 0.002)[100].

CONCLUSION
Although cell culture-based chemosensitivity tests have

16403

November 28, 2014|Volume 20|Issue 44|

Yoon YS et al . Chemosensitivity tests for colon cancer

been investigated extensively, consistent results have not
been achieved mainly because of technical problems and
variable clinical correlations. Certain in vitro sensitivity
tests, including ATP- and MTT-based assays, have recently been used in clinical practice, although validation
in large and well-controlled cohorts is necessary. Further
development of these chemosensitivity assays may enable the accurate prediction of sensitivity or resistance to
chemotherapy drugs. Regarding protein- and gene-based
chemosensitivity assays, assessment of KRAS mutation status to predict the efficacy of antibodies targeting
EGFR in patients with metastatic CRC is an important
step. In addition, gene expression-based panels aimed at
determining the risk of relapse in elderly and marginal
patients who are more sensitive to chemotherapy may
represent a valuable clinical tool[101]. Although many potential biomarkers have recently been reported, few have
emerged as clinically useful, mainly because of limited
reproducibility, technical faults, and their assessment in
small and heterogeneous cohorts. The two types of chemosensitivity tests, in vitro assays and molecular markers,
could be used in combination for an accurate prediction
of the clinical response to chemotherapy. The development of novel cell-based assays and genomic technologies could usher in an era of personalized molecular
medicine in which patients will be accurately stratified
based on their specific molecular profile.
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tive HCV viremia after antiviral treatment have better
survival. Many studies published over recent years have
shown that antiviral treatment of post-transplant HCV
hepatitis carried out during the late phase is the best
option for improving the prognosis of these patients.
Until 2011, PEGylated interferon plus ribavirin was the
standard of care, resulting in a sustained virological
response in around 30% of recipients. The addition of
protease inhibitors, such as boceprevir or telaprevir, to
the standard of care, or the use of other direct-acting
antiviral drugs may involve therapeutic changes in the
context of HCV recurrence. This may result a better
prognosis for these patients, particularly those with severe recurrence or factors predicting rapid progression
of fibrosis. However, the use of these agents in LT still
requires clarification in terms of safety and efficacy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
Chronic hepatitis C virus (HCV) infection is the leading
cause of death from liver disease and the leading indication for liver transplantation (LT) in the United States
and western Europe. LT represents the best therapeutic alternative for patients with advanced chronic liver
disease caused by HCV or those who develop hepatocarcinoma. Reinfection by HCV of the graft is universal
and occurs in 95% of transplant patients. This reinfection can compromise graft function and patient survival.
In a few cases, the histological recurrence is minimal
and non-progressive; however, in most patients it follows a more rapid course than in immunocompetent
persons, and frequently evolves into cirrhosis with
graft loss. In fact, the five-year and ten-year survival
of patients transplanted because of HCV are 75% and
68%, respectively, compared with 85% and 78% in
patients transplanted for other reasons. There is also
a pattern of recurrence that is very severe, but rare (<
10%), called fibrosing cholestatic hepatitis, which often
involves rapid graft loss. Patients who present a nega-
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Core tip: Chronic hepatitis C virus (HCV) infection is the
reason for about 50% of liver transplants in the western world. Reinfection of the graft is universal and can
compromise graft function and patient survival. The development of an efficient antiviral therapeutic strategy
has been the focus of clinical research in recent years,
including when, how much and at what point this treatment should be applied. The introduction of new drugs
for the treatment of chronic HCV hepatitis may involve
therapeutic changes and, perhaps, a better prognosis
for these patients, particularly those with severe recurrence or factors predicting rapid progression of fibrosis.
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INTRODUCTION
Chronic hepatitis C virus (HCV) infection is the leading
cause of death from liver disease and the leading indication for liver transplantation (LT) in the United States and
western Europe[1,2]. lt represents the best therapeutic alternative for patients with advanced chronic liver disease
because of HCV or those who develop hepatocarcinoma.
HCV reinfection of the graft is universal and occurs in 95% of transplant patients. This reinfection can
compromise graft function and patient survival. In a few
cases, the histological recurrence is minimal and nonprogressive; however, in most patients, it follows a more
rapid course than in immunocompetent persons, and frequently evolves to cirrhosis with graft loss. The five-year
and ten-year survival of patients transplanted because of
HCV is 75% and 68%, respectively, compared with 85%
and 78% in patients transplanted for other reasons[3].
There is also a pattern of recurrence that is very severe,
but rare (< 10%), called fibrosing cholestatic hepatitis,
which often involves rapid graft loss[4]. Those patients
who present a negative HCV viremia after antiviral treatment have better survival[5].
Many studies published over recent years have shown
that antiviral treatment of post-transplant HCV hepatitis
carried out during the late phase is the best option for
improving the prognosis of these patients. Until 2011,
PEGylated interferon plus ribavirin was the standard of
care, resulting in a sustained virological response (SVR)
in around 30% of recipients[6].
The addition of protease inhibitors (PI), such as boceprevir or telaprevir, to the standard of care or the use
of other direct-acting antiviral (DAA) drugs may involve
therapeutic changes in the context of HCV recurrence.
This may result in a better prognosis for these patients,
particularly those with severe recurrence or factors predicting rapid progression of fibrosis[7]. However, the use
of these agents in LT still requires clarification in terms
of safety and efficacy.

Natural history of hepatitis C
recurrence after lt
Recurrence of HCV post transplantation
Viral infection recurs in almost all cases and occurs immediately after the graft reperfusion phase. The diagnosis
of viral recurrence is purely virological and is established
by detection in serum of HCV RNA using polymerase
chain reaction (PCR) techniques. The levels of viremia
are generally far higher than those existing before the
transplant[8]. However, the diagnosis of relapse of hepatitis or disease in the graft is based on histological findings.
Pathophysiologically, two patterns of recurrence can
be distinguished: (1) a pattern of chronic HCV hepati-
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tis similar to that seen in non-transplanted patients, but
with a faster course, reaching states of advanced fibrosis
or cirrhosis in a shorter time (9-12 years vs 20-50 years);
and (2) fibrosing cholestatic hepatitis, which is less common (3%-5%) but very severe, and generally appears in
the context of intense immunosuppression. It can present as an initial manifestation of disease relapse or, less
commonly, in the context of recurrent chronic hepatitis.
Fibrosing cholestatic hepatitis is characterized by marked
jaundice with cholestasis and high titers of viremia. This
form usually progresses rapidly to acute liver failure, with
graft loss soon after.
Histological confirmation is necessary to establish
the diagnosis of HCV recurrence, as well as enabling
assessment of the degree of activity and a periodic
follow-up of histological disease progression. This not
only provides information about the prognosis, but also
establishes the differential diagnosis with other complications, such as rejection, biliary disease or vascular problems[4,9-11].
A new non-invasive technique, hepatic elastography,
has become available recently, which appears to correlate
well with the stage of fibrosis. This technique can detect
an important degree of fibrosis (F ≥ 2) from the sixth
month after transplantation, and has an excellent diagnostic capacity at 12 mo post-transplantation[12].
Clinical course of HCV recurrence
The histological involvement of the graft and the natural
history of recurrence both vary, with different presenting
forms. Post-transplant reinfection with HCV is associated
with greater aggressiveness than in immunocompetent
patients[13,14].
At around the fifth month after transplantation, acute
hepatitis occurs, which is generally asymptomatic in 50%
of patients. Histologically it presents characteristics of
lobular hepatitis with varying degrees of inflammatory
infiltrate in the portal space, mainly of lymphocytes and
macrovesicular steatosis, similar to the histological pattern
found in acute hepatitis in immunocompetent patients.
Of those patients who experience relapse of their
HCV infection after LT, 20% have histological lesions
compatible with mild chronic hepatitis 5 years posttransplantation. The others experience a more important
chronic evolution. The progression to hepatic cirrhosis
occurs in 30% of these patients after 5 to 7 years posttransplant, and is much faster than in immunocompetent
persons[15].
The progression of fibrosis is much more accelerated
in those patients who receive their transplants because
of HCV infection and who have a recurrence of the disease: up to five times faster than in immunocompetent
persons. Accordingly, the cirrhosis evolves earlier, with an
average of 10 years compared with 20-30 years for immunocompetent persons with chronic HCV infection[15,16].
Once cirrhosis is reached, 40%-50% of transplanted
patients will experience their first decompensation within
one year. Survival after this first episode of decompensa-
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tion is 50%[14,16].
Factors influencing the recurrence of HCV and graft
survival
The course of post-transplant hepatitis C is determined
by the interaction of different factors that affect the severity and timing of HCV recurrence.
Pre-transplant factors - donor and host related: Certain pre-transplant factors in the recipient are associated
with worse evolution, including female sex, older age,
and the presence of diabetes or metabolic syndrome[17-21].
HCV has a reciprocal relation with insulin resistance, in
both transplanted and non-transplanted persons: HCV
predisposes to insulin resistance, but insulin resistance
itself contributes to increasing the morbidity and mortality associated with HCV infection. Other pre-transplant
factors depend on the virus; for example, the genotypes
HCV 1b and 4, which are factors predicting a poor response to standard antiviral therapy, or a high pre-transplant viral load (especially above 1 million IU/ml)[22].
The absence of response to antiviral therapy and coinfection with HIV are associated with a worse prognosis[23].
Other factors related with the donor and the perioperative period can also affect the severity and the time
to relapse of post-transplant HCV infection, such as an
older donor age (> 50 years), a high degree of steatosis
in the donor liver, a prolonged ischemia time, a non-heart
beating donor, a living donor, preservation lesion, a partial split graft or anti-HCV positive donors, all of which
have been associated with a worse evolution[24-27].
Recent studies appear to show that polymorphisms in
the interleukin 28 B gene (IL-28B), in both the donor and
the recipient, may influence not only the response to antiviral therapy, but also the evolution of hepatitis C from
post-transplant HCV reinfection, with a worse evolution
in those with the genotypes CT and TT (of the polymorphism rs12979860) compared with the genotype CC[28,29].
Post-transplant metabolic syndrome: Patients who
received LT because of HCV who develop metabolic
syndrome (50% during the first year) present a greater
risk for fibrosis if they experience a recurrence of their
HCV in the graft. This is why it is necessary to start preventive measures, as well as maintain a strict control of
the post-transplant metabolic complications, particularly
diabetes[18,30,31].
Immunosuppression: Immunosuppression is one of
the factors that can cause recurrence of HCV, although
no direct relation has been found with any particular
therapeutic regimen[11]. Immunosuppression is associated
with greater replication of HCV, especially during the
early post-transplant period. It also results in a reduced
activation of the immune cellular system, vital for the defense against the virus, and a weakened response in cases
of severe recurrence, as in fibrosing cholestatic hepatitis[32,33].
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Steroids: Steroid administration, particularly high doses
in the form of a bolus to control severe rejection, is associated with greater severity of HCV recurrence[11,34]. This
explains why some authors defend the use of steroid-free
regimens, which also reduces the incidence of metabolic
complications, especially hyperglycemia[35,36]. However,
most transplant groups still use steroids in recipients who
have HCV, although with optimized doses. Rather than a
rapid taper, a slow taper is preferred in general practice[34].
Calcineurin inhibitors: The course of post-transplant
HCV is not related to the type of calcineurin inhibitor
given. Data are contradictory, and though no concrete
recommendation has yet been established, a valid option
is to begin tacrolimus immediately after transplantation,
converting to cyclosporine if treatment for HCV is required[37-39].
Other immunosuppressive agents: No evidence-based
recommendations exist concerning the influence of other
immunosuppressive drugs, such as azathioprine, mycophenolate or mTOR inhibitors.
In conclusion, the principal aim is to optimize the
treatment, avoiding over-immunosuppression[34]. On the
other hand, in the era of the new direct acting antiviral
(DAA) drugs against HCV, the choice of immunosuppressive agent will be affected not only by these considerations, but also by potential drug interactions.

Antiviral therapy strategies in
recurrent HCV infection
The main goal of antiviral treatment is the permanent
eradication of HCV and the achievement of a SVR. Additionally, antiviral therapy can also provide stabilization
of disease progression and prevention of graft loss even
in the absence of a virological response[40].
The treatment of HCV recurrence is similar to that
for non-transplanted patients, including the use of new
antiviral agents. However, there is no overall agreement
on patient selection or the treatment regimen, though it
may be similar to that used in immunocompetent persons[41].
Up to 50% of patients require treatment modification, with 25% even requiring withdrawal, as a result of
side effects, mainly a marked reduction in hemoglobin
(60%-80%), alterations in mood (10%) and asthenia
(60%-70%). Acute rejection occurs in around 6% of
treated patients, triggered mainly by PEGylated interferon. Less than 1% experience chronic rejection, which
occurs most commonly in recipients who have a better
response to antiviral treatment. In this situation, the rejection has been attributed to improved hepatic function
with the resulting change in metabolism of the immunosuppressive drugs, which could determine a reduction
in their blood levels[41,42]. Accordingly, close vigilance and
monitoring of the immunosuppression are necessary during treatment, as well as a histological study in the event
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5%-10%
No lesion or minimal lesions
Cirrhosis HCV

Pretransplant
antiviral
therapy

Transplant
recurrence of HCV:
About 100%
90%-95%

Early post-transplant
antiviral therapy
(“preemptive”)

Severe forms (e.g. , cirrhosis)
Variable time (30% at 5 yr)

Hepatitis
Onset: 4-12 wk

Late post-transplant
antiviral therapy
(treatment for established recurrent HCV)

Figure 1 Antiviral therapy strategies in recurrent hepatitis C virus infection. HCV: hepatitis C virus.

of unexplained laboratory findings.
Overall, different points of therapeutic intervention
have been used to attempt to prevent or eradicate HCV
infection in liver transplant patients (Figure 1).
Pre-transplant antiviral therapy
The aim of pre-transplant antiviral therapy is to inhibit
viral replication before transplantation, and lower HCV
viremia and its recurrence after LT. Nevertheless, many
patients with HCV on the transplant waiting list have advanced disease precludes them from antiviral treatment.
Thus, this treatment is only indicated in 50% of cases,
with just 40% of these able to have the optimal dose and
duration, which is associated with lower rates of viral
response. Nonetheless, this treatment results in 30% of
recipients reaching the transplantation process with no
detectable viral load, a state that minimizes the risk of
recurrence, although it does not completely prevent the
reappearance of the virus in the graft[43]. Accordingly,
before transplantation, all patients should be treated if
they have no liver decompensation, are in Child-Pugh A
and have a MELD < 18, provided there is no contraindication[44,45]. This poor tolerance to treatment in cirrhotic
patients has led to the concept of the low accelerating
dose regimen (LADR), which contemplates the introduction of antiviral treatment at minimal doses, increasing
the dose every 2 wk depending on tolerance, attempting
to reach the full dose[44].
HCV treatment after lt
Two treatment strategies can be adopted once the patient
has received the transplant.
Pre-emptive therapy: The aim of this strategy is to
eliminate HCV before the appearance of hepatic lesions.
The potential advantage of treating recipients at an early
stage, usually with from the first month, is the absence
of severe graft involvement or fibrosis. However, during this stage, the patients are still recovering from the
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surgery, are receiving multiple drugs and high doses of
immunosuppressors, and have a greater risk of rejection,
so that postponing antiviral therapy is recommended[46-49].
Although this treatment is effective in 1%-13% of cases,
35% of the patients who have this option require drug
withdrawal because of intolerance or side effects[49]. Recipients with a history of an aggressive infection or who
are coinfected may be candidates for early treatment, provided the presence of rejection is excluded.
Treatment delayed until after the recurrence of the
HCV: The most widely used strategy involves initiating antiviral therapy once the histological consequences
of HCV recurrence are detected by a histopathological
study of the graft. In this later state the recipient receives
fewer immunosuppressive agents and usually has a better clinical and analytical status, which permits antiviral
treatment to be optimized and is efficient in 20%-40%
of cases[5,42,50,51]. Even so, 28% of recipients require early
withdrawal of the treatment and 73% require the dose of
the antivirals to be minimized. This reduced exposure to
the treatment, together with a greater viral replication and
unfavorable genotypes, explain the reduced treatment response compared with non-transplanted patients[6]. Thus,
treatment strategies should be individualized, considering
patient comorbidity (renal failure, hyperglycemia), graft
function or a history of rejection, and the characteristics
of the HCV[52].
Factors predicting antiviral response in a patient who
undergoes LT because of HCV infection are similar to
those seen in immunocompetent patient. Factors associated with a worse response include advanced donor age,
advanced fibrosis, the presence of genotype 1, a high
initial viral load and the presence of metabolic syndrome.
Obtaining a rapid viral response (4 wk after starting antiviral therapy) and an early viral response at 12 wk of
treatment predict a sustained viral response, as seen with
HCV treatment in non-transplant patients[53,54].
Polymorphisms in interleukin (IL-28B) related with

16412

November 28, 2014|Volume 20|Issue 44|

Jiménez-Pérez M et al . Hepatitis C and liver transplantation

response to antiviral therapy in immunocompetent patients[55] are also related to response in transplant patients,
with similar results. The CC genotype is associated with
higher SVR rates[56]. Interestingly, a donor with the CC
genotype may partially restore sensitivity to treatment
in an unfavorable IL28B genotype recipient. This could
explain the lack of association between pre- and posttransplant treatment outcome[57]. Based on these findings,
a lack of response to antiviral treatment before a transplant should not prevent an attempt to re-treat HCV in
the same patient, particularly if the donor genotype is
different to that of the recipient[28].
Another important factor associated with a greater
sustained viral response concerns treatment adherence;
at least 80% compliance should be aimed for. The role
of baseline immunosuppression on viral response is still
under debate. The only prospective, randomized study
reported to date did not find significant differences in
SVR in patients treated with cyclosporine vs those treated
with tacrolimus[58].
The PHOENIX study observed an SVR in 22% of
patients treated with an early regimen as opposed to 21%
of patients who started treatment after confirmation of
the recurrence in the graft, with the former experiencing
a higher incidence of adverse reactions and treatment
withdrawal[59].
On the other hand, the role of maintenance therapy
in virological non-responders has not been adequately
assessed, especially in those who achieve clinical or histological benefit on hemodynamic, histological or elastography study, or in patients who normalize transaminases
during treatment[60].

Retransplantation for recurrent
HCV
In the United States, 30% of all liver retransplants occur
because of recurrence of HCV[1]. The International Liver
Transplantation Society Expert Panel indicated that the
age of the recipients and the donors, a bilirubin ≥ 10
mg/dl, renal dysfunction and early recurrence of HCVrelated cirrhosis after transplant are all associated with a
worse prognosis after retransplantation[61]. The development of fibrosing cholestatic hepatitis also has an unfavorable prognosis after retransplantation[62].
Models predicting survival after retransplantation have
been validated. These include the Markmann score[63] and
the Rosen score[64], which are the most accepted and enable prediction of prognosis in the retransplant patient,
thus improving associated survival. Generally speaking,
a retransplant is indicated in recipients with an estimated
1-year survival of at least 55%, which includes patients
with a Rosen score < 20.5[62].
Although retransplantation is generally associated
with worse survival, it is not clear whether HCV-positive
patients have significantly worse results. Whatever the
case, it is important to personalize each case and just select those patients with favorable clinical characteristics.
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Direct-Acting Antivirals in
recurrent HCV infection
The advent of new drugs for the treatment of HCV
infection, as well as polymerase and protease inhibitors,
will considerably change the management of HCV infection because of their high antiviral power[65,66]. Around
50% of non-transplant patients who are difficult to treat
because of the presence of factors predicting a lack of
response experience a greater sustained viral response[52].
However, little information is available about the use of
these drugs in liver transplant patients.
Protease inhibitor triple therapy in patients on waiting
lists
The DAAs telaprevir and boceprevir, approved in 2011
for the treatment of genotype 1 HCV, increase the SVR
in both naive and previously treated patients[67]. However,
their use in cirrhotic patients is limited, and they have not
been approved for patients with decompensated cirrhosis, a situation common to many patients on waiting lists.
These patients can only receive these DAAs as off-label
therapy in selected cases and with great caution given the
limited information available. The concentration of boceprevir in patients with advanced cirrhosis (Child-Pugh
C) is between 45% and 62%[68] higher, whereas the concentration of telaprevir may be reduced by 46% in patients in Child-Pugh B[69]; no recommendations currently
existing for adjusting the dose in these cases. The leadin of PEG-IFN and RBV could prove useful to check
the tolerability in these patients before adding a protease
inhibitor.
Although few studies are available, the use of triple
therapy in patients on the liver transplant waiting list is
associated with high rates of early viral response; however, in up to 25% of cases, early withdrawal is necessary
because of secondary effects and 10% of patients experience decompensation of their disease[70,71]. Accordingly,
there is currently no general recommendation for the use
of triple therapy in patients on the liver transplant waiting list, although it can be contemplated in select non-decompensated cirrhotic patients and under close control.
Protease inhibitor-based triple therapy post-lt
In transplanted patients, the increase in efficacy, applicability and tolerance of this therapy, and the possible
interactions with other drugs, remain unknown and more
studies are required.
Although the evidence available for the efficacy of
triple therapy in transplanted patients is scarce, it has
shown increased rates of rapid and early viral response
with DAAs. The main limitation of triple therapy, however, is interaction with immunosuppressive drugs. Telaprevir and boceprevir are inhibitors of cytochrome P450
3A, responsible for the metabolism of both cyclosporine
and tacrolimus. Studies in healthy volunteers showed
that boceprevir and telaprevir increase the area under the
curve of cyclosporine and tacrolimus by 2.7- and 17-fold,
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respectively[72]. Some authors recommend reconversion to
cyclosporine in all possible patients before starting triple
therapy. The levels of other immunosuppressors, such
as everolimus or sirolimus, may also rise because of the
same mechanism.
Only a few, small studies have assessed real-life experience with DAAs in post-transplant recurrence. The
preliminary data, obtained from the experience of single
centers[73-77], show an increase in early viral response compared with double therapy, although there is a need to
reduce the dose of cyclosporine, particularly tacrolimus,
and a greater rate of secondary effects.
Coilly et al[7] undertook the first multicenter study
comprising 37 patients with recurrence of HCV. The
end-of-treatment virological response rate was 72% in the
boceprevir group and 40% in the telaprevir group. The
cyclosporine dose was reduced 1.8-fold with boceprevir
and 3.4-fold with telaprevir. The use of tacrolimus necessitated reducing the dose 5-fold with bocepevir and
23-fold with telaprevir.
Another multicenter study[78], this time involving 60
patients treated with triple therapy (35 with telaprevir
and 25 with boceprevir), showed early SVR rates that
were better than those with double therapy. Most patients
needed a reduction in their immunosuppressive drugs
from the first day of antiviral therapy, with strict control
of the blood levels. The results concerning efficacy coincided with those of the individual study reported initially.
The secondary effects of triple therapy also constitute
a limitation to its use in transplant patients, who frequently have a reduction in the doses of PEGylated interferon
and rivabirin, high rates of early withdrawal from treatment and the requirement for colony-stimulating factors.
The main secondary effect is medullary toxicity, with
a greater incidence of cytopenia than in non-transplant
patients, particularly anemia, requiring a reduction in the
dose of ribavirin and the addition of erythropoietin, in
up to 95% of cases according to some series[73]. The requirement for transfusions is also more common. Other
secondary effects reported include skin symptoms, anorectal syndrome and dysgeusia.
Both the multicenter studies mentioned above reported the presence of severe infections, with sepsis being
the main cause of death in some series[7,78].
Rejection, described with the standard treatment in
relation to interferon, may be more common in patients
treated with triple therapy, particularly at the end of this
treatment, because of the recovery of cytochrome p450
activity and therefore of the metabolism of the immunosuppressors, with a sudden and severe reduction in
plasma levels.
Thus DAAs open up a hopeful new era in the treatment of post-transplant HCV relapse, especially that
caused by the increase in viral response rates, which could
even warrant the consideration of anticipatory treatment
in this group of patients. Nonetheless, further studies and
evidence are required, from both clinical trials and reallife experience, particularly concerning tolerability and
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safety. Precisely because of this limitation, the future perspectives, such second generation DAAs and interferonfree treatment, are also promising.

Conclusion
Hepatitis C recurrence continues to present a major
challenge in lt. Despite recent advances, the results in
patients with HCV infection are not satisfactory, mainly
because of recurrence of the primary disease and a lack
of availability of an efficient prophylactic therapy. Likewise, antiviral therapy still presents important limitations,
particularly its poor tolerance, which hinders its use at
full doses or for a sufficient duration to achieve an adequate response. The most recommended attitude is to
attempt antiviral therapy before the transplant, particularly for those patients with maintained liver function,
in an attempt to avoid disease progression; however, if
this is not possible, at least reach transplantation with
a negative viremia. Once recurrence is established, the
principles of management include optimal donor selection, early identification of HCV recurrence, diligent and
aggressive use of antiviral therapy, and close attention to
immunosuppression management. Strict monitoring of
the progression of the fibrosis by serial biopsies and/or
elastography will enable early identification of those patients who might benefit from antiviral therapy to delay
the advance of the disease and thus avoid the need for a
retransplant. The introduction of DAAs is provides hope
for the development in the near future of new protocols
with novel antiviral drugs for LT that are safer and more
effective.

REFERENCES
1

2

3

4
5

6

7

16414

Organ Procurement and Transplantation Network (OPTN)
and Scientific Registry of Transplant Recipients (SRTR).
OPTN/SRTR 2010 Annual data report. Available from: URL:
http://optn.transplant.hrsa.gov/data/annualreport.asp.
Accessed Feb, 2014
Guillouche P, Féray C. Systematic review: anti-viral therapy
of recurrent hepatitis C after liver transplantation. Aliment
Pharmacol Ther 2011; 33: 163-174 [PMID: 21083593 DOI:
10.11111/J.1365-2036.2010.04505]
Neumann UP, Berg T, Bahra M, Puhl G, Guckelberger O,
Langrehr JM, Neuhaus P. Long-term outcome of liver transplants for chronic hepatitis C: a 10-year follow-up. Transplantation 2004; 77: 226-231 [PMID: 14742986 DOI: 10.1097/01.
TP.000101738.27552.9D]
Roche B, Samuel D. Hepatitis C virus: Up to the Minute. Liver Transpl 2010; 16 Suppl 2: S26-S35 [DOI: 10.1002/lt.22154]
Picciotto FP, Tritto G, Lanza AG, Addario L, De Luca M,
Di Costanzo GG, Lampasi F, Tartaglione MT, Marsilia GM,
Calise F, Cuomo O, Ascione A. Sustained virological response to antiviral therapy reduces mortality in HCV reinfection after liver transplantation. J Hepatol 2007; 46: 459-465
[PMID: 17196700 DOI: 10.1016/j.jhep.2006.10.017]
Berenguer M. Systematic review of the treatment of established recurrent hepatitis C with pegylated interferon in
combination with ribavirin. J Hepatol 2008; 49: 274-287 [PMID:
18571272 DOI: 10.1016/j.jhep.2008.05.002]
Coilly A, Roche B, Dumortier J, Leroy V, Botta-Fridlund D,
Radenne S, Pageaux GP, Si-Ahmed SN, Guillaud O, Anto-

November 28, 2014|Volume 20|Issue 44|

Jiménez-Pérez M et al . Hepatitis C and liver transplantation

8

9

10

11

12

13

14

15

16

17

18

19

20

nini TM, Haïm-Boukobza S, Roque-Afonso AM, Samuel D,
Duclos-Vallée JC. Safety and efficacy of protease inhibitors
to treat hepatitis C after liver transplantation: a multicenter
experience. J Hepatol 2014; 60: 78-86 [PMID: 23994384 DOI:
10.1016/j.jhep.2013.08.018]
Garcia-Retortillo M, Forns X, Feliu A, Moitinho E, Costa
J, Navasa M, Rimola A, Rodes J. Hepatitis C virus kinetics
during and immediately after liver transplantation. Hepatology 2002; 35: 680-687 [PMID: 11870384 DOI: 10.1053/
jhep.202.31773]
Berenguer M, Rayón JM, Prieto M, Aguilera V, Nicolás D,
Ortiz V, Carrasco D, López-Andujar R, Mir J, Berenguer J.
Are posttransplantation protocol liver biopsies useful in the
long term? Liver Transpl 2001; 7: 790-796 [PMID: 11552213
DOI: 10.1053/jlts.2001.23794]
Berenguer M, Aguilera V, Prieto M, Carrasco D, Rayón M,
San Juan F, Landaverde C, Mir J, Berenguer J. Delayed onset
of severe hepatitis C-related liver damage following liver
transplantation: a matter of concern? Liver Transpl 2003; 9:
1152-1158 [PMID: 14586875 DOI: 10.1053/jlts.2003.50240]
Samuel D, Forns X, Berenguer M, Trautwein C, Burroughs
A, Rizzetto M, Trepo C. Report of the monothematic EASL
conference on liver transplantation for viral hepatitis (Paris,
France, January 12-14, 2006). J Hepatol 2006; 45: 127-143
[PMID: 16723165 DOI: 10.1016/j.jhep.2006.05.001]
Carrión JA, Torres F, Crespo G, Miquel R, García-Valdecasas
JC, Navasa M, Forns X. Liver stiffness identifies two different patterns of fibrosis progression in patients with hepatitis
C virus recurrence after liver transplantation. Hepatology
2010; 51: 23-34 [PMID: 19839063 DOI: 10.1002/hep.23240]
Berenguer M, Prieto M, Rayón JM, Mora J, Pastor M, Ortiz
V, Carrasco D, San Juan F, Burgueño MD, Mir J, Berenguer J. Natural history of clinically compensated hepatitis
C virus-related graft cirrhosis after liver transplantation.
Hepatology 2000; 32: 852-858 [PMID: 11003634 DOI: 10.1053/
jhep.2000.17924]
Berenguer M, Ferrell L, Watson J, Prieto M, Kim M, Rayón M,
Córdoba J, Herola A, Ascher N, Mir J, Berenguer J, Wright
TL. HCV-related fibrosis progression following liver transplantation: increase in recent years. J Hepatol 2000; 32: 673-684
[PMID: 10782918 DOI: 10.1016/so168-8278(00980231-7]
Forman LM, Lewis JD, Berlin JA, Feldman HI, Lucey MR.
The association between hepatitis C infection and survival
after orthotopic liver transplantation. Gastroenterology 2002;
122: 889-896 [PMID: 11910340 DOI: 10.1053/gast.2002.32418]
Firpi RJ, Clark V, Soldevila-Pico C, Morelli G, Cabrera R,
Levy C, Machicao VI, Chaoru C, Nelson DR. The natural history of hepatitis C cirrhosis after liver transplantation. Liver
Transpl 2009; 15: 1063-1071 [PMID: 19718647 DOI: 10.1002/
lt.21784]
Firpi RJ, Abdelmalek MF, Soldevila-Pico C, Cabrera R,
Shuster JJ, Theriaque D, Reed AI, Hemming AW, Liu C,
Crawford JM, Nelson DR. One-year protocol liver biopsy
can stratify fibrosis progression in liver transplant recipients
with recurrent hepatitis C infection. Liver Transpl 2004; 10:
1240-1247 [PMID: 15376304 DOI: 10.1002/lt.20238]
Gallegos-Orozco JF, Yosephy A, Noble B, Aqel BA, Byrne
TJ, Carey EJ, Douglas DD, Mulligan D, Moss A, de Petris G,
Williams JW, Rakela J, Vargas HE. Natural history of postliver transplantation hepatitis C: A review of factors that
may influence its course. Liver Transpl 2009; 15: 1872-1881
[PMID: 19938138 DOI: 10.1002/lt.21954]
Pagadala M, Dasarathy S, Eghtesad B, McCullough AJ. Posttransplant metabolic syndrome: an epidemic waiting to happen. Liver Transpl 2009; 15: 1662-1670 [PMID: 19938136 DOI:
10.1002/lt.21952]
Pérez MJ, García DM, Taybi BJ, Daga JA, Rey JM, Grande
RG, Lombardo JD, López JM. Cardiovascular risk factors
after liver transplantation: analysis of related factors. Transplant Proc 2011; 43: 739-741 [PMID: 21486587 DOI: 10.1016/

WJG|www.wjgnet.com

21

22
23
24

25

26

27

28

29

30

31

32

33

16415

j.transproceed.2011.03004]
Jiménez-Pérez M, García DM, Grande RG, Daga JA, Pulido
LB, Aguilar MD, Bravo MA, López JM, de la Mata Garcia
MM. Analysis of the recurrence of hepatitis C virus after
liver transplantation: results of the Andalusian liver registry. Transplant Proc 2013; 45: 276-278 [PMID: 23375315 DOI:
10.1016/j.transproceed.2012.08.015]
Roche B, Samuel D. Risk factors for hepatitis C recurrence
after liver transplantation. J Viral Hepat 2007; 14 Suppl 1:
89-96 [PMID: 17958649 DOI: 10.1111/J.1365-2893.2007.00920]
Berenguer M. What determines the natural history of recurrent hepatitis C after liver transplantation? J Hepatol 2005; 42:
448-456 [PMID: 15763325 DOI: 10.1016/j.jhep.2005.01.011]
Perez-Daga JA, Santoyo J, Suárez MA, Fernández-Aguilar
JA, Ramírez C, Rodríguez-Cañete A, Aranda JM, SánchezPérez B, Montiel C, Palomo D, Ruiz M, Mate A. Influence of
degree of hepatic steatosis on graft function and postoperative complications of liver transplantation. Transplant Proc
2006; 38: 2468-2470 [PMID: 17097969 DOI: 10.1016/j.transproceed.2006.08.077]
Machicao VI, Bonatti H, Krishna M, Aqel BA, Lukens FJ,
Nguyen JH, Rosser BG, Satyanarayana R, Grewal HP, Hewitt
WR, Harnois DM, Crook JE, Steers JL, Dickson RC. Donor
age affects fibrosis progression and graft survival after liver
transplantation for hepatitis C. Transplantation 2004; 77: 84-92
[PMID: 14724440 DOI: 10.1097/01.TP.0000095896.07048.BB]
Pine JK, Aldouri A, Young AL, Davies MH, Attia M,
Toogood GJ, Pollard SG, Lodge JP, Prasad KR. Liver transplantation following donation after cardiac death: an analysis using matched pairs. Liver Transpl 2009; 15: 1072-1082
[PMID: 19718634 DOI: 10.1002/lt.21853]
Humar A, Horn K, Kalis A, Glessing B, Payne WD, Lake J.
Living donor and split-liver transplants in hepatitis C recipients: does liver regeneration increase the risk for recurrence?
Am J Transplant 2005; 5: 399-405 [PMID: 15644001 DOI:
10.1111/j.1600-614.2004.00704]
Charlton MR, Thompson A, Veldt BJ, Watt K, Tillmann H,
Poterucha JJ, Heimbach JK, Goldstein D, McHutchison J.
Interleukin-28B polymorphisms are associated with histological recurrence and treatment response following liver
transplantation in patients with hepatitis C virus infection.
Hepatology 2011; 53: 317-324 [PMID: 21254179 DOI: 10.1002/
hep.24074]
Brocato M, Trotter JF, Forman L, Riccardi S, Burton JR, Everson GT, Smith M, Susskind BM, Spritz R, Kam I, Klintmalm
G. Genetion variation of IL-28B associated with severity of
HCV recurrence following liver transplantation. AASLD
2010. Abstract poster 1158. Hepatology 2010; 52 suppl 4: 875A
[DOI: 10.1002/hep.23993]
Hanouneh IA, Feldstein AE, McCullough AJ, Miller C,
Aucejo F, Yerian L, Lopez R, Zein NN. The significance of
metabolic syndrome in the setting of recurrent hepatitis C
after liver transplantation. Liver Transpl 2008; 14: 1287-1293
[PMID: 18756451 DOI: 10.1002/lt.21312]
González-Grande R, Jiménez-Perez M, Sáez-Goméz AB,
Rodrigo-López JM. Metabolic syndrome after liver transplantation. In: Abdeldayem H, Allam N, editors. Liver
transplantation-Technical issues and complications. Rijeka
(Croatia): InTech, 2012: 349-360
McCaughan GW. Immunosuppression for HCV following
liver transplantation: enough is just enough. Transplantation 2004; 78: 1413-1414 [PMID: 15599303 DOI: 10.1097/01.
TP.0000140976.61265.61]
Samonakis DN, Triantos CK, Thalheimer U, Quaglia A, Leandro G, Teixeira R, Papatheodoridis GV, Sabin CA, Rolando N, Davies S, Dhillon AP, Griffiths P, Emery V, Patch DW,
Davidson BR, Rolles K, Burroughs AK. Immunosuppression
and donor age with respect to severity of HCV recurrence
after liver transplantation. Liver Transpl 2005; 11: 386-395
[PMID: 15776454 DOI: 10.1002/lt.20344]

November 28, 2014|Volume 20|Issue 44|

Jiménez-Pérez M et al . Hepatitis C and liver transplantation
34

35

36

37

38

39

40
41

42

43

44

45

46

Berenguer M, Aguilera V, Prieto M, San Juan F, Rayón JM,
Benlloch S, Berenguer J. Significant improvement in the
outcome of HCV-infected transplant recipients by avoiding
rapid steroid tapering and potent induction immunosuppression. J Hepatol 2006; 44: 717-722 [PMID: 16487616 DOI:
10.1016/j.jhep.2006.01.005]
Sgourakis G, Radtke A, Fouzas I, Mylona S, Goumas K,
Gockel I, Lang H, Karaliotas C. Corticosteroid-free immunosuppression in liver transplantation: a meta-analysis and
meta-regression of outcomes. Transpl Int 2009; 22: 892-905
[PMID: 19453997 DOI: 10.1111/j.1432-2277.2009.00893]
Segev DL, Sozio SM, Shin EJ, Nazarian SM, Nathan H,
Thuluvath PJ, Montgomery RA, Cameron AM, Maley WR.
Steroid avoidance in liver transplantation: meta-analysis and
meta-regression of randomized trials. Liver Transpl 2008; 14:
512-525 [PMID: 18383081 DOI: 10.1002/lt.21396]
Berenguer M, Royuela A, Zamora J. Immunosuppression
with calcineurin inhibitors with respect to the outcome of
HCV recurrence after liver transplantation: results of a metaanalysis. Liver Transpl 2007; 13: 21-29 [PMID: 17192906 DOI:
10.1002/lt.21035]
Levy G, Grazi GL, Sanjuan F, Wu Y, Mühlbacher F, Samuel
D, Friman S, Jones R, Cantisani G, Villamil F, Cillo U, Clavien PA, Klintmalm G, Otto G, Pollard S, McCormick PA.
12-month follow-up analysis of a multicenter, randomized,
prospective trial in de novo liver transplant recipients (LIS2T)
comparing cyclosporine microemulsion (C2 monitoring) and
tacrolimus. Liver Transpl 2006; 12: 1464-1472 [PMID: 17004259
DOI: 10.1002/lt.20802]
O’Grady JG, Hardy P, Burroughs AK, Elbourne D. Randomized controlled trial of tacrolimus versus microemulsified
cyclosporin (TMC) in liver transplantation: poststudy surveillance to 3 years. Am J Transplant 2007; 7: 137-141 [PMID:
17109723]
Rubín A, Aguilera V, Berenguer M. Liver transplantation and hepatitis C. Clin Res Hepatol Gastroenterol 2011; 35:
805-812 [PMID: 21963086 DOI: 10.1016/j.clinre.2011.04.009]
Oton E, Barcena R, Moreno-Planas JM, Cuervas-Mons V,
Moreno-Zamora A, Barrios C, Garcia-Garzon S, Moreno A,
Boullosa-Graña E, Rubio-Gonzalez EE, Garcia-Gonzalez M,
Blesa C, Mateos ML. Hepatitis C recurrence after liver transplantation: Viral and histologic response to full-dose PEGinterferon and ribavirin. Am J Transplant 2006; 6: 2348-2355
[PMID: 16869810 DOI: 10.1111/j.1600-6143.2006.01470]
Berenguer M, Palau A, Aguilera V, Rayón JM, Juan FS, Prieto M. Clinical benefits of antiviral therapy in patients with
recurrent hepatitis C following liver transplantation. Am J
Transplant 2008; 8: 679-687 [PMID: 18294165 DOI: 10.1111/
j.1600-6143.2007.02126.x]
Angelico M, Petrolati A, Lionetti R, Lenci I, Burra P, Donato
MF, Merli M, Strazzabosco M, Tisone G. A randomized
study on Peg-interferon alfa-2a with or without ribavirin
in liver transplant recipients with recurrent hepatitis C. J
Hepatol 2007; 46: 1009-1017 [PMID: 17328985 DOI: 10.1016/
j.jhep.2006.12.017]
Everson GT, Trotter J, Forman L, Kugelmas M, Halprin A,
Fey B, Ray C. Treatment of advanced hepatitis C with a low
accelerating dosage regimen of antiviral therapy. Hepatology
2005; 42: 255-262 [PMID: 16025497 DOI: 10.1002/hep.20793]
Crippin JS, McCashland T, Terrault N, Sheiner P, Charlton
MR. A pilot study of the tolerability and efficacy of antiviral therapy in hepatitis C virus-infected patients awaiting
liver transplantation. Liver Transpl 2002; 8: 350-355 [PMID:
11965579 DOI: 10.1053/jlts.2002.31748]
Sheiner PA, Boros P, Klion FM, Thung SN, Schluger LK, Lau
JY, Mor E, Bodian C, Guy SR, Schwartz ME, Emre S, Bodenheimer HC, Miller CM. The efficacy of prophylactic interferon alfa-2b in preventing recurrent hepatitis C after liver
transplantation. Hepatology 1998; 28: 831-838 [PMID: 9731580
DOI: 10.1002/hep.510280334]

WJG|www.wjgnet.com

47

48

49

50

51

52

53

54

55

56

57

58

59

16416

Chalasani N, Manzarbeitia C, Ferenci P, Vogel W, Fontana
RJ, Voigt M, Riely C, Martin P, Teperman L, Jiao J, LopezTalavera JC. Peginterferon alfa-2a for hepatitis C after
liver transplantation: two randomized, controlled trials.
Hepatology 2005; 41: 289-298 [PMID: 15660392 DOI: 10.1002/
hep.20560]
Sugawara Y, Makuuchi M, Matsui Y, Kishi Y, Akamatsu N,
Kaneko J, Kokudo N. Preemptive therapy for hepatitis C
virus after living-donor liver transplantation. Transplantation 2004; 78: 1308-1311 [PMID: 15548968 DOI: 10.1097/01.
TP.0000142677.12473.E5]
Shergill AK, Khalili M, Straley S, Bollinger K, Roberts JP,
Ascher NA, Terrault NA. Applicability, tolerability and efficacy of preemptive antiviral therapy in hepatitis C-infected
patients undergoing liver transplantation. Am J Transplant
2005; 5: 118-124 [PMID: 15636619 DOI: 10.1111/j.16006143.2004.00648-x]
Carrión JA, Navasa M, García-Retortillo M, García-Pagan
JC, Crespo G, Bruguera M, Bosch J, Forns X. Efficacy of
antiviral therapy on hepatitis C recurrence after liver transplantation: a randomized controlled study. Gastroenterology 2007; 132: 1746-1756 [PMID: 17484872 DOI: 10.1053/
j.gastro.2007.03.041]
Gurusamy KS, Tsochatzis E, Xirouchakis E, Burroughs
AK, Davidson BR. Antiviral therapy for recurrent liver
graft infection with hepatitis C virus. Cochrane Database Syst Rev 2010; (1): CD006803 [PMID: 20091608 DOI:
10.1002/14651858]
Aytaman A, Kaufman M, Terrault NA. Management of
posttransplant hepatitis C infection. Curr Opin Organ
Transplant 2010; 15: 301-309 [PMID: 20445452 DOI: 10.1097/
MOT.0b013e3283398237]
Berenguer M, Palau A, Fernandez A, Benlloch S, Aguilera V,
Prieto M, Rayón JM, Berenguer J. Efficacy, predictors of response, and potential risks associated with antiviral therapy
in liver transplant recipients with recurrent hepatitis C. Liver
Transpl 2006; 12: 1067-1076 [PMID: 16622844 DOI: 10.1002/
lt.20737]
Jiménez-Pérez M, Sáez-Gómez AB, Pérez-Daga JA, LozanoRey JM, de la Cruz-Lombardo J, Rodrigo-López JM. Hepatitis C virus recurrence after liver transplantation: analysis
of factors related to sustained viral response. Transplant Proc
2010; 42: 666-668 [PMID: 20304219 DOI: 10.1016/j.transproce
ed.2010.2.008]
Fukuhara T, Taketomi A, Motomura T, Okano S, Ninomiya
A, Abe T, Uchiyama H, Soejima Y, Shirabe K, Matsuura Y,
Maehara Y. Variants in IL28B in liver recipients and donors
correlate with response to peg-interferon and ribavirin
therapy for recurrent hepatitis C. Gastroenterology 2010;
139: 1577-185, 1577-185, [PMID: 20708617 DOI: 10.1053/
j.gastro.2010.07.058]
Coto-Llerena M, Pérez-Del-Pulgar S, Crespo G, Carrión JA,
Martínez SM, Sánchez-Tapias JM, Martorell J, Navasa M,
Forns X. Donor and recipient IL28B polymorphisms in HCVinfected patients undergoing antiviral therapy before and after liver transplantation. Am J Transplant 2011; 11: 1051-1057
[PMID: 21466653 DOI: 10.1111/j.1600-6143.2011.03491.x]
Feliu A, Carrión JA, Massaguer A, Martínez-Bauer E, GarcíaRetortillo M, González P, Costa J, Sánchez-Tapias JM, Forns
X. Sensitivity to antiviral therapy may change after liver
transplantation in patients with chronic hepatitis C virus infection. J Viral Hepat 2006; 13: 544-551 [PMID: 16901285 DOI:
10.1111/j.1365-2893.2006.00714.x]
Firpi RJ, Soldevila-Pico C, Morelli GG, Cabrera R, Levy C,
Clark VC, Suman A, Michaels A, Chen C, Nelson DR. The
use of cyclosporine for recurrent hepatitis C after liver transplant: a randomized pilot study. Dig Dis Sci 2010; 55: 196-203
[PMID: 19798576 DOI: 10.1007/s10620-009-0981-3]
Bzowej N, Nelson DR, Terrault NA, Everson GT, Teng LL,
Prabhakar A, Charlton MR. PHOENIX: A randomized con-

November 28, 2014|Volume 20|Issue 44|

Jiménez-Pérez M et al . Hepatitis C and liver transplantation

60

61

62

63

64
65

66

67

68
69

trolled trial of peginterferon alfa-2a plus ribavirin as a prophylactic treatment after liver transplantation for hepatitis C
virus. Liver Transpl 2011; 17: 528-538 [PMID: 21506241 DOI:
10.1002/lt.22271]
Walter T, Scoazec JY, Guillaud O, Hervieu V, Chevallier
P, Boillot O, Dumortier J. Long-term antiviral therapy for
recurrent hepatitis C after liver transplantation in nonresponders: biochemical, virological, and histological impact.
Liver Transpl 2009; 15: 54-63 [PMID: 19109834 DOI: 10.1002/
lt.21652]
Carrión JA, Navasa M, Forns X. Retransplantation in patients with hepatitis C recurrence after liver transplantation.
J Hepatol 2010; 53: 962-970 [PMID: 20800307 DOI: 10.1016/
j.jhep.2010.06.006]
Martí J, Charco R, Ferrer J, Calatayud D, Rimola A, Navasa
M, Fondevila C, Fuster J, García-Valdecasas JC. Optimization of liver grafts in liver retransplantation: a European
single-center experience. Surgery 2008; 144: 762-769 [PMID:
19081018 DOI: 10.1016/j.surg2008.06.029]
Markmann JF, Gornbein J, Markowitz JS, Levy MF, Klintmalm GB, Yersiz H, Morrisey M, Drazan K, Farmer DG,
Ghobrial RM, Goss J, Seu P, Martin P, Goldstein LI, Busuttil
RW. A simple model to estimate survival after retransplantation of the liver. Transplantation 1999; 67: 422-430 [PMID:
10030290 DOI: 10.1097/00007890-199902150-00015]
Rosen HR, Madden JP, Martin P. A model to predict survival following liver retransplantation. Hepatology 1999; 29:
365-370 [PMID: 9918911 DOI: 10.1002/hep.510290221]
Kwo PY, Lawitz E, McCone J, Schiff ER, Vierling J, Pound D,
Davis M, Galati J, Gordon S, Ravendhran N, Rossaro L, Anderson F, Jacobson I. Response- guided therapy for boceprevir combination treatment; results from HCV SPRINT-1.
Hepatology 2009; 50 Suppl 4: 1035A [DOI: 10.1002/hep.23306]
Hézode C, Forestier N, Dusheiko G, Ferenci P, Pol S, Goeser
T, Bronowicki JP, Bourlière M, Gharakhanian S, Bengtsson
L, McNair L, George S, Kieffer T, Kwong A, Kauffman RS,
Alam J, Pawlotsky JM, Zeuzem S. Telaprevir and peginterferon with or without ribavirin for chronic HCV infection.
N Engl J Med 2009; 360: 1839-1850 [PMID: 19403903 DOI:
10.1056/NEJMoa0807650]
Jacobson IM, McHutchison JG, Dusheiko G, Di Bisceglie
AM, Reddy KR, Bzowej NH, Marcellin P, Muir AJ, Ferenci P,
Flisiak R, George J, Rizzetto M, Shouval D, Sola R, Terg RA,
Yoshida EM, Adda N, Bengtsson L, Sankoh AJ, Kieffer TL,
George S, Kauffman RS, Zeuzem S. Telaprevir for previously
untreated chronic hepatitis C virus infection. N Engl J Med
2011; 364: 2405-2416 [PMID: 21696307 DOI: 10.1056/NEJMoa1012912]
Product information. Victrelis (boceprevir). Whitehouse Station: NMC, Inc; 2011. Available from: URL: http://www.
accessdata.fda.gov/drugsatfda_docs. Accessed Feb, 2014
Product information. Incivek (telaprevir). Cambridge, MA:

70

71
72

73

74

75

76

77

78

Vertex Pharmaceuticals Incorporated; 2011. Available from:
URL: http://www.accessdata.fda.gov/drugsatfda_docs. Accessed Feb, 2014
Hezode C, Dorival C, Zoulim F, Poynard T, Mathurin P, Pol
S, Larrey D, Cacoub P, de Ledinghen V, Bourlière M, Bronowicki JP. Safety of Telaprevir or Boceprevir in Combination
with Peginterferon alfa/Ribavirin, in Cirrhotic Non Responders. First Results of the French Early Access Program
(ANRS CO20-CUPIC). J Hepatol 2012; 56 Suppl 2: S4 [DOI:
10.1016/S0168-8278(12)60022-1]
Hsu SH, Yeh ML, Wang SN. New insights in recurrent HCV
infection after liver transplantation. Clin Dev Immunol 2013;
2013: 890517 [PMID: 23710205 DOI: 10.1155/2013/890517]
Hulskotte E, Gupta S, Xuan F, van Zutven M, O’Mara E,
Feng HP, Wagner J, Butterton J. Pharmacokinetic interaction
between the hepatitis C virus protease inhibitor boceprevir
and cyclosporine and tacrolimus in healthy volunteers. Hepatology 2012; 56: 1622-1630 [PMID: 22576324 DOI: 10.1002/
hep.25831]
Coilly A, Roche B, Botta-Fridlun D, Leroy V, Pageaux PG,
Si-Ahmed SN, Antonini TM, Samuel D, Duclos-Vallee JC.
Efficacy ad safety of protease inhibitors for several hepatitis
C recurrence after liver transplantation: a first multicenter
experience. J Hepatol 2012; 56 suppl 2: S21 [DOI: 10.1016/
S0168-8278(12)60061-0]
Kwo P, Ghabril M, Lacerda M, Vinayek R, Tector AJ, Fridell J,
Vianna R. Use of telaprevir plus peginterferon(ribavirin for
null responders postOL with advanced fibrosis/cholestatic
hepatitis C. J Hepatol 2012; 56 Suppl 2: S86
Burton JR, Everson GT. Initial experience with telaprevir
for treating hepatitis C virus in liver recipients: virologic
response, safety, and tolerability. Am J Transplant 2012; 12
Suppl 3: 188 [DOI: 10.1111/j.1600-6143.2012.04112.x]
Kawaoka T, Takahashi S, Tatsukawa Y, Hiramatsu A, Hiraga N, Miki D, Tsuge M, Imamura M, Kawakami Y, Aikata H,
Ochi H, Ishiyama K, Ide K, Tashiro H, Ohdan H, Chayama K.
Two patients treated with pegylated interferon/ribavirin/
telaprevir triple therapy for recurrent hepatitis C after living
donor liver transplantation. Hepatol Res 2014; 44: 1259-1264
[PMID: 24382214 DOI: 10.1111/hepr.12296]
Werner CR, Egetemeyr DP, Lauer UM, Nadalin S, Königsrainer A, Malek NP, Berg CP. Feasibility of telaprevir-based
triple therapy in liver transplant patients with hepatitis
C virus: SVR 24 results. PLoS One 2013; 8: e80528 [PMID:
24265827 DOI: 10.1371/journal.pone.0080528]
Pungpapong S, Aqel BA, Koning L, Murphy JL, Henry
TM, Ryland KL, Yataco ML, Satyanarayana R, Rosser BG,
Vargas HE, Charlton MR, Keaveny AP. Multicenter experience using telaprevir or boceprevir with peginterferon and
ribavirin to treat hepatitis C genotype 1 after liver transplantation. Liver Transpl 2013; 19: 690-700 [PMID: 23696372 DOI:
10.1002/lt.23669]
P- Reviewer: Fourtounas C, Matsumori A, Yamagiwa S
S- Editor: Ma YJ L- Editor: Stewart G E- Editor: Zhang DN

WJG|www.wjgnet.com

16417

November 28, 2014|Volume 20|Issue 44|

World J Gastroenterol 2014 November 28; 20(44): 16418-16432
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i44.16418

© 2014 Baishideng Publishing Group Inc. All rights reserved.

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

Rationale for the potential use of mesenchymal stromal
cells in liver transplantation
Morgan Vandermeulen, Céline Grégoire, Alexandra Briquet, Chantal Lechanteur, Yves Beguin, Olivier Detry
Morgan Vandermeulen, Olivier Detry, Department of Abdominal Surgery and Transplantation, CHU Liege, University of
Liege, B4000 Liege, Wallonia, Belgium
Céline Grégoire, Yves Beguin, Department of Hematology,
CHU Liege, University of Liege, B4000 Liege, Wallonia, Belgium
Alexandra Briquet, Chantal Lechanteur, Yves Beguin, Laboratory of Cell and Gene Therapy, CHU Liege, University of
Liege, Sart Tilman B35, B4000 Liege, Wallonia, Belgium
Author contributions: Vandermeulen M performed the literature review and wrote the manuscript under the supervision of
Beguin Y and Detry O; Grégoire C, Briquet A and Lechanteur
C are responsible for the culture and production of the mesenchymal stromal cells used in the clinical study on the use of the
aforementioned in liver transplantation performed at the Liege
center; all authors actively reviewed the manuscript, and approved its last version.
Supported by CHU Liege, the Fonds Léon Frédéricq of the
Medical School of the University of Liege, and through a Senior
Research Grant from the European Society for Organ Transplantation
Correspondence to: Olivier Detry, Professor, Department of
Abdominal Surgery and Transplantation, CHU Liege, University
of Liege, Sart Tilman B35, B4000 Liege, Wallonia,
Belgium. olivier.detry@transplantation.be
Telephone: +32-43-667645 Fax: +32-43-667069
Received: May 5, 2014
Revised: June 4, 2014
Accepted: August 13, 2014
Published online: November 28, 2014

Abstract
Mesenchymal stromal cells (MSCs) are multipotent
and self-renewing cells that reside essentially in the
bone marrow as a non-hematopoietic cell population,
but may also be isolated from the connective tissues
of most organs. MSCs represent a heterogeneous
population of adult, fibroblast-like cells characterized
by their ability to differentiate into tissues of mesodermal lineages including adipocytes, chondrocytes and
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osteocytes. For several years now, MSCs have been
evaluated for their in vivo and in vitro immunomodulatory and ‘tissue reconstruction’ properties, which could
make them interesting in various clinical settings, and
particularly in organ transplantation. This paper aims
to review current knowledge on the properties of MSCs
and their use in pre-clinical and clinical studies in solid
organ transplantation, and particularly in the field of
liver transplantation. The first available clinical data
seem to show that MSCs are safe to use, at least in the
medium-term, but more time is needed to evaluate the
potential adverse effects of long-term use. Many issues
must be resolved on the correct use of MSCs. Intensive
in vitro and pre-clinical research are the keys to a better understanding of the way that MSCs act, and to
eventually lead to clinical success.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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and clinical studies, and particularly in the field of liver
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INTRODUCTION
Mesenchymal stromal cells (MSCs) are multipotent and
self-renewing cells that reside essentially in the bone marrow as a non-hematopoietic cell population. MSCs represent a heterogeneous population of adult, fibroblast-like
cells characterized by their ability to differentiate into tissues of mesodermal lineages including adipocytes, chondrocytes and osteocytes. In addition to the bone marrow,
MSCs have been isolated from various other tissues such
as adipose tissue[1], skin[2], heart and spleen[3], placenta[4],
umbilical cord blood[5] as well as lung and liver[6,7], and
it appears that MSCs reside in the connective tissues of
most organs[8].
No specific marker for MSCs has yet been found.
Presently, MSCs are identified using a number of features
defined by the International Society for Cellular Therapy
which states three minimal criteria[9]: (1) adhesion to
plastic in standard culture conditions; (2) expression of
CD105, CD73 and CD90, and lack of expression of
CD45, CD34, CD14 or CD11b, CD79a or CD19 and
Human Leukocyte Antigen (HLA)-DR surface molecules;
and (3) in vitro differentiation into osteoblasts, adipocytes
and chondroblasts.
For several years now, MSCs have been evaluated for
their in vivo and in vitro immunomodulatory and “tissue
reconstruction” properties that could make them interesting in various clinical settings such as organ transplantation. This paper aims to review current knowledge on
the properties of MSCs and their use in pre-clinical and
clinical studies in solid organ transplantation, and particularly in the field of liver transplantation.

IMMUNOMODULATORY EFFECTS OF
MSCs
A large number of in vitro and in vivo studies have documented the anti-inflammatory and immunoregulatory
properties of MSCs on both the adaptive and innate
immune system. However, there is strong evidence that
MSCs are not constitutively immunosuppressive, they
have to be “activated” or primed by local inflammatory
conditions. Tumor necrosis factor (TNF)-α, interleukin
(IL)-1β and interferon (IFN)-γ are the key cytokines to
allow MSC immunomodulation by regulating their immunophenotype[10,11]. The high dependence on environment
settings could also explain conflicting data in some in vitro
and in vivo studies. These settings must be further studied
and considered in clinical trials.
MSC immunogenicity
Both human MSCs (hMSCs) and murine MSCs (mMSCs)
show low immunogenicity and do not lead to alloreactive T lymphocyte-mediated immune response in vitro.
Indeed, under normal conditions, MSC membranes
express low levels of human leukocyte antigen (HLA)
class Ⅰ molecules and do not express HLA class Ⅱ (major
histocompatibility complex (MHC)-Ⅱ) nor co-stimulato-

WJG|www.wjgnet.com

ry molecules[12,13]. MSCs were thus considered as immune
privileged cells. However, more recent data with mMSCs
has suggested that MHC-I on MSCs could present antigen to CD8+ T cells[14]. In addition, a narrow window
of IFN-γ could induce MSCs to upregulate MHC-I and
MHC-Ⅱ and thus, induces an “antigen presenting celllike” function. This finding has been observed with both
mMSCs and hMSCs[10,15-17]. Furthermore, it has been
demonstrated in an animal model of bone marrow[18] and
skin transplantation[19] that donor-derived MSCs could be
immunogenic and could promote graft rejection.
MSC interaction with immune cells
It is important to highlight that, in some experimental
conditions, effects of mMSCs and hMSCs have been
evaluated on murine immune cells. Results are not always
transposable to human clinical conditions, especially as
it is well known that tolerance is more easily achieved in
animal models than in humans.
It has been demonstrated in vitro and in vivo, that
MSCs may exert their immunomodulatory effects by acting on many types of immune cells including T cells, B
cells and natural killer (NK) cells. The ability of MSCs
to inhibit T cell proliferation has been shown in various
experimental settings both with mMSCs and hMSCs. In
vitro, hMSCs highly inhibit proliferation and cytokine production[20] as well as the development of human cytotoxic
CD8+ T cells in mixed-lymphocyte reactions (MLRs)[21,22].
Moreover, it has been observed that MSCs promote human T cell anergy and inhibit alloreactive T cells through
a TH2 pathway[23]. Nevertheless, it appears that the effect
of MSCs on T cells is dependent on the dose used. While
a high MSC/T cell ratio exert strong inhibitory effects,
low MSC/T cell ratios enhance T cell proliferation[24].
MSC-induced T-regulatory (T-reg) cell recruitment
and generation probably play an important role in MSCmediated immunomodulatory effects. This has been observed both in vitro[25,26] and in vivo[27,28] both on murine and
human immune cells. Additionally, previous studies have
shown that T-reg induced production requires cell contact and some MSC released factors such as prostaglandin (PG)-E2 and tumor growth factor (TGF)-β1[29] or
HLA-G[30,31]. It has been suggested that this effect could
also be partially mediated by an interaction between MSC
chemokine (c-c motif) ligand 1 (CCL1) and its receptor
on T cells, chemokine (c-c motif) receptor 8 (CCR8)[23].
More recently, it has been demonstrated that mMSCs
could promote T-reg expansion by their effects on immature dendritic cells[32].
Published results on the effects of hMSCs on B cells
and NK cells are contradictory. Some studies have demonstrated that MSCs could inhibit the proliferation and
immunoglobulin secretion of B cells[33-35] while others
have found no effect of MSCs on human B cell proliferation[11,21]. Some researchers have even found that MSCs
could stimulate human B cell proliferation and antibody
secretion[36,37]. MSCs have shown an ability to inhibit the
proliferation of IL-2 or IL-15 stimulated human NK
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cells[38,39] and their IFN-γ production[38]. The effects of
MSCs on the cytotoxic activity of NK cells are even more
controverted. While some studies failed to find such an
effect[40] (especially in freshly isolated NK cells[41]), others have demonstrated that MSCs could inhibit NK-cell
cytotoxicity[30,39]. As MSCs express HLA-1 antigens, even
at a low level, it appears that they may be vulnerable to
activated NK-cell lysis[42].
Many studies have shown that MSCs can prevent the
differentiation, maturation and functions of antigen-presenting cells (APCs), such as human or murine dendritic
cells (DC)[17,43,44], and thus indirectly modulate T and B
cell functions. In addition, it was shown that mMSCs may
induce murine mature DC into a Jagged-2-dependent
regulatory DC population[45]. MSCs may also exert effects
on innate immune cells, for example through increased
IL-10 secretion by macrophages in mice[46].
Mechanisms
The mechanisms of immunosuppression by MSCs remain unclear. Whereas MSCs exert their effect by direct
cell contact via the expression of adhesion molecules, it
has also been shown that the immunomodulatory and
anti-inflammatory properties of MSCs mainly involve
the production of secreted soluble factors. It has been
observed that MSCs are still immunosuppressive without
cell contact[22]. It should be noted that the mechanisms of
MSC-mediated immunosuppression seems to vary from
one species to another[47].
Indoleamine 2,3-dioxygenase (IDO) is an enzyme
that catalyses the degradation of tryptophan. The resulting depletion of tryptophan and the accumulation of
its metabolites have shown strong inhibitory properties
on immune cells, including human T cells[48], activated
B cells[11] and NK cells[39]. MSCs do not constitutively
express IDO, but IDO can be upregulated under inflammatory conditions, for example after exposure to IFN-γ,
TNF-α and IL-1[47,48]. IDO could play an important role
regarding transplantation given that it has been shown
to partially inhibit allo-responses of T cells in vitro, and
to enhance tolerance towards the graft and allogeneic T
cell transfer in vivo[49,50]. IDO seems to be predominant in
human MSC-mediated immunomodulatory properties[47].
However IDO does not seem to be the only mechanism
implicated as in some conditions where MSCs do not
express IDO they keep their immunomodulatory properties[51]. A high concentration of nitric oxide (NO) is
known to inhibit the immune response in both in vitro
and in vivo studies. It has been shown to inhibit the proliferation of T cells in murine models. NO is synthesized
by the inducible NO synthase (iNOS) that is induced in
murine MSCs by interaction with CD4+ or CD8+ lymphocytes in inflammatory conditions involving IFN-γ
and TNF-α or IL-1[52,53]. As in the case of IDO for human MSCs, iNOS appears to play a major role in murine
MSC-mediated immunomodulation[47,52]. Both tryptophan
depletion and NO are expected to have an exclusively local action[54,55].
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The HLA-G protein is a non-classical human MHC-I
molecule. Initially found in trophoblasts, where it plays a
crucial role in maternal-fetal tolerance[56], HLA-G has recently been involved in immunomodulation by MSCs[57].
HLA-G has shown tolerogenic properties inter alia due
to its interactions with inhibitory receptors on dendritic
cells, NK, and T cells. Selmani et al[30] have demonstrated
that hMSCs, by secreting the soluble isoform HLA-G5,
are capable of inhibiting human allo-activated T lymphocytes, NK-cell cytolysis and IFN-gamma secretion, and
of promoting the expansion of CD4+CD25highFoxP3+
regulatory T cells. Likewise, HLA-G can promote
CD3+CD4low and CD3+ CD8low immunosuppressive T
cells. It seems that HLA-G expression is IL-10-dependent
and needs close cell contact with alloreactive T cells[30].
It has been suggested that co-injection of HLA-G and
MSCs could be used to prevent rejection in organ transplantation.
Another candidate mechanism involves the role of
PGE2 (Prostaglandin E2) secreted by MSCs. It appears
that MSC-derived PGE2 is involved in MSC-mediated
immunomodulation by acting on murine and human
T cells (in both TH1 and TH2 responses), NK cells and
macrophages[46,58]. Prostaglandins have a short half-life.
This suggests that they play their role using a paracrine
or autocrine action mechanism. Furthermore, it has been
observed in human MSCs that IDO and PGE2 have a
synergistic inhibitory effect on T cell proliferation, and
on the proliferation and cytotoxicity of NK cells[39,59].
However, other studies suggest that PGE2 could in fact
have an immunostimulatory role by facilitating TH1 cell
differentiation and TH17 cell expansion[60].
IL-10 plays an important role in MSC-mediated immunosuppression through the induction of IL-10 production in APCs[61]. Nevertheless, no direct secretion of
IL-10 by MSCs has yet been proven.
Blocking each of these factors alone does not restore
immune cell function and proliferation, indicating that
multiple factors are involved.
Other factors are also secreted: TGF-β and Hepatocyte growth factor (HGF)[20] (inhibition T-lymphocyte
proliferation), IL-1 receptor Antagonist[62] (anti-inflammatory), Peptide LL-37[63] (anti-inflammatory and antibacterial), Matrix Metalloproteinase (MMP) 3, MMP9[64]
(acting on neoangiogenesis), angiopoietin-1[65] (acting on
protein permeability). TNF-α and insulin-like growth
factor-binding proteins[51] also seem to be implicated.
On the other hand, MSCs also have the ability to
secrete pro-inflammatory chemokines and cytokines,
such as monocyte chemo-attractant protein 1 (MCP-1 or
CCL2)[66], IL-6, IL-8, soluble ICAM-1, Interferon gamma-induced protein 10 (IP-10 or CXCL10) and MCP-2
(or CCL8). The secretion of these factors is dependent
on inflammatory conditions and could enhance immune
response via immune cell attraction[67]. Therefore, MSCs
appear to have a dual immunomodulatory capacity depending on the above-identified secreted factors.
The mechanisms involved in the immunomodula-
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tory capacity of MSCs are complex and remain largely
unknown. Their properties seem to be highly dependent
on many parameters in which local immunologic conditions seem to play a crucial role. Finally, it is important to
know that there is currently no single standard method
to isolate MSCs. It is thus conceivable that changes in the
culture medium used to increase and select MSC population may influence their properties.

TISSUE REPAIR/“ORGAN
RECONSTRUCTION” EFFECT
In addition to their ability to differentiate into cells of
the mesenchymal lineage, it has been demonstrated that
MSCs can also differentiate in vitro into other cells such
as neurons[68], cardiomyocytes[69], tubular epithelial cells
in kidneys and hepatocytes[70-72]. They are also capable
of differentiating and engrafting into many tissues, especially if an inflammatory signal is present[73]. These data
have motivated further research in the field of MSCs as
potential “tissue repairers”. Cultured MSCs have shown
strong evidence of “tissue repair” properties in response
to tissue injury or disease in many animal models with
myocardial infarction[74], kidney disease[75,76], lung injury
or some neurological disorders[64]. In clinical trials, MSCs
have been used successfully to treat bone and cartilage
diseases[77] (e.g., osteogenesis imperfecta), as well as acute
and chronic myocardial infarction[78-80].
MSCs have shown the ability to home in on injured
tissue after intravenous infusion. It has been demonstrated that MSCs can express several chemokine receptors such as CCR1, CCR7, CXCR4, CXCR6, CX3CR1[81],
CCR4, CCR10, CXCR5[82], c-Kit, c-Met[83], VEGF receptors[84] and PDGF receptors[85]. This variety of receptors and the chemotactic migration they have shown in
response to the stimulating chemokines and cytokines
could partially explain their ability to migrate to sites of
inflammation. This hypothesis assumes that the injured
tissue also expresses specific receptors facilitating the
adhesion and migration of MSCs. However, the exact
mechanism of homing in on injured tissue remains largely unknown.
Nevertheless, many studies have observed that MSCs
are significantly trapped in the lung after intravenous
infusion[86,87]. Despite their ability to migrate to inflammation sites and to differentiate into many tissues, MSCs
exhibit very low and transient levels of engraftment in
vivo[86,88]. For example, in a mouse model of acute myocardial infarction, a significant improvement of myocardial
function was observed after human MSC injection, while
no donor cell could be detected 3 wk after infusion. In a
rat model, no MSC could be found in the liver within 7
d after injection of syngeneic rat MSCs in recipient livers
through the portal vein[89]. Contradictorily, in a clinical
trial treating myocardial infarction with intracoronary
injection of MSCs, the MSCs were still viable 3 mo after
transplantation[90]. In another study, MSCs were detected
in various tissues of baboons 19 mo after intravenous
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injection[88].
In fact, it is thought that MSCs are likely to act
through the secretion of soluble factors and change of
the tissue microenvironment with paracrine interactions,
rather than through their transdifferentiation capacity[91,92]. However, current in vivo data are not sufficient to
define the exact mechanism. It has been demonstrated
that MSCs could facilitate tissue repair by stimulating angiogenesis[93] and inhibiting apoptosis, as well as fibrosis,
in the site of injury[94].
Furthermore, there is much evidence supporting the
protective effect of MSCs in acute kidney injury models[95]. It appears that MSCs could increase the proliferation of tubular cells and reduce apoptosis[96,97]. There is a
lack of data on the treatment of liver injury with MSCs,
but their properties and regenerative potential mentioned
above have encouraged researchers and clinicians to investigate further in this field. They could play a therapeutic role in the replacement of diseased hepatocytes, and
the stimulation of their regeneration through the action
of trophic molecules[98].
In a study on acute liver injury, rats were successfully
treated with MSC infusion, with a decrease of biochemical markers of liver injury and an improved survival rate.
Hepatocyte replication was enhanced while apoptosis
decreased by 90%[98]. Similarly, it has been demonstrated
that MSCs are efficient in treating fulminant hepatic failure in rats[99]. Otherwise, it has been suggested that MSCs
could only be efficient in a therapeutic window, indicating
that higher doses could paradoxically be inefficient or
even induce liver fibrosis[98].
Although it is hoped that MSCs could potentially be
an alternative to liver transplantation in end-stage liver
disease, or a potential temporary solution to maintaining liver conditions of patients waiting for a graft, MSCs
have been tried in only a small number of clinical trials to
treat cirrhosis.
In a phase Ⅰ-Ⅱ trial, 8 patients with end-stage liver
cirrhosis were treated with the infusion of autologous
MSCs via a peripheral or portal vein. The treatment was
well tolerated, with no significant adverse effects and the
liver function was significantly improved[100]. A randomized placebo-controlled trial using MSCs to treat decompensated cirrhosis has recently been published[101]. Out of
27 patients, 15 received autologous bone marrow MSCs
via a peripheral vein and 12 received a placebo. The results were evaluated using the Model for End-Stage Liver
Disease (MELD) score, Child-Pugh score, liver function
tests and liver volume. In this study, there was no beneficial effect of MSC infusion in cirrhotic patients. It is clear
that other studies with larger cohorts are necessary to
clarify the therapeutic potential of MSCs in cirrhosis.

ANTI-OXIDATIVE EFFECT/TREATMENT
OF ISCHEMIA REPERFUSION INJURY
Ischemia reperfusion injury (IRI) is caused by the blood
supply returning into a tissue after an ischemic period.
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This sudden reperfusion and oxygenation paradoxically
impairs the endothelium with a dilatation in arterioles,
increased fluid filtration and plasma protein extravasation from post-capillary venules, as well as an increased
production of oxygen radicals and a reduction of nitric
oxide generation. This imbalance leads to the release of
inflammatory mediators (e.g., TNF, platelet activating factor) and the expression of adhesion molecules that cause
leukocyte adhesion to the endothelium[102]. This results
in the stimulation of both innate and adaptive immune
responses with an accumulation of immune cells, followed by organ damage. The release of danger-associated
molecular patterns (DAMPs) and the complement system
are also implicated[103].
Solid organ transplantation is impacted by IRI, which
contributes to acute graft rejection, delayed graft function
and enhanced immunogenicity. IRI represents a major
concern in liver transplantation, and use of MSCs in IRI
has been studied for solid organ transplantation in animal
models and in clinical trials.
MSCs seem to be recruited by hypoxic and injured
tissues that express adhesion molecules and a SDF-1 gradient stimulating CXCR4 and CXCR7 on these cells[104].
Furthermore, it has been demonstrated that MSCs can
transmigrate through TNF-alpha activated endothelium
to join the inflamed tissue[105]. Lately, Pan et al[106] found
that the inactivation of the MEK/ERK signalling pathway by MSCs plays a major role in the improvement of
hepatic IRI in rats.
Prevention and treatment of liver IRI in animal models
MSCs have shown therapeutic effects for the treatment
of IRI in the kidney, heart and lung in a significant number of studies[107]. Only a few studies have been published
for IRI in the liver, and the exact role of MSCs has not
yet been defined.
Jin et al[108] recently evaluated the effect of allogeneic
bone marrow (BM)-derived MSCs to attenuate IRI in rats
during the first 24 h after liver reperfusion. In their model
partial ischemia was obtained by vascular clamping during
60 min. BM-MSCs were injected through the portal vein.
Injury severity, oxidative stress response and apoptosis
of the liver was regularly evaluated during the first 24
h and compared to a sham-transplanted control group.
The conclusion of this study is that allogeneic BM-MSCs
partially protect the liver from IRI when injected via the
portal vein due to their ability to suppress oxidative stress
and to inhibit apoptosis. Another related model using
adipose-derived MSC injections via a peripheral vein in
mice also showed a significant protective effect against
liver IRI[109].
In addition to liver IRI, research has also focused on
the potential beneficial effect of MSCs in partial liver
transplantation. In a recent study 50% reduced-size liver
transplantations in rats were used to examine whether
MSC-conditioned medium (MSC-CM) could protect hepatocytes and sinusoidal endothelial cells (SEC) and enhance their regeneration[110]. MSC-CM was injected in rats
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via a peripheral vein directly after orthotopic partial liver
transplantation. Compared with the control group, the
MSC-CM group showed a significantly lower release of
liver injury biomarkers and a clear survival benefit. More
proliferating hepatocytes and SECs, and less apoptosis
were observed. Many inflammatory cytokine levels and
the infiltration by neutrophils and Kupffer cell activation were decreased. VEGF and MMP-9 expression was
increased in the graft. All these facts suggest that MSCCM could have potential in prevention of liver injury,
and to enhance its regeneration in partial liver transplant.
Kanazawa et al[111] also found in a model of IRI with major hepatectomy that MSCs protected the liver from IRI
and that liver regeneration was enhanced.
However, it has been demonstrated in a liver IRI
model that intravenously injected MSCs are short-lived,
that viable MSCs do not go beyond the lungs, and that
they remain in the circulation for a very limited period[112].
It has thus been suggested that other cells should be implicated to mediate the powerful immunomodulatory and
regenerative properties of MSCs on target organs.

POTENTIAL USE OF MSCS IN LIVER
TRANSPLANTATION
Liver transplantation represents the unavoidable treatment of end-stage liver diseases. Despite satisfactory
long-term results, transplantation success mostly relies
on immunotolerance, via acceptable graft-host immune
matches and immunosuppressive measures. The latter
unfortunately exposes the patient to the classical consequences of a down-regulated immune system, such
as opportunistic infections and the typical outbreak of
neoplasms. Due to their immunomodulatory properties,
MSCs could prove highly effective in obtaining sufficient
immunotolerance to reach even higher success rates while
avoiding excessive immunosuppression, and thus severe
and life-threatening side effects.
MSCs as immunomodulation therapy in transplantation
MSCs for graft-vs -host disease after hematopoietic
cell transplantation: A clinical success? Graft-vs-host
disease (GVHD) is a major complication frequently observed after hematopoietic cell transplantation (HCT),
resulting from the attack of recipient organs by donor
lymphocytes. MSCs might play a role in the treatment of
GVHD through their immunomodulatory effects rather
than their regenerative properties. Although pre-clinical
studies for the prevention or treatment of GVHD by
MSCs gave rise to conflicting results, MSCs have shown
a clear efficacy in clinical trials, especially in steroidresistant GVHD[113]. In a phase Ⅱ study, 68% of patients
with acute steroid-resistant GVHD showed a complete
response to MSC infusion with a significant decrease in
mortality[114]. A series of other studies have shown similar
results with varying degrees of GVHD, suggesting that
MSCs have a serious potential future in GVHD management[115-117].
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MSCs in solid-organ transplantation
Animal models: MSC infusion has shown the ability
to prolong graft survival in heart[118-120], skin[121] and kidney[122-124] animal transplantation models. However, one
group found no effect of MSCs alone on heart allograft
survival in a mouse model[125], and another group found
that MSCs infused after kidney transplantation could
cause premature graft dysfunction[122].
Only a few studies have been published in liver
transplantation models. In one such study, it was demonstrated that adipose-derived MSCs significantly decreased
acute rejection after orthotopic liver transplantation in
rats[126], based on serum rejection markers and on hepatocyte apoptosis. Serum levels of IL-2 were reduced and
those of IL-10 were increased. In this model, MSC were
infused intravenously 7 d before and 3 d after liver transplantation as well as during the operation via the portal
vein. MSCs also played a role in a discordant liver xenotransplant model by alleviating acute rejection[127].
Another group studied the ability of BM-MSC infusion to inhibit acute graft rejection after allogeneic liver
transplantation in rats[128]. MSCs were derived from the
recipient, the liver donor or a third party, and infused
intravenously at the time of surgery as well as once daily
for 3 d thereafter. MSC-treated recipients survived significantly longer compared with the control group. Furthermore, there was no significant difference between the
3 groups receiving MSCs from various origins. Histological analysis showed severe acute graft rejection at day 7
in rats without MSC infusion, while acute graft rejection
was significantly decreased in the other groups. These
observations were associated with a marked increase in
the number of T-reg cells in recipients receiving MSCs.
This suggests an important role of T-reg cells in MSCmediated immunosuppression.
Available data in humans (kidney transplantation)
Results of a phase Ⅰ clinical trial studying the treatment
of allograft rejection after kidney transplantation by autologous BM-MSCs, have recently been published[129].
The MSC-based treatment was well-tolerated and no
related serious adverse effects were reported. Two MSC
infusions were performed after a biopsy-proven rejection or interstitial fibrosis/tubular atrophy (IF/TA). In
this study, MSCs showed their ability to reduce IF/TA.
In addition, a donor-specific down-regulation of the peripheral blood mononuclear cell proliferation was shown.
However, a potentially increased susceptibility to opportunistic infections was observed, with the development
of viral infections in 3 out of 6 MSC-treated patients.
In a randomized controlled trial in living donor kidney transplantation, Tan et al[130] demonstrated that, in
comparison with antibody induction therapy, induction
by autologous MSCs significantly correlated with fewer
acute rejections, a lower risk of opportunistic infections and a better renal function at 1 mo. Furthermore,
fewer adverse effects were seen in both autologous MSC
groups compared to the control group. This study was
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conducted on 156 patients recruited from February 2008
to May 2009 and divided into 3 groups (group 1 and 2
received MSCs at kidney reperfusion and two weeks later,
plus a standard dose or low dose of calcineurin inhibitors
(CNIs), respectively. The control group received anti-IL-2
receptor antibody plus standard-dose CNIs.
In a pilot study, Perico et al[131] injected autologous
BM-MSC in 2 living-related kidney transplant recipients
at day 7 post-transplant, after induction therapy with basiliximab/low-dose thymoglobulin. The peripheral blood
showed a progressive increase of the T-reg population
and a strong inhibition of memory/effector CD8 T cell
function/expansion, promoting a long-term tolerogenic
environment compared with the control group. However,
a few days after MSC infusion transient renal dysfunction
was observed. A biopsy excluded graft rejection but revealed a focal inflammatory infiltrate with neutrophil and
MSC recruitment as well as a complement-C3 deposition.
The same group also investigated pre-transplant infusion of autologous BM-MSCs in 2 living-related kidney
transplant recipients[132]. No renal dysfunction was observed while MSC immunomodulatory properties were
preserved. In addition, it was observed that the avoidance
of basiliximab in induction therapy did not facilitate further T-reg expansion.
In another recent pilot study, six patients transplanted
with living-donor related kidneys received 2 donorderived BM-MSC infusions (the first at the time of transplantation, the second one month later) in combination
with sparing doses of tacrolimus[133]. Six other patients
were used as a control group and received standard doses
of tacrolimus and no MSCs. The MSC-treated group
had stable renal function 12 mo post-transplant despite
reduced tacrolimus compared with the control group. No
acute rejection occurred, except for one in the control
group. Significantly increased B cell levels were observed
in the MSC-treated group 3 mo after transplantation. No
toxic side effects were associated with MSC infusion.
Ongoing clinical trials in liver transplantation
MSC Liege study: Taking advantage of our expertise
and experience concerning the use of MSCs in the HCT
context[115], and using an already functioning good manufacturing practice (GMP)-compliant laboratory able to
produce clinical-grade MSCs, we initiated a first trial in
2011 exploring the safety and tolerability of third-party
MSC infusions after kidney or liver transplantation in a
prospective phase Ⅰ-Ⅱ study (NCT01429038).
In this study, after successful transplantation, 10 liver
and 10 kidney transplant recipients under standard immunosuppressive treatment (tacrolimus, mycophenolate
mofetil (MMF) and steroids) receive an intravenous infusion of 1.5 × 106/kg-3 × 106/kg of third-party MSCs on
post-operative day 3 ± 2. These patients are prospectively
compared to the same number of liver or kidney transplant recipients who meet inclusion criteria but have not
not received MSC infusion. Safety is assessed by recording side effects, including opportunistic infections and
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cancers. The immunosuppressive potential of MSCs will
be evaluated by the rate of rejection episodes, graft/patient survivals, immunohistology of 3-mo (kidney) and
6-mo (liver) graft biopsies and in vitro evaluation of patient immune functions. In a second step, reduction (kidney) and progressive weaning (liver) of immunosuppression will be attempted in recipients who received MSCs.
Final results are expected by the end of 2014. The next
step will be to assert the immunosuppressive potential of
MSCs after organ transplantation, and the opportunity to
develop larger, randomised and controlled phase Ⅲ trials.
“Mesenchymal stem cells in solid organ transplantation”-1 study: In a mesenchymal stem cells in solid
organ transplantation phase Ⅰ study (MiSOT-I) started
in April 2013, the safety of MultiStem® infusion for immunomodulation after liver transplantation has been
evaluated (NCT01841632). MultiStem is a new biological
product derived from multipotent adult progenitor cells
(MAPCs) which belong to the family of MSCs. Patients,
divided into four cohorts, will receive 2 doses of MultiStem (first intraportal at liver transplantation, second at
day 3 post-transplant) in addition to immunosuppression
(calcineurin-inhibitor-free ‘bottom-up’ immunosuppressive regimen with basiliximab, mycophenolic acid,
and steroids). From cohort 1 to 4, an increasing dose
escalation is performed (3-6 patients in each group). The
primary outcome will be infusional and acute toxicity
(intraportal, pulmonary and systemic). The secondary
outcomes will be biopsy-proven acute rejection, whether
MultiStem promotes malignant transformation nor tumor
growth, and the long-term safety of MultiStem administration (up to 6 years). Final results are expected in 2016.
The Beijing study
A third study is ongoing. This phase Ⅰ study will include
a total of 50 patients randomly assigned to two groups;
in the first group, patients will receive conventional immunosuppressive agents plus umbilical cord (UC-) MSCs
at the day of liver transplantation and then once every
4 wk, at a dose of 1 × 10 6 UC-MSCs/kg for 12 wk
(NCT01690247). In the second group patients will receive conventional treatment plus a placebo. Both groups
will be followed for 48 wk. The study will evaluate the
incidence of acute rejection and early liver function recovery, as well as patient and graft survival rates, and the
prevalence of adverse events as secondary outcomes.

VARIABLES TO BE CONSIDERED/ISSUES
TO BE RESOLVED
At present many questions remain unanswered in the
field of MSCs therapy in solid-organ transplantation.
These issues could explain the conflicting data obtained
in previous studies. Further in vitro investigations and
pre-clinical studies could help to define the settings of
future clinical trials through a better understanding of the
mechanisms of action of MSCs.
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Dosage and sources of MSCs
The ideal amount of MSCs necessary to achieve some
clinical effect has not yet been studied, and additionally,
the ideal source of MSCs in the setting of organ transplantation has not been determined. Usually isolated
from the bone marrow, MSCs can now be isolated from
other more easily accessible human tissues such as adipose tissue or cord-blood. Compared with BM-derived
MSCs, adipose- and cord- derived MSCs have comparable phenotypic and immunomodulatory properties[134].
Nevertheless, it seems that many genes are differentially
expressed in MSCs depending on their tissue origin[135].
These differences could alter the function of MSCs in
clinical use.
Although not quite clear, it should be noted that
MSCs derived from adipose tissue seem to be more likely
to develop chromosomal abnormalities than BM-derived
MSCs, after many passages in culture[136,137]. High-passage
MSCs should thus be avoided for clinical applications.
Origin of MSCs- autologous vs allogeneic
MSCs can be isolated from the organ recipient (autologous) or from the organ donor, or from a third party (allogeneic).
While some have suggested that allogeneic MSCs
may be more efficient as immunosuppressors[138], others
have shown in animal models that donor-derived MSCs
could be preferable[139]. In a recent study, it has been
demonstrated that both autologous and allogeneic MSCs
were able to inhibit alloreactivity and had comparable efficacy[22,127].
In terms of alloreactivity, MSCs appear to bear low
immunogenicity (see above). In a clinical case of osteogenesis imperfecta, no sign of alloreactivity was observed
in the recipient after infusion of fully mismatched allogeneic MSCs[140]. Yet some papers have reported the induction of memory T cell responses and immune rejection
after allogeneic MSC infusion[18,141]. One cannot exclude
that donor-derived MSCs could induce alloreactivity and
accelerate graft rejection. Nevertheless, in the field of
kidney transplantation, Crop et al[22] have demonstrated
that donor-derived MSCs are not immune-rejected and
are even able to inhibit alloreactivity in kidney transplant
patients when infused before transplantation.
MSC interaction with immunosuppressive drugs
In clinical transplant studies, MSCs are used concomitantly with immunosuppressive drugs. As MSCs and
immunosuppressive drugs inhibit the same targets (essentially T cells), it is reasonable to consider that interactions between them can occur. Therefore, it is essential
to know which drugs can (positively or negatively) affect
MSC function.
In vitro, some have shown that tacrolimus (a calcineurin inhibitor) and rapamycin (a mTOR inhibitor) decrease
MSCs immunosuppressive properties[142], and conversely,
that MSCs reduce the immunosuppressive capacities of
tacrolimus and rapamycin. Such an effect has not been
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found with mycophenolic acid (MPA). Moreover, a high
dose of tacrolimus seems to be toxic for MSCs, while
MPA and rapamycin at a therapeutic dose just inhibit
MSC proliferation[143]. Nevertheless, others have shown
that cyclosporine A (CsA) (another calcineurin inhibitor)
and MSCs exert cumulative effects against all activated
lymphocytes[138]. Furthermore, it has been demonstrated
that MPA and MSCs have a synergistic immunosuppressive effect[143].
In vivo, MPA and MSCs also synergize to promote
long-term allograft tolerance in rat heart transplantation[144]. In contrast to what is observed in vitro, rapamycin
and MSCs synergize as immunomodulators to promote
cardiac allograft long-term survival[119]. Moreover, in a rat
renal transplantation model, it has been shown that CsA
antagonizes MSC efficacy, and that this combination has
no advantage in terms of allograft survival rates compared with CsA alone[122]. Nevertheless, this study has to
be contrasted with other studies using various immunosuppressive drug used together with CsA in which MSC
efficacy was not altered[19,110]. The choice of concomitant
immunosuppressive drugs is an important matter for debate, and more studies are needed to define which are the
most effective drugs to use with MSCs.
Timing of administration of MSCs
MSCs can be injected before, during or after transplantation, and with single or repeated injection(s). Timing of
administration is another important point for discussion.
It has been shown in vivo that pre-transplant infusion
could be more effective than peri-transplant infusion in
preventing graft rejection in a murine heart transplantation model[120]. On the other hand, it has been demonstrated that MSCs are effective in the treatment of
steroid-resistant GVHD[113], so at the peak of the disease.
In a clinical trial, Perico et al[131] observed that early posttransplant infusion of MSCs could induce a transient
renal dysfunction. This group is now investigating pretransplant infusions[132].
Protocols investigating timings of administration
will probably have to be defined according to expected
effects and drugs used concomitantly. Regarding liver
transplantation, our group infuses MSCs at day 3 postliver transplantation, while the MiSOT group performs 2
injections of MSCs at day 0 (intra operatively) and day 3
post-transplantation. In the Beijing study, an injection is
performed on the day of liver transplantation and then
once every 4 wk during a 12-wk period.
Administration route
In case of liver transplantation, MSCs can be injected
through a peripheral vein or through intraportal infusion
during surgery, or a combination of both. Intraportal
infusion could be helpful in increasing the amount of
MSCs homing to the liver. On the other hand, MSC
homing behaviour to the inflammation site[69] could potentially concentrate them in the liver when intravenously
infused after hepatic transplantation. However, some
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studies have observed that MSCs could be trapped in the
lung after intravenous infusion[86,87]. Whatever the case,
it is clear that to define the best route of administration,
it is necessary to better understand the homing capacity
of MSCs, and whether MSCs really require close contact
with the target organ in order to be effective.
MSC side effects and safety
To date, no major adverse effects have been reported in
the mid-term in the significant number of clinical trials
using MSC-based therapy, for example in the context
of BMT[113-117], solid-organ transplantation[129-133] and in
many completed clinical trials for various therapeutic applications[145]. Only some studies have shown mild and
transient adverse effects around the time of injection[145].
More experience is needed in order to confirm the longterm safety of MSCs.
To reach a sufficient number of cells for MSC-based
therapy, in vitro expansion is needed. In this context, one
of the major concerns is the potential risk of a neoplastic
transformation of MSCs[122]. The occurrence of chromosomal aberrations is not uncommon after in vitro culture
of mMSC, especially after long-term culture. It has been
shown in vivo that these chromosomally unstable cells
could transform into malignant cells with generation of
tumors in vivo[146-148].
Contrary to mMSCs, in vitro expansion of hMSC
seems to be far more stable and does not seem to generate genomic instability in these cells even after longterm culture. They do not transform into malignant cells
after transplantation in mice[149,150]. Nevertheless, a French
study observed the occurrence in vitro of transient chromosomal aberrations (aneuploidy) in twenty preparations
of BM-MSCs obtained under GMP with two different
culture processes. However these cells showed the same
senescence as “normal” MSCs and did not lead to tumoral process after injection in immunocompromised
mice[151]. Another study has found a high rate of human
MSCs spontaneously transformed in malignant cells in
vivo[152], but this strongly controvert suggesting a crosscontamination with cancerous cells[153]. Moreover, in two
recent reviews analysing numerous studies, no evidence
was found to affirm the potential of human MSCs for
malignant transformation and so far, no risk of malignant transformation has been found in clinical use of
hMSCs[149,154].
As MSCs are used as immunosuppressors, another
concern is the potential emergence of opportunistic infections and induced cancers. In the case of solid organ
transplantation with MSC-based immunosuppression, no
increase risk of viral opportunistic infections has been
observed so far-one group having even observed a decrease[130]. Nevertheless, another group reported viral opportunistic infections in three patients[129].
Interestingly, the MiSOT study group recently established a system to objectively score the potential emerging adverse effects related to MSC infusions (intravenous
or intraportal infusion) after liver transplantation[155]. This
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score is calculated using three parameters (pulmonary
toxicity, intraportal-infusional toxicity and systemic toxicity), each of them receiving a score of 0 (no adverse
events) to 3 (severe adverse events). It has been retrospectively validated on a cohort of 187 liver-transplanted
patients not receiving MSCs as a control population. It
has been suggested that this new tool could be helpful in
assessing the safety of MSC use in solid organ transplantation.
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CONCLUSION
The accumulating evidence shows that MSCs have immunosuppressive and reparative capacities in vivo and in
vitro, as well as a potential beneficial effect in ischemia-reperfusion injury. These three principal properties suggest
that MSCs could be interesting in liver transplantation to
prevent or treat IRI, allograft dysfunction and graft rejection by inducing a durable tolerogenic environment. Using MSCs, and thereby removing or reducing the need for
immunosuppressive drugs could avoid the serious side
effects associated with these drugs.
Currently available data in clinic show that MSCs are
safe to use, at least in the medium-term, but more time
is needed to evaluate their potential adverse effects on
the long-term. Caution is therefore recommended. Even
if encouraging, the results of MSC use in vitro and in vivo
(animals and humans) are sometimes contradictory. Nevertheless, negative results do not necessarily mean that
MSCs are not effective in solid-organ transplantation, but
rather that a countless number of still unknown (or poorly known) parameters may influence their effectiveness.
At the same time, many issues must be resolved to optimize their use. Intensive in vitro and pre-clinical research
is certainly the key to a better understanding of the way
that MSCs act, and to eventually lead to clinical success.
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Abstract
Loss of DNA mismatch repair (mmr) function, due to
somatic or germline epi/genetic alterations of mmr
genes leads to the accumulation of numerous mutations across the genome, creating a molecular phenotype known as microsatellite instability (MSI). In gastric
cancer (gc), MSI occurs in about 15% to 30% of the
cases. This review summarizes the current knowledge
on the molecular mechanisms underlying the acquisition of MSI in gc as well as on the clinic, pathologic
and molecular consequences of the MSI phenotype.
Additionally, current therapeutic strategies for gc and
their applicability in the MSI subset are also discussed.

WJG|www.wjgnet.com

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Microsatellite instability;
Mismatch repair genes; Oncogenes; Helicobacter pylori
Core tip: This review summarizes the current knowledge on the molecular mechanisms underlying the
acquisition of microsatellite instability (MSI) in gastric
cancer (gc) as well as on the clinic, pathologic and
molecular consequences of the MSI phenotype. Additionally, current therapeutic strategies for gc and their
applicability in the MSI subset are also discussed.
Velho S, Fernandes MS, Leite M, Figueiredo C, Seruca R. Causes
and consequences of microsatellite instability in gastric carcinogenesis. World J Gastroenterol 2014; 20(44): 16433-16442
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i44/16433.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i44.16433

MICROSATELLITE INSTABILITY AND THE
MISMATCH REPAIR SYSTEM
Microsatellite instability (MSI) phenotype is characterized
by the accumulation of numerous mutations across the
genome mainly in repetitive sequences (microsatellites)
due to a defective DNA mismatch repair (MMR) system[1].
The MMR system is composed of at least seven
proteins, h-MLH1, h-MLH3, h-MSH2, h-MSH3,
h-MSH6, h-PMS1 and h-PMS2, which associate with
specific partners to form functional heterodimers that
recognize base-pair mismatches and small nucleotide
insertion/deletions (1-4 base pairs) that occur during
DNA replication[2,3]. h-MLH1 and h-MSH2 are essential components of the MMR machinery and form five
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functional heterodimeric complexes: the MutS complex
formed by h-MSH2/h-MSH3 (hMutSβ) or h-MSH2/
h-MSH6 (hMutSα) heterodimers, and the MutL complex
composed by h-MLH1/h-PMS2 (hMutLα), h-MLH1/
h-PMS1 (hMutLβ), or h-MLH1/h-MLH3 (hMutLγ) heterodimers[2]. DNA mmr initiates with the assembling of
hMutS complex to DNA. The type of MutS heterodimer
formed depends on the type of DNA alteration to be
corrected. h-MSH2/h-MSH6 heterodimer is required to
correct both base-base mispairs and small insertion/deletion loops whereas h-MSH2/h-MSH3 heterodimer works
to repair insertion-deletion loops only[4]. Following the
initiation of DNA MMR by the MutS complex, recruitment of MutL heterodimer occurs[5,6]. MutL proteins
function to connect the mismatch recognition complex
to other downstream effectors of the repair machinery
such as proliferating cell nuclear antigen, DNA polymerases δ and ε, single-stranded DNA-binding protein and
possibly helicase(s), which are needed to complete the repair process[4,7,8]. h-MLH1/PMS2 heterodimer is the only
hMutL complex shown to be linked to human MMR system and cancer. The role of the other two hMutL complexes is less well understood. In vitro studies showed that
h-MLH1/h-MLH3 heterodimer participates in the repair
of base-base mispairs and one-nucleotide insertion/deletion loops but the studies have failed to show the in vivo
functionality of the complex[5]. In addition, biochemical
studies support the existence of h-MLH1/h-PMS1 heterodimers in human cells, unlike in vitro and in vivo studies
that do not support their role in neither MMR and MSI
induction nor in cancer predisposition[5,9,10].

TYPE OF MMR SYSTEM ALTERATIONS
UNDERLYING MSI IN GASTRIC CANCER
Genetic and epigenetic alterations occurring at the MMR
system effectors, namely in h-MLH1 and h-MSH2, and
less frequently in h-MSH6 and h-PMS2, are the main
mechanism by which MMR system failure occurs in MSI
gastrointestinal cancers[4].
In stomach cancer, MSI occurs in about 15%-30%
of the cases. MSI gastric cancer (GC) can occur in the
context of hereditary syndromes, such as in the Lynch
syndrome, but most of them arise in a sporadic form and
only a small fraction show familial clustering (10%)[11].
Lynch families are characterized by having an excess of
synchronous and metachronous colorectal cancer (CRC)
but frequently show extra-colonic tumours, including
GC[12,13]. Most of Lynch syndrome-associated cancers
have h-MLH1, h-MSH2 germline mutations as the causal
genetic event underlying MMR deficiency, and only a
small fraction of them harbor alterations in h-MSH6
and h-PMS2 genes[14,15]. In addition, loss of MMR system
function may also be caused by mechanisms other than
germline mutations in MMR genes. This is the case of
deletions of the terminal end of the EPCAM gene that
have been identified in a small number of families with
Lynch syndrome whose tumours demonstrate loss of
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h-MSH2[16]. In these cases, a failure in transcriptional termination of EPCAM results in the generation of fusion
transcripts with the adjacent h-MSH2 gene, giving rise
to methylation of the h-MSH2 promoter, particularly in
epithelial tissues where EPCAM is expressed at high levels[16]. Constitutional epimutations of the h-MLH1 gene
have also been identified in mutation-negative individuals
with a clinical diagnosis of Lynch syndrome[17-22]. This
defect is characterized by soma-wide promoter methylation and transcriptional silencing of a single allele of the
h-MLH1 gene[19,20,22]. The frequencies of germline epimutations of h-MLH1 and h-MSH2 seem to be quite high
in the genetically proven Lynch-syndrome cases (about
16% of all mutations) although rather infrequent in a
cohort of Lynch-syndrome suspected patients (0.6% and
0.9%, respectively)[21]. Additionally, the 944C>T germline
mutation of TGFBRII has also been associated to Lynchsyndrome[23].
Somatic mutations in MMR genes have also been
described in sporadic MSI GC. However, in contrast to
Lynch syndrome-associated cancers, these mutations
were shown to constitute a molecular effect rather than a
cause of the mutator phenotype[24]. Epigenetic silencing
of h-MLH1 by promoter hypermethylation is the main
mechanism leading to MMR deficiency in both sporadic
and familial MSI GC cases[25-28]. In addition, Helicobacter
pylori (H. pylori) infection may have a role in the impairment of nuclear MMR activity, a subject that will be further discussed in this review[29,30].

MSI AND H. PYLORI INFECTION
H. pylori is the most common chronic infection worldwide and the major etiologic factor for GC[31]. The fact
that only about 1% of all infected individuals develop
GC is explained by the interplay between environmental
factors, host-inflammatory genetic susceptibility and variations in the pathogenicity of the bacterial strains[32-35].
The molecular mechanisms by which H. pylori induces
GC are not fully elucidated, but the chronic inflammation
that accompanies the infection is an important trigger,
since it induces cellular and DNA damage, and creates
an environment rich in cytokines and growth factors
that contribute to carcinogenesis[36,37]. The persistence
and combination of bacterial virulence factors and inflammatory factors acting on host gastric epithelial cells
during the long-lasting H. pylori infection leads to epi/genetic mutations, microRNA (miRNA) gene expression
changes, and alterations in cell signaling pathways[29,37,38].
H. pylori infection generates an oxidative microenvironment due to an increased production of reactive oxygen
species and reactive nitrogen species, which leads to the
oxidative DNA damage of the host cells and thus to mutagenesis[39-45]. Moreover, H. pylori stimulates the production of pro-inflammatory mediators, either by epithelial
or immune cells, such as IL-1, IL-6, IL-8, TNF-α, IFN-γ,
RANTES, COX-2, 5-LOX, and growth factors such
as granulocyte-macrophage colony stimulating factors
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Table 1 Target genes in gastric tumours with microsatellite
instability

MSI AND TARGET GENE MUTATIONS IN
GC

Gene pathway

As previously mentioned, cells with a deficient MMR
system accumulate mutations throughout the genome.
These mutations, typically insertions or deletions, occur
mainly in microsatellite-bearing genes, and affect both
coding and non-coding regions. When affecting microsatellites of coding genes, MSI-associated insertion/deletion mutations result in frameshift mutations leading to
truncated proteins with impaired or no function. If these
mutations affect genes that confer any tumorigenic advantage, they will likely appear at high frequency due to
selection during tumour development. In contrast, when
affecting non-coding intronic or intragenic regions, they
are likely silent and present at low frequencies, unless they
occur in gene regulatory regions (promoter regions and 3’
UTR region, for example) that may control gene expression[55-57]. Since MSI GCs show widespread somatic mutations, it is difficult to disclose which are the real target
genes whose mutations drive MSI gastric carcinogenesis
and which are the bystander genes whose mutations have
little or no contribution to malignancy. In this regard, the
frequency of mutations and their in vitro or in vivo functionality were proposed as relevant criteria to distinguish
between drivers from bystander mutant genes. Additionally, inactivation of the other repeat tract by other molecular mechanism, and the involvement of the candidate
MSI target gene in a bona fide growth suppressor pathway
should also be taken into consideration[55,58,59]. A database
that gathers all mononucleotide microsatellite mutations
in human MSI tumours of different organs, SelTarbase
(http://www.seltarbase.org/), was created, allowing the
identification of relevant genes for tumorigenesis based
on their mutation frequency[60]. Nevertheless, to date,
several genes have been identified to be critical targets of
the defective MMR and to be specifically altered in GC
displaying MSI as listed in Table 1. These comprise genes
involved in DNA repair, chromatin structure regulation,
apoptosis, cell cycle progression, transcription regulation
and signal transduction. A new class of target genes that
show frameshifts mutations in MSI GC has recently been
identified and include genes involved in the processing
machinery of miRNA, which harbor mononucleotide
repeats in their coding sequences[61]. More recently, whole
genome and exome sequencing of GC samples revealed
novel genes, ARID1A and RNF43, to be mutated in 83%
and 55%, of MSI cases, respectively[62,63].

DNA repair/chromatin structure regulation

Signal transduction

Transcriptional regulation
microRNA regulation

Cell death

Other

Target gene
ATR
BLM
CHK1
MED1
MRE11
MSH2
MSH3
MSH6
RAD50
DP2
IGFIIR
RIZ
TGF-β RII
TCF4
E2F4
AGO2
TNRC6A
APAF1
BAX
BCL10
CASPASES
FAS
UVRAG
BHD
PAI-1

(GM-CSF) which are well-known factors involved in the
different steps of tumorigenesis, such as cellular transformation, promotion, survival, proliferation, invasion,
angiogenesis, and metastasis[38,46,47].
Another mechanism through which H. pylori may contribute to neoplastic transformation of the gastric cells
is by inducing genomic instability[29]. It has been demonstrated that H. pylori induces an increased level of mutations in both the nuclear DNA (nDNA) and mitochondrial DNA (mtDNA)[30,43,48-50]. Genomic instability may
be mediated by an impairment of the MMR pathway. In
fact, it has been shown that H. pylori decreases the expression of MLH1, PMS1, PMS2, MSH2 and MSH6 in gc
cell lines and in a mouse model of infection[30,48,51,52], and
also decreases the MMR activity[30]. Concordantly, clinical studies have shown that MLH1 levels are lower in H.
pylori-infected individuals in comparison with those that
do not harbor the bacteria[53]. Furthermore, MLH1 and
MSH2 expression increases in the gastric mucosa after H.
pylori eradication treatment[51]. The H. pylori-induced defective nDNA repair might have repercussions in mtDNA repair, due to sharing of some components of the
nDNA repair that act in the mitochondria, partly explaining the increased level of mtDNA mutations in gastric
cells infected by H. pylori[30,49,50,54]. These data suggest that
H. pylori impairs central DNA repair mechanisms, inducing a transient mutator phenotype, which renders gastric
epithelial cells vulnerable to the accumulation of genetic
instability, thus contributing to gastric carcinogenesis in
infected individuals[29].
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ONCOGENIC MUTATIONS IN MSI GC
In recent years, a number of studies contributed to better
understand gastric tumour development demonstrating
that MSI tumours are more prone to exhibit mutations
in specific genes, in contrast to tumours with distinct
types of genomic instability[64-66]. Of particular relevance
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are members of the mitogen-activated protein kinase
(MAPK) and phosphatidylinositol 3-kinase (PI3K) pathways that have been found to be mutated and activated
in the progression of gastric carcinogenesis. Specifically, mutations in the epithelial growth factor receptor
(EGFR), KRAS, PIK3CA and mixed lineage kinase 3
(MLK3) have been described in a number of studies[64,65].
EGFR is a transmembrane tyrosine kinase receptor that in response to extracellular stimuli leads to the
activation of two major signalling cascades, the MAPK
and PI3K pathways, which are critical in controlling cellular proliferation, differentiation and survival[67]. Therefore, deregulation of this complex network of signalling
pathways is known to contribute to the development of
GC[64]. EGFR overexpression has been reported in GC
in several studies but the underlying mechanisms of aberrant expression remain poorly understood[64,68]. EGFR
structural alterations as amplifications and mutations have
been described by many as contributing to EGFR overexpression. For instance, Deng et al[69] reported EGFR
amplification in about 8% in a series of primary GC
samples analysed. EGFR increased copy number was also
observed in approximately 13% of 77 primary GC, which
was mainly attributed to polysomy of chromosome 7[70].
Somatic mutations of EGFR have also been described in
about 5% of a set of gastric adenocarcinomas[71]. However, other studies have shown EGFR mutations to rarely
occur in GC[70,72]. In the MSI subset of GC, however,
data is very limited. Our group has recently investigated
somatic hotspot mutations of the EGFR gene as well as
structural alterations on the A13 repeat within the 3’-untranslated region of EGFR (3’-UTR polyA repeat) in a
cohort of 63 MSI GC. Results revealed that although no
pathogenic mutations were found in the hotspot regions
of EGFR, deletions at the 3’-UTR polyA repeat were
found in a high proportion (48%) of MSI GC[65]. Mutations in the 3’-UTR polyA repeat of EGFR have been
found to be associated with EGFR overexpression in colon carcinomas through enhancement of EGFR mRNA
stability[73] suggesting a putative role for these mutations
also in GC development. Furthermore, these EGFR
alterations were found isolated or in concomitance with
mutations in KRAS and/or PIK3CA genes suggesting
a cumulative effect of both oncogenic events in MSI
GC[65].
Downstream of EGFR, KRAS, BRAF and PIK3CA
have also been investigated for mutations in GC. KRAS
mutations in codons 12 and 13 have been detected in
GC in several studies and frequencies were shown to be
around 4%[74,75]. In most cases, however, KRAS mutations are observed in the MSI subset of GC[65,74-76]. Indeed, our group has analysed a panel of GC samples and
KRAS mutations were detected in about 18% of the MSI
cases[65]. Furthermore, Brennetot et al[76] described KRAS
mutations in GC samples only in the MSI subset in about
30% of the cases. A recent large international multicentre study also corroborates the idea that KRAS mutations are related to DNA MMR in GC[75]. In contrast to
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KRAS, BRAF mutations are rarely observed in GC, as
demonstrated by others and our group[74,77-80]. PIK3CA,
a gene that encodes for the catalytic subunit p110-alpha
of PI3K, is frequently mutated in many human cancers
including GC leading to constitutive activation of the
PI3K-Akt signalling pathway[81]. More specifically, Samuels et al[81] initially described a high frequency of PIK3CA
mutations (25%) in GC, although that could be the result
of a small sample size. Further studies, including those
from our group, subsequently identified PIK3CA mutations in GC specimens that ranged from 4% to 16%[82-87].
As for KRAS, PIK3CA mutations were also demonstrated to occur preferentially in the MSI subset of GC[82-84].
Furthermore, PIK3CA and KRAS mutations were described as alternative oncogenic events in this subset of
MSI GC[83]. Our group also evaluated PIK3CA mutations
in a series of MSI GC samples and identified PIK3CA
mutations in about 14% of the samples[65]. More recently,
a meta-analysis evaluating PI3K aberrations identified
PIK3CA mutations in 7%-15% and PIK3CA amplification in 46% of the GC[88]. PIK3CA was also evaluated
by Shi et al[86] reporting that 67% of GC had amplification of the gene. In accordance with the role of PI3K
pathway in MSI GC alterations in other genes besides
PIK3CA have also been significantly associated with the
MSI subset of GC[66].
In addition to KRAS and BRAF genetic alterations,
mutations in MLK3, a gene also involved in the MAPK
pathway, were described to mainly occur in the MSI subset[89]. Indeed, our group investigated MLK3 mutations in
gastrointestinal tumours and described these mutations to
be functionally relevant[90]. In particular, in MSI GC samples MLK3 mutations were found in a range 3%-17%[65,90].
Overall, the incidence of mutations in members of
the EGFR-MAPK-PI3K signalling pathway could be
proved useful for prognostic and therapeutic strategies, a
subject that is discussed thereafter.

MSI IN GC - PROGNOSIS AND
THERAPEUTIC APPROACHES
gc patients are often diagnosed at advanced stages of
the disease mostly due to the late onset of symptoms and
poor diagnostic tools. Therefore, patients diagnosed with
GC are usually associated with a poor prognosis[91]. In
recent years, however, efforts have been made to identify
better molecular prognostic markers as well as provide
novel and more specific targeted therapies to improve
overall survival of GC patients.
The different patterns of genomic instability are associated with specific subsets of GC patients having
distinct clinico-pathological and molecular characteristics
and subsequently have implications at the prognostic
and therapeutic levels as summarized in Figure 1[90,92]. Indeed, the overall survival of patients with GC displaying
MSI phenotype is better than that of patients with MSS
phenotype[11,93]. In particular, in respect to the clinic-pathological features of the MSI GC, most are of the intes-

16436

November 28, 2014|Volume 20|Issue 44|

Velho S et al . MSI in gastric cancer

MMR mutations
(Lynch syndrome)

MLH1 methylation
(Sporadic)

MMR downregulation
(H. pylori )

MSI GC

Oncogenes

EGFR
KRAS
PIK3CA
MLK3

Prognostic
Better overall survival
Less invasive
Intestinal histotype
Distal location
Older women

Therapies
Surgery
Radiotherapy
Chemotherapy (5-FU)
Trastuzumab

Figure 1 Summary of microsatellite instability gastric cancer associated
clinico-pathologic and molecular aspects. This figure summarizes the current knowledge on the molecular mechanisms underlying the acquisition of MSI
in GC as well as the clinic, pathologic and molecular consequences of the MSI
phenotype. MSI: Microsatellite instability; MMR: mismatch repair; GC: Gastric
cancer; H. pylori: Helicobacter pylori; 5-FU: 5-fluorouracil.

tinal histotype, located in the distal part of the stomach
and occur more frequently in older women[11,94-96]. More
interestingly, MSI tumours usually have an overall longterm prognosis that is favourable even in patients with
advanced disease due to the fact that these tumours have
a lower ability to invade serosal layers that preferentially
spread to the periphery of the stomach via the lymphatic
stream to the nodes[11,94-96]. In addition, analysis of long
term survival data of patients revealed higher survival
rates of patients with advanced MSI GC in comparison
to patients with other types of GC even if at the same
disease stage[97]. Further, evaluation of MSI and MSS GC
patients revealed a correlation of MSI at multiple loci
with long term survival in advanced GC suggesting that
this particular subset of MSI tumours are less aggressive
and subsequently associated to a favourable prognosis[11].
Interestingly, our group also found patients with MSI GC
with familial history and patients with sporadic MSI GC
to display similar clinico-pathologic characteristics[11,26].
Molecular biomarkers have also been put forward
as putative candidates with prognostic value, including
EGFR, HER2 and VEGFA as recently reviewed in Durães et al[98]. Indeed, EGFR has been throughout investigated, although its role as prognostic factor remains controversial. In several studies the expression of EGFR was
shown to be related with the survival of GC patients and
associated with an adverse prognostic value[99-102]. However, recent studies found that positive EGFR expression is
not prognostic of patient outcome in GC patients[103-105].
Similarly, the prognostic value of HER2, a tyrosine kinase receptor, is also uncertain as demonstrated through
the evaluation of HER2 expression by immunohistochemistry (IHC) and fluorescence in situ hybridization
(FISH)[106,107]. In contrast, VEGF-A over-expression was
suggested to be associated with a poor prognosis for
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overall survival and disease-free survival in patients with
GC[102,108,109]. Nonetheless, information is scarce as to the
prognostic value of EGFR, HER2 or VEGFA expression in the MSI subset of GC.
In addition to the clinico-pathologic characteristics
and molecular biomarkers, other inflammation-related
factors have been associated with GC prognosis[110].
Despite the many advances in the development of
new lines of therapy for cancer in general, GC patients
have had little benefit. The conventional therapies for GC
patients include surgery, radio- and chemo-therapy regimens but the overall outcome of GC patients remains
poor, in part due to the diagnosis at an advanced stage[91].
In addition, 5-fluorouracil (5-FU) and cisplatin-based
chemotherapy regimens are frequently used in patients at
an advanced stage of the disease[111]. Noteworthy, there
is still controversy as to the benefits of 5-FU based adjuvant therapy in the MSI subset of GC. Early studies using CRC cells have determined that, in contrast to MSS,
MSI cells were insensitive to 5-FU[112], suggesting the
same could be valid for GC cells. In fact, a recent largescale study in GC patients with stage Ⅱ and Ⅲ, revealed
that 5-FU-based adjuvant chemotherapy showed better
disease-free survival in the MSS/MSI-low group but
showed no benefits in the MSI-high group[113]. However,
conflicting data exist as other reports have shown that
the survival of GC patients after the administration of
5-FU did not correlate with MSI status[114].
In the past few years, novel targeted therapies have
been tested and approved for GC patients. Regrettably,
the successful rates in GC patients are not as encouraging as expected. At present, the only targeting agent approved for GC patients is trastuzumab, a recombinant
humanized monoclonal antibody that targets HER2,
which efficacy has been demonstrated in HER2 positive
GC patients in a phase Ⅲ large multicentric trial (ToGA
study)[115]. Several other targeted agents are currently being investigated or already in clinical trials, most of them
focusing on the EGFR pathway or angiogenesis[116]. More
specifically, antibodies against EGFR are been evaluated
in GC patients in clinical trials including cetuximab and
panitumumab, though with disappointing results. Data
from the phase Ⅲ trial EXPAND revealed that the addition of cetuximab to capecitabine-cisplatin provided no
additional benefit to chemotherapy alone in the first line
treatment of advanced gc[117]. Similarly, the addition of
panitumumab to epirubicin, oxaliplatin, and capecitabine
chemotherapy did not increase the overall survival of
oesophagogastric adenocarcinoma in the REAL3 phase
[118]
Ⅲ trial . Anti-VEGF and VEGFR agents as bevacizumab, ramucirumab, apatinib, sorafenib, sunitinib and
cediranib have also been evaluated in GC patients in clinical trials with variable outcomes[116]. Furthermore, examples of other targeting agents being tested in GC include
everolimus, an mTOR targeting agent; onartuzumab, an
antibody against HGFR; vorinostat, an HDAC inhibitor;
AZD4547, an FGFR inhibitor; and BYL719, a PIK3A
inhibitor[98,116]. Yet again, data on the effects of targeted
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therapies in the MSI subset of GC is scarce and warrant
further studies.

13
14

CONCLUsion
The subset of GC with MSI display specific clinic, pathologic and molecular features and therefore are associated to distinct molecular signalling pathways of tumour
development[90,92]. The available data indicates that MSI
status evaluation is critical for appropriate prognosis assessment in GC patients. Despite all the recent advances,
GC remains a challenging cancer. Thus, a better understanding of the molecular aspects of MSI GC is required
to further develop new diagnostic and prognostic tools as
well as novel therapeutic targets and strategies.
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Abstract
Chronic abuse of alcohol leads to various histological
abnormalities in the liver. These are conditions collectively known as alcoholic liver disease (ALD). Currently,
ALD is considered to be one of the major causes of
death worldwide. An impaired intestinal barrier with
related endotoxemia is among the various pathogenetic
factors. This is mainly characterized by circulating levels of lipopolysaccharide (LPS), considered critical for
the onset of intra-hepatic inflammation. This in turn
promotes hepatocellular damage and fibrosis in ALD.
Elevated levels of LPS exert their effects by binding to
Toll-like receptors (TLRs) which are expressed by all
liver-resident cells. The activation of TLR signaling triggers an overproduction and release of some cytokines,
which promote an autocatalytic cascade of other proinflammatory signals. In this review, we provide an
overview of the mechanisms that sustain LPS-mediated
activation of TLR signaling, reporting current experimental and clinical evidence of its role during inflammation in ALD.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: alcoholic liver disease (ALD) pathogenesis is
quite complex and requires the activation/inhibition of
several molecular pathways. The inflammatory storm
caused by alcohol abuse on the gut-liver axis and consequent activation of Toll-like receptor (TLR) signaling
is topical for researchers and physicians, both for understanding ALD pathophysiology and for translating
novel clues into clinical practice. Here, we focus on the
current evidence of TLR involvement in inflammation
during ALD in experimental models and humans, offering readers with no first-hand knowledge of this topic a
valuable tool to start novel studies.
Ceccarelli S, Nobili V, Alisi A. Toll-like receptor-mediated
signaling cascade as a regulator of the inflammation network
during alcoholic liver disease. World J Gastroenterol 2014;
20(44): 16443-16451 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i44/16443.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i44.16443

INTRODUCTION
Toll-like receptors (TLRs) belong to the family of pattern recognition receptors and are crucial sensors of the
innate immune system committed to the recognition of
both pathogen and damage-associated molecular patterns
(PAMPs and DAMPs, respectively)[1-4]. TLRs are key molecules of the innate immune system which play a major
role in the control of the inflammation process, promoting the production of several circulating inflammatory
molecules, including cytokines, chemokines and other
molecules that may participate in tissue repair or exacerbate tissue damage in several diseases[5]. It is noteworthy
that TLRs have also been implicated in both liver physiology and in the pathophysiology of several liver diseases
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as they are diffusely expressed in all types of liver cells[6-8].
The integrity of the intestinal barrier and appropriate
gut permeability are crucial for maintaining the equilibrium of commensal and pathogenic microorganisms and
for avoiding their translocation from the gut. Normally,
only bacterial traces can pass the intestinal mucosa and
reach the liver through the portal circulation where their
clearance is accomplished. A large amount of the literature in animal models and humans has reported that
excessive alcohol consumption increases intestinal permeability, disrupting the intestinal barrier and leading to a
strong increase of portal and systemic levels of the most
studied PAMP, lipopolysaccharide (LPS)[9-12]. However,
only recently through novel metagenomic and metaproteomic approaches, the ability of acute and chronic ingestion of alcohol to alter gut microbiota composition by
increased bacterial overgrowth and contributing to liver
damage and inflammation has emerged[13-15].
Over the past decade, despite numerous prevention
campaigns, alcohol consumption is still at alarming levels,
particularly in industrialized countries[16]. Therefore, alcohol abuse is currently considered to be one of the major
causes of chronic liver disease in Western countries,
particularly in Europe, southern Europe and the United
Kingdom[17]. Prevalently, heavy drinkers are susceptible to
develop alcoholic liver disease (ALD) which may be characterized by different histological abnormalities, including
steatosis, steatohepatitis and fibrosis, and evolving into
more severe forms of liver injury, such as cirrhosis and
hepatocellular carcinoma (HCC)[17,18].
During the last decade, the importance of research and
clinical studies of the underlying molecular mechanisms
that link TLRs and ALD have received increasing interest,
particularly because of their therapeutic inference.
In the present review, we focus on the implication of
TLRs and their role in inflammation in ALD pathogenesis and we provide an overview of their possible clinical
impact in prevention and therapy.

TLR-MEDIATED SIGNALING
TLRs are regulators of innate immune response and sensors of both the pathogen signature bacteria, fungi and
virus PAMPs and the endogenous components, DAMPs.
They are highly conserved type I transmembrane proteins which comprise an extracellular leucine-rich ligand
binding domain and an intracellular domain, Toll/interleukin (IL)-1 receptor (TIR) domain, responsible for
their intracellular signal transduction[19]. TLRs have been
classified based on their ligand specificity and selectivity,
accounting for more than 13 members in mammals, of
which 11 are expressed in humans. However, each human
TLR exhibits differential activities, depending on its tissue expression and ligand specificity[20].
In the liver, TLRs are expressed in Kupffer cells (KCs),
hepatocytes and hepatic stellate cells (HSCs) and they
have been extensively studied in various chronic liver
diseases[21]. In more detail, TLR2 and TLR4 expression is
shared by hepatocytes, KCs, HSCs and biliary epithelial
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cells, while TLR4 is also expressed by sinusoidal endothelial cells. Moreover, KCs also express both TLR3 as
biliary epithelial cells and TLR9, similar to HSCs and sinusoidal endothelial cells[22].
LPS, a component of Gram-negative bacteria walls,
composed of a carbohydrate (O-antigen), an oligosaccharide region and a lipid part (called Lipid A), is the ligand
of TLR4. TLR4 cannot bind directly as the LPS molecule
requires a complex assembly composed by the CD14 coreceptor which facilitates the transfer of LPS to TLR4
complex and MD-2, an adapter molecule that modulates
the LPS recognition. Another cofactor is LPS-binding
protein (LBP) that shuttles LPS to the CD14 molecule.
The association of these auxiliary molecules triggers the
signal, resulting in the homodimerization of TLR4 molecules and consequent signaling[23,24].
Once TLRs have bound their specific ligands on the
cell membrane, they transduce the downstream signal by
means of the myeloid differentiation factor 88 (MyD88),
a common molecule adaptor for all TLRs except TLR3[25].
Actually, the TLR downstream signaling can be distinguished as MyD88-dependent or MyD88-independent
pathways with the alternative adapter molecule as TIRdomain-containing adapter-inducing interferon-β (TRIF).
As a final effect, MyD88-dependent cascade leads to the
activation of nuclear factor-κB and activating protein-1
(AP-1) by means of IκB kinase (IKK) complex and mitogen-activated protein kinases (MAPKs) respectively. NFκB and AP-1, in turn, conduct the production of specific
pro-inflammatory cytokines, such as tumor necrosis factor (TNF)-α, IL-6 and IL-1β[25]. In the liver, the MyD88
pathway also promotes the activation of the LPS-induced
TNF-α factor (LITAF), another transcription factor that
regulates the transcription of pro-inflammatory cytokines[26]. Conversely, MyD88-independent cascade predominantly induces the expression of Type I interferons
by the activation of IRF-3 through the critical regulators
TANK-binding kinase 1 (TBK1) and IKKs[27].
KC-dependent production and release of proinflammatory cytokines, such as TNF-α and IL-1β, will
further increase production and release of other proinflammatory cytokines (i.e., IL-6 and IL-8) and chemoattractant factors in a vicious cycle, leading to the activation
of other immune cells, including neutrophils, monocytes
and lymphocytes. These immune cells in turn also respond to TLR activation in KCs, generating reactive oxygen species (ROS), increasing phagocytosis and secreting
anti-microbial peptides and a cascade of additional proinflammatory molecules[28].
In Figure 1 we have schematized the LPS-mediated
TLR4 signaling pathways leading to intra-hepatic inflammation.

TLR ROLES IN ALD PATHOGENESIS
ALD pathogenesis
ALD is considered to be one of the major causes of
death worldwide, accounting for half of alcohol-related
fatalities[17]. Excessive alcohol consumption may lead to
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Figure 1 Schematic representation of lipopolysaccharide-mediated Toll-like receptor 4 signaling pathways. The disruption of intestinal integrity (i.e. caused by
alcohol) results in migration of gut-derived microbial products, particularly LPS, through the portal circulation reaching the liver. LPS can prime KC-dependent production and release of pro-inflammatory cytokines (as TNF-a and IL-1β), which in turn, lead to release of other pro-inflammatory cytokines and chemokines recruiting
and activating immune cells, affecting HSC and hepatocyte homeostasis. In the figure, the LPS-TLR4 interaction and consequent initiation of downstream signaling
cascade distinguishing both the MyD88-dependent and independent pathways in KCs and their interplay with other cells involved in liver inflammation and damage
is summarized. LPS: Lipopolysaccharide; LBP: LPS-binding protein; KC: Kupffer cell; TNF: Tumor necrosis factor; IL: Interleukin; HSC: Hepatic stellate cell; TLR:
Toll-like receptor; TIR: Toll/interleukin-1 receptor; TRIF: TIR-domain-containing adapter-inducing interferon-β; NF-kB: Nuclear factor-kB; IKK: IKB kinase; MAPKs:
Mitogen-activated protein kinases; LITAF: LPS-induced TNF-a factor; IFN: Interferon; ROS: Reactive oxygen species.

several liver tissue abnormalities. Therefore, histological features in ALD include steatosis, steatohepatitis and
fibrosis, which may progress to cirrhosis and ultimately
to HCC[29]. Although research interests in ALD pathogenetic mechanisms have increased during the last decades, some relevant pathways have only recently been
characterized[30]. Studies on the direct effect of alcohol
on intestinal permeability have shown that acetaldehyde,
the most toxic metabolite of ethanol metabolism, has
a major role in the increment of tight junction tyrosine
phosphorylation, conducting altered localization of both
tight junction (occludin and ZO1) and adherens junction
(E-cadherin and β-catenin) molecules[31,32].
Intra-hepatic lipid accumulation and steatosis in
people who drink a toxic alcohol amount (40-80 g/d for
men and 20-40 g/d for women for 10 years) is characterized by the impairment of the major pathways involved
in alcohol metabolism, including its conversion to acetate by the activity of specific dehydrogenases which
completes the conversion to acetate and mitochondrial
fatty acid oxidation[33]. Furthermore, development of the
progressive severe forms of ALD-related liver damage,
such as steatohepatitis and fibrosis, results from a complex interplay between the oxidative stress due to release
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of ROS and the activation of several components of the
innate immune system due to endotoxins such as LPS[34].
Besides, several studies suggested that LPS increases cytokine levels by NAPDH oxidase and ROS production
in macrophages via the NF-κB pathway[35]. Although the
complex upstream and downstream events and molecules
that may explain the LPS-mediated mechanisms in ALD
have been a subject of deep investigation for decades,
they are only recently becoming clear[21]. Alcohol-induced
LPS accumulation and consequent endotoxemia may occur by the alteration of gut-microbiome composition,
which leads to endotoxin over-production and consequent disruption of intestinal barrier integrity. Therefore,
the increased alcohol-mediated endotoxemia may reduce
the detoxifying ability of KCs and the activation of the
TLR4-mediated inflammatory response that promotes
hepatocellular injury. Experimental and clinical evidence
of this complex network of TLR4-associated upstream
and downstream factors involved in ALD-associated inflammation are reported in the next paragraphs.
Evidence from animal models
The involvement of gut-derived microbial products, such
as LPS, which can pass the systemic and portal circulation
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due to the disruption of the intestinal barrier caused by
ethanol was suggested several years ago[36]. Furthermore,
Keshavarzian et al[37] demonstrated that intestinal barrier
dysfunction and endotoxemia are early events preceding
ethanol-dependent hepatic injury in rats. Particularly, serum LPS has been found to be increased in animal models resembling human ALD[38].
The relevance of TLR4-dependent KC activation
followed by the initiation of the inflammatory cascade
in the pathogenesis of alcohol-induced liver damage has
been also proved in models of ALD[39,40]. Furthermore,
studies performed on mice that have a functional mutation in the TLR4 gene showed an impaired response to
bacterial endotoxins[40]. Moreover, LBP knockout mice
were significantly reduced in the pathological parameters
characterizing ethanol-fed mice, such as endotoxin levels,
steatosis, inflammation and liver injury[41]. Further, CD14
knockout mice were protected from alcohol-caused severe liver injury and from ethanol-induced NF-κB, transforming growth factor (TGF)-β and TNF-α increase[42].
As previously described, TLR4 signaling encompasses
two distinct cascades: the MyD88-dependent and the
TRIF-dependent (MyD88-independent).
These downstream pathways have been widely studied in animal models in order to clarify their respective involvement in ALD pathogenesis. Experimental evidence
established that in ALD, the TLR4 down-stream signaling is principally regulated by the MyD88-independent
cascade. In fact, while TLR4-knockout (KO) mice were
protected from alcohol-induced liver damage, ROS production and inflammation, MyD88-KO mice were not,
both being exposed to the Lieber-De-Carli diet[43]. Moreover, the disruption of MyD88-independent signaling, in
studying TRIF-deficient mice, reported protection from
alcohol-induced liver disease[44]. Additionally, the lack of
IRF-3, a transcription factor downstream to TLR4/TRIF,
resulted in preserving IRF-3-KO mice from alcoholinduced liver injury, steatosis and inflammation[45]. This
evidence demonstrates the dispensable role of MyD88
adapter in TLR4-mediated liver injury.
Recently, the involvement of the protein kinase C
(PKC) activity in the increase of intestinal permeability
related to alcohol consumption has been described[46].
Specifically, both in vitro and in vivo evidence showed that
alcohol, in a dose-dependent manner, increases TLR4 expression, which in turn results in augmented PKC activity.
The consequent reduction of occludin phosphorylation
alters the intercellular junctions, leading to the intestinal
permeability increment[46].
KCs are the primary cells that respond to LPS
via TLR4-dependent pro-inflammatory cytokines (as
TNF-α, IL-1β, IL-8, IL-6) and leading to liver inflammation. In addition, in animal models of ethanol exposure,
hepatocytes can be driven to accumulate lipid and augment TLR4 levels, altering their TLR4 sensitivity and LPS
hepatotoxicity[47,48]. Moreover, damaged hepatocytes can
release high-mobility group box 1 (HMGB1), an endogenous ligand that can be recognized by TLR4 and partici-
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pate with a mechanism similar to that of non-alcoholic
fatty liver disease in the promotion of ALD[7]. In fact,
Wang et al[49] found that HMGB1 serum levels increased
in chronic alcohol feeding of mice and its balance with
milk fat globule-EGF factor 8 may control macrophage
efferocytosis.
Interestingly, a recent study in TLR4 deficient mice
transplanted with bone marrow (BM)-derived cells (KCs)
or non-BM-derived cells (HSCs included) demonstrated
that in both liver cell lineages, TLR4 is essential for the
progression of alcohol-induced liver steatosis, inflammation, injury and fibrosis[50]. Besides, ROS production
has been implicated in the alcohol-induced sensitization
to LPS. In more detail, it has been shown that the direct
interaction between TLR4 and nicotinamide adenine dinucleotide phosphate (NADPH) oxidase isozyme (Nox)-4
leads to NF-κB activation and LPS-mediated ROS generation in vitro[51]. In a chronic alcohol-fed rat model, the
inhibition of NADPH oxidase through diphenyleneiodonium (DPI) diminished the LPS-induced ERK1/2
phosphorylation and both ROS and TNF-α levels in
KCs[52]. Furthermore, in C57Bl6/J mice fed a modified
Lieber-De Carli diet, DPI protected from steatosis and
liver inflammation induced by the usage of diverse bacterial components specific for different TLRs[48]. Previous
evidence also showed that mice p47 phox -/-, depleted
of the main cytosolic part of NADPH oxidase, were preserved from alcohol-induced liver injury, corroborating
the crucial role of oxidative stress in TLR signaling along
the ALD condition[53].
By the way, TLR4 is an important player in the development of fatty liver, although how it can influence
lipid metabolism has not been completely clarified. Experimental studies on TLR4 mutant animal models have
documented that TLR4 is involved in lipid accumulation
and lipid peroxidation imbalance[40,54].
It is established that KC activation due to alcohol
intake can lead to an increment in the production of prostaglandin (PG) E(2) which, interacting with prostanoid
receptors and augmenting cAMP, can build up triglyceride
in the liver. Furthermore, hepatic fat accumulation can be
induced by the augmentation of the NADH/NAD(+)
ratio, the sterol regulatory element-binding protein-1
(SREBP-1) activity and the decrease of peroxisome proliferator-activated receptor-alpha (PPAR-alpha) activity[55,56].
Also, microRNAs (miRNAs) have been implicated in
the inflammation process in ALD and its complications.
MiRNAs are conserved single-strand small noncoding
RNAs which have a post-transcriptional gene-expression
regulation function. They act on the 3’-untranslated
mRNA target with whom miRNAs pair with different
specificity. This match influences RNA stability and degradation or the translation and finally leads to protein
repression[57]. Specifically, miR-155 is a ruler of inflammation and TLR signaling. It regulates TNF-α mRNA stability, as demonstrated in in vitro experiments performed
on alcohol-treated macrophages[58]. Such evidence has
been confirmed in a mouse model of ALD in which iso-
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Table 1 Experimental evidence of Toll-like receptor involvement in inflammation during alcoholic liver disease
Ref.
Enomoto et al[39], 2000
Uesugi et al[40], 2001

Park et al[51], 2004
Gustot et al[48], 2006

Experimental model

Upstream
factor

Involved
TLRs

Effects

Ethanol-fed rats

LPS

TLR4

TLR4 non-functional mice fed ethanol

LPS

TLR4

HEK293T cells

Nox4

TLR4

LTA, PGN
LPS
flagellin

TLR2
TLR4
TLR5

loxoribine
CpG

TLR7
TLR9
TLR4

Kupffer cell activation and consequent
inflammation
Decreased:
Steatosis
Inflammation
Focal necrosis
NF-kB activation
LPS-mediated ROS generation
Increased:
Steatosis
Liver weight -aminotransferase levels
Liver mRNA expression of different TLRs.
Increased:
TNF-a mRNA expression
Liver inflammatory infiltrate
Protection from:
Alcohol-induced liver damage
ROS production
Inflammation
MiRNA-155 increase and TNF-a levels in isolated
KCs
Plasma increase of:
miR-155, miR-122 and miR-146a

Mice fed a modified Lieber-DeCarli diet

Addition of multiple bacterial products

Hritz et al[43], 2008

TLR4-(KO) mice feed Lieber-De-Carli diet

Bala et al[58], 2011

ALD mouse model

LPS

TLR4

Bala et al[59], 2012

ALD mouse model
administered with CpG + LPS

CpG

TLR9

LPS

TLR4

poly I:C

TLR3

TLR4-KO

Byun et al[61], 2013

Mice feed high-fat diet plus binge ethanol
TLR3 (KO) mice

Protection from:
Alcohol-induced liver disease
Increase of both miR-155 and miR-122
Protection from alcoholic liver damage
Preservative action of poly I:C abrogated

LPS: Lipopolysaccharide; TLR: Toll-like receptor; LTA: Lipoteichoic acid; PGN: Peptidoglycan; TNF: Tumor necrosis factor; NADPH: Nicotinamide adenine
dinucleotide phosphate; Nox4: NADPH oxidase 4; ROS: Reactive oxygen species; ALD: Alcoholic liver disease; KCs: Kupffer cells; poly I:C: Polyinosinicpolycytidylic acid.

lated KCs exhibited increased levels of both miRNA-155
and TNF-α. The same author showed that in alcoholfed mice there are augmented serum/plasma miR-155
levels and an increased quantity of TNF-α in the liver[59].
In the same model, the authors evidenced an increase of
serum/plasma miR-122 which is known to exert multiple
functions in hepatocytes as it is important in the regulation of cholesterol metabolism[59,60]. Furthermore, the
increase of both miR-155 and miR-122 was absent in
TLR4-deficient mice that were preserved from ALD[59].
It is also noteworthy that treatment with TLR9 ligands
(that is CpG) leads to plasma increase of both miR-155
and miR-122 and increased levels of TLR9 and serum
endotoxin have been reported in alcohol-fed mice[48,59].
Actually, to date, diverse TLRs have been extensively
studied and found to be involved in ALD pathogenesis.
In the Lieber-DeCarli chronic alcohol feeding model, expression of TLR1, 2, 4, 6, 7, 8 and 9 liver mRNA resulted
from increased enteral administration concomitantly to
steatosis induction. It has been also demonstrated that
the alcohol treatment sensitizes hepatic inflammation and
damage since the triggering of the TLR1, 2, 4, 6, 7, 8 and
9 with their specific ligands resulted in TNF-α augmentation. Moreover, TLR expression remained unaffected
after antibiotic treatment which, however, ameliorated
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the alcoholic fatty liver condition[48]. Recently, Byun et al[61]
studied the TLR3 involvement in alcohol liver injury both
in HSCs and KCs in vivo. The authors demonstrated, by
means of TLR3-KO and IL-10-KO mice fed a high-fat
diet with added ethanol, that TLR3 is protective for alcoholic liver injury and exerts this function by stimulating
IL-10 production. In more detail, polyinosinic-polycytidylic acid (poly I:C, that is TLR3 ligand) administration
ameliorated alcoholic liver damage and diminished the
amount of TNF-α, IL-6 and monocyte chemoattractant
protein-1 (MCP-1) in control mice. The preservative action of poly I:C was abrogated in TLR3-KO and IL-10KO murine models. Coherently, HSCs and KCs isolated
from poly I:C-treated animals had higher levels of IL-10
than the controls. IL-10 was also over-expressed in vitro
both in HSCs and KCs in the presence of poly I:C[61].
The most relevant experimental studies on the involvement of TLRs in inflammation during ALD are
summarized in Table 1.
Evidence from human studies
The role of gut dysbiosis and increased gut permeability
and endotoxemia into the portal circulation has also been
extensively explored in patients with ALD[9,62]. Consequently, the critical role exerted by TLR signaling in hu-
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man ALD has been investigated. Schäfer et al[63] found
that circulating CD14 levels were higher in serum from
patients with severe alcoholic hepatitis than in those from
healthy controls, suggesting the crucial role of this TLR4
co-receptor in ALD. Furthermore, it has been reported
that the CD14-159C>T polymorphism in patients with
ALD may significantly correlate with the severity of disease and be associated with the risk for alcoholic cirrhosis[64,65]. However, no correlation has been found between
TLR4, TNF-α and IL-1β gene variants and ALD in different populations to date[66,67].
Clinical evidence of the TLR involvement in intrahepatic inflammatory response in ALD is still scarce but
reinforces the experimental data reported above. The role
of TLRs on neutrophils in patients with ALD was reported by Stadlbauer et al[68]. These authors demonstrated
that LPS-induced over-expression of TLR2, 4 and 9 may
play a pivotal role in the neutrophil dysfunction observed
in patients with alcoholic hepatitis and suggested that
the use of TLR antagonists was unable to prevent this
dysfunction, while the use of an endotoxin scavenger
might reduce inflammatory response and improve clinical
outcome[69]. Interestingly, other authors found an impairment of TLR2 but not TLR4-mediated innate immune
response in peripheral blood monocytes from patients
with stable chronic ALD, explaining their susceptibility to
immunodeficiency and disease worsening[70].
Interestingly, it has been reported that TLR-dependent priming of B cells might explain the increased
circulating levels of immunoglobulins in patients with
alcoholic liver cirrhosis[71].
As mentioned above, most experimental studies reported that NF-κB transcriptional activity is crucial for
the TLR signal and Stärkel et al[72] demonstrated that a
persistent activation of this transcription factor, an upregulation of TLR3 and TLR7 expression and high proinflammatory cytokine levels were associated with endstage ALD and involved in disease progression in humans.
Additional proof of the activation of the TLRdependent inflammatory network in ALD was reported
by the analysis of circulating levels of cytokines and
chemokines. In fact, several authors found high levels of
pro-inflammatory cytokines, including TNF-α and IL-6,
in the serum of actively drinking patients with ALD,
predicting their outcome and long-term survival[73,74]. Interestingly, fibroblast growth factor-inducible 14 (Fn14),
a member of the TNF receptor superfamily (member
12A), was found to be over-expressed in the liver, primarily by hepatic progenitors, in patients with alcoholic hepatitis and it correlated with disease severity[75]. In addition,
it has been reported that several chemokines, including
IL-8, correlated with a worse prognosis in patients with
alcoholic hepatitis[76].
Finally, a recent study demonstrated that increased
serum levels of chemokine-ligand-1 (CXCL1), an inflammatory chemokine mainly expressed by mononuclear
cells in response to LPS-dependent TLR activation, coupled with a polymorphism in the gene encoding for this
protein are risk factors for alcoholic cirrhosis[77].
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CONCLUSION
ALD remains one of the major causes of hepatic-associated
morbidity and mortality worldwide. Furthermore, the
current therapeutic options for patients with ALD are
alcohol abstinence and liver transplantation for end-stage
liver disease. The liver inflammatory response, which is
generated early in ALD, is probably triggered by bacteria
and their products, particularly LPS. Due to increased
intestinal permeability, they translocate into circulation
and activate TLR-dependent production and secretion
of pro-inflammatory cytokines and chemokines. There
is a body of experimental evidence of the crucial role of
TLR-mediated inflammatory network in ALD development and progression. However, to date, these findings
have little translational proof in patients. More studies in
humans are urgently needed to advance the field and to
translate experimental/informative findings into novel
therapies.
Furthermore, as qualitative and quantitative changes
of the gut microbiome play a major role in the TLRdependent liver inflammatory response and ALD pathogenesis, further metagenomic, transcriptomic and metabolomic studies may help, not only to explain the “gutliver axis’’ in ALD, but also to identify novel potential
therapeutic targets. In fact, according to previous studies,
treatment with probiotics inhibits alcohol-induced TLR4
and TLR5 activation of TNF-α production, reducing hepatic inflammation in experimental models, and restores
neutrophil phagocytic ability in patients with alcoholic
cirrhosis, probably by changing TLR4 expression and
IL-10 secretion[78,79].
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is a chronic
liver disorder that is increasing in prevalence with the
worldwide epidemic of obesity. NAFLD is the hepatic
manifestation of the metabolic syndrome. The term
NAFLD describes a spectrum of liver pathology ranges
from simple steatosis to steatosis with inflammation
nonalcoholic steatohepatitis and even cirrhosis. Metabolic syndrome and NAFLD also predict hepatocellular
carcinoma. Many genetic and environmental factors
have been suggested to contribute to the development
of obesity and NAFLD, but the exact mechanisms are
not known. Intestinal ecosystem contains trillions of
microorganisms including bacteria, Archaea, yeasts
and viruses. Several studies support the relationship
between the intestinal microbial changes and obesity
and also its complications, including insulin resistance
and NAFLD. Given that the gut and liver are connected by the portal venous system, it makes the liver
more vulnerable to translocation of bacteria, bacterial
products, endotoxins or secreted cytokines. Altered
intestinal microbiota (dysbiosis) may stimulate hepatic
fat deposition through several mechanisms: regulation
of gut permeability, increasing low-grade inflammation,
modulation of dietary choline metabolism, regulation of
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bile acid metabolism and producing endogenous ethanol. Regulation of intestinal microbial ecosystem by diet
modifications or by using probiotics and prebiotics as
a treatment for obesity and its complications might be
the issue of further investigations.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Intestinal microbiota; Dysbiosis, Nonalcoholic fatty liver disease; Obesity
Core tip: There is increasing evidence for the relation
between dietary habits, gut microbiota and obesity. Nonalcoholic fatty liver disease is a common complication
of obesity. This manuscript summarizes the relationship
between intestinal microbial dysregulation and fatty
liver disease related with obesity, and their proposed
mechanisms.
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INTRODUCTION
Human gut consists of a large number of commensal
microorganisms, collectively known as “intestinal microbiota”, which are essential for the preservation of
the integrity of the mucosal barrier function, for the
absorption of nutrients and energy homeostasis[1]. Recent evidence suggests that enteric microbiota may play
a significant role in the development of obesity and its
complications[2].
Nonalcoholic fatty liver disease (NAFLD) describes
a condition caused by a deposition of fat within the liver
cells in the absence of alcohol consumption, which is
linked to being obese or overweight in most cases[3-5]. It
encompasses a disease spectrum ranging from simple ste-
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atosis to nonalcoholic steatohepatitis (NASH), which is
histologically characterized by hepatocyte injury, inflammation and variable degrees of fibrosis. Nonalcoholic
steatohepatitis progress to advanced fibrosis and cirrhosis
in 37% patients[6]. A “two hit” mechanism has been proposed; however, the complete pathogenesis remains incompletely understood. Fatty liver disease is dramatically
increasing in childhood and adolescent obesity, and it has
become the most common form of chronic liver disease
in these age groups[7,8].
The liver is located on the first point of the body
for bacteria and microbial components, as well as other
endogenous and exogenous toxins present in the portal
blood and it generates the initial immunological and hormonal response to these molecules[9]. Interactions between the gut and the liver are bidirectional; hormones, inflammatory mediators and the products of digestion and
absorption all directly influence liver function. Changes
prompted by spesific intestinal microbiota are characterized not only by a general obesogenic and dysmetabolic
framework but also by a specific de novo hepatic lipogenesis[10]. This review will discuss the relationship between
intestinal microbiota and obesity and also NAFLD, and
their proposed mechanisms.

CHILDHOOD OBESITY AND
NONALCOHOLIC FATTY LIVER DISEASE
Childhood obesity is a major health problem in all
over the world because of its impact on the physical
and psychological health of children, and also on the
development of chronic diseases later in life such as
atherosclerosis, NAFLD, hypertension, hyperlipidemia
and diabetes[3,11-13]. Global prevalance of childhood overweight/obesity varies from 5.7% to 40% in different
populations[14-17]. Several case reports, human and animal
studies demonstrated that obesity is an important risk factor for carcinogenesis in many malignant neoplasms and
also in hepatocellular carcinoma[18-21]. Moreover, childhood obesity was shown to be related with increased risk
of primary liver cancer in later adulthood[22]. Obesity and
related complications including fatty liver disease, cardiovascular disorders and hepatocellular carcinoma were
found associated with the reduction in the life expectancy
compared to general population[23]. Several genes contribute to weight gain by controlling feeding behavior, energy
expenditure and metabolism, but can only partially account for the development of obesity. Thirty two loci of
the human genome had been found associated with body
mass index and increased body weight, but changes of
these genes affect only 2% of the population[24]. On the
other hand, exogenous obesity develops primarily due to
energy intake that exceeds energy expenditure, and many
environmental and host factors interact with this process
in many ways.
Adipose tissue is not a passive site of energy storage.
Although the major function of the adipocyte is to store and release energy in the form of triglyceride during
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excess food consumption and starved periods, respectively, it is also an endocrine organ producing several
proteins (adipokines like adiponectin and leptin) and cytokine mediators interleukin-6 (IL-6) and tumor necrosis
factor alpha (TNF-α) with many biological activities[25].
Development and complications of obesity consist of
complex mechanisms; in which numerous adipokines,
hormones and cytokines take place[26]. Although the liver
participates in the systemic inflammation of obesity, the
dominant controller organ is the adipose tissue. Adipokines when imbalanced, together orchestrate a proinflammatory and insulin-resistant state that further contributes
to the pathogenesis of NAFLD and its progression to
NASH[27]. A large body of emerging literature seems to
suggest that intestinal microbiota is also involved in the
development of obesity and its complications including
obesity-related liver disease.

INTESTINAL MICROBIOTA
The human intestine contains a very crowded and heterogeneus microbial system, consisting at least 100 trillion
(1014) microbial cells weighing about 1.5 kg and composed of more than 2000 species[28]. Luminal microbial
cells contain genes 150 times more than our own host
genomes[28]. This complex community contains taxa from
bacteria, eukaryotes, viruses, and at least one archaeon,
that interact with one another and with the host, involving regulation of local/systemic immunity, metabolic and
trophic functions[29].
Microbial culture studies detect only a small number
of the species of intestinal bacteria. Nowadays, composition and the diversity of intestinal microbiota is revealed
by culture-independent genetic and metagenomic techniques[30]. Metagenomic analysis and 16S ribosomal RNA
gene sequencing have shown that Firmicutes, Bacteriodetes,
Actinobacteria, Proteobacteria, Fusobacteria, Spirochaetae and
Verrucomicrobia are the predominant bacterial phyla among
the intestinal bacteria in adults[31]. Firmicutes and Bacteriodetes constitute about 90% of all intestinal microbial cells.
While the dominating phyla are relatively constant between individuals, diversity increases along the taxonomic
line with each individual harboring over a hundred unique
species.
Gut microbiota has evolved with humans as a mutualistic partner; however, changes in the composition
of the gut microbiota (dysbiosis) have been found to be
related with several clinical conditions such as obesity,
diabetes, fatty liver disease, atherosclerosis, allergic diseases, gastrointestinal diseases, autoimmune diseases and
cancer[30-35] (Figure 1).

INTESTINAL MICROBIOTA AND OBESITY
There are many animal and human studies investigating
the relationship between intestinal microbiota and obesity or body weight changes in the literature. In the study
of Ley et al[36], which investigated over five thousands of
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Dysbiosis

Gastrointestinal tract diseases:
Inflammatory bowel disease
Irritabl bowel syndrome
Colorectal cancers

Systemic diseases:
Obesity/NAFLD
Minimal hepatic encephalopathy
Diabetes
Atherosclerosis
Allergy
Autoimmune diseases
Fibromyalgia
Burn injury
Pancreatitis
Autism

Figure 1 Some gastrointestinal and systemic conditions related with altered intestinal microbiota[31,32,35].

bacterial gene sequences from the distal intestinal microbiota of genetically obese ob/ob mice, lean ob/+ and
wild-type siblings, the investigators found that genetically
obese mice had a 50% reduction in abundance of Bacteriodetes and a proportional increase in Firmicutes phyla compared to lean sibling mice although they were fed with
the same polysaccharide-rich diet. Since both groups
of animals had been fed with the same diet, it was suggested that obesity might affect the diversity of gut
microbiota[36]. Similarly, several human studies showed
that human obesity is associated with a low abundance
of intestinal Bacteroidetes and high abundance of Firmicutes, and with reduced bacterial diversity[37-39]. Obese
children was also shown to have different gut microbiota
compared to lean peers, and their bacterial composition
have been found similar to obese adults[40-45]. Although
Bifidobacterium is not a predominating phylum in the gut,
it seems to play an important role in host metabolism.
Following a high-fat diet, reduced Bifidobacterium was observed, with a secondary increase of inflammatory activity, increased fat mass and insulin resistance in mice[46].
Interestingly, these changes in the gut microbes were
shown to be reversed by low-calorie diet and consequent
weight loss[34,42,47].

MECHANISMS LINKING THE INTESTINAL
MICROBIOTA AND OBESITY
Western type fat- and energy-rich diet changes intestinal
microbiota. On the other hand, altered microbiota also
affects the host metabolism and causes inflammation and
increased fat deposition of the body. Numerous animal
models consistently demonstrated that gut microbiota
can modulate host energy homeostasis and adiposity
through different mechanisms, for example energy harvest from the diet, lipopolysaccharides (LPSs)-induced
chronic inflammation, and modulation of tissue fatty acid
composition, host gene expression and gut-derived peptide secretion[48].
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Intestinal microbiota and energy harvest from the diet
(caloric salvage)
Mice with gut microbiota were shown to have an increased capability to harvest energy from the gut contents compared with germ-free rats [49]. Metagenomic
analyses of the microbiota performed in obese mice and
humans revealed an increased capacity for the degradation (fermentation) of carbohydrates[50,51]. This microbial
fermentation increases the amount of short-chain fatty
acids (SCFAs), such as acetate, propionate, butyrate,
and L-lactate. These SCFAs have important roles in the
reduction of intestinal pH, in the regulation of energy
metabolism, immunity, and adipose tissue expansion
and in modulating cancer cell development[52]. Butyrate
is used as an energy substrate for colonocytes, acetate is
potentially used as a cholesterol or fatty acid precursor
and propionate is used as a gluconeogenic substrate in
the liver[52-54]. In addition to these functions, SCFAs are
also physiological ligands of G-protein coupled receptors
GPR43 and 41 (also called free fatty acid receptor 2 and
3, respectively), which are expressed in several cell types
(immune cells, endocrine cells, and adipocytes) of host
tissues[55,56] (Table 1). Activation of GPR43 by the SCFAs
contributes to the inhibition of lipolysis and to adipocyte
differentiation, thereby increases the adipose tissue in
high-fat-diet-fed mice[57,58]. Monosaccharides produced by
microbial fermentation, absorbed and transferred to the
liver via portal vein, activate the hepatic carbohydrate response element binding protein (ChREBP) that increases
the transcription of several proteins involved in hepatic
lipogenesis thus contributing to hepatic fat accumulation[55]. The effect of intestinal microbiota on obtaining
energy from the gut contents had also been tested in human studies. Jumpertz et al[59] reported that the amount
of stool energy in proportion of ingested calories was
positively and negatively correlated with the abundance
of phylum Bacteroidetes and phylum Firmicutes in the feces,
respectively. Approximately a-150 kcal difference could
be achieved with a change of 20% relative increases of
Firmicutes and decreases of Bacteroidetes in the stool of lean
individuals. Thus, excessive calories taken in the form of
SCFAs from microbial fermentation of luminal contents
may be a contributing factor in the obese state.
Fiaf (fasting-induced adipocyte factor)
In addition to extract calories from otherwise indigestible
dietary polysaccharides, the presence of the intestinal
microbiota also stimulates changes in the expression of
genes coding for peptides in host tissues, which control energy homeostasis and nutrient availability (Table
1). Bäckhed et al[60] firstly demonstrated that colonizing
germ-free mice with gut microbiota had led to a decrease
in the intestinal expression of angiopoietin-like factor Ⅳ
[ANGPTL4, also called fasting-induced adipose factor
(Fiaf)], thereby blunting the inhibition of lipoprotein lipase in the adipose tissue. In the study of Mandrad et al[61]
inhibition of lipoprotein lipase blocked the dissociation
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Table 1 Some key host proteins and factors those their expressions were changed by intestinal microbial changes and those play
role in the development of obesity
Host protein/factor
Fiaf (fasting-induced adipocyte factor)
ChREBP (carbohydrate response elementbinding protein)
SREBP-1 (liver sterol response elementbinding protein type-1)
G-protein coupled receptors (GPR43 and
GPR41)
Toll like receptors
GLP 1 (Glucagon-like peptide 1)
Peptide YY
Farnesoid X receptor

Function
A protein that inhibits lipoprotein lipase activity
A transcription factor that recognizes monosaccharides in the portal vein and plays a key role in the hepatic
carbohydrate metabolism
A transcription factor family that controls the lipid synthesis in the liver and other tissues
Proteins expressed in enteroendocrine L-cells those recognize luminal SCFAs and mediate SCFA-induced
GLP-1 release. They also present in adipocytes and promote adipogenesis by increasing lipid accumulation
and inhibiting lipolysis and stimulate leptin production in response to SCFAs
Transmembrane molecules those recognize bacterial breakdown products
A protein produced by intestinal epithelial endocrine L-cells that stimulates insulin secretion, inhibits
gastrointestinal motility, regulates appetite and food intake
A peptide hormone produced by intestinal epithelial endocrine L-cells that inhibits intestinal motility
A receptor expressed in liver and intestine that regulates bile acid synthesis,
transport and detoxification

GLP-1: Glucagon-like peptide 1; SCFAs: Short-chain fatty acids.

of fatty acids from triglycerides for uptake into tissues
and upregulated fatty acid oxidation and uncoupling proteins, and potentially reduced the amount of fat storage.
These results may explain why conventionalized mice are
more sensitive than germ-free mice to fat storage when
fed with a high-fat diet and supports the role of the gut
microbiota in the development of obesity[50,52,62].
Increased intestinal permeability and inflammation
Obesity, diabetes and insulin resistance are associated
with a low grade systemic inflammation[63-65]. Several
studies have been conducted on the effect of systemic
inflammation on glucose and lipid metabolism, but little
is known about its triggers.
Intestinal microorganisms have highly conserved microbial molecules, called “pathogen- associated molecular
patterns” (PAMPs) and endogeneous products called
“damage-associated molecular patterns” (DAMPs), which
are recognized by pattern recognition receptors. These
receptors include membranous toll-like receptors (TLRs)
and intracellular NOD-like receptors (NLRs). TLRs
recognise the potential pathogens in the intestinal lumen
and induce the immune response. Microbial products
such as LPSs, lipopeptides, DNA and RNA have potentially hepatotoxic effects as they are potent inducers of
inflammation. Among 13 known TLRs, TLR2, TLR4 and
TLR9 have been shown to play a role in the development
of NAFLD. Stimulation of TLRs results in the activation of several different intracellular signaling cascades
including stres-activated and mitogen activated protein
(MAP) kinases, Jun N-terminal kinases, p38 MAP kinase,
interferon regulatory factor 3 and nuclear factor kappa B
(NF-κB) pathways[9,66]. NF-κB, is an important transcription factor in the cell, translocates to the nucleus and
induces the transcription of a variety of inflammatory
cytokines and chemokines such as TNF-α and IL-1β[67,68].
de la Serre et al[69] showed that rats prone to weight gain
exhibited an increase in TLR4 activation associated with
ileal inflammation, decreased intestinal alkaline phosphatase activity, a luminal enzyme that detoxifies the bacterial
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component (LPS), known to cause inflammation, and
increased innate immune system activation in the luminal
wall when compared to the rats resistant to obesity. In
another study, Cani et al[46] demonstrated knockout rats of
an immunoprotein (CD14), which was necessary to cause
an inflammatory reaction to LPS, were resistant to weight
gain. Vijay-Kumar et al[70] showed that TLR5 knockout
mice exhibited hyperphagia and developed hallmark features of metabolic syndrome, including hyperlipidemia,
hypertension, insulin resistance, and increased visceral
fat deposition. These metabolic changes correlated with
changes in the composition of the gut microbiota, and
transfer of the gut microbiota from TLR5-deficient mice
to wild-type germ-free mice conferred many features
of metabolic syndrome to the recipients[70]. Lam et al[71]
showed that mice fed with high-fat diet had reduced zona
occludens-1 mRNA expression (40%) and increased
permeability in proximal colon, and increased levels of
TNF-α and IL-1 in mesenteric fat compared to mice fed
with the control diet. In human studies, low grade endotoxemia (metabolic endotoxemia) was found associated
with high-fat meal, obesity, NAFLD and diabetes[72-75]. All
these data shows that the inflammatory mileu is the key
component of the development of obesity and its complications.
Releasing of gut hormones
Intestinal microbial system regulates entero-endocrine
cells and promotes the release of several gut hormones.
Peptide YY (PYY) is an enteroendocrine cell-derived
hormone normally inhibits gut motility. Samuel et al[76]
showed that PYY expression was lower in both Gpr41 -/germ-free and conventionalized mice compared to Gpr41
+/+ mice. Reduced PYY expression resulted in increased
intestinal transit time and reduced harvest of dietary energy[72-76]. In other studies, dietary fructo-oligo-saccharides
increased the abundance of Bifidobacterium in the distal intestine, which led to increased colonic fermentation and
glucagon-like peptide 1 (GLP-1) levels, decreased serum
orexigenic peptide ghrelin and decreased food intake, fat
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mass, and hepatic steatosis in rats[77,78]. Based on these
results, it can be concluded that dietary inulin-type fructans could play a role in the management of obesity and
diabetes through their capacity to promote secretion of
endogenous gastrointestinal peptides involved in appetite
regulation[77,78].

INTESTINAL MICROBIOTA AND FATTY
LIVER DISEASE
Nonalcoholic fatty liver disease is a multifactorial disease
and the underlying mechanisms are incompletely understood. Various genetic, metabolic, inflammatory, nutritional and environmental factors are thought to contribute to its pathogenesis[9]. Nutrition is the most important
environmental factor; its role may be more complex than
inducing fat acumulation in the liver and may involve
interactions with the microbiota[9]. The potential role of
the intestinal microbiota on the liver diseases had been
known since 1921[79]. Several animal and human studies have investigated possible relationships between the
intestinal microbiota and NAFLD[46,60,75,79-85]. Bäckhed et
al[60] firstly showed that microbiota stimulated monosaccharide absorption from the intestinal lumen, promoted
de novo fatty acid synthesis and triglyceride production, as
confirmed by increased activity of acetyl-CoA carboxylase and fatty acid synthase. The relation between altered
microbiota and liver was shown even in pediatric age
group studies. Karlsson et al[45] showed that obese/overweight preschool children had an increased amount of
the gram-negative family Enterobacteriaceae and had inverse
correlation between Bifidobacterium concentration and alanine aminotransferase levels.

MECHANISMS LINKING THE INTESTINAL
MICROBIOTA AND NAFLD
Studies suggest that intestinal microbiota may stimulate
liver steatosis though several mechanisms[86]: (1) induction of obesity by harvesting energy from otherwise
indigestible dietary polysaccharides (above mentioned);
(2) regulation of gut permeability and stimulation of low
grade inflammation; (3) modulation of dietary choline
metabolism; (4) regulation of bile acid metabolism; and (5)
stimulation of endogenous ethanol production by enteric
bacteria.
Small intestinal bacterial overgrowth and increased
intestinal permeability
Intestinal epithelial cells separate the intestinal microbial
environment from the host immune system. Epithelial
cells are linked to each other with tight junctions, which
play a central role in maintaining intestinal barrier integrity[87]. In human studies NAFLD has been associated
with increased LPS plasma levels, through mechanisms
involving increased intestinal permeability, small intestinal
bacterial overgrowth (SIBO), tight junction alteration and
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bacterial translocation[83,84,88-90].
SIBO is defined as an increase in the number and/or
alteration in the composition of bacteria in the proximal
gastrointestinal tract. Association of increased intestinal permeability and fatty liver was first demonstrated
by Miele et al[84]. They reported that patients with fatty
liver disease had increased gut permeability related to
SIBO and disrupted tight junctions compared to healthy
adults[84]. They also showed that gut permeability and
SIBO were correlated with the severity of the liver steatosis. In the study of Gäbele et al[91], mice were fed with
high-fat diet to stimulate NASH and then exposed to
dextran sulphate sodium, an agent that causes intestinal
epithelial injury. They showed that combined administration of high-fat diet and dextran sulphate sodium
induced fibrosis in the liver[91]. All these data support the
hypothesis that altered homeostasis between host and intestinal microbial system at the intestinal epithelial barrier
level promotes bacterial translocation from the gut into
the portal circulation and induces the liver damage[86,92,93].
Low grade inflammation and fatty liver
Several studies demonstrated that the altered microbiota
caused low-grade inflammation, which had a pivotal role
for the development of obesity and its complications
including NAFLD. Association of inflammation and
fatty liver was firstly demonstrated by Cani et al[46]. They
showed that continuous LPS infusion in mice increased
the insulin resistance, liver triglyceride content and adipose tissue inflammation. After this study, other animal
studies conducted in TLR4 knockout mice confirmed
that TLR4 was essential for hepatic steatosis and NASH
development[94-96]. Kupffer cells, which express the highest levels of TLR4 in the liver, are the primary cells in
liver inflammation that respond to LPSs in order to produce inflammatory cytokines, chemokines and reactive
oxygen species (ROS)[97,98]. In genetically obese mice, the
administration of LPS induces changes in Kupffer cells
function and increases liver parenchymal sensitivity to
TNF-α[99]. TNF-α, which is the most important of LPSTLR4 induced cytokines in these cells, is recognized as a
mediator of hepatotoxicity, inflammation an NASH development in mice[100]. Besides, hepatic stellate cells might
also have a substantial role in constituting the inflammatory cascade of the liver consequently associated with
metabolic endotoxemia. Indeed, these cells are the major
fibrogenic cell type in injured liver were shown to be the
target through which TLR4 promoted fibrogenesis via
enhancement of transforming growth factor-β (TGF-β)
signalling[101-103].
The “second hit” mechanism of the NAFLD/NASH
pathogenesis include enhanced lipid peroxidation and
increased generation of ROS[104]. Inflammasomes, major
contributors of inflammation, are cytoplasmic multiprotein complexes, which include nucleotide-binding domain
(NLRPSs). NLRPSs are sensors of the bacterial PAMPs
and DAMPs[105,106]. They manipulate the cleavage of proinflammatory cytokines such as pro-IL-1β and pro-IL-18.
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Most DAMPs induce the production of ROS, which is
known to activate NLRP3 inflammasome[107,108]. HenaoMejia et al[108] reported that inflammasome alterations or
IL-18 deficiency cause intestinal microbial changes by enhancing portal influx of TLR4 and TLR9 ligands, which
in turn increase hepatic TNF-α production in mice.
Human studies also demonstrated that endotoxin levels
were increased in both adult and pediatric obese patients
with fatty liver disease[74,109,110]. Moreover, endotoxin levels
were found to be correlated with the severity of the disease[75,111]. All these data support that chronic low-grade
inflammation caused by obesogenic microbial ecosystem
is a real “hepatotoxin” and has a key role in the pathogenesis of obesity related fatty liver disease.
Altered choline metabolism
Choline is a water-soluble essential nutrient. It is an important phospholipid component of the cell membrane
and is the precursor molecule for the neurotransmitter
acetylcholine. Choline has important roles in fat metabolism in the liver and a very-low-lipoprotein assembly, and
also it promotes lipid transport from the liver[86,112]. Exogenous sources of choline are meat, dairy products, fish,
soybeans, nuts and whole grains. Endogenous sources of
choline, in the form of phosphatidylcholine, are biliary
lipids, exfoliated epithelial cells and intestinal bacteria[113].
Buchman et al[114] showed that choline-deficient nutrition
stimulated the liver steatosis. Furthermore, they demonstrated that a 6-wk choline supplementation reversed this
pathology in patients. Gut microbiota secrete enzymes
that cleave the dietary choline to its toxic metabolites
(dimethylamine and trimethylamine). Liver uptakes these
toxic methylamines and converts them to trimethylamineN-oxide which induce inflammation in the liver[115,116].
Spencer et al[117] showed that the compositions of the gastrointestinal microbial communities changed with dietary
choline content and especially Gammaproteobacteria and
Erysipelotrichi levels were directly associated with changes
liver steatosis in each subject during choline depletion.
The role of dietary choline in NAFLD can be explained
by the bioavailibility of free choline to for lipoproteins in
the liver (especially very- low-density-lipoprotein-VLDL),
which allows the export of free fatty acids from this organ[113]. If the gut microbiota converts excessive amounts
of dietary choline into trimethylamine, this leads to reduced choline bioavailibility and consequent fatty liver
disease[118].
Altered bile acid metabolism
Bile acids modulate lipid absorption and cholesterol homeostasis. The nuclear bile acid receptor, called farnesoid
X receptor (FXR), is strongly expressed at bile acid excretion (liver) and absorption (intestine) regions. Bile acids
also act as signaling molecules and activate FXR and the
G-protein coupled receptor TGR5. Through activation
of downstream signaling pathways of these key receptors, bile acids regulate not only their own synthesis and
enterohepatic circulation, but also impact on hepatic lipid, glucose, and energy homeostasis[119]. FXR plays a key
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role in the control of hepatic de novo lipogenesis, VLDL
triglyceride export and plasma triglyceride turnover[120].
TGR5 binds secondary bile acids and promotes glucose
homeostasis, by stimulating secretion of GLP-1[121]. Besides, bile acids have a bacteriostatic activity. Gut microbiota can modulate bile acid metabolism. Swann et al[82]
showed that gut microbiota can indirectly promote hepatic steatosis and lipid peroxidation through FXR stimulation changes in bile acid secretion. On the other hand,
high-fat diet changes the bile acid composition, which
influences the conditions for gut microbial environment
and causes dysbiosis[122,123].
Stimulation of endogenous ethanol production by
enteric bacteria
Intestinal microbiota produces a number of potentially
hepatotoxic compounds such as ethanol, phenols, ammonia and they are transported to liver by portal system.
These toxins stimulate hepatic Kupffer cells for production of nitric oxide and cytokines such as TNF-α[9,124].
Acetaldehyde and acetate are two major metabolites of
ethanol. Ethanol can increase acetate production via inhibition of the Krebs cycle. Acetate is a substrate for fatty
acid synthesis. On the other hand, actaldehyde and its
metabolites may lead to the formation of reactive oxygen
species. ROS production could be involved in liver injury
by contributing to the disruption of intestinal barrier
function and to the two hit mechanisms of steatohepatitis[80,86,125]. Ethanol and LPS also stimulate the production of ROS by parenchymal and nonparenchymal liver
cells. Gustot et al[124] showed that enteral ethanol exposure
induced steatosis and increased liver weight, aminotransferase levels, and TLR1, 2, 4, 6, 7, 8, and 9 liver mRNA
expressions in mice. They concluded that ethanol-fed
mice exhibited an oxidative stress dependent on upregulation of multiple TLRs in the liver and were sensitive to
liver inflammation induced by multiple bacterial products
recognized by TLRs[124].
In a human study, Nair et al[126] demonstrated that
obese women with NASH had higher breath ethanol
concentrations than healthy controls detected by gas
chromatography. Similarly, Zhu et al[127] showed in their
pediatric age group study that Proteobacteria, Enterobacteriaceae, and Escherichia (is a well-known ethanol producer
bacteria) were the only phylum, family and genus types
exhibiting significant difference between the patients with
and without NASH microbiomes. Similar blood-ethanol
concentrations were observed between healthy subjects
and obese non-NASH patients; however, NASH patients
exhibited significantly elevated blood ethanol levels[127].
Ethanol contributes to iNOS-mediated intestinal hyperpermeability, and therefore enhances the passage of
endotoxins from the intestinal lumen into the portal system[128].

CONCLUSION
High energy diets alter intestinal microbiata, induce gut
dysfunction, which subsequently result in visceral fat
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Dietary fat and fructose

Altered intestinal microbiota (dysbiosis)

Intestinal permeability ↑

Microbial degradation
of polysaccharides

Fiaf ↓

SCFA ↑

LPL activity ↑

Bacterial translocation
Endotoxemia

Kupffer cells
Hepatocytes

ChREBP ↑

AMPK ↓

Choline ↓

β oxidation ↓

GPRs ↑

PYY ↑
TLR4 and TLR9
activation by LPS

Cytokines and chemokines
(TNF-α, TGF-β, IL-6, IL-10)

Inflammation

Lipogenesis ↑
Gluconeogenesis ↑

FFA uptake ↑
Liver/adipose tissue

Energy harvest
from diet

Hepatic VLDL
secretion↓

NAFLD/NASH

Figure 2 Effects of gut microbiota on the development of nonalcoholic fatty liver disease and nonalcoholic steatohepatitis through the gut-liver axis. Altered intestinal bacterial composition (dysbiosis) results in degradation of carbohydrates in the intestinal lumen and produces short-chain fatty acids (SCFAs), which
are substrates for hepatic lipogenesis and gluconeogenesis. The interaction of SCFAs with G-protein coupled receptors (GPRs) releases the peptide YY (PYY), which
modulates gut motility and nutrient absorption. SCFAs stimulate hepatic carbohydrate response element binding protein (ChREBP) and increase lipogenesis. Bacterial
translocation to the portal circulation causes interaction of bacterial endotoxins (lipopolysaccharides, LPS) with hepatic toll-like receptors (TLR4 and TLR9) and results
in the release of cytokines and chemokines. Decreased Fiaf (fasting-induced adipose factor) levels enhance lipoprotein lipase (LPL) activity and cause fat accumulation. Choline deficiency causes liver steatosis via decreased secretion of very- low-density-lipoprotein-(VLDL) from the liver.

Diet modifications
Probiotics
Prebiotics
Symbiotics

Restoration of intestinal
microbial system

Insulin sensitivity ↑
Modulation of inflammation

CLA ↑
Energy harvest ↓

Fiaf ↑

Modulation of appetite

Figure 3 Probable mechanisms of action of the antiobesity effects of modulated intestinal microbiota. CLA: Conjugated linoleic acid; Fiaf: Fasting-induced
adipocyte factor.

inflammation and systemic metabolic dysregulation.
An obesogenic microbiota can alternate liver function
by stimulating hepatic triglyceride and by modulating
systemic lipid metabolism that indirectly impact the storage of fatty acids in the liver (Figure 2). Several studies
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suggested that intestinal microbiota might also play an
important part in progression of NAFLD to NASH.
Modulation of gut microbiota by diet modifications or by
using probiotics, prebiotics and synbiotics as a treatment
for obesity and fatty liver disease might be the issue of
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further investigations (Figure 3).
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Abstract
Hepatocellular carcinoma (HCC) is increasing in prevalence and is one of the most common cancers in the
world. Chief amongst the risks of attaining HCC are
hepatitis B and C infection, aflatoxin B1 ingestion, alcoholism and obesity. The later has been shown to promote non alcoholic fatty liver disease, which can lead
to the inflammatory form non alcoholic steatohepatitis
(NASH). NASH is a complex metabolic disorder that can
impact greatly on hepatic function. The mechanisms by
which NASH promotes HCC are only beginning to be
characterized. Here in this review, we give an overview
of the recent novel mechanisms published that have
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been associated with NASH and subsequent HCC progression. We will focus our discussion on inflammation
and gut derived inflammation and how they contribute
to NASH driven HCC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Nonalcoholic steatohepatitis; Hepatocellular
carcinoma; Inflammation; Microbiome; Bile acids
Core tip: non alcoholic steatohepatitis (NASH) is a
metabolic inflammatory disease the can often advance
to liver cancer. Previously, it was assumed that obesity,
hepatocyte cellular death and insulin resistance were
the dominant drivers of NASH progression to hepatocellular carcinoma. Herein, we discuss the latest concepts concerning the gut microbiome and bile acids,
which have now been shown to have a role in promoting hepatic inflammation, and subsequent liver tumor
growth.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is now the fifth cancer of greatest incidence worldwide. Hepatitis B and C
leading to cirrhosis are the dominant risk factors and
the most common causes of HCC[1]. But in recent years
studies have found that non-alcoholic steatohepatitis
(NASH) can promote liver fibrosis, end-stage liver failure,
cirrhosis, and ultimately progression to HCC. NASH is
a clinical and pathological syndrome that is not associ-
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ated with increased alcoholic intake, but has histological
features similar to alcoholic hepatitis, with prominent
fatty deposition and fat storage in the liver parenchymal
cells, that can promote inflammation and necrosis[2,3]. Day
et al[4] proposed an initial theory for the pathogenesis of
NASH, known as the “two-hit hypothesis”. Here it was
suggested that the “first hit” of hepatic triglyceride accumulation or steatosis, increased the vulnerability of the
liver to the “second hit” of injury due changes in inflammatory cytokines and/or adipokines, mitochrondrial dysfunction and elevated oxidative stress, that can together
promote steatohepatitis and fibrosis. However, data from
many sources has now attributed other “hits” that include
insulin resistance and the metabolic syndrome. These
include changes in serum cytokines, which have been
extensively reviewed elsewhere[5-10], and more recently
and of relevance to this review, inflammation, altered gut
microflora and bile acids that can contribute to the generation of NASH and HCC.

NASH: a complex biological entity
Numerous clinical studies have shown strong links between NASH and consequent cirrhosis, which naturally
increases the risk of progression to HCC[11-13]. Studies have also shown that HCC is now a major cause of
mortality in NASH patients[14]. Importantly, work has
illustrated in comparison to diabetes and hepatitis C virus
that non alcoholic fatty liver disease (NAFLD)/NASH
is a growing underlying etiological risk for HCC[15]. Significantly, research has shown that HCC is now occurring more frequently from non-cirrhotic NASH[16,17] (and
reviewed in[18]). Taken together, these data suggest that
NASH in the presence of cirrhosis or non-cirrhosis, can
promote HCC through diverse pathways. However, an
underlying theme that is now emerging from the literature is the role of inflammation in cancer and in particular HCC. Moreover, these pathways have activity in the
presence or absence of cirrhosis and we believe that unbridled inflammation is one of the principle factors that
can drive the progression from NASH to HCC, and enhance HCC growth. The targeting of these pathways offers a potential avenue of therapeutically restricting HCC
growth. Thus, in this review we will focus on clarifying
some of the principal and novel inflammatory mechanisms that have been recently described for promoting
HCC in the presence of NASH.

FACTORS LINKING INFLAMMATION TO
NASH AND HCC PROGRESSION
Cytokines
Cytokines represent a family of small bioactive proteins
and peptides that have signaling qualities in mediating
intercellular communication signals, cellular interactions,
growth and differentiation in cells. Therefore, in disease
states when imbalances in cytokine levels occur they have
important effects in promoting aberrant signaling, and in
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particular modulating inflammatory responses[19-21]. Studies have shown that cytokines such as tumor necrosis factor (TNF)-α, leptin, adiponectin and interleukin-6 (IL-6)
occupy important roles in hepatic pathology. Thus, we
will now examine their relationship and role in progression from NASH to HCC.
TNF-α
Studies have shown that TNF-α has an important role in
liver cancer progression and growth[22]. The binding of
TNF-α to TNFR1 receptor activates the transcriptional
regulator nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-κB)[23]. NF-κB consists of five
different family members: RelA (p65), RelB, c-Rel, p50/
p105, and p100/p52 that are localized to the cytoplasm
by inhibitors of κB (IκB)[24]. In response to proinflammatory stimuli, the IκB kinase complex of IKKα and
IKKβ subunits and the regulatory protein, NF-κB essential modulator (NEMO) or inhibitor of NF-κB kinase
subunit gamma (IKKγ), phosphorylates IκB, leading to
its degradation and the subsequent movement of NF-κB
into the cell nucleus[25]. Genetic removal of components
of this pathway, have illustrated the importance of NFκB in liver inflammation and HCC.
In mice, the ablation of IKKβ from hepatocytes to
foster NF-κB inactivation, and subsequent treatment
with the mutagen diethylnitrosamine (DEN), resulted in a
greater incidence of HCC[26]. To explain this phenotype it
was found that on exposure to excess TNF-α, prolonged
c-Jun N-terminal kinase (JNK) activation was stimulated,
and resulted in increased hepatocyte apoptosis with compensatory hepatocyte proliferation. These events facilitated the accumulation of genetic errors to enhance HCC
growth. Accordingly, increased JNK activity can also
promote insulin resistance as JNK-/- mice have improved
insulin sensitivity and less hepatic inflammation and
fibrosis[27,28]. Alternatively, the removal of IKKβ from
hepatocytes and Kupffer cells reduced the number and
size of HCCs, after DEN treatment[26]. Mechanistically,
it was found that the proliferation of hepatocytes after
exposure to DEN, were dependent on the IKKβ induced
production of the hepatic mitogens TNF-α, IL-6 and
HGF from Kupffer cells.
Further studies showed that the deletion of NEMO
from hepatocytes, which modulates the phosphorylation
and degradation of IκBs in the TNF-α pathway, spontaneously promoted HCC development. It was found that
NEMO absence completely blocked NF-κB activation
and sensitized the NEMO-null hepatocytes to lipopolysaccharide (LPS) treatment, suggesting the involvement
of the innate immune response and microbiome in HCC
development[29].
To convey the importance of obesity in driving steatosis and inflammation, it has been shown that TNF-α
and IL-6 are important in obesity driven HCC. Here
liver cancer was promoted by DEN treatment of IL-6 or
TNFR1 null mice and subsequent high-fat feeding. It was
observed that compared to wild-type controls that IL-6
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or TNFR1 null mice had significantly reduced steatosis,
HCC number and size[30]. Collectively, these studies show
the key role of the TNF-α pathway in hepatic inflammation, and suggest that imbalances in this pathway are
important in the transition from NASH to HCC.
IL-6
IL-6 has been shown to have defined and important roles
in HCC pathology. IL-6 is largely secreted by inflammatory cells and can bind to IL-6 receptors on hepatocytes
and liver non-parenchymal cells to promote the binding
of the signal-transducing receptor gp130 to the IL-6R
complex, to activate Janus Kinase1 (JAK1). Subsequent
activation and phosphorylation of the transcription factor signal transducer and activator of transcription-3
(STAT3) factor, promotes a transcriptional program to
prevent apoptosis and initiate cell growth and differentiation. Studies have shown that phosphorylated STAT3
is expressed in up to 60% of human HCCs[31], and that
increased IL-6 protein levels is associated with NASH as
compared to steatosis in patients[32]. Moreover, IL-6 has
been shown to be upregulated in two established models
murine models of NAFLD[33], and mice overexpressing
IL-6 and soluble IL-6R, have more extensive liver cancer
than wild-type mice[34]. In agreement with the concept
that IL-6 is a promoter of HCC, it has been shown that
male IL-6 deficient mice generate less HCC than wildtype males after DEN treatment[35]. Finally, it has been
demonstrated that IL-6 serum levels are increased in the
majority of hepatic acute and chronic events[36]. Thus,
these data suggest that IL-6 is associated with NASH and
is a promoter of HCC formation and growth.
Leptin
Leptin (Ob) is a multifunctional adipocytokine secreted
by fat cells and has a variety of biological effects mediated by its binding to a specific leptin receptor (ObR). It
plays an important role in hepatic stellate cell (HSC) activation and hepatic fibrosis. It was found that the inhibition of endogenous leptin activity can retard HSC function and have powerful anti-fibrotic effects[37]. Moreover,
leptin can stimulate tissue inhibitor of metalloproteinase
1 (TIMP-1) production via the JAK/STAT pathway to
promote fibrogenesis[38,39]. The injection of leptin into
carbon tetrachloride-treated mice increased the synthesis
and secretion of pro-fibrotic genes in the liver including
procollagen and TGFβ1. Leclercq et al[40] utilised leptindeficient mice and found that the injection of leptin increased TGF-β1 levels and completely restored fibrosis.
These data suggest that leptin plays an important role in
liver fibrosis.
The relationship of leptin with NASH is less well
determined. In patients Chittur et al[41] found that serum
leptin levels were higher in NASH patients than in the
normal group. Studies from another group, failed to find
an association between leptin and NASH[42]. Leptin can
regulate liver cancer development by promoting tumor
cell proliferation and angiogenesis. Leptin acts on endo-

WJG|www.wjgnet.com

thelial cells to promote tube formation and migration,
while limiting leptin impairs angiogenesis[43]. In the presence of vascular endothelial growth factor, leptin-mediated neovascularization in the liver increased in line with
NASH progression, indicating a pro-angiogenic role[44].
In HCC patients both leptin and ObR are expressed at
higher levels in livers. Interestingly, poorly differentiated
HCCs have greater blood vessel density and ObR expression, again suggesting an angiogenic role[45]. Furthermore,
leptin has been shown to promote HCC proliferation,
migration, and invasiveness through activation of the
JAK/STAT pathway[46]. Taken together, these observations suggest that elevated serum leptin levels through
increased adipose tissue mass, may promote progression
by enhancing hepatic fibrogenesis, angiogenesis, and
cancer cell division and behavior. Thus, it is plausible that
increased leptin levels could promote progression from
NASH to HCC. However, as studies in humans have not
revealed a clear correlation it is possible that leptin is associated only with a subset of HCCs that originate in the
background of NASH.
Adiponectin
Adiponectin is an anti-inflammatory cytokine produced
by the adipose tissue. It has roles in regulating glucose
and fatty acid metabolism, with decreased plasma concentrations correlating to increased BMI, insulin resistance, type 2 diabetes and atherosclerosis. Adiponectin
circulates in the serum in different molecular forms: a
low molecular weight trimer, a middle molecular weight
hexamer, and high molecular weight multimers, that is
considered to be the most biologically active. There are
three known APN receptors: AdipoR1, AdipoR2 and
T-cadherin that have distinct affinities for the various circulating forms of APN[47].
Given the different adiponectin forms and receptors, adiponectin has a plethora of activities. In the liver
adiponectin activates AMPK to reduce hepatic gluconeogenesis, stimulate fatty acid oxidation, and limit hepatic
de novo lipogenesis through inhibition of sterol-regulatory
element binding protein-1c (SREBP-1c), a dominant regulator of triglyceride and fatty acid synthesis[48,49]. Adiponectin can also activate peroxisome proliferator-activated
receptor α (PPARα) to promote fatty acid oxidation. Importantly, in the context of liver diseases adiponectin can
limit inflammation by inhibiting the NF-κB activation to
suppress TNF-α release[50,51]. Adiponectin can also further suppress macrophage function and the proliferation
and migration of vascular smooth muscle cells[52].
In NASH, hypoadiponectinemia is an early feature,
and it has been shown that low serum adiponectin levels
are associated with increased hepatic steatosis and with
necroinflammation[53]. Likewise, adiponectin null mice
have more steatosis and fibrosis after high fat feeding,
and develop more fibrosis on carbon tetrachloride treatment[54-56]. Moreover, adiponectin has strong hepatoprotective properties and can diminish steatosis and hepatic
damage, in endotoxin and alcohol injury models by limit-
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ing hepatic production of TNF-α[57,58].
Nevertheless, studies have showed that in cirrhotic
and HCC patients that impaired hepatic function is associated with increases in serum adiponectin levels[59-61].
It has been recently shown that in advanced NASH there
is a significant correlation between increased serum bile
acids, circulating adiponectin and reduced liver fat[62]. It is
probable that similar mechanisms are operating in HCC
patients. It remains open whether adiponectin can influence HCC once developed. In HCC cell lines adiponectin
increased JNK activation and subsequent apoptosis in
tumors, and promoted increased AMPK phosphorylation
and the inhibition of the mammalian target of rapamycin
(mTOR) phosphorylation to limit tumor growth in nude
mice[63]. In a separate study, it was shown that adiponectin
treatment decreased HCC tumor growth and macrophage infiltration, and secondary lung metastasis[64]. In
summary, these data suggest that lower adiponectin levels
associated with obesity are a driver of NASH and HCC
formation.

Emerging inflammatory pathways
for promoting NASH HCC
development
The above illustrate that NASH driven HCC is associated
with a robust inflammatory response. For some time the
standard model assumed that the increased adipose mass
associated with insulin resistance enhanced liver injury.
Additionally, evidence also suggested that the accumulation of hepatic cellular fat could promote the release of
reactive oxygen species to interfere with cellular functions
such as cellular respiration to cause the release of toxic
lipids species, to result in hepatocyte dysfunction and
apoptosis (as reviewed by us[65]). However, recent studies
now include another layer of factors that are responsible
for contributing and perhaps enhancing the effect of inflammation and damage to the liver. Specifically, research
has found that diet affects the constitution of the gut
bacteria (microbiome) to subsequently influence inflammation. Furthermore, it has been demonstrated that the
microbiome can modulate bile acids levels, which are
now known to have both systemic and hepatic specific
signaling. Together, these findings suggest a novel pathogenic pathway between the gut and liver driven by dietary
changes that has the potential to generate hepatic inflammation and ultimately influence HCC.
microbiome and NASH
Studies have linked NASH with dysbiosis of the gut. In
NASH patients Wigg et al[66] observed small intestinal
bacterial overgrowth and increased TNF-α levels. Similarly, in another study NASH patients had greater bacterial overgrowth, elevated expression of Toll-like receptor
(TLR) 4 and increased levels of serum IL-8[67]. Commensurate with these changes qPCR for the major gut
bacteria species has shown that NASH patients have less
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gut Gram-negative Bacteroidetes, than that observed in
patients with simple steatosis[68]. Likewise, in NASH patients an increase in the abundance of alcohol producing
bacteria has been observed, suggesting that these strains
may be involved in NASH pathogenesis[69].
In view of these findings, interventional studies have
been undertaken in rodents and patients. Treatment of
mice fed the methionine-choline-deficient diet with the
probiotic VSL#3 reduced liver fibrosis but had no effect
on inflammation and steatosis[70]. However, in a genetic
model, treatment of ApoE knock-out mice with VSL#3
had a more pronounced effect and reversed insulin resistance and steatohepatitis[71]. In choline-deficient/L-amino
acid define (CDAA) fed rats a butyrate-producing probiotic reduced hepatic lipid deposition and significantly improved insulin resistance, serum endotoxin levels, and hepatic inflammatory indexes[72]. In patients there has been
limited studies undertaken. A small Chinese study of 20
NASH patients has shown that probiotics can reduce
liver fat and AST levels[73]. Similarly, in an Italian study of
66 NASH patients, the 33 that received probiotics had
reduced TNF-α, C-reactive protein, AST, HOMO-IR,
serum endotoxin levels, steatosis and NASH activity[74].
Together, these data suggest a role for the microbiome in
mediating NASH and that the correction of gut dysbiosis
to a more healthy phenotype can possibly be used as a
therapy to limit NASH progression.
How does the microbiota induce hepatic inflammation
and metabolism?
Numerous studies over the past decade have shed light
on the role of the microbiota in modulating hepatic
metabolism and inflammation. A focus point has been
lipopolysaccharide (LPS), a large molecule present on
and released by gram negative bacteria. LPS binds to the
cluster of differentiation 14/TLR2/lymphocyte antigen
96 (CD14/TLR4/MD2) receptor complex on immune
cells, which represents part of the innate immune system to promote a pro-inflammatory immune response.
It has been shown that the consumption of a high fat
diet can loosen the intestinal tight junctions, leading to
the increased delivery of bacterial products like LPS via
the portal vein to the liver. Moreover, as constituents of
this signaling cascade have links with regulating metabolism, data has shown that LPS can also regulate insulin
resistance. For example, obese ob/ob mice have intestinal overgrowth, increased intestinal permeability, more
TNF-α, hepatic stellate cell activation and an enhanced
LPS inflammatory response[75]. The treatment of ob/ob
mice or HFD mice with antibiotics to alter the gut microbiota reduced glucose intolerance, body weight gain, fat
mass development, lowered inflammation and oxidative
stress. Moreover, the authors showed that the absence of
CD14 in ob/ob CD14-/- mutant mice mimicked the metabolic and inflammatory effects of antibiotics, suggesting
a key role for LPS[76]. In a separate study, leptin whose
levels are induced by obesity has been shown to upregulate CD14, to promote hyper responsiveness to LPS and
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enhance progression to NASH[77]. These studies show a
critical role for the TLR4 signaling complex in promoting
inflammation and NASH.
Another arm of the innate immune system are the
inflammasomes, which are a signaling complex consisting of caspase 1, apoptosis-associated speck-like protein
containing (ASC) and nucleotide-binding oligomerization domain receptors (NOD-like receptors: NLRs). The
complex can be stimulated by TLRs via LPS, but can also
be activated by other bacterial ligands, depending on the
NLR family member. A principle downstream action of
the complex is to activate the caspase-1 cascade, leading
to the production of pro-inflammatory cytokines IL-1β
and IL-18. In an elegant study by Henao-Mejia et al[78],
they showed that inflammasome-deficient mice (Casp1-/-,
Asc-/-, Nlrp3-/- or IL-18-/-), fed a methionine and cholinedeficient (MCD) diet had increased severity of NASH
and decreased glucose tolerance. Critically, the authors
showed that co-habitation of these mice with wild-type
could result in the transfer of the NASH phenotype to
the wild-type animals. Furthermore, they showed that the
microbiota from these animals mediated the inflammatory response through TLR4, TLR9 and TNF-α. These
data show that inflammatory cross-talk between the gut
and liver has an important role in protecting the organism against metabolic disease, and that changes in the microbiome or that alternatively the decreased responsiveness of the innate immune system can lead to metabolic
diseases such as diabetes and NASH.
Evidence of microbiota links to NASH driven HCC
The above evidence suggests that the microbiota can
promote NASH a risk factor for HCC development. To
test if the microbiota can influence HCC promotion, the
group of Schwabe in a refined study, initiated tumorigenesis with DEN and followed with subsequent carbon tetrachloride treatment to promote fibrosis driven HCC[79].
They used this experimental protocol on TLR4 null mice
and found that TLR4 absence limited HCC growth.
Antibiotic treatment of wild-type mice subjected to the
DEN/CCl4 treatment reduced tumor growth, suggesting
that the microbiota and LPS through TLR4 promoted
HCC. Further, the authors identified that the mitogen
epiregulin, a ligand for the epidermal growth factor receptor (EGFR), was expressed by activated stellate cells,
suggesting a mechanism by which activated HSCs could
drive tumor cell proliferation. Moreover, they observed
that the microbiota and TLR4 supported the expression
of survival signals to promote tumor growth.
The gut microbiota apart from stimulating an immune response has other important functions. Specifically, they catalyse the generation of secondary bile
acids such as deoxycholic acid (DCA), which is known
to induce DNA damage [80]. Further to this concept,
Yoshimoto et al[81] found that DCA can promote the activation of a senescence-associated secretory phenotype
in HSCs, reflected by the secretion of IL-1β. They observed that the absence of IL-1β limited obesity-induced
HCC development and similarly that antibiotic treatment
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could alleviate HCC development. Furthermore, the
lowering of DCA or feeding of DCA to HFD-fed mice,
respectfully limited or enhanced HCC growth. These
data suggest in sum that bacterial metabolites can instigate hepatic inflammation either directly or indirectly via
the generation of metabolites such as DCA that can enhance HCC growth and progression. These observations
suggest a potential role for bile acids in NASH HCC
progression.
Bile acids and NASH HCC
Primary bile acids are derived from cholesterol, the most
abundant being chenodeoxycholic acid (CDCA) and cholic acid (CA). They are secreted into the intestine where
modification by intestinal bacteria leads, as explained
above, to the generation of the secondary bile acids, such
as DCA and lithocholic acid (LCA). To maintain bile acids at physiological levels they are efficiently reabsorbed
in the ileum and transported by the enterohepatic circulation back to the liver. For many years it was considered that bile acids were mere detergents, important for
absorbing, transporting, and distributing dietary lipids,
vitamins and steroids. However, it is now appreciated
that they represent a distinct class of hormones that bind
to highly specific receptors, the best described being the
nuclear hormone receptor farnesoid X receptor (FXR)
and the G-protein-coupled cell surface receptor TGR5.
FXR regulates bile acid synthesis by inhibiting the
transcription of cholesterol 7α-hydroxylase (CYP7A1),
the rate-limiting enzyme in the conversion of cholesterol
to bile acids. FXR can also repress the SREBP-1c transcription to reduce triglyceride synthesis, and promote the
β-oxidation of fatty acids through augmented PPARα
signalling[82]. In agreement FXR null mice have elevated
serum triglycerides and cholesterol and are prone to develop steatohepatitis[83]. Moreover, FXR agonists can antagonize NF-κB activity and limit hepatic inflammation
in vivo[84]. In this light, studies have illustrated the potential
of FXR agonists to treat NASH. In the mouse MCD
model, treatment with WAY-362450, reduced liver injury
and inflammation[85]. In a recent phase Ⅱ clinical trial a
study was undertaken to evaluate the effects of Obeticholic acid (OCA; INT-747, 6α-ethyl-chenodeoxycholic acid)
on insulin sensitivity in patients with nonalcoholic fatty
liver disease and type 2 diabetes mellitus. It was found
that within 6 wk OCA increased insulin sensitivity and
reduced the markers of liver inflammation treatment and
fibrosis[86]. Given FXR’s important role in liver function,
it has also been shown that FXR null mice can spontaneously develop liver tumors as they age, and treatment
with CA further potentiated DEN-initiated liver cancer.
Mechanistically, it was found that the null mice have increased levels of the proinflammatory cytokine IL-1β,
activation of the Wnt/β-catenin pathway activation, and
target gene c-myc[87,88].
TGR5 is expressed in the gall bladder, cholangiocytes,
ileum, colon, brown and white adipose tissue and to a
lesser extent in skeletal muscle, liver and immune cells[89].
TGR5 activation in muscle and brown adipose increases
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Figure 1 Model illustrating the role of inflammation in non alcoholic steatohepatitis driven hepatocellular carcinoma. The current literature supports the concept that hepatic inflammation can in part come from dietary changes that promote an altered microbiome to release inflammatory factors such as lipopolysaccharide
(LPS) and the inflammatory bile acid deoxycholic acid (DCA). They impact on the liver to activate the innate immune system and a senescence - associated secretory
phenotype in hepatic stellate cells. Bile acids can also modulate hepatic inflammation through farnesoid X receptor and TGR5 receptors. The increased adipose mass
can produce less adiponectin and more leptin, interleukin-6 (IL-6) and tumor necrosis factor (TNF)-α that can further impact on the liver. The build up of fat and elevated FFAs, induce hepatocyte apoptosis, further amplifying the inflammatory effects. The net effect of the systemic and hepatic inflammation is to support neoplastic
growth in the liver. It remains to be determined in appropriate mouse models whether bile acids can influence adipocyte function, non alcoholic steatohepatitis and
hepatocellular carcinoma progression.

the intracellular secondary messenger cyclic adenosine
monophosphate (cAMP), which in turn increases transcription of the Type Ⅱ iodothyronine deiodinase gene
(Dio2) and the prerequisite protein Type Ⅱ iodothyronine
deiodinase (D2), which converts thyroxine (T4) to triiodothyronine (T3). The net effect is augmented energy
and oxygen consumption. TGR5 promotes hormone
secretion in the gut, of intestinal glucagon-like peptide-1
(GLP-1), which in turn stimulates insulin release. The
concept that TGR5 is involved in energy modulation, is
supported by TRG5 null mice which accumulate fat faster than wild-type. Moreover, treatment of wild-type mice
with the TGR5 specific agonist INT-777 increases brown
adipose tissue D2 and energy metabolism, and improves
obesity and steatosis[90]. In the liver, TGR5 is expressed
in Kupffer cells, sinusoidal endothelial cells and cholangiocytes. In keeping with this expression pattern, TGR5
inhibits liver inflammation by suppressing NF-κB in macrophages and is protective, as TGR5 null mice have more
liver damage after bile-duct ligation[91-93]. In sum, these
observations show that TGR5 has been shown to repress
hepatic inflammation, but as yet no definitive study has
linked it with HCC progression in vivo. In sum, these data
illustrate that elevated bile acids or inhibited bile acid signaling could be a deciding step in the progression from
NASH to HCC.

CONCLUSION
Taken together we have illustrated here the critical impor-
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tance of adipokines, inflammatory factors, the generation
of inflammation through gut dysbiosis and bile acids
in supporting and enhancing NASH driven liver tumor
growth. Obviously, inflammation from other sources
such as the adipose and liver generated injury due to steatosis and cholesterol are also consequential factors in
NASH and HCC[65]. Jointly, these observations show that
cross-talk between the fat and liver and gut and liver can
contribute to NASH HCC. We illustrate these concepts
in Figure 1.
In light of the fact that NASH originates from being
overweight and obese, the correction of the microbiome
to a lean phenotype and utilization of bile acid agonists
are attractive future therapeutic options to limit hepatic
inflammation and NASH progression, and possible HCC
formation. Nevertheless, it must be mentioned that few
of these studies have demonstrated a genetic mechanism
through which NASH HCC tumor initiation is influenced. Therefore, this suggests that in the context of
NASH driven HCC there are clearly genetic and epigenetic factors that can promote the initiation of HCC. A
review of the literature reveals that research into the association of NASH HCC with alterations in microRNA,
methylation, chromatin remodeling and chromosomal
changes is only in its infancy. Thus, even through the
suppression of inflammation is an attractive target for
limiting and restraining HCC growth, conceptually further research is urgently needed to elucidate the identity
of genetic and epigentic factors that can initiate HCC in
the presence of NASH.
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INTRODUCTION
Abstract
The liver involvement in alcoholic liver disease (ALD)
classically ranges from alcoholic steatosis, alcoholic
hepatitis or steatohepatitis, alcoholic cirrhosis and even
hepatocellular carcinoma. The more commonly seen
histologic features include macrovesicular steatosis,
neutrophilic lobular inflammation, ballooning degeneration, Mallory-Denk bodies, portal and pericellular fibrosis.
Nonalcoholic steatohepatitis (NASH) is a condition with
similar histology in the absence of a history of alcohol
intake. Although the distinction is essentially based on
presence or absence of a history of significant alcohol
intake, certain histologic features favour one or the other
diagnosis. This review aims at describing the histologic
spectrum of alcoholic liver disease and at highlighting
the histologic differences between ALD and NASH.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Alcoholic liver disease; Steatosis; Steatohepatitis; Fibrosis; Cirrhosis; Hepatocellular carcinoma;
Non-alcoholic steatohepatitis
Core tip: Alcoholic steatohepatitis (ASH) is well described. Absence of steatosis should not rule out ASH.
Nonalcoholic steatohepatitis though histologically similar to ASH, does have important differences, which a
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The effect of alcohol on the liver has been known since
centuries. A PubMed search reveals descriptions of the
pathology and ultra-structure in the 1950-1960s[1,2]. Nonalcoholic fatty liver disease (NAFLD) was first described
by Ludwig in 1980 for a set of histological features
similar to those of alcoholic hepatitis, which he noted in
liver biopsies of patients without a significant history of
alcohol intake or any clinical evidence of alcohol abuse[3].
Thus the close similarity of histologic findings in the
two entities is obvious, however the differences in histology if any, are not well described. This review intends to
describe in detail the histology of alcoholic liver disease
(ALD) while highlighting the differences from NAFLD.

ALCOHOLIC LIVER DISEASE
Diagnosis of alcoholic liver disease can be made in persons with excessive alcohol intake (20-40 g/d for men
and 20 g/d for women) and evidence of liver injury[4].
Histologically the spectrum of liver injury in both ALD
and NAFLD can vary from simple steatosis to cirrhosis.

HISTOLOGY OF ALCOHOLIC LIVER
DISEASE
The liver involvement in ALD classically ranges from
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Figure 1 Histological image. A: Neutrophilic inflammation (arrow) and ballooning of hepatocytes in alcoholic liver disease (ALD) (HE staining, × 400); B: Apoptotic
cell death (arrow) in ALD (HE staining, × 400); C: Prominent Mallory hyaline (arrow) in ALD (HE staining, × 400); D: Sclerosing hyaline necrosis (masson trichrome
staining, × 200); E: Cirrhosis with associated pericellular fibrosis also seen in ALD (masson trichrome staining, × 40); F: Hepatocellular carcinoma with focal steatosis
in a case of known ALD (HE staining, × 100).

alcoholic steatosis, alcoholic hepatitis or steatohepatitis
(ASH), and alcoholic cirrhosis.
Alcoholic steatosis
Steatosis is defined as the accumulation of lipid droplets
in the hepatocyte cytoplasm. The term “fatty degeneration” has been used when > 5% of hepatocytes show
steatosis while fatty liver is the term described when >
50% of hepatocytes show steatosis[5]. Presence of steatosis however is not essential for the diagnosis of ALD as it
may even decrease despite continuing alcohol intake and
progression of disease[6].
Steatosis can be macrovesicular or microvesicular,
depending not only on the size of the lipid droplet accumulated, but also on the pathogenesis and etiology of
disease. In ALD the steatosis is usually macrovesicular
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or mixed microvesicular and macrovesicular. The steatosis begins in the centrilobular Zone 3 and progresses
towards the periportal Zone 1. It may begin with small
droplets of fat in the cytoplasm (microvesicular), which
later enlarge to large fat droplets (macrovesicular), which
push the nucleus to the periphery. Macrovesicular fat
droplets can coalesce to form fat cysts (large irregular
extracellular fat vacuole). Continuing accumulation of fat
may lead to rupture of fat cyst with a histiocytic reaction
or lipogranuloma. The macrovesicular fat droplets have a
high surface/volume ratio and are less susceptible to action of lipases. This allows macrovesicular fat to persist
for a few months even after alcohol intake is stopped[7].
Microvesicular steatosis is seen as multiple fat droplets
with a central nucleus. Pure microvesicular steatosis may
be seen in Alcoholic foamy degeneration. This has not
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been described in non-ASH (NASH).
Alcoholic steatohepatitis
Steatohepatitis indicates evidence of hepatic injury accompanying the steatosis. The injury may be seen in the
form of hepatocyte ballooning, neutrophil rich inflammation in the lobular parenchyma (Figure 1), apoptosis
or Mallory Denk bodies. Ballooning degeneration of hepatocytes is the predominant mode of cellular injury in
alcoholic hepatitis. The hepatocytes are markedly swollen
with rarified cytoplasm, clumping of intermediate filaments and loss of staining for cytokeratins 8 and 18. The
oncotic swelling as a result of severe ATP depletion and
increase in intracellular calcium results in loss of plasma
membrane volume control, disruption of intermediate
filament network, cell swelling and oncotic necrosis[7].
Lytic necrosis following ballooning degeneration is the
commoner form of injury in ASH, however apoptosis
can also be seen and indicates either ongoing or current
injury. Apoptosis may be triggered by oxidative damage
to the mitochondrial inner membrane. The apoptotic
hepatocytes (Figure 1), also known as councilman bodies
or acidophil bodies, show cell shrinkage, chromatin condensation and nuclear and cellular fragmentation. These
are more frequent in NASH than in ASH[8]. MalloryDenk bodies (MDB) are clumps or skeins of eosinophilic ropy material in the hepatocyte cytoplasm usually
in a perinuclear location. Misfolded and aggregated
keratin filaments accumulate to form MDB[9]. These are
degraded by ubiquination-proteosome pathway to give
ubiquitinated keratin, ubiquitinated protein p62, Heat
shock proteins 70 and 25. Thus, MDB demonstrate immunoreactivity with antibodies to ubiquitin, keratins 8
and 18, and p62. The formation of MDB could either
be a result of toxic damage to the hepatocyte or they
may actually contribute to continuing inflammatory injury[7]. Lobular inflammation in ALD is often neutrophil
rich and the neutrophils may surround ballooned hepatocytes - “satellitosis”[10]. Portal Inflammation is usually
milder than is seen in other forms of chronic hepatitis
such as viral hepatitis. Besides lymphocytes and plasma
cells, neutrophils, eosinophils and even mast cells can be
seen in the inflammatory infiltrate. Portal inflammation
is more common and of higher grade in ALD than in
NAFLD. It may be accompanied by ductular reaction
and periportal fibrosis and may be associated with underlying chronic pancreatitis[11].
Other histologic features described in ALD include
glycogenated nuclei, megamitochondria, hemosiderin
deposition, cholestasis and ductular reaction[12]. Glycogenated nuclei are nuclear vacuolations in the hepatocyte
nuclei. They are more frequent in NAFLD where they
are seen in a periportal location.
Fibrosis: Alcoholic cirrhosis
Fibrosis in alcoholic liver disease begins in Zone 3, perivenular region and extends in a pericellular/perisinusoidal
pattern, giving rise to the classic “chicken-wire fibrosis”.
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A Masson trichrome or Sirius red stain better identifies
this. Later the fibrosis progresses to extend to the portal
tracts and central-portal or portal-portal bridging fibrosis
are seen. Finally, if the alcoholic injury continues, the
simultaneous fibrosis and hepatocyte regeneration results
in nodule formation and finally cirrhosis[13]. An orcein
stain is helpful in later stages to differentiate broad bands
of fibrosis (orcein positive) from areas of collapse due to
superadded acute alcoholic hepatitis.
Areas of parenchymal extinction are seen as a result
of involvement of central and portal veins by the fibrotic
process, while ductular reaction is a result of expansion
of stem cell compartment[13].
Hepatocellular carcinoma
Hepatocellular carcinoma (HCC) can develop in the
background of alcoholic liver disease in up to 5%-15%
cirrhotics. Alcohol is likely the commonest cause of
HCC in the west. Autopsy studies reveal the presence of
dysplastic nodules in large cirrhotic regenerative nodules
greater than 5 mm in size. These may be precursor lesions to the development of HCC.
The tumor cells may show presence of Mallory
hyaline, steatosis and even focal microvesicular foamy
degeneration.
NAFLD
Non-alcoholic fatty liver disease and Alcoholic fatty liver
disease, as the name implies, are diseases with differing
etiologies and similar morphologic spectrum. The term
NAFLD indicates the entire spectrum of fatty liver diseases not related to alcohol intake. Non-alcoholic fatty
liver is the term used when there is simple steatosis in
the liver not accompanied by inflammation, cell injury
or fibrosis. NASH is the term used when steatosis is accompanied by inflammation and cell injury/ballooning
degeneration with or without fibrosis. Matteoni et al[14]
in 1999 have divided NAFLD into four types or classes
based on the clinical spectrum and pathological severity.
Class 1 is simple steatosis, class 2 represents steatosis
with lobular inflammation, class 3 shows the additional
presence of ballooned hepatocytes and class 4 requires
the presence of either Mallory’s hyaline or fibrosis.
These were correlated with increasing severity of disease
and likelihood of progression to cirrhosis.
Diagnosis
NAFLD is essentially a clinicopathological diagnosis,
wherein clinically, besides ruling out significant alcohol
consumption, other causes such as viral hepatitis, autoimmune, A1AT and cholestatic etiologies should be
excluded, and evidence of metabolic syndrome[15] should
be sought. Minimal histological criteria for diagnosis of
NASH were defined at the American Association for
the Study of Liver Diseases Single Topic Conference
on NASH held in September 2002[4] (Table 1). These
recommendations though helpful, most pathologists use
varying combinations of histologic features to diagnose
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Table 1 Histopathologic abnormalities in nonalcoholic
[4]
steatohepatitis

Table 3 Non-alcoholic fatty liver disease activity score as
defined by nonalcoholic steatohepatitis clinical research
[16]
network

Necessary components
Steatosis, macro > micro; accentuated in Zone 3
Lobular inflammation, mild; scattered polymorphonuclear leukocytes
as well as mononuclear cells
Ballooning of hepatocytes; most apparent near steatotic liver cells, in
Zone 3
Usually present but not necessary
Zone 3 perisinusoidal fibrosis
Zone 1 hepatocellular glycogenated nuclei
Lipogranulomas in the lobules; usually small
Occasional acidophil bodies or periodic acid Schiff-stained Kupffer cells
Fat cysts
May be present, not necessary
Mallory’s hyaline in ballooned hepatocytes - usually Zone 3; typically
poorly formed, may require immunostaining for ubiquitin, p62 or CK 7,
18, 19 to confirm
Hepatocellular iron, usually grade 1
Megamitochondria in hepatocytes

Item
Steatosis
(grade)

Lobular
Inflammation

Definition
Low to medium power evaluation of
parenchymal involvement by steatosis
< 5%
5%-33%
> 33%-66%
> 66%
Overall assessment of all inflammatory foci

Score

0
1
2
3

No foci
< 2 foci per 200 × field
2-4 foci per 200 × field
> 4 foci per 200 × field

0
1
2
3

None
Few balloon cells
Many cells/prominent ballooning

0
1
2

None
Perisinusoidal or periportal
Mild, Zone 3, perisinusoidal
Moderate, Zone 3, perisinusoidal
Portal/periportal
Perisinusoidal and portal/periportal
Bridging fibrosis
Cirrhosis

0
1
1A
1B
1C
2
3
4

Ballooning

Fibrosis stage

Table 2 Grading system for alcoholic liver disease

[6]

Grade 0-11
Steatosis
0-3 as in NIDDK NASH CRN
Lobular inflammation
0-3 as in NIDDK NASH CRN
Cell death
0 none
1 focal apoptosis
2 many acidophil bodies
3 confluent necrosis
Ballooning
0-2 as in NIDDK NASH CRN
Fibrosis stages 0-6
Stage 1 mild Zone 3 pericellular and/or perivenular
Stage 2 marked Zone 3 fibrosis in most zones 3
Stage 3 fibrous linkage HV to septa
Stage 4 fibrous linkage HV, PT and septa
Stage 5 incomplete or probable cirrhosis
Stage 6 definite cirrhosis
NASH CRN: Nonalcoholic Steatohepatitis Research Network; NIDDK:
National Institute of Diabetes and Digestive and Kidney Diseases; HV:
Hepatic venule; PT: Portal tracts.

NASH, but the four most important features are steatosis, ballooning, lobular inflammation and perisinusoidal
fibrosis[16].

GRADING AND STAGING
Scoring systems for ALD are few and not used frequently. In early stage of disease if clinical history and evaluation point to the diagnosis, a biopsy is often not done. Biopsy is evaluated when advanced diseases is suspected or
if diagnosis is in doubt, and thus grading systems are not
routinely referred to. Yip and Burt[6] in 2006 proposed
a system which may be useful in assessing prognosis, or
comparing biopsies in clinical trials (Table 2).
Brunt et al[17] in 1999 proposed a grading and staging
system for NASH using steatosis, ballooning, lobular
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and portal inflammation for the activity grading. Subsequently the pathology subcommittee of the Clinical
Research Network for NASH designed and validated a
histologic feature scoring system for the full spectrum
of lesions of NAFLD. This group evaluated 14 histologic features and after analysis proposed a NAFLD activity score (NAS)[16] (Table 3). Routine hematoxylin and
eosin and Masson Trichrome stains are recommended
for evaluation. The NAS score specifically included
only those features that were related to active injury and
were potentially reversible. It has been defined as the
un-weighted sum of scores for steatosis (0-3), lobular
inflammation (0-3) and ballooning (0-2). The sum is thus
0-8. Fibrosis has been scored separately as in chronic
hepatitis scoring systems and is elaborated in greater detail than the previous staging system. The NAS has been
defined for the purpose of evaluating histologic changes
after therapeutic trials and to assess overall histologic
change and not to replace diagnostic criteria or assess
severity of NAFLD.
Inter and intra-observer variation may be present
as in other grading systems. The degree of steatosis
may be over or underestimated based on the power at
which observations are made. For example small droplet steatosis may be missed on low power examination
and may lead to underestimation of grade of steatosis.
Estimation at × 20 objective magnification is recommended. Hall et al[18] have shown that hepatopathologists show “excellent” inter-observer agreement in
estimated fat proportionate area, however measured fat
proportionate area using digital image analysis is more
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Table 4 Differences in histologic features of nonalcoholic
steatohepatitis and alcoholic liver disease
NAFLD (NASH)
Usually mild disease
Bridging necrosis rare
Poorly formed MH
-/rare
-/rare
-/rare
Not described
Nuclear vacuolation - more
common
Presence of Iron/hemosiderin is
less frequent
Ductular reaction is less frequent/
prominent
Fibrosis/cirrhosis - less common

ALD
Varying severity
Bridging necrosis common
Well formed MH
Sclerosing hyaline necrosis
Phlebosclerosis
Canalicular cholestasis
Foamy degeneration
Nuclear vacuolation - less common
Presence of Iron/hemosiderin is
more frequent
Ductular reaction is more frequent/
prominent
Fibrosis/cirrhosis - more common

NAFLD: Non-alcoholic fatty liver disease; ALD: Alcoholic liver disease;
NASH: Nonalcoholic steatohepatitis; MH: Mallory hyaline.

accurate. Degree of ballooning may be difficult to grade
when steatosis is extensive.
ASH vs NASH
Historically, NASH was described as a result of its morphologic similarity to Alcoholic Steatohepatitis. Thus
the overlap in histologic features is prominent; however
alcoholic liver disease shows more sever disease histology at the time of biopsy. Whether this is a function of
greater toxic injury due to repeated bouts of alcohol
abuse, or because liver biopsy is rarely performed in the
early stage of disease when a clinical diagnosis is obvious,
is debatable. Despite the commonality in the histologic
features in ASH and NASH, some feature are rarely seen
or not reported in NASH (Table 4). Sclerosing hyaline
necrosis is characterized by perivenular liver cell necrosis
with fibrosis in the same region. This may result in occlusion of the terminal hepatic venules and precirrhotic
portal hypertension[19]. Alcoholic foamy degeneration
was described by Uchida et al[20] in a set of 20 patients
who recovered rapidly once the alcohol was withdrawn.
The hepatocytes show a diffuse prominent microvesicular fatty change (may be more in perivenular zone), with
minimal inflammation and MDB are either minimal or
absent. Perivenular hepatocytic and canalicular cholestasis
may be associated. Goodman and Ishak[21] have described
three types of vascular lesions in an autopsy series of
ALD. These include lymphocytic phlebitis, phlebosclerosis (narrowing of the hepatic vein lumen) and venoocclusive lesions. Phlebosclerosis is seen in all cases of
ASH. Cholestasis is seen in severe fatty liver, alcoholic
foamy degeneration and can be seen in alcoholic hepatitis
and decompensated alcoholic cirrhosis. Liver histology
may show cholestasis, marginal ductular proliferation,
cholangiolitis and portal tract edema. Adaptive changes
such as oncotic or groundglass change in cytoplasm of
hepatocytes can be seen in advanced ALD. These may
reflect increased numbers of mitochondria or smooth
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endoplasmic reticulum respectively[6].
Pinto et al[22] studied the histologic features of liver
biopsy in 32 non-alcoholics, 21 asymptomatic ambulatory and 52 hospitalized patients of alcoholic hepatitis.
Histologic findings in the ambulatory alcoholic group
were intermediate between the other two groups with
nonalcoholic group having least degree of severity of
hepatocellular damage, inflammation, MDB and fibrosis.
The obese, diabetic non-alcoholics had significant fibrosis in 47% and cirrhosis in 8% while 38% of ambulatory
and 89% of hospitalized alcoholic hepatitis patients had
cirrhosis.
Singh et al[23] also compared the liver histology in
alcoholic versus non-alcoholic fatty liver disease. They
reported more severe ballooning degeneration of hepatocytes, portal inflammation, prominent MDB, neutrophilrich inflammation, and fibrosis in ASH as compared to
NASH. Cholestasis and bile ductular proliferation were
observed only in ASH.
The differentiation between the two conditions becomes even more difficult in overlapping clinical scenarios
such as obese alcoholics, alcoholics with diabetes and
obese or diabetic individuals with a borderline alcohol intake. The degree of injury caused by alcohol varies greatly
in different individuals due to various genetic factors.
Role of liver biopsy in ALD
Although liver biopsy is not essential in a clinical setting
of ALD wherein the history of alcohol abuse is forthcoming, it may be useful in the following settings: (1) To
look for or rule out the presence of a coexisting etiology
for liver injury which may be seen in up to 20% of patients[24]; (2) To assess the severity of liver injury and the
stage of fibrosis, especially in patients who do not have
decompensated liver disease; (3) The liver biopsy may
also give helpful prognostic information. The severity
of inflammation, presence of neutrophils and presence
of cholestatic changes may indicate poorer prognosis
while presence of megamitochondria indicates a better
prognosis, long-term survival with fewer complications
and slower progression to cirrhosis[25]; (4) In patients
where the history of alcohol use is suspected but not
forthcoming or there may be a possibility of both ALD
and NAFLD; (5) In severe forms of ALD where specific
treatment modality is to be given (such as corticosteroids
or pentoxyphylline); (6) Patients who are to be enrolled in
a clinical trial; and (7) Where acute-on-chronic liver injury
is suspected.
However, the decision to biopsy has to be taken for
each individual case based on a balance between the information it can provide, the impact on treatment and
the risk of complications.
Reporting on a biopsy
Before designating a biopsy as alcoholic steatohepatitis,
in a liver biopsy showing histology of steatohepatitis,
a clinical history of significant alcohol intake must be
sought. For a pathologist where details such as quantum
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and frequency of alcohol intake may not be clearly mentioned on the requisition form, this diagnosis is based
only on a brief input from the clinician. Furthermore,
there is a distinct possibility of the patient having additional clinical features of metabolic syndrome. Thus
a report stating that the histology is “consistent” with
alcoholic steatohepatitis is more accurate. In cases where
history of alcohol intake or features related to metabolic
syndrome and other causes of steatohepatitis are not
clearly stated, a morphologic diagnosis alone should be
given with clinical possibilities stated in order of likelihood based on the morphology. For example, a liver biopsy clearly showing about 40% macrovesicular steatosis,
associated with ballooning degeneration of hepatocytes,
well defined Mallory hyaline and a neutrophil-rich lobular
inflammation with a mild portal inflammation, may be
reported as “Steatohepatitis - possibly alcohol related” clinical correlation required.
Additional information such as the degree of steatosis and grading and staging of the biopsy may be helpful.
Prussian blue stain for iron overload may also be helpful
especially in alcoholic liver disease.
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Abstract
The noninvasive ablation of pancreatic cancer with
high intensity focused ultrasound (HIFU) energy is received increasingly widespread interest. With rapidly
temperature rise to cytotoxic levels within the focal volume of ultrasound beams, HIFU can selectively ablate
a targeted lesion of the pancreas without any damage
to surrounding or overlying tissues. Preliminary studies suggest that this approach is technical safe and
feasible, and can be used alone or in combination with
systemic chemotherapy for the treatment of patients
with locally advanced pancreatic cancer. It can effectively alleviate cancer-related abdominal pain, and may
confer an additional survival benefit with few significant
complications. This review provides a brief overview
of HIFU, describes current clinical applications, summarizes characteristics of continuous and pulsed HIFU,
and discusses future applications and challenges in the
treatment of pancreatic cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic cancer; High intensity focused
ultrasound; Focused ultrasound surgery; Thermal ablation; Hyperthermia; Therapeutic ultrasound
Core tip: Prognosis in unresectable locally advanced
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pancreatic cancer is extremely poor. Standard treatments are currently limited to chemotherapy, radiotherapy, or a combination of the two. Though few
regimens may offer a limited survival benefit, novel
treatment strategies are urgently needed. As a noninvasive approach, high intensity focused ultrasound
therapy can selectively ablate a targeted lesion of the
pancreas. Preliminary studies indicate that this approach is safe and feasible, and can be used alone or
in combination with chemotherapy. It can effectively
alleviate cancer-related abdominal pain, and may confer an additional survival benefit with few significant
complications.
Wu F. High intensity focused ultrasound: A noninvasive therapy
for locally advanced pancreatic cancer. World J Gastroenterol
2014; 20(44): 16480-16488 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i44/16480.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i44.16480

INTRODUCTION
Carcinoma of the exocrine pancreas is the fourth leading
cause of cancer-related death in the United States and
the Western world. In 2013, 45220 estimated new cases
were diagnosed for the United Sates, with 38460 associated deaths[1,2]. Because of the frequent delay in diagnosis, more than 80% of patients have locally advanced
or metastatic disease at presentation, and are unsuitable
for curative surgical resection[1,2]. Prognosis in pancreatic
cancer is generally dismal. Median survival for locally
advanced disease is just 6-10 mo, but this falls to 3-6 mo
in patients with metastatic disease; overall 5-year survival
rate is about 5%[1,2].
Standard options available for treating patients with
unresectable pancreatic cancer are limited to chemothera-
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py, radiotherapy, or a combination of the two. Gemcitabine is the most commonly used chemotherapeutic agent
in pancreatic cancer, and recent studies have shown that
a combination of gemcitabine with other chemotherapy
agents may offer a limited survival benefit in patients
with locally advanced pancreatic cancer[3,4].
As so few patients with pancreatic cancer are suitable for curative surgery and most have only a limited
response to chemotherapy, high intensity focused ultrasound (HIFU) has been recently investigated as a
potential additional therapy with the intention of tumor
debulking and symptom control. Using an extracorporeal
approach, it employs focused ultrasound energy to raise
the temperature between 56 ℃ and 100 ℃ in a targeted
tumor while ultrasound beam is transmitted into a pancreatic lesion, leading to a complete destruction of all the
targeted pancreatic cancer cells, instead of local tumor
removal[5]. The main advantages of HIFU therapy are
less invasive with no incision, no scarring, cheap, less pain
and short recovery time. These result in an associated
reduction in mortality, morbidity, hospital stay, cost and
improved quality of life for cancer patients. The purpose
of this article is to review recent developments in the use
of HIFU therapy for pancreatic cancer, and to discuss its
potential in this application.

DEFINITION OF HIFU ABLATION
Ultrasound is a form of vibrational wave. It can be
brought to a tight focus at a distance from its source
while an ultrasound beam propagates harmlessly through
living tissues. Just as energy in the sun can be concentrated to a point, and used to set fire to combustible material using a magnifying glass, the power of an ultrasound
beam can be focused. If the concentrated energy is sufficient, there may be tissue destruction solely within the focal volume, while cells lying elsewhere remain unharmed.
Ultrasound energy absorption by living tissue can result in measurable temperature rises. For HIFU, the energy is greatest within the focal volume, and thus the temperature is maximal there. The mechanism for cell killing
is primarily thermal. The temperature rises rapidly, and
is held in excess of 56 ℃ for 1 s or longer. This causes
immediate coagulation necrosis of the targeted volume.
The extent of cellular thermal damage is determined
both by the temperature achieved, and the length of time
for which it is maintained, the higher the temperature,
the shorter the time required to produce identical effects.
The boundary of the thermally necrosed region, referred
to in HIFU as the “lesion” represents the “56 ℃ for 1 s
or longer” contour. Higher temperatures will have been
reached at its centre, and in reality, the temperature within
the focal volume may rise rapidly above 80 ℃ during
HIFU treatments[6,7]. A steep temperature gradient exists
at the lesion boundary, and therefore a sharp demarcation between the treated and normal extra-focal tissue is
only less than the size of 10 cells, which is histologically
observed under light microscope[8,9].
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Figure 1 Schematic diagram demonstrating the principle of high intensity
focused ultrasound treatment for pancreatic cancer. Ultrasound beam is
focused into a small volume in which ultrasound energy is converted into heat
to induce the required coagulation necrosis of a targeted pancreatic tumor. T:
HIFU transducer; C: The targeted pancreatic cancer.

At high ultrasound intensity levels, not only thermal
effects, but those resulting from mechanical mechanisms
become important[10]. The most important non-thermal
mechanism for tissue disruption in HIFU fields is acoustic cavitation, which leads to the local destruction of the
tissue due to cavitation-induced high pressures and temperatures[9].
The intention of a HIFU treatment is to deliver ultrasound energy to a well-defined targeted volume at
depth, and to induce complete coagulation necrosis of
the tumor. A single (1-3 s) HIFU exposure usually produces a very small cigar-shaped lesion of dimensions
of 10-20 mm along the beam axis and 1-2 mm in the
transverse direction. However, by placing lesions side by
side, conformal confluent volumes of ablation of clinically relevant size can be achieved, as shown in Figure
1. It is important that individual lesions overlap in order
that no viable tumor cells remains between them. Due to
the nature of using a small lesion to cover the large volume of tumor, theoretically there should be no limitation
of tumor size, but it will take long and costly treatment
times when attempting to ablate a large tumor. For safety
reasons, in weaken and old patients HIFU procedure may
be divided into two sessions when tumor is too large, and
each session ablates the separated part of the targeted tumor. However, as HIFU is guided by either US or MRI, it
is unsuitable to treat small tumors (less than 0.5 mm), if
they are not clearly detected by both images.
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Figure 2 Grey-scale changes in a treated pancreatic cancer on real-time ultrasound images during high intensity focused ultrasound exposure. A: Ultrasound (US) image obtained before high intensity focused ultrasound (HIFU) shows a pancreatic cancer lesion present in the body of the pancreas (arrowheads); B:
US image obtained immediately after the one-slice HIFU treatment shows the obvious hyperechogenicity of the treated pancreatic tumor (arrowheads).

DESTRUCTIVE EFFECTS OF HIFU
ABLATION

enhanced by the damage caused by thermal ablation to
tumor blood vessels.

Direct thermal and non-thermal effects
The effects of thermal ablation on a targeted tumor are
determined by increased temperatures due to thermal energy deposition, rate of removal of heat, and the specific
thermal sensitivity of the tissue. As the tissue temperature rises, the time required to achieve irreversible cellular
damage decreases exponentially. At temperatures between
50 ℃ and 55 ℃, cellular death occurs instantaneously in
cell culture[11]. Protein denaturation, membrane rupture,
cell shrinkage, pyknosis, and hyperchromasia occur ex vivo
between 60 ℃ and 100 ℃, leading to almost immediate
coagulation necrosis[12]. In addition, acoustic cavitation,
one of the mechanical effects induced by HIFU ablation,
is the most important non-thermal mechanism for tissue
disruption[10]. Small gaseous nuclei existing in subcellular
organelles and fluid in tissue are the sources of cavitation, which can expand and contract under the influence
of the acoustic pressure. During the collapse of bubbles,
the acoustic pressure, shear stress, and subsequently high
temperature can induce the local destruction of a targeted tissue[13].

CLINICAL OUTCOMES

Thermal effects on tumor blood vessels
Structural and functional changes are directly observed
in tumor blood vessels after thermal ablation[14-17]. These
changes are not as well described as thermal effects on
the tissues, but they rely on varying temperatures. At temperatures between 40 ℃ and 42 ℃, there is no significant
change in tumor blood flow after 30-60 min exposure[18].
Beyond 42 ℃ to 44 ℃, there is an irreversible decrease
in tumor blood flow, with vascular stasis and thrombosis,
resulting in heat trapping and progressive tissue damage[19]. When temperatures exceed 60 ℃, immediate destruction of tumor microvasculature occurs[20]. It cuts the
blood supply to the tumor directly through the cauterization of the tumor feeder vessels, leading to deprivation
of nutrition and oxygen. Thus, tissue destruction can be
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Up to now, HIFU has been largely reported as a palliation
option to treat patients with locally advanced pancreatic
cancer. There are mainly two HIFU commercial devices
available to clinical application, and the HIFU-treated
patients are almost from Asia. Both devices incorporate
B-mode ultrasonography to target and monitor the therapeutic procedure. One is Chongqing HIFU system (Model-JC and JC200 HIFU system, Haifu Medical Technology, Chongqing, China). It is an extracorporeal ultrasoundguided HIFU device, and employs continuous HIFU
wave with high intensity (5-20 kW/cm2). The therapeutic
regime is a typically thermal ablation, and each patient
receives HIFU treatment only once. Treatment time is
dependent on the size of a targeted tumor, which ranges
from 45 min to 3.2 h. During the procedure, acoustic
intensity should gradually increase in the focus until a
hyperechogenic change is clearly observed within the targeted lesion on ultrasound imaging (Figure 2). This tissue
response is not only a good real-time imaging assessment
to determine whether coagulation necrosis could occur
during each HIFU shot in the targeted tumor, but also
a imaging feedback to control energy delivery of HIFU
exposures. Chongqing HIFU device got CE approval in
2005 for the treatment of pancreatic cancer, and now
it has been increasingly used for clinical applications in
Europe. The other is a FEB-BY Serial HIFU System
(China Medical Technologies, Beijing, China). It is also an
extracorporeal ultrasound-guided HIFU device, but uses
pulsed-wave HIFU with low intensity (< 3 kW/cm2). The
therapeutic regime is similar to focused ultrasound hyperthermia treatment. Each patient has separately undergone
4-7 sessions over the course of 10-14 d, and every session lasts about 1-1.5 h. During the procedure, acoustic
intensity should drop down if a patient feels abdominal
pain or discomfort. The clinical outcomes of the both
HIFU devices are summarized in Tables 1 and 2.
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Table 1 Studies of continuous-wave high intensity focused ultrasound treatment for patients with advanced pancreatic cancer
n

Study
Wu et al[21]

8

Orsi et al[22]

Wang et al[24]

Sung et al[25]

Zhao et al[28]

Treatment method
One-session HIFU
monotherapy

HIFU for advanced
pancreatic cancer,
unresectable. Average
tumor size 5.89 cm (4.5-8
cm)
6 Late-stage pancreatic
cancer, unresectable.
Average tumor size 4.6 ±
1.4 cm
40 Advanced pancreatic
cancer, unresectable.
Average tumor size 4.3
cm (2-10 cm)
46

Wang et al[26] 224

Gao et al[27]

Patients
A phase Ⅰ-Ⅱ study of

Advanced pancreatic
cancer, unresectable.
Average tumor size 4.2 ±
1.4 cm (1.6-9.3 cm)

Advanced Pancreatic
cancer

39

Locally advanced
pancreatic cancer,
unresectable. Tumor size
unclear
37 A phase Ⅱ study of HIFU
+ gemcitabine for locally
advanced pancreatic
cancer, average tumor
size 3.4 cm (1.7-8.5 cm).

HIFU Device

Outcome and survival

Continuous HIFU Pain relief: 8/8 (100%); Median
irradiation, Model- survival: 11.25 mo (2-17 mo)
JC HIFU System

Complications
None

One-session HIFU
monotherapy

Continuous HIFU Pain relief: 6/6 (100%); Median Portal vein thrombosis: 1/6
irradiation, Modelsurvival: 7 mo; Overall
(16%)
JC HIFU System
survival: 42.9% at 12 mo and
21.4% at 24 mo
One-session HIFU
Continuous HIFU
Pain relief: 35/40 (87.5%)
None
monotherapy
irradiation, Model- Median survival: 8 mo (stage
Ⅲ: 10 mo; stage Ⅳ: 6 mo);
JC HIFU System
Overall survival: 58.8% at 6 mo
and 30.1% at 12 mo
One-session HIFU
Continuous HIFU
A significant reduction of
Mild abdominal pain: 16/46
monotherapy
irradiation, Model- pain score (P < 0.001); Median (34%); severe abdominal pain
JC HIFU System
survival: 12.4 mo; Overall
with vomiting: 2/46 (4%);
survival: 52.2% at 6 mo, 30.4%
transient fever: 3/46 (6%);
at 12 mo, and 21.79% at 18 mo 2nd-3rd skin burns: 2/46 (4%);
pancreaticoduodenal fistula:
1/46 (2%),; gastric bleeding
due to ulcer: 1/46 (2%)
One-session HIFU
Continuous HIFU
Pain relief and survival data
Abdominal distension,
monotherapy
irradiation, Modelnot reported
anorexia and nausea:
JC HIFU System
10/224 (4%); asymptomatic
vertebral injury: 2/224 (1%);
obstructive jaundice: 1/224
(1%)
One-session HIFU
Continuous HIFU
Pain relief: 31/39 (79.5%)
None
alone: 14 pts; HIFU + irradiation, ModelMedian survival: 11 mo;
gemcitabine: 25 pts
JC HIFU System
Overall survival: 82.1% at 6
mo, and 39.5% at 12 mo
Gemcitabine on
Continuous
Overall survival: 12.6 mo
Fever: 26/37(70%);
days 1, 8 and 15,
HIFU irradiation, (95%CI: 10.2-15.0); Pain relief:
neutropenia: 6/37 (16%);
and multiple HIFU
HIFUNIT-9000
29/37 (78%)
thrombocytopenia 2/37 (5%);
sessions on days 1, 3
HIFU System
nausea and vomiting 3/37
and 5. The combined
(8%); diarrhea 2/37 (5%)
treatment repeated
every 28 d

HIFU: High intensity focused ultrasound; pts: Patients.

Continuous-wave HIFU treatment
The first success of HIFU ablation for advanced pancreatic cancer was conducted in Chongqing China in
2000[21]. It was a phase Ⅰ-Ⅱ prospective clinical trial, and
both survival benefit and pain control were observed
during follow-up period. Eight patients with locally advanced pancreatic cancer were treated only once with
continuous-wave HIFU alone for palliation. The tumor
ranged from 4.5 to 8 cm in diameter (mean 5.89 cm),
and was mainly located in the body and tail of the pancreas. The results showed that HIFU treatment was safe
and feasible, and no complications were recorded. After
HIFU, pre-existing severe back pain of presumed malignant origin disappeared in each patient. Follow-up images
showed reduction or absence of tumor blood supply in
the treated region with significant shrinkage of the ablated tumor, as shown in Figure 3. Of them, 4 patients
died (median survival time 11.25 mo, range 2-17 mo),
and the remaining 4 patients were still alive with median
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follow-up time of 11.5 mo (range 9-16 mo). The authors
concluded that HIFU could be safe, effective and feasible
in the treatment of patients with advanced pancreatic
cancer.
Subsequently, several clinical studies were performed
to investigate the safety and feasibility of HIFU for the
treatment of patients with advanced-stage pancreatic cancer[22-25]. They were one-arm phase Ⅰ-Ⅱ trails, and clinical
results were very encouraging, as shown in Table 1. Orsi
et al[22] reported a preliminary experience of using HIFU
for 6 patients with unresectable pancreatic cancer. After
treatment, either PET/CT or contrast-enhanced MR images showed complete ablation in 5 of 6 patients, and
pain relief was observed in all patients. Median survival
was 7 mo, and 1- and 2-year survival rates were 42.9%
and 21.4% respectively. Local skin burn was not observed, but portal vein thrombosis was detected as a major complication in one patient after treatment. The same
group also treated 2 inoperable patients with pancreatic
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Table 2 Studies of pulsed-wave high intensity focused ultrasound treatment for patients with advanced pancreatic cancer
Study

n

HIFU Device

Outcome and Survival

Complications

Wang et al[29] 15

Pulsed HIFU
irradiation, FEBBY HIFU System

Pain relief: 13/13 (100%)
No survival data available

Mild abdominal pain: 2/15
(13%)

Li et al[30]

Pulsed HIFU
Performance statue and pain First-degree skin burn: 3/25
irradiation, FEB- improvement: 23/25 (92%);
(12%)
BY HIFU System median overall survival: 10
mo; 1-year survival: 42%
Pulsed HIFU
Pain relief and survival data Mild abdominal pain: 5/25
irradiation, FEBnot reported
(25%); subcutaneous fat
BY HIFU System
callus: 4/25 (20%); 2nddegree skin burn: 1/25 (5%);
pancreatic effusion: 1/25
(5%)
Pulsed HIFU
Pain relief: 54/67(80%),
Superficial skin burns:
irradiation, FEBmedian survival: 26.0 mo
3/89 (3%); subcutaneous
BY HIFU System (stage Ⅱ), 11.2 mo (stage Ⅲ)
fat sclerosis: 8/89 (6%);
and 5.4 mo (stage Ⅳ)
asymptomatic pseudocyst:
1/89 (1%)
Pulsed HIFU
Median survival for those
Pancreatitis: 1/12 (8%);
irradiation, FEBreceiving HIFU alone:
skin burn: 5/12 (41%);
BY HIFU System
10.3 mo; Overall survival subcutaneous fat sclerosis:
for 3 patients receiving
2/12 (16%)
the combined treatment:
26.0, 21.6 and 10.8 mo,
respectively

Ge et al[31]

Patients

Treatment Method

Late-stage pancreatic
Multiple-session HIFU
cancer, unresectable,
monotherapy, average
average tumor size 5.6
sessions 8.1 (2-12)
cm (2.2-8 cm)
25
Advanced pancreatic
One-session HIFU: 19 pts;
cancer, unresectable,
2-session HIFU: 6 pts;
average tumor size
average sessions 1.2
unclear
20 A retrospective study for
Multiple-session HIFU
unresectable pancreatic monotherapy; average HIFU
cancer, average tumor
session 9.3 ± 4.1
size (4.5 ± 1.2) × (3.5 ± 1.0)
cm

Xiong et al[32] 89 A retrospective study for
Multiple-session HIFU
unresectable pancreatic
monotherapy: 84 pts;
cancer. Tumor size not HIFU + gemcitabine: 5 pts;
reported
HIFU sessions ranging 4-10
Lee et al[33]

12

Advanced pancreatic
cancer, unresectable,
average tumor size 3.5
cm (2.3-5.3 cm)

Multiple-session HIFU
monotherapy: 9 pts;
HIFU + gemcitabine: 3 pts;
average HIFU sessions: 4.2
(1-18)

HIFU: High intensity focused ultrasound; pts: Patients.

neuroendocrine tumor (insulinomas)[23]. Both patients
suffered from episodes of severe nightly hypoglycemia,
which was not efficiently controlled by medication. During 9-mo follow-up, local disease control and symptom
relief were achieved in them without any complications.
Wang et al[24] followed up HIFU-treated 40 patients with
advanced pancreatic cancer (stage Ⅲ, 13 patients; stage Ⅳ,
27 patients). Average tumor size was 4.3 cm (range 2-10
cm). After HIFU, pain relief was achieved in 87.5% of
the patients. The median overall survival was 8 mo for all
patients, including 10 mo in stage Ⅱ and 6 mo in stage Ⅲ
patients. Six-month and 1-year survival rates were 58.8%
and 30.1% respectively. No severe complications were
observed during follow-up period.
Sung et al[25] treated 46 patients with advanced pancreatic cancer, including 18 in stage Ⅲ and 28 in stage
Ⅳ disease. Average tumor size was 4.2 ± 1.4 cm (range:
1.6-9.3 cm). After HIFU treatment, contrast-enhanced
MR images showed 90%-100% ablation in 38 lesions,
50%-90% in 8 and within 50% in 3 lesions. Pain score
(visual analog scale) was significantly reduced from 4.9
± 1.1 to 2.1 ± 1.1 (P < 0.001). Overall median survival
from initial diagnosis was 12.4 mo. Overall survival rates
at 6, 12, and 18 mo from HIFU were 52.2%, 30.4%,
and 21.79%, respectively, with a median survival of 7.0
mo. Minor complications (abdominal pain, fever and
nausea) was observed in 28 (57.1%) of 49 HIFU treatment. Major complications were detected in 5 (10.2%)
of 49 treatment, including 2-3 degree skin burn in 2,
pancreaticoduodenal fistula in 2 and gastrointestinal tract
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bleeding due to gastric ulcer in one patient. The authors
concluded that HIFU was safe and effective, and it could
induce excellent local tumor control in most patients with
advanced pancreatic cancer.
The largest clinical experience of using HIFU treatment for advanced pancreatic cancer was reported by
Wang et al[26]. A total of 224 patients were enrolled in
this study for safety analysis of HIFU treatment. Gastrointestinal dysfunction such as abdominal distension
and anorexia with slight nausea was observed in 10 cases
(4.5%) after HIFU treatment. One case with pancreatic
head cancer developed obstructive jaundice 2 wk after
HIFU treatment. Vertebral injury, identified by MRI, occurred in 2 cases, although no symptoms were seen. No
severe complications were observed in all enrolled patients. These results indicated that HIFU was a safe, noninvasive treatment. However, no long-term follow-up and
survival data were reported in this study.
HIFU combined with chemotherapy was also used
to treat advanced pancreatic cancer. Gao et al[27] reported
an initial use of HIFU alone or HIFU plus gemcitabine
for the treatment of 39 patients with locally advanced
pancreatic cancer. Among them, 14 patients received
one-session HIFU monotherapy, and the remaining 25
patients underwent HIFU combined gemcitabine therapy.
After treatment, no server complications were observed,
and pain relief was achieved in 31 (79.5%) of 39 patients
who had previous pain. Medial overall survival was 11.0
mo, and 6- and 12-mo survival rates for all patients were
82.1% and 39.5% respectively. However, medial survival
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Figure 3 Contrast-enhanced T-weighted MR images obtained in a patient treated with high intensity focused ultrasound for advanced pancreatic cancer.
The tumor was 4.5 cm in diameter and located in the body of the pancreas. A: Image obtained before high intensity focused ultrasound (HIFU) shows blood supply
in the pancreatic lesion (arrows); B: Image obtained 2 wk after HIFU shows no evidence of contrast enhancement in the treated lesion (arrows), which is indicative of
complete coagulation necrosis in the treated pancreatic cancer.

and 1-year survival were significantly higher in patients
treated with HIFU plus chemotherapy while compared
with those in patients treated with HIFU alone. There
were statistical differences between two groups (P < 0.01).
Zhao et al[28] also reported a phase Ⅱ trial investigating
the safety and efficacy of concurrent gemcitabine and
HIFU for the treatment of 37 patients with locally advanced pancreatic cancer. The average tumor size was 3.4
cm (range 1.7-8.5 cm). All patients received gemcitabine
1000 mg/m2 on days 1, 8, and 15, and concurrent HIFU
treatment (HIFUNIT-9000, AS Sci-Tech, Shanghai, China) on days 1, 3, and 5. The combined treatment regime
was repeated every 28 d and continued until disease progression, patient refusal, or an unacceptable toxicity. The
results showed that overall survival was 12.6 mo (95%CI:
10.2-15.0), and the estimates of overall survival at 12 and
24 mo were 50.6% (95%CI: 36.7%-64.5%) and 17.1%
(95%CI: 5.9%-28.3%), respectively. Pain was relieved in
22 (78.6%) of 28 patients who had complained of abdominal pain consistent with tumor-related pain. After
treatment, grade 1 or 2 fever was detected in 70.3% of
patients. Six patients (16.2%) experienced grade 3/4 neutropenia, and 2 (5.4%) had grade 3 thrombocytopaenia
was documented. Grade 3 nausea/vomiting and diarrhea
were observed in 3 (8.1%), and 2 (5.4%) patients respectively. The authors concluded that concurrent gemcitabine and HIFU was a tolerated treatment modality with
promising activity in patients with previously untreated
locally advanced pancreatic cancer.
Pulsed-wave HIFU treatment
Compared to continuous-wave HIFU treatment, pulsed
HIFU usually uses low energy with a multiple-session
treatment regime. The first study of pulsed HIFU for
advanced pancreatic cancer was reported by Wang et al[29]
in 2002, and 15 patients received multiple-session pulsed
HIFU treatment for the purpose of palliation. HIFU session ranged from 2 to 12 (average 8.1). The average tumor size was 5.6 cm (range 2.2-8 cm). Seven patients had
a lesion located in the head of the pancreas, including 4
who had previously received gallbladder-intestine bypass
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operation. The remaining 8 patients had carcinoma of
the body and tail of the pancreas. After HIFU, pain relief
was observed in 13 (100%) of 13 patients who had previously cancer-related pain. Tumor size shrank in 3 patients
while the other 12 patients had no change. Unfortunately,
there were no survival benefit data available in this study.
Mild abdominal pain was recorded as a complication in 2
of 15 patients.
Li et al[30] reported a clinical result of pulsed HIFU for
the treatment of 25 patients with unresectable pancreatic
cancer. Of them, 19 patient received one-session HIFU,
and the remaining 6 had two session treatments. The
treatment time was less than 60 min in each session. After HIFU treatment, 3 patients had first degree skin burn,
but they recovered without any medication. Performance
statue and pain improvement were observed in 23 (92%)
of 25 patients during follow-up period. Overall average
survival time was 10 mo, and 1-year survival rate was
42% for all patients. Ge et al[31] analyzed clinical results of
HIFU treatment for advanced pancreatic cancer in a retrospective study. Twenty patients received multiple-session HIFU treatment, and the average number of HIFU
sessions was 9.3 ± 4.1 for each patient. After treatment,
mild abdominal pain was observed in 5 (25%) patients,
and subcutaneous fat callus was found in 4 (20%) of 25
patients. One patient experienced 2nd-degree skin burn,
and pancreatic effusion was also detected in 1 patient.
However, no pain relief and survival data were reported
in this study.
Xiong et al[32] reported the largest retrospective study
of using pulsed HIFU treatment for advanced pancreatic
cancer. Eighty-nine patients with pancreatic cancer were
analyzed after HIFU, including 4 in stage Ⅱ, 39 in stage
Ⅲ, and 46 in stage Ⅳ disease. Tumors were located in the
pancreatic head in 34 patients (38.2%), and in the body
and/or tail of the pancreas in 55 patients (61.8%), although tumor size was unclear. In order to treat an entire
volume of the tumor, 4-10 HIFU sessions were needed
for each patient. After treatment, pain relief was achieved
in 54 (80.6%) of 67 patients who had pain prior to HIFU.
The median survival was 26.0 mo in stage Ⅱ patients,
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11.2 mo in stage Ⅲ, and 5.4 mo in stage Ⅳ patients.
Complications included superficial skin burns (3.4%),
subcutaneous fat sclerosis (6.7%), and an asymptomatic
pancreatic pseudocyst (1.1%). The authors concluded
that although this retrospective study had significant
limitations, preliminary results suggested that the clinical
application of HIFU for pancreatic cancer appeared to
be safe and was a promising modality of treatment for
palliation of pain related to pancreatic cancer.
Similar to continuous HIFU treatment, pulsed HIFU
combined with chemotherapy were also used to treat
advanced pancreatic cancer. Lee et al[33] reported initial
experience of using pulsed HIFU for the treatment of 12
patients with unresectable pancreatic cancer, including 9
treated with HIFU alone, and 3 treated with pulsed HIFU
combined with gemcitabine. Median tumor size was 3.5
cm (range: 2.3-5.3 cm), and HIFU sessions ranged from
1 to 18 (average 4.8 sessions). After HIFU treatment, skin
burn was observed in 5 patients including 1 in 2nd-degree
and 4 in 1st-degree skin burn. Subcutaneous fat sclerosis
caused by thermal injury was detected in 2 patients, and
one patient developed acute pancreatitis with a large
pseudocyst after treatment. The median survival for those
receiving HIFU treatment alone was 10.3 mo. However,
the overall survival of three patients treated by HIFU
combined with gemcitabine was 26.0, 21.6 and 10.8 mo,
respectively, suggesting that concurrent pulsed HIFU and
chemotherapy could be potentially more effective in the
treatment of unresectable pancreatic cancer.

DISCUSSION AND CONCLUSION
HIFU is an attractive emerging therapy for unresectable
pancreatic cancer. It has been offered as a palliation option for improving the quality of life in patients with
advanced-stage pancreatic cancer. Almost all studies have
been conducted for the assessment of technical safety
and feasibility, and clinical outcome have showed that
HIFU therapy is safe and reproducible.
Many of early concerns that surrounded the safety
of HIFU treatment for pancreatic cancer have been addressed in the pilot studies. As shown in the Tables 1
and 2, the incidence of complications directly caused
by HIFU is relatively lower while compared with radiation therapy and minimally-invasive thermal ablation
approaches. Mild complications include abdominal pain,
nausea and vomiting, skin burn, and subcutaneous fat
sclerosis. They usually occur in 3%-20% patients, and
recover in a short time after HIFU treatment, without
any medication. Severe complications are observed in 3
patients, including 1 case with portal vein thrombosis, 1
with pancreaticoduodenal fistula, and 1 with obstructive
jaundice. Two patients experience pancreatitis with a large
pseudocyst around the inflammation site, and 1 patient
has gastrointestinal bleeding due to gastric ulcer after
treatment. These demonstrate that HIFU is a promising
approach with a few adverse effects for the treatment of
unresectable pancreatic cancer. However, contraindica-
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tions should be considered if a targeted lesion is too close
to the duodenum and bile duct. It can extremely increase
the risk of bowel perforation and bile leakage because of
HIFU damage on these normal structures. Unfortunately,
there is no exact safe distance between the tumor and
adjacent vital structures available to HIFU treatment currently, and further studies are needed in animal models to
define it.
Most clinical results to date are obtained in retrospective studies, and there are a few phase Ⅱ prospective clinical trials performed in research settings for assessment
of HIFU efficacy. These studies have shown that HIFU
can significantly improve the quality of life in patients
with advanced-stage pancreatic cancer. Pain relief is obviously observed in 78%-100% patients after treatment.
Median survival time ranges from 7 to 12 mo, which is
dependent on the TNM stage of disease. Case reports
reveal that while HIFU is combined with chemotherapy
(gemcitabine), median survival and overall survival rate
seem better than HIFU alone, but this claim needs to be
confirmed in randomized, two-arm clinical trials. In addition, almost all studies uses symptom relief, survival and
MRI/CT changes as evidences of assessing treatment effects on pancreatic cancer, instead of histomorphological
examination following HIFU treatment. Further studies
are needed to investigate the characteristics of histological changes in pancreatic cancer after HIFU treatment.
Two various regimes of therapeutic strategy have
been noticed in HIFU treatment. One is continuous
HIFU, and the other is pulsed HIFU treatment. They are
totally different in both technical parameter and therapeutic strategy, as shown in Table 3. Using high intensities
ranging from 5 to 20 kW/cm2, each continuous HIFU
shot can induce coagulation necrosis of a targeted tumor.
It is a one-session treatment, and can be used alone for
the treatment of unresectable pancreatic cancer. There
is no need to be repeated if the tumor is significantly ablated. In addition, the appearance of a hyperechoic region
of in the focus is clearly observed on ultrasound imaging
immediately after each shot, as shown in Figure 2. Either
sedation or general anesthesia is required for patients
during treatment procedure due to discomfort and pain.
After treatment, the patients require hospitalization for
several days.
In contrast, pulsed HIFU uses lower ultrasound
intensities, which is usually less than 3 kW/cm2. It is a
multiple-session treatment, and needs to be repeated
for many times ranging from 5 to 10 sessions if the patients are suitable. Some patients require sedation during
treatment procedure, but most of them don’t need it if
there is no pain or discomfort. It is a one-day procedure,
and there is no need for patients to stay in hospital after treatment. Recent studies have indicated that pulsed
HIFU can significantly enhance chemotherapeutic agents
against tumor cells[33-36], suggesting that pulsed HIFU may
be a treatment approach using focused ultrasound for
hyperthermia, instead of HIFU for inducing coagulation
necrosis. Actually, focused ultrasound hyperthermia has
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Table 3 Technical and therapeutic differences in continuous high intensity focused ultrasound and pulsed focused ultrasound
therapy
US wave

US intensity

Treatment
session

Change in US image
during procedure

Treatment
mechanism

Continuous Continuous 5-20kW/cm2 One session Real-time hyperechoic
HIFU
change in the focus
therapy
during each shot
Pulsed
focused
ultrasound
therapy

Pulsed

< 3 kW/cm2

Multiple
sessions

Thermal ablation
for coagulation
necrosis

No real-time US image
change during each
shot

Hyperthermia
for enhancing
sensitive to
chemotherapeutic
agents

Treatment use

Required
anesthesia

Appearances in followup images

Monotherapy, Sedation
No contrast
used alone
or general enhancement in tumor
anesthesia on MRI/CT; negative
uptake on PET/CT
Need to be Sedation or Tumor shrinkage on
combined with
none
MRI/CT; negative
chemotherapy
uptake on PET/CT

HIFU: High intensity focused ultrasound; US: Ultrasound.

been used as adjuvant to radiotherapy and chemotherapy
for cancer treatment in the 1990s[37,38]. It can raise the
temperature of the tumor from 37 ℃ to 42-45 ℃ for 60
min. This may make some cancer cells more sensitive to
radiation and chemotherapy, or harm other cancer cells
that both therapies cannot damage[39,40]. It is obvious that
focused ultrasound hyperthermia uses lower acoustic
energy to heat tumor, and there is no coagulation necrosis that occurs in the treated tumor while compared
with HIFU treatment. However, HIFU is a therapeutic
approach to locally heat and destroy diseased tissues
through thermal ablation. In order avoid any confusion
related to the definition of HIFU and hyperthermia, it is
highly recommended to use pulsed focused ultrasound
hyperthermia rather than pulsed HIFU treatment in the
future.
In conclusion, HIFU ablation has been shown a
promising approach for the palliative treatment of advanced pancreatic cancer. The nature of non-invasiveness
and highly treatment precision has made HIFU become
more attractive emerging therapy. It has much potential
for further clinical investigation and technical improvements. Currently, preliminary studies suggest that this
approach is technical safe and feasible, and can be used
alone or in combination with systemic chemotherapy. It
can effectively alleviate cancer-related abdominal pain,
and may confer an additional survival benefit with few
significant complications. However, large, prospective,
multi-center randomized clinical trials will be needed to
assess the long-term efficacy, and determine the future
role of this technique for the treatment of locally advanced pancreatic cancer. Once oncologic efficacy data
from those trials are available, HIFU ablation will become
an attractive treatment option for patients with pancreatic
cancer.
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Abstract
The intestinal microbiota is the collection of the living
microorganisms (bacteria, fungi, protozoa, and viruses)
inhabiting the gastrointestinal tract. Novel bacterial
identification approaches have revealed that the gastrointestinal microbiota of dogs and cats is, similarly to
humans, a highly complex ecosystem. Studies in dogs
and cats have demonstrated that acute and chronic
gastrointestinal diseases, including inflammatory bowel
disease (IBD), are associated with alterations in the
small intestinal and fecal microbial communities. Of
interest is that these alterations are generally similar to
the dysbiosis observed in humans with IBD or animal
models of intestinal inflammation, suggesting that microbial responses to inflammatory conditions of the gut
are conserved across mammalian host types. Studies
have also revealed possible underlying susceptibilities in
the innate immune system of dogs and cats with IBD,
which further demonstrate the intricate relationship
between gut microbiota and host health. Commonly
identified microbiome changes in IBD are decreases in
bacterial groups within the phyla Firmicutes and Bacte-
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roidetes , and increases within Proteobacteia . Furthermore, a reduction in the diversity of Clostridium clusters
XIVa and IV (i.e. , Lachnospiraceae and Clostridium coccoides subgroups) are associated with IBD, suggesting

that these bacterial groups may play an important role
in maintenance of gastrointestinal health. Future studies are warranted to evaluate the functional changes
associated with intestinal dysbiosis in dogs and cats.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Microbiome; 16S rRNA; Inflammatory bowel
disease; Probiotic; Dog; Cat
Core tip: Several studies in dogs and cats have demonstrated that acute and chronic gastrointestinal diseases,
including inflammatory bowel disease (IBD), are associated with alterations in the small intestinal and fecal
microbial communities. Of interest is that these alterations are generally similar to the dysbiosis observed in
humans with IBD or animal models of intestinal inflammation, suggesting that microbial responses in inflammatory conditions of the gut are conserved across
mammalian host types, and dogs and cats may serve
as models to study therapeutic approaches to spontaneous inflammatory conditions of the gastrointestinal
tract.
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INTRODUCTION
The intestinal microbiota is the collection of the living
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microorganisms (bacteria, fungi, protozoa, and viruses)
inhabiting the gastrointestinal (GI) tract. Novel bacterial identification approaches have revealed that the
gastrointestinal microbiota of dogs and cats is, similarly
to humans, a highly complex ecosystem, comprising at
least several hundred different bacterial phylotypes[1-3].
It has been suggested that the intestine of mammals is
home to a total of 1010-1014 microbial cells, which is approximately 10 times more than the number of host cells.
This complex microbial ecosystem and its interplay with
eukaryotic host cells have a significant impact on health
and disease of dogs and cats. The stimulation of the host
immune system and the microbial metabolites produced
by the resident microbiome are thought to be one of the
most important driving forces behind the coevolution of
gastrointestinal microbiota with their host. Gut microbes
aid the host by acting as a defending barrier against enteropathogens. They also aid in digestion of complex
fiber sources and produce various short-chain fatty acids
and other metabolites that provide nutritional support for
enterocytes, and which play an important role in the development and regulation of the host immune system[4,5].
Several studies in dogs and cats have demonstrated
that acute and chronic gastrointestinal diseases, including
inflammatory bowel disease (IBD), are associated with
alterations in small intestinal and fecal microbial communities[6-14]. Of interest is that these alterations are generally
similar to the dysbiosis observed in humans with IBD or
animal models of intestinal inflammation[15-20], suggesting
that microbial responses in inflammatory conditions of
the gut are conserved across mammalian host types, and
dogs and cats may serve as models to study therapeutic
approaches to spontaneous inflammatory conditions of
the gastrointestinal tract. Recent data support this model,
as it has been shown that for example probiotic products
(i.e., VSL#3 strains) show similar clinical benefits in dogs
with IBD as have been previously demonstrated in humans[21].
Studies have also revealed possible underlying susceptibilities in the innate immune system of dogs and cats
with IBD, which further demonstrates the intricate relationship between gut microbiota and host health[10,22-25].
Currently, a major hurdle for a more detailed understanding of host-microbe interactions in dogs and cats is the
fact that to date most studies evaluating microbiota in GI
diseases have examined only a single time point or have
evaluated only a small number of diseased animals.
Yet the possibility to alter the microbiome holds
promise as a therapeutic mean in veterinary medicine,
and recent studies would confirm that direct or indirect
manipulations of the intestinal microbiome via antibiotics, diet and/or probiotics may have beneficial effects in
gastrointestinal diseases of dogs and cats[21,26-29].

INTESTINAL MICROBIOTA IN HEALTHY
DOGS AND CATS
Various studies have evaluated the bacterial communities
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in healthy dogs and cats using either traditional bacterial
culture or novel next-generation sequencing approaches.
Based on traditional bacterial culture, the small intestine
of dogs and cats harbors generally low bacterial counts,
ranging between 102 to 105 cfu/g of small intestinal content; however, some studies have identified much higher
counts in healthy dogs and cats with up to 109 cfu/g[30,31].
Cats appear to have higher counts of anaerobic bacteria
compared to dogs in the proximal small intestine[31]. The
total bacterial count in the colon ranges between approximately 109 and 1011 cfu/g and the most abundant
cultivable groups are Bacteroides, Clostridium, Lactobacillus,
Bifidobacterium, and Enterobacteriaceae[32,33]. Next-generation
sequencing studies of the 16S rRNA gene have described
the canine and feline microbiome, which on higher phylogenetic levels resembles the microbiome of humans
and other mammals. On average, 10 different bacterial
phyla have been identified in the feline and canine gut,
with Firmicutes, Bacteroidetes, Proteobacteria, Fusobacteria, and
Actinobacteria making up the vast majority of all gut microbes[1,3,11,34-36]. Minor abundant members are the phyla
Tenericutes, Verrucomicrobia, Cyanobacteria, and Chloroflexi.
The Firmicutes contain various sequences affiliated with
Clostridium cluster IV and Clostridium cluster XIVa and
these are together with Bacteroides or Prevotella the predominant bacterial groups in fecal samples[3,35,37]. Helicobacter are the predominant group in the stomach (> 90%
of sequencing reads)[38], while the duodenum is home to
Enterobacteriaceae, Clostridiales, Bacteroidales, and Lactobacillales[36].
The canine[39] and feline[40,41] fecal metagenomes (i.e.,
shotgun sequencing of genomic DNA) have also been
studied. This approach yields information regarding microbial genes present in a sample, and allows assessment
of the functional capabilities of the microbiota, summarized in Figure 1. Despite variation in the microbial
populations of cats and dogs, the functional capabilities
are noted to be highly conserved.
More detailed overviews about the canine and feline
microbiota in healthy animals have been reported previously[42-45].

MICROBIOME IN GASTROINTESTINAL
DISEASES OF DOGS AND CATS
In recent years, the GI microbiota has garnered strong
interest due to the potential etiopathologic role in host
health and disease. Many studies in humans and animal
models have suggested that various GI disorders are associated with alterations of the GI microbiota. While
specific enteropathogens have been recognized in cats
and dogs (i.e., Campylobacter jejuni, Clostridium difficile, Clostridium perfringens, and Salmonella), most of them are found
in similar frequency across healthy animals. Therefore,
their cause-effect relations remain unclear[46,47]. It is now
well recognized that more broad changes in the intestinal
microbiome are associated with acute and chronic GI
disease. Examples of recent studies in companion ani-
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Figure 1 Relative proportion of major microbial gene functions in cats
and dogs. Metagenomic data adapted from Swanson et al[39], Barry et al[40], and
Tun et al[41].

mals and their findings are summarized in Table 1. The
cause-effect relationships of the alterations are still being
elucidated, but especially in chronic enteropathies such
as IBD there is now strong evidence that the gut microbiota plays an important part in the pathogenesis of the
disease. Studies in humans have shown an association
between IBD and microbial dysbiosis in the intestine. In
these studies, a decrease in the bacterial phyla Firmicutes
and Bacteroidetes, and an increase in Proteobacteria and Actinobacteria were associated with IBD[16]. Furthermore, a
reduction in the diversity of Clostridium clusters XIVa and
IV (i.e., Lachnospiraceae and C. coccoides subgroups) are associated with IBD, suggesting that this bacterial group may
play an important role in maintenance of gastrointestinal
health, possibly due to production of short chain fatty
acids (SCFA). Similar studies have now been reported
in dogs and cats with IBD, and a comparison of the observed microbial shifts for humans, dogs, and cats with
IBD is provided in Table 2.
Microbiota alterations in canine and feline IBD
In veterinary medicine, chronic enteropathies with intestinal inflammation are commonly seen in dogs and cats.
The response to treatment is used to allow for distinction of different types of enteropathies, such as foodresponsive diarrhea, antibiotic-responsive diarrhea, and
steroid-responsive diarrhea. Idiopathic IBD is a subgroup
of enteropathies and it is defined as an inflammation of
the GI tract with persistent or recurrent GI signs due to
unknown cause[48]. To diagnose IBD, known causes for
GI inflammation need to be excluded. Therefore, empirical treatments are applied sequentially, starting with
a dietary trial, followed by antibiotic therapy if there is
a lack of response to diet, and finally, treatment with
anti-inflammatory drugs, if response to previous treatments was inadequate. Similarly to human IBD, the exact
pathogenesis of canine/feline IBD is unknown, but
is suspected to be the result of an abnormal interplay
between an altered intestinal microbiota, an underlying
genetic susceptibility of the host, and dietary and/or en-
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vironmental factors[48]. Consequently, several studies have
revealed possible underlying susceptibilities in the innate
immune system of dogs and cats with chronic GI inflammation. These include altered differential expression of
Toll-like receptors (TLR)-2 and 4[25,49], single nucleotide
polymorphisms that lead to hyper-responsiveness of
TLR-5 to flagellin in German Shepherd dogs (GSDs)[22],
and decreased expression of CD11c(+) cells in dogs with
IBD[50]. There is also well known anecdotal evidence that
certain breeds are more prone to chronic GI inflammation. In addition to GSDs, which have been shown to
possess polymorphisms in the TLR-4 and TLR-5 genes
that are significantly associated with IBD[51], other dog
breeds such as Rottweiler, Border Collie, Boxer dog,
and Weimaraner have been shown to possess increased
risks for developing IBD[23]. Of those breeds, breed specific studies evaluating the association between mucosaadherent microbiota and intestinal inflammation were
performed only in GSDs and Boxer dogs. In GSDs with
chronic intestinal inflammation, the mucosa-adherent microbiota were analyzed in small intestinal brush samples
and showed a significant over-representation of Bacilli
and Erysipelotrichi when compared to healthy Greyhound
dogs[6]. Interestingly, this is somewhat different to the results observed in other studies where more diverse populations of dogs with chronic intestinal inflammation were
evaluated. In these studies, the most frequently observed
changes in the mucosa-adherent microbiota in the small
intestine were increases in members of the Proteobacteria,
especially Escherichia coli-like organisms[9] or Pseudomonas[8],
with concurrent decreases of members of Firmicutes and
Bacteroidetes. In a more recent study evaluating mucosaadherent microbiota in the duodenum of dogs with IBD
by next-generation sequencing, the proportions of Fusobacteria, Bacteroidaceae, Prevotellaceae, and Clostridiales were
significantly increased in healthy dogs. In contrast, specific bacterial genera within Proteobacteria, including Diaphorobacter and Acinetobacter, were either more abundant or
more frequently identified in dogs with IBD[7]. One study
evaluated specifically the presence of Mycobacterium avium
subspecies paratuberculosis in duodenal biopsies of dogs
with IBD or intestinal neoplasia by qPCR and reported
that 19% of diseased dogs were PCR positive for this organism[52]. Less published information is available about
the mucosa-adherent microbiota of cats with IBD. While
sequencing methods have not yet been reported for the
characterization of feline IBD, a study using fluorescent
in situ hybridization (FISH) has revealed an increase in
Enterobacteriaceae in duodenal biopsies of cats with IBD[10].
Furthermore, a relationship between increased bacterial
numbers and the severity of histological inflammation
was observed[10].
Several studies have evaluated the fecal microbiota in
dogs and cats with chronic GI disease. In one study, cats
with IBD had lower FISH counts for total bacteria, Bacteroides spp., and Bifidobacterium spp., but higher counts of
Desulfovibrio spp. compared to healthy cats[53]. Desulfovibrio
spp. are a sulfate-reducing bacterial group and able to
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Table 1 Reported microbial shifts in dogs and cats with gastrointestinal disease
Ref.

Species
[]

Sampling location

Suchodolski et al , 2012 Dog

Duodenal biopsies

Suchodolski et al[], 2010 Dog

Duodenal biopsies

Allenspach et al[6], 2010 Dog

Duodenal brushings

Xenoulis et al[9], 2008

Dog

Duodenal brushings

Suchodolski et al[36],
2008

Dog

Duodenal brushings

Glanemann et al[52], 2008 Dog

Stomach, duodenum,
Colon biopsies

Manchester et al[59], 2013 Dog

Colon biopsies

[58]

Simpson et al , 2006

Dog

Colon biopsies

Rossi et al[21], 2014

Dog

Fecal samples

Foster et al[62], 2013

Dog

Fecal samples

Suchodolski et al[14],
2012

Dog

Fecal samples

Markel et al[55], 2012

Dog

Fecal samples

Jia et al[65], 2010

Dog

Fecal samples

Glanemann et al[52], 2008 Dog

Fecal samples

Ghosh et al[13], 2013

Janeczko et al[10], 2008

Cat

Cat

Ileum full-thick
biopsies

Small intestine
biopsies

Animal (sample size)

Method

Microbial changes in diseased animals

Increase in Proteobacteria (Diaphorobacter,
IBD (n = 14)
454-pyrosequencing
Acinetobacter)
Reduction in Fusobacteria, Bacteroidaceae,
HC (n = 6)
(16S rRNA gene)
Prevotellaceae, Clostridiales
IBD (n = 7)
Gene clone libraries
Increase in Proteobacteria
HC (n = 7)
(16S rRNA gene)
Decrease in Clostridia
Increase in Actinobacteria, Lactobacillales,
Chronic enteropathies (n = 13) Gene clone libraries
Erysipelotrichales
HC (n = 8)
(16S rRNA gene)
IBD (n = 10)
Gene clone libraries
Increase in Enterobacteriaceae (E. coli);
HC (n = 9)
(16S rRNA gene)
Reduction in biodiversity
No significant differences in fungal
Chronic enteropathies (n = 71) Gene clone libraries
communities
HC (n = 64)
(fungal ITS gene)
Presence of Mycobacterium avium
Chronic GI disease (n = 42)
PCR
subspecies paratuberculosis
Detected in 8/42 (19%) of dogs with
HC (n = 14)
chronic GI disease
Granulomatous colitis (n = 6)
FISH
Presence of invasive E. coli
Intracellular translocation of adherent
Granulomatous colitis (n = 13)
FISH
and invasive E. coli
HC (n = 38)
Decreased in Faecalibacterium spp. And
IBD (n = 20 )
qPCR
Turicibacter spp.
HC (n = 10)
(16S rRNA gene)
No significant differences in fungal
Acute diarrhea (n = 7)
454-pyrosequencing
communities
HC (n = 12)
(18S rRNA gene)
AHD: most profound alterations in
IBD (n = 19)
454-pyrosequencing
their microbiome
Increase in Sutterella, Clostridium
AHD (n = 13)
(16S rRNA gene)
perfringens
Decrease in Blautia, Ruminococcaceae,
NHD (n = 12)
qPCR
Turicibacter
IBD: Decrease in Faecalibacterium spp.,
HC (n = 32)
(16S rRNA gene)
Fusobacteria
Decrease in Faecalibacterium spp.,
Chronic enteropathies (n = 87)
qPCR
Turicibacter spp., Ruminococcaceae
AHD (n = 48)
(16S rRNA gene)
Increase in C. perfringens and E. coli
HC (n = 180)
Chronic diarrhea (n = 9)
FISH
Increase in Bacteroides
HC (n = 8)
Increase in C. perfringens, E. faecalis, and
Diarrhea (n = 4)
T-RFLP
E. faecium
HC (n = 9)
Severe systemic ill (n = 50)

FISH

Increase in E. faecalis

HC (n = 50)

PCR

Attachemt of E. coli to intestinal
epithelial cell

IBD (n = 17)

FISH

Increase in Enterobacteriaceae

FISH

No significant differences in specific
bacterial populaltion

HC (n = 10)
[54]

Abecia et al , 2010

Cat

Fecal samples

IBD (n = 8)
HC (n = 10)

[53]

Inness et al , 2007

Cat

Fecal samples

IBD (n = 11)

FISH

HC (n = 34)

Decreased total bacteria, Bifidobacterium
spp. and Bacteroides
Increase in Desulfovibrio

IBD: Inflammatory bowel disease; HC: Healthy control; AHD: Acute hemorrhagic diarrhea; NHD: Non-hemorrhagic diarrhea; FISH: Fluorescence in situ
hybridization; T-RFLP: Terminal restriction fragment polymorphism; qPCR: Quantitative polymerase chain reaction.

produce hydrogen sulfides, which may be associated with
the pathogenesis of feline IBD. However, another study
did not identify significant differences in FISH counts
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between cats with IBD and controls, although the same
bacterial groups were targeted[54]. A recent study utilized
454-pyrosequencing of 16S rRNA genes to describe
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Table 2 Comparison of reported microbial shifts in inflammatory bowel disease relative to healthy subjects across species
Organism
Firmicutes
Class Clostridia
Family Ruminococcaceae (Clostridial cluster IV)
Family Lachnospiraceae (Clostridial cluster XIVa)
Bacteroidetes
Genus Bacteroides
Fusobacteria
Proteobacteria
Family Enterobacteriaceae
E. coli
Adherent-Invasive E. coli
Actinobacteria
Mycobacterium avium subspecies
pseudotuberculosis
Genus Bifidobacterium

Human (Crohn's disease)

Human (ulcerative colitis)

Decreased[15,18,56]1,2,4,5

Decreased[15,18]1,2,4

Decreased[15]2,4
Decreased[15,18]1,2,4,5
Decreased[18]1,4

Decreased[15]2,4
Decreased[15,18]1,2,4,5
Decreased[18]1,4

Increased[18]1,4
Unchanged[18]1,4;
increased [20]2,5
Unchanged[15]2,4;
Increased[19]1,4,5
Increased[19]1,5
Increased[18]1,4
Controversial[18]1

Increased[18]1,4
Unchanged[18]1,4;
decreased[20]2,5

Decreased[15]2,4

Decreased[15]2,4

Increased[18]1,4

Dog

Cat

Decreased[7]1,6
Decreased[7,8,14]1,2,4,6,7
Decreased[7,8,14]1,2,4,6,7
Decreased[7,8]1,6,7
Decreased[7,9]1,6,7; increased[8]1,7
Decreased[7]1,6
Decreased[53]1,5
[7,8]1,6,7
Decreased
Increased[7-9]1,6,7
Increased[10]1,5
[7-9]1,6,7
Increased
Increased[10]1,5
Increased[8]1,7
Increased[58]1,3,5
Increased[7]1,6
Increased[52]1,4
Decreased[53]1,5

1

Based on mucosal samples; 2Based on fecal samples; 3Granulomatous colitis in Boxer dogs and French bulldogs; 4Quantitative polymerase chain reaction;
Fluorescent in situ hybridization; 6454-Pyrosequencing; 7Gene clone libraries. E. coli: Escherichia coli.

5

changes in fecal microbiota in cats with chronic diarrhea
and their response to dietary modifications[29]. Several
bacterial groups correlated with improved fecal scores
after therapeutic response to diet. Those included Slackia
spp., Campylobacter upsaliensis, Enterobacteriaceae Raoultella
spp., Collinsella spp., and unidentified genera within Clostridiales and Lachnospiraceae[29].
More data about the fecal microbiota are available in
dogs. In one study, fecal samples from healthy dogs, dogs
with acute non-hemorrhagic diarrhea, dogs with acute
hemorrhagic diarrhea, and dogs with active or therapeutically controlled idiopathic IBD were analyzed by
sequencing of the 16S rRNA gene[14]. Dogs with acute diarrhea, especially those with acute hemorrhagic diarrhea,
had the most profound changes in bacterial groups in
their microbiome. Dogs with acute hemorrhagic diarrhea
had significant decreases in Blautia, Ruminococcaceae including Faecalibacterium, and Turicibacter spp., and significant
increases in genus Sutterella and C. perfringens compared
to healthy dogs. In another recent study, the fecal microbiome of healthy dogs, dogs with chronic enteropathies,
and dogs with acute hemorrhagic diarrhea was evaluated
by qPCR assays for selected bacterial groups[55]. The most
pronounced changes were decreases in Faecalibacterium
spp., Turicibacter spp., and Ruminococcaceae in CE and AHD.
E. coli and C. perfringens were significantly increased in CE
and AHD[55]. Especially Faecalibacterium spp. is an important group that frequently appears depleted in canine GI
disease. This has been confirmed in another study evaluating the fecal microbiota of dogs with idiopathic IBD, in
which Faecalibacterium spp. was the major bacterial group
decreased in diseased dogs[21]. Noteworthy, Faecalibacterium
spp. correlated with improvement in clinical activity index, suggesting that Faecalibacterium spp. may be important
for canine GI health, and also may be useful as a monitoring marker for improvement of fecal dysbiosis[14,21].
While the above discussed studies have reported
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changes in microbial groups in GI disease of dogs and
cats, only limited information is available about the metabolic consequences that are associated with this dysbiosis,
as currently no comprehensive functional studies have
been reported in dogs or cats. Alterations in the composition of intestinal microbiota are thought to be an important factor in the pathogenesis of chronic GI diseases.
It can be hypothesized that the observed microbiome
changes may lead to altered intestinal barrier function,
damage to the intestinal brush border and enterocytes,
an increased competition for nutrients and vitamins, and
to an increased deconjugation of bile acids. Of interest is that commonly depleted groups in GI disease are
Lachnospiraceae, Ruminococcaceae, and Faecalibacterium. These
bacterial groups, important producers of SCFA, may
play an important role in maintenance of gastrointestinal
health, as their depletion leads to decreased production
of SCFA (e.g., butyrate, acetate), which may impair the
capability of the host to down-regulate aberrant intestinal
immune response. The importance of some of these bacterial groups that are depleted in IBD have recently been
demonstrated in humans. For example, Faecalibacterium
prausnitzii is consistently reduced in human IBD and this
bacterium has been shown to secrete metabolites with anti-inflammatory properties, thereby down-regulating interleukin (IL)-12 and interferon gamma and increasing IL-10
secretions[56]. Disturbances may result in a dysregulation
of adaptive immune responses, and lead to inflammation and/or reduced activity against infection. Also, some
bacteria produce various toxic agents such as ammonia,
D-lactate, endotoxin (LPS), or exotoxin (enterotoxin), and
compete for vitamins or other nutrients. Consequently,
depletions in serum vitamin B12 concentrations and also
increases in serum concentrations of D-lactate are potential consequences of intestinal dysbiosis in cats[57]. However, more comprehensive metabolomics studies are needed
in companion animals to elucidate the consequences of
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the dysbiosis observed in GI disease.
Invasive and adherent bacteria
A specific form of colitis occurs in Boxer dogs[58] and
occasionally also in French Bulldogs[59]. This disease is
termed granulomatous colitis. Microbiota analysis based
on sequencing of 16S rRNA genes in combination with
FISH has revealed invasive bacteria in the colonic mucosa of Boxer dogs with granulomatous colitis. Based
on comparative 16S rRNA gene analysis, these bacteria
have high phylogenetic similarity to Escherichia coli (E. coli)
and Shigella. In situ analysis with 16S rRNA gene based
FISH probes against E. coli showed multifocal clusters of
invasive bacteria within macrophages in the colonic mucosa[58]. The eradication of these invasive E. coli in Boxer
dogs and French Bulldogs with granulomatous colitis
correlates with clinical remission, inferring a causal relationship between these bacteria and the disease[59]. Of interest is that these observed phylotypes of E. coli isolated
from Boxer dogs have high phylogenetic resemblance to
E. coli associated with Crohn’s disease in humans[16,59]. The
breed specific predisposition of Boxer dogs and French
bulldogs to E. coli associated granulomatous colitis highly
suggests the presence of a genetic susceptibility that impairs their ability to fend off adherent and invasive E. coli.
Bacteria invading the intestinal mucosa may also be
part of neutrophilic IBD in other dog breeds. Due to
the recognized association of granulomatous and neutrophilic IBD with invasive bacteria, specialized testing
based on FISH has been developed that allows localizing
the bacteria in intestinal biopsies for better guidance of
treatment decisions[59].

ALTERATIONS IN FUNGAL MICROBIOTA
While bacteria are by far the most abundant constituents
of the mammalian GI tract, it is now recognized that the
gut harbors a highly diverse population of fungal organisms. FISH and shotgun sequencing studies of human
and canine fecal DNA have estimated the abundance of
fungal organisms and archaea as < 2% of total microbiota[39,60]. A recent metagenomic approach estimated that
the feline GI microbiota constitutes 0.02% fungi, 0.09%
archaea, and 0.09% viruses[41]. Fungi were described using
pyrosequencing of the fungal 18S rRNA gene in pooled
fecal samples of cats[3], with Aspergillus and Saccharomyces
being the most abundant fungal genera. A study reported
the prevalence and identification of fungal organisms in
the small intestine of healthy dogs and dogs with chronic
enteropathies[61]. The results indicated a high prevalence
(up to 76.1% of dogs) and high diversity of fungal organisms in the canine duodenum. Furthermore, dogs with
gastrointestinal disease harbored opportunistic fungal
pathogens. A total of 51 different phylotypes were identified, with the most frequently observed phylotypes being
Pichia spp., Cryptococcus spp., Candida spp., and Trichosporon
spp.[61].
A recent study has characterized the fungal micro-
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biome (mycobiome) of 19 dogs (12 healthy dogs and 7
dogs with acute diarrhea) using fungal tag-encoded FLXTitanium amplicon pyrosequencing[62]. Five distinct fungal
phyla were identified, with Ascomycota (median: 97.9% of
obtained sequences) and Basidiomycota (median 1.0%) being the most abundant. A total of 219 fungal genera were
identified across all 19 dogs with a median (range) of 28
(4-69) genera per sample. Candida was the most abundant
genus found in dogs. However, no significant differences
were observed in the relative proportions of fungal communities between healthy and diseased dogs. Therefore,
additional studies are needed to elucidate the importance
of fungi on intestinal health and disease of animals.

CONCLUSION
Studies using molecular approaches have provided clear
evidence for alterations in microbial communities in the
small and large intestine of dogs and cats with GI disorders. However, currently there is a lack of comprehensive
studies evaluating the functional consequences of these
alterations. A better understanding of these mechanisms
will allow for the development of treatment modalities
(e.g., prebiotics, probiotics, metabolites) aiming at modulating microbial communities and their produced metabolites. Anecdotal case reports have reported some success
using fecal transplantation in dogs with chronic diarrhea.
Results of initial studies suggest that the administration
of probiotic strains can be useful in dogs with GI disease. For example, probiotic strains have shown benefits
in dogs with IBD[21], puppies with acute parvoviral enteritis[63], and adult dogs with non-specific diarrhea[26,27]. In
cats, probiotics strains have been shown to be beneficial
in cats with chronic diarrhea[28] and stress-related diarrhea
in a shelter environment[64]. However, future studies will
need to evaluate how these microbial changes impact the
immune and metabolic status of dogs and cats.
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factors have contributed to discrepancies between
studies. These include the high level of functional
redundancy in host-microbiome interactions combined
with individual variation in microbiome composition;
differences in study design, diet composition and host
system between studies; and inherent limitations to
the resolution of rRNA-based community profiling.
Accounting for these factors allows for recognition
of the common microbial and host factors driving
community composition and development of dysbiosis
on high fat diets. New therapeutic intervention options
are now emerging.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
Gut microbes comprise a high density, biologically
active community that lies at the interface of an animal
with its nutritional environment. Consequently their
activity profoundly influences many aspects of the
physiology and metabolism of the host animal. A range
of microbial structural components and metabolites
directly interact with host intestinal cells and tissues
to influence nutrient uptake and epithelial health.
Endocrine, neuronal and lymphoid cells in the gut
also integrate signals from these microbial factors to
influence systemic responses. Dysregulation of these
host-microbe interactions is now recognised as a major
risk factor in the development of metabolic dysfunction.
This is a two-way process and understanding the
factors that tip host-microbiome homeostasis over
to dysbiosis requires greater appreciation of the host
feedbacks that contribute to regulation of microbial
community composition. To date, numerous studies
have employed taxonomic profiling approaches to
explore the links between microbial composition and
host outcomes (especially obesity and its comorbidities),
but inconsistent host-microbe associations have
been reported. Available data indicates multiple
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Core tip: The development of dysbiosis is driven by
multiple factors. These include selective pressures
imposed on the microbial community by the diet
composition and feedback effects that involve
either diet-host interaction or diet-microbiome-host
interaction. The role of microbial signals in dysbiosis is
well established but the involvement of host feedback
mechanisms in aberrant host-microbial interactions is
an under-appreciated part of disease progression. New
opportunities to intervene in diseases of dysbiosis can
result from targeting these distinct processes. These
include stimulation of the host ability to self-regulate
and blocking of deleterious host responses.
Ha CWY, Lam YY, Holmes AJ. Mechanistic links between
gut microbial community dynamics, microbial functions
and metabolic health. World J Gastroenterol 2014; 20(44):
16498-16517 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i44/16498.htm DOI: http://dx.doi.
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INTRODUCTION
The gastrointestinal tract of animals typically harbours a
large resident community of microorganisms that we will
term the microbiome. The main function of the gut is to
enable harvesting of nutrients from the external environment, however, animals live in a dynamic environment
where their energy demands, exposure to foreign microorganisms and their access to nutrients are continually
changing. Consequently gut functions also include containment of microbial activity to the intestinal lumen and
integration of sensory perception of the intestinal environment with behavioural and physiological responses.
Put simply, the gut is a major site for endocrine, immune
and neural signalling in addition to digestion and nutrient
absorption.
Many aspects of host physiology are strongly shaped
by the presence and activities of the gut microbiome.
The primary axis of host-microbiome interaction is in
the intestinal tissues where microbial growth in the lumen
contributes to the digestion of ingested food and directly
shapes the chemical milieu of the gut. Host cells in the
intestines are highly exposed to microbial activity, and
microbial influence ranges from stimulation of receptors
on those cells, to supply of energy sources to epithelial
cells and triggering of developmental pathways in intestinal tissues[1,2] (Figure 1). Although the primary interaction with microbes is at the intestinal epithelium, their
influence is projected beyond the gut through secondary
host-microbiome interactions, which occur externally to
the epithelium. Some of these influences such as nutrient
uptake and systemic inflammation, result from translocation of or “escape” of microbial products[3,4]. Others
such as appetite regulation, gut motility, energy balance
and immune tone, result from the integration of multiple signals from the gut environment and bidirectional
communication along the gut-brain axis[5,6]. Accordingly,
it is now widely recognised that differences in microbial
composition and activity result in effects of fundamental
importance to health.
The breadth of potential influence of the microbiome means mechanisms that serve to regulate the microbial interface with host systems are critical for health.
This view gives rise to the concept of dysbiosis: Disease
states that result from dysregulated host-microbe interactions. Dysbiosis contributes to the underlying pathophysiology of a wide range of diseases, including obesity[7],
diabetes[4,8], inflammatory bowel diseases[9], non-alcoholic
fatty liver diseases[10,11] and cardiovascular diseases[12,13].
With awareness of the importance of dysbiosis in multiple diseases, attention has focused on how to define the
microbe involvement in different diseases. The objectives
here encompass the following: Identification of microbiota signatures (or biomarkers) that help define different
dysbiosis states, ideally at the pre-clinical stage. Identifica-
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tion of the triggers of dysregulated host-microbe interactions that ultimately lead to disease. Development of intervention strategies based around restoration of normal
host-microbiome interactions. Underpinning all these
objectives is the need to understand the dynamics of gut
microbial community composition. This review focuses
on mechanisms that drive the changes in microbial community composition that ultimately lead to shifts in hostmicrobiome interactions.

EVIDENCE FOR, AND LIMITS OF,
MICROBIOME INFLUENCE ON HEALTH
Comparative studies on germ-free (GF) and conventionally raised (CONV) animals have been instrumental in
establishing that the gut microbiome has influence on
the physiological, immunological and nutritional state of
its host. Such studies have consistently shown that GF
animals are characterised by reduced intestinal vasculature[1], undeveloped gut-associated lymphoid tissue[14] and
alterations in nutrition and energy metabolism[15], all of
which are largely restored by reintroduction of gut bacteria. Collectively there is compelling evidence that the gut
microbiome can influence postnatal development of gut
tissues and the physiological state of animals.
The effects of microbes are interdependent with
effects of diet or the host genotype. For instance, GF
and CONV comparisons are not precisely recapitulated
in different animal models[16], and there are also cha
racteristic variations in microbiome composition between
species[17]. Some of these variations almost certainly
reflect genetically encoded differences in life history
(carnivores vs herbivores) or gut structure (ruminants
vs monogastrics). Others will reflect more subtle tissue
specific differences, for example, the organisation of
gut-associated lymphoid tissue in dogs and rodents are
distinct[18]. Collectively these points serve to illustrate
a broader issue. Host-microbiome interaction involves
effects of the microbiome on the host, as well as effects
of the host on the microbiome and these both occur
within the context of environmental effects on the system
(especially the nutritional environment). Studies that have
addressed the influence of microbiome on differences
between GF and CONV against defined genetic and diet
differences in animals highlight the importance of this
tripartite interaction[9,19].
The importance of variation in host diet and genotype
has been observed through GF-CONV comparisons
across different strains and species of inbred rodents.
In a seminal paper Bäckhed, Gordon et al[15] raised the
prospect that gut microbiota represent an environmental
factor in obesity. They showed that GF C57BL/6
mice had less fat deposition than CONV counterparts
despite higher food consumption. Moreover, the faecal
caloric content of GF mice was significantly higher
than that of CONV counterparts. These findings led
to the conclusion that gut microbiota promote energy
harvesting and fat storage, and the hypothesis that GF
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Figure 1 Axes of host-microbial interaction that influence health. Short chain fatty acids (SCFAs) and microbe-associated molecular patterns (MAMPs) are the
key microbial signals detected by the host. Outcomes of host-microbiome interactions are contingent on the microbial product involved, the type of host cells exposed
to microbial signals and the location of contact. The primary intersection points occur at the intestinal epithelial interface. Sampling of luminal MAMPs and uptake of
SCFAs have a direct impact on gut epithelium, lymphoid and neuroendocrine systems. The secondary intersection points occur externally to the intestinal tissues.
Translocated or “escaped” microbial products can activate pattern recognition receptors (PRRs) and specific G protein coupled receptors (GPRs) on a wide range of
host cells beyond the epithelium. A compromised gut barrier amplifies host-microbiome interactions in the secondary intersection points and the downstream effects of
PRR and GPR signalling cascades. Host outcome is an emergent property of all axes of interactions.

animals are protected from obesity[15,20]. In contrast to
this mouse model, GF Fischer 344 rats displayed similar
body weight and adiposity relative to CONV in two out
of three experimental cohorts, and differences in daily
food intake between the GF and CONV groups were
insignificant[21]. Although this suggests different animal
species may respond differently, it is important to note
that these studies used standard rodent chow from
different suppliers and almost certainly the diets were
compositionally distinct[15,21].
Intersection between diet and genotype can also
influence the phenotype of GF and CONV animals.
The significance of this issue is highlighted in a report
comparing the effect of three different diets on GF
and CONV C3H mice[22]. There was no difference in
weight gain between GF and CONV groups under low
fat diet, but GF C3H mice actually showed significantly
higher weight gain on a high fat diet (HFD) compared
to CONV. Previous reports of obesity resistance on
HFD in GF C57BL/6 mice had used a formulation with
similar macronutrient balance but distinct sources of
carbohydrates and fat[20]. When the two versions of high
fat formulation were directly compared, GF and CONV
C3H had comparable body fat content on the HFD with
low sugar formulation but GF C3H mice was obesity
resistant on the HFD with high sugar[22]. In summary,
GF-CONV comparisons in different animal/diet models
consistently show differences in energy harvest (faecal
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caloric content), energy storage (weight and body fat)
and energy expenditure. Typically the effect of microbial
presence is to increase adiposity, however, this does
vary between experimental models and even between
cohorts in the same model system. The major identifiable
variables are animal species/strain and diet composition
which differ between experimental cohorts.
Further exploration of the importance of microbiome
composition has provided robust evidence supporting a
causal link between gut microbiome composition and host
outcomes. Specifically, some phenotypic traits of CONV
animals can be recapitulated by conventionalisation of
GF animals through microbiome transplantation[11,23-25].
When GF mouse models are conventionalised with gut
microbiota from either obese or lean mice, metabolic
profiles and physiological attributes of the recipients
reflect their donors[23,24]. Evidently emergent properties
of the total microbial community can drive differences
in metabolic and physiological phenotypes. Precisely
which microbes or how many are needed is unclear. For
example, monocolonisation of GF mice with Enterobacter
cloacae (a member of Proteobacteria isolated from an obese
human) induced obesity and systemic insulin resistance
in mice on HFD, while GF mice on HFD did not exhibit
the same disease phenotypes[26].
In conclusion, host metabolic health is strongly
influenced by the gut microbiome. The influence of gut
microbes is dependent on microbiome composition and
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is interactive with the effects of diet and host genotype.
The mechanisms of microbial influence stem from
microbial activity in the intestinal tract, but are projected
to the body system via multiple integrated pathways. The
complexities of these interactions mean that although
variations in microbial community composition can
lead to different outcomes, associations may be diet or
system-specific.

IDENTIFYING MICROBIAL MARKERS FOR
METABOLIC DISEASES
Gut microbial community in health and diseasetaxonomic insights
Broadly speaking microbiome association studies have two
objectives: (1) To identify links with specific disease states[27];
and (2) To identify features of a healthy microbiome that
may be a target in the restoration of health[28]. Although
there have been many reports of microbiome associations
with obesity or metabolic health indicators in crosssectional studies[29,30], experimentally controlled treatments
in humans[31,32] and animal models (Table 1), consistent
patterns across studies are hard to discern. As discussed
above the influence of the microbiome on host health is
interdependent with diet and the host system. As such the
apparent lack of consistent associations is likely to reflect
the confounding effects of diet, host genotype and host
epigenetic state. Since HFDs in Table 1 are not of the same
formulation, some of the discrepancies observed almost
certainly reflect variations in diet. Differences will also
reflect some inherent limitations of taxon-based description
of the gut microbial community.
Community profiling has two key requirements. These
are the ability to recognise biologically distinct units and the
capacity to effectively sample all such units in a community.
The size and diversity of microbial communities mean
that it is essential to meet these requirements with high
throughput approaches. The limitations of the species
concept in bacteriology, combined with poor cultivability
of bacteria meant that historically this has been impossible.
Advances in sequencing technologies and analysis programs
over the past decade have made effective sampling possible
for the first time. However, recognition of biologically
meaningful taxonomic units is still limited.
The most widely used marker for community profiling
is the 16S ribosomal RNA (rRNA) gene. Sample sizes of
thousands to even millions of sequence reads are now
readily obtained. A feature of the 16S rRNA is that it is a
very flexible phylogenetic marker and taxonomic units can
be readily made at a variety of scales. Generally defining
taxonomic units at coarse scale (e.g., phylum; about 80%
16S rRNA identity) simplifies the analytical task of
comparing units but at the expense of explanatory power.
Variation in the gut microbiome is readily observable at
this scale[48]. Many studies have reported an association
between the ratio of the two dominant gut phyla,
Bacteroidetes and Firmicutes, with obesity in cross-sectional
studies and in experimental treatments[24,29,49]. However
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numerous exceptions have also been reported[50-52], and
a recent exhaustive meta-analysis of human microbiome
project data found no consistent relationship between
the Bacteroidetes:Firmicutes ratio and obesity[53]. An almost
certain contributing factor is that such coarse taxonomic
units are less biologically meaningful than fine scale units.
There are some attributes of the gut microbiome that
one can reasonably predict from the taxonomic profiles at
phylum scale. For instance, Firmicutes and Bacteroidetes have
fundamental differences in cell envelope composition,
and polysaccharide foraging strategy[54]. However, detailed
predictions of microbial functions and/or properties
based on phylum classification alone are unrealistic. At
finer scales of classification the biological homogeneity
of taxa increases and more consistent patterns are
observable. For example, it has been proposed that human
gut microbiome variation occurs in three predominant
variants termed enterotypes, which are recognisable
through co-occurrence patterns defined by the genera
Bacteroides, Prevotella and Ruminococcus[52]. Recently this
concept has been intensively explored, highlighting
that observation of specific patterns of association is
subject to analytical and classification approaches [55],
particularly how sequences are clustered into operational
taxonomic units (OTUs) and how OTU-based distances
between communities are calculated. This effect of
analytical approach is likely to exist wherever community
profiling does not (or cannot) classify into ecologically
homogeneous units (ecotypes).
The inability to recognise ecotypes is an inherent
limitation of 16S rRNA sequencing based approaches.
Closely related species can have differential responses to
specific nutrient sources and have divergent ecological
roles[42,56,57]. Perhaps the most striking illustration of this
issue derives from a study conducted by Li et al[58], where
they used community fingerprinting and metabolomics
to test for associations between Clostridia and urinary
metabolites in humans. Distinct populations in the
fingerprinting analysis that had mutually exclusive asso
ciations to different sets of urinary metabolites were
classified to Faecalibacterium prausnitzii (F. prausnitzii).
This indicates that strains of F. prausnitzii inseparable
by rRNA-based classification had distinct metabolic
impacts in the gut system. Hence, it is not surprising
that even microbiome associations reported at the finest
scales possible with rRNA-based classification are often
contradictory between different studies. For instance,
F. prausnitzii was found to be over-represented in obese
subjects in comparison to the lean counterparts[59], which
suggests high proportion of F. prausnitzii within the gut
community is an indicator of poor health outcomes.
Yet, other investigations have reported that healthy
individuals carry more F. prausnitzii than patients with
type 2 diabetes[30] or chronic inflammation[60]. Another
example is the association of Akkermansia muciniphilia
(A. muciniphilia) with health in some animal studies[61],
other studies have noted an increased proportion of A.
muciniphilia in obesity[33] and type 2 diabetes[30], or a role in
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↑ F:B

↑ F:B

Fecal 454 [V1-2]
and shotgun
sequencing

HFD5 for 21
wk

HFD6 for 8 to Fecal 454 [V6-8]
12 wk

↑ F:B

Fecal 454 [V4]
and qPCR

HFD5 for 20
wk

↓ F:B

Fecal 454 [V4] Progressive
at baseline,
↑ F:B
Week 4 and
Week 8

Colonic tissue
454 [V1-2],
qPCR and
DGGE [V3-5]

HF/HS4 for
12 wk

↑ F:B

↑ F:B

F:B

HFD5 for 8
wk

Cecal full
length 16S
sequencing,
shotgun
sequencing and
transcriptomics

HF/HS3 for 8
wk

Type of high
Detection
fat diet and
method
duration
HF/HS2 for 8 Fecal 454 [V4]
wk

↑ Oscillibacter,
Blautia
↓ Lactobacillus

↑ Clostridiaceae

↑ Lactobacillus

↑ mucin-degrading
Ruminococcus
torques

1

↓ Barnesiella,
Parabacteroides

↓ Bacteroidaceae,
Prevotellaceae and
Rickenellaceae

↓ Bacteroides

↑ BacteroidesPrevotella spp

↑
Desulfovibrionaceae

Progressive ↓
Proteobacteria

↑ Proteobacteria

Key microbial features
Bacteroidetes
Proteobacteria

↑ unclassified
↓ Barnesiella,
Lachnospiraceae,
unclassified
unclassified
Porphyromonadaceae
Ruminococcaceae,
Turicibacter, Dorea,
Roseburia
↓ Oscillibacter
↑ Mollicutes/
Erysipelotrichaceae

Firmicutes

Table 1 Murine gut microbiome and host outcomes after exposure to high fat diets

↑ Bifidobacterium

Actinobacteria

Diet type and host genotype ↑
bacteria with the ability to bind to
glycosylated proteins and colonise
mucosal surfaces.

Altered substrate availability ↑
microbes with the capacity to import
and degrade sugars found in diet
and/or host mucosa.

Host genetype influences gut
microbiota plasticity in response to
diet.

Observation and proposed
mechanism for microbial outcomes

↑ genes for ABC
transporters, twocomponent system and
cell motility
↓ metabolic genes

Altered substrate availability ↑
microbes with the capacity to
enhance nutrient uptake in an
environment of limiting substrates

Fecal energy and SCFAs Dietary factors determine microbial
fluctuate overtime,
composition. Microbial community
varied patterns in
may adapt to HFD overtime
cecum and stool

↓ 16S rRNA gene copies

↓ microbial diversity
↑ genes for PTS system
↑ SCFAs concentration

↑ Akkermansia

Other

Microbes may
promote obesity
via LPS or SCFA
modulation of host
gene expression
rather than energy
harvesting.

Increased energy
harvest. Specific
microbes facilitate the
transfer of calories
from the diet to the
host in the form of
SCFAs.
Diet-induced
microbial changes
at gut mucosa
may aggravate
inflammation in
genetically susceptible
host.

Observation and
proposed mechanism
for host outcomes

Weight gain, leaky
gut, IR, adipose,
gut and liver
inflammation

Weight gain

Gut bacteria
modulate gut barrier
integrity. Leaky
gut coupled with
aberrant microbiota
drive metabolic
dysfunction.

Weight gain, IR,
Antibiotic
fatty liver, adipose, improves metabolic
and systemic
abnormalities. Gut
inflammation
microbiota modulates
inflammatory
responses.

Weight gain and ↑
fat mass

Leaky gut

Weight gain,
↑ body fat percent

↑ body fat percent

Reported host
phenotype

[38]

[37]

[36]

[35]

[34]

[24]

[33]
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Cecal FISH

HFD9 for 4
wk

HFDs10 with Cecal 454 [V2-4] ↑ F:B in lard
different
HFD
sources of fat
↓ F:B in
(safflower
other HFDs
oil, milk fat
or lard) for
24 d

Fecal 454 [V3]

↑ selected OTUs in
Rikenella, Alistipes

↑ Bacteroides

↑ Bilophila in milk
fat HFD

↑ Bilophila

↓ Bifidobacterium

↑ Desulfovibrionaceae ↓ Bifidobacteriaceae

Altered substrate availability. Low
plant polysaccharides may alter the
balance of gut barrier protecting
bacteria, butyrate producers and
pathobionts

Leptin may affect microbial
composition by modulating mucin
production in the intestine

Altered substrate availability and
host genetics have differential
impact on gut microbial profile

Age-related effects and/or altered
substrate availability

↓ gut barrier
protecting members,
↑ LPS and H2S
production promote
leaky gut and trigger
inflammation
Association between
gut bacteria and body
fat may be mediated
by adipokines and
inflammation

Leaky gut and
LPS induce proinflammatory cascade
and accelerate obesity
development
↑ antigen load (LPS)
and H2S production
may lead to chronic
inflammation and
leaky gut

Weight gain, IGT, ↑ antigen load (mainly
fatty liver, ↓ liver
LPS) may contribute
function,
to metabolic
abnormalities

Weight gain, ↑
leptin, adipose
inflammation

Weight gain, IGT

Weight gain,
hyperglycemia,
adipose,
systemic and gut
inflammation
Weight gain, ↑ fat
mass, IGT

Weight gain,
hyperglycemia

Weight gain, IR, Dietary fat modulates
fatty liver, systemic LPS level in plasma
and adipose
and ↓ gut barrier
inflammation
protecting bacteria,
which trigger
inflammation and the
onset of diabetes and
obesity
↓ microbial diversity in Altered substrate availability. Milk- Gut inflammation H2S or secondary bile
milk fat and safflower
derived saturated fat ↑ the pool of
in genetically
acids from pathobiont
oil HFDs
sulphated bile acid, an antimicrobial susceptible host
may damage gut
but a growth substrate for Bilophila
barrier and drive
pro-inflammatory
responses

↑ LPS

↑ LPS binding protein

↓ Akkermansia
↑ Mucispirillum

↑ Mucispirillum

↑ LPS binding protein

↓ microbial diversity

↑ proteins for amino
Altered substrate availability shifts
acid metabolism and
the composition and/or activity of
transport and cell
microbiota, which favours amino
motility
acid metabolism
No difference in
microbial richness
↑ Enterobacteriaceae ↓ Bifidobacterium
↑ LPS
No difference microbial
diversity

↑ selected OTUs in
Progressive ↑
↓ Bifidobacterium
Bacteroides, Alistipes Desulfovibrionaceae
↓ Barnesiella

↑ Rikenellaceae
↓ Bacteroidaceae

↑ Rikenellaceae

↓ selected OTUs
in Bacteroidiales,
Prophyromonadaceae.
↓ Eubacterium
↓ Bacteroides-like
rectale/ Closiridium
species
coccoides

↑ unclassified
Lachnospiraceae,
Lactococcus,
Unclassified
Ruminococcaceae,
Roseburia
↓ Allobaculum
↑ selected OTUs
in Allobaculum,
Ruminococcaceae,
Papillibacter,
Lactococcus
↓ selected OTUs in
Allobaculum

HFD8 for
Cecal 454 [V1-2]
more than 35
wk

HFD8 for
life, gut
microbiota
at week 62
is described
here

Lineages in
Mollicutes/
Erysipelotrichaceae
responded
differentially

Fecal 454 [V3],
DGGE [V3] and
T-RFLP

HFD8 for 25
wk

↓ F:B

Fecal 454 [V3] Progressive ↑ Lachnospiraceae,
at every 2-4 wk
↑ F:B
Ruminococcaceae,
Lactococcus

↑ Ruminococcaceae
↓ Clostridiales

HFD8 for 12
wk

↑ F:B

↑ Erysipelotrichales

↓ Ruminococcaceae

Fecal 454
[V1-3], culture

Cecal
MiSeq [V4],
metaproteome,
metabolomics

HFD8 for 8
wk

HFD7 for 12
wk

[9]

[4]

[44,45]

[43]

[42]

[41]

[40]

[39]
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↑ F:B in
palm oil
HFD only

↑ F:B in all
HFDs

↑ Bacilli,
Clostridium cluster
XI, XVII, and XV
Ⅲ in palm oil HFD
only

↑ Proteobacteria
in milk fat and
safflower oil HFDs

↑ Actinobacteria

↓ microbial diversity in
palm oil HFD only

↑ Tenericutes in lard
HFD

Saturated fat diet leads to an
overflow of dietary fat in the gut
which may have an antimicrobial
effect on microbiota

Altered substrate availability.
Dietary fat source modulates gut
microbial profile

Weight gain
(highest in palm
oil), IR, fatty liver

Weight gain
(highest in milk
fat), adipose
inflammation
(highest in
safflower)

Diet induced
alterations in the
gut microbiota
influence localised
inflammation

[47]

[46]
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Gut microbial community in health and disease-functional insights
In effect functional profiling is delineation of taxonomic units based on a biochemical property. It is generally accepted that there is a high level of functional redundancy in the
gut microbiome. This means bacteria from different taxonomic groups may contribute to the same ecological process (belong to the same guild) and they can substitute for one
another. For instance, many gut bacteria can produce butyrate, a short chain fatty acid (SCFA) with widespread health implications, but the bacteria that carry out this function
are phylogenetically diverse[63]. Associations between rRNA-based taxa and host outcomes that are critically dependent on butyrate availability are likely to be inconsistent because different members of the butyrate-producer guild may be dominant under different diets or host systems. Thus functional redundancy is almost certainly a contributor to
the wide variation in associations of microbiome response and host outcomes to HFDs summarised in Table 1.
If the diet-microbiome-host outcomes listed in Table 1 are cross-examined from the perspective of microbial metabolites or microbe-associated molecular patterns (MAMPs)
that are likely to be common features of ecological guilds, a more encouraging picture of associations between microbiome and metabolic health starts to emerge. Inferred or
measured changes of microbial metabolite such as elevated total SCFA, elevated serum lipopolysaccharides (LPS) and hydrogen sulphide (H2S) production are recurrently observed. In the case of LPS and H2S these are also associated to taxa that are recognisable by rRNA-based classification, such as Enterobacteriaceae and Desulfovibrionaceae from the
phylum Proteobacteria.
Metagenomic analysis provides a global dataset for functional profiling whereby multiple guilds can be looked at simultaneously. Such analyses have reported differences
in the total level of carbohydrate degradation genes in the metagenomes of obese vs lean microbiomes raising the prospect that energy harvesting may be predictable from

exacerbating gut inflammation[62].
In summary, consideration of diet, host system and great care in methodological approaches to community profiling is necessary to identify consistent associations between
microbes and metabolic health. The main limitation from a methodological perspective is linkage of relevant ecological properties of the microbial group to the taxonomic
marker. An alternate approach to this is to profile the gut system and its resident bacteria from a functional perspective.

2

This table features the microbial shifts in wild type mice after dietary interventions, patterns for knockout models are excluded. Sampling site and technique used to monitor the hypervariable region of 16S rDNA are noted;
31.8% and 51.4% calories from fat (corn oil and butter fat) and carbohydrates, respectively, Research Diets, New Brunswick; 340.6% and 40.7% calories from fat (beef tallow, vegetable shortening) and carbohydrates, respectively,
Harlan-Teklad, United States; 460.6% and 26.3% calories from fat (lard) and carbohydrates, respectively, SAFE, France; 545% and 35% calories from fat (lard and soybean oil) and carbohydrates, respectively, Research Diets,
New Brunswick; 660% and 20% calories from fat (lard and sunflower oil) and carbohydrates, respectively, in house; 760% and 21% calories from fat (beef tallow and soybean oil) and carbohydrates, respectively, Ssniff GmbH,
Germany; 860% and 20% calories from fat (lard and soybean oil) and carbohydrates, respectively, Research Diets, New Brunswick; 972% and < 1% calories from fat (corn oil and lard) and carbohydrates, respectively, SAFE, France;
10
37.5% and 47% calories from fat and carbohydrates, respectively, Harlan-Teklad, United States; 1145% and 35% calories from fat and carbohydrates, respectively, Research Diet Services, The Netherlands. F:B: Firmicutes to
Bacteroidetes ratio; HF/HS: high fat and high sugar diet; HFD: High fat diet; PTS: Phosphotransferase system; SCFAs: Short chain fatty acids; ABC transporters: ATP-binding cassette transporters; DGGE: Denaturating gradient
gel electrophoresis; T-RFLP: Terminal restriction fragment length polymorphism; IR: Insulin resistance; IGT: Impaired glucose tolerance; LPS: Lipopolysaccharides; OTUs: Operational taxonomic units; H2S: Hydrogen sulphide;
FISH: Fluorescent in situ hybridisation.

1

HFDs10 with Fecal Illumina
different
[V3-4]
sources of fat
(safflower
oil, milk fat
or lard) for 4
wk
HFDs11 with Fecal MITChip
different
(microarray)
sources of fat
(palm, olive
or safflower
oil) for 8 wk
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Intestinal
smooth
muscle cells

B. Gut motility

Residence time
Fast and slow growing bacteria
Non adherent bacteria

A. Feeding behaviour

C. Bile release

Bile-sensitive
bacteria

Environmental stressor

Growth substrates
Motile bacteria

e.g. , insoluble and soluble
macromolecules and monomers

Move to low
competition zone

Exogenous electron
acceptors

Sulphate
Nitrate

Anaerobic respirers
Reactive Reactive
oxygen nitrogen
species species

D. Mucin
synthesis
and release

Habitat exclusion

Intestinal
epithelial
cells
E. Antimicrobial
peptides

F. IgA secretion and
flagellin targetting

G. Inflammation

Figure 2 Multiple host-mediated mechanisms regulate bacterial growth and their activities. These pathways may act against the microbiota in a generalised
manner or influence bacteria with distinct properties (blue). A: Substrates from diet are key energy sources for bacterial growth. Changes in feeding pattern will shape
the microbiome structure and associated products; B: Ingestion of dietary fibre and osmotically active compounds promotes gut motility. Faster transit rate flushes out
slow growing organisms and those without the ability to adhere to the intestines; C: Release of bile in response to dietary fat selects against bile-sensitive bacteria but
promotes those with the capacity to obtain energy via anaerobic respiration; D: Mucin secreted by goblet cells physically prevents the penetration of bacteria into gut
epithelium, and it also promotes bacteria that utilise mucin as growth substrates; E: Paneth cells in the gut epithelium secrete effector molecules with broad-spectrum
antimicrobial activity, e.g. defensins, lysozyme and RegⅢγ, which contribute to the innate barrier against microbial colonisation; F: Migration of flagellated bacteria is
inhibited by secretory immunoglobulin A (IgA), which facilitates the exclusion of bacteria at the epithelium; G: When mucin synthesis and release is impaired, pathobionts may penetrate the mucosal epithelium and trigger the inflammatory cascade. Byproducts of inflammation confer a growth advantage for organisms that obtain
energy through anaerobic respiration.

metagenome signatures[64], but more specific signatures
have also been reported. Aside from microbial metabolites, MAMPs also stimulate host responses. Consistent
with this, metagenome studies have found enrichment of
microbial genes that encode cell motility[37] as well as an
increase in flagellin proteins[65] associated with the obese
state.
In summary, small scale single-cohort, rRNA-based
studies of diet-microbiome-host interactions in response
to HFD typically identify associations. Cursory comparisons of such studies reveal a confusing picture, however
more detailed consideration of common ecological or
physiological features reveals common patterns. Microbial
structural motifs and metabolites with robust associations
to HFD formulations and disease states have been seen
and are regarded as the mechanistic links between gut
microbiome and systemic complications. It is noteworthy
that these MAMPs and microbial metabolites are present
in the intestinal lumen but their systemic loads are known
to increase during a HFD challenge[4,66-68] and in various aspects of metabolic disorders[4,51,69]. This raises the
question of feedback processes that may further shape
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microbial community structure and the progression into
dysbiosis.

FACTORS THAT SHAPE GUT
COMMUNITY DYNAMICS AND
FUNCTION
Intrinsic factors
Multiple host mechanisms are involved in restricting microbial growth and activity to the intestinal lumen (Figure
2). These processes may act against the gut microbiome
in a generalised manner or target specific bacteria with
distinct properties. Host secretions in the gut can function as environmental stressors that regulate bacterial
growth. The primary role of bile acids is to facilitate
dietary fat absorption but their amphipathic properties also disrupt bacterial membrane integrity and result
in antibacterial activity[70]. When rats are fed with diet
supplemented with bile acids, their gut communities are
characterised by a reduction in Bacteroidetes and enrichment in Clostridia and Erysipelotrichi[71]. Intriguingly, this
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compositional change mirrors the patterns reported in
HFD studies[24,37,38]. Higher amounts of bile acids are also
linked to lower caecal concentrations of butyrate[71], a metabolite produced by subsets of gut bacteria. This finding
suggests bile acids either select against the proliferation
of butyrate producing bacteria or inhibit the metabolic
pathways leading to butyrate synthesis. Collectively, bile
acids have a contributing role in determining microbial
composition and the products released by the gut microbiome.
At the intestinal interface, host-derived molecules
work in synergy to exclude microbial colonisation along
the gut epithelium and modulate the microbial composition in the vicinity. Secretory immunoglobulin A (IgA)
is known to control bacterial migration patterns by sequestering the movement of motile organisms, thereby
preventing their penetration across the gut epithelium[72].
Antimicrobial peptides such as defensins and RegⅢγ also
influence microbial composition[73,74]. Mice expressing human α-defensin genes had marked depletion of segmented filamentous bacteria and less interleukin 17-producing
T cells in the lamina propria than those with α-defensin
deficiency[75]. RegⅢγ, on the other hand, generally selects
against Gram positive bacteria, as LPS on Gram negative
bacteria inhibit RegⅢγ activity[74,76]. Host secretions can
also shape the gut microbiome by providing an ecological
niche for specific bacteria. For instance, mucin, a glycosylated protein covering the intestinal epithelium, is a specific growth substrate for many commensal gut microbes,
including Ruminococcus[77], Bacteroides[78] and Akkermansia[79].
In the event of gut inflammation, byproducts of immune
responses may alter the gut microbiome by favouring the
growth of selected organisms. For instance, host cells
release reactive oxygen and nitrogen species into the lumen, which react to form nitrate[80-82]. It has been shown
that Escherichia coli uses exogenous nitrate as electron acceptors for anaerobic respiration, giving it a competitive
advantage over fermentative organisms[83].
Host feeding behaviour
While host secretions play an important role in determining the gut community structure, external factors such as
host feeding behaviour are equally influential (Figure 2).
A main driver of microbial change is the macronutrient
intake of the host, in particular the type of carbohydrate
ingested[57,84]. Changes in intake are likely to influence the
gut microbiota composition or their nutrient acquisition
strategies[85]. For instance, experiments in monocolonised
mice have found that Bacteroides thetaiotaomicron responded
to depletion of dietary polysaccharides by upregulating a
set of genes adapted to degradation of host mucus glycans[78]. Similarly, Rumincoccus gnavus switches on different
sets of carbohydrate-utilising enzymes in response to the
availability of carbon sources (monosaccharides vs mucin) in the environment[86]. Escherichia coli can also adapt
to nutrient changes in the environment by altering porinmediated outer membrane permeability, broadening
nutritional acquisition capacity[87], but at the expense of
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reduced resistance against bile[88]. Increase in the amount
of fermentable polysaccharides changes intestinal transit
rate, which modulates the membership of the gut community[89]. Faster transit rate may flush out slow growing
organisms and those without the ability to adhere to the
mucosal lining of epithelial cells. Altered microbial composition and associated metabolites, in turn, feedback
to gut motility[89,90], which strongly influences nutrient
absorption in the gut[91,92]. Additionally, high consumption of dietary saturated fat enhances the secretion and
taurine conjugation of bile acids[9,93,94], which provides a
strong selection pressure on the gut commensals due to
its antibacterial activity. However, influx of taurocholic
acid presents an additional source of sulphated compounds for bile tolerant, sulphate/sulphite-reducing bacteria (SRBs) to utilise in anaerobic respiration[9], thereby
promoting their expansion in the gut community. Changes in diet can alter microbial composition in the matter
of days[95,96]. If the altered state persists over time, it will
result in a different repertoire of microbial products accumulating in the gut system[97].

HOST-MICROBIOME FEEDBACKS IN
METABOLIC DYSFUNCTION AND
INFLAMMATION
MAMPs as mechanistic links between gut community
and host outcome
A number of pattern recognition receptors (PRRs) on
host cells, such as toll-like receptors (TLR4 and TLR5)
and nucleotide-binding oligomerisation domain receptors (NOD1 and NOD2) are specialised for detection of
MAMPs such as LPS, peptidoglycan (PGN) and flagellin.
The structure and/or the extent to which MAMPs are released from bacterial cells can vary between species. Thus
modification in community composition, or MAMPs
expression, can promote changes in the host system.
However MAMPs profile alone cannot determine host
outcomes, specific host receptors and loss of gut barrier
function are required to potentiate metabolic dysfunction. Localisation and expression of PRRs differ between
cell types[98], this may explain the divergent outcomes of
each MAMP/PRR interaction.
Flagellin
A wide range of gut bacteria have the capacity to produce flagella, including members of the phyla Firmicutes[99]
and Proteobacteria[72]. Flagellin proteins derived from motile organisms are detected by TLR5, which is selectively
expressed at a higher level in the cecum and proximal
colon[100]. TLR5 are present on the basolateral surface
of intestinal epithelial cells, apical surface of epithelial
cells associated lymphoid follicles and mucosal dendritic
cells[98,100]. TLR5 detection of flagellin is known to induce
the secretion of anti-flagellin IgA, which quenches the
motility of various Proteobacteria and Firmicutes species[72].
This restriction of microbial migration is a normal host
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response. When flagellin gains access into the intestinal
mucosa, it triggers pro-inflammatory responses and increases the risk of chronic inflammation[101].
Aside from localised responses in the gut, flagellin activation is linked to regulation of physiological processes
beyond the gut system. Mice lacking TLR5 had higher
food consumption, and developed obesity, dyslipidemia,
insulin resistance and hypertension in comparison to wild
type (WT)[102]. While some of these phenotypes can be
explained by increased dietary intake, food restriction in
TLR5 knockout (KO) mice was only effective in preventing obesity but not insulin resistance. Remarkably, antibiotic treatment of TLR5 KO mice normalised food intake
and ameliorated metabolic defects, while transplantation
of TLR5 KO gut microbiota into WT recipients recapitulated metabolic dysfunction[102]. These results suggest that
appropriate flagellin/TLR5 signalling cascade have a beneficial role in host feeding behaviour and thus, promote
metabolic health.
Lipopolysaccharides
LPS is a component of the outer membrane of most
Gram negative bacteria, including Bacteroidetes and Proteobacteria. Chemical properties of LPS vary between
species, which lead to differential capacity in activating
the TLR4 signalling cascade[103]. It is thought that species
from Proteobacteria exert a stronger immunostimulatory
effect than Bacteroides[104]. In comparison to TLR5, TLR4
expression in intestinal epithelial cells is relatively low[105]
and they are localised in the basolateral compartment[98].
Under normal circumstances, only small amounts of LPS
pass through the gut epithelium and reach the bloodstream[4]. Consumption of HFD, however, is associated
with reduced expression of tight junction proteins in
the gut epithelium[106]. Loss of tight junction integrity increases the paracellular space in the epithelium and facilitates the leakage of luminal contents, including LPS, into
adjacent tissues and the circulatory system[106]. Dietary
fat is also believed to enhance chylomicron absorption
of LPS from the intestinal lumen or enterocytes, which
are then exported into the circulatory system[107,108]. Once
LPS escapes from the intestinal lumen it can be recognised by cells with TLR4 in the peri-intestinal region or in
insulin-targeting tissues, such as adipose tissue, liver, skeletal muscle and pancreas[109]. Activation of TLR4 induces
the release of pro-inflammatory cytokines, which drives
helper T cell (THelper) expansion and impairs insulin signalling[109,110]. In summary, LPS is an immunostimulatory
agent but its exposure to TLR4 expressing cells and the
capacity to drive dysbiosis is dependent on physiological
properties of the host system such as intestinal permeability.
Physiological consequences of LPS/TLR4 signalling
are demonstrated in mice with CD14 or TLR4 deficiencies. During HFD treatment or LPS infusion, both KO
mouse models are protected from the hallmark features
of metabolic dysfunction observed in the WT counterparts, including obesity, insulin resistance and inflamma-
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tion[4,111]. These results indicate that TLR4 agonists, such
as LPS, can influence health. Yet, TLR4 is also stimulated by non microbial structures, such as saturated fatty
acids[112]. Systemic lipid infusion can trigger the TLR4
inflammatory cascade in adipose tissue and give rise to
insulin resistance[113]. One might argue the activation of
TLR4 cascade and associated metabolic defects is due
to an excess of dietary lipid from HFD, rather than a
consequence driven by a microbiota-derived compound.
However, detoxification of LPS by intestinal alkaline
phosphatase[114], reduced microbial load after antibiotic
administration[106,115] or altered microbial profile after prebiotics treatment[61,116] can all lower plasma LPS. All these
are thought to be concomitant with improved gut barrier
function and/or restoration of metabolic health[106,114-116].
Since broad (antibiotics) and selective (prebiotics) alterations in the gut microbiota lead to improvements of
metabolic parameters during HFD, these findings are in
agreement that the availability of LPS has a fundamental
role in driving metabolic outcomes.
Peptidoglycan
NOD1 and NOD2 are sensors of PGN, but each receptor has a different substrate preference. NOD1 preferentially binds to a structural variant commonly found in
Gram negative bacteria[117], while NOD2 detects a common motif of gram positive and gram negative organisms[118]. Similar to TLR4, NOD1 activation is implicated
in the development of insulin resistance. Administration
of NOD1 agonist to adipocytes upregulates the expression of pro-inflammatory cytokine TNF-α and chemokine MCP-1 in a dose dependent manner, which affects
insulin signalling and decreases insulin-mediated glucose
uptake[119]. Mice lacking NOD1 are protected from HFDinduced glucose intolerance and translocation of intact
Gram negative bacteria from the gut lumen to mesenteric
adipose tissue (MAT) and blood, compared to the WT[120].
The authors also demonstrated that bacterial translocation to MAT and the associated inflammation preceded
glucose intolerance, suggesting NOD1 interaction with
Gram negative gut bacteria drives the pathophysiology
associated with HFD.
Apart from NOD1 signalling, NOD2 activation in
the skeletal muscle also influences insulin action and
glucose homeostasis. Tamrakar et al[121] have shown that
a NOD2 agonist significantly reduced insulin-stimulated
glucose uptake in rat skeletal muscle cell line, whereas
NOD1 activation had minimal effect. However, interference with the NOD2 cascade does not necessarily
protect the host from dysbiosis. Malfunctions in NOD2
signalling in patients with Crohn’s disease or in NOD2
KO mice, are linked to dysregulation of microbial containment, resulting in bacterial translocation to intestinal
surface and aberrant stimulation of mucosal immune system[122,123]. Taken together, these findings demonstrate the
diverse outcomes of host-microbial immune signalling.
The net response is strongly dependent on the target site
and is possibly linked to the ratio of Gram negative to
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Gram positive organisms as different PGN ligands lead
to divergent downstream response.
SCFAs as mechanistic links between gut community
and host outcome
SCFAs, such as acetate, propionate and butyrate, are
arguably the most influential microbial metabolites in
the context of health and disease. Both community
composition and the available fermentable substrates
influence the net SCFA profile[54,124,125]. As a consequence
SCFA profile is an emergent property of the community
and it is difficult to predict from taxon-based analysis.
The majority of SCFA production is utilised locally by
the gut epithelial cells but significant amounts are also
transported across the epithelium to distant tissues
via the circulatory system. Butyrate is metabolised in
the gut epithelium and is the key energy source for
colonocytes[126]. Propionate and acetate are metabolised
as substrates for energy metabolism and lipid synthesis
in the liver and other peripheral tissues[127]. Absorption
of SCFAs accounts for 6%-9% of the total energy
intake for humans and can contribute up to 44% in
other animals[128,129]. In addition to their role as an energy
substrate, SCFAs are signalling molecules in modulating
neuroendocrine and anti-inflammatory responses at
various sites.
SCFA signalling: neuroendocrine function and energy
regulation
G protein coupled receptors, GPR41 and GPR43, are
the primary mediators of SCFA signalling. Butyrate and
propionate have high stimulatory effect towards GPR41,
while butyrate, propionate and acetate all show similar activity towards GPR43[130]. Evidence from KO models has
led to the proposal that SCFA signalling via GPRs modulates energy balance, with WT mice having higher fat
deposition than GPR41 KO[131]. The GPR41 KO is also
characterised by a reduced expression of intestinal peptide YY (PYY), an enteroendocrine L cell hormone that
in WT animals inhibits gut motility, potentially increasing
the time for energy harvest and absorption[131]. Similarly,
GPR43 KO mice are resistant to HFD-induced obesity,
insulin insensitivity, and dyslipidemia[132], and there is supporting evidence that acetate and propionate promote
adipogenesis through GPR43[133].
Other gut hormones are also influenced by SCFA signals.
Glucagon-like peptide 1 (GLP-1) secreted by enteroendocrine
cells has a range of effects that encompass promotion
of satiety and glucose homeostasis[134], and its release
can be stimulated by oral administration of butyrate[135].
Supplementation of butyrate to HFD fed mice reduced
food intake and improved glucose control compared to
HFD mice without the treatment[135], these phenotypic
differences might be driven by differential secretion of
GLP-1. Consistent with this observation, mice with
impaired GPR43 signalling had reduced GLP-1 secretion,
concomitant with glucose intolerance[136]. In adipocytes,
SCFA activation of GPR41 induce the expression and
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production of leptin[137], a hormone that regulates feeding
behaviour, metabolic rate and immune response.
Interactions via the gut-brain axis are also involved in
the coordination of metabolic homeostasis. Propionate
produced in the gut can activate GPR41 in the nerve
fibres of the portal vein, which resulted in upregulation
of genes required in intestinal synthesis of glucose, or
intestinal gluconeogenesis (IGN)[138]. The IGN-derived
glucose contributes to reduced appetite, improved glucose control and decreased hepatic glucose production,
concomitant with lower body weight[138,139]. These emergent outcomes of propionate-induced IGN are mediated
by the portal nervous system as denervation can abolish
these effects[138,139].
It is evident that SCFA interactions with GPRs and
subsequent neuroendocrine signalling affect a wide range
of physiological functions, and the emergent outcomes
are contingent on the type and location of the receptors
as well as the agonists. As a consequence variation in
microbial community composition that alters the SCFA
profile can drive host responses via signalling pathways.
The range of pathways triggered is influenced by other
factors such as gut barrier function and SCFA translocation that impact which tissues are exposed to SCFA. The
host responses, including appetite and intestinal motility,
have potential to feedback to gut community composition.
SCFAs and immune regulation
The actions of SCFAs extend beyond energy balance and
endocrine function, they are also involved in shaping immune regulation and possibly the progression of autoimmune diseases. In models of colitis, arthritis and asthma,
GF mice and CONV GPR43 KO mice showed increased
production of inflammatory mediators and enhanced
recruitment of immune cells. Notably, exacerbated inflammation in GF mice was attenuated by acetate supplementation, supporting SCFA/GPR43 signalling resolves
inflammatory responses[140]. However, other studies have
proposed that SCFA mediated GPR43 signalling also has
a role in potentiating tissue destruction[141,142].
Despite the competing views on the role of SCFAs/
GPR signalling in inflammatory outcomes, SCFAs have
emerged as the key microbial signal in modulating the
balance of pro-inflammatory THelper and anti-inflammatory T regulatory cells (TReg). Atarashi et al[143] have shown
that SCFA-producing species from Clostridium clusters IV
and XIVa had greater capacity in expanding the population of colonic TReg than Bacteroides fragilis, which releases
polysaccharide A (PSA) to promote immune homeostasis. More importantly, SCFAs on their own can modulate TReg responses and increase the expression of antiinflammatory cytokine interleukin-10, which dampens
pro-inflammatory responses and reduces the proliferation
of effector CD4+ T cells[144]. Diets which promote SCFA
production or administration of butyrate alone are able
to recapitulate these effects[145,146]. Butyrate can also down
regulate the expression of pro-inflammatory mediators in
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intestinal macrophages, such as nitric oxide, interleukin-6,
and interleukin-12 by histone deacetylase inhibition, a
mechanism independent of GPR activation[147].
These host-microbial immune feedbacks in the gut
are proposed to have a role in the pathophysiology of
autoimmune diseases in genetically susceptible individuals, such as type 1 diabetes (T1D). T1D is characterised
by T cell mediated destruction of pancreatic β cells and
deficiencies in TReg numbers or function[148,149]. Given the
link between butyrate and T cell homeostasis, gut microbiota might be an environmental risk factor in T1D.
High throughput sequencing studies have shown that the
T1D gut is depleted in butyrate producing bacteria and a
key gene involved in butyrate synthesis[8]. Butyrate depletion is linked to increased intestinal permeability, which
precedes the clinical onset of T1D[150,151]. In individuals
who are genetically susceptible to T1D, an aberrant gut
microbiota with reduced butyrate production is predicted
to increase the risk of the following events: increased
intestinal permeability, leakage of MAMPs, subclinical
intestinal inflammation, homeostatic imbalance of T cells
and ultimately autoimmunity in pancreas[152,153].
In conclusion the widespread effects of SCFAs mean
that factors altering their concentration and profile have
multiple interacting consequences for the host and microbiome. SCFA are primary metabolites of microbial
growth. Consequently the SCFA profile of the gut will be
especially responsive to diet as changes in microbial nutrient supply can alter both community composition and
their metabolic activity. These SCFA changes can lead to
changes in gut barrier integrity, energy metabolism and
inflammatory responses. All these may impact on host
health, but also can feedback to impact microbial community structure. SCFAs are key factors in the interaction
between gut microbiome and the host.
Hydrogen sulphide and gut epithelial function
While butyrate fortifies the structural integrity of gut
epithelium, other microbial metabolites, such as H2S,
are implicated in impaired epithelial function. H2S is
produced when sulphated compounds are utilised as
terminal electron acceptor in anaerobic respiration. Most
gut bacteria with this capability belong to the Desulfovibrionaceae family[154]. H2S is known to interfere with energy
metabolism in the gut epithelium[155], ultimately leading to
cell death, concomitant with gut inflammation[156]. In vitro
studies of intestinal epithelial cells have demonstrated
that H2S influences the expression of genes linked to cell
cycle progression and stimulates both inflammatory and
DNA repair responses[157,158]. Collectively, there is robust
evidence that H2S has deleterious effects on the gut epithelium. A recurrent feature of HFD studies, especially
those in which diet formulations have a high proportion
of saturated fat, is an increase in Desulfovibrionaceae and
gut inflammation (Table 1). Again the inferred loss of
gut barrier function and associated changes in host-microbiome interaction have the potential to drive feedback
responses in the microbial community.
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DIET, PATHOBIONT EXPANSION AND
DYSBIOSIS-A MODEL REVISITED
The interplay between diet, gut microbiome and host
health has been the subject of numerous studies, and
mechanisms that tip homeostasis to dysbiosis are starting to emerge. Nutrient competition is a major driver of
community dynamics. Available evidence indicates that
access to inorganic electron acceptors such as nitrate and
sulphate occupies a special place in determining the outcome of nutrient competition between pathobionts and
commensals at the epithelial interface[9,82]. The availability
of these is tightly linked to inflammation and cell damage[9,82]. We postulate that microbes whose competitive
advantage is dependent on anaerobic respiration adopt
a pro-inflammatory life history strategy (which results
in increased nitrate) and that their competitors promote
mucosal homeostasis (which limits nitrate). Obesity and
diet can skew the outcome of these opposing strategies
by altering the “tipping point” at which inflammatory
processes lead to elevated gut nitrate (Figure 3).
The effect of obesity, or more specifically MAT, is
due to their potential to amplify the host response to
metabolites that escape the intestine. Adipose tissue macrophages stimulated by MAMPs such as LPS switch to a
pro-inflammatory state and increase the production of
pro-inflammatory cytokines[159]. Pro-inflammatory cytokines can “escape” from the adipose tissue and promote
inflammation and insulin resistance in other tissues[160].
The effects of diet are multiple but can be summarised as driving microbial changes that alter gut barrier
function and immune tone. Diets that are depleted in fermentable polysaccharides are associated with lower levels
of SCFA production. This state increases the risk of
epithelial cell starvation (due to low butyrate levels) and
reduces the numbers of TReg cells. Both host responses
have the effect of increasing the potential for inflammation. Epithelial cell starvation and/or inflammation can
both increase the availability of inorganic electron acceptors in the lumen that supports expansion of pro-inflammatory pathobionts, many of which are Proteobacteria. At
this point the potential for positive feedback exists since
the LPS of Proteobacteria is strongly pro-inflammatory.
Diets that are also high in saturated fat exacerbate this
basic model. Dietary fat results in increased bile secretion
which has been observed to select against key groups of
fermentative bacteria. Fat types that specifically promote
taurocholate may exacerbate the inflammatory processes
since they are strongly linked to expansion of SRBs and
production of H2S. Collectively these two aspects of diet
composition, levels of fermentable polysaccharide and
saturated fat, can operate in synergy to reduce the fitness
of bacteria that promote mucosal function via butyrate
production and enhance the competitiveness of bacteria
that drive inflammation via LPS.
In this conceptual framework there are two independent host feedback pathways, bile secretion and nitrate
production, that facilitate the enrichment of pathobionts
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Low plant polysaccharides
and high saturated fat diet

Excess bile secretion
Selection against
TReg promoting bacteria
Butyrate producing bacteria

Sulphated compounds
Promotion of pathobionts

Bacteroides

Clostridium cluster XIV

Polysaccharide A

Sulphate/sulphite
reducers

Enterobacteriaceae

Butyrate
Hydrogen sulphide

Mucous
layer

Pro-inflammatory
MAMPs

Nitrate

Reactive Reactive
oxygen nitrogen
species species

Intestinal
epithelial
cells
Host cells
with pattern
recognition
receptors

C. Cytotoxic effects

B. Starved cells

A. Reduced TReg
differentiation

Compromised gut barrier
TReg

THelper

D. Unresolved
inflammation

Impaired immune regulation

Figure 3 Hypothesised triggers and drivers in diet-induced dysbiosis. Progression from homeostasis to clinical manifestation of metabolic dysfunction may
emerge from shifts in microbe-associated molecular patterns (MAMPs; green) and metabolites (blue), initiated by long-term consumption of diets with reduced amount
of dietary fibre but high saturated fat. A: Reduction in the availability of fermenting substrates in conjunction with excess secretion of anti-bacterial bile acids can alter
the competition dynamics of commensal organisms and pathobionts. Consequent depletion of polysaccharide A and butyrate promotes immune dysfunction by altering the balance of regulatory T cells (TReg) and helper T cells (THelper); B and C: Shifts in microbial products contribute to the impairment of gut barrier function and the
leakage of MAMPs; D: Dietary factors, microbial signals and host responses act in concert to drive inflammation, which provides a positive feedback pathway in favour
of chronic disease development.

and drive pro-inflammatory responses. Host feedbacks
to the gut microbiome may be an important determinant
in disease progression, which warrants further investigation. Furthermore, there may be more than one type of
commensal or pathobiont that influence disease states,
especially when alternate microbial groups fulfil similar
ecological functions within the gut community. Although
Bilophila was the leading SRB pathobiont in the initial
saturated fat/taurocholic acid/inflammation model[9],
the above mechanism is applicable to other SRBs that
produce H2S, such as Desulfovibrio in the Desulfovibrionaceae family and other representatives within the Clostridia
class[154,161]. Similarly, several SRBs in the Desulfovibrionaceae
family and other Proteobacteria have the capacity to utilise
nitrate[162] and thus, Enterobacteriaceae such as E. coli may
not be the only organisms with increased fitness during
inflammation.

FUTURE DIRECTIONS AND CONCLUSION
With many mechanistic links between gut community dynamics and host health are now established, microbiomebased applications for preventing and attenuating the
progression of gut-related diseases are emerging. Poten-
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tial therapeutic strategies may be in the form of restoring
function or blocking feedback at specific nodes of the
host-microbial network. If pro-inflammatory tone at the
intestinal interface is the predominant driver of disease
states, improving TReg ability to suppress THelper actions
may ameliorate local and systemic complications associated with aberrant immune responses. Prebiotics with
fermentable dietary carbohydrates are known to promote
the proliferation of organisms that produce butyrate and
PSA[163,164]. Stimulation of TReg differentiation by these
beneficial microbial signals may help resolve inflammation.
Aside from rational modifications in diet composition, a change in feeding cycle, e.g., intermittent fasting,
has been shown to have metabolic benefits[165]. Since
periodic fasting will change nutrient availability to gut microbes and potentially interrupt host feedbacks to the gut
microbiome, this may also help reverse dysbiosis. However, these postulated links require further investigations
for validation. In conclusion, integration of metagenomics, metabolomics and taxonomic profiling has provided
important insights into the functions of gut microbiome
and the role of host-microbial crosstalk in dysbiosis. Our
emerging understanding of interplay between nutrition,
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gut microbial dynamics and host responses will further
the development of effective interventions on pathophysiology of lifestyle diseases.
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Abstract
Although it is now known that the human body is colonized by a wide variety of microbial populations in different parts (such as the mouth, pharynx and respiratory system, the skin, the gastro- and urogenital tracts),
many effects of the complex interactions between the
human host and microbial symbionts are still not completely understood. The dysbiosis of the gastrointestinal tract microbiota is considered to be one of the most
important contributing factors in the development of
many gastrointestinal diseases such as inflammatory
bowel disease, irritable bowel syndrome and colorectal cancer, as well as systemic diseases like obesity,
diabetes, atherosclerosis and non-alcoholic fatty liver
disease. Fecal microbial transplantations appear to be
promising therapies for dysbiosis-associated diseases;
however, probiotic microorganisms have been growing in popularity due to increasing numbers of studies
proving that certain strains present health promoting
properties, among them the beneficial balance of the
intestinal microbiota. Inflammatory bowel diseases and
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obesity are the pathologies in which there are more
studies showing this beneficial association using animal
models and even in human clinical trials. In this review,
the association of the human gut microbiota and human health will be discussed along with the benefits
that probiotics can confer on this symbiotic activity and
on the prevention or treatment of associated diseases.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Probiotics; Dysbiosis; Gut microbiota; Symbiosis; Treatment
Core tip: The human body is colonized by a wide variety of microorganisms that constantly interact with the
host. The dysbiosis of the gut microbiota is considered
to be one of the most important contributing factors in
the development of gastrointestinal as well as systemic
diseases. Many studies relate the health promoting
properties of probiotic microorganisms with a beneficial
balance of the host intestinal microbiota. In this review,
the association of the human gut microbiota and human health will be discussed along with the benefits
that probiotics can confer on this symbiotic activity and
on the prevention or treatment of associated diseases.
de Moreno de leBlanc A, LeBlanc JG. Effect of probiotic administration on the intestinal microbiota, current knowledge
and potential applications. World J Gastroenterol 2014; 20(44):
16518-16528 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i44/16518.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i44.16518

INTRODUCTION
In February 2014, if one performed a MEDLINE search
using the keywords “probiotics” crossed with “microbi-
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ota” or “microbiome”, the total hits would be over 1294
articles. From these, almost 75% (962) were published
in the last 5 years (between 2009 and the beginning of
2014) showing that the association between probiotics
and microbiota is not only recent but also is gaining the
attention of scientists from around the worlds. The objective of this review is to give an overview of the most
recent studies that have shown that the use of probiotics
can modify the human microbiota and in turn can help in
the prevention or treatment of a growing number of diseases that can be caused by a dysbiosis in the microbiota
composition.

DEFINITIONS
Before going any further, it is important to clearly define the 2 terms that are going to be described in this
review, probiotics and microbiota. The most commonly
accepted definition of probiotics was published by the
World Health Organization/Food and Agricultural Organization in 2001 that stated that probiotics are “live
microorganisms which when administered in adequate
amounts confer a health benefit to the host”[1]. However,
according to the International Scientific Association for
Probiotics and Prebiotics (ISAPP), a non-profit scientific
organization dedicated to advancing the science of probiotics and prebiotics, the term probiotic is commonly
misused both commercially, when the term is featured on
products with no substantiation of human health benefits, and scientifically, where the term has been used to
describe bacterial components, dead bacteria or bacteria
with uncharacterized health effects in humans (http://
www.isapp.net/Portals/0/docs/ProbioticDefinitionClarification.pdf). The ISAPP does not provide a new definition for probiotics, it simply points out the important elements that are contained in the FAO/WHO definition.
This being said, they clarify that a probiotic must: (1) be
alive when administered; (2) have undergone controlled
evaluation to document health benefits in the target host;
(3) be a taxonomically defined microbe or combination
of microbes (genus, species and strain level); and (4) be
safe for its intended use.
Although the terms are sometimes used synonymously, “microbiome” and “microbiota” are terms that
describe either the collective genomes of the microorganisms that reside in an environmental niche or the
microorganisms themselves, respectively[2-4]. The term
“microflora” is an equivalent term for “microbiota” that
was used in the past and still appears in recent articles.
The term “microbiota” is thus “the microscopic living
organisms of a region” or “the microorganisms of a
particular site, habitat, or geological period” according to
the Dorland’s Medical Dictionary for Health Consumers
(2007) and the Oxford Dictionary, respectively.
A keyword that has gained a lot of attention is “the
human holobiont”. In this theory, humans did not evolve
as a single species instead they evolved with a complexassociated microbiota, building a kind of “superorgan-
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ism” or holobiont[5]. The human superorganism is a
conglomerate of mammalian and microbial cells, with the
latter estimated to outnumber the former by ten to one
and the microbial genetic repertoire (microbiome) to be
approximately 100-times greater than that of the human
host[6]. The association between the host and its microbiota (also referred to as symbiote) provides a mutual
beneficial relationship. It has recently been shown that
the symbiote not only protects the host from pathogens
but also decreases immune disorders by immunomodulation; while the host provides shelter and nutrients to the
symbiote, the symbiote in turn also improve various body
functions such as digestion to provide essential nutrients
to the host[7].
Although it is now known that the human body is
colonized by a wide variety of microbial populations in
different parts of the human body (such as the mouth,
pharynx and respiratory system, the skin, the gastro- and
urogenital tracts), many effects of these complex interactions are still not completely understood. In this review,
the association of the human gut microbiota and human
health will be discussed along with the benefits that probiotics can confer on this symbiotic activity and on the
prevention or treatment of associated diseases.

EFFECT OF THE HUMAN INTESTINAL
MICROBIOTA ON HEALTH AND
DISEASES
The human body has over 1014 microorganisms in the
gastro-intestinal tract (GIT), literally 10 times more than
the cells of the entire human body itself. In the past, it
was thought that this microbiota was useful for the host
because they could contribute nutrients and energy via
the fermentation of non-digestible dietary components
in the large intestine. Now, it is recognized that the microbiota is also extremely important to human health due
to the emergence of studies that have shown that a dysbiosis of the GIT microbiota can cause diseases or that
in certain diseases there is an observable change in the
composition of this microbiota.
According to a recent review, a healthy microbiota is
defined by high diversity and an ability to resist change
under physiological stress; in contrast, microbiota associated with disease is defined by lower species diversity,
fewer beneficial microbes and/or the presence of pathobionts[8]. In this review, diet-induced dysbiosis was described to be a contributing factor in the development of
gastrointestinal diseases like inflammatory bowel disease,
irritable bowel syndrome and colorectal cancer (CRC),
as well as systemic diseases like obesity, diabetes, atherosclerosis and non-alcoholic fatty liver disease (NAFLD)
(Figure 1).
The close proximity of the GIT microbiota with the
mucosa and gut lymphoid tissue helps explain why a balanced microbiota is likely to preserve mucosal health,
whereas an unbalanced composition, as seen in dysbio-
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Life style
(i.e. , diet, psychological
and physical stress)

Host genetic

Medical treatments
(i.e. , antibiotics)

Dysbiosis

GIT microbiota

Host

Disease

Intestinal
(i.e. , IBD, IBS)

Non-intestinal
(i.e. , obesity, NAFLD,
CDV diseases)

Lower species diversity
Fewer beneficial microbes
Presence of pathobionts

Figure 1 Causes of gastrointestinal tract microbiota dysbiosis and effect on host health. GIT: Gastrointestinal tract; NAFLD: Non-alcoholic fatty liver disease;
IBD: Inflammatory bowel diseases; IBS: Irritable bowel syndrome; CDV: Canine distemper virus.

sis, may increase the prevalence of diseases not only of
the mucosa but also within the body due to the strong
interactions with the gut immune system, the largest immune organ of the body[9]. Such abnormalities have been
pinpointed as etiological factors in a wide range of diseases, including autoimmune disorders, allergy, irritable
bowel syndrome, inflammatory bowel disease, obesity,
and colon cancer. The intestinal mucosa is the body’s first
line of defense against pathogenic and toxic invasions
from food. After ingestion, orally administered antigens
encounter the GALT (Gut Associated Lymphoid Tissue),
which is a well-organized immune network that protects
the host from pathogens and prevents ingested proteins
from hyperstimulating the immune response through a
mechanism called oral tolerance. The main mechanism
of protection given by the GALT is humoral immune
response mediated by secretory IgA (s-IgA) which prevents the entry of potentially harmful antigens, while also
interacting with mucosal pathogens without potentiating
damage. The stimulation of this immune response could
thus be used to prevent certain infectious diseases that
enter the host through the oral route. Numerous studies have shown that certain probiotic strains can increase
s-IgA and modulate the production of cytokines (mediators produced by immune cells) that are involved in the
regulation, activation, growth, and differentiation of immune cells and have recently been reviewed[10].
Inflammatory bowel diseases (IBD), such as Crohn’s
disease (CD), ulcerative colitis (UC) or irritable bowel
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syndrome (IBS) can arise from the disruption of immune
tolerance to the gut commensal microbiota, leading to
chronic intestinal inflammation and mucosal damage in
genetically predisposed hosts[11,12]. The gut microbiota
composition and activity of IBD patients are abnormal,
with a decreased prevalence of dominant members of
the human commensal microbiota (i.e., Clostridium IXa
and Ⅳ groups, Bacteroides, Bifidobacteria) and a concomitant increase in detrimental bacteria (i.e., Sulphate-reducing
bacteria, Escherichia coli)[13]. Enterobacteria and Bacteroides
species have been implicated as important factors in the
observed dysbiosis and in the development and recurrence of IBD[14]. The observed dysbiosis is concomitant
with defective innate immunity and bacterial killing (i.e.,
reduced mucosal defensins and IgA, malfunctioning
phagocytosis) and overaggressive adaptive immune response (due to ineffective regulatory T cells and antigen
presenting cells), which are considered the basis of IBD
pathogenesis.
Changes in the equilibrium of the intestinal microbiota were also associated to the presence of CRC. A
comparative study of the stool microbioma of healthy
individuals and CRC patients showed that butyrateproducing bacterial species were under-represented in
the CRC samples and this finding was correlated with
proportionately lower amounts of butyrate and higher
concentrations of acetate in stools of CRC patients,
compared to the healthy individuals[15]. These results
agree with the conception that butyrate is a microbial me-
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tabolite reported to have anti-tumorigenic effects, which
were associated to the decrease of colonic inflammation,
the reinforcement of the colonic barrier and the decreasing of oxidative stress[16]. Similar results were recently
observed using a 1,2-dimethylhydrazine (DMH)-induced
colon cancer model in rats. The animals from tumour
group showed reduction of butyrate-producing bacteria
such as Roseburia and Eubacterium in the gut microbiota.
This experimental work also showed that DMH-induced
carcinogenesis was associated to decrease of other beneficial species such as Ruminococcus and Lactobacillus in the
gut microbiota of the rats[17]. New studies continue to
show the differences in the intestinal microbiota between
healthy individual and CRC patients. In this sense, it was
described that a reduction of biodiversity and richness of
microbial community, with increases of bacteroides was
associated with colon cancer[18]. The analysis of the exact
mechanisms by which these changes in the intestinal microbiota can be related to colon carcinogenesis are largely
unknown. It was demonstrated that in CRC patients, in
addition to the modification of intestinal metabolites,
changes in the intestinal microbiota influence the host’s
immune response. In this sense, it was demonstrated that
IL-17C has an important role in microbiota-mediated
tumorigenesis[19]. IL-17C was upregulated in human CRC
samples and also in mouse models of CRC. IL-17C was
induced in the intestinal epithelial cells by the dysregulated microbiota and promoted the survival of these cells,
contributing to the tumorogenesis.
A detailed microbiota analysis of a well-characterized
cohort of infants with food allergy (FA) showed that dysbiosis of fecal microbiota with several FA-associated key
phylotypes, but not the overall microbiota diversity, may
play a pathogenic role in FA[20]. In this study, the proportion of abundant Bacteroidetes, Proteobacteria, and Actinobacteria phyla were significantly reduced, while the Firmicutes
phylum was highly enriched in the FA group.
Recent studies have suggested that an imbalance of
the intestinal microbiota may be involved in the development of obesity and type 2 diabetes mellitus (T2DM). In
a recent review it was stated that a high-fat diet may induce dysbiosis, which can result in a low-grade inflammatory state, obesity and other metabolic disorders and that
modifying this diet can play a role in T2DM management
due to positive intestinal microbiota modulation[21]. Also,
a metagenome-wide association study analysis showed
that patients with type 2 diabetes were characterized by
a moderate degree of gut microbial dysbiosis, a decrease
in the abundance of some universal butyrate-producing
bacteria and an increase in various opportunistic pathogens, as well as an enrichment of other microbial functions conferring sulphate reduction and oxidative stress
resistance[22].
In another study, it was suggested that the obesity
epidemic in the United States may be partly driven by the
mass exposure of Americans to foods containing lowresidue antimicrobial agents that can alter the composition of the gut microbiota[23]. Studies that link microbi-
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ome modifying early life events to subsequent obesity
risk provide some indirect evidence to support a causal
role for gut microbiota in the pathogenesis of obesity[24].
Published data have proposed that dysbiosis of gut microbiota (at phyla, genus, or species level) affects host
metabolism and energy storage stating that among the
mechanisms involved, metabolic endotoxemia (higher
plasma LPS levels), gut permeability and the modulation
of gut peptides (GLP-1 and GLP-2) have been proposed
as putative targets[25]. The mechanisms by which the gut
microbiota affects metabolic disorders such as obesity, diabetes, and cardiovascular diseases have been proposed to
be by two major routes: (1) the innate immune response
to the structural components of bacteria [e.g., lipopolysaccharide (LPS)] resulting in inflammation; and (2) bacterial metabolites of dietary compounds (e.g., SCFA from
fiber), which have biological activities that regulate host
functions[26]. The concept of crosstalk, the biochemical
exchange between host and microbiota, is also important
to understand obesity since it maintains the metabolic
health of the superorganism and whose dysregulation is a
hallmark of the obese state[27].
Since the GIT and liver are connected by the portal
venous system, the liver is thus more vulnerable to translocation of bacteria, bacterial products, endotoxin or
secreted cytokines present in the GIT[8]. An obesogenic
microbiota can alternate liver function by stimulating
hepatic triglyceride and modulating systemic lipid metabolism that indirectly impact the storage of fatty acids
in the liver[28]. A recent systematic database search was
conducted and demonstrated that common mechanisms
are involved in many of the local and systemic manifestations of NAFLD that can lead to an increased cardiovascular risk, and IBS, leading to microbial dysbiosis, impaired intestinal barrier and altered intestinal motility[29].
Studies in patients and animal disease models are
shedding new light on the critical roles of the microbiota,
metabolome and host responses in primary and recurrent Clostridium difficile (C. difficile) infection (CDI), which
is the leading cause of antibiotic-associated diarrhea and
pseudomembranous colitis in the healthcare setting[30]. In
a recent study, culture-independent pyrosequencing was
used to compare the distal gut microbiota for individuals
with CDI, subjects with C. difficile-negative nosocomial
diarrhea (CDN), and healthy control subjects[31]. This genomic analysis revealed significant alterations of organism lineages in both the CDI and CDN groups, which
were accompanied by marked decreases in microbial diversity and species richness driven primarily by a paucity
of phylotypes within the Firmicutes phylum. Normally
abundant gut commensal organisms, including the Ruminococcaceae and Lachnospiraceae families and butyrateproducing C2 to C4 anaerobic fermenters, were significantly depleted in the CDI and CDN groups.
These examples of the effects of microbiota dysbiosis are just a few of the most recent studies published on
the subject and show the immense lack of knowledge of
the effect of the holobiont on human health. Correcting
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this dysbiosis is now the aim of many groups due to the
diverse diseases that are directly or indirectly associated
with this imbalance of the symbiotic microbiota.

PROS AND CONS OF FECAL
TRANSPLANTATION ON THE INTESTINAL
MICROBIOTA AND DISEASE
Fecal transplantation and synthetic microbiome transplants are being considered as promising therapies for
dysbiosis-associated diseases.
Fecal microbial transplantation (FMT) is the process
of transplantation of fecal bacteria from a healthy donor
into a host with disease. Clinical criteria for inclusion and
exclusion of both donor and recipient should be performed to limit the risk associated to this procedure and
increase the chances of success[32]. Fecal transplantation
represents a therapy with a high potential of success, and
has been mostly studied in the treatment of chronic gastrointestinal infections[33]. The effectiveness of FMT was
remarkable for recurrent C. difficile infection. Recently, it
was reported that FMT was effective to improve clinical
symptoms and eliminated fecal C. difficile toxins in a study
of 27 patients with recurrent C. difficile infection who
were given a single session of FMT[34]. This effect was associated to increased microbial diversity in all the patients
and the effectiveness was also associated to the correction of the metabolism of bile salts that is disrupted in
patients with recurrent C. difficile infection[35].
Considering that microbial dysbosis is associated to
many intestinal and non-intestinal diseases, FMT was
considered for treatment of different disorders, including
IBS, IBD, insulin resistance, multiple sclerosis, obesity,
and heart diseases[36]. However, its use remains controversial in patients with IBD[37]. There is a study showing the
safety and positive clinical response after FMT in children
and young adults with UC[38]. A totally different response
was also reported where the case of a patient with UC
(quiescent for more than 20 years) who was treated with
FMT for a C. difficile infection and developed a flare of
UC, indicating the need to be cautious in the use of this
procedure in patients with IBD[39]. It was also suggested
the value of characterizing not only the composition but
also the temporal dynamics of the microbiota for a better understanding of FMT efficacy in the treatment of
UC[40].
The current knowledge shows that FMT has a high
potential to be used[41], but controlled trials of FMT in
specific disorders and complemented by animal models
of fecal transplantation, in which variables can be controlled and manipulated, are needed before FMT can
be more accepted and applied clinically. Concerns over
donor-derived infections (especially viral infection that
are not normally detected) also exist, and it is difficult
to quantify the true risk. The possibility to modify the
transplantation of whole microbial communities from a
healthy donor stool by another methodology has also re-
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cently been suggested in which specific fecal microorganisms grown in vitro could afterwards be transplanted[42].
The discovery of these commensal microorganisms will
lead to the development of new probiotics that can replace FMT as applied today.

EFFECT OF PROBIOTIC ADMINISTRATION
ON THE INTESTINAL MICROBIOTA AND
DISEASE
Probiotic microorganisms have been growing in popularity due to increasing numbers of studies proving that certain strains present health promoting properties, among
them the beneficial balance of the intestinal microbiota
that can be also associated to other benefits to the host
(Figure 2A). The most commonly used strains as probiotics are members of Lactobacilli, Enterococci and Bifidobacteria
groups[43]. Lactic acid bacteria (LAB) represent a heterogeneous group of microorganisms that are present in the
normal diet of many people and also in the gastrointestinal and urogenital tract of animals, and some of these
claimed to be probiotics. Although most of the studies
about probiotic have been mainly focused on bacteria,
there are also many reports showing the potential of probiotic yeasts. In this context, Ianiro et al[44] reviewed the
role of the “gut mycome”, and demonstrated that intestinal yeasts fulfill an important role in health maintenance.
Selected yeast strains, especially from Saccharomyces boulardii
were reported as probiotic, and their beneficial effects
against different types of diarrhea were demonstrated using experimental animal models[45] and also in human trials[46,47]. Currently, many products containing LAB or other probiotic microorganisms are available on retail shelves
throughout the world because of the increase consumer
demand for healthier natural foods that can improve their
overall well-being.

EFFECTS OF PROBIOTICS ON
INTESTINAL DISEASES
It has been shown that LAB and other probiotic microorganims can counteract inflammatory processes in
the gut by stabilizing the microbial environment and the
permeability of the intestinal barrier, and by enhancing
the degradation of enteral antigens and altering their immunogenicity[48]. Lactobacillus reuteri (L. reuteri) was used
to prevent colitis in IL-10 knock-out (KO) mice and to
increase the number of lactobacilli in the gastrointestinal tract[49]. The normalization of Lactobacillus levels was
obtained by oral administration of a prebiotic and rectal
swabbing with L. reuteri to neonatal IL-10 KO mice. In a
placebo-controlled trial, orally administered L. salivarius
UCC118 reduced prevalence of colon cancer and mucosal inflammatory activity in IL-10 KO mice by modifying
the intestinal microbiota in these animals with reduction
in C. perfringens, coliforms, and enterococcus levels in the
probiotic fed group[50]. The administration of yoghurt,
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Figure 2 Effect of probiotic administration on gastrointestinal tract dysbiosis (A) or healthy individuals (B) and the interaction of the gastrointestinal tract
microbiota with the host. GIT: Gastrointestinal tract; FMT: Fecal microbial transplantation.

with potential probiotic strains, decreased the inflammation by modulation of the host immune response in a
trinitrobenzene sulphonic-induced mouse model of IBD.
This effect was related to beneficial changes in the large
intestine microbiota of the mice, with increases of bifidobacteria population[51].
The translation of the potential use of probiotics
for IBD patients remains uncertain[52], and even when
some authors reported their effectiveness against specific
pathologies and the modification of GIT microbiota is
one of the benefits attributed to them, there are only
few reports where the fecal microbial composition of
the patients was evaluated. A randomized, double-blind,
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placebo-controlled trial evaluated the effect of a probiotic mixture containing L. acidophilus, L. plantarum, L.
rhamnosus, Bifidobacterium breve (B. breve), B. lactis, B. longum,
and Streptococcus thermophilus in patients with IBS[53]. The
fecal flora composition was analyzed by polymerase
chain reaction denaturing gradient gel electrophoresis
(DGGE) and it was reported that the therapeutic effect
of this probiotic mixture was associated with the stabilization of intestinal microbiota. Another study showed
that probiotic supplementation (Ecologic 825, Winclove,
Amsterdam, the Netherlands) to patients with UC and
severe pouchitis restored the mucosal barrier, which was
correlated with the bacterial diversity of mucosal pouch
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microbiota[54].
Regarding the use of probiotic yeasts, the influence
of the administration of Saccharomyces boulardii on the
composition of the fecal microbiota was evaluated in a
human microbiota-associated mouse model. The animals
received antibiotic treatment that induced modifications in the intestinal microbiota. The administration
of probiotic yeast was related with quicker return to the
initial level for the Clostridium coccoides-Eubacterium rectale
and Bacteroides-Porphyromonas-Prevotella groups,
compared to the control animals without any special administration, and this effect was suggested as a possible
mechanism by which S. boulardii affect beneficially human
with antibiotic-associated diarrhea[55].
The use of probiotic S. boulardii was also examined
in humans, but as was explained for probiotic bacteria,
not many studies in human analyzed the modification of
the intestinal microbiota. Regarding IBD patients, it was
reported that S. boulardii was effective to reduce symptoms of disease and this was related to the improvement
of intestinal microbiota composition[56]. S. boulardii was
also evaluated for the treatment of diarrhea-predominant
IBS and its effect was compared to mesalazine[57]. It
was reported that all the treatments improved the symptoms of the patients; however, mesalazine alone or its
combination with S. boulardii was more effective that the
treatment with the probiotic yeast alone. A recent work
demonstrated that probiotic S. boulardii, associated to
conventional treatment improved the quality of life of
patients with diarrhea-dominant IBS[58]. This effect was
associated to an anti-inflammatory profile of cytokines
in blood and tissues of patients that receive the probiotic
compared to the placebo group.

EFFECTS OF PROBIOTICS ON
NON-INTESTINAL DISEASES
The use of probiotics to beneficially affect the GIT
microbiota was also evaluated in non-intestinal diseases
(Figure 2B). Recent studies suggested that GIT microbiota might play a critical role in the development of obesity
and LAB were pointed as candidate for an anti-obesity
effect[59]. A review from 61 original articles showed that
the main effect observed at the microbiota level (usually
accompanied by weight loss) after probiotic or prebiotic
administration in obese hosts was associated to increases
in bifidobacteria populations[60].
Studies in diet induced obese mice showed that the
supplementation of L. curvatus HY7601 and L. plantarum KY1032 reduced the obesity and modulated proinflammatory and fatty acid oxidation-related genes in the
liver and adipose tissue; and this effect was associated to
modulation of gut microbiota[61]. The relative abundance
of 4 species belonging to the Ruminococcaceae and
Lachnospiraceae families of the order Clostridiales and
phylum Firmicutes were decreased by high fat diet and
increased in mice receiving probiotic treatment. It was
also observed that other GIT microbial species not asso-
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ciated with changes caused by high fat diet were affected
in mice that received probiotics, standing out the relative
abundance of endogenous Bifidobacterium pseudolongum.
VSL#3 is a mixture containing eight different strains
of probiotic bacteria that was evaluated against different
diseases, including the prevention and treatment of obesity and diabetes in several mouse models. This effect was
associated to the modulation of the gut microbiota-short
chain fatty acid (SCFA)-hormone axis[62]. VSL#3 supplementation induced changes in the microbiota that were
associated with an increase in the levels of butyrate, and it
was demonstrated in vitro that this SCFA stimulated the release of GLP-1 from intestinal cells. The hormone GLP-1
reduces food intake and improves glucose tolerance.
Recently, the beneficial effect of L. coryniformis
CECT5711 was demonstrated in a high fat diet induced
mouse model. Probiotic administration to obese mice
induced marked changes in microbiota composition and
reduced the metabolic endotoxemia by decrease of the
LPS plasma level[63].
The effect of probiotics in humans was also observed; however, as was explained for other pathologies,
there are not many articles that evaluate the intestinal
microbiota. A clinical trial with the probiotic bacterium
L. salivarius Ls-33 was conducted in obese adolescents
to investigate the impact on fecal microbiota[64]. Ratios
of Bacteroides-Prevotella-Porphyromonas group to Firmicutes belonging bacteria were significantly increased
after administration of Ls-33; however, these changes
were not related to effects on their metabolic syndrome.
A randomized, double-blind, placebo controlled study
was conducted in order to evaluate the effects of probiotic capsule when combined with herbal medicine in
treatment of obesity[65]. In this trial, each probiotic capsule
contained viable cells Streptococcus thermophillus, L. plantarum,
L. acidophilus, L. rhamnosus, B. lactis, B. longum, and B. breve.
It was reported that probiotic administration prevented
endotoxin production, which can lead to GIT microbiota
dysbiosis associated with obesity. Gut B. breve population
showed negative correlation with endotoxin level.
NAFLD is a disease linked to obesity and the beneficial role of probiotics was also reported[66]. Recently,
it was shown that L. rhamnosus GG protected against
NAFLD in a mice model[67]. The effect was associated
to increase total bacterial numbers including the phyla
Firmicutes and Bacteroidetes in the distal small intestine.
This result was in concordance to the previous one that
reported modulation of the microbiota in the small intestine with a concomitant anti-obesity effect in mice that
received L. rhamnosus GG and L. sakei NR28[68].
The human GIT microbiota has also been related
with a possible cardiovascular risk. GIT microbiota profiles were not only associated with metabolic diseases, but
also the flux of metabolites derived from microbial metabolism of choline, phosphatidylcholine and l-carnitine
that contribute directly to cardiovascular disease. In this
sense, probiotics were reported among dietary strategies
to modulate the GIT microbiota or their metabolic ac-
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tivities[69-71]. The improvement of disease biomarkers, especially plasma cholesterol levels, appears to be possible
after probiotic administration to lower cardiovascular
risk. In this sense, it was shown that the administration
of a probiotic soy product containing Enterococcus faecium
CRL 183 and L. helveticus 416 supplemented or not with
isoflavones was associated with an improved cholesterol
profile and inhibition of atherosclerotic lesion development in a rabbit model[72]. The authors reported that of
Enterococcus spp., Lactobacillus spp. and Bifidobacterium spp.
were negatively correlated with total cholesterol, nonHDL-cholesterol, and lesion size. The intake of the probiotic soy product increased significantly these bacterial
species in the fecal microbiota.

REFERENCES
1

EFFECTS OF PROBIOTICS IN HEALTHY
HOSTS
There are also reports that showed the potential of probiotics in healthy hosts, maintaining a balanced microbiota, which, as was explained above, is an important key for
health. The consumption of a probiotic product containing L. coryniformis CECT5711 and L. gasseri CECT5714
was analyzed in 30 children with no gastrointestinal pathology[73]. An increase in faecal lactobacilli counts was
shown at the end of the experimental protocol, and these
findings were associated to enhancing the defence against
gastrointestinal aggressions and infections and enhancing
the immune function with increase IgA concentration in
faeces and saliva. A recent work reported a clinical trial
that included 40 participants with no known digestive
diseases. Laminaria japonica, a widely used ingredient in
seaweed kimchi, and LAB of traditional fermented Korean food were given to volunteers and was related to increases in the number of some administered LAB species
in their GIT microbiota[74].

2

3

4

5

6

7

CONCLUSION
The dysbiosis of the gastrointestinal tract microbiota
is considered to be one of the contributing factors in
the development of certain gastrointestinal and nongastrointestinal diseases. Fecal transplantations appear to
be promising therapies for dysbiosis-associated diseases;
however, controlled trials of FMT in specific disorders
are needed before FMT can be more accepted and applied clinically. The possibility to modify the traditional
FMT by specific probioitc fecal microorganisms was also
reported and would be a better alternative from a safety
and therapeutic point of views.
Recent reports showed the potential of the administration of specific probiotic strains to improve the balance of the GIT microbiota that is altered in different
diseases, being IBD and obesity the pathologies in which
there are more studies showing this association using
animal models and even in human clinical trials. The importance of probiotic consumption in healthy hosts was
also demonstrated because its relationship with beneficial

WJG|www.wjgnet.com

balance in GIT microbial populations, which is also associated to improved defense against gastrointestinal aggressions and infections and the enhancing of the host’s
immune function.
However, as was explained for FMT, there are not
enough human trials where the application of probiotics
as biotherapeutic agents was evaluated in double-blinded
large scale clinical trials. These assays are very important
before the medical community will accept the addition
of probiotic as supplements for specific patients with
diseases associated to gut microbial dysbiosis as a viable
alternative to FMT.

8
9

10
11
12

13

16525

Food and Agriculture Organization/World Health Organization. Joint FAO/WHO expert consultation on evaluation
of health and nutritional properties of probiotics in food including powder milk with live lactic acid bacteria. Cordoba,
Argentina, 1 to 4 October 2001. Available from: URL: http://
www.who.int/foodsafety/publications/fs_management/
en/probiotics.pdf
Bäckhed F, Ley RE, Sonnenburg JL, Peterson DA, Gordon
JI. Host-bacterial mutualism in the human intestine. Science
2005; 307: 1915-1920 [PMID: 15790844 DOI: 10.1126/science.1104816]
Ley RE, Peterson DA, Gordon JI. Ecological and evolutionary forces shaping microbial diversity in the human intestine. Cell 2006; 124: 837-848 [PMID: 16497592 DOI: 10.1016/
j.cell.2006.02.017]
Turnbaugh PJ, Ley RE, Hamady M, Fraser-Liggett CM,
Knight R, Gordon JI. The human microbiome project. Nature 2007; 449: 804-810 [PMID: 17943116 DOI: 10.1038/nature06244]
Zilber-Rosenberg I, Rosenberg E. Role of microorganisms in
the evolution of animals and plants: the hologenome theory
of evolution. FEMS Microbiol Rev 2008; 32: 723-735 [PMID:
18549407 DOI: 10.1111/j.1574-6976.2008.00123.x]
Fujimura KE, Slusher NA, Cabana MD, Lynch SV. Role of
the gut microbiota in defining human health. Expert Rev Anti
Infect Ther 2010; 8: 435-454 [PMID: 20377338 DOI: 10.1586/
eri.10.14]
Bakhtiar SM, LeBlanc JG, Salvucci E, Ali A, Martin R, Langella P, Chatel JM, Miyoshi A, Bermúdez-Humarán LG, Azevedo V. Implications of the human microbiome in inflammatory bowel diseases. FEMS Microbiol Lett 2013; 342: 10-17
[PMID: 23431991 DOI: 10.1111/1574-6968.12111]
Chan YK, Estaki M, Gibson DL. Clinical consequences of
diet-induced dysbiosis. Ann Nutr Metab 2013; 63 Suppl 2:
28-40 [PMID: 24217034 DOI: 10.1159/000354902]
Vipperla K, O’Keefe SJ. The microbiota and its metabolites
in colonic mucosal health and cancer risk. Nutr Clin Pract
2012; 27: 624-635 [PMID: 22868282 DOI: 10.1177/0884533612
452012]
Ashraf R, Shah NP. Immune system stimulation by probiotic microorganisms. Crit Rev Food Sci Nutr 2014; 54: 938-956
[PMID: 24499072 DOI: 10.1080/10408398.2011.619671]
Matricon J, Barnich N, Ardid D. Immunopathogenesis of
inflammatory bowel disease. Self Nonself 2010; 1: 299-309
[PMID: 21487504]
Koboziev I, Reinoso Webb C, Furr KL, Grisham MB. Role
of the enteric microbiota in intestinal homeostasis and inflammation. Free Radic Biol Med 2014; 68: 122-133 [PMID:
24275541 DOI: 10.1016/j.freeradbiomed.2013.11.008]
Fava F, Danese S. Intestinal microbiota in inflammatory
bowel disease: friend of foe? World J Gastroenterol 2011; 17:
557-566 [PMID: 21350704 DOI: 10.3748/wjg.v17.i5.557]

November 28, 2014|Volume 20|Issue 44|

de Moreno de LeBlanc A et al . Effect of probiotics on intestinal microbiota
14

15

16

17

18

19

20

21

22

23

24
25

26

27

Takaishi H, Matsuki T, Nakazawa A, Takada T, Kado S,
Asahara T, Kamada N, Sakuraba A, Yajima T, Higuchi H,
Inoue N, Ogata H, Iwao Y, Nomoto K, Tanaka R, Hibi T.
Imbalance in intestinal microflora constitution could be involved in the pathogenesis of inflammatory bowel disease.
Int J Med Microbiol 2008; 298: 463-472 [PMID: 17897884 DOI:
10.1016/j.ijmm.2007.07.016]
Weir TL, Manter DK, Sheflin AM, Barnett BA, Heuberger
AL, Ryan EP. Stool microbiome and metabolome differences
between colorectal cancer patients and healthy adults. PLoS
One 2013; 8: e70803 [PMID: 23940645 DOI: 10.1371/journal.
pone.0070803]
Hamer HM, Jonkers D, Venema K, Vanhoutvin S, Troost FJ,
Brummer RJ. Review article: the role of butyrate on colonic
function. Aliment Pharmacol Ther 2008; 27: 104-119 [PMID:
17973645]
Zhu Q, Jin Z, Wu W, Gao R, Guo B, Gao Z, Yang Y, Qin H.
Analysis of the intestinal lumen microbiota in an animal
model of colorectal cancer. PLoS One 2014; 9: e90849 [PMID:
24603888 DOI: 10.1371/journal.pone.0090849]
Huipeng W, Lifeng G, Chuang G, Jiaying Z, Yuankun C. The
differences in colonic mucosal microbiota between normal
individual and colon cancer patients by polymerase chain
reaction-denaturing gradient gel electrophoresis. J Clin Gastroenterol 2014; 48: 138-144 [PMID: 24162169 DOI: 10.1097/
MCG.0b013e3182a26719]
Song X, Gao H, Lin Y, Yao Y, Zhu S, Wang J, Liu Y, Yao X,
Meng G, Shen N, Shi Y, Iwakura Y, Qian Y. Alterations in the
microbiota drive interleukin-17C production from intestinal
epithelial cells to promote tumorigenesis. Immunity 2014; 40:
140-152 [PMID: 24412611 DOI: 10.1016/j.immuni.2013.11.018]
Ling Z, Li Z, Liu X, Cheng Y, Luo Y, Tong X, Yuan L, Wang
Y, Sun J, Li L, Xiang C. Altered fecal microbiota composition associated with food allergy in infants. Appl Environ
Microbiol 2014; 80: 2546-2554 [PMID: 24532064 DOI: 10.1128/
aem.00003-14]
Fallucca F, Porrata C, Fallucca S, Pianesi M. Influence of diet
on gut microbiota, inflammation and type 2 diabetes mellitus. First experience with macrobiotic Ma-Pi 2 diet. Diabetes
Metab Res Rev 2014; 30 Suppl 1: 48-54 [PMID: 24532292 DOI:
10.1002/dmrr.2518]
Qin J, Li Y, Cai Z, Li S, Zhu J, Zhang F, Liang S, Zhang W,
Guan Y, Shen D, Peng Y, Zhang D, Jie Z, Wu W, Qin Y, Xue W,
Li J, Han L, Lu D, Wu P, Dai Y, Sun X, Li Z, Tang A, Zhong S,
Li X, Chen W, Xu R, Wang M, Feng Q, Gong M, Yu J, Zhang
Y, Zhang M, Hansen T, Sanchez G, Raes J, Falony G, Okuda
S, Almeida M, LeChatelier E, Renault P, Pons N, Batto JM,
Zhang Z, Chen H, Yang R, Zheng W, Li S, Yang H, Wang
J, Ehrlich SD, Nielsen R, Pedersen O, Kristiansen K, Wang
J. A metagenome-wide association study of gut microbiota
in type 2 diabetes. Nature 2012; 490: 55-60 [PMID: 23023125
DOI: 10.1038/nature11450]
Riley LW, Raphael E, Faerstein E. Obesity in the United
States - dysbiosis from exposure to low-dose antibiotics?
Front Public Health 2013; 1: 69 [PMID: 24392444 DOI: 10.3389/
fpubh.2013.00069]
Kaplan JL, Walker WA. Early gut colonization and subsequent
obesity risk. Curr Opin Clin Nutr Metab Care 2012; 15: 278-284
[PMID: 22327336 DOI: 10.1097/MCO.0b013e32835133cb]
Cani PD, Osto M, Geurts L, Everard A. Involvement of gut
microbiota in the development of low-grade inflammation
and type 2 diabetes associated with obesity. Gut Microbes
2012; 3: 279-288 [PMID: 22572877 DOI: 10.4161/gmic.19625]
Harris K, Kassis A, Major G, Chou CJ. Is the gut microbiota
a new factor contributing to obesity and its metabolic disorders? J Obes 2012; 2012: 879151 [PMID: 22315672 DOI:
10.1155/2012/879151]
Shen J, Obin MS, Zhao L. The gut microbiota, obesity and
insulin resistance. Mol Aspects Med 2013; 34: 39-58 [PMID:
23159341 DOI: 10.1016/j.mam.2012.11.001]

WJG|www.wjgnet.com

28

29

30

31

32

33
34

35

36

37

38

39

40

41
42
43

16526

Bäckhed F, Ding H, Wang T, Hooper LV, Koh GY, Nagy A,
Semenkovich CF, Gordon JI. The gut microbiota as an environmental factor that regulates fat storage. Proc Natl Acad Sci
USA 2004; 101: 15718-15723 [PMID: 15505215 DOI: 10.1073/
pnas.0407076101]
Scalera A, Di Minno MN, Tarantino G. What does irritable
bowel syndrome share with non-alcoholic fatty liver disease?
World J Gastroenterol 2013; 19: 5402-5420 [PMID: 24023483
DOI: 10.3748/wjg.v19.i33.5402]
Peniche AG, Savidge TC, Dann SM. Recent insights into Clostridium difficile pathogenesis. Curr Opin Infect Dis 2013; 26:
447-453 [PMID: 23982235 DOI: 10.1097/01.qco.0000433318.82618.
c6]
Antharam VC, Li EC, Ishmael A, Sharma A, Mai V, Rand
KH, Wang GP. Intestinal dysbiosis and depletion of butyrogenic bacteria in Clostridium difficile infection and nosocomial diarrhea. J Clin Microbiol 2013; 51: 2884-2892 [PMID:
23804381 DOI: 10.1128/jcm.00845-13]
Di Bella S, Drapeau C, García-Almodóvar E, Petrosillo N.
Fecal microbiota transplantation: the state of the art. Infect
Dis Rep 2013; 5: e13 [PMID: 24470963 DOI: 10.4081/idr.2013.
e13]
Pamer EG. Fecal microbiota transplantation: effectiveness,
complexities, and lingering concerns. Mucosal Immunol 2014;
7: 210-214 [PMID: 24399149 DOI: 10.1038/mi.2013.117]
Dutta SK, Girotra M, Garg S, Dutta A, von Rosenvinge EC,
Maddox C, Song Y, Bartlett JG, Vinayek R, Fricke WF. Efficacy of combined jejunal and colonic fecal microbiota transplantation for recurrent Clostridium difficile Infection. Clin
Gastroenterol Hepatol 2014; 12: 1572-1576 [PMID: 24440222
DOI: 10.1016/j.cgh.2013.12.032]
Weingarden AR, Chen C, Bobr A, Yao D, Lu Y, Nelson
VM, Sadowsky MJ, Khoruts A. Microbiota transplantation
restores normal fecal bile acid composition in recurrent
Clostridium difficile infection. Am J Physiol Gastrointest Liver
Physiol 2014; 306: G310-G319 [PMID: 24284963 DOI: 10.1152/
ajpgi.00282.2013]
Smits LP, Bouter KE, de Vos WM, Borody TJ, Nieuwdorp
M. Therapeutic potential of fecal microbiota transplantation.
Gastroenterology 2013; 145: 946-953 [PMID: 24018052 DOI:
10.1053/j.gastro.2013.08.058]
Damman CJ, Miller SI, Surawicz CM, Zisman TL. The
microbiome and inflammatory bowel disease: is there a
therapeutic role for fecal microbiota transplantation? Am
J Gastroenterol 2012; 107: 1452-1459 [PMID: 23034604 DOI:
10.1038/ajg.2012.93]
Kunde S, Pham A, Bonczyk S, Crumb T, Duba M, Conrad
H, Cloney D, Kugathasan S. Safety, tolerability, and clinical response after fecal transplantation in children and
young adults with ulcerative colitis. J Pediatr Gastroenterol
Nutr 2013; 56: 597-601 [PMID: 23542823 DOI: 10.1097/
MPG.0b013e318292fa0d]
De Leon LM, Watson JB, Kelly CR. Transient flare of ulcerative colitis after fecal microbiota transplantation for recurrent
Clostridium difficile infection. Clin Gastroenterol Hepatol 2013;
11: 1036-1038 [PMID: 23669309 DOI: 10.1016/j.cgh.2013.04.045]
Angelberger S, Reinisch W, Makristathis A, Lichtenberger
C, Dejaco C, Papay P, Novacek G, Trauner M, Loy A, Berry
D. Temporal bacterial community dynamics vary among
ulcerative colitis patients after fecal microbiota transplantation. Am J Gastroenterol 2013; 108: 1620-1630 [PMID: 24060759
DOI: 10.1038/ajg.2013.257]
Aroniadis OC, Brandt LJ. Fecal microbiota transplantation:
past, present and future. Curr Opin Gastroenterol 2013; 29: 79-84
[PMID: 23041678 DOI: 10.1097/MOG.0b013e32835a4b3e]
Petrof EO, Khoruts A. From stool transplants to next-generation microbiota therapeutics. Gastroenterology 2014; 146:
1573-1582 [PMID: 24412527 DOI: 10.1053/j.gastro.2014.01.004]
Ouwehand AC, Salminen S, Isolauri E. Probiotics: an overview of beneficial effects. Antonie Van Leeuwenhoek 2002; 82:

November 28, 2014|Volume 20|Issue 44|

de Moreno de LeBlanc A et al . Effect of probiotics on intestinal microbiota

44

45

46

47

48

49

50

51

52

53

54

55

56

279-289 [PMID: 12369194]
Ianiro G, Bruno G, Lopetuso L, Beghella FB, Laterza L, D’
Aversa F, Gigante G, Cammarota G, Gasbarrini A. Role of
yeasts in healthy and impaired gut microbiota: the gut mycome. Curr Pharm Des 2014; 20: 4565-4569 [PMID: 24180411]
Martins FS, Dalmasso G, Arantes RM, Doye A, Lemichez
E, Lagadec P, Imbert V, Peyron JF, Rampal P, Nicoli JR,
Czerucka D. Interaction of Saccharomyces boulardii with
Salmonella enterica serovar Typhimurium protects mice and
modifies T84 cell response to the infection. PLoS One 2010; 5:
e8925 [PMID: 20111723 DOI: 10.1371/journal.pone.0008925]
Burande MA. Comparison of efficacy of Saccharomyces
boulardii strain in the treatment of acute diarrhea in children: A prospective, single-blind, randomized controlled
clinical trial. J Pharmacol Pharmacother 2013; 4: 205-208 [PMID:
23960427 DOI: 10.4103/0976-500X.114603]
Shan LS, Hou P, Wang ZJ, Liu FR, Chen N, Shu LH, Zhang
H, Han XH, Han XX, Cai XX, Shang YX, Vandenplas Y.
Prevention and treatment of diarrhoea with Saccharomyces
boulardii in children with acute lower respiratory tract infections. Benef Microbes 2013; 4: 329-334 [PMID: 24311316 DOI:
10.3920/BM2013.0008]
de Moreno de Leblanc A, Del Carmen S, Zurita-Turk M,
Santos Rocha C, van de Guchte M, Azevedo V, Miyoshi A,
Leblanc JG. Importance of IL-10 modulation by probiotic
microorganisms in gastrointestinal inflammatory diseases.
ISRN Gastroenterol 2011; 2011: 892971 [PMID: 21991534 DOI:
10.5402/2011/892971]
Isolauri E, Salminen S, Ouwehand AC. Microbial-gut interactions in health and disease. Probiotics. Best Pract Res
Clin Gastroenterol 2004; 18: 299-313 [PMID: 15123071 DOI:
10.1016/j.bpg.2003.10.006]
Madsen KL, Doyle JS, Jewell LD, Tavernini MM, Fedorak
RN. Lactobacillus species prevents colitis in interleukin 10
gene-deficient mice. Gastroenterology 1999; 116: 1107-1114
[PMID: 10220502]
O’Mahony L, Feeney M, O’Halloran S, Murphy L, Kiely B,
Fitzgibbon J, Lee G, O’Sullivan G, Shanahan F, Collins JK.
Probiotic impact on microbial flora, inflammation and tumour development in IL-10 knockout mice. Aliment Pharmacol Ther 2001; 15: 1219-1225 [PMID: 11472326]
Chaves S, Perdigon G, de Moreno de LeBlanc A. Yoghurt
consumption regulates the immune cells implicated in
acute intestinal inflammation and prevents the recurrence
of the inflammatory process in a mouse model. J Food Prot
2011; 74: 801-811 [PMID: 21549052 DOI: 10.4315/0362-028X.
JFP-10-375]
Sinagra E, Tomasello G, Cappello F, Leone A, Cottone M,
Bellavia M, Rossi F, Facella T, Damiani P, Zeenny MN, Damiani F, Abruzzo A, Damiano G, Palumbo VD, Cocchi M,
Jurjus A, Spinelli G, Lo Monte AI, Raimondo D. Probiotics,
prebiotics and symbiotics in inflammatory bowel diseases:
state-of-the-art and new insights. J Biol Regul Homeost Agents
2013; 27: 919-933 [PMID: 24382173]
Ki Cha B, Mun Jung S, Hwan Choi C, Song ID, Woong Lee
H, Joon Kim H, Hyuk J, Kyung Chang S, Kim K, Chung WS,
Seo JG. The effect of a multispecies probiotic mixture on the
symptoms and fecal microbiota in diarrhea-dominant irritable bowel syndrome: a randomized, double-blind, placebocontrolled trial. J Clin Gastroenterol 2012; 46: 220-227 [PMID:
22157240 DOI: 10.1097/MCG.0b013e31823712b1]
Persborn M, Gerritsen J, Wallon C, Carlsson A, Akkermans
LM, Söderholm JD. The effects of probiotics on barrier function and mucosal pouch microbiota during maintenance
treatment for severe pouchitis in patients with ulcerative
colitis. Aliment Pharmacol Ther 2013; 38: 772-783 [PMID:
23957603 DOI: 10.1111/apt.12451]
Makuuchi M, Takayama T, Kosuge T, Yamazaki S, Yamamoto J, Hasegawa H, Takayasu K. The value of ultrasonography for hepatic surgery. Hepatogastroenterology 1991; 38:

WJG|www.wjgnet.com

57

58

59

60

61

62

63

64

65

66

67

68

69

70
71

16527

64-70 [PMID: 1851131 DOI: 10.1016/j.anaerobe.2008.04.003]
Avalueva EB, Uspenskiĭ IuP, Tkachenko EI, Sitkin SI. [Use of
Saccharomyces boulardii in treating patients inflammatory
bowel diseases (clinical trial)]. Eksp Klin Gastroenterol 2010; (7):
103-111 [PMID: 21033091]
Bafutto M, Almeida JR, Leite NV, Costa MB, Oliveira EC,
Resende-Filho J. Treatment of diarrhea-predominant irritable bowel syndrome with mesalazine and/or Saccharomyces boulardii. Arq Gastroenterol 2013; 50: 304-309 [PMID:
24474234 DOI: 10.1590/S0004-28032013000400012]
Tsai YT, Cheng PC, Pan TM. Anti-obesity effects of gut microbiota are associated with lactic acid bacteria. Appl Microbiol Biotechnol 2014; 98: 1-10 [PMID: 24232731 DOI: 10.1007/
s00253-013-5346-3]
da Silva ST, dos Santos CA, Bressan J. Intestinal microbiota;
relevance to obesity and modulation by prebiotics and probiotics. Nutr Hosp 2013; 28: 1039-1048 [PMID: 23889619 DOI:
10.3305/nh.2013.28.4.6525]
Park DY, Ahn YT, Park SH, Huh CS, Yoo SR, Yu R, Sung
MK, McGregor RA, Choi MS. Supplementation of Lactobacillus curvatus HY7601 and Lactobacillus plantarum KY1032
in diet-induced obese mice is associated with gut microbial
changes and reduction in obesity. PLoS One 2013; 8: e59470
[PMID: 23555678 DOI: 10.1371/journal.pone.0059470]
Yadav H, Lee JH, Lloyd J, Walter P, Rane SG. Beneficial
metabolic effects of a probiotic via butyrate-induced GLP-1
hormone secretion. J Biol Chem 2013; 288: 25088-25097 [PMID:
23836895 DOI: 10.1074/jbc.M113.452516]
Toral M, Gómez-Guzmán M, Jiménez R, Romero M, Sánchez M, Utrilla MP, Garrido-Mesa N, Rodríguez-Cabezas
ME, Olivares M, Gálvez J, Duarte J. The probiotic Lactobacillus coryniformis CECT5711 reduces the vascular pro-oxidant
and pro-inflammatory status in obese mice. Clin Sci (Lond)
2014; 127: 33-45 [PMID: 24410749 DOI: 10.1042/cs20130339]
Larsen N, Vogensen FK, Gøbel RJ, Michaelsen KF, Forssten
SD, Lahtinen SJ, Jakobsen M. Effect of Lactobacillus salivarius Ls-33 on fecal microbiota in obese adolescents. Clin
Nutr 2013; 32: 935-940 [PMID: 23510724 DOI: 10.1016/
j.clnu.2013.02.007]
Lee SJ, Bose S, Seo JG, Chung WS, Lim CY, Kim H. The
effects of co-administration of probiotics with herbal medicine on obesity, metabolic endotoxemia and dysbiosis: A
randomized double-blind controlled clinical trial. Clin Nutr
2013; Epub ahead of print [PMID: 24411490 DOI: 10.1016/
j.clnu.2013.12.006]
Kelishadi R, Farajian S, Mirlohi M. Probiotics as a novel
treatment for non-alcoholic Fatty liver disease; a systematic
review on the current evidences. Hepat Mon 2013; 13: e7233
[PMID: 23885277 DOI: 10.5812/hepatmon.7233]
Ritze Y, Bárdos G, Claus A, Ehrmann V, Bergheim I, Schwiertz A, Bischoff SC. Lactobacillus rhamnosus GG protects
against non-alcoholic fatty liver disease in mice. PLoS One
2014; 9: e80169 [PMID: 24475018 DOI: 10.1371/journal.
pone.0080169]
Ji YS, Kim HN, Park HJ, Lee JE, Yeo SY, Yang JS, Park SY,
Yoon HS, Cho GS, Franz CM, Bomba A, Shin HK, Holzapfel
WH. Modulation of the murine microbiome with a concomitant anti-obesity effect by Lactobacillus rhamnosus GG and
Lactobacillus sakei NR28. Benef Microbes 2012; 3: 13-22 [PMID:
22348905 DOI: 10.3920/bm2011.0046]
Ebel B, Lemetais G, Beney L, Cachon R, Sokol H, Langella
P, Gervais P. Impact of probiotics on risk factors for cardiovascular diseases. A review. Crit Rev Food Sci Nutr 2014; 54:
175-189 [PMID: 24188267 DOI: 10.1080/10408398.2011.57936
1]
Taga ME, Walker GC. Pseudo-B12 joins the cofactor family. J
Bacteriol 2008; 190: 1157-1159 [PMID: 18083805]
Tuohy KM, Fava F, Viola R. ‘The way to a man’s heart is
through his gut microbiota’--dietary pro- and prebiotics for
the management of cardiovascular risk. Proc Nutr Soc 2014; 73:

November 28, 2014|Volume 20|Issue 44|

de Moreno de LeBlanc A et al . Effect of probiotics on intestinal microbiota

72

73

172-185 [PMID: 24495527 DOI: 10.1017/s0029665113003911]
Cavallini DC, Suzuki JY, Abdalla DS, Vendramini RC,
Pauly-Silveira ND, Roselino MN, Pinto RA, Rossi EA. Influence of a probiotic soy product on fecal microbiota and its
association with cardiovascular risk factors in an animal
model. Lipids Health Dis 2011; 10: 126 [PMID: 21801422 DOI:
10.1186/1476-511x-10-126]
Lara-Villoslada F, Sierra S, Boza J, Xaus J, Olivares M. [Ben-

74

eficial effects of consumption of a dairy product containing
two probiotic strains, Lactobacillus coryniformis CECT5711
and Lactobacillus gasseri CECT5714 in healthy children].
Nutr Hosp 2007; 22: 496-502 [PMID: 17650892]
Ko SJ, Kim J, Han G, Kim SK, Kim HG, Yeo I, Ryu B, Park
JW. Laminaria japonica combined with probiotics improves
intestinal microbiota: a randomized clinical trial. J Med Food
2014; 17: 76-82 [PMID: 24456357 DOI: 10.1089/jmf.2013.3054]
P- Reviewer: Baryshnikova NV, Servin AL S- Editor: Qi Y
L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

16528

November 28, 2014|Volume 20|Issue 44|

World J Gastroenterol 2014 November 28; 20(44): 16529-16534
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i44.16529

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (18): Pancreatitis

Drug induced acute pancreatitis: Does it exist?
Scott Tenner
Scott Tenner, Division of Gastroenterology, Department of
Medicine, State University of New York, Brooklyn, NY 11235,
United States
Scott Tenner, Downstate Medical Center, State University of
New York, Brooklyn, NY 11235, United States
Author contributions: Tenner S wrote the manuscript based on
prior work with Nison Badalov and William Steinberg.
Correspondence to: Scott Tenner, MD, MPH, Division of
Gastroenterology, Department of Medicine, State University of
New York, 2211 Emmons Ave, Brooklyn, NY 11235,
United States. drtenner@brooklyngi.com
Telephone: +1-51-63160830 Fax: +1-718-3682249
Received: March 10, 2014 Revised: May 8, 2014
Accepted: July 15, 2014
Published online: November 28, 2014

Abstract
As the incidence of acute pancreatitis continues to rise,
establishing the etiology in order to prevent recurrence
is important. Although the etiology of acute pancreatitis
is not difficult in the majority of patients, almost a quarter of patients are initially labeled as having idiopathic
acute pancreatitis. When confronted with a patient
with acute pancreatitis and no clear etiology defined as
an absence alcoholism, gallstones (ultrasound and/or
MRI), a normal triglyceride level, and absence of tumor,
it often appears reasonable to consider a drug as the
cause of acute pancreatitis. Over 100 drugs have been
implicated by case reports as causing acute pancreatitis. While some of these case reports are well written,
many case reports represent poorly written experiences
of the clinician simply implicating a drug without a
careful evaluation. Over-reliance on case reports while
ignoring randomized clinical trials and large pharmacoepidemiologic surveys has led to confusion about drug
induced acute pancreatitis. This review will explain that
drug induced acute pancreatitis does occur, but it is
rare, and over diagnosis leads to misconceptions about
the disease resulting in inappropriate patient care, increased litigation and a failure to address the true entity: idiopathic acute pancreatitis.
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Core tip: While the literature has reported over 130
drugs as causing acute pancreatitis, the evidence that
these drugs have a true causal role is lacking in the
vast majority of drugs. While idiopathic pancreatitis is
common, accounting for almost a third of patients with
acute pancreatitis, drug induced acute pancreatitis is
probably an uncommon, perhaps a rare disease. Before
a clinician blames a drug as causing acute pancreatitis,
a thorough evaluation for more common causes should
be made, even a consideration that the disease is
merely idiopathic.
Tenner S. Drug induced acute pancreatitis: Does it exist? World J
Gastroenterol 2014; 20(44): 16529-16534 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i44/16529.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i44.16529

PROBLEM OF IDIOPATHIC PANCREATITIS
Idiopathic Acute Pancreatitis accounts for 20-40 percent
of patients with acute pancreatitis[1,2]. That is, normally,
approximately a third of patients who present with acute
pancreatitis defy the clinician’s ability to determine what
caused the disease. Idiopathic acute pancreatitis is defined
as acute pancreatitis with no etiology established after
initial laboratory (including lipid and calcium level) and
imaging tests (trans-abdominal ultrasound, MRI and CT
in the appropriate patient)[3]. These patients do not have
gallstones, a significant history of alcohol use, hypertriglyceridemia and a tumor. Anatomic and physiologic
anomalies of the pancreas occur in 10%-15% of the
population, including pancreas divisum and sphincter of
Oddi dysfunction[4]. However, it remains controversial if
these disorders alone cause acute pancreatitis.

16529

November 28, 2014|Volume 20|Issue 44|

Tenner S. Drug induced acute pancreatitis

There may be a combination of factors, including
anatomic and genetic, that predispose to the development
of acute pancreatitis in susceptible individuals[5]. The
influence of genetic defects, such as cationic trypsinogen mutation, SPINK, or CFTR mutations, in causing
acute pancreatitis is being increasingly recognized. These
defects, furthermore, may also increase the risk of acute
pancreatitis in patients with anatomic anomalies, such as
pancreas divisum[6]. The idea that acute pancreatitis may
result from a combination of factors working together
should not be a surprise when one considers that most
patients with gallstones, hypertriglyceridemia, alcoholism
and pancreas divisum will never develop acute pancreatitis.
Clinician’s caring for a patient with acute pancreatitis
yearn to find a diagnosis to prevent a recurrent attack.
This is compounded by the patient’s desire to understand
what has happened to them to cause so much pain and
suffering. In addition to endoscopic interventions, clinicians search the literature for possible causes. The profession demands it, the patient’s deserve it, and the literature
provides a plethora of possibilities.

DRUGS AS A CAUSE OF ACUTE
PANCREATITIS
Most patients who are admitted to a hospital are already
taking a medication. Nearly 240 million Americans take
at least one prescription drug weekly, and pharmacies fill
over ten million prescriptions each day[7]. Over 100 drugs
have been reported to cause acute pancreatitis in the scientific literature. Most reviews claim that drug induced
acute pancreatitis accounts for 3%-5% of all cases of
acute pancreatitis[8]. The diagnosis of drug induced acute
pancreatitis is difficult to establish since drug-induced
pancreatitis rarely is accompanied by clinical or laboratory
evidence of a drug reaction, such as rash, lymphadenopathy, and/or eosinophilia, few ancillary data are available
to help with the diagnosis.
While a few medications have been reported to cause
acute pancreatitis based on a large body of evidence,
most of the drugs implicated are based on case reports
that suffer from a combination of inadequate criteria
for the diagnosis of acute pancreatitis, failure to rule out
more common etiologies, and/or lack of a rechallenge
with the medication[9]. A rechallenge is a case in which a
patient who develops acute pancreatitis has the medication suspected as causing acute pancreatitis withheld.
After the acute pancreatitis resolves, the medication is restarted (typically as the medication was not originally suspected of causing the acute pancreatitis). Within a period
of time (typically shorter), after the medication is restarted, the patient has another attack of acute pancreatitis. A
valid rechallenge case report should be considered when
evaluating whether a particular drug causes acute pancreatitis; however, it is not proof of causation. For example,
it is clear that many patients with idiopathic pancreatitis
or microlithiasis have recurrent attacks of acute pan-
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Table 1 Classification of drug induced pancreatitis
Class Ⅰa drugs
At least 1 case report with positive rechallenge, excluding all
other causes, such as alcohol, hypertriglyceridemia,
gallstones, and other drugs
Class Ⅰb drugs
At least 1 case report with positive rechallenge; however, other
causes, such as alcohol, hypertriglyceridemia, gallstones, and
other drugs were not ruled out
Class Ⅱ drugs
At least 4 cases in the literature
Consistent latency (75% of cases)
Class Ⅲ drugs
At least 2 cases in the literature
No consistent latency among cases
No rechallenge
Class Ⅳ drugs
Drugs not fitting into the earlier-described classes, single case report
published in medical literature, without rechallenge

creatitis. Therefore, stopping and restarting a drug with
recurrence of pancreatitis may be a coincidence and not
cause and effect[10].
Badalov et al[9] published an extensive review of published case reports in the peer reviewed literature. Using
criteria based on the presence of a rechallenge, latency,
and the number of case reports (Table 1), a classification
system “based on the evidence” was provided. Table 2
shows the medications from the published case reports
with the “most evidence” of causing acute pancreatitis.
At the time the authors published the paper, none of
them were aware that the United States Food and Drug
Administration (“FDA”) and trial lawyers would use the
classification as a partial basis for assigning blame to
drugs as causing acute pancreatitis[11].

FDA ADVERSE EVENT REPORTING
SYSTEM
Through the Federal Food, Drug, and Cosmetic Act
(“FDCA”), the FDA is empowered to verify the safety
of drugs on the market[12]. Although the FDA employs a
rigorous review process to ascertain the safety and efficacy of drugs prior to approval, reports have consistently
warned that pre-market research often fails to provide
an accurate risk-benefit profile for marketed products[13].
Many drugs come to the market and subsequently are
found to have significant side effects that pre-market trials did not reveal[14]. To rectify this problem, the FDA
had developed the Adverse Event Reporting System
(FAERS)[15].
Based on “MedWatch Reports”[16] filed by interested
clinicians, the FDA’s reporting programs generate a “deluge of information. Annually the agency has received
more than 200000 adverse event reports regarding drugs
or biologic products. It is not surprising that the agency
describes its analysis of this flood of data as triage[17].
The reports are typically incomplete and often, biased.
Although more work on the database and system is need-
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Table 2 Summary of drug-induced acute pancreatitis

Table 3 Methods of causal inference

Class 1a
Azodisalicylate; Bezafibrate; Cannabis; Carbimazole; Codeine;
Cytosine; Arabinoside; Dapsone; Enalapril; Furosemide;
Isoniazid; Mesalamine; Metronidazole; Pentamidine; Pravastatin;
Procainamide; Pyritonol; Simvastatin; Stibogluconate;
Sulfamethoxazole; Sulindac; Tetracycline; Valproic acid
Class 1b
All trans-retinoic acid; Amiodarone; Azathioprine; Clomiphene;
Dexamethasone; Ifosfamide; Lamivudine; Losartan; Lynesterol/
methoxyethinylestradiol; 6-MP; Meglumine; Methimazole;
Nelfinavir; Norethindronate/mestranol; Omeprazole; Premarin;
Sulfamethazole; Trimethoprimsulfamethazole
Class 2
Acetaminophen; Chlorthiazide; Clozapine; DDI; Erythromycin;
Estrogen; L-asparaginase; Pegasparagase; Propofol; Tamoxifen

Randomized controlled trials
Controlled trials without randomization
Cohort studies
Case-control studies
Ecologic studies
Case reports and case series

ed to distinguish reliable findings from “variability and
noise”, more resources are necessary and lacking[18].
Despite incomplete data, the FDA often relying on
the FAERS will issue warnings and require manufacturers
to add “black box warnings” intended to alert physicians
to the importance of the adverse information learned.
However, with premature data causing unsubstantiated
fears, the FDA has added, modified, and often removed
black box warnings from the drugs in question. The addition of these black box warnings has fueled litigation[17].

AN ILLUSTRATION OF THE FALLACY OF
DRUG INDUCED ACUTE PANCREATITIS:
EXENATIDE (BYETTA®)
The claim that Byetta (exenatide and other GLP-1 agonists) cause acute pancreatitis exemplifies the problem
with drug induced acute pancreatitis. Based on case
reports, especially following the criteria set forth in the
paper by Badalov et al[9] MedWatch reports, the FAERS,
resultant black box warnings, and poor science, confusion
and litigation resulted as “experts” claimed the exenatide
caused acute pancreatitis.
Exenatide, an incretin mimetic, was approved as Byetta by the FDA on April 25, 2005. The drug is an adjunctive therapy to improve glycemic control in patients with
type Ⅱ diabetes mellitus. The first published case reports
of acute pancreatitis thought to be caused by exenatide
appeared shortly after the drug was approved[19]. Additionally, by December 31, 2006, according to the FAERS
database, there were 48 documented domestic cases of
acute pancreatitis in patients taking exenatide[20]. Noting
slightly more cases of acute pancreatitis than expected in
the general population, the FDA asked the manufacturer,
Lilly and Amylin Pharmaceuticals to strengthen the labeling of acute pancreatitis from the Adverse Reactions
section to the Warnings and Precautions section of the
exenatide label.
While the FDA was comparing the incidence of acute
pancreatitis in the exenatide using diabetic population
to the general population, it is not clear that they were
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aware that diabetic persons were at a significant increased
risk of developing acute pancreatitis. For a variety of
reasons, including increased incidence of gallstones and
hypertriglyceridemia, the incidence of acute pancreatitis
in patients with diabetes is higher than the general population[21]. Therefore, regardless of the drug used, if one
simply compared the normal population incidence of
acute pancreatitis with the diabetic population, one would
find a higher incidence in the diabetics. This is a classic
confounding variable rather than a drug effect.
The limitations to Medwatch reports cannot be over
stated. In many reports the diagnosis of acute pancreatitis is not clearly established. Thus, there is no reason to
proceed with considering the case as the adverse event
suspected may be another pathology in the abdomen.
Misdiagnosis of acute pancreatitis often occurs by clinicians who search for a reason for abdominal pain and
merely rely on mild elevations in the amylase and lipase
to reach a diagnosis. This is not appropriate, however, as
any inflammatory process in the abdomen can cause a
mild 2-3 fold elevation of the amylase and/or lipase[22].
Additionally, many patients with diabetes have been
shown to have mild elevations, greater than three times
the upper limit of normal, of amylase and/or lipase[23].
Thus, many patients with abdominal pain from other
sources are falsely labeled as having acute pancreatitis. In
the patients who truly have acute pancreatitis, many of
the reports fail to identify if the patient has more likely
causes of acute pancreatitis, such as gallstones, a history
of alcoholism, hypertriglyceridemia[9].
Despite the limitations to the reports and the FDA’s
position that the FAERS is for hypothesis testing, Elashoff and colleagues[24] examined the FAERS database
from 2004-2009 for reported adverse events for exenatide and other medications (which served as controls) in
order to determine if patients were at an increased risk
of developing pancreatitis. The authors found that the
risk of developing pancreatitis from exenatide was higher
compared to from other therapies, but importantly the issue of reporting bias could not be entirely ruled out.
Although the FDA agreed to study the issue further,
in the meantime it required Amylin and Lilly to alert
health care professionals in several ways - including via
industry letters, published articles, and reports of these
cases in the FDA Newsletter[25]. The result was a surge
of FAERS cases involving exenatide as a cause of acute
pancreatitis immediately followed the FDA notification
requirement. Despite the obvious reporting bias induced
by the FDA notification, and the failure of the FDA to
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Table 4 Bradford Hill criteria for causation
Temporality - causal factor must precede effect
Strength of association - magnitude of the relative risk estimates observed
Consistency of the association - extent to which scientific results are similar across the entire body of evidence
Biologic gradient (dose-response) - the extent to which the relative risk estimates increase in magnitude as the dose of the exposure increases
Biologic plausibility - the extent to which a mechanism of action has been proposed, studied and demonstrated in toxicological or other laboratory based
studies
Specificity - refers to the precision with which the exposure and the outcome can be defined
Coherence - the extent to which the evidence and hypotheses for the results fit together into a reasonable and well-tested explanation
Experimentation - the extent to which a randomized clinical trials or cohort studies are available
Analogy - the extent that the purported exposure-disease relationship under consideration is similar to other relationships

note that the population using exenatide-diabetics-inherently had a predisposition for acute pancreatitis, the FDA
subsequently added a black box warning to the drug’s labeling. The black box warning stated that exenatide could
cause acute pancreatitis[26].
Immediately thereafter, thousands of persons who
had developed acute pancreatitis while taking exenatide
initiated multiparty litigation suits. They relied on the
FAERS database and resultant black box warning. The
plaintiffs, diabetics already at risk for developing acute
pancreatitis, claimed that the defendants Lilly and Amylin
Corporations knew or should have known of the hazards
associated with exenatide in causing acute pancreatitis.
In addition, by claiming that the defendants actively
concealed information that demonstrated the dangers
of their drug and thus misled the public and prescribing
physicians, the plaintiffs were granted broad access to
company documents during discovery[27]. The costs of
litigation skyrocketed.
Despite the persistent litigation occurring, over the
last year, the FDA independently evaluated the post marketing reports that exenatide was a cause of acute pancreatitis. After an exhaustive evaluation of more than 250
toxicology studies conducted in nearly 18000 live animals,
no evidence of pancreatic disease was found[28]. In addition to the laboratory data, the FDA reviewed data from
200 trials (including other GLP-1 agonists), involving
41000 patients, and found no evidence of an increased
risk of pancreatic disease. The FDA has promulgated
that “assertions concerning a causal relationship between
incretin drugs are inconsistent with the scientific literature. Simply, despite case reports and MedWatch reports,
exenatide does not cause acute pancreatitis.

RETHINKING CAUSATION
It is important to use the general scientific method in
making causal claims about human health and disease[29].
The basic structure of the scientific method to determine
causation includes: hypothesis generation, observable predictions, alternatives, and tests to distinguish between the
causal hypothesis of interest and its alternatives. There
could be competing explanations for any scientific observation. Epidemiologic methods involving human subjects
are the most important means for identifying and testing
hypotheses involving human disease causation. Random-
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ized controlled trials are the strongest means and case
reports are the lowest means[30] (Table 3). The use of the
scientific method avoids falsely claiming causation when
the truth is mere chance. Chance is not the only alternative to causation, but must be considered strongly.
The criteria of causation is best understood by the
Hill criteria[31]. An “association” in this methodology is
not satisfied by the existence of individuals with exposure
to the putative cause and the disease of concern. Rather,
an “association” from a causal perspective would only
exist if a statistically-significant relationship (e.g., between
the rate of acute pancreatitis in patients with diabetes
mellitus patients exposed to exenatide and the rate of
acute pancreatitis in similar diabetic patients not exposed
to exenatide) was demonstrated in analytical epidemiological studies. Those studies should be well-designed,
with careful attention to diagnostic criteria, adherence to
medication, control of confounders, and avoidance (or
correction) of important sources of bias. Case reports
would never meet this level of evidentiary need to determine causation.
Hill’s 9 criteria evaluate the totality of evidence for
causation evaluating for temporality, strength of association, consistency of the association, the presence of a
biologic gradient (dose-response), biologic plausibility,
specificity, coherence, experimentation and analogy (Table
4). In applying the 9 criteria to a drug like exenatide, the
evidence shows no causal association. There is no temporality as the latency for exenatide causing acute pancreatitis varies among the reports. As to strength, large epidemiologic studies show no causal relationship of exenatide
to acute pancreatitis. There is no consistency of the data.
Results from clinical trials, epidemiology, case reports,
and animal studies are inconsistent. Based on animal and
clinical trial data there is no biologic plausibility (no established mechanism) or gradient. There is no evidence
that increase in dosage and/or increase in time results
in a linear increase in episodes of acute pancreatitis.
Experimental data, in both animals and humans, do not
establish that exenatide is a cause of acute pancreatitis.
There is also a coherence that exenatide does not cause
acute pancreatitis from laboratory, clinical, case report,
and epidemiologic studies. Analogy to other anti-diabetic
drugs does not strengthen the causal hypothesis as other
GLP-1 agonists have also been shown not to cause acute
pancreatitis from clinical trials.
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Making reliable causal claims in pharmacovigilance
is difficult if not impossible when case reports and case
series are used as the primary evidentiary source[15]. While
the case reports and series generate hypothesis testing, as
was shown for exenatide, it is irresponsible to assign causation based on causal hypothesis[32].

DRUG INDUCED ACUTE PANCREATITIS
AND IDIOPATHIC ACUTE PANCREATITIS
Although the vast majority of drugs that have been purported to cause acute pancreatitis probably do not, drug
induced acute pancreatitis does exist! When evaluating
drugs for causation on the basis of the evidence as described by Hill, two drugs meet the evidence of causation: Azathioprine (and its metabolite 6-mercaptopurine)
and 2’3’-dideozyinosine (DDI). The strong evidence
comes not from case reports but a consideration of the
totality of the evidence, including randomized prospective trials, cohort trials, case reports and a molecular basis[33,34]. For example, in the National Cooperative Crohn’s
Disease study, almost 6% of the 116 patients treated with
6-MP developed acute pancreatitis[35]. Similarly, Haber et
al[36] treated 400 patients with inflammatory bowel disease with 6-MP and 3.25% developed acute pancreatitis.
There are many more randomized trials that support the
simplistic case reports.
More recently, Floyd et al[34] performed a large population based study including 1388 patients taking azathioprine and 13836 controls in a single county. The
incidence rate for acute pancreatitis among all users of
azathioprine was one per 659 treatment year. The crude
odds ratio (OR) of having redeemed prescriptions for
azathioprine within 90 d before admission for acute
pancreatitis was 7.5 (95%CI: 2.6-21.6). After adjustment
for gallstone disease, alcohol-related diseases, inflammatory bowel disease, and use of glucocorticoids, the OR
increased to 8.4 (95%CI: 2.4-29.4). Although there was a
significant risk of persons on azathioprine in developing
acute pancreatitis, the population-attributable risk, which
measures the proportion of all cases of pancreatitis that
are attributable to the use of azathioprine in this study
population, was 0.4%.
This finding of less than a half percent attributable
risk of azathioprine as a cause of acute pancreatitis is extremely important when considering the claims that drug
induced acute pancreatitis accounts for 3%-5% of all
cases[37-39]. In the absence of data from controlled clinical trials and large pharmacoepidemiologic trials, there is
little to no evidence that other drugs cause acute pancreatitis. Although similar data exists for DDI, the drug is
not widely used at this time[40,41]. Therefore, drug induced
acute pancreatitis probably accounts for less than 1% of
cases, and maybe extremely rare in patients who are not
taking obvious drugs.
Premarket approval and post-marketing surveillance
has become sensitive to determining complications of
drugs such as acute pancreatitis. Randomized controlled
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trials that evaluate for other complications, such as cardiac complications, would detect significant risks of drugs
causing acute pancreatitis[42]. In addition, large pharmacoepidemiologic databasis and meta-analyses are often
searched for signals to determine whether drugs cause
acute pancreatitis[43].
Azathioprine (and 6-MP) and exenatide represent
the two extremes of the data demonstrating a causal association for a drug and acute pancreatitis. While there
are case reports in the literature and Medwatch reports
on the FARS that both drugs cause acute pancreatitis,
only for azathioprine (and 6-MP) have multiple randomized controlled trials and large pharmicoepidemiologic
studies showing a statistically significant association. For
exenatide (and the other GLP-1 agonists), the opposite is
true. Multiple controlled trials, pharmacoepidemiologic
databases fail to show any causal association with acute
pancreatitis.
While clinicians continue to publish case reports
blaming drugs as causing acute pancreatitis, it is important to consider the ideas discussed in this paper. Be critical, cynical and remember that idiopathic pancreatitis is
common. Clinicians should perform a thorough workup
as described to verify the absence of gallstones, alcoholism, hypertriglyceridemia, tumors. However, the struggle
to identify a cause, especially in assigning blame to a drug
should be done with extreme caution. When a patient
asks “what caused my acute pancreatitis?” Clinicians
must remember that almost a third of cases will not be
clear and are labeled as idiopathic. As clinicians do not
have trouble explaining to patients that “bad luck” is the
cause of appendicitis, diverticulitis, cholecystitis, telling a
patient that it appears simply “idiopathic” may be correct.
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Abstract
Acute pancreatitis (AP) is an inflammatory disease
characterized by acute inflammation and necrosis of
the pancreatic parenchyma. AP is often associated with
organ failure, sepsis, and high mortality. The pathogenesis of AP is still not well understood. In recent years
several papers have highlighted the cellular and molecular events of acute pancreatitis. Pancreatitis is initiated
by activation of digestive enzymes within the acinar
cells that are involved in autodigestion of the gland,
followed by a massive infiltration of neutrophils and
macrophages and release of inflammatory mediators,
responsible for the local and systemic inflammatory response. The hallmark of AP is parenchymal cell necrosis
that represents the cause of the high morbidity and
mortality, so that new potential therapeutic approaches
are indispensable for the treatment of patients at high
risk of complications. However, not all factors that de-
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termine the onset and course of the disease have been
explained. Aim of this article is to review the role of
mitogen-activated protein kinases in pathogenesis of
acute pancreatitis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Experimental acute pancreatitis; Mitogenactivated protein kinases; Mitogen-activated protein
kinases inhibitors; Cytokines; Cholecystokinin; Cerulein
Core tip: The review focuses on the role of mitogenactivated protein kinases (MAPKs) in the treatment of
acute pancreatitis. In fact, acute pancreatitis is a disease characterized by a marked inflammatory reaction
and it is usually associated with severe upper abdominal pain, organ failure and also mortality. The activation
of MAPKs is an early event in AP and exerts a central
role in the onset and development of acute pancreatitis. Thanks to the pivotal function played by MAPKs
in acute pancreatitis, the use of specific inhibitors may
represent a potential therapeutic target for the treatment of this inflammatory disease.
Irrera N, Bitto A, Interdonato M, Squadrito F, Altavilla D. Evidence for a role of mitogen-activated protein kinases in the treatment of experimental acute pancreatitis. World J Gastroenterol
2014; 20(44): 16535-16543 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i44/16535.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i44.16535

INTRODUCTION
Acute pancreatitis (AP) is an inflammatory disease characterized by acute inflammation and necrosis of the pancreatic parenchyma[1]. AP is often associated with organ
failure, sepsis and high mortality. Approximately 20% of
patients may develop a more severe form of the disease
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with evidence of organ dysfunction[2]. 80% of cases of
acute pancreatitis are associated with alcohol excess or
gallstones; 10% are idiopathic and a further 10% are related to trauma, biliary interventions and drugs such as
antibiotics, diuretics, immunosuppressants and antiretroviral agents. Pancreatitis is associated with parenchymal
oedema and apoptosis[3]. The pathogenesis of acute pancreatitis (AP) is still not well understood. In recent years
several papers have highlighted the cellular and molecular
events of acute pancreatitis. It is now generally known
that pancreatitis is initiated by premature activation of
digestive enzymes within the acinar cells leading to autodigestion of the gland, followed by a massive infiltration of neutrophils and macrophages and production
of inflammatory mediators released from the infiltrated
pancreatic connective stroma, such as cytokines, adhesive
molecules, platelet activating factors, nitric oxide, oxygen
reactive species and lysosomal enzymes that represent the
cause of the local and systemic inflammatory response.
The hallmark of AP is parenchymal cell necrosis that is
responsible for the high morbidity and mortality, so that
new potential therapeutic approaches are essential for the
treatment of patients at high risk of complications[1,4].
However, not all factors that determine the onset and
course of the disease have been explained. Mitogenactivated protein kinases (MAPKs) are serine-threonine
kinases that mediate intracellular signaling associated with
several cellular activities as cell proliferation, differentiation, survival, death, and transformation[5]. It has been
hypothesized that activation of mitogen-activated protein
kinases (MAPKs) is an early event in AP and seems to
exert a central role in development and onset of AP[6].
Aim of this article is to review the role of MAPKs in
pathogenesis of acute pancreatitis and the potential of
MAPKs as therapeutic targets.

MAPKS SIGNALING PATHWAY AND
ACUTE PANCREATITIS: THE ROLE OF
ERK AND JNK
One of the most important cascades involved in several cellular processes is the mitogen-activated protein
kinases (MAPKs) pathway. MAPKs play key roles in
signal transduction pathways and are involved in directing cellular response to a variety of stimuli and regulate
processes as gene expression, differentiation, mitosis, cell
survival, and apoptosis[7-9]. There are three major classes
of MAPKs in mammals, the extracellular signal-regulated
kinases (ERKs) and the two stress-activated protein kinase (SAPKs) families, c-jun N-terminal kinase (JNK)
and p38. MAPKs are activated via a signalling cascade
that is conserved from yeast to mammals[10,11]. ERK1/2 is
mainly activated by mitogens stimuli through the Ras/Raf
pathway but can also be activated, independently of Ras,
by proinflammatory stimuli including cytokines. JNK
and p38 are mainly activated by a variety of stresses and
proinflammatory stimuli. Once activated, MAPKs path-
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ways orchestrate the recruitment of gene transcription
leading to activation of cellular mechanisms such as proliferation, cell differentiation, and inflammation regulated
by the release of others growth factors and hormones. In
recent years much interest has focused on inhibitors of
the mitogen-activated protein kinases (MAPKs) primarily because they have been implicated as key regulators
of inflammatory diseases as acute pancreatitis. It has
been demonstrated that activation of MAPKs signaling cascades is an early event in AP contributing to the
progression of acute pancreatitis[12,13]. Indeed, MAPKs
pathways participate to the release of inflammatory
mediators highly involved in the development of inflammatory reaction from local to the systemic level[14,15]. At
cellular level, time course of MAPKs activation showed
that the p38 MAP kinase increases in pancreatic acinar
cells most rapidly, with the peak of activity after three
hours. JUN kinase activity is the highest after 12 h and
after 24 h its activity becomes undetectable[16,17]. Involvement of MAPKs cascade in the pathogenesis of AP is
also demonstrated by the fact that hyperstimulation with
cholecystokinin (CCK) activates the two isoforms of
ERK, p42 and p44, and JNK/SAPK (slowly activated
compared with ERK) in pancreatic acini[12,18]. Moreover,
CCK activation of JNK/SAPKs results slower than ERK’
s activation, so that CCK’s concentrations for the activation of JNK/SAPKs are higher than the concentrations
required for the activation of ERK. Cerulein (CER) is a
cholecystokinin-pancreozymin analogue used for experimental acute pancreatitis models in rats and mice, leading
to proteolytic enzyme secretion that causes pancreatic acinar autolysis with progressive interstitial oedema just one
hour after injection[19]. The stimulation with a low dose of
caerulein causes physiological activation both ERKs and
JNK/SAPKs. Hyperstimulation both in vitro and in vivo
determines an increase of JNK/SAPKs as a consequence
of cellular stress. So, it has been demonstrated that after
CCK or CER stimulation in vitro as well as in vivo, the activation of ERK occurs early than JNK’s activation[20]. JNK
and ERK1/2 were proposed as important early mediators
during caerulein-induced pancreatitis due to their pattern
and activation time course[21]. Activation of ERK1/2 and
JNK occurs within 5 min, peaks within 30-40 min and
decreases, generally, within 1 h following caerulein hyperstimulation. The two MAP kinases cannot be detected
anymore 2 h after caerulein injection, thus confirming the
very early involvement of this signalling pathway in the
inflammatory cascade[22]. Active MAPKs are responsible
for the phosphorylation of a variety of effector proteins
including several transcription factors that trigger an inflammatory cascade[11,23]. Furthermore, in experimental
models it has been shown that also reactive oxygen species (ROS) are responsible for the activation of ERK and
JNK in pancreatic acinar cells[24]. In fact, the administration of caerulein in vivo stimulates the release of ROS,
demonstrating a relationship between increased ROS concentrations and activation of both ERK and JNK[25]. The
incubation of pancreatic acini with H2O2 causes a dose-
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Table 1 Summary of the actions of the mitogen-activated protein kinases inhibitors
Inhibitor

Mechanism of action

SP600125

Selective and reversible inhibitor of JNK

CEP1347
PD98059
UO126
SB203580

Effects

Dose dependent inhibition of JNK
Inhibition of inflammatory genes (COX-2, IFN, IL-2, TNF-α) in vivo
Reduction of pancreatic inflammatory mediators (TNF-α, IL-1β) in vivo
Potent and selective inhibitor of JNK
Dose dependent inhibition of JNK both in vivo than in vitro
Reduction of inflammatory cytokines
Inhibitor of ERK 1/2, prevents phosphorylation binding MEK
Protection against inflammatory process in the pancreas in vivo
Protective effects probably related to the inhibition of COX-2
Selective inhibitor of MEK1 and MEK2; it prevents the activation of
Protection against inflammatory process in the pancreas in vivo
ERK1/2
Selective inhibitor of p38. Inhibition of p38 catalytic activity
Downregulation of the expression of proinflammatory mediators
(TNF-α and IL-1β) in vivo

JNK: c-jun N-terminal kinase; COX-2: Cyclooxygenase 2; IFN: Interferon; IL: Interleukin; TNF: tumor necrosis factor; ERKs: Extracellular signal-regulated
kinases.

dependent, rapid and strong activation of MAPKs: ERK,
JNK and p38. These findings underline the potential role
of ROS in the pathogenesis of acute pancreatitis, in fact
large amounts of ROS are produced near to pancreatic
acinar cells[26,27]. Reports describe as ERK can also be
activated by exogenous ROS through EGF receptor[28,29].
High concentrations of ROS may cause cytoskeleton disruption in pancreatic acini cells directly and can modify
its function via activation of MAPKs and p38, so long as
these molecules play an important role in the regulation
of cytoskeleton function[30]. As described, both inflammatory response and oxidative stress play essential roles on
the development of acute pancreatitis, and are correlated
with the severity of the disease[31,32]. Pretreatment with
an antibody against tumor necrosis factor (TNF)-α or
blockade of TNF-α production with pentoxifylline ameliorates experimental AP[33]. The role of oxidative stress
in AP has been demonstrated by the beneficial effects of
antioxidants[34]. It has been demonstrated that combined
treatment by simultaneous blocking of inflammation and
oxidative stress pathways has positive effects as therapy
in the AP. Blockade of TNF-α production with pentoxifylline partially prevented glutathione depletion and
pancreatic inflammation in cerulein-induced AP[35]. Simultaneous inhibition of xanthine oxidase (XO) and TNF-α
with oxypurinol and pentoxifylline significantly reduced
inflammation in taurocholate-induced pancreatitis[36]. In
addition, oxidative stress, as reported, causes activation
of MAPKs[37], which activation leads to TNF-α production. In fact, it has been demonstrated that oxypurinol
reduces p38 phosphorylation and pentoxifylline reduces
ERK and JNK phosphorylation. The combination of the
two treatments decreases activation of MAP kinases, and
this reduction has been observed in other tissues, such
as lung and liver, that are involved in systemic inflammatory process[37]. So, the p38 pathway is related to oxidative
stress; ERK and JNK may be associated to inflammatory
process and release of pro-inflammatory cytokines. The
blockade of these two processes and the concomitant inhibition of MAP kinases can represent a potential therapy
to reduce the local and systemic effects in AP, as well as
decrease inflammation and production of reactive species
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which are involved in development and progression of
acute pancreatitis.

PHARMACOLOGICAL MAPKS
MODULATION IN AP
Given the role of MAPKs signaling pathway in the development of AP, interest in protein kinases as drug
targets has exploded in the past few years, and MAPKs
pathways inhibition represents an alternative target in
the treatment of AP. Pharmacological inhibitors have
been identified which impact on the MAPKs ERK1/2,
p38 and JNK/stress activated protein kinases and have
been tested in different studies[38], as resumed in Table 1.
It has been shown that selective JNK inhibition leads to
amelioration of AP. Different JNK inhibitors have been
used, among these, SP600125 is one of the most promising inhibitors for treatment of inflammatory diseases
involving MAPKs signalling, as acute pancreatitis [39].
SP600125 is a potent, selective and reversible inhibitor of
the three JNK enzymes over 300-fold more selective for
JNK as compared to ERK1 and p38 MAP kinases, acting
through a competitive inhibition with respect to ATP and
having an IC50 of 40 nmol/L for JNK1 and JNK2, and
90 nmol/L for JNK3[40]. SP600125 was shown to cause
a dose-dependent inhibition of the phosphorylation of
c-Jun, and thereby the expression of inflammatory genes
cyclooxygenase 2 (COX-2), IFN-γ, interleukin (IL)-2,
TNF-α[39]. Minutoli et al[41] showed that treatment with
SP600125 blunted caerulein-induced pancreatic JNK activation (90%) and partially ERK1/2 activation (45%). The
observed greater effect on JNK activity obtained with
SP600125 is in agreement with previous “in vitro” data
showing that this compound exhibits a greater selectivity for JNK as compared to ERK1/2 MAP kinase[39]. In
the same study SP600125 reduced the pancreatic content
of proinflammatory mediators as TNF-α and adhesion
molecules as ICAM-1 with a significant reduction in
the oedema and in the inflammatory cell infiltrates, thus
confirming the positive effect of MAPKs inhibition on
the cell survival during AP[41]. Samuel et al[14] provided
new evidence that MAP kinases (ERK, JNK, and p38)
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are involved in caerulein-stimulated exocrine pancreatic
production of cytokines. The group used pancreatic fragments stimulated with caerulein. As awaited, the stimulation wreaked a significant increase of phospho-ERK and
phospho-p38. Specific inhibitors of these MAPKs significantly reduced IL-1β and TNF-α production. Using
this specific inhibitor of JNK, SP600125, they observed
an attenuation of levels of both JNK and IL-1β. Therefore, there is also a connection between the activation of
MAPKs and the production of cytokines, responsible for
inflammatory events.
Within the MAPKs signaling cascades inhibitors,
CEP-1347 is a potent and selective inhibitor of the JNK
but not the p38 or the extracellular signal-regulated
kinase signalling cascades, studied principally for its
neuroprotective effects[42]. The correlation between inhibition of the JNK signaling cascade and pancreatitis
amelioration by CEP-1347 is showed in in vitro and in vivo
studies[19,43]. In vitro studies demonstrated that CEP-1347
(2 microM) inhibited caerulein-induced JNK activation
in a dose dependent manner. Pretreatment of rats with
CEP-1347 strongly reduced caerulein-induced pancreatic
JNK activation without p38 or ERK inhibition leading
to a consequent reduction of pancreatic damage as demonstrated by reduced pancreatic oedema formation and
reduced histological severity of pancreatitis. CEP-1347
inhibits JNK activation in vivo and ameliorates caeruleininduced pancreatitis. Furthermore, PD98059 and UO126,
both inhibitors of ERK1/2, afford significant protection
against inflammatory sequelae following experimental
acute pancreatitis[44].
Since AP is a condition associated with an inflammatory response, an important role is played by the cytokines TNF-α and IL-1β, which initiate and propagate
acute pancreatic inflammation[45]. In fact, patients affected
by acute pancreatitis show elevated serum IL-6 levels[46].
IL-6-blocking antibody attenuates experimental pancreatitis and associated pulmonary injury[47].
PD98059 mediates its inhibitory properties by binding to the ERK-specific MAP kinase MEK, therefore
preventing phosphorylation of ERK1/2 (p44/p42
MAPK) by MEK1/2, with an IC50 values of 4 µmol/L
and 50 µmol/L for MEK1 and MEK2. PD98059 binds
to the inactive forms of MEK1 and prevents activation by upstream activators such as c-Raf[48]. Similar to
PD98059, also U0126 is a selective inhibitor of MAP kinase kinases, MEK1 and MEK2, acting by inhibiting the
kinase activity of MEK1/2 thus preventing the activation
of MAP kinases p42 and p44. Inhibition of pancreatic
ERK1/2 with PD98059 or U0126 in vivo protects against
the inflammatory sequelae characteristic of the cerulein
model of AP[44] confirming the role of ERK1/2 activation in the progression of AP. Moreover, the protective
effects of PD98059 might be related to the inhibition of
COX-2, although this mechanism has not been well investigated[49].
Evidences have shown that the local pancreatic reninangiotensin system (RAS) is involved in AP[50]. Angioten-
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sin Ⅱ, via ROS activation, leads to activation of ERK.
Leung et al[51] demonstrated in their study the involvement of ERK in regulating angiotensin Ⅱ-induced IL-6
expression in pancreatic acinar cells during pancreatic
inflammation. The administration of angiotensin Ⅱ augmented the expression of IL-6, and angiotensin Ⅱ led to
ERK activation. The effect of ERK activation has been
confirmed using its inhibitor, PD98059. In this model, it
has been observed that the activation of ERK is mediated by the release of ROS; in fact, pretreatment with
antioxidants reduced ERK activation. Blockade of AT1
receptors can represent a potential therapeutic approach
to the treatment of AP, ROS mediated, too. Using two
different inhibitors, SP600125 and PD98059, it has been
demonstrated that they completely inhibited the activation of CER-induced pancreatic JNK and ERK[52].

CONTROVERSIAL ROLE OF P38 IN
ACUTE PANCREATITIS
Despite the MAPKs have been largely involved in acute
pancreatitis, the p38 has an unclear role in the development of the disease. As a matter of fact, studies have
suggested that p38 MAP kinase activation could worsen
acute pancreatic inflammation or protect against it[43,53]. It
has been suggested that the inhibition of p38 exacerbates
cerulein-induced pancreatitis in rats[53]. Others experimental evidences demonstrate that the activation, and not the
inhibition, of p38 may exacerbate the progression of AP.
This kinase regulates activation of nuclear factor (NF)κB in isolated pancreatic acinar cells, but it is unclear the
effective role of p38 MAP kinase in acute pancreatitis.
Moreover, p38 signaling pathway is involved in cytokine-mediated pancreatic beta-cell injury. The activation
of p38 MAPK occurs through two different upstream kinases, mitogen-activated protein kinase kinase 3 (MKK3)
and MKK6. When activated, it is involved in a lot of responses, such as apoptosis, inflammation and fibrosis[54].
Several studies showed positive effects of systemic p38
inhibitor drugs in a lot of models[55]; other studies demonstrated that systemic p38 blockade could have negative
effects[56]. It has been studied the role of MKK3-p38
signaling in a model of cytokine-dependent pancreatic
injury induced by multiple low doses of streptozotocin,
using mice deficient for the MKK3 gene[57]. In this study,
the group demonstrated that MKK3 gene deletion has
a protective effect, probably due to the suppression of
islet inflammation. These findings suggest that MKK3
signaling plays an essential role in the development of
pancreatic injury, leading to destruction of beta-cells and
hyperglycemia. p38 is activated by CCK in a time and
dose dependent manner, with a peak at 5 and 10 minutes,
respectively. Twait et al[58] expressed a dominant negative
form of the p38 MAP kinase (DNp38) and evaluated its
effect on NF-κB pathway activation in an exocrine pancreatic cell line (AR42J cells). They observed that DNp38
reduced nuclear translocation of NF-κB and decreased
NF- κ B-dependent gene transcription after CCK or
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TNF-α stimulation in AR42J cells. These results support
the hypothesis that p38 regulates transcription factors
such as NF-κB in pancreatic exocrine cells[59]. In a recent
paper, Wang et al[60] investigated the effect of SB203580
which is the inhibitor of p38 mitogen-activated protein
kinase on pathologic change of pancreatic tissue and expression of TNF-α and IL-1β in rats with severe acute
pancreatitis. This compound is a pyridinyl imidazole inhibitor widely used to elucidate the roles of p38 mitogenactivated protein kinase acting through the blocking of
the activation of MAPKAPK-2 by p38 MAPK and subsequent phosphorylation of HSP27[61]. SB203580 inhibits
p38 MAPK catalytic activity by binding to the ATPbinding pocket, but does not inhibit phosphorylation of
p38 MAPK by upstream kinases. Wang et al[60] showed
that treatment with SB203580, inhibiting p38 MAPK
signaling pathway led to a down regulation of the expression of pro-inflammatory mediators such as TNF-α and
IL-1β. All these studies highlighted the central role of
MAPKs activation in acute pancreatitis pathogenesis and
the real possibility to use pharmacological inhibition of
these pathways for treatment of this disease.

OTHER MOLECULAR MECHANISMS
INVOLVING MAPKS ACTIVATION IN AP
A number of other molecules participate to the complex
network of events triggering the MAPKs activation and
the inflammatory response associated with the progression and the onset of AP. In this context, recent advances
showed an interaction between p38 and JNK activation
and cannabinoid receptor 1 (CB1) and 2 (CB2) in pancreas,
where non selective CB1/CB2 agonist HU210 ameliorated
experimental pancreatitis[62]. However, the real role of
CB1 and CB2 in acute pancreatitis has not been totally
investigated. The agonist HU210 carries out a protective effect in pancreatitis also in CB1 deficient mice, and
the selective CB2 antagonist, AM630, activates JNK and
increases apoptosis in acute pancreatitis. The administration of cerulein in CB1 deficient mice is not responsible
for a more severe pancreatitis, if compared to wild type
animals, excluding a prominent role of CB1 receptor in
the development of the disease[63]. On the other hand the
protective effect of CB2 receptor seems to be due to the
inhibition of cytokines involved in inflammatory processes, for example, IL-6, which is an activator of JNK[64].
MK2 is a downstream target of p38; the genetic disruption of the MK2 gene protects against cerulein-induced
pancreatitis[65]. Several experiments with MK2 deficient
mice have suggested a connection between MK2 and
JNK activation: the presence of MK2 determines the
activation of CB2 that causes consequently the inhibition
of JNK and therefore the attenuation of acute pancreatitis. In MK2 deficient mice, the absence of MK2 creates
opposite effects when CB2 receptor is activated, and leads
to activation of JNK and increase of IL-6 levels. So, the
activation of CB2 receptor has probably protective effects
through inhibition of MAPKs cascade in experimental
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acute pancreatitis and the use of CB2 agonist can represent an interesting therapeutic target for humans.
In the complex molecular network involved in the
regulation of inflammation during AP seems to have a
role also protease-activated receptor 2 (PAR2)[66], a member of the G protein coupled receptor superfamily, that
plays important roles not only stimulating pro-inflammatory response but also mediates anti-inflammatory
effects[67]. PAR2 is activated by activated trypsin in acute
pancreatic inflammation; it has pro-inflammatory effects
since activates immune and endothelial cells[68]. The protective effects of PAR-2 in acute pancreatitis were investigated in the cerulein-induced pancreatitis model. It has
been demonstrated that PAR-2 can activate MAPKs[69].
In contrast, it has been shown that of PAR-2 activation
decreases the cerulein-induced activation both ERK and
JNK by accelerating their dephosphorylation, activating MAP kinase phosphatases (MKPs), in rat’s pancreas.
The expression of MKPs provides a negative feedback
mechanism for MAP kinases, and the induction of MKP’
s expression may be activated both by PAR2 and by cerulein. It has been demonstrated that the protective effect
obtained by using ERK’s and JNK’s inhibitors is similar
to the effect observed with PAR2 activation, and ameliorates the course of acute pancreatitis[68].
An additional molecule involved in the progression of
acute pancreatitis is pancreatitis-associated protein (PAP1).
PAP1 is not expressed under physiological conditions
whereas is overexpressed during acute pancreatitis[69]. Its
activation is linked to a large number of diseases such as
inflammatory bowel disease, Alzheimer’s disease, and cancer[70-72]. The peak of expression of PAP1 in pancreatic
tissue or juice has been observed 24 h after the induction
of acute pancreatitis by cerulein[73]. In pancreatic acinar
cells the augmented expression of PAP1 led to an increase
of resistance to apoptosis[74,75]. Ferrés-Masó et al[76] demonstrated an anti-inflammatory role of PAP1, since its induction occurs during inflammatory diseases (pancreatitis,
Crohn’s disease, ulcerative colitis). In vivo studies showed
that the administration of anti-PAP1 antibodies worsened the inflammatory response. Treatment with PAP1
prevented TNF-a-induced NF-kB activation in macrophages. Gironella et al[70] furthermore demonstrated the
anti-inflammatory role of PAP1 in a PAP1-deficient mice
model. The anti-inflammatory mechanism of the protein
is related to the activation of JAK/STAT3 pathway. PAP1
increases the transactivation activity of the nuclear transcriptional factors associated with MAPKs family. In vitro
experiments on AR42J pancreatic acinar cell line showed a
time-dependent induction of PAP1 gene expression after
addition of PAP1 to the colture cells. It has been shown
that this cellular line presented basal levels of expression
of the proteins members of the MAPKs family: ERK,
JNK and p38. Treatment with PAP1 enhanced the phosphorylation of MAP kinases, underlining that PAP1 signal
transduction involves MAPKs family[76]. Treatment with
MAPK specific inhibitors, such as SB203580 (p38 MAPK
inhibitor), PD98059 (ERK inhibitor) and JNK inhibitor,
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CCK

Figure 1 Involvement of mitogen-activated protein kinases
and their inhibitors in pancreatic damage. CCK: Cholecystokinin; CER: Cerulein; GPCR: G protein coupled receptor; JNK: c-jun
N-terminal kinase; TNF: tumor necrosis factor; ERKs: Extracellular signal-regulated kinases; NF: Nuclear factor; IL: Interleukin;
NF: Nuclear factor.
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caused the inhibition of the activation of PAP1. This
result demonstrates that the involvement of MAPKs family is essential for the synthesis of PAP1. Some reports
indicate that ERK mediates STAT3 phosphorylation both
in vivo and in vitro[77]. Probably a linkage exists between
MAPK and JAK/STAT3 pathway upon activation by
PAP1.
Also Substance P (SP)[78,79], a neuropeptide released
from nerve endings in many tissues, plays an important
role in inflammatory processes. SP binds to a G proteincoupled receptor, neurokinin-1 receptor (NK1R). Pancreatic acinar cells express NK1R, SP has been found in
pancreas[80], and levels of SP and NK1R are increased in
AP[81]. It has been demonstrated that genetic deletion of
NK1R reduces the severity of pancreatitis and pancreatitis-associated lung injury. Knockout mice deficient in the
preprotachykinin-A gene, which encodes for SP, are protected against AP[82]. These evidences suggest an important interaction between SP and NK1R in development
of acute pancreatitis and lung injury. Studies have shown
that SP induces an increase of cytosolic calcium, and
probably elevated concentration of calcium is one of
the causes of AP[83]. Pancreatic acinar cells treated with
SP showed an upregulation of phosphorylation of both
ERK and JNK. The inhibitor U73122, a PLC inhibitor,
decreased phosphorylation of ERK and JNK, as well as
inhibited the activation of NF-κB[84]. These findings are
important to demonstrate that drugs targeting SP could
represent a therapeutic approach for the treatment of
AP.

CONCLUSION

acute inflammation of the pancreas and MAPKs have
been demonstrated to play a pivotal role in the development of the disease (Figure 1). As a consequence of the
above reported observations, it is possible to speculate
that the blockade of MAPKs may represent a strategic
target for future treatment of acute pancreatitis.
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Abstract
Gallstones represent the most frequent aetiology of
acute pancreatitis in many statistics all over the world,
estimated between 40%-60%. Accurate diagnosis of
acute biliary pancreatitis (ABP) is of outmost importance because clearance of lithiasis [gallbladder and
common bile duct (CBD)] rules out recurrences. Confirmation of biliary lithiasis is done by imaging. The
sensitivity of the ultrasonography (US) in the detection
of gallstones is over 95% in uncomplicated cases, but
in ABP, sensitivity for gallstone detection is lower, being
less than 80% due to the ileus and bowel distension.
Sensitivity of transabdominal ultrasonography (TUS)
for choledocolithiasis varies between 50%-80%, but
the specificity is high, reaching 95%. Diameter of the
bile duct may be orientative for diagnosis. Endoscopic
ultrasonography (EUS) seems to be a more effective
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tool to diagnose ABP rather than endoscopic retrograde
cholangiopancreatography (ERCP), which should be
performed only for therapeutic purposes. As the sensitivity and specificity of computerized tomography are
lower as compared to state-of-the-art magnetic resonance cholangiopancreatography (MRCP) or EUS, especially for small stones and small diameter of CBD, the
later techniques are nowadays preferred for the evaluation of ABP patients. ERCP has the highest accuracy
for the diagnosis of choledocholithiasis and is used as
a reference standard in many studies, especially after
sphincterotomy and balloon extraction of CBD stones.
Laparoscopic ultrasonography is a useful tool for the
intraoperative diagnosis of choledocholithiasis. Routine
exploration of the CBD in cases of patients scheduled
for cholecystectomy after an attack of ABP was not
proven useful. A significant rate of the so-called idiopathic pancreatitis is actually caused by microlithiasis
and/or biliary sludge. In conclusion, the general algorithm for CBD stone detection starts with anamnesis,
serum biochemistry and then TUS, followed by EUS or
MRCP. In the end, bile duct microscopic analysis may
be performed by bile harvested during ERCP in case of
recurrent attacks of ABP and these should be followed
by laparoscopic cholecystectomy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Biliary; Pancreatitis; Lithiasis; Endoscopic
ultrasonography; Magnetic resonance cholangiopancreatography; Endoscopic retrograde cholangiopancreatography
Core tip: Gallstones represent the most frequent aetiology of acute pancreatitis estimated between 40%-60%.
Clearance of lithiasis (gallbladder and common bile
duct, CBD rules out recurrences. Confirmation of biliary
lithiasis is done by imaging. Endoscopic ultrasonography (EUS) seems to be a more effective tool to diagnose acute biliary pancreatitis rather than endoscopic
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retrograde cholangiopancreatography, which should
be performed only for therapeutic purposes. As the
sensitivity and specificity of computerized tomography
are lower as compared to state-of-the-art magnetic
resonance cholangiopancreatography or EUS, especially
for small stones and small diameter of CBD, the later
techniques are preferred nowadays.

lecystectomy, and even more frequent in older patients[4].
However, the incidence of ABP in choledocholithiasis is
only 3%-8%[1]. Even more important, after triggering the
acute pancreatitis, most of stones pass through the papilla into the duodenum[5]. Thus, the percentage of CBD
stones in ABP decreases from 28.6% in the first 4 h to 8%
at 1 wk[6,7].

Șurlin V, Săftoiu A, Dumitrescu D. Imaging tests for accurate diagnosis of acute biliary pancreatitis. World J Gastroenterol 2014;
20(44): 16544-16549 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i44/16544.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i44.16544

IMAGING TESTS

INTRODUCTION
Gallstones represent the most frequent aetiology of acute
pancreatitis in many statistics all over the world. The
proportion from the total number of acute pancreatitis
cases is estimated between 40%-60%, with variations due
especially to diagnostic efforts and availability of imaging tests[1]. Accurate diagnosis of acute biliary pancreatitis
(ABP) is of outmost importance because clearance of lithiasis (gallbladder and common bile duct, CBD) rules out
recurrences, very frequent otherwise, with 30% to 50% of
the patients developing recurrent acute pancreatitis relatively soon after discharge (average time 108 d), some of
them maybe more severe than the previous episode[2].
Once the diagnosis of acute pancreatitis is made,
grounded on generally acknowledged criteria of abdominal pain and three times more than normal hyperamilasemia/hyperlipidemia and/or intravenous (iv)
contrast-enhanced helical computerized tomography
(CT) scan/magnetic resonance imaging (MRI)/ transabdominal ultrasonography (TUS), the biliary aetiology is
suspected if jaundice, elevated alanine aminotransferase
(ALT) (three times more than normal) or a dilated CBD
are present[3]. To those criteria we might add statistical
data of a higher incidence in women, between 50 and 70
years of age[1].
Confirmation of biliary lithiasis is done by imaging.
Clearance of biliary lithiasis implies a cholecystectomy
and the removal of CBD stones. The minimal invasive
approach is preferred nowadays, either by combined approach of laparoscopic cholecystectomy and endoscopic
extraction of CBD stones, or total laparoscopic approach
(cholecystectomy and CBD exploration and calculi extraction). Thus, once a diagnosis of gallbladder lithiasis
is made, especially for microlithiasis, the most important
thing is to establish whether there is also a CBD stone.
Over 90% of the CBD stones come from the gallbladder through the cystic duct. Primary stones arising in the
CBD are rarer and usually due to conditions that alter
the normal flow of the bile and create conditions for bile
stasis. “Silent stones” in the CBD may be present in up to
15% in patients younger than 60 years undergoing cho-
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Transabdominal US
The first, and the most available and commonly performed is TUS. It seeks for lithiasis in the gallbladder,
CBD or indirect signs of biliary obstruction, e.g., dilation
of the CBD. The sensitivity of the US in the detection
of gallstones is over 95% in uncomplicated cases, but
in ABP, sensitivity for gallstone detection is lower, being
only 67%-78% due to the ileus and bowel distension[8].
Sensitivity of TUS for choledocholithiasis varies between
50%-80%, but the specificity is high, reaching 95%[9].
Diameter of the bile duct may be orientative for
diagnosis. In a prospective study, the diameter of the
CBD was measured before cholecystectomy and it was
compared afterwards with finding stones at the surgical
intervention. There were no stones in the CBD if the diameter was less or equal to 3 mm, while 7.7% of patients
with the ducts measuring 4 mm or more had stones. If
the size increased, the probability of having stones also
increased, nearly all ducts of 9 mm or more had stones[10]
(Figure 1).
Endoscopic US
Endoscopic US is more accurate than transcutaneous
US, with a sensitivity of over 90% and an even higher
specificity [11,12]. Nevertheless, the technique is more
expensive and it requires a longer learning curve. EUS
seems to be a more effective tool to diagnose ABP rather than ERCP, which should be performed only for therapeutic purposes. In a systematic review of clinical trials
from 1994 to 2010, comparing EUS and ERCP in ABP,
it was found that EUS avoided ERCP in 71.2% of cases,
had no related complication, while ERCP was complicated in over 20% of cases. The clinical course of ABP
was not influenced by either of those explorations[13].
A meta-analysis performed on 36 studies with 3532 patients revealed a sensitivity of 89% and a specificity of
94% for choledocholithiasis[14], with another meta-analysis performed on 2673 patients showing even higher
numbers of 94% sensitivity and 95% specificity[15]. Consequently, EUS is an important diagnostic tool for the
presence of CBD stones, as it accurately visualizes the
CBD without the need of instrumentation[16]. There is
now enough evidence to support the use of EUS before
ERCP, even for smaller stones (less than 4 mm), as it can
spare at least two thirds of ERCPs[17]. Moreover, as compared to MRCP, EUS has the same sensitivity, specificity
and accuracy, although the sensitivity of MRCP seems
to diminish in small (less than 6 mm) CBD stones. Thus,
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CBD
PV

Figure 1 Large, conglomerated stones into a dilated common bile duct
(over 12 mm).

CBD

Figure 3 Multiple gallstones in T2 hyposignal less than 5 mm diameter
(green arrow), diameter of the common bile duct 6 mm, with a 4 mm migrated stone (red arrow).

Figure 2 A 9 mm stone, within a slightly dilated, elongated common bile
duct.

EUS has a significant impact for surgical decision making, especially in the patients with suspected ABP[18] (Figure 2).
CT
Unenhanced helical CT scan has a variable accuracy for
the detection of choledocholithiasis, with a sensitivity
of 60%-87% and a specificity of 97%-100%[19,20]. CTcholangiography has a higher performance for the diagnosis of choledocolithiasis with a sensitivity of 85%-96%
and a specificity of 88%-98%[19,21]. As the sensitivity and
specificity of CT are lower as compared to state-of-theart MRCP or EUS, especially for small stones and small
diameter of CBD, the later techniques are nowadays preferred for the evaluation of ABP patients.
MRCP
MRCP has a high reported accuracy in the diagnosis of
choledocholithiasis. Meta-analyses report pooled sensitivities of 92%-94%[7,22] and a specificity of 99%. There are
still controversies regarding the optimal imaging method
in the preoperative assessment of patients with ABP,
but MRCP has the advantage of a non-invasive method
that could properly detect CBD lithiasis. The efficacy of
MRCP in detecting CBD stones and to assess the time
of choledochal passage of calculi was also compared to
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ERCP. Overall, MRCP had a positive predictive value
90.5%, negative predictive value 95.2%, sensitivity 82.6%,
specificity 97.5% and overall accuracy 94.2%. Moreover,
MRCP diagnoses anatomical variants of cystic duct and
acute cholecystitis[6,7]. A prospective study compared the
efficacy of EUS compared to MRCP and ERCP in the
same patients with suspected extrahepatic biliary disease,
taking into account also the economic aspect. Results
regarding choledocholithiasis were that EUS was more
sensitive than MRCP in the detection of choledocholithiasis (80% vs 40%), with similar specificity. Rate of acute
pancreatitis after ERCP was 6.6%. EUS strategy had the
greatest cost-utility by avoiding unnecessary ERCP examinations[23]. Nevertheless, a systematic review showed
a similar diagnostic value for prospective studies that
compared MRCP and EUS for the detection of CBD
stones[24] (Figure 3).
ERCP
ERCP has the highest accuracy for the diagnosis of choledocholithiasis and is used as a reference standard in
many studies, especially after sphincterotomy and balloon
extraction of CBD stones. Diagnostic ERCP does not,
however, detect all stones and in one study its sensitivity
was 89% in comparison with EUS, especially for small
stones hidden by contrast injection[12]. EUS has been
compared to ERCP in a prospective randomized fashion
in cases of acute pancreatitis suspected to have a biliary cause. The patients had EUS or ERCP examinations
within 24 h from admission. If EUS detected choledocholithiasis, therapeutic ERCP was performed immediately. EUS was successful in all patients, but ERCP failed
in 10%, the difference being significant. Also ERCP
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failed to identify stones in 8.5%. Morbidity, hospital stays
and mortality was similar in both groups[25]. The preferred
approach for concomitant gallbladder and CBD stones
in the laparoscopic era is sequential preoperative ERCP
followed by laparoscopic cholecystectomy, although this
has been found to have similar efficacy, maybe with a
shorter hospital stay with laparoscopic CBD exploration
during cholecystectomy[26]. The same conclusion was also
reached by a Cochrane systemic review comparing the
endoscopic versus surgical treatment of CBD stones,
with laparoscopic CBD clearance being as effective as
pre- or post-operative ERCP[27].
Laparoscopic ultrasonography
Laparoscopic ultrasonography (LUS) is a useful tool for
the intraoperative diagnosis of choledocolithiasis. Thus,
LUS was compared to laparoscopic cholangiography
with the same specificity (100%) and positive predictive
value (100%), and a sensitivity of 93%[28]. Nevertheless,
laparoscopic exploration of the bile duct is as safe and
effective as postoperative ERCP in clearing stones from
the common duct[29]. The benefit of routine intraoperative cholangiography at the time of cholecystectomy in
patients with ABP submitted to laparoscopic cholecystectomy was also questioned. Thus, patients with ABP submitted to cholecystectomy with or without intraoperative
cholangiography and CBD exploration were compared
in terms of outcome. At 3.8 years of follow up there was
no significant difference regarding the rate of recurrent
pancreatitis or biliary complications, suggesting that intraoperative cholangiography does not improve outcome
after cholecystectomy for gallstone pancreatitis[30]. Another study showed that laparoscopic cholecystectomy
(LC) can be performed safely without intraoperative
cholangiography (IOC). Thus, from the patients with
symptomatic gallstone disease, about 9.2% were selected
for preoperative ERCP based upon preoperative clinical,
laboratory and ultrasound criteria. In those patients, 58%
were found with choledocholithiasis, and stone clearance
was achieved in all cases. The other patients were submitted to laparoscopic cholecystectomy with no injury of
CBD, no mortality and a rate of retained CBD stones of
1.5% at 2 years follow-up[31].
The necessity of routine exploration of the CBD in
cases of patients scheduled for cholecystectomy after
an attack of ABP was submitted to question. Ito et al[32]
investigated this in cases of low risk for choledocholithiasis. The authors included 148 patients without preoperative ERCP, normal and decreasing liver function tests,
and normal CBD diameter. They were divided into 2
groups - with or without intraoperative cholangiography.
Follow-up didn’t find any significant differences between
the 2 groups regarding postoperative episodes of acute
pancreatitis, cholangitis or changes in liver function tests.
Authors concluded that direct CBD exploration could be
safely avoided in selected cases of ABP, with low-risk for
choledocholithiasis.
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ETIOLOGY
Some of the acute pancreatitis cases remain idiopathic
even after complete serum biochemistry, ultrasound and
CT evaluations. Nevertheless, the aetiology of acute pancreatitis should be determined in at least 80% of cases
and no more than 20% should be classified as idiopathic
(recommendation grade B)[33]. These represent between
10% and 30% in different series. Some studies suggested
that more accurate imaging tests for biliary lithiasis detection may reveal the biliary cause in those cases. In our
experience, it also happened that once we introduced in
our hospital EUS and ERCP there was a shift between
the leading causes for acute pancreatitis between the alcoholic and biliary causes, many of idiopathic pancreatitis
being actually biliary ones. Recently, some studies showed
that a significant rate of the so-called idiopathic pancreatitis are actually caused by microlithiasis and/or biliary
sludge, identified by the presence of cholesterol monohidrate and/or calcium bilirubinate microcrystals in the
biliary sediment.
Microlithiasis
Microlithiasis is a viscous precipitate containing mucin,
cholesterol and calcium bilirubinate which can obstruct
the pancreatic duct. US has a sensitivity of only about
55% in detecting microlithiasis and does not allow for
analysis of the chemical composition of bile[34]. This is an
important cause of recurrent acute pancreatitis. Though
a EUS procedure is diagnostic, with a high sensitivity and
specificity[35] a duodenal aspirate or a bile duct aspirate
for the microliths[36] at ERCP is confirmatory. In a series
of 86 patients[37] with acute pancreatitis, 21 patients had
microlithiasis. Six patients were subjected to cholecystectomy and 4 patients to endoscopic sphincterotomy.
Fewer recurrences were noted in patients receiving either
of the two treatment modalities compared to the group
managed conservatively. The treatment protocol would
warrant a cholecystectomy in all patients unless contraindicated. In those with a high operative risk, endoscopic
biliary sphincterotomy is a safe and viable option[38]. Ursodeoxycholic acid is an alternative in those with bleeding
tendencies[39]. Thus, microlithiasis or biliary sludge as a
causative aetiology for acute pancreatitis remains controversial and not well understood. Several studies have
demonstrated the presence of biliary sludge in as many
as 75% of patients with unexplained acute pancreatitis[37].
Bile analysis with microscopic examination is considered
the gold standard for diagnosis. Bile can be obtained
directly while cannulating the bile duct during ERCP or
following CCK stimulation on EGD. ERCP with bile aspiration from the CBD has a reported sensitivity of 83%
in detecting microlithiasis[40].
In patients considered to have idiopathic acute pancreatitis, after negative routine work-up for biliary etiology, EUS is recommended as the first step to assess for
occult microlithiasis, neoplasms and chronic pancreatitis.
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If EUS is negative, rare and uncommon causes should
be looked for. MRCP (secretin-stimulated) is advised to
identify or rule out rare morphologic abnormalities. If
aetiology still remains unidentified, genetic counselling
(not necessarily genetic testing) should be considered in
order to search for hereditary or other genetic causes[3].
In conclusion, the general algorithm for CBD stone
detection starts with anamnesis, serum biochemistry
and then TUS, followed by EUS or MRCP. In the end,
bile duct microscopic analysis may be performed by bile
harvested during ERCP in case of recurrent attacks of
ABP and these should be followed by laparoscopic cholecystectomy.
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Abstract
IgG4-related autoimmune pancreatitis is frequently
accompanied by relevant lesions in the genitourinary
tract and retroperitoneal organs, which cause various
clinical problems, ranging from non-specific back pain
or bladder outlet obstruction to renal failure. The diagnosis of IgG4-related retroperitoneal fibrosis requires a
multidisciplinary approach, including serological tests,
histological examination, imaging analysis, and susceptibility to steroid therapy. Radiological examinations are
helpful to diagnose this condition, but surgical resection is occasionally unavoidable to exclude malignancy,
particularly for patients with isolated retroperitoneal
involvement. Steroid therapy is the treatment of choice
for this condition, the same as for other manifestations
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of IgG4-related disease. For patients with severe ureteral obstruction, additional ureteral stenting needs to
be considered prior to steroid therapy to preserve the
renal function. Some papers have suggested that IgG4related disease can affect male reproductive organs
including the prostate and testis. IgG4-related prostatitis usually causes lower urinary tract symptoms, such
as dysuria and pollakisuria. Patients sometimes state
that corticosteroids given for IgG4-related disease at
other sites relieve their lower urinary tract symptoms,
which leads us to suspect prostatic involvement in this
condition. Because of the limited number of publications available, further studies are warranted to better
characterize IgG4-related disease in male reproductive
organs.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: IgG4; Autoimmune pancreatitis; Retroperitoneum; Genitourinary tract; Management
Core tip: Patients with IgG4-related autoimmune pancreatitis frequently have associated conditions involving
genitourinary organs. Since clinical presentations and
imaging findings vary among patients, the differential
diagnoses are broad. Serum IgG4 elevation is highly
sensitive but not entirely specific for this condition,
which is one reason why the diagnosis should be established in a multidisciplinary way. Although recent
radiological advances have facilitated the effective
characterization of IgG4-related retroperitoneal fibrosis,
surgical resection is occasionally necessary to exclude
malignancies. In addition to steroid therapy, ureteral
stenting is required for patients with severe ureteral
obstruction. A new concept of IgG4-related prostatitis
is being increasingly recognized.
Hara N, Kawaguchi M, Takeda K, Zen Y. Retroperitoneal disorders associated with IgG4-related autoimmune pancreatitis. World

16550

November 28, 2014|Volume 20|Issue 44|

Hara N et al . IgG4-related genitourinary disorder
J Gastroenterol 2014; 20(44): 16550-16558 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i44/16550.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i44.16550

INTRODUCTION
IgG4-related disease has been widely recognized over
the last decade[1]. Type 1 autoimmune pancreatitis is a
prototypic manifestation of this systemic condition, and
investigations of autoimmune pancreatitis led to the establishment of a novel entity, “IgG4-related disease”[2-4].
IgG4-related autoimmune pancreatitis is sometimes accompanied by synchronous or metachronous lesions at
other anatomical sites. Previous studies suggested that
retroperitoneal fibrosis is the most commonly associated
condition outside the pancreatobiliary system in patients
with IgG4-related autoimmune pancreatitis[5,6]. Tubulointerstitial nephritis is another well-known manifestation of
IgG4-related disease. Other urinary tract organs that can
be affected by IgG4-related disease include the renal pelvis and ureter. Interestingly, reproductive-organ involvements such as IgG4-related prostatitis have been also
confirmed in male patients[7-12].
In this paper, we review features of retroperitoneal
and reproductive-organ manifestations related to IgG4related autoimmune pancreatitis to promote their better
understanding and management. We did not include
IgG4-related tubulointerstitial nephritis, as it has already
been well described[13,14].

RESEARCH
A PubMed search was performed for articles published
until November 2013 using the keywords of IgG4, pancreatitis, and retroperitoneal fibrosis or testis or prostate.
We also referred to studies published in Japanese, as
many studies on this entity have been conducted in Japan. Written informed consent was obtained from all the
patients for case presentation.

IgG4-RELATED RETROPERITONEAL
FIBROSIS: GENERAL ASPECTS
An association between serum IgG4 elevation and autoimmune pancreatitis was first reported by Hamano et
al[15] in 2001. The same group also described a case of
IgG4-related pancreatitis complicated by retroperitoneal
fibrosis, where abundant IgG4-positive plasma cells were
histologically identified[16]. This is the first proven case
of IgG4-related retroperitoneal fibrosis in the literature.
In 2006, Kamisawa et al[17] suggested that IgG4-related
pancreatitis and retroperitoneal fibrosis belong to a systemic condition, which is now recognized as IgG4-related
disease. Since then, many papers have described IgG4related retroperitoneal fibrosis, but most of them are case
reports.
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It is worth emphasizing several aspects of IgG4related retroperitoneal fibrosis. Firstly, some patients
present with isolated IgG4-related retroperitoneal fibrosis
with no identifiable extra-retroperitoneal lesions. Secondly, retroperitoneal fibrosis is not always IgG4-related.
Only approximately 60% of retroperitoneal fibrosis is
IgG4-related. Due to marked overlap in clinical features
between IgG4-related and non-related cases, this discrimination is not straightforward without histological
analysis[18,19]. Yet, if a patient is younger than 40 years,
non-IgG4-related retroperitoneal fibrosis is more likely.
The diagnosis of IgG4-related disease thus requires a
multidisciplinary approach, where serological tests, tissue
diagnosis, and imaging examination need to be considered. Serum IgG4 elevation is highly sensitive, but not
entirely specific for this condition. IgG4 elevations up to
twice the upper limit of the normal range (280 mg/dL)
in the serum can be seen in a variety of diseases, including both inflammatory and neoplastic conditions. IgG4
elevations of more than 280 mg/dL are highly specific
for this condition.

IgG4-RELATED RETROPERITONEAL
FIBROSIS: PATHOLOGY
IgG4-related retroperitoneal fibrosis is histologically
characterized by massive lymphoplasmacytic infiltration,
storiform fibrosis, and obliterative phlebitis (Figure 1)[14,20].
IgG4-positive plasma cells should be diffusely present
in inflamed area (> 30 cells/high power field) (Figure 2).
The rate of IgG4/IgG-positive plasma cells is at least
over 40%, typically over 70%[21]. As IgG4-positive plasma
cell infiltration is not entirely specific for this condition, the ratio of them to IgG-positive plasma cells is
important to avoid overdiagnosis. Histological findings
contradicting a diagnosis of IgG4-related retroperitoneal
fibrosis include neutrophilic infiltration, necrosis, discrete
granuloma, and necrotizing arteritis.

IgG4-RELATED RETROPERITONEAL
FIBROSIS: CLINICAL MANIFESTATION
Clinical presentations of IgG4-related retroperitoneal
fibrosis are variable. About a half of the patients are believed to be symptom-free. Patients sometimes describe
abdominal or back pain and edema of the lower extremities. Once ureters are blocked, symptoms related to hydronephrosis or renal failure may appear.
The spectrum of imaging features is also wide,
including soft tissue masses sometimes involving the
ureters or renal pelvis (Figure 3), aortic wall thickening
involving adjacent soft tissue (Figure 4), or plaque-like
diffuse fibrosis[22-24]. On computed tomography (CT), the
lesions exhibit a soft-tissue density. On magnetic resonance imaging (MRI), they show a low to intermediate
signal intensity on T1-weighted images and various signal
intensity patterns on T2-weighted images according to
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A

B

Figure 1 Histological findings with core needle biopsy: Fibrosis and inflammatory reaction with dense infiltration of abundant lymphocytes and plasma
cells. A: Low magnification; B: High magnification.

A

B

Figure 2 Immunopathological findings: infiltrating cells represent lymphocytes and IgG4-positive plasma cells. A: IgG4 staining; B: IgM staining.

A

B

C

D

Figure 3 Localized pseudotumors (arrows) in a 67-year-old man with IgG4-related retroperitoneal fibrosis and autoimmune pancreatitis. A: Contrastenhanced CT; B: T1-weighted; C: T2-weighted; D: Contrast-enhanced MRI.
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Figure 4 Pseudotumor spread in the retroperitoneum surrounding the
abdominal aorta and vena cava (arrow).

the inflammatory activity (Figure 3). Contrast-enhanced
images are useful to estimate the degree of fibrosis and
inflammatory activity[25,26].

IgG4-RELATED RETROPERITONEAL
FIBROSIS: FUNCTIONAL PROBLEMS
Hydronephrosis related to retroperitoneal fibrosis impairs
the renal function, eventually leading to renal insufficiency. Maeta et al[27] reported a rare case of acute renal failure
due to IgG4-related retroperitoneal fibrosis. Ureteral obstruction was described in 45%-65% of reported patients
with IgG4-related retroperitoneal fibrosis[5,6,12,22,24,27-43]. Yet,
assuming that many other patients are not reported, how
often IgG4-related retroperitoneal fibrosis is associated
with hydronephrosis remains unknown. Interestingly, we
realized that the left kidney is more commonly affected
by this complication in reported cases[5,6,12,22,24,27,29-42]. Tsuboi et al[28] reported a 62-year-old man with IgG4-related
systemic manifestations, who had left hydronephrosis due
to a retroperitoneal pseudotumor. Hart et al[12] reported
a 67-year-old man who had IgG4-related autoimmune
pancreatitis and retroperitoneal fibrosis with hydronephrosis in the left kidney. Two additional cases also had
left hydronephrosis[29,30]. Given the fact that most of the
patients had IgG4-related autoimmune pancreatitis, the
left-sided predominance may be related to the anatomical
location of the pancreas. Bilateral hydronephrosis can be
also seen at the initial presentation, as described by Miura
et al[31] and Takenaka et al[32]. Hydronephrosis is not common in retroperitoneal fibrosis affecting the renal hilum,
as reported by Miyajima et al[23].

MANAGEMENT OF IgG4-RELATED
RETROPERITONEAL FIBROSIS:
PHARMACOLOGICAL THERAPY
The same as for other IgG4-related diseases, steroid therapy is highly effective for IgG4-related retroperitoneal
fibrosis[29-31]. However, for patients with ureteral obstruction, how to preserve the renal function is another aspect

WJG|www.wjgnet.com

of treatment. Because of the lack of consensus guidelines for this particular condition, we need to decide on
the therapeutic plan (i.e., corticosteroids, ureteral stent)
based on the renal function of patients on a case-by-case
basis. For patients without severe uremia or fluid retention, oral prednisolone is the most likely treatment of
choice. Additional urological intervention such as ureteral
stenting may be an option if the obstruction remains
even after steroid therapy. Imaging studies involving CT
are helpful to assess the effects of steroid therapy[26,37,38].
According to the literature, initial doses vary from 20
mg to 100 mg once daily[28-30,32,33]. A 52-year-old man with
IgG4-related pancreatitis and periaortic retroperitoneal
fibrosis without urinary tract obstruction was successfully
treated with an initial dose of prednisolone of 30 mg[33].
Tsuboi et al[28] reported a 62-year-old man with systemic
disease, who had left hydronephrosis due to a pseudotumor, successfully managed with prednisolone of 30 mg.
Miura et al[31] reported an 80-year-old man without pancreatic swelling. His bilateral hydronephrosis was treated
successfully with prednisolone of 25 mg. A 51-year-old
man with systemic manifestations and bilateral incomplete ureteral obstruction was successfully treated with 50
mg of prednisolone[32]. Both the 67-year-old and 79-yearold men reported by Kikuno et al[29] and Nishimura et al[30]
respectively, were also successfully treated with prednisolone of 30 mg. Low dose prednisolone therapy (initial
dose: 0.5-0.6 mg/kg or 30 mg/body daily) with tapering
has been the therapeutic standard with encouraging results (recovery rate greater than 90%), the same as for
other manifestations of IgG4-related disease[28,31,43].

MANAGEMENT OF IgG4-RELATED
RETROPERITONEAL FIBROSIS:
UROLOGICAL INTERVENTION
Marked effects of steroid therapy are usually expected in
the first couple of weeks. When patients have advanced
uremia, severe fluid retention, or ureteral obstruction
with symptoms, however, an emergent ureteral stent or
nephrostomy is required[27]. Unilateral interventions may
be sufficient for recovery from the life-threatening situation. Ureteral stenting is currently the interventional
standard. Hart et al[12] reported a 67-year-old man who
had IgG4-related autoimmune pancreatitis and retroperitoneal fibrosis with hydronephrosis of the left kidney.
He underwent ureteral stenting for mild elevation of the
serum creatinine level (1.6 mg/dL). Another 74-yearold Chinese man with hydronephrosis received ureteral
stenting to relieve ureteral obstruction and associated
pain[38]. IgG4-related retroperitoneal fibrosis was thereafter diagnosed in this case. The stent was removed after
confirming that pseudotumorous retroperitoneal fibrosis
responded well to steroid therapy.
Unilateral nephrostomy needs to be considered for
patients with anatomical problems in the lower urinary
tract, including severe urethral stenosis and large pros-
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less difficult if patients have other organ manifestations.
However, surgery has been conducted even for such
patients[33], suggesting that the clinical management of
patients with IgG4-related disease requires close coordination between physicians and urologists.

OTHER ASPECTS OF IgG4-RELATED
RETROPERITONEAL FIBROSIS

Figure 5 Although a ureteral stent was correctly placed into the left renal
pelvis (arrow), ipsilateral hydronephrosis did not improve in a 79-year-old
woman with IgG4-related retroperitoneal fibrosis.

tatic hyperplasia; IgG4-related autoimmune pancreatitis
is most frequently encountered in middle-aged to elderly
men (mean age, 59-68 years, 4 to 7.5-fold higher rate
compared to women)[4,7,8,17,18]. In fact, we experienced a
patient (79-year-old woman) with histologically proven
IgG4-related retroperitoneal fibrosis, where ureteral
stenting was not sufficient to alleviate ureteral obstruction and renal failure (Figure 5). She subsequently underwent nephrostomy, followed by steroid therapy. Ureteral
stents might be constricted by the severe fibrotic process
around the ureter.

IgG4-RELATED RETROPERITONEAL
FIBROSIS MIMICKING MALIGNANCY
Abe et al[41] reported a 39-year-old man, who showed an
atypical clinical manifestation. He was diagnosed with a
tumor in the left ureter. He underwent segmental ureterectomy, which led to the diagnosis of an IgG4-related
periureteral pseudotumor in the distal ureter. Another
75-year old man who metachronously developed IgG4related autoimmune pancreatitis and retroperitoneal
fibrosis was also reported. He initially presented with
left hydronephrosis and had surgery for possible ureteral
cancer, and an IgG4-related pseudotumor was histologically diagnosed. Ten months later, he was diagnosed
with autoimmune pancreatitis, which was successfully
managed with prednisolone[34]. These cases suggest that
IgG4-related pseudotumorous retroperitoneal fibrosis is
difficult to diagnose, particularly when it is the first or an
isolated manifestation. Surgical resection is sometimes
unavoidable for such patients.
Similar pseudotumorous lesions can develop in the
more proximal urinary tract. Yoshino et al[42] encountered
a 71-year-old man, who had an IgG4-related pseudotumor mimicking renal pelvic cancer in his left kidney. In
this case, urine cytology obtained by a retrograde catheter
in the renal pelvis was negative for malignant cells. His
serum IgG4 level was found to be elevated, and he was
successfully treated with prednisolone. The diagnosis of
IgG4-related pseudotumorous retroperitoneal fibrosis is
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Pipitone et al[22] suggested the utility of 18-fluorodeoxyglucose (FDG) positron emission tomography (PET) for
the diagnosis and assessment of IgG4-related retroperitoneal fibrosis. This has been supported by additional
studies[24,26]. On the other hand, the definite diagnosis
of IgG4-related retroperitoneal fibrosis usually requires
tissue confirmation, but retroperitoneal biopsies are occasionally problematic due to expected adverse events
or technical failure. Sampling error is always a possibility
for patients with broad plaque-like lesions. Doe et al[40]
reported an interesting case: a 77-year-old man was diagnosed with IgG4-related retroperitoneal fibrosis and an
elevated serum IgG4 level (398 mg/dL). Retroperitoneal
biopsy was not performed because of his marked comorbidity, but lip biopsy revealed the periglandular infiltration
of IgG4-positive plasma cells, leading to the diagnosis of
IgG4-related disease.

ASSOCIATED CONDITIONS IN THE
URINARY BLADDER
There has been no report on urinary bladder involvement in patients with proven IgG4-related disease.
Crumley et al[44] retrospectively examined biopsy samples
of interstitial cystitis from the aspect of IgG4. Interstitial
cystitis is a clinical entity previously called painful bladder
syndrome, whose etiology and pathogenesis remain undetermined[45,46]. Of 44 cases examined, 4 (9%) showed a
significant increase in IgG4-positive plasma cells (greater
than 30/hpf) with an IgG4/IgG ratio greater than 0.5.
Those patients were characterized by an older age, severer inflammation, and smaller bladder capacity than the remaining 40 IgG4-negative patients. Serological data were
not available because of the retrospective nature of the
study. Further studies are necessary to conclude whether
or not IgG4-related cystitis is a distinct entity.

ASSOCIATED CONDITIONS IN THE
PROSTATE
Several case studies on IgG4-related prostatitis have been
reported. Patients almost exclusively presented with lower
urinary tract symptoms such as dysuria, pollakisuria, urinary urgency, and a feeling of incomplete emptying[9,10].
The clinical presentation is similar to that in common benign prostatic hyperplasia or chronic prostatitis[47,48]. The
diagnosis of IgG4-related prostatitis may not be difficult
once prostate biopsy is performed; biopsy of the pros-
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tate is an established diagnostic routine[49,50]. However,
it depends on whether or not urologists, physicians, and
pathologists are aware of this condition.
The first case of IgG4-related prostatitis was described in a case series of IgG4-related pancreatocholangitis reported in 2004[4]. Two years later, Yoshimura et
al[9] described a 65-year-old man, in whom IgG4-related
prostatitis was retrospectively diagnosed using IgG4
immunostaining 7 years after he received transurethral
resection of the prostate to relieve bladder outlet obstruction. Nishimori and colleagues reported 2 additional
cases [10]. Both patients were initially diagnosed with
common benign prostatic hyperplasia. One patient with
IgG4-related pancreatitis showed the improvement of
lower urinary tract symptoms with an alpha-adrenoceptor
antagonist that is the first-line agent for men with benign
prostatic hyperplasia[48]. He was eventually diagnosed with
IgG4-related prostatitis following prostate biopsy, which
was performed because of an uptake in the prostate on
FDG-PET. The other patient had isolated IgG4-related
prostatitis, which was diagnosed by tissue examination of
the transurethral resection specimen and elevated serum
IgG4 level (473 mg/dL). Interestingly, he also showed
FDG uptake in the prostate, while his pancreas was atrophic with no FDG uptake. Zaidan et al[51] reported a man
with long-standing IgG4-related retroperitoneal fibrosis,
who was eventually found to have IgG4-related prostatitis following prostate biopsy. The biopsy was undertaken
because of a significant FDG uptake.
Uehara et al[52] histologically examined prostate tissue samples obtained from 6 cases, including one radical
prostatectomy specimen. This study well addressed the
histological characteristics of IgG4-related prostatitis.
The histological features are basically similar to those of
IgG4-related disease at other sites. Glands are replaced
by the inflammatory process, consisting of lymphoplasmacytic infiltration, occasional eosinophils, and irregular
fibrosis. Obliterative phlebitis was noted. IgG4-positive
plasma cells were diffusely present in inflamed areas.
It is known that serum levels of prostate-specific antigen (PSA) are markedly elevated in men with bacterial
prostatitis[49,50], but whether or not IgG4-related prostatitis is associated with an elevated serum PSA remains unclear because of the limited number of cases. Patel and
Szostek[53] reported a man with systemic IgG4-related
disease, in whom prostatic involvement was confirmed by
biopsy. His serum PSA level was within the normal range.
Hart et al[54] reported a 55-year-old man with IgG4-related
pancreatitis and prostatitis (the PSA level was normal: 0.67
ng/mL). Interestingly, his symptoms resolved when he
was given a course of oral prednisone for monoarticular
gout. In our experience, patients sometimes state that
corticosteroids given for IgG4-related disease at other
sites relieve their lower urinary tract symptoms, which
suggests that IgG4-related prostatitis may be underdiagnosed.
In 2006, Taniguchi et al[55] reported a 61-year-old man
who presented with retroperitoneal and mediastinal fi-
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brosis, and a mass in the left seminal vesicle. IgG4-related
disease was diagnosed based on a high serum IgG4 concentration (583 mg/dL) and tissue examination. All lesions responded well to corticosteroids. This is probably
the first reported case suggesting IgG4-related disease at
this anatomical site.
In summary, men with IgG4-related pancreatitis sometimes present with IgG4-related prostatitis synchronously
or metachronously. Lower urinary tract symptoms are
common but not specific among elderly men. FDG-PET
may be a useful diagnostic modality for IgG4-related prostatitis. Its urological features, such as efficacy of alphaadrenoceptor antagonists for the alleviation of urinary
symptoms and serum PSA elevation, remain unclear.

ASSOCIATED CONDITIONS IN THE
TESTIS AND ACCESSORY ORGANS
THEREOF
Bösmüller et al[11] investigated 3 men (23, 25, and 52 years
old) with paratesticular fibrous pseudotumors, and suggested that this condition may be a presentation of IgG4related disease, although information about coexisting
associated conditions in other organs was not provided.
Hart et al[12] subsequently reported a 67-year-old man
who developed a similar condition during observation
for IgG4-related autoimmune pancreatitis. Migita et al[56]
reported a 74-year-old man with bilateral IgG4-related sialadenitis. He had a history of left orchiectomy for a 4-cm
paratesticular mass. A retrospective review of pathological
slides confirmed an inflammatory mass with the massive
infiltration of IgG4-positive plasma cells. de Buy Wenniger et al[57] reported a 57-year-old man with IgG4-related
pancreatitis, who was found to have IgG4-related orchitis
7 years after pancreaticoduodenectomy. His main symptom was left testicular pain, and the left testis alone was
affected. Dieckmann et al[45] reported 2 young men with
possible IgG4-related orchitis (28 and 18 years old). However, all four patients younger than 30 years (two cases
each reported by Bösmüller et al[11] and Dieckmann et al[45])
showed no other organ involvement, which may challenge
the diagnosis in young patients. Information on testicular
functions such as testosterone levels and spermatogenesis
was not provided in any case reports quoted in this section, and so further studies on endocrinological and functional outcomes of this rare condition are warranted.

CONCLUSION
IgG4-related autoimmune pancreatitis is frequently accompanied by relevant lesions in the retroperitoneum and
genitourinary tract, leading to various clinical presentations and imaging abnormalities. Although surgical resection is occasionally unavoidable to rule out malignancy,
such incidences will decrease as IgG4-related retroperitoneal fibrosis is more widely recognized and imaging
findings are well characterized. We need to decide on the
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therapeutic plan (i.e., corticosteroids, ureteral stent) based
on the renal function of patients on a case-by-case basis.
Increasing evidence suggests that IgG4-related disease
can affect the prostate and testis, and further studies are
necessary to better understand reproductive-organ involvement of IgG4-related disease.
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Abstract
Autoimmune pancreatitis (AIP) is a distinct form of
chronic pancreatitis that is increasingly being reported.
The presentation and clinical image findings of AIP
sometimes resemble those of several pancreatic malignancies, but the therapeutic strategy differs appreciably. Therefore, accurate diagnosis is necessary for
cases of AIP. To date, AIP is classified into two distinct
subtypes from the viewpoints of etiology, serum markers, histology, other organ involvements, and frequency
of relapse: type 1 is related to IgG4 (lymphoplasmacytic
sclerosing pancreatitis) and type 2 is related to a granulocytic epithelial lesion (idiopathic duct-centric chronic
pancreatitis). Both types of AIP are characterized by
focal or diffuse pancreatic enlargement accompanied
with a narrowing of the main pancreatic duct, and both
show dramatic responses to corticosteroid. Unlike type
2, type 1 is characteristically associated with increasing
levels of serum IgG4 and positive serum autoantibodies, abundant infiltration of IgG4-positive plasmacytes,
frequent extrapancreatic lesions, and relapse. These
findings have led several countries to propose diagnostic criteria for AIP, which consist of essentially similar
diagnostic items; however, several differences exist for
each country, mainly due to differences in the definition
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of AIP and the modalities used to diagnose this disease.
An attempt to unite the diagnostic criteria worldwide
was made with the publication in 2011 of the international consensus diagnostic criteria for AIP, established
at the 2010 Congress of the International Association
of Pancreatology (IAP).
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Autoimmune pancreatitis; Diagnosis; Criteria; Japanese; International consensus diagnostic
criteria
Core tip: Autoimmune pancreatitis (AIP) was first reported in Japan in 1995. Since then, a large series of
studies has been documented and the concept of AIP
is now recognized worldwide. Two distinct subtypes of
AIP occur with different incidences in Asian and western countries. Type 1 is often associated with IgG4-related systemic diseases and shares histological features
of lymphoplasmacytic sclerosing pancreatitis. Type 2 is
usually not associated with IgG4 abnormality and histologically shows idiopathic duct-centric pancreatitis with
granulocytic epithelial lesions. Independent diagnostic
criteria had previously been used in individual countries, but international consensus diagnostic criteria
were published in 2011.
Matsubayashi H, Kakushima N, Takizawa K, Tanaka M, Imai K,
Hotta K, Ono H. Diagnosis of autoimmune pancreatitis. World J
Gastroenterol 2014; 20(44): 16559-16569 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i44/16559.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i44.16559

INTRODUCTION
Autoimmune pancreatitis (AIP) was first documented in
1995 by Yoshida et al[1], who reported a case of chronic
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pancreatitis that fulfilled the definition of an autoimmune disease[2] with respect to hyperglobulinemia, positive serum autoantibody, and steroid response. In 2001,
Hamano et al[3] reported increased serum levels of IgG4
in Japanese patients with AIP. This disease is a form of
chronic pancreatitis characterized by frequent presentation with obstructive jaundice, simultaneous and/or
metachronal occurrences of extrapancreatic lesions,
histology of lymphoplasmacytic infiltrates with fibrosis,
and a dramatic response to corticosteroids[4-9]. Symptoms,
blood test data, and clinical images of the AIP often resemble those of pancreatic cancer (PC)[10-12], malignant
lymphoma[1,13], and other types of pancreatitis. Therefore,
differential diagnosis must be conducted carefully.
The first diagnostic criteria for AIP were established
in Japan in 2002[14], revised in 2006[15], and revised again
in 2011(Table 1)[16]. During this period, the concepts of
AIP were well recognized worldwide and nationwide
diagnostic criteria were proposed in South Korea[17,18],
the United States, Germany[19], and Italy[20]. The conditions and methodologies used in each criterion varied;
hence, the cases diagnosed as AIP sometimes differed by
country. AIP was later revealed to consist of two distinct
subtypes: type 1 AIP, which is characterized by histology resembling that of “lymphoplasmacytic sclerosing
pancreatitis (LPSP),” and type 2 AIP or “idiopathic ductcentric pancreatitis (IDCP)[21]” with “granulocytic epithelial lesion (GEL)[8,22]”. Type 1 AIP is now considered
the pancreatic manifestation of systemic organ disorders
termed “IgG4-related diseases (IgG4-RD)[23]”, while type
2 is usually not associated with IgG4 activity or extrapancreatic lesions other than ulcerative colitis (UC). The
proportions of type 1 and type 2 AIP vary substantially
in western and eastern countries. Consensus meetings
have been held and international criteria were established
in Asia in 2008[24], and on a worldwide scale (international
consensus diagnostic criteria: ICDC) in 2011 (Tables 2-4
and Figures 1-3)[25]. The ICDC are presently evaluated
as the most sensitive and specific criteria for diagnosing
AIP[26].

Table 1 Clinical diagnostic criteria for autoimmune pancreati[16]
tis in 2011 by Japan Pancreas Society (JPS-2011)
A: Diagnostic items
Ⅰ: Enlargement of the pancreas:
(a) Diffuse enlargement
(b) Segmental/focal enlargement
Ⅱ: ERP (endoscopic retrograde pancreatography) shows irregular
narrowing of the main pancreatic duct
Ⅲ: Serological findings
Elevated level of serum IgG4 (≥ 135 mg/dl)
Ⅳ: Pathological findings: among (1)-(4) listed below
(a) Three or more are observed
(b) Two are observed
(1) Prominent infiltration of lymphocytes and plasmacytes and
fibrosis
(2) More than 10 IgG4-positive plasmacytes per high-power
microscope field
(3) Storiform fibrosis
(4) Obliterative phlebitis
Ⅴ: Extra-pancreatic lesions: sclerosing cholangitis, sclerosing
dacryoadenitis/sialoadenitis/retroperitoneal fibrosis
(a) Clinical lesions
Extrapancreatic sclerosing cholangitis, sclerosing dacryoadenitis/
sialoadenitis (Mikulicz disease) or/retroperitoneal fibrosis
(b) Pathological lesions
Pathological examination shows characteristic features of
sclerosing cholangitis, sclerosing dacryoadenitis sialoadenitis
or/retroperitoneal fibrosis
<Option> Effectiveness of steroid therapy
A specialized facility may include in its diagnosis the effectiveness
of steroid therapy, once pancreatic or bile duct cancers have been
ruled out. When it is difficult to differentiate from malignant
conditions, it is desirable to perform cytological examination using
an endoscopic ultrasound-guided fine needle aspiration (EUS-FNA).
Facile therapeutic diagnosis by steroids should be avoided unless the
possibility of malignant tumor has been ruled out by pathological
diagnosis.
B: Diagnosis
Ⅰ: Definite diagnosis
(1) Diffuse type
Ⅰa + Ⅲ/Ⅳb/Ⅴ (a/b)
(2) Segmental/focal type
Ⅰb + Ⅱ + two or more of < Ⅲ/Ⅳb/Ⅴ (a/b) >
or
Ⅰb + Ⅱ + < Ⅲ/Ⅳb/Ⅴ (a/b) > + Option
(3) Definite diagnosis by histopathological study
Ⅳa
Ⅱ: Probable diagnosis
Segmental/focal type: Ⅰb + Ⅱ + < Ⅲ/Ⅳb/Ⅴ(a/b) >
1
Ⅲ: Possible diagnosis
Diffuse type: Ⅰa + Ⅱ + Option
Segmental/focal type: Ⅰb + Ⅱ + Option

CLASSIFICATION OF AIP
A worldwide survey of AIP[27] indicated that most cases
of AIP in Asia fit the histological profile of LPSP, or
type 1 AIP, while European and American cases are a
mixture of LPSP and idiopathic duct-centric pancreatitis (IDCP)[21,27,28]. The necessity of adequate pancreatic
specimens for histology makes accurate diagnosis of
IDCP difficult before resection, and this is probably the
reason for the limited number of reported cases of type
2 AIP. The two types of AIP also differ in characteristics
depending on the geographical distribution, age and gender of the patients, serological findings, association with
extra pancreatic lesions, and relapse ratios (Table 5).
Type 1 AIP
Type 1 AIP is histologically characterized as LPSP and is
often associated with: (1) abundant lymphoplasmacytic
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When a patient with a focal/segmental image of AIP on CT/MRI without
ERCP findings fulfill more than one of III, Ivb and V (a/b) ERP criteria,
he/she can be diagnosed as probable AIP only after the negative workup
for malignancy by EUS-FNA, and confirmed as definitive one by an
optional steroid response. 1Possible diagnosis: A case may possibly be type
2, although it is extremely rare in Japan. AIP: Autoimmune pancreatitis;
CT: Computed tomography; MRI: Magnetic resonance image.

infiltration with IgG4-positive cells [> 10 cells/high power field (HPF)]; (2) storiform fibrosis; and (3) obliterative phlebitis (Tables 1, 2 and 5). Type 1 AIP frequently
occurs in elderly men and is geographically distributed
in greater numbers in Asia[29,30] than in western countries[19,20,22,31]. Type 1 AIP is the pancreatic manifestation
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Table 2 Diagnosis of definitive and probable type 1 autoimmune pancreatitis using international consensus diagnostic criteria
Diagnosis

Primary basis for diagnosis

Imaging evidence

Collateral evidence

Definitive type 1 AIP

Histology
Imaging

Typical/indeterminate
Typical
Indeterminate
Indeterminate

Histologically confirmed LPSP (level 1 H)
Any non-D level 1/level 2
Two or more from level 1 (+ level 2 D1)
Level 1 S/OOI + Rt or level 1 D +
level 2 S/OOI/H + Rt

Indeterminate

level 2 S/OOI/H + Rt

Response to steroid

Probable type 1 AIP
Criterion
P: Parenchymal imaging

D: Ductal imaging (ERP)
S: Serology
OOI: Other organ involvement

H: Histology of the pancreas

Response to steroid (Rt)2

Level 1
Typical:
Diffuse enlargement with delayed enhancement
(sometimes associated with rim-like enhancement)
Long (> 1/3 length of the main pancreatic duct)
or multiple strictures without marked upstream dilatation
IgG4, > 2 × upper limit of normal value
a or b
a: Histology of extrapancreatic
organs
Any three of the following:
(1) Marked lymphoplasmacytic infiltration with fibrosis
and without granulocytic infiltration
(2) Storiform fibrosis
(3) Obliterative phlebitis
(4) Abundant (> 10 cells/HPF) IgG4-positive cells

[25]

Level 2
Indeterminate (including atypical3):
Segmental/focal enlargement with delayed
enhancement
Segmental/focal narrowing without marked upstream
dilatation (duct size, < 5 mm)
IgG4, 1-2 × upper limit of normal value
a or b
a: Histology of extrapancreatic organs including
endoscopic biopsies of bile duct4:
Both of the following:
(1) Marked lymphoplasmacytic infiltration without
granulocytic infiltration
(2) Abundant (> 10 cells/HPF) IgG4-positive cells

b: Typical radiological evidence
b: Physical or radiological evidence
At least one of the following:
At least one of the following
(1) Segmental/multiple proximal (hilar/intrahepatic)
(1) Symmetrically enlarged salivary
or proximal and distal bile duct stricture
/lachrymal glands
(2) Retroperitoneal
(2) Radiological evidence of renal involvement described
fibrosis
in association with AIP
LPSP (core biopsy/resection)
LPSP (core biopsy)
At least 3 of the following:
Any 2 of the following:
(1) Periductal lymphoplasmacytic infiltrate without
(1) Periductal lymphoplasmacytic infiltrate without
granulocytic infiltration
granulocytic infiltration
(2) Obliterative phlebitis
(2) Obliterative phlebitis
(3) Storiform fibrosis
(3) Storiform fibrosis
(4) Abundant (> 10 cells/HPF) IgG4-positive cells
(4) Abundant (> 10 cells/HPF) IgG4-positive cells
Diagnostic steroid trial
Rapid (≤ 2 wk) radiologically demonstrable resolution or marked improvement in pancreatic/extrapancreatic
manifestations

1

Level 2 D is counted as level 1 in this setting; 2Diagnostic steroid trial should be conducted carefully by pancreatologists with caveats (see text) only after
negative workup for cancer including endoscopic ultrasound-guided fine needle aspiration; 3Atypical: Some AIP cases may show low-density mass,
pancreatic ductal dilatation, or distal atrophy. Such atypical imaging findings in patients with obstructive jaundice and/or pancreatic mass are highly
suggestive of pancreatic cancer. Such patients should be managed as pancreatic cancer unless there is strong collateral evidence for AIP, and a thorough
workup for cancer is negative (see algorithm); 4Endoscopic biopsy of duodenal papilla is a useful adjunctive method because ampulla often is involved
pathologically in AIP. AIP: Autoimmune pancreatitis; ICDC: International consensus diagnostic criteria; HPF: High power field; LPSP: Lymphplasmacytic
sclerosing; OOI: other organ involvement.

of IgG4-related disease (IgG4-RD)[23,32]; consequently,
a variety of systemic lesions with IgG4-positive cells
infiltrates develop simultaneously or metachronously, in
association with elevated level of serum IgG or IgG4 (>
135 mg/dl) and positive serum autoantibodies. These
systemic lesions include sclerosing cholangitis (60%), sialadenitis (14%), retroperitoneal fibrosis (10%), interstitial
pneumonitis (8%), and tubulointerstitial nephritis (8%)[4],
and many other organs are recognized as possible targets
of IgG4-RD or type 1 AIP5 (Table 6). Response to corticosteroid therapy is usually excellent (97%-98%)[33,34];
however, a high rate of relapse is also observed (56% in
1 year within steroid initiation and 92% within 3 years)
(Table 5).
WJG|www.wjgnet.com

Type 2 AIP
Type 2 AIP is regarded as a specific pancreatic disease,
characterized histologically by duct-centric pancreatitis
with a GEL[21,22,27,35]. Type 2 AIP patients are more frequently diagnosed in western countries, with a younger
age of onset and without gender deviation, compared
to type 1[36]. Type 2 AIP occasionally coexists with inflammatory bowel disease (16%-30%)[36,37]. Response to
steroids is excellent, as in type 1, but type 2 AIP rarely
relapse (Table 5)[37].
Patients with type 2 AIP have no serological markers
of autoimmunity. Therefore, the classification of type
2 AIP as a clinical entity of AIP is still debated. Nevertheless, the deposition of C3c and IgG in the basement
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Table 3 Diagnosis of definitive and probable type 2 autoimmune pancreatitis using international consensus diagnostic criteria

[25]

Diagnosis

Imaging evidence

Collateral evidence

Definitive type 2 AIP

Typical/indeterminate

Probable type 2 AIP

Typical/indeterminate

Histologically confirmed IDCP (level 1 H) or clinical
inflammatory bowel disease + level 2 H + Rt
Level 2 H/clinical inflammatory bowel disease + Rt

Criterion
P: Parenchymal imaging

Level 1
Typical:
Diffuse enlargement with delayed enhancement
(sometimes associated with rim-like enhancement)
Long (> 1/3 length of the main pancreatic duct) or
multiple strictures without marked upstream dilatation

D: Ductal imaging (ERP)
OOI: Other organ involvement
H: Histology of the pancreas
(core biopsy/resection)

Response to steroid (Rt)1

Level 2
Indeterminate (including atypical2):
Segmental/focal enlargement with delayed enhancement
Segmental/focal narrowing without marked upstream
dilatation (duct size, < 5 mm)
Clinically diagnosed inflammatory bowel disease

IDCP
Both of the following:
Both of the following:
(1) Granulocytic infiltration of duct wall (GEL) with or
(1) Granulocytic and lymphoplasmacytic acinar infiltrate
without granulocytic acinar inflammation
(2) Absent or scant (0-10 cells/HPF) IgG4-positive cells
(2) Absent or scant (0-10 cells/HPF) IgG4-positive cells
Diagnostic steroid trial
Rapid (≤ 2 wk) radiologically demonstrable resolution or marked improvement in manifestations

1

Diagnostic steroid trial should be conducted carefully by pancreatologists with caveats (see text) only after negative workup for cancer including
endoscopic ultrasound-guided fine needle aspiration; 2Atypical: Some AIP cases may show low-density mass, pancreatic ductal dilatation, or distal atrophy.
Such atypical imaging findings in patients with obstructive jaundice and/or pancreatic mass are highly suggestive of pancreatic cancer. Such patients
should be managed as pancreatic cancer unless there is strong collateral evidence for AIP, and a thorough workup for cancer is negative (see algorithm).
AIP: Autoimmune pancreatitis; ICDC: International consensus diagnostic criteria; IDCP: Idiopathic duct-centritic pancreatitis.

Table 4 Diagnosis of autoimmune pancreatitis-not otherwise
[25]
specified using international consensus diagnostic criteria
Diagnosis

Collateral evidence (case with only D1/2)

AIP-not otherwise specified

D1/2 + Rt

membrane of the pancreatic ducts and acini suggests
an immune complex-mediated destruction of ducts and
acini in type 2 as well as type 1 AIP[38].

DIAGNOSTIC CRITERIA OF AIP
Diagnostic criteria, either nationwide[9,16-20] or international[24,25], consist mostly of common diagnostic items
such as image findings of the pancreatic parenchyma,
pancreatography, and extrapancreatic lesions; serological
findings; histology of the pancreatic lesion; and response
to steroid therapy (Tables 1-3). The diagnostic items are
very similar, but the method or approach for analyzing each finding varies depending on the country. For
instance, in Japan16, endoscopic retrograde pancreatography (ERP) is performed even by general clinicians but is
usually precluded in western counties to avoid causing or
worsening pancreatitis. In contrast, the Mayo Clinic in the
United States[9] routinely performs pancreatic core biopsy
for diagnosing AIP. These differences in the methodology seem to reflect the diagnostic criteria or diagnostic
algorithm used by individual country[9,16-20].
Pancreatic parenchymal imaging
Focal or diffuse pancreatic enlargement is a common
finding in both types of AIP. A dynamic study showed
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that enhancement of the pancreatic parenchyma is repressed during the arterial to parenchymal phase and is
recovered at the portal phase to delayed phase[39]. This
enhancement pattern is distinct from that of PC and is
applied to contrast-enhanced EUS for the differentiation
of AIP and cancer by analyzing time-intensity curves[40,41].
Typically, a linear or band-like structure, depicted as low
density by computed tomography (CT) and a hypo-intensity signal by T2-weight magnetic resonance image (MRI),
appears at the margin of the enlarged pancreatic parenchyma and is referred to as a “capsule-like rim”, reflecting
the fibrous tissue[39,42]. Abdominal ultrasonography (US)
and EUS show similar findings to those of early chronic
pancreatitis, including hyperechoic foci (91%-100%),
hyperechoic strands (30%-81%), lobularity (15%-53%),
and a hyperechoic wall of the main pancreatic duct (30%)
in cases with AIP, and these findings decrease after steroid therapy[33,43]. Ultrasound of typical diffuse-type AIP
shows a diffusely enlarged low-echoic pancreas without
ductal dilation, or so-called “sausage-like appearance.”
Elastographic studies have revealed inconsistent results
regarding the hardness of pancreatic lesions associated
with AIP[44,45].
Pancreatographic imaging
An irregular narrowing of the main pancreatic duct
(MPD), but not a complete stenosis or obstruction, is
seen in cases of AIP. Nishino et al[46] analyzed the differences in ERP findings between AIP and PC, and found a
higher prevalence of narrowing of the MPD for ≥ 3 cm
of its length and a higher prevalence for the presence of
side branches in the narrowed portion of the MPD in the
AIP group than in the PC group (P < 0.001 and P < 0.001,
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Patients presenting with obstructive jaundice and/or pancreatic enlargement

CT/MRI: Pancreatic findings typical for AIP (level 1 parenchymal findings)

1: Review CT/MRI/Physical examination for other organ involvement
2: Measure serum IgG4 levels
If not sufficient evidence based on above two, perform
3: Ampullary biopsies for IgG4 stain

At least one non-ductal level 1/level 2 criterion for type 1 AIP
Yes

No

Highly suggestive of type 1 AIP

Follow algorithm for type 2 AIP

Treat with prednisone 0.6-1 mg/kg x 2 wk

Reassess serum IgG4, CA19-9, pancreatic morphology

Response to steroids
No
Reconsider diagnosis

Yes
Type 1 AIP diagnosis confirmed

Figure 1 Algorithm of international consensus diagnostic criteria to diagnose type 1 autoimmune pancreatitis in subjects presenting with obstructive
jaundice and/or pancreatic enlargement. This schematic drawing shows a flow to diagnose type 1 AIP with typical diffuse enlargement of the pancreas on CT/MRI
(level 1 parenchymal findings)[25]. AIP: Autoimmune pancreatitis; CT: Computed tomography; MRI: Magnetic resonance image.

respectively). In addition, an obvious dilation of the
MPD (≥ 4 mm) upstream of the lesion was recognized
in 87% of the PC cases, but this was seen in only 11%
of the AIP cases (P < 0.001). The narrowed portion of
the MPD is not visualized by magnetic resonance cholangiopancreatography (MRCP)[47]; however, use of ERP is
only mandatory in the Japanese criteria (Table 1). Either
MRCP or ERP is acceptable in the Korean criteria17,18 and
modality is not specified in the Mayo criteria (HISORt)[9].
The ERCP finding seems to be extremely important in
atypical cases[10,33]; for instance, a case that does not show
marked shrinkage following steroid therapy[33,48] or a case
of PC mimicking[11] or accompanying[12]AIP.
Serology
The most sensitive and specific serum marker for type 1
AIP is IgG4 (≥ 135 mg/dl, sensitivity: 86%, specificity
to AIP against PC: 96%). However, IgG4 is not actually
specific for AIP[5], and elevated serum IgG4 or infiltrations of numerous IgG4-bearing plasma cells have also
been reported in cases with PC (10%, 13/135)[49]. Various
antibodies appear in the sera of AIP patients, such as
anti-lactoferrin antibody, anti-carbonic anhydrase Ⅱ antibody, antinuclear antibody (ANA), and rheumatoid factor
(RF) at respective frequencies of 75%, 55%, 60%, and
20%-30%[50]. The sensitivity of a set of non-specific se-
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rum markers (IgG + ANA + RF) (91%) is similar to that
of IgG4, but the specificity (61%) is significantly lower
than for IgG4[5]. The SS-A (Ro) and SS-B (La) antibodies,
which are markers of Sjögren’s syndrome, are rarely seen
in AIP patients, giving additional grounds for the idea
that sclerosing sialadenitis seen in AIP patients is distinct
from Sjögren’s syndrome.
The level of serum markers is usually correlated with
the autoimmune activity and a large number of systemic
lesions are more often recognized in type 1 AIP with
high levels of serum markers (IgG4, soluble IL2 receptor, etc.)[51,52]. Relapse is also often recognized in cases with
elevated levels of serum IgG[33] or IgG4[34]. Hence, these
serum markers are also applicable to the clinical follow
up of patients with type 1 AIP.
Extrapancreatic lesions (other organ involvement)
Extrapancreatic lesions are often associated with type 1
AIP and are correlated with disease activity. The most
common extrapancreatic lesion seen in type 1 AIP is sclerosing cholangitis (bile duct), with other typical lesions
including dacryoadenitis (lachrymal gland), sialadenitis
(salivary gland), interstitial pneumonitis (lung), tubulointerstitial nephritis (kidney), retroperitoneal fibrosis
(retroperitoneum), and lymph node lesions at the hepatic
hilar portion. Many of reported extrapancreatic lesions
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Patients presenting with obstructive jaundice and/or pancreatic enlargement/mass

CT/MRI: Pancreatic findings indeterminate/atypical for AIP

Work-up for cancer: Negative

No cardinal criteria
for type 1 AIP on
serology, OOI

1: Review CT/MRI/Physical examination for other organ involvement
2: Measure serum IgG4 levels
If not sufficient evidence based on above two, perform the following
3: Endoscopic pancreatogram
4: Ampullary biopsies with stain for IgG4
5: Review previous biopsy/resection specimen of pancreas or other organs

Follow algorithm for
type 2 AIP

Two or more from level 1 (+ ductal level 2) criteria for type 1 AIP
Yes

No
Pancreatic core biopsy

Inconclusive/not performed

Level 2 S/OOI/H

Any level 1 S/OOI
or
Level 1 D + Level 2 S/OOI/H
LPSP

Surgical
resection

No

No

Steroid trial
Other diagnosis
AIP: Definitive type 1

Yes

Yes

Yes

Steroid trial
No

No

Reconsider diagnosis

Yes
AIP: Probable type 1

Figure 2 Algorithm of international consensus diagnostic criteria to diagnose type 1 autoimmune pancreatitis in subjects presenting with obstructive
jaundice and/or pancreatic mass. This schematic drawing shows a flow to diagnose type 1 AIP with indeterminate or atypical findings of the pancreas on CT/MRI
(level 2 parenchymal findings)[25]. AIP: Autoimmune pancreatitis; CT: Computed tomography; MRI: Magnetic resonance image; OOI: other organ involvement.

are summarized in Table 5 and classified as having close
association or possible association with AIP. Representative extrapancreatic lesions have been reported as showing pathological findings similar to the pancreas, including massive lymphoplasmacytic infiltration and fibrosis,
obliterating phlebitis, and presence of prominent IgG4
positive plasma cells[7]. These lesions can be detected
incidentally in cross-sectional images and whole body
imaging such as 18F-Fluoro-deoxyglucose positron emission tomography (PET)[53,54] and Gallium scintigraphy[55].
These extrapancreatic lesions sometimes confuse the
diagnosis; i.e., type 1 AIP is sometimes accompanied by
pseudotumor of the liver or lung, mimicking metastases
from PC[56]. The occurrence of OOI in AIP patients
sometimes causes serious physical conditions, such as
loss of consciousness due to swelling of the pituitary
gland[57] or hemorrhagic risk due to the decreased platelet
numbers caused by autoimmune thrombocytopenic purpura in cases with anticoagulant intake[58].
Histology of the pancreatic lesion
The pancreatic lesion of type 1 AIP histologically shows
LPSP with 3 essential features: (1) a lymphoplasmacytic
infiltrate surrounding small-sized interlobular pancreatic
ducts that does not destroy the pancreatic ductal epithelium; (2) a swirling fibrosis centered around ducts and
veins (storiform fibrosis); and (3) obliterative phlebitis
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wherein the infiltrate surrounds and obliterates pancreatic
veins. Destructive changes to the ducts and acini caused
by infiltrating granulocytes are typically absent. Immunostaining reveals abundant IgG4-positive cells (> 10
cells/HPF)[27,31].
Type 2 AIP histology typically shows IDCP (AIP
with GELs)[21,27,31], which is a distinct histological pattern
from that of LPSP. The predominant interlobular stroma
composed of lymphocytes plasma cells and reactive fibroblasts/myofibroblasts seen in type 1 AIP is replaced
by the presence of GELs as the most distinctive feature
of IDCP. These changes may lead to the destruction and
obliteration of the duct lumen, seen in the medium to
small-sized ducts and also in the acini. Infiltrates of IgG4positive plasma cells are scant or absent in IDCP[27,31].
Currently, a definitive diagnosis of type 2 AIP requires
histology (Table 3 and Figure 3). This unique histological
subtype could be distinguished from type 1 AIP by expert
pathologists with high diagnostic ratio (concordances:
60%-100%, multirater kappa: 0.54) using the international
consensus histopathological diagnostic criteria[28].
The feasibility of arriving at a histological diagnosis
for AIP using endoscopically obtained tissue samples has
been argued[59-62]. Several studies demonstrated that tissue
samples obtained by endoscopic ultrasound-guided fine
needle aspiration (EUS-FNA) enabled histological diagnosis of both type 1[60-62] and type 2[63,64] AIP.
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Patients presenting with obstructive jaundice and/or pancreatic enlargement/mass

Yes

Any cardinal criteria for type 1 AIP on serology, other organ involvement

Follow algorithm for
type 1 AIP

No
Work-up for cancer: Negative

Pancreatic core biopsy

Inconclusive/not performed

Endoscopic pancreatogram

Other
diagnosis

Level 1 H
(IDCP)

Level 2 H

Level ½ D

Steroid trial

Steroid trial

Reassess CA19-9,
pancreatic morphology

Reassess CA19-9,
pancreatic morphology

Response to steroids
Yes

Yes
AIP: Definitive type 2

Response to steroids
No

IBD present?

Surgical
resection

Yes

No

Reconsider diagnosis
No

IBD present?
Yes

AIP: Probable type 2

IDCP

No
AIP-NOS

Other
diagnosis

Figure 3 Algorithm of international consensus diagnostic criteria to diagnose type 2 autoimmune pancreatitis in subjects presenting with obstructive
jaundice and/or pancreatic mass. This schematic drawing shows a flow to diagnose type 2 AIP with typical/indeterminate (atypical) findings of the pancreas on CT/
MRI (level 1 and 2 parenchymal findings)[25]. AIP: Autoimmune pancreatitis; ibd: Inflammatory bowel disease; IDCP: idiopathic duct-centric chronic pancreatitis.

Exclusion of the pancreatobiliary malignancies
Exclusion of pancreatobiliary malignancies is necessary
for the diagnosis of AIP, especially in atypical cases. Today, the diagnosis of pancreatic mass lesions by EUSFNA provides a sensitivity for detecting PC tissue that
exceeds 90% (91%-93%)[59,65,66], making EUS-FNA the
most effective tool for excluding pancreatic malignancies.
However, core biopsy using a large-caliber needle[60,61,67]
may increase the chance of a definitive histological diagnosis of AIP. A Japanese nationwide survey published in
2012[68] reported that histological confirmation was obtained in about 40% of AIP cases by EUS-guided tissue
sampling, in 22% by resection, and in 18% by percutaneous biopsy. The choice of suitable modalities for histological evaluation can therefore eliminate non-necessary
surgery in a large number of cases.
AIP is often associated with sclerosing cholangitis,
which needs differential diagnosis from bile duct cancer.
In this sense, periampullary forceps biopsy (and cytology)
should be added in cases with biliary stricture, as this
method has high sensitivity for confirming cancer tissue
in the biliary cancer cases (77%[69,70]-92%[71]).
Response to steroid
Steroid response is seen in 97%-98% of both type 1 and
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type 2 AIP cases[33,34]; hence, it is considered a useful diagnostic tool. Moon et al[72] performed a 2 wk steroid trial
on 22 consecutive patients with a pancreatic mass lesions
atypical for AIP and used by CT and MRCP/ERCP to
determine the steroid response. All 15 patients who responded to steroid were diagnosed with AIP, whereas all
7 patients who did not show a steroid response were confirmed as having PC[72]. We also used abdominal US to
analyze the steroid response of the pancreatic lesion of
AIP, and we recognized a steroid response (shrinkage of
the pancreatic lesion) in 86% of the cases in 2 wk and in
97% after one month[33]. However, one case in this study
showed no response by US and CT and required ERCP,
which revealed an improvement in the narrowing of the
MPD and the occurrence of hilar bile duct stenosis after the withdrawal of corticosteroid[33,48]. Similarly, some
cases of AIP fulfill the diagnostic criteria after cessation
of steroid[73], so that clinicians need to remain aware of
this. Many diagnostic criteria including those for ICDC
(Table 2) can include evaluation of a steroid response
either in the pancreatic or extrapancreatic lesions[9,17,18,25],
but the diagnosis is worrisome when the steroid response
is seen only in the extrapancreatic lesions and not in the
pancreas.
Today, a “response to steroid” is a commonly evalu-
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Table 5 Characteristics of clinicopathological findings in type
1 and type 2 autoimmune pancreatitis

Geographical
distributuion
Age at presentation
Gender
Symptoms
Serology
Pancreatic images
Pancreatic histology
Extrapancreatic
lesions

Steroid response
Relapse

Type 1 AIP

Type 2 AIP

Asia > United States,
Europe
60-70 s
Male >> Female
Jaundice,
Abdominal pain
IgG4, IgG,
Autoantibodies
Enlarged
(focal, diffuse)
LPSP
Sclerosing cholangitis,
sialoadenitis,
retroperitoneal fibrosis,
interstitional nephritis,
etc.
Excellent
High rate

Europe > United
States > Asia
40-50 s
Male = Female
Jaundice,
Abdominal pain
Usually negative

Table 6 Extrapancreatic lesions associated with type 1 autoimmune pancreatitis
Close association

Enlarged
(focal, diffuse)
IDCP with GEL
Inflammatory bowel
disease

Excellent
Rare

5

AIP: Autoimmune pancreatitis; LPSP: Lymphoplasmacytic sclerosing
pancreatitis; IDCP with GEL: Idiopathic duct-centritic pancreatitis with
granulocyte epithelial lesion.

6

ated diagnostic item for AIP in almost all diagnostic criteria[9,16-20,25]. However, it had not been included in the previous Japanese diagnostic criteria (2006)[15] in order to avoid
simplistic therapeutic diagnosis by a steroid response
without exclusion of possible pancreatobiliary malignancies. Clinicians must be careful in making differential
diagnoses, and when malignant conditions are difficult to
differentiate, pathological examination by EUS-FNA is
preferable.

AIP is a unique form of chronic pancreatitis consisting of two distinct subtypes and associated with various
systemic disorders. An accurate diagnosis can only be
obtained when clinicians have a good understanding well
on this disease entity and need to make use of diagnostic
items including clinical images for pancreatic parenchyma, pancreatography and extrapancreatic lesions, serum
markers, histological examinations of the pancreatic lesion, and steroid responses.
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Abstract
Despite enthusiastic efforts directed at elucidating critical underlying mechanisms towards the identification of
novel therapeutic targets for severe acute pancreatitis
(SAP), the disease remains without a specific therapy
to be executed within the first hours to days after onset of symptoms. Although earlier management for
SAP should aim to either treat organ failure or reduce
infectious complications, the current standard of care
for the general management of AP in the first hours to
days after onset of symptoms include intravenous fluid
replacement, nutritional changes, and the use of analgesics with a close monitoring of vital signs. Furthermore, repeated evaluation of severity is very important,
as the condition is particularly unstable in the early
stages. In cases where biliary pancreatitis is accompa-
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nied by acute cholangitis or in cases where biliary stasis
is suspected, an early endoscopic retrograde cholangiopancreatography is recommended. However, practice
guidelines regarding the treatment of pancreatitis are
suboptimal. In chronic pancreatitis, conservative management strategies include lifestyle modifications and
dietary changes followed by analgesics and pancreatic
enzyme supplementation. Recently, attention has been
focused on phytoceuticals or antioxidants as agents
that could surpass the limitations associated with currently available therapies. Because oxidative stress has
been shown to play an important role in the pathogenesis of pancreatitis, antioxidants alone or combined
with conventional therapy may improve oxidativestress-induced organ damage. Interest in phytoceuticals stems from their potential use as simple, accurate
tools for pancreatitis prognostication that could replace
older and more tedious methods. Therefore, the use of
antioxidative nutrition or phytoceuticals may represent
a new direction for clinical research in pancreatitis. In
this review article, recent advances in the understanding of the pathogenesis of pancreatitis are discussed
and the paradigm shift underway to develop phytoceuticals and antioxidants to treat it is introduced. Despite
the promise of studies evaluating the effects of antioxidants/phytoceuticals in pancreatitis, translation to the
clinic has thus far been disappointing. However, it is
expected that continued research will provide solid evidence to justify the use of antioxidative phytoceuticals
in the treatment of pancreatitis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Acute pancreatitis; Chronic pancreatitis; Severe acute pancreatitis; Antioxidants; Phytoceuticals
Core tip: In this review, the paradigm shift regarding
the development of phytoceuticals and antioxidants
is introduced following a comprehensive description
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of newer information pertaining to the pathogenesis
of pancreatitis. Several animal models are discussed
with regard to their role in efforts to develop efficient
strategies against pancreatitis. Subsequently, newer
therapeutic options with an emphasis on nutrients and
phytoceuticals are reviewed. Further discussion also
focuses on the promise of studies evaluating the effects
of antioxidants/phytoceuticals in pancreatitis, the disappointing nature of translation of these agents to clinical
settings, and the expected research advances that may
support the use of antioxidative phytoceuticals in the
treatment of pancreatitis.
Park JM, Lee S, Chung MK, Kwon SH, Kim EH, Ko KH,
Kwon CI, Hahm KB. Antioxidative phytoceuticals to ameliorate
pancreatitis in animal models: An answer from nature. World J
Gastroenterol 2014; 20(44): 16570-16581 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i44/16570.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i44.16570

INTRODUCTION
Acute pancreatitis (AP) is a relatively common clinical
condition, presenting with variable severity from mild
and self-limited attacks to severe attacks that contribute to mortality[1]. Severity is associated mechanistically
with the underlying pathogenesis of AP which includes
pancreatic acinar cell injury in early stages after a local
inflammatory reaction, subsequent acinar cell death in
the form of apoptosis and necrosis, and the initiation of
systemic inflammatory response syndrome (SIRS). An
excessive SIRS leads to distant organ damage referred to
as multiple organ dysfunction syndrome (MODS)[2]. Recent insights changed a paradigm shift in understanding
of AP that intra-acinar trypsinogen activation might lead
to early pancreatic injury, but the inflammatory response
of AP develops independently driven by early activation
of enzyme activation[3]. Whereas, though still effective,
the concept that the pancreatic injury is initiated within
pancreatic acinar cells subsequent to premature intracellular activation of digestive enzymes and these zymogen
activations within acini early during AP was shown to be
sufficient to induce AP, finally contributed to the development of chronic pancreatitis[4,5]. Recently, Sah et al[6]
found that cerulean-induced chronic pancreatitis (CP) did
not require intra-acinar activation of trypsinogen, whereas regulation of the inflammatory response by nuclear
factor kappa B (NF-κB) might be involved in the pathogenesis of CP. Collectively, these data suggest a need for
the development of novel compounds to either block the
early activation of pancreatic enzymes or to ameliorate
inflammation in order to limit or prevent complications
of AP or inhibit the progression to CP or inflammationassociated fibrosis or carcinogenesis. The delay between
the onset of pancreatitis and the development of the systemic response makes AP an ideal experimental and clinical model with which to study the role of inflammatory
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mediators and to test novel therapies, as the elucidation
of the key mediators involved in the pathogenesis of AP
will facilitate the development of clinically effective antiinflammatory therapies[7].
Recent advances in understanding the pathogenesis of
pancreatitis-induced SIRS and its complications
AP is an inflammatory disorder, as inflammation not only
affects pathogenesis, but also determines the course of
the disease from pancreatic acinar cell injury and death to
the initiation of SIRS[8]. As excessive SIRS culminates in
the primary cause of morbidity and mortality associated
with AP, distant organ damage (MODS), it is important
to identify the molecules and factors involved in this process. Phospholipase A2 (PLA2), tumor necrosis factor-α
(TNF-α), interleukin (IL)-1β, IL-6, IL-8, CINC/GRO-α,
MCP-1, platelet activating factor (PAF), IL-10, CD40L,
C5a, ICAM-1, MIP1-α, CCL5 (RANTES), substance P,
and hydrogen sulfide (H2S) have all been shown to play
critical roles[9]. The systemic effects of AP are similar
to those of other conditions such as septicemia, severe
burns, and trauma. For instances, AP in its severe form is
complicated by MODS, most importantly by pulmonary
complications which include hypoxia, acute respiratory
distress syndrome, atelectasis, and pleural effusion[10].
Novel pathogenic mechanisms relevant to newer
therapeutics: Autophagy, apoptosis, and redoxassociated transcriptional activators
Autophagy, the principal cellular degradative pathway for
cellular protection, is impaired in pancreatitis and is associated with defective lysosomal function[11]. Although
research on autophagy in pancreatitis is now in its early
stages, it is hoped that data regarding upstream mechanisms mediating autophagic dysfunction and downstream
links to pancreatitis pathologies may provide insights into
novel molecular targets and therapeutic strategies for the
treatment of pancreatitis[12]. In their detailed explanation of a profound dysfunction of key cellular organelles
(lysosomes and mitochondria) in pancreatitis, Gukovsky
et al[13] described the cause of impaired autophagy in
AP and attributed it to inefficient flux resulting from
defective lysosomes. Additionally, they suggested that
lysosomal dysfunction in pancreatitis could be attributed
to either abnormal processing and activation of major
lysosomal hydrolases such as cathepsins, or via a decrease
in pancreatic levels of the key lysosomal membrane proteins LAMP-1 and LAMP-2. NF-κB inactivation is an additional key pathogenic concern in pancreatitis[14]. NF-κB
is a nuclear transcription factor responsible for regulating
the transcription of a wide variety of genes involved in
immunity and inflammation and plays a critical role in
pancreatitis as well as extrapancreatic complications and
pancreatic cancer[15]. As seen in several animal models
of pancreatitis, NF-κB has been critically implicated in
either initiation or propagation of pancreatic inflammations, cerulean-induced pancreatitis[16], taurocholateinduced pancreatitis[17], and arginine-induced pancreati-
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tis[18]. Relevant to autophagy, NF-κB pathway activation
stimulated autophagy during induction of acute necrotizing pancreatitis, after which targeted inhibition of the
NF-κB pathway may provide novel therapeutic strategies
for reducing the severity of pancreatitis[19]. An additional
novel mechanism relevant to newer therapeutics involves
apoptosis. To test the hypothesis that preventive apoptosis execution would limit the propagation of necroinflammations in pancreatitis, our group[20] investigated
the ability of natural products to induce apoptosis and
ameliorate cerulean-induced pancreatitis. Bhatia[21,22] concluded that apoptosis could be a favorable response to
acinar cells and that interventions that favor induction
of apoptotic, as opposed to necrotic, acinar cell death
might reduce the severity of an attack of AP. Aside from
pancreatic damage, accelerated acinar cell apoptosis can
limit SIRS, as exemplified by honokiol, a low molecular
weight natural product similar to Artemisia[23]. The pathogenic roles of transforming growth factor-β (TGF-β)
signaling[24], H2S bio-gas, and substance P have also come
under scrutiny in order to identify potential therapeutic
targets. H2S, which plays important physiologic roles in
the cardiovascular, central nervous, and gastrointestinal
(GI) systems, has been associated with inflammation,
especially gastritis and pancreatitis, through vasomodulation and neuromodulation[25,26]. Substance P, a neuropeptide released from nerve endings after binding to
neurokinin-1 (NK-1) receptors on the surface of effector
cells, plays important roles in several inflammatory states
including asthma, immune-complex-mediated lung injury,
experimental arthritis, and inflammatory bowel disease, as
well as A/CP through increasing microvascular permeability, promoting plasma extravasation, and mediating
pain[27]. Bhatia et al[28] investigated the interplay between
the pro-inflammatory effects of H2S and substance P in
a murine model of cerulein-induced AP and suggested
that the pro-inflammatory effects of H2S may have been
be mediated by the substance P-NK-1 receptor pathway
in AP. Lastly, oxygen free radicals in excessively high
amounts are all very reactive chemically and can impose
a detrimental influence on living organisms by provoking
oxidative stress that can damage the pancreas[28].
Recent updates on the pathogenesis of CP relevant to
pancreatic inflammation
CP is an inflammatory disease of the pancreas characterized by progressive fibrotic destruction of the pancreatic
secretory parenchyma. Genetic studies of hereditary, familial, and idiopathic forms of CP have provided muchneeded insight into the pathogenesis of CP. The pivotal
role of prematurely activated trypsin within the pancreas
in the etiology of CP has been firmLy established based
on the identification of gain-of-function missense and
copy number mutations in the cationic trypsinogen gene
and loss-of-function variants in both the pancreatic secretory trypsin inhibitor and chymotrypsinogen C genes. In
particular, variants in the gene encoding carboxypeptidase
A1, CPA1, were found to be strongly associated with ear-
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ly onset CP[29-31]. Additionally, loss-of-function variants in
the cystic fibrosis transmembrane conductance regulator
and calcium-sensing receptor genes have also been shown
to increase the risk of CP[32]. In addition to these genetic
preponderances, necrosis or apoptosis, and inflammation
or pancreatic duct obstruction are known to be involved
in the pathogenesis of CP. Furthermore, the fibrosing
process ultimately leads to progressive loss of the lobular
morphology and structure of the pancreas, deformation
of the large ducts, and severe changes in the arrangement
and composition of the islets. These changes in turn
lead to pancreatic insufficiency and predispose patients
to changes associated with carcinoma. Irrespective of
etiological factors such as heredity, alcohol or nicotine
consumption, and nutritional, efferent duct, immunological, and rare metabolic factors, the underlying inflammation and associated subsequent fibrotic destruction of
the pancreatic secretory parenchyma are common pathogenic factors in CP that represent targets for prevention
through modulation of pancreatic inflammation[33]. Our
understanding of CP pathogenesis has improved in
recent years through important advances regarding the
delineation of mechanisms responsible for the development of pancreatic fibrosis following repeated acute attacks of pancreatic necro-inflammation, also referred to
as the necrosis-fibrosis concept[34]. Although steroids can
rapidly reduce symptoms in patients with autoimmune
CP and micronutrient therapy to correct electrophilic
stress is emerging as a promising treatment in the other
patients[35], steatorrhea, diabetes, local complications, and
psychosocial issues associated with the disease represent
additional therapeutic challenges. Such challenges may be
resolved in part through intervention with potent anti-inflammatory/anti-oxidative phytoceuticals. In this review,
newer therapeutic nutrient-based options and phytoceuticals will be introduced.

ANIMAL MODELS OF PANCREATITIS
FOCUSED ON THE DEVELOPMENT OF
NEW THERAPEUTICS
Failure to decrease the mortality rate attributable to pancreatitis or improve strategies to prevent CP over the
past few decades indicate that current treatment options
are limited and predominantly dependent on supportive
therapy[36]. Because a key feature of severe AP (SAP) is
the presence of extensive tissue necrosis accompanied
by inflammatory response syndromes, animal models of
AP have become an essential investigative tool for developing potent anti-inflammatory agents. Therefore, a
better understanding of the underlying pathophysiology
of SAP may lead to more targeted therapeutic options,
potentially leading to improved survival. Diverse animal
models of AP, from the non-invasive gene knockout and
L-arginine models as well as the hormone [cerulenin as a
cholecystokinin (CCK) analog]-, alcohol-, and immunemediated-diet [choline deficient, ethionine supplemented,
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en simple edematous mild pancreatitis as well as oxidative
stress and result in acute hemorrhagic pancreatitis[40-42].

Table 1 Rodent model to study acute and chronic pancreatitis
Acute pancreatitis
Cerulein ± lipopolysaccharide (LPS) or ethanol
Bile salt duct infusion
Duct obstruction ± secretagogues
Diet [choline-deficinet ethionine-supplemented (CDE)]
Cytokines
Coxsackie virus group B (CVB)
Chronic pancreatitis
Cerulein (repeated dosing)
Alcohol
Duct infusion such as trinitrobenzene sulfonic acid or sodium
taurocholate or dibutyltin dichloride
Duct obstruction
Genetic; Cox-2, CFTR, IKK2, LXRb, PERK, TGF-b1
Immunologic
Diet (CDE)
CVB

(CDE)]-induced models, to invasive models including
pancreatic duct ligation (PDL), antegrade pancreatic duct
perfusion, biliopancreatic duct injection of sodium taurocholate, combination of secretory hyperstimulation with
minimal intraductal bile acid exposure, vascular-induced,
ischaemia/reperfusion and duct ligation, are available[37]
(Table 1). Potential therapeutics can be developed with
these animal models, as they share common aspects including the aforementioned pathogenesis of intracellular
chemical activation, pancreatic secretion reflux, intracellular production of reactive oxygen species (ROS), and intracellular production of free radicals. As in CP, a special
focus on pancreatic duct ligation, repetitive overstimulation with cerulein and chronic alcohol feeding, as well as
specific genetic models has been applied[38]. In this review,
we will describe some of the animal models used in our
efforts to develop efficient strategies against pancreatitis.
Cerulein-induced pancreatitis
Intravenous infusion of the synthetic CCK analog cerulean at a dose of 0.25 μg/kg per hour causes maximal
stimulation of pancreatic exocrine secretion [39]. The
infusion of supramaximal doses of cerulein (5 μg/kg
per hour and 10 μg/kg per hour) induces a significant
increase in pancreatic enzymes in blood, as well as interstitial edema and inflammatory cell infiltration that leads
to cerulein-induced edematous pancreatitis in rats, mice,
dogs, and hamsters. Aside from intravenous infusion,
repeated intraperitoneal injections can also be used to
induce pancreatitis. In the early phase, large autophagic
vacuoles result from fusion of zymogen granules, accompanied by an increase in lysosomal enzyme activity
and activation of trypsinogen. However, since the degree
of pancreatitis is generally mild, all animals survive the
induction of pancreatitis and resolve completely within 6
d after induction. This model of experimental pancreatitis favors the analysis of intracellular events in the early
phase of pancreatitis as seen in Figure 1A, which shows
edematous pancreatitis, however, the addition of lipopolysaccharide injection or bile duct ligation can to wors-
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Sodium taurocholate infusion; intraparenchymal or
intrapancreatic ductal injection
Paran et al[43] are credited with the initial attempt to develop acute necrotizing pancreatitis through intraparenchymal injection of sodium taurocholate in rats. Sodium
taurocholate was injected at a dose of 0.3 mL/100 g
body weight in concentrations of 5% and 10% into the
pancreatic parenchyma of 32 Wistar rats. Early pathological changes observed in the pancreas were focal hemorrhages, parenchymal necrosis, and neutrophil infiltration
and at 72 h, the changes observed were acinar necrosis,
edema, fibrin deposition and inflammatory cell infiltration. At later time points, changes such as fibrinoid necrosis and fibroblast proliferation were observed[44]. Highpressure infusion of sodium taurocholate into the biliopancreatic duct of rats resulted in significant pancreatic
and lung alterations[45]. Taurocholate-induced pancreatitis
is therefore a reliable model for severe necrotizing pancreatitis in mice with significantly greater pancreatic damage and systemic inflammatory responses as compared to
cerulein-induced pancreatitis and correlate with the clinical observations of multisystem organ failure in AP and
early changes in affected organs, suggesting that careful
observation should be mandatory in patients with AP in
order to institute supportive treatment[46].
L-arginine-induced pancreatitis
In 1984, Hegyi et al[47] developed a new type of experimental necrotizing pancreatitis model in rats through
the use of a high dose of L-arginine administered via
intraperitoneal administration. This non-invasive model is
highly reproducible and produces selective, dose-dependent acinar cell necrosis. Not only is this a good model
to study the pathogenic mechanisms of acute necrotizing
pancreatitis, but it is also excellent with regard to observing and influencing time course changes of the disease
(Figure 1B). Subsequent intraperitoneal injection of 3
g/kg L-ornithine caused SAP and higher doses (4 to 6 g/
kg) were lethal within hours[48]. Serum and ascitic amylase
activities were significantly increased and the increase in
pancreatic trypsin activity correlated with the degradation of IκB proteins and elevated IL-1β levels. Oxidative stress in the pancreas was evident from 6 h, making
this a simple, noninvasive model of acute necrotizing
pancreatitis in rats via intraperitoneal injection of 3 g/kg
L-ornithine. Compared with L-arginine, L-ornithine was
even more effective in inducing pancreatitis. It should be
noted that large doses of L-arginine produce a toxic effect on the pancreas attributable, at least in part, to the
actions of L-ornithine.
PDL
AP may be induced by ligating the distal bile duct at the
level of the duodenum, which causes the early development of AP, obstructive jaundice and cholangitis in
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Times after L -Arginin injection, id (d)
1

3

C

14

Times after pancreatic duct ligation (d)
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Figure 1 Animal models for pancreatitis. A: Cerulein-induced edematous pancreatitis. Caerulein-induced pancreatitis is a valuable experimental model for studying
altered intracellular transport, compartmentation of lysosomal, and digestive enzymes, resulting in edematous pancreatitis. The formation of enlarged secretory vacuoles containing lysosomal and digestive enzymes is paralleled by the activation of lysosomes and degradation of cellular organelles in autophagosomes. On the level
of secretory and autophagic vacuoles, activation of serine proteases occurs, which in addition to increasing lysosomal enzyme activities can represent the initial stage
for acinar cell destruction and the development of pancreatitis; B: L-arginine-induced necrotizing pancreatitis. Parenchymal hemorrhage and widespread acinar cell
necrotic changes were noted with L-arginine; C: Pancreatic duct ligation-induced pancreatitis. Morphologic examination of the pancreas showed massive interstitial
edema, apoptosis, and necrosis of acinar cells with infiltration of neutrophil granulocytes and monocytes 0.75 d after pancreatic duct ligation. Two weeks later after
periodontal ligament, the destructed parenchyma with fat replacement as well as some fibrotic changes were seen.
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animals. The duct ligation model was developed in an attempt to resemble clinical conditions including gallstone
formation, motility disorders of the sphincter, edema
and strictures at the papilla, tumors of the papilla, and
parasites impacting the terminal biliopancreatic duct.
However, surgical ligation of the pancreatic duct alone
usually causes only a mild to moderate degree of pancreatitis and has not been successful in inducing SAP. Instead, most laboratory animals developed chronic lesions
in the pancreas characterized by atrophy and apoptosis
of acinar and ductal tissue without significant necrosis
or inflammation. Human CP is characterized by irreversible fibrosis, whereas pancreatic fibrosis in animal models
is reversible (Figure 1C). Miyauchi et al[49] compared CP
with fibrosis in three different animal models, the dibutyltin dichloride model, WBN/Kob rats, and PDL rats, and
found that an imbalance between the synthesis and degradation of extracellular matrix molecules or the degree
of stimulation over a certain period may lead to pancreatic fibrosis.
CDE diet-induced necrotizing pancreatitis
Female albino mice were fed a choline-deficient diet containing 0.5% DL-ethionine which was lethal within 5 d due
to the development of an acute hemorrhagic pancreatitis
accompanied by massive fat necrosis throughout the peritoneal cavity[50]. Major findings included the accumulation
of zymogen granules, vacuolation due to foci of cytoplasmic degradation, and alterations in the morphology of
the zymogen granules (Figure 2A). Pancreatitis appeared
to be due to the intraparenchymal activation of zymogens
resulting from a synergistic action of choline deficiency
with the basic toxicity of ethionine toward the acinar cells
of the pancreas. Because this experimental model simulated the acute hemorrhagic pancreatitis with fat necrosis
that occurs in humans, it may prove useful for exploring
the pathogenesis of severe pancreatitis with SIRS (Figure
2B)[51]. The diet model appears to be a good approximation of severe necrotizing human pancreatitis as well as
CP with histological and biochemical similarities. Both the
gross and histological appearance of the pancreatic and
peripancreatic inflammation, as well as the clinical and
biochemical course of diet-induced pancreatitis, resembled
human disease and should be suitable for evaluation of
potential clinically-applicable drugs[52]. For example, our
group developed ND-07, a novel drug candidate with potent antioxidative and anti-inflammatory properties, that
effectively prevented necrotizing pancreatitis[53].
Animal models for CP
Since CP is defined as a continuous or recurrent inflammatory disease of the pancreas characterized by progressive and irreversible morphological changes, pancreatitis
followed by perilobular and intralobular fibrosis of the
parenchyma, calcifications in the parenchyma as well as
the formation of pseudocysts[49]. Therefore, animal models of CP are not different from AP models, but need
to overcome the acute fatal status according to models,
adopting chronic PDL, repetitive overstimulation with
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cerulean, chronic alcohol feeding, and chronic caring of
L-arginine or CDE diet model. However, as seen in Figure 2C, irreversible fibrosis and pancreatic insufficiency
following repeated acute attacks of pancreatic necroinflammation[34], is accompanied.

LIMITATION OF CURRENT
PHARMACOLOGIC TREATMENT OF
ACUTE AND CHRONIC PANCREATITIS
AP and SAP
Though AP is a disease of variable severity that can lead
to significant morbidity and mortality, current management has remained limited to only supportive measures
and the treatment of complications. A myriad of pharmacologic therapies targeting various aspects of the underlying pathophysiology have been evaluated and tried
over the last few decades, including anti-secretory agents,
protease inhibitors, antioxidants, immunomodulators,
non-steroidal anti-inflammatory drugs, and prophylactic
antibiotics. Only a few of these therapies have demonstrated promise in significantly altering the progression
of this disease, and therefore, further studies are necessary to clearly elucidate these benefits in patients at risk
for poor outcomes[54]. Regarding pharmacological prevention and treatment of AP, Bang et al[55] reported that
somatostatin and octreotide inhibited the exocrine production of pancreatic enzymes and may therefore be useful as prophylaxis against post ERCP pancreatitis (PEP).
Though the protease inhibitor gabexate mesilate has
been used routinely as treatment for pancreatitis in some
countries, randomized clinical trials and a meta-analysis
have not supported this practice. Recently, the NSAIDs
indomethacin and diclofenac have showed some potential as prophylaxis against PEP in randomized studies.
Antibodies against TNF-α have been suggested as a potential rescue therapy, however, no clinical trials are being
conducted at present[56].
Chronic fibrosing pancreatitis
Because exocrine pancreatic insufficiency has been associated with changes in GI intraluminal pH, motility
disorders, bacterial overgrowth, and altered pancreatic
gland secretions, drug absorption in patients with CP
may be affected by the degree of CP severity[57]. Furthermore, the general health condition of CP patients is often quite poor, as most patients with CP limit their food
intake due to the pain caused by eating and in some cases
food intake may be more or less substituted with alcohol,
tobacco and coffee. However, pancreatic fibrosis is a
characteristic feature of chronic pancreatic injury, which
is a result of the imbalance between the synthesis and
degradation of extracellular proteins. As stellate cells are
pivotal cells implicated in the TGF-β induction of collagens, our previous studies confirmed that antioxidant or
antioxidative phytoceuticals ameliorated the progression
of fibrosing pancreatitis through suppressive actions on
pancreatic stellate cells.
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A

Times after CDE diet po (d)
3

B

5

5 d after CDE

× 40

C

Figure 2 Animal model of choline-deficient, ethionine-supplemented diet-induced necrotizing pancreatitis. A: Choline-deficient, ethionine-supplemented (CDE)
diet-induced necrotizing pancreatitis. Massive destruction of pancreatic parenchyma with focal necrotic foci was seen; B: Systemic inflammatory response syndrome
hepatic necrosis and pneumonitis was seen; C: Chronic fibrosing pancreatitis was noted 2 mo after CDE diet administration.
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APPLICATION OF ANTIOXIDATIVE
PHYTOCEUTICALS TO AMELIORATE AP
AND CP
Resveratrol
Resveratrol, a natural polyphenolic compound, was first
discovered in the 1940s. Although initially used for cancer therapy, it has shown beneficial effects against most
cardiovascular, cerebrovascular, and several inflammatory diseases[58]. It is found in diverse forms of plant life,
notably berry fruits, has positive effects on metabolism,
and can increase the lifespans of various organisms. The
effects of resveratrol have been attributed to its capacity to interact with multiple molecular targets involved
in diverse intracellular pathways. One of the more wellknown resveratrol interactions involves the activation
of sirtuins, a class of NAD(+)-dependent deacetylases,
and subsequent HDAC inhibition that affects multiple
transcription factors and other protein targets[59,60]. The
intracellular pathways activated are crucial for anti-oxidant defense, regulation of the cell cycle, mitochondrial
energy production, vascular tone, oncogene suppression,
and many other phenomena. Meng et al[61] investigated
whether resveratrol could effectively inhibit the expression of NF-κB activation, alleviate the severity of SAP
through its anti-inflammatory effects, and regulate inflammatory mediators. A study by Ma et al[62] found that
the beneficial outcomes attributable to resveratrol were
closely associated with anti-inflammatory, antioxidant,
and chemopreventive effects, as well as the inhibition
of platelet aggregation, in SAP. Through these effects,
resveratrol was able to down-regulate pro-inflammatory
cytokines, improve microcirculation, modulate cell apoptosis, and block calcium overload. Additionally, resveratrol inhibited NF-κB activity and reduced concentrations
of TNF-α, IL-6 and IL-1β. It also regulated calcium and
scavenged ROS capable of extensive tissue damage on
extrapancreatic organs[63]. Furthermore, resveratrol has
been shown to ameliorate SIRS by improving underlying
lung microcirculation dysfunction through decreasing
leukocyte-endothelial interactions, reducing blood viscosity, improving the decrease in blood flow, and stabilizing
erythrocytes in SAP rats[61] and inactivated intraperitoneal
macrophages[64].
Artemisia extracts
Oxygen free radicals (ORFs) mediate an important step
in the initiation of experimental AP. Additionally, several clinical findings have implicated OFRs as possible
contributors to the pathogenesis of pancreatic fibrosis.
To date, there are no studies reporting potential roles for
OFRs in the development of CP with the prevention
with antioxidants. Yoo et al[65] conducted a study designed
to establish a mouse model of chronic fibrosing pancreatitis and to prove the involvement of OFRs in CP with
fibrosis. Repeated intraperitoneal injection of cerulein
provoked significant and severe chronic fibrosing pan-
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creatitis after 5 wk. Following treatment with Artemisia
extracts, the extent of pancreatic fibrosis was significantly
decreased, as was the degree of pancreatic inflammation.
Furthermore, the level of NF-κB binding activity, which
was increased in CP, was significantly attenuated after
Artemisia extract treatment (Figure 3A). The levels of myeloperoxidase and iNOS activities were also significantly
decreased in the Artemisia-treated group as compared to
the pancreatitis only group. Conversely, cytoprotective
proteins such as heat shock protein-70 and metallothionein were significantly increased in the Artemisia-treated
group. In addition, Artemisia decreased the expression of
alpha-SMA and type Ⅰ collagen in cultured pancreatic
stellate cells.
Other potential phytoceuticals from nature
There have been published reports describing successful
trials demonstrating the beneficial preventive or therapeutic effects of phytoceuticals in diverse animal models
of pancreatitis. As examples, rhubarb has been shown
to significantly attenuate SAP by inhibiting activation
of MAPKs and the expression of inflammatory mediators in taurocholate-induced pancreatitis[66], Nardostachys
jatamansi has been implicated as potentially protective in
cerulean-induced pancreatitis via the induction of HO-1
expression[67], and Curcuma longa has also been implicated
as potentially protective against cerulein-induced AP
and pancreatitis-associated lung injury via significant attenuation of inflammatory mediators such as IL-1β and
TNF-α[68]. Additional examples include the anti-inflammatory roles observed for cannabidiol and O-1602, the
ligands of G protein-coupled receptor 55, in cerulein-induced AP in mice[69] and the protective effects of Scolopendra subspinipes mutilans water extract in cerulean-induced
pancreatitis via the deactivation of c-Jun NH2-terminal
kinase, p38, and NF-κB and subsequent inhibition of
high-mobility group box protein-1[70], Furthermore, attenuation of cerulein-induced AP by apamin, a component of bee venom, or α-pinene, has been observed and
attributed to JNK inhibition[71,72] and amelioration of AP
by Dachengqi decoction has been observed and attributed to
regulation of the necrosis-apoptosis switch in the pancreatic acinar cell and rat models[73,74]. Protective effects of
three Chinese herbal medicines containing ligustrazine,
kakonein, and Panax notoginsenosides have been demonstrated on multiple organs in rats with SAP[75] and protective effects of baicalin and octreotide have also been
demonstrated on multiple organ injury in SAP[76]. Beneficial pancreatic repair effects have been shown following
the use of Emblica officinalis, a medicinal plant native to
India, or melatonin in L-arginine-induced AP in rats[77,78].
An improving effect of pentoxifylline and/or alpha lipoic
acid on L-arginine-induced SAP has also been described
and attributed to antioxidant and anti-inflammatory actions[79]. Other research has shown effects of Korean red
ginseng on superoxide dismutase inhibitor-induced pancreatitis in rats through inhibition of NF-κB[80] and the
efficacy of Salvia miltiorrhizae injection in the treatment of

16577

November 28, 2014|Volume 20|Issue 44|

Park JM et al . Natural products for pancreatitis

A
Artemisia

Artemisia extracts

extracts

Apoptosis

Cerulein
L -Arginin

Oxidative stress
Inflammation

Pancreatitis
Pancreatic fibrosis
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Figure 3 Therapeutic and preventive effect of antioxidative phytoceuticals, Artemisia extract and Korean red ginseng against pancreatitis. A: Therapeutic
effect of Artemisia extracts against cerulean or L-arginine-induced pancreatitis and chronic fibrosing pancreatitis; B: Korean red ginseng to ameliorate hydrogen sulfide
(H2S)-induced pancreatitis. NF-kB: Nuclear factor kappa B; PDL: Periodontal ligament; CSE: Cystathionine γ-lyase.

rats to promote Bax-mediated apoptosis in SAP[81].
Antioxidants in the treatment of pancreatitis
Oxidative stress plays an important role in the pathogenesis of both AP and CP. Although its impact has been
well documented and has been studied clinically in CP, it
is less well defined in SAP. In their study of the pathophysiological aspects of oxidative stress in AP, Hackert
and Werner[82] showed that ROS not only participated in
the inflammatory cascade, but also mediated inflammatory cell adhesion and consecutive tissue damage. Furthermore, ROS are known to be involved in the generation
of pain, an additional important clinical feature of patients suffering from AP. Mechanistically, oxidative stress
activates NF-κB, resulting in up-regulation of inflammatory cytokines in pancreatic acinar cells[83]. This mechanism suggests that small-molecule antioxidants may be
clinically useful anti-inflammatory agents via inhibition
of oxidant-induced cytokine production[84]. Similarily,
the antioxidant pyrrolidine dithiocarbamate significantly
attenuated SAP through inhibition of HMGB1[85] and
raxofelast, an inhibitor of lipid peroxidation, significantly
reduced NF- κ B activation and attenuated ceruleaninduced pancreatitis[86]. The potent antioxidant and antiinflammatory functions of melatonin have also been
demonstrated through their ability to ameliorate ceruleaninduced pancreatitis by modulating the actions of Nrf2
and NF-κB[87].
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KOREAN RED GINSENG TO AMELIORATE
PANCREATITIS VIA SUPPRESSION OF
H2S
Korean red ginseng (KRG) has been reported to reduce
the risk of inflammation in diverse organs. In our previous studies[88], we demonstrated significant inhibitory actions of KRG on Helicobacter pylori-induced H2S synthesis
and the pathogenic connections between H2S synthesis
and development of pancreatitis. Therefore, KRG may
be a good example of a natural antioxidative phytoceutical for use in ameliorating AP through the inhibition of
H2S synthesis. In one of our recent studies that tested
the hypothesis that KRG prevents pancreatitis by mitigating H2S generation and pancreatic inflammation, we
performed in vitro experiments to document the inhibitory effects of KRG on H2S-associated inflammation
in pancreatic cells and in vivo experiments to document
the therapeutic effect of KRG on cerulean-induced and
PDL-induced AP. KRG was administered at a dose of
200 mg/kg 16 h and 1 h before the first cerulein injection and at a dose of 500 mg/kg 2 h and 4 h after the
first cerulein injection by oral gavage. In the mice treated
with KRG, pancreatic injuries as evidenced by pancreatic
wet weight, histological examinations, serum levels of
amylase and lipase, myeloperoxidase activities, serum and
pancreatic levels of IL-6, immunohistochemical staining
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of F4/80 for infiltrating macrophages, and H2S synthesis,
were all significantly ameliorated (Figure 3B). The novel
finding that KRG decreased PDL-induced hyperamylasemia encouraged us to explore the possibility that KRG
pretreatment may prevent ERCP-induced hyperamylasemia. These experiments are ongoing in our clinic.
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Abstract
Post-endoscopic retrograde cholangiopancreatography
(ERCP) pancreatitis (PEP) is not an uncommon adverse
event but may be an avoidable complication. Although
pancreatitis of severe grade is reported in 0.1%-0.5%
of ERCP patients, a serious clinical course may be lethal. For prevention of severe PEP, patient risk stratification, appropriate selection of patients using noninvasive diagnostic imaging methods such as magnetic
resonance cholangiopancreatography or endoscopic
ultrasonography (EUS), and avoidance of unnecessary
invasive procedures, are important measures to be
taken before any procedure. Pharmacological prevention is also commonly attempted but is usually ineffective. No ideal agent has not yet been found and the
available data conflict. Currently, rectal non-steroidal
anti-inflammatory drugs are used to prevent PEP in
high-risk patients, but additional studies using larger
numbers of subjects are necessary to confirm any prophylactic effect. In this review, we focus on endoscopic
procedures seeking to prevent or decrease the severity
of PEP. Among various cannulation methods, wire-guid-
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ed cannulation, precut fistulotomy, and transpancreatic septostomy are reviewed. Prophylactic pancreatic
stent placement, which is the best-known prophylactic
method, is reviewed with reference to the ideal stent
type, adequate duration of stent placement, and stentrelated complications. Finally, we comment on other
treatment alternatives, and make the point that further
advances in EUS-guided techniques may afford useful
PEP prophylaxis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Endoscopic retrograde cholangiopancreatography; Prevention; Pancreatitis; Pancreas stent;
Cannulation; Fistulotomy
Core tip: Endoscopic prevention and/or reduction in
the severity of pancreatitis (PEP) are considered to
be an essential component of appropriate therapy for
Post-endoscopic retrograde cholangiopancreatography patients, especially those at high risk. Numerous
techniques and drugs have been developed. However,
their proven benefits in terms of reducing the severity of pancreatitis are limited. Currently, one popular
endoscopic method is prophylactic placement of a pancreatic stent. In this review, we focus primarily on the
ideal type of stent, the timing of stent insertion, and
the duration of stent placement adequate to prevent
PEP. Also, we describe initial cannulation methods including wire-guided cannulation and precut fistulotomy
(infundibulotomy), and the alternative techniques of
percutaneous biliary drainage and recently emerging
endoscopic ultrasonography-guided methodology.
Lee TH, Park DH. Endoscopic prevention of post-endoscopic
retrograde cholangiopancreatography pancreatitis. World J Gastroenterol 2014; 20(44): 16582-16595 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i44/16582.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i44.16582
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INTRODUCTION
Among complications of endoscopic retrograde cholangiopancreatography (ERCP), post-ERCP pancreatitis
(PEP) is the most common, and the clinical course may
be downhill. The prevalence of PEP depends on several factors, including the case mix, the thoroughness of
follow-up evaluation, the PEP definition used, patient
susceptibility factors, the type of instrumentation used,
and the skill of the endoscopist[1-4]. PEP occurrence is
variable, developing after 1%-40% of all procedures,
but typical PEP rates have been reported to range from
5%-15% in most prospective studies with unselected patients. Moreover, pancreatitis of severe grade is very rare,
occurring after 0.1%-0.5% of ERCPs[1-6].
Currently, the well-known risk factors for PEP include endoscopic papillectomy, sphincterotomy (including
precut or pancreatic sphincterotomy), sphincter of Oddi
dysfunction (SOD), younger age, female sex, balloon dilation of an intact biliary sphincter, a previous history of
PEP, difficult cannulation or prolonged attempts to cannulate, repeated injection of pancreatic contrast medium,
and acinarization[1-11]. These risk factors can be divided
into patient-related factors, procedural factors, and operator-related factors.
Although, ideally, PEP should be prevented, complete
prevention may be impossible, and decreasing the severity
of PEP may be a more realistic goal. Patient risk stratification prior to ERCP, adequate selection of patients using noninvasive diagnostic imaging methods such as magnetic resonance cholangiopancreatography (MRCP) or
endoscopic ultrasonography (EUS), avoiding unnecessary
procedures, pharmacological prevention and treatment,
and the use of various endoscopic techniques to minimize complications, should all be considered. The presence of patient- or procedure-related risk factors allows
possible complications to be predicted with reasonable
accuracy. Thus, careful patient selection for high-risk and
endoscopic procedures, conducted by experienced endoscopists, may reduce procedure-related complications.
Pharmacotherapy has also been used widely in efforts
to prevent PEP, but the results are inconclusive. Several
pharmacological prophylactic treatments have been suggested; these include rectal diclofenac, octreotide, prednisone, and allopurinol[12-17]. Effective prophylaxis of PEP
has been demonstrated only using rectal diclofenac or indomethacin[12,15]. However, larger-scale multicenter studies of non-steroidal anti-inflammatory drugs (NSAIDs),
with consideration of racial and/or geographical differences, are necessary to confirm any prophylactic effect of
PEP. Also, it remains unclear whether NASIDs act synergistically with other prophylactic interventions including
pancreatic stenting; this topic requires further work.
In this literature review, we focus on endoscopic
aspects of PEP prevention or reduction in severity. We
describe primary cannulation techniques including initial
wire-guided cannulation, the use of precut fistulotomy
(infundibulotomy) and transpancreatic septostomy when
cannulation is difficult or as early rescue cannulation
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techniques, and prophylactic pancreatic stent (PS) placement during the procedure. Also, we mention alternatives, including percutaneous transhepatic biliary drainage
(PTBD), and the possibilities afforded by further advances in EUS-guided biliary drainage techniques.

DEFINITION AND MECHANISMS OF
POST-ERCP PANCREATITIS
Cotton et al [8] reported a consensus classification of
ERCP-related complications. In the cited report, PEP
was defined as a clinical syndrome, consistent with acute
pancreatitis, associated with a serum amylase level at least
three times the normal value, measured more than 24 h
after the procedure, and requiring hospital admission or
prolongation of planned admission. The severity of PEP
is based primarily on the length of hospitalization. Mild
PEP is defined as the need for hospital admission or prolongation of planned admission for up to 3 d; moderate
PEP is defined by the need for hospitalization for 3-to-10
d; and severe PEP is defined by hospitalization for more
than 10 d, or development of significant complications.
The underlying pathogenesis of PEP is thought to be
multifactorial, and remains unclear, but numerous mechanisms of PEP induction have been proposed. These
include difficult biliary access caused by biliary sphincter
hypertension, repeated inadvertent pancreatic duct cannulation and contrast injection, secondary prolonged
papillary edema caused by mechanical injury attributable
to difficult papillary manipulations, and thermal injury
caused by sphincterotomy[18,19]. Thermal injury may be
caused by the electrocautery current applied during biliary
or pancreatic sphincterotomy, endoscopic papillectomy,
or ablation of neoplastic lesions in the region of the ampulla of Vater. Obstructions in the outflow of pancreatic
juice may be caused by mechanical injury to the papilla
and pancreatic sphincter attributable to use of instrumentation to manipulate the papilla. Chemical or allergic injury may be caused by instillation of contrast medium into
the pancreas. Hydrostatic injury may occur after contrast
injection into the pancreatic duct or infusion of water or
saline through manometry catheters. Enzymatic injury
may result from intraluminal activation of proteolytic
enzymes as a result of introduction of foreign substances
into the pancreatic duct. Infection may also play a role,
after pancreatic instillation of flora from the intestine or
from contaminated endoscopes or accessories. The results of all of these problems are varied, and include mechanical, chemical, and hydrostatic injury; and infection,
triggering premature intracellular activation of proteolytic
enzymes, which in turn causes further damage and stimulates local inflammation, as indicated by increased cytokine levels (those of interleukins 1, 6, and 8). If inflammation is severe, a systemic inflammatory response with
multi-organ involvement may be activated[1,20,21].
Most strategies for preventing PEP, or decreasing
the severity of this condition, have sought to interrupt a
step of the inflammatory cascade before, during, or after

16583

November 28, 2014|Volume 20|Issue 44|

Lee TH et al . Endoscopic prevention of post-ERCP pancreatitis

ERCP. Endoscopic prevention of PEP seeks to remedy
the obstruction of pancreatic outflow caused by the various factors described above.

WIRE-GUIDED CANNULATION
Basic catheterization accompanied by contrast injection
was the first cannulation technique developed in the era
of ERCP cannulae, and probably remains the most widely used initial cannulation method for ERCP. However,
when the first attempts at contrast injection fail, a guidewire may be used as a crossover method to facilitate selective biliary access and to reduce complications caused
by prolonged cannula manipulation or contrast injection
into the pancreatic duct. Of procedure-related factors,
selective cannulation of the common bile duct (CBD) via
insertion of a guidewire may cause fewer complications
than do conventional methods (which use contrast injection to access the bile duct). Ideally, accessing the bile
duct with the aid of a guidewire may reduce traumatic
injury to the pancreatic duct and papilla, and avoid the
buildup of hydrostatic pressure associated with contrast
injection, thereby reducing development of ERCP-related pancreatitis[22-26].
Endoscopic technique
Technically, wire-guided cannulation is simple. Usually, a
guidewire tipped with a hydrophilic substance, 0.035 or
0.025 inch in diameter, is preloaded into a pull-type papillotome. Next, the papillotome is oriented in the 11-to-12
o’clock position on the papilla, and bent to ensure correct alignment with the axis of the bile duct. In the direct
contact method, after minimal insertion (2-3 mm) of the
pull-type papillotome into the ampulla, the guidewire is
carefully advanced through the CBD under fluoroscopic
guidance until it is seen to enter the bile duct. It is also
possible to attempt selective cannulation using the slightly
(2-3 mm) protruding guidewire on the papillotome to
make gentle contact with the papillary orifice. This noncontact method may seek to avoid direct injury caused
by contact with the cannula or papillotome. If the pancreatic duct is entered, the guidewire is simply withdrawn
and attempts are made to redirect it toward the CBD[22].
However, neither an adequate extent of guideline insertion nor the time that should be permitted for pancreatic
duct insertion of the guidewire including retrials, has yet
been defined. If unintentional pancreatic duct insertion
occurs three-to-five times, it is appropriate to consider
switching to another method, such as double-guidewireinduced cannulation, prophylactic PS insertion followed
by a precut, transpancreatic septostomy, or early precut
fistulotomy, to minimize complications. A precut following prophylactic PS placement may optimally decrease
the frequency or severity of PEP, in contrast to use of
early precut fistulotomy or double-guidewire-induced
cannulation only although these techniques may improve
the success rate of selective biliary cannulation.
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Clinical outcomes
The PEP-protective effects of wire-guided cannulation
remain controversial. In the study by Lella et al[25], no patient in a cohort of 200 randomly selected for bile duct
cannulation using a soft polytetrafluoroethylene-tipped
guidewire (tipped with Teflon; DuPont, Wilmington,
DE) developed pancreatitis (0% in the guidewire group
vs 4.1% in the control group, P < 0.01). The cited authors concluded that wire-guided cannulation reduced
the frequencies of pancreatic injuries by preventing
unintentional injection of contrast media into the main
pancreatic duct or the papilla per se. However, the authors
did not assess PEP frequency with respect to the difficulty of CBD cannulation (the number of cannulation
attempts made). Artifon et al[23] also showed that use of
the guidewire technique for bile duct cannulation lowered
the frequency of PEP (8.6% in the guidewire group vs
16.6% in the conventional group, P = 0.02). The cited authors assessed the difficulty of CBD cannulation, and the
numbers of unintentional pancreatic duct cannulations,
and concluded that the reduction in PEP was mainly attributable to prevention of injection of contrast media
into the pancreatic ducts. The guidewire technique reduced the risk of pancreatitis by facilitating cannulation,
by potentially limiting papillary trauma, and by reducing
the need to conduct precut sphincterotomies. Although
the ranges of cannulation attempts were given as 0 to 3,
4 to 6, and 7 to 10, the investigators did not report the
frequencies of PEP development in these subgroups (thus
by number of attempts). Even when soft wires tipped
with hydrophilic material are used in cannulations, difficult wire passage or frequent pancreatic manipulations
may cause injury to the papilla, increasing the risk of
PEP. Another randomized study by Lee et al[22] showed
that wire-guided cannulation reduced PEP development.
Totals of 3 patients [2%; 1 mild, 1 moderate, 1 severe (in
terms of disease)] in the wire-guided cannulation group
and 17 (11.3%; 14 mild, 2 moderate, 1 severe) in the conventional group developed PEP (P = 0.001). However,
the study population may have been a low-risk cohort.
Only seven patients with suspected SOD were included.
Among patients with SOD, PEP is a well-recognized
complication, occurring at frequencies of 10%-20%[8,19].
SOD independently increases the risk of PEP because of
hypersensitivity of the papilla to trauma or an increase in
hydrostatic pressure on the main pancreatic duct[3,8,27]. On
the contrary, in the study by Vandervoort et al[5] guidewire- or sphincterotome-mediated cannulation seem to
have been used as rescue methods in high-risk patients
who failed conventional cannulation. This explains why
the PEP rate was higher when guidewire cannulation was
used. Thus, in the cited work, PEP was more frequent
in the wire-guided cannulation group (10.2% after wireguided cannulation vs 6.1% after conventional cannulation, P = 0.04). However, a recent meta-analysis of the
data of five randomized controlled trials showed that the
wire-guided technique increased the primary cannulation
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Table 1 Prospective randomized trials of wire-guided cannulation to reduce the incidence of post- endoscopic retrograde
cholangiopancreatography pancreatitis
n

Design

Pancreatitis (n )/accidental PD (n )
(WGC vs CC)

Lella et al[25]
Artifon et al[23]
Bailey et al[24]
Katsinelos et al[26]
Lee et al[22]
Mariani et al[28]
Kawakami et al[29]

200/200
150/150
202/211
167/165
150/150
678/571
199/201

Prospective/Randomized
Prospective/Randomized
Prospective/Randomized
Prospective/Comparative
Prospective/Randomized
Prospective/Comparative
Prospective/Randomized2

0/82, 5/113
0/27, 4/21
NA
NA
2/39, 8/44
15/99, 8/95
NA

1

Post-ERCP pancreatitis n /n (%)
WGC

CC

0/197 (0)
13/150 (8.6)
16/202 (7.9)
9/167 (5.4)
3/150 (2)
35/678 (5.2)
8/199 (4.0)

8/195 (4.1)
25/150 (16.6)
13/211 (6.2)
13/165 (7.9)
17/150 (11.3)
25/ 571 (4.4)
6/201 (2.9)

P value
< 0.01
0.02
0.48
0.37
0.001
0.60
NS

The number of post-ERCP pancreatitis following accidental PD injection or cannulation in CC and WGC group; 2Multicenter RCT with a 2 × 2 factorial design. 0/82 vs 5/113, P = 0.08; 0/27 vs 4/21, P = 0.05; 2/39 vs 8/44, P = 0.09 by Fisher’s exact test. PD: Pancreatic duct cannulation or contrast injection; WGC:
Wire-guided cannulation; CC: Conventional cannulation; NS: Not significant; NA: Not available.
1

rate and reduced the risk of PEP compared to use of the
standard contrast-injection method. Pooled analysis of
PEP rates in wire-guided cannulation groups compared
to those in groups treated using standard methods yielded an OR of 0.23 (95%CI: 0.13-0.41). Also, use of the
wire-guided technique was associated with a significantly
higher primary cannulation rate (OR = 2.05; 95%CI:
1.27-3.31). Although the meta-analysis included a relatively small number of studies, each work employed different
cannulation difficulty criteria (involving cannulation times
or numbers of attempts made), and, indeed, some studies
did not define their criteria. Three well-designed studies
using wire-guided cannulation techniques showed that
use of such cannulation could reduce the development
of PEP[22,23,25]. However, other recent reported studies
have yielded contrary results. Mariani et al[28] found that
the PEP rates in high- and low-risk patients did not differ
between wire-guided cannulation and contrast injection
groups (5.2% vs 4.4%). In a multicenter randomized study
performed by Kawakami et al[29], it was also shown that
wire-guided cannulation did not reduce the incidence of
PEP compared with use of a conventional method (Table
1). In both studies, trainees conducted (some) procedures. When used as an initial cannulation method, wireguided cannulation seems to shorten cannulation times,
as revealed in numerous studies, but any benefit in terms
of reducing PEP development is now controversial.
The mechanisms by which guidewire cannulation
reduces PEP risk remain uncertain. In the meta-analysis
of Masci et al[30], several technical issues, including multiple contrast injections into the pancreatic duct, difficult
cannulation, precutting, pancreatic sphincterotomy, and
balloon dilatation of the sphincter of Oddi, were identified as risk factors for PEP. Notably, the definition of
“difficult” cannulation is imprecise, being both subjective
and varying among studies. In the report on wire-guided
cannulation by Lee et al[22], the definition used was failure
to achieve biliary access after attempting to do so for 10
min, or after more than five unintentional pancreatic cannulations. Artifon et al[23] defined cannulation as difficult
when 7-10 attempts were required to ultimately achieve
cannulation. Recent studies suggest that the guidelines
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for difficult cannulation should be stricter. Large, wellperformed, randomized controlled studies aiming to
establish cannulation difficulty criteria are needed to resolve these controversies. Also, wire-guided cannulation
may not prevent PEP in patients with suspected SOD
and who are subjected to unintentional pancreatic duct
guidewire cannulation. In high-risk patients, such as those
with SOD, repeated unintentional pancreatic duct guidewire cannulation may trigger PEP caused by mechanical
trauma or increases in hydrostatic pressure attributable
to repeated introduction of a guidewire into the main
pancreatic duct. In instances of unintentional pancreatic
duct guidewire cannulation, therefore, wire-guided cannulation followed by temporary placement of a PS may be
preferred over wire-guided cannulation alone to prevent
increases in pancreatic enzyme levels and to reduce the
frequency or severity of PEP in high-risk patients[5,22,31,32].
In summary, primary wire-guided cannulation in experienced hands can reduce cannulation time and facilitate
successful biliary access, and may reduce the frequency
and/or severity of PEP. However, more large-scale comparative studies that consider race, high-risk status, and
operator experience, are required to confirm the existence of any prophylactic effect.

PRECUT SPHINCTEROTOMY
Pros and Cons
Precut sphincterotomy is an essential rescue technique
in instances of difficult biliary cannulation. Irrespective
of the technique used, the initial success rates of precut
sphincterotomy have previously been reported to be as
high as 90% during the first attempt, with success rates
of 95%-99% following second attempts conducted 48-72
h later after edema and inflammation had subsided. In
precut methods, various techniques including needleknife sphincterotomy with or without PS guidance, fistulotomy (infundibulotomy), and transpancreatic sphincterotomy, are used, although few data are available to aid in
the selection of a procedure[33-40]. The overall complication rates after precut sphincterotomy have been reported
to vary from 1.9% to 34%, compared to rates of 7%-14%
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with conventional sphincterotomy. PEP is the most common and serious complication; the rates range from 2.1%
to 14.9%, compared to the 1%-10% associated with conventional sphincterotomy[3,33-46].
Although precut sphincterotomy may be an effective
rescue technique, such sphincterotomy using a needleknife has been directly implicated as a primary cause of
PEP. Therefore, this technique has been considered potentially dangerous, especially when performed by lessexperienced endoscopists. Most authorities recommend
that only experts perform a precut. However, recent
studies have shown that the complications of precut
sphincterotomy are similar to those associated with conventional sphincterotomy, namely bleeding, PEP, perforation, and cholangitis[33,43,46-49]. In terms of the endoscopist
learning curve ensuring the safety and success of precut
sphincterotomy, Akaraviputh et al[47] reported that the rate
of procedure-related complications decreased significantly after the first 100 procedures were performed. Also,
among all complications, the rate of immediate bleeding
varied significantly, but the success of cannulation or the
rate of PEP development did not differ with endoscopist experience. Lee et al[33] obtained similar results. The
frequency of PEP in 159 patients who underwent precut
fistulotomy did not differ by time interval. In the cited
study, the risks associated with use of precut fistulotomy
under circumstances where biliary cannulation was employed were not influenced by experience. Thus, the
overall complication and PEP rates were similar; i.e., not
differing significantly, from those reported previously,
at 10.7% and 5.7%, respectively, and the overall success
rates were also similar, at 93.7%. No other serious complications were noted.
Consequently, most criticisms of the (supposedly)
higher complication rates associated with precut sphincterotomy may be unwarranted. The high frequencies of
post-procedural complications after such sphincterotomy
may be associated with excessively edematous major
papillae and extensive injuries caused by multiple or
prolonged attempts to cannulate the CBD by standard
methods before precut sphincterotomy. Huibregtse et
al[49] showed that early implementation of precut increased successful biliary access on the first attempt, as
well as the overall success rate, while reducing the rate
of complications to 11.8% (pancreatitis: 0.5%). Previous repeat cannulation attempts, prolonged cannulation
time, or numerous insertions of a guidewire into the
pancreatic duct, may increase the risk of PEP. Freeman et
al[3] reported that moderate numbers of cannulation trials (6-15), or more-than-moderate numbers (> 15), and
use of more than one pancreatic contrast injection, were
important in terms of the development of pancreatitis;
multivariate analysis was used to arrive at these conclusions. Lee et al[33] showed that more than 15 attempts at
cannulating the major papilla prior to precut fistulotomy
was a risk factor for PEP development upon multivariate analysis (OR = 4.8, 95%CI: 1.178-19.580, P = 0.029).
Bailey et al[41] also found that the number of attempts
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at cannulating the papilla played a key role in guiding
decision-making to minimize the risk of PEP. Thus, if
precut fistulotomy is indeed a treatment candidate, early
implementation of this approach may aid in successful
selective biliary cannulation as well as reducing the severity of PEP. On the contrary, Cennamo et al[50] reported
that the timing of precutting did not influence the operative success rate or the rate of complications associated
with ERCPs. The cited authors showed that the rates of
PEP did not differ between subgroups treated with early
precutting (no more than 5 min of attempts at biliary
cannulation using the standard approach, and three cannulations of the pancreatic duct) and delayed precutting
(cannulation attempts lasting 25 min). However, the cited
study had a small sample size and, thus, a low statistical
power. A recent meta-analysis of early precut studies
(although including precuts performed at different times
and the use of various techniques including needle-knife
precutting starting at the orifice, and fistulotomy) showed
that early precut implementation reduced the PEP risk (to
2.5% vs 5.3%, OR = 0.47, 95%CI: 0.24-0.91) but not the
overall complication rate[51].
Theoretically, the greater number of complications
could have resulted from direct thermal injury caused by
the needle-knife per se, especially during precut sphincterotomy, in which incisions commenced at the papillary
orifice. Avoidance of thermal injury to the pancreatic
duct, by making incisions above the papillary orifice during precut fistulotomy, minimizes the risk of pancreatitis[35,36,46]. However, too small a papilla, a short papillary
roof, distortion caused by invasion of a tumor or a mass,
or location of the ampulla of Vater on the inner center
or ridge of a huge periampullary diverticulum, may preclude use of precut fistulotomy[33].
In summary, although some aspects of the timing and
optimal type of precut sphincterotomy remain controversial, as does the need for endoscopist experience, use of
early precut fistulotomy in patients for whom cannulation
is difficult may not exacerbate PEP to an extent greater
than conventional methods. In instances of persisting
papillary contact or prolonged cannulation time, early
precut fistulotomy may minimize the severity of PEP by
decreasing mechanical trauma. However, a definition of
a “difficult” cannulation, and adequate training in precut
sphincterotomy are required, as are data from more largescale multicenter studies.
Transpancreatic sphincterotomy/septostomy
Transpancreatic sphincterotomy or septostomy is a technique involving cutting of the septum that separates the
pancreatic duct from the bile duct, through the pancreatic orifice[52]. Unlike a freehand technique such as use
of a needle-knife, transpancreatic papillary septostomy
in patients for whom cannulation is difficult, or who experience unintentional pancreatic duct cannulation, can
be performed using a papillotome, without exchange of
devices, after guidewire introduction into the pancreatic
duct; or indeed without a guidewire. When unintentional
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Table 2 Studies for the use of pancreatic stents to prevent post-endoscopic retrograde cholangiopancreatography pancreatitis
Study

Design
[63]

Smithline et al
Aizawa and Ueno[31]
Fogel et al[18]
Fazel et al[32]
Freeman et al[19]
Harewood et al[58]
Sofuni et al[64]
Tsuchiya et al[66]
Saad et al[70]
Lee et al[59]

RCT
Retrospective case-control
Retrospective case-control
RCT
Prospective case-control
RCT
RCT
RCT
Retrospective nonrandomized
RCT

Indications

PEP rate

Biliary ES for SOD, small ducts, or precut
Biliary balloon dilatation for stone
Biliary ± pancreatic ES for SOD
Difficult cannulation, biliary ES, SOD
Consecutive high-risk ERCP in which a major
papilla PD stent was attempted
Endoscopic ampullectomy
All consecutive ERCP (excluding pancreatic
cancer, pancreas divisum, PD therapy cases)
All consecutive ERCP irrespective of risk factors
Suspected SOD and normal manometry
Difficult biliary cannulation

n

Non-stent/stent (%)

P value

93
40
436
76
225

18/14
6/0
28.2/13.5
28/5
66.7/14.4

0.229
0.110
< 0.05
< 0.05
0.060

19
201

33/0
13.6/3.2

0.020
0.020

64
403
101

12.5/3.1
9/2.4
29.4/12

> 0.05
0.006
0.031

ES: Endoscopic sphincterotomy; SOD: Sphincter of Oddi dysfunction; RCT: Randomize controlled study; PD: Pancreatic duct; PEP: Post-ERCP pancreatitis.

pancreatic duct cannulation has occurred, the procedure
is relatively easy. Wire-guided septostomy is performed
after introducing a soft guidewire into the pancreatic
duct, and sphincterotomy follows, maintaining the bile
duct orientation at 11 o’clock. If the septum between
the pancreatic and bile ducts is incised, the biliary and
pancreatic orifices become separately visible[52-54]. Another useful option for septostomy is a precut following
placement of a prophylactic PS along the stent. This may
primarily prevent PEP and also facilitates selective biliary
access. This means that the second procedure, the precut
from the orifice, is relatively easy; the operator is more
comfortable in such circumstances than is the case when
a freehand technique such as fistulotomy is to be performed. Either a precut from the orifice or fistulotomy
is possible, but precutting from the orifice in the biliary
direction along a supporting stent may be more feasible
than use of the freehand technique. The prophylactic effects of PSs are described below.

PROPHYLACTIC PLACEMENT OF
PANCREATIC STENTS
Pancreatic stents were originally introduced to treat
pancreatic ductal pathology such as benign or malignant strictures and ductal leaks after trauma or surgery.
The exact mechanism by which PSs may reduce the risk
of PEP is but poorly understood. The stents probably
preserve pancreatic drainage that otherwise might be
impaired by mechanical injury to the pancreatic sphincter
caused by prolonged or repeated manipulations of catheters and guidewires and thermal injury caused by biliary
and pancreatic sphincterotomy or snare papillectomy.
Many clinical trials and a meta-analysis have shown that
placement of PSs in high-risk patients effectively reduces
the incidence and/or severity of PEP. Recent studies
have found that prophylactic placement of a PS reduces
the frequency and severity of PEP in particular highrisk groups, including those with known or suspected
SOD; those who have undergone papillectomy, precut

WJG|www.wjgnet.com

sphincterotomy, or pancreatic sphincterotomy; those
with a history of PEP; or those for whom cannulation
is difficult (Table 2)[18,31,32,55-70]. Prophylactic placement
of PSs is now increasingly adopted to reduce the risk of
PEP. PS placement also reduces the frequency of severe
PEP[18-21,31,32,55-68].
Presently, the routine use of PSs in high-risk patients and in procedures conducted at advanced centers
has changed attitudes toward ERCP; the incidence and
severity of PEP have been reduced to more acceptable
levels. However, few data are available on the effects of
prophylactic PSs, especially in terms of technical difficulties in the context of cannulation time or the frequency
of papillary contact[56,61,69]. Also, the sizes and lengths of
the stents employed have been variable, and no guideline
or consensus yet exists on the optimal type, diameter, or
length of a PS.
Ideal types of pancreatic stents
PSs vary in terms of diameter, length, and shape. An ideal PS should completely prevent development of PEP, be
easily deployed, spontaneously dislodge after exerting an
adequate preventative effect, and not cause ductal or parenchymal pancreatic changes[71]. In terms of such changes, a retrospective analysis of 34 patients with 38 PSs
placed to deal with disrupted ducts, isolated strictures,
pancreas divisum, and hypertensive pancreatic sphincters,
found that 36% of all patients exhibited subsequent ductal changes[72]. Also, a study on the dog pancreas showed
that polyethylene PSs caused histopathological changes
in normal tissues attributable to stent occlusion or local
stent-induced trauma[73]. These results suggest that PSs
may cause permanent changes to the pancreatic duct or
parenchyme. If the placement time is too short, a smaller
and shorter stent may not sufficiently protect against
PEP development. Short stents (less than 3 cm long)
are generally preferred to longer stents to avoid stenting
across the neck of the pancreatic duct. However, longer
stents should be considered when the pancreatic duct
is angulated in the head of the pancreas. Stents may be
straight, or may have a single pigtail or partial curl in the
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Table 3 Efficacy of 3- vs 5-F pancreatic stents in preventing post-endoscopic retrograde cholangiopancreatography pancreatitis
Technical success

Spontaneous migration

Rashdan et al[61] (3 F vs 4, 5, 6 F)

NA

Chahal et al[56] (3 F vs 5 F)
Zolotarevsky et al[69] (3 F vs 5 F)

91%/100% (P = 0.0003)
97.5%/100%

86%/73%/67%/65%1
(P < 0.01)
88%/98% (P = 0.0001)2
75%/68.4% (P = 0.617)2

PEP

Stents

7.5%/10.6%/9.8%/14.6%
COOK, 4-12 cm
(P = 0.047)
14%/9% (P = 0.3)
3 F, 8 and 10 cm/5 F, 3 cm
17.5%/10.5% (P = 0.519) COOK, Zimmon 3 F, 3 cm/ 5 F, 5 cm

1

10-14 d; 22 wk. PEP: Post-ERCP pancreatitis; NA: Not available.

duodenum, to prevent proximal migration. Short stents
without proximal flaps facilitate early spontaneous migration (within 1 wk). Thus, establishment of drainage
may be not assured when stents without proximal flaps
are used because of the potential for very early stent migration. However, stents with flaps require endoscopic
removal at a later date. Another option is to place longer
(> 7 cm) stents of small diameter (3 or 4 F) that have no
proximal flaps. This practice has the potential advantages
of less ductal trauma and spontaneous distal migration;
repeat endoscopy is not necessary[74]. A large retrospective study suggested that unflanged longer-length (8-10
cm) 3 F polyethylene stents with single duodenal pigtails
were associated with significantly higher spontaneous
dislodgement rates compared to larger-caliber, shorter
unflanged 4 or 5 F stents. The cited study also reported
a somewhat lower incidence of PEP in patients who
received 3 F compared with 5 F stents, although the difference was not statistically significant[61]. Another study
by Chahal et al[56] compared use of long 3 F and short 5
F stents and showed that the spontaneous dislodgement
rate of unflanged, short 5 F PSs (98%) was significantly
higher than that of unflanged, long 3 F stents (88%) after
14 days in patients at high risk for PEP development (P
< 0.01). Placement of short stents reduced the need for
later endoscopic stent removal. Higher rates of PS placement failure (0% in the 5 F group but 8.3% in the 3 F
group, P = 0.0003) and PEP (14% in the 3 F group and
9% in the 5 F group, P = 0.3) were observed in patients
with 3 F stents. Recently, Zolotarevsky et al[69] reported
that placement of 5 F compared to 3 F PSs for PEP prophylaxis was easier, more rapid, and required fewer wires.
However, no statistically significant differences in spontaneous passage rates (68.4% in the 5 F group; 75.0% in
the 3 F group; P = 0.617) or PEP rates (P = 0.519) were
evident (Table 3).
The prophylactic utility of placing smaller 3 F stents
during difficult biliary cannulations has undergone little
evaluation. Technically, the failure rates in previous studies involving placement of 3 F PSs after therapeutic
ERCP have been rather high (9%-10%)[56,63]. The main
problem is that a guidewire of smaller diameter than the
standard 0.035-inch wire must be used. Deployment of
long 3 F PSs is technically more difficult because of the
need to use smaller caliber (0.018- or 0.021-inch) guidewires, which can be difficult to maneuver around tortuous pancreatic ducts compared to a hydrophilically tipped
0.035-inch guidewire. Placement of long stents also re-
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quires deeper guidewire access into the main pancreatic
duct, which may not be possible in patients with highly
angulated or tortuous ducts. Thus, usually, placement of
a 5 F PS using a 0.035-inch guidewire may be valuable to
allow easy negotiation of the pancreatic duct and stent
deployment. However, one recent randomized controlled
trial evaluating the feasibility and utility of smaller and
shorter (4-8 cm) 3 F stents showed that placement of a
3 F PS was technically feasible, significantly reduced the
rate of PEP developing after difficult biliary cannulations,
and that a higher rate of distal spontaneous dislodgement
(94%) was evident within 7 d. The technical failure rate
when experts operated was low (4%), and no complications resulted from PS placement[59]. The use of smallersized guidewires may require extensive endoscopic experience and skilled assistance.
Timing of pancreatic stent placement
It is unclear whether stents should be placed before or
after therapeutic procedures such as sphincterotomy,
stone extraction, and biliary stent placement, but early
placement of a PS may be beneficial because various
procedure-related factors may contribute to development
of PEP. A retrospective study by Fogel et al[18] found that
pancreaticobiliary sphincterotomy with PS placement
was associated with a lower rate of pancreatitis than was
biliary sphincterotomy alone. The cited authors noted a
tendency for pancreatitis rates to be lower when a PS was
placed before major papillar pancreatic or biliary sphincterotomy (10.7%), than after sphincterotomy (19.2%).
Another retrospective study reported similar complication rates upon traction minor papillotomy followed by
PS placement, compared with needle-knife surgery after
PS placement (8.3% vs 7.8%)[75]. A recent randomized
trial comparing use of the needle knife and pull-sphincterotome techniques for pancreatic sphincterotomy in
high-risk patients showed that PEP was significantly
more frequent among patients undergoing pancreatic
sphincterotomy with a pull sphincterotome followed by
placement of a PS than in those treated with needle-knife
pancreatic sphincterotomy performed after placement
of a PS [7 of 24 (29%) vs 0 of 24 (0%), P < 0.01]. Forty
patients undergoing major papillar pancreatic sphincterotomy for manometrically documented SOD were
randomized to traction sphincterotomy using a blended
current followed by placement of a PS vs needle-knife
sphincterotomy after placement of a stent; all patients
received long, unflanged 3 F stents[76].
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Access to the pancreatic duct after biliary sphincterotomy or other biliary therapy such as balloon dilatation or
stone extraction is sometimes very difficult. Failure usually occurs either because the pancreatic orifice cannot be
identified or a guidewire cannot be deeply advanced into
the pancreatic duct. Also, deep pancreatic cannulation
can be difficult or impossible when, anatomically, looping
or tight angulations are evident in the distal pancreatic
duct. For such reasons, it is recommended to access the
pancreatic duct with a guidewire early in the procedure
and to maintain wire access until a stent has been placed
in high-risk cases in which PS placement is believed to
be warranted[19,74]. However, sometimes, repeat procedures such as stone extraction using a retrieval balloon,
or mechanical lithotripsy, may dislodge the guidewire or
preloaded stent even though the stent was placed using a
guidewire.
Usually, prophylactic PS placement, rather than only
maintaining a guidewire, may be reasonable before any
therapeutic procedure. This suggestion is based on the
data of the studies reported above, but further largescale, prospective studies are warranted.
Duration of pancreatic stent placement
Few data are available to indicate the duration for which
a PS should remain in place to effectively prevent PEP.
Cha et al[55] reported that the rates of pancreatitis were
significantly higher in patients from whom PSs were
removed immediately after needle-knife precut sphincterotomy compared to those in whom the stents were left in
place for 7-10 d (21.3% vs 4.3%, P = 0.027). These data
suggest that placement and maintenance of a PS when
needle-knife precut sphincterotomy is performed reduces
the frequency and severity of PEP. The cited study also
showed that excessively early removal of a PS might not
effectively prevent development of pancreatitis. However,
no data regarding the adequacy of the duration of stenting that is needed to consistently prevent PEP are available. This may be anywhere from a few hours to a week
or more. The precise duration of PS placement required
to effectively reduce the risk of PEP is not well known.
In general, stent removal at the end of ERCP is not
recommended. Excessively early removal of a PS may increase the risk of pancreatitis. However, removing a stent
too late may increase the risk of ductal or parenchymal
change. Ideally, the PS should be in place for a minimum
of 24 h or more, and then dislodge spontaneously[2].
Pancreatic stent-related complications
Relapsing acute and chronic (painful) pancreatitis can
develop in patients with pancreatic stent-induced injuries.
However, the long-term outcomes of PS placement have
not yet been thoroughly investigated although it is assumed that most ductal injuries are transient, eventually
resolving spontaneously, without clinical symptoms. A
large-scale retrospective study suggested that unflanged
longer (8- to 10-cm), 3 F polyethylene stents with single
duodenal pigtails were associated with a substantially

WJG|www.wjgnet.com

reduced frequency of ductal change (24% for 3 and 4
F stents compared to 80% for 5 and 6 F polyethylene
stents)[61]. This may indicate that use of smaller-caliber
stents is associated with a reduced risk of ductal injury.
Ductal and parenchymal changes may be most prominent
in patients with traditional 5 or 7 F stents, because which
may be of similar caliber to the native main pancreatic
duct. The stent diameter should be less than that of the
pancreatic duct.
Summary of use of prophylactic pancreatic stents
In prophylactic PS placement, a long PS of smaller diameter (3 F) may dislodge spontaneously within a few weeks
without any ductal change, but small guidewires (0.018 or
0.021 inch) are required, and such small guidewires may
be difficult to handle and to insert deeply into the tail
portion. On the other hand, placement of short (2-3 cm)
5 F unflanged stents can commonly be achieved using
0.035-inch guidewires that can be handled relatively easily
by endoscopists. Also, over 90% of such stents dislodge
spontaneously. However, a stent that is too short may
migrate soon after insertion, thus failing to prevent PEP
and (perhaps) causing injury to the duct genu because of
the short length. To effectively prevent PEP, the duration
of stent placement that is adequate, without causing ductal or parenchymal change, should be determined. Finally,
careful study of an ideal stent design, and the material
used, is warranted. All of easy stent insertion, risk reduction, and spontaneous dislodgement in a timely fashion
without ductal injury, are required. We suggest that short
5 F, or long 3 F, stents without inner flanges should be
used to stent a normal pancreatic duct. The stent diameter should be less than that of the targeted pancreatic
duct. However, endoscopists should remember that technical failure of PS insertion might aggravate the severity
of pancreatitis, so that the procedure per se unfortunately
becomes a risk factor.

OTHER ALTERNATIVES
Repeat or delayed ERCP
Repeat or continuing attempts at cannulation increase the
risk of PEP, as explained above. When primary cannulation fails, the alternatives include PTBD, repeat ERCP
conducted by same or another endoscopist (perhaps
in a more advanced institution) after 2-3 d of delay, or
surgical exploration[77,78]. Of these approaches, delayed
ERCP performed 2-3 d later by the same endoscopist
may increase the success rate of selective cannulation and
also reduce the complication risk to within an acceptable range by avoiding excessive papillary manipulation
or unintentional ductal injury. Delayed ERCP may afford
a good visual field, without papillary edema or bleeding,
and reduce the rapid bowel movement that develops with
longer procedure times, in turn reducing the need for
additional procedures and enhancing successful biliary
cannulation. However, excessively prolonged manipulations during primary cannulation attempts are inevitably
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associated with complications. A decision to interrupt a
procedure should be considered as early as possible.
Percutaneous transhepatic biliary drainage
Percutaneous transhepatic biliary drainage (PTBD) is the
most common salvage procedure used to access the biliary tract after failure of ERCP. Especially in patients with
advanced malignant hilar biliary strictures, percutaneous
drainage may be more feasible than endoscopic drainage.
To palliate jaundice in patients with non-resectable malignant hilar biliary strictures, the biliary obstruction pattern (particularly the Bismuth type) should be considered
before selection of an optimal drainage method. Endoscopic biliary drainage and stenting is recommended
as the first-line drainage procedure in Bismuth type Ⅱ
patients, considering that this approach is efficacious and
relatively noninvasive. However, internal stent insertion
and drainage through the PTBD tract may be the best
option for Bismuth type Ⅳ[79] patients. One retrospective
study found that the success of biliary drainage was significantly higher when drainage was percutaneous rather
than endoscopic (93% vs 77%, P = 0.049)[80]; no betweengroup differences in overall complication rates or the
median survival time of successfully drained patients
were evident. The goal of palliative drainage of hilar
cholangiocarcinoma patients is drainage of an adequate
liver volume (50% or more), irrespective of unilateral, bilateral, or multisegmental stenting. In patients of Bismuth
types Ⅲ or Ⅳ, the percutaneous approach was preferred
over the endoscopic approach in a document detailing
Asia-Pacific consensus recommendations[81]. However,
PTBD-related adverse event rates of 9%-33%, and mortality rates of 2%-15%, have been reported[82-85]. Furthermore, in terms of quality of life, long-term placement
of external catheters is very uncomfortable for patients.
Also, recent studies on bilateral metallic stenting have
enjoyed high levels of technical success, and a reduced
revision rate, even in patients with advanced hilar cholangiocarcinoma[86-88].
The choice of an endoscopic approach or PTBD
may depend on endoscopist experience and institutional
guidelines. In the near future, advanced endoscopic techniques and newly developed devices may improve endoscopic methods. However, in terms of complications,
in particular PEP, primary PTBD does not irritate the
ampulla of Vater. Accordingly, in difficult cases, and in
advanced hilar cholangiocarcinoma patients requiring adequate drainage, PTBD can be both an alternative option
and a rescue method.

FUTURE ADVANCES IN ENDOSCOPIC
PROCEDURES
Repeated cannulation attempts and pancreatic duct manipulations on the ampulla of Vater are associated with
PEP development, caused by inevitable contact with the
papilla. Thus, theoretically, PTBD, or EUS-guided biliary
drainage (EUS-BD), may serve as alternatives to ERCP
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when it is performed to inhibit development of pancreatitis by avoiding direct contact with the ampulla of
Vater. Recent studies have shown that EUS-BD is an effective alternative to PTBD after failure of ERCP. Also, a
potential benefit of EUS-BD is internal drainage, thereby
avoiding long-term external drainage in patients who are
expected to enjoy longer survival and in those for whom
external PTBD drainage catheters cannot be internalized. However, EUS-BD with transluminal stenting is
inherently complex in procedural terms, requiring several
multi-step processes, thus prolonging procedure times, in
turn associated with the possible development of several
adverse events, including stent migration and bile peritonitis[89-93]. Also, EUS-guided drainage techniques have
been but recently developed and no dedicated devices or
guidelines are yet available. Procedure-related complications including bile peritonitis or pneumoperitoneum
are not uncommon. To date, the procedure has been
performed by only experienced endoscopists in advanced
endoscopy centers, usually as a salvage method rather
than as a form of primary biliary drainage. Further development of technical devices and establishment of standard techniques minimizing complications are needed.
Also, further long-term follow-up in the context of largescale studies (including primary intervention to ensure
biliary drainage) are required before the technique can be
recommended for primary use.

SUGGESTED ALGORITHM FOR
ENDOSCOPIC PREVENTION OF
POST-ERCP PANCREATITIS
Prior to ERCP, patient selection considering risk stratification, operator-related factors, and hospital circumstances, should be considered, and efforts should be made to
avoid unnecessary ERCP by diagnostic replacement with
EUS or MRCP, if possible. Trainee involvement must be
taken into account. If possible, pharmacological prophylaxis - such as rectal NSAIDs - should also be considered.
We recommend wire-guided rather than conventional
cannulation as the initial cannulation method. If unintentional pancreatic duct cannulation occurs more than three
times, it may be wise to consider changing to doubleguidewire cannulation or transpancreatic septostomy
to enhance biliary access. However, in such instances,
precutting from the orifice following early prophylactic
PS placement may be more effective to reduce the severity of PEP. If attempts at double-guidewire cannulation
persist for some time or a technical difficulty is encountered, an early switch to a precut following prophylactic
PS placement should be considered. Also, the use of a
double-guidewire cannulation technique may increase the
risk of complications caused by additional frequent papillary contact, or pancreatic duct cannulation, even though
use of the method may facilitate selective biliary cannulation. Transpancreatic sphincterotomy may be also a risk
factor for PEP if pancreatic juice passage is disturbed.
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Patient selection and risk stratification
Avoid unnecessary ERCP and replace by EUS or MRCP
Consider operator related factors
Pharmacologic prophylaxis

Initial cannulation attempt; WGC

Papillary contacts ≥ 5 to10 attempts
Cannulation time ≥ 5 to 10 min

Unintentional PD cannulations ≥ 3

Early precut fistulotomy
Transpancreatic sphincterotomy

Failure due to
Small papillary roof
Distorted configuration of AV
Periampullary diverticulum

Precut following prophylactic PD stent

Repeat by experienced hands or
center

Repeat 2-3 d later, PTBD, EUS-BD

Figure 1 Suggested endoscopic algorithm for decreasing the severity of post-endoscopic retrograde cholangiopancreatography pancreatitis and facilitating biliary access. WGC: Wire-guided cannulation; AV: Ampulla of Vater; PD: Pancreatic duct; PTBD: Percutaneous transhepatic biliary drainage; EUS-BD: EUSguided biliary drainage.

Thus, risky operative conditions, such as a prolonged
procedure time (more than 5-10 min), or technical failure
of selective cannulation, should trigger consideration of
prophylactic pancreatic stenting. Otherwise, if frequent
papillary contacts persist (if more than 10 cannulation attempts, or at the very most up to 15 attempts, are made),
or the cannulation time is more than 5-to-10 min without unintentional pancreatic cannulation, early precut
fistulotomy can be considered. However, if the papilla
is too small, the segment of the papillary roof short, a
periampullary diverticulum present, or the ampulla is
located in the center of the ridge of the diverticulum, a
precut may be disturbed. In those cases, PTBD, EUS-BD,
the rendezvous technique, repeat ERCP performed by a
senior experienced endoscopist, or delay in ERCP for 2
or 3 d, should be considered. Use of such a step-wise algorithm may enhance successful biliary access and avoid
unnecessary prolongation of procedure time (Figure 1).
However, such options should be considered against a
background of hospital circumstances and the availability
of endoscopists.
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ing primary wire-guided cannulation, precut fistulotomy,
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or alternatives such as PTBD or EUS-BD, have been
described above as prophylactic methods for the decreasing severity or frequency of PEP. Till now, prophylactic
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Improvements in stent design and the materials used in
stent construction are to be expected. Also, the optimal
timing of stent placement and its duration require study.
Wire-guided cannulation and precut fistulotomy should
be compared using strict definitions of “difficult” cannulation, endoscopist experience, and racial or regional characteristics. Furthermore, as either alternative or primary
methods, PTBD or more advanced EUS-guided techniques may be available in difficult or failed cannulation.
Finally, recently emerging pharmacological prophylaxis,
such as rectal NSAIDs, should be considered either in
combination, or alone, in large-scale comparative studies.
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Core tip: Colon capsule endoscopy is a promising, minimally invasive wireless technique for the visualization of
the colon. With the second generation, the diagnostic
accuracy of Colon capsule endoscopy has significantly
improved for polyp detection. Preliminary data suggest
that colon capsule endoscopy may be useful to monitor mucosal inflammation in patients with inflammatory
bowel disease. Limitations include the inability to take
biopsies and the procedural costs. However, given the
potentially higher acceptance within an average risk
colorectal cancer (CRC) screening population, its usefulness as a screening tool with regard to CRC prevention
should be further evaluated.

Abstract

Tal AO, Vermehren J, Albert JG. Colon capsule endoscopy: Current status and future directions. World J Gastroenterol 2014;
20(44): 16596-16602 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i44/16596.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i44.16596

Colon capsule endoscopy (CCE; PillCam Colon; Given
Imaging; Yoqneam, Israel) is a minimally invasive wireless technique for the visualization of the colon. With
the recent introduction of the second generation colon
capsule the diagnostic accuracy of CCE for polyp detection has significantly improved and preliminary data
suggest it may be useful to monitor mucosal inflammation in patients with inflammatory bowel disease.
Limitations include the inability to take biopsies and the
procedural costs. However, given the potentially higher
acceptance within an average risk colorectal cancer
(CRC) screening population, its usefulness as a screening tool with regard to CRC prevention should be further evaluated.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Capsule endoscopy; Endoscopy; Colon
capsule endoscopy; Colonoscopy; Colorectal cancer;
Colon; Colonic capsule endoscopy; Inflammatory bowel
disease
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INTRODUCTION
Endoscopic screening for colorectal cancer (CRC) has
been shown to be effective in reducing mortality from the
disease[1,2]. However, while the decrease in CRC mortality is primarily attributable to the use of colonoscopy, its
acceptability is still low among patients. Therefore, lessinvasive screening methods with comparable sensitivity
for the detection of polyps and cancer are highly desired.
Colon capsule endoscopy (CCE) was first introduced
in 2006 as a wireless, minimally invasive technique for the
imaging of the large bowel that does not require sedation
or gas insufflation[3]. However, while capsule endoscopy
of the small bowel has quickly found it’s place as a firstline imaging device for patients with obscure gastrointestinal bleeding, CCE was immediately met with skepti-
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Table 1 Comparison of technical features of first and second generation colon capsules
CCE
PillCam Colon 1 (CCE-1)
PillCam Colon 2 (CCE-2)

Year of
introduction

Size (mm)

Field of view

Frame rate
(images/s)

2006
2009

31 × 11
31.5 × 11.6

156°
172°

4
4-35

Frame rate in the upper
intestines

Special features

Sleeping mode 1 h 45 min
14/min until first frame of Adaptive Image rate, Graphic intersmall bowel
face, Live imaging

CCE-1: First generation colon capsule endoscopy; CCE-2: Second generation colon capsule endoscopy.

PillCam colon 1
(CCE-1)

PillCam colon 2
(CCE-2)

Figure 1 First and second generation colon capsules. CCE-1: First generation colon capsule endoscopy; CCE-2: Second generation colon capsule
endoscopy.

cism due to high procedural costs, the need for extensive
bowel cleansing in order to gain reasonable polyp detection rates and the inability to take biopsies, thus requiring
additional conventional colonoscopy to confirm finding
and remove polyps. To increase the accuracy of CCE, the
second-generation colon capsule (CCE-2) was recently
developed that has an increased angle of view for each of
the two cameras involved allowing for a panoramic view
and an adjustable frame rate ranging from 4 to 35 images
per second[4]. The increased demand for this CE-marked
minimally invasive technique has recently prompted the
European Society of Gastrointestinal Endoscopy (ESGE)
to publish a consensus guideline on the standardized use
of CCE[5]. In Feburary 2014, FDA approval has been
granted for CCE basing on data from a 16-site clinical
trial involving 884 patients that assessed the safety and
effectiveness of CCE in detecting adenomas at least six
millimeters in size[6].
In this review, the current and future role of CCE, its
indications and limitations will be discussed.

COLON CAPSULE ENDOSCOPY TECHNICAL FEATURES AND SAFETY
PillCam colon capsule endoscopy (Given Imaging Ltd,
Yoqneam, Israel) is now available in its second generation (CCE-2; Figure 1). CCE-2 is 11.6 mm × 31.5 mm in
size and features two head cameras that each have a 172°
angle of view, allowing for almost 360° visual coverage
of the colon. While the first-generation colon capsule
had a flat frame rate of 4 images per second only, CCE-2
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comes along with an improved image acquisition and
an adaptive frame rate from 4 to 35 images per second
(Table 1). This means that the camera is able to capture
up to 35 pictures while in motion whereas 4 images per
second are captured when it is virtually stationary to save
battery power. The transit time of the capsule from the
small bowel into and through the colon is relatively long,
and the battery power of the capsule must therefore not
be overused. To transfer the capsule optimally through
the small bowel and colon, a laxative (booster) is ingested
to accelerate the transit of the capsule through the small
bowel into the colon (hence the name booster). Automatic detection of the small bowel mucosa triggers the
timing of booster ingestion and is signaled to the patient
by the data recorder. This is optimized by the CCE-2 and
new data recorder technique and this technical innovation
has been shown to be highly reliable in clinical studies[7].
The resolution of CCE-2 imaging is below 0.1 mm,
with a magnification of about 1 to 8. Polyp size can be estimated with the graphic interface tool of the included Rapid
8™ software. This tool, however, has not yet been verified
in patients. Additional software features such as the‚ Flexible spectral imaging color enhancement’ (FICE) technology permit enhanced visualization of detected lesions.
CCE has so far been shown to be a safe procedure
and complications were almost all attributed to bowel
cleansing and/or performance of colonoscopy including
therapeutic interventions. In the two prospective studies
that have compared CCE-2 with conventional colonoscopy, adverse events were reported from 6.8% and 8%
of patients, respectively[4,8]. However, fatigue reported
from two patients in the study by Spada et al[8] was the
only adverse event directly related to the CCE procedure
itself. An overview of reported adverse events is shown
in Table 2.

BOWEL PREPARATION FOR COLON
CAPSULE ENDOSCOPY
A thorough bowel cleansing procedure is indispensable
for the success of CCE. Accurate polyp detection can
only be achieved when the colon is completely free of
solid stool because unlike in conventional colonoscopy, a
washing or sucking device is not available. In addition, a
clean bowel promotes capsule propulsion for a complete
bowel investigation which otherwise has to rely on longitudinal large bowel contractions which only occur a few
times each day. For a better description of bowel cleanli-
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Table 2 Complication rates reported from studies involving both first and second generation colon capsules n (%)
Ref.

n

Year

Complications

Major complications in detail

Minor

Major

0
0
26 (2.9%)
8 (7.7%)

0
1
0
1 (0.96%)

Schoofs et al[3]
Eliakim et al[37]
Van Gossum et al[10]
Eliakim et al[4]

2006
2006
2009
2009

41
98
320
104

Pilz et al[38]

2010

59

Gay et al[39]
Sacher-Huvelin et al[11]

2010
2010

128
545

0
19 (3.5%)

0
3 (0.5%)

Spada et al[8]

2011

109

8 (6.8%)

1 (0.85%)

Herrerías-Gutiérrez et al[40]
Hartmann et al[13]

2011
2012

144
50

0
4 (8%)

0
1 (2%)

Kakugawa et al[14]
Total

2012
-

64
1621

1 (1.56%)
67 (4.1%)

0
8 (0.49%)

1 (1.69%)

Perforation at colonoscopy
Associated to bowel preparation: 22/26
7/8 associated to bowel preparation
1/1 urinary retention
1/1 perforation nach Koloskopie
1/1 skin reaction from capsule electrodes
Heart failure, potentially associated to bowel preparation: patient died
Bleeding at mucosectomy
Perforation at colonoscopy
5/8 associated to bowel preparation
2/8 fatigue
1/8 pain
1/1 perforation at colonoscopy
3/4 associated to bowel preparation
1/1 perforation at colonoscopy
1/1 associated to bowel preparation
-

1 (1.69%)

Most complications are suspected to derive from colonoscopy and/or bowel preparation regimen and not related to CCE. CEE: Colon capsule endoscopy.

Table 3 Four-point grading scale for objective description of the level of cleanliness of the colon during colon capsule endoscopy
Cleansing level
scale
Poor
Fair

Good
Excellent

[41]

Description

Categories

Inadequate; Large amount of fecal residue precludes a complete examination
Inadequate but examination completed
Enough feces or turbid fluid to prevent
a reliable examination
Adequate
Small amount of feces or turbid fluid not interfering with examination
Adequate
No more than small bits of adherent feces

Inadequate
Quality of the investigation is significantly compromised

ness in clinical trials, a 4-point grading scale ranging from
poor to excellent has been proposed (Table 3).
For optimal bowel preparation, the ESGE guidelines
recommend a split-dose regimen of at least 4 Lof polyethylene glycol (PEG) solution to be administered on
the evening before and during the morning of the exam
itself[5]. This bowel cleansing preparation should be preceded by a clear liquid diet on the day before the procedure. More recently, a prospective, randomized study has
shown equal efficacy of a one-day cleansing regimen vs a
two-day protocol[9].
There is ample evidence that boosters of low-dose
sodium phosphate (NaP) should be added to the PEGbased bowel preparation to accelerate transit time and
enhance capsule visibility (Table 4)[10,11]. Currently, the
recommended dose of NaP booster is 30 mL diluted
with one liter of water to be taken when the capsule has
entered the small bowel and a second booster of 15-25
mL NaP with 500 mL of water 3 h later if the capsule
has not been egested by that time[5]. Higher doses of
NaP were associated with an increased risk of side effects and NaP should be avoided in elderly patients as
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Adequate
Quality of the investigation is not significantly
compromised

well as patients with hypovolemia, renal insufficiency, active colitis, and those taking specific medications including ACE inhibitors[12].
Hartmann et al[13] observed good cleanliness following
PEG plus ascorbic acid as the booster but incomplete
investigations in 24% of cases. Finally, Mg-Citrate has
also been recommended as a booster in a recent investigation[14]. Thus, a cleansing formulation with little or no
toxicity and a broad patient tolerability still needs to be
defined.

INDICATIONS AND
CONTRAINDICATIONS FOR COLON
CAPSULE ENDOSCOPY
The acceptance of conventional colonoscopy as a screening tool for colorectal cancer is generally low despite the
fact that colorectal carcinoma associated mortality may
be significantly reduced[15,16]. Therefore, the main interest
for CCE development was its use as a minimally invasive, widely accepted screening tool for polyp detection.
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Table 4 Diagnostic accuracy of colon capsule endoscopy for the detection of significant colon polyps (≥ 6 mm or ≥ 3 polyps)
Ref.
Schoofs et al[3]
Eliakim et al[37]
Van Gossum et al[10]
Gay et al[39]
Pilz et al[38]
Sacher-Huvelin et al[11]
Eliakim et al[4] second gen
Spada et al[8]
Rex et al[6]

Year published

Colon capsule

Number of
patients included

Sensitivity

Specificity

PPV

NPV

2006
2006
2009
2010
2010
2010
2009
2011
2013

CCE-1
CCE-1
CCE-1
CCE-1
CCE -1
CCE-1
CCE-2
CCE-2
CCE-2

36
84
320
126
56
545
98
109
689

77%
50%
64%
87.5%
79%
39%
89%
84%
81%

70%
83%
84%
76%
54%
88%
76%
64%
93%

59%
40%
79%
63%
47%
46%
-

84%
88%
85%
71%
85%
97%
-

CCE-1: First generation colon capsule endoscopy; CCE-2: Second generation colon capsule endoscopy; PPV: Positive predictive value; NPV: Negative
predictive value.

Indeed, it was recently reported that screening participation increased by fourfold when CCE was offered as an
alternative to conventional colonoscopy even with the
knowledge that a later colonoscopy could be necessary[17].
A number of prospective studies have compared CCE
to conventional colonoscopy as the gold standard for
the detection of significant polyps (polyp size ≥ 6 mm
or ≥ 3 polyps), a widely accepted surrogate marker for
advanced neoplasia (Table 4). Published studies that used
the first generation colon capsule (CCE-1) for comparison with conventional colonoscopy reported sensitivities
and specificities for the detection of significant polyps in
the range of 39.0%-87.5% and 54.0%-88.0%, respectively. Two meta-analyses of CCE-1 studies involving 7 and 8
studies, respectively, have since been published[18,19]. They
showed overall sensitivities and specificities of 69% and
68% and 86% and 82%, respectively, for the detection of
significant polyps.
With the introduction of the second-generation
CCE-2 in 2009 and implementation of more standardized bowel cleansing protocols the detection of colonic
lesions has significantly increased diagnostic accuracy. To
date, two studies have been published on polyp detection by CCE-2 compared to conventional colonoscopy[4,8]
while a third study involving 884 patients has only been
published in abstract form[6]. For the detection of significant findings, sensitivities and specificities ranged
from 81%-89% and 64%-93%, respectively. In the latter
study which is the largest investigation of CCE-2 so far,
a sensitivity of 88% (95%CI: 82%-93%) was found for
the detection of adenomas ≥ 6 mm and 92% (95%CI:
82%-97%) for adenomas ≥ 10 mm with respective specificities of 82% (95%CI: 80%-83%) and 95% (95%CI:
94%-95%).
Finally, a recent study suggests that CCE-2 may be
better at detecting flat lesions compared to conventional
colonoscopy. In this retrospective analysis of 16 patients
it was shown that 25 out of 27 flat lesions ≥ 6 mm
detected with conventional colonoscopy were correctly
detected by CCE-2. Where conventional colonoscopy
categorized only 15 of these lesions as polypoid, CCE-2
classified 24 of these as polypoid. This discrepancy may
have been caused by air insufflation during conventional
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colonoscopy and it suggests that the currently widely
used Paris classification for polyps may not be adoptable
for CCE. The sensitivity and specificity for detection of
flat lesions by CCE-2 in this study were 90% and 96%,
respectively[20].
Conventional colonoscopy represents the gold standard for the examination of the colon, and a complete
investigation that includes visualization of the cecum
and/or terminal ileum may be attained in over 95%
of cases[21], but may be as low as about 60% in some
cohorts[22]. In most of these cases, difficult anatomical
conditions, bowel adhesions and previous surgical interventions result in incomplete colonoscopic examinations.
Thus, CCE may play a particular role in patients who
have undergone incomplete colonoscopy. Other indications may involve unwillingness to undergo conventional
colonoscopy for personal or religious reasons and contraindications for sedation. A number of recent studies suggest that there is increased interest to study the usefulness
of CCE in these heterogeneous patient groups.
In a recent French multicenter study, 72% of 102
patients were investigated by CCE-1 following incomplete colonoscopy and 28% for contraindications for
colonoscopy[23]. Overall, significant findings (carcinoma,
inflammatory bowel disease, angiectasia, and others) were
observed in 34% of cases and treatment decision was
subsequently influenced in 59% of these patients. Several other studies have reported similar percentages of
significant findings and influence on treatment decisions
(Table 5). However, several reports of capsule retentions
suggest that CCE should be used with caution on patients with suspected malignancies unable or unwilling to
undergo conventional colonoscopy.
Mucosal healing as assessed by optical colonoscopy
is increasingly employed as an endpoint in inflammatory bowel disease (IBD) treatment studies as well as in
clinical practice[24]. Monitoring of mucosal inflammation
by CCE may play a role as a more widely accepted diagnostic tool to guide treatment decisions in IBD patients.
Therefore, a number of recent studies have investigated
the role of CCE in the assessment of mucosal inflammation[25-29]. In the study conducted by Sung et al[25], the sensitivity and specificity of CCE for the detection of active
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Table 5 Colon capsule endoscopy for incomplete colonoscopy or patients with contraindications for colonoscopy
Ref.

Year

n

CCE

Complete visualization of the
colon by CCE + colonoscopy

Treatment decision
influenced in …

Significant findings

Capsule retention

Pioche et al[23]
Alarcón-Fernández et al[42]
Negreanu et al[43]

2012
2012
2013

102
34
67

CCE-1
CCE-1
CCE-2

59%
59%
-

34%
23.5%
34%

12 cases
2 cases

Triantafyllou et al[44]

2013

75

CCE-1

93%
85%
77% (CCE)
90% (CCE + colonoscopy)
91%

-

44%

-

CCE: Colon capsule endoscopy; CCE-1: First generation colon capsule endoscopy; CCE-2: Second generation colon capsule endoscopy.

ulcerative colitis was 89% and 75%, respectively when
compared to conventional colonoscopy. However, more
recent studies showed that CCE was clearly inferior compared to conventional colonoscopy for the assessment
of disease activity and extent[26]. At present, conventional
colonoscopy should therefore be the first choice to guide
treatment decisions while the role of CCE in IBD needs
further clarification.
Contraindications for CCE are similar to those defined for small bowel capsule endoscopy[30]. These include
swallowing disorders, prior abdominal surgery of the gastrointestinal tract, known or suspected bowel obstruction,
presence of a cardiac pacemaker and pregnancy. So far,
colon capsule retention has only been reported in studies
involving patients with incomplete endoscopy or those
who were unwilling or unable to undergo conventional
colonoscopy and those with suspected gastrointestinal
malignancies, inflammatory bowel disease or prior radiation history. In all but two patients, capsules could eventually be evacuated by flexible endoscopy without the
need for surgery. In two cases reported by Negreanu and
colleagues, surgery for bowel cancer was decided upon
capsule findings and was subsequently performed without complications and the capsules were evacuated during the procedure. This, however, emphasizes the need to
carefully select patients who can undergo CCE without
the risk of complications. Finally, patients who are at
risk of NaP toxicity should undergo alternative booster
preparations such as Mg-Citrate[5,31,32].

CONCLUSION
Colon capsule endoscopy has shown to be a feasible and
exceptionally safe procedure for the visualization of the
entire colon. Its acceptance among patients and accuracy
for the detection of pathologic findings has been studied
for a variety of indications including the detection of
polyps and adenomatous lesions as well as for monitoring inflammatory bowel disease. With the introduction
of the second-generation colon capsule the sensitivity of
the procedure for polyp detection has been markedly increased when compared to standard colonoscopy, which
is mainly explained by the improved optical setup. In
addition, CCE may be useful in patients with ulcerative
colitis to monitor disease activity. Finally, patients unable
or unwilling to undergo conventional colonoscopy are
currently the main focus of attention and the indication
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for CCE should be discussed in these patients on an individual basis as outlined in the ESGE guidelines.
However, CCE is limited as a first-line diagnostic
device due to the inability to take tissue samples and to
predict histology upon polyp detection. Thus, patients
in whom significant findings are made during CCE still
need referral to colonoscopy for clarification. In addition, even the improved second-generation colon capsule
holds a sensitivity that is short of 90% in comparison to
conventional colonoscopy for the detection of significant
findings. Some authors argument that conventional colonoscopy itself might be an imperfect golden standard
and that CCE might surpass detection rate of colonoscopy in some instances[33]: e.g., limitations of CCE in study
results may be explained by the mismatch of polyp-size
estimation between CCE and conventional colonoscopy,
which served as the gold standard in these studies. That
is, polyps, which were “overestimated” in size by CCE,
may in fact have been “underestimated” by colonoscopy.
Thus, currently it remains unclear how CCE might find a
place in CRC prevention in the long-term.
Finally, the overall accuracy of CCE largely depends
on bowel cleanliness. Indeed, split-regimens based on
polyethylene glycol with additional booster preparations
to be administered during the procedure are required to
obtain adequate bowel cleanliness. It was shown in several studies that a complete visualization of the bowel
mucosa as well as high capsule egestion rate is preferably
obtained with sodium phosphate boosters. The downside
of this cleansing regimen is its responsibility for most of
the adverse events during CCE. Another issue that needs
further clarification is the cost-effectiveness of CCE in
different indications. However, it has been suggested that
CCE may be cost-effective in a CRC screening program
if the uptake of CCE as a screening tool is higher than
that of colonoscopy[34]. Future approaches to CCE are
aiming at the improvement of polyp characterization,
mainly via improvement of the software setup for polyp
size estimation and by integration of chromoendoscopy
techniques and/or confocal imaging with near infrared
light for virtual histologic characterization[35,36]. In addition, externally rechargeable batteries or even battery-free
capsules are being developed.
Taken together, CCE is a safe and feasible method
for the minimally visualization of the colon. Current
indications aim at patients in whom conventional colonoscopy cannot be or has been incompletely performed.
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Given the poor acceptance of screening colonoscopy,
CCE should be tested in large-scale screening programs.
For patients unable to undergo conventional colonoscopy, randomized comparisons with other non-invasive
imaging modalities (e.g., virtual colonoscopy) are certainly
required.
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although experience has been limited, the patency capsule may help lessen the potential of capsule retention;
and newly researched protocols for bowel cleaning may
further enhance CE’s diagnostic yield. However, further
research is needed to optimize the use of the various
CE procedures in pediatric populations.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Capsule endoscopy; Children; Small bowel;
Pediatric endoscopy
Core tip: Recent investigations using capsule endoscopy
as a tool to monitor mucosal change with therapy and
to improve bowel cleaning (which potentially will increase the diagnostic yield) and new capsules to evaluate the esophagus and colon present an enhanced
value to be gained from capsule endoscopy, 10 years
after investigations began in pediatrics.

Abstract
Video capsule endoscopy (CE) for evaluation the esophagus (ECE), small bowel (SBCE) and the colon (CCE) is
particularly useful in pediatrics, because this imaging
modality does not require ionizing radiation, deep sedation or general anesthesia. The risk of capsule retention
appears to be dependent on indication rather than age
and parallels the adult experience by indication, making SBCE a relatively safe procedure with a significant
diagnostic yield. The newest indication, assessment
of mucosal change, greatly enhances and expands its
potential benefit. The diagnostic role of CE extends
beyond the SB. The use of ECE also may enhance our
knowledge of esophageal disease and assist patient
care. Colon CCE is a novel minimally invasive and painless endoscopic technique allowing exploration of the
colon without need for sedation, rectal intubation and
gas insufflation. The limited data on ECE and CCE in
pediatrics does not yet allow the same conclusions
regarding efficacy; however, both appear to provide
safe methods to assess and monitor mucosal change in
their respective areas with little discomfort. Moreover,
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INTRODUCTION
Since 2001, capsule endoscopy (CE) has been used to
evaluate small bowel pathology in adults. In patients of
10 to 18 years of age, these evaluations began in January
2004[1]. In 2009, CE was also approved by United States
Food and Drug Administration (FDA) for use in children
2 years of age and older[2]. As a result, the use of CE has
expanded in the pediatric population over the past decade, largely because of the possibility of avoiding ionizing radiation, deep sedation and general anesthesia. That
success has prompted CE evaluations of the esophagus
and colon as well while broader indications and applica-
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OGIB, accounting for 30 (36%) procedures, with positive yields in 16 (53%)[21]. Suspicion of CD accounted for
20 (24%) procedures, with positive findings in 11 (55%).
Abdominal pain accounted for another 12 procedures
(14%), and CD was the indication in 3 patients. CD was
found in 14 (31%) of the patients where a positive diagnosis was made. Investigation of malabsorption and protein loss required 12 and 9 procedures (14% and 11%),
respectively, with positive findings in 6 each. In contrast,
OGIB in older children (age 10-18 years) accounted for
only 13%-24% of all indications[5,9,11,17,19,23].
Additionally, SBCE is being used to identify eosinophilic enteropathy (with areas of erythematous, denuded
mucosa)[9]; an ulcerative inflammatory enteropathy in
cystic fibrosis[26] graft-vs-host disease[8]; monitoring medical therapy in CD[5-27]; and to evaluate the graft’s integrity
after small bowel transplantion[7,8].

Table 1 Clinical indications, outcomes and adverse events by
different age groups
Adult

Pediatric

Indications (%)
OGIB + IDA
66
15
CD/UC/IC
10
63
Abdominal pain
11
10
Polyps/Neoplasms
3
8
Other
10
4
Outcomes (% positive findings for different indications)
OGIB + IDA
61
42
CD/UC/IC
55
65
Abdominal pain
23
43
Polyps/Neoplasms
56
75
Overall
59
61
Adverse events (%)
Capsule retention
1.4
2.6
Incomplete examinations
16
13
Other
1.1
0.9

< 8 yr
36
24
14
25
67
0.5
7
-

CD: Crohn’s disease; IDA: Iron deficiency anemia; OGIB: Obscure gastrointestinal bleeding; IC: Indeterminant colitis; UC: Ulcerative colitis.

tions of CE are being defined in the diagnosis and monitoring of gastrointestinal disease.

SMALL BOWEL CAPSULE ENDOSCOPY
Because the small intestine was often considered as the
mysterious “black box” of the GI tract, small bowel capsule endoscopy (SBCE) has become particularly valuable
for pediatric patients to achieve a definite diagnosis in
cases with small bowel pathologies [(i.e., Crohn’s disease
(CD)] or obscure gastrointestinal bleeding) such that the
small bowel is no longer the frontier that it had been in
the past[3].
Indications
The American Society for Gastrointestinal Endoscopy developed indications for SBCE[4]. However, the relative frequency of indications in compiled pediatric reports differs
from that in data regarding adults. In adults, 66% of CEs
have been for obscure gastrointestinal bleeding (OGIB)
including iron deficiency anemia (IDA); 11% for clinical
symptoms only (e.g., pain, diarrhea, and weight loss without OGIB); 10% for CD; with the balance (13%) for other
indications[5-25]. In pediatric patients, 60% of CE have been
for CD, 15% for OGIB, 10% for abdominal pain/diarrhea,
and 8% for polyposis[15,16]. More than half of the procedures for IBD indications are related to evaluation of CD
and colitis, with 44% due to the suspicion of CD, 16% related to evaluation of known CD, 2% to differentiate indeterminate colitis (IC), and 1% to further evaluate ulcerative
colitis (UC). Abdominal pain and diarrhea account for
another 10% of the procedures and might be considered
as evaluations for the same indications.
Even within the pediatric population, these clinical
indications are age-stratified (Table 1). In a review of 83
procedures in children aged 1.5-7.9 years (when CD is
less prevalent), the most common indication for CE was

WJG|www.wjgnet.com

Preparation
The inability to establish the exact location of the capsule
in the small intestine, and the inability to flushing or suction fluids make adequate bowel cleaning of particular
importance for SBCE. Debris, biliary secretion, bubbles
and blood, especially in the distal small bowel, and failure
of the capsule to reach the cecum have the potential to
limit the diagnostic yield[28].
Since cleaning the small intestine prior to examination may improve the diagnostic yield, CE-preparation
regimens-mainly using the same products adopted for
colonoscopy preparation-have been proposed[29]. But the
optimal preparation regimen is yet to be established[30].
A clear liquid diet the evening before CE and an overnight fast appears to be associated with poor visibility of
the terminal ileum in the majority of patients[30]. Since
simethicone seems to improve mucosal visualization
and tolerability by reducing air bubbles, flammable gas
(namely, hydrogen) and abdominal discomfort[31], a combination of simethicone and polyethylene glycol (PEG)
has frequently been promulgated as an effective means to
increase the visibility of the small intestine (SB)[4,32-35].
The only pediatric study to date prospectively evaluated 198 patients with five different preparation regimens[35]. The mucosal visibility of the SB was assessed at
five equal time points. After preparation with PEG and
simethicone, discomfort was lessened and mucosal visualization improved significantly in the distal ileum, which
is the portion most often affected by debris. However,
the overall diagnostic yield was not affected except in the
last section of SB.
The least amount of PEG solution tested, 1.75 g/25
mL per kg (up to 1 Lt) of PEG solution (70 g/1000 mL)
the night before the procedure plus 20 mL (376 mg) oral
simethicone 30 min before capsule ingestion appears to
be the preparation of choice for SBCE in children. No
significant differences were found regarding gastric and
small-intestinal transit times or in the proportion of patients in whom the cecum was not visualized. However,
intestinal transit is much faster in children than adults
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and therefore bowel preparation might not impact intestinal transit time in the pediatric age group compared to
adults.
Patient outcomes
A meta-analysis[5] and additional reports from the pediatric literature[6,7], comprised 995 patients who underwent
1013 CE procedures with positive findings in 511 (61.4%;
95%CI: 52.7%-69.7%). Studies were complete (i.e., the
capsule reached or passed the ileocecal valve by the end
of the recording period) in 846 procedures. (86.0%;
95%CI: 81.6%-89.9%)[5-7]. In the studies for which ingestion was reported, a total 824 (88.4%) children swallowed
the capsule uneventfully (95%CI: 86.4%-90.3%)[15]. The
youngest child to swallow the capsule was 4 years old[23].
Only 1 patient in the reports could not swallow the capsule and refused endoscopic placement, although the inability to swallow the capsule or the fear of gagging and
choking doing so are not infrequent occurrences in clinical practice[11].
A new diagnosis was established in 162 patients
(66.0%; 95%CI: 45.4%-83.9%) including patients where
the capsule did not enter the colon[12,17,18,23]. A change in
therapy followed for 115 of the patients (71.3%; 95%CI:
45.2%-91.5%) where those parameters were quantified.
CD was the most prevalent diagnostic outcome of
SBCE studies performed in the pediatric population,
based on the criteria of at least 3 mucosal ulcers as previously reported by Fireman and colleagues[36] and Mow
and colleagues[37]. In one study, SBCE examination reclassified 4 of 5 patients with UC and 1 of 2 patients with IC
(total 5 of 7, or 71%) to CD due to newly recognized SB
mucosal lesions[12]. In various studies, a change in medical
therapy resulted for 75%-92% of patients with known
CD[12,13,17].
A recent pilot study evaluating dietary intervention in
pediatric CD[27] assessed small bowel mucosal change using CE since 38% of pediatric CD is isolated to the small
intestine and 80% of pediatric CD have small bowel involvement[38]. Using the Lewis score, a validated, weighted
index of 3 parameters (stenosis, ulceration and villous
edema)[39], mucosal improvement was seen at 12 and 52
wk from baseline, providing objective evidence of mucosal change, which can be used to complement standard
clinical IBD research scoring methods that can be affected by the subjective reports from the patients and their
families. In pediatric patients investigated for OGIB or
IDA by SBCE, 38.4% had confirmed diagnoses[14]. This
compares with 59.4% positive results in adults[40]. Fortysix lesions were diagnosed by SBCE[8-11,13,18]: 15 vascular
malformations, 7 CD; 14 nonspecific enteropathies; 3
polyps; 2 marked lymphoid hyperplasias; and 1 case each
of Meckel’s diverticulum, nonsteroidal anti-inflammatory
drug-induced lesions, lymphangiectasia, leukemia-relatedand graft-versus-host disease. In patients younger than
age 8 years, there were 4 cases of polyps, 2 of angiodysplasias, 2 blue rubber bleb hemangiomas, 2 Meckel’s
diverticulae, 1 anastomotic ulcer, and 1 intestinal duplica-
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tion[23]. In the adult meta-analysis, vascular abnormalities
also were the most common cause of OGIB (50%), followed by inflammation and ulcers (27%), and neoplasia
(9%)[40]. Evaluation of polyposis syndromes, accounted
for 8.0% of the indications in 81 pediatric patients, with
positive results in 80.2% of procedures compared to
adult diagnostic yield of 55.9% for neoplastic lesions[41].
Although SBCE is rarely performed for evaluation of
malabsorption, it is useful since intestinal lymphangiectasia can appear beyond the reach of the endoscope[5]. The
infrequency of celiac disease seen in pediatric patients
may reflect the infrequency of CE use for evaluation of
malabsorption in this population[4] or the decreased time
of gluten exposure with potentially patchy or very subtle
mucosal changes in childhood at histological levels of
Marsh Ⅰ or Ⅱ, for which the sensitivity of CE is low[42].
Although lymphonodular hyperplasia and intussusceptions are often seen, they are normally non-pathogenic
conditions indigenous to the pediatric population[5].
Adverse events
Capsule retention in the SB occurred in 18 and gastric
retention occurred in 4 of 1013 procedures in the meta
analysis, producing a pooled retention rate of 2.3% (n =
22/1013; 95%CI: 1.5%-3.4%)[5-7,15]. Endoscopy was used
to remove 5 capsules including 4 from the stomach[9-15]
and 1 from an ileal pouch[5]; 13 were retrieved surgically
while taking appropriate measures to mitigate the cause
of the retention[8,10,13,17]. A retained capsule was successfully evacuated by bowel prep at 22 d post-ingestion[10].
The greatest risk factors for capsule retention include
known IBD (5.2% risk), previous small bowel followthrough (SBFT) demonstrating small bowel CD (35.7%
risk) and a body mass index below the fifth percentile
combined with known IBD (43% risk), although retention has occurred despite the absence of stricture on
SBFT [14]. Among 4 patients with CD having capsule
passage lasting longer than 5 d (with 3 continuing on to
retention), age was significant (18.8 ± 0.9 vs 14.6 ± 3.5),
but not height or weight, compared to patients who did
not have retention[17]. Retention rates for indications of
OGIB, CD, and neoplastic lesions were 1.2% (95%CI:
0.9%-1.6%), 2.6% (95%CI: 1.6%-3.9%), and 2.1%
(95%CI: 0.7%-4.3%), respectively, with a pooled rate of
1.4% (95%CI: 1.2%-1.6%) for those procedures[43]. On
a per-procedure basis, this pattern is similar in adults,
where retention in OGIB, CD, and polyps occurs at
rate of 1.4%, 2.2%, and 1.2%, respectively[40]. Thus, it
appears that the risk of retention is dependent on the
clinical indication, with an higher incidence in patients
with suspected chronic small bowel obstruction[43]. Rare
cases of perforation, aspiration, or small bowel obstruction have been reported in adults but none have been reported in children. Minor mucosal trauma has occurred
in children in which capsules were placed with the Roth
net[21]. A specific capsule placement device is now available (AdvanCE, United States Endsocopy, Mentor,
OH[44] ).
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Patency capsule: The majority of capsule retentions
have occurred in patients with normal small bowel radiological studies, yet functional patency may be present
in patients with radiologically documented strictures. To
avoid this concern, an identically sized patency capsule
(PC) containing a mixture of barium, lactose and a radiofrequency identity tag was developed. The first version
had a single timer plug that degraded at 40 h. The currently available version has dual timer plugs that gradually
implodes if passage does not occur within 30 h.
Both a retrospective[5] and a prospective study[45] have
been performed in pediatric IBD using the first iteration
of the PC prior to SBCE. Of the 19 who were evaluable
in the retrospective analysis, patency was established and
subsequent CE was performed successfully in all but 1
patient who had a retained capsule from CE the following week. The prospective trial of 18 patients (age 10-16
years) who ingested the PC, 15 of whom excreted an
intact PC (mean 34.5 h) without any PC or CE retentions
or adverse events[45]. CD was eventually diagnosed in all
patients having PC transit of more than 40 h and in 9 of
12 who passed the patency capsule in 40 h or less. There
were no capsule retentions or adverse events. Thus, the
PC can serve as a useful guide and may lessen the likelihood of CE retention, particularly in known CD where
the risk of retention is greatest.
Esophageal and colon capsules: Esophageal capsule
endoscopy (ECE) was approved by the US FDA and
introduced for clinical use in 2004 with a second iteration (ESO 2; Given Imaging) released in 2007. However,
clinical trials and apparent pediatric use (or at least, the
reporting of that use) have been limited. Only 2 small pediatric trials of the first ECE capsule have appeared. Both
focused on portal hypertension, finding that variously
sized varices and other esophageal and duodenal findings
could be seen despite a rapid transit time in pediatric patients[46-48].
Similarly, colon capsule endoscopy (CCE; Given
Imaging Ltd, Yoqneam, Israel)[49-54] has been aided by
a recently released, second-generation CCE device
(CCE-2)[51,52], Consensus guidelines of ESGE on CCE
have proposed that CCE-2 may be useful to monitor
inflammation in UC, which may help guide therapy[53].
To date, there have been few studies conducted in adults,
with only one using the second generation of CCE[54-57].
There is only one pilot study using CCE-2 in 29 pediatric
patients with ulcerative colitis[58]. Sensitivity of CCE-2 in
detecting disease activity was 96% (95%CI: 79%-99%)
and specificity was 100% (95%CI: 61%-100%), corresponding to an overall accuracy of 97% (95%CI:
90%-100%). The positive and negative predictive values
were 100% (95%CI: 85%-100%) and 85% (95%CI:
49%-97%), respectively. Optimal preparation is yet to be
adequately studied or established.

efit in pediatrics because it does not usually require ionizing radiation, deep sedation or general anesthesia. The
risk of retention appears to be dependent on indication
rather than age and parallels the adult experience by indication, making SBCE a relatively safe procedure with a
significant diagnostic yield. Recent investigations to improve bowel cleaning and establish CE as a useful tool to
monitor mucosal change may further expand its utility.
The limited data on ECE and CCE in pediatrics do
not warrant the same conclusions as yet; however, both
appear to provide safe methods to assess and monitor
mucosal change in their respective anatomic areas with
little discomfort. However, further investigations are
needed to maximize the impact of this burgeoning area
of mucosal assessment and to determine whether CE can
pre-empt traditional studies in order to lessen cost and
improve tolerability of needed procedures.
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Abstract
Diverticulitis is one of the leading indications for elective colon resection. Surgeons are trained to offer elective operations after a few episodes of diverticulitis
in order to prevent future recurrences and potential
emergency. However, most emergency surgery happens during the initial presentation. After recovery from
an episode, much of the subsequent management of
diverticulitis occurs in the outpatient setting, rendering inpatient “episode counting” a poor measure of the
severity or burden of disease. Evidence also suggests
that the risk of recurrence of diverticulitis is small and
similar with or without an operation. Accordingly, contemporary evaluations of the epidemiologic patterns of
treatments for diverticulitis have failed to demonstrate
that the substantial rise in elective surgery over the last
few decades has been successful at preventing emergency surgery at a population level. Multiple professional societies are calling to “individualize” decisions
for elective colectomy and there is an international

WJG|www.wjgnet.com

focus on “appropriate” indications for surgery. The
rethinking of elective colectomy should come from a
patient-centered approach that considers the risks of
recurrence, quality of life, patient wishes and experiences about surgical and medical treatment options as
well as operative morbidity and risks.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Diverticulitis; Colectomy; Colostomy; Indications; Elective; Appropriate; Quality of life; Laparoscopy
Core tip: Over the last decade, the relationship between
elective and emergency surgery has come into question. With most emergency resections being performed
in patients without a prior hospitalization, it has become apparent that diverticulitis recurrences are a poor
predictor for future emergency operation at the population level. In addition, the rate of diverticulitis recurrence appears to be small and similar for those who do
and do not undergo resection. This evidence suggests
a need to rethink the factors that should be considered
when deciding on elective colectomy for diverticulitis.
Simianu VV, Flum DR. Rethinking elective colectomy for diverticulitis: A strategic approach to population health. World J
Gastroenterol 2014; 20(44): 16609-16614 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i44/16609.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i44.16609

INTRODUCTION
With the aging of the population, the management
of diverticulitis is becoming an increasingly important
problem[1-3]. In the United States alone, care related to
diverticulitis results in an estimated 1.5 million inpatient
days and 300000 admissions each year[1]. While 10%-20%
of people admitted to the hospital for diverticulitis un-
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dergo emergency resection[4,5], regardless of whether or
not patients undergo surgery during initial presentation,
they remain at lifetime risk for recurrent episodes and
hospitalizations. Surgeons play an integral role in counseling patients on the risks of recurrence vs the risks
of an operation, adhering to the premise that elective,
“prophylactic” colectomy can prevent future episodes of
diverticulitis and emergency colostomy[6,7]. Accordingly,
diverticulitis is one of the leading indications for elective
colon resection[8,9].
Over the last decade, the relationship between elective and emergency surgery has come into question. With
most emergency resections being performed in patients
without a prior hospitalization[4,5,10], it has become apparent that diverticulitis recurrences are a poor predictor of
need for future emergency operation at the population
level. In addition, the rate of diverticulitis recurrence appears to be small and nearly identical, whether or not patients undergo resection[4,10]. Furthermore, the observed
increase in the rates of elective colectomy has not correlated with decreases in emergency colectomy[11,12].
In light of this evidence, a number of international
professional societies have indicated that surgery should
no longer be performed based on the number of prior
episodes of diverticulitis[1,6,13,14]. What is emerging is a
rethinking of the factors that should be considered when
deciding about the role of elective surgery.

RETHINKING THE RISK OF RECURRENCE
Most emergency surgery occurs during the initial presentation for diverticulitis[4,5,10] and treatment options at
that time are directed towards controlling the source of
infection. The more challenging clinical decision making
begins after recovery from an acute episode, because all
patients remain at lifetime risk for recurrence and emergency colectomy and/or colostomy. Elective colectomy
has conventionally been recommended after the second
episode of diverticulitis[15-17] and after the first episode in
patients younger than 50[7,10,17-20].
A number of population-level studies in the last decade, however, have shown the rates of recurrent hospitalizations for diverticulitis after non-operative management (4%-13%)[10] are similar to the rates in those who
have had a colectomy (5%-11%)[4]. Additionally, even
elective resection carries a 1%-3% risk of anastomotic
failure requiring “rescue colostomy”[13,21]. Incorporating
these risks into a modeled analysis demonstrated that delaying elective surgery until after at least episodes resulted
in a lower rate of colostomy and cost savings[5].
The relationship between elective and emergency
surgery also needs to be better understood. Across
Washington State, our group has tracked age- and sexadjusted rates of hospitalization and colectomy for diverticulitis since the 1980s[12]. Our review of the over 84000
patients hospitalized for diverticulitis between 1987 and
2012 demonstrated that the age- and sex- adjusted rates
(adjusted to the 2000 census population of the state) for
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elective colectomy nearly tripled, rising from 7.9 to 17.2
per 100000 people[22]. This rise, which was most pronounced in the early 2000s, has not been accompanied
by decreases in emergency surgery (which rose from 7.1
to 10.2 per 100000 people), percutaneous interventions
(from 0.1 to 3.7 per 100000) or emergency admissions
for diverticulitis (from 34.0 to 85.0 per 100000). Given
that 80%-90% of emergency surgery happens at the first
episode of diverticulitis, these findings suggests that the
practice of routine elective colectomy does not prevent
future emergency surgery at a population level.
In studies of patients with diverticulitis, the most
common outcomes assessed are hospitalizations for recurrent disease and whether or not patients had an emergency operation or a colostomy. Focusing only on hospitalized diverticulitis has limited assessments about current
practice patterns because in the last 2 decades there has
been an important shift towards outpatient management
of recurrent disease[1,4,20]. Diverticulitis is now one of the
leading reasons for outpatient visits related to the gastrointestinal (GI) tract[2] and outpatient management is 3
times more common than inpatient care[23]. Researchers
may have not previously evaluated outpatient care for diverticulitis because outpatient information is not as readily available as inpatient data and because of concerns
about coding accuracy when using outpatient diagnostic
codes[23], such as co-existence of diverticulitis or its symptoms with other outpatient GI conditions like irritable
bowel syndrome. While including unconfirmed cases of
diverticulitis may lack specificity, a counting approach
that captures presumed episodes of outpatient diverticulitis is consistent with the way clinicians and patients both
experience and “count” recurrences.

RETHINKING SEVERITY OF
DIVERTICULITIS
The historic recommendation for early resection in
young patients[7,18,24] was based not only on the time at
risk for recurrence, but also the belief that presentation
at a young age indicated a more virulent disease and an
increased likelihood for more severe recurrences[10,15,19,20].
This “more virulent” nature of diverticulitis in young
patients is has been contested by newer evidence[20,25-27],
but it appears that younger patients in the last decade are
undergoing resection for diverticulitis more often than
older patients[28,29]. Whether this stems from a greater
relative impact of diverticulitis on the quality of life (QoL)
of younger patients or whether decisions are based on
younger patients’ comparatively good health remains to
be determined. However, this issue has become more
relevant in the last 2 decades with reported rates of diverticulitis rising significantly in the young[19,28-30].
Severity of diverticulitis and complicated diverticulitis are problematic to measure with administrative
databases, as diagnostic and billing codes for abscess,
peritonitis and perforation are often secondary and
inconsistently recorded. Increasing outpatient manage-
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ment suggests those requiring inpatient hospitalizations
today are “sicker” than they were in the past[1,4,20]. However, studies looking at complicated diverticular disease
in hospitalized populations have found relative stability
of patients with “complicated” diverticulitis[5,31,32]. Additionally, the proportion of emergency admissions having
surgery, perhaps the ultimate measure of disease severity, appears to be decreasing at a population-level[11,30,32,33].
Unfortunately, even this measure can be misleadingwhile the proportion of admitted patients having surgery may be decreasing, the overall rate (or incidence) of
surgery can still be increasing. This is attributable to the
overall increased number of patients admitted for diverticulitis, even after adjustment for age and sex[5,11,12]. A
number of plausible explanations exist for the decreasing proportion requiring emergency surgery, including
increased percutaneous interventions[12,32], more refined
classification of abscesses and contained perforations
with improved imaging[33], and a shift to delayed elective
surgery[4]. However, the inconsistent definition of diverticulitis severity makes it a difficult metric to track and
justify as an indication for elective colectomy at a population level.

RETHINKING THE THRESHOLD TO
OPERATE
One hypothesis to explain the disconnect between elective and emergency surgery for diverticulitis is that the
adoption of laparoscopy is responsible for the dramatic
rise in surgery, rather than changes in the incidence or
severity of the disease[30]. Laparoscopic techniques for
colorectal surgery were introduced in the early 1990s[34].
However, it was not until the early 2000s that training
programs began incorporating it and several randomized
trials of laparoscopy for colon cancer were published[35,36].
Population-level studies have ascribed the growth of
elective surgery during this period to the availability and
adoption of laparoscopy by the colorectal community[11,12,28,30], similar to what occurred with the introduction
of laparoscopic gall bladder surgery in the late 1980s[37,38].
Laparoscopic colectomy improves outcomes through
lower morbidity, fewer complications and quicker
discharge from the hospital[36,39], and has been recommended as the approach of choice for elective resection
for diverticulitis[1]. Use of laparoscopic colon surgery
(LCS) is increasing with some studies estimating that approximately half of elective colectomies for diverticulitis
are currently performed laparoscopically[30,31,40], especially
among younger patients[11,28]. However, it appears that
that countries with greater use of laparoscopy have higher rates of elective surgery for diverticulitis[40,41], and some
“early adopters” of laparoscopy also had a dramatic rise
in right-sided resections for diverticulitis, a previously
an uncommon procedure[42]. While none of these studies can absolutely causally attribute the rise in surgery
to laparoscopy, the evidence has reinforced speculation
that the threshold for surgeons to recommend, and for
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patients to undergo, elective surgery has been lowered by
the availability of LCS.

RETHINKING INDICATIONS FOR
ELECTIVE SURGERY
The evolution of evidence around diverticulitis over the
last decade has put a new emphasis on defining “appropriateness” metrics for elective surgery for this disease.
Indeed, with an international focus on cost of healthcare
and estimates that 1 in 3 healthcare dollars is spent on
care that doesn’t appear to add value[43,44], there has been
increasing interest in establishing appropriateness criteria
for many surgical procedures[45-49]. The production of
such guidelines and criteria by both professional societies
and insurance companies[50-54] have had mixed effects in
reducing rates of procedures that do not meet the designated criteria. For many surgical diseases, including diverticulitis, assessing compliance with these recommendations has been problematic because detailed information
about the indications for surgery is lacking from existing
registries.
Increasingly guidelines have recommended individualizing the decision for elective colectomy[1,13,14]. However,
it remains to be determined which discrete measures of
patient experience should be used to assess whether a
resection is appropriate. Surgeons often report that their
patients may not meet the professional recommendations
but have reasonable indications for elective colectomy
such as anxiety related to the possibility of an emergency,
fear of travel, uncertainty about insurance and childcare
coverage, intolerance of oral antibiotics or lingering
symptoms and impaired QoL.
QoL impact appears to be driven by symptoms as
well as the fear of recurrence, uncertainty about travel,
concerns about chronic antibiotic use and lost productivity related to time away from work. These are factors
that may also be particularly relevant among younger
patients. Evidence for these “non-clinical” impacts of diverticulitis is found on social media websites for patients
with diverticulitis (http://diverticulitis.supportgroups.
com, http://www.dailystrength.org). Patients on these
sites commonly report lingering symptoms after recovery
from an episode of diverticulitis as one of the drivers
for elective surgery. Recurrent symptoms include fevers,
chills, decreased appetite, abdominal bloating and changes in bowel habits. These have been variously referred to
in the literature as “smoldering”, “residual”, or “ongoing, symptomatic uncomplicated diverticular disease”[55].
Unfortunately, there is no generally accepted taxonomy
for this and considerable overlap in symptoms with other
conditions[56,57]. Attempts to quantify the drivers of impaired QoL have been limited to small cohorts and suffer
from response rates as low as 50%[4,58]. Accounting for
these symptoms is problematic without the use of standard evaluations that have not been a part of most prior
studies. To address this issue, patient-centered outcomes
research is needed to assess competing patient experi-
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ences with and without surgery.

11

CONCLUSION
Contemporary evaluations of the epidemiologic patterns
of diverticulitis and treatments for diverticulitis suggest
a disconnect between the use of elective colectomy for
prevention of emergency surgery at a population level.
Recommending elective surgery based on the number of
prior episodes is no longer supported. Rather, a patientcentered approach to counseling for elective colectomy
should consider the risks of recurrence, QoL burden,
patient wishes and experiences about surgical and medical treatment options and operative morbidity and risks.
To guide decision making, studies incorporating this
spectrum of relevant metrics should be performed and
incorporated into new guidelines aimed at accomplishing
more appropriate care.
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Abstract
Repeated surveys from Europe, the United States, Australia, and New Zealand have shown that adherence
to an evidence-based perioperative care protocol, such
as Enhanced Recovery After Surgery (ERAS), has been
generally low. It is of great importance to support the
implementation of the ERAS protocol as it has been
shown to improve outcomes after a number of surgical
procedures, including major abdominal surgery. However, despite an increasing awareness of the importance
of structured perioperative management, the implementation of this complex protocol has been slow. Barriers
to implementation involve both patient- and staff-related
factors as well as practice-related issues and resources.
To support efficient and successful implementation,
further educational and structural measures have to
be made on a national or regional level to improve the
standard of general health care. Besides postoperative
morbidity, biological and physiological variables have
been quite commonly reported in previous ERAS studies. Little information, however, has been obtained on
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cost-effectiveness, long-term outcomes, quality of life
and patient-related outcomes, and these issues remain
important areas of research for future studies.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Enhanced recovery; Surgery; Fast track;
Perioperative management; Postoperative outcome
Core tip: There is a strong and evolving evidence base
to support Enhanced Recovery After Surgery (ERAS)
programs in abdominal surgery. Such pathways are
safe and efficient in enhancing recovery and reducing
morbidity. However, patient-related outcomes, cost effectiveness and long-term benefits from ERAS protocols
need to be studied more carefully in the future. To support efficient and successful implementation, further
educational efforts have to be performed on a national
or regional level to improve the standard of care in the
general population.
Segelman J, Nygren J. Evidence or eminence in abdominal
surgery: Recent improvements in perioperative care. World J
Gastroenterol 2014; 20(44): 16615-16619 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i44/16615.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i44.16615

INTRODUCTION
Traditional perioperative care is heterogeneous and often
based on regional and local traditions or even individual
preferences of the surgeon, anesthesiologist or other
staff. Enhanced Recovery After Surgery (ERAS) is an
evidence-based, structured, multi-modal program for optimal perioperative care, initially described and developed
by Professor Henrik Kehlet, Copenhagen, Denmark, for
patients undergoing colonic surgery[1]. The ERAS recom-
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in the Breakthrough project, which included a third of all
hospitals in the Netherlands, was reported to be successful and resulted in an improved standard of care and a 3-d
reduction in length of stay[13]. National incentives, such as
in the Netherlands[13] and the NHS Enhanced Recovery
partnership program in England[14] to support the implementation of ERAS on a national basis, are imperative to
obtain a major improvement in general health care.

Table 1 Enhanced recovery after surgery elements
Preoperative

Intra-operative

Postoperative

Pre-admission counseling
Stopping smoking and alcohol abuse
Optimize nutrition and glucose control
No oral bowel preparation
Preoperative carbohydrate loading
Avoiding sedative premedication
Thromboembolism and antimicrobial prophylaxis
Epidural or other regional anesthesia
Balanced fluid therapy avoiding overhydration
Active warming
Minimally invasive surgery
PONV prophylaxis
No abdominal drains or nasogastric drains
Multimodal analgesia to avoid opioids
Early removal of urinary catheter
Early oral feeding and intense mobilization
No intravenous infusions
Support of GI function (laxatives/prokinetics)
Nutritional supplements
Audit

ADOPTION OF ERAS BY OTHER
SURGICAL DISCIPLINES

PONV: Postoperative nausea and vomiting; GI: Gastrointestinal.

mendations cover multiple aspects of the pre-, peri- and
postoperative periods, with the aim of reducing surgical
stress, maintaining physiological functional capacity, and
facilitating postoperative recovery[2-4]. ERAS is a dynamic
concept according to the best available evidence. The
main items are: preadmission counseling, no bowel preparation, preoperative carbohydrate loading to avoid preoperative fasting and dehydration, balanced perioperative
fluid management, multimodal analgesia avoiding opioids
using epidural or other regional anesthesia, minimally
invasive surgery, no abdominal or nasogastric drains and
early removal of urinary catheter, early oral feeding, intense mobilization and support of gastrointestinal function (Table 1).

ADVANTAGES OF THE ERAS CONCEPT
That the ERAS program, compared with traditional
perioperative management, results in enhanced recovery,
shorter hospital stays, and reduced postoperative morbidity has been convincingly shown in repeated randomized
controlled trials and meta-analyses[5,6].
Patient-related symptoms[7,8], quality of life[9] and costeffectiveness[10] have been less commonly reported but
are likely to be improved by ERAS when compared with
traditional care. Laparoscopic and minimally invasive procedures will further improve outcomes compared with
open surgery in ERAS pathways[11], although remarkably
early recovery can also be obtained after open abdominal
surgery[12]. Limited data are available on post-discharge
and late postoperative outcomes. Studying the process of
implementation will provide valuable information on the
importance of individual items on outcomes from surgery, and issues related to ERAS implementation and evidence-based perioperative medicine on a broader basis in
general health care. Structured implementation of ERAS
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The convincing data from colorectal surgery has encouraged an accelerating spread of the ERAS concept to
other surgical disciplines. Published guidelines from the
ERAS Society cover recommendations for perioperative
care, not only for colorectal surgery[3,4], but also pancreaticoduodenectomy[15] and radical cystectomy for bladder
cancer[16]. In addition, enhanced recovery protocols have
safely and successfully been implemented for other major
elective abdominal procedures such as liver resections[17],
esophagectomy[18,19], gastrectomy[20], bariatric surgery[21],
hysterectomy[22], and emergency surgery[23,24].

PATIENT PERSPECTIVE
A recent systematic review studied how recovery outcomes were reported when comparing fast track pathways
with traditional care[25]. The studies focused on in-hospital
biological and physiological variables such as the return of
gastrointestinal function and postoperative complications.
In contrast, patient-reported symptoms, functional status,
and quality of life were less commonly studied, in particular post-discharge. Nevertheless, when patient satisfaction
and quality of life were reported in randomized trials, fast
track programs were either superior or equal to traditional
care, but never inferior[26-33]. The use of heterogeneous
measures, however, hinders comparisons across studies.
Recently, the SF-36 was also validated as a measure of
postoperative recovery after colorectal surgery[34]. The
need for better outcome measures, including the patient’s experiences (i.e., core outcome sets or composite outcomes),
has been emphasized[8,35].

ADHERENCE TO THE ERAS PROTOCOL
Despite increasing awareness of the importance of structured perioperative management, implementation of this
complex protocol has been slow[36]. Several large surveys
have been performed to study the adoption of the concept in different countries. The surveys report a wide
variation in adherence to fast track protocols, and methods that are harmful for the patient and prolong postoperative recovery are still commonly used. Nevertheless, a
somewhat higher acceptance of evidence-based methods
seems to be reported in questionnaires concerning the
surgeon’s preferences than in surveys based on the actual
registration of clinical parameters and ERAS items. One
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Table 2 Key points in this paper
Key points
Traditional unstructured perioperative care is still common
The ERAS protocol is an evidence-based structured perioperative regime
The ERAS program improves postoperative recovery and reduces
morbidity
More research is needed on cost-effectiveness, long-term outcomes,
quality of life, and patient-related outcomes
Regional and national strategies to support the implementation of
evidence-based perioperative care in general health care are warranted

could speculate that questionnaire surveys may reflect
what physicians believe should be done rather than what
they actually would do in clinical practice. In two previous surveys among surgeons and anesthesiologists in five
countries in Europe[37,38], prevailing routines for colonic
surgery deviated considerably from the best available
evidence, with a wide variation between countries. In
another survey on colonic surgery, conducted in 295 hospitals in the United States and Europe (United Kingdom,
France, Germany, Italy and Spain), most centers still adhered to traditional perioperative care[39]. Bowel cleansing
methods, for example, were used in > 85% of cases and
nasogastric tubes were retained for several days postoperatively in 40% vs 66% of the patients in the United States
and Europe, respectively. Traditional perioperative care
was reflected in the postoperative length of stay; over 10
d in the European countries and 7 d in the United States.
This could be compared with discharge from hospital 2-5
d after colonic surgery, reported from trials performed
in dedicated centers with a successful implementation of
fast track programs[40,41].
Similar to colonic surgery, traditional approaches in
perioperative care were common for rectal surgery in a
large survey covering 461 institutions in Germany and
Austria from 2006[42]. In a more recent survey among
colorectal surgeons in Great Britain and Ireland published in 2008, it was concluded that routine adherence
to ERAS was relatively high, indicating a general trend
among colorectal surgeons to comply with ERAS interventions. There remained, however, a potential for improvement[43]. In a survey from 2011 in New Zealand and
Australia, some, but not all, ERAS interventions were
routinely used according to a questionnaire recently distributed to colorectal surgeons[44].
All members of the health care/multidisciplinary
team must be included in the repeated educational efforts
necessary for successful implementation of the ERAS
concept[45]. A recent survey among senior anesthesiologists from mainly European countries showed a low level
of knowledge about ERAS pathways[46]. Current routines
differed from the ERAS guidelines in > 50% of the centers concerning fluid infusion policy, fasting, postoperative opioids, premedication, and the use of prokinetics.

a more traditional approach to evidence-based perioperative care appears to be slow[40]. On its own, a protocol is
not sufficient to introduce necessary fast track recovery
routines[36]. Some studies have, therefore, explored possible
barriers to ERAS protocol compliance. A qualitative interview-based study identified four key areas important for
the implementation process: patient-related factors, staffrelated factors, practice-related issues, and resources[47].
This highlights the need for multidisciplinary efforts to
reach a high level of compliance and the involvement of
hospital management. In a questionnaire survey from Toronto, surgical residents reported some barriers to the early
discharge of patients, which included patient and family
expectations, surgeon preferences, and the beliefs of the
health care team[48]. Other reported issues were that some
ERAS items may seem to be too time consuming, and
there was a lack of co-specialty and institutional support[49].

ADHERENCE AND OUTCOME
At our own institution, the ERAS program has been chosen for all patients undergoing colorectal surgery since
2002. In 2004-2005, a second round of educational efforts
was made, as were other measures to enforce the process
of implementation[50]. Thus, as published by Gustafsson et
al[50] compliance with the ERAS protocol at our institution
improved from 43% to 71%. Interestingly, in this cohort
of 953 patients undergoing major colorectal cancer surgery, improved adherence to the ERAS protocol was significantly associated with improved clinical outcomes[50].
In addition to patient perspective and physiological
outcomes, evaluation of the possible economic advantages of enhanced recovery pathways is warranted. A cost
reduction from the decrease in morbidity and hospital
length of stay may promote the implementation of fasttrack programs and increase adherence to the protocol.
Available data are sparse, but do support the cost-effectiveness of fast-track programs[51,52].

CONCLUSION
Key points in this paper are summarized in Table 2. There
is a strong and evolving evidence base to support ERAS
programs in abdominal surgery. Such pathways are safe
and efficient in enhancing recovery and reducing morbidity. The implementation of ERAS pathways in new surgical procedures needs to be audited and carefully evaluated
in clinical studies since the evidence base for different
ERAS items may vary depending on the selected surgical
procedure. To support efficient and successful implementation, further educational efforts have to be performed
on a national or regional level to improve the standard of
care in the general population. Patient-related outcomes,
cost effectiveness and long-term benefits from ERAS
protocols need to be studied more carefully in the future.
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Abstract
Familial adenomatous polyposis (FAP) is an autosomal
dominant inherited syndrome characterized by multiple adenomatous polyps (predisposing to colorectal
cancer development) and numerous extracolonic manifestations. The underlying genetic burden generates
variable clinical features that may influence operative
management. As a precancerous hereditary condition,
the rationale of performing a prophylactic surgery is
a mainstay of FAP management. The purpose of the
present paper is to bring up many controversial aspects
regarding surgical treatment for FAP, and to discuss the
results and perspectives of the operative choices and
approaches. Preferably, the decision-making process
should not be limited to the conventional confrontation
of pros and cons of ileorectal anastomosis or restorative
proctocolectomy. A wide discussion with the patient
may evaluate issues such as age, genotype, family history, sphincter function, the presence or risk of desmoid
disease, potential complications of each procedure and
chances of postoperative surveillance. Therefore, the
definition of the best moment and the choice of appropriate procedure constitute an individual decision that
must take into consideration patient’s preferences and
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full information about the complex nature of the disease. All these facts reinforce the idea that FAP patients
should be managed by experienced surgeons working
in specialized centers to achieve the best immediate
and long-term results.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Familial adenomatous polyposis; Surgical
treatment; Restorative proctocolectomy; Ileal pouchanal anastomosis; Ileorectal anastomosis; Adenocarcinomas
Core tip: This paper is an extensive review of the literature focusing the options and criteria for surgical treatment of patients with Familial Adenomatous Polyposis.
The author put together a great number of dilemas and
the current recommendations in order to help readers
to understand how complex the disease is and to summarize the current knowledge.
Campos FG. Surgical treatment of familial adenomatous polyposis: Dilemmas and current recommendations. World J
Gastroenterol 2014; 20(44): 16620-16629 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i44/16620.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i44.16620

INTRODUCTION
Familial adenomatous polyposis (FAP) is a genetic complex syndrome that may affect 1-8 per 10000 persons.
Clinically, it is characterized by early development of a
wide range of colorectal adenomatous polyps after the
second decade of life and many extracolonic manifestations. If not treated by prophylactic colectomy, patients
will have an almost 100% risk of developing a colorectal
cancer (CRC).
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Classic FAP and the attenuated form (AFAP) result
from germline APC (adenomatous polyposis coli) mutations.
FAP is an inherited autosomal dominant disease in which
the majority of patients will be affected in a context of
familial history, and almost 30% may have a “de novo”
mutation. The less aggressive variant AFAP exhibits
fewer colorectal adenomatous polyps (usually 10-100),
later age of adenoma appearance and a lower cancer
risk[1]. A subset of patients will exhibit a mutation in the
base-excision-repair MUTYH gene, whose carriers may
present a less severe and later polyposis when compared
to FAP. Discovered in 2002, this recessive syndrome is
called MUTYH associated polyposis (MAP), and CRC
are frequent and discovered at the same moment as the
polyposis[2].
FAP patients must be operated due to the almost inevitable adenoma-carcinoma sequence, and surgery has
a positive impact on life expectancy[3]. In the past, most
patients died from CRC, but this risk has been gradually
reduced since the founding of the first Polyposis Registry
by Lockhart-Mummery in St Mark’s Hospital in 1925
(Figure 1). Subsequently, the establishment of National
Polyposis Registries in many countries changed morbidity patterns through early diagnosis and prophylactic
colectomy, with a resulting improved prognosis[4]. Besides
this, extracolonic manifestations such as desmoid disease,
duodenal and pouch neoplasia may still pose important
challenges to patients and surgeons.
Genetic testing and familial counseling should follow
clinical and endoscopic diagnosis. Certain genotypes have
been linked to specific extracolonic manifestations and
may influence polyposis severity; moreover, it has been
suggested that these associations should be considered in
surveillance and therapeutic decisions (Table 1).
After diagnosis, surgery represents the mainstay of
treatment for FAP patients (Figure 2). Surgical options
include total colectomy with ileorectal anastomosis (IRA),
total proctocolectomy with ileostomy (TPI), and restorative proctocolectomy (RPC) with or without mucosectomy and ileal-pouch anal anastomosis.

SURGICAL DECISION MAKING
As a rare and complex genetic disease, it is well recognized that FAP is better managed by a collaborative
group of specialists. Several clinical and genetic features
may influence surgical decisions regarding timing and extension of resection.
The present manuscript aims to raise and discuss several controversial issues concerning the surgical treatment
of patients diagnosed with FAP.
Timing of surgery
There are no guidelines regarding the timing of surgery
and most classical FAP patients undergo surgery between
15 and 25 years of age. Preferably prophylactic, an elective resection may be planned considering individual and
family features, as well as patient’s preferences[12]. The
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Figure 1 British surgeon John Percy Lockhart-Mummery (1875-1957) who
established the famous Polyposis Registry in St. Marks Hospital (London).

main factors involved in timing of surgery are listed in
Table 2.
Obviously, adenoma-associated symptoms such as
diarrhea, bleeding, malnutrition or growth retard may
encourage surgical indication on the next available opportunity. Also, specific endoscopic and histological features (presence of numerous adenomas, sized lesions or
high-grade dysplasia) represent good reasons to indicate a
prophylactic colectomy as soon as possible. Even asymptomatic patients with severe polyposis should not have
their surgical procedure postponed.
It is important to emphasize that those patients with
severe polyposis or CRC are more likely to be symptomatic. Among our own patients, CRC incidence was much
lower in asymptomatic patients (1.1% vs 65.8%). Moreover, patients without CRC presented a shorter length of
symptoms (15.2 mo vs 26.4 mo) and less frequent weight
loss (11.4% vs 33.9%)[13]. Similarly, Bülow et al[14] reported
a 60% incidence of CRC in patients with symptomatic
FAP.
Besides symptoms, age is also an important factor
related with CRC risk. In untreated patients, the mean
age of CRC diagnosis and subsequent death have been
reported to be 39 and 42 years, respectively[15]. In a review
of 1073 patients from European countries, the risk of
having a carcinoma at an age less than 20 years was estimated to be approximately 1%[16]. Within our own series,
average age of patients without CRC was lower at treatment (29.5 years vs 40.0 years, P = 0.001)[13]. Age distribution revealed a cumulative incidence of 1.9% and 32.1%
in patients with less than 20 and 30 years of age, respectively. This data is similar to the 15% incidence in patients
before the age of 25 years at the St Mark’s Hospital[17].
These data explain why surgery may be deferred till
the late teens or beginning of the third decade in most
patients[18], after physical, emotional and social maturation are established[19]. Once FAP is diagnosed, there is a
recommendation for immediate surgery for severe cases
(> 1000 colonic and/or > 20 rectal polyps) as soon as
practicable[20]. A similar approach should be employed in
patients with family history of severe disease[12].
In another situations, FAP diagnosis does not require
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Table 1 Phenotype-Genotype correlations in familial adenomatous polyposis patients
Phenotype
AFAP
Profuse polyposis (approximately 5000 polyps)
Severe polyposis and early CRC onset
Desmoid tumor
CHRPE
Thyroid cancer
Duodenal adenomas
Rectal cancer

Mutations

Authors

APC extreme ends (exons 3,4,5) and exon 9
Between codons 1250-1464
Deletion in codon 1309
Between codons 1444-1580
Between codons 463-1387
5' to codon 1220
Between codons 976-1067
Codons 1250 to 1464

Spirio et al[5] 1993
Nagase et al[6] 1992
Caspari et al[7] 1995
Caspari et al[7] 1995
Olschwang et al[8] 1993
Cetta et al[9] 2000
Bertario et al[10] 2003
Bertario et al[11] 2000

AFAP: Attenuated familial adenomatous polyposis; APC: Adenomatous polyposis coli; CRC: Colorectal cancer; CHRPE: Congenital hypertrophy of the
retinal pigment epithelium.

Figure 2 PAF specimen showing numerous polyps along the colon and at
least seven simultaneous malignant lesions.

the need to perform surgery immediately. For example,
an elective procedure may be delayed if an asymptomatic
(at-risk or mutation carrier) young patient is compliant with surveillance and polyposis is not severe, since
he understands there is a risk for CRC. In this setting, a
personal decision based on psychological well-being and
patient/family preferences related to school education
or professional issues may also affect the planning of
surgery. Considering that most patients will be treated
around their twenties, doctors should discuss with young
patients the possibility of sexual dysfunction following
rectal resection, a technique-associated complication due
to pelvic plexus lesion occurring in less than 4% of the
patients[1].
Also, patients presenting an AFAP (by phenotype
or genotype) or with a suggestive family history may be
operated later, as CRC will generally occur in the early to
mid-50s[21]. Another reason to delay surgery would be a
preoperative diagnosis or the treatment of high-risk patients (positive family history or genetically susceptible)
for desmoid tumor, if there were no imminent risk for
CRC[22].
Selecting the best procedure: Ileal-anal or IRA?
The decision-making process to surgical alternatives must
be tailored to the disease severity as well as to patient’s
age, clinical conditions and personal preferences. Certainly, surgeon’s experience and technical skills may influence
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the final choice[21]. The factors that may affect surgical
decision are listed in Table 3.
Proctocolectomy with ileostomy is the less common
operation performed and must be reserved for patients
with low rectal cancer, sphincter dysfunction, when a
mesenteric desmoid prevents pouch construction or
when it is impossible to pull the pouch down to the pelvis. This operative choice may lead to profound body
image and emotional alterations related to the stoma and
sexual dysfunction after pelvic dissection. Differently,
surgical decision for most patients will confront IRA and
RPC, and until now the published literature reached no
consensus about this issue, making the choice between
RPC and IRA a continuous matter of debate[23]. Discussion of the pros and cons of these techniques must not
be oversimplified, cause several operative, oncological
and functional variables must come into debate (see
Table 4).
IRA is generally recommended for patients with few
rectal polyps, with AFAP, a family history of mild phenotype and for those young women with desire to be
pregnant. IRA should not be performed in patients with
a diseased rectum (adenomas > 3 cm, with severe dysplasia, cancer or sphincter dysfunction) or colon cancer.
Patients with other features should undergo RPC[24-26].
Besides being a rectal sparing prophylactic colectomy,
IRA provides good surgical and functional outcomes,
but requires long-term follow-up of the rectum. During the pre-pouch era, metachronous rectal cancer rates
varied from 15% to 40%, decreasing to less than 10%
after pouch surgery came into practice[21,25]. After IRA,
development of rectal cancer risk depends on several risk
factors such as length of follow-up, chronologic age and
local of APC mutation[11,26].
Certainly, bad selection criteria in the era before RPC
accounts for the high rates of rectal recurrence after IRA.
Today it is possible to select better candidates for IRA,
once the risk of proctectomy is much lower in those presenting less than 20 rectal or 1000 colonic polyps[27]. In a
series of 776 IRA from a multicenter Scandinavian study,
proctectomy was performed in 229 of 576 patients (40%)
during the prepouch period vs 26 of 200 (13%) during
the pouch period[25].
Thus, IRA may provide good results in AFAP, MAP
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Table 2 Factors to be considered in the timing decision for surgery
Reasons to indicate or postpone surgery

Timing for surgery

Presence of symptoms (> risk of CRC)
Asymptomatic patient with mild disease
Sized lesions or with high-grade dysplasia, not amenable to endoscopic
resection
Severe disease at colonoscopy or by family history/genotype
Attenuated polyposis at colonoscopy or by family history/genotype
Preoperative diagnosis, positive family history or genetically susceptible
for desmoids

As soon as possible
Discuss opportunity (before 20 years?)
Immediately
As soon as practicable
Personal decision (16-20 years if mild or 21-25 years if attenuated polyposis )
Delay surgery (after evaluating CRC risk)

CRC: Colorectal cancer.

Table 3 Patient’s and disease factors affecting operative
choices
Patient

Disease

Age, sex, obesity, prior surgery
Number and location of polyps
Genetics - family history
Colorectal cancer or metastatic disease
Female fecundity
Presence or risk of desmoid disease
Compliance with follow-up
AFAP
Acceptance of a temporary stoma
MAP
MAP: MYH associated polyposis; AFAP: Attenuated familial adenomatous
polyposis.

and mild FAP patients that agree to undergo follow-up,
and RPC should be reserved for those with profuse polyposis[21,22]. Consequently, a policy of blanket RPC is not
a good idea for patients with mild or attenuated disease,
mainly for those asymptomatic and at a young age.
During the last decades, RPC progressively turned
out to be the most common procedure despite its surgical morbidity. For this reason, candidates to RPC must be
aware of its technical complexity and the reported high
complication rates[28]. Comparative studies with IRA have
reported higher complications after RPC[29,30], although
this has not been a unanimous finding[31]. In our own
series[26], we also observed more complications after RPC
(48.1%) compared to proctocolectomy with ileostomy
(26.6%) and IRA (19.0%) (P = 0.03).
Furthermore, pelvic dissection may lead to urinary
and sexual dysfunction such as decreased fecundity in
women (but it doesn’t risk pregnancy) and male impotence[32,33]. Indeed, it has been reported a 50% reduction
in female fecundity after RPC[32]. As IRA doesn’t involve
pelvic dissection, young females of childbearing age must
be informed of this fact in order to refine the decisionmaking process.
Although not yet proven, RPC has been associated
with a greater risk of desmoid disease when compared
to IRA[34]. If this information turns out to be true, this
chance must be critically evaluated as desmoid disease is
an important cause of mortality among FAP patients.
Long-term functional results have been generally better after IRA[35,36]. In a meta-analysis of 12 selected studies (1002 FAP) comparing functional outcome and quality
of life between RPC and IRA[37], bowel frequency, night
defecation and use of incontinence pads were signifi-
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cantly less in the IRA group, although fecal urgency was
more frequent with IRA compared with ileal pouch-anal
anastomosis (IPAA). Reoperation within 30 d was more
common after IPAA. There was no significant difference
between the procedures in terms of sexual dysfunction,
dietary restriction or postoperative complications (bowel
obstruction, hemorrhage, intra-abdominal sepsis, and
anastomotic leak). Rectal cancer was only observed in the
IRA group (5%). In addition, abdominal reoperation on
the rectum was more frequent after IRA (28%) vs IPAA
(3%). The study demonstrated the individual merits and
weaknesses of IRA and IPAA. Generally, better functional results are attributed to IRA, although there are no
significant differences regarding quality of life[35,38].
Another capital issue regarding RPC is oncological.
Although it was initially thought that RPC would abolish the risk of neoplasia, adenomas may develop within
the ileal pouch many years after the surgical treatment[39].
Furthermore, there is a risk of malignant transformation attested by reports of cancer at the ileal pouch or at
the ATZ[40,41]. These data clearly reflect that RPC is not a
cancer-free procedure.
Then, surgical experience with RPC assumes a great
importance. FAP patients should be advised to have the
operation performed in medical centers that are familiar
with FAP and by surgeons with proper training to perform this procedure.

CONTROVERSIAL ISSUES
Should genetic guide surgery?
As already stated, the final decision depends on many
factors that include a fully informed patient. However,
no consensus has been reached regarding the use of
genotype to guide surgical option, mainly in patients with
a polyp-free rectum. This idea is based on the relations
between APC genotype and colonic polyposis. There are
mutations associated with severe (between codons 1250
and 1464, especially at codon 1309), mild (extreme ends
of the gene and in the alternatively spliced part of exon
9) and intermediate (in the remaining parts of the gene)
forms of the disease[42].
In an important study containing data from four National Polyposis Registries, there were analyzed cumulative risks of proctectomy and cancer twenty years after
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Table 4 Recommendations for surgical treatment based on clinical and genetic features
Operation
Indications

Pros
Cons

IRA

RPC

Mild FAP or MAP (< 20 rectal or < 1000 colonic
Many (> 20) rectal adenomas or > 3 cm or high-grade dysplasia
polyps)
Severe colonic phenotype
AFAP by family history, endoscopy or genetic
(> 1000) or family history
testing
Colorectal carcinoma
No colorectal carcinoma
Mutations in codon 1309
Young women without definitive offspring
Mesenteric desmoid or family history or APC mutation (codons 1403-1578)
Metastatic CRC
Technically simple, good function, low morbidity,
no pelvic dissection
Metachronous rectal cancer
Technically demanding
High morbidity

AFAP: Attenuated familial adenomatous polyposis; MAP: MYH associated polyposis; IRA: Ileorectal anastomosis; CRC: Colorectal cancer; RPC: Restorative
proctocolectomy; APC: Adenomatous polyposis coli.

primary colectomy in four hundred and seventy-five polyposis patients[43]. The authors registered cumulative risks
of secondary proctectomy of 10%, 39%, and 61% in the
attenuated, intermediate, and severe genotype groups,
respectively (P < 0.05). Risks of cancer were not different. This data clearly shows that mutation analysis may be
used to predict the risk of secondary proctectomy, and
thus may help select the best option in patients with a
few rectal adenomas.
Surgical traumas, hormonal influences in women,
family history and genotype (APC mutation between codons 1445 and 1578) have been listed into a desmoid risk
scoring system for FAP patients[44]. Recognition of this
genotype-phenotype association has influenced surgical
decision-making and has also served as an alert to delay
or avoid surgery in order to prevent desmoid disease.
This recommendation is especially important in those
with 3′ APC mutations, which are associated with a 65%
risk of developing mesenteric desmoids[45].
Handsewn or mechanical anastomosis?
IPAA may be accomplished either by handsewn or stapled anastomosis, and the relative benefits of each technique are a source of intense debate, as these two options
may impact the outcome after RPC.
At the beginning, IPAA was performed manually after
anorectal mucosectomy above the dentate line. Subsequently, this supposed advantage of removing all at-risk
mucosa in ulcerative colitis and FAP patients proved to
be insufficient after reports of islands of rectal mucosa
left behind during dissection. A natural technical advance
in FAP surgery was achieved with the introduction of
stapled anastomosis. Besides been technically easier and
faster, it promotes better function when compared to
hand-sewn anastomosis due to the less sphincter manipulation and the preservation of a small rectal cuff above
the anastomosis.
Against the premise that RPC would eliminate cancer
risk, there is accumulating evidence that adenomas may
develop within the pouch in 8%-74% and also at the anal
transition zone (ATZ). Still controversial, potential factors for the development of pouch polyposis have been
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investigated. Ileal pouch adenomas are more common in
patients older than 50 years of age or those presenting
more than 1000 colonic adenomas. Age of the pouch
is also important, with risk varying from 7%-16% after
5 years to 35%-42% after 10 years and 75% after 15
years[40,46].
As shown in Table 5, the incidence of polyps at the
ATZ is usually lower after handsewn when compared
to double-stapled anastomosis[36,47,48,49]. The presumable
thinking that the remnant mucosal left behind after stapled anastomosis carries the same risk of malignization
as the original disease, one could think that mucosectomy
is probably the ideal choice. The risk of malignization
within the pouch is probably low, as there are only thirty
cases of cancer reported both at the anastomotic site and
in the ileal pouch so far[39]. But since invasive cancer has
been reported to occur either from the preserved ATZ
or from retained mucosal remnants, a reduction of the
cancer risk should not guide solely the operative choice.
Consequently, as the natural course and significance of
pouch polyps are better understood, the facts discussed
here raise the need for long-term endoscopic pouch surveillance regardless of the anastomosis performed.
Another important question regarding handsewn and
stapled anastomosis is the confrontation of functional
results and morbidity. As already reported, even though
mucosectomy may reduce the risk of adenoma and cancer formation, it has been related to worse functional
outcomes[50].
Is it safe to perform an ileal-pouch anastomosis without
a diverting ileostomy?
Despite its intrinsic technical complexity, RPC is safe
(mortality: 0.5%-1%) and carries an acceptable risk of
non-life-threatening complications (10%-25%), achieving
good long-term functional outcome with excellent patient satisfaction (over 95%).
A temporary protective ileostomy proximal to pouch
has been classically performed in order to mitigate the
effects of anastomosis leakage and to prevent pelvic
sepsis (reported in 6% and 37%), fistulization and thus
compromise pouch function. Consequently, it should also
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Table 5 Incidence of adenomatous polyps at the anal
transition zone or anastomotic site after handsewn or doublestapled anastomosis
Study

Handsewn
anastomosis

Remzi et al[47]
Von Roon et al[48]
Friederich et al[49]
Van Duijvendijk et al[36]

Double-stapled
anastomosis

21% in the pouch 11% in the pouch
14.3% in the ATZ 28% in the ATZ
27%
54%
29%
64%
10%
31%

Followup (yr)
5.8
10
7
7

ATZ: Anal transition zone.

prevent the need for re-laparotomy and, most importantly, pouch failure[51]. Although most patients exhibit a
very good acceptance of this temporary stoma, it may be
a source of several complications.
Ileostomy omission has been advocated in selected
cases, with the rationale that it is associated with similar
rates of septic complications and may also provide economic advantages[52]. Selection criteria should exclude
clinical (high doses of steroids, malnutrition, toxicity or
anemia) and technical factors (difficult procedures with
intraoperative complications). Furthermore, surgeons
must be sure that the ileoanal anastomosis is tension-free,
that it is supplied with adequate blood flow, that the tissue rings are intact and that air leaks are absent[53,54].
Several studies identified the underlying disease
(ulcerative colitis) as a risk factor for pouch-related sepsis[50,51]. Within this context, its omission is attributed to
the general fewer RPC complications rates in FAP than
in ulcerative colitis. At diagnosis, FAP patients usually
exhibit few symptoms and good general conditions, a
different picture from those with ulcerative colitis. And
when comparing septic complications with and without
ileostomy, most cases have been attributed to steroid use.
In a paper from Saint Antoine Hospital[55], the authors
reported their experience with 71 patients (38 females)
who underwent laparoscopic RPC between November
2004 and February 2010. Indications were FAP (34), ulcerative colitis (35), indeterminate colitis (1) and Lynch
syndrome (1). Laparoscopic RPC was performed as a
one-stage procedure in 49 patients, and after a sub-total
colectomy in 22. Seven patients in each group underwent
the formation of a diverting stoma. Sixteen patients experienced at least one postoperative complication. The
postoperative morbidity was 29% (n = 4/14) and 21% (n
= 12/21) in patients with and without a stoma (P = 0.8),
and the rate of fistula was 21% and 5%, respectively (P
= 0.08). Seven percent of patients with a stoma and 16%
without stoma had an intra-abdominal collection (P = 0.7).
Nine patients required reoperation, which was not influenced by the presence or absence of a diverting stoma.
The results of this study are similar to other laparoscopic
RPC series.
Omission of ileostomy may have a great impact on
young patients at school age. Once large-bowel techniques are evolving rapidly, the selection criteria for not
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performing an ileostomy after laparoscopic RPC, especially in FAP, still needs to be clarified. López-Rosales
et al[56] reported good results in eight out of ten patients
who underwent IPAA without protection. Ky et al[57]
registered eleven postoperative complications and three
reoperations among 32 patients. In our own series, one
patient who had undergone one-stage procedure developed a postoperative fistula successfully treated with
intestinal deviation. So far, we have preferred to perform
laparoscopic RPC with ileostomy, and this choice is also
based on the potential risk of desmoid tumors in FAP,
which has been associated with surgical trauma among
other predictive factors[58].
The review of the pertinent literature leads to the
recognition that selective omission of a protective ileostomy may be safe and associated with similar septic complications and failure rates when compared with stoma
patients. However, this finding forces us to critically
evaluate FAP patient selection criteria, in which an experienced surgical team, a patient with a good clinical status
and a procedure without adverse intraoperative outcomes
should necessarily be included[59].
Laparoscopic or open approach?
During the last decade, surgical technique has evolved significantly, mainly with the crescent incorporation of laparoscopic techniques to accomplish complex procedures
such as total abdominal (procto) colectomy. Acceptance
of laparoscopic extensive resections is still controversial
due to obstacles such as technical intraoperative difficulties, greater length of surgical procedure and the need for
specialized training and instruments. Furthermore, most
of the current literature includes case-matched studies
and case series that deal with patients suffering from different diseases.
Regardless of these limitations, many publications
have demonstrated the feasibility, safety, and good functional outcome in patients with ulcerative colitis and
FAP. These patients are ideal candidates for a minimally
invasive approach as these diseases usually affect young,
motivated and body image conscious patients. Thus, the
laparoscopic approach may be a useful mean to minimize
morbidity in this population[60].
A review of the literature concerning laparoscopy
usually reveals greater operative time, no difference in
mortality, complication, reoperation and readmission
rates; higher cosmesis scores and less blood loss have also
been widely reported[61-63]. In our own experience with 49
patients, we registered a very low conversion rate (2%)
and no patient required blood transfusion. Moreover, we
observed 24.5% complications, 2% mortality and only
14.3% reoperations. Median length of hospital stay was
only 6.2 d[58].
Besides lessening the body image impact, another
potential advantages may be associated with laparoscopy. There exists an amount of evidence suggesting
a reduction in abdominal and pelvic adhesions, which
could result in less small bowel obstruction (SBO)[64]
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and improved fertility[65]. But the idea regarding a lower
incidence of SBO has been critically debated[66,67]. RPC is
known to be associated with postoperative infertility in
open surgery, which may be caused by pelvic adhesions
affecting the fallopian tubes. However, fertility after laparoscopic IPAA has been rarely assessed. The group from
Paris analyzed 63 patients aged 45 or less by questionnaire[65]. The results were compared with those of controls undergoing laparoscopic appendectomy. Most patients (73%) suffered from ulcerative colitis. The authors
found that 73% of the patients who attempted pregnancy
after IPAA were able to conceive, and suggest that the infertility rate appears to be lower after laparoscopic IPAA
than after open surgery.
Another important conclusion came from another institution[68] where 50 patients were evaluated by questionnaire after attempting to conceive. This study grouped
patients with FAP (12), ulcerative colitis (37) and colonic
ischemia (1). Comparison of open (23; 46%) and laparoscopic (27; 54%) RPC revealed a higher pregnancy rate
after laparoscopic ileal anal-pouch anastomosis (log-rank,
P = 0.023), suggesting laparoscopy to be the best approach in young women.
Taking into account all the controversial issues, one
could argue whether those complex procedures should
be performed only in specialized centers and by skilled
and experienced surgical teams. The analysis of a greater
number of patients allocated in randomized controlled
trials may adequately elucidate the real dimension of
the supposed advantages of laparoscopy for extended
colorectal resections.
Is there a role for chemoprevention?
When facing an inherited cancer syndrome, management
may be accomplished by genetic counseling, screening
for at-risk lesions, chemoprevention, prophylactic surgery
and lifetime surveillance. Current guidelines recommend
that patients at risk for FAP should initiate endoscopic
examination at 10-12 years of age, with continuing regular endoscopic surveillance until colectomy is advisable
due to polyp burden, size or degree of dysplasia[16]. During this period, all significant sized adenomas should be
removed if surgery has not been advised yet.
Ideally, FAP treatment would be pharmacological,
as the NSAIDS, sulindac, celecoxib (selective cyclo-oxygenase-2 inhibitor) and aspirin may cause regression of
established adenomatous polyps in individuals with FAP
and may also reduce the number and size of colorectal
adenomas. Thus, these drugs may act as an adjunct to
postpone surgery in patients with mild polyposis or after
ileal-rectal anastomosis. Besides these potential effects,
chemoprevention alone is not suitable since CRC may
develop even in patients with polyp suppression with
NSAIDs[16].
Otherwise, chemoprevention with celecoxib may be
an acceptable therapeutic option in cautiously selected
FAP patients who present a high risk of rectal or duodenal cancer but a low risk of cardiovascular and thrombo-
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embolic events[69]. Within a context of primary therapy, it
may be indicated for those who refuse surgery or have a
high surgical risk, for patients with extensive desmoid disease or for ileal pouch polyposis whose treatment means
an end-ileostomy[70].
Due to these properties, celecoxib was approved by
the Food and Drug Administration (FDA) in 1999 and
by the European Medicines Agency (EMEA) in 2003 to
reduce the number of adenomatous colorectal polyps
in individuals with FAP in conjunction with usual care
(e.g., endoscopic surveillance and surgery)[69]. As an alternative to chemoprevention with celecoxib, it has been
recognized that sulindac may present a stronger effect on
the number of colorectal adenomas (although it doesn’t
prevent them), and that its gastrointestinal-related toxicity
may be managed with proton pump inhibitors[16].

CONCLUSION
All the data presented here clearly show how complex
the decisions regarding FAP surgical treatment are. In
this context, many disease and patient factors must be
considered when taking the final choice. As a genetic
disease associated with a great risk of CRC, the rationale
of performing a prophylactic colectomy is a mainstay of
FAP management. Patients should undergo an appropriate clinical evaluation and receive psychological support,
since a great part of this population is young and recognize they suffer from a hereditary condition that usually
affects other family members and deserves surveillance
for life. In this way, the challenge of the working team
(surgeon, gastroenterologist, genetic counselors and others) is to take individual decisions throughout the disease
evolution based on the best available evidences and recommendations.
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Abstract
Hepatocellular carcinoma (HCC) is the fifth most common cancer and the third most common cause of
cancer-related death worldwide. There have been great
improvements in the diagnosis and treatment of HCC
in recent years, but the problems, including difficult
diagnosis at early stage, quick progression, and poor
prognosis remain unsolved. Surgical resection is the
mainstay of the treatment for HCC. However, 70%-80%
of HCC patients are diagnosed at an advanced stage
when most are ineligible for potentially curative therapies such as surgical resection and liver transplantation.
In recent years, non-surgical management for unrespectable HCC, such as percutaneous ethanol injection,
percutaneous microwave coagulation therapy, percutaneous radiofrequency ablation, transcatheter arterial
chemoembolization, radiotherapy, chemotherapy, bio-
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therapy, and hormonal therapy have been developed.
These therapeutic options, either alone or in combination, have been shown to control tumor growth, prolong survival time, and improve quality of life to some
extent. This review covers the current status and progress of non-surgical management for HCC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ablation therapy; Biotherapy; Hepatocellular carcinoma; Hormonal therapy; Percutaneous ethanol
injection; Percutaneous microwave coagulation therapy;
Radiofrequency ablation; Radiotherapy; Transcatheter
arterial chemoembolization; Chemotherapy
Core tip: In recent years, there has been considerable
progress in the development of non-surgical management for unrespectable hepatocellular carcinoma. These
therapeutic options, either alone or in combination,
have been shown to control tumor growth, prolong
patient survival, and improve quality of life to some
extent. Some of these strategies have been extensively
used in clinical practice as the preferred approaches for
advanced primary liver cancer.
Chen X, Liu HP, Li M, Qiao L. Advances in non-surgical management of primary liver cancer. World J Gastroenterol 2014;
20(44): 16630-16638 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i44/16630.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i44.16630

INTRODUCTION
Primary liver cancer, with hepatocellular carcinoma (HCC)
being the most common form, is the fifth most common
cancer and the third most common cause of cancer-related death worldwide[1]. It was predicted that the incidence
of liver cancer in China would increase over the next few
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Table 1 American Joint Committee on Cancer Tumor Node Metastasis staging system
Stage
Stage Ⅰ
Stage Ⅱ
StageⅢA
Stage ⅢB
Stage ⅢC

Tumor

Node

Metastasis

T1: Solitary tumor without vascular invasion
T2: Solitary tumor with vascular invasion or multiple tumors, size < 5 cm
T3: Multiple tumors with size > 5 cm or tumor involving a major branch of the
portal or hepatic vein(s)
T4: Tumor that invades adjacent organs other than the gallbladder or perforates
visceral peritoneum
Any T

N0: No regional lymph
Node metastasis

M0: No distant metastasis

Stage Ⅳ

Any T

Table 2 Okuda staging system
Criteria
Tumor size2
Ascites
Albumin
Bilirubin

1

M1: Distant metastasis

Table 3 Cancer of the Liver Italian Program staging system

Positive

Negative

> 50%
Clinically detectable
< 3 mg/dL
> 3 mg/dL

< 50%
Clinically absent
> 3 mg/dL
< 3 mg/dL

Criteria

Stage 1: No positive criteria; Stage 2: 1-2 positive criteria; Stage 3: 3-4
positive criteria; 2Measured from the largest cross-sectional area of tumor
to the largest cross-sectional area of the liver.

years[2]. Thus, liver cancer poses a heavy burden for our
community. In the United States, it was reported that the
number of new HCC cases has increased over the past
several years, with the incidence rate increasing significantly from 2.7/100000 in 2001 to 3.2/100000 in 2006[3].
At present, surgery-based comprehensive therapy
plays a dominant role in the treatment of HCC. However,
the majority of patients lost their opportunities for surgical treatment when diagnosis was confirmed. Moreover,
only 15% of patients may benefit from surgical excision.
In clinical practice, the type of treatment for HCC
is largely dependent on how advanced the tumors have
developed. Thus, tumor staging is a crucial basis for the
selection of surgical and non-surgical therapeutic interventions and has a significant impact on therapeutic
outcomes. Many different staging systems have been
developed, including the American Joint Committee on
Cancer Tumor Node Metastasis staging system (Table 1),
Okuda staging system (Table 2)[4], Cancer of the Liver
Italian Program Scoring System (Table 3)[5,6], Barcelona
Clinic Liver Cancer (BCLC) System (Table 4)[7,8], Chinese
University Prognostic Index (Table 5)[9], Japan Integrated
Staging Score, and Groupe d’ Etude et de Traitement
du Carcinoma Heatocellulaire. However, each of these
systems have their advantages and disadvantages, and no
worldwide consensus as to which is the more preferred
prognostic staging system for HCC has been established.
Regardless of which staging system is used in clinical practice, non-surgical approaches have shown great
promise in the management of primary hepatic carcinoma. Among all non-surgical approaches, percutaneous
ethanol injection (PEI), percutaneous microwave coagulation therapy (PMCT), and percutaneous radiofrequency
ablation (RFA) have become the three most widely used

Points

Child-Pugh stage
A
B
C
Tumor morphology
Uni-nodular and extension ≤ 50%
Multinodular and extension ≤ 50%
Massive or extension > 50%
Alpha-fetoprotein level
< 400 ng/mL
≥ 400 ng/mL
Portal vein thrombosis
No
Yes

1
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N1: Regional lymph node
metastasis
Any N

0
1
2
0
1
2
0
1
0
1

techniques for the treatment of HCC less than 5 cm in
diameter and/or having a tumor number less than 3. In
this review article, we aim to summarize the recent advances in non-surgical therapeutic approaches for HCC.

ABLATION THERAPY
Ablation therapy is considered the best treatment choice
for patients with early but unresectable liver cancer[10].
Most commonly used ablation therapies include PEI,
RFA, microwave coagulation therapy (MCT), high intensity focused ultrasound (HIFU), interstitial laser photocoagulation, and freezing treatment.
PEI
In this procedure, 95% alcohol is slowly injected into the
tumor mass via a puncture needle previously inserted under the guidance of ultrasound. The high concentration
of ethanol infiltrates the tumor tissue where it dehydrates
the tumor cells and causes protein degradation and coagulative necrosis of the tumor and surrounding tissues.
This procedure is simple, convenient, and less costly. PEI
is an effective treatment for small HCC. The efficacy of
PEI for HCC tumors smaller than 3 cm in diameter is
significantly better than for those larger than 5 cm in diameter. It has been reported that in HCC patients whose
tumor mass was less than 3 cm, a complete response rate
of 70%-80% and a 5-year survival of 40%-60% have
been achieved[11].
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Table 4 Barcelona Clinic Liver Cancer staging system
Stage

PST

1

2

Tumor stage /cancer symptoms

Hepatic function

Recommended treatment

Child-Pugh A; normal portal pressure;
normal bilirubin
Child-Pugh A; elevated portal pressure
and/or elevated bilirubin
Child-Pugh A-B

Resection
Liver transplantations or PEI/RFA3,4

Child-Pugh A-B

New anti-tumoral agents

Child-Pugh C

Symptomatic treatment

0 (very early)

0

Single nodule < 2 cm

A (early)

0

B (intermediate)

0

Single nodule < 5 cm
Up to 3 nodules, < 3 cm each
Large, multinodular; no cancer
symptoms
Portal invasion, extrahepatic disease,
or cancer symptoms
Any of the above

C (advanced)

1-2

D (terminal)

>2

TACE

1

PST evaluated using the World Health Organization’s performance status scoring system (also known as the Eastern Cooperative Oncology Group System
or the Zubrod system); 2N1 or M1 under American Joint Committee on Cancer's Tumor Node Metastasis staging system; 3Recommended in the absence of
associated diseases; 4PEI/RF is recommended in the presence of associated diseases. PEI: Percutaneous ethanol injection; PST: Performance status; REA:
Radiofrequency ablation; TACE: Transarterial chemoembolization.

The therapeutic efficacy of PEI for HCC has been
adversely linked to tumor size, Child-Pugh score, BCLC
staging, and serum alpha fetoprotein levels[12]. PEI is
strongly recommended to HCC patients in whom the
tumors are located near major bile ducts, gallbladder,
and diaphragm, or in whom the tumor size is < 1.5 cm
in diameter[13].
The biggest drawback of PEI is the high recurrence
rate, usually around the tumor margin[14]. Multiple injections and large amounts of alcohol are sometimes required to achieve a better therapeutic effect, but this may
cause cumulative damage and even cirrhosis in hepatic
parenchyma.

maximum diameter ≤ 5 cm or multiple but fewer than 3
tumors with a maximum diameter ≤ 3 cm; (3) HCC patients with no lymphovascular invasion or neighboring organ invasion; and (4) patients with Child-Pugh Class A or
B liver function[15]. In a report involving 88 cases of small
HCC treated with RFA[16], the 3-year local recurrence rate
was 4.8%, 3- and 5-year survival rates were 83.0% and
70.0%, respectively, and the 3- and 5-year disease-free survival rates were 34.0% and 24.0%, respectively.
The major disadvantages of RFA include: (1) dissipation of RF heat through nearby major blood vessels,
thereby potentially reducing the curative effect and damaging adjacent organs; and (2) in large tumors, the rate of
necrosis is low. The following are independent risk factors of recurrence after RFA treatment: (1) tumor diameter is > 3 cm; (2) tumor is located near the intrahepatic
vasculature; (3) subcapsular tumors; and (4) PT extends
over 3 s. The effect of RFA can be improved if these risk
factors are taken into account in clinical practice[17].
Ultrasound-guided RFA is a relatively safe, well-tolerated, and versatile treatment option that offers excellent
local control of primary and metastatic liver tumors. The
appropriate use of percutaneous, laparoscopic, and open
surgical RFA is beneficial in the management of patients
with liver tumors in a variety of situations[18]. Randomized controlled trials have shown that RFA offers a higher
complete response at fewer treatment sessions and a better survival compared to ethanol injection[11].

Rfa
RFA is a minimally invasive treatment for solid tumors
such as HCC. In RFA, the heat generated by high frequency alternating current (in the range of 350-500 kHz)
is transduced into the tumor tissues through an electrode
probe. The transduced heat will then cause necrosis and
scarring in the tumor tissues. RFA is usually conducted
in the outpatient setting, using either local anesthetics
or conscious sedation anesthesia. Insertion of radiofrequency probes is usually done through percutaneous,
laparoscopic, or open intraoperative ultrasound guidance.
RFA is commonly indicated for: (1) small HCC patients unsuitable for resection; (2) a single tumor with a

PMCT
MCT is a relatively new type of ablative approach for the
treatment of liver cancer. MCT can efficiently induce coagulative necrosis in tumor tissues, and tumors with unfavorable location or those larger than 3 cm in diameter are
also suitable
for MCT without further risk of local tumor
[19,20]
recurrence
.
In a recent study, a novel 915 MHz system was used
to treat 47 patients with 80 tumor nodules (average tumor
size 2.6 ± 0.9 cm) in 51 treatment sessions[20]. The treatment was delivered laparoscopically in 20 cases and percutaneously in 31 cases. High-risk conditions (defined as
unfavorable tumor location such as those invisible by na-

Table 5 Chinese University Prognostic Index risk groups in
hepatocellular carcinoma
Parameter

Weight (CUPI score)

Bilirubin (mg/mL)
Ascites
Alkaline
phosphatase
TNM stage
AFP (ng/mL)
Disease symptoms
on presentation

< 1.9
Present
≥ l ka
IU/L
Ⅰ and Ⅱ
≥ FP
None

0
3
3

1.9-2.8

3

> 2.9

-3 Ⅲa and Ⅲb -1 Ⅳa and Ⅳb
2
-4

4

0

Adapted from Leung et al[9]. CUPI: Chinese University Prognostic Index;
TNM: Tumor Node Metastasis; AFP: Alpha fetoprotein.
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tive transabdominal ultrasound, superficial tumors, or risk
of heat sink phenomena) were found in 28 cases (53%).
Local recurrence rate was 17% on a per-patient basis and
12% on a per-tumor basis (n = 9). One patient died of
uncontrollable upper gastrointestinal bleeding during the
postoperative hospital stay. No MCT-associated complications occurred. Median follow-up period was 20 mo.
By univariate logistic Cox regression, it was revealed
that tumor size, procedure access, and high-risk location
were significant prognostic factors for local tumor recurrence. However, by multivariate reiteration, only chosen
access to MCT and tumor size was significantly correlated with local recurrence.
The commonly encountered complications of MCT
include skin burns, liver capsule bleeding, and severe
pain. In cases where the tumor size is > 5 cm in diameter,
cancer cells may become thermoresistant and active proliferation may occur, thereby favoring tumor metastasis
and recurrence. Nevertheless, MCT may be superior to
other therapeutic approaches for HCC.
HIFU
HIFU is a highly precise procedure that applies highintensity focused ultrasound energy to locally heat and
destroy diseased or damaged tissue through ablation.
Thus, HIFU is a hyperthermia therapy, a class of clinical
therapies that use temperature to treat diseases. This minimally invasive therapeutic procedure directs acoustic energy into the disease tissues[21]. Although the application
of HIFU technology in the management of patients with
hepatocellular carcinoma is still in its early stages, several
studies concerning HIFU treatment of liver tumors have
been reported. In one published study[22], 39 patients with
cirrhosis Child A or B and unresectable HCC adjacent to
major hepatic veins were treated with HIFU. These patient/tumor characteristics would be ineligible for other
ablation treatments such as RFA or PEI. Following one
session of HIFU treatment, more than 50% of the patients developed complete tumor necrosis, indicating that
HIFU can achieve complete tumor necrosis even when
the lesion is located adjacent to major hepatic blood
vessels. No major complications were observed and the
overall survival rates at 1, 3, and 5 years were 75.8%,
49.8% and 31.8 %, respectively. In a similar study[23], Orsi
et al[23] showed that in six HCC patients whose tumors
were located in difficult locations (i.e., adjacent to a main
hepatic blood vessel, heart, bowel, stomach, gall bladder,
or bile ducts), treatment with HIFU achieved complete
response in all patients without any complications.
Targeted cryoablation therapy
Helium cryoablation is a minimally-invasive freezing technique used to treat solid tumors through extremely low
temperature. Within a few seconds, the tip temperature
of the therapeutic device can drop to -140 ℃, and then
quickly rise to 20-45 ℃. The unique freeze-thaw cycles
could more completely destroy the tumor tissues, regulate the presentation of tumor antigens, and activate the
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body’s anti-tumor immune response. Cryoablation kills
tumor cells and induces necrosis in tumor tissues primarily through two mechanisms, namely cellular damage and
vascular injury[24]. Cell damage occurs immediately in the
freeze-thaw process, whereas vascular injury is the result
of blood stagnation and further microcirculation failure.
The therapeutic effect of cryoablation on target tissue
could be influenced by many factors, including freezing
temperature, freezing rate, thawing rate, and the frequency that the freeze-thaw cycle is applied. Cryogenic treatment not only effectively kills all tumor cells in the frozen
region, but also maximally preserves the normal liver tissues. Based on a long-term follow-up study, cryosurgery
could achieve a survival rate comparable to that of liver
resection, in addition to reducing overall mortality and
improving quality of life[25].

TRANSCATHETER ARTERIAL
CHEMOEMBOLIZATION
Normal liver has a dual blood supply system: 25%-30%
of said blood supply comes from the hepatic artery and
70%-75% from portal vein system. In the case of HCC,
90%-99% of the tumor blood supply comes from the
hepatic artery, whereas only a small portion of the tumor
tissue is nourished by the portal vein. Transcatheter arterial chemoembolization (TACE) causes tumor necrosis
by blocking the tumor blood supply with the emulsion of
chemotherapy drugs and lipiodol while exerting minimal
impact on the normal liver. TACE is the first choice for
unresectable advanced liver cancer, and is one of the preferred therapies for small HCC.
Major indications of TACE include: (1) HCC patients
with good liver function reserve but incapable of having their tumors radically resected; (2) no thrombosis in
the portal vein trunk; (3) tumor occupies less than 70%
of the whole liver; (4) de-bulking the size of huge liver
cancer for later resection; (5) palliative control of pain,
bleeding, and arteriovenous fistula caused by the tumor;
and (6) as a preventive therapy after tumor resection[26].
In a study involving 8510 cases of unresectable HCC,
the median survival time following TACE treatment was
approximately 34 mo, and 1-, 3-, 5-, and 7-year survival
rates were 82%, 47%, 26%, and 16%, respectively[27]. In
patients with portal vein thrombosis, the average survival
time can still be extended by appropriate TACE therapy[28,29]. Overall, TACE shows satisfactory results on small
HCC (< 5 cm in diameter)[30].
Incomplete necrosis of tumor tissues is the major
drawback of TACE. Therefore, multiple treatments are
needed. Pathological examination of surgical specimens
after TACE showed live cancer cells around most tumors.
This is mainly due to drug resistance of tumor cells, incomplete tumor embolization, and re-established collateral blood supply.
According to 2013 NCCN guidelines on HCC, all
tumors, irrespective of location, may be amenable to arterially-directed therapies, provided that the arterial blood
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supply to the tumor may be isolated without excessive
non-target treatment. Arterially-directed therapies include
transarterial blood embolization (TAE), chemoembolization (TACE plus drug-eluting beads), and radioembolization with Yttrium-90 microspheres. All arterially-directed
therapies are relatively contraindicated in patients with
bilirubin > 3 mg/dL unless segmental injections can be
performed. Radioembolization with Yttrium-90 microspheres has an increased risk of radiation-induced liver
disease in patients with bilirubin over 2 mg/dL.
Arterially-directed therapies are relatively contraindicated in patients with main portal vein thrombosis and
patients with liver function classified as Child-Pugh Class
C. In HCC patients, if there is evidence of a residual/recurrent tumor not amenable to other local therapies, and
provided that the patients have adequate liver function or
their bilirubin return to baseline level, sorafenib may be
an appropriate choice following arterially-directed therapies. The safety and efficacy of using sorafenib concomitantly with arterially-directed therapies and/or ablation
is being investigated in ongoing clinical trials. Arteriallydirected or systemic therapy should be considered in patients with unresectable/inoperable lesions > 5 cm[31-33].

RADIOTHERAPY
It was previously believed that liver cancer is generally
insensitive to radiotherapy, while liver tissue is sensitive to
radiation; therefore, when used to treat liver tumors derived from chronic viral hepatitis, radiotherapy may cause
radiation-induced liver injury.
Studies over the past few years have shown that radiation therapy may have potential therapeutic benefits
in patients with advanced HCC. It has been verified that
HCC is almost equally sensitive to radiation therapy
as poorly-differentiated nasopharyngeal squamous cell
carcinoma[34]. Some recently developed stereotactic radiotherapy techniques (including gamma knife, X knife,
three-dimensional conformal radiotherapy (3DCRT), and
intensity modulated radiation therapy) may improve irradiation capacity and minimize X-ray damage to normal
liver tissue. Image guided radiotherapy techniques shows
even more enhanced therapeutic effects, as this technique
takes into account the displacement error caused by the
breathing movement of the target organ and uses the
concept of 4D radiation therapy.
In a study of 70 cases of primary liver cancer treated
with 3DCRT, 54.3% of cases had a reduction in their primary tumor lesions, 39% had portal vein tumor thrombus cleared or shrunk, and the median survival period
was extended to 11.2 mo[35]. Radiation therapy can also be
applied to the palliative treatment of large HCC and very
late HCC, either alone or in combination with other treatment modalities[36,37]. For the palliative therapy for larger
or metastatic tumors, radiotherapy can help relieve major
symptoms such as pain. For HCC complicated with local (e.g., hepatic hila) or distant lymph node metastasis,
radiotherapy can be applied to palliatively treat the tumor

WJG|www.wjgnet.com

thrombus of the portal vein and inferior vena cava, as
well as the lymph node and distant metastasis, provided
that the primary tumors are well under control[38-40]. However, the cirrhotic liver may have a reduced tolerance to
radiation therapy. Thus, the correct safe dosage and partition of radiation have not yet been standardized. At present, in order to improve efficacy and reduce adverse reactions, radiation is usually given in a small and extended
course, with the presumption that the accumulated total
dose is therapeutically sufficient.
Monoclonal antibodies carrying radioactive material
have been shown to achieve some therapeutic effect. For
example, intraoperative injection of Yttrium-spherical
particles via the hepatic artery has been shown to shrink
the tumor, relieve symptoms, and prolong patient survival, and in a minority of patients tumor resection was
possible after the therapy[41,42].

CHEMOTHERAPY
Liver cancer is a chemoresistant tumor, but the underlying molecular mechanisms are unclear. Altered biological
characteristics of the cancer cells and the perturbed pharmacokinetic properties of the liver, as well as the inherent
resistant nature of the cancer cells, may all play a role.
p53 is an important tumor suppressor gene and is
a critical regulator for chemotherapeutic drug-induced
apoptosis. Inactivation of the p53 pathway has been
causally linked to primary drug resistance of the cancer
cells[43]. p53 mutation occurs frequently in liver cancer.
Hepatitis B virus (HBV) infection and chemical drugs
have been shown to induce p53 mutation. Over-expression of DNA topoisomerase Ⅱ alpha in HCC is likely
responsible for the observed resistance of liver cancer
cells to Adriamycin[44].
Reduced number of functional liver cells, impaired
liver microcirculation, and compromised detoxifying
capacity of the liver (e.g., due to reduced activity of
CYP450 system) all contribute to the poor absorption,
distribution, and bioavailability of conventional chemotherapeutic drugs. As a result, it can be difficult for
chemotherapeutic drugs to achieve the therapeutically
relevant level, the diseased liver may have an increased
susceptibility to developing liver dysfunction, and patients
are vulnerable to developing complications such as infection, jaundice, ascites, and gastrointestinal bleeding. The
innate resistance of cancer cells, particularly cancer stem
cells, may be related to the increased expression of drug
efflux genes such as the multidrug resistance gene[45].
So far, there is no convincing evidence that chemotherapy can improve overall survival of patients with
advanced HCC[46]. For example, single agent doxorubicin
may be effective in 10%-15% of cases, but it does not
improve overall survival, and serious adverse reactions
such as neutropenia are a hurdle for more aggressive
treatment[47]. Other chemotherapeutic drugs such as cisplatin, etoposide, epirubicin, 5-FU, gemcitabine, irinotecan,
and liposomal doxorubicin also showed no significant
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effect in addition to having adverse effects can be severe[48-50]. Combinatorial chemotherapies have also failed
to improve overall survival in HCC patients[51,52].

BIOTHERAPY
Immunotherapy
In recent years, tremendous progress has been made in
immunotherapy for HCC. Interferon is the cornerstone
of treatment for viral hepatitis, but its application in the
management of advanced HCC is still controversial.
A high dose of interferon (2.5 × 107-50 × 107 IU/m2,
3 times per week) has been found to improve overall
survival of HCC patients in 30% of cases[53]. The main
drawback of interferon treatment is its adverse reactions,
but these can be minimized when interferon is used at a
lower dose (3 × 106 IU/m2, 3 times per week). A combination of monoclonal antibody and single chain antibody
variable region gene (scFv) derived from tumor tissues
has shown some anti-tumor effect[54]. Likewise, lymphoid
immune therapy could improve the survival of patients
with primary liver cancer[55,56].
Targeted molecular therapy
With the enhanced understanding of the molecular
mechanisms governing the development of HCC and
treatment resistance, many molecular drugs have been developed. These agents may target one or more key signaling pathways that are important for cancer development
and progression, such as cell proliferation, apoptosis, and
angiogenesis[57]. Of most relevance to clinical practice is
the multi-kinase angiogenesis inhibitor sorafenib, a FDA
approved agent for the treatment of advanced HCC that
has shown promising results[58,59]. However, large clinical
trials have revealed that less than 50% of patients respond to sorafenib treatment, and in said responders this
agent only increases mean patient survival by 4.2-6.5 mo
and the long-term response is lacking[59]. More importantly, rapid resistance will develop after the termination
of drug administration[60,61]. Expansion of liver cancer
stem cells in the hypoxic environment may be partially
responsible for sorafenib resistance in clinical practice,
while tumor aggressiveness and patient survival were correlated with the proportion of cancer stem cells[62].
Other molecular agents such as bevacizumab (monoclonal antibody against vascular endothelial growth factor), erlotinib, and cetuximab (epidermal growth factor
receptor blocking agents) have all been tested in various
stages of clinical trials, but their therapeutic effects remain to be further determined[63-65].

COMBINED MODALITY THERAPIES
Since single agent treatments only have limited therapeutic benefits, it is reasonable to assume that a combination
of more than one treatment option may produce better
therapeutic outcomes. However, no standard combinatorial protocols are available. It is generally believed that
combinatorial treatment for liver cancer should be individualized[10].

CONCLUSION
Although a definite non-surgical therapy for HCC is not
available, many treatment modalities have been developed. Which therapeutic approach is most appropriate
to a given patient is dependent on several factors, in
particular tumor staging, patient age, co-morbidities, and
availability of treatment modalities. The reasonable selection of available treatment options is key to improving
therapeutic outcome and patient survival.
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Abstract
Alcoholic liver disease (ALD) is the commonest cause
of cirrhosis in many Western countries and it has a
high rate of morbidity and mortality. The pathogenesis is characterized by complex interactions between
metabolic intermediates of alcohol. Bacterial intestinal
flora is itself responsible for production of endogenous
ethanol through the fermentation of carbohydrates.
The intestinal metabolism of alcohol produces a high
concentration of toxic acetaldehyde that modifies gut
permeability and microbiota equilibrium. Furthermore
it causes direct hepatocyte damage. In patients who
consume alcohol over a long period, there is a modification of gut microbiota and, in particular, an increment
of Gram negative bacteria. This causes endotoxemia
and hyperactivation of the immune system. Endotoxin
is a constituent of Gram negative bacteria cell walls.
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Two types of receptors, cluster of differentiation 14 and
Toll-like receptors-4, present on Kupffer cells, recognize
endotoxins. Several studies have demonstrated the
importance of gut-liver axis and new treatments have
been studied in recent years to reduce progression of
ALD modifying gut microbiota. It has focused attention
on antibiotics, prebiotics, probiotics and synbiotics.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Alcoholic liver disease; Bacterial translocation; Dysbiosis; Prebiotics; Probiotics; Synbiotic; Gut
microbiota; Endotoxin
Core tip: A close anatomical and functional relationship
between gut and liver exists. Blood circulated in the
portal vein transfers various toxic compounds for filtration by liver. Endotoxin is a lipopolysaccharide derived
from the cell wall of Gram negative bacteria presents
in the intestine, which is absorbed from intestinal epithelium and transported to the liver and Kupffer cells
through the portal vein. A qualitative (dysbiosis) and
quantitative (bacterial overgrowth) alteration of intestinal microbiome are the causes of an increase of
endotoxins and subsequently, liver damage. The new
treatments try to contrast dysbiosis and bacterial overgrowth decreasing evolution of alcohol liver disease.
Malaguarnera G, Giordano M, Nunnari G, Bertino G,
Malaguarnera M. Gut microbiota in alcoholic liver disease:
Pathogenetic role and therapeutic perspectives. World J
Gastroenterol 2014; 20(44): 16639-16648 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i44/16639.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i44.16639

INTRODUCTION
Alcoholic liver disease (ALD) is the cause of a high rate
of morbidity and mortality worldwide. It is the common-
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est cause of cirrhosis in many Western countries[1]. It accounted for 3.8% of all deaths in 2004[2]. ALD consists
of several types of disease such as fatty liver (steatosis),
steatohepatitis, fibrosis, cirrhosis and ultimately hepatocarcinoma (HCC). Steatosis is reversible with alcohol abstention, but it is considered a risk factor for progression
to fibrosis and cirrhosis[3,4].
The metabolism of alcohol is also regulated by intestinal bacteria (“bacteriocolonic” metabolism of ethanol).
In 1984 Bode et al[5] demonstrated a qualitative and quantitative significant difference between flora in people with
alcoholism and gut microflora of a control group. Intestinal homeostasis is influenced by several factors such as
gut motility, gastric acidity, immunological defence factors, bile salts, and colonic pH[6].
The liver strategic position confers it with the important role of translating physiological and pathological
processes within the gastrointestinal tract into metabolic
and immunologic outcomes[7].

PATHOGENESIS OF ALCOHOLIC LIVER
DISEASE
Alcoholic steatohepatitis (ASH) and severe ALD occur in
approximately 30% of heavy drinkers[8]. The pathogenesis of ALD is a dynamic and unknown process characterized by several interactions that involve the immune
system and metabolic intermediates of alcohol. The poor
understanding of these interactions contrasted with the
progress in developing specific treatments for ALD[9-11].
Ethanol metabolism-associated oxidative stress, abnormal
methionine metabolism, ethanol-mediated induction of
leakage of gut endotoxins, and activation of Kupffer cells
are all involved in the pathogenesis of ALD[12-14].
The fermentation of carbohydrates made by bacterial intestinal flora is itself responsible for production
of endogenous ethanol. This is strongly enhanced in the
presence of gut dysmotility (e.g., from obesity, diabetes,
or chronic alcohol use) or an excess of carbohydrates in
the diet[15]. The intestinal oxidation of alcohol results in
increasing concentrations of acetaldehyde[16,17], the first
and most toxic product of ethanol metabolism responsible for alteration of intestinal permeability (gut leakiness)
and microbiota homeostasis.
Apart from the liver, several organs contribute to
ethanol metabolism resulting in acetaldehyde production, such as the pancreas, gastrointestinal tract, heart
and brain[18-20]. Acetaldehyde is produced by bacterial
alcohol dehydrogenase[21] and metabolised by aldehyde
dehydrogenase in the colon[22]. In a recent study Kwon
et al[23] evaluated the role of aldehyde dehydrogenase 2
deficiency in mouse in the progression of alcohol liver
disease. They showed the role of acetaldehyde in hepatic
inflammation and fibrosis.
Acetaldehyde is itself responsible for mitochondrial
dysfunction and altered acetaldehyde metabolism that
leads to its accumulation. It determines direct hepatocyte damage forming adducts with proteins and DNA
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by the interactions with amino, hydroxyl, and sulfhydryl
groups[24]. Acetaldehyde is also responsible for increased
paracellular intestinal permeability because of a redistribution of tight junction proteins (occluding and ZO-1)
and adherent junction (E-cadherin and β-catenin) proteins inhibiting their phosphorylation by protein tyrosine
phosphatase[25-27] (Figure 1).
The leakiness of gut activates the transcription of
nuclear factor kappaB (NF-κ B) gene and over-expression
of nitric oxide (NO) synthesis.
NO is synthesized from L-arginine by nitric oxide
synthases (NOS). Three isoforms of nitric oxide synthases exist: neuronal NOS (nNOS), endothelial NOS
(eNOS), defined as constitutive NOS (cNOS), and inducible NOS (iNOS)[28]. NO production by cNOS is
responsible for epithelial cell barrier integrity[29,30]. Otherwise NO produced by iNOS occurs in inflammation and
it may contribute to aggravate integrity of the intestinal
barrier[31].
iNOS is expressed in endothelial cells, hepatocytes,
macrophages, neutrophils, and many other cell types[32].
An increased expression of iNOS and consequent production of NO is responsible for an augmented nitration
and oxidation of tubulin. This leads to a decreased stability of tubulin and damage of the microtubule cytoskeleton with disruption of barrier function. Besides, the
increased synthesis of NO results in oxidative stress in
hepatocytes[33,34].
Epidermal growth factor (EGF) contrasts this process, promoting growth and differentiation of gastrointestinal mucosa. EGF stabilizes the cytoskeleton through
down regulation of activity of iNOS[35,36].

INTESTINAL MICROFLORA
The intestinal microflora changes after fetal development
and the major changes occur after weaning[37]. The microbiota is composed by more than 500 species of bacteria;
some of them are fixed in the intestine, while the others
only pass through the intestine[38]. According to the study
by Neish, 109 CFU/mL and 1012 CFU/mL of bacteria
may be found, respectively, in the terminal ileum and colon. Gram negative bacteria and anaerobes are dominant
species in the intestinal lumen which are estimated to be
100 to 1000 times more than aerobic ones. Bacteroides,
Porphyromonas, Bifidobacterium, Lactobacillus, Clostridium and
Escherichia coli (E. coli) are the most frequent ones[39]. The
intestine also provides residence to more than 15 specieslevel bacteria phylotypes and in a healthy state they have
a symbiotic relationship with its host. However, in each
person, the pattern of the microorganism population is
unique and different[40] (Table 1).
There is a close anatomical and functional relationship between the gut and the liver known as the gut-liver
axis and in patients with liver cirrhosis, the intestinal balance is compromised.
Blood circulating in the portal vein transfers various
toxic compounds such as bacteria and their derivatives
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Table 1 Intestinal microbiota in the gastrointestinal
compartments
Gastrointestinal tract
Oesophagus
Stomach
Duodenum
Jeiunum
Ileum
Colon

Microbiota
Streptococcus, Prevotella, Veilonella
Streptococcus, Staphylococcus, Lactobacillus,
Helicobacter pylori
Streptococcus, Staphylococcus, Lactobacillus,
Helicobacter pylori, Veilonella, Yeasts
Streptococcus, Staphylococcus, Lactobacillus,
Helicobacter pylori, Veilonella, Yeasts
Bifidobacterium, Bacteroides, Veilonella,
Clostridium, Enterobacteriacea
Bacteroides, Bifidobacterium, Clostridium,
Streptococcus, Ruminococcus, Peptostreptococcus,
Eubacterium, Faecalibacterium

(ethanol, ammonia, and acetaldehyde) for filtration by
liver and modulates Kupffer cells activity and cytokine
production. The increase of pathogen-associated molecular patterns and accumulation of metabolites in the
liver can cause the liver harm. In return, the liver secretes
bile acids to the intestine and modulates its activities[41].
Alterations in the type and amount of microorganisms are important elements in the dysfunctions of the
liver; in fact liver disease causes quantitative (bacterial
overgrowth) and qualitative (dysbiosis) changes in the intestinal microflora[42].
Dysbiosis is the alteration of intestinal homeostasis.
Several studies have shown the role of continuous ethanol assumption in the breakdown of this balance. BullOtterson et al[43] studied the temporal effects of chronic
ethanol consumption on commensally intestinal bacteria in a mouse model. They demonstrated that alcohol
consumption over a long period elevates the growth of
Gram negative bacteria and causes a decrease of both
Bacteriodetes and Firmicutes, and an increase of Actinobacteria
and Proteobacteria. Proteobacteria are Gram negative bacteria
and include several pathogenic species such as Salmonella,
Helicobacter, Vibrio and Escherichia, one of the main bacteria in the gut. Similar results were obtained by Mutlu et
al[44]. They noted higher levels of Proteobacteria and lower
abundance of Bacteroidetes in subjects with chronic alcohol
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consumption.
The breakdown of microbiota balance is responsible
for different negative consequences (endotoxemia, translocation of lipopolysaccharides) that leads to hyperactivation of the immune system.
LPS is a constituent of the wall of Gram-negative
bacteria[45] which induces macrophages to release proinflammatory cytokines, such as IL-1β and tumour necrosis
factor (TNF)[46].
Endotoxin is a LPS, a component of the outer membrane Gram negative bacteria present in the gut. Generally only a little part of endotoxin is absorbed from
the intestinal epithelial lining reaching the liver and the
Kupffer cells inside the portal vein. In chronic alcohol
consumption, bowel flora releases a bigger amount of
endotoxins, responsible for the altered intestinal barrier
and activation of the inflammatory process that leads to
the progression of ALD[47], cirrhosis and HCC[48].
Hyper-permeability of the intestine following alcohol
consumption leads to endotoxemia, which is filtrated by
the liver and triggers the proinflammatory pathways for
causing ASH.
Endotoxemia is responsible for elevated plasma levels of LPS-binding protein (LBP). The augmentation of
endotoxins can prime and activate both hepatic and extra
hepatic macrophages to overproduce inflammatory cytokines such as TNF-α, IL-6, IL-1 and IL-8[12].
Systemic endotoxemia and the cytokines produced in
the inflammatory process increase intestinal permeability
altering tight junctions. This leads to endotoxins passing
into the circulation, creating a vicious cycle[49,50].
ALD also results in quantitative alterations of the
intestinal microbioma. The small intestinal bacterial overgrowth (SIBO) is another cause of bacterial translocation.
To make a diagnosis of SIBO, it is necessary to find
3
≥ 1 × 10 bacteria (i.e., CFU) per mL of proximal jejunal aspiration[51]. Bacterial overgrowth is advantaged by
intestinal stasis that permits the proliferation of coliform
bacteria[52]. Therefore, the bacteria generally recognized as
SIBO are gram negative aerobes and anaerobes such as
E. coli, Enterococcus spp. and Proteus mirabilis[53,54]. The main
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causes of SIBO are gastric achlorhydria, gastrocolic or
coloenteric fistula and small intestine motility disorder[52].
Ethanol decreases intestinal motility which favours proliferation of luminal bacteria[16].

ROLE OF THE IMMUNE SYSTEM
Chronic ethanol consumption has been associated with
immune suppression and increased morbidity and mortality[55]. Alcohol ingestion alters both the innate and
adaptive immune system.
Ethanol increases the susceptibility of the gastrointestinal tract to bacteria through the suppression of natural
killer cell activity and antibody-dependent cell-mediated
cytotoxicity by lymphocytes[56,57].
The host immune system has an important role in the
defence of the intestine. Several molecules are responsible for the limited expansion of pathogenic microorganisms, such as reactive oxygen species, IgA, β-defensins
and cryptidins[39,58]. The innate immune system is also
composed by Toll-like receptors (TLRs) that recognize
specific pathogen-associated molecular patterns (PAMPs)
such as LPS, lipoteichoic acid, peptidoglycan, unmethylated DNA and double-stranded RNA[59].
In humans 10 TLRs have been recognized. Multiple
cells in the liver express significant levels of multiple
TLRs and have long been recognized to be critical determinants in the pathogenesis of cirrhosis[60,61]. Every type
of liver cell expresses specific TLR: TLR1 was found in
hepatocytes, TLR2, 3, and 4 in stellate cells, bile duct epithelium and particularly in Kupffer cells. Bile duct epithelium expresses TLR5 too (Figure 2).
Endotoxins produced in the body cause an inflammatory reaction, activating Kupffer cells through their link
with two types of receptors, cluster of differentiation 14
(CD-14) and TLR-4. These receptors are both essential
to determine liver injury, but they present different structures. CD-14 is a surface receptor without a cytoplasmic
domain, while TLR4 is a transmembrane protein with a
cytoplasmic domain that can be associated with a soluble
protein, MD-2, through a not covalently link.
CD14 binds LPS and this complex is recognized by
TLR4. CD14 also has a soluble form that facilitates the
transfer of LPS to the TLR4/MD-2 receptor complex[62].
The association between LPS and CD14 is facilitated by a
soluble shuttle protein, LPS-binding protein (LBP)[63].
LPS recognition by TLR4 on macrophages and other
cell types in the liver determines activation of down-
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stream signaling pathways responsible for activation of
transcription factors such as NF-κB and activator protein-1 (AP-1). This process causes an increased inflammatory cytokine production such as interferon gamma
(IFNγ), TNF-α, interleukin-6 (IL-6), IL-1, chemokines
and reactive oxygen species[64,65].
Furthermore LPS/TLR4 promotes fibrogenesis by
sensitizing hepatic stellate cells (HSCs). The sensitised
HSCs induce NF-κB activation, up-regulate gene expression of some chemokines (IL-8 and monocyte chemoattractant protein-1) and promote transforming growth
factor beta (TGFβ) release by Kupffer cells[66]. The activated TLRs can enroll adapter molecules like myeloid differentiation factor-88 (MyD88)[67].
The CD14/TLR4 receptor complexes activate
MyD88 dependent and MyD88 independent pathways
that modulate survival and replication of apoptosis
cells[68]. Furthermore, the MyD88-signaling pathway leads
to production of oxidative stress and pro-inflammatory
cytokines that causes hepatocellular damage[69-71].
The effects of alcohol are exerted on organs different
from liver too. Blanco et al[69,70] demonstrated the role of
ethanol in neuroinflammation. They showed that ethanol
can directly induce downstream iNOS expression and
activation of NF-κB through the translocation of TLR4
into lipid rafts. The activation of NF-signalling is also determined by acetaldehyde[71].

TREATMENT
Abstinence from alcohol is the foundation for treatment
of alcoholic liver diseases. In every stage of liver damage,
the cessation or marked reduction in alcohol consumption has been demonstrated to improve the histology
and/or survival of patients[72].
In patients with elevated alcohol ingestion, high levels
of plasma endotoxin may be determined by: (1) excessive
production of endotoxin in the intestine through overgrowth of intestinal bacteria; (2) gut permeability; and (3)
delayed clearance of endotoxin by Kupffer cells. Actually,
the main treatments, such as antibiotics, prebiotics, probiotics and synbiotics, try to prevent endotoxemia by
inhibiting the intestinal Gram negative overgrowth and
preserving intestinal permeability.
Antibiotic
Acute and chronic ingestion of alcohol causes an increased endotoxin plasma level in humans and mice
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lactulose, fructo-oligosaccharides (FOS) and galacto-oligo-saccharides (GOS). GOS are nondigestible oligosaccharides derived from lactose, chains of galactose monomers that are naturally found in human milk. GOS, like
other prebiotics, simulate pathogen binding sites present
on the surface of gastrointestinal epithelial cells inhibiting
enteric pathogen adhesion and successive infection[86,88-91].
FOS is naturally present in vegetables such as onions,
asparagus, wheat, artichokes etc. They modulate gut microbiota, prevent pathogens adhesion and colonization,
induce anti-inflammatory effects and regulate lipid and
glucose metabolism. These prebiotics can exercise these
effects thanks to their structural resistance to mammalian
digestive enzymes.

Table 2 Properties of ideal probiotic strains
Properties of ideal probiotic strains
Resistance to bile
Resistance to hydrochloric acid
Resistance to pancreatic juice
Ability to tolerate stomach and duodenum conditions and gastric transport
Stimulation of the immune system
Improvement of intestinal function via adhering and colonizing the intestinal epithelium
Competition with pathogens
Modulation of permeability
Anticarcinogenic and antipathogenic activity

models[73,74]. Alcohol consumption causes changes in gut
microbiota and it is associated with upper gastrointestinal
bacterial overgrowth[75,76].
The antibiotic treatment controls large bowel bacterial
overgrowth improving the prognosis of ALD[77]. However, despite improvement of liver function, prolonged
use of antibiotics alters gut flora and this may favour
pathogenic bacterial colonization.
Antibiotic treatment should be based on bacterial
sensitivity testing to particular antibiotics, but this will
require an excessive use of culture therefore it should be
targeted at those intestinal bacteria generally responsible
for SIBO[78,79].
Several antibiotics are considered suitable against
overgrowth of Gram negative aerobes and anaerobes
such as rifaximin, amoxicillin/clavulanate, metronidazole,
ciprofloxacin, norfloxacin, and cephalexin. The fundamental role of rifaximin in the treatment of hepatic
encephalopathy has been recently demonstrated, but it
seems to have a role in treatment of ALD too[80].
The main advantage of rifaximin is that it is not absorbed and therefore presents few side effects. Furthermore there is little evidence for resistance[57,81-83].
Prebiotics
Antibiotics produce quantitative alterations of intestinal
microflora whereas prebiotics act against dysbiosis. The
prebiotics promote selectively the growth of protective
gut bacteria (Bifidobacteria and Lactobacilli) increasing the
body’s natural resistance to invading pathogens[84].
Prebiotics are identified as “non digestible food ingredients that, when consumed in sufficient amounts,
selective stimulate the growth and/or activity of one or
a limited number of microbes in the colon, resulting in
documented health benefits”[85].
They are complex carbohydrates that reach the small
bowel because they cannot be metabolized by pancreatic
and intestinal enzymes in gastrointestinal tract[86]. All prebiotics are resistant to gastric acidity but are susceptible to
the metabolism by gut microbiota. While probiotics show
strain specific beneficial effects, prebiotics of the same
family present similar properties, though their degree of
polymerisation distribution linkage type may differ[87].
The most commonly commercialized prebiotics are
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Probiotics
Actually probiotics are defined as “monocultures or
mixed culture of live microorganisms that, if administered to a person, positively influence the host by
improving the properties of his/her own microflora”.
Probiotics modulate intestinal microbiota, favouring an
anti-inflammatory milieu that contrast bacterial translocation, endotoxin production and improve intestinal barrier
integrity.
The mechanisms by which probiotics exert their effects are largely unknown. Different actions have been
reported in literature. They control inflammation reducing gut pH and compete with pathogens for binding and
receptor sites[92-94]. To do this, they have to show specific
characteristics, in particular they should be resistant to
bile, hydrochloric and pancreatic juice in order to reach
the small bowel (Table 2). Tolerating stomach and duodenum conditions, probiotics can stimulate the immune
system and improve intestinal function via adherence and
colonization of the intestinal epithelium.
The most common probiotics are lactose-fermenting
Lactobacilli and Bifidobacteria. Lactobacillus strains, LAP5 and
LF33 exert their effects by inhibiting the growth of E. coli
and Salmonella typhimurium in vitro[95]. Furthermore, other
studies have demonstrated that Lactobacillus acidophilus
strain NP51 reduces the number of E. coli O157:H7
in the fecal samples of beef cattle[96,97]. Bifidobacterium
animalis MB5 and Lactobacillus rhamnosus GG protect
intestinal cells from the inflammation caused by E. coli[98].
Finally it has been demonstrated that Lactobacillus GG,
administered to rats, reduced plasma levels of endotoxin
and severity of liver injury[99].
They have been reported to stabilize mucosal barrier
function and modulate the gut microflora, limiting the
growth of pathogenic bacteria, by acidifying the gut lumen, competing for nutrients, and producing antimicrobial substances[100-103].
Developing nutritional practices, mucosal barrier repairing, apoptosis prevention due to providing of short
chain acids, and improving intestinal epithelial viability
are other probiotic effects which stabilize physiological
luminal permeability together with lowering ammonia
adsorption[104]. These functions alleviate tight junction
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disturbance by pathogens[105], and are essential agents for
lowering bacterial translocation. BT is also affected by
probiotics because of their induction of anaerobes and
gram positive bacteria growth, limiting gram negative
bacteria, and preventing pathogen adherence[101].
Controlling flora bacteria quantity can lead to decreased endotoxins and other toxic compounds derived
from bacteria such as ethanol, phenol, indoles which
cause injury to the liver. Decreased levels of these substances in the liver result in lowering of proinflammatory
production such as TNF-α, IL-6, and IFNγ via downregulation of NF-κB[106]. On the other hand, they can
depress urease activity of microflora bacteria followed by
ammonia production and release into the portal system.
Furthermore, probiotics decrease fecal pH value and
reduce ammonia adsorption[107]. Therefore, probiotics
determine an improvement in hepatic encephalopathy
through a reduction of bacterial ammonia reaching the
portal vein.
In 2010 Foster et al[108] demonstrated that probiotics
effects on mental status were maintained during the wash
out period.
Synbiotic
The synbiotic is a compound of probiotics and prebiotics
that exercises its beneficial effects stimulating the growth
of protective intestinal bacteria[102,103,109].
Prebiotics stimulate the growth of beneficial bacteria
(i.e., Bifidobacteria and Lactobacilli) in the gut and their effectiveness increases when they are used in association
with probiotics[110,111]. On the other hand, the mixture of
prebiotics and probiotics might enhance the survival and
activity of probotics.
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Abstract
Obesity and its associated diseases are a worldwide
epidemic disease. Usual weight loss cures - as diets,
physical activity, behavior therapy and pharmacotherapy - have been continuously implemented but still have
relatively poor long-term success and mainly scarce adherence. Bariatric surgery is to date the most effective
long term treatment for morbid obesity and it has been
proven to reduce obesity-related co-morbidities, among
them nonalcoholic fatty liver disease, and mortality.
This article summarizes such variations in gut hormones
following the current metabolic surgery procedures.
The profile of gut hormonal changes after bariatric surgery represents a strategy for the individuation of the
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most performing surgical procedures to achieve clinical results. About this topic, experts suggest that the
individuation of the crosslink among the gut hormones,
microbiome, the obesity and the bariatric surgery could
lead to new and more specific therapeutic interventions
for severe obesity and its co-morbidities, also non surgical.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Obesity; Bariatric surgery; Gut hormones;
Nonalcoholic fatty liver disease; Microbiome
Core tip: It is important to emphasize the role of the
major peptides released by the enteroendocrine system, which promote satiety and modulate energy homeostasis and utilization, as well as those that control
fat absorption and intestinal permeability. Bariatric
surgery could be the most effective treatment for obesity and co-morbidities, often within days after surgery,
independently of weight loss and it is currently the
only therapy available for obesity which results in longterm, sustained weight loss. We hypothesize that gut
hormones might play a role in induction and long-term
maintenance of weight loss, could determine the improvement of obesity-related co-morbidities and could
help to identify new drug targets and improved surgical
techniques.
Finelli C, Padula MC, Martelli G, Tarantino G. Could the improvement of obesity-related co-morbidities depend on modified
gut hormones secretion? World J Gastroenterol 2014; 20(44):
16649-16664 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i44/16649.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i44.16649

INTRODUCTION
Obesity epidemic in the United States (US), as well as
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all over the world, is steadily rising[1,2]. According to National Health and Nutrition Examination Survey in the
2007-2008, a percentage as high as of US population was
found to be obese [body mass index (BMI) ≥ 30 kg/m2],
of which about 5.7% was found to be of severe obesity
(BMI ≥ 40 kg/m2)[1,2]. Obesity rates have also been advancing worldwide, and more than 700 million people
will be obese by 2015, as predicted by the World Health
Organization.

OBESITY RISK
Obesity is associated to comorbidities as hypertension,
hyperlipidemia, heart failure, type 2 diabetes mellitus
(T2DM), obstructive sleep apnea, thromboembolic disease, osteoarthrosis, gastroesophageal reflux disease,
asthma, polycystic ovary disease, nonalcoholic fatty liver
disease (NAFLD), as well as several cancers[1,3]. Metabolic
syndrome, which involves the combination of risk factors for cardiovascular disease such as insulin resistance,
visceral obesity, dyslipidemia, glucose intolerance, and
hypertension, has often been associated with more severe
liver[4]. Insulin resistance and chronic low-grade inflammation appear to be key points of this anomalous condition.
In addition, a number of other features contribute to
the obesity development, including social factors, such
as the accessibility of calorie-dense foods (elevated energy intake) and the sedentary lifestyle (reduced energy
expenditure), as well as genetic and epigenetic predispositions[1,5].

MECHANISM OF ENERGY
HOMEOSTASIS: DEFENDING A WEIGHT
SET POINT
Body weight remains usually constant during the life. This
condition manifests an overall balance between energy
intake and expenditure. Kennedy, 50 years ago, proposed
a negative feedback system of peripheral fat on food
intake[6]. The adipose tissue role in the complex systems
of energy homeostasis has been increasingly understood
over the last decade.
Central control of feeding
Humans take food in discrete episodes during the day.
The energy intake is determined on the basis of frequency and caloric amount of each meal. Hunger and foodseeking behaviour before a meal are stimulated by various short-term polypeptide hormonal signals from the
periphery (orexigen hormones, e.g., ghrelin etc.), whereas
other peripheral stimuli promote satiety and/or meal cessation [anorectics; e.g., glucagon-like peptide-1 (GLP-1),
peptide tyrosine tyrosine 3-36 (PYY3-36), cholecystokinin (CCK), oxyntomodulin (OXM), and several others)
(Figure 1)[7]. The efficacy of short-term signals to defend
against deviations from a set weight point can be modu-
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lated by long-term signals related to total body energy
stores (e.g., insulin, leptin, ghrelin, etc.)[1,8].
Numerous important areas of the brain have been
associated with the regulation of energy balance. Insulin,
leptin, and PYY inhibit, while ghrelin stimulate the arcuate nucleus (ARC) of the hypothalamus that contains
populations of neuropeptide Y/Agouti-related protein
(NPY/AgRP)-expressing neurons[9]. Orexigenic neurons, identified in the lateral hypothalamic area and perifornical area, are stimulated by NPY/AgRP. Increased
feeding and weight gain are derived by stimulation of
NPY/AgRP neurons[10]. The ARC includes neurons that
can express the proopiomelanocortin and cocaine- and
amphetamine-regulated transcript. Leptin stimulate these
cells, while NPY/AgRP neurons inhibit[11]. In rodent
and human researches, the reduction of food intake and
weight loss derived by treatment with leptin. The ARC
of the hypothalamus and the lateral hypothalamic area
acquire and integrate information about overall energy
stores from the periphery and relay this information to
higher centers, such as the ventral tegmental area of the
mesolimbic system, which is involved in the hedonic experience of feeding, as reported by Harvey et al[1].
Peripheral control of feeding
Hormonal, nutritional, and neuronal afferent feedback
from the periphery to the central nervous system (CNS)
depend on ability to increase or decrease calorie intake in
response to changes in energy needs. Adipokines, including leptin and adiponectin, which are hormonal signals
from adipose tissue provide feedback signals to the brain
(adipose-brain axis), whereas feedback signals from the
intestinal tract (the gut-brain axis) include polypeptide
hormones (enterokinase) and neuronal signals via the vagus and other autonomic afferents, as reported by Harvey
et al[1] (Figure 2). Basal levels of insulin and leptin proportionally develop following the increase of the fat mass,
providing a long-term signal of body energy stores to the
brain. On the contrary, basal ghrelin levels are inversely
related to the body energy storage. Short-term fluctuations in numerous gut hormones including ghrelin, insulin GLP-1, PYY3-36, and CCK, as well as vagal signals
regulate mealtime, as reported by Harvey et al[1].

HORMONAL CHANGES AFTER
BARIATRIC SURGERY
Bariatric surgery consists of various interventions that
have been subdivided as purely restrictive, purely malabsorptive, or combined restrictive and malabsorptive.
The number of bariatric interventions (i.e., metabolic
surgery) for the treatment of obesity is in exponential increase. This is partly due to the most effective and durable weight loss; in addition, a good deal of improvement
of co-morbidities after surgery compared with medical
treatments such as diet and physical activity[12], or actually
applicable pharmacologic[13] or endoscopic[14] treatments
was observed. Actually, bariatric surgery is greatly ap-

16650

November 28, 2014|Volume 20|Issue 44|

Finelli C et al . Obesity and gut hormones
Hypothalamus

Brainstem
DVC
DVN

ARC
NPY/AgRP

NTS

POMC/CART

AP

Blood-brain barrier

Gut hormones

Adiposity signals
PYY
PP
GLP-1
OXM
Ghrelin
CCK

Insulin
Leptin

Figure 1 Humoral signals implicated in the physiological regulation of food intake. Diagram summarising the major signalling pathways which converge on the
hypothalamus and brainstem in order to regulate food intake. ARC: Arcuate nucleus; NPY/AgRP: Neuropeptide Y and agouti-related peptide; POMC/CART: Proopiomelanocortin and cocaine- and amphetamine-regulated transcript; DVC: Dorsal vagal complex; DVN: Dorsal motor nucleus of vagus; NTS: Nucleus of the tractus
solitarius; AP: Area postrema; GLP-1: Glucagon-like peptide-1; CCK: Cholecystokinin; PP: Pancreatic polypeptide; PYY: Peptide YY; OXM: Oxyntomodulin.
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Figure 2 Peripheral feedback signals.

proved by patients and physicians because the techniques
are minimally invasive and well finished and standardized[15].
Each bariatric technique results in multiple effects,
according to the intervention on the gastrointestinal
anatomy (Figure 3). For example, sleeve gastrectomy
(SG) has been formerly considered exclusively restrictive
with the capacity of the stomach greatly reduced and the
absorptive surface of the small unchanged. Nevertheless,
the largest production of ghrelin, an appetite-stimulating
hormone, occurs in the fundus and body of the stomach,
and the ghrelin reduced production following SG probably plays an important role in decreasing appetite.
Bypass-type interventions, like Roux-en-Y gastric bypass (RYGB) and biliopancreatic diversion, with or without duodenal switch (BPD/DS), are usually regarded as a
combination of restrictive and malabsorptive outcomes:
bypassing or removing a large part of the stomach, these
interventions divert chyme away from the duodenum
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and proximal small bowel rapidly presenting nutrients to
the distal gut, as reported by Harvey et al[1]. The adjustable gastric band (AGB), which places a constrictive ring
around the gastric inlet and is usually considered to be an
exclusively restrictive intervention, results in prolonged
satiety; the mechanism is yet partially understood[1,16].
Reduction caloric intake and gut hormone expression modifications are determinants for weight loss and
improvement of the metabolic derangements associated
with obesity. Therefore, there are two considerations that
supported this hypothesis. Firstly, following bariatric surgery, while patients are in a state of negative energy balance and are quickly losing weight, they do not complain
of feeling hungry, but rather have decreased appetite
and precociously satiety[1,17]. Secondly, following different
types of metabolic surgery, patients with T2DM show a
rapid improvement in glycemic control, occurring after
surgery; before significant weight loss can to appear.
Here we will consider actual knowledge of the role of
specific hormones believed to be essential in energy homeostasis and the expression of which is modified after
bariatric surgery (Table 1).
Ghrelin
Ghrelin is a 28-amino acid peptide produced in different
sites of the endothelial system. It was identified in 1999
as the endogenous ligand for the growth hormone secretagogue receptor (GHS-R1a) in the pituitary gland[1,18].
Subsequently, in rodents it was observed that ghrelin
determine an increase in feeding and weight gain and develop a orexigenic role in energy balance[10].
The ghrelin is principally produced from cells located
in the oxyntic glands of the fundus and body of the
stomach (also known as P/D1 cells). Ghrelin levels support an ultradian rhythm-rising encode a corresponding
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Gastric banding

Sleeve gastrectomy

Roux-en-Y gastric bypass

Biliopancreatic diversion DS

Figure 3 Gastric banding: an adjustable gastric band is used to divide the stomach into a small proximal compartment taken down a few centimeters
distal to the compartment (pouch) and a larger distal compartment (residual stomach). Roux-en-Y gastric bypass: The stomach is gastric inlet. The jejunum is
divided 50 cm beyond the ligament of Treitz, and its aboral end is connected to the small gastric pouch. Some 150 cm distal to this point, the other end of the small
bowel is sewn to a loop that has been pulled up to meet it (so-called Roux-en-Y reconstruction). Surgical effects: restriction, with an additional malabsorptive component. Sleeve gastrectomy: More than 80% of the stomach is resected, and the gastric remnant is tubularized, with an initial filling volume of less than 100 mL. Surgical
effects: Restrictive and hormonal mechanisms. Biliopancreatic diversion duodenal switch (DS): The stomach is reduced in size as in sleeve gastrectomy. Duodenum
is divided distal to the pylorus, and the jejunum is divided 250 cm proximal to the ileocecal valve and anastomosed to the duodenum. The other end is connected to
the ileum 100 cm proximal to the ileocecal valve. Mechanism of effect: A combination of restrictive gastric surgery with a considerable degree of malabsorption.

pattern of NPY discharge for daily meal patterning[1,19]. It
has been shown that ghrelin cells express the clock genes
PER1 and PER2, and the ghrelin release is entrained to
peak just before regular feeding times[1,20]. A rising serum
ghrelin level induces an increase in food seeking behavior
and the initiation of feeding. After food intake, ghrelin
levels are quickly suppressed[19]. Ghrelin effects on the
brain are mediated in part by the vagus nerves and in part
by a humoral action.
Numerous sites of the CNS, that include the ARC,
the nucleus accumbens, the parabrachial nucleus, dorsomedial and lateral hypothalamic area and the subfornical
part of the circumventricular organs, contain ghrelin
receptors or ghrelin-stimulated activity that play a significant role in energy homeostasis. In the ARC, after
stimulation of NPY/AgRP neurons it observe ghrelin
orexigenic action[10].
Obese subjects show low ghrelin levels while lean
subjects show high ghrelin levels. Ghrelin fasting levels
appear rise in diet-induced or exercise-induced weight
loss, and this may result in augmented sensation of hunger with failure to lose excess weight[21]. Thus, maintaining a weight set point might depend from ghrelin in,
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particularly in the condition of weight loss resistance.
Ghrelin levels, before and after RYGB, are reported
in twenty-three studies about (Tables 2 and 3). A significant early decrease in ghrelin was found in five out of
the seven studies that reported ghrelin levels within the
first 14 d after surgery. Some of these studies compared
patients undergoing RYGB with a control group of patients undergoing other non resective gastric operations
such as AGB or Nissen fundoplication[1,22,23]. Only RYGB
resulted in a significant reduction in postoperative ghrelin
levels.
There are not consistent researches of longer-term
changes in ghrelin levels after RYGB (Tables 2 and 3).
Several studies reported preoperative and postoperative
circulating ghrelin levels between 1 mo and 2 years after
surgery.
In some of these researches the evaluation of a single
serum ghrelin concentration in the morning after an
overnight fast was performed; in others the meal-associated suppression of ghrelin was assessed. Some researchers evaluated ‘‘active’’ ghrelin, the metabolically active isoform including a unique post-translational octanoylation
of the serine-3 hydroxyl group[1,18], while other group also
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Table 1 Anatomic and physiologic changes due to bariatric surgery

RYGB

Stomach

Duodenum

Proximal intestine

Distal intestinal

Decreased capacity to 15-30 mL
Chyme bypasses 90% of stomach

Bypassed by chyme

Proximal jejunum bypassed by chyme
Rapid exposure of distal jejunum to
chyme
Bile mixes with chyme in proximal ileum
No alterations

Earlier exposure to chyme

Chyme bypasses jejunum
Rapid exposure of ileum to chyme
Bile mixes with chyme in distal ileum
Possibly earlier exposure to chyme

Rapid exposure to chime

Decreased gastric transit time
Restrictive band around gastric cardia
No alterations
Direct pressure on vagus nerves
BPD/DS
Decreased capacity to 60-150 mL
Bypassed by chyme
85%-90% of stomach removed
Accelerated gastric emptying by 2-fold to 3-fold
SG
Decreased capacity to 60-150 mL
More rapid expo85%-90% of stomach removed
sure to chyme
Accelerated gastric emptying by 2-fold to 3-fold
AGB

No alterations

Possibly earlier exposure to
chyme

AGB: Adjustable gastric band; BPD/DS: Biliopancreatic diversion with or without duodenal switch; RYGB: Roux-en-Y gastric bypass; SG: Sleeve
gastrectomy.

Table 2 Short term (< 3 mo) fasting serum hormonal changes after bariatric surgery

Ghrelin

GLP-1

PYY

Insulin

Leptin

Adiponectin

RYGB

AGB

SG

BPD/DS

↓ [22,26,72,74,75, 87-91]
= [23-25,36,45,88,89]
↑ (abs. .inf.)
↓ (abs. .inf.)
= [23,24,26,36,37,89,115-117]
↑ (abs. .inf.)
↓ [23]
= [24,25,36,46,76,89,91]
↑ (abs. .inf.)
↓ [22,23,25,26,87,89,90,115,117,118,127-129]
= [25, 46,89,91,116]
↑ [88]
↓ [23-25,89,90,117,127-129]
= (abs. .inf.)
↑ (abs. .inf.)
↓ [72, 87]
= [87]
↑ (abs. .inf.)

↓ (abs. .inf.)
= [24,25,27]
↑[27]
↓ (abs. .inf.)
= [24]
↑ (abs. .inf.)
↓ (abs. .inf.)
= [24,25]
↑ (abs. .inf.)
↓ [21,22]
= [25]
↑ (abs. .inf.)
↓ [25]
= [24]
↑ [21]
↓ (abs. .inf.)
= (abs. .inf.)
↑ (abs. .inf.)

↓ [26,27,45]
= (abs. .inf.)
↑ (abs. .inf.)
↓ (abs. .inf.)
= [26]
↑ (abs. .inf.)
↓ (abs. .inf.)
= [46]
↑ [26,45]
↓ [26,48]
= (abs. .inf.)
↑ (abs. .inf.)
↓ (abs. .inf.)
= (abs. .inf.)
↑ (abs. .inf.)
↓ (abs. .inf.)
= (abs. .inf.)
↑ (abs. .inf.)

↓ [108]
= [108,111,112]
↑ [109-111]
↓ (abs. .inf.)
= [112,122-125]
↑(125,126)
↓ (abs. .inf.)
= (abs. .inf.)
↑ (abs. .inf.)
↓ [122,123]
= (abs. .inf.)
↑ (abs. .inf.)
↓ [111,112,122]
= (abs. .inf.)
↑ (abs. .inf.)
↓ (abs. .inf.)
= [122]
↑ (abs. .inf.)

↓: Decreased; =: Not significant; ↑: Increased; abs. inf.: Absence of information. The number inside the Table indicate the related references. RYGB: Rouxen-Y gastric bypass; AGB: Adjustable gastric band; SG: Sleeve gastrectomy; BPD/DS: Biliopancreatic diversion with or without duodenal switch; GLP-1:
Glucagon-like peptide-1; PYY: Peptide tyrosine-tyrosine.

detected the inactive des-acyl isoform[1].
This variability in the methods as well as the differences among assays restricts the studies comparisons.
Although considerable physiologic variations in serum ghrelin levels may contribute to conflicting findings,
two observations emphasize the expected decreased
ghrelin levels in patients after RYGB. Cummings et al[24]
determined the 24-h plasma ghrelin profiles, body composition, insulin levels, leptin levels, and insulin sensitivity in 13 obese subjects before and after a six-month
dietary program for weight loss. The 24-h ghrelin profiles
were also determined in 5 subjects who lost weight after
RYGB and 10 normal-weight controls; 5 of the 13 obese
subjects who participated in the dietary program were
matched with the subjects in the gastric-bypass group as
obese controls[24]. The increase in the plasma ghrelin level
with the sbsequent diet-induced weight loss is consistent
with the hypothesis that ghrelin plays a role in the long-
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term regulation of body weight[24]. RYGB is correlated
with considerably suppressed ghrelin levels, probably
contributing to the weight-reducing effect of the procedure[24]. Nevertheless, the findings reported by Cummings
et al[24] is not in line with other investigators: some studies
have found an unchanged ghrelin spike before a meal and
normal suppression following a meal after RYGB[25,26].
These inconsistencies may be also due to different techniques in performing RYGB.
Korner et al[26] showed that the differences in levels
of gut hormones may play a role in promoting greater
weight loss and insulin sensitivity after RYGB compared
with AGB.
The changes in ghrelin after SG were measured in
different studies: fasting ghrelin levels are decreased at
all time points up to 5 years of follow-up. Moreover,
some studies tried to evaluate and compare the effects of
RYGB[27] or AGB[28,29] with the SG on fasting ghrelin lev-
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Table 3 Long term (> 3 mo) fasting serum hormonal changes after bariatric surgery

Ghrelin

GLP-1

PYY

Insulin

Leptin

Adiponectin

RYGB

AGB

SG

BPD/DS

↓ [77,85,92,97,100]
= [24,25,45,72, 87-89,91,95,99,101]
↑ [45, 73,78-83,86,88,93,94,96,99]
↓ [120]
= [24,25,26,37,80,89,95,116,119,121]
↑ (abs. .inf.)
↓ (abs. .inf.)
= [24,25,89,91]
↑ [25,45,81,96,119,120]
↓[25,78,78,87,89,74,94,95,97,98,99,100,102,120,121,127,129-135]
= [24,25,80,89,91]
↑ [82,84,95,99,130]
↓ [24,25,78,79,89,92-94,96-99,101,127,129,132,135]
= (abs. .inf.)
↑ (abs. .inf.)
↓ (abs. .inf.)
↑ [78,79,84,87,90,93,94,97,99,131,133,134]

↓(abs. .inf.)
= [24,25,103,104,106]
↑[28,27,92,101,102,104,105,107]
↓ [120]
= [24,25,106,120]
↑ [102]
↓ (abs. .inf.)
= [24,25]
↑ [120]
↓ [25,92,102,104,120,131]
= [106]
↑ (abs. .inf.)
↓ [25,92,101-104,106,132,136]
= [24]
↑ (abs. .inf.)
↓ (abs. .inf.)

↓ [28,27,45,107,114]
= (abs. .inf.)
↑ (abs. .inf.)
↓ (abs. .inf.)
= (abs. .inf.)
↑ (abs. .inf.)
↓ (abs. .inf.)
= (abs. .inf.)
↑[45]
↓[48]
= (abs. .inf.)
↑ (abs. .inf.)
↓ (abs. .inf.)
= (abs. .inf.)
↑ (abs. .inf.)
↓ (abs. .inf.)
= (abs. .inf.)
↑ (abs. .inf.)

↓ [54,97]
= [96,113]
↑ [111,112]
↓ (abs. .inf.)
= (abs. .inf.)
↑ (abs. .inf.)
↓ (abs. .inf.)
= (abs. .inf.)
↑ (96)
↓ (97,113,126)
= (abs. .inf.)
↑ (abs. .inf.)
↓ [97,111-113]
= [54,96]
↑ (abs. .inf.)
↓ (abs. .inf.)
= [54]
↑ [97]

↓: Decreased; =: Not significant; ↑: Increased; abs. inf.: Absence of information. The number inside the Table indicate the related references. RYGB: Rouxen-Y gastric bypass; AGB: Adjustable gastric band; SG: Sleeve gastrectomy; BPD/DS: Biliopancreatic diversion with or without duodenal switch; GLP-1:
Glucagon-like peptide-1; PYY: Peptide tyrosine-tyrosine.

els, which showed to be decreased.
These studies lend credence that the ghrelin suppression after both SG and RYGB may be part of the mechanism that contributes to T2DM remission.
Glucagon-like peptide-1
Glucagon-like peptide-1 (7-36) amide (GLP-1) is a
30-residue peptide hormone released from intestinal
L cells following nutrient consumption, as reported by
Donnelly[30]. It potentiates the glucose-induced secretion
of insulin from pancreatic beta cells, increases insulin expression, but also inhibits beta-cell apoptosis. Donnelly[30]
has reported that GLP-1 promotes beta-cell neogenesis
and satiety, reduces glucagon secretion, delays gastric
emptying, and increases peripheral glucose disposal. Intact peptide is inactivated during passage across the hepatic bed by the enzyme dipeptidyl peptidase-4 (DPP-Ⅳ)
associated with the hepatocytes, and further degraded by
the peripheral tissues, while the kidney is important for
the final elimination of the metabolites. GLP-1 is also a
neurotransmitter locates in numerous areas of the brain
(paraventricular nucleus and dorsomedial hypothalamus,
dorsovagal complex, thalamus, and pituitary). The GLP-1
receptor is G-protein-coupled and is expressed in the
pancreatic islets, lung, hypothalamus, stomach, heart and
kidney[31].
Peripheral infusion of GLP-1 or PYY3-36 reduces
food intake in healthy, obese, and diabetic subjects[32].
These two hormones, in combination with other anorectic gut hormones, act as peripheral sensory inputs,
integrated in the CNS, modulating appetite and energy
expenditure.
GLP-1 and PYY3-36 directly act on the stomach to
slow gastric emptying and acid secretion functioning as
an ‘‘ileal brake’’mechanism to intestinal motility, prevent-
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ing an exceedingly rapid transit and allowing time for
digestion and absorption of nutrients in the proximal
intestine[1,33].
GLP-1, one of the gut hormones called incretins, has
an important role in enhancing insulin secretion by the
pancreas[1]. The increased insulin response to enteral as
opposed to parenteral glucose is defined the‘‘incretin effect’’[34]. Both in vivo and in vitro researches have showed
that GLP-1 increase insulin secretion in the beta cell.
Moreover, glucagon secretion is inhibited by GLP-1 while
insulin sensitivity is increased.
Apoptosis is contrasted by GLP-1 while beta cell
regeneration is promoted[35]. Diabetic patients show a
blunted first-phase insulin response following a meal,
partly due to a decreased incretin response[1,36].
Exenatide, a GLP-1 receptor agonist, is currently used
for the treatment of T2DM. A strong GLP-1 response
was reported 10 years after RYGB, suggesting a long-lasting effect. This phenomenon may play a key role in maintaining T2DM remission and weight loss after RYGB. Following RYGB, fasting GLP-1 levels are usually unchanged
(Tables 2 and 3). Nevertheless, the GLP-1 response to a
glucose or mixed meal is consistently enhanced (Tables 2
and 3). This effect occurs within two days following surgery[37] and remains stable for one year[25,26,38].
Jiménez et al[39] showed that an enhanced GLP-1 response to meal intake in T2DM patients is not sufficient
to maintain normal glucose tolerance in the long term
after RYGBP.
Similar to RYGB, a large number of studies have
shown unchanged fasting GLP-1 and a significant increase in response to a glycemic challenge.
Peterli et al[27] prospectively evaluated GLP-1 changes
following SG in randomized patients to receive either SG
or RYGB. Curiously, following a test meal, GLP-1 results
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augmented in the SG patients and PYY response similar
to RYGB patients. Another, there was a rapid resolution
of T2DM in both groups. Their results do not confirm
the foregut theory that hypothesizes that bypassing the
duodenum and proximal small intestine is important to
achieve the diabetes remission following bariatric surgery.
Another hypothesis suggests that the rapid gastric transit
arises as consequence of both early exposure of the distal
intestine to nutrients and stimulation of the ‘‘ileal brake’’
mechanism[1,33]. This combination of effects influences
digestive process and feeding behavior.
Peptide tyrosine tyrosine
PYY1-36 is co-secreted with GLP-1 and OXM by L-cells
of the distal small bowel and colon in proportion to calorie content of the meal[1]. The main circulating and active form, PYY3-36, is formed by cleavage of PYY1-36
by the enzyme DPP-Ⅳ[40]. Serum levels rise within 15
min after initiating a meal and peak 1-2 h later, remaining elevated for various hours[41]. An anorectic effect of
PYY3-36 has also been reported[42]. Similar to GLP-1, an
anorectic CNS action was reported and it acts by reducing gastric emptying and acid production, by inhibiting
pancreatic exocrine function, and by slowing intestinal
transit time. Obese subjects show a reduced PYY3-36 response to feeding that might represent a cause of excessive appetite[43].
PYY3-36 has the anorectic action on the ARC
through the Y2 receptors expressed at NPY/AgRP neuronal level, beyond in the nucleus of the solitary tract
and the nodose ganglion of the vagus. Most of PYY3-36
anorectic effect is likely mediated by the vagus nerve[44].
Following RYGB, similar to GLP-1, there is a forward and particular increase in PYY3-36 response to a
glycemic challenge (Tables 2 and 3). Along with GLP-1,
this contributes to decreased appetite and rapid weight
loss[40,45]. Three studies also reported a significantly increased fasting level of PYY3-36 following RYGB. Following the AGB, two studies[25,26] failing to demonstrate
a variation in either fasting PYY or meal-stimulated
response. This aspect showed no agreement with the enhanced response following RYGB.
Three researches[27,46,47] have showed the changes in
meal-stimulated PYY3-36 response before and after SG
reinforcing Peterli’s conclusions regarding an increased
GLP-1 response to SG; the reserches showed an elevated
meal-stimulated PYY3-36 response, that was similar to
the change in PYY3-36 after RYGB.
Insulin
Insulin develops numerous roles in energy metabolism
and is hormone more widely. Elevated serum glucose levels following a meal stimulate, particularly, insulin release
by pancreatic beta cells. Insulin release is also induced by
several amino acids (alanine, glycine, and arginine), acetylcholine from vagal nerve endings, and some incretins,
including GLP-1 and glucose-dependent insulinotropic
polypeptide (GIP)[1].
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Insulin, among its various functions, is central to
energy balance. Postprandial secretion of insulin lowers spikes of glucose levels following a meal by storing
glucose as glycogen in muscle and liver and as triglycerides in adipose tissue. Vice versa, low serum insulin levels
in fasting situations end up in mobilization of glucose
from the liver and fatty acids from muscle. Consequently
a major ATP amount is produced by β-oxidation, from
adipose tissue.
Insulin has both long- and short-term effects on energy homeostasis. Insulin shows a negative feedback role
on feeding by direct effects on the CNS[1]. In animal studies, decreased food intake and weight loss is caused by
insulin after injected at central level. NPY/AgRP neurons
in the ARC are inhibited by insulin. Its levels have also
been suggested as long-term indicators of overall energy
stores. Overweight compared with lean subjects showed
higher basal and meal-stimulated insulin levels[48].
Fasting insulin levels are decreased due to RYGB and
BPD/DS (Tables 2 and 3). Obese patients with T2DM
shows a rapid improvement in glycemic control or impaired glucose tolerance. This is the result of: (1) a restored first-phase insulin response to a glycemic challenge
due to an enhanced incretin effect; and (2) an improved
insulin sensitivity related to weight loss.
Fasting insulin levels are also reduced after AGB.
Nevertheless, the enhanced incretin effect in response to
a meal is not observed. In diabetic patients, insulin sensitivity improves with weight loss.
SG also results in rapid resolution of diabetes in
T2DM patients with decreased fasting insulin levels and
a rapid improvement of the first phase insulin response
and insulin sensitivity[27,49].
Leptin
Leptin is a 167-amino acid protein produced in several
sites in the body, in particular by adipocytes - and it acts
as a signal of overall body energy stores rising in proportion to total body fat mass[50].
Leptin is produced mainly in white adipose tissue,
although it is also produced in brown adipose tissue,
placenta, ovaries, skeletal muscle, stomach, breast, bone
marrow, pituitary, and liver[1].
Several researches have showed that leptin acts on
the hypothalamus, where it inhibits NPY/AgRP receptor neurons in the ARC while stimulates α-MSH neurons[1,9,11]. The OB-Rb receptor woold seems to be binded
to leptin. The JAK-STAT and MAPK signal transduction
pathways woold seems to be activated by leptin[1].
Leptin acts on appetite and energy balance oppositely
to the action of grelin. Although in mice leptin appears
to act as a significant physiological brake on appetite, its
role in humans requires further studies, because of minimal weight loss obtained in obese patients taking leptin
analogues, as reported by Harvey et al[1].
Harvey et al[1] has reported that leptin resistance in
obesity has been proposed as one possible interpretation
of this finding. Another hypothesis is that, in humans,
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relative leptin deficiency is essentially the more potent
stimulus at times of negative energy balance, such as
starvation and diet-induced weight loss, as reported by
Harvey et al[1]. In this way the weight loss recovery is facilitated.
In different studies the serum leptin measurement
after metabolic surgery was regularly performed; the results demonstrated its decrease with weight[45]. At the moment, there are no data demonstrating strong differences
among leptin levels after equivalent weight loss due to
RYGB or diet/exercise. Therefore, it should be excluded
a direct bariatric surgery effect on serum leptin concentration.
Adiponectin
High-molecular-weight adiponectin is a 244-amino acid
protein produced in white adipose tissue[1]. Serum adiponectin levels are inversely proportional to body fat mass,
BMI, waist-to-hip ratio, serum insulin, and glucose levels[1]. In some studies, obese subjects compared with lean
controls show a reduction of fasting adiponectin levels[51].
Nevertheless, the response to a meal appear to be exaggerated in obese subjects[51].
In the pathogenesis of insulin resistance in T2DM
woold seems to have a role adiponectin. In rodents,
hepatic gluconeogenesis is improved by adiponectin
administration while fatty acid utilization in muscle cells
appears to be increased[52]. Moreover, in a study comparing Pima Indians - a population with a high propensity
for obesity and T2DM - and Caucasians, hypoadiponectinemia is more closely related to the degree of insulin
resistance[53], high levels being protective against developing T2DM[54].
About the adiponectin levels before and after RYGB,
just one study reported an increase in fasting adiponectin. No significant difference in adiponectin levels after
BPD/DS were found in three out of four studies[51-54],
despite 44% decrease of total body weight reported by
Kotidis et al[55]. The differences could be related, among
other things, to the presence of adiponectin gene mutations that alter its physiological functional role and affect its levels in the body. For this reason, we suggest to
perform molecular investigations in order to clarify the
mutational state of adiponectin gene and the effect of
possible mutations on level outcomes.
Following AGB, adiponectin levels also rise as the
weight reduction occurs. To our knowledge, no study has
investigated changes in adiponectin following SG.
Tables 2 and 3 summarize short and long term effect
of bariatric procedures on serum fasting gut hormones
considered in this review.

ADAPTED BARIATRIC SURGERY
Actually our knowledges on the mechanisms of energy
homeostasis are increased, newer bariatric procedures
have been developed to achieve specific metabolic goals.
Surgical procedures designed to treat T2DM in non-mor-
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bidly obese patients, such as the ileal interposition[56] and
duodenal-jejunal bypass[57], are being evaluated in Institutional Review Board-approved researches. Bariatric surgery improve strongly diabetic as showed in most of the
studies. Discontinuation of antidiabetic medications and
remission of T2DM after bariatric surgery were put in
evidence in 86.8% and 64.7% of the patients, respectively, with fasting plasma glucose and glycated hemoglobin
(HbA1c) slightly above normal range[57]. Furthermore,
bariatric surgery provided adequate glycemic control for
30.1% of the patients using insulin prior to surgery[57].
It has been showed, in some studies, that malabsorptive
bariatric techniques have higher diabetes remission rates
than restrictive ones[57-59]. T2DM usually finds the solution within few days to some weeks following malabsorptive procedures such as RYGB and BPD; in both cases a
significant weight loss is previously achieved[57]. Although
the exact mechanism is not yet completely understood,
some studies support the idea that malabsorptive procedures involving rerouting of food might control high
glucose levels in T2DM by bursting insulin sensitivity
and/or by improving β-cell function[57]. Obviously, both
mechanisms favor losing weight and reducing caloric intake[59-62]. Some studies have described that acute insulin
response to intravenous glucose and early phase insulin
response to oral glucose load significantly improve within
a month following gastrointestinal bypass surgery[57,60,63].
Mechanisms for these mutations could be due to the
important decrease in insulin resistance and the increase
in GLP-1 postprandial plasma levels immediatly after
surgery[57]. Actually, two hypotheses, named hindgut and
foregut theory, have been proposed to explain T2DM
improvment after metabolic surgery and surgical-induced
weight loss. The former theory claims that surgical nutrient rerouting to the small intestine distal part ends up
in elevated GLP-1 secretion and concomitant GLP-1
glucose-lowering effects; the latter hypothesis emphasizes
that surgical bypass of the foregut prevents the release of
a not yet well-defined nutrient, that functions as a prodiabetes stimulus in predisposed subjects[64]. The weight
loss effect of metabolic surgery on T2DM in not severely
obese patients (BMI ≥ 35 kg/m2) might be lower than
that on T2DM with a higher BMI (≥ 40 kg/m2)[57]. The
understanding of the above mechanism is the key to success in metabolic surgery. There is no strong evidence describing the effectiveness of metabolic surgery on longterm follow-up in obese diabetic individuals[57].

LINKING PHARMACOTHERAPY AND
BARIATRIC SURGERY
The therapeutic effect of metabolic surgery are not observed in all patients. For example, up to 15% of patients
fail to achieve a weight loss over 30%[1,65] and a minority
of diabetic patients will still have inadequate glycemic
control following after bariatric surgery[1,66]. In others,
with weight regain the presurgical hormonal conditions
comes back. A hormonal panel may point to a particu-
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lar feedback system that is limiting the overall success.
Targeted pharmacotherapy might be necessary and sufficient to suppress the system and achieve the metabolic
goal. As clearly depicted in their work, Le Roux et al[45]
enforced jejunoileal bypass on rats and compared these
to sham-operated rats. Increased PYY3-36 caused weight
loss in jejunoileal bypass rats. Antagonism of the PYY
with a specific neutralizing antibody led the rats to regain weight, whereas administration of PYY3-36 resulted
in additional weight.
Outcome of bariatric surgery on insulin sensitivity
and secretion is different in relation to the type of surgery methods that was performed[67]. In fact, while RYGB
enhances insulin secretion after a meal, thus improving
glucose metabolism, BPD/DS acts through the improvement in insulin sensitivity allowing the subsequent
reduction of insulin hypersecretion, a typical feature of
the insulin resistance state[67]. Gastric banding action is
expected to be mediated only through weight loss, and
the effect of sleeve gastrectomy remains still to be clarified. Incretin secretion is mostly elevated under nutrient stimulation after gastric bypass, likely leading to an
overstimulation of pancreatic β-cells, and resulting in the
elevated insulin secretion.
RYGB intervention affects fasting GLP-1, PYY or
ghrelin levels and produces greater improvement in insulin sensitivity compared with diet at equivalent weight loss
in T2DM patients[68]. No beneficial effect was observed
in nondiabetic subjects at this early time-point.
No change in fasting GLP-1 concentrations after
massive weight loss achieved with bariatric surgery was
reported. In particular, after biliopancreatic diversion in
morbidly obese patients without diabetes mellitus[69].
All hormones showed changes from baseline: some
variations have been identified soon after surgery (ghrelin,
leptin, adiponectin), whereas others were preserved in the
long term (GLP-1, PYY, ghrelin, leptin adiponectin), as
summarized in Tables 2 and 3[70-136]. At present no clinical
studies are available combining bariatric procedures with
specific pharmacotherapy for metabolic complications.
However this topic appears to be of increasing interest,
especially if it is implemented by pharmacogenomic data
that could illustrate the specific pattern of drug susceptibly belonging to each patient.

NAFLD AND BARIATRIC SURGERY
Bariatric surgery was historically related with reduced
prevalence and severity of liver disease. However, in
some studies, the progression of liver disease in patients
postoperatively was reported. In the early age of bariatric
surgery, jejunoileal bypass was the most usually enforced
procedure. A considerable portion of patients developed advanced liver disease, probably due to bacterial
overgrowth and endotoxemia in the bypassed intestine,
resulting in bacterial translocation and liver disease. Nevertheless, the jejunoileal bypass surgery has rarely been
enforced in recent years due to the multiple complications arising from this procedure.
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In a recent review the association between bariatric
surgery (RYGB) and ghrelin reduction was underlined;
ghrelin is known to stimulate insulin counter regulatory
hormones, reduce adiponectin, and block hepatic insulin
signalling[137]. Moreover, RGYB is also associated with
GLP-1 high levels; consequently it enhances glucose tolerance by enhancing insulin secretion, suppressing glucagon production, inhibiting gastric emptying, and increasing B cell mass[137]. For this reason, bariatric surgery is
probably to have potential benefit in ameliorating this gut
hormones that strongly contribute to NAFLD pathogenesis[137]. Nevertheless, Hafeez et al[137] concluded that further investigations are needed to determine (1) the benefit of bariatric surgery in NAFLD patients at high risk
of developing liver cirrhosis; and (2) the role of bariatric
surgery in modulation of NAFLD complications such as
diabetes and cardiovascular disease. The outcomes of the
future researches will evaluate whether bariatric surgery
will be one of the prescribed choice for treatment of the
most progressive NAFLD type[137].

GUT MICROBIOTA AND BARIATRIC
SURGERY
Bariatric surgery is generally the only available treatment
for severe obesity that regularly develops and sustains
considerable weight loss[138]. This surgery leads to some
mutations in acid exposure to the gastric remnant and
proximal small bowel. It also acts by restricting the
amount and types of food that can be easly ingested, by
promoting a modest degree of nutrient malabsorption by
shortening the length of the small bowel. In addition, the
RYGB may result in intestinal dysmotility. Actually, very
little is known about the mutations in the gut microbiome
that occur after RYGB, and, Kong et al[139] showed an increase in gut microbiome richness and in the number of
associations between gut microbiome and white adipose
tissue genes. Variations of gut microbiome were correlated with mutations in white adipose tissue gene expression[139]. These findings stimulate deeper explorations of
the mechanisms linking gut micro-biome and white adipose tissue pathological alterations in human obesity and
its variations after weight loss[139]. In this field, genomic,
transcriptomic and bioinformatics analysis could offer a
potent integrated tool to clarify the majority of unclear
aspects.
Osto et al[140] showed that RYGB surgery might differently modify the gut microbiome composition in the
three distinct anatomical sections of the small intestine
compared to sham surgery. RYGB induced variations in
the microbiota of the alimentary limb and the common
channel resembling those seen after prebiotic treatment
or weight loss by dieting, as reported by Osto et al[140].
These variations may be associated with altered production of intestinal hormones known to control energy
balance. Postsurgical modulation of gut microbiome may
significantly contribute to the beneficial metabolic effects
of RYGB surgery[140], not excluding those on NAFLD.
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Ashrafian et al[141] reported that, in rats, surgically
induced metabolic shifts identify some of the potential
mechanisms that contribute toward bariatric cardio-protection through gut microbiota ecological fluxes and an
entero-cardiac axis to shield against metabolic syndrome
of cardiac dysfunction.
Recently, Sweeney and Morton[142], in their review,
have been provided the practicing surgeon with (1) an
update on the state of a quickly innovating branch of
clinical bioinformatics, specifically, the micro-biome; (2)
a new understanding of the micro-biome changes after
RYGB and weight loss; and (3) a basis for understanding
further clinical applications of studies of the distal gut
micro-biome, such as in Crohn’s disease, ulcerative colitis,
and infectious colitis.
We suggest that the application of bioinformatics
tools for better understanding the most significant microbiome features could be cross-linked with the results of
the expression hormone gene analysis conducted in the
patients after weight loss. In this way it is possible to interpret the actual contribute of micro-biome in treatment
outcomes.

FUTURE DIRECTIONS
Bariatric surgery leads to certain variations in the hormonal milieu that develop weight loss in obese subjects
acting on energy balance regulation, particularly on food
intake. Bariatric surgery is also related to some potential beneficial effects on co-morbid diseases correlated
with obesity such as T2DM, metabolic syndrome[71,143,144]
and NAFLD. Translational researches about the relative
contribution of abounding signaling pathways in energy
homeostasis will probably appear in combined treatment
strategies containing both pharmacotherapy and surgery.
Future research in these areas is warranted.
Surgery aimed principally at diseases such as diabetes and not weight loss are referred to as “metabolic
surgery”, as reported by Cohen et al[145]. Cohen et al[145]
showed that metabolic surgery has been proven to be
safe and effective, and although more data are needed, it
is unquestionable that a new discipline has been founded.
Metabolic surgery can effectively treat T2DM in individuals with any BMI, including < 35 kg/m2, who do no
respond to standard medical therapy[145].
Bariatric surgery can be enforced safely with acceptable low complication rate and mortality by specialized
teams.
Changes in gut hormones, containing increases in
GLP-1, PYY, and oxyntomodulin, decrease in GIP and
ghrelin, or the combined action of all these hormones,
might have a role in induction and long-term maintenance of weight loss[146]. In particular, it has been recently
demonstrated by Holst[147] that GLP-1 and PYY appear
to contribute tightly to the reduction in food intake after
bypass and, thus, to the weight loss.
Actually, there are no data indicating that a reduced
secretion of the hormones is associated with the pathogenesis of obesity and/or T2DM, but impaired secretion
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usually observed in obesity (and hence also in diabetes)
may contribute to the development, as reported by
Holst[147]. These hormones have subsequently become attractive novel targets for the development of obesity and
T2DM therapies[148].
The previous study of the hormones mutational state
with molecular tools could relate the pathogenesis aspects
to the therapy aspects: if the presence of pathogenic
mutations is highlighted by genomic analysis, its effects
could affect or impair the hormone physiological role. In
this case also the therapy outcomes could be influenced
by the genes variations; consequently therapy strategy
must be design to overcome the problem.
In fact, by recapitulating the gut hormone secretion
changes after bariatric surgery, drugs based on gut hormones represent an exciting possibility for the treatment
of obesity and T2DM[149]. Nevertheless, the timing, the
exact variations of gut hormones and the relative importance of these ones in the metabolic improvement postbariatric surgery remain to be further clarified[150].
Dixon et al[151] has reported that bariatric surgery, in
addition to its profound weight-reduction effects, leads to
a durable resolution of T2DM. Therefore, Dixon et al[151]
has hypothesized that a cure for this disease may be obtainable, both by surgery as well as with drugs or devices
that mimic surgery effects.
All these studies are safely interesting and will probably improve our knowledge on the pathogenesis of several metabolic diseases. This aspect is positively related
to the possibility to identify new and exciting therapeutic
opportunities. However, high-level controlled trials evaluating in particular long term benefits of bariatric surgery
in obesity and its co-morbid diseases such as T2DM and
the metabolic syndrome are required[152].
Recently, Lee et al[153] suggested that the novel anorexic
hormone nesfatin-1 and another new hormone, the
obestatin, might contribute to the marked improvement
in glycemic homeostasis and weight loss in diabetics after
RYGB and SG.
Nesfatin-1 is a recently identified 82-amino-acid peptide derived from the precursor protein, nucleobindin2
(NUCB2)[154]. The brain distribution of NUCB2/nesfatin-1 at the mRNA and protein level along with functional studies in rodents support a role for NUCB2/nesfatin-1 as a novel satiety molecule acting through leptinindependent mechanisms[154].
Consequently may be very significant the quantification of nesfatin levels in obese patients by using the appropriate methods transcriptomic-based.
Obestatin is a recently discovered 23-amino acid peptide encoded by the ghrelin gene[155,156]. Although in the
original Zhang’s works obestatin appeared to suppress
food intake and decrease gastric emptying[155-157], consequently antagonizing the orexigenic effect of ghrelin,
subsequent researches in rodents showed controversial
results[155-161]. Obestatin is present not only in the gastrointestinal tract, but also in the spleen, mammary gland,
breast milk, and plasma [155,156,160]. Obestatin seems to
function as part of a complex gut-brain network whereby
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hormones and substances from the stomach, intestine
and the brain about satiety or hunger[155,156,160].
Lee et al[153] concluded that RYGB and SG produce
differential influences with regards to circulating nesfatin-1 and obestatin levels in non-morbidly obese, T2DM
patients. Circulating nesfatin-1 may modulate glucose
homeostasis in two surgical procedures, and participate
in regulating body weight in SG. However, many questions are still to be answered, in particular the receptor
involved in the peptide’s actions, and the processing of
NUCB2 to nesfatin-1 in hypotalamic or gut tissues still
remain elusive. Furthermore, signaling mechanisms directly associated with the action of nesfatin-1 have been
little explored[153].
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CONCLUSION
It is important to emphasize the role of the major peptides released by the enteroendocrine system, which
promote satiety and modulate energy homeostasis and
utilization, as well as those that control fat absorption
and intestinal permeability, as reported by Mells et al[162].
Clarifying new functions for enteroendocrine systemrelated peptides and developing pharmacologic peptide analogues offer future pharmacologic chances for
obesity-related human disease, of which NAFLD is such
important a part[4].
Bariatric surgery could be the most effective treatment for obesity and co-morbidities, often within days
after surgery, independently of weight loss[163] and it is actually the only therapy available for obesity which results
in long-term, sustained weight loss[148].
We hypothesize that gut hormones might induce and
mainten the weight loss to long-term, could determine
the improvement of obesity-related co-morbidities and
could help to detect new drug targets and improved surgical procedures.
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Abstract
AIM: To investigate the effects of 17β-estradiol via
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estrogen receptors (ER) or direct administration of ER
agonists on human colorectal cancer.
METHODS: LoVo cells were established from the Bioresource Collection and Research Center and cultured
in phenol red-free DMEM (Sigma, United States). To
investigate the effects of E2 and/or ER selective agonists on cellular proliferation, LoVo colorectal cells were
treated with E2 or ER-selective agonists for 24 h and 48
h and subjected to the MTT (Sigma) assay to find the
concentration. And investigate the effects of E2 and/or
ER selective agonists on cell used western immunoblotting to find out the diversification of signaling pathways. In order to observe motility and migration the
wound healing assay and a transwell chamber (Neuro
Probe) plate were tased. For a quantitative measure,
we counted the number of migrating cells to the wound
area post-wounding for 24 h. We further examined the
cellular migration-regulating factors urokinase-type
plasminogen activator (u-PA), tissue-type plasminogen
activator (t-PA) and matrix metalloproteinase (MMP)-9
in human LoVo cells so gelatin zymography that we
used and gelatinolytic activity was visualized by Coomassie blue staining. And these results are presented
as means ± SE, and statistical comparisons were made
using Student’s t -test.
RESULTS: The structure was first compared with E2
and ER agonists. We then treated the LoVo cells with E2
-8
and ER agonists (10 mol/L) for 24 h and 48 h and subsequently measured the cell viability using MTT assay.
Our results showed that treatment with 17β-estradiol
and/or ER agonists in human LoVo colorectal cancer
cells activated p53 and then up-regulated p21 and p27
protein levels, subsequently inhibiting the downstream
target gene, cyclin D1, which regulates cell proliferation. Taken together, our findings demonstrate the
anti-tumorigenesis effects of 17β-estradiol and/or ER
agonists and suggest that these compounds may prove
to be a potential alternative therapy in the treatment
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of human colorectal cancer. These results demonstrate
that 17β-estradiol and/or ER agonists downregulate
migration-related proteins through the p53 signaling
pathway in human LoVo colorectal cancer cells. These
findings suggest that p53 plays a critical role in the
17β-estradiol and/or ER agonist-mediated protective
activity against colorectal cancer progression. In addition, 17β-estradiol and/or ER agonists dramatically
inhibited cell migration and reduced the expression of
u-PA, t-PA and MMP-9 as well as MMP-2/9 activity in
LoVo cells, which regulate cell metastasis. Moreover,
we observed that pretreatment with a p53 inhibitor
significantly blocked the anti-migration effects of E2
and/or ER agonists on LoVo cells. That E2 and/or ER
agonists may impair LoVo cell migration by modulating
migration-related factors via the p53 tumor suppressor
gene.
CONCLUSION: Direct ER treatment may prove to be
an attractive alternative therapy in the treatment of human colorectal tumors in the future.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Estrogen; Estrogen agonist; Estrogen receptors; Human colon cancer cell; p53
Core tip: The present study is to investigate the effects of 17β-estradiol via estrogen receptors or directly
administration of ERs agonist on the development of
human colorectal cancer, and to elucidate whether the
effect was regulated by tumor suppressor gene p53 .
Here, our results showed that 17β-estradiol and/or ERs
agonist treatment in human LoVo colorectal cancer cells
could active p53, then up-regulated p21 and p27 protein levels, subsequently inhibited downstream target
gene, cyclin D1, which regulated the cell proliferation.
Hsu HH, Kuo WW, Ju DT, Yeh YL, Tu CC, Tsai YL, Shen CY,
Chang SH, Chung LC, Huang CY. Estradiol agonists inhibit
human LoVo colorectal-cancer cell proliferation and migration
through p53. World J Gastroenterol 2014; 20(44): 16665-16673
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i44/16665.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i44.16665

INTRODUCTION
Epidemiological studies suggest that cancers of the lung/
bronchus, prostate and colon/rectum in men and cancers of the lung/bronchus, breast and colon/rectum in
women continue to be the most common cancers in the
United States. Colorectal cancer is the third most common cause of cancer death[1]. Colorectal cancers include
nonhereditary and hereditary types. Hereditary colon cancers include familial adenomatous polyposis and hereditary non-polyposis colon cancer (HNPCC). HNPCC is
the most common form of colorectal cancer, accounting
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for 5%-10% of total hereditarycolorectal cancers, and it
occurs as early as age 25 with an average age of 45 years
at diagnosis[2].
The role of the female sex hormone, 17β-estradiol,
in tumorigenesis has been studied for many years. It has
been proposed that the lower incidence of colorectal
cancer (CRC) in women might be due to the influence of
female sex steroid hormones[3]. Many studies have confirmed that hormone replacement therapy (HRT) in postmenopausal women reduces the incidence of colorectal
cancer[4], whereas only one study has reported an adverse
effect of HRT[5].
One might ask what is the mechanism behind this
protective effect of female sex hormones against cancer
cell proliferation and carcinogenesis? The biological activity of 17β-estradiol is mediated mainly by its binding
to two specific receptors: estrogen receptor alpha (ERα),
the prevalent form in the breast, cardiovascular system
and liver,and estrogen receptor beta (ERβ), the prevalent
form in the gastrointestinal tract[6]. Both ERα and ERβ
exist in colorectal cancer cells[7].
Various proteases are expressed in cancer progression
and metastasis[8]. The systems primarily responsible for
extracellular matrix (ECM) degradation in vivo are matrix
metalloproteinase (MMP) and plasminogen activator (PA)
systems[9]. MMPs are a family of functionally related zinccontaining enzymes that include interstitial collagenases, g
elatinases,metalloelastase and membrane-type MMPs[10,11].
The gelatinases MMP-2 and MMP-9 have been implicated in colorectal cancer progression and metastasis in
animal models and patients[12]. In the proteolytic plasminogen system, the up-regulation of urokinase-type plasminogen activators (u-PAs) and tissue-type plasminogen
activators (t-PAs) has been shown to activate MMPs and
is involved in colon cancer progression[13,14]. In addition,
a mutation in the adenomatous polyposis coli (APC) tumor suppressor gene occurs in most colorectal tumors,
resulting in the accumulation of β-catenin due to reduced
ubiquitin-mediated proteolysis, which may play a causal
role in promoting carcinogenesis[15,16]. The current results
indicate that the accumulation of nuclear β-catenin can
be used as a prognostic marker in patients with stage IIA
colon cancer[17].
The p53 tumor suppressor gene mediates many cellular processes, including cell cycle regulation, DNA repair, differentiation and apoptosis, in response to various
extracellular and intracellular signals[18,19]. In contrast, it
is well known that p53 mutations contribute to the malignant progression of colorectal cancer and resistance
to anticancer therapy[20-22]. Interestingly, the precise antimetastasis mechanismsunderlying the protective effects
of 17β-estradiol/ERs on colorectal cancer via the p53
tumor suppressor protein remain unclear. This study examines the effects of 17β-estradiol and/or ER agonists
on the regulation of cell proliferation and migration in
human LoVo colorectal cancer cells. The roles of p53 and
the precise molecular mechanisms behind this protective
property are identified.
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Figure 1 Estradiol and ER selective agonists impair cell proliferation in human LoVo cells. A: Structures of 17β-estradiol, propylpyrazole-triol (PPT), a selective
agonist of ERα, and diarylpropionitrile (DPN), a selective agonist of ERβ; B: LoVo cells cultured in DMEM were treated with 17β-estradiol, PPT and DPN for 24 h and
48 h and were then analyzed for cell viability by the MTT assay. aP < 0.05 vs control; bP < 0.001 vs control (means ± SE, n = 3).

MATERIALS AND METHODS
Cell, chemicals and materials
The human colon cancer cell lineLoVo was obtained
from the Bioresource Collection and Research Center
(BCRC). LoVo cells were established from a metastatic
nodule resected from a 56-year-old Caucasian malecolon
adenocarcinoma patient.
The following reagents were used for experiment:
17β-estradiol (E2) (Sigma, Louis), an ERα-selective agonist [propylpyrazole-triol (PPT)], an ERβ-selective agonist
[diarylpropionitrile (DPN)] (Figure 1A), an ERα-selective
antagonist [methyl-piperidinopyrazoledihydrochloride
(MPP)], an ERβ-selective antagonist 4-[2-Phenyl-5,7-bis
(trifluoromethyl) pyrazolo [1,5-a] pyrimidin-3-yl] phenol
(PHTPP), the ER antagonist ICI 182780 (ICI) (all from
TOCRIS), and the p53 inhibitor Pifithrin-a, p-Nitro, Cyclic (Merck).
Cell culture
LoVo colon cancer cells were cultured inphenol red-free
DMEM (Sigma, United States) supplemented with 1.5
g/L sodium bicarbonate, 3.5 g/L glucose, 1% penicillinstreptomycin and 10% cosmic calf serum (Hyclone,
United States) in a humidified atmosphere at 37 ℃ with
5% CO2. The medium was changed to phenol red-free
DMEM with 0% serum 4 h before the experiment was
started.
Cell proliferation assay
To investigate the effects of E2 and/or ER selective
agonists on cellular proliferation, LoVo colorectal cells
were treated with E2 or ER-selective agonists for 24h and
48h and subjected to the 3-[4,5-dimethylthiazol-2-yl]-2,5diphenyltetrazolium bromide (MTT) (Sigma) assay. The
blue formazan crystal absorbance was measured at 570 nm
using an enzyme-linked immunosorbent assay plate reader.
Western immunoblotting and antibodies
Total proteins were extracted using lysis buffer [50
mmol/L Tris-base, pH = 7.5, 0.5 mol/L NaCl, 1.0
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mmol/L EDTA, pH = 7.5, 10% glycerol, 1 mmol/L
β-Mercaptoethanol and a proteinase inhibitor cocktail
(Roche Molecular Biochemicals)]. The cell lysate proteins
were analyzed using SDS-PAGE. The following primary
antibodies were used for incubations: MMP-9 (Chemicon),
Cyclin D1 sc-246, β-Catenin sc-7963, GSK-3β sc-9166,
p53 sc-1311, u-PA sc-14019, t-PA sc-5239, α-Tubulin sc5286,and β-actin sc-47778 (all from Santa Cruz Biotechnology). Following primary antibody incubations, membranes were incubated with horseradish peroxidase-linked
secondary antibodies (anti-rabbit, anti-mouse, or anti-goat
IgG) (all from Santa Cruz Biotechnology).
Wound healingassay
LoVo cells were seeded into six-well plates at 1 × 105
cells/well in culture medium. Confluent monolayers were
scratched with a sterile micro-pipette tip and then washed
with PBS to remove floating cells in serum-free medium.
Then, the cells were serum starved for 4 h. Wound healing was performed by treatment with E2, ER-selective
agonists, a p53 inhibitor (10 µmol/L), ER-selective antagonists or ICI182780 (1 µmol/L), respectively. For a
quantitative measure, we counted the number of migrating cells to the wound area post-wounding for 24 h.
Cell migration and invasion assays
The cell migration assay was carried out using a modified Boyden chamber consisting of a trans well chamber
(Neuro Probe) plate with 8-µm pore size polycarbonate
membrane filters[23]. Serum-deprived LoVo cells were
added to the upper part of the Boyden chamber, and the
bottom chamber was filled with DMEM containing 10%
serum. After incubation for 48 h, the cells were allowed
to migrate to the underside of the membrane. The cells
onthe membrane filter were then fixed with methanol
and stained with 0.05% Giemsa (Sigma). The number of
migrated cells was quantified by cell counting in at least
three random fields (magnification, × 200) per filter.
Gelatin zymography
LoVo cells cultured in DMEM were treated with E2 (10-8
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Figure 2 17β-estradiol and/or ER selective agonists upregulate p53 signaling proteins to change the cell cycle progression in human LoVo colorectal cancer cells. A: LoVo cells were treated with E2 or various concentrations (10-10 mol/L, 10-9 mol/L and 10-8 mol/L) of PPT or DPN for 48 h; B: LoVo cells were pretreated
with various concentrations (1 µmol/L, 5 µmol/L and 10 µmol/L) of a p53 inhibitor for 1 h followed by E2 (10-8 mol/L) treatment for 48 h; C: LoVo cells were pretreated
with vehicle, the ER antagonist ICI 182780 (ICI), or a p53 inhibitor for 1h, followed by E2 administration for 48 h. Subsequently, cells were harvested and measured by
Western blotting. A β-actin standard was used as a loading control for all proteins. All experiments were repeated twice with identical results.

mol/L) for 24h and subsequently collected in conditional
medium. Samples were electrophoresed without reduction
(no DTT) on 8% SDS polyacrylamide gels copolymerized with 0.1% gelatin. When the tracking dye at the front
reached the bottom of the gel, the gel was removed and
shaken gently for 30 min in 2.5% Triton X-100 to remove
SDS. The gels were then transferred to a bath (without
Triton X-100) and washed for 30 min to remove Triton
X-100. The gels were then incubated overnight (37 ℃) in
reaction buffer containing 40 mmol/L Tris-HCl (pH =
8.0), 0.01% NaCl and 10 mol/L CaCl2. Finally, gelatinolytic activity was visualized by Coomassie blue staining.
Statistical analysis
Each experiment was repeated at least twice with identical results. The resultsare presented as means ± SEs, and
statistical comparisons were made using Student’s t-test.
Significance was presented as a P < 0.05 or P < 0.01.

RESULTS
Effects of 17β -estradiol and ER selective agonistson
cell proliferation and viability in human LoVo colorectal
cancer cells
To determine the effects of E2 and ER-selective agonists

WJG|www.wjgnet.com

on the proliferation of human LoVo colorectal cancer
cells, the structure was first compared with E2 and ER
agonists.We then treated the LoVo cells with E2 and ER
agonists (10-8 mol/L) for 24 h and 48 h and subsequently
measured the cell viability using MTT assay. The results
showed a significant reduction in LoVo colorectal cancer
cell viability, with a reduction of approximately 28.0%
following E2 treatment for 48 h, 21.0% following PPT
treatment for 48 h and 15.8% following DPN treatment
for 48 h (Figure 1B). We further examined the level of
p53 signaling and downstream proteins through Western
blotting. After LoVo cells were treated with E2 (10-8 mol/
L) or various concentrations (10-10 mol/L, 10-9 mol/L and
10-8 mol/L) of PPT or DPN for 24 h, we observed a significant dose-dependent reduction in the expression of
p21 and p27 (Figure 2A). In LoVo cells, administration
of a p53 inhibitor (1 µmol/L, 5 µmol/L, 10 µmol/L)
significantly inhibited the E2-induced activation of p53,
p27 and p21 in a dose-dependent manner (Figure 2B).
The serum-starved human LoVo colorectal cancer cells
were pretreated with ICI or p53 inhibitor (1 µmol/L),
which significantly inhibited the E2-induced increases
in p53, p27 and p21 protein levels and blocked the E2dependent reduction in the protein levels of cell cycleregulating proteins such as cyclin D1. At the same time,
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Figure 3 17β-estradiol and ER selective agonists impair the Wnt-β-catenin signaling pathway in human LoVo colorectal cancer cells. LoVo cells were
treated with E2 (10-8 mol/L) or various concentrations (10-10 mol/L, 10-9 mol/L and 10-8 mol/L) of PPT (A) or DPN for 24 h (B). Cells were harvested and measured by
Western blotting. An α-tubulin standard was used as a loading control for all proteins. All experiments were repeated twice with identical results.

we observed that treatment with the ER agonists PPT or
DPN alone also had the same effect as E2 treatment on
human LoVo cells (Figure 2C). These results suggest that
the administration of 17β-estradiol or ER agonist scan
inhibit cell proliferation in human LoVo cells by modulating p53 signaling and its downstream cell cycle target
gene, cyclin D1.
Suppression of the Wnt-β -catenin signaling pathway by
E2 and ER-selective agonists in human LoVo colorectal
cancer cells
After LoVo cells were treated with various concentrations (10-10 mol/L, 10-9 mol/L and 10-8 mol/L) of PPT or
DPN for 24 h, the level of the Wnt-β-catenin complex
protein was investigated. The GSK-3β protein content
was dramatically increased, and the β-catenin level was
decreased in a dose-dependent manner (Figure 3). These
results might indicate that E2 or ER agonist treatment
can inhibit colorectal cancer cells growth via Wnt/wingless signaling suppression.
17β -estradiol and/or ER selective agonists downregulate the u-PA, t-PA and MMP-9 protein levels in LoVo
cells
It is known that proteolytic plasminogen system activation by u-PA and t-PA is involved in the up-regulation
of downstream MMPs in cancer cells[24]. We therefore
further examined the cellular migration-regulating factors u-PA, t-PA and MMP-9 in human LoVo cells. In
our studies, we observed that a significant reduction in
u-PA, t-PA, MMP-2 and MMP-9 protein expression was
induced by E2 (10-8 mol/L) treatment within 24 h. Subsequently, the quantitative results showed that PPT (10-10
mol/L, 10-9 mol/L and 10-8 mol/L) treatment alone also
significantly reduced the u-PA, t-PA and MMP-9 levels.
DPN (10-10 mol/L, 10-9 mol/L and 10-8 mol/L) treatment
alone reduced the u-PA and MMP-9 levels in a dosedependent manner (Figure 4A). Administration of a p53
inhibitor (1 µmol/L, 5 µmol/L, 10 µmol/L) to LoVo
cells significantly blocked the E2-induced inhibition of
u-PA and t-PA in a dose-dependent manner (Figure 4B).
The serum-starved human LoVo colorectal cancer cells
that were pretreated with ICI or p53 inhibitor (1 µmol/L)
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significantly blocked the E2-dependent reduction in t-PA
protein levels (Figure 4C). Therefore, these results suggest that 17β-estradiol or ER agonistadministration can
inhibit cellular migration-regulating factors, including
u-PA, t-PA and MMP-9, in a p53-dependent manner.
17β -estradiol inhibits MMP-2/9 activities in LoVo
colorectal colon cells
It is known that MMPs function as proteases in extracellular matrix protein degradation[25]. Thus, MMP activities
play important roles in cell cycle regulation. We therefore
examined whether E2 can suppress MMP-2/9 expression
and activity in LoVo cells. In Figure 5, gel images from
gelatin zymography show that MMP-2 (72 kDa) and
MMP-9 (92 kDa) activities were significantly suppressed
in LoVo cells treated with E2.
17β -estradiol and/or ER agonists inhibit human LoVo
colorectal cancer cell motility through the tumor
suppressor gene p53
We observed that the migration ability of LoVo cells
could be inhibited after E2 (10-8 mol/L) treatment. We
further determined that E2 and/or ER agonists played
a role in LoVo cell migration ability. We then cultured
LoVo cells with E2 (10-8 mol/L) in the presence or absence of ICI 182780, a p53 inhibitor, ERα antagonists
(MPP) or ERβ antagonists (PHTPP).Weal so treated
LoVo cells with PPT or DPN (10-8 mol/L), which are
ER agonists, alone for 48 h. We observed the migration
ability in LoVo cells using scratch motility and migration
assays. In the scratch motility (Figure 6A) and migration
assays (Figure 6B), we observed that ICI 182780 and the
p53 inhibitor dramatically blocked the inhibitory effects
of E2 on cellar migration in LoVo cells. In addition,
treatment with either of the ER agonists, i.e., PPT or
DPN, alone also significantly inhibited LoVo colorectal
cancer cell migration by approximately 24% and 39%,
respectively. Both ERα and ERβ are involved in down
regulating cellular mobility in human LoVo colorectal
cancer cells. These findings showed that p53 mediates the
E2-ER-modulated migration ability of human LoVo cells
and that ER agonist treatment alone has the same ability
to inhibit LoVo cell migration.
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Figure 4 17β-estradiol and/or ER selective agonistsdown-regulate the protein levels of u-PA, t-PA and MMP-9 inLoVocells via p53. A: LoVo cells were treated
with E2 or various concentrations (10-10 mol/L, 10-9 mol/L and 10-8 mol/L) of PPT or DPN for 24 h; B: LoVo cells were pretreated with various concentrations (10-10 mol/L,
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a p53 inhibitor for 1 h, followed by E2 administration for 24 h. Cells were harvested and examined by Western blotting. A β-actin or α-tubulin standard was used as a
loading control for all proteins. All experiments were repeated twice with identical results.
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Figure 5 17β-estradiol inhibits MMP-2/9 activity in LoVo colorectal colon
cells. LoVo cells cultured in DMEM were treated with E2 (10-8 mol/L) for 24 h,
and then, the culture medium was collected. Samples were electrophoresed
without reduction on 8% SDS polyacrylamide gels copolymerized with 0.1%
gelatin.

DISCUSSION
Previous studies have shown that E2 binding to ERs can
regulate tissue and cellular responses via multiple signaling pathways[26]. The ERs act at estrogen-responsive
target genes to either trans-activate or trans-repress gene
expression[27]. In our previous studies, we found that
over-expressed ERα induces apoptosis and inhibits the
proliferation of human LoVo colorectal cancer cells[28].
The apoptotic effects of over-expressed ERβ acted in a
ligand-dependent manner[29]. These published results provide evidence that E2 and/or the over-expression of ERs
plays a critical role in inducing the apoptosis of human
LoVo colorectal cancer cells. Here, we were interested in
further determining the anti-motility effects of the ERαand ERβ-selective agonists PPT and DPN on LoVo
colorectal cancer cells.
The major findings of this study can be summarized
as follows: (1) treatment with E2 and/or ER agonists
(10-10 mol/L, 10-9 mol/L and 10-8 mol/L) significantly
WJG|www.wjgnet.com

inhibits human LoVo colon cancer cell proliferation by
increasing p53, p21 and p27 protein levels and decreasing the expression of the downstream target gene cyclin
D1. These results suggest that E2 and/or ER agonists
(10-8 mol/L) greatly suppress cell proliferation by activating the p53 signaling pathway and modulating cell cycleregulating factors in human LoVo cells; (2) the motility
of LoVo colorectal cancer cells is significantly suppressed
by E2 and/or ER agonist treatment. We simultaneously
observed that the decrease in the migratory ability of
LoVo cells due to treatment with E2 (10-8 mol/L) and/or
ER agonists (10-10 mol/L, 10-9 mol/L and 10-8 mol/L) was
accompanied by the down regulation of migration-related proteins, including u-PA, t-PA and MMP-9, as well as
the suppression of MMP-2/9 activities (Figure 5); and
(3) the inhibitory effects of u-PA, t-PA and MMP-9 in
human LoVo cells that had been treated with E2 and/or
ER agonists were completely inhibited by a p53 inhibitor.
These results demonstrate that E2 and/or ER agonists
down regulate migration-related proteins through the p53
signaling pathway in human LoVo colorectal cancer cells.
These findings suggest that p53 plays a critical role in
the E2- and/or ER agonist-mediated protective activity
against colorectal cancer progression.
Changes in the expression of cell cycle regulators,
such as cyclin D1, are a critical step in tumor development and progression, which are the most critical events
in colorectal cancer[30]. The cell cycle regulator Cyclin D1
is a key intracellular regulator that is involved in cell cycle
progression through the G1 phase and is over-expressed
in colorectal carcinoma, leading to a worse prognosis[31].
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Figure 6 17β-estradiol and/or ER selective agonists inhibit human LoVo colorectal cancer cell motility through p53 signaling. LoVo cells cultured in DMEM
were pretreated with vehicle, ICI 182780 (ER antagonist 1 µmol/L), p53 inhibitor (10 µmol/L), MPP (ERα antagonist 1 µmol/L), or PHTPP (ERβ antagonist 1 µmol/L)
for 1 h, followed by treatment with E2 (10-8 mol/L), PPT (10-8 mol/L) or DPN (10-8 mol/L) administration for 48h.The migration ability of LoVo cells was analyzed by a
scratch motility assay (A) and a migration assay (B). The results were observed and analyzed with a fluorescence microscope. All experiments were repeated twice
with identical results. aP < 0.05 vs control; bP < 0.01 vs control; dP < 0.01 vs E2.

In our study, we observed that cell proliferation and the
expression of cyclin D1 in LoVo cells was significantly
inhibited by E2 and/or ER agonist treatment. These
findings suggest that E2 and/or ER agonists may protect
against colorectal cancer proliferation by modulating cell
cycle regulators.
Many studies have reported that increased MMP
levels contribute to ECM remodeling and tumor cell
motility, thus leading to the progression of malignant tumors[8,12]. Activation of the plasminogen activator system,
which includes u-PA and t-PA, is reported to be involved
in MMP activation and colorectal cancer development.
Expression of u-PA and t-PA is considered a marker of
malignant colon cancer[13,14,32,33]. Here, we found that the
administration of E2 and/or ER agonists dramatically inhibited cell migration and reduced the expression of u-PA,
t-PA and MMP-9 as well as MMP-2/9 activity in LoVo
cells. Moreover, we observed that pretreatment with a
p53 inhibitor significantly blocked the anti-migration effects of E2 and/or ER agonists on LoVo cells. These
findings suggest that E2 and/or ER agonists may impair
LoVo cell migration by modulating migration-related factors via the p53 tumor suppressor gene.
Taken together, our results suggest that the tumor
suppression protein p53 may mediate downstream signaling when E2 binds to ERs and, further, that it modulates
E2-mediated anti-tumorigenic properties by inhibiting the
expression of u-PA, t-PA and MMP-9. In addition, ER
agonists directly activate ERα or ERβ Anti-migration effects were observed after E2 treatment of human LoVo
colorectal cancer cells. These results show that direct ER
treatment may prove to be an attractive alternative therapy
in the treatment of human colorectal tumors in the future.

COMMENTS
COMMENTS
Background

Epidemiological studies suggest that cancers of the lung/bronchus, prostate
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and colon/rectum in men and cancers of the lung/bronchus, breast and colon/rectum in women continue to be the most common cancers in the United
States. Colorectal cancer is the third most common cause of cancer death.

Innovations and breakthroughs

This study examines the effects of 17β-estradiol and/or ER agonists on the regulation of cell proliferation and migration in human LoVo colorectal cancer cells.
The roles of p53 and the precise molecular mechanisms behind this protective
property are identified.

Applications

ER agonists directly activate ERα or ERβ Anti-migration effects were observed
after E2 treatment of human LoVo colorectal cancer cells. These results show
that direct ER treatment may prove to be an attractive alternative therapy in the
treatment of human colorectal tumors in the future.

Peer review

The authors mainly focus on to explore whether estrogen or estradiol agonists
inhibit human LoVo colorectal-cancer cell proliferation and migration through
p53. Their findings showed that treatment with17β-estradiol and/or ER agonists
in human LoVo colorectal cancer cells activated p53 and then up-regulated p21
and p27 protein levels, subsequently inhibiting the downstream target gene,
cyclin D1, which regulates cell proliferation.
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RESULTS: Treatment with Glytan reduced portal
pressure (PP) and portal territory blood flow (PTBF)
and increased both mean arterial pressure (MAP) and
splanchnic vascular resistance (SVR). Especially at 4
wk, PP decreased by about 40%, while MAP increased
by 13%, SVR increased by 12%, and PTBF decreased
by about 21%. The effect of blood flow reduction was
greatest in the mesentery (about 33%) at 4 wk. The
mesenteric circulation ET-1 levels of BDL rats were
lower and negatively correlated with PP at 4 wk. Glytan
can increase mesenteric ET-1 content and inhibit ETBR,
eNOS, GRK2, and β-arrestin 2 expression in the mesentery. Moreover, Glytan showed no effect on the expression of ETAR protein and mRNA.
CONCLUSION: The decreased PP and PTBF observed
after Glytan treatment were related to increased mesenteric vasoconstriction and increased receptor sensitivity to vasoconstrictor.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To investigate the effects of Glytan on splanchnic
hemodynamics and its reduction of portal pressure in
portal hypertensive rats.
METHODS: Glytan (Ganluotong in Chinese), is composed of salvianolic acid B and diammonium glycyrrhizinate. Portal hypertension (PHT) was induced in
the rats by common bile duct ligation (BDL). Hemodynamic studies were performed using the colored
microsphere method. Radioimmunoassay (RIA) was
used to determine endothelin (ET)-1 levels in the mesenteric circulation. Western blotting methods were used
to investigate the effect of Glytan on ET A receptor
(ETAR), ET B receptor (ETBR), endothelial NO synthase
(eNOS), G-protein-coupled receptor kinase (GRK)2, and
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β-arrestin 2 expression in the mesentery. The mRNA of
ETAR and ETBR was determined using real-time polymerase chain reaction.
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Core tip: The traditional Chinese medicine Glytan is
composed of salvianolic acid B and diammonium glycyrrhizinate. Previous studies have shown that Glytan is
a new preparation for portal hypertension. The present study indicated that decreases in portal pressure
and portal territory blood flow observed after Glytan
treatment in portal hypertensive rats were related to
increased mesenteric endothelin-1 content and reduced
endothelin B receptor, endothelial NO synthase, G-protein-coupled receptor kinase 2, and β-arrestin 2 expression, which may promote mesenteric vasoconstriction
and increase receptor sensitivity to vasoconstrictors.
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These results suggest the therapeutic potential of Glytan in portal hypertension induced by liver cirrhosis.
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phosphorylation through G-protein-coupled receptor
kinases (GRKs) and binding to β-arrestin-2[6]. Thus far,
seven types of GRKs have been cloned. GRK2 is the
most likely of the GRKs to initiate the desensitization
of human ETAR and ETBR[7]. ET signaling in arterial
smooth muscle is tightly regulated by GRK2[8]. ETARbound β-arrestin 2 demonstrates a higher affinity than
[9]
β-arrestin 1 and does not interact with visual arrestin .
Therefore, we investigated the effect of Glytan on ET-1
and its receptors to investigate its mechanism of decreasing PP.

INTRODUCTION

MATERIALS AND METHODS

Since portal hypertension (PHT) was first proposed,
finding a perfect medicine for PHT to reduce the risk of
bleeding from esophageal varices has been the focus in
this field. Non-selective β-receptor blockers have been
considered the only drugs suitable for long-term administration. However, only 30%-40% of patients achieve a
good therapeutic outcome with non-selective β-receptor
blockers, because of their contraindications or side effects[1].
Glytan, which is based on traditional Chinese medicine theory, is a new preparation for PHT. Glytan is
composed of salvianolic acid B (SA-B) and diammonium
glycyrrhizinate (DG). SA-B is one of the water-soluble
compounds derived from Salvia miltiorrhiza Bunge (Danshen in Chinese), which is widely used for chronic liver
diseases. DG is extracted and purified from liquorices
(Gancao in Chinese). The liquorices exert an important
function in the treatment of hepatitis because of their
anti-inflammatory effects. Our previous work found that
Glytan can reduce portal pressure (PP), improve liver
function, and inhibit pseudolobule formation in rats with
liver cirrhosis[2]. Notably, the compatibility of SA-B and
DG inhibits the steroid-like effects of DG[2]. Based on its
efficacy in decreasing PP, Glytan has been approved to
begin stage Ⅱ clinical trials for PHT treatment in China.
In accordance with Ohm’s law, PP depends on intrahepatic resistance and portal inflow. In cases of cirrhosis, both intrahepatic resistance and splanchnic blood
flow are increased. The initiating factor is an increase in
intrahepatic vascular resistance, whereas the increase in
splanchnic blood flow is a secondary phenomenon that
maintains or worsens the increased PP and gives rise to
hyperdynamic circulation[3].
Hyperdynamic circulation is characteristic of progressive splanchnic vasodilatation[4]. In previous work from
our laboratory, we observed that treatment with Glytan
resulted in reduced mesenteric vasodilation. Thus, one
aim of the present study was to verify whether this phenomenon was related to a decrease in PP.
A previous study demonstrated that endothelin
(ET)-1 and ET B receptor (ETBR) may be one of the
mechanisms of splanchnic vasodilatation[5]. In addition,
the effects of ET-1 receptors are also affected by their
responsiveness. ET receptors could be desensitized by

Animal models
Male Sprague-Dawley rats (about 250 g; Vital River
Laboratory Animal Technology Co. Ltd., Beijing, China)
underwent sham surgery or common bile duct ligation
(BDL). The common bile ducts were exposed after median laparotomy and ligated twice. In each animal, the
segment between the two ligations was resected, and the
abdomen of the animal was sutured closed. Sham-operated rats served as controls. In these rats, the common
bile duct was exposed, but no ligation or resection was
performed. Seven animals were used in each group. All
experimental procedures were conducted in accordance
with the guidelines for the use of experimental animals
and were approved by the Institutional Review Committee on Animal Care and Use at the Experimental Animal
Centre of Beijing University of Chinese Medicine [Certificate of Conformity: SCXK (jing) 2012-0001].
The rats were divided into the sham, BDL and Glytan
groups. Each group was examined at 2 and 4 wk. Glytan was provided by Beijing Huaxin Wanbang Medicine
Technology Limited Company. The proportion of SA-B
to DG in Glytan was 1:1. Before use, Glytan was diluted
with distilled water. After 1 wk BDL, the Glytan group
was treated with Glytan (25 mg/kg per day) by gavage.
The dose of Glytan depended on the pharmacodynamic
experimental results[2]. Rats in the sham and BDL groups
were administered the same amount of distilled water by
gavage.
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Hemodynamic studies
After 2 or 4 wk following BDL, hemodynamic studies
were performed under chloral hydrate anaesthesia (3.5
g/kg intraperitoneal injection). The left femoral artery
and vein were cannulated with PE-50 catheters for the
measurement of mean arterial pressure (MAP) and
blood withdrawal. A PE-50 catheter was inserted into the
portal vein to measure PP. Another PE-50 catheter was
advanced via the right carotid artery into the left ventricle
under pulse curve control. This catheter was used for microsphere application. The catheter in the femoral artery
and portal vein was connected to a pressure transducer
for blood pressure measurements.
A reference sample was obtained for 1 min at a rate
of 0.65 mL/min using a continuous withdrawal pump;
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300000 yellow microspheres (15 μm in diameter; Triton
Technologies, San Diego, CA, United States) were suspended in 0.3 mL saline containing 0.05% Tween. Microspheres were injected into the left ventricle 10 s after
the withdrawal pump had been started. Upon completion
of the hemodynamic measurements, the animals were
sacrificed and the stomach, intestine, colon, pancreas,
mesentery, and spleen were resected. The tissues were
weighed and minced with scissors. The tissue and blood
samples were processed and the microspheres were recovered by sedimentation. The tissue samples and the
blood reference were digested by the addition of alkaline
digestion reagent containing 1 mol/L KOH. The tubes
from the tissue and blood preparation steps were placed
in a temperature-controlled laboratory oven, set to a
maximum of 50  ℃, and the tissue and blood samples
were allowed to digest overnight. The digested tissue
and blood samples were centrifuged. The color from the
filtered microspheres was dissolved in 0.2 mL dimethylformamide (DMF), and the absorption was measured by
spectrophotometry.
Calculations
The hemodynamic parameters for portal circulation were
calculated as follows. Portal territory blood flow (PTBF)
was defined as the sum of the blood flow through the
stomach, intestine, colon, pancreas, spleen, and mesentery. Splanchnic perfusion pressure was defined as the
difference between MAP and PP. Splanchnic vascular
resistance (SVR) was calculated from the ratio between
splanchnic perfusion pressure and PTBF.
RIA of ET-1
Blood was drawn from the superior mesenteric artery
(SMA) for ET-1 analysis. The level of ET-1 was measured in the mesenteric circulation using a commercial
RIA kit (PLA Institute of RIA, Beijing, China) according
to the manufacturer’s protocol.
Real-time quantitative polymerase chain reaction (PCR)
The mesentery was isolated and stored in liquid nitrogen
for RNA detection by real-time PCR. Total RNA was
isolated according to the TRIzol reagent instructions
(Invitrogen, Carlsbad, CA, United States). The primers
of ETAR and ETBR were designed by Primer Premier
5.0 with amplification products of 205, 212, and 183 bp.
For ETAR, the upstream primer was 5′-GGT TCC CTC
TTC ACT TAA GC-3′ and the downstream primer was
5′-GTG ACA ACA GCA ACA GAG G-3′. For ETBR,
the upstream primer was 5-GAG CAA TCC TCA GAG
GTG T-3′ and the downstream primer was 5′-GAC TGT
TTT TCC TCA AAC GTT-3′. For β-actin, the upstream
primer was 5′-AAC GAG CGG TTC CGA TGC CCT
GAG-3′ and the downstream primer was 5′- TGT CGC
CTT CAC CGT TCC AGTT-3′. β-Actin, an internal
housekeeping gene, was used to normalize the differences in RNA isolation and RNA degradation. The abundance of mRNA was determined by real-time PCR. Real-

WJG|www.wjgnet.com

time PCR was performed using the ABI 7700 sequence
detector (Applied Biosystems, Foster City, CA, United
States). PCR was performed in a volume of 25 μL SYBR
Mix (Hangzhou Bioer Technology Co. Ltd.) containing
2 μL cDNA. The results are expressed as the number of
cycles required to exceed a threshold (Ct value) at which
the fluorescence signal exceeded a defined threshold.
The difference in Ct values of the target gene and the
endogenous control are expressed as negative ∆Ct values.
Therefore, higher 2-∆Ct values denote higher mRNA levels.
Western blot analysis
For western blot analysis, samples of rat mesentery were
homogenized in radioimmunoprecipitation assay (RIPA)
lysis buffer containing 50 mmol/L Tris (pH 7.4), 150
mmol/L NaCl, 1% Triton X-100, 1% sodium deoxycholate, 0.1% SDS, 5 mmol/L EDTA, 1 mmol/L sodium
orthovanadate, 20 mmol/L pepstatin A, 20 mmol/L
leupeptin, and 1 mmol/L phenylmethanesulfonyl fluoride. The protein content of the cleared homogenates
was assessed with a bicinchoninic acid (BCA) assay
kit (Applygen, Beijing, China). After boiling with SDS
sample buffer (Applygen), 50 μg protein per lane from
each sample was subjected to SDS-PAGE (10% gels for
GRK2 and 12.5% gels for ETAR, ETBR and β-arrestin
2). After blotting on polyvinylidene difluoride membrane
(Millipore, Bedford, MA, United States), the membranes
were probed with primary antibodies diluted in TBS
containing blocking protein and 0.1% Tween, and left to
incubate overnight at 4  ℃. The following primary antibodies in the indicated dilutions were used: mouse antiGRK2, 1:500 (Abcam, Cambridge, MA, United States);
and rabbit anti-ETAR/ETBR/endothelial NO synthase
(eNOS) and mouse anti-β-arrestin 2, 1:200 (Santa Cruz
Biotechnology, Santa Cruz, CA, United States). Thereafter, the membranes were washed and incubated with the
appropriate peroxidase-coupled secondary antibodies diluted 1:5000 in TBS containing blocking protein and 0.1%
Tween for 45 min (goat anti-rabbit or goat anti-mouse;
Jackson, West Grove, PA, United States). Detection was
performed with enhanced chemiluminescence (Applygen).
Statistical analysis
All data are presented as the mean ± SD; statistical comparisons were performed using one-way analysis of variance. The results of the molecular assays represent the
means of samples from at least five rats in each group. P
< 0.05 was considered statistically significant.

RESULTS
Hemodynamic effects of Glytan
To assess whether Glytan can decrease PP and to determine its effects on splanchnic hemodynamics, we
tested PP, MAP and various splanchnic hemodynamic
parameters. The BDL rats showed increased PP and decreased MAP at 2 and 4 wk (Figure 1A and B). With the
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Figure 1 Effect of Glytan on splanchnic hemodynamics. A: Effect of Glytan on portal pressure; B: Effect of Glytan on mean arterial pressure; C: Effect of Glytan
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progression of PHT, characteristic splanchnic hemodynamic abnormalities appeared, including decreased SVR
and increased PTBF (Figure 1C and D). Treatment with
Glytan reduced PP and PTBF, while it increased MAP
and SVR (Figure 1). Especially at 4 wk, PP was decreased
by about 40%, while MAP increased by 13%, SVR increased by 12%, and PTBF decreased by about 21%. To
determine which organs demonstrated decreased blood
flow, we tested the blood flow of various organs, including the stomach, intestine, colon, pancreas, spleen, and
mesentery. The blood flow of the intestine and mesentery decreased significantly at 4 wk, by 16% and 33%,
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respectively (Figure 1F). We investigated the mechanism
behind the mesenteric-blood-flow-reducing properties of
Glytan.
Effect of Glytan on ET-1 levels in the mesenteric
circulation
The concentration of ET-1 in the mesenteric circulation
was measured by an RIA method (Figure 2). At 2 and 4
wk, ET-1 levels in the mesenteric circulation of BDL rats
were significantly lower than those in sham group rats.
After treatment with Glytan, ET-1 content was obviously
increased at 4 wk.
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Correlation analysis of PP and ET-1 levels in the
mesenteric circulation
There was a significant negative correlation between PP
and ET-1 levels in the mesenteric circulation at 4 wk (Figure 3). This correlation was not significant at 2 wk.
Effect of Glytan on ETAR and ETBR expression in the
mesentery
The effect of ET-1 on vascular tone depends on the
receptor type. The protein and mRNA trends of ETBR
in BDL rats differed (Figure 4A and B). ETBR mRNA
was higher at 2 wk than that at 4 wk, while ETBR protein
expression increased constantly over the two time points.
Treatment with Glytan resulted in post-transcriptional
and mRNA downregulation of ETBR expression in the
mesentery (Figure 4). However, treatment with Glytan
had no effect on ETAR expression at protein and mRNA
levels (Figure 4).
Effect of Glytan on eNOS, β -arrestin 2, and GRK2
expression in the mesentery
Expression of eNOS always implies the degree of vasodilation. β-arrestin 2 and GRK2 both affect ET receptor
responsiveness. Treatment with Glytan significantly reduced eNOS and GRK2 expression at 2 and 4 wk. Glytan downregulated β-arrestin 2 expression at 4 wk (Figure
5).

DISCUSSION
We examined the effect of the Chinese medicine Glytan
on splanchnic hemodynamics and the mechanisms of its
effects. The results indicate that Glytan reduced PP and
PTBF, while it increased MAP and SVR. The mesentery
was the target organ of Glytan. On the one hand, Glytan increased ET-1 levels to promote vasoconstriction.
On the other hand, Glytan inhibited mesenteric eNOS,
ETBR and GRK2 expression to inhibit vasodilation.
In this study, the proportion of SA-B and DG was
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1:1, which was proven by a compatibility proportion
test[10]. Glytan was administered after 1 wk BDL. At 1 wk,
the increased PP was not elevated to a level meeting the
diagnostic criteria of PHT; therefore, this was a preventive study. Treatment with Glytan reduced PP and PTBF
and increased SVR. Especially at 4 wk, PP was decreased
by about 40% and PTBF was decreased by about 21%.
Through analysis of blood flow of the splanchnic organs,
we verified that the mesentery was the target organ of
Glytan. Glytan reduced mesenteric blood flow by 33% at
4 wk, which is consistent with the decreased vasodilation
of the mesenteric vascular bed observed in the present
study. Next, we attempted to explain why Glytan reduced
mesenteric blood flow and PP from the standpoint of
ET-1 and its receptors.
ET-1 is one of the strongest vasoconstrictors. Changes in ET-1 levels in the splanchnic circulation are not
consistent. Nagasue et al[11] found that ET-1 levels were
increased in the mesenteric venous plasma. Vashist et al[12]
found decreased SVR in PHT and that central hypovolemia stimulated sympathetic nerves, increasing vasoconstriction. However, Coll et al[13] found that gene and
protein expression decreased in the SMA of rats with
hepatic fibrosis and portal vein ligation. In our study, the
ET-1 levels in the mesenteric circulation of BDL rats
were significantly lower than those in sham group rats at
2 and 4 wk. ET-1 levels were negatively correlated with
PP at 4 wk. Therefore, increased ET-1 levels resulting
from Glytan administration may be a reason for the decrease observed in PP.
Excessive synthesis of NO in splanchnic tissue contributes to vasodilation in hyperdynamic circulation[14].
eNOS is the main source of NO[15]. Thus, inhibition of
eNOS expression or activity in the visceral vascular system can effectively inhibit vascular dilatation. In addition,
ET-1 binding to ETBR expressed in vascular endothelial
cells activates the Gα and Gβγ subunits. Gβγ activates
the PI3-Akt-eNOS pathway and promotes NO synthesis[16]. Therefore, either directly inhibiting eNOS expression or indirectly inhibiting ETBR expression can both
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reduce NO synthesis, in theory. Our results showed that
eNOS expression was significantly increased in the mesenteric tissue of BDL rats. Increased eNOS not only resulted in mesenteric vasodilation but also induced a lower
reactivity of the vasculature to vasoconstrictors[17-19].
Treatment with Glytan decreased eNOS significantly,
which may be related to PP reductions.
The effect of ETBR in the mesentery is more complex. ET-1 binding to ETBR induces NO synthesis
and thus vasodilation. ET-1 binding to ETAR causes
vasoconstriction [20]. ETBR also acts in the clearance
of ET-1[21]. With an increase in PP, ETBR expression
increases in the mesenteric vasculature of BDL rats. It
shows simultaneous stimulation of ETAR and ETBR in
the rat renal microcirculation, and ETBR plays a major
role in vasodilation[22]. In our study, increased ETBR in
the mesentery of BDL rats may have promoted vasodilation to accommodate increased blood flow. The fact
that Glytan decreases ETBR expression could mean two
things: (1) it may inhibit vasodilation directly or indirectly
through an ETBR-eNOS pathway; and (2) it may promote vasoconstriction through decreased clearance of
ET-1. Because of increased levels of ET-1, ETAR can
bind to more ET-1 to induce vasoconstriction.
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Although NO is an important factor in splanchnic
vascular dilation, NOS-deficient mice still demonstrate
progressive splanchnic vasodilation. This indicates that
NO is not the only factor related to hyperdynamic circulation[23,24]. Our study also found that eNOS expression
was not increased with increases in PP. Therefore, a NOindependent pathway, such as hyporesponsiveness of the
splanchnic vascular system to vasoconstrictors, cannot be
ignored. In rats with portal vein ligation, the mesenteric
artery and thoracic aorta show hyporesponsiveness to
an adrenergic receptor[25]. In the aortas of rats with liver
fibrosis and the hepatic arteries of human patients with
liver cirrhosis, the numbers of angiotensin receptors are
unchanged. However, AT1-R is desensitized by GRK2
and β-arrestin 2[26]. It is known that GRKs and arrestins
are key participants in the canonical pathways leading to
phosphorylation-dependent or independent G-proteincoupled receptor desensitization and endocytosis[27,28].
The difference between the phosphorylation-dependent
and -independent pathways is that the former depends
on arrestins, while the latter does not. Our previous results showed that increased PP resulted in upregulation
of mesenteric GRK2 expression but not of β-arrestin
2[5]. In this study, treatment with Glytan resulted in de-
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Thus, the aim of this study was to verify whether reduced mesenteric vasodilation is related to a decrease in PP and to investigate the mechanisms by which
Glytan decreases PP in portal hypertensive rats.
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Figure 5 Effect of Glytan on eNOS, GRK2, and β-arrestin 2 expression.
Western blot analysis for eNOS, GRK2 and β-arrestin 2 protein levels (n = 5
per group). bP < 0.01, bile duct ligation (BDL) rats vs sham-operated rats; cP <
0.05,dP < 0.01, rats in the Glytan group vs BDL rats.

creased GRK2 and β-arrestin 2 expression in BDL rats.
These results imply that the sensitivity of ETAR or other
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Bleeding from esophageal varices is the most serious complication of PHT.
The most important goal of treating PHT is to reduce the risk of bleeding. It
has been found that the incidence of varices at 5 years increased from 25% to
50% in patients with hepatic vein pressure gradient (HVPG) > 10 mmHg. Either
non-selective β-receptor blockers or endoscopic band ligation can be used
for primary prophylaxis in patients with cirrhosis and medium or large varices
with high risk of bleeding. Both propranolol and carvedilol are non-selective
β-receptor blockers. Carvedilol possesses both non-selective β1/2-antagonist
and α1-receptor antagonist activity. Although carvedilol is more tolerated and
highly effective than propranolol, it may cause arterial hypotension and worsen
renal function. Traditional Chinese medicine is characteristic of multi-targets,
which is consistent with the complicated pathophysiological features of PHT. In
recent years, researchers have realized that it is feasible to develop drugs for
PHT according to the progress of traditional Chinese medicine in the field of
anti-fibrosis. Traditional Chinese medicine is the next battlefield for researchers
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to develop drugs for PHT.

Innovations and breakthroughs

Based on its efficacy in decreasing PP, Glytan is the first herbal compound
that has been approved to begin stage Ⅱ clinical trials in China. This study is
believed to be the first to show that the mesentery is a target organ of Glytan.
The decreased PP and portal territory blood flow (PTBF) observed after Glytan
treatment are related to increased mesenteric vasoconstriction and increased
endothelin (ET) receptor sensitivity to vasoconstrictors. This is also the first
study to demonstrate the effect of Glytan on hyperdynamic circulation.

11

12

Applications

Based on the effect of Glytan on splanchnic hemodynamics and mesenteric
ET receptors, this study suggests the therapeutic potential of Glytan on liver
cirrhosis-induced PHT.

Terminology

PHT is the main complication of cirrhosis and is defined as an HVPG > 5
mmHg. Clinically significant PHT is defined as HVPG ≥ 10 mmHg. Hyperdynamic circulation is a state of portal hypertension that is characterized by
splanchnic and peripheral vasodilation, increased plasma volume, and increased cardiac output. Glytan is a new preparation for PHT, which is based on
traditional Chinese medicine theory. Glytan is composed of SA-B and DG.
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Peer review

The manuscript discusses a very interesting topic. In addition, the manuscript is
well written. It presents the results in a clear and well explained manner both in
text and in figures.
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Abstract
AIM: To investigate if azathioprine could reduce adMin/+
enoma formation in Apc
, a mouse model of sporadic
intestinal tumorigenesis.
METHODS: Azathioprine was administered via drinking water (estimated 6-20 mg/kg body weight per day)
Min/+
to Apc
and wildtype mice. Control animals received
vehicle only (DMSO) dissolved in drinking water. At 15
wk of age all mice were sacrificed and intestines of
Apc Min/+ were harvested for evaluation of polyp number.
Azathioprine induced toxicity was investigated by immunohistochemical analysis on spleens.
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RESULTS: All azathioprine treated mice showed signs
of drug-associated toxicity such as weight loss and development of splenic T-cell lymphomas. Although this
suggests that the thiopurine concentration was clearly in
the therapeutic range, it did not reduce tumor formation
(48 ± 3.1 adenomas vs 59 ± 5.7 adenomas, P = 0.148).
CONCLUSION: We conclude that in the absence of
inflammation, azathioprine does not affect intestinal tumorigenesis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Azathioprine; Thiopurine; Intestinal adenoma; Polyp; ApcMin; Chemoprevention; Lymphoma;
Colon cancer
Core tip: Treatment with thiopurines is associated with a
reduced risk of developing colorectal cancer in patients
with inflammatory bowel disease. The molecular target
of azathioprine, Rac1 has recently been implicated as a
critical player during sporadic intestinal tumorigenesis.
Here, we investigated the potential preventive role of
Min/+
azathioprine in Apc
, a mouse model of sporadic
intestinal tumorigenesis. Even though all azathioprine
treated mice showed signs of drug-associated toxicity,
it did not reduce tumor formation. We therefore conclude that in the absence of inflammation azathioprine
does not affect intestinal tumorigenesis.
Wielenga MCB, van Lidth de Jeude JF, Rosekrans SL, Levin
AD, Schukking M, D’Haens GRAM, Heijmans J, Jansen M,
Muncan V, van den Brink GR. Azathioprine does not reduce
adenoma formation in a mouse model of sporadic intestinal tumorigenesis. World J Gastroenterol 2014; 20(44): 16683-16689
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i44/16683.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i44.16683
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INTRODUCTION
The thiopurines azathioprine and 6-mercaptopurine are
widely used to induce and maintain remission of inflammatory bowel disease (IBD)[1-4]. In addition to their
immunosuppressive effects, exposure to thiopurines is
associated with a substantially reduced risk of developing
colorectal cancer in patients with IBD[2,5].
The presumed mechanism of action of thiopurines
is through selective inhibition of the GTPase RAC1[6,7].
This member of the Rho family of GTPases acts as a
key-component in diverse signaling pathways and plays
a critical role in many cellular processes such as proliferation, apoptosis and migration[8]. It has recently been
shown that Rac1 signaling plays a key role in intestinal
adenoma formation downstream of the mutation in
Apc[9]. The Apc gene is frequently mutated in intestinal
adenomas and carcinomas and patients with familial adenomatous polyposis (FAP) carry a germline mutation in
one copy of the APC gene[10]. ApcMin/+ mice carry a germ
line mutation in Apc similar to patients with FAP and can
be used to model FAP specifically or Apc dependent adenoma development more in general[11].
Since Rac1 signaling plays a critical role in intestinal
tumorigenesis and thiopurines are widely used drugs that
inhibit Rac1 activity, we reasoned that thiopurines may
protect against the development of intestinal tumorigenesis. Here we tested this hypothesis by treating ApcMin/+
mice with azathioprine.

MATERIALS AND METHODS
Mouse experiments
The protocol of this study was approved by the animal
ethics committee of the University of Amsterdam (permit number ALC102806). ApcMin/+[11] and littermate wild
type C57B/6J mice of five weeks old (12 males and 12
females of each genotype) were ordered at the Jacksons
Laboratory. Upon arrival animals were given drinking
water in which azathioprine (Sigma Aldrich A4638) was
dissolved at 0.04 mg/mL as previously described by others[12]. The estimated dose was 6-20 mg/kg body weight
per day, given that a mouse weighs approximately 20-30
g and drinks approximately 4-8 mL of water per day[12].
Control animals received vehicle only (DMSO) dissolved
in drinking water. We expected mice to develop a mean
of 60 polyps (with 10% standard deviation) and reasoned
that azathioprine could only be clinically applicable if the
polyp number would be reduced by at least 25%. At a p
of 0.05 (alpha 0.025) and power of 0.8, the sample size
was calculated for 6 animals by group.
Histological analysis
After paraffin embedding, 4 µm sections were made and
used for routine hematoxylin eosin staining. Immunohistochemistry was performed as described previously[13]
using the following antibodies: anti-Cd3 (Dako, rabbit
polyclonal, A0452), B220. Anti-Cd45R (Biolegend/ITK,
rat monoclonal, 103202), anti-Ki67 (Monosan, Rabbit
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monoclonal, MONX10284), anti-β-catenin (transduction
laboratories, mouse monoclonal, 610154). Histological
evaluation of spleens was performed by an expert pathologist (MJ).
Statistical analysis
All data are presented as mean ± sE. For animal experiments, the Mann-Whitney test was used. For the analysis
of adenoma size distribution, a two-way ANOVA was
used.

RESULTS
Treatment with azathioprine results in severe toxicity in
mice
Two weeks after the start of azathioprine administration
(dissolved in the drinking water at 0.04 mg/ml), ApcMin/+
and wild type female mice started to lose weight and became moribund whereas female control mice treated with
solvent only continued to gain weight (figure 1a and b).
According to local animal research guidelines we euthanized mice losing more than 15% of initial weight, resulting in termination of the entire group of 12 female mice
receiving azathioprine by the end of the fourth week of
treatment. In contrast, male mice did not show any symptoms of drug-associated toxicity at this time point. Post
mortem investigation showed signs of profound anemia
with discoloration of extremities and internal organs
of all azathioprine treated female mice. Upon examination of the intestines, we did not identify polyps in these
9-wk-old animals.
In order to reduce potential drug toxicity in the remaining male animals, we lowered the azathioprine dose
to 0.02 mg/ml at four weeks after the start of treatment.
Although the body weight of male mice remained stable at
first, we eventually observed weight loss in male animals.
To prevent further deterioration of the mice, we terminated the experiment at fifteen weeks of age (figure 1c).
Azathioprine treatment results in the development of
splenic T-cell lymphomas
We observed enlargement of the spleen in all azathioprine treated mice (both controls and ApcMin/+ mice), but
in none of the control animals (figure 2a). The development of splenic lymphomas is a known adverse effect
of azathioprine treatment in both humans and mice[14].
We therefore performed further histological evaluation
of samples of azathioprine treated control and ApcMin/+
mice. All spleens of azathioprine treated animals showed
an expanded red pulp with a pleomorphic population
of lymphocytic blasts that displayed prominent variation in nuclear size, contour and atypical mitoses (figure
2b). This is diagnostic of a diffuse lymphoproliferative
disease. We performed immunohistochemical staining to
further analyze the composition of these infiltrates. This
showed that the pre-existent peri-arteriolar B- and T-cell
areas were preserved while the red pulp was diffusely
infiltrated by Cd3 positive atypical lymphocytes (figure
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Azathioprine treatment does not affect adenoma
development in ApcMin/+ mice
We next assessed if intestinal adenoma development was
affected by the administration of azathioprine. Animals
that had received azathioprine (n = 6) did not exhibit a
significant decrease in polyp numbers compared to ApcMin/+
mice that had received vehicle only (n = 6) (48 ± 3.1
adenomas vs 59 ± 5.7 adenomas respectively, P = 0.148,
figure 3a). Furthermore, analysis of adenoma localization and size did not show any difference between azathioprine and vehicle treated animals (figure 3b and c).
Based on these results we concluded that azathioprine
treatment did not affect the incidence or progression of
adenoma development in ApcMin/+ animals.
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Figure 1 Treatment with azathioprine results in severe drug associated
toxicity. A: Weight curve of female mice. All azathioprine treated female mice
had to be sacrificed three to four weeks after start of the treatment due to progressive weight loss; B: Survival curve of female mice; C: Weight curve of male
mice. After 9 to 10 wk of treatment male mice started to show signs of toxicity.
Veh: Vehicle; Aza: Azathioprine.

2c). Analysis of proliferation using Ki67 showed that
proliferative activity in germinal centers was retained as
expected, whereas splenic T-cell lymphomas exhibited
a near 100% proliferative index (figure 2d). β-catenin
did not show nuclear labeling in either ApcMin/+ or wild
type mice (figure 2d). This suggests that the lymphomas
developed in an Apc independent manner. This is consistent with the fact that no difference was observed in the
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Use of thiopurines is associated with a reduced risk of
developing colorectal cancer in patients with IBD but
their role in sporadic tumor formation has thus far not
been investigated. In our study, treatment of mice with
the highest tolerable azathioprine dose, results in severe
drug associated toxicity both in ApcMin/+ and wild type
mice. Azathioprine treated animals suffered from profound weight loss and displayed development of splenic
lymphomas. Nonetheless, even at this high dose, azathioprine treatment did not affect Apc dependent intestinal
adenoma development in mice.
In humans, the major side effects of treatment with
azathioprine are gastrointestinal complaints such as
nausea and abdominal pain[15], hepatotoxicity[16], pancreatitis[17] and bone marrow depression[18]. We observed
substantial toxicity in all azathioprine treated mice. Surprisingly, this resulted in significant more morbidity in
female mice compared to males. Azathioprine induced
toxicity is related to activity of the enzyme thiopurine
S-methyltransferase (TPMT)[19,20]. Therefore the deficiency of TPMT enzyme activity may cause increased
sensitivity to azathioprine induced toxicity[21,22]. In accordance to this it was recently shown that TPMT enzyme
activity was lower in females than compared to males[23].
Although we did not assess TPMT activity in our experiments, this may explain why female mice were more vulnerable to azathioprine than males.
Thiopurine use is also associated with an increased
relative risk but small absolute risk in development of
lymphomas[24-26]. Also in our hands mice display a remarkable susceptibility to develop azathioprine-induced
lymphomas. This suggests that the azathioprine may have
been overdosed in our experiment or that mice have an
increased susceptibility to lymphoma development. Unfortunately we have so far been unable to determine drug
levels in mouse blood in our institute. However, since
overdosing would more likely result in overestimation of
the protective effect of azathioprine, it is unlikely to ex-
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Figure 2 Azathioprine treatment results in the development of splenic T cell lymphomas. A: Representative image of vehicle and azathioprine treated mice
showing splenic enlargement and discolored liver and kidneys in azathioprine treated animals; B: Representative photomicrographs of the morphology of the splenic
infiltrates. The images show a highly atypical and pleomorphic population of lymphocytic blast-like cells with prominent variation in nuclear size and contour (left
panel), atypical mitoses (middle panel, top right) and admixed giant cells (right panel); C: Splenic architecture. Peri-arteriolar B and T cell areas are preserved (B220
and Cd3 top panel), while the red pulpa is effaced by a Cd3 positive atypical infiltrate, diagnostic of T-cell lymphoma; D: Ki67 staining shows limited proliferative activity in pre-existent germinal centers; the surrounding atypical infiltrate demonstrates a nearly 100% labeling index. β-catenin does not show nuclear labeling in either
genotype.
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Figure 3 Azathioprine treatment does not affect adenoma development in ApcMin/+ mice. Total adenoma number in azathioprine (n = 6) and vehicle treated (n = 6)
mice (A). Localization (B) and size (C) of adenomas did not differ between vehicle and azathioprine treated mice. Veh: Vehicle; Aza: Azathioprine.
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plain the lack of effect on adenoma development.
The lack of effect of azathioprine on adenoma development in our experiments could be due to pleiotropic
effects on cellular signaling by azathioprine. Another
potential difference between the genetic loss of Rac1 signaling as investigated by Myant et al[9] and treatment with
azathioprine is that genetic deletion of Rac1 occurred
concurrent with loss of Apc whereas the ApcMin/+ mice
in our experiments carried a germline Apc mutation. The
effect of Rac1 inhibition could be mediated at the earliest
stages of adenoma development. Since we started azathioprine treatment at the age of five weeks, it may be that
precursor lesions were already established before the initiation of azathioprine treatment. Although azathioprine
is known to reduce Rac1 signaling in humans, we can
not formally exclude that in mice Rac1 signaling remains
unaltered during azathioprine treatment. The reduced
risk of developing colorectal cancer in patients with IBD
treated with thiopurines was observed in a retrospective analysis of 2578 patients in which 1% developed
advanced neoplasia (high grade dysplasia or colorectal
cancer). Whether this association is the result of a better
control of inflammation in thiopurine treated patients,
a direct effect on inflammation driven carcinogenesis or
potential confounding factors will be hard to elucidate.
The results from our current study suggest that azathioprine may not prevent Apc dependent sporadic intestinal
tumorigenesis.

reduce adenoma formation in the Apcmin/+ mouse model of sporadic intestinal
tumorigenesis.
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Abstract
AIM: To establish a rat model suitable to investigate
the repetitive relapsing inflammations (RRI) characteristic to Crohn’s disease.
METHODS: Colitis was induced by 2,4,6-trinitrobenzenesulfonic acid (TNBS). RRI were mimicked by repeating administrations of TNBS. Tissue samples were
taken from control, once, twice and three times treated
rats from the inflamed and adjacent non-inflamed colonic segments at different timepoints during the acute
intestinal inflammation. The means of the ulcerated
area were measured to evaluate the macroscopic mu-
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cosal damage. The density of myenteric neurons was
determined on whole mounts by HuC/HuD immunohistochemistry. Heme oxygenase-1 (HO-1) expression was
evaluated by molecular biological techniques.
RESULTS: TNBS-treated rats displayed severe colitis,
but the mortality was negligible, and an increase of
body weight was characteristic throughout the experimental period. The widespread loss of myenteric
neurons, and marked but transient HO-1 up-regulation
were demonstrated after the first TNBS administration. After repeated doses the length of the recovery
time and extent of the ulcerous colonic segments were
markedly decreased, and the neuronal loss was on a
smaller scale and was limited to the inflamed area.
HO-1 mRNA level was notably greater than after a
single dose and overexpression was sustained throughout the timepoints examined. Nevertheless, the HO-1
protein up-regulation after the second TNBS treatment
proved to be transient. Following the third treatment
HO-1 protein expression could not be detected.
CONCLUSION: Experimentally provoked RRI may
exert a protective preconditioning effect against the
mucosal and neuronal damage. The persistent up-regulation of HO-1 mRNA expression may correlate with
this.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Crohn’s disease; Experimental rat model;
Heme oxygenase-1; Myenteric neurons; Repetitive relapsing inflammation
Core tip: We report our first results derived from a
newly developed rat model with chronic experimental
colitis allowed us to modelling the recurring periods of
recrudescence and remission in Crohn’s disease. Colitis was induced by 2,4,6-trinitrobenzenesulfonic acid
(TNBS). Repetitive recurrent inflammations (RRI) were
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mimicked by repeated administrations of TNBS. This
study demonstrates for the first time that experimentally provoked RRI develop preconditioning effect by
speeding up mucosal healing and restoring myenteric
neuronal injury. Decreased severity of gut inflammation
after repeated TNBS treatments might be associated
with the persistent up-regulation of heme-oxygenase 1
messenger RNA expression.
Talapka P, Nagy LI, Pál A, Poles MZ, Berkó A, Bagyánszki M,
Puskás LG, Fekete E, Bódi N. Alleviated mucosal and neuronal
damage in a rat model of Crohn’s disease. World J Gastroenterol
2014; 20(44): 16690-16697 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i44/16690.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i44.16690

INTRODUCTION
Inflammatory bowel diseases (IBDs) are a group of
chronic intestinal inflammatory conditions. The major
types of IBDs are Crohn’s disease (CD) and ulcerative
colitis. CD is characterized by relapsing transmural inflammation that can affect any part of the gastrointestinal
tract. Although the pathogenesis of CD is still unclear,
the most widely accepted hypothesis is that an impairment of the mucosal barrier function due to a dysregulated immune response to an environmental factor can
generate prolonged inflammation[1,2]. The development
of irreversible pathological alterations including stricturing and penetrating complications in response to the
repetitive relapsing inflammations (RRI) characteristic of
CD can indicate the transition from the early to the late
disease which is dependent on the intensity rather than
on the duration of the inflammation[3].
The intestinal symptoms common among CD patients are often caused by intestinal motility abnormalities related to enteric neuropathy. The intestinal motor
functions are regulated by the myenteric neurons. The
evidence suggests that both the quantitative properties and function of the myenteric neurons are altered
substantially by intestinal inflammation[4]. In a previous
study 40% loss of myenteric neurons was demonstrated
in the inflamed segment of the colon four days following
the induction of colitis in rats[5]. Moreover, the complete
loss of myenteric neurons was observed in the strictured
region[6]. Persistent alterations in neuronal signalling were
documented even after the resolution of the colitis. The
AH neurons, one electrophysiological type of enteric
neurons that function as intrinsic afferent neurons, remained hyperexcitable eight weeks after the induction
of colitis. In the same experiment larger amplitudes of
fast excitatory postsynaptic potentials were measured in
the S neurons as compared with the controls[7]. Physiological disturbances are not restricted to the site of the
inflammation. Suppression of noradrenaline release was
observed in both the distal and the transverse colon and
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in the terminal ileum in rats with 2,4,6-trinitrobenzene
sulfonic acid (TNBS)-induced colitis[8].
During the past two decades, experimental animal
models of IBD have proved to be important tools for
the detection of potential therapeutic agents and for
the investigation of the pathogenesis. One of the most
widely used haptinizing agents TNBS is used to induce
colitis, resulting in mucosal inflammation mediated by
a Th1 response. Nevertheless, in most cases the induction of acute necrotizing enterocolitis with a single high
dose of TNBS was not able to generate the pathological
alterations characteristic of CD and was accompanied by
a high mortality rate[9]. The repeated administration of
TNBS in increasing doses resulted in chronic colitis and
fibrosis in mice[10] and in rats[11] that most likely reflects
the characteristics of the chronic phase of CD. Nevertheless, considerable levels of mortality, 25% and 18%
respectively were still demonstrated.
Our aim was to establish a rat model of chronic colitis with the possible lowest mortality rate, suitable for the
investigations of the long-term consequences of acute
inflammation. In the present study the extent of mucosal
and myenteric neuronal injuries were investigated in the
acute phase of the experimentally mimicked RRI. Since
increased expression of heme oxygenase-1 (HO-1) has
been described in patients with CD[12,13], it has been suggested that the activation of HO-1 may act as a natural
defence to alleviate inflammation and tissue damage[14-16].
Therefore, the quantitative changes in HO-1 mRNA and
protein expression were also evaluated here.

MATERIALS AND METHODS
Animal model
All experiments were approved by from the Local Ethics
Committee for Animal Research Studies at the University
of Szeged. Adult male Sprague-Dawley rats, weighing
200-220 g, kept on standard laboratory chow (Bioplan
Kft., Hungary) and with free access to drinking water,
were used throughout the experiments. They were housed
in a restricted access room with controlled temperature
(23 ℃) and a light/dark (12 h:12 h) cycle. Colitis was induced locally with TNBS (Sigma-Aldrich, St. Louis, MO,
United States; 10 mg) dissolved in 0.25 ml of 25% ethanol administered with a polyethylene cannula 8 cm proximal to the anus under pentobarbital anaesthesia (45 mg/
kg, ip). The animals were deprived of food at 24 h before
the induction of inflammation. Relapsing inflammations
were mimicked by repeating the administration of TNBS
with a two week-lag. The animals were randomly divided
into control (n = 18), and once (n = 13), twice (n = 14) or
three times (n = 11) TNBS-treated groups. The control
animals received an enema of 0.25 ml of 0.9% saline.
The rats were weighed weekly and monitored for activity,
bloody diarrhoea and mortality.
Tissue handling
The animals were killed by cervical dislocation under
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chloral hydrate anaesthesia (375 mg/kg ip) two (n = 11),
four (n = 13) and eight (n = 14) days following the TNBS
treatments. The final 8 cm region of the descending
colon from the anus was dissected. Tissue samples were
taken from the inflamed segment and also proximally
and distally to the inflamed segment of the colon. The
gut segments were cut along the mesentery and pinched
flat. Digital photographs were taken to evaluate the macroscopic mucosal damage. The extent of the ulceration
was measured two, four and eight days after the first and
repeated TNBS treatments. The means of the ulcerated area (cm2) per area of total colon segments (cm2)
were determined by Image J 1.44 (National Institute of
Health, Bethesda, MD, United States) and the the mean
± SE was calculated with GraphPad Prism 4.0 (GraphPad Software, La Jolla, CA, United States). After cutting
longitudinally, half of the colon samples were processed
for immunohistochemistry. The other halves were further
divided and processed either for qRT-PCR or Western
blotting analysis. Tissue samples for qRT-PCR were incubated overnight at 4 ℃ in RNA Later (Qiagen, Venlo,
The Netherlands). Those for Western blotting analysis
were frozen immediately in liquid N2 and stored at -80 ℃
until use.
Investigation of the quantitative properties of the
myenteric neurons
Wholemount preparations were immunostained with the
pan-neuronal marker HuC/HuD as described earlier[17].
Briefly, wholemounts were incubated overnight with antihuman neuronal protein HuC/HuD developed in mouse
(Sigma-Aldrich, St. Louis, MO, United States; final dilution 1:50). After washing in phosphate buffer (PB, 0.05
mol/L), tissue samples were incubated with biotinylated
anti-mouse IgG (Amersham, Buckinghamshire, United
Kingdom; final dilution 1:100) for 6 h, followed by overnight incubation in streptavidin-biotinylated horseradish peroxidase (Amersham, Buckinghamshire, United
Kingdom; final dilution 1:100). Peroxidase activity was
revealed by using 3, 3’-diaminobenzidine (Sigma-Aldrich,
St. Louis, MO, United States) as substrate chromogen.
Wholemounts were then mounted on gelatin-coated
slides in glycerol-PB. Twenty digital photographs at magnification × 200 were taken from each colonic segment
from each experimental group with an Olympus BX51
light microscope equipped with an Olympus DP70 camera. The number of neurons was counted with Plexus
Pattern Analysis software[18]. Statistical analysis was performed by using one-way ANOVA and the NewmanKeuls test. The results were evaluated with GraphPad
Prism 4.0, and a probability p < 0.05 was set as the level
of significance. The results were expressed as mean ±
SE.
Quantification of HO-1 mRNA expression by qRT-PCR
Tissue samples were homogenized in AccuZol (Bioneer,
Daejeon, South Korea) directly before qRT-PCR. Total
RNA was prepared from tissue homogenates as sug-
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gested by the manufacturer (Bioneer, Daejeon, South
Korea). The reverse transcription was achieved by using a High Capacity cDNA Reverse Transcription Kit
(Applied Biosystems, Foster City, United States). 2 µg
of total RNA from HO-1 was transcripted in 15 µl of
reaction mixture (1.2 µl dNTPs, 1.5 µl of MultiScribe
Reverse Transcriptase (50 U/µl), 3 µl of RT Buffer,
3 µl of RT primer and 6.3 µl of nuclease-free water).
All reactions were carried out for 10 min at 25 ℃ and
then for 2 h at 37 ℃ in MyGenie32 Thermal Block (Bioneer, Daejeon, South Korea). qRT-PCR was performed
in an Exicycler 96 (Bioneer, Daejeon, South Korea) in
a total volume of 20 µl containing 10 µl of FastStart
SYBR Green PCR Master Mix, 1 µl of specific primer
(0.5 pmol/µl) and 50 ng of cDNA template. The PCR
program began with a 15-min initial step at 95 ℃ to
activate the Taq DNA polymerase. This was followed
by 45 cycles of 15 s at 95 ℃ for denaturation, 45 s at
60 ℃ for annealing and 25 s at 72 ℃ for extension. The
sequences of primers were derived from NCBI RefSeq Database entry NM_012580.2 for HO-1 (forward:
5’-GTCAAGCACAGGGTGACAGA-3’ and reverse: 5’
-CTGCAGCTCCTCAAACAGC-3’). Every sample was
measured three times and the comparative CT (ΔΔCT)
method was applied with the Exicycler 96 Analysis Software (Bioneer, Daejeon, South Korea) for the relative
quantification of transcription levels. Hypoxanthine guanine phosphoribosyltransferase (NBCI RefSeq Database
entry: NM_012583.2; forward: 5’-GACCGGTTCTGTCATGTCG-3’ and reverse 5’-ACCTGGTTCATCATCACTAATCAC-3’) was used as a housekeeping gene to
normalize expression data. The results were expressed as
means ± SD.
Western blotting analysis of the expression of HO-1
protein
Tissue samples were homogenized in TRIS-mannitol
buffer and then total protein was denaturated from each
sample as described earlier[19]. 10 µg of total cellular protein was separated by SDS-PAGE and was transferred to
nitrocellulose membrane (Amersham, Buckinghamshire,
United Kingdom). The membrane was probed with antiHO-1 monoclonal antibody (Enzo Life Sciences, Farmingdale, NY, United States; final dilution 1:1000) and then
was incubated with horseradish peroxidase-conjugated
anti-mouse antibody (Santa Cruz Biotechnology Inc.,
Santa Cruz, CA, United States; final dilution 1:2000) at
room temperature. Immunoreaction was visualized with
an enhanced chemiluminescence system Immobilon
Western HRP Substrate (Millipore Corporation, Billerica,
MA, United States) and scanned with LI-COR C-DiGit
™ Blot Scanner (Li-Cor Corporate, Lincoln, NE, United
States).

RESULTS
Macroscopic observations
Consistent with the findings of previous studies, the
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Table 1 Weight characteristics of the four experimental
groups of rats before the TNBS (initial) and eight days after
the TNBS treatments (final)
Body weight (g) ± SE
Initial
Control
1 × TNBS
2 × TNBS
3 × TNBS
b

201.5 ± 1.6
238.3 ± 3.6
242.7 ± 3.3
197.2 ± 3.5

Final
n = 34
n = 42
n = 40
n = 50

b

356 ± 20.9
239 ± 10.9
319.3 ± 8.2b
376.5 ± 11.3b

n = 10
n = 11
n = 10
n = 11

p < 0.01, initial vs final. TNBS; 2,4,6-trinitrobenzenesulfonic acid.

0.5
0.4

b
0.3
0.2

Quantitative changes of the myenteric neurons
Whole mounts of colonic segments after HuC/HuD immunohistochemistry were used to evaluate the density of
the myenteric neurons (Figure 2). Data were always compared to the age-matched controls (Figure 3). Irrespective
of the number of TNBS treatments, the colitis in the
acute phase was always associated with a rapid and significant loss of HuC/HuD-immunoreactive myenteric neurons. Significant decrease in the number of neurons was
first demonstrated four days after the administration of
a single dose of TNBS, when 43% of the neurons were
lost (Figure 3). Further significant decrease in neuronal
density was demonstrated until day eight, when the number of neurons was 58% less relative to the age-matched
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b
b

0.1
0.0

TNBS-treated rats already displayed severe ulcerative
intestinal inflammation associated with weakness and
bloody diarrhoea on the first day after the induction of
colitis with either single or repeated doses of TNBS. The
mortality rate was negligible: only two animals died during the experiments. Independently of how many doses
were administered, the symptoms always presented with
the same severity, but the length of the recovery time
decreased spectacularly after repeated treatments. Except
for the first week of acute inflammation, when a gain
in weight was not detected, a gradual increase in body
weight was characteristic in all the rats throughout the
experimental period (Table 1). The severe symptoms, like
bloody diarrhoea accompanied by acute inflammation
lasted for seven or eight days after the administration of
a single dose of TNBS but were already resolved four
or five days after repeated treatments. The accelerated
mucosal healing after the repeated TNBS administrations
was clearly demonstrated by the significant differences in
the mean ulcerated areas on days two, four and eight after
the induction of colitis (Figure 1). The mean area of the
ulcerated colonic segment decreased significantly in all
TNBS-treated groups between days two and eight following induction. Whereas, the area was still noteworthy
eight days after the single TNBS administration, it was
significantly reduced and hardly detectable after the second (Figure 1) and even undetectable after the third treatment (not shown). However, long-range hyperaemia was
always detected in all colonic samples even on day eight
after colitis induction.

b
b

Day 2

Day 4
1 × TNBS

Day 8

Day 2

Day 4
2 × TNBS

Day 8

Figure 1 Means of the ulcerated area per total area of colonic segments in
rat descending colon two (n = 8), four (n = 9) and eight (n = 10) days after
the first and second TNBS treatments. The extension of the ulcerated area
was reduced significantly after the second dose of TNBS compared to that in
the animals treated only once. Data are expressed as mean ± SE. bP < 0.01 vs
once TNBS-treated group on day two. TNBS: 2,4,6-trinitrobenzenesulfonic acid.

controls (Figure 3). After the second and third TNBS
treatments significant decreases in myenteric neuronal
number were also observed first on day four after the induction of colitis, but in these cases the neuronal loss was
less extensive (36% and 23%, respectively) and did not
accelerate between days four and eight after the induction
of colitis (Figure 3). Moreover, the decrease in myenteric
neuronal density in the acute phase of the inflammation
was not limited to the apparent inflamed area. Proximally
and distally to the inflamed colonic segment a significant
neuronal (25% and 34%, respectively) was noticed four
days after the first TNBS administration. However following the repeated doses of TNBS a significant loss of
neurons in the colonic segments adjacent proximally and
distally to the inflamed area was not detected (Figure 3).
Quantitative changes in HO-1 mRNA expression
The HO-1 mRNA expression was evaluated by qRT-PCR
in all three colonic segments after single and repeated
TNBS treatments. The HO-1 gene expression was markedly induced in the inflamed segment on day four after
the first TNBS administration (Figure 4). However four
days after the second treatment an approximately 50%
higher HO-1 mRNA level was detected (Figure 4). The
HO-1 mRNA expression then declined until day eight
in the samples from the once TNBS-treated rats, and to
a lesser extent also in the twice TNBS-treated rats, but it
has never returned to the baseline level (Figure 4). Nevertheless, after the third treatment a nearly 45% increase
in gene expression was measured between days four and
eight and this high level of HO-1 mRNA expression was
sustained even in the chronic phase of inflammation (not
shown). Proximally to the inflamed colonic segment a
mild increase of HO-1 mRNA expression was observed
in the acute phase of the inflammation four days after
the single and repeated TNBS doses, but in the distal
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Figure 2 Representative light micrographs of whole mount preparations
of the rat descending colon after HuC/HuD immunohistochemistry. Arrowheads point to stained myenteric neurons. Density of neurons per field was determined with Plexus Pattern Analysis software, where the soma of the neurons
was encircled (insert). Bars: 50 µm and 25 µm (insert).

segment the HO-1 mRNA remained at the baseline level
at this timepoint. Eight days after the TNBS treatments
expression of HO-1 mRNA in the non-inflamed sites
adjacent to the inflamed colonic segments was downregulated (Figure 4).
Changes in HO-1 protein expression
The changes in HO-1 protein expression were evaluated
by Western blotting analysis in the inflamed segments of
the colon samples following single and repeated TNBS
treatments. Four days after the first and second TNBS
administration a notable up-regulation of HO-1 protein
expression was demonstrated. Following treatment with
a single dose, HO-1 protein expression declined fast to
the control level, while after repeated TNBS doses it has
not returned back to the baseline level until the eighth
day. Nevertheless, after the third TNBS treatment, HO-1
protein expression could not be detected at all (Figure 5).

DISCUSSION
To mimic RRI characteristic of that in CD patients[20], a
rat model of chronic colitis was established with repeated
administration of TNBS. In contrast with literature
data[11,21] the rats in this case were treated with a low dose
of TNBS (10 mg) dissolved in 25% ethanol. Already on
the first day post-induction, severe mucosal inflammation
associated with bloody diarrhoea, significant myenteric
neuronal loss and marked HO-1 up-regulation indicated
the primary events of acute inflammation after the single
and after each repeated TNBS treatment. Despite the
severity of the initial symptoms the mortality rate was
negligible, which makes this rat model more suitable
for investigations of the long-term consequences of
acute intestinal inflammation than other TNBS models
published to[9,11,21-25]. Besides the low mortality rate, the
alleviated macroscopic mucosal damage and accelerated
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mucosal healing were salient features in the acute phases
of inflammation after repeated TNBS treatment. However, regardless of the number of treatments long-range
hyperaemia was always detected several days after the
period of acute inflammation. This observation indicates
that the post-inflammation remodelling of the vascular
pattern is delayed in these rats. The delay in returning to
the normal vascular pattern well after the mucosal healing is otherwise a regular problem in clinical practice[26-28].
We therefore consider that the rat model developed here
will be suitable in future studies to reveal the molecular
events behind vascular remodelling in acute intestinal inflammation and thereby help to open up new therapeutic
avenues for the treatment of CD patients.
Although there are an appreciable number of unexplainable differences in the findings regarding CDrelated alterations in the numbers of enteric nerve cells in
human patients and animal models[29-31], the quantitative
alterations of the ENS are now considered a hallmark
of bowel inflammation. We therefore set out to establish
whether the experimentally provoked RRI also alleviates
the inflammatory damage in the ENS and reduces the
rapid, significant and widespread loss of myenteric neurons demonstrated four and even more eight days after
the administration of a single dose of TNBS. After the
second and third TNBS treatments significant but less
extensive decreases in the number of myenteric neurons
were also observed first on day four post-induction, but
further neuronal loss was never demonstrated. Examination of the intestinal segments adjacent proximally and
distally to the inflamed area likewise significant decreases
in neuronal density after the single dose of TNBS indicating the spreading of the neuronal injury outside
the inflamed area. Literature data from surgical practice
which indicate a neuronal pathway for the spreading of
intestinal inflammation at the resection margins[32-34] are
in accordance with these findings. However, after the
administration of repeated doses of TNBS the neuronal
loss was strictly limited to the inflamed segments of the
colon: no proximal or distal spread of the neuronal injury
was noticed. Further long-range studies with the present
model are now in progress to elucidate the pathogenetic
role of the myenteric plexus in the spreading of CD.
These observations of alleviated mucosal and neuronal injury, accelerated mucosal healing and reduced
and restricted neuronal cell loss clearly indicate the preconditioning effect of the experimentally provoked RRI.
However, the accelerated recovery in the acute phase of
inflammation might be misleading in early diagnosis of
CD, and thus in avoiding the development of chronic
complications. Therefore, studies on the long-term structural and functional consequences of this protective effect are currently in progress in our laboratory.
Since an increased expression of HO-1 was previously described in patients with CD as a crucial mediator of
the mucosal defence[12,13], we expected changes in HO-1
gene expression behind the mucosal and neuronal defence demonstrated here. The HO-1 mRNA expression
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Figure 3 Density of HuC/HuD-immunoreactive myenteric neurons in the colonic segments of control (C) (n = 12) and TNBS-treated rats four (n = 13) and
eight (n = 14) days after colitis induction. In the TNBS-treated groups the inflamed segment (I) and the adjacent proximal (P) and distal (D) colonic segments were
examined. Significant decrease in myenteric neuronal density was first detected on day four after each TNBS administration. When the rats were treated only once (1
× TNBS) the number of myenteric neurons decreased significantly in all three colonic segments, while after repeated treatments (2 × TNBS, 3 × TNBS), a significant
decrease in neuronal number was demonstrated exclusively in the I segments. After the single dose of TNBS a further significant neuronal loss was detected until day
eight post-induction, whereas after repeated treatments the number of myenteric neurons did not decrease further between days four and eight. Data are expressed
as means ± SE. bP < 0.01 vs age-matched control groups; dP < 0.01 vs once TNBS-treated group on day four. TNBS: 2,4,6-trinitrobenzenesulfonic acid.
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Figure 4 Relative mRNA expression of heme oxygenase-1 compared to the controls (n = 12) (C) in the inflamed segment (I) and the adjacent proximal (P)
and distal (D) colonic segments four (n = 13) and eight (n = 14) days after TNBS treatments. Irrespectively of the number of treatments (1 × TNBS, 2 × TNBS,
3 × TNBS), the HO-1 expression was always marked on day four in the I segments and a more limited expression was also detected in the P but not in the D colonic
segments. After the first and second TNBS administrations the rate of HO-1 gene expression decreased, but never returned to baseline level up to day eight postinduction. Nevertheless, after the third TNBS treatment the high level of HO-1 expression was not merely sustained: a pronounced further increase was demonstrated
until day eight post-induction. Data are expressed as means ± SD. TNBS: 2,4,6-trinitrobenzenesulfonic acid; HO-1: heme oxygenase-1.

was therefore evaluated by qRT-PCR after single and repeated TNBS treatments. Marked increase in HO-1 gene
expression was already demonstrated on day four after
administration of the single dose of TNBS and the expression was enhanced to a great extent after the second
and even more so after the third treatment. There was a
decline in HO-1 expression between days four and eight
in samples from the once and twice TNBS-treated rats,
although it never returned to the baseline level. However
after the third treatment there was no decline at all, but
rather a more enhanced expression of HO-1 mRNA was
detected until the post-induction day eight. HO-1 mRNA
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down-regulation in adjacent non-inflamed sites at the
same time led us to hypothesize that an early inactivation
of the endogen antioxidant defence system at the borderline of inflammation might contribute to the recurrence
of CD proximal to the inflamed gut segments observed
regularly after surgical resection[27,33,34].
In parallel with the sustained up-regulation of HO-1
mRNA expression the increase in HO-1 protein level
proved to be transient here and after the third treatment HO-1 protein expression could not be detected at
all. Therefore, we suggest a post-transcriptional control
mechanism for HO-1 expression in RRI. Recent stud-
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with CD as a crucial mediator of the mucosal defence.
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Peer review

Day 4
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Figure 5 Protein expression of heme oxygenase-1 (32 kDa) in the inflamed segments of the colon four (n = 4) and eight (n = 5) days after
TNBS treatments, compared to the controls (n = 4) (C). Four days after the
first and second treatment (1 × TNBS, 2 × TNBS) elevated heme oxygenase-1
(HO-1) protein level was detected. Than the amounts of protein in both samples
declined and eight days after the first treatment it reached already the baseline
level. Following the third treatment (3 × TNBS) HO-1 protein expression could
not be detected at all. TNBS: 2,4,6-trinitrobenzenesulfonic acid; HO-1: heme
oxygenase-1.

ies[35-37] indicate that a regulatory feedback network may
exist between HO-1 and microRNAs for controlling gene
expression at the post-transcriptional level in response
to oxidative damage[38]. However, the details of this feedback mechanism needs to be explored, we hypothesize
that HO-1 up-regulation under RRI resulted in elevated
amount of microRNAs, which in turn could lead to the
inhibition of HO-1 protein expression after the third
TNBS treatment.
In conclusion, we assumed that the alleviated mucosal and neuronal damage in the acute phase of RRI may
be associated with the posttranscriptional regulation of
HO-1 mRNA expression. Thus a better understanding
of the mechanisms and regulatory factors involved in
these regulatory processes might be of therapeutic interest.
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Abstract
AIM: To assess the diagnostic accuracy of computed
tomographic venography (CTV) for splanchnic vein
thrombosis (SVT) detection in necrotizing acute pancreatitis (AP) patients.
METHODS: Forty-three patients with necrotizing AP
who underwent both CTV and digital subtraction angiography (DSA) within 3 d were analyzed in this retrospective comparative study. All CTV procedures were
performed with a dual-source CT scanner. The presence
and location of SVT were determined via blinded imaging data analyses.
RESULTS: According to the DSA results, 17 (39.5%)
of the total 43 patients had SVT. The sensitivity, specificity, positive and negative predictive values of CTV
for SVT detection were 100% (95%CI: 77.1%-100%),
92.3% (95%CI: 73.4%-98.7%), 89.5% (95%CI:
65.5%-98.2%) and 100% (95%CI: 82.8%-100%), respectively.
CONCLUSION: CTV is an effective examination for
SVT detection in patients with necrotizing AP with high
positive and negative predictive values.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Computed tomographic venography (CTV) is
an effective examination for splanchnic vein thrombosis
(SVT) detection in necrotizing acute pancreatitis (AP)
with high positive and negative predictive values. As a
non-invasive and quick procedure, CTV might effectively replace digital subtraction angiography and be the
routine imaging method for screening and assessing
SVT in necrotizing AP patients.
Jiang W, Zhou J, Ke L, Li G, Tong ZH, Li WQ, Li JS. Splanchnic
vein thrombosis in necrotizing acute pancreatitis: Detection by
computed tomographic venography. World J Gastroenterol 2014;
20(44): 16698-16701 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i44/16698.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i44.16698

INTRODUCTION
As a well-recognized acute pancreatitis (AP) complication, splanchnic vein thrombosis (SVT) may lead to
severe clinical consequences such as hemorrhage due to
local portal hypertension and the formation of gastric
varices, small bowel ischemia due to superior mesenteric
vein (SMV) occlusion, and hepatic failure due to portal
vein (PV) occlusion[1-3]. In previous studies, the incidence
of SVT varied from 1% to 24% depending on the severity of the study population and the detecting technique
that was utilized[1]. SVT is more often associated with
necrotizing acute pancreatitis and a recent study showed
that SVT was associated with the presence, location, and
extent of pancreatic necrosis[4].
With the development of computed tomography
(CT) techniques as non-invasive and quick examinations,
computed tomographic venography (CTV) has become
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a routine procedure for assessing the abdominal vascular
system, such as collateral vessels[5,6]. Few studies, however,
have evaluated the effectiveness of this technique for
SVT detection in necrotizing AP patients. In our study,
we aimed to assess the diagnostic accuracy of CTV for
SVT detection in necrotizing AP as compared with digital
subtraction angiography (DSA).

MATERIALS AND METHODS
We reviewed data from patients diagnosed with necrotizing AP in our center from July 1, 2011 to June 30, 2013.
Those who underwent both CTV and DSA within 3 d
were included in this study. AP was diagnosed according to clinical presentation (typically abdominal pain),
laboratory parameters (serum amylase or lipase levels
that exceeded three times the normal upper limit) and abdominal imaging by contrast-enhanced CT (CECT). The
severity and pancreatic or peripancreatic necrosis were
defined according to the Determinant-Based Classification of Acute Pancreatitis Severity[7]. Patients with chronic pancreatitis, malignancy and cirrhosis were excluded.
The study center was a tertiary referral pancreatic critical
center at Jinling Hospital, Nanjing, and the local research
ethics committee approved the study.
Imaging protocols
All CTV procedures were performed with a dual-source
CT scanner (Somatom Definition, Siemens Medical
Solutions). A non-contrast CT scan of the entire abdomen was initially performed. Then, 70 mL of iopromide
(Ultravist; 300 mg I/mL, Bayer Schering Pharma, Berlin,
Germany) was injected with a power injector at a rate of
3 mL/s via an 18 gauge catheter that was typically positioned in the antecubital vein. Arterial and portal venous
phase images were acquired at a 25 s and 60 s delay from
the start of the intravenous contrast injection, respectively. Axial images were reconstructed with a slice thickness
of 1.25 mm at an interval of 0.625 mm and were stored
for analysis.
Patients underwent DSA for a continuous regional
arterial infusion, for hemorrhage spot detection or when
there was a significant clinical SVT manifestation such as
ascites. DSA was performed using Seldinger technique
through the femoral artery with a biplane digital subtraction angiography unit (Axiom Artis dTA; Siemens
Healthcare). After selective catheterization of the splenic,
superior mesenteric and inferior mesenteric arteries,
25-40 mL of iopromide (Ultravist; 300 mg I/mL, Bayer
Schering Pharma) was injected with a power injector at
a rate of 5-10 mL/s via a 5 F catheter. The views were
acquired during the hepatic arterial and portal venous
phases for analysis.
Image analysis
All image resources were stored on a commercial workstation (Syngo VE32E, Siemens Medical Solutions). Two
experienced gastrointestinal radiologists who were blind-
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Figure 1 Splanchnic vein thrombosis in necrotizing acute pancreatitis detected by computed tomographic venography. The arrow denotes the filling
defects suggesting the formation of splenic vein thrombosis. SVT: Splanchnic vein
thrombosis; AP: Acute pancreatitis; CTV: Computed tomographic venography.

ed to the clinical and DSA data, reviewed all of the CT
data separately. An experienced interventional radiologist
and an experienced endovascular gastrointestinal surgeon
who were blinded to the clinical and CT data, reviewed
all of the DSA data separately. The presence and location
of the SVT were assessed, and any diagnostic differences
between the two doctors were resolved by a discussion
after which a consensus on the results was reached.
Statistical analysis
The data analyses were performed using SPSS 20.0 (IBM
SPSS Statistics; IBM Corporation). In our study, with
DSA as the comparison, the sensitivity, specificity, positive predictive value, and negative predictive values of
CTV were determined, and 95% confidence intervals
(CIs) were calculated according to the efficient-score
model. A kappa value was used to quantify the inter-reader agreement for detecting the presence of SVT by CTV
and DSA. A P value < 0.05 was regarded as statistically
significant (two-tailed test).

RESULTS
Between July 1, 2011 and June 30, 2013, of all the 358
patients with clinical, laboratory, or radiographic AP evidence, 43 with pancreatic or peripancreatic necrosis underwent CTV and DSA within 3 d. Their mean age was
44.6 ± 13.3 years, and 30 (69.8%) of them were male.
Twenty-seven (62.8%) patients had critical AP, 5 (11.6%)
had severe AP, and 11 (25.6%) had moderate AP.
According to the DSA results, 17 (39.5%) of the 43
total patients had SVT (the SVT locations and numbers
are presented in Table 1), while according to the CTV
results, 19 (44.2%) patients had SVT. CTV identified all
of the DSA-positive cases, but it also resulted in 2 falsepositive diagnoses. Figure 1 shows a typical example of
SVT identified by CTV. One was diagnosed as a multiple
filling defect, and the other was not clearly displayed by
CTV. Thus, the CTV positive predictive and negative
predictive values for SVT detection were 89.5% (95%CI:
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Table 1 Distribution of splanchnic vein thrombosis
Location of SVT
PV isolated
SplV isolated
SMV isolated
SMV + PV
PV + SplV
SplV + SMV
SMV + PV + SplV

Table 2 Diagnostic accuracy of computed tomographic
venography in splanchnic vein thrombosis in patients with
necrotising acute pancreatitis

No. of patients
1
7
5
1
0
2
1

Findings
Positive (CTV)
Negative (CTV)
Total
Sensitivity
Specificity
Positive predictive value
Negative predictive value

SVT: Splanchnic vein thrombosis; PV: Portal vein; SplV: Splenic vein;
SMV: Superior mesenteric vein.

65.5%-98.2%), and 100% (95%CI: 82.8%-100%), respectively (Table 2). The κ value was 0.91, which indicated an
excellent inter-reader agreement.

DISCUSSION
In our study, we observed that SVT has a high incidence
in patients with necrotizing AP, and CTV has high positive and negative predictive values for detecting SVT. That
finding suggests that CTV could serve as an alternative
examination for screening and assessing SVT in this entity.
The incidence of SVT for all AP patients is relatively
low, and the complications directly related to SVT are
rare[4,8]. However, perivascular inflammation and compression by peripancreatic collections or pancreatic necrosis increase the frequency of SVT[1,2]. A retrospective
study recently showed that 53% of patients with necrosis
developed SVT[4]. Our study suggested that approximately 4 out of 10 patients with necrotizing AP have SVT.
It has been reported that SVT can lead to hemorrhage, bowel ischemia, and liver failure, but the signs and
symptoms may overlap with those of pancreatitis[2,9]. Additionally, collaterals and varices caused by SVT increase
the risk of hemorrhage during minimally invasive approaches[3]. Thus, it is important to establish a protocol
for screening SVT in patients with necrotizing AP.
DSA is an invasive and time-consuming examination that usually is performed only when the thrombosis
causes clinical conditions or is significantly suspected.
In contrast, CTV is a non-invasive and quick procedure
that can be easily added after performing CECT[10,11]. Additionally, CTV also reveals extravascular abnormalities,
mesenteric edema, and the relationship between peripancreatic necrosis and blood vessels[1]. Thus, CTV serves as
a more suitable screening tool for patients with necrotizing AP. In addition to the technical matters, CTV results
are more likely influenced by extravascular abnormalities.
In our study, CTV made 2 diagnoses that were different
from the DSA diagnoses.
One limitation of our study is that during the interval
between CTV and DSA, the splanchnic system status
may have changed. Additionally, the sample size was
not large enough and it was a single-center retrospective
study.
Although more experience should be gained to deter-
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Positive
(DSA)
17
0
17

Negative
(DSA)

Total

2
19
24
24
26
43
100% (95%CI: 77.1%-100%)
92.3% (95%CI: 73.4%-98.7%)
89.5% (95%CI: 65.5%-98.2%)
100% (95%CI: 82.8%-100%)

CTV: Computed tomographic venography; SVT: Splanchnic vein
thrombosis; AP: Acute pancreatitis; DSA: Digital subtraction angiography.

mine the role of CTV for detecting SVT in necrotizing AP
patients, our study findings suggest that CTV might effectively replace DSA and be the routine imaging method.
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Abstract
AIM: To investigate the expression of gastrokine 1
(GKN1) in normal gastric mucosa, precancerous lesions
and gastric cancer tissues, and to analyse its correlations with tumour site and pathological pattern.
METHODS: Thirty gastric cancer patients (12 cases of
diffuse type and 18 cases of intestinal type), 13 atrophic gastritis patients and 15 healthy volunteers with
almost normal gastric mucosa (superficial gastritis)
were enrolled in this study. Helicobacter pylori (H. pylori ) infection was examined in all subjects. All gastric
mucosa biopsy specimens were obtained. Cancer-adjacent specimens were taken from corresponding gastric
cancer patients. Immunohistochemistry and real-time
PCR were performed to determine the expressions of
the GKN1 protein and mRNA, respectively.
RESULTS: H. pylori infection had no significant association with age, gender, tumour site or pathological
pattern in all subjects. Compared with the superficial
gastritis and atrophic gastritis groups, the expression
of GKN1 protein (P = 0.011) and mRNA (P < 0.001) in
gastric cancer was significantly decreased. The GKN1

WJG|www.wjgnet.com

mRNA level in diffuse type gastric cancer was significantly lower than in intestinal type gastric cancer (0.296
± 0.076 vs 0.525 ± 0.164, P < 0.001).
CONCLUSION: Compared with almost normal gastric
mucosa, GKN1 expression in the gastric mucosa of
gastric cancer patients is decreased; this is associated
with progression and prognosis of gastric cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastrokine 1; Gastric cancer; Gastric mucosa; Expression
Core tip: The current study evaluated the expression of
gastrokine 1 (GKN1) in normal gastric mucosa, gastric
cancer tissues and gastric lesions. We found that GKN1
expression was decreased in gastric cancer tissues.
Furthermore, low expression of GKN1 was particularly
associated with diffuse types of gastric cancer patients.
The role of GKN1 in gastric carcinogenesis requires
further investigation.
Guo XY, Dong L, Qin B, Jiang J, Shi AM. Decreased expression
of gastrokine 1 in gastric mucosa of gastric cancer patients. World
J Gastroenterol 2014; 20(44): 16702-16706 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i44/16702.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i44.16702

INTRODUCTION
Gastric cancer is the fourth most common cancer and
second leading cause of cancer death worldwide[1,2], with
a high incidence in Asia[3]. In China, the incidence of
gastric cancer ranks third among all malignant tumours[4].
According to a study conducted by Sun et al[5], the mortality rate of gastric cancer in China is 26.3 per 100000.
The risk factors for gastric cancer include Helicobacter
pylori (H. pylori) infection, geographical location, diet,
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Table 1 Clinical characteristics and pathological data of the four groups
Group

Superficial gastritis

Case (n)
Age (yr)
Gender (male/female)
H. pylori infection (positive/negative)

Gastric cancer

15
54.3 ± 12.4
10/5
9/5

Cancer-

Diffuse type

Intestinal type

adjacent

12
57.6 ± 10.9
8/4
7/5

18
59.8 ± 11.2
12/6
10/8

30
58.9 ± 11.08
20/10
17/13

Atrophic gastritis
13
60.5 ± 10.98
8/5
7/6

H. pylori: Helicobacter pylori.

and the population’ genetic background[2,6]. However,
the aetiology of gastric cancer is unclear. Identifying the
prevalent risk factors of gastric cancer may contribute
to preventing tumour growth and spread, and could reduce the incidence and mortality. According to the classification criteria developed by Lauren in 1965[7], gastric
cancer is frequently divided into the intestinal type and
the diffuse type. The intestinal type is more common
in males and older age groups, while the diffuse type is
more common in younger age groups; the incidence has
no association with sex difference[8]. The different histological types may have different molecular changes and
aetiologies.
Gastrokine 1 (GKN1), also known as AMP18 or CA11,
has been detected recently in normal gastric mucosa, but
not in other regions of the gastrointestinal tract[9]. Decreased GKN1 expression is found in gastric cancer tissues and precancerous lesions[10,11]. In H. pylori infectioninduced lesions, GKN1 is also downregulated[12,13]. Some
studies have reported that GKN1 is involved in the
protection of gastric mucosal integrity, has roles in mucosal healing after lesions, and that the overexpression
of GKN1 in gastric cancer cells can induce apoptosis[14].
Although the function of GKN1 has not been clearly
defined in previous studies, it is strongly suggested that
GKN1 may play a role as a tumour suppressor in, and is
a biomarker for, gastric cancer[15].
In the present study, we examined the expression of
GKN1 in normal gastric mucosa, precancerous lesions
and gastric cancer tissues. The relationships between
GKN1 expression with gastric cancer histological type
and H. pylori infection were investigated.

selected as controls. Patients with other types of tumours were excluded. All subjects were examined for H.
pylori infection using the rapid urea test, C13 urea breath
test and serum antibody test. A positive diagnosis was
defined when the results of two or more methods were
positive. The clinical and pathological data are described
in Table 1.
All subjects received gastroscopy and all gastric mucosa biopsy specimens were obtained. Cancer-adjacent
biopsy specimens were taken from corresponding gastric
cancer patients, with a distance of 5 cm to the visible
edge of the tumour tissue. Each specimen was immediately frozen in liquid nitrogen for 1 h and subsequently
stored at -80 ℃ for subsequent analysis. At least three
slides were made for different areas of specimens in
each group. The Ethics Committee of the Second Affiliated Hospital of Xi’an Jiao Tong University of Medicine
College approved this study. Informed consent was obtained from all subjects.

MATERIALS AND METHODS

Real-time PCR analysis
A Trizol reagent kit (Takara, Tokyo, Japan) was used to
extract total cellular RNA from snap-frozen samples, according to the manufacturer’s protocol. Absorbance at
260 nm using an ND-1000 NanoDrop spectrophotometer (NanoDrop Technologies, Wilmington, DE, United
States) determined the concentration of the RNA.
In addition, electrophoresis on an ethidium bromidestained 1% agarose gel was used to assess RNA integrity.
The PrimeScript™ RT reagent kit (Takara) was used to
reverse transcribe the total cellular RNA at 37 ℃ for 15
min; the reaction was stopped by heat inactivation for
5 s at 85 ℃. Primer sequences used for amplification
were as follows: GKN1 upstream primer, 5’-GCTT-

Subjects
Patients with gastric cancer and precancerous lesions in
the Second Affiliated Hospital of Xi’an Jiao Tong University of Medicine School (Xi’an, China) and People’
Hospital of Yan’an (Yan’an, China) were enrolled in this
study from July 2010 to July 2012. There were 30 gastric
cancer patients (12 cases of diffuse type and 18 cases of
intestinal type) and 13 atrophic gastritis patients, who
were confirmed through pathological diagnosis by at
least two different specialists. No patient received preoperative chemotherapy or radiotherapy. Fifteen healthy
volunteers with almost normal gastric mucosa (superficial
gastritis), and without any history of gastric cancer, were
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Immunohistochemistry method
After being fixed in 10% formaldehyde, the tissues were
embedded in paraffin and then cut into slices, before being placed onto slides. Antigen retrieval was performed
in citrate buffer (pH = 6.0 ± 0.1) using the microwave
method. The slides with the primary antibody, which
were diluted 1:100 (Abcam Inc., Cambridge, MA, United
States), were left overnight at 4 ℃. On the second day,
after incubation with the second antibody for 25 min
and streptavidin/peroxidase for 30 min, colouration
analysis was performed. The results of staining were assessed quantitatively using IPP 6.0 software (Media Cybernetics, Silver Springs, MD, United States).
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RESULTS

Table 2 Tumour site and pathological pattern in the gastric
cancer group
Index
Tumour site
Pathological pattern

Upper and middle
Lower
Diffusion
Intestines

Case (n )

P value

20
10
11
19

> 0.05

Clinical characteristics and pathological data
The clinical characteristics and pathological data of the
subjects are shown in Tables 1 and 2. The relationship
between H. pylori infection and clinical pathological factors was analysed using Logistic regression. H. pylori
infection had no significant association with age, gender,
tumour site or pathological pattern in all subjects.

> 0.05

0.018

CKN1 protein expression

0.016
0.014
0.012

a

b

C

D

0.010
0.008
0.006
0.004
0.002
0.000

A

B

Figure 1 Expressions of Gastrokine 1 protein in the four groups. A: superficial gastritis; B: atrophic gastritis; C: gastric cancer; D: Cancer-adjacent. aP <
0.05 vs superficial gastritis group; bP < 0.05 vs the atrophic gastritis group.

GCCTACTCCTCTGTCCACTG-3’, downstream primer, 5’-CTCACTGACTGCTGCCCACTTCC-3’; β-actin
upstream primer, 5’-AGGAAGGAAGGCTGGAAGAGTG-3’, downstream primer, 5’-AGGAAGGAAGGCTGGAAGAGTG-3’. An iCycler iQ system (BioRad Laboratories Inc., Hercules, CA, United States) was
used for mRNA expression analysis using quantitative
real-time PCR. Real-time PCR was performed using an
ABI PRISM 7500 sequence detector and SYBR green I
chemistry (Applied Biosystems, Foster City, CA, United
States). PCR conditions were as follows: 3 min denaturation at 94 ℃ in a final volume of 25 μL, followed by 35
cycles of 95 ℃ for 30 s, 60 ℃ for 30 s and 72 ℃ for 30
s. The PCR amplification products were determined using agarose gel electrophoresis. Melt curve analysis was
performed to determine the specificity of PCR products.
All cDNA samples were analysed in duplicate. The expression of β-actin was used as the internal control. Expression levels in various biopsy specimens were quantified by calculating the initial target concentrations using
the obtained threshold cycle values. Calculation of the
fold-change in mRNA expression was performed relative to the β-actin endogenous control using the 2-△△Ct
method.
Statistical analysis
Data were expressed as means ± SD. Statistical analysis
was performed using SPSS 16.0 statistical software (SPSS
Inc., IL, United States). Tukey’s t-test or ANOVA were
used to analyse the differences between the groups. P <
0.05 was considered statistically significant.
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Expression of GKN1 protein
Expression of the GKN1 protein in gastric cancer was
significantly decreased compared with the superficial gastritis group (0.009 ± 0.001 vs 0.016 ± 0.002, P = 0.011)
and atrophic gastritis group (0.009 ± 0.001 vs 0.015 ±
0.002, P = 0.044, Figure 1). Expression of the GKN1
protein was also decreased in the cancer-adjacent group
(0.009 ± 0.001). There was no significant difference between the atrophic gastritis and superficial gastritis groups
(P = 0.803), or between the gastric cancer and cancer-adjacent groups (P = 0.354). The immunoreactions mainly
appeared in the nucleus, with hardly any staining in the
cytoplasm, of normal gastric epithelial cells, cancer cells,
inflammatory cells and gland cells (Figure 2).
Expression of GKN1 mRNA
GKN1 mRNA was weakly expressed in the gastric cancer
group (Figure 3). By contrast, GKN1 mRNA expression
was abundant in the superficial gastritis group (0.989 ±
0.181), and was significantly higher than in the gastric
cancer group (0.433 ± 0.176, P < 0.001) and canceradjacent group (0.626 ± 0.167, P < 0.001). In the atrophic gastritis group (0.819 ± 0.123), the expression level
of GKN1 was significantly lower than in the superficial
gastritis group (P = 0.011). The mRNA level of GKN1
in diffuse type gastric cancer patients was lower than in
intestinal type gastric cancer patients (Figure 4) (0.296 ±
0.076 vs 0.525 ± 0.164, P < 0.001). Compared with the
superficial gastritis group, the GKN1 mRNA levels in
the two types of gastric cancer were both decreased (P <
0.001).

DISCUSSION
GKN1 is a novel protein that is exclusively expressed in
normal gastric tissue, but absent in gastric cancer tissues.
GKN1 is located in the superficial gastric epithelium,
playing a significant role in protecting and maintaining
gastric epithelium integrity after injury. If the protein
is downregulated, the repair process may be impaired.
Recently, a number of studies have found that deficiency
of GKN1 can result in instability of the gastric epithelium. Invasive factors such as H. pylori contribute to the
downregulation of GKN1, whilst inducing ulceration
and cancer. GKN1 may play a key role in the progression of gastric cancer, and may be a potential biomarker
for the early detection of gastric cancer.
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A
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Figure 2 Immunohistochemical staining results in the four groups. A: Superficial gastritis; B: Atrophic gastritis; C: Gastric cancer; D: Cancer-adjacent.
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Figure 3 Expressions of Gastrokine 1 mRNA in the four groups. aP < 0.05
vs superficial gastritis group; cP < 0.01 vs superficial gastritis group; dP < 0.01
vs gastric cancer group; eP < 0.01 vs cancer-adjacent group.

Figure 4 Expressions of Gastrokine 1 mRNA in diffuse type and intestinal
type gastric cancer. cP < 0.01 vs superficial gastritis group; dP < 0.01 vs diffuse type gastric cancer.

The present study investigated GNK1 expression in
different mucosa biopsy specimens from gastric cancer,
cancer-adjacent lesions, atrophic gastritis and normal control subjects (superficial gastritis patients). We found that
GKN1 mRNA expression was progressively downregulated from corresponding distant non-tumour tissues to
tumour tissues, and was lower than in the control tissues
of both groups. This suggested that low or absent expression of GKN1 may contribute to gastric carcinogenesis. This is consistent with a previous study that dem-

onstrated decreased GKN1 expression in gastric cancer
tissues[16]. In addition, we analysed GKN1 expression in
two types of gastric cancer and found that the mRNA
level of GKN1 was lower in patients with diffuse type
gastric cancer. This indicates that GKN1 may be related
to tumour classification.
In conclusion, we found differential expression of
GKN1 in gastric cancer tissue, gastric lesions and normal
gastric tissue. Low expression of GKN1 was especially
detected in diffuse type gastric cancer patients. However,
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the role of GKN1 in gastric carcinogenesis requires further studies.

7
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Abstract
AIM: To investigate how complete laparoscopic anterior resection with natural orifice specimen extraction
(NOSE), as a novel minimally invasive surgery, compares to conventional laparoscopic surgery.
METHODS: Twenty patients who underwent complete
laparoscopic anterior resection with NOSE and 50 patients who underwent laparoscopic assisted anterior resection by the conventional method between 2011 and
2012 were studied. Selection for complete laparoscopic
anterior resection with NOSE was decided on the basis
of tumor size, localization of the tumor, and body mass
index. Outcomes related to surgery, including operation time, postoperative wound pain, hospital stay after
surgery, the number of totally dissected lymph nodes,
postoperative complications (suture failure and wound
infection), and anal function, were reviewed retrospectively. Anal function was assessed at 3 and 6 mo after
surgery using the Wexner fecal incontinence scoring
system.
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RESULTS: Complete laparoscopic resection with NOSE
was performed to completion in all 20 patients. There
was no patient emergency that required conversion
to conventional laparoscopic surgery or open surgery.
The comparison between complete laparoscopic resection with NOSE and conventional laparoscopic surgery
showed no significant differences in the maximal diameter of the tumor, number of totally dissected lymph
nodes, bleeding volume, mean operation time, time to
start of oral ingestion, postoperative hospital stay, and
postoperative complications. On the other hand, with
regard to pain after epidural anesthesia, the total usage
of analgesia in this novel surgical technique was 1.85 ±
1.8 times, whereas it was 5.89 ± 2.86 in conventional
laparoscopic surgery (P < 0.001). The postoperative
pain period was 1.9 ± 1.9 d in this novel surgical technique, whereas it was 3.43 ± 1.41 d in conventional
laparoscopic surgery (P < 0.004). In complete laparoscopic surgery with NOSE, the mean postoperative
follow-up period was 20 mo (range: 12-30 mo). Neither
local recurrence nor remote metastasis was observed
during the follow-up period.
CONCLUSION: Complete laparoscopic anterior resection using NOSE does not require any incision and has
excellent cosmetic properties, with mitigated postoperative pain.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Complete laparoscopic surgery; Incisionless
surgery; Natural orifice specimen extraction; Transanal
specimen extraction; Less invasive surgery
Core tip: Natural orifice specimen extraction (NOSE)
has been reported as a less invasive surgery to avoid
the problems arising from small incisions. In this study,
we present details of a surgical technique for NOSE
and the outcomes of complete laparoscopic anterior
resection using NOSE are compared with conventional
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laparoscopic anterior resection. Complete laparoscopic
anterior resection using NOSE has more advantages
in terms of cosmetic outcomes and mitigating postoperative pain compared with conventional laparoscopic
anterior resection. Based on our study, we consider
complete laparoscopic anterior resection using NOSE as
an acceptable and novel minimally invasive surgery.

Camera
12 mm port
Operator left hand
5 mm port

Operator right hand
12 mm port

Hisada M, Katsumata K, Ishizaki T, Enomoto M, Matsudo T,
Kasuya K, Tsuchida A. Complete laparoscopic resection of the
rectum using natural orifice specimen extraction. World J Gastroenterol 2014; 20(44): 16707-16713 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i44/16707.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i44.16707

INTRODUCTION
With the recent advances in minimally invasive surgery,
laparoscopic anterior resection for rectal cancer has become a common practice. However, an incision of about
5-6 cm is still made in the abdomen for resection of the
lesion or insertion of the anvil head of the automatic
anastomosis device. This incision, though small, carries
risks of postoperative wound pain, infections, adhesions
after surgery, or abdominal incisional hernia. For this
reason, an even less minimally invasive surgical technique
is required. In such a situation, natural orifice specimen
extraction (NOSE) has been introduced as a less invasive
surgery to solve the problems arising from small incisions. However, these surgical techniques have not yet
become widespread.
Therefore, we have performed complete laparoscopic
anterior resection in 20 patients through transanal extraction of the lesion without making any incision in the
abdomen, and herein describe the surgical techniques and
outcomes of this treatment.

MATERIALS AND METHODS
The ethics committee of Tokyo Medical University Hospital approved the study and written informed consent
was obtained from patients who would receive complete
laparoscopic anterior resection with NOSE. Patients
diagnosed with rectal cancer were selected for complete
laparoscopic anterior resection with NOSE using several
criteria. The indications for complete laparoscopic anterior resection with NOSE were as follows: (1) tumor
located at the distal side of the sigmoid colon to the upper side of the rectum; (2) a tumor diameter less than 5
cm and no serosal exposure, as evaluated by computed
tomography; (3) lymph node metastasis less than cN1;
and (4) no bulky mesorectum, as evaluated by a body
mass index less than 30 kg/m2. A massive tumor, surrounding lymph nodes depicted on CT, or obese patients
were excluded. A team that was proficient in various
laparoscopic colorectal procedures at our hospital since
2004 performed all the operations. NOSE surgery was
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Figure 1 Port sites.

performed since 2010. If drawing the resected bowel
intracorporeally was impossible or critical damage to
the residual rectum occurred during the drawing, the
operative procedure was converted to conventional laparoscopic surgery using the double stapling technique or
to open surgery. All patients underwent oral magnesium
citrate bowel preparation twice, 2 d before the operation. Twenty patients who underwent complete laparoscopic anterior resection with NOSE and 50 patients
who underwent laparoscopic assisted anterior resection
by the conventional method between 2011 and 2012
were studied. Parameters including the operation time,
postoperative wound pain, hospital stay after surgery, the
number of totally dissected lymph nodes, postoperative
complications, and anal function were evaluated. The anal
function was assessed at 3 and 6 mo after surgery using
the Wexner fecal incontinence scoring system. Statistical
differences were examined using the t-test and Fisher’s χ 2
test. A P value < 0.05 indicated a statistically significant
difference. The statistical analysis software used was Dr.
SPSS II for Windows.
Surgical techniques
Five ports were created (Figure 1), and a pneumoperitoneum was created at 8-10 mmHg. One 12 mm camera
port was inserted in the umbilical region or its adjacent
area, another 12 mm port was used for the lower right
abdomen, and 5 mm ports for the right and left upper
abdomen and lower left abdomen were created. The
mesosigmoid adjacent to the right common iliac artery
was exfoliated from the inside. Exfoliation was continued
cephalad, and the inferior mesenteric root was identified.
To treat the inferior mesenteric artery, high ligation was
performed; however, in some cases, the left colic artery
was preserved by low ligation, depending on the stage of
progression. The back side of the mesentery was exfoliated toward the outside as usual, and the lateral side of the
sigmoid colon was exfoliated and communicated with the
medial exfoliated layer. The descending colon should be
manipulated as much as possible; otherwise the transanal
extraction of the bowel becomes difficult or the tension
after anastomosis may cause the risk of suture failure. At
this time, the oral dissection line at 10 cm or more from
the tumor is determined, as the guidelines indicate, to
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Figure 2 Dissecting the sigmoid colon mesentery.

Figure 5 Protecting the tumor using a nylon bag.
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Figure 3 Bowel closure.

Figure 6 Grasping a 1-0 loop thread for drawing.

Tumor side

Rectal stump

Figure 4 Opening the rectum using laparosonic coagulating shears.

facilitate transanal extraction, and the marginal artery is
totally dissected in a preserving manner, confirming the
blood flow in the reconstruction bowel. The mesentery is
dissected along the superior rectal artery and vein (Figure
2), and the oral dissection line is confirmed to sufficiently
reach the pelvic floor.
Although it depends on the position of the tumor,
the rectum is exfoliated sufficiently measuring 5 cm or
longer from the tumor toward the anus. The dissection
line of the bowel towards the anal side is determined and
e trimming treatment of the mesorectum is performed.
The bowel should be closed at the tumor towards
the anal side with a 1-0 loop needle. First, the needle is
inserted in the anterior wall of the bowel up to the se-
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romuscular level, and turned to the posterior wall of the
bowel. Seromuscular suturing is performed in the contralateral bowel, and the closing ligation is made through
the loop. After tightening the loop, a Hem-o-lok clip is
attached to the thread on the needle side and the bowel
side is tightened for bondage (Figure 3). Rectal irrigation
is performed from the anus with 500 mL of physiological
saline containing povidone-iodine, and then the rectum
is opened by laparosonic coagulating shears (LCS) (Figure 4). A nylon bag is then inserted to protect the tumor
from the 12 mm port in terms of implantation or infections, and a 1-0 loop needle thread is pierced through it
(Figure 5). To exteriorize the resected bowel, the straight
grasping forceps are inserted transanally, followed by
grasping a 1-0 loop thread, and drawing it into the residual rectum (Figure 6). In doing this, butyl scopolamine
is administered intravenously, if necessary, to prevent the
residual rectum from developing a spasm. The tumor is
removed and the bowel is reconstructed from the body
transanally. The tumor is dissected towards the oral side
and the marginal artery is treated by inserting the anvil
head of the automatic anastomosis device, repositioning
the reconstructed bowel inside the body cavity (Figure
7). After sufficient irrigation of the rectal stump and pelvic cavity, purse-string suturing of the rectal stump with
a 2-0 monofilament is performed laparoscopically, and
then the anvil from the rectum is inserted and ligated for
closure, keeping the central rod out (Figure 8a and b).
When reefing of the rectal stump seems insufficient, oc-
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Figure 7 Removing the tumor transanally.
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casionally additional reefing may be performed with an
end loop. Finally, after sufficient irrigation of the pelvic
cavity, anastomosis is performed with the single staple
technique (SST), using an automatic anastomosis device.

RESULTS
Information concerning the 20 patients undergoing this
surgical technique is shown in Table 1. Patients comprised
12 men and 8 women. No patient required conversion to
conventional laparoscopic surgery or open surgery. The
maximal diameter of the tumor ranged from 10 mm to
50 mm, with a mean of 27 ± 9 mm. The comparison
with conventional laparoscopic surgery is shown in Table
2. In laparoscopic surgery, the tumor diameter ranged
from 10 mm to 90 mm, with a mean of 38.5 ± 18 mm.
Although there was no significant difference between the
new surgical technique and laparoscopic surgery, the tumor diameter was slightly smaller. The number of totally
dissected lymph nodes was 17.7 ± 7.7 in the new surgical
technique, whereas it was 17.5 ± 8.8 in conventional laparoscopic surgery, showing no significant difference.
The bleeding volume ranged from 10 mL to 245 mL
with a mean of 114 ± 72 mL. The bleeding volume in
conventional laparoscopic surgery was 120 ± 56 mL,
denoting no significant difference between the new technique and conventional laparoscopic surgery. The mean
operation time was 278 ± 39 min; the time required for
purse-string suturing was 15 ± 4 min; the mean operation
time in conventional laparoscopic surgery was 240 ± 77
min. There were no statistically significant differences between the techniques in procedure times.
The time to start oral ingestion after surgery was 4 ±
1.4 d for this surgical technique, which was not significantly different to the 4.3 ± 0.9 d for the conventional
technique. Postoperative hospital stay was 11.8 ± 1.6 d
for this surgical technique, which was not significantly
different to the 11 ± 3.2 d for conventional laparoscopic
surgery.
Regarding postoperative analgesia, in both groups,
0.75% ropivacaine was used for epidural anesthesia, and
when pain occurred, 15 mg pentazocine mixed in 100 mL
of physiological saline was administered intravenously
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Figure 8 Purse string suture of the rectal stump (A) and ligation for closure of the rectal stump (B).

after 1 h. With regard to pain after epidural anesthesia,
the total postoperative usage of analgesia in this surgical
technique was 1.85 ± 1.8 times, whereas it was 5.89 ± 2.86
in conventional laparoscopic surgery, showing a significant decrease (P = 0.001). The postoperative pain period
was 1.9 ± 1.9 d for this surgical technique, whereas it was
3.43 ± 1.41 d in conventional laparoscopic surgery, showing a significant decrease (P = 0.004).
Postoperative complications in this surgical technique
included suture failure in one patient, which was conservatively mitigated, and one patient each with ischemic
enteritis in the anastomotic part and anal pain, which were
observed early after the surgery and were conservatively
mitigated, without occurrence of surgical site infection
(SSI). In the conventional laparoscopic surgery cases, suture failure was found in four patients, and one of them
underwent colostomy. SSI was observed in 8 patients. The
postoperative follow-up period for this surgical technique
ranged from 12 to 30 mo, with a mean of 20 mo. Patients
at stage 3a and above underwent postoperative chemotherapy. Neither local recurrence nor remote metastasis
was observed during the follow-up period. In conventional laparoscopic surgery, the postoperative follow-up
period ranged from 13 to 32 mo, during which time anastomotic recurrence and remote metastasis were found in
one patient each. This surgical technique draws the tumor
from the anus; therefore, those with a low T factor were
selected, and there may be no difference in terms of radical cure between these surgical techniques, although the
background factors may vary with the patients.
Anal function was evaluated using the Wexner fecal
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Table 1 Patient information
Case

Age

Gender

Tumor size
(mm)

TNM stage

Operation
time (min)

Suturing
time (min)

1
2
3
4

63
72
47
70

F
F
F
M

30
22
35
38

T2N0
T1N0
T3N0
T3N0

214
252
315
343

13
20
24
20

10
90
10
150

5
6
7
8
9
10
11
12
13
14

62
77
65
72
65
66
70
46
56
68

M
M
M
F
M
M
F
M
F
F

20
35
38
15
26
23
20
18
22
18

T1N0
T3N0
T3N1
T1N0
T2N0
T2N0
T1N0
T1N0
T1N0
T1N0

312
256
260
345
262
280
247
277
250
291

23
17
13
15
13
18
13
18
14
11

228
200
35
203
27
120
118
92
30
145

15
16
17
18
19
20

57
40
65
77
63
60

F
M
M
M
M
M

33
15
22
50
35
25

T2N0
T1N0
T1N1
T3N0
T3N0
T2N0

267
281
355
277
215
271

8
10
9
15
13
11

95
30
245
150
192
116

Table 2 Comparison with conventional laparoscopic surgery
Conventional LAP
Age
Tumor size (mm)
Dissected lymph node
(count)
Blood loss (mL)
Operation time (min)
Count of usage of
analgesic (times)
Term of pain (d)
Orally take (d)
Hospital stay (d)
Suture failure
SSI

Complete LAP

66.3 ± 11
38.5 ± 18
17.5 ± 8.8

63.7 ± 9
27 ± 9
17.7 ± 7.7

120 ± 56
240 ± 77
5.89 ± 2.86

114 ± 72
278 ± 39
1.85 ± 1.8a

3.43 ± 1.41
4.3 ± 0.9
11.2 ± 3.2
4 cases
8 cases

1.9 ± 1.9a
4 ± 1.4
11.0 ± 3
1 case
None

a

P < 0.05, complete laparoscopic surgery vs conventional laparoscopic
surgery. SSI: Surgical site infection; LAP: Laparoscopic.

incontinence scoring system. Evaluations at 3 mo after
surgery were Score 6 in one patient, Score 1 in two patients, and Score 0 in the remaining seven patients. The
patient with Score 6 developed postoperative ischemic
change in the anastomotic part, and was improved to
Score 1 about 6 mo after surgery. At 6 mo post surgery,
only one patient had Score 1, and the other nine had
Score 0.
All patients underwent intraoperative cytodiagnosis
and culture: no floating cancer cells or bacteria were detected.

DISCUSSION
Laparoscopic surgery has become widely accepted as a
minimally invasive surgery. With the occasional adoption

WJG|www.wjgnet.com

Blood loss Complication
Anal pain
Ischemic
colitis
Leakage
Anastomotic
ulcer
-

Wexner incontinence score
3 mo
6 mo
0
0
0
6

0
0
0
1

0
1
1
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

of surgical methods such as single port surgery, natural
orifice translumenal endoscopic surgery, or NOSE, the
latter two of which do not involve making an incision in
the abdomen, minimally invasive surgery is expected to
be further developed in the future. For NOSE, the transvaginal technique has been described in terms of problems such as elasticity of the tissue or wound healing[1-5].
However, there are few reports on the transanal method.
The reasons include a cumbersome procedure to transanally draw the lesion and to reconstruct it. Wolthuis et al[6]
reported that they inserted the separation bag transanally
and drew the lesion for left colon cancer. However, it is
also reported that the resected specimen gets folded in
the bag using this method, making the diameter of the
specimen larger than that of the rectum, leading to damage to the residual rectum or the anus, which is the route
by which the tumor is removed. To solve this problem,
there is a report of a procedure to insert the wound
retractor transanally and facilitate the extraction of the
lesion[7]. The surgical technique that we have devised and
reported uses a 1-0 loop thread for closure of the tumor
towards the anal side, forming the supporting thread, and
the tumor is drawn into the rectum, thereby allowing the
tumor to be removed in the longitudinal direction against
the rectal stump, leading to easy extraction. This method
is contrary to the method of resecting the bowel after inversion, as reported by Hara et al[8] According to Katsuno
et al[9], oral dissection is done after the tumor is extracted;
thus it becomes possible to dissect directly after confirming the positional relation between the tumor and the
vessels in the mesentery. After tumor resection, the anvil
head is mounted in the reconstructed bowel extracorporeally, and is repositioned in the body cavity. Purse-string
suturing of the dissected rectum is then performed lapa-
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roscopically, and reconstruction using SST is performed.
SST was reported to have a reduced risk of suture failure
compared with the double staple technique (DST) in
some of the literature; however, other reports described
no difference between them. Even though there is no
established opinion[10,11] on this matter, it was considered
advantageous for wound healing because no staple-onstaple anastomosis was involved. The distal margin was
also considered advantageous because of homogeneity
around the entire circumference.
This method necessitates bowel incision within the
peritoneal cavity; therefore, intraoperative infections may
occur. However, there is a report stating that bowel irrigation before opening the bowel can decrease the infection risk and intraoperative opening of the bowel does
not lead to the risk of SSI[12,13].
To prevent local recurrence from opening the bowel,
we performed rectal irrigation from the anus with 500 mL
of physiological saline containing povidone-iodine and
used intraoperative cytodiagnostic procedures to confirm
that there were no cancer cells in the irrigation outflow
from the residual rectum.
We also covered the resected bowel with a nylon bag
to reduce the risk further. In fact, in patients that we have
treated, pathogenic bacteria were not detected from the
intraoperative irrigation fluid. With regard to intraoperative floating cancer cells, McKenzie et al[2] reported
that transvaginal NOSE does not pose a risk for tumor
implantation, and Ooi et al[14] stated that the protective
barrier and specimen bag can reduce the risk of tumor
implantation or local recurrence. We also performed
extraction by covering the tumor with a nylon bag to
completely prevent the risk of local recurrence, and the
intraoperative cytodiagnostic procedures performed in all
the patients indicated that no cancer cells were observed.
Operation time, bleeding volume, postoperative wound
pain, postoperative hospital stay, the number of totally
dissected lymph nodes, and postoperative complications
were compared between this method and conventional
laparoscopic surgery. There were no significant differences in bleeding volume, postoperative hospital stay,
the number of totally dissected lymph nodes, and suture
failure between both groups, indicating similar results to
conventional laparoscopic surgery. On the other hand, in
conventional laparoscopic surgery, the mean operation
time was 38 min shorter, although this was not a statistically significant difference. This may reflect the time required for purse-string suturing of the rectal stump and
the time to adequately manipulate the descending colon.
However, the mean operating time gradually decreased
with the increase in the number of treated cases, suggesting the existence of a learning curve. The postoperative
complications of this surgical technique included ischemic
enteritis of the anastomosis part and postoperative anal
pain in one patient each, which were conservatively mitigated. SSI was observed in eight patients in conventional
laparoscopic surgery, whereas there were no occurrences
in this surgical technique. Although no significant differ-
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ence was observed in the incidence of SSI, it may become
evident in the future with the accumulation of cases.
The indications for this method may require several
conditions, as described below, to perform the extraction
transanally.
Indications for transanal extraction include: the location of the primary lesion is at the distal side of the
sigmoid colon to the upper side of the rectum; the tumor
diameter is less than 5 cm; there is no serosal exposure,
as evaluated by CT; there is little metastasis of the lymph
nodes; and there is no bulky mesorectum, as evaluated by
a body mass index less than 30 kg/m2. Those with a massive tumor or surrounding lymph nodes depicted on CT
were excluded because of the difficulty of transanal extraction. Sufficient exfoliation and manipulation up to the
splenic flexure are necessary to remove the tumor and to
reconstruct the bowel transanally out of the body. If the
sigmoid colon has sufficient length, the surgery becomes
much easier. If these conditions are not fulfilled, insufficient resection of the proximal margin or damage to
the mesentery of the reconstructed bowl from excessive
traction of the resected bowel may occur. If the resection
line towards the anal side is ≥ 2 cm lower than the peritoneal reflection, laparoscopic purse-string suturing may
be technically difficult; in such cases, sufficient exfoliation
of the rectum towards the anal side is necessary.
For these reasons, the difficulty level and the pros and
cons of the surgery tend to be dependent on the location
of the tumor and the degree of progression. The best
indication is for a patient with a tumor of less volume,
located in the vicinity of the rectosigmoid segment, and
length of the sigmoid colon has sufficient margins.
Despite the existence of the above conditions, this
method, compared with the conventional method, had a
significantly lower frequency of postoperative analgesic
usage and shorter postoperative pain period because it
does not involve the creation of an incision. Even though
no significant difference could be established because of
the small number of patients and no complications of
SSI were observed, it can be inferred that there may be
a sufficient advantage in not making any incision. With
regard to the number of totally dissected lymph nodes or
postoperative recurrence, no significant differences were
observed, and with regard to radical curation and safety,
this method was equivalent to the conventional method
in these 20 patients. Therefore, we concluded that this
method can be accepted as a minimally invasive surgery
for rectal cancer or sigmoid colon cancer.
In conclusion, we have performed complete laparoscopic anterior resection using the NOSE method in 20
patients with rectal cancer. This method does not require
any incision in the abdomen, and has excellent cosmetic
properties with mitigated postoperative pain. Therefore,
we this technique should be accepted as a novel minimally invasive surgery. This surgical technique may require
several conditions, and it will be necessary to establish
this technique and indications based on further examination and accumulation of more cases.
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Background

Recently, laparoscopic anterior resection for rectal cancer has become a common practice. However, a small incision is still made in the abdomen to resect
the tumor. This small incision causes postoperative wound pain, and has risks
of infections, adhesions after surgery, or incisional herniation.
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At present, natural orifice specimen extraction (NOSE) has been reported as a
less invasive surgery to solve complications caused by creating incisions.
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Research frontiers

Innovations and breakthroughs

The present study showed that complete laparoscopic anterior resection with
NOSE is the same as conventional laparoscopic anterior resection in terms of
safety and oncological outcome, does not require any incision in the abdomen,
and has excellent cosmetic properties.

Applications

7

NOSE for colorectal cancer can avoid making any incision to extract the specimen. The method of extracting the specimen is the most important process
in NOSE surgery. We describe an easy way to extract the specimen without
causing residual rectal injury. This should allow NOSE surgery to be applied in
treating various diseases.

8

NOSE for colorectal cancer can avoid making incisions to extract the specimen.
Complete laparoscopic anterior resection with NOSE is the same as conventional laparoscopic anterior resection in terms of surgical outcomes, and had
a significantly lower frequency of postoperative analgesic usage and shorter
postoperative pain period, as it does not involve making any incision.

9

Terminology

Peer review

This study reported the detailed surgical procedures and benefits of laparoscopic rectal surgery with the NOSE technique. This method, as an advanced
minimally invasive surgery, seems to be quite attractive and may hold a high
position among previously reported NOSE techniques.
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Abstract
AIM: to evaluate the clinical utility of hepatic clearance (HC) measured with technetium-99m-diethylenetriaminepenta-acetic acid-galactosyl human serum
99m
albumin ( Tc-GSA) single-photon emission computed
tomography (SPECT) to estimate the degree of liver
fibrosis.
METHODS: Seventy-eight consecutive patients who
underwent initial hepatectomy due to hepatocellular
carcinoma were enrolled in this study. Indocyanine
green clearance (ICG R15), quantitative indices esti99m
mated by
Tc-GSA [the receptor index (LHL15 and
HH15) and HC via SPECT analysis], and conventional
liver function tests were performed before hepatectomy. Correlations among the quantitative indices for liver
functional reserve, conventional liver function tests, and
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the degree of liver fibrosis were evaluated.
RESULTS: The degree of liver fibrosis was correlated
with ICG R15, HH15, LHL15, and HC. HC showed the
best correlation with conventional liver function tests. According to multivariate analysis, HC and LHL15 were significant independent predictors of severe fibrosis. HC was
the most valuable index for predicting severe fibrosis.
CONCLUSION: HC measured with 99mTc-GSA SPECT
is a reliable index for assessing liver fibrosis before
hepatectomy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Fibrosis; Technetium-99m-diethylenetriaminepenta-acetic acid-galactosyl human serum albumin; Single-photon emission computed tomography;
Hepatic clearance; Liver resection
Core tip: This retrospective study evaluated the clinical
utility of hepatic clearance measured with technetium99m-diethylenetriaminepenta-acetic acid-galactosyl hu99m
man serum albumin ( Tc-GSA) single-photon emission
computed tomography for estimating the degree of
99m
liver fibrosis. We demonstrated that
Tc-GSA hepatic
clearance showed strong correlations with the degree
of liver fibrosis and conventional liver function tests.
It is a reliable index for assessing severe liver fibrosis.
We believe that this quantitative index can yield a more
accurate estimation of liver fibrosis compared with currently used measures before hepatectomy for hepatobiliary surgeons.
Taniguchi M, Okizaki A, Watanabe K, Imai K, Uchida K, Einama T, Shuke N, Miyokawa N, Furukawa H. Hepatic clearance
measured with 99mTc-GSA single-photon emission computed tomography to estimate liver fibrosis. World J Gastroenterol 2014;
20(44): 16714-16720 Available from: URL: http://www.wjgnet.
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INTRODUCTION
Liver fibrosis is a negative predictive factor for postoperative hepatic failure[1-3]. Cirrhosis is a well-known risk
factor for postoperative hepatic failure[1,3,4]. Moreover,
morbidity and mortality are high for patients with severe
liver fibrosis undergoing liver resection[2,5,6]. Therefore,
the accurate preoperative estimation of the extent of
hepatic fibrosis is essential for successful liver surgery.
Although many liver fibrosis indicators have been proposed for preoperative evaluation[7-10], the best indicator
for evaluating liver fibrosis has not yet been established.
Technetium-99m-diethylenetriaminepenta-acetic
acid-galactosyl human serum albumin (99mTc-GSA) liver
scintigraphy reflects the liver functional reserve and is reported to correlate with several hepatic function tests[11,12].
However, few available analyses can determine the degree
of liver fibrosis. Single-photon emission computed tomography (SPECT) analysis in 99mTc-GSA liver scintigraphy, which can evaluate GSA accumulation in the liver,
was also developed to investigate liver function[13]. These
analyses calculate hepatic clearance (HC) with the outline
extraction method, using a program based on a radiopharmacokinetic model, as described by Shuke et al[14,15].
In this study, we investigate the contribution of HC
measured with 99mTc-GSA SPECT to assess liver fibrosis.

MATERIALS AND METHODS
Patients
Between January 2011 and March 2014, 78 consecutive patients who underwent an initial hepatectomy due
to hepatocellular carcinoma were enrolled in this study.
The surgery was performed within 1 wk after 99mTc-GSA
liver scintigraphy examination, and conventional tests
were performed. All procedures were performed after
informed consent was received from the patients and
after approval from the Ethics Committee of Asahikawa
Medical University Hospital was obtained. This study was
performed in accordance with the ethical standards established in the 1964 Declaration of Helsinki.
99m

Tc-GSA liver scintigraphy and the receptor index
Tc-GSA liver scintigraphy was scheduled for the patients on the day before their hepatectomy. 99mTc-GSA
was supplied by Nihon Medi-Physics (Nishinomiya, Japan). After the intravenous injection of 185 MBq 99mTcGSA, dynamic imaging was performed with the patient
in the supine position. LHL15 was calculated by dividing
the radioactivity of the region of interest (ROI) of the
liver by the radioactivity of the ROI of the liver and the
heart 15 min after injection. HH15 was calculated by dividing the radioactivity of the ROI of the heart 15 min
after injection by the radioactivity of the ROI of the
99m
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heart 3 min after injection[16,17].
SPECT analysis in 99mTc-GSA liver scintigraphy
Dynamic SPECT was performed using a dual-head gamma camera system equipped with low-energy, generalpurpose collimators and a dedicated data processing unit
(Millennium VG, GE, Tokyo, Japan). The in-plane spatial
resolution of this system was 14 mm full width at halfmaximum. After fasting overnight, the patient was placed
in a supine position to ensure that the liver and lower
part of the heart were within the detectors’ field of view.
99m
Tc-GSA (185 MBq) was injected intravenously as a
bolus. After it was confirmed that the entire liver was
covered by the detector’s view, dynamic SPECT data acquisition was started 1 min after injection and continued
for 20 rotations in a 180º continuous rotation mode with
an acquisition time of 1 min per rotation. In each rotation, the data from 60 projections were recorded in a 64
× 64 matrix (pixel size = 68.84 mm × 8.84 mm). SPECT
images were reconstructed with a filtered back-projection
method using a ramp filter after preprocessing with a
Butterworth filter (cutoff frequency = 0.40 cycle per centimeter; order of 8) to obtain 8.84-mm-thick transaxial
SPECT images. HC was determined from the SPECT
data and was calculated with the outline extraction method using a program based on a radio pharmacokinetic
model, as described by Shuke et al[14,15].
Conventional liver function tests
The serum albumin (Alb), total bilirubin (T-bil), and cholinesterase (Ch-E) levels; prothrombin time international
normalized ratio (PT-INR); and platelet count (Plt) were
measured in the peripheral blood before hepatectomy.
The indocyanine green (ICG) test was conducted preoperatively, and the ICG clearance (ICG R15) was calculated using standard methods. The model for end-stage liver
disease (MELD) score[18] and the Child-Turcotte-Pugh
(CTP) score[19] were used as indices of liver dysfunctions.
Histopathological features of liver specimens
Liver fibrosis was diagnosed using surgical specimens,
which were resected at a distance from the tumors. The
degree of hepatic fibrosis was assessed and graded 0-6
according to the Ishak classification for chronic hepatitis[20]: 0: no fibrosis; 1: fibrous expansion of some portal
areas, with or without short fibrous septa; 2: fibrous
expansion of most portal areas, with or without short
fibrous septa; 3: fibrous expansion of most portal areas
with occasional portal-to-portal bridging; 4: fibrous expansion of portal areas with marked bridging (portal to
portal as well as portal to central); 5: marked bridging
(portal to portal and/or portal to central) with occasional
nodules; and 6, cirrhosis, probable or definite. Scores of
0, 1, 2, and 3 were considered to reflect nonsevere fibrosis. Scores of 4, 5, and 6 were recorded as severe fibrosis.
Tumor size, tumor number, and tumor vascular invasion
(portal vein, hepatic artery, and hepatic vein) were evaluated using surgical specimens.
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Table 1 Patient characteristics

Table 2 Correlations between the degree of liver fibrosis and
quantitative indices for liver functional reserve
n = 78

Variables
Age (yr)
Gender (male/female)
HBs-Ag (+/-)
HCV-Ab (+/-)
Alcohol abuse (+/-)
NASH (+/-)
Diabetes mellitus (+/-)
Hyperlipidemia (+/-)
Platelets (× 104/mm3)
Prothrombin time (INR)
Albumin (g/dL)
Total bilirubin (mg/dL)
Cholinesterase (U/L)
Tumor size (cm)
Tumor number
Tumor vascular invasion (+/-)
Ishak classification 0/1/2/3/4/5/6
MELD score
CTP score
ICG R15 (%)

66.7 ± 10.3
63/15
26/52
21/57
10/68
14/64
25/73
18/60
16.6 ± 7.0
1.05 ± 0.11
4.0 ± 0.6
0.8 ± 0.3
248 ± 70
49.6 ± 36.9
1.2 ± 0.5
21/57
14/11/8/18/4/13/10
5.3 ± 1.3
5.2 ± 0.2
11.6 ± 6.0

ICG R15
HH15
LHL15
HC

P value

0.330
0.272
-0.198
-0.598

0.003
0.016
0.083
< 0.00001

The degree of liver fibrosis was correlated with ICG R15, HH15, and
HC. ICG R15: Indocyanine green dye retention at 15 min; HC: Hepatic
clearance.

correlated with HC.

HBs-Ag: Hepatitis B surface antigen; HCV-Ab: Hepatitis C virus antibody;
NASH: Nonalcoholic steatohepatitis; MELD score: Model for end-stage
liver disease score; CTP score: Child-Turcotte-Pugh score; ICG R15:
Indocyanine green dye retention at 15 min.

Statistical analysis
The data are expressed as the mean ± sd unless otherwise stated. The data were analyzed using the MannWhitney U test, Pearson’s correlation coefficient, and linear regression. These statistical analyses were performed
using SPSS 11.0 for Windows (SPSS, Chicago, IL, United
States). The receiver operating characteristic (ROC) curve
for calculating the area under the ROC curve (AUC) and
interactive dot diagrams were created using MedCalc
(software, 12.7.4; Ostend, Belgium).

RESULTS
Patient characteristics
The clinical characteristics of all participating patients
are listed in Table 1. The mean age of the 78 patients
was 66.7 ± 10.3 years, and there were 63 men. Of the 78
patients, 71 had chronic liver disease (chronic hepatitis
B, n = 26; chronic hepatitis C, n = 21; non-alcoholic steatohepatitis, n = 14; and alcoholic hepatitis, n = 10). The
remaining patients were diagnosed with normal livers.
Concerning the degree of hepatic fibrosis, 10 patients
were graded 6, 13 were graded 5, 4 were graded 4, 18
were graded 3, 8 were graded 2, 11 were graded 1, and 14
were graded 0. The mean ICG R15 was 11.6 ± 6.0.
Correlations between the degree of liver fibrosis and
quantitative indices of liver functional reserve
Table 2 shows the correlations between the degree of
liver fibrosis and preoperative liver function parameters.
The degree of liver fibrosis was positively linearly correlated with ICG R15 and HH15 and negatively linearly
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Correlations between quantitative indices for liver
functional reserve and conventional liver function tests
As Table 3 shows, we evaluated the correlations between
the preoperative parameters for liver function and conventional liver function tests. LHL15 was correlated with
platelet count (r = 0.235, p = 0.038) and albumin level (r
= 0.263, p = 0.020), and HH15 was correlated with total
bilirubin level (r = 0.289, p = 0.010) and cholinesterase
level (r = -0.263, p = 0.020). HC was correlated with
all conventional liver function tests after liver resection:
platelet count (r = 0.348, p = 0.002), prothrombin time (r
= -0.287, p = 0.011), albumin level (r = 0.233, p = 0.040),
total bilirubin level (r = -0.345, p = 0.002), and cholinesterase level (r = -0.419, p = 0.0001).
Univariate and multivariate stepwise regression analysis
of various factors affecting liver fibrosis
Univariate analysis showed that platelet count (p < 0.001),
prothrombin time (p = 0.032), total bilirubin level (p =
0.001), tumor size (p = 0.042), MELD score (p = 0.009),
ICG R15 (p = 0.019), LHL15 (p = 0.042), HH15 (p =
0.0004), and HC (p < 0.0001) were significant predictors
of severe cirrhosis. When we entered platelet count, prothrombin time, total bilirubin level, tumor size, MELD
score, ICG R15, LHL15, HH15, and HC into a multivariate logistic regression model to identify variables with independent predictive value for severe fibrosis, we found
that HC and LHL15 were the significant independent
predictors (Table 4).
ROC curve and interactive dot diagrams of HC and
LHL15 for the diagnosis of severe fibrosis
In Figure 1, we present the ROC curves for each of the
2 variables, HC and LHL15, that were identified as the
significant independent predictors of severe fibrosis. The
AUC of the ROC curves for HC and LHL15 were 0.826
and 0.641, respectively. There was a significant difference
between the two values (p = 0.0146). Based on the analysis employing interactive dot diagrams, the cutoff values
for predicting severe cirrhosis with the highest sensitivity
and specificity were 298 (sensitivity, 77.8%; specificity,
84.3%) for HC and 0.926 (sensitivity, 74.1%; specificity,
60.8%) for LHL15.
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Table 3 Correlations between quantitative indices for liver functional reserve and conventional liver function tests
ICG R15
Platelets (× 104/mm3)
Prothrombin time (INR)
Albumin (g/dL)
Total bilirubin (mg/dL)
Cholinesterase (U/L)

LHL 15

HH 15

HC

r

P value

r

P value

r

P value

r

-0.160
0.082
-0.044
0.204
-0.113

0.161
0.473
0.703
0.073
0.324

0.235
-0.122
0.263
-0.217
0.221

0.038
0.289
0.020
0.057
0.052

-0.185
-0.016
-0.123
0.289
-0.263

0.105
0.888
0.285
0.010
0.020

0.348
-0.287
0.233
-0.345
0.419

P value
0.002
0.011
0.040
0.002
0.0001

LHL15 was correlated with platelet count and albumin level. HH15 was correlated with total bilirubin level and cholinesterase level. HC was correlated
with all conventional liver function tests. ICG R15: Indocyanine green dye retention at 15 min; HC: Hepatic clearance.

Table 4 Univariate and multivariate analyses of variables predictive of severe fibrosis
Variable

P value

Severe fibrosis

Gender (male/female)
Age (yr)
HBs-Ag (+/-)
HCV-Ab (+/-)
Alcohol abuse (+/-)
NASH (+/-)
Platelets (× 104/mm3)
Prothrombin time (INR)
Albumin (g/dL)
Total bilirubin (mg/dL)
Cholinesterase (U/L)
Tumor size (cm)
Tumor number
Tumor vascular invasion (+/-)
MELD score
CTP score
ICG R15 (%)
LHL 15
HH 15
HC

Yes (n = 27)

No (n = 51)

Univariate analysis

23/4
66.5 ± 10.0
10/17
10/17
2/25
4/23
12.7 ± 3.9
1.09 ± 0.12
4.0 ± 0.6
0.9 ± 0.3
234 ± 75
3.5 ± 1.6
1.1 ± 0.4
5/22
5.8 ± 1.1
5.3 ± 0.6
14.3 ± 6.1
0.901 ± 0.044
0.648 ± 0.068
263.3 ± 90.4

Nov-40
66.8 ± 10.5
16/35
11/40
8/43
10/41
18.7 ± 7.4
1.03 ± 0.10
4.1 ± 0.6
0.7 ± 0.3
255 ± 68
5.7 ± 4.2
1.2 ± 0.6
16/35
5.1 ± 1.2
5.2 ± 0.4
10.2 ± 5.5
0.935 ± 0.024
0.556 ± 0.067
381.1 ± 96.7

0.474
0.950
0.616
0.145
0.301
0.602
< 0.001
0.032
0.388
0.001
0.229
0.042
0.543
0.226
0.009
0.685
0.019
0.042
0.004
< 0.001

Multivariate analysis

0.096
0.223
0.354
0.137

0.183
0.041
0.053
0.030

Platelet count, prothrombin time, total bilirubin level, tumor size, MELD score, ICG R15, LHL15, HH15, and HC were significant predictors of severe
cirrhosis in the univariate analysis. In the multivariate analysis, HC and LHL15 were the significant independent predictors. HBs-Ag: Hepatitis B surface
antigen; HCV-Ab: Hepatitis C virus antibody; NASH: Nonalcoholic steatohepatitis; MELD score: Model for end-stage liver disease score; CTP score: ChildTurcotte-Pugh score; ICG R15: Indocyanine green dye retention at 15 min; HC: Hepatic clearance.

DISCUSSION
In the current study, we demonstrated correlations between the degree of liver fibrosis and ICG R15, HH15,
LHL15, and HC. Among these indicators, HC showed
the best correlation with conventional liver function tests.
HC was the most valuable index for predicting severe
cirrhosis. An HC of 298 could be used to predict severe
cirrhosis.
The degree of liver fibrosis is a negative predictor
of liver regeneration and the restoration of liver function after liver resection[9]. Therefore, estimating the liver
functional reserve, which is a reflection of liver fibrosis,
is important. Several laboratory variables, such as prothrombin time and cholinesterase, have prognostic value
in chronic liver disease[21]. In addition, the Alb level, T-bil
level, and prothrombin time are the most useful routine
laboratory tests for establishing a prognosis for hepatitis
patients[22]. However, none of these laboratory variables
reflects liver fibrosis directly. As a result, these variables
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cannot be used as indices for determining the extent of
liver resection for patients with liver tumors. In contrast,
several studies have evaluated the liver functional reserve
before hepatectomy[23-25]. In particular, the indocyanine
green (ICG) clearance test has been widely used to evaluate liver functional reserve[25,26] for liver resection. However, it does not provide quantitative parameters. Moreover,
there are occasional discrepancies between the ICG clearance values and histologic findings in the liver because of
the imbalance of portal inflow or portasystemic shunts.
Such discrepancies make direct assessments of the extent
of liver fibrosis difficult. Therefore, a new method to estimate the liver functional reserve that accurately reflects
the degree of fibrosis is required.
The asialoglycoprotein receptor (ASGPR) is localized on hepatocytes and is involved in the clearance of
glycoproteins containing terminal galactose residues
from the circulation[27,28]. The expression of this receptor
decreases according to the number of functional hepatocytes. Therefore, liver scintigraphy with 99mTc-GSA,
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Parameter
HC
LHL15
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AUC

95%CI

0.826
0.641

0.723-0.902
0.524-0.746

100

HC

700

LHL15

1.0

600

80

Sensitivity

Sensitivity: 74.1
Specificity: 60.8
Criterion ≤ 92.6

Sensitivity: 77.8
Specificity: 84.3
Criterion ≤ 298

0.9

500

60

400
40

0.8

300
20

200

HC
LHL15

0

0.7

100
0

20
40
60
100-specificity

80

100

Severe fibrosis (-)

Severe fibrosis (+)

Severe fibrosis (-)

Severe fibrosis (+)

Figure 1 Receiver operating characteristic curve and interactive dot diagrams of hepatic clearance and LHL15 for the diagnosis of severe fibrosis. A: ROC
analysis for HC and LHL15. There was a significant difference between the two values (P = 0.0146); B: Interactive dot diagrams showing HC predicts severe cirrhosis. The cutoff value for predicting severe cirrhosis with the highest sensitivity and specificity was 298 (sensitivity, 77.8%; specificity, 84.3%) for HC. The horizontal
line indicates the cutoff point with the best separation between the 2 groups (severe fibrosis+, severe fibrosis-); C: Interactive dot diagrams showing LHL15 predicts
severe cirrhosis. The cutoff value for predicting severe cirrhosis with the highest sensitivity and specificity was 0.926 (sensitivity, 74.1%; specificity, 60.8%) for LHL15.
The horizontal line indicates the cutoff point with the best separation between the 2 groups (severe fibrosis+, severe fibrosis-). AUC: Area under the ROC curve; ROC:
Receiver operating characteristic; HC: Hepatic clearance.

an analog of asialoglycoprotein, enables the quantitative
evaluation of liver functional reserve. SPECT analysis in
99m
Tc-GSA liver scintigraphy, which allows the evaluation
of GSA accumulation in the liver, was also developed to
investigate liver function[13]. 99mTc-GSA HC, which is determined based on SPECT data, demonstrates the precise
distribution of ASGPR in the liver, thereby providing an
accurate calculation of liver functional reserve[29]. In this
study, 99mTc-GSA HC showed a correlation with conventional liver function tests and the extent of liver fibrosis
that was better than that of LHL15 or HH15. LHL15
and HH15, which are hepatic uptake and blood clearance
ratios in 99mTc-GSA liver scintigraphy, are the simplest
and most commonly used variables. However, they may
be insufficient for accurately estimating the degree of
liver fibrosis because these indices are calculated from
planar scintigraphic images, which do not correctly reflect
hepatocyte volume. In contrast, 99mTc-GSA HC measured
by SPECT analysis contains volumetric information and
may correctly estimate the hepatocyte volume, thus reflecting the degree of liver fibrosis.
In liver surgery, the risk of perioperative complications is generally believed to increase when the remnant
liver volume (RLV) is excessively small[30]. Therefore,
reports have advocated preoperatively assessing RLV
with CT volumetry[31]. However, CT volumetry can never
reflect the function of the remnant liver, especially in
patients with parenchymal disease[30,32], such as chronic
hepatitis or cirrhosis. Additionally, several reports concerning 99mTc-GSA SPECT findings have indicated that
regional function is not necessarily uniform throughout
the liver[33,34], suggesting that an accurate estimation of
regional liver function is more important for predicting
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postoperative liver functional reserve. In this study, 99mTcGSA HC strongly reflected the degree of liver fibrosis.
Therefore, we believe that using the combined 99mTcGSA HC and CT volumetric measurements of the remnant liver can evaluate remnant liver functional reserve
after hepatectomy[35]. Further studies are needed to test
this hypothesis.
In conclusion, we demonstrated that HC measured
with 99mTc-GSA SPECT showed correlations with the
degree of liver fibrosis and conventional liver function
tests. 99mTc-GSA HC was the most valuable index for
predicting severe fibrosis. It could yield a more accurate
estimation of liver fibrosis compared with currently used
measures before hepatectomy for hepatobiliary surgeons.
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tion of the SEMS was observed in two patients (20.0%),
both of whom had previous endoscopic balloon dilatation before SEMS insertion.

Abstract

Core tip: Partially covered self-expandable metallic
stents had a safe and favorable outcome in the treatment of naïve benign pyloric obstruction and in salvage
treatment after balloon dilatation failure.

AIM: to evaluate the safety and efficacy of partially
covered self-expandable metallic stents (SEMSs) in benign pyloric obstruction.
METHODS: We retrospectively analyzed data from 10
consecutive patients with peptic ulcer-related pyloric
obstructive symptoms (gastric outlet obstruction scoring system (GOOSS) score of 1) between March 2012
and September 2013. The patients were referred to
and managed by partially covered SEMS insertion in
our tertiary academic center. We assessed the technical
success, symptom improvement, and adverse events
after stenting.
RESULTS: Early symptoms were improved just 3 d
after SEMS placement in all 10 patients. The GOOSS
score of all patients improved from 1 to 3. There were
no serious immediate adverse events. The overall rate
of being symptom free was 90% at a median of 11
mo of follow-up (range: 4-43 mo). Five patients were
managed by a rescue SEMS because of failure of previous endoscopic balloon dilatation. Among them, four
patients had sustained symptom improvement after the
SEMS procedure. During the follow-up period, migra-
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CONCLUSION: Despite the small number in this study,
partially covered SEMSs showed a favorable and safe
outcome in the treatment of naïve benign pyloric obstruction and in salvage treatment after balloon dilatation failure.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
The causes of benign pyloric obstruction are peptic ulcer, anastomotic structures after gastric surgery, corrosive
injury, and stricture secondary to intervention. Among
these, peptic ulcer disease is the most common etiology
of benign pyloric obstruction[1]. Patients with pyloric
obstruction have discomfort with dyspepsia, abdominal
bloating, nausea, and vomiting, which results in weight
loss and a poor quality of life.
Surgery has been the conventional treatment for the
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benign pyloric obstruction[2]. However, it carries a significant risk of postoperative comorbidity and is not always
suitable for patients in a poor condition, or for elderly
people. Endoscopic balloon dilatation was first conducted
by Benjamin et al[3]. This procedure has the advantage of
being relatively simple for both patients and endoscopists
in the treatment of pyloric obstruction. However, the efficacy of balloon dilatation is controversial[4-7]. The selfexpandable metal stent (SEMS) was originally developed
for treatment of malignant obstruction of the esophagus,
colon, and gastric outlet. This treatment showed favorable results comparable to those of surgery for palliation
and as a bridge to surgery[8,9]. However, there are few
reports on SEMS in benign pyloric obstruction[10,11]. In
addition, the partially covered SEMS, which was developed for overcoming the disadvantage of covered or uncovered SEMS, has not been validated for the treatment
of benign pyloric obstruction. The aim of this study was
to evaluate the safety and efficacy of partially covered
SEMSs in benign pyloric obstruction.

MATERIALS AND METHODS
Patients
We retrospectively analyzed data from 10 consecutive patients with peptic ulcer and outlet obstruction referred to
and managed by SEMS insertion in our tertiary academic
center between March 2012 and September 2013. These
patients had a common obstructive symptom of frequent
vomiting even with a liquid diet. The benign pyloric obstruction was shown by endoscopic biopsy and imaging
study. In all patients, the endoscope could not be passed
through the obstructed lumen. All the patients were recommended to undergo surgical treatment initially. However, these patients wanted to undergo endoscopic treatment rather than surgical treatment. Some patients had
undergone prior endoscopic balloon dilatation with poor
results. This study was approved by the ethics committee
of Kyungpook National University Hospital.
SEMS procedure
After the patient was sedated, an endoscope (CF- Q160J;
Olympus Optical Co.) was inserted through the stomach
with fluoroscopic guidance. After identifying the obstructive pyloric lesion, a biliary guidewire (Jagwire, Boston
Scientific Co.) was passed through the working channel of the endoscope. A water-soluble contrast medium
(Gastrografin, Bracco Co.) was then injected through the
obstructed lumen and the length of the obstruction was
measured directly using the guidewire by fluoroscopy. The
heavy wire was placed and the delivery system advanced
into position under fluoroscopy and endoscopy. A partially covered SEMS was used for all cases. After ascertaining
that the position of the delivery system under fluoroscopy
and endoscopy was correct, the stent was released from
the distal end toward the stricture. After placing the stent,
a water-soluble contrast was injected through the stent
to check its passage through the stent under fluoroscopy.
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Good expansion and position of the stent were confirmed by serial abdominal plain radiography.
Evaluation of subjective symptoms after SEMS
The subjective obstructive symptoms of the patient were
evaluated with the gastric outlet obstruction scoring system (GOOSS)[12]. The GOOSS value was assigned on
a 4-point scale: 0, no oral intake; 1, liquids only; 2, soft
solids only; 3, low residue or full diet. The GOOSS score
was assessed before and 3 d after the procedure. After
discharge, subjective symptoms including GOOSS score
and position of the stent by abdominal plain radiography
were evaluated at the outpatient department at 1, 2, and 3
mo after the SEMS procedure. If the patients had good
subjective symptoms with a GOOSS score of 3, the
SEMS was planned to be removed under endoscopy and
fluoroscopic guidance at 3-6 mo after insertion.

RESULTS
Baseline characteristics of the patients
Nine of the 10 patients who underwent SEMS insertion
were men. The median age at index endoscopy was 56
years (range: 40-71 years). The causes of benign pyloric
obstruction were duodenal ulcer in four patients (40.0%)
and both gastric and duodenal ulcers in six patients. Five
patients underwent endoscopic balloon dilation prior to
SEMS insertion (Table 1).
Clinical outcomes and complications
Technical success was achieved in all the 10 patients.
The total procedure time was 20.5 ± 11.7 (mean ± SD)
minutes. Early symptom improvement at 3 d after SEMS
was excellent with a GOOSS score of 3 in all 10 patients.
There were no immediate complications such as serious
bleeding, bowel perforation, or procedure-related mortality during the SEMS insertion. During follow-up, migrations of the SEMS were observed in two patients (20.0%)
(Table 1). In one patient (case number 10), the SEMS migrated 1 day after the procedure. An additional secondary
SEMS was inserted at 5 d after the migration of initial
SEMS. However, the secondary SEMS also migrated 10
d later. In another patient (case number 8), the SEMS migrated 1 mo after the procedure. However, the symptoms
in these two patients were not aggravated after migration
of the stent after 4 and 10 mo of follow-up. The overall
rate of being symptom free was 90% at a median of 11
mo of follow-up (range: 4-43 mo).
Removal of the SEMS
The removal of the SEMS was performed 3-6 mo after
insertion. However, in one patient (case number 2), removal of the SEMS was impossible because the SEMS
adhered to adjacent duodenal mucosa. This patient was
carefully observed without complications or symptom
aggravation during 17 mo of follow-up. The symptoms
in another patient (case number 6) decreased to a GOOSS score of 2 after removal of the stent. One patient
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Table 1 Patient characteristics and results of partially covered self-expandable metal stent
Case Sex/age (yr)
No.

Etiology

Number
Stent name,
of prior
company
endoscopic
balloon
dilatation

1
2
3
4
5
6
7
8
9

M/64
M/49
M/68
M/51
M/52
M/40
F/71
M/44
M/71

DU
DU + GU
DU + GU
DU
DU + GU
DU + GU
DU
DU + GU
DU + GU

No
No
No
No
No
2
1
1
1

10

M/59

DU

1

Stent
diameter
(mm)

Stent length
(mm)

Symptom
1
change

Adverse
event

Duration
of stenting
(mo)

Removal of
stent

Follow up
duration
(mo)

Niti-S
Hanaro
Hanaro
Hanaro
Hanaro
Niti-S
Bona
Niti-S
Hanaro

20
20
20
20
20
20
22
20
20

120
70
130
90
110
120
120
120
130

No
No
No
No
No
No
No
Migration
No

6
17
6
6
6
4
19
1
4

Yes
No2
Yes
Yes
No
Yes
No
NA
No4

22
17
12
8
5
43
19
10
4

Hanaro

20

90

1->3
1->3
1->3
1->3
1->3
1 - > 3 - > 23
1->3
1->3
1->3->
1 - > 34
1- > 3

Migration

10 d

NA

4

1

Evaluated by gastric outlet obstruction scoring system (GOOSS) score; 2Failure of removal of stent; 3Aggravated symptoms by GOOSS score 3 to 2 after
removal of stent; 4Symptoms were aggravated by GOOSS score 3 to 1 after removal of stent. After stent was reinserted 2 mo later, the symptoms were
improved by GOOSS score 1 to 3. DU: Duodenal ulcer; GU: Gastric ulcer; NA: Not available.

(case number 9) had a GOOSS score of 1 after removal
of the stent. This patient underwent SEMS reinsertion
and had improved symptoms with a GOOSS score of 3.
The other seven patients were maintained without recurrence of obstructive symptoms regardless of removal of
stent during the follow-up.

DISCUSSION
Following the advance of through-the-scope techniques,
endoscopic therapies were developed for the treatment
of benign pyloric obstruction. Among them, endoscopic
balloon dilatation is regarded as the first-line option with
favorable relief of obstructive symptoms[13]. In a recent
study, 21 patients with benign pyloric obstruction were
managed by endoscopic balloon dilatation with medication. All patients remained in symptomatic remission
during a median follow-up period of 43 mo (range: 5-90
mo)[5]. However, in another study, 84% of patients (16/19)
had recurrence of symptoms during a follow-up period
of 45 mo (range: 25-96 mo)[14]. In addition, in another
study that reported the prospective results of 42 patients
with balloon dilatation for benign pyloric obstruction, 14
patients (33%) had surgical intervention for perforation
(n = 4) and the overall symptom-free rates declined with
the duration of follow-up (85.3% at 12 mo and 68.8% at
48 mo)[15]. In addition, more than two courses of balloon
dilatation for symptom relief was the only significant
prognostic factor. Recurrent obstruction after balloon
dilatation is thought to be related to relatively short dilatation time. When we apply the balloon dilation into the
narrow lumen through the endoscope, the real dilatation
time against the radical vector force of obstructed lumen is estimated about a few minutes. The dilated lumen tends to return to the original status of the stricture
over the course of time after balloon dilation. Therefore,
another treatment option with long term effect, such as
stenting, is needed for the treatment of benign pyloric
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obstruction.
In a recent meta-analysis, SEMSs for malignant pyloric obstruction have been shown to have significant
clinical success, with a short time from the procedure to
the start of oral intake, and lower incidence of morbidity compared with surgery[8]. Although the numbers of
patients have been small, previous studies have validated
SEMSs in benign pyloric obstruction and found them
to be effective[10,16]. In this study of 10 patients with benign pyloric obstruction, SEMSs had excellent results
with 100% technical success and immediate symptom
improvement. In addition, the overall symptom free rate
was 90% after a median of 11 mo of follow-up (range:
4-43 mo). Partially covered SEMSs improved obstructive
symptoms for 1 year after 5 times-failed balloon dilatation procedures for benign pyloric obstruction in a recent
case study[17]. In our study, five patients had experienced
failed balloon dilatation. Among them, four patients had
sustained symptom improvement after the SEMS procedure. The other patient (case number 6) also showed
moderate symptom improvement of the GOOSS score
from 1 to 2. Therefore, SEMSs also could be an alternative treatment for patients who are poor candidates for
surgery after failed endoscopic balloon dilatation.
In another recent study, the authors reported on 22
patients who were treated with covered SEMSs for benign pyloric obstruction. During the mean follow-up period of 10.2 mo, 15 patients (62.5%) had stent migration
with seven (46.6%) patients showing continued symptom
improvement[16]. In malignant pyloric obstruction, migration of the SEMS is one of the major complications. It is
more likely to occur with the covered type of SEMS than
the uncovered. To reduce the migration rate, an anchoring technique or a long-length SEMS might be considered[18]. In this study, we used a partially covered SEMS
and observed migration of the SEMS in two patients
(20%). After successful placement of SEMS, retrieval of
the SEMS was possible in all but one case. In addition,
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the two patients with stent migration had previous balloon dilatation before SEMS insertion. Previous balloon
dilation can stretch the stricture tissue in the pylorus and
thereby enhance the rate of SEMS migration. In summary, partial SEMSs showed a lower migration rate than
covered SEMSs and may be more effective in naïve benign pyloric obstruction.
There is a major concern regarding tissue ingrowth
into the stent wall. This makes removal of the stent difficult for not only the uncovered stent but also the covered
stent. Removal of the stent is required after improvement of obstructive symptoms. However, there is no
guideline about the timing of stent removal. In our study,
two patients had an aggravated GOOSS score after stent
removal. These patients had a stent duration of 4 mo.
Excepting for these two patients and two patients with
migrated stents, the other six patients had stent durations
over 6 mo and showed no aggravation of symptoms regardless of removal of the stent. Therefore, for SEMSs
in benign pyloric obstruction, stent duration over 6 mo
may be needed for prolonged symptom improvement.
This study has several limitations. First, the retrospective design with a small number of cases limits our ability
to assess the effectiveness of the SEMS in benign pyloric
obstruction. Another limitation is that the long-term effectiveness of the SEMS in benign pyloric obstruction
has not been evaluated. Third, although the partially covered SEMS showed good results in this study, we did not
confirm that the SEMS is better than endoscopic balloon
dilatation. Further large, prospective studies comparing
the SEMS with endoscopic balloon dilatation or with
specific treatment methods according to the site of the
benign pyloric obstruction are warranted. We expect our
study results could provide the basis for further studies.
In conclusion, partially covered SEMSs had a safe
and favorable outcome in the treatment of naïve benign
pyloric obstruction and in salvage treatment after balloon
dilatation failure. Further prospective, large-scale studies
with a longer follow-up period are needed to confirm
these results.

tion failure.

Peer review

The authors present their experience of using partially covered SEMS in the
treatment of benign pyloric obstruction. Since there are already similar reports
in the literature, a comparative trial would have been more interesting.
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Abstract
AIM: To investigate the safety/efficacy of Boceprevirbased triple therapy in hepatitis C virus (HCV)-G1
menopausal women who were historic relapsers, partial-responders and null-responders.
METHODS: In this single-assignment, unblinded
study, we treated fifty-six menopausal women with
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HCV-G1, 46% F3-F4, and previous PEG-α/RBV failure
(7% null, 41% non-responder, and 52% relapser) with
4 wk lead-in with PEG-IFNα2b/RBV followed by PEGIFNα2b/RBV+Boceprevir for 32 wk, with an additional
12 wk of PEG-IFN-α-2b/RBV if patients were HCV-RNApositive by week 8. In previous null-responders, 44 wk
of triple therapy was used. The primary objective of
retreatment was to verify whether a sustained virological response (SVR) (HCV RNA undetectable at 24 wk of
follow-up) rate of at least 20% could be obtained. The
secondary objective was the evaluation of the percent
of patients with negative HCV RNA at week 4 (RVR), 8
(RVR BOC), 12 (EVR), or at the end-of-treatment (ETR)
that reached SVR. To assess the relationship between
SVR and clinical and biochemical parameters, multiple
logistic regression analysis was used.
RESULTS: After lead-in, only two patients had RVR;
HCV-RNA was unchanged in all but 62% who had ≤
1 log10 decrease. After Boceprevir, HCV RNA became
undetectable at week 8 in 32/56 (57.1%) and at week
12 in 41/56 (73.2%). Of these, 53.8% and 52.0%,
respectively, achieved SVR. Overall, SVR was obtained
in 25/56 (44.6%). SVR was achieved in 55% previous
relapsers vs. 41% non-responders (P = 0.250), in 44%
F0-F2 vs 54% F3-F4 (P = 0.488), and in 11/19 (57.9%)
of patients with cirrhosis. At univariate analysis for
baseline predictors of SVR, only previous response to
antiviral therapy (OR = 2.662, 95%CI: 0.957-6.881,
P = 0.043), was related with SVR. When considering
“on treatment” factors, 1 log10 HCV RNA decline at
week 4 (3.733, 95%CI: 1.676-12.658, P = 0.034) and
achievement of RVR BOC (7.347, 95%CI: 2.156-25.035,
P = 0.001) were significantly related with the SVR, although RVR BOC only (6.794, 95%CI: 1.596-21.644, P
= 0.010) maintained significance at multivariate logistic regression analysis. Anemia and neutropenia were
managed with Erythropoietin and Filgrastim supplementation, respectively. Only six patients discontinued
therapy.
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CONCLUSION: Boceprevir obtained high SVR response independent of previous response, RVR or
baseline fibrosis or cirrhosis. RVR BOC was the only
independent predictor of SVR.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis C virus treatment; Pegylated Interferon; Viral Hepatitis; Menopause; Genotype 1
Core tip: After menopause liver disease in hepatitis
C virus-positive women becomes rapidly progressive,
severe fibrosis develops, and response to antiviral
therapy becomes very low. Re-treatment with standard
dual therapy in previous failures of Peginterferon-α +
Ribavirin (PEG-IFNα/RBV) treatments does not achieve
more than 5%-10% sustained virological response
(SVR). The addition of Boceprevir to PEG-IFNα/RBV in
menopausal women with HCV-1 genotype infection,
who had previously failed dual antiviral therapy, determined a striking improvement of SVR. More than 45%
of women re-treated with triple therapy achieved SVR,
with few side effects and good tolerability. Response after 4 wk of Boceprevir was the only independent factor
predicting SVR.

also resistant to conventional antiviral therapy with PegInterferon-α + Ribavirin (PEG-IFNα/RBV): in our
study of women with HCV-1 genotype menopause was
the only independent factor predicting failure of dual antiviral therapy[9]. This finding was confirmed in a prospective cohort study aimed to evaluate viral and host factors
influencing antiviral therapy: genotype 1 females over 50
years, had greatly reduced efficacy of interferon-based
therapy[11]. Furthermore, the evaluation of our database
for Hepatitis C showed that SVR rate after retreatment
of menopausal women with HCV-1 genotype was very
low, ranging from 5% after retreatment with dual PEGIFNα/RBV in those having other unfavorable predictive
factors like IL 28B (rs12979860) other than CC or high
BMI[11-13] to 15% in those who had only menopause as
risk factor (personal data).
We decided, therefore, to perform an exploratory
study using the results from the previous retreatment
studies as historical control to evaluate whether the addition of Boceprevir to standard PEG-IFN-α2b/RBV was
able to increase the SVR rate in a difficult-to-treat cohort
of menopausal HCV genotype 1 women with a previous
PEG-IFN-α/RBV failure.

MATERIALS AND METHODS
Bernabucci V, Ciancio A, Petta S, Karampatou A, Turco L, Strona
S, Critelli R, Todesca P, Cerami C, Sagnelli C, Rizzetto M, Cammà
C, Villa E. Boceprevir is highly effective in treatment-experienced
hepatitis C virus-positive genotype-1 menopausal women. World J
Gastroenterol 2014; 20(44): 16726-16733 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i44/16726.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i44.16726

INTRODUCTION
Menopausal women with chronic hepatitis C are a group
of patients with remarkably distinctive characteristics
when compared with women of reproductive age or with
males of similar age[1,2]. Acceleration of fibrosis in the
past was attributed to several different factors: length of
hepatitis C virus (HCV) infection[3], alcohol and smoking[4], genetic characteristics of patients [5]. Lately, the
distinctive role of menopause became apparent[2,6-8].
Soon after menopause liver disease becomes rapidly
progressive and severe hepatic fibrosis develops[6-9], likely
as a consequence of the rapid increase of inflammation as a direct consequence of estrogen deprivation[8,10].
In menopausal HCV-positive women there is a striking up-regulation of hepatic tumor necrosis factor-alfa
(TNF-α), suppressor of cytokine signaling-3 (SOCS3),
interleukin-6 (IL-6), whose levels correlate with higher
necro-inflammation and with faster progression of liver
fibrosis[9]. Not surprisingly, hormone replacement therapy
(HRT) was shown to exert a positive effect slowing
down fibrosis progression[6]. Even more disappointing is
the fact that menopausal HCV-positive women become
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All patients gave written informed consent before starting the study. The study was approved by the Institutional
Review Board of the Azienda Ospedaliero-Universitaria
of Modena (EudraCT 2011-002459-33) and by the appropriate Institutional Review Boards of the other Institutions and was conducted in accordance with provisions
of the Declaration of Helsinki and Good Clinical Practice guidelines (Clinical Trials ID: NCT01457937).
Study patients
From December 2011 to June 2012 we screened 87
consecutive menopausal women with HCV genotype 1
infection and a documentation of a failed prior course of
PEG-IFN-α/RBV for at least 12 wk, followed up in the
out patients clinics of the Liver Units of Modena, Turin,
Palermo and Naples.
Inclusion criteria included patients with relapse (undetectable HCV RNA level at the end of treatment,
without subsequent attainment of a sustained virological
response), prior partial-response (defined as decrease of
HCV-RNA ≥ 2 log10 by week 12 of prior therapy but
with detectable HCV-RNA throughout the course of
therapy), or null-response (decrease of HCV-RNA ≤ 2
log10 by week 12 of prior therapy).
A liver biopsy within the last 2 years with histology
consistent with chronic hepatitis C (CHC) and no other
etiology was required. In subjects with bridging fibrosis
or cirrhosis, an ultrasound within 6 mo of the Screening
Visit (or between Screening and Day 1) with no findings
suspect for hepatocellular carcinoma (HCC) was mandatory.
Exclusion criteria included co-infection with the hu-
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man immunodeficiency virus (HIV) or hepatitis B virus
(HBsAg positive), treatment with any investigational drug
within 30 d of the randomization visit in this study, evidence of decompensated liver disease including history
or presence of clinical ascites, bleeding varices, or hepatic
encephalopathy, diabetic and/or hypertensive subjects
with clinically significant ocular examination findings
(like retinopathy, cotton wool spots, optic nerve disorder,
retinal hemorrhage, or any other clinically significant abnormality), pre-existing psychiatric conditions, clinical diagnosis of substance abuse of the specified drugs within
the specified timeframes, any known pre-existing medical
condition that could interfere with the subject’s participation in and completion of the study, evidence of active or
suspected malignancy, or a history of malignancy, within
the last 5 years (except adequately treated carcinoma in
situ and basal cell carcinoma of the skin). Further exclusion criteria included protocol-specified hematologic,
biochemical, and serologic criteria: hemoglobin < 12 g/
dL; neutrophils < 1500/mm3; platelets < 100000/mm3,
direct bilirubin >1.5 × upper limit of normal (ULN),
serum albumin < lower limit of normal (LLN), thyroidstimulating hormone (TSH) > 1.2 × ULN or < 0.8 ×
LLN of laboratory, serum creatinine > ULN of the
laboratory reference, protocol-specified serum glucose
concentrations, prothrombin time/partial thromboplastin
time (PT/PTT) values > 10% above laboratory reference
range, anti-nuclear antibodies > 1:320.
Study design
In this single-assignment, unblinded study we treated
menopausal women with previous treatment failure to a
prior course of PEG-IFN/RBV. The primary objective
of retreatment was to verify whether a sustained virological response (SVR) (HCV RNA undetectable at 24 wk of
follow-up) rate of at least 20% could be achieved with
Boceprevir in menopausal women with chronic HCV
genotype 1 with a previous failure of PEG IFN/Ribavirin. Secondary objective of this study was the evaluation
of the percent of patients with negative HCV RNA at
week 4 (rapid virological response, RVR), 8 (rapid virological response after BOC addition, RVR BOC), 12 (early
virological response, EVR), or at the end-of-treatment
(ETR) that reached SVR.
All patients received 4-wk lead-in with with PEGIFN-α-2b at 1.5 mg/kg subcutaneously weekly, in combination with weight-based oral RBV at a total dose of 800
to 1400 mg per day according to body weight. In relapse
and partial responder patients after 4 wk of lead-in, all
patients received 32 wk of BOC 800 mg administered
orally three times a day, in combination with PEG-IFN
and RBV. These patients then received an additional 12
wk of PR only if HCV-RNA was positive by week 8 yet.
In previous null-responders, after the lead-in phase, triple
therapy with PEG-IFN/Ribavirin and Boceprevir was
continued until week 48. All drugs were self-administered
by the patients.
In all patients, if HCV RNA was detectable at week
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12, treatment was stopped.
IL28 genotyping
IL28B rs12979860 genotype was tested as already described[13].
Safety assessment
Adverse events (AEs) were graded according to WHO
grading system. The safety analyses included all subjects
who receive at least one dose of study medication. Non
severe hematological adverse events were managed by
pharmacological dose reduction. In case of neutrophil
count < 0.75 × 109/L, granulocyte colony stimulating
factor (GCS-F) was also used. In case of hemoglobin
decrease < 10 g/dL, Ribavirin dose was reduced and/or
erythropoietin administered.
Subjects having AEs were monitored with appropriate
clinical assessments and laboratory tests, as determined
by the investigator.
Statistical analysis
Analysis regarding the primary end-point included all
patients who had received at least one dose of any study
medication (intention-to-treat analysis). Our primary endpoint was attainment of sustained virological response,
defined as undetectable circulating HCV RNA at week 24
of follow-up. Secondary end point was the identification
of independent baseline and on-treatment SVR predictors.
To calculate sample size, we estimated to obtain at
least a 20% increase in SVR vs historical controls with the
same characteristic. Thus, with 80% power and a type 1
error set to 0.05, 49 subjects were required. A 15% excess
of inclusions was allowed in order to compensate for
withdrawals.
Dichotomous or continuous variables were compared
with the Fisher exact test with mid-p correction or the
nonparametric Mann-Whitney rank-sum test, respectively.
To assess the relationship between SVR and clinical and biochemical parameters, two multiple logistic
regression models were used; the first assessed baseline
variables only and the second assessed both baseline and
on-treatment parameters. In the statistical model, the dependent variable was coded as 1 (present) vs 0 (absent). In
all analyses, partial and null responders were considered
together and referred to as non-responders. Variables associated with the dependent variable in univariate analyses (probability threshold, P < 0.10) were included in the
multivariate regression model. The PASW Statistics 20
program (SPSS, Inc, Chicago, IL) was used for the analysis.

RESULTS
Study patients
A total of 87 menopausal women with chronic Hepatitis
C, genotype 1, with previous treatment failure to standard
antiviral therapy, were evaluated (Figure 1). Baseline characteristics of the 56 enrolled patients are shown in Table
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Patients diagnosed with HCV+ CAH
(n = 87)

Table 1 Demographic characteristics of the 56 patients at
enrollment
Excluded n = 31
10 denied consent
9 low platelets count
8 co-morbidities
4 co-infections

Variables
Mean age, mean ± SD (yr)
Mean age at menopause, mean ± SD (yr)
Time from menopause, mean ± SD (yr)
Previous response n (%)
Relapse
Non response
Null response
Grading
Staging
Cirrhosis
Stiffness (kPa)
BMI, mean ± SD
Blood glucose, mean ± SD (mg/dL)
Insulin_base (U/mL)
HOMA score
Blood Iron (μg/dL)
Hb (g%)
WBC (K/µL)
Neutrophils (K/µL)
Platelets (103/mm3)
BUN (mg/dL)
Creatinine (mg/dL)
AST (IU/L)
ALT (IU/L)
ALP (IU/L)
Gamma-GT (IU/L)
HCV RNA (IU/mL, 103)

Patients allocated to
intervention
(n = 56)

Lost to follow up (n = 0)
Discontinued intervention for AEs (n = 6)
HCV RNA detectable at week 12 (n = 5)
Breakthrough (n = 3)

Analyzed (n = 56)

Figure 1 Trend statement flow diagram. HCV: Hepatitis C virus; AE: Adverse
event.

1. Thirty-eight women were from Northern Italy while
18 were from Southern Italy. There were no significant
differences between them regarding previous response
to antiviral therapy, percentage of patients with cirrhosis,
IL28B genotype, basal BMI, duration of menopause,
basal viral load. All patients completed follow up and
were included in the analysis.
Mean age was 56.8 ± 6.1 years; mean menopausal
duration was 11.4 ± 6.1 years (median 12.5 years). Mean
BMI was 26.2 ± 4.0 (median 24.8). Four patients (7.1%)
were previous null responders, 23 (41.1%) partial-responders and 29 (51.8%) relapsers. According to Metavir
fibrosis score, 30/56 (54.0%) women had a score of 1 or
2, while 26/56 (46.0%) had a score of 3 or 4; of these,
21 (37.5%) had cirrhosis. Approximately 60% of patients
had a high viral load (an HCV RNA level > 800000 IU
per milliliter). Genotype 1b infection was predominant
(52/56, 92.9%). IL28B rs12979860 genotype was available for 43 patients (9 CC, 26 TC, and 8 TT).
Efficacy
In the entire population, SVR was obtained in 25/56
(44.6%) patients. There was no significant difference
between women of Northern and Southern origin in the
SVR rate (44.7% vs 44.4%, respectively, P = 0.964).
After 4 wk of lead-in, none but two patients achieved
RVR, while the HCV RNA drop of at least 1 log10 from
baseline (IFN sensitivity) was obtained in 62% of patients. After Boceprevir addition, RVR BOC, EVR and
ETR were obtained in 32/56 (57.1%), 41/56 (73.2%),
and 42 (75.0%) respectively. Of these, 53.8%, 52.0%, and
52.0%, respectively, achieved SVR.
Fourteen patients (25.0%) stopped therapy [6/14
(43%) for intolerance, 5/14 (36%) for HCV RNA detect-
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56.8 ± 6.1
49.3 ± 4.3
11.4 ± 6.1
29 (51.8)
23 (41.1)
4 (7.1)
5.1 ± 2.4
2.3 ± 1.3
21 (37.5)
10.3 ± 7.1
26.2 ± 4.0
101 ± 22
9.9 ± 7.9
2.5 ± 1.5
128 ± 87
13.0 ± 2.2
4.9 ± 1.4
2.5 ± 0.9
206 ± 78
36 ± 11
0.7 ± 0.1
58 ± 24
66 ± 27
95 ± 28
45 ± 15
1.440 ± 1.178

BMI: Body mass index; ALT: Alanine aminotransferase; WBC: White blood
cell; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase.

ability at week 12; 3/14 (21%) for viral breakthrough]. All
experienced a virological relapse.
The rate of sustained virological response among
patients with prior relapse or non-response was 55%
and 41% respectively (P = 0.250). No significant correlation was present between SVR and high viral load (HCV
RNA > 800.000 IU/mL: P = 0.597) or IL28 status (P
= 0.333). Patients with IFN sensitivity had significantly
higher SVR rates compared patients with IFN insensitivity (57.1% vs 26.3%, P = 0.030). Level of fibrosis did not
negatively influence the SVR rate, which occurred in 44%
of women with F0-F2 vs 54% of those with F3-F4 fibrosis (P = 0.488) nor was the presence of cirrhosis (presence
of cirrhosis vs. absence: P = 0.485). Figure 2 depicts SVR
rates according to the pattern of prior response, severity
of fibrosis and baseline viral load.
At univariate analysis for baseline predictors of SVR,
none of the clinical and biochemical parameters but
previous response to antiviral therapy (OR = 2.662,
95%CI: 0.957-6.881, P = 0.043) was related with SVR.
When taking into consideration also “on treatment” factors, 1 log10 HCV RNA decline at week 4 (3.733, 95%CI:
1.676-12.658, P = 0.034) and achievement of RVR BOC
(7.347, 95%CI: 2.156-25.035, P = 0.001) were significantly related with SVR, although RVR BOC only (6.794,
95%CI: 1.596-21.644, P = 0.010) maintained significance
at multivariate logistic regression analysis (Table 2).
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Safety
Anaemia and neutropenia were managed with Erythropoietin and Granulokine supplementation, respectively:
only six patients discontinued therapy.
The treatment was well tolerated, with low rates of
severe adverse events. Fatigue and nausea were the most
common adverse events. Hemoglobin levels decreased
significantly at all-time points, without requiring the introduction of erythropoietin before week 6 (i.e., 2 wk
following the addition of boceprevir). Conversely, the
neutrophil count reduction required Granulokine supplementation already at week 2. Anemia was successfully
managed with erythropoietin supplementation, as neutropenia with Granulokine supplementation. The supplementation of both Erythropoietin and Granulokine was
necessary to preserve the full treatment doses. None of
the patients experienced skin problems; dysgeusia was
frequent, but no patient discontinued therapy due to this
event (Table 3).

DISCUSSION
In this study on a cohort of difficult-to-treat genotype 1
CHC patients (menopausal females, failure to a previous
course of PEG-IFN/RBV, high prevalence of F3-F4
fibrosis) we showed that retreatment with a BOC-based
TT regimen leads to SVR in about 45% of cases, RVR
BOC being the only independent predictor of SVR.
The achievement of SVR in a great proportion of
patients gives BOC-based therapy a relevant option for
this group of difficult-to-treat patients, where a deferral
strategy towards IFN-free regimens should be carefully
evaluated due to the rapid progression of the liver diseases related to the menopausal status.
Menopausal women with chronic HCV genotype 1
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infection are patients experiencing an utmost resistance
to antiviral therapy with PEG-IFN-α and Ribavirin occurring at and soon after the onset of menopause[9]. This
issue could be probably further amplified in patients who
failed a previous treatment with PEG-IFN and Ribavirin.
In this clinical context several studies, not stratified for
gender and menopausal status, were not able to obtain
more than a 3%-21% SVR despite employing PEGIFN/RBV-based treatment schedules with higher PEGIFN-α dosages or longer period of treatment than routinely used[14-18]. As in all the above studies, our cohort
of menopausal patients with a previous failure to dual
antiviral therapy exhibited a marked lack of sensitivity
toward interferon, i.e., none but two patients achieved
RVR after the 4-wk lead-in, and a substantial proportion
displayed less than 1 log decline of viral load. Despite
the this occurrence, the addition of Boceprevir determined a striking effect: viral load became undetectable
in almost 60% of patients after 4 wk and in more than
70% at week 12, and finally SVR was obtained in 45% of
women. The SVR we obtained is slightly lower than that
reported in the study by Bacon et al[17] who, with a similar
treatment regimen, obtained a 59% and 66% depending
on the treatment schedule. It should, however, be underlined that the population undergoing treatment in the
Bacon study was characterized by much more favorable
characteristics in term of response to antiviral therapy
like younger age and less advanced disease than ours. A
recent paper by Vierling et al[19] reported higher SVR rates
with BOC re-treatment. Enrolled patients belonged to
control arm of 4 Boceprevir studies (SPRINT-2, RESPOND-2, SPRINT-1, or Protocol 05685)[17,20-22] and
had not achieved SVR. They were enrolled soon (< 2
wk) after a failed PEG-IFN-α/RBV course at least 12
wk that however, in about 40% of patients, had lasted 48
wk. This makes the results scarcely comparable with the
other re-treatment studies and ours as the patients were
exposed in a restricted period of time to PEG-IFN-α/
RBV for more than double the usual duration of therapy.
The results reported by Flamm et al[23] of retreatment of
patients previously treated with chronic hepatitis C genotype 1 infection are consistent with ours: subjects who
had had poor response to interferon therapy (< 1 log10
decline in HCV RNA at week 4), had only a 39% SVR.
Interestingly, none of the patients with less than 1 log decline had SVR when retreated with dual PEG-IFN/RBV.
As a general remark, in none of the previously cited
retreatment studies was the stratification by menopausal
status available.
Another relevant finding of our study lies in the identification of RVR BOC as the only independent predictor
of SVR. This result raises attention for relevant practical issues in the management of this difficult-to-treat
group of patients, when RVR BOC occurs, the pattern
of previous failure to dual therapy does not significantly
affect the likelihood of SVR to BOC-based TT. Second,
although 1 log10 decline of viral load after 4 wk of dual
therapy identified patients at higher SVR likelihood, it
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Table 2 Univariate and multivariate analysis for factors predicting sustained virological response
Variables

Univariate analysis OR (95% CI)

P value

1.006 (0.916-1.105)
1.150 (0.931-1.450)
2.662 (0.957-6.881)
0.894 (0.605-1.322)
0.982 (0.586-1.645)
1.667 (0.528-5.265)
0.986 (0.895-1.086)
1.111 (0.155-7.974)
1.000 (0.825-1.212)
0.519 (0.120-2.248)
1.200 (0.070-20.429)
3.733 (1.676-12.658)
7.347 (2.156-25.035)
0.996 (0.977-1.014)
1.000 (1.000-1.000)
0.907 (0.533-1.544)

0.900
0.195
0.043
0.576
0.946
0.384
0.774
0.917
1.000
0.381
0.900
0.034
0.001
0.645
0.165
0.719

Age (yr)
Age at menopause
Previous response
Histological grading
Histological staging
Fibrosis
Liver stiffness
Cirrhosis
BMI
HCV RNA > 800.000 IU/mL
RVR
1 log decline at week 4
RVR BOC
ALT (IU/mL)
Platelets (× 103/mm3)
HOMA

Multivariate analysis OR (95% CI)

P value

2.927 (0.931-9.206)

0.066

0.961(0.194-4.757)
6.794 (1.596-21.644)

0.961
0.010

BMI: Body mass index; HCV: Hepatitis C virus; ALT: Alanine aminotransferase.

metabolic features and severity of liver disease, limiting
the broad application of the results.
In conclusion, Boceprevir addition to standard PEGIFN-α/RBV therapy was effective in achieving SVR in
about 50% of menopausal women with chronic hepatitis
C, genotype 1, who had failed SVR with prior PEGIFN-α/RBV treatment. Most importantly, Boceprevirbased triple therapy success rate was not influenced by
pattern of previous response to DT or by the severity of
liver fibrosis while RVR BOC was the only independent
predictor of SVR. This opens a relevant possibility for
patients who are at high risk of a rapid progression toward cirrhosis and/or decompensation.

Table 3 Adverse events n (%)
Event
Death, n
Drug Discontinuation due to AE
Dose Modification due to AE
Any life-threatening adverse event, n
Any serious adverse event
Hematologic event
Reduced neutrophil count
< 750 per mm3
< 500 per mm3
Mean change in hemoglobin from baseline (g/dL)
At wk 12
At wk 24
At wk 48
Erythropoietin use
Transfusion
Common adverse event
Nausea
Anemia
Dysgeusia
Fatigue
Rash

0
6 (10)
8 (14)
0
2 (4)

14 (25)
8 (15)
-1.2
-2.2
-3.3
20 (35)
1 (1.8)

COMMENTS
COMMENTS
Background

24 (43)
23 (41)
20 (36)
18 (32)
6 (11)

Hepatitis C virus (HCV) infection is a leading cause of chronic liver disease. In
menopausal women, the disease becomes much more rapidly progressing than
during reproductive age, severe fibrosis develops, and response to antiviral
therapy becomes low.

Research frontiers

AE: Adverse event.

was not confirmed as independently associated with SVR
at multivariate analysis. Third, none of the other factors
that are traditionally associated with achievement of a
sustained virological response (i.e., low viral load at baseline, absence of fibrosis or cirrhosis, IL 28B genotype,
> 1 log10 decrease in HCV RNA)[24] was independently
related with SVR. It is of note that the relevance of RVR
BOC as predictor of SVR has been identified in other
studies of difficult-to-treat population like patients with
cirrhosis[25,26].
The main limitation of this study lies in the potentially limited external validity of the results for different
populations and settings. Our study included a cohort of
Italian patients enrolled at tertiary care centers, who may
be different from general population, in terms of both

WJG|www.wjgnet.com

The therapeutic options for HCV are rapidly growing. New drugs will be, however, extremely expensive and the use of the best cost-effective options should
be pursued in order to offer treatment to the largest number of patients.

Innovations and breakthroughs

The results support the concept that triple antiviral treatment with PEG IFN/
Ribavarin and Boceprevir is able to obtain a striking improvement in the SVR
rate of menopausal women with HCV with previous treatment failure.

Applications

The management of patients who do not achieve a viral response has always
been challenging. The results of this study support the efficacy, safety and tolerability of PEG IFN/Ribavirin and Boceprevir in a high percentage of previous
non responders to PEG IFN/Ribavirin thus offering immediate cure to patients
otherwise likely to rapidly progress toward severe fibrosis.

Terminology

SVR indicates sustained virological response, i.e., viral clearance for more than
24 wk after treatment.

Peer review

In the manuscript the authors present data showing that the difficult to treat
population of menopausal women display improved treatment results by the
inclusion of boceprevir. The manuscript is clearly presented and generally well-

16731

November 28, 2014|Volume 20|Issue 44|

+

Bernabucci V et al . Boceprevir in experienced menopausal HCV women
written, although it should be edited once more by the authors before publishing. HCV triple therapy including either telaprevir or boceprevir is now the
current standard of care therapy for HCV infection, though this will soon change
to “next generation” antivirals. The population numbers of the current study are
limited to 56, and would be strengthened by expanding the study to a larger
population.
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Abstract
AIM: To propose a less invasive surgical treatment for
schistosomal portal hypertension.
METHODS: Ten consecutive patients with hepatosplenic schistosomiasis and portal hypertension with
a history of upper gastrointestinal hemorrhage from
esophageal varices rupture were evaluated in this
study. Patients were subjected to a small supraumbilical
laparotomy with the ligature of the splenic artery and
left gastric vein. During the procedure, direct portal
vein pressure before and after the ligatures was measured. Upper gastrointestinal endoscopy was performed
th
at the 30 postoperative day, when esophageal varices
diameter were measured and band ligature performed.
During follow-up, other endoscopic procedures were
performed according to endoscopy findings.
RESULTS: There was no intra-operative mortality
and all patients had confirmed histologic diagnoses of

WJG|www.wjgnet.com

schistosomal portal hypertension. During the immediate postoperative period, two of the ten patients had
complications, one characterized by a splenic infarction, and the other by an incision hematoma. Mean
hospitalization time was 4.1 d (range: 2-7 d). Pre- and
post-operative liver function tests did not show any
significant changes. During endoscopy thirty days after
surgery, a decrease in variceal diameters was observed
in seven patients. During the follow-up period (57-72
mo), endoscopic therapy was performed and seven patients had their varices eradicated. Considering the late
postoperative evaluation, nine patients had a decrease
in variceal diameters. A mean of 3.9 endoscopic banding sessions were performed per patient. Two patients
presented bleeding recurrence at the late postoperative
period, which was controlled with endoscopic banding
in one patient due to variceal rupture and presented
as secondary to congestive gastropathy in the other
patient. Both bleeding episodes were of minor degree
with no hemodynamic consequences or need for blood
transfusion.
CONCLUSION: Ligature of the splenic artery and left
gastric vein with supraumbilical laparotomy is a promising and less invasive method for treating presinusoidal
schistosomiasis portal hypertension.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: In a recent study from our group assessing
systemic and portal hemodynamic changes in schistosomal patients undergoing esophagogastric devascularization and splenectomy, we showed that the splenic artery ligature alone promotes correction of the systemic
hyper-dynamic state and significantly decreases portal
pressure. The objective of the present study was to
propose a less invasive surgical treatment for portal hypertension in schistosomiasis, which consists of splenic
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artery ligature, followed by endoscopic variceal treatment. This study showed that this new technique is a
promising method in the treatment of presinusoidal portal hypertension due to its less invasive characteristic.
Colaneri RP, Coelho FF, de Cleva R, Perini MV, Herman P.
Splenic artery ligature associated with endoscopic banding for
schistosomal portal hypertension. World J Gastroenterol 2014;
20(44): 16734-16738 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i44/16734 .htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i44.16734

INTRODUCTION
Portal hypertension is a pathologic increase in pressure in
the portal venous system that leads to portosystemic collateral circulation. Moreover, portal hypertension is frequently associated with digestive hemorrhage due to the
rupture of gastroesophageal varicose veins, independent
of hepatocellular function. Portal vein pressure is directly
related to intrahepatic vascular resistance and portal
blood flow. In most patients, portal hypertension results
from both increased intrahepatic resistance, due to the
architectural distortion of liver parenchyma secondary to
fibrosis, and to splanchnic hyperflow[1,2].
Schistosomiasis is an endemic disease in many countries and represents one of the main causes of portal
hypertension worldwide. In the hepatosplenic subtype,
the most severe form of the disease, liver fibrosis, hepatomegaly (mostly of the left lobe), presinusoidal portal
hypertension, preserved hepatic function and substantial
splenomegaly are observed[2-7]. Esophageal varices rupture and bleeding is the most feared complication of the
disease, observed in up to 52% of the patients, with a
mortality rate of 11.7% for the first episode[8-10].
Since upper gastrointestinal hemorrhage is the main
cause of death in patients with portal hypertension and
preserved liver function, surgical treatment is considered the best therapeutic alternative, mainly for those
with hepatosplenic schistosomiasis [6,10-12]. However,
there is no agreement on which surgical technique is
the most appropriate: esophagogastric devascularization
and splenectomy (EGDS) or distal splenorenal shunt?
Distal splenorenal shunt had been employed for the
treatment of presinusoidal portal hypertension, however, due to high rates of late postoperative portosystemic
encephalopathy and long-term worsening of liver function, this procedure is less frequently used[13]. EGDS is
the treatment of choice for the majority of cases, as it
is a relatively simple technique with good results and no
postoperative encephalopathy[11,14-16]. The disadvantage
of EGDS is bleeding recurrence, observed in 6%-29%
of the patients, and postoperative endoscopic therapy is
therefore necessary[16,17].
In a recent study from our group, systemic and portal
hemodynamic changes were assessed in schistosomal pa-
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tients during EGDS and measurements were taken after
every surgical step: ligature of splenic artery, splenectomy, and esophagogastric devascularization[18]. The hyperdynamic state, characterized by cardiac output increase
and peripheral vascular resistance, which was observed
preoperatively in all patients, returned to normal values
after EGDS. The intraoperative hemodynamic monitoring showed that within all surgery steps, the splenic artery
ligature alone promotes the correction of the hyperdynamic state, thus leading to the conclusion that the
systemic hemodynamic changes were related to splenic
hyperflow.
The objective of the present study was to propose
a new, less invasive surgical treatment for presinusoidal
portal hypertension in patients with schistosomiasis, supported by the knowledge of the physiopathology of the
disease based on hemodynamic behavior. The technique
involves ligature of the splenic artery followed by postoperative endoscopic treatment (variceal band ligature).
This is a pilot study involving ten patients that were
subjected to conventional surgery with intra-operative
measurement of portal pressure and evaluation of longterm results before continuing with a minimally invasive
laparoscopic approach.

MATERIALS AND METHODS
The study was approved by the University Hospital Ethics Committee and all patients provided written informed
consent before the operation. Ten consecutive patients
with hepatosplenic schistosomiasis and portal hypertension with a history of upper gastrointestinal hemorrhage
from rupture of esophageal varices were evaluated.
Exclusion criteria included other liver diseases, such as
hepatitis caused by alcohol or virus, and patients with
portal or mesenteric venous system thrombosis. After admission, patients underwent laboratory and liver function
tests evaluation, chest X-ray (anterior-posterior and lateral
view), abdominal ultrasound with portal system Doppler
evaluation, and upper gastrointestinal endoscopy with
esophageal varices diameter measurement.
All cases were discussed in a multidisciplinary meeting
before surgery and were electively operated on at least 30
d after the bleeding episode. For the operation, patients
received a small (10 cm) supraumbilical, midline incision,
ligation of gastroepiploic vessels leading to the exposure of the retroperitoneum, followed by ligature of the
splenic artery (as close as possible from celiac trunk) and
the left gastric vein. At the beginning of the procedure,
a small (6 Fr) catheter was inserted through a jejunal venous branch, locating its extremity inside the portal vein,
allowing a direct portal vein pressure measurement before
and after the ligature of the splenic artery. At the end of
the procedure, the jejunal vein catheter was removed and
the vein ligated. To confirm the etiology of liver disease,
liver biopsy was performed with a Tru-Cut needle in all
patients. An upper gastrointestinal endoscopy was performed on the 30th postoperative day, at which time the
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diameters of esophageal varices were measured and band
ligature was performed. Patients were followed at the
Liver Surgery unit and at the Endoscopy clinics, where
other endoscopic procedures were made according to endoscopy findings.

RESULTS
Of the ten patients included in our study, seven were
male and three were female with a mean age of 41.9
years (range: 26-66 years). All patients had normal liver
function and diagnosis of hypersplenism, characterized
by low white blood cell and platelet counts, under 140000
and 4000, respectively. There was no intra-operative mortality and all patients had confirmed histologic diagnosis
of schistosomal portal hypertension. During the immediate postoperative period, two patients (2/10; 20%)
had complications; one patient had a splenic infarction,
which was conservatively treated with painkillers and did
not need re-operation, with rapid improvement, and the
other patient had an incision hematoma, which was reoperated and drained on the second postoperative day.
Both immediate postoperative complications were easy
to solve and patients’ evolution was uneventful. No complications related to the jejunal vein catheterization were
observed. The mean hospitalization time was 4.1 d (range:
2-7 d), during which, none of the patients presented any
change in liver function. On the other hand, an increase
in platelet and white blood cell counts was observed in
nine patients during the immediate postoperative period,
and an improvement in the red blood cell count was observed in six patients.
Pre- and postoperative liver function tests did not
show any significant changes. Concerning the hypersplenism, nine patients presented a transient increase of approximately 14.5% in leukocyte and platelet levels. However, low platelet and white blood cell counts persisted
throughout the late postoperative period. Thirty days
after surgery, we observed a decrease in varices diameter
during endoscopy in seven patients.
The mean follow-up period was 67.2 mo (range:
57-72 mo). During follow-up, endoscopic therapy was
performed and seven patients had their varices eradicated; varices recurrence was observed in four patients
who then underwent endoscopic re-treatment. Considering the late postoperative evaluation, nine patients had a
decrease in varices diameter. A mean of 3.9 endoscopic
banding sessions were performed per patient. Two patients presented bleeding recurrence during the late postoperative period. However, bleeding was controlled with
endoscopic banding in only one patient due to variceal
rupture. The other patient presented with bleeding secondary to congestive gastropathy. Both bleeding episodes
were of a minor degree with no hemodynamic consequences or need for blood transfusion.

DISCUSSION
It has been shown that surgical treatment is the best
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therapy for schistosomal patients with previous digestive
hemorrhage due to esophageal varices rupture, though
there is still no agreement on which is the best technique[6,11]. Distal splenorenal shunt and EGDS were the
most commonly performed operations during the last 20
years, with arguments in favor of and significant postoperative complications for both[6,11]. Distal splenorenal
shunts have excellent results considering hemorrhage
relapse, with less than 5% bleeding recurrence [15,19-21],
however, it can lead to postoperative portosystemic encephalopathy in 3.3%-14.8% of patients[15,16], and taking
into account portal hypertension of schistosomal origin,
where liver function is preserved and encephalopathy is
not part of the disease clinical presentation, this procedure is not considered ideal. With this in mind, EGDS is
the first choice due to its simplicity, good results, and lack
of postoperative encephalopathy[11,14,15]. A disadvantage
of this technique is bleeding recurrence, which can occur
in 6%-29% of patients, making the association with postoperative endoscopic therapy necessary[22].
A previous study from our group showed that schistosomal patients subjected to EGDS present a hyperdynamic circulation characterized by cardiac output
increase, low peripheral resistance and an increase in
portal flow[18]. Hemodynamic measurements (portal and
systemic) were taken after each step of the operation
(splenic artery ligature, splenectomy, and esophagogastric
devascularization), and it was shown that immediately
after splenic artery ligature, the hyper-dynamic circulation normalized in all patients. Moreover, a 28% decrease
in portal flow and a 30% decrease in portal pressure
were also observed. No other surgical step changed the
hemodynamic parameters, which remained stable after
splenic artery ligation through the end of the procedure[18]. Therefore, it became clear that splenomegaly and
splenic overflow are important factors in the generation
of hyper-dynamic circulation in the hepatosplenic form
of schistosomiasis. In addition, Sakai et al[22] showed that
endoscopic sclerotherapy was more effective for schistosomal patients who had undergone EGDS compared to
those without previous surgery, as varices have a smaller
diameter, making the endoscopy easier and leading to significantly better results. The decrease in varices diameter
may be related to portal pressure decrease after EGDS
with consequent pressure decrease in esophageal vessels,
as changes in portal pressure have a direct impact on
esophageal varices[23]. Lacerda et al[24] measured the pressure in esophageal varices during splenectomy and left
gastric vein ligature in schistosomal patients and found a
28.5% decrease in varices pressure after the procedure.
Based on the demonstration that splenic artery ligature alone leads to the normalization of cardiac output
and peripheral vascular resistance and to a significant decrease in portal flow and pressure, and that splenectomy
leads to a decrease in esophageal varices diameters, we
proposed a new and less invasive treatment for patients
with presinusoidal portal hypertension due to hepatosplenic schistosomiasis involving a simple splenic artery
ligature with postoperative endoscopic treatment (esoph-
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ageal variceal band ligature). Intraoperative mortality was
not observed and the hospitalization period was short
due to the low rate of complications. Spleen infarction
was observed in one patient, possibly because the splenic
artery ligation was performed in a distal portion of the
artery due to technical issues.
We observed a decrease in the diameter of varices in
70% of the patients 30 d after surgery. During follow-up,
seven patients had their varices eradicated, but four of
them had recurrence. Ferraz et al[11] obtained esophageal
varices eradication in 18.2% patients with the EGDS
operation alone, and in 52.7% with postoperative endoscopic sclerotherapy. We have previously shown that endoscopic exams performed after EGDS with postoperative varices banding program, led to varices eradication
in 85.7% of patients, though recurrence was observed in
56.6% of the cases[17]. In the last endoscopic evaluation,
90% of our patients had a decrease in varices diameter
when compared with the preoperative period, which can
be considered as an excellent result. Finally, two of our
patients evolved with bleeding recurrence, but only one
due to variceal rupture. In our experience, after long term
follow-up, bleeding recurrence occurred in 24.7% of patients submitted to EGDS, half of which (14.6%) were
due to varices rupture[17].

CONCLUSION

disease in many countries and represents one of the main causes of portal
hypertension worldwide. Esophageal varices rupture and bleeding is the most
feared complication of the disease.
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Abstract

motilin and gastrin levels, and rate of gastric emptying.
The total effective rate of the Xiaoyao pill in the treatment group was significantly superior to that of the
placebo in the control group. In the control group, the
initial HRSD score was 12.12 ± 2.29 and decreased to
7.14 ± 1.67 after therapy (P < 0.01). In the treatment
group, the initial HRSD score was 11.44 ± 2.15, which
significantly decreased to 6.20 ± 2.08 after therapy (P
< 0.01). Moreover, the HRSD score in the treatment
group was significantly lower than in control group after 8 wk (P < 0.01). Motilin and gastrin levels in both
groups were significantly increased after the 8-wk
therapy (P < 0.05). The gastric emptying rate was also
improved in both groups after therapy (P < 0.05), and
the improvement was significantly better in the treatment group compared to the controls (P < 0.05). These
results confirm the therapeutic effects of the Xiaoyao
pill in perimenopausal FD patients and indicate that it is
worthy of clinical promotion.

AIM: To evaluate the efficacy and safety of the Xiaoyao
pill for treatment of functional dyspepsia (FD) associated with perimenopausal depression.

CONCLUSION: The Xiaoyao pill is effective and safe
for the treatment of perimenopausal women with FD
associated with depression.

METHODS: This was a double-blind, randomized, controlled trial including 180 patients with FD accompanied
by depression that were divided into two groups of 90.
Patients in the treatment group received oral administration of the Xiaoyao pill for soothing the liver and
activating the spleen, and patients in the control group
received a placebo. This trial included an 8-wk therapy
period with a follow-up period of 6 mo. The total efficacy and degree of depression, as assessed by the
Hamilton Rating Scale for Depression (HRSD), were
evaluated. Plasma levels of motilin and gastrin were
measured and a gastric emptying test was conducted in
each participant.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

RESULTS: The Xiaoyao pill had a good therapeutic
effect and improved the symptoms in patients with
perimenopausal FD as assessed by the HRSD score,
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Core tip: This study observed the clinical effects of the
Xiaoyao pill for treatment of perimenopausal women
with functional dyspepsia (FD) and depression. The
Xiaoyao pill improved patient symptoms as assessed
by the Hamilton rating scale for depression and gastric
emptying rate. The mechanism of these effects may be
related to the observed increases in plasma motilin and
gastrin levels, which can accelerate gastric emptying
and improve propulsion through the small intestine.
Du HG, Ming L, Chen SJ, Li CD. Xiaoyao pill for treatment of
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functional dyspepsia in perimenopausal women with depression. World J Gastroenterol 2014; 20(44): 16739-16744 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i44/16739.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i44.16739

INTRODUCTION
The etiology and pathogenesis of functional dyspepsia
(FD) are not clear. Many researchers consider that it is
caused by several different pathogenic factors. At present, it is thought to be mainly related to gastrointestinal
motility disorder, increased visceral sensitivity, and psychological abnormality. However, perimenopausal FD
(PMFD) is a manifestation of perimenopausal syndrome
in the digestive system. At present, it is thought to be
mainly caused by endocrine hypofunction, gastrointestinal motility functional disorder, and psychological factors. Gastrointestinal motility functional disorder is the
main pathologic basis of FD, including proximal gastric
accommodation abnormality, gastric emptying delay,
gastroduodenal motility coordination abnormality, and
inter-digestive phase Ⅲ gastrointestinal motility abnormality. Recent research shows that if abnormalities arise
in some parts of the brain-gut axis, digestive tract motility disorder or reduced visceral sense threshold occurs;
both of which may become important factors in PMFD
pathogenesis[1]. Other research shows that digestive tract
motility is related to estrogen, which has inhibitory effects on two aspects of stomach physiological functions:
(1) gastric emptying, motility and rhythm; and (2) gastric
secretion[2].
Estrogen can also affect many neurotransmitters,
including promoting the production of 5-hydroxytryptamine (5-HT), and increasing intracephalic 5-HT receptors[3]. However, insufficiency of 5-HT function gives
rise to depressive symptoms. Therefore, a decrease in estrogen may cause depressive symptoms and increase the
occurrence of FD. Some Chinese researchers use low
doses of conjugated estrogens to treat PMFD, which
improves FD and psychiatric symptoms. In particular,
nausea, abdominal distension, and epigastric discomfort are obviously improved. However, hormones are
not used for replacement therapy in the control groups.
Instead, patients are provided with oral gastric motility
stimulants, without obvious improvement to FD and
psychiatric symptoms. It is inferred from this that estrogen is related to, and can improve, the FD symptoms of
perimenopausal women. Due to the obvious decrease
in estrogen level, the occurrence of emotional disorders
(such as depression, anxiety, and sleep disorders) in perimenopausal women is increased among FD patients[4].
Moreover, such factors often exist at the same time and
affect each other.
At present, there are no effective Western medicines
for PMFD. Most researchers have attempted to use psychotherapy for patients with FD, and have found that
it has better effects when compared with simple drug
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therapy, especially for FD patients with serious symptoms
or treatment resistance[5]. Frequently used drugs include
antacids, prokinetic agents, anxiolytics and antidepressants, digestants, and anti-Helicobacter pylori treatment[6,7].
Standardized treatment for FD includes combination,
comprehensive and individualized treatment. In China,
however, there is considerable experience in treatment
of PMFD with traditional Chinese medicine (TCM) and
other methods[8-11]. TCM considers that this disease is related to emotional repression and weak spleen and stomach. The disease is located in the stomach, and is closely
related to the liver and spleen, that is, liver depression and
spleen deficiency syndrome. It refers to the fact that the
syndrome is dominated by epigastric pain due to liver qi
stasis, stomach invasion and stomach imbalance.
In this study, we investigated the curative effect of
the TCM Xiaoyao pill in women with PMFD and depression, by observation of motilin, gastrin and rate of
gastric emptying, as well as the Hamilton Rating Scale for
Depression (HRSD). We also investigated the possible
pathogenesis of PMFD.

MATERIALS AND METHODS
Patient selection and diagnostic criteria
One hundred eighty patients with FD accompanied by
depression were selected from the Department of Internal Medicine, The Second People’s Hospital Affiliated
with Fujian University of Traditional Chinese Medicine
from December 2012 to December 2013. The patients
were randomly divided into a treatment or control group
by a random number table method.
The diagnostic criteria were based on the Rome Ⅲ
criteria[12]. All subjects 41-52 years of age, who complained of at least one of the symptoms (early satiety,
epigastric pain, epigastric burning, and postprandial fullness), which had lasted > 6 mo and had become more
severe in the past 3 mo, were enrolled.
The TCM standard for diagnosing syndromes was
worked out with reference to the standard for diagnosing the type of liver depression and spleen deficiency
in the guidelines of diagnosing and treating FD. Major
symptoms are stomach pain or discomfort and anorexia
and loose stools. Minor symptoms include: (1) abdominal distention and pain; (2) impatience; (3) insomnia and
dreamful sleep; (4) belching and acid reflux; (5) physical
and mental fatigue; and (6) abdominal distention after
eating. Patients with all the major symptoms and two or
more minor symptoms were diagnosed as suffering from
the syndrome of liver depression and spleen deficiency.
Inclusion and exclusion criteria
To be included in the study, patients had to meet the
following inclusion criteria: (1) perimenopausal women
41-52 years of age who met the Rome Ⅲ criteria for FD;
(2) had liver depression and spleen deficiency syndrome;
(3) ability to cease all medical treatment that could influence gastrointestinal motility at least one week prior to
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Table 1 Curative effect of the Xiaoyao pill

b

Group

n

Cure

Obvious effect

Effectiveness

Ineffectiveness

Effective rate

Control
Treatment

90
90

5
20

18
16

16
42

51
12

43.33%
86.67%b

P < 0.01 vs control.

the test; and (4) agree to participate and give signed informed consent. Patients were excluded if they: (1) had
structural diseases, such as esophagitis, erosive gastroduodenal lesions or ulcers that could explain symptoms;
(2) had systemic diseases; (3) were pregnant or breastfeeding; (4) were receiving hormone replacement therapy;
or (5) had a mental disease.
Therapy
Randomization was performed by opening a sealed envelope that contained a preassigned randomized treatment
generated by computer on entry to the study. Both the
investigators and patients were blinded to the assigned
treatment throughout the study. The Xiaoyao and placebo pills were identical in appearance. In the treatment
group, the patients were treated with the Xiaoyao pill,
consisting of chai hu (radix bupleuri), dang gui (Angelica
sinensis), bai shao (radix paeoniae alba), chao bai zhu (roasted
rhizoma atractylodis macrocephalae), fu ling (Wolfiporia extensa),
zhi gan cao (radix glycyrrhizae), bo he (mint), and sheng
jiang (rhizoma zinjiberis recens). In the control group, the
patients were given a placebo, chaoguya (fructus setariae
germinatus). Drugs were produced by Fuzhou Jinxiang
Co. Ltd. They were administered at 3 g each time, 30 min
before breakfast and supper, for 8 wk. During treatment,
patients stopped taking other drugs.
Standard for evaluating curative effect
According to the TCM Diagnosis and Treatment Norms
on Functional Dyspepsia Approved by the China Association of Chinese Medicine, Professional Committee of
Spleen and Stomach Diseases, all symptoms are divided
into three grades, mild, medium and severe, with a score
of 1, 2 and 3, respectively, or 0 for no symptoms. The
grading of symptoms is as follows: mild, symptoms do
not affect work and life, and are bearable; medium, symptoms affect work and life, but are bearable; severe, symptoms hinder work and life, and are unbearable.
With reference to the Guideline for Directing Clinical
Research into Treatment of Distention and Fullness with
New Chinese Drugs, clinical control means that clinical symptoms and signs disappear and the accumulated
score of syndromes is reduced by ≥ 95%. Obvious effect means that clinical symptoms and signs are obviously
improved and the accumulated score of syndromes is reduced by ≥ 70%. Effectiveness means that clinical symptoms and signs are improved and the accumulated score
of syndromes is reduced by ≥ 30%. Ineffectiveness
means that clinical symptoms and signs are not improved
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or aggravated, and the accumulated score of syndromes
reduces by < 30%.
The formula for assessing the curative effect was: (accumulated score before treatment - accumulated score
after treatment)/accumulated score before treatment
× 100. The HRSD was categorized according to Davis
et al[13]: > 24 points, the patient may be suffering from
severe depression; 17-24 points, the patient may be suffering from medium depression; 8-16 points, the patient
may be suffering from mild depression; ≤ 7 points, the
patient is without depressive symptoms.
Testing index and method
Before and after the therapy period, the two groups were
tested for plasma levels of motilin and gastrin, evaluated
with the HRSD, and gastric emptying rate (total number
of barium × 100%[14]) was determined. Tests were repeated 6 mo later to determine the recurrence.
Statistical analysis
All data are presented as mean ± standard deviation and
tested using SPSS version 17.0 software (SPSS Inc., Chicago, IL, USA). A Student’s t-test was used to compare
the differences between the two sample means, χ 2 tests
were used for numerical data, and the Ridit test was used
to compare the clinical efficacy between the groups. P <
0.05 was considered to represent statistical significance.

RESULTS
The 90 patients in the treatment group were 41-49 years
of age (average: 45.30 ± 2.81 years) and their disease
course was 1-8 years (average: 4.20 ± 2.30 years). The
90 patients in the control group were 42-52 years of age
(average: 46.09 ± 2.45 years) and their disease course was
1-9 years (average: 3.96 ± 2.43 years). There were no statistical differences between the two groups regarding age,
illness course, or symptom distribution.
Comparison of curative effect of treatment
The curative effect was significantly higher in the treatment group compared to the control group (86.67 vs
43.33%, P < 0.01) (Table 1).
Comparison of HRSD scores
HRSD scores in the two groups were significantly lower
after 8 wk (P < 0.01). HRSD scores in the treatment
group were significantly lower than in the control group (P
< 0.01) (Table 2).
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Table 2 Hamilton rating scale for depression

b

Group

n

Before

After 8 wk

Control
Treatment

90
90

12.12 ± 2.29
11.44 ± 2.15

9.14 ± 1.67d
6.20 ± 2.08b,d

P < 0.01 vs the control group; dP < 0.01 vs before.

Comparison of motilin and gastrin levels and gastric
emptying rate
Motilin and gastrin levels in the two groups were significantly increased after therapy (P < 0.05), and the levels
in the treatment group were significantly higher than in
the control group (P < 0.05). The gastric emptying rate
was significantly improved after 8 wk (P < 0.05), and the
improvement in the treatment group was significantly
greater than in the control group (P < 0.05) (Table 3).
Safety assessment
There were no abnormalities in routine blood and urine
examinations, or in renal or hepatic functions. None of
patients in the two groups had any adverse drug reactions. According to the follow-up visit 6 mo after therapy,
there were five relapses in the control group and none in
the treatment group.
Comparison of symptoms in the follow-up period
The patients were subject to drug withdrawal 8 wk after
treatment as well as a follow-up visit at 6 mo, after which,
their symptoms were recorded. There was no significant
difference between symptoms in PMFD patients before
and after drug withdrawal, which indicates that there was
no symptom relapse after 6 mo.

DISCUSSION
The prevalence of FD in Western countries is 20%-25%,
compared with 8%-23% in Asia[15,16]. In China, dyspepsia
patients account for approximately 10% of the general
medicine outpatient service, and 50% of the cases at
digestive internal medicine clinics[9]. Although there are
numerous FD patients, rigorous clinical research rarely
shows that therapeutic methods are more effective than
placebo[17]. As a result, treatment efficacy is not ideal, and
FD can easily recur, which has a serious effect on quality
of life.
TCM proposes liver controlling dispersion and spleen
governing transportation and transformation. Liver
controlling dispersion refers to comprehensive physiologic functions of unchoking, smoothing, ascending,
dredging, and discharging, which mainly reflects regulation of spiritual emotion, and promotion of digestion
and absorption. Liver qi refers to a manifestation of
the physiologic function of the liver, mainly reflected in
adjustment of spirit and emotion and promotion of digestion and absorption[18-20]. If the discharging function
of the liver is normal, the body is better able to coordinate its spiritual and emotional activities. Besides, it is
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conducive to the order of the spleen, stomach and bile
secretion, for maintaining normal digestion and absorption. Liver dysfunction may affect this order, resulting in
abnormal digestive function, such as appetite disorder,
dyspepsia, belching pantothenic acid, abdominal distension, and diarrhea. Spleen governing transportation and
transformation means that the spleen is able to transform
water and cereal into refined nutritious substances, and
transport these into various organs and tissues throughout the body. Dysfunction of spleen transportation may
cause abnormal digestion and absorption, resulting in
pathologic changes in abdominal distension, loose stools,
appetite disorder, and lassitude.
The Xiaoyao pill is made from eight types of TCM:
radix bupleuri, Chinese angelica, radix paeoniae alba, parched
white atractylodes rhizome, poria cocos, honey-fried liquorice
root, mint, and fresh ginger. The monarch drug, radix bupleuri is used to smooth the liver, dispel melancholy, and
sooth liver-qi stagnation. Chinese angelica is bitter and is
used to nourish and activate the blood, and radix paeoniae
alba is used to nourish the blood and liver; the drugs are
adjuvant drugs. Liver dysfunction may cause spleen deficiency, so we use white atractylodes rhizome, liquorice root,
and poria cocos to invigorate the spleen and supplement qi.
Modern pharmacologic research shows that saikoside has
anti-inflammatory, immunoregulatory and liver protective functions, but can also inhibit cholinesterase, act as a
quasi-choline sample and adjust the digestive and nervous
systems[21,22]. This consequently cures liver stagnation and
soothes liver-qi stagnation. White atractylodes rhizome can
activate the muscarinic receptors of the gastrointestinal
tract and acetylcholine receptors, and accelerate gastrointestinal motility and evacuation[23]. Poria cocos can increase
5-HT levels[24], indicating that the Xiaoyao pill can alter
central monoamine neurotransmitter and hormone levels,
thereby improving the clinical symptoms of stagnation
of liver qi and spleen deficiency.
Motilin is mainly expressed in the gastrointestinal
tract and strongly stimulates mechanical and electrical
activity of the upper gastrointestinal tract. It can give rise
to intense shrinkage of the stomach and obvious segmentation movement of the small intestine. Gastrin is a
gastrointestinal hormone that is secreted by the ventricular sinuses and duodenum. It mainly promotes shrinkage
of the gastroesophageal sphincter and smooth muscle
of the digestive tract, and stimulates secretion of gastric
acid, pancreatic enzymes, bile and small intestinal juice.
Hyposecretion can relax smooth muscle in the stomach
and intestine, relieving stomach tension and peristalsis,
extending gastric emptying time and weakening movement of the small intestine[25-27].
In conclusion, there results of this study show that
the Xiaoyao pill is effective for improving symptoms in
patients with PMFD. Its mechanism of action may be
related to boosting plasma gastrin and motilin levels, accelerating gastric emptying, and improving propulsion in
the small intestine. The relationship among improvement
in depression, serum estrogen level, and 5-HT content
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Table 3 Levels of motilin, gastrin and gastric emptying rate
Group
Control
(n = 90)
Treatment
(n = 90)

Time

MOT (ng/L)

GAS (ng/L)

Before
After
Before
After

86.32 ± 21.89
100.56 ± 23.34c
87.67 ± 23.50
197.46 ± 26.37a,c

62.18 ± 13.52
76.33 ± 15.27c
60.25 ± 12.59
110.43 ± 17.47a,c

Gastric emptying rate (%)
39.23 ± 9.42
46.77 ± 8.52c
41.26 ± 8.38
73.35 ± 9.89a,c

P < 0.05 vs control; cP < 0.05 vs before. MOT: Motilin; GAS: Gastrin.

a

requires further study. Whether serum estrogen levels in
perimenopausal women and 5-HT content influence FD
occurrence also requires further study.

2
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Background

Functional dyspepsia (FD) is a common gastrointestinal disease with high morbidity. Due to the drop in estrogen level, perimenopausal women with FD (PMFD)
have an increase in emotional disorders such as depression, anxiety and sleep
disorder. As there are no effective treatments currently available, the aim of the
present study was to evaluate the clinical effects of the Xiaoyao pill for treatment of PMFD with depression. The authors discuss possible pathogenesis of
PMFD through observing overall effects of traditional Chinese medicine, motilin
and gastrin levels, gastric emptying rate, and Hamilton Rating Scale for Depression (HRSD). The results provide a basis for clinical application.

Research frontiers

FD etiology and pathogenesis are still not clear and may be related to multiple
factors. It is generally acknowledged that gastrointestinal obstruction is the main
pathophysiologic basis of FD. Meanwhile, mood, stress and Helicobacter pylori
infection are thought to be closely related to FD morbidity. There is still no drug
treatment with specific effects. Most researchers have attempted psychotherapy
for patients with FD. In China, much experience has been gained with traditional
Chinese medicine for treating FD. However, research on PMFD is rare.

3

4

5

6
7

Innovations and breakthroughs

This was a randomized, double-blind, placebo-controlled study. The authors
observed the clinical effects of the Xiaoyao pill in perimenopausal women with
FD and depression. This research provides a basis for further clinical applications. It can be inferred that PMFD pathogenesis is related to liver qi stagnation,
according to PMFD symptom improvement, gastric emptying and changes in
gastrointestinal hormones. The mechanism of action of the Xiaoyao pill may be
related to boosting plasma gastrin and motilin levels, accelerating gastric emptying, and improving small intestinal propulsion.

8

9

Applications

The Xiaoyao pill was effective in improving symptoms in patients with PMFD,
as assessed by HRSD scores, motilin and gastrin levels, and gastric emptying
rate. Therefore, Xiaoyao merits consideration for clinical application.

10

Terminology

PMFD refers to the condition after entering the perimenopausal period, when
ovarian functions weaken, estrogen levels drop, gastrointestinal mucosal barrier function reduces, neurologic function of the stomach and intestine is disordered, and is described by symptoms such as epigastric pain, gasteremphraxis,
abdominal discomfort, belching, nausea, vomiting, and stomach discomfort.

11

Peer review

The authors studied the effect of the Xiaoyao pill on PMFD symptoms in a
randomized, double-blind, placebo-controlled trial. The study was unique and
well organized. The Xiaoyao pill was effective in improving symptoms of patients with PMFD, as assessed by HRSD scores, motilin and gastrin levels, and
gastric emptying rate, which may help to describe the mechanism for improving
propulsion in the small intestine.

REFERENCES
1

Koloski NA, Jones M, Kalantar J, Weltman M, Zaguirre J,
Talley NJ. The brain--gut pathway in functional gastrointes-

WJG|www.wjgnet.com

12
13
14

16743

tinal disorders is bidirectional: a 12-year prospective population-based study. Gut 2012; 61: 1284-1290 [PMID: 22234979
DOI: 10.1136/gutjnl-2011-300474]
Gonenne J, Esfandyari T, Camilleri M, Burton DD, Stephens
DA, Baxter KL, Zinsmeister AR, Bharucha AE. Effect of female sex hormone supplementation and withdrawal on gastrointestinal and colonic transit in postmenopausal women.
Neurogastroenterol Motil 2006; 18: 911-918 [PMID: 16961694
DOI: 10.1111/j.1365-2982.2006.00808.x]
Douma SL, Husband C, O’Donnell ME, Barwin BN, Woodend AK. Estrogen-related mood disorders: reproductive
life cycle factors. ANS Adv Nurs Sci 2005; 28: 364-375 [PMID:
16292022 DOI: 10.1097/00012272-20051]
Talley NJ, Choung RS. Whither dyspepsia? A historical
perspective of functional dyspepsia, and concepts of pathogenesis and therapy in 2009. J Gastroenterol Hepatol 2009; 24
Suppl 3: S20-S28 [PMID: 19799694]
Calvert EL, Houghton LA, Cooper P, Morris J, Whorwell
PJ. Long-term improvement in functional dyspepsia using
hypnotherapy. Gastroenterology 2002; 123: 1778-1785 [PMID:
12454833 DOI: 10.1053/gast]
Brun R, Kuo B. Functional dyspepsia. Therap Adv Gastroenterol 2010; 3: 145-164 [PMID: 21180597 DOI: 10.1177/1756283
X10362639]
Vanheel H, Tack J. Therapeutic options for functional dyspepsia. Dig Dis 2014; 32: 230-234 [PMID: 24732188 DOI:
10.1159/000358111]
Wang C, Zhu M, Xia W, Jiang W, Li Y. Meta-analysis of traditional Chinese medicine in treating functional dyspepsia of liver-stomach disharmony syndrome. J Tradit Chin Med 2012; 32:
515-522 [PMID: 23427381 DOI: 10.1016/S0254-6272(13)60063-1]
Zhang SS, Zhao LQ, Wang HB, Wu B, Wang CJ, Huang
SP, Shen H, Wei W, Lai YL. Efficacy of Gastrosis No.1 compound on functional dyspepsia of spleen and stomach deficiency-cold syndrome: a multi-center, double-blind, placebocontrolled clinical trial. Chin J Integr Med 2013; 19: 498-504
[PMID: 23818201 DOI: 10.1007/s11655-013-1503-x]
Zhang S, Zhao L, Wang H, Wang C, Huang S, Shen H, Wei
W, Tao L, Zhou T. Efficacy of modified LiuJunZi decoction on functional dyspepsia of spleen-deficiency and qistagnation syndrome: a randomized controlled trial. BMC
Complement Altern Med 2013; 13: 54 [PMID: 23453018 DOI:
10.1186/1472-6882-13-54]
Qiu XJ, Huang X, Chen ZQ, Ren P, Huang W, Qin F, Hu SH,
Huang J, He J, Liu ZQ, Zhou HH. Pharmacokinetic study of
the prokinetic compounds meranzin hydrate and ferulic acid
following oral administration of Chaihu-Shugan-San to patients with functional dyspepsia. J Ethnopharmacol 2011; 137:
205-213 [PMID: 21605652 DOI: 10.1016/j.jep.2011.05.009]
Drossman DA. The functional gastrointestinal disorders and
the Rome III process. Gastroenterology 2006; 130: 1377-1390
[PMID: 16678553 DOI: 10.1053/j.gastro.2006.03.008]
Davis JM, Alderson NL, Welsh RS. Serotonin and central
nervous system fatigue: nutritional considerations. Am J Clin
Nutr 2000; 72: 573S-578S [PMID: 10919962]
He MR, Song YG, Zhi FC. Gastrointestinal hormone abnormalities and G and D cells in functional dyspepsia patients
with gastric dysmotility. World J Gastroenterol 2005; 11:

November 28, 2014|Volume 20|Issue 44|

Du HG et al . Xiaoyao pill for functional dyspepsia

15
16

17
18

19

20
21

443-446 [PMID: 15637765]
Oustamanolakis P, Tack J. Dyspepsia: organic versus functional. J Clin Gastroenterol 2012; 46: 175-190 [PMID: 22327302
DOI: 10.1097/MCG]
Ghoshal UC, Singh R, Chang FY, Hou X, Wong BC, Kachintorn U. Epidemiology of uninvestigated and functional
dyspepsia in Asia: facts and fiction. J Neurogastroenterol
Motil 2011; 17: 235-244 [PMID: 21860815 DOI: 10.5056/
jnm.2011.17.3.235]
Talley NJ, Vakil N. Guidelines for the management of
dyspepsia. Am J Gastroenterol 2005; 100: 2324-2337 [PMID:
16181387 DOI: 10.1111/j.1572]
Xue XL, Wu XY, Xing JM, Li L, Zhao Y, Wang JJ, Zhang YJ,
Wang QB, Tang Y, Li GR, Han P, Li Z, Wang WP, Wang TF.
Xiaopiyishen Herbal Extract Granule Improves the Quality of Life among People with Fatigue-Predominant Subhealth and Liver-Qi Stagnation and Spleen-Qi Deficiency
Syndrome. Evid Based Complement Alternat Med 2012; 2012:
509705 [PMID: 22852022 DOI: 10.1155/2012/509705]
Wei S, Hou JL, Chao YB, Du XY, Zong SB. [Analysis on content of serum monoamine neurotransmitters in macaques
with anger-in-induced premenstrual syndrome and liver-qi
depression syndrome]. Zhong Xi Yi Jie He Xue Bao 2012; 10:
925-931 [PMID: 22883410]
Su Y, Xue L. Effects of jingqianshu granule on expression of
5-HT(1A)R of PMS model rats with liver-qi stagnation. Zhongguo Zhongyao Zazhi 2011; 36: 3498-3501 [PMID: 22368865]
Ying ZL, Li XJ, Dang H, Wang F, Xu XY. Saikosaponin-d
affects the differentiation, maturation and function of mono-

22

23

24

25
26
27

cyte-derived dendritic cells. Exp Ther Med 2014; 7: 1354-1358
[PMID: 24940438 DOI: 10.3892/etm]
Li ZY, Jiang YM, Liu YM, Guo Z, Shen SN, Liu XM, Pan RL.
Saikosaponin D acts against corticosterone-induced apoptosis via regulation of mitochondrial GR translocation and
a GR-dependent pathway. Prog Neuropsychopharmacol Biol
Psychiatry 2014; 53: 80-89 [PMID: 24636912 DOI: 10.1016/
j.pnpbp.2014.02.010]
Song HP, Li RL, Chen X, Wang YY, Cai JZ, Liu J, Chen
WW. Atractylodes macrocephala Koidz promotes intestinal
epithelial restitution via the polyamine--voltage-gated K+
channel pathway. J Ethnopharmacol 2014; 152: 163-172 [PMID:
24417867 DOI: 10.1016/j.jep.2013.12.049]
Yi LT, Zhang L, Ding AW, Xu Q, Zhu Q, Kong LD. Orthogonal array design for antidepressant compatibility of polysaccharides from Banxia-Houpu decoction, a traditional Chinese herb prescription in the mouse models of depression.
Arch Pharm Res 2009; 32: 1417-1423 [PMID: 19898805 DOI:
10.1007/s12272-009-2011-6]
Chu S, Schubert ML. Gastric secretion. Curr Opin Gastroenterol 2013; 29: 636-641 [PMID: 24100729 DOI: 10.1097/
MOG.0b013e328365efc7]
Chen CY, Tsai CY. Ghrelin and motilin in the gastrointestinal system. Curr Pharm Des 2012; 18: 4755-4765 [PMID:
22632857]
Cuomo R, D’Alessandro A, Andreozzi P, Vozzella L, Sarnelli
G. Gastrointestinal regulation of food intake: do gut motility,
enteric nerves and entero-hormones play together? Minerva
Endocrinol 2011; 36: 281-293 [PMID: 22322652]
P- Reviewer: Akiba Y, Chiu CC, Shiota S S- Editor: Gou SX
L- Editor: AmEditor E- Editor: Wang CH

WJG|www.wjgnet.com

16744

November 28, 2014|Volume 20|Issue 44|

World J Gastroenterol 2014 November 28; 20(44): 16745-16749
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i44.16745

© 2014 Baishideng Publishing Group Inc. All rights reserved.

SYSTEMATIC REVIEWS

Temporal trends in inflammatory bowel disease publications
over a 19-years period
Yael Weintraub, Francis B Mimouni, Shlomi Cohen
Yael Weintraub, Shlomi Cohen, Pediatric Gastroenterology and
Nutrition Unit, “Dana-Dwek” Children’s Hospital, Tel Aviv Medical Center, Tel Aviv 64239, Israel
Yael Weintraub, Shlomi Cohen, Sackler Faculty of Medicine,
Tel Aviv University, Tel Aviv 64239, Israel
Francis B Mimouni, Department of Pediatrics, “Dana-Dwek”
Children’s Hospital, Tel Aviv Medical Center and Sackler Faculty
of Medicine, Tel Aviv University, Tel Aviv 64239, Israel
Francis B Mimouni, Division of Neonatology, Shaare Zedek
Medical Center, Jerusalem 93722, Israel
Author contributions: Mimouni FB and Cohen S designed the
research; Weintraub Y collected the data; Mimouni FB and Cohen
S analyzed the data; and Mimouni FB, Cohen S and Weintraub Y
wrote the paper.
Correspondence to: Shlomi Cohen, MD, Pediatric Gastroenterology and Nutrition Unit, “Dana-Dwek” Children’s Hospital,
Tel Aviv Medical Center, 6 Weizman Street, Tel Aviv 64239,
Israel. shlomico@tlvmc.gov.il
Telephone: +972-3-6974519 Fax: +972-3-6974181
Received: April 1, 2014
Revised: April 29, 2014
Accepted: July 24, 2014
Published online: November 28, 2014

yses, letters to the editor, reviews, systematic reviews,
practice guidelines, and editorials.
RESULTS: We identified 44645 articles over the 19
year-period. There were 8687 pediatric-tagged articles
vs 19750 adult-tagged articles. Thus 16208 articles
were unaccounted and not assigned a “pediatric” or
“adult” tag by PubMed. There was an approximately
3-fold significant increase in all articles recorded both
in pediatric and adult articles. This significant increase
was true for nearly every category of article but the
number of clinical trials, meta-analysis, and randomized
controlled trials increased proportionally more than the
number of “lower quality” articles such as editorials or
letters to the editor. Very few guidelines were published
every year.
CONCLUSION: There is a yearly linear increase in
publications related to IBD. Relatively, there are more
and more clinical trials and higher quality articles.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To determine whether temporal changes occurred
in the pediatric vs adult inflammatory bowel disease
(IBD), both in terms of number and type of yearly published articles.
METHODS: We aimed to evaluate all PubMed-registered articles related to the field of IBD from January
1, 1993 and until December 31, 2011. We searched
for articles using the key words “inflammatory bowel
disease” or “Crohn’s disease” or “ulcerative colitis” or
“undetermined colitis”, using the age filters of “child” or
“adult”. We repeated the search according to the total
number per year of articles per type of article, for each
year of the specified period. We studied randomized
controlled trials, clinical trials, case reports, meta-anal-
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Key words: Inflammatory bowel disease; Crohn’s disease; Ulcerative colitis; Randomized clinical trial; Metaanalysis
Core tip: Since the first description of inflammatory
bowel disease (IBD) in the 1700’s, thousand of articles
have been published on the topic. This study aimed
to determine whether temporal changes occurred in
IBD literature. We identified 44645 articles over the 19
year-period starting in 1993. There was an approximately 3-fold increase in all pediatric and adults articles
recorded. This significant increase was true for nearly
every category of articles but clinical trials, metaanalysis, and randomized controlled trials increased
proportionally more than the number of “lower quality”
articles such as editorials or letters to the editor. Very
few guidelines were published every year.
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INTRODUCTION
In a 2005 article it was noted that a total of 8.1 million
journal articles were recorded by MEDLINE between
1978 and 2001[1]. During that period, the annual number
of MEDLINE articles increased by a factor of 1.46,
from an average of 272344 to 442756 per year[1]. Such
numbers indicate the enormous burden placed upon physicians and scientists in their attempt to stay up to date
with their professional literature[1-3]. This appears to be a
universal phenomenon, already demonstrated in various
fields of medicine[4-9].
Inflammatory bowel diseases (IBDs) were described
as early as in the 1700’s by Giovanni Battista Morgagni[10].
They were however recognized as a distinct pathological
entity only after the description by Crohn, who reported
in 1932 a case series of 14 patients with what he called
“terminal ileitis”[11]. Since then, thousands of articles have
been published on IBD, and the recent development of
biological, anti-inflammatory drugs has created a huge
field of basic and clinical science trials[12-21].
The aim of the current study was to determine
whether temporal changes occurred in pediatric vs adult
IBD literature, both in terms of number and type of
yearly published articles.

MATERIALS AND METHODS
We used the Internet address: http://www.ncbi.nlm.nih.
gov/entrez in order to evaluate PubMed articles registered from January 1, 1993 and until December 31, 2012
(a 20 year period). It became obvious at the time of the
search on August 13-14, 2013 that not all 2012 articles
were recorded in PubMed, thus we elected to remove
2012 and concentrated our search on a 19 years period.
We focused upon articles in the field of IBD. In order
to do so, we searched for articles using the key words
“inflammatory bowel disease” or “Crohn’s disease” or
“ulcerative colitis” or “undetermined colitis”, without
species limitations, and using the filters of “ages: childbirth-18 years” (pediatric studies) or “adult: +19 years”
(adult studies). We repeated the search year by year according to the total number per year of articles per
type of article, for the 19 years of the specified period,
analyzed year by year. The type of article was defined according to PubMed own filter. In particular, we studied
randomized controlled trials (RCT), clinical trials, case reports, meta-analysis, letters to the editor, reviews, systematic reviews, practice guidelines, and editorials. In order
to verify that the categorization and tagging offered automatically by PubMed was accurate, we used a random
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sample of 10 studies each year, and in 100% of the cases,
PubMed’s categorization was found to be accurate.
Statistical analysis
The Minitab version 16 (Minitab Inc., State College, PA)
was used for statistical analyses. We used linear regression
to study trends over time. A P-value of < 0.05 was considered significant.

RESULTS
Over the 19 year-period, when we used no age filter, we
identified 44645 articles. When we used pediatric vs adult
filters, we identified 8687 pediatric-tagged articles vs 19750
adult-tagged articles. Thus 16208 articles were unaccounted for, and represent articles that were not assigned
a “pediatric” or “adult” tag by PubMed. By category
studied, when the age filter was used, there were 976 pediatric and 2242 adult clinical trials, 348 pediatrics and 968
adult RCTs, 41 pediatric and 70 adult meta-analysis, 838
pediatric and 1359 adult reviews, 26 pediatric and 32 adult
guidelines, 1248 pediatric and 6121 adult case reports, 80
pediatric and 47 adult editorials, and 384 pediatric and
1531 adult Letters. The total number of articles per year
as defined exceeds that provided by PubMed, because of
overlap among certain categories of articles (for instance
all RCTs are recorded also within clinical trials).
When pediatric and adult articles trends over the
years were compared by linear regression, there was
a significant increase in all articles recorded, from approximately 292 pediatric articles/year in 1993 to 917 in
2011 (i.e., approximately a 3 fold increase, r2 = 0.86, P =
0.001), and from 633 adult articles/year in 1993 to 1,939
in 2011 (also approximately a 3 fold increase, r2 = 0.91, P
= 0.001) (Figure 1A). There was a significant increase in
clinical trials recorded, from approximately 16 pediatric
articles/year in 1993 to 105 in 2011 (i.e., approximately
a 6.5 fold increase, r2 = 0.79, P = 0.001), and from 42
adult articles/year in 1993 to 215 in 2011 (approximately
a 5 fold increase, r2 = 0.88, P = 0.001). There was a significant increase in RCT recorded, from approximately
12 pediatric articles/year in 1993 to 33 in 2011 (i.e., approximately a 3 fold increase, r2 = 0.70, P = 0.001), and
from 26 adult articles/year in 1993 to 80 in 2011 (approximately a 3 fold increase, r2 = 0.75, P = 0.001). There
was a significant increase in meta-analysis recorded, from
0 pediatric articles/year in 1993 to 5 in 2011 (i.e., r2 =
0.45, P = 0.002), and from 0 adult articles/year in 1993
to 12 in 2011 (r2 = 0.76, P = 0.001) (Figure 1B). There
was no significant increase in guidelines recorded, from
approximately 0 pediatric articles/year in 1993 to 2 in
2011 (r2 = 0.19, P = 0.06), while the rise in the number of
adult articles (0 in 1993 to 3 in 2011) reached statistical
significance (r2 = 0.22, P < 0.04). There was a significant
increase in reviews recorded, from approximately 34
pediatric articles/year in 1993 to 67 in 2011 (i.e., approximately a 2 fold increase, r2 = 0.69, P = 0.001), and from
57 adult articles/year in 1993 to 79 in 2011 (approxi-

16746

November 28, 2014|Volume 20|Issue 44|

2000

1500

B

Variable
Pediatrics total
Adult total

Meta-analyses number

A
Total publications number

Weintraub Y et al . Temporal trends in IBD publications

1000

500

Variable
Pediatrics meta-analyses
Adult meta-analyses

12

9

6

3

0
0
1995

2000

2005

2010

1995

t /yr

2000

2005

2010

t /yr

Figure 1 Total number of pediatric and adult articles vs year of publication (A) and number of pediatric and adult meta-analysis vs year of publication (B).

mately a 1.4 fold increase, r2 = 0.42, P = 0.003). There
was a significant increase in case reports recorded, from
approximately 47 pediatric articles/year in 1993 to 95 in
2011 (i.e., approximately a 2 fold increase, r2 = 0.79, P =
0.001), and from 205 adult articles/year in 1993 to 448
in 2011 (approximately a 2.2 fold increase, r2 = 0.94, P =
0.001). There was a significant increase in RCT recorded,
from approximately 12 pediatric articles/year in 1993 to
33 in 2011 (i.e., approximately a 3 fold increase, r2 = 0.70,
P = 0.001), and from 26 adult articles/year in 1993 to 80
in 2011 (approximately a 3 fold increase, r2 = 0.75, P =
0.001. There was a significant increase in letters recorded,
from approximately 13 pediatric articles/year in 1993 to
38 in 2011 (i.e., approximately a 3 fold increase, r2 = 0.60,
P = 0.001), and from 42 adult articles/year in 1993 to
179 in 2011 (approximately a 4.3 fold increase, r2 = 0.82,
P = 0.001). There was no significant increase in editorials
recorded, from approximately 3 pediatric articles/year
in 1993 to 7 in 2010 (with a drop to 1 in 2011), and no
significant change in adult articles 2/year in 1993 and 1 in
2011.

DISCUSSION
As hypothesized, we found a significant increase in the
IBD-related yearly number of publications. Overall, the
yearly number of both pediatric and adult-related articles
increased in a similar manner (an approximate 3-fold increase) during this 19 years period, while a little less than
a third of the articles were solely related to children. The
number of clinical trials increased disproportionally more
than other types of articles (a 6.5-fold increase in pediatric literature and a 5-fold increase in adult literature),
however the rise in yearly number of RCTs was similar
in children and adults, and similar to the overall trend (a
3-fold increase). Since in terms of strength of evidence,
RCTs are considered as “stronger” than non-randomized
clinical trials[22-25], we speculate that the quality of the
articles published in the field of IBD may not have increased more than what was expected from the overall increase. However, due to the large number of articles that
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we retrieved, we were not able to determine what kind
of papers (i.e., clinical trial for biological therapy, etc.) in
each category was increased, which is a limitation of this
study. Meta-analysis also considered as very high quality
in terms of evidence-based-medicine[22], increased apparently dramatically, but this increase is somewhat artificially
inflated from the fact that prior to 2000 these articles were
practically inexistent, rising from nearly 0 to 5 per year in
pediatric literature and 12 per year in the adult literature.
Meta-analysis in general cannot be conducted without a
sufficient cumulative sample size, often reached only by
combining many studies, thus we speculate that in the future, we will see even more of such articles published.
At the other end of the spectrum in terms of
strength of evidence, case reports increased by a factor
of 2 both in pediatric and adult articles, and editorials did
not increase at all. Case reports represent a low level of
evidence[22] and bring very little academic credit to their
authors, which may explain why they did not increase in
numbers proportionally to the rest of the IBD literature.
This is even truer for Editorials, and we suspect that editors of medical journals are less likely than in the past to
seek for the publication such articles, which often represent only the opinion of their author.
In conclusion, there is a linear increase in the number of yearly publications related to the field of IBD. It
was not in the scope of this article to compare the rate
of increase to that of articles in other fields of gastroenterology, or other fields of medicine. Nevertheless,
the increase was significant in terms of the amount of
time that a clinician may invest in his/her continuing
education through the reading of IBD-specific literature.
However, it appears that there are more and more of
clinical trials and higher quality articles. We suggest that
professional societies related to IBD, such as European
Society for Paediatric Gastroenterology Hepatology and
Nutrition, European Crohn’s and Colitis Organisation,
North American Society for Pediatric Gastroenterology,
Hepatology and Nutrition, Crohn’s and Colitis Foundation of America invest more time in such an endeavour,
which might require improving their level of organization
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and coordination.
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Abstract
AIM: To conduct a meta-analysis comparing laparoscopic (LGD2) and open D2 gastrectomies (OGD2) for
the treatment of advanced gastric cancer (AGC).
METHODS: Randomized controlled trials (RCTs) and
non-RCTs comparing LGD2 with OGD2 for AGC treatment, published between 1 January 2000 and 12
January 2013, were identified in the PubMed, Embase,
and Cochrane Library databases. Primary endpoints
included operative outcomes (operative time, intraoperative blood loss, and conversion rate), postoperative
outcomes (postoperative analgesic consumption, time
to first ambulation, time to first flatus, time to first oral
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intake, postoperative hospital stay length, postoperative morbidity, incidence of reoperation, and postoperative mortality), and oncologic outcomes (the number
of lymph nodes harvested, tumor recurrence and metastasis, disease-free rates, and overall survival rates).
The Cochrane Collaboration tools and the modified
Newcastle-Ottawa scale were used to assess the quality and risk of bias of RCTs and non-RCTs in the study.
Subgroup analyses were conducted to explore the incidence rate of various postoperative morbidities as well
as recurrence and metastasis patterns. A Begg’s test
was used to evaluate the publication bias.
RESULTS: One RCT and 13 non-RCTs totaling 2596
patients were included in the meta-analysis. LGD2 in
comparison to OGD2 showed lower intraoperative blood
loss [weighted mean difference (WMD) = -137.87 mL,
95%CI: -164.41--111.33; P < 0.01], lower analgesic
consumption (WMD = -1.94, 95%CI: -2.50--1.38; P <
0.01), shorter times to first ambulation (WMD = -1.03
d, 95%CI: -1.90--0.16; P < 0.05), flatus (WMD = -0.98
d, 95%CI: -1.30--0.66; P < 0.01), and oral intake (WMD
= -0.85 d, 95%CI: -1.67--0.03; P < 0.05), shorter hospitalization (WMD = -3.08 d, 95%CI: -4.38--1.78; P <
0.01), and lower postoperative morbidity (odds ratio =
0.78, 95%CI: 0.61-0.99; P < 0.05). No significant differences were observed between LGD2 and OGD2 for
the following criteria: reoperation incidence, postoperative mortality, number of harvested lymph nodes, tumor
recurrence/metastasis, or three- or five-year diseasefree and overall survival rates. However, LGD2 had
longer operative times (WMD = 57.06 min, 95%CI:
41.87-72.25; P < 0.01).
CONCLUSION: Although a technically demanding and
time-consuming procedure, LGD2 may be safe and
effective, and offer some advantages over OGD2 for
treatment of locally AGC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

16750

November 28, 2014|Volume 20|Issue 44|

Zou ZH et al . Laparoscopic vs open D2 gastrectomy

Key words: D2 lymph node dissection; Gastrectomy;
Gastric cancer; Laparoscopy; Meta-analysis
Core tip: The Japanese Gastric Cancer Association
guidelines stipulate that D2 gastrectomy is required for
the treatment of advanced gastric cancer. Due to its
technical difficulty and the lack of long-term results, the
application of laparoscopic D2 gastrectomy (LGD2) remains questionable. Based on the results of this study,
LGD2 had similar reoperation incidence, mortality,
and oncologic outcomes compared with the open D2
gastrectomy for locally advanced gastric cancer treatment. Furthermore, LGD2 was associated with lower
intraoperative blood loss, lower analgesic consumption,
quicker recovery, shorter hospitalization, and lower
morbidity, albeit with longer operative time.
Zou ZH, Zhao LY, Mou TY, Hu YF, Yu J, Liu H, Chen H, Wu
JM, An SL, Li GX. Laparoscopic vs open D2 gastrectomy
for locally advanced gastric cancer: A meta-analysis. World J
Gastroenterol 2014; 20(44): 16750-16764 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i44/16750.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i44.16750

INTRODUCTION
Gastric cancer is the third most common cancer and
the second leading cause of cancer-related deaths in the
world[1]. Radical gastrectomy, with lymph node dissection, is essential to cure this type of cancer[2]. The first reported usage of laparoscopic gastrectomy (LG) for early
gastric cancer (EGC) came from Kitano et al[3]. Currently,
LG is the accepted treatment of choice for EGC due to
low postoperative pain, faster recovery, shorter hospital
stay, and a better cosmetic outcome compared with open
gastrectomy (OG)[4-7]. Three non-randomized clinical trials (non-RCTs) reported comparable five-year long-term
oncologic outcomes using this type of treatment[8-10].
Uyama et al[11] were the first to report the use of LG
with D2-extended lymph node dissection (LGD2) for
the treatment of advanced gastric cancer (AGC) in 2000.
The Japanese Gastric Cancer Association (JGCA) guidelines stipulate that D2 gastrectomy is required for treating
AGC[12,13]. In the last decade, only a few surgeons worldwide, particularly in East Asia, have performed LGD2
to treat AGC[14-32]. However, the application of this treatment remains dubious due to its technical difficulty and
the lack of long-term results[19,23,27,29,31,32].
According to the JGCA guidelines, D2 dissection of
stations 12a or 10 can be technically demanding due to
the serious risks of organ injury, bleeding, and/or bile
and pancreatic leakage from a major vessel[29,32]. Nodal
dissection can increase morbidity and mortality rates
similar to those of open resections[33-35]. The laparoscopic
approach for treatment of tumors with serosal invasion
also risks the peritoneal seeding of malignant cells dur-
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ing the procedure. Several theories regarding the etiology
of port-site recurrence, associated with pneumoperitoneum and visceral manipulation, have been proposed[36].
Another concern is the lack of long-term oncologic outcomes[31,32]. A meta-analysis of seven case-control studies
comparing laparoscopy-assisted distal gastrectomy with
OG for AGC revealed that LG was associated with better
short-term outcomes and comparable three-year overall
survival rates. However, these studies were comprised of
only 1271 cases, as well as D1, D1+, and D2 lymph node
dissections[37]. Consequently, we performed meta-analyses
to evaluate whether LGD2 is an acceptable alternative to
OGD2 for AGC treatment.

MATERIALS AND METHODS
Literature search
All RCTs and non-RCTs comparing LGD2 with OGD2
for AGC were identified by searching the PubMed, EMBASE, and Cochrane Library databases for studies published between 1 January 2000 and 12 January 2013. Only
articles published in English or Chinese were included in
this study. The following medical subject headings and
free-text terms were used: stomach neoplasms; stomach
cancer; gastric carcinoma; gastric cancer; laparoscopy;
laparoscopic; minimally invasive; laparotomy; conventional gastrectomy; OG; D2 lymph node dissection; extended; radical. Additional relevant articles were identified
using references of relevant articles and previous metaanalyses. The PubMed database was used to search for
additional studies and trials using authors’ names and the
“related articles” function. The World Health Organization International Clinical Trials Registry Platform, Clinical Trials, Cochrane Central Register of Controlled Trials,
and Chinese Clinical Trial Register were used to identify
any ongoing RCTs.
Definitions
Based on the preoperative clinical assessment or postoperative pathologic examination, AGC was defined
as cancerous growth invading beyond the submucosal
layer of the stomach. Locally AGC is the subgroup of
AGC excluding stage IV. LG was defined as total LG or
laparoscopy-assisted gastrectomy. In all included studies,
D2 lymph node dissection was performed according to
the JGCA lymph node classification[38]. The evaluated
endpoints were classified as operative outcomes (operative time, intraoperative blood loss, and conversion rate),
postoperative outcomes (postoperative analgesic consumption, time to first ambulation, time to first flatus,
time to first oral intake, length of postoperative hospital
stay, postoperative morbidity, incidence of reoperation,
and postoperative mortality), and oncologic outcomes
(number of lymph nodes harvested, tumor recurrence
and metastasis, and disease-free and overall survival rates).
The primary endpoints were postoperative morbidity and
mortality as well as disease-free and overall survival rates.
Other variables were considered as secondary endpoints.
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Inclusion and exclusion criteria
The analyses included studies comparing LGD2 with
OGD2 in patients with AGC. In cases when more than
one publication reported on a single trial, only the most
recent data were included, unless relevant outcomes
were reported only in earlier publications. The following criteria were applied to exclude a study: < 40 cases;
combined examination of AGC and EGC cases and/or
D1-D3 lymphadenectomy, which prevented extraction of
relevant or the authors’ provision of such data by email;
malignant stromal tumors, benign disease, or emergency
operations; use of hand-assisted LG, gasless laparoscopic
surgery, or robotic surgery.
Method of review
The meta-analyses were performed in accordance with
the recommendations of the Preferred Reporting Items
for Systematic Reviews and Meta-analysis statement[39].
Two reviewers (Zou ZH and Zhao LY) independently
evaluated all retrieved studies to determine if they met
the criteria, to assess study quality, and extract data. The
study team resolved all of their disagreements through
discussion to reach a consensus.
Methodological quality assessment
The Cochrane Collaboration Handbook 5.1.0 was used
to independently determine the quality and risk of bias
of RCTs[40]. Following domains were assessed: sequence
generation; allocation concealment; completeness of outcome data; selective outcome reporting; baseline comparability of groups; dropout rates. The risk of bias in each
domain was assessed and classified as low, high, or unclear. Blinding methods were not examined in this review
because both LGD2 and OGD2 are invasive, and the
patients were informed preoperatively about the planned
procedures.
The methodological quality of non-RCTs was assessed using the modified Newcastle-Ottawa scale[41].
Patient selection, comparability of LGD2 and OGD2
groups, and assessment of measured outcomes were examined. In assessing comparability between groups, focus
was on the variables that might affect primary endpoints
such as, patient age and sex, pathologic tumor-nodemetastasis stage, type of gastrectomy, resection margin,
tumor size, histologic type, reconstruction, and adjuvant
treatment.
Studies were scored using an ordinal star scale, with
higher scores representing higher quality. A maximum of
one star was awarded to a study for each numbered item
within the selection and outcome assessment. A maximum of two stars was awarded for the comparability of
the two groups. The quality of each study was graded as
level 1 (0-5 stars) or level 2 (6-9 stars).
Statistical analysis
Review Manager (RevMan, version 5.0; The Cochrane
Collaboration, Oxford, United Kingdom) and STATA
(version 11.2; STATA Corporation, College Station, TX,
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United States) software were used for statistical analyses.
Weighted mean differences (WMDs) with 95%CIs were
calculated for continuous variables, including operative
time, intraoperative blood loss, postoperative analgesic consumption, time to first ambulation, time to first
flatus, time to first oral intake; length of postoperative
hospital stay, and number of harvested lymph nodes.
The odds ratios (ORs) with 95%CIs were calculated for
dichotomous variables, including postoperative morbidity and mortality rates, incidence of reoperation, tumor
recurrence, and metastasis. The hazard ratios (HRs) with
95%CIs extracted from Kaplan-Meier curves were used
for disease-free and overall survival rates[42,43]. A random
effects model was used to pool studies with significant
heterogeneity, as determined by the χ 2 test (P ≤ 0.10)
and the inconsistency index (I2 ≥ 50%)[44,45].
An alternative statistical effect model was used to reanalyze the data for the sensitivity analysis (e.g., a random
effects model instead of a ﬁxed effects model or vice versa). The incidences of various postoperative morbidities
and recurrence, and metastasis patterns were determined
using subgroup analyses. The Begg’s test was used to assess the presence of publication bias. Publication bias
was present when the continuity-corrected Pr >|z| value
was ≤ 0.1[46].

RESULTS
Descriptive assessment and study characteristics
Of the 493 publications identified in the initial literature
search, 14 trials (1 RCT, 13 non-RCTs) were included in
the analyses[19-32]. A total of 2596 participants (1328 in
the LGD2 group and 1268 in the OGD2 group) were
included in the study (Figure 1, Table 1).
Study quality
A methodological quality assessment revealed that the
RCT had unclear random sequence generation, satisfactory allocation concealment, adequately addressed
incomplete outcome data, and had no selective outcome
reporting[23]. The quality of all 13 non-RCTs was level 2
(6-9 stars) on the Newcastle-Ottawa scale (Table 1).
Meta-analyses of operative outcomes
Thirteen studies provided operative time data[19-25,27-32].
The LGD2 group’s weighted mean operative time was
57.06 min longer than in the OGD2 group (95%CI:
41.87-72.25; P < 0.01), with significant heterogeneity
among studies (I2 = 90%; P < 0.01) (Table 2, Figure 2A).
Blood loss data was found in 11 studies[19-23,25,27-30,32],
revealing a significantly lower blood loss in the LGD2
compared to the OGD2 groups (WMD = -137.87 mL,
95%CI: -164.41--111.33; P < 0.01), with significant heterogeneity among studies (I2 = 90%; P < 0.01) (Figure
2B).
Laparoscopic procedure conversion rates were documented in eight studies, ranging from 0.00 to 6.67%, with
a weighted average of 1.68%[19,21-24,28,30,32]. Four articles

16752

November 28, 2014|Volume 20|Issue 44|

Records identified through
database search (n = 630)

Additional records identified
through other sources (n = 46)

Duplicates removed
(n = 493)

Screening

Identification
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Records screened
(n = 493)

Records excluded
(n = 431)

Full-text articles excluded
EGC only (n = 3)
Full-text articles assessed for
eligibility (n = 62)
Eligibility

Studies combining evaluation of AGC and
EGC or/and D1–D3 lymphadenectomy, in
which LDG2 vs OGD2 for AGC could not
be extracted or obtained by email (n = 38)
Studies included in qualitative
synthesis (n = 14)

Included

Ongoing RCT protocol (n = 1)

Total case number < 40 (n = 1)
Duplicate report (n = 3)

Studies included in quantitative
synthesis (meta-analysis) (n = 14)

Figure 1 Flow chart of the identification and inclusion of studies. Studies evaluating laparoscopic gastrectomy with D2 (LGD2) were identified to evaluate the
procedure as an acceptable alternative to open gastrectomy with D2 (OGD2) for locally advanced gastric cancer (AGC); EGC: Early gastric cancer; RCT: Randomized
controlled trial.

Table 1 Characteristics and quality of studies included in the meta-analysis
Publication

Study design Cases (L/O) Type of gastrectomy Type of laparoscopy
[32]

Shinohara et al
Kim et al[31]
Wang et al[30]
Sato et al[29]
Hamabe et al[28]
Chen et al[27]
Zang et al[26]
Shuang et al[25]
Scatizzi et al[24]
Cai et al[23]
Huang et al[22]
Du et al[21]
Du et al[20]
Hur et al[19]

Non-RCT
Non-RCT
Non-RCT
Non-RCT
Non-RCT
Non-RCT
Non-RCT
Non-RCT
Non-RCT
RCT
Non-RCT
Non-RCT
Non-RCT
Non-RCT

186/123
88/88
210/180
32/118
66/101
224/112
156/156
35/35
30/30
49/47
66/69
82/94
78/90
26/25

DG, TG, PG
DG, TG, PG
DG, TG, PG
DG, TG, PG
DG, TG
DG, TG
TG
DG
DG
DG, TG, PG
DG
TG
DG
DG

TLG
LAG
LAG
LAG
LAG
LAG
LAG
LAG
TLG
LAG
LAG
LAG
LAG
LAG

Mean follow-up (mo)

Matching criteria

1

48.8
1, 2, 3, 4, 7, 8, 9
L: 53.7; O: 58.1
1, 2, 3, 4, 5, 7
L: median 24; O: median 26
1, 2, 3, 4, 5
43
1
L: 30.4; O: 53.5
1, 2, 3, 4, 7, 9
NS
1, 2, 3, 4, 6, 7, 8
NS
1, 2, 3, 4, 6, 8
L: 36.5; O: 38.5
5, 8
18
1, 2, 3, 4, 6
22.1
1, 2, 3, 4, 5, 6, 7
Range: 1-19
1, 2, 3, 4, 6, 7, 8
2.5
1, 2, 3, 4, 5, 7
25.2
1, 2, 3, 4, 5, 6, 7
29.0
1, 2, 3, 4, 5, 7, 8, 9

Quality score
8
8
7
7
6
7
6
6
7
RCT
7
7
7
7

1

Matching criteria: 1 = age; 2 = sex; 3 = pathologic tumor-node-metastasis stage; 4 = type of gastrectomy; 5 = resection margin; 6 = tumor size; 7 = histologic
type; 8 = reconstruction; 9 = adjuvant treatment. DG: Distal gastrectomy; L: Laparoscopic gastrectomy; LAG: Laparoscopy-assisted gastrectomy; NS: Not
stated; O: Open gastrectomy; PG: Proximal gastrectomy; RCT: Randomized controlled trial; TG: Total gastrectomy; TLG: Total laparoscopic gastrectomy.

reported the following reasons for converting to open
procedures: hemorrhage (n = 2); overlarge tumor (n = 2);
common bile duct injury (n = 1); obesity (n = 1); techni-
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cal difficulty (n = 1); lack of pneumoperitoneum (n = 1);
failure of the linear stapler (n = 1); dense adhesion after
open sigmoidectomy (n = 1); relatively fixed tumor (n = 1);
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Table 2 Meta-analysis results of endpoints from all available studies
Measured outcome

Operative outcomes
Operative time
Intraoperative blood loss
PO outcomes
PO analgesic consumption
Time to first ambulation
Time to first flatus
Time to first oral intake
Length of PO hospital day
Overall morbidity
Anastomotic stenosis
Anastomotic leakage
Duodenal stump leakage
Pancreatic fistula/
pancreatitis
Intra-abdominal bleeding
Ileus
Wound problems
Pneumonia
Reoperation
Mortality
Oncologic outcomes
Lymph nodes harvested (n)
Tumor recurrence/metastasis
Local/lymphatic recurrence
Peritoneal recurrence
Distant metastasis
Three-year DFS
Three-year overall survival
Five-year DFS
Five-year overall survival

Studies Patients OR, WMD, or HR
(n )
(n )

P

95%CI

Heterogeneity test

I

13
11

2300
2064

57.06
-137.87

41.87
-164.41

72.25 < 0.00001
-111.33 < 0.00001

4
5
9
6
10
13
12
13
13
13

441
977
1588
987
1782
2284
2108
2284
2284
2284

-1.94
-1.03
-0.98
-0.85
-3.08
0.78
0.89
0.74
1.12
0.75

-2.50
-1.90
-1.30
-1.67
-4.38
0.61
0.36
0.36
0.42
0.37

-1.38
-0.16
-0.66
-0.03
-1.78
0.99
2.16
1.50
3.01
1.52

13
12
13
13
7
13

2284
2108
2284
2284
1289
2284

0.99
0.56
0.56
0.38
1.58
0.69

0.41
0.21
0.34
0.21
0.58
0.21

13
8
5
5
5
4
8
3
3

2526
1587
853
853
853
703
1363
652
652

-0.11
0.79
0.79
1.20
0.67
1.02
0.87
1.02
0.79

-2.72
0.60
0.46
0.70
0.42
0.64
0.59
0.66
0.46

2

Pr >|z |

P

90%
90%

< 0.00001
< 0.00001

0.502
0.533

< 0.00001
0.02
< 0.00001
0.04
< 0.00001
0.04
0.79
0.40
0.82
0.42

77%
97%
89%
86%
88%
14%
0%
0%
0%
0%

0.005
< 0.00001
< 0.00001
< 0.00001
< 0.00001
0.30
0.74
0.80
0.83
0.91

0.308
1.000
0.536
1.000
0.721
0.161
0.308
1.000
1.000
0.308

2.38
1.46
0.93
0.71
4.31
2.26

0.98
0.23
0.03
0.002
0.37
0.54

0%
0%
0%
17%
0%
0%

0.83
0.73
0.66
0.29
0.63
0.64

1.000
1.000
0.152
1.000
1.000
-

2.50
1.04
1.34
2.07
1.07
1.61
1.27
1.57
1.34

0.94
0.09
0.38
0.50
0.09
0.94
0.46
0.92
0.38

95%
20%
0%
0%
45%
0%
0%
0%
0%

< 0.00001
0.27
0.41
0.50
0.12
0.88
0.99
0.67
0.90

0.537
0.035
0.296
0.296
0.089
-

DFS: Disease-free survival; HR: Hazard ratio; OR: Odds ratio; PO: Postoperative; WMD: Weighted mean difference.

small incision metastasis (n = 1).
Meta-analyses of postoperative outcomes
Analgesic administration was reported by only four articles included in this study[21,22,24,25]. Meta-analysis revealed
a significantly lower frequency of analgesic administration in the LGD2 group than in the OGD2 group (WMD
= -1.94, 95%CI: -2.50--1.38; P < 0.01), with significant
heterogeneity among studies (I2 = 77%; P < 0.01) (Table 2,
Figure 3A).
The time to first ambulation was reported in five papers[21,23,24,27,32]. This time was significantly shorter in the
LGD2 group than in the OGD2 group (WMD = -1.03 d,
95%CI: -1.90--0.16; P < 0.05), with significant heterogeneity among studies (I2 = 97%; P < 0.01) (Figure 3B).
The time to first flatus was reported in nine articles[19-24,27,30,31]. The time was significantly shorter in the
LGD2 group than in the OGD2 group (WMD = -0.98 d,
95%CI: -1.30--0.66; P < 0.01), with significant heterogeneity among studies (I2 = 89%; P < 0.01) (Figure 3C).
The time to first oral intake was reported in six papers [19,22-24,27,32]. Meta-analysis demonstrated this time
was significantly shorter in the LGD2 group than in the
OGD2 group (WMD = -0.85 d, 95%CI: -1.67--0.03; P <
0.05), with significant heterogeneity among studies (I2 =
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86%; P < 0.01) (Figure 3D).
The length of postoperative hospitalization was reported in 10 articles[19,20,22-25,27,28,30,32]. The LGD2 group had
significantly shorter postoperative hospitalization than
the OGD2 group (WMD = -3.08 d, 95%CI: -4.38--1.78;
P < 0.01). There was a significant heterogeneity among
studies (I2 = 88%; P < 0.01) (Figure 4A).
The postoperative morbidity rates were reported in
13 studies[19-25,27-32]. Meta-analysis demonstrated a significantly lower overall postoperative morbidity after LGD2
than after OGD2 (OR = 0.78, 95%CI: 0.61-0.99; P <
0.05), with no significant heterogeneity among studies (I2
= 14%) (Figure 4B).
The subgroup analyses showed significantly lower
incidence rates of wound problems (wound infection
and dehiscence) and pneumonia in the LGD2 group.
No difference in the incidence rate of major surgical site
complications, such as anastomotic stenosis, anastomotic
leakage, duodenal stump leakage, pancreatic fistula or
pancreatitis, and intra-abdominal bleeding, was found
between the two groups (Table 2). Subgroup analyses
demonstrated no significant differences between groups
in major surgical site complications with regard to surgical extensions (distal gastrectomy/proximal gastrectomy/
total gastrectomy). This includes anastomotic stenosis,
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A
LGD2
Study or subgroup

Mean

SD Total

OGD2
Mean

SD

RCT
Cai 2011
270.51 55.267
49 187.66 40.188
Subtotal (95%CI)
49
Heterogeneity: Not applicable
Test for overall effect: Z = 8.43 (P < 0.00001)

Total
47
47

Weight

Mean difference

Mean difference

IV, random, 95%CI

IV, random, 95%CI

8.40% 82.85 [63.58, 102.12]
8.40% 82.85 [63.58, 102.12]

Non-RCT
Hur 2008
255
66.3
26
190
66.3
25
6.20% 65.00 [28.60, 101.40]
Du 2009
245
35
78
220
20
90
9.40% 25.00 [16.20, 33.80]
Du 2010
275
78
82
212
51
94
8.40% 63.00 [43.22, 82.78]
Huang 2010
266.05 55.05
66 223.78 26.79
69
8.90% 42.27 [27.56, 56.98]
Shuang 2011
320 173.5
35
210 173.5
35
2.60% 110.00 [28.71, 191.29]
Scatizzi 2011
240
67
30
180
67
30
6.60% 60.00 [26.09, 93.91]
Hamabe 2012
283.1
57.5
66 225.9
58.2
101
8.60% 57.20 [39.28, 75.12]
Chen 2012
207.2 137.3 224
213
54.7
112
8.20% -5.80 [-26.44, 14.84]
Kim 2012
228.3
49.4
88 183.6
42.7
88
9.00% 44.70 [31.06, 58.34]
Wang 2012
258
42 210
193
30
180
9.50% 65.00 [57.83, 72.17]
Sato 2012
376
113
36
300
73
130
5.90% 76.00 [37.01, 114.99]
Shinohara 2013
369.7 109.5 186 263.6
76.9
123
8.20% 106.10 [85.31, 126.89]
Subtotal (95%CI)
1127
1077 91.60% 54.65 [38.93, 70.38]
2
Heterogeneity: Tau² = 603.75; χ = 112.56, df = 11 (P < 0.00001); I ² = 90%
Test for overall effect: Z = 6.81 (P < 0.00001)
Total (95%CI)
1176
1124 100.00% 57.06 [41.87, 72.25]
2
Heterogeneity: Tau² = 617.12; χ = 123.15, df = 12 (P < 0.00001); I ² = 90%
Test for overall effect: Z = 7.36 (P < 0.00001)

B

LGD2

Study or subgroup

Mean

SD Total

OGD2
Mean

SD Total

RCT
Cai 2011
293.67 164.49
49 344.47 219.652
Subtotal (95%CI)
49
Heterogeneity: Not applicable
Test for overall effect: Z = 1.28 (P = 0.20)

47
47

-200

-100
Favours LDG2

0

100
200
Favours ODG2

Mean difference

Mean difference

Weight

IV, random, 95%CI

IV, random, 95%CI

6.40%
6.40%

-50.80 [-128.68, 27.08]
-50.80 [-128.68, 27.08]

Non-RCT
Hur 2008
160
75.2
26
215
75.2
25 10.60%
Du 2009
110
25
78
196
30
90 14.00%
Du 2010
156
112
82
339
162
94 10.60%
Huang 2010
131.91 88.72
66 342.3 178.73
69
9.80%
Shuang 2011
200 209.5
35
300
209.5
35
4.80%
Chen 2012
82.7 101.3 224 201.7
235.3 112 10.00%
Hamabe 2012
158.3 249.8
66 356.3
241.1 101
6.50%
Sato 2012
166
192
36
456
371 130
5.40%
Wang 2012
208
38 210
300
52 180 14.00%
Shinohara 2013
154.3 281.7 186 388.7
272.8 123
7.90%
Subtotal (95%CI)
1009
959 93.60%
2
Heterogeneity: Tau² = 1305.51; χ = 94.44, df = 9 (P < 0.00001); I ² = 90%
Test for overall effect: Z = 10.24 (P < 0.00001)

-55.00 [-96.29, -13.71]
-86.00 [-94.32, -77.68]
-183.00 [-223.74, -142.26]
-210.39 [-257.68, -163.10]
-100.00 [-198.16, -1.84]
-119.00 [-164.55, -73.45]
-198.00 [-274.44, -121.56]
-290.00 [-379.45, -200.55]
-92.00 [-101.17, -82.83]
-234.40 [-297.35, -171.45]
-143.91 [-171.44, -116.37]

Total (95%CI)
1058
1006 100.00%
-137.87 [-164.41, -111.33]
2
Heterogeneity: Tau² = 1291.59; χ = 95.68, df = 10 (P < 0.00001); I ² = 90%
Test for overall effect: Z = 10.18 (P < 0.00001)

-200 -100 0 100 200
Favours LDG2
Favours ODG2

Figure 2 Meta-analyses of procedure characteristics. A: Weighted mean operative time; B: Intraoperative blood loss. LGD2: Laparoscopic gastrectomy with D2
extended lymph node dissection; OGD2: Open gastrectomy with D2 extended lymph node dissection; RCT: Randomized controlled trial.

anastomotic leakage, duodenal stump leakage, pancreatic
fistula or pancreatitis, and intra-abdominal bleeding.
The reoperation incidence rate was reported in seven
articles [19,20,22,24,30-32]. No significant difference in this
parameter was found between the LGD2 and OGD2
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groups (OR = 1.58, 95%CI: 0.58-4.31) with no significant heterogeneity among studies (I2 = 0%) (Figure 4C).
The postoperative mortality rates were reported in
13 studies[19-25,27-32] with no significant difference in the
rate between the LGD2 and OGD2 groups (OR = 0.69,
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A
LGD2

Mean difference

Mean difference

Weight

IV, random, 95%CI

IV, random, 95%CI

32.20%
34.70%
10.50%
22.60%

-2.50 [-2.88, -2.12]
-2.17 [-2.45, -1.89]
-1.50 [-2.97, -0.03]
-1.00 [-1.75, -0.25]

Total (95%CI)
213
228 100.00%
2
Heterogeneity: Tau² = 0.21; χ = 12.99, df = 3 (P = 0.005); I ² = 77%
Test for overall effect: Z = 6.80 (P < 0.00001)

-1.94 [-2.50, -1.38]

Study or subgroup
Du 2010
Huang 2010
Scatizzi 2011
Shuang 2011

Mean

SD

1.3
1.33
3
3

1.2
0.55
2.9
1.6

B

OGD2
Total Mean
82
66
30
35

3.8
3.5
4.5
4

LGD2

Study or subgroup

Mean

SD Total
1.4
1.03
2.9
1.6

94
69
30
35

-2
-1
0
1
2
Favours LATG Favours OTG

OGD2

SD Total Mean

SD

RCT
Cai 2011
4.776 2.094
49 4.894 1.536
Subtotal (95%CI)
49
Heterogeneity: Not applicable
Test for overall effect: Z = 0.32 (P = 0.75)
Non-RCT
Du 2010
2.4
1.1
82
Scatizzi 2011
1
0
30
Chen 2012
2.7
1.2 224
Shinohara 2013
2
0.5 186
Subtotal (95%CI)
522
2
Heterogeneity: Tau² = 0.75; χ = 98.56, df =
Test for overall effect: Z = 2.55 (P = 0.01)

4.9
1
2.9
3.2

Mean difference

Mean difference

Total

Weight

IV, random, 95%CI

IV, random, 95%CI

47
47

22.30%
22.30%

-0.12 [-0.85, 0.61]
-0.12 [-0.85, 0.61]

25.30%

-2.50 [-2.87, -2.13]
Not estimable
-0.20 [-0.47, 0.07]
-1.20 [-1.33, -1.07]
-1.29 [-2.28, -0.30]

1.4
0
1.2
0.6

94
30
112
123
359
2 (P < 0.00001); I ²

25.90%
26.40%
77.70%
= 98%

Total (95%CI)
571
406 100.00% -1.03 [-1.90, -0.16]
Heterogeneity: Tau² = 0.74; Chi² = 106.03, df = 3 (P < 0.00001); I ² = 97%
Test for overall effect: Z = 2.32 (P = 0.02)

C

LGD2

Study or subgroup

Mean

OGD2

SD Total Mean

RCT
Cai 2011
3.89 1.649
Subtotal (95%CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 1.08 (P = 0.28)

-2
-1
0
1
2
Favours LGD2 Favours OGD2

Mean difference

SD

Total

49 4.213 1.250
49

47
47

Non-RCT
Hur 2008
4
0
26
4
0
25
Du 2009
3.04 0.35
78 4.25 0.44
90
Huang 2010
3.18 1.22
66
4.5 1.59
69
Du 2010
3.5
0.8
82
5.3
1.3
94
Scatizzi 2011
2
1.6
30
3
1.6
30
Wang 2012
2.9
0.7 210
3.9
1.8
180
Kim 2012
3.2
0.9
88
3.7
0.9
88
Chen 2012
2.6
1.1 224
3.2
1.1
112
Subtotal (95%CI)
804
688
2
Heterogeneity: Tau² = 0.16; χ = 58.46, df = 6 (P < 0.00001); I ² = 90%
Test for overall effect: Z = 6.32 (P < 0.00001)

Mean difference

Weight IV, random, 95%CI
10.20%
10.20%

-0.32 [-0.91, 0.26]
-0.32 [-0.91, 0.26]

15.20%
11.50%
13.50%
7.70%
13.80%
14.00%
14.20%
89.80%

Not estimable
-1.21 [-1.33, -1.09]
-1.32 [-1.80, -0.84]
-1.80 [-2.11, -1.49]
-1.00 [-1.81, -0.19]
-1.00 [-1.28, -0.72]
-0.50 [-0.77, -0.23]
-0.60 [-0.85, -0.35]
-1.06 [-1.38, -0.73]

Total (95%CI)
853
735 100.00% -0.98 [-1.30, -0.66]
2
Heterogeneity: Tau² = 0.17; χ = 64.82, df = 7 (P < 0.00001); I ² = 89%
Test for overall effect: Z = 6.06 (P < 0.00001)
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D
LGD2
Study or subgroup

Mean

SD Total

OGD2
Mean

SD

RCT
Cai 2011
6.8571 1.8143
49 6.4681 1.66617
Subtotal (95%CI)
49
Heterogeneity: Not applicable
Test for overall effect: Z = 1.09 (P = 0.27)

Mean difference
Total

Weight IV, random, 95%CI

47
47

20.50% 0.39 [-0.31, 1.09]
20.50% 0.39 [-0.31, 1.09]

Non-RCT
Hur 2008
4
0
26
4
0
25
Huang 2010
6.53
2.72
66
7.64
3.27
69
Scatizzi 2011
3
1.6
30
4
1.6
30
Chen 2012
4.7
1.5 224
5.1
1.8
112
Shinohara 2013
3.4
1.5 186
5.7
4.4
123
Subtotal (95%CI)
532
359
2
Heterogeneity: Tau² = 0.65; χ = 17.95, df = 3 (P = 0.0004); I ² = 83%
Test for overall effect: Z = 2.61 (P = 0.009)

17.60%
19.50%
22.90%
19.50%
79.50%

Mean difference
IV, random, 95%CI

Not estimable
-1.11 [-2.12, -0.10]
-1.00 [-1.81, -0.19]
-0.40 [-0.79, -0.01]
-2.30 [-3.11, -1.49]
-1.17 [-2.04, -0.29]

Total (95%CI)
581
406
100.00% -0.85 [-1.67, -0.03]
2
Heterogeneity: Tau² = 0.72; χ = 27.70, df = 4 (P < 0.0001); I ² = 86%
Test for overall effect: Z = 2.04 (P = 0.04)

-2
-1
0
1
2
Favours LGD2 Favours OGD2

Figure 3 Meta-analyses of patient characteristics. A: Analgesic consumption; B: Time to first ambulation; C: Time to first flatus; D: Time to first oral intake. LGD2:
Laparoscopic gastrectomy with D2 extended lymph node dissection; OGD2: Open gastrectomy with D2 extended lymph node dissection; RCT: Randomized controlled
trial.

95%CI: 0.21-2.26) with no significant heterogeneity
among studies (I2 = 0%) (Figure 4D).
Meta-analyses of oncologic outcomes
The number of lymph nodes harvested was reported in
13 studies[19-24,26-32]. Although meta-analysis showed no
significant difference in this parameter between the two
groups (WMD = -0.11, 95%CI: -2.72-2.50), there was
significant heterogeneity among the studies (I2 = 95%; P
< 0.01) (Table 2, Figure 5A).
Tumor recurrence and metastasis were recorded in
eight studies[19-21,28-32]. The meta-analysis showed no statistical difference between the LGD2 and OGD2 groups
(OR = 0.79, 95%CI: 0.60-1.04), as well as no significant
heterogeneity among studies (I2 = 20%) (Figure 5B). Subgroup analyses showed no significant difference in recurrence and metastasis patterns between the groups (Table
2).
Four trials involving 703 patients provided three-year
disease-free survival rates[19,28,31,32]. Three trials involving 652 patients provided five-year disease-free survival
rates[28,31,32]. The two groups showed no significant difference in three-year (HR = 1.02, 95%CI: 0.64-1.61) (Figure
6A) or five-year (HR = 1.02, 95%CI: 0.66-1.57) (Figure
6B) disease-free survival rates (Figure 6). There was no
significant heterogeneity among studies (I2 = 0% for both
rates) (Table 2).
Eight trials involving 1363 patients provided threeyear overall survival rates[19,23-25,27,28,31,32], and three trials
involving 652 patients provided five-year overall survival
rates[28,31,32]. The two groups showed no significant differences in three-year (HR = 0.87, 95%CI: 0.59-1.27)
(Figure 6C) or five-year (HR = 0.79, 95%CI: 0.46-1.34)
(Figure 6D) overall survival rates, accompanied with no
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significant heterogeneity among studies (I2 = 0% for
both). Among the studies included, only Shinohara et
al[32] presented calculated disease-free and overall survival
rates after LGD2 and OGD2 with regard to tumor stage,
with no significant differences observed between the two
groups.
Sensitivity analysis and publication bias
Study results were reanalyzed using alternative (random
or fixed effects) models showing no significant difference in pooled effects, except comparable incidences of
overall morbidity in the two groups (OR = 0.78, 95%CI:
0.59-1.02). Furthermore, the studies showed no significant heterogeneity (I2 = 14%). Endpoint analysis revealed
no strong evidence of bias (Begg’s rank correlation test,
continuity-corrected Pr >|z| > 0.1), except for tumor
recurrence/metastasis (Pr >|z| = 0.035) and distant metastasis (Pr >|z| = 0.089).

DISCUSSION
This meta-analysis examined whether LGD2 is an acceptable alternative to OGD2 for AGC from a clinical
perspective. The results suggest that despite LGD2 being
a technically demanding and time-consuming procedure
with longer operative times and acceptable conversion
rates, it can be used to achieve long-term prognoses.
Comparison between LGD2 and OGD2 showed similar
numbers of harvested lymph nodes, tumor recurrence
and metastasis rates, and disease-free and overall survival
rates. Furthermore, LGD2 provides better short-term
prognoses with lower postoperative pain, faster recovery,
and shorter hospital stays. There was a lower postoperative morbidity associated with LGD2, which may have
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A
LGD2
Study or subgroup

Mean

OGD2

SD Total

RCT
Cai 2011
11.6327 2.94883
Subtotal (95%CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.46 (P = 0.65)

Mean

SD Total

49 11.4255 1.17482
49

Non-RCT
Hur 2008
7
4.7
26
9
4.7
Du 2009
8.6
1.2
78
12.1
2.5
Huang 2010
9.2
3.39
66
11.35
4.61
Scatizzi 2011
7
3.4
30
9
3.4
Shuang 2011
12
7.9
35
17
7.9
Wang 2012
12.8
6.2 210
15.6
6.8
Hamabe 2012
19.8
18.4
66
23.5
15.6
Chen 2012
13.3
5.7 224
17.4
5
Shinohara 2013
16.3
9.8 186
24.3
11.9
Subtotal (95%CI)
921
2
Heterogeneity: Tau² = 1.02; χ = 22.59, df = 8 (P = 0.004); I ² = 65%
Test for overall effect: Z = 7.37 (P < 0.00001)
Total (95%CI)
970
2
Heterogeneity: Tau² = 3.29; χ = 73.48, df = 9 (P < 0.00001); I ² = 88%
Test for overall effect: Z = 4.64 (P < 0.00001)

47
47

25
90
69
30
35
180
101
112
123
765

Mean difference

Mean difference

Weight

IV, random, 95%CI

IV, random, 95%CI

12.60%
12.60%

0.21 [-0.68, 1.10]
0.21 [-0.68, 1.10]

8.80% -2.00 [-4.58, 0.58]
13.00% -3.50 [-4.08, -2.92]
11.70% -2.15 [-3.51, -0.79]
10.80% -2.00 [-3.72, -0.28]
6.40% -5.00 [-8.70, -1.30]
11.80% -2.80 [-4.10, -1.50]
4.10% -3.70 [-9.08, 1.68]
12.00% -4.10 [-5.29, -2.91]
8.90% -8.00 [-10.53, -5.47]
87.40% - 3.43 [-4.35, -2.52]

812 100.00%

-3.08 [-4.38, -1.78]
-10

-5
0
5
10
Favours LGD2
Favours OGD2

B
LGD2
Study or subgroup

Events

Total

OGD2
Events

RCT
Cai 2011
6
49
Subtotal (95%CI)
49
Total events
6
Heterogeneity: Not applicable
Test for overall effect: Z = 0.92 (P = 0.36)

9

Odds ratio

Odds ratio

Total

Weight

M-H, fixed, 95%CI

M-H, fixed, 95%CI

47
47

5.30%
5.30%

0.59 [0.19, 1.81]
0.59 [0.19, 1.81]

2.30%
5.70%
6.70%
13.90%
1.00%
1.90%
4.20%
13.30%
5.90%
9.10%
9.80%
21.10%
94.70%

0.95 [0.21, 4.32]
0.67 [0.23, 1.93]
0.34 [0.10, 1.13]
0.30 [0.13, 0.71]
5.09 [0.98, 26.43]
0.65 [0.10, 4.13]
1.00 [0.34, 2.98]
0.70 [0.36, 1.36]
1.07 [0.43, 2.65]
1.09 [0.52, 2.25]
0.97 [0.47, 2.00]
0.80 [0.48, 1.34]
0.79 [0.62, 1.01]

9

Non-RCT
Hur 2008
4
26
4
25
Du 2009
6
78
10
90
Huang 2010
4
66
11
69
Du 2010
8
82
25
94
Scatizzi 2011
8
30
2
30
Shuang 2011
2
35
3
35
Kim 2012
7
88
7
88
Chen 2012
25
224
17
112
Sato 2012
8
32
28
118
Hamabe 2012
16
66
23
101
Wang 2012
17
210
15
180
Shinohara 2013
45
186
35
123
Subtotal (95%CI)
1123
1065
Total events
150
180
2
Heterogeneity: χ = 13.70, df = 11 (P = 0.25); I ² = 20%
Test for overall effect: Z = 1.90 (P = 0.06)

Total (95%CI)
1172
1112 100.00%
Total events
156
189
2
Heterogeneity: χ = 13.95, df = 12 (P = 0.30); I ² = 14%
Test for overall effect: Z = 2.05 (P = 0.04)
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C

LGD2

Study or subgroup
Hur 2008
Du 2009
Huang 2010
Scatizzi 2011
Wang 2012
Kim 2012
Shinohara 2013

OGD2

Events

Total

Events

Total

0
0
0
1
1
2
8

26
78
66
30
210
88
186

0
0
0
1
2
1
2

25
90
69
30
180
88
123

Total (95%CI)
684
605
Total events
12
6
2
Heterogeneity: χ = 1.74, df = 3 (P = 0.63); I ² = 0%
Test for overall effect: Z = 0.90 (P = 0.37)

Odds ratio

Odds ratio

Weight

M-H, fixed, 95%CI

M-H, fixed, 95%CI

15.10%
33.50%
15.30%
36.00%

Not estimable
Not estimable
Not estimable
1.00 [0.06, 16.76]
0.43 [0.04, 4.74]
2.02 [0.18, 22.73]
2.72 [0.57, 13.03]

100.00%

1.58 [0.58, 4.31]

0.02 0.1
Favours LGD2

1

10
50
Favours OGD2

D
LGD2
Study or subgroup

Events

RCT
Cai 2011
0
Subtotal (95%CI)
Total events
0
Heterogeneity: Not applicable
Test for overall effect: Not applicable

OGD2

Total

Events

Total

49
49

0

47
47

Non-RCT
Hur 2008
0
26
Du 2009
0
78
Du 2010
0
82
Huang 2010
0
66
Shuang 2011
0
35
Scatizzi 2011
0
30
Sato 2012
0
32
Chen 2012
2
224
Hamabe 2012
0
66
Kim 2012
0
88
Wang 2012
0
210
Shinohara 2013
2
186
Subtotal (95%CI)
1123
Total events
4
2
Heterogeneity: χ = 1.66, df = 3 (P = 0.64); I ² = 0%
Test for overall effect: Z = 0.61 (P = 0.54)
Total (95%CI)
1172
Total events
4
2
Heterogeneity: χ = 1.66, df = 3 (P = 0.64); I ² = 0%
Test for overall effect: Z = 0.61 (P = 0.54)

Weight

Odds ratio

Odds ratio

M-H, fixed, 95%CI

M-H, fixed, 95%CI

Not estimable
Not estimable

0

0
0
2
0
0
0
2
2
0
0
0
0

25
90
94
69
35
30
118
112
101
88
180
123
1065

9.00%
100.00%

Not estimable
Not estimable
0.22 [0.01, 4.74]
Not estimable
Not estimable
Not estimable
0.72 [0.03, 15.31]
0.50 [0.07, 3.56]
Not estimable
Not estimable
Not estimable
3.35 [0.16, 70.31]
0.69 [0.21, 2.26]

1112

100.00%

0.69 [0.21, 2.26]

35.00%

16.10%
39.90%

6

6
0.005

0.1
1
Favours LGD2

10
200
Favours OGD2

Figure 4 Meta-analyses of postoperative events. A: Postoperative hospitalization; B: Morbidity; C: Reoperation; D: Mortality. LGD2: Laparoscopic gastrectomy with
D2 extended lymph node dissection; OGD2: Open gastrectomy with D2 extended lymph node dissection; RCT: Randomized controlled trial.

been due to the minimal invasiveness, reduced postoperative pain, earlier ambulation, and fewer pulmonary complications associated with the LGD2 procedure, though
some comparable major surgical-site complications and
postoperative mortality remained. Hence, LGD2 may
provide better short-term prognoses than OGD2.
The results of the present study suggest equivalent
long-term oncologic results can be obtained with LGD2
as with an open radical surgery. This finding mainly reflects similar pathologic tumor-node-metastasis stages in
the two groups and the prioritization of and adherence
to oncologic principles, such as en bloc resection, the no-

WJG|www.wjgnet.com

touch technique, and systemic lymphadenectomy [22].
However, there are still challenges associated with the
LGD2 procedure, including a learning curve for training and the mastery of essential techniques of distal LG
with systemic lymphadenectomy for treating major EGC,
which requires experience from 60-90 cases[47]. Thus,
LGD2 is not recommended in small-volume centers.
The present meta-analysis has several limitations.
First, all but one of the included studies were observational. Second, most of the included studies were conducted at tertiary centers and major institutions in East
Asia (eight in China, three in Japan, two in South Korea,
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A
LGD2
Study or subgroup

Mean

OGD2

SD

RCT
Cai 2011
22.98
2.704
Subtotal (95%CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.21 (P = 0.83)

Mean difference

Total

Mean

SD

Total

49
49

22.87

2.428

47
47

35
21
36.4
27.47
37
29.38
30.3
25.8
41.8
35
44
43.8

0
7.5
19.1
10.28
16.9
11.22
8.6
1.5
15.3
16
18.9
17.2

Non-RCT
Hur 2008
30.5
0
26
Du 2009
23.5
6
78
Du 2010
34.2
13.5
82
Huang 2010
25.81
12.53
66
Scatizzi 2011
31
16.9
30
Zang 2011
29.57
9.62
156
Chen 2012
30.6
10.1
224
Wang 2012
20.5
1.9
210
Kim 2012
38.3
14.3
88
Sato 2012
32
12
32
Hamabe 2012
63.7
26.4
66
Shinohara 2013
45.3
16.9
186
Subtotal (95%CI)
1244
2
Heterogeneity: Tau² = 20.99; χ = 155.49, df = 10
Test for overall effect: Z = 0.06 (P = 0.96)

Mean difference

Weight IV, random, 95%CI
10.20%
10.20%

IV, random, 95%CI

0.11 [-0.92, 1.14]
0.11 [-0.92, 1.14]

25
Not estimable
90
9.70% 2.50 [0.46, 4.54]
94
7.60% -2.20 [-7.04, 2.62]
69
8.40% -1.66 [-5.54, 2.22]
30
4.90% -6.00 [-14.55, 2.55]
156
9.60% 0.19 [-2.13, 2.51]
112
9.70% 0.30 [-1.77, 2.37]
180 10.30% - 5.30 [-5.64, -4.96]
88
8.00% -3.50 [-7.88, 0.88]
118
7.40% -3.00 [-8.06, 2.06]
101
5.70% 19.70 [12.34, 27.06]
123
8.40% 1.50 [-2.39, 5.39]
1186 89.80% -0.08 [-3.08, 2.91]
(P < 0.00001); I ² = 94%

Total (95%CI)
1293
1233 100.00% -0.11 [-2.72, 2.50]
2
Heterogeneity: Tau² = 17.13; χ = 232.84, df = 11 (P < 0.00001); I ² = 95%
Test for overall effect: Z = 0.08 (P = 0.94)

-20
-10
0
10
20
Favours LGD2 Favours OGD2

B
Odds ratio

Odds ratio

Events

LGD2
Total

Events

Total

Weight

M-H, fixed, 95%CI

M-H, fixed, 95%CI

8
22
19
3
4
6
13
53

26
78
82
32
66
210
88
186

6
31
23
27
22
5
15
34

25
90
94
118
101
180
88
123

3.70%
17.90%
14.30%
9.00%
14.20%
4.50%
11.10%
25.40%

1.41 [0.41, 4.86]
0.75 [0.39, 1.44]
0.93 [0.46, 1.87]
0.35 [0.10, 1.23]
0.23 [0.08, 0.71]
1.03 [0.31, 3.43]
0.84 [0.38, 1.90]
1.04 [0.63, 1.73]

Total (95%CI)
768
819
Total events
128
163
2
Heterogeneity: χ = 8.70, df = 7 (P = 0.27); I ² = 20%
Test for overall effect: Z = 1.71 (P = 0.09)

100.00%

0.79 [0.60, 1.04]

Study or subgroup
Hur 2008
Du 2009
Du 2010
Sato 2012
Hamabe 2012
Wang 2012
Kim 2012
Shinohara 2013
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Figure 5 Meta-analyses of lymph node harvest and tumor recurrence. A: Lymph nodes harvested; B: Tumor recurrence and metastasis. LGD2: Laparoscopic
gastrectomy with D2 extended lymph node dissection; OGD2: Open gastrectomy with D2 extended lymph node dissection; RCT: Randomized controlled trial.

A
Study or subgroup
Hur 2008
Kim 2012
Hamabe 2012
Shinohara 2013

Hazard ratio

Hazard ratio

log [hazard ratio]

SE

Weight

IV, fixed, 95%CI

IV, fixed, 95%CI

0.32
-0.22
0.54
0.03

1.22
0.48
0.86
0.29

3.70%
23.80%
7.40%
65.10%

1.38 [0.13, 15.05]
0.80 [0.31, 2.06]
1.72 [0.32, 9.26]
1.03 [0.58, 1.82]

Total (95%CI)
100.00%
2
Heterogeneity: χ = 0.68, df = 3 (P = 0.88); I ² = 0%
Test for overall effect: Z = 0.08 (P = 0.94)
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B
Hazard ratio

Hazard ratio

log [hazard ratio]

SE

Weight

IV, fixed, 95%CI

IV, fixed, 95%CI

-0.2
0.53
0.02

0.45
0.68
0.27

23.70%
10.40%
65.90%

0.82 [0.34, 1.98]
1.70 [0.45, 6.44]
1.02 [0.60, 1.73]

Total (95%CI)
100.00%
2
Heterogeneity: χ = 0.80, df = 2 (P = 0.67); I ² = 0%
Test for overall effect: Z = 0.09 (P = 0.92)

1.02 [0.66, 1.57]

Study or subgroup
Kim 2012
Hamabe 2012
Shinohara 2013

0.2
0.5
Favours LGD2

1

2
5
Favours OGD2

C
Study or subgroup
Hur 2008
Cai 2011
Scatizzi 2011
Shuang 2011
Hamabe 2012
Chen 2012
Kim 2012
Shinohara 2013

Hazard ratio

Hazard ratio
IV, fixed, 95%CI

log [hazard ratio]

SE

Weight

IV, fixed, 95%CI

-0.22
0.24
-0.22
-0.41
-0.12
0.06
-0.4
-0.23

1.51
0.48
0.55
0.65
0.38
1.16
0.79
0.38

1.60%
16.30%
12.40%
8.90%
26.00%
2.80%
6.00%
26.00%

0.80 [0.04, 15.48]
1.27 [0.50, 3.26]
0.80 [0.27, 2.36]
0.66 [0.19, 2.37]
0.89 [0.42, 1.87]
1.06 [0.11, 10.31]
0.67 [0.14, 3.15]
0.79 [0.38, 1.67]

Total (95%CI)
100.00%
2
Heterogeneity: χ = 1.02, df = 7 (P = 0.99); I ² = 0%
Test for overall effect: Z = 0.73 (P = 0.46)

0.87 [0.59, 1.27]
0.05
0.2
1
5
20
Favours LGD2
Favours OGD2

D
Hazard ratio

Hazard ratio

log [hazard ratio]

SE

Weight

IV, fixed, 95%CI

IV, fixed, 95%CI

-0.35
0.21
-0.25

0.64
1.05
0.31

17.80%
6.60%
75.70%

0.70 [0.20, 2.47]
1.23 [0.16, 9.66]
0.78 [0.42, 1.43]

Total (95%CI)
100.00%
2
Heterogeneity: χ = 0.21, df = 2 (P = 0.90); I ² = 0%
Test for overall effect: Z = 0.88 (P = 0.38)
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Figure 6 Meta-analyses of treatment outcomes between laparoscopic and open D2 gastrectomy. A: Three-year disease-free survival; B: Five-year disease-free
survival; C: Three-year overall survival; D: Five-year overall survival. LGD2: Laparoscopic gastrectomy with D2 extended lymph node dissection; OGD2: Open gastrectomy with D2 extended lymph node dissection.

Table 3 Ongoing randomized controlled trials comparing laparoscopic and open D2 gastrectomy for advanced gastric cancer
Contact
Li et al48]
Shi et al49]
Huang et al50]
Han et al51]
Kim et al52]
Kim et al53]
Tsuyoshi et al54]

Country

Sample size

Type of cancer

Start date

Completion date

China
China
China
South Korea
South Korea
South Korea
Japan

1056
328
111
1050
204
124
500

Locally AGC
Locally AGC
AGC
Locally AGC
Locally AGC
Locally AGC
Locally AGC

2012/9/1
2010/2/1
2011/11/1
2011/10/1
2010/6/1
2008/8/1
2009/11/1

2018/6/1
2015/2/1
Not stated
2016/9/1
2016/12/1
2013/7/1
Not stated

and one in Italy). Hence, the included patients might not
reflect general patient populations. Furthermore, any application of the conclusions to Western patients should
be performed cautiously. Third, because > 95% of patients had locally AGC with stages ranging from ⅠB to Ⅲ,
the conclusions should be applied only to similar cases.
Fourth, the studies showed significant heterogeneity in
operative time, intraoperative blood loss, postoperative

WJG|www.wjgnet.com

analgesic consumption, time to first ambulation, time to
first flatus, time to first oral intake, length of postoperative hospital stay, and number of lymph nodes harvested.
Differences in study design, sample size, adjuvant treatment, and other factors might explain this heterogeneity.
Additionally, calculations using the random effects model
yielded more conservative estimates of statistical significance. Finally, this meta-analysis was performed at the

16761

November 28, 2014|Volume 20|Issue 44|

Zou ZH et al . Laparoscopic vs open D2 gastrectomy

study level and did not address or incorporate individual
factors at the patient level.
In conclusion, although LGD2 is a technically demanding and time-consuming procedure, the results of
this meta-analysis suggest it may be an acceptable alternative to OGD2 for locally AGC. The procedure may
yield comparable oncologic results and better short-term
prognoses than OGD2. However, additional clinical trials are needed for further evaluation of this procedure.
We identified seven ongoing RCTs comparing the use
of LGD2 and OGD2 to treat AGC in East Asia (three
in China, three in South Korea, and one in Japan) (Table
3)[48-54]. The results of these trials will help researchers address this question in the future.
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Abstract
AIM: To clarify the effects of the xeroderma pigmentosum group D (XPD) Asp312Asn and Lys751Gln gene
polymorphisms on the risk of esophageal cancer (EC).
METHODS: A computerised literature search was
conducted to identify the relevant studies from the
PUBMED and EMBASE databases, reviews, and reference lists of relevant articles. Odds ratios (ORs) with
95% confidence intervals (CIs) were used to assess
the associations between the XPD Asp312Asn and/or
Lys751Gln polymorphisms and EC susceptibility. Statistical analyses were performed using the software Stata
12.0. A fixed or random effects model was selected
based on a heterogeneity test. Publication bias was estimated using funnel plots and Egger’s linear regression
method. Subgroup analyses were performed based on
histological type and ethnicity.

WJG|www.wjgnet.com

RESULTS: Thirteen case-control studies with a total
of 10 comparisons for the Asp312Asn polymorphism,
including 2373 cases and 3175 controls, and 15 comparisons for the Lys751Gln polymorphism, including
3226 cases and 5237 controls, were recruited for the
meta-analysis. In terms of the XPD Asp312Asn polymorphism, significantly increased EC risks were identified in the Asp/Asn vs Asp/Asp comparison (OR = 1.17,
95%CI: 1.02-1.33, P = 0.03) and in the dominantmodel comparison (Asn/Asn+Asp/Asn vs Asp/Asp: OR
= 1.18, 95%CI: 1.04-1.34, P = 0.01). However, no significant associations were found in the Asn/Asn vs Asp/
Asp comparison (OR = 1.30, 95%CI: 1.00-1.70, P =
0.05) or in the recessive-model comparison (Asn/Asn vs
Asp/Asn + Asp/Asp: OR = 1.17, 95%CI: 0.91-1.50, P =
0.22). In terms of the XPD Lys751Gln polymorphism, a
significant association with EC susceptibility was found
under the recessive model (Gln/Gln vs Lys/Gln+Lys/Lys:
OR = 1.21, 95%CI: 1.02-1.43, P = 0.03). However, no
associations were identified in the other comparisons
(co-dominant model: Lys/Gln vs Lys/Lys: OR = 1.11,
95%CI: 0.94-1.31, P = 0.20; Gln/Gln vs Lys/Lys: OR =
1.31, 95%CI: 0.98-1.75, P = 0.07; dominant model:
OR = 1.14, 95%CI: 0.96-1.35, P = 0.14).
CONCLUSION: The results of this meta-analysis suggest that the XPD Asp312Asn and Lys751Gln gene polymorphisms are associated with a significantly increased
risk for EC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Esophageal cancer; Xeroderma pigmentosum group D; Polymorphism; Meta-analysis
Core tip: To clarify the effects of xeroderma pigmentosum group D (XPD) gene polymorphisms on the risk
of esophageal cancer (EC), we performed a metaanalysis of all of the case-control studies that evaluated
the association between the genetic polymorphisms of
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XPD (Asp312Asn and Lys751Gln) and EC susceptibility. Thirteen case-control studies were recruited in the
meta-analysis. For the XPD Asp312Asn polymorphism,
significantly increased EC risks were found in the Asp/
Asn vs Asp/Asp comparison and in the dominant model
comparison. For the XPD Lys751Gln polymorphism,
a significant association between the XPD Lys751Gln
polymorphism and EC susceptibility was found under
the recessive model.
Yang R, Zhang C, Malik A, Shen ZD, Hu J, Wu YH. Xeroderma
pigmentosum group D polymorphisms and esophageal cancer susceptibility: A meta-analysis based on case-control studies. World J
Gastroenterol 2014; 20(44): 16765-16773 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i44/16765.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i44.16765

INTRODUCTION
Esophageal cancer (EC) is the sixth most frequently
diagnosed cancer and the fifth most common cause of
cancer death among males[1]. The major risk factors for
EC are not well understood but are thought to include
smoking, excessive alcohol consumption, poor nutritional status, low intake of fruits and vegetables, etc.[2-5].
Several studies have suggested that the genes involved in
the DNA repair system play a crucial role in protecting
against mutations, while a decreased DNA repair capacity is viewed as a crucial event in carcinogenesis[6]. The
xeroderma pigmentosum group D (XPD) enzyme, an
evolutionarily conserved ATP-dependent helicase, plays
an important role in the repair of bulky DNA adducts,
such as pyrimidine dimers, photoproducts and crosslinks[7,8]. Mutations at different sites in the XPD gene can
give rise to repair and transcription defects, and altered
DNA repair capacity can render a higher risk of developing different types of cancer[9-11]. Several single nucleotide
polymorphisms (SNPs) have been identified in the XPD
gene. Among them, Asp312Asn (rs1799793 G>A) and
Lys751Gln (rs13181 T>G) are commonly identified and
result in amino acid changes.
Currently, there are many molecular epidemiological
studies exploring the associations between the genetic
polymorphisms of XPD, particularly Asp312Asn and
Lys751Gln, and EC susceptibility, but the results remain
controversial rather than conclusive. To address the
inconsistencies in the findings of these studies, we performed a meta-analysis, based on published case-control
studies, to derive a more precise estimation of the association between these two XPD polymorphisms and EC
susceptibility.

MATERIALS AND METHODS
Search strategy
We systematically searched PubMed, Embase, previous
reviews and the reference lists from identified articles

WJG|www.wjgnet.com

published up to January 1, 2014 for studies related to
EC and genetic polymorphisms[12,13]. We used the following search terms: “ERCC2” or “XPD” or “xeroderma
pigmentosum group D” or “excision repair cross-complementing group 2” or “DNA repair gene”, “polymorphism” or “variant”, “esophageal” or “esophagus”, and
“cancer” or “carcinoma” or “squamous cell” or “adenocarcinoma”, of which the exploration was limited to human studies. No language restrictions were imposed, and
all of the eligible studies were examined carefully, and
their references were checked for other relevant publications. All of the literature findings were independently reviewed by two professional co-workers (Yang R. and Wu
Y.) to identify the studies that met the following criteria:
(1) case-control study design; (2) evaluating the associations between XPD polymorphisms (Asp312Asn and/or
Lys751Gln) and EC susceptibility; and (3) reporting the
odds ratio (OR) and the corresponding 95% confidence
intervals (CIs), or the size of the sample. Any differences
were resolved by consensus. The major excluding criteria
included the following: (1) not a case-control study; (2)
review publications; or (3) overlapping data.
Data extraction
We used a standardised data extraction method to extract
the data from the included papers[14]. Information was
collected from each article, including the first author, year
of publication, country, journal, racial descent of the
study population, demographics, number of cases and
controls for each genotype, genotyping method, histological type and confirmation of diagnosis. While the allele frequencies were not given, they were calculated from
the corresponding genotype frequencies of the case and
control groups.
Statistical analysis
The ORs were employed to evaluate the associations
between the XPD Asp312Asn and/or Lys751Gln polymorphisms and EC susceptibility[15]. For Asp312Asn,
the pooled ORs were calculated for a co-dominant
model (Asp/Asn vs Asp/Asp, Asn/Asn vs Asp/Asp), a
dominant model (Asn/Asn+Asp/Asn vs Asp/Asp), a
recessive model (Asn/Asn vs Asp/Asn+Asp/Asp) and
an additive model [(2Asn/Asn+Asp/Asn) vs 2(Asp/
Asn+Asn/Asn+Asp/Asp)]. We evaluated the risks of the
same four models for the Lys751Gln genotype as well.
The χ 2 goodness-of-fit test was used to evaluate whether
the genotypes among the control subjects conformed
to the Hardy-Weinberg equilibrium (HWE). We applied
two models of meta-analysis for any dichotomous outcomes according to the results of heterogeneity tests
among the individual studies, using the software Stata
12.0 (Stata Corp., College Station, TX, United States): the
fixed-effects model (the Mantel-Haenszel method) and
the random-effects model (the DerSimonian and Laird
method)[15]. Subgroup analyses were performed based on
histological type and ethnicity. The publication bias was
investigated with a funnel plot, in which the standard error (SE) of log (OR) for each study was plotted against
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References retrieved by search (n = 136)
Irrelevant references excluded (n = 104)
Potentially relevant articles identified (n = 32)
Reviews, comments, editorials or meta-analyses (n = 8)
Articles investigating irrelevant
polymorphic variants (n = 2)
Articles not investigated the risk of EC
or data unavailable (n = 7)
Articles included overlapping cases (n =2)
13 case-control studies included in the meta-analysis

Figure 1 Flow diagram of the study selection process.

the respective log (OR). The funnel plot asymmetry was
assessed using Egger’s linear regression method[15]. The
significance of the intercept was determined by the t-test,
and P < 0.05 was considered statistically significant[16]. All
of the statistical tests were performed using Stata version
12.0. All of the P-values were two-sided.

1.18, 95%CI: 1.04-1.34, P = 0.01, Figure 2, Table 2).
However, no significant associations were found in the
Asn/Asn vs Asp/Asp comparison (OR = 1.30, 95%CI:
1.00-1.70, P = 0.05, Table 2) or in the recessive model
comparison (Asn/Asn vs Asp/Asn + Asp/Asp: OR
= 1.17, 95%CI: 0.91-1.50, P = 0.22, Table 2). In the
subgroup analysis according to cancer type [esophageal
squamous cell carcinoma (ESCC) or esophageal adenocarcinoma (EADC)], significant associations between the
XPD Asp312Asn polymorphism and EC susceptibility
were detected in the EADC subgroup in the co-dominant model (Asp/Asn vs Asp/Asp: OR = 1.26, 95%CI:
1.03-1.53, P = 0.02; Asn/Asn vs Asp/Asp: OR = 1.40,
95%CI: 1.04-1.89, P = 0.03, Table 2) and the dominant
model (OR = 1.29, 95%CI: 1.07-1.55, P = 0.01, Figure
2, Table 2). Further analysis by ethnicity revealed significant associations of the XPD Asp312Asn polymorphism
with EC susceptibility in non-Chinese populations in the
Asp/Asn vs Asp/Asp comparison (OR = 1.23, 95%CI:
1.03-1.47, P = 0.02, Table 2) and in the dominant model
comparison (OR = 1.24, 95%CI: 1.05-1.47, P = 0.01,
Table 2, Figure 3), but the same associations were not seen
in Chinese populations. Finally, for the additive model
(Table 2), individuals carrying the 312Asn allele were not
significantly associated with an increased risk for EC (OR
= 1.10, 95%CI: 1.00-1.21, P = 0.06).

XPD Lys751Gln: Table 3 lists the overall results of the

RESULTS
Eligible studies
A total of 136 articles were identified by the combined
database search (PubMed and Embase) and manual approach (searching the previous studies cited in previous
reviews and use of the reference lists from identified
articles) of case-control studies, of which 15 case-control
studies satisfied the inclusion criteria. After reading the
full texts, two studies by Liu et al[17] and Huang et al[18]
were excluded because the subjects had also been included in the studies by Tse et al[19] or Huang et al[20]. Therefore, 13 case-control studies were eventually included in
the meta-analysis[19-31]. Figure 1 presents a flowchart of
the retrieved and excluded studies with a specification of
reasons. Table 1 shows the characteristics of the included
studies. Overall, of the 13 included studies, a total of 10
comparisons, including 2373 cases and 3175 controls, for
the Asp312Asn polymorphism, and 15 comparisons, including 3226 cases and 5237 controls, for the Lys751Gln
polymorphism were reviewed. The distribution of genotypes in the controls of all of the included studies was in
accordance with the HWE.
Meta-analysis

XPD Asp312Asn: Table 2 indicates the associations

between the XPD Asp312Asn polymorphism and EC
susceptibility. Significantly increased risks were found in the
Asp/Asn vs Asp/Asp comparison (OR = 1.17, 95%CI:
1.02-1.33, P = 0.03, Table 2) and in the dominant model
comparison (Asn/Asn + Asp/Asn vs Asp/Asp: OR =
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meta-analysis for the associations between the XPD
Lys751Gln polymorphism and EC susceptibility. There
was a significant association with EC susceptibility for
the recessive model comparison (Gln/Gln vs Lys/Gln +
Lys/Lys: OR = 1.21, 95%CI: 1.02-1.43, P = 0.03, Figure
4, Table 3). However, such associations were not found in
the other comparisons (co-dominant model: Lys/Gln vs
Lys/Lys: OR = 1.11, 95%CI: 0.94-1.31, P = 0.20; Gln/
Gln vs Lys/Lys: OR = 1.31, 95%CI: 0.98-1.75, P = 0.07;
dominant model: OR = 1.14, 95%CI: 0.96-1.35, P = 0.14.
Table 3). In the stratified analysis based on cancer type
(ESCC or EADC), we observed an OR of 1.44 (95%CI:
1.01-2.06, P = 0.05, Table 3) for ESCC risk and an OR
of 1.26 (95%CI: 1.02-1.56, P = 0.03, Table 3) for EADC
risk, when comparing the Gln/Gln type to the wild type
Lys/Lys (Table 3). When stratified by ethnicity, statistically
significantly elevated risks were found in Chinese populations in the Gln/Gln vs Lys/Lys comparison (OR = 2.49,
95%CI: 1.44-4.29, P = 0.001, Table 3) and in the recessive
model comparison (OR = 2.37, 95%CI: 1.38-4.10, P =
0.002, Figure 5, Table 3), but the same associations were
not identified in non-Chinese populations. Finally, for the
additive model (Table 3), individuals carrying the 751Gln
allele were not significantly associated with an increased
risk for EC (OR = 1.10, 95%CI: 0.99-1.22, P = 0.10,
Table 3).
Heterogeneity and sensitivity analysis
There was moderate heterogeneity among the studies that
described the XPD Asp312Asn polymorphism (co-dominant model: Asp/Asn vs Asp/Asp, P = 0.97; Asn/Asn vs
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Table 1 Characteristics of the studies included in the meta-analysis
Ref.

Country

Ethnicity

Control
source

Cancer
type

P for HWE

Genotype distribution (case/control)
Asp312Asn

Lys751Gln

Asp/Asp Asp/Asn Asn/Asn Lys/Lys Lys/Gln Gln/Gln Asp312Asn Lys751Gln
[21]

2002

China

Chinese

PB

ESCC

381/461

49/62

3/1

367/451 63/70

3/3

0.47

0.87

[22]

2003

China

Chinese

PB

ESCC

286/338

38/45

1/0

278/331 44/49

3/3

0.22

0.43

China

Chinese

HB

ESCC

121/136

14/16

0/0

108/133 16/17

11/2

0.49

0.11

Casson et al[24] 2005

Canada

Caucasian

HB

EADC

-

-

-

21/46

4/15

-

0.93

Ye et al[25]2006

Sweden

Swedish

PB

EADC

31/176

51/237

14/57

27/198 51/203

18/71

0.09

0.11

ESCC

30/176

41/237

10/57

23/198 44/203

14/71

0.09

0.11

52/63

7/20

-

0.64

-

0.22

Xing et al
Xing et al

[23]

Yu et al 2004

Sobti et al[26] 2007
Doecke et al[27] 2008
[28]

Ferguson et al
[19]

Tse et al

2008

2008

Pan et al[29] 2009

[30]

Zhai et al

2009

Huang et al[29] 2012
[31]

Li et al

2013

India

Indian

HB

ESCC

-

-

-

Australia

Mixed

PB

EADC

-

-

-

Ireland

Caucasian

PB

EADC

-

-

-

United
States
United
States

Mixed

HB

EADC

117/199 150/206

Caucasian

HB

ESCC

16/201

EADC

31/34

61/77

108/575 123/588 32/174
80/91

94/121

34/35

-

0.61

43/49

104/193 159/208

49/52

0.69

0.72

20/185

1/48

17/187 18/216

3/53

0.58

0.43

137/201 163/185

43/48

137/187 153/216

56/53

0.58

0.43

China

Chinese

HB

ESCC

-

-

-

167/148 31/51

2/1

-

0.12

China

Chinese

HB

ESCC

171/298

42/60

0/0

150/274 55/79

8/5

0.08

0.80

China

Chinese

PB

ESCC

342/351

56/47

2/2

283/321 105/73

12/6

0.75

0.43

PB: Population-based study; HB: Hospital-based study; ESCC: Esophageal squamous cell carcinoma; EADC: Esophageal adenocarcinoma; HWE: HardyWeinberg equilibrium.

Table 2 Results of the meta-analysis for the xeroderma pigmentosum group D Asp312Asn polymorphism and esophageal cancer
susceptibility
Study group

Co-dominant model
Asp/Asn vs Asp/Asp
OR (95%CI)

Total
Cancer type
ESCC
EADC
Ethnicity
Chinese
Non-Chinese

P

Ph

Asn/Asn vs Asp/Asp
OR (95%CI)

P

Ph

Dominant model

Recessive model

Additive model

Asn/Asn+Asp/Asn vs
Asp/Asp

Asn/Asn vs
Asp/Asn+Asp/Asp

(2Asn/Asn+Asp/Asn)
vs 2(Asp/Asn+Asn/
Asn+Asp/Asp)

OR (95%CI)

P

Ph

OR (95%CI)

P

Ph

OR (95%CI)

P

Ph

1.17 (1.02, 1.33) 0.03 0.97 1.30 (1.00, 1.70) 0.05 0.75 1.18 (1.04, 1.34) 0.01

0.98 1.17 (0.91, 1.50) 0.22 0.71 1.10 (1.00, 1.21) 0.06 1.00

1.09 (0.91, 1.31) 0.35 0.95 0.99 (0.54, 1.79) 0.96 0.48 1.09 (0.91, 1.30) 0.35
1.26 (1.03, 1.53) 0.02 0.97 1.40 (1.04, 1.89) 0.03 0.93 1.29 (1.07, 1.55) 0.01

0.99 0.93 (0.53, 1.63) 0.79 0.40 1.06 (0.90, 1.24) 0.49 0.99
0.99 1.24 (0.94, 1.64) 0.13 0.90 1.12 (0.99, 1.28) 0.07 0.98

1.08 (0.88, 1.33) 0.45 0.88 2.08 (0.57, 7.60) 0.27 0.66 1.10 (0.90, 1.35) 0.36
1.23 (1.03, 1.47) 0.02 0.95 1.27 (0.97, 1.67) 0.08 0.54 1.24 (1.05, 1.47) 0.01

0.93 2.06 (0.57, 7.51) 0.27 0.65 1.10 (0.91, 1.33) 0.34 0.98
0.93 1.14 (0.89, 1.47) 0.31 0.53 1.10 (0.98, 1.23) 0.11 0.92

ESCC: Esophageal squamous cell carcinoma; EADC: Esophageal adenocarcinoma; Ph: P value of the Q-test for heterogeneity.

Asp/Asp, P = 0.75; dominant model: P = 0.98; recessive
model: P = 0.71; additive model: P = 1.00), but this was
not observed in the Lys751Gln polymorphism (co-dominant model: Lys/Gln vs Lys/Lys, P = 0.01; Gln/Gln vs
Lys/Lys, P = 0.03; dominant model: P = 0.001; recessive
model: P = 0.11; additive model: P = 0.02). The details
are shown in Tables 2 and 3.
A sensitivity analysis was carried out by individually
omitting each study included in the meta-analysis, and the
subsequent results of each genetic model were not materially altered (data not shown), indicating that the results
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were statistically robust.
Publication bias
Begg’s funnel plot and Egger’s test were performed to assess any possible publication bias. The shape of the funnel plots did not reveal any obvious asymmetry. We have
presented the funnel plots of XPD Asp312Asn for the
dominant model (Asn/Asn + Asp/Asn vs Asp/Asp) and
XPD Lys751Gln for the recessive model (Gln/Gln vs
Lys/Gln + Lys/Lys) in Figure 6. The statistical evidence
from the results of Egger’s test confirmed the funnel
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Study ID

OR (95%CI)

%weight

ESCC
Xing (2002)
Xing (2003)
Yu (2004)
Ye (2006)
Pang (2009)
Huang (2012)
Li (2013)
2
Subtotal (I = 0.0%, P = 0.988)

1.00
1.02
0.98
1.02
1.13
1.22
1.21
1.09

(0.68, 1.48)
(0.65, 1.62)
(0.46, 2.10)
(0.62, 1.66)
(0.58, 2.23)
(0.79, 1.89)
(0.81, 1.83)
(0.91, 1.30)

12.00
8.69
3.23
7.66
3.79
8.59
10.02
53.97

EADC
Ye (2006)
Tse (2008)
Pang (2009)
2
Subtotal (I = 0.0%, P = 0.993)

1.26 (0.79, 2.00)
1.29 (0.96, 1.73)
1.30 (0.97, 1.73)
1.29 (1.07, 1.55)

7.70
18.68
19.65
46.03

1.18 (1.04, 1.34)

100.00

2

Overall (I = 0.0%, P = 0.980)

0.449

1

2.23

Figure 2 Forest plot for the xeroderma pigmentosum group D Asp312Asn polymorphism when stratified by cancer type in a dominant model comparison.
Dominant model: Asn/Asn + Asp/Asn vs Asp/Asp; ESCC: Esophageal squamous cell carcinoma; EADC: Esophageal adenocarcinoma.
Study ID

OR (95%CI)

%weight

Chinese
Xing (2002)
Xing (2003)
Yu (2004)
Huang (2012)
Li (2013)
2
Subtotal (I = 0.0%, P = 0.931)

1.00
1.02
0.98
1.22
1.21
1.10

(0.68, 1.48)
(0.65, 1.62)
(0.46, 2.10)
(0.79, 1.89)
(0.81, 1.83)
(0.90, 1.35)

12.00
8.69
3.23
8.59
10.02
42.53

Non-Chinese
Ye (2006)
Ye (2006)
Tse (2008)
Pang (2009)
Pang (2009)
2
Subtotal (I = 0.0%, P = 0.931)

1.26 (0.79, 2.00)
1.02 (0.62, 1.66)
1.29 (0.96, 1.73)
1.13 (0.58, 2.23)
1.30 (0.97, 1.73)
1.24 (1.05, 1.47)

7.70
7.66
18.68
3.79
19.65
57.47

1.18 (1.04, 1.34)

100.00

2

Overall (I = 0.0%, P = 0.980)
0.449

1

2.23

Figure 3 Forest plot for the xeroderma pigmentosum group D Asp312Asn polymorphism when stratified by ethnicity in a dominant model comparison.
Dominant model: Asn/Asn + Asp/Asn vs Asp/Asp; ESCC: Esophageal squamous cell carcinoma; EADC: Esophageal adenocarcinoma.

plot symmetry (XPD Asp312Asn: P = 0.31 for Asp/Asn
vs Asp/Asp, P = 0.77 for Asn/Asn vs Asp/Asp, P = 0.06
for the dominant model, P = 0.89 for the recessive model, and P = 0.11 for the additive model; XPD Lys751Gln:
P = 0.38 for Lys/Gln vs Lys/Lys, P = 0.99 for Gln/Gln
vs Lys/Lys, P = 0.40 for the dominant model, P = 0.86
for the recessive model, and P = 0.69 for the additive
model).

DISCUSSION
DNA repair enzyme gene polymorphisms that are capable of altering the function or efficiency of damaged
DNA repair can lead to genetic instability and carcinogenesis[32]. A small proportion of published studies have
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explored the relationship between XPD polymorphisms
and EC risk and have yielded inconsistent results[17-31]. In
order to derive a more precise estimation of the relationship, we performed a meta-analysis of 13 case-control
studies, including 10 comparisons for the Asp312Asn
polymorphism (2373 cases and 3175 controls) and 15
comparisons for the Lys751Gln polymorphism (3226
cases and 5237 controls).
In the case of the XPD Asp312Asn polymorphism,
our results indicated that individuals carrying the variant
heterozygous Asp/Asn showed an increased risk for EC
compared to those with the wild-type homozygous Asp/
Asp (OR = 1.17, 95%CI: 1.02-1.33). Similarly, a significant association between the XPD Asp312Asn polymorphism and EC was found under the dominant model (OR

16769

November 28, 2014|Volume 20|Issue 44|

Yang R et al . XPD polymorphisms and esophageal cancer risk
Table 3 Results of the meta-analysis for the xeroderma pigmentosum group D Lys751Gln polymorphism and esophageal cancer
susceptibility
Study group

Co-dominant model
Lys/Gln vs Lys/Lys

P

Gln/Gln vs Lys/Lys

Dominant model

Recessive model

Additive model

Gln/Gln+LysGln vs
Lys/Lys

Gln/Gln vs
Lys/Gln+Lys/Lys

(2Gln/Gln+Lys/Gln) vs
2(Lys/Gln+Gln/Gln+Lys/
Lys)

Ph

OR (95%CI)

P

1.11 (0.94, 1.31) 0.20 0.01
Total
Cancer type
1.13 (0.89, 1.42) 0.31 0.03
ESCC
1.09 (0.85, 1.40) 0.51 0.02
EADC
Ethnicity
1.10 (0.82, 1.47) 0.53 0.02
Chinese
Non1.12 (0.91, 1.38) 0.30 0.03
Chinese

1.31 (0.98, 1.75)

0.07

0.03 1.14 (0.96, 1.35) 0.14 0.001 1.21 (1.02, 1.43) 0.03

0.11 1.10 (0.99, 1.22) 0.10

0.02

1.44 (1.01, 2.06)
1.26 (1.02, 1.56)

0.05
0.03

0.06 1.16 (0.91, 1.49) 0.23 0.01 1.26 (0.90, 1.77) 0.17
0.05 1.11 (0.85, 1.44) 0.45 0.01 1.19 (0.98, 1.45) 0.08

0.08 1.13 (0.94, 1.36) 0.21
0.25 1.07 (0.98, 1.18) 0.13

0.02
0.22

2.49 (1.44, 4.29)

0.001 0.64 1.18 (0.88, 1.60) 0.27 0.01 2.37 (1.38, 4.10) 0.002 0.65 1.21 (0.94, 1.56) 0.15

0.02

1.13 (0.82, 1.56)

0.45

0.27

OR (95%CI)

Ph

OR (95%CI)

P

Ph

OR (95%CI)

P

Ph

0.02 1.11 (0.89, 1.39) 0.35 0.01 1.12 (0.93, 1.34) 0.23

OR (95%CI)

P

0.14 1.06 (0.98, 1.15) 0.16

Ph

ESCC: Esophageal squamous cell carcinoma; EADC: Esophageal adenocarcinoma; Ph: P value of the Q-test for heterogeneity.

Study ID

OR (95%CI)

%weight

ESCC
Xing (2002)
Xing (2003)
Yu (2004)
Ye (2006)
Sobti (2007)
Pang (2009)
Zhai (2009)
Huang (2012)
Li (2013)
2
Subtotal (I =43.2%, P = 0.080)

1.21 (0.24, 6.03)
1.18 (0.24, 5.89)
6.65 (1.45, 30.58)
1.18 (0.63, 2.21)
0.43 (0.18, 1.06)
0.65 (0.19, 2.19)
2.01 (0.18, 22.35)
2.76 (0.89, 8.53)
2.03 (0.75, 5.47)
1.26 (0.90, 1.77)

1.13
1.14
0.72
7.19
6.74
3.14
0.41
1.50
2.43
24.41

EADC
Casson (2005)
Ye (2006)
Doecke (2008)
Ferguson (2008)
Tse (2008)
Pang (2009)
2
Subtotal (I = 24.8%, P = 0.248)

0.41 (0.13, 1.30)
1.30 (0.74, 2.31)
0.93 (0.62, 1.38)
1.18 (0.71, 1.98)
1.44 (0.94, 2.19)
1.47 (0.98, 2.20)
1.19 (0.98, 1.45)

4.32
8.15
20.99
11.18
14.94
16.01
75.59

1.21 (1.02, 1.43)

100.00

2

Overall (I = 32.5%, P = 0.108)
0.327

1

30.6

Figure 4 Forest plot for the xeroderma pigmentosum group D Lys751Gln polymorphism when stratified by cancer type in a recessive model comparison.
Recessive model: Gln/Gln vs Lys/Gln+Lys/Lys; ESCC: Esophageal squamous cell carcinoma; EADC: Esophageal adenocarcinoma.

= 1.18, 95%CI: 1.04-1.34). After stratifying based on cancer type, an association was found in both the co-dominant model and the dominant model for EADC (Asp/
Asn vs Asp/Asp: OR = 1.26, 95%CI: 1.03-1.53; Asn/Asn
vs Asp/Asp: OR = 1.40, 95%CI: 1.04-1.89; dominant
model: OR = 1.29, 95%CI: 1.07-1.55) but not for ESCC.
This was opposite to the results of the meta-analysis
performed by Duan et al[33], which showed a borderline
association with the dominant model for ESCC but not
for EADC. Our meta-analysis excluded the study by Liu
et al[17], because the subjects had also been included in the
study by Tse et al[19], but this exclusion was not performed
by Duan et al[33]. In addition, our meta-analysis included
a new study by Li et al[31]. Therefore, the present metaanalysis provides more reliable evidence in regards to the
importance of the XPD Asp312Asn polymorphism in
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relation to EC. When stratified by ethnicity, a significant
association was found in non-Chinese populations for the
Asp/Asn vs Asp/Asp comparison (OR = 1.23, 95%CI:
1.03-1.47) and under the dominant model (OR = 1.24,
95%CI: 1.05-1.47), but the same association was not observed in Chinese populations, indicating that ethnic differences in the genetic background and the environment
they live in may play a possible role in EC susceptibility.
Therefore, the same XPD Asp312Asn polymorphism
plays different roles in EC susceptibility among Chinese
and non-Chinese populations, because cancer is a complicated multifactorial disease, and different genetic backgrounds may contribute to the discrepancy[34].
In the case of the XPD Lys751Gln polymorphism,
our meta-analysis showed that there was a significant
association with EC susceptibility under the reces-
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Study ID

OR (95%CI)

%weight

Chinese
Xing (2002)
Xing (2003)
Yu (2004)
Zhai (2009)
Huang (2012)
Li (2013)
2
Subtotal (I = 0.0%, P = 0.648)

1.21 (0.24, 6.03)
1.18 (0.24, 5.89)
6.65 (1.45, 30.58)
2.01 (0.18, 22.35)
2.76 (0.89, 8.53)
2.03 (0.75, 5.47)
2.37 (1.38, 4.10)

1.13
1.14
0.72
0.41
1.50
2.43
7.33

Non-Chinese
Casson (2005)
Ye (2006)
Ye (2006)
Sobti (2007)
Doecke (2008)
Ferguson (2008)
Tse (2008)
Pang (2009)
Pang (2009)
2
Subtotal (I = 34.7%, P = 0.140)

0.41 (0.13, 1.30)
1.30 (0.74, 2.31)
1.18 (0.63, 2.21)
0.43 (0.18, 1.06)
0.93 (0.62, 1.38)
1.18 (0.71, 1.98)
1.44 (0.94, 2.19)
0.65 (0.19, 2.19)
1.47 (0.98, 2.20)
1.12 (0.93, 1.34)

4.32
8.15
7.19
6.74
20.99
11.18
14.94
3.14
16.01
92.67

1.21 (1.02, 1.43)

100.00

2

Overall (I = 32.5%, P = 0.108)

0.327

1

30.6

Figure 5 Forest plot for the xeroderma pigmentosum group D Lys751Gln polymorphism when stratified by ethnicity in a recessive model comparison. Recessive model: Gln/Gln vs Lys/Gln+Lys/Lys; ESCC: Esophageal squamous cell carcinoma; EADC: Esophageal adenocarcinoma.

sive model (OR = 1.21, 95%CI: 1.02-1.43). Our results
were inconsistent with two previously published metaanalyses by Ding et al[35] and by Yuan et al[36], both of
which showed a lack of association between the XPD
Lys751Gln polymorphism and EC in total populations.
Our meta-analysis included a larger number of studies and more EC cases when compared with these two
earlier studies. Therefore, the present meta-analysis
provides more reliable evidence about the importance
of the XPD Lys751Gln polymorphism in terms of EC.
In the analysis stratified according to histological type,
a positive association was observed between the XPD
Lys751Gln polymorphism and an elevated susceptibility
to both ESCC and EADC (ESCC: OR = 1.44, 95%CI:
1.01-2.06; EADC: OR = 1.26, 95%CI: 1.02-1.56), when
comparing the Gln/Gln type to the wild type Lys/Lys.
When stratified by ethnicity, a significant association was
found in Chinese populations for the Gln/Gln vs Lys/
Lys comparison (OR = 2.49, 95%CI: 1.44-4.29) and under the recessive model (OR = 2.37, 95%CI: 1.38-4.10),
suggesting that the XPD Lys751Gln polymorphism plays
a greater role in Chinese populations. It is worth noting
that this observation is opposite to that seen in the XPD
Asp312Asn polymorphism.
The associations between the XPD Asp312Asn polymorphism and EC susceptibility have been researched in
very few studies. Only one study by Huang et al[20] reported that XPD Asp312Asn was associated with a borderline decrease for the risk of ESCC in the Han and Uygur
populations. The majority of the studies [19,21-23,25,29,31]
reported that there were no statistically significant associations between the XPD Asp312Asn polymorphism
and the risk for EC, which is opposite to the results of
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our meta-analysis, which shows a significant association
between the XPD Asp312Asn polymorphism and EC
susceptibility. A reason may be that the sample sizes of
those studies were too small to explore the subtle association between the XPD Asp312Asn polymorphism and
EC susceptibility, but the pool of ORs generated from 10
comparisons significantly increases the statistical power.
Many epidemiological studies have also investigated
the association between the XPD Lys751Gln polymorphism and EC susceptibility. Xing et al[21], Pan et al[29] and
Ferguson et al[28] reported that the Lys751Gln polymorphism in the XPD gene did not influence the risk for
ESCC and/or EADC. However, Yu et al[23], Huang et al[20],
Li et al[31], Ye et al[25] and Tse et al[19] revealed a contradictory result, which suggested an increased risk for ESCC
and/or EADC in association with the XPD Lys751Gln
polymorphism. A more interesting finding revealed by
Zhai et al[30] and Casson et al[24] suggested an inverse association, which indicated that the XPD Lys751Gln polymorphism is a protective factor rather than a risk factor
for ESCC or EADC. The differences in risk observed
in different studies could be partially attributable to the
small sample sizes and inappropriate study design. More
importantly, the interaction with other polymorphisms
and/or particular environmental exposures may also influence the genetic effects of a single polymorphism[35].
There are some limitations to our meta-analysis that
should be acknowledged. First, though it is known that
the XPD gene has more polymorphisms than just Asp312Asn and Lys751Gln, we focused our meta-analysis
on the two most studied polymorphisms due to limited
research on other polymorphisms. Second, the studies
investigating genetic associations should be based on a
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A

tween xeroderma pigmentosum group D (XPD) polymorphisms and esophageal
cancer (EC) risk and have yielded inconsistent results. In order to derive a more
precise estimation of this relationship, we performed a meta-analysis of all of
the case-control studies that evaluated the association between the genetic
polymorphisms of XPD (Asp312Asn and Lys751Gln) and EC susceptibility.
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large sample size, similar study designs and standardised
case and control definitions. Third, the XPD gene polymorphisms may influence EC susceptibility in concert
with other genes, but we did not have enough data to
conduct any gene-gene interaction analyses. Finally, our
results were based on single-factor evaluations without
adjustment for other risk factors, including BMI, tobacco,
alcohol, environmental factors, or lifestyle.
In conclusion, this meta-analysis showed that the
XPD Asp312Asn polymorphism may contribute to EC
susceptibility, particularly in non-Chinese populations. In
addition, the analysis showed that the XPD Lys751Gln
polymorphism may also contribute to EC susceptibility,
particularly in Chinese individuals. Large, well-designed
case-control studies are recommended in order to further
enrich the present findings. Future studies should focus
on gene-gene and gene-environment interactions to further shed light on the genetics of EC.
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Abstract
Acute liver failure is a rare presentation of hematologic
malignancy. Acute on chronic liver failure (ACLF) is a
newly recognized clinical entity that describes acute
hepatic decompensation in persons with preexisting
liver disease. Diffuse large B-cell lymphoma (DLBCL) is
an aggressive non-Hodgkin’s lymphoma (NHL) with increasing incidence in older males, females and blacks.
However, it has not yet been reported, to present with
acute liver failure in patients with preexisting chronic
liver disease due to human immunodeficiency virus
(HIV)/hepatitis C virus (HCV) co-infection. We describe a case of ACLF as the presenting manifestation
of DLBCL in an elderly black man with HIV/HCV coinfection and prior Hodgkin’s disease in remission for
three years. The rapidly fatal outcome of this disease
is highlighted as is the distinction of ACLF from decompensated cirrhosis. Due to the increased prevalence of
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HIV/HCV co-infection in the African American 1945 to
1965 birth cohort and the fact that both are risk factors
for chronic liver disease and NHL we postulate that the
incidence of NHL presenting as ACLF may increase.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Diffuse large B-cell lymphoma; Acute-onchronic liver failure; Human immunodeficiency virus;
Hepatitis C virus; Hodgkin’s disease; Fatal outcome
Core tip: Recognition of acute on chronic liver failure
(ACLF) is vital because it may be rapidly fatal. However,
many patients have underlying silent liver disease, especially, hepatitis C virus (HCV) cirrhosis. Diffuse large
B-cell lymphoma is an aggressive lymphoma which is
beginning to occur more frequently in the same race
and birth cohort as HCV/human immunodeficiency virus related liver disease. Early recognition and potential
treatment of this rapidly fatal lymphoma depends on a
high index of suspicion. Due to the shared demographics the incidence of non-Hodgkin’s lymphoma presenting as ACLF is likely to increase.
Siba Y, Obiokoye K, Ferstenberg R, Robilotti J, CulpepperMorgan J. Case report of acute-on-chronic liver failure secondary
to diffuse large B-cell lymphoma. World J Gastroenterol 2014;
20(44): 16774-16778 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i44/16774.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i44.16774

INTRODUCTION
Acute liver failure (ALF) is a well-defined clinical syndrome with associated high mortality. Acute-on-chronic
liver failure (ACLF) is also a rare syndrome with diverse
etiology and high mortality which is less well-defined or
understood. Of the 1147 adults studied in the adult ALF
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A
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Figure 1 Abdominal computed tomography scan. A: Showing the confluent non-compressing circumaortic mass (arrow); B: Showing multiple hypodense splenic
lesions (arrow).

Study Group, less than seven percent were due to malignancy[1]. Neither the American Association for the Study
of Liver Diseases (AASLD), the European Association
for the Study of the Liver (EASL), nor the Asian Pacific
Association for the Study of the Liver (APASL) listed
malignancy as a potential precipitant of ACLF. Diffuse
large B-cell lymphoma (DLBCL) is the most common
non-Hodgkin lymphoma (NHL) in the United States[2,3].
Incidence rates for NHL have been increasing 3%-4%
per year from 1973 to the 1990s especially among older
males, females, and blacks[3]. We present a rapidly fatal
case of DLBCL presenting as ACLF in an elderly black
man with HIV/HCV co-infection.

CASE REPORT
A 71- year- old African American man was brought to our
emergency department (ED) by a friend who noted that
he was becoming increasingly confused and lethargic. He
was a former intravenous drug user now on methadone
maintenance. The patient had a history of HIV/HCV
co-infection (CD4 count of 116 and viral load of 214
copies/mL). Liver biopsy two years prior to admission revealed grade 2 inflammation with stage 1 fibrosis. He also
reported a history of Hodgkin’s disease that was now in
remission after chemo-radiotherapy three years prior.
The patient was afebrile and jaundiced. Firm nontender diffusely enlarged right cervical and axillary lymph
nodes approximately 3 cm × 3 cm were noted. Heart
and lung examinations were unremarkable. The abdomen was not distended. The liver and spleen were not
palpable. There was no ascites. He was oriented only to
self and month of the year. He was somnolent but had
no asterexis. Capillary glucose was 46 mg/dL in the ED.
His mental status did not improve after correction of hypoglycemia and naloxone administration.
Laboratory results showed a normal white blood cell
(WBC) count, 8.7 × 109/L, hemoglobin, 9.6 g/dL, hematocrit, 27.9% and platelet count 96000 per microliter of
blood. His platelet count one month prior to admission
was 161000. He was mildly azotemic, blood urea nitrogen (BUN) 25 mg/dL, and serum creatinine 1.2 mg/dL.
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Liver tests revealed aspartate aminotransferase (AST) of
145 IU/L (normal range: 15-37 IU/L), alanine aminotransferase (ALT) 39 IU/L (normal range: 12-78 IU/L),
Alkaline phosphatase 221 IU/L (normal range: 50-136
IU/L), total bilirubin 7.3 mg/dL (normal range: 0.2-1.2
mg/dL), direct bilirubin 6.0 mg/dL (normal range: 0.0-0.2
mg/dL), total protein 5.5 g/dL (normal range: 6.4-8.2
g/dL) and albumin 2.5 g/dL (normal range: 3.4-5 g/dL).
International normalized ratio (INR) was 1.6. Arterial
blood gas on room air revealed pH of 7.46, pCO2 30
mmHg, pO2 65 mmHg, HCO3- 21 mmol/L, and lactate
of 4.1 mmol/L (normal range: 0.5-1.6 mmol/L). Lactate
dehydrogenase (LDH) was 732 IU/L (normal range:
118-273 IU/L), serum alcohol level was < 3 mg/dL and
urine toxicology was positive for opiates and methadone.
Acetaminophen, hepatitis A and B serologies, ceruloplasmin, and ANA were all within normal limits.
Abdominal sonogram showed fatty liver infiltration,
mild splenomegaly, mildly distended gallbladder without
calculi, and no biliary ductal dilatation. Abdominal computed tomography with contrast showed multiple hypodense
splenic lesions, a confluent non-compressing circumaortic
mass, multiple para-aortic and pelvic lymph nodes, and bilateral pulmonary nodules (largest 1 cm) (Figure 1).
Right axillary lymph node excision biopsy revealed
a diffuse large B-cell lymphoma. The patient’s liver tests
continued to worsen with ALT 37 IU/L, AST 218 IU/L,
maximum total bilirubin of 10 mg/dL, (direct bilirubin 8.9
mg/dL), and INR of 2.2. Hemoglobin and hematocrit remained unchanged at 9.7 g/dL and 23.4% respectively at
discharge. He was transferred to another facility for chemotherapy. There he spent an additional week, received
one cycle of chemotherapy but due to continued deterioration family requested comfort care. He was transferred
to a hospice facility where he died a week later.

DISCUSSION
Our patient is the first reported case of rapidly fatal DLBCL in a patient with chronic liver disease due to HCV/
HIV coinfection. Because of the presence of inflammation and fibrosis on an earlier biopsy this is a presenta-
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Table 1 Differences in the current definitions of acute on
chronic liver failure

Duration between
insult and ACLF
Duration in which
there is higher
mortality
What qualifies as
“chronic liver disease”

APASL definition

AASLD/EASL
consensus

4 wk

Not defined

Not defined

3 mo

Chronic liver disease
Only cirrhosis,
with/without only
including those with
compensated cirrhosis prior decompensation
What qualifies as precipitants?
Alcohol, drugs,
Yes
Yes
hepatotropic viruses,
surgery, trauma
Sepsis
No
Yes
Variceal bleeding
No consensus
Yes
APASL: Asian Pacific Association for the Study of the Liver; AASLD:
American Association for the Study of Liver Diseases; EASL: European
Association for the Study of the Liver; ACLF: Acute on chronic liver failure.

tion of ACLF and not ALF. Although ALF has been well
defined, a universally accepted definition for ACLF is still
a subject of debate and on-going research[4,5]. This is due
to the heterogeneous proposed etiology, pathophysiology,
organ dysfunction, and outcomes in different regions of
the world.
ALF refers to the acute (< 26 wk) onset of severe
liver injury with encephalopathy and impaired synthetic
function (INR ≥ 1.5) in a patient without pre-existing
liver disease[1]. APASL defined ACLF as an acute hepatic
insult manifesting with jaundice (bilirubin > 5mg/dL)
and coagulopathy (INR > 1.5), complicated within four
weeks by ascites and/or encephalopathy in a patient
with previously diagnosed or undiagnosed chronic liver
disease. This definition fits our patient. An AASLD/
EASL consensus statement defined ACLF as a syndrome
among a subgroup of cirrhotic patients who develop
organ failure following hospital admission with or without an identifiable precipitating event and have increased
mortality rates. The differences in the above definitions
are highlighted in Table 1[4,5].
One particularly contentious issue is “what exactly
qualifies as chronic liver disease?” For the purposes of
ACLF, the APASL consensus definition for chronic liver
disease included patients with compensated cirrhosis of
any etiology, chronic hepatitis, non-alcoholic steatohepatitis, cholestatic liver disease, and metabolic liver disease.
Simple steatosis was excluded because it is not always
progressive. Decompensated cirrhosis on the other hand
was also excluded because it is a distinct clinical entity
that is irreversible whereas ALF and ACLF have potentially reversible acute insults. Again, our patient with mild
HCV/HIV inflammation and fibrosis fits this description.
However, per EASL/AASLD only cirrhotics, including
subjects with prior decompensation qualify as “chronic
liver disease” because these patients have distinctly different immune and cardiovascular response to injury.
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The precipitating factors of ACLF may be either hepatic or extra-hepatic in origin. Hepatic causes include
alcoholic hepatitis, acute viral hepatitis (HAV, HBV, and
HEV), drug-induced liver injury, portal vein thrombosis,
acute auto-immune hepatitis, Wilson’s disease, and ischemic hepatitis. Extra-hepatic insults comprise bacterial or
fungal infections, variceal hemorrhage, surgery, trauma, and
unknown hepatotoxins[6]. A case of Hodgkin’s lymphoma
induced - ACLF in an HBV patient has been reported. In
that report the patient developed acute on chronic hepatitis
B following treatment with entecavir. Post-mortem findings revealed co-existent early Hodgkin’s lymphoma (HL)[7].
Our patient had ACLF secondary to DLBCL which is a
NHL.
HL and NHL are two distinct hematologic malignancies. HL spreads in a contiguous manner via the
lymphatic system and is characterized on hematoxylin
and eosin stain by Reed-Sternberg cells which are transformed EBV positive cells in a background of granulocytes, plasma cells, and lymphocytes. DLBCL is the most
common type of NHL. NHL represents 4.2% of all new
cancer cases in the United States. It is the seventh most
common cancer and seventh leading cause of cancer
deaths. It refers to a constellation of disorders with heterogeneous clinico-pathologic features distinguished by a
diffuse effacement of architecture composed mainly of
large B-cells in different stages of maturation. It is an aggressive lymphoma that commonly arises from peripheral
lymph nodes presenting with painless, rubbery lymphadenopathy sometimes with constitutional symptoms such as
fever, night sweats, and unintentional weight loss. Several
extra-nodal sites including but not limited to the bone
marrow, gastrointestinal tract, brain, thyroid, testes, skin,
and breast are also sites of initial presentation[2,8,9].
About 40 cases of ALF due to any lymphoma or
leukemia have been published since 1952[10,11]. Due to
its rarity it is mostly under-recognized and a high degree
of clinical suspicion is required. NHL is traditionally
considered to be common in those above 70 years of
age, males, whites, family clusters, and is associated with
chronic viral infections such as Ebstein Bar Virus, HIV,
HBV, and HCV. Nevertheless, the strongest predictor of
risk is immune system abnormality[3,9]. Our patient’s risk
factors for NHL include male sex, advanced age, HIV/
AIDS, HCV, prior Hodgkin’s and chemo-radiotherapy.
HCV is strongly associated with the occurrence of
NHL in endemic areas such as Italy, Japan, and Egypt,
but not in North America. Several oncogenic mechanisms have been proposed to explain the development of
NHL in patients with chronic HCV such as: chronic antigen stimulation leading to monoclonal malignant proliferation; HCV genetic damage to B-cell tumor suppressor
genes; HCV replication within B cells inducing oncogenic
signals, and monocytes/macrophages being major target
of HCV[12-14].
In 2002, it was noted that in males 25-54 years of age
the incidence rates of NHL for blacks exceeded whites.
This was also true for black females aged 25-34 years.
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The authors propose this increase in incidence is due to
the prevalence of HIV in the African American community[3]. The high prevalence of HCV in the African
American may also have contributed to the increased of
NHL that was noted.
There was no evidence of acute exacerbation of
HCV in our patient as his ALT remained less than 40
IU/L throughout the decompensation of his liver function. We also doubt that the patient was truly cirrhotic as
his platelet count had been normal one month before,
and his ultrasound and CT scan were not suggestive of
cirrhosis. In the series by Zafrani et al[11], the clinical features of patients with ALF secondary to lymphoma/leukemia were characterized by average age of 49 years, hyperbilirubinemia, elevated liver transaminases, high LDH,
and lactic acidosis. The majority had thrombocytopenia
and prolonged prothrombin time. Our patient had all of
these features. The observed disproportionate elevation
in the AST compared to the ALT in our patient is similar
to other reports. An AST/ALT ratio greater than 2 is
characteristically seen in alcoholic liver disease and Wilson’s disease. A further conundrum in deciphering the diagnosis initially was the minimal elevation of ALP which
argues against malignant infiltration as a consideration.
Although the reason for this is unclear, ALP elevation
had the lowest frequency of liver enzyme abnormalities
in other series of ALF due to lymphoreticular malignancy[9,10]. Extreme elevations of LDH and lactic acidosis
and hypoglycemia have been associated with ALF[15].
ACLF patients manifest in various forms due to the
heterogeneity of this patient population. Severe jaundice,
coagulopathy, multi-organ failure with encephalopathy
and renal dysfunction, and systemic inflammatory response syndrome are common findings. Proinflammatory
cytokines, neutrophil dysfunction and sepsis are believed
to play a major role in pathogenesis and prognosis. Elevated leukocyte counts and C-reactive protein have been
found to be common as well as evidence of occult or
overt infection in ACLF patients. Dysregulated inflammation is considered a critical hallmark and final common
pathway of the various insults of ACLF[16,17]. At the time
of presentation our patient however, had normal white
blood cell count and no evidence of infection. Further
research will help define this subgroup of patients.
Several mechanisms by which NHL may cause ALF
have been postulated: (1) massive hepatic sinusoidal
infiltration by malignant cells could result in ischemia
and hepatocyte necrosis; (2) tumor obstructing hepatic
venules may also result in ischemic injury and necrosis;
(3) intrahepatic bile ducts may also be infiltrated by lymphoma cells resulting in duct necrosis, cholangitis, and
ALF; and (4) Rapid replacement of hepatic parenchyma
by lymphomatous cells may lead to mass destruction of
hepatocytes and resulting ACLF[11,18,19].
ACLF as the presenting feature of DLBCL is uncommon and, therefore, not typically considered in the
differential diagnosis of liver failure. However, given the
increasing incidence of DLBCL in older black men and
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patients with HCV and HIV/AIDS the diagnosis should
especially be considered in this demographic group. Early
diagnosis and referral requires a high index of suspicion
as delayed diagnosis is usually fatal.

COMMENTS
COMMENTS
Case characteristics

A 71-year-old African American man with human immunodeficiency virus (HIV)/
hepatitis C virus (HCV) coinfection presented to the emergency room with lethargy and confusion.

Clinical diagnosis

The patient was jaundiced, somnolent, disoriented to place, and had non tender
cervical and axillary lymphadenopathy.

Differential diagnosis

Altered mental status secondary to hypoglycemia, drug overdose, sepsis, or
hepatic encephalopathy was considered and adenopathy was biopsied to rule
out infection or malignancy.

Laboratory diagnosis

White count was normal with new anemia (hemoglobin = 9.6 g/dL), thrombocytopenia (platelet count = 96000/mL), hypoglycemia (blood glucose = 46
mg/dL), elevated lactate (4.1 mmol/L), cholestatic liver injury (direct bilirubin =
8.9 mg/dL, alkaline phosphatase = 221 IU/L, AST = 135 IU/L, ALT normal), and
coagulopathy (INR = 1.6).

Imaging diagnosis

Abdominal CT scan showed a confluent circumaortic mass, multiple para-aortic
and pelvic lymph nodes.

Pathological diagnosis

Lymph node biopsy revealed diffuse large B-cell lymphoma in the clinical setting of acute liver failure.

Treatment

Before transfer to another institution for chemotherapy, care was supportive
with correction of hypoglycemia, lactulose for hepatic encephalopathy, oxygen,
and empiric antibiotics.

Related reports

Palta reported a case of acute on chronic liver failure (ACLF) in a patient who
had acute on chronic HBV and coexistent Hodgkin’s lymphoma.

Term explanation

Diffuse large B-cell lymphoma (DLBCL) refers to a constellation of disorders
with heterogeneous clinico-pathologic features distinguished by a diffuse effacement of architecture composed mainly of large B-cells in different stages of
maturation.

Experiences and lessons

In cases of ACLF in patients with HCV and HIV, DLBCL should be considered
in the differential diagnosis as the virus is lymphotropic as well as hepatotropic
and early diagnosis and treatment may improve outcome.

Peer review

The authors should discuss about possibility that HCV infection of B cells might
have caused lymphoma and ACLF.
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suggest that pancreatic ectopia should be a part of differential diagnosis, not only when dealing with submucosal gastric lesions, but also with those that are small,
flat and/or untypically located.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Gastroesophageal reflux disease; Epigastric pain
Core tip: The heterotopic pancreas, which is usually
described as an untypical presence of pancreatic tissue without any anatomic or vascular continuity with
the pancreas, is relatively rare. As an intra- or submucosal lesion, is usually found incidentally, most often
in the gastric antrum. However, it may also be found
anywhere in the digestive tract. We report an ectopic
pancreatic lesion atypically located in the gastric cardia
in a 73-year-old woman with chronic epigastric pain accompanied by heartburn.

Abstract
The heterotopic pancreas, which is usually described
as an untypical presence of pancreatic tissue without
any anatomic or vascular continuity with the pancreas,
is relatively rare. Clinical manifestations may include
bleeding, inflammation, pain and obstruction; however,
in most cases it remains silent and is diagnosed during
autopsy. Here, we report a case of ectopic pancreatic
lesion located in the gastric cardia. The patient was
a 73-year-old woman who had a history (over four
months) of chronic epigastric pain accompanied by
heartburn. Esophagogastroduodenoscopy revealed inflammatory changes throughout the stomach and lower
esophagus, as well as a flat polypoid mass with benign
features located in the gastric cardia, approx. 10 mm
below the “Z” line, measuring approx. 7 mm in diameter. Endoscopic biopsy forceps were used to remove the
lesion. Histological examination of the lesion revealed
the presence of heterotopic pancreatic tissue in the
gastric mucosa. On the basis of the presented case, we
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INTRODUCTION
The heterotopic pancreas, which is usually described as
an untypical presence of pancreatic tissue without any
anatomic or vascular continuity with the pancreas, was
probably firstly described in the 18th century when it was
found in an ileal diverticulum[1]. It may be found at different sites in the gastrointestinal tract, with a propensity
to affect the small intestine and stomach. Although a heterotopic pancreas can occur at any age, it is most common, after 50 years of age[2,3]. Clinical manifestations may
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Figure 1 Endoscopic examination showing the location of the flat polypoid mass with benign features in the gastric cardia. The lesion was approx.
10 mm below the “Z” line and measured approx. 7 mm in diameter.

Figure 2 Pancreatic heterotopia of the cardiac mucosa. Most of the glandular structures visible below the foveolae correspond to pancreatic exocrine
acini.

include bleeding, inflammation, pain and obstruction;
however, in most cases it remains silent and is diagnosed
during autopsy[1,4]. On the other hand, in such tissue there
is also an increased risk of malignant transformation[5].
We report the case of a 73-year-old female with an
ectopic pancreatic lesion in the gastric cardia.

in June 2012, and no abnormalities in the location of the
previously described lesion were found, nor in any other
location within the upper gastrointestinal tract (GIT).

CASE REPORT
In March 2011, a 73-year-old woman was admitted to
hospital because of pain located in the left upper- and
middle-abdomen, accompanied by heartburn, nausea and
vomiting. The history of the above symptoms lasted for
about four months with remarkable aggravation a few
days before being admitted to hospital. Her past medical
history, apart from colon diverticulosis, also contained
arterial hypertension, nodular goiter and diabetes type
2. Physical examination was unremarkable, as were the
results of complete blood count and routine biochemical
investigations. Esophagogastroduodenoscopy revealed
inflammatory changes throughout the stomach and lower
esophagus, as well as a flat polypoid mass with benign
features located in the gastric cardia, approx. 10 mm below the “Z” line, measuring approx. 7 mm in diameter
(Figure 1). The duodenum was unremarkable. Endoscopic
biopsy forceps removed the lesion, which submitted for
histopathological assessment. The endoscopic diagnosis
was superficial gastritis, gastroesophageal reflux disease
(GERD) with the presence of a gastroesophageal junction hyperplastic polyp. Histological examination of the
lesion revealed the presence of heterotopic pancreatic tissue in the cardiac mucosa with fully developed acini (Figure
2). An abdominal ultrasound was normal, apart from the
presence of nephrolithiasis. After discharge from hospital,
she was under the supervision of the gastroenterology
outpatients clinic, where she passed colonoscopy with the
polypectomy of the two tubular adenomas of approx. 6
mm and 8 mm in diameter, as well as whole gastrointestinal tract radiography with barium contrast, which was
normal. Two control esophagogastroduodenoscopical examinations with random biopsies were performed, the last
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DISCUSSION
The origins of pancreatic ectopia are not fully elucidated;
however, the most probable theories are based on the
fetal migration of pancreatic cells and on the penetration of immature gastric mucosa inside the submucosa,
followed by its pancreatic metaplasia[6]. The possible localizations within the GIT are the esophagus, stomach,
small intestine, common bile duct and gallbladder, papilla
of Vater, Meckel’s diverticulum and mesocolon[6,7]. However, most commonly, an ectopic pancreas is seen in the
stomach - up to 38%, of which 95% are located in the
greater curvature in the antrum[8]. The occurrence in particular layers of the stomach wall is as follows: 73% in the
submucosal layer, 17% in the muscularis propria layer and
10% in the subserosal layer[7]. Notably, we could not find
any information in the literature about the occurrence of
ectopic pancreatic tissue on or within the epithelial layer
of the gastric mucosa.
The clinical symptoms of pancreatic ectopia depend
of location, size and other pathological features that may
occasionally coexist, e.g., secretion of pancreatic enzymes
that can result in local inflammation or/and secreting the
hormones that may exert a whole body effect. Lesions
smaller than 15 mm in diameter remain asymptomatic
until they cause local inflammation or obstruction, and
are usually detected accidentally. Last, but not least,
pancreatic ectopia may occasionally turn into adenocarcinoma or a neuroendocrine neoplasm[1,2,7]. In pediatric
patients, the clinical picture of pancreatic ectopia can be
different. Most characteristic are GIT obstructions and
intrasuspection that can also be associated with some
congenital abnormalities, including granular pancreas,
esophageal atresia, Meckel’s diverticulum, malrotation,
choledochal cyst and extrahepatic biliary atresia[9].
Endoscopical examination usually shows a wellcircumscribed submucosal tumor, sometimes with central
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“umbilication”, covered with normal mucosa. Therefore,
the surface biopsy results are usually inconclusive, and the
final diagnosis is based on histological verification after
surgery or endoscopic submucosal resection/dissection[2].
Lymphoma, carcinoid, gastrointestinal stromal tumors, as
well as some other abnormalities within the GIT, should
be a part of the differential diagnosis, and available imaging techniques, including CT or MR scanning, and EUS
enhanced with fine needle aspiration, allow the selection of
the best resection technique[10]. It is clear that a symptomatic heterotopic pancreas should be resected, irrespective
of the method chosen; however, clear recommendations
for the management of asymptomatic and histologically
verified lesions have not been established to date.
In the presented case, the first diagnosis based on the
endoscopic view was typical for patients with GERD“gastroesophageal junction hyperplastic (inflammatory)
polyp”; however, the histology result was very surprising,
since data on the occurrence of pancreatic ectopia on the
surface of the gastric mucosa in gastric cardia are lacking.
In such a case, one could expect pancreatic metaplasia in
the gastric mucosa, which is sometimes seen in, e.g., the
gastric patch[11]; however, the histological examination revealed pancreatic ectopia. The polyp was completely and
safely removed, and several further endoscopical controls
did not show any relapse.
In summary, although an ectopic pancreas is relatively
rare, it is always a part of differential diagnosis when
dealing with submucosal or polyp-like gastric lesions. On
the basis of the presented case, we suggest, that even
small, flat and/or untypically located lesions (e.g., gastric
cardia) should also be considered to be formed from the
ectopic pancreatic mass.
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Abstract
IgG4-related disease is a recently recognized entity
linked initially to autoimmune pancreatitis and has been
subsequently described in nearly every organ system.
Men over the age of 50 represent the most affected
demographic group and a comprehensive set of diagnostic criteria has been developed to aid treating clinicians. Though elevated levels of IgG4 in the serum are
suggestive of the disease, definitive diagnosis is made
on histopathology. Treatment is tailored to the clinical
presentation with corticosteroid therapy known to have
proven efficacy. Gastric manifestations of the IgG4related disease primarily come in two varieties, notably
chronic ulceration or pseudotumor formation. Autoimmune pancreatitis conveys increased risk for IgG4related disease of the stomach, which is independent
of Helicobacter pylori status. In this case report, we
present an acute gastric-pericardial fistula secondary
to IgG4-related disease that required urgent operative
management. To our knowledge, this is the first report
in the medical literature describing this complication of
IgG4-related disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: IgG4-related disease has been an increasingly
recognized entity affecting multiple organ systems. Lesions may mimic neoplasms, yet corticosteroid therapy
is highly efficacious. In the stomach, manifestations include ulceration and pseudotumor formation. This case
report describing a complication of the disease, notably
an acute gastric-pericardial fistula has yet to have been
described in the medical literature.
Frydman J, Grunner S, Kluger Y. IgG4-related disease manifesting as an acute gastric-pericardial fistula. World J Gastroenterol
2014; 20(44): 16782-16785 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i44/16782.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i44.16782

INTRODUCTION
IgG4-related disease was first recognized as a new clinicopathological entity by Kamisawa et al[1] in 2003 when
extrapancreatic manifestations were diagnosed with
higher frequency in patients with autoimmune pancreatitis (AIP). Multiple organ systems are now known to
be affected by the disease, including gastrointestinal,
hepatobiliary, pulmonary, genitourinary, cardiovascular,
lymphatic, skin, salivary, endocrine and central nervous
system[1-9]. Furthermore, with respect to gastric disease,
autoimmune pancreatitis is a risk factor for high prevalence of chronic gastric ulceration, which is independent
of Helicobacter pylori (H. pylori) infection status[10,11]. In this
case report, we describe a patient who underwent urgent
repair of a gastric-pericardial fistula secondary to chronic
gastric ulceration by a dense lymphoplasmacytic infiltrate
of IgG4-positive plasma cells. To our knowledge, this
complication of IgG4-related disease has not yet been
described in the medical literature.
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Figure 1 Chest radiograph. Arrow demonstrates air outlining cardiac silhouette. R: Right.

Figure 2 Computed tomography axial section at thoracic level revealing
pneumopericardium, as denoted by arrow.

CASE REPORT
The patient is a 65 years old male with a history of tobacco abuse and poor hygiene, who three years prior
to the current presentation underwent an emergent antrectomy with Roux-en-Y reconstruction secondary to
massive bleeding from erosion of a posterior duodenal
ulcer into the gastroduodenal artery (GDA) and penetration into the pancreatic head. The bleeding was arrested
by undersuturing of the GDA in four quadrants, and a
tube duodenostomy was utilized to manage the difficult
stump. Post-operative course was unremarkable and he
was discharged home after 10 d. He was followed by the
gastroenterology service with findings of a benign marginal ulcer at the gastro-jejunal anastomosis on endoscopy which was treated conservatively, though the patient
was poorly compliant and lost to follow-up.
At this time he presented to the emergency department with a three day history of intense upper abdominal
and inter-scapular back pain, associated with fever up to
38.4  ℃. The patient appeared anxious and malnourished.
Heart rate was regular at 86 bpm with blood pressure of
90/50 mmHg. Abdomen was soft, non-distended without peritoneal signs and there was no melena on rectal
exam. Laboratory analysis was significant for leukocytosis
(WBC = 14.4 × 103/μL with bandemia of 7%), severe
anemia (Hgb = 6.7 g/dL) and renal insufficiency (Cr = 1.5
mg/dL). He was found to have a metabolic acidosis (pH
= 7.33, Lactate = 9.0 mmol/L), elevated troponin-I (0.3
ng/mL) and nutritional depletion (albumin = 2.2 g/dL).
Diagnostic work-up included an abdominal ultrasound
which was negative for an abdominal aortic aneurysm
or free peritoneal fluid. Chest X-ray was remarkable for
pneumopericardium (Figure 1). Computed tomography
(CT) of the chest demonstrated a large pneumopericardium (Figure 2) as well as pneumomediastinum, whose
source was a possible fistula emanating from the upper
GI tract below the diaphragm (Figure 3). Upper gastrointestinal endoscopy (performed without air insufflation
secondary to risk of cardiac tamponade) confirmed a
large, necrotic gastric ulcer emanating from the cardia
with fistulization toward the pericardium.
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Figure 3 Computed tomography axial section at upper abdominal level revealing the presence of a gastric-pericardial fistula, as denoted by arrow.

After a short period of fluid resuscitation, the patient
was brought to the operating room for an exploratory
laparotomy. An inflammatory mass was found in the
stomach remnant with evidence of fistulization via the
diaphragm into the pericardium. A completion gastrectomy was performed with Roux-en-Y esophagojejunostomy and the pericardium was drained. The postoperative course was complicated by respiratory failure
requiring percutaneous tracheostomy, as well as treatment
for pneumonia and pulmonary embolus. Final pathology
revealed a chronic gastric ulcer with extensive fibrosis and
chronic inflammatory changes. On immunohistochemistry, multiple IgG4 positive plasma cells were scattered in
the fibrous stroma with an IgG4:IgG ratio > 40%. Furthermore, serum IgG4 was elevated at 620 mg/dL [normal
range (NR): 8-140 mg/dL] with total IgG 1350 mg/dL
(NR: 680-1560 mg/dL). The patient was initiated on corticosteroid therapy and ultimately discharged to a rehabilitation facility. On clinical follow-up, the patient’s overall
health improved significantly, with weight gain and return
to his normal daily activities.

DISCUSSION
Stemming from a histopathological study of organs in
patients with AIP, the pancreatic lesion was found to be a
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manifestation of a systemic process, notably a new clinicopathological entity known as IgG4-related disease[1]. It
has since been described in multiple succeeding reports in
nearly every organ system[1-9]. From epidemiologic studies,
the majority of patients affected by IgG4-related disease
are men over the age of 50, although the true prevalence
of the disease is likely underestimated secondary to the
lack of familiarity with this disease entity[12]. Indeed, the
diagnosis of IgG4-related disease must be considered in
the differential diagnosis where appropriate, as the clinical and radiographic characteristics may mimic neoplasm,
resulting in unnecessary surgical resection[13]. In order
to facilitate the diagnosis, a comprehensive set of clinical diagnostic criteria has been devised by the Ministry
of Health, Labor, and Welfare of Japan: a characteristic
diffuse or localized swelling or mass in single or multiple
organs with elevated IgG4 serum levels, or distinctive
pathological findings, notably tumefactive lesions with a
dense lymphoplasmacytic infiltrate rich in IgG4-positive
plasma cells and storiform fibrosis[12,13].
Gastric manifestations from this pathological basis are
two-fold, either chronic ulceration or pseudotumor formation. Shinji et al[11] evaluated EGD findings in patients
undergoing ERCP for obstructive jaundice. Compared to
the control group, patients with AIP were more likely to
have gastric ulcer (34.8% vs 13.5%, P = 0.007). In addition, the gastric ulcers in the AIP group were more likely
to be located on the lesser curvature with linear appearance perpendicular to the incisura angularis.
Two recent reports have illustrated the potential for
chronic gastric ulceration[14,15]. Fujita et al[14], describe a
patient with a chronic gastric ulcer which failed to heal
after standard treatment regimens including proton
pump inhibitor therapy and H. pylori eradication. Biopsy
revealed the presence of an intense infiltration of plasma
cells containing IgG4, though the patient subsequently
refused corticosteroid treatment. Similarly, Bateman et
al[15], report a patient who underwent a partial gastrectomy for a chronic gastric ulcer due to concern for occult
malignancy in which final pathology yielded the causative
factor as IgG4-related disease.
With respect to pseudotumor formation, multiple
reports have documented the etiology of IgG4-related
disease with findings of either multiple gastric polyps[16],
or more commonly solitary sclerosing nodular lesions of
the stomach[17-19]. The diagnosis of IgG4-related disease
in these cases was secured on final pathology after laparoscopic wedge resections[17,18] and endoscopic submucosal
resection[19]. It is speculative whether these lesions would
have responded completely to corticosteroid therapy had
the causative factor been elucidated preoperatively.
In the current report, we describe a novel presentation of IgG4-related disease involving the stomach, notably a chronic gastric ulcer which fistulized to the pericardium requiring urgent operative management. The final
pathology met diagnostic criteria for IgG4-related disease
and elevated serum level of IgG4 was confirmatory.
Given the increased recognition of this disease entity in
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the stomach, early diagnosis based on the typical clinical,
serological and histological findings, followed by treatment with corticosteroid therapy may ameliorate gastric
complications of IgG4 related-disease.

COMMENTS
COMMENTS
Case characteristics

Authors report a case of a 65-year-old man diagnosed with an acute pneumopericardium secondary to a gastric-pericardial fistula, ultimately attributed to
IgG4-related disease of the stomach.

Clinical diagnosis

The patient presented with 3 d history of intense interscapular and upper abdominal pain associated with fever.

Differential diagnosis

Differential diagnosis based on clinical presentation is broad, including, but not
limited to, acute myocardial infarction, dissecting thoracic aneurysm, pneumothorax, esophageal perforation, strangulated paraesophageal hernia, mesenteric ischemia and perforated peptic ulcer.

Laboratory diagnosis

Initial laboratory findings included leukocytosis with bandemia, anemia, elevated troponin, prerenal azotemia and metabolic acidosis, with later significantly
elevated serum level of IgG4.

Imaging diagnosis

Chest X-ray demonstrated pneumopericardium, computed tomography suggested a gastric-pericardial fistula and upper endoscopy revealed gastric ulceration with fistulization from the cardia toward the pericardium.

Pathological diagnosis

Immunohistochemistry revealed a dense lymphoplasmacytic infiltrate rich in
IgG4 plasma cells with an IgG4: IgG ration greater than 40%.

Treatment

Given the acute presentation in this case, an emergent gastrectomy was required, though the vast majority of IgG4-related disease is treated effectively by
corticosteroid therapy.

Experiences and lessons

IgG4-related disease is an increasingly recognized entity, requiring a high index
of suspicion by the treating clinician to make the diagnosis based on typical
clinical, serological and histological findings.

Peer review

The authors present a novel case of IgG4-related disease of the stomach causing
an acute gastric-pericardial fistula requiring surgical treatment, although the vast
majority of chronic IgG4-related gastric ulcers will heal with corticosteroid therapy.

REFERENCES
1

2

3
4

5

6

16784

Kamisawa T, Funata N, Hayashi Y, Eishi Y, Koike M, Tsuruta K, Okamoto A, Egawa N, Nakajima H. A new clinicopathological entity of IgG4-related autoimmune disease.
J Gastroenterol 2003; 38: 982-984 [PMID: 14614606 DOI:
10.1007/s00535-003-1175-y]
Sekiguchi H, Horie R, Utz JP, Ryu JH. IgG4-related systemic
disease presenting with lung entrapment and constrictive
pericarditis. Chest 2012; 142: 781-783 [PMID: 22948582 DOI:
10.1378/chest.11-2608]
Cornell LD. IgG4-related kidney disease. Semin Diagn
Pathol 2012; 29: 245-250 [PMID: 23068304 DOI: 10.1053/
j.semdp.2012.07.004]
Ishizaka N, Sakamoto A, Imai Y, Terasaki F, Nagai R. Multifocal fibrosclerosis and IgG4-related disease involving the
cardiovascular system. J Cardiol 2012; 59: 132-138 [PMID:
22137380 DOI: 10/1016/j.jjcc.2011.10.005]
Cheuk W, Yuen HK, Chu SY, Chiu EK, Lam LK, Chan JK.
Lymphadenopathy of IgG4-related sclerosing disease. Am J
Surg Pathol 2008; 32: 671-681 [PMID: 18344866 DOI: 10.1097/
PAS.0b013e318157c068]
Miyagawa-Hayashino A, Matsumura Y, Kawakami F, Asada

November 28, 2014|Volume 20|Issue 44|

Frydman J et al . IgG4 gastric-pericardial fistula

7

8

9

10

11

12

H, Tanioka M, Yoshizawa A, Mikami Y, Kotani H, Nakashima Y, Miyachi Y, Manabe T. High ratio of IgG4-positive
plasma cell infiltration in cutaneous plasmacytosis--is this
a cutaneous manifestation of IgG4-related disease? Hum
Pathol 2009; 40: 1269-1277 [PMID: 19386351 DOI: 10.1016/
j.humpath.2009.01.013]
Laco J, Ryska A, Celakovsky P, Dolezalova H, Mottl R, Tucek
L. Chronic sclerosing sialadenitis as one of the immunoglobulin G4-related diseases: a clinicopathological study of six
cases from Central Europe. Histopathology 2011; 58: 1157-1163
[PMID: 21438912 DOI: 10.1111/j.1365-2559.2011.03833.x]
Shimatsu A, Oki Y, Fujisawa I, Sano T. Pituitary and stalk
lesions (infundibulo-hypophysitis) associated with immunoglobulin G4-related systemic disease: an emerging clinical
entity. Endocr J 2009; 56: 1033-1041 [PMID: 19926920]
Chan SK, Cheuk W, Chan KT, Chan JK. IgG4-related sclerosing pachymeningitis: a previously unrecognized form of
central nervous system involvement in IgG4-related sclerosing disease. Am J Surg Pathol 2009; 33: 1249-1252 [PMID:
19561447 DOI: 10.1097/PAS.0b013e3181abdfc2]
Chang MC, Chang YT, Wei SC, Kuo CH, Liang PC, Wong
JM. Autoimmune pancreatitis associated with high prevalence of gastric ulcer independent of Helicobacter pylori
infection status. Pancreas 2009; 38: 442-446 [PMID: 19276869
DOI: 10.1097/MPA.0b013e31819b5f3c]
Shinji A, Sano K, Hamano H, Unno H, Fukushima M, Nakamura N, Akamatsu T, Kawa S, Kiyosawa K. Autoimmune
pancreatitis is closely associated with gastric ulcer presenting with abundant IgG4-bearing plasma cell infiltration. Gastrointest Endosc 2004; 59: 506-511 [PMID: 15044886]
Stone JH, Zen Y, Deshpande V. IgG4-related disease. N Engl
J Med 2012; 366: 539-551 [PMID: 22316447 DOI: 10.1056/

13

14

15

16

17

18

19

NEJMra1104650]
Koizumi S, Kamisawa T, Kuruma S, Tabata T, Chiba K, Iwasaki S, Endo Y, Kuwata G, Koizumi K, Shimosegawa T, Okazaki K, Chiba T. Immunoglobulin G4-related gastrointestinal
diseases, are they immunoglobulin G4-related diseases?
World J Gastroenterol 2013; 19: 5769-5774 [PMID: 24124321
DOI: 10.3748/wjg.v19.i35.5769]
Fujita T, Ando T, Sakakibara M, Hosoda W, Goto H. Refractory gastric ulcer with abundant IgG4-positive plasma
cell infiltration: a case report. World J Gastroenterol 2010; 16:
2183-2186 [PMID: 20440861 DOI: 10.3748/wjg.v16.i17.2183]
Bateman AC, Sommerlad M, Underwood TJ. Chronic gastric
ulceration: a novel manifestation of IgG4-related disease? J
Clin Pathol 2012; 65: 569-570 [PMID: 22259178 DOI: 10.1136/
jclinpath-2011-200565]
Kaji R, Okabe Y, Ishida Y, Takedatsu H, Kawahara A, Aino
H, Morimitsu Y, Maekawa R, Toyonaga A, Tsuruta O, Sata
M. Autoimmune pancreatitis presenting with IgG4-positive
multiple gastric polyps. Gastrointest Endosc 2010; 71: 420-422
[PMID: 19846081 DOI: 10.1016/j.gie.2009.07.023]
Rollins KE, Mehta SP, O’Donovan M, Safranek PM. Gastric
IgG4-Related Autoimmune Fibrosclerosing Pseudotumour:
A Novel Location. ISRN Gastroenterol 2011; 2011: 873087
[PMID: 21991533 DOI: 10.5402/2011/873087]
Kim do H, Kim J, Park do H, Lee JH, Choi KD, Lee GH, Jung
HY, Kim JH. Immunoglobulin G4-related inflammatory
pseudotumor of the stomach. Gastrointest Endosc 2012; 76:
451-452 [PMID: 21981816 DOI: 10.1016/j.gie.2011.07.061]
Na KY, Sung JY, Jang JY, Lim SJ, Kim GY, Kim YW, Park
YK, Lee JH. Gastric nodular lesion caused by IgG4-related
disease. Pathol Int 2012; 62: 716-718 [PMID: 23005600 DOI:
10.1111/j.1440-1827.2012.02859.x]
P- Reviewer: Goetze TO S- Editor: Ma N L- Editor: A
E- Editor: Wang CH

WJG|www.wjgnet.com

16785

November 28, 2014|Volume 20|Issue 44|

World J Gastroenterol 2014 November 28; 20(44): 16786-16792
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i44.16786

© 2014 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Duodenum-preserving resection and Roux-en-Y pancreatic
jejunostomy in benign pancreatic head tumors
Chun-Hui Yuan, Ming Tao, Yi-Mu Jia, Jing-Wei Xiong, Tong-Lin Zhang, Dian-Rong Xiu
Chun-Hui Yuan, Ming Tao, Yi-Mu Jia, Jing-Wei Xiong, TongLin Zhang, Dian-Rong Xiu, Department of General Surgery,
Peking University Third Hospital, Beijing 100191, China
Author contributions: Xiu DR and Zhang TL designed the report; Yuan CH and Tao M collected the patient’s clinical data; Jia
YM and Xiong JW carried out the immunoassays; Yuan CH and
Zhang TL wrote the paper.
Supported by Capital Medical Science Development Funds of
China, No. 2009-3027
Correspondence to: Dian-rong Xiu, MD, PhD, Department
of General Surgery, Peking University Third Hospital, 49 North
Garden Street, Haidian District, Beijing 100191,
China. xiudianrong@163.com
Telephone: +86-10-82267338 Fax: +86-10-62010334
Received: February 10, 2013 Revised: April 17, 2014
Accepted: May 29, 2014
Published online: November 28, 2014

Abstract
This study was conducted to explore the feasibility of
partial pancreatic head resection and Roux-en-Y pancreatic jejunostomy for the treatment of benign tumors
of the pancreatic head (BTPH). From November 2006
to February 2009, four patients (three female and one
male) with a mean age of 34.3 years (range: 21-48
years) underwent partial pancreatic head resection and
Roux-en-Y pancreatic jejunostomy for the treatment
of BTPH (diameters of 3.2-4.5 cm) using small incisions (5.1-7.2 cm). Preoperative symptoms include one
case of repeated upper abdominal pain, one case of
drowsiness and two cases with no obvious preoperative
symptoms. All four surgeries were successfully performed. The mean operative time was 196.8 min (range
165-226 min), and average blood loss was 138.0 ml
(range: 82-210 ml). The mean postoperative hospital
stay was 7.5 d (range: 7-8 d). In one case, the main
pancreatic duct was injured. Pathological examination
confirmed that one patient suffered from mucinous
cystadenoma, one exhibited insulinoma, and two patients had solid-pseudopapillary neoplasms. There were
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no deaths or complications observed during the perioperative period. All patients had no signs of recurrence
of the BTPH within a follow-up period of 48-76 mo and
had good quality of life without diabetes. Partial pancreatic head resection with Roux-en-Y pancreatic jejunostomy is feasible in selected patients with BTPH.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic benign tumor; Pancreatic head;
Partial resection; Roux-en-Y pancreatic jejunostomy;
Postoperative complications
Core tip: This study elucidated an innovative technique
for local pancreatic head resection and Roux-en-Y pancreatic jejunostomy in four patients with benign tumors
of the pancreatic head and showed that local resection
of the pancreatic head in combination with Roux-en-Y
pancreatic jejunostomy not only completely resected
the pancreatic tumor but also retained optimal pancreatic function and reduced the incidence of pancreatic
leakage.
Yuan CH, Tao M, Jia YM, Xiong JW, Zhang TL, Xiu DR. Duodenum-preserving resection and Roux-en-Y pancreatic jejunostomy
in benign pancreatic head tumors. World J Gastroenterol 2014;
20(44): 16786-16792 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i44/16786.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i44.16786

INTRODUCTION
Pancreaticoduodenectomy, duodenum-preserving pancreatic head resection, and pancreatic head tumor removal are the main surgical procedures in most cases of
benign tumors of the pancreatic head (BTPH) based on
specific circumstances of lesions and the experience level
of each surgeon. In recent years, the surgical removal
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of pancreatic head tumors and duodenum-preserving
pancreatic head resection has been gradually replacing
the traditional approach of pancreaticoduodenectomy[1,2].
The aim of the present study was to elucidate an innovative technique for partial pancreatic head resection and
Roux-en-Y pancreatic jejunostomy used in four patients
with BTPH. Furthermore, the recurrence of disease and
post-operative quality of life were observed in a followup exam.

CASE REPORT
Case 1
A 31-year-old female was routinely examined after she
was admitted to the hospital and diagnosed with a pancreatic tumor by B-ultrasonic examination. The B-ultrasonic wave images revealed a hypoechoic mass at 3.3
cm × 2.8 cm in the pancreatic head. In association with
a computed tomography (CT) scan, a low density mass
at 3.5 cm × 3.2 cm was detected in the pancreatic head.
The tumor displayed an ill-defined borderline and striped
calcified lesions (Figure 1A). Preoperative examination
showed that the serum tumor markers alpha-fetoprotein
(AFP), carcinoembryonic antigen (CEA), and carbohydrate antigen (CA)199 were within normal ranges.
However, both intraoperative frozen section analysis and
pathological examination confirmed the presence of a
solid pseudopapillary tumor of the pancreas (Figure 1B).
The patient underwent partial pancreatic head resection
and Roux-en-Y pancreaticojejunostomy (Figure 1C and
D). The wound surface area of the pancreas was 6.3
cm × 6.5 cm. Because the tumor was very close to the
main pancreatic duct, approximately 1.5 cm of the duct
was removed. The proximal pancreatic end of the main
pancreatic duct was ligated, and a stent was placed in the
distal duct. The operation was performed in 210 min,
and the amount of intraoperative blood loss was 155 ml.
The patient had a smooth, uncomplicated postoperative
recovery, started taking oral food on day 3 and was discharged on day 7 after the surgery. There was no recurrence of the tumor observed during the follow-up period
of 48-76 mo. Moreover, quality of life for this case was
satisfactory, and fasting blood glucose levels were normal.
Case 2
A 21-year-old female was diagnosed with a pancreatic
tumor in a B-ultrasonic examination after her hospital
stay. Contrast-enhanced abdominal CT scan of the upper abdomen showed oval-shaped lesions in the uncinate
process of the pancreas with a diameter of approximately
4.2 cm, and an uneven density was significantly strengthened around the enhanced loci (Figure 2A). Preoperative
examination showed that the serum tumor markers AFP,
CEA, and CA199 were within the normal range. In the
surgical exploration, the size of the uncinate process
of the pancreas was 3.6 cm × 3.5 cm (Figure 2B). The
patient underwent partial pancreatic head resection and
Roux-en-Y pancreatic jejunostomy (Figure 2C and D).
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The wound surface area of the pancreas was 7.0 cm × 6.5
cm. The operation was performed in 226 min, and the
amount of intraoperative blood loss was 210 ml. A solid
pseudopapillary tumor of the pancreas was confirmed
in postoperative pathology outcomes. The patient had a
smooth postoperative recovery with no complications,
started taking oral food on day 3, and was discharged on
day 8 after the surgery. Recurrence of the tumor was not
observed during the follow-up period of 54 mo. Moreover, a good quality of life was associated with fasting
blood glucose in the normal range.
Case 3
A 37 year-old male had symptoms that included intermittent drowsiness, dizziness, malaise, irritability, sweating,
slurred speech, and cognitive impairment without any
obvious reason for 15 mo prior to a hospital stay. He
was diagnosed with carbon monoxide (CO) poisoning in
a local hospital, and his blood glucose level reached 0.8
mmol/L. The patient’s symptoms were well controlled
after treatment. However, the symptoms recurred frequently, and he was admitted to our hospital for further
treatment. Levels of fasting glucose, serum insulin and
C-peptide were shown as 1.9 mmol/L, 83.5 miu/L, and
1140.4 pmol/L, respectively. Enhanced abdominal CT
scan of the upper abdomen showed oval-shaped lesions
in the uncinate process of the pancreas with a diameter
of approximately 3.3 cm, whereas the density around the
enhanced loci was significantly strengthened (Figure 3A).
During the surgical procedure, ultrasound was used to
identify the uncinate process of the pancreas (Figure 3B).
The patient underwent partial pancreatic head resection
of the tumor (3.2 cm × 3.5 cm) (Figure 3C) and Rouxen-Y pancreaticojejunostomy (Figure 3D). The wound
surface area of the pancreas was 5.2 cm × 5.0 cm. Insulinoma was diagnosed intraoperatively by a postsurgical
pathology examination. The duration of the surgery was
186 min, and the amount of intraoperative blood loss
was 105 ml. The patient had a smooth postoperative
recovery with no pancreatic leakage. The serum levels
of his fasting glucose, insulin, and C-peptide were 5.5
mmol/L, 12.5 miu/L, and 320.8 pmol/L, respectively, on
day 7, and he was discharged on day 8 after surgery. No
recurrence of the tumor was observed during the postoperative follow-up period of 50 mo. The patient maintained good quality of life, and fasting blood glucose,
insulin, and C-peptide were within the normal range.
Case 4
A 48-year-old female had a one month history of intermittent abdominal pain before her visit. Ultrasonic evaluation showed “low or no echo placeholder beneath the
right bottom of the pancreas.” Enhanced abdominal CT
scan (Figure 4A) and enhanced magnetic resonance imaging (MRI) indicated the uncinate process of the multilocular cystic placeholder (diameter of 4.3 cm). Preoperative
examination showed that the serum tumor markers AFP,
CEA, and CA199 were within the normal range. In the
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Figure 1 B-ultrasonic examination and computed
tomography scan of case 1. A: Enhanced computed
tomography image of BTPH shows a low density in the
pancreatic head mass at 3.5 cm × 3.2 cm. The tumor displayed ill-defined borderline in calcified lesions; B: Shape
and structure of BTPH. The tumor is an oval shape and
some necrotic tissue existed inside the tumor; C: Wound
surface area of the pancreas. Measuring wound surface
area of the pancreas is 6.3 cm × 6.5 cm after the tumor
removed; D: Illustration for operative repair with Roux-en-Y
pancreaticojejunostomy is shown with proximal pancreatic
end ligated and a stent is put into distal pancreatic resection. BTPH: benign tumors of the pancreatic head.

A

B

C

D

Figure 2 B-ultrasonic examination and computed
tomography scan of case 2. A: Enhanced computed
tomography image image of BTPH shows oval-shaped
lesions at approximately 4.2 cm in diameter with significantly uneven density around the enhanced loci; B: The
uncinate process carcinoma of the pancreas is a solid
mass with an uneven texture in area of 3.6 cm × 3.5 cm;
C: The wound surface area of the pancreas is measured
at 7.0 cm × 6.5 cm after the surgery; D: Illustration for
wound repair with Roux-en-Y pancreaticojejunostomy.
BTPH: benign tumors of the pancreatic head.

surgical exploration, the uncinate process of the cystic
placeholder was measured at 4.5 cm × 4.8 cm (Figure
4B). The patient underwent partial pancreatic head resection and Roux-en-Y pancreaticojejunostomy (Figure 4C
and D). The wound surface area of the pancreas was 7.2
cm × 6.1 cm. Pancreatic mucinous cystic adenoma was
confirmed in intraoperative and postsurgical pathological
examination. The operation was performed in 165 min,
and the amount of intraoperative blood loss was 82 ml.
The patient had a smooth postoperative recovery with
no complications, and was discharged on day 7 after the
surgery. No return of the tumor was observed during the
postoperative follow-up period of 48 mo, and her upper abdominal pain symptoms disappeared. The patient
maintained good quality of life, and fasting plasma glucose was within the normal range.
This project focuses on four patients who underwent
pancreatic head resection and Roux-en-Y pancreaticojeju-
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nostomy (Table 1). This is a retrospective study approved
by the Peking University Third Hospital Institutional Review Board. The surgical technical details and outcomes
were analyzed. App operations were performed using a
supraumbilical transverse incision under general anesthesia. First, a paramedian incision was made on the upper
right side of the abdomen. Isolation and exposure: The
gastrocolic and duodenum ligaments were slit to expose
the pancreas. The duodenum and the pancreatic head region were found. The side peritoneum from the duodenal
bulb to the descending part was isolated from the inferior
vena cava. The tumor was detected by preoperative enhanced CT/MRI, intraoperative exploration, and ultrasound when necessary. The tumor was carefully isolated
from normal pancreatic tissue to avoid injury or ligation
of the common bile duct and the pancreatic duct. Specifically, with preserving the right gastroepiploic artery, the
anterosuperior pancreaticoduodenal artery was identified
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Figure 3 B-ultrasonic examination and computed
tomography scan of case 3. A: Enhanced computed
tomography image of BTPH shows oval solid lesions
measuring 3.3 cm in diameter in the uncinate process.
BTPH had significantly strengthened density around the
enhanced loci; B: The uncinate process carcinoma of
the pancreas is solid texture with low density in area of
3.6 cm × 3.5 cm; C: The uncinate process carcinoma of
pancreas is a solid mass with uneven texture in area of
3.2 cm × 3.5 cm; D: Pancreaticojejunostomy Roux-en-Y
anastomosis shows wound surface area measuring 5.2
cm × 5.0 cm. BTPH: benign tumors of the pancreatic
head.

A

B

C

D

Figure 4 B-ultrasonic examination and computed
tomography scan of case 4. A: Enhanced computed
tomography image of BTPH Uncinate process of multilocular cystic placeholder measured at 4.3 cm in a
diameter; B: The tumor mass is carefully isolated along
its edge; C: The uncinate process of multilocular cystic
placeholder detected at 4.5 cm × 4.8 cm; D: After the
resection of pancreatic head tumor, the wound surface
area of the pancreas measured at 7.2 cm × 6.1 cm.
BTPH: benign tumors of the pancreatic head.

and divided. The origin of the posterior superior pancreaticoduodenal artery was identified and the attached
pancreatic tissues were separated downward, preserving
the vessels. Leaving both the posterior superior pancreaticoduodenal artery and common bile duct intact, the
pancreatic tissues surrounding the common bile duct and
intervening between the posterior superior pancreaticoduodenal artery and the common bile duct were carefully
dissected. The tumor within the head of the pancreas, as
well as some pancreatic tissue in the pancreatic head, was
completely removed from the tightly attached parapapillary area of the second portion of the duodenum, and
the tumor tissue was prepared for frozen section biopsy
to confirm the benign tumor. Pancreaticoduodenectomy
would have been carried out if a malignant tumor was
proven. Further management of surgical-site bleeding:
If the tumor was close to the main pancreatic duct and

WJG|www.wjgnet.com

the pancreatic duct was clearly injured, we had to carry
out ligation of the proximal pancreatic duct and set up
an internal stent at the distal position (subject to Rouxen-Y pancreatic jejunostomy). If there was no injury
found in the main pancreatic duct, Roux-en-Y pancreatic
jejunostomy was directly performed. Roux-en-Y pancreatic jejunostomy: We cut off the jejunum at the location
15 cm away from Treitz ligament, pulled the distal end to
the pancreas through the rear of the colon, sutured the
transected end, and constructed side-to-side anastomosis of the pancreas wound with the jejunum (pancreatic
duct stent placed into jejunum). Then, end-to-side anastomosis was performed between the transected ends of
jejunum and the location of approximately 40 cm from
the anastomotic stoma, and a drainage tube was placed
under the pancreatic anastomotic stoma. Figure 5 is the
schematic sketch of some key steps.
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Table 1 Demographic data of the cases

Case 1
Case 2
Case 3
Case 4
Mean
(range)

Sex

Age (yr)

F
F
M
F

31
21
37
48
34.3
(21-48)

Symptoms

Tests

Incidental
US CT
Incidental
US CT
Hypoglycemia
US CT
Abdominal pain US CT MRI

Preoperative
diagnosis

Operation
time (min)

Blood loss
(ml)

Postoperative
hospital stay (d)

SPT
SPT or MCN
Insulinoma
MCN

210
226
186
165
196.8
(165-226)

155
210
105
82
138.0
(82-210)

7
8
8
7
7.5
(7-8)

Pathology

Size (cm)

SPT
SPT
Insulinoma
MCN

3.5
3.6
3.5
4.8
3.85
（3.5-4.8）

SPT: Solid pseudopapillary tumor; MCN: Mucinous cystic neoplasam; US: Ultrasonography; CT: Computed tomography; MRI: Magnetic resonance
imaging.

Illustration for the wound
surface area of the pancreas
after the tumour was removed

Illustration for proximal
pancreatic end ligated to
jejunum and a stent was set into
distal pancreatic resection (the
other end of pancreatic duct
stent was placed into jejunum)

Illustration for surgery
repair with Roux-en-Y
pancreaticojejunostomy

Figure 5 schematic sketch of some key steps.

DISCUSSION
BTPH includes pancreatic exocrine tumors (serous cystic
adenoma, mucinous cystadenoma, intraductal papillary
mucinous tumor, and solid pseudopapillary tumor) and
endocrine tumors (insulinoma, pancreatic gastrinoma,
and no function neuroendocrine tumors)[3]. With the
development of diagnostic imaging techniques, many
pancreatic lesions now can be confirmed as benign lesions before surgery[4,5]. It is the continual pursuit of the
surgeon to maximize the integration of the pancreas,
gastrointestinal tract, and biliary tract organs to facilitate
the functional recovery and preservation of the organ
while regulating a balance between tumor removal and
injury control[6]. In patient selection for specific surgical
procedures, the surgeon should conduct a comprehensive
assessment based on local changes around the lesion with
its systemic response and based on the patients’ understanding of their family history of the disease[7]. Because
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pathological types of pancreatic lesions are diverse and
complex, it may be effective to make a decision on organ
preservation when a surgery is applied to a patient. Currently, the main procedures for treating BTPH include
pancreaticoduodenectomy, duodenum-preserving pancreatic head resection, and surgical excision of pancreatic
cancer[8].
The main surgical approach for pancreatic head
tumors has been pancreaticoduodenectomy. Because
pancreaticoduodenectomy has a high incidence of complications, organ damage, and loss of exocrine and endocrine pancreatic function, it is controversial as to whether
pancreaticoduodenectomy should be conducted for lowgrade malignant lesions and benign lesions[9]. The surgical excision of pancreatic cancer is suitable for benign
tumors growing outside of the pancreas with a small tumor bed and the ability to avoid injury of the main pancreatic duct during the removal process. Kiely et al[10] and
Crippa et al[2] conducted enucleation of benign tumors
of the pancreas in 11 and 61 patients, and the incidence
of postoperative pancreatic fistula was 27% and 38%,
respectively[10]. The postoperative incidence of pancreatic
leakage in the surgical excision of pancreatic cancer was
10% higher than in pancreaticoduodenectomy[6]. The following presents the main reasons for a higher incidence
of pancreatic leakage remaining in the surgical excision:
(1) tumor excision from the deep pancreatic parenchyma,
particularly for a tumor of the dorsal pancreas, which
can easily injure the main pancreatic duct; (2) an unnoticed injury of the duct after pancreatic ductal ligation;
(3) the vice pancreatic duct course varied greatly, which
was susceptible to traumatic injury; (4) partial resection
of the tumor resulted in a relatively recessed pancreatic
section base, which hinders a clear vision of the small
pancreatic duct section with possible ligation completed,
easily leading to postoperative pancreatic leakage; and (5)
the tumor subjected to resection is normally located in
the periphery of the pancreatic tissue and does not block
the main pancreatic duct. The pancreas is not susceptible
to chronic inflammation, but the pancreas and pancreatic
duct are soft and can rupture or tear. This was not conducive to achieving healing of the transected ends with
wound closure.
How to control the extent of surgical injury and
reduce the incidence of pancreatic defects and leakage
has been a pressing issue for this surgical treatment[11].
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To maintain the advantages of surgical excision of the
pancreatic cancer as well as to reduce the incidence of
pancreatic leakage, we conducted partial pancreatic head
resection and pancreatic Roux-en-Y anastomosis reconstruction for the selected cases. We summarized the
indications for the surgery with the following causes: (1)
tumor size of 3-5 cm; (2) large surface area wound highly
susceptible to pancreatic leakage after partial resection;
and (3) clear damage during surgery, the proximal pancreatic duct was ligated, and a stent needed to be placed in
the distal pancreatic duct by pancreaticojejunostomy. In
some cases, although there was not an explicit statement
on pancreatic injury, the tumor was close to the pancreatic duct; therefore, we could not eliminate the possibility that the pancreatic duct was damaged. The modified
operation completely removed the lesion in the tissue
and reconstructed the digestive tract with Roux-en-Y
pancreatic jejunostomy, which may simplify the surgical
procedures and reduce postoperative complications. Prior
to surgery, a field lesion assessment should be performed
using detailed images, especially with an enhanced CT
scan, and an appropriate approach of surgical treatment
should be chosen after judging the relationship of the
lesions between the main pancreatic duct and the surrounding vessels. The diagnosis must be clearly made.
The analysis on quick frozen section was performed
when it was difficult to determine the nature of the lesions. If a malignant tumor was demonstrated, radical
dissection would have been chosen[12]. For instance, special attention should be paid to prevent the ligation of the
main pancreatic duct during the local excision of tumors;
otherwise, postoperative complications will be increased.
In the process of tumor removal, we did not over-free
the duodenum and tissues at the rear of the pancreas to
prevent pancreatic penetration, which may increase surgical risk and even failure.
In this retrospective study, four cases received local pancreatic resection and surgical wound repair with
Roux-en-Y pancreatic jejunostomy. We found that the
procedure had the following benefits: preservation of
organ function; no injury of the biliary system; intact
stomach and duodenum; precise dissection of the peripancreas; and maximization of the retention of a healthy
pancreas, thereby avoiding or reducing the risk of postoperative diabetes. The four patients did not suffer from
postoperative diabetes or pancreatic leakage. The injury
was under control, thus reducing or avoiding pancreatic
leakage caused by pancreatic duct injury in the process
of local tumor resection. The drainage channel from the
pancreas into the digestive tract was rebuilt by precise and
exact pancreaticojejunostomy; therefore, the impaired
pancreatic exocrine function was restored. It was not
necessary to reconstruct the biliary system to avoid bile
leakage. All of these factors may improve surgical procedure safety and good preservation and injury control of
the pancreas.
The authors suggested that the local resection of the
pancreatic head and the surgical wound repair with Roux-
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en-Y pancreatic jejunostomy may be beneficial in reducing complications; these benefits should be recognized,
and the main pancreatic duct should be protected during
surgery. The intraoperative detection of tumors using
B-ultrasonic scans can be performed when necessary. It
was necessary to keep the tumor border 2-3 mm away
from the main pancreatic duct to ensure a clean cutting
edge without main pancreatic duct injury[13]. Tumor size
was not an absolute indication for local excision procedure. Instead, tumor location, the size of its base section,
and the relationship between the tumor and the main
pancreatic duct are important factors required for the
consideration of local excision[14]. During the surgery, the
injured blood vessels or small pancreatic duct should be
ligated or sutured with appropriate management of the
pancreatic trauma. If there is a clear pancreatic duct injury, ligation should be performed at the proximal end and
a stent should be placed at the distal end of the pancreatic duct. If B-ultrasonic images examination for preoperative assessment of tumor location show that the tumor is
close to the pancreatic duct, surgery should be managed
by stent implantation with nasal endoscopy. This technique was helpful not only to search for the pancreatic
duct in the surgery but also to reduce pancreatic injury
and to examine whether there was any pancreatic duct
injury. However, this operation was invasive, with an increased risk of pancreatitis; therefore, risk and benefits
must be fully considered before choosing this method.
In summary, our study indicates that a 3-5 cm BTPH
with a large pancreatic wound after local resection existed at a high risk of pancreatic leakage. Local resection
of the pancreatic head in combination with Roux-en-Y
pancreatic jejunostomy not only completely resected the
pancreatic tumor but also retained optimal pancreatic
function and reduced the incidence of pancreatic leakage.

COMMENTS
COMMENTS
Case characteristics

Four patients (three female and one male) with a mean age of 34.3 years presented with benign tumors of the pancreatic head with diameters of 3.2-4.5 cm.

Clinical diagnosis

Benign tumor of the pancreatic head.

Differential diagnosis
CO poisoning.

Laboratory diagnosis

While the preoperative serum tumor markers alpha-fetoprotein, carcinoembryonic antigen, and carbohydrate antigen 199 were within the normal ranges
in case 1, case 2 and case 4, the levels of fasting glucose, serum insulin and
C-peptide of case 3 were shown as 1.9 mmol/L, 83.5 miu/L and 1140.4 pmol/L,
respectively.

Imaging diagnosis

B-ultrasonic examination, computed tomography scan, and enhanced magnetic
resonance imaging were used to assist the diagnosis of benign tumors of the
pancreatic head in the 4 cases.

Pathological diagnosis

Intraoperative frozen section analysis and pathological examination confirmed
the presence of solid pseudopapillary tumors of the pancreas in case 2.

Treatment

The 4 patients were cured by partial pancreatic head resection in combination
with Roux-en-Y pancreaticojejunostomy.
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Related reports

How to maintain the advantages of surgical excision of the pancreatic cancer as
well as to effectively reduce the incidence of pancreatic leakage is a pressing
issue that is unclear for this surgical treatment.

6

Term explanation

Benign tumors of the pancreatic head include exocrine tumors (serous cystic
adenoma, mucinous cystadenoma, intraductal papillary mucinous tumor, and
solid pseudopapillary tumor) and endocrine tumors (insulinoma, pancreatic gastrinoma, and no function neuroendocrine tumors).

Experiences and lessons

This case report indicates that the local resection of the pancreatic head in
combination with Roux-en-Y pancreatic jejunostomy not only completely resected the pancreatic tumor but also retained optimal pancreatic function and
reduced the incidence of pancreatic leakage.

7

8

Peer review

In this manuscript, the authors report 4 cases of duodenum-preserving pancreatic head resection for benign pancreatic lesions. Previous reports on
duodenum-preserving pancreatic resections claimed clinical benefits such as
less complication rates and shorter hospital stay, low hospital mortality rate of <
1% and superior long-term outcomes.
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to be clearly determined intraoperatively, the distance
1-3 cm is recommended. If there is any uncertainty on
the tumor borderline, the distance 3-5 cm should be
considered.
Chen XZ, Zhang WH, Hu JK. Individualized proximal margin
for early gastric cancer patients.World J Gastroenterol 2014;
20(44): 16793-16794 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i44/16793.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i44.16793

TO THE EDITOR
Abstract
There is no robust evidence to define a safe proximal
margin by distance for early gastric cancer (EGC). The
discussion on resection margin should not only focus
on the oncologic safety, but also the postgastrectomy
quality of life. The distance 1-10 mm is only acceptable
for those endoscopic treatment fit EGC patients. For
endoscopic unfit EGC cases, if the borderline of tumor
is able to be clearly determined intraoperatively, the
distance 1-3 cm is recommended for proximal resection
margin. If there is any uncertainty on the tumor borderline, the distance 3-5 cm should be considered for
proximal margin.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Early gastric cancer; Gastrectomy; Margin;
Oncologic safety; Quality of life
Core tip: There is no robust evidence to define a safe
proximal margin by distance for early gastric cancer
(EGC). The distance 1-10 mm is only acceptable for
those endoscopic treatment fit EGC patients. For endoscopic unfit EGC cases, if the borderline of tumor is able
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We read with great interest the article by Kim et al[1], in
which they investigated the oncologic safety of distances
from early tumor borderline to resection margin. It is
concluded that the distance from proximal gastric margin
more than 1 mm is adequate for the oncologic safety in
early gastric cancer (EGC). It is really a finding that challenges our current understanding of tumor resection
margin. Actually, there is no robust evidence to define a
safe margin by distance for EGC by now. Japanese Gastric Cancer Association (JGCA) guideline suggests that a
gross resection margin of 2 cm is necessary for T1 diseases[2]. National Comprehensive Cancer Network guideline still recommends typically no less than 4 cm from
gross tumor as adequate resection for T1b diseases[3].
In general practice, surgeons might think that the
recommendation of > 1 mm margin is merely theoretical but not practical. Particularly in China, the proportion
of EGC is merely 10%-20%, and most of EGC patients
undergo surgical treatment[4]. Since there is no serosal
invasion in all EGC cases, it is impossible to determine
the edges of tumor visually. Usually, surgeons require
the guide by preoperative endoscopic clipping or straining, and even direct palpation. Therefore, basically, it is
hard to mark a resection margin only 1 mm to the tumor
based on gross findings, particularly for irregular shaped
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tumors. Hence, with regard to oncologic safety, a practical proximal margin should not be just recommended as
1 mm at least.
The discussion on resection margin should not
only focus on the oncologic safety, but also the postgastrectomy quality of life. Commonly, digestive tract
reconstruction pattern is considered a principal factor
for postgastrectomy quality of life. Besides, we think
that the volume of the remnant stomach may be also an
influencing factor among patients undergoing subtotal
gastrectomy[5]. A greater margin allows to obtain higher
oncologic safety, but correspondingly, a smaller stump
volume would impair the postoperative quality of life
due to less intake per meal and more severe reflux symptom. In fact, the recurrence rate of EGC is very low, so
too great distance of margin seems not “cost-effective”.
Therefore, the decision-making on optimal margin must
balance concerns of both oncologic safety and quality
of life (Table 1).
It is easy to understand that neither < 1 mm nor >
5 cm is suitable for EGC surgery. The distance ranging from 1 to 10 mm is only acceptable for endoscopic
treatment [i.e., endoscopic submucosal dissection (ESD)]
fit EGC patients. For endoscopic unfit EGC cases, if
the borderline of tumor is able to be clearly determined
intraoperatively, the distance from 1 to 3 cm is recommended for proximal resection margin. It is helpful to
use preoperative endoscopic clipping or straining for
guiding the tumor borderline. However, for some particular EGC cases, the tumor borderline is really hard to
determine. Therefore, if there is any uncertainty on the
tumor borderline, the distance from 3 to 5 cm should be
considerable for proximal margin.
Additionally, for the ESD candidates, the oncologic
safety not only concerns the distance of resection margin, but also encounters another issue: the risk of lymph
node metastasis. Since ESD cannot control lymph node
metastasis, ESD-fit cases should be strictly and highly
selected. According to the JGCA treatment guideline,
the standard indications are (1) cT1a tumor; (2) cN0
status; (3) no more than 20 mm in diameter; (4) without
ulceration; and (5) histologically differentiated adenocarcinoma[2]. Beyond the above criteria, any other ESD
candidates should be considered to be selected according
to expanded criteria for endoscopic treatment of EGC,

Table 1 Association of proximal margins with oncologic
safety and postgastrectomy quality of life in early gastric
cancer patients
Distance

Oncologic safety

Quality of life

< 1 mm
1-10 mm

Dangerous
Marginal

No impact (ref.)
No impact

1-3 cm

Probably safe

3-5 cm

Safe

> 5 cm

Safe (ref.)

Recommendation

Denied
Endoscopic fit cases
only1
No impact
Surgical cases with
clear tumor borderline
Probable impact
Surgical cases with
uncertain tumor
borderline
Clear impact
Denied

1

Indications: (1) cT1a tumor; (2) cN0 status; (3) no more than 20 mm in
diameter; (4) without ulceration; and (5) histologically differentiated
adenocarcinoma[2].

and therefore ESD is only performed for investigation
purposes in this condition. Although they are relatively
strict criteria for ESD candidates, there is still a pitfall for
endoscopic treatment, i.e., the false negative prediction of
node metastasis, which would lead to a fatal consequence.
In short, the optimal proximal margin for EGC patients is still controversial, and it is better to be decided in
an individualized manner.
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Core tip: In this review we reported the most recent
concepts on the complex interaction between gut microbiota and cirrhotic host, namely the gut-liver axis.
We focused our attention to the clinical consequences
of gut dysbiosis in cirrhosis such as the acquired risk of
bacterial translocation, systemic inflammation and the
relationship with systemic infections.
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Abstract
Liver disease is associated with qualitative and quantitative changes in the intestinal microbiota. In cirrhotic
patients the alteration in gut microbiota is characterized
by an overgrowth of potentially pathogenic bacteria
(i.e. , gram negative species) and a decrease in autochthonous familiae. Here we summarize the available
literature on the risk of gut dysbiosis in liver cirrhosis
and its clinical consequences. We therefore described
the features of the complex interaction between gut
microbiota and cirrhotic host, the so called “gut-liver
axis”, with a particular attention to the acquired risk of
bacterial translocation, systemic inflammation and the
relationship with systemic infections in the cirrhotic patient. Such knowledge might help to develop novel and
innovative strategies for the prevention and therapy of
gut dysbiosis and its complication in liver cirrhosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
The role of the gut microbiota in liver disease emerged
in the middle of the last century with the recognition of
the relationship between hepatic coma and the absorption of nitrogenous metabolites from the intestine[1].
This evidence was followed by the description of a disequilibrium in fecal bacterial composition, with a relative
abundance of coliforms in the small intestine of cirrhotics[2]. A role of intestinal bacteria in the pathogenesis
of hepatic encephalopathy (HE) has been supported by
clinical studies, demonstrating that intestinal antibiotics
and non-absorbable disaccharides led to improvement
of HE[3]. The increased risk of gut dysbiosis due to liver
cirrhosis was already foreseen in the 70’s[4]. Since then
many new studies have further defined and described the
alteration of gut bacteria population in liver cirrhosis and
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Figure 1 Association between gut flora, systemic inflammation and the complications of cirrhosis.

its consequences, mainly due to the passage of bacteria
(or bacterial products) towards the liver and systemic
circulation via the portal circulation or lymphatic system.
The growing attention in the last years to this issue, the
so called “gut-liver axis”, is explained by the fact that the
liver is in fact chronically exposed to gut-derived factors
including bacteria and bacterial components. The passage
of bacteria, or a part of them, has been recently associated with systemic inflammation and the complications
of cirrhosis, such as hepatic encephalopathy[5] (Figure 1).
This review aims at describing the evolution on the
understanding of gut microbiota in end-stage liver disease over the last decades, the development of techniques
to study gut microbiota, the characterization of gut dysbiosis and the clinical consequences of it.

LITERATURE RESEARCH
Bibliographic searches were performed in MEDLINE
and EMBASE for the following words (all fields): (‘‘Gut
Microbiota” or “Bacterial Translocation” or “Inflammation” or “dysbiosis” or “rifaximin” or “lactulose”) and
(‘‘cirrhosis” [MeSH]) and (‘‘cirrhosis decompensation”
[MeSH] or ‘‘hepatic encephalopathy” or “hyperdynamic
circulation”). Other relevant trials were identified by hand
searched of the reference lists of the clinical trials identified during the electronic search. A first review was performed on the abstracts of the articles selected and if the
inclusion criteria were satisfied, articles were included in
the analysis. The information extracted from each of the
selected publications included study design details, patient
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and microbiota characteristics, animal models of dysbiosis, methods of gut bacterial investigation and clinical
consequences of dysbiosis. Studies published in abstract
form only, or in non-English language were excluded.

ARE WE MADE OF BACTERIA?
The human intestinal tract harbors one of the most
densely populated ecosystems on earth. The number of
microorganisms living in the intestine range between
1014-1015 CFU/ml[6,7]. The gastrointestinal (GI) tract is
the largest epithelial surface of the body and is in constant exposure to bacteria. More than 70% of all microorganisms associated with the human body live in the
intestine, probably related to the richness of nutrients in
this area. The total genome of microorganisms that are
part of the flora, called microbiome (60000 genes), exceeds that encoded by the human genome by a factor of
approximately 100, providing the expression of functions
which have not evolved in humans[8]. We can therefore be
considered a superorganism consisting of microbial and
human cells, and our genome is the sum of our genes
and those belonging to the billions of microorganisms
that are part of our microbiota[9]. The distribution of the
micro-organisms varies from 10 to 102 bacteria/ml between stomach and duodenum, to 102 to 108 bacteria/ml
between jejunum and ileum, culminating in 1012-1013 bacteria/ml in the colon[10]. Most bacteria of faecal origin
belong to two major phylogenetic lineages: Firmicutes and
Bacteroidetes. In minor proportion Actinobacteria and Proteobacteria are also present[11]. In healthy subjects, species
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belonging to these phyla live in peaceful coexistence[11]. In
the last decade, several pathologies have been correlated
to alterations in the intestinal ecosystem equilibrium - this
is called dysbiosis. In such a condition there is an increase
of potentially pathogenic bacteria species/groups [Enterobacteriaceae, Escherichia coli (E. coli)], instead of potentially beneficial bacterial species/groups [Clostridiales,
Faecalibacterium prausnitzii (F. prausnitzii)]. E. coli is a commensal living in the large intestine; several strains within
this species, harboring a set of virulent genes, cause a
wide range of diseases[12]. F. prausnitzii is copiously present in the human gut, and it is one of the main producers of butyrate, which is the energy source for cells of
the colonic mucosa. A decrease in Fusobacterium spp.
in adult patients has been associated with inflammatory
bowel disease (IBD)[13,14]. Recently the ratio of F. prausnitzii/E. coli expressed as relative abundances, has been
proposed as a possible indicator of intestinal dysbiosis in
adult subjects[15].
Gut microbiome in liver disease: Stable component or
changing companion
A legitimate question arises when we begin to approach
the gut microbiota in liver disease; is it the liver disease
which modifies the gut bacteria or is it the gut dysbiosis
which causes liver disease? Before answering these questions we need to discuss the stability of gut microbiota
over time. The concept that the individual “fingerprint”
of gut microbiota does not change within the host during his or her life is now under debate[16]. In their study Li
et al[16] found a general microbiome signature conserved
among body habitats of the same body region and over
time suggesting that a relatively stable microbial community structure is maintained throughout the human
microbiota. Analyses of the variation for the abundances
of phila across the cohort reveal that the detected core
taxa are also stable. However this observation changed
when the attention was shifted to oral and stool habitats
which, in contrast to the rest of the body, tended to vary
over time[16].
It is also important to emphasize that a phylum-based
analysis is not suitable in cirrhosis, especially since Firmicutes includes several pathogenic taxa such as Staphylococceae and Enterococcaceae, which indeed are overabundant in the sickest population and are very different
from its other constituents such as Lachnospiraceae and
Ruminococcaceae in their ultimate impact[17].
Indeed recent studies on gut microbiota in cirrhosis
have shown that microbiota changed when the underlying disease worsened[18]. In advanced liver cirrhosis there
appears to be an increase in dysbiosis, with a greater
abundance of gram-negative taxa (Enterobacteriaceae,
Bacteroidaceae). The consistent pattern of microbiota
change and its association with the severity of cirrhosis
cross-sectionally and longitudinally indicates that the
underlying severity of cirrhosis may be a stronger determinant of microbial abundance. The influence of liver
disease on gut bacteria composition is also confirmed by
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another study conducted in Asiatic cirrhotic hosts. Chen
et al[19], by analyzing fecal samples of 36 cirrhotic patients
and 24 healthy people, found that patients with cirrhosis
had a reduced concentration of Bacteroidetes and Lachnospiraceae, whereas Proteobacteria, Fusobacterium spp.,
Enterobacteriaceae, Veillonellaceae and Streptococcaceae
were increased. Interestingly, in their work the authors
found that the alteration of microbiota composition correlated with the severity of liver disease.
But liver disease per se is not the only variable which
could influence the gut microbiota. In fact, cirrhotics are
frequently exposed to health care structures and hospital
admissions, among patients with decompensated cirrhosis, are common. The increase of certain bacterial taxa related to hospitalization such as Propionibacteriaceae and
Halomonadaceae have been recently identified as markers
of the underlying abnormal intestinal milieu and these
bacterial taxa have been described as potential pathogens
in humans[20,21]. The use of antibiotics during hospitalization is also frequent and might interact with the composition of gut microbiota. In the study of Pérez-Cobas et
al[22], in the first days of antibiotic treatment the majority
of the microbiota included species from the phylum Firmicutesa. A drastic shift occurred 4-6 d after the start of
antibiotic treatment (based on betalactam antibiotics), in
fact, after one week of antibiotic therapy the predominantly active taxa were mainly members of the Streptococcaceae, Clostridiaceae and Bacteroidaceae (which are
considered to belong to the “non autochthonous” group
of bacteria)[5,18,23].
Dietary modifications may also affect the stability
of gut microbiota in cirrhotic patients over time. For
instance, restriction of dietary protein was considered a
mainstay in the therapy of hepatic encephalopathy for
a long time. More recently, it has been recognized that
protein energy malnutrition is frequent in advanced liver
disease and may adversely affect patient outcome[24]. So
far there are no data on the effect of diet on gut microbiota in liver disease, however an interesting study comparing healthy subjects on a “western diet” with those
on an high fiber diet with low protein and carbohydrate
content, clearly showed changes in gut microbiota. De
Filippo et al[25] compared the fecal microbiota of European children and that of children from a rural African
village, where the diet was high in fiber content and low
in animal derived protein and carbohydrates. The author
found significant differences in gut microbiota between
the two groups. The group with a low protein and carbohydrate diet showed a significant enrichment in Bacteroidetes and a depletion in Firmicutes, with a unique
abundance of bacteria from the genus Prevotella and
Xylanibacter, known to contain a set of bacterial genes
for cellulose and xylan hydrolysis, which was completely
lacking in the subjects on a Western diet. Also, Enterobacteriaceae (Shigella and Escherichia) were significantly
lower in the “Fiber-based diet” as opposed to the “protein and polysaccharide-rich diet”[25].
It is therefore possible that the gut microbiome is a
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changing companion, which coevolved with the host and
varies also according to his health and diet.
Liver-gut axis: Microbiota modification in cirrhosis
In the past, the description of the qualitative and quantitative characteristics of gut microflora composition in
cirrhotic patients, has been limited by the scarce reliability
of the culture techniques performed on fecal samples or
on intestinal lumen aspirates. The advent of molecular
techniques, mainly based on Polymerase Chain Reaction
(PCR) of the bacterial ribosomal 16S rDNA sequence
are now allowing to perform a complete description of
the entire bacterial community of a sample. By means of
techniques such as Temporal Temperature Gradient Gel
Electrophoresis (TTGE), Real-time PCR and the recent
pyrosequencing, it is becoming clear that patients suffering from chronic liver disease could harbor an unbalanced gut microbiota composition.
Cirrhotic patients are exposed to a higher risk of
dysbiosis because of a variety of pathological interactions between the liver and the gastrointestinal tract. The
alteration in intestinal motility, the higher gastric pH and
the reduced bile acid concentration in the colon seen in
patients with cirrhosis, may lead to a failure in the control
of bacterial intestinal growth[26-28]. The clinical implications of this failure in the cirrhotic host might be represented by the occurrence of pathological bacterial translocation, a higher risk of intestinal bacterial infections
and the risk of decompensation of liver disease[29].
When the gastric acid barrier fails (drug-induced
hypochlorhydria, Helicobacter Pylori colonization, autoimmune atrophic gastritis, gastric surgery, etc.), “oropharyngeal flora” including mainly Gram-positive bacteria
(Streptococcus spp., Staphylococcus spp., Micrococcus
spp., Lactobacillus spp., Neisseria spp., Veillonella spp.,
Stomatococcus spp., Gemella spp., Corynebacterium
spp., Actinomyces spp., Fusobacterium spp.) increases in
the stomach, duodenum and proximal jejunum. At the
same time, when the intestinal clearance is impaired (due
to a reduction of small bowel motility), the concentration of the “colonic flora” (including Enterobacteriaceae,
Enterococcus spp., Pseudomonas spp. and Bacteroides
spp.) increases in the small intestine[30]. The pathogenesis
of the decreased intestinal motility in cirrhotic patients
is not completely clear, but is probably multifactorial: the
main involved mechanism is the presence of an autonomic neuropathy[31] which contributes to a delayed orocecal transit time (OCTT)[32]. Moreover, frequent comorbidities, such as diabetes, and long term pharmacological
therapies may also prolong the OCTT. Beta-blockers, by
improving intestinal motility and by lowering intestinal
permeability, may reduce the small intestinal bacterial
overgrowth (SIBO) and decrease the rates of spontaneous bacterial peritonitis[33-35]. In addition, the decrease in
bile acids entering the intestine appears to favor the overgrowth of pathogenic and pro-inflammatory members
of the microbiome including Porphyromonadaceae and
Enterobacteriaceae[36], in fact, due to reduced concen-
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tration of bile acid, the bacterial population relying on
7α-dehydroxylation for their energy supply collapses[36].
Kakiyama et al[37] showed that dysbiosis in patients
with cirrhosis is partially due to low bile acid excretion
into the gut. The total amount of bile acids in feces
of patients with advanced cirrhosis decreased roughly
5-fold compared to controls and the ratio of secondary
vs primary biliary acid decreased significantly. The relative
scarcity of secondary biliary acids significantly correlates with the reduction of the Clostridium cluster XIVa
group; this is probably due to the high proportion of
7α-dehydroxylating bacteria within this cluster.
In animal models the production of secondary bile
acids by this group of bacteria cause a positive regulation
of bile acid synthesis in the liver. In fact, the higher concentration of secondary bile acids in the ileum implies a
lower concentration of tauro-β-muricholic acid, which
is an inhibitor of hepatic bile acids synthesis (through
the inhibition of FXR signaling)[38]. This interaction unveils another part of the complex interaction between
gut microbiota and liver function. In this “liver-gut axis
perspective”, as the severity of cirrhosis progresses, less
secondary bile acids reach the large bowel. In particular,
among the secondary bile acids, deoxycholic acid (DCA)
is the one which displays the most potent antimicrobial
activity[39]. Thus, the consequence of its reduced concentration is a higher risk of bacterial overgrowth in the
small bowel, often characterized by a reduced F. prausnitzii/E. coli ratio[23,40] because of the relative abundance of
gram-negative members of the oral and gut microbiota.
The alteration of the immune response is another
relevant player within this context. To date, very little is
known about the intestinal immune system in patients
with cirrhosis. It could be possible that in patients with
cirrhosis a higher stimulation of Toll Like Receptors
system occurs due to the higher exposure to pro-inflammatory cytokines such as TNF-a, but, despite the state
of activation of mononuclear cells, the innate immune
response does not seem to be as effective as in controls
because of the reduced phagocytic and killing capacity[41].
Liver-gut axis: quantitative changes of gut microbiota in
cirrhosis
Several studies have demonstrated that patients with cirrhosis frequently have a “quantitative” alteration of gut
microbiota the so called small intestinal bacterial overgrowth, SIBO[30,42-44]. Therefore, in cirrhosis we have not
only qualitative differences in microbial communities,
compared with people without cirrhosis, but also an
increased intestinal burden of bacteria. SIBO has been
documented to correlate with the severity of liver disease
and to be a risk factor for clinical decompensation of liver
cirrhosis, due to the fact that it favors encephalopathy and
spontaneous bacterial peritonitis (SBP)[45]. The pathological mechanism sustaining the correlation between SIBO
and decompensation of cirrhosis is most likely bacterial
translocation. As the reasons for qualitative dysbiosis are
multifactorial, also bacterial overgrowth is likely to be mul-
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tifactorial including changes in intestinal motility, absence
or decreased intestinal levels of bile acids, and altered
mucosal innate immunity. Alterations in gastrointestinal
motility in cirrhosis have been reported and ascribed to
the effects of autonomic dysfunction, altered levels of
neuropeptides and the effects of inflammatory mediators
on bowel muscle and nerve[43]. The prevalence of SIBO,
assessed by the quantification of the bacterial density in
small intestinal aspirate, ranges from 30% to 73%[42,46-48].
In contrast, indirect estimates of SIBO obtained by glucose breath hydrogen test range from 30% to 49% because of the limited sensitivity of this test in the general
population as well as in cirrhotic patients[48,49].
The methods used to analyze the presence of SIBO
are still unsatisfying. In the last decade the diagnostic
gold standard for SIBO was considered the microbiological culture of jejunal secretions. This test is the oldest
method used to investigate the small intestinal gut flora.
However, the invasive nature of this test and the belief
that the cultures are often falsely negative because of the
difficulties to cultivate obligate anaerobes, or falsely positive because of the possible contamination by the oral
flora, led to the introduction of indirect, non-invasive
substitutes. Hydrogen breath tests (HBT) are widely used
to explore SIBO, however conclusions drawn from various studies are controversial: these tests seem to have
some limitations, which may determine numerous types
of bias particularly in cirrhotic patients.
HBTs are based on the fact that in humans the only
source for hydrogen gas is the bacterial metabolism of
carbohydrates. For these tests, different carbohydrates are
orally administered to the patients and the concentration
of hydrogen is measured in expired air before and after
the administration of the chosen substrate[50]. Glucose
and lactulose are the most commonly sugar used for diagnosis of SIBO.
The main limitation of glucose HBT is that the hydrogen peak can be due not only to bacterial overgrowth,
but also to a slow intestinal transit, which can determine
the presence of a residue of complex carbohydrates in
the colon even after the usual 12 h fasting period; besides,
an inadequate diet before the test may also influence the
results (such as a diet rich in fiber). An example of the
difficulties to use this test is given by Bauer et al[48] who
demonstrated that in cirrhotic patients, the glucose HBT
correlates poorly with the diagnostic gold standard for
SIBO.
Lactulose is a carbohydrate which is not absorbed neither in the small intestine nor in the colon. The limitation
of this test is that a rapid transit, which may be due also
to the effect of the lactulose itself, is able to blunt a clear
second peak making it impossible to distinguish SIBO
from the physiologic colonic fermentation[50].
For these reasons, the sensibility and specificity for
detecting SIBO of lactulose HBT are 68% and 44%, and
for glucose HBT 62% and 83%, compared with jejunal
cultures[50].
To date, these tests would need to be customized
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for the cirrhotic population and new methods to detect
the quantitative and qualitative characteristics of gut microbiota should be derived by molecular biology (PCR,
TTGE, Real-time PCR and pyrosequencing).
Other factors to be taken into account: Aetiology of liver
disease and site of sampling
In studies that have assessed the taxonomic composition
of the intestinal microbiota in patients with cirrhosis due
to different etiologies, the fecal microbial communities
did not differ depending on the different aetiology of liver disease[18,51-54]. Therefore, it is conceivable that the condition of end-stage liver disease itself may determine the
content of the intestinal microbiome. Some differences
have however been reported by some studies, patients
with alcoholic cirrhosis had a significantly higher abundance of Enterobacteriaceae and Halomonadaceae, lower
abundance of Lachnospiraceae, Ruminococcaceae, and
Clostridiales XIV, high endotoxin and lower F. prausnitzii/E. coli ratio despite statistically similar model for endstage liver disease (MELD) score and BMI compared to
cirrhotic patients of non alcoholic etiology. Whereas, in
patients with cirrhosis due to nonalcoholic steatohepatitis
(NASH), a higher abundance of Porphyromonadaceae,
Bacterioidaceae, and lower Veillonellaceae was found
compared to their non-NASH counterparts[18].
More recently, also the definition of dysbiosis based
on qualitative and quantitative DNA analysis of stool
specimens is under debate. In fact, studies in non-cirrhotic populations have demonstrated differences between
the microbiome of the intestinal mucosa compared with
the microbiome in the stool[55].
In the cirrhotic host one study has reported a significant difference in mucosa and stool’s bacteria composition[5]. Prominent bacterial genera found at a higher
abundance in the mucosal microbiome belonged to
Firmicutes (Blautia, Incertae Sedis XI), Actinobacteria
(Propionibacterium and Streptomyces), and Proteobacteria (Vibrio). Interestingly most bacteria found in higher
abundance in stool microbiome were Firmicutes (Leuconostoc, Roseburia, Veillonella, and Incertae Sedis XIV).
Propionibacterium and Vibrio genera were significantly
more abundant in the mucosa than in the stool.
In cirrhotic patients taking rifaximin or lactulose
for HE, the stool microbiome did not show significant
changes, by converse the mucosal microbiome in the
rifaximin group showed a significantly decreased abundance of autochthonous bacteria (Blautia and Roseburia)
and Veillonellaceae, but an increased abundance of Propionibacterium[56].
Route of bacteria: From gut to liver
The term bacterial translocation (BT) was first coined by
Berg and Garlington in 1979 as the passage of viable bacteria from the gastrointestinal tract through the epithelial
mucosa into the lamina propria and then to the mesenteric lymph nodes (MLN) and possibly other organs[57].
However this definition, along with the advances in
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DNA and microbiome-associated molecular patterns
(MAMPs) detecting technology, has been expanded and
BT is now defined as the migration of viable microorganisms but also of microbial products [endotoxins such
as lipopolysaccharide (LPS), lipoteichoic acid, bacterial
DNA, peptidoglycans, and fragments, e.g., muramyldipeptide, etc.] across an anatomically intact intestinal barrier
from the intestinal lumen to MLN and other extraintestinal organs and sites[58].
The mechanisms implicated in this phenomenon have
not been completely clarified because of the difficulties
in detecting BT in humans. The data on the pathogenesis
of BT are derived mainly from animal studies and, to
date, only few studies have described it in healthy subjects
and in pathological conditions.
Bacteria present in the autochthonous flora, in healthy
people, are able to translocate in low numbers from the
gut lumen, but are physiologically killed during their passage through the epithelial barrier or in the MLN, contributing to important immunological functions[59]. These
events mean that MLN are normally sterile. In cirrhosis,
alterations of physiological mechanisms may lead to
translocation and replication of the endogenous gut flora
in MLN[60]. The species that more frequently translocate
are Enterobacteriaceae, Enterococcus spp and Proteus
spp. On the other hand, obligate anaerobes are rarely able
to cross the gastrointestinal barrier[61]. In some cases, the
translocation of viable bacteria may induce “spontaneous” bacterial infections while the translocation of bacterial fragments may produce a pro-inflammatory state due
to the release of cytokines and nitric oxide. It has been
suggested that only BT with clinical consequences might
be defined as “pathological”[29]. The growing attention to
this phenomenon is motivated by the high impact of BT
in terms of its frequency and its clinical consequences.
The presence of enteric-derived bacteria in mesenteric
lymph nodes and in the venous blood stream occurs
more frequently in patient with cirrhosis compared with
controls, and among cirrhotic patients BT is approximately 5-6 folds more frequent in Child C compared to
Child A and B. Cirera et al[62], based on the culture of
mesenteric lymph node in one hundred cirrhotic patients
undergoing liver transplantation and in thirty-five patients
without cirrhosis undergoing laparotomy, found that enteric-derived bacteria were grown in approximately 8.1%
Child B and in 31% Child C patients. Mesenteric lymph
nodes of controls without cirrhosis were positive for bacterial growth in 8% of cases. Although the methodology
of bacterial-culture used by Cirera et al[62] is now replaced
by PCR technology because of its higher sensibility in
detecting BT, their study has the value of firstly demonstrating two important issues in liver cirrhosis: (1) the rate
and degree of pathological BT depend on the severity of
liver disease; and (2) the translocation of entire and viable
bacteria to MLN is a feature of decompensated cirrhosis.
On the contrary, if we consider the translocation of nonvital gut-derived bacteria (such as bacterial DNA or LPS)
the scenario is rather different. In fact, this latter variant
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of translocation has been demonstrated to occur also in
non ascitic mice and the detection of bacterial DNA in
the systemic circulation and/or in the mesenteric lymph
node seems to be independent from the severity of liver
disease[63].
Current data suggest two major pathways of gastrointestinal permeability, which might contribute to translocation: transcellular, through the enterocytes, under the
control of specific enterocyte channels and membrane
pumps, and paracellular via the tight junctions holding
epithelial cells together. More commonly, translocation
generally occurs transcellularly and directly[29]. This route
is more important than the paracellular route, as it can
happen also in an intestine with a healthy mucosa. In the
same way, there are two major routes by which bacterial
compounds might gain access to the systemic circulation: via the enteric venous system to the portal vein or
following the enteric lymphatic drainage[59]. Convincing
evidence suggests that the lymphatic route might be the
principal pathway of translocation. Experimental and
clinical studies detected viable bacteria in MLN. Animal
studies demonstrated the MLN are the first station where
translocated bacteria can be found[59,64,65]. The identification of intestinal bacteria in normally sterile MLN is
considered direct evidence of BT. As indirect marker, any
detection of intestinal bacteria in cultures of the portal or
peripheral blood may suggest BT, as well as the detection
of endotoxin in peripheral blood. More recent methods
involving PCR have been introduced for detecting microbial DNA in blood; these methods have a higher sensitivity than blood cultures for assessing BT[66].
Another limiting aspect of many studies coming from
the last decades is represented by the use of cultures of
the MLN to investigate this phenomenon: the presence
of cultivable microorganisms in the MLN was considered
proof of BT. This assumption implicates an underestimation of the possibility to translocate for the bacteria
which are “difficult to culture”, such as the anaerobic
bacteria.
Because of the invasiveness to obtain MLN in human subjects, these techniques are seldom employed in
studying BT in humans. Bacteria more frequently present
in experimental models of BT, such as Enterobacteriaceae, are present in human MLN in only 25% of cases[62].
However, more recent studies applying PCR detection of
bacterial human DNA found that about 40% of patients
with advanced cirrhosis had pathological BT[67].
This percentage is similar to that reported previously[63] and is also similar to the percentage of cirrhotic patients having a positive serum level of LPS and
lipopolysaccharide-binding protein[68]. More interestingly,
the origin of the detected bacterial DNA is that typical
of bacteria that usually are reported to cause episodes of
infection, such as SBP.
Pathological factors leading to BT in cirrhotic patients
are SIBO, increased intestinal permeability and alterations
of the local host immune system. Bacterial overgrowth
is probably a prerequisite for the development of BT; in
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cirrhotic rats the absence of SIBO prevents the development of BT and cirrhotic animals without BT had a
similar count of cecal aerobic bacteria as healthy rats[44].
Indeed, bacteria that translocate to MLN are the same
ones overgrowing in the intestinal lumen, although not
all the bacteria present in large quantity are found in
MLN[44,69,70]. These data suggest that other important factors are involved in BT.
The intestinal mucosal barrier has secretory and anatomical means of preventing the adhesion and penetration of microorganisms. Increases in intestinal permeability (IP) in patients with cirrhosis have been reported
using various methods, and involving the assessment
of structural changes, oxidative stress, and alteration in
enterocyte function[63,71]. If the epithelium is not physically damaged, endogenous bacteria translocate by an
intracellular route through the epithelial lining cells and
then travel via the lymph to the mesenteric lymph nodes.
If the epithelium is physically damaged, bacteria translocate via the intercellular route between the epithelial
cells to directly access the blood and lymph nodes[59]. The
increasing interest in intestinal permeability derives from
the hypothesis that a leaky gut may lead to the passage
of toxins, antigens, or bacteria into the body[72], and may
play a pathogenetic role in the development of chronic
liver injury[73]. Some studies have shown an association
between increased intestinal permeability and severity of
cirrhosis[72,73]. Nevertheless, an increased IP alone is not
able to determine pathological BT; in an experimental
model, Pérez-Paramo et al[65] showed that BT occured
only in rats with associated SIBO and increased IP,
whereas it did not occur in rats with either increased IP
or SIBO.
Both systemic and local immune defenses are impaired in cirrhosis[74]. Gut microbiota interact with both
the innate and the adaptive immune system. Cross talk
between the mucosal immune system and the endogenous microflora favours the mutual growth, survival and
inflammatory control of the intestinal ecosystem[75].
In cirrhosis, the impairment of the immune system
may affect BT in two ways: the impairment of the local
immune system (the gut associated lymphoid tissue) increases the ability of bacteria to translocate to MLN, the
impairment of the adaptive immune system affects the
capability of these microorganism to replicate and reach
the systemic circulation, therefore causing the pathological consequences of BT.
In addition, impaired antimicrobial mechanisms may
further contribute to the development of bacterial translocation in cirrhosis. In a recent study performed on rats,
Teltschik et al[76] found that bacterial translocation was
detectable in 40% of rats with cirrhosis. Compared with
the group without translocation, these animals exhibited
diminished intestinal Paneth cell producer antimicrobial
factors (α-cryptdin 5 and 7 expression). In contrast, animals with portal vein ligation without cirrhosis had no
alteration in antimicrobial peptides expression. The decrease in Paneth cell antimicrobial protein expression was

WJG|www.wjgnet.com

most pronounced in the ileum and the caecum. In keeping with these results, in cirrhotic rats the antimicrobial
activity toward different commensal strains was reduced,
especially in the distal ileum and the cecum[76], where
most of the bacterial translocation it is thought to occur.
Clinical consequences of changes in the intestinal
microbiome
The growing attention to the role of the gut microbiome
in cirrhosis is justified by its key role in bacterial translocation[29], and by the role of this and other bacterial products such as endotoxin in the pathogenesis of complications of cirrhosis, including hepatic encephalopathy (HE),
SBP, and other infections[66]. The inflammatory response
secondary to the higher levels of circulating bacteria or
microbiome-associated molecular patterns (MAMP) is
among the leading causes of multi-organ failure, acuteon-chronic liver failure (ACLF), and death in cirrhosis[77].
In table 1 we summarize the clinical consequences of
dysbiosis in the cirrhotic host.
Dysbiosis and infection: In hospitalized cirrhotic patients with nosocomial SBP, Gram-positive pathogens
are the main isolated species (70% of all isolates), with
methicillin-resistant Staphylococcus aureus in almost 25%
of cases[78].
In two recent studies performed on cirrhotic patients,
the authors found an increased abundance of members
of the Enterobacteriacae family[51], which includes important Gram-negative pathogens such as Salmonella, Shigella,
Yersinia, Klebsiella and E. coli. Interestingly, the abovementioned species, especially E. coli, are those that most frequently cause infections and spontaneous bacteremia in
patients with cirrhosis[79].
There are few data on the role of dysbiosis as a risk
factor for the development of infections. However, a
significantly preponderance of gram negative species has
been found in stool samples from cirrhotic patients with
SIRS[80]. Within this group a lower ratio of F. prausnitzii/E.
coli and higher endotoxin levels have been found compared with cirrhotics without SIRS[80]. Also, in patients
who developed SIRS and/or died from ACLF, endotoxin
levels were higher and the microbiota ratio was lower
with a significantly higher abundance of gram negative
species[18,80]. It is conceivable that the reduction in autochthonous taxa can be deleterious for the intestinal mucosa
given that they produce short-chain fatty acids which
reduce colonic inflammation and nourish colonocytes,
compete with pathogenic bacteria for nutrients, produce
anti-bacterial peptides and may improve the intestinal
barrier[81]. Therefore, the gut dysbiosis seems to participate in the disruption of intestinal epithelial tight junctions and the imbalance of proliferation and apoptosis
of intestinal epithelial cells[81]. The resulting intestinal mucosal atrophy and edema associated with portal hypertension[82] might explain the higher concentration of serum
endotoxin, which has been demonstrated in cirrhotic
patients with dysbiosis.
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Table 1 Changes in intestinal microbiota and clinical consequence in cirrhosis
Ref.
Cirrhosis vs
healthy people

Cirrhotics with vs Stool
without infection samples,
Bajaj et al[18]

Cirrhotics with
vs without
inflammation

Stool
samples,
Bajaj et al[18]

Cirrhotics with vs Mucosal
without hepatic
samples,
encephalopathy
Bajaj et al[23]

Higher MELD
score

Implicated dysbiosis

Stool
Overgrowth of (family):
samples,
Bajaj et al[5]
Leuconostocaceae ↑
Enterobacteriaceae ↑↑↑
Fusobacteriaceae ↑
Alcaligenaceae ↑
Reduction of (family):
Clostridium Incertae sedis XIV ↓↓↓
Lachnospiraceae ↓
Ruminococcaceae ↓
Mucosal
Overgrowth of (family - genus):
samples,
Bajaj et al[5]

Stool
samples,
Bajaj et al[18]

Potential biological functions
There is a reduction in autochthonous taxa that can be disruptive given that
they produce short-chain fatty acids that reduce colonic inflammation and
nourish colonocytes improving the intestinal barrier

There was a significantly lower abundance of autochthonous genera
(Clostridium Incertae Sedis XIV) and a higher abundance of potentially
pathogenic ones (Enterococcus, Proteus, Clostridium) in cirrhotic patients
compared with the mucosa of healthy controls

Clostridiaceae - Clostridium ↑
Enterococcaceae - Enterococcus ↑↑
Enterobacteriaceae - Proteus ↑
Reduction of (family - genus):
Clostridium Incertae sedis XIV ↓↓
Ruminococcaceae - Subdoligranulum ↓
Lachnospiraceae ↓
Overgrowth of (family):
There is an increase in abundance of pathogenic taxa, reduction in
autochthonous taxa and higher endotoxemia compared to uninfected patients
despite matching for MELD-score and medication confounders
Enterobacteriaceae ↑
Reduction of (family):
Clostridium Incertae sedis XIV ↓↓
Lachnospiraceae ↓↓
Ruminococcaeae ↓↓
Veillonellaceae ↓
Overgrowth of (family):
This relative overgrowth of Enterobacteriaceae can result in endotoxemia due
to increased production with worsening intestinal permeability, which has
been associated with worsening disease severity and complications in cirrhosis.
The lower abundance of butyrate producing genera (such as Roseburia and
Ruminococcaceae) might represent a trophic injury to colonocytes
Bacteroidaceae
Enterobacteriaceae
Reduction of (family):
Clostridium Incertae sedis XIV
Lachnospiraceae
Ruminococcaeae
Roseburia
Overgrowth of (family - genus):
Firmicutes such as members of genera Veillonella, Megasphaera,
Bifidobacterium, and Enterococcus were higher in HE whereas Roseburia was
more abundant in the no-HE group
Enterococcaceae - Enterococcus ↑
Veillonellaceae - Megasphaera ↑
Bifidobacteriaceae - Bifidobacterium ↑↑
Veillonellaceae - Veillonella ↑
Reduction of (family - genus):
Lachnospiraceae - Roseburia ↓↓
Overgrowth of (family):
With the increase in cirrhosis severity, there was a significant increase in
potentially pathogenic and decrease in autochthonous taxa
Staphylococcae
Enterococceae
Enterobacteriaceae
Reduction of (family):
Clostridium Incertae sedis XIV
Lachnospiraceae
Ruminococcaeae
Rikenellaceae
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Cirrhotics with
vs without
decompensated
disease

Stool
Overgrowth of (family):
samples,
Bajaj et al[18] Enterobacteriaceae ↑
Alcaligenaceae ↑
Reduction of (family):
Clostridium Incertae sedis XIV ↓
Lachnospiraceae ↓
Ruminococcaceae ↓
Veillonellaceae ↓
Aetiology of cirrhosis
Alcoholic
Stool
Overgrowth of (family):
aetiology vs
samples,
others
Bajaj et al[18]

NASH aetiology
vs others

With the increase in cirrhosis severity, there was a significant increase in
potentially pathogenic and decrease in autochthonous taxa

Alcoholic cirrhotics had a significantly higher abundance of Enterobacteriaceae
and Halomonadaceae, lower Lachnospiraceae, Ruminococcaceae, and
Clostridialies XIV, despite statistically similar MELD score and BMI compared
to those without alcoholic etiology

Enterobacteriaceae ↑
Halomonadaeace ↑
Reduction of (family):
Clostridiales Incertae sedis XIV ↓
Lachnospiraceae ↓
Ruminococcaceae ↓
Overgrowth of (family):

There is a higher abundance of Porphyromonadaceae, Bacterioidaceae, and
lower Veillonellaceae in NASH patients than the non-NASH counterparts

Bacteroidaceae ↑
Porphyromonadaceae ↑
Reduction of (family):
Veillonellaceae ↓
Normalized relative abundance: ↑/↓: 1-2 fold of increase/reduction vs control; ↑ ↑/↓ ↓: 3-6 fold of increase/reduction vs control; ↑ ↑ ↑/ ↓ ↓ ↓ > 7 fold of
increasereduction vs control. NASH: Nonalcoholic steatohepatitis; MELD score: Model for end-stage liver disease score; BMI: Body mass index.

Bacterial translocation and infection in cirrhosis: In
addition to the potential influence of BT on the natural
history of cirrhosis, another point of interest is represented by the higher risk of developing infections in
patients once bacteria (or parts of bacteria) translocate to
mesenteric lymphnodes and the systemic circulation. Animal studies demonstrate that the prevalence of bacterial
translocation in animals with SBP is twice higher than in
those without SBP (80% of BT vs 40%)[83]. Furthermore,
it has been shown that bacteria isolated from mesenteric
lymph nodes are genetically identical to those causing
SBP in the same animal[64]. Even in cirrhotic patients,
bacteria responsible for post-operative infections, are in
most cases the same as those recovered from mesenteric
lymph nodes cultures[84].
Whether the qualitative composition of the intestinal
microbiota represent a risk factor for infection in cirrhotic patients has not been completely clarified. The
higher preponderance in cirrhotic stool and intestinal
mucosa of those species of gram negative and positive
bacteria (Enterobacteriaceae, Streptococcus spp. and Enterococcus faecalis)[5,18] that are most widely involved in systemic
infections, along with the loss of non pathogenic commensal bacteria, suggest a critical interaction of intestinal
dysbiosis and risk of infection in cirrhosis.
Dysbiosis and inflammation: There is another clinically relevant consequence of gut bacteria dysbiosis and
overgrowth which is the induction of inflammation with
hemodynamic derangement caused by migration of intestinal bacteria into the peritoneal cavity and the systemic
circulation[66].
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Inflammatory cytokines contribute to the hyperdynamic circulation, portal hypertension[43], impaired liver
function and impairment of coagulation[27]. A causal
relationship between BT-mediated inflammation and
portal hypertension has been demonstrated in studies
performed on animal models where the administration
of bacterial DNA or LPS leads to exacerbation of portal
hypertension[85]. Steib et al[85] infused LPS in the peritoneum of rats with bile duct ligation-induced cirrhosis
and in sham-operate rats and found, after 3 h from infusion, an increased basal portal pressure only in fibrotic
animals. They also found that, in cirrhotic rats, the LPS
pretreatment after 3 h further up-regulated the expression of the pro-inflammatory pathway driven by TLR4
system and by MyD88. With this regard, it is interesting
to report the results of a recent trial performed on cirrhotic patients, which were randomly assigned to receive
a selective intestinal decontamination with norfloxacin
(400 mg twice daily) or placebo[86]. In the treated arm,
the serum endotoxin levels were significantly reduced
after 4 wk and only in these antibiotic-treated patients
the authors demonstrated an amelioration of the hyperdynamic circulation compared with controls receiving placebo. This group of patients showed a reduced
cardiac output and a reduced mean HVPG equal to 4
mmHg, whereas no effects were found on renal function
(the glomerular filtration rate and the renin-angiotensin
system did not change significantly after selective intestinal decontamination). These results in cirrhotic patients
seem to indirectly demonstrate the vicious cycle existing
between gut-dysbiosis, the pro-inflammatory state driven
by bacterial translocation and the worsening of portal

16803

December 7, 2014|Volume 20|Issue 45|

Giannelli V et al . Dysbiosis and gut-liver axis in cirrhosis

hypertension. The ability of norfloxacin to selectively
alter the microbiota of the intestine could be responsible
for the hemodynamic changes seen in these patients.
Norfloxacin is incompletely absorbed from the intestine,
is mostly active against aerobic gram-negative bacteria
and rarely causes bacterial resistance.
In another recent study, the investigation was focused
on the non-absorbable antibiotic rifaximin, and the authors found similar results to norfloxacin. In fact, treated
mice with rifaximin had a reduction of portal pressure
and fibrosis in vivo compared to the untreated group.
This agent is concentrated in the gastrointestinal tract,
thereby modulates the gram negative flora and reduces
the production of intestinal bacteria-derived LPS with
no systemic toxicity or resistance. In their elegant study,
Zhu et al[87] went further in their analysis of mechanism
of rifaximin on portal hypertension and inflammatory
amelioration.
Since TLR4 is the canonical receptor for LPS, they
used TLR4 mutant mice which were therefore unable to
activate the TLR4 pathway in response to LPS presentation. In these TLR4 mutant animals, the exposure to LPS
was not reflected by any change in portal hypertension,
angiogenesis, fibrosis, and pro-inflammatory state even
without rifaximin[87]. The TLR4 mutant mice showed
comparable and, in some cases, less portal hypertension
and inflammation than wild type cirrhotic mice who
received rifaximin. Together, these data suggest that the
beneficial effect of rifaximin on liver inflammatory state
and portal hypertension are also mediated by the down
regulation of the LPS-TLR4 pathway as a result of the
reduced gram negative flora.
Rifaximin is of topical interest since it is FDA approved for treatment of hepatic encephalopathy, with
an acceptable safety profile in patients with chronic liver
disease. Therefore, the modulation of the microbiota
might represent a potential therapeutic strategy in the
management of liver disease. Intestinal decontamination
with nonabsorbable antibiotics (i.e., rifaximin) is also an
effective treatment for minimal and overt hepatic encephalopathy[88,89].
In this scenario, recent studies have utilized a simple
ratio of ‘‘good vs bad’’(Firmicutes/bacteroides) taxa
abundance (termed the cirrhosis dysbiosis ratio) to identify patients at higher risk of cirrhosis complications. This
ratio is based on prior studies in patients with cirrhosis,
which includes the highly relevant taxon Enterobacteriaceae, which is important in complications of cirrhosis,
and produces one of the most potent endotoxins[18].
Interestingly, Bajaj et al[18] found that patients with
cirrhosis developed clinical decompensation (such as
hepatic encephalopathy) more frequently in the presence
of a relatively reduced abundance of taxa considered
benign and autochthonous, including Lachnospiraceae,
Ruminococcaceae, and Clostridiales, Incertae Sedis XIV
(from now on called Clostridiales, XIV) and a relatively
higher abundance of others, particularly Enterobacteriaceae and Bacteroidaceae[18,23]. Moreover they demon-
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strated again how the severity of liver disease per se negatively affects the composition of the microbiota; in fact
the MELD score seemed to negatively correlated with
“positive” bacteria such as Clostridiales XIV, Lachnospiraceae and Ruminococcaceae and with Rikenellaceae,
and positively with potentially pathogenic taxa such as
Staphylococcaceae, Enterococcaceae and Enterobacteriaceae. It is interesting to note that the “quality” of gut
microbiota reflected the “quantity” of serum levels of
endotoxin. In fact, in patients with lower concentration
of faecal Clostridiales XIV, Lachnospiraceae and Ruminococcaceae, the levels of endotoxin were significantly
higher. Among other species of interest, they also found
a reduction in Veillonellaceae and Porphyromonadaceae
with worsening liver disease compared to healthy controls. Considering the ratio between autochthonous and
pathogenic bacteria (Firmicutes/bacteroides), this was
about three times higher in controls compared to all cirrhotic patients.
The liver is the first extraintestinal organ encountered
by the venous blood from the small and large intestines
draining from the portal vein. For this reason, the liver is
vulnerable to the exposure of bacterial products translocated from the gut lumen via the portal vein. In a healthy
organism only minor quantities of translocated bacterial
products reach the liver. In general, the hepatic immune
system tolerates these bacterial products avoiding an
uncontrolled immune responses, a phenomenon known
as “liver tolerance”[90]. The first immunological response
to the presence of bacteria (or MAMPs) is driven by the
activation of innate immune system. In particular, translocated bacterial products augment the activation of hepatic immune cells through pattern recognition receptors
including Toll-like receptors (TLRs). The activated TLR
system induces the production of cytokine such as IL-1
and IL-6 and type I IFN. In recent studies, this kind of
inflammation without infection has been defined as sterile
inflammation and is caused by the release from damaged
cells or tissues of some factors, such as alarmin, which
trigger TLR signaling[91]. TLR system is a complex system
which involves more than 10 members of the TLR family but the description of this intricate response is outside
the scope of this review[92,93]. It is however of interest to
mention the role of TLR4 (which binds lipopolysaccharide) because its single nucleotide polymorphism (SNP)
seems to correlate to the risk of liver cirrhosis in patients
with chronic hepatitis C infection[94].
In two different study performed on animal models
using mice knockout for TLR4 co-receptors (i.e., CD14
and LPS-binding protein), the authors found a lower
induction of liver fibrosis mediated by bile duct ligation[95,96]. Their results showed that TLR4-mutant mice
have similar levels of elevated LPS in the blood compared to wild-type mice but a lower liver fibrosis[97]. In addition, in another study mice deficient of the TLR4, LPS
binding protein and CD14 were shown to be resistant to
alcohol-induced liver damage[97,98]. Finally, gut sterilization
with antibiotics decreased plasma LPS levels and liver
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Table 2 Effects of the intervention on gut microbiota composition and its clinical and/or biochemical consequences
Ref.

Type of
study

Category of patients

Therapy

Clinical outcome

Microbiota changing

Albillos et al[68]

RCT

102 Cirrhotics/
30 controls

Norfloxacin 400
mg orally TD vs Placebo

NA

Bass et al[100]

RCT

299 cirrhotics

Rifaximin 550 mg twice
daily (140 patients) vs placebo
(159 patients)

Rayes et al[104]

RCT

66 cirrhotics
underwent LT

Lata et al[105]

RCT

39 cirrhotics

Pediacoccus
pentosaceus + Leuconostoc
mesenteroides + Lactobacillus
paracasei
and L. plantarum vs Placebo
Cirrhotics were randomly
allocated to treatment with E. coli
Nissle or placebo for 42 d

Norfloxacin
improved cardiac index in
patients with elevated LBP, no
improvement in portal pressure
in the rest of patients
Rifaximin group maintained
remission from hepatic
encephalopathy more effectively
than did placebo
Significant reduction of
post-operative bacterial
infections
(3% vs 48% of controlls)

Gupta et al[106]

RCT

Bajaj et al[107]

RCT

Bajaj et al[56]

PS

Bergheim et al[101]

Animal
model

NA

NA

In probiotic group , the authors Restoration of normal colonic
found a trend of significant
colonization in pts treated
lowering of the endotoxemia
with E. coli Nissle
(P = 0.07) and improvement of
Child-Pugh score (P = 0.06)
94 cirrhotic
Patients were randomized to three Group 2 and 3 showed a greater
NA
patients with large
treatment
reduction in HVPG than
oesophageal varices
Groups: (1) propranolol plus
Group 1. In addition, in Group 2
without history of
placebo
and 3 the
variceal bleeding
(2) propranolol
TNF-a levels were significantly
Plus norfloxacin 400 mg BD
lower than Group 1
(3) propranolol plus
VSL#3, 900 billion/d
25 nonalcoholic
Cirrhotics were randomized to
Twelve of 17 yogurt patients
NA
MHE cirrhotics
Receive yogurt contained
reversed MHE
(defined by
Lactobacillus bulgaricus and
(71% on intention-to-treat and
a standard
Streptococcus
86% on per-protocol analysis)
psychometric
Thermophilus or no treatment for
compared to 0% in the
battery)
60 d in a 2:1 ratio
no-treatment group (P = 0.0030)
Levels of citokyne were similar
between groups
20 nonalcoholic
Patients received rifaximin 550 mg
There was a significant
After rifaximin there was a
MHE cirrhotics
BID for 8 wk and the
improvement in cognition test
significant reduction in the
(defined by a
psychometric tests, stool analysis performance and a reduction of
abundance of faecal
standard
and blood test were repeated at
endotoxemia
Veillonellaceae
psychometric
the end of the study
after rifaximin
(P = 0.025) and increase in the
battery)
abundance of Eubacteriaceae
(P = 0.042)
Mice with induced For 8 wk, C57BL/ J6 mice had free
The group treated with
NA
NAFLD
access to solutions containing 30% polymixin B and Neomycin were
glucose, fructose, sucrose, or water
protected against the
sweetened with artificial
fructose-induced NAFLD and
sweetener or plain water
had a lower level of endotoxin

RCT: Randomized controlled study; PS: Pilot study; LT: Liver translanted; NA: Not applicable (the study did not provide microbiota characterization); BD:
Bis in die; HVPG: Hepatic venus pressure gradient; NAFLD: Non-alcoholic fatty liver disease.

steatosis, inflammation and injury after chronic ethanol
exposure[99].
The potential therapeutic options are fascinating
because they might allow the possibility to interrupt the
vicious cycle existing between gut dysbiosis and liver
disease. To date, relative small randomized controlled
trials have been addressed to evaluate the effects of gut
flora manipulation in patient with cirrhosis. In table 2
we summarize the most relevant studies, with greater attention to those aimed at verifying the clinical benefits of
gut microflora modification. Overall, they agree with the
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result that targeting the gut microbiota might be effective
in reducing the proliferation of harmful gut flora and
consequently it limited the complications of dysbiosis
such as the pathological bacterial translocation.
In these previous studies, the “manipulation” of gut
bacteria has been done by prebiotics (i.e., dietary manipulation/supplementation), probiotics and systemic or
poorly absorbable antibiotics. We do not consider faecal
transplant in our review because there are no data in cirrhotic patients, so far. On the whole, these studies demonstrated the positive effect of microbiota modulation
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in term of reduction of: fibrogenesis, endotoxin plasma
concentration, portal hypertension and pro inflammatory state[56,68,100,101]. There is however still a lack of data
regarding the effect of these interventions on the specific gut bacteria composition in liver cirrhosis, with the
exception of the recent studies conducted by Patidar et
al[102], which accurately studied the composition of microbiota after lactulose and/or rifaximin therapies. To date,
the strongest evidence regarding the clinical benefit of
gut modulation in cirrhosis is still based on the large literature on hepatic encephalopathy treatment, and rifaximin
plus lactulose resulted to be superior to placebo in treating the overt and minimal hepatic encephalopathy. With
this regard we refer the reader to the already published
studies which extensively described this clinically relevant
aspect of gut-liver axis[102,103].
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CONCLUSION
We have reviewed the large literature supporting the
concept of the strict interplay between gut bacteria and
liver disease. Gut microbiota alteration appears to be
rather common in advanced liver disease and it sustains
the concept of how gut microbiota phenotype and the
presence of pathological bacterial translocation are determinant factors for liver function and hepatic chronic
inflammation. Herein, we also described the relevance of
the clinical consequences of microbiota alteration. The
clinical implications of dysbiosis is that future therapeutic
approaches to liver cirrhosis, especially in decompensated
patients, should consider the gut-liver axis.
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Abstract
Liver stiffness measurement (LSM) is a good, but still
limited tool to noninvasively assess complications and
prognosis in patients with advanced liver disease. This
review aims to consider the role of LSM for the diagnosis of portal hypertension-related complications and
for assessment of prognosis in cirrhotic patients, and
to highlight the drawbacks as well as some alternatives
for improving the performance. Hence, this field is far
from being closed, and deserves more attention. There
is still a place for more carefully designed studies to
find new, innovative and reliable approaches.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver stiffness; Portal hypertension; Complication; Spleen stiffness; Prediction
Core tip: This review aims to consider the role of liver
stiffness measurement for the diagnosis of portal
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hypertension-related complications and for assessment
of prognosis in cirrhotic patients, and to highlight the
drawbacks as well as some alternatives for improving
the performance.
Stefanescu H, Procopet B. Noninvasive assessment of portal
hypertension in cirrhosis: Liver stiffness and beyond. World J
Gastroenterol 2014; 20(45): 16811-16819 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i45/16811.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i45.16811

INTRODUCTION
Invasive state of the art for the assessment of portal
hypertension: The clinical importance of hepatic vein
portal gradient
Development of clinically significant portal hypertension
(CSPH) is a major step in the natural history of patients
with chronic liver disease (CLD) and is associated with
clinical decompensation and development of portal hypertension (PH)-related complications.
PH is diagnosed when the hepatic vein portal gradient (HVPG) has a value > 5 mmHg. HVPG is measured
by calculating the difference between wedged and free
pressures in the hepatic vein using a pressure catheter inserted via the transjugular route under fluoroscopic guidance. CSPH is established when HVPG is > 10 mmHg;
at this value the risk of developing ascites or esophageal
varices (EV) being much higher, while if HVPG is > 12
mmHg, the risk of variceal bleeding increases[1].
It is considered that HVPG is a better indicator of
liver function than transaminase level, viral kinetics or
even liver biopsy[2], mainly because the majority of patients with hepatitis B virus (HBV) or hepatitis C virus
(HCV) chronic hepatitis with significant fibrosis ( ≥
F2 METAVIR) have a HVPG value > 5 mmHg[3], and
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achieving sustained virological response in HCV cirrhotics is correlated with a significant reduction of HVPG[3].
HVPG > 10 mmHg became a true milestone in the
clinical history of cirrhotic patients. It was validated as
an important independent predictor not only for EV
development[4,5], but also for the first episode of clinical
decompensation[6] or the risk of developing hepatocellular carcinoma (HCC)[7]. In patients who have already
experienced an episode of decompensation, HVPG >
16 mmHg predicts mortality, independently from the
MELD score[8], and an HVPG increase of 1 mmHg also
increases by 3% the risk of death while on the waiting list
for liver transplant[9].
HVPG > 12 mmHg is another important milestone,
being the threshold for decompensation (development
of ascites and variceal bleeding)[5]. If HVPG decreases
below 12 mmHg (because of therapy or spontaneously)
the risk of bleeding is significantly diminished and EV regress in size[10]. If HVPG is measured during an episode
of variceal bleeding, a value > 20 mmHg predicts failure
to control bleeding, the odds ratio being 5 times higher
than for HVPG < 20 mmHg[11].
Measurement
Based on these findings, HVPG is recommended to all
patients with cirrhosis at the time of diagnosis for risk
and prognosis assessment[12,13]. Furthermore, HVPG appears to be the ideal instrument to assess the response
to therapy in cirrhotic patients with CSPH, the target
being an HVPG value < 12 mmHg, or a decrease of at
least 20% as compared with baseline[11,13]. Not achieving these targets is the best independent predictor of
re(bleeding)[14] with a 2 to 4-fold higher relative risk for
nonselective beta-blocker non-responders[15]. But, despite
its excellent diagnostic and prognostic value, HVPG is an
invasive procedure available only in specialized centres,
and therefore it has a low availability and high management costs[16].
On the other hand, screening for EV requires esogastroduodenoscopy (EGD) at the diagnosis of cirrhosis,
and every one to three years depending on whether EV
were or were not found at the beginning[13]. From the
economic point of view, this is not a very good approach,
since only 7% of the patients will develop varices each
year[17] and only 21% at the 5-years interval[18]. This is why
the Baveno V panel, in order to better stratify patients
submitted to endoscopy, recommended identification and
validation of alternative noninvasive surrogate markers
for PH[13].
Liver stiffness (LS) measurement (LSM) is an elastometric technique that uses the principle of vibration-controlled transient elastography to assess tissue elasticity[19]. In
CLD patients it was proved to be a very useful tool to assess significant fibrosis and to rule out cirrhosis[20,21]. Moreover, in patients with liver cirrhosis (LC), LS was able to
distinguish between compensated and decompensated patients[22], and to predict prognosis in patients with CLD[23].
This review aims to examine the role of LSM for the
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diagnosis of PH-related complications and for assessment of prognosis in cirrhotic patients, and to highlight
the drawbacks as well as to discuss the alternatives available to enhance LS performance in this field.

ROLE OF LSM IN CIRRHOTIC PATIENTS
Overview of LSM as a diagnostic tool
LS has an excellent accuracy for diagnosis of cirrhosis:
AUROC of 0.9-0.99 for cut-off values ranging from 9 to
26.6 kPa, the best appearing to be 13.01 kPa, as a recent
meta-analysis reports[21]. In cirrhotic patients, in order to
understand what is happening in more advanced stages
of the disease, once PH has occurred, it became of great
interest to exploit the entire range of stiffness values - up
to 75 kPa - that the device (FibroScan®) is able to measure. In this respect, the cut-off values for different complications were previously shown with negative predictive
values above 90% as follows: 27.5 kPa for large EV (LEV);
37.5 kPa for Child B or C cirrhosis; 49.1 kPa for development of ascites; 53.7 kPa for development of hepatocellular carcinoma; or 62.7 kPa for variceal bleeding[23].
A strong positive correlation was found between LS
and HVPG in patients with HCV-related liver disease
and advanced (F3-F4) fibrosis (r2 = 0.61, P < 0.0001)[24].
The same correlation was independently demonstrated in
patients with HCV recurrence after liver transplantation
(r2 = 0.83, P < 0.001)[25]. As expected, LS values increase
gradually alongside the increment in HVPG as the LC
progresses[26]. Overall, LS has a 90% sensitivity and 80%
specificity for the diagnosis of CSPH[27].
As far as the presence of EV is concerned, LS
showed lower AUROC values, between 0.76 and
0.84[25,28,29]. For cut-off values of 13.9, 17.6 and 21.1 kPa
respectively, LS showed a good sensitivity (0.95, 0.9 and
0.79), but a lower specificity (0.43, 0.43 and 0.7)[25,29,30].
Other studies showed a correlation between LS values
and size of the varices[29,30], while some researchers failed
to demonstrate any[25]. For cut-off values of 19 and 30.5
kPa, respectively, LS showed a high sensitivity, but a low
specificity and positive predictive value for prediction of
LEV[29,30]. In fact, for detection of varices or especially
of LEV, LS did not perform better than platelet count[31]
or FibroTest[32]. However, a possible role of LS for the
prediction of variceal bleeding cannot be excluded[31,33].
As a recent meta-analysis[28] and a critical review[34] show,
the studies investigating the issue of LS in advanced liver
disease are contradictory, mainly because of population
heterogeneity, different prevalence of CSPH and/or
(L)EV and cross-sectional design, which lead to lower
diagnostic accuracy and a wider range of cut-off values.
It can be stated that LSM is not good enough to replace
EGD for (large) EV detection in cirrhotic patients, because reported specificity and positive predictive values
are too low for routine clinical practice.
Role of LSM as prognostic tool
LS is, undoubtedly, more than a tool for measuring liver
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fibrosis. It has become an important instrument to assess the clinical course of CLD patients. Not only can
LS assess the actual complications, but it permits long
term risk classification and stratification[35]. The first data
in this respect came from a retrospective study which
demonstrated a 5 times higher risk to develop hepatocellular carcinoma in HCV patients with a baseline LSM >
25 kPa as compared with those with values below 10.5
kPa[36]. Seven out of eight other studies investigating this
association found an increased hazard ratio (varying from
1.03 to 1.36) to develop HCC in patients with increased
LS at diagnosis, irrespective of liver disease etiology[37].
LS was also associated with clinical decompensation in several prospective studies. LS value < 21.1 kPa
was found to be as accurate as HVPG < 10 mmHg for
selecting patients who would not develop liver- or PHrelated events in a follow-up period of 24 mo (negative
predictive value of 86.3% and 100% for LSM, as compared with 85.7% and 100% for HVPG)[38]. In another
retrospective study, LS predicted overall 5-year survival
(96% vs 47% in patients with baseline LS < 9.5 kPa or
> 40 kPa)[24]. In prospective settings these findings are
maintained, showing that a 3 year increment in LS value
with more than 1 kPa is associated with poorer clinical
outcome and increased mortality in the additional 2-year
follow up period[39]. Subgroup analysis of the above mentioned study shows that any increase in LS value in those
patients with baseline LSM > 14 kPa has a worse prognosis in terms of both development of complications or
survival. These findings are fully supported by a recent
meta-analysis[38] that confirms the prognostic value of LS
measurement for development of clinical decompensation, HCC and mortality, with a risk ratio of 1.07, 1.11
and 1.22, respectively. Overall, baseline LSM has a 1.32
risk ratio to predict liver-related events.
Unmet expectations
In-depth analysis of the correlation between LS and
HVPG shows the loss of linearity for HVPG values >
12 mmHg. In the study of Vizzutti et al[24], although the
overall correlation coefficient is good (r = 0.61) when it is
analysed for HVPG values > 12, it drops up to 0.17 (P =
0.02), while for HVPG < 12 it is 0.67 (P < 0.0001). These
findings are even more evident in the study of Reiberger
et al[26] that finds for patients with HVPG < 12 mmHg
a correlation coefficient of 0.951, while in patients with
values > 12 mmHg it decreases up to 0.538 (P = 0.0004)
and the almost perfect linear correlation is completely
lost. Both groups explain this situation by the fact that in
advanced stages of cirrhosis, the degree of PH becomes
largely independent from the increased hepatic resistance
(which is assessed by LS), while extrahepatic components
(e.g., hyperdynamic circulation, peripheral vasodilatation,
etc.) become more important. In favour of this hypothesis
is the evidence brought by Reiberger et al[26], which shows
that in patients with CSPH undergoing non-selective
beta-blocker (NSBB) therapy for primary prophylaxis of
variceal bleeding, the LS and HVPG are better correlated
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(r = 0.746, P = 0.0001). However, the latter study failed
to demonstrate the possibility to assess the response to
NSBB therapy, so that LS cannot entirely replace the pivotal role of HVPG in management of cirrhotic patients.
There is, however, new evidence that demonstrates the
ability of LS to respond to changes in portal pressure,
such as elevation after meal ingestion[40].
Also, there are confusing data coming from special
populations regarding monitoring disease progression using LSM. In primary biliary cirrhosis, it was proved that
baseline and serial LS measurements are better prognosis
predictors than other evaluation methods[41], while in the
Asian population baseline LSM appears to be more reliable than serial measurements in assessing progression of
PH[42].

IT TAKES TWO TO TANGO
(COMBINATION OF LSM AND SERUM
TESTS FOR INCREASED DIAGNOSTIC
ACCURACY)
Serum fibrosis markers or composite scores have also
been used to predict complications of liver cirrhosis or
PH. From very simple tests such as platelet count or prothrombin index[43] to more specific ones such as hyaluronic acid[44] or type Ⅳ collagen[45], all have correlated with
the presence of EV to various degrees, but their accuracy
(AUROC) did not exceed 0.7. In order to increase the diagnostic accuracy of EVs, combinations of markers were
envisaged, tested and some of them validated, such as aspartate transaminase (AST)-alanine transaminase ratio[46],
AST to platelet ratio index (APRI)[47], or platelet count
to spleen diameter ratio[46,48]. Complex scores (of which
some were patented) were also tried as noninvasive predictors of EV in LC patients. Of them, the combination
of Lok score and Forns index was more cost-effective
than endoscopy for detecting patients with varices and
had a diagnostic accuracy that varied between 73.3% and
79.8%, depending on the etiology of liver disease[49]. For
the diagnosis of cirrhosis, the Sequential Algorithms for
Fibrosis Evaluation (“SAFE”) biopsy was proposed by
Sebastiani et al[50], an algorithm that combined the APRI
and FibroTest, which correctly classified almost 75% of
the patients as cirrhotics/noncirrhotics. After its extensive validation in predicting fibrosis stages, FibroTest®
was tried as a surrogate marker for both HVPG and EV
in patients with LC. Although the team that developed
the score found a very high NPV (100%) for a cut-off of
0.75[32], FibroTest could not be internally validated, showing a diagnostic value for EV similar to that of platelet
count or of the Child-Pugh score[51].
However, it should not be forgotten that all these
instruments (both FibroScan and serum fibrosis markers) were designed for detection of significant (or severe)
fibrosis in patients with CLD and that their diagnostic
value was mainly proved in HCV patients. In the settings
of liver fibrosis, it was proved that the combined ap-
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proach (elastometry and serum tests) performs better[52].
But, as previously shown, both Fibroscan and serum tests
showed a certain ability to predict the presence of CSPH
or EV. This observation simply leads to the idea of combining the two methods, in order to meet the principle
announced by Pinzani et al[53]: for an accurate diagnosis it
is required for two distinct noninvasive tests to tie. This
approach was previously used to combine ultrasound and
common biological findings and demonstrated that patients with a serum prothrombin activity > 70%, a portal
vein diameter > 13 mm, and a platelet count < 100000
are at risk to have EV[54].
As for the combinations between LS and serum biomarkers, two different approaches were used; these will
be briefly discussed below.
Stepwise approaches
The Bordeaux group proposed a stepwise algorithm to
detect cirrhosis, and this relies on the concordance between FibroTest and FibroScan. Using this approach, LC
could be diagnosed with an accuracy of 93% and liver
biopsy could be avoided in almost 80% of cases[55]. This
approach has not yet been used to assess PH-related
complications, maybe because FibroTest is a costly test.
Based on our own data and those of others[29], we proposed a stepwise approach that relies on the concordance
between LS and Lok score (< 19 kPa and < 0.6, or >
38 kPa and > 0.8). This algorithm correctly classified
53% of patients with LEV and 64% of patients without
EV[56].
Super scores
Other authors combined clinical data, serum markers and
LS in an empirical way, or using regression equations.
LSM-spleen diameter to platelet ratio score (LSPS)
is calculated as the product of liver stiffness and the
ratio between spleen diameter and platelet count (LSPS
= LSM × spleen diameter/platelet count)[57]. As LSPS
values are increasing, the risk of having/developing highrisk varices in HBV-related cirrhosis also increases. Using two threshold values (< 3.5 and > 5.5, respectively),
90.3% of patients could have been correctly classified
with regard to having high-risk varices. In these patients,
during a median follow up of 29 mo, LSPS was found to
be an independent predictor of EV bleeding, for a cutoff value > 6.5[58].
Esophageal varices risk score (EVRS) combines the
same variables (LSM, spleen size and platelet count) into
a regression equation according to the following formula:
-4.364 - 0.538 × spleen diameter - 0.049 × platelet count
- 0.044 × LS + (0.001 × LS × platelet count)[59]. In a population of 172 cirrhotics (in whom the prevalence of EV
was 31.6% and of LEV 11.9%), EVRS at a value ≥ 0.20
predicted the presence of EV with good accuracy, both
in the training set (AUROC: 0.9, Se: 70.3%, Sp: 76.5%)
and the validation one (75% correctly classified).
Similarly, the same group calculated a PH risk score,
by combining the same variables, according to the follow-
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ing formula: -5.953 + 0.188 × LS + 1.58 3 × sex (1: male;
0: female) + 26.705 × spleen diameter/platelet count
ratio. For a cut-off of 0.63, this approach correctly classified more than 85% of patients, with an AUROC of 0.93
in both training and validation cohorts[59].

THINKING OUTSIDE THE BOX
(CHANGING SIDES TO ASSESS SPLEEN
STIFFNESS)
Proof of concept and factors for success
Spleen involvement in PH and LC is still a matter of
debate, although splenomegaly is one of most important
clinical signs used for diagnosis. Splanchnic congestion
and/or hyperplasia and fibrosis are discussed as generating factors for splenomegaly[60]. Whichever the case, it is
logical to presume that besides enlargement, the spleen
also reacts by changing its density, a physical characteristic that became assessable using elastography. First data
about spleen stiffness (SS) measurement came from MRI
studies, which showed in 35 patients with varying degrees
of chronic liver disease and 12 healthy volunteers, using
an elastography protocol, a highly significant correlation
between liver and spleen stiffness in patients with portal
hypertension[61].
Our group was the first to use SS measurement (SSM)
by transient elastography, showing that values become
higher as the liver disease is more advanced[62]. In our cohort of 191 patients (of which, 137 cirrhotics, 59% with
EV and 44% with LEV) SS correlated well with LS, the
association being higher (r = 0.587) in patients with varices. We also managed to assess the factors related to SSM
failure, which were elements associated with spleen size.
Another report found that spleen transversal diameter >
4 cm is associated with successful measurement of SS[63].
SSM for diagnosis
Our initial report found a higher SS value in patients with
EV, as compared with those without. The best cut-off to
discriminate between them was 46.4 kPa, which showed
a good accuracy (AUROC = 0.781) and a high PPV
(93.4%). However, we found significant interpolation and
could not distinguish between EV grades (similarly with
LS). Nevertheless, if LS and SS are used together (LSM
> 19 kPa for high sensitivity and SSM > 55 kPa for high
specificity) the diagnostic accuracy of EV increased up to
88.5%[62]. Confirmation of these findings came from another study that found that LS and SS are independently
associated with presence of varices (LS: OR = 1.149, P =
0.035; SS: OR = 1.068, P = 0.03)[64].
Evidence about SSM in cirrhotic patients was taken
further by Colecchia et al[63], who found in a cohort of 100
patients a significant correlation between SS and HVPG (r2
= 0.78). In fact, the correlation was stronger than LS and
HVPG (r2 = 0.7). SS has a better sensitivity (for the same
specificity) than LS to rule-in the presence of EV and PH
stages (both HVPG > 10 and HVPG > 12).
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A meta-analysis of published data about SS (measured
either by transient elastography or by other techniques
- such as acoustic radiation force imaging or real time
shear-wave - found a pooled sensitivity of 0.78 for detection of any EV and of 0.81 for detection of LEV, while
the pooled specificity was 0.76 and 0.65, respectively[65].
Based on these data, SS is not yet accurate enough to replace EGD for EV assessment.
Better data with technique optimization
Since the beginning of its use, an intrinsic characteristic
of the machine (FibroScan) seemed to interfere with
the results. Apparently spleen is stiffer than liver, and in
every patient group, regardless of their variceal status or
the grade of their varices, we reached the highest value
measurable by the device (75 kPa) causing serious interpolation. These findings lead to the hypothesis that if FibroScan could measure values beyond 75 kPa, we would
possibly obtain better data[62]. Indeed, the manufacturer
kindly developed a modified calculation algorithm for SS
(not commercially available) that permits estimation of
stiffness values up to 150 kPa after analysing the raw data
of each elastogram.
Using this method, we found in a cohort of 80 patients with HCV-related cirrhosis that modified SS (mSS)
discriminates better between classes and has a good accuracy to predict the presence of very high risk (grade 3)
varices: (AUROC: 0.903, cut-off: 75 kPa, Se: 100%, Sp:
69.01%, PPV: 29%, NPV: 100%)[66]. These findings were
further confirmed by another group which found in a
cohort of 112 Child-Pugh A cirrhotics due to HCV an
improved accuracy to predict LEV (AUROC: 0.82, cutoff: 54.0 kPa, Se: 80%, Sp: 70%)[67]. In this report, mSS unlike LS or SS - was independently associated with LEV
in multivariate analysis and correctly classified 70% of
patients.
SSM for prognosis
Very recently, Colecchia et al[68] found in a cohort of 92
VHC compensated cirrhotic patients that MELD score
and SS value at baseline are independently correlated
with clinical decompensation and may predict liverrelated events during two years of follow up. Indeed, the
54 kPa cut-off value could discriminate between patients
with low/high risk of events (NPV = 0.975). This finding may add a new valuable use for the method, besides
the ones already demonstrated; SS may play a role as a
triage test allowing the selection of patients with low risk
of decompensation.

WHAT NEWS FROM THE LAND OF
SHADOWS?
Ultrasonography (US) is the “almost perfect” noninvasive
imaging tool, since it is easily available (even at bedside),
non-irradiating, cheap and reproducible. It is, however,
highly dependent on the technology and operator and using contrast agents increases the costs. It is widely known
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that US has high specificity for the diagnosis of cirrhosis,
but the sensitivity is rather low. Splenomegaly and left
lobe nodularity[69] are the most reliable signs for a positive
diagnosis.
There was a great amount of expectation and hope
from Doppler US, because of its dynamic character and
ability to assess vascular flow. Initial reports found mean
velocity of the portal vein, hepatic artery resistance index or splenic artery resistance index as suitable targets,
and further combined them into composite scores that
showed better diagnostic performance. Between them,
congestion index of the portal vein: portal vein cross sectional area/mean portal vein flow velocity[70] and portal
hypertension index: [(hepatic artery RI × 0.69) × (splenic
artery RI × 0.87)]/portal vein mean velocity[71] appear to
be the most reliable, the latter having for a value < 1 m/s-1,
100% sensitivity and 88.6% specificity to detect PH patients from healthy controls.
In later years, contrast enhanced ultrasound (CEUS)
was widely used, mainly for characterization of focal liver
lesions. CEUS was also used, however, for assessing diffuse liver diseases, showing a reduction of hepatic vein
arrival time and hepatic transit time in patients with cirrhosis, and demonstrating the hyperdynamic circulation
and intrahepatic arterial-venous shunts[72]. Only recently,
CEUS was used to specifically assess PH in compensated
cirrhotic patients by estimating regional hepatic perfusion
(RHP) as the product between microbubbles velocity and
microbubble concentration in a post-processing analysis
of contrast replenishment in the selected area after microbubble destruction[73]. RHP correlated with MELD
score and ICG clearance, and most importantly, showed
a tendency to correlate with portal pressure decrease after
iv propranolol administration (the correlation was, however, not significant at P = 0.08, most probably because
of the small sample size, 10 patients).

IS IT TIME FOR “MENAGE Á TROIS”?
In the quest for the best noninvasive approach to patients
with advanced liver disease, a combination of tests seems
to be the way to go.
Using ARFI as the elastographic technique and regression analysis, Bota et al[74] composed a LEV prediction score: - 0.572 + 0.041 × LS (m/s) + 0.122 × SS
(m/s) + 0.325 × ascites (1, absent, 2, present). For a cutoff value > 0.395, the performance to detect LEV was
good (AUROC 0.721, for correctly classifying 69.6% of
patients).
Our group also combined LS, SS and serum markers to enhance the accuracy of the previously proposed
algorithm. Our approach proposes as a first step the use
of LS and calculation of Lok score. If LS is < 19 kPa
and Lok score < 0.6, the risk of LEV is very low, while
if LS is > 38 kPa and the Lok score > 0.8 the likelihood
of LEV is high. For the non-concordant cases, we added
SS as a discriminant second step, using 55 kPa as cut-off
value to rule in LEV. The algorithm correlated well with
LEV (r = 0.456, P < 0.0001) and correctly classified 68%
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of patients, with a Se of 95% and a NPV of 92%[75].

OPEN HORIZONS
Undoubtedly, stiffness measurement (of liver and/or the
spleen) represents a major step forward in the management of patients with advanced liver disease. From a
surrogate of liver fibrosis, LS became an independent
variable associated with the presence of PH-related complications, risk of decompensation or survival. Similarly,
SS appears to be slightly better in assessment of PH
complications and (L) EV in cirrhotic patients, and there
is growing evidence that it also plays an important role in
prognosis. Dynamic CEUS evaluation may be a valuable
additional tool to assess PH changes in these patients.
A combination of noninvasive approaches increases the
diagnostic performance, but for the moment EGD and
HVPG cannot be excluded from the work-up of patients
with chronic liver diseases. Unfortunately, there is no
noninvasive method that can acceptably monitor the response to therapy in these patients. There is also a lack of
data about the monitoring of disease progression using
LS or other noninvasive methods.
Hence, this field is far from being closed, and deserves more attention. There is still a place for more carefully designed studies to find new, innovative and reliable
approaches.
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Abstract
Liver cirrhosis is a common and growing public health
problem globally. The diagnosis of cirrhosis portends an
increased risk of morbidity and mortality. Liver biopsy is
considered the gold standard for diagnosis of cirrhosis
and staging of fibrosis. However, despite its universal
use, liver biopsy is an invasive and inaccurate gold standard with numerous drawbacks. In order to overcome
the limitations of liver biopsy, a number of non-invasive
techniques have been investigated for the assessment
of cirrhosis. This review will focus on currently available
non-invasive markers of cirrhosis. The evidence behind
the use of these markers will be highlighted, along with
an assessment of diagnostic accuracy and performance
characteristics of each test. Non-invasive markers of
cirrhosis can be radiologic or serum-based. Radiologic
techniques based on ultrasound, magnetic resonance
imaging and elastography have been used to assess
liver fibrosis. Serum-based biomarkers of cirrhosis have
also been developed. These are broadly classified into
indirect and direct markers. Indirect biomarkers reflect
liver function, which may decline with the onset of cir-
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rhosis. Direct biomarkers, reflect extracellular matrix
turnover, and include molecules involved in hepatic
fibrogenesis. On the whole, radiologic and serum markers of fibrosis correlate well with biopsy scores, especially when excluding cirrhosis or excluding fibrosis.
This feature is certainly clinically useful, and avoids liver
biopsy in many cases.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cirrhosis; Biomarker; Non-invasive; Fibrosis; Viral; Non-alcoholic fatty liver disease; Primary biliary cirrhosis; Autoimmune hepatitis; Hepatitis B virus;
Hepatitis C virus
Core tip: There has been considerable research in recent years towards the development of non-invasive
markers of cirrhosis. These include novel radiologic
techniques, serum biomarkers and panels of fibrosis. In
this review, we outline the current state of knowledge
on the most commonly used radiologic and serum biomarkers of cirrhosis. The pathophysiologic principles
behind the use of these markers are discussed. In addition, we focus on the evidence behind the use of these
markers, and highlight their performance characteristics. This review is intended to provide an overview of
the current knowledge in this area, and to encapsulate
the evidence for the reader.
Sharma S, Khalili K, Nguyen GC. Non-invasive diagnosis of
advanced fibrosis and cirrhosis. World J Gastroenterol 2014;
20(45): 16820-16830 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i45/16820.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i45.16820

INTRODUCTION: HOW COMMON IS
LIVER CIRRHOSIS?
Liver cirrhosis is an important and growing global health
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problem. In the United States alone, approximately
400000 people (0.15% of the population) are estimated
to have cirrhosis[1]. In 2010, cirrhosis was listed as a diagnosis in 727000 hospital discharges in the United States,
while it was the primary diagnosis in approximately
101000 discharges[2]. Cirrhosis-related complications resulted in 31903 deaths in 2010, making it the 12th leading
cause of mortality in the country[2]. Recent projections
from the United States show that the prevalence of cirrhosis is expected to peak at 1 million patients by 2020,
attributable largely to the ageing population of babyboomers with chronic hepatitis C[3].

WHY IS IT IMPORTANT TO DIAGNOSE
CIRRHOSIS?
Patients with non-cirrhotic chronic liver disease may
have an increased mortality rate when compared to controls[4]. However, mortality and morbidity rates increase
exponentially once cirrhosis develops. A large prospective study (n = 838, median follow-up 50 mo) of chronic
hepatitis C (CHC) patients from Germany showed that
the SMR for non-cirrhotic patients younger than 50 was
3.1, whereas cirrhotic patients had an SMR of 26.2 in the
same age group[5]. Therefore, the ability to reliably rule
out cirrhosis may be considered an important characteristic of any test designed to assess liver fibrosis.
The diagnosis of cirrhosis also portends an increased
risk of liver related morbidity[6] as well as mortality[7]. A
systematic review of 118 studies involving 23797 patients
by D’Amico et al[7] showed a distinct increase in mortality
risk with development of each successive decompensation - varices, variceal bleed and ascites. The overall survival was only 64% over a median follow-up of 31 mo.
Moreover, the rate of progression of fibrosis to liver
cirrhosis can be variable. A study of 2235 treatmentnaïve CHC patients showed a median time of 30 years
to development of cirrhosis[8]. However, the rate of progression was faster in heavy alcohol users, older patients,
males and patients with high indices of inflammatory
activity on biopsy.
Liver-related mortality and decompensation is expected to continue to increase over the next decade, due
to the projected increase in the number of patients with
cirrhosis in the population[9]. Therefore, an accurate and
timely diagnosis of liver cirrhosis is critical to identify patients in need of close monitoring, management of complications and treatment of the underlying liver disease.

LIVER BIOPSY: A FLAWED GOLD
STANDARD
Liver biopsy is the traditional gold standard for staging
of fibrosis and diagnosis of cirrhosis. Under local anesthesia, a core of liver tissue is obtained for pathologic
analysis. Several scoring systems exist to stage the degree
of fibrosis in the biopsy specimens. These include the
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Ishak, METAVIR, Scheuer and Batts-Ludwig score. The
METAVIR and Ishak scores are used most commonly.
The METAVIR system scores fibrosis on a 5-point scale,
with F0 equating to no fibrosis, and F4 equating to cirrhosis. Patients with F2 or higher are considered to have
“significant fibrosis” and patients with F3 or higher are
considered to have advanced fibrosis. The Ishak system
uses a 7-point scale with F0 indicating no fibrosis; F5,
incomplete cirrhosis; and F6, definite cirrhosis.
However, many factors impact on the accuracy of
fibrosis staging with liver biopsy. For example, diagnostic
accuracy is correlated with the length of the biopsy specimen[10,11]. A study of 17 patients with CHC used explant
livers to obtain whole liver fibrosis assessments, and also
random biopsies of varying length, which were used to
assess for fibrosis stage[11]. Core biopsies that were 25 mm
or more correctly classified the fibrosis stage 75% of the
time, whereas biopsies that were 15 mm had only 65%
accuracy. Another study of biopsy quality in 537 CHC
patients showed that only 31% of biopsies were considered “adequate” (at least 15 mm and ≥ 5 portal tracts)
and only 14% were considered “ideal” (≥ 25 mm)[10].
The etiology of chronic liver disease (CLD) may also
impact on biopsy results[12,13]. A retrospective study of
NASH and CHC patients found that biopsies < 16 mm
had increased and significant heterogeneity in reported
fibrosis stage for NASH patients, but not in HCV patients[12]. Fibrosis staging may also differ by location of
biopsy[14]. A study of laparoscopic right and left lobe
biopsies in 124 patients found 33.1% variation of ≥ 1
fibrosis stage between right and left lobes, and 2.4% had
variation of ≥ 2 stage[14]. Significantly, 14.5% of patients
were rated as stage F3 in one lobe, but F4 (cirrhotic) in
another.
There is also significant intra- and inter-observer variability in the assessment of fibrosis stages. One study
showed up to 10% variability in staging upon repeat assessments of the same specimen by a single observer[15].
The inter-observer variability in fibrosis assessments was
assessed in a study of 30 biopsy specimens reviewed by
10 pathologists[15]. The inter-observer agreement (κ) value
for cirrhosis was 0.91 (excellent), the value for score of
fibrosis (F0-3) was 0.78 (moderate). Inter-observer agreement was even lower for scores of disease activity (κ =
0.2-0.5). Reliability of fibrosis scoring is improved with 2
pathologists reading each biopsy as a pair, although this
may not be practical in the clinical setting[16].
Complications from liver biopsy have been well characterized in a large retrospective study of over 68000
biopsies[17]. The mortality rate was found to be 9 per
100000 procedures (about 0.01%). Deaths were attributed to hemoperitoneum and occurred exclusively in patients with cirrhosis or HCC. The rate of complications
in this study was found to be 278 per 100000 procedures
(about 0.3%). Another retrospective review of 1000
biopsies found a complication rate of 5.9%, with 5.3%
hospitalizations, mainly due to post-procedural pain or
hypotension[18].
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Table 1 Summary performance characteristics for selected serum- and radiology-based noninvasive markers for the diagnosis of
cirrhosis
Test

Etiology
(Ref.)

Serum markers
APRI
HCV[59]
FIB-4
HCV[71]
Fibrotest
ELF

HCV[59]
HBV[64]
Mixed[92]

Radiologic markers
TE
Mixed[38]

Cutoff

Sens
(%)

Spec
(%)

AUC

> 2.0
< 1.45
> 3.25
> 0.66
> 0.68
> 0.025

48
74
38
77
80
91

94
80
98
82
84
69

0.84
0.85

Easy to calculate
Easy to calculate

0.89
0.87
0.89

Validated in a number of etiologies; may
correlate with fibrosis progression
Validated in a number of etiologies, may have Requires levels of HA, TIMP1 and PIIINP
prognostic value

83

89

84

92

100

96

Easy to use, validated in a number of
etiologies, predicts complications of cirrhosis
0.91 Easy to use, validated in a number of etiologies, allows measurement away from masses/
lesions
0.998 Highly accurate, fibrosis estimation over a
much larger area than TE or ARFI

ARFI

Mixed[48]

> 15
(9-26)
> 1.87

MRE

Mixed[57]

> 4.13

Advantage

Disadvantage

Lower diagnostic value in comparative studies
Not well validated in all etiologies of CLD
(e.g., Autoimmune liver disease)
Patented formula ($)

Requires expensive equipment, less reliable in
obese patients and acute hepatitis
Requires expensive equipment, less reliable in
obese patients, smaller region of interest than
standard TE
Requires expensive equipment and radiology
expertise, results may change with patient
positioning

APRI: AST to platelet ratio index; FIB-4: Fibrosis-4; ELF: Enhanced liver fibrosis; TE: Transient elastography; ARFI: Acoustic radiation force impulse; MRE:
Magnetic resonance elastography; HBV: Hepatitis B virus; HCV: Hepatitis C virus; CLD: Chronic liver disease.

NON-INVASIVE ASSESSMENT OF
FIBROSIS AND CIRRHOSIS
Despite its universal use in the staging of fibrosis, liver
biopsy is an invasive and inaccurate gold standard with
numerous drawbacks. In order overcome the limitations
of liver biopsy, a number of non-invasive techniques
have been investigated for the assessment of fibrosis.
This review will focus on the non-invasive diagnosis of
cirrhosis using these modalities. The performance characteristics, advantages and drawbacks of selected noninvasive markers are summarized in Table 1.

RADIOLOGIC TECHNIQUES
Conventional ultrasound
Ultrasound (US) has become a well-established modality
for the non-invasive diagnosis of cirrhosis. The progression of fibrosis in patients with chronic liver disease is
detected sonographically through characteristic changes
such as a coarse or nodular appearance of the parenchyma, hepatomegaly and caudate lobe hypertrophy, among
others[19]. US can also detect the development of portal
hypertension by measuring portal vein diameter, velocity
of flow, flow reversal, ascites and splenomegaly[20].
The performance characteristics of each of the above
features have been evaluated. Early studies of the accuracy of US criteria found caudate hypertrophy (defined
as ratio of caudate and right lobe) had a sensitivity of
84%, specificity of 100% and area under the curve (AUC,
a measure of accuracy) of 94%[21]. However, subsequent
studies have shown that these estimates were optimistic.
A later study examined the performance of a 2 (nodularity
and portal velocity) or 7 (nodularity, portal velocity, liver
size, caudate hypertrophy, echogenicity, portal vein diam-

WJG|www.wjgnet.com

eter and spleen size) component score for the diagnosis
of cirrhosis[22]. The sensitivity was 82.2% and 78.7%,
while specificity was 79.9% and 80.1% respectively. AUC
values were 80.4% and 80.2%.
The performance characteristics of each of the above
features have been evaluated individually. Hepatic surface
nodularity, especially detected by a linear probe, has been
shown to be the most direct sign of advanced fibrosis,
with reported sensitivity and specificity of 54% and
95% respectively[23]. The addition of other signs, such as
caudate-right lobe ratio, increased the sensitivity but diminishes the specificity of US.
The use of additional modalities such as Doppler enhances the specificity and sensitivity of greyscale US. For
example, the measurement of the ‘‘vascular index’’ (ratio
of portal vein velocity and hepatic artery pulsatility index)
using Doppler was assessed in one study[24]. At a value of
12 cm/s, the sensitivity was 97% and specificity was 93%
for a diagnosis of cirrhosis. However, subsequent studies
have shown mixed results, with a high degree of overlap
between the stages of chronic hepatitis and limited diagnostic utility[25,26].
Contrast enhanced US can also be used for the accurate detection of cirrhosis[27-31]. The ‘‘arrival time’’
of contrast agents into the hepatic vein is reduced in
patients with cirrhosis. In one study, an arrival time of
sulphur hexafluoride microbubble (Sonovue) contrast
below 17 s had 100% sensitivity and 93% specificity for
cirrhosis[30]. A review of studies using hepatic vein transit
time showed a pooled sensitivity of 79% and specificity
of 78%, with an AUC of 79%[31]. Contrast-enhanced US
requires additional expertise and adds cost, and this may
limit its availability for the routine detection of cirrhosis.
In summary, US is a cheap and widely available modality for the diagnosis of cirrhosis. Greyscale US has
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moderate sensitivity and moderate-high specificity, but
this can be enhanced by the use of adjuvant technologies.
Computed tomography
Morphological findings of cirrhosis and portal hypertension have traditionally been used in the diagnosis of cirrhosis, showing high sensitivity but moderate specificity.
Because computed tomography (CT) images the entire
abdomen, small varices at various typical locations can
easily be identified, increasing the sensitivity of the modality. In a recent report, CT was reported to have a sensitivity of 77.1% but specificity of 67.6%[32].
More recent studies have used physiological parameters calculated from multiple measurements of enhancement during a dynamically enhanced CT studies as markers for fibrosis. For example, Van Beers et al[33] identified
three parameters - changes in liver perfusion, arterial
fraction and mean transit time of contrast that correlated
well with severity of liver disease by Child-Pugh classification. Zissen et al[34] have demonstrated high sensitivity and
specificity for increased fractional extracellular fluid space
in the identification of cirrhosis. These techniques are
currently investigational and need to be validated in multicenter trials. Furthermore, CT subjects the patients to ionizing radiation and intravenous contrast material, and can
significantly increase the cost of the procedure, limiting its
practical clinical use in assessment of cirrhosis.
Magnetic resonance imaging
The increased fibrotic tissue within the liver leads to
expansion of the extracellular fluid space and restricted
movement of water, which can be measured using
diffusion-weighted techniques. The same restriction results in slow washout of intravenous contrast in fibrotic
areas. These principles have been exploited by magnetic
resonance imaging (MRI) techniques to quantify fibrosis
using Diffusion-Weighted MRI (DW-MRI) and contrast
enhanced MRI[35,36]. Patel et al[35] showed the combination
of three parameters (diffusion coefficient, time to peak
and distribution volume) had a sensitivity of 85% and
specificity of 100% for cirrhosis. DW-MRI can also be
used to identify the stage of cirrhosis (sensitivity 89%,
specificity 80%)[36]. MRI-based techniques are subject to
the limited availability, and significantly increased cost
when compared to US-based techniques. Furthermore,
they require high degree of technical expertise, limiting
their practicality in the clinical setting.

NOVEL ELASTOGRAPHY TECHNIQUES
Transient elastography
Transient elastography (TE) (Fibroscan; Echosens, Paris,
France) is a novel technique used for the non-invasive
assessment of liver fibrosis. This technique involves the
use of transducer on the end of an US probe that transmits 50 MHz pressure waves through the liver tissue. The
velocity of the resultant “shear wave” is measured by the
US. This shear wave velocity correlates with liver stiff-
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ness, thus providing an estimate of liver fibrosis.
Since its development, the use TE has been evaluated for many etiologies of chronic liver disease[37,38].
A large meta-analysis by Tsochatzis et al[38] included 40
studies and patients with chronic hepatitis B, C, alcohol
and other causes of cirrhosis. In this analysis, TE had a
pooled sensitivity of 83% and specificity of 89% for the
diagnosis of cirrhosis (F4 on biopsy). A mean cutoff of
15 kPa was used in the included studies for the diagnosis
of cirrhosis (range: 9-26.5 kPa).
Transient elastography can also be used to predict
complications of cirrhosis, such as portal hypertension.
In a large meta-analysis by Shi et al[39] (n = 18 studies,
3644 patients), TE had 90% sensitivity and 79% specificity for the diagnosis of significant portal hypertension
(defined as hepatic vein portal gradient above 10 mmHg),
with an AUC of 93%. TE cutoffs used for the diagnosis
of significant portal hypertension ranged from 13.6-34.9
kPa. Area under the curve for the prediction of varices
and large varices were 0.84 and 0.78, respectively, in this
analysis.
TE may also have a role in the post-transplant setting[40]. A meta-analysis of 6 studies enrolling post-transplant HCV patients showed an 83% sensitivity and 83%
specificity of elastography in the diagnosis of significant
fibrosis (F2 or greater)[40]. Cutoff values used varied from
7.1-10.1 kPa.
TE fulfills many of the requirements of an ideal
non-invasive marker of cirrhosis - it is easy to perform,
reproducible, and tolerated well by patients. However, the
limitations of this technique include the requirement for
expensive equipment, and lack of standardized cutoffs
for diagnosis of fibrosis stages, as noted in the metaanalyses above[37-39].
The diagnostic accuracy of TE is lowered in obese
patients[41]. In order to improve the accuracy of readings
in obese patients, an extra-large (XL) probe has been
developed. This probe allows for increased reliability
and validity of measurements when compared with the
standard (M) probe[42]. In a study of 193 patients (35%
had BMI > 30), the XL probe obtained 10 or more valid
readings in 95% of patients, as opposed to 81% with the
M probe. Similarly, the consumption of a meal prior to
the test has been shown to elevate TE readings for up to
120 minutes following the meal[43].
Moreover, TE readings are also elevated in the presence of active hepatitis. Studies in patients with chronic
hepatitis B and C[44,45] have shown that liver stiffness readings increase in patients with elevated ALT.
Similarly, the consumption of a meal prior to the test
has been shown to elevate TE readings for up to 120 min
following the meal[43,46,47]. Berzigotti et al[46] administered
a 7 mg/kg milkshake to 19 patients who underwent TE
before and after the standardized meal. There was a significant increase in post meal liver stiffness readings, with
an average increase of 27%.
Therefore, while TE remains a well-validated and reliable non-invasive modality for the diagnosis of cirrhosis,
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these limitations should be kept into account in order to
interpret the results in a meaningful manner.
Acoustic radiation force imaging
This technique uses conventional US to generate a shear
wave directly within the liver tissues. This allows the sonographer to obtain both conventional US images and
also specify a region of interest (ROI) for estimation of
liver stiffness. The propagation velocity of the shear wave
is reported in meters per second, and correlates with the
liver stiffness. The direct generation of shear wave within
the liver tissue holds advantages over TE since it is not
subject to the chest/abdominal wall distortion of the
waves, and not affected by presence of ascites.
In a meta-analysis of 36 studies involving 3951 patients, Nierhoff et al[48] showed that acoustic radiation
force imaging (ARFI) had excellent accuracy for the diagnosis of cirrhosis (AUC 0.91 for F4). At a cutoff value
of 1.87 m/s, ARFI had 84% sensitivity and 92% specificity for the diagnosis of cirrhosis. This analysis included
patients across many etiologies of chronic liver disease
(HBV, HCV, NASH, autoimmune liver diseases).
The accuracy of ARFI measurements is adversely affected by obesity[49-51]. In one study, up to 49% of patients
had unreliable results with ARFI measurements when the
BMI was above 30[51].
The accuracy of ARFI has been compared with standard transient elastography using the Fibroscan device[50].
In a study of 114 patients (including 23 with cirrhosis),
both modalities demonstrated comparable accuracy for
the diagnosis of cirrhosis (AUC 0.99 for TE, 0.95 for
ARFI). However, TE performed better than ARFI in the
diagnosis of significant fibrosis (AUC 0.90 vs 0.77 for
ARFI).
The location of the region of interest is an important
variable when using ARFI to estimate liver stiffness[50].
Measurements made at least 1-2 cm below the liver capsule offer the best predictive value. The region of interest
in ARFI (1-2 cm) is smaller than TE (5 cm), thus providing a smaller region of liver tissue for measurement of
shear wave velocity[48]. On the other hand, the dynamic
visualization of the liver parenchyma allows the placement
of the region of interest directly on the liver tissue and
exclusion of any liver masses from the measurements.
Supersonic shear wave imaging
Also known as real-time shear wave elastography, this
technique also generates shear waves directly within the
liver tissue using the Mach cone of supersonic US waves.
This technique also holds the same advantages as ARFI
over TE. It also uses conventional US to simultaneously
produce images the liver and measure the velocity of the
shear wave, allowing calculation of the hepatic stiffness.
In direct comparison to TE, supersonic shear wave imaging (SSWI) exhibits improved differentiation of mild
fibrotic stages, but similar performance in detection of
cirrhosis[52]. SSWI has shown mild improvement in assessment of hepatic fibrosis when directly compared to
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TE and ARFI[53].
MR elastography
MR elastography (MRE) involves the use of a transducer
placed under the rib cage of patients that transmits mechanical waves into the liver. MR imaging is performed
concurrently, and the images processed to obtain shear
elasticity and viscosity maps. This allows the estimation
of fibrosis over a much larger area[54].
The accuracy of MRE for the estimation of cirrhosis has been evaluated[55]. In a study of 88 patients with
chronic liver disease, MRE had an AUC of 1.0 for the
diagnosis of cirrhosis.
MRE can also be used to quantify the progression of
steatosis to steatohepatitis and fibrosis in patients with
non-alcoholic fatty liver disease (NAFLD)[56]. In a study
of 58 patients with NAFLD, the mean liver stiffness was
higher in patients with steatohepatitis and fibrosis than
those with simple steatosis (4.16 kPa with fibrosis, 3.24
kPa with NASH and 2.51 with steatosis). In this study,
MRE had an AUC of 0.93 for the diagnosis of NASH,
with a sensitivity of 94% and specificity of 73%.
Huwart et al[57] compared the accuracy of MRE with
TE in a study of 141 patients with chronic liver disease.
The success rate of MRE was 94%, significantly higher
than that of TE (84%). The diagnostic accuracy of MRE
was significantly higher than TE for both cirrhosis and
significant fibrosis.
While MRE is highly accurate and reliable in the
diagnosis of cirrhosis, it requires the use of expensive
equipment, and considerable expertise. Additionally,
repositioning of the patient during the study or with
subsequent studies may significantly alter the diagnostic
yield[58].

SERUM BIOMARKERS
Many serum biomarkers and biomarker panels have been
studied for the assessment of fibrosis and diagnosis of
cirrhosis. Overall, these markers are good indicators of
the presence or absence of fibrosis, or the presence of
cirrhosis. However, their use in distinguishing between
fibrosis stages or the rate of fibrosis progression has not
been well established. Similarly, the prognostic value of
many serum biomarkers has not been studied.
These biomarkers can be divided into two broad categories - direct and indirect. Indirect biomarkers reflect
liver function, which may decline with the onset of cirrhosis. Direct biomarkers, on the other hand, reflect extracellular matrix turnover, and include many molecules
involved in hepatic fibrogenesis.

INDIRECT MARKERS
APRI
AST-Platelet Ratio Index [APRI = (AST/upper limit of
normal)*100/platelet count] is a simple and easily available biomarker panel for the estimation of fibrosis. APRI
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values increase as fibrosis-induced portal hypertension
results in a decline in platelet count.
APRI has been extensively validated in chronic hepatitis C. In a meta-analysis of 18 studies[59], APRI > 2
had a specificity of 94% for the diagnosis of cirrhosis
(sensitivity 48%), with a pooled AUROC of 0.84 across
40 studies. APRI > 0.5 was found to have a sensitivity
of 81% and specificity of 55% (AUROC = 0.77) for the
diagnosis of fibrosis (n = 28 studies).
APRI has also been studied in non-alcoholic fatty
liver disease (NAFLD)[60]. In a systematic review of 242
NAFLD patients, an APRI cutoff of 0.54 was found to
have an AUROC of 0.75 (Sensitivity 77.3%, Specificity
70.9%).
The use of APRI is not as well validated in other etiologies. In a study of 178 Chinese CHB patients[61], APRI
> 1.0 was found to have an AUROC of 0.83 (sensitivity
75.9% and specificity 69.2%) for the diagnosis of cirrhosis. Similarly, a study of 218 patients with alcoholic liver
disease (ALD) showed an AUROC of 0.67 for cirrhosis[62]. In this study, APRI had lower predictive value than
Fibrotest and Hepascore (described below). In addition,
APRI was found to be of little prognostic value in this
cohort, with an AUROC of 0.60 for survival or non-liver
related mortality.
Overall, while APRI is an inexpensive and readily
accessible marker, its accuracy has not been clearly established over a broad range of etiologies. It may also have
lower diagnostic and prognostic value than other serum
biomarkers, especially in ALD.
Fibrotest
Fibrotest (marketed as Fibrosure in the US) is a patented
biomarker panel using 5 biochemical markers and 2 clinical parameters[63]. These include alpha-2 macroglobulin,
haptoglobin, total bilirubin, apolipoprotien-A, GGT, age
and gender. Using a patented formula, these biomarkers
are combined to yield a numerical value between 0.0 and
1.0. The resulting score correlates with METAVIR fibrosis stages.
Fibrotest was originally developed using a population
of 205 HCV patients, and validated in 134 patients[63].
Chou et al[59] conducted a meta-analysis of 9 studies using
Fibrotest in CHC. The pooled AUROC for the diagnosis of cirrhosis was 0.89 (sensitivity 56%, specificity of
81% at cutoff > 0.75; sensitivity 77%, specificity 82% at
cutoff > 0.66). Similarly, a study of 194 CHB patients
showed an AUROC of 0.87 for diagnosis of cirrhosis
(sensitivity 80%, specificity 84% at cutoff > 0.68)[64].
Fibrotest has subsequently been validated in several etiologies of cirrhosis. Poynard et al[65] conducted a
meta-analysis of 30 studies (n = 6378 patients) including
patients with CHC, CHB, ALD, and NAFLD. Overall,
Fibrotest had an AUROC of 0.84, with no significant
difference between etiologic categories. This study also
demonstrated that Fibrotest was moderately accurate
in distinguishing between adjacent fibrosis stages (e.g.,
AUROC 0.69 for F3 vs F4), when compared to biopsy
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(AUROC = 0.82). The authors concluded that Fibrotest
is a viable alternative to liver biopsy in the diagnosis and
staging of fibrosis.
The combination of Fibrotest with transient elastography has also been assessed[66]. In this study, 183 patients
with CHC underwent Fibrotest, TE and liver biopsy.
The AUROC for the diagnosis of cirrhosis was 0.87 for
Fibrotest alone, but 0.95 with the combination of TE
and Fibrotest. When Fibrotest and TE results were concordant, liver biopsy confirmed the diagnosis of cirrhosis
in 94% of patients, suggesting that the combination of
these two tests may be used to avoid liver biopsy in a
large proportion of patients.
In addition to its use as a diagnostic test, Fibrotest
may also have value in monitoring fibrosis progression.
Poynard et al[67] studied the progression of fibrosis in
2472 patients with chronic liver disease of various etiologies. Fibrotest and liver biopsy had a high degree of
concordance for the estimation of liver fibrosis progression (intraclass correlation coefficient 0.961). Therefore,
the authors concluded that Fibrotest may be used for
the monitoring of liver fibrosis progression, avoiding the
need for repeated biopsies.
Fibrotest has been combined with ALT to yield a
newer measure, the Actitest. This measure has been validated for the diagnosis of cirrhosis in CHC, and has the
added advantage of correlating with histologic necroinflammatory activity grade. A meta-analysis of 6 studies
showed that Actitest had an AUROC of 0.79 for histologic activity grade, and performed significantly better
than ALT[68].
FIB4
FIB4 is a biomarker panel using Age, AST, platelet count
and ALT [FIB4 = (age*AST)/(Platelets*√ALT)][69]. This
marker was originally developed and validated in a cohort
of HIV/HCV co-infected patients[70]. In a study of 832
patients, FIB4 > 3.25 had a specificity of 97% for the
diagnosis of cirrhosis (AUROC = 0.76). The authors estimated that 71% of biopsies could be avoided by using
FIB4 in this cohort.
FIB4 was subsequently validated in a series of 592
patients with CHC[71]. In this study, a value > 3.25 had an
AUROC of 0.91 for cirrhosis, while a value < 1.45 had
a sensitivity of 74% for excluding severe fibrosis. These
results have been validated in other studies, showing that
FIB4 > 3.25 has a high specificity (92%) and predictive
value (AUROC = 0.87) for the diagnosis of cirrhosis[59,69].
In addition to its use in HCV, FIB4 is also a useful marker in NAFLD[72]. In a series of 541 adults with
NAFLD, FIB4 had an AUROC of 0.8, superior to other
markers of fibrosis, and could correctly avoid a biopsy in
approximately 60% of patients.
NAFLD fibrosis score
The NALFD fibrosis score (NFS) is comprised of diabetes/impaired fasting glucose, age, AST, ALT, platelets,
BMI and albumin[73]. The NFS was developed and vali-
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dated in a series of 733 patients[74]. NFS had an AUROC
of 0.84, with 98% specificity for advanced fibrosis/cirrhosis above a value of 0.676. The authors estimated that
biopsy could be avoided in 75% of patients in this study.
A meta-analysis of 13 studies shows a pooled AUROC
of 0.85 for the diagnosis of advanced fibrosis using the
NFS[75].
Fibroindex
Fibroindex consists of platelet count, AST and GGT. It
was developed and validated in a cohort of 360 patients
with CHC (240 development cohort, 120 validation cohort)[76]. In this study, the AUROC of fibroindex was 0.82
for significant fibrosis. In validation studies, the pooled
AUROC for cirrhosis was 0.86 (n = 5 studies)[59].

DIRECT MARKERS
Hyaluronic acid
Hyaluronic acid (HA) is an unbranched, high molecular
weight glycosaminoglycan that is found in the extracellular matrix. It enters the circulation via the lymphatic system during matrix turnover, and is rapidly taken up and
degraded in the liver through hepatic endothelial cells.
Elevated HA levels may reflect increased production of
HA within a fibrotic liver, or reduced clearance of circulating HA. Serum HA concentrations may correlate with
both inflammatory activity and fibrotic stages in the liver.
The utility of HA has been studied in CHC. In a
study of 486 CHC patients, cirrhotic patients had a significantly higher circulating HA level than non-cirrhotic
patients (382 mcg/L vs 110 mcg/L)[77]. An HA level < 60
mcg/L excluded cirrhosis (Sensitivity 98%), while a score
> 110 mcg/L had a 78% specificity and AUROC of 0.79
for cirrhosis.
HA has also been studied in ALD. In a study of 45
patients with ALD, HA correlated with both fibrosis
stage as well as inflammatory activity (AUROC = 0.91
for presence of fibrosis)[78]. Similar performance characteristics were seen in a study of 79 patients with NAFLD,
with an AUROC of 0.92 for cirrhosis (sensitivity 85%,
specificity 79% at cutoff > 46.1 mcg/L)[79].
HA has also been combined with indirect markers
(bilirubin, GGT, alpha-2 macroglobulin), age and gender,
to formulate the hepascore. This panel was developed
and validated in 221 patients with CHC[80]. Hepascore
had an AUC of 0.89 in the validation set for the diagnosis of cirrhosis.
Subsequent studies have validated the use of Hepascore, with studies mainly in CHC patients. Hepascore has
a pooled AUROC of 0.89 (n = 8 studies) for the diagnosis of cirrhosis (sensitivity 72%, specificity 86%, cutoff >
0.80)[59].
PIIINP
PIIINP (amino terminal of serum procollagen Ⅲ peptide) is a marker of collagen turnover. Increased levels
occur with tissue repair and fibrosis. It has been studied
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as a non-invasive marker for liver fibrosis, with the earliest studies in primary biliary cirrhosis (PBC)[81,82]. In
these studies, raised PIIINP was found to correlate with
the histological stage of PBC and degree of cholestasis.
PIIINP levels were also elevated in patients on chronic
methotrexate therapy, with levels being particularly increased in patients with fibrosis or cirrhosis[83].
PIINP has also been studied in patients with
NAFLD[84]. In this study, PIIINP was the only biomarker
that distinguished between simple steatosis and NASH. It
also correlated with the NAFLD Activity Score (NAS) as
well as its components. Similar results have been seen in
patients with alcoholic liver disease, with PIIINP values
increased in patients with septal fibrosis or cirrhosis[85].
Among patients with viral hepatitis, PIIINP was
found to be an independent predictor of cirrhosis[86]. In a
study of 280 patients (121 development, 159 validation),
the authors found the combination of platelet count and
PIIINP to have an AUC of 0.88 for cirrhosis, showing
better diagnostic accuracy than APRI, FIB4 and enhanced liver fibrosis (ELF) scores.
TIMP-1
The development of hepatic fibrosis represents an imbalance between collagen production and degradation, with
decreased levels of serum collagenase. Tissue inhibitors
of metalloproteinase are a family of enzymes that inactivate collagenase (and other metalloproteinase). The levels
of TIMP-1 were found to be higher in alcoholic patients
with fibrosis and cirrhosis compared to those with steatosis alone[85].
TIMP-1 was also studied in a cohort of 194 patients
with CHC[87]. TIMP-1 correlated significantly with fibrosis stage, with an AUROC of 0.82 for the diagnosis of
extensive fibrosis (cutoff 1300 ng/ml, sensitivity 75%,
specificity 70%). Among patients with CHB, TIMP-1
correlated significantly with both inflammatory activity
and fibrosis stage in one study[88]. In this study, TIMP-1
had an AUROC of 0.92 for advanced fibrosis (> F2),
with better accuracy than other direct markers of fibrosis.
YKL-40
YKL-40 (chondrex) is a mammalian member of the
bacterial Chitinase enzyme family. It is thought to have a
role in extracellular matrix remodeling, and may function
as a growth factor for connective tissue and endothelial
cells[89]. Levels of YKL-40 have been found to correlate
with the presence of fibrosis in ALD[89]. YKL-40 may
also carry prognostic value, as patients with elevated
YKL-40 were found to have lower survival in this study.
YKL-40 has also been studied in CHC, with one
study showing an AUROC of 0.79 for the diagnosis of
cirrhosis (Sensitivity 80%, Specificity 71%)[90]. YKL-40
levels also declined with interferon therapy, in both responders and non-responders[90]. In another study of 132
CHC patients, the AUROC of YKL-40 for cirrhosis was
0.70, lower than other serum markers such as HA and
Fibrospect[91].
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ELF
The ELF score was developed in a cohort of 1021 patients
with chronic liver disease[92]. It combined age, HA, TIMP1
and P3NP. The model predicts cirrhosis with an AUROC
of 0.89 (sensitivity 90%, specificity 69%). The AUROC
of ELF was particularly high in patients with ALD or
NAFLD (0.87-0.94). This was validated in a further study
using a modified ELF (without age), with an AUROC of
0.90 for severe fibrosis in NAFLD patients[93,94].
The ELF score has been validated in both CHB and
CHC, with AUROC values of 0.85 (CHC) and 0.86 (CHB)
for severe fibrosis (> F3)[95,96]. In patients with CHB, ELF
performed as well as TE for prediction of significant
fibrosis (> F2), although TE was superior for prediction
of severe fibrosis[96].

CONCLUSION
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The development of cirrhosis is a significant clinical
landmark in patients with chronic liver disease. It portends an increased risk of morbidity, and declining probability of survival. The diagnosis of cirrhosis using liver
biopsy carries a small but definite risk of complications.
It is also prone to variability in the assessment of fibrosis
stage depending on biopsy size, location and pathologist
interpretation.
The non-invasive assessment of fibrosis and cirrhosis
attempts to overcome some of the drawbacks of liver biopsy - by eliminating the risk of peri-procedural complications. On the whole, radiologic and serum markers of
fibrosis correlate well with biopsy scores, especially when
excluding cirrhosis (F4 or F < 4) or excluding fibrosis (F0
vs F > 0). This feature is certainly clinically useful, and
avoids liver biopsy in many cases. However, the accurate
distinction of stage of fibrosis is less reliable with these
modalities. In addition, the progression or regression
of fibrosis may not be easily detectable with many noninvasive markers, since their use has not been universally
validated in this context. Future research in this area may
include prospective studies using panels of serum and/
or radiologic markers of fibrosis. Further research on
the pathophysiology of liver fibrosis may identify novel
markers that are able to accurately detect both progression and regression of liver fibrosis.
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Abstract
Non-alcoholic fatty liver disease (NAFLD) is the most
common liver disease worldwide. The mechanisms of
the underlying disease development and progression
are awaiting clarification. Insulin resistance and obesity-related inflammation status, among other possible
genetic, dietary, and lifestyle factors, are thought to
play the key role. There is no consensus concerning the
pharmacological treatment. However, the dietary nutritional management to achieve weight loss is an essential component of any treatment strategy. On the basis
of its components, the literature reports on the effectiveness of the Mediterranean diet in reducing cardio-
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vascular risk and in preventing major chronic diseases,
including obesity and diabetes. New evidence supports
the idea that the Mediterranean diet, associated with
physical activity and cognitive behaviour therapy, may
have an important role in the prevention and the treatment of NAFLD.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Non-alcoholic fatty liver disease; Nonalcoholic steatohepatitis; Insulin resistance; Nutrition;
Mediterranean diet
Core tip: The Mediterranean diet, a dietary pattern typical of the Mediterranean area is a very healthy dietary
regimen. Several studies have shown that the people
with high adherence to this diet secure a longer life
expectancy and a lower risk of suffering from certain
chronic diseases, including cardiovascular disease,
metabolic disorders and cancer. The beneficial effects
of the Mediterranean diet on non-alcoholic fatty liver
disease have recently been investigated.
Abenavoli L, Milic N, Peta V, Alfieri F, De Lorenzo A, Bellentani
S. Alimentary regimen in non-alcoholic fatty liver disease: Mediterranean diet. World J Gastroenterol 2014; 20(45): 16831-16840
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i45/16831.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i45.16831

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the most
common liver disease worldwide[1]. NAFLD is defined as
the accumulation of lipids within the hepatocytes exceeding 5% of liver weight in the absence of excessive ethanol intake (conventionally defined as an intake of ethanol

16831

December 7, 2014|Volume 20|Issue 45|

Abenavoli L et al . Mediterranean diet and NAFLD

20 g/d) and without other causes of liver diseases[2]. The
reported prevalence of NAFLD in the Western world is
between 20%-30% in the general adult population, and
in particular in the countries of Mediterranean area (i.e.,
Italy and Greece)[3-5] and between 15%-20% in Asian
countries (i.e., India, China, Japan)[6-8]. The prevalence
of NAFLD is 80%-90% in obese, 30%-50% in patients
with diabetes and up to 90% in patients with hyperlipidemia[1]. It is estimated that 2%-3% of NAFLD present
an active disease with inflammation (non-alcoholic steatohepatitis, NASH), which may progress to advanced
fibrosis, liver cirrhosis and hepatocarcinoma[9,10]. The
Dallas Heart Study and the Dionysos Nutrition and Liver
Study reported that 30% and 25% of United States and
Italian adults are affected by NAFLD respectively[4,11,12].
In these studies, 79% of the United States patients and
55% of the Italian patients with NAFLD had normal
transaminase levels, showing that the liver enzymes were
not surrogate markers of NAFLD. The prevalence of
NAFLD/NASH continues to rise in parallel with obesity
rates. As a result, NASH cirrhosis has become a common
indication for liver transplantation. Currently, NASH is
the third most common indication for the liver transplantation in the United States, behind hepatitis C and alcoholic liver disease, but it is estimated to become the first
between 2020 and 2025[13].
The mechanisms involved in the occurrence of fatty
liver and in the progression to a more serious disease are
unclear and are probably due to a metabolic profile expressed in a context of a genetic predisposition[14,15]. Insulin resistance, oxidative stress, cytokines and obesity are
identified as the major risk factors involved in NAFLD/
NASH pathogenesis. These factors can promote intrahepatic fat accumulation and lipotoxicity, development
of an inflammatory status, oxidative stress, apoptosis
and fibrogenesis that determine the progression of the
disease[16]. The evaluation of the levels of serum alanine
amino-transferase (ALT) and aspartate amino-transferase
(AST), has been used in clinical practice as a screening
test to detect NAFLD. It was reported that using the
ALT cut-off value of > 40 UI/L, diagnosed steatosis
with a sensitivity of 45% and specificity of 100%[17].
Genetic and environmental factors are involved in
the pathogenesis of NAFLD. Thus, nutrition is reasonably considered to be a potential environmental factor
affecting the risk for this disease[18,19]. The impact of both
positive energy balance and diet composition on the development of NAFLD has been explored[20-23]. Currently,
lifestyle modifications, including dietary restrictions and
exercise, should be recommended as the cornerstone of
the NAFLD management. The general recommendations for the diet are individualized and one should aim
to achieve energy deficit of 500-1000 kcal/d depending
on the body mass index (BMI) of the patient. Reduced
saturated fat and total fat should constitute less than 30%
of the total energy input, and the intake of refined sugars
should be decreased with an increase in soluble fibre intake. The recommended physical activities are 60 min/d
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for at least 3 d a week and the exercise should be progressively increased to five times a week[9,10]. The degree
of hepatic fat reduction is proportional to the intensity
of the lifestyle intervention and generally requires a body
weight loss between 5% and 10%.
The Mediterranean diet is a dietary pattern that has
extensively been associated with a favourable health
outcome, mainly in relation to mortality, cardiovascular
disease risk factors and cancer[24,25]. In relation to the
metabolic syndrome, adhering or adopting a Mediterranean dietary pattern has a beneficial effect both on the
prevention and the treatment of the metabolic syndrome,
as well as on individual metabolic parameters[25].
The aim of the present review is to describe the effects and the clinical impact of the Mediterranean diet on
the NAFLD patients.

PATHOGENESIS OF NAFLD
The pathogenesis of NAFLD involves interplay of multiple complex mechanisms (Figure 1). There is a clear link
between NAFLD and obesity and between NAFLD and
diabetes not caused by obesity[26,27]. It has been reported
that insulin resistance is the major factor involved in the
pathogenesis of NAFLD. Day and James were the first
to propose a direct link between NAFLD and insulin resistance and suggested the “two hits hypothesis”[14]. The
first “hit” presents the insulin resistance leading to the
fat accumulation resulting in steatosis. The second “hit”
is an oxidative stress, determining lipid peroxidation and
increasing cytokine production, that causes the inflammation and necrosis. However, this pathogenetic hypothesis has been challenged with a “multi-hits” theory,
in which insulin resistance is still the key risk factor for
the development of NAFLD[28]. Metabolic syndrome is
considered as a pro-inflammatory status characterised by
the increased plasma levels of various pro-inflammatory
cytokines, such as tumour necrosis factor-α (TNF-α) and
interleukin-6 (IL-6)[29,30]. The increased circulating levels
of cytokines, plasma free fatty acid (FFA) levels and hyperglycemia are thought to contribute to the development
and progression of NAFLD[16,31]. The production of
IL-6 and TNF-α induce the activation of various signal
transduction pathways, such as serine/threonine kinases,
i.e., protein kinase-C (PKC), c-JUN NH2-terminal kinase-1 and inhibitor of kappa B kinase as the key events
in the pathway of the fat-induced hepatic insulin resistance[32]. The activation of PKC may also interfere with
the ability of insulin to phosphorylate insulin receptor
substrate-2[33]. Downstream effects include: nuclear factor-kappa B and activator protein-1 translocation to the
nucleus resulting in an increased production of inflammatory cytokines which inhibit the insulin action[34]. Insulin resistance is a usual implication in the patients with a
metabolic syndrome; fasting and post-prandial hyperglycemia are linked to hepatic steatosis. Conversely, NAFLD
worsens insulin resistance that may lead on to type 2 diabetes mellitus (T2DM) in predisposed subjects[35]. Insulin
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Insulin-resistance

Small intestinal
bacterial
overgrowth

Hyperinsulinism
↑ Intestinal
permeability

Hyperglycaemia

Peripheral lipolysis

Simple steatosis

Gut-derived endotoxins
(LPS, NH3, acetaldehyde)

CYP2E1-induction

Kupffer cells
activation by NF-kB)

↑ ROS

TNF-a, IL6
iNOS, COX-2
Inflammation

Normal liver

Overloaded
mitochondrial
b-oxidation

Simple
steatosis

Oxidative stress
Stellate cells

Lipid peroxidation

TGF-b, a-SMA
Collagen, MMPs

Necrosis

Fibrosis

Neutrophils
infiltation

Steato-hepatitis

Steato-hepatitis

Figure 1 Mechanisms involved in multistep pathogenesis of non-alcoholic fatty liver disease. The development of an inflammatory status and oxidative stress
can induce fibrosis, necrosis and steato-hepatitis. Insulin resistance promotes the activation of cytochrome P450 2E1, that induces cellular higher levels of reactive oxygen species (ROS) and oxidative stress, determining lipid peroxidation leading to necrosis, and activation of stellate cells with liver fibrosis. The activation of Kuppfer
cells by nuclear factor-kappaB (NF-kB) resulting in an increased production of inflammatory cytokines such as tumour necrosis factor-α (TNF-α), cyclooxygenase-2
(COX-2) and interleukin-6 (IL-6) that cause the development of an inflammatory status, steato-epatitis and improve the insulin resistance. MMP: Matrix metalloproteinases; TGF: Transforming growth factor; α-SMA: α-smooth muscle actin; LPS: Lipopolysaccharide; iNOS: Inducible nitric oxide synthase.

resistance is a condition in which the body becomes less
sensitive to insulin, and, therefore, the greater levels of
the hormone are required to exert the same metabolic
effects. In the absence of the sufficient levels of additional insulin, the body triglyceride metabolism becomes
deranged. There is an increased amount of FFA in the
circulation which, in turn, causes the increased levels of
circulating triglycerides, measurable in the patients with
NAFLD and T2DM.
The increased circulating triglycerides are the consequence of the increased dietary intake of lipids and de
novo synthesis by liver, the increased lipolysis due to the
peripherally educed effects of insulin, the lack of inhibition of hormone-sensitive lipase, which continues to
break down very low density lipoproteins (VLDL) into
FFA. The liver responds to the increase in plasma triglyceride levels by producing more VLDL, with storage of
the lipids in hepatocytes, with subsequently steatosis, as
a “vicious circle”[35,36]. In addition to the increased production of FFA, the increased hepatic gluconeogenesis
causes worsening of hyperglycemia and insulin resistance
in the NAFLD patients[37,38]. The progression to NASH
is heralded by the oxidative stress that results in lipid peroxidation, release of pro-inflammatory cytokines which,
then, result in the mitochondrial damage, fibrosis and
inflammation. Approximately, 30% of the simple steatosis patients progress to NASH, and about 20% of these
develop cirrhosis[1,16].

WEIGHT LOSS AND NAFLD
The NAFLD patients are inclined to a higher energy in-
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take and a higher simple carbohydrate intake when compared with the healthy controls[39]. The current standard
of care for treating the NAFLD patients focuses on the
lifestyle interventions, especially a diet and exercise. In
particular, a healthy diet has benefits beyond the weight
reduction for all NAFLD patients with and without
obesity. A systematic review and meta-analysis of the
randomized trials by Musso et al[40] suggests that weight
loss is safe and both liver and cardio-metabolic disease
may benefit in NAFLD: although a ≥ 5% of weight loss
improves steatosis and cardio-metabolic variables, a ≥ 7%
of weight loss also improves histological disease activity
in NASH. The American Association for the Study of
Liver Diseases guidelines recommend a weight loss of
at least 3%-5% of body weight to improve steatosis and
a weight loss of up to 10% may be needed to improve
necro-inflammation[10]. However, only few studies have
evaluated histological improvement in NAFLD based on
the biopsy results. At least three studies on weight loss
in the NAFLD patients have documented the histological improvements in steatosis and inflammation with
biopsies, including one in children[41-43]. Subsequently, in
the largest randomized controlled trial of the lifestyle
intervention in NASH, the patients were randomized 2:1
to the combination of a diet, exercise, and lifestyle modification (intervention group) or a control group, with a
goal of 7% to 10% of weight reduction[44]. The primary
outcome measure was an improvement in the histological NAFLD activity score after 48 wk of the treatment.
The subjects in the lifestyle intervention group (n = 21)
were assigned to an energy goal, based on their starting
weight (1000 to 1200 kcal/d if the baseline weight < 90
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Monthly
Red meat
4 servings
Eggs
3 servings

Weekly

Olives, pulses, nuts
3-4 servings

Sweets
3 servings
Patatoes
3 servings

Fish
5-6 servings
Daily

Poultry
4 servings

Olive oil
(as the main added lipid)

Dairy products
2 servings

Vegetables
(including wild greens)
6 servings

Fruit
3 servings

Non-refined cereals and products
(whole grain bread, wole grain pasta, brown rice, etc. )
8 servings
Also daily: physical activity; wine in moderation; 6 glasses of water

Figure 2 Traditional Mediterranean diet pyramid. The Mediterranean dietary plan emphasizes daily consumption of cereal, vegetables, bread, pasta, fruit, olive oil
and dairy products. Eggs, sweets, fish, poultry, potatoes, pulses and nuts are recommended weekly, and red meat a few times per month and in a very small amount.

kg, or 1200 to 1500 kcal/d if the baseline weight > 90
kg) and were instructed to consume a 25% of fat diet.
The participants in the control group (n = 10) attended
the group sessions providing the basic education about
NASH and the principles of healthy eating and physical
activity. The lifestyle intervention group had an average
weight loss of 9.3% of their weight compared with only
0.2% in the control arm (P = 0.005). Furthermore, after
the treatment, the NAFLD activity score was lower in the
lifestyle intervention group compared with the control
group (P = 0.05). Those who lost ≥ 7% of their body
weight had significant improvements in liver steatosis (P
< 0.001), lobular inflammation (P = 0.03) and NAFLD
activity score (P < 0.001). Other studies, using magnetic
resonance spectroscopy in assessing hepatic steatosis,
demonstrated that the degree of improvement in steatosis was proportional to the amount of weight loss an
individual attained, if a diet with or without exercise was
implemented[45,46].

MEDITERRANEAN DIET COMPONENTS
The Mediterranean diet is the heritage of millennia of exchanges of people, cultures and foods of all the countries
around the Mediterranean Sea basin. It has been the basis
of food habits during the twentieth century in all countries of the region, originally based on Mediterranean
ethnological life-styles. The UNESCO report claims:
“The Mediterranean diet is a set of traditional practices,
knowledge and skills passed on from generation to generation, providing a sense of belonging and continuity to
the concerned communities”[47]. It has been difficult to

WJG|www.wjgnet.com

define the Mediterranean diet because the Mediterranean
region represents a large diversity of cultures and lifestyles. Nonetheless, the traditional Mediterranean diet is
a pyramid characterised with the abundance of vegetable
foods and cereals, such as green and yellow vegetables,
salads, legumes, bread, pasta, fruits and nuts[48]. Olive oil
is the main source of fat and the intake of fish, poultry,
dairy products and eggs is moderate. In addition, different amounts of wine are usually consumed in moderation
with meals. Animal fats used in butter, cream and lard are
not included in this diet (Figure 2).
The Mediterranean diet is associated with a lowered
incidence of cardiovascular diseases, metabolic disorders,
Parkinson’s and Alzheimer’s diseases and several types
of cancer. The protective effect is attributed, at least
in part to the high concentration of antioxidants[49,50].
Vegetables are the most important sources of phenolic
compounds in the Mediterranean diet, and, in particular,
the flavonoids are thought to be the essential bioactive
compounds that provide health benefits[51]. Several studies have reported that the traditional diets, which consist
largely of vegetables, show a low incidence of chronic
diseases with numerous health benefits and the improvement in life expectancy in older people[52]. Although the
exact mechanisms of these protective properties are not
fully understood, it is hypothesized that carotenoids,
folic acid and fibres, characteristic for this diet, can play
a pivotal role in the prevention of oxidative stress[53]. In
addition, vegetables are also an important source of phytosterols that reduce cholesterol serum levels and, subsequently, the cardiovascular risk[54].
Various fruits, another important element of the
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diet, provide fibres, vitamins, minerals, flavonoids and
terpenes that possess protective actions against oxidative
mechanisms. The omega-3 polyunsaturated fatty acids,
found in ﬁsh (eicosapentaenoic and docosahexaenoic acids), regulate haemostatic factors effectively and provide
the protection of several chronic diseases[55]. Olive oil
contains high levels of monounsaturated fatty acids and
it is a source of several phytochemicals (i.e., polyphenolic
compounds, squalene and α-tocopherol). Some evidence
suggests that olive oil, the main source of calories in the
Mediterranean diet, has health benefits on the reduction
of a coronary heart disease risk, the prevention of several types of cancers, the modification of the immune
and inﬂammatory responses and the reduction of the
osteoporosis risk[55,56]. The dairy products of the Mediterranean diet, such as cheese and yoghurt, are better tolerated by the lactose-intolerant subjects. In addition, lactic
acid bacteria provide the probiotic beneﬁts, including
the improvement in gastrointestinal motility and of the
immune tropism[57]. The constant yoghurt intake might
induce favourable changes in the gut microflora and can
have a positive effect on the colon cancer risk indices[58].
Garlic, onions, herbs and spices are used as condiments in the Mediterranean diet and may increase the
palatability and the nutritional value of the food. Some
of them contain large quantities of ﬂavonoids (fennel
and chives) or allicin (garlic and onion), the latter may
have cardiovascular beneﬁts and can help the improvement of the cognitive functions[52,59]. The caper, containing ﬂavonoids (kaempferol and quercetin derivatives)
and hydrocinnamic acids, is used in traditional medicine
for its anti-hypertensive actions and for the treatment of
rheumatic conditions[60].
Some of the health effects of the Mediterranean diet
on chronic diseases have been attributed to the polyphenols in red wine[61]. Wine exerts its protective effects by
changing lipoprotein proﬁle, coagulation and fibrinolytic
cascades, platelet aggregation, oxidative mechanisms and
endothelial function. The endothelium regulates vascular
tone via the balance between the vaso-relaxation (via nitric
oxide, NO) and vaso-constriction (via endothelins) factors, produced by the endothelium itself in response to
different stimuli[61,62]. The researchers have reported that
a moderate red wine consumption determines the cardioprotective effects, stimulating the up-regulation of NO
production mediated to its polyphenol components, and,
in particular, by reservatrol, a stilbene polyphenol[61,63].
Since the 1950s, Keys et al[64] have studied the diets of
the Mediterranean area. The people of Greece, particularly on the island of Crete, had the longest life expectancy in the world until the 1960s, followed by the people
of southern Italy, Spain, and France. Subsequently, other
studies among the elderly in Greece and other European
countries showed that the overall Mediterranean dietary
pattern was more important for longevity than the single
nutrients, and it was associated with the significant improvements in health status by a marked reduction in
overall mortality[25]. These data seem to be relevant for

WJG|www.wjgnet.com

the public health, and, in particular, for encouraging the
prevention policy based on the Mediterranean-like dietary
patterns for the primary prevention of the major chronic
diseases.

STUDIES ON MEDITERRANEAN DIET IN
NAFLD PATIENTS
According to the recent systematic reviews and metaanalyses, adhering or adopting a Mediterranean dietary
regimen presents the beneficial effect on the prevention
and the resolution of the metabolic syndrome, as well as
on individual metabolic parameters[65]. However, there
is no consensus on which diet is the right one for the
NAFLD/NASH patients, even though the Italian Association for the Study of the Liver guidelines indicate
for all NAFLD patients a low carbohydrate and low saturated fat diet, avoidance of fructose-enriched soft drinks
and with the increased consumption of fruits and vegetables[9]. The favourable health effects of the Mediterranean
diet on the metabolic syndrome have been demonstrated
by a number of studies[66-68]. In addition, it is well-known
that by managing obesity, hypertriglyceridemia, diabetes
mellitus and by moderating alcohol consumption liver fat
accumulation may be prevented or minimized[69].
In the last few years, the studies have been published
on the effects of the Mediterranean diet on the NAFLD
patients (Table 1). Shai et al[70] compared the effectiveness and safety of three nutritional protocols in a 2-year
randomized controlled trial: a low-fat, restricted-calorie
diet; a Mediterranean, restricted-calorie diet and a lowcarbohydrate, non-restricted-calorie diet in 322 obese
patients (277 males). The rates of adherence to the study
diets were high (95.4% at 1 year and 84.6% at 2 years).
The Mediterranean-diet group consumed the largest
amounts of dietary fibre and had the highest ratio of
monounsaturated to saturated fat (P < 0.05). The lowcarbohydrate group consumed the smallest amount of
carbohydrates and the largest amounts of fat, protein
and cholesterol and had the highest percentage of the
participants with detectable urinary ketones (P < 0.05).
The mean weight loss was 2.9 kg for the low-fat group, 4.4
kg for the Mediterranean-diet group, and 4.7 kg for the
low-carbohydrate group (P < 0.001). The mean weight
loss was 3.3 kg, 4.6 kg, and 5.5 kg respectively in the
272 participants who completed the intervention. The
relative reduction in the ratio of the total cholesterol to
high-density lipoprotein cholesterol was 20% in the lowcarbohydrate group, and 12% in the low-fat group (P =
0.01). The changes in fasting plasma glucose and insulin
levels were more favourable in the patients assigned to
the Mediterranean diet than in those assigned to the lowfat diet (P < 0.001) in 36 patients with diabetes. Finally,
the changes in bilirubin, alkaline phosphatase, and ALT
levels were similar between the diet groups. However,
the transaminases levels were significantly reduced from
the baseline to 24 mo in the Mediterranean diet and
the low-carbohydrate groups (P < 0.05). Subsequently,
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Table 1 Main studies on Mediterranean diet in the treatment of non-alcoholic fatty liver disease
Ref.
Shai et al[70]

Tzima et al[71]

Pérez-Guisado
et al[72]

Ryan et al[74]

Kontogianni
et al[75]

Patients

Nutritional protocol

Metabolic and histological changes

322 obese patients
(277 males)

Low-fat diet MD
Low-carbohydrate diet

1514 males
1528 females

MD

31 obese patients
(22 males)

Spanish ketogenic MD

12 non-diabetic patients
(6 males)
with NAFLD
73 overweight NAFLD
patients (50 males)

MD control diet
(low fat-high
carbohydrate diet)
MD

Weight loss (kg): 2.9 low-fat diet, 4.4 MD, 5.5 low-carbohydrate diet
TC/HDL reduction (20%) in the low-carbohydrate diet;
decrease in fasting plasma glucose levels and HOMA-IR in MD
Changes in adiponectin, leptin, ALP, ALT similar in all diet group
Higher MD score was associated with lower likelihood of having the metabolic
syndrome
In patients without or with moderate adherence to the MD an increase in the
AST/ALT ratio was associated with lower likelihood of having the metabolic
syndrome
In patients with greater adherence to the MD AST/ALT ratio was not associated
with the presence of the metabolic syndrome
Improvement in body weight
Steatosis degree
Reduction in BMI, systolic blood pressure and diastolic blood pressure, total
cholesterol, triacylglycerols, glucose and LDLc
Increase in HDLc
Weight loss with both diets
Significant reduction in hepatic steatosis with MD
Insulin sensitivity improved with MD
MD score was negatively correlated to serum alanine aminotransferase, insulin
levels, insulin resistance index and severity of steatosis
MD score was positively correlated to serum adiponectin levels
Significant decrease of bright liver score (BLS)
Adherence to MD change and body mass index changes (multiple linear
regression model) independently explain the variance of decrease of fatty liver
involvement

Trovato et al[76] 90 non-alcoholic non-diabetic
patients (44 males)

MD

NAFLD: Non-alcoholic fatty liver disease; MD: Mediterranean diet; TC: Total-cholesterol; HOMA-IR: Homeostasis model assessment for insulin resistance;
ALP: Alkaline phosphatase; AST: Aspartate aminio-transferase; ALT: Alanine amino-transferase; LDLc: Low density lipoprotein-cholesterol; HDLc: High
density lipoprotein-cholesterol; BMI: Body mass index.

the ATTICA study randomly enrolled 1514 adult males
and 1528 females from the area of Athens to assess the
adherence to the Mediterranean diet by the Mediterranean diet score[71]. The authors found that the higher
score was associated with lower likelihood of having the
metabolic syndrome in a multi-adjusted analysis (OR =
0.34, 95%CI: 0.16-0.73). Stratified analysis by the level
of adherence to the Mediterranean diet revealed that an
increase in the AST/ALT ratio was associated with lower
likelihood of having the metabolic syndrome (OR = 0.33,
P < 0.05 and OR = 0.34, P < 0.09, respectively) only in
the patients without or with moderate adherence to the
Mediterranean diet. However, when those with greater
adherence to the Mediterranean diet were focused, the
AST/ALT ratio was not associated with the presence of
the metabolic syndrome (OR = 0.51, P = 0.55). A Spanish pilot study assessed the effects of the variant of the
Mediterranean diet, called Spanish ketogenic Mediterranean diet, on the echographic liver parameters and biochemical liver functions in 14 overweight male patients
with NAFLD and metabolic syndrome[72]. This diet is
a protein ketogenic diet with the incorporation of high
doses of virgin olive oil and omega-3 fatty acids from
fish as the main source of fat, fish as the main source of
protein, green vegetables and salads as the main source
of carbohydrate and moderate red wine intake[73]. The
regimen was administered for 3-mo. The authors reported a significant improvement in body weight (P < 0.001),
steatosis degree and all the parameters associated with the
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metabolic syndrome, in particular, the body mass index,
waist circumference, fasting plasma glucose, triglycerides,
high-density lipoprotein-cholesterol and blood pressure.
Ryan et al[74] examined the effects of the Mediterranean
diet in terms of insulin sensitivity and steatosis degree.
Twelve overweight adult non-diabetic patients (6 males)
with biopsy-proved NAFLD were recruited for a randomised, cross-over intervention trial. All subjects took
both the Mediterranean diet and the control diet (a low
fat-high carbohydrate diet) in random order with a 6-wk
wash-out period. The insulin sensitivity was determined
with a 3 h hyperinsulinemic-euglycemic clamp study,
and liver steatosis was assessed with localized magnetic
resonance 1H spectroscopy (1H-MRS). At baseline, the
subjects were abdominally obese with the elevated fasting
concentrations of glucose, insulin, triglycerides and transaminases levels. Insulin-sensitivity at baseline was low (M
= 2.7 ± 1.0 mg/kg per minute). The mean weight loss
was not different between the two diets (P = 0.22). The
significant reduction in hepatic steatosis was evident after
the Mediterranean diet period, compared to the other
diet (39% ± 4% vs 7% ± 3%), measured by 1H-MRS (P =
0.012). In addition, the study reported the improvement
in the insulin sensitivity only with the Mediterranean diet
(P = 0.03). Kontogianni et al[75] explored the association
between the adherence to the Mediterranean diet and the
clinical and histological characteristics in seventy-three
adult overweight NAFLD patients (50 males). The daily
adherence to the diet was estimated by the Mediterranean
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diet score. The liver stiffness was assessed by transient
elastography in 58 patients and performed liver biopsies
in 34 patients. Fifty-eight patients were matched with
58 healthy controls in terms of age, sex and body mass
index. The authors showed that the diet score was negatively correlated to the transaminase levels (P = 0.03), insulin levels (P = 0.001), insulin resistance index (P = 0.005)
and severity of steatosis (P = 0.006), and was positively
correlated to the serum adiponectin levels (P = 0.04). In
particular, the patients with NASH presented lower adherence to the Mediterranean diet (29.3 ± 3.2 vs 34.1 ± 4.4,
P = 0.004), compared to the group with simple fatty liver.
In a recent study Trovato et al[76] reported the effect
of adherence to Mediterranean diet as a predictor of
changes in the fat content of the liver in overweight patients with NAFLD. The study included 90 non-alcoholic
non-diabetic patients with evidence of fatty liver by ultrasound (F 46, M 44), aged 50.13 ± 13.68 years and BMI
31.01 ± 5.18 kg/m2. After only 6 mo of intervention a
significant decrease of bright liver score was observed;
by a multiple linear regression model adherence to Mediterranean Diet change (P = 0.015) and body mass index
changes (P < 0.0001) independently explain the variance
of decrease of fatty liver involvement (r2 = 0.519, P <
0.0001). This data suggested that adherence to Mediterranean diet is a significant predictor of changes in the fat
content of the liver in patients with NAFLD.
Finally, recently it has been suggested that lower body
iron stores induced by dietary components of Mediterranean diet could be involved in the beneficial action of
this dietary pattern in NAFLD. Mounting evidence suggests a link between serum ferritin, insulin resistance, and
NAFLD. Body iron excess has frequently been found in
patients with metabolic syndrome, with serum ferritin
showing a linear increase with the increasing number of
metabolic syndrome features[77,78]. Moreover, it has been
suggested that the relation between serum ferritin and
most of metabolic syndrome features might be mediated
by the presence of NAFLD at population-based level[79].
Excessive hepatic iron accumulation in NAFLD can be
one of the potential cofactors involved in the enhanced
oxidative stress, which triggers liver cell necrosis and activation of hepatic stellate cells, both leading to fibrosis[80].
On the other hand, it has been proposed that the balance
between the average bioavailability of dietary iron and
the overall effects of inhibitors and enhancers of iron absorption may lead to lower iron stores in people consuming a Mediterranean dietary pattern[81]. In fact, it has been
reported that elderly men from Crete, in the Mediterranean south of Europe had consistently lower levels of
indicators of oxidative stress and iron status than elderly
men from Zutphen in the north of Europe. In particular,
serum ferritin, a good marker of the iron stored in the
body, were 2-fold lower in men from Crete than in men
from Zutphen (69.8 and 134.2 lg/L, respectively)[82].

CONCLUSION
NAFLD is the most common cause of chronic liver
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disease in the developed world and the progression to
simple steatosis, to steato-hepatitis and, finally, to cirrhosis represents an emerging problem of the public health.
Unfortunately, a “golden standard” drug therapy for
NAFLD is not currently available and the management
must focus on the treatment of metabolic syndrome,
and, therefore, NAFLD is often considered as an individual entity in the clinical practice. The influence of
the dietary nutrients in the pathogenesis of NAFLD has
been reported. The cornerstone in the management of
NAFLD implies a dietary modification to decrease the
body weight and to increase the physical exercise in order
to reduce insulin resistance and to normalize the transaminases levels. These “easy” concepts seem to be clinically relevant in terms of cost/effectiveness, in particular,
to reduce the risk of pre-mature death in general population. A diet regimen rich in monounsaturated fatty acids
and omega-3, fruit, vegetables, fibre and reduced intake
of saturated fats, simple carbohydrates, sweetened drinks
and moderate alcohol intake should be recommended to
the NAFLD patients. On the basis of its components, it
is well known that the Mediterranean diet presents health
benefits and can prevent obesity, diabetes and cardiovascular conditions. It is a highly palatable and favourable
diet and may lead to a higher adherence among dieters in
the long term.
Considering the data currently available in literature,
the prescription of the Mediterranean diet by the physicians and nutritionists for the NAFLD patients may
present an appropriate therapeutic option associated
with lifestyle changes. It can play the primary role in the
prevention and the treatment of several chronic diseases,
including the spectrum of NAFLD. The well-designed
dietary intervention trials are needed to define the exact
dietary guidelines for NAFLD and to explain the role of
the Mediterranean dietetic pattern, as the indispensable
reference diet.
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Abstract
Non-alcoholic fatty liver disease (NAFLD) has become
the most common liver disorder in Western countries
and is increasingly being recognized in developing nations. Fatty liver disease encompasses a spectrum of
hepatic pathology, ranging from simple steatosis to
non-alcoholic steatohepatitis, cirrhosis, hepatocellular carcinoma and end-stage liver disease. Moreover,
NAFLD is often associated with other metabolic conditions, such as diabetes mellitus type 2, dyslipidemia
and visceral obesity. The most recent guidelines sug-
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gest the management and treatment of patients with
NAFLD considering both the liver disease and the associated metabolic co-morbidities. Diet and physical
exercise are considered the first line of treatment for
patients with NAFLD, but their results on therapeutic
efficacy are often contrasting. Behavior therapy is necessary most of the time to achieve a sufficient result.
Pharmacological therapy includes a wide variety of
classes of molecules with different therapeutic targets
and, often, little evidence supporting the real efficacy.
Despite the abundance of clinical trials, NAFLD therapy
remains a challenge for the scientific community, and
there are no licensed therapies for NAFLD. Urgently,
new pharmacological approaches are needed. Here, we
will focus on the challenges facing actual therapeutic
strategies and the most recent investigated molecules.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: non-alcoholic steatohepatitis; Non-alcoholic
fatty liver disease; Fatty liver; Steatosis; Emerging drugs
Core tip: At the moment, there is no standardized treatment for non-alcoholic fatty liver disease (NAFLD) or
non-alcoholic steatohepatitis (NASH); the first-line approach remains lifestyle changes (diet and physical exercise). The high risk of complications associated with
NAFLD/NASH, such as cardiovascular diseases and the
incidence of hepatocellular carcinoma, make it necessary to apply appropriate medications to stop the progression of the disease. Considering the pathogenetic
pathways known today, several therapeutic targets
have been proposed, including some that look very
promising; still, innovative pharmacological strategies
are absolutely needed. Below, we report the real efficacies of fatty liver therapies and the most recent studies
investigating this field.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a chronic
hepatic disease that has swollen to epidemic proportions,
affecting up to 95 million adults in the United States
alone. The prevalence of NAFLD among children is
constantly increasing, affecting up to 70%-80% of obese
children[1]. NAFLD encompasses a spectrum of hepatic
pathologies, ranging from simple steatosis to non-alcoholic steatohepatitis (NASH), cirrhosis, hepatocellular
carcinoma (HCC) and end-stage liver disease[2]. This condition could be considered the hepatic manifestation of
the metabolic syndrome[3] or the final expression of such
unhealthy behaviors as excess calorie intake and physical
inactivity[4,5]. Insulin resistance and metabolic syndrome
have been implicated both in the pathogenesis and disease progression of NAFLD[6,7], causing, among other
symptoms, increased free fatty acid influx to the liver, oxidative stress, mitochondrial toxicity, deregulation of adipokines and subsequently inflammation and fibrosis[8,9].
Despite the abundance of clinical trials, NAFLD therapy
remains a challenge for the scientific community, and
there are no licensed therapies for NAFLD. Moreover,
lifestyle modifications, such as diet and physical exercise,
may be proven to be effective, but they are challenging to
implement[10,11].
This study is focused on the cornerstones of NAFLD
treatments and on potential innovative therapies. A computerized advanced search was performed in PubMed
(Public/Publisher MEDLINE) and in www.clinicaltrial.
gov using a combination of terminology and methodology search filters.
Bullet points
(1) NAFLD has reached endemic proportions; and (2)
NAFLD therapy remains a challenge.

TREATMENT STRATEGIES
To date, therapeutic trials for NAFLD have aimed at the
weakening of all pathogenic hits, striving for decreases in
steatosis, insulin resistance (IR), oxidative stress, inflammation and fibrosis. The therapeutic perspectives for patients with NAFLD have only partly changed in the last
few years. In fact, in recent years, visceral adipose tissue
and IR have taken leading roles in NAFLD pathogenesis, such that the current therapeutic approaches should
shift to establish lasting reductions in visceral obesity
the overflow of free fatty acids (FFAs) and to maintain
valid improvements in IR. Despite these new findings,
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approaches to the management of NAFLD can be so far
divided into three groups: lifestyle changes (diet and/or
physical exercise), medications and surgical interventions. However, as suggested by the practice guidelines
from the American Gastroenterological Association, a
different perspective on the therapeutic management of
NAFLD is emerging[12]. This perspective considers the
initial selection of the target as a choice between two different approaches: “treat the patient” by lifestyle changes
(i.e., nutritional counseling and physical activity) and/or
weight loss (i.e., bariatric surgery and anti-obesity drugs)
or “treat the liver” using different drugs to protect from
liver damage [i.e., insulin sensitizer, anti-oxidants, antitumor necrosis factor (TNF)-α, etc.]. Moreover, the treatment of NAFLD is challenging; considering the magnitude of the problem, we will attempt, in this review, (1)
to provide a wide perspective on the real efficacies of different available medical therapies; and (2) to focus on the
most recent findings in existing therapies, as well as on
new horizons of research and the major emerging drugs
in fatty liver disease.
Main treatments for fatty liver disease
The main procedures suggested for the treatment of
NAFLD are shown in Table 1.
Bullet points
(1) The therapeutic management targets of NAFLD are
evolving; “treat the patient” and “treat the liver” should
be both considered; and (2) At present, there are three approaches to NAFLD treatment: lifestyle changes (diet and/
or physical exercise), medications and surgical interventions.

LIFESTYLE INTERVENTION
Weight loss, diet and physical exercise
Regardless of the limited data and their imperfect quality
of analysis, results from long-term, randomized intervention studies show sufficient evidence to support the use
of diet and exercise for the management of NAFLD
and the associated co-morbidities, such as metabolic
syndrome. Diet and exercise are rightfully considered
the first line of treatment for patients with NAFLD.
Weight loss, achieved either by diet or exercise, has
been documented to be efficient in decreasing the liver
content of triglycerides (TGs) in patients with simple
steatosis. These results have not been well documented
for subjects with NASH[13,14]. In fact, a weight loss of
5%-10% from baseline has been shown in different
studies to reduce significantly hepatic steatosis, but its
effects on inflammation and fibrosis have not been sufficiently evaluated[15,16]. Furthermore, weight loss equal
to or greater than 7% from baseline was associated with
a significant decrease in steatosis, lobular inflammation
and ballooning, but not in fibrosis. The guidelines used
in Asia actually recommend that a reduction of at least
3%-5% of the body weight is necessary to ameliorate
steatosis, but a greater weight loss (up to 10%) may be
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Table 1 Main treatments and emerging drugs for patients with non-alcoholic fatty liver disease
Lifestyle
intervention

Anti-obesity drugs

Diet

Orlistat

Weight loss

Cannabinoid
agonists

Physical exercise
Surgery
(not treated)

Glucose control

Lipid-lowering
drugs

Cytoprotective
agents

Other drugs

Insulin-sensitizing Statins, fibrate and Ursodeoxycholic
Probiotics
agents
ezetimibe
acid
New anti-diabetic
Probucol
Anti-oxidants Anti-TNF-α monoclonal
drugs
antibodies
Renal glucose
Herbal products
Anti-hypertensive
transporters blockers
drugs
Pentoxifylline
Iron depletion

Emerging drugs and new
horizons
Inhibitors of caspases
Adenosine system drugs
PPAR agonists
Peripheral cannabinoid
agonists
Farnesoid X receptor agonists
Thyroid hormone analogues

TNF: Tumor necrosis factor; PPAR: Peroxisome proliferator-activated receptors.

needed to improve necro-inflammation[17]. A recent metaanalysis by Musso et al[18] demonstrated the real efficacy
of weight loss in improving the histological disease severity of NASH. The same study showed that the majority
of the patients are unable to reach their weight goal with
lifestyle interventions alone. In fact, the effects of weight
loss are inconstant due to the limited compliance of
patients to diet and the exercise[19]. An additional limitation to this therapeutic field is the “quality of diet”. In
fact, the exact types of dietary intervention or physical
exercise that are really effective for patients with NASH
have not been well defined. The accurate composition
of an alimentary diet for patients affected by NAFLD is
unidentified, but the importance of consuming a correct
diet in this disease has certainly been proven by improvements in the peripheral and hepatic insulin sensitivity,
the reduction of hepatic FFAs storage and the amelioration of adipose tissue inflammation[20]. Recent data have
markedly shown that energy intake is significantly higher
in NAFLD patients than in individuals without this entity[21]. Food quality, in fact, has been shown to have a
great relevance in NAFLD pathogenesis because patients
affected by NAFLD have high intakes of saturated fatty
acids (SFAs) and cholesterol, an elevated consumption
of drinks containing fructose and a low consumption of
vitamins A and E[22-24]. Recent studies on humans have
demonstrated that a high level of fructose in the diet may
induce NAFLD and the metabolic syndrome through different mechanisms, such as bacterial translocation from
gut to liver and the formation of advanced glycation endproducts[25]. Therefore, the quality of calories consumed
must be strictly evaluated. Lipid-lowering therapies are
safe when they are gradually implemented. Furthermore,
rapid weight loss in obese patients is widely known to
potentially worsen fibrosis[26]; therefore, a “qualitative
rather than quantitative” weight loss must be considered
as the cornerstone for the treatment of hepatic steatosis,
although this goal is no less difficult to pursue. In fact,
the main therapeutic failures seen using this strategy are
linked to difficulties in maintaining weight for a prolonged time course. In conclusion, a pragmatic approach
may be to recommend a balanced, reduced-calorie diet.
Saturated fats and high glycemic foods, including simple
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sugars, refined grains, rice, and potatoes, should be limited or avoided in favor of whole grains, legumes, and low
glycemic index fruits and vegetables. A low-carbohydrate
diet reduces glucose-stimulated insulin secretion, reducing hepatic lipid synthesis and storage. Saturated fatty
acids stimulate glucose-dependent insulin secretion and
promote chronic hyperinsulinemia; therefore, their intake
should be limited. Conversely, the consumption of polyunsaturated fats (PUFAs) from fish and flax seed oils has
beneficial effects on insulin sensitivity and promotes the
anti-inflammatory prostaglandin metabolism[27]. An excess of lipids in the diet, especially saturated fatty acids, is
well known to be one of the most important risk factors
for NAFLD onset and development[28]. Because of these
findings, the over-ingestion of cholesterol has always
been regarded as a trigger of NAFLD[29,30]. Investigations
regarding cholesterol ingestion in NAFLD patients have
shown contrasting results; several studies have reported
no significant differences in the cholesterol intake levels between NAFLD patients and healthy subjects[31,32].
A dietary record of differences among obese and nonobese NAFLD patients found that cholesterol consumption was significantly greater in NAFLD patients
than in healthy controls but that non-obese NAFLD
patients actually ingested more cholesterol than obese
NAFLD patients[33]. Physical activity, either aerobic or
anaerobic, has been proven to ameliorate the different
conditions linked to metabolic syndrome by improving
cardiorespiratory fitness, lowering lipids accumulations
and facilitating the maintenance of weight loss. However,
the difficult-to-maintain cornerstone of this treatment is
motivating sedentary individuals to practice physical exercise. This therapeutic target can be carried out efficiently
only through structured programs following cognitivebehavior therapy[34]. Weight loss generally reduces hepatic
steatosis, which is achieved either by a hypocaloric diet
alone or in conjunction with increased physical activity.
Physical exercise reduces hyperinsulinemia and increases
insulin sensitivity and substrate oxidation independently
from its modifications on body weight[35]. Exercise alone
in adults with NAFLD may reduce hepatic steatosis, but
its ability to improve other aspects of liver histology remains unknown[12]. In fact, a recent review by Finelli et
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al[35] concluded that more rigorous, controlled studies of
longer durations and better defined histo-pathological
end-points are needed to compare exercise alone with
other treatments before better, evidence-based physical
activity modification guidelines can be established. Several questions remain unanswered[35].
New findings in lifestyle approaches: An appropriate intake of carbohydrates and fiber with the diet can
prevent and ameliorate NAFLD and its complications.
A recent review focused on the therapeutic effects of
diets rich in whole grains on many of the co-morbidities
associated with NAFLD, including NASH[36]. In fact,
whole grains contain higher amounts of compounds that
may help to reduce liver fat accumulation and to protect
against inflammation, avoiding progression to NASH.
Several meta-analyses had studied the benefits of whole
grains against the risk of developing T2DM and obesity.
These grains, in addition to carbohydrates, contain antioxidative vitamins, minerals, and dietary fiber, which
combine into several possible beneficial mechanisms
beyond better nutrient intake. For example, the reduction
of energy intake and subsequent changes to and stimulation of the gut microbiota can lead to the increased production of short-chain fatty acids. A recent investigation
on dietary fat intake clearly demonstrated the effect of
dietary fat content on liver fat accumulation in an older
population. Patients affected by NAFLD were randomly
allocated onto an iso-energetic low-fat/low-saturated
fat (LSAT)/low-glycemic index (GI) diet (LSAT: 23%
fat/7% saturated fat/GI < 55) or a high-fat/high-saturated fat (HSAT) /high-GI diet (HSAT: 43% fat/24%
saturated fat/GI > 70). The liver fat was quantified by
magnetic resonance spectroscopy before and after 4 wk
on the LSAT and HSAT diets. This study showed that
the LSAT vs the HSAT diet was a predictor of changes in
lipid parameters, but not in liver fat. They concluded that
patients in the LSAT, but not those in the HSAT, group
showed significant reductions in liver fat[37].
Bullet points
(1) Weight loss is an efficient means of ameliorating hepatic steatosis, but its effect on inflammation or fibrosis
has not been sufficiently evaluated; (2) Compliance to
diet and the quality of diet must be carefully evaluated in
each patient; (3) Saturated fats and high glycemic foods,
including simple sugars, refined grains, rice, and potatoes,
should be limited or avoided in favor of whole grains,
legumes, PUFAs and low glycemic index fruits and vegetables; and (4) Physical activity ameliorates hepatic steatosis and aids weight loss maintenance, but its efficacy
for fibrosis and necroinflammation has not been well
investigated.
Anti-obesity drugs
Orlistat: Orlistat has been widely proposed in the last
years as a weight-loss aid because of its properties as
inhibitor of fat enteric absorption. Orlistat has been
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tested in NASH patients, but the results have shown no
histological improvement[38,39]. In a recent randomized
controlled study (RCT) conducted by Harrison and his
group, orlistat was demonstrated to be safe and well tolerated with a mean of 10 kg weight loss after 6 mo of
treatment and improved alanine aminotransferase (ALT)
levels. However, the use of orlistat did not add any further cardio-metabolic changes or histological reductions
in steatosis over lifestyle modification alone.
Cannabinoid agonists: Over the last decade, the endocannabinoid system has emerged as a pivotal mediator
of acute and chronic liver injury, with the description
of the role of CB1 and CB2 receptors and their endogenous lipidic ligands in various aspects of liver pathophysiology. CB1 receptors expressed in hepatocytes and
hepatic myofibroblasts contribute to high fat storage
and alcohol-induced steatosis, liver regeneration, and
fibrogenesis. The steatogenic properties of CB1 result
from the hepatocyte activation of lipogenesis, reduction
of fatty acid oxidation, and decreased release of TG-rich
VLDL, combined with the CB1-dependent release of
free fatty acids from the adipose tissue. CB1 also activates
hepatocyte proliferation and promotes fibrogenesis by
enhancing hepatic myofibroblast survival. There is accumulating evidence on the role CB1 as a key mediator
of insulin resistance, enhancing its role in the development of liver steatosis and steatohepatitis[40]. In contrast
to CB1, the role of CB2 receptors in the development of
fatty liver has not been well investigated. Animal studies
have demonstrated that CB2 receptor expression receives
a strong induction in adipose tissue that correlated with
increased fat inflammation[41]. These results have been
supported by the finding that the administration of CB2
agonists enhanced liver TG accumulation, IR and fat inflammation in wild type mice[42]. On the other hand, there
is some evidence of a potentially anti-fibrotic effect of
CB2 receptor activation distinct from that of CB1, which
has been classified as pro-fibrogenic receptor[43]. CB1
receptor antagonism and CB2 receptor agonism have
been identified as promising therapeutic strategies for the
management of liver diseases. The widely investigated
CB1-antagonist rimonabant, which was initially approved
for the management of overweight, liver steatosis and
related cardio-metabolic risks[44], was withdrawn because
of its alarming rate of adverse effects on mood, primarily
psychiatric in nature due to its concentration in the brain.
Linked to this adverse effect are peripherally-restricted
CB1 antagonists with limited brain concentrations, which
have been proposed and tested with promising results.
Bullet points
(1) Orlistat has been tested in NAFLD and NASH patients and been found to be always lacking in simple steatosis reductions over lifestyle modification alone or histological improvements in necro-inflammation; (2) The
endocannabinoid CB1 receptors expressed in hepatocytes
and hepatic myofibroblasts contribute to high fat storage,
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alcohol-induced steatosis, fibrogenesis and insulin resistance; (3) Endocannabinoid CB2 receptors have not been
as widely investigated as CB1 receptors; (4) CB1 receptor
antagonism and CB2 receptor agonism have been identified as promising therapeutic strategies for the management of liver diseases; (5) Rimonabant (CB1-antagonist),
which was initially approved for the management of
overweight, liver steatosis and related cardio-metabolic
risks, was withdrawn due to an alarming rate of adverse
effects on mood, primarily psychiatric in nature due to its
concentration in the brain; and (6) Linked to this adverse
effect, peripherally-restricted CB1 antagonists with a limited brain concentration have been proposed and tested
to promising results.

INSULIN-SENSITIZING DRUGS
Metformin and glitazones
Considering the close relationship between IR and the
pathogenesis of fatty liver disease, insulin sensitizers
could be regarded as the treatment of choice. Metformin
and glitazones (TZDs) are the most popular drugs tested
against NAFLD/NASH.
Metformin improves IR by decreasing hepatic glucose
production and increasing skeletal muscle glucose uptake.
This drug also reduces the hepatic expression of TNF-α,
a mediator of hepatic insulin resistance and necro-inflammation; increases FFA oxidation; and suppresses lipogenesis through AMP-kinase activation. Metformin has been
demonstrated to be safe and well tolerated in different
studies, with poor cases of lactic acidosis and gastrointestinal intolerance emerging as the most common side
effects but not generally requiring discontinuation of
the therapy[45]. Despite these positive results regarding
tolerance, further well-designed studies are needed to
elucidate the significance of metformin treatment for
NAFLD. In fact, not all studies have reported the same
results for both serum liver enzymes and liver histology.
The TONIC trial, which was the most recent randomized
study of metformin, compared metformin with vitamin
E and placebo in children and adolescents[46]. Again, the
results were not satisfactory; in fact, there was no significant reduction in transaminases compared with placebo
in the metformin group, and there was no significant
change in histology, except for hepatocellular ballooning.
Based on the results of these studies and others, metformin is not recommended as a specific treatment for liver
disease in adults with NASH[47,48].
The TZDs are agonists of the peroxisome proliferator-activated receptors (PPAR)-γ. PPAR-γ, which belongs
to the nuclear hormone receptor family, is predominantly
expressed in adipose tissues and plays a key role in adipogenesis and glucose homeostasis[49]. After the withdrawal
of troglitazone and rosiglitazone for hepatic and cardiac
toxicity, studies testing the efficacy of TDZs in the fatty
liver have focused on a new molecule, pioglitazone. A
large multicenter RCT study, named the PIVENS study,
showed that, in non-diabetic patients with NASH, piogli-
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tazone ameliorated the histological features of NASH but
not simple steatosis. Moreover, pioglitazone was associated with weight gain[50]. Another RCT study by Belfort et
al[51] was conducted on NASH patients with impaired glucose tolerance or T2DM. Significant weight gain was confirmed, accompanied by an improvement in the aminotransferase levels, steatosis and inflammation. Conversely,
discontinuing TZD therapy has been shown to cause an
immediate NASH recurrence. Long-term use is required
for the achievement of treatment results; however, the
duration can cause medical complications, such as edema,
congestive heart failure, osteoporosis and weight gain[52].
Overall, pioglitazone is commonly used as a treatment for
NASH, as indicated by AASLD guidelines[48]. However,
the long term safety and efficacy of pioglitazone in patients with NASH have not been established.
New anti-diabetic medications
Glucagon-like peptide-1 (GLP-1) is an incretin secreted
by the small intestine in response to food intake that
improves glucose homeostasis via its glucose-dependent
stimulation of insulin secretion, inhibition of postprandial glucagon secretion and delayed gastric emptying.
Once secreted, GLP-1 has a short half-life due to its
rapid degradation by dipeptidyl peptidase 4 (DPP-4)[53].
DPP IV inhibitors and GLP-1 analogues are novel agents
that can overcome rapid degradation and have been used
successfully in the treatment of T2DM[30f-30h]. The rationale of their use is to obtain indirect improvements of
the fatty liver secondary to optimizing glycemic control
by weight loss, hepatic insulin sensitivity improvement,
hepatic fatty acid oxidation improvement, and inhibition of the fibroblast growth factor 21. Synthetic GLP-1
agonists[exenatide (Amylin Pharmaceuticals, Inc., San
Diego, CA, United States) and liraglutide (Novo Nordisk
A/S, Bagsvaerd, Denmark)] are available for the treatment of T2DM[54-56]. Four DPP-4 inhibitors are currently on the market: linagliptin (Boehringer Ingelheim
International GmbH, Ingelheim, Germany), saxagliptin
(Bristol-Myers Squibb, Princeton, NJ, United States),
sitagliptin (Merck & Co., Inc., Whitehouse Station, NJ,
United States), and vildagliptin (Novartis, Basel, Switzerland; approved in various countries in Europe, Asia
Pacific, Africa and Latin America). Several human and
animal studies have demonstrated the therapeutic effects
of GLP-1 receptor agonists and DPP-4 inhibitors in
preventing and improving NAFLD. The molecules most
tested in fatty liver disease were exenatide and sitagliptin.
In a recent study by Svegliati-Baroni et al[57], exenatide,
a glucagon-like peptide-1 analogue, improved fatty acid
β-oxidation and insulin sensitivity in rats with NASH resulting from 3 mo of the high-fat diet. Exenatide, when
compared with metformin, is better able to control blood
glucose values, improving body weight and ameliorating
hepatic enzymes in patients with NAFLD concomitant
with T2DM[58]. Sitagliptin showed a decrease in the liver
TG content, the expression of lipogenesis genes and
gluconeogenesis in wild type mice[59]. A recent study by
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Iwasaki et al[60] showed that treatment with sitagliptin improved glycemic control and liver tests. These new antidiabetic medications may have significant advantages for
the management of NASH in terms of efficacy and tolerability[61]. These promising results should guide future
RCTs to establish the role of these agents in diabetic and
non-diabetic NAFLD/NASH patients.
Renal control of hyperglycemia
Recent findings investigating the renal sodium glucose
transporter-2 (SGLT-2) in the kidney have shown that
drugs acting by blocking glucose reabsorption and subsequently increasing glucosuria significantly improve
hyperglycemia, insulin sensitivity and adipose tissue inflammation. The most studied drug blocking the SGLT-2
transporter is sergliflozinetabonate. In mice exhibiting
diabetes and fatty liver, treatment with sergliflozinetabonate improved hyperglycemia, fatty liver and pancreatic
beta-cell abnormalities[62]. Future studies on the role of
SGLT-2 inhibitors in fatty liver disease on animals and
humans are awaited.
Bullet points
(1) Metformin and TZDs are the most popular drugs
tested in NAFLD/NASH; (2) At this time, metformin
is not recommended as specific treatment for NAFLD/
NASH; (3) Pioglitazone is commonly used as a treatment
for NASH, as indicated by the AASLD guidelines. However, the long-term safety and efficacy of pioglitazone in
patients with NASH are not well established; (5) New anti-diabetic medications, such as GLP-1 receptor agonists
and DPP-4 inhibitors, have significant advantages in the
management of NASH in terms of efficacy and tolerability; and (6) Drugs acting by blocking glucose reabsorption and subsequently increasing glucosuria significantly
improve hyperglycemia, insulin sensitivity and adipose
tissue inflammation. The most studied drug blocking the
SGLT-2 transporter has been sergliflozinetabonate. More
studies are awaited.

LIPID-LOWERING DRUGS
Lipid-lowering drugs have been widely studied for the
treatment of fatty liver because of the simple rationale
of preventing the accumulation of FFAs and TGs in
the hepatocytes. Between 1980 and December 2012, a
report of human studies, including pilot, prospective,
preliminary, and post hoc analysis studies, from online
databases showed that lipid-lowering agents, such as
statins, fibrates and ezetimibe, used alone or in combination with cytoprotective agents, are successful and safe in
patients with NAFLD/NASH. Moreover, these agents
have shown great results on hepatic histology by inducing
a reduction in hepatic steatosis[63]. Despite these excellent
analytic results, the report concludes that well-designed
RCTs of adequate size and duration with well-defined
histological endpoints are needed to establish a suitable
lipid-lowering treatment for hyperlipidemic patients with
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NAFLD/NASH and for non-hyperlipidemic patients
with NAFLD/NASH with a high risk for cardiovascular
disease.
Probucol
Probucol is an anti-hyperlipidemic agent with powerful
antioxidant activity that prevents lipid oxidation. This
drug has shown promising results based on its significant
reductions in aminotransferase levels and improvements
in liver histology among a small observational study of
8 patients[64]. An RCT showed that probucol was significantly effective in decreasing the ALT levels in patients
with NASH[65]. However, probucol concomitantly decreased HDL-cholesterol levels, which are causes of
concern in patients with coronary artery disease. There
are no recent studies that have supported probucol as a
promising new drug.
Bullet points
(1) Lipid-lowering agents, such as statins, fibrates and
ezetimibe, used alone or in combination with cytoprotective agents, are successful and safe in patients with
NAFLD/NASH. However, this encouraging report concludes with a statement that well-designed RCTs are necessary to establish a suitable treatment; and (2) Probucol
is an anti-hyperlipidemic agent with powerful antioxidant
activity; however, there are no recent studies that have
supported probucol as a promising new drug.

CYTOPROTECTIVE AGENTS
(URSODEOXYCHOLIC ACID,
ANTI-OXIDANTS AND HERBAL
ANTI-OXIDANTS PRODUCTS)
Ursodeoxycholic acid
The rational of ursodeoxycholic acid (UDCA) therapy
in fatty livers derives from the evidence of its role in
decreasing cholesterol secretions into bile. Moreover, different studies have shown its hepato-protective effects
by acting on many pathways leading to counteract the
pathogenic mechanisms involved in the transition from
steatosis to steatohepatitis[66]. Early clinical studies have
suggested a potentially beneficial effect in both NAFLD
and NASH. Still, only few data on the efficacy of UDCA
are available[67]. At present, there are insufficient data to
either support or refuse the use of UDCA[68]. In fact, two
large RCT showed that, after 2 years of treatment with
UDCA, there is no significant improvement in the liver
histology of patients affected by NASH[69,70]. AASLD
Guidelines do not recommend UDCA for the treatment
of patients with NAFLD or NASH[48].
Anti-oxidants and herbal anti-oxidant products
Antioxidants have therapeutic potential because fatty acid
oxidation produces reactive oxygen species (ROS), causing direct cellular damage and activating pro-inflamma-
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tory cytokines. This is considered the key mechanism for
the progression of the disease from simple steatosis to
NASH, cirrhosis and finally HCC. The biological effects
of oxidative stress are neutralized in vivo by anti-oxidative
defense mechanisms that include mainly vitamins (C
and E), enzymes with antioxidant activity, carotenoids
and glutathione (GSH). Vitamin E is certainly the substance that has been the most widely investigated for
the treatment of NAFLD and NASH in both pediatric
and adult populations[46,71-73]. Vitamin E has been shown
to be associated with decreased aminotransferase levels
and improvements in steatosis, inflammation, ballooning
and resolution of steatohepatitis in adults with NASH.
Similar results were obtained in a pediatric population
(the TONIC study)[46]. However, the role of vitamin
E in liver fibrosis is uncertain[71]. Vitamin E is recommended as a first-line treatment for non-diabetic patients
with histologically confirmed NASH according to the
actual NAFLD AASLD guidelines. On the other hand,
vitamin E is not recommended for NASH patients with
diabetes[48]. The absolute indication for recommendation
of the use of vitamin E as first-line treatment for nondiabetic patients with biopsy-proven NASH derives from
the PIVENS study, which is the largest clinical trial reported to date[73] to clearly show the benefits of vitamin
E in patients with biopsy-proven NASH. A new Japanese
study with vitamin E at a dose of 300 mg/d in patients
with biopsy-proven NASH has recently confirmed the
results of a previous study showing that long-term treatment (more than 2 years) seems to be more effective
than placebo in ameliorating histological fibrosis and
normalizing the serum values of transaminases[50,74]. Despite these excellent results, an important concern with
the long-term use of vitamin E remains the probability
of an increase in all-cause mortality, as detected by recent meta-analysis[75,76]. Natural substances deriving from
herbal products comprise a good field of research for the
prevention and treatment of fatty liver disease and the associated conditions. We have recently published a review
on the role of some natural antioxidants deriving from
herbal products in chronic liver diseases[77]. We report
below our findings about the beneficial effects of some
“natural” antioxidants that have already been known for
some time and on others that are less known. Silybum
marianum, also known as milk thistle, is a member of Asteraceae family and is well recognized as a hepatoprotective herbal medicine. Silymarin is a lipophilic extract from
the milk thistle seeds that is composed of three isomers
of flavonolignans (silybin, silydianin, and silychristin) and
two flavonoids (taxifolin and quercetin). Silymarin possesses various pharmacological activities, including hepatoprotective, antioxidant, anti-inflammatory, anticancer,
and cardioprotective effects. Silybum marianum is the
best-researched plant for the treatment of liver diseases.
Silymarin has been shown to have a variety of anti-inflammatory effects on the liver, including mast cell stabilization, inhibition of neutrophil migration and Kupffer
cell inhibition[78]. Silymarin is commonly prescribed in
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cases of cirrhosis or viral hepatitis. Assuming that oxidative stress leads to chronic liver damage, Loguercio et
al[79] conducted a study about the antioxidant activity of
silybin conjugated with vitamin E and phospholipids.
Our data suggest that silybin conjugated with vitamin E
and phospholipids could be used as a complementary
approach in the treatment of patients with chronic liver
damage. Quercetin is among the major flavonoids, which
comprise a class of naturally occurring polyphenolic
compounds that is ubiquitously present in photosynthesizing cells. The optimal intake of flavones and flavonols
is determined as 23-24 mg/d, and quercetin, the main
flavonol present in our diet, represents 70% of this intake. Quercetin is found in fruits (apples) and vegetables,
especially onions[80]. The hepatic response to chronic
noxious stimuli may lead to liver fibrosis and to pre-neoplastic cirrhotic liver. Fibrogenic cells become activated
in response to a variety of cytokines, growth factors, and
inflammatory mediators. The involvement of members
of the epidermal growth factor family in this process has
been suggested. Amphiregulin is an epidermal growth
factor receptor (EGFR) ligand that is specifically induced
upon liver injury. A recent study investigated the effects
of quercetin on amphiregulin/EGFR signalling and on
the activation of the downstream pathways leading to cell
growth and found that quercetin ameliorated activation
of survival pathways and downregulated the expression
of genes related to inflammation and precancerous conditions. Betaine is a naturally occurring dietary compound
that is also synthesized in vivo from choline. In vivo, betaine acts as a methyl donor for the conversion of homocysteine to methionine and as an osmolyte. The role of
betaine in the treatment of NASH has been evaluated
in human studies. The oral administration of betaine
glucuronate in NASH patients for 8 wk reduced hepatic
steatosis by 25% and hepatomegaly by 8% and significantly attenuated the serum concentrations of aspartate
aminotransferase (AST), ALT and γ-glutamyltransferase.
Similarly, a marked improvement in the degree of steatosis, necro-inflammatory grade and stage of fibrosis was
obtained after treatment with betaine[81]. Betaine treatment reversed the inhibition of hepatic insulin signaling
in mHF and in insulin-resistant HepG2 cells, including
the normalization of insulin receptor substrate 1 (IRS1)
phosphorylation and of signaling pathways for gluconeogenesis and glycogen synthesis. Moreover, betaine supplementation alleviated the hepatic pathological changes
that were concomitant with the reductions in insulin
resistance (as shown by the improved homeostasis model
assessment of basal insulin resistance values and glucose
tolerance test) and corrected abnormal adipokine productions (adiponectin, resistin, and leptin). Specifically,
betaine supplementation enhanced insulin sensitivity in
the adipose tissue, as shown by the improved extracellular
signal-regulated kinases 1/2 and protein kinase B activations. In adipocytes freshly isolated from mice fed a highfat diet, pretreatment with betaine enhanced the insulin
signaling pathways and improved adipokine productions.
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Table 2 Characteristics of the included studies within the meta-analysis of Ma et al

[88]

Ref.

Sample size

Randomization

Blinding

Diagnostic
method

Intervention

Duration

Follow-up

Aller et al[87]

28 (14/14)

Double-blind

Histological

Yes

20 (10/10)
66 (34/32)

Double-blind
Double-blind

Radiological
Histological

8 wk
24 wk

Yes
Yes

Wong et al[92]

20 (10/10)

Double-blind

Histological

Lactobacillus bulgaricus and
Streptococcus thermophilus vs placebo
Lactobacillus GG vs placebo
Bifidobacteriumlongum
+ Fos vs placebo
Lepicol probiotic and
prebiotic formula vs nothing

3 mo

Vajro et al[90]
Malaguarnera et al[91]

Table of
numbers
Yes
Computer
generated
Computer
generated

6 mo

Yes

Further investigation using whole liver tissues revealed
that betaine supplementation alleviated high-fat dietinduced endoplasmic reticulum stress response in the
adipose tissue, as shown by attenuated glucose-regulated
protein 78/C/EBP homologous protein (CHOP) protein
abundance and c-Jun NH2-terminal kinase activation[82].
Song et al[83] showed that betaine significantly attenuated
the hepatic steatosis induced by high-sucrose diet (animal
model). This change was associated with increased activation of hepatic AMP-activated protein kinase (AMPK)
and attenuated lipogenic capability (enzyme activities and
gene expression) in the liver.
Bullet points
(1) The AASLD Guidelines do not recommend UDCA
for the treatment of patients with NAFLD or NASH;
(2) Vitamin E is recommended as a first-line treatment
for non-diabetic patients with histologically confirmed
NASH in the actual NAFLD AASLD guidelines. On the
other hand, vitamin E is not recommended for NASH
patients with diabetes; (3) Despite these excellent results,
the important concern with the long-term use of vitamin
E lingers, feeding off the probability of an increase in allcause mortality detected by a recent meta-analysis; and (4)
Natural substances deriving from herbal products, such
as Silymarin, Betaine, and Quercetin, remain a good field
of research for the prevention and treatment of fatty
liver disease and its associated conditions.

OTHER DRUGS
Probiotics
NAFLD and its strong association with microbiota have
elicited interest in the underlying mechanisms of these
pathologies. Experimental models have highlighted
several mechanisms connecting the microbiota to the
development of liver dysfunction in NASH, such as increased energy-harvesting from the diet, small intestine
bacterial overgrowth, modulation of the intestinal barrier
by glucagon-like peptide-2 secretions, and activation of
innate immunity through the lipopolysaccharide-CD14
axis caused by obesity-induced leptin[84]. The liver is continually exposed to gut-derived factors, including bacteria
and bacterial components, as the portal vein is the direct
venous outflow of the intestine. The liver is an important
site for bacterial phagocytosis and clearance because it
contains the largest population of tissue macrophages.

WJG|www.wjgnet.com

Activated Kupffer cells, the resident macrophages of
the liver, when exposed to pro-inflammatory mediators,
such as LPS, membrane components of Gram-negative
bacteria, or other bacterial products, are a major source
of inflammatory mediators, including pro-inflammatory
cytokines, chemokines, and reactive oxygen/nitrogen
species, which contribute to liver injury. Lastly, a recent
study in humans demonstrated that NAFLD is associated
with the increased gut permeability caused by disruptions in the intercellular tight junctions of the intestine
and that this condition may play an important role in the
pathogenesis of hepatic fat deposition[85]. Probiotics and
prebiotics are important mediators of diet-induced metabolic disturbances in NAFLD. The manipulation of the
microbiota through probiotics, prebiotics, and antibiotics
has generated encouraging results for the treatment of
obesity, diabetes, and NASH, although data in humans
are scarce[84]. We have complied a table to summarize one
of the most recent meta-analyses (table 2). The use of
probiotic, prebiotic and symbiotic bacteria is recommended, since these bacteria have the capacity to modulate microflora overpopulations and their consequent effects on
the liver. In spite of the presence of various experimental
studies in this field and the known positive effects of probiotisc on induced liver steatosis, the use of this path as
a strategy for treating or even preventing NAFLD is still
complicated. Most of these experiments were performed
on the effects of VSL#3 administration, which itself
contains a various species such as Streptococcus thermophilus,
Bifidobacterium berve, Bifidobacterium longum, Bifidobacterium
infanti, Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus casei, and Lactobacillus bulgaricus; the determination
of the effect of each species is unclear. Loguercio et al[86]
showed that probiotics may reduce NAFLD liver injury
and may improve liver enzymes. Probiotics can inhibit
the proliferation of harmful bacteria, reduce small intestinal bacterial overgrowth (SIBO), restore gastrointestinal
barrier function and modulate the immune system, all of
which contribute to the improvement of NAFLD. The
species of probiotics used in these studies have varied.
Another recent study using a randomized double blind
clinical trial evaluated the effects of a different probiotic.
This study evaluated the effects of Lactobacillus bulgarius and Streptococcus thermophilus (1 tablet/d) in 28
NAFLD patients over a 3-mo period. The results showed
decreased ALT, AST and γ-glutamyltransferase levels[87].
Probiotic therapies can reduce liver aminotransferase,
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serum cholesterol and TNF-α levels while improving insulin resistance in patients with NAFLD. A recent metaanalysis[88] included four RCTs that studied probiotics, including lactobacillus, bifidobacterium and streptococcus.
Bifidobacteria produce a range of beneficial effects on
host health. Lactobacilli and streptococcus are also beneficial, although they are present at much lower levels in
the human colon. Probiotics have been shown to enhance
the barrier function of epithelial cells and to decrease
intestinal permeability and endotoxemia in patients with
liver disease. At the same time, probiotics can also influence host metabolism in several other ways, such as the
regulation of energy extraction from nutrients and the
modulation of genes involved in substrate metabolism. A
prebiotic is a non-digestible food ingredient. The general
properties of prebiotics include the capacity to influence
the growth, activity and metabolites of probiotics.
Fructo-oligosaccharides are now becoming increasingly popular due to their prebiotic effects and can be
fermented by bifidobacteria and lactobacilli[89]. Fructooligosaccharides can lead to the emergence of bifidobacteria as the dominant species in the large bowel[90] and
may help to control or reduce the growth of harmful
bacteria[91]. It is well known that liver histology is the gold
standard for NAFLD/NASH. Therefore, approving the
use of these bacteria as a treatment protocol requires several large-scale clinical trials. The existing data are difficult
to reconcile, given the use of different strains, dosages
and durations of treatment[92].
Anti-TNF-α monoclonal antibodies
The balance between the pro- and anti-inflammatory actions of cytokines/adipocytokines appears to play a key
role in hepatic and systemic insulin action, and they are
supposed to have important functions in the development of NAFLD. In the literature, there are few works
(in animal models) that have studied the actual effects of
anti-TNF-α therapy in the treatment of NAFLD. These
studies indicate that anti-TNF-α antibodies are effective
against necrosis, inflammation and fibrosis in the experimental model of non-alcoholic steatohepatitis[93,94]. More
studies on animal models are needed before testing these
molecules on humans.
Anti-hypertensive drugs
Recent and past studies have focused on the effects of
some antihypertensive drugs, especially those inhibiting
the renin-angiotensin system, on hepatic fibrosis rather
than NAFLD[95]. Recent studies have in fact affirmed
a potentially beneficial effect of Valsartan on liver disease[96,97]. Qiang et al[96] investigated the effect of Valsartan
on the pathological progression of hepatic fibrosis in
rats with T2DM. An animal model of hepatic fibrosis
with T2DM was developed using a high-sucrose, high-fat
diet and low-dose streptozotocin. Valsartan (15 mg/kg
per day, i.g.) was orally administered for four months.
The results showed that valsartan significantly alleviated
the lesions from hepatic steatosis and hepatic fibrosis.
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Immuno-histochemical staining suggested that the expression of α-SMA, TGF-β1, TNF-α and MCP-1 in
the liver tissue of diabetic rats was markedly reduced by
valsartan. In addition, valsartan restored the injured hepatic mitochondrial respiratory function. These findings
demonstrate that valsartan prevented the pathological
progression of hepatic fibrosis in type 2 diabetic rats, as
correlated with a reduced α-SMA, TGF-β1, TNF-α and
MCP-1 expression and anti-apoptotic and mitochondriaprotective potential. Previous studies have shown that
the renin-angiotensin system (RAS) plays an important
role in the pathogenesis of hepatic fibrosis, and blockers
of the RAS may act as an anti-fibrogenic goal. However,
the potential role of RAS inhibition in hepatic fibrosis
remains unknown.
Pentoxifylline
Pentoxifylline (PTX) improved the histological features
of NASH in a recent RCT. However, the underlying
mechanism responsible for the beneficial effects of PTX
on NASH remains unidentified. A key role of lipid oxidation in the pathogenesis and progression of NASH has
been established. PTX is known to decrease free-radicalmediated oxidative stress and to inhibit lipid oxidation.
Therapy with PTX compared to placebo was associated
with a significant reduction in the oxidized fatty acids.
This novel evidence supports the fact that the beneficial effects of PTX in patients with NASH are likely to
be partly mediated through decreasing lipid oxidation,
largely free-radical-mediated lipid oxidation. No association was demonstrated between therapy with PTX and
changes in insulin sensitivity, as measured by frequently
sampled intra-venous glucose tolerance testing, on levels of TNF-α[98]. This study demonstrated that therapy
with PTX in NASH results in decreased oxidized lipid
products of Linoleic acid (LA) and Arachidonic acid
(AA) compared to placebo. The decreased levels of oxidized fatty acids are shown to correlate with histological
improvement (liver histopathology was evaluated before
and after the intervention). The correlation between decreased oxidized lipid products and improved liver fibrosis scores is particularly noteworthy[99].
Iron depletion
Evidence has shown that increased ferritin levels are associated with the metabolic insulin resistance syndrome,
as well as higher hepatic iron and fat contents. Serum
hyperferritinemia and iron stores have been associated
with the severity of liver damage in NAFLD, and iron
depletion reduced insulin resistance and liver enzymes[100].
The elevated iron indices described in NAFLD, as well
as iron reductions, have been suggested as a potential
therapy. A Phase Ⅱ clinical trial registered with the US
National Institute of Health valuated phlebotomy therapy in NAFLD patients, finding that iron reduction may
improve liver histology. Iron reduction resulted in a significant improvement in the NAFLD activity score. Neither reductions in the individual histological features of
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lobular inflammation, steatosis, and hepatocyte ballooning nor fibrosis scores achieved significance in this study.
However, the effect size of phlebotomy raises questions
as to whether this treatment could have sufficient clinical
significance to justify a definitive Phase Ⅲ trial[101].
Bullet points
(1) The manipulation of microbiota through probiotics,
prebiotics, antibiotics is providing encouraging results for
the treatment of obesity, diabetes, and NAFLD/NASH,
but data in humans are scarce; (2) Probiotics may reduce
NAFLD liver injury and may improve liver enzymes.
Most of these experiments were built around the effects
of VSL#3 administration; (3) Fructo-oligosaccharides are
now becoming increasingly popular due to their prebiotic
effects, but the existing data are difficult to reconcile, given the use of different strains, dosages and durations of
treatment; (4) Studies on an experimental model of nonalcoholic steatohepatitis indicate that anti-TNF-α antibodies are effective against liver necrosis, inflammation and
fibrosis. More studies on animal models are needed before
testing these molecules on humans; (5) The potential role
of RAS inhibitors, such as Valsartan, in hepatic fibrosis
has been poorly studied and remains largely unknown; (6)
The underlying mechanism responsible for the beneficial
effects of PTX in NASH remains unidentified and (7) Elevated iron indices are described in NAFLD, and so, iron
reduction has been suggested as a potential therapy. The
effect size of phlebotomy remains under debate.

EMERGING DRUGS AND NEW HORIZONS
OF RESEARCH
Control of apoptosis and necro-inflammation: the
inhibitors of caspases
The progression of steatosis to NASH and finally to cirrhosis and HCC is strictly linked to apoptosis and necroinflammation. The signaling pathways of apoptosis lead
to the activation of caspases, cellular proteases that degrade the structural proteins required for cell survival[102].
The evidence that apoptosis triggers hepatic stellate cells
activation and liver fibrosis suggest that caspase inhibitors
may be useful as an anti-fibrotic NASH therapy[103]. Different recent studies on animals and humans have begun
to investigate this field of research. Based on the supposition that, in mice with a mutation of the leptin receptor (db/db) and on the MCD diet, hepatocyte apoptosis
and hepatic necro-inflammation are reduced by the pancaspase inhibitor VX-166[104], a recent study showed that,
in mice on the MCD diet, liver histology, mainly necroinflammation, and oxidative stress were greatly ameliorated by the hepato-specific deletion of caspase 8[105]. In
humans, a double-blind, randomized phase Ⅱ study of
124 patients with biopsy-proven NASH indicated that
the new drug GS-9450 specifically inhibited caspases 1, 8,
and 9 and reduced serum ALT and cytokeratin-18 fragments after 4 wk of treatment[106]. In patients with chronic hepatitis C (http://www.gilead. com/pr_1414682),
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GS-9450 was withdrawn due to safety concerns.
Immuno-regulation and necro-inflammation: agonists
and antagonists of “adenosine system”
Containing four receptors (A1, A2A, A2B, and A3), adenosine plays a pivotal role in the regulation of cell survival and tissue repairs via immuno-inflammatory modulation. During ethanol metabolism, adenosine is generated
by the enzyme ecto-5'-nucleotidase, and adenosine receptor activation plays a critical role in the development of
hepatic fibrosis[107]. In mice on the MCD diet, the agonist
of the adenosine A2A receptor CGS21680 reduced inflammatory responses and consequent fibrosis without
improving steatosis[108]. Unfortunately, the regulation of
the adenosine system and its therapeutic targets have
been investigated primarily in the context of ethanolinduced steatosis and steato-hepatitis. Moreover, differential effects of A1 and A2B have been observed in the
context of alcohol-induced hepatic steatosis and lipogenesis. In fact, the blockage of A1 reduced the expression
of genes involved in fatty acid synthesis, although blocking A2B did not reduce the expression of genes involved
in fatty acid metabolism[107-109]. Thus, considering the heterogeneous and intricate results of the effects on cellular
adenosine receptors and the concern that the majority
of studies have investigated ethanol-induced injuries, the
adenosine signaling system requires further investigation
testing specific receptor agonists and antagonists.
PPAR alpha and delta
The different isoforms of the nuclear receptors PPARs
regulate the expression of genes involved in lipid and glucose homeostasis, as well as the inflammatory and fibrotic
responses of the liver. PPAR-α is implicated in the improvement of fatty acid oxidation; PPAR-γ, in the storage
and deposition of TGs, anti-inflammatory signaling and
improved insulin sensitivity (PPAR-γ); and PPAR-δ, in
the amelioration of metabolic performance by controlling
dyslipidemia and increasing fat oxidation in the musculature. Based on these hypotheses, different drugs acting on
PPAR have been tested for the therapy of steatosis and
steatohepatitis. The TDZs rosiglitazone and pioglitazone,
PPAR-γ and PPAR-γ > α agonists, respectively, have been
already addressed in this study. The compound GFT505,
a combined PPAR-α/δ agonist, has been tested in two
RCT showing a significant improvement in dyslipidemia
and insulin resistance[110]. Currently, a phase Ⅱ-b study
evaluating the efficacy and safety of GFT505 in patients
with biopsy-proven NASH is ongoing, but no preliminary results have been posted[111]. In mice on a high-fat or
MCD diet, three different PPAR agonists have been proven to improve the histological features of hepatic steatosis
and inflammation: 1) the bezafibrate, a pan-PPAR agonist;
2) GW5051516, a PPAR-δ/β agonist; and 3) Wy14 643, a
PPAR-α agonist[112,113].
Peripheral cannabinoid 1 receptor agonists
Tempering the excellent promises, concern for psychiatric
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safety has ruled out the clinical development of some of
the antagonists/inverse agonists that enter the brain. The
use of peripherally restricted compounds with cannabinoid 1 (CB1) antagonist properties and limited brain concentrations represents a promising horizon of research in
this field. A phase 1 study of a selective CB1 antagonists
(cp-945598) in patients with NASH is in progress[114].
Three phase-2 studies to assess the effect of CBD on liver fat levels in subjects with fatty liver disease have been
completed, and the initial results show a regression of
liver TG accumulation measured by MRIMRS scanning
without significant relevance[115]. Another phase 2 study
assessed the action of two cannabinoids, GW 42004
and GW42003, alone or in combination among patients
with T2DM; unfortunately, no significant change in the
serum High Density Lipoprotein Cholesterol (HDL-C)
concentration after 91 d of treatment was found[116]. CB1
receptors antagonism and CB2 receptor agonism remain
promising therapeutic strategies for the management of
liver diseases[117]. These hopes persist due to the positive
results obtained from treating painful diabetic neuropathy
and spasticity of multiple sclerosis with the use of active
cannabinoid components (Sativex)[114,115].
Farnesoid X receptor agonists
Farnesoid X receptor (FXR) and TGR5, a G-protein
coupled receptor, play an important role in lipid control,
carbohydrate metabolism and inflammatory responses.
In fact, the activation of FXR or TGR5 improves insulin
sensitivity and glucose uptake in the adipose tissue, the
liver and the skeletal muscle; reduces hepatic TG levels;
inhibits inflammation; and ameliorates fibrosis. Different
recent data have shown that biliary acids may function as
signaling molecules by binding to FXR and TGR5[118-120].
Different studies have been conducted or are ongoing to
test the molecules acting on these receptors in NAFLD
disease. Deficiencies in the FXR receptors cause hepatic
steatosis associated with inflammation and injury[121]. In
mice on the MCD diet showing the hepatic histological
features of steatohepatitis, the FXR agonist WAY-362450
has been shown to protect against NASH by reducing
transaminase serum levels, inflammatory cell infiltration
and hepatic fibrosis[122]. The confirmation of these therapeutic effects derives from the demonstration that the
hepato-protection granted by WAY-362450 is not present
in FXR-deficient mice. No clinical development is currently foreseen for this compound. Other compounds
showing FXR agonistic properties have been tested.
Among these, Px-102 has shown a dose-dependent reduction in the plasma TGs and cholesterol in db/db mice;
based on its encouraging results, phase Ⅰ clinical tests
are currently underway[123]. A new molecule activating
simultaneously FXR and TGR5 is also being studied.
In fact, the BA-derived dual agonist INT-767 in db/db
mice has been shown to improve hepatic histological
features[124]. Moreover, obeticholic acid (OCA), a semisynthetic bile acid derivative, is being tested in patients
with biopsy-proven NASH (ClinicalTrials.gov Identifier:
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NCT01265498)[125] and in patients with type 2 diabetes
mellitus and nonalcoholic fatty liver disease. A phase 2
trial has shown that the administration of 25 or 50 mg
OCA for 6 wk was well tolerated, increased insulin sensitivity, and reduced markers of liver inflammation and
fibrosis[126]. Thus, several studies supporting these preclinical studies are needed.
Thyroid hormone analogues and derivatives
Thyroid hormones [THs; thyroxin (T4) and 3,3’,5-triiodo-L-thyronine (T3)] are potent regulators of the glucose
and lipid metabolisms and of body weight and have
some potentially therapeutic actions, including decreased
weight, plasma cholesterol levels and tissue adiposity.
In fact, T3 increases the expression of several genes
involved in hepatic lipogenesis and fatty acid oxidation.
Thyroid hormones exert their physiological effects by
binding to specific nuclear receptors [thyroid hormone
receptors (TR)], of which the TR β isoform is liverspecific and has been considered a putative target for the
treatment of dyslipidemia and fatty liver. Recently, it has
been discovered that, in the liver, the activation of the
NAD+-dependent deacetylase sirtuin 1 (SIRT1) facilitates
fatty acid oxidation in mice lacking SIRT1, all of which
continue to develop liver steatosis[127]. Recently, SIRT1
has been reported to interact directly with TRβ1, contributing to the T3-mediated stimulation of hepatic genes[128].
Many T3 actions are tissue-specific, and several agents
have been shown to have selective hepatic activities. TRβ
selective agonists have been prepared and tested on a
variety of experimental models[129]. Two molecules have
shown great anti-steatotic and anti-hyperlipidemic effects: GC-1 (or sobetirome) and MB07811. In rats on a
CMD diet, it was shown that the co-administration of
T3 resulted in a complete regression of liver steatosis
associated with a decrease in lipid peroxidation prevents
and that the hepatic symptoms could be reversed. GC-1
had greater effect than T3 without generating any significant side effects on heart rate, even while reversing
fat accumulation and ameliorating steatohepatitis[130].
Iodiothyronine3,5-diiodo-L-thyronine (T2) is particularly
interesting because of its effects on humans of increasing the basal metabolic rate and reducing body weight
without generating side effects on the cardiac rate or thyroid axis[131]. The administration of T2 to mice on a High
Fat Diet (HFD) is able to prevent and reduce visceral fat
accumulation, steatosis, serum TG levels, cholesterol, and
the onset of IR without toxic effects on the heart rate
and thyroid[132-134]. A novel functional analogue of 3,5-diiodo-L-thyronine TRC150094 has been tested in animal
models of overweight and related disorders, including
primarily fatty livers. When administered orally to obese
Zucker rats, TRC150094 is able to reduce hepatic steatosis[135] by inducing a significant increase in mitochondrial
respiration and an increased fatty acids oxidation.
Enzyme modulation
Studies investigating the patho-physiology of liver fat
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accumulation have suggested a new therapeutic field to
prevent and improve fatty liver: enzymatic modulation.
In fact, the modulation of the enzymes that play a role
in the oxidation of FFAs can prevent the accumulation of TGs in the liver, counteracting hepatic steatosis,
obesity, metabolic disorder and its complications. The
enzyme AMPK is well known to regulate mitochondrial
long-chain fatty acid oxidation through the inhibition of
acetyl-CoAcarboxylase 2 (ACC2)[136]. A product of ACC2
is malonyl-CoA, which is a potent inhibitor of carnitine
palmitoyltransferase 1 (CPT1), a mitochondrial membrane enzyme that controls beta-oxidation. Fatty acids
are oxidized in a carnitine-dependent manner in cardiac
endothelial cells. This evidence suggests that this enzyme
plays a role in preventing the inflammation and coagulation associated with metabolic syndrome and heart disease[137]. CPT1 and ACC2 could be studied in the future
as potential therapeutic targets to prevent and improve
NAFLD, NASH and the metabolic syndrome.
bullet points
Recently, different drugs obtained by investigating new
fields of research have been proposed for the treatment
of fatty liver disease. The main fields of research are
as follows: (1) inhibition of caspases; (2) agonism and
antagonism of the “adenosine system”; (3) PPAR alpha
and delta; (4) peripheral cannabinoid 1 receptor agonism;
(5) FXR agonism; (6) thyroid hormone analogues and
derivatives; and (7) enzyme modulation. Interesting and
promising results are being carried out, but several studies to support these data are mandatory.

CONCLUSION
A series of pharmacological agents are currently being investigated for the treatment of patients with
NAFLD/NASH. Insulin resistance remains the pivotal
alteration responsible for liver disease generation and
progression, and the improvement of insulin sensitivity
remains an area of intensive research. The administration of therapy in metabolic syndrome and the prevention of its risk factors (e.g., obesity, insulin resistance,
hyperlipidemia, hypertension, and inflammation) are
being considered as novel targets for NAFLD therapy
because of the direct or indirect link of the metabolic
syndrome in inducing NAFLD. In fact, metabolic syndrome itself is one of the most important risk factors
for NAFLD, and vice versa. Regarding this consideration, treatments that effectively improve metabolic
syndrome will clearly generate positive outcomes with
respect to NAFLD. In fact, similar to NAFLD, lifestyle
modification is the first and most effective treatment
for metabolic syndrome. Still, given that the etiology
and pathogenesis of NAFLD are complex and multifactorial, perhaps we will never find a single therapy for
all patients NAFLD. In the future, therapy will be “built
on the individual patient”; in other words, we need to
“personalize the therapy of NAFLD”.
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thus, are recommended only if CS is unfeasible: the
use of CTC in CRC screening and in surveillance after
surgery for CRC or polypectomy. In order for CTC to
be used appropriately, contraindications such as acute
abdominal conditions (diverticulitis or the acute phase
of inflammatory bowel diseases) and surveillance in
patients with a long-standing history of ulcerative colitis
or Crohn’s disease and in those with hereditary colonic
syndromes should not be overlooked. This will maximize
the benefits of the technique and minimize potential
sources of frustration or disappointment for both referring clinicians and patients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
Twenty years after its introduction, computed tomographic colonography (CTC) has reached its maturity,
and it can reasonably be considered the best radiological diagnostic test for imaging colorectal cancer (CRC)
and polyps. This examination technique is less invasive
than colonoscopy (CS), easy to perform, and standardized. Reduced bowel preparation and colonic distention
using carbon dioxide favor patient compliance. Widespread implementation of a new image reconstruction
algorithm has minimized radiation exposure, and the
use of dedicated software with enhanced views has
enabled easier image interpretation. Integration in the
routine workflow of a computer-aided detection algorithm reduces perceptual errors, particularly for small
polyps. Consolidated evidence from the literature shows
that the diagnostic performances for the detection of
CRC and large polyps in symptomatic and asymptomatic individuals are similar to CS and are largely superior
to barium enema, the latter of which should be strongly
discouraged. Favorable data regarding CTC performance
open the possibility for many different indications, some
of which are already supported by evidence-based data:
incomplete, failed, or unfeasible CS; symptomatic, elderly, and frail patients; and investigation of diverticular
disease. Other indications are still being debated and,
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Core tip: Computed tomographic colonography (CTC)
is easy to perform, standardized, and patient-friendly.
Radiation exposure is minimized and image interpretation is facilitated by the use of a computer-aided detection algorithm. The diagnostic accuracies for colorectal
cancer (CRC) and large polyps are similar to that of
colonoscopy (CS) and are largely superior to that of
barium enema. Incomplete, failed, or unfeasible CS and
investigation of symptomatic, elderly, and frail patients
and diverticular disease are clear indications. CTC is
recommended for CRC screening and in surveillance
after surgery or polypectomy if CS is unfeasible. Acute
abdominal conditions and surveillance in patients with
ulcerative colitis, Crohn’s disease, and hereditary colonic syndromes are known contraindications.
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INTRODUCTION
Twenty years after the introduction of computed tomographic colonography (CTC)[1], this technique has reached
its maturity, and it can reasonably be considered the best
radiological diagnostic test for imaging CRC and polyps.
Recent evidence in the literature shows that the diagnostic performance for the detection of CRC both in
symptomatic[2,3] and asymptomatic subjects[4,5] is similar to
that of colonoscopy (CS) and is largely superior to that of
barium enema (BE), thus leading the European Society
of Gastrointestinal and Abdominal Radiology (ESGAR)
and the European Society of Gastrointestinal Endoscopy (ESGE) “… to recommend CT colonography as
the radiological examination of choice in the context of
colorectal neoplasia”[6], and to discourage the use of BE
if CTC is available.
In this paper, this technique will be reviewed and the
performance and current indications and contraindications to CTC will be discussed.

TECHNIQUE
The technique is easy, standardized[7], and much less
labor-intensive and invasive than BE and CS. The process
consists of four consecutive steps: bowel cleansing, colon
distention, CT protocol, and image analysis.
Bowel cleansing
Similar to CS, in which an optimal examination requires a
clean colon, bowel cleansing is critical for CTC. Residual
stools may mimic cancer or a polyp or, alternatively, may
hide a real colonic lesion; the same is true for fluid residues. Bowel preparation is an evolving area of research
since the ultimate goal is to reduce or abolish the use of
laxative agents in order to improve patient compliance
compared with CS, but not at the expense of diagnostic
quality. The ideal colonic preparation is still being debated, but general agreement exists regarding the need for
dietary restriction, fecal tagging, and bowel purgation[7].
Dietary restriction (e.g., a low fiber diet) for one to three
days before CTC examination is aimed at reducing fecal
volume and stool inhomogeneity, thus favoring optimal
tagging[8]. Bowel purgation should normally be included
in CTC preparation; however, in order to improve patient
compliance, aggressive catharsis should be restricted
to 24 h or less and a reduced volume of laxative agent
should be preferred[9-12]. The choice of the agent reflects
local experiences, with no clear preference for any agent.
In order to improve polyp detection and to reduce
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the number of false-positive examinations, “labelling”
or “tagging” of residual stools and fluids is strongly recommended and is considered mandatory unless contraindicated. Fecal tagging consists of oral administration
of either water-soluble iodinated contrast medium or,
alternatively, a diluted barium sulfate suspension. Because
such oral contrast agents are hyperattenuating to X-rays,
the tagged residual bowel content appears hyperdense
and can be readily distinguished from true colonic lesions.
The use of electronic stool subtraction software allows
the colon to be cleansed of tagged residues and virtual
navigation to be performed[13] (Figure 1). Although robust data are not available in the literature comparing the
two tagging agents[14-16], iodinated contrasts offer more
homogeneous tagging and the possibility for same-day
CS; the risk of allergic reactions, due to iodine absorption
through the gastrointestinal tract, is extremely rare, or
even anecdotal[17].
A further step to improve patient compliance is the
utilization of reduced bowel preparations[18] using only
high doses of hyperosmolar contrast agents, without the
need for any additional laxative agent[19,20]. This approach,
which is associated with better patient compliance and
with reduced cathartic effects compared with a conventional colon cleansing for CS, can now be considered
routine practice, particularly in screening[5] and in elderly
and frail patients[21,22].
Colon distention
The colon is inflated with air or carbon dioxide by using
a thin and flexible rectal catheter by a radiologist, resident, technician, or nurse specifically trained in the technique[23]. Although automatic insufflation with carbon
dioxide is the method of choice to optimize colonic distention and to maximize patient comfort, a higher cost is
a drawback of this technique[24]. No sedation is required.
The use of a spasmolytic agent, and in particular hyoscine butylbromide (Buscopan®)[25], may provide better
distension, especially of the sigmoid colon in the case of
diverticular disease or severely stenosing cancer, although
a clear improvement in the accuracy of polyp detection
has not been demonstrated[26,27]. The intravenous injection
of iodinated contrast medium is reserved for the following situations: in patients with known CRC, to improve
staging, and in symptomatic patients based on the clinical
indication, and for the need to investigate the extracolonic organs fully[28].
CT protocol
The use of multidetector row CT (MDCT) scanners (≥
16 rows) is considered an essential prerequisite to achieve
high-quality (max collimation ≤ 2.5 mm; single breathhold) and low-dose examinations. The use of dose
modulation devices[29], which reduce does exposure by
30%-35% (except in obese patients) is strongly recommended; if available, adaptive statistical iterative reconstruction and model-based iterative reconstructions[30],
which reduce dose exposure up to 50%, are preferred.
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Figure 1 Pedunculated polyp submerged by fluid residues. A: Polyp displaying soft-tissue density (arrow) is partially submerged by tagged fluid (asterisk) on an
axial prone computed tomography image; B: On electronically cleansed endoluminal view, a polyp with a pedunculated morphology (arrow) is clearly observed; C: On
colonoscopy, a pedunculated polyp is detected before resection.

Table 1 All of the relevant data
Ref.

Year

Design

Polyp > 6 mm
Se

Pickhardt et al[33]
de Haan et al[4]
Sosna et al[43]
Chaparro et al[41]
Mulhall et al[44]
Halligan et al[42]
Rosman et al[45]
Sosna et al[69]
Plumb et al[46]
Atkin et al[2]
Halligan et al[3]
Stoop et al[5]
Johnson et al[37]
Regge et al[38]
Neri et al[7]
Graser et al[40]
Pickhardt et al[39]
Mean

2011
2011
2003
2009
2005
2005
2007
2008
2014
2013
2013
2012
2008
2009
2013
2009
2003

Meta-analysis
Meta-analysis
Meta-analysis
Meta-analysis
Meta-analysis
Meta-analysis
Meta-analysis
Meta-analysis
Meta-analysis
RCT
RCT
RCT
Obs Multic
Obs Multic
Obs Single
Obs Single
Obs Single

Polyp > 6 mm, < 10 mm

Sp

Se

Sp

Polyp > 10 mm
Se

Sp

Cancer
Se
96.1%

75.9%

94.6%

86%

68.1%
84%
63%
70%

96.5%
90%
93%

86%
63%
70.7%

89.7%

74%

78%
85.3%
95.6%
91.3%
88.7%
86.3%

88%
87.8%
93.9%
93.1%
79.6%
87.1%

69.8%

93.1%

83.3%
88%
83%
85%
93%
82%
82.3%
92%

98.7%
95%
92%
97%
97%

90%
90.8%
100%
92%
93.8%
88.8%

86%
84.5%
98%
97.9%
96%
94.3%

95.4%
95%

95.8%
96.5%
93.3%

95.1%

95.4%

RCT: Randomized controlled trial.

Image analysis
Image post-processing is performed on dedicated off-line
workstations suitable for 3D data management and reconstruction. CTC interpretation should be based on both 2D
and 3D images, and the use of either a primary 3D or 2D
approach depends on personal preference and availability[31]. Computer-aided detection (CAD) software is useful
to reduce perceptual errors during CTC interpretation, if
employed in a second-reader paradigm. Particularly, CAD
improves sensitivity for small (6-9 mm) polyps, even in
expert readers[32]. However, the use of CAD should not
preclude adequate reader training, since the interpretation
of CAD markings is under the control of the radiologist.

PERFORMANCES
All of the relevant data are provided in Table 1.
Cancer
Recent meta-analyses[4,33] and randomized clinical trials
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have reported that the diagnostic performance of CTC
for the detection of CRC and clinically significant adenomatous polyps (≥ 10 mm) both in symptomatic[2,3] and
asymptomatic subjects[5] is similar to CS and is largely
superior to BE. In fact, the sensitivity of CTC and CS for
CRC were shown to be 96% and 95%, respectively, in a
recent meta-analysis[33]. The importance of this study is
that it showed that sensitivity is maintained, despite a wide
variation in technique, demonstrating potential generalizability and widespread implementation of CTC. In the
first randomized trial[2], which compared CTC and CS in
symptomatic patients, the overall performances were not
statistically significant different for either CRC or large
(≥ 10 mm) polyps. Given the relatively low prevalence
of CRC, even among symptomatic cohorts, primary CTC
may be more suitable than CS for the initial investigation
of suspected CRC. In fact, the cancer miss rate of CTC
is low. In a study on 3800 patients who were followedup by using the National Cancer Registry database after
CTC[34], seven cancers were missed (five because of tech-
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A

ever, once adequately trained, radiologists can obtain consistent performance for adenoma and advanced neoplasia
detection, as well as other clinically relevant endpoints, in
a CTC screening program[50].

B
*

Figure 2 Patient with incomplete colonoscopy due to severe angulation
and stricture secondary to diverticular disease of the sigmoid colon. A:
On a volume-rendered colon map, a stricture of the sigmoid colon (arrow) and
a large filling defect (asterisk) on the medial wall of the descending colon are
evident; B: On a coronal image, a large polyp (arrow) of the descending colon
is observed.

nical limitations and two because of perceptive errors;
systems errors and severe patient co-morbidity contributed to three of the cases), with an overall missed rate of
around 5.3%. These data are similar to those collected
for CS (miss rate, 5.9%)[35] and were better than those
collected for BE (missed rate, 6.7%)[36].
Adenomatous polyps
Several studies have demonstrated the accuracy of CTC
in identifying and characterizing colonic polyps (Figure
2). Two randomized clinical trials[2,3,5], two multicenter
trials[37,38], two single-center trials[39,40], and eight different
meta-analyses[4,33,41-46] came to similar conclusions: CTC
sensitivity for clinically significant polyps (larger than 10
mm) is high and is similar to that of CS; the sensitivity for
small (6-9 mm) polyps is slightly lower than that of CS;
the specificity and negative predictive value, even for small
polyps, are good, especially if fecal/fluid tagging techniques are used; and the variability of the results among
different series is mostly due to perceptual errors and
consequently to reader inexperience[47]. The importance
of reader experience was also confirmed by a multicenter
study[48] designed to assess the accuracy of CTC in detecting polyps or cancers after a preliminary training and
qualifying program for radiologists. The most relevant
finding of the study was that radiologist’s polyp detection
rate during training was the only significant factor in predicting the accuracy of CTC for detecting polyps.
This result leads to the issue of training and the learning curve. Although the debate is on-going, one study[49]
attempted to determine how many CTC training datasets
had to be evaluated by a novice reader to reach an adequate level of diagnostic confidence, which was defined as
a sensitivity of 95% for lesions 10 mm or larger, a sensitivity of 90% for lesions 6 mm or larger, and a per-patient
specificity of 80% for lesions 6 mm or larger. This study
showed that at least 175 CTC studies with colonoscopic
verification are necessary for most trainees, although a
sub-group may require additional training because of the
inability to reach the predefined threshold levels. How-
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Non-polypoid (“flat”) lesions
Non-polypoid lesions represent a sub-group of colonic
neoplasms, which are classified into the following types:
slightly elevated (type 0-Ⅱa), completely flat (type 0-Ⅱb),
and depressed (type 0-Ⅱc)[51]. Type 0-Ⅱa lesions are sometimes misclassified as sessile polyps because they are slightly
elevated from the mucosal surface. In order to avoid this
confusion, the height of a flat lesion should not exceed ½
of its diameter[52]. In CTC, a lesion is defined as flat when
the vertical elevation above the surrounding mucosa is less
than 3 mm[53] (Figure 3). Another sub-type of non-polypoid tumors is the so-called “carpet” lesion, which is defined
as a flat, laterally spreading colorectal mass measuring 3 cm
or greater in size[54].
Although the epidemiology is not completely clear,
recent data suggest that the prevalences of non-polypoid
lesions in Europe[55] and the United States[56] are close to
that of Japan[57]. The likelihood of malignancy is directly
related to morphology rather than to size: types 0-Ⅱa and 0Ⅱb have a risk of harboring high-grade dysplasia or cancer
similar to polyps, whereas type 0-Ⅱc has a definitely higher
likelihood of malignancy[57]. CTC can potentially detect flat
and depressed adenomas, which result in focal thickening
of the colonic wall, but it is probably not suitable for evaluating the presence of completely flat lesions[58]; however,
the latter are exceedingly rare[56,57]. At the time of this paper,
data regarding CTC sensitivity for flat lesions are sparse,
and the patient series are small for the available studies. The
largest studies report sensitivity in the range of 80%-90%
for flat adenocarcinomas[59,60], and excellent results were
also described for lateral spreading tumors[61].
Extracolonic findings
A possible advocated advantage of CTC is the detection of extracolonic findings (ECF). ECF are common
in symptomatic patients as well as in screening patients
referred for CTC, with a prevalence ranging between 25%
to more than 50%[62]. They increase with age and are not
clinically significant in most cases; however, they are reported as important in 10% of patients, requiring further
work-up[63]. Important ECF include extracolonic cancers
(with the most common being renal and lung cancers
and lymphoma), abdominal aortic aneurysms, and adrenal lesions. The work-up for ECF produces additional
costs that should be considered when calculating the
cost-effectiveness of CTC, particularly for screening. In
a mathematic model, the detection of an ECF such as abdominal aortic aneurysm and extracolonic cancers in addition to CRC makes CTC a dominant screening strategy
over both CS and CS with one-time ultrasonography[64].

INDICATIONS AND CONTRAINDICATIONS
The availability of robust and evidence-based data in the
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Figure 3 Non-polypoid lesion (type Ⅱ-A). A: Non-polypoid lesion (arrow) is observed on an axial image; B: Lesion (arrow) is confirmed on an endoluminal computed tomographic colonography image; C: Colonoscopy confirming the presence of the non-polypoid lesion (arrow).

literature has increased the indications for CTC. Today, incomplete or failed CS, the evaluation of elderly, frail, and
symptomatic patients, and the investigation of diverticular
disease are clear clinical situations where CTC can be safely proposed. However, CTC can also be recommended in
CRC screening and surveillance despite the lack of robust
evidence, if CS is unfeasible. Further, potential contraindications should not be overlooked in order to ensure the
appropriate use of CTC.

therapy[75], respectively. Because of the progressive aging
of the population, this sub-group of patients is likely to
increase in the future, with consequently higher frequencies of colonic cancer and diverticular disease[76,77]. CTC
has the advantage of being technically feasible, well tolerated, and safe. Only patients with a positive finding will
be referred for more invasive and risky examinations because of the high positive and negative predictive values
for cancer and large polyps[78,79].

Absolute indications
Incomplete or failed CS: Incomplete or failed CS is
not an uncommon event. The caecal intubation rate, a
quality metric recorded by the endoscopists, is extremely
variable in daily practice and it can be far from highquality standards[65].
CS can be incomplete for a variety of reasons other
than poor bowel preparation: obstructing masses, neoplastic or inflammatory strictures, redundant colon, patient discomfort, colonic spasm, severe diverticulosis, and
adherences from previous surgery. Further, incomplete
CS is more common in elderly patients and in women[66].
The experience of the endoscopist is another extremely
important variable because up to 10% of CS procedures
are considered technically challenging, even for experts[67].
In the case of incomplete/failed CS, examination of
the entire colon is recommended in order to avoid missing
an advanced lesion[68]. Because the performance of CTC is
superior to BE[3,46,69], CTC is the examination of choice[70].
In the case of neoplastic obstruction, CTC can be used
for excluding synchronous lesions in the remaining colon
and for whole body staging of primary colonic neoplasm,
if contrast-enhanced CTC is performed[71,72]. Moreover,
CTC can define predictive factors for a potentially difficult CS, such as colonic looping, acute angle flexures, and
tortuosity, because it reveals colonic anatomy[73].

Investigation of diverticular disease: Diverticular
disease is the most common colonic disorder in the
Western world, with a prevalence of over 60% at 80
years[77]. The clinical diagnosis is challenging because
patient symptoms and laboratory findings are unspecific
and overlap with other gastroenterological entities (e.g.,
irritable bowel syndrome) and in young women (< 40
years of age) with gynecological disorders[80]. Thus, imaging tests are necessary for the diagnosis. The choice of
either CTC or CS as the first-line imaging examination
depends mostly on the patient’s age, risk factors, clinical
status, and preference, as well as on imaging availability
and local expertise[81]. In elderly individuals, especially
those who are frail and have potential contraindications to CS and sedation, CTC is preferred because it
is minimally invasive. On the other hand, CS should be
the first choice in younger patients in whom symptoms
might be related to colic inflammatory changes because
the diagnosis would be challenging with CTC. The use
of BE should be discouraged because of poorer patient
compliance[82], longer examination time, higher risk of
complications[83,84], and radiation exposure[85].
In patients with established diverticular disease, CTC
can provide a balanced view of the disease by incorporating visual analysis with quantitative analysis by using a
CTC-based diverticular disease severity score; this score
appears to correlate with relevant coexisting lesions and
can potentially influence therapeutic decision-making[86].

Elderly and frail patients: CS, apart from being incomplete or failed, can be unfeasible because of the patient’s
condition, including advanced age, poor compliance to
bowel preparation, or associated severe co-morbidities.
CS has an increased risk of perforation and bleeding in
elderly patients[74] and in those undergoing anti-coagulant
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Symptomatic patients: Gastrointestinal alarm symptoms potentially suggestive of CRC such as abdominal
pain or discomfort, rectal bleeding, iron-deficiency anemia, and unintended weight loss are highly non-specific;

16862

December 7, 2014|Volume 20|Issue 45|

Laghi A. CT colonography: Technique and indications

further, these symptoms are, unfortunately, common in
the general population, particularly in the elderly[87]. The
accuracy for identifying patients with underlying structural disease is disappointing, and many of these patients
who are referred for CS will ultimately prove to be normal[88]. Elderly patients are often frail and more likely to
have an incomplete or difficult CS, with a greater risk of
adverse events[65,66] and an increased workload for endoscopy centers. For these reasons, CTC might be used as a
triage technique, with only patients with positive findings
being referred for CS. Practically, proposing CS as the
best indication for symptomatic patients presenting with
bleeding and diarrhea and proposing CTC for those with
pain or weight loss may be reasonable.
Other indications: New and emerging indications have
been explored, with some of them being entered de facto
in clinical use: CTC for tumor localization before laparoscopic surgery because of the inaccuracy of CS in determining the precise localization and extent of the lesion[89];
investigation of patients with colonic stoma[90]; and assessment of colonic involvement in patients affected by
deep pelvic endometriosis[91].
Relative indications
CRC screening: CRC screening is complex, and this
is particularly true in Europe, where population-based
programs using fecal occult blood tests are already organized. Within the framework of an established screening
program, the role of CTC is to replace BE in the case of
incomplete CS[92] and to evaluate patients with a positive
fecal occult blood test who refuse CS[93].
Despite the current situation, research is committed to exploring the potential use of CTC as a screening
modality alternative to the available tests. Before implementing CTC, data on patient adherence to CTC-based
screening programs and cost-effectiveness are necessary.
The recent results of a Dutch trial[5] showed that the participation rate for the screening program was increased
with CTC compared with CS (34% vs 22%; p < 0.0001).
Although these results are extremely interesting, they
must be confirmed by other on-going trials[94,95].
The available data on the cost-effectiveness of CTC
for screening based on mathematical models are discordant: in the majority of the models, CTC is dominated
by either CS or a combination of flexible sigmoidoscopy
and fecal occult blood test[96]. However, the costs of CTscreening in the Dutch trial[97] were substantially lower
than the cost assumptions used in published cost-effectiveness analyses, indicating the need for re-evaluation of
those data.
Apart from population screening, on an individual
basis, CTC can be suggested as a CRC screening test provided the individual is adequately informed about the test
characteristics, benefits, and possible risks[98].
Surveillance: In patients who have undergone previous
surgery for CRC, colonic and extracolonic surveillance
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are needed because more than 50% of recurrent tumors
will present as extracolonic metastatic disease (particularly in the liver parenchyma), and many local recurrences
lack an intraluminal colonic component[99]. The current
surveillance guidelines include a combination of clinical assessment, serum carcinoembryonic antigen (CEA)
testing, CS, and contrast-enhanced CT[100]. CTC, if performed by using a different technical strategy (i.e., during the intravenous administration of iodinated contrast
medium), combines the ability of detecting polyps and
cancer with an accuracy similar to CS, while simultaneously offering an evaluation of extracolonic findings[101].
However, this approach is presently recommended only
if a patient is unable or unwilling to undergo CS because
of the lack of robust and evidence-based data.
Patients who have previously undergone endoscopic
resection of colonic adenoma are likely to develop a
metachronous lesion; therefore, these patients must be included in a surveillance program using CS. The frequency
intervals for follow-up remain controversial[102]; these are
based on the findings at index CS (size, number, and histology of the removed polyp/s). Unfortunately, despite
the official recommendations, patient adherence to followup is extremely variable and is generally poor in clinical
practice[103]. For those patients unwilling to undergo CS,
follow-up CTC can be suggested as an alternative option.
Contraindications
Acute abdominal conditions, like diverticulitis or the acute
phase of IBDs, are contraindications to CTC because of
the high risk of complications (i.e., perforations)[84].
Further, precautions should be taken when performing CTC after endoscopic resection. A two-week delay is
suggested[6], although clear scientific evidence is lacking
to confirm this. In fact, a study on patients who underwent CTC within 24 h following CS with either polypectomy or biopsy sampling did not find colonic perforation[27]. On the other hand, endoscopic biopsy is not
considered a contraindication and same-day CTC can be
safely performed.
CTC should be also avoided as a surveillance test in
patients with a long-standing history of ulcerative colitis or Crohn’s disease and in those with hereditary nonpolypoid colorectal cancer (HNPCC), Lynch syndrome,
and APC-associated polyposis conditions. In all of these
cases, CS is the preferred diagnostic option at a timing and interval different from screening in average- or
higher-than-average risk individuals because of the highly
increased risk of developing CRC[104,105].

CONCLUSION
In conclusion, CTC is a mature and robust imaging modality, with an accuracy very close to CS. CTC has completely replaced BE because of its superior performance,
higher patient compliance, and lower dose exposure.
CTC can be considered the leading modality for colonic
imaging in many clinical situations, although CS is still
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preferred for several indications. A clear understanding
of the exact role of CTC will be beneficial to maximize
the benefits and minimize the potential sources of frustration or disappointment for both referring clinicians
and patients.
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Abstract
While conservative management such as fluid, bowel
rest, and antibiotics is the mainstay of current acute
pancreatitis management, there is a lot of promise in
pharmacologic therapies that target various aspects of
the pathogenesis of pancreatitis. Extensive review of
preclinical studies, which include assessment of therapies such as anti-secretory agents, protease inhibitors,
anti-inflammatory agents, and anti-oxidants are discussed. Many of these studies have shown therapeutic
benefit and improved survival in experimental models.
Based on available preclinical studies, we discuss potential novel targeted pharmacologic approaches that
may offer promise in the treatment of acute pancreatitis. To date a variety of clinical studies have assessed
the translational potential of animal model effective experimental therapies and have shown either failure or
mixed results in human studies. Despite these discouraging clinical studies, there is a great clinical need and
there exist several preclinical effective therapies that
await investigation in patients. Better understanding of
acute pancreatitis pathophysiology and lessons learned
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from past clinical studies are likely to offer a great
foundation upon which to expand future therapies in
acute pancreatitis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Acute pancreatitis; Antisecretory; Protease
inhibitors; Anti-inflammatory; Anti-oxidants; Systemic inflammatory response syndrome; Organ failure; Mortality
Core tip: Currently there are no approved therapies for
acute pancreatitis. This review summarizes and discusses pre-clinical and clinical studies in acute pancreatitis and also discusses potential promising therapies.
Kambhampati S, Park W, Habtezion A. Pharmacologic therapy
for acute pancreatitis. World J Gastroenterol 2014; 20(45):
16868-16880 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i45/16868.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i45.16868

INTRODUCTION
In the United States in 2009, over 274000 patients were
diagnosed with acute pancreatitis making it the most
common gastrointestinal disease requiring acute hospitalization with costs for treatment exceeding $2.5 billion
annually[1]. The prognosis of patients with acute pancreatitis is largely determined by the presence of organ
failure and infected pancreatic necrosis with associated
mortality rates of 15%-30%[2]. Other complications of
pancreatitis include systemic inflammatory response syndrome (SIRS), sepsis, and acute respiratory distress syndrome (ARDS). Despite the increasing incidence[3], there
is no current available pharmacologic therapy to mitigate
the disease and its course. Current treatment of pancreatitis is largely supportive. Treatment of organ failure
consists of organ supportive measures[4], while treatment
of infected pancreatic necrosis consists of drainage or
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debridement and antibiotics[5].
The most common causes of acute pancreatitis in the
Western population are alcohol and gallstones, but many
other causes have also been described and regardless of
the trigger, there is an underlying common pathogenic
outcome[6,7]. Acute pancreatitis is thought to be a local
inflammatory process involving premature intra-cellular
activation of digestive enzymes within acinar cells leading
to autodigestion of the tissue that can progress to involve
distant organs. The secretory acinar cells are also thought
to release chemokines and cytokines that recruit leukocytes triggering an inflammatory response responsible
for pancreatic edema and neutrophil accumulation[8]. This
interstitial edema can sometimes progress to necrosis in
parts of the pancreas and possible bacterial infection.
Acute pancreatitis can also affect the microvascular circulation and compromise perfusion and oxygenation of the
tissue[9]. While supportive therapy is largely the only treatment available for this disease, research in pancreatitis
and a better understanding of the pathophysiology has
led to the development of some pharmacologic therapies
that target the various steps in the pathogenesis of pancreatitis. A review published in 2008 outlined some of
the pharmacologic therapies investigated in experimental
animal models[10]. Since then, some of those therapies
have been further studied, new drugs have been found
in each class of therapy, and more human clinical studies
assessing the clinical utility of the therapies have been
conducted.
This review focuses on the newer pharmacologic
therapies for treatment of acute pancreatitis, and does
not address the pharmacology of the standard treatment
currently used such as pain control and antibiotics. The
article summarizes the experimental, pre-clinical studies
that provide evidence for the therapeutic potential for
various classes of newer medications, outlines the clinical
trials that have assessed their translational potential, and
comments on future therapies and potential promising
agents awaiting translation to clinical practice. This review
focuses on pharmacologic therapy for acute pancreatitis
that is not secondary to endoscopic retrograde cholangiopancreatography (ERCP).

MOLECULAR PATHOGENESIS OF
PANCREATITIS
Under physiologic conditions, inactive enzyme precursor secretion from the acinar cell occurs in response to
cytosolic calcium. A sustained global elevation of this
calcium, however, can lead to premature activation and
secretion of digestive enzymes from the acinar cell, one
of the earliest detectable events in pancreatitis[11]. After
the initial insult to the pancreatic acinar cell, the disease
progression is a multi-phase process that involves local
inflammation of the pancreas, followed by a generalized inflammatory response, and the final stage of sepsis
involving multi-organ failure in those with severe disease[8]. Following the initial injury, inflammatory cells are
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often recruited to the pancreas via adhesion molecules,
which can aggravate the inflammatory response leading
to severe acute pancreatitis[8]. One of the key drivers of
the inflammatory response in acute pancreatitis is likely
circulating cytokines and chemokines. Active digestive
enzymes are potent stimulators of macrophages, which
subsequently induce the production of pro-inflammatory
cytokines such as tumor necrosis factor alpha (TNF-α)
and interleukins[12].
Cytokine production is governed by a large number
of transcription factors, most prominent of which is
nuclear factor kappa-light-chain-enhancer of activated B
cells (NF-kB)[12]. The various types of cytokines released
can cause their effects via highly specific cell surface
receptors and stimulate enzymes such as cyclooxygenase-2 and inducible nitric oxide synthase (iNOS), which
mediate the inflammatory process. Hence inhibition of
these enzymes is likely to limit the local and systemic
injury induced by pro-inflammatory leukocytes[12]. Reactive oxygen species (ROS) and reactive nitrogen species
(RNS) have also been implicated in the pathogenesis of
acute pancreatitis. The mechanism by which these agents
induce pancreatitis is two-fold. ROS and RNS act directly
on biomolecules (lipids, proteins, and nucleic acids) and
oxidize these components of cell membrane in the pancreas leading to membrane disintegration and necrosis of
the pancreatic cells. In addition to the direct detrimental
oxidative effects, ROS and RNS can also serve as secondary messengers in intracellular signaling and induce proinflammatory cascades[13].

PRECLINICAL STUDIES
Anti-secretory agents
Acute pancreatitis is characterized by pancreatic and
peripancreatic fat injury in part mediated by autodigestive
enzymes. Excessive stimulation of the exocrine pancreas
worsens acute pancreatitis[9] and thus is the rationale for
testing anti-secretory agents as potential therapies for
acute pancreatitis. Initial animal studies in the 1970s tested glucagon and subsequent studies investigated the use
of somatostatin and long-acting somatostatin analogue.
Glucagon increases superior mesenteric artery blood
flow and decreases pancreatic exocrine secretion[14]. A
study utilizing a dog model of pancreatitis, however, did
not find glucagon treatment alone or in combination with
volume resuscitation to be better than volume resuscitation alone[15]. In fact in their model, pancreatic hemorrhage was associated with glucagon treatment suggesting
possible worsening of the disease. A later study using
pigs reported beneficial effects of glucagon[16] but other
experimental studies in addition to the study mentioned
above failed to support the use of glucagon therapy in
experimental acute pancreatitis[17-19].
Somatostatin is an inhibitory hormone with multiple
effects on gastrointestinal motility and exocrine pancreas
secretions[20]. One preclinical study using a taurocholateinduced rat model of acute pancreatitis, showed that so-

16869

December 7, 2014|Volume 20|Issue 45|

Kambhampati S et al . Pharmacologic therapy for AP

matostatin was effective in inhibiting basal and hormonal
stimulated pancreatic enzyme secretion but did not affect
the degree of pancreatic necrosis, pancreatic edema,
leukocyte infiltration, or the enzyme content of the pancreas after pancreatitis was induced and did not lead to
an overall decrease in mortality[21]. Another study showed
that somatostatin stimulates hepatic and splenic reticuloendothelial function in the rat hence suggesting benefit in
the treatment of pancreatitis[22]. Preclinical studies have
showed benefit of using somatostatin and its long-acting
analogue, which provides the basis for the clinical trials
discussed below.
The utility of anti-secretory agents has limitations given that the pancreas not only secretes enzymes, but also
secretes bicarbonate and fluids, and animal studies have
shown that stimulation of ductal secretion of bicarbonate
has a protective effect on the severity of pancreatitis[23].
Protease inhibitors
Intrapancreatic activation of digestive enzymes plays an
important role in the pathogenesis of acute pancreatitis.
For this obvious reason protease inhibitors have been
and remain of therapeutic interest in acute pancreatitis.
Early studies in dogs with surgically-induced pancreatitis
treated with trypsin inhibitors from egg white or soybean,
and trasylol (aprotinin), a trypsin-kallikrein inhibitor from
cattle were effective in suppressing acute pancreatitis[24].
Several other animal studies, including guinea pig model
with taurocholate-induced necrotizing pancreatitis, also
showed benefit with using protease inhibitors such as
chlorophyll-a[25,26]. Interestingly however in the cholinedeficient DL-ethionine (CDE) supplemented diet model
of severe hemorrhagic pancreatitis, neither trasylol nor
chlorophyll-a resulted in disease or mortality attenuation[27]. Despite the use of protease inhibitors at the time
of CDE acute pancreatitis induction, the difference in
rapidity, extent and intracellular protease release as well as
the degree of and/or drug tissue penetration associated
with the different experimental models might contribute
to the observed opposing results[23]. Nevertheless, the
later study has been more consistent with the clinical trial
findings discussed below.
Anti-inflammatory and immunomodulators
Altered products of arachidonic acid metabolism have
been detected in experimental acute pancreatitis[28]. In
acute pancreatitis thromboxane B levels are elevated
whereas levels of prostaglandin E (PGE) are decreased.
PGE therapy has been shown to have protective effects
on the course of experimental acute pancreatitis in rodent models with taurocholate, CDE diet, or caeruleininduced pancreatitis[29-31]. Cyclo-oxygenase inhibitors such
as indomethacin have been used to treat experimental
acute pancreatitis with conflicting results in earlier studies[32] but subsequent studies have supported the beneficial effect of indomethacin particularly when used early
or prior to disease induction in rat models with taurocholate-induced acute pancreatitis[33,34]. Similar to cyclo-
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oxygenase, lipoxygenase is downstream of arachidonic
acid and studies have shown that its inhibition in rat
models with taurocholate-induced acute pancreatitis leads
to reduced severity of the disease[35]. Leukotriene receptor antagonism however has shown to either worsen or
have no effect on rat acute pancreatitis[33,36], indicating the
complexity of the pathway and the need for further in
depth investigations.
Steroid therapy in acute pancreatitis has been of interest for several decades due to the associated leukocyte
activation and release of inflammatory cytokines and chemokines during progression of acute pancreatitis. One
experimental study in rat acute pancreatitis caeruleininduced showed that the effectiveness of steroid therapy
depended on the severity of illness, with dexamethasone
being more effective against pancreatitis with severe
inflammation[37]. Another experimental study showed
that dexamethasone reduced pancreatic damage when
given prophylactically through reduction in intercellular
adhesion molecule-1 expression, but was ineffective in
preventing leukocyte recruitment into the pancreas when
given therapeutically to rats with taurocholate-induced
acute pancreatitis[38]. On the other hand, steroids have
also been implicated as a cause of acute pancreatitis and
some studies show that high-dose hydrocortisone can increase mortality rate and complication rates such as sepsis
or infection[39-43].
Animal studies have shown that interleukin-10 (IL-10),
an anti-inflammatory cytokine, can ameliorate the severity
of caerulein-induced acute pancreatitis in rodent models if given before or after the induction of disease[44].
IL-10 plays a protective role in the local and systemic
consequences of the disease as IL-10 has been shown
to block inflammation leading to improved outcome in
experimental models[45]. Lexipafant, an antagonist of the
platelet activating factor[46], induces systemic effects and
has been implicated as a mediator in the progression of
acute pancreatitis[47]. Studies have shown that treatment
of taurodeoxycholate and caerulein-induced rodent models of pancreatitis with lexipafant reduces the severity of
pancreatitis-associated complications such as intestinal
dysfunction, systemic IL-1 upregulation, and local leukocyte recruitment[48]. Lexipafant reduced acute pancreatitis
associated inflammation[49] and improved acute necrotizing pancreatitis[50]. Despite beneficial outcomes with
IL-10 and lexipafant in animal studies, their translation
into clinical use has proven to be challenging.
Anti-oxidants
Oxidative stress and injury is implicated in many inflammatory diseases. Oxygen-derived free radicals are generated in experimental acute pancreatitis[51] and there is evidence of decreased blood anti-oxidant levels in patients
with severe acute pancreatitis[52]. These observations led
to experimental studies that showed a protective effect of
exogenously administered anti-oxidants such as selenium
through reduction of pancreatic injury[53]. Pre-clinical
studies in rodent models of acute pancreatitis induced by
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a variety of methods, including carrageenan injection into
pleural cavity or L-arginine hydrochloride, have shown
reduced levels of glutathione and increased levels of oxidized glutathione suggesting a benefit from this intervention[54]. Clinical studies, which will be discussed later in
detail, however have not been positive and it may be that
anti-oxidants are more useful in prevention and/or as
synergistic agents.
Potential future promising therapeutic targets
One of the major limitations of preclinical studies is the
uncertainty and lack of an ideal model that recapitulates
all aspects of human disease. In addition preclinical
therapies are often given either early or at the time of
acute pancreatitis induction, when in reality patients often present with ongoing or late onset acute pancreatitis.
Preclinical studies that demonstrate the efficacy of the
therapy when administering the drug following disease
progression are more likely to yield promising outcomes
in clinical trials. With the exception of ERCP-induced
acute pancreatitis in which prophylactic therapies can
be instituted, it is unlikely that agents that interfere with
initiation of acute pancreatitis are going to be effective
but rather those that target the subsequent injury, repair
or inflammatory pathways are likely to be beneficial in
treating acute pancreatitis. For this reason, we discuss a
few of the promising preclinical studies that target these
pathways.
Inducible nitric oxide synthase activity is thought to
be increased in experimental acute pancreatitis[55]. Experimental studies in the rat model have shown that agents
such as S-methylisothiourea, an inducible nitric oxide
synthase inhibitor, can decrease the bacterial translocation from gut into pancreatic necrosis thus reducing
septic complications and mortality in acute pancreatitis[56].
Treatment with agents such as AR-C102222AA or L-N6(1-iminoethyl)-lysine, highly selective iNOS inhibitors,
early in the course after induction of acute pancreatitis,
have also shown to have significant beneficial effects in
acute pancreatitis in Australian possums[57] and may offer
therapeutic benefit by decreasing pancreatic injury in future clinical studies.
Experimental studies with both pentoxifylline and
heparin have shown a protective effect in rat models with
acute pancreatitis. Studies have shown that pentoxifylline attenuates neutrophil activation, proinflammatory
signalling, and systemic inflammation and cytokine levels
in experimental acute pancreatitis especially when administered early[58]. Heparin has also been a pharmacologic
therapy of recent interest with increasing number of
reports suggesting its potential in the treatment of acute
pancreatitis. Heparin was initially studied primarily for its
ability to improve microcirculation, given that a disruption of the microcirculation contributes to the inflammatory process of acute pancreatitis. The anticoagulation
mechanism of heparin is also associated with its antiinflammatory effect in part secondary to reduced stimulation of macrophages and monocytes[59]. Experimental
studies show that addition of heparin results in a decrease
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of amylase, endothelin-1, and inflammatory cytokines
such as TNFα, activation of NF-kB, and improved morphologic changes and vascular flow in the pancreas[60].
Such agents may enhance healing while dampening proinflammatory pathways, and may offer benefit in clinical
acute pancreatitis.
Up-regulation of hemeoxygenase-1 (HO-1) or treatment with its downstream effectors and heme degradation products, biliverdin and carbon monoxide have
protective effects in different rodent models of acute
pancreatitis induced by taurocholate, caerulein, or CDE
diet[61-66]. HO-1 overexpressing macrophages protect
against acute pancreatitis [61,67]. Panhematin, an FDAapproved hemin formulation for acute intermittent
porphyria, can prime HO-1 production[68]. Studies have
shown that Panhematin if given before development of
experimental pancreatitis can upregulate hemin-activated
macrophages and lead to less pancreatic injury and if
given after the development of acute pancreatitis, can
also mitigate the extent of pancreatitis-related injury[63].
Notably, peripheral blood mononuclear cells from patients with mild acute pancreatitis have reversible HO-1
up-regulation that is associated with clinical recovery
supporting therapeutic potential of HO-1 and the heme
degradation products in patients with acute pancreatitis.
Biliverdin via the aryl hydrocarbon receptor up-regulates
IL-22[66]. There has been a lot of interest recently on the
role of IL-22, a cytokine produced by hematopoietic
cells that targets non-immune cells[66]. The pancreas interestingly has the highest expression of IL-22 receptor
amongst any other tissue[69] and IL-22 treatment has been
shown to ameliorate experimental acute pancreatitis[70].
Thus HO-1 and its downstream effectors are potential
targets for clinical acute pancreatitis.
TNFα plays a central role in the pathogenesis of local and distant complications of acute pancreatitis[71], and
its blockade ameliorates experimental acute pancreatitis
induced by caerulein, taurocholate, or CDE diet in mice
studies[72,73]. Although there are theoretical increased risk
of infectious complications with anti-TNF therapy, there
are case reports with positive outcome in acute pancreatitis patients who received anti-TNF due to concomitant
medical illness for which the anti-TNF therapy was indicated[74,75]. Thus with careful patient selection it is likely
that anti-TNF therapy will yield beneficial results in clinical trials.

CLINICAL STUDIES
Based on the pathophysiology of acute pancreatitis and
the basic science research conducted providing evidence
for promising pharmacologic therapy, many clinical studies have been performed assessing the effectiveness of
these therapies including anti-secretory agents, protease
inhibitors, immunomodulators, anti-inflammatory agents,
and anti-oxidants.
Anti-secretory agents
The use of glucagon for acute pancreatitis was first re-
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ported in 1971 by Knight et al[76] and since then several
subsequent uncontrolled clinical trials have shown a
clinical improvement, decrease in pain, and a decline in
enzyme activities in acute pancreatitis[77-79]. However, in a
subsequent double-blinded trial of 69 patients glucagon
was not found to have a significant impact on the mortality of the patients when compared to placebo[80]. Further
clinical trials found no difference in mortality and morbidity such as pain and length of stay[81,82].
Atropine was also studied in a randomized clinical trial
but did not have a significant effect on the clinical course
of patients when compared with no treatment[83]. Infusion of salmon calcitonin was also thought to strongly
depress gastric secretions such as gastric acid, pepsin, and
gastrin[84-86] as well as pancreatic enzyme secretions stimulated by various secretagogues without affecting the fluid
and electrolyte secretions[87] thus mitigating the pathogenesis of acute pancreatitis[88]. A multicentered randomized
double-blinded trial assessing the use of synthetic salmon
calcitonin in acute pancreatitis showed that though mortality was not affected, the number of patients without
pain and normalized serum amylase was higher in the
treated group as compared to the placebo group. Other
parameters such as analgesic dose, leukocyte count, and
normalization of seven clinical and laboratory criteria
showed a positive trend in the treated group but was not
clinically significant[88].
Clinical trials have well studied the use of somatostatin for treatment of acute pancreatitis given that it
inhibits pancreatic exocrine secretions, reduces splanchnic blood flow, stimulates the hepatic reticuloendothelial system, and modulates the inflammatory cytokine
cascade[89]. However, several randomized clinical trials
failed to show a clinically significant benefit with the use
of somatostatin[90-94]. A meta-analysis of seven publications, on the other hand, did show an overall mortality
benefit with somatostatin for severe acute pancreatitis
(OR = 0.36, 95%CI: 0.2-0.64) but there was no significant decrease in complication rates in patients with
acute pancreatitis[95].
Octreotide, a synthetic analogue of somatostatin,
was also tested clinically. While initial small studies did
not show any overall mortality benefit, they suggested a
decrease in severity of acute pancreatitis, reduced local
complications, and earlier return to oral intake[96]. One of
the largest clinical trials of 302 patients with moderate
to severe pancreatitis however did not show any clinical
benefit[97], but a smaller study of 50 patients with severe
acute pancreatitis showed a clinically significant reduction
in sepsis (76%-24%), ARDS (56%-28%), hospital stay
(33.1-20.6 d), and mortality (8-2 deaths)[98]. While an older
meta-analysis performed did suggest a mortality benefit for
severe acute pancreatitis (OR = 0.57, 95%CI: 0.35-0.88)[95],
another more recent meta-analysis that limited their estimate to four higher quality studies did not show any benefits in sepsis, mortality, or complication rates[99].
Thus clinical studies assessing the use of anti-secretory
agents have provided inconclusive evidence on their ben-
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efits. There appears to be no benefit with the use of these
agents in mild acute pancreatitis, and the benefits are uncertain in severe acute pancreatitis. Hence these agents are
not currently recommended in clinical practice[4,100].
Protease inhibitors
One of the earliest protease inhibitors studied is aprotinin, and initial studies showed some benefit in mortality though subsequent studies have failed to repeat such
results[101,102]. Studies delivering aprotinin via peritoneal
lavage have shown less necrosis in the treatment group
with a reduction in complement activation (specifically
less C3a and more C1 inhibitor plasma levels) but no
overall difference in mortality[103-105]. Aprotinin may still
have a role in treating acute pancreatitis given that it was
not given in high enough doses to produce sufficient
inhibition of protease activity and the studies were not
adequately powered[106].
Gabexate mesilate is a smaller protease inhibitor that
has been studied in human clinical trials[107]. While early
smaller clinical studies suggested a mortality benefit with
the administration of this therapy[108,109], a larger randomized controlled trial of patients with moderate to
severe acute pancreatitis found no clinical benefit[110,111].
Two other meta-analyses also demonstrate this lack of
mortality benefit, though they showed a decreased need
for surgery and less complications[95,112]. A recent study
showed some benefit in gabexate when delivered through
continuous regional arterial infusion (CRAI)[113].
Nafomostat is a newer synthetic protease inhibitor
a hundred times more potent than gabexate[107]. Clinical
studies assessing the delivery of nafomostat via CRAI
along with antibiotics have shown greater mortality benefit and lower incidence of necrosis with earlier administration of the drug[114]. Studies have also shown that delivery
of the drug via CRAI compared to non-CRAI decreases
the need for surgery and improves survival[115,116].
None of the protease inhibitors mentioned above are
currently part of standard clinical care for acute pancreatitis treatment as larger and adequately powered studies
are needed prior to their recommendation for clinical use.
Nafomostat, however, has the most promise out of the
three particularly when given via CRAI in combination
with antibiotics.
Immunomodulators
Based on the preclinical positive results, Lexipafant
was tested in clinical trials in patients with severe acute
pancreatitis. The first clinical trial assessing the use of
this therapy did not show a difference in mortality but
showed a reduction in organ failure[117]. Another study
showed significantly less organ failure, a reduction in
mortality and SIRS[118]. The largest randomized clinical
trial involving this therapy, however, showed no significant reduction in organ failure or local complications
leading to the conclusion that lexipafant alone cannot
treat severe acute pancreatitis[119].
Dotrecogin alfa, an analogue of endogenous protein
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C, has shown some benefit in the treatment of acute pancreatitis[120]. Endogenous protein C is made in the liver
and inhibits thrombin formation and facilitates thrombolysis. Given that lower levels of activated protein C
are associated with higher mortality in acute pancreatitis,
activated protein C was thought to mitigate severe acute
pancreatitis by modulating the immune system through
regulating leukocyte endothelial interaction and mitogenactivated kinases and improving intestinal microcirculation[121]. Initial case reports showed some benefit in using
dotrecogin alfa in acute pancreatitis[122], but a subsequent
pilot study did not show any clinically significant difference with the use of dotrecogin alfa[123].
Anti-inflammatory agents
Indomethacin, which inhibits phospholipase A2 activity
and cyclooxygenase activity thus decreasing neutrophil
mediated inflammation, has been clinically studied based
on earlier pre-clinical studies[124]. One study assessing this
therapy however, only reported decreased pain and opiate
use when given to patients with acute pancreatitis[125] suggesting analgesia but not anti-inflammatory related benefits. So far benefits of indomethacin have been largely
limited to post-ERCP pancreatitis[126].
Steroid therapy is widely used to dampen inflammation in various organ systems. Though steroid therapy
has been shown to be beneficial in the treatment of autoimmune pancreatitis[127], in acute pancreatitis however steroid therapy has been implicated in disease induction[128].
A postmortem study done by Carone and Liebow
showed histologic evidence of acute pancreatitis or peripancreatic fat necrosis in 16 out of 54 patients treated
with steroids[129]. Initial case reports have also linked the
use of steroids with acute pancreatitis[130]. Studies have
also shown that corticosteroids have no beneficial effect
in the prevention of post-ERCP pancreatitis[131]. However, given that some pre-clinical studies suggest that
steroids can reduce the inflammatory cascade, leukocyte
recruitment, and subsequent pancreatic damage when
given prophylactically[38], further well-designed studies are
warranted.
Anti-oxidant agents
Several clinical trials have assessed the benefit of anti-oxidant agents in acute pancreatitis given the role of reactive
oxygen species and cellular injury in acute pancreatitis
as well as the evidence generated by pre-clinical studies. Anti-oxidant agents studied include n-acetylcysteine,
methionine, beta-carotene, selenium, ascorbic acid, and
alpha-tocopherol.
A randomized clinical trial assessing treatment with
acetylcysteine, selenium, and vitamin C showed increased
serum levels of anti-oxidants and decreased markers of
oxidative stress but no improvement in organ dysfunction[132]. Another study with patients receiving Vitamin C,
n-acetylcysteine, and other anti-oxidants showed no significant difference in complications or length of hospital
stay[133]. The third recent clinical study with vitamins A,
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C, and E also showed no significant difference in organ
dysfunction[134].
Studies assessing the use of glutamine, a more potent anti-oxidant, have been more promising. One study
randomizing 80 patients to glutamine showed decreased
number of complications, length of stay, need for surgery, and mortality when administered early after hospitalization[135]. A meta-analysis of randomized control
trials with glutamine showed a mortality benefit (RR =
0.3, 95%CI: 0.15-0.6) and reduced infectious complications (RR = 0.58, 95%CI: 0.39-0.87), but no difference
in length of hospital stay. The benefit with glutamine was
observed only in patients receiving total parenteral nutrition[136]. Thus the role of anti-oxidant therapy in acute
pancreatitis remains to be determined.
Other therapies
A variety of other therapies for acute pancreatitis have
also been assessed in clinical studies. Antifibrinolytics
such as epsilon-aminocaproic acid (EPCA) has been
thought to ameliorate the pathogenesis of acute pancreatitis by inhibiting the activation of plasminogen,
plasmin, and trypsin, by inhibiting pancreatic kallikrein,
and by increasing serum antitrypsin activity[137]. A clinical
study assessing the use of EPCA and aprotinin in acute
pancreatitis, however, did not have any clinically significant improvement on outcomes such as hospital duration
and normalization of laboratory values compared to the
conventional treatment group and the aprotinin treated
groups[138].
Fresh frozen plasma (FFP) has also been assessed
in the treatment of acute pancreatitis given laboratory
studies that showed the inhibitory effect of FFP on
proteolytic activity in the serum of patients with acute
pancreatitis[139]. While one initial prospective pilot clinical
study showed a decrease in mortality with the administration of FFP in patients with acute pancreatitis when
administered during the first five days of illness onset[139],
a larger multi-centered controlled clinical trial showed no
improved clinical outcome in the group given FFP as opposed to colloids treated group[140].
Molecular pathways under target development include the kallikrein-kinin and complement system given
that severe acute pancreatitis is associated with elevated
C3a and sC5b-9 levels[141]. C1 esterase inhibitor blocks
a variety of proteolytic enzymes including activated C1
complex and kallikrein[142], and both experimental studies
as well as small human studies have shown that C1 esterase inhibitor has some protective benefit in severe acute
pancreatitis[143]. Currently pharmacologic targets of the
complement system are used in a variety of other diseases such as hereditary angioedema, paroxysmal nocturnal
hemoglobinuria, and hemolytic uremic syndrome[144] that
may permit more rapid translation.

CONCLUSION
Both pre-clinical and clinical studies (Tables 1 and 2) have
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Table 1 Summary of pharmacologic agents studied in experimental acute pancreatitis
Pharmacologic agent

Animal model
Species name

Anti-secretory agents
Glucagon

Dog
Pig

Somatostatin
Protease inhibitors
Aprotinin
Chlorophyll-a
Anti-inflammatory/
immunomodulators
PGE therapy
Indomethacin
Lipoxygenase inhibitor
Steroid

Rat

Outcome assessment

Duodenal obstruction, pancreatic duct infusion of lactated ringer Not beneficial when compared
solution or pancreatic duct infusion of bile-trypsin solution
to simple volume resuscitation
Hemorrhagic pancreatitis induced by bile injection into
Reduced mortality
pancreatic duct
Taurocholate
No decrease in mortality

Dog

Hemorrhagic pancreatitis surgically induced

Guinea pig

Taurocholate-induced necrotizing pancreatitis

Rat, mice
Rat

Taurocholate, CDE diet, or caerulein
Olive oil or taurocholate

Rat
Rat

IL-10
Lexipafant

Rat, mice
Rat, mice

Hemin/panhematin/
biliverdin/CO/IL-22
Anti-TNF alpha

Rat, mice
Mice

Citations

Mechanism of pancreatitis induction

Prophylactic and therapeutic
potential
Benefit in survival

[15]
[16]
[21, 22]
[17-19]
[25-27]

Protective effect
[29-31]
Beneficial particularly early in
[32-34]
induction
Taurocholic acid
Protective effect
[35]
Caerulein and taurocholate
Decreased inflammation and
[37-43]
protective
Caerulein
Reduction in severity of disease [44, 48-50]
Intraductal administration of 5% sodium taurodeoxycholate or
Reduction in severity, SIRS,
[46, 47]
caerulein
and bacterial translocation
caerulein, taurocholate, or CDE diet
Protective and therapeutic
[61-67]
effects
caerulein, taurocholate, or CDE diet
Decreased inflammatory
[72-75]
response and cell death

Anti-oxidants
Tempol

Mice

carrageenan injected into pleural cavity

Selenium

Rat

L-arginine hydrochloride

Decrease in inflammation and
shock
Reduction in pancreatic injury

[54]
[53, 145]

CO: Carbon monoxide; PGE: Prostaglandin E1; SIRS: Systemic inflammatory response syndrome; TNFα: Tumor necrosis factor α; CDE: Choline deficient
ethionine-supplemented.

shown promising opportunities for novel pharmacologic
therapy for acute pancreatitis that can supplement the
traditional treatment involving supportive measures such
as fluid resuscitation, nutritional support, pain control,
and antibiotics as needed. Pre-clinical and clinical studies
have shown promise in a variety of classes of therapies
that include anti-secretory agents, protease inhibitors, immunomodulators and anti-inflammatory agents, and antioxidants. While some of the evidence for these therapies
still remains inconclusive and hasn’t been translated into
current standard treatment care, there exists a tremendous potential therapeutic benefit as demonstrated in
these studies. The immunomodulating pharmacologic
therapies also have yet to be translated into standard
clinical care for acute pancreatitis[67].
There are also new targets for pharmacologic therapy
that can expand the potential therapies for acute pancreatitis. Strategies that alter the activity of key immune cells
in the inflammatory cascade triggered by acute pancreatitis offer great potential[67]. Other molecular targets such
as those that interfere with the kallikrein-kinin, proteolytic, and complement system as discussed with further
development have the potential of being applied to acute
pancreatitis as well in the future. In addition to expanding targets for pharmacologic therapy, existing therapies
need to be better studied in clinical trials in the future.
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Experimental pre-clinical studies have identified several
therapies that have not proven to be effective in clinical
trials and thus have not been translated to the clinical arena. One of the reasons for this discrepancy may be that
in the animal models, the pharmacologic therapy is often
administered prior to when pancreatic injury ensues thus
providing evidence that the therapy can provide a protective but not necessarily therapeutic effect.
In the clinical studies, however, the medication of
interest is often tested once the pancreatic injury has
already occurred and the inflammatory cascade induced
by acute pancreatitis has already initiated. In the future,
better design of clinical trials that deliver the treatment
earlier from symptom onset can maximize the drug’s ability to interrupt the inflammatory cascade and yield better
results. Clinical trials need to also be standardized with
respect to eligibility criteria, supportive treatment approaches, and outcomes measured. Clinically meaningful
primary and secondary outcomes such as mortality, organ
failure, SIRS, pancreatic necrosis, and local complications,
length of hospital stay, requirement for pain medications,
quality of life, and cost of care should be clearly outlined.
Despite the inconclusive evidence in therapeutic benefit seen with many of the pharmacologic therapies for
acute pancreatitis studied thus far, there exists great need
and promise in the development of effective pharmaco-
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Table 2 Summary of pharmacologic agents studied in clinical acute pancreatitis
Pharmacologic
agent

Study design

Anti-secretory agents
Glucagon
RCT
Atropine
RCT
Calcitonin
RCT

Sample
size

Outcome assessment

Citations

Decreased
SIRS

Decreased organ failure

Decreased
length of stay

Decreased
mortality

22-69
51
94

Not reported
Not reported
Not reported

Not reported
Not reported
Not reported

No
No
Not reported

No
No
No

↓ pain, earlier
normalization of labs
↓ pancreatic abscess
and necrosis, ↓ local
inflammation

[76-82]
[83]
[84-86]

Somatostatin

RCT/metaanalysis

50-703

Not reported

Octreotide

RCT/metaanalysis

19-948

Yes

RCT

48-105

Not reported

No

Yes

No

RCT/metaanalysis
RCT

42-898

Not reported

No

No

No

51-78

Not reported
(↓ pancreatic
necrotic tissue
infection)

Not reported

Not reported

Yes

50-290

Yes

Yes

Not reported

Yes

32
39-53

Yes
Indeterminate
(↓ CRP but
not sig)

No
No
(trend toward ↑ MOF)

Not reported
No

No
No

[122, 123]
[132-134]

505

Yes

Yes

No

Yes

[135, 136]

Protease inhibitors
Aprotinin
Gabexate
mesilate
Nafomostat

Immunomodulators
Lexipafant

RCT

Dotrecogin alfa
RCT
Acetylcysteine,
RCT
selenium,
vitamin C
combinations
Glutamine
RCT/metaanalysis

Indeterminate (no effect Indeterminate Indeterminate
on multi-organ failure but
↓ local complications)
Yes
Indeterminate Indeterminate

Other

[90-95]

[97-99]

↓ pancreatic necrosis,
[101-105]
↓ complement activation
CRAI ↓ hospitalization [108-113]
stay and SIRS
Only CRAI + abx has
[114-116]
benefit

↓ local complications
(pancreatic abscess,
pseudocyst)

[117-119]

RCT: Randomised controlled trials; SIRS: Systemic inflammatory response syndrome; CRAI: Continuous regional arterial infusion; ERCP: Endoscopic
retrograde cholangiopancreatography; MOF: Multiple organ failure; RCT: Randomized controlled trial.

logic therapy for acute pancreatitis. Better understanding of the pathophysiology of the disease and lessons
learned from past clinical studies offer a great foundation
upon which to expand such that the current management
of pancreatitis largely characterized by supportive therapy
can eventually be transitioned to not only preventive but
also to reparative and effective therapy. Better characterization and standardization of the patient population,
along with well controlled and adequately powered clinical studies tied to standardized outcomes, will ensure a
reliable and valid assessment of the therapeutic role of
preclinical tested agents.
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Abstract
Autoimmune pancreatitis (AIP) is characterized by
obstructive jaundice, a dramatic clinical response to
steroids and pathologically by a lymphoplasmacytic
infiltrate, with or without a pancreatic mass. Type 1
AIP is the pancreatic manifestation of an IgG4-related
systemic disease and is characterized by elevated IgG4
serum levels, infiltration of IgG4-positive plasma cells
and extrapancreatic lesions. Type 2 AIP usually has
none or very few IgG4-positive plasma cells, no serum
IgG4 elevation and appears to be a pancreas-specific
disorder without extrapancreatic involvement. AIP is
diagnosed in approximately 2%-6% of patients that
undergo pancreatic resection for suspected pancreatic
cancer. There are three patterns of autoimmune pancreatitis: diffuse disease is the most common type, with
a diffuse, “sausage-like” pancreatic enlargement with
sharp margins and loss of the lobular contours; focal
disease is less common and manifests as a focal mass,
often within the pancreatic head, mimicking a pancreatic malignancy. Multifocal involvement can also occur.
In this paper we describe the features of AIP at ultrasonography, computed tomography, magnetic resonance
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and positron emission tomography/computed tomography imaging, focusing on diagnosis and differential
diagnosis with pancreatic ductal adenocarcinoma. It is
of utmost importance to make an early correct differential diagnosis between these two diseases in order to
identify the optimal therapeutic strategy and to avoid
unnecessary laparotomy or pancreatic resection in AIP
patients. Non-invasive imaging plays also an important
role in therapy monitoring, in follow-up and in early
identification of disease recurrence.

Core tip: In this paper we describe the features of autoimmune pancreatitis (AIP) at ultrasonography, computed
tomography, magnetic resonance and positron emission
tomography/computed tomography imaging, focusing
on diagnosis and differential diagnosis with pancreatic
ductal adenocarcinoma, which has a similar imaging appearance but a completely different therapeutic management. It is of utmost importance to make an early correct differential diagnosis between these two diseases in
order to identify the optimal therapeutic strategy and to
avoid unnecessary laparotomy or pancreatic resection in
AIP patients. Non-invasive imaging plays also an important role in therapy monitoring, in follow-up and in early
identification of disease recurrence.
Crosara S, D’Onofrio M, De Robertis R, Demozzi E, Canestrini
S, Zamboni G, Pozzi Mucelli R. Autoimmune pancreatitis: Multimodality non-invasive imaging diagnosis. World J Gastroenterol
2014; 20(45): 16881-16890 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i45/16881.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i45.16881
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INTRODUCTION
Autoimmune pancreatitis (AIP) is a distinct form of pancreatitis frequently characterized by obstructive jaundice
and by a dramatic clinical response to steroids; pathologically, it is characterized by a lymphoplasmacytic infiltrate,
with or without a pancreatic mass. The term AIP was
first used in 1995 by Yoshida et al[1] to describe a type of
chronic pancreatitis associated with a Sjogren-like syndrome. Recently AIP was divided into type 1 and type 2
which have distinct histopathology, clinical features and
different diagnostic criteria[2-4].
Type 1 AIP is also called lymphoplasmacytic sclerosing pancreatitis (LPSP) or AIP without granulocyte
epithelial lesions (GEL) and pathology of the pancreas
shows four characteristic features[3-7]: (1) Dense periductal
infiltration of plasma cells and lymphocytes; (2) Peculiar
storiform fibrosis; (3) Venulitis with lymphocytes and
plasma cells often leading to obliteration of the affected
veins; and (4) Abundant IgG4-positive plasma cells.
Type 1 AIP seems to be the pancreatic manifestation
of an IgG4-related systemic disease, characterized by
elevated IgG4 serum levels, infiltration of IgG4-positive
plasma cells and extrapancreatic lesions (e.g., sclerosing
cholangitis, sclerosing sialoadenitis and retroperitoneal
fibrosis). This form of AIP presents predominantly with
obstructive jaundice in elderly male subjects; both pancreatic and extrapancreatic manifestations respond to steroid therapy. The clinical diagnosis of LPSP can be made
without need for a histology sample[3-7].
Type 2 AIP is also defined idiopathic duct-centric
pancreatitis (IDCP) or AIP with GEL[3-10]. It shares with
LPSP some histopathological features, such as periductal
lymphoplasmocytic infiltrates and storiform fibrosis. A
characteristic feature of IDCP are GELs: intraluminal
and intraepithelial neutrophils, leading to destruction and
obliteration of pancreatic duct lumen. IDCP usually has
none or very few IgG4-positive plasma cells, no serum
IgG4 elevation and appears to be a pancreas-specific disorder without extrapancreatic involvement. Approximately 30% of reported cases of IDCP are associated with
inflammatory bowel disease, frequently ulcerative colitis.
Patients with IDCP are, on average, a decade younger
than LPSP patients and the disease does not show a sex
preference. Because IDCP patients are seronegative and
lack other organ involvement, definitive diagnosis requires pancreatic histology[3-7,11].

DIAGNOSTIC CRITERIA
In 2011, the International Consensus Diagnostic Criteria (ICDC) [3] were developed by the International
Association of Pancreatology after a review of existing criteria, including Japanese Pancreas Society criteria
(JPS 2002, 2006)[12], HISORt criteria of the Mayo Clinic
(2006, 2009)[13,14], Korean criteria (2007)[15], Asian criteria (2008)[16] and Mannheim criteria (2009)[17]. ICDC are
composed of five cardinal features such as imaging of
the pancreatic parenchyma on computed tomography
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(CT) and magnetic resonance (MR) and duct on endoscopic retrograde cholangiopancreatography (ERCP) or
magnetic resonance cholangiopancreatography (MRCP),
serology, other organ involvement, histology and response to steroid therapy[3]. ICDC can be used to diagnose type 1 and type 2 AIP independently[3].

EPIDEMIOLOGY
The true incidence of AIP is unknown. AIP was diagnosed in approximately 2%-6% of patients that underwent pancreatic resection for suspected pancreatic cancer[18,19]. In Japan the incidence of AIP was reported to
be 0.82 per 100000 population[20].

PATHOPHISIOLOGY
The precise pathogenesis of AIP has not been elucidated.
It is still unclear if IgG4 plays a direct pathogenic role
in developing AIP or if their presence is an epiphenomenon[21,22]. Molecular mimicry by a microbial pathogen,
which leads to a cross reaction with endogenous antigens,
has been postulated as a cause of many autoimmune
conditions including AIP[23,24].

CLINICAL ISSUES
The clinical presentation of AIP can be divided into
acute and subacute phase. In the acute phase, the classic
presentation of AIP is that of obstructive jaundice with
abdominal imaging showing pancreatic enlargement[2-5,13].
Thus it is imperative to differentiate AIP from pancreatic
cancer, especially in localized forms. Less commonly AIP
presents with mild abdominal pain and elevated pancreatic enzymes, which may also be consistent with acute
pancreatitis. In the subacute phase, after initial treatment,
AIP can present with pancreatic atrophy and steatorrhea
resembling chronic pancreatitis. Severe unremitting abdominal pain requiring narcotic pain medication is hardly
ever present[3]. The presence of such severe pain should
prompt a re-evaluation of the diagnosis. Diabetes mellitus (DM) is seen in up to 50% of patients with AIP and
resolves in a proportion of patients with corticosteroid
therapy[20,25].

OTHER ORGAN INVOLVEMENT
As previously stated, type 1 AIP is the pancreatic manifestation of a systemic disease. The involvment of other
organs can lead to characteristic symptoms, such as xeroftalmia and xerostomia (Sjogren-like syndrome), jaundice (bile ducts involvement), and swelling in the groin
(regional lymphoadenopathy). Other organ involvement
that can be seen on abdominal imaging includes retroperitoneal fibrosis and renal involvement (interstitial nephritis). When present, these signs strengthen the diagnosis
of AIP, and also prompt the histologic confirmation of
AIP itself[5,26-28]. Less commonly, gallbladder and gastric
involvement have also been described [29]. Symptoms
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Figure 1 Diffuse-type autoimmune pancreatitis. A-H: Computed tomography: the pancreas appears diffusely enlarged (arrows in A-D) with a hypodense peripancreatic rim, better visible in the venous phase (arrow in E). The lesion shows fair enhancement resulting almost isodense in the delayed phase (G-H). A plastic biliary
endoprothesis is visible in the common bile duct (arrow in H); I-O: Magnetic resonance: the entire organ is slightly hypointense on T1-weighted images (arrow in I) and
slightly hyperintense on T2-weighted images (arrow in J), with diffusion coefficient restriction (arrows in K and L) with intermediate-high b values. At dynamic examination the pancreatic lesion presents fair enhancement resulting almost isodense in the delayed phase (arrow in O).

related to other organ involvement often improve with
treatment and can be useful for the assessment of treatment response[4].

IMAGING
There are three recognized patterns of AIP: diffuse, focal
and multifocal. Diffuse disease is the most common type,
with a diffuse, “sausage-like” pancreatic enlargement with
sharp margins, loss of the lobular contours, and absence
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of pancreatic clefts (Figure 1)[30,31]. Focal disease is less
common than diffuse disease and manifests as a focal
mass, often within the pancreatic head, an appearance
that may mimic that of a pancreatic malignancy (Figure 2).
Focal disease tends to be relatively well demarcated and,
when present, upstream dilation of the main pancreatic
duct is typically milder than what is observed in patients
with pancreatic carcinoma. In some patients with focal
AIP, only the dorsal pancreas or the pancreatic tail is involved[32]. Multifocal involvement can also be evident.
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Figure 2 Focal-type autoimmune pancreatitis. A-C: Computed tomography: the body of the pancreas appears focally enlarged (arrow in A) with a hypodense peripancreatic rim, better visible in the venous phase (arrow in B). The lesion shows fair enhancement resulting almost isodense in the delayed phase (arrow in C); D-K:
Magnetic resonance: the affected portion of the pancreas is slightly hypointense on T1-weighted fat-saturated (arrow in D) images and slightly hyperintense on T2weighted fat-saturated images (E), with diffusion coefficient restriction (arrows in F-G) with intermediate-high b values. At dynamic examination the pancreatic lesion
shows fair enhancement resulting almost isodense in the delayed phase (arrow in J). At magnetic resonance cholangiopancr-eatography the main pancreatic duct
shows a focal stenosis (long arrow in K) without upstream dilation. The intrahepatic bile ducts present irregular slightly stenotic portions (short arrows in K), due to
involvement in the autoimmune process.

Transabdominal ultrasonography
Conventional ultrasonography (US) is often the first
imaging exam performed in presence of any abdominal
symptom since it is noninvasive, inexpensive, easy to
perform and widely available. US of diffuse form of AIP
shows a diffusely enlarged and hypoechoic pancreatic parenchyma. In the focal and multifocal forms of AIP only
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the affected regions of the pancreas appear hypoechoic.
This appearance, however, is not specific and includes
many features commonly seen in other types of acute
and chronic pancreatitis.
At color-Doppler, the enlarged pancreas can show
hypervascularity[33]. Conventional US is often not able to
show the irregular focal or diffuse narrowing of the main
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pancreatic duct or of the intrahepatic bile duct, which
represents one of the main diagnostic criteria[3]. Contrastenhanced US can successfully visualize fine vessels in
pancreatic lesions and may play a pivotal role in the depiction and differential diagnosis of pancreatic tumors[34].
Computed tomography
Cross sectional pancreatic imaging is the cornerstone to
the diagnosis of AIP. Quadriphasic abdominal CT and
MR examinations are the imaging modalities of choice
to diagnose AIP. CT scan is of utmost importance in
diagnosing AIP and in confirming or ruling out pancreatic cancer. Classic features of diffuse AIP at CT are a
diffusely enlarged hypodense sausage-shaped pancreas
with sharp and smooth borders; decreased enhancement
of the pancreatic gland in the early phase and moderate and persisting delayed enhancement in the late phase
are found in 90% of the cases, a finding due to fibrosis[3,14,35,36]. Supplementary findings include a hypodense
capsule-like peripheral rim with subtle delayed enhancement[35] sorrounding the pancreas (12%-40% of cases),
which is believed to represent fluid, flegmon or fibrous
tissue due to inflammatory changes of the peripancreatic
tissues[30,31,35,36].
When AIP presents as a focal enlargement of the
pancreas, it is more often located in the pancreatic
head[37]. A segmental enlargement of the pancreas is
seen in 30%-40% of the patients with AIP. The enlarged
segment of the pancreas is typically isoattenuating or hypoattenuating to the spared, non-enlarged portion of parenchyma and may be indistinguishable from pancreatic
cancer[30,36,38,39].
Unlike from many other causes of pancreatitis, peripancreatic stranding is usually minimal in AIP but can
occur[40]. Involution of the pancreatic tail and regional
lymphoadenopathy may also be seen[37]. Segmental or diffuse narrowing of the main pancreatic duct, involvement
of the distal common bile duct, and multiple cholangitislike bile duct strictures have been described but are better
depicted on MR or MRCP or by means of ERCP than at
CT[41,42].
Atrophic pancreatic parenchyma represents a late
burnt-out phase of the disease[30,36]. This appearance may
also persist after steroid therapy.
Magnetic resonance
At MR, AIP shows a similar appearance to CT: the pancreas is diffusely, focally or multifocally enlarged, and the
involved portion is hypointense on T1-weighted images,
slightly hyperintense on T2-weighted images, and has heterogeneously diminished enhancement in the early phase
and delayed enhancement in the late phase of contrast
enhancement[30,35,43,44]. The capsule-like rim described at
CT is usually hypointense on both T1 and T2-weighted
images, and has delayed moderate enhancement on contrast-enhanced MR[35,44].
Other imaging hallmarks of AIP include multiple narrowings of the main pancreatic duct or an irregularly nar-
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rowed main pancreatic duct in the affected segment[12,30].
Narrowing of the main pancreatic duct in AIP is usually
longer than 3 cm in the diffuse form of AIP[45]. MRCP
is a less invasive and more easily performed technique
than ERCP but Kamisawa et al[45] stated that it cannot
completely replace ERCP for diagnosing AIP, since narrowing of the main pancreatic duct in AIP cannot be
always visualized on MRCP as clearly as on ERCP and in
some studies[46] the narrowed main pancreatic duct could
not be seen at MRCP at all. However, MRCP findings of
a segmental or skipped non-visualized main pancreatic
duct accompanied by less upstream main pancreatic duct
dilatation than what is usually seen with adenocarcinoma
may suggest the presence of focal AIP[45,47,48]. The irregular narrowing of the main pancreatic duct, which is usually longer than the stenosis caused by pancreatic adenocarcinoma, is one of the useful findings to differentiate
focal AIP from pancreatic adenocarcinoma[49,50] together
with the absence of upstream duct dilation, since ductal
stenosis is not as strict as the one of adenocarcinoma[43,51].
A study by Muhi et al[39] revealed that 4 mm is the optimal
cutoff value of ductal dilation to differentiate between
focal AIP and pancreatic cancer[39]. Moreover, according
to some studies, secretin stimulation during MRCP is of
key importance to differentiate focal AIP and pancreatic
adenocarcinoma, since the main pancreatic duct in focal
AIP is not completely obstructed and tends to penetrate
the mass after secretin administration, with the so-called
“penetrating duct sign”, which has been described to be
highly specific for benign strictures[52,53]. Another useful
finding among AIP ductal abnormalities, not frequently
seen in pancreatic cancer, is the presence of secondary
pancreatic ducts deriving from the narrowed portion of
the main pancreatic duct in AIP patients.
Bile duct abnormalities can be also recognized. These
include smooth narrowing of the intrapancreatic portion
of the common bile duct[40,43], or irregularity and stricturing of the intra- and extra-hepatic bile ducts with features
similar to those seen in primary sclerosing cholangitis.
Enhancing duct wall thickening is also a recognized feature and, less commonly, intra-hepatic bile duct dilation
may also be observed[40,43].
Diffusion-weighted magnetic resonance imaging
(DWI) has been increasingly used to evaluate diseases
involving abdominal organs. Quantitative measurement
of the diffusivity of water molecules in various tissues
are described by the apparent diffusion coefficient (ADC)
value. ADC is correlated to blood microcirculation, as
well as molecular diffusion of water, frequently altered in
various disease processes due to changes in physiological and morphological characteristics, such as cell density
and tissue viability. Decreased ADC values correlate with
increased lesion cellularity and total nuclear area, both
restricting water diffusion. In general, malignant tumors
have higher cellularity than benign lesions[54]. At DWI,
AIP and pancreatic cancer are both detected as high
signal intensity areas at high b-values images; however,
pancreatic cancer usually present as a solitary area, while
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diffuse or multiple high-intensity areas are suggestive for
AIP[55,56]. A longitudinal high intensity area also suggests
AIP more than pancreatic cancer[55]. It has been found
that mean ADC values are significantly lower in AIP than
in pancreatic cancer, which has ADC values lower than
normal pancreatic parenchyma[57,58]. Muhi et al[39] found
that the optimal ADC cutoff value (100% sensitivity and
89% specificity) for differentiating mass-forming AIP
from pancreatic carcinoma would be 0.88 × 10-3 mm2/s.
Similarly Kamisawa et al[55] found ADC values to be significantly lower in AIP patients (1.012 × 10-3 ± 0.112 ×
10-3 mm2/s) than in pancreatic cancer patients (1.249 ×
10-3 ± 0.113 × 10-3 mm2/s). The reason of these findings
resides in the anatomo-pathological features of these lesions: although cancer cell infiltration with desmoplastic
stroma is the typical histopathological feature of pancreatic cancer, the cellularity of the dense lymphoplasmocytic infiltrate in AIP is greater than that of pancreatic
cancer, therefore increased cellularity in AIP induce lower
ADC values in AIP than in pancreatic cancer[12,22,28].
18

F-fluorodeoxyglucose positron emission tomography/
CT
Many patients with AIP are likely to be among those who
receive fluorodeoxyglucose positron emission tomography (FDG-PET) because of suspected pancreatic cancer.
However, even FDG-PET cannot always differentiate
between these two lesions because inflammatory foci in
the pancreas also accumulate FDG with the same avidity
as a pancreatic neoplasm[59,60]. AIP causes intense FDG
uptake by the pancreas[61,62]. Ozaki et al[63] showed FDG
uptake in all AIP patients of their series and in 73.1% of
pancreatic cancer patients. In contrast, previous studies
had found that the sensitivity of FDG uptake to be higher (96%) in patients with pancreatic cancer[60], and lower
(83%) in those with AIP[62]. Typical FDG-PET findings
for AIP[63,64] are heterogeneous longitudinal accumulation
and multiple localizations, whereas those for pancreatic
cancer are nodular homogeneous accumulation, and
solitary localization. When FDG accumulation in AIP
is focal, differentiation from pancreatic cancer can be
difficult. The longitudinal FDG uptake found in AIP is
due to diffuse distribution of the inflammatory process,
and FDG uptake by inflammatory cells possibly results
in heterogeneous accumulation because of the scattered
distribution of inflammatory cells. However, diffuse-type
pancreatic cancer may also show a similar longitudinal
shape, although such cases are rare. FDG uptake by extrapancreatic organs may assist in differentiating the two
conditions.

DIFFERENTIAL DIAGNOSIS
The most common presentation of AIP is with obstructive jaundice and pancreatic enlargement that mimics the
presentation of pancreatic cancer[14], and 5%-21% of
patients undergoing resection for suspected pancreatic
cancer have a final diagnosis of benign disease, including
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AIP[65,66]. As mentioned above, pancreatic enlargement can
be focal or diffuse: when AIP presents as focal pancreatic
enlargement with mass effect differentiating AIP from
pancreatic cancer at imaging can be challenging. Since AIP
responds extremely well to steroid therapy, it is of utmost
importance to differentiate it from pancreatic cancer to
avoid unnecessary laparotomy or pancreatic resection.
Obstructive jaundice caused by pancreatic cancer typically progresses steadily, whereas AIP jaundice sometimes
fluctuates or, in rare cases, improves spontaneously[4,55,67].
Although false positive elevation of IgG, IgG4 and
other antinuclear antibodies can be seen in pancreatic
cancer[3], a marked elevation of serum IgG4 (> 2 times
the upper limit of normal) is strongly suggestive of AIP
in the setting of obstructive jaundice/pancreatic mass[3].
At CT the “sausage-like” appearance of the pancreas
is the typical finding in AIP and is rarely seen in pancreatic cancer[56]. Enhancement of an enlarged pancreas on the
delayed phase of CT and MR is characteristic of AIP[56].
As fibroinflammatory changes involve the peripancreatic
adipose tissue, a capsule-like rim surrounding the pancreas is specifically detected in some AIP patients[30,32,44].
Some studies[52,68] state that MRCP findings such as
skipped strictures of the main pancreatic duct without
significant upstream dilation and the “penetrating duct
sign” are most frequently seen in AIP patients.
As mentioned above, both AIP and pancreatic cancer
are detected as high signal intensity areas on DWI images[55,56]. However, these areas are differently shaped, being
diffuse, solitary or multiple in AIP, whereas all patients
with pancreatic cancer have solitary areas[55,56]. In addition
ADC values have been demostrated to be significantly
lower in AIP than in pancreatic cancer[55,56].
Morover, while clarifying the differential diagnosis
between AIP and pancreatic cancer, it has to be clear that
the presence of other organ involvement and responsiveness to steroids are both highly suggestive of AIP.
The differential diagnosis between diffuse AIP and
lymphoma may be difficult, since both entities determine
enlargement of the pancreatic parenchyma and appear
hypoattenuating in the pancreatic phase. Therefore, the
differential diagnosis is based on ancillary findings, such
as retroperitoneal and pelvic enlarged lymphnodes, splenic lesions, or both; when necessary fine needle aspiration
or core biopsy are performed[69].

TREATMENT
Both subtypes of AIP are exquisitely sensitive to steroid
therapy. The response to corticosteroid therapy can be
both diagnostic and therapeutic. When typical imaging
features and collateral evidence for AIP are absent and
pancreatic cancer has been reliably ruled out, a steroid
trial of oral prednisone for 2 wk can be started. Response
to steroids is based on objective data such as radiologic
evidence a dramatic decrease in the pancreatic mass or
other organ involvement, resolution of the obstructive
jaundice without biliary stenting, and normalization of
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liver function tests. If there is no such improvement or if
the cancer antigen 19.9 level is rising, then the diagnosis
of AIP should be reconsidered.
Once the diagnosis of AIP has been established, the
best initial treatment is oral prednisone for 4 wk. Beginning at week 4, with continued objective response to
therapy, the dose should be tapered.
Up to 40% of patients (mostly with type 1 AIP) will
have disease relapse after the first course of corticosteroid therapy[70,71]. Proximal bile duct involvement can be a
predictor of disease relapse.
The most severe cases of AIP are not responsive to
pharmacologic treatment and requires surgical intervention. In cases with focal involvement of the pancreatic
head region, pancreatico-duodenectomy is most frequently performed. Focal forms of AIP with body-tail involvement are treated with distal spleno-pancreatectomy.
Diffuse forms of AIP, not responsive to corticosteroid
therapy can require total pancreatectomy[72].

on DWI disappear or are markedly decreased in the same
way as the pancreatic enlargement. The reduced ADC
values of the inflammatory lesions usually increase to
nearly those of normal pancreas. Remaining or recurring
areas of low ADC indicate disease recurrence[55,74].
Disease recurrence occurs more frequently in young
patients with focal forms of AIP. It tends to be morphologically similar to the previous presentation of the
disease and with the same imaging features. Rarely AIP
recurrence presents as diffuse form of the disease[69,75].
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in the diagnosis of AIP. Imaging is also of utmost importance for differential diagnosis, therapy monitoring,
follow-up and early identification of disease recurrence.
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Abstract
Acute recurrent pancreatitis (ARP) refers to a clinical
entity characterized by episodes of acute pancreatitis
which occurs on more than one occasion. Recurrence
of pancreatitis generally occurs in a setting of normal
morpho-functional gland, however, an established
chronic disease may be found either on the occasion of
the first episode of pancreatitis or during the follow-up.
The aetiology of ARP can be identified in the majority
of patients. Most common causes include common bile
duct stones or sludge and bile crystals; sphincter of
oddi dysfunction; anatomical ductal variants interfering
with pancreatic juice outflow; obstruction of the main
pancreatic duct or pancreatico-biliary junction; genetic
mutations; alcohol consumption. However, despite
diagnostic technologies, the aetiology of ARP still remains unknown in up to 30% of cases: in these cases
the term “idiopathic” is used. Because occult bile stone
disease and sphincter of oddi dysfunction account for
the majority of cases, cholecystectomy, and eventually
the endoscopic biliary and/or pancreatic sphincterotomy are curative in most of cases. Endoscopic biliary
sphincterotomy appeared to be a curative procedure
per se in about 80% of patients. Ursodeoxycholic acid
oral treatment alone has also been reported effective
for treatment of biliary sludge. In uncertain cases toxin

WJG|www.wjgnet.com

botulin injection may help in identifying some sphincter
of oddi dysfunction, but this treatment is not widely
used. In the last twenty years, pancreatic endotherapy
has been proven effective in cases of recurrent pancreatitis depending on pancreatic ductal obstruction, independently from the cause of obstruction, and has been
widely used instead of more aggressive approaches.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Acute recurrent pancreatitis still represents a
challenging disease. In the recent years a significant
improvement has been achieved in the knowledge of
aetiopathogenesis and factors involved in the occurrence of disease because of advanced diagnostic tools
as magnetic resonance cholangiopancreatography with
secretin test, endoscopic ultrasonography and botulin
toxin injection of sphinc ter of oddi. The review reports
an updated diagnostic and therapeutic flow-chart flowchart, and recent data on clinical outcomes.
Testoni PA. Acute recurrent pancreatitis: Etiopathogenesis,
diagnosis and treatment. World J Gastroenterol 2014; 20(45):
16891-16901 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i45/16891.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i45.16891

INTRODUCTION
Acute recurrent pancreatitis (ARP) is a clinical condition
characterized by repeated episodes of acute pancreatitis;
ARP is therefore diagnosed retrospectively by clinical definition after at least the second episode of acute pancreatitis. The term ARP was reported in the first Marseille
classification of pancreatitis[1] which clearly distinguished
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ARP from chronic pancreatitis, and then in the classification of TIGAR-O[2], so-called from the acronym of the
major predisposing risk factors. However, the term was
eliminated in the revised classifications of Marseille[3] and
Marseille-Rome[4] because of the difficulties of distinguishing between episodes of acute pancreatitis occurring
in a normal pancreas or in chronic pancreatitis.
Pancreatitis generally recurs in a normal morphofunctional gland and is characterized by self-limited
edematous changes in the pancreas. Acute episodes are
generally mild to moderate, requiring 3-10 d in hospital;
in some cases, pancreatic-like pain, with serum amylase
and/or lipase elevation, lasts only a few hours and the
patient recovers without hospitalization. Minor pancreatic lesions suggesting a chronic disease may be found
in some cases, either at the first episode of pancreatitis
or during the follow-up. This suggests that recurrent
episodes of acute pancreatitis may complicate the course
of chronic subclinical pancreatitis, meaning they are the
clinical expression of chronic pancreatitis diagnosed in
an early phase, or otherwise they may themselves induce
chronic lesions as a consequence of repeated damage.
Whether or not recurring bouts of pancreatitis in a morphologically normal pancreas can lead to chronic pancreatitis is still an open question, because only few, empirical
data indicate whether, how often, and in which patients
recurrent pancreatitis progresses to the chronic disease.
Alcohol and, more recently, smoking have been reported as the most frequent factors associated with the
progression toward chronic disease. Ammann et al[5,6] reported a rate of chronic pancreatitis of about 80% over a
15-year period in a series of patients with recurrent pancreatitis and alcohol consumption. Four recent studies examined the progression to chronic pancreatitis in patients
with recurrent pancreatitis[7-10]; progression to chronic
disease was reported in from 4.0% to 32.3% of cases.
However, only the most recent study[10] simultaneously
assessed alcohol consumption, smoking, bile stone disease, and unknown etiology. This study was a populationbased study, carried out in a very large series of patients
recruited over a ten-year period and followed up for a
median of 40 mo; chronic pancreatitis was related to alcohol, other causes including smoking, unknown causes,
and bile stone disease in respectively 28%, 1%, 10%, and
6% of cases. These figures confirm that, excluding cases
with a history of significant alcohol consumption, there
is underlying chronic pancreatic disease in about one
fourth of cases of recurrent acute pancreatitis of either
known or unknown etiology and it can render ineffective
a therapy that removes the recognized possible causes of
acute pancreatitis.
In our series of 33 patients with pancreas divisum and
a history of ARP, either suffering or not from pancreatitis
episodes in the year preceding enrolment in the study and
followed for five years, endoscopic ultrasound findings
consistent with chronic pancreatitis were seen in similar
proportions of patients undergoing endoscopic therapy
and in the observation group (63.2% and 57.1%, respec-
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tively). However, among patients undergoing endoscopic
therapy, chronic pancreatitis findings were significantly
less frequent in those whose treatment was successful.
Dorsal duct dilation did not significantly affect the factors
suggesting chronic pancreatitis in either group, confirming
that factors other than ductal dilation may be involved in
chronic disease in this category of patients.
Several factors play an etiologic role in ARP; in fact,
any cause of acute pancreatitis can lead to recurrent episodes if it is not corrected. The etiology of ARP can be
identified in the majority of patients and causes can be
mechanical, inherited, autoimmune, metabolic, and druginduced; parasites, vascular disorders, and toxic substances may also induce episodes of acute pancreatitis. The
most common causes include common bile duct stones
or sludge and bile crystals; sphincter of oddi dysfunction;
anatomical variants of the pancreatic ductal system, common bile duct or pancreatico-biliary junction interfering
with pancreatic juice outflow; obstruction of the main
pancreatic duct or pancreatico-biliary junction; genetic
mutations; alcohol consumption.
However, despite today’s diagnostic technology, the
etiology of ARP remains unknown in up to 30% of cases: in these cases the term “idiopathic” is used. The number of these cases diagnosed as “idiopathic”, however, is
decreasing as our understanding and diagnostic accuracy
improve.

ETIOLOGY
Mechanical factors may induce episodes of acute pancreatitis by obstructing pancreatic juice outflow into the
duodenum, with consequent intraductal hypertension, or
inducing bile reflux into the main pancreatic duct, with
intrapancreatic activation of zymogens (a theory proposed by Opie since 1901 for gallstone pancreatitis)[11].
Conditions that induce mechanical obstruction are either
acquired or congenital and may be located at the level of
the bilio-pancreatic junction, or main pancreatic duct.
Acquired conditions
Gallstone disease represents the most common condition associated with ARP in western countries. In bile
duct stone disease, gallstones or bile sludge may induce
acute pancreatitis either as a consequence of an impacted
stone that obstructs the main pancreatic duct at the level
of Vaters’ papilla (a rare event), or because of transient
papillary edema or papillary orifice relaxation following
the passage of stones, that can obstruct the pancreatic
juice flow or favor duodenopancreatic reflux, respectively.
Transient ampullary obstruction may allow bile to reflux
into the pancreas, even if the pressure in the main pancreatic duct in normal conditions is generally higher than
in the common bile duct. Bile reflux into the pancreatic
ductal system is facilitated if there is a common channel
at bilio-pancreatic junction. The common channel theory,
although debated, has been confirmed in two studies
carried out in patients with recent episodes of gallstone-
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induced acute pancreatitis who had undergone surgery;
these studies documented the presence of amylase in the
bile collected by a T-tube inserted into the common bile
duct, suggesting there might be a functional channel between the two ductal systems[12,13].
The gallstone disease may also be manifested only
by: (1) microlithiasis (stones less that 2 mm in diameter),
that can be seen or suspected mainly at endoscopic ultrasound (EUS) or endoscopic retrograde cholangio-pancreatography (ERCP); (2) gallbladder sludge, that generally
in normal conditions can only be visualized by EUS[14];
and (3) calcium carbonate, cholesterol monohydrate and
calcium bilirubinate crystals, that can be detected only on
microscopic examination of centrifuged bile aspirated
from the duodenum or common bile duct in 36%-67%
of patients[15-22]. However, microscopic bile crystals could
merely indicate the presence of undetected stones, rather
than cause per se an acute pancreatitis. In fact, either longterm ursodeoxycholic acid (UDCA) therapy, or cholecystectomy, or endoscopic biliary sphincterotomy have been
found to prevent further episodes of ‘idiopathic’ pancreatitis in several series of patients without evidence of
bile duct stones, confirming the role of occult gallstone
disease in recurrent pancreatitis[23,24].
Sphincter of oddi dysfunction (SOD) is another common cause of ARP and is probably the most common
cause of the idiopathic form. SOD comprises two clinical
entities: (1) SO increased basal pressure, which refers to a
structural alteration of the sphincter, as consequence of a
long-lasting inflammatory process with subsequent fibrosis (stenosis); and (2) SO dyskinesia, referring to a transient primary motor abnormality characterized mainly by
sphincter hypertone. Surgical specimens of the sphincter
obtained from SOD patients show inflammation, muscular hypertrophy, and fibrosis of the Vater’s ampulla in
approximately 60% of patients while a primary motor
disorder may occur in the remaining 40% of cases with
normal histology[25]. SOD has been classified under three
headings on the basis of clinical and morphological parameters[26] and may involve either the biliary or the pancreatic segment of the sphincter[27]. Type 1 dysfunction
patients have acute pancreatitis (pancreatic-like pain with
high serum pancreatic enzymes) together with a dilated
common bile and/or main pancreatic duct and prolonged
drainage, suggesting a structural abnormality (ampullary
stenosis). Type Ⅱ dysfunction patients have pancreaticlike pain, associated with one or two type Ⅰ items; in this
group, with either pancreatitis or only pancreatic-like pain
patients with functional or structural sphincteric disorder are probably evenly distributed. Manometry shows
elevated basal sphincter pressure but no stenosis in the
majority of patients. Type Ⅲ dysfunction patients have
only pancreatic-like pain with no rise in serum pancreatic
enzymes and bilio-pancreatic morphological abnormalities. By definition, type Ⅲ SOD is not considered in case
of recurrent pancreatitis.
SOD can affect either the biliary sphincter, pancreatic sphincter, or both. Judging from manometric
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findings from published data, SOD involves the biliary
and/or pancreatic sphincter in respectively 65%-92% and
85%-100% of type Ⅰ SOD, 58%-65% and 55%-67% of
type Ⅱ, and in 35%-59% and 28%-59% of type Ⅲ. In a
series by Eversman et al[27], among 123 patients labeled as
type Ⅱ, SOD was diagnosed in 65%; respectively 22%,
11%, and 32% had elevated basal sphincter pressure in
the pancreatic sphincter only, biliary sphincter only, or
both. However, normal basal pressure does not mean
there is no fluctuating dysfunction or exclude a role of
the sphincter in the recurrence of pancreatitis.
Other acquired anatomical conditions that may be associated with obstructive mechanisms are periampullary
diverticula, benign and malignant tumors of the Vater’s
papilla or pancreatico-biliary junction, organic strictures
of the main pancreatic duct, and cystic neoplasms, including mucinous ductal ectasia. Rare conditions associated with ARP are choledochocele and ampullary choledochal cysts.
There is still debate about whether periampullary
diverticula are directly involved in the recurrence of pancreatitis; although these diverticula are frequently found
in both gallstone and recurrent pancreatitis in middleaged subjects, it has yet to be proved that they play any
role in the occurrence of pancreatitis.
Organic strictures of the main pancreatic duct may
be neoplastic or the consequence of a fibrotic process
induced by a previous acute pancreatitis or pancreatic
trauma, or a chronic disease. Neoplastic strictures are
found to induce acute pancreatitis in about 5% of cases;
among cystic neoplasms, mucinous ductal ectasia is the
one most frequently associated with ARP or intermittent
pancreatic-like pain.
Choledochocele is a congenital or acquired condition
in which the intramural segment of the common bile
duct is dilated and herniates into the duodenal lumen.
Acute pancreatitis may develop when the cystic dilation
or bile duct sludge or stones obstruct the pancreatic juice
outflow. Endoscopically, the papilla shows a bulge into
the duodenum, mainly involving the caruncula, and is
soft when pressure is applied with the ERCP catheter.
Ampullary choledochal cysts can develop when there is
SOD.
Anatomical variants
Pancreas divisum is the most common variant of pancreatic ductal anatomy, occurring in up to 12% of individuals. Partial fusion of the ventral and dorsal ducts characterizes the incomplete (functional) pancreas divisum,
in which the dorsal duct can drain through the major
papilla via a communicating branch of the ventral duct.
However, this communication is generally narrow and
may be inadequate for draining the pancreatic secretion.
The inability of minor papilla to accommodate the flow
of pancreatic juice when the gland is stimulated leads to
ductal hypertension that in some individuals may cause
either recurrent pain shortly after a meal, or a persistent
asymptomatic rise in serum pancreatic enzymes, or acute
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relapsing pancreatitis. Persistent obstruction may lead to
a chronic obstructive pancreatitis.
Although one retrospective series found no correlation between pancreas divisum and ARP[28], most studies
show a significantly higher prevalence of this congenital
variant in this patient population[29-33]. Dilation of the
dorsal duct confirms the presence of some obstruction
at the level of minor papilla and suggests a positive outcome after sphincterotomy or stenting.
Annular pancreas is a rare anatomical condition that
may be associated with duodenal or biliary obstructive
symptoms, as the consequence of the entrappement of
both the duodenum and common bile duct by the annular growth of the gland[34-36]. About one third of patients
with annular pancreas also have pancreas divisum, so it is
not clear whether recurrent pancreatitis depends on the
annular variant or on the pancreas divisum.
The presence of a common pancreatico-biliary channel abnormally long without sphincters separating the
biliary and pancreatic ducts is a condition that facilitates
free reflux of bile and pancreatic juice into the alternative
duct. This abnormality of the pancreatico-biliary junction
is easily diagnosed by MRCP or ERCP. Choledochal cysts
are frequently associated with this kind of junction.
Other anatomical variants of the pancreatic ductal
system and junction between the ventral and dorsal ducts
may induce an impaired outflow of pancreatic juice into
the duodenum and could explain the pancreatic pain and
recurrent pancreatitis in some cases, when other causes
have been excluded. The most frequent findings are a
loop or sigmoid configuration of the main pancreatic
duct.
Genetic causes
Genetic mutations have long been suspected as being
associated with ARP and development of chronic pancreatitis over time[37]. Inherited conditions that can induce
ARP are the cystic fibrosis transmembrane conductance
regulator-gene (CFTR-gene), PRSS1-gene and SPINK1gene mutations.

CFTR -gene mutations: This condition represents the

most common inherited disease of the exocrine pancreas.
Some phenotypic CFTR-gene mutations occur in about
5% of the Caucasian European and North American
populations; however the true incidence of CFTR-gene
mutations is probably underestimated[38-41]. Mutations of
CFTR-gene induces a defect in chloride ion transport at
the level of the apical membrane-chloride channels of
epithelial cells, resulting in an abnormally viscous exocrine secretion that leads to persistently high intraductal
pancreatic pressure. Over time, this chronic condition
leads to secondary chronic obstructive ductal changes.
There are many clinical features associated with
CFTR-gene mutation phenotype. Exocrine pancreatic
insufficiency with no inflammatory changes is the most
common finding; ARP may be the only clinical sign in
some patients; asymptomatic persistent pancreatic hyper-

WJG|www.wjgnet.com

enzymemia with no morpho-functional pancreatic disorders may also be found. Subjects with non-functional
CFTR protein show clinical features of cystic fibrosis.
Those with less severe mutations in the CFTR gene risk
developing pancreatitis, which is estimated to be 40 to 80
times that in the general population[42]. Heterozygotes for
CFTR mutations are generally healthy but still have a 3 to
4-fold risk over the general population for pancreatitis.

PRSS1 -gene mutations: Mutations in the cationic tryp-

sinogen gene have been found in patients with hereditary
pancreatitis[43,44]. In this autosomal dominant disorder
the pancreas is unable to protect itself by premature or
excessive trypsin activation in the gland; the lack of this
protective mechanism against premature activation of
trypsin predisposes individuals to recurrent bouts of pancreatitis in childhood and frequent progression to chronic
pancreatitis.
Another pathogenic cofactor involved in ARP in
presence of hereditary pancreatitis seems to be SOD; the
dysfunction might be the consequence of the chronic
inflammation of the sphincter induced by the passage
of activated trypsin through it over time, in presence of
a common biliopancreatic junction[45]. In these patients
sphincterotomy may relieve symptoms, confirming a role
of the high intraductal pressure induced by SOD or stenosis, but it does not significantly affect the progression
of the acute recurrent disease to chronic pancreatitis.
Patients with a history of first- or second-degree relatives
with early-onset or recurrent episodes of acute pancreatitis of unknown etiology should be considered for genetic
testing.

SPINK1 -gene mutations: Another group of mutations

that predispose to pancreatitis are in the serine protease
inhibitor Kazal type Ⅰ gene (SPINK1). SPINK1 has a
protective action in the pancreas since it serves as a critical feedback inhibitor of trypsin. Therefore, in a state
of retained SPINK1 protein function due to a SPINK1
gene mutation (mostly heterozygous), the pancreas is
more likely to develop pancreatitis from other genetic or
environmental factors. It has been repeatedly shown that
16%-23% of patients with apparent idiopathic pancreatitis have SPINK1 mutations, compared with only about
2% of healthy controls[46]. These mutations have been
estimated to raise the risk for pancreatitis about 12-fold
over the general population.
Other causes
Well-known metabolic causes persisting over time that
can induce ARP are hypertriglyceridemia and hypercalcemia. There are many causes of hypercalcemia, but the
majority of patients who develop ARP have hyperparathyroidism. The diagnosis may be missed if calcium levels
are not measured during each attack. Hypertriglyceridemia is increasingly common in Western countries in the
setting of metabolic syndrome. Typically, serum triglycerides have to exceed 1000 mg/dL to precipitate an attack
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of acute pancreatitis. Control of diabetes mellitus, weight
loss, and lipid-lowering agents can reduce the triglyceride
levels, but non-compliance is frequent and many of these
patients progress toward chronic pancreatic damage.
Low serum levels of antioxidants, as selenium, vitamins A, C and E, and riboflavin, have been found in
patients with chronic pancreatitis, probably because a
deficient diet. The observation that selenium levels were
lowest during acute bouts of pancreatitis[47] stimulated
investigators to assess the antioxidant profile also in
patients with ARP; however, the hypothesis that acute
cellular injury determined by an uncontrolled free radical activity may be the cause of unexplained recurrent
pancreatitis in some patients was not confirmed, as the
antioxidant profiles were similar to those of control subjects[48]. Excess alcohol consumption is responsible for
about 30% of all cases of acute pancreatitis in the United
States[49]. Alcohol-induced acute pancreatitis typically occurs in people who have consumed large amounts of alcohol for at least 5-10 years. Recurrent episodes of acute
alcoholic pancreatitis typically occur in patients with
existing chronic pancreatitis[50]. Alcohol intake causes a
transient stimulation of exocrine pancreatic secretion by
increasing the synthesis and secretion of digestive and
lysosomal enzymes in pancreatic acinar cells. Alcohol also
sensitizes pancreatic acinar cells to cholecystokinin and
may have a direct toxic effect on the acinar cells. However, these mechanisms alone are probably not sufficient
to cause acute pancreatitis. Therefore, additional genetic
and environmental factors are thought to influence the
development of the disease.
Smoking has long been thought to play a role in the
induction of acute pancreatitis, but it was only recently
that large prospective studies have proved that cigarette
smoking is an independent risk factor. The duration
rather than the intensity of smoking increases the risk
of non-gallstone-related acute pancreatitis. The risk of
pancreatitis was reduced to a level comparable to that of
non-smokers only two decades after smoking cessation[51].
However, data regarding the role of smoking in recurrent
pancreatitis are lacking.
Many medications have been recognized as causes of
acute pancreatitis, by a dose-dependent or hypersensitivity-related mechanism. For a number of substances there
is general agreement on some relation with acute pancreatitis, and a recent review by the Midwest Multicenter
Pancreatic Study Group[52] listed the following as medications for which a strong association with pancreatitis is
documented by at least one positive rechallenge: alphamethyldopa, 5-aminosalicylate, azathioprine, cimetidine,
cytosine arabinoside, corticosteroids, estrogens, furosemide, isoniazid, mercaptopurine, metronidazole, pentamidine, procainamide, sulfamethazole, sulindac, tetracycline,
trimethroprim/sulfamethoxazole and valproic acid.

DIAGNOSIS
It is extremely important to establish the cause of episodes of acute pancreatitis because by removing it we
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eliminate the risk of further recurrences if there is no
chronic underlying disease involved. The patient’s history
and standard diagnostic tests such as blood chemistry,
trans-abdominal ultrasound, MRCP, and CT scan generally detect the causes of recurrent episodes in about 70%
of cases. When no cause is found at the initial diagnostic
work-up, these patients should have a more advanced
diagnostic work-up, that includes specific pancreatic tests,
genetic testing, MRCP with secretin stimulation, sphincter of oddi motility evaluation, EUS, and in selected
cases ERCP. Genetic and autoimmune pancreatitis can be
diagnosed by testing respectively for CFTR or SPINK1/
PRSS1 gene mutations and IgG 4.
MRCP with the secretin test (MRCP-S) gives details
of the morphology of the pancreatico-biliary ductal
system and permits indirect evaluation of sphincter of
oddi motility, as an alternative to more invasive tests such
as manometry. However, the secretin test is less sensitive than manometry for intermittent sphincter motility
disorders like types Ⅱ and Ⅲ SOD. Injection of secretin
(1 IU/kg i.v. bolus) enhances the pancreatic ductal morphology, by stimulating pancreatic secretion of water and
bicarbonates, and permits an evaluation of the kinetics of the main pancreatic duct (MPD), by measuring
the duct diameter as an indirect indicator of pancreatic
juice outflow through the papilla of Vater. The diameter
of the MPD is measured at baseline at the body of the
gland, then secretin is injected. The basal MPD diameter
is considered normal when it is ≤ 3 mm; changes in
MPD diameter (millimeters) are then measured at 1-min
intervals for 15 min. The mean of the measurements at
the last three one-minute intervals (from 13 to 15 min) is
taken as the final value[53]. A ∆ final-basal MPD caliber >
1.0 mm is considered diagnostic for some SOD[54,55].
Three studies employed MRCP-S for the diagnosis of
SOD. One found no differences in normal subjects and
SOD patients[55]; another found sensitivities of 37% and
62.5% and specificities of 85% and 85% in types Ⅱ and
[56]
Ⅲ SOD ; the third found 57.1% sensitivity and 100%
specificity in idiopathic pancreatitis[57].
Sphincter of oddi manometry (SOM) is still the gold
standard for the diagnosis of SOD. SOM is performed
during ERCP and requires selective cannulation of the
bile duct and/or pancreatic duct through the major papilla with a triple-lumen, 5 F manometry catheter. Normal basal sphincter pressure usually does not exceed 35
mmHg (mean 15 mmHg); a basal pressure higher than 40
mmHg is considered abnormal. Abnormal basal sphincter
pressure may be found in one or both sphincters. Raddawi and coll[58]. reported that abnormal basal sphincter
pressure was mainly confined to the pancreatic duct segment in patients with ARP and to the bile duct segment in
patients with biliary-type pain and abnormal liver function
tests. In patients with SO stenosis manometric recording
is reproducible and does not respond to muscle relaxants.
In patients with SO dyskinesia there is a variety of abnormalities of wave propagation and/or frequency; the
abnormal basal sphincter pressure or motility responds to
muscle relaxants, and the sphincter may give a paradoxi-

16895

December 7, 2014|Volume 20|Issue 45|

Testoni PA. Management of acute recurrent pancreatitis

cal response to i.v. cholecystokinin (CCK).
Indications for SOM have been developed according
to the modified Hogan-Geenen SOD classification system. Type Ⅰ SOD does not require manometric investigation for confirmation, since a structural disorder of the
sphincter (stenosis) occurs in this situation. These patients
have the best outcomes after biliary and/or pancreatic
sphincterotomy.
In type Ⅱ SOD with dilated ductal system, the basal
sphincter pressure has been found abnormally elevated in
the majority of cases[27,59,60] but a normal pressure profile
does not exclude a transient dysfunction. Manometry,
therefore, does not substantially improve the diagnosis,
while exposing patients to an increased risk of postprocedural pancreatitis. In cases with non dilated ducts an
objective diagnosis of dysfunction can be obtained only
by manometric recording of the biliary and pancreatic
segments of the sphincter. Unfortunately, the frequency
of abnormal manometric recordings in these patients is
low and varies widely, ranging in published series from
15% to 50% for biliary[27,59,60] and 35% to 49% for pancreatic-type SO dysfunction[27,61].
Although they have not been thoroughly studied, SOM
results have been found to predict outcome from sphincterotomy in SOD patients, with the highest success rate in
patients with type I SOD[62].
Pancreatic stent as a diagnostic test to achieve pain
relief and predict the response to more definitive therapy
(sphincter ablation), has been tried only limitedly. Our
group has used pancreatic 5 F and 7 F stenting in some
patients with recurrent pancreatitis and non-dilated ducts,
with significant reductions in pancreatitis episodes; in
these cases pancreatic sphincterotomy was successful[63].
Pancreatic stenting in patients with normal pancreatic
ducts may cause ductal and parenchymal injury if the
stent is left, even if for a short time.
Botulinum toxin (Botox) is a potent inhibitor of acetylcholine release from nerve endings. In a preliminary
trial Botox injection into the SO halved the basal sphincter pressure, with an effect lasting four months, and gave
symptom improvement[64]. The effect of Botox injection has been investigated only in type Ⅲ patients with
manometric evidence of SOD: Botox injection has been
shown to predict the patients whose symptoms were
most likely to improve with endoscopic sphincterotomy
in 44%-80% of cases[65].
Although further studies are still needed, Botox may
serve as a diagnostic trial for symptomatic patients with
uncertain or not documented SOD, with responders undergoing permanent sphincter ablation. Unfortunately,
the short-lasting effect of Botox limits its indication as a
trial only to patients with symptoms occurring at intervals
of not more than three months.
EUS has the highest sensitivity for detecting microlithiasis and sludge, either in the gallbladder or in the
common bile duct[66], pancreatic tissue fibrosis, and small
ductal changes of both the main pancreatic duct and side
branches. The diagnosis of biliary sludge can be very
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challenging, even with EUS, particularly after cholecystectomy. In some patients with recurrent pancreatitis and
normal pancreas at CT scan and MRCP, EUS identifies
ductal and parenchymal abnormalities, suggesting a diagnosis of chronic pancreatitis[67,68]. The frequency of the
diagnosis of CP in patients with ARP, on the basis of
EUS criteria, ranges from 10%-30%[69,70].
ERCP should be considered for diagnostic purposes
only in selected cases of uncertain ductal morphology
even at MRCP-S and should be followed by immediate
biliary and/or pancreatic sphincterotomy. The procedure
is associated with a 3%-5% complication rate that may
reach 30% in cases with SOD. This additional workup usually leads to the diagnosis of microlithiasis or
bile sludge, SOD, pancreatic ductal abnormalities, either
congenital or acquired, or anomalous pancreatico-biliary
junction, early chronic pancreatitis, and genetic or autoimmune disorders. After a complete additional advanced
work-up, the etiology remains unknown in no more than
10% of recurrent pancreatitis, which can then be defined
as true idiopathic recurrent pancreatitis.

THERAPY
The efficacy of therapy in patients with a history of ARP
depends on two main factors: whether or not the bouts
of acute pancreatitis occur in a normal pancreas or in
a setting of chronic pancreatitis, and whether or not a
cause can be identified and removed.
Therapeutic approach to recurrent pancreatitis of biliary
etiology (documented or suspected)
Laparoscopic cholecystectomy is curative when gallbladder stones or sludge are detected; however, the clinical
benefit for sludge is less evident. If only sludge is present or suspected and cholecystectomy is not considered,
UDCA (usually 12 mg/kg) is an acceptable alternative, if
necessary combined with endoscopic biliary sphincterotomy. In these cases, long-term therapy with bile acids is
required, since the drug works slowly. In previous studies[16,24,14] patients treated with UDCA had a significantly
lower rate of recurrent pancreatitis (approximately 20%
with therapy compared with 60% without). Unfortunately, no studies have made a head-to-head comparison of
cholecystectomy, endoscopic biliary sphincterotomy, and
bile acid therapy.
In patients who have already undergone cholecystectomy but present repeated attacks of pancreatitis with
signs suggesting a biliary origin, even if no stones or
sludge are detected, endoscopic biliary sphincterotomy is
the procedure of choice. Common bile duct stones have
been found in 4%-24% of patients up to 15 years after
cholecystectomy. In cases with no evidence of stones,
UDCA is likely to be ineffective because removing the
gallbladder markedly reduces or completely eliminates the
bile crystals and sludge; sludge may form in cases with
SOD leading to persistent or transient bile flow obstruction. Endoscopic biliary sphincterotomy is the only effec-
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tive treatment in these patients.
Therapeutic approach to recurrent pancreatitis
associated with SOD
SOD is reported in about one third of cases with recurrent pancreatitis. It is still not clear whether biliary sludge
or crystals, or inflammation cause sphincter malfunction, because of conflicting data and a lack of specific
studies. The therapeutic approach in patients with SOD
aims at reducing the resistance caused by the sphincter
to the flow of bile and/or pancreatic juice. In documented SOD endoscopic sphincterotomy is currently
the standard therapy. Non-invasive therapies, such as bile
acids, calcium channel blockers, nitrates, and anticholinergic drugs, have proved unsuccessful in most cases and
are not effective when an organic stricture involves the
sphincter (type I dysfunction).
In patients with uncertain documentation of dysfunction the risks and benefits of endoscopic sphincterotomy
should be carefully weighed before recommending it, because SOD patients have an ERCP-related complication
rate that is markedly higher compared to patients with
ductal stones.
Medical therapy of SOD has been investigated only
on a small scale, by using drugs that relax smooth muscle.
Sublingual nifedipine and nitrates have been found to
reduce the basal sphincter pressure and achieve clinical
benefit in up to 75% of patients. Drawbacks of medical
therapy are the systemic side effects of the drugs, tachyphylaxis, and lack of long-term outcomes from regular
therapy. Nevertheless, because of the “relative safety”
of medical therapy, it should be considered in suspected
type Ⅱ SOD with non-dilated ducts before considering
more aggressive sphincter ablation.
Besides smooth muscle relaxants, other drugs can be
used in these patients. Oral UDCA has been shown to be
effective in patients with idiopathic recurrent pancreatitis,
confirming the role of bile microlithiasis or sludge in
SOD.
Endoscopic sphincterotomy may ablate either the
biliary or the pancreatic segment of the SO, or both. In
general, biliary sphincterotomy is done first and leads to
clinical improvement in about 80% of cases; in case of
failure, pancreatic sphincterotomy is done, preceded or
not by further function testing. In some centers, biliary
and pancreatic sphincterotomy are done at the same time,
considering the high probability of a consensual sphincter dysfunction.
In SOD patients, endoscopic sphincterotomy is associated with a high rate of acute post-procedure pancreatitis (up to 20% of cases). To reduce such a risk,
endoscopic techniques have been used (pancreatic duct
stenting after biliary or pancreatic sphincterotomy and
naso-pancreatic drainage after pancreatic sphincterotomy)
to limit this complication.
Clinical improvement after sphincterotomy has been
reported in 55%-95% of patients, depending on the
type of SOD, according to the modified Hogan-Geenen
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classification system, and manometric recordings. Nineteen studies have been published, including up to 237
patients, with follow-up ranging from a mean of three
months to five years[71,72]. Favorable outcomes are highest
in type Ⅰ SOD: in these patients improvement was reported in 83%-100% of cases. In type Ⅱ SOD patients,
with functional sphincter disorder, long-term symptom
relief was reported in up to 79%, depending on whether
manometry was abnormal (best results) or normal. In
patients without documented SO abnormalities, intrasphincteric botulin toxin injection could be considered
before sphincterotomy and might help identify a transient
SOD undetected by functional tests[73]. Since botulin toxin induces sphincter relaxation lasting no more than three
months, however, it should be use to predict those most
likely to benefit from endoscopic sphincterotomy, in patients with recurrent pancreatitis with normal morphofunctional findings[74]. This approach is adopted in only a
few centers.
Compared to biliary sphincterotomy alone, dual
sphincterotomy has been shown to have significantly
better outcomes in the majority of studies, even if in a
recent study dual sphincterotomy and biliary sphincterotomy had similar effects in preventing recurrence of acute
pancreatitis[75].
Endoscopic sphincterotomy may fail to achieve symptom relief in documented SOD in the following conditions: (1) biliary sphincterotomy has been inadequate
or re-stenosis has occurred. Sphincterotomy should be
revised; if no ‘‘cutting space’’ remains balloon dilation
should be considered; (2) pancreatic sphincter has residual abnormal basal pressure. A persistent elevated basal
pressure of the pancreatic sphincter has been reported
in approximately 90% of patients with persistent pain
or pancreatitis after biliary sphincterotomy. Endoscopic
pancreatic sphincterotomy achieves symptomatic improvement in 60%-90% of these patients. As an alternative, if pancreatic sphincterotomy has not been done,
an empirical therapeutic approach may be attempted by
placing a small-caliber (5-7 F) pancreatic stent; the stent
may be effective and helps to predict whether there is
any persisting outflow obstruction. However, in a normal
pancreas pancreatic stenting induces chronic pancreatitislike ductal changes and should therefore be done only for
a short period (no longer than three months); moreover,
few published data on pancreatic stenting for SOD are
available and most of them so far are disappointing; and
(3) patients may fail to respond to sphincterotomy because they have chronic pancreatitis, even with an apparently normal pancreatogram. In these patients EUS may
show parenchymal and ductal changes suggesting earlystage chronic pancreatitis.
The surgical approach most commonly used is transduodenal biliary sphincteroplasty with trans-ampullary
septoplasty. Outcomes are similar to those of endoscopic
sphincterotomy while complication rate and cost of care
are higher, so the surgical approach for SOD has largely
been replaced by endoscopic therapy.
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Therapeutic approach to recurrent pancreatitis
associated with pancreas divisum
Pancreas divisum is reported in about 20% of patients
with ARP. Endoscopic and surgical therapy are comparably effective in 70%-90%[76] so endoscopic therapy
is preferred in most cases. It is still not clear whether
endotherapy should be considered only when there is a
dilated dorsal duct and whether it can prevent the risk of
progression toward chronic pancreatitis. In cases with a
non-dilated dorsal duct, the MRCP-S test may help detect
some minor papilla malfunction and select the therapy.
Endoscopic therapy includes minor papilla sphincterotomy or stenting, or catheter dilation. In patients with
dilated dorsal duct or abnormal function test, and no
ductal strictures upstream of the minor papilla, sphincterotomy is the procedure of choice. After sphincterotomy,
a short-term dorsal pancreatic duct stent placement is
recommended to avoid post-procedure strictures and
procedure-related complications. In cases without dorsal
duct dilation or abnormalities and with a normal function
test, dorsal pancreatic duct short-term stenting should
be considered, to identify patients who can benefit from
minor papilla sphincterotomy.
If pancreatitis still recurs after sphincterotomy, pancreatic stenting may be useful, with 7 F to 10 F stents
depending on the dorsal duct dilation. If ductal strictures
are documented, catheter dilation followed by stenting is
the therapy of choice.
Although endoscopic therapy has been proved effective in a large percentage of cases, only one randomized
controlled trial examined a small number of cases: in
the treatment group, 9 out of 10 patients (90%) had no
further episodes of acute pancreatitis during a three-year
follow-up, while 6 of 9 patients (67%) who were randomized to no treatment had at least one episode[77]. A
still unsettled issue is whether a tendency towards chronic
pancreatitis persists in pancreas divisum patients, even
after successful treatment, and if so, why.
Therapeutic approach to recurrent pancreatitis
associated with other lesions obstructing the flow of
pancreatic juice
Any process preventing the free flow of pancreatic juice can
lead to ARP. The lesions can be at the level of Vater’s papilla
or around it, or in the pancreatico-biliary ductal system.
Treatment aims to relieve the obstruction and re-establish
the free flow.
Ampullary adenomas and carcinomas are the commonest causes of papillary lesions and can be resected
either surgically or endoscopically. Ampullary tumors
generally have a more favorable outcome than pancreatic
tumors. Independently from the histological diagnosis,
EUS should be done to establish whether an endoscopic
or surgical approach is most likely to be curative. When
the lesions are confined within the muscolaris mucosae
and do not involve the biliary or pancreatic duct, endoscopic resection should be preferred. The tumor can be
excised en-bloc or piecemeal by snare ampullectomy. En-
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bloc resection should be done in cases with a lesion confined within the ampulla; in these cases there is no need
to lift the mucosa by submucosal injection of saline solution, glycerol or hyaluronic acid, because this maneuver
may make it more difficult to resect the lesion completely.
Piecemeal resection is done when the lesion tends to
extend around the papilla; in these conditions, lifting the
mucosa from the submucosa permits complete and safer
resection of the adenomatous tissue.
In patients with an abnormally long (> 15 mm) common pancreatico-biliary channel the sphincter does not
separate the bile and pancreatic ducts so bile can flow
into the pancreatic ductal system and lead to pancreatitis.
Endoscopic biliary sphincter ablation avoids the bile flow
into the pancreatic duct and reduces the intra-ampullary
resistance to pancreatic juice flow, thus reducing the risk
of recurrences of pancreatitis.
To deal with choledochocele endoscopic section by
biliary sphincterotomy or needle-knife is usually effective, though a few patients require surgical sphincteroplasty. The surgical approach should be preferred for
large lesions.
Segmental strictures of the main pancreatic duct are
found in 5%-10% of patients with ARP[78] and may be
related to chronic pancreatitis, residual scars in acute
severe pancreatitis, pancreatic trauma, or neoplastic conditions. The differential diagnosis between the benign
and malignant nature of the stricture is pivotal before
planning treatment, which in most cases is endoscopic.
EUS has swiftly became the preferred diagnostic procedure, because it offers the best sensitivity for identifying
a pancreatic neoplasm for lesions 2-3 cm in diameter,
and the diagnosis can be confirmed by EUS-guided fineneedle aspiration. ERCP should be done to confirm the
diagnosis only in selected cases, by guide wire-guided
intra-ductal brush cytology or, more recently, confocal
endomicroscopy.
Endoscopic treatment should be done with curative
purpose for benign lesions and palliation for malignant
lesions unsuitable for curative surgery, and consists of
ERCP-guided stricture dilation and stenting. Stenting of
benign strictures will be planned for one or -better -two
years, with three-monthly stent exchange, using progressively larger stents, to achieve lasting dilation and resolution of symptoms.
Cystic pancreatic tumors may also be associated with
ARP. Serous cystadenomas are benign and can be managed conservatively. Mucinous tumors (cystadenomas
and adenocarcinoma, or intraductal papillary mucinous
neoplasia-IPMN) are pre-malignant or malignant, and
require follow-up and surgical resection when there are
worrisome features or high-risk stigmata. For IPMN involving the main pancreatic duct the risk of malignant
evolution is documented, but the data are still uncertain
for IPMN involving side branches. IPMN involving the
main pancreatic duct more frequently causes recurrent
pancreatitis, since the abnormal mucin secretion produces
a dense pancreatic juice that leads to intraductal hyperten-
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sion. Endoscopic biliary and pancreatic sphincterotomy
facilitates the juice outflow through the papilla and may
help prevent episodes of acute pancreatitis in patients in
a follow-up program.
Annular pancreas is another congenital abnormality
of the pancreatic ductal system seen in patients with recurrent pancreatitis. Surgical resection of the lesion is the
treatment of choice in these cases.
Recurrent pancreatitis associated with the CFTR-gene
mutation of hereditary pancreatitis may be prevented by
endoscopic pancreatic sphincterotomy in selected cases
with a dilated pancreatic duct; this procedure facilitates
the outflow of pancreatic juice, which is particularly
dense in patients with CFTR-gene mutations and may
cause intraductal hypertension. However, as yet there are
no prospective studies demonstrating that decompressive
therapy can favorably alter the course of the disease.
In conclusion, a careful diagnostic algorithm serves
to identify the etiology of ARP in up to 90% of cases,
while in the remaining cases the cause remains unknown.
The introduction into clinical practice, besides CT scans
and ERCP, of genetic testing, SO manometry, MRCP
and EUS with secretin, and botulin toxin injection, have
markedly improved the diagnostic yield. Because occult
bile stone disease and SOD account for the majority
of cases, cholecystectomy, and if necessary endoscopic
biliary and/or pancreatic sphincterotomy are curative in
most cases of ARP. Endoscopic biliary sphincterotomy
appears to be curative per se in about 80% of patients.
Oral UDCA alone has also been reported effective for
the treatment of biliary sludge and possible related SOD
in some studies. In uncertain cases botulin toxin injection
may help identify some cases of SOD, but this treatment
is not widely used.
In the last twenty years, pancreatic endotherapy has
been proved effective in cases of recurrent pancreatitis
depending on pancreatic ductal obstruction, independently from the cause of obstruction, and has been widely used instead of more aggressive approaches. However,
there is as yet no long-term follow-up to assess the progression of the disease, independently of the therapeutic
success.
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Abstract
Acute pancreatitis is a nonbacterial disease of the pancreas. The severe form of this ailment is characterized
by high mortality. Whether acute pancreatitis develops
as the severe type or resolves depends on the intensity of the inflammatory process which is counteracted
by the recruitment of innate defense mechanisms. It
has been shown that the hormones ghrelin, leptin and
melatonin are able to modulate the immune function
of the organism and to protect the pancreas against
inflammatory damage. Experimental studies have demonstrated that the application of these substances prior
to the induction of acute pancreatitis significantly attenuated the intensity of the inflammation and reduced
pancreatic tissue damage. The pancreatic protective
mechanisms of the above hormones have been related
to the mobilization of non-specific immune defense, to
the inhibition of nuclear factor kappa B and modulation
of cytokine production, to the stimulation of heat shock
proteins and changes of apoptotic processes in the
acinar cells, as well as to the activation of antioxidant
system of the pancreatic tissue. The protective effect of
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ghrelin seems to be indirect and perhaps dependent on
the release of growth hormone and insulin-like growth
factor 1. Leptin and ghrelin, but not melatonin, employ
sensory nerves in their beneficial action on acute pancreatitis. It is very likely that ghrelin, leptin and melatonin could be implicated in the natural protection of the
pancreatic gland against inflammatory damage because
the blood levels of these substances increase in the
initial phase of pancreatic inflammation. The above
hormones could be a part of the innate resistance system which might remove noxious factors and could
suppress or attenuate the inflammatory process in the
pancreas.

Core tip: The pathogenesis of acute pancreatitis is not
clear and treatment of this disease is unspecific. Since
the severe form of acute pancreatitis often leads to
death or to pancreatic insufficiency, the understanding
of the mechanisms involved in pancreatic protection
appears to be an important problem. Experimental
data have shown that pancreatitis severity could be attenuated by various hormones. Herein, we review the
results of our research studies and others, as well as
data from clinical observations concerning the protective effects of ghrelin, leptin and melatonin on acute
pancreatitis. We also present the hypothetical mechanisms responsible for the beneficial influence of these
substances on pancreatic inflammation.
Jaworek J, Konturek SJ. Hormonal protection in acute pancreatitis by ghrelin, leptin and melatonin. World J Gastroenterol 2014;
20(45): 16902-16912 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i45/16902.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i45.16902
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INTRODUCTION
Acute pancreatitis is a sterile inflammatory disease of the
pancreatic tissue. This ailment has been classified as mild,
moderate or severe[1]. Mild pancreatitis is the most common, local pancreatic inflammation which resolves by itself. Moderate or severe acute pancreatitis with organ failure requires prolonged and expensive hospitalization, is
characterized by high mortality and often leads to endocrine or exocrine dysfunction of the pancreas[2,3]. Despite
the intensive research and clinical studies of the last decades, the pathogenesis of acute pancreatitis still remains
unclear and the treatment of this disease is not specific.
It is believed that the key determinant of this disease is
the intra-acinar activation of digestive enzymes (mainly
trypsin) and autodigestion of the pancreatic gland which
initiates local (mild pancreatitis) or systemic (moderate
and severe form of this disease) inflammation[4].
The cellular mechanisms responsible for zymogen
activation are not fully understood. One possible explanation could be an impaired autophagy process resulting
from lysosomal dysfunction and imbalance between two
lysosomal enzymes: cathepsin B, which cleaves trypsinogen into active trypsin, and cathepsin L, responsible for
trypsin degradation. The abnormal function of mitochondria and ATP depletion suppresses apoptosis and
promotes acinar necrosis[5]. Damaged acinar cells release
toxic substances, known as damage associated molecular
patterns (DAMP), to the extracellular space leading to
the propagation of the sterile inflammatory process[6].
Another hypothesis shows that activation of the nuclear
NFκB, observed in the early step of acute pancreatitis,
could be related to the cleavage of trypsinogen into active trypsin. However, the relationship between these
phenomena has not been elucidated[7]. Recently, an interesting theory concerning the role of the pancreatic duct
cells in the pathogenesis of acute pancreatitis has been
presented. It has been explained that the reduction of bicarbonate secretion by duct cells leads to the acidification
of the luminal space and contributes to the intracellular
zymogen activation[8].
The inflammatory process in the pancreas is counteracted by activation of innate defense systems which could
remove injurious agents to suppress or reduce pancreatic
inflammation. Stimulation of the immune cells, production of protective substances and anti-inflammatory
cytokines, modulation of the apoptotic signaling pathway
and activation of antioxidant defense systems are among
the mechanisms implicated in the cellular and tissue resistance[9-12]. Identification of the factors which trigger
the defense systems against acute pancreatitis could be
of great importance for the creation of new therapeutic
strategies in this disease.
Previous experimental studies on acute pancreatitis
have evidenced that non-specific immunity and innate
defense systems could be activated in several ways and
by various factors, such as stimulation of nitric oxide
synthase (NOS) and generation of nitric oxide (NO),
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thermal preconditioning and administration of low doses
of biologically active substances or endotoxins[12-14]. Some
hormones have been shown to protect the pancreas
against the development of acute pancreatitis and to attenuate the course of this disease. Suppression of pancreatic inflammation and a marked reduction of tissue
inflammatory damage have been observed as the result
of the application of the hormones ghrelin, leptin and
melatonin.

GHRELIN
Structure, tissue expression, receptors and biological
effects
Ghrelin, an endogenous ligand for the growth hormone
secretagogue receptor, was originally isolated from the rat
stomach by Kojima et al[15]. The main source of ghrelin
in the organisms of rats and dogs appears to be X/A
cells of the oxyntic mucosa, which represent 20% of the
mucosal cell population, whereas in humans, ghrelin has
been found in the P/D1 cell type[15,16]. Besides the stomach, ghrelin has been widely expressed in the additional
tissues of the gastrointestinal tract (duodenum, jejunum,
colon, pancreas), in the central nervous system (hypothalamus, cortex, brain stem, pituitary) and in other organs (kidney, heart, lung, testis, immune cells)[16-20]. In the
pancreas, ghrelin-producing cells represent an independent cell population of the pancreatic islets and ghrelin is
possibly involved in glucose homeostasis[21]. The ghrelin
system (ghrelin and its receptor) also exists in the pancreatic acinar cells[22]. An experimental study has shown that
ghrelin could be implicated in the stimulation of pancreatic enzyme secretion[23].
Part of ghrelin peptides undergoes posttranslational
acylation, dependent on the enzyme ghrelin-O-acyltransferase (GOAT), and circulating ghrelin consists
of two forms: desacyl ghrelin (90%) and acyl ghrelin
(10%)[24]. Both forms of ghrelin are agonists of the
ghrelin receptor; however, under physiological conditions, only acylated ghrelin is able to activate the intracellular signaling cascade of this receptor[15,25]. The desacyl
ghrelin has previously been believed to be a degradation
product of acyl ghrelin but recent observations have
shown that desacyl ghrelin is able to produce biological
effects independent of those of acylated peptide. It has
been reported that desacyl ghrelin prevented the activation of apoptosis and fibrosis of cardiomyocytes and
protected endothelial cells from apoptosis induced by
oxidative stress[26,27]. Administration of desacyl ghrelin to
rats modulated body temperature and produced arterial
dilatation, probably via activation of the parasympathetic
nervous system[28]. On the other hand, desacyl ghrelin
could antagonize the activation of the acylated form. All
these observations suggest that desacyl ghrelin might be
a separate hormone which interacts with its own specific,
as yet unknown, receptor[29].
The ghrelin receptor (GHS-Rs) is a G-protein coupled
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receptor characterized by transmembrane domains[23].
GHS-R has been identified as two spliced variants: functional ghrelin receptor type 1 (GHS-R1a) and non-functional, unspliced GHS-R1b. Both GHS-R1s have been
predominantly expressed in the pituitary but this receptor
has also been detected in the pancreas, spleen, heart, adrenal and thyroid glands[30,31].
Ghrelin has been shown to produce a wide range of
biological effects in the organism, such as: (1) release of
prolactin, adrenocorticotropic and growth hormones;
(2) control of appetite and food intake; (3) stimulation
of gastric and pancreatic secretion and gastrointestinal
motility; (4) modulation of cardiovascular and reproductive functions; (5) increase of neoglucogenesis and
adipogenesis; (6) stimulation of bone formation; and (7)
modulation of immune functions[32]. Nevertheless, the
physiological involvement of ghrelin in most of above
functions is not completely clear.
Anti-inflammatory effects of ghrelin
The anti-inflammatory effects of ghrelin have been
shown in many tissues, including the pancreas[33]. Ghrelin protects gastric mucosa against acute ulceration and
accelerates the healing of chronic gastric and duodenal
ulcers[34]. Ghrelin suppresses inflammation in sepsis and
inflammatory bowel disease, reduces inflammatory pain
and attenuated chronic liver injury[35-38]. The presence
of ghrelin receptors on human peripheral lymphocytes,
neutrophils and on the leukemic T, B and myeloid cell
lines indicates that ghrelin is able to directly affect the
functions of immune cells[20]. Indeed, ghrelin could inhibit production of anti-inflammatory cytokines, such as
tumor necrosis factor alpha (TNFα), interleukin 1β (IL1β), interleukin 6 (IL-6) and interleukin 8 (IL-8)[33,38-40]. It
has been demonstrated that the downregulation of proinflammatory cytokines by ghrelin is mediated by MAPK
phosphatase-1 enzyme involved in the innate immune
response[41]. In addition, ghrelin has been found to reduce
the phagocytic activity of macrophages in vivo and in vitro
and to decrease the production of high mobility box 1
protein (HMGB1)[42,43]. The anti-inflammatory effect of
ghrelin could also be attributed to the activation of NOS
and to enhanced production and release of NO[38]. Controversial reports have been presented concerning the
effect of ghrelin on nuclear factor kappa B (NF-κB). In
human B cells, ghrelin promotes NF-κB, whereas in the
pancreas, ghrelin inhibits activation of this substance[44,45].
Ghrelin and acute pancreatitis
Numerous studies have shown that administration of
ghrelin to animals prior to the induction of acute pancreatitis protected pancreatic tissue against damage and
attenuated the inflammation[10,30,45-47]. Ghrelin reduced
the morphological signs of acute pancreatic inflammation, diminished blood levels of IL-1β, decreased plasma
lipase and improved DNA synthesis in rats subjected
to caerulein-induced pancreatitis; however, pancreatic
blood flow in these animals was unaffected by ghrelin[30].
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The favorable effect of ghrelin on the pancreas has been
also demonstrated in acute necrotizing L-arginine pancreatitis as well as in taurocholate-induced pancreatitis
and is attributed to the inhibition of NFκ-B expression
and the blockade of the inflammatory signal transduction pathway[44,45]. In addition, ghrelin has been demonstrated to lessen pancreatitis-associated lung injury, to
reduce sequestration of neutrophils in the lung, to limit
production of the proinflammatory cytokines, such as
IL-6, and TNFα, and to inhibit pulmonary substance P
expression[47,48].
Ghrelin could exert its positive effect on the pancreas
via the central mechanism because the pancreatic protective effect of ghrelin was observed following application
of this peptide into the cerebral ventricles of rats subjected to caerulein-induced pancreatitis. This protection
was correlated with the release of growth hormone (GH)
and was completely reversed by deactivation of sensory
nerves with capsaicin[10]. Hypophysectomy cancelled out
the pancreatic protection evoked by ghrelin and eliminated GH and insulin-like growth factor 1 (IGF-1) from
the serum[46]. The above results present the evidence that
the protective effect of ghrelin on the pancreas is indirect
and depends on the activation of sensory nerves and the
release of GH and IGF-1.
A recent report has shown the therapeutic effect of
ghrelin in the course of caerulein-induced pancreatitis.
Administration of ghrelin after the development of acute
pancreatitis reduced the intensity of pancreatic inflammation and accelerated the regeneration of the gland. This
effect was mainly related to the reduction of IL1β and to
the stimulation of pancreatic cell proliferation[49].
It was demonstrated that in animals with acute pancreatitis, serum levels of endogenous ghrelin at 24 and 48
h were significantly increased compared to the control[47].
Clinical studies have shown that ghrelin levels measured
at the first, third and fifth day of hospitalization in patients with acute pancreatitis were higher than in healthy
individuals[50]. It was also reported that serum ghrelin
levels were markedly elevated in patients with high risk
factors for severe forms of acute pancreatitis[51]. It is very
likely that ghrelin is released in high amounts in response
to the initiation of the inflammatory process in the pancreas to suppress the inflammation and protect the pancreatic tissue.
All the above observations indicate that ghrelin could
be implicated in the natural protection of the pancreatic
tissue through the activation of the innate immune system to prevent the development of the inflammatory
process in the pancreas. The pancreatic protective effect
of ghrelin appears to be indirect and depends on the release of GH and IGF-1 by ghrelin (Figure 1).

LEPTIN
Structure, tissue expression, receptors and biological
effects
Leptin is one of the adipokines, cytokine-like hormones
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Figure 1 Hypothetical mechanisms of the protective action of ghrelin, leptin and melatonin on acute pancreatitis. GH: Growth hormone; IGF-1: Insulin-like
growth factor; NF-κB: Nuclear factor kappa B; HSP60: Heat shock protein 60; nNOS: Neural nitric oxide synthase; NO: Nitric oxide; TNFα: Tumor necrosis factor α;
IL: Interleukin; MPO: Myeloperoxidase; SOD: Superoxide dismutase; CAT: Catalase; GPx: Glutathione peroxidase; GR: Glutathione reductase; ROS: Reactive oxygen
species; RNS: Reactive nitrogen species.

which are produced in white adipose tissue. Besides
adipocytes, leptin has been also detected in other organs, such as the stomach, muscles and bones[52,53]. This
16-kDa protein is encoded by the ob gene and was first
recognized as an inhibitor of appetite, a stimulator of
energy expenditure and a regulator of body weight[54].
Leptin is well known as one of the main modulators of
energy balance but is also implicated in the regulation
of neuroendocrine and secretory functions of the body.
Indeed, leptin has been shown to affect gastric and pancreatic secretions, insulin release, to protect the gastric
mucosa against noxious agents and to influence the inflammatory process in the pancreas[55,56]. Leptin could be
also involved in the modulation of several processes of
the body, such as reproduction, angiogenesis and bone
metabolism, but recent studies have focused on the role
of leptin in immunity[57-59].
Leptin exerts its effect through its specific receptor
(Ob-R) which belongs to the class I of the cytokine family, together with receptors for IL-6 and IL-12. Ob-R is
represented by six isoforms of different length but only
full-length Ob-Rb is able to activate the signal transduction pathway[60]. Ob-R is present in the hypothalamus, pituitary, kidney, lung, bone marrow, enterocytes, reproductive system and pancreatic acinar cells, as well as all types
of immune cells[24,60,61].
Effects of leptin on immune functions
Leptin received particular attention as the main modulator of immune functions and inflammatory processes
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in the organism[59]. The reports concerning the effect
of leptin on the immune processes are contradictory. In
some studies, leptin has been shown to trigger inflammatory responses and to play an important role in chronic
inflammation[62,63]. Other studies documented the antiinflammatory effects of leptin[64,65].
It has been reported that leptin improved the function
of macrophages, modulates lymphocyte proliferation,
increases the ratio of T naïve/T memory cells and stimulates the production of pro-inflammatory cytokines, such
as TNFα, IL-1 and IL-6[66]. Leptin production increases
in acute inflammation and sepsis. It was proposed that
leptin blood levels could be a predictive factor of the increased survival and attenuation of inflammation[67]. Additional evidence for the beneficial role of leptin in sepsis
comes from the observation that the administration of
exogenous leptin increased survival in septic mice[68].
Leptin and acute pancreatitis
Our previous reports have demonstrated that the application of leptin to rats prior to the induction of acute
caerulein-induced pancreatitis significantly reduced the
severity of pancreatic inflammation[69]. This beneficial
effect of leptin has been observed following intraperitoneal as well as intracerebroventricular administration of
this adipokine. The effect of leptin on acute pancreatitis
was completely abolished by the deactivation of sensory
nerves with capsaicin. These nerves employed calcitonin
gene-related peptide (CGRP) as one of the neuromediators[70]. The pharmacological blockade of sensory nerves
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with CGRP 8-37, an antagonist of CGRP, resulted in
the total reversion of the favorable effects of leptin
on acute pancreatitis[69]. This observation indicates that
sensory nerves and CGRP play a part in the protection
of the pancreatic gland afforded by leptin against acute
damage. Subsequent studies have shown that leptin treatment ameliorates lung injuries in rats with the caerulein
model of acute pancreatitis[71]. In addition, treatment
with leptin accelerated pancreatic tissue repair in animals
subjected to ischemic pancreatitis[72]. The positive effects
of this adipokine on acute pancreatitis have been also
observed in the model of acute pancreatitis evoked by
ischemia/reperfusion and documented by histological
assessment and significant reduction of TNFα and Il-1β
blood levels[71,72]. The beneficial effect of leptin on acute
pancreatitis could be attributed to the activation of the
NOS/NO system and release of NO in the pancreas, to
the improvement of pancreatic microcirculation and, at
least in part, to the release of glucocorticoids which provide an unspecific attenuation of the inflammatory processes[61,62,69,72] (Figure 1). A study on the pancreatic acinar
cell line AR42J revealed that leptin is able to increase the
gene expression of heat shock protein 60 (HSP60) in
these cells[73]. HSP60 belongs to the group of chaperone
proteins, stimulated by high temperature, oxidative stress
or inflammation. Activation of HSP60 by leptin could
limit mitochondrial and nuclear injury, might prevent the
endoplasmic reticulum from the damage and could reduce
formation of autophagosomes[73,74].
More evidence concerning the important role of
leptin in acute pancreatitis comes from experiments on
congenitally obese mice with a deficient leptin system. In
this study, obese knockout mice with deficits of leptin
(LepOb mice) or leptin receptor (LepDb mice) developed
acute pancreatitis in the more severe form than the acute
pancreatitis demonstrated in wild-type animals[75]. This
observation clearly shows that the leptin system is implicated in the innate immune defense against acute pancreatic inflammation, yet leptin is not a sole player in the
modulation of pancreatic resistance. Other adipokines,
such as adiponectin, visfatin and resistin, could also play a
role in the modulation of acute pancreatitis severity[59,76].
In contrast to the reports presenting the anti-inflammatory effects of leptin, recent publications have shown
that leptin up-regulated the expression of toll-like receptor 2 (TLR-2) on human monocytes and increased TNFα
expression stimulated by endotoxins. This activity of
leptin may potentiate innate immunity and inflammation
in obese hyperleptinemic patients[77]. Studies on obese
(hyperleptinemic) rats with acute necrotizing pancreatitis
indicated that in these animals the expression of proinflammatory IL-6 was higher, whereas the signal of antiinflammatory IL-10 was lower than in the group of lean
animals[78]. Some authors concluded that obesity and
hyperleptinemia could be a risk factor for severe acute
pancreatitis[76,79].
Changes of leptin level in acute pancreatitis have
been the subject of numerous experimental and clinical
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studies. Many investigators have noted the considerable
increases of leptin blood levels in acute pancreatitis in
rats and humans[47,64,75,80]. Nevertheless, the leptin blood
levels did not correlate with pancreatitis severity[47,80-82].
The recent comprehensive review of Karpavicius et al[83]
analyzed the prognostic value of leptin and other adipokines in predicting the course of acute pancreatitis. The
authors concluded that leptin levels increase in acute pancreatitis; however, these levels are not in parallel with the
severity of acute pancreatitis and could not be used as a
prognostic value of the course and possible complications of this disease[83].
The results of the above studies lead to the conclusion that leptin could be considered a factor which potentiates non-specific immune defense and stimulates
inflammatory reaction. It has been shown that leptin
blood levels increase in acute pancreatitis, yet these levels
have not been related to the severity of this disease. It
is very likely that leptin could activate the initial phase
of the innate immune response and thus trigger the immune defense in the early stages of inflammation. Such
a mobilization of the immune system might suppress
the acute inflammation near the beginning and prevent
the development of serious disease. Nevertheless, with
the development of intensive inflammation, leptin could
continuously activate the immune cells and interleukin
production to combat the pathogens or factors responsible for inflammation. Constant stimulation of the immune system by leptin might favor the progression of an
inflammatory state.
It is worth remembering that other adipokines besides
leptin also participate in the modulation of inflammatory
process and an imbalance between leptin and other adipokines could deregulate the immune response.

MELATONIN
Structure, tissue expression and receptors
Melatonin (5-methoxy-N-acetyltryptamine) is an indoleamine, produced from amino acid L-tryptophan in the
four steps reaction with serotonin as a direct melatonin
precursor[84]. This indoleamine is released from the pineal
gland in the regular nocturnal/diurnal rhythm, with the
peak at night[85]. Melatonin was discovered first in the pineal gland and is best known as the pineal hormone but
this substance has also been found in numerous mammalian tissues, such as the retina, Harderian gland, brain and
in the gastrointestinal system, which appears to be the
richest source of melatonin in the organism[86-88]. Gastrointestinal melatonin originates from the enteroendocrine
cells of the gut mucosa, from food ingested and from
bile[87,89,90]. Food stimulates the release of melatonin in a
manner independent of the light/dark cycle[88,91].
Melatonin could exert its biological effect via its specific receptors MT1, MT2 and MT3 on the cell membranes,
but it could also directly enter into the cell because of its
high solubility in lipids[92]. Melatonin membrane receptors
MT1 and MT2 belong to 7-transmembrane G-protein-
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coupled receptors and both could be antagonized by luzindole[93]. Melatonin receptor MT3 is an enzyme quinone
reductase 2 known as a potent antioxidant[93,94]. Melatonin
could perhaps activate nuclear orphan receptors RZR/
ROR but the role of these receptors is not known[94].
Melatonin receptors have been detected in many tissues, such as the central nervous system, cardiovascular
system, immune cells, retina and the gastrointestinal
system[94,95]. Both melatonin and its receptors have been
identified in the human pancreatic tissue in the islet of
Langerhans and this indoleamine has been suggested as
one of the modulators of insulin secretion[95].
Anti-inflammatory effects of melatonin
Melatonin has been reported to produce a wide range of
biological effects but its physiological role in the organism is still unknown. This substance was first recognized
as part of the biological clock because of its rhythmic
diurnal/nocturnal secretions[84,96]. Subsequent studies
have shown a very special role of melatonin as a vitally
important tissue protector and modulator of immune response. Melatonin enhances tissue defense against oxidative damage because it is a potent activator of antioxidant
enzymes and a direct scavenger of radical oxygen (ROS)
and nitrogen (RNS) species. ROS and RNS are produced
in mitochondria and under normal conditions they are
neutralized by antioxidant enzymes as well as by natural
non-enzymatic scavengers, such as melatonin, glutathione,
vitamins C and E and others[97,98]. Oxidative stress and
inflammation resulted in the massive production of these
free radicals which could not be counteracted by antioxidant defense of tissue, leading to tissue damage[99,100].
Melatonin also activates the second line of tissue defense
which is dependent on the antioxidant enzymes, such as
superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx) or glutathione reductase (GR)[101-103].
Besides its antioxidant properties, melatonin could
strengthen the immune defense through the modulation
of the signal transduction pathways involved in inflammatory processes. Melatonin inhibits the nuclear binding
of NF-kappaB and in this manner it could reduce the
production of pro-inflammatory cytokines (TNFα and
interleukins IL-1β, IL-6, IL-8)[104]. This indoleamine has
been reported to reduce prostaglandin synthesis, to modulate cell apoptosis and necrosis, and to affect the process
of angiogenesis[105-107].
Melatonin and acute pancreatitis
Experimental studies have shown that the administration of melatonin to rats prior to the induction of acute
pancreatitis protected the pancreas from the development of acute inflammation and significantly diminished
pancreatic tissue damage[108-114]. Melatonin radically reduced the morphological signs of inflammation, such
as edema, leukocyte infiltration and the vacuolization of
the acinar cells[10,111,115-117]. The blood levels of amylase
and lipase, the indicator enzymes of acute pancreatitis
severity, as well as blood levels of pro-inflammatory cy-
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tokine TNFα, were significantly reduced in the animals
pretreated with melatonin and subjected to acute pancreatitis[10,106,110,113,115-118]. In contrast, the blood level of
anti-inflammatory IL-10 was increased markedly in these
animals[10,116].
It is worth noting that the favorable effects of melatonin on acute pancreatitis were paralleled by its precursor, L-tryptophan. Application of L-tryptophan to
animals produced the significant and dose-dependent
increase of melatonin blood level. This observation indicates that the anti-inflammatory effects of L-tryptophan
are probably dependent on the conversion of this amino
acid to melatonin. The above favorable effects of melatonin or L-tryptophan have been observed in rats subjected to caerulein-induced pancreatitis as well as in those
with pancreatitis induced by ischemia-reperfusion[108].
Nevertheless, the beneficial effects of melatonin on
acute pancreatitis have been demonstrated in different
models of pancreatic inflammation, such as L-arginine
pancreatitis, pancreatitis induced by taurocholic acid, and
by obstruction of the pancreatic duct[110,117,119]. In severe
acute pancreatitis, pretreatment with melatonin prevented
multiorgan failure and significantly attenuated tissue damage[119]. Melatonin has been shown to increase the nucleic
acid content and rate of DNA synthesis in the pancreas
and thus to improve pancreatic regeneration in animals
subjected to acute pancreatitis[120].
The mechanism of the pancreatic protective action
of melatonin is complex. Melatonin works as a direct and
indirect antioxidant and effectively reduced the amount
of lipid peroxidation products in pancreatic tissue, which
is accompanied by the increase of antioxidant enzymes,
such as SOD or GPx[98,121]. Melatonin also slows down
apoptosis and necrosis in the pancreas and turns down
leukocyte infiltration in the pancreatic tissue subjected to
acute inflammation. The blood levels of pro-inflammatory interleukin, such as TNFα, IL-1β, IL-6 and IL-22,
were reduced, whereas anti-inflammatory IL-10 increased
in response to melatonin application[10,105,116,119]. Among
the other mechanisms of the pancreatic protection afforded by melatonin is the improvement of pancreatic
blood flow, which ameliorates the tissues from the toxic
inflammatory products and mediators[108,113]. Melatonin
lowers the activity of macrophages and decreases the
production of enzyme myeloperoxidase and generation
of prostaglandin[104,105]. Melatonin has also been shown to
trigger the production of heat shock protein 60 (HSP60)
in the pancreatic acinar AR42J cells. Activation of HSP60
by melatonin could protect the intracellular structures
against inflammatory damage and could reduce the acinar
cell injury[122] (Figure 1).
Melatonin seems to be a part of the natural protective mechanisms against the development of pancreatic
inflammation and low melatonin production is associated with an increased risk of severe acute pancreatitis[118,123,124]. Recent reports indicate that the melatonin
blood level in humans is closely related to the severity
of pancreatitis. It has been proposed that the evaluation
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of disease severity could be assessed by measuring the
blood levels of melatonin[125].
It is very likely that melatonin might be a part of native protection against the development of acute pancreatitis and a low melatonin blood level could be associated
with an increased risk of the severe form of this disease.
Perhaps melatonin could be used in the prevention of
acute pancreatitis in individuals with an increased risk of
pancreatic inflammation.

CONCLUSION
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Abstract
Endoscopic retrograde cholangiopancreatography
(ERCP) is the essential first modality for common bile
duct (CBD) stone therapy. The conventional endoscopic
treatment for CBD stones is stone removal after endoscopic sphincterotomy (EST). Stone removal after
papillary stretching using balloon dilation instead of
the conventional method has been widely adopted.
There are many reports regarding endoscopic papillary balloon dilation (EPBD) utilizing a small balloon (<
10 mm) instead of EST for the removal of small CBD
stones. In contrast, two cases of mortality due to postERCP pancreatitis (PEP) were reported after an EPBD
clinical trial in the Western world, and the psychological
barrier caused by these incidences hinders the use of
this technique in Western countries. Endoscopic papillar
large balloon dilation (EPLBD), which is used to treat
large CBD stones, was not widely adopted when first
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introduced due to concerns about perforation and severe pancreatitis from the use of a large balloon (12-20
mm). However, as experience with this procedure accumulates, the occurrence of PEP with EPLBD is confirmed to be much lower than with EPBD. This report
reviews whether EPBD and EPLBD, two procedures that
use balloon dilation but differ in terms of indications
and concept, contribute to the occurrence of PEP.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Post-endoscopic retrograde cholangiopancreatography pancreatitis; Endoscopic papillary balloon
dilation; Endoscopic papillary large balloon dilation;
Common bile duct stone
Core tip: Endoscopic papillary balloon dilation (EPBD)
and endoscopic papillary large balloon dilation (EPLBD)
have been performed for removal of common bile duct
stones. Although the rates of post-endoscopic retrograde cholangiopanc- reatography pancreatitis (PEP)
after EPBD and EPLBD varied in many studies, the safety and feasibility of balloon dilation have been proven
as results have accumulated. However, the exact mechanism of PEP after balloon dilation is unclear. The main
determinant of severe PEP may be edema or spasm
caused by irritation of the pancreatic orifice while performing difficult selective cannulation and struggling to
remove the stone rather than balloon compression of
the pancreatic flow.
Jang SI, Yun GW, Lee DK. Balloon dilation itself may not be
a major determinant of post-endoscopic retrograde cholangiopancreatography pancreatitis. World J Gastroenterol 2014;
20(45): 16913-16924 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i45/16913.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i45.16913
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INTRODUCTION
Post-endoscopic retrograde cholangiopancreatography
(ERCP) pancreatitis (PEP) is a complicating adverse
event, for which doctors can do little to treat. Removing
common bile duct (CBD) stones is the most frequently
performed procedure carried out using ERCP. Conventional endoscopic biliary stone removal through endoscopic sphincterotomy (EST) has been replaced by the
balloon dilation method.
PEP, the most common and potentially serious complication of ERCP-related procedures, occurs in 1%-9%
of all procedures[1]. Many studies of the risk and predictive factors to prevent PEP have been conducted[1-16]. To
discuss the risk factors for PEP, not only procedural and
technical factors but also patient characteristics should
be considered[1,15]. Patient-related factors for PEP include
a history of post-ERCP pancreatitis[1,9,10,12,16,17], female
sex[1,10,15], young age[3,4,6,12,15], suspected sphincter of Oddi
dysfunction (SOD)[1,2,4,10,12,14], and absence of chronic pancreatitis[1]. Procedural-related factors include difficult cannulation[1,9,15-17], precut sphincterotomy[2,10,15,16], pancreatic
deep wire pass[15], pancreatic sphincterotomy[1], pancreatic
contrast injections[1-4,10,12,17,18], and biliary balloon sphincter
dilation[1]. These reported risk factors vary among studies, and some contradict each other. Hence, the data for
risk factors for PEP should be interpreted with caution.
Such discrepancies may have arisen from heterogeneous
patient populations or from differences in the level of
endoscopic expertise, cannulation techniques, and definition of post-ERCP pancreatitis[12].
The PEP mechanism is not well defined, but it is
commonly accepted to be multifactorial, involving mechanical, chemical, hydrostatic, enzymatic, microbial,
and thermal factors[1,12]. A certain triggering event may
prematurely activate proteolytic enzymes intracellularly
within acinar cells, which may cause cellular injury and
autodigestion of pancreatic tissue [19,20]. Various PEP
mechanisms have been suggested. PEP may occur from
incidental injection of contrast medium into the pancreatic duct in cases where cannulation of the bile duct is
difficult; in such cases, the type of contrast medium injected and the speed and pressure of injection leading to
complete acinar filling of the pancreas can have an influence[8,21-23]. Hydrostatic injury caused by pancreatic duct
overfilling may be a major trigger factor for pancreatic
reactions[16]. Difficult cannulation may inflict trauma to
the papilla and pancreatic sphincter, leading to pancreatic
drainage disruption and causing PEP[12,24,25]. Pancreatitis
after pancreatic sphincterotomy, and precutting have
been discussed based on the possibility of incidental temporary obstruction of the pancreatic duct, caused by direct thermal damage to the duct by the cutting wire or by
edema induced by thermal tissue injury[8,26]. PEP occurs
more frequently in patients with SOD[1,2,10,14,24,27-29], which
may cause a flow disturbance in pancreatic drainage due
to pancreatic sphincter hypertension.
Balloon inflation is also a possible cause of PEP. The
pancreatic orifice is compressed during ballooning, and

WJG|www.wjgnet.com

pancreatic flow is transiently disrupted. However, it is unknown whether ballooning itself is a major determinant
for the development of PEP due to endoscopic papillary balloon dilation (EPBD) and endoscopic papillary
large balloon dilation (EPLBD). This report provides a
systemic review of how the balloon itself affects PEP in
balloon dilation during EPBD and EPLBD.

ENDOSCOPIC PAPILLARY BALLOON
DILATION AND ENDOSCOPIC PAPILLARY
LARGE BALLOON DILATION
Definition and concepts
The ampullary orifice and distal CBD are dilated temporarily by balloon dilation during EPBD and EPLBD
procedures. However, EPBD and EPLBD are not the
same procedure in either concept or indications. EPBD
is performed in patients with a non- or minimally dilated
CBD[30]. In contrast, EPLBD should be performed in patients with dilated CBD and ampulla due to a large longstanding stone. Ballooning of the CBD and ampullary
orifice stretches the tissue transiently to form a tubular
shape to facilitate stone removal. In this process, successful dilation depends on the elasticity, the degree of
dilation of the CBD tissue, and the absence of stricture.
Moreover, the ease of selective bile duct cannulation and
stone removal through the widened ampullary orifice
might be associated with the occurrence of PEP.
EPBD has been performed to dilate the biliary
sphincter without prior EST by using a small-diameter
dilating balloon (≤ 10 mm). EPBD can avoid the shortterm complications of bleeding and perforation, preserve
the function of the biliary sphincter, and reduce longterm sequelae of EST. Additionally, EPLBD has been
used to remove large CBD stones after dilating the biliary
sphincter with EST using a large-diameter dilation (≥ 12
mm). EPLBD can reduce the use of mechanical lithotripsy (MLT), thereby avoiding complications related to
the use of full EST for the removal of large or difficult
CBD stones. The majority of EPLBDs involve limited
EST (minimal or mid-EST rather than full EST) followed
by large balloon inflation. If EST is performed toward
the CBD, tearing advances in the same direction[31]. This
combined approach does not require full EST and can
enlarge the biliary orifice to a greater extent than a standard full EST[30].
Indications
EPBD is a possible alternative to EST in patients with
impaired hemostasis[11]. To maximize the effect of EPBD
while minimizing complications, a technique with proper
indication and in the proper manner is necessary [32].
Recommended indications for balloon dilation include
coagulopathy, periampullary diverticulum, Billroth II
gastrojejunostomy, and prior EST status [32]. Another
study suggested that the ideal patients are those with a
limited number of CBD stones (≤ 3), CBD stones of a
maximum diameter ≤ 10 mm, and minimally dilated bile
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duct[33]. In addition, in cases with difficult cannulation,
impractical cannulation should be avoided. The use of
EPBD for removing CBD stones > 10 mm may necessitate a laborious and papilla-traumatic procedure, such as
MLT, and may increase the risk of pancreatitis[34]. EPBD
for a large CBD stone requires multiple sessions and is
time-consuming because the biliary orifice is not dilated
sufficiently[35]. Therefore, relatively large stones with a
non-dilated CBD are not good candidates for EPBD.
Further large-scale studies with a longer follow-up are
imperative to identify more distinct indications and the
optimum method.
Strict indications are needed for EPLBD to avoid
serious adverse events. The patients suitable for this
method are those who already have a dilated CBD due to
a large stone[36]. The tissue of ampulla and distal CBD in
these patients are ready to be dilated and further gradual
stretching of the tissue will not cause stress or sudden
tearing of the ampullary roof. However, patients with
the CBD of less than the balloon size or strictures of the
distal CBD should be excluded because of the possibility of perforation. The velocity and duration of balloon
inflation vary across studies, ranging from a few seconds
to minutes. Although guidelines pertaining to the optimal
velocity of balloon inflation have yet to be established,
the following guidelines for safe EPLBD were proposed
based on the current knowledge[36,37]: (1) selection of
suitable candidates; i.e., EPLBD should be reserved for
patients with a dilated CBD, but avoided in patients with
distal CBD strictures; (2) avoidance of full-EST immediately before large balloon dilation to prevent perforation
and bleeding; (3) gradual inflation of the dilating balloon
to recognize a narrowed distal CBD indicated by lack of
disappearance of the balloon waist; (4) discontinuation of
inflation when resistance is encountered in the presence
of a persistent balloon waist; (5) not inflating the dilation
balloon beyond the maximal size of the upstream dilated
CBD; and (6) conversion to alternative stone removal or
drainage methods when difficulty in removal of a stone
is encountered. When a tapered, distal CBD or occult
stricture is identified, the operator should pay particular
attention to avoiding fatal adverse events caused by large
perforations occurring during balloon inflation.

BALLOONING AND PEP
Acute pancreatitis after endoscopic papillary balloon
dilation
EPBD, suggested by Staritz et al [38], is an alternative
method to EST for removal of CBD stones. EPBD
was adopted to reduce the risk of bleeding [39-42] and
preserve the function of the sphincter of Oddi[40,43-47].
Some studies have reported that there was no difference in efficacy and safety between EST and EPBD[46,48],
whereas others claimed that the incidence of pancreatitis
was higher among patients who received EPBD compared with those who received EST[33,49,50]. The results
of randomized control studies comparing EPBD and
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EST are inconsistent, particularly in terms of the incidence and severity of PEP[46,48-50]. Severe morbidity in
the EPBD group compared with the EST group caused
early termination of one study[51], and some clinicians assert that EPBD should not be performed based on the
pancreatitis-induced mortality that occurred during some
studies[50,52]. In particular, another randomized, controlled
multicenter trial was also terminated early during the first
interim analysis, because two patients died from severe
pancreatitis as a complication of EPBD[50]. Thus, the investigation of risk factors for EPBD-related pancreatitis
remains controversial.
In studies from Holland[46] and the United Kingdom[48], the incidence rates of pancreatitis with EPBD
appeared to be similar to those with EST. In a Japanese
study, the pancreatitis rate was slightly higher with EPBD
than with EST[49]. In contrast, an American study by
Disario et al[50] reported that the post-EPBD pancreatitis
rate was higher than that of EST, and mortality was due
to pancreatitis. Although EPBD is used less frequently in
Western countries due to these complications, it has been
continuously adopted in some Japanese groups. There
is no clear explanation for this discrepancy, but it is presumed that differences in patient populations and methods of balloon dilation may play a role[42]. In addition, the
US study may have included patients with SOD[42]. Thus,
pancreatitis-associated EPBD is a very controversial and
serious topic[53,54].
The incidence of acute pancreatitis after EPBD ranges from 5%-20%, although most figures fall in the range
of 5%-7%[43,46,51]. The frequency and severity of PEP
following EPBD are summarized in Table 1. The precise
mechanism underlying post-EPBD pancreatitis is not
well defined, and appears to be multifactorial. Contrast
medium injection into the pancreatic duct[11] and a history
of prior pancreatitis[54] are suggested to be risk factors for
post-EPBD pancreatitis. Younger age is a risk factor for
post-ERCP pancreatitis[3,4,6,12,15], but not for post-EPBD
pancreatitis[11,54]. However, in real practice, most cases of
severe pancreatitis involve relatively young patients with
unatrophied pancreatic tissue.
The mechanism of pancreatitis induced by superfluous injection of contrast medium is regarded as the same
as that with EST[11]. Some research suggests that papillary
edema or spasm caused by balloon dilation can result in
pancreatitis by obstructing pancreatic outflow[11,42]. Balloon compression of the papilla or the pancreatic duct
orifice may provoke peripapillary edema and/or spasm
of the sphincter of Oddi[51,53]. However, peripapillary
trauma by cannulation can more definitely and frequently
provoke spasm of the sphincter of Oddi and/or hemorrhagic edematous change[55], and it is a potential risk
factor for asymptomatic hyperamylasemia after EPBD[54].
In addition, the biliary orifice may not fully dilate during
stone removal with EPBD[56,57]. In this situation, stone
removal can be more technically challenging and timeconsuming [46,50,58], and subsequent papillary injury or
edema during stone extraction can cause pancreatitis[35].
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Table 1 Frequency and severity of pancreatitis and complications after endoscopic papillary balloon dilation
Ref.

Study
design

Study’s
location

Minami et al[85],
(1995)
Mathuna et al[86],
(1995)
Bergman et al[46],
(1997)

RCT

Japan

Yasuda et al[87],
(1998)
Ueno et al[55],
(1999)
Ochi et al[88],
(1999)
Arnold et al[51],
(2001)
Bergman et al[53],
(2001)
Yasuda et al[43],
(2001)
Natsui et al[89],
(2002)
Fujita et al[49],
(2003)

P

R
RCT

R
RCT
RCT
RCT
RCT
RCT
RCT

Vlavianos et al[48],
(2003)

RCT

Sugiyama et al[54],
(2003)
Lin et al[90],
(2004)
Disario et al[50],
(2004)

R

Tanake et al[91],
(2004)
Toda et al[92],
(2005)
Tsujino et al[11],
(2005)
Nakagawa et al[93],
(2006)
Tsujino et al[42],
(2007)
Ito et al[35],
(2008)
Liao et al[94],
(2008)
Natsui et al[95],
(2011)
Kuo et al[96],
(2012)
Seo et al[97],
(2014)

RCT
RCT

RCT
RCT
R
R
P
R
RCT
RCT
R
RCT

Comparison
groups (n )

EPBD (n = 20)
EST (n = 20)
Ireland
EPBD
(n = 100)
The
EPBD
Netherlands
(n = 101)
EST (n = 101)
Japan
EPBD (n = 92)
Japan

EPBD
(n = 109)
Japan
EPBD (n = 55)
EST (n = 55)
Germany EPBD (n = 30)
EST (n = 30)
The
EPBD (n = 93)
Netherlands EST (n = 87)
Japan
EPBD (n = 35)
EST (n = 35)
Japan
EPBD (n = 70)
EST (n = 70)
Japan
EPBD
(n = 138)
EST (n = 144)
United
EPBD
Kindom
(n = 103)
EST (n = 99)
Japan
EPBD
(n = 118)
Taiwan
EPBD (n = 51)
EST (n = 53)
United
EPBD
States
(n = 117)
EST (n = 120)
Japan
EPBD (n = 16)
EST (n = 16)
Japan
EPBD (n = 94)
EST (n = 102)
Japan
EPBD
(n = 304)
Japan
EPBD
(n = 201)
Japan
EPBD
(n = 1000)
Japan
EPBD
(n = 406)
Taiwan
EPBD (n = 35)
EST (n = 25)
Japan
EPBD (n = 41)
EST (n = 42)
Taiwan
EPBD
(n = 273)
South Korea EPBD (n = 62)
EST (n = 70)

Pancreatitis
n (%)

Pancreatitis severity (n )

Other complications (n )
Bleeding Perforation Cholangitis

Overall
AEs-related
death (n )

Mild/
moderate

Severe

Death

2 (10)
2 (10)
5 (4.8)

2
2
5

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

7 (6.9)

5

2

0

0

2

0

0

7 (6.9)
8 (8.7)

6
8

1
0

0
0

4
0

1
0

0
0

1
0

21 (19.8)

21

0

0

NA

NA

NA

0

0
2 (3.6)
6 (20.0)
3 (10.0)
7 (7.5)
7 (8.0)
2 (5.7)
2 (5.7)
4 (5.7)
3 (4.3)
15 (10.9)

0
2
4
3
5
6
2
2
4
3
15

0
0
2
0
2
1
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

0
0
0
2
0
2
0
1
0
2
0

0
1
0
0
2
0
0
0
0
0
0

0
0
3
0
0
0
0
0
2
3
2

0
0
0
0
1
0
0
0

4 (2.7)
5 (4.9)

4
4

0
1

0
0

2
0

0
0

6
2

0
0

1 (1.0)
7 (6.0)

1
7

0
0

0
0

0
0

0
0

1
0

1
0

0
0
18 (15.4)

0
0
12

0
0
6

0
0
2

1
14
11

0
0
0

0
0
1

0
0
2

1 (0.8)
3 (18.8)
3 (18.8)
7 (6.4)
3 (3)
15 (5.0)

1
1
2
7
3
15

0
2
1
0
0
0

0
0
0
0
0
0

32
0
0
0
2
0

1
0
0
0
2
1

1
0
2
4
4
6

0
0
0
0
0
0

2 (1.0)

0

2

0

0

0

3

0

48 (4.8)

47

1

0

2

2

27

2

19 (5.7)

19

0

0

0

1

4

0

2 (5.7)
3 (12)
2 (4.8)
1 (2.3)
30 (10.1)

2
3
2
1
22

0
0
0
0
8

0
0
0
0
0

0
2
0
0
1

0
0
0
0
1

1
2
1
1
9

0
0
0
0
1

5 (8.1)
5 (7.1)

5
5

0
0

0
0

0
2

0
1

0
0

0
0

0

EST: Endoscopic sphincterotomy; AEs: Adverse events; EPBD: Endoscopic papillary balloon dilation; R: Retrospective; P: Prospective; RCT: Randomized
controlled trial; NA: Not available.

In particular, stone removal by EPBD becomes more difficult when the stone is large and the use of MLT is more
frequent[33,50]. In such cases, the biliary orifice is more
likely to be damaged, and the risk of pancreatitis can be
greater.
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Acute pancreatitis after endoscopic papillary large
balloon dilation with EST
EPLBD with limited EST is gradually being recognized
as an important modality for the removal of large CBD
stones[36,59-67]. Pancreatitis occurs in 2.4% (0%-13.2%) of
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patients; almost all cases have been of mild to moderate severity (98.4%)[37,68,69]. The frequency and severity of
PEP after EPLBD with EST are summarized in Table 2.
Standard procedural guidelines have not been established; yet, most procedures involve limited EST followed
by large balloon inflation. If EST is performed toward
the CBD, the direction of tearing advances toward the
CBD, and less pressure is applied on the pancreatic
duct[31]. It has been suggested that the radial force generated by the dilating balloon is exerted toward the CBD
and moves away from the pancreatic duct, which lessens
the likelihood of pancreatitis by reducing periampullary
injury[31,36,37,62,70]. Moreover, and in contrast to EPBD,
EPLBD dilates the ampullary orifice sufficiently to allow for straightforward removal of a large CBD stone,
using a Dormia basket or retrieval balloon, and so that it
is wide enough to reduce the need for MLT[71]. Additionally, because of the patulous papillary orifice caused by a
large stone, endoscopists feel comfortable with selective
cannulation of the bile duct in most patients. These are
all reasons for decreased occurrence of pancreatitis by
reduced ampulla injury, which can cause periempullary
trauma or edema[36].
Surprisingly, according to a multicenter retrospective
study[37], there was no severe PEP after EPLBD among
946 patients. This provides strong evidence that ballooning itself is not a major determinant of PEP in EPLBD.
Moreover, according to a systemic review of EPLBD,
even though the inclusion criteria and procedure type
were heterogeneous[69], PEP following EPLBD was not
problematic. The duration of ballooning in EPLBD is
usually 30-60 s in real practice. However, the timing of
balloon inflation is not related to PEP[30,69], so prolonged
balloon inflation does not increase PEP in EPLBD.
Acute pancreatitis after EPLBD without EST
EPLBD without EST is preferred in patients with bleeding tendencies, altered anatomy, and, in some cases,
periampullary diverticulum[34]. If EST is not performed
prior to balloon application, theoretically, the PEP rate
may increase because pancreatic outflow could be more
completely obstructed by the balloon. In addition, the
balloon could press the pancreatic orifice from a more
acute angle than when the papillary roof incision is made,
because the biliary and pancreatic orifices are not separated. However, according to a retrospective analysis[30]
and systematic review[69], the PEP rate is not high and
does not differ between EPLBD with and without EST.
Moreover, the incidence of PEP did not change with ballooning time[68]. Therefore, ballooning during EPLBD is
not a major factor for PEP, regardless of whether EST is
performed.
Some recent studies have reported that EPLBD without EST is safe and effective in patients with large CBD
stones[34,72,73]. Pancreatitis and bleeding occurred at a rate
of 0.8%-6.5%, and all cases were of mild to moderate severity. The frequency and severity of PEP after EPLBD
without EST are summarized in Table 3. This is sup-
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ported by a large-scale study reporting less frequent pancreatitis resulting from a larger balloon[37]. In other words,
the extent of biliary orifice dilation is relevant to the incidence of pancreatitis, rather than the size of the balloon,
EST performance, or balloon dilation time[65,68,73].

DISCUSSION
Although EPBD involves a high incidence of pancreatitis, the reports are inconsistent, and it remains controversial. In studies with high rates of pancreatitis, a discrepancy in patient selection should have been made before
suggesting balloon dilation as the primary risk factor for
pancreatitis. The reason for the high incidence of pancreatitis in EPBD is that enables removal of only small-tomedium sized stones, and patients with such a stone size
tend to possess the known risk factors for pancreatitis:
young age, non-dilated CBD, normal pancreas parenchyma, obesity, and SOD dysfunction. In other words,
careful patient selection can lessen the risk of post-ERCP
pancreatitis. EPBD for larger CBD stones, rather than a
non-dilated CBD, requires multiple sessions and is more
time consuming for stone removal than EST, because
EPBD cannot dilate the biliary orifice sufficiently[35].
Baron et al[33] recommended extreme caution when performing EBPD in patients with severe acute cholangitis,
a history of previous or ongoing acute pancreatitis, age
≤ 50 years, and difficult biliary cannulation. To prevent
post-ERCP pancreatitis, pancreatic duct stent insertion is
also recommended when EPBD is performed in young
patients[33].
The frequency or severity of PEP after EPBD did
not vary with ballooning time. This implies that balloon
compression of the pancreatic orifice for < 1 or 2 min
without stimulated pancreatic secretion does not cause
significant pancreatitis. In one randomized prospective
study[74], 5-min EPBD reduced the risk of pancreatitis
compared with conventional 1-min EPBD. Rather than
ballooning itself, we believe that pancreatic edema or
spasm caused by papillary irritation due to difficult selective cannulation and forcible stone extraction might be
the major determinant of PEP after EPBD.
During the early period of EPLBD, PEP is the main
concern, because the pancreatic orifice is compressed
with a balloon larger than that used in EPBD. However,
accumulated data inform clinicians that the larger balloon
does not result in PEP, although in practice, one case of
severe pancreatitis with mortality has been reported[75].
Although the major etiological factors of pancreatitis and
its mechanism remain unclear, the mechanism of pancreatitis may differ between EPLBD and EPBD. EPLBD
and EPBD are different procedures clinically. The major
difference is that EPLBD cannot be applied to a nondilated bile duct, which can be a risk factor for PEP[54]. If
the orifice is sufficiently dilated by EPLBD, papillary edema or spasm is less likely to occur due to use of a basket
or retrieval balloon catheter, unlike EPBD, and the incidence of pancreatitis may decline due to the less frequent
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Table 2 Frequency and severity of pancreatitis and complications after endoscopic papillary large balloon dilation with endoscopic
sphincterotomy
Ref.

Ersoz et al[31],
(2003)
Maydeo et al[60],
(2007)
Minami et al[62],
(2007)
Heo et al[61],
(2007)

Lee et al[98],
(2007)
Kim et al[99],
(2007)
Lee et al[100],
(2007)
Misra et al[101],
(2008)
Attasaranya et
al[63], (2008)
Espinel et al[102],
(2008)
Itoi et al[103],
(2009)

Comparison
groups (n )

Balloon
diameter
(mm)

R

Turkey

12-20

2 (3.4)

2

0

0

5

0

2

0

P

India

12-20

0 (0)

0

0

0

5

0

0

0

R

Japan

20

1 (1.1)

1

0

0

1

0

1

0

RCT

South
Korea

EPLBD
(n = 58)
EPLBD
(n = 60)
EPLBD
(n = 88)
EPLBD
(n = 100)
EST
(n = 100)
EPLBD
(n = 55)
EPLBD
(n = 35)
EPLBD
(n = 41)
EPLBD
(n = 50)
EPLBD
(n = 103)
EPLBD
(n = 93)
EPLBD
(n = 53)
EST (n = 48)
EPLBD
(n = 27)
EST (n = 28)
EPLBD
(n = 18)
EPLBD
(n = 24)
EPLBD
(n = 84)
EPLBD
(n = 70)
EPLBD
(n = 101)
EPLBD
(n = 72)
EST (n = 77)
EPLBD
(n = 45)
EST (n = 45)
EPLBD
(n = 30)
EPLBD
(n = 59)
EPLBD
(n = 946)

12-20

4 (4.0)

4

0

0

0

0

0

0

-

4 (4.0)

4

0

0

2

0

0

0

15-20

0 (0)

0

0

0

2

0

0

0

12-20

0 (0)

0

0

0

0

1

0

0

13-20

2 (4.8)

0

0

0

1

0

0

0

15-20

4 (8.0)

4

0

0

3

0

0

0

12-18

0 (0)

0

0

0

2

1

0

0

12-20

1 (1.1)

1

0

0

1

0

0

0

15-20

1 (1.9)

1

0

0

0

0

1

0

15-18

2 (4.1)
0 (0)

2
0

0
0

0
0

0
4

0
0

1
0

0
0

15-18

0 (0)
0 (0)

0
0

0
0

0
0

2
0

0
0

0
0

0
0

15-20

0 (0)

0

0

0

0

0

0

0

15-18

3 (3.6)

3

0

0

3

0

0

1

12-18

1 (2.3)

1

0

0

0

0

0

0

15-20

2 (2.0)

2

0

0

2

1

0

0

12-20

5 (6.9)

5

0

0

0

0

1

0

15-20

9 (11.7)
1 (2.2)

9
1

0
0

0
0

0
1

1
0

0
0

0
0

12-18

1 (2.2)
1 (3.3)

1
1

0
0

0
0

1
0

1
0

6
0

0
0

12-20

0 (0)

0

0

0

1

1

0

0

12-20

24 (25.3)

24

0

0

56

9

6

4

EPLBD
(n = 64)
EPLBD
(n = 69)
60 s
dilation1
(n = 60)
30 s
dilation1
(n = 64)
EPLBD
(n = 68)
EST (n = 45)

15-20

2 (3.1)

2

0

0

5

0

0

0

12-20

3 (4.3)

3

0

0

0

1

0

0

15-20

2 (1.6)

2

0

0

4

1

3

0

15-20

2 (1.6)

1

1

1

2

1

2

1

12-18

9 (13.2)

9

0

0

0

0

1

0

-

2 (4.7)

2

0

0

0

0

1

0

R
R
R

P
R

Japan

RCT

South
Korea

Itoi et al[105],
(2010)
Kurita et al[106],
(2010)
Ghazanfar et al[107],
(2010)
Kim et al[108],
(2010)
Youn et al[65],
(2011)
Kim et al[109],
(2011)

R

Japan

R

Japan

P

Pakistan

R

South
Korea
South
Korea
South
Korea

Stefanidis et al[75],
(2011)

RCT

Greece

Rebelo et al[67],
(2012)
Sakai et al[110],
(2013)
Park et al[37],
(2013)

R

Portugal

R

Japan

R

Poincloux et al[64],
(2013)
Hwang et al[73],
(2013)
Paspatis et al[68],
(2013)

R

South
Korea,
Japan
France

Rosa et al[66],
(2013)

R

South
Korea
South
Korea
South
Korea
India
United
States
Spain

Kim et al[104],
(2009)

Other complications (n )
Overall
Mild/
Severe death Bleeding Perforation Cholangitis AEs-related
death (n )
moderate

Study’s
location

R

R
R

R
RCT

R

South
Korea
Greece

Portugal
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Pancreatitis
n (%)

Pancreatitis severity (n )

Study
design
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Yang et al[111],
(2013)
Yoon et al[112],
(2013)
Harada et al[113],
(2013)

R

China

P

South
Korea
Japan

R

EPLBD
(n = 171)
EPLBD
(n = 52)
EPLBD
(n = 30)

12-18

2 (1.2)

2

0

0

4

1

1

0

12-20

0 (0)

0

0

0

0

0

0

0

15-20

0 (0)

0

0

0

0

0

0

0

1

Sixty and thirty seconds mean the duration of balloon dilation (s) in endoscopic papillary large balloon dilation (EPLBD). AEs: Adverse events; EST:
Endoscopic sphincterotomy; R: Retrospective; P: Prospective; RCT: Randomized controlled trial.

Table 3 Frequency and severity of pancreatitis and complications after endoscopic papillary large balloon dilation without
endoscopic sphincterotomy
Ref.

Years

Jeong et al[34]
Chan et al[72]
Hwang et al[73]

2009
2011
2013

Study

Pancreatitis severity (n )

Patients Pancreatitis

Other complications (n )

design

(n )

n (%)

Mild

Moderate

Severe

Death

Bleeding

R
R
R

38
247
62

1 (2.6)
2 (0.8)
4 (6.4)

1
2
4

0
0
0

0
0
0

0
0
0

0
0
0

Overall AEs-

Perforation Cholangitis related death (n )
0
0
0

0
1
0

0
0
0

AEs: Adverse events; R: Retrospective.

use of MLT[34,72]. There is no significant difference in the
frequency of the requirement for MLT between EPLBD
and the conventional method. However, adequate fragmentation of the CBD stone by MLT after EPLBD can
reduce the frequency of the requirement for MLT in
EPLBD compared with the conventional method[69]. This
could be one reason for the lower incidence of PEP in
EPLBD. Patients who receive EPLBD are relatively older
individuals in whom pancreatic exocrine function has
declined, and pancreatitis is less likely[72]. Further, easy
selective cannulation into the bile duct can reduce the incidence of pancreatitis. Additionally, contrary to our concern, EPLBD without a preceding papillary incision did
not cause severe pancreatitis[34,72,73]. Therefore, ballooning
itself may not be the culprit. And the cause of fatal pancreatitis during EPBD should be reconsidered.
The incidence of pancreatitis, using percutaneous
papillary balloon dilation (PTPBD) for CBD stone removal, is extremely low (0%-1.4%)[76-82]. A retrospective
study reported that pancreatitis occurred only in the
EPBD group; in another study, comparing PTPBD with
EPBD, the only significant predictor was the use of
MLT[76]. The size of the balloon used in PTPBD varies
(4-23 mm) among studies and can also vary within the
same study, due to the presence of differently sized CBD
stones (5-20 mm)[77-82]. In one study[76], patients with a
CBD stone < 12 mm in diameter were enrolled homogenously, and the balloon dilation diameter was 8-10 mm,
which was compatible with EPBD. The largest balloons
used for papillary dilation were of diameters 22 mm[80]
and 23 mm[82] in other studies; this balloon inflation size
is compatible with EPLBD. Although the balloon dilation
diameter was different in each study, no severe pancreatitis occurred. These studies confirmed that ballooning
does not increase the incidence of PEP. Moreover, the
rates of post-procedural pancreatitis and hyperamylasemia were significantly higher following retrograde dilation using EPBD, compared with antegrade dilation using

WJG|www.wjgnet.com

PTPBD, during the removal of bile duct stones[76].
The reason for the lower rate of PEP with antegrade application of balloon inflation compared with
a retrograde fashion is the lack of difficulty in selective
cannulation and lower chance of difficult procedure for
forcible removal unless the stone descends. Compared
with EPBD, PTPBD inflicts less mechanical trauma to
papilla during stone removal, and it is nearly equivalent to
the effect of ballooning[83,84]. In addition, MLT application does not involve lithotripsy moving back and forth
through the ampullary orifice, in which there is no chance
of pancreatic orifice damage. Such a result demonstrates
that ballooning may not be a risk factor for pancreatitis.
Moreover, the rates of post-procedural pancreatitis and
hyperamylasemia were significantly higher after retrograde dilation with EPBD than after antegrade dilation
with PTPBD for the removal of bile duct stones. This
reveals that pancreatitis can be induced by other factors,
such as repeated cannulation or pancreatic duct injection,
during retrograde dilation with EPBD.

CONCLUSION
Although the mechanism of PEP is unclear, the occurrence of pancreatitis is more associated with the catheter,
basket, or MLT causing ampullary injury. Instead of balloon compression of the pancreatic flow, the main determinants of severe pancreatitis during endoscopic stone
removal with balloon dilation may involve edema or
spasm caused by irritation of the pancreatic orifice while
performing difficult selective cannulation and struggling
to remove the stone. Therefore, ballooning itself may not
be the culprit for PEP in either EPBD or EPLBD.
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Abstract
In 1886, Senn stated that removing necrotic pancreatic
and peripancreatic tissue would benefit patients with
severe acute pancreatitis. Since then, necrosectomy
has been a mainstay of surgical procedures for infected
necrotizing pancreatitis (NP). No published report has
successfully questioned the role of necrosectomy. Recently, however, increasing evidence shows good outcomes when treating walled-off necrotizing pancreatitis
without a necrosectomy. The literature concerning NP
published primarily after 2000 was reviewed; it demonstrates the feasibility of a paradigm shift. The majority
(75%) of minimally invasive necrosectomies show higher completion rates: between 80% and 100%. Transluminal endoscopic necrosectomy has shown remarkable
results when combined with percutaneous drainage or
a metallic stent. Related morbidities range from 40%
to 92%. Single-digit mortality rates have been achieved
with transluminal endoscopic necrosectomy, but not
with video-assisted retroperitoneal necrosectomy series. Drainage procedures without necrosectomy have
evolved from percutaneous drainage to transluminal
endoscopic drainage with or without percutaneous
endoscopic gastrostomy access for laparoscopic in-
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struments. Most series have reached higher success
rates of 79%-93%, and even 100%, using transcystic
multiple drainage methods. It is becoming evident that
transluminal endoscopic drainage treatment of walledoff NP without a necrosectomy is feasible. With further
refinement of the drainage procedures, a paradigm
shift from necrosectomy to drainage is inevitable.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Delay until liquefaction; Infected necrotizing
pancreatitis; Minimally invasive treatment; Transluminal
endoscopic drainage/necrosectomy; Walled-off pancreatic necrosis
Core tip: A shift from early, prompt surgical necrosectomy to delay until liquefaction has become the global
consensus for treatment of infected necrotizing pancreatitis, which allows drainage procedures and minimally
invasive techniques to play a more important role before definitive surgery. Success rates of 80% and single-digit mortality rates are reported with transluminal
endoscopic drainage and irrigation with a percutaneous
gastrostomy access route. Zero mortality using transluminal endoscopic drainage without a necrosectomy
can be achieved. A paradigm shift from necrosectomy
to drainage for the treatment of walled-off necrotizing
pancreatitis should be considered.
Chang YC. Is necrosectomy obsolete for infected necrotizing
pancreatitis? Is a paradigm shift needed? World J Gastroenterol
2014; 20(45): 16925-16934 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i45/16925.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i45.16925

INTRODUCTION
Bradley [1] described the original 19 th-century dispute
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between Senn and Fitz concerning the value of necrosectomy for necrotizing pancreatitis (NP). In 1886,
Senn[2] claimed that removing necrotic pancreatic and
peripancreatic tissue would be beneficial for patients
with severe acute pancreatitis (AP). Fitz[3], however, was
convinced that the prognosis of an individual episode
of AP was determined only by the pathologic findings
and not based on whether surgical debridement had been
performed. But even Fitz[4], who initially considered the
operation useless and hazardous, later suggested that the
“the sooner the operation was carried out, the better for
patients with AP”. Until about 1925, Senn’s views held
sway, and debridement was common practice before AP
surgery. Moynihan[5] expressed the prevailing surgical
opinion of the time: “recovery from the disease, apart
from operation, is so rare that no case should be left (surgically) untreated. However, few survived surgical intervention. After the development of an amylase assay, the
therapeutic pendulum swung away from surgery toward
nonsurgical management and surgical intervention was
contraindicated. Even though this conservative approach
spared the majority of patients with mild or moderate
AP surgical intervention, many patients with severe AP
still died. In an attempt to confront persistent high mortality rates from nonsurgical management of severe AP,
the concepts of surgical approaches were advocated and
surgical mortality often exceeded 50%”.
Since then, the rationale of AP surgery evolved from
exploratory laparotomy to total pancreatectomy in severe AP in the late 1960s and 1970s, to early immediate
surgical intervention in the 1980s when the pancreas was
proved to be infected, to the notion, in 1993, of 100%
mortality if AP was treated non-operatively[6], to the present concept, expressed in 2007, that patients with severe
NP complicated with infection benefit from delayed necrosectomy and drainage[7].
Surgical necrosectomy was the mainstay of NP treatment a decade ago, especially when non-surgical approaches failed. However, from serendipitous antibiotic
treatment for infected NP[8], non-surgical therapy for
sterile NP[1], and no debridement with minimally invasive
left-flank drainage[9], to the dual drainage of endoluminal and percutaneous approaches[10], more evidence has
been reported for successful treatment of infected NP
(INP) without a necrosectomy. This resurrects the same
question 125 years later by the author and by Smadja and
Bismuth: Is necrosectomy a “useless and hazardous approach” for AP[11]? The same dispute occurred between
Bradley[12] and Warshaw[13] over sterile NP but not INP.
Bradley concluded: “However, surgical debridement and
drainage remains the preferred approach for infected
pancreatic necrosis despite occasional anecdotal reports
of successful management by transcutaneous or endoscopic means”.
Currently, the management of NP has undergone a
paradigm shift toward minimally invasive techniques for
necrosectomy, obviating the need for open necrosectomy
in most cases[14]. There is increasing evidence that mini-
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mally invasive approaches, including a step-up approach
that incorporates percutaneous catheter or endoscopic
transluminal drainage followed by video-assisted retroperitoneal or endoscopic debridement[15], are associated with
improved outcomes over traditional open necrosectomy
for patients with INP. A recent international multidisciplinary consensus conference emphasized the superiority
of minimally invasive approaches over standard surgical
approaches[16]. A minimally invasive necrosectomy is still
used, according to most reports. Recently, increasing evidence on the efficacy of endoscopic technique includes
reports of successes without a necrosectomy when treating NP, which raises the same old question of whether
necrosectomy is obsolete.
Purpose: Author’s questions
Is necrosectomy mandatory for treating NP? Can we
avoid it? If necrosectomy can be avoided, then a paradigm shift may allow us to move toward minimally invasive drainage procedures. Our aim is the same as Traverso
and Kozarek[17], who stated that the word “necrosis”
induces a “knee-jerk’’ response to perform necrosectomy.
They claimed that, given time, the necrosis would dissolve (“necrolyse”) or become infected. Even though
INP indicates surgical debridement in most medical centers worldwide, they first perform percutaneous drainage,
which, they say, has “drastically lowered the need for pancreatic necrosectomy to less than 10%” and the mortality
rate to “single digits”.
Data collection
The outcomes of NP, primarily INP, treated using conservative treatment, open necrosectomy, interventional
drainage, and minimally invasive methods that were
reported after 2000 were reviewed. Morbidity, mortality, reoperation rate, pancreatic fistula rate (for surgery),
endoscopic sessions, completion rate for endoscopic
methods, and the success rate for drainage methods were
compared to see whether there has been a paradigm shift
from surgery to minimal invasive-especially drainagealternatives.
Outcomes
Even for INP, completely conservative treatment (Table
1) with antibiotics without mortality was possible in three
reports[8,18,19]. Surgery could be avoided in 67.0%-87.5%
of cases. For sterile NP, the mortality of conservative
treatment remained between 0% and 15.3% (Table 1),
which is the same as reported before 2000.
Despite some studies’ reports of single-digit mortality using surgical necrosectomy[20-23], high mortality
(20.0%-63.9%) is reported in the majority of series (Table
2). Except in a few centers, surgical outcome has not
changed much, and the surgical risk is high. A nationwide
study in the United States of 1783 patients from 1998 to
2010 indicated that the incidence of pancreatic debridement significantly decreased from 0.44% to 0.25% and
that in-hospital mortality (overall 22.0%) significantly de-
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Table 1 Results of nonsurgical or conservative treatment for necrotizing pancreatitis published mainly after 2000
Ref.
Sterile
Bradley[1]
Uomo et al[61]
Baril et al[20]
Büchler et al[62]
Zerem et al[41]
Garg et al[54]
van Santvoort et al[18]
Babu et al[46]
Infected
Dubner et al[8]
Baril et al[20]
Runzi et al[63]
Lee et al[19]
Garg et al[54]
van Santvoort et al[18]
Sterile + infected
Büchler et al[62]
Garg et al[54]

Year

Cases
(n )

Type
(Intend)

Morbidity
(%)

1991
1996
2000
2000
2009
2010
2011
2013

40
146
26
56
20
137
386
14

Nonsurgical
Nonsurgical
Antibiotics
Conservative
Conservative
Conservative
Conservative
Conservative

1996
2000
2005
20071
20101
2011

3
6
16
8
71
11

Antibiotics
Antibiotics
Antibiotics
Antibiotics
Conservative or PCD
Antibiotics

2000
20101

58
208

Conservative
Medical

Reoperation
rate (%)

0
15.0

0

0
0

62
0

0

0

0

Mortality
(%)
10.0
9.5
7.0
1.8
0.0
15.3
7.3
7.0

Remark

1984-1993
1993-1997
Two false negatives excluded
Randomized controlled study
1997-2008
21 Dutch hospitals
Step-up; one INP

0.0
33.0
12.5
0.0
25.4
0.0

Unstable or refused surgery
1993-1997

5.0
18.8

Two false negatives
1997-2008

1997-2008
21 Dutch hospitals

1

Non-randomized controlled study. INP: Infected necrotizing pancreatitis; PCD: Percutaneous drainage.

creased from 29.0% to 15%[24].
In the majority (75%) of the included series on minimally invasive necrosectomy report higher completion
rates between 80%-100%[10,25-38] (Table 3). Minimally invasive necrosectomy, mainly transluminal endoscopic necrosectomy (TEN) with drainage, has shown remarkable results combined with percutaneous drainage (PCD)[10,26,29,34]
or using a metallic stent[28,32]. Related morbidities ranged
from 40% to 92%[11,26,30,33,34,36,39,40]. Single-digit mortality rates have been achieved in the majority of the TEN
groups, but not in the video-assisted retroperitoneal drainage group. The percutaneous endoscopic gastrostomy access route was used in three series[25,32,34] (Table 3).
The success rate of PCD varies (Table 4). Some series[41-43] report that it remains unchanged at 35%-49%,
but most[17,19,20,41] have reached a higher success rate of
76%-93%. The transluminal endoscopic drainage (TED)
rates are about 80%[19,44], and even 100%[45] when using
single transluminal gateway transcystic multiple drainage
methods. Single-digit mortality was reported in most series[19,20,41,44-47], and zero mortality is a reality[19,20,41,45,47].

DISCUSSION
The pathophysiology of AP is usually divided into three
phases. In phase one, trypsin is prematurely activated
pancreatic acinar cells, which synthesize, store, and secrete digestive enzymes. Once trypsin is activated, it
activates a variety of harmful pancreatic digestive enzymes. In phase two, intrapancreatic inflammation occurs through a variety of mechanisms and pathways.
In phase three, extrapancreatic inflammation, including
acute respiratory distress syndrome occurs, which is often fatal. In about 80% of patients, AP is mild; however,
in 10%-20%, the pathways that contribute to increased
intrapancreatic and extrapancreatic inflammation lead to

WJG|www.wjgnet.com

systemic inflammatory response syndrome, a complex
response to infection, trauma, burns, pancreatitis, and a
variety of other injuries. In some instances, systemic inflammatory response syndrome predisposes a patient to
multi-organ dysfunction, pancreatic necrosis, or both[7].
The following precepts have been proposed over the past
130 years: (1) 1886, removing necrotic pancreatic and
peripancreatic tissue is beneficial for patients with severe
AP[2]; (2) 1889, the sooner surgery is done, the better for
patients with AP[3]; (3) 1925, recovering from AP without
surgery is rare; thus, no patient with AP should be surgically untreated[5]; (4) 1993, the mortality in non-operatively treated patients approaches 100%[6]; (5) when the
pancreas is infected, surgery is mandatory; (6) when the
pancreas is infected, early necrosectomy and drainage are
recommended; (7) delay until demarcation (used for the
era of open necrosectomy to delay the operation timing
and to spare the viable pancreatic tissue from being sacrificed during debridement); and (8) 1996, surgical debridement is rarely necessary in sterile pancreatic necrosis[1].
There is no reason to use immediate surgery for
patients with mild AP. Infected pancreatic necrosis,
however, is an indication for surgical intervention. Approximately 20% of patients develop NP, which has a
mortality rate of 15%. The major cause of death, in addition to early organ failure, is extrapancreatic infection
or infectious pancreatic necrosis, which leads to sepsis
and multi-organ failure. Secondary infection of pancreatic necrosis develops in approximately 30% of patients
with necrosis, which increases the mortality rate to approximately 39%. Infected necrosis is virtually always
an indication for intervention[48]. Surgery within the first
14 d of the onset of INP should be avoided because
early surgery is associated with increased mortality[49].
The conventional management of INP is open surgical
debridement. Other surgical approaches have been used,
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Table 2 Results of surgical necrosectomy for necrotizing pancreatitis published mainly after 2000
Ref.

Year

Cases
(n )

Type (Intend)

PF (%)

2000
2000
2005
2007
2010

1
1
142
23
9

Open
Closed+irrigation
Closed+irrigation
Planned re-lap
Closed+irrigation

0.0
?
23.0

2000
2000
2005
2007
2010
2010

11
27
140
66
36
45

Open
Closed+irrigation
Closed+irrigation
Surgery
Closed+irrigation
Closed+irrigation

van Santvoort et al[18]
Babu et al[46]
Sterile + infected
Smadja and Bismuth[11]

2011
2013

24
78
27

VARD
VARD/TEN/OP
Closed+irrigation

Connor et al[39]
Olakowski et al[65]
Nieuwenhuijs et al[66]

2005
2006
2003
2006
2007
(1993-2001)
(2002-2005)
2008
2010
2010
2011

12
15
11
47
144
38
21
118
102
59
43
167
45
28
61

Surgery, early
Surgery, late
Surgery, elective
Closed+irrigation
Open packing
Open packing
Closed+irrigation
Closed+irrigation
Planned re-lap

Bausch et al[50]
Madenci et al[23]

2012
2014

30
68

Wormer et al[24]

2014

1783

Sterile
Baril et al[20]
Büchler et al[62]
Rau et al[64]
Howard et al[21]
Garg et al[54]
Infected
Baril et al[20]
Büchler et al[62]
Rau et al[64]
Howard et al[21]
Garg et al[54]
van Santvoort et al[15]

Reddy et al[40]
Howard et al[21]

Rodriguez et al[67]
Garg et al[54]
Babu et al[68]
Doctor et al[22]

1986

Morbidity Reoperation rate
(%)
(%) or n /patient
0.0
61.0
78.0

Mortality
(%)

Remark

0.0
?
43.0
30.0

0.0
100.0
23.0
9.0
55.5

1993-1997

45.5
22.0
27.0
33.0
31.0

9.0
18.5
27.0
15.0
63.9
16.0

22.2

17.0
18.0
40.7

3-8/patient
3-70/patient
0-3/patient
22.9

100.0
27.0
0.0
39.0
21.0
47.0
33.0
38.1

65.3% infected

> 30.0
NA
29.0
30.0

38.0

78.0
86.0
63.0
69.0

22.2

65.0
64.0
51.9

21.0
14.0
36.0
49.0
60.0
50.0

Closed packing
Closed+irrigation
PCD + surgery
Open + laproscopy
(re-OP 8%)
Closed+irrigation
Closed packing

91.0

95.0
43.0
89.0
44.0
58.0

Surgical debridement

1993-1997
two un-OP excluded
1992-2001
1997-2008
RCT; one operation,
42%; 33% need PCD
21 Dutch hospitals
Step-up

81% infected
83% infected

89.0
72.0

67.0
68.0
11.0

18.0
4.0
11.0
48.9
22.0
9.8

76% infected
72% infected
72% infected
1997-2008
2000-2008
1998-2009; 83.6% INP

90.0
> 74.2

73.3
14.7

63.3
8.8

83.3% infected
2006-2009;
63% infected
1998-2010; nationwide

50.8
16.7
74.2

1992-2001
Symptomatic
1997-2008

22.0

INP: Infected necrotizing pancreatitis; OP: Operation; PCD: Percutaneous drainage; PF: Pancreatic fistula; RCT: Randomized control study; Re-lap: Relaparotomy; TEN: Transluminal endoscopic necrosectomy; un-OP: Not operated on; VARD: Video assisted retroperitoneal debridement.

including single-stage and multistage methods with a variety of drainage and closure techniques. Necrosectomy
is a relatively standardized technique used with a variety
of methods to control drainage, for example, marsupialization of the lesser sac, wide closed-suction drainage,
continuous lavage of the septic cavity, and a planned
repeat necrosectomy with a delayed primary closure. Less
invasive methods have also been reported, namely, using
laparoscopic techniques and equipment along the track
of existing percutaneous drains[49].
The term and concept of “delay until liquefaction”
was developed by the author[9] for minimally invasive
drainage from the left flank without debridement. Typically, at least three weeks is needed for liquefaction of
the retroperitoneal and peripancreatic tissue to reach the
left flank. This permits a sump drain to be inserted from
the left flank to the pancreatic head area without opening the abdomen. This strategy is currently commonly
used for the timing of delayed management with open or
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minimally invasive approaches for drainage and necrosectomy[7]. Walling-off the liquefied necrotic tissue that has
formed a secure attachment to the gastric or duodenal
wall enables endoscopic drainage with or without a necrosectomy from the stomach, duodenum, or left retroperitoneum. A prolonged delay may cause unnecessary
adverse events.
Consensus ON NP
Several important points were established at a one-day
meeting held in conjunction with the annual meeting
of the American Pancreatic Association in 2010[16]: (1)
sterile acute necrotic collections almost never require intervention early in the course of disease, and in the later
phase (i.e., after several weeks), only if there are disabling
symptoms, such as abdominal pain, significant mechanical obstruction (e.g., a gastric or biliary outlet), or both; (2)
infected acute necrotic collections may occasionally require early intervention, but because early open surgery is
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Table 3 Results of minimal invasive necrosectomy for walled-off necrotizing pancreatitis published after 2000
Ref.

Year

Infected
Raczynski et al[25]

2006

Escourrou et al[26]
Bala et al[27]
Antillon et al[28]

1

Type
(Intend)

Sessions

Completion
rate (%)

Morbidity
(%)

Reoperation
rate (%)

Mortality
(%)

Remark

2

TEND + irrigation

3

100.0

0.0

0.0

0.0

2008
2009
2009

13
8
1

TEND + irrigation
Lt RPD + N+ irrigation
TEN + stent

1-3
3-17

100.0
87.5
100.0

46.0
25.0
0.0

0.0
0.0

0.0
12.5
0.0

Will et al[29]
Bakker et al[30]

2012
2012

Castellanos et al[31]
Sarkaria et al[32]

2013
2014

18
10
10
32
17

TEN ± PCD
TEND
VARD/Lap
VARD
TEN + Stent ± PEG-J +
irrigation

3-8
2-6
1-2
1.0
5.3

100.0
100.0
40.0
100.0
88.0

16.6
20.0
80.0
9.3
5.9

0.0
0.0
60.0
0.0
11.8

0.0
10.0
40.0
15.6
0.0

2 PEG
(1st report?)
+ PCD × 2
Stepped
Transgastrostomy;
Foley irrigation
One unrelated death
RCT; 10% PF
70% PF

47
(NS)
25
53

Lt. RPD + N

1-9

TEND + irrigation
TEND ± PCD ± PEG +
irrigation
TEND

NA
3

92.0
81.0

40.0
49.0

6

80.0

26.0

Sterile + infected
Connor et al[39]

2005

Voermans et al[33]
Papachristou et al[34]

2007
2007

Seifert et al[35]

2009

Raraty et al[36]

2010

van Santvoort et al[15]

2010

Gardner et al[37]
Bausch et al[50]

2011
2012

Ross et al[10]
van Brunschot et al[38]

2014
2014

Cases
(n )

93
(NS)
137
(NS)
43
(NS)
104
30
18
117
455
(NS)

92.0

VARD

8 PEG-J

19.0

81% INP

4.0
22.6

0.0
6.0

76% NP
49% INP

11.8

7.5

1999-2005

19.0

64% INP

75.0

Lt. RPD + N (Step-up)

1-7

35.0

40.0

60.0

19.0

RCT

TEND
PCD + N
TEND
TEND + PCD
TEN ± PCD

1-14

91.0
57.0
50.0
100.0
81.0

14.0
43.0
44.0
4.2
36.0

2.0
21.0
28.0
0.0
10.0

2.0
21.0
6.0
3.4
6.0

39% INP
93% INP
72% INP
Dual modality
Systematic review;
57% INP

NA
4 (1-23)

1

Values are mean or range. INP: Infected necrotizing pancreatitis; Lap: Laparotomy; N: Necrosectomy; NA: Not available; NS: Walled-off necrosis was
not specified; PF: Pancreatic fistula; PCD: Percutaneous drainage; PEG-J: Percutaneous endoscopic gastrostomy-jejunal arm; RCT: Randomized control
study; RPD: Retroperitonium percutaneous endoscopic gastrostomy; TEN: Transluminal endoscopic necrosectomy; TEND: Transluminal endoscopic
necrosectomy with drainage; VARD: Video assisted retroperitoneal debridement; WON: Walled-off necrosis.

associated with high morbidity and mortality, it should be
avoided whenever possible. Instead, radiologic or endoscopic drainage should be used before surgery to treat the
infection and to postpone or obviate the need for surgical
debridement; (3) intervention by any method is optimal
when infected necrosis is walled-off and demarcated with
at least partial liquefaction and discrete encapsulation.
This typically requires a delay of four to six weeks; (4) asymptomatic walled-off necrosis (WON) does not require
intervention regardless of the size and extension of the
collection; it may eventually resolve spontaneously, even
in rare cases of infected necrosis; and (5) symptomatic
WON generally requires intervention late in the course
(i.e., after four weeks) if there is intractable pain, visceral
obstruction (e.g., the stomach or bile duct), or infection.
2013 updated guideline
The optimal management of NP continues to evolve.
A 2013 guideline published by the American College of
Gastroenterology regarding debridement of necrosis and
minimally invasive management of pancreatic necrosis
states that the mortality of infected necrosis was falsely
believed to be almost 100% in patients with INP not
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given immediate surgery[48]. There is ample evidence that
antibiotic treatment alone can resolve the infection and,
in some patients, preclude surgery. Therefore, the notion
that immediate surgery is necessary for patients with INP
is no longer valid. Asymptomatic pancreatic and extrapancreatic necrosis do not require intervention regardless
of size, location, and extension, because they are likely
to spontaneously resolve, even if infected[16]. Unstable
patients with infected necrosis should undergo urgent
debridement. However, the current conventional wisdom
is that INP in clinically stable patients should be managed
with antibiotics before surgery[16]. If the infected necrosis does not resolve, minimally invasive necrosectomy
or open surgery is recommended once the necrosis is
walled-off. Currently, a multidisciplinary consensus favors
minimally invasive methods over open surgery to manage NP[16]. A randomized controlled trial clearly showed
that endoscopic debridement is a better strategy than
surgery[30]. Despite advances in surgical, radiologic, and
endoscopic techniques, it is necessary to know that many
patients with sterile pancreatic necrosis, and some patients with infected pancreatic necrosis, clinically improve
sufficiently that they need no surgical intervention.
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Table 4 Results of drainage without minimal invasive necrosectomy for necrotizing pancreatitis published mainly after 2000
Ref.

Year

Cases
(n )

Type
(Intend)

Sterile
Baril et al[20]
Zerem et al[41]

2000
2009

13
20
20

PCD
Conservative
PCD

Infected
Freeny et al[52]
Baril et al[20]
Baron et al[44]
Lee et al[19]
Bruennler et al[42]
Mortelé et al[43]
van Santvoort et al[18]
Mukai et al[45]
Sterile + infected
Traverso et al[17]
Chang et al[9]
Babu et al[46]
Varadarajulu et al[47]

1

Sessions

Success rate
(%)
92.3

1.5
1.4

85.0

1998
34
PCD
3.3
2000
25
PCD
1.4
2002
38
TED + irrigation 2.0 (1-6)
2007 18 WON PCD + irrigation
5
TED
2008
80
PCD
(1-14)
2009
35
PCD
3.3
2011
130
PCD
NA
2014 5 WON
SGTMD
2005
73
2006 19 WON
2013
29
2011 48 WON
12 WON

PCD
MIS Lt. flank
PCD; step-up
TED
MTGT

Morbidity
(%)

47.0
76.0
79.0
83.3
80.0
43.0
49.0
35.0
100.0

NA
1.0

79.0
84.2
52.1
91.7

26.0
8.0
NA
11.0
29.0
11.0
42.0
0.0

10.5
20.0
10.4
0.0

Reoperation
rate (%)

Mortality
(%)

7.7
15.0
15.0

0.0
0.0
5.0

RCT

53.0
18.0
18.0
16.7
20.0
25.0
37.0
58.0
0.0

12.0
8.0
5.0
5.6
0.0
34.0
17.0
20.0
0.0

Non-RCT; 32% PF
6% PF
1999-2004; 10 + PCN

5.2
35.4
0.0

11.0
15.8
6.8
6.5
0.0

Remark

21 Dutch hospitals

80% INP
86% INP

1

Values are mean or range. INP: Infected necrotizing pancreatitis; MIS: Minimal invasive surgery; MTGT: Multiple transluminal gateway technique; NA:
Not available; PCD: Percutaneous drainage; PCN: Percutaneous necrosectomy; PF: Pancreatic fistula; RCT: Randomized control study; SGTMD: Single
transluminal gateway transcystic multiple drainage; TED: Transluminal endoscopic drainage; WON: Walled-off necrosis.

Minimally invasive necrosectomy
Although minimally invasive approaches are currently
advocated, they still have some related morbidity and
mortality[30,50]. Bausch et al[50] compared the outcomes of
minimally invasive retroperitoneal necrosectomy (n = 14)
and endoscopic transgastric necrosectomy (n = 18) with
the outcomes of open necrosectomy (n = 30). Postoperative problems were ongoing sepsis (29%, 11%, and 73%,
respectively) and bleeding that required intervention (21%,
17%, and 26%, respectively). A specific complication of
endoscopic transgastric necrosectomy was gastric perforation into the peritoneal cavity during the procedure (28%),
which required an immediate open pseudocystogastrostomy. A laparotomy was necessary in 21% of the patients
after minimally invasive retroperitoneal necrosectomy and
28% after endoscopic transgastric necrosectomy because
of specific complications or a persistent infection. The
overall mortality rates were 21% and 6% after minimally
invasive retroperitoneal and endoscopic transgastric necrosectomy, respectively, and significantly higher at 63%
after open necrosectomy. Bausch et al[50] concluded that
morbidity and mortality remained high in acute NP, and
that surgery should be delayed as long as possible to reduce them. Minimally invasive procedures can preclude
laparotomy, but they can also cause specific complications
that require immediate or secondary open surgery.
Bausch et al[50] also found a lower mortality in the
TEN group than in the minimally invasive retroperitoneal
necrosectomy group, which is similar to what is shown
in Table 3. Bakker et al[30] reported that the TEN group
had significantly reduced proinflammatory responses,
complications (20% vs 80%), new-onset multiple organ
failure (0% vs 50%) and pancreatic fistulas (10% vs 70%)
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compared to the video-assisted retroperitoneal drainage
group. One gastric and one large intestine perforation occurred after video-assisted retroperitoneal drainage.
Ross et al[10] stated that “each treatment modality described for this application is a variation on a common
theme-drainage of liquefied necrosis and debridement
of necrotic tissue, either mechanically or by flushing and
the passage of time”. The key to complete evacuation
of necrotic material is creating a large access opening
to the cavity[33]. However, related complications such as
bleeding, perforation, fistula, and embolism are inevitable[26,33,35,37,38]. TEN needs to be used with caution, ideally
in an interdisciplinary approach and within clinical trials.
Drain first, but do it better
Earlier results of open or percutaneous drainage were
not comparable with the open surgical necrosectomy
with drainage procedure, and did not become the standard treatment of choice for INP.
In 2011, Windsor proposed “drain first, but do it better” for INP[51]. He pointed out that open necrosectomy
is not the standard of care in many leading centers and
is not an absolute requirement for INP. He concluded
that PCD can be the only treatment for some patients
with INP, which avoids an unnecessary necrosectomy.
However, it has not yet been determined whether PCD is
best used when infection is suspected or confirmed, nor
has it been established when PCD can be delayed. Some
interventional radiologists have long advocated primary
PCD, but it has not been widely adopted[52]. This might
soon change, however: 56% of patients-those with sterile
NP and those with INP-did not require a surgical necrosectomy after PCD, according to one review[53]. The role
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of PCD as the only treatment for INP needs additional
evaluation so that it can be done better.
Ross et al[10] discussed a key point of “how to do it
better”, which is “the entry of the catheter into the collection was directed toward the dependent portion of
the collection so that gravity could assist in drainage”.
The entry is therefore the left flank. Another key point
is a large caliber drain and a big skin outlet. The author[9]
used a 3-5 cm left-flank incision to enable the one-time
insertion of a large-caliber sump drain directly through
a liquefied route to the pancreatic head area where the
drain was fixed on one side of the skin but the wound
was kept open to enable the liquefied discharge to freely
flow along the drain in case the drain lumen was obliterated by the debris. The open wound was pouched using a
colostomy bag.
Garg et al[54] concluded that with medical management
(conservative + PCD), surgery could be avoided in 76.6%
patients. Other studies gave an even higher estimate (approximately 83%; Table 4). However, PCD alone failed in
a significant proportion of patients[18,42,43,52] and a higher
mortality rate has been reported[42].
TED and necrosectomy have been enormously pivotal in complementing the complete management of NP
during this paradigm shift of intervention timing from
prompt surgical debridement to delay until liquefaction.
Promising results have been published. A step-up technique after a PCD failure is, it seems, the best way to “do
it better.” Repeated TEN[33] or TEN + TED showed an
80%-100% success rate (Tables 3 and 4); however TED
is preferred because it avoids some complications of
TEN.
Drainage with minimally invasive necrosectomy from
transluminal endoscopy with or without a stent or from
a trans-PCD sinus tract has its specific morbidities. The
old important question of whether the necrosectomy is
required[3,11] still remains unanswered. Can a “drain only”
strategy further reduce these morbidities but maintain
the same outcomes? With the progressive evolution of
a multiple transluminal gateway technique for TED[47],
single transluminal gateway transcystic multiple drainages[45], or dual modality drainage[10], albeit in only a few
case series, allow 100% success when drainage without a
necrosectomy is used to treat NP[10,43].
A transgastrostomy endoscopic procedure reported in
1993[55] (Table 3[25,28,32,34]) provides another feasible and easier access to further simplify the treatment. A double percutaneous endoscopic gastrostomy technique developed
by Raczynski et al[25] was demonstrated as an inspiring tool.
The author suggests a “one or two double-lumen transgastrostomy tube with jejunal arm method[32,56]” to offer
jejunal feeding using a nasogastric tube, if needed, before
the “delay until liquefaction” period, and an endoscopic or
endoscopically assisted route for drainage later during the
walled-off period. Creating a large access opening to the
cavity to complete evacuation of necrotic material is essential[32]. One Foley tied with Penrose drains or two Foley
drains keep the access open and offer irrigation.
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Surgery: A last resort
Within the last decade, TEN and TED have probably
replaced most surgical roles in the treatments of walledoff NP except for the disconnected pancreatic duct syndrome (DPDS)[17]. DPDS is characterized by evidence of
a main pancreatic duct cutoff, an inability to access the
upstream pancreatic duct during an endoscopic retrograde cholangiopancreatogram, and computed tomography evidence of viable pancreatic tissue upstream (toward
the spleen), in association with a persistent non-healing
pancreatic fistula or pancreatic-fluid collection, despite a
course of conservative medical management[57]. DPDS
is an increasingly recognized complication of severe AP
and abdominal trauma, with reported prevalence rates
that range from 10% to 31%. However, these figures
are most representative of highly select populations of
severe AP in tertiary hospitals; the prevalence in all cases
of AP remains unknown[58]. Although surgical management had been the consensus[59], there have been reports
of success with initial endoscopic treatment[57]; 19/26
patients showed long-term improvement, seven required
surgery after treatment failed, the other five underwent
immediate surgery: mortality was 0%. Sarkaria et al[32]
included four DPDS patients for a series in which they
used esophageal stents to treat walled-off pancreatic
necrosis. Complete resolution was achieved in 15/17 patients (88%). Two patients not specified as having DPDS
required surgical intervention after endoscopic treatment
failed. At least two of their patients did not need surgical rescue for DPDS. More effort should be focused on
DPDS in the era of transluminal endoscopic treatment.
Necrosectomy: Obsolete
The answer to “will necrosectomy be obsolete?” is now
much more positive. A paradigm-shift from a surgical to
a non-surgical approach, or to drainage as proposed by
Windsor[51], whether the necrosis is infected or sterile, is
waiting for additional randomized studies. Although not
significantly different, endocrine (diabetes) and exocrine
insufficiency were lower in the endoscopic drainage
group than in the surgery group[60]. Unnecessary necrosectomy procedures for the risky disease of NP should
be prevented[5,17] and surgical management should be
used as a last resort.

CONCLUSION
With the recent successful outcomes of pure endoscopic
and complementary endoscopic treatments for failed
PCD, it is clear that drainage without a necrosectomy
is feasible and should be the first choice of treatment
for symptomatic sterile or infected walled-off NP and
peripancreatic fluid collection. A paradigm shift from
necrosectomy to drainage for the treating NP should be
considered to eliminate potential complications.
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Abstract
It is currently difficult for conventional treatments of
acute pancreatitis (AP), which primarily consist of antiinflammatory therapies, to prevent the progression of
AP or to improve its outcome. This may be because the
occurrence and progression of AP, which involves various inflammatory cells and cytokines, includes a series
of complex immune events. Considering the complex
immune system alterations during the course of AP, it
is necessary to monitor the indicators related to immune cells and inflammatory mediators and to develop
more individualized interventions for AP patients using
immunomodulatory therapy. This review discusses the
recent advances in immunomodulatory therapies. It has
been suggested that overactive inflammatory responses
should be inhibited and excessive immunosuppression
should be avoided in the early stages of AP. The optimal
duration of anti-inflammatory therapy may be shorter
than previously expected (< 24 h), and appropriate immunostimulatory therapies should be administered durrd
th
ing the period from the 3 d to the 14 d in the course

WJG|www.wjgnet.com

of AP. A combination therapy of anti-inflammatory and
immune-stimulating drugs would hopefully constitute
an alternative to anti-inflammatory drug monotherapy.
Additionally, the detection of the genotypes of critical
inflammatory mediators may be useful for screening
populations of AP patients at high risk of severe infections to enable the administration of early interventions
to improve their prognosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatitis; Immunomodulatory therapy;
Systemic inflammatory response syndrome; Immunosuppression; Immunostimulation
Core tip: In light of the complex immune system alterations that occur in acute pancreatitis (AP), it is necessary to develop more individualized interventions for AP
patients by using immunomodulatory therapy instead
of inflammatory drug monotherapy. We first suggest
how we could monitor the immune status of these patients and identify optimal treatment methods. We also
demonstrate for the first time that the detection of the
genotypes of critical inflammatory mediators may be
useful for screening populations of AP patients at high
risk of severe infections.
Li J, Yang WJ, Huang LM, Tang CW. Immunomodulatory
therapies for acute pancreatitis. World J Gastroenterol 2014;
20(45): 16935-16947 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i45/16935.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i45.16935

INTRODUCTION
Acute pancreatitis (AP) is a common acute abdominal
disease. Despite advances in treatment, the mortality rate
of severe acute pancreatitis (SAP) remains as high as
10%-30%, and multiple organ dysfunction is the main
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cause of death[1-3].
Currently, conventional treatments for AP include
fluid infusion, inhibition of pancreatic secretion and
organ support. However, fluid resuscitation cannot prevent pancreatic necrosis[4,5]. In addition, the inhibition of
pancreatic secretions has always been considered one of
the most important strategies for treating AP. Research
has shown that cell apoptosis or necrosis occurs in AP
patients, that the zymogen granules of acinar cells decrease in number and that pancreatic exocrine functions
are inhibited[6]. Under such conditions, the inhibition of
exocrine pancreatic function cannot prevent the progression of AP or improve its outcomes[6,7]. Because AP
consists of chemical inflammation, the prophylactic use
of antibiotics cannot lower the incidence of infection in
a necrotic pancreas or the mortality of AP[8-10]. Although
organ support and symptomatic treatment may help
patients survive multiple organ failure[11,12], there is still a
lack of effective treatment for AP.
Until now, conventional treatments for AP have mainly been anti-inflammatory therapies. However, their effects have not proven to be as satisfactory as expected[4].
In fact, numerous studies have shown that a variety of inflammatory cells and cytokines are involved in the occurrence and progression of AP, which comprises a series
of complex immune events[13]. A thorough understanding
of the AP immune response and its mechanism can aid
in the development of better AP treatment strategies.

AP IMMUNE RESPONSE
(INFLAMMATORY RESPONSE AND
IMMUNE SUPPRESSION)
The onset of AP generally includes the following immunological stages: systemic inflammatory response syndrome (SIRS), compensatory anti-inflammatory response
syndrome (CARS) and mixed anti-inflammatory response
syndrome (MARS)[4,14-16]. In light of the complex immune
system alterations that occur during the different phases
of AP, a more individualized approach to AP, such as the
use of immunomodulatory therapy, may be beneficial.
SIRS
Following stimulation by various pathogenic factors,
trypsin in the pancreatic acinar cells is prematurely activated due to neutrophil involvement[17]. This process
is closely related to the following pathophysiological
processes: high pancreatic duct pressure, the flow of
Ca2+ into the pancreatic acinar cells and the activation
of transcription factors, such as nuclear factor-κB (NF[6,12,18]
. NF-κB is a core molecule of the innate imκB)
mune response. The amplification of inflammatory
signals generated by NF-κB is able to produce a large
number of inflammatory factors, such as tumor necrosis
factor (TNF)-α, interleukin (IL)-1β, IL-6 and monocyte
chemotactic protein (MCP)-1[19]. In the presence of these
cytokines and chemokines, more neutrophils and lym-

WJG|www.wjgnet.com

phocytes gather in the pancreas and intestinal tracts, thus
amplifying the inflammatory response[20]. When these
pro-inflammatory cytokines are released into the blood,
the inflammation is no longer confined to the pancreas,
and, consequently, SIRS develops. The activated neutrophils and monocytes are then able to release proteases
and oxygen free radicals. These inflammatory mediators
can then cause damage to the vascular endothelial cells,
increases in vascular endothelial permeability and the accumulation of a large amount of fluid in the tissue. As
a result of these processes and other microvascular dysfunctions, tissue hypoxia and significant organ dysfunction develop[16].
In addition, intestinal ischemia-reperfusion during
AP can significantly upregulate the expression of pattern
recognition receptors, such as toll-like receptors (TLRs),
in the intestinal mucosa, potentially leading to an overactive intestinal mucosal immune response and the rapid
progression of AP[21]. Animal experiments have shown
that TLR4-deficient mice rarely develop SAP[22]. Furthermore, TLR4 gene polymorphisms have been found to be
associated with susceptibility to severe infections in AP
patients[23].
CARS
With the release of pro-inflammatory cytokines, antiinflammatory cytokines are produced in the body. The
outcome of this disease depends on the balance between
the inflammatory and anti-inflammatory responses.
When the anti-inflammatory response is strong enough,
patients may recover. On the contrary, when the antiinflammatory response is not sufficiently strong, an
excessive inflammatory response can lead to early organ
dysfunction and SAP. During periods of overactive compensatory anti-inflammatory responses, the following
changes may occur in AP: anergy in lymphocytes, thymus
and spleen atrophy and a decrease in the number of peripheral lymphocytes (mainly the T lymphocytes), which
could be associated with a depletion of lymphocytes or
with lymphocyte apoptosis[13,24-27]. The abovementioned
changes during immunosuppression are closely related to
infection in the late stage of SAP[28].
In addition to lymphocyte-related defective defense
systems in AP, mononuclear cell dysfunction may occur,
which is characterized by a significant decrease in the expression of human leukocyte antigen (HLA-DR) and the
synthesis of pro-inflammatory cytokines (e.g., TNF-α)[16].
The expression of low-density HLA-DR in mononuclear
cells indicates an impaired antigen-presenting function.
Mentula et al[29,30] reported that reduced expression of
HLA-DR in monocytes in early SAP most likely predicted
the occurrence of a secondary infection and fatal complications in AP. HLA-DR expression can be detected by
flow cytometry within 30-60 min; therefore, it can be used
as a routine test to identify the immune status of AP patients and to predict the outcomes of AP[13].
Furthermore, intestinal immune function can be impaired in early AP, manifesting as damage to the integrity
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Figure 1 Schematic presentation of the pathways involved in the inflammatory response during acute pancreatitis. Following lipopolysaccharide (LPS) stimulation, the inhibitors of κB (IκB) kinase are activated via the toll-like receptor 4 (TLR4)-myeloid differentiation factor 88 (MyD88)-dependent (blue) or -independent
pathway (purple). Thereafter, IκBα is rapidly phosphorylated by IκB kinase and then degraded. This process allows nuclear factor-κB (NF-κB) to translocate into
the nucleus and to increase the transcription of several important inflammatory genes, such as the genes encoding tumor necrosis factor-α (TNF-α), interleukin-1
(IL-1), adhesion molecules and chemokines. The up-regulation of these inflammatory mediators, in turn, either leads to further IκB kinase activation or mediates the
migration of the inflammatory cells to the site of inflammation, thus amplifying the inflammatory response. Meanwhile, platelet-activating factor (released from active
macrophages, endothelial cells or platelets) and endothelins (released from endothelial cells) are involved in the increased vascular permeability and extravasation of
inflammatory cells. TNF R: Tumor necrosis factor receptor; IL-1 R: Interleukin-1 receptor; ICAM-1: Intercellularadhesionmolecule-1; PAF: Platelet-activating factor; ET:
Endothelin.

of intestinal mucosal barriers, decreased levels of immune cells and the absence of secretory immunoglobulin
A (sIgA) in the intestine. These events may in turn cause
translocations of intestinal bacteria and endotoxins, as
well as infectious complications[31].
MARS
SIRS, MARS and CARS are traditionally thought to appear successively in AP. MARS is regarded as a transient
dynamic balance in the transition from SIRS to CARS.
However, increasing evidence has revealed that there
is no distinct boundary between SIRS and CARS and
that CARS also occurs in the early stages of sepsis or
SAP[14,28]. Therefore, MARS cannot be a transition period from SIRS to CARS; instead, it may constitute an
independent reaction in tandem with an excessive inflammatory response and immune suppression in early
SAP[4,14-16].

ANTI-INFLAMMATORY THERAPIES
In AP, the overactivity of pro-inflammatory cells and factors may aggravate local inflammation in the pancreas,
facilitating the development of SIRS. Anti-inflammatory
factors will not work effectively when their levels are be-
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low those of the pro-inflammatory factors[32,33]. Theoretically, the modulation of immunocytes and inflammatory
mediators may be able to prevent overactive immune
reactions and to alleviate inflammatory injuries; this
hypothesis has been gradually confirmed by accumulating animal experiments and clinical trials over the past
20 years. Blocking these inflammatory pathways (Figure
1), moderately and at the appropriate time, may be an
effective treatment for AP. However, the inflammatory
reaction involves numerous factors and cells. Thus, treatments targeting only certain factors or cells may be unable to terminate the entire overactive inflammatory reaction on their own.
NF-κ B
NF-κB, a vital transcription factor, is activated early
in the course of AP and regulates the transcription of
many genes involved in inflammatory responses, such as
TNF-α, IL-1β and IL-6[18] (Figure 1). It has been found
that the inhibition of NF-κB activity with amobarbital,
a NF-κB essential modifier binding domain peptide, or
pyrrolidine dithiocarbamate (NF-κB activity inhibitor)
attenuated AP-associated injuries in the pancreas and
lungs. Currently, these results are only based on animal
studies[34-36].
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Table 1 Clinical trials of lexipafant in acute pancreatitis
Ref.

Study design

Severity of AP

No.

Kingsnorth et al[74], Multi-center
Mix
83
double-blind
1995
RCT
McKay et al[75],
Multi-center
APACHEII > 5,
50
double-blind
Glasgowscore ≥ 3, and
1997
RCT
C-reactive protein ≥ 120 mg/L
Johnson et al[76],
Multi-center
APACHEII > 6
290
2001
double-blind
RCT

Interval

Dosage and
administration

< 48 h

60 mg/d, i.v.,
×3d

< 72 h

100 mg/d, i.v.,
×7d

< 72 h

100 mg/d, i.v.,
×7d

Major variables

Outcomes

Organ failure
Positive
OFS
IL6, IL8
OFS
Positive
Systemic complications
Mortality
Systemic sepsis
Positive in systemic sepsis
Pseudocysts
and pseudocysts
New organ failure.
Mortality

AP: Acute pancreatitis; No.: Number of patients; Interval: Time interval between AP onset and the initiation of octreotide treatment; RCT: Randomized
controlled trial; Mix: Mixture of APACHEII < 8 and APACHEII ≥ 8 acute pancreatitis patients; i.v.: Intravenous infusion; OFS: Organ failure score; IL:
Interleukin; APACHE: Acute Physiology and Chronic Health Evaluation scale.

TNF-α
TNF-α is a monocyte-derived pro-inflammatory cytokine. In AP, TNF-α was found to contribute to pancreatic acinar cell death and to the expression of other proinflammatory factors, such as IL-1 and IL-6[37,38] (Figure
1). Animal studies have shown that TNF-α blockade
with anti-TNF-α antibodies or soluble TNF-α receptors was able to decrease the severity of AP and reduce
the associated mortality rate by prohibiting the effect of
TNF-α[39-43]. In addition, several case reports have demonstrated that infliximab (monoclonal anti-TNF-α antibody) was effective in AP-complicated acute Kawasaki or
active Crohn’s disease and had a preventive effect on AP
in a patient with recurrent acute exacerbation of chronic
pancreatitis[44,45].
IL
Various pro-inflammatory interleukins, such as IL-1β,
IL-6, IL-8 and IL-18, are involved in the inflammatory
responses associated with AP[46-51]. Animal studies have
suggested that the inhibition of pro-inflammatory interleukins with antibodies (e.g., anti-IL-6 receptor antibody
or anti-IL-8 antibody), receptor antagonists (IL-1 receptor antagonist) or biosynthesis inhibitors (IL-1-converting
enzyme inhibitor) ameliorated pancreatic and lung injuries in AP and reduced the associated mortality rate[46,52-56].
During the overactive inflammatory reactions of AP,
the anti-inflammatory cytokine IL-10 is unable to inhibit
the inflammatory reactions effectively, as its serum level
is far below that of the pro-inflammatory factors, such
as TNF-α[32,33]. In animal experiments associated with
AP, exogenous IL-10 or supplementation with its effective fragment (IT9302), IL-10 gene transfer and insulinlike growth factor administration were each reported to
result in the downregulation of serum TNF-α levels, the
alleviation of pancreatic injury and a decrease in death
rates by increasing the circulating levels of IL-10 or its
effective fragment[57-63]. In clinical trials, there were conflicting results regarding the ability of IL-10 to prevent
post-endoscopic retrograde cholangiopancreatography
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pancreatitis[64-66]. Different inclusion criteria and followup times may be responsible for the controversy. Nevertheless, persistent elevation in circulating IL-10 levels has
been found to be one of the causes of immunosuppression in some AP patients[67].
Although the effectiveness of anti-inflammatory therapies targeting IL has been confirmed by many animal
experiments, only treatment with IL-10 has been investigated through clinical trials. Larger randomized clinical
trials (RCTs) are required to assess the safety and efficacy
of these therapies.
Platelet activating factor
Platelet activating factor (PAF), a biologically active phospholipid that is released from macrophages, endothelial
cells and platelets, has been shown to induce neutrophilplatelet aggregation and to increase vascular permeability[68] (Figure 1). Lexipafant, a PAF antagonist, is able to
inhibit the inflammatory response and to ameliorate the
severity of pancreatitis-associated intestinal and lung
damage in experimental models of AP[69-73]. Several largescale RCTs have also indicated that lexipafant led to
significant decreases in mortality and the incidence of
systemic complications of AP[74-76] (Table 1). The recommended administration of lexipafant is intravenous infusion at a dose of 100 mg/d for 7 d within 72 h after AP
onset[74,75]. However, a phase Ⅲ clinical trial indicated that
lexipafant had no effect on new organ failure or death
rates in AP[76].
Endothelin
Endothelins (ETs: including ET-1, ET-2 and ET-3) and
their receptors (ETA and ETB) mediate the vasoconstriction response and maintain vascular tension[77]. It has
been found that elevated plasma endothelin-1 levels are
associated with low perfusion and pancreatic necrosis in
AP[78,79]. Currently, it remains controversial whether ET
receptor antagonists have beneficial effects on pancreatic
perfusion and the mortality of AP[80-86]. However, studies
have involved only animal experiments, and no relevant
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Table 2 Clinical trials of octreotide in acute pancreatitis
Ref.
Wang et al[89],
2013

Study design

Severity of
AP

No.

interval

Prospective RCT

P-SAP;
SAP

P-SAP:
236

< 48 h

SAP: 136
Yang et al[90],
2012

Multi-center
RCT

MAP

161

< 48 h

Nikou et al[91],
2004
BeecheyNewman[93],
1993

Prospective RCT

MAP

36

< 12 h

Prospective casecontrol study

MAP

19

N

Prospective trial

Mix

8

N

Multi-center RCT

MAP

38

N

Fiedler et al[96],
1996
McKay et al[97],
1997
Karakoyunlar
et al[98], 1999

Prospective
case-control study
Multi-center RCT

SAP

39

N

Mix

58

N

Prospective
controlled study

Mix

43

N

Paran et al[99],
2000

Case-controlled
study

Mix

50

N

Nikou et al[100],
2001

Prospective RCT

Mix

120

N

Binder et al[94],
1994
Paran et al[95],
1995

Dosage and
administration

Major variables

Outcomes

50 μg/h, continued
APACHE II, SIRS score, Positive at higher dosage
i.v., × 3 d + 25 μg/h,
and MOF score Local
continued i.v., × 4 d, or
complication
IL6, TNF-α
25 μg/h, continued i.v.,
×7d
50 μg/h, continued i.v., APACHE II and MOF score
Positive
Local complication
×3d
IL6, TNF-α
200 or 500 μg, i.h., 3
IL-6, C-reactive protein
Positive IL-6 outcome at
times/d × 5 d
higher dosages
250 μg, i.h., then 0.5 μg/
Biochemical and
Positive in serum
kg per hour, continued physiological parameters
calcium, albumin,
i.v., × 10 d
hematocrit, hemoglobin,
PaO2
100, 200 or 500 μg, i.h., 3
Complications
Positive at two higher
times/d × 10 d
dosages
100 μg, i.h., 3 times/d
Organ dysfunction
Positive in organ
Local complications
× 14 d
dysfunction and length
Length of hospital stay
of hospital stay
Mortality
100 μg, i.v., 3 times/d
Organ dysfunction
Positive
Mortality
× 10 d
40 μg/h, continued, i.v.,
Complications
Negative
Mortality
×5d
250 μg/h, continued i.v., Biochemical, physiological
Positive outcomes for
×2d
and
serum amylase levels,
radiological changes
pancreatic edema and
Mortality
earlier return to oral
intake
100 μg, i.h., 3 times/d,
Organ dysfunction
Positive in organ
Local complications
× 14 d
dysfunction, length
Length of hospital stay
of hospital stay and
Mortality
mortality
100, 200 or 300 μg, i.h.,
Duration of pain
Little benefit only at two
3 times/d, × 7 d
Organ dysfunction
higher dosages
Local complications

AP: Acute pancreatitis; No.: Number of patients; Interval: the time interval between AP onset and the initiation of octreotide treatment; RCT: Randomized
controlled trial; MAP: Mild acute pancreas; SAP: Severe acute pancreas; Mix: Mixture of MAP and SAP; P-SAP: Predicted SAP; N: Not mentioned; i.h.:
Subcutaneous infusion; i.v.: Intravenous infusion; APACHE: Acute Physiology and Chronic Health Evaluation scale; SIRS: Systemic inflammatory response
syndrome scale; MOF: Multiple organ failurescale; IL: Interleukin; TNF-α: Tumor necrosis factor-α; PaO2: Arterial oxygen partial pressure.

clinical studies have been completed to date.
Somatostatin
Somatostatin (SST), a multifunctional neuropeptide, is
mainly released from sensory nerve endings and gastrointestinal neuroendocrine cells. Accumulating evidence
has suggested that SST causes a significant anti-inflammatory effect in AP, in addition to its potential roles in
inhibiting exocrine pancreatic function and regulating the
tone of the sphincter of Oddi[6]. Our previous animal
experiments demonstrated that SST could relieve inflammatory injuries by blocking the TLR4-myeloid differentiation factor 88 (MyD88)-dependent and -independent
pathways (Figure 1), as well as by inhibiting the activity
of intestinal mucosal mast cells[21,87,88]. Over the past two
years, our clinical studies have indicated that plasma SST
levels decreased within 48 h after AP onset, along with
increased plasma levels of IL-6 and TNF-α[89,90]. Thus,
an early replacement of exogenous SST or its analogue,
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octreotide, may be beneficial for patients with AP. Our
recent prospective RCTs have shown that octreotide
administration attenuated SAP to some extent and
prevented the development of SAP in obese patients
and other patients with predicted SAP by raising their
plasma SST levels and decreasing their circulating levels
of TNF-α and IL-6[89-91]. However, the effect of SST or
octreotide on AP remains controversial[92-100]. Different
timings, doses or durations of octreotide administration
may contribute to these disputed results (Table 2). More
research is needed to fully understand the roles of SST
and octreotide in AP and to identify the optimal treatment timing and dosage.
Immune cells and related factors
In AP, immune cells (macrophages, monocytes, neutrophils and lymphocytes) migrate to the sites of inflammation and release pro-inflammatory cytokines and
chemokines with the aid of chemokines and adhesion
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molecules, which recruit even more immune cells, aggravating the inflammation[13]. There is increasing evidence
that inhibiting the activation and migration of immune
cells may have a therapeutic effect on excessive inflammatory responses[20,101-103].
Macrophages are one of the major classes of immune
cells involved in the pathogenesis of AP. They mainly
present as M1 macrophages to release pro-inflammatory
cytokines and to aggravate pancreatic and systemic inflammation[101,102]. In an in vitro study, IL-4 and IL-13 were
able to convert M1 macrophages into M2 macrophages,
which have an anti-inflammatory role. However, these
cytokines failed to show similar results in vivo[101]. In addition, hemin and gadolinium chloride were able to attenuate the inflammation and AP-associated organ injuries in
rats by inhibiting the pro-inflammatory effects of macrophages[102,103]. Although there is no related clinical trial,
the results from the above animal studies may provide a
new direction for the development of immunomodulatory therapy for AP[102,103].
Chemokines and their receptors contribute to the
migration of leukocytes to areas of injury and the development of inflammation [104]. Chemokines can be
broadly divided into CXC and CC subgroups. In the
CXC subgroup, the first two cysteine residues (C) out of
four are separated by another amino acid (X), whereas in
the CC subgroup, the first two cysteine residues are adjacent[104,105]. Many animal experiments on AP have revealed
that the blockage of chemokine synthesis (monocyte
chemotactic protein-1 or fractalkine) or neutralization of
chemokines with antibodies (anti-cytokine-induced neutrophil chemoattractant antibodies or anti-CC receptor 5
ligand antibodies) was able to relieve inflammatory reactions, increasing the survival rates[104-109]. In addition, the
inhibition of combined chemokines (CXC or CC) and
their receptors was also found to have a similar therapeutic effect on AP[110-112]. However, those results have not
been confirmed by clinical trials.
Adhesion molecules are glycoprotein molecules that
are located on the cell surface and are involved in binding to other cells or the extracellular matrix. Intercellular
adhesion molecule-1 (ICAM-1) is one of the adhesion
molecules expressed on endothelial cells; it mediates
the adhesion and migration of immune cells, facilitates
leukocyte infiltration and exacerbates systemic inflammatory reactions[3,83,113-118]. Studies using animal models
of AP have shown that ICAM-1 antibodies attenuate inflammatory cell infiltration and pancreatic and lung injuries[83,114-116,118]. Unfortunately, there are no relevant clinical
research data currently available.

IMMUNOSTIMULATORY THERAPIES
In the late stages of AP, a decreased number of lymphocytes can lead to impaired cellular and humoral immune
function, including the inability to release cytokines and
reduced ratios of CD4+/CD8+ T cells and Th1/Th2
helper T cells[28,119]. These changes, together with mono-
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cyte dysfunction, will most likely render the host susceptible to infection and death due to pathogenic invasion.
Therefore, immunostimulation targeting CD4 + cells,
Th1 cells and monocytes may be effective for treating or
preventing infectious complications of SAP. Monitoring
immune cells and cytokines could be useful for predicting
the prognosis of AP[119,120].
Restoring the balance in number and function of
immune cells
It has been found that a reduction in the circulating
CD4+ T cell levels and the CD4+/CD8+ ratio may be
partly responsible for the development of immunosuppression in SAP[121]. The application of thymosin alpha 1
showed a protective effect against SAP in rats, improving
their survival rate by restoring serum CD4+ T cell levels
and the CD4+/CD8+ ratio[122]. Moreover, an imbalance
between Th1 and Th2 cells was also found to be associated with the pathogenesis of immunosuppression in SAP,
which included deficiencies in the number and function
of Th1 cells and a large number and hyperfunctionality
of Th2 cells[123,124]. Many studies have revealed that the
granulocyte-macrophage colony-stimulating factor (GMCSF) and/or interferon-γ (IFN-γ) have been able to restore the balance between Th1 and Th2 to some extent,
based on in vitro and in vivo experiments associated with
AP[122,125,126]. However, clinical studies supporting these
findings remain sparse.
Additionally, monocyte dysfunction may result in APassociated immunosuppression, including impaired antigen presentation capacity (marked by reduced HLA-DR
expression) and insufficient synthesis of pro-inflammatory cytokines[127]. The administration of IFN-γ or GMCSF was reported to raise the HLA-DR expression levels
on monocytes and to enhance their capacity for TNF-α
production in septic patients[128,129]. The only related RCT
in the past five years also showed that the subcutaneous
injection of GM-CSF (4 mg/kg per day) for 8 d was safe
and effective for restoring monocytic immunocompetence and shortening the course of sepsis-associated immunosuppression[130]. GM-CSF or IFN-γ administration
in vitro was able to upregulate HLA-DR expression and
the TNF-α production of monocytes from SAP patients[127]. It has been suggested that combination therapy
of GM-CSF and IFN-γ is able to completely reverse
monocyte dysfunction[127]. To date, GM-CSF and IFN-γ
have been widely used in the treatment of sepsis. More
research is needed before GM-CSF and IFN-γ can be
used in patients with AP-associated immunosuppression.
Restoring intestinal immune function
Intestinal immunosuppression may occur in early SAP
(within 24 h after AP onset) and is characterized by a
significant decrease in sIgA secretion and in the number
of CD4+ T lymphocytes in the intestinal mucosa, which
is one of the most important causes for bacterial and
endotoxin translocation[31]. Restoring intestinal immune
function as early as possible may represent a promising
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treatment to prevent infectious complications in SAP. In
animal experiments on SAP, oral supplementation with arginine, glutamine and probiotics increased the number of
CD4+ T lymphocytes and sIgA levels in the intestine and
circulation[31,131]. Furthermore, clinical trials have reached
similar conclusions. Early enteral nutrition (within 48 h
after admission) has been suggested to cause an increase
in serum IgG levels and HLA-DR expression in T lymphocytes, thus reducing the incidence of multiple organ
dysfunction syndrome, SIRS and pancreatic infection[132].
For patients with AP-associated immunosuppression,
proper immunostimulation may alleviate the disease and
prevent serious complications[130,132]. However, those results are mainly based on animal or in vitro studies. More
large-scale RCTs are needed to evaluate the safety and efficacy of immunostimulatory therapies for AP-associated
immunosuppression.

CLINICAL STRATEGIES FOR
IMMUNOMODULATION IN AP
As mentioned above, different treatment regimens should
be administered to AP patients according to their different immune statuses. However, it is currently unclear
how the immune status of patients can be monitored to
identify the optimal treatment timing. Genetic testing for
gene polymorphisms in certain inflammatory mediators
can be used to screen high-risk AP patients for severe infection, thus preventing severe infections[23,133,134].
Immune state monitoring of AP patients and
interventional window
Clinical trials have shown that peripheral blood lymphocyte levels are significantly reduced to approximately 67%
of the lower limit of normal within 24-72 h after a SAP
attack[28,135]. This reduction may be associated with the
depletion of lymphocytes, lymphocyte apoptosis or gut
associated lymphocyte homing[13,24-27,136]. During the same
period, peripheral blood CD4+ T cell levels, the ratio of
CD4+/CD8+ T cells and the ratio of Th1/Th2 helper T
cells all significantly decreased[27,28,123,124,137]. Moreover, the
antigen-presenting function of monocytes was also impaired (characterized by low HLA-DR expression) within
24-72 h after SAP onset[27,30,138]. It has been reported that
a continuous decline of the above indicators from the 7th
to the 14th d in the course of AP could predict a higher
risk of infectious complications[27,28,30,123,124,138-140].
Many of the findings in the literature have revealed that
the serum levels of pro-inflammatory cytokines (e.g., IL-8,
TNF-α, IL-6, IL-2, IL-12 and IFN-γ)[67,123,124,137,138,141-143] and
anti-inflammatory cytokines (e.g., IL-10 and IL-4)[67,123,124,138,141]
were significantly elevated within 12-72 h after a SAP attack; thereafter, the shared pattern diverged. Retrospective studies in the past two years have suggested that the
serum TNF-α, IL-6, IL-12 and IFN-γ levels gradually
decreased in the 3rd-5th d after the onset of SAP[67,137]. In
addition, the serum IL-10 and IL-4 levels of SAP patients with infections showed a continuous upward trend
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from the 3rd d to the 14th d after a SAP attack, whereas
the anti-inflammatory cytokine levels of patients without infections declined continuously[67]. Despite certain
shortcomings, serum cytokine levels remain one of the
most important rapid indicators of a patient’s immune
status[120].
Monitoring the levels of immune cells and cytokines
could enable the early detection of the immune suppression state over the course of SAP, and their appropriate
modulation could be expected to reduce the incidence of
infection and death.
In addition, clinical research completed during the
past year showed that the overexpression of the factorassociated suicide (Fas) ligand on T lymphocytes in SAP
patients resulted in the excessive apoptosis of T lymphocytes and a sharp drop in CD4+ T cells, thus inducing
immune suppression and sepsis[27]. Fas expression on
T lymphocytes in SAP patients was transiently reduced
within 48 h after AP onset but continuously increased
within 8 d thereafter[124]. Therefore, for AP patients with
continuously high expression of Fas for 10 d after AP
onset, appropriate immune stimulation may improve the
immune suppression state.
The interventional window for AP mentioned in the
previous studies refers to the timing of anti-inflammatory
therapy. Many researchers have found that this window
usually arose between 12-18 h and 2-3 d after the onset
of AP[16]. However, accumulated evidence has indicated
that the timing for both anti-inflammatory and immune
stimulation therapies should be considered. Thus, according to the above data, the duration of anti-inflammatory
therapy may be shorter than expected (< 24 h), as immunosuppression can occur within 24 h after SAP onset[27,28,30,67,123,124,137-140], whereas appropriate immune stimulation therapy should be administered during the period
between the 3rd and 14th d in the course of AP[27,28,30,67,123,1
24,137-140]
. Nevertheless, the optimal interventional window
of AP needs to be defined by further prospective studies.
Combination of anti-inflammatory and immunestimulating therapies
Many factors are involved in the pathogenesis and progression of AP. The studies available on monotherapies for
a certain factor did not yield the desired results. Thus, increasingly more investigators have begun to focus on multidrug combination therapies for AP. Their studies have
confirmed that a multi-drug combination is more effective
than monotherapy. These therapies have comprised either
the combination of various types of anti-inflammatory
drugs[144,145] or a combined drug treatment for immunosuppression[127]. Currently, there are no published reports
on the combination of anti-inflammatory and immunestimulating therapies for AP, although this topic holds great
promise as a new approach to AP immunotherapy.
AP populations at high risk of severe infections
Genetic polymorphisms of certain inflammatory mediators were found to be closely related to infections in AP
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patients. It has been reported that AP patients with TLR4
Asp299Gly mutations were prone to necrosis and infection of the pancreas[23] and that SAP patients carrying the
IL-10-1082G[133], TNF2 and TNFB2 alleles[134] were highly susceptible to septic shock. Therefore, the detection
of these genotypes could be helpful in screening highrisk AP populations for severe infections. These findings
suggest that we may be able to develop more successful
interventions for those patients in the future, potentially
preventing more severe infections.
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CONCLUSION
In summary, immunomodulatory therapy will hopefully
improve the outcomes of AP. In the course of AP, it is
necessary to monitor the indicators related to immune
cells and inflammatory mediators and to develop more
successful and individualized interventions for AP patients using immunomodulatory therapies. During the
early stages of AP, treatment should include the inhibition of the overactive inflammatory responses while
avoiding excessive immunosuppression to maintain
normal immune function and to reduce the incidence
of infectious complications and organ failure. Furthermore, the duration of anti-inflammatory therapies may
be shorter than previously expected (< 24 h), whereas
appropriate immune stimulation therapy should be administered between the 3rd and14th d of the AP disease
course. The combined therapy of anti-inflammatory and
immune-stimulating drugs may represent an alternative
to anti-inflammatory drug monotherapies. Finally, the
detection of the genotypes of critical inflammatory mediators would facilitate early interventions in AP populations at high-risk for severe infections to improve their
prognosis.
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Abstract
Colonoscopy is usually perceived as an invasive and
potentially painful procedure, being also affected by a
small, but definite, risk of major complications (cardiopulmonary complications, perforation, hemorrhage) and
even mortality. To improve both acceptability and safety,
PillCam Colon Capsule Endoscopy (CCE) (Given Imaging
Ltd, Yoqneam, Israel) has been developed. CCE represents a non-invasive technique that is able to explore
the colon without sedation and air insufflation. The Second Generation of Colon Capsule Endoscopy (PillCam
Colon 2) (CCE-2) was proven to be an accurate tool to
detect colonic neoplastic lesions when used in average
risk individuals. To date, the evidence supports the use
of CCE-2 in case of colonoscopy failure, in patients unwilling to perform colonoscopy and when colonoscopy
is contraindicated. Other potential applications, such as
colorectal cancer screening or diagnostic surveillance of
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inflammatory bowel disease need to be clarified. In this
paper, the current “state of the art”, potential application of CCE and future needs are evaluated.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colon capsule endoscopy; Incomplete colonoscopy; Regimen of preparation; Accuracy; Fields of
application
Core tip: Colon capsule endoscopy (CCE) allows a minimally invasive, painless colonic investigation without requiring intubation, insufflation or sedation. Indications
for CCE are recommended by the European Society of
Gastrointestinal Endoscopy guidelines that suggested
CCE-2 can be used in average risk patients, in patients
with a previous incomplete colonoscopy, in patients
unwilling to perform a conventional colonoscopy or in
those for whom colonoscopy is not possible or contraindicated. There are issues that still need to be clarified.
In the present paper a revision of the literature is provided. Also potential applications and future needs will
be discussed.
Spada C, Barbaro F, Andrisani G, Minelli Grazioli L, Hassan C,
Costamagna I, Campanale M, Costamagna G. Colon capsule endoscopy: What we know and what we would like to know. World
J Gastroenterol 2014; 20(45): 16948-16955 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i45/16948.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i45.16948

INTRODUCTION
Colorectal cancer (CRC) is the second most common
cause of cancer-related death in developed countries,
with 500000 deaths per year worldwide[1]. The procedure
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of choice for CRC prevention is colonoscopy, which allows the identification and removal of the pre-malignant
adenomatous polyps [2-4]. Although the risk to have
colonoscopy-related severe complications is small, even
considering post-procedural complaints, conventional
colonoscopy is perceived as an invasive, and potentially
painful procedure, which requires conscious or deep sedation and takes place in unpleasant setting. The anxiety
and the psychological inhibition related to all these wellknown aspects are the determiner for the low compliance
of healthy individuals to undergo colonoscopy for colon
cancer prevention, which still remains, therefore, a challenge[5,6]. Another drawback of colonoscopy is the rate of
incomplete procedures. Some factors such as a redundant
or tortuous colon, inadequate bowel preparation, presence of acute angulations or lumen obstructions, can lead
to failed caecal intubation. Literature reports variable results in terms of completeness rate. A large scale screening colonoscopy study recently reported a completion
rate of 91.1%[7].
Colon capsule endoscopy (CCE) was initially released
in 2006 by Given Imaging (Yoqneam, Israel.)[8]. More
recently the technology has been implemented and a
second generation of colon capsule endoscopy is now
available[9]. It allows a minimally invasive, painless colonic
investigation without requiring intubation, insufflation or
sedation, allowing to pursue normal daily activities during
the procedure.
Indications for CCE recommended by the European
Society of Gastrointestinal Endoscopy (ESGE) guidelines suggested that CCE-2 can be used in average risk
patients, in patients with a previous incomplete colonoscopy, in patients unwilling to perform a conventional
colonoscopy or in those for whom colonoscopy is not
possible or contraindicated[10].
In the present paper a revision of the literature is provided. Also potential applications and future needs will
be discussed.

WHAT WE KNOW
Characteristics of the device and CCE procedure
The Given® Diagnostic System is comprised of three
main subsystems: ingestible capsule endoscope (secondgeneration colon capsule), Data Recorder and a RAPID
workstation. The second-generation CCE (CCE-2) is
11.6 mm × 31.5 mm in size[9,11,12]. It has been endowed
with a battery lasting about 10 hours and has 2 cameras,
one at each end, with an angle of view of 172° degrees
for each camera, allowing a near full visual coverage of
the colon. In order to enhance colon visualization and
to save battery energy and video reading, the capsule is
equipped with an adaptive frame rate (AFR), which alternates from 35 images per second while in motion to 4
images per second when virtually stationary. At the moment of the ingestion, the capsule works using AFR allowing proper visualization of the esophagus also, then it
slows down to 14 images per minute. When small bowel
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images are detected, the system switches on the capsule
into the AFR mode. This advanced system[9,10,12] for the
control of capsule image rate is the result of a bidirectional communication between the capsule and the Data
Recorder, which constantly analyzes and recognizes the
transmitted images and adapts in a split second the frame
rate. Data Recorder also drives patients by means of visual and audio signals through the procedure activities. It
buzzes and vibrates and shows instructions on its liquid
crystal display to instruct the patient during the day of
the procedure (i.e., to ingest the booster after the capsule
has left the stomach end entered the small bowel). Upon
completion of the examination, data from the Recorder
are downloaded to the Workstation, that is provided with
a dedicated software (Rapid Software) for video viewing
and processing.
Bowel preparation
Differently from conventional colonoscopy, with CCE it
is not possible to clean the colon during the procedure.
Therefore colonic preparation is crucial, since even small
amount of debris could interfere with colon capsule capability to identify colonic polyps and ultimately with the
outcome of the procedure. Colonic preparation for CCE
is not limited to achieve an adequate cleansing level, but it
is also aimed to distend the colonic wall filling the lumen
of clean liquids and promote the capsule propulsion and
excretion, ensuring that the journey is completed within
the battery life-time[13,14]. Since preliminary studies using
the same preparation as colonoscopy (PEG solution)
showed low ingestion rates (20%), a protocol combining
PEG (4l) and boosts with sodium phosphate (75 mL) was
adopted and was demonstrated to allow a complete colon
examination in most of the cases[15-17]. Subsequent studies
proposed modifications in the timing and doses of the
components, the inclusion of diet recommendations (lowresidue diet, liquid diet the day before) and suppository
(in case of delayed capsule excretion), prokinetics (for
delayed stomach emptying) and different kind of boosters. In particular, because of the known concerns related
to the administration of sodium phosphate, other boosters, have been investigated. Unfortunately, these studies
resulted in unsatisfactory outcomes in terms of significant
reduction of capsule excretion and completion rate. When
considering that cecal intubation rates of higher than 90%
and 95% are respectively recommended for routine and
screening colonoscopies[18], CCE could not be considered
an efficient option if only 75% of patients achieve a complete examination, as observed when administering a PEG
instead of a NaP booster[13]. Moreover an incomplete
capsule examination, in contrast to an incomplete colonoscopy, leaves uninvestigated the site more commonly
harboring colonic polyps, that is the left colon.
All these studies resulted in 2 important information:
(1) split regimens of PEG (2L + 2L) are recommended
in order to improve the cleansing level; and (2) sodium
phosphate boosters should be recommended in order
to achieve a reasonable capsule excretion (i.e., complete
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Figure 1 Normal colon and findings visualized at colon capsule endoscopy. A: Normal colon; B: Diverticula; C, D: Polyps; E, F: Ulcerative colitis.

Table 1 Regimen of preparation

States trial where sodium phosphate was replaced by Suprep (sodium sulfate, potassium sulfate and magnesium
sulfate) (Braintree Lab Inc, United States), maintaining
the split dose of PEG. Results of different regimens of
preparation are listed in Table 2.

[10,29]

Schedule

Intake

Day -2
Day -1

Bedtime
All Day
Evening (7-9 pm)
Exam Day 7-9 am
10:00 AM
(about 1 h after last
intake of PEG)
after small bowel
detection

3 h after 1st Boost

2 h after 2nd Boost

Senna, 4 tb (48 mg)
Clear Liquid Diet
2 L PEG
2 L PEG
Capsule Ingestion1

1st Boost
40 mL NaP + 1 L water with
Gastrografin3
(50 mL)
2nd Boost
20 mL NaP + 0.5 L water with
Gastrografin3 (25 mL)2
Suppository
10 mg Bisacodyl2

1

Ten mg Metoclopramide tablet if capsule delayed in stomach > 1 h;
Only if capsule not excreted yet; 3Sodium-amidotrizoate and meglumineamidotrizoate.
2

colonoscopy). As booster, low dose of sodium phosphate
(45-55 mL) was shown to achieve an adequate capsule excretion rate with the significant advantage to decrease the
risk of sodium phosphate toxicity (acute nephropathy,
electrolyte imbalance, kidney failure)[9,12,14] .
For this reasons, ESGE guidelines recommends the
inclusion of a split dose of PEG and one or two low
doses of sodium phosphate boosters in the protocol of
preparation for CCE, as detailed in Table 1.
Recently, Rex et al[19] reported the results of a United
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Accuracy and clinical indications
Colon Capsule Endoscopy (CCE-2) was demonstrated
to be a feasible and reliable tool to detect colonic lesions, such as polyps and tumors (Figure 1). Results of
published studies are shown in Table 2. To date, 3 studies[9,12,19] (involving more than 1000 patients) evaluated the
performance of CCE-2, compared to colonoscopy. The
relative low number of patients studied is a clear limitation and further data are needed. However, it should be
emphasized that these studies show comparable results
in terms of accuracy, cleanliness, excretion rate and
safety, suggesting that they represent the actual CCE-2
performance. The low specificity observed in trials was
mainly related to a consistent number of false positive
cases generated by size mismatching between standard
colonoscopy and CCE. Only a minority of false positives
was related to findings visualized by CCE and not confirmed by colonoscopy, being not possible to exclude the
risk of missed polyps by colonoscopy (i.e., false negative
at colonoscopy). Regarding the accuracy of CCE in detecting colo-rectal cancers, to date 10 cancers have been
detected by conventional colonoscopy in comparative trials: CCE-2 identified cancers in all the cases, suggesting a
potential 100% sensitivity[9,12,20].
Based on the available evidence, CCE-2 is not alterna-
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Table 2 Accuracy of colon capsule endoscopy 2 for polyp detection
Ref.

Pts

Eliakim et al[9]

104

Spada et al[12]

117

Rex et al[19]

884

Adequate
cleansing

Excretion
rate

78%
(68%-86%)
85%
(73%-88%)
80%
(76%-83%)

81%1

Polyp ≥ 6 mm

81%1
91%2

Polyp ≥ 10 mm

Sensitivity
(95%CI)

Specificity
(95%CI)

Sensitivity
(95%CI)

Specificity
(95%CI)

89%
(70%-97%)
84%
(74%-95%)
88%
(82%-93%)

76%
(72%-78%)
64%
(52%-76%)
82%
(80%-83%)

88%
(56%-98%)
88%
(76%-99%)
92%
(82%-97%)

89%
(86%-90%)
95%
(90%-100%)
95%
(94%-95%)

1

Within 8 h; 210 h post ingestion.

Table 3 Results of colon capsule endoscopy in incomplete
conventional colonoscopy
Ref.

No.

Pioche et al[24]
Alarcón-Fernández et al[25]
Triantafyllou et al[26]
Nogales et al[27]
Baltes et al[28]
Spada et al[29]

107
34
75
96
74
100

Completeness
(%)

CCE complementary
findings (%)

83
85
90.7
93
95
98

34
23.5
44
451,2
49/281,2
241

1

Significant polyps; 2Cancers. CCE: Colon capsule endoscopy.

tive to conventional colonoscopy but it should be considered a complementary test in specific settings. According
to the ESGE guidelines CCE[10] can be used in average
risk subjects (i.e., patients with non-alarm symptoms)
who do not appear to be at increased risk of colorectal
neoplasia. In this setting, a non-invasive tests may be proposed and, among non-invasive tests, CCE might be preferred over non-imaging tests (i.e., fecal tests), because of
its ability to detect non-neoplastic conditions that may be
regarded as clinically useful (e.g., vascular malformations).
On the other hand, patients with alarm symptoms (because of symptoms or signs, a family or a personal history of CRC) are at increased (5-10 fold increased risk of
malignancy) risk of colorectal neoplasia. These patients
should be referred to colonoscopy. However, in patients
not compliant to colonoscopy, the use of CCE should be
considered and discussed with the patient.
To date, most of the evidence for CCE refers to patients with a previous incomplete colonoscopy. The most
frequent causes of incomplete colonoscopies include
left-sided angulations caused by diverticular disease or
post-surgical adhesions, extensive looping or stenosing
colorectal cancer[21]. Because of the risk of missed neoplasia in the non-visualized colon, further tests may be
advisable depending on patients’ risk factors (i.e., leftsided polyps, family history, clinical indication). Such
tests usually consist of radiological imaging (CT colonography or barium enema), colonoscopy using different
endoscopes (pediatric or variable stiffness colonoscopes,
balloon-assisted enteroscopes) or with anaesthetist-assistance[22]. In several studies[23-29], CCE was proven to be
able to complement a previous incomplete colonoscopy,
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being able to visualize the colonic segments not visualized by previous incomplete conventional colonoscopy
and to detect additional findings that would have been
missed since they were localized in unseen segments (Table 3). Moreover, in this setting, when compared to CTcolonography, (i.e., the first choice imaging technique in
case of incomplete colonoscopy), CCE was demonstrated to have a higher diagnostic yield for significant polyps
(i.e., polyps ≥ 6 mm)[29], and it is better tolerated[30]. Interestingly, lesions missed by CTC were mainly flat and/or
sessile lesions, lesser than 10 mm, located in the right side
of the colon. Although this might suggest the capability
of CCE to detect flat and/or sessile lesions, further studies confirming these results are awaited.
To date, there is insufficient data to support the use
of CCE in the diagnostic work-up or in the surveillance
of patients with suspected or known inflammatory bowel
disease (IBD) (Figure 1). Mucosal healing (MH) is now
adopted as a principal endpoint for medical treatment of
ulcerative colitis in clinical trials and may be used in clinical practice because it may alter the course of the disease
and reduce the need for hospitalization or surgery[31-33].
MH is usually assessed by colonoscopy and has been
defined as the Mayo Clinic endoscopy subscore of 0 or 1
(normal mucosa or erythema without mucosal friability,
erosions or ulceration). As diagnosis of ulcerative colitis
requires biopsy and histological confirmation, CCE cannot be recommended for initial diagnosis. However, it is
potentially a useful tool to guide therapy, especially for
checking mucosal healing when considering discontinuation of medication. Sung et al[34] reported the sensitivity
of first-generation CCE for detecting active colonic inflammation to be 89% and specificity to be 75% in UC.
Consensus guidelines issued by the European Society
of Gastrointestinal Endoscopy (ESGE) on CCE have
established that CCE-2 may be useful to monitor inflammation in ulcerative colitis, which may help to guide
therapy[10]. To date, there have been only a few studies on
this topic, with results showing that CCE is a safe procedure to monitor mucosal status and healing in ulcerative
colitis, but that it cannot replace conventional colonoscopy. These studies have all been conducted in adults,
and only one of the studies used CCE-2[34-37]. Recently,
the potential role of CCE (i.e., second generation CCE)
in IBD was evaluated in 30 consecutive pediatric patients
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equal adherence, it may become an efficient option when
assuming that adherence to CCE was higher compared to
colonoscopy for CRC screening, a feature which has not
been demonstrated yet.

Table 4 Colon capsule endoscopy accuracy for ulcerative colitis
Ref.

n

Type of
CCE

Sung et al[34] 100

CCE1

Oliva et al[38] 29

CCE2

Sensitivity Specificity
89
(80-95)
96
(79-99)

75
(51-90)
100
(61-100)

PPV

NPV

93
(84-97)
100
(85-100)

65
(43-83)
85
(49-97)

CCE: Colon capsule endoscopy.

with ulcerative colitis. The sensitivity of CCE for disease
activity was 96 % and specificity was 100 %. The positive
and negative predictive values of CCE-2 were 100 % and
85 %, respectively. In the same trial, CCE had a higher
overall tolerability than colonoscopy and interobserver
agreement was excellent in all cases (≥ 0.86)[38]. Results
of these studies are listed in Table 4.
Finally, to date, the potential role of CCE in colorectal cancer screening programs is unknown since specific
trials in this setting are missing. There are several screening models available. The most common strategy in
Europe adopts a two-stage population-based approach.
In this model, individuals who are identified as at risk,
by either gFOBT or fecal immunological test (FIT) occult blood tests, are referred for colonoscopy. However,
while these tests select out a population at risk for colonic cancers and adenomas, the majority of individuals
who undergo colonoscopy do not have neoplasia. Studies
have demonstrated the usefulness of occult blood tests
in screening, but the relatively high rate of false-positive
tests is a concern. From the available data, at least 40 %
of people undergoing a screening colonoscopy following
a positive FOBT will not have neoplasia detected, and
therefore the procedure was unnecessary. This represents
a major burden on screening resources and a substantial
risk for screening participants, due to the invasive nature
of colonoscopy and the potential for significant, albeit
infrequent, adverse events. In a recent trial, Holleran et
al[20], aiming to reduce the number of negative standard
colonoscopies, evaluated if CCE could provide a screening filter test for people who have positive FIT results.
In a total of 62 FIT+/participants optical colonoscopy
detected at least one polyp in 36 participants (58 %), significant lesions in 18 (29 %), and cancer in 1 (2 %). The
Authors demonstrated that there was good correlation
between CCE and optical colonoscopy for any lesion and
for significant lesions (r = 0.62 and 0.84, respectively).
The negative predictive value of CCE was high both for
any polyp (90 %) and for significant lesions (96 %). Results suggest that CCE is an effective means of detecting
cancer and polyps in a positive FIT screening cohort.
It would be a useful “filter test” in this situation, reducing the number of colonoscopies performed by 71 %. A
cost-effective analysis using a Markov model showed that
FIT repeated every year is the most cost-effective strategy and although CCE every 5 years is as effective as FIT
1-year, it is not a cost-effective alternative[39]. Although
CCE is not a cost-effective alternative when assuming an
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What we would like to know
Colon Capsule Endoscopy (CCE) was widely demonstrated to be a feasible and reliable instrument to detect bowel lesions, such as polyps and tumors. When
considering polyps ≥ 6 mm and ≥ 10 mm, sensitivity
(84%-89% and 88%-89% respectively) and specificity
(64%-76% and 60%-89%) are definitely appropriate for
its purpose[9,12]. Starting from this point, it was organized
the first International Colon Capsule International Workshop in Tarquinia (Italy) in 2012. The potential indication
and perspectives of CCE were discussed. During that
meeting there was a general agreement that the first indication that needed to be explored was incomplete conventional colonoscopy. During the last 2 years, the role
of CCE in case of a previous incomplete colonoscopy
was explored. To date, there is a good evidence that CCE
is a highly technically feasible examination for patients
with previously incomplete colonoscopy, being able to
complete the vast majority of the previous incomplete
colonoscopy and to detect significant findings not visualized by incomplete colonoscopy (Table 3). Nevertheless,
there are some issues that still need to be clarified. These
mainly relate to the timing of capsule after incomplete
colonoscopy and how to proceed with the preparation
if CCE is performed immediately after colonoscopy. It
would be important to know if CCE is feasible and can
be performed immediately after an incomplete colonoscopy. This would be crucial since patients would not be
asked to perform an additional preparation and it would
allow endoscopists to complete colonoscopy the same
day without referring the patient to other physicians
and/or sessions. It is basically unknown how to proceed
with the preparation if CCE is feasible immediately after
incomplete colonoscopy. In particular, it is unknown if in
such cases the regimen of preparation for CCE may be
limited to the administration of boosters or if additional
doses of lavage solutions are required.
The possibility to perform a colonoscopy immediately
after CCE is extremely appealing since it would offer the
advantage to perform conventional colonoscopy using
the same regimen of preparation recommended for CCE.
This scenario was never explored and it may be feasible
only if certain circumstances occur. First, the video of
CCE should be evaluated in a relatively short time, without any risk to decrease the overall accuracy of CCE. In
this sense, the QuickView (i.e., a tool in the Rapid Software to decrease to reading time) my offer the chance to
review the colonic video within few minutes. However,
the accuracy of QuickView for significant findings was
never evaluated. Second, the regimen of preparation
should provide a CCE colon transit time sufficiently
short to meet logistic constraints. Bowel preparation is
no longer a problem in terms of cleansing level: the latest
preparation regimen allows to obtain an adequate cleans-
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ing level in > 80% of patients. Nevertheless, colonic
transit time is still an enigma when a CCE is performed,
having patients with a very short transit time and others
without capsule excreted at the end of the battery life.
A regimen of preparation that meets the need of an adequate cleansing level with a homogeneous and relatively
short CCE colonic transit time is highly desirable.
Although, CCE is specifically designed to explore the
colon, it offers excellent images also in the small bowel.
If the capsule is activated before the ingestion (i.e., CCE
works for the entire gut using the ADR), it is possible
to explore the esophagus (using a specific ingestion protocol), small bowel and colon, leaving only the stomach
poorly explored. The indications for a pan-endoscopy,
however, need to be clarified and the procedure should
be validated.
CCE might also play a role in increasing the compliance to colonoscopy. Conventional colonoscopy is
perceived as an invasive and painful procedure, which
requires conscious or deep sedation and takes place in
unpleasant setting. No colorectal imaging test may be
performed on an out-of-clinic basis. This represents a
major drawback compared with fecal tests. Because CCE
automatically detects small bowel mucosa, it has the
potential to become the first colorectal imaging test to
be performed out-of-clinic. The out-of-clinic procedure
(i.e., “home procedure”), in combination with the non
invasiveness of CCE might be two of the most attractive
and relevant features that might increase the compliance
to colonoscopy. Adler et al[40], evaluated the feasibility and
efficiency of CCE when offered as an out-of-clinic procedure. They showed that as an out-of-clinic procedure,
CCE is feasible and easily performed. However, we still
do not know if a home-based procedure may be associated with better acceptability and compliance to colonoscopy. This is a relevant issue since, if such hypothesis will
be confirmed, CCE potentially has the features to play a
relevant role in order to increase adherence to colorectal
cancer screening.
The accuracy of CCE in the detection of flat/sessile polyps is basically unknown. These lesions in some
circumstances are difficult to detect and may be easily
missed at optical colonoscopy also a preliminary retrospective evaluation of patients enrolled in prospective
comparative trials that used the colonoscopy as gold
standard reported that CCE can detect flat lesions with
high diagnostic yield[41]. Authors adopted Paris classification to classify lesions both at colonoscopy and CCE.
Interestingly lesions that were classified as non-polypoid
at colonoscopy, looked like as protruding lesions by CCE.
The main reason for this seems to be related to the fact
that during CCE colon is naturally distended by water
and, therefore, lesions are not stretched into the colonic
wall by air, as it happens during colonoscopy. Flat lesions
have gained special attention because they were noted to
have a higher risk of being cancerous than polypoid lesions. Studies performed in Western populations indicate
a prevalence ranging between 5% and 25%. Therefore,
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prospective trial confirming these preliminary results and
evaluating the accuracy of CCE in the detection of flat
and sessile lesions are strongly needed.
Although appealing, the role of CCE in CRC screening programs is basically unknown. To date, the only information available in literature comes from a single center, Irish trial where it was demonstrated that when used
in a cohort of FIT+ screening patients, CCE is an effective means of detecting cancer and polyps and it can be a
useful “filter test” to select those patients who deserve a
conventional colonoscopy for polypectomy. Starting from
this, we should ask ourselves if and how CCE can take
part in a CRC screening program. Two big trials are undergoing in Europe to evaluate the potential role of CCE
in CRC screening programs. One Italian trial (CCANDY
trial) that will enroll about 400 FIT+ patients is aimed to
assess sensitivity, specificity, positive and negative predictive values in detecting CRC and advanced adenomas.
The second study that is running in the Netherlands
(ORCA trial) will enrol up to 1000 patients with the aim
to determine the uptake and diagnostic yield of primary
population screening for CRC by means of CCE. These
2 trials are very much awaited since they will clarify (1) if
CCE accuracy for target lesions in CRC screening programs is sufficiently high to be included in the “Olympus” of the screening tests; and (2) if the uptake is good
enough to ensure an equal or even higher participations
to CRC screening programs.
On the other hand, it would be highly desirable to
know if CCE is able to retake those FIT+ patients who
are unwilling to perform a conventional colonoscopy. In
such cases, two scenarios might appear: (1) CCE detects
significant finding. This might convince and drive the patient to a therapeutic colonoscopy; and (2) CCE will not
detect any finding. Patients will be referred for a following screening colonoscopy after 3 years[10].

CONCLUSION
An Editorial a few years ago was titled “The future is
wireless”[42]. In the setting of colonoscopy, we do not
know if such prediction will be realized. Conventional
colonoscopy is the gold standard and probably will continue to be the gold standard for the next years. CCE is,
and probably will continue to be, a complementary test in
case of average risk patients unwilling to perform a colonoscopy, in case of incomplete colonoscopy or in case
of patients unable to perform colonoscopy. For such indications, CCE is and it should be considered one of the
options to explore the colon that offers some advantages
when compared to the other alternatives since it is a noninvasive endoscopic test that directly visualize the colonic
mucosa with high accuracy for significant lesions. Second
generation of colon capsule was demonstrated to be consistently more accurate than the previous CCE generation
and that it is a no sense to continuously refer to the first
generation of CCE that showed disappointing results.
That first generation is part of the past and it is not avail-
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able anymore on the market. However, the evidence for
the second generation of CCE is limited and there are
a lot of topics that “we would like to know”. Trials are
strongly needed in order to understand the potential role
of CCE in the field of colonoscopy. CCE it is meant to
be one of the most promising tool in the endoscopic
field and, considering the fast developing technologies,
what we really would like to know about CCE is where
the future will lead us.
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nant obstruction. There were no randomized trials and
the majority of the studies were case-matched series or
comparative studies. The overall trend was that LCS is
associated with shorter hospital stay, par or fewer complications but an increased operating time.Emergency
LCS can be safely undertaken for both benign and malignant disease providing there is appropriate patient
selection, the surgeon is adequately experienced and
there are sufficient resources to allow for a potentially
more complex operation.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Laparoscopic surgery; Colorectal disease;
Colorectal cancer; Inflammatory bowel disease; Emergency surgery
Core tip: Laparoscopic surgery is increasingly used in
the emergency setting. This has been perceived to be
a challenging surgical approach for such cases. However with appropriate expertise and training, laparoscopy can be used for colorectal emergencies with good
short- and medium term outcomes.

Abstract
Laparoscopic surgery has become well established
in the management of both and malignant colorectal
disease. The last decade has seen increasing numbers
of surgeons trained to a high standard in minimallyinvasive surgery. However there has not been the same
enthusiasm for the use of laparoscopy in emergency
colorectal surgery. There is a perception that emergent
surgery is technically more difficult and may lead to
worse outcomes. The present review aims to provide
a comprehensive and critical appraisal of the available
literature on the use of laparoscopic colorectal surgery (LCS) in the emergency setting. The literature is
broadly divided by the underlying pathology; that is,
inflammatory bowel disease, diverticulitis and malig-
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INTRODUCTION
Laparoscopic surgery has become a well-established part
of elective gastrointestinal operative practice. The last
decade has witnessed the evidence-based validation of
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laparoscopic colorectal surgery (LCS) for both benign
and malignant disease, with indisputable advantages
including shorter hospital stay, faster recovery, and less
morbidity[1-3]. Increasingly, patients with uncomplicated
colorectal disease are routinely offered laparoscopic surgery, and in many centres this is now the default position
for elective cases, with national guidance recommending
laparoscopic surgery performed by appropriately trained
colorectal surgeons for patients with colorectal cancer[4].
Nonetheless, while LCS is universally regarded as
appropriate in suitably selected elective cases, its role in
emergent colorectal pathology remains uncertain[5]. Despite advances in technology and a more structured approach to training, which has allowed for a greater number of surgeons to become competent in laparoscopy,
there is a perception that laparoscopic surgery should
remain in the elective setting. At the present time, the
most common use of laparoscopy in emergency surgery
is for appendicectomy or the diagnosis of non-resolving,
uncomplicated, right iliac fossa pain. Although some
institutions routinely perform emergency laparoscopic
cholecystectomies, repair of perforated peptic ulcers, and
assessment of penetrating abdominal trauma by laparoscopic approaches, laparoscopy in colorectal emergencies
is uncommonly performed.
In theory, emergency LCS is likely to be more challenging for several reasons. The procedures are technically more complex with significantly greater distortion
to normal anatomy from infective or inflammatory processes. Indeed, the finding of dilated and vulnerable bowel
in colonic obstruction was often considered a contraindication for minimally invasive surgery in the past[6]. Furthermore, the patient cohort is more likely to be physiologically compromised due to the presence of acute
pathology. Laparoscopic colonic resections typically take
more time, and in the setting of a high-risk patient profile, a swift open approach may lead to better outcomes.
Yet the established advantages of elective laparoscopic
colorectal surgery in reducing post-operative pain, the
stress response to surgery, wound complications, respiratory complications, in-patient hospital stay, short term
health-related quality of life, and health care costs[1,2,7-13],
support the notion that emergency laparoscopic surgery
may lead to similar benefits if performed by experienced
laparoscopic surgeons in appropriately selected patients.
For example, in a study comparing 42 patients undergoing emergency laparoscopic colonic resections vs 25
patients undergoing open emergency colon resections,
observed benefits included a shorter hospital stay, less
blood loss, reduced duration of ileus and intensive care
unit stay, with equivalent mortality[14]. Ballian et al[15] evaluated the role of laparoscopy for emergent restorative
colectomy using the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) database and found that although less than 10% of
patients that underwent emergency colon resection with
primary anastomosis, they had at minimum comparable
rates of morbidity and mortality but decreased total and
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post-operative length of stay.
These findings suggest that some of the documented
advantages of laparoscopic surgery may be translatable to
the emergency arena. Given the large volumes of patients
who undergo emergency surgery for colorectal pathology, determining the precise role of LCS in this setting is
of significant clinical importance. However a recent study
comparing laparoscopic and open surgery for the emergency treatment of diverticulitis reported no decrease in
morbidity or mortality and no overall benefit over open
surgery[16]. As there is still some conflicting evidence,
the present review aims to provide a comprehensive and
critical appraisal of the available literature on the use of
LCS in the emergency setting. We describe the role of
laparoscopy in the emergency treatment of benign and
malignant colorectal disease.

LITERATURE SEARCH
Identification of studies
An electronic search was carried out using MEDLINE (1965-2013), EMBASE (1980-2013), CINAHL
(1982-2013) and the Cochrane library databases. The
following medical subject heading (MeSH) terms and
keywords were used: “emergency”; “laparoscopic”; and
“colorectal”. The “related articles” function was used to
broaden the search and all abstracts, studies, and citations
retrieved were scanned for subject relevance. The latest
date of this search was 1st June 2013. Complete articles
of all potentially relevant manuscripts were retrieved and
evaluated for inclusion. Additional references from the
collective libraries of the senior authors were identified.
Reference lists of all relevant publications were handsearched for additional studies missed by this search
strategy, and cross referencing continued until no further
relevant publications were identified.
Study inclusion criteria and data extraction
Study methodology was carried out in accordance with
the “Preferred Reporting for Systematic Reviews and Meta-Analyses” (PRISMA) recommendations for improving
the standard of systematic reviews[17]. Studies that met the
following pre-defined criteria were included in the review
process: (1) language: English language publications were
included; (2) patient population: Studies had to report
outcomes on the use of LCS in the emergency setting.
Adult patients over the age of 18 were included. Where
multiple studies describing the same patient population
were identified, the most recent publication was used unless additional information was imparted by earlier work.
Case reports were excluded. Studies describing partial
right colonic mobilization as part of an appendicectomy
were excluded. Studies evaluating the use of Single Incision Laproscopic Surgery and robot-assisted surgery were
excluded; and (3) outcome measures: Studies were only
included if they reported outcome information including post-operative morbidity and mortality in addition to
length of stay. Series describing the use of a technique
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Potentially relevant articles identified
and screened for retrieval
Articles excluded n = 34
n = 22 not emergency surgery; n = 6
language, n = 4 relevance
Articles retrieved for more detailed
evaluation
Articles included n = 7
From bibliographies
Potentially appropriate articles to be
included in the review
Articles excluded n = 24
Did not meet inclusion criteria?
Final articles included in review

Figure 1 Flowchart of search strategy.

alone in the absence of outcome data were excluded. The
search strategy is shown in Figure 1.

LITERATURE SEARCH AND DESCRIPTION
OF STUDIES
The outlined search strategy identified 98 publications
of potential relevance. Following screening of titles and
abstracts, 34 studies were excluded (22 articles were not
related to emergency surgery, 6 articles were not in English, 4 articles were not considered relevant to the scope
of this article, 2 articles were not related to colorectal
surgery) leaving 64 articles that were retrieved in full text.
A further 7 articles were identified from a bibliographic
search of these articles, providing a total of 71 articles for
evaluation. Of these 24 did not meet the inclusion criteria, and were withdrawn from evaluation, leaving a total
of 47 studies published between 1965 and 2013 that were
entered into the review process. For ease of description,
results are presented separately for benign and malignant
pathology.

EMERGENCY LCS FOR BENIGN DISEASE
Inflammatory bowel disease
Laparoscopic surgery has been shown to be a safe alternative to open surgery in the elective surgical management for Ulcerative Colitis and Crohn’s disease of the
colon. It is associated with faster recovery of bowel
function, shorter time to oral intake and reduced hospital
stay although may lead to increased operating times[18-23].
However in the emergency setting, the advantages are
not so apparent and there is a paucity of data on longterm outcomes. 10 studies, of which 8 were comparative,
reported on 286 cases of LCS in the emergency setting.
The majority of reports undertaken are case-matched
studies with fewer than 40 laparoscopic cases in the analyses[6,14,24-31]. Overall, the general trend is one of shorter
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hospital stay and increased operating time but morbidity
which is either on par or better than open surgery. Table
1 shows the details of the studies and the main reported
outcomes.
Nash et al[27] compared the peri-operative outcomes
of 32 patients who underwent laparoscopic surgery with
36 patients that had open surgery for acute colitis. The
majority of patients in the laparoscopic group had toxic
colitis (n = 22) whereas in the open group there were
more patients with obstruction and perforation, limiting
direct comparisons. They found no difference in morbidity but longer operating times in the laparoscopic cases
(mean difference of 59 min). Similar findings were also
noted by Watanabe et al[29] in a comparison of 30 patients
undergoing laparoscopic surgery and 30 patients having
an open procedure. In addition, they reported a shortened recovery time for gut function (4.8 d in the laparoscopic group vs 5.9 d in the open group) - although in
this series, the laparoscopic group comprised of a handassisted procedure. Earlier oral intake was a benefit also
seen by Marcello et al[6] in their case-matched study of
acute colitic patients.. Whilst most reports found complication rates and morbidity to be similar between open
and laparoscopic surgery, Seshadri et al[28] found fewer
peri-operative complications in the laparoscopic group (9
patients in LCS vs 24 in open group), in their series of 37
patients despite longer operating times (270 min vs 178
min). The perceived increased risk of peri-operative complications in patients that are often immunocompromised
from steroids or immunosuppressants is similar in open
surgery and only Qazi et al[24] and Bell et al[31] showed significant operation-related morbidity (up to 35%). However both these reports did not include a case-matched
open group.
Acute diverticulitis
Acute diverticulitis poses a significant challenge even
in open surgery due to the variable degrees of inflam-
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Table 1 Table of studies involving emergent laparoscopic colorectal surgery and inflammatory bowel disease
Ref.

Type of study

Number of LCS
patients

Institution

Main outcome

Nash et al[27]

Comparative

36

Single

Stulberg et al[14]
Marceau et al[26]

Comparative
Comparative

42
40

Single-centre
Single-centre

Fowkes et al[21]

Comparative

22

Single centre

Seshadri et al[28]

Comparative

37

Single-centre

Watanabe et al[29]

Comparative

30

Single-centre

Qazi et al[24]

Comparative

17

Single-centre

Marcello et al[6]

Comparative

16

Single-centre

Ouaïssi et al[25]

Single cohort

18

Single-centre

Bell and Seymour[31]

Single cohort

18

Single-centre

No difference in morbidity;
Longer operating time in LCS;
Shorter hospital stay
Less blood loss, shorter stay, less morbidity
Similar operating time;
Hospital stay similar;
Morbidity similar
Shorter hospital stay;
Similar morbidity
Longer operating time in LCS;
No differences in complications;
Less post-op morbidity;
Shorter hospital stay
Longer operating time in LCS;
Fewer post-op complications in LCS;
Faster gut recovery in LCS
Increased complications in LCS;
Conversion rate of 32%
Early oral intake in LCS;
No difference in morbidity
Safe; feasible;
Morbidity 33%
High morbidity;
Shorter hospital stay

LCS: Laparoscopic colorectal surgery.

Table 2 Studies involving the role of laparoscopic lavage in
diverticular disease
Ref.

No. of
patients

Lam et al[36]
O’Sullivan et al[45]
Myers et al[38]
Bretagnol et al[39]
Karoui et al[43]
White et al[44]
Da Rold et al[37]
Favuzza et al[42]
Mutter et al[40]
Franklin et al[41]

6
8
100
24
35
35
7
7
10
40

LOS (d) Morbidity Mortality
11
10
8
12
8
14
8
6
9
3

33%
25%
5%
8%
28%
12%
28%
14%
0%
20%

0%
0%
3%
0%
0%
0%
0%
0%
0%
0%

Further
resection
50%
0%
0%
100%
71%
64%
0%
57%
67%
60%

LOS: Length of stay.

mation, and distortion of anatomical planes. However,
the surgical management of diverticulitis has evolved in
recent years and there has been a shift away from traditional Hartmann’s operation to percutaneous and laparoscopic drainage procedures[32]. There is accumulating
evidence, albeit from case series and cohort observational
studies, that laparoscopic lavage and drainage is not only
a safe and efficient method of treating non-feculent complicated diverticulitis but does not always necessitate a
future elective colonic resection[33-35].
All but one study had less than 40 patients - Table
2[36-42]. Complication rate/morbidity ranges from 0%-54%
with mortality of < 3%. Only 3 studies had patients
which required conversion to open operation[43-45]. The
majority of patients included in these studies had ad-
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vanced complicated disease as measured by the Hinchey
classification (Hinchey Grade Ⅲ or more)[46]. The rate of
stoma formation was low; only Mutter et al[40] and Taylor
et al[47] reported the need for stoma in 2 of 14 and 1 of
10 patients, respectively. The largest series was reported
by Myers et al[38] of 100 patients. 92 patients underwent
laparoscopic lavage with 8 requiring conversion to open
Hartmann’s operation. 87 patients had complete resolution of acute disease however one patient also required
a delayed Hartmann’s operation and a further patient
undergoing percutaneous drainage under image guidance.
There is 3% reported mortality in this series although this
was not directly attributed to the surgical approach.
Although laparoscopic resection is routinely practiced
with for patients requiring surgery due to previous episodes of recurrent diverticulitis in an elective setting[48-50],
there is scarce data in the emergent setting. Five retrospective studies have reported on laparoscopic resection
in acute diverticulitis including fewer complications, no
deaths and more than 90% stoma reversal rates[51-55]. For
example, Titu et al[54] included 66 patients who underwent
emergency laparoscopic surgery for complicated diverticulitis. These authors reported only one conversion to laparotomy and a median operating time of 110 min. They
performed a majority of anterior resections in patients
who were mostly classified with Hinchey grade Ⅰ or Ⅱ
(56 of 66 patients).
A large scale analysis by Rea et al[56] of network data
in the US examined the emerging role of laparoscopic
resections in acute diverticulitis using the National Inpatient Sample (NIS) database. Laparoscopic surgery
was performed in 2664 patients in 4 years. There was
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no difference in mortality or morbidity although the
conversion rate was 55%. Multivariate analysis showed
laparoscopic approach to be a predictor of routine discharge - OR = 1.31; and a decreased length of stay (-).78. However cost analysis revealed no overall savings
in financial terms.

EMERGENCY LCS FOR MALIGNANT
DISEASE
Emergency laparoscopic right colectomy
The highest quality studies in this section were comparative studies. In a small scale retrospective study, Ng et
al[57] noted favourable short-term clinical outcomes and
an acceptable lymph node yield when they studied seven
consecutive patients. However these are retrospective
results and a prospective randomized controlled trial
will be needed to strengthen the evidence in favour of
emergency laparoscopic surgery in obstructed patients.
A further study by Ng et al[58] compared 43 consecutive
patients with right-sided obstruction from colonic cancer
and found less morbidity and faster recovery in the laparoscopic group in addition to the intra-operative benefit
of reduced blood loss. Operating time was longer in the
laparoscopic group. Li et al[59] compared emergency and
elective laparoscopically-assisted right hemi-colectomy in
181 patients and found no difference in intra- and postoperative complications although procedure time was
significantly longer in the 33 patients in the laparoscopic
group.
Emergency laparoscopic surgery for left colonic
obstruction
The traditional approach to left-sided colonic obstruction has been a Hartmann’s operation with the formation of an end-colostomy although in some cases primary anastomosis with or without a defunctioning stoma
can be performed. However, the endo-laparoscopic
approach consisting of endoscopic stenting followed by
planned laparoscopic resection has become an important
alternative to immediate open emergency surgery[60,61].
Endoluminal stenting can be a valuable “bridge” to
elective surgery as a more definitive procedure. Stipa et
al[60] investigated the effectiveness of colonic stenting
to determine whether it could be used in advance of a
single-stage operation. Of the 31 patients managed with
stenting, 6 underwent subsequent laparoscopic resection
and 16 had an open colectomy. The laparoscopic group
had no associated morbidity and shorter hospital stay. In
a further study, colonic stenting as a bridge to elective
laparoscopic surgery has shown to be more cost-effective and reduces the need for a stoma by 83%[62]. The
Colorectal Stent Trial (CReST) is a multi-centre phase Ⅲ,
randomized controlled trial, currently investigating the
role of endoluminal stenting in the acute management
of obstructing colorectal cancer[63]. The future results
would be interesting regarding association with subsequent laparoscopic surgery.
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Emergency colonic surgery in iatrogenic perforations
during colonoscopy
In this group of patients, the lower peritoneal contamination as a consequence of bowel preparation can often
result in less peritonitis and a conservative approach with
antibiotics may be successful. For those who require
surgery, less contamination not only provides a more
suitable environment for laparoscopy but also generally
results in a better outcome as the patient is less systemically unwell. The options include a laparoscopic lavage
and insertion of drains with or without a defunctioning
stoma, or a segmental resection with or without primary
anastomosis. If a perforation occurs at a tumour site, the
management options must be considered in light of the
potential upstaging of disease to that of T4 status. In a
study of 11 patients with iatrogenic perforation operated
on laparoscopically compared to 7 patients operated by
open surgery[64], results favoured the laparoscopic group
in terms of less morbidity and less hospital stay. Further,
none of the 11 patients who underwent laparoscopic
treatment required colonic resection.

DISCUSSION
As laparoscopy has become a more accepted practice for
colorectal surgeons, there has been a natural interest in
the use of laparoscopy in emergency settings. The literature is broadly divided by the underlying pathology; that
is, inflammatory bowel disease (IBD), diverticulitis and
malignant obstruction. Interestingly, despite the technical difficulties that inflammation causes in terms of disruption of tissue planes, there are a greater number of
reports regarding the role of laparoscopy in IBD rather
than cancer.
There are no randomized trials in the IBD setting
but the trend is that of shorter time to gut function
which is important in nutritionally deplete patients.
As many patients are on steroids, there are issues with
wound healing and post-operative complications however the majority of studies have reported improved
morbidity. A shorter hospital stay is associated with
most laparoscopic operations and this is also the case
with colitic patients. Operating times were increased but
this may be expected with technically more challenging operations. As briefly mentioned, the inflammatory
process makes the surgical anatomy more challenging
and although laparoscopy gives enviable views at high
magnification, there is not the same tactile feedback one
gets during open surgery. This is most applicable in the
cases of inflammation when the surgeon must be confident they are in the correct plane. This is a possible
reason behind the increased operating time. Furthermore, whilst there are standard port positions due to the
relatively consistent nature of cancer surgery, there may
have to be more flexibility with IBD.
The reports on diverticulitis concentrate on lavage
and drainage and no resection. However it is important to
note that for many patients, this can be a definitive procedure. There is not sufficient medium or long-term data
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to know whether laparoscopic lavage will reduce the need
for an elective resection in the future but in the short
term the results do seem promising. There is a paucity of
literature regarding emergent colonic resection for diverticular disease but those which have reported have shown
equivocal results to open surgery whether this be primary
anastomosis or Hartmann’s procedure. The contrast with
IBD surgery is that there is no universal consensus on
treatment for the surgical options in acute diverticulitis.
A Hartmann’s procedure, primary anastomosis or lavage
and drainage may all be suitable for specific cases and it is
the judgment of the surgeon which is key.
Emergency cancer surgery is commonly associated
with obstruction or perforation of the tumour. This has
an impact on the oncological outcome of the disease
whereby systemic control is important and surgery to the
primary may only be part of the overall treatment. Most
reports favour a combined approach with endoscopy for
stenting but reports are emerging of resectional cases.
Our single-centre study has analyzed short and long term
outcomes for colonic cancer patients undergoing laparoscopy and open surgery. We found that laparoscopic resections of colon cancers presenting as emergency were not
only feasible and safe, but also provided long- and shortterm outcomes similar to open surgery[65].
With rapidly advancing technology and a greater number of trained surgeons, use of laparoscopy is emerging
as the gold standard in the elective setting. More recently,
surgeons are now attempting to take on the challenge of
more complex interventions including emergency laparoscopic colorectal surgery. Selection of an appropriate case
is important especially in the early part of the learning
curve. In addition to increase technical ability of surgeon,
improvement and availability of suitably trained theatre
staff is also required to achieve better results. Barriers to
adopting a minimally-invasive approach for colonic emergencies include surgeon-, patient- and resource-factors.
The surgeon must be appropriately experienced and confident to recognize the potential pitfalls which may occur.
Early conversion is preferable where technical problems
are anticipated. In some cases, patients are not suitable
to undergo pneumoperitoneum due to cardiopulmonary
compromise or from previous procedures, although the
latter is not an absolute contraindication. Finally, a significant proportion of the cases are undertaken outside
normal working hours and there may not be adequate resources available - for example, some institutions lack sufficient time on their emergency theatre schedule to allow
a potentially lengthy laparoscopic emergency operation.

laparoscopically assisted or hand-assisted procedures to
be included under the term laparoscopy, however this
makes comparison difficult. The term “straight laparoscopy” is occasionally used to denote procedures in which
only laparoscopic instruments were used and an open
incision made to retrieve the specimen. A further term
which was not universally defined was “conversion”.
Other limitations included description of the surgeons’
experience and that of the institution. This has a bearing on the outcomes as we have mentioned the learning
curve which is central to successful laparoscopic surgery.

LIMITATIONS

7

The present review is limited by the heterogeneity of the
studies. This lack of universal definitions to key features
of the study is the main limitation. The search strategy
focused on studies either reporting on or comparing
laparoscopic emergency surgery to open surgery. Laparoscopy or laparoscopic surgery is not defined in the all
the studies included in the review. Some surgeons accept
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CONCLUSION
There is comparatively little outcomes data for the medium and long-term to fully evaluate the role of laparoscopy in the emergency setting. Clearly, in selected
patients there will be benefit and possibly cost-savings as
well from shorter hospital stay and fewer complications.
However, the heterogeneity of the studies causes difficulty in making direct comparison. There appears to be
favourable short-term outcomes but sufficient equipoise
to consider a randomized trial in the future.
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Abstract
Imaging studies are a major component in the evaluation of patients for the screening, staging and surveillance of colorectal cancer. This review presents
commonly encountered findings in the diagnosis and
staging of patients with colorectal cancer using computed tomography (CT) colonography, magnetic resonance imaging (MRI), and positron emission tomography (PET)/CT colonography. CT colonography provides
important information for the preoperative assessment
of T staging. Wall deformities are associated with muscular or subserosal invasion. Lymph node metastases
from colorectal cancer often present with calcifications.
CT is superior to detect calcified metastases. Three-dimensional CT to image the vascular anatomy facilitates
laparoscopic surgery. T staging of rectal cancer by MRI
is an established modality because MRI can diagnose
rectal wall laminar structure. N staging in patients with
colorectal cancer is still challenging using any imaging modality. MRI is more accurate than CT for the
evaluation of liver metastases. PET/CT colonography is
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valuable in the evaluation of extra-colonic and hepatic
disease. PET/CT colonography is useful for obstructing colorectal cancers that cannot be traversed colonoscopically. PET/CT colonography is able to localize
synchronous colon cancers proximal to the obstruction
precisely. However, there is no definite evidence to support the routine clinical use of PET/CT colonography.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Preoperative evaluation;
T staging; N staging; Liver metastasis; Magnetic resonance imaging; Computed tomography colonography;
Positron emission tomography
Core tip: We review recent advances in the preoperative imaging of colorectal cancer especially regarding
computed tomography (CT) colonography, magnetic
resonance imaging (MRI), and positron emission tomography (PET)/CT colonography. CT colonography
can provide information for the preoperative assessment of T staging in colorectal cancer by morphological
analysis of wall deformities. CT colonography with contrast enhancement is useful for imaging the vascular
anatomy prior to laparoscopic surgery. MRI is widely
used for the T staging of rectal cancer. N staging in
patients with colorectal cancer is still challenging. The
combination of MRI and PET/CT colonography may be
useful for N staging. Gadolinium ethoxybenzyl diethlenetriamine pentaacetic acid - enhanced MRI is more
accurate than CT and ultrasound for the evaluation of
liver metastases.
Kijima S, Sasaki T, Nagata K, Utano K, Lefor AT, Sugimoto
H. Preoperative evaluation of colorectal cancer using CT colonography, MRI, and PET/CT. World J Gastroenterol 2014;
20(45): 16964-16975 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i45/16964.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i45.16964
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INTRODUCTION
Colorectal cancer is a common malignancy with an increasing incidence in many developed countries. Imaging studies are frequently used to evaluate patients for
screening and staging of colorectal cancer. Cross sectional imaging studies such as computed tomography (CT)
colonography positron emission tomography (PET)/CT
colonography and magnetic resonance imaging (MRI)
provide anatomic and morphologic information about tumors and patterns of spread. This article reviews the role
of these modalities for preoperative evaluation. Accurate
preoperative staging of colorectal cancer is essential for
evaluating the prognosis and developing an optimal treatment strategy.

CT COLONOGRAPHY
In recent years the role of CT colonography as an alternative to endoscopy has been widely studied. CT
colonography became popular because of recent studies showing its good clinical performance, safety profile,
and cost effectiveness in screening for colorectal cancer.
Low X-ray energy is sufficient to achieve diagnostic CT
colonography images, resulting in a low radiation dose
to the patient[1,2]. CT colonography allows evaluation not
only of the colon, but also visualization of extracolonic
organs (e.g., liver, lung bases). Mainenti et al[3] identified
extracolonic findings, such as liver metastases, pulmonary
metastases, mesenteric and mesocolic infiltration, and
lymph nodes metastases with an accuracy of 93% using
preoperative CT colonography. Three-dimensional (3D)
reconstructions enable accurate quantification of the size
of lesions or identification of metastases[4]. CT scan can
detect polyps or tumors with high sensitivity and specificity. For screening purposes, the sensitivity of CT colonography for adenomatous polyps was 93.8% for polyps
larger than 10 mm in diameter, 93.9% for polyps at least
8 mm in diameter, and 88.7% for polyps at least 6 mm in
diameter[5].
The presence of an advanced colorectal cancer
sometimes limits the evaluation of the colon proximal to
the lesion using colonsocopy. Distension of the bowel
lumen is probably the most important factor for CT
colonography quality. The strength of contrast-enhanced
CT colonography in diagnosing the exact site of colorectal cancers and synchronous colon lesions relies on the
high technical quality of the examination[6]. Flor et al[7]
verified that an obstructing colorectal cancer does not
affect colon distension, this allowing visualization with
CT colonography.
CT colonography is useful in cases of incomplete
preoperative colonoscopy because CT colonography can
evaluate the colon proximal to the tumor, which cannot be seen with the endoscope. Patients with colorectal
cancer have synchronous lesions in 5%-11% of cases[8-10].
Synchronous lesions in different anatomic segments
should be diagnosed preoperatively, because the second
lesion will also require surgical treatment. A CT air enema
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image summarizes in a single image the precise location
and number of colonic lesions. The CT air enema image
is easily read as it closely resembles the familiar imaging
of a double contrast barium enema.
T staging by ct colonography
CT colonography provides important information for
the preoperative assessment of T stage in patients with
colorectal cancer. Colorectal cancer is seen as a rough
appearance of the bowel wall, especially in patients with
advanced lesions. When there is increased density in
adjacent fatty tissue, the tumors have often infiltrated at
least to the subserosa. Deformity of the intestinal wall is
associated with muscular or subserosal invasion. A rough
appearance of the soft tissue around the intestinal wall,
such as irregular or spicular projections into the pericolonic adipose tissue, is usually associated with a T3/T4
stage tumor.
Wall deformities are classified by degree, and are associated with a specific T stage. Nagata et al[11] classified
bowel wall deformities seen on CT air enema images into
five types: no deformity, slight, moderate, and severe deformities, and proposed that each type of wall deformity
represents a specific T stage. They then used a modified classification to differentiate among Tis, T1, T2 and
T3/T4, and demonstrated an overall accuracy of 77.6%.
Utano at al[12] classified intestinal wall deformities into
arc type, trapezoid type, and apple-core type. Trapezoidal
wall deformity was defined as involving ≥ 50% of the
circumference of the lumen. Arc type, trapezoid type,
and apple-core lesions were primarily associated with T1,
T2, and T3/T4, respectively. When these criteria were
used, the overall accuracy for T stage was 79%. They
stated that a rough appearance was specific for T3/T4 lesions, but not sensitive. Filippone et al[13] reported that, in
contrast-enhanced CT colonography, the overall accuracy
of T staging using transverse image alone was 73%. The
accuracy using both transverse and multiplanar reconstructed images improved to 83%.
Flor et al[14] reported that the accuracy for T3 or higher lesions using a wall deformity ≥ 50% (apple-core) on
CT air enema was 93% and for fat abnormalities adjacent
to the lesion on multiplanar reconstructions was 55%.
They found that the presence of wall deformity ≥ 50%,
regardless of the presence of fat abnormalities adjacent
to the lesion, is highly predictive of stage T3 or higher[13].
Dual-energy CT with iodine mapping may be useful to
detect colorectal cancer without bowel preparation or
bowel distension. Since this is a less invasive approach,
dual-energy CT may be a sensible option for elderly patient with colorectal cancer[15].
N staging by ct colonography
When lymph nodes have an irregular border or central
necrosis, or form a collection or group with a tendency
to adhere to each other, radiologists usually suspect
metastatic lymphadenopathy. Metastatic lymph nodes
in colorectal cancer often present with calcification, and
CT scan is superior to detect calcified metastatic lymph
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between benign and malignant nodes in addition to longand short-axis diameter, nodal density, solidity and area.
Quantitative analysis holds promise for improving the
prediction of lymph node status in rectal cancer[16].

A

B

C

Figure 1 Thirty year-old female with liver metastases from colorectal
cancer. A: Contrast-enhanced CT scan image. A lymph node metastasis often
appears with calcifications, and CT is superior to detect these calcifications; B:
Plain CT image. Arrow shows calcification of the tumor. Calcification is often
seen in liver metastases; C: Contrast-enhanced CT scan image. Calcification is
difficult to detect on contrast-enhanced CT. CT: Computed tomography.

nodes (Figure 1A). Metastatic lymph nodes tend to be
more than 1cm in diameter and have a circular appearance. Large lymph nodes do not necessarily contain metastases. In the case of mucinous carcinoma, the inside
of a metastatic lymph node shows low concentration
due to mucus retention. When lymph nodes contain a
very small amount of tumor, their form and density are
usually unchanged, making it difficult or impossible to
diagnose on imaging studies. Thus, metastatic lymph
nodes are not detected as an abnormality, leading to a low
diagnosis rate. The overall accuracy of the assessment of
N stage on contrast enhanced CT colonography images
has been reported from 59% to 71%[3,13]. Fractal dimension and heterogeneity could serve as new indicators of
nodal status, and, aided by image analysis techniques,
they might serve as objective criteria for discriminating
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diagnosis of metastatic lesions by CT
CT scan is useful for the diagnosis of metastatic lesions
in patients with colorectal cancer. CT is helpful for detecting metastatic lesions in the lung or liver as well as
intra-peritoneal lesions. Intravenous contrast medium is
mandatory for staging by CT scan. CT scan is superior in
spatial resolution compared to other examinations. It is
possible to create reconstructed or 3D images using the
volume data from a CT scan. CT scan is useful not only
for visualizing the presence of metastases in the liver
but also to grasp the anatomical relations with the main
blood vessels inside the liver. Liver metastases are detected by CT scan with a sensitivity of 85% and a specificity
of 97%[17].
Liver metastases from colorectal cancer are depicted
as hypoattenuated lesions on plain CT scan. The border
of liver metastases on plain CT is usually indistinct. The
density of the liver metastases is heterogeneous. The
frequency of calcifications is about 10%-30% in liver metastases of the colorectal cancer (Figure 1B and C). Liver
metastases from colorectal cancer are usually hypovascular. Ring enhancement is accepted in the arterial phase on
enhanced CT, and is depicted as a low-density area in the
portal venous phase. Multi-detector row CT detects many
lesions, but a large number of these lesions does not allow a definitive diagnosis.
Pulmonary nodules identified by CT scan may include
many benign lesions. Only one quarter of unspecified
pulmonary lesions found on CT are demonstrated to
be metastases, therefore the high sensitivity of CT does
not always confer a benefit to the patient. This concept
is supported by a recent study showing that preoperative staging chest CT is not beneficial for patients with
colorectal cancer who do not have liver or lymph node
metastases on abdominal and pelvic CT who had a negative initial colorectal cancer finding[1].
Dose reduction and image quality was evaluated in
abdominal CT scans reconstructed with model-based iterative reconstruction compared with adaptive statistical
iterative reconstruction in patients with cancer who have
colorectal liver metastases. Model-based iterative reconstruction performed better than adaptive statistical iterative
reconstruction at providing diagnostically acceptable CT
images in the detection of colorectal liver metastases[18].
Anatomical relations with the main blood vessels
Laparoscopic colorectal surgery is a minimally invasive
procedure, but a complicated technique. Therefore, prior
to surgical resection, it is important to determine detailed anatomical information of a tumor. Laparoscopic
colorectal surgery has been shown to have advantages
over open surgery[19,20]. Imaging of vascular anatomy
with 3D CT facilitates laparoscopic surgery, especially for
right-sided lesions[21]. The mesenteric vessels have many
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A

B

Figure 2 Eighty year-old male with liver metastases from colorectal cancer. A: Axial image shows a sigmoid cancer. It is depicted as square-like wall deformity
(arrow); B: Three-dimensional CT imaging shows the feeding artery and draining vein. The left colic and sigmoid arteries become clear from the aortic root. CT: Computed tomography.

branching patterns. The variation in the branching of the
superior mesenteric artery and the superior mesenteric
vein makes lymph node dissection in right-sided lesions
difficult. Despite these well-known advantages, the laparoscopic resection of colorectal cancer still has significant
limitations, including a limited operative field of view and
lack of tactile sensation.
The inability to manipulate tissue and the limited visibility of the operative field hinder the identification of
vessels and procedure-specific anatomical landmarks.
This results in longer operating times and an increased
risk of visceral and vascular injuries, especially for anatomical vascular variations and in obese patients. Intraoperative bleeding, difficulties in identifying the correct
anatomy, and limited vision are major causes of intraoperative conversion of laparoscopic resection to open surgery[22]. Matsuki et al[23] devised a 3D-CT volume rendering imaging technique to analyze the vascular anatomy,
referred to as visual CT Laparoscopy. Integrated 3D
imaging clearly demonstrates the distribution of arteries
feeding the colorectal cancer and the anatomical location
of colorectal cancer and arterial and venous systems (Figure 2). Measurement of the distance between the aortic
bifurcation and the origin of the inferior mesenteric artery and that between the base of the inferior mesenteric
artery and the origin of the left colic artery on integrated
3D imaging contributed to safe, prompt ligation of
the vessels and excision of lymph nodes. Preoperative
3D-CT is useful for understanding the anatomy to ensure
a safe, precise operation.

MAGNETIC RESONANCE IMAGING
T staging by MRI
Thin-section MRI with a phased array coil is widely used
for T staging of rectal cancer, and is an established modality for the preoperative imaging of rectal cancer[24,25].
MRI can diagnose rectal wall laminar structure and show
the details of the relationship of the tumor with the
meso-rectal fascia and surrounding organs[26,27]. In locally advanced colon cancers, high resolution MRI might
be useful. Patients with locally advanced colon cancer
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can be identified by MRI[28]. According to the criteria of
American College of Radiology, MRI, as well as CT scan,
is recommended for T staging of patients with colon
cancer[29]. Endo-rectal ultrasound and endo-rectal MRI
are established modalities for evaluation of the integrity
of the rectal wall layers. However, these modalities have
disadvantages due to their limited field of view, operator
dependent sensitivity and high cost[30,31]. There is no consensus about whether an endorectal coil or a phased-array
coil should be used routinely. With 3.0-Tesla MRI most
imaging can be performed with only a pelvic phased array coil[24].
The current consensus does not favor the use of
intravenous contrast material for the staging of primary
rectal cancer[32,33]. The use of rectal contrast material in
the staging of primary rectal cancer is controversial. Generally, 60-100 mL of warm ultrasound gel is inserted into
the rectum using a balloon tube[34]. This technique may
be useful for patients with polypoid tumors, small tumors
(< 3 cm), or a history of prior resection or radiation therapy. However, in the evaluation of large tumors it does
not provide any additional information[33]. Diffusionweighted imaging is a promising sequence for evaluation
of patients with primary rectal cancer. However, Feng et
al[35] reported that there were no significant differences
in diagnostic accuracy, sensitivity, or specificity between
diffusion-weighted imaging and T2-weighted imaging
regarding T-staging. High-resolution T2-weighted imaging is the key sequence for evaluation of primary rectal
cancer. On T2-weighted imaging , the rectal wall mucosa
is visualized by low signal intensity, the submucosa by
high intensity, the muscularis propia by low intensity, the
meso-rectum by high intensity, and the meso-rectal fascia
by linear low signal intensity (Figure 3). Initially, some
studies reported a high accuracy for MR imaging in T
staging. However, these results have not been widely reproduced. Limitations include difficulty in differentiating
fibrosis from tumor infiltration, which compromises the
ability to distinguish early stage T3 tumors from stage T2
tumors[36] (Figures 4 and 5).
The category pT3 was subdivided according to the
histological measurement of the maximal tumor invasion
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A

B

Figure 3 Mucosa is visualized by low signal intensity (black arrow), submucosa by high intensity (white arrow), and muscularis propria by low intensity
(arrow head) on T2-weighted image (A) and pathological correlation between the resected specimen and magnetic resonance imaging (B).

Figure 4 Fifty-eight-year-old male with a pathologically-confirmed T3
tumor. T2-weighted image demonstrates that the tumor invaded beyond the
muscularis propria (arrow).

Figure 5 Seventy-four-year-old male with a pathologically-confirmed T2
tumor. It is difficult to differentiate fibrosis from tumor infiltration beyond the
muscularis propria (arrow).

beyond the outer border of the muscularis propria: pT3a
(up to 5 mm) and pT3b (more than 5 mm). Lymph node
negative pT3a and pT2 patients showed similar 5-year
survival rates (91.2% vs 93.6%, respectively) as well as
lymph node positive pT3a and pT2 patients (77.8% vs
82.8%, respectively)[37].
Another important point is the circumferential resection margin. MRI can differentiate malignant tissue from
the muscularis propria with a clear delineation of the me-
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Figure 6 Sixty-two-year-old male with rectal cancer. The circumferential
resection margin. Mesorectal fascia is visualized as a linear low signal intensity
on T2-weighted imaging.

so-rectal fascia (Figure 6). This information determines
the circumferential resection margin for a total mesorectal excision. Total meso-rectal excision is currently
the standard surgical treatment of rectal cancer, and
involves resection of the rectum and meso-rectum with
an intact meso-rectal fascia. The frequency of recurrence
is higher in patients with a positive circumferential resection margin (19%-22%) than in patients with a negative
circumferential resection margin (3%-5%)[38]. The circumferential resection margin status is significantly associated
with distant metastatic disease and predicts disease-free
survival and local recurrence[39]. Consequently, reliable
preoperative circumferential resection margin evaluation
is vital to surgical planning.
N staging by MRI
Many MR imaging studies of patients with colorectal
cancer have used size as a criterion for predicting nodal
involvement, although there is little consistency in the size
used to discriminate between benign and malignant lymph
nodes. A cutoff of a 10 mm maximal diameter gives high
specificity but low sensitivity[17,40], but no particular size
cutoff is useful in predicting lymph node status.
Prediction of lymph node involvement in patients
with rectal cancer with MR imaging has improved by
using the border irregularity and mixed intensity signal
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Figure 7 Sixty-three-year-old male with a metastatic lymph node. T2weighted image demonstrates an ill-defined and mixed intensity pararectal
lymph node.

intensity of lymph nodes instead of size criteria (Figure 7).
Superior accuracy was obtained and resulted in sensitivities 80%-85% and specificities 97%-98%[41,42].
Lymph node uptake of ultra-small particles of iron
oxide has been proposed as a method for the accurate
identification of normal and metastatic lymph nodes.
Three-dimensional T2*-weighted imaging for border irregularity, short- and long-axis diameter, and estimated
percentage (30%, 30%-50%, or 50%) of the white region
within the lymph node is useful for predicting the presence of tumor in lymph nodes with ultra-small particles
of iron oxide-enhanced MRI[43,44].
Diagnosis of liver metastases by MRI
Gadolinium ethoxybenzyl diethlenetriamine pentaacetic
acid (Gd-EOB-DTPA) is a hepatocyte-specific contrast medium specifically taken up in the delayed phase,
thereby providing increased lesion liver contrast. Small
particles of iron oxide targets Kupffer cells and causes a
marked signal loss on T2-weighted imaging. Gd-EOBDTPA-enhanced MRI and small particles of iron oxideenhanced MRI were more accurate than contrast-enhanced CT and contrast-enhanced-US for evaluation of
liver metastasis in patients with colorectal cancer[45]. Kim
et al[46] reported slightly better diagnostic accuracy with
Gd-EOB--DTPA enhanced MRI (93.8% and 92.5%)
compared to small particles of iron oxide-enhanced MRI
(88.8% and 87.5%) by two independent readers but without statistical significance. However, Gd-EOB--DTPA
enhanced MRI is superior to small particles of iron oxide-enhanced MRI in evaluating enhancement characteristics and vascularity of liver lesions during the dynamic
arterial, portal, and late phases after a bolus injection[46].
Small particles of iron oxide-enhanced MRI could be
used for evaluation of patients with allergy to gadolinium-based contrast agents or for evaluation of patients
with renal failure at risk of nephrogenic systemic fibrosis[47]. MRI findings of liver metastases are visualized
by low intensity on T1-weighted imaging, intermediate
intensity on T2-weighted imaging, marginal enhancement
on early phase fat-suppressed T1-weighted imaging, high
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intensity on Diffusion-weighted imaging, low intensity
on the hepatocyte-specific phase of Gd-EOB-DTPAenhanced MRI (Figure 8). Small hemangiomas are often
difficult to differentiate from metastases. Because hemangiomas do not take up Gd-EOB-DTPA, these lesions
appear hypointense during the hepatocyte-specific phase;
the same as liver metastases.
High signal intensity on T2-weighted imaging provides an important clue as to the presence of a hepatic
hemangioma[48]. However, some liver metastases do not
show a typical enhancement pattern in the dynamic phase
and demonstrate only intermediate signal intensity on
T2-weighted images[49]. Gd-EOB-DTPA-enhanced shows
lower arterial and higher late venous liver parenchymal
enhancement and earlier washout compared with purely
extracellular Gd- DTPA-enhanced MRI[50]. Most hepatic
hemangiomas are hypointense relative to the surrounding liver parenchyma during the equilibrium phase and
the hepatobiliary phase[51]. In a different way, Szurowska
et al[52] reported that Gd-DTPA-enhanced MRI dose not
improve diagnostic accuracy. They reported that unenhanced MR as a method of choice should directly follow
ultrasound in course of diagnostic algorithm in differentiation of hemangiomas from other liver tumors like
metastases. The T2 shine-through effect might be helpful
in differentiating between hemangiomas and metastatic
lesions[53].
Locally advanced rectal cancer after neoadjuvant
treatment
A recent meta-analysis demonstrated that MRI had inconsistent results in diagnostic performance for restaging
rectal cancer after neoadjuvant treatment. Better results
were demonstrated when using diffusion-weighted imaging and/or observers with > 5 years experience reading
rectal/pelvic MRI[54] (Figure 9). Apparent diffusion coefficient (ADC) values of viable tumor were significantly
lower than that of non-viable tumor[55]. Adding diffusionweighted imaging to T2 weighted imaging improves the
detection of tumor viability. Diffusion-weighted imaging
is useful for the identification of patients with a complete
response after neoadjuvant treatment[56]. MRI can provide
valuable information when evaluating the eligibility of a
patient to undergo minimally invasive treatment.

PET/CT
PET/CT seems to be a useful tool in the evaluation of
colorectal cancer by metabolically characterizing undetermined lesions suspected to be recurrent disease, to
perform a complete pre-surgical staging and to identify
occult metastatic disease. PET and PET/CT have been
shown to change the therapy in almost a third of patients
with advanced primary rectal cancer[57]. However since it
is an expensive modality, its use in routine preoperative
examinations is controversial. Currently, PET/CT is recommended only for the assessment of suspected recurrences of colorectal cancer and in pre-operative staging
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Figure 8 Sixty-four-year-old male with liver metastases (arrows). A: Liver metastases show low intensity on T1-weighted image; B: Intermediate intensity on T2weighted image; C: Marginal enhancement on early phase fat-suppressed T1-weighted image; D: High intensity on diffusion-weighted image; E: Low intensity on the
hepatocyte-specific phase of gadolinium ethoxybenzyl diethlenetriamine pentaacetic acid-enhanced fat-saturated T1-weighted image.

prior to metastasectomy. In contrast to plain PET/CT,
PET/CT colonography is recommended in patients with
obstructing colorectal cancers that cannot be traversed
colonoscopically to obtain additional information[58].
T staging by PET/CT (colonography)
PET/CT is inappropriate to determine the exact depth
of invasion of the primary tumor due to its limited resolution. Multi-detector row CT provides more accurate
anatomical and structural information than PET. Therefore, T staging of colorectal cancer by PET/CT is almost
completely reliant on CT. A standardized uptake value
(SUV) max is more significantly related to tumor size
than to T staging. It is important to compare the results
of colonoscopy with PET/CT. And it is well known that
the normal gastrointestinal tract can accumulate FDG
extensively, hindering pathological focal tracer uptake
or simulating the presence of a tumor. Physiological
fluorodeoxyglucose gastrointestinal uptake may lead to
misinterpretation. PET/CT colonography is useful for
obstructive colorectal cancers that cannot be traversed
colonoscopically. PET/CT colonography was able to
localize synchronous colon cancers proximal to the ob-
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struction precisely. There were no false-negative or falsepositive proximal colorectal cancers by PET/CT colonography. Other preoperative examinations missed the
synchronous colon cancers[58,59]. PET/CT colonography
in conjunction with optical colonoscopy may be suitable
strategy for staging of colorectal cancer[53].
N staging by PET/CT
A recent meta-analysis demonstrates the diagnostic performance of PET scan in the preoperative assessment
of nodal staging in patients with colorectal cancer[54].
The pooled estimates of sensitivity and specificity of
PET/CT in the detection of preoperative lymph node
involvement in patients with colorectal cancer were
42.9% and 87.9%, respectively. There is no definite
evidence to support the routine clinical application of
PET/CT to determine the lymph node involvement[60].
However, PET/CT could be used to strengthen the possibility of suspected metastatic lymph nodes detected by
other imaging modalities. If SUV max is 2 or 3, pathologically metastatic lymph nodes were seen frequently
(Figure 10). Clinical experience is needed to evaluate
metastatic lymph nodes.
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Figure 9 Seventy-one-year old female with advanced rectal cancer. From (A) to (B), T2-weighted images show changes before and after chemo-radiation
therapy. From (C) to (D), diffusion-weighted images show changes before and after chemo-radiation therapy. From (E) to (F), apparent diffusion coefficient maps show
changes before and after chemo-radiation therapy. Tumor cell viability is visualized by diffusion-weighted images and apparent diffusion coefficient maps (arrow). The
apparent diffusion coefficient value decreased obviously. This lesion pathologically confirmed remaining cancer cells. The apparent diffusion coefficient value is good
indicator of cell viability; G: Area surrounded by the red dotted line confirmed remaining cancer cells in this patient.

Liver metastases
The role of PET/CT for the detection of liver metastases is not clear. A meta-analysis of prospective studies
demonstrates that the sensitivity estimates of CT, MRI
and PET on a per-lesion basis were 74.4%, 80.3%, and
81.4%, respectively[61]. On a per patient basis, the sensi-

WJG|www.wjgnet.com

tivities of CT, MRI and PET were 83.6%, 88.2%, and
94.1%, respectively. The per-patient sensitivity of CT was
lower than that of PET (P = 0.025). However, the sensitivity of MR imaging improved after Gd-EOB-DTPAenhanced MRI become common. Gd-EOB-DTPAenhanced MRI has become a first line imaging modality.
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Figure 10 Sixty-four-year-old male with metastatic rectal cancer. A: Maximum intensity projection image of PET shows the primary rectal lesion, metastasis of
lateral lymph node and metastasis of spleen (arrow); B: PET/CT axial image shows a pathologically-confirmed metastasis of lateral lymph node with a SUVmax = 2.2
and diameter of 8 mm (arrow); C: PET/CT axial image shows metastasis of spleen (arrow); D: PET/CT axial image show primary rectal lesion (arrow). PET: Positron
emission tomography; CT: Computed tomography; SUV: Standardized uptake value.

Table 1 Benefits and limitations of imaging techniques
CT colonography
T staging

MRI

PET/CT (colonography)

Recommendations

Wall deformities are associated with a
specific T stage. Wall deformities are
classified by degree, and the overall
accuracy for T stage is 73%-83%

MRI with a pelvic phased array coil
SUVmax is more significantly
MRI = CT
is a well-established modality. Highrelated to tumor size than to T
Colonography >
resolution T2-weighted imaging is
staging. PET/CT colonography
PET/CT
the key sequence. Evaluation of the
is useful for obstructing
circumferential resection margin is
colorectal cancers that cannot be
important
traversed colonoscopically.
N staging
Metastatic lymph nodes tend to be more
Sensitivity 80%-85% and specificity
Sensitivity of 42.9% and
MRI > PET/CT > CT
than 1cm in diameter, and have a circular 97%-98% by using border irregularity
specificity of 87.9% for the
shape, irregular border, central necrosis, and mixed intensity signal intensity of detection of preoperative lymph
and calcifications. The overall accuracy
lymph nodes instead of size criteria.
node involvement
of identifying metastatic lymph nodes
Ultra-small particles of iron oxideon contrast CT colonography images is enhanced MRI is a promising modality
59%-71%
M staging
CT colonography demonstrates liver
Gd-EOB-DTPA-enhanced MRI has
The role of PET/CT for the
Liver metastases:
metastases, pulmonary metastases and become a first-line imaging modality to detection of liver metastases is
MRI >> PET/CT >
other sites of disease. The sensitivity of
identify liver metastases
not well-defined
CT For other distant
liver metastases detected by CT is 85%
metastases: PET/CT
and the specificity is 97%
> CT > MRI
Limitations
Radiation exposure (Model-based
Expensive and time consuming. Motion
Expensive and time
iterative reconstruction provides low
artifact. Difficulty in differentiating
consuming. Physiological
dose and high quality images)
fibrosis from tumor infiltration, which
fluorodeoxyglucose
compromises the ability to distinguish gastrointestinal uptake may lead
early stage T3 tumors from stage T2
to misinterpretation
tumors
Benefits
Easily available. Three-dimensional CT
Established imaging modality for
Valuable for the evaluation of
provides a great deal of information
T staging, chemoradiation therapy
distant metastases
regarding vascular anatomy, which can evaluation and the identification of liver
assist in planning laparoscopic resections
metastases
CT: Computed tomography; MRI: Magnetic resonance imaging; PET: Positron emission tomography; SUV: Standardized uptake value; Gd-EOB-DTPA:
Gadolinium ethoxybenzyl diethlenetriamine pentaacetic acid.
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PET can be used as second-line modality because it is
valuable in the evaluation of extra-hepatic disease[62].
13

CONCLUSION
We review the current consensus in clinical practice for
the preoperative imaging of patients with colorectal cancer. Table 1 shows the benefits and limitations of each
imaging technique. CT colonography, MRI, and PET/CT
colonography can provide valuable information for the
TNM staging of patients with colorectal cancer as an essential part of the preoperative assessment. A combination of these modalities is important for the optimal use
of preoperative imaging studies.
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Abstract
While debate continues as to which is the best surgical method for the treatment of hemorrhoids, none
of the currently available surgical methods approach
the ideal surgical option, which is one that is effective
while being safe and painless. In reality, the less painful the procedure, the more likely it is to be associated
with recurrence post-op. Where hemorrhoids surgery is
concerned, there isn’t a “one size fits all” option. Most
of the randomized controlled trials performed to date
include hemorrhoids of various grades and with a focus
on only comparing surgical methods while failing to
stratify the outcomes according to the grade of hemorrhoid. We believe that surgery needs to be tailored not
only to the grade of the hemorrhoids, but also to the
size, circumferential nature of the disease, and prevailing symptomatology.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: While the debate continues as to which is the
best surgical method for the treatment of hemorrhoids,
none of the currently available surgical methods approach the ideal surgical option, which is one that is effective while being safe and painless. In reality, the less
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painful the procedure, the more likely it is to be associated with recurrence post-op. Where hemorrhoids surgery is concerned, there isn’t a “one size fits all” option.
Most of the randomized controlled trials performed to
date include hemorrhoids of various grades and with a
focus on only comparing surgical methods while failing
to stratify the outcomes according to the grade of hemorrhoid. We believe that surgery needs to be tailored
not only to the grade of the hemorrhoids, but also to
the size, circumferential nature of the disease, and prevailing symptomatology.
Yeo D, Tan ky. Hemorrhoidectomy - making sense of the surgical options. World J Gastroenterol 2014; 20(45): 16976-16983
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i45/16976.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i45.16976

INTRODUCTION
Hemorrhoids, or “piles”, is one of the most common
anorectal disorders, with a prevalence of 39% of the
population, of whom 44.7% are symptomatic[1,2]. Hemorrhoids may be internal or external, depending on its relation to the dentate line. There are four grades of internal
hemorrhoids as described by Goligher, and they can be
classified using the definitions in Table 1[3]. While this
common classification of internal hemorrhoids is useful
in the selection of treatment and comparison of therapeutic outcomes, Goligher only classifies hemorrhoids
based on the degree of prolapse and does not describe
the size of the hemorrhoids or whether they are isolated
or circumferential; these factors are important in the selection of surgical treatment.
The ideal operation for hemorrhoids should be effective with a low rate of recurrence, minimal post-operative
pain to allow early return to normal activities, and safe
with minimal morbidity. If recurrence is the main consideration, conventional hemorrhoidectomy (CH) is still
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PATHOPHYSIOLOGY OF HEMORRHOIDS

Table 1 Classification of internal hemorrhoids
Grade
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Definition
Normal appearance externally, bleeding but not prolapsing
Anal cushions prolapse on straining but reduces spontaneously
Anal cushions prolapse on straining or exertion and require
manual reduction
Permanent prolapse, irreducible

considered the “gold standard”. However, it is associated
with significant post-operative pain, perianal discharge,
and irritation. Innovation and evolution in hemorrhoidectomy techniques have focused on achieving the “ideal”
operation. Many options for surgery on hemorrhoids
have been described and multiple trials conducted. Some
techniques have been touted to be superior to others,
whilst other techniques have been recommended to be
uniformly useful for all presentations of hemorrhoids.
This review aims to evaluate the current surgical options for hemorrhoids and to make sense of all the different modalities of hemorrhoid surgery available.

LITERATURE SEARCH
A comprehensive literature search was performed by the
authors using MEDLINE, Embase, and the Cochrane
Database of Systematic reviews in January 2014. The
search was performed using both medical subject headings (MeSH) and keyword searches. The terms used
for the search included: Hemorrhoids (haemorrhoids
or hemorrhoids), Piles, CH (open hemorrhoidectomy,
closed hemorrhoidectomy, Milligan Morgan hemorrhoidectomy, Ferguson hemorrhoidectomy, or LigaSure hemorrhoidectomy), Stapler hemorrhoidectomy (Procedure
for Prolapsed Hemorrhoids or Longo hemorrhoidectomy), and Doppler-guided Hemorrhoidal Artery Ligation.
The search was restricted to the last 15 years (2000-2014).
Articles that were not available in English were excluded.
Clinical practice guidelines and retrospective studies were
excluded from this study.

INCLUSION CRITERIA
Only prospective comparative studies, randomized controlled trials, review articles, and meta-analyses were
considered. Articles found using the search terms above
were screened by the authors. Only prospective studies
and review articles with results stratified according to the
grade of hemorrhoids were included in this study.

DATA INTERPRETATION
Primary outcome was the efficacy of the surgical method
(recurrence at less than one year and recurrence at more
than one year). Secondary outcomes included mean operating time, number of days taken to return to work, and
post-operative complications such as post-operative bleeding, acute urinary retention, anal fistula, and anal stricture.
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The anal canal contains three main cushions in the left
lateral, right anterior, and right posterior locations (3, 7,
and 11 o’clock positions). Hemorrhoids are defined as
the symptomatic enlargement and distal displacement of
the anal cushions.
Anal cushions, when engorged with blood, contribute
to maintaining anal continence during coughing, straining, and sneezing[4]. When engorged with blood, anal
cushions protect the underlying anal sphincters during
defecation, and play a key role in differentiating liquid,
solid, and gas and the subsequent decision to evacuate[5].
The exact pathophysiology of hemorrhoids is poorly
understood. Pathological examination of hemorrhoids
failed to demonstrate the presence of arteriovenous
shunts[6], and while the rectum is the most common site
of lower gastrointestinal varices in patients with portal
hypertension, it has not resulted in an increased incidence
of hemorrhoids in the setting of portal hypertension and
varices[7]. Hemorrhoids and anorectal varices have been
proven to be two distinct pathologies, hence rendering
the previously popular theory that hemorrhoids were
caused by anal canal varicosities obsolete.
Currently, the most widely-accepted theory is that of
the sliding anal canal[8]. This theory proposes that hemorrhoids develop due to deterioration of the anal cushions’
supporting tissues, and is supported by the fact that
muscle tissues are replaced by collagen fibers when examined microscopically. In addition to the above findings,
histological studies reveal a severe inflammatory process
affecting the connective tissue and the walls of the arterial and venous blood vessels, leading to ischemia with
subsequent mucosal ulceration and bleeding[6].

BACKGROUND OF SURGICAL METHODS
DOPPLER-GUIDED HEMORRHOIDAL
ARTERY LIGATION
First described in 1995 by Morinaga et al[9], Dopplerguided hemorrhoidal artery ligation (DGHAL) involves
using a special proctoscope with an integrated Doppler
transducer and a lateral ligation window. The level of artery ligation is dictated by the length of the Doppler anoscope, but should be performed above the dentate line.
Typically, the intraluminal arteries are located in the right
posterior lateral, right middle lateral, right anterior lateral,
left anterior lateral, left middle lateral, and left posterior
lateral (1, 3, 5, 7, 8, and 11 o’clock) positions[10]. The arterial signal is clearly audible when the Doppler probe is
directly over the hemorrhoidal artery. A “figure of eight”
stitch is then placed through the lateral ligation window,
and ligation of the vessel confirmed by the absence of
the Doppler arterial signal distal to the suture line. A reduction in the blood inflow to the hemorrhoidal plexus
will facilitate the shrinkage of the internal piles.
DGHAL can be done with local anesthetic and seda-
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tion, with the patient in the lithotomy position[10]. This
procedure alone does not deal with hemorrhoid prolapse.
In patients with prolapse piles, procedures have been
proposed in addition to DGHAL, such as DGHAL with
mucopexy[11,12]. The attractiveness of this technique lies
in the minimally invasive nature of the procedure with
no actual excision of tissue per se. The systematic dearterialization of the hemorrhoidal tissues also promises
effective intervention for hemorrhoids with recalcitrant
bleeding. However, the ability to reduce severe prolapse is
not addressed as effectively when there is tissue excision.

STAPLER HEMORRHOIDECTOMY
First described by Longo [13] in 1998, stapler hemorrhoidectomy (SH) is also known as the Procedure for
Prolapsed Hemorrhoids (PPH) and was developed as an
alternative to CH. In contrast to the traditional approach
of removing hemorrhoidal tissue, SH involves excising
a circumferential ring of mucosa four centimeters above
the dentate line using a circular stapler. This interrupts
the superior hemorrhoidal vessels and restores the hemorrhoidal tissues back to their anatomic position. As the
excision occurs above the dentate line, it avoids a painful wound in the somatically innervated anoderm. The
circumferential nature of the procedure and the ability
to restore the anatomy of the anal canal are the cornerstones of the technique’s success.
To perform SH, all prolapsing hemorrhoids are first
reduced, after which a purse-string suture of 2/0 polypropylene is placed three to four centimeters above the
dentate line, catching only the mucosa and submucosa.
The circular stapler is opened and inserted through the
anus. The purse-string suture is tied on the stapler shaft,
and the head of the stapler is closed on the anvil, incorporating the mucosal and submucosal tissue in the pursestring suture. The stapler is then fired and withdrawn.
In females, a vaginal examination should be performed
to exclude vaginal wall impingement prior to firing of
the stapler. The suture line is inspected and any bleeding
points ligated.
Complications for SH are similar to those of CH. In
addition, rare but potentially life-threatening complications have been described, including anastomotic leakage with pelvic sepsis, anovaginal fistula, and Fournier’s
gangrene[14-17].
While SH causes less post-operative pain than CH, a
small but significant number of patients have complained
of chronic pain post-SH. Unrelenting pain of unknown
etiology after SH is known as PPH syndrome. 15.1% of
surgeons surveyed reported having patients who had excessive pain lasting for months, with 2.4% reporting said
pain lasting for years[18]. Chronic pain has been postulated
to be related to the fibrosis around the staples or direct
trauma to the pudendal and sacral nerve spindles by the
staples[19]. Ielpo et al[20] reported two patients (1.59%) who
complained of persistent pain seven months after SH,
which was only resolved after the staples were removed.
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CH
CH is the most widely performed operation for piles[21].
The original operation involves the excision of hemorrhoidal cushions off the internal anal sphincter with scissors and ligation of the vascular pedicle.
The two most commonly practiced techniques are the
ones described by Milligan et al[22] and Ferguson et al[23].
Open hemorrhoidectomy, first described by Milligan and
Morgan in 1937, is CH performed with the wound left
open. Closed hemorrhoidectomy, described by Ferguson
et al[23] in 1971, involves apposition of the mucosa and
skin after excision of the hemorrhoids. CH, as described
by Ferguson et al[23], is more commonly performed in
North America, while the Milligan-Morgan method is
more commonly performed in Europe.
Today, CH is performed with diathermy instead of
scissors. Open diathermy hemorrhoidectomy, compared
to scissors, has been shown to have a significantly shorter
operative time with lower analgesic requirements [24].
There is also no increased risk of postoperative hemorrhage without pedicle ligation when using diathermy[25].
Despite the interest in SH and DGHAL, CH remains
a widely practiced technique due to the lower cost of the
operation, and remains the most effective treatment available currently. CH is still considered the current “gold
standard” for surgical management of hemorrhoids, as
there is effective excision of the prolapsed hemorrhoidal
tissue mass. However, pain after CH continues to be a
major issue, with prolonged wound healing and a delayed
return to normal activities.

CH ADJUNCTS THAT POTENTIALLY
IMPROVE SHORT-TERM OUTCOMES
LigaSure
Use of LigaSure (Valleylab, Boulder, CO), a bipolar electrothermal tissue-sealing device, allows the sealing of
blood vessels up to seven millimeters in diameter with
minimal collateral damage to the surrounding tissues and
limited tissue charring, as the thermal spread is confined
to within two millimeters of the adjacent tissues[26]. This
device uses a very high frequency current and provides
hemostasis by denaturing collagen and elastin from the
vessel wall and surrounding connective tissues[27].
The limited spread of thermal energy reduces anal
spasm and permits a bloodless hemorrhoidectomy with
reduced post-operative pain and faster wound healing.
The procedure is carried out in the same way as CH,
except that the LigaSure tissue-sealing device is used in
place of a diathermy. The hemorrhoids masses are retracted and dissected off the internal sphincter using the
LigaSure device, the pedicles secured clear of the internal
sphincter, and the resected wound left open to heal with
adequate skin bridges. LigaSure hemorrhoidectomy has
been shown to improve the short-term outcomes of
CH[27,28].
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zero point two percent GTN ointment
It is believed that post-operative pain causes spasm of the
internal anal sphincter, which leads to a further increase
in anal pressure and further propagates the pain. Delayed
wound healing also contributes to the pain. Topical GTN
(glyceryl trinitrate) reduces the spasm of the internal anal
sphincter, and the reduced pressure increases anodermal
blood flow and hence improves wound healing[29]. Improved wound healing also results in reduced perianal
irritation, discharge, and pain[30]. Use of GTN has certain
side effects, of which headache is the most common.
Other side effects include dizziness and rebound hypertension. However use of topical GTN is unlikely to result
in significant systemic complications[31].
A meta-analysis of five double-blinded, prospective
randomized controlled trials on GTN ointment by Ratnasingham et al[32] demonstrated a significant reduction in
pain score on post-operative day three and seven in the
GTN ointment group when compared to placebo. Use
of GTN ointment was associated with significantly improved wound healing at three weeks, while there was no
increase in the incidence of headaches.
Methylene blue
The use of methylene in hemorrhoids surgery arose
when Tan et al[33] first noticed that patients who were undergoing surgery for perianal fistula had decreased postoperative pain when methylene blue was used to delineate
the tracts.
Injection of local anesthetic into the intersphincteric
groove and perianal region during perianal surgery blocks
the autonomic inferior hypogastric plexus. Methylene
blue, a biological dye, results in the destruction of dermal
nerve endings, as evidenced by the absence of cutaneous
nerve endings on electron microscopy in perianal skin
biopsies after methylene blue therapy[34,35].
We have since conducted a randomized controlled
trial of intradermal methylene blue during CH and have
found it to be effective in reducing post-operative pain
during the initial few days after surgery[36].
Metronidazole
It has been postulated that secondary infection after hemorrhoidectomy, as well as poor or delayed wound healing,
contributes to the post-operative pain experienced. In a
double-blinded randomized controlled trial by Carapeti
et al[37], patients given prophylactic metronidazole three
times a day for seven days post-CH reported significantly
less pain than those in the placebo group on days five to
seven post-surgery, as well as a significantly faster median
time to return to work or normal activity, and higher patient satisfaction score. Oral and topical metronidazole
has been shown to promote wound healing, and hence
reduces post-operative pain[37,38].
Micronized flavonoidic fraction
Micronized flavonoid complex consisting of 90% diosmin and 10% hesperidin (Dalfon 500 mg) inhibits pros-
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taglandin E2 (PGE2) and thromboxane A2 (TxA2) synthesis. Daflon reduces microvascular hyperpermeability
and increased lymphatic flow, thus reducing perivascular
edema and venous stasis[39].
Ho et al[40] demonstrated that Daflon 500 mg for one
week post-CH significantly reduces the risk of secondary
bleeding compared to placebo.

SURGICAL OPTIONS FOR HEMORRHOIDS
The majority of randomized controlled trials performed
thus far focus on comparing the various surgical options
available for hemorrhoids, but often present a mixed
population or do not mention the disease stage. The
focus of these studies has been on the technique rather
than how to tailor the option to the individual. Hemorrhoid presentation and symptomatology is extremely heterogeneous, thus a surgeon cannot have the mindset that
one technique is suitable for all patients.
As our understanding and experience of each surgical
method evolves, we now understand that the grade of
hemorrhoids has a profound effect on the evaluation of
outcome. One method that is effective for a certain grade
of hemorrhoids may have a high rate of recurrence with
another grade.
It is in our opinion that each grade of hemorrhoids
should be considered as a separate entity when evaluating surgical options. Besides the grade, the size of the
hemorrhoids and their circumferential nature need to be
taken into account, together with the predominant symptoms of the patient. Only then can surgical management
be truly tailored to the patients’ needs.

GRADE Ⅰ HEMORRHOIDS
Hemorrhoids that are bleeding but do not prolapse
are classified as grade Ⅰ. Surgery is rarely indicated for
grade Ⅰ hemorrhoids, with treatment involving lifestyle
modification, medication, and office-based procedures.
Lifestyle modification includes adequate fluid intake
and a high fiber diet. Randomized controlled trials have
shown micronized, purified flavonoids to be safe and effective, with rapid cessation of bleeding[41-43].
Failing lifestyle modification and medical treatment,
grade Ⅰ hemorrhoids are candidates for office-based
procedures, of which rubber band ligation is the most
effective[44]. Other office-based modalities include sclerotherapy, cryotherapy, infra-red photocoagulation, and
BICAP coagulation.

GRADE Ⅱ HEMORRHOIDS
18.4% of hemorrhoids are classified as grade Ⅱ[1]. Surgery is not the first line treatment for grade Ⅱ hemorrhoids, as most are amenable to less invasive modalities
such as medication and rubber band ligation (RBL). RBL
has a reported cure rate of 86.6% at one-month posttreatment and a recurrence rate of 11% after two years,
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Table 2 Results for grade Ⅱ hemorrhoids
Methods

Mean operating Return to work Recurrence at
time (min)
(d)
< 1 yr

DGHAL
SH
CH
CH + LigaSure

NR
NR
NR
NR

NR
NR
NR
NR

Recurrence at
> 1 yr

Post-op
bleeding

ARU

Fistula

Anal stricture

12[44]
NR
NR
NR

2.2[9]
NR
NR
NR

0[9]
NR
NR
NR

0[9]
NR
NR
NR

NR
NR
NR
NR

5.3-6.7[9,44]
NR
NR
NR

DGHAL: Doppler-guided hemorrhoidal artery ligation; SH: Stapler hemorrhoidectomy; CH: Conventional hemorrhoidectomy; ARU: Acute urinary
retention; NR: Not recorded.

Table 3 Results for grade Ⅲ hemorrhoids
Methods
DGHAL
SH
CH

Mean operating
time (min)
19[45]
21-31[45,47-49]
35-42.36[47-49]

Return to work Recurrence at <
(d)
1 yr (%)
NR
6-7.9[47,48]
10.2-15[47,48]

13-13.5[9,44]
7.5[47]
5[47]

Recurrence at
>1 yr (%)
18-31[44,45]
3-25.6[45,47,49,55]
0-17.5[47,49,55]

Post-op bleeding
(%)
0-6.8[9,45]
0-9.1[45,47-49]
1.7-7.5[47-49]

ARU (%)

Fistula (%)

Anal stricture
(%)

1[9]
1.6-17.5[45,47]
40[47]

0-0.5[9,45]
0[49]
2.5[49]

NR
1.3-2.6[48,49]
0[48,49]

DGHAL: Doppler-guided hemorrhoidal artery ligation; SH: Stapler hemorrhoidectomy; CH: Conventional hemorrhoidectomy; ARU: Acute urinary
retention; NR: Not recorded.

with 7.5% requiring additional surgical treatment [45].
Surgery is indicated when there is failure of less invasive
modalities. Failures of less invasive methods for grade Ⅱ
hemorrhoids may be associated with the size of the hemorrhoidal tissue mass.
DGHAL has been shown to be effective, with a recurrence rate of 5.3%-6.7% at less than 12 mo followup[10,46] and a recurrence of 12% when patients were
followed-up for more than 12 mo[46]. The complications
observed in DGHAL are comparable to those associated
with other methods, if not less. No severe complications
were observed[10].
Our literature search did not show any studies on SH,
CH, or CH with LigaSure that stratified data on grade Ⅱ
hemorrhoids or looked at patients with grade Ⅱ hemorrhoids only (Table 2).

GRADE Ⅲ HEMORRHOIDS
DGHAL, while effective for grade Ⅱ hemorrhoids, has
a recurrence rate of 18%-31%[46,47] when used for grade
Ⅲ hemorrhoids and followed-up for more than 12 mo.
The only factor associated with recurrence was the grade
of hemorrhoids, with recurrent prolapse being the main
symptom in patients in whom DGHAL was unsuccessful[46]. In a randomized controlled trial of DGHAL vs
SH for grade Ⅲ hemorrhoids by Avital et al[47], DGHAL
was shown to have a shorter operating time, significantly
lower mean pain scores at 24 h and one week post-operation, significantly less post-operative discomfort, and
less post-operative complications. In a randomized trial
of DGHAL with mucopexy vs conventional open hemorrhoidectomy for grade Ⅲ hemorrhoids by De Nardi et
al[48] DGHAL with mucopexy did not show statistically
lower median pain scores, shorter median days to return
to work, or patient satisfaction. Long-term cure rates at
24 mo were similar between DGHAL with mucopexy
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and CH.
In various randomized controlled trials on SH vs CH
for grade Ⅲ hemorrhoids, SH was consistently associated
with a significantly shorter mean operating time[49-51], less
pain at first defecation, lower mean pain scores, less analgesia consumption[49-51], and an earlier return to work[49,50].
However, if concomitant anorectal procedures involving
perianal wounds such as skin tag excision, anal wart excision, or external hemorrhoidectomy are performed, the
benefits of reduced pain with PPH may be diminished[51].
With longer follow-up periods, there was a trend towards
a greater rate of recurrence with SH than CH. Ammaturo et al[49] reported a lesser mean satisfaction score with
SH compared to CH at a follow-up of two years, owing
to a higher rate of bleeding and prolapse.
Rare but major complications such as rectovaginal
fistulas, pelvic sepsis, and Fournier’s gangrene have been
reported in the literature, but none of the above trials[49-51] reported major complications, perhaps owing to
the greater training and experience of the surgeons as SH
becomes more widely performed.
In a randomized controlled trial of SH vs CH in
circumferential grade Ⅲ hemorrhoids by Kim et al[52],
the recurrence rate for SH and CH at the end of a five
year follow-up was 18% and 23%, respectively, and not
statistically significant. The mean operative time was
significantly shorter in the SH group, and patients who
underwent SH reported significantly less post-operative
pain, less burning, and less itching compared to the CH
group. Other early post-operative complications such as
urinary retention, bleeding, and prolonged wound healing
were not significantly different (Table 3).

GRADE Ⅳ HEMORRHOIDS
Grade Ⅳ hemorrhoids are symptomatic, prolapsed, and
irreducible piles. DGHAL does not deal with prolapse
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Table 4 Results for grade Ⅳ hemorrhoids
Methods

Mean operating Return to work Recurrence at
time (min)
(d)
< 1 yr (%)

DGHAL
DGHAL + RAR
SH
CH
CH + LigaSure

NR
35[51]
24[52]
27.4-39[52,53]
22.3[53]

NR
NR
NR
16.4[53]
12.2[53]

Recurrence at
> 1 yr (%)

59.3[9]
NR
NR
NR
NR

NR
9[51]
50-53.3[52,55]
0-6.25[52,53,55]
0[53]

Post-op
bleeding (%)

ARU (%)

Fistula (%)

Anal stricture
(%)

3.7[9]
4[51]
0[52]
6.25-11[52,53]
4[53]

3.7[9]
NR
NR
0[53]
4[53]

0[9]
NR
NR
NR
NR

NR
NR
NR
NR
NR

DGHAL: Doppler-guided hemorrhoidal artery ligation; SH: Stapler hemorrhoidectomy; CH: Conventional hemorrhoidectomy; ARU: Acute urinary
retention; NR: Not recorded; RAR: Rectoanal repair.

Table 5 Summary of recommendations

Grade Ⅱ
Grade Ⅲ
Grade Ⅳ

Small
hemorrhoids

Large
hemorrhoids

Ligation
DGHAL
CH

DGHAL
CH/SH
CH

Isolated
Circumferential
hemorrhoids
hemorrhoids
Ligation
CH
CH

SH
SH
CH/SH

DGHAL: Doppler guided hemorrhoidal artery ligation; SH: Stapler
hemorrhoidectomy; CH: Conventional hemorrhoidectomy.

and is grossly inadequate for grade Ⅳ hemorrhoids,
as shown by the high rate of recurrent prolapse when
DGHAL is used in isolation[10]. In piles with significant
prolapse, DGHAL has been combined with mucopexy to
lift and secure the protruding hemorrhoids in place. In a
study by Faucheron et al[53], DGHAL and rectoanal repair
(RAR) was shown to be both safe and effective for grade
Ⅳ hemorrhoids, with recurrence observed in 9% of the
study population at a mean follow-up of 34 mo.
Most randomized studies on SH include patients with
both grade Ⅲ and Ⅳ hemorrhoids without stratification
of data according to grade of hemorrhoids. Additionally,
grade Ⅳ hemorrhoids often form the minority of study
populations. In studies analyzing SH on grade Ⅳ hemorrhoids, SH has a significantly lower mean operating time
compared to CH, and is associated with significantly less
post-operative pain[54]. There is, however, a surprisingly
high rate of recurrence (50%-53.3%) at follow-up of one
year or longer[54,55]. In a randomized study by Ortiz et al[54],
40% of patients who had undergone SH suffered from
tenesmus one year after the operation, a symptom not
reported in patients who had undergone CH.
While CH remains the current standard of treatment,
especially in the treatment of grade Ⅳ hemorrhoids,
CH performed with LigaSure instead of diathermy has
shown to be promising. LigaSure CH is associated with
a significantly shorter operating time, earlier return to
work, and a similar rate of post-operative complications
and recurrence to the diathermy group[56] (Table 4).

ideal surgical option, which is one that is effective while
being safe and painless. In reality, the less painful the
procedure, the more likely it is to be associated with postoperative recurrence.
Where hemorrhoids surgery is concerned, there is
no “one size fits all” option. Most of the randomized
controlled trials performed to date include hemorrhoids
of various grades and with a focus on only comparing
surgical methods, while failing to stratify the outcomes
according to the grade of hemorrhoid. We believe that
surgery needs to be tailored not only to the grade of the
hemorrhoids, but also to the size, circumferential nature
of the disease, and prevailing symptomatology. A summary of our recommendations is represented in table 5.
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Abstract
The incidence of colorectal cancer has been increasing
in the developed world including South Korea and China.
Colonoscopy allows for greater diagnostic specificity and
sensitivity compared with other types of examinations,
such as the stool occult blood test, barium enema, and
computed tomography colonography. Therefore, in recent years, the demand for colonoscopies has grown
rapidly. New beginners including primary care physicians
may help meet the increasing demand by performing
colonoscopies. However, it is a challenge to learn the
procedure due to the long learning-curve and the high
rate of complications, such as perforation and bleeding,
as compared to gastroscopy. Thus, considerable training
and experience are required for optimal performance of
colonoscopies. In order to perform a complete colonoscopic examination, there were a few important things
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to learn and remember, such as the position of examinee (e.g. , left and right decubitus, supine, and prone)
and examiner (two-man method vs one-man standing
method vs one-man sitting method), basic skills (e.g. ,
tip deflection , push forward and pull back, torque, air
suction and insufflation), advanced skills (e.g. , jiggling
and shaking, right and left turn shortening, hooking,
and slide-by technique), assisting skills (e.g. , position
change of examinee, abdominal compression, breathing-holding, and liquid-infusion technique), and intubation techniques along the lower gastrointestinal tract. In
this article, we attempt to describe the methods of insertion and advancement of the colonoscope to the new
beginners including primary care physician. We believe
that this article may be helpful to the new beginners
who wish to learn the procedure.

Core tip: The demand for colonoscopy has been increasing every year. However, it is a challenge to learn
the procedure due to its long learning curve and high
rate of complications. Therefore, care must be taken in
teaching, learning and practicing the procedure. Also,
there are a few important things to learn and remember,
such as the positions of the examinee and the examiner,
basic skills, advanced skills, assisting skills, and intubation techniques along the lower gastrointestinal tract.
Lee SH, Park YK, Lee DJ, Kim KM. Colonoscopy procedural
skills and training for new beginners. World J Gastroenterol 2014;
20(45): 16984-16995 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i45/16984.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i45.16984
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INTRODUCTION
Colorectal cancer (CRC) is one of the most common
malignancies in the developed world, including North
America and Europe, and the incidence of CRC appears
to be increasing in East Asian countries, including China
and South Korea[1-3]. Since its first introduction in 1969,
the colonoscopy has been accepted as a powerful screening tool for the early detection of CRC. Also, it plays an
important role in the prevention of CRC through the
diagnosis and removal of adenomatous polyps (premalignant lesions of CRC)[4-6]. As a result, the demand for
screening colonoscopies is rapidly growing worldwide.
However, the number of qualified endoscopists worldwide is not sufficient to meet the growing demand. One
way of addressing this shortage of endoscopists may be
to train new beginners to competency in colonoscopy.
Actually, in clinical practice, trained beginners including
primary care physicians can perform colonoscopy safely
and effectively. Hence, they can contribute to meeting the
growing demand for the procedure.
Trainees must acquire both technical and cognitive skills
associated with the procedure. The technical skill subset,
including mastery over manipulating the scope, is more
essential than learning the cognitive skills, although beginners always attain their cognitive abilities first. Thus, we will
focus on the technical skills of colonoscopic examinations
for the new beginners including primary care physicians.

COLONOSCOPY EQUIPMENT
Just as learning the basics of vehicles can help one learn
to drive, understanding the basics of the colonoscopy
equipment can be helpful to an individual learning the
procedure. Colonoscopy equipment consists of two major sections: the main body, including the CPU (central
processing unit), and the colonoscope. The colonoscope
is the main tool of the basic colonoscopic examination.
Length of colonoscope
Unlike gastroscopes, colonoscopes have greater lengths
and diameters (Table 1, Figure 1A). This is especially
true in long adult-colonoscopes, which are used in cases
where cecal intubation is difficult due to extensive stricture and/or curvature of the colon[7,8].
Components of colonoscope
The colonoscope (Figure 1B) consists of the control section (Figure 1C and D), an instrument channel (forcep,
snare, injector, and clip device), a shaft (the portion of
the instrument inserted into the patient), the tip (the distal end of shaft; controlled from the control section), a
connection section, and the line. Some models also have
a lever for variable stiffness.

POSTURE OF EXAMINEE AND EXAMINER
FOR COLONOSCOPY
As is the case with esophagogastroduodenoscopy (EGD),
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the left lateral decubitus position is the basic posture of
the examinee during the colonoscopy (Figure 2A). Also,
just as a correct posture is required for an athlete to attain
better performance and to prevent injuries, it is important
for the examiner (endoscopist) to adopt the appropriate
posture while performing the colonoscopy. There are
three different postures available to perform the colonoscopic examination: (1) two-man method; (2) one-man
standing method; and (3) one-man sitting method (Table
2, Figure 2B-D)[9].

TECHNIQUES FOR CECAL INTUBATION
IN COLONOSCOPY
Basic technique
Tip deflection: Vertical (up/down) and lateral (left/
right) tip deflection is a basic technique for colonoscopies, performed by using a control knob (Figure 1C and
D)[10]. There are two control knobs in the control section
of colonoscope. The larger outer control knob is used
for vertical movement of the tip (Figure 3A and B) and
the smaller inner knob is used for lateral movement of
the tip (Figure 3C and D).
Push forward and pull back: “Push forward (PF)”
is the action of pushing the colonoscope tip forward
through the anus, whereas “pull back (PB)” is the action
of pulling it backward (Figure 3E)[10]. PF is essential for
advancing the colonoscope. However, paradoxically, PB is
more important than PF for advancing the colonoscope.
PB is helpful to resolve colonic loops and to keep the
colonoscope straight and shortened.
Torque: Torque is applied by twisting the body of the
colonoscope to the right (clockwise) or left (counterclockwise) using the hand holding it. Applying torque can
prevent loop formation. Applying torque when the tip is
deflected upward also has the effect of turning the colonoscope to the left or right without using the left/right
control knob.
Air insufflation and suction: Air infusion (Figure 3F and
G) and suction (Figure 3H and I) are performed by using
the air/water infusion valve and the suction valve buttons.
The colon is an easily distensible mobile elastic tube which
becomes long and tortuous when overinflated, enhancing
the difficulty of the procedure. Hence, endoscopists must
minimize air insufflation and suction frequently during the
intubation period of the colonoscopy.
Advanced techniques
Jiggling and shaking: The jiggling technique involves
moving the scope in and out in 5- to 10-cm increments
(Figure 4A)[11]. A view of the lumen should be maintained
while the maneuver is performed. The technique is helpful to shorten and straighten the colon. This technique
is also helpful to proximally advance within the colon
(Figure 4B). The shaking technique involves moving the
scope left and right, which prevents the colonic lumen
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Table 1 Comparison of endoscopes: Adult-gastroscope vs intermediate length adult-colonoscope vs long length adult-colonoscope
Characteristic

Adult-gastroscope

1

Total length
Working length2
Diameter
Diameter of instrument channel
Angulation range3

Adult-colonoscope
Intermediate length-type

Long length-type

1650 mm (1.65 m)
1330 mm (1.33 m)

2000 mm (2 m)
1680 mm (1.68 m)

1350 mm (1.35 m)
1030 mm (1.03 m)
9.2 mm
2.8 mm
Up 210°, Down 90°, Right 100°, Left 100°

12.9 mm
3.7 mm
Up 180°, Down 180°, Right 160°, Left 160°

1

Total length is defined as the maximal length of the scope’s insertion; 2Working length is defined as the graduated length; 3The tip of scope, i.e., bending
section, was angulated by the scope’s control knob.

A

B

Long length
adult-colonoscope
(WL = 160 cm)

Tip (distal
end)
Lever of variable
stiffness

Instrument
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Intermediate length
adult-colonoscope
(WL = 130 cm)

Control
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(body)

Connection
part
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C
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knob
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Screen freeze
button

Fixation lever of inner
control knob

D

Fixation lever
of inner control
knob
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Other function
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of outer
control knob
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Suction
button
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of outer control
knob

Air/water
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Air/water
infusion
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Figure 1 Comparison between normal-type colonoscope and long-type colonoscope (A), components of a colonoscope (B), control section; lateral and
forward view (C, D). WL: Working length.

from adhering to the colonoscope (Figure 4C and D).
Right turn/left turn shortening: Right turn shortening
(RTS) and left turn shortening (LTS) are complex and
difficult techniques used in the colonoscopy procedure[11].
Turn shortening is a combined technique performed by
the endoscopist; RTS requires a right torque of the scope
and PB (Figure 4E and F), while LTS combines a left
torque of the scope and PB. These techniques can resolve a loop formation of the colon and enhance proximal advancement of the scope by shortening the colon.
RTS is more common than LTS during the procedure.
Hooking technique: The hooking technique involves a
hook and pull-back motion of the scope, which is helpful in straightening the tortuous colonic segment. In this
technique, the tip of the colonoscope is deflected 30 to
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90 degrees behind a mucosal fold, and then the scope is
withdrawn approximately 5 to 10 cm. This action pulls
the segment of tortuous colon downward.
Slide-by technique: This technique is used to advance
the colonoscope by repetitively pushing the tip slightly
forward in the anticipated direction of the colon lumen,
although the next direction of the colon is not visualized
due to acute angulation and/or many folds of the colon. Also, it is usually used when there is a risk of a redout sign. In most cases, this technique causes pain in the
examinee. Thus, this technique should not be attempted
by a beginner but only performed by an experienced
endoscopist to avoid the high risk of iatrogenic perforation. If mucosal blanching occurs, it may be indicative of
excessive scope force on the mucosa, and could result in
perforation. In that situation, the colonoscope must be
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A

B

C

D

Figure 2 Posture of examinee and examiner (endoscopist). A: Left lateral decubitus position of the examinee; B: Two-man method; C: One-man standing method;
D: One-man sitting method.

Table 2 Comparison of two-man method vs one-man sitting method vs one-man standing method

The proportion of
colonoscopists using methods
Minimal number of assistants
Space
Colonoscope

The role of colonoscopist

The fatigue of colonoscopist
Location of examinee's anus

The risk of perforation

Two-man method

One-man standing method

A few

Most

One-man sitting method

A few
(More than two-man method)
Two people
One person
One person
Relatively large
The smallest
Small
Only long length adult-colonoscope
Both long length- and intermediate Both long length- and intermediate
length- adult colonoscope
length- adult colonoscope
(Intermediate-scope preferred)
(Intermediate-scope preferred)
Only manipulation of the control section
All manipulations of colonoscope
All manipulations of colonoscope
of colonoscope; most manipulations of
including advance, withdrawal, and including advance, withdrawal, and
colonoscope such as advance (push-forward)
handling of the control section
handling of the control section
and withdrawal (pull-back) by assistant
Low
High
Lowest
Below examiner's head
Below examiner's head
Examiner's head level
(colonoscopist may be required to
wear a mask for hygiene reasons)
Relatively high
Relatively low
Relatively low
(colonoscopist cannot feel the colonoscope
(colonoscopist can feel the
(colonoscopist can feel the
insertion)
colonoscope insertion)
colonoscope insertion)

withdrawn.
Auxiliary techniques
The techniques described above are commonly used by
the colonoscopists. The techniques described below are
performed by the assistant or the examinee[12].
Position change of examinee: Colonoscopy is usually
performed with the examinee in the left lateral decubitus
position (Figure 5A) and ends in that position[13]. If diffi-
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culty arises, the position of the examinee can be changed
to supine (Figure 5B), the right lateral decubitus position
(Figure 5C), or rarely, the prone position (Figure 5D)[13-15].
The supine position is usually helpful during progression
within the rectosigmoid junction (RSJ), sigmoid colon
(SC), sigmoidodescending junction (SDJ), descending
junction (DC), splenic flexure (SF), and transverse colon
(TC), while supine or right lateral decubitus positions are
usually indicated during the progression within the hepatic flexure (HF) or ascending colon (AC).
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Figure 3 Basic techniques. A: Up deflection; B: Down deflection; C: Left deflection; D: Right deflection; E: Push forward and pull back; F: Air insufflation (simple
closure of hole in the air/water infusion button; pushing button not required); G: Example of air insufflation; H: Air suction (pushing the button above air/water infusion
button); I: Example of water suction (because air is invisible).
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Figure 4 Advanced techniques. A: Jiggling; B: Effect of jiggling; C: Shaking; D: Effect of shaking; E: Right turn shortening; F: Left turn shortening.
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A

B

C

D

E

Figure 5 Auxiliary techniques. A: Left lateral decubitus position; B: Supine position change; C: Right lateral decubitus position change; D: Prone position change; E:
Abdominal compression. Left upper corner: Hepatic flexure compression; Right upper corner: Sigmoid colon compression; Left lower corner: Transverse colon compression; Right lower corner: Sigmoidodescending junction compression.

Abdominal compression: Abdominal compression is
performed by an assistant, at the request of the endoscopist, by pressing the desired part of the abdomen using
one or both hands to help advance the colonoscope (Figure 5E). Although compression may be applied to any
part of the abdomen, the most common applied sites are
the SC and the SDJ.
Others: Other useful colonoscopic techniques include
liquid infusion and the breath-holding techniques. The
liquid infusion technique is performed by injecting water
or saline solution with a liquid injector, to open up an
adhered colon lumen and lubricate its inner surface. The
breath-holding technique occurs when the patient holds
his or her breath in order to lower the diaphragm, deangulating the SF and/or HF.
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PROCEDURE DESCRIPTION
The large intestine (colon) is a long tubular organ that begins at the cecum (cc) and ends at the rectum (Figure 6).
Therefore, the cecum is the proximal part of the colon
and the rectum is the distal part. However, since the colonoscope is inserted from the anus and passes through the
rectum first, the procedure will be explained in that order.
Pre-intubation
The patient is initially placed on the examination table in the
left lateral decubitus position with knees bent and pulled up
(Figure 7A). The examination begins with an inspection of
the perianal region (Figure 7B). A simple inspection can detect various perianal lesions such as skin tags, scarring, anal
fistulae and fissures, hemorrhoids, and prolapse (Figure 7C).
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Figure 6 Schematogram of large intestine. Red dotted circles (rectosigmoid junction, sigmoidodescending junction, splenic flexure, hepatic flexure) and green dotted box (sigmoid colon) are potential difficult segments during the procedure.

Also, the digital rectal examination with topical anesthetic
jelly (usually lidocaine jelly) should be performed to prelubricate the anal canal and relax the sphincters.
Anal canal
The anal canal is very short segment (about 2-3 cm) from
the anal verge to the dentate line. When the colonoscope
is intubated, a red-out sign usually occurs (Figure 7D).
Thus, air inflation of the anus using the air/water infusion valve button is required. After aeration of the anus,
the colonoscope can be inserted without red-out. The
anal canal cannot be completely examined while intubating the colonoscope due to its short length and the anal
sphincter. Once the scope has been withdrawn to the
level of the distal rectum, it should be retroflexed. The
retroflexion (the so-called U-turn maneuver) provides an
opportunity to view the distal area of the rectum, which
is difficult to observe during insertion (Figure 7E).
Rectum
The rectum is the approximately 15 cm long colonic
segment from the dentate line to the RSJ. It is easy to
advance the colonoscope through this region because
the rectum is attached to the retroperitoneal wall and has
almost no mobility. Houston’s valves are characteristically
observed in the rectum (Figure 7F). They usually exist in
a left-right-left alignment. The colonoscope should progress easily through this segment using PF with left and
right turns.
RSJ
Generally, this region is the first challenging area in the
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colonoscope intubation. The success in passing through
RSJ often determines the success of the colonoscopic
examination itself. In most cases, the lumen opens to
the left axis (Figure 7G) and the junction between the
rectum and the SC often appears as an acute bend in the
lumen. Advancing the colonoscope with only the pushing action may cause a loop to form, making it difficult
to progress further. Therefore, it is generally helpful to
advance the colonoscope while applying a left torque
with mild pushing.
SC and SDJ
In general, the SC and SDJ are the most difficult segments to scope during insertion, as well as the most
common sites of iatrogenic perforation, especially inexperienced and unskilled endoscopists. Thus, more
attention must be paid when progressing through these
areas[16]. The SC is situated intraperitoneally and is highly
variable in length (ranging from 20 to 90 cm). Also, the
SC has many folds making various curves (Figure 7H),
and therefore, when the scope enters the SC, redundant
folds obliterate the lumen. Adequate air insufflation may
be necessary to visualize the lumen. SC looping unavoidable as the colonoscope pushes inward, but the endoscopist can minimize the loop formation using various
techniques (jiggling, shaking, and RTS) with a continuous
right torque. The basic technique in this region is to use
left and right turns while performing half-suction, thus
avoiding adhesion of the lumen. Also, manual abdominal
compression by the assistant and changing the examinee’s
position may be helpful. If progress has been made up to
these segments with minimal loop formation during intu-
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Figure 7 Procedure description. A: For example, detailed left lateral decubitus position (the examinee with knees bent and pulled up); B: Perianal lesion; C: Various
anal lesions; D: Red-out sign; E: Anal canal and distal rectum (Retroflexion view); F: rectum; G: Rectosigmoid junction; H: Sigmoid colon; I: Sigmoidodescending junction; J: Descending colon with horizontal fluid; K: Descending colon (fluid-removal view); L: Splenic flexure and spot; M: Comparison of splenic and hepatic flexures
(barium study view); N: Transverse colon; O: Hepatic flexure and spot; P: Hepatic flexure and spot (retroflexion view); Q: Ascending colon; R: Cecum and ileocecal
valve; S: Cecal base and appendix orifice; T, U, V: Terminal ileum (water filling view, indigocarmine-dye view, narrow-band imaging view, respectively).

bation, the inserted length of the colonoscope should be
approximately 40 cm, depending on the patient. Sometimes, extensive turning of the scope tip, torquing, accordionization, and dithering techniques may be needed
to negotiate the marked angle of SC. The endoscopist
should avoid excessive aeration of SC, which occurs in
cases of acute angulation of the SDJ (Figure 7I), making
it difficult to advance the colonoscope. Once these areas
are passed without or with minimal loop formation, it
should not be difficult to progress up to the cc.
DC
After the passing through the SDJ, the DC appears as a
long tube, ringed with concentric haustra (Figure 7K). It
usually has a horizontal fluid level, located to the right of
the DC lumen (Figure 7J). In most cases, the DC is normally traversed in a few seconds with a short “straight”
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advance and PF usually suffices to pass through this area.
The DC, which is attached to the retroperitoneal wall, has
low mobility, as does the ac.
SF
The SF can be recognized by the splenic spot seen
through the colonic lumen (Figure 7L), although it is usually not as pronounced as in the HF. The SF is the highest
section of the colon, located just below the diaphragm
(Figure 7M). It is recommended to advance the colonoscope through this segment with the up/down control
knob set to a neutral state to avoid the walking-stick phenomenon. If progression is difficult, the examiner may
change the examinee’s position and/or have an assistant
provide abdominal compression. Additionally, the breathholding technique in the non-sedated examinee may also
be helpful because it widens the angle of the SF by low-
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regarding colonoscopy
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Patients
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trainee perform withdrawal of colonoscope
Comment on performance,
Explain the findings,
Help in difficult situations
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Under the instruction of the staff, performing
insertion of colonoscope by trainee

No

Does the trainee satisfy all of the followings?
(1) CIR in ≥ 90% of all cases and in 95% of cases when the
indication is screening in a healthy adult
(2) ADR in ≥ 25% of men and ≥ 15% women more than 50
years old
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Achieve colonoscopy competency,
solo performance of colonoscopies by trainee

Figure 8 Suggested algorithm for structured learning and training of colonoscopy in new beginners. 1Technical skills include methods for handling the colonoscope and resolving the loops, the ability to perform the colonoscopic examination adequately and in a reasonable amount of time; 2Cognitive skills include the indications and contraindications of the colonoscopic examination, the identification and classification of lesions, clinical decision-making based on findings, and adequate
reporting of the colonoscopy; 3Examination-related skills include risk assessment of the patient and the safe method of administration of sedatives and/or analgesics.
CIR: Cecal intubation rate; ADR: Adenoma detection rate.

ering the diaphragm.
TC
The lumen of the TC is usually more triangular than that
of the DC (Figure 7N) and it has much mobility, similar
to the SC. Air suction is helpful in this area since the
colonoscope advances relative to the air suction. If progression is difficult, the assistant should be instructed to
perform abdominal compression on the umbilical area.
This will prevent loop formation by inhibiting the descent of the TC to the pelvis.
HF
In most cases, the end of the TC is easy to recognize
because the hepatic spot can be seen through the mucosa
(Figure 7O and P). The lumen of the AC of the next
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section is usually located on the right side. In most cases,
insertion through this section can easily be performed by
applying a right turn in the anticipated direction of the
lumen together and air suction. If progression becomes
difficult, shifting the examinee to a supine position may
be helpful.
AC
The Ac is more triangular in shape and has thicker folds
than the other colonic segments (Figure 7Q). Since it is
attached to the retroperitoneal wall and has low mobility,
advancing the colonoscope to the cc, the end point of the
colon, can be achieved easily by simple straight pushing.
Cc
The Cc spans the ileocecal valve (ICV) to the cecal base.
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It is important to check for the ICV (Figure 7R) and the
appendix orifice (Figure 7S) in order to confirm the scope’
s location in the Cc. If progression becomes difficult,
air suction in the lumen can usually resolve the problem.
Otherwise, the examiner can alter the patient’s position, or
instruct the assistant to perform abdominal compression.
Terminal ileum
The ICV can usually be seen on the left part of the colonoscopy screen when the colonoscope reaches the Cc.
It is usually closed, but the scope can pass through by
deflecting its tip while approaching the ICV. To open the
entrance, the examiner should repeatedly approach the
ICV while using air suction[17]. Progression will cause a
red-out sign followed by the visualization of the terminal
ileum (Ti) once the ICV opens. The Ti is the end point
of the small intestine and its characteristic villi can be
observed by various methods such as water-filling (Figure
7R), indigocarmine-dye (Figure 7S), and narrow-band imaging mode (Figure 7T).

complications such as perforation, hemorrhage, and pain
in examinees[22,25]. Therefore, care must be taken in teaching, learning, and practicing the procedure. We hope to
improve the performance and training of colonoscopy
for the new beginners by our manuscript.
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in appropriately selected candidates. In addition, TIPS
is a promising treatment for refractory hepatic hydrothorax. However, the role of TIPS in the treatment of
hepatorenal and hepatopulmonary syndrome is not well
defined. The advantage of TIPS is offset by a risk of developing hepatic encephalopathy, the most relevant postprocedural complication. Emerging data are addressing
the determination the optimal time and patient selection
for TIPS placement aiming at improving long-term treatment outcome. This review is aimed at summarizing the
published data regarding the application of TIPS in the
management of complications related to PH.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
Portal hypertension (PH) plays an important role in the
natural history of cirrhosis, and is associated with several
clinical consequences. The introduction of transjugular
intrahepatic portosystemic shunts (TIPS) in the 1980s
has been regarded as a major technical advance in the
management of the PH-related complications. At present, polytetrafluoroethylene-covered stents are the preferred option over traditional bare metal stents. TIPS is
currently indicated as a salvage therapy in patients with
bleeding esophageal varices who fail standard treatment.
Recently, applying TIPS early (within 72 h after admission) has been shown to be an effective and life-saving
treatment in those with high-risk variceal bleeding. In
addition, TIPS is recommended as the second-line treatment for secondary prophylaxis. For bleeding gastric
varices, applying TIPS was able to achieve hemostasis
in more than 90% of patients. More trials are needed to
clarify the efficacy of TIPS compared with other treatment modalities, including cyanoacrylate injection and
balloon retrograde transvenous obliteration of gastric
varices. TIPS should also be considered in bleeding
ectopic varices and refractory portal hypertensive gastropathy. In patients with refractory ascites, there is
growing evidence that TIPS not only results in better
control of ascites, but also improves long-term survival
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Core tip: Transjugular intrahepatic portosystemic shunts
(TIPS) has been proven to be an effective treatment
modality for complications related to portal hypertension (PH). Currently, several efforts are now focusing on
improving its efficacy by investigating the significance
of the timing of the procedure and the characteristics
of patients. This article gives an overview of the TIPS
procedure as well as a summary of recent evidences
regarding its clinical application in the management of
PH-related complications.
Siramolpiwat S. Transjugular intrahepatic portosystemic shunts
and portal hypertension-related complications. World J Gastroenterol 2014; 20(45): 16996-17010 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i45/16996.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i45.16996

INTRODUCTION
Portal hypertension (PH) is one of the common causes
of death among patients with cirrhosis, and is defined
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by an increase of 5 mmHg above the upper normal limit
in the pressure gradient between the portal vein and the
inferior vena cava (portal pressure gradient: PPG)[1-3].
PH becomes clinically significant when PPG exceeds a
threshold of 10 mmHg[3-5]. The development of PH results in the formation of portal-systemic collaterals that
divert part of the portal blood flow to the systemic circulation, which directly gives rise to several clinical consequences, including variceal bleeding, ascites, and hepatorenal syndrome[5,6]. Therefore, pharmacological therapy
or intervention that will result in a decline in PPG is the
preferred treatment approach for these patients.
Transjugular intrahepatic portosystemic shunt (TIPS)
is a percutaneously created low-resistance channel between the portal vein and the hepatic vein. The goal of
TIPS is to reduce portal pressure by shunting blood from
the portal to the systemic circulation, bypassing the liver.
Physiologically, TIPS generates hemodynamic changes
similar to those observed in surgical portosystemic
shunts. Currently, TIPS has become overwhelmingly preferred over the traditional surgical shunts due to its less
invasive technique, reduction in complications, and faster
recovery time. This review focuses on the clinical application of TIPS placement in the management of PHrelated complications.

CREATION OF TIPS
The primary function of TIPS is to create a low-resistance
shunt between the intrahepatic portion of the portal vein
and the hepatic vein from a transjugular approach. Most
authors cite Rosch as the principal inventor of TIPS, who
originally described transjugular approach portal venography[7]. Later, in 1982, Colapinto et al[8] was the first to
report the clinical use of TIPS with balloon angioplasty in
expanding the intrahepatic tract. Nonetheless, this technique still resulted in poor patency of the created tract.
To ameliorate this, an expandable metal stent was placed
across the shunt to maintain its patency[9].
Pre-procedural considerations
Taking into account its invasive technique and complications, the indication of TIPS should be firmly addressed
before performing the procedure. In general, TIPS is
recommended only in patients with PH-related complications who fail conservative treatment. The initial preprocedural evaluation consists of a thorough review
of clinical history and physical examination to identify
procedural risks. Laboratory studies should be assessed
prior to the procedure. These should encompass a complete blood count, coagulation, and metabolic panels,
including serum electrolytes, creatinine, and liver function test. With a cirrhotic liver, vascular anatomy can be
dramatically altered. Therefore, cross-sectional imaging
studies with computer tomography, magnetic resonance
imaging, or ultrasound with color Doppler should also
be obtained to facilitate the anatomical orientation and
to document hepatic and portal vein patency. Abdominal
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paracentesis and/or thoracentesis should be performed
in patients with tense ascites or hepatic hydrothorax.
This allows the liver to drop down into a more natural
position and facilitates the portal vein puncture[10]. Those
with a previous history of hepatic encephalopathy should
have the encephalopathy treated, and their mental status
optimized before performing the procedure. In subjects
with suspected or known cardiac disease, an echocardiography should be done to rule out systolic or diastolic
cardiac failure. So far, evidence from a single clinical trial
has failed to show any benefit in prophylactic antibiotics to reduce peri-procedural infections[11]. However, in
clinical practice, as these patients are poorly tolerated to
infection, it is generally recommended that prophylactic
antibiotics be administered during the procedure[12].
Technical aspects of TIPS placement
TIPS is performed mostly under conscious sedation,
but in the case of prolonged duration or an unstable patient, general anesthesia is preferred. The success rate of
achieving portal decompression appears to be more than
90% in most series, and several reviews have recently
described detailed step-by-step methods of TIPS placement[13-15]. In brief, a catheter is introduced via the jugular vein, passing the right atrium into the hepatic vein.
A needle inserted through the catheter is then used to
puncture the liver parenchyma, and enters the portal vein
branch. Once the portal vein has been cannulated, portal
pressure measurement and venography are measured.
Next, the intrahepatic parenchymal tract is dilated by an
angioplasty balloon. Subsequently, either a bare metal or
polytetrafluoroethylene (PTFE)-covered stent is deployed
across the created tract. Normally, a 10- or 12-mm stent
diameter is chosen for adult patients. Finally, the postTIPS portosystemic pressure gradient (PSG) is calculated.
If needed, further balloon dilatation can be performed to
obtain the desired PSG (Figure 1).
Traditionally, many radiologists calculate PSG by subtracting the right atrial pressure (RAP) from the portal
pressure. However, inferior vena cava pressure (IVCP)
should theoretically be used as the internal zero reference
instead of RAP, due to the gradient between the portal
vein and the inferior vena cava better reflecting the pressure difference between the portal and systemic venous
systems. In a recent study, La Mura et al[16] performed
a trial comparing PSG by using RAP and IVCP as the
internal zero in 99 patients with TIPS placement. Compared with IVCP, using RAP as the internal zero resulted
in an undesirable increase in mean PSG of 2.5 mmHg
(95%CI: 2.0-2.9; P < 0.001), which led to an unnecessary
dilatation of TIPS in 20% of patients.
PTFE-covered stents are specifically designed stent
grafts for TIPS, consisting of a 4-8-cm long proximal
covered part for the intrahepatic portion and a 2-cm long
uncovered caudal part that lies in the portal vein. The
PTFE is a trilaminar structure with slight porosity and is
impermeable to liquid bile, preventing the occlusion of
the lumen by ingrowth of tissue from the surrounding
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Figure 1 Conventional transjugular intrahepatic portosystemic shunt insertion technique. A: From a transjugular approach, the right hepatic vein is catheterized; B: A needle inserted through the catheter is used to puncture the liver parenchyma and enters a portal vein branch; C: Transhepatic portogram with the tip of a
calibrated catheter at the portosplenic confluence. This catheter is used to measure the length of the parenchymal tract for endograft placement; D: The parenchymal
tract is then dilated with an angioplasty balloon to allow passage of the transjugular intrahepatic portosystemic shunt (TIPS) sheath into the portal vein; E: Once stent
is fully deployed, an angioplasty balloon is used again to dilate the created tract to obtain the desirable portosystemic gradient (PSG); F: Trans-TIPS portal venography shows flow through the deployed stent. Peripheral portal vein branches are no longer opacified because of reversal of flow.

liver. A recent meta-analysis of six trials (one prospective
and five retrospective) comparing TIPS placement with
PTFE-covered and bare metal stents for treating PHrelated complications showed that the covered stent was
superior in terms of achieving shunt patency (HR = 0.28;
95%CI 0.20-0.35), lower risk of hepatic encephalopathy (HR = 0.65; 95%CI: 0.45-0.86), and better survival
(data derived from four observational studies; HR =
0.76; 95%CI: 0.58-0.94)[17]. Indeed, to date, there are two
randomized controlled trials evaluating this issue (the
first one was also included in the previously mentioned
meta-analysis)[18-20]. In both trials, the PTFE-covered
stent was superior to the bare metal stent in maintaining
long-term shunt patency with 2-year shunt dysfunction
rates of 24%-44% and 64%, respectively. Notably, one
study demonstrated that the incidence of clinical relapse
(variceal bleeding or ascites) and post-TIPS hepatic
encephalopathy was lower in those assigned to the covered stent[19]. Theoretically, better shunt patency should
result in a higher rate of hepatic encephalopathy. The
significantly lower rate of hepatic encephalopathy in the
PTFE-covered stent group could possibly be explained
by the fact that those with uncovered stent experienced
higher numbers of clinical relapses, hospitalizations, and
re-interventions, which eventually aggravated hepatic
encephalopathy. However, no survival advantage of the
covered stent over the bare metal stent was shown in
both trials. Interestingly, Perarnau et al[20] have recently
reported that, despite the higher cost of PTFE-covered
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stents, both groups were comparable with respect to
cost-effectiveness. Currently, a PTFE-covered stent is
advocated as the preferable option by the American
Association for the Study of Liver Diseases (AASLD)
guidelines[21].
Complications and contraindications
Many complications can occur during or after the TIPS
implantation procedure. Complications related to the
puncture site include intraperitoneal hemorrhage, portal
vein perforation, and hepatic artery or bile duct injury,
which may lead to fistula formation. The incidence of
these fatal complications is reported to be 0.5%-4.3%[22].
Ultrasonographic guidance of the portal vein puncture
and a clear knowledge of vascular anatomy of the liver
are recommended in order to correctly portal vein access,
thus avoiding non-target organ puncture.
The most relevant clinical complication is hepatic
encephalopathy, which is related to an increased shunting of blood away from the liver to the systemic circulation. The incidence of new onset or worsening hepatic
encephalopathy is reported to be 20%-31%[22-24]. Several
parameters have been documented as a predictor of
post-TIPS encephalopathy: hypoalbuminemia, older age,
previous encephalopathy, and encephalopathy at the time
of TIPS creation[23,25,26]. The management of post-TIPS
encephalopathy is similar to that of portosystemic encephalopathy in other settings[22,24]. Most patients respond
to standard treatment and a correction of identified pre-
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CLINICAL APPLICATIONS OF TIPS FOR
PORTAL HYPERTENSION-RELATED
COMPLICATIONS

Table 1 Contraindications to transjugular intrahepatic
portosystemic shunts placement according to current American
Association for the Study of Liver Diseases guidelines
Absolute

Relative

Congestive heart failure
Multiple hepatic cysts
Uncontrolled systemic infection
or sepsis
Unrelieved biliary obstruction
Severe pulmonary hypertension

Hepatoma especially if central
Obstruction of all hepatic veins
Portal vein thrombosis
Severe coagulopathy (INR > 5)
Thrombocytopenia of < 20000/cm3
Moderate pulmonary hypertension

cipitating factors. In refractory cases, a reduction of the
shunt’s diameter should be considered[22,23,27].
The contraindications of TIPS according to AASLD
guidelines are shown in Table 1[3]. TIPS should not be
performed in patients who have severe heart failure or
pulmonary hypertension due to an increased risk of
life-threatening pulmonary congestion. In cases of relative contraindications, the risk of the procedure should
be weighed against the benefit. Moreover, the overall
prognosis of the patient must be considered prior to
the procedure.
Several clinical scoring systems have been proposed
to predict the outcome in patients undergoing TIPS.
The Child-Pugh score was originally developed to estimate the risk of postoperative mortality in patients
with esophageal varices[28]. It has been validated as a
useful predictor of short-term and long-term survival
after TIPS placement. However, the major drawback
of the Child-Pugh score is its “ceiling effect”, which
fails to differentiate among patients with severe liver
dysfunction. In addition, it incorporates two subjective
parameters: ascites and hepatic encephalopathy, which
could be influenced by interobserver variability. In
2000, Malinchoc et al[29] first described the Mayo Clinic
risk score for cirrhotic patients considered for TIPS. In
this study, patients who had a score > 1.8 had a median
survival of 2.8 mo compared with 1.3 years in those
who had a score < 1.8. Subsequently, a slight modification of the Mayo Clinic risk score was introduced
and became known as the Model For End-Stage Liver
Disease (MELD) score[30]. The accuracy of the MELD
score in predicting short-term mortality in patients
with cirrhosis has been shown in several studies [31].
Currently, the MELD score has gained wide acceptance
as a prognostic model in patients with end-stage liver
disease. Regarding post-TIPS outcome, the MELD
score was found to be superior to the Child-Pugh score
in predicting the long-term survival[32-34]. Indeed, it has
been shown that patients with a MELD score > 18 had
significantly worse outcome after TIPS placement compared with those with MELD score ≤ 18[33]. A recent
study reported a 5-year survival of more than 80% in
patients undergoing TIPS for variceal bleeding with a
pre-TIPS MELD score < 10[35].
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Esophageal varices
Esophageal varices are present in approximately 50% of
patients with cirrhosis, and most directly result from PH.
As portal pressure increases, venous connections between
the portal and systemic circulation arise[6]. It has been
well documented that esophageal varices develop in cirrhotic patients who have a hepatic venous pressure gradient (HVPG) of at least 10-12 mmHg. Esophageal varices
occur at a rate of 7% per year, and the 1-year rate of first
variceal hemorrhage is approximately 12% (5% for small
varices and 15% for large varices)[1,2]. In those who bleed,
there is a 15%-20% chance of death within 6 wk after a
bleeding episode. Moreover, the 1-year rebleeding rate is
approximately 60% with a mortality rate of up to 33%.
Accordingly, bleeding esophageal varices is the most lethal complication among cirrhotic patients[4].
Primary prophylaxis of variceal bleeding
In the current guidelines, it is suggested that primary
prophylaxis to prevent first variceal bleeding should be
administered in patients with medium to large varices,
and in patients with small varices that are associated with
a high risk of hemorrhage (Child C cirrhosis or presence
of red wale marks). The treatment of choice is either
non-selective beta-blockers (NSBBs) or endoscopic variceal ligation (EVL)[1,3]. Due to the fact that these patients
are at relatively low risk of bleeding, strategies for primary prophylaxis should be minimally invasive. In addition,
reports using surgical portocaval shunts, which generate
the same physiologic changes as TIPS, for primary prophylaxis resulted in more frequent hepatic encephalopathy and higher mortality[1,36]. Therefore, TIPS is generally
not recommended for this purpose[3].
Acute bleeding episodes
The current standard of care for patients with acute
variceal bleeding is a combination of early vasoactive
drug administration and endoscopic therapy (preferably
EVL), together with a short course of prophylactic antibiotics[1,3]. The initial hemostasis rate is approximately
80%-90% in most series. In those whom standard treatment fails, an effective rescue treatment is urgently
needed. A review of 15 studies evaluating TIPS as a salvage therapy for refractory variceal bleeding reported a
hemostasis rate of more than 90% with a rebleeding rate
of 6%-27%[37]. Current guidelines recommend that TIPS
is indicated in those who fail standard treatment or who
develop a severe early rebleeding episode[3,38].
It is worth mentioning that, despite successful bleeding control after TIPS placement, a significant number
of patients are still at a high risk of dying[39-41]. A study
published in 2001 showed that rescue TIPS was able
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Table 2 Results of 3 trials comparing early transjugular intrahepatic portosystemic shunts placement and standard treatment
(combined pharmacologic and endoscopic therapy) in high-risk acute variceal bleeding
Findings

Ref.
Monescillo et al
Early TIPS

Patients
Treatment failure1
Early rebleeding (< 5 d)
1-yr mortality rate
Development of hepatic encephalopathy2

[44]

García-Pagán et al

, 2004

Standard care

26
12%
4%
31%
31%

26
50%
12%
65%
35%

Early TIPS
32
3%
3%
14%
25%

[45]

, 2010

Standard care
31
45%
13%
39%
39%

Garcia-Pagán et al
Early TIPS
45
7%
2%
14%3
51%

[46]

, 2012

Standard care
30
50%
13%
30%
50%

1

Failure to control acute bleeding and/or development of variceal re-bleeding; 2Not significant in all 3 trials; 3The P value is 0.056..

to control bleeding in 90% of patients with refractory
variceal hemorrhage, but was accompanied by 30- and
60-d mortality rates of 29% and 35%, respectively[40].
The major cause of death was deterioration of liver
function associated with multi-organ failure and sepsis.
The study by Bañares et al[42], which included 56 patients
with refractory variceal bleeding treated with TIPS,
demonstrated that the actuarial probability of survival at
30 d was significantly lower in Child-Pugh class C than
class A or B (48% vs 90%; P < 0.001). In this study, the
presence of ascites, hepatic encephalopathy, and serum
albumin level before TIPS placement were the independent factors associated with the risk of post-procedural
mortality. Indeed, other clinical parameters have been
documented as a prognostic factor of poor survival and
treatment failure such as a MELD score > 18 or HVPG
> 20[43]. This is of particular importance as it indicates
that the overall prognosis of patients with acute severe
variceal bleeding is mainly related to their general condition, especially the degree of liver dysfunction. This
finding exhibited the existence of a group of patients
that are too ill, and will die even if TIPS is successfully
performed. Hence, these patients should be differentially considered as a high-risk population that deserves
a more prompt and effective treatment approach. Accordingly, early utilization of TIPS as a potential lifesaving treatment in this selected high-risk population
has been suggested.
Early TIPS
A randomized controlled trial by Monescillo et al[44] assigned 116 patients with high-risk bleeding esophageal
varices (HVPG > 20 mmHg measured within 24 h after
admission) to receive early TIPS or standard medical
treatment. In this study, the early TIPS group had a significantly better outcome in terms of treatment failure,
and in-hospital and 1-year survival. Indeed, the 1-year
survival rate increased from 35% in the standard treatment to 62% in the early TIPS group. Nevertheless, routine HVPG measurement in the setting of acute variceal
bleeding is clinically impractical.
A multicenter trial published in 2010 by García-Pagán
et al[45] included 63 patients with high-risk variceal bleeding: Child C (CTP ≤ 13) or Child B cirrhosis with active
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bleeding at endoscopy. All patients were randomly assigned to receive early TIPS with PTFE-covered stents
within 72 h after admission (n = 32) or vasoactive drug
plus EVL (n = 31). In the standard treatment group,
14/31 patients reached primary endpoint (failure to control acute bleeding or rebleeding), and when the endpoint
was reached, their MELD score increased from 18.8 ± 6.4
to 22.6 ± 11. Of which, TIPS was precluded in five patients due to advanced liver failure, and subsequently, all
of them died. In the remaining nine patients, TIPS was
performed as a rescue in seven, and four of them died
within 36 d despite hemostasis being achieved. In contrast, only one patient in the early TIPS group reached
the primary endpoint. Importantly, the early TIPS group
had lower 1-year rebleeding or treatment failure rate, and
better 1-year survival compared to the standard treatment
group. The numbers needed to treat to prevent one treatment failure and one death were 2.1 (1.4-4) and 4 (2.1-50),
respectively. Later, the benefit of early TIPS in patients
with high-risk variceal bleeding was confirmed in a retrospective post-randomized controlled trial surveillance
reported by the same authors[46]. The results of all three
trials are shown in Table 2.
Interestingly, applying early TIPS did not result in
an increased rate of hepatic encephalopathy in all three
trials. The possible explanation is that most reported
episodes of hepatic encephalopathy were precipitated
by an episode of bleeding. A recent study has evaluated
the economic implication of applying TIPS early, and
found that it was a cost-effective intervention in patients with high-risk variceal bleeding[47]. Currently, the
Baveno V consensus suggests that early TIPS (within 72
h) should be considered in patients with a high-risk of
treatment failure after pharmacologic and endoscopic
therapy[38]. However, the applicability of this strategy to
patients with less severe liver dysfunction, or in a center
with less expertise in TIPS implantation, is still a matter
of debate[48].
Secondary prophylaxis of variceal bleeding
Currently, it is generally suggested that secondary prophylaxis to prevent rebleeding from esophageal varices should
be initiated in all patients who survive the first episode of
variceal bleeding. A combination of NSBBs and EVL is
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the preferred treatment option. Hence, failure of secondary prophylaxis occurs in 10%-15% of patients[1,6]. Many
clinical trials have evaluated the efficacy of TIPS for the
prevention of variceal rebleeding. A meta-analysis of 12
randomized controlled trials showed that TIPS was more
effective than endoscopic intervention with/without pharmacologic therapy in secondary prophylaxis of variceal
bleeding (OR = 0.32; 95%CI: 0.24-0.43; P < 0.00001)[49].
However, all-cause mortality was comparable between
the two groups (OR = 1.17; 95%CI: 0.85-1.61; P = 0.33).
As expected, the rate of new onset or worsening hepatic
encephalopathy was higher in the TIPS group (OR = 2.21;
95%CI: 1.61-3.03; P < 0.00001). It should be taken into
account that most trials were conducted before the introduction of the PTFE-covered stent, and the endoscopic
therapy used was sclerotherapy. As mentioned earlier, it
has been well documented that the PTFE-covered stent
offers an advantage over the bare metal stent in terms of
the post-implantation rate of shunt patency, rebleeding,
and possibly long-term survival[18-20]. Accordingly, even
though clinical trials comparing TIPS using a PTFE-covered stent and the current standard treatment are lacking,
the disadvantage of TIPS in secondary prophylaxis would
be overcome by using PTFE-covered stents.
A surgical portosystemic shunt procedure is recommended as an alternative treatment for secondary prophylaxis in patients with well-compensated cirrhosis[1,6].
To date, two trials have compared TIPS and surgical
shunts in the prevention of rebleeding from esophageal
varices[50,51]. The first study reported a higher rebleeding
rate in the TIPS group compared with the group that
received an 8-mm portocaval H-graft shunt without any
significant difference in mortality. Another study demonstrated that TIPS and a distal splenorenal shunt were
comparable in terms of rebleeding rate and overall mortality. However, due to the prostheses used in both trials
being bare metal stents, as expected, patients assigned to
TIPS had a significantly higher rate of shunt thrombosis
requiring re-intervention. Again, this finding suggests
that using a covered stent would result in a lower rate of
shunt dysfunction, and a better long-term outcome. In
conclusion, despite the previously mentioned drawbacks,
TIPS is generally recommended as the second-line treatment in secondary prophylaxis of variceal bleeding for
those who fail medical and endoscopic intervention[21,38].
Several lines of evidence suggest that hemodynamic
response (a decrease in HVPG from baseline) after
pharmacological therapy is the strongest predictor of
variceal bleeding and rebleeding in cirrhotic patients with
PH[52]. Indeed, after a rebleeding episode, the mortality
rate approaches 30%[1,2]. Previous study reported that
patients who were classified as hemodynamic responders
maintained a low rebleeding rate while on drug therapy,
whereas the rebleeding rate was substantially higher
in hemodynamic non-responders (approximately 40%
at 2 years)[53]. Another prospective trial showed that,
in hemodynamic non-responders, the rebleeding rate
reached 87.5% after a median duration of 28 mo, de-
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spite adding EVL as an adjunctive treatment, compared
to 34% in those who were hemodynamic responders to
NSBBs with/without nitrate[54]. Additionally, a reduction in HVPG was strongly associated with a decreased
risk of developing spontaneous bacterial peritonitis
and death[55,56]. In 2006, González et al[57] conducted a
prospective study in 50 patients with cirrhosis presenting with acute variceal bleeding. After treatment of an
acute bleeding episode, all patients underwent HVPG
measurement, and received secondary prophylaxis with
NSBBs and nitrates. After a mean time of 15.6 d, a second HVPG was measured and 9 (18%) patients were
classified as hemodynamic non-responders (a reduction
of HVPG < 10% from baseline). Of these, preemptive
TIPS was performed in all nine patients, and none of
them re-bled during a mean follow-up of 22 mo. Unfortunately, this study did not include a control group. More
data are needed to clarify whether TIPS might play role
as a preemptive treatment before the development of the
first rebleeding episode in patients who are at high risk
of rebleeding, particularly in HVPG non-responders.
Gastric varices
The prevalence of gastric varices (GV) in patients with
PH is 15%-20%, which is significantly lower than that of
esophageal varices. However, the bleeding from GV is
more severe, requiring more blood transfusions, and has
a higher mortality rate[58,59]. Sarin et al[60] have categorized
GV based on its location and association with esophageal
varices. The incidence of bleeding is highest in gastroesophageal varices type 2 (GOV2) and isolated gastric
varices type 1 (IGV1), commonly known as cardiofundal
varices. Unfortunately, most published trials evaluating
treatment of GV have included different types of GV, of
which less than half of the recruited patients had cardiofundal varices.
Current recommendation suggests that endoscopic
obliteration with cyanoacrylate (CA) glue injection
is the treatment of choice in patients with bleeding
GV [38]. Most uncontrolled series reported an initial
hemostasis rate of over 90%, and a rebleeding rate of
20%-30%[59,61]. To date, a small number of case series
have shown that TIPS was also effective in more than
90% of patients with refractory GV bleeding, with a
6-mo rebleeding rate of 25%[39,62]. A retrospective study
by Mahadeva et al[63] included 43 patients with bleeding
GV (GOV1/GOV2: 28/15) treated with CA (n = 23)
or TIPS (n = 20). In this study, the initial rebleeding
rate was significantly lower in the TIPS group (15%
vs 30%; P = 0.005), without any difference in overall
mortality. Currently, TIPS has been advocated by standard guidelines as a rescue treatment for bleeding GV
if endoscopic therapy is not possible or after a single
failure of endoscopic therapy[3,38]. Regarding secondary prophylaxis, currently there is only one prospective
randomized controlled trial from Taiwan showing that
TIPS was more effective than CA injection in the prevention of rebleeding from GV, with a rebleeding rate
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of 11% and 38%, respectively (P = 0.014)[64]. Unfortunately, no survival difference was shown in this study.
More randomized control trials are needed to confirm
this finding. It has been documented that GV may bleed
despite a PSG < 12 mmHg, which may be a result of
the presence of gastro-renal and spleno-renal shunts[65].
Interestingly, one uncontrolled study has shown that the
advantage of TIPS on survival in patients with bleeding GV was limited to those with a pre-TIPS PSG > 12
mmHg[66]. Therefore, some experts recommend that additional embolization of collaterals feeding GV should
be performed at the time of TIPS placement. However,
two small retrospective studies failed to show any benefit of adding embolization with TIPS over TIPS alone
in patients with bleeding GV[67,68].
In recent years, balloon retrograde transvenous obliteration of gastric varices (BRTO) has become a promising modality to treat GV, particularly in Asian countries[69].
From a hemodynamic standpoint, BRTO is different from
TIPS as the portosystemic collaterals (mostly gastro-renal
shunts) are occluded by a balloon, followed by an injection of sclerosant agent. Thus, several reports have shown
that BRTO causes an increase in portal pressure, and aggravation of esophageal varices because of the obliteration of spontaneous portosystemic shunt caused by the
procedure[70,71]. So far, there are only few trials comparing
BRTO and TIPS in the treatment of acute GV bleeding.
The first study, which randomly assigned 15 patients with
active GV bleeding and presence of gastro-renal shunt
by imaging to receive BRTO or TIPS, failed to show any
significant difference in the initial hemostasis and rebleeding rates between the two groups[72]. Recently, Sabri
et al[73] conducted a retrospective study in 50 patients with
bleeding GV treated with TIPS or BRTO. The authors
found that the rebleeding rate was lower in BRTO group
(0% vs 11% at 1 year) without any statistical significance.
There was no difference in the rate of hepatic encephalopathy between those treated with TIPS and BRTO
in either trial. As mentioned earlier, the advantage of
BRTO is offset by an aggravation in PH, which results in
an increase in variceal size and ascites. Interestingly, a recent study has shown that an additional TIPS placement
results in a protective effect against the development of
ascites, hepatic hydrothorax, and rebleeding in bleeding
GV patients treated with BRTO[74]. Whether CA, TIPS,
and/or BRTO is the best therapeutic option of bleeding
GV merits further study. Currently, it is recommended
that decision-making should be individualized and based
on the patient’s characteristics and vascular anatomy,
along with the local expertise[61,75].

OTHER TYPES OF PORTAL
HYPERTENSION-RELATED BLEEDING
Ectopic varices
Ectopic varices are dilated portosystemic collaterals of
the gastrointestinal mucosa outside the gastroesophageal
region. These variceal veins can occur along the entire
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gastrointestinal tract[76]. The clinical spectrum of bleeding ectopic varices varies from asymptomatic, occult
bleeding to massive bleeding with or without hypovolemic shock[77]. Various therapeutic modalities have been
documented in case reports and case series as an effective
treatment of ectopic varices. However, as randomized
controlled trials comparing different treatment approaches are lacking, there is no general guideline for the management of ectopic varices.
Several reports have shown that TIPS was effective
for the treatment of bleeding ectopic varices, with a rebleeding rate that varied from 17% to 37%[78-80]. Most
rebleeding episodes were related to shunt dysfunction
and responded to shunt intervention. The largest series
was reported in 2008, which included 27 patients with
ectopic varices (43% rectal varices, 29% stomal varices,
and 14% duodenal varices) treated with TIPS (five patients also received selective variceal embolization as an
adjunctive treatment)[81]. Of which, TIPS was performed
in an emergency setting to control acute bleeding in nine
patients, and hemostasis was achieved in six (67%). During follow-up, rebleeding from ectopic varices occurred
in five (21%) patients. Interestingly, three patients rebled despite patent shunts and low PSG, and bleeding
was successfully controlled in two patients by additional
thrombin injections.
It has been documented that additional selective
embolization of varices at the time of TIPS placement
reduced the rebleeding rate in patients with ectopic varices[78,81]. However, due to the retrospective nature of the
studies and given that there were no controlled groups,
it is impossible to draw any firm conclusion. Whether
additional embolization of varices should be routinely
performed in all patients with ectopic varices undergoing
TIPS warrants further study.
Portal hypertensive gastropathy
Portal hypertensive gastropathy (PHG) occurs in up to
70% of patients with PH[82]. Histological characteristics
of PHG are vascular ectasia of the mucosal and submucosal capillaries without inflammation[83,84]. Clinically,
PHG can cause chronic gastrointestinal bleeding requiring repeated transfusion[82]. Vasoconstrictors or NSBBs
have been documented to be an effective treatment for
PHG[85,86]. However, data of portal decompression for
PHG are lacking. So far, two case series have shown that
TIPS placement gives rise to an endoscopic resolution
in more than 85% of cirrhotic patients with PHG[87,88].
In addition, there was a significantly lower transfusion
requirement after TIPS placement in patients with severe
PHG (0.6 ± 0.8 vs 2.9 ± 2.0, P = 0.04).
Gastric antral vascular ectasia
Gastric antral vascular ectasia (GAVE), also known as
watermelon stomach, is a gastric mucosal lesion that
should be differentiated from severe PHG[82]. Besides
vascular ectasia, as found in PHG, the histological features of GAVE consist of spindle cell proliferation and
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Table 3 Results of 6 randomized controlled trials comparing transjugular intrahepatic portosystemic shunts and large volume
paracentesis for refractory ascites
Ref.

Number of
patients

Lebrec et al[98] 1996
Rössle et al[100], 2000
Ginès et al[97], 2002
Sanyal et al[102], 2003
Salerno et al[101], 2004
Narahara et al[99], 2011

Complete resolution of
1
ascites within 6 mo

Treatment failure

TIPS

LVP

TIPS

LVP

P -value

TIPS

13
29
35
52
33
30

12
31
35
57
33
30

38%
52%
NR
NR
60%3
30%

0%
16%

< 0.05
0.001

3%
0%

< 0.001
< 0.005

NR
10%
49%
42%
21%
13%

LVP
48%
83%
84%
57%
80%

2

Survival at 2 yr

Newly developed or severe
encephalopathy

P -value

TIPS

LVP

P -value

TIPS

LVP

P -value

0.001
0.003
< 0.001
0.001
< 0.001

29%
58%
26%
35%
59%
64%

60%
32%
30%
33%
29%
35%

0.03
0.11
0.51
0.84
0.021
< 0.005

45%
23%
60%
38%
61%
67%

0%
13%
34%
21%
39%
17%

< 0.05
NS
0.03
0.058
NS
< 0.001

1

By intention-to-treat analysis; 2Needed frequent paracentesis or other treatment modalities to control ascites; 3Evaluated at 1 year after randomization. NR:
Not reported; NS: Not significant. LVP: Large volume paracentesis; TIPS: Transjugular intrahepatic portosystemic shunts.

fibrohyalinosis[89,90]. Typically, GAVE is characterized by
the presence of red marks varying in size, which are predominantly located in the gastric antrum. Even though
there is no correlation between GAVE and PH, about
30% of affected patients have concomitant liver cirrhosis[91,92]. Based on available information, treatments aiming at lowering portal pressure (including TIPS) do not
appear to be beneficial in reducing either acute or chronic
bleeding from GAVE[87,91,93].
Refractory ascites
Ascites is a common problem in patients with decompensated cirrhosis. Splanchnic vasodilatation and the
activation of the sympathetic nervous system and the
renin-angiotensin-aldosterone system are the proposed
mechanism. Typically, patients with ascites are treated
with diet modification and diuretics; however, ascites are
refractory to medical therapy in 5%-10% of cases[94,95].
Refractory ascites is associated with poor quality of life,
high risk of spontaneous bacterial peritonitis, and hepatorenal syndrome. The available therapeutic options for
patients with refractory ascites are serial large-volume
paracentesis (LVP), TIPS, surgical portosystemic shunts,
and finally, in eligible candidates, liver transplantation[96].
Unlike secondary prevention of variceal bleeding, the
target HVPG that needs to be achieved when the indication is refractory ascites is unclear[27]. This uncertainty
is not surprising, because ascites formation in cirrhosis
is not only the direct consequence of PH, but also the
changes in the renal and neurohormonal systems.
Currently, six randomized controlled trials have compared TIPS and LVP in the management of refractory
ascites (Table 3)[97-102]. As shown, TIPS was superior to
LVP in terms of controlling ascites, but the impact of
TIPS on survival was uncertain. Three out of six trials demonstrated a survival benefit of TIPS over LVP,
whereas TIPS had no effect on survival in the other
two trials. In the remaining trial, survival was better in
patients allocated to LVP. Four meta-analyses of the
five earliest controlled trials have been published, which
again yielded conflicting results regarding long-term
outcomes[103-106]. This discrepancy could be explained
by distinct selection criteria of the included patients
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and the difference in the technical success rate of the
procedures[27]. Indeed, all trials that favored TIPS have
included patients with more preserved liver and kidney
function. The most recently published study, which excluded patients with CTP ≥ 11, Cr ≥ 1.9 mg/dL and
serum bilirubin > 3 mg/dL, showed that TIPS significantly improved long-term survival compared with LVP
plus albumin infusion[99].
In 2007, Salerno et al [107] sought to eliminate the
heterogeneity among studies by performing a metaanalysis of individual patient data from four controlled
trials. The result showed that the actuarial transplant-free
survival was better in patients allocated to TIPS compared to LVP (1- and 2-year LT-free survival of 63.1%
and 49% vs 52.5% and 35.2%, respectively; P = 0.035).
Recurrence of ascites was reported in 42% of patients
allocated to TIPS, and 89% of patients allocated to LVP
(P < 0.0001). By multivariate analysis, allocation to TIPS
(HR = 0.61; 95%CI: 0.41-0.91; P = 0.015), older age (HR
= 1.02; 95%CI: 1.00-1.05; P = 0.041), serum bilirubin
(HR = 1.22; 95%CI: 1.03-1.46; P = 0.022), and low serum sodium (HR = 0.95; 95%CI: 0.92-0.99; P = 0.03)
were independently associated with mortality. Of note,
the positive effects of TIPS on survival were shown
across all subgroups of patients classified according to
different MELD score. As expected, the average number
of cases of hepatic encephalopathy was significantly
higher in patients allocated to TIPS (1.13 ± 1.93 vs 0.63
± 1.18; P = 0.006); however, the cumulative probability
of developing first episode of hepatic encephalopathy
was similar between two groups.
Supporting the idea that better selection of patients
can improve post-TIPS outcome, a combination of
serum bilirubin < 3 mg/dL and platelet count > 75 ×
109/L has been found as a simple predictive tool of good
outcome in patients with refractory ascites treated with
TIPS[108]. The actuarial 1-year survival rate in patients with
both platelet count > 75 × 109/L and bilirubin level < 3
mg/dL was 73.1% compared to 31.2% in patients with
platelet count < 75 × 109/L or bilirubin level > 3 mg/L.
This model has been internally and externally validated by
the same authors in other cohorts, and its reproducibility
has been confirmed. Recently, baseline serum creatinine
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Table 4 Case series of transjugular intrahepatic portosystemic shunts for refractory hepatic hydrothorax
Ref.

No. of
patients

Child-Pugh or MELD Efficacy (complete/ 30-d mortality
score
partial response)

Strauss et al[112], 1994
Gordon et al[113], 1997

5
24

C: 5
B/C: 5/19

Jeffries et al[114], 1998
Siegerstetter et al[115], 2001
Spencer et al[116], 2002
Wilputte et al[117], 2007
Dhanasekaran et al[118], 2010

12
40
21
28
73

A/B/C: 1/5/6
B/C: 24/16
B/C: 7/14
B/C: 12/16
MELD < 15: 32.8%
MELD > 15: 67.2%

1-yr survival

Predictor of mortality
NR
Child C
Non-response
Age > 65
Age > 60
Multiple comorbidities
Child-Pugh score
Pre-TIPS MELD score
Non-response

80%/20%
58%/21%

NR
21%

NR
NR

42%/17%
71%/11%
63%/11%
57%/11%
59%/20.5%1
60%/15%2

25%
NR
29%
14%
19%

NR
64%
NR
41%
48%

1

At 1-mo post TIPS; 2At 6-mo post-TIPS. NR: Not reported; TIPS: Transjugular intrahepatic portosystemic shunts.

has been reported as the only independent predictor
of no response and survival in patients with refractory
ascites undergoing TIPS[109]. Current AASLD guidelines
suggest that TIPS should be considered as a treatment
option for refractory ascites in appropriately selected patients[21]. Additional studies are needed to clarify in which
clinical setting TIPS should be considered as the first-line
treatment in refractory ascites.
Hepatic hydrothorax
Hepatic hydrothorax is characterized by transudative
recurrent pleural effusion in patients with advanced liver
disease and PH. A commonly proposed mechanism is
the direct passage of peritoneal fluid through the diaphragmatic defects[110,111]. The first-line treatment consists
of salt restriction, diuretics, and repeated thoracentesis.
However, a number of patients with hepatic hydrothorax are refractory to initial treatments[96]. These patients
warrant consideration of additional therapies, including TIPS, surgical repair of diaphragmatic defects, and
pleurodesis.
The efficacy of TIPS in refractory hepatic hydrothorax has been documented in several non-randomized
retrospective studies and case reports (Table 4)[112-118]. As
shown, the overall clinical response rate varied from 58%
to 80%. The largest study was reported by Dhanasekaran
et al[118], which included 73 patients with refractory hepatic hydrothorax treated with TIPS. In this study, within
1 mo after TIPS placement, 59%, 20.5%, and 20.5% of
patients had complete clinical response, partial response,
and no response, respectively. The 1-, 3-, and 5-year survival rates were 48%, 26%, and 15%, respectively. In addition, it has been shown that pre-TIPS MELD score (HR
= 1.9; 95%CI: 1.0-3.7; P = 0.039) and clinical response
after TIPS (HR = 2.5; 95%CI: 1.4-4.5; P = 0.003) were
independent factors associated with overall survival[118].
Indeed, median survival in those who had pre-TIPS
MELD < 15 was significantly higher than those with preTIPS MELD ≥ 15 (875 vs 180 d; P = 0.035).
Currently, there are no randomized trials comparing
TIPS with other second-line treatments. Nonetheless,
based on current evidence, TIPS placement results in a
good control of hepatic hydrothorax, and it also results
in a mobilization of ascites, which is the source of ac-
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cumulated fluid. TIPS is thus the preferred treatment for
refractory hepatic hydrothorax[96,119]. However, similar to
refractory ascites, the benefit of TIPS in patients with refractory hepatic hydrothorax may be limited to those who
are younger and have preserved baseline liver function.
Hepatorenal syndrome
Hepatorenal syndrome (HRS) is a severe complication in
patients with decompensated cirrhosis. HRS develops as
a result of severe splanchnic vasodilatation and circulatory dysfunction, which lead to intense renal vasoconstriction[96]. Type 1 HRS is defined as the development of
rapidly progressive renal failure in the setting of a precipitating event. In contrast, type 2 HRS is characterized by
slowly progressing or steady renal failure and refractory
ascites[120].
To date, several studies have evaluated the role of
TIPS placement in patients with HRS[120]. TIPS has been
shown to improve kidney function (urinary sodium excretion and serum creatinine), and hemodynamic parameters in patients with HRS[121,122]. Plasma renin activity,
aldosterone and noradrenaline concentration decrease
significantly within 4-6 mo after the procedure. The largest study was reported in 2000, which included 41 patients with HRS[123]. Thirty-one out of 41 patients were
submitted to TIPS (HRS type 1/2 = 14/17), whereas
TIPS was precluded in the remaining 10 due to severe
liver dysfunction. Apart from the positive effect on renal
function, the TIPS group had better 3-mo survival compared to the non-TIPS group (63% and 10%, respectively). Indeed, considering only the subgroup of patients
with type 1 HRS, which carries a grave prognosis, TIPS
placement still resulted in better survival. However, the
benefit of TIPS in this study was hampered by the selection bias toward the intervention arm. Additionally, in
2004, Wong et al[124] reported that TIPS could be used as
a bridging therapy before liver transplantation in patients
with HRS type 1 who initially responded to vasoconstrictor treatment.
It should be kept in mind that, typically, patients
with HRS, particularly type 1, suffer from severe liver
failure, which has been regarded as a contraindication to
TIPS placement. Accordingly, the clinical applicability of
TIPS in these patients is considerably low. In summary,
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the well-established benefit of TIPS is limited to hemodynamic derangement with an inconclusive advantage
on survival. Together with a limited applicability of the
procedure, TIPS is therefore recommended only in a selected group of patients with HRS and/or in candidates
for liver transplantation.

2

Hepatopulmonary syndrome
Hepatopulmonary syndrome (HPS) is characterized by
an intrapulmonary vasodilatation causing abnormal gas
exchange in the setting of PH or severe liver dysfunction.
HPS is relatively common in cirrhotic patients awaiting
liver transplantation[125,126]. Currently, liver transplantation
is the only effective treatment for HPS, resulting in complete resolution of gas-exchange abnormalities in more
than 80% of patients[127,128].
Physiologically, TIPS aggravates existing hyperdynamic circulation in cirrhotic patients with PH, which
could trigger or increase pulmonary vasodilatation, and
adversely effect pulmonary gas exchange. Several case
reports have evaluated the role of TIPS in HPS, which
yielded conflicting results. Some case reports have shown
that applying TIPS could improve pulmonary gas exchange or achieve clinical resolution, while others demonstrated a negative outcome[129-133]. This discrepancy
might be caused by the distinctive clinical features of
included patients, and the fact that TIPS was performed
for indications other than HPS in the majority of them.
The largest case series, which included three patients
with advanced HPS treated with TIPS, failed to show
any improvement in pulmonary gas exchange[134]. Finally,
one patient in this study underwent liver transplantation
and had a resolution of intrapulmonary vasodilatation.
Hence, currently, there is not sufficient evidence to support the use of TIPS for HPS.

4

CONCLUSION

13

In recent years, TIPS has gained wide acceptance as a
treatment for severe or refractory complications of portal
hypertension. The advantage of TIPS is that it produces
a greater and more rapid decrease in portal pressure
than other treatment modalities. Currently, TIPS is of
paramount importance in the treatment armamentarium
for bleeding esophageal and gastric varices, particularly
in those who fail standard treatment. In addition, TIPS
has emerged as a recommended treatment modality in
patients with refractory ascites and hepatic hydrothorax.
Nevertheless, the application of TIPS is offset by an
increased risk of hepatic encephalopathy. Future trials
should focus on optimizing the appropriate timing and
patient selection to achieve positive long-term outcomes
after the procedure.
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Abstract
Colorectal cancer (CRC) is the third most common
malignancy and the third leading cause of cancer related deaths in the United States. Almost 90% of the
patients diagnosed with CRC die due to metastases.
MicroRNAs (miRNAs) are evolutionarily conserved molecules that modulate the expression of their target
genes post-transcriptionally, and they may participate
in various physiological and pathological processes
including CRC metastasis by influencing various factors in the human body. Recently, the role miRNAs play
throughout the CRC metastatic cascade has gain attention. Many studies have been published to link them
with CRC metastasis. In this review, we will briefly discuss metastatic steps in the light of miRNAs, along with
their target genes. We will discuss how the aberration
in the expression of miRNAs leads to the formation of
CRC by effecting the regulation of their target genes.
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As miRNAs are being exploited for diagnosis, prognosis, and monitoring of cancer and other diseases, their
high tissue specificity and critical role in oncogenesis
make them new biomarkers for the diagnosis and classification of cancer as well as for predicting patients’
outcome. MiRNA signatures have been identified for
many human tumors including CRC, and miRNA-based
therapies to treat cancer have been emphasized lately.
These will also be discussed in this review.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: MicroRNAs; Colorectal Cancer; Metastasis;
Biomarkers; Therapeutics
Core tip: MicroRNAs (miRNAs) are evolutionarily conserved molecules that modulate expression of their
target genes post-transcriptionally, and they may participate in various physiological and pathological processes including colorectal cancer (CRC) metastasis by
influencing various factors in the human body. They
have been associated with every step of the CRC metastatic cascade. More recently, miRNAs have been used
as biomarkers for CRC early detection. MiRNA-based
therapies are have been emphasized recently to treat
various pathological conditions.
Muhammad S, Kaur K, Huang R, Zhang Q, Kaur P, Yazdani HO,
Bilal MU, Zheng J, Zheng L, Wang XS. MicroRNAs in colorectal cancer: Role in metastasis and clinical perspectives. World J
Gastroenterol 2014; 20(45): 17011-17019 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i45/17011.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i45.17011

INTRODUCTION
Colorectal cancer (CRC) is the third most common ma-
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lignancy in the United States, with > 148000 cases projected to have occurred in 2008[1]. Despite improvements
in diagnosis and treatment, more than 52000 patients are
estimated to have died of CRC at the end of 2007, and
approximately 50% of all patients diagnosed with CRC
will eventually die of metastatic disease[2]. Approximately
90% of CRC related mortalities are due to metastases, yet
the mechanism underlying this process remains unclear[3].
The complex multistep process of metastasis can be divided into multiple stages, including invasion of the surrounding tissues, vasculature intravasation, translocation
through the systemic circulation, extravasation into the
parenchyma of distant secondary sites (liver and lungs),
establishment of micrometastases, and finally the formation of macroscopic secondary tumors[4]. Multiple studies
have been conducted recently to investigate the genes and
their products that are involved in metastasis[5]. In recent
years, studies have evidenced the role of microRNAs
(miRNAs) in the establishment and progression of CRC.
The fragile chromosomal regions, where more than 50%
of miRNA genes are situated, alter during tumor progression[6]. MiRNAs are small, endogenous, regulatory RNA
molecules that modulate the expression of their target
genes post-transcriptionally. MiRNAs are located in the
spacer regions between protein-coding genes or in the introns of protein-coding genes, and they have either their
own promoters or use the same promoters as proteincoding genes, and are transcribed as primary miRNAs
(pri-miRNAs) in the same manner as the mRNAs of the
protein-coding genes. After being processed within the
nucleus, pri-miRNAs become miRNA precursors (premiRNAs), which are then transported to the cytoplasm,
where they are further processed into mature miRNAs,
and function through post-transcriptional regulation of
gene expression via base-pairing with complementary sequences in target mRNAs, resulting in translational suppression of imperfectly matched mRNAs or degradation
of perfectly matched mRNAs[7]. The two strands of a
pre-miRNA can be processed into two mature miRNAs
either having similar efficiencies that are discriminated
by -5p and -3p or can develop into one dominantly
processed and the other being the recessive one starlabeled(*), and they function differently against target
genes[8]. MiRNAs are evolutionarily conserved molecules
and may participate in various physiological and pathological processes including CRC metastasis by influencing
cancer stem-cell biology, angiogenesis, epithelial-mesenchymal and mesenchymal-epithelial transition or drug
resistance[9]. An aberration in the expression of miRNAs
leads to the progression of CRC[10]. This effect may be
underlined by deletions, amplifications or point mutations
of miRNA loci, epigenetic silencing, deregulation of
transcription factors (modifiers of miRNA expression)
or inhibition of processing of primary miRNA to its mature form[11]. Certain specific miRNAs, when upregulated,
can suppress genes responsible for growth/proliferation
inhibition, and downregulation of other specific miRNAs
can enhance the expression of genes responsible for
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growth/proliferation promotion, resulting in either development or progression of cancer. However, the processes of dysregulated expression of miRNAs in human
cancers are still not fully understood. Aberrant methylation of the miRNA gene promoters located in or near
CpG islands is a mechanism which has gained attention
recently. Recent studies has demonstrated that aberrant
hypermethylation of certain miRNAs (miR-34b, miR34c, miR-9-1, miR-129-2, and miR-137), which are all
located in CpG islands, is associated with their reduced
expression in CRC cell lines and cancerous tissues[12-14].
By comparing miRNA expression and histone modifications (H3K4me3, H3K27me3, and H3K79me2) before
and after the DNA demythylation, it was found that 47
miRNAs, including miR-1-1, were potential targets of
epigenetic silencing in early and advanced CRCs[15]. The
DNA demythlation of these miRNA promoters resulted
in upregulation of H3K4me3 and H3K27me3, which
has provided a new insight into the association between
hypermethylation, chromatin modifications, and miRNA
dysregulation in cancer. In addition, expression profiling
analysis has revealed characteristic miRNA signatures
that can predict the clinical outcomes of CRC[16]. The
recent discovery of miRNAs secreted in membrane
vesicles (exosomes)[17,18] as well as in the blood serum[19,20]
and other body fluids[21], suggests that miRNAs play a
role in intracellular communication in both paracrine and
endocrine manner, and some miRNAs have been identified as oncogenes or tumor suppressor genes in CRC[22].
These findings have also opened a new exciting direction
for the study of miRNAs as biomarkers for diseases, and
cancer diagnostics by miRNA profile in blood serum has
quickly become a growing field[23]. In this article, we will
review the role of miRNAs in the metastatic process of
CRC as well as in the diagnosis and therapeutics of this
malignancy.

MIRNAS INVOLVED IN CRC METASTATIC
CASCADE
Cancerous cells escape from the primary site, followed
by local invasion of surrounding tissues into the circulatory or lymphatic system. After extravasation and survival
of tumor cells, they proliferate and colonize into the
secondary site. These are the multiple sequential steps
of the metastatic cascade. MiRNAs that are associated
with colorectal cancer metastasis[24] have been identified
by Hanahan et al[25] and others. The complex metastatic
process can be broadly divided into two main stages, with
the first being the migration of tumor cells from their
primary tumor environment to various distant tissues and
the second being the colonization of these tumor cells in
their new location[26]. Underlying these two main stages
provides a number of cellular hallmarks taking place during the development and metastasis of human tumors[27].
The expression patterns of miRNAs can also distinguish
normal colonic mucosa, colon adenomas and colon carcinomas. These expression patterns are consistent with
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Table 1 MicroRNAs involved in angiogenesis
MicroRNAs
miR-194
miR-221,
miR-222
miR-17-92
(Oncomir-1)
miR-126
miR-210

miR-497
miR-424

Target genes/activators

Table 2 MicroRNAs and invasion

Effect on
angeogenesis

Ref.

THBS1
c-Kit, Stat5A, ENOS, and ETS1

↑ Enhance
↓ Inhibit

[69]
[70]

TSP-1 and CTGF

↑ Enhance

[71]

SPRED1 and PIK3R2 p85beta
Hypoxia-induced miR-210
activation accompanied by
KRAS mutation
IGF1-R
Hypoxia-induced activation of
angiogenic genes

↑ Enhance
↑ Enhance

↓ Inhibit
↑ Enhance

MicroRNAs Dysregulation
miR-31

↑

miR-122

↑
↓

[72]
[73]

miR-200
family
miR-328

↑

[74]
[75]

miR-143

↓

miR-145,
miR-103
and
miR-107
miR-29a

↑

miR-21,
miR-17,
miR-19a

↑

ENOS: Endothelial nitric oxide synthase; ETS1: V-ets erythroblastosis
virus E26 oncogene homolog 1; Stat5A: Signal transducer and activator
of transcription 5A; CTGF: Connective tissue growth factor; TSP-1:
Encodes thrombospondin-1; SPRED1: Sprouty-related protein1; PIK3R2:
Phosphatidylinositol-3-kinase regulatory subunit; KRAS: V-Ki-ras2 Kirsten
rat sarcoma viral oncogene homolog; IGF1-R: Nsulin-like growth factor 1
receptor gene.

the stepwise, multi-hit model for colon carcinogenesis
and support a role for miRNAs in each step. MiR-21 is a
good example of this in that it is elevated in both adenomas and colon carcinomas[10]. Higher expression levels
of miR-21 are associated with more advanced stages of
CRC, indicating that miR-21 plays an important role in
the initiation and progression of CRC[28]. Moreover, the
frequency and extent of miR-21 expression were found
to be enhanced during the transition from adenoma to
carcinoma. Another miRNA, miR-135b, may also have
a role in the early stages of colon carcinogenesis. Various molecular, genetic, and epigenetic changes define
the multistep dissemination process of the tumor, also
known as the “metastatic cascade.” The steps involved in
the cascade, schematically focusing particularly on miRNAs, will be discussed and described in detail below.
Angiogenesis
The generation of new blood vessels, also known as
angiogenesis, is an essential physiological process that
can be dysregulated in various pathological conditions,
including cancer[29]. Both primary and secondary (metastatic) tumor growth at any site are key components of
angiogenesis[30]. Regulated by pro- and anti-angiogenic
factors, angiogenesis near the tumor is essential for its
growth and contact with the bloodstream[31]. Recent studies indicate that miRNAs may regulate angiogenesis by
exerting pro-angiogenic or anti-angiogenic effects[32,33]. It
seems that miRNAs may play distinguishing roles in CRC
angiogenesis through regulating the levels of mRNAs
encoding inhibitors or activators of angiogenesis. Various
miRNAs involved in angiogenesis are listed in Table 1.
Cancer cell invasion
Cancer cells exhibit properties consistent with a propensity to migrate and invade into surrounding tissues and
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↓

↑

Remarks

Ref.

Contributed to the invasive nature
of CRC cells in vitro and in vivo
Non-neoplastic tissue to dysplasia
Dysplasia to inflammatory bowel
disease-associated CRC
Associated with acquiring an
aggressive phenotype
Accompanied by a high fraction of
side population (SP) cells showing
cancer stem like properties
Stimulated cell growth, migration
and invasion
Promoted local invasion and liver
metastasis in a mouse model

[76]
[77]
[77]
[78]
[79]

[80]
[81]

Elevated in CRC tumor samples [82,83]
compared to normal epithelial
tissue; a specific and sensitive
marker discriminating CRC
with liver metastases from nonmetastatic CRC
Favored cell proliferation and CRC [84]
metastasis

CRC: Colorectal cancer; miRNA: MicroRNA.

distal organs[34,35] prior to the development of frank metastatic lesions. An early step in tumor progression is the
invasion of the cancer cell from the tumor mass to the
adjacent tissue. Increased potentials for malignant cells
to spread to local and distant sites, including directional
activation of proteolytic enzymes (including metalloproteases), degradation of extracellular matrix, transition of
the cancer phenotype from epithelial to mesenchymal
(EMT), and translocation of cancer cells, are known to
be linked with a variety of cellular events. The role of
miRNAs has been evaluated in the process of cancer cell
invasion. Various miRNAs contributing to the process of
invasion are listed in Table 2.
Intravasation, circulation and extravasation
The exact mechanism of how a cancer cell intravastes
blood/lymph vessels by crossing the basement membrane is still elusive. The connection of miRNAs with
tumor growth, invasion and intravasation has been illustrated by recently published studies, even though the
complex mechanisms are still not fully understood. Degradation of cancer cells as they enter the bloodstream
may occur due to shear stress and immune system attacks[36]. A number of miRNAs have been discovered to
play critical roles in modulation of T and B lymphocyte
activation, innate and adaptive immune responses[37]. It
seems that miRNAs help cancer cells evade recognition
by the immune system in the blood/lymph vessels, even
though the exact role of miRNAs is still unknown. The
escape of cancer cells from the capillaries to invade the
parenchyma is a step before creating cancer cell colonies
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Table 3 Intravasation, extravasation and colonization
MicroRNAs

Dysregulation

Effect

Ref.

Intravasation and
extravasation
miR-21
↓ Pdcd4
↑ Intravasation and metastatic [34,85]
potential
miR-126
↓ VCAM-1
↓ Decreased cell-cell adhesion, [86]
leukocytes-epithelial cell
adherence, inflammation
miR-155
Required for adaptive
[40]
and innate immunity
miR-17-92
Adaptive differentiation of B
[40]
cells and conventional T cells
Colonization
miR-328
↓ in SP cells
Low miR-328 expression
[79]
correlated with high SP
fraction
miR-26b
↓ HUES-17 and
↓ Cell growth
[87]
CRC cell line
and induction of apoptosis
miR-103/107 ↓ DAPK and
↑ Colonization
[69]
KLF4

in the site far from the primary tumor. Based on these
miRNAs-regulated processes, it is hypothesized that
miRNAs may influence cancer cell extravasation as illustrated in only a few studies[38,39]. MiRNAs regulating the
processes of intrasation, circulation and extravasation are
listed in Table 3.
Metastatic colonization
The final step in cancer metastasis is colonization to the
distant secondary sites. The circulating tumor cells or
cancer cells in the bloodstream showing the affinity for
the particular sites[40] are explained by the “seed and soil”
hypothesis, with the “seed” being the cancer cell and
the specific organ microenvironment being the “soil”.
Metastatic colonization to this microenvironment may
be dependent on the ability of cancer cells to proliferate and to adapt to the new conditions. Characterized by
the ability of self-renewal and multipotency, cancer stem
cells are a subpopulation of cancer cells which may aid in
the establishment of distant metastases[41]. MiRNAs may
control the pathways that are necessary for the phenotype of stem cells. The abnormal levels of miRNAs were
observed in cancer stem cells compared to their nonstem counterpart. Given that these miRNAs may regulate
the stem-cell properties of cancer cells, they may possibly
play a role in CRC metastasis and enable the colonization
(Table 3) of CRC cells at a metastatic site, but the precise
mechanism of that action is unidentified[42].

MIRNAS ARE ASSOCIATED WITH
VARIOUS OTHER FACTORS PROMOTING
METASTATIC CASCADE
Macrophage migration inhibitory factor (MIF) is an innate cytokine which plays a critical role in the control of
host inflammation and immunity; it also plays an impor-
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tant role in the colorectal carcinogenesis and hypoxia-induced apoptosis[12,43], due to the fact that MIF can inhibit
p53 tumor suppressor activity[13]. Bioinformatic analysis
has shown that MIF is a potential target of miR-451.
Over-expression of miR-451 in gastric cancer and CRC
has been related to reduced cell proliferation, enhanced
susceptibility to radiotherapy and downregulated expression of MIF at both mRNA and protein levels. In biopsies of gastric tumors, it was observed that there was an
inverse connection between miR-451, a tumor suppressor, and MIF expression[44]. It has been elucidated that
miRNAs play a role in linking inflammation and tumorigenesis, and their close relationship with DNA methylation. Methylation of CpG islands in the miR-34b/c gene
was repeatedly observed in CRC cell lines (9 of 9, 100%)
and in primary CRC tumors (101 of 111, 90%) rather
than in normal colonic mucosa[45]. Five other miRNAs
were downregulated in CRC samples, whose genes are
located around/on a CpG island. Expression of miR-9,
miR-129 and miR-137 was restored after treatment
with a DNA methyltransferase inhibitor and a histone
deacetylase inhibitor in three CRC cell lines. Methylation
of their genes was frequently observed in CRC cell lines
and in primary CRC tumors instead of normal colonic
mucosa[46]. Evidence has shown the acquisition of EMT
(a process by which epithelial cells lose their cell-to-cell
contacts and subsequently attain characteristics of mesenchymal phenotype) could be regulated by deregulated
expression of miRNAs in the context of metastasis. The
responsibility for tumor cell metastasis is believed to be
due to the detachment of these cells from the primary
tumor site and the entering into circulation[47,48]. In the
context of metastasis, the phenotype could be regulated
by deregulation in the expression of miRNAs. Studies
have shown that detection of circulating miRNAs can be
associated with clinical parameters such as relapse with
metastatic disease[49]. It has been reported that the expression of KRAS is inversely regulated by miR-143 in vivo[50].
Compared with their surrounding normal tissues, KRAS
was downregulated in 87.5% (35 of 40) of CRC tissues
and was inversely correlated with mRNA and protein
expression of DNMT3A in CRC. After the restoration
of miR-143 expression, tumor cell growth and soft-agar
colony formation were inhibited, and DNMT3A expression at both mRNA and protein levels was downregulated[51]. Thus, miRNAs have an impact on the expression
of oncogenes[52]. It has been suggested that c-Myc could
encourage the growth of cancers via the miR-17-92 cluster[53]. SiRNA-mediated downregulation of microtubuleassociated kinase (DCAMKL-1) resulted in a growth
arrest of the HCT116 tumor, increased the level of prilet-7a miRNA and decreased the expression of Myc in
tumor cell lines. It is suggested that DCAMKL-1 may
play a role in both stem cell differentiation and tumor
growth[54]. In colorectal adenomas and carcinomas[55] an
inverse correlation was observed between the level of
APC mRNA and miR-135. In two of the eight human
CRC samples based on stem-loop RT-PCR[56], human let-
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Table 4 MicroRNAs as diagnostic markers
MicroRNAs Sensitivity

Specificity

Remarks

Ref.

89.1%

Upregulated in CRC
plasma, associated with
advanced TNM stages
Upregulated in CRC
plasma; could distinguish
CRC from other GI cancers
and IBD; not associated
with TNM stages
Upregulated in CRC
plasma
Upregulated in CRC
plasma; not associated with
TNM stages

[82]

Upregulated in stool of
CRC patients
Upregulated in stool of
CRC patients
Upregulated in stool of
CRC patients
Upregulated in stool of
CRC patients

[88]

miR-29a

Plasma
69%

miR-92a

64%

70%

miR-17-3p

89%

70%

miR-92a

84%

71.2%

Fecal
69.5%

81.5%

46.2%

95%

miR-92a

50%

80%

miR-21

50%

83%

miR-17-92
cluster
miR-135

[50]

[51]
[82]

[88]
[89]
[89]

CRC: Colorectal cancer; miRNA: MicroRNA; TNM: Tumour-node-metastasis.

7a miRNA expression was significantly reduced. A low
level of let-7a could activate multiple signaling pathways
including c-Myc and KRAS and lead to the formation
and development of CRC. Meanwhile, a high level of
let-7a could restrain the drug-induced apoptosis of CRC
cells. Cyclooxygenase-2 (COX-2), which has a significant
effect on the growth and invasiveness of CRC cells, was
inversely correlated with miR-101 expression in colon
cancer cell lines and translation of COX-2 mRNA was
directly inhibited by miR-101 in vitro.

CLINCAL PERSPECTIVES
In addition to DNA methylation, a large body of data support that miRNAs serve as biomarkers for early detection,
determination of predictive responses to chemotherapy,
and prognosis in patients with colorectal neoplasia. Along
with DNA methylation, miRNA expression changes can
be easily measured in archival tissues, as well as in blood,
feces, urine, and so on. Moreover, miRNA expression and
DNA methylation can be measured quantitatively, which
might be useful for monitoring disease progression and
the patient responses to various treatments.
MiRNAs as diagnostic markers (blood and stool tests)
In the peripheral blood[23], circulating miRNAs, as bloodbased markers for cancer detection, have been discovered
in a highly stable, cell-free form. Through mechanisms
still unknown, circulating miRNAs are packed in complexes, either called exosomes or microvesicles, and released by normal and tumor cells. Such external miRNAs
are also involved in cell-to-cell signal transduction and
genetic information exchange[57], as indicated by emerg-
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ing evidence. These circulating miRNAs can potentially
serve as noninvasive markers for CRC detection (Table
4). However, the false-positive and false-negative rates in
diagnosis and lower specificity are problems still left to
resolve. An optimized method of plasma/serum miRNA
detection and data analysis has recently been described.
The improved protocol can increase the detection accuracy and help uncover novel miRNA markers in the
plasma[58], as expected. A widely adopted noninvasive
screening method for CRC diagnosis is stool-based test.
Endogenous miRNAs are packed and protected from
RNases, compared to mRNAs and proteins which are
degraded rapidly. Therefore, they are more likely to be
detected in the stools. Several criteria need to be met if
stool miRNAs have to be developed as diagnostic markers, including predictability, reproducibility and measurability, due to complex and hostile stool environment as
compared to plasma. Recently, a novel detection protocol
including stool preparation, stool miRNA extraction and
quantitative analysis has been developed[28]. In comparison with blood, it has been postulated that tumor cells
and most tumor markers can be readily detected in the
stools at earlier stages of CRC. Thus, stool miRNA testing has the advantage for pre-cancerous lesion screening [59]. For stool miRNA purification, a commercial
miRNA extraction kit is also available, which can yield
total RNA of high quality and integrity for further assays. The use of stool miRNAs as biomarkers is still in
its infancy and none of the miRNAs discussed above
has progressed beyond the preclinical stage; however, the
obtainable data indicated that higher specificity, sensitivity and reproducibility can be achieved for stool miRNA
detection. For CRC diagnosis, further studies of stool
miRNA characterization and validation are required. A
variety of known stool miRNAs are listed in Table 4.
MiRNAs as therapeutic agents and prognostic markers
Since a single miRNA can modulate the expression of
various genes[60], applying miRNAs in anticancer therapy
could be efficient. The use of miRNA-based therapies
to treat cancer has been emphasized lately. There are
two general strategies for miRNA-based therapies: to
inhibit oncogenic miRNAs or to restore tumor suppressor miRNAs. Both of these strategies can be effective, as
shown in preclinical models. Antisense oligonucleotides
or miRNA sponges can be used to bind and sequester
the target miRNA for direct inhibition of miRNAs. Antagomirs are modified antisense oligonucleotides which
have been used to inhibit miRNAs in vivo[61]. In a recent
study, anti-miR-122 treatment in chimpanzees chronically infected with HCV has shown promising results
in improving HCV-related liver pathology[62]. This antimiR-122 drug has progressed to phase II clinical trials to
treat HCV in humans, suggesting that anti-sense based
miRNA therapeutics may soon be available. Through
treatments with various chemical compounds, indirect
inhibition of miRNAs can also be achieved. In fact,
through screening, various small molecule inhibitors
that can inhibit the function of at least mir-21 have been
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aberrantly expressed miRNAs in CRC, among which 5
highly expressed miRNAs (miR-20a, miR-21, miR-106a,
miR-181b and miR-203) were related with poor survival
in the test cohort. The statistically significant association
between poor prognosis and high tumor level of miR-21
in Asian CRC patients was validated and confirmed.
Prognostic and therapeutic perspectives related to miRNAs are mentioned in Table 5.

Table 5 MicroRNAs as therapeutic, potential prognostic and
predictive markers for colorectal cancer
MicroRNAs

Dysregulation

Clinical phenotypes

miR-221

Upregulated in
Prognostic factors for poor
CRC
overall survival in CRC patients
miR-141
Upregulated in
Higher level associated with
CRC
poor survival; an independent
prognostic factor for advanced
CRC
pre-miR-423 Upregulated in
SNPs in these miRNAs were
CRC
significantly associated with
pre-miR-608 Upregulated in recurrence-free survival in CRC
CRC
miR-222
Upregulated in Played a role in the development
CRC
of MDR by modulation of
ADAM-17 in CRC
miR-328
Upregulated in Chemotherapeutic insensitive
CRC
CRC cells, carrying stem cell-like
properties, could be reversed by
restoring miR-328 to normal
let-7g
Upregulated in
Higher level associated
CRC
with poor S-1 response; was
prognostic in early-stage CRC
miR-18a
Upregulated in
Higher level associated with
CRC
poor overall survival
miR-21
Upregulated
Higher level associated with
in adenoma,
lymph node metastasis, poor
CRC, and liver
survival, poor therapeutic
metastases
outcomes, rapid recurrence, and
shorter disease-free interval
miR-31
Upregulated in
Higher level associated with
CRC
higher TNM stages and local
invasion
miR-106a
Upregulated in
Higher level associated with
colon cancer
longer disease-free survival and
overall survival
miR-143
Downregulated
Lower level associated with
in colon cancer larger tumour size and longer
and liver
disease-free interval; expression
metastases
levels served as an independent
prognostic biomarker for KRAS
wild-type CRC
miR-145
Downregulated
Lower level associated with
in CRC
large tumour size and tumour
location
miR-181b
Upregulated in
Higher level associated with
CRC
poor S-1 response
miR-320
Downregulated
Lower level associated with
in MSS tumour shorter progression-free survival
miR-498
Downregulated
Lower level associated with
in MSS tumour shorter progression-free survival

Ref.
[90]
[71]

[91]

CONCLUSION

[91]

Although miRNAs have a crucial role throughout the
metastatic cascade and an important role in the diagnosis
and treatment of CRC, further large-scale evaluation in
multiple independent cohorts is indispensable for determining their realistic expectation. It is expected to develop novel therapeutics in the near future to re-normalize
the altered miRNAs in CRC by directly restoring downregulated miRNAs and knocking down the upregulated
miRNAs.
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Abstract
Gastric ulcer is a common disorder of the digestive
system. Current therapeutic regimens largely rely on
Western medicine. However, numerous studies have
demonstrated that herbal medicines can effectively treat
gastric ulcer in humans and various animal models via
divergent mechanisms. This review updates the efficacy
and safety of herbal medicines in treating gastric ulcer,
and the mechanisms of their action in humans and animal models. Studies have demonstrated that the efficacy of herbal medicines is comparable or superior to that
of drugs such as omeprazole or cimetidine in humans
and animal models, and herbal medicines display fewer
adverse effects. The mechanisms by which herbal medicines benefit gastric ulcer include stimulation of mucous
cell proliferation, anti-oxidation, and inhibition of gastric
acid secretion and H(+)/K(+)-ATPase activity. Some
herbal medicines also exhibit antimicrobial properties.
Utilization of herbal medicines could be a valuable alternative to treat gastric ulcer in humans effectively, with
few adverse effects.
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Core tip: Gastric ulcer is a common digestive disorder.
Herbal medicines can effectively treat gastric ulcers in
humans and various animal models. The efficacy of
herbal medicines is comparable or superior to drugs
such as omeprazole or cimetidine, and herbal medicines display fewer adverse effects. The mechanisms
by which herbal medicines benefit gastric ulcer include
stimulation of mucous cell proliferation, anti-oxidation,
and inhibition of gastric acid secretion as well as H(+)/
K(+)-ATPase activity. Some herbal medicines also exhibit antimicrobial properties. Utilization of herbal medicines could be a valuable alternative to treat gastric
ulcer in humans effectively, with few adverse effects.
Bi WP, Man HB, Man MQ. Efficacy and safety of herbal medicines in treating gastric ulcer: A review. World J Gastroenterol
2014; 20(45): 17020-17028 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i45/17020.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i45.17020

INTRODUCTION
Gastric ulcer is the most common disorder of the upper digestive tract. The prevalence of gastric ulcer is
2.4% in the Western population[1] and annual incidence
rates range from 0.10% to 0.19%[2]. In certain regions
of Mainland China, the prevalence of gastric ulcer is
as high as 6.07% in the general population, and 22.5%
of patients with gastrointestinal symptoms have gastric ulcer[3,4]. Higher incidence usually occurs in people
who smoke, use nonsteroidal anti-inflammatory drugs
(NSAIDs), or consume alcohol[5-8]. The recurrence rate is
as high as 60%[9]. Gastric ulcer has a significant economic
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impact. Average annual medical costs are $23819 for
gastric ulcer in the United States[10]. In South Korea, the
annual medical costs for gastric ulcer range from $959.6
to $2553.10[11]. Although some studies have demonstrated that Helicobacter pylori (H. pylori) eradication therapy
is cost-effective[12], a more systematic study indicated
that there was no significant cost difference per subject
between eradication therapy and placebo[13]. Although
conventional regimens are effective, their side effects are
often inevitable and limit clinical utility[14-16]. However,
both clinical and experimental studies have demonstrated
that herbal medicines exhibit therapeutic benefit for gastric ulcer with fewer side effects. Moreover, the cost of
herbal medicine for gastric ulcer is only about one-sixth
of that of Western medicine[17]. In this paper, the efficacy,
safety and mechanisms of action of herbal medicines in
treating gastric ulcer are reviewed.

EFFICACY OF HERBAL MEDICINES
Animal models
The beneficial effects of herbal medicines in treating
gastric ulcer are demonstrated primarily in various animal
models, including ulcers induced by NSAIDs, ethanol,
cold-restraint stress, pylorus ligation, as well as erosive
agents. In each model, the therapeutic efficacy varies
depending on the preparation and utilization of herbal
medicines.
NSAID-induced gastric ulcer model: Induction of
gastric ulcer is a major adverse effect caused by NSAIDs.
Therefore, they have been used widely to establish animal
models of gastric ulcer. A single dose of oral indomethacin can induce gastric ulcer-like damage in rats, which
reaches a maximum 3 d after administration[18,19]. Oral
administration of Myristica malabarica extract once daily
for 3 d induced a > 60% reduction in macroscopic damage score[18]. Similarly, oral Piper betel extract at a dose of 2
mg/kg per day for 7 d significantly reduced ulcer index in
a rat model of indomethacin-induced gastric ulcer[20]. Its
efficacy was comparable to misoprostol, a conventional
anti-ulcer drug. Mehrabani et al[21] have reported that oral
Teucrium polium extract lowered ulcer index in 24 h and
induces a > 90% reduction in ulcer index. Likewise, oral
administration of Phyllanthus emblica fruit extract for 7 d
induced 79.39% inhibition of ulcer index[22]. Moreover,
oral beeswax extract for 5 d induced significant acceleration of ulcer healing in a rat model[23]. These results
suggest that herbal medicines could be useful in treating
NSAID-induced gastric ulcer.
Acetic acid-induced gastric ulcer model: A gastric
ulcer model can be established by injection or topical application of acetic acid solution into the stomach. Oral
Qualea grandiflora extract once daily for 14 d accelerated
ulcer healing in an acetic acid-induced gastric ulcer model
(ulcer area 6.86 ± 1.46 mm2 for control, 1.13 ± 1.3 mm2
for Qualea grandiflora extract, and 1.63 ± 1.11 mm2 for
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cimetidine)[24]. Oral Centella asiatica for only 3 d also resulted in dose-dependent acceleration of ulcer healing[25].
Dharmani et al[26] reported that oral administration of
Ocimum sanctum Linn at a daily dose of 100 mg/kg for 10
d achieved a comparable efficacy to omeprazole in ulcer
healing in an acetic acid-induced gastric ulcer model. In
some cases, the efficacy of herbal medicines is superior
to that of conventional drugs. For example, oral Alchornea glandulosa extract at a dose of 250 mg/kg per day for
14 d achieved a higher curative rate than cimetidine[27].
Moreover, administration of extract of herbal mixture
also benefited ulcer healing[28] and reduced recurrence
rates[29]. Oral Bacopa monniera or Azadirachta indica extract
for 5 d not only accelerated gastric ulcer healing in normal rats, but also in rats with type 2 diabetes mellitus[30].
The efficacy of herbal extracts on ulcer healing varies
with molecular size. For instance, lower molecular weight
chitosan is more potent than high molecular weight chitosan in treating gastric ulcer induced by acetic acid[31].
One study showed that following induction of gastric
ulcer, rats were given oral Salvia miltiorrhiza at 840 mg/d
for 5 d, followed by 410 mg/d for 25 d. Cimetidine was
used as a positive control. Ulcer index was significantly
lower in Salvia miltiorrhiza-treated than cimetidine-treated
rats. Further improvement in ulcer was observed 3 mo
after Salvia miltiorrhiza treatment[32]. Herbal medicines that
benefit gastric ulcer are listed in Table 1[18-55].
Other gastric ulcer models: Water immersion restraint
stress results in formation of gastric ulcer via oxidative
stress[53,54]. Ohta et al[54] reported that oral extracts of
several herbal mixtures for 3 h markedly reduced ulcer
indices in gastric ulcer models induced by water immersion restraint stress. Similarly, oral curcumin resulted in
a dose-dependent reduction of ulcer indices in a pylorus
ligation-induced gastric ulcer model[55]. These results
demonstrate that herbal extracts of single ingredients or
mixtures are beneficial in gastric ulcer healing.
Patients with gastric ulcer
Herbal medicines have been used to treat human gastric
ulcer for millennia. Several controlled clinical studies have
demonstrated that herbal medicines are effective in treating human gastric ulcer (Table 2). He et al[56] reported that
> 86% of patients with gastric ulcer showed improvement after orally given a herbal mixture three times daily
for 6 wk. Similarly, oral herbal mixtures two or three
times daily for 2 mo induced a > 90% improvement in
patients with gastric ulcer[57,58]. Improvement of clinical
symptoms occurred as early as 3 d after oral herbal medicines[59]. The efficacy of herbal medicines in treating gastric ulcer is comparable to that of famotidine, a histamine
H2-receptor antagonist[60]. Studies have demonstrated
that herbal medicine is comparable or superior to cimetidine in treating either gastric[61-64] or duodenal[61,62] ulcers.
One study showed that oral herbal medicines for 4 wk
achieved superior efficacy to cimetidine in treating gastric and duodenal ulcers, as well as gastritis[65]. Moreover,
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Table 1 Efficacy and safety of herbal medicines for gastric ulcer in animal models and possible mechanisms
Herbal extracts

Model

Treatment

Efficacy

Possible mechanisms

Ref.

Herbal extract

Positive control

62%-86%1
93.4%2
90%2
80%2
3
56% for NSAID;
65.8%3 for acetic
acid

76%-79%1
85.4%2
N/D
N/D
N/D

↑ EGF, ↑ VEGF, ↓ endostatin
Antioxidant, ↑ mucus content
↑ Proliferation, ↓ inflammation
Antioxidant
N/D

None
N/D
N/D
N/D
N/D

[18]
[20]
[21]
[22]
[23]

83%4

76%4

↑ Mucus production,
↑ Proliferation, ↓ acid secretion
↑ bFGF, ↑ proliferation, ↓ MPO
↑ Mucin content, ↑ proliferation,
↓ acid secretion
↑ Proliferation, ↓ acid secretion
↑ VEGF, ↓ inflammation,
↑ Microvasculature density,
↓ NF-kB mrna and protein

N/D

[24]

N/D
N/D

[25]
[26]

None
N/D

[27]
[28,29]

N/D

[30]

N/D

[30]

N/D
N/D

[31]
[32]

N/D
N/D
None

[33]
[34]
[35]

N/D

[36]

N/D

[37]
[38]

N/D

[39]

N/D
None

[40]
[41]

N/D

[42]

N/D

[43]

Myristica malabarica
Piper betel
Teucrium polium
Phyllanthus emblica fruits
Beeswax

NSAID
NSAID
NSAID
NSAID
NSAID,
acetic acid

Qualea grandiflora

Acetic acid

3
7
28
7
3 h for
NSAID,
5 d for
acetic acid
14

Centella asiatica
Ocimum sanctum Linn.

Acetic acid
Acetic acid

7
20

50%4
92.75%2

N/D
87%2

14
7-92

43%4
56%2 at 7 d,
12.5% recurrence
rate at 92 d

16%4
27%2 at 7 d,
25% recurrence
rate at 92 d

Alchornea glandulosa
Acetic acid
Radix Bupleuri, Radix Codonopsis,
IL-1b, acetic
radix paeoniae alba, rhizoma corydalis,
acid
rhizoma bletilla, margarita, indigo
naturalis, radix glycyrrhizae
Bacopa monniera
Acetic acid

Adverse

course (d)

10

effects

85.9%2 in normal;
68%2 in normal;
N/D
2
52.5% in diabetes 41.8%2 in diabetes
rats
rats
65.6%2 in normal;
68%2 in normal;
N/D
71.5%2 in diabetic 41.8%2 in diabetic
rats
rats
60%2
46%2
↓ Acid secretion, ↑ mucus
31%2 for 5 d
19%2 for 5 d
↑ Proliferation
59%2 for 30 d
33%2 for 30 d
55.9%2
82.8%2
↑ Mucus content, ↑ PGE2
66%2
59%-77%2
Antioxidant
70.1%2
75.7%2
H+/K+-atpase activity, ↓ gastrin,
↓ acid secretion
71.2%3
N/D
↑ VEGF (protein and mrna),
↑ Microvasculature density
53.86%3
36.47%3
↓ Acid secretion
↓ Endothelin-1, ↑ leptin

Azadirachta indica

Acetic acid

10

Chitosan, chitin
Salvia miltiorrhiza

Acetic acid
Acetic acid

14
5-30

Ganoderma lucidum
Tea catechin
Solanum nigrum

Acetic acid
Acetic acid
Acetic acid

14
14
7

Cochinchina momordica seed

Acetic acid

14

Rhizoma Coptis Chinensis
Glycyrrhetic acid, b-sitosterol,
berberine, baicalin and ginsenoside
Curcumin and
bisdemethoxycurcumin
Bupleurum falcatum L.
Plantago lanceolata L

Acetic acid
Acetic acid

10

Acetic acid

10

86.05%4

82.42%4

Acetic acid
Acetic acid

14
10

51.9%4
77.9%2

83.1%4
76.2%2

Croton lechleri

Acetic acid

7

55%3

Panax notoginseng, rhizoma
bletilla, Poria cocos, Taraxacum
mongolicum Hand
Tabebuia avellanedae
Sea buckthorn bark
Astaxanthin
Angelica sinensis

Acetic acid

7

N/D

N/D

↓ iNOS, ↓ acid secretion,
↓ inflammation
N/D
↑ Mucus content, ↓ gastric
secretion, ↓ acid secretion
↓ Bacterial colonization, ↓ MPO,
↓ iNOS, ↓ inflammation
N/D

Acetic acid
Acetic acid
Acetic acid
Acetic acid

7
14
10
3-7

48%3
70%2
N/D
N/D

↑ Proliferation, ↑ mucus content
↑ Plasma EGF, ↑ EGFR, ↑ PCNA
Antioxidant, ↓ inflammation
↑ Mucus content

N/D
N/D
N/D
N/D

[44]
[45]
[46]
[47]

Radix Aristolochiae, Potentilla bifurca
L, Resina Draconis, Taraxacum
mongolicum Hand, radix paeoniae
alba, Saussurea costus (Falc.) Lipech,
radix glycyrrhizae
Rhizoma Atractylodis macrocephalae,
Radix Linderae, Rhizoma
Dioscoreae, rhizoma bletilla,
Pericarpium Citri Reticulatae Viride,
Rhizoma Alpiniae Officinarum, Radix
Paeoniae Rubra, Herba Agrimoniae
Nyctanthes arbortristis Linn

Acetic acid

16

36%3
80%2
93.5%3
95%3 for 3 d,
62%3 for 7 d
N/D

N/D

↑ Proliferation, ↑ NO, ↑ EGF

N/D

[48]

Acetic acid

14

45.15%4

72.12%4

↑ Serum EGF, ↑ serum no,
↓ Acid secretion, ↑ PGE2

N/D

[49]

Acetic acid

10

55%-60%3

N/D

↓ Inflammation

N/D

[50]
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Radix Codonopsis, Radix
Adenophorae, Radix Angelica
Sinensis, Rhizoma Chuanxiong,
radix paeoniae alba, Poria, Rhizoma
Atractylodis macrocephalae, Radix
Bupleuri, Radix Scutellariae,
Rhizoma Coptidis, Fructus
Aurantii Immaturus, Radix Salviae
Miltiorrhiza, Taraxacum mongolicum
Hand, rhizoma corydali, Panax
notoginseng, Radix Glycyrrhizae.
Preparata
Bacopa monniera

49%3

30%3

Acetic acid

14

HCI

10

HCI

10

Prumnopitys andina wood and bark

Acetic acid

14

Bupleuri Radix, Pinelliae Tuber,
Scutellariae Radix Glycyrrhizae, Radix
Cinnamomi Cortex, Ginseng Radix,
Paeoniae Radix, Zizyphi Fructus,
Zingiberis Rhizoma
Coptidis Rhizoma, Scutellariae Radix,
Phellodendri Cortex, Gardeniae
Fructus
Bupleuri Radix, Paeoniae Radix,
Aurantii Fructus Immaturus,
Glycyrrhizae Radix
Curcumin

Cold water
restraint
stress

3h

Cold water
restraint
stress
Cold water
restraint
stress
pyloric ligation

3h

62%2

N/D

3h

20%2

19 h

90.79%2

Azadirachta indica

↑ Serum and mucosal EGF,
↑ EGFR

N/D

[51]

N/D

[30]

N/D

[30]

N/D

[52]

N/D

[54]

Antioxidant

N/D

[54]

N/D

N/D

N/D

[54]

N/D

Antioxidant, ↓ acid secretion,
↓ inflammation

N/D

[55]

91.8%2 in normal; 92.5%2 in normal;
N/D
76.2%2 in diabetes 71.5%2 in diabetes
93.4%2 in normal; 92.5%2 in normal;
N/D
91.2%2 in diabetes 71.5%2 in diabetes
92.5%4
79.6%4
↑ Proliferation, antioxidant (only
lipoperoxidation, no change in
reduced glutathione content), ↑
PGE2
24%2
N/D
N/D

1

Reduction in macroscopic damage score; 2Reduction in ulcer index; 3Reduction in ulcer size; 4Cure rate. bFGF: Basic fibroblast growth factor; MPO:
Myeloperoxidase; N/D: Not determined; None: Not toxic; PGE2: Prostaglandin E2; VEGF: Vascular endothelial growth factor.

combination of herbal medicine and ranitidine exhibited
a synergistic effect in treating gastric ulcer[66-68]. Herbal
medicines effectively cure gastric ulcer and prevent its
recurrence. For example, one study showed that oral
herbal tablets induced a 62.4% cure rate while the recurrence rate was 17.7% after 1-year follow-up. In contrast,
treatment with ranitidine only achieved a 50.7% cure rate,
and the recurrence rate was 54.1%[69]. Likewise, oral combination of omeprazole and herbal medicine for 4 wk
significantly reduced gastric ulcer recurrence rate (25%)
compared with omeprazole alone (57.1%) after 6 mo follow-up[70]. Taken together, these results demonstrate that
herbal medicines alone are effective in treating gastric
ulcer and preventing recurrence. Combination of herbal
medicines and conventional regimens exhibits a synergistic effect in the management of gastric ulcer. Although
all mixtures listed in Table 2 are effective for gastric ulcer, herbal medicines should be given according to each
patient’s internal conditions as defined by the theory of
traditional Chinese medicine in order to gain an optimal
benefit.

SAFETY
Although herb-drug interactions have raised safety
concerns[71,72], and some herbs can cause severe side effects[73,74], herbal medicines used to treat gastric ulcer are

WJG|www.wjgnet.com

generally safe in both animal models and humans. For
instance, Myristica malabarica extract at a daily dosage of
40 mg/kg accelerated ulcer healing in a mouse model of
indomethacin-induced gastric ulcer[18,19,75]. However, mice
treated with oral Myristica malabarica extract at a dose of
500 mg/kg daily for 1 mo showed no observable physical sign of adverse effects. In addition, the histology and
function of mouse liver and kidneys appeared normal[18].
Likewise, oral Gualea grandiflora extract at a dose of 500
mg/kg for 14 d induced an 83% cure rate of gastric ulcer induced by acetic acid[24]. Mice fed Gualea grandiflora
extract at a dose of 5 g/kg per day for 14 d showed no
significant differences in the weight of the heart, liver,
kidney or lungs compared with those of the control
group. None of the treated mice died during the 14 d of
observation[24]. Again, methanolic extract of Alchornea
glandulosa at a dose of 250 mg/kg per day was more potent than cimetidine in treating acetic acid-induced gastric
ulcer[27]. Oral Alchornea glandulosa at 5 g/kg daily for 14 d
caused no significant changes in weight of several organs,
such as the liver, kidneys, heart, lungs, as well as spleen.
Moreover, there were no dramatic differences in liver and
renal function between control and herbal treatment[27].
Furthermore, oral Solanum nigrum extract at a daily dose of
200 mg/kg for 7 d significantly reduced ulcer index (10.1
± 0.91 for herbal extract vs 16.9 ± 1.4 for controls)[35].
However, oral administration of Solanum nigrum extract
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Table 2 Efficacy and safety of herbal medicines for gastric ulcer in humans
Herbal extracts

No. of patients

Treatment

(M/F)

course (d)

Herbal extract

Efficacy
Positive control

Adverse effects

Ref.

Rhizoma Coptidis, Radix Sanguisorbae, radix paeoniae alba,
rhizoma bletilla, Chickens Gizzard membrane

60
(41/19)

42

Radix Astragali, Radix Aucklandiae, Fructus Aurantii
Immaturus, Cortex Magnoliae Officinalis, Chickens Gizzard
membrane, radix notoginseng, radix paeoniae alba, Radix
Scutellariae, Radix Glycyrrhizae
Radix Astragali, radix codonopsis, poria, Rhizoma
Atractylodis Macrocephalae, dried orange peel, Radix
Glycyrrhizae
Radix Bupleuri, Radix Codonopsis, radix paeoniae alba,
rhizoma corydalis, rhizoma bletilla, margarita, indigo naturalis,
radix glycyrrhizae
Margarita, borax, Rhizoma Coptidis, rhizoma bletilla, indigo
naturalis, amber

50
(35/25)

60

Cure rate: 20%
Effective rate:
85%
Cure rate: 72%
Effective rate:
96%

Cure rate: 10%
Effective rate:
71.67%
N/D

None

[56]

Vomiting in
one case

[57]

841
(43/41)

60

Effective rate:
92.9%

N/D

N/D

[58]

26
(15/11)

28

Effective rate
92.3%

Effective rate 92.3%

Temporary
diarrhea at
beginning
None

[60]

90
(N/D)

30

Rhizoma curculiginis, Herba Epimedii, Radix Astragali,
rhizoma bletilla, poria, Fructus Amomi, Radix Glycyrrhizae
Preparata

622
(44/18)

30

Radix Codonopsis, Herba Taraxaci, Radix Salviae miltiorrhizae,
Rhizoma Atractylodes alba, Radix Glycyrrhizae

30
(22/8)

56

Ramulus Cinnamomi, Radix Paeoniae Alba, Radix
Glycyrrhizae Preparata, Rhizoma Zingiberis Recens, Fructus
Jujubae, Sacchaium Granorum, Radix Cynanchi Paniculati
Radix Astragali, Taraxacum mongolicum Hand, tokyo violet
herb, Bulbus Lilii, Radix Linderae, Radix Salvia miltiorrhiza,
radix paeoniae alba, Radix Glycyrrhizae

80
(58/22)

28

12
(ND)

28

Cure rate: 88.9%
Cure rate: 82.8%
Effective rate: Effective rate: 89.7%
96.7%
Cure rate: 82.3%
Cure rate: 81.4% 5 cases had dry
Effective rate: Effective rate: 93.0%
mouth;
98.4%
7 cases had
constipation
Cure rate: 50%
Cure rate: 40%
N/D
Effective rate:
Effective rate: 70%
86.7%
Cure rate: 45%
Cure rate: 10.26%
N/D
Effective rate:
Effective rate:
93.75%
74.36%
Cure rate: 100%
Cure rate: 62.5%
N/D

[61]

[62]

[63]

[64]

[65]

1

Including gastritis; 2Including 41 cases of duodenal ulcer and 4 cases of gastric and duodenal ulcers. M: Male; F: Female; Cure: Clinical symptoms
disappeared; Effective: Clinical symptoms improved; N/D: Not determined.

at dose of 4 g/kg per day for 14 d caused no changes in
red blood cell count, white blood cell count, hemoglobin, hematocrit, or mean corpuscular volume[35]. Finally,
a number of clinical studies have demonstrated that
herbal medicines are safe for humans. As seen in Table
2, only minimal adverse effects occur following herbal
treatment in humans. Although these results indicate that
herbal medicines are safe for treating gastric ulcer, special
caution should be taken when using herbal medicines
because of the potential adverse effects and herb-drug
interactions.

MECHANISMS OF ACTION
Studies in humans and animal models suggest that herbal
medicines exert their beneficial effects on gastric ulcer
via multiple mechanisms, including antioxidant activity,
stimulation of mucosal proliferation, inhibition of acid
production and secretion, increased mucus production,
as well as inhibition of inflammation (Figure 1).
Antioxidant activity
The link of oxidative stress and gastric ulcer is well recognized[76]. That some herbal medicines benefit gastric
ulcer is likely due to their antioxidant properties. In indomethacin-induced gastric ulcer models, the gastric levels
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of malondialdehyde (MDA) were increased while the
levels of superoxide dismutase (SOD) and catalase (CAT)
were decreased[20]. Piper betel extract treatment not only
normalized MDA levels, but also significantly increased
the levels of SOD and CAT with a comparable efficacy
to misoprostol[20]. Oral Phyllanthus emblica fruit extract for
7 d dramatically lowered gastric MDA levels and elevated
the contents of reduced glutathione and CAT[22]. Likewise, oral administration of astaxanthin for 10 d not only
reduced ulcer area, but also lowered MDA levels, while
the activities of mucosal SOD, CAT and glutathione peroxidase (GSH-Px) were significantly increased[46]. Regarding the involvement of NO (a reactive oxygen species),
the results were controversial. Some studies showed that
herbs that benefit gastric ulcer increased NO content
in gastric tissue[48,49,77,78], while others demonstrated that
herbal extracts reduced inducible NO synthase[39,41] and
NO production[39].
Stimulation of mucosal proliferation
Mucosal proliferation is required for ulcer healing. Certain herbal medicines that promote ulcer healing act via
stimulation of cell proliferation. One study showed that
oral Centella asiatica for 3 d stimulated cell proliferation
and angiogenesis, and increased basic fibroblast growth
factor expression[25,60]. Moreover, oral ethanol extract of
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Herbal medicines

↓ H+K+ATPase activity and gastrin
↓ Acid secretion
↓ Nitric oxide synthase
↑ bFGF, EGF and EGFR
↑ Proliferation
↑ VEGF and ↓ endostatin
↑ Microvasculature density
↓ Inflammation
↑ Mucus content
↓ Bacterial colonization
↑ Prostaglandin E2

Gastric ulcer improved

Figure 1 Schematic diagram of possible mechanisms by which herbal medicines benefit gastric ulcer. bFGF: Basic fibroblast growth factor; VEGF: Vascular
endothelial growth factor; EGFR: Epidermal growth factor receptor.

Tabebuia avellanedae for 7 d also increased cell proliferation
in acetic acid-induced gastric ulcer in rats[44]. Stimulation
of cell proliferation by herbal medicine could be attributed to upregulation of epidermal growth factor[45,48,49,51]
and its receptor expression[45,51,78].
Inhibition of acid production
Inhibition of acid production can improve gastric ulcer[79]. Many herbal medicines with anti-gastric ulcer activity reduce gastric acid secretion (Table 1). For example,
oral Ocimum sanctum extract for 3 d induced a > 50%
reduction in total gastric acidity[26]. Similarly, oral Solanum
nigrum fruits extract at a dose of 400 mg/kg lowered
gastric acid concentration comparable to omeprazole
(10 mg/kg)[35]. Herbal medicine-induced reduction in
acid production could be due to: (1) inhibition of H(+)/
K(+)-ATPase activity, as demonstrated in animal models
of gastric ulcer[35,50]; or (2) stimulation of prostaglandin
E2 production[33,49,52,62,65].
Others
H. pylori infection is closely associated with peptic ulcers[80]. Some herbal medicines that cure gastric ulcer can
be attributed, at least in part, to their antimicrobial property. Oral Croton lechleri extract for 7 d induced an about
30% reduction in bacterial colony forming units in acetic
acid-induced gastric ulcer[42]. Some herbal extracts exhibit
anti-inflammatory activity. For example, oral Centella
asiatica extract for 3 d inhibited myeloperoxidase activity, which is a marker of neutrophil infiltration during
inflammation[81,82], at the ulcer site[25]. Oral administration
of Croton lechleri extract for 7 d resulted in an approximately 70% reduction in myeloperoxidase activity at the
ulcer site in a rat model of gastric ulcer[42].
Mucus consisting of mucin provides an important
protective barrier against acid and pepsin[83,84]. Certain
herbal medicines cure gastric ulcer via increasing mucus
production. One study showed that oral Piper betel extract
for 7 d normalized gastric mucin levels with a comparable efficacy to misoprostol in a rat model of indomethacin-induced gastric ulcer[20]. Another study revealed that
gastric mucus content was normalized 5 h after administration of chitosan at a dose of 250 mg/kg in ethanolinduced gastric ulcer[31]. A clinical study demonstrated
that oral herbal mixture for 1 mo significantly increased
mucosal MUC5AC (human mucin gene) level in patients
with gastric ulcer[66]. Pertinent to mucus, pepsin is also
involved in the development of gastric ulcer via degrada-
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tion of mucus[85]. Studies demonstrated that anti-gastric
ulcer herbs decreased pepsin content[57] and activity in pyloric ligation-induced gastric ulcer[49,57]. Collectively, these
data indicate that herbal medicines benefit gastric ulcer
via divergent mechanisms. The mechanisms whereby each
herb or herbal mixture improves gastric ulcer are listed in
Table 1.
In summary, herbal medicines are effective in treating gastric ulcer with fewer adverse effects and lower
recurrence rates. Combination of herbal medicines and
conventional anti-gastric ulcer drugs displays a synergistic effect against gastric ulcer. Thus, herbal medicines
alone or in combination with conventional drugs could
be used as an alternative for treating certain gastric ulcers
and preventing recurrence. Only some anti-gastric ulcer
herbal ingredients display antimicrobial properties[42,86],
thus, combination of herbal medicines and anti-H. pylori
therapy could improve the outcome for patients with gastric ulcer.
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Abstract
Colon cancer arises due to the conversion of precancerous polyps (benign) found in the inner lining of the colon. Prevention is better than cure, and this is very true
with respect to colon cancer. Various epidemiologic stud-
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ies have linked colorectal cancer with food intake. Apple
and berry juices are widely consumed among various
ethnicities because of their nutritious values. In this review article, chemopreventive effects of these fruit juices
against colon cancer are discussed. Studies dealing with
bioavailability, in vitro and in vivo effects of apple and
berry juices are emphasized in this article. A thorough
literature survey indicated that various phenolic phytochemicals present in these fruit juices have the innate
potential to inhibit colon cancer cell lines. This review
proposes the need for more preclinical evidence for the
effects of fruit juices against different colon cancer cells,
and also strives to facilitate clinical studies using these
juices in humans in large trials. The conclusion of the review is that these apple and berry juices will be possible
candidates in the campaign against colon cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Colon cancer is one of the leading causes of
death worldwide. Chemoprevention of colon cancer using various dietary agents is an area of current interest.
This manuscript reviews the chemopreventive potential
of apple and berry juices against colon cancer. This
work will further promote the importance of dietary
fruit juices in colon cancer prevention.
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INTRODUCTION
Current statistics from the American Cancer Society indicate that in 2014, there will 1665540 new cancer cases in
the United States and 585720 cancer deaths, corresponding to 1600 deaths per day. Colon cancer is the second
most prevalent cause of cancer death in men and women
after lung cancer. Recently, there has been tremendous
growth in understanding the fundamentals of carcinogenesis leading to the new mode of cancer prevention
known as “chemoprevention.” Chemoprevention is defined as the intake of foreign agents in order to restrain
induction, to prevent or slow the progression of cancer,
or reversal of carcinogenesis at a premalignant stage[1].
Chemoprevention makes use of either suitable pharmacologic or dietary agents that are consumed in various
forms such as macronutrients, micronutrients, or nonnutritive phytochemicals[2]. Various dietary agents have
been explored for their chemopreventive effects against
cancers[3,4]. There is always an increasing interest for how
these agents are linked with colon cancer, as unlike other
cancer cells, colon cancer cells are exposed directly. Various epidemiologic studies demonstrated that the oral
consumption of fruits and vegetables is inversely associated with the risk of cancer development[5]. In addition,
fruits consumed in liquid form as juices also exhibit similar
chemopreventive effects against colon cancer[6,7]. Digestive tract cancers, especially colon cancer, are amenable
to dietary modification. Recent research works show that
almost 75% of all the sporadic cases of colorectal cancer
are directly affected by dietary intake. Thus, dietary modification is probably one of the best ways for alleviating
the risk of developing colon cancer[8].
Apple and berry fruits have long been widely consumed by various ethnicities because of their beneficial
values. Fruit juice intake is gaining in popularity among
younger generations due to the comparative ease of
consumption. Moreover, the quantity of fruit intake can
also be incremented by the intake of juice. In addition to
this, fruit juices are available in most retail stores and the
various benefits of intake have encouraged many to consume them. The protective nature of fruits against colon
cancer may be attributed to the presence of compounds
such as dietary fiber, minerals, vitamins and phytochemicals[9]. Phytochemicals are biologically active non-nutrient
components present in fruits that can be divided into
alkaloids, carotenoids, polyphenols and other nitrogencontaining components[10]. The phytochemicals have a
chemopreventive property due to their antioxidant activity via inactivation of reactive oxygen species, which plays
a vital role in the initiation and progression of colon
cancer[11]. Hence adequate intake of these phytochemicals
may hinder cancer by enhanced DNA repair and thereby
reduce the damage to DNA via oxidative stress[12].
We recently reviewed the role of pomegranate and
citrus juices in colon cancer prevention [4]. As a fair
amount of research has been conducted using apple and
berry juice phytochemicals as a chemopreventive agent
against cancer, we chose to further delineate the chemo-
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preventive effects of these juices against colon cancer as
well. For this purpose, studies examining the effects of
apple and berry juices in colon cancer cell lines and animal models, as well as their bioavailability, are discussed.

APPLE JUICE
The botanical name of the apple is Malus domestica. It is
the one of the most commonly cultivated tree fruits. Apple juice is the consumable fluid or liquid that is obtained
by crushing the apple. The apple juice contains various
beneficial polyphenols such as hydroxycinnamic acids,
flavan-3-ols/procyanidins, flavonols, dihydrochalcones,
and anthocyanins (red peel).
Bioavailability and metabolism of apple juice in colon
cancer
In order to determine the protective effect of apple juice
on colon cancer, we first must understand the bioavailability of apple products. Research on determination
of absorption in ileostomy patients by Feskanich et al[13]
showed that nearly 67%-100% of apple phenolics were
digested almost completely in the small intestine itself,
while only 0%-33% reached the colon. These authors
showed the level of metabolization of the polyphenolic
components of the apple juice after digestion and absorption. Other studies have demonstrated the extensive
cleavage, isomerization and conjugation of the native
polyphenolic compounds occurring during the process.
It was observed that 12.7% of the cloudy apple juice
compounds get as far as the intestine, however, 22.3% of
the apple juice compounds are recovered as metabolites.
These studies shed light on the importance of the compounds in the metabolized apple products and indicate
the need for the determination of the biologic activity of
metabolites of the phytochemicals in vivo[13]. In general,
only the native polyphenolic compounds are commonly
tested, though they are subjected to substantial metabolic
modification. Thus, under physiologic conditions of the
tissues, the ingested polyphenolic compounds may be
present in a very small quantity or absent. The ingested
polyphenols are metabolized by colonic microflora.
Hence, it is vital to examine the breakdown products produced at the stomach along with the various metabolites
in the blood[13].
In vitro studies of apple juice using colon cancer cell
lines
For the study of in vitro effects of apple juice on cancer
related processes, various experiments were conducted
using cultured colonic cells and cancer-derived cell lines
at different developmental stages. Schaefer et al[14] crushed
and extracted apple juice to obtain several polyphenolic
mixtures from cider and table apples harvested in Germany, including one extract from apple pomace. A comparison was made among four preparations differing in
relative percentages of 14 phytochemicals in apple juice
and their effects on oxidative markers in cell lines such
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as Caco-2 and HT29. HT29 is a well-developed cell line
of colon adenocarcinoma and Caco-2 cells are from human colon cancer cells. It was found that all the extracts
reduced the oxidative damage and the presence of butyl
hydroperoxide-induced reactive oxygen species. Even
though there is difference in the effectiveness observed
in the different extract preparations, their efficacy against
cancer is similar to the efficacy of phytochemicals identified in the apple juice. In addition, antioxidant capacity
determined by Trolox equivalent antioxidant capacity
differed for the various extracts with similar chemical
compositions. This indicates that there are unknown
compounds that account for the antioxidant effects in
apple juice. Moreover, prolonged exposure of apple juice
results in even greater antioxidant properties for some
compounds. From this, it can be deduced that metabolic
products obtained over time may have enhanced antioxidant capacity compared to the parent phytochemicals.
A recent study examined the effect of apple juice on
cell proliferation. An experiment was done with MCF-7
cells, a breast cancer cell line, and HT29 cells for the
study of effect of extracts of ten fruits, including apple
peels[15]. Moreover, a proportion of anthocyanidin-rich
parts of the fruit juices were tested. It was found that
apple peel extract exhibited the property of significant dose reduction in HT29, but not MCF-7 cells; the
MCF-7 cells were less responsive to extract exposure.
Thus, there was a differential outcome in the inhibitory
effect of anthocyanidin-rich fraction of apple juice in
HT29 cells.
Gossé et al[16] conducted a study to determine whether
polymeric or monomeric apple polyphenols are more
effective in attenuating the proliferation of SW620
adenocarcinoma-derived metastatic colon cancer cells.
This study revealed that larger polymeric molecules are
absorbed in a higher segment of the intestine, which reduces their effectiveness in attenuating colon cancer. The
absorbed polymeric molecules result in increased residual
concentration in the colon. When the SW620 cells are
incubated with the procyanidins (polymeric molecules),
dose-dependent inhibition of cell growth was observed;
50% inhibition was observed at 45 mg/mL, and total
inhibition at 70 mg/mL. Moreover, this extract induced
downregulation of various signaling pathways involved
in cell proliferation and differentiation, including protein
kinase C (PKC), and enzymes involved in polyamine biosynthesis. The polyamines are regulators of cell function
and have a significant impact on cancer via nurturing cell
proliferation or cell death based on the cell type. Finally,
flow cytometric experiments revealed that the apple extract increased the number of apoptotic cells and interrupted the cell cycle. In an extension of the above study,
the procyanidins found in apple juice have dual effects
of downregulating polyamine biosynthesis and stimulating the catabolism or breakdown of these compounds.
In addition, the apoptotic effect of apple procyanidins
is improved by a compound that disables the activity of
polyamine oxidase. Hence, the authors concluded that
apple procyanidins are a potential chemopreventive agent
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for treating colon cancer.
Some other works have described the molecular
mechanisms and cell signaling response to apple juice
exposure. A recent work by Kern et al[17] in 2007 showed
that after 24-h exposure at a high concentration (403
mg/mL) of apple juice, PKC activity was decreased by
50% in HT29 cells. When the duration of exposure was
longer, extracts in the apple juice targeted the signaling
elements upstream of PKC. However, when each compound was segregated from the apple extract, they were
ineffective in altering any of the markers under study.
Thus, it may be concluded that only the composite mixture of the apple extracts are more important in mediating the observed effects due to the synergy or interaction
between different compounds.
The effects of apple juice products on particular
enzymes involved in colon carcinogenesis have also
been studied. Cytochrome P450 1A1 is one of the most
prominent enzymes responsible for activating the chemical carcinogens in the colon. In a study using Caco-2
cells, apple juice without or with reduced levels of acids,
carbohydrates, and other native compounds induced the
expression of cytochrome P450 1A1 as well as inhibited
its catalytic activity. The major phenolics isolated from the
apple juice, such as phlorizin, rutin, quercetin and their two
glucoside forms, and phloretin, exhibited significant inhibition. It was found that the other types of enzymes relevant
to cancer etiology also were favorably affected by apple
products[18]. In a study, polyphenols were extracted from
cider apple and a variety of juices. Moreover, an artificial
mixture mimicking the natural polyphenolic profile was developed, and its effect on cultured HT29 cells was studied.
Cells incubated with the apple juice extract for 24, 48, or
72 h had a decreased growth rate. Furthermore, inhibition
of cell growth by the synthetic mixture was less efficient
than the natural polyphenolic profile. The isolated components were less effective than both mixtures. Treatment
with apple juice triggered an increase in the expression of
some vital genes, which includes phase 2 enzymes. These
enzymes are associated with chemoprevention (glutathione
S-transferases and sulfotransferases). Even though more
study is needed, it is intriguing that the apple products have
the potential to alter the genetic profiles in a protective
manner. All the observed results clearly show that individual isolated components are less effective than the complete
mixture of the juice polyphenols.
In 2007, Veeriah et al[19] examined the effects of apple
extracts fermented in vitro with human fecal flora on cultured HT29 and LT97 cells. LT97 is a colon adenoma cell
line representing the early stage of malignant tumor development. It was found that 99.9% of the parent polyphenols, with the exception of complex structures, were
degraded due to fecal fermentation. Furthermore, the
short-chain fatty acids (SCFA) increased 1.5-fold in the
fermented samples compared to non-fermented samples.
Even though a correlation between growth inhibition and
SCFA was not assessed, it is known that SCFA stimulates
apoptosis, differentiation, and growth arrest pathways.
Hence, it can be concluded that the fermented apple juice
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extracts have an antiproliferative effect on both types of
cells lines, especially LT97 cells.

Berry juices are prepared by crushing various berries and
bottled for marketing.

In vivo effect of apple juice on colon cancer
To determine the impact of apple juice on colon cancer,
Barth et al[20] utilized a rat model of chemically induced
colonic damage (using 1,2-dimethylhydrazine). The rats
were fed daily with two preparations of apple juice, a clear
juice preparation and “cloudy” (higher content of pectin
and procyanidin) preparation, obtained from a combination of apples, for seven weeks. The daily consumption
of this apple juice protected the mucosa from colonic
damage. As there is a possibility for the progression of
early lesions into malignancies, the presence of hyperproliferative and aberrant crypts indicated the potential
pathogenesis in this rat model. The two methods of apple
juice preparation decreased the number of large aberrant
crypt foci in the distal colon, DNA damage and hyperproliferation. The same authors further studied the effects of
segregated fractions on the various markers and concluded that the juice in the original form has a better efficacy
compared to the unique components, which include the
polyphenolic-rich extracts[21]. The work done by Soyalan et
al[22] demonstrated the potential of polyphenol-rich apple
juices in stimulating the redox-sensitive gene expression in
rats for colon cancer prevention. They also elucidated that
the cloudy apple juice has better efficacy as a cancer chemopreventive agent compared to the clear apple juice and
smoothie apple juice. In another independent experiment,
Koch et al[23] explored the efficacy of apple juice in obese
rats, and found no cancer preventive bioactivity. Although
obesity and colon cancer formation are directly linked,
they did not rule out the role of chemopreventive effects
of apple juices and suggested future trials with obese or
diabetic human individuals[23].
In another study, rats were injected with the chemical carcinogen azoxymethane, which results in various
morphologic changes such as carcinoma. It was found
that apple extracts given along with the animals’ drinking
water for 6 wk had colon cancer protective effects[16]. Preneoplastic lesions in the rats fed with apple phytochemicals were reduced as result of apple intake. There were
50% fewer aberrant crypts observed compared to the
non-fed group. The authors predicted that this effect is
extendable to humans who are consuming two apples per
day. This would provide a sufficient amount of procyanidin (4-10 mg/kg body weight) to attain similar results in
humans.

Bioavailability and metabolism of berry juice in colon
cancer
Anthocyanins in chokeberry extract pass into the large
intestine and are degraded by bacteria. Detecting and
measuring the trace levels of anthocyanins in urine,
plasma, excretion and metabolism is very difficult[24].
Approximately 66% of anthocyanins derived from
cyanidine-3-galactoside were detected in urine and serum
samples of volunteers who consumed 20 g of chokeberry extract consisting of 1.3 g cyanidin-3-glycosides.
Metabolites such as oxidized and methylated derivatives
of cyanidin-3-galactoside, cyanidin glucuronide and
glucuronide conjugates, were present at levels of 0.011
to 0.013 nmol/L in urine samples. The cumulative total
serum concentration of anthocyanins and their metabolites was 591.7 nmol/L[25]. Wu et al[26] reported similar
results, showing that cyanidine-3-galactoside accounted
for 60.7% of the total anthocyanin-based compounds in
the urinary excretion of chokeberry-fed pigs. The peak
anthocyanin concentration of 2.9 nmol/L in plasma at 1
h and 18 min, including a total renal excretion of 0.02%
of ingested anthocyanins over 24 h, which are metabolites of cyanidin, was observed in healthy volunteers as
depicted by Wiczkowski et al[27] in 2010. As flavonols are
present in very small quantities in chokeberry extracts,
there is not much information on its bioavailability. However, a study with rats by Kida et al[28] in 2000 showed that
the monomers of flavan-3-ol were eliminated in the liver
from the bloodstream and returned to the small intestine.
Flavan-3-ols are highly excreted in urine and recovered in
ileal fluid from ileostomy patients[29]. Biosorption studies
revealed that biologic uptake of anthocyanin extracts depends on the structure of anthocyanin. However, Koide
et al[30] demonstrated that HCT-15 cancer cell growth inhibition was affected by various anthocyanin sources and
glycosylation modifications. In addition, anthocyanins in
bilberry extracts are non-acylated glucoside derivatives,
but are cyanidin derivatives in chokeberry extracts.

BERRY JUICE
The botanical name of chokeberry is Aronia meloncarpa
and that of bilberry is Vaccinium myrtillus. These fruits are
grown in North America, Europe, Asia, and Africa. Anthocyanin-rich extracts (AREs) derived from berries are
prepared by certain quantization methods to maximize
pigment recovery. The berry extracts contain anthocyanin, β-carotene, a carotenoid and tangeretin, a flavonoid.
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In vitro studies of berry juice using colon cancer cell
lines
Growth of human intestinal carcinoma HCT-15 cells
in vitro was inhibited efficaciously by anthocyanin fractions extracted from different cherry and berry extracts
in comparison to that of flavonoid fractions[31]. Berry
extracts including cowberry, strawberry, blueberry, and
bilberry extracts that contain anthocyanins inhibited the
growth of HCT-116 colon cancer cells[32]. Growth of
HT29 and HCT-116 cell lines were also inhibited by tart
cherry anthocyanins and their aglycon, cyanidin[33]. Cyanidin-3-galactoside is the predominant anthocyanin in commercialized chokeberry ARE that is available as a mixture
of phenolic compounds. Chokeberry AREs rendered
65% growth inhibition and cell viability of HT29 cells
within 24 h of exposure, suggesting a cytostatic inhibi-
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tion. In the presence of the chokeberry extract, NCM460
cells, which are epithelial cells from normal colon, were
found to grow normally[34].
Cell cycle progression is regulated by the interaction
between cyclins and cyclin-dependent kinases (CDKs).
Cyclin-dependent kinase inhibitors (CDKIs) negatively
regulate the activity of CDKs and play an important role
in controlling cell cycle progression. CDKIs, such as
p21WAF1 and p27KIP1, bind to cyclin-CDK complexes
and halt the G1 phase of the cell cycle. HT29 cell percentage after exposure to chokeberry was increased, and
a block in the cell cycle checkpoint in the G1/G0 phase
was observed[35]. Depending on the time of exposure
to AREs, an increase in p21WAF1 and p27KIP1 gene
expression was in agreement with ARE-induced G1/G0
cell cycle arrest. Phytochemicals, such as β-carotene
and tangeretin, mediate cell cycle arrest in colon cancer
cells by upregulating the expression of p27KIP1 and
p21WAF1, which can block the cell cycle by inhibiting
both G1 and G2-phase cyclin-CDK complexes[35]. Although blocking of cell cycle at both G1/G0 and G2/M
phases after exposure of HT29 cells to chokeberry AREs
was demonstrated, chokeberry AREs neither affected the
cell cycle nor altered the expression of cell cycle genes
in normal colon cells. This evidence supports the notion
that AREs prevent cancer cell growth through the inhibition of cell cycle events.
Cyclooxygenase (COX) enzymes are involved in prostaglandin formation through the catalysis of arachidonic
acid oxygenation. Carcinomas and colorectal adenomas
show an increase in COX-2 mRNA compared to normal
mucosa[36]. COX-2 is also upregulated or induced in response to inflammation, whereas COX-1 is expressed in
all body tissues and performs a “housekeeping” role. In
the NCM460 cell line, derived from normal colon mucosa,
expression of COX-2 is low in comparison to the constitutively expressed COX-1. In contrast, high expression of
COX-2 is seen in HT29 cells. Hence, chemoprevention of
colon cancer is possible by inhibiting COX genes. A plausible method is to use non-steroidal anti-inflammatory
drugs to inhibit the COX-2 enzyme, thereby delaying or
preventing cancer of the colon. Recent studies revealed
that anthocyanin fractions isolated from various berries show an inhibitory effect on COX enzyme activities
in vitro[37]. Seeram et al[37] demonstrated that COX-1 and
COX-2 enzymes were inactivated by cyanidin-3-rutinoside
and cyanidin-3-glucosylrutinoside anthocyanins extracted
from sweet cherries and raspberries. The basal level of
COX-2 mRNA after exposure to chokeberry ARE was
not altered in NCM460 cells. In contrast, the levels of
COX-2 mRNA derived from colon adenocarcinoma were
high. It is supposed that the difference in growth response
of the two cell lines after exposure to chokeberry extracts
may be through a COX-dependent mechanism, as evidenced by the variable expression levels of COX enzymes.
However, further experimentation revealed that with an
increase in chokeberry extract exposure time, there was
an increase in COX-2 expression levels in HT29 cells.

WJG|www.wjgnet.com

The cells treated with ARE showed an increase in COX-2
protein and prostaglandin E2, indicating that growth inhibition was not ascribed to COX-2 inhibition. HT29 cell
growth inhibition after exposure to chokeberry AREs is
not mediated through the suppression of COX-2 activity, though the activity of COX enzymes was inhibited
by anthocyanins in vitro. It may be a COX-independent
growth inhibition. A COX-independent effect in growth
was also observed in colorectal cancer cells treated with
celecoxib[37]. Furthermore, the mechanism of growth
inhibition may involve the NF-κB pathway inhibition,
peroxisome proliferator-activated receptors, or expression
of the cell cycle genes[38]. Thus, it can be concluded that
chokeberry AREs upregulated p21WAF1 and p27KIP1
and downregulated cyclin A and cyclin B1 to inhibit colon
carcinoma cell growth, with very limited effects on the
growth of normal colon cells. This ensures that AREs can
be used for treating human colorectal cancers without affecting normal cells significantly.
In vivo effect of berry juice on colon cancer
Hagiwara et al[33] demonstrated that rats fed with purple
corn color extract, which is rich in anthocyanin, showed
a decrease in the prevalence of aberrant crypt foci and
early colon cancer lesions. This experiment demonstrates
that 2-amino-1-methyl-6-phenylimidazol(4,5-b) pyridineinduced colon carcinogenesis was abated by anthocyaninrich fractions[33]. In another report, oral administration of
lyophilized black raspberries containing anthocyanins to
rodents produced inhibitory effects on colorectal cancer
and/or polyp tissue. In addition, biomarkers of proliferation and angiogenesis were significantly reduced by the
berry treatment, while apoptosis was greatly enhanced[39].
Mirtocyan is an anthocyanin-rich standardized bilberry extract. It causes pharmacodynamic changes commensurate with colorectal cancer chemopreventive efficacy
and generates measurable anthocyanin levels in urine,
blood and target tissues. Low doses of mirtocyan showed
a significant reduction in the levels of circulating insulinlike growth factor-1, which possesses a procarcinogenic
property[40]. Hence, further studies on the pharmacodynamic effects of bilberry anthocyanins at various doses
are essential to demonstrate them as potential colorectal
cancer chemopreventive agents.

CONCLUSION
The objectives of this review were to document the
chemopreventive effects of apple and berry fruit juices
against colon cancer and to discuss preclinical and clinical
effects of these juices. Furthermore, bioavailability and
metabolism of these fruit extracts were highlighted. Summaries of in vitro and in vivo studies of apple and berry
juice against colon cancer represented in Tables 1 and 2,
respectively.
This review justifies the need for additional preclinical
studies with these juices and extracts. In order to bolster
the anticancer effect of these juices/extracts against co-
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Table 1 In vitro and in vivo effects of apple extracts against colon cancer
Apple juice and its
Components
Apple extracts
Composite mixture of apple
extracts
Polyphenolic mixtures from
cider, table apples and apple
pomace;
Phenolics such as phlorizin,
rutin, quercetin and phloretin
Anthocyanidin-rich fraction of
apple juice
Procyanidins of apple juice
(polymeric polyphenols)

Apple phytochemicals

Apple juice extract;
Synthetic mixture, isolated
components

Two preparation methods of
apple juice: clear and cloudy
(higher content of pectin and
procyanidin)
Polyphenolic-rich extracts

Models
(cell line/animal)

Observation/result

Ref.

HT29 and LT97 colon
adenoma cell line
HT29 cells

SCFA increased 1.5 fold in fermented samples
SCFA stimulates apoptosis, differentiation and growth arrest
PKC activity was decreased by 50% after 24 h exposure of 403 mg/mL
Upstream signaling elements targeted after longer duration of exposure
Reduced oxidative damage
Reduced the presence of butyl hydroperoxide-induced ROS
Induction of p450 1A1 expression and inhibition of catalytic activity of the enzyme

[19]

Caco-2 cells and HT29
colonic cell lines
Caco-2 cells

[17]
[14]

HT29 and MCF-7 breast
Significant dose reduction in HT29 cells and not in MCF-7 cells
[15]
MCF-7 cells are less responsive to extract exposure
cancer cell line
SW620
Dose-dependent inhibition of cell growth
[16]
50% of inhibition at 45 mg/mL and total inhibition at 70 mg/mL
adenocarcinomaderived metastatic cells Downregulation of signaling pathway such as cell proliferation and differentiation, PKC
and enzymes involved in polyamine biosynthesis and stimulation of catabolism
of colon cancer
Increased number of apoptotic cells and interruption in cell cycle
Rats injected with
Reduction in preneoplastic lesions and 50% fewer aberrant crypts
azoxymethane
HT29 cells

Decreased growth rate efficiently for 24, 48 and 72 h
[18]
Increased the expression of genes which include phase-2 enzymes, including glutathones-transferases and sulfotransferases, which are involved in chemoprevention
Growth rate inhibition was less efficient comparatively
Lesser effectiveness than either mixture
Rat model
Protection from dimethylhydrazine-induced genotoxic damage
[20]
Important markers were reduced including decreased number of large aberrant crypt
(induced with
foci in the distal colon, reduced DNA damage and reduced hyper-proliferation
1,2-dimethylhydrazine)
Rat model
Juice fractions were found to be more effective in protecting from damage compared to
(induced with
isolated fractions
1,2-dimethylhydrazine)

[21]

PKC: Protein kinase C; ROS: Reactive oxygen species; SCFA: Short-chain fatty acids.

Table 2 In vitro and in vivo effects of berry extracts against colon cancer
Berry juice and its
Components
Anthocyanin fractions of berry
juice
Chokeberry ARE

Models
(cell line/animal)
HCT-15 cells
HCT-116 cells
HT29 cells

Predominant anthocyanin:
cyanidin-3-galactoside

HT29 cells

Anthocyanins
(cyanidin-3-glucosylrutinoside
and cyanidin-3-rutinoside)
Phytochemicals of berry juice;
Carotenoid (β-carotene) and
flavonoid (tangeritin)
Anthocyanin-rich purple corn
color of berry juice
Anthocyanin-rich black
raspberries
Mirtocyan of bilberry extract

HT29 cells

Observation/result

Ref.

Inhibited growth of human intestinal carcinoma cells
[31,33]
Inhibited the growth of colon cancer cells
Percentage of cells increased and blockade in G1/G0 phase of cell cycle
[32,33]
Increased expression of p21WAF1 and p27KIP1 genes
Decreased percentage of cells in S phase indicating that cells moved to G2/M phase
[35]
65% growth inhibition after 24 h exposure
[34]
High cell viability observed indicating cytostatic inhibition
Inactivation of COX-1 and COX-2 enzymes
Growth inhibition of cells may occur in a COX-independent manner
[37]

HT29 cells

Upregulation of p21WAF1 and p27KIP1 expression
p21WAF1 CDKI blocks G1 and G2 phase cyclin-CDK complexes

[35]

Rats injected with PhIP

Decrease in incidence of early colon cancer lesions, decrease in aberrant crypt foci
and a protective effect against PhIP-induced colon carcinogenesis
Biomarkers of proliferation and angiogenesis were significantly reduced while
apoptosis of cancer cells was enhanced
Significant reduction in IGF-1 levels thereby reducing carcinogenesis

[33]

Rodents with colorectal
cancer/polyp tissue
Patients with colorectal
adenocarcinoma
and colorectal liver
metastases

[40]

ARE: Anthocyanin-rich extract; CDK: Cyclin-dependent kinase; CDKI: CDK inhibitor; COX: Cyclooxygenase; IGF-1: Insulin-like growth factor-1; PhIP:
2-amino-1-methyl-6-phenylimidazol(4,5-b) pyridine.
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lon cancer in vitro, experiments using additional cell lines
are crucial. Further, in vivo studies using ApcMin/+ mouse
models may provide some valuable insights about the
mechanism of action of these juices. The purpose of this
work is to highlight the importance of establishing clinical
trials in human subjects. It will be noteworthy to perform
clinical trials in patients with colon cancer, in which the
effects produced by the oral consumption of these fruit
juices can be outlined. For instance, colorectal cancer patients must be administered a measured quantity of fruit
juices on a regular basis for a specific duration of time.
Then, chemopreventive effects produced by these fruit
juices against colon cancer may be documented. Hence,
conducting human clinical trials may validate the potency
of these fruit juices in the fight against colon cancer.
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Abstract
AIM: To characterize tumor necrosis factor receptorassociated protein 1 (TRAP1) expression in the progression of ulcerative colitis (UC)-associated colorectal
cancer.
METHODS: Chronic UC is an inflammatory bowel disease that predisposes to colorectal cancer. Immunohistochemical analysis was used to evaluate TRAP1
expression on tissue microarrays containing colonic
tissues from 42 UC progressors (patients with cancer
or dysplasia) and 38 non-progressors (dysplasia/cancer free patients). Statistical analyses of the TRAP1
immunohistochemistry staining were performed using
GraphPad Prism. Differences in the TRAP1 level between non-progressors and progressors were tested
for statistical significance using the Mann-Whitney test.
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Receiver operating characteristic curve method was
used to quantify marker performance in distinguishing
diseased cases from controls.
RESULTS: TRAP1 was up-regulated in the colon tissues from UC progressors, but not in the colon tissues
from UC non-progressors. Moreover, up-regulation of
TRAP1 preceded the neoplastic changes: it was present in both the dysplastic and non-dysplastic tissues of
UC progressors. When TRAP1 staining in rectal tissue
was used as a diagnostic marker, it could distinguish
progressors from non-progressors with 59% sensitivity
and 80% specificity. Our study further showed that the
increase of TRAP1 expression positively correlated with
the degree of inflammation in the colorectal cancer tissues, which could be related to the increased oxidation
present in the colonic mucosa from UC progressors.
We then investigated the cellular proteome changes
underlying oxidative stress, and found that oxidative
stress could induce up-regulation of TRAP1 along with
several other negative modulators of apoptosis.
CONCLUSION: These results suggest that oxidative
stress in long standing UC could lead to the increase of
cytoprotective protein TRAP1, which in turn could promote cancer progression by preventing or protecting
the oxidative damaged epithelial cells from undergoing apoptosis. TRAP1 could be a potential diagnostic
marker for UC associated colorectal cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ulcerative colitis; Colorectal cancer; Inflammation; Oxidative stress; Tumor necrosis factor receptor-associated protein 1
Core tip: Chronic ulcerative colitis (UC) is an inflammatory bowel disease that predisposes to colorectal
cancer. Our study showed that up-regulation of tumor
necrosis factor receptor-associated protein 1 (TRAP1)
occurred early in the neoplastic progression of UC associated cancer: it was present in both the dysplastic
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and non-dysplastic tissues of UC progressors. Our
study further showed that the increase of TRAP1 expression in UC progressors positively correlated with
the degree of inflammation in the colorectal cancer tissues, which could be related to the increased oxidation
present in the colonic mucosa from UC progressors.
TRAP1 could be a potential diagnostic marker for UC
associated colorectal cancer.
Chen R, Pan S, Lai K, Lai LA, Crispin DA, Bronner MP, Brentnall
TA. Up-regulation of mitochondrial chaperone TRAP1 in ulcerative
colitis associated colorectal cancer. World J Gastroenterol 2014;
20(45): 17037-17048 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i45/17037.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i45.17037

immunohistochemistry (IHC), we detected an increase in
TRAP1 expression in both non-dysplastic and dysplastic
colon samples from UC progressors (patients with cancer
or dysplasia) relative to UC non-progressors (patients
who are dysplasia/cancer free)[20]. To further characterize the role of TRAP1 in the neoplastic progression of
chronic inflammation-associated colorectal cancer, we
validated differences in TRAP1 expression by IHC in
an independent and expanded sample set of UC nonprogressors and UC progressors. We explored TRAP1
expression patterns in UC neoplastic progression by
evaluating multiple dysplastic and non-dysplastic colonic
mucosal specimens from each of the UC progressors and
non-progressors. We then examined the possible correlation of TRAP1 expression with the degree of colonic
inflammation, and evaluated the potential of TRAP1 as a
diagnostic biomarker for UC associated colorectal cancer.

INTRODUCTION

MATERIALS AND METHODS

Ulcerative colitis (UC) is a chronic inflammatory condition of the large bowel. This chronic inflammatory
response results in increased production and release of
reactive oxygen metabolites, such as hydrogen peroxide, and superoxide which can damage proteins, lipids,
and DNA[1-3]. Work by several groups has supported a
role for increased oxidative injury and dysfunction of
mitochondrial respiratory chain complexes Ⅱ, Ⅲ, and
[4,5]
Ⅳ in the pathogenesis of this disease . Several mouse
and human studies have demonstrated that colitis is improved through antioxidant treatments or anti-inflammatory regimens which protect the colonic epithelium from
oxidative stress[6,7]. Ultimately, patients with UC are at
increased risk of developing colorectal cancer as a result
of this cellular damage; the severity of inflammation is a
critical factor affecting disease progression[8].
Tumor necrosis factor receptor-associated protein 1
(TRAP1), also known as heat shock protein 75 (Hsp75),
is a member of the highly conserved Hsp90 family of
chaperone proteins, but appears to have unique functions
from Hsp90[9]. This mitochondrial protein is involved in
protection against oxidative stress and apoptosis[10] by
regulating reactive oxidative species (ROS) metabolism
and preventing damage from unfolded or denatured
proteins. Studies also reported that TRAP1 excelled the
cytoprotective activities by regulating mitochondrial permeability transition pore opening[11,12].
Up-regulation of TRAP1 has been reported in various cancers including ovarian, colon, and prostate[13-16].
TRAP1 is up-regulated in approximately 60% of human
colorectal carcinoma cells and this protective mechanism
may induce multi-drug resistance[17]. The up-regulation
of TRAP1 in various cancers support its role in cancer
promotion. On the other hand, a recent study suggested
that TRAP1 expression correlates inversely with tumor
stage in cervical, bladder and clear cell renal cell cancers,
suggesting that in some settings, this mitochondrial molecular chaperone may act as a tumor suppressor[18,19].
In a previous study, using comparative proteomics and

Specimens
Colon tissue specimens were collected in accordance
with approved Human Subject’s guidelines at the University of Washington and the Cleveland Clinic Foundation
in Cleveland via institutional internal tissue banks. Once
procured, all specimens were assigned with study IDs
and specimen IDs. The specimens obtained at the time
of colonoscopy or from surgical resections were placed
in frozen media containing Minimal Essential Medium
with 10% DMSO, and kept frozen at ‑70 ℃ until use or
immediately processed for paraffin embedding. Acute inflammation was measured using the conventional pathologic score for inflammation activity: 0, inactive; 1, UC,
cryptitis; 2, UC, crypt abcesses; 3, UC, numerous crypt
abcesses; and 4, UC, ulcerated and granulation tissue.
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Tissue microarray construction
UC tissue microarrays (TMA) were constructed from
representative pathologic or normal tissues from paraffin-embedded formalin or Hollande’s-fixed samples,
including 38 from UC non-progressors and 42 from UC
progressors. Triplicate 1.5-mm-diameter cores of each
tissue type were embedded into a systematic grid using a
tissue arrayer (Beecher Instruments, Silver Spring, MD,
United States) as previously described[21]. The histological diagnosis of each core was independently confirmed.
Immunostaining
Briefly, the deparaffinized slides were processed for
antigen retrieval using heat induced epitope retrieval
techniques in EDTA buffer pH 8 followed by cooling to
room temperature and primary antibody incubation using
the TRAP1 antibody (Abcam 26135) at a titer of 1:50.
The specific protein-antibody complexes were located using a biotin/streptavidin-HRP/(DAB) detection kit. IHC
staining was graded by blinded observers using two semiquantitative measurements: staining intensity (0-4) and
percentage of cells stained (0 = no staining, 1 = approximately 25%, 2 = approximately 50%, 3 = approximately
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75%, and 4 = approximately 100%). Positive staining was
defined as cytoplasmic staining of epithelial cells. A combined numeric IHC score was calculated as the product
of staining intensity and percentage of stained cells.
Cell culture and mitochondrial preparation
HT29 cells were cultured in DMEM + 10% FBS + pen/
strep with the addition of either light or heavy stable
isotope labeled lysine and arginine (light: 12C, heavy: 13C).
After 7 d culture, the incorporation of heavy isotope
reached 96%. Cells were treated with 50 μmol/L H2O2
for 24 h. Cells were trypsinized and the mitochondria
were isolated using the Qproteome Mitochondrial Isolation Kit (Invitrogen) as per the manufacturer’s instructions. Lysates were resuspended in M-Per (Thermo
Scientific) and the protein concentration was quantitated
using a BCA assay (Thermo Scientific). 300 μg of protein
from SILAC labeled and H2O2 treated HT29 mitochondrial preps were combined, precipitated by cold acetone
and resuspended in 50 mmol/L NH4HCO3. Proteins
were reduced with 10 mmol/L DTT for 1 h at 56 ℃
and blocked with 20 mmol/L iodoacetamide for 30 min
at RT in the dark. Proteins were digested with trypsin
overnight at 37 ℃ and peptides were purified and eluted
into three fractions with a C18 column (The Nest Group,
Inc.). Peptides were dried in a speed vacuum, resuspended in 0.5% acetic acid, and analyzed by LTQ-Orbitrap
mass spectrometry.
Mass spectrometric analysis
The samples were analyzed using an LTQ-Orbitrap
hybrid mass spectrometer (Thermo Fisher Scientific)
coupled with nano-flow HPLC, which consists of a trap
column (100 μm × 1.5 cm) packed with Magic C18AQ
resin (5 μm, 200 Å particles; Michrom Bioresources),
followed by an analytical column (75 μ m × 27 cm)
packed with Magic C18AQ resin (5 μm, 100 Å particles;
Michrom Bioresources). The peptide samples were
analyzed using a 90-min non-linear gradient, starting
at 5% acetonitrile with 0.1% formic acid (against water
with 0.1% formic acid), changing to 7% over 2 min,
then to 35% over 90 min at a flow rate of 300 nL/min.
The mass spectrometry experiment consisted of a full
MS scan in the Orbitrap followed by up to 5 MS/MS
spectral acquisitions in the linear ion trap using collision
induced dissociation. An exclusion time of 45 sec was
used to enhance the interrogation of low abundance
peptides.
Proteomics data processing
The MS/MS data were searched against IPI human protein database using X!tandem algorithm. The assignment
of peptide sequence was validated using PeptideProphet[22]. Peptides with a probability score of 0.9 or above
were selected for protein identification using ProteinProphet[23]. The quantitative ratio of peptide/protein was
calculated using Xpress software.
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Apoptosis assay
HT29 cells were treated with hydrogen peroxide for 24
or 48 h and apoptosis measured using the ApoOne Homogenous Caspase 3/7 kit (Promega G7792) as per the
manufacturer’s instructions. Each condition was tested
in triplicate.
Carbonyl ELISA
Protein lysates were prepared in CHAPS buffer as described previously [24]. Protein lysates from 4 normal
controls, 6 UC non-progressors, and 6 UC progressors
at sites negative for dysplasia and high grade dysplasia
(HGD) sites were adjusted to 10 μg/mL following Bradford protein assay. Oxidative stress was measured in protein lysates using the OxiSelect Protein Carbonyl ELISA
kit (Cell Biolabs STA-310) as per the manufacturer’s
instructions.
Statistical analysis
Statistical analyses of the TRAP1 IHC staining were
performed using GraphPad Prism (La Jolla, CA, United
States). Differences in the TRAP1 level between nonprogressors and progressors were tested for statistical significance using the Mann-Whitney test. Receiver operating
characteristic (ROC) curve method was used to quantify
marker performance in distinguishing diseased cases from
controls. The correlation of TRAP1 level with inflammation score was tested by linear regression. Statistical significance was defined as P < 0.05.

RESULTS
Increased expression of TRAP1 in the rectal tissues
from UC progressors
TMAs containing colonic tissues from 42 UC progressors and 38 non-progressors were stained with a TRAP1
antibody to evaluate the expression of TRAP1 in colon
tissues. For comparison, we also examined normal colon
tissues from 20 non-UC controls. The TMAs contained
both dysplastic and non-dysplastic tissue samples from
the UC progressors. The overall staining of TRAP1 was
presented as IHC score by calculating the product of
staining intensity and percentage of stained cells.
As presented in Figure 1, the staining of TRAP1 in
non-progressors was not significantly different from that
in normal controls. In contrast, there was a significant
increase in the TRAP1 expression in the dysplasia and
cancer compared to rectal tissues from normal controls (P
< 0.0001) or the UC non-progressors (P < 0.001). Moreover, the non-dysplastic rectal tissues from progressors
also displayed a significant increase in TRAP1 expression
compared to the rectal tissues from non-progressors (P =
0.001) or from normal controls (P = 0.0045). Within the
progressors, TRAP1 expression increased significantly
throughout the neoplastic progression: from non-dysplasia to low grade dysplasia (LGD) and to HGD or cancer.
The staining of TRAP1 in HGD was not significantly
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Table 1 Performance of tumor necrosis factor receptor-associated protein 1 staining in distinguishing progressors from nonprogressors
Using TRAP1 expression in different histologic grades as a biomarker (n )
LGD (29)
HGD (14)
Cancer (17)
Progressor rectal tissue (39)
Highest TRAP1 in dysplasia (36)
Highest overall TRAP1 (42)

Controls (n )

AUC value

Non-progressors (38)
Non-progressors (38)
Non-progressors (38)
Non-progressors (38)
Non-progressors (38)
Non-progressors (38)

0.86
0.97
0.87
0.71
0.94
0.88

Sensitivity at
90% specificity

80% specificity

69%
86%
82%
41%
86%
76%

79%
100%
88%
59%
94%
83%

LGD: Low grade dysplasia; HGD: High grade dysplasia; TRAP1: Tumor necrosis factor receptor-associated protein 1.
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Figure 1 Tumor necrosis factor receptor-associated protein 1 staining
increases with ulcerative colitis progression at both non-dysplastic and
dysplastic sites. Plot depicts the average immunohistochemistry (IHC) score
± SE for rectal samples from normal controls, non-progressors, progressors
at non-dysplastic rectal sites, and progressors at dysplastic sites. The number
of patient is indicated. bP < 0.01 using Mann Whitney test vs normal controls.
NP: Non-progressors; P: Progressors; LGD: Low grade dysplasia; HGD: High
grade dysplasia; CA: Cancer; TRAP1: Tumor necrosis factor receptor-associated protein 1.

different from that in cancer. The representative IHC images are presented in Figure 2.
TRAP1 staining to distinguish progressors from
non-progressors
The ROC method was then used to evaluate and quantify TRAP1 expression as a biomarker to distinguish UC
progressors from non-progressors. Since multiple tissues
including dysplastic and non-dysplastic tissues from each
progressor were tested for TRAP1 staining, we first evaluated using TRAP1 staining in dysplastic tissues from
progressors as a biomarker. As shown in Figure 3, the
AUC value of using TRAP1 staining in LGD, HGD and
cancer tissues from progressors reached 0.86, 0.97 and
0.87, respectively, in separating progressors from nonprogressors. If the highest TRAP1 staining in any of
dysplastic tissue was used as a biomarker, the AUC could
be improved to 0.94 in separating progressors from nonprogressors. With 90% specificity, TRAP1 staining in
dysplastic tissues could achieve 86% sensitivity in separating progressors from non-progressors (Table 1). With
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80% specificity, TRAP1 staining in dysplastic tissues
could achieve 94% sensitivity in separating progressors
from non-progressors (Table 1).
In addition to the dysplastic tissues, the non-dysplastic
rectal tissues from progressors also displayed increased
TRAP1 staining. We then evaluated if TRAP1 staining in the non-dysplastic rectal tissue could be used as a
biomarker for progressors. As shown in Table 1, TRAP1
staining in the rectal tissue could be used to separate progressors from non-progressor with 59% sensitivity and
80% specificity. If we used the highest TRAP1 staining
from the multiple tissues (including dysplastic and nondysplastic tissues) from each progressor, the performance
of TRAP1 as a biomarker could be significantly enhanced: with 83% sensitivity and 80% specificity (AUC =
0.88) in distinguishing progressors from non-progressors.
Concordance rate of TRAP1 expression in UC
progressors
We then examined TRAP1 expression pattern among
different histological grades in progressors. For each progressor, available non-dysplasia (rectum), LGD, HGD
and cancer tissues were examined for TRAP1 expression.
Using the mean TRAP1 expression of non-progressors
(IHC score = 1.55) as cutoff value to define tissue with
low or high TRAP1 expression, 40 out of the 42 progressors displayed consistent TRAP1 staining among rectal,
LGD, HGD and cancer tissues, achieving a concordance
rate of 95% among different histological grades within
each progressor (Table 2). There were only two progressors that showed a non-concordant TRAP1 pattern
among tissues with different histology grades. For progressor case 25, the rectal and LGD tissues were negative
for TRAP1, but the HGD and cancer tissues were positive. For case 29, the rectal, LGD, and cancer tissues were
all negative for TRAP1, but the HGD tissue was positive.
Differential TRAP1 staining in the surface and deep
epithelium of colon tissue
In evaluation of TRAP1 staining in the colon mucosa,
we observed differential TRAP1 staining in colonic surface epithelium and deep epithelium. In normal controls
and non-progressors, the TRAP1 staining within surface
epithelium was more intense than in the deep epithelium
(Figure 4). In contrast, the TRAP1 staining of colonic
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A

Normal

B

Non-progressor

C

Non-dysplasia (P)

D

Low grade dysplasia (P)

E

High grade dysplasia (P)

F

Cancer (P)

Figure 2 Representative tumor necrosis factor receptor-associated protein 1 immunohistochemistry staining in ulcerative colitis non-progressors and
ulcerative colitis progressors. A: Normal rectum from a normal control; B: Non-dysplastic rectum from a non-progressor (NP); C: Non-dysplastic rectum from a
progressor (P); D: Low grade dysplasia from a progressor; E: High grade dysplasia from a progressor; F: Cancer from a progressor. All images were taken at × 20
magnification. P: Progressor.

surface epithelium was similar to deep epithelium in
non-dysplastic tissues from progressors. TRAP1 staining in deep colonic epithelium was significantly different
among the non-dysplastic colon samples from normal
controls, non-progressors and progressors (P = 0.001),
whereas the surface staining among them was not significantly different (P = 0.158). These observations indicate that the differential TRAP1 expression between the
non-dysplastic tissues of UC non-progressors and progressors stemmed mainly from the differential TRAP1
expression in the deep colonic epithelium.
Correlation of TRAP1 with inflammation
UC progressors and non-progressors had various degrees
of inflammation in the colon and rectum. The specimens
for this study were chosen so that the overall degree of
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colonic inflammation was matched in non-progressors
and progressors. The mean inflammation scores for nonprogressor samples and progressor samples were 1.8 ± 0.2
and 1.8 ± 0.1, respectively, with no significant difference
in the degree of inflammation between non-progressors
and progressors (Mann Whitney test P = 0.95). To evaluate if there was a correlation between the degree of
inflammation and TRAP1 expression in each of the individual samples, we performed a linear regression analysis
on non-progressors and progressors. As shown in Figure
5, there was a positive correlation between the degree
of inflammation and TRAP1 expression in dysplastic
samples from progressors (P = 0.03), and no correlation
between degree of inflammation and TRAP1 expression in samples from non-dysplastic tissues, regardless of
whether the patients were progressors or non-progres-
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Figure 3 Evaluation of tumor necrosis factor receptor-associated protein 1 staining in different histological grades as a biomarker to distinguish progressors from non-progressors. The different histological grades were indicated in each specific panel. The rectal tissue from progressors was non-dysplastic, and
tissue from non-progressors (NP) was also non-dysplastic rectal tissue. LGD: Low grade dysplasia; HGD: High grade dysplasia; CA: Cancer; TRAP1: Tumor necrosis
factor receptor-associated protein 1.

sors (Figure 5A and B). Among the dysplastic samples,
there was no correlation between degree of inflammation
and TRAP1 expression in LGD or HGD, but there was
a significant correlation between degree of inflammation
and TRAP1 expression in cancer (Figure 5F, P = 0.01).
Increased oxidation in UC colon mucosa
While histologic detection of inflammatory cells in the
colonic mucosa provides a snap-shot of the inflammatory process at one point in time, it is not a measurement
of the inflammatory exposure over time or cumulative
oxidative injury. To measure the cumulative oxidative
damage in the colonic mucosa of UC patients, we directly
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measured the by-product of oxidative injury to proteins
in the colon: protein carbonylation. It has been reported
that levels of protein carbonyls are increased within the
inflamed mucosa of IBD patients, in addition to reactive
oxygen intermediates and DNA oxidation products[25].
We compared protein carbonyls in lysates prepared from
the colonic epithelium isolated from normal individuals,
UC non-progressors, and UC progressors, using a carbonyl ELISA assay (Figure 6). UC non-progressors had
similar levels of protein carbonylation to the normal nonUC controls. In contrast, the protein carbonylation in the
LGD increased by 7.8-fold with statistical significance
(P = 0.029). Similarly, the protein carbonylation in the
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Figure 4 Surface and deep epithelium displayed different degrees of tumor necrosis factor receptor-associated protein 1 staining across all non-dysplastic colon tissues. A: Non-dysplastic tissue from a non-progressor; B: Non-dysplastic tissue from a progressor; C: Comparison of tumor necrosis factor receptor-associated protein 1 (TRAP1) staining in the surface epithelium and deep epithelium. Only the non-dysplastic tissues from progressors were included in this comparison.
P-values were determined by Kruskal-Wallis test. IHC: Immunohistochemistry.

HGD increased by 7.6-fold with statistical significance
(P = 0.005). The protein carbonyls in the non-dysplastic
sites from progressors or cancerous tissue also increased
over 3-fold; however, they did not quite reach statistical
significance (P = 0.08 and 0.17, respectively).
Oxidative damage induces up-regulation of TRAP1 in
colon cancer cells
To investigate the link between oxidative damage and upregulation of TRAP1, we analyzed HT29 human colon
cancer cells following treatment with hydrogen peroxide
for 24 h. We detected a dose-dependent increase in protein carbonyls in the treated cells, suggesting that the oxidative injury in this model system parallels in vivo events
(Figure 7A). To further investigate the global functional
changes following oxidative stress, we next looked at the
mitochondrial proteome since the regulation of stress
response occurs primarily in the mitochondria. Purified
mitochondrial lysates from HT29 cells treated with 50
μmol/L of hydrogen peroxide for 24 h were evaluated
using SILAC based quantitative proteomics relative to untreated cells. We detected 116 mitochondrial proteins with
an at least 1.5-fold change in hydrogen peroxide treated
cells relative to control untreated cells. TRAP1 was one
such protein, expressed at a 1.5 fold increase following
hydrogen peroxide treatment. We also detected up-regulation of two other mitochondrial stress response proteins
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(HSPA9 and PYCR1) in the hydrogen peroxide treated
cells. In addition, several proteins involved in modulation
of apoptosis or antioxidants were over-expressed in the
hydrogen peroxide treated cells, including PHB, PRDX3,
and NDUFAF2 (Figure 7B). We next evaluated apoptosis
in the treated cells. As showed in Figure 7C, there was a
sharp decrease in viability of HT29 cells with increasing
H2O2 exposure; however, there was only a modest (about
20% increase) in apoptosis in treated cells (as determined
by activated caspase 3; Figure 7D). Moreover, we did
not detect a corresponding dose-dependent increase in
apoptosis, suggesting that these cells could be protected
against apoptosis, possibly through up-regulation of
TRAP1 and other anti-apoptotic mechanisms.

DISCUSSION
In chronic UC patients, the colon epithelium undergoes
repeated cycles of inflammation and tissue repair, resulting in oxidative stress and accumulation of ROS. Excessive ROS can cause oxidative stress, which may subsequently lead to damage in DNA, proteins and lipids. If
un-repaired, this damage could potentially lead to the development of cancer. TRAP1 is a mitochondrial protein
whose function is to protect cells from oxidative injury
and apoptosis. We have previously shown up-regulation
of TRAP1 in UC progressors using a comparative pro-
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teomics approach. In the current study, we provide further evidence of TRAP1 involvement in UC neoplastic
progression. Our data show that TRAP1 is up-regulated
in the colonic mucosa from UC patients who have
colorectal cancer/dysplasia (UC progressors), but not in
the colonic mucosa from UC patients who are cancer/
dysplasia-free (UC non-progressors). The up-regulation
starts at the very earliest neoplastic stage, the stage when
histological changes are not visible (i.e., non-dysplastic
stage), and increases with neoplastic progression. TRAP-1
expression appears to be colon-wide, involving both the
dysplastic and non-dysplastic (negative for dysplasia rectum) mucosa of UC progressors.
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Figure 6 Detection of carbonyls in the colon mucosa of patients with
ulcerative colitis. The carbonyls were significantly increased in the colon mucosa of patients with high grade dysplasia. NP: Non-progressors; P: Progressors; CA: Cancer. aP < 0.05 vs normal group.
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Inflammation and TRAP1
The patients included in this analysis had pan-colonic
UC; thus acute and chronic inflammation involves the
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Figure 7 Tumor necrosis factor receptor-associated protein 1 expression is increased with oxidative damage in colon cancer cells. A: HT29 cells were
treated with the indicated concentrations of H2O2 for 24 h and protein carbonyls were detected using enzyme-linked immunosorbent assay; B: Up-regulation of antiapoptotic proteins following H2O2 treatment detected by quantitative proteomics; C: Viability assay of HT29 cells following exposure to increasing amounts of H2O2; D:
Detection of activated caspase 3 following 24 h H2O2 treatment.

entire colon. For the purposes of this study, the UC progressors and non-progressors were matched for inflammation in the colon. It was interesting to note that the
increased TRAP1 expression correlated with the degree
of inflammation only in the colorectal cancer tissues, but
not in the earlier stages of tumorigenesis. This suggests
that the acute inflammation is not likely to influence
TRAP1 expression. Increased carbonyl protein oxidation
levels, which may be a better measure of accumulated
chronic inflammation, were found in the non-dysplastic
and dysplastic colonic mucosa from UC progressors but
not in the mucosa of UC non-progressors. These findings suggest that protein oxidation and overexpression
of TRAP1 are early, possibly causative events in neoplastic progression of UC.
We further showed that oxidative stress induces upregulation of carbonyl oxidation and TRAP1 protein
expression, along with several other negative modulators
of apoptosis. These results confirm a paradigm whereby
chronic oxidative injury to colon cells is associated with
mitochondrial response of up-regulating TRAP1.
Surface epithelium vs deep epithelium
An interesting phenomenon was observed in this study.
In the non-dysplastic colon specimens from UC nonprogressors and from normal non-UC control subjects,
TRAP1 staining is present in the surface epithelium,
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while in the UC progressors TRAP1 expression is present in both the superficial and deep parts of the epithelial
crypts. This staining pattern is similar to the inflammation-induced increase in Cox-2 expression within the
surface colonic epithelium from UC patients[26]. In the
colons of UC non-progressor and normal controls, the
epithelium is constantly renewing with old epithelial cells
moving towards the surface and eventually sloughing off
into the lumen. When the epithelial cells move closer to
the surface, they face a harsh environment including stool
and bacteria. The various stress stimuli could induce the
up-regulation of TRAP1 in these cells. These cells are not
long-lived however - the superficial cells are shed into the
colon lumen within several hours of arriving to the surface. In contrast, in the histologically normal appearing
colon tissues from UC progressors, high expression of
TRAP1 was observed in both the surface and deep epithelium. In UC progressors, the reactive oxygen species
generated from the abundant inflammatory cells in the
lamina propria and sub-mucosa likely affect the nearby
deep epithelium, and could induce TRAP1 for cytoprotection in these epithelial cells. If the deep epithelial cells
that are damaged do not undergo cell death, one could
envision that accumulated damage in the crypt stem cells
would be passed to the daughter cells. This would lead
to the clonal expansion of genomic instability, which we
have previously described[27].
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Table 2 Expression pattern of tumor necrosis factor receptor-associated protein 1 among different histologic grades within each
progressor
Progressor case

Highest histologic grade present in the progressor

Rectum

LGD

HGD

CA

LGD
LGD
LGD
LGD
LGD
LGD
LGD
LGD
LGD
LGD
LGD
LGD
LGD
LGD
LGD
LGD
LGD
LGD
LGD
HGD
HGD
HGD
HGD
HGD
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA

+
+
+
+
+
+
+
+
+
+
+
+
+
+
NA
+
+
+
NA
NA
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
NA
+
+
+
NA
NA
+
+
+
+
+
+
+

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
+
+
+
+
+
+
NA
+
+
+
NA
NA
+
NA
+
+
NA
+
NA
+
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
+
+
+
+
+
NA
+
+
+
+
+
+
+
+
+
+

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

"+": Positive tumor necrosis factor receptor-associated protein 1 (TRAP1) staining; "-": Negative TRAP1 staining; NA: Not available; LGD: Low grade dysplasia; HGD: High grade dysplasia; CA: Cancer.

Cell damage, cell death and TRAP1
The role of TRAP1 is multi-functional in the cell. It
regulates mitochondrial integrity and apoptotic cell death
as well as proteins that are destined for the mitochondria. With these functions in mind, it is difficult to know
whether the higher levels of TRAP1 are beneficial or
detrimental to the cell. One could envision TRAP1 as
a protector against oxidative injury. However, increased
TRAP1 expression could be problematic if it ultimately
inhibits a normal damage-induced apoptotic response.
We have previously shown that the DNA of UC progressors has accumulated genomic instability [28], that
bcl-2, an anti-apoptotic protein, is overexpressed in the
dysplastic and non-dysplastic mucosa of UC progressors (but not in the UC non-progressors)[29] and that
abrogation of the senescence pathways leads to neo-
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plastic predisposition[24]. In the previous study[29], Bcl-2
was found to be increased in 76% of cases of ulcerative
colitis associated dysplasia. In our current study, 69%
of the progressors displayed positive TRAP1 staining in
the dysplastic or cancerous tissues. Therefore, our current data are consistent with previous results that there
are increased anti-apoptotic activities in UC dysplasia.
Furthermore, in our in vitro studies of hydrogen peroxide treated coloncytes, caspase 3, an apoptosis index, is
only marginally elevated in oxidatively treated cells, and
moreover, even with supra-physiologic doses of H2O2,
there is no dose response that one might anticipate as
DNA is further injured, implying that apoptosis could be
suppressed in these cells. Our results are consistent with
previous report that high TRAP1 levels interfered with
caspase 3 activation[30]. Taken together, it seems likely
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that TRAP1 is one of several proteins which impact the
continued survival of colonic crypt cells that are damaged but have escaped death. These TRAP1 expressing
damaged cells may be a seed for neoplastic progression
in UC.
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Background

Patients with chronic inflammation, such as ulcerative colitis (UC), are prone to
cancer. The chronic inflammatory response in UC patients results in increased
production and release of reactive oxygen metabolites.

Research frontiers

Work by several groups has supported a role for increased oxidative injury and
dysfunction of mitochondrial respiratory chain in the pathogenesis of this disease. Tumor necrosis factor receptor-associated protein 1 (TRAP1) is involved
in protection against oxidative stress and apoptosis by regulating reactive oxidative species metabolism and preventing damage from unfolded or denatured
proteins. Up-regulation of TRAP1 has been reported in various cancers including ovarian, colon, and prostate.

Innovations and breakthroughs

TRAP1 was up-regulated in the colon tissues from UC progressors, but not in
the colon tissues from UC non-progressors. Moreover, up-regulation of TRAP1
preceded the neoplastic changes: it was present in both the dysplastic and
non-dysplastic tissues of UC progressors. Their study further showed that the
increase of TRAP1 expression positively correlated with the degree of inflammation in the colorectal cancer tissues, which could be related to the increased
oxidation present in the colonic mucosa from UC progressors. Authors then investigated the cellular proteome changes underlying oxidative stress, and found
that oxidative stress could induce up-regulation of TRAP1 along with several
other negative modulators of apoptosis.
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Applications

When TRAP1 staining in rectal tissue was used as a diagnostic marker, it could
distinguish progressors from non-progressors with 59% sensitivity and 80%
specificity. TRAP1 could be a potential diagnostic marker for UC associated
colorectal cancer.
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Peer review

Collectively, the authors propose that oxidative stress in long standing UC could
lead to the increase of TRAP1, which in turn promotes cancer progression by
preventing the oxidative damaged epithelial cells from undergoing apoptosis.
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Abstract
AIM: To analyze the role of CYLD for receptor-mediated cell death of murine hepatocytes in acute liver injury
models.
METHODS: Hepatocyte cell death in CYLD knockout
-/mice (CYLD ) was analyzed by application of liver in-
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jury models for CD95- (Jo2) and tumor necrosis factor
(TNF)-α- [D-GalN/lipopolysaccharide (LPS)] induced
apoptosis. Liver injury was assessed by measurement
of serum transaminases and histological analysis. Apoptosis induction was quantified by cleaved PARP staining
and Western blotting of activated caspases. nuclear
factor (NF)-κB, ERK, Akt and jun amino-terminal kinases signaling were assessed. Primary Hepatocytes were
isolated by two step-collagenase perfusion and treated
with recombinant TNF-α and with the CD95-ligand Jo2.
Cell viability was analyzed by MTT-assay.
RESULTS: Livers of CYLD -/- mice showed increased
anti-apoptotic NF-κB signaling. In both applied liver
-/injury models CYLD mice showed a significantly reduced apoptosis sensitivity. After D-GalN/LPS treatment
CYLD -/- mice exhibited significantly lower levels of alanine aminotransferase (ALT) (295 U/L vs 859 U/L, p <
0.05) and aspartate aminotransferase (AST) (560 U/L
vs 1025 U/L, p < 0.01). After Jo injection CYLD -/- mice
showed 2-fold lower ALT (50 U/L vs 110 U/L, p < 0.01)
and lower AST (250 U/L vs 435 U/L, p < 0.01) serumlevels compared to WT mice. In addition, isolated
CYLD -/- primary murine hepatocytes (PMH) were less
sensitive towards death receptor-mediated apoptosis
and showed increased levels of Bcl-2, XIAP, cIAP1/2,
survivin and c-FLIP expression upon TNF- and CD95receptor triggering, respectively. Inhibition of NF-κB
activation by the inhibitor of NF-κB phosphorylation
inhibitor BAY 11-7085 inhibited the expression of anti-/apoptotic proteins and re-sensitized CYLD PMH towards TNF- and CD95-receptor mediated cell death.
CONCLUSION: CYLD is a central regulator of apoptotic cell death in murine hepatocytes by controlling NF-κB
dependent anti-apoptotic signaling.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: CYLD; Apoptosis; nuclear factor-κB; tumor
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necrosis factor-α; CD95; Liver
Core tip: Activation of death receptors, such as CD95
(Fas/APO-1) and tumor necrosis factor (TNF)-R1, is involved in the pathophysiology of acute and chronic liver
diseases. Inactivation of the deubiquitinase CYLD is accompanied by increased survival of different cell types.
However, the role of CYLD in death receptor-mediated
apoptosis of hepatocytes has not been addressed so
far. The study showed for the first time that CYLD negative hepatocytes are less sensitive to CD95 and TNFR-mediated apoptosis, at least in part via triggering
nuclear factor-κB signaling leading to induction of antiapoptotic proteins. Inhibition of CYLD might represent
a therapeutic approach to protect hepatocytes from
death receptor-mediated apoptosis.
Urbanik T, Koehler BC, Wolpert L, Elßner C, Scherr AL, Longerich T, Kautz N, Welte S, Hövelmeyer N, Jäger D, Waisman A,
Schulze-Bergkamen H. CYLD deletion triggers nuclear factorκB-signaling and increases cell death resistance in murine hepatocytes. World J Gastroenterol 2014; 20(45): 17049-17064
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i45/17049.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i45.17049

MATERIALS AND METHODS

INTRODUCTION
Dysregulation of apoptosis is mechanistically important
in the pathogenesis of liver diseases. Hepatocytes can undergo apoptosis via an extrinsic, death receptor-mediated
pathway, or alternatively, intracellular stress can activate
the intrinsic pathway of apoptosis. Both pathways converge on mitochondrial activation, which is a prerequisite
for hepatocyte apoptosis[1]. The integrity of the outer
mitochondrial membrane is regulated by the Bcl-2 protein family, which is divided into anti- and pro-apoptotic
members[2]. Persistent apoptosis is a feature of chronic
liver diseases. Acute liver failure (ALF) is characterized by
massive apoptosis and is associated with life threatening
consequences[3]. It is one of the most challenging gastrointestinal emergencies encountered in clinical practice
and carries a high mortality rate worldwide[4]. Autoimmune hepatitis, viral hepatitis, alcohol consumption and
hepatotoxins have been identified as triggers of ALF.
Therapeutic approaches for delaying or reversing liver
failure apart from orthotopic liver transplantation are
rare. Understanding of the mechanisms of hepatocyte
survival and cell death pathways would offer potential
therapeutic targets.
Targeting ubiquitin related posttranslational modifications of signaling molecules is a novel approach in the
treatment of several human diseases[5]. Ubiquitination
controls the half-life of proteins, but also acts as modulator of the enzymatic activity or docking of regulatory
proteins. The functional outcome of ubiquitination processes is determined by the linkage type of single or poly-
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ubiquitin chains: Lysine 48 (K-48)-linked polyubiquitination mainly targets proteins for proteasomal degradation,
whereas lysine 63 (K-63)-linked polyubiquitination primarily leads to non-proteasomal modifications such as
subcellular localization or protein-protein interactions.
Ubiquitination is a dynamic process that can be counterbalanced by deubiquitinating enzymes including the
tumor suppressor CYLD[6].
The ubiquitin C-terminal hydrolase domain of CYLD
allows the enzyme to remove K-63-linked ubiquitin
chains, e.g., from signaling molecules involved in the nuclear factor (NF)-κB pathway, the stress-activated protein
kinases (SAPK)/Jun amino-terminal kinases (JNK) and
Akt pathway[6,7]. Increased NF-κB activation promotes
cell survival, at least in part via induction of anti-apoptotic Bcl-2 family members[8,9] as well as several inhibitor of
apoptosis (IAP) proteins[10,11]. A loss of CYLD expression or its function was shown to increase NF-κB signaling in several cell types including hepatocytes[12,13].
Here we show for the first time that livers of CYLD-/mice are less sensitive to CD95 and TNF-R-mediated
apoptosis, at least in part via triggering NF-κB signaling
leading to induction of anti-apoptotic proteins such as
survivin. Therefore, inhibition of CYLD might represent
a therapeutic approach to protect hepatocytes from death
receptor-mediated apoptosis.

Generation and genotyping of CYLD-/- mice
CYLD-/- mice were generated and genotyping was performed as previously described[14]. Animals were bred
and housed at the animal facility of the University of
Mainz in a standard laboratory animal environment (fresh
filtered air, 15 changes per hour; temperature, 21 ± 2 ℃;
humidity, 50% ± 20%; and 12:12-h light:dark cycle). All
experiments were done in accordance with the governmental and institutional guidelines and were performed
under the written approval of the state animal care commission (Regierungspräsidium Koblenz, Germany).
Liver injury
Acute liver injury was induced in 8-10 wk old mice by
i.p. injection of Jo2 antibody (0.5 µg/g bodyweight, BD
Pharmingen, Heidelberg, Germany) or D-galactosamine
(D-GalN; 0.75 mg/g bodyweight, Carl Roth, Karlsruhe,
Germany) and lipopolysaccharide (LPS; 2.5 µg/g bodyweight, Sigma-Aldrich, Hamburg, Germany). 3 and 5 h
after D-GalN/LPS and Jo2 injection, respectively, mice
were anaesthetized by i.p. injection of Ketamine/Xylazine (350 mg/kg/55mg/kg bodyweight, Sigma-Aldrich),
blood for measurement of serum transaminase levels was
collected via cardiac puncture and mice were scarified by
cervical dislocation.
Quantitative real-time polymerase chain reaction
Isolation of total RNA and cDNA synthesis was performed as previously described[2]. Quantitative real-time
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polymerase chain reaction (q-RT PCR) was performed
using primer assay kits (Qiagen, Hilden, Germany).
Data acquisition and determination of gene expression
was performed using the LightCycler software package (Roche). Each PCR reaction was run in duplicates.
mRNA expression was normalized to the expression of
the housekeeping gene glycerinaldehyde-3-phosphatedehydrogenase.
Serum transaminases levels
Blood was collected by cardiocentesis. Alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
levels were measured in the Institute of Clinical and
Laboratory Medicine at the University Hospital Mainz by
standard procedures.
Isolation, culturing and treatment of primary murine
hepatocytes
Hepatocytes were isolated by a two-step perfusion technique and cultured as previously described[2]. After 24 h,
cells were treated with TNF-α (Biomol, Hamburg, Germany), Jo2 (BD Pharmingen), actinomycin D (Carl Roth),
BAY 11-7085 (Enzo-Life-Science, Lörrach, Germany)
and YM155 (Selleckchem, Houston, United States).
Cell viability was determined using a colorimetric 3-(4,
5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT) assay.
Analysis of livers and immunohistochemistry
Initially, livers were assessed visually. To investigate liver
architecture and tumor histology, 3 µm thick sections
were made from formalin-fixed paraffin-embedded liver
tissues and were stained with hematoxylin and eosin
(HE). Modified Gomori (Gom) staining was used to assess fibrotic remodeling and architectural distortion. For
detection of cleaved poly (ADP-ribose) polymerase (cl.
PARP) and RelA frozen liver tissues were sectioned (10
µm) and further proceeded using the NovoLink™ Min
Polymer Detection System (Leica Microsystems, Wetzlar,
Germany) according to the manufacturer’s instructions.
For quantification six fields of view per liver section of 5
mice were counted. The primary antibodies anti-cleaved
PARP [E51] (Abcam, Cambridge, United Kingdom) and
anti-NF-κB p65 antibodies (Santa Cruz Biotechnology,
Heidelberg, Germany) were used.
Western blotting
Tissue lysis, protein extraction and preparation of nuclear
and cytosolic extracts were performed as previously
described[2,15]. Protein concentration was determined by
Bradford protein assay (Bio-Rad, Munich, Germany).
SDS-PAGE and Western blotting were performed according to standard procedures. Immunodetection was
performed using primary the antibodies: CYLD (E-4),
I κ B- α (C-21), p-I κ B- α (B-9), NF- κ B p65, NF- κ B1
p105/p50 (NLS), ERK2, cIAP1/2 (Santa Cruz Biotechnology, Heidelberg, Germany), NF-κB2 p100/p52, RelB,
c-Rel (G57), p-JNK, JNK, p-ERK, p-Akt, Akt, caspase-8,
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cleaved caspase-8 (Asp387), caspase-9, caspase-3, cleaved
caspase-3 (Asp175), Bid, Bcl-2, Bcl-xL, XIAP (Cell Signalling, Frankfurt, Germany), Bid cleaved (Ab-1, tBid,
Merck Chemicals, Nottingham, United Kingdom), antic-FLIP mAb NF6 (a kind gift from Prof. P.H. Krammer, DKFZ Heidelberg), Mcl-1 (Rockland, Gilbertsville,
United States) and α-Tubulin (Sigma-Aldrich, Munich,
Germany). For densitometric analysis ImageJ software
was used. Band density was measured relative to the corresponding controls (set to 1) and then adjusted to tubulin as loading control.
NF-κ B activity ELISA
To quantify NF-κB transcription factor activation, the
TransAM NF-κB Family Transcription Factor Assay Kit
(Active Motiv, La Hulpe, Belgium) was used according to
the manufacturer’s instructions. The assay is based on immobilized oligonucleotides containing NF-κB consensus
sites. For each well, 3 µg nuclear cell extract were used.
Caspase-3 activity assay
Cells were lysed in buffer containing 20 mmol/L Tris/
HCl pH 8.0, 5 mmol/L EDTA, 0.5% Triton X-100 and
1x complete protease inhibitor cocktail (Roche, Mannheim, Germany). Protein concentration was equilibrated
by Bradford assay (Bio-Rad, Munich, Germany). Lysates
were incubated in reaction buffer (25 mmol/L HEPES
pH 7.5, 50 mmol/L NaCl, 10% glycerol, 0.05% CHAPS,
and 5 mmol/L DTT) in the presence of 50 µmol/L caspase-3 fluorogenic substrate (Ac-DEVD-AFC) (Biomol).
Assays were performed in black Maxisorb microtiter
plates (Nunc, Langenselbold, Germany), generation of
free AFC at 37 ℃ was measured using a fluorometric
plate reader set to an excitation wavelength of 400 nm
and emission wavelength of 505 nm.
Statistical analysis
For comparison of experimental groups, the nonparametric Mann-Whitney U-test was applied. Statistical differences of in vitro PMH experiments were determined
by standard analysis of variance (ANOVA) following
Post-Hoc tests. A p-value less than 0.05 was considered
as significant.

RESULTS
Liver phenotype of CYLD deficient mice
To explore the function of CYLD in vivo, CYLD-deficient
mice were generated as previously described[14]. The absence of FL- (full length) CYLD and CYLD splice variants in liver tissues from CYLD deficient mice (CYLD-/-)
mice were asserted by Western blotting (Figure 1A, upper
panel). Livers from CYLD-/- mice were macroscopically
normal. Pathohistological analysis revealed a regular liver
architecture. Histological staining of cl. PARP indicated no
spontaneous apoptotic liver damage in CYLD-/- mice at the
age of 3, 6 and 9 mo (Figure 1A, lower panel). ALT serum
level as marker for hepatocyte damage was not different
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Figure 1 Liver phenotype of CYLD-/- mice. A: Western blot analysis of liver lysates for CYLD expression (upper panel). Liver histology was unremarkable in both WT
and CYLD-/- mice (9 mo old). Spontaneous apoptosis was not detected by cl. PARP immunohistology (Scale bar: 100 µm, lower panel); B: Alanine aminotransferase
serum concentration of WT and CYLD-/- mice; C: Liver/body weight ratio of WT and CYLD-/- mice. Values are mean ± SD. n = 6 vs 6. aP < 0.05, WT vs CYLD-/-.

from WT animals (Figure 1B). Interestingly, CYLD-/- mice
showed a significantly higher liver/body weight ratio at
the age of 9 mo compared to WT [0.05 vs 0.035; P < 0.05;
(Figure 1C)], while their body weight was comparable to
WT animals (data not shown). To assess proliferation of
hepatocytes, BrdU was administered i.p. in 8 wk old animals. Proliferation rates in WT and CYLD-/- mice were not
significantly different (data not shown).
D-GalN/LPS- and CD95- induced liver injury is
diminished in CYLD-/- mice
CYLD -/- hepatocytes did not show differences in
TNF-R1 and CD95 surface expression compared to
WT (data not shown). To assess a potential impact of
the CYLD deletion on liver injury resulting from activation of TNF-α signaling, WT and CYLD-/- mice were
injected i.p. with D-GalN and LPS [16]. Triggering of
TNF-R1 by LPS-induced TNF-α leads to apoptotic liver
injury upon D-GalN-mediated inhibition of NF-κB[1]. 5
h after D-GalN/LPS treatment, CYLD-/- mice exhibited
significantly lower levels of ALT (295 U/L vs 859 U/L,
p < 0.05) and AST (560 U/L vs 1025 U/L, p < 0.01, Figure 2A). Activation of caspase-8, -9 and -3 was reduced
compared to WT as indicated by less detection of the respective cleaved (cl.) forms (Figure 2B). In line with this,
caspase-3 activity assay showed significantly reduced substrate turnover in liver lysates of CYLD-/- mice compared
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to WT (Figure 2C). Analysis of Bid cleavage revealed
slightly lower tBid levels after D-GalN/LPS treatment
(Figure 2B). In pooled liver lysates from untreated mice
no cl. caspase-3 levels were detectable (data not shown),
confirming the results of immunohistological analysis of
cl. PARP (Figure 1A, lower panel).
CYLD-/- mice showed significantly less hepatocyte
damage compared to WT mice after D-GalN/LPS induced liver damage, which was further confirmed by a
significant lower apoptosis rate of CYLD-/- hepatocytes
compared to WT as indicated by less cl. PARP positive
nuclei (24.8% vs 62.3%, p < 0.001, Figure 2D).
Administration of the agonistic CD95 receptor antibody Jo2 is an established model to induce acute liver
injury[17]. To further examine the role of CYLD in acute
liver injury, Jo2 was injected i.p. in WT and CYLD-/- mice.
Liver injury was assessed by measurement of serum transaminases 3 h after injection: CYLD-/- mice showed 2-fold
lower ALT (50 U/L vs 110 U/L, p < 0.01) and lower AST
(250 U/L vs 435 U/L, p < 0.01) serum-levels compared
to WT mice (Figure 2E). As in the D-GalN/LPS injury
model CYLD-/- mice showed less caspase activation and
liver cell damage compared to WT (Figure 2F-H).
Increased NF-κ B activation in livers and PMH of CYLD-/mice
NF-κB is known as a crucial decider of life and death[18].
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Because CYLD acts as a negative regulator in NF-κB signaling[6], we analyzed livers of CYLD-/- mice for altered
NF-κB activity. Freshly isolated CYLD-/- primary murine
hepatocytes (PMH) showed a significantly increased basal
NF-κB activation level. P50 activity levels were 1.6-fold
and the activity of the p50 dimerisation partner RelA was
2.3-fold increased in CYLD-/- PMH (Figure 3A).In addition, analysis of the non-canonical NF-κB pathway revealed higher basal p52 and RelB activity levels. We found
a 1.3-fold increase of p52 and a 6.7-fold higher basal
RelB activity in CYLD-/- compared to WT PMH (Figure
3A). Protein analysis of whole liver lysates demonstrated
increased expression levels of p100 and p52. P105 and
p50 were expressed equally compared to WT. RelB was
most profoundly expressed in CYLD-/- compared to WT
livers (Figure 3B). IκB-α phosphorylation was not substantially increased in CYLD-/- but total IκB-α levels were
slightly reduced (Figure 3C, upper panel).
Q-RT PCR experiments revealed increased levels of
the NF-κB inducible genes survivin: 2.8-fold and Bcl-2:
1.8-fold (p < 0.05). The mRNA-expression levels of BclxL, c-IAP1/2, XIAP and c-Flip were not significantly different compared to WT (Figure 3D, upper panel).
Protein expression analysis confirmed higher expression levels of survivin. Bcl-xL was slightly lower expressed in CYLD-/- compared to WT livers. The expression of other analyzed anti-apoptotic proteins was not
significantly different (Figure 3D, lower panel).
After 5 h D-GalN/LPS treatment IκB-α phosphorylation was substantially increased in CYLD-/- but IκB-α
degradation was not different compared to WT livers
(Figure 3C, middle panel). Immunohistochemical RelA
stainings revealed highly increased nuclear RelA levels
in CYLD-/- livers after D-GalN/LPS treatment (Figure
3E, upper panel). Additionally, liver lysates of D-GalN/
LPS treated CYLD-/- mice showed increased expression
levels of the NF-κB precursor proteins p105 and p100.
However, only the active subunit p52 showed increased
expression levels. RelA and RelB expression levels were
increased compared to WT (Figure 3F, left panel).
Following 3 h CD95 triggering in vivo, p-IκB-α levels were increased and total IκB-α levels were slightly
reduced in CYLD-/- compared to WT mice (Figure 3C,
lower panel). Immunohistochemical RelA staining of liver sections substantiated the increased NF-κB activation
in CYLD-/- livers after Jo2 treatment (Figure 3E, lower
panel). Expression levels of NF-κB subunits (RelA, p52
and RelB) were substantially elevated after Jo2 treatment
(Figure 3F, right panel).
Further analysis of signaling events relevant for hepatocyte survival showed reduced Akt and slightly reduced
JNK activation in untreated livers of CYLD-/- mice. The
levels of phosphorylated ERK were not different compared to WT (Figure 3G, left panel). We observed considerably lower Akt activation and increased ERK activation
in livers of CYLD-/- mice after D-GalN/LPS treatment.
JNK activation was slightly reduced in CYLD-/- livers
compared to WT (Figure 3G, middle panel).
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Interestingly, we found decreased ERK and JNK
activation in CYLD-/- mice after Jo2 administration. Akt
activation was not different compared to WT (Figure 3G,
right panel).
CYLD-/- PMH are less sensitive towards death receptor
triggering
To confirm reduced apoptosis sensitivity of hepatocytes,
we isolated PMH from WT and CYLD-/- mice and treated them with increasing concentrations of TNF-α and
Jo2. For receptor-mediated cell death induction in vitro,
co-treatment with mRNA/protein synthesis inhibitors,
like actinomycin D, was necessary as described[19]. In line
with the in vivo results, freshly isolated primary hepatocytes of CYLD-/- mice were less sensitive towards 24 h
TNF-α and Jo2 treatment (Figure 4A and B). To induce
apoptosis without the need of mRNA/protein synthesis inhibitors, FasL oligomer (SFL) was applied. Again,
CYLD deficient hepatocytes were less sensitive compared
to WT hepatocytes (Figure 4C). Western blot analysis of
caspase activation clearly demonstrates reduced levels of
cl. caspase-8, -9 and -3 in CYLD-/- hepatocytes compared
to WT after treatment with TNF-α/ActD, Jo2/ActD and
SFL for 4 h (Figure 4D).
Increased expression of NF-κ B regulated anti-apoptotic
proteins in CYLD-/- PMH after death receptor triggering
To explore the role of NF-κB activation for reduced sensitivity of CYLD negative hepatocytes, we next analyzed
the expression of NF-κB regulated anti-apoptotic genes
after stimulation with TNF-α and Jo2. TNF-α treatment
for up to 1 h showed stronger induction of Bcl-2 expression in CYLD-/- compared to WT hepatocytes. Moreover,
XIAP, survivin and cIAP1/2 were increasingly expressed
in CYLD-/- hepatocytes, but were not further induced by
TNF-α. Interestingly, Bcl-xL and Mcl-1 expression were
decreased in CYLD-/- compared to WT hepatocytes (Figure 4E, left panel).
Stimulation with Jo2 led to a pronounced induction
of cIAP1/2 in CYLD-/- hepatocytes, which we could
not observe in WT. XIAP and c-FLIP were increased in
CYLD-/- hepatocytes. Bcl-2 and Bcl-xL expression levels
were higher in WT hepatocytes after stimulation with Jo2
compared to CYLD-/- hepatocytes (Figure 4E, right panel), whereas unstimulated CYLD-/- PMH exhibited higher
basal levels of Bcl-2.
Inhibition of NF-κ B blocks expression of anti-apoptotic
proteins and re-sensitized PMH towards receptormediated cell death
Next we examined whether inhibition of NF-κB leads
to sensitization of PMH towards death receptor-induced
cell death. For chemical inhibition we used BAY 11-7085,
an irreversible inhibitor of IκB-α phosphorylation[20].
BAY 11-7085 efficiently blocked phosphorylation of
IκB-α triggered by TNF-α treatment. Control treated
CYLD-/- PMH showed strong IκB-α phosphorylation
and increased degradation. Pre-incubation of CYLD-/-
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Figure 3 Increased nuclear factor-κB activation in CYLD-/- mice and analysis of other survival signaling pathways. A: Nuclear factor (NF)-κB transcription factor activation. Assays were performed in triplicates and are representative of two independent experiments. Values represent the mean ± SD; B: Western blot analysis
of liver lysates for NF-κB subunits; C: Western blot analysis of liver lysates for p-inhibitor of NF-κB (IκB)-α and IκB-α from untreated (upper), D-GalN/lipopolysaccharide (LPS) (middle) and Jo2 treated (lower panel) WT and CYLD-/- mice; D: Quantitative real-time polymerase chain reaction (upper panel) and Western blot (lower
panel) analysis of NF-κB regulated genes. Mean ± SD are presented; E: Representative immunohistological stainings of RelA in liver sections of D-GalN/LPS and Jo2
treated WT and CYLD-/- mice (Scale bar: 40 µm); F: Western blot analysis of liver lysates for NF-κB subunits after D-GalN/LPS (left panel) and Jo2 (right panel) injection in WT and CYLD-/- mice; G: Analysis of survival related pathway activation in untreated (left panels), D-GalN/LPS (middle panels) and Jo2 (right panels) treated
WT and CYLD-/- mice by Western blotting of p-Akt/Akt, p-ERK/ERK and p-JNK/JNK. aP < 0.05, WT vs CYLD-/-; bP < 0.01, WT vs CYLD-/-; dP < 0.01, WT vs CYLD-/-.

hepatocytes with BAY 11-7085 reduced basal and TNF-α
induced expression levels of anti-apoptotic, NF-κB regulated target genes including cIAP1/2, XIAP, survivin,
c-FLIP, Bcl-2, Bcl-xL and Mcl-1 (Figure 5A, left panel).
Stimulation of CYLD-/- PMH with Jo2 for up to 1h
did not induce phosphorylation of IκB-α. However, after
a short induction of total IκB-α expression after 10 min
Jo2 treatment, which is a well known event[21], it degraded
only in mock treated CYLD-/- PMH. In contrast, 4 h
pre-incubation with BAY 11-7085 led to increased basal
IκB-α expression levels and reduced IκB-α degradation
after Jo2 treatment. BAY 11-7085 blocked basal expression and/or the induction of the anti-apoptotic proteins
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survivin, c-FLIP, Bcl-2, Bcl-xL and Mcl-1 after CD95 triggering. Interestingly, XIAP expression was increased after
NF-κB inhibition. In line with our results from TNF-α
stimulation experiments, BAY 11-7085 was capable of
reducing cIAP1/2 levels in untreated CYLD-/- PMH, but
did not repress increased expression after CD95 triggering (Figure 5A, right panel).
On the basis of these results we next tried to compare
TNF-α and Jo2 triggered cell death induction in WT and
CYLD-/- PMH in combined treatment with BAY 11-7085.
Interestingly, WT PMH showed significantly higher cell
death sensitivity towards BAY 11-7085 treatment alone
(Figure 5B, left panel). 4 h pre-incubation with BAY
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Figure 5 Nuclear factor-κB and survivin inhibition sensitized primary murine hepatocytes towards receptor-mediated cell death. A: Western blot analysis for
nuclear factor (NF)-κB regulated gene expression after tumor necrosis factor (TNF)-R (left panel) and CD95-R (right panel) triggering of CYLD-/- primary murine hepatocytes (PMH) 4 h pre-incubated with BAY 11-7085; B: 24 h treatment of WT and CYLD-/- PMH with increasing concentrations of BAY 11-7085 (left panel) and YM155
(right panel); C: WT and CYLD-/- PMH were pre-incubated with 10 µmol/L BAY-11 7085 for 4 h. Afterwards PMH were treated for 24 h in combination with TNF-α or
Jo2 as indicated (upper panel). Pre-incubation of CYLD-/- PMH with 20 µmol/L BAY-11 7085 and following TNF-α or Jo2 treatment (lower panel); D: Western blot
analysis for survivin expression in WT and CYLD-/- PMH 24 h after treatment with YM155 as indicated (upper panel). WT and CYLD-/- PMH were pre-incubated with 10
µmol/L YM155 for 4 h. Afterwards PMH were treated for 24 h in combination with TNF-α or Jo2 as indicated (lower panel). DMSO was used as vehicle. Values represent the mean ± SD. aP < 0.05, CYLD-/- vs control group; bP < 0.01, WT vs CYLD-/-; dP < 0.01, WT vs control group; fP < 0.01, CYLD-/- vs control group.

11-7085 in a non-toxic concentration (10 µmol/L) significantly sensitized WT PMH towards TNF-α (0.1, 0.5 ng/
ml) and Jo2 (5, 50 ng/ml). CYLD-/- PMH could only be
significantly sensitized for 50 ng/ml Jo2 treatment (Figure 5C, upper panel). Doubling BAY 11-7085 concentration to 20 µmol/L made CYLD-/- PMH also significantly
sensitive for lower concentrations of the death receptor
agonists (Figure 5C, lower panel).
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Absence of survivin renders the liver more sensitive to Fas[22]. To elucidate the role of one distinct NFκB regulated anti-apoptotic protein in the increased cell
death resistance of CYLD negative hepatocytes, we
treated WT and CYLD-/- PMH with YM155, an inhibitor
of endogenous survivin expression[23]. 24 h YM155 treatment alone did not induce caspase-3 activation and did
not reduce viability in concentrations up to 50 µmol/L,
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in both WT and CYLD-/- PMH (Figure 5B and D, right
panel). YM155 caused a remarkable reduction of survivin
protein levels in WT but not in CYLD-/- PMH (Figure
5D, upper panel). The combined treatment of 10 µmol/L
YM155 with TNF-α or Jo2 reduced cell viability only in
WT PMH (Figure 5D, lower panel).

DISCUSSION
Increased hepatocyte apoptosis via death receptors such
as CD95 and TNF-R1 plays a prominent role in liver
diseases[24]. Previous reports show that NF-κB activation
counterbalances CD95- and TNF-R1-mediated death
pathways[4]. NF-κB participates in the induction of a
wide variety of cellular genes involved in immunity, inflammation and regulation of apoptosis[11,25]. Inhibition
of NF-κB subunits is an interesting approach to manipulate pathophysiological processes but its inactivation can
also exert a deleterious role in hepatic diseases[26]. Thus,
there is a need for further basic research in understanding
cell death and survival pathways to elucidate novel therapeutic targets for liver injury treatment.
The deubiquitinase CYLD removes K-63-linked polyubiquitin chains from distinct proteins involved in NF-κB
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signaling[27,28]. Reduced CYLD expression was shown to
increase the survival of several cell types[12,13]. Only little
is known about the role of CYLD for cell death sensitivity of hepatocytes. We recently showed that mice lacking
exon 7 and 8 of the CYLD gene exhibit an increased sensitivity towards chemical-induced hepatocarcinogenesis
and postulated the involvement of an impaired apoptosis
machinery promoting carcinogenesis in the liver[13]. In
contrast, a conditional knockout of exon 9 of the CYLD
gene resulted in massive apoptosis induction in hepatocytes[29]. However, in both studies on liver specific CYLD
knockouts the role of the remaining splice variants remains
elusive and needs to be further clarified (Figure 6).
In the present study, we show that complete deletion of CYLD protected hepatocytes from TNF-R- and
CD95-mediated apoptosis via promoting anti-apoptotic
NF-κB signaling. In contrast to studies on liver specific
knockout models[13,29], CYLD-/- livers showed no obvious
changes in liver architecture. However, the weight of
CYLD-/- livers was significantly increased at the age of 9
mo. We postulate that increased liver weight of CYLD-/mice might be a consequence of an increased life span
of CYLD-/- hepatocytes by alterations in survival related
signal transduction.
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Accordingly to the known role of CYLD as negative
regulator of NF-κB[6], we detected increased NF-κB activity in CYLD-/- hepatocytes. We next analyzed CYLD-/livers for expression of NF-κB regulated anti-apoptotic
genes. Members of the IAP protein family, such as survivin, were shown to be regulated by NF-κB. Survivin
has the capacity to directly bind to and inhibit caspase-3
activation and thus, to suppress cell death[30]. Interestingly,
we detected significantly increased expression of survivin
in CYLD-/- livers and consequently reduced levels of
cleaved caspase 3.
CYLD was additionally shown to negatively regulate
Akt activation in lung injury[7] as well as JNK activation
in melanoma[31]. In contrast, CYLD-/- livers showed decreased Akt and JNK activation, which points to organ
specific functions of CYLD in this context and excludes
Akt and JNK activation as potential anti-apoptotic mechanisms in our CYLD knockout model.
To evaluate the function of CYLD in receptormediated apoptosis in hepatocytes and liver injury in
vivo, we administered CD95-agonistic antibodies. Hepatocytes are acutely sensitive to CD95-induced apoptosis
and triggering of CD95 is an established in vivo model
to induce ALF[32]. CYLD-/- mice clearly showed a decreased apoptosis sensitivity. Analysis of survival related
signaling revealed unaltered Akt, slightly reduced ERK
and profoundly decreased JNK activation in CYLD-/livers. In other studies CYLD knockdown was shown
to increase JNK activity by increased K-63 ubiquitination of TRAF2[33]. In contrast, it was demonstrated that
CYLD was able to remove K-48 linked ubiquitin chains
from TRAF2 and prevent proteolytic degradation of
TRAF2[34]. This discrepancy has, thus far been unexplained but might be an explanation for the reduced JNK
activity in CYLD-/- livers.
CD95 triggering is known as a weak trigger for NF[18]
B
κ . However, we detected increased NF-κB activation
in CYLD-/- livers after Jo2 treatment indicating that loss
of CYLD promotes CD95-induced NF-κB activation.
Analysis of NF-κB dependent anti-apoptotic genes after
CD95 triggering showed profoundly aggravated expression of IAPs and c-FLIP in CYLD-/- PMH.
To extend the analysis of the apoptosis sensitivity of CYLD deficient hepatocytes, we also applied the
D-GalN/LPS model. Injection of D-GalN and LPS
triggers TNF- dependent apoptosis in hepatocytes[16,35].
In line with the findings in the Jo2-model, CYLD-/- mice
showed a reduced sensitivity towards TNF-R mediated apoptosis. NF-κB induction after in vivo TNF-Rtriggering was even higher compared to the Jo2 model
and likewise clearly increased in CYLD-/- livers compared
to WT. In contrast to the Jo2 injury model, CYLD-/- livers showed increased ERK activation. ERK is known to
repress CYLD via induction of the transcriptional repressor Snail in melanoma[36]. We cannot exclude that ERK
activation contributes to increased survival of CYLD-/hepatocytes after TNF-R activation in the in vivo-model.
Interestingly, in the D-GalN/LPS injury model we
detected reduced Akt and JNK activation in CYLD-/- liv-
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ers. While transient JNK activation may be beneficial for
hepatocyte survival, sustained JNK activity can trigger
cell death[37]. Inhibition of JNK decreased apoptosis sensitivity of hepatocytes towards TNF-α[38]. Thus, reduced
JNK activity might be an additional survival factor for
CYLD-/- hepatocytes.
Our analysis of survival signaling revealed differences between WT and CYLD-/- livers in Akt, ERK and
JNK activation in respective to the applied injury models.
However, in both models we consistently observed an
increased NF-κB activation in CYLD-/- livers, notably at
the basal level.
To exclude immunoregulatory effects, like an altered
TNF-α or IL-6 release of CYLD negative immune cells,
we furthermore verified our findings in vitro after isolation
of PMH. Consistent with the in vivo results we detected
reduced apoptosis sensitivity of CYLD-/- PMH towards
TNF-α and CD95 triggering.
The anti-apoptotic activity of NF-κB depends on
gene induction[18]. Comparison of the inducing potential
of NF-κB regulated genes after death receptor triggering revealed impressive induction of Bcl-2 as well as
increased basal expression levels of IAPs and c-FLIP
in CYLD-/- PMH. Under basal conditions hepatic Bcl-2
expression is very low[39]. In CYLD-/- hepatocytes Bcl-2
could be dramatically increased by TNF-α treatment.
Triggering of CD95 profoundly induced cIAP1/2 in
CYLD -/- but not in WT PMH. cIAPs are known to
mediate anti-apoptotic effects of NF-κB, e.g., in Jurkat
cells[40]. Furthermore, it was shown that cIAP2 prevents
apoptosis in rat hepatocytes[41]. Finally, our study included
the application of the IκB-α phosphorylation inhibitor
BAY 11-7085[20] and YM155 as an inhibitor of survivin
expression [23]. BAY 11-7085 was able to re-sensitize
CYLD-/- PMH towards TNF-α- and Jo2-induced cell
death without co-treatment with transcription/translation
inhibitors. This was accompanied by a reduction of NFκB regulated anti-apoptotic protein expression and, additionally, by blockage of their induction after TNF-R and
CD95 triggering. In addition to the anti-apoptotic NFκB activity, we exemplarily investigated the involvement
of NF-κB regulated survivin expression. Treatment with
YM155 led only in WT PMH to remarkable decreased
survivin levels. This raises the question about altered
survivin protein stability in CYLD-/- cells and has to be
addressed in future studies. Importantly, in comparison
to CYLD-/-, WT PMH were much more sensitive towards
co-treatment with BAY 11-7085/YM155 and TNF-α
or Jo2, which underlines the relevance of anti-apoptotic
NF-κB signaling for the increased resistance of CYLD-/hepatocytes towards death receptor agonists.
Our study demonstrates for the first time that deletion of CYLD increases resistance of murine hepatocytes towards TNF-α and CD95 induced apoptosis and
points to a crucial role of increased anti-apoptotic NFκB signaling following CYLD deletion. Thus, inhibition
of CYLD represents a potential approach for the treatment of acute and chronic liver injury triggered by death
receptor-induced apoptosis of hepatocytes.
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The tumor suppressor gene CYLD, involved in the control of nuclear factor
(NF)-κB signaling, was initially identified as mutated in patients suffering from
familial cylindromatosis. The product of the CYLD gene contains an ubiquitin
C-terminal hydrolase domain allowing it to act as a Deubiquitinating enzyme
(DUB) in removing K-63-linked poly-ubiquitin chains from distinct proteins involved in the NF-κB survival signaling pathway.
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Research frontiers

Persistent apoptosis is a feature of chronic liver diseases. Acute liver failure is
characterized by massive apoptosis and is associated with life threatening consequences. Therapeutic approaches for delaying or reversing liver failure apart
from orthotopic liver transplantation are rare. Understanding of the mechanisms
of hepatocyte survival and cell death pathways would offer potential therapeutic
targets.
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Innovations and breakthroughs

The study showed for the first time that CYLD negative hepatocytes are less
sensitive to CD95 and TNF-R-mediated apoptosis, at least in part via triggering
NF-κB signaling leading to induction of anti-apoptotic proteins.
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Applications

The identification here about the relevance of CYLD in resistance of murine
hepatocytes towards CD95 and TNF-R-induced apoptosis will help to improve
our understanding of the mechanisms of acute and chronic liver injury. Inhibition
of CYLD might represent a therapeutic approach to protect hepatocytes from
death receptor-mediated apoptosis.
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Peer review

This study evaluated the CYLD's function in the murine hepatocytes apoptotisis
network which controlled by NF-kB. The apoptosis related factors including Bcl-2,
XIAP, cIAP and survivin were assessed after hepatocyte cell death in CYLD
knockout mice. Subsequently, the study speculates CYLD regulate NF-kB dependent anti-apoptotic pathway. An excellent work had been done in this study.
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Abstract
AIM: To elucidate the correlation between hepatic
blood flow and liver function in alcoholic liver cirrhosis
(AL-LC).
METHODS: The subjects included 35 patients with ALLC (34 men, 1 woman; mean age, 58.9 ± 10.7 years;
median age, 61 years; range: 37-76 years). All patients
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were enrolled in this study after obtaining written informed consent. Liver function was measured with
tests measuring albumin (Alb), prothrombin time (PT),
brain natriuretic peptide (BNP), branched amino acid
and tyrosine ratio (BTR), branched chain amino acid
(BCAA), tyrosine, ammonia (NH3), cholinesterase (ChE),
immunoreactive insulin (IRI), total bile acid (TBA), and
the retention rate of indocyanine green 15 min after
administration (ICG R15). Hepatic blood flow, hepatic
arterial tissue blood flow (HATBF), portal venous tissue
blood flow (PVTBF), and total hepatic tissue blood flow
(THTBF) were simultaneously calculated using xenon
computed tomography.
RESULTS: PVTBF, HATBF and THTBF were 30.2 ±
10.4, 20.0 ± 10.7, and 50.3 ± 14.9 mL/100 mL/min,
respectively. Alb, PT, BNP, BTR, BCAA, tyrosine, NH3,
ChE, IRI, TBA, and ICG R15 were 3.50 ± 0.50 g/dL,
72.0% ± 11.5%, 63.2 ± 56.7 pg/mL, 4.06 ± 1.24,
437.5 ± 89.4 μmol/L, 117.7 ± 32.8 μmol/L, 59.4 ± 22.7
μg/dL, 161.0 ± 70.8 IU/L, 12.8 ± 5.0 μg/dL, 68.0 ±
51.8 μmol/L, and 28.6% ± 13.5%, respectively. PVTBF
showed a significant negative correlation with ICG R15
(r = -0.468, P <0.01). No significant correlation was
seen between ICG 15R, HATBF and THTBF. There was
a significant correlation between PVTBF and Alb (r =
0.2499, P < 0.05), and NH3 tended to have an inverse
correlation with PVTBF (r = -0.2428, P = 0.0894).
There were also many significant correlations between
ICG R15 and liver function parameters, including Alb,
NH3, PT, BNP, TBA, BCAA, and tyrosine (r = -0.2156, P
< 0.05; r = 0.4318, P < 0.01; r = 0.4140, P < 0.01; r
= 0.3610, P < 0.05; r = 0.5085, P < 0.001; r = 0.4496,
P < 0.01; and r = 0.4740, P < 0.05, respectively).
CONCLUSION: Our investigation showed that there is
a close correlation between liver function and hepatic
blood flow.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Hepatic blood flow (HBF) generally decreases
with disease progression in chronic liver disease. Additionally, collateral vessels appear and liver function,
such as liver synthesis and disposal capability, declines
in liver cirrhosis (LC). Notably, in LC it is known that
liver function deteriorates in almost direct proportion to
progression of liver disease parameters such as ChildPugh classification. Thus, in order to assess the state
of chronic liver disease it is very important to evaluate
HBF. The aim of the present study was to measure liver
function and HBF using xenon computed tomography,
and to elucidate the correlation between HBF and liver
function in alcoholic LC.
Takahashi H, Shigefuku R, Yoshida Y, Ikeda H, Matsunaga K,
Matsumoto N, Okuse C, Sase S, Itoh F, Suzuki M. Correlation
between hepatic blood flow and liver function in alcoholic liver
cirrhosis. World J Gastroenterol 2014; 20(45): 17065-17074
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i45/17065.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
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INTRODUCTION
In general, liver function gradually deteriorates as chronic
liver disease (CLD) progresses. Notably, in patients with
liver cirrhosis (LC), liver function deteriorates in almost
direct proportion to liver disease progression such as an
increase in Child-Pugh classification. Additionally, hepatic
blood flow (HBF) gradually decreases as CLD progresses. Thus, to assess the state of CLD, it is very important
to evaluate HBF. However, it is difficult to evaluate HBF
because the liver receives blood from both the portal vein
and hepatic artery, and these systems are known to use
independent mechanisms for blood flow adjustment.
Xenon computed tomography (Xe-CT) is a convenient and noninvasive method combining xenon gas
inhalation with CT to quantify and visualize tissue blood
flow (TBF). It is widely used in neurosurgical practice to
evaluate cerebral TBF[1,2]. Xe-CT can also be used to obtain separate noninvasive measurements of hepatic arterial tissue blood flow (HATBF) and portal venous tissue
blood flow (PVTBF) to detect changes in HBF caused by
CLD progression[3-13]. Xe-CT using a dual blood supply
model has been used to evaluate HATBF and PVTBF
separately[3,8,9]. HBF obtained by Xe-CT corresponds to
TBF, not intravascular blood flow because Xe gas can
penetrate the hepatocytes. HBF can be obtained by other
modalities such as perfusion CT, perfusion magnetic
resonance imaging (MRI), and enhanced ultrasound,
and these are the methods used to measure intravascular
blood flow in the liver.
Recently, HBF has been evaluated using various non-
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Table 1
cirrhosis

Characteristics of patients with alcoholic liver

Characteristics
Patients (n)
Gender
Male
Female
Age (yr)
Average
Range
Median

34
1
58.9 ± 10.7
37-76
61

Data represent raw number of patients or mean ± SD.

invasive methods such as ultrasonography (US), computed tomography (CT), and MRI. In methods such as color
Doppler US[14-17] and angiography[18], intravascular HBF is
calculated by measuring flow velocities and vessel diameters of the portal vein and hepatic artery. Furthermore,
TBF measurement has been attempted using enhanced
CT and MRI[14,19,20]. Hepatic TBF has been evaluated in
patients with CLD using Xe-CT[3-13].
HBF generally decreases with disease progression
in CLD. There are many reports about correlations between HBF and severity of liver disease, especially LC.
Additionally, collateral vessels appear and liver function,
such as liver synthesis and disposal capability, declines in
LC. Thus, in order to assess the state of CLD it is very
important to evaluate HBF. However, the correlation
between HBF and liver function remains unclear. This
study aimed to measure liver function and HBF using
Xe-CT and to elucidate the correlation between HBF and
liver function in alcoholic LC (AL-LC).

MATERIALS AND METHODS
Patients
Between October 2001 and September 2012, we performed Xe-CT on 556 patients. Of 556 patients, 35 with
AL-LC (34 men, 1 woman; mean age, 58.9 ± 10.7 years;
median age, 61 years; range 37-76 years) who provided
written informed consent in advance were enrolled in this
study (Table 1). They had no severe heart, renal and respiratory disease apart from liver cirrhosis. After confirmation of the above criteria and absence of hepatocellular
carcinoma to exclude the influence of intrahepatic flow,
Xe-CT was performed on admission. All study protocols
were conducted in accordance with the ethics guidelines
of the Declaration of Helsinki and approved by the ethics committee at our institution (approval No. 480).
Xe-CT theory
Xe is an inert gas that is present in the atmosphere in
trace amounts. A high atomic weight and X-ray mass absorption coefficient for the element Xe facilitate the measurement of changes in tissue concentrations of Xe with
CT. In Xe-CT, changes in Xe concentrations over time
are measured in the hepatic tissue and spleen. By apply-
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Figure 1 Schema of the dual supply model and the basic equation for hepatic blood flow of xenon computed tomography. Based on the changes over time
in CT values for the hepatic tissues and the spleen, hepatic tissue blood flow (TBF) was calculated by applying the Fick principle using Kety-Schmidt’s equation to
obtain arterial blood flow (fa), portal blood flow (fp), and lambda (λ) values in the human liver on a pixel-by-pixel basis in xenon computed tomography (Xe-CT). This
dual blood supply model for the liver was used to calculate hepatic blood flow by Xe-CT. Ch(t), Ca(t), Cv(t), and Cpv(t) represent time-dependent Xe concentrations
in the liver tissue, arterial blood, venous blood, and portal blood, respectively. Arterial and portal blood flows per unit volume of liver tissue are indicated by fa and fp,
respectively. Cp(t) represents the time-dependent Xe concentration in the portal organ tissue, and fpa indicates blood flow per unit volume of portal organ tissue.

ing the Fick principle[21], a single blood supply model (inflow: arterial only, outflow: venous) can be fitted to a dual
blood supply model (inflow: arterial and portal venous)
to separately determine HATBF (mL/100 mL/min) and
PVTBF (mL/100 mL/min) (Figure 1). Total hepatic
tissue blood flow (THTBF) is the sum of HATBF and
PVTBF.
Xe-CT imaging protocol
The imaging devices, protocol, and processing were the
same as previously reported[9,10]. We used 25% stable Xe
gas in conjunction with an AZ-726 Xe gas inhalation system (Anzai Medical Co., Ltd., Tokyo, Japan). The washin and wash-out periods were both 4 min. The entire
liver was examined by CT at 1-min intervals at 4 levels,
including the porta hepatis (9 scans in total, including
the baseline scan) (Figure 2). Using an AZ-7000W image
processing system (Anzai Medical Co., Ltd.), PVTBF,
HATBF, and THTBF were calculated, and these maps
were created. The time course change rate for the arterial
Xe concentration, which was needed to calculate PVTBF
and HATBF, was derived using the time course of the Xe
concentration in the spleen tissue. An Aquilion CT scanner (Toshiba Medical Systems Corporation, Tokyo, Japan)
was used, with exposure factors of 120 kV, 150 mA, and
13.8 mGy. Confidence values indicated the difference
between theoretical and actual changes in CT values over
time and were used as an index of reliability (Figure 3).
Regions of interest (ROI) were chosen at 4 levels, and
areas with low reliability were automatically excluded
(Figure 3). The mean of the 4 levels was used to determine PVTBF and HATBF in each patient, and THTBF
was calculated as the sum of PVTBF and HATBF (Figure
4). Xe-CT was performed on admission. The analysts of
the Xe-CT data were blinded to the results of the clinical
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information.
Liver function and ICG R15
Liver function tests were measured on admission. Liver
function tests included the following parameters: albumin
(Alb) (g/dL), prothrombin time (PT) (%), brain natriuretic peptide (BNP) (pg/mL), branched amino acid and
tyrosine ratio (BTR), branched chain amino acid (BCAA)
(μmol/L), tyrosine (μmol/L), ammonia (NH3 μg/dL),
cholinesterase (ChE IU/L), immunoreactive insulin (IRI
μU/mL), total bile acid (TBA μmol/L), and the retention
rate of indocyanine green 15 min after administration (ICG
R15) (%). ICG (Diagnogreen®, Daiichi Sankyo Co., Tokyo,
Japan; 0.5 mg/kg body weight) was administered via a peripheral vein, and venous blood was sampled before and
15 min after injection. Specimens were analyzed for ICG
concentrations on a spectrophotometer at 805 nm.
Statistical analysis
Each parameter is expressed as mean ± SD. The Pearson product-moment correlation coefficient was used
to examine correlations between TBF parameters and
liver function tests. The Pearson product-moment correlation coefficient is a measure of the linear correlation
between two variables. It is defined as covariance of the
two variables divided by the product of standard deviations. All statistical tests were performed with the statistical software, GraphPad Prism (GraphPad Software, Inc.,
La Jolla, California, United States). P values < 0.05 were
considered statistically significant.

RESULTS
Hepatic TBF, ICG R15, and liver function
Hepatic TBF as measured by Xe-CT, ICG R15, and liver
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Figure 2 Measuring methods of hepatic tissue blood flow using xenon computed tomography. Xenon concentration in inhaled gas was 25%, and a 4-min
wash-in and 4-min wash-out were used. Computed tomography (CT) at each of the 4 levels was performed 8 times at 1-min intervals. Patients held their breath during
each scan to prevent movement of the liver caused by respiration. CT of the spleen was used to measure arterial xenon concentrations.

function is summarized in Table 2.
Correlation between hepatic TBF and ICG R15
PVTBF showed a significant negative correlation with
ICG R15 (r = -0.468, P < 0.01, Figure 5). No significant
correlation was seen between ICG 15R and HATBF and
THTBF.
Correlation between hepatic TBF, ICG R15 and liver
function
The correlations between hepatic TBF as measured by
Xe-CT, ICG R15, and liver function are summarized in
Table 3, Figure 6, and Figure 7. There was a significant
correlation between PVTBF and Alb (r = 0.2499, P <
0.05), and NH3 tended to have an inverse correlation
with PVTBF (r = -0.2428, P = 0.0894) (Table 3 and
Figure 6). There were also many significant correlations
between ICG R15 and liver function parameters, includ-
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ing Alb, NH3, PT, BNP, TBA, BCAA, and tyrosine (r =
-0.2156, P < 0.05; r = 0.4318, P < 0.01; r = 0.4140, P
< 0.01; r = 0.3610, P < 0.05; r = 0.5085, P < 0.001; r =
-0.3123, P < 0.05; and r = 0.4740, P < 0.05, respectively)
(Table 3 and Figure 7).

DISCUSSION
Some methods that can be used to measure HBF include
organ-reflectance spectrophotometry and hydrogen
clearance[22,23], direct catheter insertion[18,24], continuous
spectral Doppler US[16,17], dynamic CT[20], and dynamic
MRI[14]. HBF gradually decreases as liver disease progresses in all patients with CLD including alcoholic liver
disease[7,9,16,17,20,22,23], nonalcoholic fatty liver disease[8,9,12,13],
and liver disease related to hepatitis C virus[6,7,9,13].
Liver function gradually deteriorates as CLD progresses. In particular, liver function deteriorates in almost

17068

December 7, 2014|Volume 20|Issue 45|

Takahashi H et al . Hepatic blood flow and liver function

A

1.0

120.0

B

C

0.01

Baseline CT

D

0.1

4.0

Confidence map

100.0

100.0

PVTBF map

E
0.1

HATBF map

0.1

150.0

THTBF map

Figure 3 Measurement of hepatic tissue blood flow and confidence values obtained using xenon computed tomography. A: Baseline computed tomography; B:
Confidence map. The original blood flow maps were modified by automatically excluding any pixels with confidence values exceeding the threshold in the confidence
map. The white areas on the confidence map indicate regions of low reliability and were automatically excluded. Confidence values indicate the difference between
theoretical and actual changes over time on xenon computed tomography (Xe-CT); C: Portal tissue blood flow (PVTBF) map; D: Hepatic arterial tissue blood flow
(HATBF) map; E: Total hepatic tissue blood flow (THTBF) map. Maps were created for portal venous TBF (PVTBF; C), hepatic arterial TBF (HATBF; D), the Xe solubility coefficient, and confidence values for each pixel in the liver based on changes over time in the Xe-CT numbers in the hepatic tissue and spleen.

Table 2 Hepatic tissue blood flow, retention rate of indocyanine green 15 min after administration, and liver function
PVTBF
HATBF
THTBF
Alb
PT
ChE
BNP
TBA
NH3
ICG R15
BTR
BCAA
Tyrosine
IRI

(mL/100 mL/min)
(mL/100 mL/min)
(mL/100 mL/min)
(g/dL)
(IU/L)
(pg/mL)
(μmol/L)
(μg/dL)

(μmol/L)
(μmol/L)
(μg/dL)

30.2 ± 10.4
20.0 ± 10.7
50.3 ± 14.9
3.50 ± 0.50
72.0% ± 11.5%
161 ± 70.8
63.2 ± 56.7
68.0 ± 51.8
59.4 ± 22.7
28.6% ± 13.5%
4.06 ± 1.24
437.5 ± 89.4
117.7 ± 32.8
12.8 ± 5.0

Data represent mean ± SD. PVTBF: Portal venous tissue blood flow;
HATBF: Hepatic arterial tissue blood flow; THTBF: Total hepatic tissue
blood flow; ICG R15: Retention rate of indocyanine green 15 min after administration; Alb: Albumin; PT: Prothrombin time; BNP: Brain natriuretic
peptide; BTR: Branched amino acid and tyrosine ratio; NH3: Ammonia;
ChE: Cholinesterase; IRI: Immunoreactive insulin; TBA: Total bile acid.

direct proportion to liver disease progression in patients
with LC. Additionally, a hyperdynamic state appears as
CLD progresses, especially in LC, and total plasma volume gradually increases[24]. In the portal venous system,
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including the celiac artery and superior mesenteric artery
in particular, splenic arterial flow prominently increases
and accounts for a considerable amount of the portal
venous system volume[24]. Conversely, HBF generally
decreases with disease progression[16-18,20,22,23,25-27], and we
have reported results similar to those previously reported[6-9,12]. In addition, portal flow decreases in inverse proportion to ICG R15[14,20]. We also previously reported that
portal flow gradually decreases in patients with LC as the
Child-Pugh score increases or disease stage advances[7,9].
Berzigotti reported that HBF estimations by Doppler US
and ICG are significantly correlated[28]. This study showed
that ICG R15 can be a more valuable and precise index
that reflects both HBF and liver function because there
were many significant correlations between ICG R15 and
liver function in our investigation. Presently, we have a
renewed sense of the importance of ICG R15.
In general, portal/hepatic arterial flow ratio (P/A)
is approximately 2[29]. However, there is a compensatory
mechanism called the hepatic arterial buffer response[24-27],
which maintains total HBF by increasing hepatic arterial flow in response to decreasing portal flow[24-27]. This
hepatic hemodynamic alteration, particularly the decrease
of portal flow, causes collateral vessel development, especially the emergence of esophagogastric varices (EGV).
The portal vein acts as a functional vessel, and the hepat-
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Figure 4 Measurement of hepatic tissue blood flow using xenon computed tomography. Measurement of hepatic tissue blood flow (TBF) and confidence values obtained using xenon computed tomography (Xe-CT). Maps were created for portal venous TBF (PVTBF; B), hepatic arterial TBF (HATBF; C), the Xe solubility
coefficient, and confidence values for each pixel in the liver on the basis of changes over time in the Xe-CT numbers in the hepatic tissue and spleen. A: Base line CT;
B: Portal blood flow map; C: Arterial blood flow map; D: Total hepatictissue blood flow (THTBF) map.
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Figure 5 Correlation between portal venous tissue blood flow and retention rate of indocyanine green 15 min after administration. Portal venous
tissue blood flow (PVTBF) was significantly negatively correlated with retention
rate of indocyanine green 15 min after administration (ICG R15) (r = -0.442, P
< 0.01).

ic artery acts as a feeding vessel[29]. Portal flow transports
fatty acids, glycerin, glucose, amino acids, and other compounds on one hand, and bilirubin, ammonia, aromatic
amino acids, and other compounds on the other hand
into the hepatocytes to metabolize. One is to synthesize

WJG|www.wjgnet.com

and the other is to discard. Portal flow is important in
metabolism. In this study, unlike HATBF and THTBF,
PVTBF had a stronger correlation with liver function
and disease status. PVTBF has predominance and plays
an important role in HBF. Furthermore, PVTBF has an
active hemodynamic change. Conversely, HATBF has a
passive hemodynamic change.
Generally, when HBF decreases, a compensatory
mechanism is called upon for O2 concentration maintenance. This results in an increase of O2 extraction (oxygen desaturation). However, if HBF further decreases,
that mechanism cannot compensate adequately for O2
concentration maintenance, and a decrease in oxygen
consumption follows[22,23]. The decrease in HBF and oxygen consumption induces oxidant stress and cytokines
that trigger inflammation. As a consequence, fibrosis
progresses and HBF further decreases, thus creating a
vicious cycle[23]. As CLD progresses, liver synthesis and
disposal capability decline. Hayashi et al[22] reported a
significant positive correlation between HBF and local
oxygen consumption in alcoholic liver disease and low
levels of HBF and local oxygen consumption (even in
the alcoholic fatty liver), which gradually decreased as
CLD progressed. Moreover, they reported a significant
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Table 3 Correlation between hepatic tissue blood flow, retention rate of indocyanine green 15 min after administration, and liver
function
PVBTF
Alb (g/dL)
NH3 (μg/dL)
PT
BNP (pg/mL)
TBA (μmol/L)
T Chol (mg/dL)
ChE (IU/L)
BTR
BCAA (μmol/L)
Tyrosine (μmol/L)
IRI (μg/dL)

HATBF

THTBA

ICG R15

r

P value

r

P value

r

P value

r

P value

0.2499
-0.2428
0.1475
-0.0231
-0.1810
-0.0618
-0.0613
-0.1329
-0.3123
0.0644
-0.0377

< 0.05
0.0894
NS
NS
NS
NS
NS
NS
NS
NS
NS

-0.0251
-0.1479
0.1947
-0.0231
-0.0160
0.2007
0.0704
0.2103
0.2031
-0.0317
0.0509

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

0.0452
-0.1307
0.0690
0.0330
0.0483
0.0483
0.0197
0.0801
-0.0220
-0.0078
-0.0509

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

-0.2156
0.4318
-0.4140
0.3610
0.5085
0.4195
-0.0952
-0.2378
-0.3123
0.4740
0.1251

< 0.05
< 0.01
< 0.01
< 0.05
< 0.01
< 0.05
NS
NS
< 0.05
< 0.01
NS

PVTBF: Portal venous tissue blood flow; HATBF: Hepatic arterial tissue blood flow; THTBF: Total hepatic tissue blood flow; Alb: Albumin; PT: Prothrombin
time; BNP: Brain natriuretic peptide; BTR: Branched amino acid and tyrosine ratio; NH3: Ammonia; ChE: Cholinesterase; IRI: Immunoreactive insulin; TBA:
Total bile acid; BCAA: BCAA: Branched-chain amino acids; NS: Not significant.

5.0

B

r = 0.2499 (P < 0.05)

120

4.5

100

4.0

80

NH3 (μg/dL)

Alb (g/dL)

A

3.5
3.0
2.5

r = -0.2428 (P = 0.0894)

60
40
20

2.0
10.0

20.0

30.0
40.0
PVTBF (mL/100 mL/min)

50.0

0
10.0

60.0

20.0
30.0
40.0
PVTBF (mL/100 mL/min)

50.0

Figure 6 Correlation between albumin, ammonia, and venous tissue blood flow. There was a significant correlation between portal venous tissue blood flow
(PVTBF) and albumin (Alb) (r = 0.2499, P < 0.05) (A) and ammonia (NH3) tended to have an inverse correlation with PVTBF (r = -0.2428, P = 0.0894) (B).
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Figure 7 Correlation between liver function and retention rate of indocyanine green 15 min after administration. There were many significant correlations
between retention rate of indocyanine green 15 min after administration (ICG R15) and liver function parameters, including albumin (Alb) (A), ammonia (NH3) (B), prothrombin time (PT) (C), brain natriuretic peptide (BNP) (D), total bile acid (TBA) (E), branched-chain amino acids (BCAA) (F), and tyrosine (G).

positive correlation between ICG R15 and local oxygen
consumption in alcoholic liver disease, suggesting a close
association between HBF and local oxygen consumption
and, by extension, liver-sparing ability in CLD. Additionally, portal flow increases and intestinal hemodynamics
improve as a result of interrupted blood flow to the collateral vessels. By inference, these phenomena may result
in increased estimated hepatic oxygen consumption, hepatocyte function, and synthesis.
There are some reports which relate HBF to liver
function. Noiret et al[30] reported that the redistribution
of organ blood flow associated with severe cirrhosis
was sufficient to cause hyperammonemia, even when
the hepatic detoxification function and the ammonia
production were set to normal. They noted that interventions that reduce the fraction of shunting may be future
targets of therapy to control hyperammonemia severity.
Maruyama et al[31] reported that patients with hepatofugal
flow had a significantly higher incidence of ascites than
those with hepatopetal flow, higher Child-Pugh classification, and higher incidence of decompensated liver
and rectal varices. Two reports suggest that depending
on the severity of portal hypertension, decrease of HBF
can lead to deteriorated liver function in spite of relative
preservation of hepatocellular function. In addition, we
reported that PVTBF increased after endoscopic injection sclerotherapy for EGV, and HATBF decreased in
response to an increase in PVTBF[12]. In the future, we
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will elucidate whether hemodynamic alteration leads to
the amelioration of liver function.
In conclusion, there is a significant close correlation
between PVTBF, ICG R15, and liver function.
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RESULTS: HBsAg was confirmed positive in 1.2% of
tested pregnant women. Risk factors significantly associated with HBV positivity were; history of injections (OR
= 5.65), history of seeking medical advice in a clinic (OR
= 7.02), history of hospitalization (OR = 6.82), history
of surgery (OR = 4) and family history of hepatitis (OR
= 3.89) (P < 0.05). Dropout rate was 28% for HBsAg
women whose rapid test was not confirmed and could
not be reached to provide immunoprophylaxis for thier
newborns. Immunoprophylaxis failure was detected in
only one newborn (3.7%) who tested positive for HBsAg at 6 mo of age; and vaccine failure (seronegative
to HBsAb after 4 doses of the vaccine) was detected in
another one (3.7%). The success rate of the immunoprophylaxis regimen was 92.6%.
CONCLUSION: This pilot study shows that a successful national program for prevention of perinatal transmission of HBV needs to be preceded by an awareness
campaign to avoid a high dropout rate.

Abstract
AIM: To identify possible maternal risk factors for hepatitis B virus (HBV) acquisition and assess the efficacy
of immunoprophylaxis given to infants born to hepatitis
B virus surface antigen (HBsAg) positive mothers.
METHODS: Screening of 2000 pregnant females was

WJG|www.wjgnet.com

carried out using rapid test and confirmed by enzyme
immunoassay. A questionnaire consisting of 20 questions about the possible risk factors for acquisition
of HBV infection was filled for every pregnant HBsAg
positive female in addition to at least 2 pregnant HBsAg negative females for each positive case. Infants of
HBsAg positive women were offered passive and acst
tive immunoprophylaxis within the 1 48 h after birth,
nd
rd
in addition to 2 and 3 doses of HBV vaccine after
1 and 6 mo respectively. Infants were tested for HBsAg and hepatitis B surface antibodies (HBsAb) at six
months of age.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Perinatal transmission of hepatitis B virus
(HBV) is still a threat in Egypt despite a successful immunization program for infants. In this work we tried
to assess the risk factors for maternal acquisition of
HBV and study a model for prevention of perinatal
transmission of HBV. To achieve our aim we screened
2000 pregnant women for hepatitis B virus surface
antigen. Risk factors for HBV acquisition were mostly
related to medical care. We encountered a high dropout rate of women who could not be reached to offer
their newborns immunoprophylaxis. For those who
received immunoprophylaxis after birth, a success rate
of 92.6% was achieved. An awareness campaign has
to precede implementation of a national program for
prevention of perinatal transmission of HBV.
El-Karaksy HM, Mohsen LM, Saleh DA, Hamdy MS, Yassin
NA, Farouk M, Salit ME, El-Shabrawi MH. Applicability and
efficacy of a model for prevention of perinatal transmission of
hepatitis B virus infection: Single center study in Egypt. World J
Gastroenterol 2014; 20(45): 17075-17083 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i45/17075.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i45.17075

INTRODUCTION
An estimated 350 million persons worldwide are chronically infected with hepatitis B virus (HBV)[1]. Perinatal
transmission is the most common mode of transmission
worldwide[2]. To prevent perinatal transmission, women
should be screened for hepatitis B virus surface antigen
(HBsAg) during the first prenatal visit and, if seronegative but at high risk, screened again in late pregnancy[3].
Transmission presumably occurs during birth, however, viral transmission may occur in utero via transplacental leakage[4].
Specific factors that directly correlate with the development of the HBsAg-positive state in the infant (in the
absence of effective prophylaxis) are (1) the maternal
HBsAg titer; (2) maternal hepatitis B e antigen (HBeAg)
positivity (up to 90% of infants born to HBeAg-positive
mothers develop chronic hepatitis B; infants of HBeAgnegative carrier mothers have a 20% risk)[5-7]; (3) HBV
DNA in maternal serum [8]; (4) HBsAg-positive cord
blood; (5) HBsAg-positive siblings[5,9,10]; or (6) when vaccine is offered later than 48 h after birth[11].
Administration of hepatitis B immunoglobulin (HBIG)
and concurrent hepatitis B vaccine have been shown to
be 95% efficacious in the prevention of perinatal transmission of HBV, the efficacy is lower for maternal carriers with very high serum HBV DNA levels (> 108 IU/
mL)[12-14].
The aim of this work was to identify the prevalence
and possible maternal risk factors for HBV acquisition,
introduce a model for prevention of perinatal transmission of HBV and assess the efficacy of active and pas-
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sive immunoprophylaxis administered within the first
12-48 h after birth to infants born to HBsAg positive
mothers.

MATERIALS AND METHODS
Ethics
The study protocol was approved by the Review Board
and Ethical Committee of Kasr Alainy School of Medicine, Cairo University. All pregnant females were screened
for HBsAg after obtaining a verbal consent.
Study subjects
This cohort prospective study was conducted on a convenient sample of two thousand pregnant women coming for routine antenatal care at the Outpatient Clinic of
the Obstetrics Department and Center for Social and
Preventive Medicine, Kasr Al-Ainy School of Medicine,
Cairo University, Cairo, Egypt. The study as well included 12 pregnant women known to have HBV infection who came to the Pediatric Hepatology Outpatient
Clinic for consultation about immunoprophylaxis for
their coming babies. All infants born to HBsAg positive mothers were included in this study. This group was
included to increase the number of newborns receiving
immunoprophylaxis.
Each positive HBsAg mother-infant pair was assigned a unique study ID number (1-35).
The study consisted of 2 phases: Phase 1 (Figure 1):
Screening for HBsAg: Two thousand pregnant women
were screened for HBsAg by rapid test (one step HBsAg
test). Screening was carried out from May 2010 to July
2011. If HBsAg was detected by the rapid test, enzyme
immunoassay was done for confirmation. Hepatitis B
surface antibodies (HBsAb), hepatitis B core antigen
IgM (HBcIgM), hepatitis B virus core antibody (HBcAb)
total, HBeAg, HBeAb and quantitative DNA by PCR
were also done on the same serum sample. All tests were
done at the Clinical Pathology Department, Kasr AlAiny School of Medicine, Cairo University. Results of all
confirmatory tests were reported to all pregnant females
by phone. Phase 2: Follow up of HBsAg positive women
and their newborns: Women with positive HBsAg were
contacted and the prevention of perinatal transmission
of HBV infection to their babies was explained to them.
A contact cell phone number was given to each HBV
positive pregnant female for immediate contact at the
onset of labor pains in order to administer immunoprophylaxis for their newborns.
A questionnaire consisting of 20 questions about the
possible risk factors for acquisition of HBV infection
was filled for every pregnant HBsAg positive female in
addition to at least 2 pregnant HBsAg negative females
for each positive case.
Family members of HBsAg positive mothers were
also screened for HBsAg by rapid test whenever possible.
Cases found positive for HBsAg whether pregnant females
or their family members, were instructed to seek medical
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Study population

2000 pregnant females
performing routine antenatal care

15 pregnant females known
to have HBV infection

Rapid test for HBsAg

1965 negative
pregnant female

35 pregnant females
with positive HBsAg

10 pregnant females
were lost to follow up

25 pregnant females underwent
confirmatory test

2 false positive
rapid test

23 confirmed to be
positive for HBsAg

1 abortion

22 pregnant females confirmed
to be positive for HBsAg

12 pregnant females
with positive HBsAg

3 pregnant females
with negative HBsAg

34 pregnant HBsAg
positive females

Figure 1 Flowchart of selecting hepatitis B virus surface antigen positive females. HBsAg: Hepatitis B virus surface antigen; HBV: Hepatitis B virus.

advice with hepatologists. Pediatric cases were referred to
the Pediatric Hepatology Unit at Cairo University Pediatric
Hospital for medical care where the test for HBsAg was
repeated using enzyme immunoassay. Seronegative family members were instructed to receive the vaccine against
HBV.
Immunoprophylaxis was carried out from May 2010
till March 2012. Newborns encountered within the first
48 h after delivery received both 0.5 mL of HBIG (HepaBIG) and 0.5 mL of recombinant HBV vaccine (Euvax:
20 μg purified HBsAg/mL) intramuscularly at two different sites. They received two more doses of HBV vaccine at the age of 1 and 6 mo.
All newborns given immunoprophylaxis were tested
for HBV viral load by quantitative real time PCR at birth
before vaccination.
At six months of age, the infants were tested for
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HBsAg and HBsAb. Infants seronegative for HBsAb at
6 mo of age were re-tested at 7 mo, one month after the
3rd dose of HBV vaccine. Those who were seronegative
again at 7 mo were given a fourth dose of the vaccine
and re-tested one month later (at 8 mo of age).
Statistical analysis
All collected questionnaires were revised for completeness. Data was entered then transferred to SPSS for
analysis. Simple descriptive statistics (arithmetic mean and
standard deviation) were used for summary of quantitative data, and frequencies were used for qualitative data.
Bivariate relationships were displayed in cross tabulations
i.e., the association of HBV infection with potential risk
factors. Comparisons of proportions were performed
using the χ 2 and Fisher’s exact tests where appropriate.
Odds ratios (OR) and 95%CI were generated as estimates
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Table 1 Risk factors for acquisition of hepatitis B virus in the studied population n (%)
HBsAg negative (n = 82)
Occupation
Housewife
Working
HBV vaccination
History of injections
History of medical clinic attendance
History of hospital admission
History of sutures
History of surgeries
History of drained abscesses
History of urinary catheter
History of blood transfusion
History of endoscopy
History of dental treatment
History of schistosomiasis
History of nail care
Ear piercing
Circumcision
History of cauterization
History suggestive of previous hepatitis
Family history suggestive of hepatitis

HBsAg positive (n = 35)

77 (93.9)
5 (6.1)
4 (4.9)
34 (41.5)
43 (52.4)
34 (41.5)
54 (65.9)
41 (50)
5 (6.1)
32 (39)
7 (8.5)
4 (4.9)
42 (51.2)
0 (0)
6 (7.3)
81 (98.8)
81 (98.8)
1 (1.2)
1 (1.2)
16 (19.5)

35 (100)
0 (0)
0 (0)
28 (80)
31 (88.6)
29 (82.9)
29 (82.9)
28 (80)
4 (11.4)
20 (57.1)
3 (8.6)
3 (8.6)
23 (65.7)
0 (0)
5 (14.3)
35 (100)
32 (91.4)
0 (0)
0 (0)
17 (48.6)

P value
0.320

OR

95%CI

-

-

0.315
< 0.001
< 0.001
< 0.001
0.064
0.003
0.440
0.071
1
0.420
0.140

5.65
7.02
6.82
2.50
4
1.98
2.08
1
1.82
1.82

2.2-14.42
2.27-21.71
2.55-18.23
0.93-6.74
1.57-10.18
0.50-7.89
0.93-4.65
0.24-4.13
0.38-8.63
0.80-4.15

0.301
1
0.075
1
1
0.001

2.11
0.13
0.69
3.89

0.59-7.44
0.01-1.27
0.62-0.78
1.65-9.20

HBsAg: Hepatitis B virus surface antigen.

of associations. All statistical analyses were performed
using SPSS version 15.

RESULTS
Seroprevalence of HBsAg
In phase 1 of the study, screening for HBsAg was done
for a total of 2000 pregnant women by rapid test. The
test was positive in 35 (1.75%) pregnant women, but
only 25/35 women came back to do the confirmatory
test by enzyme immunoassay. Four refused to come
back, and six women could not be reached by phone.
The confirmatory test revealed 2 false positive results.
Thus a total of 23 HBsAg positive women were detected
by the confirmatory test giving an overall HBsAg prevalence of 1.2%.
Another group of 15 pregnant women who gave
history of HBV infection sought our help for immunoprophylaxis. One of these pregnant women was Korean;
12/15 women were positive for HBsAg. At the end of
phase 1 of the study a total of 35 HBsAg positive women were enrolled.
Risk factors for HBsAg positivity among the studied
pregnant women
Interview questionnaire was conducted for all 35 HBV
positive study participants and 82 HBV negative women
to assess the risk factors for HBV positivity.
The mean age for HBsAg positive women was 27.1
± 4.8 years and median was 27 years, while for the
HBsAg negative women the mean age was 25.9 ± 4.8
and median 25.5 years. No significant difference was
observed as regards the age of positive and negative
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women (P value = 0.18).
Most of the study population came from Giza and
Cairo governorates (51.3% and 41.9% respectively). Table
1 shows the comparison of patient characteristics of the
HBV positive and negative women enrolled in the study.
Risk factors significantly associated with HBV positivity were; history of injections (OR = 5.65), history of
seeking medical advice in a clinic (OR = 7.02), history of
hospitalization (OR = 6.82), history of surgery (OR = 4)
and family history of hepatitis (OR = 3.89) (P < 0.05).
Screening for HBsAg by rapid test for the family
members of the HBsAg positive mothers was offered;
21/35 families agreed to be screened. Not all family members within the same family came for screening. Only 48
members were screened; 17 (35.5%) husbands, 29 (60.5%)
children, 1 (2%) mother and 1 (2%) brother. Ten (20.8%)
had positive HBsAg while the other 38 (79.2%) were negative. The positive cases were 4 (40%) husbands, 5 (50%)
children and 1 (10%) mother. The 10 positive cases were
confirmed using enzyme immunoassay.
Laboratory tests done for the HBsAg positive mothers
Table 2 shows the laboratory profile for recruited HBsAg positive pregnant women.
All HBsAg positive pregnant women were negative
for HBsAb and HBcIgM, while they were all positive
for HBcAb total. Two women (5.7%) were negative for
HBeAg, HBeAb and HBV DNA markers. Only 3/35
women (8.6%) were positive for HBeAg and 29/35
(82.9%) were positive for HBe Ab. HBV DNA was positive in 18/35 (51.4%) (Figure 2). A total of 14 cases had
positive results for HBeAb and HBV DNA combined,
while only 3 cases were positive for HBeAg and HBV
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Table 2 Hepatitis B virus markers profile of hepatitis B virus surface antigen positive pregnant women recruited in the study
Study ID
2
4
7
8
9
13
14
15
16
17
18
21
23
26
28
30
31
35

HBsAg

HBeAg

HBeAb

+ve
+ve
+ve
+ve
+ve
+ve
+ve
+ve
+ve
+ve
+ve
+ve
+ve
+ve
+ve
+ve
+ve
+ve

-ve
-ve
-ve
-ve
-ve
+ve
-ve
-ve
-ve
+ve
-ve
-ve
-ve
+ve
-ve
-ve
-ve
-ve

+ve
+ve
+ve
+ve
+ve
-ve
+ve
+ve
+ve
-ve
+ve
+ve
+ve
-ve
+ve
+ve
-ve
+ve

PCR
+ve (509)
+ve (213)
+ve (90)
+ve (2530)
+ve (147)
+ve (54700)
+ve (387)
+ve (1790)
+ve (12500)
+ve (314000)
+ve (989000000)
+ve (832)
+ve (4010)
+ve (39000000)
+ve (79)
+ve (272)
+ve (64)
+ve (72)

HBsAb

HBcIgM

HBcTotal

-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve

-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve
-ve

+ve
+ve
+ve
+ve
+ve
+ve
+ve
+ve
+ve
+ve
+ve
+ve
+ve
+ve
+ve
+ve
+ve
+ve

Cases number 1, 3, 5, 6, 10-12, 19, 20, 22, 24, 25, 27, 29, 32-34 were positive for hepatitis B virus surface antigen (HBsAg) and HBcTotal, and negative for
hepatitis B surface antibodies (HBsAb), hepatitis B core antigen IgM (HBcIgM), hepatitis B e antigen (HBeAg), hepatitis B e antibody (HBeAb) and hepatitis
B virus (HBV) PCR.

Hepatitis markers and HBV DNA done for HBsAg

Positive

positive mothers

Negative

100%

0
17.1

90%
80%

48.6

70%
60%
50%

100

100

100

91.4
82.9

40%
30%

51.4

20%
10%
0%

0
HBsAb

8.6

0
HBcIgM

HBcTotal

HBeAg

HBeAb

HBV DNA

Hepatitis markers and HBV DNA

Figure 2 Hepatitis markers and hepatitis B virus DNA done for hepatitis B virus surface antigen positive mothers. HBsAb: Hepatitis B surface antibodies;
HBcIgM: Hepatitis B core antigen IgM; HBcAb: Hepatitis B virus core antibody; HBsAg: Hepatitis B virus surface antigen; HBV: Hepatitis B virus; HBeAg: Hepatitis B e
antigen; HBeAb: Hepatitis B e antibody.

DNA combined (Table 2).
Outcome of pregnancy
Only one of the HBsAg positive women had an abortion; while the remaining 34 women had delivered their
babies. Thirteen women (38.2%) had normal vaginal
delivery while 21 (61.8%) had a cesarean section. Newborns were 20 (58.8%) full term females and 14 (41.2%)
full term males. The only infant who got infected was a
male, delivered by cesarean section. Twenty-five (83.4%)
infants were exclusively breast fed till the age of 6 mo.
HBV immunoprophylaxis
A total of 30/34 (88.2%) infants received the HBIG and
the first dose of HBV vaccine within the first 48h after
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birth and the second dose of HBV vaccine at the age
of 1 mo. At the age of 6 mo only 27/30 (90%) infants
came back for the third dose of HBV vaccine, while
3/30 (10%) infants were lost to follow up and did not
get the third dose (cases number 18, 30 and 34).
Among the 30 infants who received the HBIG, a total of 22 (64.7%) infants received the HBIG within the
first 12 h following delivery, 4 (11.76%) received it within
12-24 h (one of them is case number 4 with HBsAg positive and HBsAb negative at 6 mo of age) and 5 (14.7%)
received it within 24-48 h (Table 3).
One infant (1/34, 2.9%) came for the first time at the
age of 9 d, thus received the first dose of HBV vaccine
at 9 d and did not receive the HBIG (case number 1), the
second and third doses of HBV vaccine were then admin-
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dose of HBV vaccine), one infant (3.7%) (case number
9) remained HBsAb negative at the age of 8 mo (one
month after a fourth dose of HBV vaccine), and one
infant (3.7%) (case number 4) was positive for HBsAg
and negative for HBsAb at 6 mo of age. Thus immunoprophylaxis failure (HBIG and HBV vaccine failure) was
detected in only 3.7% (1/27), and vaccine failure (seronegative to HBsAb after 4 doses of the vaccine) was detected in another 3.7% (1/27). Hence, the success rate of
the followed immunoprophylaxis regimen was observed
in 92.6% (25/27) of infants.

Table 3 Hepatitis B immunoglobulin and hepatitis B vaccine
administered to the infants born to hepatitis B virus surface
antigen positive women n (%)

HBIG

Not Given
Given

HBV vaccine

1st dose

2nd dose
3rd dose
4th dose

Age of administration

n = 34

1st 12 h
12-24 h
24-48 h
1st dose within 48 h of delivery
1st dose at the age of 9 d
1st dose at the age of 2 mo
2nd dose at age 1 mo
2nd dose at age 4 mo
3rd dose at 6 mo
4th dose at 7 mo

3 (8.8)
22 (64.7)
4 (11.8)
5 (14.7)
31 (91.2)
1 (2.9)
2 (5.9)
32 (94.1)
2 (5.9)
31 (91.2)
3 (8.8)

DISCUSSION

HBIG: Hepatitis B immunoglobulin; HBV: Hepatitis B virus.

istered at the ages of 1 mo and 6 mo respectively.
Two infants (2/34, 5.9%) did not receive the HBIG
and followed the Ministry of Health routine vaccination
schedule at 2, 4 and 6 mo of age (cases number 13 and
15). One infant (1/34, 2.9%) was completely lost to follow up (case number 24).
Laboratory tests done for the infants
Table 4 shows the laboratory and immunoprophylaxis
profile of the studied infants.
Testing for HBV DNA was done for only 30 infants
immediately after delivery, only 1 (3.3%) was positive
(case number 18). This infant’s mother was Korean and
had very high maternal viremia (989000000 copies/mL),
this infant was lost to follow up at the age of 6 mo.
HBsAg and HBsAb status were tested for only 30
infants at the age of 6 mo. Only 1 infant (1/30, 3.3%)
had positive HBsAg and negative HBsAb (case number
4). This infant had a negative HBV DNA at delivery; his
mother was negative for HBeAg. He was a male and was
delivered by cesarean section. The mother’s quantitative HBV DNA was only 213 copies/mL (Table 1). On
screening, her elder 3-year-old daughter was positive for
HBsAg by rapid test.
Among the 29 HBsAg negative children, a total of
26 (89.7%) infants had positive HBsAb and three (10.3%)
had negative HBsAb (cases number 1, 9 and 28). HBsAb
status was tested again for these three infants one month
after the 3rd vaccine dose; all 3 infants were still negative
for HBsAb. Thus a 4th dose of HBV vaccine was administered and the HBsAb status was re-tested 1 mo after
the 4th vaccine dose, two infants became HBsAb positive
(cases number 1 and 28) and only one of the three infants remained negative (case number 9).
Thus among the 27 infants receiving both HBIG
and HBV vaccine within the 1st 48 h after birth and who
completed the three doses of HBV vaccine (at 1 and 6
mo), a total of 23 infants (85.2%) were seropositive for
HBsAb and negative for HBsAg at the age of 6 mo, two
infants (7.4%) (cases number 1 and 28) developed the
HBsAb at the age of 7 mo (one month after the fourth
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HBV infection is a major health problem. Perinatal transmission of HBV is one of the most important routes of
transmission and yet can be preventable. Identifying HBV
infected mothers is very important to identify infants
who will benefit from immunoprophylaxis; therefore
antenatal screening is highly recommended. Screening
and further immunization of newborns of HBV infected
mothers can protect them from later serious sequelae of
cirrhosis and hepatocellular carcinoma.
The prevalence of HBV in pregnant females in the
present study was 1.75% and confirmed in 1.2%. This
prevalence is slightly lower than expected. The prevalence of HBsAg in Egypt is of intermediate endemicity
(2%-8%). Nearly 2-3 million Egyptians are chronic carriers of HBV[15-17].
Risk factors for acquisition of HBV among our
pregnant females point to lack of standard precautions
among health care facilities. Most of the possible risks
were related to medical care, injections and surgeries. This
highlights the importance of emphasizing application of
infection control policies and practices in all health care
facilities[18] to ensure prevention of transmission of blood
borne infections.
One fifth of screened family members were HBsAg positive; half of them were offsprings. Horizontal
transmission within families has been previously reported[19-23]. Prevention of horizontal transmission of HBV
is of utmost importance for controlling HBV infection
in a community.
After screening 2000 pregnant females for HBsAg,
28.6% of positive cases dropped out. Besides the 6
mothers who could not be reached to be informed about
the results, four refused to come for confirmation. This
is higher than drop outs (12.6%) reported in the thyroid
screening program which has been successfully established in Egypt since the year 2000. Dropout rate was
defined as the number of positive screened babies who
did not come for confirmation/total number of positive
screened babies[24].
Difficulties that might face this program include difficulty reaching the patients, high incidence of drop outs
and sometimes denial to admit the possibility of being
HBV infected. This high percentage gives an insight
about the importance of awareness campaigns that have
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Table 4 Profile of infants born to hepatitis B virus surface antigen positive women recruited in the study
Case
HBV HBIG within First dose of HBV Second dose of Third dose of Fourth dose of HBsAg HBsAb HBsAb 1 mo HBsAb 1 mo
th
rd
vaccine within 48 HBV vaccine at HBV vaccine at HBV vaccine at at age of at age after 3 dose after 4 dose
48 h of
number DNA at
of vaccine
6 mo of 6 mo of vaccine
age of 7 mo
age of 6 mo
age of 1 mo
h of delivery
delivery
birth
1
4
9
13
15
18
24
28

-ve
-ve
+ve
-ve

No
Yes2
Yes3
No
No
Yes3
No
Yes3

No1
Yes
Yes
No4
No4
Yes
No
Yes

Yes
Yes
Yes
No4
No4
Yes
No
Yes

Yes
Yes
Yes
Yes
Yes
No
No
Yes

Yes
No
Yes
No
No
No
No
Yes

-ve
+ve
-ve
-ve
-ve
-ve

-ve
-ve
-ve
+ve
+ve
-ve

-ve
-ve
-ve
-ve

+ve
-ve
+ve

1

The infant received the first dose of HBV vaccine at the age of 9 d; 2Hepatitis B immunoglobulin (HBIG) at 12-24 h after birth; 3HBIG within the first 12 h
after birth; 4Infants received the first and second doses of the hepatitis B virus (HBV) vaccine at the age of 2 and 4 mo respectively. Cases number 2, 3, 5-8,
10-12, 14, 16-17, 19-23, 26, 27, 29, 31-33, 35 were negative for HBV DNA at birth, received HBIG and first dose of HBV vaccine within 48 h after birth, received second and third doses of HBV vaccine at 1 and 6 mo of age respectively, were HBsAg negative and HBsAb positive at 6 mo of age; Cases number 30
and 34 were negative for HBV DNA at birth, received HBIG and first dose of HBV vaccine within 48 h after birth, received second dose of HBV vaccine at 1
mo, and were lost to follow up at 6 mo; Case number 25 had an abortion. HBsAb: Hepatitis B surface antibodies; HBsAg: Hepatitis B virus surface antigen.

to precede implementation of a national program for prevention of vertical transmission of HBV. Lack of follow
up in a tertiary care center like Cairo University Hospitals
poses a question of how would be the response to follow
up in a primary care center in a rural area. A successful
program should include; easy screening tests, available
confirmatory tests, prevention methods and therapy for
positive cases. Rapid tests for HBsAg detection have
low cost. Positive results can be further confirmed using
immunoassay. One rapid test costs one tenth of one immunoassay test. In our study all pregnant females were
informed that this service was for free. One researcher
only was in charge of the whole procedures. Cell phones
were the only way of communication with the pregnant
females. Service recipients could respond more if they
were informed that the screening, confirmatory tests and
immunoprophylaxis are for free, if more than one health
care provider were in charge, if more than one cell phone
was known or a written complete address was taken.
Home visits for cases that drop out could lower the percentage of lack of follow up. We believe that if the study
was performed on a larger national scale, the number of
dropped out cases would be much less.
In Egypt, primary health care units provide medical
care for attending pregnant females. Some investigations
are done routinely for these females e.g., hemoglobin percent, blood group including Rh and serum glucose. We
suggest doing screening for HBsAg during the same visits.
There is a special attention in rural areas to tetanus toxoid
coverage. We suggest doing screening for HBsAg during
the same visits in rural areas. Screened women could have
their HBsAg status documented on their health cards.
Another limitation for the program is the price of
HBIG. HBIG is expensive, with no available 0.5 mL
single dose preparation. The only available suitable preparation in Egypt is 1 mL single use vial preparation. The
cost of this vial is 265 LE. The vial cannot be reused or
saved for future use as it contains no preservative; therefore partially used vials should be discarded immediately.
For a national program, availability of 0.5 mL prepara-
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tion will reduce the cost.
Both HBIG and HBV were intended to be administered to all newborns of HBsAg positive pregnant females within 12 h after delivery; 22 newborns (71%) were
given within the first 12 h after delivery, 4 (12.9%) within
12-24 h and 5 (16.1%) within 24-48 h. Delay in immunoprophylaxis was because the mothers did not contact
the researchers after delivery although they were given a
contact phone. According to Samuels and Cohen[25]; the
hepatitis B vaccination can be delayed by more than 24 h
after the baby’s birth but it should definitely be administered before the baby is 7 d old.
Out of the 27 infants with known outcome, one showed
immunoprophylaxis failure (HBIG and HBV vaccine
failure) and was found to be HBsAg positive. Hence, the
success rate of our immunoprophylaxis is 96.3%. HBV
vaccination and HBIG administration within 24 h after
birth, followed by two additional vaccine doses (at 1 and
6 mo) in order to complete the 3-dose vaccine series, has
been demonstrated to be 85%-95% effective in preventing acute and chronic HBV infection in high-risk infants
(infant whose mother is positive for both HBsAg and
HBeAg)[26]. Failure of vaccine plus HBIG to interrupt
mother-to-child transmission of HBV is influenced by
maternal serum HBeAg-positive status[27,28] and maternal
HBV DNA of ≥ 107 copies/mL[27]. The only infant in
our study who showed immunoprophylaxis failure was
born to an HBeAg negative mother, whose DNA viral
load was only 213 copies/mL. This baby had a negative
quantitative HBV DNA at birth. Infection is thus suspected to be acquired either during delivery or after birth. On
screening, this infant’s elder sister was HBsAg positive. If
a previous child was HBV positive, concerns about the
risk of perinatal transmission may be higher[29].
Despite immunoprophylaxis, between 3.7% to 9.9%
of infants still acquire HBV infection[30-37]. Failure of
passive and active immunoprophylaxis in this setting may
be the result of in utero transmission of HBV infection,
perinatal transmission related to a high inoculum, and/
or the presence of surface gene escape mutants[38].
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In conclusion, this is the first pilot study on HBV
immunoprophylaxis for infants born to HBsAg-positive
mothers in Egypt. Although the present study revealed
an HBsAg prevalence among Egyptian pregnant women
less than 2%; still a national program for screening
for HBV infection in pregnant women is a mandate
in Egypt. Most risk factors for maternal HBV acquisition were related to medical care, which calls for a reenforcement of infection control practices in medical facilities. The dropout rate in this study is high. A national
program has to be preceded by an awareness campaign.
HBIG 0.5 mL preparations have to be made available to
match the limited financial resources. In both rural and
urban areas, screening of pregnant females for HBsAg
could be done during the same visits for tetanus toxoid
coverage and the HBsAg status documented on their
health cards. HBIG and HBV vaccine can be administered to newborns during the first post natal visit that
the Ministry of Health recommends for thyroid screening and zero polio vaccine dose, the 2nd HBV vaccine
dose during the last visit post natal visit which is at 40 d,
and the 3rd HBV vaccine dose with the rest of their routine immunization.
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Abstract
AIM: To investigate the effect of Clostridium difficile (C.
difficile ) infection in an interleukin 10-deficient (IL-10-/-)
mouse model of inflammatory bowel disease.
METHODS: Bone marrow-derived dendritic cells iso-/lated from wild type (WT) and IL-10 mice were stimulated for 4 h with C. difficile toxin A (200 µg/mL), and
gene expression of interferon (IFN)-γ, IL-12 and IL-23
was determined by real-time reverse transcription poly-/merase chain reaction. WT and IL-10 mice (n = 20
each) were exposed to an antibiotic cocktail for three
days and then were injected with clindamycin (i.p.).
-/Mice (n = 10 WT, 10 IL-10 ) were then challenged with
5
oral administration of C. difficile (1 × 10 colony form-
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ing units of strain VPI 10463). Animals were monitored
daily for 7 d for signs of colitis. Colonic tissue samples
were evaluated for cytokine gene expression and histopathologic analysis.
RESULTS: C. difficile toxin A treatment induced IFN-γ
gene expression to a level that was significantly higher
-/in BDMCs from IL-10 compared to those from WT
mice (P < 0.05). However, expression of IL-12 and
IL-23 was not different among the groups. Following
C. difficile administration, mice developed diarrhea and
lost weight within 2-3 d. Weight loss was significantly
-/greater in IL-10 compared to WT mice (P < 0.05).
C. difficile infection induced histopathologic features
-/typical of colitis in both IL-10 and WT mice. The histopathologic severity score was significantly higher in the
-/IL-10 than in WT mice (mean ± standard error; 5.50
± 0.53 vs 2.44 ± 0.46; P < 0.05). This was accompanied by a significantly greater increase in IFN-γ gene
-/expression in colonic tissues from IL-10 than from WT
mice challenged with C. difficile (P < 0.05).
CONCLUSION: These results indicate that colitis is
-/more severe after C. difficile infection in IL-10 mice,
and that IFN-γ expression is involved in this process.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Clostridium difficile ; Inflammatory bowel
disease; Interleukin 10-deficient mice; Interferon-γ;
Colitis
Core tip: The results of this study indicate that Clostridium difficile (C. difficile ) infection induces more severe
-/-

colitis in the interleukin 10-deficient (IL-10 ) mouse
model of inflammatory bowel disease (IBD). Moreover,
induction of interferon-γ gene expression was greater
-/in the IL-10 mice and their bone marrow-derived
dendritic cells compared to wild type mice following C.
difficile infection and exposure to C. difficile toxin A, respectively. This study demonstrates the establishment
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of C. difficile -aggravated colitis in an IBD animal model,
which provides a useful tool for studying the relationship between C. difficile and host immune response of
the gut in IBD.
Kim MN, Koh SJ, Kim JM, Im JP, Jung HC, Kim JS. Clostridium
difficile infection aggravates colitis in interleukin 10-deficient
mice. World J Gastroenterol 2014; 20(45): 17084-17091 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i45/17084.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i45.17084

INTRODUCTION
Inflammatory bowel disease (IBD), which includes Crohn’s disease and ulcerative colitis, is a complex chronic
inflammatory gastrointestinal disorder of unknown cause
in genetically predisposed hosts[1]. There is accumulating evidence concerning the importance of intestinal
microbiota in the pathogenesis of IBD, including recent
culture-dependent and -independent analyses showing
that patients with IBD have dysbiosis characterized by a
less complex profile of commensal bacteria and a higher
number of pathogenic bacteria[2].
Clostridium difficile (C. difficile) is a gram-positive, anaerobic, spore-forming bacillus. C. difficile infection (CDI)
is the most common cause of nosocomial antibioticassociated diarrhea and pseudomembranous colitis[3,4].
Disease-causing toxins released by the bacteria, toxins A
and B, act directly on intestinal epithelial cells, leading to
chemokine release, cell rounding and apoptosis or necrosis, resulting in inflammation and intestinal damage[5,6].
These toxins are glucosyltransferases that irreversibly inactivate Rho proteins, leading to the disruption of the cytoskeleton and tight junctions and subsequent cell death,
and concurrently induce the release of interleukin (IL)-8
and intracellular adhesion molecule-1 from intestinal epithelial cells, which further leads to neutrophil adhesion,
infiltration, and mucosal inflammation. Moreover, the
toxins may activate immune cells and neurons once the
intestinal epithelial barrier is disrupted[7].
IBD is recognized as a risk factor for CDI, and a high
prevalence of CDI is observed in pediatric patients with
both active and inactive Crohn’s disease and ulcerative
colitis[8]. C. difficile affects the course of IBD in several
ways, including triggering disease flares, sustaining activity, and in some cases, acting as a ‘‘silent partner”. Moreover, CDI is associated with a longer hospital stay and a
higher morbidity and mortality in patients with IBD[9,10].
Because C. difficile colitis can both mimic and precipitate
an IBD flare, it is essential that clinicians are vigilant in
identifying and addressing this infection[11].
C. difficile-associated disease has been studied in many
animal species, including hamsters, guinea pigs, rabbits,
and germ-free mice and rats. Although hamsters have
been used to investigate the pathogenesis and treatment
of C. difficile colitis, they have limitations in developing
fulminant and lethal cecitis[12]. In recent years, mouse
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models of intestinal inflammation based on bacterial infections have been used to study the roles of individual
bacterial species and specific bacterial components in the
pathogenesis of IBD[13]. Although a recently established
mouse model of C. difficile-associated disease closely resembles the human disease[14], there are no established
models to study the mechanism of CDI-induced intestinal inflammation in IBD or the pathogenic role of C.
difficile in mucosal immune dysregulation. In the present
study, control and IL-10-deficient (IL-10-/-) mice were
used to examine C. difficile toxin A-activated bone marrow-derived dendritic cells (BMDCs) and the effect of
CDI on intestinal inflammation.

MATERIALS AND METHODS
Mice
Seven-week-old specific pathogen-free male C57BL/6
wild type (WT) and IL-10-/- mice used for the experiments
were supplied by the Center for Animal Resource and Development (Seoul, South Korea). Mice were maintained in
a controlled laboratory environment at 24 ℃ ± 2 ℃ and
50% ± 5% humidity under a 12/12 h (light/dark) cycle.
Mice were given ad libitum access to irradiated mouse feed
(Purina Korea, Seoul, South Korea) and 2 ppm chloridesupplemented reverse osmosis water. To prevent mice
from eating their feces, a grid floor through which fecal
matter could pass was installed during the rearing period.
All procedures were approved by the Institutional Animal
Care and Use Committee at Seoul National University
(IACUC No.SNU-100318). The experiments were conducted in accordance with the August 2010 revision of
The Guiding Principles for the Care and Use of Laboratory Animals (American Physiological Society).
Generation and culture of BMDCs
BMDCs were generated from the femurs of WT and
IL-10-/- mice as previously described[15]. Bone marrow
cells were cultured in complete media (RPMI-1640)
supplemented with 10 ng/mL of murine recombinant
granulocyte-macrophage colony-stimulating factor and 10
ng/mL of murine recombinant IL-4 (Peprotech, Rocky
Hill, NJ, United States). The culture medium was changed
after three days, and again after five days, of culture. On
the seventh day of culture, non-adherent cells were collected as BMDCs. Flow cytometric analysis indicated that
> 93% of the collected cells were CD11c+ and CD11b+
(BD Pharmingen, San Diego, CA, United States)[16].
Real time reverse transcription-polymerase chain
reaction
After stimulating BMDCs for 4 h with 200 μg/mL of
C. difficile toxin A (Sigma-Aldrich, St. Louis, MO, United
States), total RNA was extracted with Trizol (Invitrogen
of Thermo Fisher Scientific Inc., Waltham, MA, United
States) and reverse transcribed. Amplification was performed with SYBR Green PCR Master Mix on an ABI
Prism 7000 Sequence Detection System (Applied Biosystems of Thermo Fisher Scientific Inc.) using primers for
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Table 1 Primer sequences
RNA species

IL-12p40
IL-23p19

5

Oligonucleotides, 5'->3'
Sense
Antisense
Sense
Antisense
Sense
Antisense

TGCATCTTGGCTTTGCAGCTCTTC
GGGTTGTTGACCTCAAACTTGGCA
GGAAGCACGGCAGCAGAATA
AACTTGAGGGAGAAGTAGGAATGG
AGCGGGACATATGAATCTACTAAGAGA
GTCCTAGTAGGGAGGTGTGAAGTTG

Fold change

IFN-g

3
2

0
-6

-3
3d

d
0

-1
Clindamycin

Antibiotics cocktail
Switch to regular water

Antibiotics cocktail
for 3 d
WT
WT + C. difficile
IL-10
-/-

-6

-3

-1
*

0

-6

-3

-1
*

0

-6

-3

-1
*

0

-1

0

IL-12

IL-23

last antibiotic cocktail, the mice were injected with clindamycin (10 mg/kg, i.p.), and WT and IL-10-/- mice in the
C. difficile groups received oral administration of 1 × 105
colony forming units of C. difficile the next day (Figure 1).
All mice were monitored daily for signs of colitis (e.g., diarrhea, hunched posture, wet tail, and weight loss[14]) and
euthanized seven days later.

*Clindamycin
injection

*

IFN-g

Figure 2 Cytokine expression in bone marrow-derived dendritic cells after
Clostridium difficile toxin A stimulation. The expression levels of interferon
(IFN)-g, interleukin (IL)-12 and IL-23 mRNAs were examined in BMDCs obtained from wild type (WT) and IL-10-deficient (IL-10-/-) mice. Error bars indicate
standard error of the mean; aP < 0.05 vs WT.

C. difficile challenge (105 cfu)

B

a

4

1

IFN: Interferon; IL: Interleukin.

A

WT
-/IL-10

C. difficile
challenge

-/-

IL-10 + C. difficile

-6

-3

C. difficile
challenge

Figure 1 Clostridium difficile-induced colitis mouse model. A: Wild type
(WT) and interleukin 10-deficient (IL-10-/-) mice were pre-treated with an antibiotic cocktail for three days followed by an i.p. injection of clindamycin two days
later, before being challenged with an oral administration of Clostridium difficile
(C. difficile) (cfu, colony forming units); B: The mice were divided into four
groups (n = 10 each): a control and C. difficile challenge group each for WT and
IL-10-/- mice. The control groups underwent all pretreatment processes in parallel with the C. difficile challenge groups, but were not administered C. difficile.

interferon (IFN)-γ, IL-12p40, and IL-23p19 (Table 1).
Reactions were performed in triplicate, and the data were
normalized to β-actin.

Histopathologic assessment of colonic tissue
Colonic tissues were extracted from euthanized mice
and either fixed in 10% buffered formalin, embedded in
paraffin and stained with hematoxylin-eosin or frozen in
liquid nitrogen to quantify biochemical parameters. Histopathologic examination was performed on the proximal and distal colon of each animal by an independent
pathologist who was blinded to the study methods, using
previously reported classification standards[17]. Briefly,
each of three factors was scored on a scale of 0 to 3 (none,
mild, moderate, or severe, respectively), including neutrophil influx into tissues, colonic mucosal edema, and epithelial cell injury. The overall score was the sum of each
component score. The severity of colitis was quantified
by the total score.

C. difficile culture
C. difficile strain VPI 10463 (ATCC 43255; American Type
Tissue Culture Collection, Manassas, VA, United States)
was used in the present study. Before oral administration to mice, the frozen strain was thawed and cultured
in brain heart infusion-supplemented media at 37 ℃ for
three days under anaerobic conditions.

Statistical analysis
Statistical analysis was performed using the SPSS version
19.0 statistical software (IBM, Armonk, NY, United States).
Groups were compared using the Mann-Whitney U-test.
All data are expressed as the mean ± standard error. P < 0.05
was considered to indicate statistical significance.

Establishment of a C. difficile colitis model in IL-10-/mice and experimental grouping
WT and IL-10-/- mice were randomly assigned to either a
control group (n = 10 each) or a C. difficile group (n = 10
each) and fed irradiated mouse feed mixed with an antibiotic cocktail (40 mg/kg kanamycin, 3.5 mg/kg gentamicin, 4.2 mg/kg colistin, 21.5 mg/kg metronidazole, and
4.5 mg/kg vancomycin) for three days. One day after the

RESULTS
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Cytokine gene expression in BMDCs after stimulation
with C. difficile toxin A
Treatment with C. difficile toxin A significantly increased
the expression of IFN- γ in BDMCs extracted from
IL-10-/- mice (P < 0.05 vs WT) (Figure 2). In contrast,
treatment did not affect the expression of IL-12 or IL-23
in BDMCs from WT or IL-10-/- mice.
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Mean relative weight (%)

125

WT + C. difficile
-/IL-10 + C. difficile

WT
-/IL-10

115
105
95
85
75

0

1

2

3

4

5

6

Days post infection

Figure 3 Body weight changes following Clostridium difficile challenge.
Clostridium difficile (C. difficile) challenge induced a reduction in body weight
that was greater in interleukin 10-deficient (IL-10-/-) compared to wild type (WT)
mice. Error bars indicate standard error of the mean.

C. difficile-induced weight loss
There was no difference in baseline body weights between the WT and IL-10-/- mice. C. difficile exposure
resulted in weight loss within 2-3 d after administration
(Figure 3). Weight loss was greater in the IL-10-/- than
in the WT mice (P = 0.01), with 15% weight loss in the
IL-10-/- mice by the fourth day compared to 7% loss in
WT mice infected with C. difficile by the third day. The
mice recovered their weight loss by the seventh day after
C. difficile administration.
Histopathologic features of C. difficile-induced colitis
On gross examination, mice with C. difficile-induced colitis
exhibited shortened colons and colonic mucosal edema.
Microscopic observation confirmed the presence of desquamate or necrotic epithelial cells as well as extensive
mucosal and submucosal edema, and an influx of inflammatory cells (Figure 4). Histopathologic severity scores
for the controls were 0.37 ± 0.1 and 0.45 ± 0.21 for the
WT and IL10-/- groups, respectively. Challenge with C.
difficile significantly increased the scores in both groups
(Ps < 0.05). Moreover, the severity of C. difficile-induced
colitis was significantly greater in IL10-/- mice compared
with WT (5.50 ± 0.53 vs 2.44 ± 0.46; P < 0.05).
Cytokine gene expression in mice with C. difficile colitis
C. difficile challenge induced an increase in IFN-γ mRNA
that was ten-fold in WT mice, and significantly higher
(> 100-fold) in IL-10-/- mice (P < 0.05 vs WT) (Figure
5). In addition, there was a ten-fold increase in IL-12
expression for both WT and IL-10-/- mice with C. difficile
challenge, but not significant compared to non-challenge
group. In contrast, there were no strain or treatment effects observed for the IL-23 mRNA expression.

DISCUSSION
Recent studies provide convincing evidence that intestinal microbiota play a critical role in the pathogenesis of
IBD[2,18], and germ-free and gnotobiotic techniques have
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demonstrated that they are necessary for the development of intestinal inflammation[19,20]. Mouse models of
gut inflammation induced by bacteria such as Citrobacter
rodentium, Salmonella enterica, Bacteroides fragilis and Campylobacter sp. have been reported, which provide mechanisms
for bacteria-associated gastroenteritis[13]. Although animal models of Clostridium-associated disease have been
reported, there are no established models to study the
mechanism of Clostridium-aggravated intestinal inflammation in IBD. The results of the present study confirm
that CDI causes acute colitis within three days, and
demonstrate that this was significantly more severe in a
mouse model of IBD.
Various mouse models have been used to investigate
IBD, the majority of which are based either on chemical
induction (with dextran sodium sulfate or 2,4,6-trinitrobenzenesulfonic acid), immune cell transfer, or gene
targeting. Mice deficient in IL-10 spontaneously develop
IBD that progresses over several months, characterized
by increased inflammatory cytokine production [21,22].
These mice rapidly develop severe, chronic IBD after
treatment with piroxicam, a non-steroidal anti-inflammatory drug, as endogenous prostaglandins are important
inhibitors of the development of intestinal inflammation[23]. We therefore hypothesized that CDI would have a
similar effect on these mice. We observed a development
of acute colitis from CDI that was amplified in IL-10-/mice. Moreover, CDI resulted in histopathologic features
typical of C. difficile colitis in humans, such as epithelial
cell damage, inflammatory cells infiltration, and submucosal edema. To the best of our knowledge, this is the first
animal model of established C. difficile-aggravated colitis
in IBD, which provides a useful tool for studying the relationship between C. difficile and host immune responses
of the gut in IBD. As CDI has emerged as a significant
clinical challenge for IBD patients, the establishment of
a novel relevant model will enhance our understanding
of the mechanisms involved, and precipitate the development of future therapies.
Cytokines play a central role in the development and
control of intestinal inflammation, particularly IL-12 and
IL-23, which share the p40 subunit[24]. A pathogenic role
for IL-23 signaling in CDI has been recently reported in
both human and murine models[25]. Both IL-23 and IL-12
have been demonstrated as more important than IFN-γ
for inducing chronic inflammation in IL-10-/- mice[26,27].
However, in the present study, we observed a more
dramatic increase in IFN-γ expression in the colonic tissues of IL-10-/- mice infected with C. difficile. Nonetheless, these results are consistent with a previous report
in which IFN-γ played a decisive role in C. difficile toxin
A-mediated enteritis through acute inflammatory reaction with neutrophil infiltration[28]. Indeed, results from
the in vitro analysis in the present study confirmed that
C. difficile toxin A induces IFN-γ expression in BMDCs.
IFN-γ triggers the secretion of pro-inflammatory mediators by activated macrophages, and regulates the expression of adhesion molecules[29,30]. IFN-γ also increases the
permeability of intestinal epithelial cells[31-33], which can
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standard error of the mean; aP < 0.05 vs untreated.

occur via widening of the tight junctions, without triggering necrosis[34]. IFN-γ activation may be associated with
the aggravation of colitis in IL-10-/- mice infected with
C. difficile, as a greater increase in IFN-γ expression was
observed in these mice. It is plausible that an acute inflammatory reaction such as heavy neutrophil infiltration
was induced by CDI infection in the IL-10-/- mice that is
distinct from the chronic inflammatory reaction in colitis.
Dendritic cells play a critical role in the pathogenesis
of IBD due to the link between innate and adaptive immunity[35,36]. A recent paper demonstrated that surface
layer proteins from C. difficile induce inflammatory and
regulatory cytokines (IL-1β and IL-6) in human monocytes and dendritic cells[37]. In addition, it has been reported that C. difficile toxin A promotes dendritic cell
maturation through p38 mitogen-activated protein kinase,
an inhibitor of IκB, and the NF-κB signaling pathway[38].
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In the present study, we show that toxin A increased the
expression of IFN-γ in BMDCs. However, further studies are needed to explore the specific mechanisms of
IFN-γ activation in dendritic cells by C. difficile toxin A.
The present study presents a model of CDI-aggravated colitis, which provides an additional platform for
evaluation of other substances that can exacerbate colitis.
For example, some pre- and probiotics, advocated for
their potential benefits in IBD, pouchitis and diarrhea,
do not alleviate all symptoms. Intestinal inflammation
was not reduced with Lactobacillus fermentum BR11 and
fructo-oligosaccharide in an experimental model of
colitis[39]. However, administration of a cocktail consisting of six bacterial strains, including Anaerostipes sp., has
been shown to relieve chronic CDI in mice[40]. In another
study, Lactobacillus acidophilus was shown to modulate the
virulence of C. difficile[41].
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In conclusion, the results of this study indicate that
CDI induces more severe acute colitis in the IL-10-/model of chronic IBD. Moreover, this exacerbation likely
involves IFN-γ, as expression of this cytokine was dramatically enhanced. Use of this novel mouse model will
allow further investigation into mechanisms associated
with CDI-induced aggravation of intestinal inflammation
in IBD and the pathogenic role of C. difficile in mucosal
immune dysregulation.
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Abstract
AIM: To explore the inhibitory effects of dobutamine
on gastric adenocarcinoma cells.
METHODS: Dobutamine was used to treat gastric adenocarcinoma cells (SGC-7901) and cell viability was
determined by the 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT) assay. The effects
of dobutamine combined with cisplatin on cell viability
were also analyzed. Cell migration was studied using
the wound healing assay, and cell proliferation was
analyzed using the colony formation assay. A cell invasion assay was carried out using Transwell cell culture
chambers. The cell cycle and cell apoptosis were analyzed by flow cytometry. Western blot and immunocytochemistry were performed to determine the expression
of Yes-associated protein (YAP) in treated cells.
RESULTS: Dobutamine significantly inhibited cell
growth, migration, cell colony formation, and cell invasion into Matrigel. Dobutamine also arrested the cell
cycle at G1/S phase, and increased the rate of apoptosis of gastric adenocarcinoma cells. The expression of
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YAP was detected mainly in the nucleus in the absence
of dobutamine. However, reduced expression of phosphorylated YAP was mainly found in the cytosol following treatment with dobutamine.
CONCLUSION: Dobutamine has significant inhibitory
effects on gastric adenocarcinoma cells and may be
used in neoadjuvant therapy not only for gastric cancer,
but also for other tumors.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Dobutamine; Gastric adenocarcinoma cells;
Yes-associated protein; Hippo pathway; Human gastric
adenocarcinoma cell line SGC-7901; Therapy
Core tip: Dobutamine inhibited the viability, migration,
proliferation and invasion of SGC-7901 cells. Dobutamine arrested the cell cycle at G1/S phase, and increased the rate of apoptosis of gastric adenocarcinoma
cells. Phosphorylated Yes-associated protein was found
mainly in the cytosol after treatment with dobutamine.
Zheng HX, Wu LN, Xiao H, Du Q, Liang JF. Inhibitory effects
of dobutamine on human gastric adenocarcinoma. World J Gastroenterol 2014; 20(45): 17092-17099 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i45/17092.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i45.17092

INTRODUCTION
Gastric carcinoma is now one of the most common malignancies with a relatively high incidence and mortality
rate. It was estimated that in 2012 there were 21320 new
cases and 10540 deaths in the United States[1]. However,
traditional chemotherapy for the treatment of gastric carcinoma is still not very effective. Therefore, new therapies
and drugs are required.
Dobutamine is a synthetic sympathomimetic amine,
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and is widely used in patients with congestive heart failure. Dobutamine is a β1-adrenoceptor agonist, but it can
also stimulate β2- and α1-adrenoceptors in the cardiovascular system[2,3]. In addition, dobutamine has been used
in cardiovascular testing, including dobutamine stress
cardiovascular magnetic resonance (DCMR)[4]. Recently,
dobutamine was shown to significantly affect human osteosarcoma cells. Researchers confirmed that dobutamine
attenuated Yes-associated protein (YAP)-dependent transcription by inhibiting YAP nuclear translocation[5]. This
may result in a new application for dobutamine in cancer
treatment.
YAP, which is present in chromosome 11q22, is highly conserved in mammalian systems, and is considered
to be the nuclear effector of the Hippo pathway. The
Hippo pathway is very important in the regulation of
cell growth, division, and apoptosis[6]. This pathway was
first identified by mosaic screens in Drosophila melanogaster,
as a pathway that determined organ size[7]. It was found
that the Hippo pathway is commonly altered during carcinogenesis. Recently, high-expression of YAP was observed in many types of tumors, including hepatocellular,
colorectal, gastric, ovarian, breast, and lung cancers, and
was correlated with poor prognosis[8-14]. These observations suggest that YAP may contribute to a malignant cellular phenotype[15,16]. During the process of carcinogenesis, the effects of YAP are not unique, but are universal.
Therefore, it is important to identify reagents which can
inhibit YAP in clinical medicine, which will be useful in
tumor treatment.
YAP is a carcinogenic factor which is over-expressed
in gastric carcinoma. Dobutamine may reduce the expression of YAP. In this study, dobutamine was used to treat
gastric adenocarcinoma cells, and its therapeutic value
in these cells was assessed. The combined effects of dobutamine and cisplatin were also determined. We expect
that dobutamine will be approved as an adjuvant therapy
in gastric cancer.

MATERIALS AND METHODS
Cell culture
Human gastric adenocarcinoma SGC-7901 cells (Institute
of Biochemistry and Cell Biology, Shanghai, PRC) were
cultured in RPMI-1640 containing 10% fetal bovine serum, 100 U/mL penicillin and 100 μg/mL streptomycin.
The cells were maintained at 37 ℃ in a humidified atmosphere containing 5% CO2 at 37 ℃.
Cell viability assay
The influence of dobutamine (Sigma-Aldrich, MO,
United States) on cell viability was determined using
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay. Dobutamine was diluted in 0.9%
saline solution and stored at 37 ℃, and freshly diluted in
culture medium before each experiment. SGC-7901 cells
(5 × 104/mL, 200 µL) were cultured in a 96-well plate
overnight and stimulated with various concentrations of
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dobutamine (1 µmol/L, 3 µmol/L and 10 µmol/L) for
24, 48 and 72 h, respectively. Twenty µL MTT was added
to each well, and incubated for a further 4 h. After careful removal of the medium, 150 µL dimethyl sulfoxide
(DMSO) was added to each well, and the plate was then
shaken until the crystals were solubilized. Finally, the
absorbance was measured at 490 nm. Cell survival was
calculated using the mean of pooled data from three
separate experiments with five wells. The inhibitory rate
was calculated using the following equation: Inhibitory
rate (IR) (%) = (1 - ODtreatment/ODcontrol) × 100%.
In addition, the effect of dobutamine (30 µmol/L)
combined with cisplatin (DDP, 8 μg/mL) on cell viability
was also analyzed by MTT.
Cell migration assay
The effect of dobutamine on the migration of SGC-7901
cells was examined using the wound healing assay. Cells
were cultured in 6-well plates and allowed to grow to
90% confluence. A wound track (approximately 5 mm in
size) was scored in each dish with a plastic scraper. The
debris was removed by washing with PBS. After incubation with 30 µmol/L dobutamine for 24 h, the cells
which migrated into the wound area were visualized and
photographed. Experiments were performed in triplicate.
Cell proliferation assay
The effect of dobutamine on the proliferation of
SGC-7901 cells was analyzed by the colony formation
assay. Cells were firstly trypsinized, and 1 × 103 cells were
mixed with a 0.3% agar solution in RPMI-1640 containing 10% FBS and layered on top of a 0.6% agar layer in
plates. Three, 10 and 30 µmol/L dobutamine were used
in this experiment. The plates were then incubated for 2
wk at 37 ℃ in 5% CO2. Only colonies containing more
than 50 cells were counted. The cells were fixed with
10% acetic acid and 10% methanol, and then the colonies
were stained with 1% crystal violet. The results were recorded as the mean number of colonies observed in five
wells. Experiments were repeated three times.
Cell invasion assay
The invasion assay was carried out using Transwell cell
culture chambers. SGC-7901 cells were treated with different concentrations of dobutamine (1, 3, 10 and 30
µmol/L) for 48 h. The cells were later harvested with
0.02% EDTA and suspended in RPMI-1640 serum-free
medium. A cell suspension of 100 µL (2 × 105/mL) was
added to the upper compartment of the chamber, and
RPMI-1640 containing 20% FBS was placed in the lower
compartment of the chemotaxis chamber as a chemoattractant source. After incubation at 37 ℃ for 4 h, cells on
the upper surface of the filter were removed with cotton
swabs, and those on the lower side were fixed in methanol and then stained with hematoxylin. The stained cells
were observed under an inverted microscope. More than
10 fields of view at 200 × magnification were counted
randomly. The invading cells were expressed as the mean
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Figure 1 Dobutamine inhibits SGC-7901 cell growth. A: Inhibition ratio (%) of dobutamine on the viability of SGC-7901 cells. Cells were treated with different concentrations of dobutamine (1, 3, 10 and 30 µmol/L) for 24, 48 and 72 h; B: Inhibition ratio (%) of dobutamine (30 µmol/L), cisplatin (8 µg/mL) and dobutamine (30 µmol/L)
+ cisplatin (8 µg/mL) for 24, 48 and 72 h on the viability of SGC-7901 cells. aP < 0.05 vs the combined group.

number of invaded cells located on the lower side of the
chambers. The experiments were performed three times.
Cell cycle assay
SGC-7901 (2 × 105) cells were treated with different
concentrations of dobutamine (1, 3, 10 and 30 µmol/L)
for 48 h, and then fixed in 70% ethanol and stained with
propidium iodide (PI), and the DNA content was analyzed by flow cytometry.
Cell apoptosis assay
SGC-7901 cells were treated with different concentrations of dobutamine (1, 3, 10 and 30 µmol/L) for 72 h,
and then the cells were washed twice with cold PBS and
resuspended in 1 × binding buffer (BD Biosciences, San
Jose, CA, United States). Apoptosis of SGC-7901 cells
was quantified by staining with 5 µL annexin V-fluorescein
isothiocyanate (FITC) and 2.5 µL PI (Beckman Coulter,
Inc., CA, United States). The cells were then incubated
on ice for 10 min in the dark, followed by the addition of
400 µL 1 × binding buffer. Samples for analysis of apoptosis were analyzed using flow cytometry within 30 min.
Western blot analysis and immunocytochemistry of YAP
After treatment with dobutamine for 72 h, the cells were
first washed in ice-cold phosphate buffered saline (PBS),
lysed in whole-cell extraction buffer, and centrifuged at
14000 g for 20 min. Approximately 30 µL of proteins was
isolated by 8% SDS-PAGE and transferred into a polyvinylidene fluoride membrane. The membrane was blocked
with 5% skim milk and then probed with antibodies
specific to human YAP (Santa Cruz Biotechnology, CA,
United States; 1/1000), Phospho-YAP (Cell Signaling
Technology Inc., Boston, MA, United States; 1/500) and
GAPDH (Santa Cruz Biotechnology, CA, United States;
1/500) overnight at 4 ℃. An appropriate secondary antibody was chosen and the sample was incubated at room
temperature for 2 h.
Immunodetected protein YAP was visualized by a
DAB system according to the manufacturer’s instructions.
The corresponding immunocytochemistry was carried

WJG|www.wjgnet.com

out according to the manufacturer’s instructions.
Statistical analysis
Statistical analyses were performed using the SPSS 15.0
software package (SPSS Inc. Chicago, IL, United States).
Comparisons between two samples were performed using the Student’s t test. P < 0.05 was considered statistically significant.

RESULTS
Dobutamine inhibited the growth and migration of
SGC-7901 cells
Cell viability was determined by the MTT assay after
treatment with dobutamine. The viability of SGC-7901
cells was significantly inhibited by dobutamine in a timeand dose-dependent manner (Figure 1A). The median effective concentrations (IC50) of dobutamine for inhibition
of SGC-7901 cell viability were 27.16, 21.25, and 16.84
µmol/L at 24, 48 and 72 h, respectively. The inhibition
ratio was significantly increased after DDP was added
(Figure 1B).
An in vitro wound healing assay was performed to
determine whether dobutamine affected SGC-7901 cell
migration. As shown in Figure 2, the number of migrated
cells increased in the control group. However, the number of migrated cells was significantly reduced following
the addition of dobutamine for 24 h.
Dobutamine inhibited colony formation and invasion of
SGC-7901 cells
The effect of dobutamine on the proliferation of
SGC-7901 cells was analyzed using the colony formation assay. The colonies formed in the dobutamine
groups were smaller and fewer than those formed in the
control group. The number of colonies formed in the
dobutamine groups was significantly reduced (3 µmol/L:
17.8 ± 1.21, 10 µmol/L: 14.96 ± 1.36, and 30 µmol/L:
12.43 ± 1.09 vs control: 22.20 ± 1.49, P < 0.05). This
indicated that dobutamine inhibited colony formation in
SGC-7901 cells.
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Figure 2 Dobutamine inhibits SGC-7901 cell migration. A: After treatment with 30 µmol/L dobutamine for 24 h, the number of migrated cells was reduced; B: Number of migrated cells was increased in the control group.
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Figure 3 Effects of dobutamine on the cell cycle of SGC-7901 cells analyzed by flow cytometry. Cells were treated with different concentrations of dobutamine
for 48 h. A: Control cells; B: 1 µmol/L dobutamine; C: 3 µmol/L dobutamine; D: 10 µmol/L dobutamine; E: 30 µmol/L dobutamine.

The in vitro invasion analysis was employed to determine whether dobutamine affected SGC-7901 cell
invasion into matrigel. The number of invaded cells was
122.67 ± 5.51 (1 µmol/L), 116.00 ± 5.29 (3 µmol/L),
97.00 ± 6.56 (10 µmol/L), and 67.33 ± 5.69 (30 µmol/
L) in the dobutamine groups, and 56.67 ± 3.06 in the
control group after 48 h, respectively. These findings indicated that dobutamine significantly inhibited Matrigel
invasion (P < 0.01). A dose response was also observed.
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Dobutamine arrested the cell cycle at G1/S transition and
augmented cell apoptosis
To elucidate the inhibitory mechanism of dobutamine
on cell growth, flow cytometry was used to compare distribution of the cell cycle between dobutamine-treated
and control cells. As shown in Figure 3, the percentage
of SGC-7901 cells in the G0/G1 phase was significantly
increased (3 µ mol/L: 47.89% ± 1.01%, 10 µ mol/L:
9.46% ± 0.66%, and 30 µmol/L: 51.77% ± 0.77% vs
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Figure 4 Effects of dobutamine on apoptosis of SGC-7901 cells. Cells were treated with different concentrations of dobutamine for 72 h. A: Control cells; B: 1
µmol/L dobutamine; C: 3 µmol/L dobutamine; D: 10 µmol/L dobutamine; E: 30 µmol/L dobutamine.

control: 45.36% ± 1.14%, P < 0.01), whereas the percentage in the S-phase was significantly decreased (3
µmol/L: 33.89% ± 0.74%, 10 µmol/L: 33.70% ± 1.30%,
and 30 µmol/L: 31.55% ± 1.19% vs control: 34.23% ±
1.90%, P < 0.05). However, no difference was found between the 1 µmol/L group and the control group. These
results suggested that dobutamine arrested the cell cycle
at G1/S phase.
Cell apoptosis was also influenced by dobutamine.
After 72 h treatment, dobutamine significantly increased
the rate of apoptosis at 1 µmol/L (9.96% ± 2.12%),
3 µmol/L (15.14% ± 1.06%), 10 µmol/L (18.50% ±
0.93%) and 30 µmol/L (23.85% ± 1.09%) compared
with the rate of apoptosis in the control group (6.41%
± 0.64%) (P < 0.05) (Figure 4). The rate of apoptosis
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was dose-dependent.
Dobutamine induced the expression of phosphorylated
YAP
The expression of YAP was detected in cells after treatment with dobutamine. The expression of YAP was
decreased, but phosphorylated YAP was increased after
treatment with dobutamine for 72 h (Figure 5A). Immunocytochemistry showed that the expression of YAP
was mainly found in the nucleus in the absence of dobutamine. However, phosphorylated YAP was mainly
found in the cytosol following treatment with dobutamine (Figure 5B and C). Therefore, we suspect that YAP
was recruited from the nucleus to the cytosol after treatment with dobutamine.
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Figure 5 Expression of Yes-associated protein in SGC-7901 cells after treatment with dobutamine for 72 h. A: Yes-associated protein (YAP); B: Phosphorylated YAP; C: GAPHD (control). Immunocytochemistry analysis of YAP; D: The expression of YAP was mainly in the nucleus in the absence of dobutamine; E: The
expression of phosphorylated YAP was mainly in the cytosol after treatment with dobutamine. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

DISCUSSION
Gastric carcinoma is one of the most common malignancies worldwide. Researchers recently found that dobutamine inhibited YAP nuclear translocation, which is very
important in the regulation of cell growth, division, and
apoptosis[5]. Therefore, we suspect that dobutamine will
be accepted as an adjuvant therapy in gastric cancer. In
this study, we found that dobutamine significantly inhibited cell growth, migration, cell colony formation, and invasion into Matrigel. In addition, dobutamine arrested the
cell cycle at G1/S phase, and increased the rate of apoptosis of gastric adenocarcinoma cells. The expression of
YAP was mainly found in the nucleus in the absence of
dobutamine. However, the expression of phosphorylated
YAP was reduced and was mainly found in the cytosol
following treatment with dobutamine.
YAP is a proline-rich phosphoprotein, which acts as
a transcriptional co-activator in the regulation of cellular processes, including cell proliferation and apoptosis.
Many genes related to cell growth and apoptosis are
influenced by YAP, such as Ki67, C-mye, Sox4, H19 and
AFP[17]. YAP is the nuclear effector of the Hippo pathway, and will normally flow to the cytoplasm[18]. When
the Hippo pathway is activated, YAP is phosphorylated
and recruited from the nucleus to the cytosol, then YAPdependent transcription is turned off. In contrast, when
the Hippo pathway is impaired, YAP remains in the
nucleus, consequently resulting in tissue over-growth and
tumorigenesis[19]. Recently, emerging evidence suggests
that YAP may be a candidate oncogene. As reported,
high-expression of YAP has been found in many types
of tumors, including gastric carcinoma[8]. YAP may play
an important role as a carcinogenic factor in gastric carcinoma, and eliminating YAP may inhibit gastric carcinoma
cell proliferation and metastasis[14].
As reported, dobutamine can lead to altered expression of YAP[5]. Although the effect of dobutamine is
independent of the Hippo pathway, it inhibits YAP-de-
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pendent gene transcription. It is believed that phosphorylation of LATS1 and LATS2 is a hallmark of Hippo
pathway activation, and is the classical Hippo pathway.
However, different from the classical pathway, dobutamine may enhance the phosphorylation of Akt and
activate the Hippo pathway independently. Akt is known
to phosphorylate Ser127 of YAP and recruit YAP to the
cytoplasm[20]. Ser127 of YAP is the most important phosphorylation site and is a determinant of the sub-cellular
localization of YAP. When YAP locates in the cytoplasm,
YAP-dependent transcription of the cell proliferationpromoting and anti-apoptotic gene is shut off. In the
present study, we determined the effects of dobutamine
on SGC-7901 cells. It was shown that the influence of
dobutamine on SGC-7901 cells was extensive. Dobutamine may inhibit the biological behavior of SGC-7901
cells, including cell viability, migration, proliferation and
invasion. These data are similar to the results obtained
when the YAP gene was silenced using RNA interference[21]. In addition, research demonstrated that YAP
could activate apoptosis in response to DNA damage by
interacting with p73 in several cancer cell lines[22]. In this
study, dobutamine arrested the cell cycle at G1/S transition and augmented cell apoptosis.
Nowadays, the mainly obstacle in the successful management of patients with gastric carcinoma is intrinsic
or acquired drug resistance[23]. Cisplatin is widely used
as a primary anti-tumor chemotherapeutic agent to treat
various cancers. However, resistance to cisplatin has been
investigated, but is not fully understood[24]. In this study,
we found that the combined effects of dobutamine and
cisplatin were favorable in gastric adenocarcinoma cells.
Cell growth and viability were inhibited more greatly
following treatment with both drugs. Dobutamine may
ameliorate resistance to cisplatin.
In conclusion, as YAP is shown to play an important
role as a carcinogenic factor in many malignant tumors,
YAP represents an important therapeutic target in human
cancer. Following treatment with dobutamine, YAP was
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recruited from the nucleus to the cytosol. The inhibitory
effect of dobutamine as seen in SGC-7901 cells may be
used in neoadjuvant therapy not only for gastric cancer,
but also for other tumors.
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RESULTS: ADV-resistant patients were found either
with a single mutated locus, or with coexisting mutated loci. The most prevalent mutations were rtA181T,
rtV214A, and rtN236T. Twenty-six patients had more
than two mutated loci. The mutants were distributed
among the patients without any significant affinity for
gender, age, end-stage of liver disease, complications
of non-alcoholic fatty liver disease, or HBV DNA levels. Patients with the rtA181T mutant were primarily
infected with genotype C and e-antigen negative HBV,
while patients with the rtN236T mutant were primar2
ily infected by genotype B HBV (χ = 6.004, 7.159; P =
0.023, 0.007). The duration of treatment with ADV was
shorter in the single mutant group compared with the
multi-mutant group (t = 2.426, P = 0.018).
CONCLUSION: Drug-resistant HBV mutants are complex and diverse. Patients should receive the standard
and first-line antiviral treatment, strictly comply with
medication dosage, and avoid short-term withdrawal.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
AIM: To investigate the loci of adefovir dipivoxil (ADV)induced resistance in hepatitis B virus (HBV) isolates
and optimize the management of ADV-treated patients.

WJG|www.wjgnet.com

METHODS: Between June 2008 and August 2010, a
cross-sectional control study was conducted comprising 79 patients with chronic HBV infection-related liver
disease who had been administered ADV monotherapy.
Patients underwent liver imaging. Serum DNA extracts
were analyzed for HBV DNA levels, genotypes, and
serology markers, and deep sequencing of the HBV P
gene was performed.

Core tip: Currently, hepatitis B virus (HBV) resistance
to adefovir dipivoxil (ADV) has become more prevalent. However, it is not known whether drug-resistant
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HBV mutants induced by ADV are related to the clinical features of patients. In this study, we analyzed the
exhaustive resistant mutants induced by ADV. Of 79
patients, 26 (32.9%) had more than two loci of drug
resistance in HBV mutants. Because drug-resistant HBV
mutants induced by ADV are complicated and diverse,
we conclude that testing for resistant mutants prior to
antiviral treatment, administering standard and firstline antiviral treatment, and personalizing medication
according to the clinical characteristics of patients is
important to avoid subsequent noncompliance and the
need for salvage treatment.
Jiang SW, Yao LP, Hu AR, Hu YR, Chen SX, Xiong T, Gao GS,
Liang XY, Ding SX, Weng PJ. Resistant mutants induced by adefovir dipivoxil in hepatitis B virus isolates. World J Gastroenterol
2014; 20(45): 17100-17106 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i45/17100.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i45.17100

INTRODUCTION
Patients with chronic hepatitis B virus (HBV)-related
liver disease should be treated in a timely manner to prevent progressive HBV recurrence[1-5]. However, treatment
is limited by the ever-increasing number of drug-resistant
HBV mutants resulting from the wide use of nucleoside/nucleotide analogues (NUCs)[6-11]. Adefovir dipivoxil
(ADV) is an NUC that is relatively effective and often
used in salvage therapy for HBV-related liver disease. Yet
the viruses’ resistance rate continues to rise[12] and its fiveyear cumulative resistance rate is 29%[1,2].
China is an endemic area for HBV infection. In China,
ADV is routinely applied in initial monotherapy for patients
with HBV-related liver disease, as well as monotherapy to
patients with NUC-resistant HBV. As a result, HBV resistance to ADV has become more prevalent[13], and research
on ADV drug resistance has attracted extensive attention.
Currently, the HBV mutations rtA181V/T/S and rtN236T
are considered the primary sites of ADV-associated drug
resistance[1,2,5], but others continue to be found[14-16].
HBV comprises eight genotypes (A to H). Their differentiation is based on a divergence in the entire nucleotide sequence that is greater than 8%[17]. Approximately
95% of Chinese HBV patients carry the most common
genotypes, B and C. There is no consensus on the relatedness of HBV genotype and ADV resistance.
Most current studies focus on ADV drug resistance
and optimal treatment. However, there has been no
report concerning the association between the clinical
features of patients and drug-resistant HBV mutants induced by ADV. This study analyzed the loci of mutations
in HBV strains in which resistance had been induced by
ADV treatment, in patients with chronic HBV infectionrelated liver diseases. The study provides a valuable reference for standard and optimal treatment of NUCs.
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MATERIALS AND METHODS
Study design and patients
This was a cross-sectional control study of ADV-resistant
HBV mutants induced by ADV monotherapy. The study
included 281 ADV monotherapy patients treated at Ningbo No. 2 Hospital between June 2008 and August 2010,
79 of these patients had ADV-resistant HBV mutants.
Patients included 66 men and 13 women, 20 to 68 years
old, with a median age of 43.2 ± 10 years. These ADVresistant patients had been given only ADV monotherapy
(10 mg, oral and once daily), for 2.7 to 4.5 years, with a
median duration of 3.4 years. During the course of ADV
treatment, the serum creatinine and creatinine clearance
rate of all patients were normal.
To explore the association between clinical features
and loci mutations, we considered patients’ gender, age,
end-stage of liver disease, complications of non-alcoholic
fatty liver disease (NAFLD), levels of HBV DNA, HBV
serum markers, HBV genotypes, and the loci of mutations. Forty-five cases were e-antigen negative and 34
cases were e-antigen positive. There were 16 cases with
genotype B and 63 cases with genotype C.
Through inspection of medical records and telephone solicitation, patients were confirmed for inclusion
in the study. Each patient provided informed consent before the ADV treatment and preparation of specimens.
Based on the results of sequencing drug-resistant HBV
mutants, patients were stratified into an rtA181T mutant
group and a not-rtA181T mutant group, a single locus
mutation group and a multiple loci mutation group, or an
rtA181T mutant group and an rtN236T mutant group.
Diagnosis criteria
For all patients, the diagnosis and treatment of their disease
complied with the established guidelines for chronic HBVrelated diseases[1-5]. The diagnostic criteria for NAFLD met
the guidelines for NAFLD[18,19]. End-stage liver diseases included hepatitis cirrhosis, liver failure, and primary hepatocellular carcinoma. Potential patients were excluded if they
had undergone combination treatment (that is, combined
initially or sometime during the treatment process), or had
infections overlapping HBV, or there were other factors
leading to abnormal liver function.
Instruments and reagents
Serum HBV DNA was detected by real-time fluorescence-based quantitative PCR[20] (ABI Prism 7500 PCR
System, Life Technologies, CA, United States) with a
kit provided by Da An Gene of Sun Yat-sen University
(approval number: S20040035, 500 copies/mL). HBV
serologic markers were analyzed with an Abbott AxSYM
System immune assay analyzer (United States). ADV-resistant gene sequencing and genotyping were performed
by an ABI 3130 xl sequencing instrument (United States).
The fluorescent quantitative nucleic acid amplification
and sequencing kit was from Shanghai Shenyou Biological Technology.
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Table 1 Loci distribution of adefovir dipivoxil -resistant mutants n (%)
ADV-resistant mutants

Number of patients

rtA181T1,2 mutant/coexisting mutants3
rtV214A1 mutant/coexisting mutants
rtN236T1 mutant/coexisting mutants
rtP237H1 mutant
rtL180M4 + rtM204V4,5,6 + rtA181T1,2 coexisting mutants
rtL180M4 + rtT184L6 coexisting mutants, rtM204V4,5 + rtV207M/L/I4 + rtV214A1 mutant
rtL180M4 + rtM204V4,5,6 + rtS213T4 + rtA181T1,2 mutant
rtL180M4 + rtM204V4,5,6 + rtS213T4 + rtQ215S1 mutant, rtP237H1 coexisting mutants
rtL180M4 + rtM204V4,5,6 + rtQ215S1 + rtT184L6 mutant
rtL180M4 mutant, rtQ215S1 coexisting mutants
rtA181T1,2 + rtV214A1 coexisting mutants
rtA181T1,2 + rtN236T1 coexisting mutants
rtA181T1 mutant, rtN236T1 coexisting mutants
rtM204V4,5 + rtA181T1,2 coexisting mutants
rtM204V4,5 mutant, rtA181T1,2 coexisting mutants
rtM204V4,5 + rtV207M/L/I4 + rtQ215S1 mutant
rtM204V4,5 + rtV214A1 mutant
rtM204V4,5 mutant, rtA181T1,2 + rtQ215S1 coexisting mutants
rtM204V4,5 mutant, rtN238T1 coexisting mutants
rtV207M/L/I4 + rtA181T1,2 + rtV214A1 + rtN236T1 + rtM250L6 coexisting mutants
rtV207M/L/I4 + rtA181T1,2 + rtN236T1 coexisting mutants
rtV207M/L/I4 + rtV214A1 coexisting mutants
rtV207M/L/I4 + rtA181T1,2 + rtN236T1 coexisting mutants
rtS213T4 + rtA181T1,2 coexisting mutants
rtS213T4 + rtN236T1 + rtM250L6 mutant
rtN236T1 + rtN238T1 coexisting mutants

prevalence of patients

40 (50.63)
7 (8.86)
5 (6.33)
1 (1.27)
4 (5.06)
1 (1.27)
1 (1.27)
1 (1.27)
1 (1.27)
1 (1.27)
1 (1.27)
2 (2.53)
1 (1.27)
1 (1.27)
1 (1.27)
1 (1.27)
1 (1.27)
1 (1.27)
1 (1.27)
1 (1.27)
1 (1.27)
1 (1.27)
1 (1.27)
1 (1.27)
1 (1.27)
1 (1.27)

1

ADV-associated mutants: rtA181T, rtV214A, rtQ215S, rtN236T, rtP237H, rtN238T; 2Shared mutants of ADV, LAM, LdT: rtA181T[2]; 3Coexisting mutants:
wild strain and mutant strain coexistence; 4Lamivudine (LAM)-associated mutants: rtL180M, rtM204V, rtV207M/L/I, rtS213T; 5Telbivudine (LdT)-associated
mutant: rtM204V; 6Entecavir (ETV)-associated mutants: rtT184L, rtM204V, rtM250L. ADV: Adefovir dipivoxil.

Gene sequencing analysis
To perform quantitative PCR, 50 μL of enriched extraction liquid was added to 50 μL of serum, left for 5 min at
4 ℃ after mixing uniformly, and centrifuged at 20879 ×
g for 10 min. The supernatant was discarded and 40 μL
lysing buffer liquid was added and briefly centrifuged.
The result was heated for 10 min at 100 ℃, centrifuged
at 20879 × g for 5 min, and 4 μL to 25 μL added to a reaction mixture. The PCR amplification conditions were:
40 cycles of 94 ℃ for 5 min, 94 ℃ for 7 s, and 60 ℃
for 50 s. For enzymatic hydrolysis of the PCR products,
3 μL of PCR product was mxed with 2 μL of shrimp
alkaline phosphatase, kept at 37 ℃ for 60 min and 80 ℃
for 15 min, and stored at 4 ℃. For the sequencing of
PCR products, 3 μL of PCR enzymatic products, 1 μL
of sequencing reagents (BigDye) and 2 μL of sequencing
primers were amplified through 25 cycles of 96 ℃ for
1 min, 96 ℃ for 10 s, 50 ℃ for 5 s, and 60 ℃ for 4 min.
Products were purified and stored at 4 ℃ for sequencing.
Liver imaging study
The liver imaging study, which included liver ultrasound
or X-ray computed tomography, was performed to assist
in the diagnosis of NAFLD[18,19], hepatitis cirrhosis, and
primary hepatocellular carcinoma.
Statistical analysis
All data were statistically analyzed using SPSS 18.0 soft-
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ware (SPSS, Chicago, IL, United States). HBV DNA
levels are expressed as mean ± SD, determined via logarithmic conversion. Continuous normal distribution was
analyzed through the independent samples t-test, the chisquared test, or Fisher’s exact probability method for rate
comparisons. A P-value ≤ 0.05 was considered statistically significant.

RESULTS
ADV drug-resistant mutants
The sequencing results revealed that drug-resistant HBV
mutants induced by ADV could have either a single locus
of mutation or multiple coexisting mutated loci (Table
1). Specifically, the following mutations were found:
rtL180M, rtM204V, rtV207M/L/I, rtS213T, rtA181T, rtV214A, rtQ215S, rtN236T, rtP237H, rtN238T, rtT184L,
and rtM250L. In these mutations, the drug-resistant
HBV mutants related to other NUCs such as lamivudine
(LAM) and entecavir (ETV) were also found though
patients didn’t receive LAM or ETV treatment. The primary mutants in which there was a single mutated locus
were rtA181T (40/79, 50.63%), rtV214A (7/79, 8.86%),
rtN236T (5/79, 6.33%), and rtP237H (1/79, 1.27%).
Twenty-six patients (32.91%) had more than two loci of
mutants. The pattern of mutations in ADV-associated
mutants were complex and diverse, most patients had coexisting mutations (50, 63.29%).
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Table 2 Clinical features of rtA181T mutant and non-mutant rtA181T groups n (%)
Clinical features

rtA181T
(n = 56)

Not rtA181T
(n = 23)

Statistical value

P -value

Gender (M/F)
Age (yr, mean ± SD)
End-stage liver disease1
NAFLD
E-antigen (+/–)
Genotype (B/C)
HBV DNA (log10 copy/mL)
Duration of treatment (mo, mean ± SD)

48/8
43.1 ± 9.3
21 (37.5)
21 (37.5)
27/29
7/49
5.16 ± 1.23
41.2 ± 10.1

18/5
43.4 ± 11.6
11 (47.83)
9 (39.13)
18/5a
9/14b
5.14 ± 1.25
40.8 ± 9.7

χ 2 = 0.659

0.507
0.896
0.396
0.892
0.023
0.007
0.932
0.872

t = 0.132
χ 2 = 0.721
χ 2 = 0.018
χ 2 = 6.004
χ 2 = 7.159
t = 0.086
t = 0.162

1

End-stage liver disease: included hepatitis cirrhosis, liver failure, and primary hepatocellular carcinoma. aP < 0.05, status of e-antigen in the rtA181T
mutant group vs in the not-rtA181T mutant group; bP < 0.01, genotype (B/C) in the rtA181T mutant group vs the not-rtA181T mutant group. NAFLD: Nonalcoholic fatty liver disease; HBV: Hepatitis B virus.

Table 3 Clinical features of single mutant and multi-mutant groups n (%)
Clinical features
Gender (M/F)
Age (yr, mean ± SD)
End-stage liver disease1
NAFLD
E-antigen (+/–)
Genotype (B/C)
HBV-DNA (log10 copy/mL)
Duration of treatment (mo, mean ± SD)

Single mutant
(n = 53)

Multi-mutants
(n = 26)

Statistical value

P -value

45/8
42.6 ± 10.5
21 (39.62)
19 (35.85)
24/29
10/43
5.06 ± 1.24
38.6 ± 8.2

21/5
44.5 ± 8.9
11 (42.31)
11 (42.31)
12/14
6/20
5.35 ± 1.21
43.9 ± 10.8a

χ 2 = 0.217

0.749
0.423
0.396
0.712
1.000
0.883
0.326
0.018

t = 0.806
χ 2 = 0.721
χ 2 = 0.137
χ 2 = 0.005
χ 2 = 0.022
t = 0.989
t = 2.426

1

End-stage liver disease: included hepatitis cirrhosis, liver failure, and primary hepatocellular carcinoma. aP < 0.05 duration of treatment in the single
mutant group vs the multi-mutants group. NAFLD: Non-alcoholic fatty liver disease; HBV: Hepatitis B virus.

Comparison of clinical features between the rtA181T
and not-rtA181T groups
Based on the results of sequencing, rtA181T was the
predominant mutant (56/79, 70.89%). We stratified the
patients into rtA181T and not-rtA181T mutation groups,
and found no significant differences in regard to gender,
age, end-stage liver disease, NAFLD, HBV DNA levels,
or duration of treatment with ADV between these two
groups (Table 2). However, in patients with the rtA181T
mutant, HBV serologic markers were more e-antigen
negative and the infective HBV belonged to the C genotype. In patients who did not have the rtA181T mutant,
HBV serologic markers were predominately e-antigen
positive, and the ratios of infective HBV B genotype and
C genotype were higher (χ 2 = 6.004, 7.159; P = 0.023,
0.007).
Comparison of clinical features between the single- and
multiple-loci mutation groups
Between the single- and multiple-loci mutation groups,
there were no statistically significant differences in patient gender or ages, or rates of end-stage liver disease,
or NAFLD (Table 3). There were also no significant differences in HBV serological markers, the genotypes of
HBV infection, or HBV DNA levels. However, the duration of treatment with ADV was shorter in the single
mutant group than that in the multi-mutant group (t =
2.426, P = 0.018).
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Comparison of clinical features between the rtA181T
and rtN236T mutant groups
In the current study, there were 50 cases with the
rtA181T mutant, 7 cases with the rtN236T mutant, and 6
cases with both the rtA181T and rtN236T mutants (Table
4). Between the first two of these groups there was no
significant difference in patients’ gender or ages, or rate
of end-stage liver disease or NAFLD, or HBV serological markers or DNA levels. However, patients with the
rtA181T mutant were infected predominantly by HBV
of the C genotype, while patients with rtN236T were infected mainly by HBV of the B genotype (χ 2 = 5.958, P
= 0.028).

DISCUSSION
Currently, rtA181V/T/S and rtN236T have been accepted as the primary mutations induced by ADV[1-5]. Other
mutations have also been reported, such as I233V[14],
rtQ215H/S[15], rtE218G[16], rtL217R, rtV84M, rtS85A,
rtV214A, rtP237H, and rtN/H238T/D[21]. In the present
study, the ADV-associated mutants rtA181T, rtV214A,
rtQ215S, rtN236T, rtP237H, and rtN238T were consistent with literature reports. Although the correlation
between other drug-resistant mutants and ADV treatment remains controversial[22], we found high levels of
HBV replication in patients who had received ADV. This
suggests that viral breakthrough or the development of
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Table 4 Clinical features of the rtA181T mutant and rN236T groups n (%)
Clinical features
Gender (M/F)
Age (yr, mean ± SD)
End-stage liver disease1
NAFLD
E-antigen (+/–)
Genotype (B/C)
HBV-DNA (log10 copy/mL)

rtA181T mutant
(n = 50)

rtN236T mutant
(n = 7)

Statistical value

P -value

43/7
42.6 ± 9.4
19 (38)
20 (40)
25/25
7/43
5.18 ± 1.23

7/0
47.3 ± 12.1
3 (42.86)
3 (42.86)
2/5
5/2a
4.91 ± 1.20

χ 2 = 0.069

0.792
0.235
1.000
1.000
0.427
0.028
0.588

t = 1.201
χ 2 = 0.026
χ 2 = 0.009
χ 2 = 1.131
χ 2 = 5.958
t = 0.544

1

End-stage liver disease: included hepatitis cirrhosis, liver failure, and primary hepatocellular carcinoma. aP < 0.05 genotype (B/C) in the rtA181T mutant
group vs the rtN236T mutant group. NAFLD: Non-alcoholic fatty liver disease; HBV: Hepatitis B virus.

clinical drug resistance and drug-resistant mutants may
be related to ADV. We also found that the pattern of
mutations in ADV-associated mutants were complex and
diverse. Multidrug-resistant mutants (≥ 2 mutated loci)
induced by ADV were found in 26 patients (32.91%).
Currently, studies on the incidence of ADV-associated
multi-drug-resistant mutants have not been reported. We
found that rtA181T was the principle mutant in single or
multi-ADV-resistant mutations. Interestingly, the number
of mutants with rtV214A exceeded those with rtN236T,
which is inconsistent with other literature reports[1,2,12].
A study with a large sample size in China is needed to
further investigate whether rtA181T + rtV214A mutants
correlate with Chinese patients who are mainly infected
with genotype C HBV[23-26].
In addition to naturally occurring mutations, HBV
produces a variety of mutations to adapt to stresses such
as immune pressure from the host or antiviral drugs[27]. In
the present study, among 26 patients from whom HBV
with multidrug-resistant mutations had been isolated,
there were only 5 in which all mutations were related
to ADV. Mutations in the isolates from the remaining
patients were associated with resistance to LAM, telbivudine (LdT), or ETV, or combinations of these. This
implies that HBV may produce mutants that are resistant
to other NUCs after treatment with only ADV, because
rtA181T/V is a common drug-resistant mutant and may
lead to cross-resistance[10].
Studies have found that an rtA181T/V mutation/
substitution could generate cross-resistance against tenofovir disoproxil fumarate (TDF), LAM, and LdT[2]. The
rtN236T mutation/substitution may have a partial crossresistance against TDF[28]. Yet rtA181V + rtN236T mutants are highly resistant to LAM, ADV, LdT, and ETV,
and with a 10-fold decreased susceptibility to TDF[12]. In
addition, rtA181T can cause an sW172* mutation/substitution in the S gene, which allows HBV to escape the
host’s immune response and increases the risk of liver
carcinoma[29,30].
HBV genes that encode the polymerase and envelope proteins of HBV overlap, studies have found that
an rtA181T mutation could affect HBV replication and
protein secretion[31], so there was a higher prevalence of
non-rtA181T in e-antigen positive patients. But it needs
further basic research into HBV replication and patho-
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genic mechanisms.
Most patients in this study had coexisting mutations
(50, 63.29%). This is an indication of the heterogeneity
and complexity of HBV quasispecies, which will obviously influence the antiviral effects of ADV. With more
complex kinds of mutations in HBV quasispecies, the
use of ADV is more likely to lead to the development of
HBV strains with greater cross-drug resistance, thus affecting its antiviral efficacy[32].
In the present study we found no statistically significant differences among the mutations, the mutation frequency with regard to patients’ gender or ages, the rates
of end-stage of liver diseases or NAFLD, or the levels
of HBV DNA. However, the research of others found
that chronic HBV male patients with resistant mutations
had higher ages and rates of end-stage liver disease and
NAFLD than those with no mutations, but the e-antigen
positive rate and HBV DNA levels of the former were
lower[33]. This suggests that the longer HBV infection
persists, the greater the chance that drug resistant mutations will arise as countless passages of HBV interact
with the host immune system. Male patients with high
numbers of ADV-resistant mutations may correlate with
high rates of incidence and chronicity of HBV infection,
and high frequency of HBV activity[34].
A consensus has not been reached regarding the association between HBV genotype and ADV resistance.
Some studies suggest that there is no correlation[35,36],
while others suggest that patients with HBV genotype D
are prone to develop ADV resistance[37]. In China, most
HBV genotypes are B or C[24-26]. Other relevant studies
have found that in Chinese patients, the ratio of genotype C HBV was relatively higher in those with ADV-associated mutations than in those without ADV-associated
mutations[33]. This indicates that patients with genotype
C HBV infection readily have ADV-resistant mutants.
This may be because the majority of HBV patients in
China are infected with genotype C HBV[24-26], genotype
C HBV readily generates drug-resistant strains[26], or patients infected with genotype C HBV are more prone to
advanced liver disease[38]. Patients with the HBV mutant
rtA181T are predominantly infected by e-antigen negative and genotype C HBV, while patients with rtN236T
are predominantly infected by genotype B HBV. This is
consistent with the increased risk of liver carcinoma in
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those with the rtA181T HBV mutant[29,30], and the association of the genotype C HBV with more advanced liver
disease[38]. This suggests that for patients with chronic
HBV infection with both rtA181T and genotype C, disease progression may be exacerbated. Thus, ADV monotherapy should not be used for patients with chronic
genotype C HBV infection.
Overall, patients with chronic HBV infection may
have ADV- or other NUC-resistant HBV mutants prior
to antiviral therapy. Mutations in ADV-resistant HBV
strains are complex and diverse, and always accompanied
by other NUC-resistant mutants. In China, ADV is used
widely and the public health problems caused by ADV
resistance and cross resistance are becoming more severe.
Therefore, testing for resistant mutants is recommended
prior to antiviral treatment. First-line antiviral treatment
and customized medication based on the clinical characteristics of patients is important to avoid subsequent
improper drug use and the need for salvage treatment. At
the same time, management of antiviral therapy should
be improved by encouraging medication compliance and
avoiding short-term withdrawal.
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Abstract
AIM: To investigate the potential association of circulating zonulin with the stage of liver disease in obese
children with biopsy-confirmed nonalcoholic fatty liver
disease (NAFLD).
METHODS: A case-control study was performed. Cases were 40 obese children with NAFLD. The diagnosis
of NAFLD was based on magnetic resonance imaging
(MRI) with high hepatic fat fraction (HFF ≥ 5%), and
confirmed by liver biopsy with ≥ 5% of hepatocytes
containing macrovesicular fat. Controls were selected
from obese children with normal levels of aminotransferases, and without MRI evidence of fatty liver as
well as of other causes of chronic liver diseases. Controls were matched (1-to 1) with the cases on age,
gender, pubertal stage and as closely as possible on
body mass index- standard deviation score. All participants underwent clinical examination, laboratory tests
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including zonulin, inflammatory and metabolic parameters, and MRI for measurement of HFF and visceral
adipose tissue.
RESULTS: Zonulin values were significantly greater
in obese subjects with NAFLD than in those without
NAFLD [median (interquartile range), 4.23 (3.18-5.89)
vs 3.31 (2.05-4.63), P < 0.01]. In patients with NAFLD,
zonulin concentrations increased significantly with the
severity of steatosis and the Spearman’s coefficient
revealed a positive correlation between zonulin values
and steatosis (r = 0.372, P < 0.05); however, we did
not find a significant correlation between zonulin and
lobular inflammation (P = 0.23), ballooning (P = 0.10),
fibrosis score (P = 0.18), or presence of nonalcoholic
steatohepatitis (P = 0.17). Within the entire study
population, zonulin levels were positively associated
with gamma-glutamyl transferase, 2-h insulin, HFF,
and negatively associated with whole-body insulin sensitivity index (WBISI), after adjustment for age, gender and pubertal status. When the associations were
restricted to the group of NAFLD patients, 2-h insulin,
hepatic fat, and WBISI retained statistical significance.
CONCLUSION: Circulating zonulin is increased in children and adolescents with NAFLD and correlates with
the severity of steatosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Zonulin; Intestinal permeability; Nonalcoholic fatty liver disease; Nonalcoholic steatohepatitis;
Children
Core tip: Alteration in gut microbiota followed by impairment of intestinal wall integrity may play an important role in the pathogenesis of nonalcoholic fatty liver
disease (NAFLD). Zonulin is a mediator known to regulate intestinal permeability by modulating intracellular
tight junctions. We showed that zonulin concentrations
are increased in obese children with biopsy-proven
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NAFLD and correlate with the severity of steatosis, but
not with the presence of nonalcoholic steatohepatitis
(NASH), lobular inflammation or fibrosis score. These
findings may well fit with the recent theory suggesting
that simple steatosis and NASH are different and not
necessarily inter-related diseases.
Pacifico L, Bonci E, Marandola L, Romaggioli S, Bascetta S,
Chiesa C. Increased circulating zonulin in children with biopsyproven nonalcoholic fatty liver disease. World J Gastroenterol
2014; 20(45): 17107-17114 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i45/17107.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i45.17107

INTRODUCTION
Paralleling the worldwide epidemic of childhood obesity,
nonalcoholic fatty liver disease (NAFLD) has become
the most common cause of chronic liver disease in children and adolescents[1]. NAFLD is a spectrum of fatassociated liver conditions that can result in end-stage
liver disease and the need for liver transplantation [2].
Simple steatosis, or fatty liver, occurs early in NAFLD
and may progress to nonalcoholic steatohepatitis (NASH),
fibrosis and cirrhosis with increased risk of hepatocellular carcinoma[2]. Growing evidence supports the concept
that NAFLD is a highly heritable disease in which genetic
variations and environmental factors closely interact to
determine the disease phenotype and progression to the
more advanced forms of the disease[3]. Recently, it has
been suggested that alteration in gut microbiota followed
by impairment of intestinal wall integrity may play an
important role in the pathogenesis of NAFLD[4,5]. Miele
et al[6] provided the first evidence that NAFLD in adult
subjects is associated with increased gut permeability and
small intestinal bacterial overgrowth (SIBO) and that
these factors are associated with the severity of hepatic
steatosis[6]. Specifically, the increased permeability appeared to be caused by disruption of intercellular tight
junctions in the intestine.
Zonulin is a mediator known to regulate intestinal
permeability by modulating intracellular tight junctions
(TJ)[7-9]. Human zonulin is a 47-kDa protein that increases
intestinal permeability in nonhuman primate intestinal
epithelia[8], participates in the development of intestinal
innate immunity[10], and is overexpressed in autoimmune
disorders in which TJ dysfunction is central, including
celiac disease[11,12] and type 1 diabetes[13]. Circulating zonulin is considered as a useful marker of intestinal permeability[8,14]. In humans, elevated serum zonulin levels have
been demonstrated to correlate with increased intestinal
permeability associated with altered genetic expression of
intestinal TJ proteins[13]. Recently published studies have
shown higher circulating zonulin levels in obese than
in nonobese adults and in adults with glucose intolerance compared with a group with normal glucose toler-
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ance[15,16]. The current study was therefore designed to
investigate the potential association of circulating zonulin
with the stage of liver disease in obese children with
biopsy-confirmed NAFLD.

MATERIALS AND METHODS
Patients and controls
The study population consisted of obese children [body
mass index (BMI) above the 95th percentile for age and
gender] seen in the Hepatology outpatient Clinic of the
Department of Pediatrics, Sapienza University of Rome,
Italy, for chronically (at least 6 mo) elevated aminotransferase levels. The diagnosis of NAFLD was based on
magnetic resonance imaging (MRI) with high hepatic fat
fraction (HFF ≥ 5%)[17], and confirmed by liver biopsy.
Other causes of chronic liver disease, including hepatic virus infections (hepatitis A-E and G, cytomegalovirus, and
Epstein-Barr virus), autoimmune hepatitis, metabolic liver
disease, α-1-antitrypsin deficiency, cystic fibrosis, Wilson’s disease, hemochromatosis, and celiac disease were
excluded with appropriate tests. Other exclusion criteria
were history of type 1 or type 2 diabetes, renal disease,
food allergy, total parenteral nutrition, smoking or alcohol
consumption, and use of hepatotoxic medications.
For comparative purposes, we enrolled a group of
control subjects, matched for age, gender, pubertal stage
and as closely as possible for BMI-standard deviation
score (SDS). The group was composed of obese children
with normal levels of aminotransferases, and without
MRI evidence of fatty liver (HFF < 5%) as well as of
other causes of chronic liver disease (see above). Controls were also excluded if they had history of type 1 or
type 2 diabetes, renal disease, food allergy, smoking or alcohol consumption. Finally, the use of anti-inflammatory
drugs, antibiotics or probiotics was considered among the
exclusion criteria for both cases and controls.
The research protocol was approved by the local Ethics Committee (Policlinico Umberto I Hospital, Rome,
Italy) and written informed consent was obtained from
the next of kin, caretakers, or guardians on behalf of the
children enrolled in this study, in accordance with principles of Helsinki Declaration.
Clinical and laboratory data
All participants underwent physical examination including measurements of weight, standing height, BMI, waist
circumference (WC), and determination of the stage of
puberty. The pubertal stage was categorized into two
groups (prepubertal: boys with pubic hair and gonadal
stage I, and girls with pubic hair stage and breast stage I;
pubertal: boys with pubic hair and gonadal stage ≥ Ⅱ
and girls with pubic hair stage and breast stage ≥ Ⅱ).
The degree of obesity was quantified using Cole’s least
mean-square method, which normalizes the skewed distribution of BMI and expresses BMI as SDS[18].
Blood samples were taken from each subject, after an
overnight fast, for estimation of glucose, insulin, C pep-
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tide, total cholesterol, high-density lipoprotein cholesterol
(HDL-C), triglycerides, alanine aminotransferase (ALT),
aspartate aminotransferase, gamma-glutamyl transferase
(GGT), high-sensitive C reactive protein (HSCRP), and
zonulin. An oral glucose tolerance test (OGTT) was performed for all obese children with the administration of
glucose at 1.75 g per kg of body weight (maximum dose
75 g); blood samples were obtained at 0 min and every 30
min thereafter for 180 min for determination of serum
glucose and insulin. Estimates of insulin sensitivity were
calculated using the homeostasis model assessment of
insulin resistance (HOMA-IR), defined by fasting insulin
and fasting glucose and whole-body insulin sensitivity
index (WBISI), based on mean values of insulin and glucose obtained from OGTT and the corresponding fasting values[19].
Dietary and physical activity survey
1-wk weighted dietary and physical activity records were
used. Depending on the age of the child, the parent
or the child weighted and recorded all foods and fluids
consumed using electronic food scales. Nutrient analyses
were obtained from the Food Composition Database for
Epidemiological Studies in Italy (Banca Dati di Composizione degli Alimenti per Studi Epidemiologici in ItaliaBDA). The subjects’ physical activity was assessed with a
questionnaire, in which the length of time spent playing
sport, watching television, playing video games, and so
on were recorded.
Abdominal MRI
Abdominal MRI studies were performed on a 1.5T Siemens Avanto magnet (Siemens AG, Erlangen, Germany).
The hepatic fat content (% HFF) was measured by MRI
as previously described and validated[17]. The three-point
chemical-shift-fat-water separation method (fat-only dataset) was used to measure abdominal fat mass distribution[20]. MRI results were interpreted by an experienced
radiologist who was blinded to the clinical, laboratory
and/or histologic findings.
Liver biopsy
The clinical indication for biopsy was either to assess
the presence of NASH and degree of fibrosis or other
likely independent or competing liver diseases. Percutaneous needle liver biopsy was performed as previously
described[17]. The main histologic features of NAFLD
were scored according to the scoring system developed
by the NASH Clinical Research Network (CNR)[21]: steatosis [grade 0 (< 5% macrovesicular fat), grade 1 (mild
= 5%-33%), grade 2 (moderate = 34%-66%), and grade
3 (severe > 66%)], portal inflammation (0-2), lobular
inflammation (0-3), ballooning degeneration (0-2), and
fibrosis (stage 0 to 4). As recommended by a recent
NASH CRN article[22], a microscopic diagnosis, based
on overall injury pattern (i.e., steatosis, hepatocyte ballooning, and inflammation), as well as the presence of
additional lesions (i.e., zonality of lesions, portal inflam-
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mation, and fibrosis), has been assigned to each case[23].
Accordingly, biopsies were subdivided into not-NASH
and definite NASH subcategories[23].
Biochemical analyses
Serum zonulin concentrations were measured by ELISA
(Immundiagnostik AG, Bensheim, Germany). The Elisa
kit used for zonulin measurement only detects the active
(uncleaved) form of zonulin. The lower limit of detection was 0.23 ng/mL. Intra- and interassay coefficients
of variation were 3%-7% and 5%-12%, respectively. All
remaining analyses were conducted by COBAS 6000
(Roche Diagnostics). While insulin and C peptide concentrations were measured on cobas e 601 module (Electrochemiluminescence Technology, Roche Diagnostics),
the remaining analytes on cobas e 501 clinical chemistry
module (Photometric Technology).
Statistical analysis
Statistical analyses were performed using the SPSS package. The data are expressed as frequencies, mean with
SD, or median with interquartile range (IQR), as appropriate. The differences between cases and control children in quantitative variables were evaluated by t-test or
Mann–Whitney U-test, as appropriate. Proportions were
compared by the χ 2 test. The Spearman’s correlation
coefficient and multiple regression analyses were used to
evaluate the relationship between zonulin values and the
other continuous variables. For comparison of the mean
of zonulin between the NAFLD and control groups of
children, the power was calculated after the results were
obtained. With sample sizes n = 40 and n = 40 for the
two study groups, and assuming the observed standard
deviations, this study had a power of 84% to detect the
observed difference statistically significantly at the 5%
level. A P value of less than 0.05 was considered to be
statistically significant.

RESULTS
Study subjects
Forty obese children with NAFLD and 40 obese children without evidence of liver disease were enrolled. The
mean age of cases and controls was 11.10 (SD 3.1) years.
Both cases and controls included 15 girls and 25 boys,
and five prepubertal children. The mean BMI-SDS of
cases and controls was 2.15 (SD 0.50) and 2.10 (SD 0.32),
respectively. The clinical and laboratory characteristics
for cases and controls are shown in Table 1. By definition, HFF values were significantly different between
the two groups. WC and visceral adipose tissue (VAT)
were significantly greater in obese subjects with NAFLD
than in those without NAFLD. NAFLD patients had
higher values for triglycerides, HSCRP, fasting insulin, C
peptide, HOMA-IR, 2-h insulin, and HbA1c, and lower
WBISI values compared to subjects with no liver involvement. As expected, children with NAFLD had higher
liver enzymes compared to those without NAFLD. There
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Table 1 Characteristics of obese children by liver status

Age, yr1
Male gender1
BMI-SD score
Waist circumference, cm
Abdominal fat
Visceral adipose tissue, cm2
Subcutaneous adipose tissue, cm2
Hepatic fat fraction
Triglycerides, mg/dL
Total cholesterol, mg/dL
HDL-C, mg/dL
Aspartate aminotransferase, U/L
Alanine aminotransferase, U/L
γ-glutamyl transferase, U/L
Fasting glucose, mg/dL
2-h glucose, mg/dL
Fasting insulin, μU/mL
2-h insulin, μU/mL
Fasting C peptide, pmol/L
HOMA-IR values
WBISI
HbA1c
HSCRP, μg/L
Zonulin, ng/mL

No NAFLD (n = 40)

NAFLD (n = 40)

11.10 (3.1)
25 (62.5)
2.10 (0.32)
92 (12)

11.10 (3.1)
25 (62.5)
2.15 (0.50)
97 (12)a

284 (217-502)
1648 (1301-2503)
1.5% (1.0%-3.0%)
81 (52-114)
154 (142-185)
49 (43-54)
25 (11)
26 (17)
15 (8)
85 (6)
94 (13)
11 (8-15)
35 (23-63)
780 (576-887)
2.24 (1.80-3.17)
5.84 (3.16-6.87)
5.0% (0.32)
1800 (1000-3200)
3.31 (2.05-4.63)

447 (337-676)
1828 (1629-2471)
16.0% (10.0%-30.0%)
96 (68-149)
149 (130-179)
45 (37-53)
34 (26)
50 (43)
23 (12)
83 (8)
93 (14)
20 (15-28)
67 (29-107)
1075 (816-1302)
4.11 (2.95-6.67)
2.57 (1.58-5.36)
5.4% (0.47)
3000 (1500-4325)
4.23 (3.18-5.89)

P value

0.5600
0.0270
0.0040
0.2200
< 0.0001
0.0490
0.1100
0.3100
0.0370
< 0.0001
< 0.0001
0.3300
0.8700
0.0010
0.0070
< 0.0001
0.0030
0.0020
0.0170
0.0490
0.0090

1

Matched variables. Results are expressed as n (%), mean ± SD, or median (IQR). BMI-SDS: Body mass index-standard deviation score; HDL-C: High-density lipoprotein cholesterol; HOMA-IR: Homeostasis model assessment of insulin resistance; WBISI: Whole-body insulin sensitivity index; HbA1c: Haemoglobin A1c; HSCRP: High-sensitive C reactive protein; NAFLD: Nonalcoholic fatty liver disease.

sweetened beverages was significantly higher in NAFLD
patients than the control group. The energy expenditure
expressed as metabolic equivalents was comparable between the two groups.

Table 2 Dietary and physical activity pattern
No NAFLD
(n = 40)

NAFLD
(n = 40)

Diet
Energy intake, kcal/d
1633 (1380-1840) 1641 (1341-1964)
Protein, % kcal
18 (15-20)
17 (16-19)
Fat, % kcal
38 (35-46)
39 (36-46)
Carbohydrates, % kcal
40 (36-46)
41 (35-46)
Fiber, g/kcal
11 (9-15)
10 (7-13)
Saturated fatty acids, g/d
20 (16-24)
24 (15-33)
Mono unsaturated fatty acids, g/d
42 (29-46)
34 (26-47)a
Polyunsaturated fatty acids, g/d
10 (9-12)
9 (7-10)a
Sugar-sweetened beverage, kcal/da
30 (13-46)
118 (10-162)a
Daily physical activity level-MET
3.0 (2.4-3.3)
3.5 (2.8-4.6)

Histological findings
Histopathological features associated with NAFLD are reported in Table 3. The hepatic fat content averaged 46%,
with about two thirds of cases having more than 33%
fat accumulation. Some degree of fibrosis was present
in 75% of patients (40%, stage 1; 32.5%, stage 2; 2.5%,
stage 3). Twenty-five (62.5%) patients had definite-NASH,
while 15 (37.5%) not-NASH.

Results are expressed as median (IQR). MET: Metabolic equivalent. aP <
0.05 vs no nonalcoholic fatty liver disease (NAFLD) group.

were no differences between children with and without
NAFLD with respect to subcutaneous adipose tissue
(SAT), total cholesterol and HDL-C, fasting glucose, and
2-h glucose.
As shown in Table 2, the daily energy intake and
the percentages of fat, protein, and carbohydrate in the
diet were similar between obese children with NAFLD
and those without liver involvement. No differences
were found when comparing intake of saturated fat
between patients with and without NAFLD; however,
NAFLD children had a lower intake of mono and polyunsaturated fatty acids. Furthermore, intake of sugar-
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Zonulin levels
Zonulin values were significantly greater in obese subjects with NAFLD than in those without NAFLD (Figure
1A). Among patients of the NAFLD group, zonulin
concentrations increased significantly with the severity
of steatosis (Figure 1B) and the Spearman’s coefficient
revealed a positive correlation between zonulin values
and steatosis (r = 0.372, P < 0.05); however, we did not
find a significant correlation between zonulin and lobular
inflammation (P = 0.23), ballooning (P = 0.10), fibrosis
score (P = 0.18), or presence of NASH (P = 0.17).
Correlation analyses
Within the entire study population, zonulin levels were
positively associated with GGT (standardized β coef-
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A

Steatosis

Lobular inflammation

Ballooning

Fibrosis

Degree or stage

No NASH
(n = 15)

NASH
(n = 25)

1
2
3
0
1
2
3
0
1
2
0
1
2
3

8 (53.3)
5 (33.3)
2 (13.3)
1 (6.7)
10 (66.6)
4 (26.6)
0
4 (26.6)
10 (66.6)
1 (6.7)
3 (20.0)
8 (53.3)
4 (26.6)
0
2.60 ± 0.41

3 (12.0)
8 (32.0)
14 (56.0)
0
8 (32.0)
12 (48.0)
5 (20)
0
18 (72.0)
7 (28.0)
7 (28.0)
8 (32.0)
9 (36.0)
1 (4.0)
5.45 ± 0.63

NAS, mean ± SD

P < 0.01

6
4
2

Normal liver

B

NAS: Nonalcoholic fatty liver disease activity score; NASH: Nonalcoholic
steatohepatitis.

ficient, 0.229, P < 0.01), 2-h insulin (standardized β coefficient, 0.340, P < 0.01), HFF (standardized β coefficient,
0.471, P < 0.01), and negatively associated with WBISI
(standardized β coefficient, - 0.236, P < 0.05), after
adjustment for age, gender and pubertal status. No relationship was found between zonulin concentrations and
BMI-SDS, VAT, SAT, ALT, total cholesterol and HDL-C,
triglycerides, fasting and 2-h glucose. Serum zonulin was
not related to daily energy intake nor to fat, protein and
carbohydrate (including sugar- intake sweetened beverages). When the associations were restricted to the group of
NAFLD patients, 2-h insulin (standardized β coefficient,
0.394, P < 0.01), hepatic fat (standardized β coefficient,
0.516, P < 0.01), and WBISI (standardized β coefficient,
-0.352, P < 0.05) retained statistical significance.
Multiple regression analysis
A multiple regression analysis was also used to assess the
independent association of NAFLD with circulating zonulin concentrations in the whole obese population and
in biopsy-proven NAFLD, respectively, after adjustment
for age, gender, pubertal status, and clinical and metabolic variables (including BMI-SDS, abdominal fat, and
WBISI). HFF (standardized β coefficient, 0.447, P < 0.01)
remained significantly associated with circulating zonulin
values. In biopsy-proven NAFLD, hepatic fat was significantly associated with zonulin values (standardized β
coefficient, 0.415, P < 0.05).

DISCUSSION
The main findings of this study are that circulating zonulin, a known mediator of intestinal permeability, modulating intracellular tight junctions, is increased in children and
adolescents with NAFLD and correlates with the severity
of steatosis.
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8

0

Zonulin, ng/mL

Histopathological
features

Zonulin, ng/mL

Table 3 Histopathological features of the 40 study children with nonalcoholic fatty liver disease according to the
presence or absence of nonalcoholic steatohepatitis n (%)

NAFLD

P for trend < 0.05

8
6
4
2
0
Mild

Moderate

Severe steatosis

Figure 1 Zonulin levels for obese children. A: Zonulin levels for obese children with and without nonalcoholic fatty liver disease (NAFLD). Box-plots give
the median value (black), 25th and 75th percentiles (lower and upper limits of
the box), and lower and upper adjacent values (whiskers); B: Zonulin levels for
obese children with NAFLD according to severity of steatosis (mild, 10; moderate, 17; severe, 13 patients). Box-plots give the median value (black), 25th and
75th percentiles (lower and upper limits of the box), and lower and upper adjacent values (whiskers).

Recently, several lines of evidence suggest a strong
interaction between gut flora and liver[4,24,25]. Due to its
anatomical position, the liver receives 70% of its blood
supply from the intestine through the portal vein, and so
it is the first line of defence against gut-derived antigens,
and one of the organs most exposed to gut-derived toxic
factors, such as bacteria and bacterial products[24]. The
gut epithelium plays a central role in demarcating microbes in the gut from the host immune system. Gut epithelial cells are linked to one another with tight junctions,
which play a pivotal role in maintaining the integrity of
the intestinal barrier. Occurrence of SIBO and increased
intestinal permeability due to “leaky” tight junctions has
been reported in patients with NAFLD[4,6]. Miele et al[6]
demonstrated an increased intestinal permeability and
tight junction alterations in 35 adult patients with biopsyproven NAFLD compared with healthy subjects. Furthermore, both gut permeability and the prevalence of
SIBO correlated with the severity of steatosis, but not
with the presence of NASH. In the current study involving children with biopsy-proven NAFLD, we also found
a positive correlation of zonulin levels with severity of
steatosis, but not with the presence of NASH, lobular
inflammation or fibrosis score. Thus, the lack of association between intestinal permeability and steatohepatitis
or fibrosis as shown currently in children and previously
in adults may well fit with the recent theory suggesting
that simple steatosis and NASH are different and not
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necessarily inter-related diseases[26].
Of note, our results and those of Miele et al[6] differ
from those reported in the study by Giorgio et al[27], in
which children with biopsy-proven NAFLD had a significant increase in gut permeability that positively correlated with liver disease severity. In the study performed
by Miele et al[6] in adults, the 51Cr-EDTA excretion test
was preferred over the lactulose-mannitol bowel permeability test utilized by Giorgio et al[27] in children, because
the latter test is influenced by the presence of SIBO, one
of the measured outcomes of the article[6]. Many clinical factors may influence the results of the permeability
tests, including food allergy, diabetes, and BMI[28,29]. A
higher BMI is associated with higher glomerular filtration rate (GFR) [30]. In obese subjects, the values for
GFR have been reported to exceed by 61% the values
for GFR of the control group and by 32% the value of
renal plasma flow, suggestive of glomerular hyperfiltration[31]. The obesity-related glomerular hyperfiltration
ameliorated after weight loss[31]. It is a possible pitfall
when non-metabolized sugar intestinal permeability tests
are performed in subjects with excess of weight: could
a higher amount of excreted sugar be a consequence
of higher intestinal absorption (due to high intestinal
permeability) or of a higher glomerular hyperfiltration?
This has not been investigated in the study by Giorgio et
al[27]. Moreover, food allergy was not adopted as exclusion criterion. Therefore, differences in patients’ clinical
and metabolic characteristics, differences in methods
for evaluating intestinal permeability, and differences in
analysis of the data make comparisons of the results of
the 3 studies difficult.
In the present study, we have chosen to measure circulating zonulin, a protein recently found to reflect intestinal permeability. Zonulin has been studied as a marker
for increased intestinal permeability in other disease entities such as type 1 diabetes or obesity-associated insulin
resistance[13,15,16]. Sapone et al[13] showed that patients with
type 1 diabetes and their relatives had elevated serum
zonulin levels that correlated with increased intestinal
permeability. Zak-Gołąb et al[15] assessed plasma zonulin,
haptoglobin and proinflammatory cytokines levels in
relation to composition of gut microbiota in obese and
normal weight subjects. They showed that circulating
zonulin was higher in obese subjects and proportional to
total bacteria count[15]. Additionally, they observed that
plasma zonulin was associated with fat percentage in diet
and fiber intake in relation to daily energy consumption.
No association was found between zonulin level and insulin resistance (scored as HOMA-IR) or with lipid levels.
In subjects with glucose intolerance, Moreno-Navarrete
et al[16] found that circulating zonulin was strongly associated with insulin resistance and obesity. However, these
associations disappeared in multiple regression analysis.
In our study, we found a relationship between zonulin
levels and insulin sensitivity in the entire population as
well as in the NAFLD group, after adjustment for age,
gender and pubertal status, but failed to show an associa-
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tion between zonulin and total and abdominal obesity. In
addition, circulating zonulin concentration was not associated with daily energy consumption and diet composition, though cases and controls differed in some specific
dietary intake such as mono and polyunsaturated fatty acids and consumption of sugar-sweetened beverages. Dietary analysis was based on a 1-wk dietary records done
the week prior to the study, and we cannot exclude that a
more prolonged assessment of dietary intake might have
given different results. Therefore, differences in patients’
clinical and metabolic characteristics may again explain
the discrepant results among the studies.
This study has a few potential limitations, including
the lack of characterization of gut microbiota, and the
lack of endotoxin assessment. Moreover, we did not include a control group of children with either gut disease
or fatty liver disease due to non-NAFLD etiology. Finally,
no intestinal biopsies to evaluate the correlation between
circulation zonulin and integrity of tight junctions within
the small intestine were performed.
In conclusion, we have demonstrated that serum
zonulin concentration is increased in children and adolescents with NAFLD and correlates with the severity of steatosis. However, the cross-sectional design of our study
precludes the establishment of causal or temporal relationships between increased zonulin concentrations and
severity of steatosis and the presence of NASH. Followup studies may be helpful in elucidating the cause-andeffect relations and the underlying mechanisms.

COMMENTS
COMMENTS
Background

In parallel with epidemic obesity, nonalcoholic fatty liver disease (NAFLD) has
emerged as the leading cause of chronic liver disease in both pediatric and
adult patients worldwide. Recently, it has been suggested that alteration in gut
microbiota followed by impairment of intestinal wall integrity may play an important role in the pathogenesis of NAFLD. Zonulin is a mediator known to regulate
intestinal permeability by modulating intracellular tight junctions.

Research frontiers

A better understanding of the role of gut-liver axis in the pathogenesis of obesity
and NAFLD may open a new frontier to fight a highly prevalent condition like
NAFLD.

Innovations and breakthroughs

Recently, several lines of evidence suggest a strong interaction between gut
flora and liver. Due to its anatomical position, the liver receives 70% of its blood
supply from the intestine through the portal vein, and so it is the first line of
defence against gut-derived antigens, and is one of the organs most exposed
to gut-derived toxic factors, such as bacteria and bacterial products. The gut
epithelium plays a central role in demarcating microbes in the gut from the
host immune system. Gut epithelial cells are linked to one another with tight
junctions, which play a pivotal role in maintaining the integrity of the intestinal
barrier. In this study, authors showed that circulating zonulin, a known mediator
of intestinal permeability, modulating intracellular tight junctions, is increased in
children and adolescents with NAFLD and correlates with the severity of steatosis. These data may suggest that increased intestinal permeability may be the
condition sine qua non for the hypothesis of the contribution of gut-liver axis to
the development of NAFLD.

Applications

Despite intense research efforts, universally accepted therapies for NAFLD,
besides lifestyle modification focusing on weight reduction, are lacking. The
possibility of manipulating gut microbiota and therefore intestinal permeability
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by means of agents such as probiotics may open novel opportunities.

Terminology

NAFLD comprises a disease spectrum ranging from simple fatty liver to nonalcoholic steatohepatitis, with varying degrees of inflammation and fibrosis, progressing to end-stage liver disease with cirrhosis and hepatocellular carcinoma.
Zonulin was the first tight junction-associated protein to be identified, and it is
now widely considered to be an excellent marker for detecting intact cell-to-cell
contacts and assessing tight junction integrity.

Peer review

The study investigated the relation between zonulin, a marker of intestinal permeability, and stages of hepatic disease in obese children with biopsy confirmed
NAFLD. They observed correlation between zonulin and steatosis severity but
no correlation with inflammation, ballooning, fibrosis score and nonalcoholic
steatohepatitis (NASH) diagnosis. They suggested that their findings add data
to the hypothesis that simple steatosis and NASH are different, not necessarily
inter-related diseases. This is a well performed study.
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Abstract
AIM: To evaluate the feasibility and outcomes of laparoscopic Nissen fundoplication after failed transoral
incisionless fundoplication (TIF).
METHODS: TIF is a new endoscopic approach for treating gastroesophageal reflux disease (GERD). In cases
of TIF failure, subsequent laparoscopic fundoplication
may be required. All patients from 2010 to 2013 who
had persistence and objective evidence of recurrent
GERD after TIF underwent laparoscopic Nissen fundoplication. Primary outcome measures included operative time, blood loss, length of hospital stay and complications encountered.
RESULTS: A total of 5 patients underwent revisional
laparoscopic Nissen fundoplication (LNF) or gastrojejunostomy for recurrent GERD at a median interval of 24
mo (range: 16-34 mo) after TIF. Patients had recurrent
reflux symptoms at an average of 1 mo following TIF
(range: 1-9 mo). Average operative time for revisional
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surgical intervention was 127 min (range: 65-240 min)
and all surgeries were performed with a minimal blood
loss (< 50 mL). There were no cases of gastric or
esophageal perforation. Three patients had additional
finding of a significant hiatal hernia that was fixed simultaneously. Median length of hospitalization was 2 d
(range: 1-3 d). All patients had resolution of symptoms
at the last follow up.
CONCLUSION: LNF is a feasible and safe option in a
patient who has persistent GERD after a TIF. Previous
TIF did not result in additional operative morbidity.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Even though transoral incisionless fundoplication (TIF) has been shown to be less invasive and
has the hope of decreasing the symptoms of reflux.
Laparoscopic Nissen still remains the gold standard.
The paper highlights that some people can have persistent gastroesophageal reflux disease even after TIF
and in these cases a Nissen, even though, technically
challenging is feasible without any complications in experienced hands. We believe it fills the gap for a community based general surgeon to know how to take
care of such patients as the number of such patients
would continue to increase as more and more TIF is
employed.
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INTRODUCTION

MATERIALS AND METHODS

Gastroesophageal reflux disease is a pathology of significant prevalence, with an estimated 10%-20%[1-4] of the
United States population experiencing symptoms weekly.
The resultant morbidity of such a widespread condition has under-recognized implications on the health
of populations and healthcare expenditures. Though
medical management can be effective, symptomatic relief is dependent upon long-term therapy and adequate
compliance[5]; approximately 10%-40% of patients have
refractory symptoms[6,7].
The significant numbers of patients who are refractory to medical therapy undergo interventions that alter
gastroesophageal anatomy to address the underlying
mechanisms responsible for pathologic reflux: transient
lower esophageal sphincter relaxations (TLESRs), a
hypotensive lower esophageal sphincter, and anatomic
disruption of the gastroesophageal junction. In the past
decade, transoral incisionless fundoplication (TIF)[8-13]
has been employed as a less-invasive alternative to Nissen
fundoplication, a surgical procedure known to be effective in refractory gastroesophageal reflux disease (GERD).
TIF is performed using an endoscopic plication device that circumferentially deploys polypropylene fasteners to create a neogastro-esophageal valve after invaginating the lower esophagus into the gastric fundus. The
lengthened esophageal gastric junction (EGJ) has been
found to reduce the number of post-prandial TLESRs
and decrease EGJ distensibility, resulting in improvement
in liquid-containing reflux while maintaining the ability to
vent gastric air. The largest multi-center prospective study
to-date (n = 86) reported 56% of patients were cured of
GERD based on symptom reduction and discontinuation of PPIs[14]. Esophageal acid exposure was decreased
in 61% percent of patients, and the study reported a
significant increase in mean LES pressure from 12 to 18
mmHg; 81% of patients achieved complete cessation of
proton pump inhibitors after 12 mo.
Even though initial studies have shown promise,
a few series have also reported substantial treatment
failure rate[15-18]. Such patients develop recurrent/persistent GERD after TIF and are considered for further
antireflux surgeries. In these instances, laparoscopic
Nissen fundoplication (LNF) is the next recommended
intervention, but becomes technically more challenging
due to deranged anatomical variation secondary to endoscopic alterations, and may potentially lead to increased
complications[19].
In the context of preliminary outcomes considerably
different from primary LNF, further data is needed in
order to provide patients accurate counseling in the risks
and benefits of undergoing a technically challenging
LNF after TIF. The purpose of this study was to evaluate the feasibility and outcomes of laparoscopic Nissen
fundoplication after failed TIF at our institution.

All patients from 2010 to 2013 who underwent revisional
antireflux surgery after a previous TIF and had persistent
objective evidence of recurrent GERD were included.
Recurrent or persistent disease was determined if patients
had chronic GERD (> 6 mo) hypotonic or lower esophageal sphincter (< 30 mmHg), presence of a pathologic 24
h esophageal pH monitoring.
Patients subsequently underwent a LNF or a laparoscopic gastrojejunostomy by a qualified surgeon experienced
in the procedure. Where appropriate, all LNFs involved
entire mobilization of the prior TIF fundoplication(Figure
1A), mobilization of the esophagus with at least 3 cm
within the abdominal cavity (Figure 1B), mobilization of
the gastric fundus (Figure 1C), posterior closure of the
crura and a 360° fundoplication resulting in at least a 3 cm
wrap. Patients were followed for resolution of symptoms,
and primary outcome measures included operative time,
blood loss, length of hospital stay and complications encountered.
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RESULTS
In 4 years, a total of 5 patients underwent revisional surgery due to persistent/recurrent GERD. 4 patients underwent revisional LNF and one underwent laparoscopic
gastojejunostomy at a median interval of 24 mo (range;
16-30 mo). Sixty percent (n = 3) of the patients were
males, with a median age of 57 (38-71) years, and a median BMI of 23.7 (23.1-27.8) kg/m2.Three of the patients
developed recurrence of symptoms within one month
following TIF, with the remaining two patients remaining
at 5 and 9 mo.
The median operative time for revisional fundoplication was 98 min (range: 65-240 min). Three patients had
an additional finding of a sliding hiatal hernia that was
fixed simultaneously. One patient was found to have TIF
fasteners placed superior to the gastroesophageal junction that had partially disrupted, as well as fasteners that
were visible under the serosa of the stomach (Figure
1D). One patient that underwent gastrojejunostomy did
so because of her history of open fundoplication followed by TIF previously. She had persistent dysphagia
that resulted in her TIF being taken down in conjunction
with resection of the fundus so a repeat fundoplication
was not an option.
The revisional LNF was performed after taking down
the adhesions from TIF and full mobilization of the
prior fundoplication. A 3cm wrap was performed in all
patients, and crural closure was ensured. Hiatal hernia
where present was reduced simultaneously. One patient
with a large hiatal hernia for which mesh was placed for
reinforcement of the crural closure.The median operative blood loss was 50 mL (range: 30-50 mL). There were
no cases of gastric or esophageal perforation.A median
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Figure 1 Intraoperative view. A: The mobilization (arrow) of the prior transoral incisionless fundoplication; B: The mobilization of the esophagus with at least 3 cm
within the abdominal cavity; C: The mobilization of the gastric fundus for a 360º Nissen fundoplication; D: The prior transoral incisionless fundoplication fasteners visible under the serosa of the stomach attached to the esophageal wall (arrows).

length of hospitalization was 2 d (range: 1-3 d) and were
discharged after they tolerated a post Nissen/mechanical
soft diet. Median follow up was 1 mo (range: 1-6 mo) at
which point none of the patients had persistence of reflux symptoms.

DISCUSSION
An estimated 2/3rd of patients with non-erosive reflux
disease will relapse with discontinuation of PPIs[20]; with
nearly all patients relapsing with erosive disease[21]. Additionally, as an estimated 40% of patients have symptoms
of GERD unresponsive to PPIs[22], definitive treatments
for GERD will likely remain an area of investigation.
Current evidence[23] suggests that laparoscopic Nissen
fundoplication is superior to medical management for
patients with normal esophageal length and motility,
with 98% of patients cured of symptoms after 3-mo
follow up. The procedure is however associated with 7%
morbidity, primarily new-onset dysphagia. TIF is one of
several techniques recently developed to provide a lessinvasive definitive treatment for the millions of patients
refractory to medical management.
Recent literature regarding TIF outcomes report inferior resolution of symptoms in comparison to LNF. A
review of 15 published studies on TIF in 2013 reported
overall patient satisfaction of 72%, PPI discontinuation
in 67% of patients, a major complication rate of 3.2%,
and a failure rate of 7.2%[24]. The largest prospective
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study of TIF outcomes (n = 84)[14] reported two instances of esophageal perforation upon device insertion, and
one case of postoperative intraluminal bleeding. Another
study following 38 patients also reported one case of intraluminal bleeding[18]; 36% of these patients also chose
to undergo a revisional LNF. Mortality has not been reported to date.
The relatively high failure rates of TIF in comparison
to LNF indicate that a subset of refractory patients will
eventually seek revisional procedures. Only three studies
have been published assessing the outcomes of revisional LNF. An early study from the Netherlands in 2010[19]
identified 11 patients who underwent LNF from 88 patients who underwent TIF. Three of these patients were
found to have complete disruption of fasteners; another
five patients had partial disruptions. Following revision,
all patients had normalized esophageal acid exposure,
but there was not a significant improvement on the quality of life, primarily associated with dysphagia refractory
to dilation in three patients. Complications included two
instances of gastric perforation, one conversion to an
open procedure, and the development of a sub-phrenic
abscess in one patient requiring surgical exploration.
A subsequent publication from the Netherlands followed 15 patients who underwent revisional laparoscopic anti-reflux surgery from a cohort of 43 patients who
received a TIF at their institution[25]. Seventy-sixpercent
of these patients had disruption of TIF fasteners; all
revisional procedures were performed laparoscopically
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without a need to convert to an open surgery. There was
one reported instance of gastric perforation during dissection of the endoscopic fundoplication. Similar with
the previous study, dysphagia occurred in 33% of patients; 27% required one or more pneumodilations for
their symptoms. While there was a statistically significant
improvement in quality-of-life measures in comparison
to baseline, significance was not achieved when comparing post-TIF and post-revisional LNF scores.
A recent study by Perry et al[26] evaluated outcomes
pertaining to the safety of performing a revisional procedure; 66 TIF patients were followed, 7 of whom underwent a LNF. Two of these patients had persistent symptoms immediately after TIF, while the remaining five
developed recurrent symptoms between 5 and 33 mo.
All patients were found to have partially dislodged TIF
fasteners (Figure 1D), with one patient noted to have a
significant hiatal hernia. There were no instances of gastric or esophageal perforations. Median operative time
was 97 (48-122) min, with an estimated blood loss of 10
(0-50) mL. All patients were discharged on the first postoperative day.
All of these studies documented technically challenging revisional operations involving significant lysis of adhesions, which were implicated in the reported instances
of gastric perforations and conversions to open surgeries. Our intra-operative findings were in concordance,
but as was concluded by Perry et al[26], the absence of operative complications in our patients would suggest that
revisional LNF can be safely performed in experienced
hands. Additionally, the higher rates of dysphagia and
the inferiority of symptom resolution in comparison to
primary LNF were not observed in our patients.
Disrupted TIF fasteners were also observed in our
patients, which is in agreement with these previous studies
that have proposed disruption as the primary mechanism
of TIF failure. There is no literature describing how this
disruption occurs, which may be associated with inadequate endoscopic technique or a limitation of the device
itself. However, significant hiatal hernias were present in 3
of our 5 patients, which may suggest that there are potentially identifiable anatomical variables that are predictive
of fastener disruption and/or TIF failure.
Our study is limited by the small number of patients,
and the short duration of follow-up. However, it is one
of the two studies that has been done on this issue and
reported in the United States. Larger studies following
patients post-TIF are certainly warranted to adequately
counsel patients on the potential benefits and adverse outcomes of undergoing a revisional laparoscopic intervention. Our findings have led us to conclude that revisional
LNF under an experienced surgeon is a feasible and safe
option in a patient who has persistent GERD after a TIF,
without additional risk of operative morbidity.

with an estimated 10%-20% of the United States population. Transoral incisionless fundoplication (TIF) has been employed as a less-invasive alternative be
effective in refractory GERD and few series have also reported substantial
treatment failure rate.

Research frontiers

To outline the feasibility and safety of laparoscopic Nissen fundoplication following transoral incisionless fundoplication.

Innovations and breakthroughs

TIF is associated with persistent GERD in few subset of patients. Even though
the results of TIF failure cannot be generalized, patients do explore other option. Laparoscopic Nissen has been the gold standard treatment for managing
GERD even in patients who have had other antireflux procedures. In expert
hands, it can be done without any major morbidity or mortality.

Applications

Patients with persistent GERD after TIF should undergo Nissen fundoplication
by experienced people in high volume centers.

Peer review

The numbers presented in this study are very small so care must be taken before generalizing these results. More studies need to be conducted to evaluate
more options after failed TIF.
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RESULTS: There were no significant differences in age
or main symptom at diagnosis, extraintestinal manifestation, location/extent, behavior of disease activity, number of hospitalizations, number of operations,
operation type, number of relapses, or oral medical
treatment between familial and sporadic CD and UC patients. Median (min-max) follow-up periods after diagnosis of familial CD and sporadic CD patients were 84
(24-312) and 36 (8-240) mo, respectively (P = 0.008).
Familial CD patients more frequently used anti-tumor
necrosis factor (TNF) antibodies compared to sporadic
CD patients (17.6% vs 0%, P = 0.014).
CONCLUSION: In conclusion, a family history of IBD
does not seem to be an important predictive factor affecting clinical characteristics or disease course even if
there is a more frequent use of anti-TNF antibodies in
familial CD patients compared to sporadic CD patients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Inflammatory bowel disease; Family history;
Crohn’s disease; Ulcerative colitis; Clinical characteristics

Abstract
AIM: To investigate differences of clinical characteristics and disease courses between familial and sporadic
inflammatory bowel disease (IBD) patients.
METHODS: We obtained clinical data on Crohn’s disease (CD) (n = 691) and ulcerative colitis (n = 1113)
from a tertiary referral medical center between 2005
and 2012. Seventeen patients (2.5%) with CD and
27 patients (2.4%) with ulcerative colitis (UC) were
identified as having a familial history of IBD, including
the first and second degree relatives. For each control
case, three times the number of age-, sex-, and diagnosis year-matched CD and UC patients, without a
family history of IBD, were randomly selected in this
case control study.
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Core tip: We investigated differences of clinical characteristics and disease courses between familial and
sporadic inflammatory bowel disease (IBD) patients.
Despite several other studies of IBD, there is still insufficient knowledge regarding the clinical characteristics
in familial IBD. We report that a family history of IBD
does not seem to be an important predictive factor affecting clinical characteristics or disease course. Not
only genetic background but also environmental factors
might affect the disease course of IBD.
Chung SH, Park SJ, Lee HS, Hong SP, Cheon JH, Kim TI, Kim
WH. Similar clinical characteristics of familial and sporadic inflammatory bowel disease in South Korea. World J Gastroenterol
2014; 20(45): 17120-17126 Available from: URL: http://www.
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INTRODUCTION
Inflammatory bowel disease (IBD) includes Crohn’s
disease (CD) and ulcerative colitis (UC). Although it is
suggested that genetic, environmental, and immunologic
factors are involved in the pathogenesis of IBD, the etiology of IBD is still not completely understood. Some
suggest that a family history of IBD may be one of the
most important risk factors[1]. A family history of IBD
was shown to increase the risk of developing IBD 10to 15-fold in unaffected first-degree relatives and threefold among close relatives of IBD patients[2-4]. In the
first-degree relatives of patients with IBD from Korean
and western countries, the rates of familial IBD were reported to be 1.88% (South Korea) and 5%-18% (western
countries)[5-12]. Even if genetic factors are associated with
familial IBD[13], a family history of IBD does not mean
that all patients with IBD share a specific gene, as family
members of IBD patients could be exposed to similar
environmental factors[14]. Some studies showed that there
were no differences in clinical characteristics between
familial and sporadic IBD[15,16]. Even if other studies
demonstrated differences between familial and sporadic
IBD, there have not been consistent results[17-19]. Despite
several studies of familial IBD, there is still insufficient
knowledge regarding the differing characteristics between
familial and sporadic IBD. Therefore, we aimed to investigate the differences in clinical characteristics and disease
course between familial and sporadic IBD patients.

MATERIALS AND METHODS
Patients
We used electronic IBD registry data including CD (691
cases) and UC (1113 cases) from Severance Hospital,
Yonsei University College of Medicine from January
2005 to February 2012. Seventeen patients (2.5%) with
CD and 27 patients (2.4%) with UC were identified as
having a familial history of IBD, including first- and second-degree relatives. For each control case, three times
the number of age-, sex-, and diagnosis year-matched
CD and UC patients, without a family history of IBD,
were randomly selected in this case control study. We
compared the clinical characteristics and disease courses
between familial CD and UC patients and sporadic CD
and UC patients, respectively. UC and CD were subclassified by Montreal classification[20]. Regarding the extent of
UC, ulcerative proctitis (E1) was defined as inflammation
limited to the rectum. Left-sided UC (E2) was defined
as inflammation limited to the splenic flexure. Extensive
UC (E3) was defined as inflammation extending proximal
to the splenic flexure. Regarding the location of CD, L1
was defined as involvement of the ileum. L2 was defined
as involvement of the colon. L3 was defined as involve-
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ment of the ileocolon. L4 was defined as L1-L3 with
presenting concomitant upper gastrointestinal disease.
Regarding CD behavior, B1 was defined as a nonstricturing, nonpenetrating, inflammatory type. B2 was defined
as a stricturing type. B3 was defined as a penetrating type.
Mayo index and CDAI at diagnosis were calculated at the
time of initial diagnosis at the hospital. UC relapse was
defined as a partial Mayo score ≥ 4 or surgery for disease
aggravation[21]. CD relapse was defined as a CDAI score
≥ 250, a CDAI score 150 ≤ CDAI score < 250 with a
75 point increase above the initial value during three consecutive weeks, surgery for progressed Crohn’s disease,
aside from perianal surgery[22]. Additionally, any change in
therapies because of clinical aggravation was included in
the criteria of relapse of IBD[23].
Statistics analysis
The normality of the data was analyzed by the ShapiroWilks test. For continuous variables, the Mann-Whitney
U-test was used for nonparametric data, and Student’s
t-test was used for parametric data. Categorical data were
analyzed using Pearson’s χ 2 test or Fisher’s exact test. All
statistical analyses were performed using SPSS Statistics
(version 18.0.0, IBM Corp., Armonk, NY, United States).
P ≤ 0.05 was considered statistically significant.

RESULTS
Demographics of familial and sporadic IBD
The numbers of male patients with familial CD and UC
were 14 (82.4%) and 15 (55.6%), respectively (Table 1).
There were no differences in age at symptom onset or
main symptom at diagnosis between familial and sporadic
IBD. Regarding extraintestinal manifestations, episcleritis was more prevalent in familial UC than sporadic UC
(18.5% vs 4.9%, P = 0.042).
Family relations and relatives of familial CD and UC
In familial CD (Figure 1), the numbers of patients with
CD, UC, and intestinal Behçet’s disease were 9 (52.9%),
6 (35.3%), and 2 (11.8%), respectively. In familial UC
(Figure 2), the numbers of patients with UC, CD, and intestinal Behçet’s disease were 6 (19.2%), 16 (76.2%), and
1 (4.8%), respectively.
Differences of clinical characteristics and disease
courses
Location/extent and behavior of disease: There were
no differences in location/extent and behavior of disease
between the familial and sporadic IBD patients including CD and UC (Table 2). In both familial and sporadic
CD patients, most lesions were located at the ileocolon
(70.6% vs 60.8%, P = 0.568). In familial and sporadic UC
patients, the most common extent was proctitis (40.7%
vs 34.6%, P = 0.645). In Table 3, the mean scores of
CDAI at diagnosis of familial and sporadic CD were
120.5 ± 68.2 and 107.8 ± 82.1, respectively (P = 0.207).
The mean Mayo scores at diagnosis were 3.6 ± 2.0 and 3.7
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Table 1 Demographic data of familial inflammatory bowel disease and sporadic inflammatory bowel disease
Familial CD (n = 17) Sporadic CD (n = 51)

Phenotype
Sex
Male
Female
Age at diagnosis
≤ 16 yr (A1)
17-40 yr (A2)
> 40 yr (A3)
Age at symptom onset, yr
Main symptom at diagnosis
Abdominal pain
Diarrhea
Weight loss
Fever
Abdominal mass
Hematochezia
EIM
Somatitis
Arthritis and arthralgia
Erythema nodosum
Episcleritis

P value

Familial UC (n = 27) Sporadic UC (n = 81)

> 0.999
14 (82.4)
3 (17.6)
28.2 ± 10.3
0 (0)
14 (82.4)
3 (17.6)
22.6 ± 9.5

42 (82.4)
9 (17.6)
29.2 ± 10.5
0 (0)
43 (84.3)
8 (15.7)
23.5 ± 9.3

10 (58.8)
5 (29.4)
0 (0.0)
0 (0.0)
0 (0.0)
2 (11.8)
0
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

32 (62.7)
16 (31.4)
2 (3.9)
1 (2.0)
0 (0.0)
9 (17.6)
3
0 (0.0)
2 (4.2)
1 (2.1)
0 (0.0)

0.742
0.849

0.438
0.773
0.880
> 0.999
> 0.999
> 0.999
0.718
> 0.999
> 0.999
> 0.999
> 0.999

P value
> 0.999

15 (55.6)
12 (44.4)
36.2 ± 14.7
0 (0)
13 (48.1)
14 (51.9)
36.2 ± 14.5

45 (55.6)
36 (44.4)
36.4 ± 12.8
0 (0)
39 (48.1)
42 (51.9)
36.7 ± 12.7

5 (18.5)
11 (40.7)
0 (0.0)
0 (0.0)
0 (0.0)
21 (77.8)
10
0 (0.0)
1 (3.7)
4 (14.8)
5 (18.5)

30 (37.0)
22 (27.2)
0 (0.0)
0 (0.0)
0 (0.0)
66 (81.5)
19
2 (2.5)
8 (9.9)
5 (6.2)
4 (4.9)

0.951
> 0.999

0.710
0.098
0.232
> 0.999
> 0.999
> 0.999
0.780
0.061
0.445
0.223
0.042

Data are presented as number (percentage) or mean ± SD. CD: Crohn’s disease; UC: Ulcerative colitis; EIM: Extraintestinal manifestation.

Familial CD
n = 17

Relatives with CD
n = 9 (52.9%)

Relatives with UC
n = 6 (35.3%)

Relatives with intestinal
Behçet's disease
n = 2 (11.8%)

First relatives

First relatives

First relatives

n = 8 (47.0%)

n = 3 (17.6%)

n = 2 (11.8%)

Second relatives
n = 1 (5.9%)

Second relatives
n = 1 (5.9%)
Third relatives
n = 2 (11.8%)

Figure 1 Family relations and relatives of familial Crohn’s disease. CD: Crohn's disease; UC: Ulcerative colitis.

± 1.8 for familial and sporadic UC patients, respectively
(P = 0.673). Median (min-max) follow-up duration in
familial and sporadic CD patients was 84 (24-312) and 36
(8-240) mo, respectively (P = 0.008). Median (min-max)
follow-up duration in familial and sporadic UC patients
was 96 (12-240) and 60 (12-85) mo, respectively (P =
0.170). There was no significant difference in number
of bowel resections between the familial and sporadic
IBD patients (Table 4). There was no significant difference in oral medical treatments with 5-aminosalicylates
(5-ASA), oral steroids, and azathioprine between familial
and sporadic IBD patients (Table 5). However, familial
CD patients more frequently used anti-TNF antibodies than sporadic CD patients (17.6% vs 0%, P = 0.014).
Familial UC patients more frequently used suppositories
or enemas containing 5-ASA and steroids compared to
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sporadic UC patients (5-ASA: 11.1% vs 1.2%, P = 0.047;
steroids: 66.7% vs 43.2%, P = 0.047).

DISCUSSION
IBD has complex causes including environmental factors and genetic susceptibility[24]. Familial history of IBD
is known to be an important risk factor for IBD[4,25,26].
However, the etiologies of IBD are still not completely
understood[26]. A positive family history of IBD has been
shown to increase the risk of developing IBD 10- to
15-fold for first-degree relatives and three-fold for close
relatives of IBD patients[2-4,27]. A family history of IBD
does not necessarily mean that a specific gene exists in all
patients, as they are also more likely to be exposed to the
same environmental risk factors for developing IBD as
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Familial UC
n = 27

Relatives with CD
n = 6 (19.2%)

Relatives with UC
n = 20 (74.1%)

Relative with intestinal
Behçet's disease
n = 1 (3.7%)

First relatives

First relatives

First relative

n = 4 (11.5%)

n = 17 (63.0%)

n = 1 (3.7%)

Second relatives
n = 2 (7.7%)

Second relatives
n = 3 (11.1%)

Figure 2 Family relations and relatives of familial ulcerative colitis. CD: Crohn's disease; UC: Ulcerative colitis.

Table 2 Comparison of location/extent and behavior of disease between familial and sporadic inflammatory bowel disease using the
Montreal classification n (%)
Type of IBD

Familial CD (n = 17)

Sporadic CD (n = 51)

P value

Familial UC (n = 27)

Sporadic UC (n = 81)

P value

3 (17.6)
2 (11.8)
12 (70.6)
0 (0.0)

11 (21.6)
9 (17.6)
31 (60.8)
0 (0.0)

11 (40.7)
15 (55.5)
1 (3.8)

28 (34.6)
47 (58.0)
6 (7.4)

0.645
0.826
0.677

9 (52.9)
3 (17.6)
5 (29.5)
4 (23.5)

33 (64.7)
8 (15.7)
10 (19.6)
12 (23.5)

> 0.999
0.718
0.568
> 0.999
0.668
0.391
> 0.999
0.504
> 0.999

Location/extent1
1
2
3
4
CD behavior2
1
2
3
Perianal fistula
1

CD location: 1 = L1 (ileum), 2 = L2 (colon), 3 = L3 (ileocolon), 4 = L4 (upper intestine); Extension of UC: 1 = E1 (proctitis), 2 = E2 (left-sided colitis), 3 = E3
(pancolitis); 2CD behavior: 1 = B1 (nonstricturing, nonpenetrating, inflammatory), 2 = B2 (stricturing), 3 = B3(penetrating). IBD: Inflammatory bowel disease; CD: Crohn’s disease; UC: Ulcerative colitis.

Table 3 Comparison of clinical characteristics between familial and sporadic inflammatory bowel disease n (%)
Familial CD (n = 17) Sporadic CD (n = 51)
Disease activity (at diagnosis)
Mean ± SD
< 150
150 ≤ and < 220
≥ 220
No. of hospitalizations
0
1-2
≥3
No. of relapses
0
1-2
≥3
Relapse duration after
diagnosis, mo
Follow-up duration after
diagnosis, mo

P value

Familial UC (n = 27)

Sporadic UC (n = 81)

P value

Mayo score
3.6 ± 2.0
0-2, 9 (33.3)
3-5, 14 (51.9)
6-12, 4 (14.8)

3.7 ± 1.8
18 (22.2)
52 (64.2)
11 (13.6)

0.673
0.428

25 (92.6)
1 (3.7)
1 (3.7)

73 (90.1)
7 (8.7)
1 (1.2)
72
9
0
21.3 ± 20.5

0.898

60 (12-85)

0.170

CDAI
120.5 ± 68.2
11 (64.7)
4 (23.5)
2 (11.8)

107.8 ± 82.1
36 (70.6)
8 (15.7)
7 (13.7)

9 (52.9)
6 (35.2)
2 (11.7)

35 (68.6)
14 (27.5)
2 (3.9)

13 (76.5)
4 (23.5)
0 (0.0)
49.3 ± 65.5

44 (86.3)
7 (13.7)
0 (0.0)
38.9 ± 44.5

0.907

22
5
0
58.2 ± 102.2

84 (24-312)

36 (8-240)

0.008

96 (12-240)

0.207
0.761

0.175

0.794

0.342

0.333

Ulcerative colitis (UC) relapse was defined as a partial Mayo score ≥ 4 or surgery for disease aggravation[12]. Crohn’s disease (CD) relapse was defined as a
Crohn’s disease activity index (CDAI) score ≥ 250, a CDAI score 150 ≤ CDAI score < 250 with a 75 point increase above the initial value during three consecutive weeks, or surgery for progressed Crohn’s disease, aside from perianal surgery[13].
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Table 4 Comparison of number of bowel resection surgeries between familial and sporadic inflammatory bowel disease n (%)
Familial CD (n = 17)

Phenotype
Number of surgeries
0
1
2

Sporadic CD (n = 51)

P value

Familial UC (n = 27) Sporadic UC (n = 81)

0.194
13 (76.5)
3 (17.6)
1 (5.9)

44 (86.3)
7 (13.7)
0 (0.0)

P value
0.759

27 (100)
0 (0.0)
0 (0.0)

79 (97.5)
2 (2.5)
0 (0.0)

CD: Crohn's Disease; UC: Ulcerative colitis.

Table 5 Medication types and adverse events in patients with familial and sporadic inflammatory bowel disease n (%)
Familial CD (n = 17) Sporadic CD (n = 51)
5-ASA
Steroid
Thiopurines
Anti-TNF antibodies
Suppository
5-ASA
Steroid
AEs by thiopurine
Leukopenia
Nausea
Arthralgia
Skin lesion
Pancreatitis
Elevation of liver enzyme

P value

Familial UC (n = 27) Sporadic UC (n = 81)

P value

16 (94.1)
7 (41.2)
7 (41.2)
3 (17.6)

50 (98.0)
15 (29.4)
28 (54.9)
0 (0.0)

> 0.999
0.551
0.406
0.014

17 (63.0)
5 (18.5)
5 (18.5)
0 (0.0)

64 (79.0)
18 (22.2)
11 (13.6)
0 (0.0)

0.124
0.684
0.540
-

1 (5.9)
0
4 (23.5)
4 (23.5)
0
0
0
0
0

0
2 (3.9)
8 (15.7)
7 (13.7)
1 (2.0)
0
0
0
0

0.250
> 0.999
0.477
0.448
> 0.999
> 0.999
> 0.999
> 0.999
> 0.999

3 (11.1)
18 (66.7)
1 (3.7)
1 (3.7)
0 (0.0)
0 (0.0)
0 (0.0)
0
0

1 (1.2)
35 (43.2)
6 (7.4)
4 (4.9)
0 (0.0)
1 (1.2)
1 (1.2)
0
0

0.047
0.035
0.677
> 0.999
> 0.999
> 0.999
> 0.999
> 0.999
> 0.999

UC: Ulcerative colitis; CD: Crohn’s disease; ASA: Aminosalicylates; TNF: Tumor necrosis factor; AE: Adverse events.

affected family members[28]. Moreover, in a Spanish twin
study, environmental factors were also shown to influence gene expression[29]. Familial aggregation was more
prevalent in CD than in UC patients in Western societies,
but the opposite was found in some Asian societies[5,9,30,31].
In several studies, 5%-15% of CD patients had a family
history of IBD and 8%-14% of UC patients had a family
history of IBD[17,18,30,32,33]. In South Korea, 1.51% of CD
patients and 2.01% of UC patients had a positive firstdegree family history of IBD[5]. A positive family history
was found in 2.7% and 2.6% of familial UC and CD in
a Japanese study, respectively[14]. Despite several studies
about the clinical phenotypes of familial IBD, there are
still inconsistent and inconclusive results[17,18,26]. In many
reports, the location, disease severity, behavior of disease,
and extraintestinal manifestations of CD were not significantly different in familial and sporadic disease[4,15,16,30,34-38].
However, contrary to these reports, some differences between familial and sporadic CD have been reported. Patients with familial CD had an earlier onset time[11,15,31,34],
more extensive disease[11,34], greater stricturing pattern[39], a
higher operation rate[39,40], and more ileal disease with less
ileocolonic disease compared to patients with sporadic
CD[17]. In UC studies, there was no difference in frequency of surgery or medical treatment between familial and
sporadic UC[26,35]. However, in other reports, some differences between familial and sporadic UC were reported.
There was worse disease severity[41], more frequent relapses[26], and more extensive colitis[1] in familial UC patients
compared to sporadic UC patients. In our study, there
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were no significant differences in age at symptom onset,
main symptom at diagnosis, extraintestinal manifestation,
location/extent, behavior of disease, disease activity at
diagnosis, number of hospitalizations, number of operations, operation type, number of relapses, or oral medical
treatment between familial and sporadic CD and familial
and sporadic UC patients, respectively. This study did find
that familial CD patients more frequently used anti-TNF
antibodies than sporadic CD patients. More frequent use
of anti-TNF antibodies in familial CD patients might be
explained by differing follow-up duration, since follow-up
durations for patients with familial CD were significantly
longer than those of sporadic CD patients. In our results,
there was more frequent use of suppositories containing
5-ASA and steroids in familial UC compared to sporadic
UC patients and more prevalent episcleritis in familial
than sporadic UC. To the best of our knowledge, there
have been no reports regarding the differences in usage
of suppositories and frequency of episcleritis between
familial and sporadic IBD.
There were several weak points in our study. First, the
number of enrolled patients was small, and the study was
performed in a single tertiary referral medical center. This
study was performed using the hospital-based registry
and was not a population-based cohort study. Therefore,
a population-based cohort study will be needed in the
future to evaluate the differences of clinical phenotypes
between familial and sporadic IBD patients. There may
have been a selection bias, and our results may not be
generalizable. Even though the number of patients en-
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rolled in this study is small (17 patients with familial CD;
27 patients with familial UC), we used a well-organized
electronic medical database to compare the differences
between familial and sporadic IBD.
In conclusion, a family history of IBD does not seem
to be an important predictive factor affecting clinical
characteristics or disease course, even if there is a more
frequent use of anti-TNF antibodies in familial CD patients compared to sporadic CD patients.
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that received PPIs and three of the four non-PPI patients experienced rebleeding. There were no differences between the groups in serum biochemistry or patient
characteristics. The rebleeding rate was not significantly
different between the groups, however, patients receiving PPIs had a significantly longer rebleeding interval
compared to non-PPI patients (22.2 ± 11.2 mo vs 8.5
± 5.5 mo; P = 0.008). The duration of PPI use was not
related to the rebleeding interval. A total of six patients,
who had ulcers at the injection site, exhibited a shorter
rebleeding interval (16.8 ± 5.9 mo) than patients without ulcers (19.9 ± 3.2 mo), though this difference was
not statistically significant.
CONCLUSION: PPI therapy can extend the rebleeding
interval, and should therefore be considered after EVO
treatment for gastric varices.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To clarify the efficacy of proton pump inhibitors
(PPIs) after endoscopic variceal obturation (EVO) with
N-butyl-2-cyanoacrylate.
METHODS: A retrospective study was performed on
16 liver cirrhosis patients with gastric variceal bleeding
that received EVO with injections of N-butyl-2-cyanoacrylate at a single center (Kyung Hee University Hospital
at Gangdong) from January 2008 to December 2012.
Medical records including patient characteristics and
endoscopic findings were reviewed. Treatment results,
liver function, serum biochemistry and cirrhosis etiology
were compared between patients receiving PPIs and
those that did not. Furthermore, the rebleeding interval was compared between patients that received PPI
treatment after EVO and those who did not.
RESULTS: The patient group included nine males and
seven females with a mean age of 61.8 ± 11.7 years.
Following the EVO procedure, eight of the 12 patients
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Key words: Cirrhosis; Endoscopic variceal obturation;
N-butyl-2-cyanoacrylate; Proton pump inhibitor; Rebleeding interval
Core tip: Endoscopic variceal obturation (EVO) with
N-butyl-2 cyanoacrylate is a first-line treatment for gastric variceal bleeding. Although proton pump inhibitors
(PPIs) are administered to decrease the adverse effects
of endoscopic variceal ligation, their effects following EVO
for gastric varices are unclear. In this study, patients who
received PPI therapy had a longer rebleeding interval
after EVO with N-butyl-2-cyanoacrylate, suggesting it has
beneficial effects for gastric variceal bleeding.
Jang WS, Shin HP, Lee JI, Joo KR, Cha JM, Jeon JW, Lim JU.
Proton pump inhibitor administration delays rebleeding after endoscopic gastric variceal obturation. World J Gastroenterol 2014;
20(45): 17127-17131 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i45/17127.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i45.17127
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INTRODUCTION

ing rate and time.

Bleeding from gastric varices (GV) is difficult to control and is associated with a high risk for rebleeding and
high mortality[1]. Fundic varices, increasing variceal size,
presence of a red spot, and advanced liver disease are all
associated with a high risk for hemorrhage and gastric
variceal bleeding[2,3]. Although control of variceal bleeding has improved over the past two decades, it is still the
most serious and fatal complication of portal hypertension and chronic liver disease[4-6]. Current methods to
manage and prevent GV bleeding include endoscopic
treatments such as sclerotherapy and band ligation, transjugular intrahepatic portosystemic shunts, and balloonoccluded retrograde transvenous obliteration. Of these,
endoscopic variceal obturation (EVO) with N-butyl-2cyanoacrylate (Histoacryl) can be performed as a first-line
treatment[7]. The first report on the use of tissue adhesive
agents to control GV bleeding was by Soehendra et al[8] in
1986 The injection of a cyanoacrylate can produce primary hemostasis in 70%-95% of patients with acute GV
bleeding, with an early rebleeding rate that ranges from
0% to 28% within 48 h[9-11], though with complications
such as delayed bleeding or rebleeding due to glue cast,
ulcer, infection, and embolism[12].
Bleeding from the ulcer after EVO occurs in up to
13% of patients[13-15]. Studies have shown that antacid use
can improve post-injection ulcers in the esophagus, and
also suggest that proton pump inhibitors (PPIs) could
be used to treat post-sclerotherapy ulcers complicated by
bleeding[16-20]. However, there are few reports that address
the effectiveness of PPIs for GV treated by injection
therapy. Therefore, the purpose of this study was to retrospectively evaluate the association between the rebleeding interval and the use of PPIs after EVO.

Treatment methods
A cyanoacrylate injection was performed using a GIF-H
260 (Olympus Corp., Tokyo, Japan) or EG-590WR (Fujinon Inc., Saitama, Japan) endoscope and a 23-gauge
disposable injection needle catheter (1650 or 1800 mm
in length). Injections included 1 cc of cyanoacrylate (B.
Braun Melsungen AG, Melsungen, Germany) and 1 cc of
lipiodol (Guerbet, Villepinte, France). Saline was administered through the catheter to deliver the glue mixture into
the varices, and the needle was removed while the glue
was flowing in order to decrease the risk of needle embedment. The catheter was then flushed with sterile water. The total amount of mixture used for EVO therapy
was decided by an expert endoscopist with consideration
of the type and size of varices. All procedures were performed by one expert endoscopist (HP Shin).

MATERIALS AND METHODS
Patient data
A total of 16 patients who underwent EVO for GV
bleeding at the Kyung Hee University Hospital between
January 2008 and December 2012 were retrospectively
enrolled in the study. Written informed consent was
obtained from each subject in accordance with the Declaration of Helsinki (1989) of the World Medical Association. PPI administration and duration were randomly
determined according to each patient’s physician. Three
kinds of full dose PPIs including 40 mg pantoprazole, 20
mg rabeprazole, and 20 mg omeprazole were orally administered every day. Patients with a history of vascular
anastomosis, portal vein thrombosis, liver transplantation,
hepatocellular carcinoma, pregnancy, allergies or past
adverse reactions to PPIs were excluded. Medical records
were reviewed and the following data were collected: (1)
patient characteristics, such as age and sex; (2) serum biochemistry, including total bilirubin, albumin, prothrombin
time, and creatinine level; (3) etiology of liver cirrhosis; (4)
endoscopy findings; (5) procedure-related complications
and mortality; (6) type and dose of PPI; and (7) rebleed-
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Statistical analysis
Statistical analyses were performed using SPSS software
(version 18; SPSS Inc., Chicago, IL, United States). A
Student’s t-test was used for comparison of quantitative
variables, and χ 2 test and Fisher’s exact tests were used
for qualitative variables. Results are expressed as the mean
± SD for continuous variables and as a number (percentage) for categorical data. A P value < 0.05 was considered
statistically significant.

RESULTS
Of the 16 patients enrolled, nine (56.3%) were male and
seven (43.7%) were female, with a mean age of 61.8 ±
11.7 years. The mean model for end-stage liver disease
(MELD) score for all patients was 14.6 ± 4.9, with hepatitis B as the most common etiology of liver cirrhosis
(6/16, 37.5%), followed by alcoholic liver cirrhosis (5/16,
31.3%), cryptogenic cirrhosis (4/16; 25.0%), and chronic
hepatitis C (1/16, 6.3%). The overall average results from
blood tests were: total bilirubin, 1.8 ± 1.6 mg/dl; albumin, 2.8 ± 0.5 g/dl; prothrombin time (international
normalized ratio), 1.6 ± 0.4; creatinine, 1.1 ± 0.3 mg/dl.
The rebleeding interval after the procedure was 18.8 ±
11.6 mo. Successful hemostasis was defined as vital sign
stability, no decrease in hemoglobin and no rebleeding
within 24 h after EVO. No serious postoperative complications were observed, such as distant embolization,
sepsis, mesentery hematoma or hemoperitoneum, and no
patient deaths occurred during hospitalization.
The PPI use group (n = 12) following EVO received
a full dose of PPI orally every morning for an average
of 11.7 wk. Eight of the 12 patients that received PPIs
and three of the four non-PPI patients experienced rebleeding. The group that received PPIs had a significantly
longer rebleeding interval compared to those that did
not (22.2 ± 11.2 mo vs 8.5 ± 5.5 mo; P = 0.008) (Figure
1). Although the mean patient age in the PPI group was
older, the difference was not significant. Six patients had
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P = 0.033

Table 1 Comparison of bleeding risk factors

40

Rebleeding interval (mo)

Characteristic
Age (yr)
Total bilirubin (mg/dL)
Albumin (g/dL)
Prothrombin time (INR)
Creatinine (mg/dL)
MELD score

30

20

PPI group

P -value

55.3 ± 2.1
2.2 ± 0.9
3.0 ± 0.4
1.7 ± 0.3
1.1 ± 0.2
15.8 ± 3.2

63.4 ± 3.7
1.7 ± 0.5
2.8 ± 0.1
1.6 ± 0.1
1.1 ± 0.1
14.2 ± 1.3

0.075
0.652
0.579
0.721
0.936
0.671

MELD: Model for end-stage liver disease; INR: International normalized
ratio; PPI: Proton pump inhibitor.

10

0

Non-PPI group

Non-PPI use group

PPI use group

Figure 1 Proton pump inhibitor use and rebleeding interval. PPI: Proton
pump inhibitor.

ulcers at a previous injection site. The rebleeding interval
for cases of GV with ulcers was 16.8 ± 5.9 mo, which
was shorter than, but not significantly different from,
patients without ulcers (19.9 ± 3.2 mo). Furthermore,
the rebleeding interval was not associated with the duration of PPI use (data not shown). There were no differences between patients treated with or without PPIs in
bilirubin, albumin, prothrombin time, creatinine levels or
MELD score (Table 1).

DISCUSSION
Portal hypertension can result in the formation of gastric and esophageal varices. Many patients with cirrhosis
experience an increase in the number of varices during
their lifetime. GV are present in 30% of patients with
compensated cirrhosis, and up to 60% of patients with
decompensated cirrhosis, at the time of diagnosis[21].
Variceal growth accompanies the progression of liver
failure, with esophageal varices progressing at rate of 9%
per year in patients with cirrhosis[22]. Christensen et al[23]
reported that detection of esophageal varices in a cirrhotic cohort increased from 12% to 90% over ten years.
Variceal bleeding is associated with a morality rate
of 30%-50%. A majority of survivors will experience
rebleeding, and a large percentage will die in the year following an episode[24,25]. Although bleeding occurs less
frequently in gastric compared to esophageal varices,
GV bleeding tends to be more severe, requiring more
red blood cell transfusions and with a higher mortality
rate[1]. Numerous studies have indicated that treatment of
GV with EVO and cyanoacrylate injection resulted in a
hemostasis ranging from 58% to 100% and a rebleeding
rate of 0%-40%[2,9,26-33], with a reported 28.5% of patients
experiencing rebleeding within the first year[34], though
one study reported that half of patients with poor hepatic
function experienced rebleeding within the first 6 wk[4].
Rebleeding can occur if the obturation is incomplete, or
if the glue cast breaks down before the variceal ﬁbrosis
matures. The rebleeding rate can be reduced by complete
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variceal obliteration, assessed by careful palpation with the
injector, ensuring that only drops of glue and blood effuse from the injection site after retraction of the injector,
or by computed tomography 3-5 d after the procedure.
Obstruction of the vessel by the injected cyanoacrylate
induces an inﬂammatory response followed by chronic
granuloma formation and ﬁbrosis due to the extrusion of
the glue through previously embolized vessels[35].
In this study, we observed that extravascular injection of a mixture of cyanoacrylate and lipiodol produced
oval-shaped polymerization products with irregular
margins. These submucosal glue polymers can induce
caseous necrosis[36] and explain the occurrence of gastric ulceration[37]. This ulcer type has a high probability
of vessel exposure, and the abundance of vessels in the
stomach wall can increase the severity and prolong the
inﬂammation. Furthermore, exposure to gastric acid may
suppress ulcer healing[38]. Therefore, adjuvant therapy
with PPIs, the most potent pharmacologic agents for
inhibiting gastric acid secretion[39] may prove to be beneficial for GV patients. Patients with ulcers in this study
showed shorter rebleeding intervals compared to those
without, although the small number of cases prevented
this difference from achieving significance. Overall, however, the results of this study support the use of acid
suppression therapy, which delayed GV rebleeding after
EVO.
This study has some limitations, including a possibility of selection bias due to the retrospective design,
such as a bias for PPI use based on the clinician’s subjective findings. However, the potential for recall bias was
substantially reduced as all the data were recorded immediately after individual treatment. This study group
size was too small to properly evaluate different PPIs, or
their duration of use. Therefore, additional prospective
studies with a larger population should be used to further
elucidate the benefits and effectiveness of various PPI
therapies in patients with GV treated by EVO.
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Background

Proton pump inhibitors (PPIs) are widely used after endoscopic variceal ligation.
Endoscopic variceal obturation (EVO) can be performed for gastric variceal
bleeding, but little is known about the effect of PPIs after EVO.

Research frontiers

Gastric variceal bleeding is challenging to control and is associated with a high
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risk for rebleeding. Therapies that include the use of PPIs to prevent bleeding
after EVO are gaining popularity, and thus research clarifying their efficacy is
needed.

Innovations and breakthroughs

In several studies, the use of antacids after sclerotherapy was shown to
improve post-injection esophageal ulcers, but has not been well studied for
treatment of gastric varices. Despite the limited number of patients, this study
suggests that PPIs may delay rebleeding caused by endoscopic sclerotherapy.
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Applications

EVO with N-butyl-2-cyanoacrylate can be performed as a first-line treatment for
gastric varices. However, rebleeding at the injection site can occur after EVO.
Although PPIs may help to minimize rebleeding, their use after EVO has not
been well studied. The results of the present study indicate that patients receiving EVO for treatment of gastric varices show delayed rebleeding with PPI use.

Terminology

PPIs inhibit gastric hydrogen potassium ATPases and are potent inhibitors of
gastric acid secretion. EVO consists of the injection of tissue adhesive agents
into the varices for the occlusion of vessels. N-butyl-2-cyanoacrylate is an injectable liquid material that when polymerized provides strong tension that can
be used to control bleeding from vascular structures.

Peer review
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The authors examined PPI therapy in patients undergoing EVO for treatment of
gastric varices. The results are especially useful for endoscopists, as there are
currently no specific guidelines concerning PPI usage after EVO. The results
suggest that PPIs can delay rebleeding, and indicate that larger, prospective
studies are warranted to further evaluate these beneficial effects.
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pha-fetoprotein (AFP) level of > 100 ng/ml and a standardized uptake value (SUV) of PET-CT of > 3.5 were
predictive factors for histologic grade of tumor, recurrence, and survival. Tumor size of > 5 cm and a relative
enhancement ratio (RER) calculated from preoperative
MRI were also significantly associated with prognosis
in univariate analysis. We established a scoring system
to predict prognosis using AFP, SUV, and RER. In those
with tumors of > 5 cm, it showed predicted both recurrence (p = 0.005) and survival (p = 0.001).
CONCLUSION: The AFP, tumor size, SUV and RER are
useful for prognosis preoperatively. An accurate prediction of prognosis is possible using our scoring system in
large size tumors.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Carcinoma; Hepatocellular; Hepatectomy;
Prognostic factor; Survival; Recurrence

Abstract
AIM: To select appropriate patients before surgical resection for hepatocellular carcinoma (HCC), especially
those with advanced tumors.
METHODS: From January 2000 to December 2012, we
retrospectively analyzed the medical records of 298 patients who had undergone surgical resections for HCC
with curative intent at our hospital. We evaluated preoperative prognostic factors associated with histologic
grade of tumor, recurrence and survival, especially the
findings of pre-operative imaging studies such as positron emission tomography-computed tomography (PETCT) and magnetic resonance imaging (MRI). And then,
we established a scoring system to predict recurrence
and survival after surgery dividing the patients into two
groups based on a tumor size of 5 cm.
RESULTS: Of the 298 patients, 129 (43.3%) developed
recurrence during the follow-up period. The 5 year disease free survival and overall survival were 47.0% and
58.7% respectively. In multivariate analysis, a serum al-
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Core tip: Tumor recurrence after surgical resection
for hepatocellular carcinoma is an obstacle to longterm survival. Thus, selection of appropriate patients
is important, especially those with advanced tumors.
Several factors responsible for the high recurrence and
poor survival rates after surgical resection have been
described. We evaluate the preoperative clinical factors
such as serum alpha fetoprotein, protein induced by
vitamin K absence or angiotensin-Ⅱ and the findings
of pre-operative imaging studies such as positron emission tomography-computed tomography and magnetic
resonance imaging. And then, we established a scoring
system to predict recurrence and survival after surgery.
Han JH, Kim DG, Na GH, Kim EY, Lee SH, Hong TH, You YK.
Evaluation of prognostic factors on recurrence after curative
resections for hepatocellular carcinoma. World J Gastroenterol
2014; 20(45): 17132-17140 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i45/17132.htm DOI: http://
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INTRODUCTION
Most cases of hepatocellular carcinoma (HCC) are accompanied by liver disease induced by viral hepatitis or
alcohol. Therefore, it is necessary to consider both the
tumor characteristics and hepatic function to determine
the most appropriate treatment method. There exist two
treatment options with curative intention: liver resection
and liver transplantation. However, other treatment modalities have also been reported to show survival advantages, such as radiofrequency ablation and transcatheter
arterial chemoembolization[1-3]. Despite this fact, there is
no evidence of any treatment more effective than surgical
resection, and surgery has thus been considered the gold
standard treatment for HCC[4,5]. Regardless, tumor recurrence after surgical resection has been reported in over
half of affected patients[6,7], and is the major obstacle to
long-term survival. Therefore, it is important to select
appropriate patients and evaluate preoperative predictive
factors for recurrence and survival, to ensure that liver resection is performed in those in the high-risk group who
would be most likely to benefit from surgery.
Several factors responsible for the high recurrence
and poor survival rates after surgical resection have been
described by investigators. One is tumor characteristics,
which are divided into morphological and biological
factors. Biological factors, especially tumor cell differentiation, are known to be more accurate in predicting
the prognosis than tumor morphology. However, preoperative needle biopsy is not generally recommended
because of the possibility of tumor seeding[8]. Therefore,
it is important to identify biological factors using an indirect method prior to surgery. Serum alpha fetoprotein
(AFP) and protein induced by vitamin K absence or angiotensin-Ⅱ (PIVKA-Ⅱ) can be analyzed using indirect
methods. Some investigators reported the usefulness of
positron emission tomography-computed tomography
(PET-CT) to detect HCC using standardized uptake values (SUVs)[9]. A noninvasive method using gadolinium
ethoxybenzyl diethylenetriamine penta-acetic acid (GdEOB-DTPA) magnetic resonance imaging (MRI) has also
been reported that the differentiation of enhancement
between the tumors and surrounding liver parenchyma
using Gd-EOB-DTPA-enhanced MRI can predict the
histological grade of HCC[10,11].
The aim of the present study was to determine the
disease-free and overall survival rates and evaluate the
preoperative clinical factors associated with histologic
grade of tumor, recurrence and survival, especially the
findings of pre-operative imaging studies such as PETCT and MRI.

MATERIALS AND METHODS
We retrospectively reviewed the medical records of 335
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patients who had undergone surgical resection for HCC
with curative intent from January 2000 to December 2012
at our hospital. We excluded 31 patients with confirmed
extrahepatic metastasis, vascular invasion, and positive
resection margins intraoperatively or postoperatively. Six
patients who died of liver failure or postoperative bleeding within 1 mo after surgery were also excluded. This
study was approved by the Institutional Review Board of
our center.
Preoperative evaluation
The indocyanine green (ICG) clearance test was performed in all patients to evaluate residual hepatic function. We measured the Child-Turcotte-Pugh (CTP) and
Model for End-stage Liver Disease (MELD) scores prior
to surgery. AFP and PIVKA-Ⅱ were assessed as tumor
markers, and all patients were preoperatively evaluated
by CT of the abdomen and chest. MRI, PET-CT, and
a bone scan were also conducted to identify metastases.
Gd-EOB-DTPA-enhanced MRI and PET-CT was routinely performed after March 2008 for all HCC patients.
100 patients were assessed MRI and PET-CT in this
study. If extrahepatic metastases or tumor thrombi in the
main portal vein were identified, the patient was excluded
from curative resection. Patients with a large amount of
ascites or hyperbilirubinemia as well as those who corresponded to Child class C were also excluded; however,
partial hepatectomy was performed in Child class B patients. In the ICG clearance test, we set the safe limit for
the ICG retention value as < 15% at 15 min for major
hepatectomy. For patients with an ICG retention value of
> 15%, we performed a partial hepatectomy[10]. Patient
age, sex, and underlying disease were collected as demographic data.
Radiological evaluation
Tumor number and size were determined preoperatively
by CT or MRI, and the size was based on the largest
diameter of the tumor. The histological grade of tumor
was recorded using the Edmondson-Steiner classification
based on the data in the pathology reports. 18F-fluoro2-deoxy-D-glucose (18F-FDG) PET-CT was routinely
performed for almost all patients with HCC. The SUV is
the tumor FDG uptake value that can effectively correct
the variation in relative tissue FDG uptake. The majority
of all candidates for HCC resection had been assessed
MRI prior to surgery using Gd-EOB-DTPA-enhanced
MRI using the same MRI system (Magnetom Verio;
Siemens Healthcare, Germany). Unenhanced, arterial,
portal, and hepatobiliary phase images were assessed.
We calculated the relative signal intensity ratio (RIR) of
the tumor and the surrounding liver parenchyma on the
unenhanced and hepatobiliary phase images, respectively.
We then compared these RIR values and calculated the
relative enhancement ratio (RER) of the tumor as follows[11]: RIR = Signal intensity of the tumor/Signal intensity of the liver parenchyma; RER = RIR on hepatobiliary phase image/RIR on unenhanced image.

17133

December 7, 2014|Volume 20|Issue 45|

Han JH et al . Preoperative prognostic factors for hepatocellular carcinoma

ous variables which have large standard variation were
converted to categorical variables using the ROC curve.
The logistic regression analysis was used for multivariate
analysis to identify the preoperative prediction factors of
tumor biology. The Cox proportional hazard regression
model was used for multivariate analysis to identify risk
factors independently associated with recurrence or survival. Survival data were analyzed using the Kaplan-Meier
method to describe the DFS and 5- and 10-year survival
rates. The survival time of the groups was compared using the log-rank test. P-values of < 0.05 were considered
to indicate statistical significance.

Table 1 Patients’ characteristics n (%)
Patients (n = 298)

Total
Age (yr)
Sex (male)
Disease
Hepatitis B
Hepatitis C
Alcohol
Others
PLT (× 103/µL)
Total bilirubin (mg/dL)
ICG at 15 min (%)
CTP score
MELD score
AFP (ng/mL)
PIVKA Ⅱ (mAU/mL)
Tumor number
Tumor size (cm)

56.4 ± 9.7
232 (77.9)
213 (71.5)
18 (6.0)
16 (5.4)
51 (17.1)
151.93 ± 70.11 (36.0-417.0)
1.17 ± 5.97 (0.11-7.88)
11.64 ± 13.95
5.40 ± 0.72
6.36 ± 2.93
1459.90 ± 10124.9
19.50 (4.30-268.31)1
499.1 ± 1434.7
44.50 (21.00-255.00)1
1.27 ± 0.85
4.49 ± 3.12

RESULTS

1

Data are shown as median (interquartile range). PLT: Platelet; ICG: Indocyanine green; CTP: Child-Turcotte-Pugh; MELD: Model for End-stage
Liver Disease; AFP: Alpha fetoprotein; PIVKA Ⅱ: Protein induced by vitamin K absence or angiotensin-Ⅱ.

The signal intensity (SI) of the tumor and the surrounding liver parenchyma were measured in the section
with the largest tumor diameter using regions of interests (ROIs). The ROIs of each tumor were set to avoid
necrotic areas, and the SI of the liver parenchyma was
assessed using the same ROI size used for the tumor,
including only the liver parenchyma as much as possible[11-13]. When the patients had a multicentric HCC, we
used the largest size of tumor to measure the ROIs. We
also evaluated the recurrence rate, disease-free survival
(DFS) rate, and survival rate. The factors associated with
recurrence and survival were identified. The predictive
factors of the tumor biology such as histological grade
were also evaluated.
Postoperative follow-up
All patients were managed with a standardized treatment
protocol. On the seventh day after surgery, follow-up
abdominal CT was performed for evaluation of the intraabdominal status. After discharge, we assessed tumor
markers, such as AFP and PIVKA Ⅱ, in the outpatient
clinic every 2 mo, and abdominal and chest CT was performed at intervals of 4 mo for the first year after surgery. During the second year after surgery, tumor markers
were evaluated at intervals of 3 mo, and CT was performed every 6 mo for the next year and then annually.
If recurrence was suspected or other abnormal findings
were noted, liver MRI and PET-CT were performed.
Statistical analysis
Mean, standard deviation, and ranges were used to
present numerical variables. Continuous variables were
compared by Student’s t-test. Differences in categorical
variables were analyzed with the χ 2 test. The continu-
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Patients’ characteristics
The mean age of all patients was 56.4 ± 9.7 (33-77)
years; among them, 232 (77.9%) were male. The most
common underlying disease was hepatitis B virus (HBV)
infection (71.5%), followed by hepatitis C virus (HCV)
infection (6.0%), and alcohol-related disease (5.4%). An
ICG clearance test was routinely performed prior to
surgery, and the mean ICG retention value was 11.64%
± 13.95%; 82.5% of patients did not exceed 15%. The
mean CTP score was 5.40 ± 0.72, and 90.6% of patients
corresponded to Child class A; no patients were Child
class C. The mean MELD score was 6.36 ± 2.93. We routinely assessed tumor markers prior to surgery. The mean
AFP level was 1459.90 ± 10124.9 ng/ml, and the mean
PIVKA Ⅱ was 499.1 ± 1434.7 mAU/ml. The preoperative mean tumor size was 4.49 ± 3.12 (0.5-16.0) cm, and
the mean number of tumors identified in preoperative
imaging studies was 1.27 ± 0.85. Among the 298 patients
enrolled in the present study, 112 (37.6%) underwent major liver resection, such as hemi-hepatectomy; 124 (41.6%)
underwent segmental liver resection; and 62 (20.8%) underwent partial resection. The median follow-up duration
was 32 mo (3-163 mo) (Table 1).
Preoperative prediction factors of the tumor biology
The tumor grade identified after surgery by pathology
was divided into low grade group (grade Ⅰ, Ⅱ) and high
grade group (grade Ⅲ, Ⅳ) based on the EdmondsonSteiner’s classification (E and S grade). And then, it was
compared to the preoperative factors. In univariate analysis, factors related to tumor biology were the mean tumor
size (p < 0.001), tumor size of > 5 cm (p = 0.003), mean
AFP (p = 0.023), AFP level of > 100 ng/mL (p < 0.001)
and mean PIVKA Ⅱ level (p = 0.001). The mean SUVs
obtained by preoperative PET-CT was also significantly
higher in the high grade group (p = 0.004). When compared on the basis of 3.5, there was most significantly
difference between two groups (p < 0.001). The value
of RER was statistically significantly lower in high grade
group than low grade group (p < 0.001). When compared on the basis of 0.6, it showed most significant difference between two groups (p = 0.001).
To identify factors influencing high grade tumor, a
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Table 2 Preoperative prediction factors for tumor biology n (%)
Variables
Tumor size (cm)
> 5 (n = 59)
AFP (ng/mL)
> 100 (n = 91)
PIVKA II (mAU/mL)
> 300 (n = 36)
SUVs on PET
> 3.5 (n = 44)
RER on MRI
< 0.6 (n = 11)

Low grade (Ⅰ, Ⅱ)

High grade (Ⅲ, Ⅳ)

(n = 134)

(n = 105)

3.83 ± 2.35
22 (16.4)
254.4 ± 771.0
37 (27.6)
214.2 ± 355.6
17 (12.7)
3.80 ± 2.21
15 (11.2)
0.80 ± 0.14
1 (0.7)

5.46 ± 3.75
37 (35.2)
3644.9 ± 16856.5
54 (51.4)
1079.1 ± 2248.3
19 (18.1)
5.83 ± 3.93
29 (27.6)
0.68 ± 0.12
10 (9.5)

P value
< 0.001
0.003
0.023
< 0.001
0.001
0.173
0.004
< 0.001
< 0.001
0.001

Multivariate
Relative risk

P value

1.695 (0.594–4.836)

0.324

2.897 (1.080-7.775)

0.035

1.000 (1.000-1.001)

0.303

3.305 (1.214-8.996)

0.019

1.888 (1.094–3.588)

0.050

AFP: Alpha fetoprotein; PIVKA Ⅱ: Protein induced by vitamin K absence or angiotensin-Ⅱ; SUVs: Standardized uptake values; PET: Positron emission tomography; RER: Relative enhancement ratio; MRI: Magnetic resonance imaging.

multivariate analysis of factors which was statistically
significance in univariate analysis was done. Among
them, AFP of > 100 ng/ml [Exp(B) = 2.897; 95%CI:
1.080-7.775; p = 0.035], SUVs on PET-CT > 3.5 [Exp(B)
= 3.305; 95%CI: 1.124-8.996; p = 0.019] and RER on
MRI < 0.6 [Exp(B) = 1.888; 95%CI: 1.094-3.588; p =
0.050] showed significant influence on high grade tumor
(Table 2).
Recurrence and related factors
Of the 298 patients, 129 (43.3%) developed recurrence
during the follow-up period. 114 (38.3%) developed recurrence within 2 years after surgery, and 86 (28.9%) developed recurrence within 1 year. In the survival analysis,
the cumulative proportion of recurrence in the first year
after surgery was 29.2%, that within 3 years was 48.7%,
and that within 5 years was 53.0%. The 5- and 10-year
DFS rates were 47.0% and 39.6%, respectively (Figure
1). Patient demographics and tumor characteristics were
compared between the recurrence and nonrecurrence
groups. In univariate analysis, factors related to tumor recurrence were the percentage of males (p = 0.026), AFP
level of > 100 ng/ml (p = 0.004), mean PIVKA Ⅱ level
(p = 0.048), mean tumor size, tumor size of > 5 cm (p <
0.001), and mean tumor number (p = 0.046). The mean
SUV obtained by preoperative PET-CT was significantly
higher in the recurrence group (p = 0.001). When the
SUVs of both groups were compared to the average of
3.5, a significant difference was noted (p = 0.005). We
also calculated the RER from the preoperative MRI and
compared it within both groups. The average RERs was
higher in the nonrecurrence group, but the difference was
not statistically significant (p = 0.295). However, when
the cutoff value was 0.6, RER was significantly higher in
the nonrecurrence group (p = 0.011).
To identify factors influencing recurrence, the factors
that showed significance in the univariate analysis were
subjected to a multivariate analysis. In the multivariate
analysis, male sex [Exp(B) = 2.192; 95%CI: 1.060-4.532;
p = 0.034], AFP of > 100 ng/ml [Exp(B) = 1.888;
95%CI: 1.094-3.588; p = 0.050], and an SUV on PET-CT
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of > 3.5 [Exp(B) = 2.025; 95%CI: 1.046-3.921; p = 0.036]
showed significant influences on recurrence (Table 3).
Survival and related factors
Of the 298 patients, 96 (32.2%) died during the followup period. Fifty (52.1%) patients died within 1 year after
surgery, and 86 (89.6%) died within 5 years. The cause
of death was HCC recurrence in 76 (79.2%) patients, hepatic failure in 11 (11.5%), sepsis in 3 (3.1%), and other
causes in 6 (6.2%). The overall mean survival period was
38.6 ± 3.0 mo in the nonrecurrence group and 24.6 ± 2.2
mo in the recurrence group, respectively (p < 0.001). The
5-year survival rates were 83.0% and 27.6%, respectively,
and the 10-year survival rates were 72.3% and 21.7%, respectively, in each group (p < 0.001) (Figure 1). We compared the patient demographics and tumor characteristics
between the death and survival groups. In univariate analysis, factors related to patient survival were CTP score
(p = 0.003), MELD score (p = 0.020), and an AFP level
of > 100 ng/ml (p = 0.005). The mean tumor size (p =
0.002), size of > 5 cm (p < 0.001), mean tumor number
(p = 0.005), and multiple tumors (p = 0.010). The SUV
obtained from the preoperative PET-CT was significantly
higher in the death group (p = 0.001). When the SUVs
of both groups were compared to the average of 3.5, a
statistically significant difference was noted (p < 0.001).
The average RERs was higher in the survival group, but
the difference was not significant (p = 0.295). However,
when the cutoff value was 0.6, the RER was significantly
higher in the survival group (p = 0.003).
To identify factors influencing survival, the factors
that had shown significance in the univariate analysis
were subjected to multivariate analysis. In the multivariate analysis, an AFP of > 100 ng/ml [Exp(B) = 3.061;
95%CI: 1.183-7.922; p = 0.021] and SUV on PET-CT of
> 3.5 [Exp(B) = 7.331; 95%CI: 2.182-24.630; p = 0.001]
showed significant influences on survival (Table 4).
Preoperative prediction of survival and recurrence using
a new scoring system
Based on these data, we established a scoring system to
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Table 3 Preoperative risk factors for recurrence n (%)
Variables
Age (yr)
Gender (male)
Cause of HCC (HBV:HCV:Alcohol:Others)
PLT (× 103/µL)
Bilirubin (mg/dL)
ICG
CTP scores
MELD scores
AFP (ng/mL)
> 100 (n = 101)
PIVKA II (mAU/mL)
> 100 (n = 55)
Tumor size (cm)
> 5 (n = 72)
Tumor number
Multiple (n = 40)
SUVs on PET CT
> 3.5 (n = 47)
RER (n = 100)
< 0.6 (n = 11)

Non recurrence

Recurrence

(n = 169)

(n = 129)

56.4 ± 9.6
123 (72.8)
116:11:8:34
155.07 ± 80.10
1.38 ± 7.88
12.54 ± 16.83
5.37 ± 0.72
6.26 ± 3.03
868.10 ± 4358.4
48 (28.4)
327.4 ± 886.0
32 (18.9)
3.84 ± 2.66
27 (16.0)
1.18 ± 0.57
19 (11.2)
3.84 ± 1.80
22 (13.0)
0.75 ± 0.16
4 (2.4)

P value

56.2 ± 9.9
109 (84.5)
97:7:8:17
149.53 ± 61.57
0.90 ± 0.97
10.43 ± 8.68
5.44 ± 0.71
6.48 ± 2.79
2212.3 ± 14588.5
53 (41.1)
795.1 ± 2040.9
23 (17.8)
5.28 ± 3.46
45 (34.9)
1.39 ± 1.10
21 (16.2)
5.94 ± 4.20
25 (19.4)
0.72 ± 0.12
7 (5.4)

0.717
0.026
0.402
0.500
0.491
0.271
0.409
0.521
0.264
0.004
0.048
0.466
< 0.001
< 0.001
0.046
0.124
0.001
0.005
0.295
0.011

Multivariate
Relative risk

P value

2.192 (1.060–4.532)

0.034

1.888 (1.094–3.588)

0.050

1.516 (0.797–2.882)

0.204

2.025 (1.046–3.921)

0.036

HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; HCV: Hepatitis C virus; PLT: Platelets; ICG: Indocyanine green; CTP: Child-Turcotte-Pugh;
MELD: Model for End-stage Liver Disease; AFP: Alpha fetoprotein; PIVKA Ⅱ: Protein induced by vitamin K absence or angiotensin-Ⅱ; SUVs: Standardized
uptake values; PET: Positron emission tomography; RER: Relative enhancement ratio.
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Figure 1 Disease-free survival and overall survival. A: Disease free survival; B: Overall survival.

predict recurrence and survival after surgery. We assigned
0 and 1 points on the basis of an AFP of 100 ng/ml,
SUV on PET-CT of 3.5, and RER on MRI of 0.6. We
then summed the scores. 50 patients met these criteria;
20 patients (40.0%) had 0 point, 14 (28.0%) patients had
1 point, and 16 (32.0%) patients had 2 or 3 points. This
scoring system was significantly predictive of survival (p
= 0.003) but not recurrence (p = 0.292) in all patients.
However, when the patients were divided into two groups
based on a tumor size of 5 cm, the score was not significantly predictive of recurrence (p = 0.234) or survival (p
= 0.264) in the group with a tumor size < 5 cm. However, the score was significantly predictive of both recur-
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rence (p = 0.005) and survival (p = 0.001) in the group
with a tumor size > 5 cm (Figure 2). The sensitivity of
this scoring system was 71.4%, specificity was 90.0%, and
the positive predictive value was 83.3% for the patients
with a tumor size > 5 cm.

DISCUSSION
Surgical resection is a curative treatment modality for
HCC. However, the major obstacle to surgical resection
is the high recurrence rate after surgery. Thus, appropriate patient selection and analysis of preoperative factors
predictive of prognosis are important to improve the
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Table 4 Preoperative factors associated with survival n (%)
Variable
Age (yr)
Gender (male)
Cause of HCC (HBV:HCV:Alcohol:Others)
PLT (× 103/µL)
Bilirubin (mg/dL)
ICG
CTP scores
MELD scores
AFP (ng/mL)
> 100 (n = 101)
PIVKA II (mAU/mL)
> 100 (n = 55)
Tumor size (cm)
> 5 (n = 72)
Tumor number
multiple (n = 40)
SUVs on PET CT
> 3.5 (n = 47)
RER (n = 100)
< 0.6 (n = 11)

Survival

Death

(n = 202)

(n = 96)

57.0 ± 9.6
150 (74.3)
143:14:9:36
151.84 ± 62.56
1.24 ± 7.21
12.05 ± 15.45
5.31 ± 0.63
6.08 ± 2.51
667.2 ± 3733.2
58 (28.7)
399.6 ± 1200.3
42 (20.8)
4.08 ± 2.86
36 (17.8)
1.17 ± 0.59
20 (9.9)
4.09 ± 2.45
28 (13.9)
0.75 ± 0.15
7 (3.5)

55.2 ± 9.8
82 (85.4)
70:4:7:15
152.11 ± 84.19
1.04 ± 1.15
10.61 ± 9.21
5.59 ± 0.84
6.93 ± 3.76
3086.7 ± 16970.2
43 (44.8)
941.6 ± 2169.4
13 (13.5)
5.30 ± 3.47
36 (37.5)
1.48 ± 1.19
20 (20.8)
6.57 ± 4.35
19 (19.8)
0.70 ± 0.13
4 (4.2)

P value
0.131
0.102
0.568
0.975
0.783
0.496
0.003
0.020
0.057
0.005
0.066
0.159
0.002
< 0.001
0.005
0.010
0.001
< 0.001
0.295
0.003

Multivariate
Relative risk

P value

1.682 (0.310-9.116)
5.413 (0.895-32.718)

0.066
0.547

3.061 (1.183-7.922)

0.021

1.796 (0.705-4.574)

0.220

2.475 (0.505-12.137)

0.264

7.331 (2.182-24.630)

0.001

HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; HCV: Hepatitis C virus; PLT: Platelets; ICG: Indocyanine green; CTP: Child-Turcotte-Pugh;
MELD: Model for End-stage Liver Disease; AFP: Alpha fetoprotein; PIVKA Ⅱ: Protein induced by vitamin K absence or angiotensin-Ⅱ; SUVs: Standardized
uptake values; PET: Positron emission tomography; RER: Relative enhancement ratio.

recurrence and survival rates. We analyzed tumor cell differentiation, recurrence and survival using preoperative
factors to select the most appropriate patients for surgical
resection, then established a novel scoring system that
incorporates the most important influencing factors.
In previous reports of prognosis after surgery for
HCC, the 3- and 5-year survival rates were 46%-47% and
26%-68%, respectively. The 5-year disease-free survival
rate was 24%-56% in those studies[7,14,15]. In our study, the
3- and 5-year survival rates and 5-year disease-free survival rate were 66.4%, 58.7% and 47.0%, respectively. These
results are better than those reported previously. Some
investigators have reported that several prognostic factors
are related to recurrence and survival rates after surgical
resection for HCC. Chen et al[16] reported that a tumor
size > 5 cm was significantly related to a worse prognosis
after surgery, and Miyaaki et al[17] reported that high levels
of tumor markers such as AFP or PIVKA Ⅱ were closely related to a poor prognosis. Preoperative MELD or
CTP scores are also well known predictive factors for the
prognosis of HCC[18,19]. Tumor biology, such as tumor
differentiation, was reported to be closely related to prognosis after surgery[20,21]; thus, this should also be predicted
prior to surgery to reduce the recurrence and survival
rates. Needle biopsy can be performed to confirm the
histological grade of the tumor prior to surgery[22]; however, this is not generally recommended because of the
complications associated with the procedure itself, such
as tumor seeding or bleeding. Furthermore, it is not possible to obtain an precise result by needle biopsy alone if
the tumor is of a heterogeneous nature[8]. Therefore, it is
important to evaluate tumor differentiation using an in-
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direct method prior to surgery; evaluation of serum AFP
and PIVKA-Ⅱ levels is one such method[23,24].
Talbot et al[9] reported that the degree of SUVs on
PET-CT can predict tumor differentiation. Kitamura et
al[25] assessed the difference in SUVs between the tumor
and the surrounding tissue and reported that the recurrence rate increased significantly with an increasing difference in the SUVs. In our study, the higher SUVs of
the tumors were correlated with poor tumor cell differentiation, higher recurrence rates and lower survival rates.
The most significant difference was between the SUVs
of both groups and the average of 3.5. Some reports
have stated that the histological grade of a tumor can be
predicted by evaluating the signal intensity of the tumor
on MRI using hepatocyte-specific contrast media such
as Gd-EOB-DTPA[12,26]. Kim et al[11] reported that the
difference in enhancement between the tumor and the
surrounding liver parenchyma is predictive of the histological grade of HCC. However, whether this difference
in enhancement is directly correlated with the prognosis
after surgery has not been investigated to date. Our findings showed that this difference (RER) was significantly
correlated with tumor cell differentiation, the recurrence
and survival rates. A higher recurrence rate and lower
survival rate were identified in the group with an RER of
< 0.6. However, multivariate analysis with RER was not
possible because an insufficient number of patients underwent routine MRI. Thus, further investigation of RER
is necessary. In addition to SUVs on PET-CT, RER may
be predictive of the prognosis after surgical resection.
Upon multivariate analysis, an AFP of > 100 ng/ml
and SUVs on PET-CT of > 3.5 were significantly as-
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Figure 2 Prediction of recurrence and survival using the new scoring system. Our new scoring system is based on the alpha fetoprotein (AFP) of 100 ng/mL,
standardized uptake values (SUVs) on positron emission tomography-computed tomography (PET-CT) of 3.5 and relative enhancement ratio (RER) on magnetic
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sociated with the recurrence and survival rates as well as
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the tumor cell differentiation. The mean tumor size and
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tumors of > 5 cm, mean PIVKA Ⅱ level, and RER of
< 0.6 showed significant results in the univariate analysis.
Based on these data, we established a scoring system to
predict the prognosis after surgical resection. We scored
patients based on an AFP of 100 ng/ml, SUVs on PETCT of 3.5, and RER of 0.6, and analyzed the correlation
between the summed scores and the recurrence and survival rates. We divided the patients into two groups based
on a mean tumor size of 5 cm. In the group with a mean
tumor size > 5 cm, the score was significantly associated
with both the recurrence and survival rates; however,
this was not so in the group with a mean tumor size < 5
cm. There is consensus that surgical resection is the gold
standard treatment for small HCC, but not large HCC.
However, surgical resection also can be recommended
to patients with large tumors who show a good prognosis (0 or 1 point) using this scoring system. The patients
with large HCC and high score (2 or 3 point) should be
needed careful, close monitoring and adjuvant therapy
after surgery. Our study had a number of limitations. It
was neither prospective nor case-controlled, and relatively
few cases were included. Thus, the factors that showed
significant results in this study should be confirmed in a
prospective study that includes a larger number of cases.
In conclusion, in cases with an AFP of > 100 ng/ml
and SUVs on PET-CT of > 3.5, it is possible to predict
high histologic grade of tumor, the recurrence and survival rates preoperatively. The tumor size, serum PIVKA
Ⅱ level, and RER were also predictive of the prognosis
after surgery. Furthermore, based on these data, it is possible to predict a good prognosis after surgical resection
using our scoring system even in high-risk patients with a
mean tumor size of > 5 cm.

Peer review

This manuscript retrospectively reports a large monocentric experience of curative hepatic resection after HCC. It’s a very useful study on clinical treatment for
HCC.
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Abstract
AIM: To evaluate the survival benefits of different
treatment strategies for hepatocellular carcinoma (HCC)
patients with portal vein tumor thrombus (PVTT) and to
determine the prognosis factors.
METHODS: Between 2007 and 2009, 338 HCC patients treated for PVTT were retrospectively studied.
The patients were divided into 4 groups that underwent
different treatments: the conservative treatment group
(n = 75), the transarterial chemoembolization (TACE)
group (n = 86), the hepatic resection group (n = 90),
and the hepatic resection associated with postoperative TACE group (n = 87). Survival rates were determined using the Kaplan-Meier method and differences
between the groups were identified through log-rank
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analysis. Cox’s proportional hazard model was used to
identify the risk factors for survival.
RESULTS: The mean survival periods for patients in
the conservative treatment, TACE, hepatic resection
and hepatic resection associated with postoperative
TACE groups were 3.8, 7, 8.2 and 15.1 mo, respectively. Significant differences were observed in the survival
rates. For the surgical resection associated with postoperative TACE group, the survival rates after 1, 2 and
3 years were 49%, 37% and 19%, respectively. These
results were significantly higher than those of the other
groups (P < 0.05). Meanwhile, the 1, 2 and 3 year survival rates for the surgical resection group were 28%,
20% and 15%, whereas those for the TACE group were
17.5%, 0% and 0%, respectively. These values significantly increased after hepatic resection compared with
those after TACE (P < 0.05).
CONCLUSION: Surgical resection is the most effective
therapeutic strategy for HCC patients with PVTT and
results in high hepatic functional reserve. For patients
who can tolerate the procedure, postoperative TACE is
necessary to prevent recurrence and prolong the survival period.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatocellular carcinoma; Portal vein tumor thrombosis; Conservative treatment; Transarterial
chemoembolization; Surgical resection; Postoperative
transarterial chemoembolization
Core tip: Hepatocellular carcinoma (HCC) with portal
vein tumor thrombosis (PVTT) is generally considered
to be related to or an absolute contraindication for hepatic resection or adjuvant chemotherapeutic methods
such as transarterial chemoembolization (TACE). Only
conservative and palliative treatments are available.
However, many experts have indicated that surgery
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or TACE prolongs survival and lowers recurrence compared to palliative treatments. Thus, treatments of HCC
with PVTT remain controversial. Our study explored appropriate treatment strategies and identified prognostic
factors by comparing the survival periods and rates for
HCC-PVTT patients with 4 kinds of treatments.
Ye JZ, Zhang YQ, Ye HH, Bai T, Ma L, Xiang BD, Li LQ. Appropriate treatment strategies improve survival of hepatocellular
carcinoma patients with portal vein tumor thrombus. World J
Gastroenterol 2014; 20(45): 17141-17147 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i45/17141.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i45.17141

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most frequent malignant tumor in the world and leads to 500000
deaths globally every year[1]. Approximately 30% of HCC
patients have concurrent portal vein tumor thrombus
(PVTT)[2], which appears to be terminal stage HCC.
PVTT is closely related to intrahepatic metastasis and
recurrence after surgical resection and/or transarterial
chemoembolization (TACE) and results in poor prognosis. The mean survival period for patients with untreated
HCC is 2.4-4 mo compared with 24.4 mo for patients
with untreated HCC who do not have PVTT[3-5]. PVTT is
considered to be related to or is an absolute contraindication for hepatic resection or adjuvant chemotherapeutic
methods such as TACE. Only conservative and palliative
treatments are currently available. However, the development of surgical techniques and adjuvant chemotherapy,
hepatic resection, TACE and hepatic resection associated
with postoperative TACE have been reported to prolong
survival periods compared to conservative treatments[6-8].
Thus, the treatment and management of HCC with
PVTT remain complicated and controversial. Our study
compared the survival periods and rates of HCC-PVTT
patients after different treatment strategies and identified
prognostic factors.

MATERIALS AND METHODS
Patients
The inclusion criteria were as follows: (1) HCC with tumor thrombus in the first branch and/or main trunk of
the portal vein, as confirmed by preoperative imaging or
intraoperative exploration; (2) solitary tumor or multiple
nodules that are mainly located in 1 or 2 adherent hepatic
lobes and PVTT that can be removed with the tumors
during preoperative assessment; (3) no distant metastasis;
(4) no preoperative TACE/radiofrequency ablation; (5)
candidates for hepatic resection and postoperative TACE
with moderate hepatic function (Child-Pugh A or B) and
sufficient functional hepatic reserve; (6) candidates for
TACE with moderate hepatic function (Child-Pugh A or
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B) but insufficient hepatic functional reserve; (7) conservative therapy; and (8) tumor size ≤ 10 cm.
Between January 2007 and December 2009, 338
HCC-PVTT patients who met the inclusion criteria were
treated at the Hepatobiliary Surgery Department or the
Interventional Therapy Department of Guangxi Medical University, China. The mean age of the patients (309
men and 29 women) was 46.1 ± 10.1 years (range: 31-76
years). A total of 152 patients (44.9%) had alpha-fetoprotein (AFP) levels > 400 ng/mL. Serum test results for
66 patients (19.5%) were positive for hepatitis B surface
antigen, most of whom had underlying cirrhosis (75.1%).
According to the Child-Pugh classification, 315 patients
(93.2%) were classified as Child-Pugh A and 23 patients
(6.8%) as Child-Pugh B. Mean tumor diameter was 6.5
cm (range: 3.6-9.6 cm). Tumor thrombi were found in
the first branch in 261 patients (77.2%) and extended to
the main trunk of the portal vein in 77 patients (22.8%).
Study design
A total of 338 patients were divided into the following 4
groups and underwent different treatments: (1) conservative treatment group, which consisted of 75 patients
treated with immunotherapy combined with nutritional
therapy; (2) the chemotherapy group, which consisted
of 86 patients treated with TACE; (3) the hepatic resection group, which consisted of 90 patients in whom
tumors and PVTT were resected en bloc or thrombi
were removed from the portal vein branch and/or trunk;
and (4) the hepatic resection combined with postoperative TACE group, which consisted of 87 patients who
underwent postoperative TACE after hepatectomy and
thrombectomy.
Liver resection
Left hemihepatectomy was performed in 22 patients,
right hemihepatectomy in 19 patients, left partial hepatectomy in 23 patients, right partial hepatectomy in 23
patients, partial median hepatectomy in 36 patients, and
complete caudate lobe resection and extended left lateral
segmentectomy in 3 patients. PVTT was removed in all
patients who underwent hepatectomy. Hepatic vein tumor thrombus was simultaneously removed in 6 patients
(3 with inferior vena cava thrombus and 3 with superior
vena cava tumor thrombus), whereas extrahepatic bile
conduct tumor thrombi were removed from 10 patients.
TACE
The indications for adjuvant or postoperative TACE in
patients were based on tumor location, tumor number,
absence of ascites and total bilirubin level < 3 mg/dL.
TACE was performed after diagnostic hepatic angiography. Contrast medium was injected into the arteries via a
4.1-French RC1 catheter, which was introduced into the
abdominal aorta via the right superficial femoral artery
using the Seldinger technique. Afterwards, the number,
locations, size and arterial branches supplying the tumors
were identified. Iodized oil (10-20 mL), gelfoam particles
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Table 1 Clinical and pathological characteristic of 338 patients n (%)

Gender male
female
Age (yr)
Child Pugh classification A
B
AFP (ng/mL) ≥ 400
< 400
HBsAg (+)
(-)
Tumor number = 1
>1
Tumor size (cm)
Tumor location
Left lobe
Right lobe
Left and right lobe
Caudate lobe
Tumor thrombus location
Left branch
Left branch extending to main trunk
Right branch
Right branch extending to main trunk
Left and right branch extending to main trunk
Portal vein diameter (cm)
< 1.3
≥ 1.3

Conservative
treatment (n = 75)

TACE (n = 86)

69 (92)
6 (8)
49.5 ± 8.7
69
6
27
48
21
54
48
27
7.5 ± 2.1

80 (93)
6 (6.9)
45.6 ± 10.2
78
8
38
48
18
68
32
54
6.5 ± 2.7

81 (90)
9 (10.4)
49.3 ± 10.7
84
6
48
42
12
78
51
39
6.9 ± 1.6

79 (90)
8 (10)
44.2 ± 11.1
84
3
39
48
15
72
51
36
6.2 ± 2.5

21
36
15
3

24
42
18
2

27
39
21
3

18
54
15
0

24
6
33
6
6

34
6
32
4
10

30
6
36
9
9

33
3
39
3
9

30
45

48
38

48
42

48
41

Hepatic resection
Hepatic resection
(n = 90)
with TACE (n = 87)

P value
0.381
0.714
0.601
0.704
0.702
0.124
0.168
0.319

0.528

0.161

TACE: Transarterial chemoembolization.

with doxorubicin (30-50 mg) and cisplatinum (50-100
mg) were injected into the arterial branches. After 1 mo,
follow-up computed tomography (CT) was performed to
determine the effects of TACE. Based on liver function
and tumor shrinkage, TACE was repeated in the TACE
group as well as in the surgical resection combined with
postoperative adjuvant chemotherapy group at 1 mo intervals. The number of TACE cycles varied from 1 to 7.
Follow-up
Before conservative therapy, hepatectomy or TACE, all
patients were evaluated in terms of baseline history and
physical examination, serum laboratory tests, imaging
studies [such as ultrasound, CT, magnetic resonance imaging (MRI) and angiography] and pathological diagnosis.
After initial hepatectomy or TACE, serum AFP level
was routinely measured and B-scan ultrasonography, dynamic CT or MRI was performed at the end of the first
month and then every 3 mo. When intrahepatic recurrence was suspected, dynamic CT, MRI, angiography or
pathological investigation via fine-needle aspiration cytology under guided imaging was performed to confirm a
patient’s condition. All patients were followed up by the
Hepatobiliary Surgery Department or the Interventional
Therapy Department until June 30, 2012, or until death.
Statistical analysis
Statistical data analyses were performed using SPSS 18.0
statistical software. Comparisons of the 2 groups’ base-

WJG|www.wjgnet.com

line characteristics were performed using the χ 2 test. Survival time was defined as the period between the initial
conservative therapy, hepatic resection or TACE and the
date of death or the end of the study for surviving patients. Survival rates were determined using the KaplanMeier method and differences between groups were identified using log-rank analysis. Cox’s proportional hazards
model was used to identify the risk factors for survival. P
< 0.05 was considered statistically significant.

RESULTS
The clinical characteristics of the 338 HCC-PVTT
patients are summarized in Table 1. No statistical differences were found in the clinical and pathological variables, including sex, age, AFP, hepatitis B surface antigen,
Child-Pugh classification, tumor location, tumor size and
tumor thrombus locations in the 4 groups (P > 0.05).
Survival periods
There were significant differences in the survival rates
between the 4 groups (Table 2). For the surgical resection
associated with postoperative TACE group, the survival
rates after 1, 2 and 3 years were 49%, 37% and 19%,
respectively, and the mean survival period was 15.1 mo,
significantly higher than those of the other 3 groups (P <
0.05). For the surgical resection group, the 1, 2 and 3 year
survival rates were 28%, 20% and 15%, whereas those
for the TACE group were 17.5%, 0% and 0%, respec-
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Table 2 Mean survival periods and survival rates of different groups
Groups

Mean survival periods (mo)

1 yr survival rate

2 yr survival rate

3 yr survival rate

3.8
7.0
8.2
15.1

0%
17.5%
28%
49%

0%
0%
20%
37%

0%
0%
15%
19%

Conservative treatment
TACE
Hepatic resection
Hepatic resection with TACE
TACE: Transarterial chemoembolization.

DISCUSSION

Table 3 Factors affecting the survival status of hepatocellular
carcinoma patients with portal vein tumor thrombus
Mean survival
periods (mo)
Tumor thrombus location
First branch
Branch extending to main trunk
Number of postoperative TACE cycles
0
1-2
≥3

P value
0.012

8.3 ± 2.1
14.5 ± 3.6
< 0.0001
8.2 ± 1.3
15.1 ± 2.4
21.6 ± 4.1

TACE: Transarterial chemoembolization.

tively. The values for these groups significantly increased
after surgical resection compared with those after TACE
(P < 0.05) and the mean survival periods were 7 and 8.2
mo, respectively. Meanwhile, the 1, 2 and 3 year survival
rates for the conservative treatment group were 0% and
the mean survival period was only 3.8 mo, the lowest of
the 4 groups (P < 0.05).
Predictors of postoperative survival
Multivariate analysis revealed that the location of the
tumor thrombus and the number of TACE cycles are
independent predictors of postoperative survival (Table 3,
Figure 1). The mean postoperative survival period for patients with HCC and PVTT in the first branch or higher
order was significantly longer than those with PVTT extending to the main trunk of the portal vein (14.5 ± 3.6
mo vs 8.3 ± 2.1 mo, P = 0.012). The survival period for
patients who received ≥ 3 postoperative TACE cycles
(21.6 ± 4.1 mo) was significantly longer than those for
patients who did not receive postoperative TACE (15.1 ±
2.4 mo) or who received only 1-2 cycles of postoperative
TACE (8.2 ± 1.3 mo) (P < 0.0001). The tumor number,
location and size and other clinicopathological characteristics were not related to postoperative survival.
Factors affecting HCC-PVTT patients’ survival
Cox’s proportional hazard model was used to analyze the
pretreatment and treatment variables of all 338 patients.
Multivariate analysis revealed that the strategy of treatment (TACE) is an independent prognostic factor for
HCC-PVTT patients (Table 3). Compared with TACE,
hepatic resection significantly reduced the recurrence rate
and prolonged the survival period (mean survival period:
7 mo vs 8.2 mo, P < 0.05).

WJG|www.wjgnet.com

Significance of hepatic resection
PVTT is generally considered to be related to or an absolute contraindication for hepatic resection. Only conservative or palliative treatments are currently available. Of
the surgical techniques developed, hepatic resection along
the portal tributary is effective in eradicating the main
solitary tumor, as well as the tumor’s surgical margins,
possible satellites, nodules and PVTT, and reducing the
high risk microportal invasion area and intrahepatic metastasis of HCC[9]. Based on the theory proposed by Fan
et al[10], hepatectomy plus thrombectomy can reduce portal vein pressure and thus prevent the occurrence of intractable ascites and bleeding of esophageal varices. The
method also allows recovery of blood flow in the portal
vein, improves liver function, reduces tumor burden and
increases the efficacy of postoperative multimodality
treatments, such as TACE, hepatic artery infusion, portal
vein infusion and biotherapy. Fan et al[10] also reported
that the mean survival periods of HCC-PVTT patients
in the conservative therapy group, chemotherapy group,
hepatic resection group and hepatic resection plus adjunctive chemotherapy group were 3.6, 7.3, 10.1 and 15.1
mo, respectively. The overall 0.5, 1, 2 and 3 year survival
rates of patients who underwent surgical resection combined with adjunctive chemotherapy were 55.8%, 39.3%,
30.4% and 15.6%, respectively, the highest of the 4
groups (P < 0.0001). The survival period of patients who
underwent surgical resection was significantly longer than
that of patients who underwent conservative therapy (P
= 0.001). Meanwhile, the survival rates of patients who
underwent surgical resection were significantly higher
than those of patients who underwent chemotherapy (P
= 0.019). These findings are similar to the results of the
current study. In our study, the 1, 2 and 3 year survival
rates for the surgical resection associated with postoperative TACE group were 49%, 37% and 19%, respectively,
and the mean survival period was 15.1 mo, significantly
higher than those of the other 3 groups (P < 0.05). The 1,
2 and 3 year survival rates for the surgical resection group
were 28%, 20% and 15%, respectively, whereas those for
the TACE group were 17.5%, 0% and 0%. The values
for these 2 groups increased more significantly after surgical resection than for those after TACE (P < 0.05). The
mean survival periods were 7 and 8.2 mo in the surgical
resection and TACE groups, respectively. Meanwhile, the
1, 2 and 3 year survival rates for the conservative treat-
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Figure 1 Survival curves of hepatocellular carcinoma patients with portal vein tumor thrombus in different treatment groups. TACE: Transarterial chemoembolization.

ment group were all 0% and the mean survival period
was 3.8 mo, the lowest of the 4 groups (P < 0.05). Hepatic resection can reportedly improve patients’ quality
of life and survival rates[11-13]. Thus, hepatic resection is
an effective radical therapy for HCC-PVTT patients and
results in sufficient hepatic functional reserve.
Efficacy of postoperative TACE
Cancer recurrence in the remnant liver is the major
contributor to postoperative death in HCC patients[8,14],
possibly because of preoperative, invisible intrahepatic
metastasis in the residual liver, tumor cell dissemination
during hepatic resection manipulation, or the multicentric
origin of the tumor[15]. Invisible intrahepatic metastasis
via the portal venous system is the primary mechanism
for intrahepatic recurrence[16-18]. Lipiodol selectively accumulates in the tumors when delivered intra-arterially
and acts as a carrier for anticancer drugs. Postoperative
TACE can effectively block the tumor’s nutrient vessels,
thus allowing large doses of sustainable chemotherapeutic drugs to kill the residual microscopic HCC cells in the
remnant liver and circulation without damaging normal
liver cells[19-21]. Fan et al[10] showed that the overall 0.5, 1, 2
and 3 year survival rates of patients who underwent surgical resection combined with adjunctive chemotherapy
were 55.8%, 39.3%, 30.4% and 15.6%, respectively, and
the mean survival period was 15.1 mo. However, the
overall 0.5, 1, 2 and 3 year survival rates of patients who
underwent surgical resection only were 46.8%, 22.7%,
9.8% and 0%, respectively, and the mean survival period
was 10.1 mo. These results show a significant difference
between the 2 groups (P < 0.001). We found that for the
surgical resection associated with postoperative TACE
group, the survival rates after 1, 2 and 3 years were 49%,
37% and 19%, respectively, and the mean survival was
15.1 mo. Meanwhile, the 1, 2 and 3 year survival rates for
the surgical resection group were 28%, 20% and 15%,
respectively, and the mean survival was 8.2 mo. These
results show a significant difference between these 2
groups (P < 0.05). Our results and those of Jia indicate
that postoperative TACE can reduce the recurrence rate
and prolong the survival period. Therefore, postoperative
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TACE should be recommended for HCC-PVTT patients
with residual liver function that can tolerate TACE to
eliminate micrometastases that could not be removed by
hepatic resection or malignant cell shedding during the
surgical procedure.
Efficacy of TACE for unresectable HCC
The natural history of unresectable HCC with PVTT
is poor. The mean survival period for these patients reportedly ranges from only 2.4 to 4 mo[3,4]. As previously
stated, PVTT is also generally considered to be related
to or an absolute contraindication for TACE. However,
TACE has been shown to yield promising results[7,8]. The
benefits of TACE are as follows: (1) blockage of the
main nutrient vessels of the tumor and prevention of
compensatory circulation growth; and (2) reduction in
portal vein pressure and prevention of intractable ascites
and bleeding of esophageal varices[22]. Luo et al[7] reported
that mean survival periods for the TACE and conservative groups were 7.1 and 4.1 mo, respectively. The 3, 6,
12 and 24 mo overall survival rates for the TACE and
conservative groups were 85.6%, 56.4%, 30.9% and 9.2%,
and 63.6%, 28%, 3.8% and 0%, respectively. The TACE
group had a significantly better overall survival than the
conservative group (P < 0.001). Our findings reveal that
the mean survival periods for the TACE and conservative
groups were 7.8 and 3.0 mo, respectively. The 1, 2 and 3
year overall survival rates for the TACE and conservative
groups were 7.5%, 0% and 0%, and 0%, 0% and 0%, respectively. TACE resulted in a significantly better overall
survival than conservative treatment (P < 0.05). However,
Huang et al[23] showed that although TACE had been confirmed as an effective and safe therapeutic strategy for
terminal stage HCC patients, the number of TACE cycles
should not exceed 3 because repeated chemotherapy or
chemoembolization can damage the remnant liver parenchyma, particularly in cirrhotic patients, and lead to liver
function impairment or deterioration[24,25]. Consequently,
the number of postoperative TACE cycles should be decided based on the patient’s liver function and response
to TACE. However, TACE should be recommended as
an effective and safe treatment for patients with unresect-
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able HCC and PVTT because it leads to significantly better survival than conservative treatments.
Prognostic factors for the survival of HCC-PVTT patients
Our study showed that tumor thrombus location is an
independent risk factor for postoperative survival. The
mean postoperative survival period for HCC-PVTT
patients in the first branch or higher order was 14.5 ±
3.6 mo. By contrast, the mean postoperative survival for
HCC-PVTT patients that extends to the main trunk of
the portal vein was 8.3 ± 2.1 mo. These values indicate a
significant difference (P = 0.012). Cheng et al[26] reported
that for HCC patients with PVTT sizes of 2 cm in the
portal vein trunk, hepatic resection resulted in better
survival than nonsurgical treatments. However, no significant difference in survival was found between hepatic resection and nonsurgical treatments in HCC patients with
PVTTs < 2 cm in the portal vein trunk.
Multivariate analysis revealed that the number of
TACE cycles (mean survival period: 21.6 ± 4.1 mo for
≥ 3 TACE cycles vs 10.5 ± 2.2 mo for 0-2 TACE cycles,
P < 0.05) is another independent survival predictor for
HCC-PVTT patients. The results show that the survival
period for patients who received ≥ 3 postoperative
TACE cycles was significantly longer than that in those
who did not receive postoperative TACE or those who
received only 1-2 cycles of postoperative TACE (P <
0.0001). Norton[27] showed that the cytotoxic effects of
chemotherapy drugs generally follow log-cell kill kinetics,
in which cells are killed proportionally. Therefore, tumor
cells cannot be eliminated by 1 cycle of chemotherapy.
With multiple treatment cycles, the possibility of killing residual tumor cells increases with better prognosis.
However, repeat TACE can damage the remnant liver
parenchyma, particularly in cirrhotic patients, and result
in liver function impairment or deterioration[24,25].
Furthermore, our study showed that the treatment
strategy is an independent prognostic factor for survival
in HCC-PVTT patients (mean survival period: 7 mo
after TACE vs 8.2 mo after hepatic resection, P < 0.05).
Approximately 95%-99% of HCC blood is supported
by the hepatic artery. Lipiodol selectively accumulates in
tumors when delivered intra-arterially and acts as a carrier
for anticancer drugs. TACE can effectively provide direct
treatment by blocking the nutrient vessels of the tumor
and providing large doses of sustainable chemotherapeutic drugs to kill the HCC cells without damaging normal
liver cells[19-21]. However, TACE cannot completely block
nutrient transport to the tumor because of the small
nutrient vessels from the portal vein; therefore, tumor
necrosis is not completely achieved[7]. Xia et al[28] showed
that the serum levels of angiogenic factors in post-TACE
patients were significantly higher than those in postoperative patients, whereas the serum levels of vascular
endothelial cells in post-TACE patients were significantly
lower than those in postoperative patients. Hepatic resection is more effective in preventing vessel renascence and
HCC recurrence. Therefore, TACE remains a conservative or palliative treatment. Hepatic resection significantly
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reduces the recurrence rate and prolongs survival compared to TACE.
In conclusion, surgical resection is the most effective
therapeutic strategy for HCC-PVTT patients and results
in high hepatic functional reserve. Postoperative TACE is
necessary for preventing disease recurrence and prolonging survival in patients who can tolerate chemoembolization. TACE significantly increases the survival rate of patients with unresectable HCC with PVTT compared with
conservative treatment and should therefore be recommended as an effective and safe treatment for this disease.
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number, locations, tumor size and arterial branches supplying the tumors were
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Abstract
AIM: To investigate the efficacy and outcomes of endoscopic papillary large balloon dilation (EPLBD) for bile
duct stones in a multicenter prospective study.
METHODS: Lithotomy by EPLBD was conducted in 124
patients with bile duct stones ≥ 13 mm in size or with
three or more bile duct stones ≥ 10 mm. After endoscopic sphincterotomy, the papilla was dilated using balloons 12-20 mm in diameter fitting the bile duct diameter.
RESULTS: The success rate of first-time lithotomy
was 86.3% (107/124) and the final lithotomy success
rate was 100% (124/124). Lithotripsy was needed in
10 of the 124 (13.6%) patients. Adverse events due
to the treatment procedure occurred in 6 (4.8%) patients, all of which were mild. Performing large balloon
dilation after endoscopic sphincterotomy in patients
with large stones or multiple stones in the bile duct is
considered to ensure the safety of treatment and to
reduce the need for lithotripsy.
CONCLUSION: It is suggested that treatment by EPLBD
for large bile duct stones may be safe and useful.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Endoscopic retrograde cholangiopancreatography; Endoscopic sphincterotomy; Endoscopic
papillary large balloon dilation; Large bile duct stones;
Multiple bile duct stones
Core tip: Endoscopic treatment by papillary large balloon dilation for large stones or multiple stones may be
safe and useful.
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INTRODUCTION
For common bile duct stones, endoscopic treatment is
the less invasive method and the procedure that should
be primarily tried. Recently, endoscopic treatment has
made remarkable progress and it can be performed in
most patients diagnosed with common bile duct stones[1].
As for the papilla, endoscopic sphincterotomy (EST) was
first reported by Kawai et al[2] and Classen et al[3] in 1974.
EST is the gold standard procedure in current endoscopic treatment. However, sometimes endoscopic papillary
balloon dilation (EPBD) is performed because the procedure can be used in patients with a bleeding tendency, in
those who have been subjected to Billroth-Ⅱ reconstruction or surgery, and in patients in whom it is necessary to
preserve papillary sphincter muscle function[4]. Although
these procedures are useful to treat bile duct stones, it
is difficult to perform lithotomy in patients with stones
≥ 15 mm or with multiple stones. Thus, it is reported
that many patients require a lithotripsy procedure such
as mechanical lithotripsy (ML) or electrohydraulic or
laser lithotripsy[5-7]. Currently, endoscopic papillary large
balloon dilation (EPLBD), which consists of lithotomy
without lithotripsy and dilation of the papilla using a
large balloon, has been reported for large stones or multiple stones after performing EST[8-22]. Yet, many of those
reports refer to retrospective studies in a single facility,
with reports of multicenter prospective studies numbering only a few[17,21]. Therefore, it is difficult to state positively that the procedure has been sufficiently reviewed.
In this study, we examined the usefulness of EPLBD for
large stones or multiple stones in a multicenter prospective study.

MATERIALS AND METHODS
We evaluated the outcomes of patients with bile duct
stones ≥ 13 mm at the shortest diameter or patients with
three or more bile duct stones ≥ 10 mm at the shortest diameter, who were operated on in the trial facilities
between July 2012 and March 2014. The inclusion criteria were (1) informed consent in writing for endoscopic
retrograde cholangiopancreatography (ERCP) obtained
before endoscopic treatment; (2) patients aged 20 years
or older; (3) patients with stones ≥ 13 mm at shortest
diameter or with three or more stones ≥ 10 mm; (4)
patients admitted and followed-up on the day ERCP is
performed; and (5) a balloon 5.5 cm long for dilating the
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papilla must be used. Exclusion criteria included (1) patients subjected to Billroth-Ⅱ surgery and patients with
the stomach reconstructed by a Roux-en-Y anastomosis;
(2) patients in whom EST cannot be performed; (3) patients with a papillary lesion in the diverticulum; (4) patients with stenosis of the middle and distal bile duct; and
(5) patients for whom the procedure is determined to be
inappropriate by the attending physician. One hundred
and twenty-four patients were examined. Mean patient
age was 78.3 (47-98) years. There were 64 males and 60
females. Three patients had a stomach reconstructed by
Billroth-I method, and other patients were not treated
with surgery. Eighty-five patients had a primary bile duct
stone, and 39 had recurrent stones. All of the recurrent
stones occurred in patients who had been subjected to
EST. EST was performed in 75 patients and it had been
already performed in 49 patients. Ten patients with no
recurrent stones who had already undergone EST were
introduced as patients with difficult lithotomy. The mean
diameter of stones was 14.0 (10-25) mm, the mean number of stones was 3.9 (1-20), and the mean diameter of
the bile duct was 15.4 (10-25) mm. As for the state of the
gallbladder, 82 patients had gallbladder stones, 18 patients
had no gallbladder stones, and in 24 patients the gallbladder had been removed. Parapapillary diverticulum was
observed in 69 patients. One session of treatment lasted
up to 60 min after inserting an endoscope. The status of
the patients was observed, and if the patient moved violently, the procedure was ended after inserting the drainage, even during the process of treatment. During ERCP,
arterial oxygen saturation was continuously monitored
employing a pulse oximeter. EPLBD was conducted as
follows. The endoscopes used were JF240, JF260V, or
TJF260V (Olympus Corp.) backward side-viewing endoscopes. After cholangiography, the guidewire was placed
within the bile duct and EST was started. Clever-Cut
3V (Olympus Corp.) was used as the knife for EST. The
selected incision range was small- to medium-sized so
that the bile duct and the pancreatic duct had a separate
aperture. In patients who had an incision already made,
the guidewire was inserted within the bile duct after cholangiography, and EPLBD was performed. In performing EPLBD, a controlled radial expansion (CRE) 12-20
mm wire-guided type balloon 5.5 cm (Boston Scientific
Corp., Natick, MA) was used depending on diameter of
the bile duct (Figure 1). For balloon dilation, the balloon
was gradually inflated using a mixture of contrast medium and physiological saline (Figure 2A and B), until the
notch on the balloon disappeared. However, in patients
in whom the notch on the balloon did not disappear, balloon dilation was completed when the papilla was dilated
enough for stone removal. The balloon was dilated in a
position where it was possible to confirm the tip of the
balloon in the papillary side on the endoscopic image,
and the position was maintained. After the notch on the
balloon disappeared, the balloon was promptly deflated.
When we considered it was necessary to perform lithotripsy of the stone, we performed it without hesitation.
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for type of lithotripsy, ML was performed in 8 patients,
and extracorporeal shock wave lithotripsy (ESWL) in 2
patients. Two patients who underwent ESWL had Mirizzi
syndrome type Ⅱ. Adverse events due to the treatment
procedure occurred in 6 patients (4.8%), including bleeding in 3 (2.4%), pneumonia in 2 (1.6%), and pancreatitis
in 1 patient (0.8%). All these adverse events were mild,
and were treated conservatively. In the ten patients who
failed to be cured by the initial treatment, a tube stent
was inserted in five and endoscopic nasobiliary drainage (ENBD) was inserted in the other five patients. In
patients who were successfully treated with lithotomy
initially, no drainage tube was inserted.

DISCUSSION
Figure 1 Endoscopic papillary large balloon dilation: Controlled Radial
Expansion 12-20 mm wire-guided type balloon 5.5 cm (Boston Scientific
Corp., Natick, MA).

A

B

Figure 2 View of papilla gradually dilated. A: The papilla was gradually
dilated using a large balloon. Dilation was continued until the notch on the balloon disappeared (endoscopic image); B: The papilla was gradually dilated until
the notch on the balloon disappeared (fluoroscopic image).

When lithotomy was successful, no drainage tube was
inserted, whereas when we judged there were remaining
stones, a drainage tube was inserted. Iatrogenic morbidity
was assessed according to the criteria of Cotton et al[23].
Patients were followed up for 30 d after the treatment,
and adverse events presenting during that period were examined. All treatment procedures were performed after
obtaining a written informed consent from the patients.
This study was performed after approval of the ethical
committee of each institution, and registered at UMIN
Clinical Trial Registry (UMIN000008275-ESLBD study).

RESULTS
The results of EPLBD in this study and the existing reports are shown in Tables 1, 2, and 3. The success rate of
lithotomy in the initial treatment was 86.3% (107/124).
The final lithotomy rate was 100% (124/124). The time
necessary to perform lithotomy was 36 (10-128) min and
mean treatment frequency was 1.15 (1-3) times. Lithotripsy was needed in 10 of the 124 patients (13.6%). As
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EPLBD is a treatment for bile duct stones reported by
Ersoz et al[8] in 2003. The results of this multicenter prospective study are similar to those of existing reports[8-22].
We think, on the basis of our results, that this maneuver
is effective and safe. Ordinary EPBD employs balloons
4-10 mm in diameter for papillary dilation, whereas
EPLBD is performed using balloons 12-20 mm in diameter. Before this procedure was reported, lithotomy
of large stones or multiple stones was difficult without
previous lithotripsy of the stones. This procedure allows
a papillary aperture larger than that obtained with EPBD
or EST (Figure 3A-C). The larger papillary aperture enables easy insertion of the device as well as lithotomy of
stones with a diameter equal to that of the dilated balloon
without requiring lithotripsy of the stones in many patients[21,24,25]; this is a great advantage because it shortens
the procedure time[13]. Furthermore, even in patients who
are difficult to treat, stones can be removed in one session and thus hospital stay of the patients is also shortened. Nevertheless, this does not mean that lithotripsy
is not required in all the patients. In patients with strong
flexion of the bile duct due to postoperative sequelae, it
is difficult for the balloon to closely contact the bile duct,
and dilation of the papilla may be insufficient because
the balloon is longer than that used in ordinary EPBD. In
such patients, lithotripsy may be needed, and even if dilation is achieved with the balloon, it may be probably necessary to physically crush the stones larger than the diameter of the balloon. In this study we even treated patients
with Mirizzi syndrome type Ⅱ who were in a progressive
state of the inflammatory process and presented pressure
necrosis of the septum between the cystic and common
hepatic ducts with intrusion of the stone into the common hepatic duct and a resultant cholecysto-choledochal
fistula. In these patients it was difficult to insert not only
the lithotripsy tool but also the balloon and basket to collect the stones at the hepatic side. Therefore, there may
be a number of patients who require peroral cholangioscopic lithotripsy or radiographic ESWL after inserting
the ENBD prior to the lithotomy.
Another advantage is the low rate of early adverse
events[8-22], although there have previously been reports
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A

B

C

Figure 3 Duodenal papilla after endoscopic procedure. A: Papillary balloon dilation; B: The duodenal papilla after endoscopic sphincterotomy; C: The duodenal
papilla after endoscopic papillary large balloon dilation.

Table 1 Results of endoscopic papillary large balloon dilation
Ref.
Ersoz et al[8]
Minami et al[9]
Maydeo et al[10]
Heo et al[11]
Attasaranya et al[12]
Itoi et al[13]
Kim et al[14]
Kurita et al[15]
Kim et al[16]
Stefanidis et al[17]
Kim et al[18]
Itoi et al[19]
Sakai et al[20]
Teoh et al[21]
Park et al[22]
Our study

n

Study design

Mean stone
size (range, mm)

Mean number
of stones (range)

Success in first/final
session (%)

Use of
lithotripsy (%)

58
88
60
100
107
57
70
24
72
45
139
11
59
73
946
124

Retrospective study
Retrospective study
Retrospective study
Retrospective study
Retrospective study
Retrospective study
Retrospective study
Retrospective study
Retrospective study
RCT
Retrospective study
Retrospective study
Retrospective study
RCT
Retrospective study
Prospective study

NA
14 (NA)
16 (12-20)
16 (NA)
13 (10-30)
15 (10-28)
13 (5-30)
17 (10-39)
18 (11-25)
17
NA
14 (7-30)
15 (10-28)
12.5 (5-35)
14.6 (12-20)
14.0 (10-25)

NA
2.5 (1-25)
1 (median 43%)
2.7 (NA)
NA
3.2 (1-11)
NA
NA
NA
NA
NA
5 (1-26)
7.5 (1-30)
NA
2.5 (1-15)
3.9 (1-20)

83/100
99/99
96
83/97
95/95
96/100
95/100
96/96
88/97
98/98
76/100
100/100
83/100
89/97
Final 97
86/100

7
1
5
8
27
6
2
4
8
2
13
18
14
29
22
14

EPLBD: Endoscopic papillary large balloon dilation; NA: Not available; RCT: Randomized controlled trial.

Table 2 Adverse events after endoscopic papillary large balloon dilation
Ref.
Ersoz et al[8]
Minami et al[9]
Maydeo et al[10]
Heo et al[11]
Attasaranya et al[12]
Itoi et al[13]
Kim et al[14]
Kurita et al[15]
Kim et al[16]
Stefanidis et al[17]
Kim et al[18]
Itoi et al[19]
Sakai et al[20]
Teoh et al[21]
Park et al[22]
Our study

Complications

Bleeding

Pancreatitis

Perforation

Others

16%
6%
8%
8%
6%
2%
2%
4%
10%
4%
7%
0%
7%
7%
10%
5%

9%
1%
8%
5%
2%
0%
0%
0%
0%
2%
1%
0%
2%
1%
6%
2%

3%
1%
0%
4%
0%
1%
2%
0%
2%
2%
6%
0%
0%
3%
3%
1%

0%
0%
0%
0%
1%
0%
0%
0%
0%
0%
0%
0%
2%
0%
0.5%
0%

3%
4%
0%
0%
3%
1%
0%
4%
7%
0%
0%
0%
3%
3%
0.5%
2%

of death due to the procedure[22]. In particular, when the
treatment for large stones was carried out using EPLBD
or ML, the incidence of cholangitis was reported to be
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significantly low in the EPLBD group[21]. The reason may
be that in EPLBD, the papilla is markedly opened, thus
small stones which cannot be confirmed by cholangi-
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Table 3 Diameter of the balloon used
Balloon size

n

Percent

10-12 mm
12-15 mm
15-18 mm
18-20 mm

40
61
20
3

32.3%
49.2%
16.1%
2.4%

ography may be eliminated spontaneously. In addition,
when ML is performed in patients who have undergone
EST, although the papillary opening is incised, the opening is not as large as in EPLBD, thus the fragments resulting from lithotripsy or biliary sludge may cause bile
stasis within the bile duct and will likely cause cholangitis.
As for other adverse events, if there is no bleeding after
EST, the risk of bleeding may be even less if the papilla
and the endoscope are correctly positioned and the balloon is gradually dilated. However, according to past reports, liver cirrhosis, large incision at the time of papillary
incision, and stones ≥ 16 mm are risk factors for bleeding[22]. As for pancreatitis, which is the most problematic
adverse event after ERCP-related procedures, it is widely
known that conventional EPBD is associated with a high
incidence of pancreatitis[26]. Yet, in EPLBD, endoscopic
sphincterotomy is performed first and after making a
separate opening for the bile duct and pancreatic duct,
dilation using the balloon is performed, thus the damage to the pancreatic duct is minor. Furthermore, since
in lithotomy taking the treatment tools in and out is easy,
damage to the papilla may also be small. Consequently,
the incidence of pancreatitis in the past reports was
low[8-22]. Although early adverse events may occur less frequently, the task hereafter will be to assess the long term
prognosis including bile duct stone recurrence. Comparison of EPBD and EST revealed that recurrence rate after EPBD is significantly low[27]. The reason may be that
the papillary sphincter muscle function is preserved and
the possibility of retrograde infection is low. It is generally considered that in EPLBD the papillary sphincter
muscle function is almost eliminated. If we consider only
this factor, the stone recurrence rate would increase. Regarding the long term prognosis after EST, pneumobilia
and lithotripsy are considered to be risk factors for stone
recurrence[28]; however, in EPLBD the papillary opening
is wider than in EST and the number of patients with
pneumobilia may increase. Since the papillary opening
is wider, the rate of lithotripsy can be decreased, leading
to the possibility of spontaneous elimination of small
stones or fragments from lithotripsy, thus an increase in
recurrence rate is not always expected. Actually, Harada et
al[29] reported that the stone recurrence rate after EPLBD
was significantly lower than that after ML because the
treatment is performed without lithotripsy. Hereinafter,
it would be desirable to have reports of trials, including
RCTs, on the long term prognosis after EPLBD.
In many reports EPLBD was performed for large
stones or multiple stones after EST. In addition, recently
there have been reports describing EPLBD performed
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on the site where a pre-cut was made in patients with
difficulty in cannulation[30], or describing that the papilla
was dilated using a large balloon without adding EST[31,32].
According to the latter reports, the incidence of pancreatitis after ERCP without adding EST is not different
from that when EST is added. Because the sample size
is still small, it is necessary to carefully review the results
before reaching a conclusion. However, such results can
be expected because certainly there is papilledema caused
by pancreatography or difficulties in cannulation other
than direct papilledema caused by the balloon as the
cause of pancreatitis after EPBD. However, the sample
size is small; indeed, it is necessary to review these findings based on sufficient sample size. In this study we did
not perform EPLBD in patients with a papillary lesion in
the diverticulum or patients who had undergone BillrothⅡ reconstruction; however, there are reports describing
that it is possible to perform EPLBD in patients with a
papillary lesion in the diverticulum[18], or Billroth-Ⅱ reconstruction[19].
There is no definite opinion regarding the tools used
in EPLBD. Although the balloon used in this study was
5.5 cm in length, balloons of 4 cm in length[33] or 8 cm
in length[1,20] have also been used and it is necessary to
examine which length of the balloon is most appropriate. As for the time for papilla dilation, there is no definite opinion either[33]. It is necessary to further review
EPLBD in order to perform the procedure more safely
and efficiently.
In conclusion, we consider that performing large
balloon dilation after EST in patients with large stones
or multiple stones in the bile duct ensures the safety of
treatment and reduces the need for lithotripsy.

COMMENTS
COMMENTS
Background

Endoscopic papillary large balloon dilation (EPLBD) for large or multiple stones
after performing endoscopic sphincterotomy (EST) has been previously reported. However, many of those reports correspond to retrospective studies in
a single facility. The authors have examined the usefulness of EPLBD for large
stones or multiple stones in a multicenter prospective study.

Research frontiers

The results of EPLBD in patients with bile duct stones ≥ 13 mm at their shortest diameter or patients with three or more bile duct stones ≥ 10 mm at their
shortest diameter were examined.

Innovations and breakthroughs

EPLBD for bile duct stones was reported by Ersoz et al in 2003. Recently, its
indication has widened, and there have been reports describing EPLBD performed on the site where a pre-cut was made in patients with difficulty in cannulation, or describing that the papilla was dilated using a large balloon without
adding EST. Hereinafter, it would be desirable to have reports of trials, including
randomized controlled trials, on the long term prognosis.

Applications

In patients with large common bile duct stones, EST + EPLBD are a good
alternative to conventional EST. Before this procedure was reported, lithotomy
of large stones or multiple stones was difficult without lithotripsy of the stones.
Compared with EST, this procedure has the advantage that a larger papillary
aperture can be obtained. Furthermore, it may reduce treatment to one session
even in patients who are difficult to treat and thereby shortens the hospital stay.

Terminology

Treatment by EPLBD, which is lithotomy without lithotripsy for large stones by
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dilating the papilla using a large balloon, performed after EST, has been reported.
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Performing large balloon dilation after EST in patients with large stones or multiple stones in the bile duct is considered by the authors to ensure a safe treatment with less chance of lithotripsy. This paper could be a valuable reference
for other researchers.
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Abstract
AIM: To evaluate whether the effectiveness of Granulomonocyto apheresis (GMA), a technique that consists of
the extracorporeal removal of granulocytes and monocytes from the peripheral blood, might vary according
to the severity of ulcerative colitis (UC) in patients with
mild to moderate-severe disease UC activity.
METHODS: We retrospectively reviewed prospectively collected data of patients undergoing GMA at
our inflammatory bowel disease centre who had at
least a 6 mo of follow-up. The demographics, clinical
and laboratory data were extracted from the patients’
charts and electronic records. The severity of UC was
scored according to the Modified Truelove Witts Severity Index (MTWSI). A clinical response was defined as
a decrease from baseline of ≥ 2 points or a value of
MTWSI ≤ 2 points.
RESULTS: A total of 41 (24 males/17 females; mean
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age 47 years) patients were included in the study. After
GMA cycle completion, 21/28 (75%) of mild UC patients showed a clinical response compared with 7/13
(54%) of patients with moderate to severe disease (P
= 0.27). At 6-mo, 14/28 (50%) of the mild UC patients
maintained a clinical response compared with 2/13
(15%) of the patients with moderate to severe disease
(P = 0.04). After the GMA cycle completion and during the 6-mo follow up period, 13/16 (81%) and 9/16
(56%) of mild UC patients with intolerance, resistance
and contraindications to immunosuppressants and/or
biologics showed a clinical response compared with 2/6
(33%) and 0/6 (0%) of patients with moderate to severe disease activity with these characteristics (P = 0.05
and P = 0.04, respectively).
CONCLUSION: Patients with mild UC benefit from
GMA more than patients with moderate to severe disease in the short-term period. GMA should be considered a valid therapeutic option in cases of contraindications to immunosuppressants, corticosteroids and/or
biologics.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ulcerative colitis; Granulo-monocyto-apheresis; Inflammatory bowel disease; Therapy; Severity
Core tip: Several studies evaluating granulo-monocyto
apheresis in ulcerative colitis have been previously
conducted, and these studies have shown conflicting
results. We performed a retrospective study evaluating
granulo-monocyto apheresis effectiveness according
to disease severity. Granulo-monocyto-mpheresis was
found to be more effective in patients with mild disease activity than in patients with moderate to severe
disease activity.
De Cassan C, Savarino E, Marson P, Tison T, Hatem G, Sturniolo GC, D’Incà R. Granulo-monocyto apheresis is more
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INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory bowel
disease (IBD) that exclusively involves the colonic mucosa[1]. Several treatment methods have been adopted
according to the severity of inflammation and disease
localisation; the treatments aim to induce and maintain
clinical remission[2]. The treatments of choice in mild
to moderate disease are 5-aminosalicylate based compounds (5-ASA)[3,4]; these agents are also used to maintain remission. Systemic corticosteroids are used in cases
of no response to 5-ASA and in cases of extensive and/
or moderate to severe disease[5-7]. Immunosuppressants,
such as thiopurines and cyclosporine, should be used
in cases of steroid dependent and resistant disease[8,9,10],
whereas anti-tumour necrosis factor (TNF)-α treatment
is indicated in cases of steroid and/or immune-modulator refractory disease[11]. The majority of these drugs
present several side effects, requiring careful attention in
drug dosage and duration[12-15]. Apheresis has emerged as
a non-pharmacological treatment with few side effects[16].
The mechanism of action consists of the removal of
the cell population involved in the induction and perpetuation of bowel inflammation from the peripheral
blood, without affecting other cells such as erythrocytes[17]. Two apheresis systems are available: granulomonocyto-apheresis (GMA) acts through a system of
cellulose acetate beads (Adacolumn®, Otsuka Pharmaceuticals, Milan, Italy) and selectively removes granulocytes and monocyte/macrophages with only a small
fraction of lymphocytes[18,19], whereas leukocytapheresis
(LCAP) acts through a polyester fibre filter (Cellsorba®,
Asahi Medical Company) and removes neutrophils and
monocytes with up to 60% of lymphocytes[20]. Immunemodulation is thought to occur from the reduction of
pro-inflammatory cytokines[21] or from the increase in
anti-inflammatory cytokines[22] and increase in circulating
T regulatory cells[23].
However, studies performed using apheresis present
conflicting results. Efficacy of the treatment has been
shown in several uncontrolled studies[21,24-34], where the
percentage of responses and remissions vary between
60% to 84% of treated patients[17]. The main advantage
compared with conventional treatments is represented
by the steroid-sparing effect. The results are conflicting,
even in randomised controlled trials (RCTs); some studies have shown apheresis to be effective in inducing and
maintaining clinical remission[35-42], whereas the study by
Sands et al[43] failed to demonstrate any substantial benefit
in inducing clinical remission or response. These studies
were carried out in heterogeneous cohorts of patients
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with active disease; however, in some of the cases, disease
severity was not clearly defined[35,42]. Thus, it is reasonable
to hypothesise that the observed conflicting results might
be due to the inclusion of patients with different degrees
of disease activity at baseline. Moreover, data on the
therapeutic benefit of this type of treatment in patients
with mild UC are lacking, especially in patients refractory
to immunosuppressants and biologics.
The aim of our study was to evaluate whether GMA
effectiveness varies according to the severity of UC and
if patients with mild disease refractory to 5-ASA and
steroids and with contra-indications to immunosuppressants and biologics might benefit from GMA.

MATERIALS AND METHODS
Subjects
We performed a retrospective study of prospectively
collected data of patients who presented to our IBD
centre between June 2009 and March 2013. We included
consecutive patients with histologically proven UC of
at least 6 mo who underwent a complete cycle of GMA
and who underwent an endoscopy documenting active
disease during the 6 mo prior to the GMA; the patients
were required to have a follow-up visit after the end of
treatment and a subsequent follow-up visit at 6 mo. The
exclusion criteria were a diagnosis of Crohn’s disease
and indeterminate colitis, previous ileo-colonic surgery
or biologic treatment within 2 years in cases of patients
with clinically mild UC.
GMA was initiated in steroid-dependent or steroidresistant patients with active disease. Steroid dependency
was defined as the inability to taper steroids without a
relapse of UC symptoms. Steroid refractoriness was defined as active disease despite prednisone up to 0.75-1.00
mg/kg per day over a period of at least 2 wk[44]. Patients
were required to be on stable treatment with topical and
oral 5-ASA agents (≥ 2.4 g/d) and/or immunosuppressants. GMA was proposed for patients with important
impairments of their quality of life who presented intolerance or contraindications to immunosuppressants
and/or biologics or in patients who refused step up
treatment.
Study protocol
All of the consecutive subjects who agreed to undergo
GMA were evaluated at the Transfusional Unit, Azienda
Ospedaliera di Padova; if the patients were judged suitable
for the extracorporeal procedure, GMA was performed
with Adacolumn® (Otsuka Pharmaceuticals, Italy). The
GMA consisted of 5 sessions (one session per week for 5
consecutive weeks), during which the patient’s blood was
pumped out from the antecubital vein at 30 mL/min,
introduced through the column of cellulose acetate beads
and then returned to the patient via the contralateral antecubital vein. Each session lasted one hour, and 1.8 L of
blood was processed. The demographic and clinical characteristics of the patients were prospectively recorded.
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Table 1 Clinical and demographic characteristics of the enrolled population
Total population
(n = 41)
Sex: M
Age: mean (range)
Disease duration before apheresis: median (range)
Disease localisation:
Proctitis
Left
Extensive
Steroid experience:
Steroid resistance
Steroid dependence
Steroid intolerance
Previous treatments:
Immunosuppressants
Biologics
Concomitant treatments:
Steroids
Immunosuppressants
Biologics
Reasons for apheresis:
Immunosuppressants resistance/intolerance/contraindications
Biologics resistance/intolerance/contraindications
Biologics and immune suppressors resistance/intolerance/contraindications
Others
Mean CRP (range) at study entry (normal if < 5 mg/dL)
Mean Lactoferrin (range) at study entry (normal if < 7 μg/g faeces)

These characteristics included age, gender, disease anatomic distribution according to Montreal classification,
duration of disease before GMA, prior and concomitant
treatments, indication for GMA, clinical severity, endoscopic activity and laboratory data such as the C-reactive
protein (CRP) and lactoferrin levels.
Disease severity was classified according to the Modified Truelove Witts Severity Index (MTWSI). The MTWSI is a composite activity score calculated as the sum
of stool frequency, rectal bleeding, nocturnal diarrhoea,
faecal incontinence or soiling, abdominal pain, definition of general well-being, need for anti-diarrhoeals
or narcotics and abdominal tenderness on the physical
examination. The MTWSI score, ranging from 0-21
(higher scores indicate more active disease), was calculated. Active disease was defined as an MTWSI score
> 3; active disease was classified as mild (4 ≤ MTWSI
≤ 8), moderate (9 ≤ MTWSI ≤ 14) or severe (15 ≤
MTWSI ≤ 21)[45]. Given the small number of patients
with severe disease, the patients with moderate to severe
disease were grouped together. A clinical response was
defined as a decrease from the baseline MTWSI value of
at least 2 points. A clinical and laboratory evaluation was
performed at the end of the GMA cycle and 6 mo thereafter. No improvement in the MTWSI score ≥ 2 points
was considered as a non-response. All of the patients
who did not respond to GMA at one month received a
step-up treatment (increased steroid-dosage or immunosuppressants/biologics).
Statistical analysis
Descriptive statistics were used to analyse the baseline
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24
47 (16-82)
8 (1-31)
1
10
30

Mild (n = 28) Moderate to severe
(n =13)
14
48 (19-73)
10 (1-31)
1
9
18

P value

10
44 (16-82)
4 (1-11)
0
1
12

0.17
0.44
0.02

4
7
2
6
2

0.06
0.007
0.09
1
0.64

6
33
2

2
26
0

20
5

14
3

15
8
0

10
5
0

5
3
0

1
0.69
1

15
1
6
19
13.6 (1-73)
84.55 (13-100)

12
1
3
12
11.6 (0.1-73)
80.71 (13-100)

3
0
3
7
15.2 (1.22-61)
85.9 (28-100)

0.3
1
0.3
0.7
0.67
0.7

characteristics. Means with ranges were calculated for
the continuous data, and percentages were computed for
the discrete data. P < 0.05 was considered significant.

RESULTS
Clinical and demographic characteristics of the enrolled
population
Details on the clinical and demographic features of
the enrolled patients are shown in Table 1. Overall, 41
consecutive patients (mean age 47, range: 16-82, 17
women) met the enrolment criteria and were entered
into the study. According to the Montreal classification,
30 patients (72.5%) presented with extensive colitis, 10
patients (25%) had left colitis and one patient (2.5%)
had proctosigmoiditis. The mean disease duration before
GMA was 8 years (1-31). According to the MTWSI at
baseline, 28 (68%) patients presented with mild disease,
12 (29%) patients had moderate disease and 1 (3%) patient had severe disease. The groups were similar regarding the sex, age, disease localisation, previous or concomitant treatments and laboratory findings at baseline.
Patients with mild disease had a longer disease duration
(median duration: 10 years, range: 1-31 years) compared
with the patients with moderate to severe disease (median
duration: 4 years, range: 1-11 years) (P < 0.05). All of
the patients had been treated with corticosteroids, which
resulted in resistance in 6 patients (15%), dependency
in 33 patients (80%) and intolerance in the remaining 2
patients (5%). Twenty-two patients (54%), 16 with mild
disease and 6 with moderate to severe disease previously
experienced intolerance, resistance or contraindications
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Active ulcerative colitis (41)

Mild disease (28)

Moderate-severe disease (13)

After GMA cycle

21 (75%): response
2 (7%): stable
5 (18%): worsening

7 (54%): response
0 (0%): stable
6 (46%): worsening

6 mo

GMA (5 sessions)

14 (50%): response
7 (25%): stable
7 (25%): worsening

2 (15%): response
5 (38%): stable
6 (47%): worsening

Figure 1 Study design and major results.

to immunosuppressants and/or biologics.
The mean CRP level before GMA was 13.6 (1-73)
mg/dL (normal value < 5 mg/dL), and the mean lactoferrin level was 84.55 (13-100) μg (normal value < 7
μg/g faeces). No adverse events related to the treatment
were reported. None of the patients underwent surgery
during the study period.
GMA effectiveness according to disease severity
Figure 1 shows the flow diagram of the progression
through the phases of this study. The proportion of patients who achieved a clinical response at the end of the
GMA cycle was 75% (21/28) in the mild disease activity
group and 54% (7/13) in the moderate-severe disease
activity group, as shown in Figure 2A. No statistically
significant difference was found between the two groups
(P = 0.27). At 6 mo of follow-up, 50% (14/28) of the
patients with mild disease activity showed a sustained
response, 25% (7/14) had persistent disease activity and
25% (7/14) had worsened disease. In the moderate to
severe group, the clinical response remained present in
15% (2/13) of the patients, whereas in 38% (5/13) of
the cases, the disease remained active, and in 47% (6/13),
the disease worsened. A clinical response at 6 mo occurred significantly more frequently in the patients with
initial mild disease activity than in the patients with
moderate to severe disease (P = 0.04), as illustrated in
Figure 2A. At 6 mo after the GMA, the mean CRP level
in the mild disease group significantly decreased from
baseline [1.02 (0.1-5) mg/dL vs 11.6 (0.1-73) mg/dL,
respectively; P = 0.01]. No statistically significant differences were reached in patients with moderate to severe
disease [17.9 (2-65) mg/dL vs 15.02 (1.22-61) mg/dL; P
= 0.7]. Similar results were obtained when comparing
the faecal lactoferrin levels at 6 mo after the GMA with
the baseline values in the mild disease patients [28.3 (5-50)
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vs 80.7 (13-100) μg/g; P < 0.01] and in the moderate
to severe disease patients [73.8 (5-100) vs 85.9 (28-100)
μg/g; P = 0.5].
GMA effectiveness according to intolerance, resistance
or contraindications to immunosuppressants and/or
biologics
Twenty-two patients were intolerant, resistant or had
contraindications to immune suppressors/biologics.
Sixteen of those patients were in the mild disease severity group, and 6 were in the moderate to severe group.
In this population, GMA was effective at the end of the
GMA cycle in 81% (13/16) of the patients with mild
disease and in 33% (2/6) of the patients with moderate
to severe disease (P = 0.05). At 6 mo, a clinical response
was maintained in 56% (9/16) of the patients with mild
disease and in none (0/6) of the patients with moderate
to severe disease (P = 0.04) (Figure 2B).

DISCUSSION
Our study demonstrates that GMA is effective in inducing a clinical response in patients with mild and moderate to severe UC; patients with mild disease had better
chances of obtaining and maintaining long term a clinical response. Up to 50% of patients with mild disease
activity achieved and maintained a clinical response at 6
mo of follow-up compared with only a small percentage
(15%) of patients with moderate to severe disease. In
the mild disease group of patients, we observed a significant decrease in the CRP level, which is a well-known
surrogate marker of disease activity. Furthermore, GMA
effectiveness was evaluated in patients with active disease
caused by intolerance, resistance or contraindications
to immune suppressors and/or biologics, and we determined that GMA represents a good alternative therapeu-
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A

Mild disease (n = 28)
Moderate-severe disease (n = 13)
100%

P = 0.27

% of response

80%

P = 0.04

60%
40%

75%
54%

20%

50%
15%

0%
After GMA cycle

B

6 mo follow up
Mild disease (n = 16)
Moderate-severe disease (n = 6)

100%
90%

P = 0.05

% of response

80%

P = 0.04

70%
60%
50%
40%
30%
20%

81%
33%

10%

56%
0%

0%
After GMA cycle

6 mo follow up

Figure 2 Percentage of patients. A: Percentage of patients achieving a clinical response after the Granulo-Monocyto Apheresis cycle and at 6 mo of followup; B: Percentage of patients with intolerance, resistance or contraindications
to immunosuppressants and/or biologics who achieved a clinical response after
the Granulo-Monocyto Apheresis cycle and at 6 mo of follow-up. Patients are
classified according to disease severity.

tic approach for these patients.
Apheresis has been previously described as a therapeutic option in cases of corticosteroid dependent and
resistant active UC. A recent meta-analysis demonstrated
that this technique presents higher response and remission rates (OR = 2.88, 95%CI: 1.60-5.18 and 2.04,
95%CI: 1.36-3.07, respectively), increased steroid sparing effects (OR = 10.49, 95%CI: 3.44-31.93) and lower
mild to moderate adverse effects (OR = 0.16, 95%CI:
0.04-0.60) compared with conventional treatments[16].
Similar results were shown in another meta-analysis, in
which only RCTs with GMA were considered[46].
However, the majority of the RCTs previously conducted and included in the earlier analyses were performed in patients regardless their disease severity; data
regarding the effectiveness of GMA in patients with
different degrees of disease activity, in particular in cases
of mild disease, are lacking. In a study conducted in 71
patients with moderate to severe steroid resistant disease,
a lower Lichtiger’s Colitis Activity Index (CAI) score at
baseline was found by multivariate analysis to be a predictor of remission for more than 6 mo (OR = 0.74, 95%CI:
0.52-1.04, P value = 0.08). Other identified predictors
were a rapid response to treatment (OR = 8.01, 95%CI:
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1.08-59.37) and left-sided colitis (OR = 5.17, 95%CI:
0.77-34.63)[47]. Similar results emerged from the study by D’
Ovidio et al[48] on 69 patients with mild to moderate steroid dependent or resistant disease; in that study, a lower
CAI score at baseline was identified, on the univariate
and multivariate analyses, to be an independent predictor
of a clinical response at the short term follow up (OR =
0.770, 95%CI: 0.425-1.394). Other predictive factors of
a clinical response on the multivariate analysis included
steroid dependency (OR = 0.390, 95%CI: 0.176-0.865)[48].
However, none of the previous studies directly compared
the efficacy of GMA in patients with mild or moderate
to severe disease and in patients intolerant or resistant to
immunosuppressants and/or biologics or with contraindications to these agents.
We should note that GMA is an expensive treatment.
In a study by Panés et al[49] the average annual cost per
UC patient was estimated to be €6959 when using GMA.
In the same study, a cost-effectiveness analysis showed
that GMA results in savings in steroid dependent patients with moderate to severe disease because there are
reduced adverse events and reduced need for surgery[49].
There are no data regarding the average costs per patient
with mild disease; however, it is important to consider
that patients with mild disease suffer from an impaired
quality of life compared with patients in clinical remission[50], that treatment-tolerability and acceptability are
strong predictors of a better quality of life[51] and that
good patient compliance reduces time spent in an active
UC disease state[52].
Our study has some limitations. First, the retrospective nature of the study exposes it to selection bias. However, we included all of the consecutive UC patients who
underwent GMA in our centre, thus reducing the risk
of selection bias. Second, the number of patients was
limited; however, the number was consistent for a singlecentre study and was close to the numbers of patients
involved in some of the RCTs evaluating the efficacy
of GMA[30,37]. Moreover, the single centre design of the
present study reduces the inter-observer variability related
to clinical assessments and related to the indications for
GMA treatment. Third, we did not have endoscopic data
after the GMA treatment; this lack of data was caused by
the short follow up period (6 mo).
We have demonstrated that patients with mild UC
activity benefit from GMA more than patients with moderate to severe disease. Moreover, GMA was found to be
effective in a significant number of patients with intolerance, resistance or contraindications to immune suppressors and/or biologics. Although GMA remains an expensive technique, our data demonstrate that GMA should
be considered in patients with mild disease, especially in
cases of severe impairment of quality of life, independent of disease severity. Our data also demonstrate that
GMA represents a good alternative therapeutic approach
for patients with intolerance, resistance or contraindications to standard treatments. Further randomised controlled data are needed to confirm if GMA is superior to
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conventional treatment in inducing a clinical response in
patients with mild UC and to assess the cost/effectiveness ratio of this approach.

5
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veins. A new size-based separation MetaCell® technology was used for enrichment and cultivation of CTCs
in vitro . (Separated CTCs were cultured on a membrane in FBS enriched RPMI media and observed by
inverted microscope. The cultured cells were analyzed
by means of histochemistry and immunohistochemistry
using the specific antibodies to identify the cell origin.
RESULTS: CTCs were detected in 16 patients (66.7%)
of the 24 evaluable patients. The CTC positivity did not
reflect the disease stage, tumor size, or lymph node
involvement. The same percentage of CTC positivity
was observed in the metastatic and non-metastatic
patients (66.7% vs 66.7%). We report a successful
isolation of CTCs in PaC patients capturing proliferating cells. The cells were captured by a capillary action
driven size-based filtration approach that enabled cells
cultures from the viable CTCs to be unaffected by any
antibodies or lysing solutions. The captured cancer
cells displayed plasticity which enabled some cells to
invade the separating membrane. Further, the cancer
cells in the “bottom fraction”, may represent a more
invasive CTC-fraction. The CTCs were cultured in vitro
for further downstream applications.
CONCLUSION: The presented size-based filtration
method enables culture of CTCs in vitro for possible
downstream applications.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To investigate the feasibility of separation and
cultivation of circulating tumor cells (CTCs) in pancreatic cancer (PaC) using a filtration device.
METHODS: In total, 24 PaC patients who were candidates for surgical treatment were enrolled into the
study. Peripheral blood samples were collected before
an indicated surgery. For each patient, approximately
8 mL of venous blood was drawn from the antecubital
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Key words: Pancreatic cancer; Circulating tumor cells;
Biomarker; Cultivation
Core tip: Circulating tumor cells role in the process of
pancreatic cancer dissemination should be studied in
the context of the disease management. The ability
to in vitro culture pancreatic circulating tumor cells
(CTCs) could potentially help with the development of
innovative treatments and diagnostic technologies. We
presented simple size-based separation device for the
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isolation of viable CTCs. The isolation process is gentle
allowing the subsequent CTC-cultivation in vitro and is
antibody independent.

Table 1 Patient characteristics and circulating tumor cells examination results n (%)
Total patients (n )

Patient characteristics
T stage
T1
T2
T3
T4
N stage
N0
N1
M stage
M0
M1
Grading
1
2
3
4
Disease stage

Bobek V, Gurlich R, Eliasova P, Kolostova K. Circulating
tumor cells in pancreatic cancer patients: Enrichment and
cultivation. World J Gastroenterol 2014; 20(45): 17163-17170
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i45/17163.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i45.17163

INTRODUCTION
The lethal nature of cancer is caused by its invasive character, and spread via blood and lymphatic system to distant locations generating metastatic disease. Moreover,
pancreatic cancer (PaC) counts to the solid tumors with
the shortest overall survivals. The aggressiveness of the
disease is demonstrated in clinic by very early metastatic
disease and chemoresistance[1-3].
Prognostic value of tumor cells disseminated to the
blood and bone marrow has been shown for various
types of solid tumors. Circulating tumor cells (CTCs) are
cells shed from primary tumor and metastatic sites to the
peripheral blood.
Large patient series of breast, prostate, lung, colon
cancer have been tested for CTCs, but no complete results have been reported so far in pancreatic cancer clinical trials[4-6].
The limitation of the recently available tumor markers in PaC could be overcome by CTC.
The analytical methods developed to identify CTCs in
PaC include direct and indirect CTCs- detection. Analytical assays based on antibodies against EpCAM antigen
expressed on the cells surface count to the direct CTCisolation methods together with size based separations.
The polymerase chain reaction-based assays analyzing
DNA and RNA count for indirect detection methods[7,8].
Characterization of CTCs in PaC including enumeration could be an important part of the diagnostic process. CTCs detection aims to reveal the tumor recurrence
risk, chemo and radiotherapy resistance markers[9].
Moreover, the conventional prognostic indicators to
predict patient outcome are often imperfect, owing mainly to tumor plasticity and subjective assessment criteria.
Therefore, there is an urgent need for the establishment
of new sensitive prognostic methods capable of identifying patients with a worse prognosis or those who will
progress quickly.
In the present study, we have employed size-based
separation method to detect CTCs. Our goal was to create an accurate assay that would improve the both detection and cultivation of CTCs/disseminated tumor cells
(DTCs) of pancreatic cancer patients avoiding falsepositive results and to allow for the personalization of
therapy regimens.
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Ⅰ
ⅡA
ⅡB
Ⅲ
Ⅳ

With detected CTC

24
0
2
11
11

0 (0)
1 (50)
9 (81.8)
6 (54.5)

7
17

6 (85.7)
10 (58.9)

21
3

14 (66.7)
2 (66.7)

1
13
9
1

0 (0)
8 (61.5)
8 (88.9)
0 (0)

1
5
7
8
3

1 (100)
4 (80)
5 (71.4)
4 (50)
2 (66.7)

CTCs: Circulating tumor cells.

MATERIALS AND METHODS
Patients
To date, 24 patients with diagnosed PaC have been enrolled into the study in accordance with Declaration of
Helsinki. All patients were candidates for surgery treatment, but 9 out of the 24 patients (37.5%) were seen
as inoperable within surgery. Based on the informed
consent clinical data were collected from all participating
patients. The patient sample characteristics are shown
in Table 1. Peripheral blood (PB) was collected prior to
surgery. For each patient, peripheral blood (8 mL) was
withdrawn into S-Monovette tubes (Sarstedt AG and
Co., Numbrecht, Germany) containing 1.6 mg EDTA/
mL blood as an anticoagulant. The isolation procedure
was completed within 24 h after the blood withdrawal (the
samples were stored at 4-8 ℃ up to 24 h).
CTCs enrichment and culture
Recently, a new size based separation method for viable
CTC - enrichment from PB has been introduced (MetaCell®, MetaCell s.r.o., Ostrava, Czech Republic)[10]. The
size-based enrichment process is based on the filtration
of peripheral blood through a porous polycarbonate
membrane (pores with 8 μm diameter). The minimum
and maximum volume of the filtered PB may be adjusted up to 50 mL with fluid. The standard 8 mL of PB
from patients suffering with PaC was transferred into
the filtration tube-set. Successive blood transfer in several steps is preferred to prevent the blood clotting on
the membrane filter. The PB flow is driven by capillary
action of the absorbent touching the membrane filter.
The whole isolation procedure runs at room tempera-
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A

B

10 μm

10 μm

C

D

10 μm

10 μm

Figure 1 Circulating tumor cells captured and cultured on the membrane filter (A), cultured in vitro (A, B, C, D) with visualized nucleoli and nucleus counterstained with DAPI. The circulating tumor cells (CTCs) cultured in vitro may grow through the membrane via the ability of changing the cell shape (C, D).

A

B

10 μm

10 μm

Figure 2 Circulating tumor cells captured and cultured on the membrane filter, incubated with CK-18-FITC antibody, nucleus was counterstained by DAPI (A, B).

ture. The filtered CTCs were observed on the membrane
immediately after filtration by light microscopy and
subsequently (after 2 h) by fluorescent microscopy using
unspecific nuclear stain (NucBlue™, Life Technologies).
For some of the tested samples unspecific cytoplasmic
stain (CellTracker™, Life Technologies) has been used
as well to identify viable CTCs. The fluorescent analysis
enables to distinguish cytomorphology of the recently
enriched CTC fraction with a very high percentage of
sensitivity.
The control of presence of the captured CTCs immediately after the isolation process helps to avoid false
negative results of examination.
The membrane filter is kept in a plastic ring that is
transferred into the 6-well cultivation plate, 2 mL RPMI

WJG|www.wjgnet.com

media is added to the filter top and 2 mL to the well bottom. CTCs are cultured on the membrane in vitro under
standard cell culture conditions (37 ℃, 5% atmosphere
of CO2) and observed by inverted microscope (Figure
1). The CTCs were grown in FBS enriched RPMI medium (10%) for the period of minimum 14 d on the
membrane. The cultured cells were analyzed by means of
histochemistry (May-Grünwald staining) and immunohistochemistry using the specific antibodies to identify cell
origin [anti-cytokeratin 18 -FITC conjugated antibody
(Sigma, Germany)], monoclonal CEA, cytokeratin CK7
and vimentin (Dako Denmark S/V) and unspecific DAPI
staining (Sigma, Germany) (Figures 1, 2 and 3).
Alternatively the enriched CTCs fraction can be transferred from the membrane and cultured directly on any
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A

B

20 μm

C

20 μm

D

20 μm

20 μm

Figure 3 Circulating tumor cells captured on the separating membrane shown after different immunohistochemistry stainig proving the gastrointestinal
origine of the captured cells. A: May-Gruenwald stain; B: CEA-antibody staining; C: CK7-antibody staining; D: Vimentin-antibody staining.

plastic surface or a microscopic slide. Microscopic slide
culture is preferred if immunohistochemistry/immunofluorescence analysis is planned. If an intermediate CTCsanalysis is awaited, the CTCs-fraction is transferred in PBS
(1.5 mL) to a cytospin slide. The slide is then dried for 24
h and analyzed by means of immunohistochemistry.
Cytomorphological analysis
The fixed and stained cells on the membrane were examined using light and fluorescent microscopy. The analytical process can be divided into two steps: (1) observing
at smaller magnification (up to × 20) to identify cells or
cell nuclei; and (2) observing at higher magnification (up
to × 6) for more detailed evaluation of cytomorphology.
Cells captured on the separating membrane (single
cells or cells within clusters) were located, digitized, and
evaluated by a trained researcher and/or experienced pathologist. Cells presenting below listed characteristics were
defined as CTCs: (1) nuclear size equal or larger than 10
μm); (2) presence of a visible cytoplasm; (3) prominent
nucleoli; (4) high nuclear-cytoplasmic ratio, which is not
necessarily true in case of in vitro cultured cells; and (5) irregular nuclear contour.

RESULTS
The frequency of the CTCs positivity is summarized
for different patient subgroups in Figure 4. CTCs were
detected in 16 patients of 24 patients (66.7 %), (Figure
4A), with comparable frequencies in operable and inop-
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erable patients (60% vs 77.8%). Due to the low number
of patients in the different disease stage groups, CTCpositivity does not reflect the disease stage (Figure 4B),
tumor size (Figure 4C), or lymph node involvement
(Figure 4D). The same percentage of CTC positivity
was observed in the metastatic and nonmetastatic patients (66.7% vs 66.7%) (Figure 4E). Interestingly 88.9%
patients with tumor grade 3 were affected by the spread
of the pancreatic disease defined by CTCs (Figure 4F).
The CTC - positivity reported for each patient individually is shown in the Table 2. We are not able to report
any correlation of CTC-abundance and histology tumor
subtype.
We evidence successful CTCs isolation in patients with
pancreatic cancer, capturing viable cells with proliferation
potential. The cells captured by size-based filtration approach are enriched with good fitness, what enables the
culture of the CTCs unaffected by any antibodies or lysing solutions. The CTCs were cultured in vitro for further
downstream applications. The confluent cell growth was
reached in the majority of the cultivated CTC cases.
The size of the captured cells guided us in the cancer
cell identification process even without any additional
staining (e.g., May-Grűnwald -MGG). This standard
staining protocol (MGG) has enabled us to analyze the
nuclei including nucleoli. Generally the nucleus was bigger than 10 μm itself and the cells did not present much
of cytoplasm immediately after separation process. The
nuclear-cytoplasmatic ratio is relatively high in cancer
cells, but not in the in vitro cultured CTCs. The CTCs
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With detected CTC
Without CTC

A

B

CTCs in pancreatic cancer patients

Inoperable (77.8% with CTC)

7

CTCs in relationship to disease stadium
Ⅳ. (66.7% with CTC)

2

2

Ⅲ. (50% with CTC)

Operable (60% with CTC)

9

6

4

ⅡB. (71.4% with CTC)

16
0

C

8
10

Ⅲ. (81.8% with CTC)

10

involvement (N stage)
Ⅰ . (58.9% with CTC)

10

6

0. (85.7% with CTC)

1 1
0

5

7

2

9

Ⅱ. (50.0% with CTC)

10

CTCs in relationship to lymph node

5

6

1

0

D

CTCs in relationship to tumor size (T stage)
Ⅳ. (54.5% with CTC)

E

30

2

4

Ⅰ . (100% with CTC)

20

4
5

ⅡA. (80% with CTC)

Total (66.7% with CTC)

1

5

10

15

CTCs in relationship to metastasis (M stage)

0

F

1
5

10

15

20

CTCs in relationship to grade (G)
Ⅳ. (0% with CTC) 01

Ⅰ . (66.7% with CTC) 2 1

0. (66.7% with CTC)

14
0

7
10

3. (88.9% with CTC)

8

2. (61.5% with CTC)

8

1
5

1. (0% with CTC) 01
20

30

0

5

10

15

Figure 4 Circulating tumor cells positivity reported for patient subgroups. A: Circulating tumor cells (CTCs) in PaC patients, reflecting operability of the primary
tumor; B: CTCs in PaC patients in different disease stages; C: CTCs in PaC patients, grouped according the tumor size; D: CTCs in PaC patients, grouped according
the lymph node involvement; E: CTCs in PaC patients grouped according the metastasis; F: CTCs in PaC patients, grouped according to tumor grade.

get big and long in the culture, changing the nuclearcytoplasmatic ratio. The cytoplasm of CTCs is rather
pale than condensed.
Due to the cell size (15 μm), nucleus size (10 μm),shape,
and nucleoli visualized by MGG or simple DAPI-stain in
the formerly fixed cells, cancer cells are detected on the
separating membrane (Figure1A), and also on the plastic
bottom of the 6-well plate (Figure 1B-D). These results
indicate that the captured cancer cells display plasticity enabling to grow through the separating membrane.
Concerning the shape of the cancer cells in the “bottom
fraction”, these cells could present a more invasive CTCfraction with a spindle cell-like shape. The immunohistochemical analysis has shown the abundance of the
cytokeratin-18 in the “membrane” fraction as well as in the
“bottom” fraction proving the carcinoma origin. We see an
enormous potential in the gene expression analysis, which
could reveal the epithelial - mesenchymal character of the
detected cancer cells. The mesenchymal like type phenotype of CTCs after an epithelial- mesenchymal transition
(EMT), was described by expression of CK7, CEA and
vimentin (Figure 3).
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DISCUSSION
The presented study aimed to successful isolation of CTCs
from patients with PaC using a simple size-based separation device. The gentle antibody independent isolation
process allows the subsequent CTC-cultivation in vitro.
The antibody independence could be of advantage
because the detection of CTCs cannot be based only on
the expression of epithelial makers (EpCAM) or cytokeratins due to their lost within EMT process[11-13].
The epithelial markers can be down regulated during
tumor cell dissemination, affecting the detection rates
of CTCs[14-16]. Relatively low CTC-detection rates were
reported using the isolation methods relying on EpCAM
expression (e.g., CellSearch ®, Adnagen ®) in the early
disease stages suggesting, EpCAM-based isolation processes may not be efficient for CTC-detection[17-19].
Two platforms for CTC- enumeration based on different isolation principles (CellSearch® and ISET) were compared in the study of pancreatic cancer by Khoja et al[20]
prospectively. CellSearch® works on the antibody dependent principle of CTCs-separation. All CTCs expressing
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Table 2 Individual patient characteristics and circulating tumor cells examination results
Stadium
ⅠB
ⅡA
ⅡA
ⅡA
ⅡA
ⅡA
ⅡB
ⅡB
ⅡB
ⅡB
ⅡB
ⅡB
ⅡB
Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅲ
Ⅳ
Ⅳ
Ⅳ

Tumor histology

CTC

T

N

M

G

Surgery

Ductal
Cylindrocellular
Ductal
Ductal
Ductal
Ductal
X
Ductal
X
Ductal
Ductal
Ductal
Anaplastic
Ductal
Ductal
Ductal/cylindrocellular
Ductal
Ductal/cribriform
Ductal
Ductal/neuroendocrine
Ductal
Ductal
Ductal
Ductal

YES
YES
YES
YES
NO
YES
YES
YES
NO
YES
YES
YES
NO
NO
NO
NO
YES
NO
YES
YES
YES
YES
NO
YES

2
3
3
3
3
3
3
3
3
3
3
3
2
4
4
4
4
4
4
4
4
4
4
4

0
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1
1
1
0
1
1
1
1
1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
1

2
3
3
3
2
2
3
3
2
3
2
2
4
2
2
1
3
2
2
2
3
2
3
2

Operabile
Operabile
Operabile
Operabile
Inoperabile
Operabile
Inoperabile
Inoperabile
Inoperabile
Operabile
Operabile
Inoperabile
Operabile
Operabile
Operabile
Operabile
Inoperabile
Operabile
Operabile
Inoperabile
Inoperabile
Inoperabile
Operabile
Operabile

CTCs: Circulating tumor cells.

epithelial markers should be captured by immunomagnetic separation. ISET is asize-based, blood filtration device.
It has been reported that CTCs were detected in 93% of
patients via ISET and in 40 % by CellSearch®.
We detected CTCs in the 66.7% cases. If the patients
are subcategorized, the CTC- positivity reaches 80% in
some subgroups (e.g., T3-stage). In discussing the results
of the CTC-frequency in the pre-defined patient subgroups we should report the relationship between the
CTCs and operability of the PaC patients. The CTCs
were detected in the 77.8 % of inoperable patients. In the
future the CTCs-tests could be used for pre-screening
patients before operation. Stage Ⅲ encompasses patients whose tumors can be surgically removed which
represents more than a half of the patients. The CTCs
positivity results show, that also in the resectable cases,
the CTC-positivity number is very high (60%). There is
a possibility to pre-treat the CTC-positive patients within
neoadjuvant therapy (chemotherapy or radiotherapy)
combined regimens. The survival analysis of the PaC patients in the tested group is not available yet to show how
different the patient performance and therapy resulted
following CTC testing.
We have to acknowledge the potential of CTCs in understanding and discovering the biological principles of
cancer dissemination. The information on CTCs should
help to manage patients according the CTC- presence.
The in vitro proliferation of CTCs in PaC could enable an
implementation of new analytical methodologies such as
genome profiling, microRNA studies, protein expression
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testing, chemoresistance analysis, and discovery of new
therapeutic regimens and targets. To use the CTCs as
biomarker monitoring the therapeutic efficiency in PaC
could be of advantage in near future. Subsequently, CTCtesting is helping to improve patient stratification for new
targeted drugs regimens[21-25].
Nevertheless, due to the lack of treatment possibilities
in PaC, it is not possible yet to identify by help of CTCs
new “druggable targets”.But it is possible to identify in
CTCs susceptible genes, which could be used for gene
therapy development and immunotherapy optimalization
in individual patients[7].
CTCs may help to identify differences between primary tumor and metastasis on the phenotype and genotype level. The clonal heterogeneity of the primary tumor
could explain differences between populations of disseminated cells and the evolution of their new genotypes
and phenotypes[26]. To identify the differences on the
gene expression level between the primary tumor cells
and CTCs should be a base for improving the therapeutical approaches. To answer all the questions discussed
above one needs larger number of CTCs. There are
several ways how to obtain larger numbers of cells: (1)
have more precise and specific separation techniques; (2)
To analyze bigger blood volumes; or (3) culture CTCs in
vitro enabling their proliferation and further downstream
analysis. This could be reached by separation technologies as presented here. The newly reported successful in
vitro CTCs-culture could be a tool to overcome the lownumber CTCs limits, enabling any further research e.g.,

17168

December 7, 2014|Volume 20|Issue 45|

Bobek V et al . CTCs cultivation in pancreatic cancer

on protein expression level.

6

COMMENTS
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Background

Metastasis in visceral tissue is the major cause of cancer death .The dissemination process is based on the plasticity of malignant cells enabling their migration
from primary tumors to other microenvironments. Hematogenous dissemination
is the most common dissemination route even in tumors spreading through
lymphatic system. Circulating tumor cells (CTCs) are messengers in the cancer
dissemination process-holding a promise to determine new therapeutical regimens for the advanced cancer. There have been many clinical studies which
showed the utility of CTCs abundance in the bloodstream as a prediction and
prognostic marker of the pancreatic disease.

Research frontiers

The authors still don’t know yet how many tumor cells and how often are shed
from the primary tumor into the bloodstream. It is hypothesized that 1 g of tumor
tissue may release 106 of the cells into to bloodstream every 24 h. It is essential
to establish sensitive and specific technologies to detect CTCs, which would
enable their analysis on molecular level to further understand CTCs biology.
CTCs present an opportunity to offer information on more effective treatment
strategies and metastatic process prevention in individuals.

8
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11

Innovations and breakthroughs

Innovation and improving of CTC detection methods has been reported recently
for CTC microchips, filtration based methodologies, quantitative reverse transcription polymerase chain reaction. Improvements in CTC capture efficiency,
quantification, imaging and molecular analyses are likely to enable further
clinical applications. In this original research paper, we demonstrate that it is
possible to isolate human CTCs from patients with pancreatic cancer, with subsequent cultivation and proliferation in vitro.

12

Applications

CTCs provide a novel prognostic and predictive biomarker enabling to monitor
the efficacy of systemic therapy. CTCs may help to identify differences between
primary tumor and metastasis on the phenotype and genotype level. The
clonal heterogeneity of the primary tumor could explain differences between
populations of disseminated cells and the evolution of their new genotypes and
phenotypes. To identify the differences on the gene expression level between
the primary tumor cells and CTCs, CTCs should be a base for improving the
therapeutical approaches.

13

CTCs the cancer cells circulating in the bloodstream. Size-based enrichment
process: CTC-enrichment based on cell size, addresses the problem of reduced
EpCAM expression.

15

Terminology

Peer review

This paper provides a size-based method to isolate and culture pancreatic
CTCs from clinical blood samples. The major point of this paper is the culture
of CTCs. Many downstream tests are possible for the characterizations of
these cells.
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ulcer were: a single ulcer (50%), larger than 1 cm in
diameter (72.2%), and round/oval or volcano-type in
shape (83.3%). Compared with patients without GI involvement, less ocular lesions, lower levels of albumin,
erythrocyte count and hemoglobin, and higher levels
of C-reactive protein and erythrocyte sedimentation
rate were confirmed in the intestinal BD group. Four
patients had esophageal ulcers in the BD group but no
case in controls. The other endoscopic findings were
similar between the two groups. The prevalence of Helicobacter pylori infection was similar in both groups.
Most patients received an immunomodulator and responded well.
CONCLUSION: GI lesions commonly occur in Chinese
BD patients. The most frequently involved area is the
ileocecal region. Esophageal ulcer might be a rare but
unique lesion.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
AIM: To report the incidence, clinical features and outcomes of gastrointestinal (GI) involvement in Behcet’s
disease (BD).
METHODS: A total of 168 consecutive patients with
BD were screened and upper and lower GI endoscopies
were performed in 148 patients. Four hundred age- and
sex-matched controls were enrolled for comparison.
RESULTS: Fifty-two (35.1%) patients had GI lesions.
After a mean follow-up of 10 mo, ileocecal ulcers had
been confirmed in 20 patients, including active ulcer(s)
in 18 patients, but no ileocecal ulceration was found
in controls. GI symptoms were present in 14 patients
with active ulcer(s), while 4 patients with smaller ulcer
were asymptomatic. Endoscopic features of ileocecal
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Core tip: This study reports the incidence and clinical features of gastrointestinal (GI) involvement in a total of 168
consecutive Chinese patients with Behcet’s disease (BD),
of whom upper and lower GI endoscopies were performed in 148 patients. Controls were enrolled for comparison. Fifty-two (35.1%) patients had GI lesions. After
a mean follow-up of 10 mo, ileocecal ulcers had been
confirmed in 20 patients, but no ileocecal ulceration was
found in controls. Four patients had esophageal ulcers in
the BD group but no case in controls. The other endoscopic findings were similar between the two groups.
Zou J, Shen Y, Ji DN, Zheng SB, Guan JL. Endoscopic findings
of gastrointestinal involvement in Chinese patients with Behcet’s disease. World J Gastroenterol 2014; 20(45): 17171-17178
Available from: URL: http://www.wjgnet.com/1007-9327/full/
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INTRODUCTION
Behcet’s disease (BD) is a rare, recurrent multisystem
inflammatory disease that often presents with mucosal
ulcerations and ocular lesions. It can also involve visceral
organs such as the gastrointestinal (GI) tract, pulmonary, cardiovascular, musculoskeletal and neurological
systems[1]. Its incidence is relatively higher in East Asia
(13.5-20 patients per 100000 inhabitants) than in the
United States and the United Kingdom (0.12-0.64 patients per 100000 inhabitants)[2-5]. The prognosis of BD
varies from nuisance to fatality. The involvement of the
central nervous system, large blood vessels, and GI tract
often leads to a fatal prognosis[3].
Because GI involvement can result in severe morbidity and mortality[6], BD is designated ‘‘intestinal BD’’ or
“entero-BD” if a typical oval-shaped large ulcer in the
terminal ileum or ulcerations in the GI tract are objectively documented[6,7]. The prevalence of intestinal involvement in patients with BD has been reported to be
3%-25%, although it varies in different populations[2,8-10].
Symptomatic intestinal involvement is common in
East Asian patients [6,8,11,12] but rare in Mediterranean
patients[3,5,13,14]. Common clinical symptoms include abdominal pain, diarrhea, and bleeding, similar to those
of inflammatory bowel disease. We had experiences in
treating BD patients with acute manifestations of intestinal perforation or hemorrhage, but without chronic
GI symptoms. Occasionally upper endoscopy might
reveal esophageal ulcers without dysphagia, epigastric
pain, or heartburn in BD patients. Several small-sample
studies were conducted to investigate the prevalence of
GI involvement in BD patients with GI symptoms[15-18].
However, the real frequency of GI involvement, including “silent” or asymptomatic ulcers, in BD is unknown.
Accordingly, the aim of this study was to prospectively
observe the frequency of GI involvement and assess the
endoscopic features in BD patients by both esophagogastroduodenoscopy (EGD) and ileo-colonoscopy irrespective of GI symptoms at a single tertiary academic medical
center in China.

MATERIALS AND METHODS
Ethics
This work was carried out in accordance with the Declaration of Helsinki (2000) of the World Medical Association. The study protocol was approved by the institutional review board of Huadong hospital, and informed
consent was obtained from all study participants.
Subjects and methods
We recruited 168 consecutive patients with BD presenting to the Division of Immunology and Rheumatology
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at the Fudan University Huadong Hospital, Shanghai,
China, between July 2011 and June 2013. BD was diagnosed according to the revision of international study
group criteria (ISG)[19] and BD Research Committee of
Japan 1987[20]. The ISG criteria require recurrent oral ulcerations plus two of the following additional findings: (1)
recurrent genital ulcerations; (2) eye lesions consisting of
an iritis, posterior uveitis, renal vessel occlusion, and/or
optic neuritis; (3) skin lesions consisting of folliculitis, erythema nodosum, an acne-like exanthema, or a migratory
thrombophlebitis; or (4) a positive pathergy test, which is
an inflammatory skin reaction to an intradermal injection
of saline. The Japan criteria consist of four major (oral
ulceration, skin lesions, eye lesions, and genital ulcers) and
five minor symptoms (arthritis, intestinal ulcers, vascular
disease, neuropsychiatric disorders, and epididymitis).
Patients were classified into subset types: complete type
(four major features), incomplete type (three major features, two major plus two minor, typical ocular symptom
plus one major or two minor features), and suspected
type (two major features, or one major plus two minor
features). Additionally, patients were further categorized
into two groups labeled as defined or probable for intestinal BD by diagnostic criteria based on two aspects:
endoscopic findings and extra-intestinal manifestations[21].
The ulcerations were divided into “typical” and “atypical”
ulcerations for intestinal BD on the basis of endoscopic
findings. Patients with < 5 ulcers that were oval in shape,
deep, with discrete borders, and were located in the ileocecal area were classified as having “typical” ulcers[22].
Ulcerations that did not fulfill all of the characteristics
were regarded as atypical. The Japan criteria were applied
to access the extra-intestinal manifestations. Patients with
typical intestinal ulcerations in the ileo-colonoscopic examination who had extra-intestinal symptoms that could
be classified as complete, incomplete, or suspected were
allocated to the “definite” intestinal BD group. Whereas,
those with atypical intestinal ulcerations presenting with
extra-intestinal symptoms that could be classified as
complete, incomplete, or suspected were allocated to the
“probable” intestinal BD group. Four hundred age- and
sex-matched control patients were enrolled for comparison of the prevalence of GI lesions (Figure 1).
Exclusion criteria
Patients who refused GI endoscopic examination or did
not have perfect bowel cleansing at ileo-colonoscopy
were excluded. Differential diagnosis of particularly tuberculosis, lymphoma, carcinoma, Crohn’s disease, acidrelated disease (peptic ulcer, stress ulcer or ZollingerEllison syndrome), drug-induced disease (corticosteroids
and non-steroidal anti-inflammatory drugs), and ischemic
colitis, during the initial evaluation and follow-up, was
excluded based on clinical, endoscopic, blood, microbiologic, and/or histopathologic findings.
Endoscopy procedure
Endoscopic examination was performed by two gastro-
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200 controls in lower
endoscopy
(mean age 35.64 ± 15.17)

200 controls in upper
endoscopy
(mean age 36.28 ± 14.22)

148 BD enrolled
(mean age 35.90 ± 12.27)

Refused or did not finish endoscopy;
Exclusion of mimic diseases

Lower endoscopy findings

Upper endoscopy findings

Typical intestinal ulcer

Atypical intestinal ulcer

Definite intestinal BD

Probable intestinal BD

Follow-up

Figure 1 Study protocol and algorithm for the diagnosis of intestinal Behcet’s disease. Complete, incomplete, and suspected subtypes of systemic Behcet’s
disease (BD) were classified according to the diagnostic criteria of the Research Committee of Japan 1987.

enterologists by using the Olympus GIF H260 and CF-H
260A1 in all subjects for upper and lower GI tract examinations. During endoscopy, two biopsies were taken from the
antrum for rapid urease test and histological examination.
Clinical evaluation and laboratory findings
The presence of extra-GI symptoms (systemic symptoms), including genital ulcers, uveitis, dermatological
lesions, neurological involvement, peripheral vasculitis,
and joint involvement at the time of diagnosis, and GI
symptoms such as dyspepsia, hunger pain, chest/abdominal pain, dysphagia, diarrhea, or bleeding, were recorded.
Laboratory results including level of erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) level, peripheral blood count, and serum albumin were evaluated.
Statistical analysis
The software program SPSS (v. 19, Chicago, IL) was used
for statistical analyses. Student’s t-test or Mann-Whitney
U-test was used to compare numerical variables between
groups. The χ 2 or Fisher’s exact test was used to compare
categorical variables. P values < 0.05 were considered statistically significant.

RESULTS
Recruitment
Among the total of 168 consecutive Chinese patients
with BD, 20 either refused to undergo endoscopy, or did
not complete an ileo-colonoscopy due to a non-perfect
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bowel cleansing. After excluding those patients, a total
of 148 BD patients (mean age 35.9 ± 12.3 years, range:
13-65; mean duration of disease 95.8 ± 87.6 mo, range:
1-540) were enrolled in the study, including 68 female and
80 male patients. Eighty-seven (58.8%) patients fulfilled
the ISG criteria and all met the Japan criteria: 9 (6.1%)
patients classified as complete subtype, 87 (58.8%) as incomplete subtype, and 52 (35.1%) as suspected subtype.
There were 95 (64%) patients with newly diagnosed
BD and taking no medication at endoscopy. Among the
remaining 53 patients, 42 were using thalidomide, and 32
were using one or a combination of immunosuppressive
drugs (cyclosporine, azathioprine, hydroxychloroquine,
colchicine or steroid). Most of the immunosuppressive
users had visceral organ involvement, with ocular, central
nervous system, large blood vessel, GI tract or refractory skin lesions. None of our patients had a history of
chronic or recent NSAID usage. Forty-four (30%) patients had GI symptoms at the time of the endoscopic
study, most commonly epigastric pain (18%), heartburn
(11%), abdominal pain (22%), diarrhea (11%), GI bleeding (3%), and constipation (8%).
Ileo-colonoscopy (macroscopic appearances)
GI lesions were noted in 52 (35.1%) patients in general.
Initially, 21 patients with ileocolonic ulcers were identified. After a mean follow-up of 10.5 ± 6.3 mo (range:
2-26), a 50-year-old female with atypical colon ulceration
was re-diagnosed with ischemic colitis involving the leftside colon and sigmoid by both endoscopic manifestation
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Table 1 Clinical features of Behcet’s disease patients with gastrointestinal lesions (none had arthritis, vascular or neurological
involvement)
Case No. Gender
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Female
Male
Male
Female
Male
Female
Female
Male
Male
Female
Female
Female
Female
Male
Female
Male
Male
Female

Age

ISG

Japan

26
18
49
35
23
22
32
19
56
30
23
21
28
60
23
50
40
58

+
+
+
+
+
+
+
+
+
+
+
+
+

Incomplete
Incomplete
Incomplete
Incomplete
Incomplete
Incomplete
Suspected
Suspected
Incomplete
Suspected
Incomplete
Incomplete
Incomplete
Incomplete
Incomplete
Incomplete
Suspected
Incomplete

Abdominal Other GI symptoms
pain
+
+
+
+
+
+
+
+
+
+
+
+
+

Constipation

Endoscopic findings

Distribution pattern Size (cm)

Terminal ileum
EU, terminal ileum, CU
Terminal ileum, GU
Terminal ileum
Terminal ileum
Terminal ileum, CU
Ileocecal valve
Ileocecal valve
Terminal ileum
Terminal ileum
Cecum
Terminal ileum
Ileocecal valve
Cecum
Terminal ileum
EU, cecum
Terminal ileum
Cecum, CU

Diarrhea
Diarrhea
Bloody stool

Diarrhea
Diarrhea
Diarrhea
Diarrhea
Diarrhea

Multiple
Multi-segmental
Multi-segmental
Single
Single
Diffuse
Single
Single
Single
Single
Multiple
Single
Single
Single
Multiple
Multi-segmental
Multiple
Multi-segmental

> 1, ≤ 3
> 1, ≤ 3
> 3, ≤ 5
≤1
> 1, ≤ 3
> 1, ≤ 3
≤1
> 3, ≤ 5
> 1, ≤ 3
> 1, ≤ 3
≤1
> 1, ≤ 3
>5
>5
≤1
> 3, ≤ 5
> 1, ≤ 3
> 3, ≤ 5

Shape
Round/oval
Geographic
Volcano
Round/oval
Round/oval
Geographic
Round/oval
Volcano
Round/oval
Round/oval
Round/oval
Round/oval
Round/oval
Volcano
Round/oval
Volcano
Volcano
Geographic

GI: Gastrointestinal; EU: Esophageal ulcer; GU: Gastric ulcer; CU: Colonic ulcer; ISG: International Study Group criteria; Japan: Criteria of the Research
Committee of Japan 1987.

Figure 2 Ileocolonoscopic appearance of patient 10 with an ulcer in her
ileocecal valve.

Figure 3 Colonoscopic appearance of patient 2 with ulcers in his transverse colon.

and histological findings. Eventually, ileocecal ulcer(s)
were confirmed in 20 patients, including active lesions in
18 individuals (10 females and 8 males; sex ratio 1.25:1;
Table 1) and ulcer scars in two. No ulceration was found
in the control group. The extra-intestinal symptoms
were: oral ulcers in 18 (100%) patients, genital ulcer in 17
(88.9%), ocular lesion in 0 (0%), skin lesion in 14 (77.8%),
arthralgia in 3 (16.7%) and a positive pathergy result in
4 (40%). Fourteen (77.8%) patients fulfilled the ISG criteria. According to their extra-intestinal symptoms, 14
patients met incomplete subtype and 4 fulfilled suspected
subtype. The ulcer locations were the terminal ileum in
11 patients (61.1%), the ileocecal valve in 3 (16.7%, Figure 2), the cecum in 4 (22.2%), and other segments of the
colon in 3 (16.7%, Figure 3). Single ulcers were observed
in 9 (50%) patients. Four (22.2%) patients had two to five
localized ulcers. Multi-segmental and diffuse distribution
of lesions was uncommon (27.8%). The size of ulcers
ranged from 0.5 cm to 5 cm. Ulcer larger than 1 cm was

recorded in 13 (72.2%) patients. Round/oval shape was
the most common (55.6%), followed by volcano-type
(27.7%) and irregular/geographic shape (16.7%). Based
on the adopted criteria[21], 15 patients with typical ulcers
were allocated to the definite group, whereas 3 patients
with atypical ulcers were allocated to the probable group.
GI symptoms were present in 14 patients with active
ulcer(s). GI symptoms included: abdominal pain in 13
(72.2%) patients, diarrhea in 7 (38.9%), GI bleeding in 1
(5.6%), and constipation in 1 (5.6%). Four patients with
smaller ulcers (less than 1 cm in diameter in 3 patients)
were asymptomatic at baseline.
The comparisons of extra-intestinal manifestations in
BD patients with lower GI ulcer(s) and without GI lesion
revealed that no ocular lesions, lower levels of albumin,
erythrocyte count and hemoglobin, and higher levels of
CRP and ESR were confirmed in the entero-BD group.
No statistical difference was found between two groups
in age, duration of BD, the presence of genital ulcer,
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Table 2 Comparison of symptoms and laboratory findings in
Behcet’s disease patients with lower gastrointestinal ulcer(s)
and without gastrointestinal lesion n (%)
BD with lower GI
ulcer (n = 20)
Age at diagnosis of
34.65 ± 14.59
intestinal BD (yr)
Male (%)
8 (40)
Duration (mo)
104.30 ± 125.44
Systematic signs
Oral ulcer
20 (100)
Genital ulcer
16 (80)
Ocular lesion
0 (0)
Skin lesion
15 (75)
Arthralgia
3 (15)
Epididymitis
0 (0)
Pathergy test
4 (20)
Vasculitis
0 (0)
Central nerve system
0 (0)
Laboratory findings at diagnosis
CRP (mg/L)
30.34 ± 30.62
ESR (mm/h)
36.75 ± 22.65
Albumin (g/L)
38.70 ± 4.00
WBC (109/L)
7.00 ± 2.78
RBC (1012/L)
4.13 ± 0.46
Hemoglobin (g/L)
117.47 ± 15.11
Platelets (109/L)
249.65 ± 92.49

BD without GI P value
lesion (n = 96)
33.63 ± 11.50

0.77

53 (55.2)
88.05 ± 70.13

0.58

96 (100)
69 (72)
27 (28)
62 (65)
30 (31)
1 (1)
20 (21)
2 (2)
1 (1)

1.00
0.46
< 0.01a
0.36
0.10
0.65
0.95
0.52
0.65

12.41 ± 9.18
24.04 ± 23.50
42.71 ± 6.12
7.46 ± 2.69
4.62 ± 0.64
137.81 ± 18.29
240.54 ± 73.60

0.02a
0.03a
< 0.01a
0.49
0.02a
< 0.01a
0.63

Figure 4 Endoscopic appearance of patient 2 with ulcers in his esophagus.

a

P < 0.05 vs control. BD: Behcet’s disease; CRP: C-reactive protein; ESR:
Erythrocyte sedimentation rate; WBC: White blood cell count; RBC: Red
blood cell count; GI: Gastrointestinal.

uveitis, dermatological lesions, and joint pain, or pathergy
test (Table 2).
One patient (patient 10, with a single ileocecal ulcer)
presenting with sudden onset of a high-grade fever up to
39-40 ℃ and severe abdominal pain was diagnosed with
BD associated with myelodysplastic syndrome (MDS),
and chromosomal analysis revealed trisomy 8.
Upper gastrointestinal endoscopy (macroscopic
appearances)
EGD revealed esophageal ulcers (Figure 4) in 4 patients
in the BD group, but there was no patient with esophageal ulcer in the control group. The distribution pattern
of lesions included: multiple localized type (2 patients)
and multi-segments (2 patients, associated with ulcers in
other parts of the gastrointestinal tract). Notably all the
esophageal ulcers were small, superficial ulcers. The other
upper endoscopic findings such as esophagitis (13.5% in
the patients with BD and 15.5% in the control group, P >
0.05), gastric erosion (18.2% in the patients with BD and
8.7% in the control group, P > 0.05), gastric ulcer (6.8%
in the patients with BD and 8.5% in the control group,
P > 0.05), duodenal ulcer (5.7% in the patients with BD
and 9.6% in the control group, P > 0.05), duodenitis (1.9%
in the patients with BD and 1% in the control group, P >
0.05) were similar in both groups.
Helicobacter pylori infection and histology
Helicobacter pylori (H. pylori) infection was detectable in
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13.2% of patients with BD, and 12.8% in controls by
rapid urease test. No difference was found between the
two groups.
The histological examinations of esophageal and ileocecal ulcerations revealed the lymphoplasmocytic and (or)
polymorphonuclear infiltration and presence of granulation tissue and fibroblasts in all cases. There was crypt
abscess in 2 patients. Two cases with typical ileocecal ulcer were reported with granulomas. Vasculitis was found
in 2 cases (patients 12 and 18).
Treatments and prognosis
Treatments for 18 intestinal BD patients included steroids, 5-aminosalicylate, thalidomide, azathioprine and
infliximab. Most patients received an immunomodulator
and experienced a clinical response. Fourteen patients
went into complete clinical remission. No patient experienced a deterioration and (or) severe complications which
need surgical intervention.

DISCUSSION
We prospectively followed and assessed the incidence of
GI involvement irrespective of GI symptoms and found
that GI abnormalities were frequently present in Chinese
BD patients. The typical GI lesion was ileocecal ulcer, featuring as a single or a few larger deep round/oval ulcer(s)
with certain GI manifestations. Patients with small ulcer(s)
were usually absent of GI symptoms. Esophageal ulcers
were relative rare but unique manifestations.
Because BD lacks pathognomonic symptoms or laboratory findings, the diagnosis depends on clinical signs
and symptoms. We employed the most commonly used
criteria (the Japan criteria and ISG criteria) to assess the
extra-intestinal manifestations.
The frequency of gastrointestinal involvement varies
in different countries, for example, a lower frequency in
Turkey[23], but a higher frequency in Japan[4,24,25]. The real
incidence rate might be underestimated due to “silent”
patients not included in most studies. By routine GI endoscopy we found the frequency of GI involvement in
our series was 35.1%. Thus an underestimation might be
eliminated in this situation.
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Intestinal BD can be a difficult diagnosis to establish.
Due to similarities in intestinal and extraintestinal manifestations and pathologic findings[2], clinicians could be
confused by a differentiation between intestinal BD and
other mimic diseases, particularly Crohn’s disease and intestinal tuberculosis. Hatemi et al[26] had proven that ISG
criteria performed well in differentiating IBD from BD
in a Turkish population. Although features commonly
seen in BD such as oral ulcers and papulopustular lesions
were widely present in IBD patients, there were only few
patients who fulfilled the ISG criteria. In our study, all
patients met the Japan criteria, and most of them (13/18)
met the ISG criteria. The rest 5 patients did not meet the
ISG criteria, however, all of them had typical ulcer(s): a
single or a few large round/oval ileocecal ulcer(s). Compared with the ISG criteria, the Japan criteria include
more clinical manifestations and have a gradual diagnostic system that can reflect a temporal change better than
the ISG. Besides clinical manifestations, the endoscopic
features including shape (round, irregular/geographic, or
longitudinal) and distribution pattern (focal single/focal
multiple, or segmental/diffuse) are helpful to distinguish
intestinal BD from Crohn’s disease. In this study we adopted the algorithm proposed by Cheon et al[21] based on
clinical manifestations and the type of ileocolonic ulcers
and enrolled controls for comparison. It has been proven
that after combining the definite, probable, and suspected
groups, the sensitivity and specificity of this algorithm for
diagnosing intestinal BD were 99% and 83%, respectively.
Our study found that the algorithm was quite reliable.
After short-term follow-up only one patient with atypical
ulcer was re-diagnosed as ischemic colitis by endoscopic
features and histological findings.
Our study found distribution pattern as single ulcer
(50%), two to five localized (27.8%), multi-segmental and
diffuse (22.2%), which is similar to the data reported in
Japan and South Korea studies[6,22,27-30]. Typical ileocecal
lesion is a single large ulcer, round or oval in shape, usually with a sharp outline. Larger typical ulcers were often
accompanied by GI manifestations, including abdominal
pain, diarrhea, bleeding, and constipation. The presence
of GI symptoms is commonly considered an indication
for endoscopic examination. In our series we found 4
cases with relatively smaller ileocecal ulcer(s) presenting
with no GI symptom. Two patients with ulcer scar had
no GI complaints. Intestinal BD usually was believed to
be associated with GI symptom and worse prognosis[6,31].
However, we found that asymptomatic patients might experience a self-limited course and have a better outcome.
Esophageal ulceration in BD is believed to be rare according to previous studies[15,17,32,33], with frequencies ranging from 2% to 11% in different BD populations. Bektas
et al[34] reported that esophageal motor abnormalities were
found in one-third patients, although endoscopic abnormalities were observed in 16% patients. We found esophageal ulcer(s) in 4 BD patients, and esophageal erosion in
20 patients. In the control group, the rate of esophageal
erosion was similar to that in the BD group, whereas, no
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esophageal ulcer had been found. There was no case of
esophageal fistula; luminal strictures; pseudomembrane
esophagitis; or “downhill” or classical esophageal varices
associated with either superior vena cava obstruction or
portal hypertension due to portal vein thrombosis in our
study[35,36].
We have found no difference in the prevalence of
esophagitis, gastric erosion, gastric ulcers, and duodenal
ulcers between patients with BD and controls. Thus
the above GI abnormalities might not be specific for
BD. None of our patients with lesions had histories of
NSAID usage. H. pylori infection rate in the BD group
was similar to that of controls, while the rate of H. pylori
infection is far lower than GI abnormality rate in either
group, which suggests that except for H. pylori infection
and BD, other factors account for the high rate of GI abnormality. Dieulafoy’s ulcer[37] and gastric non-Hodgkin’s
lymphoma[38] associated with BD have not been revealed
in this study.
Besides, one case with trisomy 8 was associated with
MDS. This patient (patient 10) showed a significantly
higher ESR level compared with patients without MDS (P
< 0.05). Intestinal ulceration is a frequent characteristic
in BD associated with bone marrow failure classified as
conditions such as MDS or aplastic anemia[39-41]. Cytogenetic aberration, especially trisomy 8, may play an important role in the pathogenesis of intestinal BD.
Laboratory values including ESR, CRP, erythrocyte
count, hemoglobin level, leukocyte count, platelet count
and albumin were evaluated at baseline. The prevalence
of anemia, hypoalbuminemia and increased parameters
of inflammation (CRP, ESR) has been noticed in the
ileocecal ulcer group. For a long time, anemia and hypoalbuminemia have been recognized as the key symptoms
of inflammatory bowel disease[42,43]. In Crohn’s disease,
serum levels of CRP correlate well with disease activity[44]. Our results confirmed that laboratory findings
in intestinal BD were similar to those in inflammatory
bowel disease.
The histological aspects of GI lesions in BD, involving acute or chronic nonspecific infiltrates and granulation tissue and fibroblasts, are typically seen at the base
of the ulceration. The finding of vasculitis is an uncommon but strong indication of intestinal BD[45]. Although
noncaseating epitheloid granuloma is one of the pathognomonic features of Crohn’s disease[46], occasionally
granuloma can also present in patients with intestinal
BD[47,48].
All patients in this report received various treatments
for their GI lesions, and all but three patients responded
well to treatments as evidenced by remission of symptoms. Although treatment strategies varied, all were given
immunomodulators, which supports the importance of
immunosuppressive therapy in BD.
There are certain limitations in the study. First, it was
a single-center and hospital-based study with potential
bias in its design. Second, the relatively short-term follow-up may be limiting factors towards the justification
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of accurate diagnosis. Hence, future long-term followup studies are needed to elucidate the natural history
of GI tract involvement in BD. Third, because of poor
tolerance or high cost of double-balloon enteroscopy or
capsule endoscopy, the small intestine was not fully investigated in the study. Future studies should employ at least
one method to investigate the small intestine.
In conclusion, GI abnormalities are frequently observed in Chinese BD patients. The typical lesion is ileocecal ulceration, featured by a single or few large ulcers,
round or oval in shape, with a discrete margin. Small
ulcers usually present without GI symptoms. Esophageal
ulcer might be a rare but unique GI lesion in patients
with BD.
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Abstract
AIM: To evaluate our experience of the clinical management of spontaneous isolated superior mesenteric
artery dissection (ISMAD).
METHODS: From January 2008 to July 2013, 18 patients with ISMAD were retrospectively analyzed, including 7 patients who received conservative therapy, 9
patients who received reconstruction with bare stents,
and 2 patients who underwent surgical treatment. The
decision to intervene was based on anatomic suitability,
patient comorbidities and symptoms.
RESULTS: Intestinal ischemia-related symptoms
completely resolved in 7 patients who received conservative therapy. Stent placement was successful in 9
patients. Of the 9 patients who received endovascular
stenting, abdominal pain was alleviated after the procedure and gradually disappeared within 3 d. Followup computed tomography and computed tomography
angiography were available in all patients during the
first month and the first year after the procedure,
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which revealed patent stent and patent involved superior mesenteric artery branches with complete obliteration of the dissection lesion. In the 2 patients who underwent surgical treatment, good clinical efficacy was
also observed.
CONCLUSION: ISMAD may be managed successfully
in a variety of ways based on the clinical symptoms. ISMAD should be treated by conservative management as
the ﬁrst-line option, however, in those with bowel necrosis or imminent arterial rupture during conservative
therapy, endovascular or surgical therapy is indicated.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Intestine; Superior mesenteric artery; Dissection; Therapy; Endovascular reconstruction
Core tip: Therapeutic options for isolated superior mesenteric artery dissection include conservative management, endovascular treatments or open surgery. In this
small series, conservative therapy was indicated for
asymptomatic patients or those with short-term symptoms, while endovascular or surgical therapy was recommended for those with clinical or imaging evidence
of bowel necrosis or imminent arterial rupture. Percutaneous endovascular reconstruction with bare stent
implantation is a feasible treatment choice with a high
success rate and good clinical outcome.
Lv PH, Zhang XC, Wang LF, Chen ZL, Shi HB. Management of isolated superior mesenteric artery dissection. World J
Gastroenterol 2014; 20(45): 17179-17184 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i45/17179.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i45.17179

INTRODUCTION
Since the first description by Bauersfeld[1] in 1947, occasional cases of spontaneous isolated superior mesenteric
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artery dissection (ISMAD) have been reported. However,
early identiﬁcation in the acute stage is increasingly possible due to the development of advanced imaging technology, in particular, abdominal computed tomography
(CT) scanning[2,3]. Therapeutic options include conservative management[4-7], endovascular treatments or open
surgery such as bypass or direct surgical reconstruction
of the lesion, although no consensus has been reached
with regard to the best treatment modality[8-13]. From
January 2008 to July 2013, 18 patients with ISMAD received treatment in our center. We adopted a treatment
algorithm based on the current literature and report our
results in these patients.

MATERIALS AND METHODS
Patients and general information
We retrospectively reviewed the medical history of 18
patients who were diagnosed with ISMAD from January
2008 to July 2013 in our institution. There were 14 males
and 4 females with a mean age of 49.8 years (range, 36-66
years). All patients presented with sudden upper abdominal, low back pain, nausea, vomiting, bloody stools, and
diarrhea. Of the 18 patients in this series, 6 had hypertension, 7 had dyslipidemia, 2 had diabetes and 9 had a history of smoking. Presenting symptoms and risk factors in
these 18 patients are shown in Table 1.
ISMAD was detected via upper abdominal contrastenhanced CT examination in all patients. The distance
from the superior mesenteric artery (SMA) ostium to the
origin of the dissection was measured using 3-dimensional (3D) reconstructions of CT scans. The percentage of true lumen compression by the false lumen was
also calculated from CT scans. The diagnosis of ISMAD
was made when one of the following signs was seen in
the SMA on the initial CT: (1) intimal flap and contrast
enhancement within the false lumen (Figure 1A); or (2)
a crescent-shaped area along the wall of the SMA with
higher attenuation than blood, showing no contrast enhancement after injection of contrast material.
Therapeutic options
Conservative therapy was performed in 7 patients focusing on antiplatelet therapy, blood pressure control, bowel
rest, intravenous ﬂuids, and nutritional support with or
without antithrombotic therapy. Abdominal pain was
gradually alleviated within 7 d in these 7 patients. Percutaneous endovascular reconstruction with bare stents
was carried out in 9 patients with persistent abdominal
pain despite conservative treatment or signs of bowel
ischemia (bloody stools). Two patients underwent surgical treatment. One of these two patients, who failed conservative and endovascular therapy, underwent dissecting
aneurysm resection plus vascular prosthesis grafting. The
other patient underwent emergent surgery with thrombectomy plus partial intimectomy due to persistent acute
abdominal pain and bloody stools. All patients received
antithrombotic therapy (anticoagulant, n = 6, antiplatelet
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agents n = 8, both n = 4).
Stent placement for ISMAD
Under local anesthesia, a 7F short vascular sheath was
inserted into the right femoral artery. Selective superior
mesenteric arterial angiography was performed with a
4-5F RH catheter (TERUMO, Japan) and the patient was
given a bolus of intravenous heparin (50 IU/kg) followed
by an infusion to maintain full heparinization (500-1000
IU/h). A 6F or 7F guiding catheter (Envoy; Cordis) was
used as an access channel into the proximal SMA. After
successfully cannulating a branch of the SMA with a
guide-wire (Cordis, United States), a balloon-expandable
stent or a self-expanding stent was advanced over the
guide-wire and was deployed covering the entire dissected
segment. The stents used included various types of selfexpanding stents (PRECISE, Cordis; WALLSTENT,
Boston Scientific; RX Acculink, Abbott) and balloonexpandable renal stents (Medtronic, Inc). Patients who
underwent endovascular bare stent placement were instructed to take aspirin (150 mg/d) and clopidogrel (75
mg/d) orally for 6 mo postoperatively.
Follow-up data
Follow-up data were obtained at outpatient examinations
twice or three times per year. Imaging follow-up using
CT was routinely performed once during the first month,
and once within the following year.

RESULTS
As described by Yun et al[14], ISMAD was classiﬁed into
three types based on the presence of dissection re-entry
and SMA main trunk patency at initial diagnosis. Four
patients were type I, five were type Ⅱa, six were type Ⅱ
b, and three were type Ⅲ. The entry sites were all located
within a short distance of the ostium. The distance from
the SMA ostium to the origin of the dissection ranged
from 0.6 cm to 4.8 cm (mean, 2.1 cm). The medium percentage of true lumen compression by the false lumen
was 27.1% (range: 0%-62%) (Table 1). Two patients had
aneurysmal dilatation of the SMA at the time of presentation. The diameter of these SMA aneurysms was 1.0
and 1.3 cm, respectively.
Stent placement was successful in 9 patients. A single
stent was used in six patients, the overlapping stent technique was used in two patients (Figure 1), and the triple
overlapping technique in one patient (Table 2). The diameter of the dissection proximal normal artery, the length
of the dissection and the SMA branches involved are
shown in Table 2.
Intestinal ischemia-related symptoms completely
resolved in the patients who received conservative therapy. Of the 9 patients receiving endovascular stenting,
abdominal pain was alleviated after the procedure and
gradually disappeared within 3 d. Follow-up CT and CTA
were available in all patients during the first month and
the first year after the procedure, which revealed patent
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Table 1 Clinical characteristics and percentage of true lumen of isolated superior mesenteric artery dissection in eighteen patients
Patients age (yr/sex)
46/M
56/M
66/M
40/M
48/M
52/M
61/F
43/M
49/M
48/M
36/F
39/M
44/M
45/M
58/F
52/M
55/M
58/F

Symptoms

Risk factors

Abdominal pain
Abdominal pain
Abdominal pain radiating to
the back
Abdominal pain, nausea,
vomiting
Abdominal pain
Abdominal pain, Diarrhea
Abdominal pain
Abdominal pain, bloody stools
Abdominal pain
Abdominal pain
Abdominal pain, bloody stools
Abdominal pain
Abdominal pain
Abdominal pain
Abdominal pain
Abdominal pain, nausea,
vomiting
Abdominal pain
Abdominal pain

Smoking
Hypertension, diabetes
Hypertension

Percentage of true lumen (%) Treatment outcome Follow-up (mo)
25
40
60

Pain resolution
Pain resolution
Pain resolution

32
28
33

Smoking, hypertension

0

Pain resolution

11

Smoking
Dyslipidemia
Smoking
Smoking, hypertension
Smoking
Smoking
Dyslipidemia
Hypertension
Hypertension, diabetes
Dyslipidemia
Smoking, dyslipidemia
Dyslipidemia

45
36
48
30
0
10
62
0
20
8
20
52

Pain resolution
Pain resolution
Pain resolution
Pain resolution
Pain resolution
Pain resolution
Pain resolution
Pain resolution
Pain resolution
Pain resolution
Pain resolution
Pain resolution

32
32
14
26
16
16
22
18
22
28
17
12

Dyslipidemia
Smoking, dyslipidemia

12
20

Pain resolution
Pain resolution

18
14

M: Male; F: Female.

A

B

C

D

Figure 1 Two overlapping stent-in-stent technique. A: Computed tomography angiography (CTA) showing a thrombus generated inside the false lumen, an ulcerlike niche intruding into the false lumen (indicated by the arrow); B: DSA demonstrating isolated superior mesenteric artery dissection (ISMAD) and narrowing of native
lumen (arrow); C: Post two bare stent (a balloon-expandable and a self-expandable bare) deployment, repeat angiograph showing complete exclusion of the true lumen preserving patency of the superior mesenteric artery; D: Follow-up CTA at 5 mo, demonstrating disappearance of the false lumen and patency of true lumen (arrow).

stent and patent involved SMA branches with complete
obliteration of the dissection lesion. The patient with ISMAD who underwent resection plus vascular prosthesis
grafting and another patient who underwent thrombectomy plus intimectomy recovered well, without intestinal
ischemia-related symptoms.

DISCUSSION
Although an increasing number of ISMADs have been
reported in recent years due to the development of advanced imaging technology[2,3], the natural history of ISMAD is not well understood due to the complexity and
rarity of the condition. In the present study, six patients
(6/18) presented with hypertension, however, there was
no atherosclerotic change in the oriﬁce and the proximal
segment of SMA. It seems that different mechanisms are
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involved in ISMAD as compared with aortic dissection.
With regard to the causes of ISMAD, hemodynamic abnormalities in the SMA at the transitional point may be a
major cause of ISMAD[15-17].
Isolated SMA dissections are most commonly diagnosed by CT scanning, but may also be diagnosed by
ultrasound imaging, MRI, or angiogram[10]. The clinical
presentation in our ISMAD patients was acute abdominal
pain. This pain is related to stenosis of the true lumen
causing mesenteric ischemia[18], or to rupture of the dissection causing a mesenteric hematoma[3]. Yun et al[14]
classiﬁed ISMADs into three types based on their imaging findings. In our eighteen ISMAD patients, four were
type Ⅰ, five were type Ⅱa, six were type Ⅱb, and two
were type Ⅲ. Endovascular procedures were performed
in type Ⅰ (1), type Ⅱb (4), type Ⅱa (3) and type Ⅲ (1).
Surgery was required in two patients (type Ⅲ). This indi-
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Table 2 Anatomical features of isolated superior mesenteric artery dissection and choice of stents in nine patients
Patients

Proximal arterial diameter
(mm)

Length of dissection
(mm)

Number of branches
involved

Stent size

Stent type

1

5

23

1

4
8
10

5.6
6
7

30
15
35

2
0
2

13
14
15

5.5
5.4
6.4

10
18
28

0
1
1

17
18

7
5.8

19
22

1
1

6 × 18
7 × 30
6 × 40
7 × 30
7 × 18
8 × 40
8 × 40
6 × 18
6 × 30
7 × 15
8 × 30
7 × 30
6 × 30

Balloon-expandable (Palmaz Blue)
self-expanding (Precise)
Self-expanding (Precise)
Self-expanding (Precise)
Balloon-expandable (Palmaz Blue)
self-expanding (Precise)
Self-expanding (Precise)
Balloon-expandable (Palmaz Blue)
self-expanding (Precise)
Balloon-expandable (Palmaz Blue)
self-expanding (Precise)
Self-expanding (Precise)
Self-expanding (Precise)

A

B

Figure 2 Single bare stent technique. A: An isolated superior mesenteric
artery dissection detected by computed tomography angiography (indicated by
the arrow); B: Patent true lumen and the disappearance of the false lumen at 3
mo after single bare stenting.

cated that ISMAD with SMA occlusion can be monitored
carefully and the patient can undergo endovascular or surgical treatment if necessary. Therefore, the treatment of
ISMAD should be partially based on imaging findings[19].
The treatment methods for ISMAD are not universally agreed[19-22]. In the present study, symptomatic patients were treated by conservative management as ﬁrstline treatment, including hypotensive and antiplatelet
measures, bowel rest, intravenous ﬂuids, and nutritional
support, which showed favorable efficacy in 7 patients in
whom abdominal pain was gradually alleviated within 5
d. However, if conditions such as aneurysmal false lumen
dilation, rupture of artery, persistent abdominal pain, or
ISMAD-induced severe intestinal ischemia during conservative therapy are observed, surgical or interventional
therapy is indicated. Surgery was required when there
was non-viable bowel or where endovascular techniques
were considered inappropriate or failed. The surgical procedure for ISMAD included thrombectomy and intima
resection.
Recently, interest has centered on endovascular treatment with the use of bare stents for ISMAD[10,16,19,22-25].
There are two aims of endovascular treatment：one is
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to prevent the extension of dissection and the other is to
increase blood flow into the small intestine by obliterating
the false lumen[9,16]. The choice of stent diameter was based
on the proximal normal artery diameter. The types of bare
stents were determined according to the operator’s preference and availability of the stent. In our study, we chose
the self-expandable carotid bare metal stent, due to its
radial strength, multisegmental design, and good compliance. This stent is generally appropriate for the SMA,
which is characterized by weakened vascular wall and
curved original site[19]. A balloon-expandable stent (Palmaz
Blue) is also useful if the dissection is short.
A bare stent is sometimes sufficient for compressing
the septum of an ISMAD, opening the stenotic segment
and increasing inflow to remedy the ischemia, and with
gradual endothelialization of the stent, the thrombosis
or the occlusion inside the false lumen can be observed.
However, in some cases, such as ruptured, expanding,
or large pseudo-aneurysms, and in cases of remodeling
failure with single stent treatment, multiple stents are required. In our multiple stent series, 3 ISMADs were treated by a balloon-expandable stent plus a self-expandable
stent, however, 1 ISMAD with a pseudoaneurysm was
treated using one self-expandable stent (Figure 2). Our
experience showed excellent immediate and long-term
(11-32 mo) results[14]. The patency rates of the involved
stented SMA and SMA branches were determined in all
patients during the first month and the first year after the
procedure.
In conclusion, symptomatic ISMADs should be
treated by conservative management, however, in patients
with persistent abdominal, ISMAD-induced severe intestinal ischemia, and chronic intestinal ischemia-related
symptoms during conservative therapy, rupture of artery,
and obvious aneurysmal false lumen dilation at high risk
of rupture, endovascular or surgical therapy is indicated.
Although a larger sample and expanded follow-up are
needed, our series shows that percutaneous endovascular bare stent placement can be easily manipulated with
a high success rate and can be achieved with excellent
prognosis and no severe adverse effects.
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Abstract
AIM: To investigate twenty-year experience evaluR
ated the use of the Polysorb (an absorbable lactomer)
staples for distal pancreatic resection.
METHODS: The data on 150 patients [92 men, 58
women, mean age 52 (24-72) years] who underwent
distal pancreatectomy (DP) in the last 20 years were collected prospectively from an electronic database. The diagnosis was confirmed by endoscopic retrograde cholangiopancreatography, sonography, computed tomography
and/or magnetic resonance imaging. The indications for
DP were focal pancreatic necrosis, spontaneous pancreatic fistulas, abscesses, pseudocysts, segmental chronic
obstructive pancreatitis in the tail, traumatic disruption,
and benign (cystadenomas, insulinomas, or glucagonomas) or malignant tumours. The distal resections were
performed without splenectomy in 29 of the 150 patients
(19%). In the event of splenectomy, the splenic artery
and vein were individually ligated, the TA-55 Auto Suture
R
stapler, loaded with Premium Polysorb 55 staples (5.5
mm), was placed across the gland, and the trigger was
pulled, the action of which produced two staggered absorbable suture lines. The gland distal to the stapler was
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then amputated with a scalpel on the TA-55 stapler and
the two rows of staples were left in the proximal pancreatic stump. After the distal resection, a drainage tube
was inserted into the pancreatic bed.
RESULTS: The average duration of the operation was
150 min (range: 90-210 min) and no transfusion was indicated during the operation. After DP in one patient a type
B fistula was diagnosed, which was treated successfully
by conservative treatment comprising of 12-d octreotide
medication (3 × 0.1 mg/d) and jejunal feeding. The incidence of postoperative pancreatic fistula was therefore
0.6%. Another 2 patients suffered postoperative pancreatitis, which was also conservatively treated. Reoperations
were performed in 2 patients on the first or second postoperative day, necessitated by bleeding from the retroperitoneal region. The morbidity was 3.3% (5 patients), but
no mortality occurred in the postoperative period. Overall,
the postoperative period was uneventful without any complications (pancreatic fistula, abscess, bleeding or wound
infection) in 145 patients. The length of the postoperative
stay ranged between 8 and 16 d. For the 145 patients
who had no any postoperative complications, the hospital
stay was 8 or 9 d. No mortality occurred in the follow-up
period (6 or 12 mo postoperatively); but 6 mo after surgery one patient suffered a pseudocyst following recurrent
pancreatitis and was treated with cystojejunostomy.
CONCLUSION: Our clinical results demonstrated that
the application of absorbable lactomer staples for distal
pancreatic resection is a safe alternative to the standard closure technique.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Distal pancreatic resection; PolysorbR staples; Closure technique; Long-term experience; Pancreatic fistula
Core tip: The most common complication in distal
pancreatectomy is the occurrence of a postoperative
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pancreatic fistula (POPF). The fistula rate of 30% in the
multicenter trial demonstrated that the currently applied techniques for closure of the pancreas remnant
do not always lead to perfect results. Staples made
R
from Polysorb , an absorbable lactomer, have been applied in our practice to reduce these complications. The
incidence of POPF was 0.6%. Our clinical results demonstrated that the application of absorbable lactomer
staples is a safe alternative to the standard closure
technique and can be applied in all cases when distal
pancreatic resection is indicated.
Farkas G, Leindler L, Márton J, Lázár G, Farkas Jr G. PolysorbR (an absorbable lactomer) staples, a safe closure technique
for distal pancreatic resection. World J Gastroenterol 2014;
20(45): 17185-17189 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i45/17185.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i45.17185

INTRODUCTION
Left pancreatectomy is the standard operation for tumours located in the body and the tail of the pancreas
and for selected patients with chronic pancreatitis. The
indications for distal pancreatectomy (DP) include complications of acute pancreatitis and a traumatic injured
pancreas. DP can be combined with a multivisceral approach to achieve a radical tumour resection; most commonly the stomach and the left-side colon are the adjacent organs removed during this procedure[1]. Pancreatic
surgery is technically challenging and requires a high level
of experience. Today, low mortality and morbidity rates
below 5% can be achieved in high-volume institutions[2].
The most common complication in DP is the occurrence
of a postoperative pancreatic fistula originating from the
cut margin of the pancreatic remnant, which is reported
with an incidence between 6% and 30%[3,4]. The definition of a postoperative pancreatic fistula (POPF) has
been standardized by the International Study Group on
Pancreatic Fistula (ISGPF)[5]. To avoid POPF development, safe closure of the pancreas is the crucial step of
the operation. Procedures that have been recommended
with a view to diminishing the risk of a pancreatic leak
include direct duct ligation[6], enteric drainage[7,8], injection of prolamine or the use of fibrin glue[9,10]. Among
the techniques that have proved useful for management
of the transected parenchyma is hand-sewn parenchymal
closure[11,12] with a coverage procedure applying the falciform ligament[13] and the use of stainless steel staples
with or without mesh reinforcement following transection of the parenchyma[14,15]. Almost 10 years ago, our
initial clinical experience with the application of absorbable copolymer lactomer staples made from Auto Suture
Premium PolysorbR 55 (Tyco Healthcare Group LP.,
Norwalk, CT, United States) for closure of the transected
margin of the pancreas was published[16] and we now
summarize our 20-year experience with this safe closure
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technique for DP.

MATERIALS AND METHODS
The data on 150 patients [92 men, 58 women, mean age
52 (24-72) years] who underwent DP in the last 20 years
were collected prospectively from an electronic database.
DP was followed by closure of the resection surfaces
with absorbable lactomer clips. The diagnosis was confirmed by sonography, endoscopic retrograde cholangiopancreatography (ERCP), computed tomography
(CT) and/or magnetic resonance imaging (MRI). The
indications for DP (with or without splenectomy) were
spontaneous pancreatic fistulas, pseudocysts, abscesses,
traumatic disruption, focal pancreatic necrosis, segmental
chronic obstructive pancreatitis in the tail, and benign (insulinomas, glucagonomas or cystadenomas,) or malignant
tumours (Table 1).
The operating procedure was as follows: after division
of the gastrocolic ligament with visualization of the pancreas, the spleen was removed and the distal pancreas was
mobilized. If the spleen could be saved, it was left in place
and the distal pancreas was prepared along the splenic
artery and vein. The distal resections were performed
without splenectomy in 29 of the 150 patients (19%). In
the event of splenectomy, the splenic artery and vein were
individually ligated, the TA-55 Auto Suture stapler, loaded
with Premium PolysorbR 55 staples (5.5 mm), was placed
across the gland, and the trigger was pulled, its action producing two staggered absorbable suture lines. The gland
distal to the stapler was then amputated with a scalpel on
the TA-55 stapler and the two rows of staples were left
in the proximal pancreatic stump. There was generally no
bleeding on the resection surface; if it is observed, a suture of no. 3/0 VicrylR (Ethicon) may be used to oversew
these bleeding points and the suture lines. No patients
participated in the hand-sewn method in our clinical work,
but if the ERCP proved stenosis, obstruction of the papilla Vateri or a dilated main duct of the pancreas, or in
the event of a bulky tail of the pancreas with a dilated
pancreatic duct or stenotic papilla Vateri, a bypass operation (pancreato-jejunostomy) was used. In patients with
firm pancreatic tissue, the stapler was also applied successfully without any complications. After the distal resection,
a drainage tube was inserted into the pancreatic bed. The
drain was removed after postoperative day 4 or 5, depending on the amylase activity assessed in the drain fluid and
the quantity of the fluid discharge. In accordance with the
ISGPF definition, a pancreatic fistula was defined as an
amylase content > 3 times the upper normal serum value
in the drain fluid on or after postoperative day 3 (normal
serum value 100 U/L in our laboratory). The fistula type
was defined according to the ISGPF classification[5]. The
ISGPF criterion was also adopted for patients who were
operated on before 2005. The prospective data on these
patients are available in our computer database.
Before the operation, prophylactic antibiotic (ceftriaxone, 2 g, i.v.) was administered and in the early postopera-
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Table 2 Intra- and post-operative patient factors n (%)

Table 1 Pathology
Diagnosis

n (%)

Median operation time

Focal pancreatic necrosis
Spontaneous pancreatic fistulas
Abscess in the tail
Pseudocyst
Traumatic disruption
Segmental chronic obstructive pancreatitis
Cystadenoma
Insulinoma
Glucagonoma
Adenocarcinoma
Connected with total gastrectomy
or left side colectomy

9 (5)
10 (6)
12 (8)
22 (15)
3 (2)
22 (15)
18 (12)
7 (5)
2 (1)
39 (26)
4 (3)
2 (1)

Pancreas tissue texture
Soft
Hard
Not assessed
Additional organ resection
Splenectomy
Total gastrectomy
Left colon resection
Re-operation
POPF Grade B
Morbidity
Mortality
Median hospital stay

tive period all of the patients received standard supportive
treatment, consisting of total parenteral nutrition for 4 d,
a proton pump antagonist (pantoprazole), suppression of
TNF synthesis (pentoxifylline) and octreotide medication (3
× 0.1 mg/d)[17]. Oral nutrition was started 5 d after surgery.

RESULTS
The average duration of the operation was 150 min (range
90-210 min) and no transfusion was indicated during the
operation. The median drain discharge on postoperative
day 1 was 50 mL (range: 30-90), but had fallen by postoperative day 4 to 20 mL (range: 10-30). The amylase
concentrations on postoperative days 1 and 4 were 450 ±
120 U/L and 140 ± 90 U/L, respectively. Five days after
the surgery the drainage tube was usually removed. No
ISGPF type A fistula developed in any of the operated
patients at all, but in one case, an ISGPF type B fistula
was diagnosed, which was treated successfully by conservative treatment comprising 12-d octreotide medication (3
× 0.1 mg/d) and jejunal feeding. The incidence of POPF
was therefore 0.6%. Another 2 patients suffered postoperative pancreatitis, which was also conservatively treated.
Reoperations were performed in 2 patients on the first or
second postoperative day, necessitated by bleeding from
the retroperitoneal region. The morbidity was 3.3% (5
patients), but no mortality occurred in the postoperative
period. There were no postoperative complications (no
bleeding, wound infection, abscess or pancreatic fistula)
in 145 cases. The duration of postoperative hospitalization varied from 8 to 16 d. For the 145 patients who had
no postoperative complications, the hospital stay was 8
or 9 d. All of the patients were followed up for one year
postoperatively. During this period, no patients died,
but 6 mo after surgery one patient suffered a pseudocyst
following recurrent pancreatitis and was treated with
cystojejunostomy. In the follow-up period, 18 of the 150
patients displayed new-onset insulin-dependent diabetes
(Table 2).

DISCUSSION
There have been a marked improvement in the past few
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years as concerns the clinical results after pancreatic surgery, the postoperative levels of morbidity and mortality
having fallen appreciably[2,18,19]. Nevertheless, POPF is
still a relatively frequent and clinically significant finding
after DP, its incidence having been reported in the range
between 6% and 30%[4,20]. Moreover, POPF may be accompanied by intraabdominal abscesses, sepsis, pancreatic
fluid collection and wound infection[21]. It is well known
that advanced age, an inadequate poor nutritional status,
a high BMI, duct obstruction and soft pancreatic tissue
are risk factors for POPF[22,23]. The surgical management
of the pancreas stump is crucial, and various operative
modifications have therefore been introduced in efforts
to prevent POPF, though without conclusive results. No
significant differences were observed between the most
common procedures of suture closure and stapling with
stainless steel staples with respect to the POPF or intraabdominal abscess after DP[24], and a further meta-analysis
confirmed this[25]. The recent DISPACT trial found no
evidence that stapler closure was superior to manual suturing. The 30% fistula rate revealed by this multicenter
trial demonstrated that the currently applied techniques
for closure of the pancreas remnant do not always lead
to perfect results. There is therefore a need for new approaches, among them new operative procedures, with a
view to decreasing the rate of POPF[26]. The meta-analysis
by Jensen et al[27] of bioabsorbable staple line reinforcement and the risk of fistula following DP concluded that
reinforced staples may be a preferred method of pancreatic stump closure following DP, reducing the fistula rate
to 17%. Our present study, on 150 patients, evaluated a
simple and safe closure technique for DP with the use of
PolysorbR staples (Auto Suture), and indicated a morbidity of 3.3% and a POPF incidence of 0.6%.
Cartridges of PolysorbR, an absorbable lactomer copolymer of glycolic acid and lactic acid, are commercially
available[28]. Following insertion, these copolymer stapleys
undergo slow hydrolysis, involving progressive depolymerisation and metabolization to carbon dioxide and
water. Their break-down begins around 2 wk postoperatively and then are fully absorbed by 6 to 8 wk with no inflammatory reactions[29,30]. These results were confirmed
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by our experimental work on DP in an animal model
(mongrel dogs). Four weeks after operation, no fistula
and no abscess formation was noted and histologically
the clips were gradually absorbed with no reaction[31]. Following first successful use in gynaecology[32] absorbable
lactomer staples were utilized after left pancreatectomy in
32 patients: only minimal complications were reported[33].
Absorbable lactomer staples have similarly proved effective for skin graft stapling in burn patients[34].
We have made use of such staples in 150 patients
with various indications for DP (with or without splenectomy): spontaneous pancreatic fistulas, pseudocysts,
abscesses, traumatic disruption, focal pancreatic necrosis,
segmental chronic obstructive pancreatitis in the tail, and
benign (insulinomas, glucagonomas or cystadenomas,) or
malignant tumours and multivisceral resection following
DP. The inclusion criteria and operative data correspondent closely to those in published series. The median
age, the sex distribution and the splenectomy rate were
balanced, but the median operation time, the morbidity
and mortality, the rate of POPF and the median hospital
stay confirmed significantly better results than those of
other large series[11,12,35]. Our good clinical results may be
ascribed to the facts that the staples applied are absorbable, larger than metallic ones and correctly close the resected surface. ERCP and CT are essential preoperatively
to check on the normal flow of pancreatic juice through
the Vater papilla, should the pancreatic duct prove abnormal (stenotic, irregular or dilated) or if the whole gland is
involved by hard calcified pancreatitis, only pancreaticojejunostomy is indicated after DP.
Our results allow the conclusion that absorbable
lactomer staples may safely be applied to close the transected margin of the pancreas in all cases when DP is
indicated for benign or malignant disorders, or a traumatically injured pancreatic gland. 150 operated patients
appears to be a reasonably acceptable number as concerns confirmation of the effectiveness of this surgical
method. However, for verification of our clinical results,
a multicentre randomized study is clearly needed.

eration. The success achieved with absorbable lactomer staples in gynaecology
was followed by their use to close the pancreatic remnant after left pancreatectomy, only minimal complications arising.

Innovations and breakthroughs

The authors have utilized absorbable lactomer staples for DP in 150 cases with
indications of spontaneous pancreatic fistulas, pseudocysts, abscesses, traumatic disruption, focal pancreatic necrosis, segmental chronic obstructive pancreatitis in the tail, and benign (insulinomas, glucagonomas or cystadenomas,)
or malignant tumours.

Applications

This study demonstrated that the incidence of POPF was 0.6% and the application of absorbable lactomer staples is therefore a safe alternative to the
standard closure technique in all cases when distal pancreatic resection is
indicated.

Terminology

In accordance with the ISGPF definition, a POPF represents a healing/sealing
failure of a pancreatic-enteric anastomosis or a parenchymal leak not directly
related to an anastomosis. Absorbable lactomer staples are made from a copolymer of glycolic acid and lactic acid, which undergoes slow hydrolysis after
application with progressive depolymerization and metabolization to carbon
dioxide and water.

Peer review

This is an important study showing experience of using Polysorb staples for
closing the distal stump after pancreatic resection. Regarding the consistency
of the pancreas, which did not change the option to use the technique. One
criticism is that the indications for pancreatectomy are very varied, which has
relation with the risk of fistula.
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Abstract
AIM: To investigate the clinical response of gastroesophageal reflux disease (GERD) symptoms to exclusion diets based on food intolerance tests.
METHODS: A double blind, randomized, controlled
pilot trial was performed in 38 GERD patients partially or completely non-responders to proton pump
inhibitors (PPI) treatment. Fasting blood samples from
each patients were obtained; leukocytotoxic test was
performed by incubating the blood with a panel of 60
food items to be tested. The reaction of leukocytes
(rounding, vacuolization, lack of movement, flattening,
fragmentation or disintegration of cell wall) was then
evaluated by optical microscopy and rated as follows:
level 0 = negative, level 1 = slightly positive, level 2
= moderately positive, and level 3 = highly positive.
A “true” diet excluding food items inducing moderate-
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severe reactions, and a “control” diet including them
was developed for each patient. Then, twenty patients
received the “true” diet and 18 the “control” diet; after
one month (T1) symptoms severity was scored by the
GERD impact scale (GIS). Hence, patients in the “control” group were switched to the “true” diet, and symptom severity was re-assessed after three months (T2).
RESULTS: At baseline (T0) the mean GIS global score
was 6.68 (range: 5-12) with no difference between
“true” and control group (6.6 ± 1.19 vs 6.7 ± 1.7). All
patients reacted moderately/severely to at least 1 food
(range: 5-19), with a significantly greater number of
food substances inducing reaction in controls compared
with the “true” diet group (11.6 vs 7.0, P < 0.001).
Food items more frequently involved were milk, lettuce,
brewer’s yeast, pork, coffee, rice, sole asparagus, and
tuna, followed by eggs, tomato, grain, shrimps, and
chemical yeast. At T1 both groups displayed a reduction
of GIS score (“true” group 3.3 ± 1.7, -50%, P = 0.001;
control group 4.9 ± 2.8, -26.9%, P = 0.02), although
the GIS score was significantly lower in “true” vs “control” group (P = 0.04). At T2, after the diet switch, the
“control” group showed a further reduction in GIS score
(2.7 ± 1.9, -44.9%, P = 0.01), while the “true” group
did not (2.6 ± 1.8, -21.3%, P = 0.19), so that the GIS
scores didn’t differ between the two groups.
CONCLUSION: Our results suggest that food intolerance may play a role in GERD symptoms development,
and leucocytotoxic test-based exclusion diets may be a
possible therapeutic approach when PPI are not effective or indicated.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastro-esophageal reflux disease; Food intolerance; Leukocytotoxic test; Exclusion diet; Treatment
Core tip: We previously observed that gastro-esoph-
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ageal reflux disease (GERD) symptoms respond to
exclusion diets based on food intolerance tests. In this
randomized controlled pilot trial we found that patient
partially/completely non responders to proton pump
inhibitors experience a significant improvement in
symptoms, compared with controls, after one month
of exclusion diet based on leukocytotoxic test’s results.
These results indicate a possible role of food intolerance in the etiopathogenesis of GERD symptoms, and a
possible therapeutic application of exclusion diets when
proton pump inhibitor are not effective/indicated.
Caselli M, Zuliani G, Cassol F, Fusetti N, Zeni E, Lo Cascio
N, Soavi C, Gullini S. Test-based exclusion diets in gastroesophageal reflux disease patients: A randomized controlled
pilot trial. World J Gastroenterol 2014; 20(45): 17190-17195
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i45/17190.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i45.17190

INTRODUCTION
Gastro-esophageal reflux disease (GERD) is an extremely
common condition characterized by symptoms of heartburn and acid regurgitation, presenting a chronic relapsing disease course. It is more common in Western populations, with high impact on patients’ social and working
life[1,2]. The etiopathogenesis of GERD remains largely
unknown even though up to 20% of the adult population
in Western Countries is affected by reflux symptoms on
a week basis[1]. Notably, at least 50% of GERD patients
remain on continuous medical therapy[3]. This condition
is known to predispose to an increased risk of cancer[4,5].
Although the pathogenesis of this backward displacement of gastrointestinal contents remains elusive, it is
know that abnormal contact of gastrointestinal contents
with esophageal mucosa, insufficient clearance of the
esophageal body, lower esophageal sphincter incompetence, and delayed gastric emptying have a putative role
in GERD pathogenesis. Despite several examinations
(e.g., endoscopy, 24-h pH monitoring, barium esophageal
radiography, proton pump inhibitor (PPI) test, gastroesophageal scintigraphy) are available for the diagnosis
of GERD, none of these tests is diagnostic, and current
guidelines recommend to treat patients younger than 50
years on the basis of their symptoms[6,7]. Consequently,
symptoms evaluation and score are fundamental in
diagnosis and therapy of GERD patients, and several
validated questionnaires are currently used in the clinical
practice[8].
The possible role of food intolerance in the etiopathogenesis of GERD has been suggested by our group
in a recent retrospective report[9] in which we evaluated
the results of a leukocytotoxic test for food intolerance
using a panel of 60 food items. This test is based on the
optical evaluation of leukocytes in a blood sample that
has come into direct contact with specific food sub-
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stances. On the basis of leukocytes observation, degrees
of reaction to the food extracts are rated according to the
following scale: level 0 = negative, level 1 = slightly positive, level 2 = moderately positive, and level 3 = highly
positive. These levels correspond to (1) the state of the
leukocytes, which react by swelling, then developing vacuoles, and finally deteriorate; and (2) the total number of
leukocytes that react. Currently, the dedicated task forces
consider these tests to have a poor clinical specificity and
sensitivity[10] we hypothesized that the most important
reason might be the very high frequency of mild positive
results[9]. Therefore, we decided to exclude level 1 of the
scale, directly starting from level 2. In this way, we could
demonstrate a strong difference between GERD patients
and controls, and the test-based exclusion diet resulted
effective in all patients[9]. On this basis, we carried out this
prospective randomized controlled pilot trial with the following aims: (1) to evaluate the prevalence of moderatesevere leukocytotoxic reactions in patients with GERD
symptoms; and (2) to evaluate the clinical response to a
test-based exclusion diet compared to a “control” diet.

MATERIALS AND METHODS
Patients
Outpatients attending the Department of Gastroenterology of Ferrara Hospital because of typical GERD symptoms (heartburn and regurgitation) were considered for
recruitment. The severity of symptoms was scored by the
gastro-esophageal reflux disease impact scale (GIS) questionnaire[11]. A score equal or major to 5, concerning only
the first four clinical questions (pain in the chest/behind
the breastbone, regurgitation/acid taste in one’s mouth,
burning sensation in the chest/behind the breastbone,
and sore throat/hoarseness related to heartburn or acid
reflux) was used as cut-off value for inclusion into the
study. Among these patients, only non-responders to PPI
therapy or partially responders (i.e., patients experiencing
only slight reduction of symptoms after 4 wk of treatment or having an initial response to PPI treatment but
with relapses of symptoms during the 4 wk of PPI treatment) were recruited. Patients with alarm symptoms/
signs (dysphagia, unintentional weight loss, anorexia,
recurrent vomiting, upper abdominal mass, anaemia,
haematemesis or melena) and patients over 50 years with
family history of gastric/oesophageal carcinoma were
excluded. Patients with a clinical history of celiac disease
or lactose intolerance were also excluded. The study protocol was approved by the local ethics committee and all
patients provided written informed consent.
Methods
The study used a double blind, randomized, controlled
parallel design in which patients were randomized to
either a “true” or a “control” test-based diet group. In
both groups the diets were test-based, but while the “true”
diets excluded all the foods presenting a moderate-severe
reaction at the leukocytotoxic test, the “control” diets
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Table 1 General characteristics of the study population at
baseline (time 0)
True diet group Control group
Patients (n)
Age
Males, n (%)
Time 0: GIS
P
R
B
S
Foods inducing reaction1
Level 2 reaction
Level 3 reaction

20
45 ± 9.6
5 (25)
6.6 ± 1.9
1.3 ± 0.9
1.7 ± 0.6
1.9 ± 0.8
1.8 ± 1.0
7 (6-12)
5.6
1.4

18
50.4 ± 7.7
2 (11.1)
6.7 ± 1.7
1.4 ± 0.9
2.0 ± 0.9
2.0 ± 0.7
1.4 ± 1.0
11.7 (7-19)
9.2
2.5

Total
38
47.5 ± 9.1
7 (18.4)
6.7 ± 1.8
1.3 ± 0.9
1.8 ± 0.8
2.0 ± 0.8
1.6 ± 0.9
9.2 (6-19)
7.2
1.9

1

Mean number of foods inducing reaction, range in parentheses. Data are
expressed as absolute numbers (percentage) or mean ± SD.

excluded foods provoking no reactions. In this way we
avoided the possibility that a standardized not test-based
control diet might exclude by chance a food provoking
a reaction in that patient. At the time of enrolment, a
blood sample was collected from each patient and sent
to the laboratory of the local Center Study Association
on Food Intolerance and Nutrition, where the leukocytotoxic tests were performed. For these tests a panel
of 60 food extracts was used (Antigenia s.r.l., Bologna,
Italy) according to the manufacturer’s instructions. The
buffy coat obtained by centrifuging blood was suspended
in a mixture of sterile distilled water and serum, and
then placed on a siliconized microscope slide previously
coated with the dried extract of the food to be tested.
A staff member evaluated by optical microscopy (40 ×
zoom) the unstained leukocytes at varying intervals, up to
two hours. Any lack of movement, rounding, vacuolization, flattening, fragmentation, or disintegration of cells
was considered, and rated as follows: level 0 = negative,
level 1 = slightly positive, level 2 = moderately positive,
and level 3 = highly positive, as previously said. According to our previous study[9], we excluded level 1 response,
and considered only moderate-severe reactions. In this
way we improved the specificity of the test (whose major criticism is related to the extremely frequent positive
reactions) and excluded the fewest foods as possible thus
improving the patients’ compliance to the diet. Both
“true” and “control” diets were arranged on the basis of
the test results. The “true” diets were produced excluding
all food associated with level 2-3 reactions, while “control” diets were produced by eliminating only food that
provoked no reactions. In this way we excluded the possibility that a food item inducing moderate-severe reaction
might be casually excluded from the “control” diet. The
proposed diets did not differ for caloric content. Patients
were allocated to one of the two diet sheets based on a
randomization schedule developed by using a random
computer number generator; both patients and clinical/
dietician staff were blinded to the group assignment of
each patient.
Symptoms were assessed at the time of recruitment
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(T0), and after one (T1) and three months (T2). At T1,
“control” diets were substituted by “true” diets, while
patients assigned to “true” diet at T0 continued with the
prescribed diet. At T1 and T2 each patient fulfilled the
GIS questionnaire, was visited by a gastroenterologist,
and was evaluated by a dietician. Both the global GIS
score, and the score for every single item (P for pain in
the chest/behind the breastbone, R for regurgitation/
acid taste in one’s mouth, B for burning sensation in
the chest/behind the breastbone, and S for sore throat/
hoarseness related to heartburn or acid reflux) were considered. For each item the score was assigned based on
the frequency of that specific symptom as follows: never
= 0 points, sometimes = 1 point, often = 2 points, and
daily = 3 points.
Statistical analysis
Continuous variables were expressed as mean ± SD
or median (interquartile range) when necessary. Means
(between groups) were compared by one-way ANOVA,
while medians were compared by the Mann-Whitney test.
Means (within group) were compared by paired-samples
t test. Correlations between continuous variables were
tested by Pearson’s correlation. Proportions were compared by the χ 2 test. All analyses were performed by SPSS
for Windows statistical package, version 13.0 (SPSS, Inc.,
Chicago, IL, United States).

RESULTS
From March 2011 to December 2012 a total of 38 patients were enrolled into the study (mean age: 47.5 years;
18.4% males). At baseline (T0), the mean global GIS
score was 6.68 points (range: 5-12). All patients were
found to react moderately/severely to at least 1 food item
(range: 5-19). Table 1 summarizes the principal characteristics of the patients at baseline. No significant difference emerged between the two groups as regards to age,
gender, and severity of symptoms. The number of food
items inducing moderate-severe reaction at leukocyotoxic
test was higher in the “control” compared with the “true”
diet group (11.6 vs 7.0, P < 0.001). The food substances
more frequently involved in leukocytotoxic test positivity are reported in Table 2. At T0, the mean GIS global
score, as well the mean sub-scores, were similar in the
two groups of patients (6.6 ± 1.9 vs 6.7 ± 1.7) (Figure 1).
No specific adverse events, nor motivated drop out from
the study were recorded in either group.
Time 1 outcome: GIS score after 1 mo of elimination diet
One month after the beginning of the elimination diet
(T1), the “true” test-based diet group experienced an important reduction (-50%) in GIS global score (from 6.6
± 1.9 to 3.3 ± 1.7, P = 0.001). Patients in the “control”
diet group also experienced a significant reduction in GIS
global score (-26.9%, from 6.7 ± 1.7 to 4.9 ± 2.8, P =
0.02), although it was much smaller compared to “true”
diet group. As a matter of fact, at T1 the difference be-
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Milk
Lettuce
Brewer’s yeast
Pork
Coffee
Rice
Sole
Asparagus
Tuna
Egg
Tomato
Grain
Shrimps
Chemical yeast

Total reactions

Level 2

Level 3

32
20
15
12
12
11
11
10
10
9
9
8
8
8

23
14
7
8
8
2
11
9
10
6
8
5
8
6

9
6
8
4
4
9
0
1
0
3
1
3
0
2

a

7

a

6
5
4
3
2
1
0

tween the mean GIS scores in the two groups was significant, as regards both the GIS global score (3.3 ± 1.7 vs 4.9
± 2.8, P = 0.04) and the B sub-score (1.0 ± 0.7 vs 1.5 ± 0.8,
P = 0.05) (Figure 1).
Time 2 outcome: GIS score after the “diet switch”
Despite a further reduction was observed at T2 (-21.3%)
in the “true” diet group the T2 didn’t differ from the T1
GIS score (3.3 ± 1.7 vs 2.6 ± 1.8, P = 0.19) (Figure 1).
On the contrary, a further significant reduction in GIS
score was observed among patients in the “control”
group (-44.9%, 4.9 ± 2.8 vs 2.7 ± 1.9, P = 0.01). At T2,
the mean GIS global scores as well as the sub-scores were
not statistically different between the two groups (data
not shown).

DISCUSSION
The etiopathogenesis of intestinal functional diseases
such as irritable bowel disease (IBS), functional dyspepsia,
and GERD are far from being well elucidated. In the last
years, however, increasing data has been published consistent with a possible role of food intolerance in these
medical conditions. The attention has been particularly
focused on IBS, and several studies have confirmed the
possible effectiveness of test-based exclusion diets on IBS
symptoms[12-14]. To our knowledge, this is the first controlled, double blind, study in which not only a leukocytotoxic test has been used to prepare test-based exclusion
diet, but also an attempt to validate the test by a “control”
test-based diet has been made. Our preliminary data seem
to suggest that pathogenetic mechanisms related to food
intolerance may play a role in the etiopathogenesis of
GERD. The modifications of the GIS score from T0 to
T2 in the two groups of patients clearly shows that the
entity of reduction in the “true” diet group at T1 is equal
to the reduction observed for the “control” group at T2.
This observation seems to confirm the effectiveness of
“true” test-based diet in reducing the impact of GERD
symptoms of about 4%-50%. Notably, the significant but
smaller reduction in GIS score from T0 to T1 observed
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"Control" diet

a

8

GIS global score

Food

"True" diet

a

9

Table 2 Type of foods most frequently inducing test positivity

T0

T1

T2

Figure 1 Histogram compares the mean global GIS scores obtained in
“true” diet group and control diet group at T0 (baseline), T1 (one month after receiving the diet) and T2 (three months after receiving the diet for “true”
diet group, two months after the “diet switch” for the control group). Error
bars indicate the standard deviation. aP < 0.05 “true” diet vs “control” diet.

in the “control” group (-26.9%) is probably due to a placebo effect, in the same way as the slight (not significant)
reduction of GIS scores in the “true” diet group from T1
to T2. Placebo effect has been reported to be particularly
strong when the treatment consists in a diet, in particular
when the condition to cure is a functional disease[15,16].
However, albeit a placebo effect might be present and
might justify the reduction of symptoms in patients following the control diet, patients following the “true” testbased diet experienced a significantly greater reduction in
symptoms compared to control group, as did people in
the control group after the “diet switch”, indicating that
the effect of “true” diets cannot be just attributable to
the placebo effect.
Our results suggest that, although not all GERD
symptoms might be attributed to food intolerance, this
pathogenetic condition may play a role in GERD symptoms development. Thus, test-based exclusion diets may
be considered an effective and cost-effective therapeutic
tool, poor of adverse events, and particularly indicated
when PPI treatment is not effective or not indicated.
When considering only the moderate-severe reactions,
the leukocytotoxic test appears to be effective in identifying the food substances whose exclusion is associated
with clinical improvement of GERD symptoms. As
a corollary finding, the panel of food items most frequently involved in leukocytotoxic reaction was similar to
the one observed in our previous retrospective report[9],
and notably different from the panel of food previously
related to GERD symptoms (i.e., chocolate, mint, onions
and citrus fruit) confirming only the role of mint, dietary
fats, coffee, and tomato.
We previously suggested that a rationale for the use
of a leukocytotoxic test might be related to the role of
T regulatory cells. In recent years, the role of specific
receptors and specialized cells of innate immunity in the
recognition and identification of antigens has become
evident. The complete recognition of an antigen by this
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receptor system is at the basis of tolerance to a food
substance or a microorganism. When an antigen is not
suitably recognized, a kind of adaptive immune response
may be activated (allergy or intolerance) closely depending on the efficiency of T regulator cell system. Consistent with this, intriguing data[17] indicate that T-regulatory
cells induce suppression of allergic disease by suppressing IgE and inducing IgG4. We have previously suggested[9] that an up-regulation of T-regulatory cells may
induce an increase in both IgG4 and toxic reactions in
blood leukocytes, as a result of T-regulatory cell activity,
and these phenomena might represent the pathogenetic
bases of intolerance. The regulation state of T-regulatory
cells may be the key point: whereas an allergic reaction
may depend on a down-regulation of T-regulatory cells,
an intolerance reaction may result from an up- regulation
of T-regulatory cells.
The outcome of this preliminary trial seem to suggest
that elimination diet, based on moderate-severe reactions
of the used leukocytotoxic test, can be effective in reducing the severity of GERD symptoms in patients not
responders or partially responders to PPI therapy. Since
test-based exclusion diets are very cost-effective and lack
of serious adverse events, they could be considered as a
possible therapeutic approach in GERD when PPI are
not effective or not indicated.
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Abstract
AIM: To determine the prevalence and time course
of pancreatic exocrine insufficiency in individuals with
newly diagnosed prediabetes or diabetes mellitus after
acute pancreatitis.
METHODS: Relevant literature cited in three major
biomedical journal databases (EMBASE, MEDLINE, and
Scopus) was reviewed independently by two authors.
There were no language constraints but the search was
limited to human studies. Studies included were cohort
studies of adult patients who were discharged after an
attack of acute pancreatitis. Patients were excluded if
they were under 18 years of age or had a previous diagnosis of prediabetes or diabetes mellitus, pancreatic
exocrine insufficiency, or chronic pancreatitis. The main
outcome measure was the prevalence of concomitant
pancreatic exocrine insufficiency in patients who were
diagnosed with prediabetes and diabetes mellitus after an attack of acute pancreatitis. Subgroup analysis
was conducted for patients who were diagnosed with
prediabetes only and those who were diagnosed with
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diabetes mellitus only. Subgroup analysis looking at
the time course of concomitant pancreatic exocrine
and endocrine insufficiency was also conducted. Pooled
prevalence and corresponding 95% confidence intervals
were calculated for all outcome measures and P -values
< 0.05 were deemed statistically significant.
RESULTS: Eight clinical studies comprising of 234
patients met all eligibility criteria. The pooled prevalence of newly diagnosed prediabetes or diabetes in
individuals after acute pancreatitis was 43% (95%CI:
30%-56%). The pooled prevalence of pancreatic exocrine insufficiency in individuals after acute pancreatitis
was 29% (95%CI: 19%-39%). The prevalence of concomitant pancreatic exocrine insufficiency in individuals
with newly diagnosed prediabetes or diabetes was 40%
(95%CI: 25%-55%). The prevalence of concomitant
pancreatic exocrine insufficiency among individuals with
prediabetes alone and diabetes mellitus alone was 41%
(95%CI: 12%-75%) and 39% (95%CI: 28%-51%), respectively. Further analysis showed that the prevalence
of concomitant pancreatic exocrine insufficiency in individuals with prediabetes or diabetes decreases over
time after an attack of acute pancreatitis.
CONCLUSION: Pancreatic exocrine insufficiency occurs in 40% of individuals with newly diagnosed prediabetes or diabetes mellitus after acute pancreatitis. Further studies are needed to investigate the pathogenesis
of diabetes in this setting.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatogenic diabetes; Pancreatic exocrine insufficiency; Acute pancreatitis; Endocrine insufficiency
Core tip: Diabetes mellitus and pancreatic exocrine
insufficiency are common after acute pancreatitis. Concomitant pancreatic exocrine insufficiency occurs in
40% of patients with prediabetes or diabetes and its
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prevalence decreases with time. Purposefully designed
clinical studies are required to elucidate the pathogenesis of pancreatogenic diabetes.
Das SLM, Kennedy JIC, Murphy R, Phillips ARJ, Windsor JA,
Petrov MS. Relationship between the exocrine and endocrine
pancreas after acute pancreatitis. World J Gastroenterol 2014;
20(45): 17196-17205 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i45/17196.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i45.17196

INTRODUCTION
Acute pancreatitis (AP) is the most common pancreatic
disease and the incidence of AP worldwide is much higher than the combined incidence of pancreatic cancer (PC)
and chronic pancreatitis (CP)[1]. It has been axiomatic
that patients with AP completely recover, both clinically
and morphologically. However, a recent comprehensive
literature review and meta-analysis has demonstrated that
patients not known to have diabetes mellitus (DM) prior
to hospital admission with their first attack of AP have
almost a 40% risk of being diagnosed with prediabetes or
DM after discharge from hospital[2].
The pancreas is a unique dual gland that has both
exocrine and endocrine functions. It consists of 95%
exocrine tissue and less than 5% endocrine tissue. Given
the close anatomical and physiological relationship of
the exocrine and endocrine pancreas, exocrine pancreatic
morphology and function have been studied in patients
with DM for over 70 years[3-10]. However, to date there
has been no systematic review and meta-analysis of evidence regarding the relationship between pancreatic exocrine insufficiency (PEI) and DM after AP.
The aim of this study was to conduct a systematic
review and meta-analysis to determine the prevalence and
time course of new onset PEI in patients with newly diagnosed prediabetes or DM after AP.

MATERIALS AND METHODS
Search strategy
The search strategy was developed to identify all studies
that investigated endocrine and exocrine function after
AP. An electronic search of three major biomedical journal databases: (EMBASE, MEDLINE, and Scopus), was
undertaken from inception (1980 for EMBASE, 1966
for Scopus, 1946 for MEDLINE) until 17th November
2013.
Search strategy was as follows: EMBASE and MEDLINE: “acute pancreatitis” and (“endocrine insufficiency” or “endocrine function” or “pancreatitis function” or
“diabetes mellitus” or “pre diabetic state” or “type 2 diabetes mellitus” OR “type 1 diabetes mellitus” OR “adult
onset diabetes mellitus” OR “maturity onset diabetes”
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OR “non-insulin dependent diabetes” OR “insulin dependent diabetes” OR “glucose intolerance” OR “glucose
homeostasis”).
Scopus: “acute pancreatitis” AND (“endocrine insufficiency” or “endocrine function” or “pancreatitis
function” or “diabetes mellitus” or “pre diabetic state”
or “type 2 diabetes mellitus” or “type 1 diabetes mellitus” or “adult onset diabetes mellitus” OR “maturity
onset diabetes” or “non-insulin dependent diabetes” or
“insulin dependent diabetes” or “glucose intolerance”
or “glucose homeostasis”) and [LIMIT-TO (Exact Keyword, “Human”)].
There were no language constraints but the search
was limited to human studies. A full text review was
performed looking for papers that investigated both
exocrine and endocrine function. Bibliographies of articles chosen for full text review were also screened for
relevant articles. Corresponding authors were contacted,
if necessary.
Articles were screened for eligibility by two authors
independently (JICK, SLMD) and any disagreement over
study inclusion or exclusion was resolved by the senior
author (MSP).
Study selection
Studies were included if they met the following criteria
for inclusion: (1) study design: cohort study; (2) population: individuals after an attack of AP; and (3) outcomes studied: both pancreatic endocrine and exocrine
function.
Studies were excluded for the following reasons: studies did not use the standard definition of AP[11] (the presence of two of the following three features: abdominal
pain characteristic of AP, serum amylase and/or lipase
three times the upper limit of normal and/or characteristic findings of AP on CT scan), studied population
was limited to patients with chronic, autoimmune or
hereditary pancreatitis or gestational diabetes. In addition
to this, patients who had previous history of prediabetes/DM or PEI, or history suggesting CP were excluded
from analysis.
Definitions
Prediabetes was defined by specific fasting blood glucose
and/or 2 h post-oral glucose tolerance test criteria as
reported by the study authors. DM was defined as reported by the authors of primary studies by specific fasting blood glucose testing and/or 2 h post-oral glucose
tolerance test criteria and/or treatment with insulin, oral
hypoglycaemia agents or specific dietary management. If
raw data had been available in primary studies or through
correspondence with authors, prediabetes or DM was
defined using the 1999 WHO (World Health Organization) criteria to ensure consistency in reporting. PEI was
defined by the primary authors and this included the use
of both specific exocrine testing (secretin-caerulein 2 h
infusion, serum pancreoauryl testing, faecal elastase, and
faecal fat testing) and patient-reported need for enzyme
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authors
n =3

Articles for metaanalysis
n =8

Figure 1 PRISMA diagram.

supplementation and/or steatorrhoea. The “time course”
was defined as the prevalence of concomitant PEI at specific mean follow up time points as stated by the authors
of primary studies.
Quality assessment
The quality of studies was assessed by the NewcastleOttawa scale[12]. It allocates a maximum of nine points
based on three aspects study design: patient selection,
comparability of study groups, and exposure and outcome of study participants. Studies were considered to
be of high quality if 5 or more points are scored, and of
low quality if less than 5 points are scored[13].
Data extraction
Data were extracted from the relevant articles using a
standardised data extraction sheet under the following
variables: country, year of publication, number of participants, study design, study period, criteria to define AP,
exclusion criteria, aetiology, severity of AP, surgical intervention, if applicable, average age, gender composition,
endocrine insufficiency and test used, PEI and test used,
and prevalence of concomitant insufficiency.
Statistical analysis
Statistical Analysis was performed via Microsoft Excel
(Windows) and StatsDirect for Windows V.3.0.97.0 (Stats
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Direct Ltd.). Studies were combined to determine the
pooled prevalence and corresponding 95% confidence
intervals. A random effects model was used to provide
the most conservative estimate. Statistical significance
was defined as P-values < 0.05. Statistical heterogeneity
between the studies was assessed using the I2 metric with
cut-offs of 50% and 75% to define low, moderate and
high heterogeneity, respectively. The Harbord test was
used to assess publication bias. Corresponding 95% confidence intervals were indicated in both cases. Subgroup
analyses were performed with patients who developed
either prediabetes alone or DM alone after AP. Subgroup
analysis looking at the time course of PEI in patients
with prediabetes or DM after AP was also performed.

RESULTS
Study characteristics
The search strategy identified 48 papers which investigated both pancreatic exocrine and endocrine function.
Forty-three of these were subsequently excluded as they
did not report on both exocrine and endocrine insufficiency concomitantly (Figure 1). However, a further 3
studies were able to be included after correspondence
with the respective authors. Therefore, a total of 8 cohort
studies comprising of 234 patients were included. Baseline characteristics of the patients are shown in Table 1.
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Table 1 Baseline characteristics of patients in included studies
Ref.

No. of patients

Andersson et al[14]
Angelini et al[15]
Bavare et al[16]
Endlicher et al[17]
Gupta et al[18]
Hochman et al[19]
Tsiotos et al[20]
Uomo et al[21]
Total

Sex

41
27
18
9
30
25
44
40
234

Age

Male

Female

16
24
18
5
24
16
33
17
153

25
3
0
4
6
9
11
23
81

Aetiology

61 (48-68)1
Not Stated
36 (25-47)1
44 (19-69)1
37.5 (14-65)2
58.8 (37-86)2
58 (20-93)2
48.4 ± 18.23

Time to follow up (mo)

Biliary

Alcohol

Other

20
10
4
4
12
11
17
28
106

10
11
10
2
10
4
5
0
52

11
6
4
3
8
10
22
12
76

42 (36-53)1
12-60
12-18
30 (15-52)2
31.3 (7-118)2
24-36
60 (3-132)2
179 (156-203)1

Median (range); 2Mean (range); 3Mean ± SD.

1

Table 2 Summary of quality assessment using the NewcastleOttawa scale
Ref.
[14]

Andersson et al
Angelini et al[15]
Bavare et al[16]
Endlicher et al[17]
Gupta et al[18]
Hochman et al[19]
Tsiotos et al[20]
Uomo et al[21]
Mean

Selection

Comparability

Outcome

Total

3
2
2
2
3
3
2
2
2

2
1
2
1
2
2
1
1
2

3
3
3
3
3
3
3
3
3

8
6
7
6
8
8
6
6
7

Quality of studies
The Newcastle-Ottawa scale was applied to each of the
studies. All studies gained > 5 points indicating that they
are of high methodological quality (Table 2).
Description of individual studies
Andersson et al[14] studied 41 patients, 14 severe and 27
mild, approximately 42 mo after their AP event in Lund,
Sweden. In non-diabetic patients, endocrine function was
determined by an oral glucose tolerance test and the 1999
WHO (World Health Organization) criteria were used to
diagnose prediabetes or DM. In addition to this, exocrine
function was determined by faecal fat excretion testing (abnormal values > 200 mg/dL) as well as through
patient questionnaire (steatorrhea and/or the need for
enzyme supplementation) (Table 3).
Angelini et al[15] undertook long term follow up of 27
patients treated with necrosectomy in Verona, Italy, for
acute necrotising pancreatitis at 12-60 mo post discharge.
Patients underwent an oral glucose tolerance test and a
secretin-caelurin 2 h infusion to determine endocrine
and exocrine function, respectively. Abnormal values for
the glucose tolerance test were not stated and for the
secretin-caerulein test a personal control group was used
to determine a lowest value for “normal” (Table 3).
Bavare et al[16] undertook long term follow up of 18
patients treated with necrosectomy in Mumbai, India,
that survived for at least a month post-surgery. Patients
underwent fasting blood glucose testing to determine en-
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docrine pancreatic function and a measurement of faecal
fat excretion to determine their pancreatic exocrine function. The values for abnormality were > 200 mg/dL and
> 7 g/24 h, respectively (Table 3).
Endlicher et al[17] enrolled 9 patients admitted to their
institution in Regensburg, Germany, who had infected
pancreatic necrosis and catheter drainage as part of their
initial treatment. Patients underwent a 75 g oral glucose
tolerance test (abnormal: > 200 mg/dL at 120 min) and
a serum pancreoauryl test to assess pancreatic endocrine
and exocrine function, respectively. Cut-offs for the pancreoauryl test was 4.5 and 2.5 µg/mL to define normal,
moderate and severe insufficiency, respectively (Table 3).
Gupta et al[18] studied 30 patients with severe pancreatitis in Chandigarh, India. Endocrine function was
determined by fasting and postprandial blood glucose
levels. Patients who had normal values underwent an oral
glucose tolerance test. Abnormal values for this test were
not discussed. Exocrine function was determined with a
faecal fat and D-xylose excretion test. Abnormality was
defined as > 7 g/24 h and < 20%, respectively (Table 3).
Hochman et al[19] used a self-reporting questionnaire
to assess exocrine and endocrine function of patients
with severe acute pancreatitis in three teaching hospitals
affiliated with the University of Alberta, Canada. The
reported diagnosis of DM and requirement for enzyme
supplementation were used to determine endocrine and
exocrine function, respectively (Table 3).
Tsiotos et al[20] conducted a prospective follow up
study of 72 patients who had undergone necrosectomy
in Minnesota, United States. Of the 54 patients who
survived surgery and the initial postoperative period, 44
were able to be contacted on average 5 years post discharge. Patients were subjected to a fasting blood glucose
test and a faecal fat excretion test to determine both their
pancreatic endocrine and exocrine function, respectively.
Abnormalities were defined as > 200 mg/dL and > 7
g/24 h, respectively (Table 3).
Uomo et al[21] studied 40 non-surgical patients in Naples, Italy, with acute necrotizing pancreatitis at 6 monthly
intervals for the first 24 mo and then at 12 monthly intervals. Patients were followed for a median of 15 years.
At each follow up visit an oral glucose tolerance test was
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Table 3 Study outcomes
Ref.

No. of patients

No. with prediabetes or
diabetes (%)

Total

41
27
18
9
30
25
44
40
234

24 (58.5)
9 (47.4)
13 (72.2)
3 (50.0)
12 (40.0)
8 (32.0)
16 (36.4)
6 (15.8)
91 (41.2)

41
19
18
6
30
25
44
38
221

Andersson et al[14]
Angelini et al[15]
Bavare et al[16]
Endlicher et al[17]
Gupta et al[18]
Hochman et al[19]
Tsiotos et al[20]
Uomo et al[21]
Total

1

No. with pancreatitic
exocrine insufficiency (%)

Total

9 (22.0)
1 (7.1)
5 (27.8)
7 (87.5)
12 (40.0)
5 (20.0)
11 (25.0)
9 (22.5)
59 (26.8)

41
14
18
8
30
25
44
40
220

1

Concomitant insufficiency
(%)

Total

6 (14.6)
1 (7.1)
5 (27.8)
3 (60.0)
8 (26.7)
2 (8.0)
5 (11.4)
3 (7.9)
33 (15.3)

41
14
18
5
30
25
44
38
215

1

1

Patients with adequate data available to calculate the outcome.

Proportion meta-analysis plot (random effects)
Andersson et al

0.59 (0.42, 0.74)

Angelini et al

0.47 (0.24, 0.71)

Bavare et al

0.72 (0.47, 0.90)

Endlicher et al

0.50 (0.12, 0.88)

Gupta et al

0.40 (0.23, 0.59)

Hochman et al

0.32 (0.15, 0.54)

Tsiotos et al

0.36 (0.22, 0.52)

Uomo et al

0.16 (0.06, 0.31)

Combined

0.43 (0.30, 0.56)
0.00

0.24
0.48
0.72
Proportion (95% confidence interval)

0.96

Figure 2 Prevalence of newly diagnosed prediabetes or diabetes after acute pancreatitis.

performed if the individual had a fasting blood glucose
level between 120-140 mg/dL and a spot test for faecal
elastase (abnormal: < 200 µg/g stool) (Table 3).
Meta-analysis
The pooled prevalence of newly diagnosed prediabetes/
DM in patients with AP was 43% (Figure 2) (range of
follow-up: 12-179 mo) and there was moderate statistical
heterogeneity between studies (I2 = 72%). The pooled
prevalence of newly diagnosed PEI in individuals after
AP during this period of time was 29% (Figure 3) and
there was moderate statistical heterogeneity between
studies (I2 = 64%). There was no significant difference
between the prevalence of newly diagnosed PEI after AP
and the prevalence of newly diagnosed prediabetes/DM
after AP (P = 0.93). In those individuals who developed
prediabetes/DM, the prevalence of newly diagnosed
concomitant PEI was 40% (Figure 4) and there was moderate statistical heterogeneity between studies (I2 = 54%).
The pooled prevalence of newly diagnosed prediabetes only in individuals after AP was 31% (22%-40%)
and there was no statistical heterogeneity between studies
(I2 = 0%). Among those individuals, the prevalence of
newly diagnosed concomitant PEI was 41% (12%-75%)
and there was moderate statistical heterogeneity between
WJG|www.wjgnet.com

studies (I2 = 70%).
The pooled prevalence of newly diagnosed DM only
in individuals after AP was 29% (18%-40%) and there
was moderate statistical heterogeneity between studies
(I2 = 70%). Among those individuals, the prevalence of
newly diagnosed concomitant PEI was 39% (28%-51%)
and there was no statistical heterogeneity between studies (I2 = 0%). There was no publication bias with any of
the meta-analyses performed (data not shown). A time
course analysis of the prevalence of PEI in patients with
prediabetes/DM is presented in Figure 5.

DISCUSSION
This is the first systematic review and meta-analysis of
the available clinical evidence related to pancreatic exocrine and endocrine function, both in isolation and combined, among individuals who have been discharged after
an attack of AP. The prevalence of newly diagnosed PEI
appears to be lower than the prevalence of newly diagnosed prediabetes or DM after AP, though there was no
significant difference between the two. The prevalence of
concomitant PEI in patients with newly diagnosed prediabetes or DM was 40% and it was very similar between
individuals with prediabetes and those with DM. Also
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Proportion meta-analysis plot (random effects)
Andersson et al

0.22 (0.11, 0.38)

Angelini et al

0.07 (0.01, 0.34)

Bavare et al

0.28 (0.10, 0.53)

Endlicher et al

0.88 (0.47, 1.00)

Gupta et al

0.40 (0.23, 0.59)

Hochman et al

0.20 (0.07, 0.41)

Tsiotos et al

0.25 (0.13, 0.40)

Uomo et al

0.23 (0.11, 0.38)

Combined

0.29 (0.19, 0.39)
0.0

0.2
0.4
0.6
0.8
Proportion (95% confidence interval)

1.0

Figure 3 Prevalence of newly diagnosed pancreatic exocrine insufficiency after acute pancreatitis.

Proportion meta-analysis plot (random effects)
Andersson et al

0.25 (0.10, 0.47)

Angelini et al

0.11 (0.01, 0.48)

Bavare et al

0.38 (0.14, 0.68)

Endlicher et al

1.00 (0.29, 1.00)

Gupta et al

0.67 (0.35, 0.90)

Hochman et al

0.25 (0.03, 0.65)

Tsiotos et al

0.31 (0.11, 0.59)

Uomo et al

0.50 (0.12, 0.88)

Combined

0.40 (0.25, 0.55)
0.0

0.2

0.4
0.6
0.8
Proportion (95% confidence interval)

1.0

Figure 4 Prevalence of concomitant pancreatic exocrine insufficiency in patients with newly diagnosed prediabetes/diabetes after acute pancreatitis.
Included study

Paitents with imparied function (%)

100

Linear correlation

80

60

40

20

0
0

10

20
30
40
Mean follow up (mo)

50

60

Figure 5 Time course of concomitant pancreatic exocrine insufficiency in patients with prediabetes/diabetes in the first 5 years after acute
pancreatitis.
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it appears that the prevalence of concomitant PEI in
individuals with prediabetes or DM decreases with time,
suggesting that pancreatic exocrine function after AP recovers with time as it is known that pancreatic endocrine
function deteriorates with time[2].
Pancreatogenic DM is a recognised condition and is
classified as a form of secondary (type 3c) DM by the
American Diabetes Association and by the World Health
Organization[22-24]. Pancreatic diseases underlying type
3c DM include acute, recurrent, and CP of any etiology, haemochromatosis, cystic fibrosis, fibrocalculous
pancreatopathy, pancreatic trauma, pancreatectomy, pancreatic agenesis, and PC[24-26]. The prevalence and clinical
importance of type 3c DM has been underestimated and
underappreciated so far[27]. In a German study, it was estimated that only half of the cases of type 3c DM were
classified correctly[23] and, on top of that, AP has recently
been identified as a significant cause for DM[2]. It is likely
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that a larger proportion of patients with DM after AP
are misclassified and further clinical characterization of
such patients is needed to determine whether they have
type 1, 2, or 3c DM. To classify pancreatogenic DM correctly, a robust definition is needed and the first attempt
at diagnostic criteria has recently been published[27]. It has
been proposed to diagnose pancreatogenic DM based on
the presence of PEI (according to the fecal elastase-1 test
or direct function tests) and pathological pancreatic imaging (endoscopic ultrasound, MRI, CT) together with an
absence of type 1 DM autoimmune markers and markers
of significant insulin resistance typical of type 2 diabetes
(acanthosis nigricans, high fasting C-peptide or insulin).
Findings from the present study are highly relevant
to this ongoing discussion on the diagnostic criteria for
pancreatogenic DM. In particular, because concomitant
PEI is only present in 40 percent of individuals with DM
after AP, the reliance on this as one of the diagnostic
criteria for type 3c DM may result in the misclassification
of the majority of patients with DM after AP (assuming
that individuals with DM after AP develop type 3c DM).
But it is also worth acknowledging the possibility that
AP is itself a new risk factor of type 2 DM. These diagnostic issues highlight the importance of investigating
the pathogenesis of DM after AP. It is known that the
hormonal profile is different for different types of DM,
including insulin levels, glucagon level, pancreatic polypeptide, glucose dependent insulinotropic polypeptide,
and glucagon-like peptide 1. The acknowledged difficulties in managing type 3c DM, often described as “brittle
diabetes”, may derive from the combination of persistent
hyperglycemia and exaggerated sensitivity to insulin[28]
due to destruction of both alpha and beta cells reducing
glucagon and insulin levels, respectively. There are no
published data on whether DM after AP has features and
the hormonal profile of type 1, 2, or 3c DM, highlighting
a priority area for further research.
A structural relationship between the endocrine and
exocrine pancreas was first described in 1882[29], when
vascular connections between the endocrine islets and
exocrine lobules were found in the Indian ink-injected
rabbit pancreas. There is now strong evidence of a
“portal” connection between the islet cells and the acini
and it appears to be present in all mammals, including
humans[30-33]. There is also some evidence to support the
notion of a functional relationship between the endocrine and exocrine pancreas[34]. It has been observed that
the pancreatic volume is reduced in both type 1 DM[35]
and type 2 DM[36] patients compared with controls using
ultrasonography[37] and CT scanning[38]. Autopsy studies have also demonstrated that type 1 DM is associated
with pancreatic atrophy, increased fibrosis, and fatty infiltration[36]. Another subtle observation supporting a relationship between the islets and acinar cells is the focal
severe acinar cell atrophy around insulin-deficient islets
in patients with newly diagnosed type 1 DM, which is
not found to be associated with normal insulin-containing islets[39].
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The relationship between the exocrine and endocrine
pancreas after AP has not been studied in the clinical setting but several animal studies in AP have demonstrated
that there is a very intimate relationship between them[40].
These studies support the notion that insulin and probably other islet cell products have a key role in the regulation of the exocrine pancreas in animal models. Also,
there is strong evidence that islet cells play the role of the
gatekeeper of the pancreas by controlling the function
and integrity of the pancreas and playing a significant
role in metabolism[41,42]. For example, studies on arginineinduced pancreatitis in rats with DM have demonstrated
that peri-insular acini remained intact during an acute
attack of pancreatitis[43-45]. This phenomenon suggests
that the close proximity of the islets of Langerhans may
protect the acinar cells and might even accelerate the regenerative process. This may go some way to explain the
finding of the present study that the majority of patients
with DM do not have PEI. Further studies are needed to
investigate the intricate relationship between the exocrine
and endocrine pancreas after AP.
A particular strength of this systematic review has
been the pooling of over 200 individuals from prospective high quality clinical studies. They have been discharged after an attack of AP and had the measurement
of both exocrine and endocrine function. Individuals
with known DM and PEI prior to their attack of AP
were excluded from the study to enable reporting of the
most conservative estimates of outcomes. The statistical
analysis was robust with the use of random effects model
to provide the most conservative estimates. There was
also no language restriction in our search strategy, which
reduced the language bias. Last, contact was made with
the authors of primary studies if insufficient information
was available from the published data. By doing so it was
possible to include 3 more studies.
The present study has several limitations that need
to be acknowledged. First, there was moderate statistical heterogeneity in some of our analyses. A possible
explanation for this is the variety of pancreatic exocrine
function assessment tools used across the studies. This
included secretin-caerulein infusion testing, fecal elastase,
fecal fat or D-xylose excretion testing, pancreoauryl testing, and self-reported questionnaires. It is also important to note that none of the primary studies used the
secretin-pancreozymin test, which is regarded as the “gold
standard” test for PEI[46,47]. Future studies will need to
use more standardized methods of pancreatic exocrine
function assessment to facilitate comparison of data.
Second, only 5 out of 8 included studies focused on the
first attack of AP and only 1 study reported on whether
patients had repeated attacks of AP during follow up.
Due to insufficient data it was not possible to account
for the number of attacks of AP. Also, we were unable to
control for other factors such as obesity and family history of DM. Similarly, we were unable to control for preexisting patient factors that might contribute to PEI after
AP. For example, some studies have shown that a hard
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pancreatic texture induced by obstructive pancreatitis can
result in a higher incidence of PEI[48]. Last, the present
study included patients that were treated conservatively
as well as those who underwent surgery. Management of
AP may affect pancreatic function[49] but, due to insufficient data, it was not possible to adjust for this possible
confounder. In particular, it has been shown that distal
pancreatectomy is associated with a higher rate of DM
than other surgical procedures (pancreaticoduodenectomy
or pancreatic drainage) in patients with CP[50]. This is
consistent with the distribution of islets of Langerhans
with higher population density in the body and tail of the
pancreas. It is of some comfort though that the prevalence of new onset DM in the present study is similar to
that reported in a recent systematic review of AP patients
who received mainly conservative treatment[2].
In conclusion, this systematic literature review confirms that changes of pancreatic exocrine and endocrine
functions are common after AP. The majority (60%) of
patients with DM after AP do not have a concomitant
PEI. This review also suggests that pancreatic exocrine
function after an attack of AP recovers with time, at least
in patients with prediabetes or DM. The relationship
between the exocrine and endocrine pancreas is complex
and the elucidation of the pathogenesis and subtype of
DM that arises after AP is an important area for further
research.

togenic diabetes after acute pancreatitis. Further studies are needed to investigate the pathogenesis of pancreatogenic diabetes.

Terminology

Pancreatic exocrine insufficiency is a deficiency of the exocrine pancreatic enzymes, resulting in the inability to digest food properly.

Peer review

This is a well-constructed meta-analysis and appropriate subject matter for
review. Certainly the impairment of pancreatic endocrine function that develops
as a result of primary pancreatic disease such as acute/chronic pancreatitis or
after pancreatic surgery has been studied extensively. There are less rigorous
studies on the development of pancreatic exocrine dysfunction after these disease processes, possibly due to the wide variety of pancreatic exocrine function
assessment tools used (compared to the more rigorous definitions of diabetes)
or the fact that, truthfully, many physicians tend to treat with enzyme supplementation based on patient self-report of symptoms rather than true diagnostic
testing. There are even fewer reports still of combined endocrine/exocrine
insufficiency after pancreatitis and therefore, despite the moderate statistical
heterogeneity in some of the analyses presented, this manuscript still sheds
some light on the prevalence of exocrine insufficiency in patients with newly diagnosed diabetes and pre-diabetes. The discussion is well written with practical
clinical relevance to the working diagnostic criteria for pancreatogenic diabetes
as well as mechanistic insight into the functional relationship between the endocrine and exocrine pancreas. I appreciate that the authors were thoughtful in
their acknowledgement of the limitations in this meta-analysis, particularly with
regards to the different pancreatic exocrine function assessment tools used and
that four of their studies included patients that underwent necrosectomy, which
could account for a higher prevalence of exocrine insufficiency - these are both
important points that were addressed.
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Abstract
AIM: To compare conventional transarterial chemoembolization (c-TACE) with microsphere embolization in
hepatocellular carcinoma (HCC).
METHODS: We searched PubMed, Medline, Embase
and the Cochrane Library for trials assessing the efficacy and safety of c-TACE in comparison with those of
yttrium-90 microsphere or drug-eluting bead embolization from January 2004 to December 2013. Overall survival rate (OSR), tumor response [complete response,
partial response (PR), stable disease (SD), progressive
disease (PD)], α-fetoprotein (AFP) response, progression rate and complications were compared and
analyzed. Pooled ORs with 95%CI were calculated using either the fixed-effects model or random-effects
model. All statistical analyses were conducted using
the Review Manager (version 5.1.) from the Cochrane
collaboration.
RESULTS: Thirteen trials were identified, including a
total of 1834 patients; 1233 were treated with c-TACE,

WJG|www.wjgnet.com

377 underwent yttrium-90 microsphere embolization
and 224 underwent drug-eluting bead embolization.
The meta-analysis with either the random-effects model or fixed-effects model indicated that microsphere
embolization was associated with significantly higher
OSRs compared with those of c-TACE (OR1-year = 1.38,
95%CI 1-year: 1.05-1.82; OR 2-year = 2.88, 95%CI 2-year:
1.18-7.05; OR3-year = 2.15, 95%CI3-year: 1.18-3.91). The
complete tumor response rates of patients who underwent microspheres embolization were significantly
higher than those of patients treated with c-TACE (OR
= 2.19, 95%CI: 1.31-3.64). The tumor progression rate
after microsphere embolization was markedly lower
than that after c-TACE (OR = 0.56, 95%CI: 0.39-0.81).
There was no significant difference between microsphere embolization and c-TACE in PR (OR = 0.73,
95%CI: 0.47-1.15), SD (OR = 1.07, 95%CI: 0.79-1.44),
PD (OR = 0.75, 95%CI: 0.33-1.68), AFP response (OR
= 1.38, 95%CI: 0.64-2.94) and complications (OR =
0.68, 95%CI: 0.46-1.00).
CONCLUSION: Our analysis indicated that microsphere embolization was associated with superior survival and treatment response in comparison with c-TACE
in the treatment of patients with HCC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatocellular carcinoma; Transarterial chemoembolizaiton; Yttrium-90 microsphere; Drug-eluting
bead; Meta-analysis
Core tip: Microsphere embolization has been performed
more and more widely for the treatment of hepatocellular carcinoma (HCC). Whether microsphere embolization or conventional transarterial chemoembolization
(c-TACE) is the better choice has been debated. In this
study, we performed a meta-analysis to comprehensively compare the efficacy and safety of microspheres
embolization with those of c-TACE in HCC. Our analysis
indicated that microsphere embolization was associated
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with superior survival and treatment response in comparison with c-TACE in patients with HCC. We hope that
the comparison of these treatments could help stratify
the benefits of treatment choices for patients with HCC.
Ni JY, Xu LF, Wang WD, Sun HL, Chen YT. Conventional transarterial chemoembolization vs microsphere embolization in hepatocellular carcinoma: A meta-analysis. World J Gastroenterol
2014; 20(45): 17206-17217 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i45/17206.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i45.17206

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most common malignant tumor and is the third highest cause of
cancer-related death worldwide. There are more than
660000 new cases of HCC every year and it has an increasing incidence[1,2]. Although surgery (surgical resection or liver transplantation) is still considered the foremost treatment for HCC, the majority of HCC patients
are diagnosed at the intermediate and advanced tumor
stages with poor liver function, usually due to cirrhosis,
virus infection (chronic hepatitis B or C), or alcoholic
liver disease, and less than 20% of HCC patients are actually eligible for surgery[3-5].
In recent years, as a minimally invasive treatment,
transarterial chemoembolization (TACE) has been widely
used for the treatment of HCC patients who were not
suitable candidates for surgery[6-8]. In clinical practice, conventional TACE (c-TACE) comprises intra-arterial chemotherapy using lipiodol and chemotherapeutic agents,
followed by selective vascular embolization, and results in
a strong cytotoxic effect combined with ischemia to inhibit tumor progression. However, according to previous
clinical reports, it was clear that the long-term outcome
of TACE in the treatment of HCC was not satisfactory[9-11]. In order to improve the effectiveness of TACE,
microsphere embolization such as transarterial embolization (TAE) with yttrium-90 (Y90) microspheres or drugeluting beads (DEB) has been used more often in HCC.
TAE with Y90 microspheres, which is also as known as
radioembolization (also called selective internal radiation
therapy or SIRT) has been proved to be an effective and
safe treatment for HCC. In contrast to c-TACE, SIRT
is a form of brachytherapy for liver tumors in which the
source of radiation has to access the network of tumoral
neovessels after being injected into the hepatic arteries. In
addition, TAE with DEB for the treatment of HCC has
been observed to deliver higher doses of chemotherapeutic agent and to prolong contact time with the tumor.
Some researchers suggested that microsphere embolization was associated with greater clinical effectiveness and
fewer complications in comparison with c-TACE for the
treatment of patients with HCC[12-15]. However, some
other clinical studies reported conflicting results[16-19].
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Hence, whether microsphere embolization or c-TACE is
the better choice has been a matter of debate.
In this study, we designed a meta-analysis to comprehensively compare the efficacy and safety of microsphere
embolization (Y90 microspheres or DEB) with those
of c-TACE in HCC through an extensive search of the
literature, which we analyzed using strict criteria. We
hope that the comparison of these treatments could help
stratify the benefits of treatment choices for patients with
HCC.

MATERIALS AND METHODS
Search strategy
A review of studies for potential in the meta-analysis
was conducted in the databases of PubMed, Medline,
Embase and the Cochrane Library from January 2004
to December 2013. The study search used the following MeSH search headings: ‘‘hepatocellular carcinoma’’
“primary liver cancer”, ‘‘yttrium-90 microsphere’’, ‘‘drugeluting bead’’ and ‘‘transarterial chemoembolization’’. A
limit was set on clinical studies, which had reported the
data on comparing the clinical efficacy or safety of microsphere embolization (Y90 microspheres or DEB) with
those of c-TACE in the treatment of HCC. There was
no language restriction in this search.
Data extraction
Data extraction was independently conducted by two
reviewers (Jia-yan Ni and Hong-liang Sun) using standardized methods, with any disagreements being settled
by discussion of the relevant study data and adjudicated
by an experienced reviewer (Lin-feng Xu). From each
study, the following data were abstracted: publication
details (name of the first author, year of publication and
country), and study characteristics [study design, age, percentage of male, trial design, tumor size, tumor number,
Child-Pugh class, Barcelona Clinic Liver Cancer (BCLC)
stage, Eastern Cooperative Oncology Group (ECOG)
performance status, virus infection, overall survival rate,
tumor response, α-fetoprotein (AFP) response, progression rate and treatment associated complications].
Inclusion and exclusion criteria
Clinical studies were required to fulfil the following inclusion criteria: (1) study design: the trials had to have
comparative data on clinical efficacy or safety of microsphere embolization with Y90 microspheres or DEB and
c-TACE in the treatment of HCC; (2) clear documented
indications for microspheres embolization and c-TACE;
(3) treatment design: microsphere embolization with Y90
microspheres or DEB vs c-TACE; (4) characteristics of
patients: trials were required to have relatively integrated
basic characteristics of enrolled patients, such as age, percentage of males, trial design, tumor size, tumor number,
Child-Pugh class, BCLC stage, ECOG performance status, virus infection, overall survival rate, tumor response
rate, AFP response rate, tumor progression rate and
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and 224 with drug-eluting bead embolization. The basic
characteristics of the included studies and the overall
survival rate, tumor response (complete response, partial
response, stable disease and progressive disease), AFP
response and progression rate are summarized in Tables
1 and 2.

References identified by search
n = 76

Abstracts excluded because of
study design without dealing
with c-TACE vs microsphere
embolization in HCC
n = 61

Potentially relevant references
n = 15

Duplications
n =2

Studies finally included
n = 13

Figure 1 Flow chart of search strategy for study inclusion. c-TACE: Conventional transarterial chemoembolization; HCC: Hepatocellular carcinoma.

treatment-associated complications; (5) year of publication: from January 2004 to December 2013; and (6) each
trial had to report at least one of the following results:
overall survival rate at 1, 2 or 3 years, tumor response,
AFP response, tumor progression rate or treatment associated complications.
Reviews without original data, expert opinions, abstracts, editorials, letters, case reports and studies lacking
control groups were excluded from the analysis.
Statistical analysis
All statistical analyses were performed using Review
Manager (version 5.1.) from the Cochrane collaboration.
Pooled ORs with 95%CI were calculated using either the
fixed-effects model or random-effects model. For each
meta-analysis, the χ 2 and I2 statistics were first calculated
to assess the heterogeneity of the included studies. P <
0.1 and I2 > 50% were considered significant. For P < 0.1
and I2 > 50%, the random-effects model was used; otherwise, data were assessed using the fixed-effects model.
The risk of publication bias in this study was assessed
by visual inspection of the symmetry of the funnel plot.
The significance of the pooled ORs was assessed by the
Z-test. P < 0.05 was considered significant.

RESULTS
Trial selection
This study examined a total of 76 potentially relevant
studies. Based on the inclusion criteria, 13 clinical trials comparing the efficacy and safety of microsphere
embolization (Y90 microspheres or DEB) with those
of c-TACE for HCC were included[12-24]. The flow chart
of the search strategy is shown in Figure 1. The studies
included a total of 1834 patients, and 1233 were treated
with c-TACE, 377 with Y90 microsphere embolization
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Overall survival rate
There were 7, 3, and 3 studies that reported comparative
data for 1-, 2- and 3-year overall survival rate, respectively. Based on the results of tests for heterogeneity
between trials (χ 21-year = 9.91, P1-year = 0.13, I21-year = 39%;
2
2
2
χ 2-year = 4.81, P2-year = 0.09, I 2-year: 58%; χ 3-year = 1.76, P32
year = 0.41, I 3-year = 0%), either the random-effects model
or fixed-effects model was used to pool the results in the
analysis of overall survival rate. Our study indicated that
the 1-, 2- and 3-year overall survival rates of patients who
underwent microsphere embolization were significantly
higher than those of patients treated with c-TACE (Y90
or DEB vs c-TACE: OR1-year = 1.38, 95%CI1-year: 1.05-1.82,
P1-year = 0.02; OR2-year = 2.88, 95%CI2-year: 1.18-7.05, P2-year
= 0.02; OR3-year = 2.15, 95%CI3-year: 1.18-3.91, P3-year = 0.01)
(Figure 2).
Tumor response
Complete response: Ten studies reported comparative
data for tumor complete response rate. Based on the results of tests for heterogeneity between trials (χ 2 = 15.06,
P = 0.09, I2 = 40%), the random-effects model was used
to pool the results. Our meta-analysis indicated that microsphere embolization was associated with significantly
higher tumor complete response rate in comparison with
c-TACE for treatment of HCC (Y90 or DEB vs c-TACE;
OR = 2.19, 95%CI: 1.31-3.64, P = 0.003) (Figure 3A).
Partial response: Seven studies reported comparative
data for partial response rate. Based on the results of
tests for heterogeneity between trials (χ 2 = 11.17, P =
0.08, I2 = 46%), the random-effects model was used to
pool the results. Our study indicated that there was no
significant difference between microsphere embolization
and c-TACE in tumor partial response rate for treatment
of HCC (Y90 or DEB vs c-TACE, OR = 0.73, 95%CI:
0.47-1.15, P = 0.17) (Figure 3B).
Stable disease: Six studies reported comparative data
for rates of stable disease. Based on the results of tests
for heterogeneity between trials (χ 2 = 8.92, P = 0.11, I2
= 44%), the fixed-effects model was used to pool the results in the analysis. Our study indicated that there was no
significant difference in rates of stable disease between
microsphere embolization and c-TACE for treatment
of HCC (Y90 or DEB vs c-TACE, OR = 1.07, 95%CI:
0.79-1.44, P = 0.67) (Figure 3C).
Progressive disease: Seven studies reported comparative data for rates of progressive disease. Based on the
results of tests for heterogeneity between trials (χ 2 =
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Cohort study

United States

Clinical study

Clinical study

Italy

United States

Clinical study

Italy

Clinical study

Clinical study

United States

United States

RCT

Greece

Cohort study

RCT

Clinical study

TARE-90Y
TACE
DEB-TACE
TACE
DEB-TACE
TACE
TARE-90Y
TACE
DEB-TACE
TACE
TARE-90Y
TACE
DEB-TACE
TACE
DEB-TACE
TACE
DEB-TACE
TAE
DEB-TACE
TACE
TARE-90Y
TACE
TARE-90Y
TACE
TARE-90Y
TACE

Treatment
61
55
22
16
60
69
123
122
16
14
99
691
41
43
45
26
8
8
32
50
27
44
43
43
24
52

No. pts
64 (29-88)
66 (46-84)
57.2 ± 6.5
55.6 ± 6.5
61.7 ± 9.8
59.0 ± 11.2
66 (30-88)
61 (33-88)
67.3 ± 9.8
56.6 ± 13.4
NA
NA
70.7 ± 6.9
70.0 ± 7.9
59.9 ± 11.4
58.9 ± 13.3
57.0 ± 3.8
56 5 ± 2.0
68 (41-79)
74 (42-89)
58.7 ± 10.8
61.0 ± 9.9
68 (44-88)
65 (36-89)
61 (40-82)
57 (19-80)

Age (yr)
(cm)
5.0 (3.3-8.4)
5.0 (3.2-8.5)
1.8 (0.7-4.5)
2.2 (1-10)
4.2 ± 2.8
5.0 ± 3.1
4.5 (3.1-6.6)
3.6 (2.6-5.7)
NA
NA
NA
NA
8.3 ± 2.7
8.1 ± 2.8
5.5 ± 4.3
7.4 ± 4.9
3.0 ± 0.9
3.4 ± 0.2
NA
NA
7.4 ± 3.2
7.4 ± 5.1
NA
NA
NA
NA

(M/F)
49/12
43/12
19/3
15/1
42/18
48/21
87/36
102/20
14/2
11/3
70/29
518/173
31/10
34/9
35/10
19/7
8/0
7/1
29/3
36/14
23/4
36/8
38/5
36/7
20/4
46/6

Tumor size

Sex
13/48
20/35
8/14
8/8
26/34
31/38
55/68
57/65
4/12
1/13
NA
NA
12/29
15/28
21/24
10/16
7/1
5/3
NA
NA
12/15
25/19
20/23
23/10
NA
NA

(single/multiple)

Tumor number
53/8/0
44/11/0
NA
NA
56/4/0
62/6/0
67/54/2
67/53/2
14/2/0
14/0/0
NA
NA
23/18/0
26/17/0
22/11/12
11/11/4
5/3/0
6/2/0
14/18/0
26/24/0
13/14/0
22/22/0
24/19/0
23/18/2
NA
NA

(A/B/C)

Child-Pugh class
0/8
0/7
8/10
3/12
44/8
46/8
13/42
12/56
4/4
4/0
9/30
97/132
NA
NA
5/20
3/11
0/3
2/4
NA
NA
0/10
0/25
NA
NA
5/19
19/28

(HBV/HCV)

Virus infection
12/34/15/0
23/13/19/0
14/8/0/0
7/9/0/0
27/33/0/0
28/41/0/0
43/65/13/2
47/61/12/2
2/9/5/0
1/10/3/0
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
0/34/9/0
0/37/4/2
NA
NA

(A/B/C/D)

BCLC stage
51/7/1
40/15/0
NA
NA
NA
NA
NA
NA
9/7/0
10/2/2
NA
NA
26/15/0
28/15/0
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

(0/1/2)

ECOG status

Progression rate
Five studies reported comparative data for overall tumor progression rate. Based on the results of tests for heterogeneity between trials (χ 2 = 3.52, P = 0.48, I2 = 0%), the fixed-

AFP response
Five studies reported comparative data for AFP response rate. Based on the results of tests for heterogeneity between trials (χ 2 = 13.06, P = 0.01, I2 = 69%), the random-effects model was used to pool the results. Our study indicated that there was no significant difference in AFP response rate between microsphere embolization and c-TACE for
treatment of HCC (Y90 or DEB vs c-TACE; OR = 1.38, 95%CI: 0.64-2.94, P = 0.41) (Figure 4).

20.42, P = 0.002, I2 = 71%), the random-effects model was used to pool the results. Our study indicated that there was no significant difference in rates of progressive disease
between microsphere embolization and c-TACE for treatment of HCC (Y90 or DEB vs c-TACE: OR = 0.75, 95%CI: 0.33-1.68, P = 0.48) (Figure 3D).

RCT: Randomized Controlled trial; TRAE: Transarterial radioembolization; 90Y: Yttrium-90; DEB: Drug-eluting bead; HBV: Hepatitis B virus; HCV: Hepatitis C virus; NA: Not applicable; BCLC: Barcelona Clinic Liver Cancer;
ECOG: Eastern Cooperative Oncology Group.
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Clinical study

Design

United States

Country

Song et al[12] (2012)

Moreno-Luna et al[16]
(2013)
Nicolini et al[21] (2013)

Ref.

Table 1 Baseline characteristics of included trials
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Lewandowski et al[15]
(2009)
Ahmad et al[24] (2005)

Kooby et al[18] (2010)

Scartozzi et al[23] (2010)

Malagari et al[22]
(2010)
Dhanasekaran et al[14]
(2010)
Nicolini et al[20] (2013)

van Malenstein et al[13]
(2011)
Carr et al[19] (2010)

61
55
22
16
60
69
123
122
16
14
99
691
41
43
45
26
8
8
58
85
27
44
43
43
24
52

No. pts

NA
NA
NA
NA
53 (88)
46 (67)
92 (75)
92 (75)
NA
NA
50 (50)
301 (43)
35 (85)
37 (86)
26 (58)
8 (31)
NA
NA
NA
NA
4 (16)
9 (20)
33 (77)
31 (73)
NA
NA

1-yr OSR
18 (30)
13 (24)
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
21 (48)
3 (12)
NA
NA
NA
NA
NA
NA
25 (59)
12 (28)
NA
NA

2-yr OSR
13 (21)
9 (16)
16 (73.9)
9 (58.7)
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
19 (45)
8 (19)
NA
NA

3-yr OSR
7 (12)
2 (4)
14 (37)
7 (28)
33 (55)
16 (23)
NA
NA
NA
NA
3 (3)
37 (5)
11 (27)
6 (14)
NA
NA
5 (63)
0 (0)
14 (24)
17 (20)
0 (0)
1 (2)
20 (47)
6 (17)
22 (92)
39 (75)

CR
22 (39)
22 (47)
NA
NA
16 (26)
18 (26)
NA
NA
NA
NA
38 (38)
390 (55)
NA
NA
NA
NA
1 (12)
5 (63)
32 (39)
19 (33)
3 (11)
2 (4)
17 (39)
19 (54)
NA
NA

PR
22 (39)
16 (34)
NA
NA
9 (15)
21 (30)
NA
NA
NA
NA
35 (35)
199 (29)
NA
NA
NA
NA
NA
NA
16 (19)
7 (12)
11 (41)
16 (36)
6 (14)
9 (26)
NA
NA

SD
5 (9)
7 (15)
NA
NA
2 (3)
14 (20)
NA
NA
NA
NA
23 (23)
75 (11)
NA
NA
NA
NA
2 (25)
3 (37)
19 (22)
18 (31)
9 (33)
16 (36)
0 (0)
1 (3)
NA
NA

PD
14 (23)
18 (33)
NA
NA
46 (77)
31 (45)
40 (32)
37 (30)
8 (89)
4 (67)
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
5 (24)
11 (26)
NA
NA
NA
NA

AFP response
NA
NA
NA
NA
30 (50)
48 (69)
42 (34)
54 (44)
3 (23)
1 (8)
NA
NA
5 (12)
9 (21)
NA
NA
NA
NA
NA
NA
NA
NA
6 (15)
11 (32)
NA
NA

1

Progression rate

Assessment of publication bias
In this study, the risk of publication bias was assessed by visual inspection of symmetry of the funnel plot. The fixed-effects model was used to pool the results in the analysis of 1and 3-year overall survival rate, stable disease, tumor progression rate and safety. The results of our meta-analysis revealed that the symmetry level of the funnel plots was high.

Safety
Seven studies reported comparative data for treatment-associated complications. Based on the results of tests for heterogeneity between trials (χ 2 = 5.34, P = 0.50, I2 = 0%), the
fixed-effects model was used to pool the results. Our study indicated there was no significant difference in complication rates between microsphere embolization and c-TACE for
treatment of HCC (Y90 or DEB vs c-TACE; OR = 0.68, 95%CI: 0.46-1.00, P = 0.05) (Figure 6).

effects model was used to pool the results. Our study indicated that microsphere embolization was associated with significantly lower tumor progression rate compared with
c-TACE for treatment of HCC (Y90 or DEB vs c-TACE: OR = 0.56, 95%CI: 0.39-0.81, P = 0.002) (Figure 5).

Total data of the relative study. NA: Not applicable; pts: Patients; OSR: Overall survival rate; CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease; AFP: Alpha fetal protein.

1

TARE-90Y
TACE
DEB-TACE
TACE
DEB-TACE
TACE
TARE-90Y
TACE
DEB-TACE
TACE
TARE-90Y
TACE
DEB-TACE
TACE
DEB-TACE
TACE
DEB-TACE
TACE
DEB-TACE
TACE
TARE-90Y
TACE
TARE-90Y
TACE
TARE-90Y
TACE

Moreno-Luna et al[16]
(2013)
Nicolini et al[21]
(2010)
Song et al[12] (2012)

Salem et al[17] (2011)

Treatment

Ref.

Table 2 Prognosis of patients reported in included trials n (%)
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A

Y90 or DEB

Study or Subgroup

Total

Weight

33

43

31

43

8.2%

Carr et al 2010

50

99

301

691

Dhanasekaran et al 2010

26

45

8

26

4

27

9

Malagari et al 2010

35

41

Salem et al 2011

92

Song et al 2012

53

Total (95%CI)

Total

Events

Odds ratio

Lewandowski et al 2009

Kooby et al 2010

Events

Lipiodol

Odds ratio

M-H, Fixed, 95%CI

Year

1.28 [0.48, 3.38]

2009

42.3%

1.32 [0.87, 2.02]

2010

4.9%

3.08 [1.11, 8.55]

2010

44

6.6%

0.68 [0.19, 2.46]

2010

37

43

6.0%

0.95 [0.28, 3.21]

2010

123

92

122

26.4%

0.97 [0.54, 1.73]

2011

60

46

69

5.7%

3.79 [1.49, 9.63]

2012

1038

100.0%

1.38 [1.05, 1.82]

438

M-H, Fixed, 95%CI

Total events
293
524
Heterogeneity: χ ² = 9.91, df = 6 (P = 0.13); I ² = 39%
Test for overall effect: Z = 2.35 (P = 0.02)

0.01

0.1

1

Y90 or DEB

B

Y90 or DEB

Study or Subgroup

Lipiodol

Odds ratio

Total

Events

Total

Weight

M-H, Random, 95%CI

Year

Lewandowski et al 2009

25

43

12

43

36.4%

3.59 [1.46, 8.83]

2009

Dhanasekaran et al 2010

21

45

3

26

25.2%

6.71 [1.76, 25.57]

2010

Moreno-Luna et al 2013

18

61

13

55

38.5%

1.35 [0.59, 3.10]

2013

124

100.0%

2.88 [1.18, 7.05]

Total events

149
64

100

Odds ratio

Events

Total (95%CI)

10
Lipiodol

M-H, Random, 95%CI

28

Heterogeneity: Tau² = 0.36; χ ² = 4.81, df = 2 (P = 0.09); I ² = 58%
0.01

Test for overall effect: Z = 2.32 (P = 0.02)

0.1

1

Y90 or DEB

C

Y90 or DEB

Study or Subgroup

Lipiodol

Odds ratio

Total

Events

Total

Weight

M-H, Fixed, 95%CI

Year

Lewandowski et al 2009

19

43

8

43

30.3%

3.46 [1.31, 9.19]

2009

Nicolini et al 2013

16

22

9

16

19.3%

2.07 [0.53, 8.10]

2013

Moreno-Luna et al 2013

13

61

9

55

50.5%

1.38 [0.54, 3.55]

2013

114

100.0%

2.15 [1.18, 3.91]

Total events

126
48

100

Odds ratio

Events

Total (95%CI)

10
Lipiodol

M-H, Fixed, 95%CI

26

Heterogeneity: χ ² = 1.76, df = 2 (P = 0.41); I ² = 0%
0.01

Test for overall effect: Z = 2.49 (P = 0.01)

0.1
Y90 or DEB

1

10

100

Lipiodol

Figure 2 Microsphere embolization (90Y or DEB) vs conventional transarterial chemoembolization for treatment of patients with hepatocellular carcinoma
in terms of overall survival rates. A: Meta-analysis of 1-year results; B: Meta-analysis of 2-year results; C: Meta-analysis of 3-year results. M-H: Mantel-Haenszel.

It suggested that there was no obvious publication bias in
the trials included in this study (Figure 7).

DISCUSSION
TACE is a palliative therapy which has been widely accepted as the treatment of choice for HCC patients who
were not candidates for surgical resection. However, the
incomplete tumor necrosis after TACE makes the longterm outcome unsatisfactory. Some researchers suggested
that microsphere embolization with Y90 microspheres
or DEB was associated with better clinical efficacy than
c-TACE for treatment of patients with HCC[12-15]. However, some other clinical studies had reported conflicting
results[16-19]. Meta-analysis combines data from all eligible
studies, and has the advantages of reducing random error, obtaining more precise estimates and defining the ef-

WJG|www.wjgnet.com

fect of clinical interventions more precisely. It may be the
appropriate method for resolving such conflicts. In this
study, we searched formally published studies to comprehensively compare the efficacy and safety of microsphere
embolization with those of c-TACE for treatment of
patients with HCC. A total of 13 studies and 1834 HCC
patients were identified and statistically analyzed. Overall
survival rate, complete response, partial response, stable
disease, progressive disease, AFP response, progression
rate and complications were compared and analyzed. The
analyzed data of our study indicated that microsphere
embolization (Y90 or DEB) was a better treatment
choice in comparison with c-TACE, in terms of overall
survival and complete tumor response. Additionally, we
found that there was no significant difference between
those two treatments in complication rates.
Our study indicated that the patients who underwent

17211

December 7, 2014|Volume 20|Issue 45|

Ni JY et al . Conventional transarterial chemoembolization and microspheres embolization

A

Y90 or DEB

Lipiodol

Study or Subgroup

Events

Total

Events

Ahmad et al 2005

22

24

39

Lewandowski et al 2009

20

43

3

99

11

41

Kooby et al 2010

0

Nicolini et al 2010

Odds ratio

Total

Weight

52

7.5%

6

35

37

691

6

27

5

Scartozzi et al 2010
Song et al 2012

Carr et al 2010
Malagari et al 2010

Moreno-Luna et al 2013
Nicolini et al 2013

M-H, Random, 95%CI

Year

M-H, Random, 95%CI

3.67 [0.76, 17.76]

2005

12.4%

4.20 [1.45, 12.18]

2009

10.9%

0.55 [0.17, 1.83]

2010

43

11.9%

2.26 [0.75, 6.83]

2010

1

44

2.3%

0.53 [0.02, 13.41]

2010

8

0

8

2.4%

26.71 [1.14, 624.23]

2010

14

58

17

85

16.3%

1.27 [0.57, 2.84]

2010

33

60

16

69

17.0%

4.05 [1.90, 8.62]

2012

7

57

2

47

7.2%

3.15 [0.62, 15.95]

2013

14

38

7

25

12.1%

1.50 [0.50, 4.48]

2013

1099

100.0%

2.19 [1.31, 3.64]

Total (95%CI)
Total events

Odds ratio

455
129

131

Heterogeneity: Tau² = 0.25; χ ² = 15.06, df = 9 (P = 0.09); I ² = 40%
0.01

Test for overall effect: Z = 3.01 (P = 0.003)

0.1

1

Y90 or DEB

B

Y90 or DEB

Study or Subgroup

Lipiodol

Total

Lewandowski et al 2009

17

43

19

Carr et al 2010

38

99

390

Kooby et al 2010

3

27

2

44

Nicolini et al 2010

1

8

5

Scartozzi et al 2010

32

82

Song et al 2012

16

Moreno-Luna et al 2013

22

Total (95%CI)
Total events

Events

Odds ratio

Events

Total

M-H, Random, 95%CI

Year

35

14.3%

0.55 [0.22, 1.36]

2009

691

26.1%

0.48 [0.31, 0.74]

2010

4.9%

2.63 [0.41, 16.83]

2010

8

2.8%

0.09 [0.01, 1.08]

2010

19

56

18.4%

1.25 [0.61, 2.53]

2010

60

18

69

16.7%

1.03 [0.47, 2.26]

2012

57

22

47

16.7%

0.71 [0.33, 1.56]

2013

950

100.0%

0.73 [0.47, 1.15]

376

100

Odds ratio

Weight

129

10
Lipiodol

M-H, Random, 95%CI

475

Heterogeneity: Tau² = 0.15; χ ² = 11.17, df = 6 (P = 0.08); I ² = 46%
Test for overall effect: Z = 1.36 (P = 0.17)

0.01

0.1

1

10

Y90 or DEB

C

Y90 or DEB

Study or Subgroup
Lewandowski et al 2009

Events

Total

Lipiodol
Events

Odds ratio

Odds ratio

Total

Weight

M-H, Fixed, 95%CI

Year

6

43

9

35

10.4%

0.47 [0.15, 1.48]

2009

Carr et al 2010

35

99

199

691

39.3%

1.35 [0.87, 2.11]

2010

Kooby et al 2010

11

27

16

44

8.8%

1.20 [0.45, 3.22]

2010

Scartozzi et al 2010

16

84

7

58

8.2%

1.71 [0.66, 4.48]

2010

9

60

21

69

20.2%

0.40 [0.17, 0.97]

2012

22

57

16

47

13.1%

1.22 [0.54, 2.72]

2013

944

100.0%

1.07 [0.79, 1.44]

Song et al 2012
Moreno-Luna et al 2013
Total (95%CI)
Total events

370
99

100

Lipiodol

M-H, Fixed, 95%CI

268

Heterogeneity: χ ² = 8.92, df = 5 (P = 0.11); I ² = 44%
0.01

Test for overall effect: Z = 0.42 (P = 0.67)

0.1

Y90 or DEB
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D

Y90 or DEB

Study or Subgroup

Total

Weight

43

1

35

4.9%

23

99

75

691

9

27

16

44

19

86

18

Nicolini et al 2010

2

8

Song et al 2012

2

Moreno-Luna et al 2013

5

Carr et al 2010
Kooby et al 2010
Scartozzi et al 2010

Total (95%CI)
Total events

Total

Events

Odds ratio

0

Lewandowski et al 2009

Events

Lipiodol

Odds ratio

M-H, Random, 95%CI

Year

0.26 [0.01, 6.69]

2009

21.8%

2.49 [1.47, 4.20]

2010

17.5%

0.88 [0.32, 2.40]

2010

58

19.8%

0.63 [0.30, 1.34]

2010

3

8

8.9%

0.56 [0.06, 4.76]

2010

60

14

69

12.9%

0.14 [0.03, 0.62]

2012

57

4

47

14.1%

1.03 [0.26, 4.09]

2013

952

100.0%

0.75 [0.33, 1.68]

380
60

M-H, Random, 95%CI

131

Heterogeneity: Tau² = 0.71; χ ² = 20.42, df = 6 (P = 0.002); I ² = 71%
0.01

Test for overall effect: Z = 0.70 (P = 0.48)

0.1

1

Y90 or DEB

10

100

Lipiodol

Figure 3 Microspheres embolization (90Y or DEB) vs conventional transarterial chemoembolization for treatment of patients with hepatocellular carcinoma in terms of tumor response. A: Meta-analysis of complete response results; B: Meta-analysis of partial response results; C: Meta-analysis of stable disease
results; D: Meta-analysis of progressive disease results.
Y90 or DEB
Study or Subgroup

Events

Lipiodol

Total

Events

Odds ratio

Total

Odds ratio

Weight

M-H, Random, 95%CI

Year

M-H, Random, 95%CI

Kooby et al 2010

5

21

11

42

17.7%

0.88 [0.26, 2.97]

2010

Salem et al 2011

40

123

37

122

27.9%

1.11 [0.65, 1.90]

2011

8

9

4

6

6.4%

4.00 [0.27, 58.56]

2011

Song et al 2012

46

60

31

69

24.4%

4.03 [1.88, 8.64]

2012

Moreno-Luna et al 2013

14

61

18

55

23.5%

0.61 [0.27, 1.39]

2013

294

100.0%

1.38 [0.64, 2.94]

Malenstein et al 2011

Total (95%CI)
Total events

274
113

101

Heterogeneity: Tau² = 0.46; χ ² = 13.06, df = 4 (P = 0.01); I ² = 69%
0.01

Test for overall effect: Z = 0.83 (P = 0.41)
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Figure 4 Microsphere embolization (90Y or DEB) vs compare conventional transarterial chemoembolization for treatment of patients with hepatocellular
carcinoma in term of α-fetoprotein response.
Y90 or DEB
Study or Subgroup

Events

Total

Lipiodol
Events

Odds ratio

Odds ratio

Total

Weight

M-H, Fixed, 95%CI

Year

Lewandowski et al 2009

6

43

11

35

13.6%

0.35 [0.12, 1.08]

2009

Malagari et al 2010

5

41

9

43

10.0%

0.52 [0.16, 1.72]

2010

42

123

54

122

46.4%

0.65 [0.39, 1.09]

2011

3

13

1

12

1.0%

3.30 [0.29, 37.10]

2011

30

60

48

69

29.0%

0.44 [0.21, 0.90]

2012

281

100.0%

0.56 [0.39, 0.81]

Salem et al 2011
Malenstein et al 2011
Song et al 2012
Total (95%CI)
Total events

280
86

M-H, Fixed, 95%CI

123

Heterogeneity: χ ² = 3.52, df = 4 (P = 0.48); I ² = 0%
0.01

Test for overall effect: Z = 3.07 (P = 0.002)

0.1
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1

10

100

Lipiodol

Figure 5 Microsphere embolization (90Y or DEB) vs conventional transarterial chemoembolization for treatment of patients with hepatocellular carcinoma
in terms of tumor progression rate.

microsphere embolization had significantly higher 1-,
2-, and 3-year overall survival rates and complete tumor
response rate than those treated with c-TACE. In clinical practice, microsphere embolization and TACE are
mechanistically quite different, though both treatments
are delivered through the hepatic artery. C-TACE com-

WJG|www.wjgnet.com

prises intra-arterial chemotherapy using lipiodol and
chemotherapeutic agents, followed by selective vascular
embolization, which causes arterial occlusion and chemotherapeutic effects, resulting in a strong cytotoxic effect
combined with ischemia, thus inhibiting the progression
of the tumor[25,26]. Although the short-term effectiveness

17213

December 7, 2014|Volume 20|Issue 45|

Ni JY et al . Conventional transarterial chemoembolization and microspheres embolization
Y90 or DEB
Study or Subgroup

Events

Weight

M-H, Fixed, 95%CI

Year

2

8

2.0%

1.80 [0.21, 15.41]

2010

Kooby et al 2010

12

27

31

44

21.1%

0.34 [0.12, 0.91]

2010

Malagari et al 2010

33

41

35

43

10.7%

0.94 [0.32, 2.80]

2010

Dhanasekaran et al 2010

3

45

2

26

3.8%

0.86 [0.13, 5.50]

2010

Malenstein et al 2011

4

16

8

14

10.3%

0.25 [0.05, 1.18]

2011

Song et al 2012

24

60

34

69

30.5%

0.69 [0.34, 1.38]

2012

Moreno-Luna et al 2013

40

61

37

55

21.6%

0.93 [0.43, 2.01]

2013

259

100.0%

0.68 [0.46, 1.00]

258

Total events

119

Total

Odds ratio

8

Total (95%CI)

Events

Odds ratio

3

Nicolini et al 2010

Total

Lipiodol

M-H, Fixed, 95%CI

149

Heterogeneity: χ ² = 5.34, df = 6 (P = 0.50); I ² = 0%
0.01

Test for overall effect: Z = 1.98 (P = 0.05)
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Figure 6 Microsphere embolization (90Y or DEB) vs conventional transarterial chemoembolization for treatment of patients with hepatocellular carcinoma
in terms of complications.
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Figure 7 Funnel plots in this study. A: Funnel plot of 1-year overall survival rate; B: Funnel plot of 3-year recurrence-free survival rate; C: Funnel plot of tumor progression rate; D: Funnel plot of stable disease; E: Funnel plot of complications.
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of c-TACE is obvious in the treatment of HCC, the
long-term outcome is still unsatisfactory[27-29], because the
micro-environmental hypoxia of tumor tissue caused by
arterial occlusion results in overexpression of hypoxiainducible factor-1α (HIF-1α) and vascular endothelial
growth factor (VEGF)[30,31]. Overexpression of HIF-1α
always results in increased angiogenesis, tumor progression, invasion, metastasis and poor prognosis of patients[32-34]. VEGF promotes the proliferation of vessel
endothelial cells, inhibits the apoptosis of vessel endothelial cells, and stimulates the formation of blood vessels, thus promoting tumor progression[35-37]. In addition,
TACE induces pain and post-embolization syndrome,
and often requires anti-inflammatories, narcotics, and
larger number of treatment hospitalizations[38].
Y90 is a pure beta emitter and decays to stable zirconium-90 with a physical half-life of 64.1 h, making it an
ideal transarterial liver-directed agent. In comparison with
c-TACE, microsphere embolization using Y90 involves
injecting radioactive particles into the selected liver artery
without causing arterial occlusion[38]. Hence, there is no
hypoxia initiated gene overexpression or post-embolization syndrome, and fatigue can easily be managed in
outpatients settings. DEB have been used to bind, deliver
and elute chemotherapeutic drugs in the tumor area during TACE. Unlike conventional TACE, which is the most
commonly used therapy, DEB-TACE is based on calibrated microspheres made of non-degradable polymers
that produce permanent vascular embolization[39-41]. In
addition, DEB-TACE introduces a higher drug concentration and longer contact time within the tumor than
c-TACE, while maintaining a lower systemic concentration[12,13]. Thus, DEB-TACE can significantly improve
the clinical efficacy and reduce the drug related adverse
events in comparison with c-TACE.
Both microsphere embolization and c-TACE are
minimally invasive and target-selective treatments, guided
by imaging devices. There was no treatment-related death
observed in the included trials. Our study showed that
the patients undergoing microsphere embolization had
similar adverse effects as those who received c-TACE.
There was no significant difference in safety between
microsphere embolization and c-TACE in the treatment
of patients with HCC. The most commonly observed adverse effects of both procedures were fatigue, abdominal
pain, nausea, fever, vomiting, hepatic abscess and bleeding puncture site[42-45]. However, all the mentioned adverse
effects can be ameliorated after relatively symptomatic
treatment.
To the best of our knowledge, there is no other
meta-analysis which comprehensively compares the
clinical efficacy and safety of microsphere embolization with those of c-TACE in the treatment of patients
with HCC. In this study, overall survival rate, tumor
response, AFP response, progression rate and complications were compared and analyzed. The risk of publication bias in the included studies was assessed by visual
inspection of symmetry level of funnel plot. The data
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of our study revealed that the level of symmetry of the
funnel plot and was judged to be high. It suggested that
there was no significant publication bias in the included
trials in this study.
The potential limitations of our meta-analysis may
be mentioned. Firstly, the etiological factors of HCC (alcoholic hepatic disease, autoimmune liver disease, virus
hepatitis, etc) were not well considered in the included
trials. Secondly, there was a limited number of available
randomized controlled trials (RCTs) comparing the efficacy and safety of microsphere embolization and c-TACE
for HCC in the last decade. Although a meta-analysis has
traditionally been applied and is best confined to RCTs,
meta-analytical techniques using non-RCTs might be a
valid method in clinical settings in which either the number or the sample size of the RCTs are insufficient[46]. In
the future, more RCTs should be enrolled to provide further evidence.
In conclusion, our analysis showed that microsphere
embolization with Y90 or DEB was associated with superior survival and treatment response in comparison with
c-TACE in the treatment of patients with HCC.
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help stratify the benefits of treatment choices for patients with HCC.
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Abstract
AIM: To compare the outcome of hand sewing and
stapling for anastomotic leakage after esophagectomy.
METHODS: A rigorous study protocol was established
according to the recommendations of the Cochrane
Collaboration. An electronic database search, hand
search, and reference search were used to retrieve all
randomized controlled trials that compared hand-sewn
and mechanical esophagogastric anastomoses.
RESULTS: This study included 15 randomized controlled trials with a total of 2337 patients. The results
revealed that there was no significant difference in the
incidence of anastomotic leakage between the methods
[relative risk (RR) = 0.77, 95% confidence interval (CI):
0.57-1.04; P = 0.09], but a subgroup analysis yielded a
significant difference for the sutured layer and year of
publication (P s < 0.05). There was also no significant
difference in the incidence of postoperative mortality
(RR = 1.52, 95%CI: 0.97-2.40; P = 0.07). However,
the anastomotic strictures rate was increased in the
stapler group compared with the hand-sewn group (RR
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= 1.45, 95%CI: 1.11-1.91; P < 0.01) in the end-to-side
subgroup, while the incidence of anastomotic strictures
was decreased (RR = 0.34, 95%CI: 0.16-0.76; P < 0.01)
in the side-to-side subgroup.
CONCLUSION: The stapler reduces the anastomotic
leakage rate compared with hand sewing. End-to-side
stapling increases the risk of anastomotic strictures, but
side-to-side stapling decreases the risk.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Anastomotic leakage; Esophagectomy;
Hand-sewn sutures; Mechanical sutures; Meta-analysis
Core tip: This was an important meta-analysis comparing the results of hand-sewn and stapling techniques for
esophagogastric anastomosis after esophageal cancer
resection. We performed some subgroup analyses that
suggested some associations with anastomotic leakage:
(1) the number of layers sutured (single or double); (2)
year of publication (before 2003 vs 2003-2013); and
(3) anastomotic sites (intrathoracic or cervical). A better
understanding of this may yield a consensus for comparison of anastomotic leakage rate following the two
methods of esophagogastric anastomosis after esophagogastrectomy for esophageal cancer.
Liu QX, Min JX, Deng XF, Dai JG. Is hand sewing comparable
with stapling for anastomotic leakage after esophagectomy? A
meta-analysis. World J Gastroenterol 2014; 20(45): 17218-17226
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i45/17218.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i45.17218

INTRODUCTION
Esophageal carcinoma is a multifaceted and complex disease process of rapidly rising incidence that exerts an in-
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creasing social and financial burden on global healthcare
systems[1-3]. Currently, esophagectomy continues to be the
standard treatment for esophageal cancer. After esophageal resection for carcinoma, the stomach is commonly
used for restoring alimentary continuity. The success of
esophagogastric anastomosis is closely correlated with
the patient’s outcome, including anastomotic leakage and
stricture. Anastomotic leakage is a feared and frequent
complication leading to increased hospital stay, and is a
significant cause of early postoperative morbidity. Different anastomotic techniques have been described in order
to minimize this risk.
Since the development of the mechanical stapler in
the 1990s, there have been many reports showing that
the stapler decreases the rate of leakage after esophagogastrostomy[4-7]. However, several meta-analyses recently
conducted to compare hand-sewn and stapler anastomosis methods have revealed that there is no significant
difference in the risk of developing anastomotic leakage,
and the stapler method more frequently contributes to
the development of anastomotic strictures[8-10]. These meta-analyses had some limitations: (1) they did not include
all published randomized controlled trials (RCTs); and (2)
the clinical heterogeneity among the included RCTs indicates that several subgroup meta-analyses are needed.
We conducted a systematic review and meta-analysis
of RCTs that compared stapler and hand-sewn methods
for esophagogastric anastomosis after esophagectomy,
and examined the contribution of each method to the
occurrence of anastomotic leakage, 30-d mortality, and
anastomotic strictures. Subgroup analyses were also performed to evaluate the anastomotic leakage rate between
the two methods related to the sutured layers, the anastomotic sites, and the year of publication. Through this
pooled analysis, we hope to gain a consensus about treatment options for clinicians regarding esophagogastric
anastomosis after esophagectomy.

MATERIALS AND METHODS
Study selection
The rigorous study protocol was established according
to the recommendations of the Cochrane Collaboration.
Before the meta-analysis, we pre-specified all the objectives, exclusion and inclusion criteria, major outcomes,
and the methods used for synthesis to ensure the high
quality of this meta-analysis.
Two investigators independently searched the Cochrane Library database Central, Medline, Embase,
Chinese Biomedical Database and Chinese Scientific
Journals Database (up to December 2013). All RCTs involving patients with esophageal cancer who underwent
esophagogastric anastomosis after esophagectomy were
included in the analysis. The search terms were “esophagectomy”, “anastomosis”, “esophagus”, “hand-sewn”,
“manual”, “stapled”, “mechanical” and “gastric” and
MeSH headings “anastomosis”, “hand-sewn”, “manual”,
“stapled”, “mechanical” and “esophagectomy” were used
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in combination with the Boolean operators AND or
OR. The electronic search was supplemented by a hand
search of published abstracts from conference proceedings including the International Society for Diseases of
the Esophagus, the China Esophageal Society Meeting,
United European Gastroenterology Week, and some
Surgery Associations. In reference searches, we scanned
lists of trials that were selected from electronic searching
to identify further associative trials. The two investigators
independently obtained and reviewed copies of these full
articles according to the inclusion criteria of this study.
When disagreement occurred in the trial selection, it was
discussed with another author to reach consensus.
Data collection and outcomes
Data were extracted by the two investigators using standardized forms. The quality of all selected articles was
ranked in accordance with the Jadad composite scale[11].
According to this scale, low quality studies had a score ≤
2 and high quality studies had a score ≥ 3.
The primary outcome measure for the meta-analysis
was anastomotic leakage. The secondary outcome measures were 30-d mortality and anastomotic strictures
(developing within 6 mo of operation and requiring
endoscopy).
Statistical analysis
Statistical analysis was performed by RevMan version
5.2.9 (provided by the Cochrane Collaboration, Oxford,
United Kingdom). The data extracted from the included
trials were combined and the relative risk (RR) was calculated with 95% confidence intervals (CIs). The Cochran’
s Q statistic (χ 2 test) and the Higgins I2 statistic were
used to determine the percentage of total variations
across studies due to heterogeneity. If the I2 statistic was
≤ 50%, the fixed effect model was used to pool studies,
otherwise, the random effects model was used. To examine clinical heterogeneity, the following subgroup analyses were conducted to evaluate the anastomotic leakage:
(1) the site of anastomosis (intrathoracic vs cervical); (2)
year of publication (2003-2013 vs before 2003); and (3)
double or single suture layer for the hand-sewn method.
For obvious clinical heterogeneity, we performed two
subgroup analyses (side-to-side stapler vs hand-sewn, and
end-to-side stapler vs hand-sewn) to evaluate the anastomotic stricture.

RESULTS
Characteristics of included trials
Fifteen RCTs (2337 patients) that met the inclusion criteria were identified; all were performed between 1990 and
2013[5,12-26] (Figure 1). Table 1 shows the details for each
trial, including baseline characteristics, year of publication, anastomotic method, and Jadad score.
Anastomotic leakage
All 15 trials reported the incidence of anastomotic leak-
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Records identified through
database searching
(n = 678)

Additional records
identified through other
sources (n = 124)

Eligibility

Screening

Records after duplicates
removed (n = 608)

Records screened
(n = 608)

Records excluded (n = 579)
Title and abstracts screened
for eligibility

Full-text articles
assessed for
eligibility (n = 29)

Full-text articles excluded,
with reasons (n = 14)
Retrospective cohort
studies (n = 6)
Review studies (n = 6)
Letter (n = 2)

Included

Studies included in
qualitative synthesis
(n = 15)

Studies included
in qualitative
synthesis
(meta-analysis)
(n = 15)

Figure 1 Flow chart of the literature search according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement.

age following surgery. There was no significant difference
in anastomotic leakage between the two groups (RR =
0.77, 95%CI: 0.57-1.04; P = 0.09) (Figure 2). Statistical
heterogeneity was not detected (I2 = 17%, χ 2 = 16.8, df =
14; P = 0.27). The subgroup analyses yielded significant
differences for the number of suture layers for the handsewn method and the year of publication (Figure 3). One
subgroup analysis found that the stapler method had an
obvious benefit over the single-layer hand-sewn method
in reducing the incidence of postoperative anastomotic
leakage (RR = 0.37, 95%CI: 0.18-0.76; P < 0.01); however, there was no benefit when compared with the doublelayer hand-sewn method (RR = 1.01, 95%CI: 0.66-1.53;
P = 0.98). Another subgroup analysis showed that during
the latest decade, the stapler method was superior to the
hand-sewn method in preventing anastomotic leakage
(RR = 0.66, 95%CI: 0.45-0.96; P = 0.03). The subgroup
analysis of anastomotic site yielded no significant difference in anastomotic leakage between the two groups (RR
= 1.23, 95%CI: 0.70-2.18; P = 0.47).

with no significant difference observed following stapled
vs hand-sewn anastomosis (RR = 1.52, 95%CI: 0.97-2.40;
P = 0.07) (Figure 4). There was no evidence of statistical
heterogeneity (I2 = 0%, χ 2 = 8.17, df = 9; P = 0.52).

Thirty-day mortality
Fourteen trials reported the incidence of 30-d mortality,

Since the 1990s, the use of the stapler for esophagogastric anastomosis has become increasingly popular. How-
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Anastomotic strictures
Fourteen studies reported the incidence of anastomotic
stricture following surgery. Because there was obvious
clinical heterogeneity present in these studies, we performed two subgroup-analyses. In one analysis, there
was a significant increase in the incidence of anastomotic
stricture following end-to-side stapled anastomosis compared with hand-sewn anastomosis (RR = 1.45, 95%CI:
1.11-1.91; P < 0.01) (Figure 5). However, in the other
analysis, side-to-side stapled anastomosis contributed to
reducing the incidence of anastomotic stricture compared with hand-sewn anastomosis (RR = 0.34, 95%CI:
0.16-0.76: P < 0.01).

DISCUSSION

17220

December 7, 2014|Volume 20|Issue 45|

Liu QX et al . Hand sewing vs stapling after esophagectomy
Table 1 Study characteristics
Ref.

Year

Anastomostic methods

No. of patients

Male/female

Fok et al[4]

1991
1996

Craig et al[25]

1996

Law et al[24]

1997

Laterza et al[23]

1999

Walther et al[22]

2003

Hsu et al[21]

2004

Okuyama et al[19]

2007

Luechakiettisak et al[18]

2008

Aquino et al[17]

2009

Zhang et al[15]

2010

Wu et al[20]

2005

Saluja et al[13]

2012

Cayi et al[14]

2012

Wang et al[12]

2013

25
27
74
78
50
50
61
61
21
20
41
42
32
31
18
14
59
58
15
15
244
272
154
162
87
87
125
102
52
92

Details unknown

Valverde et al[26]

Hand-sewn
Stapler
Hand-sewn
Stapler
Hand-sewn
Stapler
Hand-sewn
Stapler
Hand-sewn
Stapler
Hand-sewn
Stapler
Hand-sewn
Stapler
Hand-sewn
Stapler
Hand-sewn
Stapler
Hand-sewn
Stapler
Hand-sewn
Stapler
Hand-sewn
Stapler
Hand-sewn
Stapler
Hand-sewn
Stapler
Hand-sewn
Stapler

Stapler
Study or subgroup
Aquino 2009
Cayi 2012
Craig 1996
Hsu 2004
Law 1997
Luechakiettisak 2008
Okuyama 2007
Pernilla 2006
Salujaet 2012
Valverde 1996
Walther 2003
Wang 2013
WSHASG 1991
Wu 2005
Zhang 2010

Events
1
3
4
8
3
2
1
9
16
12
0
1
0
2
6

Total

Hand-sewn
Events

15
102
50
31
61
58
14
148
87
78
42
47
27
162
272

5
18
3
7
1
4
3
9
14
12
1
3
1
6
1

Mean age (yr)
63.7
65.3
59
59
65
65
64
64
50.9
51.9
68
66
63
61
64.3
63.6
63.6
62
45.6
45.6
60
59
54
55
50.9
51.4
56
59
60.8
58.9

67/7
71/7
27/23
34/16
54/7
53/8
4/17
3/17
28/13
23/13
27/5
30/1
16/2
13/1
50/9
48/10
Details unknown
142/102
158/114
122/32
116/46
54/33
61/26
92/33
79/31
27/5
30/1

Risk ratio

Risk ratio

Total

Weight

M-H, fixed, 95%CI

M-H, fixed, 95%CI

15
125
50
32
61
59
18
126
87
74
41
52
25
154
224

5.7%
18.4%
3.4%
7.8%
1.1%
4.5%
3.0%
11.1%
15.9%
14.0%
1.7%
3.2%
1.8%
7.0%
1.2%

0.20 (0.03, 1.51)
0.20 (0.06, 0.67)
1.33 (0.31, 5.65)
1.18 (0.49, 2.86)
3.00 (0.32, 28.04)
0.51 (0.10, 2.67)
0.43 (0.05, 3.69)
0.85 (0.35, 2.08)
1.14 (0.59, 2.20)
0.95 (0.46, 1.98)
0.33 (0.01, 7.77)
0.37 (0.04, 3.42)
0.31 (0.01, 7.26)
0.32 (0.06, 1.55)
4.94 (0.60, 40.74)

Total (95%CI)
1194
1143 100.0%
Total events
68
88
2
2
Heterogeneity: χ = 16.80, df = 14 (P = 0.27); I = 17%
Test for overall effect: Z = 1.68 (P = 0.09)

Jadad score
2
3
2
2
3
3
2
2
2
3
2
3
3
2
3

0.77 (0.57, 1.04)
0.01
0.1
1
Favours (experimental)

10
100
Favours (control)

Figure 2 Forest plot for anastomotic leakage. Fifteen studies were included.

ever, compared with the routine hand-sewn method, the
superiority of the stapler method is still controversial.
Anastomotic leakage is one of the main postoperative
complications that is associated with a high mortality
rate. Since the development of the mechanical stapler,
there have been many reports to show that the stapler
can decrease the rate of leakage after esophagogastrosto-
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my[6,7,27,28]. Also, several RCTs have shown that mechanical suturing is as adequate as manual suturing, leading to
a lower incidence of anastomosis leakage.
The results of this study revealed that there is no
significant difference between the hand-sewn and stapler groups in the incidence of developing anastomotic
leakage. However, the subgroup analyses revealed two

17221

December 7, 2014|Volume 20|Issue 45|

Liu QX et al . Hand sewing vs stapling after esophagectomy
Stapler
Study or subgroup

Events

Total

Hand-sewn
Events

1.1.1 anastomotic double layer
Aquino 2009
1
15
5
Hsu 2004
8
31
7
Laterza 1999
4
20
1
Okuyama 2007
1
14
3
Salujaet 2012
16
87
14
Walther 2003
0
42
1
Wu 2005
2
162
6
Zhang 2010
6
272
1
Subtotal (95%CI)
643
Total events
38
38
2
2
Heterogeneity: χ = 10.05, df = 7 (P = 0.19); I
Test for overall effect: Z = 0.03 (P = 0.98)

Risk ratio

Risk ratio

Total

Weight

M-H, fixed, 95%CI

M-H, fixed, 95%CI

15
32
21
18
87
41
154
244
612

2.4%
3.4%
0.5%
1.3%
6.8%
0.7%
3.0%
0.5%
18.7%

0.20 (0.03, 1.51)
1.18 (0.49, 2.86)
4.20 (0.51, 34.44)
0.43 (0.05, 3.69)
1.14 (0.59, 2.20)
0.33 (0.01, 7.77)
0.32 (0.06, 1.55)
5.38 (0.65, 44.39)
1.01 (0.66, 1.53)

7.9%
1.5%
1.9%
1.9%
13.2%

Not estimable
0.20 (0.06, 0.67)
1.33 (0.31, 5.65)
0.51 (0.10, 2.67)
0.19 (0.02, 1.77)
0.37 (0.18, 0.76)

2.4%
7.9%
3.4%
1.9%
1.3%
6.8%
0.7%
1.9%
3.0%
0.5%
29.9%

0.20 (0.03, 1.51)
0.20 (0.06, 0.67)
1.18 (0.49, 2.86)
0.51 (0.10, 2.67)
0.43 (0.05, 3.69)
1.14 (0.59, 2.20)
0.33 (0.01, 7.77)
0.19 (0.02, 1.77)
0.32 (0.06, 1.55)
5.38 (0.65, 40.39)
0.66 (0.45, 0.96)

1.5%
0.5%
0.5%
6.0%
0.8%
9.2%

1.33 (0.31, 5.65)
4.20 (0.51, 34.44)
3.00 (0.32, 28.04)
0.95 (0.46, 1.98)
0.31 (0.01, 7.26)
1.23 (0.70, 2.18)

1.5%
6.0%
1.9%
3.0%
12.4%

1.33 (0.31, 5.65)
0.95 (0.46, 1.98)
0.19 (0.02, 1.77)
0.32 (0.06, 1.55)
0.73 (0.41, 1.27)

= 30%

1.1.2 anastomotic single layer
Cayi 2012
0
0
0
0
Craig 1996
3
102
18
105
Law 1997
4
50
3
50
Luechakiettisak 2008
2
58
4
59
Wang 2013
1
92
3
52
Subtotal (95%CI)
302
286
Total events
10
28
2
2
Heterogeneity: χ = 4.46, df = 3 (P = 0.22); I = 33%
Test for overall effect: Z = 2.72 (P = 0.008)
1.1.3 anastomotic leakage (2003-2013)
Aquino 2009
1
15
5
Cayi 2012
3
102
18
Hsu 2004
8
31
7
Luechakiettisak 2008
2
58
4
Okuyama 2007
1
14
3
Salujaet 2012
16
87
14
Walther 2003
0
42
1
Wang 2013
1
92
3
Wu 2005
2
162
6
Zhang 2010
6
272
1
Subtotal (95%CI)
875
Total events
40
62
2
2
Heterogeneity: χ = 15.68, df = 9 (P = 0.07); I
Test for overall effect: Z = 2.16 (P = 0.03)

15
125
32
59
18
87
41
52
154
244
827
= 43%

1.1.4 anastomotic leakage (-2003)
Craig 1996
4
50
3
Laterza 1999
4
20
1
Law 1997
3
61
1
Valverde 1996
12
78
12
WSHASG 1991
0
27
1
Subtotal (95%CI)
236
Total events
23
18
2
2
Heterogeneity: χ = 3.15, df = 4 (P = 0.53); I =
Test for overall effect: Z = 0.72 (P = 0.47)

50
21
61
74
25
231
0%

1.1.5 anastomotic site (Thoracic)
Craig 1996
4
50
3
50
Valverde 1996
12
78
12
74
Wang 2013
1
92
3
52
Wu 2005
2
162
6
154
Subtotal (95%CI)
382
330
Total events
19
24
2
2
Heterogeneity: χ = 3.64, df = 3 (P = 0.30); I = 18%
Test for overall effect: Z = 1.12 (P = 0.26)
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1.1.6 anastomotic site (Cervical)
Aquino 2009
1
15
5
15
2.4%
Cayi 2012
3
102
18
125
7.9%
Hsu 2004
8
31
7
32
3.4%
Laterza 1999
4
20
1
21
0.5%
Law 1997
3
61
1
61
0.5%
Luechakiettisak 2008
2
58
4
59
1.9%
Subtotal (95%CI)
287
313
16.6%
Total events
21
36
2
2
Heterogeneity: χ = 11.62, df = 5 (P = 0.04); I = 57%
Test for overall effect: Z = 1.73 (P = 0.09)
2

0.20 (0.03, 1.51)
0.20 (0.06, 0.67)
1.18 (0.49, 2.86)
4.20 (0.51, 34.44)
3.00 (0.32, 28.04)
0.51 (0.10, 2.67)
0.63 (0.38, 1.06)

0.01
0.1
1
Favours (experimental)

2

Test for subgroup differences: χ = 9.42, df = 5 (P = 0.09); I = 46.9%

10
100
Favours (control)

Figure 3 Subgroup analyses for anastomotic site, number of suture layers in the hand-sewn method, and year of publication.
Stapler
Study or subgroup
Aquino 2009
Cayi 2012
Craig 1996
Hsu 2004
Laterza 1999
Law 1997
Luechakiettisak 2008
Okuyama 2007
Salujaet 2012
Valverde 1996
Walther 2003
Wang 2013
WSHASG 1991
Wu 2005
Zhang 2010

Events
0
0
4
2
1
3
6
0
6
12
1
0
0
1
7

Total

Hand-sewn
Events

15
102
50
31
20
61
58
14
87
78
42
47
0
162
244

0
0
1
1
2
0
7
0
5
5
0
0
0
4
3

Total
15
125
50
32
21
61
59
18
87
74
41
52
0
154
272

Total (95%CI)
1011
1061
Total events
43
28
2
2
Heterogeneity: χ = 8.17, df = 9 (P = 0.52); I = 0%
Test for overall effect: Z = 1.82 (P = 0.07)

Weight

Risk ratio

Risk ratio

M-H, fixed, 95%CI

M-H, fixed, 95%CI

Not estimable
Not estimable
4.00 (0.46, 34.54)
2.06 (0.20, 21.63)
0.53 (0.05, 5.35)
7.00 (0.37, 132.70)
0.87 (0.31, 2.44)
Not estimable
1.20 (0.38, 3.79)
2.28 (0.84, 6.15)
2.93 (0.12, 69.92)
Not estimable
Not estimable
0.24 (0.03, 2.10)
2.60 (0.68, 9.95)

3.5%
3.4%
6.7%
1.7%
24.0%
17.3%
17.7%
1.7%

14.2%
9.8%
100.0%

1.52 (0.97, 2.40)
0.01
0.1
1
Favours (experimental)

10
Favours (control)

100

Figure 4 Forest plot for 30-d mortality. Fifteen studies were included.

important findings. First, the use of a stapler method
contributed to a reduced anastomotic leakage rate over
the last decade. Second, the stapler was superior to the
single-layer hand-sewn method in preventing postoperative anastomotic leakage.
For this study, we made attempts wherever possible to
follow the recommendations of the Cochrane Collaboration. A rigorous study protocol was pre-specified and
several electronic databases, references, and international
conference abstracts for relevant trials, were searched
without restrictions on language. Several pooled analyses on this topic have demonstrated a similar incidence
of anastomotic leakage between the two groups[8,9,29,30].
These pooled analyses either did not attempt to produce
subgroup analyses or they did not include an adequate
number of publications. The largest number of RCTs
to date was included in the present study, and through
subgroup analyses, we also examined the contribution
of the site of anastomosis, the number of suture layers
for the hand-sewn method, and the year of publication
as effect modifiers. A major merit of this study was that
we performed the analyses by the pre-specified proto-

WJG|www.wjgnet.com

col that closely adhered to the Cochrane Collaboration.
Therefore, repeating the meta-analysis might achieve a
consensus with statistically greater power and better quality of analysis for surgeons with regard to the method of
esophagogastric anastomosis after esophagectomy.
Although all the studies met our inclusion criteria, to
some extent, this meta-analysis showed heterogeneity;
the suture materials and the surgical techniques varied
among the studies. We specifically selected three main
factors that were suspected as effective modifiers. First,
despite the methods of esophagogastric anastomosis,
there was no consensus on whether the site of anastomosis (intrathoracic or cervical) affected the outcome of
esophagectomy. Second, it is still controversial whether
the stapler method is more effective in preventing anastomotic leakage than either single-layer or double-layer
suturing methods. Third, although stapler technology has
improved over the past 20 years, and has matured during
the current decade, and whether year of publication affects the outcome is unclear[14,24]. To make these potential
problems clear, we performed subgroup analyses that
were stratified by such techniques.
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Stapler
Study or subgroup

Events

Total

Hand-sewn
Events

Total

1.10.1 Stapler (side to side) vs Hand-sewn
Wang 2013
0
45
5
52
Salujaet 2012
7
81
17
82
Subtotal (95%CI)
126
134
Total events
7
22
2
2
Heterogeneity: χ = 0.87, df = 1 (P = 0.35); I = 0%
Test for overall effect: Z = 2.65 (P = 0.008)
1.10.2 Stapler (end to side) vs Hand-sewn
Zhang 2010
13
261
2
Wu 2005
3
162
7
Walther 2003
12
42
8
Valverde 1996
7
53
8
Okuyama 2007
2
14
0
Luechakiettisak 2008
19
52
10
Law 1997
20
50
5
Laterza 1999
3
18
2
Hsu 2004
5
28
4
Craig 1996
13
46
13
Cayi 2012
4
102
11
Aquino 2009
3
15
5
Subtotal (95%CI)
843
Total events
104
75
2
2
Heterogeneity: χ = 22.00, df = 11 (P = 0.02); I
Test for overall effect: Z = 2.70 (P = 0.007)

236
154
41
63
18
52
55
20
28
49
125
15
856

Weight

Risk ratio

Risk ratio

M-H, fixed, 95%CI

M-H, fixed, 95%CI

5.4%
17.7%
23.1%

0.10 (0.01, 1.84)
0.42 (0.18, 0.95)
0.34 (0.16, 0.76)

2.2%
7.5%
8.5%
7.7%
0.5%
10.5%
5.0%
2.0%
4.2%
13.2%
10.4%
5.2%
76.9%

5.88 (1.34, 25.77)
0.41 (0.11, 1.55)
1.46 (0.67, 3.21)
1.04 (0.40, 2.68)
6.33 (0.33, 122.21)
1.90 (0.98, 3.68)
4.40 (1.79, 10.84)
1.67 (0.31, 8.87)
1.25 (0.37, 4.17)
1.07 (0.55, 2.05)
0.45 (0.15, 1.36)
0.60 (0.17, 2.07)
1.45 (1.11, 1.91)

= 50%

Subtotal (95%CI)
969
990
100.0%
1.20 (0.93, 1.54)
Total events
111
97
2
2
Heterogeneity: χ = 31.93, df = 13 (P = 0.002); I = 59%
Test for overall effect: Z = 1.41 (P = 0.16)
0.01
0.1
1
2
2
Favours (experimental)
Test for subgroup differences: χ = 11.47, df = 1 (P = 0.0007); I = 91.3%

10
100
Favours (control)

Figure 5 Forest plot for anastomotic strictures including two subgroup analyses.

The primary outcome measures from our meta-analysis demonstrated that there was no significant difference
between the two groups for anastomotic leakage. However, in one subgroup analysis, there was a significantly decreased incidence of anastomotic leakage compared with
hand-sewn anastomosis in 2003-2013. In another subgroup analysis, stapling was significantly superior to the
single-layer hand-sewn method in reducing anastomotic
leakage. For secondary outcome measures, the difference
identified between the hand-sewn and stapler groups was
increased anastomotic stricture in the end-to-side stapling
group, while there was decreased anastomotic stricture in
the side-to-side stapling group.

COMMENTS
COMMENTS

CONCLUSION

Previous meta-analyses did not include all published RCTs, and there is clinical heterogeneity among the ones that were included, indicating that several
subgroup meta-analyses are needed. The study presented here is believed to
be the first meta-analysis to include subgroup analyses, which indicate an association between anastomotic leakage and: (1) the number of layers sutured;
(2) year of publication; and (3) the anastomotic site.

The results of our meta-analysis suggest that stapler
anastomosis should remain the first option, because it
can significantly reduce the anastomotic leakage. Furthermore, application of the stapler is usually easy and standardized, such that it should not increase the incidence
of technical errors. In contrast, hand-sewn methods
require surgical expertise and may not be practicable everywhere. Although in this meta-analysis the end-to-side
stapler method was associated with the risk of postoperative anastomotic stricture, several new mechanical anastomosis methods (including side-to-side stapling) have been
used to resolve this problem[30,31].

WJG|www.wjgnet.com

Background

Currently, the standard treatment for esophageal cancer continues to be esophagectomy. Hand-sewn and stapler anastomosis are two major methods for
esophagogastric anastomosis after esophagectomy. The purpose of this metaanalysis was to compare the outcomes from hand-sewn and stapler methods
for esophagogastric anastomosis after esophagectomy by pooling all data from
relevant randomized controlled trials (RCTs), to reach a consensus for comparison of anastomotic leakage.

Research frontiers

Several meta-analyses undertaken to compare hand-sewn and stapler anastomosis methods revealed that there was no significant difference in the risk
of developing anastomotic leakage, and that stapler anastomosis contributed
more frequently to the development of anastomotic strictures.

Innovations and breakthroughs

Applications

The results suggest that the stapler method reduces the anastomotic leakage
rate compared with the single-layer hand-sewn method. In addition, although
the end-to-side stapler method increased the risk of anastomotic strictures, the
side-to-side stapler was associated with a decreased rate.

Terminology

Hand-sewn anastomosis is the esophagogastric anastomosis performed by
hand with interrupted absorbable monofilament sutures. Stapler anastomosis
means that the esophagogastric anastomosis is performed using circular or
linear staplers.
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This is a nicely written manuscript and the analyses seem to be well performed.
The topic of the esophagogastric anastomosis is not really new, but it is still one
of the mainly important problems in esophageal surgery.
15
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Abstract
AIM: To compare transcatheter arterial chemoembolization (TACE) and 3D conformal radiotherapy (3D-CRT)
with TACE monotherapy in hepatocellular carcinoma
(HCC).
METHODS: We searched all the eligible studies from
the Cochrane Library, PubMed, Medline, Embase, and
CNKI. The meta-analysis was performed to assess the
survival benefit, tumor response, and the decline in
α-fetoprotein (AFP) level. According to the heterogeneity of the studies, pooled OR with 95%CI were calculated using the fixed-effects or random-effects model. An
observed OR > 1 indicated that the addition of 3D-CRT
to TACE offered survival benefits to patients that could
be considered statistically significant. Statistical analyses were performed using Review Manager Software.
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RESULTS: Ten studies met the criteria to perform a
meta-analysis including 908 HCC participants, with 400
patients in the TACE/3D-CRT combination group and
508 in the TACE alone group. TACE combined with 3DCRT significantly improved 1-, 2- and 3-year overall
survival compared with TACE monotherapy (OR = 1.87,
95%CI: 1.37-2.55, P < 0.0001), (OR = 2.38, 95%CI:
1.78-3.17, P < 0.00001) and (OR = 2.97, 95%CI:
2.10-4.21, P < 0.00001). In addition, TACE plus 3DCRT was associated with a higher tumor response
(complete remission and partial remission) (OR = 3.81;
95%CI: 2.70-5.37; P < 0.00001), and decline rates of
AFP level (OR = 3.24, 95%CI: 2.09-5.02, P < 0.00001).

Core tip: Transcatheter arterial chemoembolization
(TACE) is the most commonly used palliative therapy
for patients with unresectable hepatocellular carcinoma
(HCC), which can prolong survival with unsatisfactory
long-term effects. 3D conformal radiotherapy (3DCRT) has been utilized for HCC in a series of trials, with
promising results. This meta-analysis demonstrated
that TACE combined with 3D-CRT was better than
TACE monotherapy for the treatment of HCC, which still
needs to be confirmed by large prospectively randomized, controlled, multicenter trials.
Zou LQ, Zhang BL, Chang Q, Zhu FP, Li YY, Wei YQ, Guan
YS. 3D conformal radiotherapy combined with transcatheter arterial chemoembolization for hepatocellular carcinoma. World J
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Total number of studies
retrieved on study (653)

Excluded due to duplication or not
related to the topic (598)

INTRODUCTION
Liver cancer is the fifth most frequently diagnosed cancer
worldwide and the second most frequent cause of cancer
death[1]. The highest liver cancer rates are found in East
and Southeast Asia, especially in China. It is recognized
that only a small proportion of patients with early-stage
hepatocellular carcinoma (HCC) may benefit from surgical resection. Transcatheter arterial chemoembolization
(TACE) is the most commonly used palliative therapy
for patients with unresectable HCC, which can prolong
survival[2-5]. However, the long-term curative effect is unsatisfactory for TACE alone, because of tumor relapse
from intracapsular or extracapsular invasion by HCC and
remaining tumor cells after the treatment[6]. In addition,
severe side effects are observed with the use of repeated
rigorous TACE, including liver and renal failure, bone
marrow depression, postembolization syndrome, and
liver abscess[7].
Traditionally, radiotherapy has played a minor role
in the treatment of hepatic cancers because of the low
tolerance of the whole organ to irradiation, with a limit
of 30-35 Gy[8]. The advent of new elegant 3D conformal
radiotherapy (3D-CRT) has allowed the tumor to receive
a higher dose and the surrounding normal liver tissue to
receive a lower dose[9,10]. 3D-CRT has been utilized for
HCC in a series of trials, with promising results in Asian
countries, including improvements in response rate, disease control and overall survival.
Therefore, we performed this meta-analysis to evaluate whether the addition of 3D-CRT to TACE could
offer any survival benefit to Asian patients with advanced
HCC.

MATERIALS AND METHODS
Literature search
PubMed, Medline, Embase, Chinese BioMedical Literature Database (CBM), and the Cochrane Library were
searched for studies published from October 2000 to
October 2013. The following medical subject heading
(MeSH) terms were used: (“hepatocellular carcinoma” or
“HCC”) AND (“transcatheter arterial chemoembolization” or “TACE”) AND (“three-dimensional conformal
radiotherapy” or “3D-CRT”).
Selection criteria
Studies were considered eligible if they met the following
inclusion criteria: (1) prospective cohort or case-control
studies; (2) patients in the treatment group received
combination therapy consisting of 3D-CRT and TACE
with TACE alone in the control group; (3) participants
had unresectable HCC; and (4) data were reported on

WJG|www.wjgnet.com

Relevant studies identified
for further evaluation (55)

45 excluded
Reviews or case reports (15)
Surgery intervention (5)
Control group were not TACE alone (3)
Inadequate control group (22)

Studies finally included in
the meta-analysis (10)

Figure 1 Route and results of including trials in the meta-analysis.

outcomes of overall survival (OS). Studies were excluded
if: (1) they were reviews, commentaries, editorials, case
reports, and letters; (2) patients underwent surgery; (3)
there was a lack of key information for calculation with
methods developed by Parmar et al[11], Williamson et al[12],
and Tierney et al[13]; and (4) they were duplicated or redundant publications.
Data extraction
Each study was evaluated and classified by two independent investigators (Liqun Zou and Binglan Zhang).
Disagreements were resolved in consultation with a third
investigator. The extracted items comprised: first author,
publication year, country, study design, number of patients, number of combination group and sole TACE
group, tumor size and stage, survival rates.
Statistical analysis
Statistical analyses were performed using Review Manager Software (RevMan 5.2; Cochrane Collaboration, Oxford, United Kingdom). OR with 95%CI were calculated
for the quantitative aggregation of survival results. An
observed OR > 1 indicated that the addition of 3D-CRT
to TACE could offer survival benefits to patients and
would be considered statistically significant. Forrest plots
were used to estimate the therapeutic effect on survival.
Heterogeneity was defined as p < 0.10 or I2 > 50%[14].
Data that were not significantly heterogeneous (p ≥ 0.10,
I2 ≤ 50%) were calculated using a fixed-effects model.
If not, a random-effects model was used. Begg’s test was
used to assess potential publication bias, p > 0.05 demonstrated that there was no potential publication bias[15].

RESULTS
Selection of studies
This meta-analysis yielded a total of 653 trials. After re-
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Table 1 Clinical characteristics of 10 included trials
n (CMT/TACE) Tumor stage

KPS

Child-Pugh
Class (A/B/C)

Anticancer drug of TACE

Ⅱ, ⅢA, ⅣA
Ⅱ, Ⅲ

≥ 70

33/0/0

doxorubicin, cisplatin, MMC
10-Hydroxycamptothecine, DDP,
5-FU
10-Hydroxycamptothecine, 5-FU,
MMC or ADM
5-FU, DDP, ADM
MMC, ADM, CBP
5-FU, DDP, ADM or MMC
doxorubicin
MMC, ADM, CBP or DDP
5-FU, DDP, MMC
10-Hydroxycamptothecine, DDP,
5-FU

Ref.

Year

Study design

Chia-Hsien Cheng et al[25]
Lan et al[24]

2001
2005

Nonrandomized
Nonrandomized

33 (17/16)
102 (42/60)

Li et al[23]

2003

Nonrandomized

82 (41/41)

Liao et al[22]
Liu et al[21]
Shang et al[20]
Shim et al[19]
Wu et al[18]
Zeng et al[17]
Zhao et al[16]

2010
2005
2007
2005
2004
2004
2006

Randomized
Nonrandomized
Nonrandomized
Nonrandomized
Nonrandomized
Nonrandomized
Randomized

48 (24/24)
114 (54/60)
76 (40/36)
73 (38/35)
81 (41/40)
203 (54/149)
96 (49/47)

50/32/0
Ⅲ, Ⅳ
T1-2N0M0
Ⅲ, Ⅳa
Ⅰ, Ⅱ
T1N0M0,
T2N0M0

≥ 70
≥ 70
≥ 70
≥ 70

34/14/0
83/31/0
65/8/0
55/26/0
158/45/0
96/0/0

5-FU: 5-fluorouracil; ADM: Doxorubicin; CBP: Carboplatin; CMT: Combination therapy; KPS: Karnofsky score; MMC: Mitomycin C.

Table 2 Outcomes of the combination therapy and transcatheter arterial chemoembolization alone groups
Ref.

Year

Chia-Hsien Cheng et al[25]
Lan et al[24]
Li et al[23]
Liao et al[22]
Liu et al[21]
Shang et al[20]
Shim et al[19]
Wu et al[18]
Zeng et al[17]
Zhao et al[16]

2001
2005
2003
2010
2005
2007
2005
2004
2004
2006

1-yr survival
TACE + 3D-CRT

2-yr survival

TACE alone

57.1%
73.2%
74.0%
66.5%
78.0%

61.7%
54.8%
50.0%
53.9%
50.0%

90.2%
71.5%
82.0%

89.7%
59.6%
55.0%

3-yr survival

TACE + 3D-CRT

TACE alone

58.0%
40.5%
58.7%

56.0%
30.0%
27.3%

48.4%
60.0%
36.8%
75.6%
42.3%
63.0%

37.2%
32.0%
14.3%
58.7%
26.5%
28.0%

TACE + 3D-CRT

TACE alone

26.2%
41.9%
30.0%
37.4%
34.0%

16.7%
12.8%
14.0%
17.8%
18.0%

44.6%
24.0%
43.0%

24.0%
11.1%
15.0%

TACE: Transcatheter arterial chemoembolization; 3D-CRT: Three-dimensional conformal radiotherapy.

viewing the titles and abstracts, 598 studies were excluded
and 55 left for further evaluation. Of the 55 trials, 22
were excluded for inadequate control groups, 15 for being reviews or case reports, five for surgical intervention,
and three for interventions other than TACE alone in the
control group. Finally, there were 10 studies[16-25] fulfilling the inclusion criteria that were sent for review in our
meta-analysis (Figure 1).
The main characteristics of included studies are listed
in Table 1. Among the included studies published between 2001 and 2010, two were randomized clinical trials
(RCTs) and eight were nonrandomized observational
studies. All the trials originated from Asia because of the
high incidence of hepatitis B infection here. In addition
to two articles that did not report liver function, all the
other eight studies included patients with liver function
of Child-Pugh class A or B. The Karnofsky score of
most patients was ≥ 70. There were 400 patients in the
TACE and 3D-CRT combination group, and 508 patients
in the TACE alone group. Among the 10 studies, there
were eight, nine and eight that reported comparative data
for overall survival rate at 1, 2 and 3 years, respectively
(Table 2); seven and four studies that reported comparative data for tumor response and decline in α-fetoprotein
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(AFP) level, respectively.
Survival rates
One-year survival: Eight trials (802 patients) were identified with the outcome measurements of 1-year survival
rates. Meta-analysis showed a significant improvement
in the 1-year survival favoring combination therapy (OR
= 1.87, 95%CI: 1.37-2.55, P < 0.0001) (Figure 2). There
was no heterogeneity among the trials included, using
fixed-effects model (heterogeneity χ 2 = 9.02, P = 0.25; I2
= 22%).
Two-year survival: Data for 2-year survival rate were
reported in nine studies (860 patients) and there was also
no heterogeneity among these studies (heterogeneity χ 2
= 7.10, P = 0.53; I2 = 0%), thus the fixed-effects model
was used to pool the results. Meta-analysis showed that
combination of 3D-CRT and TACE was associated with
a higher 2-year survival rate compared with TACE alone
(OR = 2.38, 95%CI: 1.78-3.17, P < 0.00001) (Figure 2).
Three-year survival: Eight trials (802 patients) were
identified with the outcome measurements of 3-year
survival rates. Analysis of the 3-year survival (425 partici-
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TACE + 3D-CRT
Study or subgroup

TACE alone

Events

Total

Events

Lan et al , 2005

24

42

Li et al , 2003

30

41

Liao et al , 2010

18

Liu et al , 2005

36

Shang et al , 2007
Wu et al , 2004

Odds ratio

Odds ratio

M-H, Fixed, 95%CI

M-H, Fixed, 95%CI

Total

Weight

37

60

22.2%

0.83 [0.37, 1.85]

22

41

10.0%

2.36 [0.93, 5.93]

24

12

24

5.1%

54

32

60

17.2%

1.75 [0.82, 3.74]

31

40

18

36

7.3%

3.44 [1.28, 9.26]

37

41

36

40

6.0%

1.03 [0.24, 4.43]

Zeng et al , 2004

38

54

89

149

23.9%

1.60 [0.82, 3.13]

Zhao et al , 2006

40

49

26

47

8.3%

3.59 [1.43, 9.04]

457

100.0%

1.87 [1.37, 2.55]

1.1 1-yr OS

Total (95%CI)

345

Total events

254

3.00 [0.88, 10.18]

272

2

2

Heterogeneity: χ = 9.02, df = 7 (P = 0.25); I = 22%
Test for overall effect: Z = 3.92 (P < 0.0001)
1.2 2-yr OS
Cheng et al , 2001

10

17

9

16

6.5%

1.11 [0.28, 4.42]

Lan et al , 2005

17

42

18

60

15.0%

1.59 [0.69, 3.63]

Li et al , 2003

24

41

11

41

7.8%

3.85 [1.52, 9.75]

Liu et al , 2005

26

54

22

60

18.4%

1.60 [0.76, 3.39]

Shang et al , 2007

24

40

12

36

8.6%

3.00 [1.17, 7.67]

Shim et al , 2005

14

38

5

35

5.6%

3.50 [1.10, 11.09]

Wu et al , 2004

31

41

23

40

9.7%

2.29 [0.89, 5.92]

Zeng et al , 2004

23

54

39

149

20.3%

2.09 [1.09, 4.01]

Zhao et al , 2006

31

49

13

47

8.3%

484

100.0%

Total (95%CI)

376

Total events

200

4.50 [1.90, 10.68]
2.38 [1.78, 3.17]

152

2

2

Heterogeneity: χ = 7.10, df = 8 (P = 0.53); I = 0%
Test for overall effect: Z = 5.85 (P < 0.00001)
1.3 3-yr OS
Lan et al , 2005

11

42

10

60

16.6%

Li et al , 2003

17

41

5

41

8.0%

Liao et al , 2010

7

24

3

24

5.8%

Liu et al , 2005

20

54

11

60

17.9%

2.62 [1.11, 6.17]

Shang et al , 2007

14

40

6

36

11.2%

2.69 [0.90, 8.02]

Wu et al , 2004

18

41

7

40

10.8%

3.69 [1.33, 10.26]

Zeng et al , 2004

13

54

17

149

18.7%

2.46 [1.10, 5.49]

Zhao et al , 2006
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Figure 2 Outcomes of overall survival of combination therapy compared with sole transcatheter arterial chemoembolization therapy alone.

pants) also showed a significant benefit with the combination therapy method (OR = 2.97, 95%CI: 2.10-4.21, P
< 0.00001) (Figure 2). In the χ 2 and I2 tests, there were
no heterogeneous findings (heterogeneity χ 2 = 3.02, P =
0.88; I2 = 0%).
Tumor response
Seven trials (698 patients) were identified with outcome
measurements of complete response (CR) and partial response (PR). There was no heterogeneity among the trials
included, using a fixed-effects model (heterogeneity χ 2 =
5.90, P = 0.43; I2 = 0%). The pooled analysis showed that
compared with TACE alone, the combination method
significantly improved CR + PR (OR = 3.81; 95%CI:
2.70-5.37; P < 0.00001) (Figure 3).
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decline in AFP level
Four trials (391 participants) were identified with the outcome measurements of decline in AFP level. There was
no evidence of heterogeneity among the trials included,
using a fixed-effects model (heterogeneity χ 2 = 2.47, P =
0.48; I2 = 0%). Meta-analysis showed that combination
of 3D-CRT and TACE was associated with a greater decrease in AFP level compared with TACE monotherapy
(OR = 3.24, 95%CI: 2.09-5.02, P < 0.00001) (Figure 3).
Publication bias
Begg’s funnel plot was performed to assess the publication bias in all the included studies for evaluation of
survival rates, tumor response and decline in AFP level.
Begg’s funnel plot did not reveal any evidence of signifi-
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TACE + 3D-CRT

Odds ratio

Odds ratio

Total

Weight

M-H, Fixed, 95%CI

M-H, Fixed, 95%CI
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60

24.2%

2.09 [0.94, 4.67]

24

41
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24

12

24

7.4%

30

40

19

36

14.7%

2.68 [1.02, 7.08]

Wu et al , 2004
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41

26

40

11.4%

3.14 [1.06, 9.27]

Zeng et al , 2004

41

54

46

149

17.4%

7.06 [3.46, 14.42]

Zhao et al , 2006

35

49

19

47

16.3%

3.68 [1.57, 8.62]

397

100.0%

3.81 [2.70, 5.37]
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Events

Lan et al , 2005
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Li et al , 2003
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Liao et al , 2010

19
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Total events
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5.10 [1.66, 15.68]
3.80 [1.07, 13.52]

168

2

2

Heterogeneity: χ = 5.90, df = 6 (P = 0.43); I = 0%
Test for overall effect: Z = 7.61 (P < 0.00001)
The decline rates of AFP
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20
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29
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3.42 [1.47, 7.96]

240

100.0%

3.24 [2.09, 5.02]
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2

2

Heterogeneity: χ = 2.47, df = 3 (P = 0.48); I = 0%
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Test for overall effect: Z = 5.26 (P < 0.00001)
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Figure 3 Better tumor response and higher decline in α fetal protein level were shown in patients treated with combination therapy.
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Figure 4 No significant asymmetry was revealed in 1-year (A), 2-year (B) and 3-year (C) overall survival.

cant asymmetry in the 1-year OS (p = 0.621), 2-year OS
(p = 0.835), and 3-year OS (p = 0.138) (Figure 4). There
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was also no indication of publication bias in Begg’s test
of tumor response (p = 0.652) and the decline in AFP
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Begg's funnel plot with pseudo 95% confidence limits
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Figure 5 No publication bias was found in tumor response (A) and reduction in α fetal protein level (B).

level (p = 0.497) (Figure 5).

DISCUSSION
The hepatic artery provides at least 80% of the blood
supply to HCC, therefore, TACE has been suggested
as a standard therapeutic method for patients who are
unsuitable for surgical management[2,26]. However, TACE
alone frequently results in incomplete tumor necrosis[27].
Previous meta-analysis has shown that the efficacy of
TACE combined with radiofrequency ablation (RFA),
high-intensity focused ultrasound (HIFU), or percutaneous ethanol injection (PEI) was significantly better than
that of TACE alone in patients with HCC[3,28-35]. PEI has
been widely used in treating HCC, but the effectiveness
is limited to the diameter of HCC lesions[36]. RFA monotherapy was found to be associated with a higher tumor
progression rate, and the main cause is the residual tumor
tissue after RFA. Additionally, RFA cannot be a suitable
treatment for tumors with multiple nodules. Consequently, combination of TACE and other local therapies
may have several theoretical advantages. So far, there
is no meta-analysis performed to assess the efficacy of
the combination of TACE and 3D-CRT compared with
TACE alone for treatment of HCC, and we performed
this meta-analysis in which 10 studies were included
eventually. However, incidence of complication in CRT
with TACE might be higher than TACE alone.
Our meta-analysis demonstrated that the combination of 3D-CRT and TACE was associated with higher
survival rates (1-year OR = 1.87, 95%CI: 1.37-2.55, P <
0.0001; 2-year OR = 2.38, 95%CI: 1.78-3.17, P < 0.00001;
3-year OR = 2.97, 95%CI: 2.10-4.21, P < 0.00001). In
addition, the combination of TACE and 3D-CRT had a
significantly better tumor response (OR = 3.81; 95%CI:
2.70-5.37; P < 0.00001) and greater decline in AFP level
(OR = 3.24, 95%CI: 2.09-5.02, P < 0.00001). Thus, the
method with TACE plus 3D-CRT was a better choice
than the method with only TACE for treatment of patients with HCC.
In the past, there was a concern that the normal liver
tissue was sensitive and had poor tolerance to radiation,
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so radiotherapy was limited in the treatment of HCC.
Fortunately, with the advent of 3D planning systems,
3D-CRT can minimize the irradiation of normal tissue
and improve the distribution of target irradiation dose to
tumors. Numerous clinical studies of TACE in combination with 3D-CRT for patients with HCC have emerged
in recent years. In our meta-analysis, all the included trials adopted the 3D-CRT technique. About 20% of the
blood supply for HCC comes from the portal vein, resulting in a small number of tumor cells remaining viable,
and the tumor may recur after TACE. 3D-CRT can be a
consolidation planned procedure to target residual hepatic tumor. Furthermore, Seong et al[37] have reported that
the anticancer drugs applied during TACE are retained in
the tumor and may have a radiosensitizing effect.
In addition, we evaluated the adverse effects of TACE
and 3D-CRT in the included studies. Five trials reported
the development of radiation-induced liver disease, but
no differences in liver function tests were found between
the combination and control groups. Other common adverse effects were the postembolization syndrome including leukocyte count decline, fever, mild nausea, abdominal pain, and elevation of serum aminotransferase level
or total bilirubin, which were transient and the patients
often recovered in a short time.
Although there was no heterogeneity and publication
bias in our meta-analysis, this study had several possible
limitations. First, the number of RCTs was very limited,
and only two RCTs were included. Second, the basic
characteristics of included cases are not all the same,
including clinical stage, microvascular infiltration, tumor
number and size, and different stage of liver function.
In addition, the interventional measures used (anticancer
drugs of TACE, TACE course, radiation dose and methods) were different. Future studies need better design and
more strict management of conduction. More patient
information should be collected in the trials, including
status of infection by hepatitis virus and degree of tumor
cell differentiation. Lastly, a major limitation was that the
studies were all from Asian countries, owing to no articles
being published comparing the efficacy of TACE plus
3D-CRT vs TACE alone in non-Asian areas.
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In conclusion, this meta-analysis based on 10 included
studies indicates that TACE combined with 3D-CRT is a
promising treatment for HCC. Importantly, these results
need to be validated in further prospectively randomized,
controlled multicenter clinical trials.
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Background

transcatheter arterial chemoembolization (TACE) has been recognized as a
standard treatment for unresectable hepatocellular carcinoma (HCC), but TACE
alone has achieved limited success. With the advent of 3D conformal radiotherapy (3D-CRT), it has been utilized for HCC in a series of trials, with promising
results. However, the role of TACE combined with 3D-CRT remains unclear.

Research frontiers

3D-CRT allows higher radiotherapy doses for HCC and minimizes liver injury,
which can result in promising outcomes, including increases in response rate,
tumor control and overall survival. In the current study, the authors performed
a meta-analysis to assess the efficacy of 3D-CRT plus TACE compared with
TACE alone for HCC, and this is believed to be the first meta-analysis to do
this.

Innovations and breakthroughs

Previous studies assessing the effectiveness of 3D-CRT plus TACE compared
with TACE alone have reported conflicting results. Consequently, we performed
a meta-analysis to evaluate whether the addition of 3D-CRT to TACE could offer any survival benefits for HCC. The results indicated that 1-, 2-, and 3-year
overall survival, tumor response, and decline in AFP level treated with 3D-CRT
plus TACE were significantly higher than those with TACE alone.

Applications

This current limited evidence demonstrated that TACE plus 3D-CRT was better
than TACE monotherapy for treatment of HCC, which can improve the overall
survival rate and provides better prognosis for patients with HCC.

Terminology

TACE is performed with the infusion of a mixture of chemotherapy drugs and
has been widely used to treat HCC. 3D-CRT is operated by a 3D treatment
planning system and can minimize liver injury and increase irradiation dose to
HCC.
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Peer review

This manuscript presents a meta-analysis of 10 studies (two of them were
randomized trials) comparing TACE alone to its combination with 3D-CRT in the
treatment of hcc. Although, as stated by the authors at the end of the discussion, there is a variety of drugs and techniques used and more studies will be
required, this paper provides an important overview on this subject.
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underwent CAH. Meta-analysis indicated that the AAH
group had fewer requirements for transfusion (OR =
0.37, 95%CI: 0.21-0.63), less recurrence (OR = 0.57,
95%CI: 0.37-0.87), and lower mortality (OR = 0.29,
95%CI: 0.13-0.63). There were no significant differences between AAH and CAH with regard to perioperative
complications (OR = 0.94, 95%CI: 0.58-1.51), intraoperative tumor rupture (OR = 0.98, 95%CI: 0.40-2.40),
or length of hospital stay (weighted mean difference =
-0.17, 95%CI: -2.36-2.02).
CONCLUSION: AAH has advantages of decreased
transfusion, mortality and recurrence compared to CAH.
It is a safe and effective method for large cancers requiring right hepatectomy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Anterior approach; Conventional approach;
Hepatectomy; Liver tumor; Meta-analysis

Abstract
AIM: To evaluate the clinical outcomes and safety of
anterior- and conventional-approach hepatectomy for
patients with large liver tumors.
METHODS: PubMed, EMBASE, Google Scholar and
the Cochrane Library databases were searched for randomized controlled trials (RCTs) and controlled clinical trials comparing anterior-approach hepatectomy
(AAH) and conventional-approach hepatectomy (CAH).
Two observers independently extracted the data using a spreadsheet and assessed the studies for inclusion. Studies that fulfilled the inclusion criteria and
addressed the clinical questions of this analysis were
further assessed using either fixed effects or random
effects models.
RESULTS: Two RCTs and six controlled clinical trials
involving 807 patients met the predefined inclusion criteria. A total of 363 patients underwent AAH and 444
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Core tip: Hepatectomy remains one of the best treatments of choice for primary or metastatic liver tumors
of the right hepatic lobe. Anterior and conventional
approaches are the most common methods for liver resection. We conducted a systematic review and metaanalysis to evaluate their feasibility, safety and efficacy.
Anterior approach hepatectomy has more advantages
than the conventional approach, and no significant difference from the conventional approach for perioperative complications, intraoperative tumor rupture, and
length of hospital stay.
Li L, Wang HQ, Wang Q, Yang J, Yang JY. Anterior vs conventional approach hepatectomy for large liver cancer: A metaanalysis. World J Gastroenterol 2014; 20(45): 17235-17243
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i45/17235.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i45.17235
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INTRODUCTION
Hepatectomy remains one of the best treatments of
choice for primary or metastatic liver tumors of the right
hepatic lobe. Most surgeons advise complete mobilization of the right lobe of the liver with the right hepatic
vein controlled outside the liver before parenchymal
transection[1]. This conventional approach hepatectomy
(CAH) is considered to be effective in reducing intraoperative blood loss. However, this approach is difficult and
dangerous when performing liver resection for large hepatocellular carcinoma (HCC) or for tumors with extrahepatic organ invasion in the right retrohepatic region[2].
An alternative method is anterior approach hepatectomy
(AAH). This technique involves initial vascular inflow
control, completion of parenchymal transection, and
complete venous outflow control before the right liver
is mobilized[1,3]. This approach avoids the squeezing of
tumor cells into the circulation during mobilization of
the tumor[4-6]. However, torrential bleeding can occur at
the deeper plane of parenchymal transection from the
right or middle hepatic vein. Bleeding can be substantial
and difficult to control without prior mobilization of the
right liver and control of the right hepatic vein[7].
With the refinement of surgical techniques and perioperative management in liver surgery during recent decades, outcomes after liver resection have improved substantially and the mortality of large hepatic resections has
decreased to 3%-5%. However, safety and efficacy are
still the current focus in liver resection. Many prospective
randomized controlled trials (RCTs) and retrospective
clinical trials have evaluated the feasibility, safety and efficacy of CAH and AAH, however, the clinical significance remains inconsistent. Currently, there are no metaanalyses available that evaluate the safety and efficacy of
AAH. Therefore, we conducted a systematic review and
meta-analysis to evaluate the feasibility, safety and efficacy
of CAH and AAH in patients with large liver tumors in
order to guide clinical practice.

MATERIALS AND METHODS
Literature search strategy
A comprehensive systematic literature search was conducted to identify all potentially relevant publications
in the following databases: Cochrane Library, Medline
(Ovid), PubMed, Google Scholar and EMBASE. The
date of the last search was December 2013. Articles with
the following text words or medical subject headings
in their titles, abstracts or keyword lists were examined:
(“anterior approach hepatectomy” or “conventional approach hepatectomy”) and (“hepatocellular carcinoma”
or “liver tumor” or “liver neoplasms”). The literature
search was restricted to English or Chinese language
publications and either RCTs or controlled clinical trials. Potentially relevant studies were extracted and their
abstracts and full texts were considered for further evaluation. In case of duplicate reports, only the most recent
version was considered in our analysis. Abstracts without
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full text or unpublished reports were excluded. When
necessary, authors of the included studies were contacted
to obtain clarifications.
Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) RCTs or controlled clinical trials; (2) patients who were about to undergo selective hepatic resection for large liver tumor; (3)
irrespective of age, sex, tumor size and nodule numbers;
and (4) irrespective of primary or metastatic liver tumors.
The exclusion criteria were as follows: (1) review
articles; (2) case reports, conference proceedings and
abstracts; (3) studies only reported as abstracts or with
incomplete data; (4) multiple publications based on the
same database; (5) trials in which patients had distant metastasis or synchronous malignancy in other organs; and
(6) studies with minor liver resection.
Data extraction and quality assessment
The outcomes of identified studies were summarized
according to the meta-analysis of therapeutic interventions in methodology (QUOROM statement)[8]. Two
investigators used a predesigned data extraction form to
independently extract data from studies that met the inclusion criteria. Any disagreement during study selection
and data extraction was resolved by discussion and referral to a third author for adjudication. Two review authors
independently assessed the methodological quality of the
trials. The Jadad score[9] was used to assess the quality of
RCTs, with a cumulative score ≥ 3 indicating high quality
(Table 1). The Newcastle-Ottawa scale[10] was used to assess the quality of non-randomized studies, with a score
≥ 5 indicating high quality (Table 2).
Statistical analysis
The synchronized extraction results were pooled as estimates of overall treatment effects using Review Manager
for Windows version 5.2 (Microsoft Corp., Redmond,
WA, United States). The estimated effect measures were
OR for dichotomous data and weighted mean difference
(WMD) for continuous data; both reported with 95%CIs.
All results were assessed for clinical and statistical heterogeneity. Clinical heterogeneity was evaluated by assessing
study populations and interventions, definition of outcome measures, concomitant treatment and perioperative
management. Heterogeneity was evaluated using χ 2 tests
with significance set at P = 0.10, and I2 statistics were
used for the evaluation of statistical heterogeneity (I2 ≥
50% indicating presence of heterogeneity)[11]. We used a
fixed effects model to synthesize data when heterogeneity
was absent; otherwise a random effects model was used.
Data are presented as forest plots and the funnel plot was
used to assess publication bias.

RESULTS
Search results and characteristics
A total of 158 titles and abstracts were identified. Of
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Table 1 Quality assessment of the included randomized controlled trials based on the Jadad scoring system
Ref.
Liu et al[7]
Capussotti et al[16]

Randomized

Appropriately randomized

Appropriately double blinded

Description of withdrawals

Jadad score

Study quality

Yes
Yes

Yes
Yes

No
No

Yes
Yes

4
4

High
High

Table 2 Quality assessment of the included non-randomized controlled trials based on the Newcastle-Ottawa scale
Ref.

Selection stars

Comparability stars

Outcome stars

Total stars

Study quality

2
2
1
2
2
3

2
2
2
2
2
2

2
3
2
3
3
2

6
7
5
7
7
7

High
High
High
High
High
High

Lai et al[1]
Liu et al[3]
Takács et al[14]
Wang et al[15]
Wu et al[13]
Li et al[12]

Table 3 Characteristics of the included trials
Ref.
Lai et al[1]
Liu et al[3]
Liu et al[7]
Takács et al[14]
Wang et al[15]
Wu et al[13]
Li et al[12]
Capussotti et al[16]

Design

Country

Patients, n (AAH/CAH)

Disease

Tumor size, cm (AAH/CAH)

Tumor ≥ 5 cm

CCT
CCT
RCT
CCT
CCT
CCT
CCT
RCT

China (Hong Kong)
China (Hong Kong)
China (Hong Kong)
Hungary
China (Taiwan)
China (Taiwan)
China
Italy

25/34
54/106
60/60
52/67
14/11
33/38
92/96
33/32

HCC
HCC
HCC
HCC or MHC
HCC
HCC
HCC
HCC or MHC

12.8/8.4
10.3/10.5
10.5/10.0
11.6/10.0
12.5/12.0
12.0/9.7
12.2/10.4
6.0/5.2

85%
100%
100%
NR
100%
100%
100%
NR

All values are means. AAH: Anterior approach hepatectomy; CAH: Conventional approach hepatectomy; CCT: Controlled clinical trial; HCC: Hepatocellular carcinoma; MHC: Metastatic hepatic carcinoma; NR: Not reported; RCT: Randomized controlled trial.

Table 4 Characteristics of patients in included studies
Ref.

AAH/CAH
Mean blood loss
(L)
[1]

Lai et al
Liu et al[3]
Liu et al[7]
Takács et al[14]
Wang et al[15]
Wu et al[13]
Li et al[12]
Capussotti
et al[16]
Total

1

3.2 (2.0-4.4)/3.1 (2.0-4.2)
2.0 (0.6-2.0)/2.5 (0.2-2.0)1
0.8 (0.5-1.4)/1.0 (0.5-2.2)2
NR
0.4 (0.2-0.9)/1.0 (0.5-1.2)2
0.5 (0.3-0.7)/0.6 (0.3-1.0)1
1.2 ± 1.1/2.1 ± 2.03
0.4 ± 0.66/0.5 ± 0.533
-

Transfusion
requirements

Hospital stay

Mortality,

Recurrence,

Complication,

Tumor
rupture

(n :total)

(d)

n (%)

n (%)

n (%)

(n :total)

21 (84)/13 (38.2)
25 (46.3)/56 (52.8)
16 (26.7)/20 (33.3)
20 (38.5)/24 (35.8)
9 (64.3)/8 (72.7)
8 (24.2)/16 (42.1)
13 (14.1)/17 (17.7)
17 (51.5)/18 (56.3)

3:25/1:34
1:54/7:106
1:60/1:60
NR
NR
4:33/4:38
NR
0:33/0:32

NR
NR
31:54/86:106
NR
4:60/17:60
11 (7.3-15)/12.5 (8-19)2
30:52/49:67
20.4 ± 13.5/18.3 ± 6.9
3:14/8:11
15 (10.7-19.7)/16 (13-19)2
4:33/18:38 10 (8.0-19.5)/11 (8.0-14.0)1
38:92/54:96
23 ± 11/24 ± 103
6:33/3:32
10.0 ± 6.59/11.5 ± 13.63
116:338/
235:410

-

1 (4)/2 (5.9)
NR
0 (0)/14 (13.2)
NR
1 (1.7)/6 (0.28) 33 (55.9)/30 (55.6)
0 (0)/2 (3.0)
NR
0 (0)/0 (0)
NR
2 (6.1)/5 (13.2) 12 (38.7)/27 (81.8)
2 (2.2) /3 (3.1) 40 (47.6)/50 (60.2)
1 (3.0)/1 (3.1)
NR

7 (1.9)/33 (7.4) 85 (48.9)/107 (63.0) 129 (35.5)/172 (38.7)

9:205/
13:270

1

Values are means (95%CI), P < 0.05; 2Values are median (interquartile range); 3Values are mean ± SD. AAH: Anterior approach hepatectomy; CAH: Conventional approach hepatectomy; NR: Not reported.

these, 45 full texts were further reviewed in detail, and
ultimately a total of eight studies[1,3,7,12-16] matched the inclusion criteria, including a total of 807 patients ranging
from 25 to 188 patients in each trial. Two of the eight
articles were RCTs and six were controlled clinical trials.
Six articles were from China including two from Taiwan
and three from Hong Kong, one from Italy, and one
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from Hungary. The main characteristics of these studies
are summarized in Tables 3 and 4. All case studies were
published in full text. Only one of them was published
in Chinese and seven were published in English. All the
trials compared AAH (n = 363) and CAH (n = 444).
Six studies only enrolled HCC patients and two studies
enrolled patients with both HCC and metastatic liver
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AAH
Study or subgroup
Liu 2000
Takács 2006
Liu 2006
Wang 2010
Li 2010
Wu 2010
Capussotti 2012

CAH

Events

Total

Events

Total

Weight

31
30
4
3
38
4
6

54
52
60
14
92
33
33

86
49
17
8
54
18
3

106
67
60
11
96
38
32

19.2%
18.4%
12.6%
6.8%
21.9%
11.9%
9.3%

Odds ratio

Odds ratio

M-H, Random, 95%CI

M-H, Random, 95%CI

0.31
0.50
0.18
0.10
0.55
0.15
2.15

Total (95%CI)
338
410
100.0%
Total events
116
235
2
2
2
Heterogeneity: Tau = 0.27; χ = 13.11, df = 6 (P = 0.04); I = 54%
Test for overall effect: Z = 3.58 (P = 0.0003)

[0.15,
[0.23,
[0.06,
[0.02,
[0.31,
[0.05,
[0.49,

0.65]
1.08]
0.58]
0.64]
0.98]
0.52]
9.45]

0.37 [0.21, 0.63]

0.01

0.1

1

Favours (control)

10

100

Favours (experiment)

Figure 1 Meta-analysis of transfusion requirement. AAH: Anterior approach hepatectomy; CAH: Conventional approach hepatectomy.
AAH
Study or subgroup
Lai 1996
Liu 2000
Liu 2006
Takács 2006
Li 2010
Wang 2010
Wu 2010
Capussotti 2012

Odds ratio

Odds ratio

Events

Total

Events

CAH
Total

Weight

M-H, Random, 95%CI

M-H, Random, 95%CI

21
25
16
20
13
9
8
17

25
54
60
52
92
14
33
33

13
56
20
24
17
8
16
18

34
106
60
67
96
11
38
32

8.9%
16.8%
14.8%
15.3%
14.7%
5.8%
11.5%
12.1%

8.48 [2.37, 30.30]
0.77 [0.40, 1.48]
0.73 [0.33, 1.59]
1.12 [0.53, 2.37]
0.76 [0.35, 1.68]
0.68 [0.12, 3.77]
0.44 [0.16, 1.23]
0.83 [0.31, 2.19]

Total (95%CI)
363
444
100.0%
Total events
129
172
2
2
2
Heterogeneity: Tau = 0.24; χ = 14.98, df = 7 (P = 0.04); I = 53%
Test for overall effect: Z = 0.26 (P = 0.79)

0.94 [0.58, 1.51]

0.01

0.1

Favours (control)

1

10

100

Favours (experiment)

Figure 2 Meta-analysis of complications. AAH: Anterior approach hepatectomy; CAH: Conventional approach hepatectomy.

tumors. All the patients in the studies underwent right
hepatectomy or extended right hepatectomy.
Blood loss
Data concerning blood loss were available in two RCTs
and five controlled clinical trials. Many trials did not provide the mean ± SD of blood loss, and we could not obtain the original data from the authors. Therefore, we performed a meta-analysis to evaluate the only two trials[12,16]
which provided these values. The analysis indicated that
there was no significant difference in blood loss between
the two groups (WMD = -0.43, 95%CI: -1.19-0.34; P =
0.27, I² = 87%).
Transfusion requirements
Seven trials reported the number of patients who needed
transfusion in the two groups. The total rate of transfusion was 34.3% (116/338) in the AAH group and 57.3%
(235/410) in the CAH group. Meta-analysis indicated that
the AAH group had a significantly lower transfusion rate
than the CAH group (P < 0.01) (Figure 1).
Complications
All trials provided information concerning intraoperative
or postoperative complications. The pooled incidence of
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complications was 35.5% (129/363) in the AAH group
and 38.7% (172/444) in the CAH group. There was no
significant difference in the incidence of complications
between the two groups (Figure 2). Four controlled
clinical trials and two RCTs reported bile duct injury,
with no significant difference among them (OR = 0.53,
95%CI: 0.18-1.55; P = 0.24, I² = 0%). Meta-analysis of
liver failure (OR = 0.50, 95%CI: 0.21-1.15; P = 0.10, I²
= 0%) and infectious complications (OR = 1.03, 95%CI:
0.28-3.76; P = 0.97, I² = 54%) also showed no difference.
In addition, tumor rupture was detected in 4.4% (9/205)
patients in the AAH group and 4.8% (13/270) in the
CAH group, and there was no significant difference between the groups (OR = 0.98, 95%CI: 0.40-2.40; P = 0.96,
I² = 5%).
Mortality
The mortality was 1.9% (7/363) in the AAH group and
7.4% (33/444) in the CAH group. Meta-analysis indicated that the mortality in the CAH group was significantly
higher than in the AAH group (P < 0.01) (Figure 3).
Tumor recurrence
Three of the eight trials provided information about
tumor recurrence[7,13,14]. The total recurrence rate was
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AAH
Study or subgroup
Lai 1996
Liu 2000
Liu 2006
Takács 2006
Wang 2010
Wu 2010
Li 2010
Capussotti 2012

Events

CAH
Total

1
0
1
0
2
0
2
1

Odds ratio

Odds ratio

Events

Total

Weight

M-H, Fixed, 95%CI

M-H, Fixed, 95%CI

2
14
6
2
5
0
3
1

34
106
60
67
38
11
96
32

5.9%
35.3%
21.3%
7.8%
15.8%
10.4%
3.6%

0.67 [0.06, 7.79]
0.06 [0.00, 1.00]
0.15 [0.02, 1.31]
0.25 [0.01, 5.31]
0.43 [0.08, 2.36]
Not estimable
0.69 [0.11, 4.22]
0.94 [0.06, 16.18]

444

100.0%

0.29 [0.13, 0.63]

25
54
60
52
33
14
92
33

Total (95%CI)

363

Total events

7

33

2

2

Heterogeneity: χ = 3.83, df = 6 (P = 0.70); I = 0%

0.01

Test for overall effect: Z = 3.08 (P = 0.002)

0.1

1

Favours (experiment)

10

100

Favours (control)

Figure 3 Meta-analysis of mortality. AAH: Anterior approach hepatectomy; CAH: Conventional approach hepatectomy.
AAH
Study or subgroup

CAH

Events

Total

1.6.1 extrahepatic recurrence
Liu 2006
13
Li 2010
3
Wu 2010
2
Subtotal (95%CI)
Total events
18

59
84
31
174

Events

Odds ratio

Odds ratio

Total

Weight

M-H, Fixed, 95%CI

M-H, Fixed, 95%CI

54
83
33
170

37.8%
32.2%
30.0%
100.0%

1.90 [0.69, 5.18]
0.58 [0.13, 2.50]
0.39 [0.07, 2.16]
1.02 [0.50, 2.07]

1.00 [0.40, 2.50]

7
5
5
17

2

2

Heterogeneity: χ = 3.27, df = 2 (P = 0.20); I = 39%
Test for overall effect: Z = 0.05 (P = 0.96)
1.6.2 intrahepatic recurrence
Liu 2006
12

59

11

54

19.0%

Li 2010

35

84

41

83

49.9%

0.73 [0.40, 1.35]

7

31

20

33

31.1%

0.19 [0.06, 0.57]

170

100.0%

0.61 [0.39, 0.96]

0.55 [0.21, 1.47]

Wu 2010
Subtotal (95%CI)
Total events

174
54

72

2

2

Heterogeneity: χ = 5.83, df = 2 (P = 0.05); I = 66%
Test for overall effect: Z = 2.12 (P = 0.03)
1.6.3 both extrahepatic and intrahepatic recurrence
Liu 2006

8

59

12

54

65.6%

Wu 2010

3

31

2

33

10.6%

1.66 [0.26, 10.68]

Li 2010

2

84

4

83

23.8%

0.48 [0.09, 2.70]

170

100.0%

0.65 [0.30, 1.40]

Subtotal (95%CI)
Total events

174
13

18

2

2

Heterogeneity: χ = 1.21, df = 2 (P = 0.55); I = 0%
Test for overall effect: Z = 1.10 (P = 0.27)

0.01
2

2

Test for subgroup differences: χ = 1.44, df = 2 (P = 0.49), I = 0%

0.1
Favours (control)

1

10

100

Favours (experiment)

Figure 4 Meta-analysis of tumor recurrence. AAH: Anterior approach hepatectomy; CAH: Conventional approach hepatectomy.

48.9% (85/174) in the AAH group and 62.9% (107/170)
in the CAH group. The meta-analysis showed that the recurrence rate of the AAH group was significantly lower
than in the CAH group (OR = 0.57, 95%CI: 0.37-0.87, P
= 0.01, I² = 75%). Patients were divided into three subgroups based on the recurrence location, including intrahepatic, extrahepatic, or both. As shown in Figure 4, the
meta-analyses indicated that the AAH group had significantly less intrahepatic recurrence than the CAH group (P
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= 0.03), with no differences in extrahepatic recurrence or
both intrahepatic and extrahepatic recurrence.
Hospital stay
Six trials reported data on hospital stay, but only three
provided the mean ± SD. Meta-analysis of the three trials with these values showed no significant difference in
hospital stay between the two groups (WMD = -0.17,
95%CI: -2.36-2.02; P = 0.88, I² = 0%).
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Figure 5 Funnel plots. A: Seven articles in the meta-analysis of transfusion requirement; B: Eight articles in the meta-analysis of complications; C: Seven articles in
the meta-analysis of mortality; D: Three articles in the meta-analysis of tumor recurrence.

Publication bias
The funnel plots did not suggest the presence of significant publication bias in our meta-analysis (Figure 5).

DISCUSSION
For conventional hepatic resection of liver tumors,
complete mobilization of the liver is necessary prior
to parenchymal transection. During the course of liver
mobilization, CAH can result in excessive blood loss
and hemodynamic instability due to laceration of the
inferior vena cava (IVC) wall, rupture or ligation slippage
of the short hepatic veins. At the same time, injudicious
mobilization of the liver may carry theoretical risks of
prolonged ischemia of the liver remnant from rotation
of the hepatoduodenal ligament, iatrogenic tumor rupture, and spillage of cancer cells into the systemic circulation[2]. These potential disadvantages of mobilization of
the right liver with a large tumor using the conventional
approach are well recognized. The anterior approach was
first described by Ozawa, as one of the non-conventional
approaches to advanced liver cancer in an attempt to
avoid causing impairment. The “no-touch” isolation
technique[17] has been reported to reduce intraoperative
shedding of tumor cells into the portal vein during resection of colorectal cancer. However, uncontrolled massive
bleeding at the deeper parenchymal transection plane is
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a well-known problem in AAH. To reduce the risk of
bleeding from the anterior wall of the IVC and the transection surface, Belghiti et al[18] proposed the liver-hanging
maneuver using a tape passed between the anterior surface of the IVC and the liver parenchyma. The liver is
lifted up with a tape during parenchymal transection, and
the risk of massive venous bleeding is minimized. However, there is a potential risk of bleeding from the caudate
hepatic veins induced by the blind passage of an instrument anterior to the IVC. Bleeding from these branches
can be substantial and difficult to stop, especially in patients with liver cirrhosis and portal hypertension[7].
Although the precise long-term prognoses in patients
who undergo AAH or CAH remain unclear, many surgeons from various countries have conducted a series
of controlled trials. However, any single study may be
affected by potential confounding factors. Therefore, we
systematically combined those related studies using metaanalysis in order to evaluate more precisely the safety
and efficacy of AAH and CAH. In our study, AAH was
associated with fewer transfusion requirements, mortality
and recurrence after right hepatectomy. However, AAH
has no advantage over CAH in relation to complications,
tumor rupture and hospital stay. Our results indicate that
AAH is safe and effective to reduce mortality and tumor
recurrence.
Although other studies have reported that AAH has
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significantly less intraoperative blood loss than CAH for
large tumors during right hepatectomy[3,7,12,13,15,16], our
meta-analysis found no difference in blood loss between
the two groups. The unavailability of blood loss data in
the studies included in our meta-analysis may have contributed to this discrepancy. Therefore, studies with large
samples and more RCTs are needed to resolve this conflict. The median intraoperative blood loss was lower during AAH. Consequently, the rate of perioperative blood
transfusions was low. That might have led to a reduction
in tumor recurrence and benefit to short-term prognosis,
because excessive intraoperative bleeding has been reported to have a detrimental effect on postoperative liver
function and to increase perioperative mortality[19,20].
Perioperative transfusion has also been found to promote recurrence of HCC after hepatic resection, resulting
in short disease-free and overall survivals[20,21]. According
to the conclusions of most of the included studies[3,7,12-16],
the overall survival in the AAH group was significantly
better than that of the CAH group, and the results for
mortality also support this. Our meta-analysis indicated
that the total complications, bile duct injury, infectious
complications, and liver failure did not differ significantly
between the two groups. The observation was not consistent with the suggestion by Ozawa in his initial proposal that AAH could contribute to better preservation
of postoperative liver function by avoiding prolonged
rotation and displacement of the hepatic lobes causing
impairment of the afferent and efferent circulation of
the liver remnant[2]. The studies in our analysis[1,3,7,12-16] had
no uniform definition for complications, which may have
influenced the results of the analysis. Thus additional
studies are required to confirm the results.
The liver tumor is known to be soft, friable, and highly vascular, therefore, major right hepatectomy during
difficult mobilization may result in rupture of the tumor.
This usually leads to excessive bleeding and tumor cell
spillage into the peritoneal cavity, and hematogenous dissemination of malignant tumor cells has been reported
during surgical resection of biliary-pancreatic, colorectal
and prostate cancers[3]. Modification of the surgical technique is associated with improved operative and survival
outcomes of patients undergoing cancer surgery[7], hepatectomy for HCC, and surgery for other malignancies[22].
The “no-touch” isolation technique has been reported
to reduce intraoperative shedding of tumor cells into the
portal vein during resection of colorectal cancer[18]. This
implies that the potential risk of tumor cell dissemination can theoretically be minimized with use of AAH.
However, just one clinical study by Liu et al[22] reported
that AAH can significantly reduce intraoperative tumor
rupture, but others showed no difference. In our metaanalysis, AAH was not superior to CAH for reducing intraoperative tumor rupture. However, not all the included
studies reported detailed intraoperative information.
Therefore, whether tumor rupture differs significantly
between the two surgical approaches should be subjected
to further evaluation. Through our analysis, the incidence

WJG|www.wjgnet.com

of extrahepatic tumor recurrence also did not differ significantly, and this result seems to support no difference
in iatrogenic tumor rupture between the two groups.
In patients with liver tumors, venous permeation and
vascular invasion are common. Excessive compression
during mobilization may enhance the spread of tumor
cells into the systemic circulation or the portal venous
system. We found that tumor recurrence in the AAH
group was lower than in the CAH group. Subgroup
analysis found that the AAH group had less intrahepatic
recurrence than the CAH group, but there was no difference in patients with both intrahepatic and extrahepatic
recurrence. Thus, application of AAH in routine right
hepatic resection of liver tumors influenced operative
and survival outcomes, as well as recurrence of malignant
tumors. However, α-fetoprotein mRNA, nucleic acid in
the blood[23], and cell-free plasma albumin mRNA[24] need
to be examined in follow-up clinical studies to evaluate
these results further. Excessive intraoperative bleeding,
perioperative transfusion and postoperative morbidity
have been reported to increase perioperative mortality.
Meta-analysis also verified that the AAH group had significantly less mortality than the CAH group. Thus, we
found that AAH can indeed reduce tumor recurrence
and improve survival outcome.
This study had a number of limitations that should
be acknowledged. First, some of the trials included were
RCTs while others were not, and the number of RCTs
was small. Hence, the evidence from some of these studies is not of the highest possible quality. Second, there
was a lack of available data on postoperative outcome,
such as blood loss and tumor recurrence. Third, the heterogeneity of the patients in the included trials may have
influenced the conclusions. Some trials included major
and complex central liver resections, whereas others only
included right hepatectomy. Most liver resections in our
study were performed in HCC patients with underlying liver parenchyma damage from cirrhosis, but some
were performed in normal liver parenchyma because of
metastatic liver tumors. Cirrhosis is indeed recognized
as a clinically relevant feature influencing morbidity and
mortality after major hepatic resection[25,26]. Additionally,
liver mobilization in cirrhotic patients is more technically
demanding, especially in those with portal hypertension,
because of a greater bleeding tendency and the presence
of adhesions. Unfortunately, the included trials did not
provide detailed data regarding cirrhosis, thus, we could
not conduct a subgroup analysis between patients with
and without cirrhosis.
In conclusion, patients in the AAH group had fewer
transfusion requirements, tumor recurrences and reduced
mortality compared to those in the CAH group. However, the anterior approach had no advantages over the
conventional approach in relation to blood loss, morbidity or hospital stay after right hepatectomy. The current
evidence from the available clinical trials demonstrated
that AAH is a safe and effective method of liver resection for large tumors needing right hepatectomy. How-
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ever, further well-designed, multicenter trials are needed
to evaluate the role of AAH.

7
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Abstract

INTRODUCTION

Prostatic brachytherapy with permanent seed implants is
a recent and safe radiation therapy technique associated
with radiation-induced digestive disease. Argon plasma
coagulation procedure is a validated modality in the management of haemorrhagic radiation proctitis, which is
known to occasionally induce chronic rectal ulcers. We report here an original case report of an acute painful rectal ulcer as a consequence of the combination of shortterm therapy with non-steroidal anti-inflammatory drugs
therapy, prostatic brachytherapy with malposition of seed
implants and argon plasma coagulation procedure in a
patient with haemorrhagic radiation proctitis. The description of this clinical observation is essential to recommend
the discontinuation of non-steroidal anti-inflammatory
drugs therapy and the control of the position of seed
implants in case of prostatic brachytherapy before argon
plasma coagulation for radiation-induced proctitis.

Prostatic brachytherapy with permanent seed implants is a
recent and safe prostatic radiation therapy technique which
is associated with radiation-induced digestive diseases like
external beam radiotherapy[1]. Argon plasma coagulation
(APC) procedure is a validated modality in the management of haemorrhagic radiation proctitis but may be
rarely associated with chronic rectal ulcers[2]. Finally, nonsteroidal anti-inflammatory drugs (NSAIDs) are known to
occasionally induce colitis with parietal ulceration of lower
gastrointestinal tract[3]. Chronic NSAIDs therapy has been
recently reported as a possible risk factor of chronic ulcer
formation after external beam radiotherapy and APC procedure[4]. We report here an original case report of an acute
rectal ulcer as a consequence of the combination of shortterm therapy with NSAIDs, prostatic brachytherapy with
the malposition of seed implants and APC procedure.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Key words: Radiation proctitis; Prostatic brachytherapy;

A 69-year-old man was referred to our institution for
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Core tip: Endoscopist should be made aware of the
potential dramatic outcome when treating patients with
argon plasma coagulation when they are on non-steroidal anti-inflammatory drugs and previously treated for
prostate cancer with prostatic brachytherapy.
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management of rectal bleeding. His previous medical history included chronic migraine treated with NSAIDs in
case of acute migraine headache, and T2aN0 prostatic
cancer treated fourteen months earlier with prostatic
brachytherapy and permanent 125Iodine seed implants. He
reported the occurrence of blood in his stool for three
months without other digestive symptoms and without
concomitant anticoagulant or antiplatelet therapy. The
patient underwent an initial colonoscopy which revealed
a focal haemorrhagic radiation proctitis. He began daily
corticosteroid enemas with a suspension containing 100
mg of hydrocortisone acetate. The persistence of rectal
bleeding after 2 mo of sequential medical therapy led us
to propose a new endoscopic evaluation (revealing no new
digestive lesions) with a single APC procedure. Two weeks
later, the patient reported self-medication with a high dose
of oral ketoprofen (600 mg daily) for severe migraine
headaches during one week followed by intense proctalgia
requiring opioid medication with a maximal dose of 60
mg of morphine sulphate daily. He also complained of
rectal emission of mucus viscosity without recurrence of
bleeding. A new rectosigmoidoscopy revealed a 2 cm long
ulcer of anterior circumference of the low rectum (Figure
1). A complementary radiologic exam with pelvic magnetic resonance imaging (MRI) confirmed, on the axial
T1-weighted after injection of gadolinium chelate (Figure
2A) and T2-weighted (Figure 2B), the presence of a large
ulceration with regular edges sitting without local infectious complication or digestive fistula. The occurrence of
this digestive complication led us to analyse a pelvic MRI
performed 6 mo before the endoscopic APC procedure
and to observe the presence of 125Iodine seed implants in
an abnormal position, sitting in the outer part of the anterior rectal wall instead of the large ulceration on an axial
T1-weighted after injection of gadolinium chelate (Figure
3). A decrease of proctalgia was observed after 3 mo with
progressive reduction of opioid analgesic dosage. After
6 and 12 mo, a rectosigmoidoscopy and a pelvic MRI revealed a persistent rectal ulcer with the same initial characteristics. Analgesic treatment was stopped 12 mo after the
diagnosis of the rectal ulcer and a definitive withdrawal of
NSAIDs was recommended.

Figure 1 Ulcer located at the anterior part of the low rectum in retroflex
examination with rectosigmoidoscopy.

A

B

DISCUSSION

Figure 2 Large ulceration (indicated by white arrow) with regular edges
sitting without local infectious complication or digestive fistula on pelvic
magnetic resonance imaging performed 1 mo after endoscopic argon
plasma coagulationprocedure. A: Axial T1-weighted section after injection of
gadolinium chelate; B: Axial T2-weighted section.

The prostatic brachytherapy with malposition of seed
implants is known to generate rectal ulcers with such
possible dramatic complications as rectourethral fistulas
and the necessity of complex surgery with digestive and
urinary derivation[5]. In this case, the initial endoscopy
confirmed only active haemorrhagic radiation proctitis
without initial digestive ulcerative lesions, and therefore
allowed us the possibility of performing an APC procedure. The endoscopic diagnosis of the rectal ulcer
after the APC procedure led us to discover the recent
self-medication of the patient with a high dose of oral
ketoprofen (600 mg daily). Pelvic MRI analysis without
the detection of rectourethral fistulas led us to propose
a symptomatic medical treatment. Comparative analysis

of previous MRI data identified the malposition of seed
implants in the anterior rectal wall. However, no clinical report with similar results has ever been published.
Therefore, no medical recommendations are available in
the context of rectal malposition of seed implants with a
medical requirement of an APC procedure. We can suggest that NSAIDs therapy probably contributed to the
development of this ulcer formation after the APC procedure. Thus, in the context of increasing use of prostatic brachytherapy, and in order to decrease the likelihood
of a dramatic outcome following an APC procedure for
radiation-induced proctitis, it seems necessary for endoscopists to advise the discontinuation of NSAIDs therapy

WJG|www.wjgnet.com
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Figure 3 Presence of 125Iodine seed implants in an abnormal position. Presence of 125Iodine seed implants in an abnormal position (arrows), sitting in the outer
part of the anterior rectal wall instead of the large ulceration on pelvic magnetic resonance imaging performed 6 mo before endoscopic argon plasma coagulation procedure with axial T1-weighted section after injection of gadolinium chelate.

and the control of the position of seed implants in case
of prostatic brachytherapy.

bleeding from certain lesions in the gastrointestinal tract and brachytherapy is a
type of radiation treatment using radioactive seed implants inserted directly into
the tumour with the delivery of high doses of radiation to the tumour.
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Abstract
A lymphoepithelial cyst (LEC) of the pancreas is a rare
benign lesion. Because patients with LEC of the pancreas have a good prognosis, it is important that these
lesions are accurately differentiated from other more
aggressive pancreatic neoplasms for an appropriate
treatment strategy. Previous studies have reported that
a definitive diagnosis of LEC often cannot be obtained
based solely on the findings of preoperative imaging
(e.g. , Computed tomography or Magnetic resonance
imaging). In this study, we reviewed four cases of pancreatic LECs to investigate the feature of LECs. We reviewed these cases with regard to symptoms, imaging
findings, surgical procedures, and other clinical factors.
We found that LEC was associated with unique characteristics on imaging findings. A preoperative diagnosis

WJG|www.wjgnet.com

of LEC may be possible by comprehensively evaluating
its clinical and imaging findings.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Lymphoepithelial cyst; Preoperative diagnosis; Magnetic resonance imaging
Core tip: A lymphoepithelial cyst of the pancreas is
a rare benign lesion. In this study, we reviewed four
cases of pancreatic lymphoepithelial cyst (LECs) to investigate the feature of LECs. We found that LEC was
associated with unique characteristics on imaging findings. A preoperative diagnosis of LEC may be possible
by comprehensively evaluating its clinical and imaging
findings.
Terakawa H, Makino I, Nakagawara H, Miyashita T, Tajima H,
Kitagawa H, Fujimura T, Inoue D, Kozaka K, Gabata T, Ohta
T. Clinical and radiological feature of lymphoepithelial cyst of
the pancreas. World J Gastroenterol 2014; 20(45): 17247-17253
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i45/17247.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i45.17247

INTRODUCTION
The differentiation and classification of cystic lesions of
the pancreas are important for an appropriate treatment
strategy. A lymphoepithelial cyst (LEC) of the pancreas
is a rare benign cystic lesion[1,2]. It has been thought to be
difficult to differentiate LEC from other pancreatic lesions
such as serous cystic neoplasms (SCNs), mucinous cystic
neoplasms (MCNs) and intraductal papillary mucinous
neoplasms (IPMNs) because the appearance on imaging
of LEC varies from patient to patient and sometimes similar to other pancreatic lesions[3]. In many patients, the lesion is surgically resected because a neoplastic cyst cannot
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Table 1 Patient demographics, clinical findings

Case 1
Case 2
Case 3
Case 4

Year

Age

Gender

Size (mm)

Symptom

Location

CA19-9 (U/mL)

2004
2009
2012
2012

59
49
56
56

Male
Female
Male
Male

90
60
40
60

Nonspecific
Nonspecific
Nonspecific
Nonspecific

Body
Tail
Body
Head

4
298
75
96

A

B

C

Figure 1 Ultrasonography and endoscopic ultrasonography findings. A: Findings of Patient #2, the cystic lesion had a hyperechoic appearance (arrow); B: Findings of Patient #3, the cystic lesion had a homogenous hypoechoic appearance (arrow); C: Findings of Patient #4, the cystic lesion displayed a mosaic pattern (arrow).

be ruled out[4-6]. If a LEC can be diagnosed preoperatively,
many unnecessary surgeries may be avoided. In this paper,
we present four patients with LEC who underwent surgical resection and were confined as LEC. We summarized
clinical and radiological features of LECs.

CASE REPORT
A retrospective review of our institutional database revealed four cases of LEC of the pancreas in recent 10
years. We reviewed these cases with regard to symptoms,
imaging findings, surgical procedures, and other clinical
factors. Various imaging studies were performed during
the preoperative evaluation of the lesions. Imaging studies
included abdominal ultrasonography (US), computed tomography (CT), magnetic resonance imaging (MRI), endoscopic ultrasonography (EUS) and endoscopic retrograde
cholangiopancreatography (ERCP). All of the lesions were
surgically resected and pathologically diagnosed as LEC.
Clinical findings
Table 1 summarized the patient demographics. Three

WJG|www.wjgnet.com

patients were men and one patient was a woman. The
average age was 55 years. All of the lesions were detected
incidentally during a work-up for unrelated reasons. In
Patient #1 and Patient #3, the cystic lesions were localized in the body of the pancreas; in Patient #2, in the
tail of the pancreas; and in Patient #4, in the head of
the pancreas. The mean cystic size was 62.5 mm (range,
40-90 mm). Three patients had a multilocular cystic appearance and one patient had a unilocular cystic appearance. Three patients had elevated serum CA19-9 levels.
US and EUS findings
The cystic lesion in Patient #2 had a slightly hyperechoic
appearance. The cystic lesion had a homogenous hypoechoic appearance in Patient #3. The cystic lesion in
Patient #4 displayed a mosaic pattern. None of the three
patients had solid portions the cysts (Figure 1).
CT findings
All lesions were well-defined and were exophytic off the
pancreatic parenchyma. The lesion in Patient #2 had
a unilocular cystic appearance, whereas the lesions in
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Figure 2 Computed tomography findings. All lesions were well-defined and were exophytic off the pancreatic parenchyma. The wall and septum of the cysts were enhanced. A: Findings of Patient #1, the lesion was localized in the body of the pancreas and had a multilocular cystic appearance (arrow); B: Findings of Patient #2, the lesion
was localized in the tail of the pancreas and had a unilocular cystic appearance (arrow); C: Findings of Patient #3, the lesion was localized in the body of the pancreas and
had a multilocular cystic appearance (arrow); D: Findings of Patient #4, the lesion was localized in the head of the pancreas and had a multilocular cystic appearance (arrow).

the other patients had a multilocular cystic appearance.
The wall and septum of the cysts were enhanced. The
contents of the cysts seemed homogeneous low density
without enhancement. There were no solid portions
within the cysts, calcification of the wall of the cyst, or
dilatation of the main pancreatic duct, in any of the patients (Figure 2).
ERCP findings
All patients had normal pancreatic ducts. No patients had
a communication between the pancreatic duct and the
cystic lesion.
MRI findings
Figures 3-6 present the MRI findings of four patients.
We presented MRI imaging of a case of SCN which had
similar signal intensity with free water for comparing with
the four cases (Figure 7). T1-weighted imaging of four
patients showed a higher intensity than that of SCN. T2weighted imaging and MRCP of four patients showed a
lower intensity than those of SCN. Diffusion-weighted
imaging (DWI) showed a higher intensity for cystic lesions
than for the SCN. In particular, on DWI, the cystic lesions
showed high intense signal in the central part and isointense in the periphery. Signal reduction in out-of phase
and in-phase was not occurred in all patients.

DISCUSSION
A LEC is a rare benign lesion, which is lined with mature
WJG|www.wjgnet.com

keratinizing squamous epithelium and surrounded by
lymphoid tissue. It typically develops in middle-aged and
elderly men, and it is localized to all parts of the pancreas
with equal frequency. The mean size of these cysts is 47
mm. The cyst may be multilocular (60% of patients) or
unilocular (40% of patients)[7]. Many patients with LEC
have elevated serum levels of CA19-9[8-10]. The cyst contents may vary from serous to caseous-like, depending on
the degree of keratin formation[2].
Because LEC is a benign lesion, it is often possible to
select conservative treatment for ones without any significant symptoms if they can be diagnosed correctly[11].
However, surgical resection is still commonly performed
because it is difficult to distinguish them from other
cystic lesions that require surgical intervention on account of their malignant potential[4-6]. EUS-guided biopsy
coupled with biochemical/tumor marker studies have recently helped to improve the diagnostic accuracy of pancreatic cysts[12,13]. However, EUS-guided biopsy for cystic
lesions of the pancreas is not generally performed in
Japan because of the risk of the dissemination of tumor
cells or the development of pseudomyxoma. Therefore, a
preoperative pathological diagnosis is difficult and imaging studies are very important for treating cystic lesions
of pancreas in Japanese.
We summarized the characteristics of LEC obtained
from our cases and previous reports in Table 2.
A LEC typically develops in middle-aged and elderly
men[2]. Many patients with LEC have elevated serum
CA19-9[8-10].
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Figure 3 Findings of patient #1. A: Findings of T1-weighted imaging on magnetic resonance imaging (MRI). T1-weighted imaging of patient showed a higher intensity than free water (arrow), B: Findings of T2-weighted imaging on MRI. T2-weighted imaging of patient showed a lower intensity than free water (arrow); C: Findings
of magnetic resonance cholangiopancreatography (MRCP). MRCP of patient showed a lower intensity than free water (arrow).
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Figure 4 Findings of patient #2. A: Findings of T1-weighted imaging on magnetic resonance imaging (MRI). T1-weighted imaging of patient showed a higher intensity than free water (arrow); B: Findings of T2-weighted imaging on MRI. T2-weighted imaging of patient showed a lower intensity than free water (arrow); C: Findings
of magnetic resonance cholangiopancreatography (MRCP). MRCP of patient showed a lower intensity than free water (arrow); D: Findings of diffusion-weighted imaging on MRI (arrow). Diffusion-weighted imaging of three patients showed a higher intensity than free water. The cystic lesions showed high intense signal in the central
part and iso-intense in the periphery.
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Figure 5 Findings of patient #3. A: Findings of T1-weighted imaging on magnetic resonance imaging (MRI). T1-weighted imaging of patient showed a higher intensity than free water (arrow); B: Findings of T2-weighted imaging on MRI. T2-weighted imaging of patient showed a lower intensity than free water (arrow); C: Findings
of magnetic resonance cholangiopancreatography (MRCP). MRCP of patient showed a lower intensity than free water; D: Findings of diffusion-weighted imaging on
MRI. Diffusion-weighted imaging of three patients showed a higher intensity than free water (arrow). The cystic lesions showed high intense signal in the central part
and iso-intense in the periphery.
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Figure 6 Findings of patient #4. A: Findings of T1-weighted imaging on magnetic resonance imaging (MRI). T1-weighted imaging of patient showed a higher intensity than free water (arrow); B: Findings of T2-weighted imaging on MRI. T2-weighted imaging of patient showed a lower intensity than free water (arrow); C: Findings
of magnetic resonance cholangiopancreatography (MRCP). MRCP of patient showed a lower intensity than free water (arrow); D: Findings of diffusion-weighted imaging on MRI (arrow). Diffusion-weighted imaging of three patients showed a higher intensity than free water. The cystic lesions showed high intense signal in the central
part and iso-intense in the periphery.
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Figure 7 Findings of a case of serous cystic neoplasm. A: Findings of T1-weighted imaging on magnetic resonance imaging (MRI), the cystic lesion showed low
intensity (arrow); B: Findings of T2-weighted imaging on MRI, the cystic lesion showed high intensity (arrow); C: Findings of magnetic resonance cholangiopancreatography, the cystic lesion showed high intensity (arrow); D: Findings of diffusion-weighted imaging on MRI, the cystic lesion showed high intensity (arrow).

Table 2 Feature of lymphoepithelial cyst of the pancreas
Characteristics
Age, gender
Laboratory date
The form

US findings
CT findings

MRI findings
T1-weighted
T2-weighted
MRCP

Diffusion-weighted

Middle-aged and elderly men
Elevation of serum CA19-9 level
Well-defined
Exophytic off the pancreatic parenchyma
Multilocular (60%) or Unilocular (40%)
Mosaic pattern, depending on the degree of
keratin formation
Enhancement of the wall and septum of the
cyst
Low density cystic lesion without enhancement
No pancreatic duct dilatation
Higher intensity than water
Lower intensity than water
Lower intensity than water
No communication with the main pancreatic
duct
Higher intensity than water

US: Ultrasonography; MRI: Magnetic resonance imaging; CT: Computed
tomography; MRCP: Magnetic resonance cholangiopancreatography.

The form of a cystic lesion was well-defined and was
exophytic off the pancreatic parenchyma. It might be
multilocular or unilocular[12].
The US or EUS findings sometimes displayed a mosaic
pattern, depending on the degree of keratin formation[5,13,14].
The CT findings demonstrated enhancement of the
wall and septum of the cyst. The cyst itself showed uni-

WJG|www.wjgnet.com

form low density without enhancement[12]. The cyst contained no solid portions within it.
The MRI findings of the four patients we reviewed
were characteristic of LEC, when comparing the intensity of the lesion with that of free water. Many cystic
tumors have an intensity that is similar to that of free
water on MRI. In contrast, T1-weighted imaging of
LEC showed a higher intensity than that of free water
because the content of LEC included keratin formation.
T2-weighted imaging and MRCP showed lower intensity
than that of free water [15]. Diffusion-weighted imaging showed higher intensity than that of free water[10].
In particular, on DWI, the cystic lesions showed high
intense signal in the central part and iso-intense in the
periphery. It seemed that the part showing high intense
signal indicated keratin formation and iso-intense in periphery indicated the wall.
However, these findings should be cautiously interpreted, because MCN and IPMN can sometimes show similar
signal intensity if bleeding into the cyst has occurred[16].
In summary, the clinical and radiological findings are
sufficiently characteristic of LEC to establish a preoperative diagnosis for a majority of patients of LEC. It might
be possible to select conservative treatment for asymptomatic patients with LEC.

COMMENTS
COMMENTS
Case characteristics

Four cases were incidentally detected the pancreatic tumors and performed surgery.
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Clinical diagnosis

6

Three patients had a multilocular cystic appearance and one patient had a unilocular cystic appearance.

Differential diagnosis

Serous cystic neoplasms, Mucinous cystic neoplasms, intraductal papillary mucinous neoplasms.

Laboratory diagnosis

7

Three patients had elevated serum CA19-9 levels.

Imaging diagnosis

8

All lesions were well-defined and were exophytic off the pancreatic parenchyma.

Pathological diagnosis

All of the lesions were pathologically diagnosed as the lymphoepithelial cyst.

Treatment

All of the lesions were surgically resected.

9

Related reports

A lymphoepithelial cyst of the pancreas has been thought to be difficult to differentiate from other pancreatic lesions.

Experiences and lessons

10

Peer review

11

The authors found that the lymphoepithelial cyst was associated with unique
characteristics on imaging findings. A preoperative diagnosis of the lymphoepithelial cyst may be possible by comprehensively evaluating its clinical and imaging findings.
The discussion is simple. In this article, there were any findings about PET-CT
and something else.

12
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Abstract
Blue rubber bleb nevus syndrome (BRBNS) is a rare
disease characterized by multiple venous malformations
and hemangiomas in the skin and visceral organs. The
lesions often involve the cutaneous and gastrointestinal systems. Other organs can also be involved, such
as the central nervous system, liver, and muscles. The
most common symptoms are gastrointestinal bleeding
and secondary iron deficiency anemia. The syndrome
may also present with severe complications such as
rupture, intestinal torsion, and intussusception, and can
even cause death. Cutaneous malformations are usually asymptomatic and do not require treatment. The
treatment of gastrointestinal lesions is determined by
the extent of intestinal involvement and severity of the
disease. Most patients respond to supportive therapy,
such as iron supplementation and blood transfusion.
For more significant hemorrhages or severe complications, surgical resection, endoscopic sclerosis, and laser
photocoagulation have been proposed. Here we present
a case of BRBNS in a 45-year-old woman involving 16

WJG|www.wjgnet.com

sites including the scalp, eyelid, orbit, lip, tongue, face,
back, upper and lower limbs, buttocks, root of neck,
clavicle area, superior mediastinum, glottis, esophagus,
colon, and anus, with secondary severe anemia. In addition, we summarize the epidemiology, clinical manifestations, diagnosis, differential diagnosis and therapies of
this disease by analyzing all previously reported cases to
enhance the awareness of this syndrome.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Anemia; Blue rubber bleb nevus syndrome;
Hemangioma; Vascular malformations; Gastrointestinal
bleeding
Core tip: We present a case of blue rubber bleb nevus
syndrome (BRBNS). This is the 12th Chinese patient
and the first female from the Chinese Mainland reported
in the English literature. BRBNS is a rare disease characterized by multiple venous malformations and hemangiomas in the skin and visceral organs. The most common
symptoms are gastrointestinal bleeding and secondary
iron deficiency anemia. We summarize the epidemiology, clinical manifestations, diagnosis, differential diagnosis and therapies of the disease. In a patient with
gastrointestinal bleeding and multiple hemangiomas,
a diagnosis of BRBNS should be considered and a systemic examination is necessary. An early diagnosis will
improve the patient’s quality of life.
Jin XL, Wang ZH, Xiao XB, Huang LS, Zhao XY. Blue rubber
bleb nevus syndrome: A case report and literature review. World J
Gastroenterol 2014; 20(45): 17254-17259 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i45/17254.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i45.17254

INTRODUCTION
Blue rubber bleb nevus syndrome (BRBNS or Bean’s
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syndrome) was first recognized by Gascoyen[1] in 1860,
and 100 years later Bean[2] described BRBNS in detail and
coined the term Blue rubber bleb nevus syndrome. The
incidence of reported BRBNS is very low[3]. A MEDLINE search yielded approximately 200 case reports published to date. Wong and Lau[4] reported the first Chinese
patient diagnosed with BRBNS in 1982. We report a case
of BRBNS in a 45-year-old woman with gastrointestinal
bleeding and severe anemia. Lesions were found in many
areas including the skin and superior mediastinum. This
is the 12th Chinese patient and the first female from the
Chinese Mainland reported in the English literature.

A

B

CASE REPORT
A 45-year-old female patient was admitted because of
pallor and fatigue. She was born with grain of rice-sized
cutaneous bluish nodules on her left eyelid. Since then
the patient experienced recurrences of bluish nodules
in the skin, which had increased in size and in number
over time. She had no discomfort and had never attended
hospital. Five years ago, she suffered from pallor and
fatigue and attended a local hospital where a diagnosis
of angioma and iron deficiency anemia (IDA) was made.
Recently, the symptoms were aggravated, and the patient
visited our hospital for further diagnosis and treatment.
She denied having melena, hematochezia, menorrhagia,
bleeding gums or recurrent epistaxis, hemoptysis, hematemesis, dyspnea, and stomachache. The patient had
no history of non-steroidal anti-inflammatory drug use,
peptic ulcer or chronic liver disease, and no family history of recurrent skin lesions or gastrointestinal bleeding.
Physical examination showed pallor of the conjunctiva,
pale lips, bluish nodules on upper and lower limbs (Figure
1A), eyelid (Figure 1B), lips (Figure 1C), tongue, face,
back, and buttocks, which were soft, tender and hemorrhagic, easily compressible and promptly refilled after
compression. The size of the lesions varied from 0.5-3.0
cm. The abdomen was soft and non-tender. Laboratory
findings were as follows. Routine blood analysis showed
severe anemia (hemoglobin 3.6 g/dL), characterized by
small cells and low pigment (mean corpuscular volume
25 pg, and mean corpuscular hemoglobin concentration 35 g/dL). White blood cell was 4.0 × 109/L and
platelet count was 169 × 109/L. Serum ferritin level was
9 ng/mL. Serum blood urea nitrogen was 9.7 mg/dL,
creatinine 0.58 mg/dL, aspartate aminotransferase 7 IU/
L, and Alanine aminotransferase 16 IU/L. Fecal occult
blood test was positive. Bone marrow aspiration revealed
myeloid hyperactivity and normocellular marrow with
minimal erythroids. Bone marrow iron stores were depleted (marrow iron stain showed extracellular iron (+),
sideroblasts 10%). The results indicated that the patient
was suffering from IDA. On endoscopy, the glottis and
esophagus (Figure 2A) showed multiple bluish hemangiomas, and no bleeding was seen. One lesion (2.0 cm ×
2.5 cm) was found in the colon (Figure 2B) with no fresh
bleeding, and lesions were also observed in the anus (Figure 2C). A head computed tomography (CT) (Figure 3A
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Figure 1 Bluish nodules on upper (A) (arrow) and lower limbs, eyelid (B)
(arrows), lip (C) (arrows); vary from 0.5 to 3.0 cm.

and B) showed lesions on the scalp, left tempora, orbit,
and the brain was normal. On chest CT (Figure 3C), the
root of the neck, clavicle area and superior mediastinum
showed multiple nodular, lumpish lesions, and a soft tissue component that was consistent with a vascular malformation and hemic calculus. Abdominal ultrasonography was normal. On the basis of the above findings, the
diagnosis of venous malformations was compatible with
BRBNS. As the patient had no dyspnea, dysphagia, or
blurred vision, she was given iron supplementation and
blood transfusions. Two weeks later, a routine blood test
showed that the hemoglobin was 7.7 g/dL. Fecal occult
blood test was negative. She was discharged and asked to
attend outpatient follow-up monthly.

DISCUSSION
We describe a case of BRBNS with dominant cutaneous,
orbit, superior mediastinum, glottis and gastrointestinal
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Figure 2 On endoscopy, glottis and esophagus (A) showed multiple bluish hemangiomatas (arrow), and no bleeding was seen; one lesion (2.0
cm × 2.5 cm) with no fresh bleeding was seen in the colon (B) (arrow), and
lesions were also observed on anus (C) (arrow).

involvement. According to our review of the literature,
20% of patients with BRBNS were from the United
States, 15% from Japan, 9% from Spain, 9% from Germany, 6% from China, and 6% from France. There are
also reports from other countries; however, the number
of cases is much lower, indicating that many races can
develop this disease, although BRBNS is rare in Blacks.
Among the 200 cases identified from MEDLINE, the
clinical data of 120 cases were analyzed, and cutaneous
angiomas were observed in 112 cases which accounted
for 93%, and gastrointestinal hemangiomas were observed in 91 cases (76%). Other organs, such as the central nervous system (16 cases, 13%), liver (13, 11%), and
muscles (11, 9%) were also involved (Table 1). We found
that the involvement of various organs was common in
a single patient (87%). The number of sites involved in
our patient was 16, and included the scalp, eyelid, orbit,
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Figure 3 Computed tomography images. Head computed tomography (CT)
(A, B) showed lesions (arrows) on the scalp, left tempora, and orbit, the brain
was normal. Chest CT (C) of the root of the neck, clavicle area and superior
mediastinum showed multiple nodular, lumpish lesions, and a soft tissue (arrow)
component that was consistent with a vascular malformation and hemic calculus. L: Left; P: Posterior.

lips, tongue, face, back, upper and lower limbs, buttocks,
root of neck, clavicle area, superior mediastinum, glottis,
esophagus, colon and anus.
Among the cases reported in the literature, the femalemale ratio was approximately 1:1, indicating that there is
no sex difference in BRBNS, as reported by Choi et al[5].
The lesions are often present from birth or early
childhood[6,7]. The onset of the disease could be traced
in 68% (82/120) of the patients reviewed. Among these
82 patients, 30% had BRBNS from birth, in 9% BRBNS
started during infancy, in 48% BRBNS started in childhood, in 9% BRBNS started during adolescence, and in
4% BRBNS started in adulthood. The oldest patient reported was 82 years old[8], however, the lesions appeared
some years ago, and the youngest was an unborn baby
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Table 1 Organ involvement in 120 blue rubber bleb nevus
syndrome cases
Organ
Skin
Central nervous system
Muscle
Spine
Uterus
Mediastinum
Mesentery
Kidney
Thyroid
Spleen
Gallbladder
Pancreas
Peritoneum
Ampulla of Vater
Pleura
Arytenoid cartilage

Cases

Organ

Cases

112
16
11
4
3
3
2
2
2
1
1
1
1
1
1
1

Gastrointestine
Liver
Vagina
Eyes
Bone
Lung
Joint
Bladder
Parotid gland
Endobronchial
Vocal cord
Adrenag gland
Retroperitoneum
Nasopharynx
Heart

91
13
4
4
3
3
2
2
2
1
1
1
1
1
1

Among the 200 cases, the clinical data of 120 cases were analyzed, many
organs could be involved in different patients.

(shown by B-ultrasound in an antenatal examination)[9].
The size and number of lesions grew with time.
The pathogenesis of this disease is uncertain. Although autosomal inheritance of BRBNS has been identified in several familial cases associated with chromosome
9p, the majority are sporadic cases[5,10,11]. According to our
review, only six cases had a positive family history. Mogler
C found that c-kit was detectable predominantly in smaller
vessels within their patient’s tissues, suggesting that the
stem cell factor/c-kit signaling axis may be involved in the
constant growth of venous malformations[12].
The clinical manifestations vary according to different organ involvement. The cutaneous lesions are usually
asymptomatic and some patients complain of painful lesions (5%). Others have reported increased sweating (2%).
Pain may be caused by contraction of smooth muscle
fibers surrounding the angioma and sweating possibly due
to the proximity of the nevi to sweat glands[13,14]. Gastrointestinal hemangiomas may appear in any position from
the mouth to the anus[15]. The most common symptoms
in the gastrointestinal (GI) tract are bleeding and secondary IDA[16], and may also present with severe complications such as rupture, intestinal torsion, and intussusception[17]. In our review, almost all GI lesions led to chronic
bleeding and IDA, seven cases developed intussusception,
and one case developed gangrene, volvulus and infarction.
Hemangiomas in the brain can lead to cerebral infarction
or hemorrhage[6], hemangiomas in the vertebrae can lead
to spinal cord compression[18], and hemangiomas in the
bronchi can lead to chronic cough[19]. Rare complications
of BRBNS have been reported such as blood coagulation
disturbance (four cases), thrombocytopenia (three cases),
disseminated intravascular coagulopathy (two cases) and
the reasons for these complications are unclear.
The diagnosis of BRBNS is based on the presence
of characteristic cutaneous lesions with or without GI
bleeding and/or the involvement of other organs[20]. Cu-
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taneous angiomas are found on the surface of the skin
and can affect the entire body ranging from the scalp to
the sole of the foot. The cutaneous lesions are characterized as rubbery, soft, tender and hemorrhagic, easily
compressible and promptly refill after compression. The
other two types of lesions are large disfiguring cavernous
lesions and blue-black irregular macules or papules[2]. Our
patient had typical characteristics of the syndrome such
as skin lesions, iron deficiency anemia and GI lesions.
For GI lesions, push endoscopic exam is the most important diagnostic method and mucosal resection, argon
plasma coagulation, laser photocoagulation, sclerotherapy
or band ligation are often necessary [10,21-23] . Capsule
endoscopy is a new, non-invasive, reliable imaging technique, well accepted and tolerated by patients, and can be
used for the entire small bowel[24]. Capsule endoscopy can
also be used for the diagnosis of BRBNS[17,25].
Apart from a physical examination and endoscopy,
ultrasonography, radiographic images, CT and magnetic
resonance imaging are also useful for the detection of affected visceral organs[20].
Histological examination revealed cavernous venous
dilatations, with a thin wall of smooth muscle cells lined
by a simple layer of endothelial cells[26]. The diagnosis of
BRBNS can be made by visual inspection of the skin lesions and by endoscopy of the GI tract, thus, biopsy is
not routinely necessary[27].
BRBNS should be differentiated from hereditary
hemorrhagic telangiectasia (Osler-Weber-Rendu syndrome), Klippel-Trenaunay syndrome, and Maffucci syndrome[5,10,28]. These diseases are all characterized by different forms of vascular malformations. Osler-Weber-Rendu
syndrome is characterized by bleeding punctiform angiomas, recurrent epistaxis, telangiectasia, and always has a
positive family history[14,29]. Maffucci syndrome presents
diffuse vascular malformations in the skin and soft tissues,
bone malformations and chondrodysplasia[30,31]. KlippelTrenaunay-Weber syndrome is characterized by varicosities, hypertrophia, and soft tissue and bone deformities[32].
The cutaneous lesions are usually asymptomatic and
do not require treatment. When lesions occur in higher
risk areas of trauma or in joints, treatment may be required, including surgery, sclerotherapy or laser photocoagulation. Some patients also receive treatment due to
cosmetic problems[10,13,14,33].
The treatment of GI BRBNS is determined by the
extent of intestinal involvement and severity of the disease. If bleeding is minor or intermittent, conservative
treatment such as blood transfusions and iron supplementation is recommended due to high recurrence of
the disease. For more significant hemorrhages or other
complications such as rupture, intestinal torsion, and
intussusception, surgical resection, endoscopic sclerosis,
and laser photocoagulation have been proposed[10,13,14].
In addition, some doctors suggest surgical treatment as
life-long supportive therapy can lower patient quality of
life. However, patients must fulfill appropriate indications
before surgical resection. Firstly, the number and distribution of GI lesions should be identified; secondly, the GI
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lesions must be localized[5]. According to the literature,
some patients did not respond to corticosteroids and
interferon[34-36]. A new treatment method has now been
introduced. Yuksekkaya et al[34] first reported the use of
low-dose sirolimus (an antiangiogenic agent) in an 8-yearold girl with BRBNS characterized by recurrent severe
GI bleeding. The vascular lesions were rapidly reduced
after sirolimus treatment, and GI bleeding and muscle
hematomas disappeared. No adverse drug reactions due
to sirolimus were found after a 20-mo follow-up period.
For lesions located in other organs, the aim of treatment is to control excessive bleeding or compression. If
conservative therapy is unsuccessful, resection may be
performed.
The prognosis of BRBNS depends on which organs
are involved and the extent of involvement. Most patients can live a long life with the disease, but the quality
of life is limited due to GI bleeding, oral drug therapy
and blood transfusions. In our review, two patients died
of BRBNS (one of acute GI bleeding[35] and one of cerebral hemorrhage[8]).
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COMMENTS
COMMENTS
Case characteristics

The authors present a rare case of gastrointestinal bleeding in a 45-year-old
woman with blue rubber bleb nevus syndrome (BRBNS).
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Clinical diagnosis

The diagnosis of BRBNS is based on the presence of characteristic cutaneous lesions with or without gastrointestinal lesions.

Differential diagnosis

11

Osler-Weber-Rendu syndrome, Klippel-Trenaunay syndrome, and Maffucci
syndrome.

Laboratory diagnosis

Hemoglobin was 3.6 g/dL, mean corpuscular volume 25 pg, mean corpuscular
hemoglobin concentration 35 g/dL, serum ferritin 9 ng/mL, and fecal occult
blood test was positive. White blood cell, platelet count, renal and liver function
tests were all within normal limits.

Imaging diagnosis

Head computed tomography (CT) showed lesions on the scalp, left tempora,
and orbit, the brain was normal. Chest CT of the root of the neck, clavicle area
and superior mediastinum showed multiple nodular, lumpish lesions, and a soft
tissue component that was consistent with a vascular malformation and hemic
calculus. Abdominal ultrasonography was normal.

Treatment

12

13

14
15

The patient was given iron supplementation and blood transfusions.

Related reports

A MEDLINE search yielded approximately 200 case reports of blue rubber bleb
nevus syndrome published to date. This case is the first female from the Chinese Mainland to be reported in the English literature.

16

When a patient develops gastrointestinal bleeding and multiple angiomas, a diagnosis of blue rubber bleb nevus syndrome should be considered and an early
diagnosis will improve the patient’s quality of life.
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Experiences and lessons

Peer review

This article summarized the epidemiology, clinical manifestation, diagnosis, different diagnosis and therapies of blue rubber bleb nevus syndrome to heighten
the awareness of this disease.
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Abstract
Some laterally advanced cholangiocarcinomas behave
as ductal spread or local invasion, and hepatopancreatoduodenectomy (HPD) may be performed for
R0 resection. To date, there have been no reports of
laparoscopic HPD (LHPD) in the English literature. We
report the first case of LHPD for the resection of a
Bismuth Ⅲa cholangiocarcinoma invading the duodenum. The patient underwent laparoscopic pancreaticoduodenectomy and right hemihepatectomy. Child’s
approach was used for the reconstruction. The patient
nd
recovered well with bile leakage from the 2 postopth
erative day and was discharged on the 16 postoperative day with a drainage tube in place which was removed 2 wk after discharge. Postoperative pathology
revealed a well-differentiated cholangiocarcinoma and
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the margin of liver parenchyma, pancreas and stomach was negative for metastases. The results suggest
that LHPD is a feasible and safe procedure when performed in highly specialized centers and in suitable
patients with cholangiocarcinoma.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Laparoscopic surgery; Hemihepatectomy;
Pancreaticoduodenectomy; Hepatopancreatoduodenectomy; Cholangiocarcinoma
Core tip: This is the first report of laparoscopic hepatopancreatoduodenectomy (LHPD) for cholangiocarcinoma in the English literature. The patient was treated
with laparoscopic pancreaticoduodenectomy and right
hemihepatectomy. The successful outcome suggests
that LHPD is a feasible and safe procedure when performed in highly specialized centers and in suitable patients with cholangiocarcinoma.
Zhang MZ, Xu XW, Mou YP, Yan JF, Zhu YP, Zhang RC,
Zhou YC, Chen K, Jin WW, Matro E, Ajoodhea H. Resection
of a cholangiocarcinoma via laparoscopic hepatopancreatoduodenectomy: A case report. World J Gastroenterol 2014;
20(45): 17260-17264 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i45/17260.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i45.17260

INTRODUCTION
Laparoscopic right hemihepatectomy and pancreaticoduodenectomy are among the most challenging abdominal
surgical procedures[1,2]. To date, there are no reports of
laparoscopic hepatopancreatoduodenectomy (LHPD) in
the English literature. We hereby report the first case of
LHPD in a patient with cholangiocarcinoma.
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Figure 1 Enhanced computed tomography and magnetic resonance cholangiopancreatography findings related to the tumor. A-C: Computed tomography
scan revealed stenosis of the hepatic and upper common bile duct as well as irregular thickening of the common bile duct wall (white arrow); D: Magnetic resonance
cholangiopancreatography showed obstruction of the common bile duct (white arrow).

CASE REPORT
A 61-year-old man presented with the chief complaint
of painless jaundice for 20 d. He denied any history of
liver diseases or diabetes. No superficial lymph nodes
were palpable on physical examination, but palpebral and
bulbar conjunctivae demonstrated mild jaundice. The
remaining physical examination was unremarkable. Routine laboratory tests were as follows: Liver function tests
showed aspartate aminotransferase 103 U/L, alanine
aminotransferase 248 U/L, alkaline phosphatase 422 U/L,
gamma glutamyl transpeptidase 1165 U/L, total bilirubin
103.4 μmol/L, and direct bilirubin 67.4 μmol/L. Levels
of tumor markers (carcinoembryonic antigen, alpha fetoprotein, and carbohydrate antigen 19-9) were within normal ranges. Enhanced computed tomography and magnetic resonance cholangiopancreatography scan revealed
hepatic and upper common bile duct stenosis with intrahepatic bile duct dilatation (Figure 1). Extensive irregular
thickening of the common bile duct wall was also noted.
According to the medical history and the imaging findings, a preoperative diagnosis of cholangiocarcinoma was
promptly established and laparoscopy was performed.
The patient was placed in the supine position with
his head slightly elevated. The surgeon stood on the right
side of the patient and the first assistant stood on the left.
The second assistant holding the laparoscope stood on
the right side, occasionally shifting to the left during the
hepatectomy procedure. One initial 10-mm trocar was inserted below the umbilicus for laparoscopy. A 30-degree
telescope was subsequently inserted for peritoneal cavity

WJG|www.wjgnet.com

examination and to rule out metastatic disease. Four additional trocars (one 12 mm, three 5 mm) were inserted
into the left upper flank, left flank, right upper flank, and
right flank quadrants, respectively; these five trocars were
arranged in a V pattern[3].
After a general examination, the tumor was found to
be located in the middle section of the common bile duct
invading the duodenum (Figure 2A). The gallbladder was
dissected from the liver bed and the cystic duct and cystic
artery were isolated and clipped. The anterior wall of the
common bile duct above the cystic duct insertion was
dissected and the tissue appeared to be clear of tumor
invasion. A decision was made to perform a total laparoscopic pancreaticoduodenectomy.
After carefully exposing and preserving the common
hepatic artery, the gastroduodenal artery was dissected
and divided. The inferior border of the pancreatic neck
was dissected and a retropancreatic tunnel was created
above the superior mesenteric vein/portal vein and an
umbilical tape was placed (Figure 2B).
The jejunum was divided approximately 15 cm distal
from the ligament of Treitz with an endoscopic linear stapler and the mesentery was mobilized. The distal duodenum and proximal jejunum were pushed to the right side
of the operative field, under the mesenteric vessels. The
distal stomach was transected with endoscopic linear staplers for standard resection. The pancreas neck was then
divided using a harmonic scalpel. The duodenum and
uncinate process were carefully dissected along the lateral
border of the superior mesenteric artery. The hepatic
artery, the common bile duct and the portal vein were dis-
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Figure 2 Key surgical steps of laparoscopic hepatopancreatoduodenectomy. A: The duodenum was invaded by the tumor (white arrow); B: The inferior border of
the pancreatic neck was dissected and a retropancreatic tunnel was created; C: The operative view after laparoscopic pancreaticoduodenectomy. The white arrow head
indicates the opening of the right hepatic duct; arrow indicates the opening of the left hepatic duct; D: Laparoscopic hepatopancreatoduodenectomy was completed.

Figure 3 Resected specimen following laparoscopic pancreaticoduodenectomy.

sected. The hepatic hilum was completely skeletonized as
well as the hepatoduodenal ligament. The right hepatic
bile duct and the left hepatic bile duct were separated and
sharply transected (Figure 2C). The resected specimen after laparoscopic pancreaticoduodenectomy was removed
using an endoscopic bag by enlarging the incision at the
periumbilical port (Figure 3). The distal common bile duct
was resected and the specimen was sent for frozen section
which revealed a negative margin for the left hepatic bile
duct and a positive margin for the right hepatic bile duct.
Pneumoperitoneum was reestablished. The residual right
hepatic bile duct was dissected again and a further 0.5 cm
of tissue was resected. Frozen section results revealed a
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positive margin again. In order to achieve an R0 resection,
laparoscopic right hemihepatectomy was performed after
informed consent was obtained.
The right liver was fully mobilized. The left hepatic
artery and left portal vein were carefully dissected and
preserved. The right hepatic artery and right portal vein
were ligated and divided. The short hepatic veins were
clamped and severed. An ischemic line was noted on
the liver surface; the hepatic parenchyma was transected
along this demarcation line using a harmonic scalpel and
an endoscopic stapling device. A right hemihepatectomy
was then performed (Figure 2D). The liver specimen was
retrieved through the periumbilical port. Child’s approach
was used for the reconstruction. The first anastomosis
was a duct-to-mucosa pancreaticojejunostomy, with a
stent placed in the pancreatic duct. The seromuscular
layer of the jejunum and the capsule of the pancreas
were secured from the anterior and posterior layers. The
second anastomosis was an end-to-side hepaticojejunostomy; which was stitched with running 3-0 absorbable sutures. The final anastomosis was a side-to-side
gastroenterostomy located 40 cm downstream from the
hepaticojejunostomy (by an endoscopic linear stapler)
and the common enterotomy was closed with 3-0 Vicryl.
One drainage tube was placed near the transection plane
of the liver and the other two silicon drains were placed
adjacent to the anastomoses of the hepaticojejunostomy
and pancreaticojejunostomy.
The operation lasted 600 min and the estimated blood
loss was 450 mL. The patient was sent to a normal ward
after a one day stay in the intensive care unit. On the 2nd
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T

Figure 4 Bile duct was opened from Vater's ampulla to the proximal duct
stump. Arrow head, left hepatic duct; arrow right, hepatic duct; T, the tumor
had spread from the hepatic portal to the distal part of common bile duct 1.5 cm
from Vater's ampulla.

postoperative day, his drainage tube revealed bile leakage.
The amount of bile leakage was 80-100 mL per day and
decreased gradually to 20-30 mL per day two weeks later.
The patient started to take semi-fluid food on the 6th day
after surgery and no obvious intra-abdominal infections
were noted. The two silicon drains were removed and he
was discharged on the 16th postoperative day with the
drainage tube in place. Postoperative pathology revealed a
well-differentiated cholangiocarcinoma invading the duodenum. The tumor had spread to the distal common bile
duct 1.5 cm from Vater’s ampulla (Figure 4). The margin
of liver parenchyma, pancreas and stomach were negative
and 14 lymph nodes were all negative (Figure 5). The last
drainage tube was removed 2 wk after discharge. There
was no complaints during the next 4 mo after surgery.

DISCUSSION
Surgical resection remains the only option for long-term
survival in patients with cholangiocarcinoma. However,
some laterally advanced cholangiocarcinomas behave as
ductal spread or local invasion. The main goal of definitive surgery is R0 resection and in some cases hepatopancreatoduodenectomy (HPD) may be performed. Since researchers reported the first series of HPD cases (5 locally
advanced gallbladder cancers) in 1980, HPD remains
among the most challenging operations for hepatobiliary
surgeons today[4,5]. Despite the poor survival rate and high
morbidity and mortality in the first decade after diagnosis, HPD is persistently performed in several specialized
centers[6]. With recent progress in diagnostic procedures,
surgical techniques and perioperative patient care, many
studies have shown increased long-term survival after this
aggressive procedure. Ebata et al[7] reported 85 HPD procedures performed between 1992 and 2011 with a 5-year
survival rate of 37%, mean blood loss of 2696 mL, and
a rate of major postoperative complications of 77.6%.
In patients with M0 disease, the 5-year survival rate was
54%. The indication for HPD in patients with cholangiocarcinoma is still controversial. Nagino[8] concluded that
HPD should be carried out for the following indications:
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Figure 5 Specimen of laparoscopic right hemihepatectomy. White arrows
show the right anterior segmental duct and the right posterior segmental duct.

(1) diffusely infiltrating tumors of the entire extrahepatic
bile duct; (2) downward superficial spread; or (3) bulky
nodal metastases of the pancreatoduodenal region. The
case presented here was a Bismuth Ⅲa tumor invading
the duodenum. HPD was deemed the best choice of
treatment and postoperative pathology revealed a successful R0 resection.
Recent progress in laparoscopic technology has broadened the clinical applications of laparoscopy. Many series
of hepatic and pancreatic laparoscopic surgeries have
been reported, and many of these cases were advanced
malignancies with favorable surgical and oncological outcomes. However, laparoscopic right hemihepatectomy
and pancreaticoduodenectomy are still the most difficult
laparoscopic procedures due to the complexity of the
operation (intricate dissection, multiple reconstructions)
and possible intra-operative risks (uncontrollable massive
bleeding and gas embolism). Advanced laparoscopic skills
are in high demand and require a steep learning curve. To
our knowledge this is the first report of LHPD for a cholangiocarcinoma in the English literature.
Advanced laparoscopic hepato-biliary-pancreatic surgery was adopted in 2003 at our institution, and 22 successful laparoscopic pancreaticoduodenectomy had been
performed up until December 2013[1,3,9-11]. Cumulative
attending experience in laparoscopic hepatectomy, hepaticojejunostomy, pancreaticojejuno- stomy and gastroenterostomy is fundamental to performing this extremely
difficult procedure successfully.
Clinical experience gained from the present case
included: (1) Laparoscopy assisted strategic guidance
remains invaluable for tumor staging and evaluation of
treatment options. Therefore, laparoscopic pancreaticoduodenectomy was performed prior to laparoscopic
hemihepatectomy. Fortunately, during the operation, the
frozen section of the left hepatic bile duct was negative;
otherwise the patient would have undergone an R1 resection; (2) Compared with conventional HPD procedures,
this case had less blood loss, fewer postoperative complications, quicker recovery similar to other typical minimally invasive surgery. The magnified visualization of the
anatomy during the operation and pneumoperitoneum
CO2 pressure are probable reasons for the reduced blood
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loss; (3) The 5 trocar approach was utilized for the entire
LHPD. We apply the 5 trocar strategy to perform laparoscopic hepatopancreatobiliary surgery and gastrectomy
routinely including only one 12 mm trocar, which is an
economically feasible and relatively safe procedure; and
(4) During this time-consuming procedure, maintaining
the constancy of the internal environment of the patient
is important. Despite the efforts of the anesthesiologists,
we used a warming device to maintain the patient’s body
temperature. In the late stage of the operation, end-tidal
carbon dioxide partial pressure was as high as 48 mmHg.
We reduced the CO2 pressure to 12 mmHg. During the
operation, the surgeons took 5 breaks, each lasting approximately 20 min to allow both patient and surgeon to
rest. After each break, circulatory and respiratory functions were found improved.
In conclusion, this is the first reported case of LHPD
and the results suggest that LHPD is a feasible and safe
procedure when performed in highly specialized centers
and in suitable patients with cholangiocarcinoma.
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Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
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Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome

October 22, 2014

Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
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Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo



Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
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Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
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Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Jordan

Portugal

Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw
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Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
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Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Dong Wan Seo, Seoul
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
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Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
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Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala

Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Sami Akbulut, Diyarbakir
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
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Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Dina Tiniakos, Newcastle upon Tyne
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Frank I Tovey, London
Dhiraj Tripathi, Birmingham
Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
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Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo
Ashish Malhotra, Bettendorf
Pranoti Mandrekar, Worcester
John Marks, Wynnewood
Wendy M Mars, Pittsburgh
Julien Vahe Matricon, San Antonio
Craig J McClain, Louisville
George K Michalopoulos, Pittsburgh
Tamir Miloh, Phoenix
Ayse Leyla Mindikoglu, Baltimore
Huanbiao Mo, Denton
Klaus Monkemuller, Birmingham
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Abstract
Hepatitis C virus (HCV) is a blood-borne pathogen that
has a worldwide distribution and infects millions of
people. Care-associated HCV infections represented a
huge part of hepatitis C burden in the past via contaminated blood and unsafe injections and continue to be
a serious problem of public health. The present review
proposes a panorama of health care-associated HCV infections via the three mode of contamination that have
been identified: (1) infected patient to non-infected
patient; (2) infected patient to non-infected health care
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worker (HCW); and (3) infected HCW to non infected
patient. For each condition, the circumstances of contamination are described together with the means to
prevent them. As a whole, the more important risk is
represented by unsafe practices regarding injections,
notably with the improper use of multidose vials used
for multiple patients. The questions of occupational
exposures and infected HCWs are also discussed. In
terms of prevention and surveillance, the main arm for
combating care-associated HCV infections is the implementation of standard precautions in all the fields of
cares, with training programs and audits to verify their
good application. HCWs must be sensitized to the risk
of blood-borne pathogens, notably by the use of safety
devices for injections and good hygiene practices in the
operating theatre and in all the invasive procedures.
The providers performing exposed-prone procedures
must monitor their HCV serology regularly in order to
detect early any primary infection and to treat it without delay. With the need to stay vigilant because HCV
infection is often a hidden risk, it can be hoped that the
number of people infected by HCV via health care will
decrease very significantly in the next years.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis C virus; Health care-associated infection; Health care worker; Standard precautions; Hemodialysis; Unsafe injections; Occupational exposure;
Antiviral drugs
Core tip: Hepatitis C virus (HCV) is a blood-borne
pathogen that has a worldwide distribution and infects millions of people. Care-associated HCV infections represented a huge part of hepatitis C burden in
the past via contaminated blood and unsafe injections
and continue to be a serious problem of public health.
The present review proposes a panorama of health
care-associated HCV infections via the three mode of
contamination that have been identified: (1) infected
patient to non-infected patient; (2) infected patient to
non-infected health care worker; and (3) infected HCW
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to non-infected patient.
Pozzetto B, Memmi M, Garraud O, Roblin X, Berthelot P. Health
care-associated hepatitis C virus infection. World J Gastroenterol
2014; 20(46): 17265-17278 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i46/17265.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i46.17265

INTRODUCTION
With approximately 123 millions of people infected
worldwide[1], hepatitis C infection is a major public health
threat. Since its discovery in 1989[2], the hepatitis C virus
(HCV) has been shown to be responsible for a chronic
infection in up to 80% of infected people, with a possible
evolution to major complications including cirrhosis and
primary hepatocellular carcinoma. It has been evaluated
that hepatitis C was involved in 27% of cirrhosis and
25% of hepatocellular carcinoma worldwide[3]. According
to the geographic area, 10% to 90% of liver transplants
are due to complicated chronic hepatitis C[4].
HCV is an RNA mono-stranded enveloped virus
belonging to the Flavivirus family. Eleven genotypes are
currently recognized with many subtypes within a same
genotype. The infidelity of the HCV RNA-dependent
RNA polymerase is mainly responsible for the huge variability of the viral genome, leading to the constitution of
a quasi-species in chronically infected subjects.
This variability together with a poor understanding of
the pathophysiology of chronic HCV infection explains
the present inability at developing an effective prophylactic vaccine[5]. However, different therapeutic strategies
have been elaborated since 20 years for curing HCV infection with the hope of eradicating definitively the infection when the treatment is initiated before the installation
of severe liver lesions. Actually, the more recent antiviral
drugs have been shown to be able to cure HCV infection
in almost all the patients, even in case of infection with
strains of genotype 1, the more resistant ones to conventional interferon-ribavirin treatment (for a review, see[6]).
Besides a few side effects, the major difficulty with these
new treatments remains their high cost, which prevents
implementation to a large number of infected patients,
notably in resource-limited areas.
From an epidemiological point of view, medical care
exposing to HCV-infected blood may represent an opportunity for acquiring HCV infection. The aim of this
review is to summarize the conditions that could lead to
the transmission of HCV in various medical settings. After a few considerations on the place of care-associated
hepatitis C in the global epidemiology of HCV, three
situations will be considered: (1) transmission of HCV
from infected patients to non-infected patients; (2) transmission of HCV from infected patients to health care
workers (HCWs); and (3) transmission of HCV from infected HCWs to non-infected patients. Keeping in mind
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the primum non nocere principle that must drive the medical practice, the last part of the review will discuss a few
research directions that need to be explored in order to
reduce the risk of HCV transmission in care settings.

PLACE OF CARE-ASSOCIATED
HEPATITIS C IN THE GLOBAL
EPIDEMIOLOGY OF HCV
The prevention of HCV infection is mediated for a large
part by an excellent knowledge of HCV epidemiology.
HCV is a model of blood-borne transmitted agent. Although present in various biological fluids, its transmission is mainly mediated by blood and by other fluids
contaminated with blood. By opposition to hepatitis B
virus (HBV) or human immunodeficiency virus (HIV),
for which mucosal exposition plays a major role, HCV
is usually transmitted via blood in which viral load may
be very high. This observation explains the impressive
historical epidemic of HCV infections that occurred via
blood products in transfused patients when no specific
screening test was available for identifying infected donors. It also makes understandable why intravenous drug
users (IDU) are presently the main target population for
HCV infection in many parts of the world. By contrast,
sexual intercourse is not an efficient way for transmitting
HCV, except in subjects with very high-risk sexual practices[7,8]. In addition to drug injection or nasal sniffing, all
the situations exposing to contaminated blood may lead
to HCV infection, including tattooing[9], piercing[10], use
of razors[11] and manicure devices[12].
Historically, medical cares have played an important
role in the transmission of HCV infection. In addition to
the transfusion of blood products, a number of situations
involving medical cares, which are summarized in Figure 1,
have been implicated in the dissemination of HCV. The
medical cares may occur within hospitals or clinics (i.e.,
hemodialysis units, surgery departments, transplantation
wards…), in dispensaries or physician’s office, or at patient’s home (i.e., via the use of contaminated syringes or
needles). In addition to patients, HCWs may be involved
either as victims (notably in case of accidental exposition to blood from infected patients) or, more rarely, as
the source of infection when they are already infected
by HCV (Figure 1). All these situations will be reviewed
briefly in the next paragraphs.
Interestingly, the place of medical cares in the global
epidemiology of hepatitis C varies greatly according to
the geographical localization. Table 1, which was built
mainly on the data recorded in two recent epidemiological review papers[13,14], illustrates the different at-risk situations that were involved in the occurrence of hepatitis C
in selected countries exhibiting a prevalence rate of HCV
infection ranging from 14.9% (Egypt) to 0.4% (Germany)
of the whole population. As previously reported[16], three
epidemiological patterns can be identified according to
the age of infected patients: (1) highest peak of preva-
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Figure 1 Schematic representation of the different modes of hepatitis C virus transmission in health care settings. The size of the arrows is proportional to
the importance of the risk. A red border symbolizes hepatitis C virus (HCV) infection.

lence in middle-aged people (30-49 years) as observed in
United States, Australia and several countries of Western
Europe; (2) highest peak of prevalence in older adults
as observed in Italy or Japan; and (3) high prevalence of
infection in all age groups as observed in Egypt. Most of
the care-associated HCV infections are linked to the two
latter patterns whereas the first pattern is mostly related
to IDU practices.
Two clinical features of HCV infection are responsible for the difficulty at establishing a precise relationship
between hepatitis C and a definite mode of contamination. The first one is related to the fact that acute HCV
infection is asymptomatic in a large majority of subjects.
The second one is the long time - usually several decades
- that separates the beginning of chronic infection (which
represents 70% to 80% of HCV infections) from the
occurrence of symptomatic hepatitis. These two clinical
features explain why the discovery of HCV seropositive status occurs usually at the occasion of a systematic
screening or at the stage of clinical complications, and
why it may be very difficult to identify precisely the risk
factor that was responsible for the initial contamination.
Most of the risk factors identified in Table 1 have been
assessed on large epidemiological studies comparing infected and non-infected subjects after multivariate analyses. When the identification of HCV seropositivity is not
too old, notably in the case of care-associated outbreaks
of small size, the use of molecular tools for demonstrating the genomic proximity between different HCV strains
is very useful (reviewed in[17]).

WJG|www.wjgnet.com

TRANSMISSION FROM INFECTED
PATIENTS TO NON-INFECTED PATIENTS
Administration of blood products
As shown in Table 1, the administration of blood products, mainly labile but also stable ones, appears as a major
risk factor for acquiring HCV infection in many parts
of the world. In developed countries, this assessment
is true for past infections contracted before the nineties when no specific test was available for screening the
status of donors towards this agent. With the systematic
implementation of HCV serology in blood donors in a
great number of world areas together with the detection
of HCV RNA by nucleic acid testing in several wealthy
countries, the risk of acquiring HCV via blood products
decreased dramatically. When both measures are associated, this risk becomes negligible, close to 0.1 per million of blood supplies[18]. In resource-limited countries,
the situation is more alarming: according to the WHO
database on blood safety[19], 39 countries performed no
routine screening of HCV in blood products in 2012 and
47% of donations were tested in settings without quality
insurance. These figures show clearly that the eradication
of HCV transmission by blood supplies depends mainly
on the quality of the screening of both donors and products, which is still out of range for several developing
countries due to financial constraints.
Transmission of HCV in hemodialysis units
The prevalence of HCV infection is historically high in

17267

December 14, 2014|Volume 20|Issue 46|

Pozzetto B et al . Health care-associated HCV infection
Table 1 Distribution of main risk factors and hepatitis C virus genotypes in different countries worldwide (inspired from
Country

Prevalence rate of HCV
infection

Egypt

14.90%

Italy

5.20%

Pakistan

4.70%

Taiwan

4.40%

Romania

3.50%

Thailand

2.80%

Spain

2.64%

Vietnam

2%-2.9%

Russia

2%-2.5%

Israel

1.96%

Poland

1.90%

Czech
Republic

1.5%-2%

Switzerland

1.25%-1.75%

Portugal

1.50%

China

1%-1.9%

Greece

1%-1.9%

India

1%-1.9%

Japan

1%-1.9%

Saudi Arabia

1%-1.9%

Syria

1%-1.9%

Brazil

1.40%
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Risk factors (≥ 10%)
1

[13-15]

Most frequent (≥ 10%)
genotype(s) (%)

Three top (or less)

Level of confidence

Parenteral injections with multiuse syringe for
schistosomiasis
Blood transfusion
Needle reuse
Parenteral injections with multiuse syringe for popular
therapies
Blood transfusion
IDU
Syringe/needle reuse
Surgery/dental work
Blood transfusion
Medical injection
Blood transfusion
Acupuncture
Dental work
Surgery
Blood transfusion
IDU
Tattooing
Blood transfusion
Surgery/dental work
Syringe reuse
IDU
Blood transfusion
IDU
Tattooing
Blood transfusion
IDU
Acupuncture/tattooing
Blood transfusion
IDU
Blood transfusion
Healthcare-related occupational exposure
IDU
IDU
Blood transfusion
Surgery
IDU
Healthcare-related occupational exposure
Blood transfusion
IDU
Surgery
Sexual contacts
Syringe/needle reuse
Blood transfusion
Esophageal balloon
IDU
Blood transfusion

High

4 (93)

Intermediate

1 (62)

Blood transfusion
Syringe/needle reuse
Healthcare-related occupational exposure
Blood transfusion
Syringe/needle reuse
IDU
Blood transfusion
Parenteral injections with multiuse syringe for
schistosomiasis
Tattooing
Blood transfusion
Hemodialysis
Tattooing
IDU and nasal drugs
Syringe/needle reuse
Healthcare-related occupational exposure
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)

2 (27)
High

3 (68)
1 (12)

High

1 (48)
2 (40)

Intermediate

1 (99)

Intermediate

3 (53)
1 (33)

Intermediate

1 (65)
3 (20)

Low

1 (47)
6 (47)

Intermediate

1 (56)
3 (35)

Intermediate

1 (70)
3 (20)
1 (58)
3 (31)

Low

Intermediate

1 (79)
3 (20)

High

1 (51)
3 (30)

Low

1 (52)
3 (34)

Low

1 (68)
2 (14)
6 (13)
1 (47)
3 (27)
4 (15)
3 (62)
1 (31)

Intermediate

Intermediate

Intermediate

1 (63)
2 (25)

Low

4 (74)
1 (14)

Intermediate

4 (59)
1 (29)
5 (10)
1 (65)
3 (30)

Not available
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Australia

1.30%

IDU

High

South Korea

1.30%

Intermediate

Canada

1.01%

Blood transfusion
History of endoscopy
Tattooing
IDU
Blood transfusion

Scotland

1.00%

High

Turkey

1.00%

Low

1 (97)

France

0.84%

IDU
Blood transfusion
Tattooing
Blood transfusion
Surgery
Dental work
IDU and nasal drugs

Intermediate

Norway

0.70%

IDU

High

England/
Wales
Hungary

0.60%

IDU

High

0.60%

Low

Sweden

0.59%

Surgery
Blood transfusion
Tattooing
IDU

1 (57)
3 (21)
1 (61)
3 (28)
2 (11)
1 (45)
3 (40)
1 (97)

Germany

0.40%

Intermediate

High

IDU
Blood transfusion

High

3 (31)
1 (14)
1 (50)
2 (45)
1 (60)
3 (22)
2 (15)
1 (47)
3 (47)

1 (45)
3 (34)
2 (19)
1 (62)
3 (28)

1

The level of confidence of the different risks was appreciated by the size of the sampled population with regard to that of the whole population of the
country. Risk factors related to health care are italicized. HCV: Hepatitis C virus; IDU: Intravenous drug users.

patients attending hemodialysis units. In developed countries, a significant decrease was observed in this population during the last decades: from 10.4% in 1995 to 7.8%
in 2002 in the United States[20]; from 13.5%, 42% and
20% in 1991 to 6.8%, 30% and 16% in 2000 in Belgium,
France and Italy, respectively[21]. A meta-analysis of HCV
incidence rates in hemodialysis patients showed an overall
estimation of 1.47 per 100 patient-years with extremes
ranging from 0.00 to 8.05; the country’s development
level together with initial prevalence were able to explain
68% of the observed heterogeneity[22].
Although blood transfusions may have contributed to
propagate HCV in hemodialysis patients, the discontinuation of this practice did not interrupt the emergence
of new cases. The role of nosocomial transmission of
HCV has been assessed by molecular analyses that demonstrated the genomic identity of HCV strains within
patients of the same unit[23,24]. Environmental contamination by HCV-positive blood and insufficient adherence
to hygienic measures were incriminated in such units
where the exposure to blood is omnipresent[25]. The role
of blood is also illustrated by the higher incidence of
HCV infections in patients attending hemodialysis units
than in those under peritoneal dialysis or hemodialysed at
home[26]. By contrast, neither the use of hemodialysis machines dedicated to HCV infected patients nor isolation
of these patients were shown as determinant for preventing new contaminations within the unit[26].
It is important to note that HCV infection is an
independent predictor of mortality in hemodialysis pa-
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tients[26]. This finding stresses the need to reinforce the
hygienic measures and to monitor at least annually the
markers of HCV infection in this population. For hemodialysis patients already contaminated by HCV, ribavirin
is usually contraindicated; however a treatment based on
continuous pegylated interferon could be recommended
in order to reduce the risk of progression to cirrhosis
and hepatocellular carcinoma and of HCV transmission
to HCWs or other patients[27,28].
Unsafe therapeutic injections and reuse of contaminated
material
Unsafe therapeutic injections have been one of the most
common ways to acquire HCV infection in the past and
continue to be responsible for a large amount of nosocomial HCV contamination, both in developed and developing countries.
During the 20th century, unsafe injections using contaminated syringes or needles were responsible for large
epidemics that explain the high prevalence of HCV infections in Egypt[29] (spread of genotype 4 following injections with contaminated glass syringes used in nationwide
campaigns for the treatment of schistosomiasis), some
regions of India[30] (injections with contaminated syringes
used notably to treat kala-azar) or rural areas of central
and southern Italy[31-33] (parenteral injections of vitamins
or nutrients with multi-use syringes) (Table 1). These
practices were frequently related to traditional medicine.
HCV contamination related to acupuncture[34-36] proceeds
of the same ignorance of the infectious risk attached to
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Unsafe injection practices and disease transmission
Reuse of syringes combined with the use of single-dose vials for multiple patients undergoing anesthesia can transmit infectious diseases. The syringe
does not have to be used on multiple patients for this to occur.
Same vial
(now tainted)

HCV

New vial

Clean needle
HCV

HCV infected
patient

HCV

Clean syringe

New needle

Same syringe

Clean needle

New needle
Dirty
needle

1. A clean syringe and needle 2. It is then administered to a patient who
are used to draw the sedative has been previously infected with HCV.
from a new vial
Backflow into the syringe contaminates the
syringe with HCV

3. The needle is replaced, but the syringe
is reused to draw additional sedative
from the same vial for the same patient,
contaminating the vial with HCV

4. A clean needle and syringe
are used for a second patient,
but the contaminated vial is
reused. Subsequent patients
are now at risk for infection

Figure 2 Example of mechanism of hepatitis C virus transmission via unsafe injection practices (borrowed from[44]). HCV: Hepatitis C virus.

blood.
An atypic situation combining different mechanisms
of transmission is that described in a very restricted rural
area of the center of France where a cluster of more
than 130 HCV infections of genotype 5 (a genotype
presently limited to South Africa) was detected. Epidemiological and phylogenetic analyses demonstrated that
there was a strong statistical link between infection by
this rare genotype and living in this rural area[37,38]. It was
hypothesized that the outbreak spread first by the mean
of injections, and maybe other treatments, performed
before 1972 by a single physician (whose HCV status
remains unknown), and then by transfusion to the other
parts of the district in the 1970s and 1980s. This observation illustrates the complexity of the epidemiology of
care-associated HCV infections.
More recently, similar unsafe practices were identified in nonhospital health care settings from developed
countries. Following an outbreak of HCV infections in
patients attending an endoscopy clinic in Nevada, United
States, in 2007, 8 other clusters of HCV infections were
identified retrospectively in different American settings
(private physician office, pain remediation clinics, hematology and oncology clinic, nuclear imaging, chelation
therapy, alternative medicine clinic, multiple endoscopy
and ambulatory clinic, anesthesiologist office, hemodialysis centers)[39]. Between 1998 and 2008, a total of
275 patients were found infected by unsafe injection
practices involving reuse of syringes, medication vials
(notably anesthetics) or saline bags[40]. Similar outbreaks
were reported in France[41,42]. Another recent case report
involving unsafe injection practices concerned a patient
contaminated by HCV during myocardial perfusion imaging[43]. One of the mechanisms by which HCV can be
transmitted via single-dose vials used for multiple patients
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is described in details in Figure 2. Due to the absence of
symptoms in the vast majority of HCV infections, it can
be assessed that these detected outbreaks must be the tip
of a much larger problem, especially in areas exhibiting a
high prevalence of HCV infection.
Other situations
Anecdotal reports of HCV infection were documented in
patients having experienced contaminated devices including multi-use finger-sticks for self-monitoring of capillary
blood glucose[45,46], intravenous administration devices[47]
and transrectal prostate biopsy using an echography
probe[48]. Failure in hygienic measures was the probable
cause of these transmissions. In other situations involving gynecological procedures[49,50], pharmacologic studies[51,52] and administration of oncologic treatments[53-56],
the mechanism of contamination remained unsolved.
It was postulated that virus aerosolization might have
been responsible for HCV transmission in some of these
cases, although the use of contaminated multidose vials
could not be ruled out.
Endoscopic practices were frequently suspected
to transmit blood-borne pathogens and notably HCV,
especially since the description of two HCV contaminations having occurred after retrograde cholangiography[57]
and colonoscopy associated to an intestinal biopsy[58]
in French settings. Other acute HCV infections were
reported in American endoscopy clinics[39,59]. However,
except these few cases, the risk of transmitting HCV via
digestive endoscopy is very low, estimated to less than 1
case per million of endoscopy acts, considering the very
high number of endoscopic investigations performed
annually worldwide[60]. Moreover, when some cases were
examined retrospectively, unsafe injections during the
anesthetic process appeared as the more probable way of
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virus transmission[61].
Dental cares were also suspected to favor the transmission of HCV, notably via saliva that was shown to contain
small amounts of HCV genome. However, to date, no
HCV infection was reported in dentistry settings[62,63].
Finally, transplantation of organ or tissue from an
infected donor may result in an HCV infection in the
recipient. Because systematic HCV serology testing is
performed in donors, this event is very improbable.
However, the situation occurred in 2000 in Oregon,
United States: a donor who was seronegative for HCV
was sampled during the “window period” of his HCV infection (the patient was tested retrospectively positive for
HCV RNA), which led to the contamination of 8 recipients (3 organ and 5 tissue recipients)[64]. To prevent this
rare event, some regulatory authorities, notably in France,
require a systematic HCV RNA testing in organ/tissue
donors.

of a large volume of contaminated blood, elevated viral
load in the source patient, surgery and obstetric acts, use
of suture needles (especially when they are manipulated
without visibility within the operating theatre), surgeries longer than 6 h, and surgical field crowded by many
personnel. Among HCWs, nurses and physicians are the
most exposed. Almost two-thirds of reported exposures
occur with devices having no safety features; in a large
proportion of incidents involving safety devices, the
safety feature is not activated or the injury occurs before
the safety component is activated[71].
In sum, most if not all exposures to needle-stick
injury could be preventable at the condition that safety
procedures are correctly respected and adequate safety
materials are used. The observance of Standard Precautions by HCWs is particularly important for preventing
HCV infection because no preventive vaccine is available
for this agent.

TRANSMISSION FROM INFECTED

TRANSMISSION FROM INFECTED

PATIENTS TO HEALTH CARE WORKERS

HEALTH CARE WORKERS TO
NON-INFECTED PATIENTS

Due to the high prevalence of HCV persistent infection
in hospitalized patients (much higher than in the general
population), the probability of HCWs to be exposed to
HCV-positive blood is elevated.
As a whole, the prevalence of HCV infection in
HCWs is not significantly different from that of the
general population; however, the prevalence criterion is
not a good one since it does not take into account the
frequency of exposition that varies greatly according to
the type of care that are provided. Longitudinal studies
of exposed HCWs are more prone to define the risk of
being infected. In a meta-analysis from 26 longitudinal
studies performed between 1991 and 2002, Henderson
recorded a total of 2357 exposures for 44 HCV infections, which resulted in a percentage of contamination of
1.9[10]. This author concludes: “a reasonable estimate… is
that between 1% and 2% of those who are exposed develop markers of infection. This estimate places the occupational HCV risk directly between the risks for occupational HBV and HIV infections, approximately 10-fold
less than the HBV risk, and approximately 10-fold higher
than the HIV risk.” (Henderson). It was recently signified that some primary HCV infections acquired through
percutaneous exposure are characterized by a shortened
duration of incubation (9 d to 2 wk instead of 2 mo in
average)[65].
From an epidemiological point of view, the more atrisk situation is the exposition to a needle-stick injury
containing blood from an infected patient, although
mucosal exposure to a splash of blood resulted in HCV
contamination in at least two instances[66,67]. Anecdotal
cases of contamination of HCWs by a punch[68] or after
human bite[69,70] were also reported. Concerning needlestick injuries, the following factors were associated to
a higher risk of HCV infection (reviewed in[71]): needle
stick with a hollow-bore, deep puncture with injection
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The first cases of transmission of HCV from infected
HCWs to non-infected patients were recognized as soon
as 1991. After the generalization of hepatitis B vaccination in HCWs[72,73], HCV has become the more prevalent
blood-borne viral agent at risk to be transmitted occupationally by HCWs. Between 1991 and 2005, 20 HCWs
were signified to have transmitted HCV to approximately
400 patients (Table 2). The subject has been reviewed
several times during the past 10 years[10,96-99]. Schematically,
two kinds of situations may be identified from the cases
reported in Table 2. The first group of HCV transmission occurred from surgeons performing exposure-prone
procedures (EPPs), with a majority of cardiothoracic specialists and gynecologist-obstetricians. The second group
is represented by anesthesiologists or HCWs attending
surgery wards who transmitted HCV following a poor
respect of hygienic measures and notably of the non-use
of gloves during invasive procedures; a number of these
providers were shown to consume illicit drugs, leading to
the use of patients’ medications for their own use and to
the direct contamination of a large number of patients
via needle sharing (Table 2).
These situations, although relatively infrequent, are
of great concern since they pose the question of the permissibility for HCV-infected HCWs to perform EPPs. A
classification of the risks attached to invasive procedures
has been proposed in 2005[100]; this paper proposes a list
of EPPs that could be subject to some limitations for
HCWs chronically-infected by blood-borne pathogens.
Despite the diversity of recommendations worldwide,
there is a consensus for proposing a systematic testing
of medical students at the beginning of their studies, of
juniors when they opt for at-risk occupation carrier and
of HCWs after each blood occupational exposure[98].

17271

December 14, 2014|Volume 20|Issue 46|

Pozzetto B et al . Health care-associated HCV infection
Table 2 Cases of transmission of hepatitis C virus from health care workers to patients reported in the literature between 1991
and 2005
Year of
identification of
the index case
1991

1992-1994
1994
1996

Country

Occupation of HCW

Infected patients (n )

Infected
(in case of lookback study)

Risk factor(s) identified

Ref.

United States

Technician of an
ambulatory surgical
center
Cardiothoracic surgeon
Cardiothoracic surgeon
Anesthesiologist

Approximately 40

NA

IDU

[74]

5
1
1

2.25%
0.36%
0.28%

1

NA

5

NA

Spain
United Kingdom
United States

1996

France

1998

Germany

Not precised for
confidentiality reasons
Anesthesiologist assistant

1998

Spain

Anesthesiologist

1999
1999
1999
2000
2000

United Kingdom
United Kingdom
United Kingdom
Germany
Germany

217 to 275 over a 10-yr
period
Gynecologist-obstetrician 8 over a 20-yr period
General surgeon
4
General surgeon
2
Orthopedic surgeon
1
Gynecologist-obstetrician 1 over a 7-yr period

0.18%
0.29%
0.27%
0.48%
0.04%

2000
2001
2001

United States
United Kingdom
Germany

Cardiothoracic surgeon 14 over a 10-yr period
Gynecologist-obstetrician
1
Anesthesiologist
3

1.49%
NA
NA

2003
2004
2005
2005
Not specified

Israel
United States
United Kingdom
United Kingdom
United Kingdom

Anesthesiologist
Nurse anesthetist
Gynecologist-obstetrician
Gynecologist-obstetrician
Anesthesiologist

33
15
1
1
1

NA

NA
NA
NA
NA
NA

EPPs (cardiac valve replacement)
[75]
EPPs
[76]
Probable IDU
[77]
Contaminated by another patient
EPPs (coronary artery replacement
[78]
surgery)
Contaminated by another patient via
[79]
an unprotected wound on hand
Failure to use standard precautions
(notably lack of gloving)
IDU
[80,81]
EPPs
NA
NA
EPPs
EPPs
Failure to use standard precautions
EPPs
EPPs
Failure to use standard precautions
(notably lack of gloving)
IDU
IDU
EPPs
EPPs
None

[82-84]
[84]
[85]
[86]
[87]
[88]
[89]
[90]
[91]
[92]
[93]
[93,94]
[95]

NA: Not available; IDU: Intravenous drug user; EPPs: Exposure-prone procedures; HCW: Health care worker.

French recommendations were recently actualized in that
sense[101]. The use of serological testing is sufficient for
achieving that goal[98]. The management of HCWs exhibiting HCV chronic infection will be debated in the next
section.

PREVENTION AND SURVEILLANCE OF
CARE-ASSOCIATED HCV INFECTION
AND FUTURE RESEARCH DIRECTIONS
Identification of patients with hepatitis C
Hepatitis C is a hidden disease. Most of acute HCV
infections are asymptomatic and the chronic phase of
hepatitis C is usually asymptomatic too, at least until the
occurrence of complications linked to irreversible liver
damages. It is important to keep in mind this observation in order to be very large with indications of HCV
serology both in patients who can have been exposed to
contaminating cares and in HCWs performing EPPs. The
occurrence of a symptomatic acute hepatitis C is helpful
for recognizing rapidly the contaminating episode and
identifying retrospectively other patients exposed to the
same risk but having developed an asymptomatic primary
infection.
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It is not recommended to screen systematically the
patients that are submitted to at-risk cares with the aim
of grouping all the HCV-infected patients at the end of
the care episode; this strategy is not cost-effective and
could contribute to reduce the vigilance of HCWs when
non at-risk patients are cured. In addition, the HCVnegative patients can be at the phase of silent window
during HCV primary infection or harbor other infectious
agents. The strict respect of Standard Precautions is sufficient for preventing the transmission of blood-borne
pathogens (see below).
By contrast, the systematic screening of HCWs involved in EPPs is highly encouraged. A serological testing performed annually seems reasonable in the absence
of blood-exposure incident[98].
Strict respect of Standard Precautions
Standard Precautions were first proposed in the 1980s by
the Centers for Disease Control and Prevention under
the name of universal precautions to combat infection
by blood-borne viruses, and notably HIV, in HCWs[102].
They include a series of measures aimed at preventing
the contamination by potential pathogens of patients
and HCWs when they are exposed to blood and other
biological fluids. They consists in hand hygiene, use of
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barrier precautions (gloves, masks, gowns…) and limited
manipulation of sharp instruments that must be disposed
in adapted containers. Another important aspect of Standard Precautions is the adoption of work practices that
were shown to reduce the risk of exposure (“no touch”
surgical techniques, limitation of the number of HCWs
in the operating theatre and in the emergency wards
when at-risk cares are performed, reduction of useless
injection practices…)[103].
The strict adherence to Standard Precautions is necessary and sufficient to avoid all the blood-borne infections,
including hepatitis C, in patients and HCWs. Convincing HCWs of this evidence is a major goal of hygiene
education: considerable efforts must be dedicated to the
achievement of this objective in both initial and continuous training. Audits need to be conducted regularly for
checking that all the providers correctly apply Standard
Precautions.
Methods of disinfection and sterilization
Erasing HCV from hospital environment is essential
for preventing its spread to patients[25]. As an enveloped
virus, HCV is fragile outside the human body and sensitive to most of the antiseptics and disinfectants, including hydro-alcoholic solutions used for hand disinfection.
However, in plasma, it can survive drying and environmental exposure to room temperature for at least 16 h[104];
it is why hypochlorite solution should be used as surface
disinfectant for blood contaminated spills. Peracetic acid
recommended for the disinfection of reusable not sterilisable medical devices such as endoscopes is highly active
on HCV. The virus is inactivated by pasteurization (60 ℃,
10 min) and stream sterilization.
Safe injection practices
The knowledge of safe injection practices is another essential aim of training programs. They include notably
the use of sterile, single-use, disposable needles and syringes for each injection and the use of single-dose vials
conditioned under adapted volume for a single patient
(if multiple-dose vials are used, they must be used for a
single patient) (see[88] for a complete list of the current
recommendations). The strict adherence to these recommendations would have been able to prevent most of the
patient-to-patient transmission of HCV listed earlier in
this review, both inside and outside the hospital, including in hemodialysis units and in endoscopy settings.
In order to protect HCWs performing injections or
blood sampling from sharp injury, the use of engineered
safety devices is also strongly recommended. Two kinds
of devices are currently available: some of them need to
be activated by the provider after use whereas others are
activated automatically (self-retraction of the needle for
instance)[71,103].
Preventive measures specific to blood products, tissue
and grafts
The quasi-abolishment of HCV transmission by blood
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products has been achieved by the combination of different measures, in the places where they were implemented,
including the clinical selection of donors and the systematic screening of donors’ blood by specific serological
and molecular testing. The same screening must be done
for tissue and transplants; for the latter, there is an urgent
need for developing individual rapid molecular tests that
could be performed in emergency in parallel to serological tests.
Measures to prevent HCV infection in HCW after an
exposure
Written protocols must be available in each care setting
for the management of occupational exposure to blood
and other body fluids. They must include an immediate
disinfection of the wound with adequate products, the
rapid screening of the source patient (when identified
and with his/her authorization) for HIV, HBV and HCV,
and a rapid counseling of the victim together with a
reporting to the Occupational medicine department. In
case of exposure to a patient infected by HCV, no urgent
treatment is required but a biological follow-up including
HCV-specific tests and alanine aminotransferase activity
is indicated for identifying a possible primary infection.
The frequency of testing may vary from a protocol to
another but the usual recommendations includes day 0,
month 1, month 3 and month 6. Because HCV RNA is
elevated several weeks prior to HCV antibodies in the
window period, molecular testing must be preferred to
serology. A recent paper performed in HIV seropositive
patients showed that the detection of HCV core antigen
was almost as sensitive as and less expensive than RNA
testing for the diagnosis of acute HCV infection[105].
Therapeutic attitude in case of primary HCV infection in
patients and HCWs
When a primary HCV infection is documented in a
patient or a HCW either serologically or by molecular
testing, it must be ascertained by a second testing on a
different blood sample in order to prevent a false-positive
result or a mistake in the specimen identification. Then,
two attitudes may be proposed; either a specific treatment
is initiated immediately, consisting usually in pegylated
interferon for 12-24 wk, or the treatment is delayed for a
few wk in the eventuality of a spontaneous clearance of
HCV infection (which occurs in approximately one quarter of the patients). By now, it is difficult to define which
the best strategy is: the first one is more prone to cure
the infection definitively but the second one avoids a useless treatment and its side effects in a proportion of cases[10,106]. A recent paper suggested that patients with acute
infection without jaundice or belonging to the IL28B
CT/TT genotype have less chance to control the infection; these patients would be good candidates to an immediate treatment[107]. Globally, acute hepatitis C can be
cured in more than 95%, whatever the genotype[106,108,109].
The new antiviral drugs that act directly on HCV (directly active antivirals or DAAs), notably those directed
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Table 3 Main preventive measures aimed at blocking the transmission of hepatitis C virus in health care settings according to the
situations schematized in Figure 1
Prevention of patient to patient
HCV transmission

Prevention of patient to HCW
HCV transmission

Prevention of HCW to patient
HCV transmission

X
X

X
X
X

X
X
X

Standard Precautions
Work practice controls
Engineered safety devices for injections
Use of single-use devices for injections
Biological screening of blood products,
tissue and grafts
Restriction of activity of infected providers
Antiviral treatment of infected providers

X
X
X
X

HCV: Hepatitis C virus; HCW: Health care worker.

against the viral polymerase, have not been investigated
yet for the treatment of acute HCV infection[106]. Their
high cost is still prohibitive for competing pegylated interferon. In a near future, at least in developed countries,
they will constitute a true alternative to interferon therapy, with better efficacy whatever the genotype, shortened
administration and fewer side effects; biotherapies could
be needed in order to circumvent the problem of viral
resistance[110].
Management of HCWs infected by HCV
It has been recalled previously that a screening of HCWs
for HCV (together with other blood-borne viruses and
immunization to HBV) must be done at the beginning of
the initial formation. Similarly, those HCWs involved in
EPPs must be checked regularly (at least once a year) for
HCV status. When such a provider is detected positive
(with an active HCV infection), there is no common recommendation in the international community (reviewed
in[99]): some countries as United Kingdom discard the
HCW from at-risk procedures whereas others propose
no formal attitude. The main difficulty is to combine two
antagonistic exigencies: confidentiality for the HCW and
protection of his/her patients. The attitude that has been
recently adopted in France[101] consists in referring the
HCW to a specialized commission that should appreciate
the risk according to the data available in the medical file
and offer a tailored counseling to the HCW. If the risk of
contaminating patients is judged significant, a suspension
of the occupational functions is recommended together
with the initiation of a specific antiviral treatment. If this
treatment is found able to cure the HCV infection, the
provider can reintegrate his/her previous activities. In
the opposite case or if the HCW denies the treatment, a
reorientation of the HCW’s occupations is required. With
the availability of new very potent antiviral treatments
(DAAs)[6,111], it is hoped that this dilemma will become
easier to solve.
Hope for an HCV preventive vaccine?
More than 25 years after the discovery of HCV, searchers
failed to set up an effective preventive vaccine against this
agent despite huge efforts to reach this goal (for a recent
review see[5]). Despite the rapid development of DAAs
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that are theoretically able to make possible the global
eradication of HCV, their very high cost may constitute a
strong restraint to the rapid completion of this objective,
especially in resource-limited countries. Given this fact,
there is still an urgent need for an HCV preventive vaccine, especially in intravenous drug users and HCWs that
would be the two main targeted populations for HCV
immunization.
However, the obstacles to the development of an
HCV vaccine are numerous: (1) the variability of HCV
is huge, with multiple types and subtypes together with
the rapid emergence of a quasi-species in chronically-infected subjects; (2) the natural HCV infection is not fully
protective against a re-exposure to the virus; (3) despite
efforts to understand the respective role of neutralizing
antibodies against envelop glycoproteins E1 and E2 and
specific cytotoxic cellular immunity, there are no clear
correlates of protective immunity against HCV; and (4)
animal models able to experiment candidate vaccines are
limited (Table 3).
Given the ability of HCV to generate a persisting
infection, it was not possible to consider traditional approaches relying on attenuated or inactivated whole viruses. Consequently, two main pathways were underwent
with the goal of eliciting either neutralizing antibodies
against surface proteins or specific T-cell immunity, by
using recombinant vectors having incorporated envelop
glycoproteins or non-structural proteins. Few candidate
vaccines against HCV are currently in experimentation in
phase Ⅰ/Ⅱ trials in humans.
Altogether, the development of an effective HCV
vaccine is much more difficult than expected and the
availability of a pan-genotypic protective vaccine is not
expected before many years. The arrival of DAAs that
are revolutionizing the current treatment of HCV infection may be an additional challenge to the research for
an HCV vaccine, although the two approaches are more
rather complementary than competitive.

CONCLUSION
The reservoir of HCV is mainly human and the new antiviral treatments are able to cure HCV chronic infection
in 80%-100% of the cases. In this context and despite

17274

December 14, 2014|Volume 20|Issue 46|

Pozzetto B et al . Health care-associated HCV infection

the uncertainties related to the development of a HCV
vaccine recalled above, it is reasonable to predict that
HCV infection could be eradicated in the next decades.
To reach this goal, it is important to stop the viral transmission, notably in the field of care-associated infections
that are the object of the present review. In the past,
many people have been contaminated via blood products
and unsafe injections because the risk was unknown, the
virus was unidentified and the hygienic practices were not
well established. Before the era of HIV/AIDS, blood was
considered as a safe matrix and blood-borne pathogens
were not identified as serious health care problems. In
the 1980s, the introduction of the concept of Standard
Precautions initiated a new prevention paradigm. However, the way from mind to behavior changes is long and
there is still a lot of work to be done for implementing
good practices in all the fields of cares, as recently illustrated by the identification of clusters of care-associated
HCV infections in one of the most advanced countries
of the world in terms of quality of cares[39,40]. In the light
of these considerations, it is important to intensify the
efforts of information and training towards the HCWs
regarding the risks attached to blood and blood-borne
infections. Technical problems are almost under control
with the availability of single-use materials and engineered safety devices; virological tools are performing
for the identification and follow-up of acute and chronic
HCV infections and antiviral treatments are more and
more potent for curing definitely and rapidly infected
people. Despite the absence of a prophylactic vaccine,
most of the conditions are met for controlling the HCV
risk in health care settings. With the conviction that
where there is will there is a way, this goal can and must
be achieved in the next years.
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Abstract
Rectal cancer accounts for a relevant part of colorectal
cancer cases, with a mortality of 4-10/100000 per year.
The development of locoregional recurrences and the
occurrence of distant metastases both influences the
prognosis of these patients. In the last two decades,
new multimodality strategies have improved the prognosis of locally advanced rectal cancer with a significant
reduction of local relapse and an increase in terms of
overall survival. Radical surgery still remains the principal curative treatment and the introduction of total mesorectal excision has significantly achieved a reduction
in terms of local recurrence rates. The employment of
neoadjuvant treatment, delivered before surgery, also
achieved an improved local control and an increased
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sphincter preservation rate in low-lying tumors, with an
acceptable acute and late toxicity. This review describes
the multidisciplinary management of rectal cancer, focusing on the effectiveness of neoadjuvant chemoradiotherapy and of post-operative adjuvant chemotherapy
both in the standard combined modality treatment
programs and in the ongoing research to improve these
regimens.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Locally advanced rectal cancer; Neo-adjuvant treatment; Radio-chemotherapy; Surgery; Adjuvant treatment; Target drugs
Core tip: In the last three decades, multidisciplinary
treatments have significantly reduced both local and
distant recurrences due to locally advanced rectal cancer, with a consensual increase in overall survival. Even
if surgery still remains the mainstay of treatment, for
patients with stage Ⅱ or Ⅲ rectal cancer, available data
support the use of neo-adjuvant chemoradiotherapy
followed by radical resection. In the neo-adjuvant setting, novel biologic agents targeting aberrant pathways
in rectal carcinogenesis are currently under study. This
review describes the multidisciplinary management of
rectal cancer, focusing on evidences supporting this approach and on the ongoing research to improve these
regimens.
Berardi R, Maccaroni E, Onofri A, Morgese F, Torniai M, Tiberi
M, Ferrini C, Cascinu S. Locally advanced rectal cancer: The importance of a multidisciplinary approach. World J Gastroenterol
2014; 20(46): 17279-17287 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i46/17279.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i46.17279
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INTRODUCTION
Rectal cancer accounts for nearly a third of colorectal cancer cases and the mortality with a mortality of
4-10/100000 per year[1].
In the last twenty years, new multimodality strategies
have been introduced in order to reduce both local and
distant risk of recurrences.
As reported in the ESMO 2013 guidelines, from a
practical point of view, rectal cancers could be divided
into four groups, that can be also used for categorising
rectal cancers clinical subgroups: (1) very early (some
cT1); (2) early (cT1-2, some cT3), or “good”; (3) intermediate (cT3- some cT4a), or “bad”; and (4) locally advanced (cT3crm +, some cT4a, all cT4b), or “ugly”.
Factors other than clinical T stage, such as tumour
height, anterior location, proximity of the tumour or
lymph node growths to the mesorectal fascia, size of the
mesorectum, cN stage and vascular and nerve invasion
are also relevant. It is presently not possible to give a
precise definition of which T and N substages belong to
these groups.
In recent studies, the term locally advanced (LARC)
has been commonly used for the intermediate/bad group,
but is best reserved for the truly locally advanced/ugly
tumours as used in the most recent European consensus
documents[2-5].
Multidisciplinary treatments have reduced local recurrences due to LARC from 40 to < 10% with an increase
in overall survival (OS) from 50% to 75% in the last 40
years[6]. High-quality surgery still remains cornerstone
of the treatment in patients with rectal cancer, and the
introduction of total mesorectal excision (TME) has
revolutionised the oncologic outcomes of patients with
resectable rectal cancer, leading to significantly lower local recurrence rates at 10-year follow-up[7,8].
In order to improve the outcome, pre- and post-operative combined therapy (radiotherapy +/- chemotherapy)
has been used.
Due to a favourable acute and long-term toxicity
profile combined with a significant decrease in local failure, neo-adjuvant combined chemo-radiotherapy is now
widely used in standard clinical practice for LARC[9,10].
This review describes the multidisciplinary management of rectal cancer, focusing on the effectiveness of
neoadjuvant chemoradiotherapy (CRT) and of postoperative adjuvant chemotherapy both in the standard
combined modality treatment programs and in the ongoing research to improve these regimens.

operative, chemotherapy, radiotherapy, chemoradiation,
combined treatment, locally advanced”.
Full articles were obtained and reviewed, and all the
included references and related articles were checked for
additional appropriate references.
If results were reported or updated in more than one
publication, only the most recent one was considered.

LARC: WHAT IS THE ENTITY OF THE
PROBLEM?
The occurrence of a locoregional relapse and the development of distant metastases substantially influences the
overall prognosis of rectal cancer. The extent of tumour
invasion into peri-rectal fat as well as other anatomic and
biologic determinants like lymphatic, vascular or neural
invasion, tumour differentiation, integrity of the radial resection margin, and location of the tumour in the upper,
middle or lower part of the rectum can have an impact
on the risk for local recurrences[11].
An accurate American Joint Committee on Cancer
TNM (Classification of Malignant Tumours T = tumor,
N = nodes, M = metastasis) tumor staging is essential
to identify the patients who might be candidates for upfront surgery vs those who might require neo-adjuvant
therapy.
Radical surgery represents the principal curative treatment and locoregional tumour control has improved significantly after the introduction of TME, which leads to
the complete removal of the intact mesorectum including lymphatic vessels, lymph nodes, nerves, and vascular
supply. TME now represents the gold-standard surgical
procedure for rectal cancer[12].
For the last three decades, post-operative radiotherapy
+/- chemotherapy has been used widely in an attempt to
improve outcome. Post-operative CRT significantly improved both local control and OS when compared with
surgery +/- radiotherapy. This prompted a National Cancer Institute Consensus Conference in the United States
in 1990 to recommend it for patients with TNM stage Ⅱ
and Ⅲ rectal cancer as standard treatment[13].
In recent years, pre-operative neo-adjuvant CRT has
been studied more extensively. After showing less acute
and long-term toxicity along with an improved local control in a randomised study, pre-operative combined CRT
has replaced post-operative CRT as standard treatment
for LARC[9,14].

RESEARCH

MANAGEMENT OF LARC IN CLINICAL
PRACTICE: STANDARD OF CARE

We extensively reviewed the scientific literature on this
topic and studies on the multimodality treatment of
LARC have been searched in peer-review journals. We
used the MEDLINE and CancerLit databases, and the
search was restricted to English-language publications.
The search term included the terms “rectal cancer”
together with “induction, primary, neoadjuvant, pre-

At present, the clinical management of LARC is performed most effectively by a multidisciplinary team,
including GPs, gastroenterologists, medical oncologists,
radiation oncologists, radiologists, surgeons and pathologists (Table 1).
Early and accurate determination of tumour location
within the rectum and TNM stage are important because
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Table 1 Multidisciplinary team involved in the treatment of
rectal cancer

Table 2 Clinical management of rectal cancer according to
[2]
risk categories

Multidisciplinary team-Specialists

Role in the management of LARC

Risk group

Colorectal cancer screening, followup
Screening, diagnosis (colonoscopy)
Neo-adjuvant and adjuvant
treatment, follow-up, management of
toxicity
Radical surgery with TME
Preoperative (or in a few
cases post-operative) radio or
chemoradiotherapy
Staging, evaluation of response,
follow-up
Preliminary diagnosis (on biopsy
obtained during colonoscopy) and
definitive diagnosis and pathological
staging on surgical specimen

Very early
(some cT1)

General Practitioner
Gastroenterologist
Medical Oncologist

Surgeon
Radiation Oncologist

Radiologist
Pathologist

LARC: Locally advanced rectal cancer.

such information will determine the type of surgery to be
performed and the need for CRT. Endoscopic ultrasound
for the earliest tumours (cT1-T2) or rectal magnetic resonance imaging (MRI) for all others is recommended in order to select patients for pre-operative treatment. Pre- or
post-operatively complete colonoscopy is also required.
The recommended modalities of treatment for rectal
cancers are summarised in Table 2.

EVIDENCES FOR THE USE OF NEO-ADJUVANT TREATMENT IN LARC
In the last three decades several randomised studies were
performed in order to compare pre-operative radiotherapy to surgery. These studies showed a decrease in local
recurrence rates, even if only the Swedish Rectal Cancer
Trial demonstrated an advantage in OS using the shortcourse pre-operative radiotherapy vs surgery alone[15]. A
recent meta-analysis also concluded that pre-operative radiotherapy followed by surgery significantly improved local control and OS when compared with surgery alone[16].
Moreover, recent data deriving from the 12-year followup of the multicentre, randomised controlled TME trial,
which randomised patients with clinically resectable
disease (T1-3) to radical surgery with TME alone or to a
preoperative radiation regimen of 5 × 5 Gy applied immediately before TME surgery, showed that for patients
with TNM stage Ⅲ cancer with a negative circumferential resection margin, 10-year survival was 50% in the preoperative radiotherapy group vs 40% in the control-arm
receiving surgery-alone group (P = 0.032)[17].
Also the utility to add concomitant chemotherapy to
radiation in the neo-adiuvant setting has been investigated[18]. Two large randomised phase Ⅲ studies have tested
pre-operative CRT and 5-FU-based chemotherapy vs radiotherapy alone. Both studies showed that pre-operative
CRT might be the preferred option, due to the benefits
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Management

Local excision (TEM)
If poor prognostic characteristics are present, (such as
high grade, vascular invasion, etc), TME resection (or
possibly CRT) can be considered
Early
Surgery alone (TME) is sufficient, and should result in a
(cT1-2, some
few rate of local recurrences (< 3%-4% after 5 yr)
cT3), or
If poor prognostic characteristics are present, such as
“good”
circumferential margin or nodal involvement, postoperative CRT or CT can be added
Intermediate Surgery alone results in a high rates of local recurrences
(cT3- some
(> 8%-10% after 5 yr if surgery alone)
cT4a), or
Add preoperative RT (5 × 5 Gy) or CRT followed by
“bad”
TME
If cCR is obtained with CRT, wait-and-see policy may be
considered in selected cases (such as high risk patients
for surgery)
Locally
Preoperative CRT is needed to achieve high probability
advanced
of R0 surgery (TEM) and a decrease of local recurrences
(cT3crm +,
Preoperative 5 × 5 Gy RT with a delay to surgery can
some cT4a,
be considered in elderly or in patients with severe
all cT4b), or
comorbidity who cannot tolerate CRT
“ugly”
TEM: Total mesorectal excision; CRT: Chemoradiotherapy; cCR: Clinical
complete response; CT: Computed tomography.

on conservative surgery and to the bad compliance to
post-operative treatment. Also a significant reduction of
local recurrence rate after combined CRT was observed,
even if it was not translated into an improvement in disease free survival (DFS) and OS[19,20].
Similar results derived from the randomised EORTC
Radiotherapy Group Trial 22921 by Bosset et al[21] in patients with LARC who received preoperative radiotherapy, the addiction of fluorouracil-based chemotherapy
preoperatively or postoperatively had no significant effect
on survival. However, 5-FU chemotherapy, regardless of
whether it was administered before or after surgery, conferred a significant benefit in terms of local control.
Unfortunately, the combined CRT showed increased
the toxicity when compared with preoperative radiation
alone. However, these side effects were predictable and
manageable allowing and not impairing the delivery of
full radiotherapy doses.
These findings have been confirmed by a recent Cochrane meta-analysis based on the results of four published studies comparing pre-operative RT alone vs preoperative CRT in patients with resectable stage Ⅱ and
Ⅲ rectal cancer. The results showed that the addition of
chemotherapy to pre-operative radiotherapy significantly
increased grade Ⅲ/Ⅳ acute toxicity, while no differences
were observed in post-operative morbidity or mortality.
Compared to pre-operative RT alone, pre-operative CRT
significantly increased the rate of complete pathological response, even if this did not translate into a higher
sphincter preservation rate. The incidence of local recurrence at five years was significantly lower in the CRT
group compared to RT alone. No statistically significant
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differences were observed in 5-years DFS and OS[22].
Whether pre-operative CRT is preferable than postoperative CRT has been demostrated by the CAO/
ARO/AIO-94 trial, which showed no greater surgical
morbidity for CRT, while pre-operative combined modality had a significant decrease in local failure, acute toxicity, chronic toxicity, in addiction to a better compliance to
treatment, even if no difference in 5-year survival rates
was observed[9,23].
Given the superior overall compliance rate, the improved local control, reduced toxicity, and increased
sphincter preservation in low-lying tumours, pre-operative CRT is now the preferred treatment.
Neoadjuvant treatment: A standard of care
For patients with stage Ⅱ or Ⅲ rectal cancer (in particular with extramural infiltration and/or regional lymph
nodes involvement), available data support the use of
neo-adjuvant CRT with continuous infusion 5-FU, followed by radical resection[9].
Given the superior overall compliance rate, the improved local control, reduced toxicity, and increased
sphincter preservation rate in low-lying tumors, pre-operative CRT is now the preferred treatment when compared
with post-operative CRT[9].
Pre-operative CRT is often preferred in patients with
resectable rectal cancer due to a significant decrease in
local failure, acute toxicity, chronic toxicity, even if no significant differences in term of OS have been observed[9,23].
There are two different approaches to pre-operative radiation therapy: an intensive short-course radiotherapy with
large fractions (5 × 5 Gy), for 1 wk followed by immediate
surgery, or 5-6 wk of conventional fractions (1.8-2.0 Gy),
combined with concurrent chemotherapy, and surgery 4-6
wk later (long-course pre-operative radiotherapy).
In clinical practice, in larger tumours (cT3-4 and/or
N+) in which the goal is downstaging or downsizing,
full course pre-operative CRT (50.4 Gy plus concurrent
chemotherapy) is considered the standard treatment. In
patients with earlier stages of disease both the two strategies can be considered.
Patients with a cT3N0, cT4N0 and cTxN+ should be
considered for a neo-adjuvant CRT. According to most
experts, T2N0 distal rectal cancer should also be considered also for a neo-adjuvant CRT. Indeed, in patients with
low rectal cancer (0-5 cm from the anal verge) the risk
of a positive circumferential resection margin is higher
as well as the local recurrence rate. With the strategy of
pre-operative CRT or radiotherapy we probably overtreat
some cT3N0 patients because of potential over-staging,
but experts agree to take this risk as pre-operative CRT is
clearly better tolerated and results in a lower regional recurrence rate compared with post-operative radiotherapy
or CRT[2,24].
Surgical treatment and “wait-and-see policy”
High-quality surgery is the cornerstone of the treatment.
Preferably, surgery should be done by a team of expe-
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rienced surgeons collaborating with a multidisciplinary
team in high-volume centres. The main goal of surgical
treatment is to achieve clear surgical margins yielding
a curative radical resection (R0). TME has become the
standard procedure for low rectal cancers resection. It
results in higher local control and increased DFS. The
surgical approach to resection varies with the location of
the tumour. Proximal tumours are resected by a low anterior resection (LAR) and primary anastomosis. Most midrectal tumours can also be resected by a LAR, although
when the anastomosis is low in the pelvis, a temporary ileostomy or colostomy may be required to divert the fecal
stream from the anastomosis and facilitate proper healing. Distal rectal tumours typically require an abdominoperineal resection with permanent colostomy because the
anal sphincter cannot be preserved.
Finally, only a small subgroup of superficial, distal
rectal tumours with favourable histological features may
be resected with local excision, that should go through
the muscular layer[25]. If local excision is required, TEM
(transanal endoscopic microsurgery) is the standard procedure. Transanal endoscopic microsurgery appears to be
appropriate only for T1 N0 tumors and it has been developed in order to obtain clear margins using transanal
excision: in these cases, this approach results in low rates
of local relapse[26,27].
Recently, even if surgery still remains the cornerstone
of treatment, the rectal preservation after clinical complete response (cCR) to neo-adjuvant treatment is becoming a point of interest. In fact, approximately up to
20% of the patients who undergo neoadjuvant CRT for
LARC obtain a pCR[28].
It is now widely established that rectal cancer patients
obtaining pCR after neoadjuvant CRT have both lower
local recurrence rate and improved survival when compared to those with residual tumor[29].
Several studies investigated the possibility of a “waitand-see policy” (omission of surgery with follow-up) and
showed long-term results as good as that of patients with
a pCR after surgery[30,31]. Several trials investigated the
role of “wait-and-see policy” in patients with low rectal
cancer who achieved a cCR after CRT: these patients
did not receive surgery but only underwent to a close
follow-up. The results suggested that the “wait-and-see
policy” with strict selection criteria, up-to-date imaging
techniques, and close follow-up results in promising longterm results, as good as that of patients with a pCR after
surgery[30-32].
However, accuracy for regression rate and histopathological response is still unsatisfying. Diffusion-weighted
MRI prior, during and after CRT may permit early evaluation of response during neoadjuvant CRT, in order to
classify patients as “responders” and “non-responders”.
Diffusion-weighted MRI seems to predict more sensibly
the achievement of a pCR, important prognostic factor
by itself, when compared with MRI only[33,34].
The role of fluorine-18-fluorodeoxyglucose-positron
emission tomography/computed tomography (FDG-
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PET/CT) is still investigational. Several studies also
showed that FDG-PET, especially when combined with
MRI, could be more accurate for predicting pathological
response[35].
In conclusion, “Wait-and-see policy”, if assessed with
up-to-date imaging techniques, needs further investigations and could form the basis for future large prospective randomised trials with adequate follow-up.
Adjuvant treatment
In the standard combined-modality treatment programs
for LARC, CRT and surgery are often followed by 4-6
mo of adjuvant chemotherapy.
The aim of adjuvant treatment is to complement
the reduction of local failures achieved through preoperative treatment with a reduction of distant metastasis
and, thereby, increase survival. To date, adjuvant chemotherapy is recommended (and given) by most centres in
Western Countries.
The support for the use of adjuvant chemotherapy is
provided by a recent pooled analysis of five randomised
studies demonstrating a 20% absolute survival benefit
with post-operative chemotherapy, administered for 6-18
mo +/- post-operative radiotherapy, compared with observation or post-operative radiation alone[36].
Adjuvant treatment including fluoropyrimidinebased chemotherapy is effective in those patients who
show downstaging (pT1-pT2) after pre-operative treatments (CRT or radiotherapy). An unanswered question
is whether adjuvant chemotherapy may be omitted in patients with a good response to pre-operative CRT. Several
retrospective studies have shown that patients with a pCR
have a better long-term prognosis[18]. However, a contribution of post-operative chemotherapy to this good
long-term outcome cannot be excluded, since patients in
these studies generally received adjuvant chemotherapy
despite the response to pre-operative treatment. Furthermore, it is not possible to determine whether this better
outcome depends on inherent characteristics of these
tumors, with response to pre-operative CRT representing just an index of a favourable biological and clinical
behaviour, or whether this prognosis is indeed the result
of tumor response to pre-operative treatment. Response
to pre-operative CRT may also indicate chemosensitivity
with intact cell death pathways and a potential positive
impact also on the efficacy of post-operative treatment.
At present, adjuvant infusional 5-FU/folinic acid or
capecitabine for 6 mo is recommended[37]. Oxaliplatinbased regimens as post-operative chemotherapy are considered in some cases, in particular in patients in whom
5-FU-based CRT did not lead to a downsizing. The duration is sometimes limited to 4 mo, especially in patients
who were exposed to a long course of preoperative CRT.
In patients who did not receive neo-adjuvant radiotherapy or CRT, adjuvant treatment should be considered after
radical resection of a stage Ⅱ-Ⅲ rectal cancer. CRT is
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more efficacious in this setting than radiotherapy alone
or chemotherapy alone, but the tolerance is however less
good than when delivered pre-operatively. In the setting of post-operative CRT a long course radiotherapy
(45-50.4 Gy in 1.8 Gy fractions) regimen in combination with chemotherapy (protracted infusion of 5-FU or
capecitabine) is usually administered[24].
Several questions remain unanswered, including
whether the incorporation of newer cytotoxic and targeted agents can decrease morbidity and mortality associated with this disease.

ACUTE AND LATE TOXICITY OF
PRE-OPERATIVE CRT
Pre-operative CRT and advanced surgical procedures
may result in high rates of post-operative complications
and long-term morbidity with urinary problems, altered
defecation, pain, fatigue and sexual problems[38,39]. In addition, many patients may have a permanent colostomy.
Late toxicities due to pelvic radiotherapy most often
are diarrhoea, faecal incontinence, soiling, abdominal
cramping and discomfort, rectal strictures, anal blood and
mucus loss, but in general, the reported rate of severe
late side effects to the gastrointestinal system is about 5%.
The most common delayed severe complications are due
to small bowel damage and include enteritis, adhesions
and small bowel obstruction requiring surgical intervention. Functional results with respect to sphincter preservation are generally not well documented, but both preand post-operative radiotherapy seems to have a negative
impact, although contradictory data exist [40-43]. There
does not seem to be a relevant difference between shortcourse radiotherapy and CRT if both are administered
pre-operatively[41].
Also urogenital dysfunction after rectal cancer treatment is common (about 34% after TME in one report).
Surgical damage to the pelvic autonomic nerves is the main
course of urinary dysfunction. The influence of radiotherapy on the urinary function remains controversial[44].
As with surgery, radiotherapy can lead to increased
sexual dysfunction. In males a long-term deterioration of
ejaculatory and erectile function is due to late radiation
damage to the seminal vesicles and small vessels, respectively. In females, radiotherapy leads to vaginal dryness
and reduced sexual satisfaction[38].
Surgical damage to pelvic autonomic nerves might be
involved, in particular to the superior hypogastric plexus
and hypogastric nerves during presacral mesorectal dissection (resulting in urinary incontinence, ejaculatory
dysfunction in male patients and reduced lubrication in
female patients) and to the sacral splanchnic nerves and
the inferior hypogastric plexus during dissection of the
lateral planes of the mesorectum (leading to urinary retention, erectile disorders in men and reduced labial and
vaginal swelling in women)[45].
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FUTURE PERSPECTIVES IN NEOADJUVANT AND ADJUVANT SETTINGS
- NEW DRUGS AND TARGETED
THERAPIES
All the new drugs approved for use in colorectal cancer
in the last years (irinotecan, oxaliplatin, capecitabine) have
radiosensitizing properties. Several trials are thus investigating the incorporation of these agents in the CRT
programs for LARC in order to increase treatment efficacy. Efforts are also being made to increase treatment
convenience replacing intravenous administration with
oral fluoropyrimidine as well as to address each treatment
to specific individual patient and tumour biological characteristics and to develop new strategies.
Comparable results were reported for orally administered capecitabine and intravenously delivered 5-FU[46].
Both irinotecan and oxaliplatin have been combined with
pre-operative radiation and either 5-FU or capecitabine
with acceptable toxicities rates, but without a significant
benefit in term of downstaging/downsizing or survival[47,48].
Moreover, the next generation of clinical trials is integrating the novel “targeted” drugs, already used in the
metastatic setting, like bevacizumab and cetuximab in
both pre-operative and post-operative setting. At present,
the role of biologic agents is the subject of ongoing clinical trials[48].
The Epidermal growth factor receptor (EGFR) is
a promising target of antitumor treatment because it
participates in cell division, inhibition of apoptosis, and
angiogenesis.
EGFR-inhibition in particular may result in radiosensitization[47] and the toxicity profile of anti-EGFR
drugs appears favourable for their use in combination
with CRT. Several phase Ⅰ and Ⅱ trials suggested that
the addition of Cetuximab (an anti-EGFR-1 monoclonal
antibody) could be safe and effective, even if only a small
percentage of patients achieved a pCR[49-52]. In particular,
K-ras mutational status, which is considered crucial to
identify the population of patients who are likely to benefit from the addition of anti-EGFR monoclonal antibodies in the metastatic setting, seems to have a less defined
role in this setting: while published data by Grimminger
et al[53] seem to confirm the role of K-ras status as predictive of response to pre-operative CRT with the addition
of Cetuximab, Erben et al[54] failed to show any significant
relationship between K-ras mutations and PTEN loss
and different response patterns in patients treated with
the same chemoradiation regimen.
Lastly, the most important trial assessing the role of
addiction of cetuximab to preoperative chemoradiation is
derived from the EXPERT-C trial, where in ninety K-RAS
or B-RAF wild type patients randomised to receive CAPOX for four cycles followed by capecitabine-based CRT
or the same regimen plus weekly cetuximab, a significantly higher overall survival (HR = 0.27, P = 0.034) and
response rate (75% vs 93%; P = 0.0028) were observed,
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although the study failed to reach its primary endpoint
that was the improvement in complete response rate (9%
vs 11%, P = 1)[55].
Angiogenesis is another important therapeutic target
in colorectal cancer. Radiosensitizing properties have
been described in pre-clinical models and a promising
anti-tumour activity has been observed in a small series
of patients with the anti-vascular endothelial growth factor antibody bevacizumab combined to 5-FU and preoperative radiation[56]. However, safety concerns may
be raised for its use prior to surgery with an unresected
primary rectal tumour, such as thrombosis, haemorrhage
and hypertension.
The most recent data concerning the use of bevacizumab in addiction to pre and postoperative CRT with
CAPOX is derived from the ECOG 3204 trial. The study
enrolled 57 patients, of whom 9 (17%) achieved pathological complete response, and 32 patients (59%) experienced pathological tumour downstaging. It also must
be noted that at least 68% of patients experienced acute
grade 3-4 toxicity and that 47% of patients who underwent surgery experienced a surgical complication[57].
In conclusion, tailored treatment programs are being
developed based on patient and/or tumour biological
features that may predict the activity and toxicity of specific drugs.
Similarly, efforts are being made to develop imaging
tools that allow the identification of responding and nonresponding patients early during pre-operative CRT, such
as diffusion-weighted MRI and FDG-PET[58].

DISCUSSION
Currently, the optimal treatment of locally advanced
rectal cancer has evolved toward a multidisciplinary
team modality, which includes GPs, gastroenterologists,
medical oncologists, radiation oncologists, radiologists,
surgeons and pathologists. The multidisciplinary team
modality can optimize treatment strategy by enabling an
accurate and integrative evaluation of each case of LARC
before the planning of treatment.
Recent evidences also confirmed that the multidisciplinary approach improves patient selection for surgery
by enabling accurate classification of the recurrence pattern for each LARC patient, in order to achieve R0 resection, representing the most significant factor affecting
long-term survival[59].
In the neo-adjuvant setting, novel biologic agents
targeting aberrant pathways in rectal carcinogenesis are
currently under study. Incorporating molecular imaging
studies and assaying biologic endpoints in these studies
will provide insights on the mechanisms of action of
these agents.
It is also clear, that in the face of current and future
schedules and the increasing number of therapeutic options, translational research is urgently required for the
identification of patient groups, by both clinical-pathological features and molecular and genetic markers, that
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will gain maximum benefit from each treatment option.
In this time of changing therapeutic approaches, it clearly
appears that a common standard for large heterogeneous
patient groups will prospectively be substituted by more
individualised therapies[60].
We need also to develop a more rigorous and consistent approach for the evaluation of late toxicity due to
surgery and radiotherapy with commonly overlapping
toxicities. Quality of life and functional assessment tools
report differing levels of late normal tissue dysfunction
and the latter approach does not measure the patient perspective.
Further progress depends on the completion of welldesigned randomised clinical trials, that will lead to the
identification of more active combined CRT regimens
for LARC.
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Abstract
Colorectal cancer (CRC) has a great impact on the
world population. With increasing frequency, CRC is described according to the presenting phenotype, based
on its molecular characteristics. Classification of CRC
tumors according to their genetic and/or epigenetic
alterations is not only important for establishing the
molecular bases of the disease, but also for predicting
patient outcomes and developing more individualized
treatments. Early-onset CRC is a heterogeneous disease, with a strong familial component, although the
disease is sporadic in an important proportion of cases.
Different molecular alterations appear to contribute to
the apparent heterogeneity of the early-onset population and subgroups can be distinguished with distinct
histopathologic and familial characteristics. Moreover,
compared with late-onset CRC, there are characteristics
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that suggest that early-onset CRC may have a different molecular basis. The purpose of this review was
to analyze the current state of knowledge about earlyonset CRC with respect to clinicopathologic, familial
and molecular features. Together, these features make
it increasingly clear that this subset of CRC may be a
separate disease, although it has much in common with
late-onset CRC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Chromosomal instability; CpG island methylator phenotype; Early-onset colorectal cancer; Lynch
syndrome; Microsatellite instability
Core tip: Early-onset colorectal cancer is a heterogeneous disease with various molecular alterations, in
which different subgroups with different histopathologic
and familial characteristics can be distinguished. Classification of colorectal cancer tumors according to their
genetic alterations is important for establishing the molecular bases of the disease, as well as for predicting
patient outcomes and developing more individualized
treatments.
Osorio Silla I, Rueda D, Rodríguez Y, García JL, Cruz Vigo F,
Perea J. Early-onset colorectal cancer: A separate subset of colorectal cancer. World J Gastroenterol 2014; 20(46): 17288-17296
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i46/17288.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i46.17288

INTRODUCTION
Colorectal cancer (CRC) has a great impact on the world
population. The estimated incidence is 1.2 million new
cases per year. It is the third most common malignancy
and the second leading cause of death in developed
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Table 1 Main pathways involved in the onset and development of colorectal cancer

Percentage of CRC
Clinical characteristics

Histopathologic
characteristics

Chromosomal instability or “suppressor”
pathway

Microsatellite instability or
“mutator” pathway

CpG island methylator phenotype or “serrated”
pathway

80%-85%
Predominant location of tumor in the
distal colon

10%-15%
Predominant location of tumor in
the right colon
Better prognosis
Lymphocytic reactions
Mucinous features
Signet ring cells
Low-grade tumor differentiation
Diploidy, MSI

40%
Predominant location of tumor in the right colon

MLH1, MSH2,
MSH6, PMS2,
TGF-b RII, IGFIIR,
MSH3 and BAX
Lynch syndrome

BRAF, MSI

No lymphocytic reactions
No mucinous features
Good differentiation

Molecular
characteristics
Main genes involved

Aneuploidy, polyploidy, loss of
heterozygosity
APC, P53, KRAS, C-MYC,
DCC/SMAD4, TGFBR, PIK3CA

Hereditary syndromes

Familial adenomatous polyposis

Female sex
Low-grade tumor differentiation

Methylation of CpG islands

CRC: Colorectal cancer; MSI: Microsatellite instability.

countries[1-3]. In Spain, CRC incidence projections for
the population in 2015 are about 30000 people (17000
men and 13000 women)[4]. Early-onset CRC accounts
for 2%-8% of all CRCs. Furthermore, its incidence in
the United States increased by 1.5% per year in men and
by 1.6% in women between 1992 and 2005. The growing frequency of CRC in young adults contrasts with the
progressive decline of CRC among older people. This
underscores the importance of early evaluation in cases
of young adults with compatible symptoms[5,6].
The classical model of colorectal carcinogenesis for
the adenoma-carcinoma sequence has been evolving since
its original formulation[7] thanks to advances in our understanding of the molecular mechanisms involved. CRC is,
nowadays, described with increasing frequency, according
to the molecular characteristic of the presenting phenotype; thus, the molecular classification of CRC is gaining
importance[8]. Particularly, studies analyzing the possible
basis of early-onset CRC have evolved: in early studies,
the principle prevailed that early-onset is an indicator of a
hereditary component[9,10], whereas currently, the concept
prevails that it is a heterogeneous disease, which includes
cases with a strong familial component as well as cases of
sporadic disease. Different molecular alterations appear
to contribute to the apparent heterogeneity of early-onset
CRC and subgroups can be distinguished with distinct
histopathologic and familial characteristics[11].
The aim of this review was to analyze the current
knowledge of the molecular basis of early-onset CRC,
and its relationship with the particular clinicopathologic
and familial features of this subset.

CARCINOGENETIC PATHWAYS OF CRC
To date, three main pathways involved in the formation
and development of CRC have been identified: the chromosomal instability (CIN) or suppressor pathway; the
microsatellite instability (MSI) or mutator pathway; and
the CpG island methylator phenotype (CIMP) or serrated
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pathway (Table 1). These three pathways differ from the
clinicopathologic, familial and prognostic points of view.
While they are overlapping, they are the dominant mechanisms that determine the final phenotype[12].
Most (80%-85%) sporadic CRCs involve the CIN
pathway, which is characterized by alterations in the number and structure of chromosomes and frequent loss of
heterozygosity. Cases of familial adenomatous polyposis
with germline mutations in APC also show CIN; these
tumors are also referred to as having microsatellite stability (MSS). Genetic changes include the activation of proto-oncogenes such as KRAS and C-MYC and inactivation
of the tumor suppressor genes, APC, and p53, and loss
of heterozygosity for the long arm of chromosome 18.
Recently, mutations in the genes TGFBR and PIK3CA
have been described, which are involved in the adenomacarcinoma sequence[3,13-16].
MSI tumors, whose carcinogenetic pathway is also
known as the “Mutator Phenotype pathway”, represent
10%-15% of all CRCs. MSI is due to an inability of the
DNA nucleotide mismatch repair (MMR) system to correct errors that often occur during DNA replication,
which is controlled by several genes (including MLH1,
MSH2, MSH6 and PMS2) and is characterized by the
accumulation of single nucleotide mutations and alterations in the lengths of repetitive microsatellite nucleotide sequences[15,17,18]. Apart from genes related with the
DNA nucleotide MMR system, other tumor suppressor
genes such as TGF-β RII, IGFIIR, MSH3 and BAX are
involved[19]. MSI tumors are present in two CRC forms:
hereditary forms such as lynch syndrome (LS), the molecular basis of which is a germline mutation in an MMR
gene; and sporadic cases, in which MSI is due to hypermethylation of MLH1[20]. MSI tumors are characterized
by a more frequent location in the right colon, increased
mucin production, the presence of signet ring cells, and
low-grade tumor differentiation[18].
Analysis of the methylation of CpG islands as a
mechanism of silencing genes in colon tumors has re-
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Table 2 Main features of molecular classification
Category

CRC

MSI/CIMP-high

MSI/CIMP-low/0

MSS/CIMP-high
MSS/CIMP-low/0

Characteristics
Molecular

Histopathologic

Clinical

10%

MLH1 methylation
BRAF mutations

5%

MMR
Negative for BRAF mutations

Poor differentation
Lymphocytic reaction
Mucinous/signet ring cells
Lymphocytic reaction
Mucinous features
No signet ring cells
Good or moderate differentation
Poor differentation
Signet ring cell
Well differentiated
Heterogeneous

Predominant location of tumor in right colon
Elderly females
Sporadic MSI
LS

5%-10% BRAF mutations and methylation of multiple other genes
75%-80%
CIN
KRAS mutations

Predominant location of tumor in right colon
Elderly females
Predominant location of tumor in distal colon
Male sex

CIMP: CpG island methylator phenotype; CIN: Chromosomal instability; CRC: Colorectal cancer; LS: Lynch syndrome; MMR: Mismatch repair; MSI: Microsatellite instability; MSS: Microsatellite stability

sulted in the identification of a third major pathway
(CIMP), which accounts for almost 40% of CRCs[21-23].
This carcinogenetic mechanism is also known as the “serrated pathway”, because CRCs of this subset often arise
from a serrated precursor lesion. CIMP-high tumors have
a distinct clinical, pathologic, and molecular profile, such
as association with proximal location in the colon, female
sex, and poor differentiation. From the molecular point
of view, they show a higher frequency of BRAF mutations, MSI and, albeit less often, P53 mutations[13,24,25].
Until recently, only MSI tumors were thought to be
CIN-, and CIN+ tumors were thought to have an intact
MMR system and to show MSS. However, several studies
have demonstrated that up to 50% of MSS tumors are
CIN- [also called microsatellite and chromosome-stable
(MACS) tumors], and a significant, but smaller, portion
of MSI colorectal tumors are CIN+. MACS tumors are
being characterized and some of their features are a preference for the distal colon and rectum, histologic features
associated with poor prognosis, and more frequent identification in younger cases[26,27].

MOLECULAR CLASSIFICATION
As mentioned previously, carcinogenesis pathways are
not mutually exclusive. Classification of CRC tumors
according to the genetic and/or epigenetic alterations
observed is important to establish the molecular bases of
the disease, as well as to predict patient outcomes and to
develop more individualized treatments. For this reason,
a molecular classification has been gaining strength that is
based on the three global cellular events (CIN, MSI and
CIMP) and reflects underlying mechanisms of carcinogenesis; it correlates with some phenotypic characteristics,
as described in our previously published study[28]. Globally, sporadic CRC should be classified into four major
subtypes: two MSI statuses (MSI-H vs MSI-L/MSS) times
two CIMP statuses (CIMP-H vs. CIMP-low/0), with distinct molecular correlates (BRAF, KRAS) and pathologic
features[8]. In Table 2, the main features are summarized
that define each category[8,15].
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EARLY-ONSET CRC
Clinicopathologic characteristics
Currently, there are some controversial aspects to the natural history and prognosis of early-onset CRC, and there
are also some clinical and pathologic differences when
comparing with CRC in the elderly[9,29].
Mucinous and signet ring cell tumors account for
10%-15% and 1% of all CRCs, respectively. Several reports indicate that early-onset CRC is clinically and pathologically characterized by a predominance of low-grade
tumor differentiation, mucinous tumors, and a higher
percentage of signet ring cells; these features are shared
with hereditary CRC forms[9,30,31]. In addition, some studies have found a relationship between mucinous CRC and
poor prognosis[32-34]. Early-onset CRC is associated with
a higher percentage of synchronous and/or metachronous tumors, as well as with an increased development
of polyps during follow-up[10,35]. Studies addressing the
early-onset group within CRC showed important variations concerning tumor location. Some of them found a
striking predilection for the distal colon, particularly the
sigmoid colon and rectum[33,36]; furthermore, recent studies show an increased incidence of rectal cancer in adults
younger than 50 years[34,37]. However, in other series the
highest percentage of CRC was seen in the right colon,
and a greater proportion of patients had a family history
of CRC, suggesting that CRC in the proximal colon in
young patients may reflect a genetic predisposition[30,31].
Generally, early-onset CRC is diagnosed at advanced
stages. One reason that could explain this is the absence
of screening programs for CRC in patients under 50
years, except in cases of family or personal history of
cancer[38]. On the other hand, the aggressive histopathologic characteristics of the tumor and a possible genetic
basis may predispose to accelerated development of this
tumor in young patients[39,40]. Regarding reports in the
literature, there are studies showing that CRC in young
patients has a poor outcome[32,39]. However, other series
found equivalent survival rates in younger patients with
CRC compared with older patients, despite presenting a

17290

December 14, 2014|Volume 20|Issue 46|

Osorio Silla I et al . Early-onset colorectal cancer
Table 3 Proportion of microsatellite instability in early-onset colorectal cancers series and their age of onset
Study
Losi et al[9]
Liang et al[10]
Perea et al[11]
Jasperson et al[50]
Durno et al[51]
Farrington et al[52]
Antelo et al[66]

Age of CRC onset, yr

Population

MSI, n (%)

≤ 45
≤ 40
≤ 45
< 36
< 25
< 30
< 50

Unselected CRC surgical patients
Unselected CRC surgical patients
Unselected CRC surgical patients
Hereditary cancer registries
Familial cancer registry
Cancer registries
Cancer registry

71 (19.7)
138 (40.5)
88 (13.6)
96 (29.1)
16 (72.7)
50 (47.5)
118 (22.9)

CRC: Colorectal cancer; MSI: Microsatellite instability.

more advanced stage of disease[41]. These discrepancies
may be explained by the inclusion of hereditary CRC,
particularly LS, which has a better survival rate than sporadic CRC in young patients[42]. The review by Chang et
al[33] shows that early-onset CRC, despite having histologic features that are related to worse prognosis, presents overall and disease-free survival rates similar to those
seen in patients over 40 years, but in contrast, also has a
higher incidence of recurrence and development of distant metastases. These results agree with those published
by Yeo et al[43], with a median survival at five years in their
series of 59.4% in patients under 40 years, and of 61.1%
in patients older than 40, while the rate of metastases and
locoregional recurrence was greater in the young group.
Familial characteristics
Early-onset CRC includes cases with strong familial history and cases with sporadic disease. It is well known
that in this population identification of cases of LS
is more likely, even more so when the age of onset is
younger[11,44,45]. Apart from that, the familial component
within this age of onset group is so important, that when
we leave aside LS, there is still a clear familial component
in this population: Compared to elderly MSS CRC, earlyonset CRCs with the same component show more familial aggregation and Lynch-type tumors, a fact that may be
related to new hereditary CRC syndromes, such as Familial CRC syndrome type X[46-49].
Molecular characteristics
From a molecular point of view, two main aspects have
been addressed among the subset of early-onset CRCs:
on the one hand, the analysis of proportions of cases
with MSI and the necessary relationship with LS, and on
the other hand cases with molecular alterations that relate
to carcinogenesis pathways associated with CIN.
MSI analysis: LS and sporadic cases
Early-onset of cancer is a marker of a potentially hereditary component, with LS being the most frequent hereditary form of CRC. Nevertheless, the proportion of MSI
tumors found within early-onset CRC varies from 19.7%
to 41.0%, depending on the age of onset. As shown
in Table 3, MSI frequency is inversely proportional to
the age at diagnosis and directly proportional to the LS
component of the series[9-11,48,50-52]. In our recent study,
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twelve out of 82 (15%) early-onset cases were defined as
MSI[28]. In all cases, MSI correlated with lack of detectable expression of any of the MMR proteins in immunohistochemical analysis, and 83% of them were explained
by a mutation in one of the MMR genes. Moreover, we
later confirmed that MSI tumors in the younger population are mostly related to LS and rarely due to somatic
inactivation of MLH1[28], showing that the criterion of
early age of onset, together with other clinicopathologic
and familial features, is helpful in identifying LS cases[11].
In contrast, diagnosis of LS in early-onset CRC is highly
unlikely in patients with certain combinations of clinical
and familial features: e.g., left-sided CRC and absence of
family history[49].
As expected, early-onset MSI CRC shows some clinical and pathologic features similar to those described for
LS: more frequent right-sided colon tumors, frequently
poorly differentiated tumors showing mucin production
and signet ring cells, and a more frequent development
of synchronous and metachronous tumors[42,53,54]. Prognosis for MSI tumors is better than for MSS tumors, and
as MSI tumors are hypermutated, mutation rate may be a
better prognostic indicator for this age of onset[27,42,55,56].
CIN analysis
The majority of early-onset CRC are MSS tumors, and
there are few studies that evaluate the clinicopathologic
features of this subset of CRC within the early-onset
population[46,57,58]. MSS tumors are characterized by a later
age of onset, lower prevalence in the right colon, and
fewer synchronous and metachronous tumors; they also
tend to be diagnosed at later stages and more frequently
show adverse histologic features[33]. Compared with lateonset cases showing MSS, early-onset MSS tumors are
remarkably different, as highlighted by the important rate
of left colon location, low frequency of other primary
neoplasms, and the presence of an important familial
component[24,28,46].
We previously pointed out the importance of age of
onset to make an appropriate approach to the molecular
classification of CRC, given the possible different molecular bases of early-onset CRC compared with elderly
CRC[28]. Apart from some preliminarily defined molecular
markers (modified expression of the APC, B-catenin and
P53 genes), new findings have been reported concerning
MSS early-onset CRC[59]. The main emerging key aspects
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are: (1) analysis of MACS tumors: these tumors, particularly when they are located in rectum, appear to have
longer telomeres than those of MSS CIN rectal cancers
and use alternative lengthening of telomeres rather than
activation of telomerase[60]; and (2) the use of high resolution tumor genome copy number variations in order
to identify differences in the tumor genomes between
these groups and to pinpoint potential susceptibility loci.
Comparing two MSS CRC groups with different ages of
onset, Berg et al[61] identified ten genomic loci, containing more than 500 protein-coding genes, as more often
altered in tumors from early-onset vs late-onset CRC. In
addition, integration of genome and transcriptome data
identified seven novel candidate genes with the potential
to identify an increased risk for CRC[61].
CIMP analysis
CIMP has been rarely evaluated within early-onset CRC.
Previous large series, without using age of onset as a differential criterion, showed that LS cases were mainly included in the CIMP-low group, while sporadic MSI cases
were more likely to be CIMP-high, with high rates of
BRAF mutations[8]. Nevertheless, these features are observed within the late-onset CRC group, whereas in earlyonset CRC, LS primarily has a higher percentage within
the CIMP-high group. This could be the consequence,
among others, of a low number of BRAF mutations and
hypermethylation of the MLH1 promoter in early-onset
CRC[28,36,57,58]. It is known that the difference between
CIMP-low and CIMP-0 is unclear when considering CRC
in general. Within the early-onset population, a number
of differences with the elderly group draw attention:
a progressive disappearance of right colon tumors, a
higher rate of CIMP-low cases, and an important familial
component: LS-related tumors, but also cancer history,
are observed in cases of CIMP-low or CIMP-0, with an
important number of LS-related neoplasias[28].
MACS
Some tumors with MSS have recently been identified
that, contrary to expectations, do not have CIN. Furthermore, they do not strictly fit with tumors involving the
serrated pathway. This subset of CRC, defined as MACS,
is identified most frequently in younger cases. It is also
more frequently observed in the distal colon and rectum,
has histologic features associated with poor prognosis and some familial aggregation for LS neoplasms[47].
MACS tumors also present metastases at diagnosis[46,62].
Banerjea et al[62] showed that patients with MACS tumors
had early disease recurrence and lower survival than
patients with MSI or CIN tumors. This important circumstance is due to a diminished or inhibited immune response to MACS tumors in comparison with other CRC
phenotypes[62]. Regarding family characteristics, some
published studies conclude that MACS may be related to
familial CRC syndromes, based on an observed increased
frequency in young patients with a family history. However, other studies illustrate that MSS and CIN CRCs are
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not necessarily related to hereditary tumors[47,63]. Little is
known about MACS from a molecular point of view, but
it seems that these tumors have a different methylation
profile that involves genes not known to be involved in
global CCR. Several studies have found that MACS tumors are associated with CIMP-low, that they rarely have
BRAF gene mutations and absent MLH1 expression, and
they seem to have a different pattern of hypomethylation
when compared to MSI and CIN CRC. This has raised
the possibility that LINE 1 hypomethylation may be related to MACS[64-66]. Recently, LINE-1 hypomethylation
has been shown to be a feature of young-age of onset
CRC, and it is also associated with family history of CRC.
According to the molecular classification of CRC, CIMPhigh and MSI-high are inversely associated, while MSS
tumors are correlated with LINE-1 hypomethylation, and
genomic hypomethylation may represent different pathways to CRC[67].
Molecular classification
The first classification of CRC to correlate the main molecular carcinogenetic pathways was proposed by Jass[68],
and was later modified by Ogino and Goel[8]. Based on
MSI and CIMP status, CRC should be classified into four
major subsets, with some features particular for each one,
as has been described previously.
Perea et al[28] carried out a comparative analysis of
MSI status and CIMP in two series of early-onset and
late-onset CRCs, in order to evaluate molecular classification according to age of onset. It was the first study that
characterized early-onset CRC based on its molecular
classification, and the main differences found, compared
with the features of previously described global CRC,
were: (1) early-onset MSI/CIMP-high tumors were Lynch
tumors, whereas elderly MSI/CIMP-high tumors were
associated with BRAF mutations; (2) half of early-onset
MSI/CIMP-low/0 cases were Lynch tumors with a mucinous component and were left-sided. According to these
results, the early-onset criterion would make a change in
the MSI groups of Ogino and Goel’s molecular classification[8], particularly in MSI/CIMP-high tumors, because
they would contain the main proportion of LS within
early-onset MSI CRC[28,36,57]; (3) the MSS/CIMP-high category had more similarities, although there was a remarkably important familial component in the early-onset
subset of tumors, mainly regarding LS-related neoplasm
aggregation; and (4) the most common group within the
early-onset population was formed by MSS/CIMP-low/0
tumors, showing a preference for the distal colon and
containing an important familial cancer component.
Location characteristics
Several studies suggest that tumor location is one of the
most influential factors of CRC morphology. When comparing the characteristics of CRCs according to their location, differences are observed in terms of epidemiologic, clinicopathologic, familial, genetic and risk factors[69-73].
Increasingly, it is suggested that these differences between
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tumors of the right and the left side of the colon and the
rectum may be due to differences in embryologic origin,
or to different physiologic, biologic and gene expression
properties. This would condition different carcinogenetic
pathways depending on the location in one or another
region of the colon[71,72,74].
To our knowledge, there are no published studies
to date that examine the phenotype of CRC in young
adults according to the location of the tumor. Globally,
cancer of the right colon is frequently observed in the
elderly and in women, whereas cancer of the left colon
predominates in young people and in men[69,75-79]. Indeed,
several studies show an increased incidence of rectal
cancer in patients younger than 50 years[34,37]. Regarding
histopathologic features, tumors in the right colon have
been associated with a low degree of differentiation and
a higher frequency of signet ring cells and mucin production when compared to left and rectum tumors. These
characteristics are also described for early-onset CRC[66,73].
Regarding family characteristics, neoplasms located in the
right colon are more frequently associated with LS[48,50,80].
However, some studies draw attention to the high percentage of cases with a family history of tumors located
in the rectum and left colon within early-onset CRC[28].
These cases could be related, as mentioned previously,
to new hereditary syndromes whose molecular bases and
phenotypic characteristics are not yet known, such as Familial CRC syndrome type X[46-49].
Finally, knowledge of the molecular characteristics
of early-onset tumors at different locations in the colon
is limited. Regardless of the age of onset, Bufill[70] suggested that proximal colon cancers and distal CRCs have
arisen through different genetic pathways. Subsequently,
different studies described the preference of CIMP and
MSI in proximal colon cancer and of CIN and P53 mutation in distal and rectal cancer[56,81,82]. In our recent study
that analyzed 88 young patients with CRC, we observed
a gradual decrease in the frequencies of CIMP and MSI
when going from the proximal colon through the left
colon to the rectum, and increased frequencies of MACS
in the distal colon and rectum[83]. Our results agree with
those previously described by other authors[73].

CONCLUSION
Although early age of onset is a criterion used to identify
hereditary CRC, several studies have observed that a significant percentage of cases within this population have
MSS tumors. In addition, MACS tumors are present in
a substantial proportion. Moreover, when we analyzed
the three main molecular pathways and their phenotypic
features in early-onset CRC, we observed striking differences between these tumors and late-onset tumors. The
theoretical existence of different molecular bases, mainly
suggested by the heterogeneous MSS CRC group, has
already opened an important new field of research aimed
at finding related candidate susceptibility loci. Taken together, these observations support the increasingly clear
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possibility that early-onset CRC may be a different disease than late-onset CRC, even though they have much in
common.
This integrated view of molecular alterations, their associations with disease phenotype and their implications
in tumor progression and development will allow a better understanding of the physiopathology of CRC and
the identification of new therapeutic targets, and lead to
more individualized patient management, in this case, according to the age of onset.
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Abstract
Recent advances in diagnostic techniques have allowed
the diagnosis of gastric cancer (GC) at an early stage.
Due to the low incidence of lymph node metastasis and
favorable prognosis in early GC, function-preserving
surgery which improves postoperative quality of life
may be possible. Pylorus-preserving gastrectomy (PPG)
is one such function-preserving procedure, which is
expected to offer advantages with regards to dumping
syndrome, bile reflux gastritis, and the frequency of
flatus, although PPG may induce delayed gastric emptying. Proximal gastrectomy (PG) is another functionpreserving procedure, which is thought to be advantageous in terms of decreased duodenogastric reflux and
good food reservoir function in the remnant stomach,
although the incidence of heartburn or gastric fullness
associated with this procedure is high. However, these
disadvantages may be overcome by the reconstruction
method used. The other important problem after PG is
remnant GC, which was reported to occur in approximately 5% of patients. Therefore, the reconstruction
technique used with PG should facilitate postoperative
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endoscopic examinations for early detection and treatment of remnant gastric carcinoma. Oncologic safety
seems to be assured in both procedures, if the preoperative diagnosis is accurate. Patient selection should be
carefully considered. Although many retrospective studies have demonstrated the utility of function-preserving
surgery, no consensus on whether to adopt functionpreserving surgery as the standard of care has been
reached. Further prospective randomized controlled
trials are necessary to evaluate survival and postoperative quality of life associated with function-preserving
surgery.

Core tip: We reviewed the current status of two function-preserving surgeries for gastric cancer (GC), pylorus-preserving surgery and proximal gastrectomy (PG).
Although both procedures appear to be oncologically
safe for early GC, issues regarding postoperative quality of life remain, especially with PG. The effect of the
reconstruction method after PG on postoperative quality of life was analyzed, including the novel double tract
reconstruction method, which is expected to overcome
disadvantages associated with esophagogastrostomy
and jejunal interposition reconstruction. Although some
reports showed a benefit with function-preserving surgery, further randomized trials are needed.
Saito T, Kurokawa Y, Takiguchi S, Mori M, Doki Y. Current
status of function-preserving surgery for gastric cancer. World J
Gastroenterol 2014; 20(46): 17297-17304 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i46/17297.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i46.17297
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INTRODUCTION
Recent developments in screening programs and endoscopic techniques have allowed the diagnosis of gastric
cancer (GC) at an early stage[1]. Early GC (EGC) makes
up 50% of the diagnosed cases and the five-year survival
rate of EGC treated with surgery is over 90% in Japan[2].
Due to the low incidence of lymph node metastasis and
the favorable prognosis of EGC, areas of gastric resection and lymph node dissection areas could be reduced
to preserve postoperative gastric function. Although the
Japanese GC treatment guidelines advocate resection
of at least two-thirds of the stomach with D2 node dissection as the standard treatment for most stages of advanced GC, the guidelines also describe less invasive procedures such as pylorus-preserving gastrectomy (PPG),
proximal gastrectomy (PG), and other minimally invasive
procedures as investigational treatments (Figure 1)[3].
Here we review PPG and PG as function-preserving
procedures for GC.

A

B

C

D

Ppg
PPG was initially used to treat peptic ulcers[4]. Starting in
the late 1980s, some surgeons performed PPG in selected
patients with EGC to improve postoperative gastric function and maintain patient quality of life[5]. PPG is generally thought to offer several advantages over conventional
distal gastrectomy (DG) with Billroth I reconstruction in
terms of the incidence of dumping syndrome, bile reflux
gastritis, and the frequency of flatus, although the operative duration of PPG is longer than that of DG.
During the procedure, the distal part of the stomach
is resected, but a pyloric cuff 2-3 cm wide is preserved[6,7].
The right gastric artery and the infrapyloric artery are
preserved to maintain the blood supply to the pyloric
cuff. In addition, the hepatic and pyloric branches of the
vagal nerves are preserved to maintain pyloric function.
The celiac branch of the posterior vagal trunk is sometimes preserved. All regional nodes except the suprapyloric nodes (No. 5) should be dissected as in the standard
D2 procedure. However, there are technical challenges
associated with completing all of these procedures. Shibata et al[8] conducted a questionnaire survey on the PPG
procedure in Japanese institutions. According to their
report, the vagus nerve was preserved at 73.5% of the institutions, the infrapyloric artery was preserved in 49.4%,
and partial dissection of the suprapyloric lymph nodes
was performed in 56.2%. These differences in the procedure may affect postoperative gastric function after PPG,
leading to postoperative symptoms.

Indications and oncologic safety
of PPG
Since function-preserving surgeries such as PPG are usually less extensive, patient selection for these procedures
should be carefully considered in terms of oncologic
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Figure 1 extent of D1+ lymph node dissection in pylorus-preserving gastrectomy and proximal gastrectomy. A: Total gastrectomy; B: Distal gastrectomy; C: Pylorus-preserving gastrectomy; D: Proximal gastrectomy. The number
of lymph node stations is according to the classification of the Japanese Gastric
Cancer Association.

safety. In particular, in order to maintain pyloric cuff
function with PPG, lymph nodes at the suprapyloric and
infrapyloric stations may be incompletely dissected due
to preservation of the right gastric artery, the infrapyloric
artery, and the hepatic and pyloric branches of the vagus
nerves[9-11].
In general, PPG is performed in patients who are
preoperatively diagnosed with cT1N0M0 primary GC in
the middle third of the stomach when the distal border
of the tumor is approximately 4-5 cm away from the
pylorus[9-12]. This indication is based on the incidence of
lymph node metastasis in patients who have undergone
conventional gastrectomy[13-16].
Kim et al[17] reported that the incidence of lymph node
metastasis at the suprapyloric and infrapyloric stations
in EGC located in the middle third of the stomach after
PPG and conventional DG was 0.45% (1/220) and 0.45%
(1/220), respectively. In addition, Kong et al[18] showed
that the incidence of lymph node metastasis at the suprapyloric and infrapyloric stations in EGC located ≥ 5 cm
from the pylorus was 0.46% (1/219) and 0.90% (2/221),
respectively. Both studies also found that the mean number of suprapyloric lymph nodes dissected was significantly lower after PPG than that with conventional DG,
but no significant difference was found for infrapyloric
lymph nodes. However, incomplete dissection of lymph
nodes at the suprapyloric station is considered acceptable
because of the low incidence of metastasis. Therefore,
patients who are clinically diagnosed with T1N0 disease
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Table 1 Postoperative symptomatic outcomes after pylorus-preserving surgery
Ref.

Procedure

No. of
patients

Endoscopic findings (%)

Symptom (%)

Esophagitis

Food residue

Bile reflux

Gastritis

Reflux

Fullness Dumping

Change of body
weight (%)

Matsuki et al[21], 2012

PPG

433

11

19

3

11

6

2

Morita et al[24], 2013

PPG

408

6

28

12

10

6

9

4

92

PPG
DG-B1
PPG
DG-B1
PPG
DG-B1
PPG
DG-B1
PPG
DG-B1
PPG
DG-B1

24
30
22
17
194
203
10
22
28
58
25
25

35
26

71
16

4
10
32
40
10
13
40
18
44
36
35
0

0
10

97
90

0
17
12
8
10
64
28
57
8
68

0
3
32
46
7
6
0
68
20
27
4
0

0
23
12
36
0
4

93.9
90.2
94.3
91.3
94.6
91.3
90
93

Ikeguchi et al[25], 2010
Park do et al[26], 2008
Nunobe et al[27], 2007
Tomita et al[28], 2003
Yamaguchi et al[29], 2004
Nakane et al[30], 2000

6
2
0
23

4
8

0
25
7
8

22
13
60
18
61
33
56
36

4
40

94

PPG: Pylorus-preserving surgery; DG: Distal gastrectomy; B1: Billroth-I reconstruction.

could be candidates for PPG without suprapyloric lymph
node dissection.
The five-year survival rate after PPG with modified D2 lymph node dissection ranges from 95% to
98%[10,11,19-21]. This rate is comparable to the five-year survival rate after gastric resection for EGC, which ranges
from 90% to 98%[2,22,23]. In terms of oncologic safety,
PPG seems reasonably safe for EGC when the accuracy
of preoperative diagnosis can be assured.

Postoperative symptomatic
outcomes after PPG
The advantage of PPG is the prevention of postgastrectomy symptoms such as dumping syndrome and
bile reflux gastritis, as well as reduced frequency of flatus.
As shown in Table 1, the ratio of dumping syndrome
and bile reflux gastritis was quite low in PPG compared
to DG. However, delayed gastric emptying (DGE) after
PPG resulting in patient-reported gastric fullness could
be a disadvantage of PPG[21,24-30], which make PPG inappropriate in elderly patients and those with hiatus hernia
or esophagitis[29,30]. The incidence of gastric stasis after
PPG based on endoscopic studies ranges from 19% to
70%, compared to 13% to 36% after DG. Michiura et
al[31] showed that food intake along with DGE was improved with time. Moreover, the reservoir function of
the remnant stomach may promote better body weight
(BW) recovery after PPG than after DG with Billroth I
reconstruction[21,24,25,27,28].
Preserving the vagal nerve and the infrapyloric artery
is thought to prevent gastric stasis[10,32,33], although these
techniques have not been evaluated in randomized clinical trials. The length of the pyloric cuff is another important factor with regards to preservation of pyloric function. Nakane et al[34] reported that retaining a pyloric cuff
of 2.5 cm results in a lower incidence of postoperative
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stasis compared to retaining a pyloric cuff of 1.5 cm as
severe postoperative edema of the pyloric cuff might affect gastric wall motility after PPG. Morita et al[24] showed
that retaining a pyloric cuff over 3 cm did not affect the
incidence of postoperative stasis compared to retaining
a pyloric cuff of less than 3 cm. At Japanese institutions, the retained pyloric cuff is usually between 2 and 4
cm[8,35]. Moreover, Hiki et al[6] argued that the infrapyloric
and right gastric veins should be preserved to maintain
blood flow in order to prevent postoperative edema of
the pyloric cuff. Complete dissection of both veins could
induce severe edema of the pyloric cuff, resulting in
long-term postoperative retention of food in the residual
stomach.

Pg
The incidence of proximal GC has increased in recent
years[36]. Total gastrectomy (TG) and PG with lymph
node dissection are both performed for EGC located in
the upper third of the stomach (U-EGC). In a retrospective study of Japanese institutions, Takiguchi et al[37] found
that a quarter of the 586 patients with U-EGC underwent PG.
PG is generally thought to offer advantages over conventional TG with Roux-en-Y reconstruction in terms of
retention of food in the remnant stomach. On the other
hand, heartburn or gastric fullness due to esophageal reflux or gastric stasis is a potential disadvantage. However,
these advantages and disadvantages depend on the reconstruction method used.
During the procedure, all regional nodes except the
splenic hilar nodes (No. 10), the distal splenic nodes (No.
11d), the suprapyloric nodes (No. 5), and the infrapyloric
nodes (No. 6) are dissected, although the dissection of
the distal lesser curvature nodes (No. 3) and the right
gastroepiploic artery (No. 4d) is incomplete. The hepatic
and pyloric branches of the vagal nerve are preserved to
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Table 2 Postoperative symptomatic outcomes after proximal gastrectomy
Ref.

Procedure

Masuzawa et al[41], 2014

Nozaki et al[42], 2013
Katai et al[43], 2010
Katai et al[44], 2003
Tokunaga et al[45], 2008

Ahn et al[46], 2013
An et al[47], 2008
Yoo et al[48], 2004
Tokunaga et al[50], 2009
Ahn et al[52], 2013
Nomura et al[53], 2014

No. of
patients

PG-EG
PG-JI
TG-RY
PG-JI
TG-RY
PG-JI
PG-JI
PG-EG
short-PG-JI
long-PG-JI
LAPG-EG
LATG-RY
PG-EG
TG-RY
PG-EG
TG-RY
PG-EG
PG-JI
LAPG-EG
LAPG-DT
PG-JI
PG-DT

49
32
122
102
49
128
45
36
18
22
50
81
89
334
74
185
38
45
50
43
10
10

Endoscopic findings (%)
Esophagitis

3
2
2
0
30
9
0
32
4
29
2
16
1

Stenosis

Symptom (%)

Food residue

Reflux

Fullness

Dumping

18
16
12

16
0
3

0
0
8

Change of body
weight (%)

32
9

6
4

3
9

12
5
38
7
35
8

87
86
85
88
86
88.9
88.5

86.4
87.4

8
5

49

10
10

8
9
32
5
0
10

3
22
12
30
20

86
86
94
96.3
91.2
87.1

LAPG: Laparoscopy-assisted proximal gastrectomy; LATG: Laparoscopy-assisted total gastrectomy; PG: Proximal gastrectomy; TG: Total gastrectomy; EG:
Esophagogastrostomy reconstruction; RY: Roux-en-Y reconstruction; JI: Jejunal interposition reconstruction; DT: Double tract reconstruction.

maintain the function of the remnant stomach and pylorus as in PPG[7].

Indications and oncologic safety
of PG
In general, to maintain both curability and functional
capacity of the remnant stomach, PG is performed in patients who are preoperatively diagnosed with cT1N0M0
primary GC in the upper third of the stomach when at
least half of the stomach can be preserved[38].
In patients undergoing PG, the lymph nodes in the
lesser curvature (No. 3) and near the right gastroepiploic
artery (No. 4d) are incompletely dissected. Thus, the surgical curability of GC may be lower with PG than with
TG. However, Ooki et al[39] reported that proximal GC
confined to the muscularis propria (mp) is not associated
with lymph node metastasis at the right gastroepiploic
artery (No. 4d), suprapyloric (No. 5), or infrapyloric (No.
6) stations. Sasako et al[40] reported that after curative gastrectomy, lymph node metastasis occurs at the suprapyloric and infrapyloric stations in patients with GC located
in the upper third of the stomach in approximately 3%
and 7% of cases, respectively. Although these percentages
seem high, approximately half of the patients had T2 or
more advanced GC and the incidence of metastasis may
be lower in patients with EGC. Therefore, patients who
are clinically diagnosed with T1N0 disease could be candidates for PG without dissection of the right gastroepiploic artery, suprapyloric, and infrapyloric lymph nodes.
The five-year survival rate after PG ranges from
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90.5% to 98.5%[41-47]. Some studies have demonstrated
that PG confers a survival benefit comparable to that of
TG, the standard procedure for GC located in the upper
third of the stomach[41,46-48]. Therefore, PG seems oncologically safe for EGC.

Postoperative symptomatic
outcomes after PG
PG is generally thought to offer several advantages over
conventional TG with Roux-en-Y reconstruction (Table
2). Ichikawa et al[49] reported that reduced food intake
volume occurred less often in patients who underwent
PG compared to TG. Masuzawa et al[41] reported that
postoperative nutritional status as analyzed by blood
tests such as serum albumin and hemoglobin was better
after PG than TG. However, no studies have shown a
superior outcome with PG as compared to TG in terms
of postoperative BW, with the exception of one study
which compared PG with jejunal interposition (JI) for
reconstruction and TG at one year after surgery[41,42,47].
Moreover, compared to TG, PG was associated with a
much higher rate of complications such as heartburn
and anastomotic stenosis, which led An et al[47] to conclude that PG is not a better option for U-EGC than
TG[46]. However, the reconstruction method was limited
to esophagogastrostomy (EG) in these reports which
did not demonstrate that PG was better. Therefore, the
evaluation of other reconstruction methods is necessary.
Currently, three procedures, TG with Roux-en-Y
reconstruction (TG-RY), PG-EG, and PG-JI, are widely
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A

B

C

Figure 2 Reconstruction methods after proximal gastrectomy. A: Esophagogastrostomy; B: Jejunum interposition; C: Double tract.

Table 3 Comparison of the reconstruction methods after proximal gastrectomy

Advantage
Disadvantage

PG-EG

PG-JI

PG-DT

Short operation time

Low incidence of reflux esophagitis

High incidence of reflux esophagitis
High incidence of anastomotic stenosis

Long operation time
High incidence of DGE

Low incidence of reflux esophagitis
Low incidence of DGE
Long operation time
Sometimes difficult for endoscopic evaluation of
remnant stomach

PG: Proximal gastrectomy; EG: Esophagogastrostomy reconstruction; JI: Jejunal interposition reconstruction; DT: Double tract reconstruction; DGE:
Delayed gastric emptying.

used to treat U-EGC in Japan (Figure 2, Table 3) [37].
Double tract (DT) reconstruction and jejunal pouch
reconstruction have also been used in a small number
of patients. A survey of Japanese institutions regarding
reconstruction methods after PG showed that the most
frequently used method was EG (48%), followed by JI
(28%), DT (13%), and pouch reconstruction (7%)[35].
PG-EG is the simplest procedure since there is a
single anastomotic site, but it is associated with a high
incidence of reflux esophagitis[46,47]. PG-JI may prevent
regurgitation of the gastric contents, resulting in a lower
incidence of reflux esophagitis, but the procedure is
slightly complicated. Several studies have compared the
postoperative outcomes of PG-EG and PG-JI. The incidence of esophageal reflux as evaluated by endoscopic
findings and symptoms was reported to be lower after
PG-JI compared to PG-EG[41,45]. However, the questionnaire conducted by Tokunaga et al[50] showed that
abdominal fullness was more frequently observed after
PG-JI than after PG-EG, because the interposed jejunum
may prevent the smooth passage of food. The length of
interposed jejunum is important in preventing esophageal
reflux, but a longer length may induce abdominal fullness.
The other important problem after PG is remnant
GC (RGC). Ohyama et al[51] reported that RGC was observed in 5% of 316 patients after PG. They also showed
that advanced RGC was more likely in patients after PGJI with a longer length of interposed jejunum (> 15 cm)
or PG-DT, and cancer-related death was only observed
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in patients who underwent these reconstruction methods.
Tokunaga et al[45] reported that endoscopic evaluation of
the remnant stomach could not be performed in 50% of
patients after PG-JI with interposed jejunum > 10 cm,
compared to 22% in patients after PG-JI with interposed
jejunum ≤ 10 cm. They concluded that a length of 10
cm or shorter is preferable for endoscopic evaluation of
the remnant stomach. The type of reconstruction chosen
after PG should facilitate postoperative endoscopic examinations for early detection and treatment of RGC.
PG-DT has been attempted to improve postoperative
outcomes after PG. PG-DT has three anastomotic sites;
esophagojejunostomy, jejunogastrostomy and jejunojejunostomy. The length of interposed jejunum is from 10
to 20 cm between esophagojejunostomy and jejunogastrostomy, and about 20 cm between jejunogastrostomy
and jejunojejunostomy. Food passes through the remnant
stomach or the jejunum by two routes in PG-DT. PG-DT
is thought to offer the same advantages as PG-JI, including the prevention of esophageal reflux, but it is expected
to be better than PG-JI with regards to DGE, because an
alternative route for food exists if DGE occurs. Only a
few studies have analyzed postoperative outcomes after
PG-DT. Ahn et al[52] evaluated postoperative complications after PG-DT compared to PG-EG; they concluded
that PG-DT is a feasible, simple, and novel method. They
showed that the incidence of anastomotic stenosis and
reflux symptoms was lower after PG-DT than PG-EG
and BW was better maintained. Nomura et al[53] evaluated
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postoperative outcomes after PG-DT vs PG-JI. Although
their study had a small sample size, they showed that the
BW ratio was significantly higher in the PG-JI group than
in the PG-DT group. The incidence of esophageal reflux
was 10% in both groups. Further studies are needed to
assess the clinical utility of PG-DT.

CONCLUSION

10

Function-preserving surgery has already been performed
in some of the high volume institutions in Japan and
South Korea, and it seems to be useful in terms of postoperative quality of life and oncologic safety. However,
indications should be carefully considered, because
function-preserving surgery usually involves less extensive procedures, resulting in the possibility of inadequate
treatment for more deeply invasive tumors. Preoperative
evaluation is very important in selecting the appropriate
candidates for function-preserving surgery.
Laparoscopy-assisted PPG and PG has several advantages over conventional PPG and PG in terms of
reduced intraoperative blood loss, postoperative pain
and fast recovery from invasive surgery[54,55]. Since some
studies reported that the oncological curability was assured[33,56,57], laparoscopic function-preserving gastrectomy is considered to be feasible by surgeons with sufficient experience in laparoscopic gastrectomy.
Many retrospective studies have shown the usefulness of function-preserving surgery, but there has been
no consensus to adopt function-preserving surgery as
the standard of surgery. To establish function-preserving
surgery as the gold standard for patients with EGC, prospective randomized controlled trials that compare PPG
or PG with conventional gastrectomy and evaluate survival and postoperative quality of life are necessary.
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Abstract
Alternative splicing, which is a common phenomenon
in mammalian genomes, is a fundamental process of
gene regulation and contributes to great protein diversity. Alternative splicing events not only occur in the
normal gene regulation process but are also closely
related to certain diseases including cancer. In this review, we briefly demonstrate the concept of alternative
splicing and DNA damage and describe the association
of alternative splicing and cancer pathogenesis, focusing on the potential relationship of alternative splicing,
DNA damage, and gastrointestinal cancers. We will also
discuss whether alternative splicing leads to genetic
instability, which is considered to be a driving force for
tumorigenesis. Better understanding of the role and
mechanism of alternative splicing in tumorigenesis may
provide new directions for future cancer studies.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Alternative splicing is a fundamental process
of gene regulation in eukaryotes. Alternative splicing
of DNA damage repair proteins is a significant cause
of gene mutations, and those mutations in turn affect
alternative splicing in cancer. Alternative splicing is associated with tumorigenesis by contributing to genetic
instability. Therefore, alternative splicing of DNA damage response-related genes has an important role in
tumorigenesis, survival, and growth of gastrointestinal
cancers. In summary, the alternative splicing variants
of these genes could be potential targets for both diagnosis and treatment of gastrointestinal cancers.
Rahmutulla B, Matsushita K, Nomura F. Alternative splicing of
DNA damage response genes and gastrointestinal cancers. World
J Gastroenterol 2014; 20(46): 17305-17313 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i46/17305.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i46.17305

INTRODUCTION
Alternative splicing is a fundamental process of gene
regulation, which results in a single gene that codes for
multiple proteins by excluding and/or including particular
exons from pre-mRNA produced from that gene[1]. The
process is performed by the spliceosome composed of
five small nuclear ribonucleoproteins (snRNPs; U1, U2,
U4, U5, and U6) and more than 100 different polypeptides[2]. In this process, many different types of proteins
are translated from mRNA of the same gene origin and
contribute to protein diversity. For example, at least 60%
of human gene products undergo alternative splicing[3],
approximately 100000 alternative splicing events have
been identified in the human genome, and up to 95%
of human multi-exonic genes have been alternatively
spliced[4]. There are approximately 20000-35000 protein-
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coding genes in a mammalian genome[5], but the number
of proteins generated by alternative splicing is much
higher[6] because many of these genes have multiple splicing patterns compensate up to thousands[7]. Thus, alternative splicing is a common phenomenon in the process
of mammalian gene regulation and generation of protein
diversity.

DISTURBED ALTERNATIVE SPLICING IN
HUMAN DISEASES
Alternative splicing events may occur in both normal and
disease-related gene regulation processes. The frequency
of alternative splicing is higher in cancerous tissues than
in normal tissues[8]. Occasionally, alternative splicing
variants are expressed in cancer cells but not in normal
cells. For example, far upstream element-binding protein
(FBP)-interacting repressor (FIR) splice variants lacking
or containing exon 2 and/or exon 5 are expressed in the
majority of hepatocellular carcinomas (HCCs) but not in
normal hepatocytes[9]. A well-known tumor suppressor
gene p53 is alternatively spliced to produce at least twelve
protein isoforms, which have important roles in cancer
formation and progression[10]. It has been suggested that
missense or silent mutations affect splicing[11-15]. According to the human gene mutation database, approximately
84% of hereditary diseases are associated with point
mutations[16]. Teraoka et al[17] suggested that 48% of these
mutations result in defective splicing in the ATM gene
in patients with ataxia-telangiectasia, and ATM has also
been reported to be alternatively spliced in several types
of cancer[18-20]. López-Bigas et al[11] estimated that more
than 60% of all human disease-related mutations affect
splicing. Lim et al[21] suggested that 22% of disease alleles
that were originally classified as missense mutations may
also affect splicing and approximately one third of all
disease-causing mutations alter pre-mRNA splicing. Alternative splicing variants of many genes and some wellknown splicing factors have been reported to be associated with numerous cancers. For example, Ikaros family
genes include Ikaros, Helios, and Aiolos. The Ikaros gene
(ZNFN1A1) is a member of the Kruppel transcription
factor family characterized by the presence of zinc-finger
domains located at their N- and C-termini and is alternatively spliced to give a number of variants[22]. Ikaros itself
acts as a tumor suppressor in the lymphoid lineage[23], but
alternative splicing variants, such as Ik11, are aberrantly
expressed in B-cell lymphoproliferative disorders and involved in tumor pathogenesis[24]. Helios was found to be
abnormally spliced in adult T-cell leukemia, and deregulation of Helios expression promotes T-cell growth[25].
The splicing factor SRSF6 is an oncoprotein reported to
be over-expressed in lung and colon cancers[26]. Another
splicing factor hnRNP has been suggested to be an oncogenic driver in glioblastoma[27,28]. Recurrent somatic
mutations of splicing machinery genes, such as SF3B1,
U2AF1, ZRSR2, and SRSF2, have been reported in
numerous malignancies, including myelodysplastic syn-
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dromes, leukemias, and ovarian and gastric cancers[29-33].
Pre-mRNA processing factor 6 (PRPF6), a member of
the tri-snRNP spliceosome complex, is required for alternative splicing of a number of genes, including ZAK
kinase, and splicing activity of PRPF6 is important for
colon cancer cell growth[34,35]. In addition to the associations shown in the above examples, many studies have
suggested that alternative splicing is indeed closely related
to certain diseases such as gastrointestinal cancers[18,36-48].

ABERRANT SPLICING OF DNA
DAMAGE REPAIR GENES CAUSES
GASTROINTESTINAL CANCERS
Impaired DNA damage responses induce genetic instability. DNA double-stranded breaks represent one of the
most severe types of DNA damage and promote genetic
instability that is lethal to cells if left unrepaired[49,50].
Genetic instability includes two major categories: one is
microsatellite instability, which involves subtle changes
in DNA sequences (faulty DNA repair), and the other is
chromosomal instability (CIN), which is characterized by
gains and losses of whole or parts of chromosomes, and
CIN is considered to be a driving force for tumorigenesis[51,52]. Single-stranded or double-stranded DNA breaks
increase the susceptibility of chromosomal gross structural alterations that lead to CIN[51]. CIN is closely associated with the intrinsic multidrug resistance of cancer[51,53].
The possible association of DNA damage, alternative
splicing, and genetic instability is schematically shown in
Figure 1.
Chromosomal alterations are found in nearly all human cancers[54]. As mentioned above, severe types of
DNA damage promote genetic instability and are an integral component of human neoplasia[55]. Alternative splicing affects the stability of transcripts by introducing premature STOP codons and directing mRNA degradation
through the nonsense-mediated mRNA decay pathway[56].
Alternative splicing of DNA damage response genes
promotes genetic instability. Therefore, alternative splicing is closely associated with DNA damage and tumorigenesis. Previous studies have shown that gastrointestinal
cancers are closely associated with alternative splicing of
DNA damage-related genes that cause genetic instability.
For example, ATM is involved in the homologous recombination (HR) pathway of DNA repair, and MRE11
is a component of the DNA damage sensor MRN; these
genes are found to be alternatively spliced in colon cancer cells[18,36]. Germline mutations in the DNA mismatch
repair genes, MSH2, MLH1, MSH6 and PMS2, are the
cause of colon cancer, called Lynch syndrome[44,45] and
they are reported to be spliced in a number of gastrointestinal cancers[37-39,57]. Splicing factor 3b (SF3b) is a subcomplex of the U2 snRNP in the spliceosome[58]. SAP155
(a subunit of SF3b) is required for proper FIR expression
and vice versa, and SAP155 knockdown or SF3b inhibition disrupts alternative splicing of FIR pre-mRNA and
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Alternative splicing
Changes structure, function as dominant negative, loss-of-function,
gain-of-function, protein-protein interactions etc …

Mutations of DDR
related Genes

Activation of DDR

Genetic instability

DNA damage

Tumorigenesis

Figure 1 Schematic view of the possible connection between alternative splicing and DNA damage. When DNA damage occurs, DNA damage response (DDR)
is activated, which then activates alternative splicing that leads to mutations and splicing alteration of DDR-related genes. This process leads to the accumulation of
DNA damage. DNA damage is a major cause of genetic instability. On the other hand, alternative splicing directly or indirectly causes genetic instability via mutations
of related genes including DDR-related genes. Genetic instability is one of the major causes of tumorigenesis.

generates FIRΔexon2[59]. FIR also acts as a molecular sensor for bleomycin-induced DNA damage by potentially
interacting with DNA-PKcs and Ku-86/XRCC5[60] and
has been reported to be alternatively spliced in colorectal
cancer[40] as well as in HCCs[9]. Multifunctional splicing
factor U2AF65, which has biotinylated triplex DNA affinity, has been reported to be associated with colorectal
cancers[61]. Poly (ADP-ribose) polymerase (PARP)-1 is
involved in single- stranded DNA damage repair and has
a control role in the HR pathway[62]. PARP-1 is activated
by Helicobacter pylori in the development and proliferation
of gastric cancer[63]. The tumor suppressor genes, BRCA1
and BRCA2, are involved in DNA damage repair through
their association with the HR mediator, RAD51, and
their mutations are usually known to contribute to the
tumorigenesis of hereditary breast and ovarian cancers[64].
Recent studies have further suggested that BRCA1 mutations in females below the age of 50 years increase the
risk of colorectal cancer[65], and BRCA2 mutations are
closely associated with pancreatic carcinogenesis[66,67].
RING finger protein 43, which is an E3-type ubiquitin
ligase, has been reported to be mutated in pancreatic cancer[46] and gastric cancer[47] and was recently reported to
act as a regulator of ATM-ATR DNA damage response;
its mutation is associated with a high risk of developing
sessile-serrated adenomas[48], which are believed to lead to
colorectal cancer. The genes reported to have alternative
splicing mutations in gastrointestinal cancers are summarized in Table 1. From the above examples, we can conclude that alternative splicing mutations in DNA damage
response genes are closely associated with gastrointestinal
carcinogenesis.
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OTHER ALTERNATIVELY SPLICED GENES
THAT RELATE TO GASTROINTESTINAL
CANCERS
As mentioned above, alternative splicing is closely associated with gastrointestinal cancers and has an important
role in their tumorigenesis. Gastrointestinal cancers are
malignancies of the gastrointestinal tract and accessory
organs of digestion, including the esophagus, stomach,
biliary system, pancreas, small intestine, large intestine,
rectum, and anus. They account for a large proportion of
human malignancies and are a major cause of morbidity
and mortality worldwide[68]. Among the gastrointestinal
cancers, colorectal cancer is the third most frequently
diagnosed cancer worldwide after lung and breast cancers, with 1.23 million diagnosed cases (9.7% of cancer
diagnoses) in 2008[69]. There are many genetic and epigenetic changes that occur during colorectal carcinogenesis,
including mutations of oncogenes, tumor suppressor
genes, and mismatch repair genes; genetic instability; allelic losses in specific chromosomal arms; and methylation changes in gene promoters[70]. In addition, alternative
splicing mutations have an important role in gastrointestinal carcinogenesis. In particular, alternatively spliced
CD44 variants promote intestinal tumorigenesis induced
by the activation of Wnt signaling[41]. Osteopontin splice
variant (OPN-b) is found to be dominantly elevated in
gastric cancer cell lines, and OPN-b has been shown to
promote gastric cancer cell survival by regulation of Bcl-2
family proteins and CD44v expressions[71]. The cyclindependent kinase inhibitor gene, which encodes P27, has
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Table 1 List of alternatively spliced genes in gastrointestinal cancers
Genes

Role in DDR

Gastrointestinal Cancers

DDR-related genes in gastrointestinal cancers
ATM
DNA damage response kinase involved in HR pathway of DNA repair
MSH2, MLH1, Involved in DNA mismatch repair
MHS6, PMS2
MRE11
Component of DNA damage sensor complex MRN
PARP-1
Involved in single stranded DNA damage repair
Plays role in controlling HR pathway
RNF43
Function as a regulator of ATM/ATR/DNA damage response

AP4

Activation by cellular stresses result in DNA damage inducer of EMT

BRCA1
BRCA2
U2AF65
FIR (PUF60)

Involved in HR
Involved in HR
With biotinylated triplex DNA affinity
Originally a transcriptional facor, also reported as a molecular
sensor for bleomycin-induced DNA damage pathway
Other genes in gastrointestinal cancers
P53
Tumor suppressor, guardian of the genome
CD44
Class I transmembrane glycoprotein involved in cell adhesion, cell-cell
interactions, migration and important player in stem cells and cancer
OPN-b
Osteopontin splice variant, contributed to gastric cancer cell survival
by regulation of Bcl-2 family proteins and CD44v expressions
p27 (CDKN1B) Cell cycle regulatory gene
c-KIT
Stem cell growth factor receptor, also known as CD117
Prrx1
Paired related homoeobox 1, a newly reported EMT inducer
HDM2
PKM2

Human double minute 2, negative regulator of p53
Pyruvate kinase M2 gene, inactive state is associated with tumor cell
proliferation, could switch between PKM2 to PKM1
BRAF
Raf kinase family member BRAF is a proto-oncogen replays a role in
regulating the MAP kinase/ERKs signaling pathway
BMP
Bone morphogenetic proteins, are a group of growth factors, function
in the formation of bone and cartilage,constitute morphogenetic signals
etc.
PRPF6
Pre-mRNA processing factor 6, a member of the tri-snRNP spliceosome
complex
Dystrophin
Cause of Duchenne muscular dystrophy
FGFR2
The fibroblast growth factor receptor 2, encodes for a fibroblast
growth factor-activated transmembrane receptor tyrosine kinase
Splicing factors in other cancers
SRSF6
Splicing facor
hnRNP
Splicing facor
SF3B1, U2AF1 Splicing factors
ZRSR2, SRSF2
Ik11 (Ikaros)
Alternative splicing variant of Ikaros, a member of Ikaros family genes
Helios
A member of Ikaros family genes
PUF60 (FIR)
FIR lacks exon5 of PUF60. FIR/PUF60 interacts with SF3B1
hnRNPM
RNA-binding protein heterogeneous nuclear ribonucleoprotein M

Colon cancer cells
Colorectal cancer and gastric cancers
Colorectal cancer
Gastric cancer
Pancreatic cancer
Gastric cancer
Sessile serrated adenomas
Mediates EMT in colorectal cancer lines
cancer
Colorectal cancer
Pancreatic cancer
Colorectal cancer
Colorectal cancer
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been reported to have recurrent somatic mutations in
small intestinal neuroendocrine tumors[72]. P27 was shown
to be associated with proliferative activity of gastric cancer[73,74]. Approximately 85%-95% of gastrointestinal stromal tumors (GIST) have mutations in the c-KIT gene[75].
Dystrophin is expressed in the nonneoplastic and benign
counterparts of GIST, but inactivation of dystrophin was
observed in 96% of metastatic GIST. Deletion of the
dystrophin-encoding and muscular dystrophy-associated
DMD gene through alternative splicing led to inactivation
of larger dystrophin isoforms and contributed to tumor
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formation and metastasis[76]. Mutations in the bone morphogenetic protein signaling pathway led to the development of juvenile polyposis syndrome, which increases
the risk of gastric cancer development[42]. The Raf kinase
family member, BRAF, is a proto-oncogene that has
been reported to be frequently mutated in numerous
human cancers, such as somatic missense mutations, in
66% of malignant melanomas and at lower frequency in
colorectal cancers[77]. Murine double minute 2, which is
a negative regulator of the tumor suppressor gene p53,
was shown to be alternatively spliced under DNA dam-
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age and contributed to numerous tumorigenesis, and its
alternative splicing is mediated by FBP1 (FUBP1)[78]. The
human counterpart is the negative regulator of p53, human double minute 2, which is frequently mutated by
alternative splicing in colorectal cancer[79]. FUBP1 is a
c-myc transcriptional activator[80]. Coupling of splicing and
transcription should be considered and analyzed for better understanding of carcinogenesis. The pyruvate kinase
muscle (PKM) gene is alternatively spliced to either M1
(PKM1) or M2 (PKM2) isoforms. PKM2 mostly promotes cancer cell growth, and PKM1 is usually expressed
in normal differentiated tissues[81,82]. PKM2 itself is not
necessary for tumor cell proliferation, and the inactive
state of PKM2 has been shown to be associated with
tumor cell proliferation, whereas nonproliferating tumor
cells require activation of PKM[83]. MicroRNAs, such as
miR-124, miR-137, and miR-340, have been shown to
regulate alternative splicing of the PKM gene to switch
PKM expression from PKM2 to PKM1 and contribute
to impaired colorectal cancer growth[82]. Studies have suggested many alternative splicing isoforms of genes, such
as VEGFA, UGT1A, PXR, cyclin D1, BIRC5 (survivin),
DPD, K-RAS, SOX9, and SLC39A14, are potential therapeutic targets of colorectal cancers[43]. In brief, alternative
splicing variants are potential targets for both diagnosis
and treatment of gastrointestinal cancers.

ALTERNATIVE SPLICING IS CLOSELY
ASSOCIATED WITH CANCER
METASTASIS
Alternative splicing variants of certain genes not only
have important roles in tumorigenesis but also significantly contribute to cancer metastasis. For example, the
transcription factor, AP4, is encoded by the p53 tumorsuppressor gene and activated by numerous cellular
stresses, which generally result in DNA damage[84]. AP4
is an inducer of epithelial-mesenchymal transition (EMT)
and mediates c-MYC-induced EMT in colorectal cancer
cell lines[85]. EMT of tumor cells contributes to metastasis[86,87]. Mesenchymal-epithelial transition (MET), which
presumably contributes to tumor suppression [88], has
been shown to be induced by p53 activation. Most recently, Peng et al[89] summarized the role of EMT in gastric cancer and suggested that loss of E-cadherin via its
transcriptional repressors, such as Snail, ZEB, and Twist,
is a key step in EMT activation, which significantly contributes to gastric carcinogenesis. Fibroblast growth factor receptor 2 (FGFR2) encodes for a fibroblast growth
factor-activated transmembrane receptor tyrosine kinase
and has been shown to be associated with EMT-related
alternative splicing[90]; its alternative splicing generates
the Ⅲb and Ⅲc isoforms. FGFR-2 Ⅲb expression correlates with venous invasion of pancreatic ductal adenocarcinoma, whereas FGFR-2 Ⅲc expression correlates
with faster development of liver metastasis[91]. RNAbinding protein heterogeneous nuclear ribonucleoprotein
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M promotes breast cancer metastasis by activating the
switch of alternative splicing that occurs during EMT[92].
Recently, splicing of paired related homoeobox 1 (Prrx1)
has been reported to be a novel EMT-MET switch. Alternative splicing of Prrx1 results in two variants, Prrx1a
and Prrx1b, and the ratio of Prrx1a (with inhibition
domain)/Prrx1b (lack of inhibition domain)[93] switches
EMT-MET of cells and controls migration and invasion
of pancreatic cancer[94]. Notably, Prrx1 is involved in metastasis and poor prognosis in colorectal cancer[95].

CLINICAL APPLICATION OF
ALTERNATIVE SPLICING TO CANCER
DIAGNOSIS AND TREATMENT
Alternative splicing variants can be potential targets for
the diagnosis and treatment of many cancers, including
gastrointestinal cancers (Figure 2)[43,96]. Novel splicing variants of FIR were generated by SAP155 siRNA, and these
variants were also found to be activated in human colorectal cancer tissues[97]. Circulating FIR and FIRΔexon2
mRNAs are potential novel screening markers for colorectal cancer testing with conventional carcino-embryonic
antigen and carbohydrate antigen 19-9. Given the central
role of c-Myc in the development of many cancers, one
direction toward the development of cancer gene therapies directed against c-Myc may go through FIR and its
variants. The Sendai virus vector of FIR has shown strong
tumor growth suppression with no significant side effects
in an animal xenograft model and is potentially applicable
to future clinical cancer treatment[98].

CONCLUSION
Alternative splicing is a fundamental process of gene
regulation in eukaryotes. It is a common phenomenon
in mammalian genomes because most human genes undergo this process[4]. Alternative splicing leads to genetic
instability, such as CIN, which drives tumorigenesis.
DNA damage is one of the major reasons for genetic
instabilities, and major components of the DNA damage
repair pathway are alternatively spliced in certain cancers.
Therefore, alternative splicing is closely associated with
tumorigenesis by contributing to genetic instability. Alternative splicing of DNA damage repair proteins is a
significant cause of gene mutations, which reciprocally
affects alternative splicing in cancer. DNA damage promotes genetic instability, and genetic instability further
promotes tumorigenesis (Figure 1). Genetic instability
caused by certain types of DNA damage may be critical
for the development of all colorectal cancers[55]. Many
genes involved in the DNA damage repair pathway are
alternatively spliced in gastrointestinal cancers (Table 1).
Thus, the alternative splicing in DNA damage responserelated genes has an important role in the tumorigenesis,
survival, and growth of gastrointestinal cancers. Establishing a well-organized database of alternative splicing
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c-myc

8q24.1

pre mRNA
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Figure 2 A model of cancer diagnosis and treatment targeting alternatively spliced variant forms. c-Myc has a critical role in cell proliferation and tumorigenesis. An far upstream element binding protein-interacting repressor (FIR) splice variant that lacks exon 2 (FIRΔexon2) activates c-myc transcription by disabling authentic FIR repression of c-myc in cancer cells[40]. FIR gene therapy is a potential cancer treatment[98]. FIRΔexon2 protein inhibition of transport into the nucleus and/or
FIRΔexon2 mRNA inhibition of export into the cytoplasm may be potential molecular targets for future cancer therapy for suppression of c-Myc. FIR and/or FIRΔexon2
mRNAs in peripheral blood are potent biomarkers for cancer detection[97].

would be helpful for facilitation of the process of considering a set of splice isoforms or their common regulatory network as targets of diagnostic or therapeutic strategies. Better understanding of the role and mechanism
of alternative splicing in tumorigenesis may lead to novel
directions for future cancer studies.
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Abstract
Tropical calcific pancreatitis (TCP) is a form of chronic
non-alcoholic pancreatitis initially reported in the developing parts of the tropical world. The clinical phenotype of TCP has undergone marked changes since
its first description in 1968. The disease is now seen in
relatively older people with less severe symptoms. In
addition, there are varying reports on the proportion of
cases presenting with imaging abnormalities like calcification, ductal dilation, and glandular atrophy. Significant progress has also been made in understanding the
etiopathology of TCP. The role of malnutrition and cassava toxicity in its pathogenesis is disproven and few
studies have focused on the role of micronutrient deficiency and oxidative stress in the etiopathogenesis of
TCP. Emerging evidence support an important role for
genetic risk factors in TCP. Several studies have shown
that, rather than mutations in trypsinogens, variants
in serine protease inhibitor kazal type 1, cathepsin B,
chymotrypsin C, cystic fibrosis transmembrane regula-
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tor, and carboxypeptidase A1, predict risk of TCP. These
studies also provided evidence of mutational heterogeneity between TCP and chronic pancreatitis in Western
populations. The current review summarizes recent
advances that have implications in the understanding of the pathophysiology and thus, heterogeneity in
genotype-phenotype correlations in TCP.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Chronic pancreatitis; Tropical calcific pancreatitis; Fibrocalculous pancreatic diabetes; Clinical
phenotype; Genetic risk factors
Core tip: Tropical calcific pancreatitis (TCP) is a form of
chronic pancreatitis of unknown etiology. The phenotype of TCP is quite heterogeneous and has undergone
a marked change over the last few decades, such that
only a small fraction of such cases represent classical
TCP. Several studies have shown the important role of
genetic factors in the pathophysiology of TCP and provide evidence of genetic and mutational heterogeneity,
compared with that in Western countries. Hence, it is
important to understand the genotype-phenotype correlation in TCP. This review summarizes recent developments that provide some understanding of genotypic
and phenotypic heterogeneity in this enigmatic disease.
Paliwal S, Bhaskar S, Chandak gr. Genetic and phenotypic heterogeneity in tropical calcific pancreatitis. World J Gastroenterol
2014; 20(46): 17314-17323 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i46/17314.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i46.17314

INTRODUCTION
Pancreas is a heterocrine gland that is comprised of an
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exocrine portion constituted by ductal cells and pancreatic acinar cells whose secretion is responsible for
digestion of food, whereas the endocrine component
is mainly involved in the maintenance of glucose homeostasis[1]. Pancreatic acinar cells synthesize, store and
secrete the enzymes required for digestion of nutrients.
Trypsin(ogen) is the key enzyme as it converts many proteolytic proenzymes into their active forms in the duodenum. Human pancreatic juice contains three isoforms
of trypsinogen. On the basis of relative electrophoretic
mobility, they are commonly referred to as cationic trypsinogen (PRSS1), anionic trypsinogen (PRSS2), and mesotrypsinogen (PRSS3). Cationic trypsinogen represents
approximately two-thirds of total trypsinogen, while
anionic trypsinogen makes up about one-third. Mesotrypsinogen is a minor form, accounting for less than
1% of trypsinogens or 0.5% of pancreatic juice proteins.
It is thought that about 5% of trypsinogen is activated
within the normal pancreas. However, there are several
molecular and cellular mechanisms that have evolved to
protect the pancreas from enzymes that are activated in
the cell, especially proteases which could otherwise lead
to auto-digestion of the pancreas leading to pancreatitis.
These include compartmentalization of digestive enzymes in vacuoles like zymogen granules and lysosomes,
the presence of pancreatic secretory trypsin inhibitor
(PSTI)/serine protease inhibitor kazal type Ⅰ (SPINK1)
to antagonize the intrapancreatically activated trypsinogen, and maintenance of suboptimal intracellular pH and
Ca2+ levels. In 1896, Chiari[1] proposed that intracellular
activation of digestive enzymes, especially trypsinogens
within the pancreas leads to pancreatitis[2].
Chronic pancreatitis (CP, OMIM 167800) is a progressive inflammatory disease of the pancreas that leads
to persistent and irreversible morphological changes such
as parenchymal fibrosis and calcification, cysts, necrosis
and development of pancreatic stones. Continuous tissue
destruction and remodeling often results in loss of exocrine and/or endocrine function. This manifests as two
major clinical symptoms: upper abdominal pain and maldigestion. The prevalence of CP varies worldwide from
5-12/100000 individuals per year in United States to as
high as 114-200/100000 individuals per year in southern India[3,4]. The TIGAR-O classification system first
proposed in 2001 identifies 6 major etiologies for CP[5].
These include: toxic-metabolic factors, such as alcoholism, hypercalcemia, hyperlipidemia; idiopathic causes; genetic predisposition; an autoimmune response; recurrent
and severe acute pancreatitis; and obstructive CP associated with pancreas divisum, sphincter of Oddi disorders,
and others. Alcohol is the most common risk factor for
CP reported in the West and some parts of Asia[4,6,7]. Certain proportions of CP patients do not possess any of
the identified risk factors and thus are classified as having
idiopathic CP (ICP). In addition, mutations in various
candidate genes such as SPINK1, cationic and anionic
trypsinogens (PRSS1 and PRSS2), cystic fibrosis transmembrane regulator (CFTR), chymotrypsin C (CTRC)
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and carboxypeptidase A1 (CPA1) have been reported
with some variability in different parts of the world[8,9].
Historically, the form of CP that is prevalent in India
is known as tropical calcific pancreatitis (TCP, OMIM
608189), described as a disease with “pain in childhood,
diabetes in puberty, and death at the prime of life”[10].
Due to wide heterogeneity in symptoms at presentation,
a large number of terminologies such as chronic calcific
pancreatitis, fibro-calcific pancreatitis, chronic calcified
pancreatitis, fibrocalculous pancreatitis and tropical pancreatitis have been used to describe this enigmatic entity.
This has made us wonder whether it is the same disease
with different names or different diseases with the same
name. In this review, we summarize the recent developments and current status of the disease, make an attempt
to explain the peculiarities and similarities with CP of
other etiologies, and advance hypotheses to explain this
dichotomy and its implications.

PHENOTYPE IN TROPICAL CALCIFIC
PANCREATITIS
Although Zuidema first described TCP in young diabetics in Indonesia with fibrosis and calcification of
the pancreas during the 1950s[11], it was the report by
Geevarghese from Kerala in South West India describing young, malnourished patients with a cyanotic hue of
the lips, bilaterally enlarged parotid gland, pot belly, and
sometimes pedal edema, that caught the attention of
the scientific community[10]. The clinical phenotype of
TCP seems to have changed considerably since its first
description. Recent reports have questioned the existence
of classical TCP and instead used the terminology of
ICP or simply CP[12]. Although there are clear-cut WHOdefined diagnostic criteria for TCP and fibrocalculous
pancreatic diabetes (FCPD), the nomenclature is quite
old[13]. Recent studies have defined the disease based on
distinctive yet arbitrary features such as; onset at less than
30 years of age, a body mass index (BMI) less than 18
kg/m2, absence of any other cause of pancreatitis, and
presence of diabetes[12,14]. Based on these criteria, only
4%-6% of patients could be classified as having TCP in
the study by Balakrishnan et al[14]. However, as indicated
earlier[15], many of these points are debatable. Firstly, the
use of BMI as a diagnostic criterion for classification
of CP is contentious as a BMI value < 18.5 kg/m2 suggests underweight status which may not be the same as
malnourished. In addition, malnutrition has been shown
to be an effect rather than a cause of CP. Furthermore,
the abovementioned studies have sub-grouped ICP into
early-onset (≤ 30 years) and late-onset (> 30 years) and
there are divided opinions over the proposal that those
belonging to the early-onset category might resemble
TCP[16,17].
In the following sections, we highlight the changes
in the clinical profile of TCP observed over the last few
decades. Several studies have also compared the features
of TCP with alcoholic CP (ACP) that is more common
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in Western countries.
Age of onset
The phenotype of TCP was initially described in children
and in adolescents[10]. However, subsequent studies have
reported a late age of onset of the disease. For instance,
Balakrishnan et al[18] compared clinical characteristics of
220 TCP patients studied in the 1980s with another recent cohort of 244 patients, and found that both age at
onset and age at presentation was nearly a decade later
in the recent study than in the previous cohort. Similar
observations have been made in other studies irrespective
of the geographical location (North/South India)[14,16,17].
In addition, comparative studies of TCP/ICP patients
with ACP patients reported a significantly earlier age of
onset in the former[14,16,18].
Pain
Irrespective of the disease etiology, abdominal pain is the
most predominant presenting complaint in the majority
of CP patients. The characteristic pain is moderate-tosevere in intensity, begins in the epigastrium, and often
radiates to the back. It may be relieved by sitting forward
or leaning forward, by assuming the knee-chest position
on one side, or by squatting and clasping the knees to the
chest. Pain may increase after a meal and is often nocturnal. Quite frequently, it is associated with nausea and
vomiting and occasionally with jaundice.
Macroscopic features of the pancreas
There seems to be heterogeneity in studies reporting the
proportion of CP patients developing calcification. While
studies from southern India observed calcification in
more than 90% of patients[17,19], reports from northern
India suggest it to range from 40%-80%[12,16,20]. Imaging
studies using endoscopic retrograde cholagiopancreatography (ERCP) and ultrasonography have shown striking
differences in the radiological appearance of TCP and
ACP. While TCP is characterized by the presence of
large, discrete, dense calculi that are usually intraductal,
patients with ACP have typically small speckled parenchymal calculi with irregular, indefinite margins. The first
ERCP study by Balakrishnan et al[21] in TCP reported that
calcific TCP displays a greater degree of ductal derangement compared with the non-calcific variety. The study
also noted that the changes in TCP were far more pronounced than those described in ACP. Another study observed that the degree of ductal dilation, pancreatic calculi, and pancreatic atrophy is higher in TCP compared
with other forms of pancreatitis[22]. Similar observations
have been made in a recent prospective nationwide
study where calculi (60%-70%), a dilated pancreatic duct
(55%-65%), and atrophy of the gland (30%-40%) were
major imaging abnormalities[14].
Diabetes
Development of diabetes is known to be one of the
common end points of TCP. Earlier, various terminolo-
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gies such as pancreatic diabetes, pancreatogenous diabetes and tropical pancreatic diabetes were proposed for
this form of diabetes. In order to maintain uniformity,
the WHO Study Group proposed the use of the term
FCPD in reference to diabetes secondary to disease of
the exocrine pancreas[23]. One of the characteristic clinical features of FCPD is that, despite the requirement for
insulin to control diabetes, the patients rarely become
ketotic on withdrawal of insulin. This is attributed mainly
to partial preservation of beta cell function as indicated
by C-peptide studies[24,25]. Histopathology and immunohistochemistry of the pancreas in FCPD subjects shows
atrophy of the pancreatic exocrine tissue and a decrease
in the number of islets in some cases and hyperplasia in
others[26]. Nesidioblastosis is also seen in some patients.
Overall, there is a decrease in insulin positivity in islets
that directly correlates with serum C-peptide levels and
inversely with the duration of diabetes[26]. The series of
patients reported by Geevarghese were actually cases of
FCPD[10]. These patients were young (majority < 40 years
of age at onset), poor, and extremely emaciated, which
emphasized the presence of protein energy malnutrition.
However, a recent study reported a decline in the proportion of FCPD cases, from 1.6% of all diabetic patients
registered annually during the early 1990s to 0.2% during
the period 2006-2010, while the prevalence of diabetes
secondary to ACP has remained the same[27]. Additionally,
there has been a significant increase in the BMI of FCPD
subjects from 19.4 ± 3.6 kg/m2 during 1991-1995 to
21.2 ± 3.8 kg/m2 during 2006-2010 (P < 0.001)[27]. Also,
a progressive increase in the age at diagnosis of FCPD
patients has been observed during this period of study,
while there was a decrease in age at diagnosis for diabetes
secondary to ACP[27]. The prevalence of microvascular
complications such as retinopathy, neuropathy, nephropathy, or microalbuminuria observed in FCPD is similar to
that in type 2 diabetes[28].
Pancreatic cancer
The lifetime risk of developing pancreatic cancer in
CP patients is reported to be around 4% [29]. Several
retrospective and prospective studies to date report an
increased association between TCP and occurrence of
pancreatic cancer[30,31]. In the study by Ramesh et al[31], 22
out of 266 TCP patients (8.3%) presenting over an 8-year
period had pancreatic adenocarcinoma. Factors associated with high risk for cancer were age > 40 years, short
duration of symptoms, weight loss, presence of a mass
on ultrasound, and ductal block on ERCP. These patients
showed distinct features, such as younger mean age of
onset, presence of calculi, and a higher incidence of diabetes compared to those with de novo pancreatic cancer.
Chari et al[30] reported an increased risk of pancreatic
cancer in TCP patients compared with the background
pancreatic cancer rate (RR = 100.0, 95%CI: 37.0-218.0).
A recent study also reported the frequency of malignancy
in TCP patients to be around 4%[14]. The risk is thought
to be generally higher in TCP compared with ACP.
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ETIOPATHOGENESIS OF TCP

in most cases with pancreatic insufficiency[39,40].

Since the first report of TCP[10], several factors have been
proposed to be involved in its pathogenesis. The major
hypotheses have revolved around malnutrition, cassava/
cyanogen toxicity, oxidative stress and trace element deficiency, and familial and genetic factors.

Alcohol, smoking and other environmental toxins
Although data are variable, an increasing trend has been
observed in the occurrence of ACP cases in India. Reports from southern India indicate a rise in cases of
ACP from 2% during the 1980s to 33% over the last
decade[17,18], whereas studies from northern India report
a near equal (30%-40%) prevalence of ACP or predominance of TCP/ICP[4,12,16]. Even in the cases of TCP/ICP,
a large proportion of individuals are alcohol drinkers. A
majority of alcohol drinkers have also been reported to
be smokers which further increases the risk of TCP[17,18].
Additionally, xenobiotic stress has also been implicated in
the etiopathogenesis of TCP[41].

Malnutrition
In earlier reports, TCP was primarily observed in poor,
malnourished individuals, which led to the proposition
that malnutrition might be an important causal factor for
TCP[32]. However, recent observations have questioned
this hypothesis. Recent prospective observational and
case-control studies have reported that only 20%-25%
TCP patients were undernourished before onset, and the
majority of patients lost weight only after disease onset[33,34]. It has been argued that malnutrition thus could
be the effect rather than the cause since TCP and consequent malabsorption could itself lead to severe weight
loss[34]. Although data are convincing that malnutrition is
not causally related to the etiopathogenesis of TCP, it is
possible that malnutrition modulates the phenotype of
the disease. High carbohydrate and low protein diets have
also been shown to result in ductal changes, with mucoid
metaplasia and parenchymal atrophy in an animal model
in the bonnet monkey[35]. However, pancreatic changes
were rather different from those typically seen in TCP,
and the animals predominantly developed vascular and
cardiac changes-features not observed in TCP patients[35].
Cassava/cyanogen toxicity
In several parts of the world, cassava (tapioca, Manihot
esculenta) is consumed as a staple food by poor people.
It is known to contain cyanogenic glycosides such as
linamarin and lotaustralin, whose detoxification in the
body requires sulfur. Malnourished individuals are deficient in sulfur-containing amino acids such as methionine
and cysteine. Since cassava was a staple diet in Kerala, it
gained the status of a co-trigger as a logical extension of
the nutritional hypothesis. The cassava hypothesis has
been discarded because: (1) cassava consumption was not
found to be a risk factor in case-control studies including one from Kerala[36]; (2) patients with TCP have been
reported from areas where cassava is not consumed[4,14];
and (3) long-term cassava consumption did not produce
diabetes or pancreatitis in a rat model[37].
Micronutrient deficiency and oxidative stress
Multiple micronutrient deficiency is common in CP and
likely to be related to its pathogenesis through its influence on oxidative stress. A study from Kerala has shown
enhanced lipid peroxidation and decreased antioxidant
status both in TCP and ACP[38]. The authors have further
extended their earlier observation that zinc deficiency
may also have a significant role to play in CP[39]. Zinc
deficiency may occur as a result of pancreatic exocrine
insufficiency. Moreover, zincuria has also been observed
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Familial aggregation and genetic factors
In one of the earliest studies, in 98 family members comprising 24 parents, 57 siblings and 17 offspring of TCP
probands, familial aggregation was seen in 8% of TCP
patients[42]. In some families, there was evidence of vertical transmission of TCP from parents to the offspring,
while in others, horizontal distribution of the disease was
observed. This suggests, but does not necessarily prove, a
hereditary etiology for TCP since several family members
could be exposed to the same toxic and/or other environmental factors. This led to the speculation that genes
could be involved in the pathogenesis of TCP. However,
it was only after the identification of cationic trypsinogen
(PRSS1, OMIM 276000) as risk factor in Western populations that researchers focused on the role of genetic
variants in TCP[43,44].

GENETIC HETEROGENEITY IN TCP
Trypsinogen(s)
As early as 1896, it was hypothesized that pancreatitis
results from premature trypsinogen activation within the
pancreas[2]. In 1996, independent familial linkage analysis
studies mapped the gene locus on chromosome 7q35 and
demonstrated its association with hereditary pancreatitis
(HP)[45,46]. Subsequent fine mapping studies identified
the c.365G>A (p.R122H) mutation in PRSS1 to be associated with HP[43]. Since then, a large number of variants in PRSS1 have been identified in CP patients[47].
Of these, p.R122H, p.N29I and p.A16V are most commonly reported, and their causality in CP through diverse
mechanisms has been proven beyond doubt[48]. None of
the mutations in PRSS1 that have been reported to be
associated with HP, and CP in Western populations has
been found in TCP patients[49,50]. Mutations in anionic
trypsinogen (PRSS2) were hypothesized to cause the
disease by a mechanism similar to that of PRSS1. Earlier
studies by various groups did not find association of any
polymorphism of PRSS2 with ICP and TCP patients[51-53].
The protective role of the p.G191R PRSS2 mutation,
identified in Europeans, has also been not replicated in
Indians[54]. In addition, no copy number variation muta-
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tion in PRSS1/PRSS2 was found in TCP patients, suggesting that trypsinogen gene mutations do not play an
important role in the pathogenesis of TCP in the Indian
population[55].
Serine protease inhibitor Kazal type 1
PSTI encoded by SPINK1 (OMIM 167790) is also synthesized in acinar cells of the exocrine pancreas. Because
of its ability to trap up to 20% of the potential trypsin
activity, SPINK1 has long been thought to constitute one
of the defense mechanisms against prematurely activated
trypsin within the pancreas. Identification of SPINK1
as a susceptibility gene for CP[44] was followed by several
reports confirming its association worldwide with various
forms of pancreatitis. To date, more than 40 variants in
SPINK1 have been identified. The most commonly associated variant c.101G>A (p.N34S) has shown a strong
association with TCP as well[49,50]. Similar associations of
varying strength have been reported by several studies establishing SPINK1 as a strong candidate for contributing
to the pathogenesis of TCP[56-59]. Overall, these studies assessed 351 TCP patients and 973 controls. The high-risk
haplotype around p.N34S was detected in 168 of 702 patient alleles and in 44 of 1946 control alleles. The pooled
OR calculated using the random-effect model was 19.15
(95%CI: 8.83-41.56)[60]. However, no genotype-phenotype
correlation has been found in patients carrying the p.N34S
SPINK1 mutation in homozygous or heterozygous state,
and a wide variability has been reported in the pattern
of inheritance. Hence, in contrast to the causal nature of
PRSS1 mutations, SPINK1 has been accorded the role
of disease modifier. A more recent study assessed the
role of SPINK1 promoter variants in the pathogenesis
of CP[61]. A rare loss-of-function variant c.-142T>C that
leads to disruption of the HNF1 binding site and hence
reduced SPINK1 expression was identified exclusively in
TCP patients[61]. Another rare variant, c.-215G>T, also
identified only in FCPD patients did not affect SPINK1
expression. These results suggest that p.N34S SPINK1
continues to be the strongest risk predictor for TCP.
Cathepsin B
Human cathepsin B (CTSB, OMIM 116810) is a 339
amino acid long thiol protease belonging to the peptidase C1 family. It is primarily localized to lysosomes and
is involved in intracellular degradation and turnover of
proteins. Nearly 30 years ago, it was speculated that lysosomal enzymes might play a role in the pathophysiology
of pancreatitis[62]. This was because an earlier study had
shown that at least one lysosomal hydrolase, cathepsin B,
was capable of activating trypsinogen[63], which has been
supported by several subsequent studies[64,65]. Additionally,
it has been shown that supramaximal stimulation causes
redistribution of lysosomal enzymes leading to their colocalization with digestive enzyme zymogens within intraacinar cytoplasmic vacuoles[66]. These observations made
CTSB an interesting candidate gene. Indeed, a study
involving 306 TCP patients and 330 controls reported
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that polymorphism p.L26V CTSB was associated with
TCP (OR = 2.09, 95%CI: 1.55-2.81; P = 0.013)[67]. In addition to the p.L26V variant, the polymorphism p.S53G
also had a significantly different distribution in p.N34S
SPINK1 carriers and non-carriers. These variants, which
lie in the pro-peptide region of CTSB, were proposed to
lead to mis-localization of cathepsin B to zymogen granules, thus causing premature activation of trypsinogen.
However, a recent study conducted in a moderate sample
size of 150 cases and 150 controls from North India
failed to replicate this association[68]. Surprisingly, the
mutant allele frequency of 0.33% in controls reported in
the study is far lower than that of 30% reported earlier[67],
which raises doubts on the veracity of the results
Chymotrypsin C
The human chymotrypsin C gene (CTRC; OMIM
601405) encodes a 268 amino acid long serine protease (a
member of the peptidase S1 family) that is secreted from
the pancreas and has a chymotrypsin-like protease activity. Recent studies have demonstrated that auto-activation
of trypsinogens in humans is proteolytically regulated
by CTRC through two independent and seemingly conflicting mechanisms. On one hand, CTRC stimulates
the autoactivation of cationic trypsinogen by cleavage
at the Phe18-Asp19 peptide bond[69], while on the other
hand, it promotes degradation of all human trypsin and
trypsinogen isoforms with high specificity by cleaving the
Leu81-Glu82 in the calcium binding loop[70]. The act of
activation and degradation of trypsinogen by CTRC is
regulated by prevailing Ca2+ concentrations[70]. Since the
intra-acinar activation of cationic trypsinogen is thought
to be the primary cause of pancreatitis, impairment of
the CTRC-dependent regulation of auto-activation of
trypsinogen increases the risk of intra-pancreatic trypsinogen activation and consequent pancreatitis in humans.
Two initial studies investigated the role of CTRC variants
in patients of Indian origin and found them to be associated with TCP[71,72]. However, both studies focused on a
specific region of the gene in a small number of subjects.
Subsequently, a comprehensive study that screened the
whole CTRC gene in a large, ethnically matched casecontrol CP cohort, including TCP, observed significant
over-representation of rare CTRC variants in CP patients
compared with normal individuals[73]. Non-synonymous
variants, c.217G>A (p.A73T) and c.703G>A (p.V235I),
were the major risk predictors, in comparison to the
c.738_761del24 (p.K247_R254del) and c.760C>T
(p.R254W) variants that were the predominant mutations in European CP patients. While p.A73T exhibits its
pathogenicity by eliciting endoplasmic reticulum stress[74],
p.V235I is known to reduce activity and secretion of the
protein[75]. In addition, a synonymous variant, c.180C>T
[p.(=)], was also found to be significantly associated with
CP (OR = 9.89, 95%CI: 2.95-33.18; P = 5.9 × 10-6). Interestingly, the spectrum of CTRC mutations identified in
TCP patients was similar in all three studies, but entirely
different from that observed in Western CP patients.
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Based upon the biochemical activities of CTRC and the
functional properties of CTRC variants, three mutually
non-exclusive models for explaining the role of CTRC
variants in predisposing to CP were put forward[76]: (1)
impaired trypsinogen and/or trypsin degradation; (2)
induction of endoplasmic reticulum stress; and (3) impaired activation of A-type carboxypeptidases.
Carboxypeptidase A1
The last hypothesis as mentioned above is of special
interest because, based on functional evidence, a recent
study proposed that CTRC is a physiological co-activator of pro-carboxypeptidase A1 (proCPA1) and procarboxypeptidase A2 (proCPA2)[77]. After trypsinogens,
proCPA1 is the second largest component of pancreatic
juice, contributing more than 10% of the total protein.
Indeed, genetic and functional data from a recent study
has established the global role of CPA1 variants in the
pathogenesis of CP, including TCP[9]. However, there was
evidence of heterogeneity in the spectrum of mutations
identified in different populations. In the individuals of
Indian origin, three non-synonymous variants (p.D32H,
p.R169H, and p.Y308H) were novel and present exclusively in patients, while the frequency of p.A208T was
comparable between cases and controls. Apparent activities of p.D32H, p.R169H and p.Y308H were 79%, 24%,
and 3%, respectively, of the wild protein, whereas their
respective relative secretion levels were 75%, 23%, and
17%, respectively, of the native protein. This confirms
the earlier notion that the mutational spectrum in various CP-associated genes is different in TCP than in other
types of CP in the Western world.
Cystic fibrosis transmembrane regulator
The CFTR gene encodes a member of the ATP-binding
cassette transporter superfamily. In the pancreatic duct,
CFTR couples functionally to the anion exchangers to
generate bicarbonate secretion for alkalinizing the duodenal lumen[78]. Abnormal CFTR genotypes are strongly
associated with cystic fibrosis (CF)[79]. Considering the
fact that patients with CF occasionally suffer from pancreatitis; pancreatic pathology in CP and cystic fibrosis
shows intraductal plugging; also, CP is a known cause of
false positive sweat tests, and two studies in 1998 simultaneously reported an association between CFTR mutations and CP[80,81]. Only two studies have investigated the
role of CFTR variants in TCP. In the study by Bhatia and
colleagues, all 27 CFTR coding exons were analyzed in
18 Indian TCP patients[82]. Two patients (11%) showed a
CFTR variant: one subject was homozygous for the 5T
allele and the other heterozygous for p.R1070Q, which
is presumed to be a mild missense variant. The overall
frequency of CFTR alterations was 0.083 (3/36), which
was far lower than that observed in white Caucasian subjects with CP (range: 0.20-0.24). In a more recent study,
mutations in 19 of 27 exons of the CFTR were analyzed
in 100 TCP patients and 100 healthy controls[12]. A total
of 21 severe and mild CFTR variants (including six novel
variants) were detected in 50% of patients compared with
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two different variants in 10% of controls (P < 0.0001).
Of these, 27 patients were trans-heterozygous for CFTR
variants and the p.N34S SPINK1 mutation[12].
Pancreatic stone protein
An important feature of TCP is the high incidence of
pancreatic calcification and stone formation. Human
Reg protein is encoded by the pancreatic stone protein
(reg1a) gene (regenerating gene) as a 166 amino acid preproprotein with a 22-residue long signal sequence, and
is highly represented in the human pancreatic secretions.
It was first isolated as a major protein component of
pancreatic stones in patients with ACP and hence called
pancreatic stone protein. It was suggested that it could
promote the nucleation of calcite crystals or prevent pancreatic lithiasis by inhibiting calcite crystal nucleation and
growth in the pancreatic juice[83]. With suggestions that it
might help in preventing the harmful activation of protease precursors in the pancreatic juice, it was speculated
that mutations in this gene could lead to pancreatitis and
calcification. However, no association with TCP could be
established even on screening of all exons of the Reg1a
gene (OMIM 167770)[84,85]. As the protein is known to be
downregulated in TCP patients, a recent study screened
the gene, including the putative promoter and intronic
regions, but did not find a significant association with
TCP[86].
Glycoprotein 2
The glycoprotein 2 (GP2) gene is specifically expressed in
the pancreatic acinar cells and represents the major component (about 40%) of the total zymogen granule (ZG)
membrane protein[87]. During the secretory process, GP2
is cleaved from the membrane by phosphatidylinositolspecific phospholipase C and is secreted into the duct
lumen along with other digestive zymogens. In addition,
a soluble form of GP2 is also present in the content of
ZGs. Given the fact that intra-ductal plug formation is
one of the early events in the development of CP and
GP2 is found to be a major component of these plugs[88],
it was hypothesized that variations in GP2 may potentially
affect the risk of duct obstruction and CP. Mutational
screening of exons 3 and 9 of the GP2 gene in TCP
patients identified two variants of which the variant
c.1275A>G showed a disease predisposing effect[89]. A recent study has demonstrated that in the presence of this
variant, the ratio of full-length transcript:total transcript is
much lower than that derived from the wild type[90]. This
is because the c.1275A>G variant significantly reduces
the rate of exon 9 inclusion compared with the wildtype sequence[90]. It results in substitution of the last 116
amino acids by 15 new amino acids. These changes may
lead to structural alterations and hence compromise the
function of the protein[90].
Transcription factor 7-like 2
Progression of TCP to diabetes, also known as FCPD,
occurs in a majority of TCP patients. However, the nature of diabetes associated with pancreatitis is contro-
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versial since it shows features of both type 1 (T1D) and
type 2 (T2D) diabetes. A recent study from our group
hypothesized that the type and mechanism of diabetes
in FCPD patients can be understood by investigating a
known genetic susceptibility factor for T1D or T2D[91]. In
this study, T2D-associated polymorphisms in transcription factor 7-like protein 2 (TCF7L2, OMIM 602228)
were screened in TCP and FCPD patients. Although no
independent association with FCPD was identified, data
suggested that polymorphisms in TCF7L2 might interact
with SPINK1 and CTSB mutations and cause FCPD[91].
Calcium sensing receptor
Experimental evidence suggests that intracellular and
extracellular calcium levels play an important role in the
initiation of protease activation within the pancreas.
The function of calcium sensing receptor (casr) is to
sense small differences in the circulating calcium levels.
Mutations involving CASR (OMIM 601199) have been
proposed to increase the risk of CP, since high intracellular levels of calcium activate trypsinogen within the
acinar cells. A combination of CASR and SPINK1 gene
mutations has also been proposed to predispose to ICP.
Another study conducted in India pertaining to TCP patients identified four novel mutations (p.P163R, p.I427S,
p.D433H, p.V477A) in CASR[92]. A combination of both
the p.N34S SPINK1 mutation and CASR mutations was
seen in approximately 6% (2/35) of the patients, while
22% (6/35) harbored a single mutation[92]. However, the
drawback of this study was that a limited number of patients and controls were screened.
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Abstract
Oxidative stress is considered to be an important regulator of the pathogenesis of acute pancreatitis. Reactive oxygen species (ROS) regulate the activation of
inflammatory cascades, the recruitment of inflammatory cells and tissue damage in acute pancreatitis. A
hallmark of the inflammatory response in pancreatitis
is the induction of cytokine expression, which is regulated by a number of signaling molecules including
oxidant-sensitive transcription factors such as nuclear
factor-κB (NF-κB) and activator protein-1 (AP-1), signal
transducer and activator of transcription 3 (STAT3), and
mitogen-activated protein kinases (MAPKs). Cross-talk
between ROS and pro-inflammatory cytokines is mediated by NF-κB, AP-1, STAT3, and MAPKs; this crosstalk
amplifies the inflammatory cascade in acute pancreatitis. Therapeutic studies have shown that antioxidants
and natural compounds can have beneficial effects for
patients with pancreatitis and can also influence the
expression of proinflammatory cytokines in cerulein-induced pancreatitis. Since oxidative stress may activate
inflammatory signaling pathways and contribute to the
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development of pancreatitis, antioxidant therapy may
alleviate the symptoms or prevent the development of
pancreatitis. Since chronic administration of high doses
of antioxidants may have deleterious effects, dosage
levels and duration of antioxidant treatment should be
carefully determined.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Reactive oxygen species; Inflammatory signaling; Cerulein pancreatitis
Core tip: The pathogenesis of acute pancreatitis is not
completely elucidated. Oxidative stress may contribute
to the development of acute pancreatitis. Evidence
supporting the role of reactive oxygen species and
cytokines as a risk for pancreatitis and the concept of
antioxidant supplementation as a preventive approach
for pancreatitis has been proposed. Here we review
the literature on oxidative stress, cytokine expression,
inflammatory signaling, and natural antioxidant supplementation using an experimental model of ceruleininduced acute pancreatitis.
Yu JH, Kim H. Oxidative stress and inflammatory signaling
in cerulein pancreatitis. World J Gastroenterol 2014; 20(46):
17324-17329 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i46/17324.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i46.17324

INTRODUCTION
Acute pancreatitis is a disease characterized by the activation of digestive proteases, inflammatory infiltration
of macrophages and neutrophils, and necrosis of the
pancreatic tissue. High doses of a cholecystokinin (CCK)
analogue, cerulein, have been shown to stimulate the
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maximum secretion of pancreatic amylase and lipase[1].
This increased secretion results in pancreatitis, which is
characterized by cytoplasmic vacuolization, the death of
acinar cells, edema formation, and infiltration of inflammatory cells into the pancreas[2]. Interestingly, neutrophils
obtained from patients with acute pancreatitis have been
shown to exert enhanced production of reactive oxygen species (ROS)[3]. ROS have been proposed to play
a critical role in the pathogenesis and development of
acute pancreatitis. The major source of ROS in acute inflammation appears to be the NADPH oxidases; on the
other hand, the major target of ROS and redox signaling in acute pancreatitis is nuclear factor-κB (NF-κB)[4,5].
Both the activation of NF-κB and the NF-κB-regulated
expression of interleukin-1β (IL-1β), IL-6, and TNF-α
have been shown to be involved in initiation and aggravation of acute pancreatitis. Studies focusing on natural
compounds, have shown that caffeine-free extract from
green tea reduces the degree of acute pancreatitis, the
activation of NF-κB, and reduces the expression of proinflammatory cytokines[6]. Other antioxidants such as
ascorbic acid and N-acetyl cysteine (NAC) have also been
shown to exert beneficial effects against acinar cell degeneration, pancreatic edema, intracellular vacuolization
and inflammatory infiltration in cerulein-induced pancreatitis[7]. This review will focus on the involvement of
ROS in inflammatory signaling pathways in the context
of the cerulein-induced acute pancreatitis model. In addition, natural compounds that may alleviate the symptoms
or prevent the development of pancreatitis will also be
discussed.

ROS signaling in cerulein-induced
acute pancreatitis
Depletion of pancreatic glutathione (GSH) has been
shown to be involved in the early phase of acute pancreatitis[8] and also to influence the extent of disease
severity[9]. The activities of multiple antioxidant enzymes,
including glutathione peroxidase, superoxide dismutase
(SOD), and catalase, decrease in the course of pancreatitis; the levels of antioxidant vitamins have also been
shown to decrease[10,11]. Moreover, the level of pancreatic glutathione peroxidase is reduced both in ceruleininduced acute pancreatitis models[7] and in patients with
acute pancreatitis[12]. The serum level of thioredoxin-1, an
antioxidant, has been shown to increase in patients with
severe acute pancreatitis[13]. However, overexpression of
thioredoxin-1 has been shown to attenuate the inflammatory response in acute pancreatitis[14]. Interestingly, cerulein-induced pancreatitis induces expression of metallothionein-1, and overexpression of metallothionein-1 has
been shown to protect against pancreatic damage after
induction of pancreatitis in mice[15]. Thus, oxidative stress
appears to regulate the early phase of acute pancreatitis,
since an improved antioxidant status is associated with
improved clinical outcomes in patients with acute pancreatitis. The major source of ROS in inflammation has
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been reported to be NADPH oxidases[4,5,16]. Deficient
production of NADPH oxidase was shown to reduce
trypsin activation in mice with cerulein-induced pancreatitis[17]; moreover, the NADPH oxidase NOX1 has been
demonstrated to play a critical role in the induction of
IL-6 expression and apoptosis in pancreatic AR42J acinar
cells stimulated with cerulein[18].

Inflammatory response and
signaling in acute pancreatitis
Hyper-stimulation of the CCK receptor, using supramaximal doses of the CCK analogue cerulein, has been
shown to lead to NF-κB activation in pancreatic acinar
cells[19]. Cerulein also produces ROS by activating the
NADPH oxidase, NOX1, in pancreatic acinar cells[18]. Cerulein-mediated induction of acute pancreatitis is known
to trigger NF-κB activation; this effect can be attenuated
by pretreatment with NAC[19]. Pro-inflammatory cytokines, such as IL-1β, IL-6, and tumor necrosis factor-α
(TNF-α), play a major role in the inflammatory response
associated with acute pancreatitis[20-23]. Antioxidants inhibit the expression of these inflammatory cytokines by
suppressing NF-κB activation[21]. Clinical studies have
revealed the presence of inflammatory cytokines such as
IL-1β, IL-6, and TNF-α in the sera of patients with acute
pancreatitis. Patients with pancreatitis have been shown to
have enhanced NF-κB activity; moreover, inhibiting NFκB has been shown to reduce the inflammatory effects
of pancreatitis[24]. Both experimental and clinical studies
have implicated a role for NF-κB in the pathogenesis of
acute pancreatitis[24,25]. Conditional overexpression of IκB
kinase, a molecule which helps activate NF-κB by phosphorylating its inhibitory protein IκBα, has been shown
to induce an inflammatory response in mice with acute
pancreatitis[26]. Moreover, genetic silencing of NF-κB was
shown to reduce the extent of pancreatic damage and
to down-regulate the expression of TNF-α in ceruleininduced acute pancreatitis[27]. TNF-α and IL-1β are considered to be the primary cytokines in acute pancreatitis,
since these cytokines initiate and propagate most of the
consequences of the systemic inflammatory response[28].
These two cytokines also amplify the inflammatory
cascade by activating mitogen-activated protein kinases
(MAPKs) and NF-κB, which in turn induces the release
of chemokines and other cytokines. The induction of
chemokines occurs via a positive feedback loop, in which
each chemokine also up-regulates its own expression[29].
Serum IL-6 levels have also been shown to be increased
in patients with acute pancreatitis, these levels also correlate with disease severity[30]. In an IL-6 transgenic mouse
model, cerulein-induced acute pancreatitis was shown
to be more severe than in wild-type mice[31]. Ceruleininduced expression of IL-8 has also been reported to be
regulated by NF-κB, AP-1, and MAPKs in pancreatic acinar cells[32]. A recent study showed that the janus kinase 2
(JAK2)/signal transducer and activator of transcription
3 (STAT3) pathway is activated by the CCK2 receptor in
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pancreatic AR42J cells[33]. High doses of cerulein have
also been shown to trigger phosphorylation of JAK2 and
STAT3 in pancreatic acinar cells[34]. Moreover, inhibition
of JAK2 and STAT3 via the anti-inflammatory properties
of peroxisome proliferator activated receptor-γ (PPAR-γ)
ligands, such as 15-deoxy-Delta-(12,14)-prostaglandin J2
(15dPG-J2) and troglitazone, has been shown to reduce
the expression of IL-6[34]. Recent study shows that cerulein induces oxidative injury, inflammatory cytokines, and
nucleosome release in pancreatic tissues and acinar cells
of mice with pancreas-specific disruption in HMGB1
(high mobility group box 1)[35]. Treatment of NAC attenuates cerulein-induced pancreatic injury in these mice[35],
suggesting that intracellular HMGB1 may prevent oxidative injury of pancreas and limit acute pancreatitis.

EFFECTS OF ANTIOXIDANTS AND
NATURAL COMPOUNDS IN ACUTE
PANCREATITIS
An antioxidant mixture was shown to reduce the level
of malondialdehyde, and increase the activities of catalase and glutathione peroxidase in L-arginine-induced
pancreatitis rats. Moreover, supplementation with an
antioxidant mixture containing NAC, selenium, and vitamin C was shown to reduce pancreatic injury in rats[36].
Furthermore, treatment with NAC alone was sufficient
to attenuate sodium taurocholate-induced pancreatitis in
rats[37]. A combination treatment of ebselen [2-phenyl-1,2benzisoselenazol-3(2H)-one], which is a mimic of GSH
peroxidase, and ethylhydroxyethyl cellulose (EHEC) was
also shown to attenuate severe acute pancreatitis in rats[38].
Resveratrol, a plant-derived polyphenolic phytoalexin, has
also be shown to reduce the expression of TNF-α and
IL-8 by inhibiting NF-κB signaling in acute pancreatitis[39].
In the early stage of acute pancreatitis, NF-κB is activated
in macrophages, which then produce cytokines. During
acute pancreatitis, treatment with resveratrol reduces the
expression of IL-1β and TNF-α in macrophages via
NF-κB signaling pathways[40]. In cerulein-induced acute
pancreatitis, treatment with resveratrol has been shown to
prevent tissue damage, reduce the expression of IL-1β,
and induce the expression of IL-10, an anti-inflammatory
cytokine[41]. The effect of resveratrol may be due to its antioxidant effect with induction of catalase and MnSOD[42].
Moreover, cerulein-induced upregulation of IL-1β and
TNF-α and depletion of GSH are rescued by treatment
with lycopene, a natural carotenoid[43]. Glycyrrhizin treatment of acute pancreatitis has also been shown to suppress the production of proinflammatory cytokines (IL-6,
IL-1β and TNF-α) and to stimulate recovery from histological changes such as acinar cell necrosis, hemorrhage,
and edema[44]. Glycyrrhizin treatment has been shown to
not only decrease the serum levels of MCP-1 and MIP-2
in cerulein-induced acute pancreatitis, but also to reduce
the number of infiltrated granulocytes and monocytes in
pancreatic tissues[45]. Glycyrrhizin exerted antioxidant effects and reduced activation of NF-κB, c-Jun N-terminal
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kinase (JNK), and p38, redox-sensitive signaling events
known to be relevant for influenza A virus replication[46].
Glycyrrhizin treatment decreased the incidence of free
radical-induced lipid peroxidation and improved immunity activities in the blood and nasal mucosa of allergic
rhinitis mice[47]. In addition, bioflavonoid curcumin, the
pigment in turmeric (Curcuma longa), inhibited the activation of NF-κB and the expression of TNF-α and thus
ameliorated cerulein pancreatitis in mice[48].
Antioxidant therapy is believed to have great potential, since its therapeutic efficacy has already been
demonstrated in experimental acute pancreatitis. Patients
admitted within 72 h of onset of pain were randomized
to receive either placebo or antioxidants (vitamin C 500
mg, NAC 200 mg 8 hourly and antoxyl forte 1 capsule
hourly with standard medical treatment) daily[49]. Treatment with vitamin C and NAC was shown to decrease
oxidative stress and to improve the antioxidant status of
23 patients with acute pancreatitis[49]. Moreover, antioxidant therapy with selenium and D-α-tocopherol in 99
patients showed beneficial effects against necrotizing or
mild acute pancreatitis[50]. A combination therapy of daily
doses of antioxidants including 600 µg organic selenium,
9000 IU β-carotene, 0.54 g vitamin C, 270 IU vitamin
E, and 2 g methionine was studied in three controlled
clinical trials[51-53]. After treatment with a combination
of antioxidants to 28 patients with idiopathic chronic,
alcoholic chronic, or idiopathic acute pancreatitis, recurrent attacks and pancreatic pain were significantly attenuated[51]. Another study with 36 chronic pancreatitis
patients, pain was reduced after the combination therapy
and quality of life, physical, social functioning and health
perception were enhanced[52]. In clinical trial with 147 patients, the antioxidants were administered for 6 mo, and
pain and hospitalization were reduced[53]. Twenty patients
with chronic pancreatitis received 500 mg curcumin with
5 mg of piperine or placebo for 6 wk[54]. Treatment of
curcumin reduced erythrocyte malondialdehyde levels
compared to placebo[54]. Bolus intravenous administration
of vitamin C (10 g/d) for 5 d has been shown to alleviate
pancreatitis symptoms, enhance the cure rate, reduce the
complications, and decrease the length of hospital stays
in 84 patients with acute pancreatitis[55].
In contrast, a multidrug approach was investigated in
a randomized control trial using intravenous NAC, selenium and vitamin C in 43 patients with severe acute pancreatitis for 7 d. While makers for oxidative stress were
lower in the treatment group, there was no significant difference in patient outcomes[56]. The study shows a lack of
benefit from antioxidant therapy in severe acute pancreatitis. In another randomized study with multiple antioxidants, 39 patients with severe acute pancreatitis were randomized to standard treatment or standard treatment and
vitamin C (1000 mg in 100 mL normal saline), vitamin E
(200 mg oral), and vitamin A (10000 IU intramuscularly)
for 14 d. No significant difference was demonstrated in
the two treatment groups regarding, length of hospital
stay and organ dysfunction[57]. Also, antioxidants therapy
does not seem to confer protection in patients with
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Figure 1 Scheme of oxidative stress-induced inflammation in cerulein pancreatitis. High dose of cerulein, a cholecystokinin (CCK) analogue, binds to CCK2
receptor and stimulates the activation of NAPH oxidase to produce reactive oxygen species. Reactive oxygen species activate redox-sensitive transcription factors
nuclear factor-κB (NF-κB) and activator protein-1 (AP-1) as well as inflammatory mediators mitogen-activated protein kinases (MAPKs) (mitogen-activated protein
kinases) and janus kinase 2 (JAK2)/signal transducer and activator of transcription 3 (STAT3), which in turn induces the expression of cytokines IL-1β, IL-6, IL-8, and
TNF-α in pancreas. Induction of cytokines recruits neutrophils and macrophages in the injured pancreatic tissues. Cytokines/chemokines act as a positive feedback
loop to up-regulates their own expression. Therefore, cytokines positively regulate the induction of cytokines and pancreatic injuries are amplified. Peroxisome proliferator activated receptor-γ (PPAR-γ) ligands inhibit the activation of JAK2/STAT3 and suppresses inflammatory signaling in pancreas. Antioxidant nutrients and natural
compounds reduce the levels of reactive oxygen species and suppress activation of NF-κB, AP-1, MAPKs, and JAK2/STAT3 to inhibit induction of cytokines and pancreatic injuries in experimental pancreatitis (in vitro, in vivo). Some clinical studies show a lack of benefit from antioxidant therapy while others have beneficial effects
against acute and chronic pancreatitis by alleviating symptoms and enhancing the cure rate.

post endoscopic retrograde cholangiopancreatography
(ERCP)-induced pancreatitis. In a double-blinded trial,
patients were given a single dose (2 g) of β-carotene 12
hours prior to an ERCP. There was no difference in the
incidence of acute pancreatitis between the patients who
received antioxidant (9.4%) with those who had received
placebo and developed (10%)[58]. Even though there has
been no report for adverse effect directly attributable to
antioxidant therapy, we could not exclude possible deleterious effects of chronic administration of high doses
of antioxidants. Therefore, dosage levels and duration
of antioxidant treatment should be carefully determined.
The role of oxidative stress on inflammatory signaling
and anti-inflammatory effects of natural compounds in
cerulein-induced pancreatitis are summarized in Figure 1.

CONCLUSION
Oxidative stress is well established to increase throughout
the course of pancreatitis. Furthermore, ROS are known
WJG|www.wjgnet.com

to mediate the activation of NF-κB, AP-1, MAPKs, and
STAT3 in pancreatic acinar cells stimulated with cerulein.
Crosstalk between ROS and pro-inflammatory cytokines,
which is mediated by NF-κB, STAT3, and MAPKs, is
believed to contribute to the inflammatory process in
pancreas. Antioxidant combinations of NAC, organic
selenium, β-carotene, vitamin C, and vitamin E may inhibit cytokine expression and thus reduce the severity of
pancreatitis. Natural compounds with antioxidant effects,
such as lycopene, resveratrol, and glycyrrhizin, also reduce the expression of inflammatory cytokines (TNF-α,
IL-6, and IL-8) by suppressing NF-κB signaling in acute
pancreatitis. Cumulatively, these studies demonstrate that
oxidative stress plays an important role in the activation
of inflammatory signaling pathways and in the pathogenesis of pancreatitis. Therefore, reducing the levels of
ROS by antioxidant therapy may be clinically valuable for
the treatment and/or prevention of pancreatitis. However, dosage levels and duration of antioxidant treatment
should be carefully determined to prevent possible side
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effects to the patients with acute and chronic pancreatitis.
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Abstract
Video capsule endoscopy (VCE) was launched in 2000
and has revolutionized direct endoscopic imaging of the
gut. VCE is now a first-line procedure for exploring the
small bowel in cases of obscure digestive bleeding and
is also indicated in some patients with Crohn’s disease,
celiac disease, and polyposis syndrome. A video capsule
has also been designed for visualizing the esophagus in
order to detect Barrett’s esophagus or esophageal varices. Different capsules are now available and differ with
regard to dimensions, image acquisition rate, battery
life, field of view, and possible optical enhancements.
More recently, the use of VCE has been extended to exploring the colon. Within the last 5 years, tremendous
developments have been made toward increasing the
capabilities of the colon capsule. Although colon capsule cannot be proposed as a first-line colorectal cancer screening procedure, colon capsule may be used
in patients with incomplete colonoscopy or in patients
who are unwilling to undergo colonoscopy. In the near
future, new technological developments will improve
the diagnostic yield of VCE and broaden its therapeutic
capabilities.
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Core tip: The authors review the indications and developments of the video capsule endoscopy (VCE) both
for exploring the esophagus, the small bowel and the
colon. Interestingly, the use of VCE in case of obscure
digestive bleeding is defined in a decisional algorithm.
Actual and potential indications for colon capsule endoscopy are described enlighten technical developments.
Bouchard S, Ibrahim M, Van Gossum A. Video capsule endoscopy: Perspectives of a revolutionary technique. World J Gastroenterol 2014; 20(46): 17330-17344 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i46/17330.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i46.17330

INTRODUCTION
Video capsule endoscopy (VCE) has been available in
clinical practice for evaluation of the small bowel since
2001. The first capsule that was approved in Europe and
in the United States was the M2A® (Given Imaging; Yoqneam, Israel). VCE has revolutionized direct endoscopic
imaging of the small-bowel and is now widely used in
clinical practice worldwide[1]. VCE has been an important
subject of research with close to 1500 publications in the
past fifteen years and continues to generate great scientific interest. VCE technology is in constant evolution as
new indications and new capsule functions are being developed in order to improve the diagnostic and possible
therapeutic utility of VCE[2]. Initially used only for smallbowel evaluation, VCE was recently adapted for evaluation of the esophagus and the colon. In this review, we
have mainly focused on the use of VCE for evaluation
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Table 1 Video Capsule
Pillcam
Length
Weight, g
Number of imaging heads
Frames, s
Image sensor
Battery life, h
Antennas

Colon2

ESO2

SB2

SB3

31
3.4
2
4-35
CMOS
10
8

26
3.4
2
14
CMOS
30 min
NA

26
3.4
1
2
CMOS
8
8

26
3
1
2-6
≥ 11
8

EndoCapsule

MiroCam

OMOM

Capso-vision

26
3.8
1
2
CCD
9
8

24
3.4
1
3
CCD
11
9

27.9
6
1
2
CCD
8
14

31
4
12-20
White LEDs
15
Wire-free

LED: Light emitting diode; CMOS: Complementary-metal oxide semimiconductor; CCD: Charged coupled device.

of the small-bowel and the colon and we discuss the latest advancements and future plans in VCE technology.

SMALL BOWEL VIDEOCAPSULE
ENDOSCOPY SYSTEM

ESOPHAGEAL VCE

The small bowel videocapsule endoscopy (SBVCE)
system consists of a wireless capsule containing a video
camera, a sensing system (including either a sensing belt
or pad, a data recorder unit, a battery pack, and a realtime viewer) and a personal computer workstation. The
workstation is equipped with manufacturer software
that offers various functions (localization system, color
enhancement system, blood detector, quick viewer, scoring system, image atlas) that can assist the examiner in
reviewing and interpreting the SBVCE images[11].
Different capsule endoscopy systems are currently
available: PillCam (Given Imaging®; Yoqneam, Israel),
EndoCapsule (Olympus; Center Valley, PA, United
States), Mirocam (IntroMedic; Seoul, South Korea),
OMOM capsule (Jinshan Science and Technology;
Chongqing, China) and CapsoCam (CapsoVision Saratoga; United States). The various capsules differ with
regard to dimensions, image acquisition rate, battery life,
field of view, and possible optical enhancements (Table
1). PillCam has been the most studied capsule endoscopy
system.
PillCam and MiroCam capture images using a complementary metal oxide silicon sensor while endocapsule
and the OMOM capsule use a charge-coupled device[12].
In August 2013, the new generation of PillCam (SB3)
received FDA clearance. This capsule system has an adaptative frame rate technology (2 to 6 frames per second)
that adjusts to capsule speed and generates small-bowel
images with improved resolution.
The CapsoCam SV-1 has four cameras that together
provide a 360 degree view of the small-bowel and uses
Smart Motion Sense Technology that allows the cameras to capture images only when the capsule is moving.
CapsoCam SV-1 is a wire-free capsule system. There is
no need for a recording device. The capsule must be collected by the patient in a special waste collector.

GERD and Barrett’s esophagus
Several studies haven shown that the Pillcam esophageal
video capsule (ECE) has a good sensitivity and specificity for detecting esophageal abnormalities or Barrett’s
esophagus[3-5].
Domingos et al[6] evaluated ECE with methylene blue
chromoendoscopy for detecting esophageal lesions in
which there was a suspicion of cancer, the length and
pattern of Barrett esophagus and the presence of hiatal
hernia.
ECE sensitivity, negative predictive value and accuracy were 100%, 100% and 79%, respectively for the detection of esophageal lesions suspected of cancer. ECE
accuracy in assessing Barrett’s esophagus length was 89%.
ECE was not so good for detecting hiatal hernia (sensitivity was 43%). Chang et al[7] also showed that esophageal
VCE was acceptable, feasible and safe to screen Barrett’s
esophagus in the community.
There were some encouraging reports about the use
of a string esophageal capsule endoscopy for detecting
Barrett’s esophagus[8]. Chen et al[9] recently describe the
use of a string esophageal capsule endoscopy with realtime viewing that improved the visualization of the distal
esophageal Z-line.
In conclusion, esophageal capsule endoscopy seems
to be a convenient and sensitive method for detecting
Barrett’s esophagus and esophagitis but is not yet widely
used in comparison with standard endoscopy that allows
chromoendoscopy and biopsy.
Esophageal varices
Various studies have evaluated the potential of esophageal capsule endoscopy for diagnosing esophageal varices. A recent meta-analysis including 9 studies with 631
patients showed a sensitivity of 83% and a specificity of
85% respectively for detecting esophageal varices[10]. It
is accepted that esophageal capsule endoscopy could be
used in some situations but could not be recommended
to replace standard optical endoscopy.
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SAFETY ISSUES
SBVCE is contraindicated in patients with known or suspected gastrointestinal obstruction, strictures, or fistulas,
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ence can occur between SBVCE and cardiac devices, causing loss of images or impaired quality of video, SBVCE
in these patients is safe and is not associated with cardiac
events or cardiac device dysfunction[15]. In such situations,
it may be preferable to use CapsoCam technology.
Pregnancy is a contraindication to SBVCE due to a
lack of safety data. Patients with swallowing disorders are
at risk of tracheal aspiration of the capsule. In these patients, the capsule should be placed endoscopically[13].

Table 2 Small bowel capsule video endoscopy
Preparation
No preparation
Fasting since the day before
Clear liquid diet/a 8-h fast
Ingestion of PEG (1 or 2 L)
Simethicone
Indications
Obscure gastrointestinal bleeding
Crohn’s disease
Polyposis (FAP, Peutz-Jeghers…)
Coeliac disease
Intestinal tumors
SB mucosal breaks
Unsolved abdominal pain/diarrhea
Factors associated with a higher detection rate of positive findings
Early CE within the first days of admission for overt OGIB
Advanced age
Male sex
Inpatient status
Use of anticoagulation
Hepatic comorbidity
Occurrence of more than one episode of bleeding
Ongoing overt OGIB
Hemoglobin level of less than 10 g/dL
Coexistence of connective tissue disease
Need for a high number of transfusions before SBVCE

SMALL BOWEL PREPARATION BEFORE
SBVCE

FAP: Familial adenomatous polyposis; OGIB: Obscure gastrointestinal
bleeding; CE: Capsule endoscopy; SBVCE: Small bowel (SB) capsule video
endoscopy; PEG: Polyethylene glycol.

due to the risk of capsule impaction and retention. The
overall rate of capsule retention has been reported to be
1.4%[1], but can be higher in patients at higher risk, such
as in patients with known Crohn’s disease. In the event
of capsule retention, endoscopic or surgical removal may
be necessary.
The patency capsule (Agile; Given Imaging) is a
dissolvable capsule that allows physicians to verify the
patency of the gastrointestinal (GI) tract before performing a SBVCE examination in patients at risk for capsule
retention (Crohn’s disease, small-bowel tumor, suspected
or known strictures). The patency capsule has a similar
shape and size to PillCam SB2. It consists of a dissolvable body composed of lactose and barium sulfate surrounded by cellophane walls. Inside the patency capsule,
a radiofrequency identification tag allows detection by
radiography or a portable radiofrequency scanner.
In a fluid-filled environment, the patency capsule
begins to dissolve after 30 h. After dissolution of the
capsule body, the non-degraded outer membrane is able
to pass through strictures. It is determined to be safe to
perform an SBVCE examination if the patency capsule
has been excreted intact or if it is not detected by the radiofrequency scanner 30 h after its ingestion[13,14].
In patients with cardiac pacemakers or implanted electromedical devices, there is a theoretical risk of electromagnetic interference with SBVCE. Many capsule manufacturers do not recommend the use of SBVCE in these
patients. A recent study suggests that although interfer-
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Before SBVCE, a clear liquid diet and an 8-hour fast is
suggested by manufacturers of VCE systems. Numerous studies have suggested the benefit of various bowel
preparation schedules before SBVCE, yet there is still no
consensus on the optimal preparation regimen (Table 2).
According to two recent meta-analyses, small-bowel
purgative preparation [with polyethylene glycol (PEG)
solution or sodium phosphate] improves small-bowel
mucosa visualization but does not influence small bowel
transit time or SBVCE completion rate[16,17]. One of these
meta-analyses also suggested that purgative preparation
improves the diagnostic yield of the examination[16]. No
clinically significant adverse event was related to smallbowel preparation[16].
A recent meta-analysis from Kotwal et al [18], also
concluded that PEG solution improves visualization of
the mucosa and that purgative preparation improves the
diagnostic yield. Again, there were no effects on smallbowel transit time or completion rate. The use of simethicone also seems to improve visualization by reducing air
bubbles. Prokinetics did not improve SBVCE completion
rate.
Preparations with PEG solutions have been the most
widely studied and there is no difference regarding the
quality of bowel preparation, diagnostic yield, or completion rate between patients receiving two or four liters[19].
Different subjective scoring systems exist to assess
the quality of SB preparation. Recently developed, the
computer-assisted cleansing score is directly derived from
SBVCE images and is based on the ratio of color intensities on a tissue color bar as a measure of small bowel
contamination[20].
Around 80% of patients undergoing SBVCE have a
complete examination of the small bowel[16]. Factors associated with incomplete examinations include inpatient
status, delayed gastric emptying, prior abdominal surgery,
and, possibly, older age and diabetes mellitus[12].

MAIN INDICATIONS
The most common applications of SBVCE include investigation of obscure GI bleeding, suspected Crohn’s
disease, suspected or refractory celiac disease, suspected
small-intestinal tumors, and surveillance of patients with
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OGIB

To confirm
FOBT
Coeliac serology
Extradigestive source

To repeat (or review)
Esogastroduodenoscopy/ileocolonoscopy
Technetium-99m pertechnetate scan in
patients < 30 yr

Occult

Overt

SBVCE

-

+

Surveillance
Iron
1
supplementation

Medical therapy
Targeted enteroscopy
Surgery

Stable

Hemodynamically
unstable

SBVCE
(< 48 h if possible)

CT angiography
arteriography

-

Drop Hb > 4 g
Need for blood
transfusion
Young age

+

Surveillance

Medical therapy
Targeted
enteroscopy
Surgery

-

+

Embolisation
Targeted
enteroscopy
Surgery

Total enteroscopy
1
(+ MR Enteroclysis)

Figure 1 Small bowel capsule video endoscopy: Obscure digestive bleeding. 1In young patients magnetic resonance enteroclysis may be performed for excluding tumor. OGIB: Obscure gastrointestinal bleeding; CE: Capsule endoscopy; SBVCE: Small bowel capsule video endoscopy; CT: Computed tomography; Hb: Hemoglobin; FOBT: Fecal occult blood test.

hereditary polyposis syndromes[13] (Table 2).
Obscure gastrointestinal bleeding
Obscure gastrointestinal bleeding (OGIB) is defined by
recurrent or persistent bleeding of unknown origin after
a negative initial investigation with esophagogastroduoden- oscopy (EGD) and colonoscopy. OGIB can be further categorized as either overt (visible GI bleeding) or
occult (recurrent iron deficiency anemia and/or recurrent
positive fecal occult blood test results). This represents
approximately 5% of all cases of GI bleeding[13].
For patients with active overt OGIB or with occult
OGIB, the 2010 American Society of Gastrointestinal
Endoscopy guidelines for endoscopic management of
OGIB recommend repeating an EGD if the clinical
presentation suggests upper GI bleeding or repeating a
colonoscopy if there is a clinical suspicion of lower GI
bleeding. If this is not the case, small-bowel evaluation is
recommended and, in most patients, SBVCE is a reasonable first choice[21] (Figure 1).
The diagnostic yield (DY) of SBVCE in OGIB ranges from 35%-77%[13]. Many factors are associated with a
higher detection rate of positive findings[22-28] (Table 2).
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To assess the DY of SBCE in IDA data from relevant studies were pooled[29]. The pooled DY of SBCE
in IDA, evaluated by a random-effects model, was 47%
(95%CI: 42%-52%), but there was statistically significant
heterogeneity among the included studies (I2 = 78.8%, P
< 0.0001). The pooled DY of SBCE in studies focused
solely on patients with IDA (subset 1, 4 studies) was
66.6% (95%CI: 61.0%-72.3%, I2 = 44.3%); conversely,
that of studies not focusing only on IDA patients (subset
2, 20 studies) was 44% (95%CI: 39%-48%, I2 = 64.9%).
In patients younger than 40 years with IDA, SBVCE may
reveal a more serious pathology (small-bowel malignancy,
significant inflammation, strictures, celiac disease) in 25%
of patients[30].
As many as 21% of patients with OGIB might actually have a missed or underestimated lesion at upper or
lower endoscopy[31,32]. The most common small bowel
(SB) cause of OGIB, especially in elderly patients, is arteriovenous malformations or angiectasis (20%-55% of
cases of OGIB). Small bowel tumors represent 10%-20%
of cases of OGIB and are the leading cause of OGIB
in patients less than 50 years old. Other SB causes are:
Crohn’s disease, celiac disease, Meckel’s diverticulum,
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changes from occult to overt or if hemoglobin values
drop by ≥ 4 g/dL[47].

Table 3 Obscure gastrointestinal bleeding: Reported risk
factors for rebleeding
Hemoglobin level of less than 8 g/dL
Age over 70 yr
Presence of a significant lesion at SBVCE
Presence of angiectasis
Duration of OGIB for more than 3 mo
Continuation of anticoagulation
OGIB: Obscure gastrointestinal bleeding; SBVCE: Small bowel capsule
video endoscopy.

drug-induced enteropathy, Dieulafoy lesion, and ectopic
varices[31].
The therapeutic effect of SBVCE in OGIB has been
evaluated in many studies. In a retrospective study from
Redondo-Cerezo et al[33], 50.7% of patients with positive findings received a specific treatment [including discontinuation of non-steroidal anti-inflammatory drugs
(NSAIDs)] and bleeding stopped or stabilized in a majority of patients. In a recent nationwide analysis in South
Korea, interventional treatment was performed in 22.9%
of patients with significant findings at SBVCE but did
not influence the rebleeding rate[34].
At long-term follow-up, the rebleeding rate after a
negative SBVCE varies from 4% to 27%[35-37]. The longterm rebleeding rate after a positive CE has been reported to be higher compared to patients with a negative
SBVCE[37], although some studies have demonstrated
comparable rebleeding rates. Specific treatment after a
positive SBVCE does seem to lower the risk of rebleeding[38]. There are several reported risk factors for rebleeding[34,39] (Table 3).
In OGIB, SBVCE has a better diagnostic yield
compared to radiographic barium studies[40]. Many studies have also demonstrated that SBVCE is superior to
computed tomodensitometry enterography (CTE) and
magnetic resonance enterography (MRE)[41,42]. In a recent prospective study, patients with overt OGIB were
randomized to early CE or angiography. Early SBVCE
had a higher diagnostic yield than angiography (53.3% vs
20.0%) and long-term outcomes were comparable[43].
SBVCE has also been compared to other SB endoscopic procedures in OGIB. A meta-analysis of fourteen
studies[32] demonstrated that the diagnostic yield for clinically significant lesions is higher for SBVCE than pushenteroscopy (DY 56% vs 26%). In comparison to doubleballoon enteroscopy (DBE), three meta-analyses have
shown comparable diagnostic yields[44-46]. SBVCE is a less
invasive procedure than DBE, but DBE has the advantage of allowing biopsies and treatment of endoscopic
findings.
After a negative SBVCE, stable patients with OGIB
can be managed conservatively with iron therapy [21].
However, patients with persistent or recurrent bleeding
can benefit from a second-look SBVCE, as positive findings have been found in 41.6% of patients in a recent
study. This is particularly true if the bleeding presentation
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Inflammatory bowel diseases
Crohn’s disease is a chronic inflammatory bowel disease that can affect the entire length of the GI tract. As
many as half of patients have disease involving both the
small bowel and the colon, and up to one-third of patients have only small-bowel involvement[48]. There is no
single gold-standard for the diagnosis of CD. Diagnosis
is based on a combination of clinical (chronic diarrhea,
abdominal pain, weight loss) and physical examination
features, as well as laboratory, radiographic, endoscopic,
and histopathologic findings[49].
In most patients, endoscopic and histopathologic confirmation of CD is done by ileocolonoscopy. In patients
with CD involving only parts of the small-bowel out of
the reach of standard endoscopic examinations, SBVCE
may be used as an initial diagnostic modality. However,
in the presence of known strictures or obstructive symptoms, initial evaluation by SBVCE is contraindicated. In
this situation, evaluation of the small bowel by CTE or
MRE is recommended[50]. SBVCE has a high negative
predictive value for CD. Thus, a diagnosis of small bowel
CD is improbable if SBVCE evaluation is normal[51].
In patients with established CD, CTE or MRE is often preferable, because of the possibility to evaluate for
strictures, disease distribution, and extraluminal disease[50].
In the absence of strictures or if a test with a patency
capsule has been done, SBVCE may be used for different
indications: assessment of mucosal healing under treatment[52], anemia, or atypical symptoms. SBVCE findings
may influence a change of management in a majority of
patients[53].
Other clinical situations where SBVCE can be used in
established CD patients include evaluation of disease recurrence after surgery[54] and clarification of diagnosis in
patients with inflammatory bowel disease unclassified[55].
SBVCE findings in CD may include erosions, ulcerations, mucosal erythema or edema, loss of villi, strictures, mucosal fissures, and fistula scarring. However,
there are no precise validated endoscopic criteria to confirm the diagnosis of CD[56]. Endoscopic findings such
as mucosal ulcerations are not specific to CD and are associated with diverse conditions such as Behçet’s disease,
vasculitis, radiation enteritis, and drug-induced enteropathy[50]. Most importantly, mucosal anomalies have been
reported in 71% of chronic users of non-steroidal antiinflammatory drugs[57]. Because NSAID-induced mucosal
lesions may mimic CD, it is recommended that intake of
NSAIDs be stopped at least four weeks before performing a SBVCE in patients with suspected CD[50]. Interestingly, small-bowel lesions are not only seen in pathologic
settings, as SBVCE may detect minor mucosal breaks or
erosions in 10% of healthy individuals[58].
In order to improve the specificity of SBVCE findings in patients with suspected CD, different predictive
markers of CD have been studied such as weight loss[59],
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perianal disease[60], and levels of fecal calprotectin. A
recent retrospective study suggests that in patients with
suspected CD and negative initial bi-directional endoscopic investigations, a fecal calprotectin level higher
than 100 μg/g is a good predictor of positive SBVCE
findings and a level higher than 200 μg/g is associated
with confirmed cases of CD in 50% of patients[61]. In the
2013 European evidence-based consensus for endoscopy
in inflammatory bowel disease, it was suggested that the
pre-test probability of detecting CD may be improved
by selecting patients with extra-intestinal manifestations,
inflammatory markers, and/or elevated fecal calprotectin
levels[50].
Endoscopic scores have been developed for the evaluation of CD by SBVCE. The Lewis score[62] was validated by Rosa et al[63] and has been incorporated into the
PillCam software (RAPID, Given Imaging) to improve
the standardization of CD activity. The score incorporates three endoscopic variables (villous edema, ulcer, and
stenosis) used to measure disease activity in the proximal,
middle, and distal third of the small bowel. The smallbowel tertile with the most points determines the final
score. The Lewis score may also be a useful diagnostic
tool when performing SBVCE in patients with suspected
CD. More recently, a new score called the capsule endoscopy crohn’s disease activity index (CECDAI or Niv
Score) has been validated in a multicenter prospective
study[64]. The score incorporates three endoscopic parameters: inflammation, extent of disease, and stricture. The
final score is calculated by adding the scores of both the
proximal and distal small bowel segments.
The diagnostic yield of SBVCE in patients with suspected or established CD has been compared to smallbowel radiology [small-bowel follow-through (SBFT) or
enteroclysis] in many studies[65-68]. These studies suggest
that the diagnostic yield of CE is higher and that many
mucosal lesions are missed with SBFT or enteroclysis.
Studies have also compared the diagnostic yield of
SBVCE with cross-sectional imaging (CTE or MRE).
Although a prospective blinded comparison trial did not
show an improved sensitivity of SBVCE (83%) vs CTE
(82%) for detection of CD[69], many studies have reported an advantage in DY for SBVCE (DY 61%-77%) when
compared to the diagnostic yield of CT enteroclysis (DY
29%)[70] or CT enterography (DY 50%-53%)[66,71].
A prospective study in patients with suspected or
newly diagnosed CD has compared the performance of
SBVCE for detecting CD vs other modalities. SBVCE
identified proximal CD in more patients than CTE or
MRE. Sensitivity and specificity for detecting distal smallbowel CD was also better for SBVCE (100% and 91%)
than for CTE (76% and 85%) or MRE (81% and 86%)[72].
A recent meta-analysis compared the diagnostic yield
of SBVCE for detecting small-bowel CD with other modalities such as small-bowel radiology (SBR), CTE, MRE,
push-enteroscopy (PE), and ileocolonoscopy in patients
with suspected or established CD[73]. A total of thirty trials were included in this meta-analysis. For patients with
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suspected CD, the diagnostic yield of SBVCE was higher
than SBR, CTE, and ileocolonoscopy. For patients with
established small-bowel CD, SBVCE was better than
SBR, CTE, and PE. This meta-analysis was not able to
demonstrate an incremental yield when comparing SBVCE with MRE.
The evaluation of the severity and extent of active
ulcerative colitis (UC) using Pillcam colon capsule endoscopy (PCCE) is new domain for VCE. The extent of
mucosal damage and inflammatory lesions was identified
in a comparative study between PCCE-2 and conventional colonoscopy on 26 patients with significant correlation
in the severity and extent of UC between the PCCE-2
and conventional colonoscopy[74]. Another recent series
of forty patients with histological confirmed diagnosis of
UC confirmed the strong correlation between PCCE and
conventional colonoscopy in scoring UC severity using
Matts endoscopic scores as judged by PCCE-2 and conventional colonoscopy[75].
This data was confirmed by larger multicenter study
with 100 patients with sensitivity of PCCE-2 to detect
active colonic inflammation was 89% and specificity was
75%[76].
PCCE is a safe procedure to monitor mucosal healing in ulcerative colitis. Oliva et al[77] recently reported an
observational study assessing the diagnostic accuracy of
PCCE-2 in pediatric patients with ulcerative colitis. The
sensitivity of PCCE-2 for disease activity was 96% and
specificity was 100%. However, at this stage, CCE cannot
be recommended to replace conventional colonoscopy in
the management of this condition.
Celiac disease
In a meta-analysis of 6 studies including a total of 166
patients with biopsy-proven celiac disease, the sensitivity
and specificity of SBVCE for diagnosing celiac disease
were, respectively, 89% (95%CI: 82%-94%) and 95%
(95%CI: 89%-98%)[78]. However, the role of SBVCE in
this setting is rather limited because of the inability to
perform small-bowel biopsies that are necessary to confirm the diagnosis.
SBVCE has the advantage of being non-invasive and
allows complete visualization of the small-bowel mucosa.
In patients with suspected celiac disease who are either
unwilling or unable to undergo an EGD, SBVCE could
be an alternative[79]. In patients with positive celiac serology despite normal duodenal biopsies, a recent study
suggests that SBVCE is unlikely to detect endoscopic
findings of celiac disease[80].
SBVCE findings in celiac disease include scalloping
of duodenal folds, loss or reduction of duodenal folds,
mosaic mucosal pattern, and micronodular pattern of the
mucosa[78].
SBVCE seems to have a role in patients with complicated or refractory celiac disease. Visualization of the
entire length of the small bowel may help identify complications such as ulcerative jejunoileitis and small bowel
malignancy[81]. In a prospective study of 47 patients with
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complicated celiac disease, SBVCE revealed findings
consistent with celiac disease in 87% and unexpected
findings in over 50% of patients (ulcerations, nodularity,
cancer, stricture)[82].
Small intestinal tumors and polyposis syndromes
In patients undergoing examination with SBVCE for various indications, the prevalence of SB tumors ranges from
2%-12%[83]. The most common indication for SBVCE in
patients diagnosed with a small-bowel tumor is OGIB[12].
SB tumors are found in the jejunum in 40%-60%, in the
ileum in 25%-40%, and in the duodenum in 15%-20%.
The majority of patients diagnosed with an SB tumor by
SBVCE have already been investigated by multiple previous negative procedures[84].
In a large multicenter European study of 5129 patients undergoing SBVCE, 2.4% of patients had smallbowel tumors. Ninety percent of the tumors were
primary and 10% were metastatic. The most common
primary tumors were gastrointestinal stromal tumors
(GIST) (32%), adenocarcinomas (20%), and carcinoid
tumors (15%). Most metastatic tumors are secondary to
melanoma[85]. Other primary malignant tumors that can
be found in the small-bowel are lymphomas, sarcomas,
and hamartomas. The most common benign SB tumors
are GIST, hemangiomas, hamartomas, adenomas, and
granulation tissue polyps[84].
In patients with familial adenomatous polyposis (FAP),
duodenal adenomas occur in 60%-90% of patients and
have a tendency to involve the periampullary region. Four
to twelve percent of patients will develop duodenal cancer in their life. The occurrence of jejunal and ileal adenomas is, respectively, 40% and 20%, with a lower risk of
malignant transformation[48]. FAP patients with duodenal
adenomas seem to be at higher risk of having more distal
SB adenomas[86]. For this reason, SBVCE should be considered in FAP patients with duodenal polyps[12]. Since
SBVCE detects the periampullary region in a low proportion of patients[86], EGD with a side-viewing endoscope
starting at age 25-30 with screening intervals based on
Spigelman stages is still recommended in all patients with
FAP[12,48].
Patients with Peutz-Jeghers syndrome have GI polyps
and mucocutaneous pigmentation. Most gastrointestinal
polyps occur in the small bowel[87]. SBVCE should be
considered as a first-line screening modality for surveillance in patients with Peutz-Jeghers syndrome[12,87]. This
screening should begin at age 8 and, if no polyps are
found, it should be continued every 3 years starting at age
18[87].
For surveillance of the SB in patients with hereditary
polyposis syndromes, SBVCE is superior to barium contrast studies[88]. When compared to MRE, SBVCE seems
better for detecting polyps less than 5 mm, but the detection rate for larger polyps seems similar[89,90]. However,
MRE may be more accurate for the description of size
and location of polyps and has the advantage of giving
extraintestinal information[13].
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RECENT DEVELOPMENTS AND THE
FUTURE OF VCE
Novel imaging techniques
Fuji intelligent color enhancement (FICE) technology
processes ordinary endoscopic images into spectral images of given wavelengths. This image reconstruction
results in fine high-contrast images. FICE software has
been incorporated into the Given imaging workstation
(Given Imaging Ltd; Yokneam, Israel) and the examiner
can simply switch from conventional white light images
to three different settings of FICE reconstructed images
by clicking an icon in the Rapid Reader software. Blue
mode is an additional setting that is incorporated into the
Rapid Software and represents a color coefficient shift of
light in the short wavelength range (490-430 nm) superimposed onto a white light image[91].
Data on the role of FICE in capsule endoscopy and
its impact on the visualization of small-bowel lesions are
still limited and some of the results have been discordant.
In a study by Gupta et al[92], sixty SBVCE examinations for OGIB were retrospectively analyzed with and
without FICE enhancement by two observers. Randomization was such that an observer did not evaluate the
same examination with and without FICE enhancement.
FICE did not improve the diagnostic yield of the examination and significantly more non-pathological lesions
were observed with FICE. In patients with vascular lesions, some were better characterized by FICE. Another
study by Matsumura et al[93] also found that although
FICE detected significantly more small bowel lesions
than conventional imaging (2.5 ± 2.1 vs 1.8 ± 1.7 respectively, P = 0.001), there was no improvement in diagnostic yield.
Use of FICE and Blue-mode enhancement in capsule
endoscopy images of six different types of small bowel
lesion was also evaluated by Krystallis et al[91]. FICE was
ineffective in improving endoscopic images except in a
small proportion of certain lesions (ulcer/aphthae, lesions of indeterminate clinical significance or blood in
lumen) that were improved with FICE setting 1 [RGB
wavelength, (595, 540, 535 nm)]. Most importantly, Bluemode enhancement was associated with an improved
image when compared to white light images in 83% of
patients for all types of lesions.
These conclusions differ from those of a study by
Imagawa et al[94] suggesting that the use of FICE enhances image quality of angiectasis, erosions/ulcerations, and
tumors. Blue-mode enhancement was not evaluated in
this study.
Another technique that has been recently studied is
three-dimensional reconstruction of capsule endoscopy
images using software algorithms (shape-from-shading)
from two-dimensional images. The use of this software
leads to improved visualization of a significant proportion of vascular lesions[95].
Rondonotti et al[96] evaluated whether “coupling” 3D
reconstructed video clips with the standard 2-dimen-

17336

December 14, 2014|Volume 20|Issue 46|

Bouchard S et al . Video capsule endoscopy

sional (2D) counterparts helps in distinguishing masses
from bulges. The adjunction of a 3D reconstruction to
the 2D video reading platform does not improve the
performance of expert SBVCE although it significantly
increases the performance of novices in distinguishing
masses from bulging.
External real-time image viewer
A case-control study was conducted to evaluate whether
the use of an external real-time viewer could improve the
completion rate of SBVCE and if it influenced the rate
of positive findings. For patients followed with a realtime viewer, water and/or metoclopramide was administered if capsule transit was delayed. Use of an external
real-time viewer was associated with a higher completion
rate and a higher diagnostic yield[97].
Intraoperative real-time capsule endoscopy
For intraoperative identification of a bleeding lesion in
the small bowel, Yamashita et al[98] have reported the use
of real-time capsule endoscopy in two patients. The patients had a long double-lumen tube inserted nasally 3 or
4 d before the surgery. This tube migrates to the anus by
the day of surgery. During surgery, a capsule is attached
to the distal end of the tube and the site of the bleeding
lesion is identified precisely by pulling on the tube.
Maneuverable capsules
Several prototypes of self-propelled capsules (using fins,
legs, or a self-contained propeller) have recently been
evaluated in an attempt to allow capsules to navigate
and stabilize in areas of pathology, which could improve
their diagnostic and possibly therapeutic capabilities[2].
Magnetically-guided capsule endoscopy (MGCE) has
been studied mostly for examination of the stomach because visualization of the gastric mucosa is incomplete
when the capsule is propelled only by gastric motility. A
recent blinded nonrandomized comparative study of gastric evaluation with MGCE vs conventional gastroscopy
showed less missed endoscopic findings with MGCE but
similar diagnostic yields[99].
Pasricha et al[100] recently reported of a novel method
of controlled colonic insufflation (CO2) via an untethered
capsule in vivo. This technological innovation that was assessed in porcing colons addresses a critical need in colon
capsule endoscopy.
Capsules with biopsy and therapeutic capabilities
Capsules that can perform mucosal tagging, biopsies or
therapeutic interventions are in development. For example, a magnetically-maneuvered capsule that can release a
nitinol clip to treat an iatrogenic bleed has been evaluated
in a pig model. Non-video capsules that can deliver drugs
with a pH-activated or temperature-activated release
mechanism have also been evaluated. However, improvement in capsule maneuvering capabilities are necessary
before these capsules can be further developed[2,101].
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COLON CAPSULE
Colon capsule endoscopy (CCE) is recently developed
to image the whole colon in a noninvasive way. Only few
studies are available in the literature. Reported results are
still controversial and conflicting. There is still a high degree of uncertainty regarding clinical indications of CCE.
Colorectal cancer screening still remains a challenge
because most patients decline to participate in screening
programs due to anxiety directly related to the endoscopic procedure. In this context, the colon capsule has a
potential future but more data in needed to answer many
pending questions such as the best preparation method,
the best scoring method, the best booster and mainly the
best indications.
In this part we are going to demonstrate the available
literature regarding indication, efficiency of CCE and future hopes.
System
The first generation PillCam Colon (Given Imaging; Ltd.,
Israel) has been extensively described in previous studies[102,103]. It is a 31 mm × 11 mm ingestible capsule, specifically designed for colon exploration, It has dual cameras, enabling it to acquire images from both ends. The
angle of view from each imager is 156°. CCE is equipped
with an advanced light control in order to ensure an optimal visualization of the colonic mucosa. It acquires images at a rate of 4 frames per second.
Recently, a second-generation colon capsule system
has been developed to increase capsule sensitivity for
detection of colonic findings and to simplify the procedure[104]. This new system comprises new developments
of the colon capsule (PCCE-2), data recorder and software for video processing and viewing. The new CCE-2
is 11.6 mm × 31.5 mm in size, slightly bigger than the
previous capsule. It has 2 imagers with wider angle of
view that has been increased to 172° for each imager,
allowing nearly 360° coverage of the colon. PCCE-2
captures 35 images per second when in motion and 4 images per second when it is virtually stationary. The new
data recorder (DR3) also assists and guides the physician
and the patient through the procedure. In fact, it buzzes
and vibrates and displays instructions on its liquid crystal
diode screen to alert the patient to continue the preparation protocol.
The new DR3 by Given Imaging Ltd; Yoqneam, Israel
not only stores the capsule’s incoming images but also
analyzes them in real time to control the capsule capture
rate of images at an adaptive frame rate. When DR3 recognizes that the capsule is virtually stationary, it sets the
image capture rate to 4 frames per second. When the DR3
recognizes that the capsule is in motion, it sets the image
capture rate to 35 frames per second. A recent study tested
the reliability of the automatic detection of the small
bowel (SB) mucosa and the subsequent alert for booster
ingestion by the data recorder 3 (DR3) of the second-gen-
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eration colon capsule endoscopy (PCCE-2). A series of
120 consecutive cases of PCCE-2 was analyzed for proper
DR3 automatic detection of the capsule entering the SB.
The DR3 correctly identified the proper time for ingestion
of the laxative (booster) in 118 of 120 cases, corresponding to a sensitivity of 98.3% (95%CI: 97%-100%). The
median time difference between DR3 automatic SB detection to the observed entrance of the capsule into the SB
was 210 s (interquartile range: 95-357 s)[105].
One of the major limitation PCCE examination is the
time-consuming video reading but there is normal view
examination is very important especially in polyp detection, A recent study assessed the theoretical time-saving
potential of “QuickView” which may reduce the frames
to be analyzed but the risk of less identification of candidates for therapeutic colonoscopy[106].
Colon preparation
The colon preparation has been adapted for meeting
several objectives: first, to clean the colon as well as possible, second, to provoke the progression of the capsule
throughout the small bowel up to the colon and third,
to provide residual clear liquid in order to facilitate the
visualization of the colonic mucosa using the so-called
“submarine view”. Patients have to follow a clear liquid
diet the day before the procedure. On the evening before
colon ingestion, patients orally ingested 3 L of polyethylene glycol solution (ColoPEG®) and an additional liter
between 6.00 and 7.00 on the day of the procedure. Then
the patient ingest the capsule after having received two
10 mg Domperidone. Two hours after the capsule ingestion, patients orally ingested 45 mL of sodium phosphate
solution (Fleet Phosphosoda) that serves as a booth for
facilitating the capsule progression. The progression of
the capsule is assessed with the real time viewing system
performed with rapid access real time tablet DC (Given
Imaging). The quality of the colon cleansing is determined according to a four-point grading scale (excellent,
good, fair, poor) as previously described[103,107].
The standard preparation was recently challenged in
many studies aiming to have better patient comfort as
well higher cleansing levels. A recent study examined the
idea of decreasing the time needed for preparation i.e.,
one day instead of two days in a randomize fashion, the
one day group received a fiber-free diet and 3 L of PEG
on day 0; while two-day group received a liquid diet and
3 L of PEG in the evening of day-1, and 1 L of PEG in
the early morning of day 0. The authors were not able
to show statistically significant difference between both
groups but with better cleanliness tendency in the group
of one day preparation[108].
A recent multicenter prospective series compared
again the “reduced volume method” (group A) with the
“conventional volume method” (group B) preparation
regimens, where Group A did not drink polyethylene glycol electrolyte lavage solution (PEG-ELS) the day before
the capsule procedure, while group B drank 2 L. During
the procedure day, groups A and B drank 2 L and 1 L of
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PEG-ELS, respectively, two hours later the first booster
of 100 g magnesium citrate mixed with 900 mL water
was administered to both groups, and the second booster
was administered six hours post capsule ingestion as long
as the capsule had not been excreted by that time. Sixtyfour subjects were enrolled, with results from 60 analyzed
with no significant difference between the 2 groups in the
term of colon cleanliness[109].
Sodium phosphate (NaP) is needed as booster for
PCCE although many potential risks are documented
with NaP. A comparative study assessed the feasibility of
substituting sodium phosphate with PEG-boosters in the
protocol preparation for PCCE, The excretion rate was
higher in NaP group but without significant difference in
terms of colon cleansing[110].
Indication of colon capsule
Polyp detection: The prospective, multicentre European study comparing CCE to optical colonoscopy was
performed in 328 adults (mean age: 58.6, range: 22-84
years) with known or suspected lesions for the detection
of colorectal polyps or cancer[72]. Optical colonoscopy
(OC) was considered as the gold standard against which
PCCE-1 was compared. At 1:45 am post-ingestion (upon
“wake-up”) the capsule remained proximal to the cecum
in 97.5% of the patients. Sixty-nine percent of the patients excreted the capsule within 6 h post-ingestion and
92.8% within 10 h. Colon cleanliness was considered to
be good-to-excellent in 72% of patients for PCCE and
in 87% for conventional optical colonoscopy. In this cohort of 320 patients who were included in the accuracy
analysis, 68% of the patients had at least one polyp, the
majority being less 6 mm in size. Fifty patients (16%) had
at least one polyp equal or greater than 10 mm. OC detected 23 invasive carcinomas in 19 patients. Twenty two
of the 23 invasive carcinomas measured greater than 10
mm. The sensitivity and specificity of PCCE for detecting polyps that were 6 mm in size or bigger were 64%
and 84%, respectively, and for detecting advanced adenoma, the sensitivity and specificity were 73% and 79%,
respectively. Interestingly, the sensitivity was significantly
higher in the patients with good-to-excellent cleanliness
(72% of the global population) as compared with the
patients with poor or fair cleanliness, with a limited effect
on specificity[107].
A second-generation colon capsule endoscopy system
(PCCE-2) was developed to increase sensitivity for colorectal polyp detection compared with the first-generation system. A prospective, multicenter trial including 8 European
sites involved 117 patients PCCE-2 sensitivity for polyps
≥ 6 mm and ≥ 10 mm was 84% and 88%, with specificities of 64% and 95%, respectively[111] (Table 4).
Incomplete colonoscopy
The role of CCE in incomplete colonoscopy could be of
great impact mainly due the reverse direction of examination, i.e., an incomplete colonoscopy misses the examination of caecum and right colon while CCE starts the
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Table 4 Colon capsule endoscopy: Major studies
Ref.

Patients with significant findings n (%)

Sensitivity

Specificity

PPV

NPV

16 (19)
13 (36)
87 (27)

50%
77%
64%

82%
70%
84%

40%
59%
60%

88%
84%
86%

18 (19)
45 (41)

89%
84%

76%
64%

46%
62%

97%
85%

CCE-1
Eliakim et al[102], 2006
Schoofs et al[103], 2006
Van Gossum et al[107], 2009
CCE-2
Eliakim et al[104], 2009
Spada et al[111], 2011

PPV: Positive predictive value; NPV: Negative predictive value; CCE: Colon capsule endoscopy.

examination by examination such areas. A recent prospective study studied 75 patients with incomplete colonoscopy confirmed that CCE reached or went beyond the
colon segment at which colonoscopy stopped in 91%[112],
another smaller series examining same concept but in
known or suspected Crohn’s disease patients who refused
colonoscopy or underwent incomplete colonoscopy confirmed the effectiveness of CCE in this indication[113].
The efficacy of CCE in helping physicians make
decisions about patients with incomplete conventional
colonoscopies was assessed in another recent prospective
work, where CCE findings allowed formulation of a specific medical plan (polypectomy or surgery for advanced
colorectal neoplasia) for 58% of patients[114]. Spada et
al[115] performed a prospective, comparative trial comparing colon capsule vs CT colonography (CTC) in patients
with incomplete colonoscopy. One hundred consecutive
patients were enrolled. PCCE-2 and CTC were able to
achieve complete colonic evaluation in 98% of the cases.
The relative sensitivity of PCCE-2 compared to CTC
was 2.0, indicating a significant increase in sensitivity for
lesions ≥ 6 mm. Positive predictive values for polyps ≥
6 mm and ≥ 10 mm were 96% and 85.7%, and 83.3%
and 100% for PCCE-2 and CTC, respectively; the overall
diagnostic yield of colon capsule was superior to CTC. In
early February 2014, Given Imaging received FDA clearance for Pillcam Colon in patients following incomplete
colonoscopy.
Unwilling and unable to perform colonoscopy
The accuracy of CCE in high risk patients who are unable or unwilling to do colonscopy was recently tested
in a series of 70 patients, CCE showed positive findings
in 34% of patients, six patients were diagnosed with
tumors: 4 with colon cancers, 1 with gastric cancer and
1 with a small bowel cancer. The capsule findings were
confirmed after surgery in all these patients. This may be
another new indication of CCE as an adequate alternative diagnostic tool in patients unable or unwilling to undergo colonoscopy[116]. A Prospective multicenter study
confirmed this data by assessing the CCE diagnostic yield
in patients with colonoscopy failure or anesthesia contraindication
CCE showed positive findings in 33.6% of patients
whom subsequently underwent therapeutic intervention[117].
This confirms the usefulness of CCE in the situation
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of colonoscopy failure or contraindication.
Outpatient setting
Up to now, classical colorectal imaging procedures may
not be performed on an out-of-clinic basis. This represents a major drawback compared with fecal tests. Because PCCE-2 automatically detects small bowel mucosa,
it has the potential to become the first colorectal imaging
test to be performed out-of-clinic. A recent study performed on 41 patients with the help of preregistered date
recorder DR3 alerts, patients were able to know when to
have first booster as well as the need for second booster,
the patient compliance to DR3 alerts was 100% which
may open a new prospective for home based PCCE-2[118].

CONCLUSION
SBVCE has become a routinely-used method for exploring the small bowel. SBCE is considered as the first-line
procedure in case of obscure gastrointestinal bleeding
and has some room in case of Crohn’s disease, coeliac
disease, small-bowel polyposis, unexplained abdominal
pain and/or diarrhea.
Esophageal VCE is feasible but has a limited room in
clinical practice.
Recent studies have shown that the second generation
of the colon capsule (PCCE-2) has an excellent sensitivity and specificity for detecting colonic polyp or cancer.
PCCE-2 is now recommended in case of incomplete
colonoscopy (FDA approval) but also in patients who are
unwilling or contraindicated for standard colonoscopy.
Further studies are ongoing to determine the accuracy of
PCCE-2 as a first-line screening procedure for colorectal
cancer and maybe for the follow-up of mucosal healing
in patients with inflammatory bowel diseases.
There are now several SB capsules that are available
on the market with continuous technological developments. Researches are done for performing biopsy sample and therapeutic maneuvers and motion control.
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Abstract
Neovascularization was reported to arise early in the adenoma-carcinoma sequence in colorectal cancer (CRC),
and the importance of angiogenesis in cancer progression has been established. Computed tomography (CT)
perfusion (CTP) based on high temporal resolution CT
images enables evaluation of hemodynamics of tissue
in vivo by modeling tracer kinetics. CTP has been reported to characterize tumor angiogenesis, and to be a
sensitive marker for predicting recurrence or survival in
CRC. In this review, we will discuss the biomarker value
of CTP in the management of CRC patients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Angiogenesis; Computed
tomography perfusion; Antiangiogenic therapy; Chemo-
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radiation therapy
Core tip: The importance of angiogenesis, which is an
essential process of colorectal cancer (CRC), has been
established. Therefore, the in vivo measure of angiogenesis such as computed tomography (ct) perfusion
(CTP) technique can be a robust imaging biomarker in
CRC. Especially, CTP certainly fulfils the criteria necessary for prospective validation as a clinical trial end
point, because CT is a stable platform, broadly available, and non-invasive. Therefore, we believe that CTP
will plays an important role in the management of CRC,
providing patients more personalized and effective
treatment.
Hayano K, Fujishiro T, Sahani DV, Satoh A, Aoyagi T, Ohira
G, Tochigi T, Matsubara H, Shuto K. Computed tomography
perfusion imaging as a potential imaging biomarker of colorectal cancer. World J Gastroenterol 2014; 20(46): 17345-17351
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i46/17345.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i46.17345

INTRODUCTION
Colorectal cancer (CRC) is the second leading cause of
cancer death in the United States[1]. About 70% of patients are operated with curative intent; however, up to
30% of these patients will relapse subsequently, usually
within 2-3 years[2,3].
In CRC, neovascularization was reported to arise early
in the adenoma-carcinoma sequence[4]. Angiogenesis is an
essential process of CRC, and plays an important role in
the process of growth and metastasis[5,6]. Previous studies
reported that angiogenesis could be a useful prognostic
marker in almost all carcinomas, including CRC[5-7]. However, currently, the methods for assessing angiogenesis in
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Table 1 Summary of previous reports on computed tomography perfusion and chemoradiation therapy in rectal cancer
Ref.

Year

Number of patients

Sahani et al[13]

2005

15

Bellomi et al[25]

2007

20

Curvo-Semedo et al[24]

2012

25

Parameter changes

Response Prediction

BF/decrease; MTT/increase High baseline BF and low MTT associated with poor response
(12 responders vs 3 non-responders)
BF, BV, PS/decrease
High baseline BF and BV associated with good response
(17 responders vs 7 non-responders)
BF, BV, PS/decrease;
High baseline BF and low MTT associated with poor response
(5 responders vs 15 non-responders)
MTT/increase

BF: Blood flow; BV: Blood volume; MTT: Mean transit time; PS: Permeability surface area product.

clinical practice have relied mainly on immunohistological
analysis of postoperative specimens such as microvessel density (MVD) counting. The disadvantage of this
analysis is that they assess anatomical data only, and can
be used only for postoperative specimens. Therefore, the
methods, which enable quantitative measure of angiogenesis in in vivo, are highly expected to be a robust biomarker for the management of CRC patients in clinical
practice.
Computed tomography perfusion (CTP), which can
quantify tumor vascularity by measuring the temporal changes in tissue attenuation following intravenous
contrast administration, is readily incorporated into the
existing CT protocol, and enables evaluation of hemodynamics of tissue in vivo by modeling tracer kinetics[8,9].
Generally, a small volume of contrast material (40-70
ml depending on concentration) is injected at high flow
injection rate (> 4 ml/s), and followed by 20-40 ml
of saline flush at a similar flow rate to obtain a narrow
bolus for optimal CTP analysis. Both tissue and vascular
enhancement by contrast material can be measured and
traced over time (45-120 s depending on kinetic model
and parameter), and mathematic models such as compartmental or deconvolution analysis for contrast material exchange have been applied to quantify the tissue vascular physiology[10]. Perfusion parameters are dependent
on the scan protocol and the kinetic model for perfusion
analysis[9,11], but the common CTP parameters were blood
flow (BF), blood volume (BV), mean transit time (MTT),
and permeability surface area product (PS)[12-16]. CTP has
emerged as an important imaging biomarker to evaluate
tissue vascular physiology and tumor biology, which has
been reported to associate with tumor characterization,
survival, and therapy response in CRC[13-15,17,18]. Furthermore, with the increasing use of the neoadjuvant chemoraditaion therapy (CRT) for rectal cancer and the targeted
therapy including antiangiogenic therapy in recent various
oncology trials, there is a renewed interest in the use of
CTP as a surrogate endpoint for monitoring early therapeutic response or predicting treatment outcome[18-22].
Although still considered a research tool in the realm of
oncology, CTP offers several potential clinical applications; and therefore, its integration into routine clinical
practice is a distinct possibility because most CT scanners
now come equipped with sophisticated hardware platforms coupled with powerful and user-friendly software
packages for tissue perfusion analysis.
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Needless to say, imaging plays an important role in the
management of patients with CRC. And CT has become
the main diagnostic tool in tumor evaluation, including
diagnosis, staging, or monitoring of anticancer therapies
because of the relatively low cost and wide availability.
In this review, we discuss how CTP can be applied to the
management of CRC as an imaging biomarker, reviewing
novel clinical approaches of CTP in assessing response
to the treatment or predicting survival in CRC patients.

CTP for monitoring and
predicting the response to the
chemoradiation therapy
In patients with a locally advanced rectal cancer, neoadjuvant CRT has been recommended, and such neoadjuvant therapy is useful for decreasing the tumor stage to
facilitate curative resection and to decrease the rate of
recurrence[22,23]. Thus, it is highly desirable and beneficial
to develop the noninvasive diagnostic tool to monitor or
predict the response to CRT.
There are several CTP studies reporting perfusion
changes of rectal cancer during CRT (Table 1)[13,24,25].
These previous reports demonstrated that BF and BV
decreased, whereas MTT increased after CRT (Figure
1). Similar perfusion changes were also reported in CTP
studies of head and neck cancer and esophageal cancer
treated with CRT[26,27]. These changes may reflect the fibrosis induced by CRT. The tissue fibrosis leads directly
to compression of tumor capillaries and increased flow
resistance, which leads to decrease in BF and BV, and increase in MTT[14,28]. Another assumption is that these perfusion changes may reflect reduction in MVD. Johansson
et al[29] showed that irradiation caused decrease in MVD
in a rat glioma model.
Previous papers also reported that baseline perfusion values could predict the response to the CRT[24,25].
However, their results are controversial. Bellomi et al[25]
showed baseline BF and BV in non-responders to be
significantly lower and MTT significantly higher than in
responders, while Curvo-Semedo et al[24] showed baseline
BF in non-responder to be significantly higher and MTT
significantly lower than in responders. The reasons for
these discrepancies might be because they used different
reference standards to assess response, different patient
selection criteria and different kinetic models. The small
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A

B

C

D

Figure 1 Perfusion change after chemoraditaion therapy.
Contrast enhanced CT images at baseline (A) and post-CRT
(B). BF maps at baseline (C) and post-CRT (D). After CRT, tumor showed significant decrease in BF (arrows). CRT: Chemoraditaion therapy; CT: Computed tomography; BF: Blood flow.

Table 2 Summary of previous reports on computed tomography perfusion and antiangiogenic therapy in colorectal cancer
Ref.
[18]

Willet et al
Willet et al[32]
Anzidei et al[33]

Year

Number of patients

Time of CTP after the treatment

Parameter changes

2004
2009
2011

6 (primary)
32 (primary)
18 (liver metastases)

After 12 d of administration of bevacizumab
After 12 d of administration of bevacizumab
After 181 d of the treatment (including bevacizumab)

BF, BV/decrease
BF, PS/decrease
BF, BV/slightly decrease (not significant)

CTP: Computed tomography perfusion; BF: Blood flow; BV: Blood volume; PS: Permeability surface area product.

sample size of these studies also might affect their results.
It is highly beneficial to predict the response to CRT so
that non-responders could avoid the side effects associated with intensive therapeutic regimens, and therefore,
predictive value of CTP in the response to CRT should
be evaluated in a prospective study with a larger sample
size.

CTP and antiangiogenic therapy
Tumor angiogenesis provides an attractive target for anticancer therapy. Previous clinical trials have established
that the addition of antiangiogenic agents to chemotherapy significantly improves survival compared with chemotherapy alone in first-line and second-line treatment
of metastatic CRC[30,31]. These studies have shown followings: (1) in the treatment of metastatic CRC, the addition
of the VEGF-directed antibody, bevacizumab, to chemotherapy significantly improve outcome in comparison
with chemotherapy alone; and (2) bevacizumab has minimum activity as a single agent. Based on these findings,
further understanding of the mechanism of the interaction between antiangiogenic agents and chemotherapy
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is highly beneficial for the personalized therapy in CRC.
In addition, the morphologic assessment has a difficulty
in distinguishing viable tumor from necrotic or fibrotic
tissue because molecular targeted agents suppress tumor
growth by downregulating angiogenesis without causing
much morphologic change. Thus, there is an increasing
interest in the in vivo quantification of angiogenesis based
on images such as CTP. A few CTP papers concerning
antiangiogenic therapy have been published in CRC (Table
2)[18,32,33]. Willett et al[18,32] reported that tumor BF and BV
decreased within two weeks of the initiation of bevacizumab alone, which is a monoclonal antibody that targets
VEGF, and they also reported reduction in MVD after
the administration of bevacizumab (Figure 2). Anzidei
et al[33] reported a CTP study of liver metastases in CRC
treated with chemotherapy and bevacizumab. Their study
showed reduction in BF and PS after the therapy, but this
tendency was not statistically significant. It is assumed
that these perfusion changes may reflect the change of
MVD, because several previous reports demonstrated
positive correlations of BF, BV and PS with MVD[15,34,35].
However, exploitation of the ability of this technique in
predicting response to antiangiogenic therapy is still in
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A

B

Figure 2 Perfusion change after antiangiogenic therapy. After 2 wk of antiangiogenic therapy (bevacizumab), tumor BF decreased significantly (arrows). A: Baseline; and B: Post-therapy BF map. BF: Blood flow.

A

B

C

D

Figure 3 Tumor perfusion and distant metastases. A-C: Rectal cancer patient with synchronous multiple liver metastases; D: Computed tomography perfusion
demonstrated low tumor BF (35.3 mL/100 g per minute) (arrow). BF: Blood flow.

early stages of development.

CTP and survival in CRC patients
Angiogenesis plays an important role in cancer progression, and could be a useful prognostic marker in almost
all carcinomas, including CRC[5-7]. Thus, CTP that can assesses angiogenesis of the tumor in vivo, is highly expected
to be an imaging biomarker that can reflect clinical outcome of CRC. CTP has been reported to be a sensitive
marker for predicting recurrence or outcome in CRC[14,16].
Goh et al[16] reported that tumor BF measured by perfusion CT was significantly lower in CRC patients who ultimately developed metastatic disease. Our previous CTP

WJG|www.wjgnet.com

study demonstrated that rectal cancer with low BF, which
tended to be accompanied by synchronous metastatic
lymphnodes or distant metastases (Figure 3), associated
with poor overall survival[14]. These authors hypothesized
that reduced BF are related to increasing interstitial fluid
pressure and hypoxia in tumor tissue[14,16]. Accumulation
of excess fluid in the interstitium of tumor and excessive
tumor growth in a confined space also leads to increased
solid tissue pressure and elevated interstitial fluid pressure, which in turn cause capillary compression, and may
reduce blood flow[36,37]. Regarding to relationship between
CTP and tissue oxygenation, Haider et al[38] reported that
the tumor blood flow on CTP correlated positively with
tumor oxygenation in cervical cancer. Hypoxic environ-
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A

B

C

Figure 4 Hepatic perfusion and recurrence. This patient underwent curative surgery, and was diagnosed as stage Ⅱ colon cancer (no distant and lymphnode
metastases). Preoperative hepatic BF (A) and hepatic arterial fraction (B) was high (BF = 191 mL/min per 100 g, HAF = 32%). After 6 mo of surgery, this patient developed a liver metastasis (C). BF: Blood flow.

ment plays an important role in cancer progression with
promoting oncogenic mutations, cell survival, and more
aggressive behavior in tumors[39]. Therefore, low BF tumor may correlate with poor survival. But we have to say
that CTP measurements to clinical outcomes remain limited. These reports are based on small and single center
studies. Therefore, we need to confirm these results with
larger multicenter trials.

Liver perfusion and metastases
Several studies have suggested the relationship between
tumor progression and hemodynamic changes in the
liver. In 1983, Leveson et al[40,41] reported that gastrointestinal cancer patients with simultaneous liver metastasis
exhibited a higher hepatic arterial blood flow measured
with scintigraphy. In CRC with simultaneous liver metastases, Leen et al[42] demonstrated a significant increase in
the hepatic arterial blood flow and a significant decrease
in the portal blood flow compared with those observed in
healthy volunteers using doppler ultrasonography study.
The CTP technique was also applied to this investigation
of the relationship between tumor progression and hemodynamic changes in the liver. In liver CTP studies of
patients with known metastatic disease, increased arterial
perfusion has been shown by Miles et al[43] and Blomley et
al[44]. Cuenod et al[45] reported that hemodynamic changes,
including decrease in the portal blood flow and increase
in the mean transit time, could be detected using CTP in
the rats with occult liver metastases. In CRC with simultaneous liver metastases, Leggett et al[46] reported that the
hepatic arterial blood flow significantly increased and the
portal blood flow decreased by using CTP. In CTP study
of esophageal cancer, Fujishiro et al[47] reported that the
preoperative hepatic arterial blood flow might be a useful
predictive marker for the future metastases. Therefore,
CTP derived hemodynamic change in the hepatic blood
flow has a potential to become a novel imaging biomarker to predict recurrence or metastases in CRC patients
(Figure 4). A tumor-related circulating vasoactive mediator may contribute to this global perfusion change[48], and
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further supportive work is necessary[49].

CONCLUSION
Data relating CTP to clinical outcomes in CRC still remain limited. Relatively small, single center studies have
suggested that CTP parameters may reflect clinical outcome in CRC[14,16]. Thus, there is a need to confirm these
results with prospective and larger multicenter trials. As
CT technology has reached maturity, further consideration has to be given to the direction of CTP research.
As an imaging biomarker, CTP certainly fulfils the criteria
necessary for prospective validation as a clinical trial end
point, because CT is a stable platform, widely available,
and non-invasive. Therefore, we believe that CTP technique will play an important role in the management of
patients with CRC as a key imaging technique in clinical
practice, providing patients more personalized treatment.
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Abstract
Abnormalities in liver function tests, including transient
and self-limiting hypertransaminasemia, cholestatic
disease and hepatitis, can develop during treatment
with anti-tumour-necrosis-factor (TNF) therapy. The
optimal management of liver injury related to antiTNF therapy is still a matter of debate. Although some
authors recommend discontinuing treatment in case
of both a rise of alanine aminotransferase more than
5 times the upper limit of normal, or the occurrence
of jaundice, there are no standard guidelines for the
management of anti-TNF-related liver injury. Bibliographical searches were performed in PubMed, using
the following key words: inflammatory bowel disease
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(IBD); TNF inhibitors; hypertransaminasemia; drugrelated liver injury; infliximab. According to published
data, elevation of transaminases in patients with IBD
treated with anti-TNF is a common finding, but resolution appears to be the usual outcome. Anti-TNF agents
seem to be safe with a low risk of causing severe drugrelated liver injury. According to our centre experience,
we found that hypertransaminasemia was a common,
mainly self-limiting finding in our IBD cohort and was
not correlated to infliximab treatment on both univariate and multivariate analyses. An algorithm for the
management of liver impairment occurring during antiTNF treatment is also proposed and this highlights the
need of a multidisciplinary approach and suggests liver
biopsy as a key-point in the management decision in
case of severe rise of transaminases. However, hepatic
injury is generally self-limiting and drug withdrawal
seems to be an exception.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Inflammatory bowel disease; Tumour necrosis factor inhibitors; Hypertransaminasemia; Drugrelated liver injury; Infliximab
Core tip: Anti-tumour-necrosis-factor (TNF) agents appear to be safe with a low risk of causing severe liver
injury. Standard guidelines for the management of
anti-TNF-related liver injury are lacking. Our approach,
based on evidence from literature and our centre experience, highlights the need of a multidisciplinary approach and suggests liver biopsy as a key-point in the
management decision. We particularly highlight that
continuation of the anti-TNF treatment is usually possible, in view of the rarity of severe liver injury and the
lack of alternative medical options in case of severe active inflammatory bowel disease.
Rossi RE, Parisi I, Despott EJ, Burroughs AK, O'Beirne J, Conte
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INTRODUCTION
Inflammatory bowel diseases (IBD), including Crohn’s disease (CD) and ulcerative colitis (UC), are a heterogenous
group of chronic immune disorders of unclear aetiology.
There are approximately 240000 patients with IBD in the
United Kingdom (UC: 243/100000 = 146000 people;
CD: 145/100000 = 87000 people)[1]. People affected by
IBD show a life-time risk for surgery of 70%-80% and
20%-30% for CD and UC, respectively[2-6].
Therapy for IBD is a rapidly evolving field with many
new biological agents that have shown promising results.
Therapeutic options for IBD include corticosteroids,
aminosalicylates, antibiotics (i.e., metronidazole and ciprofloxacin), thiopurines (i.e., azathioprine and mercaptopurine), methotrexate, ciclosporin, tacrolimus and antitumour necrosis factor (TNF) agents[1].
TNF-α is an integral pro-inflammatory cytokine,
which is produced by macrophages and promotes the release of other inflammatory cytokines. It plays a key role
in immune defense against infections and contributes to
the development of certain cancers[7,8]. In view of its well
known pro-inflammatory action, TNF-α has been identified as a key therapeutic target for treating inflammatory
diseases including IBD[8].
The United States Food and Drug Administration
(FDA) has approved several anti-TNF-α agents, such as
infliximab (Remicade, Janssen), adalimumab (Humira,
Abbott), etanercept (Enbrel, Amgen), certolizumab
(Cimzia, UCB), and golimumab (Simponi, Janssen), for
the treatment of several immunological conditions[9-13].
Some placebo-controlled trials have shown that infliximab[14,15], adalimumab[16-18] and certolizumab pegol[19] are
efficacious in the treatment of moderate-to-severe CD,
both when used as first-line therapy and in patients who
did not respond to standard treatment. Anti-TNF agents
have been reported to achieve disease remission, to maintain the treatment response[15,20-22], to allow tapering of
glucocorticoids[15,16] and to promote mucosal healing[23].
Infliximab is also effective in the treatment of fistulizing
CD[24] and, according to current data, early treatment with
infliximab or adalimumab (within 4 wk after surgery)
could prevent histologic and endoscopic recurrence after
ileal resection[25,26].
As concerns UC, some randomized, controlled trials have shown that infliximab[27], adalimumab[28,29] and
golimumab[30] can induce and maintain clinical remission
in patients with moderate-to-severe disease activity who
failed to respond to standard therapy. In particular, data
suggest that infliximab reduces the rate of colectomy
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after one year from 17% in the placebo group to 10%
in those treated with infliximab[31]. Adverse effects of
anti-TNF agents include acute infusion reactions (10%),
severe infusion reactions (less than 1%), including anaphylaxis, convulsions, erythematous rash, and hypotension, serum sickness and leukocytoclastic vasculitis (< 1
per 1000 patients), neurologic events (e.g., demyelinating
neuropathy) (< 1 event per 1000 patients), risk of opportunistic infections, and reactivation of latent tuberculosis
and/or hepatitis B virus (HBV) infection[32]. According to
some studies, the risk of specific cancers (i.e., non-Hodgkin’s lymphoma, lung cancer, skin cancer, and others)
may be increased by the combinations of glucocorticoids,
immunomodulators, and TNF inhibitors[32].
All of the TNF-antagonists currently marketed have
been associated with drug-induced liver injury (DILI)[33,34].
According to a FDA post-marketing surveillance program, more than 130 reports of hepatic damage resulting
from either infliximab or etanercept treatment have been
reported. Among these, seven cases showed a strong association with the anti-TNF agents[35]. Of relevance, the
use of TNF inhibitors has been associated with the risk
of reactivation of viral hepatitis B, although the exact
underlying mechanism is still far from being fully elucidated. Accordingly, pre-treatment screening for hepatitis
B is required prior to start anti-TNF therapy and vaccination should be encouraged in the non-immune high-risk
patients[36]. In addition, TNF inhibitor therapy may result
in a wide range of liver abnormalities, including transient
and self-limiting hypertransaminasemia, cholestatic disease and hepatitis.
The optimal management of liver injury related to
anti-TNF therapy is still a matter of debate. Although
some authors recommend discontinuation of treatment
in case of both a rise of alanine aminotransferase (ALT)
of more than five times the upper limit of normal (ULN),
or the occurrence of jaundice[37-39], at present there are
no standard guidelines for the management of anti-TNFrelated liver injury. Herein, we propose an algorithm for
the management of liver impairment occurring during
anti-TNF treatment, according to both current evidence
from literature and our own centre experience.

Literature searches
Bibliographical searches were performed in PubMed, using the following key words: inflammatory bowel disease;
TNF inhibitors; hypertransaminasemia; drug-related liver
injury; infliximab. Reference lists from studies selected by
the electronic search were manually searched to identify
further relevant reports. Reference lists from all available
review articles, primary studies and proceedings of major
meetings were also considered. No language restriction
was applied.
Regarding our own centre experience, 305 patients
with a histologically confirmed diagnosis of IBD were
retrospectively evaluated. Laboratory and clinical data
were retrieved from a database at Department of Gastro-
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enterology, Royal Free Hospital, London. Patients with
known liver related disease were excluded. Of these 305
patients, 176 consecutive patients were treated with infliximab, between 2008 and 2013, at the standard regimen
dose of 5 mg/kg at weeks 0, 2, 6 and every 8 wk thereafter. Baseline laboratory parameters were obtained the day
before infliximab induction and full blood count and liver
biochemistry were monitored every 8 wk thereafter. Liver
enzymes were recorded until each patient’s last followup. The same parameters were recorded from a control
group of IBD patients, who did not receive any antiTNF agent and were matched by gender, type of IBD
and duration of follow-up to the study group.

WHAT IS ALREADY KNOWN ABOUT
LIVER DYSFUNCTION DURING ANTI-TNF
TREATMENT
Elevation of ALT/AST, usually between 2 and 3xULN is
not uncommon during anti-TNF treatment with a reported prevalence of 37%-42% compared with 29%-36%
in control groups[40], but rarely results in liver failure[41].
However, liver damage including hepatitis or cholestasis might be a complication of anti-TNF treatment[42-53]
and cases of acute liver failure[54-58], fulminant hepatitis
B infection[36,57,58] as well as severe liver injury requiring
emergency liver transplantation have been reported[39,59].
Induction of auto-immune/immuno-mediated hepatitis
in patients with IBD[60-71] has also been reported. AntiTNF hepatitis, although rare, might be a life-threatening
complication, which needs to be promptly recognized
and treated. However, according to a recent systematic
review, these agents are generally considered to be safe in
the majority of patients, including those with underlying
liver disease (i.e., chronic hepatitis C), whereas the risk
of activation of hepatitis B needs to be taken into account[72,73].
The underlying mechanism for liver toxicity associated with anti-TNF remains to be elucidated. Pre-existing
liver disease and concomitant potentially hepatotoxic
drugs may increase the risk. Infliximab hepatitis seems to
be sustained by an immuno-mediated mechanism, mimicking the characteristics of autoimmune hepatitis type I,
although a direct liver damage cannot be ruled out[48,50].
Additionally, anti-TNF treatment is known to induce
lipid profile changes[74-77], which may be reflected in a
increased risk of liver steatosis, although the importance
of these alterations needs to be clarified in future studies.
Furthermore, whether infliximab immuno-mediated liver
injury may lead to chronic disease, or ultimately resolve
with treatment withdrawal remains to be fully elucidated.

OUR CENTRE EXPERIENCE (MANUSCRIPT
IN PREPARATION)
According to our centre experience, 176 IBD patients
were treated with infliximab between 2008 and 2013,
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with a mean duration of treatment of 23.1 ± 21.7 mo,
and ALT increase was observed in 69 (39.2%) of them,
with spontaneous resolution in 76% of cases. Approximately 50% of these patients were taking immunomodulators. When comparing the 67 patients who had elevated
transaminases with the 107 patients on infliximab who
showed persistent normal ALT, there were no statistically
significant differences in terms of age, gender, diagnosis
(UC or CD) and use of immunomodulators, aminosalicylates or steroids. 36.2% of patients with abnormal ALT
during follow-up had elevated transaminases up to one
year before infliximab induction, compared to 15% of
those with normal liver enzymes (P = 0.002). The mean
duration of anti-TNF treatment was significantly longer
in patients with abnormal liver enzymes than in the subgroup of patients with normal transaminases (29.5 mo vs
11.5 mo, P < 0.0005). In multivariate analysis, abnormal
ALT in the subgroup of patients treated with infliximab
was significantly associated with elevated ALT prior to
infliximab induction (OR = 3.854, 95%CI: 1.800-8.251, P
= 0.001) and longer duration of infliximab treatment (OR
= 1.030, 95%CI: 1.013-1.047, P = 0.001).
When considering a whole cohort of 305 IBD patients (176 patients treated with infliximab and 129 IBD
patients matched for gender, type of IBD and length of
follow-up as a control group), hypetransaminasemia was
found in 36.4% of the patients and spontaneous resolution occurred in 73% of cases. Univariate and multivariate analysis showed that the treatment with immunomodulators was correlated to increased transaminases (OR =
2.666, 95%CI: 1.576-4.511, P < 0.001), whilst the use of
infliximab, steroids or aminosalicylates, age, gender and
diagnosis were not (P = NS).
Twelve patients treated with infliximab developed
severe hypertransaminasemia (ALT > 3 x ULN). They
were all screened for hepatitis A, B, C, for HIV and CMV
serology and found negative. Immunoglobulin G, ferritin, alpha1- antitrypsin, copper, ceruloplasmin levels and
coeliac screening were also normal. Alcohol intake was
excluded. Three patients had positive antinuclear antibodies: one patient had concomitant lupus erythematosus
(titer 1:80) and the remaining two showed a very low titer
(1:40). Additionally, as they all had normal immunoglobulins, normal other autoantibodies and only transient hypertransaminasemia, they were not further investigated. A
liver ultrasound was performed in all the patients, showing fatty liver in 4 patients. A liver biopsy was done in 3
out of 12 infliximab patients with persistent severe hypertransaminasemia and liver histopathology was suggestive
of DILI in 2 patients and non-alcoholic steatohepatitis in
the remaining one. Of the two patients with established
DILI one was on infliximab monotherapy (which was
discontinued) and one on combination of infliximab and
6-mercaptopurine (6-MP, which was subsequently discontinued). The 12 patients were carefully monitored and
hypertransaminasemia spontaneously resolved in 11/12
patients without discontinuation of anti-TNF treatment,
whilst infliximab was stopped only in the patient with a

17354

December 14, 2014|Volume 20|Issue 46|

Rossi RE et al . Tumour-necrosis-factor inhibitors and liver

Investigations for previous liver disease (chronic
hepatitis, auto-immune disorders, non alcoholic fatty
liver disease, history of alcohol intake, drug history).
Baseline complete blood test with liver function tests
and screening for hepatitis B, C and for HIV
HBV carriers should receive primary prophylaxis or
should be carefully monitored

Anti-TNF treatment

Check LFTs every two weeks for eight weeks

LFTs normal

Monitor LFTs every 8 wk
for the duration of therapy

Rule out all possible causes of elevated
transaminases (viral hepatitis, alcohol
intake, autoimmunity, drugs, coeliac
disease, NAFLD, iron, copper)

LFTs abnormal

Isolated raise of ALT < 3
ULN without jaundice

Raise of ALT > 3
ULN +/- bilirubin
increase or
jaundice onset

Refer to
Hepatologist

Liver biopsy

Liver US

Multidisciplinary
approach.
Treatment
discontinuation is rare

Check LFTs every two
weeks up to resolution

Figure 1 Proposed algorithm for the management of liver abnormalities occurring during anti-tumour necrosis factor treatment. TNF: Tumour necrosis
factor; ALT: Alanine aminotransferase; LFT: Liver function tests; NAFLD: Non alcoholic fatty liver disease; US: Ultrasound; HBV: Hepatitis B virus; ULN: Upper limit of
normal; HIV: Human immunodeficiency virus.

confirmed diagnosis of DILI on liver biopsy.

WHAT WE SUGGEST
In view of the available literature and our own centre’s experience we suggest the following algorithm for the management of liver impairment occurring during anti-TNF
treatment (Figure 1).

CURRENT RECOMMENDATIONS
REGARDING MONITORING LIVER
FUNCTION WITH ANTI-TNF THERAPY
The optimal management of liver injury related to antiTNF therapy is still a matter of debate and a multidisciplinary management is required.
According to previous case reports and a recent
consensus statement[39,62], it was recommended that infliximab therapy should be avoided or discontinued in patients with a raise of aminotransferases more than three
times the ULN and that liver function tests should be
determined prior to anti-TNF treatment, after induction
treatment and at least every four months while on maintenance treatment. However, the application of the above
mentioned precautions failed in systematic prevention of
the development of severe liver injury[54]. Furthermore,
such stringent criteria might deny anti-TNF to many patients who might benefit from it due to the lack of alternative therapeutic options.
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What information should be given to patients?
All patients should be aware of the potential problem of
hepatotoxicity and should seek urgent medical advice in
case they feel unwell or notice the presence of jaundice.
Moreover, alcohol intake should be reduced, as per current recommendations[78].
What to do before starting anti-TNF medication?
Before starting anti-TNF treatment, all the patients
should be investigated for previous liver disease including
viral chronic hepatitis, auto-immune disorders, non alcoholic fatty liver disease, history of alcohol intake/abuse
and/or of illicit drug use. A baseline complete blood test
including liver function tests and screening for hepatitis B,
C and for HIV is advisable. Risk of reactivation of hepatitis B should be taken into account and HBV carriers
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should receive primary prophylaxis or should be carefully
monitored[79].
What to do after starting anti-TNF medication?
Liver function tests should be regularly performed after
starting anti-TNF therapy, every two weeks for the first
eight weeks, and eight weekly thereafter.
In those patients receiving anti-TNF therapy and with
abnormal transaminase levels, the first step is to rule out
all other possible causes of hypetransaminasemia, including viral hepatitis, history of alcohol abuse, auto-immune
disorders, coeliac disease, non alcoholic fatty liver disease
and drug history.
When facing with an increase of ALT < 3 x ULN
repeated monitoring is advisable, even if further action might not be required. On the contrary, in case of
marked elevation of ALT levels (> 3 x ULN) or alarm
signs (e.g., rapid onset of jaundice), a multidisciplinary
approach is required. Further tests, including a liver ultrasound scan, should be requested and in case of persistent
elevated transaminases, a liver biopsy might be useful
to confirm the diagnosis of DILI or to exclude other
potential aetiologies, possibly suitable for specific treatment. Of course, DILI represents a relevant cause of
liver impairment with significant morbidity and mortality[80]. Early diagnosis of DILI might be difficult[81,82] and
is usually by exclusion[83]. Liver histology is considered
helpful in strengthening the diagnosis or excluding other
potential causes of liver injury and a recent study provided a standardized framework for systematic review and
classification of pathological changes in liver biopsies[84].
Discontinuation of the treatment might be considered,
but the decision should be tailored to each single patient,
given the rarity of severe liver injury and the possibility
of a spontaneous resolution of the elevation of transaminase levels. According to our centre experience, the
spontaneous resolution of hypetransaminasemia despite
continuing anti-TNF treatment, might suggest that severe
liver injury due to anti-TNF therapy, although possible, is
rare.

CONCLUSION
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In conclusion, we have highlighted the lack of standard
guidelines for the management of anti-TNF-related liver
injury and, differently from previous reviews, we have
proposed a possible algorithm for its management according to both evidence from literature and our own
centre’s experience. Innovative aspects of our approach,
which are not present in the algorithm previously suggested by Mancini et al[62], include: (1) a multidisciplinary
approach for this subgroup of patients, which requires
a close interaction between Hepatologists and Gastroenterolgists; (2) the continuation of the anti-TNF treatment which is usually possible, in view of the rarity of
severe liver injury, the high percentage of spontaneous
regression of the hypertransaminasemia and the lack of
alternative medical options in case of severe active IBD.
The decision should be tailored to each single patient; (3)
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a liver biopsy which is advisable prior to stopping treatment because it might be useful to confirm the diagnosis
of DILI or to exclude other possible aetiologies which
might benefit from specific therapy; and (4) the exclusion
of other possible causes of hypetransaminasemia which
should also include history of alcohol intake, coeliac
disease screening[85] and careful evaluation of drug intake
(other than anti-TNF treatment).
In summary, elevation of ALT in patients with IBD
treated with anti-TNF is a common finding, but, even in
case of moderate or severe ALT abnormalities, resolution
appears to be the usual outcome. Anti-TNF agents appear to be safe with a low risk of causing severe DILI. In
case of severe hypertransaminasemia a multidisciplinary
approach is recommended but drug withdrawal seems to
be an exception due to the rarity of severe liver injury.
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Abstract
Hepatitis B and human immunodeficiency virus (HBV
and HIV) infection share transmission patterns and risk
factors, which explains high prevalence of chronic HBV
infection in HIV infected patients. The natural course
of HBV disease is altered by the HIV infection with less
chance to clear acute HBV infection, faster progression
to cirrhosis and higher risk of liver-related death in HIVHBV co-infected patients than in HBV mono-infected
ones. HIV infected patients with chronic hepatitis B
should be counseled for liver damage and surveillance
of chronic hepatitis B should be performed to screen
early hepatocellular carcinoma. Noninvasive tools are
now available to evaluate liver fibrosis. Isolated hepatitis B core antibodies (anti-HBc) are a good predictive
marker of occult HBV infection. Still the prevalence and
significance of occult HBV infection is controversial, but
its screening may be important in the management of
antiretroviral therapy. Vaccination against HBV infection is recommended in non-immune HIV patients. The
optimal treatment for almost all HIV-HBV co-infected
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patients should contain tenofovir plus lamivudine or
emtricitabine and treatment should not be stopped to
avoid HBV reactivation. Long term tenofovir therapy
may lead to significant decline in hepatitis B surface
Antigen. The emergence of resistant HBV strains may
compromise the HBV therapy and vaccine therapy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Hepatitis B and human immunodeficiency
virus (HBV and HIV) infection share transmission patterns and risk factors, which explains high prevalence
of chronic HBV infection in HIV infected patients. The
natural course of HBV disease is altered by the HIV
infection with less chance to clear acute HBV infection,
faster progression to cirrhosis and higher risk of liver
-related death in HIV-HBV co-infected patients than in
HBV mono-infected ones. The management of HBV coinfection in HIV infected persons remains a challenge.
This review provides update on epidemiology, natural
history, diagnosis, prevention and treatment of hepatitis B infection in HIV infected patients.
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INTRODUCTION
Since the advent of highly active antiretroviral treatment
(HAART), human immunodeficiency virus (HIV)-associated morbidity and mortality has substantially decline.
Liver diseases mainly due to hepatitis virus have emerged
as a major cause of non-AIDS-related death[1,2]. As HIV
and hepatitis B virus (HBV) share the same routes of
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transmission through sexual and percutaneous contact[3],
co-infection is common. Care of hepatitis B among HIV
infected individuals is a major challenge in the management of HIV infection. This review will summarize the
last data on epidemiology, natural history, diagnosis,
prevention and treatment of chronic hepatitis B in HIV
infected patients.

Epidemiology
As HIV and HBV infection share common routes of
transmission, the prevalence of hepatitis B markers [anti
hepatitis B core antibodies (anti-HBc) and/or hepatitis
B surface antigen (HBs-Ag)] is very high among HIV
infected persons: up to 90%[4]. Among the estimated 40
million persons infected with HIV worldwide, approximately 2-4 million (up to 10%) are chronically infected
with HBV. This prevalence varies with geographic region.
In regions as Sub-Saharan Africa and east Asia, with
high HBV prevalence, the majority of HBV infections
occurs perinatally or during early childhood through
household close contact, medical or cultural procedures
like scarification or tattoo[5]; thus HBV infections are
more likely to progress to chronic infections, resulting
in high prevalence of chronic HBV infection among
youth population at risk for sexually-acquired HIV[4]. Of
note, the risk of chronicity without HBV immunization
is greater (> 90%) in infants born from mothers with
high viral load indirectly represented by the positivity of
hepatitis B e antigen (HBe-Ag)[6]. This explains the relative low rate of vertical transmission in Africa compared
with Asia due to lower prevalence of serum HBe-Ag in
African women with chronic hepatitis B[7].
In low HBV prevalence areas such as North America,
Western Europe and Australia, HBV infection is mainly
acquired in adulthood in high-risk groups, i.e. injection
drug users (IDU) persons with multiple heterosexual
partners, and men who have sex with men (MSM)[4].
Chronic HBV infection occurs in 6% to 14% of HIVinfected persons[8-10]. The highest prevalence of co-infection in western countries is among MSM[4,10].

Natural history
HIV infection deleteriously affects the natural history
of adult acquired HBV infection by impairing the innate
and adaptive humoral and cellular immunity[6]. In immunocompromised patients, rates of chronicity after acute
hepatitis B are higher, while rates of spontaneous loss of
HBe-Ag and/or HBs-Ag and seroconversion to anti-HBe
and anti-HBs are low[11-13]. Of note, acute hepatitis B resolves in 90% to 95% of immunocompetent individuals
who acquire their infection in adulthood[14]. Bodsworth et
al. found six fold more risks to develop chronic hepatitis
B after HBV infection in HIV-infected individuals than
in HIV-negative persons; the rate of HBe-Ag clearance
in this study was up to five fold decreased in the HIVinfected patients[11]. It has been shown that higher CD4
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cells count is correlated with higher clearance rates of
HBV viremia during acute infection[6]. Nevertheless, HIVinfected persons with protective antibody to hepatitis B
antigen (anti-HBs) remain at risk for loss of anti-HBs
antibodies and for reactivation of HBV termed reverse
seroconversion[15,16]. Hepatitis reverse seroconversion is
rare (from 0.019 to 0.2 cases/100 patient-years) and occurred more frequently in the setting of HIV virologic
failure[17]. Other characteristics in patients with HBV infection were reported: HIV co-infection are higher levels
of HBV viremia, more frequent reactivation episodes
and more rapid progression of liver fibrosis[12,18]. Several
studies have also showed that HIV related immune suppression worsens the natural course of HBV infection
by hastening progression to cirrhosis and liver related
death[8,19]. The Swiss HIV cohort study first reported a
direct effect of HIV related immunodeficiency on HBVrelated hepatocellular carcinoma (HCC): 26 HCC patients
were identified and matched with 251 controls and a
significant association was observed between latest CD4
cell count (odd ratio per 100 cell/µL decrease= 1.33) and
HCC risk[20].
As the influence of HIV infection on the course of
HBV co-infection has been showed, the effects of HBV
on the progression of HIV disease are controversial.
In a retrospective cohort study in Greece among 1729
HIV-infected patients, no significant impact of HBV coinfection was suggested on progression to AIDS, and the
meta-analysis (including 12382 patients from 11 studies)
from the same study confirmed the absence of any effect by HBV infection on AIDS development[21]. This
meta-analysis revealed increased rate of overall mortality
among HIV-HBV co-infection. A higher risk for liverrelated mortality in HIV-HBV co-infected individuals was
found in the Multicenter Cohort Study, especially when
CD4 cell nadir counts were low[8]. Data from the EuroSIDA cohort showed no impact of HBV co-infection
on the occurrence of new AIDS diagnosis or AIDS defining illness but there were also increased liver-related
mortality: among patients who died, mortality increased
from 8% in HBs-Ag negative to 18% in HBs-Ag positive
patients[10]. These findings were reinforced by data from a
Thai cohort that showed no impact of hepatitis co-infection on response to combine antiretroviral therapy (cART)
and on progression of HIV disease[22]. A recent study
including participants from all over the world (11 countries) showed association between HBV co-infection and
lower CD4 cell count at the time of HAART initiation
compared with HIV mono-infected patients, especially
those with high HBV DNA[23]. In a long term analysis
questioning the impact of HBV on HIV outcomes while
on HAART, the absence of HBV influence on HIV suppression and CD4 cell increase was found but mortality
was higher in the HBV co-infected group[24].
In the French mortality survey collecting causes of
death among HIV infected patients: liver related disease
mostly due to hepatitis C virus (HCV) co-infection was
the 3rd underlying cause of death after AIDS defining ill-
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ness and cancer[25-27].

Diagnosis of HBV infection in HIVinfected patients
HIV-infected persons have to be tested for HBV infection. Initial testing for HBs-Ag, anti-HBs and anti-HBc
(hepatitis B core) should be performed because these will
identify the majority of patients with chronic hepatitis
B. Some specialists would test for HBs-Ag and anti-HBs
only, excluding anti-HBc, as its presence or absence does
not usually affect clinical practice[28]. In practical routine,
the presence of anti-HBc alone may lead to hepatitis B
vaccination after occult hepatitis has been excluded (see
below). Those who are diagnosed with chronic hepatitis
B (presence of Hbs-Ag twice during more than 6 mo)
should have an initial assessment with testing for HBV
DNA and hepatitis D virus (HDV) status and HCV status. Classical HBe serology testing have now little interest
comparing with HBV DNA in term of risk of transmission and of treatment efficiency[29].
HBV genotyping may be part of the diagnostic tools
and may be useful for predicting HBV disease progression and treatment monitoring[30]. The most prevalent
HBV genotype found among HIV infected patients
is type A in Europe and North America[30-32]. Association has been described between advanced liver fibrosis and genotype G[31], or between higher HBV DNA
and genotypes C, D, F[23]. From the EuroSIDA cohort,
higher HBV DNA levels have been associated with HBV
genotype A[33]. However, HBV genotyping is not well
defined in the scheme of HBV management and is not
performed in practical routine.
Until now the need for HBV drug resistance testing
prior to starting HBV treatment has not been demonstrated[23]. HBV resistance testing should be performed
in case of detectable HBV viremia in patients who have
already received lamivudine. Nevertheless, no impact of
lamivudine resistance has been showed on long-term efficacy of tenofovir[34].
Occult HBV infection is defined by the presence of
HBV in plasma and/or in liver tissue of patients without
detectable HBs-Ag. Conflicting results have been reported on its prevalence ranging from very low (less than
0.1%) to higher prevalence, 5.4% reported in a French
cohort of HIV-HCV co-infected patients[35]. An early
study reported up to 90% prevalence of occult hepatitis
B[36], while most studies found prevalence around 10% to
20 %[37-40]. This wide range may be explained by the heterogeneity of study populations and the usage of different sensitivity and specificity of HBV DNA assays[39,41].
Isolated anti-HBc is good predictive marker of occult
HBV, and HBV DNA should be tested in the pattern of
anti-HBc alone when patients exhibit serum transaminases abnormalities or liver failure[42]. Still the contribution
of occult HBV on liver damage remains unclear[43]. But
screening of occult HBV infection may have implications
in terms of antiretroviral therapy and risk of immune re-
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constitution[42].
Liver fibrosis has to be assessed because it will establish a prognostic value and will be part of the therapeutic
decisions. Noninvasive tools such as transient elastography (FibroScan) or serum biochemical indexes (Fibrotest)
are now available to evaluate liver fibrosis[44-46]; though
these tools are not accurate to discriminate intermediate
stages of fibrosis[47], the combined use of fibroscan and
fibrotest can improve the diagnostic accuracy and reduce
the need for liver biopsy which stays the current gold
standard[48,49].

Hepatitis B prevention
Current guidelines recommend that HIV-infected patients who have no serological markers against HBV
(HBs-Ag, anti-HBs and anti-HBc negative) should be
offered vaccination with a dosage of anti-Hbs 1 to 2 mo
after the end of the complete scheme[28,50,51]. The standard
vaccine schedule (3 doses at 0, 1 and 6 mo) is impaired in
HIV-infected subjects compared to healthy persons[52]. A
four double doses of hepatitis B vaccine regimen (40 mg
given at 0, 1, 2 and 6 mo) has showed improved serological response (i.e., anti-HBs antibodies above 10 UI/ml)
in HIV infected subjects[53] and has been recently recommended in French guidelines. This scheme is also of
interest regarding the high rate of patients achieving antiHBs titers above 100 IU/l (Table 1)
In the absence of seroprotection (anti-HBs antibodies < 10 IU/l) at the end of vaccination, one to three
additional doses of HBV vaccine should be administered.
For patients with seroconversion, anti-HBs levels should
rechecked every year in order to administer booster vaccine dose when anti-HBs levels decline < 10 IU/l.
The management of patients with isolated anti-HBc
is not clear. This serological pattern might reflect exposure in the past following which anti-HBs did not develop or have fallen below the detection level[54] or more
rarely occult HBV infection[42]. The CDC guidelines recommend to administer one dose of hepatitis B vaccine
and determine the serological response 2-4 wk later[28]. If
an adequate protective antibody level is revealed, immunization is complete. If not, HBV DNA should be tested
to assess occult HBV infection[29]. If no HBV DNA is
detected, some recommend a complete scheme of HBV
vaccination[55].
In case of failure of repeat immunization, serological markers of HBV should be monitored annually, and
including tenofovir in the cART can be considered.

Management of chronic hepatitis
B in HIV infected patients
HIV-infected subjects should be counseled regarding
prevention of liver damage: limitation of alcohol consumption[56], avoiding hepatotoxic drugs (common use
of paracetamol). They also should be vaccinated against
hepatitis A virus (HAV) if not immune: HAV superinfec-
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Table 1 Immunogenicity of 4 intramuscular double doses and 4 intradermal low doses vs standard hepatitis B vaccine regimen in
[53]
adults with human immunodeficiency virus
n = 426
Response rates
At week 28
(Anti-HBs > 10 mIU/mL)
High responders rates
(Anti-HBs > 100 mIU/mL)

IM 20 mg x 3

IM 40 mg x 4

ID 4 mg x 4

n = 141

n = 145

n = 140

65%
95%CI: 56%-72%

82%
95%CI: 77%-88%
P < 0.001 vs IM 20 × 3
74%
95%CI: 66%-81%
P < 0.001 vs IM 20 × 3

77%
95%CI: 69%-84%
P = 0.02 vs IM 20 × 3
53%
95%CI: 44%-61%
P = 0.06 vs IM 20 × 3

41%
95%CI: 33%-50%

Anti-HBs: Antibody to hepatitis B antigen.

tion has been associated with high risk of liver failure and
death in patients with underlying chronic liver disease[57,58].
Surveillance of chronic hepatitis B infection using abdominal ultrasound every 6 mo should be performed to
detect early HCC in patients at risk: that is to say cirrhotic
patients, but also non-cirrhotic HBV carriers with active
hepatitis or family history of HCC, and non-cirrhotic patients with chronic hepatitis C and advanced liver fibrosis
F3[59]. Serum alpha-fetoprotein (AFP) has a suboptimal
performance but can be associated in the surveillance of
chronic hepatitis B[59].
Cirrhotic patients should be monitored for the presence of esophageal varices using upper-gastrointestinal
endoscopy every 1-2 year.

Treatment of chronic hepatitis B
in HIV infected patients
The indication of chronic hepatitis B treatment in HIV
infected individuals is based on a list of several considerations: the indication of cART for HIV infection, the
stage of the liver disease and its risk to progression to
clinically significant liver complications[60]. The goal of
HBV treatment is in the best case to achieve HBs-Ag
clearance with anti-HBs seroconversion, but this objective is rarely reached (less than 10% of HBV monoinfected patients under interferon treatment and probably even less in HIV-HBV co-infected patients)[29]. In
practical routines the objectives for HBV treatment are:
normalization of alanine aminotransferase (ALT), HBeAg seroconversion as HBe-Ag loss was associated with
better histological liver evolution[61], and mainly sustained
suppression of HBV replication to reduce liver inflammation and to stop or delay progression of fibrosis, to
avoid development of cirrhosis, decompensation, HCC
and liver related death[29].
Drugs that have been approved in Europe for the
treatment of HBV include standard interferon (IFN)
replaced by pegylated interferon (pegIFN), lamivudine,
adefovir, entecavir and telbivudine. Tenofovir and emtricitabine are approved for HIV and are also active against
HBV. It is essential in the management of HBV treatment to avoid the development of HBV associated drug
resistance, which has already emerged under lamivudine
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monotherapy (occurring in more than 80% of patients
after 5 years of treatment)[51]. Furthermore a subset of
lamivudine-resistant HBV isolates may behave as vaccine escapes mutants. The incidence of mutants selected
by nucleos(t)ide analogues seem to be increasing and
thus problematic especially in limited resources settings
where there is restrained access to powerful anti-HBV
drugs[62]. Entecavir monotherapy showed low rates (1.2%)
of resistance in nucleosive-naïve patients treated for up
to 5 years, but this rate increases to 51% in patients with
lamivudine resistance[63]. Tenofovir offers the benefit of
no evidence of developing tenofovir-resistance mutations
after monitoring up to 7 years, with no effect of lamivudine prior exposure and/or resistance[64,65].
When HIV infection does not require treatment,
which should be a less frequent situation as European
and United States guidelines, recommend early HIV treatment initiation, algorithm for HBV treatment is based
on serum HBV DNA, ALT and liver fibrosis staging.
Treatment is advised when viremia is above 2000 IU/ml
or ALT are elevated, or both, but also when advanced
liver fibrosis is seen (with or without HBV DNA/ALT
abnormalities)[60]. Treatment options for HBV infection
should include agents without HIV antiviral activity to
reduce risk of viral resistance[60]. PegIFN based therapy
for a finite course of 12 mo is an option with possible
benefit of sustained response in particular when HBe-Ag
positive, elevated ALT and low serum HBV DNA. But
the rate of such response is low[66], and the frequent side
effects with bad impact on the quality of life of pegIFN
limit its use[67,68]. Monotherapy of adefovir is an alternative but given the risk of selecting drug resistance, an
early “add-on” strategy should be considered when criteria of undetectable HBV viremia is not met at week 24
of therapy[69].
When both HIV and HBV infections meet criteria
to be treated, which will turn to be the most frequent
situation regarding recent guidelines for HIV treatment,
the combination of tenofovir and emtricitabine (or lamivudine) is the preferred choice[50,70]. In case of prior
exposure to lamivudine with selected resistance to lamivudine, tenofovir is recommended because it has demonstrated its activity toward lamivudine-resistant HBV[71]. A
recent meta-analysis confirmed the durable suppression
of HBV viremia with no impact of previous lamivudine
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exposure[64]. Combine therapy is recommended but until
now no significant benefit of combine therapy over tenofovir alone has been demonstrated[32,64].
Seroclearance of HBs-Ag is a rare outcome during
long term HBV therapy with potent nucleos(t)ide analogues. Dutch study investigated long term HBs-Ag level
kinetics in HIV-HBV co-infected patients treated with
tenofovir[72], and showed that the decline in HBs-Ag was
essentially found among HBe-Ag positive HIV-HBV coinfected patients. It also showed that long term tenofovir
therapy leads to significant decline in HBs-Ag, that there
was a correlation between CD4 cells count and HBs-Ag
level kinetics and that HBs-Ag kinetics early during treatment were predictive of HBs-Ag seroclearance[72].
HDV has a unique replication progress that requires
co-infection with HBV. It suppresses HBV replication
but it causes severe liver disease with rapid progression
to cirrhosis (10%-15% of patients within 2 years)[73,74].
The prevalence of anti-HDV in HBV-HIV co-infected
patients in EuroSIDA cohort is 14.5%[75]. Delta hepatitis
increases the risk of liver related death and overall mortality in HIV infected patients[75]. Interferon therapy is
the only evidence-based treatment for HDV, still a small
study has pointed out the potential benefit of potent anti-HBV nucleos(t)ide analogues therapy in chronic delta
hepatitis[76].
Patients under treatment should be monitored to
assess response. A durable anti-HBe seroconversion in
HBe-Ag positive patients is a marker of clinical relevant
response. When using nucleot(s)ide analogues initial response is defined as at least 1 log10 drop in HBV DNA
levels within 3 mo. HBV DNA should then be measured
every 3 mo.
Treatment efficacy is measured by the HBV DNA
negativation below the lower limit of detection, ideally
after 6-12 mo of treatment[28].
Resistance should be suspected in compliant patients
if HBV DNA levels increase by 1 log10 or more, if available resistance testing should be performed[29]. Non or
poor adherence to treatment remains the first diagnostic
in case of failure[77,78].
Discontinuation of anti-HBV treatment can result
in potentially fatal hepatitis flares[79] and should be avoid
when possible.
Add-on pegIFN in HBe-Ag HIV co-infected patients
under treatment with tenofovir and undetectable HBV
DNA did not seem to increase rates of HBe-Ag seroconversion[80].
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Abstract
Both, autologous and allogeneic hematopoietic stem
cell transplantation (HSCT) can be used to cure or
ameliorate a variety of malignant and non-malignant
diseases. The rationale behind this strategy is based
on the concept of immunoablation using high-dose
chemotherapy, with subsequent regeneration of naive
T-lymphocytes derived from reinfused hematopoietic
progenitor cells. In addition, the use of HSCT allows for
the administration of high-dose chemotherapy (whether
or not combined with immunomodulating agents such
as antithymocyte globulin) resulting in a prompt remission in therapy-refractory patients. This review gives an
update of the major areas of successful uses of HSCT
in non-malignant gastrointestinal disorders. A Medline
search has been conducted and all relevant published
data were analyzed. HSCT has been proved successful in treating refractory Crohn’s disease (CD). Patients
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with refractory celiac disease type Ⅱ and a high risk
of developing enteropathy associated T-cell lymphoma
have shown promising improvement. Data concerning
HSCT and mesenchymal SCT in end-stage chronic liver
diseases are encouraging. In refractory autoimmune
gastrointestinal diseases high-dose chemotherapy followed by HSCT seems feasible and safe and might result in long-term improvement of disease activity. Mesenchymal SCT for a selected group of CD is promising
and may represent a significant therapeutic alternative
in treating fistulas in CD.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hematopoietic stem cell transplantation;
Mesenchymal stem cells; Non-malignant gastrointestinal diseases; Celiac disease; Refractory celiac disease;
Lymphoma; Crohn’s; Ulcerative colitis; Cirrhosis
Core tip: Hematopoietic stem cell transplantation (HSCT)
can be used to treat malignant and non-malignant diseases. This therapeutic modality is based on using immunoablation followed by reinfusion of hematopoietic
progenitor cells to regenerate naive T-lymphocytes.
HSCT and mesenchymal SCT have been proved successful in treating refractory inflammatory conditions
such as Crohn’s disease and refractory celiac disease
type Ⅱ. The ultimate target of aggressively treating
this type of celiac disease is to prevent development
of lymphoma. Data in end-stage liver diseases are also
encouraging.
Al-toma A, Nijeboer P, Bouma G, Visser O, Mulder CJJ. Hematopoietic stem cell transplantation for non-malignant gastrointestinal diseases. World J Gastroenterol 2014; 20(46): 17368-17375
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v20/i46/17368.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
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INTRODUCTION
In cancer patients, myeloablative doses of radiation or
high dose chemotherapy (HDC) or both have been used
followed by infusion of autologous hematopoietic cells
to restore bone marrow function[1-3].
Recently, HDC followed by hematopoietic stem cell
transplantation (HSCT) has been applied increasingly
thanks to the availability of supportive measures, such
as availability of antibiotics to prevent or treat infections
during marrow aplasia, improvement in transfusion support and the use of hematopoietic growth factors to
“mobilize” HSCs to shorten the recovery time of marrow function[1]. In addition, an important progress has
been achieved in manipulating, mobilizing bone marrow
stem cells and recruitment of hematopoietic stem cells
(HSCs) from the peripheral blood[3,4].
The peripheral blood contains HSCs[4-6]; these cells
can be easily harvested and then utilized to hasten hematological recovery after ablative therapy[7]. Specific chemotherapeutic regimens, granulocyte colony stimulating
factor and/or new agents such as Plerixafor effectively
increase the number of HSCs in the peripheral blood
providing adequate autologous stem cell harvest[8,9].
In the last two decades, HSCT is gaining wider acceptance in the management of difficult to treat autoimmune
diseases[10-16].
HSCT has been conducted in treating refractory Crohn’
s disease (CD). More recently, mesenchymal SCT (MSCT)
has been explored in the management of CD complicated
by fistulas. Encouraging results have been reported. In a
group of refractory celiac disease, we have reported impressive results using autologous SCT (auto-SCT).
The efficacy and safety of HSCT and MSCT are being evaluated in patients with end-stage chronic liver
diseases, both viral and autoimmune-induced, and the
preliminary results seem to be promising. So far, limited
data have been published about auto-SCT in autoimmune
liver diseases.
We tried here to provide an overview of the experience gained thus far in treating non-malignant gastrointestinal diseases.

BACKGROUND
HSCs are capable of regenerating immune cells; this characteristic provides the theoretical possibility of resetting
the immune system without autoimmunity. Meanwhile,
MSCs have immunosuppressive effect, which might be
beneficial in different inflammatory disorders[17,18].
The possible mechanism for using stem cell therapy
for inflammatory disorders is to induce a state of immunoablation using HDC followed by reinfusing hematopoietic progenitor cells to achieve regeneration of naive
T-lymphocytes derived. This procedure could reset the
immune system after first eliminating the patient’s own
system by preparative chemo[-immuno] therapy[1].
Animal studies and the use of HSCT in experimental
forms of autoimmune diseases have contributed signifi-
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cantly to the knowledge and subsequently the application
of auto-HSCT in autoimmune diseases[19-21].
Clinical observations in patients with autoimmune
diseases such as severe systemic sclerosis, who received
HSCT to treat concomitant hematological diseases, paralleled the experience obtained from animal studies[22,23].
The limited therapeutic options for severe, uncontrolled autoimmune diseases made it necessary to explore
HSCT as a treatment modality. To be acceptable for nononcological indications this modality should have an acceptable mortality and morbidity rate. Auto-HSCT has
gained priority over allo-HSCT because it is associated
with low morbidity and mortality rates both in oncology[24,25] and in immune disorders (7%)[10].
For non-malignant conditions auto-HSCT may be applied using either myeloablative or non-myeloablative regimens[13]. Myeloablation results in an irreversible aplasia
of the bone marrow; therefore HSCs should be provided
to restore the marrow function. On the other hand, nonmyeloablation is designed for autoimmune diseases; following such a regimen, hematopoietic recovery will occur
without infusion of HSCs[13].
MSCs are distinct lineage of stem cells, having no
unique phenotypic marker, representing 1 in 10000 nucleated cells in the bone marrow[26]. Different tissues can
provide the source of these cells, e.g., bone marrow, skeletal muscle, adipose tissue, synovial membranes, umbilical
cord blood and placenta[27].
MSCs give rise to many cell lineages, thus promoting
regeneration of damaged tissue in vivo[28]. Also these cells
exert important immunomodulatory functions[29], can regenerate clonally[30] and exhibit anti-proliferative and antiinflammatory properties, making them candidates for
treatment of immune-mediated inflammatory diseases[31].

APPLICATION IN INFLAMMATORY
BOWEL DISEASE
CD is a relapsing-remitting disorder with enhanced
T-helper cell reaction[32-34]. HSCT is considered as a valuable option in the treatment of CD because it has been
shown to be effective in treating autoimmune disorders
sharing a similar pathogenic background.
The mechanism of positive effect of HSCT in not
entirely clear; however allo-HSCT may change the genetic
constitution that predisposes to CD. On the other hand,
auto-HSCT helps to eliminate committed lymphocytes
and also facilitates relatively safe use of immunosuppression[35].
The first evidence for using stem cell therapy in refractory CD came from reports showing that CD improves
after stem cell therapy for other concomitant disorders[36].
In 1993 Drakos et al[37] reported an improvement of a
patient with CD who received allo-HSCT for a malignant
lymphoma. Five years later, allo-HSCT was performed
in six non-Hodgkin lymphoma (NHL) patients who also
had concomitant CD. Three patients remained in remission after withdrawal of immunosuppressives[38].
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Table 1 Indirect evidence for efficacy of hematopoietic stem cell transplantation in inflammatory bowel disease
Ref.

SCT

Original indication

No./type IBD

Conditioning

Results/remarks

Drakos et al[37]

Allo-SCT

NHL

1/fistulizing CD

Remission/6 mo follow up

Kashyap et al[40]
Lopez-Cubero et al[38]
Söderholm et al[41]
Ditschkowski et al[39]
Anumakonda et al[42]

Auto-SCT
Allo-SCT
Auto-SCT
Auto-SCT
Auto-SCT

BCNU/Etoposide, Cy,
ara-C and Melphalan
Cy,VP16+TBI
Cy/TBI
Cy/TBI
Various
CHOP

NHL
1/Perianal CD
Leukemia
5/CD
AML
1/Fistulizing CD
AML/CML/MDS 11/7 CD +4 UC
NHL
1/CD

Remission 7 yr/Crohn’s at age 13 yr ASCT at 20 yr
3 pts has lasting remission
Remission 5 yr
Remission in 10/Follow up 34 mo
Remission 8 yr/Relapse after 8 yr

CD: Crohn’s disease; NHL: Non-Hodgkin’s disease; UC: Ulcerative colitis; Cy: Cyclophosphamide; AML: Acute myeloid leukemia; MDS: Myelodysplastic
syndrome; CML: Chronic myeloid leukemia; TBI: Total body irradiation; CHOP: Cyclophosphamide Adriamycin Vincristine Prednisone.

In a report by Ditschkowski et al[39] Eleven inflammatory bowel disease (IBD) patients (seven CD and four ulcerative colitis) underwent allo-HSCT in connection with
various hematology disorders. Ten transplant recipients
stayed in remission, follow up 34 mo.
Numerous case reports and case series have been
published dealing with the clinical response of CD who
received auto-SCT to treat concomitant conditions[40-43].
One such example is a young patient diagnosed with CD
and needed intensive treatment with anti-inflammatory
and immunosuppressive agents[40]. He remained in remission after auto-HSCT for NHL.
Table 1 summarizes the literature on indirect evidence
for effectiveness of HSCT in IBD. These data indicate
that HSCT might benefit CD but this benefit is not universal.
In 2003, Burt et al[44] and Craig et al[45] provided the first direct evidence for the efficacy of HSCT for CD. In 2 patients
diarrhea resolved following transplantation. Crohn’s disease
activity index (CDAI) is normalized. Simultaneously, another group reported a complete remission in one patient
using the same conditioning regimen[46].
Another report by Oyama et al[47] has provided the results of using HSCT refractory CD. A total of 12 patients
have been treated, eleven of them remained in remission
[follow-up of 18.5 mo (range, 7-37 mo)].
In 2010 Burt et al[48] have presented their experience
in using auto-HSCT for IBD. Twenty-four patients with
CD were treated. 91% stayed in remission for 1 year post
transplantation. A similar outcome was reported by another group who treated 10 CD patients (remission rates
of 80% after 1 year)[49].
Hasselblatt et al[50] have reported the outcome of 12
patients with refractory CD treated with auto-HSCT. Five
patients achieved a clinical and endoscopic remission
within 6 mo after auto-HSCT. However, relapses occurred
in 7 patients, but disease activity was mild and could be
controlled by low-dose corticosteroids and immunosuppressive therapy.
Allo-HSCT for CD has also been performed; in 2009
a report on a successful use of allo-HSCT in treating a
9-year-old child was published[51]. The investigators have
hypothesized that a nonsense mutation in the IL10RB
gene is probably the genetic cause of IBD in the affected
patient and given the severity of the disease, they consid-
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ered allo-HSCT as treatment. The patient underwent conditioning with the use of alemtuzumab (1 mg/kg), fludarabine (180 mg/m2), treosulfan (42 mg/m2), and thiotepa
(10 mg/kg). Anal fistulas resolved and the patient has
remained in remission more than a year after HSCT.
MSCs have been tested for fistulizing and also luminal
CD[52]. In fistulizing disease, the differentiation potential
of these cells is thought to be necessary to achieve closure of fistulas, while their immunosuppressive effect is
the rationale for their use in luminal disease.
Rectovaginal fistulas are difficult to treat. GarcíaOlmo et al[52] used lipoaspirate to provide stem cells in a
patient with rectovaginal fistula. Subsequently, the patient
had no complains related to the fistula. The same group
has tested the usefulness and safety of MSCT in treating fistulas[53]. Nine fistulas were treated. Six fistulas were
considered healed (75%), (follow-up 22 mo; range 12-30).
Forbes et al[54] published the result of a phase Ⅱ study
using allo-MSCs for refractory luminal CD. An openlabel, multicenter study included 16 patients (21-55 years
old; 6 men) with infliximab-or adalimumab-refractory,
endoscopically confirmed, active luminal CD (CDAI >
250). Subjects were given intravenous infusions of allogeneic MSCs (2 × 106 cells/kg body weight) weekly for 4
wk. The primary end point was clinical response (decrease
in CDAI > 100 points) 42 d after the first MSC administration; secondary end points were clinical remission
(CDAI, < 150), endoscopic improvement [a CD endoscopic index of severity (CDEIS) value, < 3 or a decrease
by > 5], quality of life, level of C-reactive protein, and
safety. Among the 15 patients who completed the study,
the mean CDAI score was reduced from 370 (median,
327; range, 256-603) to 203 (median, 129) at day 42 (P
< 0.0001). Twelve patients had a clinical response (80%;
95%CI: 72%-88%; mean reduction in CDAI, 211; range
102-367), 8 had clinical remission (53%; range, 43%-64%;
mean CDAI at day 42, 94; range, 44-130). Seven patients
had endoscopic improvement (47%), for whom the mean
CDEIS scores decreased from 21.5 (range, 3.3-33) to
11.0 (range, 0.3-18.5).
Table 2 summarizes the literatures on direct evidence
for effectiveness of HSCT and MSCT in IBD. We may
conclude that auto-HSCT is feasible, safe and also effective in achieving and maintaining remission in CD. Furthermore, MSCT may represent a significant therapeutic
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Table 2 Direct evidence for efficacy of hematopoietic stem cell transplantation and mesenchymal stem cell transplantation in
inflammatory bowel disease
Ref.

SCT/MSCT

No. treated/type IBD

Conditioning

Results

Burt et al[44]

Auto-HSCT

2/Crohn’s, fistulas, CDAI > 250

Cy + ATG

1/ileocolic Crohn’s
1/recurrent rectovaginal fistulas

Cy + ATG
None necessary

CDAI,CRP, albumin normalized; remission >
1 yr
9 mo complete remission
3 mo asymptomatic

None necessary
Cy + ATG

Kreisel et al[46]
Auto-HSCT
García-Olmo et al[52] Auto-HSCT Adipose
tissue
García-Olmo et al[53]
MSCT
Oyama et al[47]
Auto-HSCT
Cassinotti et al[49]

Auto-HSCT

5/fistulas
12/fistula 6, stenosis 3, perianal 4;
most have surgery
4/stenosis, fistulas, bleeding

Glocker et al[51]

Allo-HSCT

1/perianal fistula

Burt et al[48]
Cassinotti et al[49]

Auto-HSCT
Auto-HSCT

24/Crohn’s
10/Crohn’s

Hasselblatt et al[50]

Auto-HSCT

12/Crohn’s

MSCT, weekly for 4
wk

16/Crohn’s disease (CDAI > 250)

Forbes et al[54]

Cy + ATG

Follow up 22 mo; 75% healing
11 sustained remission (CDAI < 150) after
median 18.5 mo; 1 relapse > 15 mo
All clinical remission at 3 m, 1 relapse after 4
mo; Sustained remission in 3 after 16.5 m o
Remission 2 yr; 9-year-old child

Alemtuzumab, fludarabine, treosulfan, thiotepa
Cy + ATG
91% remission 1 yr, 57% for 3 yr, 19% for 5 yr
Cy + ATG
80% remission > 1 yr, 40% > 3 yr and
30% > 5 yr
Cy + G-CSF
5 complete remission within 6 m, relapses
occurred in 7. Mean follow-up 3.1 yr (range
0.5-10.3)
None necessary
CDAI declined from median 327 to 129 (day
42). Clinical response 12 pts; Clinical remission 8 pts. Endoscopic improvement in 7 pts

Cy: Cyclophosphamide; G-CSF: Granulocyte colony stimulating factor; HSCT: Hematopoietic stem cell transplantation; MSCT: Mesenchymal stem cell
transplantation.

alternative in treating CD. Still larger randomized or observational multicenter trials are required to confirm the
efficacy of this therapy.
Concerning ulcerative colitis, improvement of disease
activity after stem cell transplantation for other indications
has been reported. Four patients remained in remission
after receiving auto-HSCT for leukemia[39]. Two patients
with ulcerative colitis remained in remission after they underwent an auto-HSCT in connection with leukemia[55].

HSCT IN REFRACTORY CELIAC DISEASE
In celiac disease, gluten-derived peptides bind to HLADQ2 and HLA-DQ8 molecules on antigen-presenting
cells[56]. These molecules then in turn present these peptides and induce a CD4+ T cell response which results
in an inflammatory response[57-59]. In a small minority
(0.5%-1%) of adult celiac patients symptoms persist
despite strict adherence to a gluten free diet[60]. After excluding other causes of villous atrophy, these patients are
diagnosed with refractory celiac disease (RCD).
These refractory patients are further subdivided into 2
types depending on immunophenotyping by flow cytometry[61-65] of the intraepithelial lymphocytes (IEL): patients
with normal intraepithelial lymphocytes are classified as
(RCD-Ⅰ), while those those with more than 20% aberrant intraepithelial lymphocytes are classified as (RCD
[59]
Ⅱ) . Aberrant IEL are characterized by T-cell specific
CD3 in their cytoplasm, yet lack surface expression of
CD3 and CD8. RCD-Ⅱ is usually resistant to any known
therapy[66-71]. This entity frequently transforms into an
aggressive enteropathy-type-associated T cell lymphoma
(EATL)[71-73].
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The safety and efficacy of auto-SCT in RCD type Ⅱ
has been tested[74,75]. Between 2004 and 2010, 18 RCD-Ⅱ
patients were evaluated for auto-HSCT as a consequence
of unresponsiveness or partial response to cladribine
therapy[74]. Thirteen patients underwent conditioning and
transplantation. One patient died due to transplantationrelated complications. In the majority of patients, clinical
improvement was observed after auto-HSCT. Complete
histological remission was achieved in 5 patients. One patient developed EATL despite auto-HSCT after a followup of four years. Recent, yet unpublished, data show
excellent overall long-term survival of 87 mo.
Auto-HSCT seems safe and might result in a longterm clinical remission with a better quality of life in
RCD-Ⅱ patients. Moreover, this treatment strategy seems
to prevent or delay the development of EATL. These observations argue for an aggressive therapeutic approach
for those RCD-Ⅱ patients eligible for auto-HSCT.

HSCT IN CHRONIC LIVER DISEASES
Liver transplantation is the standard treatment in advanced liver cirrhosis, however it has significant shortcomings, e.g., a long waiting list, expensive and numerous
complications [76-78]. In addition, the vastly increasing
prevalence of end-stage liver disease without a parallel
increase in donor livers has precipitated a search for alternative therapies.
Circulating stem cells can differentiate into mature
hepatocytes or cholangiocytes in vivo[79]. MSCs differentiate into functional hepatocyte-like cells in animal experiments[79]. MSCs can protect against experimental liver
fibrosis in rats[80] and also result in regression of fibrosis
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in mice[81]. Therefore, stem cell therapy might be useful in
treating chronic liver disease such as liver cirrhosis.
Patients with liver cirrhosis who had been treated with
MSCs had a good clinical outcome with improvement in
de Model End Stage Liver Disease score and quality of
life[82-84].
The largest series thus far reported comes from
Egypt [85] where auto-HSCT was conducted in 48 patients, 36 with chronic end-stage hepatitis C-induced
liver disease and 12 with end-stage autoimmune liver
disease. Treatment was generally well tolerated; 10 patients (20.8%) died during 12 mo of follow-up and two
had developed portal hypertension. There was clinical
and biochemical improvement. Patients had a statistically
significant decrease in ascites and marked improvement
in albumin, bilirubin, clotting status, and aminotransferase levels. However, the authors raise concern about the
development of portal hypertension after HSCT. They
further postulated that the incidence of this serious complication can be minimized by employing hepatic artery
infusion as the sole approach to transplantation.

ment protocols are areas for future research. There is still
much to learn and understand about MSC function, immunopathogenic mechanisms in treating different disease
conditions and standardization of preparation methods.
In gastroenterology, it seems that HSCT and MSCT
gain steadily, and deservedly, more grounds in the arsenal
of treatment of inflammatory disease and premalignant
conditions, like IBD, refractory celiac disease and liver
cirrhosis.
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Abstract
AIM: To investigate the function of Pea3 in colorectal
carcinoma (CRC) invasion and metastatic potential.
METHODS: The expression of Pea3 during clinical
progression of human CRC was investigated using Oncomine Research Edition. To assay Pea3 expression
in established CRC cell lines, we performed western
blotting of cell lysates. We employed shRNA-mediated
knockdown of Pea3 in HCT116 (HCT) and LS174T CRC
cells which was confirmed by real-time quantitative
PCR (qPCR) and western blotting. Transwell invasion
assays, MTS proliferation assays, anoikis assays, and
fluorometric matrix metalloprotease (MMP) assays were
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performed to determine the effects of Pea3 knockdown
on invasion, proliferation, anoikis and MMP activity in
CRC cells in vitro . Alterations in epithelial-mesenchymal
transition (EMT) and matrix metalloprotease (MMP)
mRNA levels were determined by qPCR. CRC cells were
injected into the flanks of nude mice to generate xenografts and tumor growth monitored with serial calliper
measurements. To assay metastatic potential, CRC cells
were injected into the spleen of nude mice, and histological analysis performed on the livers 21 d later.
RESULTS: We demonstrated that reduction of Pea3
expression in CRC cells significantly impaired their invasive capacity (HCT.shPea3, 0.28 ± 0.04 fold, P <
0.01; LS.shPea3, 0.15 ± 0.04 fold; SW.shPea3, 0.23
± 0.03, P < 0.01), reduced anoikis resistance (HCT.
shPea3 75.4% ± 1.9% viable cells vs HCT.shCtrl 88.6%
± 0.6% viable cells, P < 0.01; LS.shPea3 71.7% ± 0.5%
viable cells vs LS.Ctrl 89.6% ± 0.3% viable cells, P <
0.005, but had no effect on proliferation (HCT.shCtrl
AUC 5098 ± 123 vs HCT.shPea3 5689 ± 151, P < 0.05;
LS.shCtrl AUC 5600 ± 324.1 vs LS.shpea3 6423 ± 400,
P < 0.05). In vivo , HCT.shPea3 and HCT.shCtrl tumour
xenografts grew at a similar rate (HCT.shPea3 2.64 ±
0.82 fold vs HCT.shCtrl 2.88 ± 0.80 fold, P > 0.05). In
keeping with a pro-metastatic function for Pea3 in CRC,
several EMT markers and MMPs were downregulated
in shPea3-expressing cells, suggesting that Pea3 may
exert its effects through these processes. A reduction in
overall MMP activity was observed in HCT.shPea3 cells
compared to their control counterparts (HCT.shPea3
0.61 ± 0.04 fold, P < 0.005). This translated in vivo
to the complete absence of metastases in the livers
of mice that were grafted with CRC cells lacking Pea3.
Conversely, CRC cells expressing Pea3 formed liver metastases in all mice.
CONCLUSION: Our study implicates Pea3 as a mediator of metastases, and provides a biological rationale
for the adverse prognosis associated with elevated
Pea3 expression in human CRC.
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Core tip: Colorectal carcinoma (CRC) is one of the leading causes of cancer mortality. Pea3 is a transcription
factor that has been implicated in the pathogenesis
of CRC. We demonstrate that Pea3 directly influences
metastatic potential in CRC using a model of liver metastases. We provide supporting findings that CRC invasiveness, anoikis and matrix metalloproteinase activity
are influenced by Pea3, and that this may collectively
contribute to altered metastatic potential. Our research
provides an important biological rationale to explain
previously reported clinical findings that elevated Pea3
expression in human tumors is correlated with increased
metastatic potential and decreased overall survival.
Mesci A, Taeb S, Huang X, Jairath R, Sivaloganathan D, Liu
SK. Pea3 expression promotes the invasive and metastatic potential of colorectal carcinoma. World J Gastroenterol 2014;
20(46): 17376-17387 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i46/17376.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i46.17376

INTRODUCTION
Colorectal adenocarcinoma describes cancers of glandular
origin that arise in the colon, rectum and anus. As normal
glandular cells accumulate neoplastic changes, dysplastic
cells transition through the classical, step-wise normaladenoma-adenocarcinoma sequence. Some of the most
common genetic abnormalities in colorectal carcinoma
(CRC) occur in genes whose products are involved in vital signalling cascades, such as the WNT/β-catenin pathway (APC gene), the MAPK and PI3K pathways (KRAS
gene), and the TGF-β signalling pathway (SMAD4),
while other gene products are involved in DNA damage
pathways (TP53 gene, MLH1/2 genes)[1]. Importantly,
our evolving understanding of these mechanisms, as well
as of other intersecting pathways directs advances in the
development of prognostic markers and targeted therapy
for CRC[2]. Thus, identification of novel molecules involved in CRC carcinogenesis is a crucial endeavour.
One such molecular marker is Pea3 (E1AF/ETV4),
which is a transcription factor of the ETS family[3]. Pea3
is clustered with ETV1 and ETV5 in the Pea3 subfamily (reviewed in[4]). Molecular cloning of the human Pea3
gene (as E1AF) was first described in 1993[5], and various
reports have been published on the physiological roles
of Pea3 in development, such as in organogenesis of
the kidney[6], mammary gland[7], and limb buds[8]. Importantly, an association of Pea3 with oncogenesis has also
been described by various groups, in that the expression
of Pea3 may correlate with HER2/Neu overexpression,
increased tumour grade and adverse prognosis in breast
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cancer[9-11]. Similarly, Pea3 and the other two subfamily members have been studied in the context of other
tumours such as prostate, esophageal, gastric and lung
cancer[12-14] (and reviewed in[4]). Perhaps unsurprisingly,
the correlation of Pea3 overexpression in CRC prognosis was also published; overall and disease-free survival
periods were shorter in patients with Pea3-positive tumours[15]. Various matrix metalloproteases (MMPs) and
cyclooxygenase-2 (COX-2) have been suggested as possible transcriptional targets of Pea3[15-19]. Pea3 has been
demonstrated to function as a mediator in different malignancies including breast cancer[20,21], non-small cell lung
cancer[22], prostate cancer[23], and fibrosarcoma[24].
While research to date establishes Pea3 as a promising prognostic marker in CRC[15,17,25], to our knowledge,
there have been no studies directly investigating the biological function and associated mechanisms of Pea3 in
CRC tumorigenicity and metastases. Here, we report our
findings using shRNA-mediated interference of Pea3 expression in human CRC cell lines. We show that reduced
levels of Pea3 decrease the ability of CRC cells to invade
through basement membrane matrix, as well as to survive
in anchorage-independent conditions. Strikingly, CRC xenografts with reduced Pea3 expression suffer a significant
disadvantage in their ability to form liver metastases. To
our knowledge, this is the first report to utilize shRNA
interference and a metastatic xenograft model to study
the role of Pea3 in CRC. We believe that our findings
provide a rationale for the adverse prognosis associated
with elevated Pea3 expression in human CRC.

MATERIALS AND METHODS
Cell lines and cell culture
Human colorectal adenocarcinoma (LS174T, LS180,
HCT116, SW480, SW1222, SW620, COLO 205, 293T)
cell lines were purchased from American Type Culture
Collection (ATCC; VA, United States). Early passage cell
lines were cultured in Dulbecco’s modified Eagle medium
(DMEM) containing 4.5 g/L glucose (Invitrogen, Ontario, Canada) supplemented with 10% fetal bovine serum (FBS) (Invitrogen, Ontario, Canada) and penicillinstreptomycin (Invitrogen, Ontario, Canada); the culture
medium is hereafter referred to as 10% DMEM. Cells
were maintained in a 37 ℃ incubator with 5% CO2. Cell
lines were passaged before they reached 75% confluency and were regularly tested with MycoAlert (Lonza,
Ontario, Canada) to ensure the absence of mycoplasma
contamination. Cell morphology was regularly checked.
Transcriptome analysis of Pea3 expression in normaladenocarcinoma sequence
Oncomine™ (Compendia Bioscience, Ann Arbor, MI)
was used for analysis and visualization.
Generation of shPea3 cells
Human Pea3-specific and scramble control shRNA cassettes in retroviral vectors were purchased from Origene
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Table 1 Primer sequences used in quantitative polymerase chain reaction analysis
Target gene
GAPDH
PEA3
FSP1
TWIST
VIMENTIN
SLUG
SNAIL
ZEB-1
E-CADHERIN
MMP1
MMP2
MMP3
MMP7
MMP9
MMP10
MMP13
MMP14
TIMP1
TIMP2
TIMP3
TIMP4

Forward

Reverse

ACCCACTCCTCCACCTTTGA
AGGAGACGTGGCTCGCTGA
TGATCCTGACTGCTGTCATGG
GACCTCGGGGCCATCCACACC
GCGTGACGTACGTCAGCAATATGA
ACGCCTCCAAAAAGCCAAACTACA
AGGCCCTGGCTGCTACAAG
TTGCCGCTGTTGCTGATGTG
CTTCACCGACTTACCTACT
ATTCTACTGATATCGGGGCTTTGA
TATTTGATGGCATCGCTCAG
ATGCCCACTTTGATGATGATGAAC
TGCTCACTTCGATGAGGATG
TTGACAGCGACAAGAAGTGG
GAGTGGGGCAGCAAAAGAGGAG
CTTCGGCTTAGAGGTGACTGG
AGGCCGACATCATGATCTTCTTTG
ACCCCCGCCATGGAGAGTGTC
CGCAGCAAACACATCCGTAGAAGG
CCCTTCGGCACGCTGGTCTACA
CGTCGGGGCGGGATTGG

CATACCAGGAAATGAGCTTGACAA
AACCTAGCTTTCCACAGCCCC
TACTCTTGGAAGTCCACCTCG
CGCCGCCGCCGCCACAGC
GTTCCAGGGACTCATTGGTTCCTT
CTTCAGGGCGCCCAGGCTCACATA
TGCCCTCCCTCCACAGAAAT
GTGCCCTGCCTCTGGTCCTC
GTGCCATACACTTAATTCTC
ATGTCCTTGGGGTATCCGTGTAG
GCCTCGTATACCGCATCAAT
CCACGCCTGAAGGAAGAGATG
TGGGGATCTCCATTTCCATA
CCCTCAGTGAAGCGGTACAT
TGGGCCATCAAAAGAGTAAAAGTC
TTTTGCCGGTGTAGGTGTAGATAG
GGTGGGGTTTTTGGGTTTATCAGG
CCGGAAGAAAGATGGGAGTG
CCGAGGAGGGGGCCGTGTAGATAA
TCAGCGGGAAGGGAGGGAAGTG
ACTGCTTCTGGCTGTTGGCTTCTA

Sequences were designed with Primer 3 software (http://primer3.sourceforge.net/) or with the DNASTAR Lasergene Suite (Madison, WI, United States).
Sequences were checked against the human transcript database via PrimerBlast (http://www.ncbi.nlm.nih.gov/tools/primer-blast/) for cross-amplification of unintended transcripts. MMP: Matrix metalloproteinase; TIMP: Tissue inhibitor of metalloproteinase.

(Rockville, MD, United States). For the generation of
transfectants, 3 × 105 cells were seeded into 6-well plates,
then 16 h later, vectors encoding shPea3 or the control
shRNA were transiently transfected into SW480 cells using Lipofectamine 2000 (Invitrogen, Ontario, Canada)
as per manufacturer’s recommendations, and 24 h later,
the transfectants were used for cell lysates, proliferation
assays, invasion assays, and/or anoikis assays (described
below). Transductants were generated using 293T cell
supernatant. Briefly, retroviral transductants were generated via triple-transfection of 293T cells using the Lipofectamine 2000 reagent (Invitrogen, Ontario, Canada)
with a retroviral vector encoding the Pea3-shRNA, or
control shRNA, as well as the VSV-G gag/pol and env
vectors. Supernatants were collected at 48 h. 2 × 105
HCT116 were spin-infected in 6-well plates using the
retroviral supernatants, 20% DMEM, and 8 µg/mL of
polybrene at 1000 g for 1.5 h. Transductants were selected
and maintained using puromycin (50 µg/mL). For the
comparison of shPea3 with the variant shRNA, we transiently transfected HCT116 or SW480 cells with the constructs encoding the respective Pea3 shRNA or control
shRNA constructs using the protocol described above.
Real-time quantitative PCR
Total RNA was extracted using the RNeasy Mini kit
(Qiagen, Ontario, Canada) and cDNA synthesized using Omniscript RT kit (Qiagen, Ontario, Canada) as per
manufacturer’s instructions. Expression levels of genes
of interest were quantified through quantitative real-time
PCR using the SYBR Select (Life Technologies, Ontario,
Canada) on the StepOnePlus Real-time PCR system.
Expression levels were calculated using the comparative
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Ct method via StepOne Software (Life Technologies, Ontario, Canada), and relative expression levels normalized
to GAPDH. Primer sequences are listed in Table 1.
Western blotting
Cells were lysed in ice-cold radioimmunoassay precipitation assay (RIPA) lysis buffer [50 mmol/L Tris pH7.5,
150 mmol/L NaCl, 2 mmol/L EDTA Ph 8.0, 0.5% (v/v)
Triton X-100, and Complete protease inhibitor cocktail
(Roche, Quebec, Canada)]. Cell debris and insoluble
material were removed by centrifugation at 12000 g at
4 ℃ for 20 min. Following protein quantitation using
the Bradford protein assay (Bio-Rad, Ontario, Canada),
25 g of lysate was loaded per lane and proteins resolved
by 4%-20% gradient SDS-PAGE gel, wet-transferred
to polyvinylidene fluoride membranes (EMD Millipore,
MA, United States), and the membranes were incubated
in 5% nonfat dry milk in Tris-buffered saline Tween-20
(TBST) (10 mmol/L Tris-Base, 150 mmol/L NaCl, 0.05%
Tween-20; pH 7.4) for 1 h at room temperature to block
nonspecific antibody binding, followed by incubation
with primary antibody in 5% milk in TBST overnight at
4 ℃ with gentle agitation. The membranes were washed
three times for 10 min each in TBST, then incubated in
TBST at room temperature for 1 h, followed by three
10-min washes with TBST. Protein-antibody binding on
the membranes was detected with the use of enhanced
chemiluminescence (ECL) Plus solution (GE Healthcare
Life Sciences, Quebec, Canada) followed by exposure of
the membranes to x-ray film (FujiFilm, Ontario, Canada).
Anti-human-β-actin antibodies were purchased from Cell
Signalling Technology (Danvers, MA, United States) and
anti-human-Pea3 antibodies were purchased from Santa
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Cruz Biotechnology (Paso Robles, CA, United States);
secondary antibodies were purchased from Jackson ImmunoResearch (West Grove, PA, United States).

mic nude mice (Harlan, Ontario, Canada). Caliper measurements were made and tumour growth was plotted as
fold increase in size compared to starting.

Matrigel transwell invasion assay
Cells were serum starved cells overnight (0.1% DMEM),
then 2 × 105 cells were seeded on top of 8 µm transwell
inserts (BD Biosciences, Ontario, Canada) with 0.1%
DMEM and pre-coated with Matrigel basement membrane matrix (Becton, Dickinson and Company, Ontario,
Canada) under 1% O2; 10% DMEM was used as a chemoattractant. After 24 h cells that had invaded through
the Matrigel coated transwell inserts were fixed, stained
by Kwik-Diff Stain (Thermo Fisher Scientific, Ontario,
Canada) and number of invading cells counted under 10x
objective power of a Leica DM LB2 microscope (Leica
Microsystems, Ontario, Canada).

In vivo liver metastasis assay
Briefly, 1 million cells (HCT116-scr or HCT116-shPea3)
were resuspended in 20 µL of FBS-free culture medium
and injected into the spleens of 6- to 7-wk-old female
athymic nude mice (Harlan, Ontario, Canada). Three
weeks following injection, mice were euthanized by cervical dislocation, and their livers were collected for H&E
staining (see below).

In vitro cellular proliferation assay
Cells were plated in increasing numbers in 96-well plates
in 10% DMEM. After 72 h of incubation, the number
of viable cells was quantified by the MTS assay (CellTitre
96® AQueous Cell Proliferation Assay, Promega Corporation, WI, United States) according to the manufacturer’s
instructions, and absorbance at 495 nm was measured using the Benchmark Plus multi-well plate reader (Bio Rad
Laboratories Inc., Toronto, Canada).
Anoikis assay
Cells were plated on 6-well ultra-low attachment plates
(Corning Incorporated, Tewksbury, MA, United States)
for 2-5 d under usual tissue culture conditions. Cell death
was analyzed by dye exclusion using a cell counter or
FACS analysis.
MMP activity assay
The fluorometric generic MMP kit was purchased from
AnaSpec (Fremont, CA, United States). For cell lysates,
106 cells were plated in 100-mm petri dishes for 24 h, and
cell lysis procedure was carried out in a 0.1% Triton (v/v)
solution according to manufacturer’s recommendations.
Lysates were incubated for 3 h with 1 mmol/L APMA,
and cleavage of the fluorometric MMP reagent was assessed using a standard plate reader.
Mice
All experiments involving mice were performed according to University of Toronto and Sunnybrook Research
Institute guidelines, using a peer-reviewed animal protocol. Balb/c athymic nude mice were purchased from
Harlan (Ontario, Canada).
In vivo tumour growth assay
Five million (HCT-scr, HCT-shPea3, LS-scr, LS-shPea3)
cells were resuspended in 50 µL of FBS-free culture medium and mixed with 50 µL Matrigel (Becton, Dickinson
and Company, Ontario, Canada) and injected subcutaneously into the right flanks of 6- to 7-wk-old female athy-
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Immunohistochemistry
Five micron tumour sections were stained with haematoxylin and eosin, as previously described[26].
Statistical analysis
All statistical tests were two-sided, and the statistical analysis was performed using the GraphPad Prism version 5.0
program (GraphPad Software, CA, United States). Statistical significance was defined as p ≤ 0.05. The Student
t-test was used to compare the mean values between two
groups. Data are presented as mean values with standard
deviations.

RESULTS
Pea3 transcript expression is increased through the
adenoma-carcinoma sequence
In order to investigate the expression of Pea3 during the
clinical progression of benign colon to malignant CRC
in humans, we performed data mining using Oncomine
(Compendia Bioscience, Ann Arbor, MI), a repository
of gene expression profiles of normal and cancer tissues. Interestingly, Pea3 expression increased through the
normal-adenoma-carcinoma sequence (Figure 1A), suggesting a role for Pea3 in the carcinogenesis of CRC.
Pea3 expression in CRC cell lines and Pea3 shRNA
We then assayed a panel of human CRC cell lines for
Pea3 protein expression by western blotting. Our results
showed detectable Pea3 expression in a number of established CRC cell lines (Figure 1B). From this panel,
we chose the HCT116, LS174T, and SW480 cell lines, all
of which express Pea3, to study Pea3 function in CRC.
We utilised Pea3-specific shRNA to interfere with Pea3
expression in the HCT116 and SW480 cell lines (Figure
2A). Using quantitative PCR (qPCR), we observed a significant reduction in Pea3 expression in the Pea3-shRNA
cell lines (Figure 2B; HCT.shPea3, 0.15 ± 0.01 fold;
LS.shPea3, 0.51 ± 0.02 fold; SW.shPea3 0.22 ± 0.02 fold,
P < 0.005) relative to their control-shRNA counterparts
(HCT.shCtrl, LS.shCtrl, SW.shCtrl), thereby validating our
RNA interference strategy. Similarly, western blot analysis
showed reduced Pea3 protein levels in the Pea3-shRNA
cells relative to control-shRNA cells (Figure 2C). We also
tested a variant Pea3-shRNA with a different nucleotide
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Figure 1 Pea3 expression in normal-adenoma-carcinoma (colon) and human colorectal carcinoma cell lines. A: Box plot of Pea3 transcript expression in normal colon tissue, adenoma, and adenocarcinoma samples. Oncomine™ compendium was utilized for analysis (Skrzypczak 2 colon sample set). Expression is shown
as log2 transformation of median-centered intensity. Black line represents the median; blue box, 25/75 percentile; bars, 10/90 percentile; dots, minimum and maximum
values; B: Western blot analysis of Pea3 expression in human colorectal cancer cell lines. Shown are blots for Pea3 and β-actin loading control. Representative of
three independent experiments.
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Figure 2 Generation and characterization of short hairpin RNA (shRNA)-mediated interference with Pea3 expression. A: Nucleotide alignment of Pea3
sequence with shRNA. The shown Pea3 sequence is identical in four published Pea3 splice variants (accession numbers NM_001986.2, NM_001079675.1,
NM_001261437.1 and NM_001261438.1). Vertical lines indicate complementary bases; B: Quantitative polymerase chain reaction (qPCR) analysis of Pea3 expression in HCT116, LS174T, and SW480 cells expressing Pea3-specific shRNA (HCT.shPea3, LS.shPea3, and SW.shPea3) or control shRNA (HCT.shCtrl, LS.shCtrl, and
SW.shCtrl). Obtained ∆Ct values are normalized to Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) values, and expression is shown as fold change in Pea3
expression relative to cells expressing control shCtrl, bP < 0.01 vs control shRNA; C: Western blot analysis of Pea3 expression in HCT116, LS174T and SW480 cells
expressing Pea3-specific shRNA (HCT.shPea3, LS.shPea3, and SW.shPea3) or control shRNA (HCT.shCtrl, LS.shCtrl, and SW.shCtrl). Shown are blots for Pea3 and
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independent experiments.

sequence [shPea3(v2)] in its ability to result in a reduction
of Pea3 expression. In comparison to the original Pea3shRNA construct we used, transfection of shPea3(v2)
construct into the HCT116 cells resulted in a modest
but reproducible reduction of Pea3 protein (Figure 2D).
Thus, the Pea3-shRNA was successful in reducing Pea3
transcript and protein levels in these cell lines.
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Functional consequences of reduction of Pea3
expression in vitro
To assess the functional consequences of shRNA-mediated silencing of Pea3, we carried out a number of in vitro
functional assays. As the ability of cancer cells to invade
from their primary site and then into tissues at the site of
metastasis is a crucial step in the formation of metasta-
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ses[27,28], we tested the invasive capacity of Pea3-shRNA
cell lines using a transwell invasion assay. Briefly, serumstarved cells were seeded on transwell inserts coated with
basement membrane matrix, serum-supplemented culture
medium was used as a chemoattractant, and 24 h later,
cells that had invaded through the inserts were counted[29]. In keeping with a pro-metastatic role for Pea3, the
number of cells invading through the inserts was significantly reduced in shPea3 cells in comparison to the
control counterparts (Figure 3A; HCT.shPea3, 0.28 ± 0.04
fold; LS.shPea3, 0.15 ± 0.04 fold; SW.shPea3, 0.23 ± 0.03,
P < 0.01). To exclude a phenomenological effect of the
particular shRNA construct we used in these assays, we
also tested ability of the shPea3(v2) construct to affect
in vitro invasion. In keeping with our observations with
the original shPea3 construct, HCT116 and SW480 cells
transfected with the shPea3(v2) construct also displayed a
significant reduction in their ability to invade (Figure 3A;
HCT.shPea3(v2), 0.71 ± 0.01 fold; SW.shPea3(v2), 0.46
± 0.02 fold P < 0.005). Thus, Pea3 expression confers a
distinct advantage in the ability of CRC cells to invade
in vitro. Another phenotype necessary in the generation
of metastases from the primary tumour is the ability to
overcome anchorage-dependent cell death, or anoikis[30].
We thus carried out anoikis studies, where we assessed
the ability of these CRC cells to survive in non-adherent
culture conditions. Similar to the invasion assay, fewer viable cells were observed in HCT.shPea3 and LS.shPea3
cells compared to control cells (Figure 3B; HCT.shPea3
75.4% ± 1.9% vs HCT.shCtrl 88.6% ± 0.6%, P < 0.01;
LS.shPea3 71.7% ± 0.5% vs LS.Ctrl 89.6% ± 0.3%, P <
0.005). Of note, we were unable to induce anoikis in SW
cells in our culture conditions (greater than 95% cell viability), and thus, we were unable to conclude whether
Pea3 influences anoikis resistance in these cells. Therefore, Pea3 is also involved in providing CRC cells with the
ability to survive in an anchorage-independent manner.
Lastly, we tested the impact of Pea3 expression on cell
proliferation using a MTS assay. In this context, however,
HCT.shCtrl cells did not possess a proliferative advantage
over the shPea3 cells in vitro (Figure 3C left panel, HCT.
shCtrl AUC 5098 ± 123 vs HCT.shPEA3 5689 ± 151, P
< 0.05). Similarly, the proliferative capacities of LS.shCtrl
(Figure 3C right panel, LS.shCtrl AUC 5600 ± 324.1 vs
LS.shPEA3 6423 ±400, P < 0.05) and SW.shCtrl cells
(data not shown) did not statistically differ from their
shPea3 counterparts. To address the influence of Pea3
expression on CRC proliferation in vivo, we generated
subcutaneous xenografts in the flanks of Balb/c athymic
nude mice, and monitored tumour growth. The HCT.
shPea3 and HCT.shCtrl tumours grew at a similar rate
(Figure 3D, HCT.shPea3 2.64 ± 0.82 fold vs HCT.shCtrl
2.88 ± 0.80 fold, P > 0.05). Interestingly, LS.shPea3 tumours grew faster than their shCtrl counterparts (Figure
3D, LS.shPea3 4.62 ± 1.37 fold vs LS.shCtrl 2.80 ± 0.69
fold, P < 0.05). Collectively, our in vitro and in vivo results
indicate that the loss of Pea3 expression is not associated
with a proliferative disadvantage. However, Pea3 expres-
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sion contributes to CRC cell invasiveness and increased
anoikis resistance, which support a pro-metastatic role
for Pea3 in CRC.
In vivo metastatic potential of Pea3-reduced CRC cells
Given our in vitro findings, we hypothesized that Pea3expressing CRC tumours may possess a metastatic advantage. Since liver is the primary site of CRC metastasis in
patients, we utilized an in vivo model of liver metastasis.
We injected HCT cells into the spleens of Balb/c athymic nude mice and enumerated liver metastases[31,32]. Histological analysis of the livers at 21 d following splenic
injection revealed that mice injected with HCT.shPea3
cells formed no metastases in the livers, while all mice
injected with HCT.shCtrl cells showed metastases (Figure
4A, P < 0.05). Our observations indicated that reduction
of Pea3 expression greatly impairs metastatic potential in
the HCT cell line, confirming a prominent role for Pea3
in promoting liver metastases in CRC.
Potential downstream targets of Pea3
Since our data indicated that Pea3 expression increased
the ability of CRC cells to invade (in vitro) and to establish liver metastases (in vivo), we explored the potential
mechanisms of Pea3 action. The two pathways we investigated were epithelial to mesenchymal transition (EMT),
and MMP expression, which are two important processes
implicated in CRC metastasis[33,34]. We performed qPCR
analysis of mRNA expression of common EMT markers
and MMPs in HCT.shPea3 cells relative to HCT.shCtrl
cells (Figure 4B). In keeping with a pro-metastatic role
for Pea3, several EMT markers and MMPs were downregulated in shPea3-expressing cells, suggesting that Pea3
may exert its effects through these processes (Figure 4B).
In contrast to HCT116, the SW480 cell line expressed
fewer of these markers, and the levels of reduction were
much more modest, possibly as a result of transient
expression of the shPea3 construct (Figure 4B). We carried out fluorometric MMP activity assays and identified
a reduction in overall MMP activity in HCT.shPea3 cells
compared to their control counterparts (Figure 4C; HCT.
shPea3 0.61 ± 0.04 fold, P < 0.005). Thus, Pea3 may
potentially modulate EMT and MMPs to confer a prometastatic phenotype in CRC.

DISCUSSION
Colorectal cancer is one of the most prevalent cancers
in the world, and a leading cause of cancer death, largely
due to its propensity for early metastatic spread. In line
with its significance, a large body of research has been
devoted to studying various aspects of CRC biology, including identification of novel prognostic markers and
drug targets, as well as their respective mechanisms of
action. Pea3 is one such marker, which is being explored
in the context of human CRC as well as in other cancers
(reviewed in[4]). Previous reports on the association of increased Pea3 expression in tumours with reduced patient
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Figure 3 Characterization of invasiveness, anoikis resistance, and proliferative capacity of colorectal carcinoma cells expressing the short hairpin RNA
Pea3 (shPea3) construct. A: Representative images of the 24-h transwell invasion assay using HCT.shPea3, HCT.shPea3(v2) and HCT.shCtrl cells with quantification of the transwell invasion assays. Data are shown as fold change in invasion of shPea3 or shPea3(v2) expressing cells relative to their shCtrl counterparts. bP <
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the stable HCT116 and LS174T transductants. Cell death was assessed using dye exclusion, and the fraction of surviving cells after 2 d (HCT116) or 5 d (LS174T)
was plotted. bP < 0.01, HCT.shCtrl vs HCT.shPea3; dP < 0.01, LS.shCtrl vs ls.shPea3; C: In vitro proliferation assay of HCT.shPea3 and HCT.shCtrl cells (left panel),
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injected s.c. into the flanks of mice (8 per group) and calliper measurements of the tumours were taken. Shown are fold change in tumour sizes compared to day zero.
Dotted horizontal line indicates 3-fold starting tumour size. aP < 0.05 vs final tumour measurements. Statistical analysis was performed using Student’s t-test for the
final tumour measurements.

survival constitutes an important clinical observation and
establishes Pea3 as a compelling molecular target to study
in cancer[15,35]. Previous research directed at elucidating
the mechanism(s) of action for Pea3 in CRC implicated
MMP-1 and MMP-7 as downstream effectors[15,17,19], while
others suggest that signalling pathways such as osteopontin are involved[35,36].
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To date, no study has yet directly investigated the in
vivo function of Pea3 in CRC using a metastatic model.
As far as we are aware this is the first report to directly
study the effects of Pea3 expression by using shRNAmediated knockdown technology in CRC both in vitro and
in vivo. Our results demonstrate that a reduction in Pea3
levels results in a significant decline in the cells’ ability to
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Figure 4 In vivo xenograft assay for the formation of liver metastases by HCT.shPea3 cells, and differential expression of epithelial-mesenchymal transition markers and matrix metalloproteases. A: Ten million HCT cells were injected into spleens of athymic nude mice (4 per group), and livers were analyzed by
immunohistochemistry (haematoxylin and eosin) at 21-d post injection. Representative images of metastases from the HCT.shCtrl cohort. Black arrows indicate the
metastatic mass. Scale bar indicates 200 µm. Summary of the metastases observed in the shPea3 vs shCtrl cohort. Result of the χ 2 test is shown; B: qPCR analysis
of select epithelial-mesenchymal transition markers and a panel of MMP transcripts in HCT116 (top panel) or SW480 cells (bottom panel). Obtained ∆Ct values are
normalized to GAPDH values, and expression is shown as fold change in Pea3 expression relative to cells expressing control shCtrl. Ø indicates expression is below
detection threshold (Ct > 32 cycles). Targets that display differential expression between shPea3 and shCtrl consistently of at least 20% are underlined and bolded.
Dashed horizontal line indicates the expression of the shCtrl cohort. Representative of three independent experiments; C: Results of the generic MMP activity assay,
given as relative light units normalized to the amount of total protein in the sample. Data shown as fold change in MMP activity of HCT.shPea3 expressing cells relative to HCT.shCtrl. Representative of four independent experiments. MMP: matrix metalloproteases.

invade in vitro. Interestingly, this deficiency is also paralleled by a reduction in the transcript levels of two MMPs
(MMP-7 and MMP-14) and a decline in total MMP
activity. Thus, our results corroborate previous studies
that reported a positive regulatory role for Pea3 in MMP
expression[15,17,37,38]. Nonetheless, we cannot formally rule
out the possibility that Pea3 may promote MMP action
via additional mechanisms such as transcriptional repression of MMP inhibitors or stimulation of MMP activators that have yet to be identified.
We demonstrate for the first time that interference
with Pea3 expression significantly impairs the ability of
CRC cells to form liver metastases. This provides important experimental evidence to explain the previously reported clinical findings regarding the association of Pea3
with overall survival and distant metastases in CRC[15].
Thus, this study provides a meaningful contribution to
our understanding of the role of Pea3 in CRC. We employed female mice for our studies, and although to our
knowledge, CRC cells are not estrogen or androgen-dependent for their growth, future studies could utilize both
male and female mice to rule out any gender-specific differences for Pea3 in CRC tumorigenesis and metastasis.
A potential involvement of Fsp1 (S100A4) constitutes
yet another interesting observation in our study. Previously, Fsp1 has been suggested to positively regulate the
expression of MMPs in certain cancers, such as MMP-9
in thyroid cancer and osteocarcinoma[39,40], and MMP-13
in breast cancer[41]. Therefore, it is possible that PEA3
may regulate MMP expression through the regulation of
Fsp1. Moreover, Fsp1 has been suggested to promote
metastasis (reviewed in[42]) by increasing angiogenesis,
tissue invasion, and cell motility. Thus, if Fsp1 is indeed
regulated by Pea3, this may provide the cancer cells with
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multiple advantages in forming metastases. While not
formally tested, it is interesting to speculate that the decrease in anoikis resistance observed in Pea3-shRNA cells
may also stem from a reduction in Fsp1 expression.
Currently, we perceive a number of avenues regarding
future research on Pea3 in cancer. The potential utility of
Pea3 as a prognostic marker has already been considered
in CRC[15,36], as well as in additional cancers[4]. Future research will be needed to identify other cancers in which
Pea3 may play a pro-metastatic role in attempt to establish a more complete framework of the importance of
Pea3 in cancer. From a clinical standpoint, the frequency
of Pea3 overexpression in these cancers and its impact on
patient outcomes will have to be established. However,
research on Pea3 in cancer does not necessarily have to
be limited to prognostics. While targeting of intracellular
molecules in cancer therapeutics is challenging, the potential utility of RNA interference is already being evaluated in solid tumours[43]. Furthermore, identification of
downstream targets may also yield potential drug targets.
For this purpose, future research should aim to identify
transcriptional targets of Pea3, and given our findings on
MMP activity and anoikis resistance, molecules known to
be involved in these pathways,such as Fsp1 and MMP-14,
would be promising targets.
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Abstract
AIM: To determine the prevalences of symptoms consistent with gastroesophageal reflux disease (GERD)
and dyspepsia in South America.
METHODS: A telephone survey was conducted among
adult owners of land-based telephones in São Paulo,
Brazil, using previously validated computer-assisted
sampling and survey protocols. The Portugueselanguage survey included (1) sociodemographic characteristics (e.g. , weight, height, smoking) and comor-

WJG|www.wjgnet.com

bidities; (2) dietary habits; (3) presence of symptoms
consistent with GERD or dyspepsia within the prior 3
mo; and (4) use of medications and other therapies to
manage symptoms. Data were stratified post-hoc into
three homogeneous geographical regions of São Paulo
according to the Social Exclusion Indices of the districts
and postal codes. Survey response data from each respondent were weighted by the numbers of adults and
landline telephones in each household. The analyses
were weighted to account for sampling design and to
be representative of the São Paulo population according to city census data.
RESULTS: Among 4570 households contacted, an adult
from 3050 (66.7%) agreed to participate. The nonresponse rate was 33.3%. The mean (SE) respondent
age was 42.6 (16.0) years. More than half of all respondents were women (53.1%), aged 18 through 49 years
(66.7%), married or cohabitating (52.5%), and/or
above normal-weight standards (i.e. , 35.3% overweight
and 16.3% obese). A total of 26.5% of women were
perimenopausal. More than 20% of respondents reported highly frequent symptoms consistent with GERD
(e.g. , gastric burning sensation = 20.8%) or dyspepsia
(e.g. , abdominal swelling/distension = 20.9%) at least
once per month. Prevalences of these symptoms were
significantly (approximately 1.5- to 2.0-fold) higher
among women than men but did not vary significantly
as a function of advancing age. For instance, 14.1% of
women reported that they experienced stomach burning (symptom of GERD) at least twice per week, com2
pared to 8.4% of men (P = 0.012 by χ test). A total
of 15.7% of women reported that they experienced
abdominal swelling (symptom of dyspepsia) at least
twice per week, compared to 6.4% of men (P < 0.001
2
by χ test). Despite frequent manifestations of GERD or
dyspepsia, most (≥ 90%) respondents reported that
they neither received prescription medications from
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physicians, nor took behavioral measures (e.g. , dietary
modifications), to manage symptoms.
CONCLUSION: Symptoms consistent with dyspepsia
and GERD are prevalent in Brazil and represent major
public-health and clinical challenges.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Dyspepsia; Epidemiology; Esophagus; Gastroesophageal reflux; Prevalence; Stomach
Core tip: Among residents of São Paulo responding to
our survey, approximately 21% reported that they experienced highly frequent symptoms consistent with
gastroesophageal reflux disease (GERD) or dyspepsia
at least once per month in the prior 3 mo. Prevalences
of these symptoms were significantly (about 1.5- to
2.0-fold) higher among women than men but did not
vary significantly as a function of advancing age. Despite frequent manifestations of GERD or dyspepsia,
most (≥ 90%) respondents reported that they neither
received prescription medications from physicians, nor
took behavioral measures (e.g. , dietary modifications),
to manage symptoms.
Rosário Dias de Oliveira Latorre M, Medeiros da Silva A,
Chinzon D, Eisig JN, Dias-Bastos TRP. Epidemiology of upper
gastrointestinal symptoms in Brazil (EpiGastro): A populationbased study according to sex and age group. World J Gastroenterol 2014; 20(46): 17388-17398 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i46/17388.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i46.17388

Sweden[12]. Incidences of GERD are comparatively low,
including 5.4 per 1000 person-years in the United States
and 4.5 per 1000 person-years in the United Kingdom[12,13].
The high ratio of prevalence to incidence of these conditions exemplifies their chronic nature[12] and may also be
consistent with suboptimal management[14].
A telephone survey in Australia suggested that women
more frequently experienced symptoms of dyspepsia (e.g.,
early satiety, bloating, nausea), whereas men more frequently experienced symptoms of GERD (e.g., regurgitation, heartburn)[4]. However, overall evidence concerning
associations between gender, age (and other sociodemographic characteristics) and prevalences of self-reported
GERD and dyspeptic symptoms is conflicting.
Limited data about symptoms consistent with GERD
and dyspepsia are available for South America. Brazilian evidence-based consensus guidelines identified three
key treatment objectives to manage GERD effectively:
(1) resolve symptoms; (2) heal any mucosal lesions; and
(3) prevent or minimize recurrent GERD and/or its
complications[1]. According to these guidelines, many
patients with GERD require counseling concerning the
chronic nature of their condition and the need for longterm treatment adherence. However, limited information
is available concerning the prevalences of self-reported
symptoms of GERD and dyspepsia, as well as healthseeking behaviors, among Brazilian adults.
Objectives
The chief purposes of this study were to: (1) estimate the
prevalences of self-reported symptoms consistent with
GERD and dyspepsia among adult inhabitants of São
Paulo; and (2) investigate potential patient characteristics
associated with these symptoms.

INTRODUCTION

MATERIALS AND METHODS

Functional gastrointestinal disorders (FGIDs) are common chronic conditions. These disorders can affect the
entire gastrointestinal (GI) tract, with a large spectrum
of symptoms in the absence of any identifiable organic
causes. Dyspepsia, irritable-bowel syndrome, and constipation are examples of these disorders. On the other
hand, gastroesophageal reflux disease (GERD) is an organic GI disorder that is typically more prevalent[1].
Both dyspepsia and GERD can reduce health-related
quality of life[2-4], cause psychological distress[5], and/or
impair sleep[6], activities of daily living, worker productivity[7-9], and leisure time. Dyspepsia is linked to an estimated
2 million visits to United States primary-care physicians
and 40% of all United States gastroenterology referrals
each year[10]. FGIDs also account for up to 50% of office
time spent with patients by gastroenterologists[11].
Adverse consequences of these conditions are well
documented[2,12]. As many as 1 in 5 North Americans experiences GERD. The point prevalence of GERD ranges
from 0.1% to 5.0% in China; 5.1%-10.0% in Southern
Europe; and 10.1%-15.0% in the United Kingdom and

Ethics
The study protocol was reviewed by an institutional Ethics Committee of the Faculty of Public Health of the
University of São Paulo (FPH/USP). For telephone
interviews, interviewers explained that participation was
voluntary and that there would be neither any penalty for
refusing to participate (or withdrawing consent) nor compensation for participating. Telephone respondents provided informed oral consent, and these were recorded. All
data were held confidential, and interviewees were advised
that they could communicate with the principal investigator (M.R.D.O.L.) or the FPH/USP Ethics Committee.
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Target respondents
The study targeted adult inhabitants of São Paulo who
owned landline telephones. A probabilistic sample was
conducted using a computer-assisted telephone interviewing survey system. Potential respondents were categorized as to gender and age groups. Data were stratified
post-hoc into three homogeneous geographical regions of
São Paulo according to the Social Exclusion Indices of
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Table 1 Distribution (%) of the study sample and the population of São Paulo according to age, gender, and educational
level
Characteristic
Age, yr
18-29
30-39
40-49
50-59
≥ 60
Gender
Male
Female
Educational level, yr
≤8
9-11
≥ 12

Study population

São Paulo population

26.50
21.88
19.61
16.91
15.11

25.71
22.22
20.25
15.15
16.67

40.35
59.65

46.93
53.07

36.02
41.64
22.34

42.88
35.41
21.71

the districts and postal codes.
Analysis
Sample size: The following algebraic expressions were
used to determine the desired sample size:
n = n0 • deff
n0 = (1 - P)/[P • cv2 (p)]
Where P denotes the prevalence of symptoms consistent
with GERD or dyspepsia in the study population (estimated a priori at 20%); cv (p) signifies the maximum tolerated coefficient of variation when estimating the ratio in
the sample (fixed at 17%); and deff is the design effect.
The deff value was fixed at 2. When contacting adults
by landline, we used a raffle to determine which member of the household would be interviewed. The use of
weights to compensate different probabilities of selecting each house member introduced a deff of 1.2. Further
weights were introduced after stratification to minimize
no-replies and noncoverage, leading to a deff of 1.6.
Given a total deff of 2, we determined that 280 interviews
were needed in each study domain. The smallest domain
comprised men aged ≥ 50 years (10.8% of the adult
population of São Paulo according to 2000 census data):
280/0.108 = 2592 (desired sample size rounds to 2600).
Assuming a response rate of 85%, we needed to dial at
least 3000 telephone numbers.
Further assuming that 30% of telephones would not
be eligible, the total number of telephone numbers was
conservatively estimated at 5000. To achieve the desired
sample size, we used a systematic raffle of 10000 telephone listings in São Paulo, organized by area code and
hence implicitly stratified by geographical region. Given
the likelihood of nonresponses and ineligible telephones,
we expected that 5000 telephone numbers would be
reached for interviews after receiving a series of 25 first
raffled replies. After discarding telephone numbers that
did not correspond to homes or were inactive, we expected that the product of the proportions of telephones
answered and of dwellers agreeing to participate in the
survey would be 80%.
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Survey methodology
The questionnaire included four parts: (1) sociodemographic characteristics (e.g., weight, height, smoking) and
comorbidities; (2) dietary habits; (3) presence of symptoms consistent with GERD or dyspepsia in the prior 3
mo, according to the Brazilian Consensus of GERD and
Rome Ⅲ definitions of each condition; and (4) use of
medications and other therapies to manage symptoms.
The survey required approximately 20 min for each interviewee to complete.
Interviewers were trained by a São Paulo field supervisor (M.R.D.O.L.) in November 2010. M.R.D.O.L. also
served as a central authority to answer calls from interviewers in the field.
The interviewing software and survey instrument
were developed and validated using two subsamples (50
individuals in each) of respondents. In a pilot study, the
first 50 interviews were conducted initially by telephone,
followed by face-to-face interviews in the household 2
to 7 d later. For the next 50 subjects, the sequence was
reversed. The pilot study was conducted from November 23, 2010, through March 1, 2011. Validation of our
survey data was based on the pilot-study findings of: (1)
high agreement between interview modalities with regard
to comorbidities (κ ≥ 0.61; P < 0.001) and (2) no significant differences between mean age, body mass index
(BMI), and the grade of evaluation of dietary quality (each
P > 0.070) as reported by respondents across the two
interview modalities. These items also showed high intraclass correlation coefficients (ricc > 0.78; P < 0.001).
Sample weighting
A two-step data-weighting procedure was performed.
The first step adjusted for different probabilities of selection among respondents, and the second (post-stratification) weighting step adjusted for imbalances caused by
potential nonresponse and noncoverage bias between the
study sample and population of São Paulo.
In the first step, data from each respondent were
weighted by the numbers of adults and of landline telephones in each household. The second step further accounted for biases due to nonresponse and incomplete
landline coverage by comparing distributions of the study
sample population to distributions for the city of São
Paulo according to age, gender, and educational level (10
population strata; Table 1). Population characteristics for
São Paulo were obtained from the National Survey on
Households (Pesquisa Nacional por Amostra de Domicílios [PNAD] População). This survey was conducted in
2008 by the Instituto Brasileiro de Geografia e Estatística
(IBGE; http://www.ibge.gov.br).
Proportions of females and better-educated subjects
(i.e., those with ≥ 9 or ≥ 12 school years) were higher
in the EpiGastro population. In order to correct for
these sample imbalances, post-stratification weights were
adjusted. To calculate population weights, composite
distributions per gender, age, and educational attain-
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Table 2 Distribution (%) of the study sample and the population of São Paulo according to age, gender, and educational level
Gender

Age, yr

Educational level, yr
Study sample

São Paulo

≤8

9-11

≥ 12

≤8

9-11

≥ 12

18-39
40-59
≥ 60

0.035403
0.057332
0.036196

0.120343
0.051783
0.008190

0.049406
0.036460
0.008322

0.060640
0.085150
0.051568

0.115868
0.045360
0.009390

0.053637
0.034538
0.013051

18-39
40-59
≥ 60

0.044254
0.107266
0.079789

0.151651
0.072391
0.012021

0.083752
0.040026
0.005416

0.056661
0.100748
0.074009

0.124781
0.050135
0.008595

0.067006
0.038357
0.010505

Male

Female

and a further 176 (3.9%) did so after receiving an explanation, for a nonresponse rate of 33.3%.

Table 3 Sample weights applied in the post-stratification
adjustment
Gender

Age, yr

Population characteristics
Overall characteristics: The mean (SE) age of the entire
study population was 42.6 (16.0) years, and the median
was 41.0. Most subjects were women (53.1%), aged 18
through 49 years (66.7%), and had never smoked (60.5%;
Table 4). Majorities of respondents were married or
cohabitating (52.5%). A total of 26.5% of women were
perimenopausal. Slightly more than one-half (57.1%) of
the study sample had some high-school or college education, and nearly one-half were employed (Table 4).

Educational level, yr
≤8

9-11

≥ 12

18-39
40-59
≥ 60

1.71285
1.48523
1.42470

0.96281
0.87597
1.14654

1.08564
0.94728
1.56820

18-39
40-59
≥ 60

1.28037
0.93924
0.92757

0.82282
0.69256
0.71496

0.80006
0.95830
1.93950

Male

Female

ment (number of school years completed) were obtained
for the São Paulo and EpiGastro populations across 18
categories for each population (9 categories for each
gender within each population; Table 2). By computing
ratios between values in the two populations across the
18 categories of gender, age, and educational level, poststratification weights were generated (Table 3).
Final weights were computed by multiplying the designed weight by the post-stratification weight. Notably,
there was only slight variation between the final weights.
Coefficients of variation for the final weights were < 1%,
suggesting that introduction of the population weights
did not affect the overall accuracy of the results.

Nutritional status and dietary habits: Nearly half of
the study population reported that they had normal nutritional status (45.8%), while slightly more than half were
either overweight (35.3%) or obese (16.3%).
Daily consumption of fruit (40.2%), green vegetables
(43.3%), or legumes (35.2%) was each reported by more
than one-third of respondents. One-third or more consumed fruit (34.4%), green vegetables (33.7%), or legumes
(41.3%) 2-4 d each week. On the other hand, 5%-7% of
respondents reported that they never consumed the above
food groups. Most respondents reported that they drank
coffee every day (56.2%), whereas 29.2% never consumed
coffee.

Statistical analysis
Descriptive statistics were generated for the sample characteristics. Correlations between symptoms consistent
with GERD or dyspepsia by respondent gender or age
were assessed using χ 2 tests with a two-tailed α = 0.05 (a
priori significance level of P < 0.05). Electronic data entry was supported by Delphi language (dbase). Statistical
analyses were conducted using the Statistical Package for
the Social Sciences Version 14.0 for Windows (SPSS 14.0).

GI conditions and comorbidities: The most frequently
reported GI condition (by ≥ 2% of respondents) was
gastritis (19.0%), followed by GERD (6.1%), hemorrhoids (4.8%), irritable-bowel syndrome (3.1%), and ulcer
(2.0%). Other GI comorbidities included esophagitis
(1.9%), colitis (0.6%), diverticulitis (0.6%), ulcerative colitis (0.4%), anorexia/bulimia (0.1%), and Crohn’s disease
(0.1%).
The most frequent non-GI complaint was headache
(19.3%). Signs and symptoms of the following conditions
were also recorded: hypertension (19.1%), depression
(12.9%), diabetes (6.7%), thyroid disorder (5.2%), heart
disease (4.9%), and asthma (3.5%).

RESULTS
Survey response rate
Among 4570 households contacted, one adult from 3050
(66.7%) agreed to participate in the survey. A total of
1344 (29.4%) of all individuals screened refused to participate before receiving any explanation of the survey,
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Frequencies of symptoms consistent with GERD and
dyspepsia
GERD: In all, 27.3% of respondents experienced a
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≥ 1x/mo

1

Table 4 Patient characteristics

< 1x/mo

100%
Gender
Male
Female
Age group, yr
18-29
30-49
50-59
60-69
≥ 70
Nutritional status2
Malnourished
Normal
Overweight
Obese
Smoking
Never
No, stopped
Yes, < 10 cigarettes/d
Yes, 10-20
Yes, > 20
Marital status3
Single
Married/RDP
Divorced
Widowed
Education
th
≤ 4 grade
th th
5 -8 grades
(in)Complete high school
(in)Complete college
Employment status3
Employed
Self-employed
Housewife
Unemployed
Other (not employed)

n (%)
1153 (46.9)
1875 (53.1)

90%

18.2

80%

4.5

20.8

12.9

1.5
0.9

95.8

97.6

7.3
2.2

4.4

6.5

70%

689 (25.0)
1338 (41.7)
498 (16.6)
286 (10.0)
217 (6.7)

60%
50%
40%

78 (2.6)
1322 (45.8)
998 (35.3)
466 (16.3)

30%

1860 (60.5)
675 (22.9)
219 (7.0)
216 (7.4)
58 (2.2)

0%

77.3

72.7

90.5

82.7

20%
10%
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Characteristic

0

3.4
0.8

1037 (35.8)
1520 (52.5)
220 (5.7)
239 (6.1)

Figure 1 Frequencies of symptoms consistent with gastroesophageal
reflux disease. x/mo: Times per month.

526 (19.2)
610 (23.7)
1209 (35.4)
676 (21.7)

≥ 1x/mo

< 1x/mo

100%
90%
80%

1436 (48.6)
382 (13.9)
450 (13.0)
241 (8.4)
474 (16.2)

17.6
4.3

15.9

20.9

4.2

0

13.0

11.5

4.4

4.1

82.6

84.4

6.0
3.4

5.9

70%
60%
50%

1

Excludes people who refused to provide information; 2Malnutrition was
indicated by a body mass index (BMI) < 18.5 kg/m2, normal by a BMI =
18.5-24.9 kg/m2, overweight by a BMI = 25.0-29.9 kg/m2, and obese by a
BMI ≥ 30 kg/m2; 3Some percentages do not sum to 100 because of rounding. RDP: Registered Domestic Partner (for cohabitants).

40%

78.1

79.9

73.2

90.6

30%
20%
10%

Dyspepsia: Abdominal swelling or distension was reported by 26.8% of survey participants: 20.9% at least
once, and 5.9% less than once, monthly (Figure 2). Corresponding data for bloating/sensation of fullness were
21.9%, 17.6%, and 4.3%, respectively. More than 20%
of respondents reported satiety after consuming a small
amount of food: 15.9% at least once monthly and 4.2%
less than once monthly. Fewer than 20% of respondents
reported abdominal pain or discomfort (13.0% at least
WJG|www.wjgnet.com
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sensation of stomach burning: 20.8% at least once per
month and 6.5% less frequently (Figure 1). Corresponding data for heartburn (or chest burning sensation),
included 22.7% (total): 18.2% at least once monthly and
4.5% less frequently. A total of 17.3% of respondents
reported regurgitation: 12.9% at least once monthly and
4.4% less frequently. Approximately 10% of subjects
reported excessive salivation (i.e., sialorrrhea). Fewer than
5% of respondents reported difficulty swallowing (dysphagia; 4.2%) or painful swallowing (odynophagia; 2.4%).

Figure 2 Frequencies of symptoms consistent with dyspepsia. x/mo:
Times per month.

once monthly and 4.4% less than once monthly) or nausea (11.5% and 4.1%, respectively). Fewer than 10% of
respondents (9.4%) reported vomiting, including 6.0% at
least once monthly.
Distributions of symptoms consistent with GERD by
gender and age
GERD by gender: Compared to their male counterparts, significantly higher (> 1.5-fold) frequencies of
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women: 9.0% compared to 2.7% of men (P < 0.001)
for nausea and 3.0% compared to 1.4%, respectively, for
vomiting (P = 0.040 each by χ 2 test).

Table 5 Distribution of symptoms consistent with gastroesophageal reflux disease, by gender n (%)
Male
Heartburn
No
1074 (92.3)
79 (7.7)
≥ 2x/wk
Sensation of stomach burning
No
1065 (91.6)
88 (8.4)
≥ 2x/wk
Regurgitation
No
1116 (96.7)
37 (3.3)
≥ 2x/wk
Difficulty swallowing
No
1136 (98.5)
17 (1.5)
≥ 2x/wk
Painful swallowing
No
1149 (99.6)
4 (0.4)
≥ 2x/wk
Excess salivation
No
1108 (96.0)
45 (4.0)
≥ 2x/wk

P value

Female

Total

1649 (87.5)
226 (12.5)

2723 (89.8)
305 (10.2)

0.047

1635 (85.9)
240 (14.1)

2700 (88.6)
328 (11.4)

0.012

1728 (91.4)
147 (8.6)

2844 (93.9)
184 (6.1)

< 0.001

1827 (97.1)
48 (2.9)

2963 (97.7)
65 (2.3)

0.012

1850 (98.6)
25 (1.4)

2999 (99.1)
29 (0.9)

0.009

1779 (94.7)
96 (5.3)

2887 (95.3)
141 (4.7)

0.274

Dyspepsia by age: No symptom consistent with dyspepsia correlated significantly with age groups (Table 9).
Interventions to manage symptoms consistent with
dyspepsia
Most respondents used no medications that reduce dyspeptic symptoms (88.9%; Table 10). Of the minority
(11.1%) who did, most reported that they received prescriptions from their physicians (57.4%) or self-medicated (40.8%). Most survey participants also reported that
they did not use other, nonpharmacologic interventions
(96.0%). Among the minority of respondents who did,
65.5% used herbal teas and 25.5% modified their diets.

DISCUSSION

P values by χ 2 tests. Numbers and percentages calculated based on post-hoc
weighting. x/wk: Times per week.

women reported most symptoms consistent with GERD
occurring at least twice per week, including heartburn (P
= 0.047), a sensation of stomach burning (P = 0.012), regurgitation (P < 0.001), difficulty swallowing (P = 0.012),
and/or painful swallowing (P = 0.009 vs men by χ 2 tests;
Table 5).
GERD by age: No symptom of GERD correlated significantly with age groups (Table 6).
Interventions to manage symptoms consistent with
GERD
Most respondents (86.4%) reported that they used no
medications that reduce GERD symptoms (Table 7).
Among the minority of subjects who took medications,
most used prescription medications (62.6% of those
with “yes” responses about taking medications) or selfmedicated (34.2%). The findings in Table 7 indicate that
only about 14% of all respondents with available data
used medications to manage GERD symptoms.
The vast majority of respondents (96.7%) took no
other measures, including dietary modification or consumption of herbal teas, to manage GERD symptoms.
Distributions of symptoms consistent with dyspepsia by
gender and age
Dyspepsia by gender: Significantly higher (> 2-fold)
frequencies of women (vs men) reported that symptoms
compatible with dyspepsia occurred at least twice weekly
(Table 8). These included impaired digestion (P < 0.001
vs men), a sensation of postprandial gastric fullness after
consuming a small amount of food (P < 0.001), abdominal swelling or distension (P < 0.001), and abdominal
pain (P < 0.001). Nausea and vomiting occurring at least
twice weekly were also significantly more frequent among
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Approximately 20% of EpiGastro survey respondents
reported highly frequent symptoms consistent with dyspepsia or GERD, yet most (about 90%) respondents did
not receive medications and/or use other measures to
manage symptoms. Symptoms were reported significantly
more frequently by women than men. Frequencies of
self-reported GI symptoms did not vary significantly as a
function of age.
These results are broadly consistent with findings
from a survey of individuals at least 16 years of age in 22
Brazilian cities[15], in which 4.6% of respondents reported
heartburn symptoms and 7.3% GERD. Paralleling our
data, prevalences of heartburn and GERD were higher
in females than males. Another study, in Southern Brazil,
found an approximately 50% higher prevalence of dyspeptic symptoms in women than men[16].
A retrospective review of 1021 subjects in Mexico
City demonstrated that 41 (4.0%) persons had dyspepsia
according to Rome Ⅱ criteria[17]. Among these individuals, 85.4% were women and 14.6% men (P < 0.001).
Among the dyspepsia subgroup, 85.0% of women reported ulcer-like symptoms (vs 15.0% of men) and 83.3%
reported dysmotility-like symptoms (vs 16.7% of men).
On the other hand, 33.3% of men considered the best
description of their dyspepsia to be nausea (vs 2.9% of
women), and 16.7% of men reported frequent vomiting
(vs 0 women; P = 0.0014)[17].
Dysmotility-like symptoms may result from heightened
sensitivity of visceral afferents, potentially in tandem with
autonomic dysregulation, in women[18,19]. In fact, women
may process or encode noxious visceral stimuli differently
from men, and these differences may be modulated by
5-hydroxytryptamine type 3 receptors of the amygdala
and prefrontal cortex in central pain-processing networks
and also by female reproductive hormones[18,20-23]. Some
studies have challenged the hypothesis of enhanced visceral pain perception in women, however[24]. Gender role
socialization may also contribute to a female proclivity for
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Table 6 Distribution of symptoms consistent with gastroesophageal reflux disease, by age group (yr) n (%)
Variable
Heartburn
No
≥ 2x/wk
Sensation of stomach burning
No
≥ 2x/wk
Regurgitation
No
≥ 2x/wk
Difficulty swallowing
No
≥ 2x/wk
Painful swallowing
No
≥ 2x/wk
Excess salivation
No
≥ 2x/wk

18-29

30-49

50-59

60-69

≥ 70

Total

P value

624 (91.1)
65 (8.9)

1182 (88.2)
156 (11.8)

449 (88.4)
49 (11.6)

259 (92.0)
27 (8.0)

209 (94.5)
8 (5.5)

2723 (89.8)
305 (10.2)

0.152

612 (88.5)
77 (11.5)

1176 (87.6)
162 (12.4)

444 (86.9)
54 (13.1)

261 (91.2)
25 (8.8)

207 (95.2)
10 (4.8)

2700 (88.6)
328 (11.4)

0.067

650 (93.9)
39 (6.1)

1261 (94.5)
77 (5.5)

465 (93.3)
33 (6.7)

264 (92.7)
22 (7.3)

204 (93.1)
13 (6.9)

2844 (93.9)
184 (6.1)

0.847

672 (97.6)
17 (2.4)

1314 (98.1)
24 (1.9)

490 (98.1)
8 (1.9)

278 (96.8)
8 (3.2)

209 (96.6)
8 (3.4)

2963 (97.7)
65 (2.3)

0.523

681 (98.7)
8 (1.3)

1326 (99.1)
12 (0.9)

497 (99.9)
1 (0.1)

282 (99.1)
4 (0.9)

213 (98.3)
4 (1.7)

2999 (99.1)
29 (0.9)

0.160

666 (96.9)
23 (3.1)

1264 (94.1)
74 (5.9)

480 (96.3)
18 (3.7)

269 (94.0)
17 (6.0)

208 (96.4)
9 (3.6)

2887 (95.3)
141 (4.7)

0.095

P values by χ 2 tests. Numbers and percentages calculated based on post-hoc weighting. x/wk: Times per week.

Table 7 Distribution of treatments for symptoms consistent
with gastroesophageal reflux disease

Table 8 Distribution of symptoms consistent with dyspepsia,
by gender n (%)

n (%)

Treatment
Medication
No
Yes:
Prescribed by physician
Self-medicated
Recommended by family/friends
Recommended by pharmacist
Other therapies/measures
No
Yes:
Dietary changes or restrictions
Herbal teas
Other1

Variable

2609 (86.4)
419 (13.6)
270 (62.6)
140 (34.2)
5 (1.4)
9 (3.2)
2932 (96.7)
96 (3.3)
32 (32.8)
55 (57.4)
14 (14.7)

1

Includes one individual who answered "yes" but refused to provide further information. Numbers and percentages calculated based on post-hoc
weighting.

reporting dyspepsia, as women may find it more socially
acceptable (vs men) to report this condition’s painful or
distressing abdominal symptoms[25].
A previous, North American telephone survey of
21,128 adults concerning upper GI symptoms found
that heartburn was the most commonly reported condition (by 6.3% of respondents)[7]. In this study, the most
frequent symptom reported at least once monthly was
early satiety, in 23.0% of respondents: 25.8% of women
and 20.1% of men. Of respondents reporting frequent
GI symptoms, nearly twice as many women (n = 2558;
28.2%) reported bloating (n = 1170; 12.9%), nausea (n =
1082; 11.9%), or vomiting (n = 306; 3.4%) compared to
1445 (17.2%) men reporting these symptoms: bloating
(n = 699; 8.3%), nausea (n = 573; 6.8%), or vomiting (n
= 173; 2.1%). Among all respondents reporting clinically
relevant GI symptoms with any frequency, about twice as
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Male

Impaired digestion
No
1094 (94.5)
59 (5.5)
≥ 2x/wk
Sensation of fullness1
No
1094 (94.7)
59 (5.3)
≥ 2x/wk
Abdominal swelling
No
1081 (93.6)
72 (6.4)
≥ 2x/wk
Abdominal pain
No
1107 (95.9)
46 (4.1)
≥ 2x/wk
Nausea
No
1124 (97.3)
29 (2.7)
≥ 2x/wk
Vomiting
No
1140 (98.6)
13 (1.4)
≥ 2x/wk

Female

Total

P value

1615 (86.1)
260 (13.9)

2709 (90.0)
319 (10.0)

< 0.001

1652 (88.0)
223 (12.0)

2746 (91.1)
282 (8.9)

< 0.001

1578 (84.3)
297 (15.7)

2659 (88.7)
369 (11.3)

< 0.001

1701 (90.6)
174 (9.4)

2808 (93.1)
220 (6.9)

< 0.001

1719 (91.0)
156 (9.0)

2843 (94.0)
185 (6.0)

< 0.001

1819 (97.0)
56 (3.0)

2959 (97.8)
69 (2.2)

0.040

1
After consuming a small amount of food. P values by χ 2 tests. Numbers
and percentages calculated based on post-hoc weighting. x/wk: Times per
week.

many women as men reported bloating [n = 505 (2.9%)
vs n = 289 (1.7%)], postprandial fullness [n = 364 (2.1%)
vs n = 261 (1.5%)], or early satiety [n = 609 (3.5%) vs n =
315 (1.8%)]. On the other hand, proportions of respondents with heartburn, regurgitation, or dysphagia were
more similar between genders[7].
Overall, however, evidence concerning a female gender proclivity for dyspepsia and GERD is conflicting, as
are population data associating advancing age with the
prevalences of these conditions[4,12,15-18,24,26]. In terms of
age, epidemiologic data are quite mixed[27-31]. Two studies
found an increased prevalence of GERD with advancing
age, but the trend reversed at later ages[13,32]. In the previ-

17394

December 14, 2014|Volume 20|Issue 46|

Rosário Dias de Oliveira Latorre M et al . Upper gastrointestinal symptoms in Brazil
Table 9 Distribution of symptoms consistent with dyspepsia, by age group (yr) n (%)
Variable
Impaired digestion
No
≥ 2x/wk
Sensation of fullness1
No
≥ 2x/wk
Abdominal swelling
No
≥ 2x/wk
Abdominal pain
No
≥ 2x/wk
Nausea
No
≥ 2x/wk
Vomiting
No
≥ 2x/wk

18-29

30-49

50-59

60-69

≥ 70

Total

P value

622 (90.6)
67 (9.4)

1182 (89.5)
156 (10.5)

437 (88.1)
61 (11.9)

257 (88.6)
29 (11.4)

211 (97.1)
6 (2.9)

2709 (90.0)
319 (10.0)

0.091

614 (89.7)
75 (10.3)

1199 (90.3)
139 (9.7)

463 (93.0)
35 (7.0)

263 (92.7)
23 (7.3)

207 (95.0)
10 (5.0)

2746 (91.1)
282 (8.9)

0.361

609 (88.8)
80 (11.2)

1161 (87.8)
177 (12.2)

429 (87.7)
69 (12.3)

255 (89.9)
31 (10.1)

205 (94.7)
12 (5.3)

2659 (88.7)
369 (11.3)

0.445

638 (93.0)
51 (7.0)

1232 (92.5)
106 (7.5)

463 (93.6)
35 (6.4)

267 (93.9)
19 (6.1)

208 (95.4)
9 (4.6)

2808 (93.1)
220 (6.9)

0.742

643 (92.8)
46 (7.2)

1245 (93.6)
93 (6.4)

478 (95.8)
20 (4.2)

267 (93.0)
19 (7.0)

210 (97.6)
7 (2.4)

2843 (94.0)
185 (6.0)

0.227

667 (97.0)
22 (3.0)

1308 (98.1)
30 (1.9)

489 (97.8)
9 (2.2)

281 (97.8)
5 (2.2)

214 (98.5)
3 (1.5)

2959 (97.8)
69 (2.2)

0.660

1

After consuming a small amount of food. P values by χ 2 tests. Numbers and percentages calculated based on post-hoc weighting. x/wk: Times per week.

Table 10 Distribution of treatments for symptoms consistent
with dyspepsia
n (%)

Treatment
Medication
No
Yes:
Prescribed by physician
Self-medicated
Recommended by pharmacist
Recommended by family/friends
Other therapies/measures
No
Yes:
Dietary changes or restrictions
Herbal teas
Other1

2668 (88.9)
360 (11.1)
206 (57.4)
148 (40.8)
11 (2.7)
7 (1.9)
2890 (96.0)
138 (4.0)
31 (25.5)
91 (65.5)
18 (11.6)

1

Includes one individual who answered "yes" but refused to provide further information. Numbers and percentages calculated based on post-hoc
weighting.

ously cited Brazilian study of 22 cities, the prevalence of
GERD increased as a function of advancing age, from
51.4% of those aged 16 to 25 years to 73.8% of those
aged > 55[15]. However, the prevalence of heartburn appeared to decrease with age. Another, southern Brazilian cross-sectional population study using Rome criteria
suggested that the prevalence of frequent dyspepsia (and
specifically dysmotility-type dyspepsia) decreased with
advancing age from the decade of 20-29 to ≥ 70 years[16].
A study of 1476 residents of Malmö, Sweden (mean
age = 49.9 years) that dichotomized its population found
similar prevalences of reflux symptoms in those aged ≤
40 or > 40 years[33]. One limitation of these populationbased studies is that they are based on subjective symptoms rather than other, objective signs, such as reflux
esophagitis, which may be more severe and/or frequent
in elderly patients[12].
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Concerning gender, one longitudinal study and four
cross-sectional studies examined the influence of sex
on GERD symptoms, and found no significant association[12,28-31]. On the other hand, many of these studies did
not include pregnant women, who experienced GERD
symptoms more frequently than men in one study, as did
smokers and overweight individuals[31].
In this context, previous research found an interaction
between age, habitus, and GERD. Our study included
53.1% women, and 51.6% of all respondents reported
that they were overweight or obese.
In a prior study, women with body mass index (BMI)
values above 35 kg/m2 had a more than 6-fold increased
relative risk of GERD (OR = 6.3; 95%CI: 4.9-8.0) compared to their counterparts with a BMI below 25 kg/
m2[34]. After adjustment for increasing BMI, endogenous
female reproductive hormone levels were not associated
with GERD, in another study[35].
Regarding other behavioral risk factors, approximately 83% of our study population did not smoke, and
45%-58% of respondents reported that they consumed
coffee (58%), green vegetables (55%), legumes (45%),
and/or fruit (49%) at least 5 d per week. Exposure to
citrus fruits and fruit juices can precipitate GERD via
excess gastric acid or non-acid mechanisms. Overall,
most behavioral risk factors apart from obesity do not
seem to have a strong influence on incidences of GERD
and dyspepsia, although cigarette smoking may be most
strongly associated as a trigger of GERD (particularly in
men[36])[12,29-31,37].
Our results might underestimate total numbers and
frequencies of patients with symptoms of dyspepsia and
GERD, and also overestimate medication use, compared
to the general population. First, higher proportions of
individuals who agree to participate in surveys may be
more health conscious, better educated, more financially
resourceful, and/or more likely to seek and receive care
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to minimize chronic illnesses compared to those refusing
to participate (i.e., effects of selection bias)[38].
Second, the EpiGastro study included only residences
with landline telephones. Homes lacking landlines may be
less economically advantaged, and their occupants may
have worse self-rated health[39]. In an Australian study,
men and women with low socioeconomic status reported
a significantly increased relative risk of upper dysmotility
syndromes compared to their counterparts in the upper
four quintiles[40].
Third, our study did not capture data from São Paulo
residents who used cellular telephones.
As a group, United States residents who exclusively
use cell phones are disproportionately male, single, mobile, young, and residing in rental housing, according to
one study[41]. On average, cell-only adults more frequently
engage in risky health behaviors (e.g., smoking, binge
drinking), experience financial difficulties in obtaining
regular health care, and yet report superior health status[42,43]. A previous Brazilian study found that young people with low incomes were more affected by symptoms
of dyspepsia[16]. Prevalences of GERD have also been
associated with reduced educational attainment in other
societies[27,44,45].
Fourth, as low as we found the proportions of all
respondents receiving prescription medications (≤ 9%),
these data may have overestimated actual prescription
use because participants in telephone surveys may be
less likely than nonparticipants to report adverse healthseeking behaviors, such as not having health insurance or
not receiving or using prescription medications. Fifth and
finally, additional surveys need to be carried out in different geographic and social settings. Asian studies have
found that the prevalence of symptomatic GERD and
consultations for dyspepsia were significantly higher in
rural (vs urban and/or suburban) residents[26,46].

tend to screen out younger and/or unmarried adults,
members of ethno-racial minorities, and homes with
young children[54]. Given its cross-sectional nature, our
study also could not provide context as to the natural history of symptoms consistent with dyspepsia or GERD,
or accurately account for waxing and waning symptoms
over time. Development of intercurrent illnesses can
influence patients’ GI symptom recall[5]. However, the
survey reference interval of 3 mo used in our study was
shorter than recall intervals employed in a number of
other telephone surveys[12], potentially limiting recall bias.
On the other hand, it is somewhat concerning that
only about 6% of our respondents reported physician
diagnoses of GERD, yet more frequently reported symptoms compatible with such diagnoses. This disparity may
reflect limited access to care (among members of lowersocioeconomic strata) and the fact that symptoms of
dyspepsia and GERD often go unreported to, and/or
uninvestigated by, physicians. An estimated 48% of cases
of dyspepsia are uninvestigated in Brazil[55]. In other (US)
populations, 75% of patients with FGIDs never consult
with physicians[56].
In conclusion, approximately 21% of respondents
from São Paulo reported highly frequent symptoms
consistent with GERD (e.g., gastric burning sensation =
20.8%) or dyspepsia (e.g., abdominal swelling/distension
= 20.9%). However, most respondents did not report
that they had received diagnoses of these conditions,
or medications to manage them, from their physicians.
Women were significantly (approximately 1.5- to 2-fold)
more likely to report symptoms of GERD and dyspepsia than men, but there was no significant association
between advancing age and self-reported symptoms of
these conditions. Further research is needed to assess
the potential effects of these disorders on daily activities,
diet, sleep, and worker productivity.

Potential study strengths and limitations
Our a posteriori weighting and mixed-mode survey design
may have helped to limit noncoverage and other forms
of bias. By telephone company estimates performed
for our survey, more than three-quarters of our target
population owned landlines. A previous Brazilian study
determined that a minimum landline coverage of 70%
(in Southern and Central-West metropolitan areas) was
necessary to avoid coverage bias[47]. One other potential
bias is that most of our survey participants were women,
who are more likely (vs men) to respond to health surveys
in general, report physical symptoms, seek medical attention for constipation, and use laxatives to manage symptoms[48-50]. Women also seek medical consultation for dyspepsia more frequently than men in some societies[18,51,52].
The participation rate (67%) was acceptable. In one
of the largest epidemiologic studies of upper GI disorders performed by telephone, the complete-survey
nonresponse rate exceeded our rate of 33%[7]. Telephone
surveys typically have higher nonresponse rates than
household surveys[53]. Caller identification mechanisms
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Background

Symptoms of gastroesophageal reflux disease (GERD) and dyspepsia are distressing to many patients and often erode their quality of life. Ratios of prevalence to incidence of GERD are high and hence consistent with this condition’s
chronic nature and potentially suboptimal management.

Research frontiers

Limited data are available concerning the prevalences of self-reported symptoms consistent with GERD and dyspepsia in Brazil, particularly within the city
of São Paulo.

Innovations and breakthroughs

Some telephone surveys have revealed that women more frequently experience symptoms of dyspepsia, whereas men more frequently experience
symptoms of GERD. Overall, however, studies differ concerning associations
between gender, age (and other sociodemographic characteristics) and prevalences of self-reported GERD and dyspepsia. Data are limited regarding self-
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reported symptoms of these conditions, and measures taken to manage them,
among persons in South America.

Applications

By conducting telephone and face-to-face surveys of individuals in São Paulo
concerning symptoms of GERD and dyspepsia, as well as measures taken to
manage them, this study may help to further delineate the public-health dimensions and clinical challenges presented by these chronic conditions. Observations of substantial frequencies of self-reported symptoms of GERD and dyspepsia, coupled with low overall frequencies of medication use and/or lifestyle
modification to manage these conditions, might suggest an unmet need in this
urban Brazilian population.
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Terminology

GERD is an organic disorder characterized by symptoms of gastric-acid reflux,
whereas dyspepsia is a “functional,” upper gastrointestinal condition characterized by abdominal distension and other forms of discomfort.

Peer review

This manuscript “Epidemiology of upper gastrointestinal symptoms in Brazil
(EpiGastro): A population-based study according to sex and age group” is a
very interesting article.
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RESULTS: Forty-eight hours after the injection of D-galactosamine, serum biochemistry levels were significantly increased, whereas albumin levels and the Fischer
index were significantly reduced compared to baseline
(all P s < 0.05). Of the ten monkeys in the HBALSS
treatment group, five survived, with an average duration of survival of 128 ± 3 h. All cynomolgus monkeys
in the control group died, with a duration of survival of
112 ± 2 h. Survival time was significantly longer with
HBALSS treatment (P < 0.05). Moreover, the number,
viability and function of hepatocytes were maintained
at a high level with HBALSS.
CONCLUSION: The novel hybrid bioartificial liver plays
a significant role in liver support by significantly reducing serum biochemistry levels and extending animal
survival time.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Acute liver failure; Chinese human liver cells;
Cynomolgus monkey; Human liver cell; Hybrid bioartificial liver

Abstract
AIM: To evaluate a hybrid bioartificial liver support
system (HBALSS) in cynomolgus monkeys with acute
liver failure.
METHODS: To establish a model of acute liver failure,
0.3 g/kg of D-galactosamine was injected intravenously
into cynomolgus monkeys. Chinese human liver cells
were introduced into a perfusion bioreactor to carry out
hybrid bioartificial liver support treatment. Forty-eight
hours after the injection, one group of cynomolgus
monkeys received HBALSS care, and a second experi-
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mental group received no treatment. Clinical manifestations of all animals, survival time, liver and kidney functions and serum biochemistry changes were recorded.
Simultaneous detection of the number, viability and
function of hepatocytes in the hybrid bioartificial liver
were also performed.

Core tip: In this study, the authors evaluated the safety,
efficacy, and clinical feasibility of a hybrid bioartificial
liver support system (HBALSS) with Chinese human
liver cells for the treatment of acute liver failure in
monkeys. The bioartificial liver significantly reduced serum biochemistry levels and extended animal survival
time. Furthermore, the number, viability and function
of hepatocytes in the HBALSS were maintained at a
high level during treatment. The results demonstrate
that the novel HBALSS has the potential to be a safe,
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reliable bridge treatment for acute liver failure patients
awaiting donor-organ availability.
Zhang Z, Zhao YC, Cheng Y, Jian GD, Pan MX, Gao Y. Hybrid
bioartificial liver support in cynomolgus monkeys with D-galactosamine-induced acute liver failure. World J Gastroenterol
2014; 20(46): 17399-17406 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i46/17399.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i46.17399

INTRODUCTION
Acute liver failure (ALF) is a critical clinical condition
with intensive, rapid progression and an ominous prognosis. Although there has been progress in comprehensive medical treatment in recent years, the mortality rate
of ALF remains high at approximately 80%[1-3]. Liver
transplantation is currently the only effective treatment
for ALF[4-8]. However, due to a variety of reasons, a limited number of liver transplantations are being carried
out[9,10]. To bridge the time between ALF and suitable organ availability, patients are placed on a bioartificial liver
support system.
Over the past 20 years, hepatocytes from a variety
of sources have been intensely studied, though not
fully, clinically tested. Hepatocytes can be obtained from
adult or fetal animals, liver cell lines, and liver stem cells,
however, each of these sources provides a disadvantage.
Ideally in liver transplantation, human hepatocytes are
the perfect candidate cell types, but sources for adult
hepatocytes are scarce and limited. Additionally, when in
vitro, adult hepatocytes rapidly lose metabolic capacity,
therefore, it is impossible to obtain a large number of
hepatocytes. The ethical issues which entail the use of
fetal hepatocytes for clinical applications are complex
and difficult to deal with[11].
Research in hepatic stem cells has determined the
various sources within the adult body and its potentials
in regeneration and differentiation, but these discoveries
are not sufficient yet to support its clinical application.
Although C3A human liver cells were used in previous
phase Ⅰ-Ⅱ clinical trials, it still needs further evaluation[12]. Additional new liver cell lines have been used
for research, though their clinical effect needs further
investigation[13]. Therefore, it is important to find a welldifferentiated human liver cell line with vigorous growth,
does not induce tumorigenicity, and maintains adequate
liver cell function for the support of a bioartificial liver
during clinical treatment.
In this study, Chinese human liver cells (CL-1) were
used to seed the development of a novel human cell hybrid bioartificial liver. CL-1 cells derived from histologically normal liver tissue are well differentiated and display
a high degree of metabolic function[14]. CL-1 cells were
grown in a microgravity culture, seeded in a perfusion
bioreactor, and used to treat cynomolgus monkeys with
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artificially induced ALF. Because their physical structure
so closely resembles that of humans, cynomolgus monkeys were chosen as the animal model for development
of a hybrid bioartificial liver support system (HBALSS)[15].
Moreover, heterogeneous rejection is relatively low. The
experimental results achieved in this study will further
validate the safety and effectiveness of the system while
exploring its feasibility in clinical applications.

MATERIALS AND METHODS
Liver cell cultures
Hepatocytes were grown using a three-dimensional human
cell/tissue culture system, known as the rotary cell culture
system (RCCS; Synthecon Inc., Houston, TX, United
States), which simulates microgravity in three-dimensional
culture microcarriers. The CL-1 cells (HL-7702 [L-02])
were purchased from the Cell Bank in the Chinese Academy of Sciences. The cells were amplified in tissue culture flasks (Corning Inc., Corning, NY, United States).
Microcarriers (100 mg; GE Healthcare, Little Chalfont,
United Kingdom) were mixed with 2 × 106 CL-1 cells
at 37 ℃, 5% CO2 for 12 h with 25 mL of high glucose
DMEM medium (Gibco of Thermo Fisher Scientific
Inc., Waltham, MA, United States) containing 10% fetal
bovine serum (Gibco). Then, another 25 mL of high
glucose DMEM medium containing 10% fetal bovine
serum, 30 mmol/L HEPES (Sigma-Aldrich, St. Louis,
MO, United States) and no growth factor was added.
The rotation speed of the microgravity culture system
was maintained at 13.5-15.5 r/min. The 25 mL of the
medium was replaced every 24 h.
Animals used in experiments
Fifteen cynomolgus male monkeys (ordinary level) from
seven to eight years-old, weighing 6.5-7.0 kg, were purchased from Guangdong Entomological Institute, South
China Primate Research and Development Center (Certificate of Conformity SCXK [Guangdong] 2009-2010
complying with the GB 14925-94 proposal for all experimental monkeys). All animals were housed individually in
a controlled unit in a mechanically ventilated confinement
facility under standard field conditions. Monkeys were
fed three times a day and water was provided ad libitum.
The project was approved by the Institutional Review
Board of the Second Affiliated Hospital of Southern
Medical University, Guangzhou, China (No. ZJYY-2011GDEK-001).
Anesthesia and general care
Because of humane considerations, the Committee requested all experiments should be performed with anesthesia to minimize suffering. Experiments on animals
were carried out in compliance with Guidance to Treat
Animals, promulgated by the Ministry of Science and
Technology in 2006. Anesthesia was induced with ketamine (15 mg/kg) and atropine (0.5-1.0 mg/kg), and
then maintained intravenously with propofol (≤ 8.5

17400

December 14, 2014|Volume 20|Issue 46|

Zhang Z et al . A hybrid bioartificial liver support system

mg/kg per hour), fentanyl (≤ 0.015 mg/kg per hour),
and atracurium (≤ 0.7 mg/kg per hour) depending on
the depth of anesthesia. The humane endpoint was set
in keeping with the general well-being or behavior of the
monkeys.
Human cell HBASS configuration
The human cell HBALSS was jointly developed by the
Institute for Regenerative Medicine, Southern Medical
University and the Chinese Academy of Sciences, Beijing Daiboruike Technology Development Co., Ltd. The
abiotic part consists of non-biologic membrane plasma
separator, blood perfusion, and three peristaltic pump
components. The biologic part contains a perfusion bioreactor with 4.0 × 109 of CL-1 cells seeded in microcarriers.
It also consists of a membrane oxygenator, membrane
plasma separator, a 37 ℃ temperature water bath, and
three double-headed peristaltic pumps. Both the abiotic
and biologic parts are connected through the three abiotic
valves to form the closed-loop piping.
Establishment of the ALF model in the cynomolgus
monkey
D-galactosamine (D-gal) was dissolved in a 5% glucose
solution to make a concentration of 1.0 g/mL. The pH
value was then adjusted to 6.8 using 1 mol/L sodium
hydroxide and was filter sterilized. The cynomolgus
monkeys were injected with 0.5 mL/kg of ketamine and
sumianxin Ⅱ (im). Two hours later, D-gal (0.3 g/kg)
was injected within 10 min via the external jugular vein.
Cynomolgus monkeys appeared normal after treatment.
A humane endpoint evaluation was used in our experiments, and death was used as the indicator.
Experimental groups and treatments
Forty-eight hours after the injection of D-gal, all cynomolgus monkeys were randomly divided into two
groups. In the HBALSS treatment group (n = 10), cynomolgus monkeys were anesthetized and treated with
HBALSS for 6 h. In the ALF control group (n = 5), cynomolgus monkeys were anesthetized only for monitoring and plasma perfusion.
HBALSS therapy for cynomolgus monkeys with ALF
non-biologic (plasma perfusion) treatment
Forty-eight hours after the establishment of ALF, plasma
perfusion treatment was provided to monkeys in the ALF
control group. Monkeys with liver failure were placed
under anesthesia with ketamine and sumianxin Ⅱ, and
the femoral veins were connected with a double-lumen
hemodialysis catheter to establish cycle paths, which
was then separately connected to the arterial and venous
ports of a DX-10-type blood purification machine (Beijing Daiboruike Technology Development Co., Ltd., Beijing, China). Unfractionated heparin was given as a first
dose of 180 IU/kg and maintenance doses of 30 IU/kg
per hour. The blood purifier was filled with hydroxyethyl
starch sodium chloride and the rate of blood flow was
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15-20 mL/min. After blood plasma entered the membrane separator, it would then enter the blood purifier to
remove bilirubin.
Hybrid bioartificial liver treatment
CL-1 cells were cultured in RCCS and placed in the perfusion bioreactor, which was connected with the membrane
oxygenator, membrane plasma separator, and blood purifier tube via three-way valves. Two hours after plasma
perfusion treatment, the three-way valve was switched on.
Then the plasma in the blood purifier flowed into the biologic part at a flow rate of 5 mL/min and circulated at a
speed of 30 mL/min in the bioartificial liver. The plasma
then reacts with CL-1 cells and performs the function of
biosynthesis and metabolism for 4 h.
Vital sign and serum biochemistry observations, and
survival duration
During HBALSS treatment, the vital signs of cynomolgus monkeys, including the ability to stand, walk, changes
in consciousness, eating habits, vision, hearing, and tactile
response to stimuli, convulsions and tremors, were observed and recorded. Any symptoms and their duration
were recorded. Bleeding, allergies, high fever and other
serious adverse reactions were recorded. Serum levels of
aspartate aminotransferase (AST), albumin (ALB), total
bilirubin, total bile acid, urea nitrogen, creatinine, and ammonia were examined at baseline, before treatment (at 48
h) and after treatment (54 h). Then the Fischer index was
calculated. The duration of survival of cynomolgus monkeys was recorded and surviving animals were sacrificed
with a lethal injection of pentobarbital and KCl (iv). After
the death of the cynomolgus monkeys, a detailed autopsy
was performed and the animal’s organs were immediately
fixed with formalin. Hematoxylin and eosin staining was
carried out to assess organ necrosis and inflammatory cell
infiltration under microscopic examination.
Determination of hepatocyte number, viability, and
function in the bioartificial liver
Viability and function of human CL-1 hepatocytes in
the bioartificial liver were determined before and after
HBALSS treatment. Trypan blue dye exclusion was used
to determine the number of viable CL-1 cells. CL-1 liver
cell effector function was evaluated by determining the
levels of alanine transaminase (ALT), AST, lactate dehydrogenase, urea, and ALB in the culture medium with a
Cobas C311 Chemistry Analyzer (Roche, Basel, Germany), according to the manufacturer’s instructions.
Statistical analysis
Significance between groups was compared using Student’s t-tests, and survival rates between the groups were
analyzed using a χ 2 test. Survival time was analyzed using
Kaplan-Meier survival analysis and the Log-rank test.
All data analyses were performed using SPSS version
13.0 statistical software (SPSS Inc., Chicago, IL, United
States), with P < 0.05 indicating significance.
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Detection of the numbers of hepatocytes, viability and
function using culture medium
As shown in Table 2, when HBALSS was not connected
to the animal, the number and viability of CL-1 cells decreased. The total number of CL-1 cells did not decrease
significantly over 48 h, compared with previous readings
(0 h), and cell viability after 24 h was not significantly decreased. In addition, cell function, as measured by ALT,
AST, lactate dehydrogenase, urea, and ALB, remained unaffected at 48 h, suggesting that the HBALSS meets the
requirements needed for a hybrid artificial liver (Table 3).

Table 1 Serum biochemistry with D-galactosamine administration (n = 15)
Indicators

48 h before
administration

48 h after
administration

P

28.3 ± 4.7
28.9 ± 3.0
1.2 ± 0.2
6.0 ± 1.4
3.7 ± 0.9
76.7 ± 5.7
41.3 ± 1.6
3.2 ± 0.2

494.2 ± 31.9
149.5 ± 12.3
16.7 ± 2.1
51.1 ± 7.3
6.2 ± 0.9
133.5 ± 6.2
37.3 ± 0.6
2.2 ± 0.1

4.09 × 10-18
3.14 × 10-16
1.06 × 10-13
2.46 × 10-13
2.96 × 10-6
1.66 × 10-12
5.86 × 10-8
1.49 × 10-11

ALT (U/L)
Ammonia (μmol/L)
TBiL (μmol/L)
TBA (U/L)
BUN (μmol/L)
Cr (μmol/L)
ALB (g/L)
Fischer index

ALB: Albumin; ALT: Alanine aminotransferase; BUN: Blood urea nitrogen; Cr: Creatinine; TBA: Total bile acid; TBiL: Total bilirubin.

Table 2 Hepatocyte changes with hybrid bioartificial liver
support
Indicators
Hepatocytes
(n × 109)
P
A value
P

0h

24 h

48 h

72 h

4.1 ± 0.3

3.9 ± 0.4

3.8 ± 0.3

3.0 ± 0.1

0.3675
0.2254
0.0239
0.985 ± 0.105 0.919 ± 0.048 0.751 ± 0.024 0.530 ± 0.053
0.3900
0.0610
0.0173

P values are vs 0 h.

Table 3 Liver cell function during hybrid bioartificial liver
support system support
Indicator
ALT (IU)
AST (IU)
LDH (mmol)
Urea (mmol)
ALB (mg)

0h

24 h

48 h

72 h

25.9 ± 4.2
22.0 ± 3.6
0.28 ± 0.09
2.28 ± 0.24
18.67 ± 2.57

28.3 ± 4.9
27.9 ± 10.0
0.31 ± 0.10
2.02 ± 0.21
17.42 ± 1.70

31.0 ± 2.6
31.6 ± 8.0
0.41 ± 0.12
1.82 ± 0.26
14.86 ± 1.47

72.1 ± 10.7a
68.3 ± 12.7a
0.74 ± 0.18a
1.69 ± 0.20a
13.58 ± 1.61a

a

P < 0.05 vs 0 h. ALB: Albumin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; LDH: Lactate dehydrogenase.

RESULTS
Establishment of the cynomolgus monkey model with
ALF
There were no significant changes in the vital signs of
animals in each group before and after D-gal administration. Twelve hours after administration, food intake
began to decrease, while serum transaminases began
to increase with the progression of ALF. The levels of
bilirubin, bile acids, ammonia, and lactic acid gradually
increased and platelets decreased. Prothrombin time was
gradually extended. Serum biochemistry results from 48 h
before and after D-gal administration are shown in Table
1. Levels of ammonia, ALT, total bilirubin, total bile acid,
blood urea nitrogen, and creatinine were significantly
higher than compared previously (Ps < 0.05), whereas
albumin levels and the Fischer index were significantly
reduced (Ps < 0.05). These indicate that the liver failure
model was established successfully.
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No significant decline in liver cell viability before and
after HBALSS treatment
As shown in Figure 1, before HBALSS treatment, CL-1
cells were seeded in RCCS and the viability was determined at 95%-99%. After HBALSS treatment, trypan blue
dye testing showed that the viability of cells was maintained at 85%-89%. Throughout the course of treatment,
there was no detachment of cells from the microcarriers.
The CL-1 cells in microcarriers were maintained at a high
level of cell viability, which meets the requirement for the
development of a hybrid artificial liver.
Animal survival time analysis
All ten cynomolgus monkeys with ALF survived during
the entire course of the HBALSS treatment. There was
no liquid leakage in the piping system and no obvious
bleeding, allergies, high fever, or other serious adverse
reactions found in the monkeys. Although transient fluctuations in heart rate and blood pressure were observed
when the vessel was being connected to the system,
heart rate, oxygen saturation, respiration, and general arterial blood pressure remained stable (Table 4). Although
all 10 of the monkeys survived during HBALSS treatment, five died after treatment. Their survival duration
was significantly longer than in the ALF control group (P
< 0.01) (Table 5, Figure 2).
Serum biochemistry changes in experimental animals
As shown in Figure 3, the levels of ALT, total bilirubin, total bile acid, urea nitrogen, creatinine, and ammonia increased in the ALF control group, but levels
of ALB and the Fischer index decreased. However, in
the HBALSS treatment group, the baseline levels were
normal, and before treatment, the levels of ALT, total
bilirubin, total bile acid, urea nitrogen, creatinine and
ammonia increased, but there was a decrease in the level
of ALB and in the Fischer index. After treatment, only
the Fischer index continued to decrease.
Animal necropsy and pathologic changes
There was no bloody ascites observed in any of the dead
monkeys, but the livers were slightly enlarged, soft, blunt
in the edges, and the liver capsules were smooth. In the
ALF control group, portions of the liver surfaces showed
mottled coloring, and there was sporadic bleeding. Cross
sectioning of the livers showed blood congestion and yel-
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A

B

Figure 1 Cell viability. Trypan blue staining in Chinese human liver cells seeded in a Rotary Cell Culture System A: Before hybrid bioartificial liver support system
treatment (cell viability: 95%-99%); and B: after treatment (cell viability: 85%-89%); magnification × 100.

Table 4 General vital signs of a cynomolgus monkey during treatment
Time (h)

Heart rate
(per min)

P

Blood oxygen
(%)

P

Respiratory rate
(per min)

P

Artery blood pressure
(mmHg)

P

0
1
2
3
4
5
6
Average

90.5 ± 3.8
94.1 ± 3.4
92.7 ± 3.8
98.1 ± 3.1
91.9 ± 3.8
89.6 ± 3.5
91.2 ± 4.6
92.6 ± 4.4

0.000959
0.005743
0.000002
0.271246
0.330509
0.381557
-

99.7 ± 0.5
99.6 ± 0.5
99.1 ± 0.7
99.4 ± 0.5
99.0 ± 0.8
99.6 ± 0.5
99.7 ± 0.5
99.4 ± 0.6

0.343436
0.005121
0.193422
0.009535
0.678310
1
-

15.3 ± 1.2
13.9 ± 1.4
15.4 ± 2.0
16.8 ± 1.9
15.2 ± 1.4
15.5 ± 2.0
16.4 ± 1.6
15.5 ± 1.8

0.000528
0.797625
0.006689
0.780352
0.678310
0.003241
-

114.6 ± 4.1
117.9 ± 4.8
116.9 ± 6.4
110.4 ± 4.5
110.5 ± 4.8
108.8 ± 5.9
113.7 ± 4.7
113.3 ± 5.8

0.000093
0.102480
0.003146
0.002654
0.002654
0.261975
-

P values vs 0 h.

Survival functions

Table 5 Survival results
Survived

Control (n = 5)
Experimental (n = 10)

Survival time

(n )

(h)

0
5

112.8 ± 2.06
128 ± 3.32

0.8
108.76-116.84
121.49-134.51

CI: Confidence interval.

low milky-like necrosis substances. The remaining livers
were red or brownish gray in color and the edges were
free of bile.
Hepatocytes showed diffuse swelling and were sinusoidal. These hepatocytes appeared narrow due to pressure.
Their cytoplasm appeared loose, and there were signs of
vacuolar degeneration, nuclear fragmentation, and dissolution. Part of the portal areas showed small amounts of
neutrophil and lymphocyte infiltration (Figure 4).

DISCUSSION
A novel human cell hybrid bioartificial liver, designed
to provide a bridge therapy for ALF patients awaiting
a compatible organ, was developed in this study. This
system is comprised of human hepatic CL-1 cells grown
in microgravity culture and seeded in a perfusion bioreactor. For the pre-clinical evaluation of this HBALSS, a
stable, potentially reversible, and well reproducible large-
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ALF
HBALSS
HBALSS-censored

1.0

95%CI

Cum survival

Group

Group

0.6
0.4
0.2
0.0
110.00

120.00

130.00

140.00

Survival time (h)

Figure 2 Survival curves. In the hybrid bioartificial liver support system
(HBALSS) treatment group, five cynomolgus monkeys survived and the remaining five died. The survival time was 128 ± 3 h. In control groups, all cynomolgus
monkeys died and the survival time was 112 ± 2 h. ALF: Acute liver failure.

animal model of ALF was devised with cynomolgus
monkeys. The cynomolgus monkey is the closest evolutionary primate to humans, making it the most suitable
animal model for the preclinical evaluation of artificial
livers. Studies have shown that ALF induced by D-gal is
highly reproducible and potentially reversible[16,17]. Moreover, the histology of livers used in this model is very
similar to hepatocytes infected with hepatitis virus or
drug-induced ALF in humans[18]. Therefore, as described
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Mean Cr (μmo/L)

Fischer

200.00

100.00

Pre-HBALSS Post-HBALSS

t

Cr

0.00
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t
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t

Figure 3 Serum biochemistry. Before and after D-galactosamine injection, serum concentrations of total bilirubin (TBiL), total bile acid (TBA), ammonia, blood urea
nitrogen (BUN) and creatinine (Cr) were significantly increased, whereas Fischer indices were significantly reduced. Six hours after treatment in the acute liver failure
(ALF) group, levels of TBiL, TBA, ammonia, BUN, and Cr remained elevated, while the Fischer indices remained decreased. Additionally, in the hybrid bioartificial liver
support system (HBALSS) group, levels of TBiL, TBA, ammonia, BUN and Cr decreased significantly. aP < 0.05 vs control group.

by Terblanche et al[19], this is an ideal animal model of
ALF.
To verify the safety of HBALSS used in this study,
we monitored adverse reactions and vital signs of these
monkeys throughout the treatment period. All monkeys
tolerated the treatment well, with no serious complications, such as bleeding, clotting, allergies, or high fever.
To optimize treatment efficacy, we used human hepatic CL-1 cells, which displayed a high level of differentiation and metabolic function in our previous studies[14,20].
There are many different human liver cell lines available,
all with varied differentiation and metabolic properties[21-25]. Although CL-1 cells are derived from histologi-
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cally normal liver tissue, they display a certain degree
of tumorigenicity, though less so than in other liver cell
lines obtained from tumors. The DNA index of CL-1
cells is 1.43, indicating that they are well-differentiated,
but not normal diploid cells. These cells are immortalized, and thus able to be maintained in culture, providing
a distinct advantage to this cell line. Moreover, we previously showed that nude mice inoculated subcutaneously
with CL-1 cell debris, failed to develop tumors[20].
The new bioartificial liver examined in this study employs a double-barrier system, which uses a second subplasma technology that effectively prevents the leakage
of hepatocytes from the bioreactor into the patient. The
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Figure 4 Light microscopy of a liver biopsy. After the passing of the animal
subjects, liver tissues were prepared and stained for hematoxylin and eosin.
Hepatocytes showed diffused swelling, were sinusoidal, and became narrow
after pressure. The cytoplasm of hepatocytes appeared loose, and there were
signs of vacuolar degeneration, nuclear fragmentation and dissolution. Part of
the portal area showed a small amount of neutrophils and lymphocytes (× 200).

survival time of the animals is critical for evaluating the
efficacy of the HBALSS[26-28]. Flendrig et al[29] reported
that Academic Medical Center bioartificial liver treatment for swine acute hepatic failure, using 1.4 × 1010
porcine hepatocytes, significantly reduced blood ammonia levels and prolonged survival. In this study, none
of the monkeys died during the treatment of HBALSS,
while the survival rate after treatment was 50%. However, untreated monkeys with ALF died at 120 h, demonstrating that HBALSS treatment effectively prolongs
the survival time of animals.
ALF is mainly due to metabolic disorders resulting
from abrupt, massive necrosis of hepatocytes. Thus, an
effective and alternative artificial liver supporting system
must be able to replace the liver function for detoxification, metabolism, and synthesis. The bioartificial liver
supporting system for ALF patients is mainly dependent
on the biologic functionality of donor hepatocytes. Here,
4 × 109 human hepatocytes were seeded into the reactor;
the same cell number, viability, and function were confirmed 24 h after seeding, thus meeting the requirements
for an artificial liver. Preliminary results suggested that
the animals could not tolerate more than 6 h of treatment, which is why only 6 h of hybrid bioartificial liver
treatment was carried out. HBALSS reduced the levels
of liver enzymes, such as ALT, bilirubin and total bile
acid in the ALF animal, suggesting that the bioreactor
hepatocytes play an active role in detoxification. Further,
HBALSS treatment resulted in significant increases in
ALB levels, likely resulting from both enhanced production by the animal’s liver and secretion by bioreactor
hepatocytes. Serum ALB was filled in the bioreactor and
pipes before the experiment, also contributing to the observed elevation in levels. Therefore, HBALSS could improve the animal’s clinical levels and extend the survival
time, confirming the effectiveness of using the hybrid
bioartificial liver.
Studies have shown that the accumulation of ammonia and aromatic amino acids is closely related to he-
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patic encephalopathy[30-32]. Blood ammonia levels and the
Fischer index are two key indicators used for HBALSS
evaluation. HBALSS treatment reduced ammonia and
aromatic amino acid levels in the ALF animal, improving the Fischer index. Further, rapid reduction of blood
ammonia and elevated Fischer indices indicated that the
hepatocytes in the bioreactor could remove ammonia
and had a role in balancing amino acids.
In summary, the perfusion bioreactor seeded with
CL-1 cells cultured in RCCS, was effective as a new human cell hybrid bioartificial liver. This HBALSS significantly reduced the concentrations of serum AST, total
bilirubin, total bile acid, urea nitrogen, and creatinine,
as well as improved the Fischer index and survival time.
The results in this animal model of ALF are encouraging
and will need to be explored further in phase Ⅰ clinical
trials to assess its potential as a safe, reliable bridge treatment for ALF patients awaiting donor-organ availability.
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Abstract
AIM: To evaluate the effect of nitric oxide (NO) on the
development and degree of liver failure in an animal
model of acute hepatic failure (AHF).
METHODS: An experimental rat model of galac-
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tosamine-induced AHF was used. An inhibitor of NO
synthase, nitroarginine methyl ester, or an NO donor,
arginine, were administered at various doses prior to or
after the induction of AHF.
RESULTS: All tested groups developed AHF. Following
inhibition of the endogenous NO pathway, most liver
parameters improved, regardless of the inhibitor dose
before the induction of liver damage, and depending
on the inhibitor dose after liver damage. Prophylactic
administration of the inhibitor was more effective in improving liver function parameters than administration of
the inhibitor after liver damage. An attempt to activate
the endogenous NO pathway prior to the induction of
liver damage did not change the observed liver function
parameters. Stimulation of the endogenous NO pathway after liver damage, regardless of the NO donor
dose used, improved most liver function parameters.
CONCLUSION: The endogenous NO pathway plays
an important role in the development of experimental
galactosamine-induced AHF.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Nitric oxide; Acute hepatic failure; Nitric oxide synthase; Rat model; Galactosamine
Core tip: We investigated the role of the nitric oxide (NO)
pathway in the pathogenesis of acute hepatic failure
(AHF). The precise pathomechanism of AHF is poorly
understood. In our study, most liver function parameters improved both before and after the induction of
liver damage following inhibition of the NO pathway.
Prophylactic administration of the inhibitor was more
effective in improving liver function parameters. On the
other hand, stimulation of the NO pathway after liver
damage, regardless of the donor dose used, also improved most liver function parameters. Therefore, the
NO pathway significantly influences the development of
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experimental galactosamine-induced AHF.
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INTRODUCTION
Acute hepatic failure (AHF) is a fulminant liver disease,
which is frequently caused by toxic or infectious agents,
and has a very poor prognosis[1]. According to the classical definition, AHF clinical symptoms are associated
with rapidly progressing organ failure in patients with no
previous signs of liver disease, and the development of
encephalopathy within 4 wk of the onset of symptoms[2].
The clinical picture is dominated by jaundice, encephalopathy, hypoglycemia, hyperammonemia, metabolic
acidosis, and complications that include renal failure, bacterial infections, hemostasis disorders, and finally multiple
organ dysfunction syndrome[3]. More than 2500 new cases of AHF occur annually in the United States, and more
than 1000 patients die from this disease[4]. Paracetamol
poisoning is responsible for more than 40% of AHRrelated deaths in this population. Other causes of AHF
include seronegative hepatitis and infections with hepatotropic viruses[5]. The prognosis depends primarily on the
causative agent, patient age, and dynamics of AHF. Although significant progress has been made in liver transplantation, AHF-related mortality remains high. Approximately 30% of patients die following AHF without the
possibility of organ transplantation, and more than 25%
of patients receive a liver transplant. Among those who
receive a transplant, over 70% survive 1 year, and over
60% survive 5 years[6]. Knowledge of the pathogenesis of
AHF is poor, despite its severe course, poor prognosis,
and several decades of studies. Acute liver damage causes
hemodynamic disorders, as portal pressure increases
within a short time, splanchnic vessels dilate, and the
opening of arteriovenous anastomoses causes increased
portal venous flow, leading to hyperkinetic circulation[7].
Organ damage results in an increase in the level of many
mediators of inflammation and the induction of bacterial endotoxins, leading to the development of sepsis and
multiple organ dysfunction[8].
Nitric oxide (NO) has many biological effects on the
nervous system, as well as on immune and cardiovascular
systems[9,10]. Substrate availability and the presence of
inhibitors of NO synthesis control the biological activity
of NO. NO is obtained from the amino acid L-arginine
(L-ARG) in a reaction catalyzed by NO synthase (NOS)[11].
Thus far, 3 different isoforms of this enzyme have been
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identified: neuronal NOS (nNOS) type Ⅰ (constitutive)
in the central and peripheral nervous system, inducible
NOS (iNOS) type Ⅱ (nonconstitutive) in the cells of the
immune system, and endothelial NOS (eNOS) type Ⅲ
(constitutive) in the tunica intima of vascular walls[12,13].
The presence of both iNOS and eNOS isoforms of
NOS has been confirmed in healthy liver[14]. Studies have
shown that eNOS is uniformly distributed in hepatocytes in all parts of the lobule and in the hepatic arterial
endothelium, sinusoids, hepatic veins, and bile duct epithelium. The inducible form is predominantly found in
the hepatocytes of the periportal region of the lobule.
In patients with AHF, eNOS has been detected within
the cell nuclei of hepatocytes, particularly around areas
of necrosis. However, iNOS has been evenly distributed
in all parts of the liver in AHF, and this isoenzyme is
more active. In vitro studies have shown that NO may be
involved in processes inducing apoptosis, as well as in cell
necrosis[15]. Both types of processes can lead to damage
and the subsequent death of hepatocytes.
Some studies have confirmed the participation of
NO in liver damage and necrosis, and liver failure in
experimental models of acute hepatic ischemia or endotoxemia[16,17]. Other studies showed the opposite effect,
with NO reducing the degree of damage and necrosis
of hepatocytes during endotoxemia, decreasing the level
of inflammatory mediators, and decreasing liver damage
and mortality in AHF caused by acetaminophen or thioacetamide[18,19]. The aim of our study was to evaluate the
impact of the regulation of the endogenous NO pathway
on the development and degree of liver damage in a rat
model of AHF induced by D-galactosamine.

MATERIALS AND METHODS
Animals
The Local Bioethics Committee for experimental studies
approved the present study. Ninety six randomly selected
male Sprague-Dawley rats (body weight 200-250 g) were
obtained from the Department of Experimental Animals
of Polish Mother’s Memorial Hospital in Łódź. The animals were kept in standard group cages, fed a standard
diet, and had free access to water and food. They were
maintained under a natural day/night cycle of 12 h at a
temperature 22 ℃ ± 2 ℃ and humidity of 45%-50%.
The experiments were performed from 10.00 a.m. to 6.00
p.m. on natural moving animals in their waking time. The
studies were carried out according to the guidelines of
The Animal Scientific Procedures Act. During the course
of the experiments, the rats were placed individually in
glass metabolic cages, with free access to water and food.
Chemicals
To test the pathophysiological impact of NO in this
model of AHF, the animals were given saline; galactosamine hydrochloride (Ga1N); an NOS inhibitor, N-nitroL-arginine methyl ester (L-NAME); or an NO donor,
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Table 1 Effect of N-nitro-L-arginine methyl ester on liver function parameters in rats with acute hepatic failure
Gr. (n )
1 (8)
Sham
2 (8)
Ga1N
3 (8)
Sham L-NAME
4 (8)
L-NAME/Ga1N
5 (8)
2xL-NAME/Ga1N
6 (8)
Ga1N /L-NAME
7 (8)
G Ga1N/2xL-NAME
Gr. 2 vs Gr. 1
Gr. 3 vs Gr. 1
Gr. 4 vs Gr. 2
Gr. 5 vs Gr. 2
Gr. 6 vs Gr. 2
Gr. 7 vs Gr. 2

Bils, mg/dL

ASTs, IU/L

ALTs, IU/L

Albumins, g/dL

Ammons, µmol/L

0.40 ± 0.26

252.5 ± 149.8

56.2 ± 9.9

2.9 ± 0.1

52.8 ± 38.1

3.43 ± 1.35

1624.12 ± 692.92

2098.6 ± 886.1

2.6 ± 0.1

275.7 ± 73.7

0.28 ± 0.17

221.37 ± 150.05

82.2 ± 16.2

2.98 ± 0.11

26.9 ± 7.8

3.27 ± 0.52

1309.25 ± 349.48

1343.75 ± 451.92

2.73 ± 0.14

210 ± 48.18

2.67 ± 075

1682.25 ± 433.24

1590.12 ± 504.26

2.68 ± 0.15

193.87 ± 80.92

2.58 ± 0.46

1424.87 ± 422.99

1425 ± 475.61

2.76 ± 0.15

206.37 ± 51.11

3.1 ± 0.75
P < 0.004
P < 0.37
P < 0.77
P < 0.21
P < 0.13
P < 0.57

1691.12 ± 370.80
P < 0.0001
P < 0.70
P < 0.30
P < 0.85
P < 0.52
P < 0.82

1707.12 ± 448.87
P < 0.001
P < 0.031
P < 0.064
P < 0.064
P < 0.098
P < 0.31

2.7 ± 0.17
P < 0.001
P < 0.15
P < 0.17
P < 0.46
P < 0.12
P < 0.40

201.5 ± 42.33
P < 0.005
P < 0.089
P < 0.068
P < 0.067
P < 0.060
P < 0.036

1

The P value is significant. Biochemical parameters of the liver were evaluated 48 h after saline or Ga1N injection. Values are mean ± SE. Gr. 1: Sham; Gr. 2:
Given 1.1 g/kg Ga1N; Gr. 3: Sham L-NAME, given 100 mg/kg L-NAME; Gr. 4: Given 100 mg/kg L-NAME 48 h and 24 and before Ga1N; Gr. 5: Given 200
mg/kg L-NAME 48 h and 24 h before Ga1N; Gr. 6: Given 100 mg/kg L-NAME 24 and 48 h after Ga1N; Gr. 7: Given 200 mg/kg L-NAME 24 and 48 h after
Ga1N. Bils: Serum bilirubin; ASTs: Serum aspartate aminotransferase; ALTs: Serum alanine aminotransferase; Albumins: Serum albumin; Ammons: Serum
ammonium.

L-ARG.
Experimental protocols
The rats were divided into the 12 groups, with 8 individuals in each group: Group 1 (Sham group): received 1 ml
of 0.9% saline solution intraperitoneally (i.p.); Group 2:
Received 1.1 g/kg body weight of Ga1N (Sigma Aldrich,
Poland) i.p. as a 200 mg/ml solution in 0.9% saline;
Group 3 (Control L-NAME group): received 100 mg/
kg of L-NAME (Sigma Aldrich, Poland) i.p.; Group 4:
Received the same dose of L-NAME as Group 3 at 48 h
and 24 h before Ga1N injection; Group 5: Received 200
mg/kg (double dose) of L-NAME 48 h and 24 h before
the induction of liver injury; Group 6: Received 100 mg/
kg of L-NAME 24 h and 48 h after Ga1N intoxication;
Group 7: Received 200 mg/kg (double dose) of L-NAME
24 h and 48 h after the induction of liver injury; Group
8: Control L-ARG group: Received 150 mg/kg L-ARG
(Sigma Aldrich, Poland) i.p.; Group 9: Received the same
dose of L-ARG as Group 8 at 48 h and 24 h before
Ga1N injection; Group 10: Received 300 mg/kg L-ARG
(double dose) 48 h and 24 h before the induction of liver
damage; Group 11: Received 150 mg/kg L-ARG 24 h
and 48 h after Ga1N intoxication; Group 12: Received
300 mg/kg L-ARG (double dose) 24 h and 48 h after the
induction of liver damage.
Urine samples were collected during 24 h from the
24th to 48th hour after saline or Ga1N injection and evaluated 48 h after saline or Ga1N injection. Blood samples (6
ml) were also collected 48 h after saline or Ga1N injection from the beating hearts of deeply anesthetized animals. Biochemical parameters, except ammonium, were
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determined in serum or urine using an autoanalyzer (Integra 700, Roche, United States). Bilirubin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), and
albumin reagents were purchased from Roche, Germany.
An auto analyzer was used to determine the ammonium
concentration in plasma with an EDTA-K3 anticoagulant.
Urine osmolality was measured with an auto osmometer
(Osmometer Automatic, Knauer, Germany).
Preparation of liver and kidney sections
After exsanguination, liver and kidney tissues were collected for histopathological examination. The liver and
kidney sections were fixed in formalin, paraffin embedded, stained with hematoxylin and eosin and examined
under a light microscope.
Statistical analysis
Statistical analysis was performed using the Student t-test
and analysis of variance when multiple comparisons were
required. Where appropriate, the Mann-Whitney U test
was used to analyze nonparametric data. The limit of significance was taken as p < 0.05. All data are expressed as
mean ± SE.

RESULTS
Development of experimental AHF
Table 1 shows the liver function parameters in the experimental animals, indicating the development of AHF.
Compared with the sham group (Group 1), the administration of galactosamine at a dose of 1.1 g/kg body
weight (Group 2) resulted in severe liver damage within
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A

B

Figure 1 Histopathological image of the liver. A: Sham rats. Lack of morphological changes in the liver from sham Sprague-Dawley rats (Group 1) 48 h after saline
injection. Hematoxylin and eosin staining, light microscopy, magnification × 20; B: Test rats. Massive necrosis of hepatocytes in the liver of Sprague-Dawley rats (Group
2) 48 h after galactosamine injection. Hematoxylin and eosin staining, light microscopy, magnification × 20.

48 h, and the development of AHF, with a statistically
significant increase in the plasma levels of bilirubin (p <
0.004), AST (p < 0.0001), ALT (p < 0.001), and ammonia (p < 0.005), and a decrease in the level of albumin (p
< 0.001).
Histopathology of the liver of animals in the group
dosed with Ga1N (Group 2) showed generalized and
massive hepatocyte necrosis. No changes in histopathology were observed in the sham group (Group 1), which
received only saline, compared with Group 2 (Figure 1).
Effect of L-NAME on the development of ahf
The administration of the NO synthase inhibitor alone,
without galactosamine poisoning, had no significant
influence on liver biochemical parameters. No changes
were observed in the concentration of bilirubin, AST,
albumin, and ammonia in Group 3 compared with the
sham group (Group 1) (Table 1). The administration of
the lower dose of L-NAME before the administration
of galactosamine decreased the level of ALT (p < 0.064)
and ammonia (p < 0.068) at the border of statistical significance. The level of bilirubin and AST declined and
the concentration of albumin increased in Group 4 compared with Group 2 but the changes were not statistically
significant (Table 1). Compared with Group 4, the double
dose of L-NAME (Group 5) did not produce any further
improvement in liver function parameters, with the exception of an insignificant decrease in the levels of bilirubin and ammonia 4 (Table 1). The addition of L-NAME
in Group 4 compared with the group that received only
Ga1N (Group 2), did not significantly affect hepatocyte
necrosis in the histopathological examination.
The inhibition of the endogenous NO pathway after
the administration of galactosamine resulted in a similar
effect. Although the administration of the lower dose of
L-NAME after Ga1N intoxication decreased the levels
of AST, ALT, and ammonia, and increased serum albumin in Group 6 compared with Group 2, the findings
were not statistically significant. The level of bilirubin
decreased, but this was also not statistically significant
(Table 1) (Group 6 vs Group 2, respectively). The double
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dose of L-NAME (Group 7) did not result in any further
improvement in liver function parameters compared with
Group 2, with the exception of a significant decrease in
the level of ammonia (p < 0.036) (Table 1).
L-NAME improved liver function parameters slightly
more effectively when administered prior to than after
Ga1N intoxication, both at the lower and higher doses
of NO synthase inhibitor (Table 1) (Group 6 vs Group
4 and Group 7 vs Group 5, respectively). However, the
opposite effect was observed in the case of bilirubin and
ammonia with lower dose of L-NAME, although statistically significant differences still not observed between
individual groups.
Effect of L-ARG on the development of AHF
The administration of L-ARG alone (Group 8) did not
result in significant changes in liver biochemical parameters compared with the sham group (Group 1) (Table
2). L-ARG did not significantly alter the concentration
of bilirubin, ALT, and ammonia, and it only slightly decreased the level of albumin (p < 0.0007) and AST (p <
0.047) (Table 2). The administration of the lower dose of
L-ARG in Group 9 prior to the induction of liver damage with Ga1N did not markedly affect liver function parameters, apart from significantly decreasing the level of
ammonia (p < 0.032) (Table 2) compared with Group 2.
Similarly, the administration of twice the dose of L-ARG
did not considerably alter liver function parameters in
Group 10, with the exception of ammonia, the concentration of which significantly declined in comparison
with the sham group (Table 2). The histopathological
examination of the liver revealed that the picture of hepatocyte necrosis was unchanged in Group 9 compared
with Group 2.
The stimulation of the endogenous NO pathway
after the induction of Ga1N liver damage resulted in a
slightly different effect. Following the administration of
the lower dose of L-ARG after the application of Ga1N,
levels of bilirubin, AST, and ALT decreased, although
not significantly, and the ammonia concentration declined
significantly in Group 11 compared with Group 2 (p <
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Table 2 Effect of amino acid L-arginine on liver function parameters in rats with acute hepatic failure
Gr. (n )
1 (8)
Sham
2 (8)
Ga1N
8 (8)
Sham L-ARG
9 (8)
L-ARG/Ga1N
10 (8)
2xL-ARG/Ga1N
11 (8)
Ga1N/L-ARG
12 (8)
Ga1N/2xL-ARG
gr. 2 vs gr. 1
gr. 8 vs gr. 1
gr. 9 vs gr. 2
gr. 10 vs gr. 2
gr. 11 vs gr. 2
gr. 12 vs gr. 2

Ammons, µmol/L

Bils, mg/dL

ASTs, IU/L

ALTs, IU/L

Albumins, mg/dL

0.40 ± 0.26

252.50 ± 149.8

56.2 ± 9.9

2.9 ± 0.1

52.8 ± 38.1

3.43 ± 1.35

1624.12 ± 692.92

2098.6 ± 886.1

2.6 ± 0.1

275.7 ± 73.7

0.38 ± 0.21

126.37 ± 33.95

53.75 ± 7.37

2.67 ± 0.09

50.7 ± 46.2

2.96 ± 0.67

1484.87 ± 328.75

1546.37 ± 349.75

2.75 ± 0.1

199.12 ± 42.8

2.92 ± 0.89

1611.75 ± 334.58

1603.75 ± 364.47

2.73 ± 0.06

193.87 ± 50.49

2.86 ± 0.94

1491.87 ± 421.49

1486.25 ± 450.83

2.42 ± 0.21

195.25 ± 41.69

2.96 ± 0.98
P < 0.004
P < 0.11
P < 0.41
P < 0.41
P < 0.37
P < 0.46

1446.25 ± 219.35
P < 0.0001
P < 0.047
P < 0.63
P < 0.96
P < 0.67
P < 0.52

1435.62 ± 281.33
P < 0.001
P < 0.60
P < 0.14
P < 0.19
P < 0.12
P < 0.08

2.72 ± 0.11
P < 0.001
P < 0.0007
P < 0.09
P < 0.10
P < 0.06
P < 0.20

180.5 ± 45.80
P < 0.005
P < 0.340
P < 0.032
P < 0.029
P < 0.024
P < 0.011

Biochemical parameters of the liver were evaluated 48 h after saline or Ga1N injection. Values are mean ± SE. Gr. 1: Sham; Gr. 2: Given 1.1 g/kg Ga1N; Gr.
8: Sham L-ARG group, given 150 mg/kg L-ARG; Gr. 9: Given 150 mg/kg L-ARG 48 h and 24 h before Ga1N; Gr. 10: Given 300 mg/kg L-ARG 48 h and 24
h before Ga1N; Gr. 11: Given 150 mg/kg L-ARG 24 and 48 h after Ga1N; Gr. 12: Given 300 mg/kg L-ARG 24 and 48 h before Ga1N. Bils: Serum bilirubin;
ASTs: Serum aspartate aminotransferase; ALTs: Serum alanine aminotransferase; Albumins: Serum albumin; Ammons: Serum ammonium.

0.024) (Table 2). The double dose of L-ARG reduced the
level of AST more (though not significantly), the level
of ALT (at the border of significance), and the ammonia
concentration (p < 0.011) (Table 2) (Group 12 vs Group 2,
respectively).
L-ARG was more effective in improving liver function parameters when administered after the induction
of liver damage than prior to the induction of damage.
It was particularly effective in reducing concentrations of
AST, ALT, and ammonia when a higher dose of the NO
donor was used. However, the differences between the
groups were not significant (Table 2) (Group 11 vs Group
9 and Group 12 vs Group 10, respectively).

DISCUSSION
AHF in experimental models can be achieved by surgery, pharmacological methods, or infectious agents[20].
Surgery-induced AHF involves partial or complete hepatectomy, and partial or complete ligation of the hepatic
artery, bile ducts, or portal vein[21]. Pharmacologicallyinduced AHF produces liver damage with various agents,
such as acetaminophen, carbon tetrachloride, thioacetamide, concanavalin A, lipopolysaccharide, or galactosamine[22]. In the latter model, Ga1N administered i.p. to
experimental animals, typically at a dose of about 1 g/kg
body weight 24-48 h after poisoning, causes acute liver
damage and the development of AHF[23]. Liver damage
and failure manifest in encephalopathy, an increase in
intracranial pressure, a dramatic rise in the concentration
of bilirubin, transaminases, and ammonia, a decrease in
the concentration of albumin, prolonged prothrombin
time, and histopathologically generalized massive necrosis
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of hepatocytes.
In the present experiment, AHF developed in a typical way. Within 48 h after liver damage, the animals developed clinical and biochemical features of acute liver
damage and liver failure, indicating impairment of detoxifying, secretory, and biosynthetic functions. A number
of studies have described experimental AHF induced by
Ga1N in various animal species[23-25]. Interestingly, despite
many years of research, the exact mechanism of hepatocyte damage by Ga1N remains unclear. Furthermore, the
known mechanism of transcriptional inhibition by Ga1N
does not explain the rapid damage and the development
of AHF. One study suggested that this process involves
intestinal bacterial endotoxins, acute hepatitis, and tumor
necrosis factor (TNF)-α, which seems to play a key role
in mediating the damage to liver cells[26].
Previous studies have attempted to determine the role
of endogenous NO in the development and course of
AHF[27,28]. However, the exact mechanisms of the development of AHF, in which NO is involved, are not fully
understood[29]. One study confirmed that the synthesis
of endogenous NO in AHF is significantly increased[14].
However, other studies did not observe a similar effect,
and one showed that the synthesis of endogenous NO
may even be reduced[30,31].
In the current study, the inhibition of endogenous
NO with both doses of NOS inhibitor improved liver
function by decreasing the levels of bilirubin, AST, ALT,
and ammonia, and increasing albumin, either before or
after liver damage. The application of L-NAME prior to
Ga1N administration rather than after intoxication with
Ga1N was more effective in improving liver function
parameters. This was observed with both doses of NOS
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inhibitor.
Endogenous NO may play a role in processes that
result in damage and death of liver cells[15]. One experimental study reported increased activity, particularly of
iNOS, and consequent increased synthesis of NO[14].
Irrespective of the etiology of AHF, previous studies
found that iNOS was markedly more active than in control groups and that its activity was more pronounced in
regions bordering the space of the portal vein and the
hepatic triad structures[25,32-34]. Huang et al[35] also detected
increased eNOS activity in liver preparations of rats with
thioacetamide-induced AHF. The same study found that
the level of mRNA, as well as the expression of eNOS
protein, was elevated and that both were positively correlated with the degree of liver damage and the severity of
clinical symptoms of AHF. Therefore, it seems that inhibition of the NO pathway can have a beneficial effect.
Our study confirmed this hypothesis. Likewise, Rahman et al[34] showed hepatoprotective effects of the prophylactic administration of a selective inhibitor of iNOS,
aminoguanidine, in an experimental animal model of
AHF induced by an intraperitoneal injection of thioacetamide. In their study, aminoguanidine administered for 5
d prior to thioacetamide-induced liver damage reduced
mortality of animals and improved clinical and biochemical markers of liver failure. In our study, a less selective
inhibitor of NOS, L-NAME, which can inhibit both
iNOS and eNOS, also improved liver function parameters, both before and after galactosamine-induced liver
damage. However, there are also data suggesting an adverse effect of endogenous NO blockade on the course
and outcome of experimental AHF. According to a study
by Chu et al[36] performed in rats with thioacetamideinduced AHF, L-NAME administered intragastrically
for 2 d before and 3 d after liver damage increased the
mortality of animals and potentiated neurological and
clinical symptoms of AHF. In the same study, inhibition
of the NO pathway also increased the levels of plasma
endotoxins and TNF-α, and the increase was positively
correlated with the severity of liver damage and clinical
signs of AHF. In a similar experimental model, Chu et
al[19] showed that the selective blockade of iNOS compared with simultaneous inhibition of both isoforms of
NOS had beneficial effects on the mortality of experimental animals and all markers of liver failure. According
to these authors, eNOS played an important role in the
development of AHF and its complications, as inhibition
of iNOS alone had no effect on markers of liver damage
and failure or on mortality of the experimental animals.
On the other hand, the activation of endogenous
NO in our study did not produce substantially different
results. The administration of either a lower or higher
dose of L-ARG prior to the induction of liver damage by
Ga1N did not significantly affect liver function parameters. However, administration of both doses of L-ARG
after the application of Ga1N clearly decreased the degree of liver failure and reduced levels of bilirubin, AST,
ALT, and ammonia. L-ARG administered after the induc-
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tion of liver damage was also more effective in improving liver function parameters then when applied prior to
Ga1N, in particular, at the higher dose of the NO donor.
L-ARG is the only known substance that provides
nitrogen for the synthesis of endogenous NO by NOS[37].
Moreover, the concentration of L-ARG appears to be an
important factor controlling the speed and efficiency of
NO formation[38]. Experimental and clinical data on the
level of L-ARG in AHF are ambiguous, with increased
and decreased concentrations and no change reported[39-41].
In our study, NO activation following the induction
of liver damage improved liver function parameters. In
addition, this effect was dependent on the L-ARG dose.
Our observations are consistent with those of Fiorucci
et al[18], who reported that NO released in the liver following the administration of a specific ester of ursodeoxycholic acid, resulted in a hepatoprotective effect. The
same study showed that in acetaminophen-induced AHF
in mice, an external supply of NO reduced mortality, the
level of ALT, and apoptosis and necrosis of hepatocytes
in histopathological analysis. NO also reduced hepatic
expression of all inflammatory mediators tested, such as
TNF-α and interferon-γ, as well as mediators of apoptosis, Fas/FasL and caspases 3 and 9. In addition, the NO
donor prevented changes in mitochondrial membrane
polarization and the transfer of mitochondrial enzymes
into the cytosol, thereby inhibiting mechanisms leading
to damage and apoptosis of liver cells. Although we used
a different model of AHF and different experimental
animals, we observed a similar beneficial effect of the activation of the NO pathway on biochemical markers of
acute liver damage and failure. In another study of AHF
in rats induced by Ga1N, Kono et al[42] demonstrated that
administration of a low dose of lipopolysaccharides 24 h
before liver damage decreased mortality from 19% to 4%
and substantially reduced all studied biochemical markers of liver damage. This effect was abolished by the NO
synthase inhibitor, thus proving that the hepatoprotective
effect of lipopolysaccharides is associated with activation
of endogenous NO synthesis. Huang et al[43,44] showed
that pravastatin and simvastatin potentiate endogenous
production of NO and have hepatoprotective effects in
experimental AHF induced by thioacetamide. Both simvastatin and pravastatin administered for 2 d before and
3 d after liver damage reduced animal mortality, clinical
signs of encephalopathy, and the level of bilirubin and
transaminases. Therefore, activation of the endogenous
NO pathway not only improves biochemical markers of
liver damage but also clinical symptoms of liver function
and animal survival in the course of experimental AHF.
The experimental nature of the present study is a
limitation. Differences in the natural development and
course of liver diseases in humans and animals mean that
the findings are not directly applicable to the human population. The number of animals in each group may seem
small. However, according to current opinion, it is sufficient to obtain reliable results in experimental studies.
Although using greater numbers of animals might aid the
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statistical validity of the results, it may raise bioethical dilemmas. The importance of this study is that it provides
an assessment of the impact of endogenous NO on a
galactosamine-induced model of AHF. To the best of
our knowledge, this is the first such study in the literature.
Other studies cited in this paper investigated this issue in
other experimental models of AHF. We have confirmed
that NO plays an important role in the development of
hepatic failure in galactosamine-induced AHF, providing
further evidence that NO plays a significant role in the
pathogenesis of liver diseases in various experimental
models.
Our study showed that in the course of experimental
galactosamine-induced AHF, inhibition of the endogenous NO pathway prior to the induction of liver damage,
regardless of the dose of inhibitor used, improved some
liver function parameters, but it did not affect hepatocyte
necrosis. Inhibition of the endogenous NO pathway after
the induction of liver damage improved most liver function parameters, and this effect was correlated with the
inhibitor dose. Prophylactic administration of the NO
synthase inhibitor before liver injury was more effective
in improving parameters of liver function when compared with administration after liver damage.
In contrast, an attempt to activate the endogenous
NO pathway prior to the induction of liver damage, regardless of the dose of the NO donor, did not change
liver function parameters or hepatocyte necrosis. Stimulation of the endogenous NO pathway after liver damage
improved liver function parameters, irrespective of the
donor dose.
We conclude that the NO pathway has a significant
influence on the development and degree of experimental galactosamine-induced AHF.
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Abstract
AIM: To investigate the redox dependency and promotion of downstream targets in thyroid hormone (T3)induced AMP-activated protein kinase (AMPK) signaling
as cellular energy sensor to limit metabolic stresses in
the liver.
METHODS: Fed male Sprague-Dawley rats were given
a single ip dose of 0.1 mg T3/kg or T3 vehicle (NaOH
0.1 N; controls) and studied at 8 or 24 h after treatment. Separate groups of animals received 500 mg
N-acetylcysteine (NAC)/kg or saline ip 30 min prior T3.
Measurements included plasma and liver 8-isoprostane
and serum β-hydroxybutyrate levels (ELISA), hepatic
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levels of mRNAs (qPCR), proteins (Western blot), and
phosphorylated AMPK (ELISA).
RESULTS: T3 upregulates AMPK signaling, including
2+
the upstream kinases Ca -calmodulin-dependent protein kinase kinase-β and transforming growth factorβ-activated kinase-1, with T3-induced reactive oxygen
species having a causal role due to its suppression by
pretreatment with the antioxidant NAC. Accordingly,
AMPK targets acetyl-CoA carboxylase and cyclic AMP
response element binding protein are phosphorylated,
with the concomitant carnitine palmitoyltransferase-1α
(CPT-1α) activation and higher expression of peroxisome proliferator-activated receptor-γ co-activator1α and that of the fatty acid oxidation (FAO)-related
enzymes CPT-1α, acyl-CoA oxidase 1, and acylCoA thioesterase 2. Under these conditions, T 3 induced a significant increase in the serum levels of
β-hydroxybutyrate, a surrogate marker for hepatic FAO.
CONCLUSION: T3 administration activates liver AMPK
signaling in a redox-dependent manner, leading to FAO
enhancement as evidenced by the consequent ketogenic response, which may constitute a key molecular
mechanism regulating energy dynamics to support T3
preconditioning against ischemia-reperfusion injury.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver; Thyroid hormone; N-acetylcysteine;
AMP-activated protein kinase; Fatty acid oxidation
Core tip: This work investigated the redox dependency and promotion of downstream targets in thyroid
hormone (T3)-induced AMP-activated protein kinase
(AMPK) signaling. T3 upregulates AMPK with T3-induced
reactive oxygen species having a causal role due to
its suppression by pretreatment with the antioxidant
NAC. Accordingly, AMPK targets acetyl-CoA carboxylase and cyclic AMP response element binding protein
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are phosphorylated, with the concomitant carnitine
palmitoyltransferase-1α activation and higher expression of peroxisome proliferator-activated receptor-γ coactivator-1α and that of the fatty acid oxidation (FAO)related enzymes. This lead to enhancement in the
serum levels of β-hydroxybutyrate, a surrogate marker
for hepatic FAO, which represent a key molecular
mechanism regulating energy dynamics to limit metabolic stresses.
Videla LA, Fernández V, Cornejo P, Vargas R, Morales P, Ceballo
J, Fischer A, Escudero N, Escobar O. T3-induced liver AMPactivated protein kinase signaling: Redox dependency and upregulation of downstream targets. World J Gastroenterol 2014;
20(46): 17416-17425 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i46/17416.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i46.17416

INTRODUCTION
Genomic[1] and nongenomic[2] mechanisms underlying
thyroid hormone action are responsible for cellular responses such as O2 consumption of most tissues and the
metabolic rate of individuals. The liver, a target organ
for L-3,3,5-triiodothyronine (T3) calorigenesis, exhibits
a concomitant enhancement in reactive oxygen species (ROS) production, which is due to acceleration of
mitochondrial respiration and activation of other ROSgenerating systems[3]. Under these conditions, activation
of redox-sensitive transcription factors nuclear factorκB, activating protein-1, signal transducer and activator
of transcription-3, and nuclear factor (erythroid-derived
2)-like 2 is achieved, with promotion of cell proliferation
and the expression of cytoprotective proteins including
antioxidant, anti-apoptotic, and acute-phase proteins,
phase-Ⅱ detoxification enzymes, and phase-Ⅲ transporters[3,4]. Thus, in vivo T3 administration re-establishes
redox homeostasis, promotes cell survival, and protects
the liver against ischemia-reperfusion injury (IRI), which
constitute the basis for T3 liver preconditioning[5,6] and an
important issue in post-stress recovery and repair[7].
Organ preconditioning (PC) refers to the development of an increased tolerance to noxious stimuli such
IRI due to previous maneuvers triggering beneficial molecular and functional changes. In the liver, numerous experimental PC and post-conditioning strategies have been
proposed, however, difficulties with gene therapy and
pharmacological maneuvers have hindered their transfer
to clinical practice, whereas those based on surgical approaches are limited or controversial[8]. In this respect, the
T3 PC strategy has potential clinical application, considering that T3 is a widely employed and well-tolerated therapeutic agent whose side effects are readily controlled,
and that its mechanisms of PC action are beginning to
be understood[3,5,6]. Among these, AMP-activated protein
kinase (AMPK) may constitute the metabolic basis of T3
liver PC, as effective PC involves high ATP demands to
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power the expression of numerous protective proteins,
oxidized biomolecules repair (phospholipids, DNA) or
resynthesis (proteins), and hepatocyte and Kupffer-cell
proliferation, in addition to energy requirements needed
for normal hepatic metabolic, secretory, and excretory
functions[9-11]. AMPK is considered a key energy sensor
able to limit anabolic pathways, to reduce ATP consumption, and to facilitate catabolic pathways, to increase
ATP production[9]. In the present study, we show that
T3 administration to rats significantly enhances liver (1)
AMPK signaling in a redox-sensitive manner; (2) the
phosphorylation of downstream AMPK targets; and (3)
the expression of components associated with fatty acid
(FA) oxidation (FAO), leading to a ketogenic response.

MATERIALS AND METHODS
Animal treatments
Male Sprague Dawley rats (Animal facility of the Institute
of Biomedical Sciences, Faculty of Medicine, University
of Chile) weighing 180-200 g were housed on a 12-hour
light/dark cycle and were provided with rat chow and water ad libitum. Animals received a single intraperitoneal (ip),
dose of 0.1 mg T3/kg body weight or equivalent volumes
of hormone vehicle (0.1 mol/L NaOH, controls) at time
zero and studies were done after 24 h of treatment. Studies with N-acetylcysteine (NAC) were carried out in the
above described groups receiving either 0.5 g/kg or saline
(controls) ip, 0.5 h before T3 administration, and studies
were performed at 8 or 24 h after treatment in four experimental groups, namely, (1) controls; (2) T3; (3) NAC;
and (4) NAC + T3. T3-induced calorigenesis was assessed
by the rectal temperature of the animals by means of a
thermocouple (Cole-Palmer Instrument Co., Chicago,
IL). Blood samples to measure 8-isoprostanes in plasma
and β-hydroxybutyrate in serum were obtained by cardiac
puncture in rats anesthetized (1 mL/kg) with zolazepan
chlorhydrate (25 mg/mL) and tiletamine chlodrihydrate
(25 mg/mL) ip (Zoletil 50; Virbac S/A, Carros, France),
and liver samples were taken, frozen in liquid nitrogen,
and kept at -80 ℃ for measurements of mRNA and protein expression. All experiments and animal procedures
were performed in accordance with the Guide for the
Care and Use of Laboratory Animals (National Academy
of Sciences, NIH Publication 6-23, revised 1985) and
were approved by the Bioethics Committee for Research
in Animals, Faculty of Medicine, University of Chile
(Protocol CBA 0381 FMUCH).
8-isoprostanes and β -hydroxybutyrate levels
Liver and plasma 8-isoprostane levels were measured in
samples frozen in liquid nitrogen and kept at -80 ℃, using a commercial kit (ELISA; Cayman Chemical Co., Ann
Arbor, MI, United States) according to the manufacturer’s
instructions at 405-420 nm. Results were calculated from
a standard curve and expressed as ng/g of liver or pg/mL
of plasma, respectively. Serum β-hydroxybutyrate levels
were assayed in samples frozen in liquid nitrogen and

17417

December 14, 2014|Volume 20|Issue 46|

Videla LA et al . T3-induced liver AMPK signaling
Table 1 Primers for SYBR green based qRT-PCR assays
mRNA
Rat ACCα
Rat ACCβ
Rat ACOT2
Rat ACOX1
Rat AMPK
Rat β-actin
Rat CaMKKβ
Rat CPT-1α
Rat CREB
Rat PGC-1α
Rat RPS23
Rat TAK1

Forward primer

Reverse primer

GAC GTT CGC CAT AAC CAA GT
CCT GTA GAT GCC AGT CAG CA
TCA GGA TGA CCA CAACTG GA
CTG ATG AAA TAC GCC CAG GT
TTT GCC TAG AAT CCC CAC AG
AGC CAT GTA CGT AGC CAT CC
GGA TTG TGG TGC CTG AAA TC
CAG CTC GCA CAT TAC AAG GA
TCA GCC GGG TAC TAC CAT TC
TCC ACA GAT TCA AGC CAG TG
GTA GGG GTT GAA GCC AAA CA
AAC AAG TCC CTG CCA CAA AC

CTG CAG GTT CTC AAT GCA AA
AGT TCT GGG GAG GAA CAG GT
ATG TTA GAC CCC ACC AGG AG
GGT CCC ATA CGT CAG CTT GT
TAA GGA GCC CAG AAA ACA GC
CTC TCA GCT GTG GTG GTG AA
AGG CTG GGA ATG TGT TTG AC
TGC ACA AAG TTG CAG GAC TC
CCT CTC TCT TTC GTG CTG CT
TGA CCG AAG TGC TTG TTC AG
CAC CTT AAA GCG GAC TCC AG
CAT CCT CTT GCC CTC AGA AG

Sequences are listed in the 5’ → 3’ direction. ACCα(β): Acetyl-CoA carboxylase α and β; ACOT2: Acyl-CoA thioesterase; ACOX1: acyl-CoA oxidase 1;
AMPK: AMP-activated protein kinase; CaMKKβ: Ca2+-Calmodulin-dependent protein kinase kinase-β; CPT-1α: Carnitine palmitoyltransferase-1α; CREB:
cAMP-response element-binding protein; PGC-1α: Peroxisome proliferator-activated receptor-γ coactivator-1α; RPS23: Ribosomal protein S23; TAK1:
Transforming growth factor-β-activated kinase-1.

kept at -80 ℃, using a commercial kit (ELISA; BioVision
Incorporated, CA, United States) according to the manufacturer’s instructions at 450 nm. Results were calculated
from a standard curve and expressed in μmol/L units.
RNA isolation and cDNA synthesis
Total RNA was isolated using RNeasy® Lipid Tissue Mini
Kit (QUIAGEN Sciences, Maryland, United States) according to the manufacturer’s instructions. cDNA was
synthesized using ThermoScriptTM RT-PCR System (Life
Technologies Corporation, Carlsbad, California, United
States) according to the manufacturer’s instructions.
Real-time quantitative PCR for AMPK, CaMKKβ , TAK1,
ACC-α(β ), CREB, PGC-1α , CTP-1α , ACOX1, and ACOT2
Real-time quantitative PCR was carried out in a Stratagene Mx3005P (Agilent Technologies, California, United
States) using Brilliant Ⅱ SYBR Green QPCR Master Mix
(Agilent Technologies, California, United States) following the manufacturer’s protocols. Gene specific primer
sequences used are shown in Table 1. Primers were optimized to yield 95%-100% reaction efficiency with PCR
products run on agarose gel to verify the correct amplification length. Melt curve analyses verified the formation
of a single desired PCR product in each PCR reaction.
The expression levels of each sample were normalized
against RPS23 and β-actin (internal controls). The relative
expression levels were calculated using the comparative
CT method (ΔΔCT) and values were normalized to RPS23
level or β-actin level as internal control genes.
Western Blot Analysis for CaMKKβ , TAK1 and pTAK1,
ACC and pACC, CREB and pCREB, CPT-1α, ACOX1, and
ACOT2
Liver samples (100-500 mg) frozen in liquid nitrogen
were homogenized and suspended in 1.5 mL of a buffer solution (pH 7.9), containing 10 mmol/L Hepes, 1
mmol/L EDTA, 0.6% NP-40, 150 mmol/L NaCl, 0.5
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mmol/L PMSF, protease inhibitors (1 µg/mL aprotinin,
1 µg/mL leupeptin) and fosfatase inhibitor (1 mmol/L
orthovanadate) followed by centrifugation (3000 g for
5 min). Cytosolic soluble protein fractions (70 µg) were
separated on 12% polyacrylamide gels using sodium
dodecyl sulfatepolyacrylamide gel electrophoresis (SDSPAGE)[12] and transferred to nitrocellulose membranes[13],
which were blocked for 1 h at room temperature with
Tris buffer saline (TBS) containing 5% bovine serum
albumin. The blots were washed with TBS containing
0.5% Tween 20 and hybridized with rabbit polyclonal primary antibodies for CaMKKβ, TAK1, pTAK1, pACC,
and CPT-1α (1:1000; ABcam, Cambridge, MA, United
States), PGC1-α, ACC, α-tubulin, and lamin A/C (1:1000;
Cell Signalling Technology, Inc, MA, United States),
pCREB and CREB (1:1000; EMD Millipore Corporation,
Billerica, MA, United States); acyl-coenzyme A thioesterase 2 (ACOT2) and acyl-coenzyme A oxidase 1 (ACOX1)
(1:1000, Santa Cruz Biotechnology, Inc, Santa Cruz, CA,
United States). In all determinations, rabbit monoclonal
antibody for anti-α-tubulin was used as internal control
and anti-lamin A/C was employed as control for purity.
After extensive washing, the antigen-antibody complexes
were detected using horseradish peroxidase goat antirabbit IgG or goat anti-mouse IgG and SuperSignal West
Pico Chemiluminescence kit detection system (Pierce,
Rockford, IL, United States). Bands were quantified by
densitometry using Gel Documentation System Biosens
SC-750 (Shanghai Bio-Tech Co., Ltd., China). Results are
expressed as relative units (individual protein/α-tubulin),
with further normalization by the average values obtained
in the control groups.
AMPKα [pT172] ELISA kit
AMPK α [pT172] concentration was determined by
AMPKα [pT172] ELISA kit (Invitrogen Corporation,
CA, United States) according to the manufacturer’s instructions and read the plate at a wavelength at 450 nm.
Results were calculated from a standard curve.
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Statistical analysis
Data showing Gaussian distribution according to the
Kolmogorov-Smirnov test are expressed as means ±
SEM for the number of separate experiments indicated.
As required, one-way ANOVA analysis of variance
and the Newman-Keuls test or the Student,s t-test for
unpaired data assessed the statistical significance (P <
0.05) of differences between mean values. To analyze
the association between different variables, the Pearson
correlation coefficient was used. All statistical analyses
were computed employing GraphPad PrismTM version 2.0
(GraphPad Software, Inc., San Diego, CA, United States).

RESULTS
Liver AMPK upregulation by T3 administration is redoxsensitive
The administration of a single dose of T3 to fed rats
elicited a calorigenic response, with (1) increases in the
rectal temperature of the animals (8 h after treatment,
controls, 36.5 ± 0.04 (n = 4) ℃; T3-treated rats, 38.0 ±
0.2 (n = 5); P < 0.05; 24 h after treatment, controls, 36.3
± 0.06 (n = 13); T3-treated rats, 37.7 ± 0.17 (n = 13); P <
0.05); and (2) the associated development of liver oxidative stress as evidenced by increases in O2 consumption
in the time range of 2-24 h[14], with enhanced protein
carbonylation at 12 h and glutathione depletion at 24 h
after T3[5], and higher levels of 8-isoprostanes in plasma
(112% higher) and liver (41% higher) over control values
at 24 h (Figure 1A). The enhancement in 8-isoprostane
levels as index related of oxidative stress was suppressed
by 0.5 g of NAC/kg given 0.5 h before T3 (Figure 1A).
Under these conditions, NAC treatment did not modify
the mRNA expression of AMPK (Figure 1B) or that of
the upstream kinases Ca2+-calmodulin-dependent protein
kinase kinase-β (CaMKKβ) (Figure 1C) and transforming
growth factor-β-activated kinase-1 (TAK1) (Figure 1D),
or the protein levels of CaMKKβ (Figure 1E). TAK1 activation by phosphorylation was significantly increased by
NAC over controls (Figure 1F). Consistent with a previous report showing liver T3-induced AMPK upregulation
in the period of 8-36 h after treatment[15], the enhancement in AMPK activation observed at 24 h was abolished
by NAC (Figure 1B). Furthermore, early (8 h) CaMKKβ
upregulation (Figure 1C and E) and late (24 h) enhancement in TAK1 mRNA expression and phosphorylation
(Figure 1D and F) induced by T3 were either suppressed
or significantly diminished by NAC pretreatment.
Liver AMPK phosphorylation targets are enhanced by T3
administration
T3-induced liver AMPK upregulation (Figure 1B and 2A)
was found to trigger two major downstream signaling
pathways, namely, acetyl-CoA carboxylase α and β (ACCα
and ACCβ) and cyclic AMP response element binding
protein (CREB), either through mRNA expression or
protein phosphorylation (Figure 2C and D), parameters
that were significantly correlated (Figure 2E). These

WJG|www.wjgnet.com

changes occurred with the concomitant increase in the
mRNA expression of hepatic peroxisome proliferatoractivated receptor (PPAR)-γ co-activator-1α (PGC-1α)
(Figure 2B).
Liver AMPK-dependent metabolically operative targets
are increased by T3 administration
T3 administration enhanced hepatic mRNA expression
of PGC-1α over control values by 2.15-fold, which correlated with the 37% increase in CPT-1α protein content
(Figure 3A) (r = 0.86; P < 0.02). Under these conditions,
PGC-1α upregulation by T3 was associated with increased
expression of the FAO-related enzymes ACOX1) (Figure 3B and ACOT2 (Figure 3C), both at transcriptional
and translational levels, with 72% enhancement in serum
β-hydroxybutyrate levels over control values (Figure 3D).

DISCUSSION
Data presented indicate that T3-induced liver AMPK
upregulation is accomplished through enhancement in
AMPK transcription and AMPK phosphorylation associated with early CaMKKβ and late TAK1 activation,
as upstream AMPK kinases[9], mechanisms subjected to
redox signaling due to their abrogation by the ROS suppressive action of NAC. The NAC protocol used results
in significant circulating levels of the antioxidant [16],
which decline within 24 h due to the elimination half-life
of 1-4.3 h[17], an agent having a potent antioxidant activity
due to its direct ROS scavenging action and the stimulation of hepatocellular glutathione synthesis[18]. Although
NAC did not alter the mRNA expression of CaMKKβ,
TAK1, and AMPK, TAK1 phosphorylation was significantly increased, an effect that could be ascribed to the
maintenance of relevant sulfhydryl groups in proteins
in the reduced state[19], which may lead to modifications
of signal transduction pathways by favoring the phosphorylation process. In agreement with the causal role
of ROS in AMPK upregulation induced by T3, ROS trigger cellular AMPK activation under different conditions
including (1) in vitro hydrogen peroxide (H2O2) addition
to cell cultures[20-23]; (2) in vitro and in vivo conditions underlying ROS production in hepatocytes, heart, or skeletal muscle[24-26]; and (3) ROS generation associated with
chain reactions induced by polyphenols[27]. In this respect,
H2O2 is considered as a major ROS able to achieve redox
signaling that can be achieved by reversible oxidation
of cysteine residues in signaling proteins into cysteinesulfenate derivatives, glutathionylation, or intramolecular
disulfide formation[28], H2O2 being significantly enhanced
in hyperthyroid state[3].
Upregulation of liver AMPK by T3, as evidenced by
the increase in hepatic AMPK mRNA levels, is in agreement with the observed higher Thr172-phosphorylated
AMPK levels, which in turn correlate with the activation
of CaMKKβ and TAK1 as upstream kinases. These data
suggest that T3 substantially enhances the phosphorylating potential of hepatic AMPK, considering the higher
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Figure 2 T3-induced changes in liver direct AMP-activated protein kinase targets. A: pAMPK levels; B: PGC-1α mRNA content; C: Contents of ACC-α mRNA
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transcriptional activity of the AMPK gene and the activation of the enzyme by both phosphorylation (Figure 2A)
and by the concomitant increase in the hepatocellular
AMP/ATP ratio previously observed[15]. Phosphoryla-
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tion of hepatic ACC by activated AMPK is known to
result in ACC inhibition, with a substantial diminution in
the levels of malonyl-CoA, the potent allosteric inhibitor of CPT-1α that favors the entry of acyl-CoAs into
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mitochondria thus enhancing the FAO potential of the
liver[9,29]. In addition to ACC, T3-induced AMPK activation is associated with increased CREB mRNA expression and CREB phosphorylation, a transcription factor
that is central to diverse cellular responses including those
related to T3 signaling. In fact, after inducing the dissociation of the repression complex, T3 stimulates the recruitment of several nuclear co-activators including CREBbinding protein (CBP/p300), which facilitates T3/thyroid
hormone receptor-dependent transcription activation[30].
This is accomplished by AMPK-dependent CREB phosphorylation at Ser133[31], which is known to increase its
association with co-activator CBP/p300[32]. Interestingly,
T3 administration significantly increased the mRNA expression of hepatic PGC-1α, which co-activates several
transcription factors associated with mitochondrial biogenesis that may also enhance the capacity of the cell for
FAO[29]. Furthermore, activated AMPK is able to elicit
PGC-1α activation by direct phosphorylation[33], whereas
control of PGC-1α transcription is partially mediated
by CREB[29]. Taken as a whole, these data suggest that
T3 triggers liver AMPK upregulation confronting FAO,
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which appears to be associated with (1) phosphorylation
of its target enzyme ACC; and (2) phosphorylation and
transcriptional regulation of CREB and PGC-1α, signaling components that may undergo reinforcing mechanisms.
Transcriptional activation of nuclear receptor target
genes is known to be triggered by co-activator molecules.
These include PGC-1α that upon activation coordinates
induction of hepatic FA oxidation via co-activation of
transcription factors PPAR-α, nuclear respiratory factors
1 and 2, and estrogen receptor-related-α[34]. Accordingly,
PGC-1α plays a role in the transduction of the T3 stimulus to the transcriptional regulation of genes involved in
liver energy metabolism, as proposed for cold exposure
or fasting[35]. Thus, T3-induced liver AMPK signaling
may involve CREB-CBP/p300 interaction with PGC-1α
upregulation leading to the PPAR-α-dependent expression of FAO-related enzymes (Figue 4). These include (1)
CPT-1α facilitating the entry of FAs into mitochondria
for FAO; (2) ACOX1, a peroxisomal enzyme catalyzing
the FAD-dependent desaturation of long-chain acylcoenzyme A derivatives; and (3) ACOT2, a mitochondrial
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phorylation, with CPT-1α activation, and CREB phosphorylation, with enhanced expression of co-activator
PGC-1α and that of the FAO-related enzymes CPT-1α,
ACOX1, and ACOT2 (Figure 4). Enhancement in FAOrelated energy metabolism by T3 is in accordance with the
enhanced liver ATP turnover reported[15,38], which may
comply with high-energy requiring processes such as liver
PC[5,6]. In agreement with this contention, T3 was recently
shown to stimulate hepatic FAO coupled with the induction of autophagy, a stress-related process degrading
cellular components to produce FAs to generate ATP
or amino acids to synthesize proteins for cell survival[39].
Thyroid hormone PC is not restricted to the liver, considering that protective effects against IRI are also observed
in the heart[40,41], kidney[42,43], and brain[44]. In addition to
ischemia-reperfusion injury, thyroid hormones have a
critical role in the repair in several tissues subjected to
other types of injury, namely, mechanical injury, nerve
transection, chemotherapy-induced toxicity, hyperoxia
injury, serum starvation, or wound[7].

Liver QO2
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ROS
TAK1
(Late response)
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FA β-oxidation

COMMENTS
COMMENTS
Background

Ketogenic response

Figure 4 Schematic representation of T3 signaling related to AMPK upregulation and consequent fatty acid oxidation enhancement. ACC: AcetylCoA carboxylase; ACOT2: acyl-CoA thioesterase 2; ACOX1: acyl-CoA oxidase
1; AMPK: AMP-activated protein kinase; CaMKKβ: Ca2+-calmodulin-dependent
protein kinase kinase-β; CBP/p300: CREB-binding protein; CPT-1α: Carnitine
palmitolytransferase-1α; CREB: cAMP-response element-binding protein; FA:
Fatty acid; PGT-1α: Peroxisome proliferator-activated receptor-γ coactivator1α; QO2: Rate of oxygen consumption; ROS: Reactive oxygen species; TAK1:
Transforming growth factor-β-activated kinase-1.

enzyme hydrolyzing acyl-coenzyme A thioesters to release free coenzyme A for FAO[9,36,37] (Figure 4). In agreement with this proposal, T3 administration resulted in a
significant 72% enhancement in serum β-hydroxybutyrate
levels over control values, a liver-derived ketone body that
is considered a surrogate marker for hepatic FAO[9].
In conclusion, data presented indicate that T3-induced
ROS production, revealed by higher 8-isoprostane levels
in liver and plasma, have a causal role in upregulating rat
liver AMPK signaling, resulting in FAO enhancement to
support energy-demanding processes such as T3-PC or
tissue repair[5-7] (Figure 4). This is evidenced by suppression of T3-induced hepatic AMPK mRNA levels and
those of the upstream kinases CaMKKβ and TAK1, as
well as their protein expression, by pretreatment with the
antioxidant NAC previous to T3, findings that agree with
higher pAMPK levels observed over control values. In
addition, the higher AMPK phosphorylation potential
elicited by T3 is associated with enhancement in hepatic
pACC/ACC and pCREB/CREB ratios as direct targets
of activated AMPK (Figure 4). The latter changes induced by T3 trigger FAO as assessed by the consequent
ketogenic response, which may involve both ACC phos-
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Liver preconditioning (PC) increases the tolerance to noxious stimuli such as
ischemia-reperfusion injury due to previous maneuvers triggering beneficial
changes, as shown for thyroid hormone (T3) administration.

Research frontiers

T3 liver PC involves promotion of cell proliferation and the expression of cytoprotective proteins including antioxidant, anti-apoptotic, and acute-phase
proteins, phase-Ⅱ detoxification enzymes, and phase-Ⅲ transporters. In this
research article, the authors addressed the study of AMP-activated protein
kinase (AMPK) signaling as the metabolic basis for T3 liver PC providing energy
to power cytoprotective mechanisms.

Innovations and breakthroughs

T3 administration to rats upregulates liver AMPK in a redox-dependent manner, as evidenced by its abrogation by pretreatment with the antioxidant
N-acetylcysteine prior to T3. The resulting AMPK activation is associated with
phosphorylation of downstream targets leading to fatty acid oxidation enhancement, as shown by the increased ketogenic response, representing a molecular
mechanism regulating energy dynamics.

Applications

Numerous experimental liver PC strategies have not been transfered to clinical
practice due to major drawbacks and conflicting results. In this context, T3 liver
PC has potential clinical application as it is a well-tolerated therapeutic agent
whose side effects are readily controlled.

Terminology

AMPK is considered a key energy sensor able to limit anabolic pathways, to
diminish ATP consumption, and to facilitate catabolic pathways, to increase ATP
production, thus limiting metabolic stresses in the liver.

Peer review

This is a detailed report on the mechanisms of T3 in mediating AMPK signaling.
The authors covered a range of early and late kinases in detail and showed that
T3 mediates AMPK signaling in a redox dependent manner.
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p53 expression and the reduction of Bcl-2 expression.
CONCLUSION: The cytotoxicity of lobaplatin may be
due to its ability of inducing apoptosis of gastric cancer
cells, which would support the potential use of lobaplatin for the therapy of gastric cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Lobaplatin; Apoptosis
Core tip: Gastric cancer is one of the common malignancies and the main cause of death. Although cisplatin had become a primary therapeutic drug in advanced
gastric cancer, drug resistance was the leading cause
of treatment failure. To find an effective treatment is
particularly urgent and important. Lobaplatin has been
investigated in patients with advanced solid tumors, yet
it has not been comprehensively studied in gastric cancer cells. In this study, we found the cytotoxicity and
the apoptosis promoting effect of lobaplatin, which can
provide a new basis for its clinical application in gastric
cancer.

Abstract
AIM: To assess the anti-cancer effect of lobaplatin on
human gastric cancer cells, and to explore the underlying molecular mechanisms.
METHODS: The human gastric cancer cell lines MKN-28,
AGS and MKN-45 were used. The cytotoxicity of lobaplatin was detected using an MTS cell proliferation assay.
Flow cytometry was used to detect cell apoptosis using
Annexin V-FITC Apoptosis Detection Kit. The expression
of apoptosis-regulated genes was examined at the protein level using Western blot.
RESULTS: Lobaplatin inhibited the proliferation of human gastric cancer cells and induced apoptosis, which
may be associated with the up-regulation of Bax expression, poly(ADP-ribose) polymerase (PARP) cleavage,
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INTRODUCTION
Gastric cancer is one of the common malignancies and
the main cause of death in the world. Chemotherapy
is a primary method in the therapy of advanced gastric
cancer. An increased understanding of the carcinogenesis
processes and the response scheme of gastric cancer can
contribute to progress in the treatment of gastric cancer.
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Research of anticancer drugs has been conducted due to
the success of cisplatin. Forty years after the discovery of
the biological activity of cisplatin for the first time, oxaliplatin and carboplatin as routine medications are widely
used in clinical practice today, while nedaplatin, heptaplatin and lobaplatin have only been authorized respectively
in Japan, South Korea and China[1].
Lobaplatin is a representative of the third generation
platinum drugs. It has been investigated in patients with
advanced solid tumors, including relapsed ovarian cancer,
canine appendicular osteosarcoma and hepatocellular
carcinoma[2-5]. However, there are few reports about lobaplatin in the treatment of gastric cancer, and its mechanism of action has not been clearly understood[6]. The
experiments in this study were performed to enhance our
understanding of the pharmacological effects of lobaplatin in human gastric cancer. In this study, we found that
lobaplatin was most cytotoxic in human gastric cancer
cells with poor differentiation state and that lobaplatin
induced apoptosis of human gastric cancer cells.

MATERIALS AND METHODS
Compounds and reagents
Lobaplatin was purchased from Hainan Chang’an International Pharmaceutical Co., Ltd (Hainan, China). The
antibodies against poly(ADP-ribose) polymerase (PARP),
p53, Bcl-2 (100), Bax (N-20), β-actin, and the secondary
antibodies (horseradish peroxidase–linked anti-rabbit immunoglobulin G, anti-mouse immunoglobulin G, and antigoat immunoglobulin G) were purchased from Santa Cruz
Biotechnology (CA, United States). The other materials
were sourced as follows: Dulbecco’s modified Eagle’s
medium (DMEM), RPMI 1640, penicillin and streptomycin (×100), fetal bovine serum (FBS), trypsin-EDTA
and dimethyl-sulfoxide (Gibco); CellTiter 96 AQueous
One Solution Cell Proliferation Assay (MTS) (Promega,
United States); Tween 20 (Promega); Annexin V-FITC
Apoptosis Detection Kit (BioVision); Protein Assay Kit
(Bio-Rad); ECL Plus Western Blotting Detection System
(Pierce). All of the other reagents used are widely available commercially.
Cell culture
The human gastric cancer cell lines MKN-45 (poorly differentiated) and AGS (moderately differentiated) were
cultured in RPMI 1640 supplemented with 10% FBS,
100 U/ml penicillin, and 100 μg/ml streptomycin, and
maintained in an incubator with a humidified atmosphere
of 5% CO2 at 37 ℃. The MKN-28 (well-differentiated)
cell line was cultured in DMEM supplemented with 10%
FBS, 100 U/ml penicillin, and 100 μg/ml streptomycin,
and maintained in an incubator with a humidified atmosphere of 5% CO2 at 37 ℃.
Cell proliferation assay
Cell proliferation assay was carried out according to the
protocol for the MTS assay supplied by the manufacturer
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(Promega). In brief, 24 h after seeding, cells were exposed
to lobaplatin of different concentrations (0, 1, 5, 10 and
25 μg/ml). After incubation for 24, 48 or 72 h, 10 μl
of the MTS solution was added to each well, and then
cultures were continued to incubate for 2 h at 37 ℃. The
absorbance was read at 450 nm on a microplate reader
(Tecan Infinite F200, Switzerland), and the inhibitory rate
was calculated as [1 - (ODtreated/ODcontrol) × 100%].
Cell apoptosis analysis
Lobaplatin-induced apoptosis in AGS, MKN-28 and
MKN-45 cells was determined by flow cytometry using
the Annexin V-FITC Apoptosis Detection Kit. Simple
steps were as follows. 3 × 105 cells were plated and
treated for 24 h with lobaplatin (0, 1, 5, and 10 μg/ml
in MKN-45 and AGS, and 0, 25, 50, and 100 μg/ml in
MKN-28). And then, cells were harvested, washed twice
in PBS, and incubated with Annexin V and propidium iodide for 10 min at room temperature in the dark. Finally,
the gastric cancer cells were analyzed with the FACSAria
Flow Cytometer.
Western blot analysis
Briefly, 3 × 105 cells were cultured in 6-well plates and
processed with lobaplatin of different concentrations (0,
2.5, 5, and 10 μg/ml in MKN-45 and AGS, and 0, 10,
25, and 50 μg/ml in MKN-28) for 24 h. The cultured
cells were trypsinized, washed with PBS, and then re-suspended in lysis buffer at 4 ℃. The lysates were denatured
in loading buffer at 99 ℃ for 10 min. Proteins were transferred onto a PVDF membrane after being separated using SDS-PAGE gel electrophoresis. The membrane was
incubated with the primary antibody at 4 ℃ overnight.
After being blocked in blocking buffer with 5% nonfat
milk [20 mmol/L TBS (pH 7.5) containing 0.1% Tween
20], the membrane was incubated at 37 ℃ with the appropriate horseradish peroxidase-conjugated secondary
antibody. The reactive bands were visualized using the
ECL Plus Western Blotting Detection System. The level
of β-actin was used as a loading control in each sample.
Statistical analysis
Numerical data are expressed as mean ± SD. The statistical significance was determined using a two-tailed Student’s t-test between different groups. A P-value < 0.05
was defined as statistical significance.

RESULTS
Cytotoxicity of lobaplatin in gastric cancer cells
Antitumor activity of lobaplatin was evaluated by cell
proliferation MTS assay after 24, 48, and 72 h of treatment (Figure 1) in AGS, MKN-28, and MKN-45 cells.
Lobaplatin inhibited the proliferation of these three human gastric cancer cell lines in a dose-dependent manner, and the IC50 values were 6.11 ± 1.44 μg/ml (AGS),
16.10 ± 0.81 μg/ml (MKN-28), and 1.78 ± 0.16 μg/ml
(MKN-45), respectively. As revealed by the IC50 values,
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0.01), and 35.4% in 100 μg/ml (P < 0.01)] (Figure 2A).
When the AGS and MKN-45 cells were exposed to lobaplatin for 24 h, similar effects were obtained (Figure 2B,
C). These results suggest that lobaplatin can effectively
induce apoptosis in three gastric cancer cell lines despite
their different differentiation states.
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Lobaplatin induced expression of apoptosis-related
proteins
Bcl-2 family proteins are critical regulatory factors in response to apoptosis. The expression changes of Bax and
Bcl-2 were analyzed in gastric cancer cells after exposure
to lobaplatin. The results showed an increase in the expression of Bax and a dose-dependent reduction in the
levels of Bcl-2 protein compared with the control cells
(Figure 3).
To clarify the mechanism by which the apoptotic
pathway is activated by lobaplatin, its effects on the activation of apoptosis associated proteins PARP and p53
were assessed. A dose-dependent increase in the expression of p53 and cleavage of PARP was found under the
treatment by lobaplatin in three gastric cancer cells (Figure
3). This result indicates that lobaplatin might activate
p53-dependent canonical mitochondrial apoptotic pathways in gastric cancer cells.
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Figure 1 Cytotoxicities of lobaplatin in human gastric cancer cell lines.
Cells were exposed to various concentrations of the compound (0, 1, 5, 10 and
25 μg/mL) for 24, 48, and 72 h followed by analysis by CCK-8 assay. A: AGS; B:
MKN-28; C: MKN-45. All of the assays were performed in triplicate.

the cytotoxicity of lobaplatin varied in different cell lines.
Moreover, lobaplatin was less cytotoxic to normal human
gastric epithelial GES-1 cells (IC50 value 56.17 ± 1.57
μg/ml) than it was to cancer cells.
Apoptosis induced by lobaplatin in gastric cancer cells
To assess whether lobaplatin-induced growth inhibition
in gastric cancer cells was related to cell apoptosis, AGS,
MKN-28, and MKN-45 cells were treated with lobaplatin as described above, and cell apoptotic was evaluated
by flow cytometry with the Annexin V-FITC Apoptosis
Detection Kit. After exposure to lobaplatin for 24 h, the
percentage of apoptotic MKN-28 cells significantly in-
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Gastric cancer is one of the common malignancies and
the second leading cause of cancer-related death[7]. At
present, surgery is the conventional strategy for the
treatment of gastric cancer. However, more than half
of the patients have been in the advanced stages when
diagnosed and cannot undergo a surgical operation.
Therefore, chemotherapy is currently the main treatment for advanced gastric cancer. However, the overall
response rate is generally less than 50% in gastric cancer
and concurrent with high incidence of adverse effects[8].
Therefore, it is increasingly concerned about new chemotherapy drugs to treat gastric cancer.
Platinum drugs have been widely used to treat a
variety of malignant tumors. Clinically three common
platinum drugs (cisplatin, carboplatin and oxaliplatin) are
marketed for different malignancies. The new platinum
compounds, lobaplatin, nedaplatin and heptaplatin, have
gained official approval for anti-cancer purposes (regionally limited)[9]. Cisplatin is the first generation platinum
drug, and has become a major compound in the treatment of solid tumors, such as bronchial carcinoma, ovarian cancer, germ cell cancer, and bladder cancer, but its
clinical application is limited by its side effects including
gastrointestinal, renal, neurological toxicities and ototoxicity[10]. Lobaplatin [D-19466; 1,2-diamino-methylcyclobutane-platinum (Ⅱ)- lactate] is a representative
one of the third-generation platinum drugs, containing
a 1,2-bis(aminomethyl) cyclobutane stable ligand with
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Figure 2 Induction of apoptosis in human gastric cancer cells by lobaplatin treatment. MKN-28 (A), AGS (B), and MKN-45 (C) cells were exposed to various
concentrations of lobaplatin (0, 1, 5 and 10 μg/mL or 0, 25, 50 and 100 μg/mL) for 24 h and their apoptosis ratios were analyzed using the Annexin V-FITC Apoptosis
Detection Kit. All assays were performed in triplicate. aP < 0.05 vs control group; bP < 0.01 vs control group.

lactic acid as the leaving group. Its anti-tumor activity
is primarily due to the conformation of DNA-drug adducts, mainly as AG and GG intra-strand cross-links. It
had been reported that lobaplatin effected the expression
of the c-Myc gene, which is involved in cell proliferation, apoptosis and oncogenesis[11]. Phase Ⅱ clinical trials
of lobaplatin have also been completed in the United
States, Australia, European Union, Brazil and South Africa for the treatment of various cancers, including lung,
breast, ovarian and esophageal cancers, as well as CML[12].
However, this drug has not yet been used to treat gastric
cancer. Therefore, this study investigated the effects of
lobaplatin in three gastric cancer cell lines and explored
the underlying molecular mechanisms.
We found that lobaplatin inhibited the survival of
different human gastric cancer cells in a dose-dependent
manner, showing an in vitro anti-tumor effect. Interestingly, we found that lobaplatin was more effective on the
less-differentiated MKN-45 cells (IC50 value 1.78 ± 0.16
μg/ml) than the moderately differentiated AGS cells
(IC50 value 6.11 ± 1.44 μg/ml), while it presented less
effect on the MKN-28 cells (IC50 value 16.10 ± 0.81 μg/
ml) which are well-differentiated. Lobaplatin presented
almost no toxicity to the normal human gastric epithelial
cell line GES-1 (IC50 value 56.17 ± 1.57 μg/ml), which
indicates that lobaplatin shows a therapeutic effect that
is specific to human gastric cancer cells. This result is in
agreement with previous findings in other solid tumors,
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such as hepatocellular carcinoma and ovarian cancer[13,14].
Lobaplatin has been reported to induce apoptosis of
cancer cells in the past few years. Zhang et al[15] reported
that lobaplatin inhibited tumor cells by affecting the
expression of the c-Myc gene, which is involved in cell
proliferation, apoptosis and oncogenesis, but the exact
mechanism is not fully understood. Our research found
that lobaplatin could induce gastric cancer cell apoptosis
in multiple cell lines (AGS, MKN-28 and MKN-45) with
different differentiation states. The results indicated a decrease in Bcl-2 expression and an increase in Bax expression in three gastric cancer cell lines. The change in the
ratio of Bax to Bcl-2 promotes the release of cytochrome
C from the mitochondria to the cytosol. Then cytochrome C can bind to APAF-1 in the cytosol, and lead
to the activation of PARP and caspase 3[16]. Our study
further indicated that lobaplatin activated PARP cleavage in a dose-dependent manner. These results showed
that PARP played an important role in lobaplatin induced
apoptosis in gastric cancer cells with different differentiation. The induction of a p53-independent apoptotic
mechanism by lobaplatin has potential anti-tumor effects
on gastric cancer. These results are similar to the results
of our initial research showing that Licochalcone A induced apoptosis of gastric cancer cells[17]. Because of the
pro-apoptotic effects of lobaplatin in gastric cancer cells
with different differentiation degrees, we speculate that
lobaplatin is especially useful for the treatment of poorly
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Figure 3 Cellular expression of apoptosis-related proteins was determined by Western blot after gastric cells were exposed to various concentrations (0, 5,
25 and 50 μg/mL) of lobaplatin for 24 h. A: MKN-28; B: AGS; C: MKN-45.

differentiated gastric cancer.
The tumor suppressor p53 is an essential regulator
that plays an important role in the antitumor effect of
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platinum agents. The p53 protein can prevent cancer development, including cell cycle stagnation and the induction of apoptosis by a series of mechanisms. It has been
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reported that lobaplatin arrested cell cycle progression
of hepatocellular carcinoma cells in the G1 and G2/M
phases in a time-dependent manner[5,18,19]. To further
investigate the mechanism, p53 expression were further
studied before and after lobaplatin treatment in multiple
gastric cancer cell lines. The results show that p53 levels
increased in a dose-dependent manner after exposure to
lobaplatin, indicating that the p53-dependent apoptotic
pathway is activated by lobaplatin. Whether lobaplatin
influences the cell cycle in gastric cancer merits further
research.
In conclusion, lobaplatin inhibited the growth of
gastric cancer cell mainly by inducing apoptosis via the
caspase-dependent mitochondrial pathway. Therefore, lobaplatin is a promising candidate against gastric cancer. It
warrants additional investigation and clinical evaluation.
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Background

7

Gastric cancer is one of the leading causes of death worldwide. Cisplatin was
an important drug in the treatment of advanced gastric cancer, but drug resistance reduced the actual effect. Lobaplatin has been investigated in patients
with advanced solid tumors, yet it has not been comprehensively studied in
gastric cancer cells.
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Research frontiers

Lobaplatin is a new representative compound of third-generation platinum
drugs. It appears to overcome tumor resistance to cisplatin and carboplatin.
And it has been investigated in some solid tumors, but rarely in gastric cancer.
In the study of the inhibitory effect of lobaplatin on gastric cancer cells, we
found that lobaplatin was most cytotoxic in human gastric cancer cells with poor
differentiation state and that lobaplatin induced the apoptosis of gastric cancer
cells.

Innovations and breakthroughs

Studies have reported that lobaplatin can inhibit the proliferation of some solid
tumors, such as primary hepatic carcinoma, cholangiocarcinoma, non-smallcell lung cancer and relapsed ovarian cancer. In this study, we investigated the
anti-tumor effect of lobaplatin in gastric cancer cells. We used both cancer cells
and normal epithelial cell lines to perform the experiments. We found lobaplatin
caused cytotoxicity and induced apoptosis via the caspase-dependent mitochondrial pathway in gastric cancer cells. Lobaplatin is a promising anti-cancer
candidate drug for the treatment of gastric cancer.

Applications

The study results suggest that lobaplatin is a potential chemotherapy agent that
can provide a theoretical basis for the clinical treatment of gastric cancer.
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Terminology

Apoptosis, also called programmed cell death, is generally characterized by
distinct morphological characteristics and energy-dependent biochemical mechanisms. Apoptosis is considered a vital component of various processes including normal cell turnover, hormone-dependent atrophy, embryonic development,
etc. Inappropriate apoptosis is a factor in many human diseases including
neurodegenerative diseases, autoimmune disorders and many types of cancer.
Anti-cancer drugs can lead to characteristic tumor cell changes (morphology,
signaling proteins) and death.
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The purpose of the present study was to determine possible effects of lobaplatin on growth, viability and apoptosis of various gastric cancer cells. It is an interesting work in which the effects of the drug on gastric cancer cells in various
degrees of differentiation were compared.
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Oesophageal flap valvuloplasty and wrapping suturing
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motic leakage after oesophagectomy. Four dogs in the
new technology group resumed regular feeding, whereas only two of the dogs in the control group tolerated
solid food intake. pH monitoring demonstrated that
25% of the dogs in the experimental group exhibited
reflux and that none had mucosal damage consistent
with reflux. Conversely, both reflux and mucosal damage were observed in all dogs in the control group.
CONCLUSION: The oesophageal flap valvuloplasty and
wrapping suturing technique can improve the postoperative quality of life through the long-term elimination
of reflux oesophagitis and decreased stricture formation
after primary oesophageal anastomosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
AIM: To examine the efficiency of oesophageal flap
valvuloplasty and wrapping suturing technique in decreasing the rate of postoperative gastrooesophageal
reflux disease in a dog model.
METHODS: We operated on 10 dogs in this study.
First, we resected a 5-cm portion of the distal oesophagus and then restored the continuity of the oesophageal and gastric walls by end-to-end anastomosis. A
group of five dogs was subjected to the oesophageal
flap valvuloplasty and wrapping suturing technique,
whereas another group (control) of five dogs was subjected to the stapling technique after oesophagectomy.
The symptom of gastrooesophageal reflux was recorded by 24-h pH oesophageal monitoring. Endoscopy
and barium swallow examination were performed on
all dogs. Anastomotic leakage was observed by X-ray
imaging, whereas benign anastomotic stricture and
mucosal damage were observed by endoscopy.
RESULTS: None of the 10 dogs experienced anasto-
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Core tip: This study describes the use of the oesophageal flap valvuloplasty and wrapping suturing technique
to decrease the rate of postoperative gastrooesophageal reflux disease in a dog model after oesophagectomy. None of the 10 dogs experienced anastomotic
leakage after oesophagectomy. Four dogs in the new
technology group resumed regular feeding, whereas
only two of the dogs in the control group tolerated solid
food intake. pH monitoring demonstrated that 25% of
the dogs in the experimental group exhibited reflux and
that none had mucosal damage consistent with reflux.
This technique may provide a good alternative method
for preventing gastrooesophageal reflux after anastomosis following oesophagogastrectomy for oesophageal
cancer.
Dai JG, Liu QX, Den XF, Min JX. Oesophageal flap valvuloplasty and wrapping suturing prevent gastrooesophageal
reflux disease in dogs after oesophageal anastomosis. World J
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mosis in a dog model. Our results suggest that the new
technique can control reflux after end-to-end anastomosis following oesophagectomy.

MATERIALS AND METHODS
INTRODUCTION
The use of oesophagectomy to treat oesophageal cancer
is associated with high morbidity and perioperative complications[1,2]. Even after undergoing oesophagectomy,
cancer patients remain uncured and have a low quality
of life[3]. The status of patients after oesophagectomy
correlates with the severity of physical symptoms, which
is limited by the refinements in surgical technique[4]. Approximately 60% to 80% of patients suffer from reflux
of duodenal and gastric contents after subtotal oesophagectomy and reconstruction with a gastric conduit[5].
To avoid these complications, the factors leading
to reflux and the measures taken to limit or prevent it
have been explored for decades. Reflux after subtotal
oesophagectomy is caused by resection or disruption of
the normal anti-reflux mechanisms (angle of His and
diaphragmatic hiatus). Furthermore, the negative intrathoracic pressure and the positive intra-abdominal pressure conspire to promote reflux across the anastomosis.
This phenomenon could only be considered if the reflux
complications could be overcome by a method that will
enhance the lower oesophageal pressure and form antireflux flaps in the distal oesophagus.
Many surgical manoeuvres have been previously
described to prevent reflux after oesophagectomy[6]. Intercostal muscle grafts with segmental vessels have been
fashioned to act as anti-reflux valves[7]. However, this
method is seldom used at present because of its complex
construction and better suitability to low intra-thoracic
anastomoses. Many studies have attempted to create
valve-like anastomoses by tunnelling the oesophagus
through the muscular layer of the stomach[8,9].
However, the use of these techniques is limited for
two reasons. First, they are commonly used for limited
resection because a substantial length of the oesophagus
is required. In addition, these methods are not easily applicable in standard oncological resections because of the
limited availability of the oesophagus[10].
An anastomosis procedure in which a “globe” is fashioned by invagination of the gastric wall behind the oesophagus has been proven to control reflux. The mechanism of this procedure is similar to that of a posterior
fundoplication, in which the gastric fundus is wrapped
around the distal oesophagus to act as a valve[11-13].
The use of the oesophageal flap valvuloplasty and
wrapping suturing technique in the oesophagectomy setting has yet to be described. In addition, the effect of this
new technique on postoperative gastrooesophageal reflux
disease (GERD) after primary resection and anastomoses
of the distal oesophagus remains unknown. In the current study, we examined the effect of the oesophageal
flap valvuloplasty and wrapping suturing technique on
postoperative GERD after primary oesophageal anastoWJG|www.wjgnet.com

Animals
We used 10 domestic dogs weighing 25.2 ± 2.5 kg for
these experiments. The dogs had free access to standard
laboratory pellets and water until 12 h before surgery.
This study was carried out in strict accordance with the
recommendations in the Guide for the Care and Use of
Laboratory Animals of the National Institutes of Health.
The animal use protocol has been reviewed and approved
by the Institutional Animal Care and Use Committee (IACUC) of the Third Military Medical University.
Randomisation
A right thoraco-abdominal incision was performed in
all experimental animals under general anaesthesia. The
thoracic oesophagus was mobilised, and a 5 cm-long segment of the distal oesophagus was transected. In these
animals, this segment represents approximately one-third
of the total length of the oesophagus. The animals were
then assigned randomly to groups A and B. In group B, a
primary anastomosis was created between the end of the
residual oesophageal and gastric walls using a common
stapling technique.
Surgery procedure
In group A, the oesophageal flap valvuloplasty and wrapping suturing technique was performed. We made a longitudinal cut on the distal oesophagus with a length of
approximately 2-3 cm, forming two oesophageal flaps. A
stoma was simultaneously made in the anterior wall of
the stomach, which we named the “sleeve joint” (Figure
1). The site of the “sleeve joint” should be kept approximately 4 cm away from the top of the stomach wall, and
the length of the “sleeve joint” should be 2 to 3 mm
longer than the oesophageal diameter. Then, a 1 cm-long
fold around the oesophageal flaps and remnant oesophagus was hand sutured using a neuromuscular layer of interrupted absorbable monofilament suture in the AA1 site
(Figure 2). In the last step, seromuscular layer suturing
was executed between the oesophageal and gastric walls
in the BB1 and CC1 sites. The BB1 site was located just
above the end of the oesophageal flaps, and the distance
between BB1 and CC1 should be 2 cm (Figure 3).
Postoperative procedure
Feeding gastrostomy concluded the surgical intervention
in all experimental animals. Feeding was resumed via the
gastrostomy tube for the first postoperative week, and a
swallow study with gastrografin (Schering, Germany) was
performed at the end of the week to rule out anastomotic leakage. The experimental animals were then granted
free access to either blended or solid food, depending
on the animals’ preference. Six weeks later, fluoroscopy
using food impregnated with contrast material (barium
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Figure 1 Oesophageal flaps and “sleeve joint”. A: A longitudinal cut on
the distal oesophageal about 2-3 cm in length; B: A stoma in the anterior wall
of the stomach forming a “sleeve joint”, which was 2 to 3 mm longer than the
oesophageal diameter.

B1
A1

Figure 3 Wrapping suturing of the stomach wall around the oesophagus.
The seromuscular layer of the oesophagus and the gastric wall was sutured in
the BB1 site and CC1 site. The BB1 site was located just above the end of the
oesophageal flaps and the distance between BB1 and CC1 should be 2 cm.

of the two groups exhibited clinical signs of anastomotic
leakage. No difference in food tolerance was recorded in
the first week when feeding was exclusively performed
through gastrostomy. At the end of the first postoperative week, a contrast-swallow meal was accomplished, and
radiographic signs of anastomotic leaks were not evident
in either group.

A

A1

Figure 2 Oesophageal flap valvuloplasty. The seromuscular layer of the
interrupted absorbable monofilament suture was used to suture the 1 cm-long
fold around the remnant oesophageal flaps in the AA1 site forming modified
oesophageal flaps.

sulphate) was performed to evaluate oesophageal motility patterns, and endoscopy was conducted to evaluate
the level of mucosal damage[14]. pH monitoring was performed to demonstrate gastrooesophageal reflux[15]. The
diameters of oesophageal lumen 1.5 cm below and above
the anastomosis were evaluated by radiographic studies
under standardised conditions for anastomotic circumference assessment. In addition, anastomotic leakage in dogs
can also be easily observed by X-ray imaging.
Statistical analysis
The mean and standard error and deviation were calculated. Differences between groups were evaluated by the
Student’s t-test, followed by Tukey’s test. Statistical significance was considered at P < 0.05.

RESULTS
Postoperative leakage
All animals survived the surgery in good condition. None
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Postoperative stricture
After the last examination, the experimental animals were
allowed to resume free oral intake. Four dogs (80%) in
group A resumed their regular feeding habits, whereas
two dogs (40%) in the control group tolerated the ingestion of solid food. Anastomotic stricture was reported in
two dogs in group A and four dogs in group B (P < 0.05,
Table 1).
Postoperative GERD
Endoscope studies performed 6 wk after the operation
revealed no mucosal damage in group A. Conversely,
mucosal damage was observed in four of the control
animals (Table 1). The results of pH monitoring showed
that one dog in group A and all dogs in the control group
exhibited reflux.

DISCUSSION
Reflux after oesophagectomy is a common problem that
may adversely affect the quality of life of patients[16].
GERD complications, such as oesophagitis, which occurs in 27%-35% of patients, and columnar metaplasia,
which includes intestinal (Barrett’s) metaplasia, have been
observed in the remnant oesophagus after oesophagectomy[17,18].
Most of these complications cannot be fully treated
successfully, which decreases the life quality of patients.
Therefore, gastrooesophageal reflux should be seriously
monitored as one of the postoperative complications
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tomosis in oesophageal cancer patients. Traditional hand-sewn and stapled
techniques help to prevent gastric acid reflux. Recent studies have proven that
fundoplication is effective in curing gastrooesophageal reflux disease (GERD).
This study aims to examine the efficiency of the oesophageal flap valvuloplasty
and wrapping suturing technique, which is physiologically similar to a partial
fundoplication, in decreasing the rate of postoperative GERD in a dog model.

Table 1 General information of patients in two study groups
and incidence of postoperative complications

Weight (kg, mean ± SD)
Sex
Female
Male
Anastomotic leakage
Anastomotic strictures
Reflux
Mucosal damage

Group A

Group B

P value

24.9 ± 2.7

25.5 ± 2.2

-

3
2
0
2
1
0

3
2
0
4
5
4

Research frontiers

Many surgical manoeuvres have been previously described to prevent reflux
after oesophagectomy. Intercostal muscle grafts with segmental vessels have
been fashioned to act as anti-reflux valves. However, this method is seldom
used at present because of its complex construction and better suitability to low
intra-thoracic anastomoses.

0.024
0.024

Innovations and breakthroughs

Group A: patients receiving wrapping suturing around the oesophageal
flap; Group B: patients receiving only a stapled technique. NS: Not
significant.

after oesophagogastrectomy. Simple measures such as excluding as much of the stomach as possible from the abdominal compartment and enhancing gastric emptying by
pyloric drainage procedures may help to control reflux.
However, most anti-reflux reconstructions are complex
or have been used only in a limited resection setting[7,19,20].
In the 1970s, Butterfield reported the use of fundoplication after palliative resection of the lower oesophagus,
and Boyd et al[11] and Butterfield[13] described 55 patients,
of whom 30 had a 5 cm fundoplication fashioned after oesophagogastric anastomosis during resection for
oesophageal and proximal gastric cancers.
Fundoplication or wrapping the gastric fundus
around the distal oesophagus to act as a valve is a successful method for treating de novo gastrooesophageal reflux. However, the extent of resection, particularly of the
stomach, is limited by the current standards and the availability of the fundus to form the wrap. Thus, a modified
fundoplication could be created. In this study, we reported the efficacy of the oesophageal flap valvuloplasty and
wrapping suturing technique in preventing postoperative
gastrooesophageal reflux after oesophagogastrectomy.
In the present study, anastomoses in patients of groups
A and B were performed by hand suture and common
stapling, respectively. In group A, no mucosal damage
was observed by endoscopy, and only one case of reflux
was reported by 24-h pH oesophageal monitoring. In the
control group, four dogs had mucosal damage and all
dogs exhibited gastrooesophageal reflux.
We propose that wrapping suturing with the oesophageal flap technology is a good alternative for preventing
gastrooesophageal reflux after oesophagogastrectomy
under the experimental conditions. In this study, this procedure was proven capable of preventing postoperative
reflux after primary oesophageal anastomosis. However,
the effects of reflux reduction strategies on the quality of
life and pathological sequelae of patients must be evaluated in future studies.

An anastomosis procedure in which a ‘globe’ is fashioned by invagination of
the gastric wall behind the oesophagus has been proven to control reflux. The
mechanism of this procedure is similar to that of a posterior fundoplication, in
which the gastric fundus is wrapped around the distal oesophagus to act as
a valve. The use of the oesophageal flap valvuloplasty and wrapping suturing
technique in the oesophagectomy setting has yet to be described. In addition,
the effect of this new technique on postoperative GERD after primary resection
and anastomoses of the distal oesophagus remains unknown.

Applications

The study results suggest that the oesophageal flap valvuloplasty and wrapping suturing technique is a feasible procedure following oesophagectomy for
oesophageal cancer.

Peer review

This is a well-written and scientific description of oesophageal anastomotic
techniques in a dog model over a relatively short time frame. The methodology
and results are clear and helpful. This paper describes an interesting method of
anastomosis after oesophagectomy for squamous cell carcinoma of the thoracic
oesophagus. The authors are to be congratulated on their excellent results.
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Abstract
AIM: To profile expression of microRNAs (miRNAs) in
gastric cancer cells and investigate the effect of miR374b-5p on gastric cancer cell invasion and metastasis.
METHODS: An miRNA microarray assay was performed to identify miRNAs differentially expressed in
gastric cancer cell lines (MGC-803 and SGC-7901) compared with a normal gastric epithelial cell line. Upregulation of miR-374b-5p was newly identified and confirmed via quantitative real-time reverse transcriptionPCR (qRT-PCR). MGC-803 cells were transfected with
a synthesized anti-miR-374b-5p sequence or a control
vector using Lipofectamine reagent, or treated with
transfection reagent alone or phosphate-buffered saline
as controls. Rate of transfection was verified after 48 h
by qRT-PCR. Cells were then subjected to transwell mi-
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gration, wound scratch and cell counting kit-8 assays.
A bioinformatic analysis to identify miR-374b-5p target
genes was performed using miRanda, PicTar and TargetScan software. A dual luciferase reporter assay was
performed to evaluate the influence of miR-374b-5p on
target gene activation, and qRT-PCR and Western blot
were used to evaluate the levels of target mRNA and
protein following transfection with miR-374b-5p antisense oligonucleotides.
RESULTS: The microarray profiling revealed downregulation of 14 (fold change < 0.667; P < 0.05) and
upregulation of 12 (fold change > 1.50; P < 0.05)
miRNAs in MGC-803 and SGC-7901 cells compared with
GES-1 controls. The upregulation of miR-374b-5p (fold
change = 1.75 and 1.64 in MGC-803 and SGC-7901, respectively; P < 0.05) was confirmed by qRT-PCR. Compared with the control groups, the restoration of miR374b-5p expression with anti-miR-374b-5p significantly
suppressed the metastasis, invasion and proliferation of
MGC-803 cells. The bioinformatic analysis predicted that
the 3’ untranslated region (UTR) of reversion-inducing
cysteine-rich protein with Kazal motif (RECK) contains
three miR-374b-5p target sequences. RECK was verified as a target gene in a dual luciferase reporter assay
showing that activation of RECK 3’UTR-pmirGLO was
increased by co-transfection with miR-374b-5p. Finally,
transfection of miR-374b-5p antisense oligonucleotides
increased mRNA and protein levels of RECK in MGC-803
cells (P < 0.05).
CONCLUSION: These findings indicate that upregulation of miR-374b-5p contributes to gastric cancer cell
metastasis and invasion through inhibition of RECK expression.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Abnormal expression of microRNAs (miRNAs)
is one of the key mechanisms in cancer development,
invasion and metastasis. The results of this study identify aberrant expression of 26 miRNAs in two human
gastric cancer cell lines, which included upregulation
of miR-374b-5p. The invasive and metastatic ability
of cancer cells was decreased by transfection of miR374b-5p antisense oligonucleotides. Furthermore, reversion-inducing cysteine-rich protein with Kazal motif
was identified as a target of miR-374b-5p. These data
suggest that miR-374b-5p may be a potential biomarker and diagnostic tool for gastric cancer classification
and diagnosis.
Xie J, Tan ZH, Tang X, Mo MS, Liu YP, Gan RL, Li Y, Zhang L,
Li GQ. miR-374b-5p suppresses RECK expression and promotes
gastric cancer cell invasion and metastasis. World J Gastroenterol
2014; 20(46): 17439-17447 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i46/17439.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i46.17439

INTRODUCTION
Gastric cancer is the fourth most common malignancy
in the world, with 934000 new cases occurring each year;
unfortunately, the overall five-year survival rate remains
below 20%[1]. The poor prognosis is in part due to tumor invasion and metastasis, with contributions from
abnormalities in tumor intracellular signaling pathways[2].
Signaling molecules, such as matrix metalloproteinase
(MMP)-2, MMP-9 and vascular endothelial growth factor, have been shown to affect tumor metastasis[3]. It has
been hypothesized that the dysregulation of these signaling pathways results from mutations in genes coding for
these molecules and their interactions with environmental
factors[1]. However, recent studies indicate that abnormal
expression of microRNAs (miRNAs) is also an important factor[4].
miRNAs are a class of small non-coding RNA molecules approximately 22 nucleotides in length that are
widely expressed in many organisms[5]. miRNAs bind to
partially complementary sites on target mRNAs to promote their degradation or inhibit translation[6]. More than
half of the human miRNA genes are located at tumorrelated chromosomal loci [4], and recent studies have
identified altered regulation of many miRNAs in gastric
cancer. For example, miR-20[7], miR-34b[8], miR-128[9] and
miR-21[10] are abnormally expressed during gastric carcinoma induction, while miR-15, miR-16[11], miR-372[12]
and miR-143[13] can affect the apoptosis and drug resistance of gastric cancer cells, and miR-218[14], miR-141[15],
mir-375[16], miR-101[17] and miR-25[18] contribute to tumor
differentiation, invasion and metastasis. Thus, further
investigation of aberrant miRNA expression could aid
in the development of novel strategies for gastric cancer
prevention, diagnosis and treatment. In the current study,

WJG|www.wjgnet.com

miRNA expression in gastric cancer cell lines was profiled in order to reveal new miRNAs for further clinical
applications. Furthermore, the role of miR-374b-5p (a
newly identified aberrantly expressed miRNA) in cancer
cell invasion and metastasis was investigated.

MATERIALS AND METHODS
Cell lines and culture
The human gastric carcinoma cell line MGC-803, provided by the Cell Bank of Chinese Academy of Sciences
(Shanghai, China), was cultured in RPMI-1640 medium.
The human gastric adenocarcinoma cell line SGC-7901
and the normal human gastric epithelial cell line GES-1
were provided by the Cell Bank of Xiangya Central Laboratory at Central South University (Changsha, Hunan,
China) and cultured in Dulbecco’s modiﬁed Eagle’s medium (DMEM; Hyclone of Thermo Fisher Scientific Inc.,
Waltham, MA, United States). All cell lines were cultured
at 37 ℃ with 5% CO2 in media containing 100 U/mL
penicillin, 100 µg/mL streptomycin (Sigma-Aldrich, St
Louis, MO, United States) and 10% fetal bovine serum
(FBS; Invitrogen of Thermo Fisher Scientific Inc.).
RNA isolation and miRNA microarray profiling
Total cellular RNA was isolated from cultured cells using
Trizol reagent (Invitrogen) and purified with an RNeasy
Mini kit (Qiagen, Hilden, Germany). The RNA samples
were labeled with a MiRCURY Array Power Labeling
kit (Exiqon, Vedbaek, Denmark) and used as probes for
hybridization in a Hybridization Chamber II (Ambion
of Thermo Fisher Scientific Inc.). Hybridized miRNA
microarrays were scanned on a GenePix 4000B microarray scanner and analyzed with GenePix Pro software
V6.0 (Molecular Devices, Sunnyvale, CA, United States).
MeV software (V4.6, TIGR) was used to analyze the differential miRNA expression (fold change > 1.50 or ratio
< 0.667) and differential expression was confirmed by
quantitative real-time reverse transcription-polymerase
chain reaction (qRT-PCR).
qRT-PCR
Total cellular RNA was reverse transcribed using a
Hairpin-it miRNA qPCR Quantitation kit (GenePharma,
Shanghai, China). Amplification conditions were 95 ℃
for 3 min followed by 40 cycles of 95 ℃ for 30 s and
62 ℃ for 40 s using primers obtained from GenePharma: miR-374b-5p (80 bp), 5’-TCAGCGGATATAATACAACCTGC-3’ and 5’-TATCGTTGTTCTCCACTCCTTCAC-3’; reversion-inducing cysteine-rich
protein with Kazal motifs (RECK) (90 bp), 5’-TCTGATGGCTGGGTTGGCTTAG-3’ and 5’-ATCATTCTTTGAAGATGCCTGCTTG-3’; U6 (70 bp, used as an
internal control), 5’-ATTGGAACGATACAGAGAAGATT-3’ and 5’-GGAACGCTTCACGAATTTG-3’; and
β-actin (70 bp, used as an internal control), 5’-CCCTGGCACCCAGCAC-3’ and 5’-AGTCCTTCCACGATACCAAAGT-3’.
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Antisense oligonucleotide transfection
MGC-803 cells were seeded in six-well plates and cultured with Lipofectamine 2000 transfection reagent (Invitrogen) and vectors (20 nmol/L) containing negative control (5’-CAGUACUUUUGUGUAGUACAA-3’) and antimiR-374b-5p (5’-CACUUAGCAGGUUGUAUUAUAU-3’)
sequences, according to the manufacturer’s protocol. The
control conditions included untreated (phosphate-buffered
saline only), transfection reagent only, and transfection
with the negative control vector. The transfection rate after 48 h was confirmed by qRT-PCR.
Cell counting kit -8 cell viability assay
Cells from each group (untreated, transfection reagent
only, control vector, and anti-miR-374b-5p) were added
to 10 µL of cell counting kit (CCK)-8 solution (Yiyuan
Biotech, Guangzhou, China) and incubated at 37 ℃ in 5%
CO2 for 1 h according to the manufacturer’s protocol.
An Elx-800 enzyme-linked immunoassay analyzer (BioTek, Winooski, VT, United States) was used to measure
the optical densities at 450 nm. The average and standard
deviation of absorbances in each group were presented
as a histogram.
Transwell tumor cell invasion assay
Cells from each group (untreated, transfection reagent
only, control vector, and anti-miR-374b-5p) were plated
on transwell chambers (PengBo Biotech, Changsha, China) coated with Matrigel Basement Membrane Matrix (BD
Biocoat; Becton, Dickenson and Co., Franklin Lakes, NJ,
United States) according to the manufacturer’s protocol.
The upper chamber contained the plated cells in 100 µL
of media, whereas the lower chamber contained 500 µL
of DMEM with 20% FBS. After 48 h, the cells remaining
on the upper side of the membrane were cleared, and the
invaded cells on the lower side of the membrane were
fixed and stained with Coomassie Brilliant Blue. The
number of cells from five random microscopic fields was
quantified for each group.
Wound scratch assay
Cells from each group (untreated, transfection reagent
only, control vector, and anti-miR-374b-5p) that were
seeded on a six-well plate were scraped with a 100 µL
pipette tip to create two linear regions devoid of cells.
Cells were stained with Coomassie Brilliant Blue and the
scratch distance between the two linear regions was imaged and measured at different time points using ImagePro 6.0 (Media Cybernetic, Rockville, MD, United States).
Five random non-overlapping images in each well were
selected and quantitated for statistical analysis.
Dual luciferase reporter assay
MGC-803 cells were co-transfected with RECK 3’UTRpmirGLO plasmid and a miR-374b-5p mimic or hsamiR-NC vector using Lipofectamine 2000 according to
the manufacturer’s instructions. After 48 h, luciferase
activity was detected on a Glomax 20/20 luminometer
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using a Dual-Luciferase Reporter Assay System (Promega,
Madison, WI, United States). For this assay, relative activity was defined by the ratio of firefly to renilla luciferase
activity. Statistical analyses were then performed using:
Δ luciferase activity = relative activity with miR-374b5p/relative activity with hsa-miR-NC.
Protein extraction and Western blot
Total cellular protein was extracted using RIPA buffer
(Beyotime Biotech, Shanghai, China) and samples were
separated via 8% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and transferred onto a polyvinylidene
difluoride membrane (Beyotime Biotech). After blocking
with 3% bovine serum albumin, the membranes were
blotted overnight with a primary antibody against RECK
(1:1000; Proteintech Group, Chicago, IL, United States)
or GAPDH (1:3000; Sigma-Aldrich), and incubated with
a secondary antibody (1:5000; Jackson ImmunoResearch,
West Grove, PA, United States). Protein bands were visualized with enhanced chemiluminescence (Thermo Fisher
Scientific Inc.) and imaged and analyzed with Alphalmager 2200 image software (UVP, Upland, CA, United
States).
Statistical analysis
All statistical analyses were performed using SPSS 16.0
statistical software (SPSS, Chicago, IL, United States).
One-way ANOVA and least significant difference tests
were used to investigate the difference between groups,
with P < 0.05 indicating statistical significance. Data are
presented as mean ± SD.

RESULTS
Expression of miR-374b-5p in gastric cancer cells
Fourteen miRNAs were significantly reduced in gastric
cancer cells (MGC-803 and SGC-7901) compared to
normal gastric epithelial cells (GES-1), including hsamiR-20b-5p, ebv-miR-BART19-3p, hsa-miR-33a-5p, hsamiR-33b-5p, hsa-miR-196b-5p, hsa-miR-4308, hsa-miR106b-3p, kshv-miR-K12-5*, hsa-miR-106b-5p, hsa-let7f-5p, hsa-miR-7-5p, hsa-miR-24-1-5p, hsa-miR-185-5p
and hsa-miR-1321 (ratio < 0.667, P < 0.05) (Figure 1A).
In contrast, 12 miRNAs were increased in MGC-803 and
SGC-7901 cell lines, including hsa-miR-1290, hsa-miR2115-3p, hsa-miR-3607-3p, hsa-miR-182-5p, hsa-miR138-1-3p, hsa-miR-222-3p, hsa-miR-937, hsa-miR-100-5p,
hsa-miR-20a-5p, hsa-miR-3653 and hsa-miR-191-5p (ratio
> 1.50, P < 0.05). The expression of hsa-miR-374b5p was increased by fold changes of 1.75 and 1.64 in
MGC-803 and SGC-7901 cells, respectively (Figure 1B),
which was further confirmed via qRT-PCR (Figure 1C).
miR-374b-5p inhibits gastric cancer cell metastasis and
invasion
To examine the function of upregulated miR-374b-5p in
cancer cells, its expression was suppressed in MGC-803
cells with antisense oligonucleotides (confirmed by
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Figure 1 Differential expression of microRNAs in gastric cancer cells. A: microRNA (miRNA) expression in gastric cancer cell lines SGC-7901 and MGC-803
was compared with the normal GES-1 cell line using cluster analysis. All cell samples were detected in triplicate, such that the nine lanes include GES-1 (G1-G3),
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a
P < 0.05 vs GSE-1.

qRT-PCR; data not shown). Compared to the control
groups, the anti-miR-374b-5p group showed a significant
reduction in transwell invasion after 48 h (Figure 2A).
A scratch assay to evaluate tumor cell metastasis ability
revealed that suppression of miR-374b-5p expression
inhibited cell migration into the barren substratum (Figure
2B). Furthermore, the proliferation of MGC-803 cells
as assessed by the CCK-8 assay was suppressed by miR374b-5p antisense, which was statistically significant 96 h
after transfection (Figure 2C).
Regulation of RECK expression by miR-374b-5p
To identify the effect of miR-374b-5p on gene regulation in gastric cancer cells, a bioinformatic analysis was
performed to predict direct tumor development targets.
miRanda (http://www.microrna.org/microrna/home.
do), PicTar (http://pictar.mdc-berlin.de) and TargetScan
(http://www.targetscan.org) software revealed that
RECK, a gene involved in tumor metastasis and angiogenesis, contains three target sequences for miR-374b-5p
in the 3’ untranslated region (UTR) (Figure 3A). This was
confirmed by a dual luciferase reporter assay showing that
co-transfection with miR-374b-5p significantly reduced
RECK-driven luciferase activity (Figure 3B). Moreover,
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RECK protein and mRNA levels were increased in cells
transfected with miR-374b-5p antisense oligonucleotides
(P < 0.05) (Figure 3C, D).

DISCUSSION
Many miRNAs have expression patterns that are unique
within certain cancer tissues[19]. miR-222-3p is upregulated in endometrial carcinoma, promoting proliferation
and invasion, but downregulated in prostate cancer[20,21].
Some researchers suggest that these miRNA expression
characteristics are potential biomarkers and powerful
diagnostic tools for tumor classification and diagnosis[19].
Therefore, we profiled miRNA expression in gastric
cancer cells, comparing two cancer cell lines with normal
mucosal cells. From this analysis, we identified upregulation of miR-374b-5p and determined that it is involved
in tumor cell metastasis and invasion. Furthermore, we
confirmed that a target of miR-374b-5p is the 3’ UTR of
RECK, which has been implicated in tumor metastasis
and angiogenesis[22], and that suppression of miR-374b5p activity increases the expression of RECK mRNA
and protein. These results suggest a role of aberrant
miR-374b-5p upregulation and an underlying molecular
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Figure 2 Effects of miR-374b-5p on MGC-803 cell metastasis and invasion. MGC-803 cells were transfected with a miR-374b-5p antisense oligonucleotide or
negative control-oligo vector, or treated with phosphate-buffered saline (untreated), or transfection reagent only. A: Cells were subjected to a transwell invasion assay
and detected at 48 h after seeding (left: Coomassie Brilliant Blue staining, × 200; right, quantification); B: Wound margin distance was measured after 48 h in a scratch
assay (Coomassie Brilliant Blue staining, × 40); C: Absorbances in a cell counting kit-8 assay 96 h after transfection; (n = 3), aP < 0.05 vs Anti-miR-374b-5p.

mechanism in gastric cancer progression.
Aberrant expression of various miRNAs is associated with carcinogenesis and cancer progression, and
can therefore serve as efficient diagnostic biomarkers
for analyses of histologic type, drug resistance and clinical prognosis[23,24]. Evaluation of the expression of 200
miRNAs is sufficient to molecularly classify human cancers and may help in the assessment of clinical diagnosis
and treatment [23,25]. However, the miRNA expression
profile of gastric cancer is not well defined. The analyses
presented here identified upregulation of 12 and downregulation of 14 miRNAs in two gastric cancer cell lines.
Many of these findings were consistent with previous
reports concerning the upregulation of miR-1290[26],
miR-182-5p[27], miR-138-1-3p[28], miR-20a-5p[29], miR100-5p[30] and miR-191-5p[31] and the downregulation
of miR-33a-5p[32], miR-33b-5p[32], miR-4308[33], kshvmiR-K12-5*[34], miR-106b-5p[35], let-7f-5p[31] and miR-75p[36]. However, our results differ from reports on miR222-3p[30], miR-937[37], miR-185-5p[38], miR-3607-3p[39],
miR-3653[40], miR-20b-5p[38], miR-106b-3p[41], ebv-miR-
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BART19-3p[42], miR-196b-5p[43] and miR-1321[39], possibly
due to differences in cell lines, cancer cell differentiation,
or the screening criteria for miRNA. There have been no
previous reports regarding gastric cancer and expression
of miR-24-1-5p, miR-2115-3p, or miR-374b-5p, which
was selected for further study.
We previously reported that downregulation of miR-7
in gastric cancer affects tumor metastasis, though antisense treatment did not completely inhibit the metastasis
of cancer cells[44], suggesting that other miRNAs may
also be involved. This study shows that miR-374b-5p expression was significantly upregulated in SGC-7901 cells,
and to a greater extent in MGC-803 cells. Furthermore,
the adherence, migration, and invasion of MGC-803 cells
were decreased significantly after suppression of miR374b-5p expression. Abnormal miR-374b-5p expression
in luminal-HER2-positive breast cancer cells can be used
for classifying clinicopathologic subtypes of breast cancer[35], and its upregulation in blood may be an underlying
diagnostic molecular marker for invasive urinary bladder
cancer[45]. Taken together, these data indicate that miR-
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374b-5p plays an important role in tumorigenesis within
different cancers.
After demonstrating the effects of miR-374b-5p on
gastric cancer cell growth and migration, we identified
a functional target through bio-informatic analysis and
dual luciferase reporter assays. The results suggest that
miR-374b-5p can bind to the 3’ UTR of RECK and consequently downregulate its expression. Previous studies
have shown that RECK is a membrane-anchored glycoprotein that binds and negatively regulates a number of
MMPs, included MMP-2 and MMP-9[22,46]. MMPs pro-
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teolytically degrade extracellular matrix proteins, which
is critical for tumor metastasis and invasion[22]. Clinical
research indicates that RECK expression negatively correlates with invasion-related clinicopathologic factors in hepatocellular carcinoma[47] and breast cancer[35], and tumor
tissues with higher RECK mRNA expression are less invasive and associated with better patient survival[48]. Some
miRNAs, such as miRNA-222 [49] and miRNA-221[50],
have been shown to regulate RECK expression and affect
tumor invasion and metastasis. The results of the present
study indicate that miR-374b-5p also can post-transcrip-
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tionally suppress RECK expression and thus promote
the invasion and metastasis of gastric cancer cells. Future
studies will be performed to verify this regulation in animal models of gastric cancer and investigate the relative
mechanism.
In conclusion, the results of this study demonstrate
that human gastric cancer cells have significant alterations of miRNA expression, including upregulation of
miR-374b-5p. Furthermore, miR-374b-5p can facilitate
the invasion and metastasis of gastric cancer cells, likely
through inhibition of RECK expression.
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Abstract
AIM: To analyze whether pancreaticoduodenectomy
with simultaneous resection of tumor-involved vessels
is a safe approach with acceptable patient survival.
METHODS: Between January 2001 and March 2012,
136 patients received pancreaticoduodenectomy for
adenocarcinoma at our hospital. Seventy-eight patients
diagnosed with pancreatic head carcinoma were included in this study. Among them, 46 patients received
standard pancreaticoduodenectomy (group 1) and
32 patients received pancreaticoduodenectomy with
simultaneous resection of the portal vein or the superior mesenteric vein or artery (group 2) followed by
reconstruction. The immediate surgical outcomes and
survivals were compared between the groups. Fifty-five
patients with unresectable adenocarcinoma of the pancreas without liver metastasis who received only bypass
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operations (group 3) were selected for additional survival comparison.
RESULTS: The median ages of patients were 67 years
(range: 37-82 years) in group 1, and 63 years (range:
35-86 years) in group 2. All group 2 patients had resection of the portal vein or the superior mesenteric vein
and three patients had resection of the superior mesenteric artery. The pancreatic fistula formation rate was
21.7% (10/46) in group 1 and 15.6% (5/32) in group
2 (P = 0.662). Two hospital deaths (4.3%) occurred
in group 1 and one hospital death (3.1%) occurred
in group 2 (P = 0.641). The one-year, three-year and
five-year overall survival rates in group 1 were 71.1%,
23.6% and 13.5%, respectively. The corresponding
rates in group 2 were 70.6%, 33.3% and 22.2% (P
= 0.815). The one-year survival rate in group 3 was
13.8%. Pancreaticoduodenectomy with simultaneous
vascular resection was safe for pancreatic head adenocarcinoma.
CONCLUSION: The short-term and survival outcomes
with simultaneous resection were not compromised
when compared with that of standard pancreaticoduodenectomy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Adjuvant therapy; Head of pancreas; Liver
transplant; Morbidity; Mortality; Portal vein resection;
Survival analysis; Whipple operation
Core tip: Whipple operation with vascular reconstruction
is considered one of the most difficult operations with
high morbidity. In this paper, we demonstrate that this
complicated surgery can be performed in low-volume
centers where a high volume of other complicated liver
surgeries, including liver transplant, are performed.
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INTRODUCTION
Carcinoma of the pancreas is one of the leading causes
of death, with 43140 new cases reported in the United
States in 2010, which will lead to an estimated 36800
deaths at a five-year survival of 6%[1]. Amongst different treatment options, surgical resection offers the best
survival outcome to patients with carcinoma of the head
of the pancreas[2]. With the advancement in technology
and experience sharing, the hospital mortality and morbidity for pancreaticoduodenectomy, also known as the
Whipple operation, have improved when compared with
the first report in 1935[3]. However, the surgery remains a
challenging operation, with hospital mortality rates ranging from 1% to 6% even at experienced centers[4,5]. The
issue is even more complicated if the tumor involves
major vessels around the pancreatic region. The definition of borderline resectability is controversial. Although
many centers have advocated resection of the tumor
together with the superior mesenteric vein (SMV) or the
portal vein (PV), many other centers simply do not consider operation for this group of patients after balancing
the risk of surgery and predicted survival outcomes[6,7].
The aim of this study was to compare standard pancreaticoduodenectomy and pancreaticoduodenectomy
with simultaneous vascular resection with or without
vascular reconstruction in terms of survival outcomes in
patients who had adenocarcinoma of the pancreas with
borderline resectability.

MATERIALS AND METHODS
Study population
From January 2001 to March 2012, 136 patients received
pancreaticoduodenectomy at Queen Mary Hospital of
the University of Hong Kong, China. Of these, 2.2%
(3/136) had adenocarcinoma of the duodenum, 12.5%
(17/136) had adenocarcinoma of the common bile duct,
27.9% (38/136) had adenocarcinoma of the ampulla of
Vater, and 57.4% (78/136) had adenocarcinoma of the
head of the pancreas (Figure 1). None of the patients
received neoadjuvant chemotherapy before operation.
The study population included the 78 patients with
adenocarcinoma of the pancreas. Forty-six of these
patients underwent standard pancreaticoduodenectomy
(group 1), and the remaining 32 patients underwent pancreaticoduodenectomy together with vascular resection
(group 2). The patients’ preoperative data including their
clinical presentations are listed in Table 1.
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Fifty-five patients with unresectable adenocarcinoma
of the pancreas without liver metastasis who received
only bypass surgery (group 3) were selected for additional
survival comparison. These were patients who were physically unfit for major pancreaticoduodenectomy or who
had long-segment arterial encasement by tumors.
Diagnostic imaging
Contrast computed tomography (CT) of the abdomen
was performed for all the patients. A tumor was considered unresectable if the contrast CT scan showed obvious extrapancreatic metastasis. Pancreaticoduodenectomy
was offered to patients with a patent SMV-PV confluence
despite suspected tumor involvement of the PV or SMV.
Operation was also offered to patients with suspected
tumor involvement of the short segment of the superior
mesenteric artery (SMA). Tumors involving the celiac artery were considered not suitable for surgical resection.
Surgical technique
All operations were performed by a team of surgeons
specialized in hepatobiliary and pancreatic surgery. Conventional or pylorus-preserving pancreaticoduodenectomy was performed according to the decision of the
responsible surgeon. Lymph nodes around the head of
the pancreas, the common hepatic artery and the hepatoduodenal ligament were dissected. Dissection of lymph
nodes around the celiac and SMA regions was performed
in patients who showed evidence of lymph node enlargement. Wedge or segmental resection of the PV or SMV
was performed if a pancreatic head mass was inseparable
from the vein. The pancreas was dissected from the
splenic vein to the left of the mesenteric-portal junction
and then transected at this level. All tissue around the PV
and SMV was circumferentially cleared to free the veins
up to the bifurcation of the PV and down to the branches of the SMV. The PV was then sectioned between the
vascular clamp, and the surgical specimen was removed.
For segmental resections of the PV or the SMV shorter
than 3 cm, end-to-end anastomosis without the use of a
graft was possible in all patients in group 2 after adequate
mobilization of the SMV and the PV[8]. For segmental
resections of the PV or the SMV longer than 3 cm, endto-end anastomosis was performed with the use of a
vascular conduit. Conduit selections included autologous
vein, cryo-preserved vein and gortex grafts. The anastomosis was constructed continuously in a single layer with
6/0 Prolene suture. One third of the circumference or
one diameter of the PV was allowed in the final knotting
in order to avoid narrowing of the anastomosis[9]. For
resection of the SMA or hepatic artery, the anastomosis
was performed with the microvascular technique with
9/0 nylon suture[10].
Pancreaticoduodenectomy anastomosis was performed by an end-to-side, duct-to-mucosa, two-layer
anastomosis using interrupted fine Prolene sutures. The
diameter of the pancreatic duct was measured in every
case. If the pancreatic duct was thinner than 2 mm or if
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Pancreaticoduodenectomy
n = 136

CA Pancreas
n = 78
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Common bile duct
n = 17

CA Ampulla
n = 38

CA Duodenum
n =3

With vascular
reconstruction
n = 32

With vascular
reconstruction
n =2

With vascular
reconstruction
n =1

With vascular
reconstruction
n =0

Without vascular
reconstruction
n = 46

Without vascular
reconstruction
n = 15

Without vascular
reconstruction
n = 37

Without vascular
reconstruction
n =3

Figure 1 Distribution of pathologies and pancreaticoduodenectomies for the study population.

Table 2 Operation details n (%)

Table 1 Preoperative clinical parameters
Variables
Age (yr)
Male:female, n
Presence of comorbid illness
Cardiovascular disease
Pulmonary disease
Renal disease
Diabetes Mellitus
Hemoglobin (g/dL)
White blood cell count (× 109/L)
Prothrombin time (s)
International normalized ratio
Serum creatinine (mmol/L)
Serum bilirubin ( mmol/L)
Albumin (g/L)

Group 1

Group 2

(n = 46)

(n = 32)

67 (37-82)
63 (35-86)
25:21
20:12
25 (54.3)
16 (50.0)
15 (32.6)
9 (28.1)
5 (10.9)
1 (3.1)
2 (4.3)
1 (3.1)
9 (19.6)
11 (34.4)
12.5 (9.0-15.6) 12.7 (9.5-15.6)
6.9 (3.6-21.2) 6.7 (3.9-13.1)
11.4 (9.8-40.8) 11.3 (9.0-14.4)
1.0 (0.8-3.6)
1.0 (0.8-1.2)
75 (52-212)
84 (47-143)
102 (5-533)
38 (5-342)
39 (27-46) 40.5 (8-47)

P value

Variables

0.452
0.473
0.705
0.673
0.406
1.000
0.141
0.614
0.763
0.421
0.938
0.607
0.020
0.041

Portal vein resection
Reconstruction method
Primary anastomosis
Cadaveric vein graft
Gortex graft
Superior mesenteric vein resection
Reconstruction method
Primary anastomosis
Cadaveric vein graft
Gortex graft
Superior mesenteric artery
resection
Reconstruction method
Primary anastomosis
Pancreaticojejunostomy
construction method
Dunking
Duct to mucosa
Double loop
Size of pancreatic duct
< 2 mm
2-4 mm
< 4 mm
Pancreatic stent
No
Internal
External

Data are expressed as median (range), or n (%).

the pancreas was considered soft in consistency by the
operating surgeon, the dunking method without duct-tomucosa anastomosis or the double-loop technique was
employed[11].
Pancreatic stenting was employed if the pancreatic
duct was small. For external drainage, depending on the
size of the pancreatic duct, an Fr 3-8 polyvinyl catheter
with multiple side holes was inserted into the pancreatic
duct. A stent with the largest size that could be put into
the pancreatic duct was used. Catheter migration was
prevented by an anchoring stitch that secured the catheter onto the mucosa of the jejunal side of the pancreaticoduodenectomy anastomosis with a single absorbable
suture. For internal drainage, an internal drain was put
across the pancreaticoduodenectomy anastomosis, with
the tip of the catheter distal to the anastomosis[12].
After performing the anastomosis, an end-to-side,
single-layer, interrupted hepaticojejunostomy without
stenting was performed using the same jejunal loop. A
single-layer, continuous, hand-sewn antecolic gastrojeju-
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Group 1

Group 2

(n = 46)

(n = 32)

-

18 (56.3)

-

-

14 (77.8)
3 (16.7)
1 (5.6)
22 (68.8)
18 (81.8)
3 (13.6)
1 (4.5)
3 (9.4)

-

P value
-

-

-

3 (100)
0.358
1 (2.2)
43 (93.5)
2 (4.3)

3 (9.4)
28 (87.5)
1 (3.1)

1 (2.4)
15 (36.6)
25 (61.0)

3 (13.0)
8 (34.8)
12 (52.2)

32 (69.6)
3 (6.5)
11 (23.9)

21 (65.6)
3 (9.4)
8 (25.0)

0.239

0.882

nostomy or duodenojejunostomy was then performed,
with a nasogastric tube placed in the afferent jejunal
limb of the anastomosis. No vagotomy, gastrostomy or
feeding jejunostomy was performed. A drain was placed
anterior to the pancreaticoduodenectomy anastomosis,
and another drain was placed posterior to the anastomosis. The vascular reconstruction technique and methods
of pancreaticoduodenectomy anastomosis are shown in
Table 2.
All patients were followed up monthly in the first
year, and then quarterly if no recurrence was detected.
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Table 3 Short-term outcomes
Variables

Table 4 Pathologic examination results

Group 1

Group 2

(n = 46)

(n = 32)

Blood loss (mL)
800 (250-1600) 1200 (100-5000)
Operation time (min)
580 (378-855)
715 (487-992)
Hospital stay (d)
17 (9-120)
17 (11-89)
Intensive care unit stay (d)
2 (1-10)
2 (0-24)
Hospital death
2 (4.3)
1 (3.1)
Patients with complication
20 (43.5)
10 (31.3)
Chest infection
3 (6.5)
2 (6.3)
Pleural effusion
1 (2.2)
1 (3.1)
Wound infection
7 (15.2)
1 (3.1)
Subphrenic abscess or
5 (10.9)
1 (3.1)
collection
Intra-abdominal bleeding
1 (2.2)
0 (0.0)
Gastrointestinal bleeding
1 (2.2)
1 (3.1)
Cardiac arrhythmia
4 (8.7)
2 (6.3)
Acute coronary syndrome
2 (4.3)
1 (3.1)
Deep vein thrombosis
2 (4.3)
0 (0.0)
Delayed gastric emptying
3 (6.5)
5 (15.6)
(> 7 d)
Types of pancreatic fistula
according to ISGPF
All types
10 (21.7)
5 (15.6)
Type A
6 (13.0)
4 (12.5)
Type B
3 (6.5)
1 (3.13)
Type C
1 (2.2)
0 (0.0)

Variables

P value

Tumor size (cm)
Lymph node metastases
No
<5
5-10
> 10
Pancreaticojejunostomy
construction method
Dunking or other
Duct to mucosa
R0 resection
R1 resection
AJCC staging (7th edition)
Stage ⅠA
Stage ⅠB
Stage ⅡA
Stage ⅡB
Stage Ⅲ
Stage ⅠA/ⅠB/ⅡA
(no lymph node involvement)
Stage ⅡB/Ⅲ (advanced)

0.007
< 0.0001
0.316
0.847
1.000
0.275
1.000
1.000
0.176
0.406
1.000
1.000
1.000
1.000
0.641
0.355
0.662

Group 2
(n = 32)

3 (1.0-8.0)
21 (45.7)
22 (47.8)
2 (4.3)
1 (2.2)

3 (1.6-6.0)

P value
0.315
0.299

12 (37.5)
15 (46.9)
5 (15.6)
0 (0.0)
0.613

4 (12.5)
28 (87.5)
35 (75.6)
11 (24.4)

3 (6.5)
43 (93.5)
25 (78.1)
7 (21.9)

2 (4.3)
4 (8.7)
14 (30.4)
25 (54.3)
1 (2.2)
20 (43.5)

2 (6.3)
3 (9.4)
8 (25.0)
18 (56.3)
1 (3.1)
13 (40.6)

26 (56.5)

19 (59.4)

0.793
0.981

0.802

Data are expressed as median (range), or n (%). AJCC: American Joint
Committee on Cancer.

Data are expressed as median (range), or n (%). ISGPF: International Study
Group on Pancreatic Fistula.

CT was performed one month after the operation,
quarterly in the first year, and half-yearly subsequently.
Pancreatic fistula was classified into type A, B and C according to the International Study Group of Pancreatic
Fistula[13]. Recurrence was defined as the presence of
typical features appearing on CT or magnetic resonance
imaging scans on follow-up. If necessary, recurrence was
confirmed by cytology. Patients were referred to medical
oncologists for consideration for adjuvant chemotherapy
after the surgery.
Statistical analysis
The baseline characteristics of patients are expressed as
median and range or n and percent. The Mann-Whitney
U test was used to compare continuous variables, and
Pearson’s χ 2 test was used to compare discrete variables.
Survival analysis was performed on the time of diseasefree survival vs tumor recurrence or death. Survival curves
were computed with the Kaplan-Meier method and compared between groups by the log-rank test. Significance
was defined as P < 0.05. All statistical calculations were
made with the computer software SPSS/PC+ (SPSS Inc.,
Chicago, IL, United States).

RESULTS
The medians for volume of blood loss (1200 mL vs 800
mL; P < 0.05) and operation time (715 min vs 580 min; P
< 0.05) were significantly greater in group 2 compared to
group 1 (Table 3). Both groups had an intensive care unit
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Group 1
(n = 46)

stay of 2 d and a median hospital stay of 17 d, with no
differences observed in postoperative complications.
The median tumor size for both groups was 3 cm,
and the majority of patients had fewer than five lymph
node metastases (Table 4). There were no differences
between the groups regarding the method of pancreaticojejunostomy, type of resection, or disease stage as classified the American Joint Committee on Cancer (AJCC)
classification (7th edition)[14].
The one-, three-, and five-year survival rates in group
1 were 71.1%, 23.6% and 13.5%, respectively (Figure 2A).
These were not different from group 2, who showed corresponding rates of 70.6%, 33.3% and 22.2%. The one-,
three-, and five-year disease-free survival rates in group 1
were 48.7%, 15.7% and 15.7%, respectively (Figure 2B),
which corresponded to 40.3%, 20.2% and 13.4% diseasefree survivals in group 2.
The one-year survival of patients in group 3 (stage
ⅡB/Ⅲ) who had only undergone bypass surgery was
13.8%, which was significantly lower than in group 2 (P
< 0.05) (Figure 2C). These patients were either considered physically unfit for pancreaticoduodenectomy or
found to have an SMA encasement larger than 2 cm during laparotomy. Patients with liver metastasis and distant
metastasis were not included in this group.
Patients were classified into early and advanced
groups for survival comparison according to the presence of lymph node metastasis. The early group was
comprised of patients with stage ⅠA, ⅠB or ⅡA disease.
The advanced group was comprised of patients with
disease stage ⅡB or Ⅲ. The median survival durations
for group 1 and group 2 patients with early disease were
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similar at 28.8 and 27.5 mo, respectively, and 15.8 and
17.1 mo for advanced disease stages (Figure 2D).
Sixteen factors that might affect patient survival after
pancreaticoduodenectomy were identified (Table 5). Multivariate analysis showed that only lymph node metastasis
was significant for poorer survival (P = 0.021), whereas
a univariate analysis identified AJCC disease stage as the
only significant factor.

DISCUSSION
Pancreaticoduodenectomy is a technically challenging
procedure, and the rate of morbidities (including pancreatic fistula) ranges between 15% and 50%[15,16]. A gradual
decrease in mortality has been observed in recent years,
though the patient age and the incidence of comorbid illness have increased. It is generally agreed that a hospital
mortality rate of 3%-5% is acceptable for pancreaticoduodenectomy without vascular resection at high-volume
centers[4]. However, it is believed that the risk of this
operation is high if simultaneous vascular resection with
reconstruction is required. Many surgeons have taken a
more conservative approach when the tumor is considered barely resectable[17,18].
Tumor invasion of the PV or SMV is considered
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a sign of advanced disease, which is likely to result in
poor surgical outcomes. Thus, many centers adopt more
conservative approaches for patients with vascular invasion[19]. In this study, we found that tumor invasion or
dense adhesion to the PV or SMV did not correlate with
the stage of disease. The median tumor size was 3 cm in
both groups, but tumors as small as 1.6 cm could have
invaded the PV or SMV, necessitating vascular resection.
It is tumor location rather than tumor size that affects
surgical planning. Fuhrman et al[20] described a similar observation in 23 patients whose tumors with a median size
of 3 cm led to major vessel involvement.
Due to the retrospective design of this study, we did
not present the degree of invasion of the PV or SMV
found by histopathologic examinations. Since histologic
information can only be obtained after surgery, an operating surgeon has to judge during laparotomy whether
there is genuine vascular invasion and whether simultaneous vascular resection is required. At centers experienced
in vascular reconstruction, simultaneous resection for
suspected venous invasion should be performed. The
AJCC has not considered tumor invasion of the PV or
SMV a factor affecting tumor staging, and therefore a tumor with PV or SMV involvement is classified stage ⅡA
if there is no lymph node metastasis. In accordance with
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Table 5 Univariate analyses of factors affecting survival
outcomes
Factor

Median survival (mo)

Median age (yr)
22.35 ± 3.73
≤ 64 (n = 40)
> 64 (n = 38)
15.84 ± 4.40
Sex
Male (n = 45)
22.35 ± 6.32
Female (n = 33)
19.26 ± 3.74
Comorbidity
No (n = 37)
20.05 ± 4.08
Yes (n = 41)
21.36 ± 4.34
Preoperative cholangitis
No (n = 76)
19.26 ± 3.54
Yes (n = 2)
21.36
Postoperative complication
No (n = 48)
23.79 ± 5.26
Yes (n = 30)
16.76 ± 4.18
International normalized ratio
21.36 ± 2.79
≤ 1 (n = 55)
> 1 (n = 15)
27.51 ± 14.53
Creatinine level (mmol/L)
23.79 ± 4.42
≤ 79 (n = 37)
> 79 (n = 36)
13.90 ± 2.98
Total bilirubin level ( mmol/L)
22.35 ± 3.16
≤ 72 (n = 39)
> 72 (n = 38)
16.66 ± 5.01
Serum albumin level (g/L)
28.79 ± 8.12
≤ 40 (n = 44)
> 40 (n = 29)
19.09 ± 3.77
Blood loss (mL)
28.79 ± 5.84
≤ 850 (n = 36)
> 850 (n = 33)
21.36 ± 4.89
Tumor Size (cm)
16.76 ± 3.22
≤ 3 (n = 43)
> 3 (n = 28)
19.09 ± 7.97
R1 resection
No (n = 59)
25.34 ± 5.32
Yes (n = 18)
13.44 ± 3.87
Lymph node metastases
No (n = 33)
28.79 ± 3.82
< 5 (n = 37)
17.12 ± 3.05
5-10 (n = 7)
11.40 ± 5.68
> 10 (n = 1)
22.18
Disease stage (AJCC staging, 7th edition)
Early (ⅠA + ⅠB + ⅠC) (n = 33)
28.79 ± 5.00
Advanced (ⅡB + Ⅲ + Ⅳ) (n = 45)
17.12 ± 3.41
Simultaneous vascular resection
Yes (n = 32)
21.36 ± 5.93
No (n = 46)
19.26 ± 3.58
Pancreatic fistula type (according to ISGPF)
No fistula + type A (n = 73)
20.05 ± 3.43
Type B + type C (n = 5)
13.90 ± 6.61

P value
0.634

0.445

0.890

0.487

0.204

0.924

0.652

0.581

0.419

0.284

0.630

0.055

0.113

0.036

0.815

0.488

Data are presented as mean ± SE. AJCC: American Joint Committee on
Cancer; ISGPF: International Study Group on Pancreatic Fistula.

this, patients with tumor invasion of the PV or SMV are
still considered to have a relatively early-stage cancer. This
might be quite contradictory to many clinicians’ concepts.
The definition of borderline resectability for pancreatic cancer remains controversial. Varadhachary et
al[21] proposed three categories of patients with tumors
with borderline resectability: types A, B and C. Type-A
patients have tumors with one or more of the following
three findings on CT images: (1) tumor abutment (≤
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180° of the circumference of the vessel) of the SMA or
celiac axis; (2) tumor abutment or encasement (> 180°
of the circumference of the vessel) of a short segment
of the hepatic artery, typically at the origin of the gastroduodenal artery; and (3) tumor-related occlusion of a
short segment of the SMV, PV, or SMV-PV confluence
that is amenable to vascular resection and reconstruction
because of a patent SMV and PV below and above the
area of occlusion. Type-B patients have tumors with extrapancreatic metastasis. Type-C patients are patients who
have marginal physical fitness for major operations.
In fact, many patients with adenocarcinoma of the
pancreas can have a relatively early cancer stage even if
they are classified as a type-A patient. The decision on
treatment strategy for these patients depends on the
risk and benefit of surgery and whether or not there is a
good alternative treatment. Neoadjuvant chemotherapy
has been suggested to increase the resection rate. Chemotherapy or chemoradiation have a partial tumor response rate of 56%[22]. Although it might be effective for
some patients, subjecting every patient with SMV or PV
involvement to neoadjuvant therapy without considering
upfront surgery would allow progression of cancer in
40% of patients who would not respond well.
This study shows that pancreaticoduodenectomy with
vascular resection can be performed safely at centers
with experience and expertise. The complication and
pancreatic fistula rates in group 2 were not inferior to
those in group 1. No SMV or PV thrombosis was found
in the study. The experience and techniques in vessel
reconstruction we have learned from our liver transplant
program can be transferred to many complicated hepatobiliary and pancreatic surgeries[10,23,24]. Techniques used
in reconstruction of the PV, SMV or SMA are identical
to those used in liver transplantation. Most of the time,
PV or SMV reconstruction is possible without generating tension on the venous anastomosis after a CattellBraasch maneuver[25]. When simultaneous resection of a
PV longer than 5 cm is required during pancreaticoduodenectomy, cadaveric vein grafts available from the liver
transplant program give extra flexibility for the vascular
reconstruction.
Contrast CT is one of the most sensitive ways for
preoperative staging of pancreatic cancer[26,27]. It has been
suggested that the morphologic features of portal vein
invasion could predict the survival outcomes of patients.
Patients with extensive tumor involvement of the vessel would have poorer survival[27,28]. Likewise, possible
regional lymph node metastases can now be revealed by
fine-cut CT scans. Regional lymph node metastases are
associated with poor patient survival. However, these socalled poor prognostic indicators should only be regarded
as a prognostic suggestion before surgery, and should
not become an absolute contraindication to surgery, as
surgical resection provides the best survival outcomes for
patients with barely resectable diseases. Pancreatic cancer
with arterial invasion is also associated with poor patient
survival. In a previous study, patients who had pancreati-
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coduodenectomy with simultaneous arterial resection had
a median overall survival duration of only 15.8 mo[29].
In our present study, patients having only bypass
surgery with palliative intention (group 3) were included
for comparison. Many of these patients were not subjected to pancreaticoduodenectomy because they were
not physically fit for major surgery. In terms of survival,
these patients fared far worse than group 2 patients. Approximately 23% of the patients in the study had R1 resection as shown by final pathologic examination. Many
of these patients had posterior margin involvement. No
difference in the distribution of margin involvement was
found between group 1 and group 2. As there is no association between SMV or PV invasion and R1 resection,
and the degree of posterior margin involvement cannot
be known before laparotomy, patients should not be
denied pancreaticoduodenectomy on the basis of CT images of vascular invasion.
Adenocarcinoma of the pancreas is a cancer with
poor patient survival. Surgical resection provides the best
chance of cure. Pancreaticoduodenectomy with simultaneous vascular resection is a safe and effective treatment
option. The postoperative morbidity and pancreatic
fistula rates are not inferior at centers with expertise. In
patients who suffer from adenocarcinoma of the pancreas with portal venous invasion, survival after this complicated procedure is not compromised when compared
with that after standard pancreaticoduodenectomy.
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Abstract
AIM: To examine whether diabetes-related genetic
variants are associated with pancreatic cancer risk.
METHODS: We genotyped 7 single-nucleotide polymorphisms (SNPs) in PPARG2 (rs1801282), ADIPOQ
(rs1501299), ADRB3 (rs4994), KCNQ 1 (rs2237895),
KCNJ11 (rs5219), TCF7L2 (rs7903146), and CDKAL1
(rs2206734), and examined their associations with
pancreatic cancer risk in a multi-institute case-control
study including 360 cases and 400 controls in Japan.
A self-administered questionnaire was used to collect
detailed information on lifestyle factors. Genotyping
was performed using Fluidigm SNPtype assays. Unconditional logistic regression methods were used to
estimate odds ratios (ORs) and 95% confidence intervals (CIs) for the association between these diabetesassociated variants and pancreatic cancer risk.
RESULTS: With the exception of rs1501299 in the
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ADIPOQ gene (p = 0.09), no apparent differences in

genotype frequencies were observed between cases
and controls. Rs1501299 in the ADPIOQ gene was
positively associated with pancreatic cancer risk; compared with individuals with the AA genotype, the ageand sex-adjusted OR was 1.79 (95%CI: 0.98-3.25)
among those with the AC genotype and 1.86 (95%CI:
1.03-3.38) among those with the CC genotype. The
ORs remained similar after additional adjustment for
body mass index and cigarette smoking. In contrast,
rs2237895 in the KCNQ1 gene was inversely related to
pancreatic cancer risk, with a multivariable-adjusted
OR of 0.62 (0.37-1.04) among individuals with the CC
genotype compared with the AA genotype. No significant associations were noted for other 5 SNPs.
CONCLUSION: Our case-control study indicates that
rs1501299 in the ADIPOQ gene may be associated
with pancreatic cancer risk. These findings should be
replicated in additional studies.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Although it is likely that a common genetic
background predisposes individuals to developing both
diabetes and pancreatic cancer, very few molecular
epidemiologic studies have addressed this issue. We
therefore genotyped 7 diabetes-related genetic variants and found that rs1501299 in the ADIPOQ gene
may be associated with pancreatic cancer risk. The
role of adiponectin variants needs further study.
Kuruma S, Egawa N, Kurata M, Honda G, Kamisawa T, Ueda
J, Ishii H, Ueno M, Nakao H, Mori M, Matsuo K, Hosono
S, Ohkawa S, Wakai K, Nakamura K, Tamakoshi A, Nojima
M, Takahashi M, Shimada K, Nishiyama T, Kikuchi S, Lin
Y. Case-control study of diabetes-related genetic variants and
pancreatic cancer risk in Japan. World J Gastroenterol 2014;
20(46): 17456-17462 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i46/17456.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i46.17456

INTRODUCTION
The etiology of sporadic pancreatic cancer remains
largely unknown. Epidemiologic studies have consistently shown that pancreatic cancer is positively associated
with cigarette smoking and long-standing diabetes[1,2]. A
2005 meta-analysis reported that the risk for pancreatic
cancer is 82% higher among diabetics compared with
those without diabetes[3], though it is unclear which factors underlying diabetes are associated with pancreatic
cancer. Most epidemiological studies have been limited
by self-reporting of diabetes and by the lack of objective biomarkers, such as fasting plasma glucose or insulin
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levels, to address the temporal relationship between diabetes and pancreatic cancer. There is increasing evidence
from clinical studies that pancreatic cancer induces
new-onset diabetes[4,5]. The evidence available thus far
strongly suggests that the relationship between diabetes
and pancreatic cancer is bi-directional.
Given the well-recognized, positive association between type 2 diabetes and pancreatic cancer risk in epidemiological studies, it may be interesting to examine whether diabetes-related genetic variants may also be associated
with pancreatic cancer risk. Genome-wide association
studies (GWAS) have reported that at least 30 loci are associated with susceptibility to diabetes in various populations, with the majority originating from individuals of
European descent[6]. Because of the potential differences
in fat distribution and genetic background between Asian
and Western populations[7,8], we focused on diabetes-related genetic variants reported in studies of Japanese populations, and variants that were first reported in GWAS of
other populations and then replicated in Japanese populations. Among the 7 diabetes susceptibility genes we chose
for the present study, PPARG2, ADIPOQ, and ADRB3
have been shown to be closely associated with diabetes
risk in Japanese subjects[9]; KCNQ1 was reported as a diabetes susceptibility gene simultaneously by 2 independent
Japanese research groups in 2008[10,11]; KCN11, TCF7L2,
and CDKAL1 were also reported to be associated with
diabetes susceptibility in GWAS of Japanese subjects[12,13].
Although it is likely that a common genetic background predisposes individuals to developing both diabetes and pancreatic cancer, very few molecular epidemiologic studies have addressed this issue. We hypothesized
that diabetes susceptibility genetic variants may be associated with an increased risk of pancreatic cancer in Japanese subjects. We therefore genotyped 7 single-nucleotide
polymorphisms (SNPs) in PPARG2 (rs1801282), ADIPOQ (rs1501299), ADRB3 (rs4994), KCNQ1 (rs2237895),
KCNJ11 (rs5219), TCF7L2 (rs7903146), and CDKAL1
(rs2206734) and examined their associations with pancreatic cancer risk in a multi-institute, case-control study in
Japan.

MATERIALS AND METHODS
Study subjects
The purpose of our case-control study was to evaluate
the role of genetic polymorphisms and gene-environment interactions in the development of pancreatic
cancer in Japanese subjects. The details of the study
design have been described elsewhere[14]. Briefly, cases
were defined as patients who were newly diagnosed with
pancreatic ductal adenocarcinoma at five participating
hospitals from April 1, 2010, through May 15, 2012. A
diagnosis was made according to imaging modalities
and further confirmed by pathology reports. Pathologically confirmed cases represented approximately 90%
of all cases in this study. During the same time period,
we recruited the majority of control subjects from in-
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Genotyping assays
Genotyping was performed using Fluidigm 192.24 Dynamic Array with BioMark HD Systems and EP1 (Fluidigm Corp., CA). We applied SNPtype assay (Fluidigm
Corp., CA) which employs allele-specifically designed
fluorescences (FAM or VIC) primers and a common reverse primer. We analyzed the data by the BioMark SNP
Genotyping Analysis software to obtain genotype calls.
The software defined genotype of each sample based on
the relative intensities of fluorescences. The laboratory
staff members were blinded to case or control status.
Four quality control samples were included in each assay,
and the successful genotyping rate was 100%.

Table 2 Selected characteristics of cases and controls n (%)
Cases

Age, mean ± SD
Sex
Male
Female
BMI, mean ± SD
History of diabetes
Yes
No
Cigarette smoking
Ever
Never
Age upon starting smoking (mean ± SD)
Number of cigarettes smoked per day
(mean ± SD)

Controls

n = 360

n = 400

67.8 ± 8.8

64.8 ± 9.5

215 (59.7)
145 (40.3)
22.9 ± 3.3

226 (56.5)
174 (43.5)
22.8 ± 3.2

87 (24.1)
269 (74.7)

35 (8.7)
362 (90.5)

215 (59.7)
145 (40.2)
21.8 ± 4.8
20.3 ± 9.0

198 (49.5)
202 (50.5)
20.5 ± 4.5
16.2 ± 9.2

BMI: Body mass index.

Table 2 Single-nucleotide polymorphisms profile
Rs number

Gene

Chromosome
location

Risk allele

rs1801282
rs1501299
rs4994
rs2237895
rs5219
rs7903146
rs2206734

PPARG2
ADIPOQ
ADRB3
KCNQ1
KCNJ11
TCF7L2
CDKAL1

3p25
3q27
8p12
11p15
11q23
10q25
6p22

C
C
C
C
T
T
A

1

Alternative
allele
G
A
T
A
C
C
G

1

Based on the odds ratios reported for the association between T2D risk allele and T2D risk in previous studies.

patients and outpatients as well as from individuals who
underwent medical checkups at one of the participating
hospitals. None of the control subjects had a history
of cancer. The diagnoses for hospital control subjects
included a variety of diseases, such as anemia, gastric
ulcers, and irritable bowel syndrome. The response rate
was 85% (441/516) for cases and 98% (525/534) for
control subjects as of July 1, 2012. The control subjects
were frequency matched to the case patients on sex and
age (within 10-year categories). As a result, 360 case
patients and 400 control subjects were included in the
present analysis.
All the study subjects provided written informed
consent. Our study was approved by the Ethics Board
of Aichi Medical University and by all the participating
hospitals.
Data collection
Using a self-administered questionnaire, we collected detailed information on demographic characteristics, medical
history, and lifestyle factors. In addition to the questionnaire survey, we obtained a 7-mL venous blood sample
from all consenting participants. Genomic DNA was
extracted from peripheral lymphocytes and subsequently
stored at -30 ℃ until analysis.
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Statistical analysis
A χ 2 test was used to test genotype frequencies in control subjects for Hardy-Weinberg equilibrium (HWE)
by comparing the observed genotype frequencies with
those expected under HWE. The differences in genotype frequencies between cases and controls were also
tested using a χ 2 test. Because the biological function of
most SNPs has not been clearly defined, a co-dominant
genomic model was assumed for SNP effects. We used
unconditional logistic regression methods to estimate
odds ratios (ORs) and 95% confidence intervals (CIs)
for the association between diabetes-associated variants
and pancreatic cancer risk. All analyses were adjusted
for age (continuous), sex (male or female), BMI (< 20,
20-22.4, 22.5-24.9, or ≥ 25.0), and cigarette smoking
(current, former, or never smokers). ORs were also estimated for the risk allele on the basis of a log-additive
model.
All P values were two-sided, with P < 0.05 indicating
statistical significance. All statistical analyses were performed with EZR (Saitama Medical Center, Jichi Medical
University), which is a graphical user interface for the R
program (The R Foundation for Statistical Computing).
More precisely, EZR is a modified version of R commander designed to add statistical functions frequently
used in biostatistics.

RESULTS
The distribution of genotypes for all SNPs among control subjects did not deviate from HWE. Table 1 shows
the selected characteristics of cases and controls. The
mean BMI was similar between cases and controls. The
number of individuals who had a history of diabetes
was 87 (24.1%) in cases and 35 (8.7%) in controls. The
OR was 2.95 (95%CI: 1.90-4.57) for those who had a
history of diabetes. Individuals who had a BMI of 30
or greater had a 1.21-fold increased risk; however, the
association was not statistically significant. The number
of ever smokers (including current and former smokers)
was 215 (59.7%) in cases and 198 (49.5%) in controls.
The SNP profile is summarized in Table 2.
Table 3 shows the associations of pancreatic cancer
with individual SNPs in the following genes: PPARG2

17458

December 14, 2014|Volume 20|Issue 46|

Kuruma S et al . Genetic variants and pancreatic cancer
Table 3 Associations between diabetes-associated single-nucleotide polymorphisms and pancreatic cancer risk
SNP

Genotype

Case, n

Control, n

Age- and sex-adjusted OR (95%CI)

PPARG2

rs1801282

ADIPOQ

rs1501299

CDKAL1

rs2206734

GG + CG
CC
AA
AC
CC
GG
AG
AA
TT
CT
CC
AA
AC
CC
CC
CT
TT
CC
CT + TT

26
334
19
155
186
114
184
62
228
114
18
153
175
32
150
157
53
354
6

27
373
38
167
195
138
195
67
255
131
14
156
193
51
159
192
49
394
6

1.00
0.83 (0.47-1.46)
1.00
1.79 (0.98-3.25)
1.86 (1.03-3.38)
1.00
1.15 (0.83-1.59)
1.16 (0.75-1.79)
1.00
0.92 (0.67-1.25)
1.37 (0.66-2.83)
1.00
0.95 (0.70-1.29)
0.62 (0.37-1.02)
1.00
0.87(0.64-1.18)
1.14 (0.72-1.79)
1.00
1.20 (0.38-3.83)

Gene

ADRB3

rs4994

KCNQ1

rs2237895

KCNJ11

rs5219

TCF7L2

rs7903146

1

Multivariable-adjusted OR (95%CI)
1.00
0.77 (0.43-1.38)
1.00
1.71 (0.93-3.15)
1.85 (1.01-3.39)
1.00
1.18 (0.85-1.64)
1.21 (0.78-1.89)
1.00
0.88 (0.64-1.21)
1.36 (0.65-2.87)
1.00
0.92 (0.67-1.26)
0.62 (0.37-1.04)
1.00
0.90 (0.66-1.24)
1.19 (0.75-1.90)
1.00
1.16 (0.36-3.72)

1

Adjusted for age, sex, body mass index, and cigarette smoking.

(rs1801282), ADIPOQ (rs1501299), ADRB3 (rs4994),
KCNQ1 (rs2237895), KCNJ11 (rs5219), TCF7L2
(rs7903146), and CDKAL1 (rs2206734). With the exception of rs1501299 in the ADIPOQ gene (p = 0.09), no apparent differences in genotype frequencies were observed
between cases and controls. Rs1501299 in the ADPOQ
gene was positively associated with pancreatic cancer risk;
the age- and sex-adjusted OR was 1.79 (95%CI: 0.98-3.25)
among those with the AC genotype and 1.86 (95%CI:
1.03-3.38) among those with the CC genotype when
compared with individuals with the AA genotype. The
ORs remained similar after additional adjustment for cigarette smoking and BMI. Under the log-additive model,
each additional copy of risk allele C was associated with a
1.2-fold increased risk of pancreatic cancer (OR = 1.22,
95%CI: 0.96-1.55). In contrast, rs2237895 in the KCNQ1
gene was inversely related to pancreatic cancer risk, with
a multivariable-adjusted OR of 0.62 (0.37-1.04) among
individuals with the CC genotype compared with those
with the AA genotype. No significant associations were
noted for the other 5 SNPs.

DISCUSSION
In this case-control study, we genotyped 7 diabetes-associated genetic polymorphisms, and found that 2 variants
in the ADIPOQ and KCNQ1 genes were associated with
pancreatic cancer risk in Japanese subjects. The risk variant in the ADIPOQ gene had a 1.9-fold increased risk,
whereas the risk variant in the KCNQ1 gene was inversely associated with risk.
Studies examining the association between diabetes-related genetic variants and pancreatic cancer risk were very
limited, and the results were inconsistent. In a case-control
study examining 15 SNPs in several obesity- and diabetesrelated genes, two FTO gene variants (rs8050136 and
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rs9939609) and one ADIPOQ gene variant (rs17366743)
were positively associated with pancreatic cancer risk;
however, these associations were observed only in individuals who were overweight[15].
Of the 37 diabetes risk alleles examined by Pierce et
al[16], only two SNPs (rs8050136 in FTO and rs1387153 in
MTNR1B) showed significant positive associations with
pancreatic cancer risk. However, ADIPOQ gene variants were not included in their analyses. We found that
rs1501299 in the ADIPOQ gene had a positive association with pancreatic cancer risk, with the risk variant CC
genotype conferring an approximate 1.9-fold increased
risk compared with the AA genotype. The precise mechanism linking this SNP to pancreatic cancer risk is not
clear. Adiponectin, which is secreted by adipose tissue,
acts as an endogenous insulin-sensitizing hormone[17]
and activates intracellular signaling pathways, including
AMPK, PPARα, and NF-κB, by binding to two receptors, AdipoR1 and AdipoR2[17]. AdipoR1 has been reported to be upregulated in pancreatic cancer[18]. The adiponectin gene is located on chromosome 3q26, a region
associated with susceptibility to the development of type
2 diabetes[19]. Rs1501299 in the ADIPOQ gene has been
shown to be correlated with adiponectin levels, with the
CC genotype exhibiting decreased levels of adiponectin
compared with the AA genotype[9,20], Low adiponectin
concentrations contribute to insulin resistance, type 2
diabetes, and atherosclerosis[21] as well as obesity-related
cancers, including breast and colorectal cancers[22,23]. A
prospective study showed that low plasma adiponectin
levels are associated with an increased risk of pancreatic cancer, independent of other markers of insulin
resistance[24]. Given the essential role of adiponectin
in insulin resistance and the strong evidence supporting the positive association of pancreatic cancer with
obesity, insulin resistance, and hyperinsulinemia in both
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epidemiological and mechanistic studies, it is likely that
genetic variations in the adiponectin pathway may affect
pancreatic cancer risk through their effects on circulating
adiponectin.
KCNQ1 (potassium voltage-gated channel KQT-like
subfamily, member 1) encodes the pore-forming subunit
of a voltage-gated K+ channel (KvLQT1) and plays a key
role in the repolarization of cardiac action potential as a
water and salt transporter in epithelial tissues[25]. KCNQ1
is also expressed in pancreatic islets[26], and a blockade of
the channel with the KCNQ1 inhibitor 293B stimulated
insulin secretion[27]. To date, variants in the KCNQ1 gene
exert the greatest effects on the risk of type 2 diabetes
in Asians[28]. Of the several SNPs in the KCNQ1 gene
that are associated with increased type 2 diabetes risk in
Asians[10,11], we selected rs2237895 because this SNP was
reported to be significantly associated with diabetes risk
in both GWAS of Japanese people. Furthermore, in a
previous study examining the effects of 4 SNPs in the
KCNQ1 gene (rs2237892, rs2283228, rs2237895, and
rs2237897) on serum insulin levels following an oral glucose tolerance test in approximately 6000 Scandinavian
individuals, only the C risk allele of rs2237895 was associated with reduced insulin release[29]. A 2012 meta-analysis confirmed that the C risk allele of rs2237895 in the
KCNQ1 gene increases the risk of diabetes by 32%[30].
However, we found that the C risk allele of rs2237895
was associated with a decreased risk of pancreatic cancer, which is unexpected and contrary to our hypothesis.
This finding may be due to chance, but the mechanisms
underlying this inverse association should be explored in
further studies.
Diabetes is a complex disease, and susceptibility is
determined by both genetic and environmental factors.
Additionally, pancreatic cancer develops only in a subset
of diabetics. Thus, these factors led us to postulate that
certain diabetes-predisposing variants may be associated
with a decreased risk of pancreatic cancer. A nested casecontrol study offered supporting evidence that circulating markers of peripheral insulin resistance, rather than
pancreatic β-cell dysfunction, were independently associated with pancreatic cancer risk[31]. This finding, together
with our observation of the positive association between
rs1501299 in the ADIPOQ gene and pancreatic cancer
risk, indicates that genetic variations influencing insulin
resistance and their impact on circulating biomarkers are
closely associated with pancreatic cancer risk.
No significant differences were observed in the genotype distributions between cases and controls in this
study, with the exception of rs1501299 in the ADIPOQ
gene. Other than SNPs in the ADIPOQ and KCNQ1
genes, none of the 5 SNPs we genotyped were associated
with pancreatic cancer risk. Among the genes examined
in this study, TCF7L2, the most significant diabetes-related gene in Western populations, did not show any significant associations in this study. One possible reason for
this result is the difference in the minor allele frequency.
The very low frequency of TCF7L2 risk genotypes in
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this study might make the detection of significant associations difficult. The null association for these SNPs
suggests that other causal SNPs in these genes may be
involved in pancreatic cancer susceptibility, and further
studies are warranted to identify novel risk variants.
Our findings should be interpreted cautiously due
to several limitations of this study. First, the results obtained may be due to chance because of the inadequate
statistical power or bias inherent in case-control studies. Second, pathology reports were not available for
all cases. However, we performed an analysis excluding
those cases without pathology reports, and found that
the positive association between rs1501299 in the ADIPOQ gene and pancreatic cancer remained unchanged.
Third, we did not genotype SNPs that have been shown
to be related to diabetes-related quantitative traits, including fasting plasma glucose, insulin, and homeostasis
model assessment of β-cell function (HOMA-β). These
biomarkers have been shown to be associated with pancreatic cancer risk in previous prospective studies[32,33].
Fourth, we did not examine serum levels of adiponectin
in this study. Additional studies are necessary to clarify
the effects of genetic polymorphisms on serum levels of
adiponectin and evaluate their roles in the development
of pancreatic cancer. Finally, we cannot exclude the possibility that the observed SNPs are in linkage disequilibrium with causal variants in the same gene or other
genes. Further comprehensive analyses of SNPs in the
two genes are required to identify the causal variants that
confer susceptibility to diabetes or pancreatic cancer.
In summary, the results of our case-control study indicate that rs1501299 in the ADIPOQ gene may be associated with pancreatic cancer risk. These findings should
be replicated in additional studies.
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Abstract
AIM: To investigate prevalence, type and time of onset
of extraintestinal manifestations (EIMs) in a series of
Italian inflammatory bowel disease (IBD) patients.
METHODS: Data of 811 IBD consecutive patients, first
referred to our Centre from 2000 to 2011, were retrospectively evaluated.
RESULTS: Eight hundred and eleven IBD patients (437
M, 374 F) were studied: 595 ulcerative colitis (UC)
(73.4%) and 216 Crohn’s disease (CD) (26.6%). Among
these, 329 (40.6%) showed EIMs: 210 UC (35.3%) and
119 CD (55.1%) (P < 0.0001). Considering the time of
the diagnosis of IBD, 37 EIMs (11.2%) were developed
before, 229 (69.6%) after and 63 (19.2%) were simul-
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taneous. The type of EIM were as follows: 240 musculoskeletal (29.6%), in 72 CD patients and in 168 UC (P
< 0.0001); 47 mucocutaneous (5.8%), in 26 CD and in
21 UC (P = 0.0049); 26 ocular (3.2%), in 16 CD and in
10 UC (CD 7.4% vs UC 1.7%, P = 0.0093); 6 hepatobiliary (0.8%); 10 endocrinological (1.2%). In particular,
with regards to the involvement of the musculoskeletal
system, arthritis Type 1 was found in 41 CD (19%) and
in 61 UC (10.2%) (P = 0.0012) and Type 2 in 25 CD
(11.6%) and in 100 UC (16.8%) (P = 0.0012).
CONCLUSION: Mucocutaneous manifestations, arthritis Type 1 and uveitis were significantly more frequent
in CD than UC. The complications of the musculoskeletal system were the mostly observed ones, often with
symptoms more severe than intestinal ones, confirming
the need for close cooperation with rheumatologists.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Crohn’s disease; Extraintestinal manifestations; Inflammatory bowel diseases; Musculoskeletal
manifestations; Ulcerative colitis
Core tip: Extraintestinal manifestations (EIMs) are commonly seen in association with inflammatory bowel disease (IBD), both in patients with ulcerative colitis and
in those ones with Crohn’s disease. The reported prevalence of EIMs in IBD is highly variable, ranging from
25% to 40%. EIMs can involve any organ or system,
even if the musculoskeletal and the dermatologic are
the most common ones. Hepatopancreatobiliary, ocular,
renal and pulmonary systems may also be affected.
Zippi M, Corrado C, Pica R, Avallone EV, Cassieri C, De Nitto
D, Paoluzi P, Vernia P. Extraintestinal manifestations in a large
series of Italian inflammatory bowel disease patients. World J
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INTRODUCTION
Extraintestinal manifestations (EIMs) are commonly seen
in association with inflammatory bowel disease (IBD),
both in patients with ulcerative colitis (UC) and Crohn’s
disease (CD). The incidence of EIMs reported in IBD is
highly variable, ranging from 25% to 40%[1,2]. These manifestations are in most of the cases associated with colonic inflammation, but in a proportion of patients EIMs
may be present prior to the onset of colonic symptoms[3].
EIMs can involve any organ or system, even if the musculoskeletal and the dermatologic are the most common
ones. Hepatopancreatobiliary, ocular, renal and pulmonary systems may also be affected. In some cases, EIMs
may be found in association with autoimmune diseases or
result from nutritional and metabolic dysfunction[3].
The aim of the present retrospective study was to
investigate, in a large series of Italian IBD patients, the
prevalence, time of onset and type of EIMs.

MATERIALS AND METHODS
Patients
We retrospectively studied and recorded in a computer
database 811 IBD out-patients consecutively in our Gastroenterology Unit, seen from 1 January 2000 to 31 December 2011, and followed-up (median follow-up 40.7 ±
31.5 mo).
In all patients, diagnosis was established on the basis
of usual clinical, endoscopic and histological criteria.
Data regarding sex, age at diagnosis, clinical history,
smoking habit, and presence of EIMs were analyzed in
each patient.
EIMs were classified in 5 major groups: musculoskeletal (arthritis, ankylosing spondylitis); mucocutaneous
(erythema nodosum, psoriasis, pyoderma gangrenosum,
aphthous stomatitis); hepatobiliary (sclerosing cholangitis);
ocular (uveitis) and metabolic (Hashimoto’s thyroiditis).
Arthritis was further divided into: Type 1 (pauciarticular) arthropathy involving fewer than 5 joints, which is
usually strongly correlated to exacerbations of bowel
symptoms; Type 2 (polyarticular) arthropathy involving
5 or more joints with symptoms typically independent
from the activity of IBD.
Statistical analysis
Fischer’s Exact test (including Yates’ correction) was used
for categorical data. Probability values and confidence intervals (CI) were calculated at the 95% level. Differences
were considered significant when P ≤ 0.05 was reached.

RESULTS
Demographics characteristics
Eight hundred and eleven IBD patients were enrolled in
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the study, 437 males (53.9%) and 374 females (46.1%).
The UC-Group consisted of 595 (73.4%) patients, with a
mean age at diagnosis of 33.1 ± 13.7 SD years. The CDGroup consisted of 216 (26.6%) patients, with a mean
age at diagnosis of 31.9 ± 13.1 SD years.
The localization of disease in patients with CD was
as follows: ileal in 103 patients, colic in 39, ileal-colic in
64, upper gastrointestinal tract in 10. Patients with UC
showed the following localization of disease: proctitis in
98 cases, left-sided colitis in 353, diffuse colitis in 144.
According to the Vienna Classification, 98 CD patients had inflammatory disease, 79 a stricturing course,
37 fistulizing disease and 3 only perianal involvement
(Table 1).
Two hundred and thirty-eight patients (29.4%) were
smokers upon diagnosis (98 CD, 140 UC), 148 (18.2%)
ex-smokers (17 CD, 131 UC) and 425 (52.4%) not smokers (101 CD, 324 UC) (P = 0.0565, OR = 1.36, 95%CI:
0.99-1.26).
Extraintestinal manifestations
EIMs were found in 329 (40.6%) patients (210 UC, 119
CD), with a prevalence of 35.3% and 55.1%, respectively,
(P < 0.0001, OR = 0.44, 95%CI: 0.32-0.61). One hundred and fifty-five (47.1%) were males (53 CD, 102 UC)
and 174 (52.9%) females, (P = 0.49, OR = 0.85, 95%CI:
0.54-1.34).
Particularly, 37 (11.2%) EIMs (20 CD, 17 UC) were
present at the onset of IBD (mean period 4.6 ± 3.1 SD,
range: 1-24 years), 229 (69.6%) (72 CD, 157 UC) EIMs
were observed after the diagnosis (mean period 10.4 ±
8.4 SD, range: 2-44 years) and 63 (19.2%) (27 CD, 36 UC)
EIMs were present at the same time.
EIMs reported were: musculoskeletal in 240 cases (227
arthritis and 13 ankylosing spondylitis); mucocutaneous
in 47 cases (22 erythema nodosum, 12 psoriasis, 7 pyoderma gangrenosum and 6 aphthous stomatitis); ocular
in 26 cases (26 uveitis); hepatobiliary in 6 cases (sclerosing
cholangitis) and endocrinological in 10 cases (Hashimoto's
thyroiditis) (Table 2).
Seventy-two CD and 168 UC patients suffered
from musculoskeletal diseases, (P < 0.0001, OR = 0.35,
95%CI: 0.22-0.59). In more detail, arthritis was present in
66 CD and in 161 UC (30.5% vs 27.1%) (P = 0.53, OR =
0.65, 95%CI: 0.21-2.08) and ankylosing spondylitis was
observed in 5 CD and in 8 UC patients (2.3% vs 1.3%), (P
= 0.53, OR = 1.52, 95%CI: 0.48-4.8).
Forty-one CD and 61 UC patients showed arthritis
Type 1 (19% vs 10.2%) (P = 0.0012, OR = 2.69, 95%CI:
1.49-4.85), while Type 2 was present in 25 CD and in
100 UC ones (11.6% vs 16.8%) (P = 0.0012, OR = 0.37,
95%CI: 0.21-0.67).
Twenty-six CD and 21 UC patients came to our attention due to mucocutaneous manifestations (P = 0.0049,
OR = 2.52, 95%CI: 1.34-4.71). Erythema nodosum was
present in 13 CD and in 9 UC patients (6% vs 1.5% ) (P
= 0.77, OR = 1.33, 95%CI: 0.42-4.24); pyoderma gangrenosum in 5 CD and in 2 UC patients (2.3% vs 0.3%),
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Table 1 Clinical and demographic characteristics of inflammatory bowel disease patients

Males/Females
Mean ± SD
(age years at diagnosis)
Location/extension, n
Ileum
Ileum + colon
Colon
Upper gastrointestinal
Diffuse colitis
Left-sided colitis
Procto-sigmoiditis
Behaviour, n
Inflammatory
Fistulizing
Stricturing
Perianal Involvement
Smoke at diagnosis
Ex-smoke at diagnosis
No smoke at diagnosis

Crohn’s disease

Ulcerative colitis

n = 216

n = 595

131/85
31.9 ± 13.1

306/289
33.1 ± 13.7

103
64
39
10
-

144
353
98

98
37
79
3
98
17
101

-

Table 2 Percentage of type of extraintestinal manifestations
calculated in the inflammatory bowel disease population (811
pts) and in inflammatory bowel disease patients with extraintestinal manifestations (329 pts)
Type of EIMS
Muscoloskeletal
Mucocutaneous
Ocular
Hepatobiliary
Endocrinological

Percent in EiMS pts
(100%)

29.6
5.8
3.2
0.8
1.2

72.9
14.3
7.9
1.8
3.1

EIMs: Extraintestinal manifestations; IBD: Inflammatory bowel disease.

Table 3 Total extraintestinal manifestations in ulcerative colitis (210) and Crohn’s disease (119) patients
Type of EIMs

140
131
324

Muscoloskeletal
Mucocutaneous
Ocular
Hepatobiliary
Endocrinological

(P = 0.44, OR = 1.33, 95%CI: 0.39-13.1); psoriasis was
observed in 13 CD and in 7 UC patients (2.3% vs 1.5%),
(P = 0.37, OR = 1.33, 95%CI: 0.61-6.57); and aphthous
stomatitis was present in 3 CD and in 3 UC patients (1.4%
vs 0.5%, P = 1.0, OR = 0.78, 95%CI: 0.14-4.35).
Sixteen CD and 10 UC subjects (7.4% vs 1.7%) developed ocular manifestations (uveitis) (P = 0.0093, OR =
3.11, 95%CI: 1.36-7.09).
Hepatobiliary manifestations (sclerosing cholangitis)
were found in 2 CD and in 4 UC patients (0.9% vs 0.7%),
(P = 1.0, OR = 0.88, 95%CI: 0.16-4.88).
Endocrinological manifestations (Hashimoto’s thyroiditis) were seen in 3 CD and in 7 UC patients (1.4% vs
1.2 %), (P = 1.0, OR = 7.5, 95%CI: 0.19-2.96).
The statistical significance in the differences of EIMs
observed in CD-Group and UC-Group are summarized
in Table 3.

DISCUSSION
IBD are heterogeneous disorders often associated with
involvement of extraintestinal organs and EIMs are frequently observed. Their clinical spectrum may vary from
transitory mild forms to severe disabling complications,
that in some instances may impair quality of life more
than the intestinal disease itself.
EIMs may occur in up to 40% of IBD patients. In
some series, but not in all, these are more common in
CD than in UC[4,5]. Vavricka et al[5] have found EIMs in
43% of 580 CD and 31% of 370 UC patients. In our series, EIMs were found in 329 cases (40.6%) (119 CD, 210
UC) with a prevalence of 35.3% and 55.1% respectively,
confirming previously published data.
Musculoskeletal manifestations are considered to be
the most common EIMs with a reported prevalence in
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Percent in IBD pts
(40.6%)

CD (119 pts)

UC (210 pts)

P value

71
26
16
2
3

169
21
10
4
7

< 0.0001
0.0049
0.0093
1.0000
1.0000

CD: Crohn’s disease; UC: Ulcerative colitis; EIMs: Extraintestinal manifestations.

IBD patients ranging from 9% to 53%[6-8]. In our cohort
of patients, musculoskeletal manifestations were recorded
in 240 cases (29.6%), these being the main EIMs found
(72.9%). The prevalence was significantly higher in UC
than in CD.
In IBD, peripheral arthritis is usually divided into
types 1 and 2[9-11]. Orchard et al[12] in a large retrospective
study (976 UC, 483 CD) found type 1 and type 2 arthropathy, respectively, in 3.6% and in 2.5% of UC patients
and in 6% and in 4% of CD cases.
In our series, arthritis was slightly more common in
CD than in UC (CD 30.5% vs UC 27.1%). Arthritis Type
1 was significantly more frequent in CD (CD 19% vs UC
10.2%) while, on the contrary, the Type 2 form was significantly more present in UC (UC 16.8% vs CD 11.6%).
About 3%-12% of patients with IBD show ankylosing spondylitis and in those with human leukocyte antigen B27 (HLA-B27) positivity the development of this
condition is almost the rule. Independent from gut disease is the axial involvement[3]. In our series, ankylosing
spondylitis was observed in 5 CD and in 8 UC (CD 2.3%
vs UC 1.3%).
Skin involvement was described in 10%-15% of patients with IBD[13]. Erythema nodosum (EN) and pyoderma gangrenosum are the two major skin manifestations
associated with IBD, with a prevalence of 3%-12%[1,14-16].
Bernstein et al[1] investigated EIMs in 4 445 IBD cases,
arguing the same rate of erythema nodosum (1.9%) in
patients with CD and UC. Women with IBD and people
with CD seem to be more affected by EN[9]. In our series, no statistical significance was observed regarding the
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prevalence of erythema nodosum between CD-Group
and UC-Group (CD 6% vs UC 1.5%).
After erythema nodosum, pyoderma gangrenosum
represents the second most common cutaneous manifestation of IBD (1%-3%), but this is also the most severe
and debilitating disease[17-19]. Pyoderma gangrenosum is
more common in UC (5%-12%) than CD (1%-2%) and,
like erythema nodosum, some studies showed a female
predilection[1]. We found pyoderma gangrenosum in 5 CD
and in 2 UC patients (CD 2.3% vs UC 0.3%) and, on the
contrary, it seems apparently to be more common in CD
patients, even if no statistical significance was observed.
Other skin lesions include psoriasis and oral aphthous
stomatitis. These last ones are seen in 5%-10% patients
with UC and in 20%-30% with CD[20]. The involvement
of the oral cavity may come before the intestinal symptoms or even may show a synchronous course with this,
in accordance with the degree of their activity. According
to our data, aphthous stomatitis was present in 3 CD and
in 3 UC patients (CD 1.4% vs UC 0.5%).
Psoriasis seems to be more frequent in CD[21], as
observed by the study of Danese et al[17], in which this
was found in 1%-2% of the general population and in
7%-11% of the IBD population. Yates et al[22] in their
study observed that psoriasis was more prevalent in CD
(11.2%) than in UC (5.7%). In our series, psoriasis was
observed in 13 CD and in 7 UC (CD 2.3% vs UC 1.5%),
confirming the prevalence in CD subjects. Both psoriatic
lesions and those found in patients suffering from CD,
show high levels of TNF-α, thereby assuming a common
immunological pathway, in which genetic factors also may
contribute[18]. Recently, Binus et al[23] compared 146 patients with psoriasis and IBD to 146 with only psoriasis,
finding that the first showed much more and significantly
higher rates of diabetes (26.7% vs 11.0%), autoimmune
thyroiditis (6.8% vs 2.1%) and hepatitis (6.2% vs 0.7%).
In a large Italian IBD population, Cesarini et al[24]
found 18 cases (1.98%) of Hashimoto’s thyroiditis
among 909 IBD patients. In particular, this kind of thyroiditis was found in 10 CD patients (2.15%) and in 8
UC patients (1.8%). In our study, autoimmune thyroiditis
(Hashimoto’s thyroiditis) was found in 3 CD and in 7 UC
patients (CD 1.4% vs UC 1.2 %).
Ocular manifestations related to IBD are reported in
1.6%-4.6% of UC patients and in 3%-6.3% of CD patients[14,25]. The most common ocular lesions are episcleritis and uveitis. In our IBD series, uveitis was observed
in 16 CD in 10 UC patients, being this statistically more
prevalent in CD (CD 7.4% vs UC 1.7%).
The most important complication of IBD, in the hepatopancreatobiliary system, is sclerosing cholangitis[26],
which is, in particular, strongly associated to UC. Patients
with sclerosing cholangitis have a coexisting UC in at least
75% of cases and a CD in only a 5%-10%. However, on
the contrary, patients who may develop primary sclerosing cholangitis are only 5% of UC and 2% of CD[3].
We found sclerosing cholangitis in 2 CD and in 4 UC
patients (CD 0.9% vs UC 0.7%).
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In conclusion, our data align with those emerging
from the literature. Specifically, we found an increased
association between EIMs (arthritis Type 1, uveitis and
mucocutaneous ones) and CD. Undoubtedly, it is important to work closely with rheumatologists, since the musculoskeletal events are the most frequent. Often, these
compromise the quality of life of patients much more
than intestinal symptoms themselves.
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Abstract
AIM: to assess the rate of relapses of acute pancreatitis
(AP), recurrent AP (RAP) and the evolution of endosonographic signs of chronic pancreatitis (CP) in patients with
pancreas divisum (PDiv) and RAP.

clinical and biochemical evaluation, pancreatic endoscopic ultrasonography (EUS) every year and after every recurrence of AP, at the same time as endoscopic
retrograde cholangiopancreatography (ERCP).
RESULTS: Twenty-two were treated by ERCP and 14
were conservatively managed during a mean follow-up
of 4.5 ± 1.2 years. In the recent RAP group in whom
dorsal duct drainage was achieved, AP still recurred in
11 (57.9%) after the first ERCP, in 6 after the second
ERCP (31.6%) and in 5 after the third ERCP (26.3%).
Overall, endotherapy was successful 73.7%. There were
no cases of recurrences in the previous RAP group. EUS
signs of CP developed in 57.9% of treated and 64.3% of
untreated patients. EUS signs of CP occurred in 42.8%
of patients whose ERCPs were successful and in all those
in whom it was unsuccessful (P = 0.04). There were no
significant differences in the rate of AP recurrences after
endotherapy and in the prevalence of EUS signs suggesting CP when comparing patients with dilated and
non-dilated dorsal pancreatic ducts within each group.
CONCLUSION: Patients with PDiv and recent episodes
of AP can benefit from endoscopic therapy. Effective
endotherapy may reduce the risk of developing EUS
signs of CP at a rate similar to that seen in patients of
previous RAP group, managed conservatively. However,
in a subset of patients, endotherapy, although successful, did not prevent the evolution of endosonographic
signs of CP.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

METHODS: Over a five-year period, patients with PDiv
and RAP prospectively enrolled were divided into two
groups: (1) those with relapses of AP in the year before
enrollment were assigned to have endoscopic therapy
(recent RAP group); and (2) those free of recurrences
were conservatively managed, unless they relapsed
during follow-up (previous RAP group). All patients in
both groups entered a follow-up protocol that included
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Core tip: In this paper we compared the outcome of
patients with pancreas divisum (PDiv) and recent or
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previous recurrent acute pancreatitis (RAP) after minor
papilla endotherapy or observation, respectively. We
confirmed previous findings regarding the benefit of
endotherapy in patients with PDiv and RAP. In addition, we showed that effective endotherapy in patients
with recent bouts of pancreatitis reduced the risk of
developing endoscopic ultrasonography signs of chronic
pancreatitis (CP) at a rate similar to that seen in patients without recent episodes of acute pancreatitis
who are managed conservatively. However, in a subset
of patients, endotherapy, although successful, did not
prevent the evolution of endosonographic signs of CP.
Mariani A, Di Leo M, Petrone MC, Arcidiacono PG, Giussani
A, Zuppardo RA, Cavestro GM, Testoni PA. Outcome of endotherapy for pancreas divisum in patients with acute recurrent
pancreatitis. World J Gastroenterol 2014; 20(46): 17468-17475
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i46/17468.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i46.17468

INTRODUCTION
Pancreas divisum (PDiv) is the most common congenital
variant of the pancreas, in which the ventral and dorsal
ducts of the embryonic pancreas fail to fuse during organogenesis[1,2]. Less than 5% of people with PDiv have
symptoms related to this altered anatomy[3,4]. However,
the prevalence of PDiv amongst patients undergoing endoscopic retrograde cholangiopancreatography (ERCP)
for unexplained acute pancreatitis (AP) is much higher,
up to 25.6%[5,6]. Several studies have found an increased
prevalence of PDiv in patients with recurrent acute pancreatitis (RAP)[5,7-9]. A recent study based on magnetic
resonance cholangiopancreatography (MRCP) findings
appeared to confirm that PDiv predisposes patients to
RAP and chronic pancreatitis (CP)[4].
The mechanism responsible for the development of
pain or AP in PDiv is unknown, but outflow obstruction
of the pancreatic ductal system associated with stenosis
or dysfunction of the minor papillary sphincter has been
postulated[10-12]. Persisting outflow obstruction may lead
to chronic damage to the gland. However, not all studies
support the obstruction theory as the explanation for AP
in PDiv[13] .
The goal of endoscopic therapy in PDiv patients is to
open the minor sphincter to relieve presumed obstruction to pancreatic exocrine flow[13-15]. Although most published reports have been small case series, it has become
clear that the RAP subset of PDiv patients is most likely
to respond to endoscopic intervention, usually minor
papillotomy[14-18]. However, it is still debated whether endoscopic minor sphincterotomy really improves the outcome and prevents progression to CP in these patients[19].
The aims of this prospective study were to assess the
rate of relapses of CP and the evolution of morphological signs of CP in patients with PDiv and RAP.
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MATERIALS AND METHODS
According to the protocol approved by our institutional
review board, all patients with PDiv suffering from RAP
referred to our institution were scheduled to undergo
routine MRCP with secretin stimulation (ss-MRCP),
endoscopic ultrasound (EUS), genetic screening [specifically, for cystic fibrosis transmembrane regulator (CFTR)
gene mutation], serum IgG-subclass 4 (IgG-4), and fecal
elastase assays. Patients also had a medical consultation
if they suffered a recurrence of AP. RAP was defined as
two or more episodes of abdominal pain associated with
serum amylase and/or lipase levels at least double the
upper normal limit (110 IU/L for amylase, 90 IU/L for
lipase) are present. AP was classified as mild or severe according to the Atlanta criteria[20].
Over a five-year period (from January, 2005, to December, 2009), all consecutive patients with a history of
RAP, without signs suggesting CP on EUS investigation,
and PDiv documented by ss-MRCP, were entered into
a prospective follow-up study. Patients reporting at least
one episode of AP in the year before enrollment were
assigned to minor papilla sphincterotomy (recent RAP
group), while those with no recurrences in the same period were assigned to observation, unless they relapsed
during follow-up (previous RAP group). Patients in both
groups had either a dilated or a non-dilated dorsal pancreatic duct. Amongst patients assigned to endotherapy,
only those in whom dorsal duct drainage was achieved,
were included in the per protocol analysis.
The following data were collected for each patient:
age, sex, time of the first attack of AP, number of AP
recurrences before and after enrollment, duration of the
disease, duration of follow-up and time to development
of CP. Patients were excluded for any of the following
reasons: pancreatitis associated with known alcohol abuse
(≥ 60 g of pure alcohol per day), gallstones, trauma,
drug abuse, elevated serum IgG-4, hypertriglyceridemia
or hypercalcemia; CFTR gene mutations; decreased fecal elastase activity; CP, known or suspected intraductal
papillary mucinous neoplasm or pancreatic cancer, family
history of pancreatitis, pancreatic surgery and previous
pancreatic sphincterotomy.
Informed consent for diagnostic procedures, blood
sampling and data management for scientific purposes
was routinely obtained from all patients.
The diagnosis of PDiv was established by MRCP
when the dorsal pancreatic duct crossed the common bile
duct to drain through the minor duodenal papilla, and
was clearly separate from a smaller ventral duct[21]. The
diameter of the main (dominant dorsal) pancreatic duct
was considered dilated when its caliber was ≥ 3 mm.
Ss-MRCP was performed in all patients to confirm the
diagnosis of PDiv, to evaluate an abnormal pancreatic
juice outflow through the minor papilla[22] and quantify
pancreatic exocrine secretion.
ERCP procedure
ERCP procedures were done using a side-viewing
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duodenoscope (Pentax ED-3440T or ED3480TK or
ED3680TK, Tokyo, Japan). The minor papilla was cannulated with a metal-tipped catheter (ERCP-1-Cremer,
Cook Medical, Winston-Salem, NC, United States) or
a pull-type sphincterotome (Mini-Tome MT-20M or
Cannula-Tome Ⅱ CT-20M, Cook Medical, WinstonSalem, NC, United States) which was used in all cases for
sphincterotomy (minor papillotomy). Immediately after
minor sphincterotomy, 5 French (Fr) gauge, single flanged, plastic pancreatic stents, 2-3 cm long, with a duodenal
pigtail (SPSOF-5-3 Cook Medical, Winston-Salem, NC
United States), or in some cases unflanged 5Fr stents
(ZEPDS-5-2 Cook Medical, Winston-Salem, NC United
States), were placed into the dorsal duct to prevent the
development of post-ERCP pancreatitis. All patients
received pharmacologic prophylaxis against post-ERCP
pancreatitis using gabexate mesilate (Foy, Sanofi-Aventis,
Milano, Italy)[23,24].
As with recurrences of AP, the Atlanta criteria were
used to grade cases of post-ERCP pancreatitis[20]. All
patients had plain abdominal x-rays approximately seven
days after their pancreatic stent placement to verify its
spontaneous migration into the duodenal lumen. Retained stents were removed using a duodenoscope at the
earliest time available.
EUS procedure
EUS procedures were performed using a linear-scanning
echoendoscope (EG-3830UT, EG-3630U, FG-36UX;
Pentax, Hamburg, Germany) at 5-10 MHz. EUS procedures were carried out by two experienced endosonographers (MCP, PGA, each with more than 500 EUS procedures/year). The endosonographers were blinded to the
clinical findings at enrollment and to the other EUS examinations during follow-up. All pancreatic examinations
were reviewed carefully by both endosonographers using
the standard nine Wiersema criteria for diagnosing CP[25].
In the event of equivocal EUS findings they reached a
consensus agreement. When four or more Wiersema
criteria were present, the EUS findings were considered
suggestive of chronic pancreatitis[26,27].
Follow-up protocol
All patients in both groups entered a follow-up protocol
that included: (1) clinical (abdominal pain) and biochemical evaluation including serum pancreatic enzyme levels
and a surrogate marker for pancreatic exocrine function
(fecal elastase: normal value > 200 µg/g; ScheBo Pancreatic Elastase 1 ELISA kit, ScheBo-Tech, Giessen, Germany); and (2) pancreatic EUS every year and after every
recurrence of AP, at the same time as ERCP (i.e., under
the same sedation).
Patients with a relapse of AP underwent minor papilla sphincterotomy (previous RAP group), or (recent
RAP group) a second ERCP with: (1) extension of the
previous papillary orifice (if judged inadequate because
of difficulty or resistance to passage of a 3- to 5 Fr
sphincterotome or catheter through the papillary orifice)
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and placement of a 7 Fr gauge, 3-7 cm long plastic pancreatic stent (SPSOF-7-3 to 7 or GPSO-7-3 to 7, Cook
Medical, Winston-Salem, NC United States), scheduled to
be left in place for one month and no longer (short-term
stenting) to prevent post-procedural narrowing of the
papillary opening and reduce the risk of long-term stentinduced pancreatic ductal changes; and (2) placement of
a 7 Fr gauge, 3-7 cm long plastic pancreatic stent, scheduled to be left in place for three months then changed every three months for a year (long-term stenting) in cases
not requiring extension of previous sphincterotomy.
When AP still recurred, a third ERCP was performed
to place a 7 Fr gauge, 3-7 cm long stent if one was placed
for only one month during the second procedure, or a 10
Fr gauge, 3-5 cm long stent (GEPD-10-3 or GEPD-10-5
Cook Medical, Winston-Salem, NC United States) if 7
Fr gauge long-term stenting had already been performed.
The stent placed in the dorsal duct was scheduled to be
left in place for three months, then changed every three
months for a year.
Endotherapy was considered: (1) “successful” if there
were no recurrences of AP; (2) “unsuccessful” if AP still
recurred; and (3) “failed” if dorsal duct drainage was not
achieved, including cannulation failure.
Statistical analysis
Mean ± SD were used for continuous variables, percentages for categorical variables. Groups were compared
using the t-test or Mann Whitney test for continuous
variables and Fisher’s exact test for categorical variables.
All differences were considered significant at a two-sided
P value less than 0.05. Data were analyzed using the SPSS
17.0 system software (Chicago, IL, United States).

RESULTS
Thirty-six patients entered the protocol study, 22 in the
recent RAP group and 14 in the previous RAP group.
There were no differences between the two groups in
sex, age, number of episodes of AP and duration of the
disease before enrollment (Table 1).
In 18/36 patients (50%), ss-MRCP detected dilation of the dorsal pancreatic duct, 12 at baseline and 6
after secretin stimulation. Twelve of these patients were
candidates for endotherapy (8 with dorsal duct dilatation
at baseline and 4 after secretin) and 6 for observation
(4 with dorsal duct dilatation at baseline and 2 after secretin). No morphologic or functional abnormalities of
the dorsal pancreatic duct were seen on ss-MRCP in the
other 18 patients, ten of whom underwent therapeutic
ERCP.
Minor papilla cannulation and sphincterotomy was
successful in 20 of the 22 patients (90.9%) who underwent ERCP. The two cases in which cannulation failed
were not included in the per protocol analysis.
Follow-up
Thirty-three patients were followed up for a mean of
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Table 1 Clinical and demographic data of 36 patients with
pancreas divisum and acute recurrent pancreatitis at the time
of the enrollment into the study

Male/female
Age (yr), mean ± SD
Episodes of pancreatitis
(mean ± SD)
Duration of the disease
(yr), mean ± SD

Previous RAP
(14 pts)

Recent RAP
(22 pts)

p value

6/8
52.0 ± 12.6
2.8 ± 1.1

7/15
55.6 ± 10.4
3.4 ± 1.2

0.72
0.35
0.14

3.6 ± 1.9

3.4 ± 1.5

0.73

Table 2 Follow-up results in 33 patients with pancreas divisum
and previous and recent recurrent acute pancreatitisaccording
to dilatation or non-dilatation of the main pancreatic duct
detected at the time of the enrollment into the study n (%)
Dorsal duct
Previous RAP
Dilated (6 pts)
Non-dilated (8 pts)
(14 pts)
Total
Recent RAP Dilated (11 pts)
Non-dilated (8 pts)
(19 pts)
Total

RAP: recurrent acute pancreatitis.

4.5 ± 1.2 years; range: 2.0-6.7), 19/20 in the recent RAP
group and all 14 in the previous RAP group. One patient
in whom the second ERCP failed (after initial successful
dorsal duct drainage) refused a further ERCP and was
lost to follow-up and for this reason excluded in the per
protocol analysis.
The mean follow-up time did not significantly differ
between treated (4.3 ± 1.3 years) and untreated patients
(4.7 ± 1.1 years). In all patients undergoing endotherapy,
the mean duration of stenting was 1.17 year (range: 1
mo-2 years). The mean duration of the follow-up after retrieval of the last stent was 2.7 years (range: 1.5-4
years).
Recurrences of acute pancreatitis
In the 19 patients in whom dorsal duct drainage was
achieved, AP still recurred in 11 (57.9%) after the first
ERCP, in 6 after the second ERCP (31.6%) and in 5 after
the third ERCP (26.3%). Overall, endotherapy was successful in 14 out of 19 patients (73.7%). There were no
AP recurrences in the previous RAP group.
The five patients who still had further recurrences of
AP after the third ERCP were followed-up by pancreatic
EUS. One patient developed a pseudocyst and underwent
pancreaticoduodenectomy. Except for this case, which
was classified as severe AP, all the other relapses of pancreatitis were classified as mild disease.
Although the rate of AP recurrences after endotherapy was higher in patients without (37.5%) than in those
with main pancreatic duct (MPD) dilatation (18.2%) at
the time of enrollment, there was no statistically significant difference (P = 0.60) (Table 2).
Considering only the patients treated with long-term
stenting, the recurrence rate of pancreatitis after retrieval
of the last stent was 50% (5/10 patients).
Complications
A total of 58 ERCP procedures were carried out. Complications arose following fourteen of them (24.1%).
Amongst the eight patients with major complications,
seven developed mild AP (three after the first procedure) and one had bleeding. Minor complications were
observed after six other procedures: pancreatic-type pain
with normal serum amylase levels in three cases, and se-
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AP recurrences EUS signs of CP
0
0
0b
2 (18.2)3
3 (37.5)
5 (26.3)

4 (66.7)1
5 (62.5)
9 (64.3)2
7 (63.6)3
4 (50.0)
11 (57.9)4

1
dilated and non-dilated in the previous RAP group: p = ns; 2previous
and recent RAP: P = NS; bp < 0.05, endotherapy vs main pancreatic duct
dilatation; 3dilated and non-dilated in the recent RAP group: p = ns;
4
all five patients with AP recurrences during follow-up developed CP.
AP: acute pancreatitis; EUS: endoscopic ultrasonography; CP: chronic
pancreatitis; RAP: recurrent acute pancreatitis; NS: Not significant.

rum amylase levels more than three times the upper limit
of normal without pain in the other three.
EUS signs of chronic pancreatitis
EUS investigation detected findings suggestive of CP in
20 of the 33 patients (60.6%) during follow-up, 11/19
(57.9%) amongst those in the recent RAP group and
9/14 (64.3%) in the previous RAP group (Figure 1):
these rates were not significantly different. There were
no significant differences in the prevalence of EUS signs
suggesting CP when comparing patients with dilated and
non-dilated dorsal pancreatic ducts within each group
(Table 2). The mean duration of disease between the first
attack of AP and the occurrence of EUS signs suggesting CP in the two groups was 6.1 ± 1.4 years ( and did
not significantly differ between treated (5.7 ± 1.5) and
untreated patients (6.4 ± 1.3).
In the 20 patients who developed EUS signs suggesting CP, the numbers (mean ± SD) of overall EUS criteria
at enrolment (1.46 ± 0.52 vs 1.62 ± 0.74) and at the end
of follow-up (4.46 ± 0.52 vs 4.25 ± 0.46) were not significantly different in the recent and previous RAP group,
respectively. In each group, the number of EUS criteria
detected at the end of follow-up was significantly higher
(P < 0.001) than at enrollment; in all patients with EUS
signs suggestive of CP, this increase was due to both ductal and parenchymal criteria. In these patients the most
frequent EUS abnormalities were side branch dilation,
hyperechoic MPD margins (ductal criteria), hyperechoic
strands and foci (parenchymal criteria).
Amongst patients who underwent endotherapy, there
were significantly fewer EUS signs of CP in the successful cases (6/14; 42.8%) than in the unsuccessful ones (5/5;
100%) (P = 0.04) (Table 3).
EUS signs of CP occurred less frequently after successful endotherapy in patients with recent RAP than in
those with previous RAP which did not undergo to endotherapy (42.8% vs 64.3%), but the differences were not
statistically significant (P = 0.45).
Table 4 shows the rate of EUS signs of CP in pa-
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36 patients

22 recent RAP
ERCP in all patients
20/22 successful minor ES
st
(1 ERCP)

14 previous
RAP
conservatively
managed

ERCP only in case of AP relapse

Ductal drainage was
achieved
in 19 out of 20 patients
nd
rd
after the 2 or 3 ERCP

1

Successful ERCP in 14 pts
EUS signs of CP in 6 (42.8%)

0 patients
underwent
ERCP

2

Unsuccessful ERCP in 5 pts
EUS signs of CP in 5 (100%)

EUS signs of CP in 9 (64.3%)

Figure 1 Occurrence of endoscopic ultrasonography signs indicating chronic pancreatitis in the follow-up of patients with pancreas divisum and recent
or previous recurrent acute pancreatitis. 1successful if dorsal duct drainage was achieved and there were no recurrences of AP; 2unsuccessful if dorsal duct drainage was achieved but AP still recurred. RAP: recurrent acute pancreatitis; ERCP: endoscopic retrograde cholangiopancreatography; AP: acute pancreatitis; EUS:
endoscopic ultrasonography; CP: chronic pancreatitis.

tients undergoing pancreatic stenting: this was higher in
patients undergoing long-term stenting (80%) than those
with no stent or only short-term stenting (33.3%) and
similar to the observation group (64.3%).
Two patients developed reduced exocrine function,
one in the previous RAP group, the other in the recent
RAP group (whose ERCP was unsuccessful).

DISCUSSION
Although only a minority of patients with PDiv suffer life-long symptoms, this anatomical variant is found
in up to 20% of patients with RAP[5,28,29]. It is not clear
why these patients are at a higher risk for recurrent acute
pancreatitis or whether their symptoms are etiologically
related to PDiv[30]. In fact, genetic studies have suggested
that as many as 10%-20% of patients with PDiv who
have pancreatitis carry at least one allele of the CFTR
gene product[31,32], or a higher frequency of SPINK1 gene
mutation[33], compared with healthy controls, suggesting a
multifactorial origin of pancreatitis in these cases.
The obstructive hypothesis has led in the last few
years to symptomatic PDiv patients being treated by
endoscopic minor papilla sphincterotomy and/or dorsal
duct stenting[18,34], which has proved as effective as surgical sphincteroplasty, according to a recent systematic review[35].
As regards the efficacy of successful minor sphincterotomy, it is not known if lowering intra-ductal pressure
affects the evolution of CP in these patients.
Our prospective follow-up study of patients with
PDiv and RAP without signs of CP aimed to evaluate,
over a mean period of 4.5 years, the clinical outcome in
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those who had or did not have bouts of acute pancreatitis
in the year preceding the study after endoscopic therapy
or observation, respectively. All patients with relapses of
pancreatitis after the enrollment underwent endoscopic
therapy. The study also investigated morphologic and
functional changes suggesting CP during the follow-up.
To our knowledge, this is the first study with these issues
up to date.
The endoscopic therapy was successful in approximately 73% of cases, as reported in a recent review[35].
The relapses of acute pancreatitis in patients in whom
endotherapy was unsuccessful could have had other unknown causes, possibly involving the pancreatic parenchyma rather than the ductal system, since we excluded
any patients with alcohol abuse or with the CFTR-gene,
but not SPINK 1-gene mutations.
EUS is recognized as the best imaging method to obtain high-resolution images of the pancreas. It can detect
features of CP in the pancreatic parenchyma and ducts
that are not visible by any other imaging modality including ERCP and pancreatic exocrine function tests [36,37].
EUS findings suggestive of CP, according to the Wiersema criteria[25], were seen during the follow-up in 57.9%
patients undergone endoscopic therapy and 64.3% in the
observation group.
Considering that the mean duration of symptoms before enrolment in the study was approximately 3.5 years,
changes consistent with CP occurred in these patients after they had had the disease for six years; this agrees with
a previous report[38].
Overall, the frequency of EUS signs of CP was similar in both groups of patients. Dorsal duct dilatation did
not predict the EUS findings suggestive of CP in either
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Table 3 Demographics, characteristics of the disease and
endoscopic ultrasonography signs of chronic pancreatitis
development in patients assigned endotherapy able to achieve
dorsal duct drainage n (%)

Male/female
Age (yr), mean ± SD
No. of episodes of AP before
study, yr, mean ± SD
Duration of ARP before
enrollment (yr), mean ± SD
Duration of post-enrollment
follow-up (yr), mean ± SD
EUS signs of CP
Duration of disease between
the first attack of AP and the
diagnosis of CP (yr), mean ± SD

Table 4 Endoscopic ultrasonography signs of chronic
pancreatitis in patients with pancreas divisum and previous or
recent recurrent acute pancreatitisin relation to the pancreatic
stenting n (%)

P

Successful
1
endotherapy
(14 pts)

Unsuccessful
2
endotherapy
(5 pts)

value

11/3
55.3 ± 7.9
3.4 (1.3)

4/1
55.0 ± 21.1
3.4 (1.1)

1.0
0.5
0.8

3.2 (1.6)

3.8 (1.3)

0.3

4.1 (1.3)

4.8 (1.1)

0.7

6 (42.8)
5.6 (1.3)

5 (100)
6.1 (1.7)

0.04
0.7

Group
Previous RAP (14 pts)
Recent RAP (19 pts)

EUS signs of CP

0
No/short-term (9 pts)
Long-term (10 pts)
Total

9 (64.3)
3 (33.3)1
8 (80)2
11 (57.9)

1
no/short term stenting and long-term stenting: p = 0.07; 2Three in 5
successful stenting (60%); 5 in 5 unsuccessful stenting. EUS: endoscopic
ultrasonography; CP: chronic pancreatitis.

1

successful endotherapy: no recurrences of AP in the follow up after one
to three ERCP sections; 2unsuccessful endotherapy: recurrences of AP after three ERCP sections. AP: acute pancreatitis; CP: chronic pancreatitis;
ERCP: endoscopic retrograde cholangiopancreatography.

group, confirming once again that factors other than ductal dilation may be involved in chronic disease in these
patients. However, among patients assigned to endotherapy there were significantly fewer CP findings in those
with successful compared to unsuccessful ERCP (42.8%
vs 100%, P = 0.04). In cases where endotherapy was
successful, there was a lower rate of EUS signs of CP
(42.8%) than in the observation group (64.3%), although
the difference was not statistically significant. Possibly
we investigated two different categories of patients with
PD and RAP: one with inactive disease, with a history of
recurrent pancreatitis but no episodes in the year before
the study, and another with persisting pancreatitis at the
time of enrollment, as a consequence of a still active inflammatory process. In the latter group, the ductal drainage obtained by endotherapy may have reduced or at least
delayed the evolution toward CP, compared with cases after unsuccessful therapy, and gave results similar to those
in the observation group, confirming a possible role of
the outflow obstruction in the occurrence of EUS signs
suggesting CP. These data are in favor of a therapeutic
endoscopic approach in patients with PDiv and a history
of recent episodes of pancreatitis, independently of the
dorsal ductal dilatation, but they need to be confirmed in
further studies because of the small number of patients
evaluated and the relatively limited follow-up after the last
stent retrieval.
A major problem related to long-term pancreatic
ductal stenting is the occurrence of stent-related ductal
changes similar to those observed in CP, already reported
in previous studies, especially in cases with non-dilated
ducts[39-41].
In our series, despite the frequent use of small, short
stents, some ductal changes consistent with CP may have
been induced by the long-term stenting. In fact, findings suggesting CP developed during follow-up in 33.3%
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Stenting

of patients submitted to minor papilla sphincterotomy
without or with short-term stenting, a lower rate than
in patients with long-term stenting (80%). However,
considering only patients with successful long-term
stenting, CP developed in a similar proportion (60%) of
untreated patients (64.3%). We do not know whether the
combination of ductal and parenchymal lesions suggesting CP observed with EUS in patients with unsuccessful endotherapy depends on the course of an existing
undetectable chronic inflammatory process involving the
gland, rather than the long-term stenting, or both. This
possibility is supported by evidence that up to 53% of
patients in studies with idiopathic pancreatitis and PD
have an underlying CP[19,42]. In these patients, CP may be
the cause rather than the consequence of unsuccessful
endotherapy.
In conclusion, this prospective study showed that:
(1) in most patients with PDiv suffering from recent repeated episodes of pancreatitis endoscopic ductal drainage had a beneficial symptomatic effect independent
of whether there was dorsal duct dilatation; (2) about
60% of patients with either recent (after endotherapy)
or previous (observation) episodes of acute pancreatitis
developed EUS findings consistent with CP over a sixyear period; and (3) patients with recent bouts of acute
pancreatitis in whom endotherapy was successful had
a significantly lower risk of developing EUS findings
consistent with CP than those treated unsuccessfully, but
further studies are needed to confirm these results.
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public microarray datasets of GSE 4107, 4183, 8671,
9348, 10961, 13067, 13294, 13471, 14333, 15960,
17538, and 18105, which included 519 cases of adenocarcinoma and 88 normal mucosa controls, were pooled
and used to verify 17 selective genes from 3 published
studies and estimate the external generality.
RESULTS: We validated the 17 CRC-associated genes
from studies by Chang et al (Model 1: 5 genes), Marshall et al (Model 2: 7 genes) and Han et al (Model 3: 5
genes) and performed the multivariate logistic regression analysis using the pooled 12 public microarray datasets as well as the external validation. The goodnessof-fit test of Hosmer-Lemeshow (H-L) showed statistical
significance (P = 0.044) for Model 2 of Marshall et al
in which observed event rates did not match expected
event rates in subgroups of the model population. Expected and observed event rates in subgroups were
similar, which are called well calibrated, in Models 1, 3
and 4 with non-significant P values of 0.460, 0.194 and
1.000 for H-L tests, respectively. A 7-gene model of
CPEB4 , EIF2S3 , MGC20553 , MS4A1 , ANXA3 , TNFAIP6
and IL2RB was pairwise selected, which showed the
best results in logistic regression analysis (H-L P = 1.000,
R 2 = 0.951, areas under the curve = 0.999, accuracy =
0.968, specificity = 0.966 and sensitivity = 0.994).
CONCLUSION: A novel gene expression profile was
associated with CRC and can potentially be applied to
blood-based detection assays.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To verify gene expression profiles for colorectal
cancer using 12 internet public microarray datasets.
METHODS: Logistic regression analysis was performed,
and odds ratios for each gene were determined between colorectal cancer (CRC) and controls. Twelve
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Core tip: In the future, the 7-gene (CPEB4 , EIF2S3 ,
MGC20553 , MS4A1 , ANXA3 , TNFAIP6 and IL2RB ) logistic regression model that showed the best results can
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be further verified for more samples. Meanwhile, the
causal relations are needed to confirm among the selected genes and colorectal cancer (CRC). The expression signature of these CRC-associated genes can be
evaluated for early detection of CRC. Early detection
can thus improve survival in patients before symptoms
are detectable, during treatment, or during remission.
Chang YT, Yao CT, Su SL, Chou YC, Chu CM, Huang CS,
Terng HJ, Chou HL, Wetter T, Chen KH, Chang CW, Shih YW,
Lai CH. Verification of gene expression profiles for colorectal
cancer using 12 internet public microarray datasets. World J
Gastroenterol 2014; 20(46): 17476-17482 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i46/17476.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i46.17476

INTRODUCTION
Colorectal cancer (CRC) is a common cancer worldwide[1] and considered to be among the most frequent
causes of death, along with lung, prostate and breast
cancer[2]. CRC screening could reduce the incidence of
advanced disease and provide better overall, progressionfree survival[3].
Microarray analysis has enabled the identification of
gene signatures for diagnosis, molecular characterization,
prognosis prediction and treatment prediction[4]. However, there remains a lack of clinically useful biomarkers
for cancers[5]. The translation of microarray studies into
clinical practice is still far from complete for three reasons: (1) the lack of comparison and overlap of results
obtained from each individual study[6-8]; (2) the lack of
large-scale studies due to the small number of available
samples without enough large statistical power[9]; and (3)
the difficulty in selecting the data that would be informative for developing a reliable clinical application[4]. The
study pooled the dataset of microarrays from different
research teams in the Gene Expression Omnibus (GEO)
database to increase sample size, sample heterogeneity
and statistical power, in the hope of addressing the issue
of insufficient sample size presented in previous studies.
In the present study, 17 selective genes from 3 studies (Model 1: 5 genes[10]; Model 2: 7 genes[11]; Model 3: 5
genes[12]) were validated by pooling 12 public microarray
data sets as well as the external validation. Sensitivity, specificity, accuracy, positive and negative predictive values,
and the areas under the curves (AUCs) of the discrimination models are reported. Meanwhile, genes correlated
with CRC were selected, and a discrimination model was
constructed using multivariate logistic regression.

MATERIALS AND METHODS
Public internet microarray datasets
As shown in Figure 1, the microarray gene expression
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data were from searches using “colon cancer” and “human [organism]” and “expression profiling by array [dataset type]” as the key words in the GEO database of the
National Center for Biotechnology Information (NCBI).
The eligible criteria were: (1) the examined samples were
frozen tissue sections of normal human colorectal mucosa, primary CRC or hepatic metastases from CRC;
(2) the microarray platform used was limited to singlecolor, whole genome gene chips from Affymetrix; and
(3) the data were presented as gene expression level. The
exclusion criteria were (1) data from cultured cell lines or
other in vitro assays; (2) datasets without the original gene
expression level data files; and (3) those with redundant
sub-datasets. A total of 178 (190-12 = 178) GEO series
(GSE) datasets were finally excluded, leaving 12 public
microarray datasets of GSE 4107, 4183, 8671, 9348,
10961, 13067, 13294, 13471, 14333, 15960, 17538, and
18105, which included 519 cases of adenocarcinoma and
88 normal mucosa controls. Furthermore, we validated
the 17 CRC-associated genes from studies by Quyun et
al[10] and Chang et al[13] (Model 1: 5 genes), Marshall et al[11]
(Model 2: 7 genes) and Han et al[12] (Model 3: 5 genes) and
performed the multivariate logistic regression analysis
using the pooled 12 public microarray datasets as well as
the external validation. The statistical power is 100% for
each candidate gene calculated via the Sample Size Calculator[14]. The statistical alpha level was 0.05.
Preprocessing of microarray data
We used the GC Robust Multi-array Average method and
R language software 8 to remove the chip background associated with the microarray gene expression levels. The
expression levels of the probe sets were converted into
gene expression levels. Because the probe expression
levels showed a skewed distribution, the median probe
expression level was selected to represent the gene expression level. Affymetrix chips were HG-U133A, HGU133A-2 and HG-U133-Plus-2, and after the conversion,
the corresponding numbers of genes were 14713, 14704
and 33727. The 12 datasets were finally merged to obtain
the expression levels of 14698 genes, followed by the
quantile normalization of all gene expression values.
Modeling analysis and verifications
The 1000 bootstrapping rounds were used to avoid the
poor extrapolation of the selected candidate genes. Multivariate logistic regression was used to analyze the relationship of the cases and controls to the 17 candidate
genes. The logistic probabilities were calculated using
the modeling equations from logistic regression analysis.
Discriminative performances were further used to evaluate models, including sensitivity and specificity. We used
the Hosmer-Lemeshow test to check goodness-of-fit. A
receiver operating characteristic (ROC) curve analysis was
performed to determine the cut-off logistic probabilities
and the AUC, to identify the performance of each candidate gene and combinations of multiple genes.
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GEO series
in the NCBI

Searched keywords:
(colon cancer) and (human[organism]) and (expression profiling by array[Dataset Type])

190 GSE datasets

The examined samples were frozen tissue sections of
normal human colorectal mucosa, primary colorectal
cancer or hepatic metastases from colorectal cancer

Excluded

4 GSE
datasets

Excluded

50 GSE
datasets

Excluded

12 GSE
datasets

Exclusion criteria-1: data from cultured
cell lines or other in the vitro assays

Excluded

82 GSE
datasets

Exclusion criteria-2: datasets without the
original gene expression level data files

Excluded

10 GSE
datasets

Exclusion criteria-3: those with
redundant sub-datasets

Excluded

20 GSE
datasets

The microarray platform used was limited to single-color,
whole genome gene chips from Affymetrix

The data were presented as gene expression level

Model 1

Model 2

12 GSE
datasets

Model 3

Model 4

Figure 1 Process of pooling 12 microarray gene expression datasets. Model 1: 5 selective genes from the study by Quyun et al[10] and Chang et al[13]; Model 2:
7 selective genes from the study by Marshall et al[11]; Model 3: 5 selective genes from the study by Han et al[12]; Model 4: 7 selective genes from Models 1, 2 and 3.
GEO: Gene Expression Omnibus; GSE: GEO series.
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Table 1 Characteristics of the studies
Ref.

Year

Paper title

CRC+

CRC-

Number of genes

Han et al[12]
Marshall et al[11]
Quyun et al[10]

2008
2010
2010

Novel blood-based, five-gene biomarker set for the detection of colorectal cancer
A blood-based biomarker panel for stratifying current risk for colorectal cancer
Recent patents and advances in genomic biomarker discovery for colorectal cancers

101
202
111

110
208
227

5
7
5

CRC+: Colorectal cancer cases; CRC-: Colorectal cancer controls.

Table 2 Logistic regression models for pooled 12 microarray datasets as the external validation of colorectal cancer-associated genes
from 3 studies
Genes

Model 1

5 Selective genes of this study
MDM2
DUSP6
CPEB4
MMD
EIF2S3
7 Selective genes of Marshall et al[11]
ANXA3
CLEC4D
LMNB1
PRRG4
TNFAIP6
VNN1
IL2RB
5 Selective genes of Han et al[12]
CDA
MGC20553
BANK1
BCNP1
MS4A1
P value for H-L
R2
AUC
Accuracy
Specificity
Sensitivity

Model 2

B

SE

P value

6.069
1.360
-3.177
0.335
1.462

1.461
0.235
0.383
0.442
0.244

< 0.001
< 0.001
< 0.001
0.448
< 0.001

B

SE

0.559
46.259
1.883
-1.284
1.787
0.207
0.269

0.212
9.918
0.330
0.371
0.377
0.159
0.216

Model 3

P value

B

Model 4

P value

0.008
< 0.001
< 0.001
0.001
< 0.001
0.194
0.213
-0.496
-1.386
0.570
-0.944
-1.483

0.460
0.853
0.978
0.949
0.818
0.971

SE

0.044
0.841
0.985
0.974
0.886
0.988

0.090
0.197
0.373
1.148
0.457
0.194
0.693
0.957
0.939
0.716
0.977

< 0.001
< 0.001
0.129
0.411
0.001

B

SE

P value

-4.423

1.160

< 0.001

2.604

0.856

0.002

1.566

0.485

0.001

2.0031

0.572

< 0.001

1.824

0.637

0.004

-1.751

0.619

0.005

-1.907

0.590
1.000
0.933
0.999
0.990
0.966
0.994

0.001

Model 1: 5 selective genes from the study by Quyun et al[10] and Chang et al[13]; Model 2: 7 selective genes from the study by Marshall et al[11]; Model 3: 5 selective genes from the study by Han et al[12]; Model 4: 7 selective genes from Models 1, 2 and 3; H-L: Hosmer and Lemeshow test; R2: Nagelkerke R Square;
AUC: Area under receiver operating characteristic curve.

RESULTS
Pooling 12 microarray studies to verify the 17 selective
genes and estimate the external generality
We performed the multivariate logistic regression analysis
for pooled 12 public microarray datasets as well as the external validation to verify the CRC-associated genes from
3 studies[10-12]. As shown in Tables 1 and 2, we validated
the 17 CRC-associated genes from 3 studies (Model 1: 5
genes, Model 2: 7 genes and Model 3: 5 genes) by pooling 12 public microarray datasets of GSE 4107, 4183,
8671, 9348, 10961, 13067, 13294, 13471, 14333, 15960,
17538, and 18105, which included 519 cases of adenocarcinoma and 88 normal mucosa controls. The goodnessof-fit test of Hosmer-Lemeshow (H-L) showed statistical
significance (p = 0.044) for Model 2 of Marshall et al[11]
in which observed event rates did not match expected
event rates in subgroups of the model population. Ex-

WJG|www.wjgnet.com

pected and observed event rates in subgroups were similar, which are called well calibrated, in Models 1, 3 and 4
with non-significant P-values of 0.460, 0.194 and 1.000
for H-L tests, respectively. A 7-gene model (Model 4 with
genes CPEB4, EIF2S3, MGC20553, MS4A1, ANXA3,
TNFAIP6 and IL2RB) pairwise selected from genes of
Models 1, 2 and 3 showed the best results in logistic regression analysis (H-L p = 1.000, r2 = 0.951, AUC = 0.999,
accuracy = 0.968, specificity = 0.966 and sensitivity =
0.994).

DISCUSSION
Many studies[15-19] have developed accurate, reliable and
less invasive tests for detecting CRC using tissue or
blood samples by microarray and qPCR validation. In
general, the present study is an alternative effort to establish a standard testing procedure and to confirm the
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profile performance. Genes clinically confirmed to be
cancer-associated in tumor tissues are chosen for selection and validation in peripheral blood samples. According to the results of the present study, the selected genes
can be verified by collecting new samples in the future
work.
Marshall et al[11] and Han et al[12] used different gene
sets to detect CRC by similar screening approaches. The
two gene sets were obtained by direct selection from differentially expressed genes in peripheral blood samples
using microarray techniques followed by real-time PCR.
The biomarkers they selected may more or less reflect
the static and dynamic changes of the immune system in
response to cancer. However, although these two studies
used similar approaches and some overlapped samples,
reported respective profiles cover no genes in common
with the profile of 5 genes from the study by Quyun et
al[10] and Chang et al[13]. The absence of concordant genes
also exists in the study by Xu et al[19], which could be related to differences in studying samples and genes coming out from the upstream or downstream of oncogenic
and anti-oncogenic pathways, because supposedly they
all performed perfect gene quantification and statistical
analysis to develop particular CRC gene expression profiles. The present study intended to rapidly converge and
verify these promising biomarkers using pooling external
validation and public microarray GSE datasets in GEO
of NCBI before the further practical uses and clinical
implementation.
Common serum tumor markers used in primary care
practice have not demonstrated a survival benefit in
randomized controlled trials for screening in the general
population. Most of them showed elevated levels only in
some early-stage or late-stage cancer patients[20]. A recent
review of real-time PCR-based assays with single molecular markers, such as CEA, CK19, and CK20, demonstrated low sensitivities, ranging from 4% to 35.9%,
25.9% to 41.9%, and 5.1% to 28.3%, respectively[21]. One
study was performed with a newly identified molecular
marker known as ProtM[22].
Circulating cancer cells from any cancer type are capable of disseminating from solid tumor tissues, penetrating and invading blood vessels and circulating in the peripheral blood[23,24]. The number of circulating tumor cells
has been used to predict the clinical outcome of cancer
patients[25,26]. On the basis of the presence of circulating tumor cells, five molecular markers, MDM2, DUSP6,
CPEB4, MMD, and EIF2S3, were identified to have differential expression between peripheral blood samples of
CRC patients and healthy controls. Two reports[11,12] used
different gene sets to detect CRC by similar screening
approaches. The two gene sets were obtained by direct
selection from differentially expressed genes in peripheral
blood samples using microarray techniques followed by
real-time PCR. The biomarkers they selected may more
or less reflect the static and dynamic changes of the immune system in response to cancer. In our study, genes
clinically confirmed to be cancer-associated in tumor tis-
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sues were chosen for selection and validation in peripheral blood samples.
Both mRNAs and proteins in the peripheral blood
have been tested for diagnostic use to detect circulating tumor cells of different solid tumors or to determine prognoses of various cancers. We confirmed that the AUCs of
the discrimination models greatly improved from 0.957
for a single model[10-12] to 0.999 for the combined model (a
7-gene model). An increasing number of clinical studies
show improvements in the sensitivity of cancer detection
by assaying transcript levels of multiple genes in patients’
peripheral blood[27].
The genes identified here for discrimination between
CRC patients and healthy controls might be useful in
evaluating the therapeutic responses and prognoses of
CRC patients. They could also be selected as targets for
the development of therapies because of their strong association with CRC. MDM2 is a negative regulator of the
tumor suppressor protein p53[28,29]. Higher MDM2 expression has been reported in a variety of human stromal and
epithelial malignancies[30-33], including CRC[34,35]. DUSP6,
which is also known as MAPK phosphatase 3 (MKP3), inactivates MAPK1/ERK2[36-39]. Elevated DUSP6 transcript
levels have been reported as a risk factor for poor prognosis in non-small cell lung cancer patients[40] and tamoxifen
resistance in breast cancer patients[41]. In contrast, DUSP6
is a candidate tumor suppressor gene in pancreatic cancer[39] and primary human ovarian cancer cells. CPEB4
binds to the cytoplasmic polyadenylation element (CPE)
of target mRNAs and controls cytoplasmic polyadenylation and translational activation during development[42-45].
MMD is an integral membrane protein with seven putative transmembrane segments[46,47]. Its biological function
is still unclear. EIF2S3 is the largest subunit (gamma) of
eukaryotic translation initiation factor 2 (EIF2)[48] and
might be indirectly involved in inhibition of prostate cancer metastasis through N-myc downstream regulated gene
1[49]. DUSP6, CPEB4, MMD and EIF2S3 were for the
first time associated with CRC in this study.
Furthermore, we verified the CRC-associated genes
by pooling 12 public microarray datasets. In the future,
the 7-gene logistic regression model (Model 4: CPEB4,
EIF2S3, MGC20553, MS4A1, ANXA3, TNFAIP6 and
IL2RB) that showed the best results can be further verified in more samples. Meanwhile, the causal relations are
needed to confirm among the selected genes and CRC.
The expression signature of these CRC-associated genes
should be evaluated for early detection of CRC, with
more samples randomly screened from the population;
in addition, subjects who eventually receive a diagnosis
of CRC should be evaluated as well. Early CRC detection could provide inherent benefits to the patient and
could also enable screening for post-operative residual
tumor cells and occult metastases, an early indicator of
tumor recurrence. Early detection could thus improve
survival in patients before symptoms are detectable, during treatment, or during remission.
In conclusion, we found that the expression profile
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of 7 genes, CPEB4, EIF2S3, ANXA3, TNFAIP6, IL2RB, MGC20553 and MS4A1, is highly associated with
CRC. Detection of cancer cell-specific biomarkers in the
peripheral blood can be an effective screening strategy
for CRC.
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Abstract

median survival time of enrolled patients was 21.5 mo.
The 1-, 2-, 3- and 5-year overall survival rates were
72.1%, 44.1%, 31.4% and 13.9%, respectively. Tumor
2
size(χ = 14.999, P = 0.000), Barcelona Clinic Liver
2
Cancer (BCLC) stage (χ = 29.765, P = 0.000), Child2
Pugh class (χ = 51.820, P = 0.000), portal vein tumor
2
thrombus (PVTT) (χ = 43.086, P = 0.000), arterio2
venous fistula (χ = 29.791, P = 0.000), MWA therapy
2
times (χ = 12.920, P = 0.002), Eastern Cooperative
2
Oncology Group (ECOG) score (χ = 28.660, P = 0.000)
2
and targeted drug usage (χ = 10.901, P = 0.001)
were found to be significantly associated with overall
survival by univariate analysis. Multivariate analysis
identified that tumor size (95%CI: 1.608-4.962, P =
0.000), BCLC stage (95%CI: 1.016-2.208, P = 0.020),
PVTT (95%CI: 2.062-9.068, P = 0.000), MWA therapy
times (95%CI: 0.402-0.745, P = 0.000), ECOG score
(95%CI: 1.012-3.053, P = 0.045) and targeted drug
usage (95%CI: 1.335-3.143, P = 0.001) were independent prognostic factors associated with overall survival.

AIM: To analyze prognostic factors for survival after
transarterial chemoembolization (TACE) combined with
microwave ablation (MWA) for hepatocellular carcinoma
(HCC).

CONCLUSION: Superior performance status, MWA
treatment and targeted drug were favorable factors,
and large HCC, PVTT and advanced BCLC stage were
risk factors for survival after TACE-MWA for HCC.

METHODS: Clinical data of 86 patients who underwent TACE combined with MWA between January 2006
and December 2013 were retrospectively analyzed in
this study. Survival curves were detected using log-rank
test. Univariate analysis was performed using log-rank
test with respect to 13 prognostic factors affecting survival. All statistically significant prognostic factors identified by univariate analysis were entered into a Cox
proportion hazards regression model to identify independent predictors of survival. P values were two-sided
and P < 0.05 was considered statistically significant.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

RESULTS: Median follow-up time was 47.6 mo, and

WJG|www.wjgnet.com

Key words: Hepatocellular carcinoma; Transarterial chemoembolization; Microwave ablation; Survival; Prognosis
Core tip: Transarterial chemoembolization (TACE) combined with microwave ablation (MWA) has been used
more and more widely for treatment of patients with
hepatocellular carcinoma (HCC). However, there has
been no study designed to analyze prognostic factors
for survival after TACE combined with MWA for HCC. In
this study, we retrospectively collected clinicopathologic
data of 86 patients who were treated by TACE sequen-
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tially combined with MWA, and to analyze prognostic
factors for survival after the combinational therapy. We
hope that our finding could serve as significant information for clinicians and patients in the decision for
selecting treatment strategies.
Ni JY, Sun HL, Chen YT, Luo JH, Chen D, Jiang XY, Xu LF.
Prognostic factors for survival after transarterial chemoembolization combined with microwave ablation for hepatocellular
carcinoma. World J Gastroenterol 2014; 20(46): 17483-17490
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i46/17483.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i46.17483

INTRODUCTION
Hepatocellular carcinoma (HCC) is a kind of highly aggressive malignant tumor, and it is one of leading causes
of cancer death. HCC ranks fifth in incidence for men
and eighth for women and accounts for more than
660000 new cases worldwide annually[1,2]. Surgical resection is still considered the preferred treatment choice
for patients with early-stage HCC. However, the majority of HCC patients were diagnosed at intermediate or
advanced stage of tumor growth and accompanied with
poor hepatic function which was caused by hepatitis,
alcoholic liver disease or cirrhosis, and made surgical resection impossible[3-5]. Liver transplantation also offers a
treatment option for HCC patients, but the shortage of
organ donors limits its application. In recent years, transarterial chemoembolization (TACE) as a palliative treatment has been accepted as the firstly considerable treatment for patients with surgically unresectable HCC[3,6,7].
However, the long-term outcomes of TACE were not
satisfying. The complete necrosis rate of tumor tissue
after TACE was just about 10%-20%[8-10]. Hence, in order
to improve clinical effectiveness of TACE and provide
better prognosis for patients with HCC, alternative treatment strategies are being explored. One such strategy is
TACE sequentially combined with microwave ablation
(MWA). MWA as a thermal in situ destruction treatment
has been proved to be a safe and effective treatment[11,12].
TACE sequentially combined with MWA provides
a new treatment choice for HCC. Previous studies had
reported that clinical efficacy of combination of TACE
and MWA was much better than that of TACE or MWA
monotherapy in the treatment of HCC[13,14]. However,
to the best of our knowledge, there has been no study
designed to analyze prognostic factors for survival after
TACE combined with MWA for HCC. In this study, we
collected clinicopathologic data of patients who underwent TACE sequentially combined with MWA and to
analyze prognostic factors for survival after the combinational therapy. We hope that our finding could serve as
significant information for clinicians and patients in the
decision for selecting treatment strategies.
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MATERIALS AND METHODS
Patients
Over a 5-year follow-up period between January 2006
and December 2013, we studied 86 patients with a formal
diagnosis of HCC (according to criteria of the American
Association for the Study of Liver Diseases). All included
patients were treated by TACE sequentially combined
with MWA in the Department of Interventional Radiology, Sun Yat-sen Memorial Hospital, Sun Yat-sen University, China. There were 76 males and 10 females, and their
age ranged from 15 to 78 years (mean age, 54.9 years).
Exclusion criteria were listed as following aspects: (1)
patients without a definite diagnosis of HCC; (2) patients
with diffuse-type HCC; (3) HCC after surgical treatment
or liver transplantation; (4) patients with poor baseline
hepatic function or general condition, who were not able
to tolerate the treatments; (5) TACE combined with any
other interventional procedure besides MWA, such as 125I
seed implantation, radiofrequency ablation, and percutaneous ethanol injection; and (6) patients without regularly
clinical data for evaluating overall survival and prognostic
factors.
Equipment
Main equipment used in this study was listed as follows:
digital subtraction angiography (DSA) system (Philips
Allura Xper FD20, Amsterdam, Netherlands), Siemens
64-slice spiral computed tomography (CT) system (Somatom 64 Sensation, Muenchen, Germany), ECO-100
water-cooled microwave apparatus and monopole microwave antenna (16G) (Nanjing Eco Medical Equipment
Co., Ltd, Nanjing, China).
TACE therapy
All 86 patients were initially treated by TACE. TACE was
performed using DSA. Hepatic artery angiography was
performed using the Seldinger technique. Femoral arterial catheterization was conducted through the common
hepatic artery or proper hepatic artery. The location,
number, size and blood supply of tumors were evaluated. If necessary, micro-catheter was super-selectively
inserted into hepatic lobe or hepatic segmental artery.
Chemoembolization therapy was then performed via the
targeted artery using iodized oil emulsion (lipiodol mixed
with chemotherapy drugs), and gelatin sponge embolization was used in the treatment of tumors with rich blood
supply. Chemotherapeutics were performed using 5-FU/
FUDR (0.5-1.0 g), THP-ADM (10-40 mg), hydroxycamptothecin (5-10 mg) or mitomycin (2-8 mg), regularly.
The amount of iodized oil emulsion, gelatin sponge and
medical chemotherapy drugs used in TACE treatment
was based on tumor size, lesion extension and tolerance
of patients.
MWA therapy
After TACE treatment, a sequential CT-guided MWA procedure was performed based on the response of tumors.
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Figure 1 Overall survival curve of 86 patients who underwent transarterial
chemoembolization-microwave ablation. TACE: Transarterial chemoembolization; MWA: Microwave ablation.

vival curves of different groups were detected using logrank test. Univariate analysis was performed using logrank test with respect to 13 prognostic factors affecting
survival, including age, gender, BCLC stage, tumor size,
portal vein tumor thrombus (PVTT), Child-Pugh class,
Eastern Cooperative Oncology Group score, AFP, serum
hepatitis B surface antigen, arterio-venous fistula (AVF),
MWA therapy times, TACE therapy times and targeted
drug usage. All statistically significant prognostic factors
identified by univariate analysis were entered into a Cox
proportion hazards regression model to identify independent predictors of survival. For all analyses, P-values
were two-sided and P < 0.05 was considered statistically
significant. All statistical analyses and graphics were performed using SPSS software package (version 19.0, SPSS
Inc., Chicago, IL).

RESULTS

If residual tumors belong to stable situation or partial
response such as focal lipiodol-defect region, progression
of focal lesion and/or residual lesion with insufficient
blood supply or occlusion of the feeding artery, the MWA
procedure was applied sequentially with TACE.
During the MWA procedure, a non-enhanced CT
scan was first performed to determine puncture pathway.
The puncture site was then anesthetized with 2% lidocaine, and a 16G guided needle was inserted into focus of
tumor via the puncture pathway. CT scan was performed
again to ensure the location of the guided needle. MWA
electrode probe was then inserted along the path of the
puncture needle to reach the opposite edge of tumor
through its center. The microwave power was set at 60-70
Watt and the procedure lasted for 10-20 min. Vital signs
such as heart rate, blood pressure and oxygen saturation
were monitored during the procedure. After ablation, the
electrode probe and puncture needle were pulled out and
CT scan was performed to reexamine coagulation area of
MWA treatment.

Clinicopathological characteristics of patients
A total of 86 patients with surgically unresectable HCC
were included in this study. Mean age of the included patients was 54.9 years (range: 15-78 years). There were 13
(15.1%), 32 (37.2%), 11 (12.8%) and 30 (34.9%) patients
with small, nodular-type, massive-type and huge-type
HCC, respectively. Branch and trunk portal vein tumor
thrombi were detected in 10 (11.6%) and 9 (10.5%) patients, respectively. Serum hepatitis B surface antigen and
AFP were positive in 41 (47.7%) and 55 (64.0%) patients,
and no case had anti-HCV antibody detected. There were
18 (21.0%) patients with arterio-venous fistula, which was
detected by digital subtraction angiography during TACE
treatment. Sixty-four (74.4%) patients underwent treatment with targeted drugs such as sorafenib to control
progression of tumor. Liver function was evaluated using
Child-Pugh standard, and 62 (72.0%) cases were considered class A and 24 (28.0%) considered class B. More details of clinicopathological characteristics of the included
patients are shown in Table 1.

Follow-up
In this study, follow-up was done by telephone or clinical
visits at monthly interval. Physical examination, hepatic
function test, alpha fetal protein (AFP) level and CT/
magnetic resonance imaging (MRI) scan were reviewed.
According to the result of post-ablation CT scan, incomplete ablation of tumor was reassessed by our multidisciplinary team of radiologists and oncologists in terms of
tumor response and hepatic function. Complete response
of tumor after further ablation treatment was defined as
complete disappearance based on CT or MRI imaging.

Overall survival
Median follow-up time in this study was 47.6 mo. Of
86 patients with unresectable HCC, 5 survived and 81
died. Median survival time was 21.5 mo (range: 2-96 mo),
and the 1-, 2-, 3- and 5-year overall survival rates were
72.1% (62/86), 44.1% (38/86), 31.4% (27/86) and 13.9%
(12/86), respectively. Kaplan-Meier survival curve of 86
patients who were treated by combined TACE-MWA is
shown in Figure 1.

Statistical analysis
Student’s t test and Fischer’s exact test were used to compare quantitative variables. The results are expressed as
mean ± SD. Cumulative survival curve was calculated
using the Kaplan-Meier method. The χ 2 test was used to
compare qualitative variables. The differences in the sur-
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Univariate analysis
Univariate analysis revealed that tumor size (χ 2 = 14.999,
P = 0.000), BCLC stage (χ 2 = 29.765, P = 0.000), ChildPugh class (χ 2 = 51.820, P = 0.000), PVTT (χ 2 = 43.086,
P = 0.000), AVF (χ 2 = 29.791, P = 0.000), MWA therapy
times (χ 2 = 12.920, P = 0.002), ECOG score (χ 2 =
28.660, P = 0.000) and targeted drug usage (χ 2 = 10.901,
P = 0.001) were significantly associated with overall
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Table 1 Characteristics of the patients included in this study

Table 2 Univariate analysis results

n (%)

Variable
Characteristic
Age (yr)
≤ 40
41-50
51-60
> 60
Gender
Male
Female
BCLC stage
A
B
C
Tumor size (TS)
Small HCC (TS ≤ 3 cm)
Nodular type (3 cm < TS ≤ 5 cm)
Massive type (5 cm < TS ≤ 10 cm)
Huge type (10 cm < TS)
PVTT
None
Branch type
Trunk type
Child-Pugh class
A
B
ECOG score
0
1
≥2
AFP
Negative (≤ 20 μg/L)
Positive (> 20 μg/L)
HBsAg
Without
With
AVF
Without
With
MWA times
Once
Twice
≥ Triple
TACE times
Once
Twice
Triple
≥ Triple
Targeted drug
Without
With

P value

36 (range: 25-60)
25 (range: 3-96)
5 (range: 2-40)

29.765

0

13
32
11
30

50 (range: 26-63)
29 (range: 13-96)
12 (range: 4-60)
8 (range: 2-43)

14.999

0

67
10
9

25 (range: 3-96)
5 (range: 2-40)
4 (range: 3-6)

43.086

0

62
24

30 (range: 4-96)
7 (range: 2-19)

51.820

0

11
45
30

50 (range: 30-96)
29 (range: 5-84)
8 (range: 2-32)

28.660

0

68
18

25 (range: 3-96)
5 (range: 2-40)

29.791

0

35
24
27

14 (range: 2-60)
20 (range: 3-60)
32 (range: 8-96)

12.920

0.002

22
64

6 (range: 2-60)
24 (range: 5-96)

10.901

0.001

Median survival
time (mo)

4
60
22

Patients
BCLC stage
A
B
C
Tumor size
Small HCC
Nodular type
Massive type
Huge type
PVTT
None
Branch type
Trunk type
Child-Pugh class
A
B
ECOG score
0
1
≥2
AVF
Without
With
MWA times
Once
Twice
≥ Triple
Targeted drug
Without
With

17 (19.8)
16 (18.6)
29 (33.7)
24 (27.9)
76 (88.3)
10 (11.7)
4 (4.7)
60 (69.7)
22 (25.6)
13 (15.1)
32 (37.2)
11 (12.8)
30 (34.9)
67 (77.9)
10 (11.6)
9 (10.5)
62 (72.0)
24 (28.0)
11 (12.8)
45 (52.3)
30 (34.9)
31 (36.0)
55 (64.0)

BCLC: Barcelona Clinic Liver Cancer; HCC: Hepatocellular carcinoma;
PVTT: Portal vein tumor thrombus; ECOG: Eastern Cooperative Oncology
Group; AVF: Arterio-venous fistula; MWA: Microwave ablation.

45 (52.3)
41 (47.7)
68 (79.0)
18 (21.0)

analysis identified that tumor size (95%CI: 1.608-4.962, P
= 0.000), BCLC stage (95%CI: 1.016-2.208, P = 0.020),
PVTT (95%CI: 2.062-9.068, P = 0.000), MWA therapy
times (95%CI: 0.402-0.745, P = 0.000), ECOG score
(95%CI: 1.012-3.053, P = 0.045) and targeted drug usage
(95%CI: 1.335-3.143, P = 0.001) were independent prognostic factors associated with overall survival (Table 3).
Survival curves of 86 patients with different characteristics of tumor size, BCLC stage, PVTT, MWA therapy
times, ECOG score and targeted drug usage were shown
in Figure 2A-F.

35 (40.1)
24 (27.9)
27 (32.0)
19 (22.1)
16 (18.6)
21 (24.4)
30 (34.9)
22 (25.6)
64 (74.4)

TACE: Transarerial chemoembolization; MWA: Microwave ablation;
BCLC: Barcelona Clinic Liver Cancer; ECOG: Eastern Cooperative Oncology Group; AVF: Arterio-venous fistula; TS: Tumor size; PVTT: Portal
vein tumor thrombus; HCC: Hepatocellular carcinoma; AFP: Alpha fetal
protein; HBsAg: Serum hepatitis B surface antigen.

survival of patients who underwent TACE sequentially
combined with MWA (Table 2).
Multivariate analysis
All statistically significant prognostic factors evaluated by
univariate analysis were entered into a Cox proportion
hazards regression model. The results of multivariate

WJG|www.wjgnet.com

χ2

Patients (n )

Complications
Both TACE and MWA are minimally invasive treatments. There were no procedure-related mortalities or
serious complications. The most common adverse effect
was post-embolization syndrome, such as right upper
quadrant abdominal pain, vomiting, nausea and fever.
Abdominal pain and fever were found in patients who
underwent MWA as well. Hepatic dysfunction was the
second most common complication, which could be
found by biochemical tests and clinical manifestations,
including ascites, jaundice or bleeding during the period
of follow-up. Symptomatic treatments were necessary for
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Table 3 Cox proportion hazards regression multivariate analysis results
Variable

B

Tumor size
PVTT
BCLC stage
ECOG score
MWA
TD

1.038
1.464
0.383
0.564
-0.602
0.670

SE
0.288
0.378
0.165
0.282
0.157
0.213

Sig

Exp(B)

0
0
0.020
0.045
0
0.001

2.824
4.324
1.467
1.757
0.547
2.107

Wald
13.039
15.011
5.3830
4.0030
14.689
10.203

95%CI for Exp(B)
Lower

Upper

1.608
2.062
1.016
1.012
0.402
1.335

4.962
9.068
2.028
3.053
0.745
3.143

PVTT: Portal vein tumor thrombus; BCLC: Barcelona Clinic Liver Cancer; ECOG: Eastern Cooperative Oncology Group; MWA: Microwave ablation; TD:
Targeted drugs.

patients with hepatic dysfunction. No other complications emerged after TACE or MWA treatment.

DISCUSSION
Nowadays, TACE sequentially combined with MWA
has been widely accepted as an important treatment option for surgically unresectable HCC. To the best of our
knowledge, there has been no study designed to analyze
prognostic factors for survival after combined TACEMWA for HCC. In this study, we collected the clinical
data of 86 patients who underwent TACE combined
with MWA. Overall survival and prognostic factors
were analyzed. We found that patients who were treated
by TACE combined with MWA had relatively satisfying overall survival. In addition, our study revealed that
tumor size, BCLC stage, PVTT, MWA therapy times,
ECOG score and targeted drug usage were significantly
independent factors effecting overall survival.
Although there was no comparative data in this study,
our previous study had reported that combined TACEMWA treatment was associated with better effectiveness
in comparison with TACE monotherapy in HCC[14]. During previous clinical practice and experimental research,
some synergistic effects between TACE and MWA could
be observed. The advantages of combined TACE-MWA
may be explained as following aspects: (1) embolization
of tumor vessel by TACE was expected to enlarge thermal coagulation area of MWA by reducing the “cooling
effect” of hepatic blood flow[13-15]; (2) edematous change
in tumor tissues after TACE was expected to increase
thermal effects of MWA; (3) some hypovascular HCCs,
regenerated tumor feeding vessel or mimicking vessel after TACE made it difficult to perform TACE procedure,
while imaging-guided MWA can destroy targeted tumors
precisely and directly[16-18]; and (4) TACE sequentially
combined with MWA can effectively decrease the liver
function impairment caused by TACE monotherapy, and
improve the prognosis of patients. All the above aspects
indicated that combination of TACE and MWA had
advantages in improving overall survival of patients with
HCC[13,14].
Referring to prognostic factors for survival after
combined TACE-MWA for unresectable HCC, we found
that tumor size, BCLC stage, PVTT, MWA therapy
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times, ECOG score and targeted drug usage were independent prognostic factors associated with overall survival of patients.
Complete necrosis rate of tumor tissue after TACE
was about 10%, while for large HCC it was much lower
in clinical practice[19,20]. In the treatment of large HCC,
it was difficult to reach complete necrosis for MWA. A
previous study had reported that 1- and 3-year overall
survival rates of patients who underwent MWA treatment were 92% and 72%, respectively[21]. In this study,
we found that the effectiveness of combined TACEMWA in small- and nodular-type HCC was superior to
that in massive-type and huge-type HCC. Peng et al[22] had
reported that the overall survival of patients with small
HCC, who were treated by combination of TACE and
radiofrequency ablation, was much better than that of
patients with large-size HCC. Hence, our study revealed
that large tumor lesion was associated with an increased
risk for poor prognosis of patients with HCC.
In clinical practice, the BCLC staging system has been
widely accepted as an important staging system that comprehensively considers tumor size, hepatic function and
performance status of patients with HCC[23]. Our analysis
showed that overall survival of patients with BCLC stage
A HCC was much longer in comparison with patients
with BCLC stages B and C. Our study suggested that
BCLC stage was an independent prognostic factor for
survival after combined TACE-MWA for HCC.
In this study, 10 and 9 of all enrolled patients had
branch- and trunk-type PVTT, respectively, which was
detected by DSA during TACE treatment. It was obvious that PVTT led to a high risk of intrahepatic and/or
extrahepatic metastasis of cancer cells. Additionally, advanced tumor thrombus usually occluded the portal vein,
and resulted in portal hypertension and further damage
of hepatic function[24,25]. PVTT was also associated with
hepatic arterio-portal fistula[26]. Ngan et al[27] had reported
that hepatic arterio-portal fistula played a critic role in
distant metastasis of tumor cells. In analysis of the effect
of PVTT on overall survival, we found that PVTT significantly affected median survival time of patients with
HCC. The survival time of patients with branch- and
trunk-type PVTT was much shorter than that of patients
without PVTT. Our study suggested that PVTT was an
independent prognostic factor associated with survival.
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Figure 2 Survival curves of 86 patients with different prognostic factors. A: Patients with different sizes of hepatocellular carcinoma (HCC); B: Patients with different stages of Barcelona Clinic Liver Cancer; C: Patients with different types of portal vein tumor thrombus; D: Patients with different times of microwave ablation
treatment; E: Patients with different Eastern Cooperative Oncology Group scores; F: Patients with and without therapy with targeted drugs.

Progression and metastasis of residual tumor cells after TACE or MWA seriously affected long-term survival
of patients with HCC. TACE sequentially combined
with MWA can significantly enhance the necrosis rate of
tumor tissue[13,14]. Our analysis suggested that MWA treatment times was an independent prognostic factor associated with overall survival.
Good performance status is very important for pa-
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tients to tolerate interventional therapy and chemotherapeutics. Sorafenib tosylate as a targeted drug has been
used more and more widely to control progression of
tumor[28-30]. We found that the prognosis of patients who
were treated with targeted drugs was much better in comparison with patients without usage of targeted drugs.
In conclusion, the data of our study indicated that superior performance status, MWA treatment and targeted
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drug usage were favorable factors, and large HCC, PVTT
and advanced BCLC stage were risk factors for survival
after TACE-MWA for HCC.
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Peer review

This is an interesting manuscript describing the various factors that impact survival in HCC patients undergoing TACE and MWA. Being a retrospective analysis, it has its inherent drawbacks. However, the results support the outcomes of
others where radiofrequency ablation/MWA has been combined with TACE. As
expected the outcomes correlate with liver function, tumor size and PVTT. The
main limit of the paper is the use of inferential analyses in a small cohort study.
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Abstract
AIM: To explore the morbidity and risk factors of postoperative pancreatic fistula (POPF) following pancreaticoduodenectomy.
METHODS: The data from 196 consecutive patients
who underwent pancreaticoduodenectomy, performed
by different surgeons, in the General Hospital of the
st
People’s Liberation Army between January 1 , 2013
st
and December 31 , 2013 were retrospectively collected
for analysis. The diagnoses of POPF and clinically relevant (CR)-POPF following pancreaticoduodenectomy
were judged strictly by the International Study Group
on Pancreatic Fistula Definition. Univariate analysis was
performed to analyze the following factors: patient age,
sex, body mass index (BMI), hypertension, diabetes
mellitus, serum CA19-9 level, history of jaundice, serum albumin level, blood loss volume, pancreatic duct
diameter, pylorus preserving pancreaticoduodenectomy,
pancreatic drainage and pancreaticojejunostomy. Multivariate logistic regression analysis was used to determine the main independent risk factors for POPF.
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RESULTS: POPF occurred in 126 (64.3%) of the
patients, and the incidence of CR-POPF was 32.7%
(64/196). Patient characteristics of age, sex, BMI,
hypertension, diabetes mellitus, serum CA19-9 level,
history of jaundice, serum albumin level, blood loss volume, pylorus preserving pancreaticoduodenectomy and
pancreaticojejunostomy showed no statistical difference
related to the morbidity of POPF or CR-POPF. Pancreatic
duct diameter was found to be significantly correlated
with POPF rates by univariate analysis and multivariate
regression analysis, with a pancreatic duct diameter ≤
3 mm being an independent risk factor for POPF (OR
= 0.291; P = 0.000) and CR-POPF (OR = 0.399; P =
0.004). The CR-POPF rate was higher in patients without external pancreatic stenting, which was found to be
an independent risk factor for CR-POPF (OR = 0.394; P
= 0.012). Among the entire patient series, there were
three postoperative deaths, giving a total mortality rate
of 1.5% (3/196), and the mortality associated with
pancreatic fistula was 2.4% (3/126).
CONCLUSION: A pancreatic duct diameter ≤ 3 mm
is an independent risk factor for POPF. External stent
drainage of pancreatic secretion may reduce CR-POPF
mortality and POPF severity.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreaticoduodenectomy; Pancreatic fistula; Complication; Pancreatic duct
Core tip: While pancreaticoduodenectomy (PD) remains
the only curative option for some benign and malignant diseases of the pancreas peri-ampullary region
and head, it is inherently difficult and associated with
high morbidity and mortality rates. The most important
factor of morbidity and mortality following PD is the
appearance of postoperative pancreatic fistula (POPF).
The Chinese PLA General Hospital performs 200 to 400
PD procedures per year. Analysis of our case series
showed that a pancreatic duct diameter ≤ 3 mm is an
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independent POPF risk factor. External stent drainage
of pancreatic secretion may reduce mortality of clinically relevant-POPF and alleviate POPF severity.
Liu QY, Zhang WZ, Xia HT, Leng JJ, Wan T, Liang B, Yang T,
Dong JH. Analysis of risk factors for postoperative pancreatic fistula following pancreaticoduodenectomy. World J Gastroenterol
2014; 20(46): 17491-17497 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i46/17491.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i46.17491

INTRODUCTION
Advances in surgical techniques and the correlated materials for pancreaticoduodenectomy (PD) have lead to
an increase in the volume of PD procedures performed
each year[1-7]. PD has emerged as a preferred therapeutic
method for treating various types of benign and malignant diseases of the pancreatic peri-ampullary region
and head. Nevertheless, this procedure remains technically difficult and is associated with high morbidity and
mortality rates[8-10]. Currently, the most important factor
of morbidity and mortality following PD is the development of postoperative pancreatic fistula (POPF). The
rate of POPF has remained unacceptably high, according
to the latest studies, which have reported anastomotic
breakdown in 11.4% to 44.7% of patients worldwide[11-13];
these morbidity rates of POPF are particularly troubling
when compared with leakage rates of most other gastrointestinal anastomoses, which are notably lower. The
occurrence of clinically relevant (CR)-POPF is associated
with prolonged length of hospitalization and increased
costs of care, as it necessitates additional testing and
procedures, which culminate in increased risk of further
morbidities and possibly mortality. Unfortunately, no
standardized definition of POPF has yet been agreed
upon by the global healthcare community that would
permit standard reporting and appropriate comparison
of results between different studies. The purpose of this
study was to determine possible risk factors that may be
associated with the onset of POPF after PD.

MATERIALS AND METHODS
Subject enrollment and data collection
A retrospective review was conducted of the 196 patients
who underwent PD between January 1st, 2013 and December 31st, 2013 in the Department of Hepatobiliary
Surgery of the Chinese People’s Liberation Army General Hospital (Beijing, China). The following demographic
and clinical data were collected for analysis: patient sex,
age, body mass index (BMI), indications for surgery,
presence of hypertension, presence of diabetes mellitus,
serum CA19-9 level, presence of jaundice, serum albumin level, operative blood loss volume, pancreatic duct
diameter, receipt of pylorus-preserving PD, receipt of
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pancreatic duct drainage, and receipt of pancreaticojejunostomy. In addition, data on postoperative complications were collected for analysis, with a specific focus on
occurrence of pancreatic fistula, mortality, and duration
of postoperative hospital stay. No patient was excluded
from the case series.
Operative procedure
Patients underwent either pylorus preserving or classic
(hemigastrectomy) PD. Pancreatic and biliary system reconstruction was performed in a retrocolic fashion, and
anticolic reconstruction was implemented for the gastro/duodenojejunostomy. If possible, a pancreatic tube
with several perforations was inserted into the pancreatic
duct and fixed at the edge of the transected pancreatic
duct, to serve as a stent from the jejunum. In some cases,
an external stent was placed across the pancreaticojejunal
anastomosis and through the abdominal wall to facilitate
external drainage of the pancreatic duct. The choice of
pancreaticojejunostomy duct-to-mucosa anastomosis or
invaginated anastomosis technique was made according
to the surgeon’s preference. No pancreaticogastrostomy
was performed in the case series. Drain placement was
anterior or posterior to the pancreaticojejunostomy and
choledochojejunostomy anastomosis. Prophylactic octreotide was not routinely used.
Classification and detailed definition of POPF
To date, no definitive profile of POPF has been agreed
upon the global medical community. As such, the standard definition of POPF proposed by the International
Study Group on Pancreatic Fistula (ISGPF) was chosen
for use in the current study (Table 1)[14], in which pancreatic leakage is evaluated according to the presence of
drainage fluid, in any measurable volume, with an amylase
content that is more than three times the upper normal
limit of that in serum, occurring on or after postoperative
day 3. ISGPF-based diagnosis of POPF is further classified into grades A, B, and C according to the clinical influence on the patient’s hospitalization process and ultimate
outcome. The focal point was further concentrated by
characterizing cases according to the concept of “clinically
relevant” POPF, which describes a stage of the condition
often used to discriminate patients with asymptomatic
biochemical POPF from those with the clinical disorder
who require therapeutic intervention or are at risk of
death. For CR-POPF, when POPF cases showed concomitant symptoms of pyrexia, abdominal pain, and/or
leukocytosis, anti-infective therapy was considered necessary; these cases represented POPF progression to grade
B. Cases requiring an invasive therapeutic manipulation
represented POPF progression to grade C (Table 1).
Statistical analysis
Quantitative data are expressed as mean ± SD and the
significance of inter-group differences was evaluated using an independent sample Student’s t test. Categorical
variables were evaluated by the Fisher’s exact test and
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Table 1 Main parameters for postoperative pancreatic fistula
grading
Grade
Clinical conditions
Specific treatment1
US/CT, if obtained
Persistent drainage,
after 3 wk2
Reoperation
Death related to POPF
Signs of infections
Sepsis
Readmission

A

B

C

Well
No
Negative

Ⅲ appearing/bad
Yes
Positive

No

Often well
Yes/no
Negative/
positive
Usually yes

No
No
No
No
No

No
No
Yes
No
Yes/no

Yes
Possibly yes
Yes
Yes
Yes/no

Yes

1

Partial (peripheral) or total parenteral nutrition, antibiotics, enteral nutrition, somatostatin analogue, and/or minimally invasive drainage; 2With
or without a drain in situ. CT: Computed tomography scan; POPF: Postoperative pancreatic fistula; US: Ultrasonography.
2
χ test. All of the variables were assessed by univari-

ate analyses, and only those variables showing statistical
significance (P < 0.05) were evaluated by multivariate
logistic analyses to determine the main independent risk
factors for POPF. The statistical software package SPSS
19.0 (IBM Corp., Armonk, NY, United States) was used
for all analyses. A P-value less than 0.05 was interpreted
as statistically significant for all tests.

RESULTS
The study population consisted of 122 males and 74
females, with a mean age of 57 ± 11.5 years old. The
indications for PD included ampullary carcinoma in 60
(30.6%) patients, pancreatic head tumor in 58 (29.6%)
patients, distal cholangiocarcinoma in 48 (24.5%) patients, duodenal carcinoma in 13 (6.6%) patients, chronic
pancreatitis in 11 (5.6%) patients, and uncinate process
tumors in six (3.1%) patients. The mean postoperative
length of hospital stay was 19.7 ± 11.2 d.
A total of 126 (64.3%) patients were diagnosed with
POPF, with 62 (49.2%) classified as grade A, 53 (42.1%)
classified as grade B, and 11 (8.7%) classified as grade C.
The total incidence of CR-POPF was 32.7%.
The total mortality rate among the study population
was 1.5% (3/196). All three of the postoperative deaths
were due to massive abdominal hemorrhage resulting
from POPF.
When the demographic and clinical variables were assessed by univariate analysis to determine the relationship
with POPF, there was no statistical significance detected
for patient age, sex, BMI, presence of hypertension, presence of diabetes mellitus, serum CA19-9 level, history of
jaundice, serum albumin level, operative blood loss volume, pylorus preserving PD or pancreaticojejunostomy
(Table 2). Thus, none of these variables showed predictive value for POPF. However, two of the perioperative
risk factors - pancreatic duct diameter and pancreatic duct
drainage - showed statistically significant association with
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POPF. Patients with a pancreatic duct diameter ≤ 3 mm
had a significantly higher rate of POPF than those with
a pancreatic duct diameter > 3 mm (78.1% vs 51.0%; P
= 0.000), and patients who received external drainage of
the pancreatic juice had a significantly lower rate of CRPOPF than those who received enteral drainage (21.3%
vs 37.8%; P = 0.023).
When these two risk factors associated with POPF
were analyzed by multivariate logistic regression, both
showed significant correlation with POPF and/or CRPOPF (Table 3). Specifically, the pancreatic duct diameter
≤ 3 mm was identified as an independent risk factor for
POPF (OR = 0.291; P = 0.000) and CR-POPF (OR =
0.399; P = 0.004), while the use of external pancreatic
stenting (external drainage) was identified as an independent risk factor for CR-POPF (OR = 0.394; P = 0.012).

DISCUSSION
CR-POPF (grade B and grade C POPF) is the most common and challenging PD complication, having the potential to trigger a lethal delayed massive hemorrhage and
septicemia[15-17]. CR-POPF was overwhelmingly the most
frequent reason of fatal complications in our case series,
with the totality of deaths directly resulting from POPF
complicated with delayed massive hemorrhage. Recently,
the ISGPF recommended a standard definition of POPF,
and it has met with a great deal of acceptance among the
global medical community. Having a standardized definition of POPF, and its various gradations, will benefit
clinicians and researchers alike since it will allow for equitable comparisons of cases from different centers.
Despite the long-standing lack of a unified definition
of this condition, some variables are recognized as risk
factors, including male sex, old age, obesity, pre-operative
jaundice, creatinine clearance disorder, operative blood
loss volume and coronary artery disease[18-24]. However,
only the variable of advanced age (> 70 years old) has
been shown by multiple studies, including prospective
studies, to be a predictive factor related to failure of
anastomosis leading to POPF[25]. Surgery-related factors,
including high-volume operative blood loss, less experienced (low-volume practice) surgeon, longer duration
of the operative procedure and type of pancreaticojejunostomy anastomosis, may also be risk factors. A multiinstitutional study confirmed the Fistula Risk Score as a
valid tool for predicting development of CR-POPF after
PD. In particular, Callery et al[26] reported that a simple
10-point Fistula Risk Score (based on small pancreatic
duct, soft texture pancreas, high-risk pathology and high
operative blood loss volume) is capable of precisely forecasting CR-POPF following PD. This prediction strategy
is easy and convenient and amenable to widespread adoption so that surgeons may predict, diagnose, and deal with
this severe complication in a timely manner.
Pylorus-preserving PD has the advantage of helping
the patient to achieve a good nutritional status postoperatively but is, unfortunately, associated with a significantly

17493

December 14, 2014|Volume 20|Issue 46|

Liu QY et al . Analysis of POPF risk factors
Table 2 Univariate analysis of predictors for pancreatic fistula following pancreaticoduodenectomy
Characteristic
Sex
Male
Female
Age in years
≥ 60
< 60
BMI in kg/m2
≥ 25
< 25
Hypertension
Yes
No
Diabetes mellitus
Yes
No
Serum CA19-9 in mg/L
> 37
≤ 37
Pre-operative jaundice
Yes
No
Serum albumin in g/L
< 35
≥ 35
Blood loss in mL
≥ 600
< 600
Pancreatic duct diameter in mm
≤3
>3
Pylorus-preserving
Yes
No
Pancreatic drainage
External
Enteral
Pancreatico-jejunostomy
Duct-to-mucosa
Invagination

POPF occurrence
Yes

No

81
45

41
29

53
73

33
37

38
88

23
47

39
87

20
50

18
108

13
57

65
61

42
28

71
55

37
33

18
108

8
62

16
110

15
55

75
51

21
49

57
69

33
37

40
86

21
49

117
9

62
8

CR-POPF occurrence

χ2

P value
0.429

Yes

No

41
23

81
51

23
41

63
69

14
50

47
85

19
45

40
92

10
54

21
111

34
30

73
59

40
24

68
64

10
54

16
116

9
55

22
110

40
24

56
76

34
30

56
76

13
51

48
84

59
5

120
12

0.625

0.492

0.471

0.696

0.153

0.728

0.121

0.431

0.621

0.257

1.285

0.638

0.222

0.572

0.319

0.109

2.576

0.000

15.696

0.798

0.066

0.800

0.064

0.307

1.043

P value

χ2

0.715

0.134

0.119

2.433

0.052

3.791

0.930

0.008

0.959

0.003

0.774

0.082

0.147

2.102

0.498

0.460

0.639

0.220

0.008

6.952

0.159

1.987

0.023

5.180

0.766

0.089

CR-POPF: Clinically relevant postoperative pancreatic fistula; POPF: Postoperative pancreatic fistula.

Table 3 Logistic regression for predictors of pancreatic fistula following pancreaticoduodenectomy
Variable
Total PF
Pancreatic duct diameter
Clinically relevant PF
Pancreatic duct diameter
Pancreatic drainage

B

SE

Wals

P value

OR

95%CI

-1.233

0.318

15.056

0.000

0.291

0.156-0.543

-0.919
-0.932

0.321
0.370

8.171
6.339

0.004
0.012

0.399
0.394

0.213-0.749
0.191-0.813

B: Regression coefficient; PF: Pancreatic fistula; Wals: χ 2 value.

higher incidence of delayed gastric emptying[27-29]. Studies
have also shown that the pylorus-preserving technique
does not provide any advantage related to pancreatic
fistula formation. Many techniques have been proposed
for the pancreaticojejunostomy anastomosis reconstruction to prevent the development of a POPF, but there
remains controversy as to which of these is the best
approach[30-33]. A review of the literature on the various
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types of pancreaticojejunal anastomosis reported suggests that duct-to-mucosa anastomosis has been more
widely practiced than the invagination anastomosis technique[34,35]. However, in our case series no differences
were found between the groups receiving either of these
two techniques for the rates of mortality, POPF, and CRPOPF.
In the current study, pancreatic duct diameter cor-
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related with POPF rates significantly in univariate analysis and multivariate regression, and the pancreatic duct
diameter was identified as an independent risk factor for
POPF. The pancreatic duct diameter has been proposed
to be associated with the texture of the pancreatic parenchyma, a feature that is helpful for performing a ductto-mucosa reconstruction of pancreaticojejunostomy
anastomosis. POPF has also been shown to be associated
with pancreatic duct diameter, and this was demonstrated
with our case series as well. In our study, none of the
11 patients with chronic pancreatitis developed POPF,
which agrees with previous studies showing that POPF
incidence is much lower than that for other pancreatic
diseases[36]. Moreover, the pancreatic duct diameter independently correlated with an increased rate of POPF.
The collective data in the literature indicates that POPF
mainly contributes to early postoperative morbidity and
hospitalization time. Consequently, drainage data may
be helpful for confirming the development of chemical
POPF, but the lesion severity can only be judged by clinical results. Patients that are considered more susceptible
to development of a POPF, such as those with a small
pancreatic duct diameter (≤ 3 mm), may require more
careful clinical observation[37].
Another intriguing finding from our study was that
the CR-POPF rate was higher in patients without an
external pancreatic stent; this finding agrees with previous studies which have suggested that drainage of the
exocrine pancreatic secretions may alleviate the severity
of POPF[38]. Our study also identified the use of enteral
drainage as an independent risk factor for CR-POPF. To
date, however, there has been no agreement as to whether a pancreatic duct stent for internal or external drainage
can decrease the incidence of POPF following PD. Based
on the findings from the current study, the external pancreatic tube drainage of the pancreatic secretion from the
anastomosis was beneficial, and permitted more precise
placement of sutures as well; these features may have
served to protect the pancreatic duct from suture injury,
thereby decreasing the incidence of POPF.
In conclusion, a pancreatic duct diameter ≤ 3 mm is
independently correlated with increased rate of POPF,
which itself is a primary contributor to early postoperative morbidity and prolonged hospitalization time. External drainage of pancreatic secretions, using an external
stent across the pancreaticojejunal anastomosis, may significantly reduce the mortality of CR-POPF and alleviate
the severity of POPF.
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Abstract
AIM: To investigate the prognostic role of genomic
stability and copy number alterations (CNAs) pancreatic neuroendocrine tumors (PanNETs).
METHODS: A high-resolution array-based comparative
genomic hybridization approach was utilized in order
to investigate and quantify chromosomal aberrations
in a panel of 37 primary PanNET and 11 metastatic
samples. DNA samples were extracted from formalin-
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fixed and paraffin-embedded tumor specimen. Genomic findings were correlated with histopathological
and immunohistochemical data. Moreover, the dataset
was subjected to employing an unsupervised hierarchical clustering analysis approach utilizing Euclidean distance and average linkage and associations between
genomically defined tumor groups and recurrent CNAs
or clinicopathological features of the study group were
assessed.
RESULTS: Numerous chromosomal aberrations were
recurrently detected in both, primary tumor samples
and metastases. Copy number gains were most frequently observed at 06p22.2-p22.1 (27.1%), 17p13.1
(20.8%), 07p21.3-p21.2 (18.8%), 09q34.11 (18.8%).
Genomic losses were significantly less frequent and
the only recurrent aberration affected 08q24.3 (6.3%).
Moreover, we detected a high degree of genomic heterogeneity between primary tumors and metastatic
lesions. Unsupervised hierarchical clustering of loci affected by CNAs in more than 3 primary tumor samples
revealed two genetically distinct tumor groups as
well as two chromosomal clusters of genomic imbalances indicating a small subset of tumors with common molecular features (13.5%). Aberrations affecting
6p22.2-22.1, 8q24.3, 9q34.11 and 17p13.1 (P = 0.011;
0.003; 0.003; 0.001), were significantly associated with
a poorer survival prognosis.
CONCLUSION: This study suggests that several frequent CNAs in numerous candidate regions are involved
in the pathogenesis and metastatic progression of PanNET.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Array comparative genomic hybridization;
Copy number alterations; Chromosomal aberrations;
Pancreatic neuroendocrine tumors; Prognosis
Core tip: In the current study, we characterized the genomic landscape of pancreatic neuroendocrine tumors
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(PanNETs). Analysis of recurrent genomic amplifications delineated two independent clusters of genomic
aberrations as well as two patient groups characterized
by significantly overlapping cytogenetic features. Copy
number alterations affecting chromosomes 6, 8, 9 and
17 were shown to be associated with survival. A high
degree of genomic heterogeneity between primary
tumor samples and metastatic lesions demonstrates
the need for a more focused molecular and cytogenetic characterization in the light of upcoming targeted
therapy approaches. PanNETs appear to be genetically
distinct from other types of neuroendocrine tumors.
Gebauer N, Schmidt-Werthern C, Bernard V, Feller AC, Keck T,
Begum N, Rades D, Lehnert H, Brabant G, Thorns C. Genomic
landscape of pancreatic neuroendocrine tumors. World J Gastroenterol 2014; 20(46): 17498-17506 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v20/i46/17498.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i46.17498

and proliferative activity of the primary tumor as well as
the presence of metastatic disease.
The often low response rates to conventional chemotherapies as well as to novel targeted therapies further
necessitate the improvement of our understanding of
this heterogeneous entity at a genomic and molecular
level[10]. While a number of comprehensive studies have
been carried out, employing both array comparative
genomic hybridization as well as single-nucleotide polymorphism approaches in order to elucidate cytogenetic
aspects of small intestinal neuroendocrine tumors, no
such attempts have been published for PanNETs[11-13].
In the present study, we aimed to determine the degree of genomic stability and copy number alterations
(CNA) within the group of PanNETs, applying a high
resolution array-based comparative genomic hybridization (a-CGH) approach to a panel of 37 primary PanNETs. The second major aim of our work was to assess
chromosomal aberrations comparatively between pancreatic primary tumors and metastases (n = 11), in order
to identify intraindividual genomic imbalances of potential therapeutic relevance.

INTRODUCTION
Pancreatic neuroendocrine tumors (PanNETs) are relatively rare. Their annual incidence, however, has increased
substantially over the past two decades and these tumors
now represent one of the most common entities of malignant primary pancreatic neoplasia, the second most
common after ductal adenocarcinoma [1-3]. Moreover,
PanNETs represent the second most common group of
clinically relevant neuroendocrine tumors following small
intestinal neuroendocrine tumors (midgut carcinoids) and
accounting for approximately 7% of all neuroendocrine
tumors[4]. PanNETs usually occur sporadically, but they
have been described in the context of multiple endocrine
neoplasia type 1 (MEN1) and less frequently in other
hereditary syndromes, including von Hippel-Lindau and
tuberous sclerosis[5]. Although the increasing incidence
of PanNET has partially been attributed to both a rise
in awareness among physicians and increased sensitivity
of diagnostic methodology current numbers may still
be an underestimation of the real occurrence. Several
autopsy case studies, including extensive histopathological workup of the entire pancreas, revealed a prevalence
ranging between approximately 1% and 10%[4,6]. The biological variability within the entity of PanNETs is best
illustrated by the variety of clinical manifestations mostly
determined by local stage and the specific hormone production of the tumors cell of origin[7]. Thus, tumors are
primarily classified as functional or non-functional[8].
Patients with a PanNET frequently present with advanced stage disease including metastatic dissemination
at the time of diagnosis. A complete resection, which
is considered the therapeutic gold-standard, cannot be
achieved in many of these patients[9]. Thus, the five-year
survival rate for PanNET patients following surgical
resection varies substantially depending on size, grading

WJG|www.wjgnet.com

MATERIALS AND METHODS
Case selection and tissue samples
Formalin-fixed and paraffin-embedded (FFPE) tissue
specimen from 37 patients with PanNET and eleven corresponding metastases (six lymph node, three hepatic and
three peritoneal metastases) from seven patients were
retrieved from the registry of the Department of Pathology, University Hospital of Schleswig-Holstein, Campus
Luebeck. All tissue samples were sent to the Department
of Pathology as part of standard clinical care following
resection in one of the local surgical departments. All
patients underwent surgical resection, which was aimed
to be complete. All studies were approved by the Ethics
Commission at the University of Luebeck. All samples
were revaluated and histopathological diagnosis was established in accordance with the current WHO classification of neuroendocrine tumors[14]. Twenty female and 17
male patients at a median age of 52 were included in the
study group.
Immunohistochemistry
Immunohistochemical stains were performed on tissue
micro arrays according to a standard three-step immunoperoxidase technique utilizing an automated TechMate
system (DAKO, Glostrup, Denmark) and the BrightVision Kit (ImmunoLogic, Duiven, Netherlands).
Genomic DNA extraction and quantification
Genomic DNA was obtained from FFPE specimen using the QiaAmp mini kit 250 (Qiagen GmbH, Hilden,
Germany) according to the manufacturer’s instructions.
DNA concentration and purity was evaluated using a
NanoDrop 1000 Spectrophotometer (Thermo Scientific,
United States).
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Array comparative genomic hybridization
An a-CGH approach was applied on 37 PanNETs and 11
corresponding metastases from seven patients using 180K
Oligo Arrays (Agilent Technologies Inc., Santa Clara, CA,
United States). Male or female reference DNA (Agilent
Technologies Inc.) was used in order to assess genomic
imbalances (sex-matched). Array slides were analyzed on
a Surescan high-resolution DNA micro-array scanner
platform (Agilent Technologies Inc.). All procedures were
performed according to the manufacturer’s instructions
and protocol.
Genomic data analysis
Genomic data were extracted from TIFF files using Feature Extraction and CytoGenomics V. 2.7.08 software
(Agilent Technologies Inc.).
Definitions of genomic gain (+0.25), loss (-0.25), amplification (+1) and homozygous loss (-1) were established
based on the log2 ratio thresholds and a minimum of
three adjacent probes indicating the aberration. Moreover,
the significance threshold P-value was set at a minimum
of 5.0 × 10-6 as described[15]. Recurrent regions of CNAs
were defined as those observed in four or more a-CGH
profiles when reviewing both primary tumors and metastases combined[16].
Aberrations resembling known copy number variations in accordance with the UCSC Genome Bioinformatics database (http://genome.uscs.edu) were not reported
and thus excluded from further analysis.
For cluster analysis of recurrently observed chromosomal imbalances, a binary matrix was constructed associating each primary tumor sample with each of the
recurrently detectable aberrations. The status was coded
as “0” for normal copy number or “1” for copy number
variations (either gain or loss at a given candidate region)
of each tumor sample individually. The matrix was subsequently analyzed employing an unsupervised hierarchical
clustering analysis approach utilizing Euclidean distance
and average linkage using Genesis 1.7.6[17].
Statistical analysis
Period of follow up was defined as the time interval between the date of primary diagnosis until time of death
or the date of last clinical contact. In order to assess
overall survival the log rank test was used and results
were illustrated by Kaplan-Meier plots for both tumor
groups as well as regions of recurrent genomic imbalance. Associations between genomically defined tumor
groups and recurrent CNAs or clinicopathological features of the study group were assessed using the Fisher’s
exact test and the Mann-Whitney U test respectively. All
analyses were two-sided and the statistical significance
level was set to 5% (P < 0.05). All statistical data analyses
were performed using GraphPad Prism 5.
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RESULTS
Histopathological and clinical features of the study
group
Primary tumors had a median size of 2.3 cm and median
proliferative activity was < 1 mitosis per high-power field
and 1.2% of Ki-67 positive staining cells. In accordance
with the 2010 WHO classification of neuroendocrine
tumors, 28 samples were diagnosed as NET G1, 8 tumors were NET G2 and one case was classified as NET
G3. Clinical data were available for 29/37 patients with
a median follow-up of 20 months. No significant difference in proliferative activity between primary tumors
and metastatic lesions was observed (P = 0.21). A brief
overview of all cases and corresponding metastatic lesions included in the current study is given in Tables 1
and 2.
Copy number variations detected by a-CGH: General
observations
We performed genome-wide high-resolution screening
for CNAs in 37 PanNET primary tumor samples and
eleven corresponding metastases from seven patients
employing an array-based comparative genomic hybridization approach.
CNAs were detected in all samples at an average of
30.35 CNAs per sample in primary tumors and 43.09 in
metastases. Yet, this difference in CNA frequency (P =
0.16) failed to reach statistical significance, potentially
due to the size of the study group. The highest number of independent CNAs was found in P6 (n = 152),
whereas P24 revealed only one CNA.
Most genomic losses and gains displayed extensive aberrations recurrently affecting total or near total chromosomes and involving a mean of 1212 probes per CNA in
primary tumors and 1288 in metastases. Gains were more
frequent than losses in both primary tumors (2.66:1) and
metastases (6.68:1).
Copy number gains
Recurrent copy number gains were observed on chromosome 6 at p22.2-p22.1 (all tumors: 13/48, 27.1%;
primary tumors: 9/37, 24.3%; metastases 4/11, 36.4%),
chromosome 17 at p13.1 (all tumors: 10/48, 20.8%;
primary tumors: 7/37, 18.9%; metastases 3/11, 27.3%),
chromosome 7 at p21.3-p21.2 (all tumors 9/48, 18.8%;
primary tumors: 6/37, 16.2%; metastases 3/11, 27.3%)
and chromosome 9 at q34.11 (all tumors 9/48, 18.8%;
primary tumors: 6/37, 16.2%; metastases 3/11, 27.3%).
Several genes with integral functions in oncogenesis and
biological processes including regulation of development, differentiation, growth and apoptosis are located
at these loci. Affected genes of specific interest in the
context of PanNET include regulatory genes controlling
transcription, intracellular signaling and epigenetic regu-
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Table 1 Clinical and histopathological features of the patients included in the study group
Case No.
P01
P02
P03
P04
P05
P06
P07
P08
P09
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22
P23
P24
P25
P26
P27
P28
P29
P30
P31
P32
P33
P34
P35
P36
P37

Sex

Age

Diagnosis (WHO 2010)

Mitotic score

Ki67

F
F
M
M
M
M
F
M
M
M
F
F
F
M
M
F
F
F
F
F
M
M
M
M
M
F
F
M
F
F
M
F
F
F
F
F
M

45
77
45
57
50
61
77
58
33
50
16
33
38
58
72
60
77
49
52
46
55
31
56
42
68
33
50
59
57
59
86
81
51
45
41
40
70

NET G1
NET G2
NET G1
NET G1
NET G1
NET G1
NET G3
NET G1
NET G2
NET G2
NET G2
NET G2
NET G2
NET G2
NET G1
NET G1
NET G1
NET G1
NET G2
NET G1
NET G1
NET G1
NET G1
NET G1
NET G1
NET G1
NET G1
NET G1
NET G1
NET G1
NET G1
NET G1
NET G1
NET G1
NET G1
NET G1
NET G1

<1
2
<1
1
<1
<1
25
<1
2
5
3
2
2
10
<1
<1
<1
<1
5
1
<1
1
<1
0
<1
<1
<1
1
<1
<1
<1
<1
1
1
<1
<1
<1

< 1%
3%
1%
10%
0.4%
2.6%
35%
< 1%
4.7%
12.4%
16.1%
1.2%
7%
6.5%
1.5%
0.5%
0.8%
1.4%
14.6%
6%
2.9%
2.2%
1%
0.3%
1.2%
1.3%
2%
1.2%
1.5%
1%
1%
0%
0.5%
0.9%
< 1%
0.8%
1%

Tumor size (cm)
3.5
14
2.3
3.8
1.1
5
10
0.3
2.8
> 20
5
2
5.5
4.5
1.5
1.1
1
2.7
4
9.5
3
0.9
0.4
0.2
2.5
2
2.7
3.5
0.8
2.1
0.7
0.8
9
2
2
0.6
0.5

TNM (UICC)
pT2, pN0(0/10), pM1, L0, V0, pN0
pT3, pN1, pMx, L1, V1, pN0
pT2, pNx, pMx, L0, V0, pN0
pT3, pN0, pM1, L1, V0, pN0, G1
pT1, pNx, pMx, L0, V0, pN0, G1
pT3, pN0 (0/5), pMx, L0, V0, pN0, G1
pT3, pN0, pMx, L1, V0, pN0
pT1, pNx, pMx, L0, V0, pN0, G1
pT2, pN1 (2/26), pMx, L1, V0, pN0, G2
pT4, pNx, pM1, L1, V1, pN1, G2
pT3, pN1 (19/68), pM1, L1, V0, pN1, G2
pT1, pN0, pMx, L0, V0, pN0, G2
pT3, pN1 (2/15), pM1, L1, V0, pN1, G2
pT3, pN1(8/23), pMx, L0, V1, pN1, G2
pT1, pNx, pM1, L0, V0, pN0, G1
pT1, pN0 (0/6), pMx, L0, V0, pN0, G1
pT1, pNx, pMx, L0, V0, pN0 ,G1
pT2, pN0 (0/5), pMx, L1, V0, pN0, G1
pT3, pN0, pM1, L1, V1, pN1, G2
pT2, pN0(0/9), pMx,L1,V1,pN0, G1
pT3, pN1 /1/15), pM1, V0, L1, pN0, G1
pT1, pN0 (0/5), pMx, L0, V0, pN0, G1
pT1, pN0, pM0, L0, V0, pN0, G1
pT1(m), pN0 (0/3), pMx, L0,V0, pN0, G1
pT2, pNx, pMx, L0, V0, pN0, G1
pT1, pNx, pMx, L0, V0, pN0, G1
pT2, pNx, pMx, L0, V0, pN0, G1
pT2, pN1(1/20), pMx, L1, V1, pN0, G1
pT1, pN0, pMx, L0, V0, pN1, G1
pT2, pN0 (0/1), pMx L0, V0, pN0, G1
pT1(m), pNx, pMx, L0, V0, pN0, G1
pT1, pN0 (0/14), pMx, L0, V0, pN0, G1
pT2, pN1 (7/26), pMx, L1, V0, pN0, G1
pT1(m), pN0, pM1, L0, V0, pN0, G1
pT1, pNx, pMx, L0, V0, pN0, G1
pT1, pN0 (0/21), pM0, L0, V0, pN0, G1
pT1, pN0 (0/12), pM0, L0, V0, pN0

F: Female; M: Male; NET: Neuroendocrine tumor; UICC: International Union Against Cancer.

Table 2 Primary pancreatic tumors included in the study group
Case No.

Primary tumor

Localization

Mitotic score

Ki67

Number of CNAs in primary tumor

Number of CNAs in metastases

M_P8.1
M_P8.2
M_P10.1
M_P10.2
M_P12.1
M_P12.2
M_P13.1
M_P32.1
M_P32.2
M_P33.1
M_P36.1

P08
P08
P10
P10
P12
P12
P13
P32
P32
P33
P36

LN
LN
LN
Peritoneal
LN
Liver
Liver
LN
Peritoneal
Peritoneal
Liver

<1
2
2
3
2
<1
5
<1
<1
<1
8

1%
4%
7%
21%
4%
< 1%
15%
1%
1%
1%
20%

0
0
22
19
28
28
1
56
59
6
11

7
4
5
7
4
0
37
70
14
2
3

CNA: Copy number alterations; LN: Lymph node.

lation e.g., EFNA1, MUC1, ABT1, ZNF322A, DGKB,
DMTF1, CBFB, CLDN7 and HIST-family genes. Several
genes implicated in cell-cell adhesion and migration activity such as ADAM 15, THBS3, CD36, HGF, DNM1
and ELMO3 exhibited significant amplification. More-

WJG|www.wjgnet.com

over, multiple genes involved in cell cycle regulation,
growth and proliferation were affected by copy number
gains, including CKS1B, FGF11, ETV1 and TNFSF12.
Copy number gains were detectable at loci known to
include HFE and TP53.
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Table 3 Comparison of copy number alterations by arraybased comparative genomic hybridization in recurrent regions
in primary tumors and metastases n (%)
Recurrent region

Primary tumor

Metastases

All tumors

n
Gains
01q21.3-q22
03q24
06p22.2-p22.1
07p21.3-p21.2
07q21.11-q21.12
08q24.3
09q34.11
11q13.1-q13.2
16p11.2
16q22.1
17p13.1
18q12.1
19p13.3
22q13.33
Losses
08q24.3
11q13.1-q13.2
16p11.2
16q22.1
17p13.1
22q13.33

37

11

48

4 (10.8)
4 (10.8)
9 (24.3)
6 (16.2)
2 (5.4)
4 (10.8)
6 (16.2)
2 (5.4)
2 (5.4)
5 (13.5)
7 (18.9)
5 (13.5)
4 (10.8)
1 (2.7)

1 (9.1)
0 (0)
4 (36.4)
3 (27.3)
3 (27.3)
1 (9.1)
3 (27.3)
2 (18.2)
3 (27.3)
1 (9.1)
3 (27.3)
0 (0)
0 (0)
2 (18.2)

5 (10.4)
4 (8.3)
13 (27.1)
9 (18.8)
5 (10.4)
5 (10.4)
9 (18.8)
4 (8.3)
5 (10.4)
6 (12.5)
10 (20.8)
5 (10.4)
4 (8.3)
3 (6.3)

3 (8.1)
2 (5.4)
2 (5.4)
1 (2.7)
1 (2.7)
0 (0)

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
1 (9.1)

3 (6.3)
2 (4.2)
2 (4.2)
1 (2.1)
1 (2.1)
1 (2.1)

Copy number losses
Genomic losses were far less common among both primary PanNET tumor samples as well as metastases and
the only regions affected in more than one sample were
08q24.3 (3/48, 8.1%), 11q13.1-q13.2 (2/37, 5.4%) and
16p11.2 (2/37, 5.4%). Of note, none of these aberrations
were detectable in metastatic lesions.
Genes affected by these aberrations with potential
implications in PanNET include genes with functions in
intracellular signaling such as ARL2, BANF1, epigenetic
regulators of gene expression including BRMS1 and
genes implicated in inflammation and tumorgenesis as
well as cytosceletal properties, e.g., CFL1. Notably, four
patients presented with copy number alterations (two
losses and two gains) affecting the MEN1 gene and
CD248 (potentially implicated in tumorgenesis), one of
which exhibited an additional MEN1 germline mutation.
Recurrent aberrations are summarized in Table 3.
Cluster analysis of genomic aberrations and associated
clinicopathological features
Genomic data of primary PanNETs obtained by a-CGH
were subjected to unsupervised hierarchical cluster analysis in order to detect sub-groups of tumors exhibiting
a significant overlap with regard to recurrently observed
CNAs. Two genomically distinct types of PanNET were
identified. Tumor group Ⅰ included 5 tumors and group
Ⅱ consisted of 32 tumor samples.
Moreover, we detected two distinct chromosomal clusters (a, b). Cluster a consisted of 9 loci recurrently harboring aberrations whereas cluster b included 5 regions with
frequent genomic imbalances (Figure 1).
Tumor group Ⅰ was significantly enriched for all aber-
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rations included in chromosomal cluster a. 6p22.2, p22.1
(P = 0.0084), 17p13.1 (P = 0.0025), 16q22.1 (P = 0.0224),
8q24.3 (P < 0.0001), 9q34.11 (P = 0.0011), 18q12.1 (P =
0.0004), 1q21.2, 22 (P < 0.0001), 16p11.2 (P = 0.0049),
19p13.3 (P < 0.0001). With the exception of CNAs at
chromosomes 1 and 19 all of the above were also detected, albeit at a much lower frequency in isolated cases
of tumor group Ⅱ.
There was a significant overlap between CNAs and
their frequencies in primary tumor samples and metastases. With the exception of aberrations on chromosomes
3, 18 and 19, which were observed in a minor subset of
primary tumor samples (10.8%, 13.5% and 10.8%, respectively), all CNAs were found in both groups and no
significant differences with regard to their frequency were
identified.
Subjecting couples of primary tumors and metastases to comparative analysis, however, we detected a significant degree of heterogeneity with an average of only
9.33% of shared aberrations. Analyzing the four cases
with two available metastases, a high degree of intermetastatic genomic variability became apparent as well.
Moreover, no genomic losses were reproducibly detected
in samples of both primary tumors and metastases.
We further investigated potential associations between recurrent chromosomal aberrations and patient
survival employing the Mantel-Cox test. CNAs affecting
6p22.2-22.1, 8q24.3, 9q34.11 and 17p13.1 were shown
to be associated with a significantly worse survival (P
= 0.0114; 0.0028; 0.0028; 0.0011). Moreover, patients
harboring CNAs at 6p22.2-22.1 were significantly older
and patients showing CNAs at 6p22.2-22.1 and 17p13.1
displayed a trend towards accelerated mitotic activity assessed by both count of mitotic figures per 10 high-power fields as well as percentage of MIB1 positive staining
cells. These trends however failed to reach statistical
significance. The impact of CNA affecting 6p22.2-22.1,
8q24.3, 9q34.11 and 17p13.1 on overall survival are visualized in Figure 2.

DISCUSSION
In recent years, several studies have demonstrated the
need for a paradigm shift in the definition of pathological entities, changing from primarily histopathological
to genomic and molecular based criteria. Through the
application of increasingly refined cytogenetic and molecular approaches, significant intraindividual and more
recently, intratumor heterogeneity on a genomic and molecular level have become apparent in samples previously
indistinguishable by means of microscopic evaluation[18].
These developments demonstrate the need for a novel
cytogenetic and molecular definition of a patient’s malignancy, facilitating not only individually but intraindividually customized targeted therapy approaches in order to
devise therapeutic concepts for targeting multiple sub
clones in a patient.
In the current study we report, for the first time, on
genetic findings in an extensive cohort of PanNET pa-
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Ⅰ

P37

P34

P10

P2

P19

P36

P35

P30

P28

P25

P24

P22

P20

P18

P17

P16

P14

P12

P9

P5

P3

P1

P21

P23

P31

P27

P13

P29

P8

P4

P26

P6

P33

P7

P15

P11

CNA
P32

Normal

Ⅱ

06p22.2-p22.1
17p13.1
16q22.1
08q24.3
09q34.11
18q12.1
01q21.3-q22
16p11.2
19p13.3
07p21.3-p21.2
11q13.1-q13.2
03q24
07q21.11-q21.12
22q13.33

a
b

06p22.2-p22.1
17p13.1
16q22.1
08q24.3
09q34.11
18q12.1
01q21.3-q22
16p11.2
19p13.3
07p21.3-p21.2
11q13.1-q13.2
03q24
07q21.11-q21.12
22q13.33

Figure 1 Genomic data of primary pancreatic neuroendocrine tumors obtained by array-based comparative genomic hybridization were subjected to unsupervised hierarchical cluster analysis utilizing Euclidean distance and average linkage in order to detect sub-groups of tumors exhibiting a significant
overlap with regard to recurrently observed copy number alterations. Two genomically distinct types of pancreatic neuroendocrine tumors were identified. Tumor
group Ⅰ included 5 tumors and group Ⅱ consisted of 32 tumor samples. Moreover, we detected two distinct chromosomal clusters (a, b). Cluster a consisted of 9 loci
recurrently harboring aberrations, whereas cluster b included 5 regions with frequent genomic imbalances. CNA: Copy number alterations.
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100
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A
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9q34.11
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P = 0.0028
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C
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P = 0.0011
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0

0
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t /mo

100

t /mo

Figure 2 In order to assess overall survival and potential associations with recurrent chromosomal aberrations the log rank test was utilized and results
were illustrated by Kaplan-Meier plots for both tumor groups as well as regions of recurrent genomic imbalance and patient survival employing the Mantel-Cox test. Copy number alterations affecting 6p22.2-22.1 (A), 8q24.3 (B), 9q34.11 (C) and 17p13.1 (D) were shown to concur with significantly shortened overall
survival.

tients with special consideration of differences and similarities between primary tumor samples and metastases.
CNAs were detected in all samples with a slightly
increased frequency in metastases compared to primary
tumors. This trend, however, failed to reach statistical
significance, potentially due to the relatively small size
of the study group. These observations appear to be
consistent with the mild increase in proliferative activity
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between the two groups.
Copy number gains were most frequently observed
on chromosomes 6, 7, 9 and 17. Genomic losses were
significantly less frequent and the only recurrent aberration affected 08q24.3 (3/48, 6.3%).
Gains affecting the 6p22.2-22.1 region were present
in 24% of the primary tumor samples and 36% of metastases included in the study group and thus constitute
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the most prominent feature of PanNETs in our data
set. Genes affected by this recurrent aberration include
ABT1 and ZNF322A as well as the histone gene cluster.
Similar aberrations have been implicated in the recurrence of menigiomas[19]. The significance and clinical
impact of these findings is further emphasized by the
apparent effect of this chromosomal lesion on overall
survival as well as proliferative activity of the tumor.
Amplifications on the short arm of chromosome 7
have previously been implicated in a variety of malignant
tumors including several types of sarcomas and carcinomas[20,21]. Candidate genes in this region with a possible
role in PanNET pathogenesis and progression include
CD36 as a prominent adhesion molecule and hepatocyte
growth factor, a regulatory protein implicated in cell
growth, proliferation, motility and matrix invasion rendering it a central element in tumorogenesis and tumor
dissemination[22,23].
The 8q24.3 locus was altered in approximately 20%
of both primary tumor samples and metastases. A more
refined investigation of the detectable aberrations, however, revealed no complete overlap between these lesions
and both losses and gains were found. Thus, the pathophysiological implications of genomic gains within this
region remain widely obscure and need to be clarified in
future studies on more extensive cohorts.
Genomic imbalances located on the long arm of
chromosome 9 were previously reported in atypical lung
carcinoids and post-irradiation thyroid carcinomas[24,25].
Although deletions and/or mutations affecting the
17p13.1 locus and TP53 as its most prominent gene are
by far the most recurrent features in malignancies, genomic amplifications affecting this region have been described for a variety of tumors including bladder cancer
as well[26,27].
In addition, we identified 11q13.1-q13.2 as a region
of elevated genomic instability in PanNETs with both
copy number losses and gains being frequently detectable in the present study. A more refined investigation
revealed it to contain several candidate genes with potential implications in PanNET tumor development including MEN1 and endosialin (CD248)[28]. In addition to
its role in hereditary endocrine disorders, MEN1 was recently characterized as a somatic mutational hot-spot and
a recurrent site of germline and/or somatic deletions
in PanNETs and other malignancies[29,30]. Copy number
gains encompassing this region have been implicated in
tumor development as well, albeit far less frequently[31].
The elevated frequency of aberrations affecting chromosomes 6, 7, 9, 11, 16, 17 and 22 when comparing primary tumor samples and metastatic lesions is suggestive
of potential implications of these aberrations with disease
progression and predisposes them as regions of interest
for future drug design approaches.
Our findings of CNAs affecting chromosomes 3, 18
and 19 in a subset of primary tumors but not in metastases suggest a role of these CNAs in tumor initiation but
not in further tumor growth and spread.
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Interestingly, we detected several recurrent genomic
imbalances; none of these however was detectable in
more than one fourth of all primary samples included in
this study. From this observation we deduce the possibility that the aberrations we identified constitute recurrent
secondary genetic defects associated with distinct aspects
of biological behavior.
Unsupervised hierarchical cluster analysis revealed
two independent and genomically distinct sub-groups of
tumors exhibiting a significant overlap with regard to recurrently observed CNAs. Moreover, two distinct chromosomal clusters (a, b) were detected. These clusters
of recurrent CNAs are suggestive of distinct subsets of
secondary genomic imbalances associated with different
types of biological behavior within the heterogeneous
group of PanNETs. Future, and if possible functional
studies will be needed to clarify this complex issue, especially in the light of therapeutic applicability.
Interestingly, one of the tumor groups was significantly enriched for all aberrations included in chromosomal
cluster a. It is tempting to speculate, that these findings
are suggestive of a small proportion of PanNETs sharing
a distinct subset of chromosomal aberrations.
With regard to the association of CNAs affecting
6p22.2-22.1, 8q24.3, 9q34.11 and 17p13.1 with reduced
overall survival, the relatively small size of the study
cohort and the generally favorable prognosis of the entity have to be taken into account. As the accuracy of
Kaplan-Meier calculations is highly dependent on a sufficiently large number of cases, our findings need to be
confirmed in further studies including larger cohorts of
patients and a longer period of follow-up in order to better determine the prognostic potential and implications
of these cytogenetic aberrations in the context of PanNETs. A trend associating said tumor group with worse
overall survival failed to reach statistical significance in
the current study. Yet again we believe that the investigation of a more extensive cohort is likely to clarify this issue and contribute to further cytogenetic classification of
panNET, as well as future prognostic strategy development. Another interesting aspect would be the prognostic
impact of CNAs detected in primary tumor samples
and their potential association with later metastatic progression. Such a concept could not be derived from our
current data set; most likely due to the abovementioned
limitations of the study.
Mutations in death domain-associated protein gene
(DAXX) or ATR-X gene (ATRX) (which both encode
proteins involved in chromatin remodeling) have been
detected in 40% of PanNETs, in association with activation of alternative lengthening of telomeres. Moreover,
Marinoni et al[32], recently proposed a concept associating loss of DAXX and/or ATRX with tumor stage and
metastasis, reduced time of relapse-free survival, and
decreased time of tumor-associated survival. We were
unable to reproduce these observations in our current
study, however, the smaller size of the study group as
well as the overall lower grading of cases included in our
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investigations is to be considered in this context.
In comparison to recently published data on CNAs
in small intestinal neuroendocrine tumors (SI-Nets), our
results reveal a low degree of accordance between these
two entities as none of the prominent features of SINETs (including genomic losses affecting chromosomes
18 and 16 as well as gains on chromosomes 4, 5, 7 and
14) were detectable in a significant subset of PanNET
samples[33,34]. Thus, PanNETs and SI-NETs seem to be
very different from a genomic point of view. Moreover,
we believe that these results add further evidence to the
previously postulated necessity of a more refined molecular based diagnostic algorithm for malignant neoplasia.
In summary, we identified multiple recurrent genomic amplifications delineating two independent clusters of
genomic aberrations as well as two groups of primary
PanNETs characterized by significantly overlapping
cytogenetic features. Several of the genomic regions affected by CNAs were shown to encompass potent tumor
suppressors and oncogenes, hinting at a significant translational potential of our findings for the development of
more refined therapy approaches.
CNAs affecting chromosomes 6, 8, 9 and 17 in primary tumor samples were shown to be associated with
significant impairment of overall survival. The high degree of genomic heterogeneity between primary tumor
samples and multiple metastatic lesions demonstrate the
need for a more refined molecular characterization in
the light of upcoming targeted therapy approaches. PanNETS appear to be genetically distinct from other types
of neuroendocrine tumors.

copy number in primary pancreatic neuroendocrine tumors and corresponding
metastases. This is a very interesting article illustrating the use of genomic
analysis to help predict clinical outcome. This study provides essential and previously unreported information of genomic alteration present in PanNETs and
identifies critical genomic region for further investigation of their role in PanNET.
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Abstract

comprised participants’ patient safety awareness, attitudes, and knowledge. Global course evaluations were
also collected.
RESULTS: Twenty-three participants attended and their
patient safety knowledge improved significantly from
43%-55% (P ≤ 0.001) following the training intervention. 12/41 (29%) of the safety attitudes items significantly improved in the areas of perceived patient safety knowledge and awareness. The remaining safety
attitude items: perceived influence on patient safety,
attitudes towards error management, error management actions and personal views following an error
were unchanged following training. Both qualitative
and quantitative global course evaluations were positive: 21/23 (91%) participants strongly agreed/agreed
that they were satisfied with the course. Qualitative
evaluation included mandating such training for endoscopy teams outside BCS and incorporating team training within wider endoscopy training. Limitations of the
study include no measure of increased patient safety
in clinical practice following training.
CONCLUSION: A novel comprehensive training package addressing patient safety, non-technical skills and
adverse event analysis was successful in improving
multi-disciplinary teams’ knowledge and safety attitudes.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To investigate whether novel, non-technical skills
training for Bowel Cancer Screening (BCS) endoscopy
teams enhanced patient safety knowledge and attitudes.

Key words: Patient safety; Bowel cancer screening; Teamwork; Endoscopy Training; Adverse events

METHODS: A novel endoscopy team training intervention for BCS teams was developed and evaluated as a
pre-post intervention study. Four multi-disciplinary BCS
teams constituting BCS endoscopist(s), specialist screening practitioners, endoscopy nurses and administrative
staff (A) from English BCS training centres participated.
No patients were involved in this study. Expert multidisciplinary faculty delivered a single day’s training utilising
real clinical examples. Pre and post-course evaluation

Core tip: Medical error is common and patient safety
is increasingly a priority. Teamwork and communication are often implicated and hence training to improve
these aspects is gaining recognition. A novel patient
safety focussed training intervention was successfully
targeted to multidisciplinary endoscopy teams. By
delivering a single days training to experienced endoscopy teams, there was significant improvement in
patient safety knowledge and some aspects of patient

WJG|www.wjgnet.com

17507

December 14, 2014|Volume 20|Issue 46|

Matharoo M et al . Endoscopy team training for patient safety

safety attitudes. Global course evaluation was positive with recommendations that such training should
be extended more widely in endoscopy. Patient safety
focused endoscopy team training should be developed
to cover diagnostic, therapeutic, screening and emergency endoscopy.
Matharoo M, Haycock A, Sevdalis N, Thomas-Gibson S. Endoscopic non-technical skills team training: The next step in quality assurance of endoscopy training. World J Gastroenterol 2014;
20(46): 17507-17515 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i46/17507.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i46.17507

INTRODUCTION
Endoscopy training and practice standards have progressed significantly over the last decade within the United
Kingdom. The main driving force for this improvement
has been the quality in colonoscopy audit conducted by
Bowles et al[1] in anticipation of the NHS Bowel Cancer
Screening (BCS) Programme. This study highlighted poor
performance by independent endoscopists as measured
by low adjusted caecal intubation rates, unsafe sedation
practice and high perforation rates.
More broadly, patient safety is an important priority
across healthcare. There is increasing evidence to show
that medical error is common[2], usually multifactorial[3,4]
and often avoidable[5]. The National Confidential Enquiry
into Patient Outcomes and Death[6] investigated 1818
deaths within 30 d of an endoscopic procedure. Many of
the recommendations from this report highlight failings
in teamwork and “non-technical” skills (i.e., communication, coordination and leadership), affecting procedure
planning, patient monitoring and safe administration of
sedation, as opposed to technical skills of the endoscopist. Furthermore, the prospective audit of colonoscopy
practice conducted by Bowles and colleagues in 2004[1]
showed considerable variations in training and standards
of practice. Recent work looking at the frequency of
patient safety incidents and never events in endoscopy
shows that both minor and major errors including patient
mis-identification do occur[7], and knowledge of these
errors present an opportunity to intervene and prevent
recurrence. Targeted training strategies to prevent errors
in endoscopy are required to address these issues in order
to further enhance quality in endoscopy.
As high quality, safe, therapeutic colonoscopy is a prerequisite for population based BCS, the United Kingdom
National Endoscopy Team have made great efforts to
improve training and subsequent provision of endoscopic
services. This has largely been achieved through initiatives
such as the “Global Rating Scale”[8,9], a quality improvement and assessment tool, overseen by the Joint Advisory
Group (JAG)[10], the endoscopy regulatory body in the
United Kingdom. Regional and national endoscopy training programmes have streamlined technical skills acquisi-
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tion, and provided a standard for credentialing through
the JAG. This is through the web-based “JAG Endoscopy
Training System” (JETS) e-portfolio[10]. This system provides an electronic log of each individual endoscopist’s
procedural data including Key Performance Indicators,
Directly Observed Procedure Skills, Trainee Learning
Objectives and Trainee assessment of Trainer. The JETS
e-portfolio aims to improve the effectiveness and efficiency of training, to streamline the JAG certification process
and to enhance Quality Assurance of endoscopy[11].
Traditionally, endoscopy training has largely consisted
of supervised, one-to-one, hands-on clinical training on
real patients following an apprenticeship model. Whilst
there are merits of such experiential learning, disadvantages include prolonged procedure times and potential
increased patient discomfort [12] and risk [13]. Intensive
training courses can improve knowledge and technical
skills[14] but have not been shown to improve attitudes or
safety behaviours. High fidelity simulation has developed
to address some of these issues and has been shown
to be beneficial in developing knowledge and technical skills in a controlled environment, prior to clinical
practice, and potentially shortening the learning curve to
competency[15]. All these training developments have led
to improved quality of teaching and driven up standards,
as reflected in a recent national colonoscopy audit[16].
Are current training strategies therefore sufficient?
Whilst technical expertise is clearly important, it is one
part of a complex skill set required to perform high quality, safe endoscopy. Assessment of learning or performance can be done within multiple domains, of which
the most well known framework incorporates evaluation
of knowledge, skill and attitude[17]. Endoscopy training to
date has largely focused on knowledge and technical skill,
with little attention to identifying, teaching or assessing
professional attitudes. Optimal decision-making, diagnostic interpretive skills, communication with the patient,
effective teamwork and crisis management are all integral
to performing endoscopy safely and to a high level, but
are not formally included in current training regimes.
Team selection, task design and team training are
important factors in creating successful teams[18], yet gastroenterology teams are often temporary, changeable and
loosely formed with little specified team training. Communication, decision making, leadership and situation
awareness are key non-technical skills and are central to
high quality safe teams[19]. Team training is well developed in other high-risk industries such as aviation[20] and
is developing in anaesthetics[21] and surgery[22]. It is important to tailor training strategies to the teams and their
specified tasks and to evaluate such training in detail to
enable improvements. This can be achieved by Kirkpatrick’s training intervention evaluation framework[23]. This
is the most well established framework to assess efficacy
of training interventions, and specifies separate evaluations of participants’ global perceptions of the training,
their knowledge and attitudes both pre and post-training.
Depending on the complexity of training, participants’
skills and organisational outcomes (e.g., adverse events)
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should also be assessed, where feasible.
Initial studies analysing endoscopic non-technical
skills[24] and patient safety incidents[7] in endoscopy highlight that patient safety could be enhanced by addressing
such issues. There is also an emerging view amongst
BCS endoscopists that experts regard endoscopic nontechnical skills training as the “most significant component of their practice”[25]. This study set out to determine if training in non-technical skills and patient safety
is feasible, relevant and desirable.

MATERIALS AND METHODS
Ethical considerations
This course was designed with the combined knowledge
and expertise of the Wolfson Endoscopy Unit at St.
Marks Hospital and the Centre for Patient Safety and
Service Quality at Imperial College. Faculty consisted of
two consultant gastroenterologists accredited for Bowel
Cancer screening (AH, STG) and a psychologist with
expertise in team performance and patient safety (NS).
Ethical approval was granted by NRES Committee London (08/H0719/54).
Recruitment of participants
Bowel cancer screening accreditation units across England were informed about the training intervention to
be delivered in London (United Kingdom) via email flyer
and invited to attend with a full Bowel Cancer screening
team. Four teams were selected based on confirmation
of attendance of a complete screening team.
Participants were senior teams, with the screening
endoscopists performing a minimum of 1000 screening
procedures at baseline and at least 150 screening procedures annually thereafter. Specialist screening practitioners and endoscopy nurses were senior nurses at the
higher end of the scale. Specialist screening practitioners
had 0-5 years (n = 4), 5-10 years (n = 2) and > 10 years (n
= 1) of experience in specialist post. Endoscopy nurses
were also experienced with 0-5 years (n = 2) 5-10 years (n
= 3) and > 10 years (n = 3) years of experience as dedicated endoscopy nurses. Endoscopy administrative staff
included a senior endoscopy unit manager.
Course content
A full day’s training with didactic and interactive teaching methods was developed by experts and modelled
on relevant patient safety training interventions in other
specialties[26,27]. Real BCS clinical examples were utilised
to illustrate the importance of human factors, adverse
events and non-technical skills for endoscopy patient
safety. Teaching methods employed included didactic
lectures, interactive discussion, small group exercises and
video analysis of real endoscopy scenarios.
Assessment and evaluation
This course was evaluated in depth following Kirkpatrick’s training intervention evaluation framework[23] un-
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der the following areas.
Participants’ knowledge of safety: Knowledge was
assessed pre and post course using 20 Multiple Choice
Questions (MCQ). The MCQs were completed at the
beginning of the training day and immediately after
the training was completed. These were written by the
faculty and selected from a sample of 30 questions that
were piloted and validated prior to the course with a
sample of medical students (n = 5), Endoscopy nurses (n
= 5), Specialist Screening Practitioners (n = 4) and BCS
endoscopists (n = 2). The most discriminatory questions
were selected.
Participants’ attitudes to safety: Patient safety attitudes
relevant to BCS were assessed at the beginning of the
training day and immediately after the training was completed using a modified version of a validated questionnaire[28,29]. Safety attitudes were quantified on a 5 point
scale (1: strongly disagree, 5: strongly agree) for each
category.
Participants’ global course evaluations: A detailed
course satisfaction evaluation focussing on content, training material and faculty was captured using a 5-point Likert scale and free text comments boxes.
Participants’ knowledge of and attitudes towards
safety were the main course learning outcomes to be
compared pre- and post-training. Participants’ descriptive
evaluations (obtained post-training) were recorded as per
standard good training practice.
Training material
A course leaflet and a course manual were issued to all
delegates. These included the course aims, evaluation materials, presentation slides and relevant literature including
the Endoscopic Non-Technical Skills rating tool[30] (these
are available upon request via the corresponding author).
Data analysis
Descriptive analyses were completed including the delegates’ age, gender and professional background. Patient
safety knowledge and attitudes were measured pre- and
post-training. The paired t-test was used to determine differences in the percentage (%) of correct MCQ responses.
Safety attitudes were assessed on a 5-point ordinal scale
(1: strongly disagree, 5: strongly agree). The pre- and postcourse responses were analysed using Wilcoxon tests. Free
text comments were analysed qualitatively and emerging
themes in participants’ comments were tabulated[31,32].

RESULTS
Four English BCS training centres performing large volume screening colonoscopy took part in the study. 23/25
(92%) of invitees, in teams of 6-8 participants, attended
from 4 BCS accreditation centres across England. Thirteen % (n = 3) were male and 87% (n = 20) were female.
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Table 1 Participants’ demographics
Participant specialty

n

Bowel Cancer Screening endoscopist
Specialist screening practitioner
Endoscopy nurse
Administrative staffs

6
6
8
3

Table 2 Participants (n = 23) patient safety knowledge assessment: Multiple Choice Question scores pre and post training
Knowledge
assessment

Pre-training
mean ± SD

Post-training
mean ± SD

Change
mean
(95%CI)

P value

Correct Multiple
Choice Question
responses

43% ± 16%

55% ± 16%

+12% (6-18)

< 0.001

The age of participants varied from age ranges 25-35
(13%), 35-45 (35%), 45-55 (39%) to > 55 (13%). Table 1
summarises the professional subtypes.
Patient safety knowledge
There was a highly significant improvement in post
course patient safety knowledge in the context of BCS
endoscopy (Table 2).
Patient safety attitudes
A change in patient safety attitudes was observed for
12/41 (29%) of items assessed. A significant change
in participants’ attitudes was found following the training in the areas of perceived patient safety knowledge
and awareness (Table 3 categories A and B). There was
no significant change in perceived influence on patient
safety (C), attitudes towards error management (D), error management actions (E) or personal views following
an error (F).
Global course evaluation
The overall feedback was positive: 91% of delegates
strongly agreed/agreed that they were satisfied with the
course. Both quantitative (Table 4) and qualitative (Table
5) measures indicate that the participants viewed the
training intervention very favourably.

DISCUSSION
Key findings
This is the first multi-disciplinary patient safety and nontechnical skills training intervention targeted towards
BCS endoscopy teams. The key findings of this study
are that training improved patient safety knowledge
scores and some patient safety attitudes in expert teams
after a single days training. In endoscopy patient safety
training to multiple teams without special resources such
as simulation is feasible. Importantly, expert endoscopy
teams value non-technical skills training and believe this
should be developed and disseminated.
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This training intervention resulted in significant improvements in patient safety knowledge in highly experienced multi-disciplinary BCS teams. This highlights that
experienced endoscopists and nurses in BCS training
centres were able to improve their knowledge after just
a single day’s training, despite there being a large volume
of novel information to assimilate in a single day.
Patient safety attitudes were more complex: Perceived patient safety knowledge and awareness both
significantly improved, however influence on patient
safety and attitudes towards error management did not
change following the intervention. This finding may be
explained by the fact that these are self-selected senior
attendees with an interest in patient safety and teamwork
skills. The baseline patient safety attitude scores were
quite high and the training is therefore likely to have had
less impact on attitude in these teams. This may also be
explained by the fact that attitudes can be quite deeply
embedded and less likely to be significantly changed after a single day’s training. This is corroborated by Arora
et al[26]’s study of safety skills training in surgical residents, where similarly, there was no significant change in
4 out of the 6 safety attitude domains following training.
Overall, this is a common finding in such training courses[26,27,33] - some attitudes improve, and some remain unchanged. A one-day course alone cannot change deeply
held attitudes about safety; typically these take longer to
change and are associated with changes in the clinical
workplace as well.
Nevertheless, the safety attitudes questionnaire responses revealed important areas to target for subsequent
training: The highlighted stems in Table 3 show items
in the attitudes questionnaire that did not significantly
change following training. These areas could be targeted
in future training courses for example by making explicit
a “take home message” of key patient safety actions the
teams could implement in their own clinical practice.
Strengths and weaknesses of the study
The strengths of this study comprise inclusion of diverse
multidisciplinary expert teams, use of a validated safety
attitudes questionnaire and a robust evidence-based approach to course set-up and evaluation. Weaknesses include a small sample size in terms of absolute numbers,
although this novel training intervention targeted 4 out of
10 Bowel Cancer screening training centres in England.
Delivering interactive small group training and video analyses is not feasible for larger groups, and the educational
strategy was not intended to be purely didactic.
There was inevitably also a degree of selection bias,
with interested, motivated teams and those with the
capacity to cancel clinical commitments more likely to
attend. Participants therefore consisted of interested endoscopy leads already actively engaging in patient safety
measures. It could be argued that any positive benefit
may be attenuated, as the baseline appreciation of these
issues is high in this select group. There are, however,
also advantages to targeting motivated groups from the
point of view of future implementation: trained inter-
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Table 3 Participants (n = 23) patient safety attitudes pre and post training on a 5-point Likert scale (1: strongly disagree, 5:
strongly agree)
Patient safety attitude
Perceived patient safety knowledge
Different types of medical error
Factors contributing to error
Factors influencing patient safety
Ways of speaking up about error
What should happen if an error occurs
How to report an error1
Perceived patient safety awareness
Able to identify situations leading to error
Able to take steps to ensure patient safety1
Able to investigate errors to prevent re-occurrence
Understand the role of human factors in error prevention
Able to see potential for error and rectify it1
Understand factors resulting in wrong site procedure
Able to prevent wrong site procedures
Understand factors behind drug errors
Able to prevent drug errors
Perceived influence on patient safety
Easier to find someone to blame following an error
Confident addressing a colleague disregarding patient safety
Able to talk to a colleague who has made an error1
Able to ensure safety is not compromised
Incident forms improve patient safety
Able to talk about my own errors
Attitudes towards error management
Identifying incident causation contributes to patient safety
Learning from my mistakes will prevent medical error
Dealing with errors is an important part of my job
Able to challenge practices that compromise patient safety
It is acceptable to be honest about mistakes in my work-place
Admitting error would lead to fair treatment by management
Error management actions
I report errors in my workplace
I challenge patient safety complacency
I communicate safety expectations to my team
I support team members involved in an incident
I inform colleagues about errors they make
I intervene if a patient is exposed to harm
I actively learn from others’ mistakes
Personal views following an error
Following an error I would feel afraid
Following an error I would feel ashamed
Following an error I would feel guilty
Following an error I would feel upset
I know whom to inform following an error
I know whom to escalate a problem to arising during a list
Able to request a debrief +/-support following a mistake I have made

Pre-course
mean ± SD

Post-course
mean ± SD

P value

3.3 ± 1.2
3.5 ± 1.0
4.0 ± 1.0
3.5 ± 1.1
3.6 ± 1.2
3.8 ± 1.3

4.2 ± 0.6
4.5 ± 0.5
4.5 ± 0.5
4.3 ± 0.6
4.3 ± 0.7
4.3 ± 0.7

< 0.001
< 0.001
0.04
0.009
0.01
0.11

3.9 ± 0.6
4.0 ± 0.5
3.5 ± 0.8
4.0 ± 0.8
3.8 ± 0.6
3.8 ± 0.8
4.0 ± 0.7
3.9 ± 0.8
3.9 ± 0.8

4.3 ± 0.5
4.1 ± 0.5
4.1 ± 0.6
4.5 ± 0.6
4.0 ± 0.6
4.7 ± 0.5
4.5 ± 0.6
4.4 ± 0.6
4.4 ± 0.6

0.03
0.45
0.006
0.01
0.09
< 0.001
0.004
0.004
0.002

2.5 ± 1.2
3.9 ± 0.8
3.7 ± 0.7
3.5 ± 0.8
4.0 ± 1.0
4.1 ± 0.5

2.4 ± 1.0
4.3 ± 0.6
4.0 ± 0.7
3.9 ± 0.8
4.0 ± 0.8
4.3 ± 0.5

0.79
0.07
0.06
0.10
0.59
0.16

4.3 ± 0.6
4.2 ± 0.8
4.5 ± 0.5
4.5 ± 0.5
4.5 ± 0.6
4.0 ± 0.7

4.5 ± 0.5
4.4 ± 0.6
4.5 ± 0.5
4.6 ± 0.6
4.4 ± 0.6
4.1 ± 0.6

0.13
0.45
1.00
0.65
0.48
0.32

4.4 ± 0.7
4.2 ± 0.7
4.3 ± 0.6
4.5 ± 0.6
4.2 ± 0.6
4.4 ± 0.7
4.4 ± 0.6

4.5 ± 0.6
4.4 ± 0.5
4.4 ± 0.5
4.7 ± 0.5
4.1 ± 0.6
4.6 ± 0.5
4.5 ± 0.5

0.76
0.24
0.39
0.10
0.71
0.23
0.41

3.1 ± 0.9
3.6 ± 0.9
4.1 ± 0.7
4.5 ± 0.5
4.4 ± 0.7
4.5 ± 0.7
4.1 ± 1.1

3.1 ± 0.8
3.6 ± 1.0
3.9 ± 0.8
4.3 ± 0.6
4.5 ± 0.6
4.4 ± 0.7
4.2 ± 0.9

1.00
1.00
0.15
0.24
0.24
0.56
0.94

1

Areas that did not significantly change after training and would be addressed in future training sessions.

ested experts can become “champions” for this type of
training and hence drive its implementation on a wider
national scale. Additionally, from a design perspective, a
control group for comparison purposes would have been
very desirable. As in other similar studies[26,27,33], however,
we felt it was not feasible to obtain a closely matched
group of experts willing to accurately complete the extensive MCQ and safety attitudes questionnaire without
the incentive of training. Finally, we cannot provide
definitive evidence from this single study that teamwork
training directly impacts adverse events in endoscopy.
It is difficult to prove that training interventions of this
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type improve patient safety due to the relative rarity of
severe adverse events, the complexity of medical error
and the length of follow up required for such a study. It
is, however, well accepted that team training can improve
safety attitudes and behaviours and in the surgical arena
a reduction in mortality has also been shown[34,35].
Strengths and weaknesses of the training intervention
There are many benefits to training multi-disciplinary
teams, such as promoting cohesive team working and
breaking down inter-professional communication barriers. By adopting the approach of training the core
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Table 4 Summary of quantitative course evaluation for 23 participants following the training intervention on a 5-point Likert scale (1:
strongly disagree, 5: strongly agree)
Course evaluation
Content

Implementation

Satisfaction

Statement

Mean ± SD

Improved my understanding of patient safety, human factors and the systems approach to error
Improved my understanding of how to analyse an adverse event and learn from error
Improved my understanding of solutions to prevent error
Enhanced my understanding of non-technical skills
Will enable me to use the Endoscopic Non-Technical Skills framework to reflect upon patient safety issues
Provided me with a set of strategies to enhance safety in the endoscopy suite
Will change my practice in endoscopy to enhance patient safety
The learning objectives were met and the take-home message was clear
Teaching and learning materials were of an appropriate quality
This course should be mandatory for all members of the Bowel Cancer Screening team
This course should be offered to non-Bowel Cancer Screening endoscopy teams
This course was well delivered and engaging
Overall, I was satisfied with the course
I would recommend this course to a colleague

vision involved in extending such training to its full potential, and is work in progress.

Table 5 Summary of qualitative course evaluation
Free text comments
Highly relevant to day-to-day endoscopy practice
ENTS is no-brainer need to educate others' on the topic
Video cases were really interesting and good interactive discussion
Excellent faculty, and well organised with high quality handbook
Highly important topic, training should be mandatory for all
endoscopy teams
Suggested improvements
More clinical cases
More adverse event analysis
More time for video analysis
Practical ENTS sessions in real teams

team, it is more likely that improvement measures will be
translated to patient care compared to limiting training
to a single profession. However, this brings challenges to
designing and implementing a training intervention that
is suitable for all the professional sub-groups. One of
the challenges is to ensure that the educational content
is appropriate for the varied skill sets of the different
professional groups. It is acknowledged that perception
of patient safety varies by professional subgroup[36] and
these differences may be more difficult to address in
a multi-disciplinary team training intervention. Whilst
knowledge and attitudes were directly assessed, patient
safety skills assessment was beyond the scope of this
course. Furthermore, whilst a full day’s training offers
the opportunity to cover the fundamentals of endoscopy
patient safety, it remains a “one-off ” teaching intervention with no guarantee that knowledge acquired will be
retained or practically applied in each team’s respective
screening centre. Translating knowledge, skills and attitudes acquired during patient safety training to actual
clinical practice is important but difficult to ascertain. To
address this it is possible to use the validated non-technical skills framework for endoscopy to assess the team’s
safety behaviours in the workplace - this was beyond the
scope of this training but can be done scientifically[37].
Training sustainability has to be balanced with the time,
resources and logistics of travel and loss of service pro-
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3.95 ± 0.72
4.14 ± 0.77
4.18 ± 0.66
4.32 ± 0.57
4.23 ± 0.53
4.09 ± 0.43
4.14 ± 0.83
4.32 ± 0.57
4.27 ± 0.55
3.91 ± 1.11
4.36 ± 0.79
4.23 ± 0.53
4.18 ± 0.73
4.18 ± 0.80

Comparison to other patient safety training programmes
Our training intervention has been compared with three
other similarly designed patient safety training interventions in our research group: Arora et al[26] delivered a half
day training programme to surgical residents with significant improvement in knowledge and some improvement
in safety attitudes, consistent with our results. This study
has similarities with our own particularly in its design, but
differed in the duration of training and the demographic
of participants (trainees of a single specialty versus expert
teams). Ahmed et al[27] developed a training programme
for senior doctors to become faculty leaders for a patient
safety programme targeted towards trainees. This was
a longitudinal study over a two-year period with evaluations taking place pre and post course as well as 8 mo
post course. This study showed sustained improvements
in patient safety knowledge, attitudes and reported skill.
This study differed from ours in its aim to train faculty to
deliver patient safety training to “Foundation Trainees”.
The number of participants was much greater as this was
a regional training initiative. The concept of this study
showed that senior clinicians are keen to partake in patient
safety training and that “training the trainers” is feasible
and a resourceful way of utilising clinical expertise. Hull
et al[33]’s study was designed to address the inequalities in
patient safety measures in developing countries. A single
day’s surgical safety training was delivered to clinical and
non-clinical participants in Columbia. Similarly, assessments showed improvements in knowledge and attitudes
following training. Additionally observation skills using a
validated surgical teamwork rating tool[38] also improved
following training. This training intervention aimed to
bridge the gap for patient safety training in developing
settings. The 4 studies are summarised (Table 6).
Compared to other studies, our study is the only one
that targeted a specific expert team with BCS endoscopists representing a highly skilled cohort of endoscopists. The other training interventions had a broader
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Table 6 Summary of patient safety training intervention studies
Ref.

Number of
participants

Target audience

Duration of
training

Patient safety outcome measures

Long term
evaluation

Matharoo et al[24]

23

English BCS teams from training centres

Full day

No

Arora et al[26]

27

Surgical residents in North West London
training region

Half day

Ahmed et al[27]

216

Senior clinicians from 20 hospitals in the
North Western Deanery

Half day

Hull et al[33]

30

Postgraduate students (clinical and nonclinical specialties) in Colombia

Full day

Knowledge
Attitude
Knowledge
Attitude
PSI observations
Knowledge
Attitude
Error analysis
Uptake of training role
Knowledge
Attitude
Observations of theatre teams using OTAS

Yes

Yes

No

BCS: Bowel cancer screening; OTAS: Observational teamwork assessment for surgery; PSI: Patient safety incident.

range of participants. One of the limitations of our
study is that we did not have sufficient data to support
long-term retention of knowledge or skills acquired
from the training. Further developments of our training
intervention could include observational assessment (live
or recorded) of a BCS team conducting a colonoscopy,
and rating the teamwork and non-technical skills pre and
post course.
Future developments
Participants’ feedback included suggestions that team
training should be mandatory for all endoscopy teams in
order to improve patient safety, and that teamwork optimisation was a highly important but under-recognised
theme. The video case analyses of endoscopy teams
were well received and suggested course developments
included endoscopy team simulations with structured
feedback. Additionally, it was thought that the training
intervention was highly relevant to day-to-day endoscopy
practice and just as important (if not more so) for nonBCS endoscopy teams.
As a pilot training intervention, this is the first step in
a phased roll out of training where resources permitting,
the remaining six BCS training centres will also receive
teamwork training. This would then enable a core Faculty
to be trained across England facilitating teamwork training to all endoscopists through JAG. By imparting patient safety and non-technical skills training to motivated
teams, the foundation has been laid to “train the trainers”. This would enable local team training and thus facilitate wider dissemination of endoscopy teamwork and
patient safety issues. Recent work in the domain of surgical non-technical skills has shown a United Kingdom
cross disciplinary consensus regarding the importance of
training faculty to assess and de-brief non-technical skills
performance[37].
Although this study used BCS teams, this training is
highly transferable to other endoscopy teams: emergency
endoscopy, upper and lower GI therapeutic endoscopy
as well as surveillance procedures. It could also be readily
adapted for prospective GI trainees, which would enable
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patient safety issues to be embedded at an earlier stage in
training and more widely disseminated.
Further developments could also include a practical scenario utilising a simulated or real endoscopic
procedure(s). Trained faculty would closely observe the
endoscopy team in action in diagnostic, therapeutic and
emergency cases followed by a structured “de-brief ”[39] of
the patient safety issues and relevant non-technical skills
using the Endoscopic Non-Technical Skills framework as
a guide.
This study shows it is feasible and valuable to deliver
a comprehensive training package addressing endoscopic
patient safety, non-technical skills and adverse event
analysis using a multifactorial approach. This type of
human factors training is novel in endoscopy and cancer
screening. As patient safety is a clear priority in the context of expanding screening services, we take the view
that such training should be disseminated and developed
within training endoscopy units to promote safe, high
quality care. Strategies to incorporate endoscopic nontechnical skills and patient safety into routine endoscopy
training should be explored and developed at a national
and international level.
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Background

Non-technical skills are increasingly being recognised as an important factor
in the safe management of patients. These skills are rarely taught and often
neglected in assessment of clinicians. Similarly training for extended clinical
teams is rarely addressed but is also likely to be relevant in how well clinical
care is delivered. Endoscopy increasingly involves complex therapeutic procedures requiring high performance of individuals and teams. Training needs to
address these developing needs.
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Research frontiers

This paper describes a novel approach to training whole endoscopy teams in
key aspects of safe delivery of endoscopic care, in the setting of Bowel Cancer
Screening. Well recognised training methodology was used to teach and assess learning in key areas.

14

Innovations and breakthroughs

This is the first published paper describing such innovative training and establishes a benchmark in the delivery of endoscopy team training and the concept
of endoscopists non-technical skills.

15

Applications

This methodology could be rolled out to all areas of endoscopy and even to
other practical skills-based specialties. A growing awareness of factors affecting
the delivery of safe healthcare now requires action to address the gap in training and support of clinical teams.

16

the article is interesting and original. a larger participation from the screening
centers would have given more weight to the study. Overall it presents an interesting approach worth considering. Future evolution might be presented in a
following work.
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Abstract
AIM: To analyze the cytokine production by peripheral
blood cells from cirrhotic patients with and without
TLR4 D299G and/or T399I polymorphisms.
METHODS: The study included nine patients with cirrhosis and TLR4 D299G and/or T399I polymorphisms,
and 10 wild-type patients matched for age, sex and
degree of liver failure. TLR4 polymorphisms were determined by sequence-based genotyping. Cytokine production by peripheral blood cells was assessed spontaneously and also after lipopolysaccharide (LPS) and
lipoteichoic acid (LTA) stimulation.
RESULTS: Patients with TLR4 polymorphisms had a
higher incidence of previous hepatic encephalopathy
than wild-type patients (78% vs 20%, p = 0.02). Spontaneous production of interleukin (IL)-6 and IL-10 was
lower in patients with TLR4 polymorphisms than in
wild-type patients [IL-6: 888.7 (172.0-2119.3) pg/ml
vs 5540.4 (1159.2-26053.9) pg/ml, p < 0.001; IL-10:
28.7 (6.5-177.1) pg/ml vs 117.8 (6.5-318.1) pg/mL,
p = 0.02]. However, the production of tumor necrosis
factor-α, IL-6 and IL-10 after LPS and LTA stimulation
was similar in the two groups.
CONCLUSION: TLR4 polymorphisms were associated
with a distinctive pattern of cytokine production in cirrhotic patients, suggesting that they play a role in the
development of cirrhosis complications.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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(TLR) polymorphisms and the immune response is the
focus of intensive research in chronic inflammatory conditions. This is the first study demonstrating that the
presence of certain TLR4 polymorphisms is associated
with a characteristic pattern of cytokine production.
These polymorphisms could have a relevant role in the
development of complications in patients with cirrhosis.
Nieto JC, Sánchez E, Román E, Vidal S, Oliva L, GuarnerArgente C, Poca M, Torras X, Juárez C, Guarner C, Soriano G.
Cytokine production in patients with cirrhosis and TLR4 polymorphisms. World J Gastroenterol 2014; 20(46): 17516-17524
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i46/17516.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i46.17516

INTRODUCTION
A pro-inflammatory state is a frequent phenomenon in
patients with cirrhosis and it has been related to several
factors. One of these factors is the exposure to pathogenassociated molecular patterns (PAMPs) [i.e., endotoxin or
lipopolysaccharide (LPS) from gram-negative bacteria]
due to intestinal bacterial translocation[1-6]. There is growing evidence that the inflammatory response in these patients is implicated in the prognosis and development of
complications[1,2,7,8], especially hepatic encephalopathy[9-11].
Moreover, due to bacterial translocation and alterations in
immune response, patients with cirrhosis are predisposed
to develop bacterial infections, mainly caused by enteric
pathogens[1,2].
Toll-like receptors (TLR) recognize molecules broadly
shared by pathogens but distinguishable from host molecules, collectively referred to as PAMPs. TLR2 recognizes
multiple bacterial cell wall components (peptidoglycan,
lipoteichoic acid and lipoproteins) by forming heterodimers with TLR1 and TLR6 and cooperating with CD14,
CD36 and Dectin-1. In association with CD14 and its
co-receptor MD-2, TLR4 recognizes LPS, a major component of gram-negative bacteria. It was reported that
CD14 is also involved in TLR2-mediated lipoteichoic acid
(LTA) stimulation[12]. On the other hand, TLR2 seems to
be required for LPS-induced TLR4 signaling[13]. After the
binding of TLR ligands, pro-inflammatory cytokines are
released by the immune cell and systemic inflammatory
response occurs[3,14,15].
Two main non-synonymous TLR4 genetic polymorphisms can usually be found in co-segregation in Caucasians[14-16]. The first of these is D299G, an A/G polymorphism that causes the amino-acid change from Asp to
Gly at position 299, and the other is T399I, a C/T polymorphism that causes the change from Thr to Ile at position 399[14-16]. These polymorphisms have been shown to
change the ligand-binding site of the receptor[17]. They
can modify the inflammatory response[16,17] and predispose to bacterial infections[14,15,18]. The presence of TLR4
polymorphisms can therefore influence disease progres-
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sion and development of complications in patients with
cirrhosis[19,20].
We observed that cirrhotic patients with the TLR4
D299G polymorphism were more predisposed to bacterial infections and hepatic encephalopathy than wild-type
patients[19]. One possible explanation for these findings
is that the inflammatory response in patients with the
TLR4 D299G polymorphism differs from that in wildtype patients.
This study was designed to compare the cytokine production by peripheral blood cells from cirrhotic patients
with TLR4 D299G and/or T399I polymorphisms to the cytokine production in patients without these polymorphisms.

MATERIALS AND METHODS
Patients
From April 2006 to May 2011 we screened 258 consecutive hospitalized patients with cirrhosis and ascites and
found TLR4 D299G and/or T399I polymorphisms in
28 patients (11%). The present study was performed between February 2009 and July 2011 and included those
patients with TLR4 polymorphisms who survived free
of liver transplant and fulfilled the inclusion and exclusion criteria. Patients with TLR4 polymorphisms (polymorphism group) were matched for age, sex and degree
of liver failure with cirrhotic patients without these
polymorphisms (wild-type group). All the patients were
Caucasian and cirrhosis was diagnosed by biopsy or from
clinical, analytical and ultrasonographic findings. They all
had decompensated cirrhosis as they had previously presented at least one decompensation.
All were outpatients coming to the hospital for followup visits or to the day hospital for therapeutic paracentesis. The exclusion criteria were human immunodeficiency
virus infection or any other immunodeficiency, treatment
with immunosuppressive or immunomodulatory drugs,
hepatocellular carcinoma or other neoplasia, active alcohol intake in the previous year, liver transplantation, and
active infection or any other decompensation of cirrhosis
requiring hospitalization in the previous month.
At inclusion in the study, we recorded clinical and analytical data as well as previous decompensations of cirrhosis, with special emphasis on hepatic encephalopathy
episodes, and we collected blood samples for laboratory
analysis/assays.
A group of healthy Caucasian donors was also included to compare their cytokine production with that of
patients with cirrhosis.
The study was a priori approved by the Clinical Research Ethics Committee at Hospital de la Santa Creu i
Sant Pau and conforms to the ethical guidelines of the
Helsinki Declaration of 1975 (6th revision, 2008). All patients gave written consent to be included after receiving
appropriate verbal and written information.
Samples
Whole blood samples were collected from healthy do-
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nors, patients from the polymorphism group (TLR4
D299G and/or T399I) and wild-type patients. Samples
were processed within one hour after collection and
maintained at room temperature. For cytokine production analysis, blood was collected into BD Vacutainer®
tubes (BDbiosciences, San Jose, CA, United States) containing sodium-heparin. For the genomic DNA extraction, blood was collected into separate BD Vacutainer®
tubes containing ethylene diamine tetra-acetic acid.
Genomic DNA extraction and TLR4 and TLR2
polymorphisms genotyping
Genomic DNA was extracted from buffy-coat fraction
using QIAmp DNA blood minikit (Qiagen Inc., Valencia, CA, United States). The sequencing primer used
for TLR4 Asp299Gly (D299G, rs4986790) was 5’-TGGAATGCTGGAAATCCAGA-3’, and for Thr399Ile
(T399I, rs4986791) was 5’-CTCTAGAGGGCCTGTGCA-3’.
As TLR2 polymorphisms can influence the cytokine
production[15,16], we assessed the presence of Arg753Gln
(R753Q, rs5743708) and Arg677Trp (R677W) TLR2
polymorphisms in our study population. The sequencing
primer used for TLR2 R753Q was 5’-GCCTACTGGGTGGAGAACCT-3’ and for R677W was 5’-GGCCACTCCAGGTAGGTCTT-3’.
The polymerase chain reaction consisted of an initial
denaturation at 95 ℃ for 3 min, followed by 34 cycles
of 45 s at 95 ℃, 30 s at 60 ℃ for TLR4 and 61.2 ℃ for
TLR2, 1 min at 72 ℃, and a final extension of 5 min at
72 ℃. Once the amplification was confirmed, sequencing
was performed by Macrogen Inc, Korea using BigDye
(Applied Biosystem) chemistry.
Lipopolysaccharide binding protein levels
Serum was tested for lipopolysaccharide binding protein
(LBP) concentration to assess exposure to bacteria and
their endotoxins as an index of bacterial translocation[5],
using specific ELISA (Biometec GmbH, Greifswald, Germany) according to the manufacturer’s instructions. LBP
was quantified with standard curves provided by the corresponding ELISA kit. The detection limit was 5 ng/ml.
Whole blood cell culture
Heparinized whole blood (2.5 ml) was cultured in 5
ml polypropylene tubes (BDbiosciences, San Jose, CA,
United States) with: (1) 1 ml of RPMI 1640 medium
(Biowhittaker, Cologne, Germany); (2) 650 μ l of
RPMI 1640 medium with 350 μl of ultrapure LPS (0.01
μg/ml) (Ultra pure lipopolysaccharide from Escherichia
coli 0111:B4 strain- TLR4 ligand cat# tlrl-pelps InvivoGen, San Diego, CA, United States); and (3) 350 μl of
LTA (1 μg/mL) (Lipoteichoic acid from Staphylococcus
aureus- TLR2 ligand cat #tlrl-psltal InvivoGen). The cultures were maintained at 37 ℃ with 5% CO2 for 20 h.
Cytokine levels
Culture supernatants were tested for TNF-α, IL-10 (BD
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Pharmingen, Frankin Lakes, NJ, United States) and IL-6
(ImmunoTools, Friesoythe, Germany) concentrations
using specific ELISAs, according to the manufacturer’s
instructions. All cytokines were quantified with standard
curves provided by the corresponding ELISA kit. The
detection limits were: 30 pg/ml for TNF-α and IL-10,
and 10 pg/mL for IL-6.
Statistical analysis
Comparisons between patients with cirrhosis and healthy
donors and between patients with TLR4 polymorphisms
and wild-type patients were performed using Fisher’s
exact test for categorical variables and Mann-Whitney
test for quantitative data. A two-sided p value < 0.05 was
considered statistically significant. Data are expressed as
frequencies or median (range).

RESULTS
Patient characteristics
From the 28 patients with TLR4 D299G and/or T399I
polymorphisms, 19 were not included for the following
causes: 8 died before the present study was performed, 2
underwent liver transplantation, 6 were lost to follow-up,
2 developed hepatocellular carcinoma, and 1 had macroglobulinemia. Therefore, 9 patients with cirrhosis and
TLR4 D299G and/or T399I polymorphisms (polymorphism group) were included in the study and compared
to 10 matched cirrhotic patients without these polymorphisms (wild-type group). Five healthy donors were also
included.
In the polymorphism group, eight of the nine patients
showed both TLR4 D299G and T399I polymorphisms
in heterozygosis, while the remaining patient showed only
the T399I polymorphism in heterozygosis. Neither of the
TLR2 polymorphisms was detected in the polymorphism
group nor in the wild-type group. No TLR4 or TLR2 polymorphisms were detected in any of the healthy donors.
Table 1 shows clinical and analytical characteristics of
the two groups of patients. We did not find statistical differences in demographics, etiology of cirrhosis, degree of
liver insufficiency, blood total leukocyte, monocyte and
lymphocyte count, pharmacological treatment, or presence of ascites. There was a trend towards more patients
on prophylaxis with norfloxacin in the polymorphism
group.
The follow up from the time of the first decompensation of cirrhosis until inclusion in the study was 18.0
(4.5-97.0) months in the polymorphism group and 30.7
(2.5-59.5) in the wild-type group (p = 0.36). Table 2
shows the previous complications of cirrhosis during this
period. There was a non-significant trend to a higher incidence of variceal bleeding and bacterial infections in the
polymorphism group than in the wild-type group. The
incidence of hepatic encephalopathy was higher in the
polymorphism group than in the wild-type group (78% vs
20%, p = 0.02). Patients from the polymorphism group
presented a higher number of hepatic encephalopathy
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Table 1 Clinical and analytical characteristics of patients with TLR4 polymorphisms and wild-type patients n (%)

Age (yr)
Sex (male/female)
Etiology (alcohol/HCV/alcohol + HCV/other)
Child-Pugh score
MELD score
Serum bilirubin (µmol/L)
Serum albumin (g/L)
INR
Blood total leukocyte count (× 109/L)
Blood neutrophil count (× 109/L)
Blood monocyte count (× 109/L)
Blood lymphocyte count (× 109/L)
Present ascites
Diuretics
Beta-blockers
Norfloxacin prophylaxis

Polymorphisms (n = 9)

Wild-type (n = 10)

P value

63.2 (40-78)
6 (67)/3 (33)
3 (33)/3 (33)/2 (22)/1 (11)
7 (5-9)
11 (6-16)
17.0 (7-41)
32.8 (22.7-49.4)
1.10 (1.01-1.48)
5.89 (2.75-11.48)
3.30 (2.00-7.78)
0.59 (0.20-0.98)
1.00 (0.38-2.15)
3 (33)
6 (67)
4 (44)
5 (55)

61.0 (42-79)
6 (60)/4 (40)
5 (50)/2 (20)/3 (30)/0 (0)
6 (5-8)
12 (6-18)
27.5 (9-60)
35.9 (30.0-43.9)
1.22 (0.96-1.39)
5.67 (3.84-8.57)
3.21 (1.61-5.63)
0.66 (0.38-1.00)
1.41 (0.35-2.22)
3 (30)
9 (90)
5 (50)
4 (40)

0.93
1.00
0.5
0.49
0.62
0.56
0.34
0.68
0.93
0.74
0.46
0.39
1.00
0.30
1.00
0.65

HCV: Hepatitis C virus; MELD: Model for end-stage liver disease; INR: International normalized ratio.

Table 2 Data of previous complications of cirrhosis in patients with TLR4 polymorphisms and wild-type patients n (%)

Previous ascites
Previous variceal bleeding
Previous bacterial infections
Number of infections/patient
Previous SBP
Previous hepatic encephalopathy
Number of episodes of encephalopathy
Number of episodes of encephalopathy/patient
Degree of encephalopathy (episodes) 1/2/3/4
Degree of encephalopathy1

Polymorphisms (n = 9)

Wild-type (n = 10)

P value

9 (100)
4 (44)
8 (89)
2.0 (0-4)
5 (55)
7 (78)
17
1 (0-5)
5/9/1/2
2.0 (1-4)

10 (100)
2 (20)
5 (50)
0.5 (0-5)
3 (30)
2 (20)
8
0 (0-7)
3/4/0/1
1.9 (1-4)

1.00
0.35
0.14
0.14
0.37
0.02
0.03
0.74

1

Median (range) of the degree of hepatic encephalopathy in patients with this complication. SBP: Spontaneous bacterial peritonitis.

episodes per patient than the wild-type group. Infection
was the most frequent precipitating factor in the two
groups: 8 episodes in the polymorphism group and 5 in
the wild-type group. Other precipitating events were: diuretics (4 and 0 episodes), electrolyte disturbances (1 and
2), gastrointestinal bleeding (1 and 0), constipation (2 and
0), and benzodiazepine treatment (2 and 0). No precipitating events could be identified in 2 episodes from the
polymorphism group and in 1 episode from the wild-type
group.
LBP plasma levels
LBP plasma levels showed a trend to be higher in all patients with cirrhosis than in healthy donors [21.7 (2.2-49.7)
μg/ml vs 9.3 (6.0-16.2) μg/ml, p = 0.28]. Patients with
TLR4 polymorphisms showed a trend to have higher
LBP plasma levels than wild-type patients [29.4 (14.7-49.7)
μg/ml vs 7.4 (2.2-32.9) μg/ml, p = 0.07].
Cytokine production
Table 3 shows cytokine production by peripheral blood
cells from healthy donors and all patients with cirrhosis.
Spontaneous TNF-α and IL-6 production was significantly higher in patients with cirrhosis than in healthy
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donors. The cytokine production of TNF-α after LTA
stimulation and IL-6 after LPS and LTA stimulation
was significantly higher in patients with cirrhosis than in
healthy donors.
Figure 1 shows spontaneous and stimulated cytokine
production in the two groups of patients with cirrhosis.
There was a non-significant trend for a lower TNF-α
spontaneous production in the polymorphism group than
in the wild-type group. Spontaneous production of IL-6
[888.7 (172.0-2119.3) pg/ml vs 5540.4 (1159.2-26053.9)
pg/ml, p < 0.001] and IL-10 [28.7 (6.5-177.1) pg/ml
vs 117.8 (6.5-318.1) pg/ml, p = 0.02] was lower in the
polymorphism group than in the wild-type group. The
cytokine production after stimulation with LPS and LTA
was similar in the two groups. Therefore, the increase in
stimulated cytokine production with respect to spontaneous cytokine production, expressed as fold change, was
higher in the polymorphism group than in the wild-type
group (Table 4).
Table 5 shows cytokine production by peripheral
blood cells from patients without prophylactic norfloxacin. The differences in the cytokine production between
patients with TLR4 polymorphisms and wild-type patients in this subgroup were similar to those observed in
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Table 3 Spontaneous and stimulated cytokine production by peripheral blood cells in healthy donors and all patients with cirrhosis
Healthy donors (n = 5)
Spontaneous TNF-α (pg/mL)
TNF-α after LPS (pg/mL)
TNF-α after LTA (pg/mL)
Spontaneous IL-6 (pg/mL)
IL-6 after LPS (pg/mL)
IL-6 after LTA (pg/mL)
Spontaneous IL-10 (pg/mL)
IL-10 after LPS (pg/mL)
IL-10 after LTA (pg/mL)

All patients with cirrhosis (n = 19)

< 30
1693 (1185-3709)
638.3 (49.7-1958)
< 10
20493 (19499-23042)
22157 (17390-27010)
< 30
1309 (590.2-1578)
499.3 (268.7-816.9)

P value

602.4 (96.1-3920.1)
2904 (931-5078)
2440 (241-4798)
1537.8 (172.0-26053.9)
30219 (1362-32680)
30165 (3269-32707)
43.6 (6.5-318.1)
939.9 (120.8-2100)
800.4 (80.72-2077)

0.001
0.150
0.006
0.001
0.006
0.005
0.210
0.890
0.150

TNF-α: Tumour necrosis factor-alpha; LPS: Lipopolysaccharide; LTA: Lipoteichoic acid; IL: Interleukin.
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Figure 1 Cytokine production in patients with cirrhosis and TLR4 polymorphisms and wild-type patients. A: TNF-α concentration in supernatants of unstimulated and LPS and LTA stimulated peripheral blood cells; B: IL-6 concentration in supernatants of unstimulated and LPS and LTA stimulated peripheral blood cells; and
C: IL-10 concentration in supernatants of unstimulated and LPS and LTA stimulated peripheral blood cells. TNF-α: Tumour necrosis factor-alpha; LPS: Lipopolysaccharide; LTA: Lipoteichoic acid; IL: Interleukin.
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Table 4 Increment in cytokine production expressed as stimulated/spontaneous production fold
change in patients with cirrhosis and TLR4 polymorphisms and wild-type patients
Polymorphisms (n = 9)
Increment TNF-α after LPS
Increment TNF-α after LTA
Increment IL-6 after LPS
Increment IL-6 after LTA
Increment IL-10 after LPS
Increment IL-10 after LTA

Wild-type (n = 10)

5.3 (1.0-17.4)
6.5 (1.2-14.4)
26.0 (14.7-189.9)
35.2 (15.4-183.6)
37.8 (9.3-185.1)
32.0 (11.3-70.4)

3.8 (1.1-17.0)
2.7 (0.2-5.1)
3.3 (1.1-17.0)
3.0 (1.2-25.6)
6.3 (0.5-143.9)
3.7 (1.0-23.7)

P value
0.280
0.040
< 0.001
< 0.001
0.006
0.002

TNF-α: Tumour necrosis factor-alpha; LPS: Lipopolysaccharide; LTA: Lipoteichoic acid; IL: Interleukin.

Table 5 Spontaneous and stimulated cytokine production by peripheral blood cells in patients with
cirrhosis not treated with norfloxacin
Polymorphisms (n = 4)
Spontaneous TNF-α (pg/mL)
TNF-α after LPS (pg/mL)
TNF-α after LTA (pg/mL)
Spontaneous IL-6 (pg/mL)
IL-6 after LPS (pg/mL)
IL-6 after LTA (pg/mL)
Spontaneous IL-10 (pg/mL)
IL-10 after LPS (pg/mL)
IL-10 after LTA (pg/mL)

464.3 (223.6-3920.1)
3166 (931.8-5078)
2766 (2291-4798)
699.4 (320.8-1145.6)
27880 (19100-30070)
29660 (27970-30290)
13.2 (6.5-39.1)
949.5 (655-1474)
606.8 (376-1234)

Wild-type (n = 6)

P value

813.1 (591-1573)
2936 (1272-4547)
1927 (241.3-4455)
5540 (1538-26053.9)
29000 (24960-32670)
29860 (3269-32170)
135.6 (36.2-318.1)
1467 (334.5-2100)
897.6 (86.66-1530)

0.25
0.76
0.17
< 0.001
0.47
1.00
0.02
0.35
0.91

TNF-α: Tumour necrosis factor-alpha; LPS: Lipopolysaccharide; LTA: Lipoteichoic acid; IL: Interleukin.

the whole series.

DISCUSSION
The main finding in the present study is that peripheral blood cells from patients with cirrhosis and TLR4
D299G and/or T399I polymorphisms spontaneously
produced lower levels of IL-6 and IL-10 than wild type
patients but showed a similar IL-6, TNF-α and IL-10
production after stimulation.
Patients with cirrhosis presented a higher spontaneous
production of pro-inflammatory cytokines than healthy
donors. This finding agrees with the pro-inflammatory
state described in cirrhosis[5,6], thought to be mainly related to bacterial translocation and increased plasma endotoxin[1,2,4-6]. When continuously exposed to endotoxin, the
immune system can develop tolerance, leading to blunted
cytokine production after stimulation[21-23]. However, our
results do not support this hypothesis because we observed a higher pro-inflammatory cytokine production
after LPS and LTA stimulation in patients with cirrhosis
than in controls. A higher pro-inflammatory cytokine
production after LPS stimulation has also been observed
previously in patients with cirrhosis[24] and in rats with
carbon tetrachloride-induced cirrhosis[25].
Despite similar clinical and analytical characteristics,
patients with cirrhosis and TLR4 D299G and/or T399I
polymorphisms showed lower IL-6 spontaneous production than wild-type patients. In the setting of cirrhosis
and increased endotoxemia, this finding could be the
consequence of a decrease in the cellular responsiveness
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to endotoxin associated with these TLR4 polymorphisms,
as observed in other populations[16,26]. Such impaired responsiveness could lead to a defective clearance of the
increased plasma endotoxin, which in turn would enhance synthesis of LBP, an index of long-term exposure
to endotoxin[5]. Moreover, increased LBP could further
decrease the synthesis of IL-6[27]. In support of this hypothesis, we observed a trend for higher LBP plasma
levels in patients with TLR4 polymorphisms than in wildtype patients. However, when peripheral blood cells were
stimulated with high concentrations of LPS or LTA, patients with cirrhosis and TLR4 polymorphisms and wild
type-patients showed a similar cytokine production. Our
findings are in keeping with previous data showing that
the functional consequences of TLR4 polymorphisms are
more evident at low agonist concentrations than at high
agonist concentrations[28]. Changes in the anti-inflammatory cytokine IL-10 paralleled those observed in IL-6 and
can be explained as a compensatory mechanism to attenuate the effects of this pro-inflammatory cytokine[23].
Previous studies in non-cirrhotic populations have
reported contradictory results about the relationship
between TLR4 D299G and T399I polymorphisms and
immune response[15,16,18,26,29-32], as hypo-[16,26], normo-[29-32]
and also hyper-responsiveness[29] have all been associated
with these polymorphisms. These contradictory findings
can be attributed to differences between the studies, such
as the characteristics and status of patients or cells evaluated, stimulation protocols and the doses of ligands used,
and interactions between several coincident polymorphisms[15,18,28,29]. For example, in the Dogon population,

17521

December 14, 2014|Volume 20|Issue 46|

Nieto JC et al . Cytokine producction in patients with cirrhosis

the TLR4 D299G polymorphism is usually observed
without the T399I polymorphism, and it has been associated with a higher TNF-α production after LPS stimulation than in wild-type individuals[29]. In Caucasians,
however, the D299G polymorphism is almost always
associated with the T399I polymorphism, and these two
polymorphisms are associated with a TNF-α production
after LPS stimulation that is similar to that in wild-type
individuals[29]. To our knowledge, no studies have previously evaluated the influence of TLR4 D299G or T399I
polymorphisms on peripheral blood cell function in the
complex immunological setting of patients with cirrhosis.
Antibiotic treatment can influence the function of
immune cells by decreasing bacterial translocation[5,22,33].
To avoid this confounding factor, we further analyzed
patients without prophylactic norfloxacin separately. We
found that patients with TLR4 polymorphisms presented
lower spontaneous IL-6 production than wild-type patients, as observed in the whole series.
The influence of genetic factors in the evolution
of patients with liver diseases is currently gaining interest[19-20,34-36]. The different cytokine production profile
observed in our patients could help to explain some associations between TLR4 polymorphisms and the development of complications in cirrhosis. The lower spontaneous pro-inflammatory cytokine production in our study
reflects a less marked basal pro-inflammatory state in vivo
in patients with TLR4 D299G and/or T399I polymorphisms than in wild-type patients. This finding could be
related to the predisposition of patients with these TLR4
polymorphisms to develop bacterial infections[14,15,19], but
it could also explain the protective effect of TLR4 polymorphisms against progression of liver disease[19,20]. The
inflammatory response has been increasingly implicated
in the development of hepatic encephalopathy, and it
is now considered that inflammation acts synergistically
with ammonia toxicity in the pathogenesis of this complication[9-11]. Moreover, as we also observed in the present study, infection is a main triggering factor of hepatic
encephalopathy[9-11]. The different cytokine production
profile observed in our study suggests that cirrhotic
patients with TLR4 polymorphisms may show in vivo
a greater difference between basal and stimulated (i.e.,
during bacterial infection[1-5,37]) cytokine production than
wild-type patients. This higher cytokine production gradient in TLR4 polymorphisms patients could be related to
their predisposition to develop hepatic encephalopathy,
as has been observed here and in a previous study with a
higher number of patients[19].
Our study has certain limitations. The first is the small
number of patients studied and their heterogeneity, as
etiologies of cirrhosis were diverse and some patients
were on norfloxacin treatment. It was difficult to recruit a
larger, more homogeneous series of patients because the
prevalence of TLR4 D299G and T399I polymorphisms
is only about 10% of the population[14,15,19]. Besides, we
found that our results were similar when we analyzed
only patients without antibiotic treatment. Furthermore,
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the etiology was related to alcohol and/or hepatitis C
virus in most patients in both groups. Previous studies
have shown that the presence of hepatitis C virus appears to have no relevant effects on the cytokine production evaluated in the present study[38,39]. A second limitation is that we determined cytokine production in whole
blood cell cultures. This is a physiological model to study
the overall peripheral immune response ex vivo[29,31,40], but
it is unable to identify the subsets of cells responsible for
the different cytokine production profile. And third, the
relationship between a higher cytokine production gradient and the development of hepatic encephalopathy in
patients with TLR4 polymorphisms is only speculative
because no data were available on cytokine production
during hepatic encephalopathy episodes.
In conclusion, spontaneous IL-6 and IL-10 production was lower in patients with cirrhosis and TLR4
D299G and/or T399I polymorphisms than in wild-type
patients. Furthermore, the production of IL-6, TNF-α
and IL-10 after TLR stimulation was similar in patients
with TLR4 polymorphisms and in wild-type patients. This
different pattern of cytokine production could play a role
in the development of complications, such as hepatic encephalopathy, in patients with these polymorphisms.
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Background

Due to bacterial translocation and several alterations in the immune response,
patients with cirrhosis are predisposed to develop infections caused by enteric
bacteria. Pathogen-associated molecular patterns in these bacteria are usually
recognized by transmembrane receptors (TLRs) found mainly on the surface of
leukocytes. When this occurs, TLRs trigger the innate inflammatory response.
The authors previously observed that cirrhotic patients with the TLR4 D299G
polymorphism were more predisposed to bacterial infections and hepatic
encephalopathy than wild-type patients. One possible explanation for these
findings is that the inflammatory response in patients with the TLR4 D299G
polymorphism differs from that in wild-type patients.

Research frontiers

The influence of genetic factors in the evolution of patients with liver diseases is
currently gaining interest. The profile of the innate immune response in patients
with TLR polymorphisms could help to explain the development of complications in cirrhosis.
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Innovations and breakthroughs

No studies have previously evaluated the influence of TLR4 polymorphisms on
peripheral blood cell function in the complex immunological setting of patients
with cirrhosis. Cirrhotic patients with TLR4 D299G and/or T399I polymorphisms
showed a less marked basal pro-inflammatory state than wild-type patients,
predisposing them to develop bacterial infections. Cirrhotic patients with these
TLR4 polymorphisms showed a higher difference between basal and bacteria
stimulated cytokine production than wild-type patients. Since infection is a main
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triggering factor of hepatic encephalopathy, this higher cytokine production gradient in patients with these polymorphisms could be related to their predisposition to develop this cirrhotic complication.
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The main application is the identification of predisposing biomarkers for cirrhosis complications: bacterial infections and hepatic encephalopathy.
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Bacterial translocation is defined as the passage of bacteria or their products
from the intestinal lumen to extraintestinal sites, such as mesenteric lymph
nodes. Hepatic encephalopathy is the occurrence of confusion, altered level of
consciousness and coma as a result of liver failure.
The studies presented the data on the cytokine [interleukin (IL)-6 and IL-10] and
tumor necrosis factor production by peripheral blood cells from cirrhotic patients
with and without TLR4/D299G and /or T399I polymorphism. The cytokine production was assessed before and after lipopolysaccharide and lipoteichoic acid
stimulation. Based on the presented data the authors suggest that the presence
of TLR4/D299G and/or T399I polymorphism may be associated with a distinct
pattern of cytokine production in patients with cirrhosis and, hence could be
responsible for the development of complications. This is quite informative, well
written, and relatively well presented study. However, there are several omissions that detract the reader.
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Abstract
AIM: To determine the clinical, epidemiological and
phenotypic characteristics of ulcerative colitis (UC) in
Saudi Arabia by studying the largest cohort of Arab UC
patients.
METHODS: Data from UC patients attending gastroenterology clinics in four tertiary care centers in three
cities between September 2009 and September 2013
were entered into a validated web-based registry, inflammatory bowel disease information system (IBDIS).
The IBDIS database covers numerous aspects of in-
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flammatory bowel disease. Patient characteristics, disease phenotype and behavior, age at diagnosis, course
of the disease, and extraintestinal manifestations were
recorded.
RESULTS: Among 394 UC patients, males comprised
51.0% and females 49.0%. According to the Montréal
classification of age, the major chunk of our patients
belonged to the A2 category for age of diagnosis at
17-40 years (68.4%), while 24.2% belonged to the A3
category for age of diagnosis at > 40 years. According
to the same classification, a majority of patients had
extensive UC (42.7%), 35.3% had left-sided colitis and
29.2% had only proctitis. Moreover, 51.3% were in remission, 16.6% had mild UC, 23.4% had moderate UC
and 8.6% had severe UC. Frequent relapse occurred in
17.4% patients, infrequent relapse in 77% and 4.8%
had chronic disease. A majority (85.2%) of patients
was steroid responsive. With regard to extraintestinal
manifestations, arthritis was present in 16.4%, osteopenia in 31.4%, osteoporosis in 17.1% and cutaneous
involvement in 7.0%.
CONCLUSION: The majority of UC cases were young
people (17-40 years), with a male preponderance.
While the disease course was found to be similar to
that reported in Western countries, more similarities
were found with Asian countries with regards to the extent of the disease and response to steroid therapy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ulcerative colitis; Inflammatory bowel disease information system; Saudi Arabia; Epidemiology
Core tip: Despite several reports suggesting an increase
in the incidence of ulcerative colitis (UC) among Arabs
in recent years, there is insufficient information about
it, particularly in Saudi Arabia. Our aim was to determine the clinical, epidemiological and phenotypic char-
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acteristics of UC in Saudi Arabia by studying the largest
cohort of Arab UC patients. We found that UC has a
relatively higher incidence in Saudi Arabia and the majority of UC cases are diagnosed in young people (17-40
years), with a male preponderance.
Alharbi OR, Azzam NA, Almalki AS, Almadi MA, Alswat KA,
Sadaf N, Aljebreen AM. Clinical epidemiology of ulcerative
colitis in Arabs based on the Montréal classification. World J
Gastroenterol 2014; 20(46): 17525-17531 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i46/17525.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i46.17525

INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory bowel
disease (IBD), the etiology of which remains relatively
unclear. Studying the epidemiology of IBD is crucial for
understanding the public health burden it poses and for
planning appropriate health programs for individuals
with IBD[1,2]. Comprehensive descriptive epidemiological
studies can offer clues about the causes of this disease[3,4].
The prevalence of IBD varies greatly worldwide and
Western European and North American countries are
traditionally considered as the high incidence areas[3,5,6].
Previously, UC was considered to be rare in developing
countries but recently a surge in its incidence has been
observed in populations in which it was earlier thought to
be non-existent, e.g., Chinese populations in Hong Kong
and Singapore and Arab nations[4,7-9].
Although the evidence is insufficient, there are reports
of the growing incidence of UC in the Middle East[7-9]. Recently, the incidence in the Arab population was reported
to be 22/100000[10-13]. Moreover, a recent retrospective
study in Saudi Arabia reported an increase in the number
of UC patients who were referred to tertiary care centers[14].
Another retrospective study on Libyan children showed
that the incidence of IBD was increasing and the clinical
features were similar to those reported in other countries[15].
Despite the reports of the increase in the incidence of UC
among Arabs in recent years, there is limited data about
the characteristics of these patients and the disease course
in Saudi Arabia[16,17]. The aim of this study, therefore, was
to determine the clinical, epidemiological and phenotypic
characteristics of UC in Saudi Arabia based on patient data
recorded regularly in the IBD registry.

MATERIALS AND METHODS
Saudi IBD epidemiology database
Since September 2009, the inflammatory bowel disease
information system (IBDIS)[18] has been used to register IBD patients. Initially, it contained data for patients
at only one tertiary care center (King Khalid University
Hospital); however, four other centers, including three
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private care centers in Riyadh, Saudi Arabia, were added
shortly thereafter. IBDIS (www.ibdis.net) is a web-based
documentation system comprised of nine blocks covering numerous aspects of IBD-related parameters, including demographics, diagnosis, age at diagnosis according to
the Montréal classification system, course of the disease,
extraintestinal manifestations, complications, risk factors,
surgical and conservative therapy. All of these parameters
in our study population were recorded in the registry.
Patients
UC patients presenting to gastroenterology clinics or
endoscopy units between September 2009 and September 2013 were interviewed using their clinical charts and
screened by the attending physician and a trained research
assistant; the required information was documented and
directly incorporated into the registry. Patient data was
updated on a regular basis on every follow-up visit to the
gastroenterology clinics. Given the inconsistency with
which features based on the Montréal classification are
generally reported[19], 10% of the data in the registry was
randomly checked and validated by the investigators.
Definitions and identification of disease phenotype
The Montréal classification was used to classify the extent of UC (ulcerative proctitis, E1; left-sided UC, E2;
extensive UC, E3) and disease severity (UC in clinical
remission, S0; mild UC, S1; moderate UC, S2; severe UC,
S3)[20]. The extent (E) and severity (S) of the disease were
considered cumulatively up to the time of the most recent endoscopic, histopathological, radiological and other
clinical investigations and surgical notes.
The course of the disease was assessed at the first
time of inclusion in the registry: infrequent relapse, ≤
1 relapse per year; frequent relapse, > 1 relapse per year;
chronic disease, no remission throughout a 1 year period.
Changes in the disease course during follow-up were also
registered.
Age of onset as per the Montreal classification was
reported and categorized as A1 for those with age of
diagnosis at 16 years or younger, A2 and A3 for age of
diagnosis at 17-40 years and > 40 years, respectively. Osteopenia was defined when T-score was between -1 and
-2.5 SD and osteoporosis when T-score < -2.5 SD.
Inclusion criteria
The diagnosis of UC (based on standard clinical, endoscopic, radiological and histological criteria) was reviewed
thoroughly using the European Crohn’s and Colitis Organization guidelines[11]. Only UC patients who had undergone a full colonoscopy with terminal ileum intubation
and biopsy (in the absence of stenosis) were included.
Exclusion criteria
If clinically indicated, computed tomography enterography (CTE) or magnetic resonance imaging enterography
were performed to exclude Crohn’s disease.
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Table 1 Patient characteristics

Gender
Male
51%
Female
49%
Nationality
Saudi
94%
Non-Saudi
6%
Environment
Urban
91.6%
Rural
8.3%
Mean BMI
22.6
Mean age (yr)
30.1
Mean duration of disease (yr)
8
Smoking
Smokers
7.8%
Non-Smokers
92.2%
Course
Infrequent
77.5%
Frequent
17.3%
Chronic
4.8%
Steroid use
Once
33.5%
Twice
10.8%
Three
8.3%
More than three times
8.6%
Never
37.5%
Number of relatives with CD
First degree
0.6%
Second degree
0.6%
Number of relatives with UC
First degree
7%
Second degree
1.8%
Number of relatives with IBDU
First degree
0.6%
Second degree
0.3%
Number of relatives with colorectal cancer
First degree
0.9%
Second degree
0.9%

95%CI

0.4

46-56
44-54

0.3
Density

(n = 394)

Variables

91-96
3.7-8.4
88.7-94.5
5.4-11.2
22.5-22.7
28.9-31.4
7.3-8.5

0.1

0.0

4.9-10.7
89.2-95.1

0

20

40
Age at diagnosis

60

80

Figure 1 Age at diagnosis of ulcerative colitis.

73.2-82.2
13.3-21.5
2.4-7.1

and the rest were non-Saudis. Moreover, 8.3% (95%CI:
5.4-11.2) of the patients lived in rural areas and the remainder lived in urban areas. The mean age at diagnosis
was 30.2 (mean) ± 0.6 (SD) years, with a mean duration
of 8 years (95%CI: 7.3-8.5), and 51% (95%CI: 46.0-56.0)
were males and 49% (95%CI: 44.0-54.0) females (Table 1).

28.7-39.1
7.4-14.3
5.3-11.4
5.6-11.8
32.6-43.3
0.2-1.5
0.2-1.5
3.3-10.7
0.4-3.3
0.2-1.5
0.3-0.9
0.1-2.0
0.1-2.0

BMI: Body Mass Index; CD: Crohn's disease; UC: Ulcerative colitis; IBDU:
Inflammatory bowel disease unclassified; Infrequent relapser: Defined as
patients with 1 or less relapses per year.

Statistical analysis
Continuous variables were represented as means, standard deviations and minimum and maximum values, and
categorical variables as frequencies. 95%CI was estimated
for all variables. We used STATA 11.2 (StataCorp, Texas,
United States) for our analyses. A P-value < 0.05 was
considered to indicate statistical significance. No attempt
at imputation was made for missing data.
Ethical considerations
All patients gave their informed consent for participation
in this study. The study was approved by the institutional
review board of King Khalid University Hospital and
site-specific approval was obtained from each participating hospital.

RESULTS
Patient characteristics
Among 394 UC patients, 94.0% were of Saudi nationality
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0.2

Disease characteristics
According to the Montréal classification system, the
majority (68.4%) of our patients with disease were A2
(17.0-40.0 years) (Figure 1, Table 2). Extensive UC was
present in 42.7% (95%CI: 37.3-48.1) according to the
Montréal classification, while left-sided colitis was found
in 35.3% (95%CI: 30.0-40.0) and proctitis was found in
22% (95%CI: 17.5-26.5). In 51.3% (95%CI: 46.0-56.8)
of the patients the disease was in remission, mild UC was
found in 16.6% (95%CI: 12.5-20.7), moderate UC, 23.4%
(95%CI: 18.8-28.0) and severe UC occurred in 8.6%
(95%CI: 5.5-11.6), with a male predominance (Figure 2).
There was no significant difference in disease extent between different age groups.
Among our patients, 77.5% (95%CI: 73.2-82.2) had
infrequent relapse, 17.3% (95%CI: 13.3-21.5) had frequent relapse and 4.8% (95%CI: 2.4-7.1) had chronic
disease with no remission.
Treatment and response
During the disease course, the majority of patients were
treated with 5-ASA: 54.7% used the oral form, 7.3% topical, and 38.0% a combination of both. Moreover, 37.5%
of our patients had never used systemic steroids, 33.5%
had used it only once, and 8.6% had used it more than
three times. Additionally, 85.2% (95%CI: 78.9-91.4) were
steroid responsive, 7.0% (95%CI: 2.5-11.5) were steroid
dependent, and 6.2% (95%CI: 2.0-10.5) did not respond
to steroid treatment. In particular, patients with extensive
colitis (E3) were more likely to have been treated with
multiple courses of steroids. Immunomodulators were
used in 69 patients; most were treated with azathioprine
(97.1%). Anti-TNF drugs were used as maintenance
therapy in 33 patients (8.3%). Proctocolectomy was per-
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Table 2 Patients according to the Montreal classification
n = 394

Variables
Age, Montréal classification
A1
A2
A3
Extent, Montréal classification
E1
E2
E3
Severity, Montréal classification
S0
S1
S2
S3

Table 3 Extraintestinal manifestations
Variables

95%CI

7.3%
68.4%
24.2%

4.7-9.9
63.8-73.0
20.0-28.4

22.0%
35.3 %
42.7 %

17.4-26.5
30-40.5
37.3-48.5

51.4%
16.6%
23.4%
8.6%

46.0-57.0
12.5-20.6
18.75-28.0
5.5-11.6

PSC
Venous thrombosis
Eye manifestation
Stomatitis
Joint involvement
Bone manifestation
Osteoporosis
Osteopenia
Skin manifestation
Erythema nodosum
Pyoderma gangraenosum
Psoriasis
Others

A1: Those with age of diagnosis at 16 years or younger; A2 and A3 for age
of diagnosis at 17-40 years and > 40 years, respectively.

formed on 23 (5.8%) patients; it was performed after the
detection for dysplasia and cancer in 11 of these patients
and the rest were treated after failure of medical therapy.
Extraintestinal manifestations
With regards to extraintestinal manifestations, arthritis
was present in 17.5% (95%CI: 10.4-24.5) of the patients,
osteopenia in 30.5% (95%CI: 21.5-39.4) and osteoporosis
in 17.1% (95%CI: 9.8-24.4). Primary sclerosing cholangitis was found in 0.9% of the patients and deep vein
thrombosis was found in 1.9%, one of whom had a fatal
pulmonary embolism during hospitalization. Cutaneous
involvement was observed in 7.06% of our population;
the majority of these patients had an unspecific skin rash,
while 23.8% had erythema nodosum (Table 3).

DISCUSSION
This study is the largest and most comprehensive epidemiological study on UC in an Arab population, incorporating 394 UC patients by using data from a validated database web system. We found a slight male predominance,
which is consistent with previous studies from Saudi
Arabia[13,19,20] and other Arab populations in Kuwait[21] and
Lebanon[22]. This finding is also similar to those carried
out on a Turkish population[23], South Asians in the United Kingdom[24] and North American populations[25]. On
the contrary, studies from Iran[26] and Sri Lanka[27] have
shown a female predominance, while studies in Japan[28]
and Korea[29] and other Asian countries[30] have shown a
similar incidence in males and females.
In our series, extensive colitis was more common than
left-sided colitis and proctitis. Similar findings were observed in other Arabic countries, specifically Lebanon[22]
and Kuwait[21], and in western African, American and
Hispanic populations[31] and in Iran[32]. However, in other
Asian countries such as Korea[29], and Japan[33], proctitis
was more common, while in China[34], Singapore[35] and
Sir Lanka[27], left-sided colitis was more common. The differences could be attributed to the study settings because
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n = 312

95%CI

0.9%
1.9%
1.5%
1.5%
17.5%

0.01-2.0
0.3-3.3
0.1-2.9
0.1-2.9
10.4-24.5

17.1%
30.5%
7.06%
23.8%
4.8%
9.5%
61.9%

9.8-24.4
21.5-39.4
4.2-9.8
3.9-43
0.1-14
0.1-23.4
39.2-84.5

hospital-based studies are more likely to have a higher
proportion of extensive colitis patients than populationbased studies as these patients need more advanced care
and cannot be managed in primary care clinics.
The rate of osteoporosis and osteopenia in our
population were similar to those reported in other studies from Saudi Arabia[36], the United States[37] and Italy[38].
In contrast, a lower prevalence of osteoporosis was
reported from Iran[39] and Norway[40] and a recent large
retrospective database analysis in North America found a
lower prevalence of osteopenia and osteoporosis in UC
patients[41]. However, the latter study included only male
patients, only 30% of whom were treated with steroids,
compared to 62.5% in our study. Therefore, the difference could be attributed to the inclusion of only males
and the lower percentage of patients who were treated
with steroids. Moreover, we think that the higher prevalence of osteoporosis and osteopenia in our population
may be related to the high incidence of Vitamin D deficiency in Saudi Arabia rather than UC itself[42]. In comparison with Western populations[43], our population had
a higher rate of peripheral arthritis. However, our results
are similar to those of two other studies from Arabic
populations in Saudi Arabia[13] and Kuwait[44] and from
studies in Korea[45] and Hungary[46].
With regards to steroid therapy, 37.5% of our patients never used systemic steroids, which is similar to the
finding in a 5 year follow-up study on UC patients in the
United Kingdom[47]. In the same study, 82% of the patients had a complete or partial response to steroids and
18% showed no response; these findings are also similar
to those in our population (85.5% responded, 7.0% were
steroid dependent, and 6.2% did not respond to steroid
treatment). Similar findings were reported in a population-based study in Olmsted County, United States[48].
Although this is not a population-based study, a major
advantage of this cross-sectional prospective study is that
it was conducted on the largest cohort of Arab UC patients from four centers in an area that was, until recently,
not known to have a surge in the incidence of IBD.
In conclusion, the prevalence of UC seems to be
increasing in Saudi Arabia and the majority of UC cases
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Gender compared to severity using Montreal classification
S0

S1

Female
Male

47.35%

52.65%

50.45%

S2

54.44%

49.55%

S3

72.73%

45.56%

27.27%

Figure 2 Gender distribution for each disease grade based on severity according to the Montréal classification system.

are diagnosed in young people (17-40 years), with a male
preponderance. While the disease course was found to be
similar to that reported in Western countries, more similarities were found with Asian countries with regards to
the extent of the disease and response to steroid therapy.
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The disease affects at least the rectum and may spread to a varying extent but
continuously in the oral direction, up to the maximal form of ulcerative pancolitis
(endoscopy). Exceptions from classical ulcerative colitis are the “rectal sparing
colitis” and any form of the disease that occurs in conjunction with focal periappendicular involvement, which is separated from the inflamed portion by normal
mucosa.

Peer review

This paper addresses the clinical, epidemiological and phenotypic characteristics of UC in Saudi Arabia by studying the largest cohort of Arab UC patients
and concluded that prevalence of UC seems to be increasing in Saudi Arabia
and that the majority of UC cases are diagnosed in young people (17-40 years),
with a male preponderance. The authors also pointed out that while the disease
course was found to be similar to that reported in Western countries, more similarities were found with Asian countries with regards to the extent of the disease
and response to steroid therapy.
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Abstract
AIM: To assess the prognostic significance of cathepsin
L, a cysteine protease that degrades the peri-tumoral
tissue, in patients with pancreatic cancer.
METHODS: Plasma samples from 127 pancreatic cancer patients were analyzed for cathepsin L levels by
ELISA. Out of these patients, 25 underwent surgery
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and their paraffin-embedded tissue was analyzed for
cathepsin L expression by immunohistochemistry. Survival of patients and clinicopathological parameters was
correlated with cathepsin L expression in plasma and
tissue using appropriate statistical analysis.
RESULTS: The mean (± SD) cathepsin L in plasma
samples of pancreatic cancer patients was 5.98 ± 2.5
ng/mL that was significantly higher compared to the
levels in healthy controls (3.83 ± 0.45) or chronic pancreatitis patients (3.97 ± 1.06). Using ROC curve, a
cut-off level of 5.0 ng/mL was decided for survival analysis. Elevated plasma levels of cathepsin L were found
to be associated with poor prognosis (P = 0.01) in
multivariate analysis. The plasma levels of the protease
decreased after surgery. Though no significant correlation was seen between plasma and tissue expression of
this protease, a trend did emerge that high cathepsin
L expression in tissue correlated with its high levels in
plasma.
CONCLUSION: Cathepsin L levels in plasma of pancreatic cancer patients may be used as a potential prognostic marker for the disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cathepsin L; Pancreatic cancer; Overall median survival; Plasma
Core tip: Cathepsin L is a lysosomal cysteine protease,
which degrades extracellular matrix during cancer cell
invasion. It has been shown to have prognostic value in
pancreatic tumor tissue. But blood based markers can
be more useful. Elevated levels of cathepsin L in plasma
have been reported but no study has exhibited prognostic significance of cathepsin L levels in blood. This
study for the first time reported that elevated levels of
cathepsin L in plasma predict poor prognosis in pancreatic cancer and these levels decrease after surgery.
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INTRODUCTION
Pancreatic cancer is one of the leading causes of cancerrelated deaths with a 5-year survival rate of only 5%[1,2]. At
present, surgical resection is the only choice of treatment
for pancreatic cancer but post-resection recurrence is
common in 80%-90% of patients that undergo surgery[3].
Pancreatic cancer is an aggressive disease and the
major phenomena that contribute to this behavior are
invasion and rapid metastasis. Invasion and metastasis
of solid tumors requires the activity of tumor-associated
proteolytic enzymes. Cysteine proteases (Cathepsin B, cathepsin L, plasmin, μPA) are actively involved in modifying extracellular matrix and thus help in invasion[4-7].
Cathepsin L is expressed in human and mouse pancreas and has been found in the lysosomes of acinar cells
as well as in pancreatic juice[8]. In normal cells, the acidic
pH of the lysosomes activate it. However upon malignant transformation, instead of being transported into
the lysosomal compartment, cathepsins are often translocated to cell-surface and secreted into the surrounding
medium[9]. Thereafter the local acidic microenvironment
of the tumor facilitates the activity of extracellular cathepsin L[10] thus helping in invasion and metastasis[11,12].
Many cancers, of kidney, testicular, breast, ovary and
colon express cathepsin L in higher amounts than in
normal tissue[13]. Cathepsin L expression in tumor tissue
has been studied in bladder cancer[14], human gliomas[15],
nasopharyngeal cancer[16] and was found to predict poor
prognosis. It has also been evaluated for its prognostic
significance in pancreatic tumor tissue and was found to
correlate with poor survival[17]. However, it is difficult to
obtain pancreatic tissue because it is a deep-seated organ.
So, it was of interest to explore blood-based markers for
predicting prognosis.
Therefore, the aim of this study was to evaluate the
levels of cathepsin L protein in blood of pancreatic
cancer patients and to look for any clinical and/or prognostic significance of this protease in pancreatic cancer.
Also, the expression of this protein was assessed semiquantitatively in sections of pancreatic carcinomas in patients who underwent resection, to look for any correlation between the plasma levels and the protein expression
pattern in the tissue.

MATERIALS AND METHODS
Patients
The study was performed on 127 consecutive confirmed
pancreatic cancer patients who came to Department of
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Gastroenterology and Department of Gastrointestinal
Surgery, All India Institute of Medical Sciences between
2007 and 2011. The diagnosis was confirmed on the
basis of CE-CT scan (using pancreatic protocol) and/or
histopathological evidences. Patients that were found to
have Periampullary carcinoma, Neuroendocrine Tumor
or Insulinoma were excluded. The study was approved by
the institute’s Ethics Committee and informed consent
was taken from all patients who were recruited. Blood
samples of patients were drawn and collected in vacutainers. The plasma was separated by centrifuging at 2000
g for 10 min at room temperature, within two hours of
blood collection. The separated plasma was divided into
200 µL aliquots and stored at -80 ℃ till further use.
The plasma samples of 26 healthy subjects and 25
chronic pancreatitis patients were also collected as controls. It was confirmed that at the time of blood collection none of the healthy controls had any disease nor
they were on any medications. The diagnosis of chronic
pancreatitis was made based on ultrasound investigations
along with typical clinical history including recurrent pancreatic pain, steatorrhea and/or diabetes.
Of the 127 pancreatic cancer patients who were recruited, 25 underwent surgical resection of the tumor.
Surgery was done in patients with localized resectable
pancreatic cancer, one where the lesion is restricted to the
pancreas and its draining lymph nodes without involvement of the superior mesenteric artery, a patent superior
mesenteric/portal venous system and no distant metastasis. These specimens were processed at the Department of Pathology, AIIMS and the paraffin blocks were
prepared. Remaining patients were unresectable and were
offered other palliative or chemotherapeutic procedures.
Three month post-operative blood samples were collected from patients who underwent surgical tumor resection
and were processed and stored; their clinical data was
recorded to look for any recurrence of the disease.
ELISA for cathepsin L protein
The concentration of cathepsin L in the plasma of patients with carcinoma of pancreas was determined using
the ELISA kit (Calbiochem, Merck, United States) as per
manufacturer’s instructions. Standards of concentrations
- 25, 12.5, 6.25, 3.1 ng/mL were used. Undiluted plasma
samples were added in the designated wells of ELISA
plate. A standard curve for cathepsin L was plotted and
concentration of cathepsin L in plasma samples of patients was extrapolated from this curve.
Immunohistochemistry
The cathepsin L protein expression was determined by
immunohistochemical technique on formalin fixed paraffin-embedded tissue specimens of 25 patients who underwent surgical tumor resection. Sections (5 µm thick)
of formalin-fixed and paraffin-embedded specimens were
taken on poly-L-lysine (Sigma-Aldrich, United States)
coated glass slides and then deparaffinized serially with
xylene (2 washes), xylene: acetone (1:1), 100% ethanol,
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infiltrating ducts stained with cathepsin L were taken as
positive control. Staining was evaluated in the neoplastic
epithelium and in the intervening stroma independently.
In each slide, a minimum of 20 fields were evaluated using a × 10 objective lens. Average of scoring in all fields
examined was taken as the final score. The cathepsin L
expression pattern in tumor was compared to that of
non-neoplastic pancreatic tissue.

Table 1 Summary of clinical parameters of the patients with
carcinoma of pancreas (n = 127)
Clinical parameters
Pain
Jaundice
Anorexia
Wt. Loss
Diabetes
Chronic pancreatitis history
Common bile Duct dilated
Main Pancreatic Duct dilated
Locally advanced disease
Lymphatic invasion
Vascular encasement
Metastasis
Resectability
Chemotherapy

n (%)
93 (73.2)
83 (65.4)
106 (83.5)
107 (84.3)
38 (30.0)
17 (13.4)
84 (66.0)
98 (77.2)
87 (68.5)
50 (39.4)
59 (46.5)
52 (41.0)
25 (19.6)
59 (46.5)

90% ethanol, 70% ethanol (each for 10 min) and finally
with deionized water. Antigen retrieval was performed by
heating the slides at 100 ℃ for 30 min in 0.01 mol/L citrate buffer (pH 6.0). Endogenous peroxidases were then
blocked by incubation with 4% H2O2 (in methanol). To
block non-specific staining, background sniper (Biocare
Medical, United States) was applied to sections for 5 min.
After washing with TBS, the slides were incubated with
1:100 dilution (in TBS) of the primary antibody- antiCathepsin L (AbD Serotec, United Kingdom) overnight
at 4 ℃ followed by 3 washes in TBS. Sections were then
incubated with secondary antibody (Biocare Medical) for
15 min at room temperature and washed with TBS thrice.
The slides were subsequently incubated with peroxidases
(MACH 4 Universal HRP-Polymer kit, Biocare Medical) for 15 min followed by washing thrice (5 min each).
Finally, the slides were incubated with Diaminobenzidine
(DAB) solution (32 µL DAB + 1 µL substrate) followed
by washing with deionized water. After counterstaining
with haematoxylin, the slides were dried and mounted
with DPX.
Method for interpretation of immunostaining
Each slide was evaluated for cathepsin L immunostaining
using a semi-quantitative scoring system for both staining
intensity and the percentage of positive cells developed
in-house for the convenience of uniform reporting. Sections were scored as positive if immunopositivity was
noticed in either the cytoplasm or membrane of > 10%
of epithelial and stromal cells. The tissue sections were
scored based on the percentage of immunostained cells
as follows: 0-10% = 0; 11%-20% = 1; 21%-40% = 2;
41%-60%= 3; 61%-80% = 4; and 81%-100% = 5. Sections were also scored semi-quantitatively on the basis of
staining intensity as negative = 0; mild = 1; moderate =
2; intense = 3. The intensity of well standardized control
slides were taken as grade 3 intensity. When the stain was
just appreciable with light microscopy, it was graded as
grade 1 intensity. Any stain intensity in-between was graded as grade 2 intensity. Sections of carcinoma breast with
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Statistical analysis
To compare variables within two groups, Student’s t test,
Mann Whitney U test or chi square test were applied as
appropriate. For comparing parameters before and after
surgery, paired t test was used. Kaplan Meier method[18]
was used to measure cumulative survival probability as
a function of time and the cut-off was set by drawing
ROC (Receiver Operating Curve). The difference in survival time between groups was compared using Log Rank
test[19]. To find the significance of parameters as an independent prognostic marker, Cox regression multivariate
analysis was applied.
A P value of < 0.05 was considered as statistically
significant. The software SPSS 16.0 for Windows (SPSS
Inc., Chicago, IL, United States) was used for statistical
analysis.

RESULTS
Demographic, clinical and biochemical routine
investigations
The mean age of the patients in the study group was 55
± 10.2 years. Among the pancreatic cancer patients recruited in the study, 88 were males and 39 were females.
On the basis of imaging parameters, tumor was found
to be at resectable stage in 40 (31.4%) patients. But after further investigations, namely biopsy or FNAC, and
during surgery, the number of patients who actually had
resectable tumor was 25 (19.6%). Clinical investigations
describing the patient disease status are given in Table 1.
Amongst healthy controls taken in the study, 15 were
males and 11 were females with a mean age of 33 ± 14
years. Out of the 25 chronic pancreatitis patients included in this study, 17 were males and 8 were females with a
mean age of 34 ± 12 years.
Serum levels of CA19.9 were recorded for 96 (75.6%)
patients and the mean level was 2772.8 ± 981 U/mL.
Survival data
Of all the patients recruited in the study, 101 patients
died due to the disease, 8 patients were found living until
the last follow-up (3 years) done, 6 patients died due to
reason other than pancreatic cancer while 12 patients
were lost to follow-up. Overall survival time of the patients refers to the period between the day on which
sample was taken and the day of death of the patients.
The median overall survival time of all the patients taken
together was 5 mo (range 1-36 mo). Patients who were
lost to follow-up were considered alive and their survival
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cathepsin L levels of patients with resectable malignancy
was significantly (P < 0.001) higher than those of benign
pancreatic disease or healthy individuals (3.88 ± 0.81
ng/mL). Cathepsin L levels of patients with resectable
disease has been plotted in Figure 3 along with the levels
in patients of various categories of unresectable disease.
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Figure 2 Dot plot showing plasma cathepsin L levels in pancreatic cancer
patients with disease at stage Ⅰ (n = 19), stage Ⅱ (n = 29), stage Ⅲ (n =
31) or stage Ⅳ (n = 48).

time was recorded until the last follow-up.
Cathepsin L levels in plasma
ELISA was employed to assess cathepsin L levels in plasma samples of the 127 patients with pancreatic cancer.
The mean ± SD cathepsin L in plasma samples of pancreatic cancer patients was 5.98 ± 2.5 ng/mL. This was
significantly higher compared to the levels in healthy controls (3.83 ± 0.45 ng/mL) (independent t test; P < 0.001)
as well as to levels in chronic pancreatitis patients (3.97 ±
1.06 ng/mL) (independent t test; P < 0.001). A dot plot
showing the cathepsin L levels of patients with pancreatic cancer, chronic pancreatitis and healthy individuals is
given in Figure 1. However, no significant correlation was
observed between any of the clinicopathological parameters (like age, sex, tumor size, vascular encasement, lymphatic invasion, metastasis and disease stage) and plasma
cathepsin L levels. Figure 2 shows the cathepsin L levels
in patients with different disease stages as a dot plot.
Though a comparison of the cathepsin L levels between patients with resectable (n = 25) and unresectable (n
= 102) disease showed no significant difference (5.7 ± 1.8
ng/mL vs 6.0 ± 2.6 ng/mL respectively, P = 0.556), the
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Prognostic significance of cathepsin L in plasma
Receiver operating curve (ROC) analysis was used to
calculate the cut off for the survival analysis. The ROC
curve was drawn for cathepsin L and the area under the
curve was 0.724 (Figure 4A). The strength of the statistical association of cathepsin L levels in plasma with prognosis was assessed by Kaplan-Meier survival analysis.
Using ROC analysis, a cut-off level of cathepsin L
was taken at 5.0 ng/mL where optimal sensitivity and
specificity were 69.31% and 61.54% respectively. KaplanMeier univariate survival analysis showed significantly
reduced median overall survival of 4 months in patients
with increased level of plasma cathepsin L (> 5 ng/mL),
compared with median overall survival of 9 mo in the
patients with low concentrations (≤ 5 ng/mL) of plasma
cathepsin L (log rank test; P = 0.004) (P = 0.01; HR =
1.7, 95%CI: -1.15-2.25) (Tables 2 and 3). Kaplan-Meier
survival curve showing cumulative survival as a function
of time for low and high levels of cathepsin L is given in
Figure 4B.
Among the other clinicopathological parameters,
shorter survival correlated with patients having vascular
encasement (P = 0.003), metastasis (P = 0.001), locally
advanced disease (P = 0.008) and stage of the disease (P
= 0.004) as expected (Tables 2 and 3). However, CA19-9
levels did not correlate with survival (Figure 5).
Cox regression multivariate analysis indicated that
plasma level of cathepsin L (P = 0.01; HR = 1.7,
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line) or stage Ⅲ and Ⅳ (red line) disease (C).

95%CI:-1.1-2.5) and stage of the disease (P = 0.008; HR
= 1.7, 95%CI: -1.1-2.7) were independent prognostic factors for patients with pancreatic cancer (Table 3). KaplanMeier survival curve for stage of the disease is shown in
Figure 4C.
Cathepsin L in blood samples taken before and after
resection
Levels of cathepsin L were also examined in plasma of
14 patients collected 3 mo after resection of tumor. The
other 9 patients who underwent surgery either died before 3 mo or were not available for sample collection (their
survival data was recorded through phone). The mean
levels of cathepsin L before surgery were 6.6 ± 1.24 ng/
mL but decreased to 3.9 ± 1.1 ng/mL in samples taken 3
mo after surgery. There was a significant decrease found
in cathepsin L levels (P < 0.001) after surgery.
Correlation with CA19-9
No correlation was found between the levels of cathepsin L and CA19-9 marker (r = 0.148; P = 0.131) (n = 96).
However, in 14 patients who were followed up after resection, 10 patients showed recurrence of disease. Patients
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with distant recurrence (n = 3) after surgery had higher
levels of both cathepsin L (3.9 ± 2.2 ng/mL) and CA19-9
(3546 ± 1210 U/mL) compared to Cathepsin L (3.1 ± 1.7
ng/mL) and CA19-9 (457 ± 213 U/mL) in patients with
local recurrence (n = 7). The four patients who did not
have recurrence after 3 mo had even lower Cathepsin L
(2.5 ± 1.2 ng/mL) and CA19-9 (342 ± 212 U/mL).
Correlation between blood and tissue levels of
cathepsin L
As described above, 25 of these patients underwent surgical tumor resection and hence, their tumor tissue was
available. IHC for cathepsin L was performed on these
tissue specimens and graded as described previously. In
pancreatic tumor specimens, the expression of this cysteine protease was found mainly to be cytoplasmic and was
relatively stronger in tumor stroma, than that in epithelial
cells (Figure 6A and B). Cathepsin L expression was low
(none or weak immunoreactivity) in 12% (3/25) of cases
and high (moderate to strong) in 88% (22/25) of cases.
Non-neoplastic pancreatic tissue was used as a negative
control and showed minimal staining (Figure 6C).
To see the concordance between tissue and blood
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Table 2 Comparison of survival between groups in patients
with carcinoma of pancreas (n = 127)
Parameters

No. of
cases

Age(yr):
< 55
58
69
≥ 55
Sex:
Male
88
Female
39
Tumor mass (cm):
101
≥2
<2
26
Vascular encasement:
No
65
Yes
62
Locally advanced:
No
39
Yes
88
Lymphatic invasion:
No
73
Yes
54
Metastasis:
No
74
Yes
53
Surgery:
No
102
Yes
25
Chemotherapy:
Yes
73
No
54
Stage:
48
Ⅰ+ Ⅱ
79
Ⅲ+Ⅳ
Cathepsin L:
Low (≤ 5 ng/mL)
54
High (> 5 ng/mL)
73

Death

n (%)

1

Median survival in P value
months (95%CI)

46 (80.0)
54 (78.2)

5 (3.1-6.8)
7 (4.9-9.0)

0.313

70 (80.4)
30 (77.0)

6 (4.9-7.0)
5 (2.1-7.9)

0.682

82 (81.0)
18 (72.0)

6 (4.5-7.4)
5 (2.1-7.8)

0.202

46 (71.8)
53 (86.8)

6 (3.7-8.3)
4 (2.4-5.5)

0.003

28 (73.6)
72 (81.8)

8 (5.1-10.8)
5 (3.3-6.6)

0.008

55 (76.3)
45 (85.0)

6 (4.5-7.5)
6 (4.0-8.0)

0.231

55 (74.3)
45 (86.5)

9 (7.0-11.0)
3 (2.0-4.0)

0.001

81 (79.4)
20 (80.0)

6 (4.7-7.2)
6 (4.4-7.5)

0.349

57 (79.0)
43 (79.6)

6 (4.2-7.7)
4 (1.1-6.8)

0.602

35 (72.9)
66 (83.5)

9 (5.5-12.4)
5 (3.3-6.6)

0.004

38 (70.3)
63 (86.3)

9 (6.7-11.2)
4 (2.5-5.4)

0.004

1

Log rank test.

levels of cathepsin L, its expression in tumor tissue of
these 25 patients was compared with the levels in their
blood samples. The levels of cathepsin L in tissue as well
as in blood were individually divided into low expression
(0-4 scores) and high expression (5-8 scores) categories
and then analyzed for any correlation. As shown in Table
4, 18 patients had high expression both in the tissue as
well as plasma, 4 patients had high tissue expression of
cathepsin L but not in blood; while 3 patients had high
plasma levels of cathepsin L but low expression in tissues. Thus correlation of cathepsin L levels in blood and
tissue was rendered insignificant (P = 0.706) (Table 4).

DISCUSSION
The prognostic significance of cathepsin L expression
in tumor tissue has been studied in many cancers including bladder cancer[14], human gliomas[15], nasopharyngeal
cancer[16] and breast cancer[6,20,21]. In pancreatic cancer,
two studies have evaluated the prognostic significance
of cathepsin L expression in tumor tissue. Niedergethmann et al[17] showed expression of cathepsin L in 87.6%
of cases (n = 29) which exhibited significant correlation
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with survival after surgery. In a later study by the same
group[22], expression of both cathepsin L and cathepsin B
was assessed in 70 tumor tissues of pancreatic carcinoma.
Expression of both cathepsins was found to be significant independent prognostic markers by them. Similarly
in our previous study, it was found that high epithelial
expression of cathepsin L in pancreatic tumor tissue was
associated with poor survival of patients[23].
Many studies have shown the presence of cathepsin L
in blood of cancer patients. Nishida et al[24] demonstrated
that both mRNA and protein levels of cathepsin L in serum were increased in patients with ovarian cancers. Cathepsin L was also found to be elevated in the sera of patients with hepatocellular carcinoma as compared to that
of normal subjects as well as liver cirrhosis patients[25].
Similarly, in this study, the plasma levels of cathepsin L
were significantly elevated in patients with pancreatic
cancer as compared to that of healthy subjects. Hence,
it is possible that Cathepsin L levels may help in distinguishing patients with malignant disease from healthy
or benign cases. This is also in agreement with previous
studies[26,27] that evaluated serum cathepsin L levels in
pancreatic cancer. Both the studies showed significantly
elevated serum cathepsin L levels in patients with pancreatic carcinoma as compared to normal subjects and
pancreatitis patients.
To the best of our knowledge, the prognostic significance of cathepsin L levels in blood of pancreatic cancer
patients were not demonstrated previously. Very few
studies are available regarding the prognostic relevance of
serum/plasma levels of cathepsin L in patients of other
cancer types. High levels of plasma cathepsin L were
shown to be associated with poor survival in colorectal
cancer[28]. Chen et al[29] also evaluated cathepsin L levels
in serum of lung cancer patients but did not find any association with survival or other clinicopathological parameters. However, our results demonstrated significant correlation between cathepsin L levels in plasma of patients
and poor survival in univariate analysis (Table 2). On multivariate analysis, plasma cathepsin L level along with stage
of the disease was found to be an independent prognostic
marker for pancreatic adenocarcinoma (Table 3).
Post-surgery plasma samples of 14 patients who underwent resection were analyzed for cathepsin L levels.
There was a significant decrease in cathepsin L levels
after surgery. This decrease can be attributed to resection
of the tumor and hence reduced tumor load which may
be responsible for the release of cathepsin L in the tumor
microenvironment and subsequently in blood.
CA 19-9 also has a great relevance as a prognostic
factor in the post-operative period. In a study on pancreatic cancer, a high CA 19-9 serum level (greater than
200 U/mL) after surgery correlated with early mortality,
higher tumor stage and positive lymph nodes[30]. In our
study, the mean levels of cathepsin L and CA19-9 of
patients with distant recurrence was observed to be more
as compared to patients with local recurrence. However,
since the sample size is very small, no statistical test could
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Table 3 Unadjusted and adjusted hazard ratio for study parameters (Cox Regression)
Parameters

Deaths n (%)

No. of patients

Univariate Analysis
Unadjusted

Multivariate Analysis

P value

HR

HR

(95%CI)

(95%CI)

Age (yr)
< 55
≥ 55

58
69

46 (80.0)
54 (78.2)

1
0.8
(0.55-1.22)

0.337

Sex
Male
Female

88
39

70 (80.4)
30 (77.0)

1
0.9
(0.60-1.42)

0.720

Tumor mass (cm)
<2
≥2

26
101

18 (72.0)
82 (81.0)

1
1.3
(0.8-2.2)

0.234

Vascular encasement
No
Yes

65
62

46 (71.8)
53 (86.8)

1
1.7
(1.16-2.61)

0.007

Locally advanced
No
Yes

39
88

28 (73.6)
72 (81.8)

1
1.7
(1.12-2.76)

0.014

Lymphatic invasion
No
Yes

73
54

55 (76.3)
45 (85.0)

1
1.3
(0.85-1.89)

0.232

Metastasis
No
Yes

74
53

55 (74.3)
45 (86.5)

1
2.1
(1.4-3.1)

0.001

Surgery
No
Yes

102
25

81 (79.4)
20 (80.0)

1
0.79
(0.48-1.3)

0.380

Stage
Ⅰ+ Ⅱ
Ⅲ+Ⅳ

48
79

35 (72.9)
66 (83.5)

1
1.7
(1.1, 2.7)

Cathepsin L
Low (≤ 5 ng/mL)
High (> 5 ng/mL)

54
73

38 (70.3)
63 (87.5)

1
1.7
(1.15-2.25)

P value

Adjusted

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

0.008

1
1.7
(1.1-2.6)

0.008

0.010

1
1.7
(1.1-2.5)

0.010

Table 4 Association of cathepsin L in tissue and blood (n = 25)

1.0

P = 0.377

0.8

Cathepsin L in blood

P value

Cum survival

Low (≤ 5 ng/mL) High (> 5 ng/mL)
Cathepsin L in tissue
low (0-4 scores)
Cathepsin L in tissue
high (5-8 scores)

0.6

0.4
Low CA19.9

0.2

0

3

4

18

0.706

Mc Nemar χ 2 test applied.

High CA19.9
0.0
0

10

20
Survival (mo)

30

40

Figure 5 Kaplan meier survival curve for low (≤ 654 U/mL) and high (>
654 U/mL) CA19.9 levels in plasma of pancreatic cancer patients.
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be applied, though these observations show a trend that
cathepsin L levels might also be used to predict recurrence after surgery.
Cathepsin L expression in pancreatic tumor tissue
was assessed and the expression was significantly elevated
in tumor tissue as compared to non-neoplastic tissue.
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A

B

C

Figure 6 Photomicrographs showing (A) cathepsin L positivity identified at basal cell cytoplasm of malignant ducts in pancreatic adenocarcinoma (IHC
× 200) (B) cathepsin L stromal expression in pancreatic adenocarcinoma (IHC × 200) (C) Non- neoplastic region of the pancreas with minimal cathepsin L
expression (negative control) (IHC × 200).

Of the 25 patients who underwent surgery, plasma cathepsin L levels (ng/mL) were found to correlate neither
with cathepsin L expression (scores) in tumor epithelium
nor with stromal cathepsin L expression (scores). One
possible reason could be that expression of this protein
was assessed semi-quantitatively in tissue (in scores) and
quantitatively (in ng/mL) in blood samples which may
result in no correlation between the two.
For the above-mentioned reason, the levels of cathepsin L in tissue as well as in blood were individually
divided into low and high categories and then analyzed
for any correlation. Even though the number of samples
was too low to show any significant correlation between
the blood and tissue levels of cathepsin L, a trend did
emerge that high cathepsin L expression in tissue correlated with its high levels in blood.
In conclusion, this study showed that plasma cathepsin L may be used as an independent predictor of prognosis in pancreatic cancer. This protease may be one of
the factors responsible for tumor invasion, as its level was
found to be significantly higher in the pancreatic tumor
tissues in comparison to non-neoplastic adjacent tissues.
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Abstract
AIM: To investigate the significance of downregulation
of liver fatty acid-binding protein (L-FABP) expression in
hepatocellular carcinoma (HCC).
METHODS: Tissue microarrays of 146 cases of HCC
were used to perform immunohistochemical staining for L-FABP. For each L-FABP-negative HCC, further
immunohistochemical staining was performed using
a representative whole-tissue section to confirm the
downregulation of L-FABP expression and to assess
the intratumoral heterogeneity of the staining pattern.
Clinical data were retrieved from the clinical files, and
histological slides were reviewed. Immunohistochemical staining for cytokeratin (CK) 7, CK 19, β-catenin,
glutamine synthetase (GS), and serum amyloid A were
also performed on the tissue microarrays. Clinicopathological features of the L-FABP-negative and L-FABPpositive HCC cases were compared. Furthermore,
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L-FABP and GS gene expression in HCC and cholangiocarcinoma cell lines were analyzed using real-time
reverse transcription polymerase chain reaction. Mutation analysis of HNF1A [encoding hepatocyte nuclear
factor 1 (HNF1)α] was performed for L-FABP-negative
HCC cases.
RESULTS: Sixteen (10.9%) of the 146 cases of HCC
stained negative for L-FABP. When we examined the
correlation between the downregulation pattern of
L-FABP and tumor size, most cases of smaller HCC
(≤ 2 cm in diameter) exhibited focal downregulation,
while most cases of larger HCC (> 2 cm in diameter)
exhibited diffuse downregulation. The correlation was
statistically significant (P = 0.036). When the HCC was
smaller, the L-FABP-negative area often corresponded
to a “nodule-in-nodule” appearance. Among the small
HCC cases, tumor differentiation was significantly
lower, and the frequency of intratumoral inflammation
was significantly lower in L-FABP-negative cases than
in L-FABP-positive cases (P = 0.032 and P = 0.009,
respectively). The frequency of positivity for β-catenin
and GS staining was significantly higher in L-FABP-negative cases of small HCC than in L-FABP-positive cases
of small HCC (P = 0.009 and P = 0.000, respectively).
Among six HCC cell lines examined, four showed higher
expression of L-FABP, and the remaining two cell lines
showed lower or no expression of L-FABP. Two of the
16 L-FABP-negative HCC cases possessed a mutation in
exon 4 of HNF1A .
CONCLUSION: In smaller HCC, L-FABP downregulation
probably occurs because of phenotypic changes during tumor progression. Moreover, this downregulation
correlated with tumor differentiation and intratumoral
inflammation.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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tochemical staining; β-catenin
Core tip: The significance of the downregulation of
liver fatty acid-binding protein (L-FABP) expression in
hepatocellular carcinoma (HCC) is largely unknown. In
the present study, we performed immunohistochemical
staining for L-FABP in 146 cases of HCC. We found that,
in smaller HCC, L-FABP downregulation occurs, probably because of phenotypic changes during tumor progression. Moreover, L-FABP downregulation correlated
with tumor differentiation and intratumor inflammation.
Inoue M, Takahashi Y, Fujii T, Kitagawa M, Fukusato T. Significance of downregulation of liver fatty acid-binding protein
in hepatocellular carcinoma. World J Gastroenterol 2014;
20(46): 17541-17551 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i46/17541.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i46.17541

INTRODUCTION
Liver cancer is the fifth most common cancer in men
worldwide and the seventh most common cancer in
women. Furthermore, it has a high rate of mortality[1-4].
Hepatocellular carcinoma (HCC) accounts for approximately 90% of primary liver cancers[5]. Most cases of
HCC are associated with liver cirrhosis related to chronic
infection with hepatitis B virus (HBV) or hepatitis C virus (HCV). HCC is predominant among men, with the
mean age of patients who are diagnosed with HCC being
55-65 years[1].
Hepatocellular adenoma (HCA) is a benign liver neoplasm comprising hepatocytes. The incidence of HCA is
much lower than that of HCC, and 85% of all cases of
HCA occur in young women[6]. The major risk factor for
HCA is exposure to estrogenic or androgenic steroids,
and most young women with HCA use oral contraceptives. Although rare, HCA may show malignant transformation to HCC[7-9]. HCA is a heterogeneous entity,
and it is subclassified into four groups according to the
genotype and phenotype: hepatocyte nuclear factor 1
(HNF1)α-inactivated HCA (H-HCA), β-catenin-activated
HCA (β-HCA), inflammatory HCA (IHCA) and unclassified HCA[6,10].
Fatty acid-binding proteins (FABPs) bind and sequester potentially toxic long-chain fatty acids in the
cytosol so that they may be rapidly removed via oxidative
or storage organelles[11-13]. Mammals have a large family
of FABPs. Liver-FABP (L-FABP or FABP1) is the first
of the FABPs to be described so far. It is expressed in
very high levels in liver, intestine and kidneys[11]. FABP1
is positively regulated by HNF1α. Downregulation of
L-FABP expression is a characteristic feature of H-HCA
cases[6,14]. Therefore, the absence of L-FABP expression
in immunohistochemistry is an excellent diagnostic clue
for H-HCA. This subtype of HCA has several unique
clinicopathological features, including marked and dif-
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fuse steatosis, and absence of significant inflammation or
nuclear atypia[6,14].
While the downregulation of L-FABP expression
is critically important in the diagnostic classification of
HCA, and is correlated with various clinicopathological
features, the significance of downregulation of L-LABP
expression in HCC is largely unknown. In the present
study, we performed immunohistochemical staining of
L-FABP in 146 cases of HCC, and investigated the clinicopathological characteristics of HCC in terms of its
potential correlation with the downregulation of L-FABP
expression.

MATERIALS AND METHODS
Patient and clinical data
One hundred and thirty six HCC cases were retrieved
from the pathology archives of Toranomon Hospital,
and 10 HCC cases were retrieved from the pathology archives of Teikyo University Hospital from 2003 to 2010.
Clinical data, including age, sex, HBV or HCV infection,
and Child-Pugh classification, were retrieved from the
clinical files.
Pathological review
All cases of HCC were surgically resected. If multiple
nodules were present in a patient, a single representative
lesion was evaluated. Paraffin tissue sections were stained
with hematoxylin-eosin, Masson, and reticulin. Histological slides were reviewed by two hepatopathologists
(M.I. and T.F.). The results of the evaluation of the two
pathologists did not differ considerably. If there were any
minor differences of opinion, a final decision was made
after discussion. For each tumor, the following variables
were systematically recorded: tumor size, differentiation,
pseudo-glandular formations, nuclear grade, tumor stage,
presence of fatty change, inflammation, fibrosis and cholestasis. Tumor differentiation was evaluated according
to WHO classification[15]. Nuclear grade was evaluated
as grades 1-4 according to Armed Forces Institute of
Pathology grading system[16] and classified as low-grade
(grade 1 or 2) or high-grade (grade 3 or 4). Tumor stage
was evaluated according to the General Rules for the
Clinical and Pathological Study of Primary Liver Cancer
in Japan[17]. Fatty change was defined by the presence of
fat droplets in more than 10% of tumor cells. Inflammation was defined by the presence of focal or diffuse inflammatory infiltrate at 100× magnification. Fibrosis was
defined by the presence of fibrous septa. Cholestasis was
defined by the presence of bile pigment in tumor cells or
dilated canaliculi. In addition, the non-tumorous liver tissue was evaluated and classified as normal liver, chronic
hepatitis or liver cirrhosis.
Immunohistochemical staining and its evaluation
For immunohistochemical staining, tissue microarrays
of 146 cases of HCC were prepared using 3-mm tissue
cores. Formalin-fixed paraffin-embedded tissue sections,
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cut at 3-µm thickness, were deparaffinized with xylene
and rehydrated with graded ethanol. Immunohistochemistry was performed using Dako Autostaniner Link 48
(Dakocytomation, Glostrup, Denmark) and the following
primary antibodies: L-FABP (polyclonal; Abcam, Cambridge, United Kingdom; 1:50 dilution), cytokeratin (CK)
7 (clone: OV-TL12/30; Dakocytomation; 1:60 dilution),
CK 19 (clone: RCK108; Progen Biotechnik GmbH, Heidelberg, Germany; 1:60 dilution), β-catenin (clone: 14;
BD biosciences, Franklin Lakes, NJ, United States; 1:100
dilution), glutamine synthetase (GS) (clone: GS-6; Merk
Millipore, Billerica, MA, United States; 1:500 dilution)
and serum amyloid A (SAA) (clone: 115; Abcam; 1:350
dilution). Both CK 7 and CK 19 are markers of cholangiocytes, β-catenin and GS are markers of β-HCA, and
SAA is a marker of IHCA. After pretreatment, by heating in a water bath with citrate buffer (pH 6.0) for L-FABP,
CK 19, β-catenin, GS, and SAA, and with ethylenediaminetetraacetic acid buffer (pH 9.0) for CK 7 at 98 ℃
for 40 min, endogenous peroxidase was quenched with
3% hydrogen peroxide in distilled water for 5 min. The
slides were incubated with primary antibodies for 30 min
at room temperature, and the sections were then stained
by a detection method using EnVisonTM FLEX (Dakocytomation), according to the manufacturer’s protocol, and
counterstained with hematoxylin.
After staining for L-FABP, the results were considered
as positive if more than 5% of tumor cells stained positive. For each L-FABP-negative case of HCC, further immunohistochemical staining for L-FABP was performed
using a representative whole-tissue section to confirm the
downregulation of L-FABP expression and to assess the
intratumoral downregulation pattern. In the evaluation
of immunohistochemistry using whole-tissue sections,
the staining was considered negative if the L-FABP labeling index was less than 5% in some tumor areas. In such
cases, the downregulation pattern was considered as diffuse if the L-FABP labeling index was less than 5% in the
whole tumor tissue, and it was considered as focal if the
L-FABP labeling index was more than 5% in distinctive
areas within the tumor. For CK 7 and CK 19, the staining
was considered positive if more than 5% of tumor cells
stained positive. For β-catenin, the staining was considered positive if the nuclei of the tumor cells stained positive, irrespective of the number of positive cells. For GS,
the staining was considered positive if strong and diffuse
expression was observed in the tumor tissue. For SAA,
the staining was considered positive if more than 30% of
tumor cells stained positive.
Clinicopathological features were compared between
the L-FABP-negative and L-FABP-positive cases. We
found that the immunohistochemical staining pattern
for L-FABP tended to be different between smaller and
larger HCCs; hence, we divided the cases into small (≤ 2
cm in diameter) and large (> 2 cm in diameter) HCC. In
this study, we classified HCCs into small and large tumors
using the above-mentioned standard, because tumor
stage of HCC is classified using the same standard in the
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General Rules for the Clinical and Pathological Study of
Primary Liver Cancer in Japan[17]. Actually, staging systems using the same standard have been reported to better reflect patients’ prognosis[18-20]. The ethics committee
of Toranomon Hospital approved the overall design of
the study.
Real-time reverse transcription polymerase chain
reaction analysis of HCC and cholangiocarcinoma cell
lines
To confirm downregulation of L-FABP expression in
HCC in the in vitro system, we analyzed mRNA expression levels of the gene in six human HCC and two human cholangiocarcinoma cell lines by real-time reverse
transcription polymerase chain reaction (real-time RTPCR). We also analyzed mRNA expression levels of
the GS gene using the same cell lines to confirm the
correlation between L-FABP and GS expression. Six
human HCC cell lines (HepG2, HuH7, PLC-PRF-5,
Li-7, HLF, and HuH6) and two cholangiocarcinoma
cell lines (HuCCT1 and RBE) were cultured, as previously described[21]. Total RNA was extracted from the
eight cell lines using RNeasy Plus Mini kit (Qiagen,
Valencia, CA, United States) and reverse transcribed using the QuantiTect Reverse Transcription kit (Qiagen).
An Agilent 2100 Bioanalyzer (Agilent Technologies,
Waldbronn, Germany) assessed the quality and quantity of the RNA samples. An ABI 7300 real-time PCR
system and the Power SYBR Green PCR Master Mix
kit (Life Technologies, Carlsbad, CA, United States) performed the quantitative real-time PCR. The primers for
complementary DNA amplification of L-FABP, GS, and
TATA box-binding protein (TBP) genes were as follows:
L-FABP, (forward) GCTGGGTCCAAAGTGATCCA
and (reverse) TGTCACCTTCCAACTGAACCA; GS,
(forward) GGTACTGGAGAAGGACTGCG and (reverse) CCATCGAAATTCCACTCAGGC; TBP, (forward) ACCACGGCACTGATTTTCAGTT and (reverse)
GCATATTTTCTTGCTGCCAGTCT. TBP was used as
an internal control. All the samples were assayed in triplicate. Absolute quantification of the copy number of each
gene was performed using a standard curve constructed
with serially diluted control plasmids obtained by TA
cloning from the PCR products of normal liver tissue.
The expression level of TBP mRNA normalized the
mRNA expression level of each gene.
Mutation analysis of HNF1A: We performed mutation analysis of HNF1A for all L-FABP-negative HCC
tissues. After deparaffinization and rehydration, DNA
extraction was performed using QIAamp DNA FFPE
Tissue Kit (Qiagen), following the manufacturer’s protocol. In HCC cases with focal downregulation of L-FABP,
DNA was extracted separately from the L-FABP-positive
and L-FABP-negative areas. A mutation was detected in
both L-FABP-negative and L-FABP-positive areas in one
HCC case, and the non-tumorous liver tissue was also
examined in that case. We chose to study exons 3 and 4
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Positive

Table 1 Clinicopathological characteristics of the cases n (%)
Characteristics

n = 146

Age (yr)
36-60
61-70
71-82
Gender
Male
Female
Viral infection
HBV
HCV
NonB nonC
Child-Pugh classification
A
B
C
Background liver tissue
Normal
Chronic hepatitis
Liver cirrhosis
Tumor size (mm)
8-10
11-20
21-30
31-250
Differentiation
Well
Moderate
Poor
Pseudoglandular pattern
Absent
Present
Nuclear grade
Low
High
Fatty change
Absent
Present
Inflammation
Absent
Present
Fibrosis
Absent
Present
Cholestasis
Absent
Present
Tumor stage
1
2
3
4
L-FABP immunostaining
Negative
Positive
CK 7 immunostaining
Negative
Positive
CK 19 immunostaining
Negative
Positive
β-catenin immunostaining
Negative
Positive
GS immunostaining
Negative
Positive
SAA immunostaining

64.2 ± 10.1
49 (33.6)
51 (34.9)
46 (31.5)
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105 (72.0)
41 (28.0)
32 (22.0)
98 (67.1)
16 (10.9)
139 (95.2)
7 (4.8)
0 (0)
4 (2.8)
56 (39.7)
81 (57.5)
27.3 ± 25.4
7 (4.8)
78 (53.4)
29 (19.9)
32 (21.9)
33 (22.6)
93 (63.7)
20 (13.7)
97 (66.4)
49 (33.6)
116 (79.5)
30 (20.5)
121 (82.9)
25 (17.1)
75 (51.4)
71 (48.6)
104 (71.2)
42 (28.8)
95 (65.0)
51 (35.0)
65 (44.5)
61 (41.8)
16 (11.0)
4 (2.7)
16 (10.9)
130 (89.1)
68 (46.6)
78 (53.4)
136 (93.2)
10 (6.8)
101 (69.2)
45 (30.8)
110 (75.3)
36 (24.7)

136 (93.2)
10 (6.8)

HBV: Hepatitis B virus; HCV: Hepatitis C virus; L-FABP: Liver fatty acidbinding protein; CK: Cytokeratin; GS: Glutamine synthetase; SAA: Serum
amyloid A. Background liver tissue could not be evaluated in five cases.

of HNF1A because more than half of the mutations are
reported to occur in these exons in HCAs[10,22]. The primers used for the mutation analysis were as follows: exon 3,
(forward) TCTGTGCCTGCAGAGTTCAC and (reverse)
CACTAGCGTCTCTCGCTCCT; exon 4, (forward)
AGGTGCGTGTCTACAACTGG and (reverse) CCTTGTCCCCACATACCACT. After PCR was performed
using a Veriti Thermal Cycler (Life Technologies), the
amplicons of these genes were directly sequenced using
a 3130xl Genetic Analyzer (Life Technologies) to determine mutations.
Statistical analysis
Statistical analysis was performed for the 146 HCC cases.
Patients’ age and tumor size are presented as mean ± SD.
Student’s t-test was performed to assess the significance
of differences for these variables. The Mann-Whitney U
test was used to compare tumor differentiation, tumor
stage, background liver tissue, and Child-Pugh classification. Other frequency and categorical data were compared using Fisher’s exact test. P values of < 0.05 were
considered statistically significant.

RESULTS
Clinicopathological characteristics of the cases
We evaluated the clinicopathological characteristics of
146 cases of HCC (Table 1). Sixteen (10.9%) of the 146
cases tested negative for L-FABP after immunohistochemical staining of tissue microarrays (Figure 1A, B).
For each L-FABP-negative HCC, further immunohistochemical staining for L-FABP was performed using
a representative whole-tissue section to confirm the
downregulation of L-FABP expression and to assess the
intratumoral heterogeneity of the staining pattern. As a
result, the absence of L-FABP expression was confirmed
using the whole-tissue section for all 16 cases. Among the
above-mentioned 16 L-FABP-negative cases, ten cases
exhibited focal downregulation (Figure 1C), and six cases
exhibited diffuse downregulation (Figure 1D). Nontumorous hepatocytes were positive for L-FABP in all
cases.
Correlation between L-FABP downregulation pattern and
tumor size
When the correlation between the downregulation pattern of L-FABP expression and tumor size was examined, among the above-mentioned 16 L-FABP-negative
cases, most small HCC cases (≤ 2 cm in diameter) exhibited focal downregulation, and most large HCC cases (>
2 cm in diameter) exhibited diffuse downregulation. The
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Figure 1 Immunohistochemical staining of liver fatty acid-binding protein in hepatocellular carcinoma. A: Representative liver fatty acid-binding protein (LFABP)-negative case of hepatocellular carcinoma (HCC) identified by examination using tissue microarrays; B: Representative L-FABP-positive case of HCC identified by examination using tissue microarrays; C: Focal downregulation of L-FABP expression was observed in a case of small HCC (white arrows show the boundary
between L-FABP-negative and L-FABP-positive areas, and black arrows show the boundary between tumorous and non-tumorous areas); D: Diffuse downregulation
was observed in a case of large HCC (black arrows show the boundary between tumorous and non-tumorous areas).

patients were significantly younger than L-FABP-positive
patients (54.6 ± 10.8 years vs 64.8 ± 10.7 years, P = 0.044).
No significant correlations were observed between the
expression of L-FABP and sex, viral infection, or ChildPugh classification.

Table 2 Correlation between liver fatty acid-binding protein
downregulation pattern and tumor size n (%)
Tumor ≤ 2 cm Tumor > 2 cm P value
n =5
n = 11
Focal downregulation (n = 10)
Diffuse downregulation (n = 6)

9 (81.8)
2 (18.2)

1 (20.0)
4 (80.0)

0.036a

a

P < 0.05, small HCC cases vs large HCC cases. HCC: Hepatocellular carcinoma.

correlation was statistically significant (P = 0.036) (Table
2). In small HCCs, the L-FABP-negative area often corresponded to a “nodule-in-nodule” appearance. The
downregulation pattern of L-FABP expression tended to
be different between small and large HCC; therefore, we
divided the cases into small and large HCC in subsequent
analyses.
Relationship between L-FABP expression and clinical
features
Table 3 shows the relationship between the expression
of L-FABP and clinical features. Among patients with
small HCC, those who were negative for L-FABP were
significantly older than those who were positive for
L-FABP (71.3 ± 7.6 years vs 63.4 ± 9.3 years, P = 0.009).
Conversely, in cases of large HCC, L-FABP-negative
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Relationship between L-FABP expression and
pathological features
Table 4 shows the relationship between the expression of
L-FABP and pathological features. Tumor differentiation
was significantly poorer in L-FABP-negative small HCCs
than in L-FABP-positive small HCCs (P = 0.032) (Figure
2A, B). All L-FABP-negative HCCs were moderately or
poorly differentiated, irrespective of the tumor size. Furthermore, in small HCCs, the frequency of intratumoral
inflammation was significantly lower in L-FABP-negative
cases than in L-FABP-positive cases (P = 0.009) (Figure
2C, D). In large HCCs, no significant correlations were
observed between the expression of L-FABP and the
pathological features examined.
Relationship between L-FABP expression and other
immunohistochemical markers
Table 5 shows the relationship between the expression of
L-FABP and the expression of other immunohistochemical markers. The frequency of positivity for β-catenin
(Figure 3A, B) and GS (Figure 3C, D) was significantly
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Table 3 Relation between liver fatty acid-binding protein expression and clinical features n (%)
Characteristics

Tumor size ≤ 2 cm

P value

L-FABP negative L-FABP positive
n = 11
n = 74
Age
71.3 ± 7.6
Gender
Male
7 (63.6)
Female
4 (36.4)
Viral infection
HBV
3 (27.3)
HCV
7 (63.6)
NonB nonC
1 (9.1)
Child-Pugh classification
A
11 (100)
B
0 (0)
C
0 (0)

63.4 ± 9.3

0.009b
0.729

52 (70.3)
22 (29.7)
16 (21.6)
50 (67.6)
8 (10.8)

Tumor size > 2 cm

P value

L-FABP negative L-FABP positive
n =5
n = 56

0.465
0.732
0.671
0.499

71 (95.9)
3 (4.1)
0 (0)

54.6 ± 10.8

64.8 ± 10.7

5 (100)
0 (0)

41 (73.2)
15 (26.8)

2 (40.0)
3 (60.0)
0 (0)

11 (19.6)
38 (67.9)
7 (12.5)

5 (100)
0 (0)
0 (0)

P value

Total
L-FABP negative L-FABP positive
n = 16
n = 130

0.044a
0.320

0.286
0.806
0.531
0.540

52 (92.9)
4 (7.1)
0 (0)

66.0 ± 11.5

64.0 ± 9.9

12 (75.0)
4 (25.0)

93 (71.5)
37 (28.5)

5 (31.3)
10 (62.5)
1 (6.2)

27 (20.8)
88 (67.7)
15 (11.5)

16 (100)
0 (0)
0 (0)

123 (94.6)
7 (5.4)
0 (0)

0.462
0.771

0.253
0.761
0.451
0.343

a

P < 0.05, 54.6 ± 10.8 years vs 64.8 ± 10.7 years; bP < 0.01, 71.3 ± 7.6 years vs 63.4 ± 9.3 years. L-FABP: Liver fatty acid-binding protein; HBV: Hepatitis B virus;
HCV: Hepatitis C virus.

Table 4 Relation between liver fatty acid-binding protein expression and pathological features n (%)
Characteristics

Tumor size ≤ 2 cm

P value

L-FABP negative L-FABP positive
n = 11
n = 74
Tumor size
16.0 ± 2.1
(mm)
Differentiation
Well
0 (0.0)
Moderate
10 (90.9)
Poor
1 (9.1)
Pseudoglandular pattern
Absent
8 (72.7)
Present
3 (27.3)
Nuclear grade
Low
8 (72.7)
High
3 (27.3)
Fatty change
Absent
9 (81.8)
Present
2 (18.2)
Inflammation
Absent
9 (81.8)
Present
2 (18.2)
Fibrosis
Absent
10 (90.9)
Present
1 (9.1)
Cholestasis
Absent
9 (81.8)
Present
2 (18.2)
Tumor stage
1
8 (72.7)
2
3 (27.3)
3
0 (0.0)
4
0 (0.0)
Background liver tissue
Normal
0 (0.0)
CH
3 (27.3)
LC
8 (72.7)

15.8 ± 3.3

Tumor size > 2 cm

0.566

45.4 ± 29.5

43.3 ± 33.6

0 (0.0)
4 (80.0)
1 (20.0)

7 (12.5)
36 (64.3)
13 (23.2)

2 (40.0)
3 (60.0)

38 (67.9)
18 (32.1)

4 (80.0)
1 (20.0)

42 (75.0)
14 (25.0)

5 (100.0)
0 (0.0)

47 (83.9)
9 (16.1)

0.032a
26 (35.1)
43 (58.1)
5 (6.8)

29 (39.2)
45 (60.8)

3 (60.0)
2 (40.0)

34 (60.7)
22 (39.3)

4 (80.0)
1 (20.0)

37 (66.1)
19 (33.9)

4 (80.0)
1 (20.0)

34 (60.7)
22 (39.3)

10 (62.5)
6 (37.5)

87 (66.9)
43 (33.1)

12 (75.0)
4 (25.0)

104 (80.0)
26 (20.0)

14 (87.5)
2 (12.5)

107 (82.3)
23 (17.7)

12 (75.0)
4 (25.0)

63 (48.5)
67 (51.5)

14 (87.5)
2 (12.5)

90 (69.2)
40 (30.8)

13 (81.3)
3 (18.7)

82 (63.1)
48 (36.9)

0 (0.0)
3 (60.0)
2 (40.0)
0 (0.0)

1 (1.8)
37 (66.1)
14 (25.0)
4 (7.1)

8 (50.0)
6 (37.5)
2 (12.5)
0 (0.0)

57 (43.8)
55 (42.3)
14 (10.8)
4 (3.1)

0 (0.0)
2 (40.0)
3 (60.0)

4 (7.7)
26 (50.0)
22 (42.3)

0 (0.0)
5 (31.3)
11 (68.7)

4 (3.2)
51 (40.8)
70 (56.0)

0.652
0.110

0.461

0.424

0.458

0.039a

0.105

0.369

0.120

0.789

0.649
0 (0.0)
25 (34.2)
48 (65.8)

33 (25.4)
79 (60.8)
18 (13.8)

0.466

0.833
56 (75.7)
18 (24.3)
0 (0.0)
0 (0.0)

0 (0.0)
14 (87.5)
2 (12.5)

0.660

0.224
48 (64.9)
26 (35.1)

27.6 ± 26.0

0.436

0.160
53 (71.6)
21 (28.4)

25.2 ± 20.8

0.641

0.659

0.009b

0.931

0.218

0.299
62 (83.8)
12 (16.2)

P value

Total
L-FABP negative L-FABP positive
n = 16
n = 130

0.766

0.478
49 (66.2)
25 (33.8)

60 (81.1)
14 (18.9)

P value

L-FABP negative L-FABP positive
n =5
n = 56

0.646

0.394

0.301

a

P < 0.05, L-FABP-negative small HCCs vs L-FABP-positive small HCCs; bP < 0.01, L-FABP-negative cases vs in L-FABP-positive cases. Background liver tissue could not be evaluated in five cases. L-FABP: Liver fatty acid-binding protein; CH: Chronic hepatitis; LC: Liver cirrhosis.

higher in L-FABP-negative small HCCs than in L-FABPpositive small HCCs (P = 0.009 and P = 0.000, respec-
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tively). In large HCCs, no significant correlations were
observed between the expression of L-FABP and the
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A

Figure 2 Pathological features of liver fatty acid-binding
protein-negative and liver fatty acid-binding proteinpositive cases of small hepatocellular carcinoma. A: Most
liver fatty acid-binding protein (L-FABP)-negative cases of hepatocellular carcinoma (HCC) were moderately differentiated
tumors; B: L-FABP-positive cases of HCC were often well differentiated tumors; C: Intratumoral inflammation was rare in
L-FABP-negative cases of HCC; D: Intratumoral inflammation
was often observed in L-FABP-positive cases of HCC (arrows)
(hematoxylin and eosin stain).
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100 mm
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Table 5 Relation between liver fatty acid-binding protein expression and other immunohistochemical markers n (%)
Immunostaining

Tumor size ≤ 2 cm

P value

L-FABP negative L-FABP positive
n = 11
n = 74
CK 7
Negative
Positive
CK 19
Negative
Positive
β-catenin
Negative
Positive
GS
Negative
Positive
SAA
Negative
Positive

Tumor size > 2 cm

0.430
4 (36.4)
7 (63.6)

33 (44.6)
41 (55.4)

11 (100)
0 (0)

68 (91.9)
6 (8.1)

4 (36.4)
7 (63.6)

57 (77.0)
17 (23.0)
62 (83.8)
12 (16.2)

11 (100)
0 (0)

65 (87.8)
9 (12.2)

0.009b

0.000b

P value

Total
L-FABP negative L-FABP positive
n = 16
n = 130

0.515
3 (60.0)
2 (40.0)

28 (50.0)
28 (50.0)

0.423

3 (27.3)
8 (72.7)

P value

L-FABP negative L-FABP positive
n =5
n = 56

0.512
7 (43.8)
9 (56.2)

61 (46.9)
69 (53.1)

16 (100)
0 (0)

120 (92.3)
10 (7.7)

8 (50.0)
8 (50.0)

93 (71.5)
37 (28.5)

6 (37.5)
10 (62.5)

104 (80.0)
26 (20.0)

16 (100)
0 (0)

120 (92.3)
10 (7.7)

0.703
5 (100)
0 (0)

52 (92.9)
4 (7.1)

0.301

0.433
4 (80.0)
1 (20.0)

36 (64.3)
20 (35.7)

0.073

0.393
3 (60.0)
2 (40.0)

42 (75.0)
14 (25.0)

5 (100)
0 (0)

55 (98.2)
1 (1.8)

0.268

0.918

0.001b

0.301

b

P < 0.01, L-FABP-negative small HCCs vs L-FABP-positive small HCCs. L-FABP: Liver fatty acid-binding protein; CK: Cytokeratin; GS: Glutamine synthetase; SAA: Serum amyloid A; HCC: Hepatocellular carcinoma.

expression of other immunohistochemical markers.
L-FABP and GS gene expression in HCC and CC cell
lines
Figure 4A, B show the expression levels of L-FABP
and GS mRNA in each cell line, as determined by realtime RT-PCR. Among the six HCC cell lines examined,
HepG2, HuH7, PLC, and HuH6 showed higher expression of L-FABP. However, Li-7 and HLF showed lower
expression of L-FABP; in particular, L-FABP expression
was almost undetectable in HLF. Expression levels of
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L-FABP were very low or undetectable in the two CC cell
lines examined (HuCCT1 and RBE). No obvious correlation was observed between L-FABP and GS expression
in HCC cell lines.
Mutation of HNF1A in L-FABP-negative HCCs: We
performed mutation analysis of exons 3 and 4 of HNF1A for the 16 L-FABP-negative HCC cases and found
that two cases had mutations. Both of the cases showed
focal downregulation of L-FABP. One case had a missense mutation (926C>T, P309L) only in the L-FABP-
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Figure 3 Immunohistochemical features of liver fatty acid-binding protein-negative and liver fatty acid-binding protein-positive cases of small hepatocellular carcinoma. A: Intranuclear β-catenin was often expressed in liver fatty acid-binding protein (L-FABP)-negative cases of hepatocellular carcinoma (HCC); B: Intranuclear β-catenin was usually not expressed in L-FABP-positive cases of HCC; C: Glutamine synthetase (GS) was often positive in L-FABP-negative cases of HCC; D:
GS was usually negative in L-FABP-positive cases of HCC.
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Figure 4 Expression levels of liver fatty acid-binding protein and glutamine synthetase mRNA in human hepatocellular carcinoma and cholangiocarcinoma cell lines. A: Among six hepatocellular carcinoma (HCC) cell lines examined, HepG2, HuH7, PLC, and HuH6 showed higher expression of liver fatty acid-binding
protein (L-FABP). However, Li-7 and HLF showed lower expression of L-FABP. In particular, L-FABP expression was almost undetectable in HLF. Expression levels of
L-FABP were very low in two CC cell lines examined (HuCCT1 and RBE); B: No obvious correlation was observed between L-FABP and glutamine synthetase expression in HCC cell lines.

area was relatively low (approximately 10%). Mutations
were not observed in the non-tumorous liver tissue in
this case. The remaining 14 tumors had no mutations.

P309L
G

C

C

T C

T A C C

T G
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DISCUSSION
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Figure 5 Mutation analysis of HNF1A. One liver fatty acid-binding protein
(L-FABP)-negative hepatocellular carcinoma case had a missense mutation
(926C>T, P309L), only in the L-FABP-negative tumor area.

negative area (Figure 5). The other case had a frame-shift
mutation (872_873delC, P291fs) in both the L-FABPnegative and L-FABP-positive tumor areas. In this case,
the L-FABP labeling index in the L-FABP-positive tumor
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In the present study, we performed immunohistochemical staining for L-FABP using 146 cases of HCC. In
small (≤ 2 cm in diameter) HCCs, focal downregulation
of L-FABP expression was usually noted, and it was significantly correlated with the patient age, tumor differentiation, and the frequency of intratumor inflammation, as
well as the expression of β-catenin and GS.
In recent years, the molecular and clinicopathological study of HCA has progressed, and HCA has been
divided into four subtypes: H-HCA, β-HCA, IHCA, and
unclassified HCA[6,10]. Immunohistochemical staining for
L-FABP, β-catenin, GS, and SAA is critical for the pathological diagnosis of these four subtypes. The absence of
L-FABP expression is characteristic of H-HCA. Strong
and diffuse expression of GS (a target of β-catenin),
which is associated with aberrant cytoplasmic and nuclear
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expression of β -catenin, is characteristic of β -HCA.
IHCA is characterized by the increased expression of
SAA. Each HCA subtype has unique clinicopathological
features. H-HCA shows typically prominent and diffuse
steatosis, as well as the absence of substantial inflammation or nuclear atypia. In β-HCA, which has an increased
risk of malignant transformation, steatosis and inflammation are usually absent, and nuclear atypia and a pseudoglandular growth patterns are frequently observed. IHCA
typically exhibits focal or diffuse inflammation and sinusoidal dilatation. However, the significance of these immunohistochemical markers, especially L-FABP in HCC,
is largely unknown.
In the present study, 10.9% of the cases of HCC exhibited downregulation of L-FABP expression, suggesting that downregulation of the protein is not specific to
HCA. In small HCCs, we often noted focal downregulation of L-FABP expression, and this often corresponded
to the “nodule-in-nodule” appearance. Conversely, in
large HCCs, we often noted diffuse downregulation of
L-FABP expression in the tumor tissue. In general, the
tumor tissue of H-HCA is almost completely negative
for L-FABP[6]. Therefore, most small HCCs with downregulation of L-FABP expression do not represent malignant transformation of H-HCA, but rather represent
phenotypic changes in tumor progression. The fact that
differentiation of L-FABP-negative cases was significantly lower than that of L-FABP-positive cases in the
present study reinforces this hypothesis. In large HCCs,
although the regions with such phenotypic changes may
grow to demonstrate diffuse distribution, several cases
may represent malignant transformation of H-HCA.
In general, HCAs exhibiting malignant transformation
are large, and the diameters of such tumors are usually
greater than 5 cm[23]. In addition, individuals with HCA
are much younger than those with HCC[6]. In the present
study, among those with large HCC, L-FABP-negative
patients were significantly younger than L-FABP-positive
patients. This distribution is probably because several
L-FABP-negative cases of large HCC represent malignant transformation of H-HCA. However, no obvious
component of HCA was confirmed in any of the cases
upon pathological review. The reason behind the agerelated differences, where L-FABP-negative patients were
significantly older than L-FABP-positive patients for
small HCCs, is difficult to answer, and further studies are
needed to address this issue.
In small HCCs, the frequency of β-catenin and GS
immunostaining were significantly higher in L-FABPnegative cases than in L-FABP-positive cases. In a previous examination of 96 liver tumors with a confirmed or
possible diagnosis of HCA, no tumors were mutated in
both HNF1α and β-catenin[10]. Accordingly, mutations
of HNF1A (the gene encoding HNF1α) and β-catenin
genes may be directly related to tumorigenesis in HCAs;
however, mutations of these two genes might occur during tumor progression in HCCs. In the present study, the
frequency of intratumoral inflammation in L-FABP-neg-
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ative cases was significantly lower than that in L-FABPpositive cases of small HCC. This histopathological
feature coincides with that of H-HCA and β-HCA. In
general, steatosis is prominent, and nuclear atypia of tumor cells are inconspicuous in H-HCA[6,14]. However, in
the present study, L-FABP-negativity was not significantly
associated with steatosis and nuclear atypia in HCC. In
general, nuclear atypia is prominent in β-HCA[6,14], and
steatosis is inconspicuous in cases of HCC with a higher
expression of GS[24]. Therefore, with regard to steatosis
and nuclear atypia, the influence of HNF1α and L-FABP
inactivation might have been counteracted by β-catenin
and GS activation in small HCCs. In large HCCs, no obvious differences in pathological features were observed
between L-FABP-negative and L-FABP-positive cases.
This may be because various genetic mutations might
have accumulated during tumor growth, thereby masking
the influence of HNF1α and L-FABP inactivation.
In the real-time RT-PCR analysis using cell lines,
many human HCC cell lines showed higher expression of
L-FABP, but a small number of HCC cell lines showed
lower or no expression of the gene. This result coincides
with the results of immunohistochemical analysis using
HCC tissues. In the immunohistochemical analysis using
HCC tissues, significant correlation between L-FABP and
GS expression was observed only in small tumors, and
this correlation was not observed in the analysis of cell
lines.
L-FABP is positively regulated by HNF1α. In the
present study, we performed mutation analysis of exons
3 and 4 of HNF1A for 16 L-FABP-negative HCC cases,
and found mutations in only two cases. In a previous
study, 44 of 96 (46%) HCA cases possessed mutations in
HNF1A, and those mutated cases showed phenotypes
consistent with H-HCA[10]. In another study, 10 of 16
(63%) HCA cases possessed mutations in HNF1A[22].
More than half of the mutations were observed in exons
3 and 4 in those studies. Therefore, the frequency of mutations in exons 3 and 4 of HNF1A in L-FABP-negative
HCCs in the present study was lower than that in HCAs.
Many of the L-FABP-negative HCCs may possess inactivating mutations of HNF1A in sites other than in exons
3 and 4, or mechanisms other than mutations in HNF1A
may be associated with the downregulation of L-FABP
in HCC. In the present study, a mutation of HNF1A was
observed not only in the L-FABP-negative area, but also
in the L-FABP-positive area in one HCC. In this case, the
labeling index of L-FABP in the L-FABP-positive tumor
area was relatively low (approximately 10%). It is conceivable that admixed L-FABP-negative tumor cells had the
mutation in HNF1A. This was a somatic mutation because no mutations were observed in the non-tumorous
liver tissue.
To date, only one study has reported immunohistochemical staining for L-FABP using a series of HCC
cases[25]. In that study, approximately 52% of the cases
of HCC were positive for L-FABP. Accordingly, the frequency of downregulation of L-FABP expression was
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higher than in the present study. However, the results of
both studies cannot be directly compared, because different antibodies and staining methods were used. In addition, in the previous study, one representative tissue section was immunostained for each case, and the detailed
criteria for L-FABP positivity were not described. In the
present study, we used tissue microarrays to examine the
frequency of L-FABP-positive or L-FABP–negative cases
because it was difficult to perform immunohistochemical
staining using whole-tissue sections for as many as 146
HCC cases. We evaluated the results of immunohistochemical staining for L-FABP as positive if more than
5% of tumor cells were stained positive. However, as
shown in Table 2, more than half of L-FABP-negative
cases showed only focal downregulation when evaluated
by whole-tissue sections. Therefore, the possibility of
sampling bias may not be negligible and further studies
are needed to examine more accurately the frequency of
L-FABP positivity in HCC. The previous study did not
observe different L-FABP downregulation patterns between cases of small and large HCC. In addition, the differences in the clinicopathological features of L-FABPnegative and L-FABP-positive cases of HCC were not
examined in detail.
The present study has limitations. The rate of L-FABPnegative HCC was as low as 10.9%, and there were only
16 L-FABP-negative HCC cases. Thus, the conclusions
of the present study with regard to clinicopathological
characteristics of L-FABP-negative HCCs may not be sufficiently convincing. Further studies using a larger number
of cases should be performed in the future.
In summary, approximately 10% of the cases of
HCC exhibited downregulation of L-FABP expression.
In most of the small HCCs, downregulation of L-FABP
expression may have resulted from phenotypic changes
during tumor progression. In addition, in small HCCs,
the downregulation of L-FABP expression was significantly associated with poor differentiation and lack of
inflammation, as well as higher expression of β-catenin
and GS.

ied in detail, the significance of them, especially L-FABP in HCC, has not been
studied in detail.

Innovations and breakthroughs

In the present study, the authors performed immunohistochemical staining for
L-FABP in 146 cases of HCC. The authors found that, in small HCCs, L-FABP
downregulation probably occurs because of phenotypic changes during tumor
progression; furthermore, it was correlated with tumor differentiation and intratumoral inflammation.

Applications

By examining the significance of L-FABP downregulation in HCC, this study determined an aspect of the clinicopathological characteristics of HCC. This may
lead to more accurate pathological diagnosis of HCC.

Terminology

FABPs bind/sequester potentially toxic long-chain fatty acids in the cytosol so
that they may be rapidly removed via oxidative or storage organelles. Mammals have a large family of FABPs, and L-FABP (or FABP1) was the first FABP
described. It is expressed in very high levels in the liver, intestine and kidneys.
FABP1 is positively regulated by HNF1α.

Peer review

In this paper, the authors studied the significance of L-FABP expression in
HCC using immunohistochemical staining. This study found that most of the
small HCCs (≤ 2 cm in diameter) exhibited focal downregulation and most of
the large HCCs (> 2 cm in diameter) exhibited diffuse downregulation. In small
HCCs, L-FABP downregulation probably occurs because of phenotypic changes
during tumor progression. Moreover, L-FABP downregulation was correlated
with tumor differentiation and intratumoral inflammation. These topics are important for understanding tumor differentiation and intratumoral inflammation.
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RESULTS: Forty-seven pathologically proven LSTs were
evaluated prospectively. Histology included adenomas
in 19, mucosal cancers in 19 and T1 cancers in 9. The
mean diameter of the LSTs was 35.1 mm. Twenty-eight
(60%) LSTs were correctly identified by CTC, and the
configuration was similar to the colonoscopic appearance in most cases. Detection rate for the granular
type was significantly higher than that for the nongranular type (71% vs 31%, P = 0.013). Detection
rate of adenomas was significantly lower than mucosal
cancers (32% vs 79%, P = 0.008) and T1 cancers (32%
vs 78%, P = 0.042).

Abstract

Core tip: Laterally spreading tumors (LSTs) are a major target for colon screening. Nevertheless, it is still
unknown what percentage of LSTs can be identified
with computed tomography (CT) colonography (CTC).
It has been reported that CTC may miss flat neoplastic
lesions regardless of their size. It is a fascinating clinical question whether non-granular type LSTs, which
have a very flat appearance on optical colonoscopy,
can be identified with CTC. This study demonstrated
that the detection rate of LSTs by CTC, particularly the
non-granular type was not acceptable. Practitioners
should be aware of the relatively low detection rate
when using CTC.

AIM: To prospectively investigate the detection rate of
laterally spreading tumors (LSTs) of the colorectum by
computed tomography (CT) colonography (CTC).
METHODS: Patients with LSTs measuring ≥ 20 mm
detected during colonoscopy were prospectively enrolled in the study. All patients underwent colonoscopy
and subsequent CTC on the same day. CTC was performed using multi-detector CT without contrast in the
prone and supine positions. Two radiologists blinded to
the existence of LSTs read the virtual endoscopic images as well as 2-D images. LSTs were classified into
granular and non-granular types based on colonoscopic appearance.
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CONCLUSION: The detection rate of LSTs by CTC,
particularly the non-granular type was not acceptable.
Practitioners should be aware of the relatively low detection rate when using CTC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
Laterally spreading tumors (LSTs) in the large intestine
are defined as an epithelial neoplasm measuring 1cm
or greater with a low vertical axis that extends laterally along the luminal wall[1-4]. Histologically, more than
30% of LSTs contain high-grade dysplasia or invasive
cancer[1,3]. Therefore, LSTs represent advanced lesions[5],
and constitute a major target for colon screening. LSTs
are divided into two subtypes based on their endoscopic
morphology[1,2]. The LST polypoid type is referred to as
the LST granular type (LST-G), whereas the LST nonpolypoid type is referred to as the LST non-granular
type (LST-NG). LST-NG have a biologically aggressive
nature with a submucosal invasion rate higher than that
of LST-G[1,3,4].
CT colonography (CTC) is an alternative to optical colonoscopy in a colon screening program[6]. Polyps
measuring 1 cm or greater are identifiable by CTC with a
greater than 90% detection rate[7,8]. However, it has been
reported that flat adenomas can be easily missed with
CTC[9]. Since the majority of LSTs show a flat appearance
regardless of their diameter, it is still unknown what percentage of LSTs can be identified with CTC, thus being a
key question to be addressed in a clinical trial. The aim of
this study is to prospectively investigate the detection rate
of LSTs by CTC.

MATERIALS AND METHODS
Patients and lesions
Prior to commencement, the study was approved by the
Institutional Review Board, and was registered at UMIN
Clinical Trial Registry (ID: UMIN000002755). In April
2008 and February 2010, patients with LSTs measuring approximately 2 cm or greater on colonoscopy at
Jichi Medical University Hospital were prospectively
enrolled. The definition of LSTs is according to previous reports[1-4]. The morphology of LSTs was classified
into LST-G and LST-NG based upon colonoscopic
appearance. Written informed consent was obtained
after colonoscopy if the lesion was suspicious for a
LST measuring 2 cm or greater based on colonoscopic
findings. Since accurate measurement of the diameter
could not be made during colonoscopy, the final study
group includes patients with lesions smaller than 2 cm
as shown on the resected specimen. Lesions mimicking
LSTs based on colonoscopic findings but invading to
the muscularis propria or beyond were excluded from
analysis.
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CTC procedure
Patients underwent bowel preparation with 2 litters of
polyethylene glycol lavage solution (Niflec®, Ajinomoto
Pharma, Tokyo, Japan) or 1.8 l of magnesium citrate solution (Magcorol P®, Horii Pharma, Tokyo, Japan). Prior
to CTC, patients underwent conventional colonoscopy
after administration of 10 mg of scopolamine butyl bromide or glucagon, but without sedation. Instead of electric cleansing with fecal tagging, the mucosal surface was
cleansed by washing, particularly in the area where the
lesions were located, and the luminal liquid aspirated as
much as possible during colonoscopy. Biopsy specimens
were not taken from the lesions. CTC was performed by
40-row or 64-row multi-detector CT immediately after
colonoscopy. All patients were placed in the left lateral
decubitus position, and an enema tube inserted into the
anus. Room air was gently insufflated into the colon until
the patient had abdominal distension. A standard scout
image was obtained to assess colonic distension. The
patient did not receive any contrast medium. CTC scans
were obtained by MDCT (Sensation 40 or Definition;
SIEMENS, Forchheim, Germany) with the patient in the
prone and supine positions. The CT technique involved
the use of 40 mm or 64 mm × 0.6 mm collimation, a
slice width of 1.25 mm, a reconstruction interval of 1.0
mm, pitch of 0.9 and scanner settings of 120 kVp and
200 mAs.
Image analysis
Prior to the study, two radiologists (SK and YS) with at
least 3 years’ experience in abdominal imaging received
instruction by an expert radiologist (KU) in reading
CTC images for two days and consequently read at
least 100 CTC cases. Completely blinded to the location, number, size and configuration of the LSTs in the
study group, examiners initially evaluated virtual colonoscopic images and then 2-D images (primary threedimensional search method) using a workstation (ZAIO
station NG1®, ZAIO Software, Tokyo, Japan) to screen
for LSTs. If two examiners made a different judgement,
they discussed the results. One of the authors (KU), an
experienced radiologist who was not involved in initial
lesion detection, matched the lesions found on CTC and
colonoscopy on the basis of an established algorithm
that incorporated the location of the lesion (within one
colonic segment) and its size (within 50% of its reference standard measure)[10,11].
Statistical analysis
Patient age and size of the LSTs are expressed as mean
± sd. Detection rate is expressed as a percentage (95%
confidence interval). The χ 2 test or Fischer’s exact test
was used to analyze the detection rate by morphology,
anatomical location, size category and histology. All p
values are two-tailed. P values less than 0.05 were considered to indicate statistical significance. All statistical
analyses were performed with the use of Intercooled
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Figure 1 Thirty-six millimeter, adenoma, laterally spreading tumor, granular type. A: Optical colonoscopy image; B: Virtual colonoscopy image; C: Multiplanar
reconstruction image.

Table 1 Characteristics of laterally spreading tumor reviewed
prospectively n (%)
Morphology
Anatomical location

Size

Histology

Granular type
Non-granular type
Proximal colon
Distal colon
Rectum
15-29 mm
30-39 mm
40 mm or greater
Adenoma
Mucosal cancer (Tis)
Invasive cancer (T1)

34 (72)
13 (28)
18 (38)
19 (40)
10 (21)
24 (51)
11 (23)
12 (26)
19 (40)
19 (40)
9 (19)

Stata 8.0® for Windows (Stata Corp., TX, United States).

RESULTS
Characteristics of LSTs
Two patients refused participation in the study. Eight
patients were excluded from analysis because two patients did not undergo resection and six patients proved
to have a cancer invading to the muscularis propria or
beyond in the resected specimen. A total of 44 patients
(14 women, 30 men; age 66.6 ± 8.9 years, range 42-82
years) were studied prospectively. Bowel preparation was
excellent for all patients. Three patients had synchronous
double LSTs. Therefore, the total number of LSTs analyzed was 47. Six LSTs for which the maximum diameter
was less than 20 mm in the resected specimens (15 mm
in 2, 18 mm in 2 and 19 mm in 2) were included in the
analysis. Table 1 shows the morphology, anatomical location, size category and histology of the LSTs. The mean
diameter of the LSTs was 35.1 ± 21.0 mm and ranged
from 15 mm to 100 mm.
Comparison of virtual and optical colonoscopic images
Twenty-eight (60%) of the LSTs were correctly identified
by CTC, and the configuration was similar to the colonoscopic appearance in most cases. One example is shown
in Figure 1. A 36 mm lesion located in the transverse
colon reveals a multi-nodular configuration on optical
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colonoscopy (Figure 1A), which is classified as a LST-G.
The virtual colonoscopic image resembles the optical
colonoscopic image although grooves on the surface are
not clearly depicted on virtual colonoscopy (Figure 1B).
Multiplanar reconstruction imaging depicted the lesion
clearly (arrow head, Figure 1C). Histologically, the lesion
is an adenoma. Another example is shown in Figure 2.
A 58 mm lesion is located close to the anus on optical
colonoscopy (Figure 2A). On virtual colonoscopy, however, only a part of the lesion can be identified despite
its large size (Figure 2B). On axial imaging (Figure 2C), a
part of the lesion was visible (arrow head), similar to the
virtual colonoscopic image. Accordingly, the lesion was
judged as “unable to detected by CTC”. Histologically,
the lesion is an adenoma. Another example is shown in
Figure 3. On optical colonoscopy, this 30mm lesion is
located at the bottom of the cecum. The demarcation
line of the lesion is clearly depicted from the hue (Figure
3A). On virtual colonoscopy, in contrast, the lesion is
unable to be detected because it is completely flat. Multiplanar reconstruction imaging was unable to depict the
lesion, although the arrow-head indicates a possible location (Figure 3C). Histologically, the lesion is an adenoma.
Detection rate
Table 2 shows detection rates by morphology, anatomical location, size category (15-29 mm, 30-39 mm, 40
mm or greater) and histology. The detection rate for a
LST-G was significantly higher than that for a LST-NG
(71% vs 31%, p = 0.020). Correctly identified LSTs had
a tendency toward a larger size, but there was no significant difference between the “30-39 mm” and “40 mm
or greater” groups (p = 0.089). The detection rate for
adenomas was significantly lower than that for mucosal
cancers (32% vs 79%. p = 0.008) and T1 cancers (32% vs
78%, p = 0.042).

DISCUSSION
Advanced lesions[5] defined as adenomas or cancers measuring 1 cm or greater, containing villous components
or high-grade dysplasia on histological examination are

17554

December 14, 2014|Volume 20|Issue 46|

Togashi K et al . Limitations of CT colonography

A

B

C

Anus

Figure 2 Fifty-eight millimeter adenoma, laterally spreading tumor, granular type, located close to the anus. A: Optical colonoscopy image; B: Virtual colonoscopy image; C: Axial image.

A

B

C

H

Figure 3 Thirty millimeter adenoma, laterally spreading tumor, non-granular type, located at the bottom of the cecum. A: Optical colonoscopy image; B: Virtual colonoscopy image; C: Multiplanar reconstruction image.

Table 2 Detection rates of laterally spreading tumor by morphology, anatomical location, size category and histology

Overall
Morphology
Location

Size

Histology

Granular type
Non-granular type
Proximal colon
Distal colon
Rectum
15-29 mm
30-39 mm
40 mm or greater
Adenoma
Mucosal cancer (Tis)
Invasive cancer (T1)

n

Detection rate
(95%CI)

47
34
13
18
19
10
24
11
12
19
19
9

60% (44-74)
71% (53-85)
31% (9-61)
44% (22-69)
68% (43-87)
70% (35-93)
54% (33-74)
45% (17-77)
83% (52-98)
32% (13-57)
79% (54-94)
78% (40-97)

P value

0.013
0.250

0.134

0.006

P value is calculated by the χ 2 test.

the main targets for colon screening. According to the
size criterion, LSTs are advanced lesions. In this study,
LSTs measuring 20 mm or greater on colonoscopy were
selected for the study group. However, the detection rate
of LSTs was unsatisfactorily low to apply this technique
for colon screening. In particular, the detection rate of
LST-NG was approximately 30%, suggesting that LSTNG could not be detected using CTC.
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Given that a flat morphology was defined as a broadbased lesion with a height of less than one half of its
width[12], LST-NGs as well as LST-Gs are included as flat
lesions. Flat morphology is considered one of the main
causes for missed lesions evaluated by multi-detector row
CTC[9]. For an expert radiologist, the detection rate of flat
lesions is equivalent to that for polypoid lesions[12], but
the positive predictive value for a flat lesion is lower than
that for other types of colorectal lesions[13]. This implies
that it is still difficult to screen for flat lesions even if the
lesions are larger than 1 cm in diameter. Some authors
have insisted that lesions with a height of 1 mm or less
are not seen on CTC[14]. From this viewpoint, LST-NGs
representing flat lesions with a very low axis cannot be
identified by CTC. As shown in Figure 3, the hue rather
than a slight difference in mucosal height is the key finding to identify the lesion by optical colonoscopy. This is
strongly associated with a low detection rate by CTC for
flat lesions.
In present study, the detection rate for both mucosal
cancers and T1 cancers is nearly 80%, whereas that for
adenomas is approximately 30%. A previous report using a computer-aided diagnosis system showed that the
detection rate for flat T1 cancers is 83.3%[15] and that for
stage Tis or T1 adenocarcinomas is 90%[16]. These facts
demonstrate that most invasive LSTs can be detected by
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CTC and validate CTC as an alternative to optical colonoscopy in a colon screening program.
A possible limitation of this study is the experience
level of the radiologists who read the CTC images. Two
novice readers received systematic education for two days
and consequently read at least 100 CTC cases. According
to the latest report, novice CTC readers obtained sensitivity equal to that of experienced readers after practicing
an average of 164 CTC studies[17]. These data suggest that
novice readers may not reach the same proficiency as an
experienced reader. It is also acknowledged that there is
no appropriate control group for this study. Consequently, sensitivity as well as specificity cannot be calculated
based on the study data.
Bowel preparation was excellent for all patients based
on the appearance during optical colonoscopy carried
out before the CTC procedure where actual cleansing
was used in this study instead of electric cleansing with
fecal tagging. Therefore, the detection rate to identify
LSTs may actually be higher than that in the standard
setting of CTC. Nevertheless, the detection rate of LSTs
by CTC, particularly LST-NGs, was not acceptable even
with advanced lesions. Practitioners should be aware
of the relatively low detection rate when using CTC to
screen for these lesions.
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group and non-hepatic fibrosis (nHF) group.

Abstract

Core tip: Magnetic resonance elastography at 3-Tesla
could be a feasible method for the assessment of hepatic fibrosis and may have a role as a potential noninvasive modality which would replace liver biopsy.

AIM: To evaluate the feasibility of 3-Tesla magnetic
resonance elastography (MRE) for hepatic fibrosis and
to compare that with diffusion-weighted imaging (DWI)
and gadoxetic acid-enhanced magnetic resonance (MR)
imaging.
METHODS: Forty-two patients were included in the
study. On MRE, mean stiffness values were measured
on the elastograms in kilopascals. The apparent diffusion coefficient (ADC) of the liver was measured using
DWI. On gadoxetic acid enhanced MR, the contrast
enhancement index (CEI) was calculated as signal intensity (SI)post/SIpre, where SIpost is liver-to-muscle SI
ratio on hepatobiliary phase images and SIpre is that on
nonenhanced images. Correlation between aspartate
aminotransferase to the platelet ratio index (APRI) and
three MR parameters was assessed. Each MR parameter was compared between a hepatic fibrosis (HF)
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RESULTS: Liver stiffness showed strong positive correlation with APRI [Spearman correlation coeffiecient
(r ) = 0.773, P < 0.0001], while ADC and CEI showed
weak or prominent negative correlation (r = -0.28 and
-0.321, respectively). In the HF group, only liver stiffness showed strong correlation with APRI (r = 0.731, P
< 0.0001). Liver stiffness, ADC, and APRI were significantly different between the HF group and nHF group.
CONCLUSION: MRE at 3-Tesla could be a feasible method for the assessment of hepatic fibrosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Magnetic resonance elastography; Hepatic
fibrosis; Diffusion weighted imaging; Gadoxetic acid enhanced magnetic resonance imaging; Serum markers

Park HS, Kim YJ, Yu MH, Choe WH, Jung SI, Jeon HJ. ThreeTesla magnetic resonance elastography for hepatic fibrosis:
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INTRODUCTION
Hepatic fibrosis is a consequence of a wound-healing
response to various types of chronic liver disease and in-
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jury[1]. Fibrosis can lead to cirrhosis, portal venous hypertension, and to development of hepatocellular carcinoma,
which cause increased morbidity and mortality[2]. Information on the presence and degree of hepatic fibrosis will
be useful in patients with chronic liver disease for therapeutic decisions or disease outcome predictions[1,3]. In
this regard, until now, diagnosis and follow-up of chronic
liver diseases has long relied on semiquantitative pathologic scoring systems such as the Metavir score, through
liver biopsy[4]. However, biopsy has several well-known
limitations including sampling error due to small sample
volume, interobserver and intraobserver variabilities,
invasiveness with associated morbidity, and low patient
tolerance[5-7]. Owing to the aforementioned limitations of
liver biopsy, there arises a clinical need for noninvasive alternative tools for assessment of hepatic fibrosis. Several
noninvasive methods for staging liver fibrosis have been
proposed. Biochemical tests include composite scores
such as aspartate aminotransferase to the platelet ratio
index (APRI) or FibroTest (BioPredictive, Paris, France),
and serologic markers such as hyaluronic acid[8,9].
Recent advances in magnetic resonance (MR) imaging facilitated various functional MR imaging techniques
and contributed to hepatic fibrosis evaluation[4]. Such MR
imaging methods are diffusion-weighted imaging (DWI),
perfusion-weighted imaging, hepatobiliary phase of gadoxetic acid-enhanced MR imaging, and MR elastography
(MRE)[4,10]. DWI produces representative apparent diffusion coefficient (ADC) values by measuring random
motion of water molecules[4,11]. Prior studies using DWI
demonstrated lower ADC values in patients with liver
fibrosis and inflammation compared with normal liver
tissue, and therefore ADC values may have a role as an
index for predicting advanced hepatic fibrosis[12-14]. Gadoxetic acid (Primovist; Bayer Schering Pharma, Berlin,
Germany) is a liver specific MR contrast agent which carries combined perfusion and hepatocyte-selective properties[15-17]. Decreased hepatic parenchymal enhancement on
hepatobiliary phase images suggests impaired gadoxetic
acid uptake by the liver, which may be caused by a decreased number of functioning hepatocytes[15-17]. A recent
study demonstrated the strong correlation of contrast
enhancement degree at hepatobiliary phase images of gadoxetic acid enhanced MR with hepatic fibrosis stage[15-17].
MRE is a new noninvasive technique for quantitative
imaging of the direct consequence of hepatic viscoelastic
properties, based on the observation that fibrosis leads
to increased tissue stiffness[4,9,18,19]. Studies performed so
far have demonstrated that MRE is a promising method
for the evaluation of hepatic fibrosis. Stiffness value measured by MRE showed at least moderate correlation with
hepatic fibrosis stage determined by pathology, and diagnostic performance of MRE was at least equal or superior to other modalities such as gadoxetic acid-enhanced
MR imaging, serum marker (APRI), or DWI[11,18,20-26].
Reports of previous MRE studies with regard to
hepatic fibrosis were performed using 1.5-Tesla (T) MR
machines[11,18,20-26]. Because MRE acquisition uses gradi-
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ent echo sequences which are prone to susceptibility
artifact, elastography imaging at a high tesla MR unit may
be challenging. However, a recent study on MRE at 3-T
in healthy volunteers demonstrated that liver stiffness
measurements could be made without modifying the
approach used at 1.5-T MR, and the obtained stiffness
values were in agreement to those reported in studies at
1.5-T[27]. If so, the purpose of our study is to evaluate the
feasibility of MRE at 3-T for the assessment of hepatic
fibrosis based on APRI, and compare that with DWI and
gadoxetic acid-enhanced MR imaging.

MATERIALS AND METHODS
Patient population
This study was approved by the Institutional Review
Board of our hospital (KUH1140078), and patient informed consent was waived. Forty-three consecutive
patients with suspected focal or diffuse liver disease
underwent gadoxetic acid-enhanced MR imaging and
DWI at 3-T. MRE exam was also performed as part of
routine liver MR examination. All patients had laboratory exam data including serum aspartate aminotransferase and platelet count obtained within a week. One
patient was excluded because of MRE signal intensity
which was too low. The final study group consisted of
42 patients. There were 28 male and 14 female patients
with a mean age of 54.9 years and age range from 19 to
75 years. Among the 42 patients, 23 patients had chronic
liver disease or liver cirrhosis. The causes of chronic
liver diseases or cirrhosis included chronic hepatitis B (n
= 16), chronic hepatitis C (n = 4), and nonalcoholic fatty
liver disease (n = 3). Twelve patients had treated (n =
11) or current (n = 1) hepatic metastasis from colorectal
cancer, and the remaining 7 patients had normal liver parenchyma. The patients were classified into two groups.
One was the hepatic fibrosis (HF) group including patients with viral hepatitis or nonalcoholic fatty liver disease (n = 23), and the other was the non-hepatic fibrosis
(nHF) group, comprising the patients having a past or
present history of hepatic metastasis, and normal liver
parenchyma (n = 19). A flow chart of the profile based
on recommended standards for reporting diagnostic accuracy is presented in Figure 1.
MR imaging protocol
Gadoxetic acid-enhanced MR imaging: All MR examinations were performed on a 3-T MR unit (Magnetom
Skyra, Siemens Medical Solutions, Erlangen, Germany)
using 18-channel coils. The patients were examined in the
supine position, and the receiver coil was positioned to
cover the upper abdomen. Patients underwent a routine
clinical imaging protocol of the liver, including breathhold axial and coronal T2-weighted half-Fourier acquisition single shot turbo-spin echo (or single shot fastspin echo), axial in- and opposed-phase chemical shift
imaging, breath-hold T2-weighted fast-spin echo with
fat suppression, and T1-weighted gradient-recalled echo

17559

December 14, 2014|Volume 20|Issue 46|

Park HS et al . 3-Tesla MR elastography and hepatic fibrosis
Patients who underwent liver MRI including MR elastography at 3-T
n = 43

Inclusion criteria:
laboratory exam obtained
within a week

Excluded patients (n = 1)
due to failed MRA

42 patients
(28 men, 14 women, mean age 54.9 years, age range 19-75 years)

Hepatic fibrosis group (n = 23)
HBV (n = 16)
HCV (n = 4)
NAFLD (n = 3)

Non-hepatic fibrosis group (n = 19)
Normal liver (n = 7)
Treated hepatic metastasis from colorectal cancer (n = 11)
Current metastasis from colorectal cancer (n = 1)

Figure 1 Flow chart of the study profile based on recommended standards for reporting diagnostic accuracy. MR: Magnetic resonance; MRE: Magnetic resonance elastography; HBV: Hepatitis B virus; HCV: Hepatitis C virus; NAFLD: Non-alcoholic fatty liver disease.

fat-suppressed sequences before and after the injection
of contrast agent. Arterial phase T1-weighted MR images were acquired during a single breath-hold of 20-35
s. Portal and equilibrium phase images were obtained 60
and 180 s after injecting contrast medium, and delayed
hepatobiliary imaging was performed at 20 min. A bolus
(0.025 mmol/kg body weight) of gadoxetic acid (Primovist) was administered into the antecubital vein at a rate
of 1.5 mL/s. Parameters for T2-weighted fast-spin echo
imaging protocol were as follows: acquisition method,
breath-hold; repetition time/echo time, 3000/104 ms; flip
angle, 136°; slice thickness, 5 mm; interslice gap, 1 mm;
field of view, 380 mm; matrix size, 320 × 200. Parameters
for T1-weighted three-dimensional gradient-recalled echo
MR imaging protocol were as follows: technique, VIBE
(Volumetric Interpolated Breath-hold Examination); repetition time/echo time, 3.52/1.37 ms; flip angle, 9°; slice
thickness, 2.7 mm; interslice gap, none; field of view, 380
mm; matrix size, 480 × 263.

ages were automatically processed by the MR scanner and
images depicting tissue stiffness (elastograms) were generated. These quantitative images represented shear stiffness
in units of kilopascals (kPa) and were displayed in a gray
scale or with a color scale[19]. In addition, the elastogram
was reviewed automatically by the intrinsic software for
artifacts, such as significant wave interference or oblique
wave propagation, and elastograms of 95% confidence
mapping was produced by the exclusion of such area[28].

MRE: The 60 Hz acoustic wave was used as an active
driver. A passive longitudinal shear-wave driver of 19-cmdiameter, 1.5-cm-thick cylindrical shape was placed against
the right chest wall over the liver at the xiphoid process
level. Then, by transmitting continuous acoustic vibration
from the active driver to the passive driver through a flexible vinyl tube, propagation of shear waves in the liver was
produced. The measurement parameters for MR elastographic gradient echo sequence were as follows: repetition
time/echo time, 50/22.49 ms; flip angle, 25°; field of view,
30 cm; matrix size, 128 × 102; slice thickness, 5 mm; interslice gap, 1 mm. Four slices of MRE were obtained for
each patient. Each slice took 22 s, and the patients were
asked to hold their breath at the end-expiratory period to
obtain a consistent position of the liver for each phase
offset. When the acquisition was completed, the wave im-

MR imaging analyses
MRE: The mean shear stiffness of the liver was calculated by placing the manually specified region of interest
(ROI) into the stiffness map of MRE images. ROIs were
drawn in the hepatic parenchyma excluding major blood
vessels such as hepatic veins or portal veins and their large
branches, liver edges, and motion artifacts. The stiffness
values of the liver parenchyma were calculated by placing
multiple ROIs (at least four), of circular shape and 1-2 cm
diameter each[20]. ROI placement was performed by an abdominal radiologist who was blinded to the patient’s clinical and biochemical data. The mean stiffness values were
measured in kPa.
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DWI: Diffusion-weighted single-shot echo-planar images were acquired with simultaneous use of free breathing method. Specific sequence parameters for DWI were
as follows: b values, 50, 400, 800; repetition time/echo
time, 5600/50 s; receiver bandwidth, 2442 Hz/pixel; matrix size, 84 × 128; slice thickness, 5 mm; interslice gap,
1 mm; number of slices acquired, 4; field of view, 380
× 309 mm2; aquisition time, 218 s; number of slices, 35;
parallel imaging factor, 2.

DWI: For ADC value measurement, ROIs were placed on
the ADC maps. At least four circular shaped ROIs of 1-2
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Table 1 Comparison of three magnetic resonance parameters and aspartate aminotransferase to the platelet ratio index score between hepatic fibrosis group and non-hepatic fibrosis group
-3

Liver stiffness (kPa)
HF
Sample size
Value range
Median
Mean ± SD
P value1

2

ADC (× 10 mm /s)

nHF

23
19
1.44-10.46
1.46-3.28
3.79
2.04
4.05 ± 2.06
2.1 ± 0.44
< 0.0001

CEI

APRI

HF

nHF

HF

nHF

HF

nHF

23
0.80-1.32
1.04
1.04 ± 0.11

19
0.96-1.46
1.20
1.21 ± 0.12

23
0.44-2.04
1.63
1.57 ± 0.38

19
1.33-2.02
1.71
1.7 ± 0.22

23
0.18-3.00
0.77
0.99 ± 0.67

19
0.12-1.52
0.33
0.42 ± 0.36

0.0001

0.3002

0.0002

1

Mann-Whitney U test. ADC: Apparent diffusion coefficient; CEI: Contrast enhancement ratio; APRI: Aspartate aminotransferase to the platelet ratio index;
HF: Hepatic fibrosis group; nHF: Non-hepatic fibrosis group; SD: Standard deviation.

HF group and nHF group separately, Spearman’s correlation was used. A P-value < 0.05 was considered statistically
significant. Results of the statistical analysis were obtained
using commercially available software (MedCalc, version
10.1.0.0; MedCalc Software, Mariakierke, Belgium).

Table 2 Correlation between three magnetic resonance parameters and aspartate aminotransferase to the platelet ratio
index score in all patients
Variable Y

Liver stiffness

ADC

CEI

Variable X

APRI

APRI

APRI

Sample size
Spearman's coefficient of
rank correlation (r)
95%CI
for r
P value1

42
0.773
0.613-0.872
< 0.0001

42
-0.28
-0.538-0.026
0.0723

42
-0.321

RESULTS

-0.570-(-0.019)
0.038

1

Spearman’s correlation test. ADC: Apparent diffusion coefficient; CEI:
Contrast enhancement ratio; APRI: Aspartate aminotransferase to the
platelet ratio index.

cm were placed in the right lobe of the liver, almost the
same location as those in MRE, and those multiple values
were averaged. In addition, motion artifacts and liver tissue with poor signal noise were carefully avoided[11]. ADC
values were automatically calculated on ADC maps using
the SI within the manually drawn ROI and the following
equation: ADC = [ln(S50) - ln(S400)]/(400 - 50), where
S50 is the SI on DW images obtained with a b value of 50
s/mm2, and S400 is the SI on DW images obtained with a
b value of 400 s/mm2[15].
CEI: The liver SI ratio was calculated as a ratio of the
hepatic parenchyma SI to the paraspinal muscle SI on
nonenhanced images [liver-to-muscle SI ratio (SIpre)] and
the ratio of the hepatic SI to the paraspinal muscle SI on
hepatobiliary phase images [liver-to-muscle SI ratio (SIpost)].
Contrast-enhancement index (CEI) was calculated as SI[15]
post/SIpre .
APRI measurement
APRI was calculated as follows: APRI= {[aspartate aminotransferase (AST) level (IU/L)/upper limit of AST
level]/platelet count (× 109/L)} × 100[29].
Statistical analysis
Three MR parameters (liver stiffness, ADC and CEI) and
APRI score was compared between the HF group and
nHF group using Mann-Whitney U test. For correlation
between the three MR parameters and APRI score in the
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Comparison of three MR parameters and APRI score
between HF group and nHF group
Comparison of three MR parameters (liver stiffness,
ADC, and CEI) with APRI score between the HF group
and nHF group is shown in Table 1. The mean stiffness
values of the liver, as measured by MRE, were 4.05 ±
2.06 kPa in the HF group and 2.1 ± 0.44 kPa in the nHF
group. The HF group showed significantly higher stiffness values compared with those of the nHF group (P
< 0.0001). ADC values measured on DWI were (1.04 ±
0.11) × 10-3 mm2/s in the HF group and (1.21 ± 0.12)
× 10-3 mm2/s in the nHF group. ADC values were significantly lower in the HF group compared with those
in the nHF group (P = 0.0001). CEI values measured on
hepatobiliary phase images on gadoxetic acid-enhanced
MR imaging were 1.58 ± 0.38 in the HF group and 1.70
± 0.22 in the nHF group. CEI values were lower in the
HF group compared with those of the nHF group, but
the difference did not reach statistical significance (P =
0.3002). APRI score was 0.99 ± 0.67 in the HF group
and 0.42 ± 0.36 in the nHF group. APRI score was significantly higher in the HF group (P = 0.0002).
Correlation between three MR parameters and APRI
score in all patients
Liver stiffness showed strong positive correlation between APRI score [Spearman’s coefficient of rank correlation rho (r) = 0.773] and the correlation was statistically significant (P < 0.0001) (Table 2, Figure 2). ADC
values and CEI showed weak negative correlation with
APRI score (Spearman’s coefficient of rank correlation r
= -0.28 and -0.321, respectively), and the correlation was
significant in CEI and APRI (P = 0.038).
Correlation between three MR parameters and APRI
score in HF group and nHF group
When the correlation test was conducted between the
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Figure 2 Graphs showing scattergrams and lines of correlation between aspartate aminotransferase to the platelet ratio index score and three magnetic
resonance parameters, which are liver stiffness (A), apparent diffusion coefficient (B), and contrast enhancement ratio (C). Dotted curved lines represent
95%CIs. ADC: Apparent diffusion coefficient; CEI: Contrast enhancement ratio; APRI: Aspartate aminotransferase to the platelet ratio index.

Table 3 Correlation between three magnetic resonance parameters and aspartate aminotransferase to the platelet ratio index score
in hepatic fibrosis group and non-hepatic fibrosis group
Variable Y

Liver stiffness

ADC

CEI

Variable X

APRI

APRI

APRI

Group
Sample size
Spearman's coefficient of rank correlation (r)
95%CI
for r
P value1

HF
23
0.731
0.457-0.879

nHF
19
0.411
-0.054-0.729

0.0001

0.081

HF
23
-0.128
-0.3-0.513
0.561

nHF
19
-0.0404
-0.422-0.486
0.870

HF
23
-0.217
-0.578-0.214
0.319

nHF
19
-0.132
-0.553-0.343
0.591

1

Spearman’s correlation test. ADC: Apparent diffusion coefficient; CEI: Contrast enhancement ratio; APRI: Aspartate aminotransferase to the platelet ratio
index; HF: Hepatic fibrosis group; nHF: Non-hepatic fibrosis group.

three MR parameters and APRI score in each group separately, liver stiffness and APRI in the HF group showed
strong correlation (r = 0.731) (P = 0.0001). Correlation
between stiffness and APRI in the nHF group was moderate (r = 0.411) (P = 0.081). Correlation between ADC
or CEI and APRI was weak in both groups (Table 3,
Figures 3 and 4).

DISCUSSION
This study using MRE at 3-T demonstrated that liver
stiffness evaluation was feasible at 3-T MR in patients
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having various stages of hepatic fibrosis as well as in
those having normal liver, without significant modification of the MRE protocol at 1.5-T. Our study also
confirmed the previous preliminary result of a feasibility
study done in a healthy population at 3-T[27]. In our study,
liver stiffness measured by MRE was 4.05 ± 2.06 kPa
in the HF group and 2.1 ± 0.44 kPa in the nHF group,
and these measurements fell in the range of those reported in the previous MRE studies using 1.5-T and 3-T
MR[20,24-27,30-32].
Three imaging parameters (liver stiffness, ADC and
CEI) and one serologic test (APRI) in our study showed
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Figure 3 A 58-year-old man in the hepatic fibrosis group, who had hepatitis B virus-associated liver cirrhosis. A: T2-weighted reference image on which the
measurement of three MR parameters were performed; B: MRE (95% confidence map) shows increased stiffness value of 11.64 kPa (asterisk) in the right lobe of
the liver; C: Wave image shows elongated wavelength of the corresponding liver parenchyma; D: ADC map of the DWI image with b = 400 at the same level as A.
Measured ADC value was 1.011 × 10-3 mm2/s; E: Hepatobiliary phase image of gadoxetic acid-enhanced MR at the same level as A. Measured CEI was 1.701. MR:
Magnetic resonance; MRE: Magnetic resonance elastography; DWI: Diffusion weighted image; ADC: Apparent diffusion coefficient; CEI: Contrast enhancement ratio.

the capability of differentiating the HF group from the
nHF group. The difference was statistically significant
for liver stiffness, ADC and APRI. Particularly, the difference was most significant in the liver stiffness value
measured by MRE (P < 0.0001). The superiority of
MRE in the hepatic fibrosis evaluation, over other noninvasive methods such as various imaging studies or serologic tests is reported in many previous studies[11,18,22].
Previous studies of MRE in hepatic fibrosis demonstrated that MRE is accurate in the discrimination of
moderate degree fibrosis (F2 or F3 and higher), and this
ability is useful in determining candidates for antiviral
treatment in patients having hepatitis C, and furthermore
liver stiffness values increased in parallel with the fibrosis
degree[11,12,20,26,33].
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Compared with MRE, DWI showed limited ability in
distinguishing fibrosis stage[11]. Even though DWI was
comparable to MRE in the differentiation of the HF and
the nHF group as shown in our study, and hepatic fibrosis stage ≥ F2 or ≥ F3 was predictable by ADC value
measurement, ADC values did not significantly decrease
with increasing histologic fibrosis stage[11,14,34]. Substantial
overlap of ADC values between cirrhosis and no-tomoderate cirrhosis was also reported[11]. The exact mechanism of diffusion restriction in chronic liver disease is
not clearly elucidated yet and is likely to be multifactorial,
possibly related to the increased connective tissue lacking
in proton and diminished capillary perfusion[4].
In our study, the degree of hepatic parenchymal enhancement on hepatobiliary phase images after gadoxetic
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Figure 4 A 20-year-old woman in the non-hepatic fibrosis group, with incidental hepatic mass (biopsy proven focal nodular hyperplasia later) on screening. A: T2-weighted reference image on which the measurement of three MR parameters were performed; B: MRE (95% confidence map) shows normal range stiffness value of 1.88 kPa (asterisk) in the right lobe of the liver; C: Wave image shows normal range (not elongated) wavelength of the corresponding liver parenchyma;
D: ADC map of the DWI image with b = 400 at the same level as A. Measured ADC value was 1.119 × 10-3 mm2/s; E: Hepatobiliary phase image of gadoxetic acidenhanced MR at the same level as A. Measured CEI was 1.826. MR: Magnetic resonance; MRE: Magnetic resonance elastography; DWI: Diffusion weighted image;
ADC: Apparent diffusion coefficient; CEI: Contrast enhancement ratio.

acid administration (CEI) was lower in the HF group
compared with that in the nHF group, but without statistical significance. Increased hepatic SI after gadoxetic acid
enhancement is known to be associated with several factors such as hepatic function, clearance of indocyanine
green, and serum bilirubin levels[15]. On the other hand,
decreased hepatic enhancement on hepatobiliary phase
suggests impaired uptake of gadoxetic acid by the liver,
and impaired gadoxetic acid uptake may be due to decreased number of functioning hepatocytes or disturbed
gadoxetic acid excretion due to hepatocytes dysfunction[15]. Previous study results of hepatic enhancement after gadoxetic acid on hepatic fibrosis evaluation indicated
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that this simple method is useful in the differentiation of
mild fibrosis from no fibrosis[15,16].
Serum tests for staging hepatic fibrosis such as hyaluronic acid or N-terminal collagen Ⅲ propeptide are
available but their usefulness is limited because fibrosis is
not a liver-specific phenomenon[18]. FibroTest (Biopredictive, Paris, France) and APRI methods rather depend on
statistical approach for the prediction of fibrosis stage,
because biochemical markers used in these tests have no
direct relationship with the fibrosis[29]. APRI had a reliability for the prediction of severe fibrosis and cirrhosis
and was superior to CEI for the discrimination of minimal and advanced fibrosis, although it was less accurate
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than MRE in the fibrosis staging[16,18,29]. Besides, it is a
simple index using readily available laboratory results[18,29].
We used APRI score as a reference tool in comparison
of three MR parameters in the hepatic fibrosis assessment
in this study. Promisingly, among the three MR parameters, significant positive correlation was observed with liver stiffness measured by MRE and APRI score (correlation
coefficient r = 0.773). When those two parameters were
compared in the HF group and the nHF group separately,
the HF group showed significant positive correlation
(correlation coefficient r = 0.731), and these results are
in accord to the previous comparison study of MRE and
APRI score in hepatic fibrosis staging[18].
Even though plenty of reports on MRE in hepatic
fibrosis staging have been or are being published, few
use the 3-T MR machine and therefore the experiences
of MRE in 3-T MR is limited so far. Because 3-T MR in
abdominal imaging is widely used in many institutions
nowadays owing to improved resolution, application of
MRE in the 3-T should be positively considered. Despite
the concern of susceptibility artifacts caused by gradient
echo sequence in 3-T, several preliminary studies, including our study, showed the feasibility of MRE studies in
3-T MR, in various degrees of hepatic fibrosis patients
as well as healthy volunteers[27].
Several limitations and comments in this study should
be mentioned. First, because the categorization of patients as the HF group or the nHF group was performed
on the basis of clinical diagnosis rather than histopathologic results, either stratification of fibrosis staging or performance study of the MR parameters was not achieved.
There was no information available, therefore, on the relationship between mild or moderate fibrosis and MR imaging parameters. Instead, we used APRI score as a reference subject. Second, some patients who had received
chemotherapy for colorectal cancers were included in the
nHF group. Although those patients did not show liver
function test abnormalities, the possible influence of
chemotherapeutic agents on hepatic parenchymal elasticity cannot be excluded. Third, there were partial losses
of elastogram in some patients in our study, probably
due to artifacts caused by susceptibility on 3-T. We need
to present quantitative results with regard to the image
quality of MRE on 3-T, in comparison with that on 1.5-T
MR in the future study. Fourth, interobserver variation
regarding the measurement of MR parameters used in
this study was not assessed because all of the measurement was performed by one radiologist. Fortunately,
however, high reproducibility and repeatability of the
stiffness measurement by MRE was proved in the prior
study, even though the study was done in 1.5-T MR[32,35].
Also, ROI selection by one radiologist may be prone to
subjectivity although it was done according to rules to
avoid major hepatic vessels, liver edges, and motion artifact. The small sample size of the study population must
be another drawback lastly, which limited the power of
data analysis.
In conclusion, based on the results of our preliminary
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study, MRE on 3-T MR is a feasible imaging method in
the evaluation of patients having various degrees of hepatic fibrosis. Further study accompanied by a histopathologic reference standard would consolidate the usefulness
of MRE in 3-T MR as a potential noninvasive modality
which would replace liver biopsy in hepatic fibrosis.
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Background

Information on the presence and degree of hepatic fibrosis will be useful in patients with chronic liver disease for therapeutic decisions or disease outcome
predictions. Magnetic resonance elastography (MRE) is a new noninvasive
technique for quantitative imaging of direct consequence of hepatic viscoelastic properties, based on the observation that fibrosis leads to increased tissue
stiffness.

Research frontiers

Studies performed so far have demonstrated that MRE is a promising method
for the evaluation of hepatic fibrosis. A stiffness value measured by MRE
showed at least moderate correlation with hepatic fibrosis stage determined by
pathology and diagnostic performance of MRE was at least equal or superior to
other modalities such as gadoxetic acid enhanced magnetic resonance (MR)
imaging, serum marker such as aspartate aminotransferase to the platelet ratio
index (APRI), or diffusion weighted imaging (DWI). In this study, the authors
investigated the feasibility of MRE at 3-Tesla (T) for the assessment of hepatic
fibrosis based on APRI, and compared that with DWI and gadoxetic acidenhanced MR imaging.

Innovations and breakthroughs

Even though plenty of reports on MRE in the hepatic fibrosis staging have been
or are being published, those using 3-T MR machines are few and therefore the
experiences of MRE in the 3-T MR is limited so far. Because 3-T MR in abdominal imaging is widely used in many institutions nowadays owing to improved
resolution, application of MRE in the 3-T should be positively considered. Despite the concern of susceptibility artifacts caused by gradient echo sequence
in 3-T, several preliminary studies including this study showed the feasibility of
MRE studies in 3-T MR, in the various degrees of hepatic fibrosis patients as
well as healthy volunteers.

Applications

Based on the results of our preliminary study, MRE on 3-T MR is a feasible
imaging method in the evaluation of patients having various degree of hepatic
fibrosis. Further study accompanied by a histopathologic reference standard
would consolidate usefulness of MRE in 3-T MR as a potential noninvasive modality which would replace liver biopsy in the hepatic fibrosis.

Peer review

This is a highly interesting study demonstrating the utility of 3-T MR imaging
for assessing patients with hepatic fibrosis. I have enjoyed reading this article
because the authors wrote a very nice paper documenting their cross-sectional
study in 42 patients. They presented solid data on the group separation and
pairwise correlations based on regional parameters derived from MRE, Diffusion-weighted and gadoxetic acid-enhanced MR imaging. The results supported
the conclusion that MRE at 3-T may be a feasible method for the assessment
of hepatic fibrosis and provides a potential noninvasive modality which would
replace liver biopsy in the future.
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Abstract
AIM: To evaluate the incidence, surgery, mortality, and
readmission of upper gastrointestinal bleeding (UGIB)
secondary to peptic ulcer disease (PUD).
METHODS: Administrative databases identified all
hospitalizations for UGIB secondary to PUD in Alberta,
Canada from 2004 to 2010 (n = 7079) using the International Classification of Diseases Codes (ICD-10). A
subset of the data was validated using endoscopy reports. Positive predictive value and sensitivity with 95%
confidence intervals (CI) were calculated. Incidence of
UGIB secondary to PUD was calculated. Logistic regression was used to evaluate surgery, in-hospital mortality, and 30-d readmission to hospital with recurrent
UGIB secondary to PUD. Co-variants accounted for in
our logistic regression model included: age, sex, area
of residence (i.e. , urban vs rural), number of Charlson
comorbidities, presence of perforated PUD, undergoing
upper endoscopy, year of admission, and interventional
radiological attempt at controlling bleeding. A subgroup
analysis (n = 6356) compared outcomes of patients
with gastric ulcers to those with duodenal ulcers. Adjusted estimates are presented as odds ratios (OR) with
95%CI.
RESULTS: The positive predictive value and sensitivity of ICD-10 coding for UGIB secondary to PUD were
85.2% (95%CI: 80.2%-90.2%) and 77.1% (95%CI:
69.1%-85.2%), respectively. The annual incidence
between 2004 and 2010 ranged from 35.4 to 41.2 per
100000. Overall risk of surgery, in-hospital mortality,
and 30-d readmission to hospital for UGIB secondary to
PUD were 4.3%, 8.5%, and 4.7%, respectively. Interventional radiology to control bleeding was performed
in 0.6% of patients and 76% of these patients avoided
surgical intervention. Thirty-day readmission significantly increased from 3.1% in 2004 to 5.2% in 2010 (OR
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= 1.07; 95%CI: 1.01-1.14). Rural residents (OR rural

vs urban: 2.35; 95%CI: 1.83-3.01) and older individuals (OR ≥ 65 vs < 65: 1.57; 95%CI: 1.21-2.04) were

at higher odds of being readmitted to hospital. Patients
with duodenal ulcers had higher odds of dying (OR =
1.27; 95%CI: 1.05-1.53), requiring surgery (OR = 1.73;
95%CI: 1.34-2.23), and being readmitted to hospital
(OR = 1.54; 95%CI: 1.19-1.99) when compared to
gastric ulcers.
CONCLUSION: UGIB secondary to PUD, particularly
duodenal ulcers, was associated with significant morbidity and mortality. Early readmissions increased over
time and occurred more commonly in rural areas.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Epidemiology; Peptic ulcer hemorrhage;
Digestive system surgical procedures; Mortality; Endoscopy; Validation studies; Incidence
Core tip: In our population-based study the overall risk
of surgery, in-hospital mortality, and 30-d readmission
for hospitalized upper gastrointestinal bleeding (UGIB)
secondary to peptic ulcer disease (PUD) was 4.3%,
8.5%, and 4.7%, respectively. Duodenal ulcers had a
worse prognosis than gastric ulcers. Readmission was
more common among rural residents, which might be
due to decreased access to resources or practice differences between urban and rural centers. Interventional radiology was uncommonly utilized (0.6%) and
limited to urban centers, but prevented surgery in 3/4
of patients. These findings suggest that greater access
to medical services may improve outcomes for UGIB
secondary to PUD.
Quan S, Frolkis A, Milne K, Molodecky N, Yang H, Dixon E,
Ball CG, Myers RP, Ghosh S, Hilsden R, van Zanten SV, Kaplan
GG. Upper-gastrointestinal bleeding secondary to peptic ulcer
disease: Incidence and outcomes. World J Gastroenterol 2014;
20(46): 17568-17577 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i46/17568.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i46.17568

INTRODUCTION
Despite advances in management, upper gastrointestinal
bleeding (UGIB) secondary to peptic ulcer disease (PUD)
remains a prominent medical emergency associated with
substantial morbidity, mortality, and healthcare expenditures[1-4]. It is assumed that the burden of PUD has
lessened due to advancements in endoscopic techniques,
reduced prevalence of Helicobacter pylori (H. pylori), and
increased utilization of acid suppressive drug therapy[5-7].
However, advances in the treatment of PUD have not
necessarily translated to reduced admissions to hospital
for UGIB secondary to PUD[8-10] nor reduced the risk
for undesirable outcomes, including mortality[6,9,11-14].
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Inconsistencies in reported outcomes among previous studies may be explained by several factors. The
epidemiology of PUD has evolved and is no longer primarily driven by H. pylori[2,5]. An aging society[15] has led
to a rise in the use of non-steroidal anti-inflammatory
drugs (NSAIDs) including aspirin[16]. This contributed
to UGIB secondary to PUD becoming more common
among the elderly population. As elderly patients often
have more comorbidities and more complicated PUD,
they may also experience worse outcomes than young
PUD patients [17]. Healthcare systems have provided
more effective treatment for PUD, but these advances in
health systems may be restricted to large urban centres[1].
Rural areas may face barriers to access specialist care and
to timely interventions (e.g., therapeutic endoscopy). Furthermore, most prior studies did not validate codes used
to identify UGIB secondary to PUD in their administrative databases, which may have impaired interpretability
of findings.
Consequently, we analyzed population-based data to
assess the disease burden, utilization of surgical intervention, in-hospital mortality and readmission associated with UGIB secondary to PUD in the province of
Alberta, Canada. To ensure rigorousness of our study,
we validated the coding in the administrative hospital
discharge abstract database (DAD).

MATERIALS AND METHODS
Data source
The province of Alberta, Canada, has a public, single
payer healthcare system, which provides medical and surgical care to its population of 3.6 million residents. The
DAD captures all discharges in Alberta and contains rich
and high-quality information including: hospital admission and discharge dates, in-hospital mortality, up to 25
International Classification of Disease, Tenth Revision
(ICD-10) diagnostic codes, up to 25 procedural codes
[based on the Canadian Classification of Health Interventions (CCI) coding system], and patient demographic
information including age, sex, and residential area (i.e.,
urban vs rural). The Alberta Health Insurance Registry
contains date of birth, sex, and mailing address for 99%
of the resident population[18].
Study population
Using the DAD we identified patients hospitalized for
UGIB secondary to PUD in the fiscal years of 2002 to
2010 in the province of Alberta, Canada. We included
all adult patients (≥ 18 years) with UGIB secondary to
PUD (ICD-10: K2X.0, K2X.2, K2X.4, and K2X.6, where
X = 5-8 in any of 25 diagnosis coding fields) (Table 1).
These ICD-10 codes were selected for validation because
they have previously been used to investigate ulcer-related
causes of hemorrhage using administrative databases[5].
We chose 2002 as the start of our washout period because
that was the year when Alberta switched from ICD-9 to
ICD-10 codes[19]. Unique personal health numbers were
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Table 1 International Classification of Diseases Codes and Canadian Classification of Health Interventions codes used to define outcomes or procedures
ICD-10 codes used to define perforation with UGIB secondary to PUD
Perforated ulcer
K25.2, K25.6, K26.2, K26.6, K27.2, K27.6, K28.2, K28.6
Non-perforated ulcer
K25.0, K25.4, K26.0, K26.4, K27.0, K27.4, K28.0, K28.4
CCI codes used to define surgery
Stomach repair
1.NF.80.DA, 1.NF.80.DA-XX-E, 1.NF.80.DA-XX-N, 1.NF.80.LA, 1.NF.80.LA-XX-E,
1.NF.80.LA-XX-N
Partial excision of stomach
1.NF.87.BA, 1.NF.87.DA, 1.NF.87.DG, 1.NF.87.DH, 1.NF.87.DJ, 1.NF.87.DL, 1.NF.87.
DQ, 1.NF.87.GX, 1.NF.87.LA, 1.NF.87.RG, 1.NF.87.RH, 1.NF.87.RJ, 1.NF.87.RK,
1.NF.87.RP, 1.NF.87.SH
Total excision of stomach
1.NF.89.DZ, 1.NF.89.GW, 1.NF.89.SG, 1.NF.89.TH
Small intestine repair
1.NK.80.DA, 1.NK.80.DA-W2, 1.NK.80.DA-XX-E, 1.NK.80.LA, 1.NK.80.LA-W2,
1.NK.80.LA-XX-E
Partial excision of small intestine
1.NK.87.BA, 1.NK.87.DA, 1.NK.87.DN, 1.NK.87.DP, 1.NK.87.DX, 1.NK.87.DY,
1.NK.87.LA, 1.NK.87.RE, 1.NK.87.RF, 1.NK.87.TF, 1.NK.87.TG
CCI codes used to define interventional radiology
Control of bleeding in stomach using percutaneous transluminal
1.NF.13.GP-C2, 1.NF.13.GP-GE, 1.NF.13.GP-WO
(transarterial) approach
Control of bleeding in small and large intestine using percutaneous
1.NP.13.GQ-C2, 1.NP.13.GQ-GE, 1.NP.13.GQ-WO
transluminal (transarterial) approach
CCI codes used to define an upper endoscopic procedure
Control of bleeding in stomach
Stomach repair
Inspection or biopsy of stomach
Inspection or biopsy of small intestine
Control of bleeding in small and large intestine

1.NF.13.BA, 1.NF.13.BA-AG, 1.NF.13.BA-BD, 1.NF.13.BA-C2, 1.NF.13.BA-FA,
1.NF.13.BA-GX, 1.NF.13.BA-KK, 1.NF.13.BA-W4, 1.NF.13.BA-X7
1.NF.80.BA
2.NF.70.BA, 2.NF.70.BN, 2.NF.71.BA, 2.NF.71.BP, 2.NF.71.BR
2.NK.70.BA, 2.NK.70.BA-BL, 2.NK.70.BN-BL, 2.NK.71.BA,
2.NK.71.BA-BL, 2.NK.71.BR-BL
1.NP.13.BA-C2, 1.NP.13.BA-KK, 1.NP.13.BA-GX

ICD-10: International Classification of Diseases Codes; CCI: Canadian Classification of Health Interventions; UGIB: Gastrointestinal bleeding; PUD: Peptic
ulcer disease.

used to identify the multiple admissions in the study period and the first admission was assigned to each patient
as the index date. Transfers between hospitals were combined into a single admission event. A two-year washout
period for prior admissions for an UGIB secondary to
PUD event was used to define incident cases. Thus, our
study population ranged from 2004 to 2010. Population
size used to calculate the incidence was obtained from
the Alberta Health Insurance Registry.
Outcomes
We studied three outcomes for UGIB secondary to PUD:
(1) surgical intervention; (2) in-hospital mortality; and (3)
30-d readmission for recurrent UGIB secondary to PUD.
Management of UGIB secondary to PUD by surgery
was defined using the CCI codes (Table 1). In-hospital
mortality was ascertained using the death flag in the DAD.
The incident patients with UGIB secondary to PUD were
linked with DAD to determine readmission within 30 d
after discharge.
Covariates
The following covariates were extracted from the DAD:
age, sex, urban vs rural residence (based on residence
postal codes), Charlson comorbidities[20] (excluding PUD,
stratified as 0, 1-2, or ≥ 3 comorbidities), perforated vs
non-perforated PUD, upper endoscopy, interventional
radiological attempt at controlling bleeding, and fiscal
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year of the hospital admission (Table 1).
Validation of UGIB secondary to PUD
To calculate positive predictive value (PPV), we extracted
patients with UGIB secondary to PUD from the DAD
in the Calgary Health Zone of Alberta, Canada. The estimated population in the zone was 1.3 million in 2009[21].
The DAD was searched using ICD-10 codes in all diagnostic coding positions to identify adult patients (≥ 18
years) admitted to hospital between January 1 and December 31, 2008. The DAD data were linked to our gold
standard, EndoPRO, which is a centralized electronic
endoscopy database. Physicians in the tertiary care centres in the Calgary Health Zone record all endoscopic
procedures in EndoPRO. Each record contains patient
demographics, a brief medical history, indication for the
procedure, endoscopic findings, impressions, and recommendations. Individuals whose endoscopic reports were
missing or incomplete underwent an inpatient chart review. Based on history and endoscopy findings, patients
with confirmed cases of UGIB secondary to PUD were
defined as true positives. UGIB due to other causes
(e.g., gastritis or variceal bleeds) were defined as negative
cases.
To calculate sensitivity, we randomly selected 110 endoscopic reports of patients with UGIB secondary to PUD
and linked their personal health numbers to the original
DAD and determined presence of ICD-10 codes for
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Table 2 Characteristics of patients admitted to hospital with incidence of gastrointestinal bleeding secondary to peptic ulcer disease

n (%)

All hospitalized patients with UGIB Secondary
to PUD

Patients admitted for UGIB Secondary to
PUD

n =7079

n = 4713

Female
Age ≥ 65 yr
Rural
Underwent upper endoscopy
Underwent interventional radiology treatment
Underwent both interventional radiology and surgery1
Comorbidities
No comorbidities
1-2 comorbidities
≥ 3 comorbidities
In-hospital mortality
30-d readmission with UGIB secondary to PUD2
Surgical intervention

2784 (39.3)
4307 (60.8)
1318 (18.6)
5422 (76.6)
42 (0.6)
10 (23.8)

1841 (39.1)
2720 (57.7)
883 (18.7)
3466 (73.5)
26 (0.6)
7 (26.7)

3016 (42.6)
2329 (32.9)
1734 (24.5)
601/7079 (8.5)
301/6478 (4.7)
305/7079 (4.3)

2491 (52.9)
1460 (31.0)
762 (16.2)
175/4722 (3.7)
229/4538 (5.1)
200/4722 (4.2)

Percentage reflects the proportion of patients who underwent surgery among those patients undergoing an interventional radiology intervention; 2Those
who died in hospital were excluded from the calculation for readmission. UGIB: Gastrointestinal bleeding; PUD: Peptic ulcer disease.
1

UGIB secondary to PUD.
Statistical analysis
For the validation study, sensitivity and PPV with 95%
confidence intervals (CI) were calculated. Annual incidence per 100000 persons with age and sex standardization was calculated for the entire province. Poisson regression was used to report incidence rate ratio (IRR) with
95%CI for the year of admission of an UGIB secondary
to PUD after adjusting for age and sex. For the three
outcomes of interest (i.e., surgery, in-hospital mortality,
and readmission), logistic regression was used to evaluate
covariates including age, sex, comorbidities, urban or rural
residency, upper endoscopy, interventional radiology, and
year. Perforation was included in the models describing
mortality and 30-d readmission. The adjusted odds ratio
(OR) with 95%CI were estimated from the model.
In a secondary analysis, we restricted the population
to patients with UGIB due to a gastric (ICD-10: K25.0,
K25.2, K25.4, and K25.6) or duodenal ulcer (ICD-10:
K26.0, K26.2, K26.4, and K26.6). Patients coded with
both gastric and duodenal ulcers, gastrojejunal ulcers,
or non-specific location were excluded. We repeated the
logistic regression models for mortality, surgery, and 30-d
readmission and included a covariate that compared duodenal to gastric ulcers.
Sensitivity analyses
We conducted two sensitivity analyses to ensure the reproducibility of our results. For our first sensitivity analysis we removed patients with UGIB secondary to PUD
that occurred as an in-hospital complication following
admission for another medical condition. The study population was restricted to admissions for UGIB secondary
to PUD with ICD-10 codes only in the primary diagnostic position (i.e., the main reason responsible for hospital
stay). In a second sensitivity analysis, we restricted our
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study population to individuals with a CCI code for upper endoscopy. In this sensitivity analysis patients with
an UGIB secondary to PUD underwent an upper endoscopy to confirm the diagnosis.
Statistical analysis was performed using SAS version
9.3. This study was approved by the Conjoint Health Research Ethics Board of the University of Calgary.

RESULTS
We identified 7079 incident cases of UGIB secondary to
PUD within the province of Alberta between 2004 and
2010. The PPV and sensitivity for the ICD-10 definition of UGIB secondary to PUD were 85.2% (95%CI:
80.2%-90.2%) and 77.1% (95%CI: 69.1%-85.2%), respectively.
Patient characteristics, interventional procedures performed, and outcomes are reported in Table 2. Age and
sex specific incidence for UGIB secondary to PUD from
2004 to 2010 ranged from 35.4 to 41.2 per 100000 persons (Figure 1). Age and sex adjusted annual incidence
did not significantly change between 2004 and 2010 (IRR
= 0.99, 95%CI: 0.98-1.02).
Overall risk of surgical intervention among patients
with UGIB secondary to PUD was 4.3% (Figure 2, Table
2). The odds of surgery was higher in patients who
were younger (adjusted OR ≥ 65 vs < 65: 0.74; 95%CI:
0.58-0.94) (Table 3). Only 0.6% of our population underwent an interventional radiological procedure to control
bleeding (Table 2). While 76% of those who underwent
interventional radiology avoided surgery, undergoing
interventional radiology was associated with increased
odds of surgery (adjusted OR = 7.18; 95%CI: 3.48-14.84)
(Table 3).
The overall risk of in-hospital mortality was 8.5%
(Figure 2, Table 2). In-hospital mortality was associated with sex (adjusted OR female vs male: 1.28; 95%CI:
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Figure 1 Age and sex specific incidences for gastrointestinal bleeding secondary to peptic ulcer disease across time. A: Total incidence and incidence stratified by sex. B: Incidence stratified by age groups.
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Figure 2 Adjusted risk of in-hospital mortality, 30-d readmission, and surgical procedure across years among patients hospitalized with an upper
gastrointestinal bleeding secondary to peptic ulcer disease.

1.07-1.53), age (adjusted OR ≥ 65 vs < 65: 1.68; 95%CI:
1.37-2.06), comorbidities (adjusted OR ≥ 3 comorbidities vs no comorbidities: 9.51; 95%CI: 7.28-12.43), and
interventional radiology (adjusted OR = 2.41; 95%CI:
1.07-5.41) (Table 3).
Risk of 30-d readmission with UGIB secondary to
PUD significantly increased from 3.1% to 5.2% between
2004 and 2010 (adjusted OR per year: 1.07; 95%CI:
1.01-1.14) (Figure 2). The odds of readmission were higher among older patients (adjusted OR ≥ 65 vs < 65: 1.57;
95%CI: 1.21-2.04) and patients living in rural areas (adjusted OR rural vs urban: 2.30; 95%CI: 1.79-2.95). Patients
who received an upper endoscopy were at lower odds
of hospital readmission (adjusted OR = 0.58; 95%CI:
0.45-0.74) (Table 3).
Patients with duodenal ulcers were at higher odds of
dying in-hospital (adjusted OR = 1.27; 95%CI: 1.05-1.53),
needing surgery (adjusted OR = 1.73; 95%CI: 1.34-2.23),
and being readmitted to hospital (adjusted OR = 1.54;
95%CI: 1.19-1.99) when compared to those with gastric
ulcers (Table 4).
In a sensitivity analysis we defined UGIB secondary
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to PUD with ICD-10 codes only in the primary diagnostic position. The risk of surgery was 4.2%, in-hospital
mortality was 3.7%, and 30-d readmission was 5.1% (Table
2). In this sensitivity analysis endoscopy was associated
with reduced in-hospital mortality (adjusted OR = 0.62;
95%CI: 0.44-0.88) and age was no longer associated with
a significantly reduced odds of surgery (adjusted OR ≥
65 vs < 65: 0.78; 95%CI: 0.58-1.06) (Table 5). Otherwise,
the sensitivity analysis reported findings similar to the primary analysis that used all 25 diagnostic positions (Tables
3 and 5). Our second sensitivity analysis restricted the
study population to patients with a CCI code for endoscopy; these analyses supported our primary findings; with
the exception that interventional radiology was no longer
associated with increased in-hospital mortality (adjusted
OR = 2.30, 95%CI: 0.95-5.55) (Table 6).

DISCUSSION
Despite advances in medical management and endoscopic
interventions during the 20th century, in the 21st century
UGIB secondary to PUD continues to be a considerable
burden to patients and to the healthcare system. Across
the province the risk for surgery (4.3%), mortality (8.7%),
and 30-d readmission to hospital (4.7%) for UGIB secondary to PUD was high. Annual incidence in Alberta
ranged from 35.4 to 41.2 per 100000 persons between
2004 and 2010. By extrapolating our findings in Alberta,
we estimate that every year over 12000 patients experience
UGIB secondary to PUD in hospitals across Canada and
600 of these patients die in hospital.
Several studies have shown that the incidence of
UGIB secondary to PUD diminished towards the end of
the 20th century and has primarily stabilized during the
turn of the 21st century. In Sweden the incidence declined
from 64/100000 in 1987 to approximately 35/100000 in
1999, but was stable up to 2005[9]. Incidence was stable
in the United States from 1999-2004[10]. Spain reported a
steady decline in incidence from approximately 55/100000
in 1996 to approximately 25/100000 in 2005[12]. The de-
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Table 3 Adjusted odds ratio (95%CI) among all hospitalized patients with an gastrointestinal bleeding secondary to peptic ulcer
disease; admitted for any cause (n = 7079)
1

In-hospital mortality (95%CI)

30-d readmission (95%CI)

Surgical intervention (95%CI)

0.98 (0.94-1.02)
1.28 (1.07-1.53)
1.68 (1.37-2.06)
0.90 (0.71-1.14)
3.14 (2.03-4.85)
2.23 (1.56-3.20)
2.41 (1.07-5.41)
1.08 (0.86-1.35)

1.07 (1.01-1.14)
1.16 (0.91-1.47)
1.57 (1.21-2.04)
2.30 (1.79-2.95)
1.59 (0.76-3.33)
1.16 (0.62-2.15)
0.70 (0.09-5.16)
0.58 (0.45-0.74)

0.98 (0.93-1.04)
0.94 (0.74-1.20)
0.74 (0.58-0.94)
0.90 (0.66-1.22)
Not applicable
Not applicable
7.18 (3.48-14.84)
0.86 (0.66-1.13)

3.13 (2.36-4.16)
9.51 (7.28-12.43)

1.14 (0.86-1.49)
1.20 (0.88-1.64)

1.07 (0.81-1.41)
1.04 (0.77-1.41)

One year increase (yr)
Female to male
Age ≥ 65 yr to age < 65 yr
Rural to urban
Perforation to no perforation
Surgery2
Interventional radiology2
Upper endoscopy2
Charlson comorbidities3
1-2 comorbidities
≥ 3 comorbidities
1

Those who died in hospital were excluded from the calculation for readmission; 2Those who had the procedure performed compared to those who did not;
Patients who had no comorbidities was used as the reference group. UGIB: Gastrointestinal bleeding; PUD: Peptic ulcer disease.

3

Table 4 Adjusted odds ratio (95%CI) among all hospitalized patients with Gastrointestinal bleeding due to gastric or duodenal ulcers (n = 6356)

Duodenal vs gastric ulcer
One year increase (yr)
Female to male
Age ≥ 65 yr to age < 65 yr
Rural to urban
Perforation to no perforation
Surgery2
Interventional radiology2
Upper endoscopy2
Charlson comorbidities3
1-2 comorbidities
≥ 3 comorbidities

1

In-hospital mortality (95%CI)

30-d readmission (95%CI)

Surgical intervention (95%CI)

1.27 (1.05-1.53)
0.98 (0.93-1.02)
1.22 (1.01-1.48)
1.65 (1.33-2.05)
0.83 (0.64-1.08)
2.32 (1.44-3.75)
2.52 (1.73-3.68)
2.22 (0.99-4.99)
1.24 (0.96-1.59)

1.54 (1.19-1.99)
1.08 (1.02-1.15)
1.26 (0.97-1.63)
1.59 (1.20-2.10)
2.36 (1.80-3.09)
1.29 (0.58-2.84)
1.29 (0.69-2.43)
0.59 (0.08-4.41)
0.59 (0.45-0.77)

1.73 (1.34-2.23)
0.99 (0.93-1.05)
0.96 (0.74-1.24)
0.76 (0.59-0.98)
1.00 (0.73-1.38)
Not Applicable
Not Applicable
5.74 (2.69-12.27)
0.77 (0.58-1.01)

3.19 (2.35-4.32)
9.87 (7.42-13.14)

1.29 (0.96-1.73)
1.33 (0.96-1.85)

1.06 (0.79-1.41)
1.00 (0.73-1.37)

1

Those who died in hospital were excluded from the calculation for readmission (n = 5813 included in the analysis); 2Those who had the procedure performed compared to those who did not; 3Patients who had no comorbidities was used as the reference group. Patients with ulcers in both the stomach and
duodenum or unspecified locations were excluded in this sensitivity analysis.

Table 5 Adjusted odds ratio (95%CI) among all hospitalized patients where gastrointestinal bleeding secondary to peptic ulcer disease was the primary reason for hospital stay (n = 4713)
1

In-hospital mortality (95%CI)
One year increase (yr)
Female to male
Age ≥ 65 yr to age < 65 yr
Rural to urban
Perforation to no perforation
Surgery2
Interventional radiology2
Upper endoscopy2
Charlson comorbidities3
1-2 comorbidities
≥ 3 comorbidities

30-d readmission (95%CI)

Surgical intervention (95%CI)

0.96 (0.89-1.04)
1.42 (1.03-1.96)
2.90 (1.90-4.43)
0.89 (0.59-1.35)
3.70 (2.05-6.69)
3.30 (1.89-5.74)
4.89 (1.54-15.54)
0.62 (0.44-0.88)

1.09 (1.02-1.16)
1.02 (0.78-1.35)
1.83 (1.35-2.47)
2.35 (1.77-3.14)
1.35 (0.60-3.04)
1.42 (0.72-2.8)
0.88 (0.11-6.7)
0.71 (0.53-0.95)

0.99 (0.93-1.07)
1.03 (0.76-1.38)
0.78 (0.58-1.06)
1.10 (0.77-1.57)

2.56 (1.67-3.95)
6.63 (4.33-10.16)

1.22 (0.90-1.66)
1.33 (0.92-1.94)

1.30 (0.94-1.81)
1.24 (0.83-1.87)

8.59 (3.54-20.85)
0.79 (0.58-1.08)

1

Those who died in hospital were excluded from the calculation for readmission (n = 4538); 2Those who had the procedure performed compared to those
who did not; 3Patients who had no Charlson comorbidities was used as the reference group.

creasing incidence of UGIB secondary to PUD from the
late 20th century to the early 21st century may be partially
explained by the decreased prevalence of H. pylori[22].
Mortality continues to be a prevalent outcome for
UGIB secondary to PUD. In our study, overall in-hos-
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pital mortality for Alberta, Canada, was 8.5%. However,
the risk of death varies between countries: Korea (2.2%
in 2006-2007)[23], United States (2.5% in 2006)[10], Turkey
(2.8% in 2009)[24], Spain (3.1% in 1996-2005)[12], Sweden (6.2% in 2005)[9], Denmark (11% in 2010-2011)[13],
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Table 6 Adjusted odds ratio (95%CI) among all hospitalized patients with an gastrointestinal bleeding secondary to peptic ulcer
disease and a Canadian Classification of Health Interventions procedural code for an upper endoscopy (n = 5422)

One year increase (yr)
Female to male
Age ≥ 65 yr to age < 65 yr
Rural to urban
Perforation to no perforation
Surgery2
Interventional radiology2
Charlson comorbidities3
1-2 comorbidities
≥ 3 comorbidities

1

In-hospital mortality

30-d readmission

Surgical intervention

0.98 (0.94-1.03)
1.35 (1.10-1.64)
1.56 (1.24-1.95)
0.90 (0.69-1.17)
1.96 (1.08-3.57)
2.04 (1.34-3.1)
2.30 (0.95-5.55)

1.10 (1.02-1.18)
1.13 (0.84-1.51)
1.70 (1.23-2.36)
2.51 (1.85-3.41)
1.65 (0.65-4.16)
1.64 (0.85-3.18)
0.74 (0.10-5.52)

0.98 (0.91-1.05)
0.92 (0.69-1.22)
0.64 (0.49-0.85)
0.88 (0.61-1.27)
Not Applicable
Not Applicable
5.38 (2.32-12.47)

3.21 (2.3-4.47)
10.32 (7.55-14.1)

1.28 (0.92-1.79)
1.12 (0.76-1.64)

1.03 (0.75-1.41)
1.01 (0.72-1.43)

1

Those who died in hospital were excluded from the calculation for readmission (n = 4940 included in analysis); 2Those who had the procedure performed
compared to those who did not; 3Patients who had no Charlson comorbidities was used as the reference group.

and the Netherlands (14% in 2000)[11]. Heterogeneity
between countries may be explained by the time period
of study, the age distribution of populations, prevalence
of comorbidities, and differences in UGIB management
practices, which may be influenced by factors such as
availability of endoscopy and utilization of pharmacotherapies such as proton pump inhibitors and prokinetics. Methodological factors may additionally explain heterogeneity, including different definitions of mortality.
For example, in our study the risk of in-hospital mortality was high (8.5%) when we defined UGIB secondary
PUD using any of diagnosis coding fields. However,
when we restricted the study population to those coded
in the primary diagnostic position (i.e., the primary reason for hospital stay was due to UGIB secondary to
PUD), then in-hospital mortality dropped to 3.7%. The
drop in mortality may also be due to fewer patients with
multiple comorbidities or fewer secondary complications
associated with prolonged hospital stay.
Epidemiologic studies have shown that the average
age of patients who experience UGIB secondary to PUD
is increasing[25]. Current evidence suggests that the cause
of death is less often attributable directly to the bleeding
ulcer[26]. Instead, the most predominant causes of death
are related to cardiopulmonary deterioration as a result
of exacerbated comorbidities[26]. Similarly, in our study,
older women with multiple comorbidities were at the
highest risk for mortality following an UGIB secondary
to PUD. A recent meta-analysis reported UGIB secondary to PUD patients with comorbidities were at severalfold higher risk of overall mortality when compared to
patients without comorbidities[27]. Thus, our data supports a growing body of literature that highlights the importance of optimizing the timely management of elderly
individuals with multiple comorbidities who experience
UGIB secondary to PUD.
The 30-d risk of readmission for a recurrent UGIB
increased from 3% to 5% in Alberta during the study
period. We showed that elderly patients were at increased
odds of readmission. Similarly, in Sweden 6% of elderly
patients were readmitted to hospital following their initial bleed[28]. Additionally, we demonstrated that patients
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who lived in rural areas and those patients who did not
undergo endoscopy were at greater odds of being readmitted to hospital for a recurrent bleed. The reasons for
the odds of readmission for UGIB secondary to PUD
to be higher in rural areas is likely multi-factorial. A
Canadian multicenter study showed that several factors
contributed to readmissions including management errors, complications, and inappropriate medical management[29]. A previous study showed that endoscopy utilization in Alberta was similar in rural and urban regions;
however, in rural areas endoscopy for UGIB secondary
to PUD is most commonly performed by surgeons[30].
Lack of gastroenterologist in rural areas may result in
decreased utilization of therapeutic endoscopy and improper medical management such as failure to eradicate
H. pylori[31,32]. Future studies are needed to assess whether
greater access to gastroenterologists in rural areas would
improve outcomes for PUD.
An upper endoscopy procedure was performed in
over 70% of our study population. Methodological considerations may explain the lack of endoscopy reporting
in our administrative database. The subpopulation that
was validated included 15% false positives and some of
these patients did not undergo upper endoscopy. Additionally, within our database some true cases of UGIB
secondary to PUD underwent endoscopy, but the CCI
procedure code was missing from the database (3% in
our validation subpopulation). Reassuringly, our predictors of surgery, in-hospital mortality, and 30-d readmission remained similar to our primary analysis when we
restricted our study population to patients with a concurrent upper endoscopy procedural code.
The risk of surgery for UGIB secondary to PUD in
Alberta was 4.3%, which was similar to other studies. For
example, the risk of surgery was 3.8% in Los Angeles
from 2000-2004[33], 5.7% in Malmö City, Sweden from
1999-2004[14], 4.2% in France from 2005-2006[34], and
ranged between 4% and 7% in Demark from 2007-2011[13].
Thus, the role of surgery in treating UGIB secondary to
PUD remains important in the 21st century[13,35-37].
Less than 1% of patients underwent an interventional radiology procedure in Alberta, which is comparable
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to the United Kingdom (1%)[3]. Low utilization of interventional radiology was likely due to the natural history
of bleeding PUD, success of endoscopic and medical
therapies, and restricted access to large urban hospitals.
Among those patients receiving an interventional radiological procedure 76% avoided surgery. While interventional radiology increased the odds of surgery and
mortality, these findings likely reflected disease severity.
Consequently, central regionalization of patients with
severe UGIB secondary to PUD to centers with access
to specialized interventions may improve province-wide
health outcomes.
In our study patients with a bleeding duodenal ulcer
had a worse prognosis than those with a bleeding gastric
ulcer. Duodenal ulcers were associated with higher odds
of mortality, surgery, and readmission to hospital. Bleeding duodenal ulcers were associated with a higher risk of
mortality and surgery in some[10,33], but not all prior studies[9,28]. Duodenal ulcers may be associated with a worse
prognosis because ulcers located within the duodenum
can be technically more difficult to manage; particularly,
for endoscopy performed in rural areas with reduced
volume of experience in managing UGIB secondary to
PUD[38].
Limitations to our study should be considered. Our
study period was only seven years, which may be too
short to meaningfully assess temporal trends. Also, misclassification of some cases is unavoidable in studies
using administrative database. Thus, we validated the
ICD-10 definition for UGIB secondary to PUD. In our
validation study, we discovered that most of the false
positive cases represented UGIB due to other causes
(e.g., variceal bleed) or PUD without clinical evidence of
UGIB. Additionally, our administrative dataset missed patients who died before presenting to hospital and patients
with bleeding from low risk ulcers that were not admitted
to hospital. Furthermore, the administrative database
lacked clinically meaningful information that likely influenced the outcomes of surgery, mortality, and readmissions. Specifically, we did not explore: (1) disease severity
at clinical presentation (e.g. risk stratification scores such
as the Glasgow-Blatchford); (2) the prevalence and eradication of H. pylori; (3) endoscopic evidence of high-risk
stigmata of re-bleeding such as a visible vessel; and (4)
medications such as NSAIDs, proton pump inhibitors,
prokinetic agents, or vasoactive drugs. Additionally, we
were not able to identify therapeutic endoscopic interventions such as injection of epinephrine, cauterizing
vessels, and placement of clips. Finally, we studied the
province of Alberta, Canada and thus, additional epidemiological studies are necessary to confirm generalizability in other regions.
In conclusion, we used validated ICD-10 codes to
identify a province-wide population-based cohort of
over 7000 hospitalized patients with an UGIB secondary
to PUD from 2004 to 2010. The administrative database
tracked patients through multiple admissions, allowing
us to evaluate readmissions to hospital. Our findings
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showed that UGIB secondary to PUD continues to remain an important health problem in the 21st century.
The incidence of UGIB secondary to PUD, need for
surgical management, and mortality observed in Alberta
was similar to findings around the world that have published outcomes since 2000. Our data also highlights that
older women with comorbidities are at the highest risk
of mortality. Further, we demonstrated that patients with
a bleeding duodenal ulcer have a worse prognosis than
those with gastric ulcers. Readmission to hospital for a
recurrent UGIB was more common in rural areas, where
access to gastroenterologists is lacking. Future studies
should focus on identifying additional factors that may
decrease incidence of UGIB secondary to PUD, as well
as surgical interventions and mortality. Furthermore, to
improve the quality of care for rural residents, we need
to explore ways to increase their access to gastrointestinal health services.
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Background

Peptic ulcer disease (PUD) is a medical condition where the lining of the stomach or duodenum is damaged, which can lead to upper gastrointestinal bleeding (UGIB). UGIB secondary to PUD is a medical emergency, and despite the
very best management, patients often die of this condition. Due to its severity,
UGIB secondary to PUD places a substantial burden on patients, their families,
and the healthcare system.

Research frontiers

Medical care has advanced to better manage UGIB secondary to PUD with
the use of therapies such as proton pump inhibitors, therapeutic endoscopy,
interventional radiology, and surgery. However, previous studies investigating
the epidemiological characteristics of UGIB secondary to PUD were limited to
large urban centres and lack data on rural outcomes. This is important as rural
areas may face additional challenges in accessing healthcare services. This
population-based study includes both urban and rural settings to investigate the
burden of UGIB secondary to PUD.

Innovations and breakthroughs

This study investigated the incidence of UGIB secondary to PUD along with
three outcomes: in-hospital mortality, need for surgery, and 30-d readmission.
UGIB secondary to PUD is associated with a high risk of mortality (8.5%) and
need for surgery (4.5%). Readmission to hospital was more common among
rural residents as compared to urban residents. Interventional radiology used to
control bleeding was limited to specialized urban centers and these procedures
prevented the need for surgery in 76% of treated patients.

Applications

Outcome data can aid in the care of patients in multiple ways. Healthcare workers can use our findings to guide patient management. By understanding the
PUD prognosis, patients and their families can make more informed decisions.
Further, healthcare administrators can use this data to estimate disease burden
and to allocate healthcare resources. Also, this data can be used to compare
outcomes from UGIB secondary to PUD in Alberta to other jurisdictions. Finally,
this data can be used for surveillance of outcomes as therapeutic advances in
the management of UGIB secondary to PUD evolve.

Terminology

International Classification of Diseases is a set of codes used by hospital health
records to document diseases. These coded data can be used for research
and surveillance purposes. Interventional radiology is a less-invasive medical
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procedure using image-guided catheters to perform tasks such as controlling
bleeding.

Peer review

In this manuscript, the authors tried to evaluate the incidence, surgery, mortality, and readmission of upper gastrointestinal bleeding secondary to peptic ulcer
disease in the province of Alberta, Canada. The study was uniquely performed
and the results are very interesting.
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Abstract
AIM: To study the implementation of an enhanced recovery after surgery (ERAS) program at a large University Hospital from “pilot study” to “standard of care”.
METHODS: The study was designed as a prospective
single centre cohort study. A prospective evaluation of
compliance to a protocol based on full application of all
ERAS principles, through the progressive steps of its
implementation, was performed. Results achieved in
the initial pilot study conducted by a dedicated team (n
= 47) were compared to those achieved in the shared
protocol phase (n = 143) three years later. Outcomes
were length of postoperative hospital stay, readmission rate, compliance to the protocol and morbidity.
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Primary endpoint was the description of the results and
the identification of critical issues of large scale implementation of an ERAS program in colorectal surgery
emerged in the experience of a single center. Secondary endpoint was the identification of interventions that
have been proven to be effective for facilitating the
transition from traditional care pathways to a multimodal management protocol according to ERAS principles
in colorectal surgery at a single center.
RESULTS: During the initial pilot study (March 2009 to
December 2010; 47 patients) conducted by a dedicated
multidisciplinary team, compliance to the items of ERAS
protocol was 93%, with a median length of hospital
stay (LOS) of 3 d. Early anastomotic fistulas were observed in 2 cases (4.2%), which required reoperation
(Clavien-Dindo grade Ⅲb). None of the patients had
been discharged before the onset of the complication,
which could therefore receive prompt treatment. There
were also four (8.5%) minor complications (ClavienDindo grade Ⅱ). Thirty days readmission rate was 4%.
Perioperative mortality was nil. After implementation
of the protocol throughout the Hospital in unselected
patients (May 2012 to December 2012; 147 patients)
compliance was 74%, with a median LOS of 6 d. Early
anastomotic fistulas were observed in 11 cases (7.7%),
5 (3.5%) of which required reoperation (Clavien-Dindo
grade Ⅲb). Two early anastomotic fistulas were treated
by radiologic/endoscopic manoeuvres and 4 were treated conservatively. There were also 36 (25.2%) minor
complications, 21 (14.7%) of which were Clavien-Dindo
grade Ⅱ and 15 (10.5%) of which were Clavien-Dindo
grade Ⅰ. Only two patients whose course was adversely affected by the development of an anastomotic
leak had been discharged before the onset of the complication itself, requiring readmission. Readmission rate
within 30 d was 4%. Perioperative mortality was 1%.
CONCLUSION: Our results confirm that introduction of
an ERAS protocol for colorectal surgery allows quicker
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postoperative recovery and shortens the length of stay
compared to historical series.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Although enhanced recovery after surgery
(ERAS) protocol in colorectal surgery has been promoted as standard of care, its thorough application is still
scarce, due to difficulties in overcoming cultural and
organizational barriers that can undermine its start-up
and diffusion. This study is focused on the prospective
evaluation of compliance to a full-items ERAS protocol,
through the progressive steps of its implementation at
a large University Hospital from the “pilot study” phase
to the current status of “standard of care”. Results
achieved confirm that ERAS protocol implementation
allows quicker postoperative recovery and shortens the
hospitalization, compared to historical series, the higher
is the compliance-rate.
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INTRODUCTION
Laparoscopic surgery[1-4] and its latest developments, such
as robotics[5,6], single-port surgery[7,8] and mini-laparoscopy[9,10], have reduced the impact of colorectal surgery
from the technical point of view. On the other hand,
the ever-increasing focus on updating traditional care
pathways according to the principles of “evidence based
medicine” (EBM) has favored a significant improvement
of “perioperative care”, which has found its culmination in the drafting of the fast-track protocol by Kehlet
in 1999[11]. With time passing, fast-track philosophy has
gained wide acceptance in the scientific community, being now often proposed as standard of care[12]. Vlug et
al[13] have recently even postulated that the combination
between laparoscopic surgery and postoperative rehabilitation according to fast-track protocol is the optimal
management for patients undergoing elective colorectal
surgery (LAparoscopy and/or FAst track multimodal
management versus standard care, LAFA Trial). Despite
scientific evidence in its favor, the Fast-track protocol
in colorectal surgery is struggling to impose itself on a
wide-scale because of cultural barriers, such as the fear of
change - due to the confidence with results achieved by
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the routinary application of traditional care pathways, the
poor propensity to evidence based concepts and practical
issues, such as organizational and structural changes in
the care pathway[14]. Maessen et al[15] already highlighted
that the protocol itself is extremely demanding in terms
of workforce and allocation of resources, so as to make
its implementation very difficult outside of clinical trials.
The question seems no longer to be whether colorectal surgery according to “enhanced recovery after surgery” (ERAS) principles or to traditional care is better,
but rather how to improve the approach and facilitate its
deployment.
This study is focused on the analysis of the introduction and development of the ERAS program at our Institution (a University Research Hospital) from the “pilot
study” phase to the current status of “standard of care”
and on the description of the results achieved during the
different steps of its implementation.

MATERIALS AND METHODS
Study design and aim
The study was designed as a prospective single centre
cohort study. The aim of our study was the prospective
evaluation of an ERAS protocol that includes full application of all ERAS principles, through the progressive
steps of its implementation at our Institution.
Steps of implementation of an ERAS protocol in
colorectal surgery at our institution
The first step was a pilot study conducted by a restricted
multidisciplinary team from March 2009 to December
2010 in the clinical setting of the Day Surgery Unit. This
Unit is an autonomous department, run by anesthesiologists, which has dedicated operating theatres, admission
and recovery areas, and harbours multidisciplinary surgical teams (general, vascular, orthopaedic and plastic
surgeons as well as gynecologists, urologists and ophtalmologists), performing around 15000 low- and mediumimpact procedures/year. In this department the nursing
staff is specialized in standardized care pathways aimed
at short hospitalization of patients treated for the aforementioned procedures. The fast-track team was formed
by two surgeons (one senior colorectal surgeon, one
trainee), two anesthesiologists (the chief of Day Surgery
Unit and 1 resident) and two nurses.
After the pilot study had been completed, the ERAS
protocol has been shared and extended to all three Units
of General Surgery and to the two divisions of Anesthesia of our Institution, which adhered to the “ERAS Italy”
Network in May 2012. From May 2012 to December
2012 the clinical course of each patient treated has been
tracked in a dedicated database.
“Pilot study” group vs “shared protocol” group
The general objective of the study was the comparison
between results achieved in the “pilot study” group and
those registered in the “shared protocol” group. Out-
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comes were length of postoperative hospital stay, readmission rate, compliance to the protocol and morbidity.
Primary endpoint was the description of the results
and the identification of critical issues of large scale implementation of an ERAS program in colorectal surgery
emerged in the experience of a single center.
Secondary endpoint was the identification of interventions that have been proven to be effective for facilitating the transition from traditional care pathways to a
multimodal management protocol according to ERAS
principles in colorectal surgery at a single center.
Inclusion criteria
Inclusion criteria were stated as follows: the “pilot study”
group included patients undergoing elective laparoscopic
colorectal resection - excepted abdominoperineal rectal
resection (APR) - for malignant or benign disease, aged
more than 18 years, with American Society of Anesthesiologists (ASA) score between 1 and 3 (stable), who were
judged able to understand the requirements of the study
and to provide an adequate informed consent, meeting
some social requirements for early discharge such as a
residence located within 1 h from the hospital and an
adult responsible caretaker. The “shared protocol” group
was extended to all except ASA V patients and even
for urgent procedures ERAS protocol items that were
deemed appropriate were applied.
ERAS team
The “pilot study” was conducted by a multidisciplinary
team constituted by two surgeons, two anesthetists and
two nurses trained in high-turnover clinical pathways pertaining to Day Surgery Unit. The “shared protocol” was
intended to be followed by all surgeons, anesthesiologists
and nursing staff involved in colorectal surgery at our Institution.
Patient’s preparation
Standards of preparation were the same for both groups.
No bowel preparation was administered, except for an
evacuating enema (120 mL) the night before and the
morning of surgery in patients undergoing left colonic
and rectal resection. Preoperative fasting was abolished
and patients were allowed regular diet until 6 h before
surgery and clear fluids until 2 h before surgery. Carbohydrate load was administered the night before and the
morning of operation. Thromboembolism prophylaxis
with low molecular weight heparins and short-term antibiotic prophylaxis with cefazolin plus metronidazole,
in agreement with hospital guidelines, were administered
preoperatively.
Anesthetic protocol
The anesthetic protocol included no premedication, preoperative placement of an epidural catheter whenever
possible, use of total intravenous anaesthesia technique,
restricted intraoperative fluid administration, prevention of
hypothermia during surgery and anti-emetic prophylaxis.
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Surgical technique
The surgical technique consisted of a laparoscopic approach as a first choice without routine placement of
abdominal drainage and preferred use of transverse incisions. The nasogastric tube was removed upon awakening.
Analgesia
Analgesia involved restriction of opioid medications, intraoperative intravenous use of ketorolac, infiltration of
incisions with local anesthetic at the end of the surgical
procedure, administration of bupivacaine through the
epidural catheter for the first 48 h with eventual association of nonsteroidal antiinflammatory drugs (paracetamol
and ibuprofen) as needed. In the event that the placement
of the epidural catheter had not been successful, a rescue
analgesic protocol was used, consisting in the alternate
administration of paracetamol and ibuprofen every 4 h
until the 2nd postoperative day included.
Postoperative management
Immediate postoperative monitoring was carried out in
the recovery room. In order to enhance compliance, during the pilot study patients were treated at the Day Surgery post anaesthesia care unit for the first 6 postoperative
hours by the dedicated nursing staff with specific training
in sub-intensive management of patients undergoing medium-low impact surgical procedures, which was identified
as essential requirement, as well as an adequate knowledge
and mastery of protocols and care features of patients
undergoing early discharge. The immediate postoperative
management included withdrawal of intravenous injection
infusions; 2 h after surgery, patients resumed a liquid diet,
4 h after surgery patients began to take protein supplements orally and were mobilized for at least 2 h. Patients
of the “shared protocol” group were monitored in the
general or recovery room and discharged to the ward
once judged fit by the anesthetist.
Once in the ward, patients were allowed to eat a light
semisolid meal sitting at the table. All patients were given
a specifically designed diary, containing an agenda of activities suggested day-by-day in the postoperative period
and a questionnaire to write down their progress and any
lingering symptoms.
On the 1st postoperative day bladder catheter was
removed (except in patients who underwent low anterior
rectal resection or APR, in whom it was removed the 2nd
postoperative day), a free diet to be consumed sitting at
the table was served and mobilization was further encouraged with an invitation to spend at least 8 h out of
bed and to walk for at least 250 m from then on.
On the 2nd postoperative day the epidural catheter was
removed and on the 3rd postoperative day the opportunity of discharge was considered.
Discharge criteria
Discharge criteria were stability of vital signs, alert and
oriented state of consciousness, absence of complica-
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tions or symptoms, autonomous walking, possibility of
feeding with a solid diet, successful first flatus, spontaneous diuresis, good control of pain numeric rating scale
(NRS) < 4 with oral medications, self-sufficiency in basic
daily activities and the desire expressed by the patient to
go home.
Post-discharge management
At the time of discharge, patients were instructed on analgesics to be administered at home in case of need and
how to contact the Hospital if required; a tab for pain
description and for the recording of analgesic therapy assumed to ease it was also provided.
Patients of the “pilot study” group received a phone
call by a Day Surgery Unit anesthetist on the day after
discharge; patients of both groups attended a followup outpatient evaluation seven days and one month after
surgery.

RESULTS
Pilot study group
From March 2009 to December 2010, 47 patients underwent laparoscopic colorectal resection with ERAS
perioperative management protocol. Median age was
67 years (range 23-86 years). Median ASA score was 2.
There were 20 males, 27 females. Mean body mass index
(BMI) was 27 kg/m2 (range 18-40 kg/m2). In 41 patients
the underlying disease was a colon adenocarcinoma.
Twenty-one left colectomies, 13 anterior rectal resections, 8 right hemicolectomy, 3 resections of the splenic
flexure, one Hartmann procedure and one Hartmann
reversal were performed. In 45 cases (96%) a transverse
minilaparotomy was performed for specimen extraction
(in 34 it was suprapubic, pararectal in 7, subcostal in 2,
iliac in 2); the mean length was 7 cm. In 2 cases (4%)
conversion (defined as an incision larger than planned)
was necessary (1 umbelico-pubic and 1 pfannenstiel) due
to technical difficulties. Early anastomotic fistulas were
observed in 2 cases (4.2%), which required reoperation
(Clavien-Dindo[16] grade Ⅲb) with diverting ileostomy
in one case, performed by laparoscopic approach, and
with total colectomy plus terminal ileostomy, performed
by open approach after initial laparoscopic exploration,
due to the detection of transposed colon ischemia. None
of the patients had been discharged before the onset of
the complication, which could therefore receive prompt
treatment. There were also 4 (8.5%) minor complications (Clavien-Dindo grade Ⅱ). Regarding pain control,
39 (81%) patients underwent a preoperative placement
of epidural catheter. During the immediate postoperative course median NRS was 3 at the 1st h, 2 between the
2nd and 5th h, and median consumption of non-opioid
analgesics was 1 dose. On 1st and 2nd post-operative day
the highest median NRS was 4 with a consumption of
non-opioid analgesics equal to 2.5 doses. On the 3rd postoperative day the highest median NRS was 2.5 with the
consumption of non-opioid analgesics equal to 1 dose.

WJG|www.wjgnet.com

The first bowel movement occurred after a median of
23 h after surgery. Ninety percent of patients received a
liquid or semi-liquid diet from as little as 2 h after surgery
and 96% a soft diet within 24 h. On the 1st post-operative
day about 90% spent at least 8 h out of bed and walked
more than 250 m. Overall, compliance with the protocol
items was 93%. Median hospital stay was 3 d (range 2-24
d). In the first week after discharge, pain control was satisfactory, with a maximum NRS median of 3, and only in
4 cases (8.5%) patients seeked for unplanned phone contact or outpatient visit after discharge in addition to that
fixed on the 7th postoperative day. Four surgical site infections (Clavien-Dindo grade Ⅰ) were detected and treated
as outpatients. Thirty days readmission rate was 4%: in
one case because of the development of acute renal failure due to electrolyte imbalance in an elderly patient with
diverting ileostomy; in the second case for pneumonia.
Both patients were treated conservatively at our Institution. Perioperative mortality was nil (Figures 1-3).
Shared protocol group
From May to December 2012, 143 patients underwent
colorectal resection with ERAS perioperative management protocol. Median age was 64 years (range 30-83
years). Median ASA was 2. There were 79 males, 64
females. Mean BMI was 25 kg/m2 (range 16-37 kg/m2).
In 113 patients the underlying disease was a colon adenocarcinoma. Forty-eight left colectomies, 41 right
hemicolectomies, 31 anterior rectal resections, 7 abdominoperineal resections, 5 resections of the splenic flexure,
4 total/subtotal colectomies, 4 Hartmann reversals, 1
Hartmann procedure, one ileocolic resection and one
segmental colectomy were performed. A laparoscopic
colorectal resection was successfully performed in 105
patients. Thirty-three patients underwent their planned
colorectal resection by a traditional open approach; in 5
laparoscopic colorectal resections an incision larger than
planned was necessary due to technical difficulties. Early
anastomotic fistulas were observed in 11 cases (7.7%),
5 (3.5%) of which required reoperation with diverting
ileostomy (Clavien-Dindo grade Ⅲb). Two early anastomotic fistulas were treated by radiologic/endoscopic
manoeuvres and 4 were treated conservatively. There
were also 36 (25.2%) minor complications, 21 (14.7%) of
which were Clavien-Dindo grade Ⅱ and 15 (10.5%) of
which were Clavien-Dindo grade Ⅰ. Only two patients
whose course was adversely affected by the development
of an anastomotic leak had been discharged before the
onset of the complication itself, requiring readmission.
Regarding pain control, 103 (72%) patients underwent a
preoperative placement of epidural catheter. In the immediate postoperative course median NRS was 2. On 1st
and 2nd post-operative day the highest median NRS was 2,
decreasing to 0 on 3rd post-operative day. The first bowel
movement occurred after a median of 24 h after surgery.
Seventy-four percent of patients received a liquid or
semi-liquid diet the same day of surgery and 85% a soft
diet within 24 h. On the 1st post-operative day 29% spent
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Figure 1 Graph shows the trend of mean postoperative hospital stay after
colorectal resection per period and per operating block, according to the
different phases of implementation of the enhanced recovery after surgery protocol at Istituto di Ricovero e Cura a Carattere Scientifico Istituto
Clinico Humanitas. ERAS: Enhanced recovery after surgery; pts: Patients;
DS: Day Surgery Unit.

at least 8 h out of bed, increasing to 50% on the 2nd postoperative day. Sixty-four percent of patients walked at
least 250 m on the 1st post-operative day. Overall, compliance with the items of the protocol was 74%. Median
hospital stay was 6 d (range 2-67 d). Twenty-two percent
of patients developed a surgical site infection (ClavienDindo grade Ⅰ) that required outpatient medication. Readmission rate within 30 d was 4%: in only two cases out
of a total of 5 the cause was due to an anastomotic leak
which occurred at home - in one case a surgical revision
was required (Clavien-Dindo grade Ⅲb), in a second case
an endoscopic procedure was performed (Clavien-Dindo
Ⅲa). Three other patients were readmitted, in one case
because of a complete perineal wound dehiscence after
abdominoperineal resection, which required surgical revision (Clavien-Dindo grade Ⅲb), in a second case because
of a pelvic abscess, which required interventional radiologic treatment (Clavien-Dindo Ⅲa) and in a third case
because of proctorrhagia and anemia, which required
blood transfusions (Clavien-Dindo Ⅱ). Perioperative
mortality was 1% (Figures 1-3).

DISCUSSION
The application of ERAS protocols in patients undergoing colorectal surgery, whether open or laparoscopic, positively affects the postoperative outcome[12,17-21]. Furthermore, the association between laparoscopic approach and
ERAS perioperative management has recently proposed
as the best option for patients undergoing segmental
colectomy for colon cancer (LAFA trial)[13]. Recent data
also suggest that such combination inhibits the release of
post-operative inflammatory factors with a reduction in
peri-operative trauma and stress; a better-preserved postoperative immune system may improve post-operative
results[22]. Surprisingly, the most impressive results from
the ERAS protocol were seen in elderly patients and in
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Figure 2 Graph shows the trend of mean postoperative hospital stay according to the compliance to the items of the enhanced recovery after
surgery protocol. ERAS: Enhanced recovery after surgery.

patients with multiple comorbidities[23,24].
Despite such scientific evidence, the degree of diffusion of the laparoscopic technique and of the ERAS
protocol in colorectal surgery is still limited[25], confirming that the adaptation of surgical practice to evidencebased care still struggles to impose itself, not only because of the reluctance to leave traditional principles of
care[25-30]. Cultural and organizational barriers hinder the
adoption of the ERAS protocol in daily clinical practice:
skepticism about results achieved with the application of
ERAS protocols and about their reproducibility outside
clinical trials, time-limitation issues, difficulties in setting
up the multidisciplinary team and in achieving the logistical and structural adjustments required, reimbursement
problems and liability issues of short hospitalization have
been recognized by Kehlet et al[14] as the main ones, and
have been recently confirmed to still remain the main
obstacle by a recent survey conducted by the Colorectal
Surgical Society of Australia and New Zealand[25].
A high compliance to the items of the protocol,
which has been evoked to be essential to obtain the best
results[31], is hard to mantain outside clinical trials, discouraging the implementation of the ERAS protocol on
a wide scale.
The first application of an ERAS protocol in colorectal surgery at our Institution was done in 2009 within a
pilot study aimed to assess the feasibility of its introduction into our clinical practice. Such a protocol was borrowed from that described by Fearon et al[32], and included
full application of all ERAS items.
After achieving positive results, the subsequent implementation of ERAS pathway throughout the Hospital
has been characterized by several steps that have allowed
this practice to gradually shift from the status of “pilot
study” to that of “standard of care”. Below is a brief
summary of the main phases of this process.
Around 300 colorectal resections are performed on a
yearly basis at our Institution, mostly by laparoscopic approach. Such procedures were traditionally performed by
three different surgical units in an operating block dedicated to major surgery. Our Institution has an independent Day Surgery Unit with separated operative blocks,
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Figure 3 Graph shows the compliance rate to pre-, intra- and post-operative items of the enhanced recovery after surgery protocol in relation to the different phases of implementation of the enhanced recovery after surgery protocol itself. POD: Postoperative day; NGT: Nasogastric tube.

run by dedicated anesthesiologists, where low-medium
impact procedures are performed by surgeons from all
surgical specialties. In this setting dedicated nursing staff
is trained in standardized care pathways aimed at early
recovery.
Before introduction of ERAS protocol, mean postoperative stay after colorectal surgery was 10.92 d.
In order to overcome cultural barriers and organizational difficulties, the first approach to ERAS protocol
was performed by a limited multidisciplinary team within
the Day Surgery Unit. Such pilot study, named “Evaluation of a Fast-track protocol in the perioperative management of patients undergoing laparoscopic colorectal
resections” was conducted from March 2009 to December 2010 and involved 47 patients of our division of
General Surgery, undergoing colorectal resection for benign or malignant disease. These patients underwent their
planned surgical intervention at a single operating block,
belonging to the Day Surgery Unit, with the intention to
use the strong “know-how” and the consolidated experience in the field of care pathways aimed at early recovery
of patients treated in the context of a short hospitalization; the entire pathway, in its pre-, intra- and post-operative stages, was followed by a dedicated multidisciplinary
team consisting of two surgeons, two anesthetists and
two trained nurses. A global compliance to the items of
the protocol of 93% was observed, with a mean hospital
stay of 4.57 d and a median of 3 d.
Prompted by these early encouraging results, our division of General Surgery has strengthened and extended
the application of the ERAS protocol at the same operating block expanding the multidisciplinary team to further
specialists trained about the peculiarities of the ERAS
pathway. In this second phase, overall compliance to the
protocol has decreased, standing at 74%, with an mean
hospital stay of 9 d and a median of 5 d.
Simultaneously, an ERAS protocol adapted to the
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peculiar organizational reality of those operating blocks
dedicated to major surgery, in which only some of the
items traditionally described were applied, has been progressively implemented by a second division of General
Surgery.
Starting from October 2010, the ERAS pathway was
extended and shared, after training of all surgical, anesthesiology and nursing staff involved, in order to extend
it to all the patients undergoing colorectal resections at
our institution. This phase was characterized by a global
compliance to the protocol of 85%, with a mean hospital
stay of 7.64 d and a median of 5 d.
In May 2012, Istituto di Ricovero e Cura a Carattere
Scientifico Istituto Clinico Humanitas joined the “ERAS
ITALY” Network, and the application of the protocol
was formally extended to all patients undergoing elective colorectal resection, through the involvement of all
specialists of the three divisions of General Surgery, of
the two divisions of Anesthesiology (Department of Anesthesia and Intensive Care Unit and Day Surgery Unit),
as well as of the nursing staff of three operating blocks
and of two wards specially dedicated for the hospitalization of these patients. Between May 2012 and December
2012, 143 patients were treated, with an overall compliance to the protocol of 74%, a mean hospital stay of 8 d
and a median of 6 d.
Retracing the steps that have characterized the implementation of the ERAS pathway at our Institution there
is a confirmation of how the whole process is challenging, as already widely demonstrated in the literature, particularly in the progressive stages of transition from an
experience concerning a limited number of patients and a
selected medical staff to standard of care for a particular
patient population and for the whole of the professionals
of the divisions involved. This may be attributed on the
one hand to the greater heterogeneity of patients characteristic of broader populations, and on the other to the
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gradual resizing of the concept of dedicated multidisciplinary team.
In our study, it has gone from a population of 47 patients treated at a single operating block by two surgeons,
two anesthetists and two nurses belonging to two divisions to a population of 143 patients treated at three operating blocks from the totality of the surgeons belonging
to the Colorectal Disease Unit, by anesthesiologists of
two divisions (of which only one specialized in standardized care pathways aiming to short hospitalization) and
by nurses of two operating blocks and of two dedicated
wards.
The ongoing organization of training events involving health professionals involved only partially contributed to resize cultural barriers, through the sharing of the
theoretical basis of the ERAS protocol and the practical
aspects of its implementation.
The logistical and organizational support from the
Institution was always present from the earliest stages, so
the practical application of the protocol in the reality of
our Institution could take advantage of some of the measures taken by the Management, such as identification
of specific areas of the hospital to be adapted for the
hospitalization of such patients to facilitate early mobilization, the promotion of organizational changes aimed
at encouraging multidisciplinary counseling and same-day
admission, the availability of the operating theatre according to a precise schedule to promote the cooperation
of the limited staff of surgeons, anesthesiologists and
nurses involved in the multidisciplinary team.
As demonstrated by Nygren et al[33], a significant improvement of the clinical outcome has been registered
already during the first period of application of the ERAS
protocol: matching the data of the pilot study with the retrospective ones of patients treated by our surgical division
in the period between January 2007 and March 2009 we
observed a reduction in major morbidity in terms of occurrence of anastomotic leaks - grade Ⅲb in the scale of
Clavien-Dindo - from 5.9% to 4.2%, with a significant reduction in length of hospital stay, with a median decreased
from 8 to 3 d and a mean reduced from 11 to 4.57 d.
The effect on hospital stay of the implementation of
the ERAS protocol from “pilot study” to “standard of
care” is quite characteristic: on the one hand, there has
been an increase in the mean length of stay from 4.57 to
7.31 d in patients undergoing colorectal resections at the
operating block highly specialized in standardized care
pathways aiming to short hospitalization, on the other
hand, there has been a decrease in mean length of stay
from 11 to 10 d in patients undergoing colorectal resections at the two operating blocks used to traditional care
pathways.
Although in the literature it is widely debated whether
there is a direct relationship between compliance to the
items of the ERAS protocol and outcome rather than
a general trend to improved outcomes resulting from
the application of the ERAS protocol regardless of the
number of items for which a satisfactory compliance is
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achieved, our study seems to confirm the first hypothesis.
A comparison between the compliance data characteristic
of the various phases of implementation of the ERAS
protocol at our Institution and the outcome data in terms
of postoperative hospital stay documents an evident correlation between high compliance and reduced length of
hospital stay. If indeed in the pilot study a compliance of
93% corresponds to a mean hospital stay of 4.57 d, in
the context of the shared protocol a compliance of 74%
correlates to a mean hospital stay of 8 d.
The decrease in compliance that we recorded may be
considered physiological when we consider the particular
setting in which the result of the pilot study was achieved
compared to that characteristic of the shared protocol.
It is conceivable that very high compliance is obtainable
in situations similar to those of the pilot study, where a
selected multidisciplinary team, highly motivated and adequately supported by the Institution of belonging is able
to provide almost total adherence of patients to the items
of the ERAS protocol, whether pre-, intra- or post-operative. In our experience the large scale implementation
of the ERAS protocol has seen a reduction in the overall
compliance to the items of the protocol, notably that
relating to the postoperative items, which are believed to
be in the literature the most critical for determining the
length of hospital stay[15].
This general trend to a decrease in compliance resulting in large-scale application of the ERAS protocol was
already documented by Maessen et al[15], who impute to
the protocol itself to be extremely demanding in terms
of workforce and allocation of resources, so as to make
its implementation very difficult outside of clinical trials.
The relationship between the onset of postoperative
complications and the rate of compliance to the ERAS
protocol is subject to discussion in the literature. While
Ahmed et al[34] do not experience a significant worsening
of the results obtained, in terms of length of hospital
stay and general morbidity, from the comparison between
the results of their ERAS pilot trial and those observed
after full implementation of the ERAS protocol, given a
slight decrease in overall compliance (88.1% vs 76.8%),
Nygren et al[35] evoke the importance of maximizing compliance to the ERAS protocol as it is correlated to a risk
of developing postoperative complications reduced by
27%. From the analysis of our cases there seems to be a
trend, although not statistically significant, toward reducing the general rate of anastomotic leaks with increasing
compliance to the protocol. The difference between the
two groups in terms of Dindo-Clavien grade Ⅱ general
morbidity was next to the stated cut-off for statistical significance, while data analysis of Dindo-Clavien
grade Ⅰ general morbidity has demonstrated a statistically significant difference (P < 0.015) between the two
groups. These results seem to support the thesis that it is
imperative to set a target of high compliance to optimize
the outcome.
The results achieved show that introduction of an
ERAS protocol for colorectal surgery is feasible, allow-
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ing high compliance and therefore a rapid postoperative
recovery by shortening the length of stay. Our experience
also confirms that the rate of compliance to the items of
the ERAS protocol correlates with the length of the hospital stay, which is the shorter the higher the compliance
to the single items of which the protocol itself is made.
A selected staff of surgeons, anaesthetists and nurses
who cooperate in a day surgery setting, where enhanced
recovery pathways are routinely used for surgical procedures of low-medium impact, can improve the start-up
of these protocols into daily practice.
Some authors already stressed that “a protocol is not
enough” on its own[15] to obtain a good outcome, and our
experience strongly confirms this belief. In our opinion a
good protocol requires some essential elements to work,
the main ones are: (1) knowledge and belief on the scientific basis of the protocol of care; (2) willing to challenge
some milestones of traditional clinical practice which
are apparently indubitable or that have not been previously challenged; (3) a well-defined and highly-committed
multi-disciplinary team with a sufficient number of elements to maximize patient adherence and compliance to
protocol optimizing the outcome of the care pathway[36];
(4) patient motivation; (5) preoperative patient education
during a multidisciplinary counseling[37]; (6) an institution
willing to support clinicians in adapting care pathways
to promote a multidisciplinary approach to the patient
and willing to make structural changes of wards adapting
themselves to the renewed needs of patients, particularly
in terms of early mobilization and nursing load; (7) periodic audits to standardize the care pathway, especially in
the early stages; and (8) protocol has to be considered an
“evolving paradigm”: a flexible approach to facilitate the
adoption of techniques supported by emergent evidence
should be advisable[38].
Achieving best results since the beginning of experience may spread confidence among medical and nursing
staff and prompt changes towards ERAS application.
Only in this way a preliminary experience characterized by favorable results can act as a “towing” and promote the renewal of traditional care pathways in those
areas of the Institution historically less prone to a continuous adaptation to the standards arising from the EBM.
The progressive implementation of an ERAS protocol for all patients undergoing colorectal resections at
a single Institution is physiologically characterized by a
slight decrease of the results of outcome compared to
those obtained by the pilot studies, by their nature characterized by selected staff and a more rigorous approach,
able to promote higher compliance rates for the single
items constituting the protocol itself; these results show
unequivocally an improvement in terms of outcome
compared to historical series of patients treated with
conventional care pathways, reflecting the benefits from
the whole implementation process.
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Background

Laparoscopic surgery and its latest developments, such as robotics, single-port
surgery and mini-laparoscopy, have reduced the impact of colorectal surgery
from the technical point of view. On the other hand, the ever-increasing focus
on updating traditional care pathways according to the principles of “evidence
based medicine” has favored a significant improvement of “perioperative care”,
which has found its culmination in the drafting of the fast-track protocol by
Kehlet in 1999. With time passing, fast-track philosophy has gained wide acceptance in the scientific community, being now often proposed as standard of
care. Despite scientific evidence in its favor, the Fast-track protocol in colorectal
surgery is struggling to impose itself on a wide-scale because of cultural and
organizational barriers; the protocol itself is extremely demanding in terms of
workforce and allocation of resources, so as to make its implementation very
difficult outside of clinical trials.

Research frontiers

The application of enhanced recovery after surgery (ERAS) protocols in patients undergoing colorectal surgery, whether open or laparoscopic, positively
affects the postoperative outcome, reducing perioperative trauma and stress,
with a better-preserved post-operative immune system. The research hotspot is
how to improve the approach to ERAS perioperative management and facilitate
its implementation and deployment.

Innovations and breakthroughs

Cultural and organizational barriers hinder the adoption of the ERAS protocol in
daily clinical practice. This study is focused on the prospective evaluation of an
ERAS protocol that includes full application of all ERAS principles, through the
progressive steps of its implementation at their Institution. Results and critical
issues of large scale implementation of an ERAS program in colorectal surgery
emerged in their experience have been analyzed; interventions that have been
proven to be effective for facilitating the transition from traditional care pathways to a multimodal management protocol according to ERAS principles in
colorectal surgery have been described.

Applications

Implementation of an ERAS protocol for colorectal surgery allows quicker postoperative recovery and shortens the length of stay compared to historical series. Protocol has to be considered an “evolving paradigm”: a flexible approach
to facilitate the adoption of concepts, strategies and techniques supported by
emergent evidence can further improve outcome. A preliminary experience
such ours characterized by favorable results can act as a “towing” and promote
the renewal of traditional care pathways, prompting changes towards ERAS application.

Peer review

This study is an interesting prospective evaluation of an ERAS protocol. The
results confirm that ERAS protocol implementation allows quicker postoperative
recovery and shortens the hospitalization.
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by Whartin-Starry staining.
RESULTS: HGM was observed in 420 Chinese patients,
yielding a prevalence of 0.4%. The majority of patients
had a single patch (300/420; 71.4%), while the remainder had two (84/420; 20%) or multiple patches
(36/420; 8.6%). The size of the patches and the distance from the patch to the frontal incisor teeth varied
significantly. The large majority of HGM patches were
flat (393/420; 93.6%), whereas the remaining patches
were slightly elevated. The primary histological characteristic was fundic-type (216/420; 51.4%) within
the HGM patch, and antral- (43/420; 10.2%) and
transitional-type (65/420; 15.5%) mucosa were also
observed. The prevalence of intestinal metaplasia was
3.1% (13/420) and the prevalence of dysplasia was
1.4% (6/420), indicating the necessity for endoscopic
follow-up in patients with HGM. Esophageal and extraesophageal complaints were also observed in patients
with HGM. Dysphagia and epigastric discomfort (odds
ratios: 6.836 and 115.826, respectively; P s < 0.05)
were independent risk factors for HGM.
CONCLUSION: Clinical complaints should be considered to improve the detection rate of HMG. The prevalence of intestinal metaplasia and dysplasia also indicates a need for endoscopic follow-up.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To determine the prevalence, demographic, clinical and histopathologic features of heterotopic gastric
mucosa (HGM) in Chinese patients.
METHODS: Patients referred to three endoscopy units
were enrolled in this study. The macroscopic characteristics of HGM were documented. Biopsies were
obtained and observed using hematoxylin and eosin
staining. Helicobacter pylori colonization was examined
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Core tip: This study reports the prevalence, demographic, clinical and histologic features of heterotopic
gastric mucosa (HGM) in Chinese patients. HGM was
not commonly observed in the study population. Although malignant transformation was rare, intestinal
metaplasia and dysplasia within HGM should be care-
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fully followed-up. Some clinical symptoms, although
not specific, were helpful in screening for HGM.
Fang Y, Chen L, Chen DF, Ren WY, Shen CF, Xu Y, Xia YJ, Li
JW, Wang P, Zhang AR, Shao SZ, Yu XN, Peng GY, Fang DC.
Prevalence, histologic and clinical characteristics of heterotopic
gastric mucosa in Chinese patients. World J Gastroenterol 2014;
20(46): 17588-17594 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i46/17588.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i46.17588

INTRODUCTION
Heterotopic gastric mucosa (HGM) is an area of heterotopic columnar mucosal islands located in the postcricoid portion of the cervical esophagus or below the
level of the upper esophageal sphincter[1]. The majority
of researchers consider HGM to be the remnant of the
esophageal columnar embryologic lining due to underdevelopment of squamous epithelium during the fetal
period. However, some researchers consider that HGM
may share a similar pathogenesis to that of Barrett’s
esophagus and is associated with gastroesophageal reflux[2]. A possible explanation for the origin of HGM was
recently postulated, suggesting that HGM might develop
from mucus gland cysts within the cervical esophagus
after eruption[3]. The symptoms of esophageal HGM
are diverse and primarily comprised of chest pain, throat
discomfort, dysphagia, globus sensation, and laryngopharyngeal or supraesophageal symptoms[4-7]. Although most
esophageal HGM patches do not lead to obvious health
problems, a few case reports have indicated that these lesions can further develop into a web, stricture, ulcer, perforation, esophagotracheal fistula, Barrett’s esophagus or
adenocarcinoma[8-12].
The endoscopic prevalence of HGM ranges from 0.1
to 11%, with the majority of reports indicating the prevalence to be between 1% and 2%[5,13-16]. The significant
discrepancy may be the result of differences in the experience and special interests of endoscopists[17]. The clinical significance and prevalence of esophageal HGM are
still largely uncertain due to the limited number of subjects in most studies and the discrepant focus on these
lesions by endoscopists. Here we present a prospective,
multicenter cohort study to determine the prevalence of
esophageal HGM in a Chinese population, identify the
macroscopic and histologic features, and evaluate the associations of HGM with demographic and clinical characteristics.

MATERIALS AND METHODS
Patients
A total of 101395 patients referred to three endoscopy
units (Southwest Hospital and Daping Hospital of The
Third Military Medical University, and The Affiliated
Hospital of The Armed Police Medical College, China)
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for elective endoscopy were enrolled in this study between February 2008 and June 2010. The patients had not
undergone previous endoscopies and were included in
the study if they were willing to participate and gave written informed consent. Patients undergoing emergency
endoscopy, or those with abnormal coagulation and other
contraindications for biopsy were excluded. Symptoms,
particularly involving esophageal and laryngopharyngeal
regions were recorded using questionnaires. Symptoms
included heartburn and regurgitation, throat discomfort,
dysphagia, retrosternal pain and epigastric discomfort.
This study was approved by the ethics committees of
The Third Military Medical University and The Affiliated
Hospital of The Armed Police Medical College.
Endoscopy
Patients were fasted for at least 12 h and procedures were
performed with an Olympus GIF Q-260 endoscope
(Olympus, Tokyo, Japan) under pharyngeal anesthesia
with lidocaine, and gastrointestinal peristalsis and salivation were reduced with an injection of anisodamine. The
endoscopists were not instructed to search for HGM.
The number of HGM patches in the cervical esophagus
was recorded. The greatest diameter of the largest HGM
patch was evaluated using open biopsy forceps. The distance from the largest HGM patch to the frontal incisor
teeth was documented. The HGM patch was classified as
flat or slightly elevated. Other features, such as the shape,
color and border of the HGM patch, were also documented.
Histopathology
A minimum of four biopsies were harvested and fixed
in neutral formalin solution when the HGM patch was
identified under endoscopy. Biopsies were stained with
hematoxylin and eosin and Wharthin-Starry [for detection of Helicobacter pylori (H. pylori)], and examined by
two pathologists. The histology of HGM was classified
on the basis of the contents of parietal and chief cells
as follows: (1) fundic-type (predominantly parietal cells);
(2) antral-type (predominantly chief cells); and (3) transitional-type (mixture chief and parietal cells). The occurrence of intestinal metaplasia, dysplasia and chronic
inflammation within HGM patches was documented,
and the prevalence of gastroesophageal reflux and Barrett’s esophagus in patients with HGM was recorded.
Statistical analysis
Two-way tables were analyzed by the Pearson χ 2 test,
and multiple logistic regression analysis was performed
using SPSS version 19.0 software (IBM, Armonk, NY,
United States). A P ＜ 0.05 was considered statistically
significant.

RESULTS
Prevalence and demographic characteristics
HGM patches were identified in 420 of the 101395 patients undergoing endoscopy for a prevalence of 0.41%
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Table 1 Patient demographics

Table 3 Prevalence of clinical symptoms

Characteristic

HGM(+)

HGM(-)

P

Male
Female
Male/Female
Age range (yr)
Mean age (yr)

275
145
65.5/34.5
22-80
42.3

68423
32552
67.8/32.2
19-85
46.9

0.31
0.10

Clinical symptoms
Heartburn and regurgitation
Throat discomfort
Dysphagia
Retrosternal pain
Epigastric discomfort

HGM: Heterotopic gastric mucosa.

Pathologic classification
Fundic-type
Antral-type
Transitional-type
Chronic inflammation
Atrophy
Intestinal metaplasia
Dysplasia
Helicobacter pylori
Gastroesophageal reflux disease
Barrett’s esophagus

P

6261 (6.2)
3635 (3.6)
3231 (3.2)
4847 (4.1)
10098 (10.0)

0.02
0.02
0.00
0.47
0.00

observed in 13/420 patients (3.1%), and 6/420 patients
(1.4%) showed mild dysplasia within the HGM patch. A
total of 42/420 patients (10.0%) were diagnosed with H.
pylori colonization, and 35/420 cases (8.3%) showed mucosal atrophy within the HGM patch. More than half of
the patients (55.9%) showed mild or moderate chronic
inflammation within the HGM patch. None of the H.
pylori-positive HGM patients showed dysplasia (0/42)
or intestinal metaplasia (0/42), though 47.6% (20/42)
showed chronic inflammation. The results show that
11.2% (47/420) of patients with HGM suffered from
gastroesophageal reflux disease, and 0.47% (2/420) suffered from Barrett’s esophagus.

n (%)
216 (51.4)
43 (10.2)
65 (15.5)
235 (55.9)
35 (8.3)
13 (3.1)
6 (1.4)
42 (10.0)
47 (11.2)
2 (0.5)

in this Chinese population. Demographic characteristics of the patients with and without HGM patches are
listed in Table 1. The gender ratio of male to female was
65.5:34.5 in 420 patients with HGM and 67.8:32.2 in
patients without HGM, which were not significantly different. In addition, there was no significant difference in
the mean age of patients with and without HGM.
Endoscopic features
The morphologic evaluation of HGM patches by endoscopy revealed that 300/420 patients (71.4%) had a single
patch, 84/420 patients (20.0%) had two patches, and
36/420 patients (8.6%) had multiple patches. The diameter of HGM patches ranged from 0.3 to 3.0 cm, with
a mean of 1.1 cm. The distance from the largest HGM
patch to the frontal incisor teeth ranged between 14 and
22 cm, with a mean of 18.8 cm. In 393/420 (93.6%)
cases, the endoscopists characterized HGM patches as
flat, whereas in 27/420 (6.4%) cases, HGM patches were
characterized as slightly elevated (Figure 1). In the majority of patients, the HGM patch appeared as a round,
oval or irregular smooth patch of pink or dark red color
with longitudinal extension on the anterior or posterior
wall with a clear border. No cases of ulceration, stricture, perforation or bleeding in the HGM patches were
observed.
Histopathology
Histopathologic characteristics of the HGM patches are
listed in Table 2. The HGM patches were classified as
fundic-type in 216/420 patients (51.4%), antral-type in
43/420 patients (10.2%), and transitional-type in 65/420
patients (15.5%) (Figure 2). Intestinal metaplasia was
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38 (9)
24 (5.7)
39 (9.3)
17 (4.0)
260 (61.9)

HGM(-)
n (%)

HGM: Heterotopic gastric mucosa.

Table 2 Histopathologic characteristics of patients (n = 420)
Histopathologic characteristics

HGM(+)
n (%)

Clinical symptoms
The occurrence of clinical symptoms in patients with
and without HGM is listed in Table 3. A total of 38/420
patients (9.0%) with HGM complained of heartburn
and regurgitation, which was significantly higher than patients without heterotopic gastric inlet patches (6.2%) (P
= 0.02). Throat discomfort was documented in 24/420
(5.7%) patients with, and 3.6% without, HGM patches (P
= 0.02). The prevalence of dysphagia was significantly
higher in patients with HGM compared to those without
(9.3% vs 3.2%; P = 0.00). A significantly larger number
of patients with HGM complained of epigastric discomfort (61.9 vs 10.0; P = 0.00). The presence of retrosternal pain was similar in patients with and without HGM.
A large number (289/420) of HGM patients showed
esophageal or laryngeal symptoms (e.g., heartburn and
regurgitation, throat discomfort, dysphagia, retrosternal
pain, epigastric discomfort).
Multivariate logistic regression analysis was performed
to determine the risk factors associated with clinical
symptoms in the presence of HGM patches (Table 4).
Men had a significantly reduced risk of HGM compared
to women (P = 0.00). Furthermore, dysphagia (P = 0.00)
and epigastric discomfort (P = 0.00) were significant
independent risk factors for HGM. Heartburn, regurgitation and retrosternal pain were not associated with
HGM.

DISCUSSION
The clinical significance of HGM has recently been discussed in numerous published reports. However, most
studies only included a limited number of patients, due to
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A

B

1 cm

1 cm

Figure 1 Different types of heterotopic gastric mucosa. A: Flat type; B: Elevated type. Black arrow indicates heterotopic gastric mucosa patch under endoscopy.

A

B

100 μm

C

100 μm

D

20 μm

20 μm

Figure 2 Histologic types of heterotopic gastric mucosa. Hematoxylin and eosin staining showing A, C: Fundic-type; B, D: Antral-type.

Table 4 Multivariate analysis of risk factors for the diagnosis
of heterotopic gastric mucosa
Factors

OR

Male gender
Throat discomfort
Heartburn and regurgitation
Dysphagia1
Retrosternal pain
Epigastric discomfort1

0.051
1.314
1.471
6.836
0.742
115.826

95%CI
0.029-0.091
0.573-3.014
0.864-2.504
3.337-14.007
0.361-1.527
64.536-207.879

P
0.00
0.52
0.16
0.00
0.42
0.00

1

Indicates a significant association with the presence of HGM (P < 0.01).
CI: Confidence interval; OR: Odds ratio.

lack of persuasion. To our knowledge, our study includes
the largest number of subjects in the literature. An HGM
prevalence rate of 0.4% was observed in our study, which
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is consistent with the 0.3%-0.4% reported in a previous
study conducted by Wang et al[18] in China. HGM patches
are always located near the upper esophageal sphincter
and are easily ignored by endoscopists if the endoscope
is withdrawn quickly and without care[15]. Maconi et al[17]
demonstrated a prevalence of 2.27% when endoscopists
were informed about the presence of HGM patches,
and a prevalence of 0.3% when they were not informed
about these lesions. Thus, the low prevalence of HGM in
our study may partly be due to the fact that endoscopists
were not instructed to search for HGM lesions. Furthermore, HGM patches were equally distributed between
male and female patients in our study, and there was no
significant difference in the mean age of patients with
and without HGM, consistent with previous reports[6,19].
In the present study, the presence of a single patch
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under endoscopy was more common than that of double
or multiple patches within the upper esophagus, which is
consistent with previous studies[14,20]. The size of patches
(0.3-3.0 cm) and their distance from the frontal incisor
teeth (14-22 cm) varied significantly, but were in accordance with previous publications[5,16,21]. The patch surface
may be smooth and flat, slightly raised or depressed with
a heaped margin[21]. The patch can appear as a sessile
polyp in rare cases[22]. Our study showed that the majority of HGM patches appeared flat, while only a small
portion were identified as slightly elevated.
The histopathology of HGM is usually observed as
fundic-type, characterized by oxyntic features other than
antral- or transitional-type[21], which is in accordance
with the results of our study where more than half of
the heterotopic patches were identified as fundic-type.
Although intestinal metaplasia or malignant transformation of HGM patches are considered rare events and
have only been published as case reports[23-25], the prevalence of intestinal metaplasia and dysplasia in our series
of 420 patients suggests that these are not infrequent
events.
H. pylori colonization within HGM is considered to
be part of H. pylori-positive gastritis. There are no reports of exclusive H. pylori colonization in HGM. The
prevalence of H. pylori colonization within HGM is more
frequent in the proximal esophagus, and ranges between
5.3% and 18% in the literature[26,27]. Although we did not
detect H. pylori colonization in the gastric mucosa in our
study, the prevalence was 10% in patients with HGM,
which is in accordance with previous studies[13,28]. In addition, chronic inflammation is reportedly present within
most of the cervical inlet patches[5,14]. Our findings similarly revealed that more than half of patients with HGM
patches suffered from chronic inflammation.
Acid production and/or H. pylori colonization within
HGM patches can potentially lead to esophageal web,
stricture, ulcer, perforation or bleeding, which are rarely
reported in the literature[10,29,30]. In our study, no such complications were observed in patients with HGM patches.
Although mucosal atrophy is very rarely observed within
HGM patches, we observed a prevalence of 8.3% in our
study. The factors leading to such a high prevalence of
mucosal atrophy within HGM patches are unknown and
may be associated with chronic inflammation, H. pylori infection, and even racial difference.
The results of this study showed a significant difference between patients with and without HGM regarding
heartburn and regurgitation, throat discomfort, dysphagia and epigastric discomfort, but not retrosternal pain.
Previous studies indicated that esophageal symptoms
(e.g., heartburn, regurgitation, chest pain, dysphagia, and
globus sensation) and extraesophageal symptoms (e.g.,
cough, asthma, and wheezing) differ between those with
and without patches [19,20]. Although these symptoms
are not specific for the diagnosis of HGM, they are
potentially regarded as evidence for further endoscopic
examination. It is important to investigate the association between HGM and these symptoms from a clinical
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point of view. It is known that dysphagia, globus sensation and respiratory symptoms (e.g., cough, hoarseness)
are commonly observed with HGM[7,31-33]. In our study,
dysphagia and epigastric discomfort were identified as
independent risk factors for HGM; however, male gender was associated with a reduced risk of HGM. Other
symptoms, such as throat discomfort, heartburn, regurgitation and retrosternal pain were not associated with
the presence of HGM.
Although our study indicated a relatively high occurrence of intestinal metaplasia and malignant transformation, a very small number of these lesions have been
reported in other studies. Therefore, whether patients
with HGM require follow-up by endoscopy is still a controversial issue and requires further consideration.
In conclusion, the prevalence of HGM patches is an
infrequent anomaly based on our multicenter prospective cohort study in a Chinese population, although the
endoscopists were not instructed to focus on these lesions. Because it is easy to ignore HGM patches in the
upper esophagus, an endoscopic examination should
be thorough and performed carefully. Biopsy was reasonable once the HGM patch was identified. Although
malignant transformation of a heterotopic patch is rare,
the prevalence of intestinal metaplasia and dysplasia indicates a need for endoscopic follow-up in patients with
HGM. Clinical complaints should be a focus of attention to increase the rate of HGM detection in light of
our findings.

COMMENTS
COMMENTS
Background

Heterotopic gastric mucosa (HGM) can cause diverse symptoms, such as chest
pain, discomfort of throat, dysphagia, globus sensation, and laryngopharyngeal
or supraesophageal symptoms. In a minority of cases, HGM can further develop into a web, stricture, ulcer, perforation, esophagotracheal fistula, Barrett’
s esophagus or adenocarcinoma. The clinical significance and prevalence of
HGM are still largely unknown due to the limited number of subjects in most
studies and discrepant focus on this lesion by endoscopists.

Research frontiers

This article focuses on the prevalence of HGM in a Chinese population, evaluates the association of HGM with demographic and clinical characteristics, and
identifies its macroscopic and histologic features. The authors conducted a
prospective multi-center cohort study without special focus of the endoscopist
on HGM.

Innovations and breakthroughs

This study included a large number of subjects from multiple medical centers in
China. It focused on clinical features, pathologic and endoscopic characteristics
of HGM, and proposed certain sensitive factors involving clinical symptoms
(e.g., chest pain, discomfort of throat, dysphagia, and globus sensation) for the
diagnosis of HGM.

Applications

This study provides guidance in the diagnosis of HGM. As it is easy to ignore
HGM patches in the upper esophagus, a careful and thorough endoscopic examination should be performed. Biopsy is reasonable once the patch is found.
Although malignant transformation of heterotopic patches is rare, endoscopic
follow-up is necessary for intestinal metaplasia and dysplasia. Attention should
be paid to the patient’s complaints so as to increase the detectable rate of
HGM.

Terminology

HGM is an area of heterotopic columnar mucosal islands in the postcricoid
portion of the cervical esophagus or below the level of the upper esophageal
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sphincter. HGM is thought to be the remnant of the esophageal columnar embryologic lining due to the underdevelopment of squamous epithelium during
the fetal period, or associated with Barrett’s esophagus and gastroesophageal
reflux, or developed from mucus gland cysts within the cervical esophagus after
eruption.
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This article is a well-written piece of work concerning the epidemiology of HGM
in a Chinese population. This manuscript is well-designed, the clinical and laboratory studies are described in detail, and the results are presented clearly.
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Abstract
AIM: To study costs of laparoscopic and open liver
and pancreatic resections, all the compiled data from
available observational studies were systematically reviewed.
METHODS: A systematic review of the literature was
performed using the Medline, Embase, PubMed, and
Cochrane databases to identify all studies published
up to 2013 that compared laparoscopic and open liver
[laparoscopic hepatic resection (LLR) vs open liver resection (OLR)] and pancreatic [laparoscopic pancreatic
resection (LPR) vs open pancreatic resection] resection.
The last search was conducted on October 30, 2013.
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RESULTS: Four studies reported that LLR was associated with lower ward stay cost than OLR (2972 USD
vs 5291 USD). The costs related to equipment (3345
USD vs 2207 USD) and theatre (14538 vs 11406) were
reported higher for LLR. The total cost was lower in
patients managed by LLR (19269 USD) compared to
OLR (23419 USD). Four studies reported that LPR was
associated with lower ward stay cost than OLR (6755
vs 9826 USD). The costs related to equipment (2496
USD vs 1630 USD) and theatre (5563 vs 4444) were
reported higher for LPR. The total cost was lower in the
LPR (8825 USD) compared to OLR (13380 USD).
CONCLUSION: This systematic review support the
economic advantage of laparoscopic over open approach to liver and pancreatic resection.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatobiliary resection; Laparoscopic hepatic resection; Open liver resection; Laparoscopic pancreatic resection; Open pancreatic resection
Core tip: Laparoscopic hepatobiliary and pancreatic surgery has progressed over the last years but has been
slow to gain widespread acceptance even in some referral centers worldwide. Cost implications of a mini-invasive approach to hepatobiliary and pancreatic surgery
are still unknown. A systematic review of the literature
was performed. The total cost was lower in patients
managed by laparoscopic liver resection. The total cost
was lower in the laparoscopic pancreatic resection than
in open pancreatic resection. This systematic review
support the economic advantage of laparoscopic over
open approach to liver and pancreatic resection.
Limongelli P, Vitiello C, Belli A, Pai M, Tolone S, del Genio G,
Brusciano L, Docimo G, Habib N, Belli G, Jiao LR, Docimo
L. Costs of laparoscopic and open liver and pancreatic resec-
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INTRODUCTION
Laparoscopic hepatobiliary and pancreatic (HPB) surgery
has undergone a consistent evolution and a progressive
diffusion over the last decade, though it may be complex,
technically demanding and requires specific high surgical
skills[1]. Despite technical challenges, laparoscopic liver
surgery has been widely reported with minor and major
resections performed for benign and malignant lesions
even in cirrhotic patients[2-9]. Although prospective randomized trials are lacking, the laparoscopic approach to
liver resection seems to warrant reduced overall morbidity rate and comparable oncological outcomes than the
open approach[10-12]. On the other hand, the progression
of laparoscopic pancreatic surgery has been relatively
slow among traditional surgeons, with only few emerging specialty centers reporting excellent outcomes for
advanced and complex operations, such as laparoscopic
pancreaticoduodenectomy (LPD)[13-15]. Whereas LPD
should still be considered in its learning curve, due to
longer operation time and complicated reconstruction
steps, laparoscopic distal pancreatectomy (LDP) has been
largely compared with the open approach in literature so
far. A recent review, suggested that the mini-invasive approach is associated with lower risk of overall postoperative complications and wound infection, no substantial
increase in the operative time, and with a comparable rate
of positive resection margin[16]. Despite the above mentioned advantages, the laparoscopic approach to HPB
surgery has been slow to gain widespread acceptance
even in some referral centers worldwide. Multifactorial
reasons to explain this exist, but one that may play an
important role is related to the unknown cost implications of a mini-invasive approach to HPB surgical interventions. The systematic reviews and/or meta-analyses
published so far have analyzed either short- and longterm results of open versus laparoscopic HPB surgery
without focusing on cost-effectiveness[17,18]. The present
systematic review of the literature compared costs of
laparoscopic and open surgical treatment for liver and
pancreatic resection, addressing direct and indirect costs.

MATERIALS AND METHODS
Study selection
A systematic review of the literature was performed
using the Medline, Embase, PubMed, and Cochrane
databases to identify all studies published form 1987 up
to 2013 that compared laparoscopic and open liver and
pancreatic resection. This study was performed according
to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines[19]. The following medical
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subject heading (MeSH) terms and key words were used:
“laparoscopy,” “minimally invasive surgery,” “laparotomy,” “hepatectomy,” “liver resection,” “open liver resection (OLR),” “hepatic resection,” “laparoscopic liver resection,” “segmentectomy,” “sectionectomy,” “treatment
outcome,” and “wedge resections”, “pancreatectomy,”
pancreatoduodenectomy, distal pancreatectomy, “open
pancreatic resection,” “laparoscopic pancreatic resection,”
and “comparative study”. Furthermore, the combinations
of these terms were used. The term “vs” was used to find
comparative studies. All the searched abstracts, studies,
and citations were analyzed. All the potential articles were
cross-referenced. The related article’s function was used
to broaden the search, and all abstracts, studies, and citations obtained were reviewed. References of the articles
acquired were also searched by hand. The last search was
conducted on October 30, 2013.
Data extraction
Each study was independently evaluated by 2 reviewers
(P.L. and C.V.) for inclusion or exclusion from the review
and the following data was extracted: first author, year
of publication, characteristics of study population, study
design, indications for surgery, matching criteria, number
of subjects operated with each technique and direct and
indirect costs.
Inclusion criteria
To enter our analysis, studies had to fulfill the following:
(1) comparison of costs of laparoscopic (with or without
hand-assisted technique) to open approaches in patients
undergoing liver and pancreatic resection; (2) objective
evaluation of at least one of the outcome measures mentioned below; and (3) when 2 studies were reported by
the same institution (and/or authors), either the study
with the larger sample size or the one of higher quality
was included. However, this was not applicable if the
outcome measures were mutually exclusive or measured
at different time intervals.
Exclusion criteria
Studies that failed to fulfill the inclusion criteria were
excluded. In addition, the following criteria were used
to exclude studies: (1) studies in which the outcome
of interest mentioned below were not reported or if it
was impossible to calculate these from the published
reports; (2) studies that focused on other laparoscopic
hepatobiliary and pancreatic operations rather than elective resection benign and malignant lesions; (3) studies
involving exclusively robotic procedures. However, we
included the conventional laparoscopic and open data,
if presented by the same group and/or reported in the
same study; and (4) studies written in languages other
than English.
Assessment of methodological quality
The methodological quality of the studies was assessed
independently by two authors. All studies were graded ac-
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Table 1 Study characteristics
Ref.

Year

Country

Study design

Polignano et al[24]
Tsinberg et al[25]
Rowe et al[26]
Vanounou et al[27]
Nguyen et al[28]
Bhojani et al[29]
Stoot et al[30]
Abu Hilal et al[31]
Cannon et al[32]
Kim et al[33]
Eom et al[34]
Waters et al[35]
Fox et al[36]
Abu Hilal et al[37]
Limongelli et al[38]

2008
2009
2009
2010
2011
2011
2012
2013
2013
2008
2008
2010
2008
2012
2012

United Kingdom
United States
United States
United States
United States
Canada
Netherlands
United Kingdom
United States
South Corea
South Corea
United States
Canada
United Kingdom
Italy

Non-randomised prospective cohort
Non-randomised prospective cohort
Non-randomised prospective cohort
Retrospective cohort
Retrospective cohort
Retrospective cohort
Retrospective cohort
Retrospective cohort
Retrospective cohort
Retrospective cohort
Retrospective cohort
Retrospective cohort
Retrospective cohort
Retrospective cohort
Retrospective cohort

cording to the Oxford Centre for Evidence-Based Medicine (CEBM) levels of evidence[20]. The risk of bias was
assessed using a standardized list of ten potential risks of
bias, based on the Oxford CEBM Critical Appraisal Skills
Programme appraisal sheets for economic evaluation
studies[21].
Outcomes of interest and definitions
Laparoscopic and open approaches to HPB surgery were
compared on the basis of cost effectiveness analysis.
Liver resections were defined according to the Brisbane
2000 classification[22]: minor (two or fewer segments) or
major (at least three segments) according to Couinaud’s
classification. Cost analysis included theatre costs, equips
and equipment costs, nursing, blood transfusion requirement, laboratory testing, postoperative imaging, any reintervention (radiological and/or surgical) and overall
hospital stay. In addition, the cost for readmission from
discharge including any associated re-intervention (radiological and/or surgical) and new hospital stay were
reviewed. The direct cost of the operation, the direct
cost of the postoperative hospital period and the total
cost with and without readmission and intervention was
analyzed both separately and together. Since most of the
data were expressed in US dollars (USD), the remaining
were converted to this currency using up to date exchange rates.
Statistical analysis
Mean ± SD or median (range) values were extracted
from articles or obtained from the study authors if
necessary. Weighted mean ± SD values were calculated
using the mean ± SD values reported in the individual
studies, or those derived from median (range) values using the methods described by Hozo et al[23]. Cost analysis
included operative time and supplies, anesthesia, nursing,
laboratory, and overall hospital stay costs. The direct cost
of operation, as well as the direct cost of the entire associated hospital stay was calculated.
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Sample size Study interval (yr)
50
34
30
73
76
144
28
149
98
128
93
60
118
51
45

2
10
3
6
9
4
7
7
4
11
1
6
6
10

Study population
Liver resection
Liver resection
Liver resection
Liver resection
Liver resection
Liver resection
Liver resection
Liver resection
Liver resection
Pancreatic resection
Pancreatic resection
Pancreatic resection
Pancreatic resection
Pancreatic resection
Pancreatic resection

RESULTS
There were total of 15 studies that compared operative
costs between laparoscopic and open hepatic and pancreatic resection for benign and/or malignant lesions. Nine
studies compared costs between laparoscopic (344/682)
and open (338/682) hepatic resection (LLR vs OLR)[24-32].
Whereas six studies[33-38] focused on costs differences
between laparoscopic (249/495) and open (246/495)
pancreatic resection (LPR vs OPR). Studies were carried
out from different countries all over the word with eight
of them reporting figures expressed in USD. The other
currencies used to express data in the other studies (pound
in 3; Euros in 2; Canadian dollars in 1; South Korean
WOW in 1), were converted to USD. Twelve out of fifteen studies were retrospective, with only three reported
as prospective cohort studies. All were conducted in a
year interval ranging from a minimum of 3 to a maximum of 11 years and on a total number of patients ranging from 30 to 144 patients (Table 1).
Methodological quality
Details of the methodological quality of the included
studies are shown in Table 2. All the studies provided evidence that the effects of the intervention were measured
and valued appropriately.
In none of the studies an analysis of costs and consequences adjusted for different times at which they occurred (discounting) was applicable. A sensitivity analysis
was conducted only in one study[35]. Despite the peculiarity of each patient population and setting where the
studies were carried out, the costs appeared to be partly
translatable to other settings.
Liver resection
Four studies[24,29-31] reported that LLR was associated with
lower ward stay cost than OLR (2972 USD vs 5291 USD).
This trend concerning hospital costs was confirmed also
for High Dependency Unit and Postoperative Anestesia
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Table 2 Assessment of methodological quality
Ref.

Level of evidence

Measurements accuracy

Discounting

Sensitivity analysis

Translatability to other setting

3
3
3
4
4
3
3
3
4
4
4
4
4
4
4

●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

-

□
□
□
□
□
□
□
□
□
□
□
□
□
□
□

○
○
○
○
○
○
○
○
○
○
○
○
○
○
○

Polignano et al[24]
Tsinberg et al[25]
Rowe et al[26]
Vanounou et al[27]
Nguyen et al[28]
Bhojani et al[29]
Stoot et al[30]
Abu Hilal et al[31]
Cannon et al[32]
Kim et al[33]
Eom et al[34]
Waters et al[35]
Fox et al[36]
Abu Hilal et al[37]
Limongelli et al[38]

●: Consistent with criteria, low risk of bias; ○: Partly consistent with criteria, unknown risk of bias; □: Not consistent with criteria, high risk of bias; -: Not
applicable.

Table 3 Hospital and operative costs of laparoscopic hepatic resection vs open liver resection
Ref. (n )
Polignano et al[24] (50)
LLR (25)
OLR (25)
Tsinberg et al[25] (34)
LLR (18)
OLR (16)
Rowe et al[26] (30)
LLR (18)
OLR (12)
Vanounou et al[27] (73) 1
LLR (44)
OLR (29)
Nguyen et al[28] (76)2
LLR (34)
OLR (42)
Bhojani et al[29] (144)1
OLR (94)
LLR (50)
Stoot et al[30] (28)
OLR (14)
LLR (14)
Abu Hilal et al[31] (149)1
LLR (LRH)(38)
OLR (ORH)(46)
OLR (OLLS)(19)
LLR (LLLS)(46)
Cannon et al[32] (98)1
OLR (41)
LLR (57)
Overall studies
LLR (310) 2
OLR (296) 2

Ward stay

HDU/PACU

Equipment

Theatre

Total costs

5535 ± 2576
8306 ± 5567

1558 ± 1940
4178± 1878

2302 ± 769
1041 ± 668

11539 ± 3789
11755 ± 2353

20739 ± 5814
25285 ± 6750

-

-

-

28900 ± 2118
28023 ± 2247

36784 ± 3505
47358 ± 3717

-

-

1071 ± 345
851 ± 424

-

-

-

-

-

-

17290
13962

-

-

-

1.30
1.00

1.87
1.92

3647
5215

652
641

-

3598
3964

11376
12523

2014 ± 510
1957 ± 599

-

2113 ± 487
2360 ± 337

3038 ± 743
3583 ± 794

7167 ± 1335
7901 ± 1107

2385
5232
1734
4300

4249
9022
3452
1918

5579
2981
3947
2613

10846
7210
4852
6557

7139
18222
20579
14252

6062
2972
5291

-

-

34019
31400

49993
54703

1829
5857

3545
2207

14538
11406

19269
23419

1

Values are median (range); 2Nguyen study was excluded from the analysis because raw data were not obtained from the authors. Values are mean ± SD
unless indicated otherwise. LRH: Laparoscopic right hepatectomy; ORH: Open right hepatectomy; LLLS: Laparoscopic left lateral sectionectomy; OLLS:
Open left lateral sectionectomy; HDU: High dependency unit; PACU: Post anesthesia care unit; LLR: Laparoscopic hepatic resection; OLR: Open liver
resection.

Care Unit (HDU/PACU) that resulted more expensive
in patients undergoing OLR (5857 USD vs 1829 USD)
(Table 3)[24,29,31]. On the contrary, costs related to operation were higher in the group of patients undergoing
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LLR. Specifically both equipment (3345 USD vs 2207
USD) and theatre (14538 vs 11406) costs were reported
higher for LLR respectively by four[24,26,30,31] and six studies[24,25,31,32]. The total cost was lower in patients managed
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Table 4 Hospital and operative costs of laparoscopic pancreatic resection vs open pancreatic resection
Ref. (n )
Kim et al[33] (128)
LPR (93)
OPR (35)
Eom et al[34] (31)
LPR (18)
OPR (13)
Waters et al[35] (60) 1
LPR (32)
OPR (28)
Fox et al[36] (118) 1
LPR (42)
OPR (76)
Abu Hilal et al[37] (51) 1
LPR (35)
OPR (16)
Limongelli et al[38] (45)
LPR (16)
OPR (29)
Overall (495)
LPR (249)
OPR (246)

Ward stay

HDU/PACU

Equipment

Theatre

Total costs

-

-

-

-

4745 ± 1481
4953 ± 3437

-

-

-

-

4884 ± 1845
3401 ± 1247

9828
12011

-

-

3072
3510

12900
15521

3404
5462

-

-

4655
4510

10842
13656

7446
25441

-

-

9889
9498

17337
34937

7894 ± 1771
10540 ± 3230

-

2496 ± 127
1630 ± 329

3469 ± 126
2388 ± 361

11531 ± 1918
13141 ± 3631

6755
9826

-

2496
1630

5563
4444

8825
13380

1

Values are median (range). Values are mean ± SD unless indicated otherwise. HDU: High dependency unit; PACU: Post anesthesia care unit; LPR:
Laparoscopic pancreatic resection; OPR: Open pancreatic resection.

by LLR (19269 USD) compared to OLR (23419 USD).
By analyzing a subset of six[24,25,27,29-31] studies exclusively
focused on outcome of minor laparoscopic resection, the
total cost of LLR was lower (12720 USD) compared to
OLR (17429 USD).
Pancreatic resection
Four studies[35-38] reported that LPR was associated with
lower ward stay cost than OLR (6755 USD vs 9826
USD). No studies specifically reported on HDU/PACU
costs after either LPR or OPR (Table 4). On the contrary,
costs related to operation were higher in the group of patients undergoing LPR. Specifically both equipment (2496
USD vs 1630 USD) and theatre (5563 vs 4444) costs were
reported higher for LPR respectively by one[38] and four
studies[35-38]. The total cost was lower in the LPR (8825
USD) compared to OLR (13380 USD).

DISCUSSION
This systematic review has compared the costs of laparoscopic and open approach to HPB resection and analyzed methodological quality of the studies. Laparoscopic
liver resection was associated with higher costs related to
equipment and theatre. On the other hand, LLR carried
less expensive hospital costs, such as ward costs and perioperative care. Specifically the costs of HDU and PACU
resulted higher in OLR. Finally, when analyzing the total
cost of the procedure, the economic advantage for LLR
was greater than that for OLR. Laparoscopic pancreatic
resection was associated with higher costs related to
equipment and theatre. On the other hand, OPR was associated with higher hospital stay cost, such as ward costs,
but no studies specifically reported data on costs related
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to HDU or PACU utilization after LPR or OPR. At last,
the total cost of the procedure resulted higher for the
group of patients undergoing OPR compared to those
treated by LPR. This study is the one of the systematic
review to be conducted that specifically compared costs
of laparoscopic and open HPB resections. To our knowledge, there has been no randomized controlled trial or
systemic review evaluating this topic before. This study
included 9 observational studies comparing costs between laparoscopic and open hepatic resection. All studies with an overall participants’ size of 601 patients were
retrospectively conducted, with only 2 of them reported
as prospective comparisons[25,26]. The inclusion and exclusion criteria of majority of the studies were clearly stated,
with most studies having laparoscopic and open resection matched for demographics and characteristics of the
patients. None of the studies but one assess the financial
implications of laparoscopy for major and minor liver resections[31]. Authors supported the cost advantage of left
lateral sectionectomy (LLS), one of the most performed
minor LLR. On the other hand they showed cost neutrality of laparoscopic compared to open right liver resection, suggesting that protocols of enhanced recovery after surgery would be likely to reduce costs of both OLR
and LLR. In the present study, by analyzing a subset of
six studies reporting only data on minor liver resection
we found economic advantages in terms of total cost in
the group of patients undergoing LLR than OLR.
Concerning pancreatic resections, we found no specific studies comparing laparoscopic versus open pancreaticoduodenectomy that still represents an uncommon indication to laparoscopic approach, and is still performed
in few surgical centers worldwide. On the contrary, LDP
seems to carry advantages related to minimal-access sur-
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gery, such as reduced postoperative pain, faster recovery,
wound complications, lower intraoperative blood loss and
fewer postoperative complications[39]. So far, six studies
have compared costs between laparoscopic and open distal pancreatic resections (LPR vs OPR) and all were retrospective cohorts with a total of 433 patients. Each study
had laparoscopic and open resections unmatched for
demographics and characteristics of the patients except
one who designed a case control comparison with a 2:1
matching[34]. One of the studies also compared the direct
cost of operation and of the entire associated hospital
stay between OPR, LPR and robotic distal pancreatectomy. Authors showed operative and postoperative costs
were similar among all groups, indicating robotic distal
pancreatectomy to be safe and cost effective in selected
cases. There are some limitations that must be taken
into account when interpreting the results of the current
analysis. First, by grading down the level of the studies
on the basis of study quality, it is clear this systematic review could include only studies of poor-moderate quality.
Moreover, we choose not to perform a sensitivity analysis
to evaluate the impact of methodological quality on the
operative and hospital costs of laparoscopic and open
liver and pancreatic resection. This was because of lack
of data from studies of the highest quality, defined by
a level of evidence of 1 and 2. Confounding by indication was a common risk of bias in most cohort studies
because related to the choice of approach merely based
on surgeon’s clinical judgment. Specifically, due to the severe heterogeneity of liver resection data collected in this
analysis, it is safe to assume that centers would have chosen LLR for minor and uncomplicated cases and OLR
for major and complicated cases. Despite the peculiarity
of each patient population and setting where the studies
were carried out, the methodological evaluation costs appeared to be in part translatable to other settings. However, the economic parameters used in the assessment
are likely to differ from country to country, based on the
type of healthcare and reimbursement system. In a recent
study, a higher proportion of patients treated with LDP
were readmitted to undergo interventional procedures
after an initial shorter hospitalization[40]. Authors suggested that adding days spent in readmission to the initial
length of hospital stay eliminates the perceived effect of
the laparoscopic approach to pancreatic distal resection.
The majority of studies included in this analysis did not
assess and compare costs of laparoscopic and open liver
and pancreatic resections before and after readmission
to hospital. With respect to pancreatic resection, Fox et
al[36] reported a major impact of pancreatic fistula on total hospital cost in the ODP cohort, but comparable inhospital complications between LDP and ODP cohorts
in terms of total hospital cost. In line with this figures, a
recent study included in the present review showed the
total cost of OLR and LPR were not significantly different after including patients readmission[37]. Among studies addressing comparative costs between OLR and LLR,
two of them employed deviation-based cost modeling
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and weighted average mean cost. One study showed the
overall cost savings per patient undergoing laparoscopic
LLS was around three thousand dollars less that a patient
undergoing a similar open operation[27]. This results were
confirmed by Cannon and coworkers who showed an
high average cost savings for patients undergoing LLR
compared to those treated by OLR[32]. Authors did not
find any advantages of laparoscopy in the subset of patients undergoing right hepatectomy, suggesting the benefit of laparoscopy is related to the difficulty of surgery,
resulting into a compensation between higher operative
costs and the financial benefits of a shorter and less complicated hospital stay. Whether this finding is due to the
complexity of a laparoscopic approach associated with
dramatic longer operative time or is the result of both
higher morbidity and readmission rate after major LLR is
still to be demonstrated.
In conclusion, this study summarized the available
evidence on financial comparison between laparoscopic
and open approach to liver and pancreatic resections
including assessment of methodological quality, without
an attempt at meta-analysis, as this would have been inappropriate given the heterogeneity in study designs and
protocols.
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Abstract
AIM: To present and integrate findings of studies investigating the effects of laparoscopic cholecystectomy
on various aspects of lung function.
METHODS: We extensively reviewed literature of the
past 24 years concerning the effects of laparoscopic
cholecystectomy in comparison to the open procedure
on many aspects of lung function including spirometric
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values, arterial blood gases, respiratory muscle performance and aspects of breathing control, by critically
analyzing physiopathologic interpretations and clinically
important conclusions. A total of thirty-four articles
were used to extract information for the meta-analysis
concerning the impact of the laparoscopic procedure
on lung function and respiratory physiopathology. The
quality of the literature reviewed was evaluated by the
number of their citations and the total impact factor
of the corresponding journals. A fixed and random effect meta-analysis was used to estimate the pooled
standardized mean difference of studied parameters for
laparoscopic (LC) and open (OC) procedures. A crude
comparison of the two methods using all available information was performed testing the postoperative values expressed as percentages of the preoperative ones
using the Mann-Whitney two-sample test.
RESULTS: Most of the relevant studies have investigated and compared changes in spirometric parameters.
The median percentage and interquartile range (IQR)
of preoperative values in forced vital capacity (FVC),
forced expiratory volume in 1 s and forced expiratory
flow (FEF) at 25%-75% of FVC (FEF25%-75%) expressed
as percentage of their preoperative values 24 h after
LC and OC were respectively as follows: [77.6 (73.0,
80.0) L vs 55.4 (50.0, 64.0) L, P < 0.001; 76.0 (72.3,
81.0) L vs 52.5 (50.0, 56.7) L, P < 0.001; and 78.8
(68.8, 80.9) L/s vs 60.0 (36.1, 66.1) L/s, P = 0.005].
Concerning arterial blood gases, partial pressure of
oxygen [PaO2 (kPa)] at 24 or 48 h after surgical treatment showed reductions that were significantly greater
in OC compared with LC [LC median 1.0, IQR (0.6,
1.3); OC median 2.4, IQR (1.2, 2.6), P = 0.019]. Fewer
studies have investigated the effect of LC on respiratory muscle performance showing less impact of this
surgical method on maximal respiratory pressures (P <
0.01); and changes in the control of breathing after LC
evidenced by increase in mean inspiratory impedance (P
< 0.001) and minimal reduction of duty cycle (P = 0.01)
compared with preoperative data.
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CONCLUSION: Laparoscopic cholecystectomy seems
to be associated with less postoperative derangement
of lung function compared to the open procedure.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Laparoscopic; Open procedure; Cholecystectomy; Respiratory function; Respiratory physiology
Core tip: Laparoscopic cholecystectomy does not damage the abdominal muscles and diaphragmatic function is significantly less affected compared to the open
method. This procedure is accompanied by a lower
impact on respiratory function and better oxygenation.
Mobilization can occur within the first twenty-four h
postoperatively, thus preventing the formation of atelectasis. Atelectasis is known to be the primary cause of
infective sequelae, which are associated with increased
morbidity and mortality especially for patients with deranged lung function.
Bablekos GD, Michaelides SA, Analitis A, Charalabopoulos
KA. Effects of laparoscopic cholecystectomy on lung function: A systematic review. World J Gastroenterol 2014; 20(46):
17603-17617 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i46/17603.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i46.17603

INTRODUCTION
According to the literature[1-7], patients who undergo major surgical procedures often develop postoperative respiratory complications including atelectasis and infection.
In particular, for upper abdominal surgery, the morbidity
and mortality range from 20%-25%[1,4] and 3%-5%[7],
respectively. The aforementioned complications are also
more frequently associated with operations in the upper
abdomen than in the lower abdomen[6-11]. In 1933 Beecher[8,12] was the first to study changes in lung volumes in
a pool of sixty-four patients between laparotomy and
recovery by using a nitrogen powered device. Specifically, he observed that variables such as residual volume
(RV), functional residual capacity, total lung capacity and
vital capacity (VC) were reduced after surgical intervention, all of which gradually recovered within a week[8,12].
Compared to patients recovering from lower abdominal
surgery, the change in VC was more acute for patients
recovering from upper abdominal surgery[8,12]. Moreover,
it was reported for the first time[8,12] that changes in lung
volumes were accompanied by a pattern of rapid shallow
breathing, namely a decrease in tidal volume along with
an increase in breathing frequency without any changes
in minute ventilation.
The impact of upper abdominal surgery on respiratory function parameters, including lung volumes, flow
rates, arterial blood gases and diaphragmatic function,
was investigated in a number of studies[2,3,9,11,13-15] pub-
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lished during the seventies and eighties. Since 1990 the
laparoscopic surgical method has been introduced for
asymptomatic cholecystitis and cholelithiasis and the
first laparoscopic cholecystectomy (LC) was performed
in Lyon, France, by Philip Mouret in 1987[16]. During the
last twenty-four years a number of comparative studies[17-36] have been published in the literature on LC and
open cholecystectomy (OC), in which the influence of
each surgical method on morbidity related to both respiratory functions and recovery outcomes of patients were
discussed. In this systematic review a three-fold aim is
presumed: (1) to perform a systematic review of comparative studies between LC and OC, published in the relevant literature since 1990, by examining changes in the
pulmonary function, breathing pattern and oxygenation
status; (2) to present an overall physiopathological interpretation of the findings from the literature search; and (3)
to present guidelines addressed to general physicians and
surgeons for the management of cholecystectomy candidates with impaired lung functions.

MATERIALS AND METHODS
Two different literature searches were conducted for this
review, and both searches covered from 1st January 1990
to present. The PubMed (National Library of Medicine/
National Institute of Health, United States) database was
used.
The key words and research terms used for the selection of articles were determined by one of the investigators (Bablekos GD). The methodology concerning this
approach is described as follows. The aim was to explore
comparative studies between laparoscopic and open cholecystectomy focusing on their influences on the respiratory performance and oxygenation status in operated patients from the early postoperative period to their return
to usual daily activities. Particularly for the first literature
search a generic term such as open was used, and (laparosc* or endosc* or minimally invasive) was used as the
prerequisite term. Then, the prerequisite term was combined with the following terms with the AND operator:
Abdomen/Viscera (Mesh) or surgery (Mesh)/surgery or
[digestive system (Mesh) + surgery] or cholecystectomy
(Mesh), Laparoscopic (Mesh) or Endoscopy (Mesh), Digestive System (Mesh) or Digestive system Surgical procedures (Mesh) or abdominal pain (Mesh) or abdominal
wall (Mesh). The results from the above searches were
combined with the following terms with the AND operator: Alveolar-arterial difference or arterio-alveolar difference, Oxygen content, Oxygenation status, Respiratory
Physiological Phenomena (Mesh), Respiratory Function
Tests (Mesh), Hydrogen Ion Concentration (Mesh), Respiratory function, Respiratory physiopathology, Partial
Pressure (Mesh), Blood gas analysis (Mesh). All results
were combined with the OR operator and forty-one articles were detected. Twenty studies[17-32,36-39] were selected
by the primary investigator (Bablekos GD) for review
and analysis because their titles and abstracts were related
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Table 1 Description of the baseline characteristics for the articles selected from the first literature search
Ref.

Baseline characteristics

Frazee et al[17]
Hall et al[18]
Coskun et al[19]
Damiani et al[20]
Osman et al[21]
Putensen-Himmer et al[22]
Mealy et al[23]
Williams et al[24]
Gunnarsson et al[25]
Karayiannakis et al[26]
Hendolin et al[27]

Hasukić et al[28]
Bablekos et al[29]
Ravimohan et al[30]
Bablekos et al[31]
McMahon et al[32]
Mimica et al[36]
Farrow et al[37]

Redmond et al[38]

Kimberley et al[39]

Comparative measurements of FVC, FEV1 and FEF25%-75% variables preoperatively and on the 1st postoperative day after LC
and OC
Comparison of the incidence of postoperative pulmonary complications (collapse/consolidation, unexplained temperature >
38  ℃ and positive sputum microbiology) after LC and OC
Comparative measurements of the FVC, FEV1, Tiffeneau index, PEF and MEF25% variables before and 24 h after LC and OC
Comparative meta-analytic study focusing on the evaluation of the Tiffenneau index after LC and OC
Comparative measurements for FVC, FEV1, Tiffenneau index and ABGs variables preoperatively and on the first day after LC
and OC
Comparative measurements for FVC, FEV1, FRC and ABGs variables preoperatively and up to the 3rd postoperative day after
LC and OC
Comparative measurements for FVC, FEV1, PF, ABGs, urinary cortisol, vanillylmandelic acid, metanephrines and nitrogen
loss, CRP, ESR and pain analogue scale preoperatively and up to 48 h after LC and OC
Comparative measurements for FVC, FEV1 and Maximum Forced Expiratory Flow Rate preoperatively and after LC and OC,
according to patient’s cooperation
Comparative measurements for FVC, FEV1 and ABGs variables before surgery and 2 h and the first day after LC and OC
Comparative measurements for FVC, FEV1, FRC, FEF25%-75% and ABGs variables preoperatively and on the second day after LC
and OC
Comparative measurements for FVC, FEV1, Peak Flow Velocity and arterial oxygen tension variables and measurements for
plasma concentrations of catecholamines, cortisol and glucose preoperatively, in the recovery room and on the first day after
LC and OC
Comparative measurements for FVC, FEV1, FEF25%-75%, Peak Expiratory Flow and ABGs variables preoperatively and on the
first day after LC and OC
Comparative measurements of lung volumes (FVC, VC , ERV, IC, FRC, RV/TLC variables), flow rates (FEV1, Tiffenneau
index, PEF, FEF25%-75% variables) and ABGs parameters preoperatively, on the 2nd and on the 8th day after LC and OC
Comparative measurements for FVC, FEV1, FEF25%-75%, PEF, Tiffenneau index and ABGs parameters preoperatively, on the
first and on the sixth postoperative day after LC and OC
Comparative measurements of Control of Breathing indices (VT, BF, TI, TI/TTOT, Po.1, Zminsp) and airway resistance (Raw)
preoperatively, two days and eight days after LC and OC
Minute ventilation, arterial carbon dioxide tension, end-tidal CO2 tension, peak airway pressure and arterial oxygen levels
were studied just before operation and at the time of gallbladder removal during LC and OC
Examination of the influence of physical therapy on both the values of respiratory parameters, such as FVC, FEV1, Tiffenneau
index, and ABGs variables preoperatively and to the sixth day after LC and OC
The authors showed that LC is associated with significantly less morbidity compared with OC. Variables such as FVC and
FEV1 along with the occurrence of postoperative pulmonary complications and narcotic doses were studied preoperatively to
the third day after LC and OC
Parameters determining the immune function such as monocyte superoxide anion (O2-) and tumor necrosis factor release, neutrophil O2- levels and chemotaxis, serum cortisol and CRP were studied prior to surgery and on the first and third days after
LC and OC
FVC, FEV1, Maximum voluntary HGS and MIP were studied preoperatively and on the first day after LC and OC

FVC: Forced vital capacity (L); VC: Vital capacity (L); ERV: Expiratory reserve volume (L); IC: Inspiratory capacity (L); FRC: Functional residual capacity
(L); FEV1: Forced expiratory volume in one second (L); FEF25%-75%: Maximal-mid expiratory flow rate (L/s); PEF: Peak expiratory Flow (L/s); MEF25%: Maximal expiratory flow in the first 25% of the FVC (L/s); Tiffenneau index: FEV1/FVC (%) ratio; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate;
ABGs: Arterial blood gases; VT: Tidal volume (L); BF: Breathing frequency (breaths per minute: bpm); TI : Inspiratory time (s); TI/TTOT: Duty cycle; Po.1 :
Central respiratory drive (cmH2O); Zminsp: Mean Inspiratory Impedance (cmH2O/L.s); Raw: Airway resistance (cmH2O. L-1.s); LC: Laparoscopic cholecystectomy; OC: Open cholecystectomy; HGS: Handgrip strength; MIP: Maximal inspiratory pressure.

to our study and could be used to support the medical
interpretation of the findings resulting from the search
process. The descriptions of the baseline characteristics
for the aforementioned 20 articles, along with their reference number as an exponent, are provided in Table 1.
The second literature search was performed with different combinations. The main items were cholecystectomy and laparoscopic with subheadings such as adverse
effects and contra-indications. By using AND the above
items were combined with the following Mesh terms:
(1) respiration (subheadings: abnormalities, pathology,
physiology and physiopathology); (2) lung (subheadings:
abnormalities, injuries, pathology, physiology and physiopathology); (3) respiratory Physiological Phenomena (sub-
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headings: abnormalities, adverse effects, complications,
pathology, physiology and physiopathology); (4) respiratory function tests; and (5) respiratory mechanics. The
results were combined with OR (Boolean operator) which
resulted in forty-eight articles. Eight works[34,40-46] out of
the 48 relative to our topic were selected and used by the
primary investigator (Bablekos GD) in writing this review
and their baseline characteristics along with the reference
number as an exponent, are presented in Table 2.
Six additional studies[33,47-51], which were used in the
PhD Thesis of the primary investigator (Bablekos GD),
were also included in this review. The baseline characteristics of these works and their reference number as an
exponent are given in Table 3.
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Table 2 Description of the baseline characteristics for the articles selected from the second literature search
Ref.

Baseline characteristics

Johnson et al[44]
Poulin et al[45]
Schulze et al[43]
Schauer et al[40]
Saunders et al[41]
Torrington et al[42]
Chumillas et al[34]
Hasukić et al[46]

Preoperative and postoperative measurements 24 h after LC of VC, FRC, arterial PO2 and chest-X-ray atelectasis.
Postoperative values of FVC and FEV1 variables measured on the first day after LC compared with values of the respective
pulmonary function indices recorded on the first day after upper abdominal surgery and cholecystectomy.
Assessments of pain scores, peak flow values and subjective feeling of fatigue preoperatively, 6 h postoperatively and daily
during the first week after operation for patients having undergone LC
Comparative measurements for FVC, FEV1, FEF25%-75%, Tiffenneau Index, FEFMAX, total lung capacity and oxygen saturation
preoperatively to ten days after surgery between LC and OC
Measurements of FVC and the potential emergence of respiratory and gastrointestinal disturbances preoperatively to the first
postoperative day between LC and OC
Comparative evaluations for FVC and FEV1 and arterial blood gases between LC and OC preoperatively and 24 h after surgery
Comparative examination for FVC, FEV1 and arterial oxygenation values between LC and OC, from preoperatively up to 48 h
after surgery
Comparative measurements for FVC, FEV1, FEF25%-75% and arterial oxygenation preoperatively and 24 h after LC (included in the
statistical analysis)

VC: Vital capacity (L); FRC: Functional residual capacity (L); FVC: Forced vital capacity (L); FEV1: Forced expiratory volume in one second (L); FEF25%-75%:
Maximal-mid expiratory flow rate (L/s); FEFMAX: Maximal forced expiratory flow (L/s); LC: Laparoscopic cholecystectomy; OC: Open cholecystectomy.

Table 3 Description of the baseline characteristics for the six additional articles used in the writing of this review
Ref.

Baseline characteristics

Chuter et al[50]

Rademaker et al[47]
McMahon et al[51]

Freeman and Armstrong[48]
Rovina et al[49]

Mimica et al[33]

Parameters of respiratory pattern such as minute ventilation, tidal volume, the contribution of chest wall (VC/VT) to
tidal volume and the contribution of the abdominal wall (Vab/VT) to tidal volume were studied preoperatively, on the
first and on the third day after OC
FVC, FEV1 and PEF were examined in a half sitting position preoperatively, and 24 h postoperatively in patients having
undergone elective LC and OC while the effects of thoracic epidural analgesia after LC were also studied
FVC, FEV1, PEF, postoperative pain scores, analgesic consumption and oxygen saturation were examined preoperatively, on the first postoperative day and on the second postoperative day between patients who underwent LC and OC.
The OC was performed with minilaparotomy surgical approach
Measurements of FVC, FEV1, Tiffenneau index, FRC, TLC, inspiratory and expiratory mouth pressures were examined
preoperatively, and 24 h postoperatively between LC and OC
Measurements of FVC, FEV1, Tiffenneau index, blood gases indices, maximum static inspiratory (PImax) and maximum
expiratory (PEmax) muscle pressures were studied preoperatively, on the first postoperative day and on the second
postoperative day between LC and OC
Spirometric parameters (FVC, FVE1, Tiffenneau index), arterial blood gases, abdominal circumference, intestinal peristalsis and defecation were studied preoperatively, to the sixth postoperative day between LC and OC

FVC: Forced vital capacity (L); FEV1: Forced expiratory volume in one second (L); FRC: Functional residual capacity (L); TLC: Total lung capacity (L);
Tiffenneau index: FEV1/FVC(%) ratio; PImax: Maximum static inspiratory muscle pressure (cmH2O); PEmax: Maximum static expiratory muscle pressure
(cmH2O); PEF: Peak expiratory flow.

A total of thirty-four articles were used to extract information for the meta-analysis and writing of the impact
of LC on lung function and respiratory physiopathology.
Moreover, to determine the quality of the literature
reviewed in our study, we determined the number of citations of these articles since 1/1/1990 and the total impact
factor (IF) of their corresponding journals. The number
of citations was found to be 1502 in 927 overall hits on
February 28th 2014 while the total IF was calculated to
69.176. Both citations and impact-factors were provided
by the Hellenic National Documentation Center.
Statistical analysis
Most of the studies reported the mean values and standard deviations of forced vital capacity (FVC) and forced
expiratory volume in 1 s (FEV1) preoperatively and 24
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h postoperatively. One study reported the postoperative
values 6 h later and 4 studies reported the values 48 h after operation. A few studies also reported values at 3 and
6 d after operation. Seven studies reported postoperative values expressed as percentages of the preoperative
values. There were also 3 studies that did not report the
values of FVC and FEV1.
We used a fixed and random effect meta-analysis to
separately estimate the pooled standardized mean difference (SMD) for laparoscopic and open cholecystectomies
for studies that reported preoperative and postoperative
values.
To use all available information we also performed
a crude comparison of the two methods by testing the
postoperative values expressed as percentages of the preoperative values using the Mann-Whitney two-sample test.
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Table 4 Median percentage and interquartile range of
preoperative values in forced vital capacity, forced expiratory
volume in one second, and Maximal-mid expiratory flow rate
1
variables 24 h after laparoscopic and open cholecystectomies
Studies (n )

Variables

FVC (L)
FEV1 (L)
FEF25%-75% (L/s)

21
19
8

% of preoperative value
[Median (IQR)]
LC

OC

77.6 (73.0, 80.0)
76.0 (72.3, 81.0)
78.8 (68.8, 80.9)

55.4 (50.0, 64.0)
52.5 (50.0, 56.7)
60.0 (36.1, 66.1)

P value

< 0.001
< 0.001
0.005

1

One study reported values at 8 h and four studies reported values at 48
h after operation. FVC: Forced vital capacity (L); FEV1: Forced expiratory
volume in one second (L); FEF25%-75%: Maximal-mid expiratory flow rate
(L/s).

RESULTS
The descriptive statistics for FVC, FEV1 and FEF25%-75%
(maximal-mid expiratory flow rate) values in laparoscopic
and open cholecystectomies are shown in Table 4. The
reduction in both FVC and FEV1 variables is greater in
open cholecystectomy and is significantly different from
those in laparoscopies (P < 0.001). Moreover, according
to a number of comparative studies[17,24,26,28,29,30,40,46] between LC and OC, the reduction in the FEF25%-75% variable is also significantly greater in open compared with
laparoscopic cholecystectomies (P = 0.005).
Figure 1 show the individual and pooled standardized mean differences between the preoperative and 24 h
postoperative values in both types of cholecystectomies.
The differences in the open procedure are more heterogeneous between studies (I2 = 82.5%, P < 0.001 and I2 =
68.5%, P = 0.001 in FVC and FEV1, respectively). The
results confirm that the reduction is greater in the open
cholecystectomy where the SMD in FVC is -1.45 [95%CI:
-1.77-(-1.14)] compared to -1.07 [95%CI: -1.32-(-0.82)]
for laparoscopic whereas for FEV1 the respective values are -2.19 [95%CI: -2.63-(-1.74) and -1.07 [95%CI:
-1.23-(-0.91)].
Additionally, statistical analyses of a number of comparative studies[22,23,25-29,32-34,38,48,49] between laparoscopic
and open cholecystectomies for PaO2(kPa) 24 or 48 h
after surgical treatment showed reductions that were significantly greater in OC compared with LC [LC median
1.0, IQR (0.6, 1.3); OC median 2.4, IQR (1.2, 2.6), P-value
= 0.019].
Sensitivity analysis
Significant heterogeneity between groups reflects the different effect of each treatment. The heterogeneity within
each treatment group should be investigated, but there is
in all studies lack of consistent information focusing on
explanative factors. The most reported variable in papers
is age, which is comparable. By visual inspection of the
forest plots we can identify the studies responsible for
heterogeneity.
In FVC variable (Table 5), by removing Mealy et al[23]
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and Kimberley et al[39] from the LC group; and Karayiannakis et al[26] and Rademaker et al[47] from the OC group
there is no significant heterogeneity (I 2 = 0.0% and
6.8%; P value = 0.645 and 0.379, respectively for LC and
OC). The pooled standardized mean difference (SMD)
changed slightly from -1.074 to -0.933 in the LC and
from -2.152 to -1.773 in the OC group. The overall SMD
changed from -1.455 to -1.245.
In FEV1 variable (Table 6), there was no significant
heterogeneity in the LC group. By removing Mealy et al[23]
from the OC group there is no significant heterogeneity (I2
= 36.4%; P value = 0.127). The SMD in the OC group
was slightly changed from -2.186 to -2.059 and the overall
SMD from -1.497 to -1.422.
In any case, the random effects pooled estimate is appropriate when significant heterogeneity is evident.

DISCUSSION
Before analyzing and commenting on the search results
of the relevant literature, we first present an overview of
the physiopathological mechanisms concerning both the
diaphragmatic function impairment and the influence of
anesthesia or analgesia after upper abdominal surgery.
According to Ford et al[3], disturbances in the respiratory muscle activity were observed after surgical removal
of the gallbladder. Postoperatively, in addition to reduced
lung volumes, a weakened diaphragmatic function was
detected during inspiration and was associated with a rapid shallow breathing pattern and a paradoxical abdominal
motion, especially in the case of sedatives administration[3]. A number of studies[14,15,52-54] also showed that
for patients who underwent upper abdominal surgery,
compared with the abdominal cavity, the thoracic wall
provided major postoperative contributions in respiratory movement. This result implied a clear translocation
of the respiratory drive from the diaphragm to other
respiratory muscles. In their experimental study in dogs,
Farkas and De Troyer[55] found that inspiration following
upper abdomen surgery is accompanied by diminished
diaphragmatic activity. This produced changes in the
trans-diaphragmatic pressure resulting in a decreased
diaphragmatic oscillations width, which is attributed to
a restricted respiratory effort rather than intra-operative
muscle damage. This assumption is supported by two
studies[14,15] showing that after upper abdominal surgery,
(1) the artificial stimulation of phrenic nerves produced
normal trans-diaphragmatic pressure[15]; and (2) diaphragmatic pressures developed during inspiration were shown
to be decreased[14]. As for why general anesthesia and
analgesia had no effects, the diaphragmatic activity is not
affected by perceptible postoperative pain[14]. However, a
reflex inhibition regarding diaphragmatic motility seems
to occur with the aid of the abdominal region nerves
being activated during the operation[56]. Additionally, in
anesthetized patients, touch and scrape between the abdominal peritoneum and gallbladder brings about a provisional breathlessness[56]. According to three other studies,
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A

Study
ID

SMD (95%CI)

% Weight (I-V)

LC
Putensen-Himmer et al

-0.94 (-1.87, -0.01)

2.76

Mealy et al

-3.17 (-4.53, -1.81)

1.29

Gunnarssonn et al

-0.80 (-1.39, -0.21)

6.85

-0.70 (-1.14, -0.26)

12.24

Hendolin et al

-0.92 (-1.50, -0.34)

6.97

Hasucik et al

-0.65 (-1.17, -0.13)

8.81

Mimica et al

-1.20 (-1.62, -0.77)

13.09

-0.75 (-1.36, -0.14)

6.34

Karayannakis et al

1

Freeman and Armstrong
Bablekos et al

1

-0.91 (-1.59, -0.22)

5.03

Mimica et al

-1.20 (-1.62, -0.77)

13.09

Hasukic et al

-0.65 (-1.17, -0.13)

8.81

Kimberley et al

-2.17 (-2.82, -1.52)

5.58

Rademaker et al

-1.20 (-2.16, -0.24)

2.58

Rovina et al

1

-1.32 (-1.92, -0.72)

6.56

I-V Subtotal (I = 58.7%, P = 0.003)

2

-1.03 (-1.19, -0.88)

100.00

D + L Subtotal

-1.07 (-1.32, -0.82)

OC
Putensen-Himmer et al

-1.64 (-2.66, -0.61)

Mealy et al

-6.98 (-9.30, -4.66)

0.75

Gunnarssonn et al

-2.78 (-3.93, -1.64)

3.08

-0.02 (-0.46, 0.42)

21.09

Karayannakis et al

1

3.84

Hendolin et al

-1.97 (-2.70, -1.24)

7.69

Hasucik et al

-1.66 (-2.27, -1.05)

10.89

-1.97 (-2.45, -1.49)

17.62

Mimica et al
Bablekos et al

1

-1.00 (-1.94, -0.06)

4.63

Mimica et al

-1.60 (-2.05, -1.15)

19.9

Kimberley et al

-3.37 (-6.21, -0.54)

0.5

Rademaker et al

-7.65 (-10.29, -5.00)

0.58

Rovina et al

1

-1.75 (-2.40, -1.09)

9.43

I-V Subtotal (I = 89.0%, P = 0.000)

2

-1.48 (-1.68, -1.27)

100.00

D + L Subtotal

-2.15 (-2.83, -1.47)

Heterogeneity between groups: P = 0.001
I-V Overall (I = 82.5%, P = 0.000)

2

-1.20 (-1.32, -1.07)

D + L Overall

-1.45 (-1.77, -1.14)

-10.3

B

0
Reduction in FVC (L)

10.3

Study
ID

SMD (95%CI)

% Weight (I-V)

LC
Putensen-Himmer et al

-0.80 (-1.71, 0.12)

Mealy et al

-1.09 (-2.04, -0.14)

2.90

-0.71 (-1.15, -0.26)

13.35

Karayannakis et al

1

3.11

Hendolin et al

-0.92 (-1.50, -0.34)

7.61

Hasucik et al

-1.00 (-1.54, -0.46)

8.98

Mimica et al

-1.46 (-1.91, -1.02)

13.28

Freeman and Armstrong

-0.91 (-1.53, -0.29)

6.71

-1.05 (-1.74, -0.35)

5.32

Mimica et al

-1.46 (-1.91, -1.02)

13.28

Hasukic et al

-1.00 (-1.54, -0.46)

8.98

Kimberley et al

-1.17 (-1.72, -0.61)

8.34

Bablekos et al

Rovina et al

1

1

-0.79 (-1.36, -0.23)

8.13

I-V Subtotal (I = 0.0%, P = 0.468)

2

-1.07 (-1.23, -0.91)

100.00

D + L Subtotal

-1.07 (-1.23, -0.91)
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OC
Putensen-Himmer et al

-1.54 (-2.55, -0.53)

4.98

Mealy et al

-6.67 (-8.90, -4.44)

1.02

-1.76 (-2.27, -1.24)

18.97

Karayannakis et al

1

Hendolin et al

-1.98 (-2.71, -1.25)

9.62

Hasucik et al

-2.08 (-2.73, -1.42)

11.88

-2.50 (-3.03, -1.97)

18.41

Mimica et al
Bablekos et al

1

Mimica et al
Kimberley et al

-1.29 (-2.26, -0.31)

5.38

-2.50 (-3.03, -1.97)

18.41

-5.10 (-8.98, -1.22)

0.34

-1.96 (-2.64, -1.28)

11.01

I-V Subtotal (I = 68.5%, P = 0.001)

2

-2.14 (-2.36, -1.91)

100.00

D + L Subtotal

-2.19 (-2.63, -1.74)

Rovina et al

1

Heterogeneity between groups: P = 0.000
I-V Overall (I = 78.3%, P = 0.000)

2

-1.43 (-1.56, -1.30)

D + L Overall

-1.50 (-1.79, -1.20)

-8.98

0
Reduction in FEV1 (L)

8.98

Figure 1 Fixed (I-V) and random (D + L) effects of pooled standardized mean differences. A: In forced vital capacity values (FVC) from preoperative values in
laparoscopic (LC) and open cholecystectomy (OC); B: In forced expiratory volume in 1 s (FEV1) values from preoperative values in LC and OC. 1Study reported the 48
hours post-operative value.

the electrical stimulation of splanchnic nerves produces
breathlessness in dogs[57], cats[58] and humans[59]. Furthermore, Prabhakar et al[60] found that the electric stimulation
of the mesenterium in cats shifts the respiration pattern
from a diaphragmatic to an inter-costal type. The above
studies[56-60] concluded that the electrical stimulation of
abdominal splanchnic nerves during inspiration produced
the following changes: (1) an impediment of the entry of
the tidal volume; (2) a decrease in the phrenic nerve activity; and (3) an increase in the inter-costal muscles activity.
Moreover, the mechanical stimulation of the gallbladder
due to surgical manipulations such as compression or extension may reduce both the electro-myographic activity
and motility of the diaphragm during spontaneous inspiration[61]. As a result, the ability for expansion of thoracic
cavity during inspiration was barely influenced compared
with the abdominal cavity whose expansion was strongly
diminished[61]. Therefore the width of diaphragmatic oscillations dependent on the intra-abdominal pressure was
significantly decreased in comparison with the ones dependent on the intra-pleural pressure, which established
a selective reduction of diaphragmatic activity[61]. In the
same work[61], it was found that the inhibition of diaphragmatic function persisted for 250 ms after stimulus
withdrawal, which demonstrated that diaphragmatic oscillations were of neural origin. According to Briscoe[62],
diaphragmatic motility depends on two segments of the
muscle the costal and crural segment. It has been shown
that during upper abdominal surgery, the functional inhibition of either the costal or the crural segment of the
diaphragm produces a severe disorder of the total diaphragmatic activity[62]. The aforementioned diaphragmatic
disturbances have an important role in the emergence of
atelectatic areas; thus it will be useful to discuss its mech-
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anisms from the relevant literature. These atelectatic areas
are attributed to respiratory muscles dysfunction following operations in the upper abdomen. Specifically, when
the thorax is postoperatively expanded with the aid of
inter-costal muscles rather than the diaphragm, this motion is simultaneously associated with the transposition
of the abdominal cavity towards the thoracic cavity[63],
resulting in both a redistribution of ventilation from the
lower towards the upper parts of the lungs with a reduction in tidal volume (VT) inflow[63]. In addition, according
to Farkas and De Troyer[55], the following changes were
observed in laparotomic surgical procedures: (1) surgically activated abdominal muscles decreased the functional
residual capacity (FRC) below the level measured at the
end of a passive expiration (i.e., when the thoracic and
lung elastic recoil are in equilibrium); and (2) diminished
diaphragmatic activity. These changes[55] reduced the ability to cough after upper abdominal surgery by increasing
the possibility of atelectasis especially in the lower lung
regions. Given the aforementioned observations, the
clinical question of whether the pattern of breathing is
dysfunctional after upper abdominal operations is posed.
Despite the relative hindrance that this particular pattern
of breathing imposes on lung function and gas exchange,
the relative immobility of the abdominal wall can be beneficial for recovery from abdominal wall trauma and for
the prevention of peritoneal infection.
The following section discusses the contributions of
medicines, anesthesia and analgesia in the development
of respiratory physiopathology. Systemic parameters such
as sepsis[64], hypophosphatemia[65] and hypocalcemia[66,67]
were found to deteriorate postoperative respiratory function by weakening diaphragmatic activity. The impact
of sepsis in diaphragmatic dysfunction was shown to be
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Table 5 Forced vital capacity (L) sensitivity results
Study
LC
Putensen-Himmer et al[22]
Gunnarsson et al[25]
1
Karayiannakis et al[26]
Hendolin et al[27]
Hasukić et al[28]
Mimica et al[33]
Freeman et al[48]
1
Bablekos et al[29]
Mimica et al[36]
Hasukić et al[46]
Rademaker et al[47]
1
Rovina et al[49]
Sub-total
I-V pooled SMD
D + L pooled SMD
OC
Putensen-Himmer et al[22]
Gunnarsson et al[25]
Hendolin et al[27]
Hasukić et al[28]
Mimica et al[33]
1
Bablekos et al[29]
Mimica et al[36]
Kimberley et al[39]
1
Rovina et al[49]
Sub-total
I-V pooled SMD
D + L pooled SMD
Overall
I-V pooled SMD
D + L pooled SMD
Test(s) of heterogeneity

LC
OC
Overall

Table 6 Forced expiratory volume in one second (L/s) sensitivity results

SMD

95%CI

Weight

-0.937
-0.803
-0.697
-0.920
-0.649
-1.197
-0.752
-0.905
-1.197
-0.649
-1.198
-1.320

-1.866-(-0.009)
-1.392-(-0.214)
-1.138-(-0.257)
-1.504-(-0.336)
-1.169-(-0.130)
-1.624-(-0.771)
-1.364-(-0.139)
-1.593-(-0.218)
-1.624-(-0.771)
-1.169-(-0.130)
-2.158-(-0.238)
-1.922-(-0.718)

3.0%
7.4%
13.1%
7.5%
9.5%
14.1%
6.8%
5.4%
14.1%
9.5%
2.8%
7.1%

-0.933
-0.933

-1.093-(-0.773)
-1.093-(-0.773)

100.0%

-1.637
-2.785
-1.970
-1.656
-1.973
-1.000
-1.596
-3.373
-1.748

-2.664-(-0.610)
-3.932-(-1.637)
-2.695-(-1.244)
-2.266-(-1.046)
-2.452-(-1.493)
-1.935-(-0.065)
-2.048-(-1.145)
-6.206-(-0.540)
-2.403-(-1.092)

5.0%
4.0%
9.9%
14.0%
22.7%
6.0%
25.6%
0.7%
12.2%

-1.771
-1.773

-1.999-(-1.542)
-2.014-(-1.531)

100.0%

-1.208
-1.245

-1.339-(-1.077)
-1.468-(-1.022)

Study

Heterogene- Degrees of P value
ity statistic freedom
8.75
11
0.645
8.59
8
0.379
52.01
20
< 0.001

LC
Putensen-Himmer et al[22]
Mealy et al[23]
1
Karayiannakis et al[26]
Hendolin et al[27]
Hasukić et al[28]
Mimica et al[33]
Freeman et al[48]
1
Bablekos et al[29]
Mimica et al[36]
Hasukić et al[46]
Kimberley et al[39]
1
Rovina et al[49]
Sub-total
I-V pooled SMD
D + L pooled SMD
OC
Putensen-Himmer et al[22]
1
Karayiannakis et al[26]
Hendolin et al[27]
Hasukić et al[28]
Mimica et al[33]
1
Bablekos et al[29]
Mimica et al[36]
Kimberley et al[39]
1
Rovina et al[49]
Sub-total
I-V pooled SMD
D + L pooled SMD
Overall
I-V pooled SMD
D + L pooled SMD
Test(s) of heterogeneity

I2
0.0%
6.8%
61.5%

LC
OC
Overall

SMD

95%CI

Weight

-0.796
-1.090
-0.706
-0.920
-1.000
-1.463
-0.913
-1.045
-1.463
-1.000
-1.167
-0.794

-1.710-(0.118)
-2.036-(-0.143)
-1.147-(-0.265)
-1.504-(-0.336)
-1.538-(-0.462)
-1.906-(-1.021)
-1.535-(-0.290)
-1.744-(-0.346)
-1.906-(-1.021)
-1.538-(-0.462)
-1.725-(-0.608)
-1.360-(-0.229)

3.1%
2.9%
13.4%
7.6%
9.0%
13.3%
6.7%
5.3%
13.3%
9.0%
8.3%
8.1%

-1.068
-1.068

-1.229-(-0.907)
-1.229-(-0.907)

100.0%

-1.540
-1.756
-1.980
-2.078
-2.500
-1.286
-2.500
-5.099
-1.964

-2.550-(-0.529)
-2.273-(-1.238)
-2.707-(-1.253)
-2.732-(-1.424)
-3.026-(-1.974)
-2.257-(-0.314)
-3.026-(-1.974)
-8.978-(-1.220)
-2.644-(-1.285)

5.0%
19.2%
9.7%
12.0%
18.6%
5.4%
18.6%
0.3%
11.1%

-2.091
-2.059

-2.318-(-1.865)
-2.359-(-1.760)

100.0%

-1.412
-1.422

-1.543-(-1.280)
-1.688-(-1.156)

Heterogene- Degrees of P value
ity statistic
freedom
10.70
11
0.468
12.58
8
0.127
75.31
20
< 0.001

I2
0.0%
36.4%
73.4%

1

48 h. LC: Laparoscopic cholecystectomy; OC: Open cholecystectomy;
SMD: Standardized mean difference.

prevented with indomethacin[68]. For upper abdominal
surgery, Jansen et al[69] observed that the administration of
doxapram, a respiratory activity stimulating agent, significantly reduced postoperative pulmonary complications.
It has been suggested that doxapram increases minute
ventilation without affecting diaphragmatic function[69].
In addition, inotropic factors, caffeine, aminophylline
and b2-agonists enhance diaphragmatic contractility by simultaneously averting muscle fatigue, whereas medicines
such as halothane and sodium pentothal have the opposite effect[11,61,70,71].
General anesthesia contributes to the deterioration
of postoperative respiratory function[72,73] due to the following reasons: (1) tracheal intubation, particularly if frequent, increases the dead space leading to further bronchoconstriction which is accompanied by a reduction in
V/Q values and shunt establishment; (2) the interaction
between anesthetic agents and myochalasis; and (3) the
intake of an anesthetic gas mixture at high oxygen concentrations which increases shunt areas in lung parenchy-
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1

48 h. LC: Laparoscopic cholecystectomy; OC: Open cholecystectomy;
SMD: Standardized mean difference.

ma by diminishing the V/Q rate. The above parameters
decrease both lung volumes and compliance, thus contributing to atelectasis formation[72,73]. Intercostal muscles
activity was also found to be reduced when using benzodiazepines and narcotics for anesthesia because these
chemical agents decreased the threshold of the central
respiratory drive[71,73]. Moreover, in the early postoperative
period, during the excretion of anesthetic agents, a type
of general hypoxia is usually established and is accompanied by an elevation of either the metabolic rate or tissue
temperature; both effects are associated with an increased
oxygen consumption and carbon dioxide production[74].
Additionally, during the upper postoperative period, the
administration of analgesia for pain relief could potentially lead to hypoventilation, a diminished sensitivity of
the respiratory center to carbon dioxide stimulation, an
intensification of obstructive breathlessness, the repression of cough reflex and irregular mucus effacement[74].
In turn, these conditions could induce hypoxemia and/or
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hypercapnia in the postoperative period. In 1991 Baron
et al[75] observed that to relieve postoperative pain, the use
of epidural anesthesia intra-operatively rather than after
surgery, had a similar percentage of complications as the
effects of general anesthesia. However in their experimental study in humans, Pansard et al[76] observed that
the paradoxical pattern of breathing, especially present
in upper abdominal surgery, could be totally or partially
reversed by injecting epidural a 0.5% anesthesia solution
(in bupivacaine) in thoracic nerves roots up to the fourth
thoracic vertebrae. It was further observed that a lower
concentration (i.e., 0.25% in bupivacaine) despite reducing postoperative pain, did not change the paradoxical
pattern of breathing[76]. The higher bupivacaine dose
restored both the tidal volume and breathing frequency
to their preoperative values, thus diminishing the work
of breathing[76]. Moreover, according to two studies[7,77],
lengthening the duration of anesthesia contributed to the
development of postoperative complications. Additionally, since 1920[62] a number of respiratory disturbances
following upper abdominal surgery have been reported
in the literature. Studies[78-82] published between 1962 and
1976 noted the necessity of spirometry for screening
high risk patients who were prone to develop respiratory
complications after upper abdominal surgery. By examining the issue of postoperative respiratory complications,
Stein et al[78] and Stein et al[81], for the first time in the relevant literature, recommended a model of appropriate
preoperative pulmonary management for patients undergoing upper abdominal surgery. The term “respiratory
complication” was also defined so that one or more of
the following clinical pathologic conditions could be included[78,81]: (1) bronchitis deterioration; (2) purulent saliva
and fever; (3) intense cough; (4) intense breathlessness; (5)
formation of atelectatic areas regardless of their shape
and extent in lung parenchyma; and (6) pneumonia.
Because our literature searches spanned from 1990 to
the present, a large number of studies used the following
variables for the preoperative or postoperative investigation of respiratory functions in patients of upper abdominal surgery: (1) FVC/L; (2) FEV1/L; (3) FEF25%-75%
L/s; (4) PEF L/s; (5) the FEV1 to FVC percentage ratio
or Tiffenneau index; (6) PaO2 (kPa); and (7) PaCO2 (kPa).
According to our analysis of the collated data, it appears
that laparoscopic cholecystectomy is better for postoperative lung function compared with open cholecystectomy. The following section analyzes the factors and
mechanisms of respiratory physiology which contribute
to the improved respiratory performance and the clinical
outcome of patients undergoing laparoscopic surgery for
gallbladder removal.
During normal inspiration the intra-abdominal pressure increases along with an expansion of the thoracic
cavity which causes an outward movement of the abdominal wall[83]. However, in upper abdominal operations,
pain due to surgical incisions is likely the cause of the
observed postoperative shallow breathing pattern[17]. This
breathing pattern moderates the patient’s discomfort but
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limits the aforementioned outward movement of the abdominal wall[17] by decreasing either the postoperative vital (VC) or the FRC values[2,13,84]. Additional studies[24,84,85]
have shown that lower FRC values (relative to FRC values at the end of a relaxed expiration) are suggestive of
a small-airway closure which could induces hypoxemia
and atelectasis especially under postoperative conditions.
A possible mechanism that causes these postoperative alveolar volume changes could be due to disorders present
during respiration[84]. These disorders are characterized
by decreased lung surface tension which leads to alveolar
wall collapse, a decrease in the FRC and hypoxemia[84].
Various studies since the early nineties have investigated
the impact of these disorders on pulmonary function and
the role of abdominal trauma in postoperative morbidity
during both open upper abdominal surgery and newer
operations such as laparoscopic cholecystectomy[37,86].
Moreover, according to the literature, changes observed
in metabolic and immune functions appears to be associated with the extent of the surgical trauma[87]. An earlier
study showed that minimally invasive (compared with
open) surgical procedures induced less postoperative
pain, leading to early discharges and returns to usual daily
activities[88]. The above findings were well correlated with
a second study[23] which observed significantly higher
postoperative inflammatory responses as evidenced by
both the erythrocyte sedimentation rate 24 h postoperatively and C-reactive protein production 24 and 48 h
postoperatively, in patients undergoing open (compared
with laparoscopic) cholecystectomy. However, in a separate study[38], although there were no significant postoperative differences in metabolic responses between laparoscopic and open cholecystectomy, immune functions
were significantly better preserved in the laparoscopic
group of patients. Additionally, in the open cholecystectomy group a significantly higher incidence of postoperative septic complications was observed. The differences
in postoperative metabolic and immune functions between the two groups was attributed to endotoxin effects
rather than wound factors[38].
With respect to the pulmonary function variables we
have reviewed the reduction in FVC from the very early
postoperative period precedes the decrease in FRC detected following upper abdominal surgery[84]. The FEV1
and PEF parameters both represent the expiratory capacity and are related to the cough potentiality[24] that is
involved in atelectasis formation. The FEF25%-75% variable
reflects the average flow corresponding to the middle
50% of the FVC respiratory index[89]. Generally, there is
a strong relationship between the FEV1 and FEF25%-75%
indices; however, in some cases the forced expiratory
flow rate may be decreased while the FEV1 is at a normal
value[89]. It is also well known that the Tiffeneau Index,
or the ratio between FEV1 and FVC, contributes to the
differential diagnosis between airflow limitation and airway restriction[28,40]. Additionally, similar to open upper
abdominal surgery[55-62,76] laparoscopic cholecystectomy
also induces a restrictive pattern regarding postoperative
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diaphragmatic motion[18]. A pneumoperitoneum induced
by carbon dioxide brings about a distention of the peritoneal cavity which limits the diaphragmatic motility while
simultaneously increasing the dead space and leading to
a ventilation-perfusion mismatch[90]. According to a few
studies[32,91] the insufflated carbon dioxide is absorbed
from the peritoneum covering the abdominal cavity,
thereby contributing to respiratory acidosis and hypercarbia disorders. Another issue that should be clarified
concerning upper abdominal surgery is that general anesthesia - by itself[40,92] - or in combination with thoracic
epidural analgesia[47] has no influence on postoperative
lung function regardless of the type of cholecystectomy
procedure. Additionally, a number of comparative studies[17,19,21-30,33,34,36,39,40,49] between open and laparoscopic
cholecystectomy groups of patients examined lung function preoperatively to the 12th postoperative day and
showed that most of the measured variables had returned
to their preoperative levels between the 4th and 10th postoperative days[21,29-31,33,36,40]. For the early postoperative
period[22,24,25,27,33,36] (i.e., the first[17,19,21-23,25,27,28,30,33,36,39,40,48], the
second[19,26,29,34,40,49] and the third[22,33,36] postoperative days)
significant differences were observed when compared
with preoperative values for both laparoscopic and open
surgical techniques. Statistically significant differences were
also found between the two groups[17,19,21-28,33,34,36,39,40,49] in
favor of the laparoscopic method. According to the literature, the main cause for the decreased values of pulmonary function indices observed in laparoscopic or open
cholecystectomy patients is diaphragmatic dysfunction
which appears to be related to the upper abdominal incision. The extent of the surgical upper abdominal trauma
is an important factor influencing the postoperative pain
intensity, the demand for postoperative analgesia and the
stimulation of the parietal peritoneum covering the upper
abdominal cavity[93]. The closer the surgical incision is to
the diaphragmatic muscle (either sub-costal or midline),
the greater the reduction in postoperative pulmonary
function variables, particularly for lung volumes[13,79]. Because the anatomic site of the gallbladder is the same for
that of the abdominal cavity, manipulations for its surgical removal (whether laparoscopic[94,95] or open[3,9,11,14,15,61])
induces local phrenic nerve stimuli by eliciting a reflex inhibition of diaphragmatic activity. In addition, the extent
of the local stimulation of the parietal peritoneum due to
surgical manipulations during gallbladder removal affects
the degree[3,14] of the aforementioned respiratory reflex
inhibition. These works[3,14] suggest that a better postoperative pulmonary function is observed for patients
undergoing laparoscopic than open cholecystectomy
because of the significantly smaller surgical trauma in the
upper abdomen. A meta-analytic study concerning the
Tiffeneau Index[20] also supports this conclusion. After
a meta-analysis of thirteen related articles a better postoperative respiratory performance was observed for the
patients of laparoscopic cholecystectomy[20]. In addition
to these conclusions, two studies[29,31] examined pulmonary function and control of breathing indices between
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the two surgical procedures preoperatively to the eighth
postoperative day (i.e., when patients usually returned to
their daily activities). According to inspiratory capacity
(IC) measurements, on the 8th postoperative day, laparoscopic patients presented an overall improved respiratory
performance when compared with open cholecystectomy
patients; the expiratory activity was found to be better for
the open group of patients[29]. Additionally, the control
of breathing indices such as duty cycle (TI/TTOT) and
airway resistance (raw, in centimeters of water. L-1.s) for
only the laparoscopic cholecystectomy group were found
to be significantly reduced and increased respectively,
compared with their preoperative values[31]. Other investigators examined the duty cycle preoperatively[94,96], 3
h[94] and 24 h[96] after laparoscopic cholecystectomy, while
airway resistance was studied preoperative[26] and two
days[26] following surgery in both laparoscopic and open
cholecystectomy patients. Statistically significant differences were found for the TI/TTOT variable 3 h[94] after
laparoscopic cholecystectomy. Given that the duty cycle
detects the degree of airway obstruction[97] and that high
airway resistance values are compatible with an aggravating total work of breathing[98], the findings[31] for TI/TTOT
and Raw measurements on the 8th day after laparoscopic
cholecystectomy are indicative of small but persistent
changes reflected in both diaphragmatic dysfunction and
airway obstruction. These findings can be attributed to a
prolonged influence of intra-abdominal pressure in respiratory mechanics[31], which correlates well with the fact
that on the 8th postoperative day open cholecystectomy
patients were free of pain attributed to surgical trauma
and wound, and presented a better expiratory performance when compared with the laparoscopic cholecystectomy group[29]. Significant changes found in the respiratory pattern on the first day after OC were attributed to
a decrease of the abdominal wall compartment contribution to the tidal volume (Vab/VT) and was accompanied
by an increase in the chest wall compartment (Vc/VT)[50].
The better expiratory activity[29] observed in OC patients
compared with LC patients can be explained by the improved recovery of the abdominal wall motility eight days
after surgery, in contrast with the small but persisting
changes in the breathing pattern for LC patients[31]. Other
studies[41,42] published in the mid nineties that measured
the potential emergence of compromised ventilation[41],
gastrointestinal dysfunction[41], atelectasis formation[42]
and perseverance of sub-diaphragmatic free air[42], all following LC, brought up issues concerning the candidates
selection for laparoscopies.
For the issue of postoperative pain after upper abdominal surgery a number of previous studies[51,99-103]
highlighted the noticeable analgesic effect of bupivacaine
administration via intercostal-interpleural or thoracic epidural infusions. When comparing the postoperative pain
scores and analgesia requirements between laparoscopic
and open cholecystectomy group, the laparoscopic method was found to be better[23,51,93,104,105]. The role of postoperative analgesia in local pain relief, regardless of the
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surgical method, has been supported in the literature[51,105].
Recent works[106,107] suggested newer alternatives for the
control of postoperative pain especially for laparoscopic
cholecystectomy patients. It was found that a single-dose
of dexamethasone administered prior to surgery brought
about significantly decreased pain scores, occurrences
of nausea and vomiting and use of antiemetic medication within the first and second postoperative days[106].
After the laparoscopic procedure, the active aspiration of
carbon dioxide, insufflated for the creation of a pneumoperitoneum, resulted in the improvement of abdominal
and shoulder postoperative pain; the use of postoperative analgesia also decreased[107]. Additionally the use of
isothermic rather than hypothermic carbon dioxide for
creating a pneumoperitoneum did not significantly affect
the postoperative lung volumes and flow rates. This result
suggests that for patients with deranged lung function are
candidates for laparoscopic surgical treatment[108].
Additionally, it was found[36] that postoperative physical therapy for open cholecystectomy patients resulted in
decreased pain scores and increased respiratory functions
for half an hour after each session; these are factors that
may aid in reducing patient recovery time.
A number of studies[22,23,25-29,32-34,38,48,49] observed better
oxygenation in laparoscopic compared with open cholecystectomy patients. The administration of analgesia
to attenuate postoperative pain, which was more intense
after open cholecystectomy[51,105], and the dysregulated
breathing pattern due to the open upper abdominal
surgical trauma[15,51,55,56] have more significant effects on
patient oxygenation for laparoscopic cholecystectomy.
Despite the contribution of postoperative analgesia in
limiting pain after cholecystectomy[105] the use of opiates
caused hypoventilation and hypoxemia[100,108,109]. Moreover, the diaphragmatic dysfunction resulting from the
upper abdominal surgery altered the ability to sigh[14],
which requires a rapid shallow breathing pattern associated with a small airway closure[85]. This closure is
implicated in an intra-pulmonary shunt formation and
precludes the emergence of hypoxemia[85]. According to
a recent work[110], atelectatic areas in lung parenchyma are
not favorable for shunt formation. In a previous study[111]
healthy individuals undergoing laparoscopic cholecystectomy with intra-abdominal pressure values between
11 and 13 mmHg were considered to have a protective
effect against pulmonary shunts. With respect to: (1)
the conclusions of the above studies[110,111]; (2) the beneficial role of the absence of a surgical incision close to
diaphragmatic muscles; and (3) the significantly smaller
surgical trauma, there is a sufficient explanation for the
better postoperative oxygenation status observed in laparoscopically treated patients. These factors account for: (1)
the earlier mobilization[43]; (2) the lower pain scores[43]; (3)
the smaller changes in postoperative lung function[44]; and
(4) the lower incidence in pulmonary complications[45].
These observations were made during the first three
years after 1990, following the widespread adoption of
laparoscopic cholecystectomy, despite the formation of
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a pneumoperitoneum, which resulted in a significant increase in carbon dioxide burden necessitating an increase
in minute ventilation to recuperate during gas elimination
through the peritoneum[32,35].
Taking into account: (1) the extensive review of the
relevant literature concerning the impact of laparoscopic
cholecystectomy on lung function; (2) our results from
statistical analyses of basic variables of respiratory function, such as FVC (L), FEV1 (L), FEF25%-75% (L/s), PaO2
(kPa), between laparoscopic and open cholecystectomy;
and (3) the agreement of our findings with a meta-analytic study[20] concerning the Tiffenneau index expressed as
the FEV1/FVC (%) ratio, we conclude that laparoscopic
cholecystectomy has less impact on postoperative lung
function and is preferable compared with open cholecystectomy, even for patients with relatively deranged lung
function due to the following reasons: (1) the absence
of an extensive surgical incision close to the diaphragm
which has a strong influence in postoperative function; (2)
the negligible potential for a postoperative shunt formation; (3) the significantly lower postoperative pain intensity because of better oxygenation; (4) the earlier mobilization which prevents atelectasis; and (5) the proposed
alternatives for preventing harmful effects on postoperative lung function resulting from pneumoperitoneum.
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Background

There have been plenty of studies evaluating and comparing laparoscopic
cholecystectomy to the classical open procedure. In this meta-analytic review
pathophysiologic medical interpretation of the postoperative effects of laparoscopic cholecystectomy on pulmonary function, is attempted. Data resulted
from a thorough investigation of the studies in the relevant literature from 1990
to present. The authors’ aim was the analysis and medical interpretation of the
acquired information in order to elucidate the effect of laparoscopic compared
to open cholecystectomy on postoperative lung function and evaluate the
method of choice for upper abdominal surgery in candidates with impaired lung
function.

Research frontiers

The hotspots of our study focus on the following aspects: (1) study of basic
spirometric variables such as forced vital capacity (L), forced expiratory volume
in 1 s and maximal-mid expiratory flow rate (L/s) postoperatively, between
laparoscopic and open cholecystectomy; (2) study of the arterial oxygenation
after laparoscopic and open cholecystectomy; and (3) the extensive and critical
review of changes concerning breathing control and respiratory muscle performance indices in the sequel of laparoscopic and open cholecystectomy.

Innovations and breakthroughs

The overall panoramic presentation of the information concerning pathophysiologic changes imposed to respiratory function as a result of the widespread
use of the new surgical method, which is critically discussed in comparison with
the open classical technique.
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Applications

Presentation of evidence to general physicians and surgeons for the evaluation
and management of candidates for upper abdominal surgery particularly those
with impaired lung function.

17

Peer review

The authors perform a thorough literature review to integrate findings of studies
concerning the effects of laparoscopic cholecystectomy on lung function and
comparative findings in relation with the open surgical procedure.
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Abstract
AIM: To investigate the epidemiology of Helicobacter
pylori (H. pylori ) infection among the healthy asymptomatic population in Iran and countries of the Eastern
Mediterranean Region.
METHODS: A computerized English language literature
search of PubMed, ISI Web of Science, Scopus, and
Google Scholar was performed in September 2013. The
terms, “Eastern Mediterranean Regional Office (EMRO)”
and “Helicobacter pylori ”, “H. pylori ” and “prevalence”
were used as key words in titles and/or abstracts. A
complementary literature search was also performed in
the following countries: Afghanistan, Bahrain, Djibouti,
Egypt, Iran, Iraq, Jordan, Kuwait, Lebanon, Libya, Morocco, Oman, Pakistan, Palestine, Qatar, Saudi Arabia,
Somalia, Sudan, Syria, Tunisia, The United Arab Emirates, and Yemen.
RESULTS: In the electronic search, a total of 308 articles were initially identified. Of these articles, 26 relevant articles were identified and included in the study.
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There were 10 studies from Iran, 5 studies from the
Kingdom of Saudi Arabia, 4 studies from Egypt, 2 from
the United Arab Emirates, and one study from Libya,
Oman, Tunisia, and Lebanon, respectively. The overall
prevalence of H. pylori infection in Iran, irrespective of
time and age group, ranged from 30.6% to 82%. The
overall prevalence of H. pylori infection, irrespective of
time and age group, in other EMRO countries ranged
from 22% to 87.6%.
CONCLUSION: The prevalence of H. pylori in EMRO
countries is still high in the healthy asymptomatic
population. Strategies to improve sanitary facilities,
educational status, and socioeconomic status should be
implemented to minimize H. pylori infection.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Helicobacter pylori ; Prevalence; Epidemiology; Iran; Eastern Mediterranean Region Office
Core tip: Countries in the World Health Organization,
Eastern Mediterranean Regional Office include a group
of developing countries located in the southwest and
west of Asia as well as North Africa. Understanding
the epidemiological aspects of Helicobacter pylori (H.
pylori ) infection is important and helpful in clarifying
the consequences and complications of infection. There
are no systematic reviews on the prevalence and epidemiology of H. pylori in this geographically important
region of the world. The aim of this study was to perform a comprehensive review of the epidemiology of H.
pylori infection in this area.
Eshraghian A. Epidemiology of Helicobacter pylori infection
among the healthy population in Iran and countries of the Eastern
Mediterranean Region: A systematic review of prevalence and
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INTRODUCTION
Helicobacter pylori (H. pylori) is a gram negative, non-spore
forming spiral bacterium which colonizes the human
stomach and is prevalent worldwide[1]. It has been associated with peptic ulcer disease, gastric adenocarcinoma,
and type B low-grade mucosal-associated lymphoma[2].
Furthermore, the organism is also thought to be involved
in other human illnesses such as hematologic and autoimmune disorders, insulin resistance and the metabolic
syndrome[3-5]. Although nearly 50% of the population
is infected with H. pylori worldwide, the prevalence, incidence, age distribution and sequels of infection are
significantly different in developed and developing countries[6]. The prevalence of H. pylori infection is decreasing
in both developed and developing countries; however,
the prevalence is still high in developing countries[6]. In
Argentina, the prevalence of a positive urea breath test
(UBT) declined from 41.2% during 2002-2004 to 26%
during 2007-2009 among children[7]. Furthermore, the
age of developing the infection is lower in developing
countries compared with industrialized nations[6]. It has
been estimated that more than 50% of the population
aged 5 years is infected and this rate may exceed 90%
during adulthood[8]. In a cohort of Brazilian children, the
prevalence of H. pylori was 53.4% at baseline and 64.7%
8 years later[9].
Understanding the epidemiological aspects of H.
pylori infection is important and helpful in clarifying the
consequences and complications of the infection, and is
fundamental for eradication, treatment, and the pattern
of antibiotic resistance. Countries in the World Health
Organization, Eastern Mediterranean Regional Office
(EMRO) include a group of developing countries located
in southwest and western Asia as well as North Africa[10].
Economically heterogenous nations ranging from rich
oil producing countries to poor countries are included in
this group of countries. The ancient land of Iran is also
located in this region. There are no systematic reviews on
the prevalence and epidemiology of H. pylori in this geographically important region of the world. The aim of
this study was to perform a comprehensive review of the
epidemiology of H. pylori infection in this area.

MATERIALS AND METHODS
The study was conducted according to the PRISMA
(Preferred reporting items for systematic review and
meta-analyses) guidelines, flow diagram and checklist[11].
A computerized English language literature search of
PubMed, ISI Web of Science, Scopus, and Google Scholar was performed in September 2013. No time limitation
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was applied and studies on animal models were excluded.
After a preliminary search of the MeSH database, search
terms were selected. The terms, “EMRO” and “Helicobacter
pylori”, “H. pylori” and “prevalence” were used as key
words in titles and/or abstracts. A complementary literature search was also performed in the following countries:
Afghanistan, Bahrain, Djibouti, Egypt, Iran, Iraq, Jordan,
Kuwait, Lebanon, Libya, Morocco, Oman, Pakistan, Palestine, Qatar, Saudi Arabia, Somalia, Sudan, Syria, Tunisia,
The United Arab Emirates (UAE), and Yemen.
Eligibility and critical appraisal of the studies
All the studies were reviewed and carefully appraised for
inclusion in the study. All descriptive/analytical crosssectional, case-control, and epidemiological studies, as
well as cohort studies with appropriate methods were
included. H. pylori was detected using anti-IgG H. pylori,
the UBT, stool antigen, saliva anti-IgG H. pylori or endoscopy. Editorials, case reports, letters to the editor, hypotheses, studies on animals or cell lines, abstracts from
conferences and unpublished reports were excluded.
Studies were eligible for review if they reported H. pylori epidemiology in asymptomatic healthy individuals.
Therefore, studies reporting the prevalence of H. pylori in
patients with dyspepsia, gastroesophageal reflux disease,
gastric or duodenal ulcer, gastritis, esophagitis, and gastric
and esophageal cancer were excluded (Figure 1). Studies
on pediatric subjects (age < 18 years) were also included.
Data extraction
Data were abstracted from the full texts of relevant
articles. Relevant data from articles reporting the prevalence of H. pylori and its epidemiology in Iran and other
countries of the EMRO were extracted. Data on the
number and sex of participants in each eligible study,
study country (including city for Iran), prevalence of H.
pylori infection, method of H. pylori detection, population
age group, year of study, and risk factors were collected
and classified in separate tables.

RESULTS
In the electronic search, a total of 308 articles were initially identified. After a review of titles/ abstracts and assessment of the relevance and validity of papers, studies
with other determinants, those not related to our aims,
case reports, animal studies, editorials, papers from other
regions, and overlapping studies, 270 articles in total, were
excluded. Based on the full text review of 38 papers, another 12 papers were excluded. Thus, 26 relevant articles
were included in the review and data were abstracted and
categorized into subsections. The detailed search strategy
and results of the search for eligible studies are outlined
in Figure 1. There were 10 relevant studies from Iran and
16 other studies from Saudi Arabia, Egypt, Lebanon,
Jordan, United Arab Emirates, Tunisia and Libya. Unfortunately, there were no relevant studies from Afghanistan,
Bahrain, Djibouti, Iraq, Kuwait, Morocco, Pakistan, Pal-
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308 articles were found in the electronic search through ISI
Web of Science, PubMed, Scopus, Google scholar

Screening titles and abstracts

270 articles were excluded
130 articles reported H. pylori among patients with dyspepsia
30 animal studies and studies on cell lines
10 case reports, editorials, and abstracts

Full texts review (38 articles)

12 articles excluded

26 articles included
10 studies from Iran
5 studies from Saudi Arabia
4 studies from Egypt
2 studies from United Arab Emirates
1 study from Oman
1 study from Jordan
1 study from Lebanon
1 study from Tunisia
1 study from Libya

Figure 1 Flow diagram of the study. H. pylori: Helicobacter pylori.

estine, Qatar, Somalia, Sudan, Syria, and Yemen on the
prevalence of H. pylori in healthy populations.
Prevalence and risk factors of H. pylori infection in Iran
In total, 10 relevant articles from different geographical
areas in Iran were included. Seven studies used enzymelinked immunosorbent assay IgG-Ab for detection of
H. pylori and 3 studies used stool antigen. There were
8459 participants in these 10 studies (3575 males and
4172 females; one study did not report gender). The age
of the patients ranged from 4 mo to 83 years. These
studies were conducted from 1997 to 2010. The overall
prevalence of H. pylori infection, irrespective of time
and age group, ranged from 30.6% to 82%. The prevalence of Anti-Cag A positivity was reported in 3 studies,
and ranged from 57.7% to 72.8% (Table 1). The results
regarding risk factors were conflicting; however, higher
age, female sex, larger family size, source of water supply,
level of education and hygiene practice were associated
with H. pylori infection in different populations. Interestingly, residing in urban or rural areas was not among the
independent risk factors for H. pylori infection, while antiCag A positivity was reported to increase with increasing
age and in male gender, and this was higher in subjects
aged < 30 years in one study (Table 2).
Prevalence and risk factors of H. pylori infection in other
countries of the Eastern Mediterranean region
There were 16 studies from other countries in the eastern
Mediterranean region: Saudi Arabia (5 studies), Egypt
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(4 studies), Jordan (1 study), Libya (1 study), UAE (2
studies), Tunisia (1 study), Lebanon (1 study) and Oman
(1 study). Of these, (ELISA) IgG-Ab was used for the
detection of H. pylori in 13 studies. One study from Lebanon used stool antigen and one study form Saudi Arabia
used saliva IgG-Ab for the detection of H. pylori infection. In total, 5233 participants were included in these 16
studies. These studies were conducted between 1989 and
2013 among individuals aged 1 mo to 97 years. The overall prevalence of H. pylori infection, irrespective of time
and age group, ranged from 22% to 87.6%. Living in rural areas, poor sanitation, overcrowding, lower educational level, and low socioeconomic status were independent
risk factors for H. pylori infection in different countries of
the EMRO (Table 3).

DISCUSSION
As H. pylori is known to be the responsible pathogen in
several gastrointestinal disorders, especially gastric cancer,
understanding the epidemiology of H. pylori in different
regions is of great importance. More than 60% of gastric
cancers occur in developing countries with great variations in different geographical areas[38]. Geographical variations in the prevalence of H. pylori have been established
not only in different countries from different regions of
the world, but also within regions of a single country. In
Ardabil, which has the highest incidence of gastric cancer
in Iran, the prevalence of H. pylori among adults aged 40
years and over was estimated to be as high as 90% using
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Table 1 Prevalence of Helicobacter pylori infection in the Iranian population
Ref.

Year

Location

Age group

Number (M/F)

Prevalence

Prevalence (%)
(M/F)

Method of
detection

Alborzi et al[12]
Nouraie et al[13]
Jafarzadeh et al[14]
Jafarzadeh et al[15]
Alizadeh et al[16]
Ghasemi Kebria et al[17]

2005
2009
2005
2005
2003
2010

8 mo-15 yr
18-65 yr
1-15 yr
20-60 yr
≥ 6 yr
1-83 yr

593 (308/284)
2326 (968/1358)
386 (187/199)
200 (114/86)
1518 (653/865)
1028 (489/539)

82.0%
69.0%
46.6%
67.5%
70.6%
66.4%

81/83
67.6/70.0
51.9/41.7
71.9/61.6
66.6/73.4
66.3/66.6

Stool antigen
ELISA IgG-Ab
ELISA IgG-Ab
ELISA IgG-Ab
ELISA IgG-Ab
ELISA IgG-Ab

Jafar et al[18]
Mikaeli et al[19]

2007
1997

4 mo-15 yr
< 20 yr

458 (231/227)
711 (NA)

Stool antigen
ELISA IgG-Ab

2007
2004

7-11 yr
7-9 yr

961 (475/486)
278 (150/128)

64.2%
47.5% (Ardebil)
30.6% (Yazd)
40.0%
52.8%

65/63
NA

Mansour-Ghanaei et al[20]
Mahram et al[21]

Shiraz (Southern Iran)
Tehran
Rafsanjan (Southeast Iran)
Rafsanjan (Southeast Iran)
Nahavand (Western Iran)
Golestan province (Northeast
Iran)
Sanandaj (Western Iran)
Ardebil and Yazd (Northwest
and Central Iran)
Rasht (Northern Iran)
Zanjan (Western Iran)

49.7/50.3
56.0/50.7

Stool antigen
ELISA IgG-Ab

M: Male; F: Female; ELISA: Enzyme- linked immunosorbent assay; Ab: Antibody; NA: Not available.

Table 2 Risk factors for Helicobacter pylori infection and prevalence of Anti-Cag A seropositivity in the Iranian population
Ref.

Prevalence of Anti-Cag A

Main findings and risk factors

Alborzi et al[12]

NA

Nouraie et al[13]

NA

The prevalence of H. pylori was significantly lower in the 15-yr-old age group compared to the <
14-yr-old age group
Sex was not a risk factor for prevalence
Higher maternal education was protective against H. pylori infection
Low education, increasing age and overcrowding were risk factors for H. pylori infection
Prevalence of Anti-Hp IgG and Anti-Cag A Ab were increased with age
Prevalence of Anti-Cag A Ab was higher in males than females
Prevalence of Anti-Cag A Ab was higher in those < 30 yr
Female sex and age (median 37 yr) were risk factors for H. pylori infection
Hygienic practice and crowding were not risk factors for H. pylori infection
No significant difference between rural and urban areas regarding prevalence
Seroprevalence increased with increasing age
Larger family size was associated with higher prevalence
Increasing age was associated with H. pylori infection
Increasing age was the only predictor of H. pylori infection
Water supply was a predictor of H. pylori infection
Age and sex were not risk factors for H. pylori infection

Jafarzadeh et al[14]
Jafarzadeh et al[15]
Alizadeh et al[16]
Ghasemi Kebria et al[17]

72.8%
67.4%
NA
57.7%

Jafar et al[18]

NA

Mikaeli et al[19]
Mansour-Ghanaei et al[20]
Mahram et al[21]

NA
NA
NA

NA: Not available; H. pylori: Helicobacter pylori.

the rapid urease test and histopathology[39,40]. This study
confirmed a parallel increase in the rate of gastric cancer
with increased incidence of H. pylori.
In the current study, the epidemiology of H. pylori
infection among the asymptomatic healthy population
of Iran and other countries in the EMRO region was
reviewed. In Iran, 2 studies reported the prevalence of
H. pylori infection among healthy asymptomatic adults (>
18 years). The prevalence of H. pylori infection among
asymptomatic healthy adults in Tehran, the capital of
Iran, was estimated to be 69% using ELISA[13]. In this
study, low education, increasing age, and overcrowding were risk factors for H. pylori infection[13]. In another
study conducted in Kerman province (southern Iran),
the seroprevalence of H. pylori infection among healthy
adults was 67.5% which is comparable to the prevalence
in a previous report[15]. Based on the results of the present review, the prevalence of H. pylori in the pediatric age
group in Iran seems to be more diverse than in adults.
This may be secondary to the different methods of H.
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pylori detection or different inclusion criteria regarding the
age of the study population. However, it should be noted
that different sanitary, cultural and educational levels in
different Iranian provinces may have an important role in
this pattern. This important point should be interpreted
cautiously. For instance, Alborzi et al[12] reported a H.
pylori prevalence of 82% using stool antigen in Shiraz, a
municipal city in southern Iran which is a medical referral
center with good sanitary facilities. On the other hand,
the prevalence was much lower in other areas with fewer
sanitary facilities than Shiraz. The prevalence of H. pylori
in the asymptomatic pediatric age group in Rafsanjan,
southern Iran, was reported to be 46.6%[14]. In four other
studies on healthy pediatric age groups, the prevalence of
H. pylori was reported to range from 40% to 65%[18-21].
In other countries of the EMRO, Egypt had the
highest prevalence of H. pylori in the healthy asymptomatic population both in adults and the pediatric age
group[28,29,31]. Low socioeconomic status, low body weight
and height, living in rural areas and lower educational
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Table 3 Prevalence and risk factors of Helicobacter pylori infection in the healthy population of Eastern Mediterranean Regional
Office countries
Ref.

Year

Country

Age group

Number

Prevalence

Bani-Hani et al[22]

2006

Jordan

1-9 yr

200

55.5%

Naous et al[23]

2007

Lebanon

1 mo-17 yr

414

Bakka et al[24]
Mansour et al[25]
Bener et al[26]
Bener et al[27]

2002
2010
2000
2006

Libya
Tunisia
UAE
UAE

1- > 70 yr
Any age
Any age
Any age

360
250
223
151

Salem et al[28]
Mohammad et al[29]

1993
2007

Egypt
Egypt

< 30 yr
6-15 yr

89
286

Naficy et al[30]
Bassily et al[31]
Al Faleh et al[32]

1997
1992
2007

Egypt
Egypt
KSA

< 36 mo
17-42 yr
16-18 yr

187
169
1200

Hanafi et al[33]

2012

KSA

Any age

456

Khan et al[34]
Al-Moagel et al[35]
Al-knawy et al[36]

2003
1989
1999

KSA
KSA
KSA

15-50 yr
5-90 yr
2-97 yr

396
364
355

Al-Balushi et al[37]

2013

Oman

15-50 yr

133

Method of
detection

Risk factors

ELISA IgG-Ab Living in rural areas, poor sanitation, overcrowding, low
maternal educational level, low socioeconomic status
21.0%
Stool antigen Low socioeconomic status, overcrowded houses, lower
family income and poor parental education
76.0%
ELISA IgG-Ab
Low socioeconomic status, low educational level
64.0%
ELISA IgG-Ab
NA
78.4%
ELISA IgG-Ab
NA
74.1%
ELISA IgG-Ab Unavailable drinking water, low educational level, long
working duration, BMI > 25, housing conditions
87.6%
ELISA IgG-Ab
NA
72.38%
UBT
Low socioeconomic status, low body weight and height,
living in rural areas
10.0%
ELISA IgG-Ab
Only age (6-17 mo)
88.0%
ELISA IgG-Ab
Lower level of education
47.0%
ELISA IgG-Ab
Being female
Residing in Medina region
28.3%
ELISA IgG-Ab Rural residence, crowded housing, low socioeconomic
status, use of tanks for drinking water supply, active
smoking, alcohol drinking, eating raw vegetables, eating
spicy food, presence of asthmatic/atopic symptoms
51.0%
ELISA IgG-Ab
Higher age
66.0%
ELISA IgG-Ab
Higher age
67% Mother Saliva IgG-Ab The infection was higher in infants when both parents
64% Father
were positive
23% Children
69.5%
ELISA IgG-Ab
Increasing age
Being male

ELISA: Enzyme-linked immunosorbent assay; Ab: Antibody; NA: Not available; UAE: United Arab Emirates; KSA: Kingdom of Saudi Arabia; UBT: Urea
breath test.

status were risk factors for the acquisition of H. pylori
in Egyptian studies[29]. In Saudi Arabia, there has been a
decline in the prevalence of H. pylori in the past ten years
according to recent reports[33]. Although this decline may
be the result of improvements in sanitary conditions, it
may be secondary to different methods of H. pylori detection in different studies. Rural residence, crowded housing, low socioeconomic status, the use of tanks for drinking water supply, active smoking, alcohol drinking, eating
raw uncooked vegetables, and eating spicy food were
risk factors for H. pylori infection in Saudi Arabia[33]. In
other countries of the Persian Gulf region, a prevalence
of 74%-78% was reported from the United Arab Emirates[26,27] and 70% from Oman[37]. In North African countries, data were available for Libya and Tunisia with an
estimated prevalence of 76% and 64%, respectively[24,25].
It should be emphasized that these studies are not
concordant regarding the time of study, age of the population and methods of H. pylori detection. Therefore,
comparisons of different countries should be made cautiously. However, it is noteworthy that the prevalence is
declining with time even in these developing countries.
This is compatible with other reports from other parts of
the world[41].
Invasive tests for H. pylori detection include histology[42], culture[43], the rapid urease test[44], and molecular
studies[45]. These tests have high specificity and sensitiv-
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ity, but cannot be used for the detection of H. pylori in
the healthy asymptomatic population. Non-invasive tests
including serology[46], stool antigen[47] and the UBT[48] are
also available with different sensitivities and specificities.
While serology is the most widely available test for H.
pylori detection, the sensitivity of stool antigen and UBT
is higher[49]. Therefore, there is no consensus on the gold
standard test for H. pylori detection. The studies in this
review also used serology or stool antigen testing as noninvasive methods of H. pylori detection.
As reflected in the tables, the overall prevalence was
lower in children, and childhood is probably the primary
period of acquisition of H. pylori[50,51]. Transmission occurred during childhood via the oral-oral or fecal-oral
route[52,53]. Transmission between siblings has also been
demonstrated as an important route of transmission[54].
Several treatment regimens have been introduced with
different results in different populations[55]. Antibiotic
resistance, patient compliance, and environmental factors are among the major factors in eradication failure[56].
Therefore, understanding the epidemiologic burden of H.
pylori infection is also critical for programming eradication strategies.
EMRO countries are a group of developing countries
located in southwest Asia and North Africa. H. pylori
prevalence in EMRO countries is still high in the healthy
asymptomatic population. Strategies to improve sanitary
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facilities, educational status, and socioeconomic status
should be implemented to minimize H. pylori infection.

7
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Background

Helicobacter pylori (H. pylori) is a gram negative, non-spore forming spiral bacterium which colonizes the human stomach and is prevalent worldwide. It has
been associated with peptic ulcer disease, gastric adenocarcinoma, and type
B low-grade mucosal-associated lymphoma. Furthermore, the organism is also
suspected to be involved in other human illnesses such as hematologic and
autoimmune disorders, insulin resistance and the metabolic syndrome.

Research frontiers

nearly 50% of the population is infected with H. pylori worldwide, and the
prevalence, incidence, age distribution and sequels of infection are significantly
different in developed and developing countries. The prevalence of H. pylori infection is decreasing in both developed and developing countries; however, the
prevalence is still high in developing countries. In Argentina, the prevalence of
a positive urea breath test declined from 41.2% during 2002-2004 to 26% during 2007-2009 among children. Furthermore, the age of infection acquisition is
lower in developing countries compared with industrialized nations. It has been
estimated that more than 50% of the population aged 5 years is infected and
this rate may exceed 90% during adulthood. In a cohort of Brazilian children,
the prevalence of H. pylori was 53.4% at baseline and 64.7% 8 years later.

Innovations and breakthroughs

10
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13

There are no systematic reviews on the prevalence and epidemiology of H.
pylori in this geographically important region of the world. This study is a comprehensive review of the epidemiology of H. pylori infection in this area.

Applications

Understanding the epidemiological aspects of H. pylori infection is important
and helpful in clarifying the consequences and complications of this infection,
and is also fundamental for eradication, treatment, and the pattern of antibiotic
resistance.

14

This review on prevalence and risk factors of H. pylori infection is well written
and covered up-to-date information regarding epidemiology among healthy
population in Iran and countries of Eastern Mediterranean Region.
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dom-effects model was applied to synthesize outcome
data.
RESULTS: Out of a total of 337 records, thirteen articles (2 randomized and 11 observational studies)
reporting on the outcome of 101559 patients (48195
in the laparoscopic and 53364 in the open treatment
group, respectively) were identified. Odds ratios (OR)
were constantly in favor of laparoscopic surgery, in
terms of mortality (1.0% vs 4.4%, OR = 0.24, 95%CI:
0.17-0.35, P < 0.00001), morbidity (11.5% vs 21.3%,
OR = 0.44, 95%CI: 0.33-0.59, P < 0.00001), cardiac
(0.6% vs 1.2%, OR = 0.55, 95%CI: 0.38-0.80, P =
0.002) and respiratory complications (2.8% vs 5.0%,
OR = 0.55, 95%CI: 0.51-0.60, P < 0.00001). Critical analysis of solid study data, demonstrated a trend
towards improved outcomes for the laparoscopic concept, when adjusted for age and co-morbid diseases.
CONCLUSION: Further high-quality evidence is necessary to draw definite conclusions, although bestavailable evidence supports the selective use of laparoscopy in this patient population.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To investigate the comparative effect of laparoscopic and open cholecystectomy in elderly patients.

Key words: Laparoscopic; Open cholecystectomy; Surgery; Elderly; Older; Geriatric; Complications; Mortality; Morbidity

METHODS: Laparoscopic cholecystectomy has induced
a revolution in the treatment of gallbladder disease.
Nevertheless, surgeons have been reluctant to implement the concepts of minimally invasive surgery in older
patients. A systematic review of Medline was embarked
on, up to June 2013. Studies which provided outcome
data on patients aged 65 years or older, subjected to
laparoscopic or open cholecystectomy were considered. Mortality, morbidity, cardiac and pulmonary complications were the outcome measures of treatment
effect. The methodological quality of selected studies
was appraised using valid assessment tools. Τhe ran-

Core tip: This systematic review and meta-analysis investigates the comparative effect of laparoscopic and
open cholecystectomy in elderly patients. Critical analysis of solid study data, demonstrated a trend towards
improved outcomes for the laparoscopic concept, when
adjusted for age and co-morbid diseases. Current data
do not definitively support the use of laparoscopic or
open cholecystectomy on older patients. Further highquality evidence is necessary to draw definite conclusions, although best-available evidence supports the
elective use of laparoscopy in this patient population.
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INTRODUCTION
Laparoscopic surgery has induced a tremendous revolution in the treatment of gallbladder disease. Surgery has
been traditionally considered the last therapeutic resort
for symptomatic cholelithiasis before the advent of laparoscopy, whereas lithotripsy and cholecystostomy have
been commonly favored as less invasive alternatives[1]. In
the era of minimally invasive surgery, indications for surgery have become more liberal, resulting in an enormous
rise in the number of laparoscopic cholecystectomies
performed annually[2]. The laparoscopic procedure has
been shown to offer the advantages of decreased pain,
shorter convalescence, reduced operative stress and limited inflammatory response[3].
Despite these merits, the surgical community has
been reluctant to implement the laparoscopic approach
in the elderly population. Data from population-based
studies suggest that 21% to 55% of geriatric patients in
the United States are still subjected to open cholecystectomy[4-7]. These figures largely derive from as-treated
analyses, however they reflect a defensive operative position against this patient population, which commonly
presents with acute or chronic recurrent cholecystitis,
gallbladder empyema or hydrops. Although the role of
laparoscopy in the treatment of a wide spectrum of
gallbladder pathology has been well established[8,9], this
conservative surgical trend suggest that the outcomes
of laparoscopic cholecystectomy in the geriatric patient
population have been inadequately defined.
The present paper is a systematic review of current
literature, aiming at identifying comparative evidence
between laparoscopic and open cholecystectomy in the
elderly. Operative results are approached statistically, using valid meta-analytical models. A critical discussion of
results attempts to determine the strengths and limitations of available data, in order to evaluate the quality of
evidence and identify areas of future research.

MATERIALS AND METHODS
Two investigators established the study protocol, which
defined the objectives of the study, the search and abstracting design, inclusion and exclusion criteria and
methodology of analysis. The protocol conformed to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses statement[10], and the Meta-analysis
Of Observational Studies in Epidemiology guidelines[11].
This study is part of a project investigating the comparative effect of various laparoscopic procedures in geriatric
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patients.
Eligibility criteria
Prospective and retrospective studies which provided
outcome data on patients aged 65 years or older, who
were subjected to either laparoscopic or open cholecystectomy were considered for inclusion. Studies reporting
on at least one of the outcome measures were included.
Articles not containing distinct data for patients 65 years
or older, or not reporting on any of the outcome measures were discarded.
Outcome measures
Mortality was the primary outcome measure of treatment
effect. Secondary outcome measures included cardiac
complications, pulmonary complications, and overall
morbidity.
Search strategy and study selection
The literature search was performed in collaboration
with a clinical librarian. The database of the National
Library of Medicine (Medline, provider PubMed) was
searched without date restrictions. Limits were applied
with regard to age (65+ years), language (English, German), and text availability (abstract available). The terms
laparoscopy, laparotomy, open, conventional, aged, elderly, older, sexagenarian, septuagenarian, octogenarian,
nonagenarian, postoperative complication, morbidity,
death, and mortality were combined using the Boolean
operators AND or OR. The search strategy protocol is
available upon request. Date of the last screening was
June 11, 2013. Titles and abstracts were scrutinized to
identify potentially eligible articles. The full texts of
studies considered to contain data predetermined by
the protocol were obtained. First-level and second level
screening was performed by two independent authors
in an unblinded manner (Antoniou SA, Antoniou GA).
Disagreements were resolved by discussion.
Data collection
An electronic database based on the Cochrane Consumers and Communication Review Group’s data extraction
template was pilot-tested on the three most recent studies and refined accordingly. Data were collected on study
characteristics, name of first author, year of publication,
patient recruitment period, study design, total number of
patients, number of patients in the laparoscopic and the
open arm, age limit, mean or median age of the study
population, standard deviation or range, method of
analysis (intention to treat/as treated) and the outcome
measures as outlined above. Cardiac complications were
considered the following: myocardial infarction, myocardial ischemia, arrhythmia, cardiac failure, or the terms
“cardiovascular complications or morbidity”. Respiratory
complications were considered atelectasia, pneumonia,
adult respiratory distress syndrome, pleural effusion, or
the terms “respiratory or pulmonary failure”, “respiratory
or pulmonary insufficiency”, or “pulmonary morbidity”.
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Literature search medline

Search results (n = 337)

Articles screened based on title and/or abstract (n = 337)

261 articles excluded:
Not relevant
Not reporting on patients aged > 65 yr
Letter
Review

Articles screened based on full text (n = 76)

63 articles excluded:
Other than cholecystectomy: 35
Not reporting on outcome measures of patients aged > 65 yr: 11
Not reporting on any of the outcome measures: 7
No open comparison group: 3
Not reporting on absolute number of patients aged > 65 yr: 2
Review: 2
Separate outcome for laparoscopic and open access not reported: 1
Not com paring similar operations: 1
Duplicate study: 1

Articles included (n = 13)

Figure 1 Search history and selection of studies.

Quality assessment
Randomized trials were subjected to methodological
quality assessment according to the Cochrane Collaboration’s Tool for assessing risk of bias[12]. This tool considers the sequence generation, allocation concealment,
blinding of participants, personnel, and outcome assessors, inadequately reported or missing outcome data,
selective outcome reporting, and other potential threats
to validity.
The quality of observational studies was assessed
using the Newcastle-Ottawa Quality Assessment Scale
(NOS) for case control studies or cohort studies (as applicable)[13]. This tool evaluates three main methodological elements of case-control studies: selection methods
(adequate case definition, representativeness of the cases,
appropriate selection and definition of controls), comparability of cases and controls on the basis of the design
or analysis, and assessment of exposure (ascertainment
of exposure, non-response rate). The scale uses a star
system, with a maximum of nine stars; studies achieving
≥ 6 stars were considered to be of higher quality.
Statistical analysis
Individual study odds ratios (ORs) and 95%CI were calWJG|www.wjgnet.com

culated from event numbers extracted from each study
before data pooling. In calculation of the OR, the total
number of patients assigned in each group was used
as the denominator. Summary estimates of ORs were
obtained with a random effects model according to DerSimonian and Laird[14]. Heterogeneity was assessed using
the I2 statistic, a method expressing the percentage of
variation across studies. I2 values between 0% and 25%
suggest low level, values above 25% suggest moderate
level, and values above 75% suggest high level of heterogeneity. Publication bias was assessed visually evaluating the symmetry of funnel plots. Statistical analysis was
performed using RevMan (Review Manager 5.2, The
Nordic Cochrane Centre, Copenhagen, Denmark). Statistical expertise was available and it was provided by one
of the study authors (Antoniou GA).

RESULTS
Search results
A total of 337 records were identified by the primary
search of the electronic database. The first level screening identified 76 potentially eligible articles. Full text
review excluded 63 articles. Thirteen articles fulfilled the
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Table 1 Study characteristics
Ref.

Year

Study design

Period

Patients
(n ) (lap/open)

Age

Investigated outcomes

ITT/AT

NOS

Massie et al[15]

1993

Retrospective

1990-1991

> 70

Morbidity

NR

3

Feldman et al[4]

1994

1988-1992

> 65

Mortality

NR

4

Lucier et al[5]

1995

> 65 (mean 73.9 lap, 75.4 open)

3

1995

NR

3

Huang et al[16]

1996

NA

NA

Lujan et al[17]

1998

RCT

1991-1996

NR

NA

Maxwell et al[18]

1998

1988-1992

NR

4

Pessaux et al[19]

2001

Prospective
database4
Prospective

> 65 [median 71 (65-87) lap, 72
(65-88) open]
> 80 (mean, 83.9 lap, 84.0 open)

Morbidity, mortality,
cardiac, respiratory
Morbidity, mortality,
respiratory
Morbidity, mortality,
cardiac, respiratory
Morbidity, mortality,
respiratory
Mortality

NR

Samkoff et al[6]

Prospective
database1
Prospective
database2
Prospective
database3
RCT

Retrospective

1995-1998

ITT

4

Chau et al[21]

2002

Retrospective

1994-1999

ITT

5

Moyson et al[22]

2008

Retrospective

1991-2007

Morbidity, mortality,
cardiac, respiratory
Morbidity, mortality,
cardiac, respiratory
Morbidity, mortality,
cardiac, respiratory
Mortality, morbidity

7

2002

> 75 [mean 81.9 (75-98) lap, 81.9
(75-93) open]
> 70 (mean 74 ± 2.4 lap, 74 ± 4.1
open)
> 75 (mean 79.2 ± 4.2 lap, 80.7 ±
4.6 open)
> 75 [median 83 (75-94)]

NR

Fisichella et al[20]

AT

5

Leardi et al[23]

2009

Retrospective

2000-2006

> 70

Morbidity

NR

4

Tucker et al[7]

2011

Prospective
database5

2005-2008

58
(33/25)
2269
(1508/761)
3907
(1769/2138)
63920
(29731/34189)
27
(15/12)
264
(133/131)
18500
(5034/13466)
139
(50/89)
35
(24/11)
73
(31/42)
100
(85/15)
341
(258/83)
11926
(9524/2402)

> 65 [median 73.0 (69-79)]

Mortality, morbidity,
cardiac, respiratory

AT

4

1991-1992
1992-1993
1992-1993

1992-1999

> 65
> 70

1

Connecticut Health Information and Management Exchange; 2Medicare database Indiana; 38-State Medicare Database; 4Nationwide Inpatient Sample of
the Healthcare Cost and Utilization Project-3; 5American College of Surgeons Quality Insurance Program ACS NSQIP. ITT: Intention-to-treat; NOS: None
otherwise specified; NA: Not available; NR: Not reported; AT: As treated analysis.

Table 2 Study outcomes
Ref.

Conversion

Mortality

Morbidity

Cardiac

Respiratory

Massie et al[15]

NR

NR

NR

NR

Feldman et al[4]

NR

NR

NR

Lucier et al[5]

NR

Samkoff et al[6]

NR
0 /15
(0%)
11/113
(9.7%)
NR

200/1769 lap
354/2138 open
3428/29731 lap
7361/34189 open
0/15 lap
3/12 open
18/133 lap
29/131 open
NR

17/1769 lap
26/2138 open
NR

Huang et al[16]

7/1508 lap
11/761 open
16/1769 lap
116/2138 open
252/29731 lap
1523/34189 open
0/15 lap
0/12 open
0/133 lap
1/131 open
91/5034 lap
593/13466 open
0/50 lap
4/89 open
0/24 lap
0/11 open
0/31 lap
3/42 open
3/73 lap
5/27 open
NR

4/33 lap
19/66 open
NR

NR

25/1769 lap
64/2138 open
871/29731 lap
1751/34189 open
0/15 lap
1/12 open
0/133 lap
5/131 open
NR

9/50 lap
19/89 open
3/24 lap
6/11 open
4/31 lap
17/42 open
19/73 lap
14/15 open
12/258 lap
14/83 open
NR

0/50 lap
2/89 lap
0/24 lap
0/11 open
0/31 lap
4/42 open
NR

1/50 lap
2/89 open
0/24 lap
0/11 open
1/31 lap
6/42 open
NR

NR

NR

48/9524 lap
26/2402 open

76/9524 lap
87/2402 open

Lujan et al[17]
Maxwell et al[18]
Pessaux[19]
Fisichella et al[20]
Chau et al[21]
Moyson et al[22]
Leardi et al[23]
Tucker et al[7]

16/50
(32%)
2/24
(8.3%)
11/31
(35.5%)
12/85
(14.1%)
16/158
(10.1%)
728/9529
(7.6%)

67/9524 lap
65/2402 open

0/15 lap
0/12 open
NR

NR: Not reported.
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selection criteria and were included in the analysis[4-7,15-23].
Figure 1 summarizes the search history.
Study characteristics
Two randomized studies and 11 observational studies
were identified (Table 1). The study population consisted
of 101559 patients; 48195 in the laparoscopic treatment
group and 53364 in the open treatment group. Eleven
articles reported on mortality rates, 10 reported on overall morbidity, 6 reported on cardiac complications and 8
reported on respiratory complications (Table 2). The two
randomized trials were of poor quality, because they did
not provide adequate information to permit judgment
on any of the quality parameters (quality assessment
of randomized trials available upon request). Only one
observational study achieved a NOS score of 6 or more;
sensitivity analysis of quality reports could thus not be
undertaken. Age, American Society of Anesthesiologists
(ASA) score and/or cardiopulmonary co-morbidities
were similar in both treatment arms in 3 studies only; a
planned sensitivity analysis including these data was thus
not performed.
Synthesis of outcome
Mortality was 1.0% for the laparoscopic approach
and 4.4% for the open approach (OR = 0.24, 95%CI:
0.17-0.35, P < 0.00001). High level of heterogeneity (I2
= 79%) and publication bias was evident (Figures 2A).
Morbidity rates were 11.5% and 21.3%, respectively
(OR = 0.44, 95%CI: 0.33-0.59, P < 0.00001). Moderate
heterogeneity existed (I2 = 67%), and strong evidence of
publication bias (Figure 2B).
Cardiac complications occurred in 0.6% and 1.2% of
the laparoscopic and the open patient population, respectively (OR = 0.55, 95%CI: 0.38-0.80, P = 0.002). Heterogeneity across studies was not evident (I2 = 0%) and the
possibility for publication bias was low (Figures 2C).
Respiratory complications were registered in 2.8% and
5.0% of the laparoscopic and the open treatment arm,
respectively (OR = 0.55, 95%CI: 0.51-0.60, P < 0.00001).
There was no evidence of heterogeneity across studies (I2
= 0%) or publication bias (Figure 2D).

DISCUSSION
Comparative evidence on the application of laparoscopic cholecystectomy in elderly patients is not adequately
robust to support or refute its routine use, according to
analysis of currently available evidence. Although the effect sizes are indicative of a benefit for the laparoscopic
approach, there are several shortcomings of the provided data, which need to be taken into account, before
definite conclusions can be reached.
A significant limitation is introduced by the variety
of criteria for inclusion among reports. Although eight
of 13 studies predefined inclusion and exclusion criteria,
which provides some homogeneity of the study population, selection bias regarding the stage of acute chole-
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cystitis, the presence of sepsis, and co-morbid diseases
cannot be eliminated. The open surgical approached may
thus have been preferred more often in cases of complicated gallbladder disease or in the presence of significant
co-morbidity. The spectrum of inclusion criteria and surgical trends is reflected in the moderate-to-high level of
heterogeneity of the variables mortality and morbidity.
Morbidity data from two available randomized studies,
which provide homogeneity of patients and randomization of procedures, were in favor of laparoscopic cholecystectomy[16,17]. Acute cholecystitis as inclusion criterion
provided relative homogeneity of the study populations
of three studies[19,21,22], which all favored the laparoscopic
approach. Similarly, when symptomatic cholecystolithiasis was considered as inclusion criterion, the results
favored laparoscopic cholecystectomy[16,17,20].
The majority of studies were of poor methodological quality, which may bias the results in favor of either
approach. The study by Pessaux et al [19] was of high
methodological quality, achieving seven of 8 NOS stars.
The authors prospectively included 139 patients with
acute cholecystitis over a 7-year period. They found a
constant trend in favor of the laparoscopic arm considering the outcome measures of this analysis, although
statistical significance was not reached. Three studies,
which included patients with similar ASA score and/or
cardiopulmonary disease[16,19,21], all demonstrated reduced
mortality, morbidity, and incidence of cardiac and respiratory complications.
Opposite to the above limitations of this analysis,
its strengths allow for a rational interpretation of the
results. The large number of patients, the variety of reports and the time of publication, ranging from the early
years of laparoscopic cholecystectomy until recently, allow multifaceted representation of surgical trends. Based
on the present published and anecdotal data, it cannot
be overstated, that open surgery is being a persisting
surgical practice in acute biliary operations of the geriatric patient population. Emerging evidence suggests
decreased inflammatory response both in acute and elective laparoscopic cases as compared to open surgery[24-26],
which might adversely affect pulmonary function [27].
This association becomes more important in the elderly,
where functional reserves are decreased, and frequent
co-morbidities make postoperative rehabilitation more
complex[28].
The role of percutaneous cholecystostomy in poor
operative candidates may not be disregarded. With this
treatment option, both life expectancy and co-morbid
diseases need to be taken into account, because definite
surgical treatment due to recurrent disease is necessary
in a significant proportion of these patients[29,30], whereas
subsequent laparoscopic cholecystectomy is accompanied by acceptable technical success[31,32], although difficulties may be encountered due to distorted anatomy.
The development of an evidence-based treatment
protocol which considers factors as patient’s age, co-morbidities, the present of complicated gallbladder disease
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A
Study or subgroup
Chau CH 2002
Feldman MG 1994
Lucier MR 1995
Lujan JA 1998
Maxwell JG 1998
Moyson J 2008
Pessaux P 2001
Samkoff JS 1995
Tucker JJ 2011

Laparoscopic
Open
Events Total Events Total Weight
0
31
3
42
1.5%
7
1508
11
761
9.4%
16
1769
116 2138 16.3%
0
133
1
131
1.3%
91
5034
593 13466 22.0%
3
73
5
27
4.9%
0
50
4
89
1.5%
252
29731 1523 34184 23.2%
67
9524
65
2402 19.9%

Odds ratio
M-H, Random, 95%CI
0.18 [0.01, 3.60]
0.32 [0.12, 0.82]
0.16 [0.09, 0.27]
0.33 [0.01, 8.07]
0.40 [0.32, 0.50]
0.19 [0.04, 0.85]
0.19 [0.01, 3.57]
0.18 [0.16, 0.21]
0.25 [0.18, 0.36]

Total (95%CI)
47853
53240 100.0%
0.24 [0.17, 0.35]
Total events
436
2321
2
2
2
Heterogeneity: Tau = 0.15; χ = 37.33, df = 8 (P < 0.0001); I = 79%
Test for overall effect: Z = 7.42 (P < 0.00001)

Odds ratio
M-H, Random, 95%CI

0.01

0.1

1

Favors laparoscopic

10

100

Favors open

0

SE(log[OR])

0.5

1

1.5
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0.01

0.1
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OR

B
Study or subgroup
Chau CH 2002
Fisichella PN 2002
Huang SM 1996
Leardi S 2009
Lucier MR 1995
Lujan JA 1998
Massie MT 1993
Moyson J 2008
Pessaux P 2001
Samkoff JS 1995

Laparoscopic
Open
Events Total Events Total Weight
4
31
17
42
4.6%
3
24
6
11
2.6%
0
15
3
12
0.8%
12
258
14
83
8.7%
200
1769
354
2138 26.9%
18
133
29
131 11.8%
4
33
19
66
4.9%
19
73
14
15
1.7%
9
50
19
89
7.8%
3428 29731 7361 34189 30.1%

Odds ratio
M-H, Random, 95%CI
0.22 [0.06, 0.74]
0.12 [0.02, 0.65]
0.09 [0.00, 1.89]
0.24 [0.11, 0.54]
0.64 [0.53, 0.77]
0.55 [0.29, 1.05]
0.34 [0.11, 1.10]
0.03 [0.00, 0.20]
0.81 [0.33, 1.95]
0.47 [0.45, 0.50]

Total (95%CI)
32117
36776 100.0%
0.44 [0.33, 0.59]
Total events
3697
7836
2
2
2
Heterogeneity: Tau = 0.07; χ = 27.43, df = 9 (P = 0.001); I = 67%
Test for overall effect: Z = 5.63 (P < 0.00001)

Odds ratio
M-H, Random, 95%CI

0.01

0.1

Favors laparoscopic

1
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100

Favors open

0

SE(log[OR])

0.5
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C
Study or subgroup
Chau CH 2002
Lucier MR 1995
Pessaux P 2001
Tucker JJ 2011

Experimental
Control
Events Total Events Total
0
31
4
42
17
1769
26
2138
0
50
2
89
48
9524
26
2402

Weight
1.6%
36.7%
1.5%
60.3%

Odds ratio
M-H, Random, 95%CI
0.14 [0.01, 2.62]
0.79 [0.43, 1.46]
0.35 [0.02, 7.36]
0.46 [0.29, 0.75]

Odds ratio
M-H, Random, 95%CI

Total (95%CI)
11374
4671 100.0%
0.55 [0.38, 0.80]
Total events
65
58
2
2
2
Heterogeneity: Tau = 0.00; χ = 2.76, df = 3 (P = 0.43); I = 0%
Test for overall effect: Z = 3.15 (P = 0.002)
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D
Study or subgroup
Chau CH 2002
Huang SM 1996
Lucier MR 1995
Pessaux P 2001
Samkoff JS 1995
Tucker JJ 2011

Laparoscopic
Open
Events Total Events Total Weight
1
31
6
42
0.1%
0
15
1
12
0.1%
25
1769
64 2138
3.0%
0
133
5
131
0.1%
1
50
2
89
0.1%
871
29731 1751 34189 96.6%

Odds ratio
M-H, fixed, 95%CI
0.20 [0.02, 1.75]
0.25 [0.01, 6.64]
0.46 [0.29, 0.74]
0.09 [0.00, 1.57]
0.89 [0.08, 10.04]
0.56 [0.51, 0.61]

Total (95%CI)
31729
36601 100.0%
0.55 [0.51, 0.60]
Total events
898
1829
2
2
2
Heterogeneity: Tau = 0.00; χ = 3.39, df = 5 (P = 0.64); I = 0%
Test for overall effect: Z = 14.21 (P < 0.00001)

Odds ratio
M-H, fixed, 95%CI
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Figure 2 Forest plot of the odds ratio and funnel plot for the outcome. A: Mortality; B: Morbidity; C: Cardiac complications; D: Respiratory complications.

and previous operations is considered essential. Current
data are inadequate to support routine use of laparoscopic cholecystectomy in elderly patients, although best
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available evidence demonstrates a constant trend in favor
of the laparoscopic approach in terms of mortality, morbidity, cardiac and respiratory complications in selected
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cases.
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COMMENTS
COMMENTS
Background

Laparoscopic cholecystectomy has been established as the gold standard therapy for gallbladder disease. Population-based data suggest that elderly patients
are more frequently subjected to open than laparoscopic cholecystectomy. The
comparative treatment effect of these two approaches in elderly patients has
been inadequately defined.
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Research frontiers

Minimally invasive treatment modalities, such as percutaneous cholecystostomy and lithotripsy or definite surgical therapy by means of open cholecystectomy appear to be preferred by a significant proportion of surgeons. The welldefined beneficial comparative effects of laparoscopic over open surgery, such
as minimization of trauma and inflammatory response, shorter convalescence
and reduced respiratory compromise, may apply stronger to this frail patient
population.

Innovations and breakthroughs

Early clinical evidence has suggested positive results for elderly patients in a
variety of laparoscopic procedures. These data are fragmentary and mostly
lack significant power. Due to the low morbidity and mortality of laparoscopic
and open cholecystectomy, significant differences in treatment effects are often
not detected. Cardiac and pulmonary morbidity are of paramount importance
in elderly patients; the low incidence of these complications may result in underestimation of their association with the laparoscopic or the open treatment.
Furthermore, concerns have been raised regarding the effect of pneumoperitoneum in elderly patients.

Applications

Best available evidence suggests lower mortality, overall morbidity, cardiac
and pulmonary complications in elderly patients subjected to laparoscopic as
compared to open cholecystectomy. For the application of laparoscopic cholecystectomy in elderly patients, co-existing factors, such as co-morbidities, the
presence of complicated gallbladder disease and previous operations need to
be taken into account.

Terminology

Laparoscopic cholecystectomy: The surgical procedure of removing the gallbladder by laparoscopy, that is, application of pneumoperitoneum and introduction of special instruments into the abdomen; pneumoperitoneum: Refers to the
application of CO2 gas into the peritoneal cavity, in order to perform a laparoscopic procedure.

Peer review

This is a generally well-written, scientifically sound and well-researched article.
It includes a large number of patients in the included articles.
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Abstract
AIM: To review and conduct a meta-analysis of the existing literature on the relationship between Helicobacter
pylori (H. pylori ), atopy and allergic diseases.
METHODS: Studies published in English assessing
the prevalence of atopy and/or allergic diseases in patients with H. pylori infection and the prevalence of H.
pylori infection in patients with atopy and/or allergic
diseases were identified through a MEDLINE search
(1950-2014). Random-effect model was used for the
meta-analysis.
RESULTS: Pooled results of case-control studies showed
a significant inverse association of H. pylori infection
with atopy/allergic disease or with exclusively atopy,
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but not with allergic disease, whereas pooled results of
cross-sectional studies showed only a significant association between allergic disease and H. pylori infection.
CONCLUSION: There is some evidence of an inverse
association between atopy/allergic diseases and H. pylori infection, although further studied are needed.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Atopy; Allergic diseases; Helicobacter pylori ;
Hygiene hypothesis; Infection
Core tip: As the hygiene hypothesis affirms, the most
important factor connected with the large spreading of
atopic disease is the decreased exposure to food born
and oro-fecal infections, including Helicobacter pylori
(H. pylori ) infection, due to the improvement of hygienic condition occurred in developed countries. The
aim of this article was to review and conduct a metaanalysis of the existing literature on the relationship
between H. pylori , atopy and allergic diseases. There
is some evidence of an inverse association between atopy/allergic diseases and H. pylori infection, although
further studied are needed.
Lionetti E, Leonardi S, Lanzafame A, Garozzo MT, Filippelli M,
Tomarchio S, Ferrara V, Salpietro C, Pulvirenti A, Francavilla R,
Catassi C. Helicobacter pylori infection and atopic diseases: Is
there a relationship? A systematic review and meta-analysis. World
J Gastroenterol 2014; 20(46): 17635-17647 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i46/17635.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i46.17635

INTRODUCTION
The International Study of Asthma and Allergy in Child-
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hood phase three, estimated that the prevalence of asthma,
rhino-conjunctivitis and eczema in 6-7-year-old children is
11.7%, 8.5% and 7.9%, respectively, and in 13-14-year-old
subjects even higher (14.1%, 14.6% and 7.3%), confirming
the significant impact of allergic diseases since childhood[1].
Today it is known that allergic diseases develop from
the interaction between the host immune system and
environmental factors[2]. The high geographical variability
in the prevalence of these diseases suggests a decisive
impact of the environmental factors (such as the geo-climatic and the socioeconomic ones) on their pathogenesis.
Indeed, allergies are more common in the northern hemisphere, with respect to the southern one, as well as in
developed countries than in developing ones[1]. The characteristic epidemiological trend of atopic diseases seems
also to be linked to the environmental changes occurred
in the last decades in industrialized countries: increase of
outdoor and indoor pollution (combustion of fossil fuel,
high volume of traffic, biomass combustion products, tobacco smoke), climate changes (warmer temperature that
causes early spring), improvement of hygienic conditions
(changes of exposure to microbiota)[3-6].
David Strachan, the founder of the historic hygiene
hypothesis, is the first author who supposed that infections acquired in early childhood could prevent atopy.
In the study published in 1989, he noticed that hay fever
was inversely related to the number of children in the
household and to the number of older children in families. He speculated that the declining of family size associated with the improvement of cleanliness had reduced
the prevalence of cross infections in families, leading
to a widespread of atopic disease, as occurred for hay
fever[7]. Some years later, von Mutius et al[8] enlarged that
hypothesis studying the prevalence of atopic sensitization (screened by skin prick tests) in two groups of people: children living in West Germany and children living
in East Germany, with regard to the number of siblings.
He observed that atopic sensitization was three times
more prevalent in West Germany than in East Germany,
because of a higher standard of living.
Nevertheless, many authors denied the hygiene hypothesis, considering gastrointestinal infections as triggers of allergic diseases, rather than protective factors:
due to their capability in increasing the mucosal permeability, these infections could have facilitated the penetration of allergens and the loss of oral tolerance. Meanwhile, other authors supported the Strachan hypothesis,
confirming that the decreased exposure to gastrointestinal infections occurred in developed countries could be
inversely connected with the large spreading of atopic
disease[9]. In recent years, it has been hypothesized an
important role of Helicobacter pylori (H. pylori) infection in
the host immune network arrangement and its influence
on the development of allergic diseases. The exogenous
infection and microbial substances including H. pylori
infection may elicit a Th1-mediated immune response,
which suppresses Th2 responses. The lack of adequate
stimulation of the Th1 might result in an overactive
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Th2, which in turn lead to allergy[10]. Moreover, the acquisition of H. pylori may be of importance in the induction of regulatory T cells, which could effectively reduce
the possibility of allergy[11]. The immune-modulatory
properties that allow the bacteria to persist for decades
in infected individuals in the face of a vigorous, yet ultimately non-protective, innate, and adaptive immune
response may at the same time confer protection against
allergies, asthma, and inflammatory bowel diseases. Experimental evidence from mouse models suggests that
H. pylori has evolved to skew the adaptive immune response toward immune tolerance rather than immunity,
which promotes persistent infection on the one hand,
and inhibits autoaggressive and allergic T-cell responses
on the other. Regulatory T-cells mediating peripheral immune tolerance have emerged as key cellular players in
facilitating persistent infection as well as protection from
allergies, in both observational studies in humans and
experimental work in mice[12,13].
Although some clinical studies confirm an inverse
association between H. pylori and asthma, some studies
reported different results on asthma, other allergic diseases, and in general on atopy.
In the present article we provide a systematic review
and meta-analysis of the existing literature on the relationship between H. pylori, atopy and allergic diseases,
and we try to answer the question of whether there is
evidence of an inverse relationship between the two
conditions.

MATERIALS AND METHODS
Protocol
Before review and meta-analysis we developed a protocol, including eligibility criteria, search strategies, criteria
for study selection, methods for extracting related data,
and methods for assessing study quality and statistical
methodology.
Eligibility criteria, information sources, search, and
study selection
The association between atopy/allergic diseases and H.
pylori infection was the focus of our search. The prevalence of atopy and/or allergic diseases in patients with H.
pylori infection and the prevalence of H. pylori infection
in patients with atopy and/or allergic diseases were our
primary outcome measures. Atopy was defined by skin
prick test reactivity, specific and total IgE; allergic diseases were defined in presence of a diagnosis of asthma,
allergic rhinitis, rhino-conjunctivitis, atopic dermatitis,
food allergy. Studies were identified by searching electronic databases and scanning reference lists of articles,
and by consultation with experts in the field. This search
was applied to the Medline database using PubMed
by combining search terms for H. pylori infection with
keywords for atopy and allergic diseases (atopy, atopic
disease, allergy, allergic disease, asthma, allergic rhinitis,
rhino-conjunctivitis, atopic dermatitis, eczema, food al-
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lergy). All types of study design (e.g., cross-sectional, cohort, case-control, and case series), except case reports,
were considered for inclusion in this review. Search
results were limited to human studies published in the
English language, and providing sample size, odds ratios
(OR), and their 95% confidence intervals or the information that help infer the results; no publication date or
publication status restrictions were imposed. Eligibility
assessment of studies was performed independently in
an unblinded standardized manner by two reviewers (Drs
Lionetti and Leonardi). Disagreements between reviewers were resolved by consensus. All studies described in
this review were published between 1950 (start of Medline) and March 2014.
Data collection process
We developed a data extraction sheet (based on the Cochrane Consumers and Communication Review Group’
s data extraction template)[14], pilot tested it on six randomly selected included studies, and refined it accordingly. Two authors (A.L. and M.T.G.) extracted the data
from included studies, and one author (E.L.) checked the
extracted data.
Data items
Information was extracted from each included study on
(1) setting, study design, characteristics of participants,
including number, age, method of diagnosis of atopy
and/or allergic disease, age at diagnosis; and (2) the presence of H. pylori infection, method of diagnosis, age at
diagnosis.
Risk of bias
To ascertain the validity of the eligible studies, the study
design, the size and representativeness of the study population (i.e., the presence of selection bias), the validity
of outcomes (risk of confounding or bias), and the quality of the statistical analysis were taken into account. We
assessed the methodological quality of included studies in accordance with the guidelines of the Cochrane
Consumers and Communication Review Group, adapted
for the current review concerning observational nonintervention studies. In all cases, two authors (Drs Lionetti and Leonardi) independently assessed the quality
of the studies included, with any disagreements resolved
by discussion and consensus. Where necessary, study
authors were contacted for additional information or for
clarification of the study methods.
Statistical analysis
To assess the correlations between atopy/allergic disease
and H. pylori infection we performed the meta-analysis
by using meta-package of the R system. Random-effect
model (DerSimonian and Laird) was used for the metaanalysis. Random effects analysis not only weights each
study by its inverse variance but also includes the withinand between studies variances; it is more conservative
than fixed-effects models, providing wider confidence
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intervals when there is between-study heterogeneity. We
tested for heterogeneity in results across studies by using
a Cochran Q statistic. Given the low test power, the significance level was defined as P < 0.10. The I2 was used
to quantify the extent of true heterogeneity. The significance of the pooled OR was determined by Z-test. A P
value < 0.05 was considered to be statistically significant.

RESULTS
Table 1[15-25] and Table 2[26-35] show case-control and crosssectional studies that, since 1997 up to now, have investigated the prevalence of H. pylori infection in atopic/allergic and non-atopic/non-allergic patients and the prevalence of atopy/allergic disease in H. pylori positive and H.
pylori negative subjects, respectively.
Results of case-control studies
In 1999, Figura et al[15] tested for the first time the relationship between H. pylori infection and food allergy.
Food allergy was defined by IgE to alimentary antigens,
and H. pylori infection status was tested by serum anti H.
pylori IgG and anti-CagA antibodies. This case-control
study examined 38 patients with food allergy (cases) and
53 controls. Overall, 16 of 38 cases vs 26 of 53 controls
were H. pylori seropositive (42.1% vs 48.3%; p = NS).
Otherwise, 24 of 38 cases, vs 15 of 53 of controls, expressed anti-CagA antibodies (62.5% vs 28%; P < 0.05).
Therefore, the authors demonstrated the presence of no
correlation between food allergy and anti-H. pylori antibodies, but a significant direct correlation between food
allergy and anti-CagA antibodies.
In 2000, Matricardi et al[16] performed a case control,
retrospective study to evaluate the association between
atopy and several infections. The study was conducted
among 240 atopic cases and 240 non-atopic controls
from a sample of 1659 Italian cadets. The authors examined serology for some foodborne microbes (Toxoplasma
gondii, H. pylori and hepatitis A virus) and for some airborne ones (measles, mumps, rubella, and chickenpox).
The presence of atopy was evaluated by skin prick test
and total and specific IgE. It was observed an inverse
correlation between atopy and foodborne and orofecal
microbes; conversely, the study excluded any association
between atopy and airborne viruses. As regard to H. pylori colonization, although in non-atopic participants as
compared with controls there was a lower prevalence of
seropositivity, the difference observed was not statistically significant (18% vs 15%; p = NS). The explanation
proposed by the authors was that an adequate exposure
to foodborne and oro-fecal microbes acts on gut associated lymphoid tissue, enhancing T helper 1 immunity
and preventing the development of atopy. Noteworthy,
based on study’s results this hypothesis was not applicable to H. pylori infection.
In the same year Bodner et al[17] published a case control study evaluating the correlation between childhood
exposure to infections and the risk of adult onset of
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Table 1 Summary of studies evaluating the prevalence of Helicobacter pylori infection in atopic/allergic (cases) and non-atopic/nonallergic subjects (controls) n (%)
Location

Population

H. pylori measure

Definition of atopy/allergic disease

H. pylori +/
atopic-allergic

H. pylori +/non
atopic-non allergic

Italy
Italy
Italy

Adult
Adult
Adult

Anti-H. pylori IgG
Anti-H. pylori CagA IgG
Anti-H. pylori IgG

16 (42.1)
24 (65.5)
35 (15.0)

26 (48.3)
15 (28.0)
44 (18.0)

Bodner et al[17]

Scotland

Adult

Anti-H. pylori IgG

49 (57.6)

93 (48.9)

Bodner et al[17]
Tsang et al[18]

Scotland
China

Adult
Adult

Anti-H. pylori IgG
Anti-H. pylori IgG

77 (51.3)
43 (47.3)

65 (52.0)
37 (38.1)

Radon et al[19]

Germany

Adult

Anti-H. pylori IgG

18 (19.8)

50 (21.7)

Jun et al[20]

Japan

Adult

Anti-H. pylori IgG

27 (58.7)

26 (54.2)

Jun et al[20]

Japan

Adult

Anti-H. pylori CagA IgG

10 (21.7)

9 (18.8)

Adult

Anti-H. pylori IgG

81 (24.8)

337 (36.6)

Shiotani et al[22]
Konturek et al[23]

Iceland, Sweden, Estonia
Japan
Germany

Specific IgE to alimentary antigens
Specific IgE to alimentary antigens
Positive skin prick test, total IgE and
specific IgE
Questionnaires (about any occurrence of
wheezing or whistling in the chest)
Skin reactivity, total IgE and specific IgE
Symptoms of asthma twice a week,
FEV1 of 80% of predicted value or >,
reversibility of greater than 15% with
salbutamol, PC20 of less than 8 mg/mL
histamine
Questionnaires (about any occurrence of
allergic symptoms) and specific IgE
Symptoms of asthma twice a week,
FEV1 of 80% of predicted value or >,
reversibility of greater than 15% with
salbutamol, PC20 of less than 8 mg/mL
histamine
Symptoms of asthma twice a week,
FEV1 of 80% of predicted value or >,
reversibility of greater than 15% with
salbutamol, PC20 of less than 8 mg/mL
histamine
Specific IgE to inhalant allergens

Adult
Adult

72 (17.6)
8 (40.0)

Unites States

Adult

79 (24.8)

65 (31.3)

Holster et al[25]

Germany

Children

12 (5.9)

37 (10.9)

Holster et al[25]

Germany

Children

25 (8.5)

24 (9.5)

Holster et al[25]

Germany

Children

21 (8.7)

28 (9.2)

Holster et al[25]

Germany

Children

Questionnaires and direct interviews
Clinical history, specific IgE, skin prick
test, food challenge
Questionnaires (about any occurrence of
asthma)
Questionnaires (about any occurrence of
wheezing)
Questionnaires (about any occurrence of
allergic rhinitis)
Questionnaires (about any occurrence of
atopic dermatitis)
Questionnaires (about any physician
diagnosis of asthma)

42 (11.4)
14 (33.3)

Reibman et al[24]

Anti-H. pylori IgG
C13-urea breath test and
anti- H. pylori CagA IgG
Anti H-pylori IgG and anti
CagA IgG
Anti-H. pylori IgG anti-H
pylori CagA IgG
Anti-H. pylori IgG anti-H.
pylori CagA IgG
Anti-H. pylori IgG anti-H
pylori CagA IgG
Anti-H. pylori IgG anti-H.
pylori CagA IgG

7 (7.1)

42 (9.4)

Ref.
Figura et al[15]
Figura et al[15]
Matricardi et al[16]

Janson et al[21]

H. pylori: Helicobacter pylori.

wheezing and atopy. Atopy was tested by skin reactivity,
specific and total IgE; wheezing was defined based on a
questionnaire evaluating clinical symptoms (asthma or
cough and phlegm for as much as three month per year
in association with wheeze). H. pylori infection was diagnosed by specific IgG antibodies. The authors reached
data about 319 subjects aged 39-40 years (102 cases and
217 controls), originally identified when they were 10-14
years old. H. pylori positivity was demonstrated in 77 of
150 atopic subjects vs 65 of non-atopic, and in 49 of 85
subject with wheezing vs 93 of 190 non-wheezers (51.3%
vs 52%, and 57.6% vs 48.9%; p = NS) . Therefore, the
observed rate of H. pylori seropositivity was similar in
atopic and non-atopic subjects and in wheezers and nonwheezers, denying any association between childhood infections and adult onset of atopy and allergic disorders.
Tsang et al[18] further investigated H. pylori seroprevalence in asthmatic and healthy subjects. A total of 90
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patients with stable asthma (cases) and 97 healthy subjects (controls) were recruited. The diagnosis of asthma
was made according to the American Thoracic Society
Guidelines. H. pylori seroprevalence was determined by
serum IgG. The results were the following: 43 asthmatic
and 37 controls were seropositive (47.3% vs 38.1%; p
= NS). The study demonstrated that there were no significant differences in the H. pylori specific IgG levels
between controls and study group. Otherwise, among
asthmatic patients, there were no differences in FEV1
and duration of symptoms between H. pylori positive
subjects and negative ones.
In 2004 Radon et al[19] studied a population of 321
young adults living in a rural town of Northern Germany, with the aim to investigate the influence of the socalled “farming related factors” (starting age of regular
contacts with animal stables, entry age to kindergarten
and school, raw uncooked farm milk consumption at
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Table 2 Summary of studies evaluating the prevalence of atopy/allergic disorders in Helicobacter pylori positive (cases) and

Helicobacter pylori negative (controls) subjects n (%)
Ref.

Location

Population

H. pylori measure

Kosunen et al[26]

Finland

Adult

Kosunen et al[26]

Finland

Adult

Linneberg et al[27]

Denmark

Adult

Anti-H. pylori IgG,
IgA
Anti-H. pylori IgG,
IgA
Anti-H. pylori IgG

Linneberg et al[27]

Denmark

Adult

Cullinan et al[28]

United Kingdom

Adults

McCune et al[29]

England

Adult

Jarvis et al[30]

United Kingdom

Adult

Jarvis et al[30]

United Kingdom

Adult

Jarvis et al[30]

United Kingdom

Adult

Jarvis et al[30]

United Kingdom

Adult

Chen et al[31]

United States

Adult

Chen et al[31]

United States

Adult

Chen et al[31]

United States

Adult

Chen et al[32]

United States

Adult

Chen et al[32]

United States

Adult

Chen et al[32]

United States

Adult

Russian Karelia

Children

Baccioglu et al[34]

Turkey

Adults

Baccioglu et al[34]

Turkey

Adults

Baccioglu et al[34]

Turkey

Adults

Baccioglu et al[34]

Turkey

Adults

Baccioglu et al[34]

Turkey

Adults

Cam et al[35]

Turkey

Cam et al[35]

Turkey

Cam et al[35]

Turkey

Cam et al[35]

Turkey

School
children
School
children
School
children
School
children

Seiskari et al[33]

Definition of atopy/Allergic disease

Specific IgE antibodies (against birch, timothy
pollen, cat and dog epitelium allergens) in 1973
Specific IgE antibodies (against birch, timothy
pollen, cat and dog epitelium allergens) in 1994
Specific IgE (at least 6 allergens: birch, grass,
mug, wort, dog, cat, mite)
Anti-H. pylori IgG Questionnaires (about any symptoms of allergic
rhinitis)
Anti-H. pylori IgG
Skin prick tests to extracts of Dermatophagoides pteronyssinus, cat fur or grass pollen
C13-urea breath test
Self-reported use of any appropriate medications for asthma, rhinitis and eczema, as surrogate markers of these diseases
Anti-H. pylori IgG
Questionnaires (about any occurrence of
wheezing)
Anti-H. pylori IgG Questionnaires (about any occurrence of walking with cough)
Anti-H. pylori IgG
Questionnaires (about any occurrence of hay
fever or nasal allergies)
Anti-H. pylori IgG Specific IgE (to any of five allergens: house dust
mite, cat, grass, Cladoporum and birch)
Anti-H. pylori IgG
Self-reported asthma (current)
and anti- H. pylori
CagA IgG
Anti-H. pylori IgG
Self-reported asthma (lifetime)
and anti- H. pylori
CagA IgG
Anti-H. pylori IgG
Specific IgE for Ragweed
and anti-H. pylori
CagA IgG
Anti-H. pylori IgG
Questionnaires (about any occurrence of
asthma)
Anti-H. pylori IgG
Questionnaires (about any occurrence of dermatitis, eczema or rash)
Anti-H. pylori IgG
Questionnaires (about any occurrence of
wheezing)
Anti-H. pylori IgG
Specific IgE (for at least one allergen for birch,
cat and egg albumin
Microscopy on gasQuestionnaires (about any occurrence of
tric tissue samples
doctor-diagnosed asthma)
Microscopy on gasSelf-reported allergic rhinitis symptoms
tric tissue samples
Microscopy on gasSelf-reported urticaria in the last two years
tric tissue samples
Microscopy on gasSelf-reported food allergy symptoms
tric tissue samples
Microscopy on gasSkin prick test
tric tissue samples
C13-urea breath test Questionnaires (about any occurrence of doctor
diagnosed allergic rhinitis)
C13-urea breath test Questionnaires (about any occurrence of doctor
diagnosed asthma)
C13-urea breath test Questionnaires (about any occurrence of doctor
diagnosed atopic dermatitis)
C13-urea breath test Skin prick test to extracts of five groups of aeroallergens (mites, molds, pollens, animal dander,
insects)

Atopy-Allergic Atopy-Allergic
disorders/H.
disorders/H.
pylori pylori +
16 (10.9)

20 (11.2)

3 (5.1)

54 (20.8)

75 (27.5)

323 (39.2)

48 (17.7)

236 (28.7)

53 (35.0)

278 (37.0)

85 (7.9)

235 (10.9)

60 (28.9)

165 (27.2)

62 (30.0)

190 (31.0)

60 (28.9)

181 (29.6)

83 (39.9)

230 (37.6)

169 (4.5)

196 (5.0)

229 (6.1)

296 (7.5)

204 (33.0)

741 (6.7)

267 (10.2)

679 (14.2)

234 (8.9)

514 (10.7)

275 (10.5)

653 (13.6)

9 (5.0)

8 (11.0)

8 (11.0)

5 (31.0)

45 (61.0)

11 (69.0)

20 (27.0)

6 (38.0)

9 (12.0)

1 (6.0)

20 (7.0)

4 (25.0)

3 (6.4)

1 (3.7)

3 (6.4)

1 (3.7)

4 (8.5)

1 (3.7)

15 (31.9)

13 (48.1)

H. pylori: Helicobacter pylori.
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school entry age), as well as the role of markers of
infections (Toxoplasma gondii and H. pylori), in the development of atopy. The presence of atopy was defined
by the detection of serum specific IgE against a panel
of 7 aeroallergens (birch pollen, mixed-grass pollen,
mugwort pollen, dog dander, cat dander, Cladosporium
herbarum, Dermatophagoides pteronyssinus). The presence of exposure to farming environment was evaluated by questionnaires, while H. pylori status was studied
by searching serum H. pylori IgG antibodies. The study
showed that the farming related factors were more frequent in non-atopic patients than in atopic ones, but
only the early contact (< 7 years) with animal stables
showed a significant inverse association with atopy (OR
= 1.70, OR =0.51, OR = 0.58, respectively for the three
factors). The presence of H. pylori infection was detected
in 50/230 of non-atopic subjects and in 18/91 (21.7%
vs 19.8%; p = NS) of atopic ones. Basing on these data,
the authors concluded that neither the markers of infection nor farming related factors (with the exception of
early contact with animals) showed a statistically significant inverse association with atopy, even though both
of them were more frequent in non-atopic subjects than
atopic ones.
Another study that contrasts the hygienist theory was
published in 2005 by Jun et al[20]. It was a case control
study evaluating three groups of subjects: 46 mild asthmatic non-smoker adults (cases), 48 patients with peptic
ulcer (cases) and 48 healthy individuals (controls). The authors tested patients of each group for anti-H. pylori IgG
antibodies and anti-H. pylori CagA IgG antibodies. It was
observed no significant difference in both anti-H. pylori
IgG seropositivity and anti-H. pylori CagA IgG seropositivity between the asthmatic patients and the controls.
In 2007, Janson et al[21] investigated the correlation
between fooborn/orofecal and airborn/contact infection and atopy, allergic asthma and allergic rhinitis. The
study population was composed by 1249 Icelandic,
Sweden and Estonian adult subjects who participated
in European Community Respiratory Health Survey
(ERCHS) Ⅰ, conducted from 1999 to 1994, and ERCHS
Ⅱ, of 1999-2000. The detection of specific IgE against
Dermatophagoides pteronyssinus, timothy grass, Cladosporium herbarum and cat was used as the definition of
allergy sensitization; atopy was defined as being sensitized
to any of these allergens. Atopic asthma and rhinitis were
defined as the association of atopy with symptoms of
asthma and rhinitis respectively. Fooborn/orofecal infections included H. pylori, hepatitis A virus (HAV) and
Toxoplasma gondii; airborn/contact infections were
Herpes Simplex Virus 1, Ebstain Barr Virus, Chlamydia
pneumonia, and Cytomegalovirus. The infection status
was tested by specific IgG. The study showed that 81 of
327 atopic subjects and 337 of 922 non-atopic ones were
H. pylori seropositive (24.8% vs 36.6%; P < 0.01). The
data supported the hypothesis that H. pylori has a protective effect against atopy. It was observed also an inverse
correlation between H. pylori and allergic asthma and rhi-
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nitis, even if no numeral data were reported in the text.
Compared to previous studies, the current one added
four important findings: (1) both foodborn/orofecal
and airborn/contact infections had a protective effect
on development of atopy; (2) there was no correlation
between HAV and atopy; (3) the risk of development
of atopy increased with increasing number of infection;
and (4) there was no correlation between infection seroprevalence and total IgE.
In 2008, Shiotani et al[22] through an observational,
cross sectional study evaluated the relationship between
H. pylori and allergic disease. The presence of allergic
manifestations (such as pruritus of skin or eyes, nasal
discharge, cough and dyspnoea) was determined through
questionnaires and direct interviews in a total of 1953
Japanese students. The presence of H. pylori infection
was detected by dosing serum IgG in 777 patients (including 369 with allergic disease and 408 controls). The
infection was detected in 42 subjects of allergic group
and in 72 of the control group (11.4% vs 17.6%; p = 0.01).
The significant negative association was demonstrated in
the whole sample and in men, but not in women, underlining a gender difference in the negative association that
could suggest a different immune response to H. pylori in
women rather than in men.
In 2008 Konturek et al[23] investigated the relationship
between H. pylori infection and food allergy. The authors
studied 42 patients with food allergy and 20 controls
(case-control-study). Food allergy was tested by clinical
history, skin prick tests, RAST, double blind placebocontrolled food challenge and determinations of cells
specific markers of allergy, such as plasma histamine,
urinary N-tele-methyl-histamine, plasma tryptase and
serum eosinophilic cationic proteins (ECP). H. pylori
infection was tested by 13C-Urea Breath Test. They observed that food allergy patients had significant lower H.
pylori infection prevalence than healthy controls (33.3%
vs 40%; P < 0.05). The authors proposed also an explanation for this phenomenon: H. pylori infection reduces
serum level of some inflammatory mediators, such as
ECP and mast cell tryptases, leading to an ameliorating
effect of H. pylori on the allergic reactions in the gastrointestinal mucosa.
In the same year, Reibman et al[24] performed a casecontrol study about the association between asthma and
H. pylori status. Asthma cases (n = 318) and controls (n
= 208) were recruited to participate in the New York
University/Bellevue Asthma Registry in New York City.
Subjects were defined as “asthmatics” basing on their
response to questions derived from validates questionnaires used for international studies of asthma. Measurements of total serum IgE, allergen specific IgE for
allergens were also performed. Serum IgG antibodies
to H. pylori and the immunodominant CagA were measured. The authors identified a trend towards an inverse
association between H. pylori and asthma, that became
significant when they examined individuals who carried
CagA+ H. pylori strains . Moreover, the authors did not
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detect an effect of H. pylori serostatus on total IgE or
the presence of atopy in the studied population.
Finally, in 2012, Holster et al[25] published a study
about the association between the prevalence of anti-H.
pylori IgG antibodies and anti-CagA antibodies and the
prevalence of allergic diseases in a sample of 545 Dutch
children aged 8 years. Among children with wheezing
(n = 204), 12 were H. pylori positive vs 37 among those
without wheezing (n = 341) (5.9% vs 10.9%; p = 0.05).
Otherwise, no significant differences in H. pylori prevalence were found between children with or without allergic rhinitis, atopic dermatitis, physician diagnosed asthma
(8.9% vs 9.5%; 8.7% vs 9.2%; 7.1% vs 9.4%; p = NS).
Therefore, he found a quite inverse association between
H. pylori and wheezing, but no associations between H.
pylori and allergic rhinitis, atopic dermatitis or asthma.
For each case-control study mentioned, the OR of atopy and allergic diseases associated with the presence of
H. pylori was estimated. Overall, the meta-analysis shows
that the pooled OR of developing atopy/allergic diseases
in H. pylori positive patients was 0.8 (p = 0.02) (Figure
1A), the OR of developing exclusively atopy was 0.8 (p =
0.03) (Figure 1B), and the OR of developing exclusively
allergic diseases was 0.9 (p = 0.2) (Figure 1C).
Results of cross-sectional studies
In 2002, Kosunen et al[26] supported the hypothesis that
H. pylori could counteract atopy. They determined the
prevalence rate of specific IgE antibodies and anti-H. pylori antibodies in two cross sectional, adult-based serum
samples, selected randomly from a Finnish population
in 1973 (n = 326) and 1994 (n = 319). The data collected
confirmed the already previously observed increasing
trend of prevalence of allergic disorders and decreasing trend of H. pylori infection from 1973 to 1994. The
results that mainly support the hygiene hypothesis were
that the increase in the prevalence rate of IgE antibodies observed from 1973 to 1994 was limited to H. pylori
seronegative subjects. Indeed, in 1994 the presence of
specific IgE antibodies was detected in only 5% of H.
pylori seropositive subjects and in more than 20% of the
H. pylori seronegative ones.
One year later Linneberg et al[27] investigated the association between atopy and two different groups of
foodborne and orofecal infections: HAV, H. pylori and
Toxoplasma gondii on the one hand and Clostridium difficile, Campilobacter jejuni and Yersinia enterocolitica on
the other hand. Microbes of the first group were markers of poor hygiene, whereas the second group were
intestinal bacterial pathogens. The cross sectional study
involved 1112 Danish subjects, among adolescents and
adults. The authors define atopy as the positivity of specific IgE for at least one inhalant allergen and exposure
to microbes as the positivity of specific IgG. The study
demonstrated that different foodborne and orofecal infections differently conditioned the developing of atopy.
HAV, H. pylori and Toxoplasma gondii infections were
inversely related to atopy, whereas Clostridium difficile,
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Campilobacter jejuni and Yersinia enterocolitica were
directly related to it. The authors suggested that the first
ones induce chronic gastrointestinal infections that minimally modify intestinal microflora, but polarize immune
response to the Th1 profile. Otherwise, intestinal bacterial pathogens induce changes of intestinal microflora
and destruction of mucosal barrier, posing a threat for
oral tolerance. The same study evaluated the relationship
between allergic rhinitis and H. pylori infection, confirming a significant inverse association.
A cross-sectional study conducted by Cullinan et al[28]
in 2003 tested the relationship between atopy and family size, a pattern that was plausibly assumed to reflect a
protective effect of early infections. All females presenting for antenatal care at three general practices and all
suitable partners were invited to enrol in this prospective study. At recruitment, 622 mothers and 542 fathers
underwent skin-prick tests to several allergens. Mothers
and fathers were defined as atopic if they had one or
more positive reactions to skin tests to extracts of Dermatophagoides pteronyssinus, cat fur or grass pollen.
Therefore, a questionnaire was administered to 583 out
of the initially enrolled 622 mothers and to 480 of the
initially enrolled 542 partners, with the aim to obtain
information about any medical diagnoses of asthma,
hay fever or eczema, the siblings number and ages of
siblings and pet ownership before the age of five. Then,
venous blood was collected from 896 of both mother
and father and assayed for specific IgG antibodies to H.
pylori, HAV and Toxocara canis. Finally, for each adult,
contemporary general practice notes were scrutinised for
details of infective illnesses and antibiotic prescriptions
up to the age of 5 years. The study established that atopy was less common among those from larger families,
especially with a higher number of brothers. The sibling
effect was unexplained by evidence of infection with
either HAV or H. pylori. Indeed, 53 of 151 H. pylori positive subjects were atopic vs 278 of 745 negative ones (35%
vs 37%; p = 0.52). Although the current study replicates
the finding that atopy was inversely associated with family size, this could not be explained by documentary or
serological evidence of early infection. The findings lead
to the suggestion that the sibling effect in atopy may not
simply reflect protection by early infection.
In 2003 McCune et al[29] developed a cross-sectional
study about the prevalence of three allergic disorders
(asthma, eczema and rhinitis) in 3244 subjects participating in a community-based, prospective, randomized,
controlled trial of H. pylori eradication. The prevalence
of these allergic disorders was measured by assessing
the self-reported use of the medications commonly
used in their treatment: inhaled corticosteroids, inhaled
cromoglicate and inhaled (or oral) bronchodilators for
asthma, oral antihistamines for allergic rhinitis and topical corticosteroids for eczema. These data were used as
surrogate markers for the three cited conditions. The
presence of active H. pylori infection was determined by
the 13C-urea breath test. The authors demonstrated that
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A
Cases
Control
Author(s) and year
H.pylori + H.pylori - H.pylori + H.pylori Figura, 1999
16
22
26
27
Bodner (1), 2000
49
36
93
97
Bodner (2), 2000
77
73
65
60
Matricardi, 2000
35
205
44
196
Tsang, 2000
43
47
37
60
Radon, 2004
18
73
50
180
Jun (1), 2005
27
19
26
22
Shiotani, 2007
42
327
72
336
Janson, 2007
81
246
337
585
Konturek, 2008
14
28
8
12
Reibman, 2008
79
239
65
143
Holster (1), 2012
12
192
37
304
Holster (2), 2012
25
269
24
227
Holster (3), 2012
21
220
28
276
Holster (4), 2012
7
91
42
405
RE model
2
2
2
Heterogeneity: Q (df = 14) = 20.3, P = 0.1; t : 0.04 (SE = 0.04), I : 36.0%, H : 1.5
Test for overall effect: Z = -2.2, P = 0.02

Odds ratio (95%CI)
(log scale)
-0.28 [-0.12, 0.56]
0.35 [-0.17, 0.87]
-0.03 [-0.50, 0.45]
-0.27 [-0.76, 0.21]
0.39 [-0.19, 0.98]
-0.12 [-0.72, 0.48]
0.18 [-0.63, 1.00]
-0.51 [-0.92, -0.10]
-0.56 [-0.84, -0.27]
-0.29 [-1.39, 0.81]
-0.32 [-0.71, 0.07]
-0.67 [-1.34, 0.01]
-0.13 [-0.72, 0.46]
-0.06 [-0.65, 0.53]
-0.30 [-1.13, 0.53]
-0.20 [-0.38, -0.03]

-3.00

-1.39
0.00
1.39
Odds ratio (log scale)

B

39

1.

9

0.

.3

.0

-1

-3

00

Odds ratio (95%CI)
(log scale)
-0.01 [-0.28, 0.25]
-0.15 [-0.42, 0.12]
-0.31 [-0.47, -0.15]
-0.16 [-0.77, 0.45]
-0.19 [-0.35, -0.02]

0

Cases
Control
Author(s) and year
H.pylori + H.pylori - H.pylori + H.pylori Bodner (2), 2000
77
73
65
60
Matricardi, 2000
35
205
44
196
Janson, 2007
81
246
337
585
Konturek, 2008
14
28
8
12
RE model
2
2
2
Heterogeneity: Q (df = 3) = 3.8, P = 0.3; t : 0.00 (SE = 0.02), I : 35.15%, H : 1.5
Test for overall effect: Z = -2.2084, P = 0.03

Odds ratio (log scale)

C
Cases
Control
Author(s) and year
H.pylori + H.pylori - H.pylori + H.pylori Figura, 1999
16
22
26
27
Bodner (1), 2000
49
36
93
97
Tsang, 2000
43
47
37
60
Radon, 2004
18
73
50
180
Jun (1), 2005
27
19
26
22
Shiotani, 2007
42
327
72
336
Reibman, 2008
79
239
65
143
Holster (1), 2012
12
192
37
304
Holster (2), 2012
25
269
24
227
Holster (3), 2012
21
220
28
276
Holster (4), 2012
7
91
42
405
RE model
2
2
2
Heterogeneity: Q (df = 10) = 13.9, P = 0.2; t : 0.04 (SE = 0.06), I : 32.57%, H : 1.48
Test for overall effect: Z = -1.3113, P = 0.2
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Odds ratio (95%CI)
(log scale)
-0.28 [-1.12, 0.56]
0.35 [-0.17, 0.87]
0.39 [-0.19, 0.98]
-0.12 [-0.72, 0.48]
0.18 [-0.63, 1.00]
-0.51 [-0.92, -0.10]
-0.32 [-0.71, 0.07]
-0.67 [-1.34, 0.01]
-0.13 [-0.72, 0.46]
-0.06 [-0.65, 0.53]
-0.30 [-1.13, 0.53]
-0.14 [-0.36, 0.07]
-3.00

-1.39
0.00
Odds ratio (log scale)

1.39
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D

Cases
Control
Author(s) and year
H.pylori + H.pylori - H.pylori + H.pylori Kosunen (2), 2002
3
56
54
206
Linneberg (1), 2003
75
198
323
505
Linneberg (2), 2003
48
225
236
592
Cullinan, 2003
53
98
278
467
Mc Cune, 2003
85
994
235
1920
Jarvis (1), 2004
60
148
165
448
Jarvis (2), 2004
62
146
190
423
Jarvis (3), 2004
60
148
181
432
Chen (1), 2007
169
3551
196
3747
Chen (2), 2007
229
3491
296
3647
Chen (1), 2008
267
2358
679
4108
Chen (2), 2008
234
2391
514
4273
Chen (3), 2008
275
2350
653
4134
Baccioglu (1), 2008
8
66
5
11
Baccioglu (2), 2008
45
29
11
5
Baccioglu (3), 2008
20
54
6
10
Baccioglu (4), 2008
9
65
1
15
Cam (1), 2009
3
44
1
26
Cam (2), 2009
3
44
1
26
Cam (3), 2009
4
43
1
26
RE model
2
2
2
Heterogeneity: Q (df = 19) = 31.6, P = 0.03; t : 0.01 (SE = 0.01), I : 33.32%, H : 1.50
Test for overall effect: Z = -5.4, P < 0.0001

Odds ratio (95%CI)
(log scale)
-1.59 [-2.79, -0.39]
-0.52 [-0.82, -0.22]
-0.63 [-0.97, -0.28]
-0.10 [-0.46, 0.27]
-0.36 [-0.62, -0.10]
-0.10 [-0.25, 0.45]
-0.06 [-0.40, 0.29]
-0.03 [-0.38, 0.31]
-0.09 [-0.31, 0.12]
-0.21 [-0.39, -0.03]
-0.38 [-0.53, -0.23]
-0.21 [-0.37, -0.04]
-0.30 [-0.45, -0.15]
-1.32 [-2.61, -0.03]
-0.35 [-1.50, 0.81]
-0.48 [-1.62, 0.65]
0.73 [-1.41, 2.87]
0.57 [-1.74, 2.89]
0.57 [-1.74, 2.89]
0.88 [-1.36, 3.13]
0.26 [-0.35, 0.16]

-3.00

-1.39
0.00
Odds ratio (log scale)

1.39

Figure 1 Meta-analysis of case-control studies. A: concerning atopy/allergic diseases and Helicobacter pylori (H. pylori) infection; B: concerning atopy and H.
pylori infection; C: concerning allergic diseases and H. pylori infection; d: concerning allergic diseases and H. pylori infection.

85 of 1079 H. pylori positive subjects vs 235 of 2155 H.
pylori negative ones had ever used any of that medications (7.9% vs 10.9%; p = 0.007). Therefore, the authors
concluded that H. pylori infection was negatively associated with asthma, rhinitis and eczema considered together. Nevertheless, for each individual allergic disorder,
the data were not quite large enough to reach statistical
significance.
In 2004, Jarvis et al[30] published a study that reported
no association between atopy/allergic diseases and H. pylori infection. He tested a sample of 1211 individuals, selected randomly from 15000 young adults, aged from 20
to 44 years and living in East Anglia. Allergic symptoms
of asthma, hay fever and wheezing were investigated
through questionnaires, the atopic status was determined
by total IgE and specific IgE values to five of the more
common allergens (dust mite, cat, grass, Cladosporium
and birch), and H. pylori positivity was tested by specific
IgG levels. It was observed that the prevalence of symptoms of hay fever and wheeze were the same in H. pylori
seropositive and seronegative participants. Otherwise,
it was observed a negative association between H. pylori
and grass sensitization, although it no reached statistical
significance. The incomplete results (only 841 of 1211
samples were tested for H. pylori), an increased cut off
of IgE for allergy sensitization and an undetailed definition of hay fever may be the reasons because the study
lacked statistical significance.
In 2007 and 2008, Chen et al[31,32] published two retrospective studies about the inverse association of H. pylori
with asthma and allergy. Both of them were conducted
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using data of the Third National Health and Nutrition
Examination (NHANES Ⅲ). The first one analysed
the association between H. pylori positivity and allergic
disease and atopy in 7663 participants aged ≥ 20 years
enrolled in 1998-1991. Information about history of
allergy (allergic rhinitis, asthma, wheezing, allergic symptoms, like itchy eyes, runt noose, etc.) was collected using
in-person interviews; skin prick test were performed to
define the presence of atopy. The H. pylori status was
detected by IgG serum level and CagA enzyme-linked
immunosorbent assay (ELISA). The study confirmed
the inverse association of H. pylori infection and either
atopy or allergic diseases. Moreover, it added two important considerations: (1) atopy and allergic diseases were
inversely related to cagA+ H. pylori strains; and (2) the
negative association between asthma and cagA status
was stronger in child-onset asthma than in adult onset
asthma. The inverse relationship between atopy/allergic
diseases and cagA+ H. pylori strains is probably related
to the more pronounced immune activation induced by
cagA+ H. pylori strains, compared with the cagA-ones.
The stronger association of atopy with child-onset asthma is consistent with the inverse trend of childhood onset of asthma (age < 15 years) and cagA+ status. Moreover, the heightened gastric atrophy induced by cagA+
strains, reducing the risk of gastro-esophageal reflux
disease (i.e., one of the causes of asthma), may explain
the inverse association with asthma disease[31]. The second cross-sectional study was conducted using data from
7412 children-adult participants in the NHANES between 1999 and 2000. The study investigated only about
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asthma, allergic rhinitis and allergic symptoms, using inperson interviews. The H. pylori status was determined
using the ELISA for detecting specific IgG. This study
showed a big cohort-effect, with a decreasing prevalence
of H. pylori infection in people born early in the 20th century. The analysed data confirmed the inverse association between H. pylori and asthma: 267 of 2625 H. pylori
positive subjects were asthmatic as compared to 679 of
4787 H. pylori negative ones. The significant inverse association was demonstrated also for other atopic disorders.
Compared with the first Chen’s study, this one included a
younger population, providing an opportunity to test the
inverse association between atopy and H. pylori infection
in children. Then, by a stratified analysis among 3-19
years of age, it demonstrated that the inverse association
with onset of asthma before 5 years was stronger[32].
In 2007, Seiskari et al[33] tested the hygiene hypothesis
in two socio-economically and culturally different populations living in geographically adjacent areas: Russian
Karelia and Finnish Karelia. Both the Russian Karelian
study cohort and the Finnish study cohort comprised
266 school children. Atopic status was studied by levels
of total IgE and allergen-specific IgE (for birch, cat and
egg albumin). Microbial IgG antibodies were analysed
against Enteroviruses (Coxsackievirus B4), HAV, H. pylori
and Toxplasma gondii. The authors observed that the
prevalence of microbial antibodies, as markers of microbial exposure and poor hygiene, was significantly higher
in children in Russian Karelia than in children in Finnish
Karelia. In line with this, atopic sensitization was significantly less common in Russian Karelian children than in
Finnish ones. Moreover, the authors studied the correlation between the prevalence of allergic sensitisation and
the prevalence of positive microbial serologies in both
Russian and Finnish Karelia. In Russian Karelia 9 of 194
H. pylori positive were positive for at least one allergenspecific IgE, otherwise 8 of 72 H. pylori negative were
allergen sensitized (5% vs 11%; p = 0.04), confirming
an inverse correlation between atopy and H. pylori infection in Russian Karelia study population. In Finland, the
number of H. pylori seropositive children was very low,
which made it difficult to analyse their association with
allergen-specific IgE.
In 2008 Baccioglu et al[34] investigated the correlation
between H. pylori infection and atopy. Participants of
the study were recruited among the outpatients who attended Kirikkale University Hospital (Turkey). A total of
90 subjects suffering dyspeptic symptoms were enrolled
into the study. The presence of H. pylori infection was
assessed in gastric mucosa tissue by microscopy. Skin
prick tests against a large battery of inhalants and certain
food allergens were performed with the aim to determine the population atopy status: atopy was defined as
a positive result to at least one allergen. The presence
of allergic symptoms was finally detected through questionnaires about any occurrence of doctor-diagnosed
asthma, symptoms of allergic rhinitis, symptoms of food
allergy and acute urticaria in the last two years. The study
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showed that the frequency of atopy was 20/74 H. pylori
positive subjects and 4/16 H. pylori negative subjects
(27% vs 25%, p = NS). The frequency of H. pylori infection in atopic and non-atopic patients was similar (83%
in atopic group vs 81% in non-atopic group, p = NS).
Finally, either in H. pylori positive or in negative subjects
the occurrence of rhinitis, food allergy and urticaria was
similar (61% vs 69%; 12% vs 6%; 27% vs 38%; p = NS).
Although the diagnosis of asthma was significantly lower
in the H. pylori positive group than in non-atopic one
(11% vs 31%, P < 0.05) the authors concluded that the
effect of asthma was insignificantly related to a lower
risk of H. pylori infection (OR = 1.0; 95%CI: 0.1-18.9).
Therefore, Baccioglu et al showed that H. pylori infection
is not associated with atopic diseases at all. Therefore,
they concluded that H. pylori eradication may not be assumed to have an effect on allergic inflammation.
In 2009 Cam et al[35] evaluated the relationship between atopy an H. pylori infection. The study group was
recruited from a cohort of 327 healthy children evaluated
and followed-up for 6 years to assess the natural history
of H. pylori infection. 74 out of 136 healthy children who
underwent 13C-urea breath test were eligible and accepted
to participate. All participants were evaluated by questionnaires about any occurrence of doctor diagnosed allergic
rhinitis, asthma and atopic dermatitis; also skin-prick tests
to extracts of five groups of aeroallergens (mites, molds,
pollens, animal dander, insects) were performed: subjects
who had at least one or more positive reaction to any of
the tested antigens were considered atopic. The study
demonstrated that the frequency of atopy was lower in H.
pylori-infected group (31.9% vs 48.1%; p = 0.22), with respect to non-infected one, while the frequency of allergic
symptoms was similar between infected and non-infected
children.
For each cross-sectional study mentioned, the OR of
atopy and allergic diseases associated with the presence
of H. pylori was estimated. Overall, the meta-analysis
shows that the pooled OR of H. pylori infection among
patients with atopy/allergic diseases was 0.8 (p = 0.3)
(Figure 2A), the OR among patients with atopy was 1.8
(p = 0.8) (Figure 2B), and the OR among patients with
allergic diseases was 0.8 (P < 0.0001) (Figure 1D).

DISCUSSION
Several case control and cross-sectional studies have
investigated the relationship between H. pylori infection
and allergic diseases. Most of them have been conducted
in industrialized countries (United States, Finland, Great
Britain, Japan), where atopy is more common and the
decreasing trend of H. pylori infection is effective.
Based on the literature review and meta-analysis we
conclude that there is some evidence of an inverse association between atopy/allergic diseases and H. pylori
infection, although further studied are needed.
Pooled results of case-control studies showed a significant inverse association of H. pylori infection with
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A

Cases
Control
Author(s) and year
H.pylori + H.pylori - H.pylori + H.pylori Kosunen (2), 2002
3
56
54
206
Linneberg (1), 2003
75
198
323
505
Linneberg (2), 2003
48
225
236
592
Cullinan, 2003
53
98
278
467
Mc Cune, 2003
85
994
235
1920
Jarvis (1), 2004
60
148
165
448
Jarvis (2), 2004
62
146
190
423
Jarvis (3), 2004
60
148
181
432
Jarvis (4), 2004
83
125
230
383
Chen (1), 2007
169
3551
196
3747
Chen (2), 2007
229
3491
296
3647
Chen (3), 2007
204
414
741
10261
Seiskari, 2007
9
185
8
64
Chen (1), 2008
267
2358
679
4108
Chen (2), 2008
234
2391
514
4273
Chen (3), 2008
275
2350
653
4134
Baccioglu (1), 2008
8
66
5
11
Baccioglu (2), 2008
45
29
11
5
Baccioglu (3), 2008
20
54
6
10
Baccioglu (4), 2008
9
65
1
15
Baccioglu (5), 2008
20
54
4
12
Cam (1), 2009
3
44
1
26
Cam (2), 2009
3
44
1
26
Cam (3), 2009
4
43
1
26
Cam (4), 2009
15
32
13
14
RE model
2
2
2
Heterogeneity: Q (df = 24) = 523.12, P < 0.0001; t : 0.5 (SE = 0.13), I : 93.66%, H : 15.77
Test for overall effect: Z = -1.12, P = 0.3
-3.00

Odds ratio (95%CI)
(log scale)
-1.59 [-2.79, -0.39]
-0.52 [-0.82, -0.22]
-0.63 [-0.97, -0.28]
-0.10 [-0.46, 0.27]
-0.36 [-0.62, -0.10]
0.10 [-0.25, 0.45]
-0.06 [-0.40, 0.29]
-0.03 [-0.38, 0.31]
0.10 [-0.22, 0.42]
-0.09 [-0.31, 0.12]
-0.21 [-0.39, -0.03]
1.92 [1.74, 2.10]
-0.94 [-1.94, 0.05]
-0.38 [-0.53, -0.23]
-0.21 [-0.37, -0.04]
-0.30 [-0.45, -0.15]
-1.32 [-2.61, -0.03]
-0.35 [-1.50, 0.81]
-0.48 [-1.62, 0.65]
0.73 [-1.41, 2.87]
0.11 [-1.14, 1.35]
0.57 [-1.74, 2.89]
0.57 [-1.74, 2.89]
0.88 [-1.36, 3.13]
-0.68 [-1.66, 0.29]
-0.16 [-0.43, 0.12]

-1.39
0.00
Odds ratio (log scale)

1.39

B

Cases
Control
Author(s) and year
H.pylori + H.pylori - H.pylori + H.pylori Jarvis (4), 2004
83
125
230
383
Chen (3), 2007
204
414
741
10261
Seiskari, 2007
9
185
8
64
Baccioglu (5), 2008
20
54
4
12
Cam (4), 2009
15
32
13
14
RE model
2
2
2
Heterogeneity: Q (df = 4) = 136.02, P < 0.0001; t : 1.25 (SE = 1.00), I : 95.77%, H : 23.64
Test for overall effect: Z = 0.7, P = -0.8
-3.00

Odds ratio (95%CI)
(log scale)
0.10 [-0.22, 0.42]
1.92 [1.74, 2.10]
-0.94 [1.94, 0.05]
0.11 [-1.14, 1.35]
-0.68 [-1.66, 0.29]
0.71 [-0.88, 1.21]

-1.39
0.00
Odds ratio (log scale)

1.39

Figure 2 Meta-analysis of cross-sectional studies. A: concerning atopy/allergic diseases and Helicobacter pylori (H. pylori) infection; B: concerning atopy and H.
pylori infection.

atopy/allergic disease or with exclusively atopy, but not
with allergic disease, whereas pooled results of crosssectional studies showed only a significant association
between allergic disease and H. pylori infection. The discrepancy may be explained by the main limitations of the
present review: (1) high statistical heterogeneity between
studies; (2) most authors cluster heterogeneous conditions into one group of “allergic disorders”, despite the
fact that atopy and allergy are two different conditions,
widely recognized to be heterogeneous entity with multiple underlying aetiologies; (3) many of studies tested
H. pylori infection in serum samples of adult population,
therefore it’s impossible to determine the age of gastrointestinal colonization and specifically if it happened
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before the allergen sensitization. In fact, only if acquired
early in life H. pylori infection can protect against allergies; (4) in included studies there are heterogeneous
criteria for diagnosis of allergic disease and atopy (e.g., in
some studies asthma was diagnosed by physician tests,
instead of by symptoms, so the number of children with
a diagnosis of asthma was lower than the number of
children with asthma diagnosed by symptoms); and (5)
the major part of the studies uses screening for specific
serum antibodies to diagnose H. pylori infection, that is
not the recommended test for epidemiological studies,
according to current guidelines[36].
Therefore, the question of an inverse relationship between allergy and H. pylori needs to be further investigated.
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COMMENTS
COMMENTS
Background

As the hygiene hypothesis affirms, the most important factor connected with the
large spreading of atopic disease is the decreased exposure to food born and
oro-fecal infections, including Helicobacter pylori (H. pylori) infection. Although
some clinical studies confirm an inverse association between H. pylori and
asthma, some studies reported different results on asthma, other allergic diseases, and in general on atopy.

Research frontiers

Further studies are needed to specifically address the role of H. pylori infection
in the prevention of atopic disease especially in the paediatric population, differentiating atopy from allergic disorders, and using the recommended criteria
for the diagnosis of H. pylori infection and atopic diseases.

Innovations and breakthroughs

6

7
8

Previous systematic reviews with meta-analysis have been performed to evaluate the relationship between asthma and H. pylori infection, showing a weak
evidence for an inverse association both in children and in adults. In the present study we focused on the relationship between H. pylori infection and either
atopy in general or all allergic disorders in detail (i.e., asthma, rhinitis, atopic
dermatitis, rhino-conjunctivitis, food allergy).

9

Based on the literature review and meta-analysis we conclude that there is
some evidence of an inverse association between atopy/allergic diseases and
H. pylori infection, although further studied are needed. This relationship might
be of relevant importance in the perspective of the prevention of atopic disease.
There are actually several reasons to refrain from treatment H. pylori infection in children, although it would be advisable to try to eradicate the infection,
especially if early acquisition of the infection is confirmed to be a critical factor
in assessing development of complications such as peptic ulceration or gastric
cancers later in life. The confirmation of an inverse association between atopy/
allergic diseases and H. pylori infection might in future alter the balance against
the treatment.

11

Atopy means a predisposition toward developing allergic hypersensitivity
reactions. Atopy may have a hereditary component, although contact with the
allergen must occur before the hypersensitivity reaction can develop. Allergy is
a hypersensitivity disorder of the immune system that occurs when a person’s
immune system reacts to normally harmless substances in the environment.

14

Applications

Terminology

10

12

13

15

Peer review

This is a very well written systematic review and meta-analysis paper concerning the relationship between H. pylori infection and atopic diseases. The
authors give the extensive overview about the present outlook of the hygiene
hypothesis, about the possible inverse association of H. pylori infection with
allergic diseases. A very accurate analysis of the case-control as well as crosssectional studies give a good overview about the evidences pro and contra the
relationship between allergy and H. pylori infection which prevalence show the
tendency to reduction with increasing prevalence of atopic diseases in developed and industrialized countries.
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Abstract
AIM: To evaluate the efficacy and safety of gemcitabine (GEM) plus radiotherapy compared with GEM alone
for pancreatic cancer (PC).
METHODS: A systematic search for eligible studies
comparing gemcitabine plus radiotherapy with gemcitabine alone for PC was performed using MEDLINE,
EMBASE, and the Cochrane Library. A quality assessment was performed in each study. Meta-analyses
were performed to study the pooled effects of relative
risk with 95% confidence interval (CI).
RESULTS: A total of 336 participants from four original studies were included. Gemcitabine plus radiotherapy resulted in comparable overall survival (HR =
0.84, 95%CI: 0.53-1.34, P = 0.48) and progress free
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survival (HR = 0.99, 95%CI: 0.97-1.01, P = 0.36) to
gemcitabine alone. Moreover, concomitant radiotherapy
was associated with a significantly higher incidence of
severe (grade 3 or greater) toxicities, mainly anemia,
leukocytopenia, thrombocytopenia, anorexia, nausea/
vomiting, and asthenia/fatigue.
CONCLUSION: Radiotherapy is not beneficial with
gemcitabine-based chemotherapy for PC. Further exploration for better radiotherapy approaches and therapeutic regimens for the treatment of PC is warranted.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic cancer; Radiotherapy; Chemotherapy; Gemcitabine; Meta-analysis
Core tip: We performed this meta-analysis to evaluate the efficacy and safety of gemcitabine plus radiotherapy compared with gemcitabine alone for pancreatic cancer (PC). A total of 336 participants from
four original studies were included. Gemcitabine plus
radiotherapy resulted in comparable survival results
to gemcitabine alone. Moreover, concomitant radiotherapy was associated with a significantly higher incidence of severe (grade 3 or greater) toxicities, mainly
anemia, leukocytopenia, thrombocytopenia, anorexia,
nausea/vomiting, and asthenia/fatigue. Therefore,
radiotherapy is not beneficial with gemcitabine-based
chemotherapy for PC. Further exploration for better
radiotherapy approaches and therapeutic regimens in
the treatment of PC is still warranted.
Zhang X, Huang HJ, Feng D, Yang DJ, Wang CM, Cai QP. Is
concomitant radiotherapy necessary with gemcitabine-based
chemotherapy in pancreatic cancer? World J Gastroenterol 2014;
20(46): 17648-17655 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i46/17648.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i46.17648
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INTRODUCTION
Pancreatic cancer (PC) is a highly malignant disease and
the fourth cause of cancer-related death worldwide[1,2].
Radical surgery is regarded as the only possible cure. A
high rate of locoregional as well as distant recurrence has
been observed after surgical resection with curative intent
in PC[3]. Therefore, adjuvant therapies, including chemotherapy (CT), radiotherapy (RT), and chemoradiotherapy
(CRT), have been administered to improve the poor outcomes of PC[4].
A growing body of evidence establishes a central role
for systemic CT in the treatment of PC. Appropriate CT
might result in decreased recurrence and metastasis rates
to improve the survival rate of patients[5]. Formerly, 5-fluorouracil (5-FU) was considered an effective CT agent for
PC[6]. However, gemcitabine (GEM) has gained increasing
acceptance since it was introduced to treat PC in 1997[7].
Numerous clinical trials and meta-analyses have demonstrated that GEM, compared with 5-FU, increases survival
and clinical benefits in locally advanced or surgically resected PC[8,9]. Currently, GEM-based CT is the standard
of care for PC.
In addition to CT, RT and CRT are regarded as acceptable treatment options. RT could palliate common
symptoms through the intensification of local control and
thus prolong survival for patients with locally advanced
PC[10]. However, this conclusion was significantly challenged by studies showing that favorable outcomes could
be achieved without radiation[11]. Considering the conflicting opinions, we conducted a meta-analysis to compare
the efficacy and safety of RT in the management of PC,
to provide objective information that might help guide
clinicians who treat PC.

MATERIALS AND METHODS
Trial selection
Published and unpublished trials fulfilling the following selection criteria were included in the present metaanalysis: (1) study design - randomized controlled trials
(RCTs) or other comparative studies; (2) population patients with PC, at the resectable or locally advanced
stage; and (3) intervention - comparing GEM-based chemotherapy with GEM-based chemotherapy plus radiotherapy. To minimize publication bias, we did not limit
the publication language. The primary outcome measure
of the study was overall survival (OS), which should include clear survival data.
Literature search
Databases, i.e., MEDLINE, EMBASE and the Cochrane
Library, were searched to identify pertinent citations published since January 1997. The following searching strategy
was employed: [radiotherapy (Text Word) OR chemoradiotherapy (Text Word)] AND [pancreatic cancer (Title)
OR pancreatic neoplasm (Title) OR pancreatic carcinoma
(Title) OR pancreatic adenocarcinoma (Title) and gemcitabine (Text Word)]. For unpublished data, trial registries,
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including clinicaltrial.gov, the national research register,
and current controlled trials, were searched. Additionally, a
manual search was performed for potential related articles.
The manufacturers of relevant pharmaceutical agents
were contacted for additional information.
Data extraction
The data extraction and analysis were conducted independently by two reviewers (Zhang X and Huang H) using a pre-designed form. If results from more than one
follow-up analysis were published in one study, only those
with the longest follow-up were included. For results not
clearly described in the paper, the author was contacted
for the necessary data. Disagreements were resolved by
discussion.
Quality assessment
Two reviewers (Zhang X and Huang H) used standard
criteria (e.g., allocation concealment, blinding, intentionto-treat analysis, and withdrawals) to assess the methodological quality of RCTs, in addition to the quantitative
quality assessment using the scoring system developed
by Jadad[12]. The quality scoring system was as follows:
(1) allocation concealment, coded as adequate (1 score),
or inadequate or unclear (0 score); (2) blinding, coded as
double blind (2 scores), single blind (1 score), or open
label (0 score); (3) intention-to-treat analysis, coded as
used (1 score), or not used or unable to assess (0 score);
and (4) withdrawals, coded as given (1 score) and not
given (0 score).
Statistical analysis
The log hazard ratios (HR) and their variances for the
time-to-event data were estimated using published
methods, and when appropriate, summary statistics or
Kaplan-Meier curves were reported[13]. An estimate of
the relative risk (RR) was used for the dichotomous outcomes. The results were reported with 95% confidence
interval (CI) on the test for overall effect, and heterogeneity was quantified using a χ 2 test with a P value < 0.1
considered statistically significant. For outcomes without
heterogeneity, the pooled effects were calculated through
the fixed effect model; the randomized effect model was
employed if heterogeneity was detected among the studies. The funnel plot was applied to estimate the potential
publication bias, with an asymmetric plot indicating a
possible publication bias. Review Manager (Version 5.0.
Copenhagen: The Nordic Cochrane Center, The Cochrane Collaboration) was used for the statistical analyses mentioned above, whereas Stata Statistical Software
(Release 10, StataCorp LP, College Station, TX, United
States) was used to perform the publication bias test as
described previously[14].

RESULTS
Descriptions of studies
After an initial search in the databases, a total of 1062
potential studies were identified; 186 papers were re-
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Identified studies from the databases using keywords and bibliographies of relevant
articles (n = 1062): medline (n = 467), embase (n = 591), Cochrane Library (n = 4)

Duplicates (n = 175)

Reading titles and abstracts (n = 887)

Excluded by title/abstract (n = 643)
Letter to the editor (n = 16)
Duplicated data (n = 5)
Case reports (n = 37)

Full paper for further reading (n =186)

Other chemo regimens (n = 56)
Insufficient data (n = 23)
Single-arm study (n = 39)
Review (n = 63)
Data based on the same population (n = 1)

336 participants from 4 studies finally included

Figure 1 Flow of studies through the review process.

trieved for full-text review after excluding 887 articles on
the basis of titles and abstracts. The data from one trial
were published twice in different languages[15,16], and only
the English version was included, which was labeled as
Chauffert 2008[16]. In total, four studies including 336
participants were included in the meta-analysis[16-19], of
which three were RCTs[16,18,19] and one was a retrospective follow-up study[17]. The specific flowchart identifying
the qualified studies is shown in Figure 1. The demographics of the studies are shown in Table 1. The quality
assessments of the studies are shown in Table 2.
Meta-analysis
OS was reported in the four studies. The pooled analysis
revealed that there was no statistically significant difference in OS between treatment with GEM plus RT and
GEM alone (four studies, 336 participants, HR = 0.84,
95%CI: 0.53-1.34, P = 0.48, Figure 2). However, high
heterogeneity was detected (I2 = 78%).
Information on progress free survival (PFS) or disease free survival was available in three publications.
Because the definitions of the terms are similar[20], the
results were summarized as PFS. Additionally, concurrent RT did not show obvious superiority to GEM alone
in improving PFS (three studies, 280 participants, HR =
0.99, 95%CI: 0.97-1.01, P = 0.36, Figure 3) under homo-
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geneity conditions.
The data regarding treatment-related toxicity were
available in three RCTs. For the subsequent analysis,
only severe (grade 3 or greater) toxicity (National Cancer
Institute Common Toxicity Criteria; ctep.cancer.gov) was
considered. The meta-analysis demonstrates that concomitant RT was associated with a significantly higher
incidence of adverse events. Particularly, the incidence
of anemia, leukocytopenia, thrombocytopenia, anorexia,
nausea/vomiting, and asthenia/fatigue occurred more
frequently in GEM plus radiation treatment than that in
GEM treatment alone (Table 3). The heterogeneity for
the evaluation of all toxicity variables was absent or acceptable except for neutropenia.
Sensitivity analysis
To explain the heterogeneity among the included studies, a sensitivity analysis was performed first by excluding
the non-RCTs. Notably, similar OS results were observed
(three studies, 280 participants, HR = 1.06, 95%CI:
0.78-1.43, P = 0.72, Figure 4), and a marked reduction in
heterogeneity was observed (I2 = 33%), suggesting that
the publication type contributes to the heterogeneity.
Another sensitivity analysis was conducted by including only the participants with locally advanced PC. Consistently, no significant difference in OS was observed
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Table 1 Patient demographics and characteristics of the included studies
Study

Groups

Chauffert et al[16]

Loehrer et al[18]

Van Laethem et al[19]

Wang et al[17]

Chemo regimens

RT regimens

5-FU infusion, 300 mg /m2
per day, days 1-5 for 6 wk;
cisplatin, 20 mg /m2 per day,
days 1-5 during wk 1 and
5. Then, GEM 1000 mg/m2
weekly, 3/4 wk
GEM alone GEM 1000 mg/m2 weekly for
7 wk. Then, GEM 1000 mg/m2
weekly, 3/4 wk
GEM+RT
600 mg/m2 per week for wk
1 to 5, then 4 wk later, 1000
mg/m2 for 3 of 4 wk
GEM alone 1000 mg/m2 per week for wk
1 to 6, followed by 1 wk rest,
then for 3 of 4 wk
GEM-CRT 2 cycles of GEM (1000 mg/m2
on days 1, 8, 15, followed by
1 wk rest-a cycle), then GEM
300 mg/m2 once per wk for 5
to 6 wk
GEM alone 4 cycles of GEM (1000 mg/m2
on days 1, 8, 15, followed by 1
wk rest-a cycle)
GEM-RT
2 cycles of GEM (1000 mg/m2
on radiation 1, 8, 15, 21-d a
cycle)
GEM-CRT

GEM alone

No. of Male
patients

Age (yr)

MS
(M)

Follow-up
(M)

Clinical stage

31

Locally
advanced unresectable PC

Locally advanced PC

Induction: 60 Gy,
2 Gy/fraction

59

31

60 (41-79)

None

60

34

62 (38-80)

13

33

Starting on day 1,
1.8 Gy/Fx for a
total of 50.4 Gy
None

34

19

66 (46.9-83.5)

11.1

NG

37

18

69 (49.7-83.7)

9.2

NG

50.4 Gy in 28
fractions, 1.8 Gy
per fraction for 5
to 6 wk

45

24

61 (44-75)

24.3

30.7

None

45

27

58 (32-77)

24.4

33.3

35

17

61 (44-71)

13

8-24

21

13

61 (39-71)

8

8-24

50.4 Gy in 28
fractions on
Monday through
Friday over 5.5
wk
4-6 cycles of GEM (1000 mg/
None
m2 on days 1, 8, and 15, 28 d a
cycle)

8.6

Curatively
resected PC

Locally advanced PC

GEM: Gemcitabine; RT: Radiotherapy; CRT: Chemoradiotherapy; PC: Pancreatic cancer; MS: Median survival; NG: Not given.

Table 2 Quality assessment of the studies included
Study
[16]

Chauffert et al
Loehrer et al[18]
Van Laethem et al[19]
Wang et al[17]

AC

Blinding

ITT

Withdrawals

Score

Unclear
Unclear
Adequate
Unclear

Open-label
Open-label
Open-label
Open-label

No
Yes
Yes
No

4.0%
21.0%
0.8%
NG

1
2
4
0

AC: Allocation concealment; ITT: Intention-to-treat; NG: Not given.

between the GEM plus RT group and the GEM alone
group (three studies, 246 participants, HR = 0.76, 95%CI:
0.41-1.40, P = 0.38, Figure 5), with high heterogeneity
remaining (I2 = 83%). These results indicate that although
data derived from patients at different clinical stages were
pooled, this type of data management might not be a
definite cause of heterogeneity in this meta-analysis.
Publication bias
The funnel plot of the included studies for the OS analysis was largely symmetric (Figure 6; Begg’s test: P = 0.308,
Egger’s test: P = 0.328), indicating the absence of publication bias. Because there were less than three studies
included in the analysis of other variables, a test for publication bias was not performed.
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DISCUSSION
This systematic review provides a comprehensive overview of current evidence on the efficacy and safety of
RT in combination with GEM-based CT for PC, showing that additional RT does not provide a significant increase in survival but rather results in an increased incidence of adverse events. Therefore, the use of RT is not
recommended in PC patients in the setting of GEMbased CT.
Although surgery is central in a potentially curable
case, a multidisciplinary team is typically required to
guarantee the most coordinated treatment for PC [21].
Compared with other malignancies, the metastasis of
PC occurs at a very early stage. Even in patients with
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Study or subgroup
Chauffert 2008
Loehrer 2011
Van Laethem 2010
Wang 2012

log [HR]
0.23
-0.3
0.14
-0.79

SE
0.19
0.25
0.22
0.23

Weight
26.6%
23.6%
25.1%
24.6%

Hazard ratio

Hazard ratio

Ⅳ, random, 95%CI

Ⅳ, random, 95%CI

1.26 [0.87, 1.83]
0.74 [0.45, 1.21]
1.15 [0.75, 1.77]
0.45 [0.29, 0.71]

Total (95%CI)
100.0%
0.84 [0.53, 1.34]
2
2
2
Heterogeneity: Tau = 0.18; χ = 13.79, df = 3 (P = 0.003); I = 78%
Test for overall effect: Z = 0.71 (P = 0.48)

0.2
0.5
1
2
5
Favours experimental
Favours control

Figure 2 Forest plot to show the pooled estimates of overall survival.

Study or subgroup
Chauffert 2008
Loehrer 2011
Van Laethem 2010

log [HR]
0.19
-0.01
0.12

SE
0.19
0.01
0.21

Weight
0.3%
99.5%
0.2%

Total (95%CI)
100.0%
2
2
Heterogeneity: χ = 1.48, df = 2 (P = 0.48); I = 0%
Test for overall effect: Z = 0.92 (P = 0.36)

Hazard ratio

Hazard ratio

Ⅳ, fixed, 95%CI

Ⅳ, fixed, 95%CI

0.21 [0.83, 1.75]
0.99 [0.97, 1.01]
1.13 [0.75, 1.70]
0.99 [0.97, 1.01]
0.5
0.7
1
1.5
Favours experimental
Favours control

2

Figure 3 Forest plot to show the pooled estimates of progression free survival.

Study or subgroup
Chauffert 2008
Loehrer 2011
Van Laethem 2010

log [HR]
0.23
-0.3
0.14

SE
0.19
0.25
0.22

Weight
43.0%
24.9%
32.1%

Total (95%CI)
100.0%
2
2
Heterogeneity: χ = 3.00, df = 2 (P = 0.22); I = 33%
Test for overall effect: Z = 0.56 (P = 0.58)

Hazard ratio

Hazard ratio

Ⅳ, fixed, 95%CI

Ⅳ, fixed, 95%CI

0.23 [-0.14, 0.60]
0.30 [-0.79, 0.19]
0.14 [-0.29, 0.57]
0.07 [-0.17, 0.31]
-1
-0.5
0
0.5
Favours experimental
Favours control

1

Figure 4 Similar overall survival results.

Study or subgroup
Chauffert 2008
Loehrer 2011
Wang 2012

log [HR]
0.23
-0.3
-0.79

SE
0.19
0.25
0.23

Weight
44.2%
25.6%
30.2%

Total (95%CI)
100.0%
2
2
Heterogeneity: χ = 11.85, df = 2 (P = 0.003); I = 83%
Test for overall effect: Z = 1.69 (P = 0.09)

Hazard ratio

Hazard ratio

Ⅳ, fixed, 95%CI

Ⅳ, fixed, 95%CI

0.23 [-0.14, 0.60]
-0.30 [-0.79, 0.19]
-0.79 [-0.24, -0.34]
-0.21 [-0.46, 0.03]
-1
-0.5
0
0.5
1
Favours experimental
Favours control

Figure 5 No significant difference in overall survival between the gemcitabine plus radiotherapy group and the gemcitabine alone group.

apparently localized tumors, distant micrometastases
most likely already exist[22,23]. Therefore, systemic CT has
always been recognized as an essential therapeutic option to maximize survival[24]. In the last decade, there has
been great progress in the treatment of PC following
the advent of GEM, which is used as the first-line CT
agent[4].
Advances in the field of radiation oncology, particularly those in radiation treatment delivery techniques,
have led to improvements in local tumor control and a
reduction in radiation toxicity[25,26]. Some clinicians hy-
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pothesize that although PC is dominated by distant metastatic spread, the importance of local progression should
not be completely ignored because local recurrence in
PC is very common, frequently with potential obstructions[27]. Controlling local progression in PC could decrease symptoms, whereas failure to control the primary
tumor is associated with symptoms such as pain, gastric
outlet and duodenal obstruction[28]. Therefore, RT to the
postoperative bed and draining lymph nodes is frequently
employed to ensure better locoregional control, and the
data from clinical studies supporting the use of RT for
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Table 3 Meta-analysis of adverse events
Outcome
Anemia
Leukocytopenia
Neutropenia
Thrombocytopenia
Anorexia
Diarrhea
Nausea/
vomiting
SGPT abnormality
Asthenia/
Fatigue
Weight Loss

Studies

Participants

Statistical method

Effect size

95%CI

P

I 2 (%)

3
3
3
3
2
3
3

240
240
240
240
154
240
240

RR, Fixed
RR, Random
RR, Random
RR, Fixed
RR, Fixed
RR, Fixed
RR, Fixed

5.32
2.31
1.37
2.34
5.74
2.58
3.58

(2.23-12.66)
(1.08-4.97)
(0.60-3.16)
(1.04-5.29)
(1.05-31.39)
(0.51-13.01)
(1.32-9.69)

0.0002
0.03
0.46
0.04
0.04
0.25
0.01

0
49
78
0
0
0
0

2
2

154
154

RR, Fixed
RR, Fixed

0.99
3.54

(0.34-2.88)
(1.23-10.18)

0.98
0.02

0
29

2

154

RR, Fixed

4.02

(0.46-35.04)

0.21

0

RR: Relative risk.
Funnel plot with pseudo 95% confidence limits

0

SE of logHR

0.05
0.1
0.15
0.2
0.25
0.5

1

2

5

10

logHR

Figure 6 Funnel plot of the included studies for the overall survival analysis is largely symmetric.

PC were documented[29,30].
There have been several opposite opinions with regard
to the contribution of RT to the improvement of survival. In a retrospective study, locally advanced PC patients
receiving 5-FU-based CRT showed similar OS compared
with those receiving GEM-based CT alone[31]. In a group
of surgically resected PC patients, adjuvant 5-FU-based
CT resulted in a significant survival benefit, whereas additional RT appeared to have a deleterious effect on survival[32]. In a previous meta-analysis by Ren et al[33], they
concluded that RT appeared to provide benefits in terms
of locoregional control; however, RT may not improve
the OS for patients with resectable PC. In this meta-analysis, a benefit of RT for OS or PFS was not observed from
the pooled results, which was consistent with the results
from two sensitivity analyses, indicating that our primary
findings were reliable and stable.
The related toxicities of therapeutic strategies in clinical practice are markedly important. The data from this
meta-analysis indicate that concurrent RT resulted in a
significant increase in toxic events compared to those associated with GEM-based CT alone. This finding could
be attributed to the low sensitivity of PC cells to radiation and the narrow therapeutic window with GEMbased RT[34,35]. In a retrospective study in Japan, GEM-
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based CT showed comparable survival to CRT, with
significantly less toxicity[36]. Recently, Takatori et al[37]
published their results from an observational study in
which it was shown that 49.4% of PC patients treated
with GEM-concurrent proton RT developed radiationinduced ulcers in the stomach and duodenum that were
detected by endoscopic examination. Moreover, given
that endoscopic examination was only performed when
indicated, the incidence of gastroduodenal ulcers caused
by radiation might have been greatly underestimated in
many clinical studies. Therefore, an unsatisfactory toxic
profile might serve as the dominant barrier to the successful use of RT for PC.
Given the systemic nature of PC at diagnosis, the
marked effect of radiation on quality of life (QOL) and
the relatively low possibility of long-term survival, the
decisions concerning therapeutic options should be entirely balanced. Simply highlighting small differences in
survival without adjusting for QOL effects might lead to
inappropriate therapeutic recommendations[38]. Among
the four included original studies, QOL data are available
in one study[18] in which the authors showed that no significant differences were observed between GEM alone
and GEM plus RT treatment. However, considering that
a small number of patients were included, future studies with larger samples of patients are needed to further
confirm these results.
Another consideration of selecting a treatment option
pertains to the medical cost, and the technology innovations in radiation oncology naturally lead to the question
of cost-effectiveness[39]. Particularly when considering
comparable efficacy, medical expense might be a deciding
factor in the selection of a therapeutic regimen[40]. Murphy et al[41] evaluated the cost-effectiveness of modern RT
techniques using a Markov decision-analytic model. The
results demonstrated that RT had an incremental costeffectiveness ratio of $126800 per quality-adjusted life
years (QALY) compared to that of GEM alone, and the
probability of cost-effectiveness at a willingness to pay of
$50000 per QALY was much higher for GEM alone than
that for any form of RT. Therefore, it is unlikely that RT
would be cost-effective in diseases, such as PC, that have
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markedly limited survival, and this cost analysis might be
an additional argument for not using RT.
Some limitations remain in this meta-analysis. First,
the sample size of the included studies was fairly small,
which impairs the interpretative power of the results.
Second, this meta-analysis was performed independently
of surgical considerations of resectability, and the conclusions might be further limited because surgery had a
major effect on PC complications and survival. Third,
the RT techniques used in the included trials might be
outdated, and new radiation modalities, such as particle
therapy, are likely to be safer and more effective than
older radiation techniques. Thus, the results from this
study should not be considered a total negation of RT
for PC. Finally, the issue of therapy for PC is too complicated to be addressed merely by a meta-analysis; therefore, individualized treatment should not be ignored.
These conclusions should be adopted with caution.
The findings from this meta-analysis indicate that the
application of RT is not beneficial with GEM-based CT
for PC. Further exploration for better RT approaches and
therapeutic regimens for the treatment of PC is warranted.
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review of the literature
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background in patients with late onset WD are not different from those in patients with early onset WD, except for the age. Effective treatments for this disorder
that can be fatal are available and will prevent or reverse many manifestations if the disease is discovered
early.
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Abstract

Weitzman E, Pappo O, Weiss P, Frydman M, Haviv-Yadid Y,
Ben Ari Z. Late onset fulminant Wilson's disease: A case report and review of the literature. World J Gastroenterol 2014;
20(46): 17656-17660 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i46/17656.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i46.17656

Wilson’s disease (WD) is an autosomal recessive inherited disorder of hepatic copper metabolism. WD can be
present in different clinical conditions, with the most
common ones being liver disease and neuropsychiatric
disturbances. Most cases present symptoms at < 40
years of age. However, few reports exist in the literature on patients in whom the disease presented beyond
this age. In this report, we present a case of late onset
fulminant WD in a 58-year-old patient in whom the diagnosis was established clinically, by genetic analysis
of the ATP7B gene disclosing rare mutations (G1099S
and c.1707+3insT) as well as by high hepatic copper
content. We also reviewed the relevant literature. The
diagnosis of WD with late onset presentation is easily
overlooked. The diagnostic features and the genetic
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Core tip: There are few reports in the literature on patients in whom Wilson’s disease presented well beyond
the age of 40 years and much less when the presentation is fulminant. We present a 58-year-old patient
with late onset fulminant Wilson’s disease and very rare
mutations in the ATP7B gene. In addition, we review
the relevant literature on late onset fulminant Wilson’s
disease.

INTRODUCTION
Wilson’s disease (WD) is an autosomal recessive inherited disorder of hepatic copper metabolism caused by
mutation of an intracellular copper transporter ATPase,
ATP7B, that is mainly expressed in hepatocytes. Loss
of ATP7B function results in reduced hepatic biliary
copper excretion, reduced incorporation of copper into
ceruloplasmin[1] and the accumulation of copper in many
organs and tissues. WD can be present in different clini-
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CASE REPORT
A 58-year-old morbid obese patient complained of
fatigue and poor appetite for one year. In her physical
examination she had leg edema and newly diagnosed ascites. She denied alcohol consumption and regular or under-the counter-medication use. Ultrasound investigation
revealed a hyperechoic fatty liver, enlarged spleen and
a moderate amount of ascitic fluid. Doppler examination revealed patent portal and hepatic veins. Laboratory
data included: total bilirubin (Bil), 4 mg/dL (direct, 2.5
mg/dL); alkaline phosphatase (ALP), 194 U/L (normal,
115 U/L); aspartate aminotransferase (AST), 112 U/L
(normal, < 40 U/L); alanine transaminase (ALT), 175
U/L (normal, < 42 U/L); albumin, 2.8 g/L, international
normalized ratio (INR), 1.7; hemoglobin, 12.1 g/L; white
blood cell count, 5.5 × 109/L; and platelet count, 112 ×
109/L. Blood sugar, urea, and creatinine were normal. Serological screening revealed that the patients tested negative for hepatitis B surface antigen, hepatitis B core antigen, and hepatitis C virus. Serum titers of smooth muscle
antibodies and nuclear and mitochondrial antibodies were
negative. The patient was diagnosed as having cirrhosis
due to nonalcoholic fatty liver disease (NAFLD) and was
discharged with diuretic therapy. Several weeks later she
was re-admitted with increasing fatigue, weakness and
jaundice. Repeated blood tests demonstrated severe impairment in liver synthetic function: INR, 3.1; albumin, 2.5
g/L; and Bil, 6.7 mg/dL (direct, 4.5 mg/dL). Her hemoglobin was 12.8 g/L, white blood cell count 10.0 × 109/L,
and platelet count 106 × 109/L. The condition of the patient deteriorated rapidly and her liver function tests were
aggravated: AST, 91 U/L; ALT, 42 U/L; ALP, 21 U/L;
Bil, 52 mg/dL; and INR, 6.5 (Figure 1). She developed
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cal conditions, with liver disease and neuropsychiatric
disturbances being the most common ones. The diagnosis of WD relies on detection of Kayser-Fleischer rings,
low ceruloplasmin, elevated urine and hepatic copper
level, signs of liver and/or neurologic disease and associated histologic changes in the liver[1]. If untreated,
WD results invariably in severe disability and death[1].
Available medical therapies and liver transplantation can
be offered to patients with this fatal disorder. The early
detection of the disease and prompt initiation of treatment to prevent disease progression and reverse pathologic findings if present are warranted[2]. The disease is
common in children and young adults, and presents in
most cases between the age of 3 and 40 years. However,
there are few reports in the literature in whom the disease
presented beyond this age[3-14], with some of them in the
form of case reports[3-10]. Three case series included also
older patients[11-13], and one large study by Ferenci et al[14]
included 46 patients who became symptomatic at > 40
years of age. Thus, more attention is needed to identify
older patients with WD. In this report, we present a case
of late onset fulminant WD in a 58-year-old patient and
reviewed the relevant literature.
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Figure 1 Biochemical parameters and international normalized ratio.
Serum ALP and ALT decreased while bilirubin level increased. The INR level
increased dramatically, indicating the fulminant course of the disease. ALP: Alkaline phosphatase; ALT: Alanine transaminase; Bil: Bilirubin; INR: International
normalized ratio.

renal failure (creatinine, 2.93 mg/dL) and grade 3 hepatic
encephalopathy (ammonia, 180 micgr/dL) and was transferred to our intensive care unit. A tentative diagnosis of
fulminant late onset WD was made and a transjugular
liver biopsy was performed. Histological examination of
liver tissue displayed acute hepatitis with bridging necrosis and advanced fibrosis, macro- and micro-vesicular
steatosis (Figure 2A) and accumulation of copper binding proteins (Figure 2B). Hepatic copper content was
986 mcg/g dry weight (normal < 50 mcg/g dry weight).
Serum ceruloplasmin level was 12 mg/dL. There was
no evidence for the presence of a Kayser-Fleischer ring.
To confirm the diagnosis of WD, we performed DNA
sequence analysis of the ATP7B gene, which disclosed
rare mutations: G1099S and c.1707+3insT. These findings were compatible with the definite diagnosis of WD
with a fulminant course. The patient was transferred to
a liver transplant center where molecular absorbent recycling system and plasmapheresis were performed and was
urgently listed for status 1liver transplantation. However,
the patient died several days later as no liver donor was
available.

DISCUSSION
The diagnosis of fulminant late onset WD was established in our case mainly by the low ceruloplasmin level,
the high hepatic copper content and the genetic analysis.
However, the diagnosis of fulminant WD was deferred in
our patient due to her age and the morbid obesity leading
to the wrong assumption that her primary liver disease
was related to NAFLD. Without urgent liver transplantation, acute liver failure (ALF) due to WD is invariably
fatal[1]. Thus, rapid diagnosis of fulminant WD should
prompt transplant listing. Korman et al[15] reported that
utilizing conventional WD testing such as serum ceruloplasmin and/or serum copper levels are less sensitive
and specific in identifying patients with ALF-WD than
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A

B

Figure 2 Histological evaluation of liver tissue (hematoxylin-eosin staining, × 20). A: Histological examination of liver tissue displayed acute hepatitis
with bridging necrosis and advanced fibrosis, macro- and micro-vesicular steatosis; B: Using orcein (copper binding protein stain), accumulation of copper
binding protein was revealed.

other available tests. It was suggested in that study that
laboratory tests including alkaline phosphatase, bilirubin
and serum aminotransferases provide the most rapid and
accurate method for diagnosis of ALF due to WD. An
AST:ALT ratio > 2.2 yielded a sensitivity of 94%, and a
specificity of 86% and an ALP to total bilirubin ratio < 4
yielded a sensitivity of 94%, and a specificity of 96% for
diagnosing fulminant WD[15]. Our patient fulfilled these
criteria as her ALP to total bilirubin ratio was 0.4 and her
AST/ALT ratio was 2.2, and the diagnosis of ALF-WD
could be established using these simple criteria. The main
reason that WD has been overlooked in our patient at the
beginning was the morbid obesity and the NAFLD (detected by ultrasound and liver histology) that our patient
suffered from. However, the most frequently observed
hepatic histological lesion in WD is hepatic macro-steatosis and glycogenated nuclei[16], which are features that can
be seen also in nonalcoholic steatohepatitis. In a recently
published study[17], the hepatic steatosis in WD was not
induced by metabolic comorbidities but by the accumulation of copper in the liver tissue. However, metabolic
alterations could be co-factors in the pathogenesis of steatosis in these patients. Thus, the presence of fatty liver
should not exclude the diagnosis of WD.
WD may become symptomatic at any age and should
be considered in any patient presenting with unclear hepatic or neurologic disease. Medical therapy includes several chelating agents and zinc salts[1,2]. In the largest study
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published so far[14], the diagnostic features and the genetic
background in patients with late onset WD were not different from the overall cohort of 1223 patients with WD,
except for age. Reviewing the literature on late onset WD,
we have detected 70 reported cases (including our case):
8 case reports[3-10], 3 case series[11-13] and 1 large study[14]
(Table 1). The definite diagnosis of WD was not achieved
in all of the reported cases. A large variability was noted
in the clinical presentation of WD (ranging from limited
hepatic chronic or fulminant disease or central nervous
system disease to disease that involves both organs), in
the serum level of ceruloplasmin (ranging from normal
to low serum level) and in the presence of a KayserFleischer ring (Table 1). In all the reported cases that the
liver copper content was measured, it was > 250 µg/g dry
weight. The H1069Q mutation was the most frequently
detected (Table 1). We have detected 6 cases (including
our patient) that presented with a fulminant course. DNA
sequence analysis of the ATP7B gene was not performed
in these patients. However, in our patient we have detected rare mutations: the G1099S and the c.1707+3insT.
These mutations have been reported so far only in the
Greek population and at a frequency of 1% each[18]. This
huge variability in the clinical presentation of WD reflects
our limited knowledge on the natural history of WD. The
phenotype is required to be defined as accurately as possible in genetic associated studies[19]. There are several explanations for the misdiagnosis of WD in older subjects.
First, our diagnostic criteria that rely on the neurological
symptoms, the presence of a Kayser-Fleischer ring, and
a low ceruloplasmin concentration[1,2,20] are sometimes
inaccurate to detect the disease. Plasma ceruloplasmin is
often within the normal range and in some studies up to
50% of affected individuals with severe decompensated
liver disease have normal ceruloplasmin level[2]. KayserFleischer ring is absent at least in one-third of patients,
and neurologic symptoms are absent in most[1,2,20]. Relying
only on the diagnostic criteria can lead to misdiagnosis of
WD at any age and not just in late onset. Additional laboratory data are helpful to establish the diagnosis, such as
the increase in urinary copper excretion and the increased
hepatic copper content, but these tests still have limitations[1,2]. Copper concentrations that are falsely low can
be detected in hepatic specimens with extensive ﬁbrosis
and few parenchymal cells. In addition, greatly increased
hepatic copper concentrations can be seen in long-term
cholestasis[2]. Genetic testing is also now a diagnostic tool,
but its application in the clinical routine is limited by the
lack of general availability (cost) and the huge number
of mutations[1,2,20]. Even in the largest study by Ferenci et
al[14], based on clinical symptoms and laboratory findings,
diagnosis was certain only in 39 (84.7%) of their patients.
Other explanations for overlooking WD in older subjects
are: WD may have a slowly progressing course as reported in 3 cases, of whom two presented at the age of 70
and 72 years (siblings)[8] and one presented at the age of
84 years[10]. A longer time delay from onset of symptoms
until definitive diagnosis (3 years) is typically detected in
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Table 1 Baseline characteristics at diagnosis of late onset Wilson's disease - literature review
n

Ref.

Mean age
(yr)

Diagnosis

Fulminant Hepatic

Neurologic Ceruloplasmin
Kayser
(mg/dL)
Fleischer ring

Fitzgerald et al[3]
Członkowska et al[4]
Ross et al[5]
Hefter et al[6]
Dib et al[7]
Ala et al[8]

1
1
1
1
1
2

55
46
57
60
57
70-72

Possible
NA
Definite
Possible
Possible
Definite

No
No
No
No
No
No

Yes
NA
No
No
No
Yes

No
Yes
Yes
Yes
No
Yes

NA
NA
14
13
7
37

NA
NA
No
No
No
Yes

Perri et al[9]

1

60

Definite

No

Yes

No

Normal

No

Członkowska et al[10]
Danks et al[11]

1
4

84
43-58

No
No

33.4
12-normal

Yes
No

5

44-58

Yes

No

14-37

Pilloni et al[13]
Ferenci et al[14]

5
46

40-57
40-57

No
Yes in 2
patients
Yes in 2
patients
NA
Yes in 1
patient

Yes
Yes

Gow et al[12]

Definite
Definite in 3
patients
Definite

yes
Yes in 15
patients

NA
Yes in 31
patients

NA
< 20 mg/dL
in 41 patients

Yes in 2
patients
NA
Yes in 32
patients

Current case

1

58

Yes

Yes

No

12

No

NA
39 diagnosed
on clinical
grounds; 33
diagnosed
by mutation,
5 patients
diagnosis
possible
Definite

Mutation

Copper (µg) per gram
liver dry weight

NA
NA
NA
NA
NA
E1064A and
H1069Q
H1069Q and
E1064A
H1069Q
NA

NA
NA
400
356
1300
671

NA
717-1199

NA

516-1526

NA
H1069Q/
H1069Q in
13, H1069Q/
R969Q in 3,
H1069Q/
other in 4
patients

NA
Liver copper
> 250 in 13 of 17
biopsied patients

G1099S and
c.1707+3insT

986

1021

Reviewing the literature on late onset Wilson's disease (WD), we have detected 70 reported cases (including our case): 8 case reports[3-10], 3 case series[11-13]
and one large study[14]. NA: Not applicable.

patients with WD and neuropsychiatric symptoms than
in patients with hepatic symptoms[21].
In conclusion, the diagnosis of WD with late onset
presentation is easily overlooked. There is considerable
phenotypic variation in WD. Except for the age, the diagnostic features and the genetic background in patients
with late onset WD are not different from those with
early onset WD. Effective treatments are available that
will prevent or reverse many manifestations of this disorder if the disease is discovered early.

and micro-vesicular steatosis and accumulation of copper binding proteins.
Hepatic copper content was 986 mcg/g dry weight (normal, < 50 mcg/g dry
weight).

Treatment

The patient was transferred to a liver transplant center where molecular absorbent recycling system and plasmapheresis were performed and was urgently
listed for status 1 liver transplantation. However, as no liver donor was available, the patient died.

Experiences and lessons

Wilson’s disease (WD) can have a late onset presentation. Without emergency
liver transplantation, acute liver failure due to WD is invariably fatal. Therefore,
rapid diagnosis of WD should aid prompt transplant listing.
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under a preoperative diagnosis of multifocal gallbladder
polyps. Pathologic examination of the resected gallbladder revealed more than 70 adenomatous lesions, a feature consistent with adenoma of the gallbladder. This
case suggests a requirement for long-term surveillance
of the biliary system in addition to the gastrointestinal
tract in patients with familial adenomatous polyposis.

Abstract

Mori Y, Sato N, Matayoshi N, Tamura T, Minagawa N, Shibao
K, Higure A, Nakamoto M, Taguchi M, Yamaguchi K. Rare
combination of familial adenomatous polyposis and gallbladder polyps. World J Gastroenterol 2014; 20(46): 17661-17665
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i46/17661.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i46.17661

Familial adenomatous polyposis is associated with a
high incidence of malignancies in the upper gastrointestinal tract (particularly ampullary adenocarcinomas).
However, few reports have described a correlation between familial adenomatous polyposis and gallbladder
neoplasms. We present a case of a 60-year-old woman
with familial adenomatous polyposis who presented
with an elevated mass in the neck of the gallbladder
(measuring 16 mm × 8 mm in diameter) and multiple
small cholecystic polyps. She had undergone a total
colectomy for ascending colon cancer associated with
familial adenomatous polyposis 22 years previously.
The patient underwent laparoscopic cholecystectomy
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Core tip: Familial adenomatous polyposis (FAP) is associated with a high incidence of malignancies in the
upper gastrointestinal tract. However, few reports have
described a correlation between FAP and gallbladder
neoplasms. This case, along with the other previously
reported cases of FAP-associated extraintestinal neoplasia, suggests a requirement for long-term surveillance
of the biliary system in addition to the gastrointestinal
tract in patients with FAP.

INTRODUCTION
Familial adenomatous polyposis (FAP) is an inherited
autosomal dominant disease characterized by the development of hundreds to thousands of adenomas in
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Figure 1 Diagnostic imaging results. A: Abdominal ultrasound showing an isoechoic mass in the neck of the gallbladder and multiple small polyps measuring 3-16
mm in diameter (arrows) throughout the gallbladder (a 22 mm gallbladder stone was also identified); B: CT showed a contrast-enhanced mass (arrows) in the neck of
the gallbladder; C: Magnetic resonance cholangiopancreatography showed no other abnormalities of the biliary and pancreatic ductal systems.

A

B

Figure 2 Endoscopic ultrasound images. A: Endoscopic ultrasound revealed a hyperechoic papillary mass, measuring 16 mm × 8 mm in diameter, in the neck of the
gallbladder, as well as multiple small polyps; B: Endoscopic naso-gallbladder drainage was performed to enable cytological examination of the bile within the gallbladder.

the colonic mucosa. Patients with FAP are at a high
risk of developing adenocarcinomas during the second
and third decades of life unless prophylactic colectomy
is performed[1]. The frequency of FAP is 1/5000 and
1/17000 in American and Japanese populations, respectively[2]. The disease is caused by a germline mutation of
the adenomatous polyposis coli (APC) gene located on
chromosome 5q21[3]. Patients with FAP are known to develop malignancies in the upper gastrointestinal tract, in
particular ampullary adenocarcinomas[4-8]. In contrast, few
case reports have described an association between FAP
and biliary system neoplasia[9-12]. We present a rare case of
a patient with FAP who developed multifocal gallbladder
polyps.

CASE REPORT
A 60-year-old woman was admitted to our hospital with
the chief complaint of right hypochondralgia after meals.
She had undergone total colectomy for ascending colon
cancer associated with FAP 22 years previously. Histopathology of the resected colon revealed moderately differentiated adenocarcinoma invading up to the muscularis
propria in the cecum and multiple (over 100) adenomas
throughout the colon. There was no lymph node metas-

WJG|www.wjgnet.com

tasis at the time of colectomy.
Upon presentation, a physical examination revealed
no tenderness or palpable masses in the abdomen. Laboratory data, including blood cell counts, serum biochemistry, and tumor marker levels (carcinogenic embryonic
antigen and carbohydrate antigen 19-9), did not show any
abnormalities. Abdominal ultrasound showed an isoechoic mass in the neck of the gallbladder and multiple small
polyps, measuring between 3 and 16 mm in diameter,
throughout the gallbladder (Figure 1A). A gallbladder
stone, measuring 22 mm in diameter, was also identified.
CT showed a contrast-enhanced mass in the neck of the
gallbladder (Figure 1B). There was no visible lymphadenopathy. Magnetic resonance cholangiopancreatography
showed no other abnormalities of the biliary and pancreatic ductal systems (Figure 1C).
Endoscopic ultrasound revealed a hyperechoic papillary mass, measuring 16 mm × 8 mm in diameter, in the
neck of the gallbladder as well as multiple small polyps
(Figure 2A). Endoscopic naso-gallbladder drainage was
performed to enable cytologic examination of the bile
(Figure 2B). The biliary amylase level was 289 IU/L.
Cytology of the bile was negative for cancer cells. These
findings together led to a tentative preoperative diagnosis
of multifocal gallbladder polyps.
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Figure 3 Pathologic examination. A: The resected specimen showed more than 70 polypoid lesions of various sizes that were composed of proliferative lobules of
closely packed pyloric-type glands displaying low- to intermediate-grade dysplasia without stromal invasion, consistent with multiple tubular adenomas; B: Hematoxylin and eosin staining (10× magnification); C: Hematoxylin and eosin staining (50× magnification).

The patient underwent laparoscopic cholecystectomy.
Pathologic examination of the resected specimen showed
more than 70 polypoid lesions of various sizes. They
were composed of proliferative lobules of closely packed
pyloric-type glands displaying low- to intermediate-grade
dysplasia without stromal invasion; the lesions were consistent with multiple tubular adenomas (Figure 3). Immunohistochemical analysis of APC protein expression in
the previously resected colonic polyps and the gallbladder
polyps revealed loss of expression in both lesions compared with the corresponding normal mucosa, which was
weakly positive for APC in both locations (Figure 4). The
patient’s postoperative course was uneventful, and she
has been well for 15 mo without any signs of biliary tract
cancer.

DISCUSSION
Early screening for FAP and prophylactic colectomies
for affected patients have decreased the mortality rate of
colorectal cancer[1]. Many reports have suggested an association between FAP and extracolonic lesions such as
neoplasms of the stomach, ampulla of Vater, and small
intestine[4-8]. However, few reports have described a correlation between FAP and polyposis or carcinoma in the
hepatopancreaticobiliary tract. Okamura et al[13] described
a case of hepatocellular adenoma concomitant with FAP.
In a large cohort study, Giardiello et al[14] demonstrated
that the relative risk of pancreatic cancer for patients with

WJG|www.wjgnet.com

FAP was 4.46 (95%CI: 1.2-11.4). Maire et al[15] reported
the first case of intraductal papillary mucinous neoplasm
of the pancreas in a patient with FAP. In addition, two
FAP cases associated with neoplasia of the common bile
duct (a carcinoma and an adenoma) were described by
Järvinen et al[16].
Gallbladder adenomas are histologically classified
into tubular, papillary, tubulopapillary, and villous adenomas[17]; adenomas can transform into adenocarcinomas
through an adenoma-carcinoma sequence. Twelve cases
of gallbladder neoplasms (adenomas or adenocarcinomas) have been previously reported in association with
FAP[12]. Of these 12 patients, two had malignancies; one
was adenocarcinoma in situ, and the other was an invasive adenocarcinoma. Gallbladder stones were present in
70% of the cases. In our patient, the resected gallbladder
showed approximately 70 polypoid lesions with a maximum diameter of 16 mm. These lesions were classified
as adenomas, showing low- to intermediate-grade dysplasia without malignant cells. Nugent et al[18] reported that
40% of gallbladder specimens from patients with FAP
revealed dysplasia, including epithelial dysplasia, microadenomas, and adenomatous polyps.
The germline loss of function mutation of the tumor
suppressor gene APC that causes FAP results in the constitutive activation of β-catenin; this culminates in cellular proliferation, resulting in adenoma formation[19]. In
our case, the adenomatous polyps from both the colon
and the gallbladder were negative for APC expression by
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Figure 4 Immunohistochemical images. Immunohistochemical analysis of adenomatous polyposis coli protein expression in A: Colonic polyps (upper panel, resected 22 years previously) and B: gallbladder polyps (upper panel) revealed loss of expression in both lesions compared with the normal mucosa in the colon (A:
lower panel) and gallbladder (B: lower panel), which were weakly positive for adenomatous polyposis coli.

immunohistochemistry, suggesting biallelic inactivation
of APC during neoplastic progression in both organs.
Therefore, we considered the gallbladder adenomas that
developed in this case to be a phenotype of FAP, rather
than a coincidence.
Our case represents a rarely described combination
of FAP and gallbladder polyposis. This case, along with
the other previously reported cases of FAP-associated
extraintestinal neoplasia, suggests a requirement for longterm surveillance of the biliary system in addition to the
gastrointestinal tract in patients with FAP.

Experience and lessons

This case suggests a requirement for long-term surveillance of the biliary system in addition to the gastrointestinal tract in patients with FAP.

Peer review

This article applies clinical significance in the guidance of diagnosis and treatment of FAP.
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Abstract
Twin to twin transfusion syndrome (TTTS) is caused by
aberrant vascular connections between infant twins and
results in high morbidity and mortality in the perinatal
period. In donor infants with TTTS and symptoms of
intestinal obstruction, small-bowel lesions have been
+6
reported in most cases. We report on a 33 gestational wk donor infant with TTTS who had intermittent
obstructive episodes, including delayed meconium passage and colonic dilatation on abdominal X-ray. The
diagnosis of Hirschsprung’s disease was based on a
lateral pelvic film with a reversed rectosigmoid ratio.
A subsequent barium colon study and rectal suction
biopsy indicated a short segment aganglionosis of the
colon.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Twin to twin transfusion syndrome (TTTS) is
caused by an aberrant vascular connection between
monochorionic infant twins. Necrotizing enterocolitis,
jejunal/ileal atresia, and perforation have previously
been reported, but there have been no reports of
Hirschsprung’s disease in a donor infant with TTTS. The
intrauterine hypoxemia in the case we report here may
have inhibited neuroblast cell migration or caused the
destruction of ganglion cells in the gut. The patient was
a donor baby with symptoms of feeding intolerance
and marked colon dilatation who was suffering from
Hirschsprung’s disease and TTTS.
Park HW, Cho MJ, Kim WY, Kwak BO, Kim MH. Hirs
chsprung’s disease in twin to twin transfusion syndrome: A
case report. World J Gastroenterol 2014; 20(46): 17666-17669
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i46/17666.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i46.17666

INTRODUCTION
Twin to twin transfusion syndrome (TTTS), which occurs in 1%-15% of monochorionic twins[1], has been associated with high perinatal mortality and morbidity[1-3].
Abnormal vascular connections between infant twins
and blood volume fluctuations or ischemia cause damage
across multiple organs[1-3]. Jejunal or ileal lesions (atresia
or perforation) and necrotizing enterocolitis in the gastrointestinal system have been previously reported in donors
with TTTS[2-5].
Here, we present the case of a donor baby with TTTS
and symptoms of delayed meconium passage and intermittent obstructive episodes with colonic dilatation. Rec-
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tal submucosal biopsy and a barium colon study led to a
diagnosis of Hirschsprung’s disease.

CASE REPORT
A male infant was born to a healthy 33-year-old multigravid woman. The pregnancy was complicated by
polyhydramnios on the recipient side, oligohydramnios
on the donor side, a marked difference between the two
fetuses in apparent body weight, and pregnancy-induced
hypertension. Amnioreductions were performed during
pregnancy to alleviate the polyhydramnios in the recipient
infant, but laser ablation was not performed. When labor
began prematurely at 33+6 wk gestation, the twins were
delivered via emergency Caesarean section. The recipient
twin weighted 2190 g (50th-75th percentile) and had Apgar
scores of 7/10 and 8/10 at 1 and 5 min, respectively. The
donor weighed 1250 g < 10th percentile) and had Apgar
scores of 2 and 5 at 1 and 5 min, respectively.
At birth, the donor baby was pale and exhibited weak
muscle tone and poor spontaneous respiratory effort.
Therefore, he required immediate intubation and assisted
ventilation. His face showed compression deformities attributable to the oligohydramnios. The difference in birth
weight between the infants was 42.9%. The hemoglobin
levels of the recipient and donor were 20.3 and 3.4 g/dL,
respectively (a difference of 16.9 g/dL). On the first day
of life, the donor baby was transfused with a pack of
red blood cells (10 mL/kg, three times by 3 d of age),
after which the hematocrit level stabilized at more than
30%. In the recipient baby, partial exchange transfusion
was performed because of polycythemia and respiratory
symptoms, including tachypnea.
Head ultrasound of both babies showed increased
echogenicity of the periventricular area, which decreased
by the time of the follow-up exam. An echocardiogram
showed a 2.5 mm atrial septal defect (ASD) in the recipient and a 2.5 mm ASD, 3.5 mm patent ductus arteriosus
(PDA) in the donor. No other abnormal findings, such as
ventricular hypertrophy, tricuspid valve regurgitation, or
right ventricular outflow tract obstruction, were observed
in the recipient.
The recipient baby was able to received full enteral
feeding on 10 d of life, and he was discharged from the
newborn intensive care unit at 18 d of age. In the donor
baby, oral ibuprofen was started at 2 d of age to treat the
symptomatic PDA that caused respiratory symptoms,
which required ventilator support. He showed marked
dilatation of the sigmoid colon (Figure 1A) and no meconium passage was observed by the age of 4 d. Enema
and rectal decompression were performed with the insertion of a rubber catheter and normal saline at 4 d of
life. The first meconium passage after birth was observed
only after normal saline enemas. Oral ibuprofen administration was ceased owing to abdominal distension, but
was restarted at 10 d of life. After one cycle of ibuprofen
had been completed, closure of the ductus arteriosus was
demonstrated via echocardiography.
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During the period of hospitalization, the donor infant
showed feeding intolerance with marked dilatation of the
sigmoid colon that required intermittent rectal decompression and glycerin enemas. We suspected congenital
megacolon because of the dilatation of the sigmoid
colon with an inversed sigmoid-rectum diameter ratio
on lateral pelvic film at the age of 61 d (Figure 1B). The
anus was located as usual on physical examination, and
a 9 mm Hegar dilator could be inserted easily when the
body weight was 2070 g. Therefore, we could rule out
anal stenosis. A barium enema study revealed the transition zone in the recto-sigmoid region, with an inversed
recto-sigmoid ratio.
Retained barium contrast in the bowel could be seen
on delayed film, obtained 48 h after the colon study, as
well as 24 h after. Increased numbers of nerve fibers in
the submucosal layer were observed, but no ganglion
cells were found in a biopsy specimen obtained via rectal suction biopsy (Figure 2). The results of the rectal
submucosal biopsy and barium colon study supported a
diagnosis of Hirschsprung’s disease. Colostomy surgery
was performed at 81 d of age. The operative finding
showed marked dilatation immediately above the rectum,
which indicated a short segment of an aganglionic lesion.
After the operation, no further obstructive symptoms or
findings of colonic dilatation on abdominal X-ray were
observed.

DISCUSSION
TTTS is a severe complication of monochorionic twins
that carries high mortality and morbidity[1-3]. Abnormal
vascular connections between donor and recipient twin
babies through the placenta can result in various morbidities, along with blood-volume fluctuations or ischemia[1-3].
The morbidities in twins with TTTS have been associated with volume overload in the recipient twin and with
volume or oxygen depletion in the donor twin. Other
consequences of TTTS in recipient infants include arterial cerebral stroke due to hyperviscosity, ventricular hypertrophy or right ventricular outflow-tract obstruction
(pulmonary atresia or stenosis) associated with volume
overload or an elevated level of endothelin-1, hepatic infarction, and intestinal injury[3,6].
A donor infant may experience hypoxic-ischemic injury to the brain, heart, kidneys, liver, or intestine[3]. Necrotizing enterocolitis, jejunal/ileal atresia, and perforation
in the donor twin have been reported in previous studies[1-4]. It has been postulated that some intestinal abnormalities are caused by hypoperfusion and ischemic injury
to intestine or embolic phenomena after laser ablation[3,4].
Laser ablation of aberrant connecting vessels between
the twins can produce emboli by coagulating the vessels
of the placenta. If these emboli settle in the mesenteric
vascular bed, they can cause gangrene, resulting in stenosis, atresia, or perforation of the involved intestine[3-5]. It
has also been reported that the incidence of non-cardiac
structural anomalies is higher in donors[1]. Anomalies
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Figure 1 Plain X-ray of the abdomen and pelvis. A: X-ray of the abdomen showing marked dilatation of the sigmoid colon on 4 d; B: Lateral pelvic film showing
dilatation of the sigmoid colon and a narrowed transition zone with a reversed recto-sigmoid ratio on 59 d.

A
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Figure 2 Histological and immunohistochemical features of the rectal biopsy specimen. A: Increased numbers of nerve bundles can be seen in the submucosal layer (HE, × 200); B: High-powered magnification of the submucosal nerve plexus shows no ganglion cells (HE, × 400). Immunohistochemically; S-100 (× 200) (C)
and bcl-2 (× 200) (D) staining show no ganglion cells in the submucosal nerves. HE: Hematoxylin-eosin staining.

of the gastrointestinal system have included enteric duplication cysts, jejunal or ileal atresia, gastroschisis, and
the absence of a gallbladder. Although there have been
no previous reports of Hirschsprung’s disease in donor
infants with TTTS, it may be one of the anomalies that
accompany the symptom. Touloukian[7] described a premature infant with an aganglionic segment in the distal
colon who experienced hypoxic damage. We postulated
that the intrauterine hypoxemia in our patient might have
caused the failure of neuroblast cell migration[7] or the
destruction of ganglion cells in the gut[8].
The coexistence of Hirschsprung’s disease and anal
stenosis has also been reported[8,9]. Anal stenosis can
present with symptoms similar to those of short-segment
WJG|www.wjgnet.com

Hirschsprung’s disease, including marked colonic dilatation and obstructive episodes. We ruled out the possibility of anal stenosis by inserting Hegar dilators larger than
the normal anus of a newborn (1.3 + 3* birth weight)[10].
The clinical features of segmental dilatation of the
colon are similar to those of Hirschsprung’s disease, including constipation and abdominal distension[11,12], but
the histological findings are different, particularly the
presence of ganglion cells in a circular layer of the intestine on the segmental dilation of the colon. In this case,
no ganglion cells were observed in a submucosal biopsy
specimen of the rectum.
In summary, we report a donor baby with symptoms
of feeding intolerance and marked colon dilatation diag-
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nosed with Hirschsprung’s disease and TTTS. In donor
infants with TTTS who show delayed passage of meconium and intermittent obstructive episodes with feeding
intolerance and colon dilatation on abdominal X-ray,
Hirschsprung’s disease should be considered.
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2
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Case characteristics

A donor baby with symptoms of feeding intolerance and marked colon dilatation
was diagnosed with Hirschsprung’s disease and twin to twin transfusion syndrome (TTTS).

4

Clinical diagnosis

The patient was diagnosed with delayed meconium passage and colonic dilatation on abdominal X-ray.

Differential diagnosis

5

The differential diagnosis included anal stenosis and other causes of delayed
meconium passage and colonic dilatation.

Laboratory diagnosis

Hemoglobin 3.4 g/dL on the first day of life.

6

Imaging diagnosis

Dilatation of the sigmoid colon with an inversed sigmoid-rectum diameter ratio
on lateral pelvic film at the age of 61 d.

Pathological diagnosis

No ganglion cells were found in a rectal suction biopsy specimen. Elevated
numbers of nerve bundles were noted in the submucosal layer.

7

Colostomy surgery.

8

In infants with TTTS who show symptoms such as feeding intolerance, delayed
passage of meconium, and marked colon dilatation, Hirschsprung’s disease
should be considered.

9

Treatment

Experiences and lessons

Peer review

This report is well-organized and systemically analyzes the relationship between ischemia and pathogenesis of Hirschsprung’s disease in twin to twin
transfusion syndrome. These findings are important to those with closelyrelated research interests. The results suggest that clinicians should consider
Hirschsprung’s disease in infants with TTTS who show delayed passage of
meconium and intermittent obstructive episodes.
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Abstract
Splenic rupture is a common consequence of blunt abdominal trauma. Emergency splenectomy is indicated
when conservative management is not effective. With
better understanding of the immunologic function of
the spleen, surgeons have begun to perform the splenic-preserving surgery. However, it is technical challenge
to perform emergency laparoscopic partial splenectomy
for patient with spleen rupture. A 15-year-old male patient suffered from grade Ⅲ spleen injury basing on the
American association for the surgery of trauma splenic
injury scale. Conservative treatment failed to success
basing on the dramatically decreased hemoglobin level.
During the laparoscopic exploration, we found that two
individual ruptures were associated with the upper pole
of spleen. An emergency laparoscopic partial splenectomy was successfully carried out. The operative time
was approximate 150 min and the estimated blood loss
was 200 mL. The post-operative course was uneventful
th
and the patient was discharged on the 7 post-operative day.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Key words: Laparoscopy; Minimal invasive; Partial splenectomy; Splenic rupture; Splenic trauma
Core tip: It is technical challenge to perform laparoscopic partial splenectomy for patient with spleen
rupture because of fragile parenchyma and abundant
blood supply. We report a case of successfully laparoscopic partial splenectomy for ruptured spleen, with
ordinary laparoscopic instruments. We also shared our
experience in laparoscopic partial splenectomy in this
case report.
Cai YQ, Li CL, Zhang H, Wang X, Peng B. Emergency laparoscopic partial splenectomy for ruptured spleen: A case report.
World J Gastroenterol 2014; 20(46): 17670-17673 Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i46/17670.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i46.17670

INTRODUCTION
Splenic rupture is a common consequence of blunt abdominal trauma, which requiring emergency splenectomy
when conservative management is not effective[1]. Generally, emergency open total splenectomy is required in this
situation. Since Delaitre et al[2] firstly reported laparoscopic splenectomy (LS), LS has become the gold standard
procedure for remove of normal to moderate enlarged
spleens[3]. However, due to difficulty in blood control
and poor visibility, it difficult to perform splenectomy for
ruptured spleens laparoscopically[4].
With better understanding of immunologic function
of the spleen, surgeons began to perform the splenicpreserving surgery during the last decades. Laparoscopic
partial splenectomy (LPS) was performed for patients
with benign splenic tumors by several skilled laparoscopic
surgeons[5,6]. To our knowledge, LPS for ruptured spleen
was rarely reported in the literature. Herein, we reported
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Figure 1 Computed tomography (white arrow) shows a hematoma at the
upper pole of spleen.

Figure 2 Size and distribution of trocars. A: Subxiphoid, 5-mm; B: Upper
umbilicus, 10-mm; C: Left mid clavicular line, 12-mm; D: Left axillary line, 5-mm.

a case of emergency LPS for a patient who suffered from
splenic rupture.

from the 12-mm incision. A closed drainage was placed
in the splenic fossa. The operative time was 150 min and
the estimated blood loss was 200 mL. The post-operative
course was uneventful.

CASE REPORT
A 15-year-old male patient admitted at our institution
following blunt abdominal trauma during skating. The
computed tomography showed large hemoperitoneum
associated with a traumatic rupture at the upper pole of
the spleen (Figure 1). The patient suffered from grade Ⅲ
spleen injury basing on the American association for the
surgery of trauma splenic injury scale. The hemoglobin
decreased from 122 to 100 g/L during the hospitalization
with four hours conservative treatment. The heart rate of
the patient increased from 105 beats/min to 132 beats/
min, and the blood pressure decreased from 130/83
mmHg to 97/56 mmHg. The grade of American Society of Anesthesiologists scale of this patient was grade
3. A laparoscopic partial splenectomy/splenectomy was
scheduled with the consent of the patient’s parents. The
patient received general anesthesia and was placed in the
right semidecubitus position with the left side elevated
approximately 60° and the operating table slightly tilted
to the reverse Trendelenburg position. The sizes and
distributions of trocars were shown in Figure 2. During
laparoscopic exploration, a large hemoperitoneum (Figure
3A) and two individual ruptures of spleen were found
(Figure 3B and C). Active bleeding was also indentified
after removing the blood clot covering the ruptures. The
intra-abdominal blood was salvage for autotransfusion
after assurance of no liver rupture or hollow organs rupture. The operation began with clearance of hemoperitoneum, followed by dissection of splenogastric ligament
(including the short gastric artery). In order to control the
bleeding, we quickly controlled the splenic artery branches supplying the upper pole of spleen (Figure 3D). Then
we dissected the splenic artery branches one by one until
the ischemia line exceeding the rupture of the spleen.
We dissected the upper pole of spleen parenchyma using a Ligasure system (Figure 3E). The oozing of blood
from the cut edge was stopped by bipolar coagulator
(Figure 3F). The dissected spleen tissue was putted into
a retrieval bag, morcellated with forceps and retrieved
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DISCUSSION
Conservative managements are considered the current
standard of care for hemodynamically stable patients
with splenic injuries[7,8]. Emergency splenectomy is mandatory only when the patient suffers from low systolic
blood pressure which does not increase after fluid resuscitation and blood transfusions[8]. The computed tomography (CT) scan has proven to be an excellent imaging
modality for accurate diagnosis of splenic injury and its
severity[7]. Repeated hemoglobin examination and ultrasonography are useful strategies to estimate the blood loss
and detect the active bleeding. In this case, CT revealed a
rupture and a large hematoma located at the posterior of
spleen, where impeded us to perform splenorrhaphy. The
hemoglobin level of this patient was 122 g/L on arrival.
After four hours conservative therapy, the hemoglobin
level decreased to 100 g/L. Laparoscopic partial splenectomy was required considering the active bleeding and
the location of rupture.
It is a common consensus that laparoscopic surgery
has several advantages over open surgery, such as better
cosmetics, less blood loss, and faster recovery. However,
due to difficulty in bleeding control and poor visibility
associated with laparoscopic splenectomy, open surgery
is the first choice in most of institutions in setting of
splenic rupture. Owing to advancement in the operative
instruments and accumulating of operative experience
in laparoscopic splenectomy, several surgeons began to
perform laparoscopic splenectomy for patients with ruptured spleens[1,4,8]. Huscher et al[8] report the largest series
of patients treated laparoscopically for a splenic injury,
including six cases of splenectomy, one case of upper
polar resection, three cases of polyglycolic mesh wrapping, and one case of splenic hemostasis using argon
beam coagulation. They concluded that it is technical
feasible to perform laparoscopic splenic surgery for ruptured spleen. With better understanding of immunologic
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Figure 3 Intra-operative images. A: A large hemoperitoneum surrounding the spleen; B: The anterior rupture of the spleen (white arrow); C: The posterior rupture of
the spleen (white arrow); D: The branches of splenic artery were dissected; E: The parenchyma of spleen was dissected using a LigaSure vessel sealing system; F:
The cut edge of the splenic stump.

function of the spleen and the potential threat of severe
post-splenectomy infections, surgeons began to pay more
attention to parenchyma-preserving surgical procedures.
In setting of splenic rupture, partial splenic artery embolization, radiofrequency ablation, splenorrhaphy, and partial splenectomy are available strategies to conserve the
splenic parenchyma. Proper procedure should be chose
basing on the location and severity of the rupture and
the experience of the surgeon.
Because of fragile parenchyma and abundant blood
supply, it is much more difficult to perform LPS than
laparoscopic splenectomy. Poulin et al[9] reported the
first case of LPS for ruptured spleen in 1995. They performed partial splenic artery embolism to control bleeding before the operation. Since then, this procedure has
been very rarely reported due to technical challenge. Dr
Peng, an experienced laparoscopic surgeon in China,
has performed approximately 400 cases of laparoscopic

WJG|www.wjgnet.com

splenectomy and 13 cases of LPS. Basing on our experience, several aspects are very important to carry out LPS
for patients with ruptured spleen. The basic requirement
for LS for ruptured spleen is that the patient should be
hemodynamically stable. The CT scan shows the rupture
locates at the upper pole or lower pole of spleen. During
the operation, we should not remove blood clot covering
the rupture as it is helpful to stop the bleeding. We dissected the branches of splenic artery until the ischemic demarcation line crossed the rupture and dissected splenic
parenchyma 6 to 10 mm above the ischemic demarcation
line. The oozing of blood from cut edge can be stopped
by bipolar coagulator. The autotransfusion is also very
important to patient with great blood loss; however, we
should avoid its application in patients with hollow organ
rupture or hepatic rupture. A closed drainage is required
to monitor the probable bleeding from the stump of
spleen. Basing on our limited experience, LPS is indicated
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for hemodynamically stable patients who fail to response
to conservative treatment. The rupture of spleen is severe and not feasible to perform splenorrhaphy or other
strategies. The location of rupture should be the upper
pole or lower pole of spleen and the experience of surgeon is also critical. Due to unavailable in the literature, it
should be stated that these recommendations were based
on our own experience other than literature review or an
objective study. Further studies are required to establish
the selection criteria for LPS in setting of splenic rupture.
In conclusion, laparoscopic partial splenectomy for
hemodynamically stable patient with splenic rupture is
feasible. However, it is just suitable for selected patients
and requires adequate experience with elective laparoscopic partial splenectomy.
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Abstract
Type 1 autoimmune pancreatitis (AIP) or chronic sclerosing sialadenitis (Küttner’s tumour) is an uncommon
disorder that has recently been confirmed as an IgG4related disease. Here, we describe a rare case of a
53-year-old male patient who primarily presented with
pancreatic body mass, left neck mass and several lumps
in his lower lip mimicking pancreatic cancer (PC) and
neck metastasis. The patient underwent pancreatic
body mass and labial gland lumps resection as well as
an ultrasound-guided biopsy of the left neck mass. He
was diagnosed with IgG4-related focal type of AIP (f-AIP)
and Küttner’s tumour by immunohistochemistry. The
patient responded well to corticosteroid therapy and
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remains healthy with no signs of recurrence at one year
follow-up. The differentiation of f-AIP from PC is very
important to avoid unnecessary pancreatic resection.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: IgG4-related disease; IgG4-related focal
type of AIP; Küttner’s tumour; Autoimmune pancreatitis; Pancreatic cancer
Core tip: We report a rare case of 53-year-old male
patient who suffered from IgG4-related focal type of
autoimmune pancreatitis (f-AIP) accompanied with Küttner’s tumour originally suspected of being pancreatic
cancer with neck metastasis. The patient responded
well to corticosteroid therapy but he had undergone an
unnecessary pancreatic body mass resection one year
ago prior to admission. Therefore, we suggest that AIP
should always be considered in case of a focal pancreatic mass.
Sun L, Zhou Q, Brigstock DR, Yan S, Xiu M, Piao RL, Gao
YH, Gao RP. Focal autoimmune pancreatitis and chronic
sclerosing sialadenitis mimicking pancreatic cancer and neck
metastasis. World J Gastroenterol 2014; 20(46): 17674-17679
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i46/17674.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i46.17674

INTRODUCTION
Autoimmune pancreatitis (AIP) is an uncommon form of
chronic pancreatitis associated with an autoimmune inflammatory process[1]. Two subtypes of AIP have been so
far recognized: type 1 AIP is the pancreatic manifestation
of IgG4-related disease (IgG4-RD), while type 2 AIP
is related to a granulocytic epithelial lesion[2,3]. Although
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Figure 1 Rare computed tomography images of type I autoimmune pancreatitis. A same image with pancreatic cancer (PC) in the body of the pancreas (white
arrow) one year ago prior to admission (A), a similar image of pancreatic head carcinoma (white arrow) accompanied by common bile duct dilation (black arrow) at
admission (B), and slightly reduced in the pancreatic head volume (white arrow) with a normal common bile duct (black arrow) after steroid therapy (C).

diffuse swelling of the pancreatic parenchyma and diffuse irregular narrowing of the pancreatic duct system
are morphologically characteristics of both subtypes of
AIP, a focal type of AIP (f-AIP) has been recently recognized[4]. The f-AIP exhibits a localized mass lesion in the
pancreas, which closely mimics pancreatic cancer (PC)[4,5].
Since AIP responds extremely well to steroid therapy, the
differentiation of AIP from PC is highly important to
avoid unnecessary laparotomy or pancreatic resection.
Chronic sclerosing sialadenitis (Küttner’s tumour) is
a benign tumour-like lesion most commonly affecting
the submandibular gland first recognized by Küttner in
1896[6]. Histologically it is characterized by acinar atrophy,
periductal sclerosis, and perilobular lymphocytic infiltrate.
Recently, Küttner’s tumour has been recognized within
the spectrum of IgG4-RD because some samples of
sclerosing sialadenitis from Japan or America have abundant IgG4-positive plasma cells[7]. Although unusual cases
that affect the parotid glands or labial glands have also
been described[8], Küttner’s tumour arising in the unilateral submandibular gland and synchronously affecting the
focal salivary gland in lower lip has not been reported.
Here, we report a rare case of a patient with IgG4related f-AIP accompanied with Küttner’s tumour manifesting itself as a mass in the neck and several lumps in
the lower lip, which was originally misdiagnosed of being
PC with neck metastasis.

WJG|www.wjgnet.com

CASE REPORT
A 53-year-old male from Northeast China was admitted
for abdominal distension and diarrhea lasting for four
years. He presented a painless, hard left neck mass with
slight dysfunction of salivary secretion and a 20-pound
weight loss over 6 mo. One year prior to admission,
positron emission tomography/computed tomography
(PET/CT) (data not shown) or CT imaging identified a
possible pancreatic body carcinoma resulting in surgical
resection of the pancreatic body and tail with en-bloc
splenectomy at that time. However, the diagnosis of pancreatic carcinoma was ruled out after a routine histological examination was performed (Figure 1A). The patient
denied any history of alcohol, tobacco, or illicit drug use.
On examination, several firm 0.3 cm non-tender lumps
were seen in the mucosa of his lower lip. He also had a
painless, hard, fixed mass in the left submandibular area
(suspected cervical metastasis). Abdominal examination
revealed mild epigastric tenderness to deep palpation
without rebound.
The laboratory test data on admission revealed a
markedly elevated erythrocyte sedimentation rate (74
mm/h), and a mildly elevated serum amylase (158 U/L)
and lipase (109 U/L). Serum immunological testing displayed high levels of IgG4 (32.7 g/L) and IgG (38.9 g/L),
and positive reaction with anti-nuclei antibody.
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Figure 2 Histological findings of the excisional biopsy specimen of the lower lip lumps. Hematoxylin and eosin (HE) stain showing normal labial gland (A, ×
400); acinar atrophy and lymphoplasmacyte infiltration and fibrosis from the patient (B, × 400); immunohistochemical staining for IgG4 (red color) (C, × 400) or IgG
(yellow color) (D, × 400) in plasma cells from the patient.

An ultrasound scan of the neck showed left swollen
submandibular gland (4.2 cm length × 2.8 cm width ×
2.1 cm height), suggesting the possibility of chronic sialadenitis. An enhanced CT scan of the abdomen revealed
a relatively low density of the pancreatic head as well as
extra- and intra-hepatic bile duct dilatation (Figure 1B),
suggesting the possibility of pancreatic head cancer.
On the 10th day after admission, we suspected neck
metastasis of pancreatic head cancer or multiple tumors
of the salivary glands or IgG4-related systemic disease.
The patient underwent an excisional biopsy examination
of the lower lip lumps to obtain definitive histological
diagnosis. In distinction from healthy individuals, hematoxylin and eosin (HE) staining of the excisional biopsy
specimen revealed acinar atrophy, abundant lymphocytoplasma cell infiltration, and marked fibrosis (Figure
2A, B). Immunohistochemical staining showed abundant
IgG4-postive plasma cells in the excisional labial gland
specimen of the patient, with a ratio of IgG4/IgGpositive plasma cells of more than 50% (Figure 2C, D).
Fine needle aspiration biopsy (FNA) of the left submandibular gland showed changes consistent with labial gland
spencimen (data not shown). The patient was diagnosed
with Küttner’s tumour which affected left submandibular
gland and labial salivary gland.
To determine weather the patient suffered from
IgG4-related autoimmune pancreatitis, pancreatic specimens that had been obtained from the patient by excision of the body mass of the pancreas one year prior to
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this admission were stained with HE which revealed the
presence of phlebitis (Figure 3A), storiform-type fibrosis and dense lymphoplasmacyte infiltration (Figure 3A,
B). Immunohistochemical staining showed numerous
IgG4-positive plasmacytic infiltrations around the intact
pancreatic ducts, with a ratio of IgG4/IgG-positive plasmacytes of more than 40% thus meeting the diagnostic
criteria for IgG4-related f-AIP (Figure 3C, D).
On the 17th day after admission, the patient received
30 mg/d of prednisone for 4 d without any side effects,
and was then discharged with the same steroid dose for
up to 4 wk. At his 4-wk follow-up, the patient exhibited
no signs of either abdominal distension or diarrhea. His
previously swollen submandibular gland on the left side
was markedly reduced but still palpable, while the epigastric region was not painful upon deep palpation. A
CT scan of the abdomen showed slight reduction of the
pancreatic head volume or in the extra- and intra-hepatic
bile duct dilatations (Figure 1C). The previously elevated
serum levels of amylase and lipase had returned to normal value ranges, but serum IgG4 level was still high (15.6
g/L). The patient then received a long-term maintenance
dose of 10 mg/d of prednisone after steroid tapering. At
12-mo follow-up, his illness had not recurred.

DISCUSSION
IgG4-RD is a recently recognized multi-organ fibroinflammatory condition with a propensity to manifest
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Figure 3 Histological findings of the resected specimen from pancreatic body mass. Hematoxylin and eosin (HE) stain showing phlebitis (A, × 200); numerous
lymphoplasmacyte infiltration and storiform fibrosis (B, × 200); immunohistochemical staining showing IgG4-positive plasma cells (C, × 400) and IgG-postive plasma
cells (D, × 400) in the resected pancreatic sections of the patient.

itself as a mass-forming lesion characterized by the presence of abundant IgG4+ plasma cells, elevation of serum
IgG4 levels, and a dramatic steroid responsiveness[9]. New
histological diagnostic criteria for IgG4-RD require the
presence of at least two of three characteristic histological features, namely, dense lymphoplasmacytic infiltration,
fibrosis arranged at least focally in a storiform pattern,
and obliterative phlebitis[10]. Thus, the patient in this study
fully met the diagnostic criteria for IgG4-related f-AIP
and Küttner’s tumour.
Although diagnosis of AIP has greatly improved
because of growing awareness of the condition and proposed diagnostic criteria[3,10], there still remain no good
practical strategies to distinguish AIP from PC. Clinicians
must differentiate between the two disorders to prevent
unnecessary surgery or delayed initiation of corticosteroid therapy. It has been reported that about 2.5% of
pancreatic resections were performed in AIP patients
following a mistaken diagnosis of PC[11] and that 35.3%
of f-AIP patients were surgically treated because PC was
suspected[12]. The patient in this study underwent surgical resection of the pancreatic body mass one year prior
to admission, which we subsequently histologically confirmed as IgG4-related f-AIP.
Over the last decade, clinicians have paid great attention to the differentiation of AIP from PC. Recently Sun
et al[13] reported that five radiological imaging features
helpful for diagnosing f-AIP were (1) sausage-shaped
enlargement; (2) delayed homogeneous enhancement; (3)
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hypoattenuating capsule-like rim; (4) irregular narrowing
of the main pancreatic duct (MPD) and/or stricture of
the common bile duct; and (5) MPD upstream dilatation
≤ 5 mm. Since focal mass and pancreatic duct dilatation are the most common findings for PC as well[14],
differentiating such cases of f-AIP from PC is rather difficult using CT or magnetic resonance imaging alone. A
recent study showed that serum IgG4 > 280 mg/dL or
other organ involvement (exapancreatic biliary stricture,
salivary gland swelling and retroperitoneal fibrosis) were
highly specific findings for f-AIP[15]. More recently, 18Ffluorodeoxyglucose (FDG)-PET/CT could be used to
monitor the drug efficacy of IgG4-RD because abnormal
FDG uptake in all affected lesions had completely disappeared after therapy[16]. Although endoscopic ultrasoundguided FNA (EUS-FNA) is useful to either diagnose or
rule out PC, definitive diagnosis of AIP is difficult by
EUS-FNA because of the small sample size obtained[11].
Recently, EUS-guided core biopsy techniques are recommended[11]. IgG4 immunostaining of biopsy specimens
obtained from the major duodenal papilla was also used
for diagnosis of AIP[17]. Therefore, comprehensive data
including clinical, imaging, serological, histological differences and other organ involvement should be analyzed to
differentiate f-AIP from PC.
The patient in this study responded well to corticosteroid therapy. However, after 4-wk steroid therapy the
serum IgG4 level was still high (15.6 g/L). Since IgG4
antibodies are directly pathogenic in IgG4-RD, rituximab
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therapy is chosen to realize rapid decline of serum IgG4
levels and prompt clinical improvement in IgG4-RD by
depleting the pool B lymphocytes that replenish shortlived IgG4-secreting plasma cells[18]. Additionally, steroid
sparing regimens such as Azathioprine and mycophenolate mofetil may be used in patients with incomplete
response to steroid.
In summary, we report a rare case of IgG4-related
f-AIP and Küttner’s tumour which primarily mimics
pancreatic cancer and neck metastasis. Since the differentiation of f-AIP from PC is very difficult and their
treatment and prognosis are quite different, we suggest
that AIP should always be considered in case of a focal
pancreatic mass.
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Abstract
Sclerosing cholangitis (SC) is a rarely reported morbidity secondary to transcatheter arterial chemoembolization (TACE) with bleomycin-iodinated oil (BIO) for liver
cavernous hemangioma (LCH). This report retrospectively evaluated the diagnostic and therapeutic course
of a patient with LDH who presented obstructive jaundice 6 years after TACE with BIO. Preoperative imaging identified a suspected malignant biliary stricture
located at the convergence of the left and right hepatic
ducts. Operative exploration demonstrated a full-thickness sclerosis of the hilar bile duct with right hepatic
duct stricture and right lobe atrophy. Radical hepatic
hilar resection with right-side hemihepatectomy and
Roux-en-Y hepaticojejunostomy was performed because hilar cancer could not be excluded on frozen
biopsy. Pathological results showed chronic pyogenic
inflammation of the common and right hepatic ducts
with SC in the portal area. Secondary SC is a long-term
complication that may occur in LCH patients after TACE
with BIO and must be differentiated from hilar malig-
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nancy. Hepatic duct plasty is a definitive but technically
challenging treatment modality for secondary SC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Sclerosing cholangitis; Secondary; Transcatheter arterial chemoembolization; Bleomycin-iodinated oil; Liver cavernous hemangioma; Hilar stricture;
Differential diagnosis; Definitive surgery
Core tip: Transcatheter arterial chemoembolization
(TACE) with bleomycin-iodinated oil, a minimally invasive interventional treatment modality, is generally safe
for treating liver cavernous hemangioma. Sclerosing
cholangitis (SC) is a rare complication occurring after
TACE. Operative exploration was indicated for our patient as preoperative imaging examination could not
exclude the possibility of malignant hilar biliary stricture.
Diagnosis of SC depends on the presence of chronic inflammation of the bile duct with characteristic features
of sclerosis after primary SC is ruled out. Definitive
treatment included radical hepatic hilar resection with
hepatectomy and bile duct reconstruction.
Jin S, Sun XD, Shi XJ, Wang SY, Wang GY. Sclerosing cholangitis secondary to bleomycin-iodinated embolization for liver
hemangioma. World J Gastroenterol 2014; 20(46): 17680-17685
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i46/17680.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i46.17680

INTRODUCTION
Liver cavernous hemangioma (LCH) is the most common benign liver tumor, with a prevalence of 0.4%-7.3%
in the general population based on autopsy findings[1]
and an obvious female dominance (male:female =
1:5)[2]. Treatment modalities for LCH consist mainly of
observation, transcatheter arterial chemoembolization
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(TACE)[3], surgical resection[4], and even liver transplantation[5]. Surgical resection is normally indicated for patients who exhibit clinically significant symptoms, complications, or non-excludable malignancy[4].
TACE is an interventional radiology technique that
has been well established in the minimally invasive treatment of benign and malignant liver tumors. This nonsurgical intervention can control liver disease by interrupting the blood flow of the nourishing arteries and
shows a generally favorable safety profile in the current
literature[6]. Common embolic agents include morrhuate
sodium, anhydrous ethanol, and bleomycin-iodinated oil
(BIO). BIO is typically preferred over morrhuate sodium
and anhydrous ethanol for treating LCH, because the latter two potent angiosclerotic agents can result in massive
injury of vascular endothelia and secondary intravascular
thrombosis[7,8]. In contrast, BIO is relatively less potent
in inducing arterial embolization, and BIO embolizationassociated morbidities are rarely reported[9].
Sclerosing cholangitis (SC) is a chronic biliary condition characteristic of progressive bile duct inflammation,
fibrosis, destruction, and cholestasis, which may occur idiopathically in the form of primary SC in most cases but
also occasionally occurs secondary to biliary calculosis,
hepatobiliary surgery, malignant obstruction of bile duct,
recurrent pancreatitis, or intra-arterial chemotherapy[10].
Herein, we report a case of SC secondary to TACE with
BIO in a middle-aged woman with symptomatic LCH.
This patient presented with progressive obstructive jaundice and concomitant intrahepatic bile duct dilation. An
explorative operation along with histological findings excluded the possibility of biliary malignancy, and secondary
SC resolved after hemihepatectomy with bile duct plasty.

CASE REPORT
A 44-year-old woman complained of a 6-mo history of
recurrent yellowish colorization of the skin and sclera
with upper abdominal distension but without fever or
abdominal pain. Jaundice and abdominal distension worsened progressively with a 2-kg weight loss but without
obvious causes over 1 mo. Six years prior to presentation
in our department, the patient had previously undergone
TACE with BIO 6 years before admission for a symptomatic LCH with a size of 7 cm × 9 cm and located at segment Ⅶ. LCH-associated symptoms resolved after TACE,
and the patient complained of no discomfort but was lost
to follow-up. Later the patient was referred to our surgical
service due to a suspected bile duct obstruction.
On admission, physical examination showed that the
skin and sclera were mildly jaundiced, and the abdominal wall was soft with mild upper abdominal tenderness.
Clinical liver biochemistry assay results were as follows:
serum alanine aminotransferase, 24 U/L (reference limit,
5-40 U/L); aspartate aminotransferase, 53 U/L (0-40 U/
L); gamma-glutamyl transpeptidase, 263 U/L (5-55 U/L);
alkaline phosphatase, 263 U/L (40-150 U/L); total serum
bilirubin, 107 μmol/L (1.7-17.1 μmol/L); unconjugated
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bilirubin, 22 μmol/L (1.7-13.7 μmol/L); conjugated bilirubin, 85 μmol/L (1-4 μmol/L); serum tumor biomarker
and alpha-fetal protein, 6.5 U/L (< 25 U/L); and cancer
antigen 19-9 60.4 U/L (0-39 U/mL).
Contrast-enhanced upper abdominal computed tomography showed BIO deposition in the right lobe without evident liver parenchymal fibrosis, significant dilation
of intrahepatic bile ducts proximal to the convergence
of the left and right hepatic ducts at the portal area, and
calculous cholecystitis (Figure 1). Magnetic resonance
cholangiopancreatography at the gastroenterology outpatient clinic showed gallstones of the common bile duct
(Figure 2). Endoscopic retrograde cholangiopancreatography with nasal biliary drainage was performed, and a
small amount of bile sludge was removed. However, the
symptoms did not improve significantly (Figure 3).
Percutaneous transhepatic biliary drainage was rejected by the patient, but operative exploration was scheduled because hilar bile duct cancer could not be excluded
after the patient provided voluntary informed consent.
The liver showed no sign of fibrosis or cirrhosis; the
right lobe was significantly atrophic, but the left lateral
and medial lobes exhibited obvious hyperplasia. The
hilum showed an obvious shift towards the right side. A
projecting, reddish LCH was located in the right posterior lobe involving segments Ⅵ and Ⅶ, at a size of 6 cm
× 4 cm, with a rough surface and rigid contour (Figure
3A). The gallbladder was completely atrophic, at a size
of 1 cm × 41 cm. Exploration of the common bile revealed that the distal hepatic ducts had a full-thickness
rigid wall without any palpable lumen. The envelopment
of the hilum did not allow exploration beyond the distal
hepatic ducts. Cholangioscopy showed no stricture or
gallstones in the distal segment of the common bile duct
(CBD) but a severe regional stricture at the hilar level.
After biliary dilation, repeated cholangioscopy showed
that the left hepatic duct was patent but mildly dilated
beyond the stricture; the right hepatic duct was severely
strictured, which blocked the passage of the cholangioscope. The common hepatic duct had a greyish, rigid
internal lumen. Due to a highly suspicious biliary malignancy, right-side hemihepatectomy was performed to explore and resect the hilar bile duct disease. The possibility of malignancy could not be excluded based on frozen
biopsy. The common hepatic duct and the CBD were
further dissected towards the duodenum until the level
of the middle segment of the CBD; the left hepatic duct
was further mobilized towards the liver 1 cm beyond the
stricture. Repeated frozen biopsy showed a clean resection margin. Roux-en-Y hepaticojejunostomy was performed to reconstruct the biliary drainage continuity.
The histological staining results showed chronic pyogenic inflammation of the bile duct, and a diagnosis of
SC secondary to TACE with BIO was made (Figure 3B
and C). The biopsy of the left lobe showed near normal
histological results. The patient received postoperative
symptom treatment and underwent an uneventful postoperative course. The liver function returned to normal
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Figure 1 Upper abdominal triple-phase contrast-enhanced computed tomography. A, B: Arterial phase; C: Venous phase; D: delayed phase. The arrowheads indicate the dilated left hepatic duct, while the right hepatic duct is radiologically invisible and the bile duct wall shows a delayed enhancement.

A

B

C

D

Figure 2 Three-dimensional reconstructed computed tomography, magnetic retrograde cholangio- pancreatography and endoscopic retrograde cholangio- pancreatography. A: Liver three-dimensional (3D)-computed tomography scan; B, C: 3D-magnetic retrograde cholangio- pancreatography scan confirms the
dilation of the left hepatic duct and the narrowing of the right hepatic duct (the white arrowheads indicate a soft tissue-like mass located at the convergence of the left
and right hepatic ducts); D: endoscopic retrograde cholangio- pancreatography shows no visualization of the hilar bile duct and poor visualization of the intrahepatic
bile ducts (white arrowhead).
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B

C

Figure 3 Operative exploration finding and histology. A: Sclerotic liver cavernous hemangioma was located in the atrophic right lobe but the left lobe was remarkably hyperplastic with the displacement of the hilus towards the right side; B: histological staining showed a pathology of liver cavernous hemangioma [hematoxylineosin (HE, × 200); C: Sclerosing cholangitis with complicating chronic pyogenic inflammation (HE, × 200).

on postoperative day 3. The patient was discharged home
on postoperative day 8, and on follow-up examination
at the outpatient clinic 4 mo after operation, the patient
reported no discomfort.

DISCUSSION
Bleomycin is a cycle-nonspecific cytotoxic agent that
degrades DNA through direct mechanisms. As a less potent angiosclerotic agent, bleomycin can also disrupt the
tumor vascular lumen by gradually inducing a nonspecific
inflammatory response around the tumor as well as in
the portal area[11-13]. Iodinated oil exhibits a synergistic
effect upon irradiation of the vascular wall and leads to
mesenchymal hyperplasia and organization. The emulsion
of BIO as an embolic agent can be retained in deformed
vessels and disseminated through the microcirculation.
TACE with BIO results in complete destruction of vascular endothelia and elimination of the pathologic vascular bed usually in a gradual, progressive manner. Previous
studies showed that superselective embolization with
BIO achieved a long-term reliable and safe treatment effect for LCH[9,13].
TACE with BIO is inevitably associated with some
procedural risks, including acute liver failure, liver infarction or abscess, intrahepatic biloma, multiple intrahepatic
aneurysms, cholecystitis, splenic infarction, and hepatic
artery perforation or rupture[14]. However, the aforementioned complications usually occur within a short time
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rather than a long time after TACE. Huang et al[14] reported biliary destruction after TACE with morrhuate sodium
and anhydrous ethanol, which manifested as aggressive
abdominal pain, high fever, and jaundice. In contrast, our
patient sought medical treatment due to clinically significant jaundice 6 years after previous TACE. Subclinical
jaundice remained undetected in this patient because she
had been lost to follow-up.
The bile ducts almost completely depend on the hepatic artery for their blood supply. The small branches
originating from the hepatic artery anastomose with
each other and form a peri-duct vascular plexus along
the outer layer and submucosal tissue of the bile ducts.
In comparison with liver cells, which are nourished by
two blood supplies, biliary endothelial cells are relatively
sensitive to hepatic artery embolization[11,15]. Hepatic artery embolization will interrupt the blood supply to the
bile ducts and the portal areas and lead to ischemia, degeneration, and necrosis of the bile duct wall The hilar
bile duct is even more prone to ischemia from hepatic
artery embolization as the middle and distal segments
of the CBD have some collateral circulation from the
gastroduodenal and posterior duodenal arteries. Hepatic
artery embolization with BIO resulted in a chronic, nonspecific, thrombotic inflammation of the arteries in the
portal area, bile ducts, and gallbladder in this patient, and
interruption of blood flow and dissemination of vasculitis led to secondary SC with complicating obstructive
jaundice.
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The differential diagnosis of secondary SC depends
on delineating the etiology of SC, specifically excluding
possible bile duct malignancy. This patient remained generally well except for being jaundiced; her asymptomatic
jaundice showed a chronic, recurrent course with a fluctuating total bilirubin level between 37 mmol/L and 107
mmol/L, in contrast to progressive jaundice in malignant
bile duct obstruction. Hepatobiliary imaging investigation showed that the suspected hilar tumor was mainly
involved the right hepatic duct, whereas the left hepatic
duct was relatively well preserved, unlike that seen in
common hilar cancer. Mild elevation in serum cancer antigen 19-9 also can be seen in patients with chronic cholangitis. Due to the history of previous TACE, a diagnosis
of SC secondary to BIO TACE was made in combination with imaging investigation and surgically explorative
findings.
Some authors have proposed that no hepatectomy is
required for patients suffering from biliary destruction
after TACE and that hepaticojejunostomy with U-tube
stenting is preferred for reconstruction of biliary drainage[15]. However, right-side hemihepatectomy with biliary
plasty was performed in this patient based on the following considerations. First, the presence of a large amount
of residual embolic agent might continue to aggravate
pre-existing injuries of biliary vessels and bile ducts. Second, the pre-existing cholangitis was refractory to medical and endoscopic treatment and likely to progress into
serious ascending cholangitis and intrahepatic abscess.
Lastly, simply U-tube stenting could not eliminate the
cause of secondary SC and subsequently failed to improve or control pre-existing SC.
Unlike primary SC, which eventually requires liver
transplantation, secondary SC normally exhibits a favorable prognosis if the etiological causes are completely
eliminated. Recurrence of secondary SC may occur if
the underlying cause is in relapse or beyond control. Our
short-term follow-up results showed that the patient returned to a good health status after the definitive surgery.
However, the outcome of secondary SC reported in a retrospective case series of 31 patients was discouraging[16].
We considered that liver fibrosis or cirrhosis after secondary SC are irreversible and a patient with uncompensated
liver function also requires liver transplantation with a
poor transplant-free survival. Long-term follow-up is essential for our patient, although she exhibited no signs of
liver fibrosis or cirrhosis 4 mo after operation.

Laboratory diagnosis

Aspartate aminotransferase 53 U/L, gamma-glutamyl transpeptidase 263 U/L,
total serum bilirubin 107 μmol/L, conjugated bilirubin 85 μmol/L; alpha-fetal
protein 6.5 U/L (< 25 U/L) and cancer antigen 19-9 60.4 U/L (0-39 U/mL).

Imaging diagnosis

3D-MRCP confirmed the dilation of the left hepatic duct and the narrowing of
the right hepatic duct, and a soft tissue-like mass was located at the convergence of the left and right hepatic ducts.

Pathological diagnosis

Histology showed chronic pyogenic inflammation of the bile duct, and a diagnosis of sclerosing cholangitis (SC) secondary to TACE with BIO was made.

Treatment

The patient was treated with FOLFOX (5-FU, oxaliplatin and leucovorin) in
combination with bevacizumab.

Related reports

Roux-en-Y hepaticojejunostomy was performed to maintain biliary drainage
continuity.

Term explanation

Hepatic duct plasty is a definitive but technically challenging treatment modality
for hilar secondary SC.

Experiences and lessons

This case report demonstrates that secondary SC after TACE, manifesting as
asymptomatic obstructive jaundice, must be differentiated from hilar bile duct
malignancy. Hemihepatectomy with hepaticojejunostomy is a definitive and preferred treatment option for secondary SC.

Peer review

This paper is very interesting. There is no problem to publish the manuscript.
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Abstract
Selective IgM deficiency (sIGMD) is very rare; it may
be associated with celiac disease (CD). We present the
case of an 18-year-old man with sIGMD masking seronegative CD. Symptoms included abdominal pain, diarrhea and weight loss. Laboratory tests showed reduced
IgM, DQ2-HLA and negative anti-transglutaminase.
Villous atrophy and diffuse immature lymphocytes
were observed at histology. Tissue transglutaminase
mRNA mucosal levels showed a 6-fold increase. The
patient was treated with a gluten-free diet (GFD) and
six months later the symptoms had disappeared, the
villous architecture was restored and mucosal tissue
transglutaminase mRNA was comparable to that of
healthy subjects. After 1 year of GFD, a complete restoration of normal IgM values was observed and duodenal biopsy showed a reduction of immature lymphocytes and normal appearance of mature immune cells.
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Core tip: Selective IgM deficiency is a rare condition,
associated in 5% of cases to Celiac Disease (CD). The
CD diagnosis in patients with immunoglobulin deficiencies is based only on response to a Gluten-Free Diet
(GFD). Deposits of tissue transglutaminase are found in
duodenal samples of seronegative CD. Our case (IgM
deficiency/seronegative CD) disclosed novel insights: (1)
it is possible to observe a selective association of IgM
deficiency/seronegative CD; (2) the histological diagnosis of CD may be complex due to poor lymphocyte maturation; (3) mRNA coding for tissue transglutaminase
in duodenal mucosa could be a useful diagnostic tool;
and (4) GFD may reverse IgM deficiency by promoting
lymphocyte maturation.
Montenegro L, Piscitelli D, Giorgio F, Covelli C, Fiore MG,
Losurdo G, Iannone A, Ierardi E, Di Leo A, Principi M. Reversal
of IgM deficiency following a gluten-free diet in seronegative
celiac disease. World J Gastroenterol 2014; 20(46): 17686-17689
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i46/17686.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i46.17686

TO THE EDITOR
Usually, immunoglobulin deficiencies underlie an immune
deregulation, with a severe lack of B-cell differentiation[1].
Selective IgM deficiency (sIGMD) is a very rare disease
(less than 300 cases described in literature) and is defined
by low levels of IgM (< 0.40 g/L according to current
guidelines)[2]. It is characterized by recurrent infections
and treatment consists of immunoglobulin administra-
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A

B

Figure 1 Duodenal biopsy specimens before (A) and 6 mo after (B) gluten-free diet in our patient with Selective IgM deficiency and seronegative celiac
disease. A subtotal villous atrophy with an almost flat mucosa is evident before, and complete villous restoration after the dietary therapy (HE: × 200).

tion. The prevalence of this condition is estimated to be
about 0.26% in the general population, while in association with celiac disease (CD) it is reported to be about
5%. However, a sIGMD-seronegative CD association has
never been described, to the best of our knowledge, and
so there may be an underestimation of the prevalence.
Indeed, seronegative celiac patients with immunoglobulin deficiency are a controversial diagnostic problem,
since histological aspects of these two disorders may
overlap. In this case, the only convincing diagnostic tool
is the response to a gluten-free diet (GFD)[1]. However,
some reports suggest the possibility of supporting the
diagnosis of seronegative CD by laboratory techniques,
such as mucosal tissue transglutaminase mRNA assay[3]
or immunoglobulin An anti-tissue transglutaminase deposits detected by immunofluorescence in frozen biopsy
samples[4]. In a recent work we describe a similar increase
of mucosal mRNA coding for tissue transglutaminase in
both seropositive and seronegative CD[5].
On these bases, we believe it is of interest to report
the case of a patient with sIGMD and seronegative CD,
who showed a marked clinical and histological improvement after GFD and ultimately, restored IgM levels. In
this patient, we used tissue transglutaminase mucosal
mRNA to unmask CD, and mucosal lymphocytes characterization during follow-up for 1 year.
An 18-year male patient was admitted to our Unit for
abdominal pain and diarrhea; these symptoms had been
present for one year. In the last year he had suffered 13
kg weight loss, although his body mass index was 21.1
at the time of admission. Family history was notable for
celiac disease in a sister. Among laboratory results we
found a reduction of IgM (0.30 g/L) with normal values
of IgA-IgG (total and subclasses). Anti transglutaminase
IgA and IgG and anti-endomysium were negative despite
the presence of DQ2 HLA[6]. No positive autoantibody
was found. We ruled out Crohn’s disease, ulcerative
colitis, Helicobacter pylori infection, intestinal bacterial
overgrowth, allergy to food proteins other from gluten,
connective tissue diseases, chronic use of non-steroidal
anti-inflammatory drugs or Olmesartan. Moreover, in accordance with American Gastroenterological Association
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Guidelines, infective causes of small bowel inflammation
were excluded by specific investigations for bacteria (Salmonellae species, Shigella, Campylobacter jejuni, enterotoxic E. coli, Yersinia enterocolitica), viruses (Rotavirus,
Norovirus, Adenovirus, Astrovirus, Calicivirus and Coronavirus) and intestinal parasites (Giardia Lamblia). Colonoscopy with histological examination did not reveal any
specific picture. No alterations were found at Magnetic
Resonance study of the small bowel, nor 99Tc Scintigraphy (to exclude the presence of Meckel’s diverticulum).
Esophagogastroduodenoscopy showed mild duodenal hyperaemia, while histology revealed a lymphocyte
infiltration of the distal duodenal mucosa with nodular
lymphoid aggregates. A marked villous atrophy was also
evident (Figure 1A). Immunohistochemical lymphocyte
characterization showed a predominance of immature B
forms (CD 79a) (Figure 2A) while there was a reduction
of MUM1 (marker of B-cell differentiation and T-cell
activation) positive cells (Figure 3A) and CD3 and CD8.
This doubtful picture (i.e., villous atrophy in the absence
of a number of intraepithelial CD3 lymphocytes diagnostic for CD) and the possible sIGMD/CD association
as well as the family history, led us to perform mucosal
tissue transglutaminase mRNA detection by a widely validated method based on reverse transcriptase polymerase
chain reaction[7]. A duodenal sample from a healthy subject
and one from a patient with seropositive CD were used
as negative and positive control, respectively. A marked
mucosal increase of tissue transglutaminase expression
(6.2 fold compared to negative control) and of CD (7.1
fold) was observed in our patient. On these bases the
patient was discharged with instructions to follow a GFD
for 6 mo.
In the 6-mo follow-up, the patient gained 8 kg weight
and had a total remission of the gastrointestinal symptoms. A second esophagogastroduodenoscopy showed,
at histological examination of duodenal biopsy, normalization of the villous architecture (Figure 1B) although
immunohistochemical lymphocyte (CD3, CD8, CD 79a
and MUM1) characterization was unchanged. Laboratory investigations confirmed sIGMD without further
alterations. Finally, tissue transglutaminase mRNA assay
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B

Figure 2 Duodenal biopsy specimens before (A) and 12 mo after (B) gluten-free diet in our patient with Selective IgM deficiency and seronegative celiac
disease. Immunohistochemistry showed a mild reduction of CD 79a immature lymphocytes. Positive cells are stained brown and counterstained blue (× 200).

A

B

Figure 3 Duodenal biopsy specimens before (A) and 12 mo after (B) gluten-free diet in our patient with Selective IgM deficiency and seronegative celiac
disease. Immunohistochemistry showed scarse MUM1 plasma cells before the diet and a marked positivity 12 mo later. Positive cells are stained brown and counterstained blue (× 200).

showed a marked decrease (1.3 fold compared to negative control). After one year of GFD, the patient showed
normal physical examination and laboratory test results,
including a surprising normalization of IgM values (1.10
g/L). Duodenal biopsy was performed and showed the
persistence of a normal villous architecture, a mild reduction of mucosal CD 79a (Figure 2B) and a marked
increase of MUM1 positive cells (Figure 3B). Transglutaminase mRNA confirmed normal values.
Our case may be considered a very rare observation in
the complex scenario of CD, immunodeficiency and autoimmunity[8]. There is debate in literature about the association of CD and primary immunoglobulin deficiencies,
such as common variable immunodeficiency (CVID)[1].
The conclusion of a recent study was that only the response to a GFD offers a reliable diagnostic tool for
defining the presence of CD in a patient with CVID[1].
Moreover, an association of CD has been described in
20% of IgA deficiency cases. The main novelty in our
case is the sIGMD-seronegative CD association. In accordance with current guidelines, clinical and histological
response to GFD was the main diagnostic tool of CD in
our patient. Additionally, IgM levels were restored after
one year of GFD and this unexpected finding suggests
that the immunoglobulin selective deficiency might not
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have been only a primary condition, as suggested by mucosal immature lymphocytes. It is possible that CD and
consequent alterations of mucosal permeability could
have induced enteric protein loss, lowering serum IgM
that were then restored after healing of the duodenal mucosa. Supporting this view, immature lymphocytes were
reduced after 12 mo GFD and MUM1 cells strongly increased, suggesting a further reason for the IgM increase.
In a future perspective, finally, it is possible that the detection of mRNA coding for tissue transglutaminase in
duodenal mucosa may be, despite the known specificity
limitations, a useful diagnostic tool both for identifying
seronegative forms of CD when this condition is suggested by histological criteria and HLA class assessment,
and for evaluating mucosal restoration after a GFD.
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Abstract
Pakistan is a low income country with more than 10
million hepatitis C virus (HCV) infections and the burden is on continuous raise. Accurate viral genotyping
is very critical for proper treatment of the infected
individuals as the sustained virological response of
the standard antiviral interferon therapy is genotype
dependent. We observed at our diagnostic center that
15.6% of HCV patient’s samples were not genotypeable by using Ohno et al method. The genotyped
samples showed that 3a (68.3%) is the major prevalent genotype in Pakistan followed by 2a (10.3%), 3b
(2.6%), 1b (1.5%), 2b (1.2%) and 1a (0.5%). Presence of large number of untypable HCV variants in the
current study highlights an important issue of health
care setup in Pakistan. Untypable HCV cases create
difficulties in treatment of these patients. The problem
of routine diagnostics setup of Pakistan should be addressed on priority basis to facilitate the medical professionals in patient’s treatment and to help in achiev-
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ing the maximum sustained virological response.
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Core tip: Hepatitis C virus (HCV) is a major health issue in Pakistan. Accurate HCV genotyping is very critical for the treatment of a patient because the duration
and efficacy of standard antiviral therapy depends on
viral genotype. We observed a large proportion (15.6%)
of untypable HCV isolates during routine diagnostic. As
HCV genotype information is mandatory prior to standard interferon ribavirin therapy, it is very important to
be clear about the viral genotype. It is highly needed
that the mystery of diagnostically untypable HCV variants in Pakistan should be resolved on priority basis to
insure the proper treatment of the patients.
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TO THE EDITOR
Hepatitis C virus (HCV) with more than 200 million
infections worldwide[1] and over 10 million in Pakistan
is one of the leading causes of morbidity and mortality[2]. HCV genome, due to error prone nature of viral
polymerase, has mutation rate of approximately 10-3 per
nucleotide per replication[3]. Due to these mutations,
HCV results in higher quasi-species circulation in the
infected population. During routine genotype diagnostic
test[4] at Genomic Research Labs and Diagnostics Center,
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quence analysis can give us information about the changing pattern in HCV clades and will be highly effective in
determining the course of standard interferon therapy.
A lot of efforts and money can be saved by solving the
mystery of untypable HCV quasi-species in Pakistan. By
exploring this phenomenon it will be easy for health care
professional to manage the HCV patient’s disease progress and therapy efficacy.

Table 1 Prevalence of diagnostically untypable hepatitis C
virus variants in Pakistan n (%)
Ref.

Year

Waqar et al[6]
Ali et al[7]
Waqar et al[8]
Safi et al[9]
Ali et al[10]
Mahmood et al[11]
Ali et al[12]
Inamullah et al[13]
Idrees et al[14]
Rehman et al[15]
Khan et al[16]
Ahmad et al[17]
Ali et al[18]
Ahmad et al[19]
Rauf et al[20]
Abbas et al[21]
Asif et al[22]
Afridi et al[23]
Ahmed et al[24]
Idrees et al[25]
Akhund et al[26]
Hakim et al[27]
Ijaz et al[28]
Ahmed et al[29]
Iqbal et al[30]

2014
2014
2014
2012
2011
2011
2011
2011
2011
2011
2011
2010
2010
2010
2010
2009
2009
2009
2009
2008
2008
2008
2008
2007
2007

Untypable
66 (12)
21 (17.35)
52 (13.87)
2 (1.7)
50 (16.4)
9 (2.25)
34 (17)
70 (37.8)
2 (6)
9 (14.3)
1 (4.34)
35 (2.5)
116 (27.95)
34 (2.5)
3 (12)
34 (17)
11 (52.4)
9 (32.14)
8 (3.6)
201 (5.99)
52 (15.11)
8 (3.84)
5 (3.22)
6 (7)
106 (6.42)
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samples screened at our diagnostic center, 115 were untypable. The prevalence of known genotypes 3a, 3b, 2a,
2b, 1a and 1b was 503 (68.3%), 19 (2.6%), 75 (10.3%),
09 (1.2%), 04 (0.5%) and 11 (1.5%) respectively. A recent conclusive report by Butt et al[5], based on results of
20552 HCV patient samples during 2000-2009 showed
that 17% samples were untypable and the pattern indicated that it is going to increase with the passage of time.
Other reports published from Pakistan during last 8 years
also clearly suggested that significant numbers of samples
were not genotyped successfully (Table 1)[6-30].
There is constant emergence of quasi-species in infected patients. Genotyping is done from highly conserved
part of HCV genome and mutations in this part of genome result in loss of genotyping capability of the method
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due to high viral genome mutation rate[31], host immunological pressure[32], drug pressure[33], viral[34]/host immune
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Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou

II

Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Bing Xia, Wuhan
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
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Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Damian Casadesus, Havana
Germany
Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere
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Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn

III

Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
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Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
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Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia

IV

Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
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Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
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Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo



Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
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Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
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Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Jordan

Portugal

Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

VI

Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana
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Abstract
Irritable bowel syndrome (IBS) is a complex symptombased disorder without established biomarkers or putative pathophysiology. IBS is a common functional
gastrointestinal disorder which is defined as recurrent
abdominal pain or discomfort that has at least two of
the following symptoms for 3 d per month in the past 3
mo according to ROME Ⅲ: relief by defecation, onset associated with a change in stool frequency or onset with
change in appearance or form of stool. Recent discoveries revealed genetic polymorphisms in specific cytokines
and neuropeptides may possibly influence the frequencies and severity of symptoms, as well as the therapeutic
responses in treating IBS patients. This review gives new
insights on how genetic determinations influence in clinical manifestations, treatment responses and potential
biomarkers of IBS.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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symptom-based disorder without established biomarkers or putative pathophysiology. This review gives new
insights on how genetic determinations influence in clinical manifestations, treatment responses and potential
biomarkers of IBS. Although a number of IBS- related
genes have been identified, the majority of the identified genes required further validation as each of them
may only contribute to the pathophysiology in 1%-5%
in patients with functional gastrointestinal disorders.
Cheung CKY, Wu JCY. Genetic polymorphism in pathogenesis
of irritable bowel syndrome. World J Gastroenterol 2014;
20(47): 17693-17698 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i47/17693.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i47.17693

INTRODUCTION
Irritable bowel syndrome (IBS) is defined according to
ROME Ⅲ criteria as recurrent abdominal pain or discomfort for at least 3 d per month during the previous months
with two or more of the following characteristics: relief by
defecation, onset associated with a change in the frequency
of stools, onset associated with change in form or appearance of stools[1,2]. IBS is often subcategorized according
to the predominant stool pattern reported by the patients.
These subcategories include constipation-predominant IBS
(IBS-C), diarrhea-predominant IBS (IBS-D), and so-called
mixed stool pattern IBS (IBS-M) which involves both constipation and diarrhea.
The prevalence of IBS ranges from 4.7% to 19.1%
in western countries, however the prevalence in eastern
countries ranges from 3.7% to 15.7% according to ROME
[3]
Ⅱ criteria . Although the pathophysiology of IBS still
remains unknown, there is growing evidence that genetic
contributions, inflammatory activation, psychosocial factors may play important roles to the development of IBS.
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Recent studies in genetic polymorphisms reported that cytokines and neuropeptides may be involved in etiology and
clinical manifestations of IBS. This review summarizes the
recent discoveries in association of genetic polymorphisms
and their impacts on the symptom development and severity, pathogenesis as well as treatment responses to IBS.

GENE POLYMORPHISMS
As IBS is a complex symptom based disorder without single
identified pathophysiology or biomarker, multiple mechanisms such as motility dysregulation, visceral hypersensitivity, immune activation, psychosocial factors and altered
brain-gut axis has been proposed. Although a number of
IBS- related genes have been identified, the majority of the
identified genes required further validation. Besides, each of
them may only contribute to the pathophysiology in 1%-5%
in patients with functional gastrointestinal disorders[4]. This
review will summarize how genetic determinations may possibly regulate the putative mechanisms mentioned.
Serotonergic system
Serotonin (5-HT) is one of the most abundant neurotransmitter molecules in the gastrointestinal tract. It is stored in
the secretory granules of enterochromaffin (EC) cells in
the enteric nervous system, and its release is believed to be
responsible for eliciting appetite regulation[5], gut motility[6]
and visceral sensitivity[7]. Abnormal levels and activities of
5-HT had been reported in functional gastrointestinal (GI)
disorders such as functional dyspepsia (FD)[8] and IBS.
Increased plasma 5-HT levels were found in female IBS-D
patients[9-11] while decreased postprandial plasma serotonin
levels have been reported in IBS-C patients[10]. Excessive
5-HT release in the bowel may lead to diarrhea, nausea and
vomiting. Studies reported that single nucleotide polymorphisms (SNPs) in serotonin modulators showed significant associations with IBS. First, tryptophan hydroxylase
(TPH) is the rate limiting enzyme in the biosynthesis of
serotonin[12]. The two isoforms TPH1 and TPH2 showed
associations to clinical manifestations in patients with IBS.
TPH1 is located on chromosome 11p15.3-p14 and composed of 11 exons[13] and mainly expressed in gut and peripheral organs. TPH2 is located at chromosome 12q21.1
and composed of 11 exons[14] and mainly expression in
CNS and peripheral neurons[15]. Homozygous for minor
allele (GG) of rs4537731 in promoter region of TPH1
reported more severe diarrhea, bloating, and a trend of
more watery stool compared to two genotype groups(AA
and AG genotypes) in IBS patients[16]. Genotypes reported
with a minor allele (GT and GG genotypes) of rs211105
in intron 3 of TPH1 also reported more severe diarrhea
symptoms and trend of more watery stool. Homozygous
for the minor allele (T) of TPH2 rs4570625 reported
more days with both very hard and watery stools compared to other genotype groups (GG and GT genotypes)
in the promoter region of TPH2[16].
Serotonin reuptake transporter (SERT) is a protein
that removes serotonin from the sites of action and recycles serotonin back into presynaptic neurons. SERT is lo-
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cated on the chromosome 17q11.2-q1. Wang et al[17] showed
that the homozygous genotype (L/L) in the promoter region of SERT (L variant bp-1440 to +22) can increase the
mRNA and protein level expression of SERT promoter
activity in the colonic mucosa. Yeo et al[18] found that a
strong genotypic association was established between SERT
promoter deletion/deletion genotype and female IBS-D
patients. Fukudo et al[19] further reported SERT linked
promoter region polymorphism with long (L, 528bp) and
short (S, 484bp) forms showed different levels of brain
activation after colorectal distention. This functional gene
polymorphism may partially predict the individual effect
of long-lasting neural processing from visceral organs.
Camilleri et al[20] also reported that genetic polymorphisms
at the SERT promoter influence response to a 5-HT3
antagonist in D-IBS patients. Kohen et al[21] reported that
the carriers of rare G allele in polymorphism rs25531 of
SERT linked promoter region showed threefold increase
in odds ratio of IBS compared to healthy controls.
The 5-HT transporter gene linked polymorphic regions (5-HTTLPR), which is a 43bp insertion/ deletion
polymorphism in the 5’ ﬂanking promoter region. It is 1.2
kb upstream of the transcription start site. Jarrett et al[22]
showed the functional polymorphism(insertion or deletion
of 44bp) in the 5-HTTLPR that was associated with depression and anxiety traits[23]. Furthermore, the 5-HTTLPR
short allele has been found associated with increased
visceral sensitivity in IBS[24]. Moreover, the L/L genotype
was significantly associated with IBS, IBS-C and IBS-M
patients in Korean population[25]. These may suggest that
5-HTTLPR might play a key role in IBS by modulation of
SERT at transcriptional level.
Serotonin modulates visceral sensitivity by its action on
5-HT3 receptors. 5-HTR3 receptor A subunit (5-HTR3A),
playing a key role in receptor formation, has been associated with depression and anxiety related trait. A functional
polymorphism in 5-HTR3A subunit C-42C>T(rs1062613)
was associated with more severe dyspeptic symptoms[26],
increased anxiety, amygdala responsiveness and severity of
IBS[27].
The 5-HT2A receptor subunit A (5-HTR2A) was believed to play a significant role in the genesis of various
neuropsychiatric diseases. 5-HTR2A was reported to be
responsible in regulating the perception of abdominal
pain and smooth muscle contraction in gastrointestinal
tract[28,29]. Markoutsaki et al[30] reported that the carriers of
A allele of the -1438(G/A) polymorphism[31] and homozygote C allele of the 102 T/C polymorphisms in 5-HTR2A
had higher risks of IBS[31]. Pata et al[31] showed that T/T
genotype of 102 T/C polymorphism in 5-HTR2A may be
associated with more severe pain in patient with IBS.
Cholecystokinin
Cholecystokinin (CCK) is released by endocrine I cells
within the duodenal and jejunal mucosa for stimulating
protein and fat digestion. It also served as a hunger suppressant[32]. Elevated plasma CCK level was reported to be
associated with patients with post-infectious IBS. Plasma
CCK level was correlated with postprandial dyspeptic
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symptoms in these patients[33]. Study by Park et al[34] showed
that polymorphism in CCK receptor intron 1 (779 T>C)
was associated with constipation predominant IBS(IBS-C)
and mixed IBS(IBS-M) in Korean population.
Catechol-O-methyltransferase
Catechol-O-methyltransferase (COMT) is involved in the
inactivation of the catecholamine neurotransmitters. Altered COMT activities by different polymorphisms were
related to chronic pain conditions such fibromyalgia[35]
whereas the COMT Val158Met polymorphism had been
associated to panic disorder[36] as well as IBS (Val/Val carriers showed a trend of smaller proportion of hard stools
and higher occurrence of postprandial defecation)[37].
Voltage-gated sodium channel
Voltage-gated sodium channel (Nav) was present in gastrointestinal smooth muscles. These missense mutations
were found in tetrodotoxin-resistant sodium channel
(SCN5A) in 13 out of 584 patients with irritable bowel
syndrome. It was more prevalent in Diarrhea -predominant IBS patients. And these mutations showed disruption in Nav 1.5 function with decreased peak currents and
mechanosensitivity[4,38].
Guanine nucleotide binding protein beta polypeptide 3
Guanine nucleotide binding protein (G-protein) beta
polypeptide 3 (GNB3) encodes the beta3 subunit of heterotrimeric G-protein. G-protein is responsible for various
functions such as ion channel, motility and contraction.
Lee et al[39] reported that a polymorphism in C825T has
been associated with IBS-C patients in South Korea. Although no association was found between C825T with the
overlapping of IBS and FD patients by Kim et al[40], an association was reported between dyspeptic symptoms and
homozygous 825T allele of GNB3 protein in the H Pylorinegative Japanese population[41]. Oshima et al[42] also revealed epigastric pain syndrome(EPS) was correlated with
homozygous 825T allele in GNB3 protein of patients with
FD. Moreover, Saito et al[43] showed that an interaction was
found between GNB3 825T allele and gastrointestinal infection of IBS in western population.
Endocannabinoid system
Endocannabinoids serve as synaptic circuit breakers and
regulate multiple physiological and pathological conditions
including nociception (pain sensation), appetite, lipid metabolism, gastrointestinal motility, cardiovascular modulation, motor activity, mood, and memory. Cannabinoids
suppress behavioral responses to noxious stimulation and
nociceptive processing through activation of cannabinoid
CB receptor 1 (CNR1) and CB receptor 2 (CNR2) subtypes[44]. Wong et al[45] reported polymorphism of rs806378
(CT/TT genotype) in CB(1) receptor was associated with
IBS patients having a modest delay in colonic transit. Camilleri et al[46] also showed that TT group had the fastest
colonic transit at 24 and 48 h. Besides, there was a significant association of CNR1 in rs806378 with sensation rat-
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ing of gas, but not pain sensation in various IBS subtypes.
Park et al[47] and colleagues found a different distribution
of allelic frequency of AAT repeats in the CNR1 gene
between healthy controls and IBS patients. They also reported a significant association of CNR1 >10/>10 genotype with IBS.
Psychiatric distress
Research has implicated that a combination of genetic
and environmental risk factors (e.g., Early life adversity,
traumatic experiences) in the pathogenesis of mood disorders such as depression[48]. While strong association was
established between psychological distress and functional
gastrointestinal diseases[49], an established biopsychosocial
model was suggested where early life stress may predispose HPA axis dysfunction and develop functional gastrointestinal symptoms[50]. The prevalence of depression
and anxiety disorder was 37.1% and 31.4% respectively in
Indian population with IBS[51]. Lee et al[52] also reported
that IBS is also strongly associated with generalized anxiety disorder in Chinese population. Chronic widespread
pain related to fibromyalgia and chronic fatigue is associated with IBS and major depressive disorder. Sato et al[53]
showed that TT genotype of rs7209436 and rs242924 in
Corticotrophin-releasing hormone was significantly more
common in patients with IBS than in healthy controls.
Corticotrophin-releasing hormone carries a potential risk for
depression. These polymorphisms were also associated
with bowel pattern in these IBS patients. Besides, polymorphisms in 5-HTTLPR, intron 2 (STin2 VTNR) of
SERT were also correlated with depressive episodes and
IBS[22].
Neuropeptide S (NPS) is a 20 amino acids peptide
that selectively binds and activates an orphan G-protein
coupled receptor, Neuropeptide S receptor 1 (NPSR1). It
is expressed on the intestinal epithelium. This neuropeptide S system is involved in stress responses, anxiety, and
nociception through selectively inhibiting the evoked release of serotonin and norepinephrine the frontal cortex,
by acting directly on serotonin and norepinephrine nerve
terminals[54]. NPSR1 polymorphisms were reported to be
associated with colonic transit rate (rs2609234, rs6972158
and rs1379928) and visceral pain(rs1379928)[55].
Cytokines
It has become increasingly clear that low-grade inflammation is implicated in the pathophysiology of IBS with
subtle changes in pro-inflammatory or anti-inflammatory
cytokines in blood or GI mucosa[56,57]. Studies reported
significant associations between functional polymorphisms
in these genes among IBS patients. Tumour necrosis factor
alpha (TNFα) is a cytokine which involved in stimulating
systemic inflammation and it is implicated in various diseases
such as cancer, depression and inflammatory bowel disease.
Although polymorphism in TNFα(-308 G/A) showed no
difference in frequencies between Indian IBS patients and
healthy volunteers[58], Barkhordari et al[59] showed that polymorphism of TNFα at position -308 and -238 were also
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significantly higher in IBS patients. TNFSF15 is a member

of the TNF (ligand) superfamily which codes for TL1A.
It is expressed primarily in macrophage, T cells, and immune cells that are exposed to pro-inflammatory stimuli
or microbes. TNFSF15 involves in the defense against
pathogens and homeostatic interactions with commensal
bacteria in the gut. Study by Zucchelli et al[60] showed the
Crohn’s disease risk allele rs4263839 G in TNFSF15 gene
was significantly associated with increased risk of IBS
and particularly in IBS-C patients. TNFRSF17 is expressed
in mature B lymphocytes and development of B cells. Besides its involvement in inflammatory bowel disease (IBD),
SNPs at position -1729G, -2445 and -2493 showed significantly distinct frequencies in patients with lower functional
gastrointestinal disorders compared to healthy controls[61].
Interleukins are important modulators in inflammatory responses, they play a vital role in intestinal inflammation. Pro-inflammatory cytokines such as interleukin
(IL)-6 and IL-8 has been up-regulated in IBS patients[56].
Although Camilleri et al[62] showed no difference in gene
polymorphisms of IL-6 was found between subtypes of
IBS patients and healthy individuals in American population, IL-6 G allele at position -174 showed higher frequencies in Iranian IBS patients[59]. Moreover, there was
significant difference in frequencies shown in IL-8 G allele
at position +396 and C allele +781 between IBS patients
and healthy controls. Besides, the combinations of IL-8
ATCC haplotypes (at positions -251, +396, +781 and
+1633) reported significant association with susceptibility
to development of IBS[63]. In Mexican population, IL-8 T
allele at position +781 was significantly overexpressed in
patients with IBS and IL-8 G allele at position +396 was
also associated with IBS[64].
Anti-inflammatory cytokines such as IL-10 and transforming growth factor (TGF) β1 also play an important
role in the regulation of immune and inflammatory responses. Although no significant difference was found in
colonic expression of TGFβ1 in IBS patients[65], RomeroValdovinos et al[63] showed that IL-10 A allele at position
1082 were significantly increased in IBS Mexican patients.
IL-10 can inhibit pro-inflammatory cytokines such as tumour necrosis factor beta (TNF-β). IL-10 ACC haplotypes
(at positions -1082, -819 and -592) were also associated
with development of IBS. IL-10 C allele at position -592
also showed association with higher risk in developing IBS
in Mexican population[64].

responses to subset of IBS patients. Besides, biomarker
discovery for this complex heterogeneous disorder remains a big challenge. Future studies should be required
to search for candidate genes with combinations of gene
expression profiling for target treatment and diagnosis for
specific subsets of IBS patients.
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Abstract
Toll-like receptors (TLRs) are germ line encoded innate
immune sensors that recognize conserved microbial
structures and host alarmins, and signal expression of
major histocompatibility complex proteins, costimulatory molecules, and inflammatory mediators by macrophages, neutrophils, dendritic cells, and other cell
types. These protein receptors are characterized by
their ability to respond to invading pathogens promptly
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by recognizing particular TLR ligands, including flagellin and lipopolysaccharide of bacteria, nucleic acids
derived from viruses, and zymosan of fungi. There are
2 major TLR pathways; one is mediated by myeloid
differentiation factor 88 (MYD88) adaptor proteins,
and the other is independent of MYD88. The MYD88dependent pathway involves early-phase activation
of nuclear factor of kappa light polypeptide gene enhancer in B-cells 1 (NF-κB1) and all the TLRs, except
TLR3, have been shown to activate this pathway. TLR3
and TLR4 act via MYD88-independent pathways with
delayed activation of NF-κB signaling. TLRs play a vital
role in activating immune responses. TLRs have been
shown to mediate inflammatory responses and maintain epithelial barrier homeostasis, and are highly likely
to be involved in the activation of a number of pathways following cancer therapy. Colorectal cancer (CRC)
is one of the most common cancers, and accounts
for almost half a million deaths annually worldwide.
Inflammation is considered a risk factor for many common malignancies including cancers of the colorectum.
The key molecules involved in inflammation-driven carcinogenesis include TLRs. As sensors of cell death and
tissue remodeling, TLRs may have a universal role in
cancer; stimulation of TLRs to activate the innate immune system has been a legitimate therapeutic strategy for some years. TLRs 3/4/7/8/9 are all validated
targets for cancer therapy, and a number of companies
are developing agonists and vaccine adjuvants. On the
other hand, antagonists may favor inhibition of signaling responsible for autoimmune responses. In this paper, we review TLR signaling in CRC from carcinogenesis to cancer therapy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Toll-like receptor; Colorectal cancer; Carcinogenesis; Prognosis; Cancer therapy
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sensors which can recognize inflammatory mediators.
TLRs have been shown to mediate inflammatory response and maintain epithelial barrier homeostasis. Inflammation is a risk factor for many cancers including
colorectal cancer (CRC). The key molecules involved
in inflammation-driven carcinogenesis include TLRs. In
this paper, we reviewed TLR signaling in CRC from carcinogenesis to cancer therapy.
Li TT, Ogino S, Qian ZR. Toll-like receptor signaling in colorectal
cancer: carcinogenesis to cancer therapy. World J Gastroenterol
2014; 20(47): 17699-17708 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i47/17699.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i47.17699

INTRODUCTION
Toll-like receptor biology
Toll-like receptors (TLRs) are a family of evolutionally conserved pattern recognition receptors (PRRs)[1-3].
TLRs are included in the type Ⅰ transmembrane glycoprotein receptor family with N-terminal ligand-recognition, transmembrane, and intracellular C-terminal signaling domains[4]. Currently, 13 TLRs have been identified
in humans and mice, and equivalent forms of many of
these have been found in other mammalian species[5].
TLRs recognize a wide range of microbial moieties, and
engagement by their respective ligand(s) triggers activation of intracellular signaling cascades leading to the induction of genes involved in antimicrobial host defence,
such as those encoding proinflammatory cytokines and
chemokines[6,7].
TLR signaling has been investigated extensively in
recent years. There are two important TLR pathways:
one is dependent on myeloid differentiation factor 88
(MYD88) adaptor proteins and the other is independent
of MYD88. All TLRs commonly use MYD88 as the
downstream adapter protein except TLR3. After activation with their individual ligands, TLRs recruit MYD88,
leading to subsequent activation of downstream factors,
including nuclear factor κB (NF-κB), mitogen-associated
protein kinase (MAPK), and interferon (IFN) regulatory
factors[8,9]. TLR signaling activates transcription factors,
and generates cytokines as well as chemokines via intracellular pathways (Figure 1). TLR2 and TLR4 combine
with their respective ligands to form dimeric complexes.
The configuration is then changed and 5 specific adapters
within cells are recruited, including MYD88, TIR domaincontaining adaptor protein (TIRAP)/MYD88 adaptorlike (Mal), TIR domain-containing adaptor-inducing
IFNβ (TRIF), TRIF-related adaptor molecule (TRAM),
as well as sterile α and armadillo motif-containing protein
(SARM)[4]. Immune cell expressing TLRs play important
roles in immune responses against invading pathogens.
TLRs recognize conserved pathogen-associated molecular
patterns (PAMPs) expressed on a wide array of microbes,
as well as danger-associated molecular patterns (DAMPs)
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released from stressed or dying cells[10].
TLR in disease and cancer
TLRs play a major role in microbe-host interactions and
innate immunity[11]. TLRs are very important in early innate immune defense mechanisms by activating canonical
and non-canonical pathways of inflammation. Because
TLRs are primary sensors of PAMPs, DAMPs, and stress
signals associated with allergen exposure, genetic variations in the TLR genes may influence the incidence, severity, and outcome of allergic diseases[2]. Several singlenucleotide polymorphisms within the TLR genes are
associated with altered susceptibility to infectious, allergic,
and inflammatory diseases as well as cancers[2].
More and more evidence suggests that malfunction
of TLR signaling contributes significantly to the development of autoimmune connective tissue diseases[3], tuberculosis[9], severe acute pancreatitis[12], necrotizing enterocolitis[13], atherosclerosis[14], alcohol-induced liver disease
and non-alcoholic steatohepatitis[15]. TLR signaling plays
a role in regulating injury responses of chronically injured
precancerous organs and promoting malignant cell survival[16]. The TLR/MYD88 pathway is essential for microbiota-induced development of colitis-associated cancer, and it was demonstrated that the severity of chronic
colitis directly correlates with colorectal tumor development and that bacterial-induced inflammation drives progression from adenoma to invasive carcinoma[17]. TLRs
and MYD88 signaling have been shown to be associated
with hepatic inflammation and hepatomitogen expression
which is important for hepatocarcinogenesis, suggesting
that a better understanding of TLR signaling pathways
may help to clarify the mechanisms of tumorigenesis,
and provide new therapeutic targets for hepatocellular
carcinoma[15]. Researchers have found that TLR9 initiates
a cascade of immune responses: expression of TLR9
promotes angiogenesis and cancer progression, and reduces survival, so an understanding of how TLR9 boosts
angiogenesis may help refine the development of anticancer agent[18,19]. Table 1 showed TLR functions in disease and cancer.
TLR in therapy
As the evidence for the involvement of TLRs in multiple
immune diseases has increased, more and more research
has shown that TLRs could be a therapeutic target for inflammatory diseases. TLR2 could be a useful therapeutic
target for the development of antagonists given the range
of diseases that are associated with this receptor[20]. The
humanized version of OPN-305 entered phase Ⅰ clinical
trials for the treatment of inflammatory autoimmune
diseases[20-22]. Small synthetic compounds, acting as TLR3
agonists and/or TLR2/TLR4, TLR7/9 and MYD88
antagonists may favor the inhibition of signaling responsible for autoimmune responses in multiple sclerosis and
experimental autoimmune encephalitis[20].
Various TLR agonists have been considered for multiple clinical applications, including cancer immunotherapy,
and the TLR7 agonist imiquimod is approved for topical
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Figure 1 Toll-like receptor signaling pathways. There are 2 major toll-like receptor (TLR) pathways: one is mediated by myeloid differentiation factor 88 (MYD88)
adaptor proteins, and the other is independent of MYD88. With the exception of TLR3, all other TLRs commonly use MYD88 as the downstream adapter protein.
Activated TLRs recruit MYD88, leading to subsequent activation of the downstream targets. TLR2 and TLR4 combine with their respective ligands to form dimeric
complexes and change their configuration, and then recruit specific adapters within cells, including MYD88, TIR domain-containing adaptor protein (TIRAP)/MYD88
adaptor-like (Mal), TIR domain-containing adaptor-inducing interferon (IFN)-β (TRIF) and TRIF-related adaptor molecule (TRAM). The subsequent activation of the
IKK complex, consisting of TBK1/TRAF3/IKKε, NEMO/IKBKE, induces phosphorylation of IKBKE, leading to the activation of transcription factors. TLRs bind bacterial
and viral PAMPs, leading to activation of proinflammatory and anti-viral signaling pathways including NF-κB1 and IFN regulatory factor-3 (IRF3) and 7 (IRF7), then
activation of transcription factors and production of inflammatory cytokines, leading to inflammation, immune regulation, survival, proliferation and tumorigenesis.

Table 1 Toll-like receptor functions in disease and cancer
TLR
TLRs
TLRs
TLRs
TLRs
TLRs
TLRs
TLR2/TLR4
TLR4
TLR4
TLR9
TLR9

Disease

Function

Autoimmune disease
Infectious disease
Cancer (CRC, HCC, etc)
Allergic diseases
Tuberculosis
Systemic inflammatory response syndrome
Atherosclerosis
NEC
Alcohol-induced liver injury
NASH
Cancer

Microbe-host interactions and innate immunity
Activating canonical and non-canonical pathways of inflammation
Carcinogenesis
Primary sensors of PAMPs, DAMPs and stress signals associated with allergen exposure
Recognition of Mycobacterium tuberculosis
Development of syndrome
Development of disease
Development of intestinal barrier failure
Activation of Kupffer cells
Development of disease
Angiogenesis

TLR: Toll-like receptor; CRC: Colorectal cancer; HCC: Hepatocellular carcinoma; PAMPs: Pathogen-associated molecular patterns; DAMPs: Danger associated molecular patterns; NEC: Necrotizing enterocolitis; NASH: Non-alcoholic steatohepatitis.
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therapy of basal cell carcinoma[23]. Most TLR-targeted
therapeutics are intercellular nucleic acid-derived immunoregulatory sequences. such as TLR3, TLR7, TLR8, and
TLR9. Agents can also target cell surface TLRs, including
TLR2 and TLR4. These therapeutics may be used in oncology, immune disease, and infectious disease[1].
Activation of the TLR4 pathway may cause chronic
inflammation and increase production of reactive oxygen
and nitrogen species (ROS/RNS), leading to oxidative and
nitrosative stress and TLR-related diseases. This implies
that drugs or substances that modify these pathways may
prevent or improve TLR-related diseases, for example,
anti-lipopolysaccharide (LPS) strategies, aim to neutralize
LPS and TLR4/MYD88 antagonists, including eritoran,
CyP, EM-163, epigallocatechin-3-gallate, 6-shogaol, cinnamon extract, N-acetylcysteine, melatonin, and molecular hydrogen[24]. Rajput et al[25] correlated TLR4 expression with resistance to paclitaxel in either depleted or
overexpressed TLR4 protein breast cancer cell lines and
found that paclitaxel not only killed tumor cells but also
enhanced their survival by activating the TLR4 pathway,
suggesting that blocking TLR4 could significantly improve
the response to paclitaxel therapy. TLR4 is critical for the
airway inflammatory response, and agents targeting TLRs
are being actively pursued as novel therapies for the treatment of airway diseases such as asthma[26]. Synthetic oligodeoxynucleotide-expressing CpG motifs (CpG-ODN) are
TLR9 agonists that can enhance the antitumor activity of
DNA-damaging chemotherapy and radiation therapy in
preclinical mouse models, and findings provide evidence
that the tumor microenvironment can sensitize cancer
cells to DNA-damaging chemotherapy, thereby expanding the benefits of CpG-ODN therapy beyond induction
of a strong immune response[27]. TLR9 agonists can exert
antitumor effects by blocking angiogenesis; it is likely that
TLR-induced IFNs play an important role as IFNα is well
known to suppress tumor angiogenesis[16].

TLR in COLORECTAL CANCER
carcinogenesis
General introduction
Colorectal cancer (CRC) is the fourth leading cause of
cancer-related death in the world and the third leading
cause in the United States[28]. Initiation and progression
of malignancies is the result of a series of complex processes that depend upon multiple interactive factors[29].
There are 3 distinct molecular mutagenic pathways, including chromosomal, microsatellite instability, and epigenetic pathway in colon carcinogenesis[11,22].
Inflammation is considered a risk factor for many
common malignancies including CRC[29,30]. The key molecules involved in inflammation-driven carcinogenesis
include TLRs, NF-κB signaling, pro- and anti-inflammatory cytokines, growth factors, kinase tumor suppressor
proteins, cyclooxygenases, and nitric oxide synthases[31].
Pimentel-Nunes et al[32] found persistently positive TLR
expression and lower expression of TLR inhibitors as-
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sociated with higher TLR protein levels throughout the
spectrum of lesions of colon carcinogenesis[22]. TLR3 may
indicate the tendency of normal tissue to form adenoma
or CRC[17].
Each receptor in CRC carcinogenesis (in vivo and in
vitro)
TLR2: TLR2 is encoded by a DNA sequence that codes
784 amino acids[9]. This type Ⅰ transmembrane receptor
is composed of an extracellular leucine-rich domain, a
single transmembrane domain, and a cytoplasmic domain[9]. Colon carcinogenesis is associated with increased
expression levels of TLR2 and TLR4. Functional TLR2
and TLR4 polymorphisms significantly alter the risk of
CRC. Smoking and obesity may influence the risk of
CRC along with these genetic profiles[33]. TLR2 is unique
in its requirement to form heterodimers with TLR1 or
TLR6 for the initiation of signaling and cellular activation[11]. Tumor cells from TLR2 knockout mice showed
less cell death and suppressed senescence[16]. Nihon-Yanagi
et al[34] suggested that TLR2 activation may also be involved
in sporadic colon carcinogenesis in humans.
In CRC , the role of TLR2 is still controversial. One
study showed that there were no differences between
wild-type and TLR2-deficient mice in CRC[16,35]. However,
another study showed increased tumor development and
higher interleukin (IL) 6, IL17A and phospho-signal
transducer and activator of transcription 3 (STAT3) levels in CRC in TLR2-deficient mice[16,36]. In colitis, TLR2
plays a protective role against the development of colitisassociated cancer[36]. TLR2 plays a key role in Grampositive bacterial, mycobacterial, fungal, and spirochetal
cell wall component recognition, while TLR4 seems to
be a key receptor of the Gram-negative component LPS;
both TLR2 and TLR4 in cancer patients are implicated in
carcinogenesis and antitumor treatment; the lower stress
response in laparoscopic colectomy vs open colectomy
provides an impetus to investigate the long-term results
of laparoscopic colectomy vs open colectomy for CRC[37].
Some papers also showed that TLR2 and TLR4 were
both associated with survival after diagnosis of colon
cancer, but not rectal cancer[38].
TLR4: TLR4 is composed of 839 amino acids. It is activated by bacterial LPS as well as lipotechoic acid[9]. TLR4
is expressed on human colon cancer cells and is functionally active. It is important in promoting immune escape of
human colon cancer cells by inducing immunosuppressive
factors as well as apoptosis resistance[31]. The TLR4 signaling pathway has oncogenic effects both in vitro and in vivo.
The increased individual expression of TLR4 and IL6 is
a common feature of CRCs and is associated with poor
prognosis[39-41]. To demonstrate the role of TLR4 signaling
in colon tumorigenesis, Wang et al[39] examined the expression of TLR4 and MYD88 in CRC, and suggested that
high expression of TLR4 and MYD88 is associated with
liver metastasis, and is an independent predictor of poor
prognosis in patients with CRC. Their findings also sug-
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gest that TLR4/MYD88 signaling contributes to CRC tumorigenesis not only in colitis-associated cancer but also
in sporadic CRC[39]. Other studies also showed that TLR4
signaling activates NF-κB through the MYD88 pathway,
leading to transcription of pro-inflammatory cytokines as
well as many important components of the inflammatory
response[42].
TLR4 is overexpressed in mouse and human inflammation-associated CRC, and TLR4-deficient mice are
strongly protected against colon carcinogenesis, suggesting that TLR expression on tumor cells promotes tumor
progression directly or indirectly[8]. TLR4 expression by
stromal fibroblasts is associated with poor prognosis in
CRC[43]. The TLR4 variant D299G induces neoplastic
progression in Caco-2 intestinal cells and is associated
with advanced human colon cancer, implying a novel
link between colonic carcinogenesis and aberrant innate
immunity[44]. Single TLR4, LY96 (MD-2), and CXC chemokine receptor 7 (CXCR7) expression levels are significantly correlated with human CRC TNM stage, advanced
histological grade, tumor size, and lymph node metastasis;
furthermore, concomitant expression of TLR4, LY96 and
CXCR7 has been shown to be associated with increased
potential for carcinoma growth and metastasis in human
CRC[29]. Cammarota et al[45] found that adenocarcinoma
patients (pT1-4) with higher TLR4 expression in the
stromal compartment had a significantly increased risk
of disease progression, and high TLR4 expression in the
tumor microenvironment represents a possible marker of
disease progression in colon cancer. Nox enzymes are major sources of endogenous ROS generation in response
to inflammatory mediators, including cytokines, growth
factors, and hypoxic conditions, all of which are elevated
in response to surgical trauma[42,46,47]. It was shown that
the LPS-Nox1 redox signaling axis plays a crucial role in
facilitation of colon cancer cell adhesion, thus increasing
the potential for colon cancer cell metastasis. Nox1 may
represent a valuable target to prevent colon cancer metastasis[42].
TLR9: TLR9 recognizes unmethylated CpG motifs in
bacterial DNA[9]. TLR9 is expressed mainly in intracellular
vesicles such as the endoplasmic reticulum, lysosomes,
endosomes and endolysosomes, where they recognize
microbial nucleic acids[1]. TLR9 recognizes DNA derived
from both DNA bacteria and viruses[1,48]. Several studies
have shown that TLR9 engagement on CD4 T cells can
enhance their survival and therefore, could potentiate antitumor responses by prolonging T cell survival[10,49]. The
role of TLR9 signaling in colonic carcinogenesis remains
unclear. It was recently reported that oligodeoxynucleotides targeting TLR9 have opposite effects in modulating
DNA repair genes in tumor cells vs immune cells, and
enhance the biologic effects of chemotherapy. TLR9 expression was decreased in hyperplastic and villous polyps
from patients who developed CRC, suggesting a possible
protective role of TLR9 expression against malignant
transformation in the colorectal mucosa[50]. Table 2 and
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Figure 2 show the TLRs involved in CRC.

TLR in CRC prognosis
It was reported that high expression of the TLR4/ MYD88
signal was correlated with poor prognosis of CRC[51]. In
the tumor microenvironment, high TLR4 expression
represents a possible marker of disease progression in
colon cancer[45]. TLR4 expression in stromal fibroblasts is
associated with poor prognosis in CRC, therefore, TLR4
expression in fibroblasts could be a useful prognostic
marker in CRC[43]. It has been documented that the deregulated activation of STAT3 and NF-κB is a common
feature of gastrointestinal cancers and invariably correlates with poor prognosis; NF-κB and STAT3 are key
downstream signal transducers of the TLR families and
IL-6 cytokine, respectively; the molecular mechanisms are
associated with cross-talk between the IL-6 cytokine family/STAT3 signaling network and the TLR family/NF-κB
signaling network, and there is potential benefit in their
therapeutic targeting in colorectal and gastric cancers[7].
Genetic variations in TLR2, TLR3 and TLR4 may influence colon cancer development as well as survival after
diagnosis with colon cancer[38]. Persistent TLR-specific
activation of NF-κB in CRC and particularly in tumorinitiating cells may sustain further tumor growth and progression through perpetuation of signaling from inflammatory and tissue repair mechanisms, with consequent
self-renewal of pluripotent tumor cells. TLR7 and TLR8
expression on PROM1 (CD133)+ cells in CRC may play a
specific role in tumorigenesis and tumor progression[52].

TLR in CRC therapy
Agonists
TLR agonists play a fundamental role in activating innate and adaptive immune responses[10]. TLR agonists
are currently under investigation as vaccine adjuvants in
anticancer therapies for their ability to activate immune
cells and promote inflammation[10]. A growing body of
evidence indicates that TLRs are expressed or can be induced on various cell types, including T cells and tumor
cells[8,10].
Current available synthetic TLR2 ligands are based on
cell wall constituents of (potential) pathogens, and adjuvant research could possibly benefit from elucidating the
variations in the LPS make-up of probiotic strains. With
regard to the indispensable role of pattern recognition
receptors (PRRs) in facilitating microbe-induced TLR2
function, determination of specific PRRs involved in the
recognition of probiotic strains would aid research on the
mechanism of action of probiotics. In addition, because
microbial manipulation of PRR-TLR crosstalk is used
by pathogens to subvert appropriate immune responses,
determination of the specific PRRs involved could lead
to new therapeutic approaches[11]. The TLR2⁄4 agonists
S100A9 and HMGB1 have been touted as potential biomarkers for CRC, as they are upregulated significantly in
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TLR4 agonist HMGB1,
S100A9, MPLA

TLR4 antagonist

TLR2

TLR4

TLR4

MYD88

MYD88

MYD88

TLR2 agonist HMGB1,
S100A9

TLR9 agonist CpG-ODN

TLR9
Endosome

NF-κB, IRF and MAPK signaling

CRC cell

MYD88

Figure 2 Toll-like receptors in colorectal cancer and therapeutics. Toll-like receptor (TLR) agonists play a fundamental role in activating innate and adaptive immune responses. The TLR2 and TLR4 agonists HMGB1 and S100A9 have been proposed as potential biomarkers for colorectal cancer (CRC). The TLR4 agonist
monophosphoryl lipid (MPL) A is approved for use in several vaccines as an adjuvant. TLR9 agonist, commonly referred to as CpG-ODN, has been added to the
arsenal of anti-cancer drugs as monotherapy or in combination with chemotherapy, radiotherapy and other immunotherapeutic approaches. Activated TLR2, TLR4 and
TLR9 recruit MYD88, with activation of NF-κB, IRF, and MAPK signaling, leads to inflammation, immune regulation, survival, proliferation and tumorigenesis. MAPK:
Mitogen-associated protein kinase; IRF: Interferon regulatory factor; NF-κB: Nuclear factor (NF)-κB.

Table 2 Toll-like receptors role in colorectal cancer
TLR

Carcinogenesis

Prognosis

Treatment

TLR2

Controversial role in mouse model; protective against
development of CRC in colitis
Oncogenic effects in vitro and in vivo
Remain unclear; possible protection against malignant
transformation in colorectal mucosa

Associated with survival after diagnosis of colon cancer

HMGB1, S100A9

Poor progression

HMGB1, S100A9, MPLA
CpG-ODN

TLR4
TLR9

CRC: Colorectal cancer; TLR: Toll Like receptor.

CRC and have been shown to be regulated by STAT3,
which is hyperactivated in approximately 90% of colorectal tumor biopsies[41,53,54]. The TLR4 agonist monophosphoryl lipid A is approved for use in several vaccines as
an adjuvant[1,51].
Rosa et al[55] established a KRAS mutated CRC model
and showed that an immunomodulatory oligonucleotide sequence in combination with cetuximab had an
antitumor effect. This is probably based on the alteration
of MAPK phosphorylation, resulting in structural and
functional changes in the relationship between epidermal
growth factor receptor (EGFR) and TLR9[50,55]. Mutation
of the KRAS gene has a critical role in colon cancer and
may cause resistance to anti-EGFR therapy, which is the
reason why panitumumab and cetuximab therapy do not
show a positive effect on the control of proliferation and
metastasis in KRAS-mutated colon cancer; this kind of
biological therapy could only be useful in the case of pa-
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tients carrying the wild-type KRAS gene; estrogen receptors may take part in colorectal carcinogenesis, and interaction between TLR9 and estrogen receptors may have
further therapeutic importance in CRC, and TLR9 agonist therapy has been tested clinically on the colon[50]. The
TLR9 agonist, which is commonly referred to as CpGODN, has been added to the arsenal of anti-cancer drugs
as monotherapy, or in combination with chemotherapy,
radiotherapy, and other immunotherapeutic approaches,
as they increase antigen presentation and boost anti-tumor
B and T cell responses[56]. TLR9 agonists were reported
to show TP53-independent activity within human CRC
cells, inhibit their proliferation, promote apoptosis, and
improve anti-cancer effects of radiotherapy and chemotherapy[17]. One therapeutic advantage of the use of
TLR9 agonists in this tumor model could be to sensitize
tumors to the toxic effects of radiation treatment[10,57].
Combined administration of a TLR9 agonist and an
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Table 3 Summary of therapy in colorectal cancer
Compound
BCG[10,71,72]
MPL[10,72]
CBLB502[1,23,71]
Imiquimod (Aldara)[10,71,72]
IMO2055[1,10]
MGN1703[16]

Target (agonist)

Indications

Drug class or trade

Clinical phase

TLR2/4
TLR4
TLR5
TLR7
TLR9
TLR9

CRC
CRC
Colon cancer
CRC
CRC
CRC

Synthetic ssRNA
Synthetic ssRNA
Flagellin
Small molecule ssRNA
CpG oligonucleotide
dSLIM

Phase Ⅰ
Phase Ⅰ
Phase Ⅰ
Phase Ⅰ/Ⅱ/Ⅲ
Phase Ⅰ/Ⅱ
Phase Ⅱ

IL-10 antagonist is one of the candidates for cancer treatment[8]. Recently, it was shown that TLR ligands may be
critical for dendritic cell (DC) activation, and combined
TLR activation can lead to better DC maturation status,
and also induce more effective antitumor immune responses against colon cancer, showing that it may be a
potential strategy to develop more powerful DC cancer
vaccines[58].
It was reported that specific small molecule inhibitors
of phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit alpha (PIK3CA) reduce immunosuppression
to increase the proinflammatory effects of TLR ligands
that support antitumor immunity. Multiple strategies to
inhibit PIK3CA in DC led to IL-10 and transforming
growth factor-β1 suppression but did affect IL12 or IL1B
induction by the TLR5 ligand flagellin[59].
Antagonist
TLR4 plays an important role in innate immunity as
the first line of host defense. Most human cells express
high levels of TLR antagonist proteins and a low level
of TLR4. Tumor progression involves TLR4-mediated
irregular and uninhibited production of proinflammatory cytokines, immunosuppressive cytokines as well as
chemokines; suggesting that the discovery of TLR4 antagonists may be an ideal strategy to treat tumors. TLR4
antagonists were found to pose a risk of compromising
host immunity in other studies, so that it is a scientific
dilemma whether a TLR4 agonist or antagonist should
be targeted as treatment for cancer[60]. The TLR4/LY96
antagonist antibody inhibited colitis-associated neoplasia
in a mouse model, and it was shown that TLR regulation
can affect the outcome of both acute colitis and its consequences, i.e., cancer. Targeting TLR4 and other TLR’s
may ultimately play a role in prevention or treatment of
colitis-associated cancer[61].

TLR in clinical trialS
The developmental process for TLR-targeting products
in cancer has not been altogether straightforward, and
two of the earliest TLR pioneers have had disappointing
results. However, there are a number of promising second-generation products currently in development, and
targeting of TLR9 for metastatic CRC in clinical phase
[45]
Ⅱ/Ⅲ trials is being performed by Mologen company .
Various TLR agonists are currently under investigation
in clinical trials for their ability to orchestrate antitumor
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immunity [10]. Pollinex Quattro (Allergy Therapeutics
Ltd., Worthing, UK) is a vaccine that contains a monophosphoryl lipid adjuvant to stimulate TLR4, combined
with ragweed pollen extract for the treatment of seasonal allergic rhinitis[1,62]. Following positive results in
phase Ⅲ trials, Allergy Therapeutics have submitted Pollinex Quattro for regulatory approval in Europe[1]. TLR9
is a key determinant of the innate immune responses in
both sterile and infectious injury. Specific TLR9 antagonism reduces tissue damage in a wide range of pathologies, and has been delivered by modification of nucleic
acids, a recognized ligand for TLR9, and a novel smallmolecule enantiomeric analogue of traditional morphinans which has specific TLR9 antagonist properties and
reduces sterile inflammation-induced organ damage[52].
Some of the TLR-based therapeutics under evaluation in
CRC are shown in Figure 2 and Table 3.

CONCLUSION
TLRs are very interesting receptors and are highly important in the field of adjuvant, pathogen, and probiotic
research. TLRs constitute a link between adaptive (specific) and innate (non-specific) immunity, contributing to
the capacity of our immune system to efficiently combat
pathogens. They also enable immune cells to discriminate between self and nonself antigens [17]. TLRs are
connected to the cell signaling machinery via intracellular
adaptor molecules, and stimulation of the TLR/IL1R
signaling pathway activates the major inflammatory transcription factor NF-κB1 by allowing its nuclear translocation[63]. Predictably, MYD88 was shown to play a
role in tumorigenesis via TLR and IL1 proinflammatory
mechanisms[63-65]. TLR-mediated signaling can promote
tumor growth, and using a TLR agonist or antagonist in
combination with an antigen isolated from tumors may
increase the effect of vaccination and evoke specific innate immunity against a tumor[6]. TLR stimulation results
in NF-κB1 activation, a key modulator in driving inflammation to cancer and mitogen-activated protein kinases
that have been shown to recruit mitotic and prostaglandin endoperoxide synthase 2 (PTGS2)-induced pathways
in carcinogenesis[66].
CRC is a major cause of cancer-associated morbidity
and mortality worldwide, and is the third most common
cancer in men and women; in addition, CRC is the third
leading cause of cancer-related deaths, and the incidence
of this disease is increasing[67,68]. The role of TLRs in

17705

December 21, 2014|Volume 20|Issue 47|

Li TT et al . Toll-like receptor signaling in CRC

CRC pathology has not been fully elucidated. Bacterial
infection stimulates the TLR/MYD88 pathway in tumor
tissues, which leads to the induction of PTGS2 in stromal cells, including macrophages, and induction of the
PTGS2/PGE(2) pathway in tumor stroma is important
for the development and maintenance of an inflammatory microenvironment in gastrointestinal tumors[69]. Persistent TLR-specific activation of NF-κB in CRC, and particularly in tumor-initiating cells, may thus sustain further
tumor growth and progression through perpetuation of
signaling in inflammatory and tissue repair mechanisms,
with consequent self-renewal of pluripotent tumor cells;
activation through self-ligands or viral RNA fragments
may maintain this inflammatory process, suggesting a key
role in cancer progression[66]. Chronic activation of TLRs
expressed by tumor cells from CRC and pluripotent
PROM1 (CD133)+ colon cancer initiating cells may sustain inflammation responses, mediate resistance to apoptosis, and promote further tumor progression. Therefore,
targeting of TLR signaling may be a potential mechanism
to abrogate this inflammation-mediated effect in tumor
progression[66]. The pathways that are downstream of
TLRs and culminate in proliferation and recruitment of
inflammatory cells during injury can be usurped to support cancer development[70].
Although much effort has been put forward to determine TLR ligand requirements and receptor activity,
many questions remain. However, there are reasons to
be optimistic that TLRs represent strong candidates for
cancer targeting. Drug candidates are being developed
to target CRC or act as vaccine adjuvants. We hope that
they can be safely used systemically and have the power
to transform chemotherapeutic interventions in CRC in
the near future.
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Abstract
Bowel preparation is a core issue in colonoscopy, as
it is closely related to the quality of the procedure.
Patients often find that bowel preparation is the most
unpleasant part of the examination. It is widely accepted that the quality of cleansing must be excellent
to facilitate detecting neoplastic lesions. In spite of its
importance and potential implications, until recently,
bowel preparation has not been the subject of much
study. The most commonly used agents are high-volume polyethylene glycol (PEG) electrolyte solution and
sodium phosphate. There has been some confusion,
even in published meta-analyses, regarding which of
the two agents provides better cleansing. It is clear
now that both PEG and sodium phosphate are effective
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when administered with proper timing. Consequently,
the timing of administration is recognized as one of the
central factors to the quality of cleansing. The bowel
preparation agent should be administered, at least in
part, a few hours in advance of the colonoscopy. Several low volume agents are available, and either new
or modified schedules with PEG that usually improve
tolerance. Certain adjuvants can also be used to reduce the volume of PEG, or to improve the efficacy
of other agents. Other factors apart from the choice
of agent can improve the quality of bowel cleansing.
For instance, the effect of diet before colonoscopy has
not been completely clarified, but an exclusively liquid
diet is probably not required, and a low-fiber diet may
be preferable because it improves patient satisfaction
and the quality of the procedure. Some patients, such
as diabetics and persons with heart or kidney disease,
require modified procedures and certain precautions.
Bowel preparation for pediatric patients is also reviewed
here. In such cases, PEG remains the most commonly
used agent. As detecting neoplasia is not the main objective with these patients, less intensive preparation
may suffice. Special considerations must be made for
patients with inflammatory bowel disease, including
safety and diagnostic issues, so that the most adequate
agent is chosen. Identifying neoplasia is one of the main
objectives of colonoscopy with these patients, and the
target lesions are often almost invisible with white light
endoscopy. Therefore excellent quality preparation is
required to find these lesions and to apply advanced
methods such as chromoendoscopy. Bowel preparation
for patients with lower gastrointestinal bleeding represents a challenge, and the strategies available are also
reviewed here.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colonoscopy; Optimal preparation; Polyethylene glycol; Sodium phosphate; Special patients;
Timing
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Core tip: Bowel preparation for colonoscopy is a central issue related to the quality of the procedure. There
are different agents for bowel preparation that can be
administered with different schedules. We review the
most commonly used agents, as well as new agents
and combinations. Moreover, certain considerations
should be taken into account for special populations in
order to improve safety, efficacy and tolerance. Regimens for bowel preparation in special situations are
discussed, such as for pediatric patients, patients with
diabetes or inflammatory bowel disease, and in cases
of heart or kidney failure or lower gastrointestinal
bleeding.
Parra-Blanco A, Ruiz A, Alvarez-Lobos M, Amorós A, Gana JC,
Ibáñez P, Ono A, Fujii T. Achieving the best bowel preparation for
colonoscopy. World J Gastroenterol 2014; 20(47): 17709-17726
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i47/17709.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i47.17709

INTRODUCTION
Colonoscopy is the method of choice to evaluate colonic mucosa and the distal ileum, and plays an important
role in diagnosis and treatment. Its successful implementation depends on many factors, but colon cleansing is
a key factor[1]. Proper cleaning is usually defined as one
that allows the detection of colonic polyps 5 mm or
larger[2], though this concept does not consider the shape
of the lesions, and it is well known that flat lesions are
harder to detect. The cecal intubation rate and adenoma
detection rate are two of the main quality endoscopic
indices, both of which are directly related to the quality
of preparation[3]. Insufficient cleaning can result in lower
detection rates of incipient and advanced adenomas, flat
lesions, and flat adenomas[3-6], a higher rate of canceled
procedures with increased costs, lengthier procedures,
and a higher risk of complications[7]. Bowel preparation
is one of the issues that negatively influence the willingness of patients to undergo colonoscopy screening[8,9].
Adherence to preparation is a key factor for improving
bowel preparation. However, it has limitations due to
side effects and poor tolerance among patients to the
taste, which are the main reasons for avoiding the procedure[10]. At present, there is no consensus on the ideal
method of bowel preparation. This review will analyze
different methods of bowel preparation currently available, factors associated with the quality of cleansing, and
preparation in special settings, including urgent colonoscopy for lower gastrointestinal bleeding.
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WHAT IS THE BEST AGENT FOR BOWEL
PREPARATION?
Information from meta-analyses regarding polyethylene
glycol and sodium phosphate
The two most widely studied formulations are solutions
based on polyethylene glycol (PEG) and sodium phosphate (NaP). PEG electrolyte solution (PEG-ELS) was
introduced by Davis et al[11] in 1980 and consists of an
isotonic oral, non-digestible and non-absorbable solution. Typically, 4 L of PEG-ELS is administered; the high
volume and the unpleasant taste are among the major
disadvantages of this solution. In the late 1980s, NaP was
introduced as an alternative low-volume solution[12]. NaP
is a saline laxative administered in two doses of 45 mL diluted in 250 mL water each. Due to its mechanism of action, safety precautions should be taken with patients with
a history of or risk of developing renal dysfunction[13].
Many clinical studies have attempted to determine
which of these preparations provides better results in
terms of colon cleansing, adherence and safety. However,
the results are controversial and multiple methodological problems limit the value of comparison. In order to
synthesize and critically analyze this information, several
meta-analyses of randomized clinical trials (RCTs) have
been published, which we will review below.
Six meta-analyses were published between 1998 and
2012 that compared PEG and NaP for bowel preparation of adult patients for elective colonoscopy[14-19] (Table
1). Three of these were developed exclusively to evaluate
this relationship[14,17,18], whereas the other three included
comparisons of different schedules of the same agent,
or the use of other agents. Meta-analyses have also been
published comparing different formulations of PEG[20]
that are not considered here. The meta-analyses included
between 8 and 104 RCTs. Five of the six meta-analyses
found no significant difference in quality between PEG
and NaP[18]. The outcomes of these meta-analyses considered effectiveness in terms of colon cleansing, tolerance, compliance and security. The main results and characteristics of these studies are summarized.
Effectiveness
Three of the meta-analyses[14,15,18] concluded that NaP is
better than PEG in achieving satisfactory colon cleansing (excellent or good: defined as the presence of small
volumes of clear liquid in the lumen: < 25%, allowing for
viewing more than 90% of the surface)[17]. One of the
meta-analyses evaluated PEG and NaP in various presentations and concluded that NaP (in tablet form) was superior to other modalities[18]. The other two studies found
no statistically significant differences among preparations.
However, in their latest meta-analysis, which included the
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Table 1 Features of meta-analyses that compared polyethylene glycol to sodium phosphate
Ref.

Trials, n

Period of inclusion

Comparisons

Hsu and Imperiale

1980-1996

PEG vs NaP

8/8

Tan et al[15]

1990-2005

PEG/NaP/sodium picosulfate

29/18

Belsey et al[16]

Until January 2006

PEG/NaP/Others

82/25

Juluri et al[17]

1990-2008

PEG vs NaP

18/18

Juluri et al[18]

1990-2008

PEG vs NaP

71/71

Belsey et al[19]

Until June 2010

PEG/NaP/others

104/31

[14]

1

Patients, n

1

Results

1286/1286

NaP better than PEG:
Better at cleansing
Better at compliance
Lower cost
Safety: NaP = PEG
6459/3484 NaP better than PEG:
Better at cleansing
Better at compliance
Safety: NaP = PEG
-/3748
Cleansing: PEG = NaP
NaP better for tolerance
Safety: PEG = NaP
2792/2792 NaP better than PEG:
Better at cleansing
Better at compliance
Safety: NaP = PEG
10201/10201 Not statistically different
NaP more likely to comply better
-/4450
PEG = NaP
PEG better than NaP in proximal colon
No information about compliance

1

total/PEG vs NaP. PEG: Polyethylene glycol; NaP: Sodium phosphate.

largest number of studies, Belsey et al[19] showed that PEG
achieved better cleansing of the ascending colon [odds
ratio (OR) = 2.36; 95% confidence interval (CI): 1.16-4.77;
P = 0.012], which is very relevant for colon cancer screening. They also found that PEG is better when the preparations are fully administered the day before the procedure
(OR = 1.78; 95%CI: 1.13-2.8; P = 0.006). Unfortunately,
all the meta-analyses concluded that there is a wide heterogeneity among the studies included in their reviews, in
relation to the small number of trials, poor information
regarding randomization methods, route of administering
the solution, time between completing preparation and
beginning colonoscopy, indication and adherence to fiberfree diet before the procedure, and the lack of validated
scales to define colonic cleansing. This last aspect is very
important, because this assessment will be influenced by
the subjectivity of endoscopists, leading to wide inter-observer variability that limits the validity of the results[7,21].
Compliance
Five meta-analyses evaluating this topic concluded that
patients who received NaP have higher rates of success
than those receiving PEG[14-18]. As noted above, PEG
normally requires high volumes (4 L). It also has a disagreeable flavor that provokes intolerance. Both factors
result in lower success rates. However, available information suggests that there is no statistically significant difference when PEG administered in split doses or smaller
volumes is compared to NaP[18].
Safety
In general, the studies in the meta-analyses excluded patients with comorbidities such as renal failure, recent myocardial infarction, cirrhosis with ascites, congestive heart
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failure, acute inflammatory bowel disease, bowel obstruction, etc. With these exclusions, four meta-analyses suggest that there is no statistically significant difference in
the profile of clinically significant adverse effects[14-17].
PEG is associated with higher rates of nausea, vomiting
and bloating, while NaP has higher incidence of dizziness
and mild biochemical abnormalities (hypernatremia, hypocalcemia, hyperphosphatemia, hypokalemia), without
clinically relevant impacts[16]. Phosphate-containing solutions have the drawback of side effects and may cause
electrolyte problems (hyperphosphatemia, hypocalcemia,
hypokalemia, plasma hyperosmolarity, hyponatremia and
hypernatremia)[22]. Therefore, their use is discouraged in
patients with impaired renal function, dehydration, hypercalcemia or hypertension requiring drug inhibitors of
angiotensin converting enzyme, as these patients have experienced phosphate nephropathy related to age, and the
dose of the drug[23-25]. Recent guidelines do not support
the use of NaP[1].
In summary, overall results from available studies do
not indicate that either agent is better than the other,
while sub-analyses show PEG to be somewhat better.
Although NaP seems to be more tolerable than high-dose
PEG, concerns about safety significantly limit the applicability of this agent.

ARE THERE ANY ADVANTAGES TO
LOW-VOLUME SOLUTIONS?
Although high-volume PEG formulations are more effective and safer than other osmotic agents, the main disadvantage is the large volume (4 L) that patients are required
to ingest and the salty taste due to sodium sulfate. To improve its tolerability, flavored PEG solutions have been
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developed (with no sulphates), while low-volume PEG (2
L) has also come into use[17,26].
In a randomized study, a low-volume PEG (2 L)
preparation combined with bisacodyl was similar to a
standard full-volume PEG preparation in terms of efficacy, but was better tolerated[27]. Five RCTs (a total of
1997 patients) used a commercially available formulation
of 2 L of PEG with ascorbate (PEG-A) instead of the
conventional 4-L dose of PEG[28-32]. No significant differences were found between the low-volume and the 4-L
formulations in terms of cleanliness for the entire colon.
However, cleanliness in the right colon (assessed in a
single study) was less often satisfactory with the 2-L than
with the 4-L PEG (54% vs 82% of patients, P < 0.001)[30].
Of note, cleanliness in the right colon can be particularly
important in screening. Two RCTs reported that willingness to repeat bowel preparation was higher with the
low-volume formulation than with the 4-L PEG (73%
vs 65%, P = 0.079)[29,30]. In another randomized study
comparing PEG-A to 4-L PEG plus simethicone, no differences were observed in efficacy, safety or tolerance[33].
In a RCT that compared PEG-A to another new low-volume solution (PEG-citrate-simethicone), both in combination with bisacodyl[34], the latter preparation was more
effective in bowel cleansing for outpatient colonoscopy.
The two low volume solutions were similar in terms of
levels of tolerability, safety, acceptability and compliance.
However, in this study, the agents were administered on
the day before the colonoscopy, which does not comply
with current recommendations[1].
PEG-A has also been compared to NaP solutions.
In a randomized study, adequate cleansing was obtained
in 63.9% with NaP solution vs 72.5% with PEG-A[35].
Tolerance was higher with PEG-A. PEG-A has a high
level of ascorbic acid (approximately 250 times the recommended daily allowance), which potentially causes
hydroelectrolitic-metabolic disturbances. Nevertheless,
a recent study showed that PEG-A is similar to 4 L of
PEG in terms of safety and hydroelectrolitic changes,
except for blood bicarbonate levels, which were lower
with PEG-A, though within safe limits[36].
Both magnesium citrate and sodium picosulfate (MCSP) are also low-volume solutions that should be administered with sufficient liquid to prevent side effects. A
combination of SP magnesium oxide and citric acid is
commercially available. It can effectively clean the bowel
in 70%-80% of patients, but may be associated with dehydration and electrolyte problems[26]. As magnesium is
removed exclusively by the kidneys, caution should be exercised in patients with renal failure. Several randomized
trials comparing MC-SP preparations with an aqueous
NaP preparation found that the SP-based preparations
were better tolerated and produced a similar degree of
cleansing[37-39]. One trial in which the preparation agents
were administered the day before colonoscopy found that
right colon cleansing was better with MC-SP plus bisacodyl than with NaP and MC-SP alone[40]. This study suggests that bisacodyl should be added if osmotic solutions
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are to be given the day before.
MC-SP and PEG preparations have also been compared. One trial found that day-before dosing of MCSP and a PEG preparation were similar regarding bowel
cleansing, but the former was better tolerated by patients[41]. A recent meta-analysis that includes most of the
RCTs described showed that 4-L split-dose PEG is better than other bowel preparation methods for colonoscopy[42]. In a related study that compared split dosing of
MC-SP with day-before dosing of a PEG plus bisacodyl
preparation, patients receiving the SP-based preparation
had better colon cleansing and reported better tolerance
of the preparation[41,43].
Administering enemas, bisacodyl, or metoclopramide in
addition to the standard dose of PEG has not been shown
to improve the quality of the preparation or the patient’s
tolerance, so it is not recommended[44,45]. However, bisacodyl does improve the effectiveness of the preparations of
low-volume PEG (2 L)[46].
An alternative to NaP is sodium sulfate. There are still
very few studies evaluating this new preparation. A study
comparing 4-L PEG solution (given on the day before) to
sodium sulfate (given in two doses, the second on the day
of the colonoscopy)[22] observed better preparation with
the latter (adequate: 71.4% vs 34.3%; P < 0.001) with no
difference in adverse effects. In a pilot study of a Japanese population, sodium sulfate was effective in cleansing
the colon in 98% of the cases[47]. Comparison studies
including low-volume solutions are shown in Table 2.

A KEY FACTOR FOR OPTIMAL
PREPARATION: TIMING OF
ADMINISTRATION
The timing of bowel preparation is among the major
factors related to the quality of cleansing. However,
this has been recognized only recently. In Japan, bowel
preparation has consistently been administered on the
same day as the colonoscopy[48], usually only a few hours
in advance, and often in the endoscopy unit. In contrast,
Western countries have not introduced this concept until
recently. In 1997, Frommer[49] was the first author to argue that NaP achieved a better quality of cleansing when
administered on the same day, and in 1998, Church[50] argued the same regarding PEG. The argument is that gastric and intestinal secretions from the small to the large
bowel continue, so that with time, the benefits of bowel
cleansing are undone.
In a meta-analysis of randomized trials comparing a
full dose of PEG (on the day before colonoscopy) with a
split dose (second dose on the same day), Kilgore et al[20]
found that a split dose significantly increased the rate
of satisfactory preparation, the willingness to repeat the
same preparation, and significantly decreased the number
of discontinued preparations and incidences of nausea.
It is not unexpected that when bowel prep is administered the day before colonoscopy, the quality of cleansing
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Table 2 Comparison studies including low-volume solutions
Ref.

n

Comparison

DiPalma et al[27]
Jansen et al[28]

Pontone et al[29]
Corporaal et al[30]
Marmo et al[31]

PEG 4 L vs PEG 2 L+ 20 mg bisacodyl
PEG 4 L

Conclusion

93/93
PEG 2 L + bisacodyl is more tolerable
91/91/102/86/91 PEG 2 L + ascorbate equal to PEG 4 L solution in cleansing
quality, taste and compliance
NaP inferior to PEG 4 L in bowel cleansing quality

vs PEG 4 L + with 20 mL simethicone
vs PEG 2 L + ascorbate
vs PEG 2 L + ascorbate with 20 mL simethicone vs
NaP
PEG 4 L vs PEG 2 L + ascorbate
PEG 4 L vs PEG 2 L + ascorbate
PEG 4 L vs PEG 2 L + ascorbate

72/72
149/158
435/433

Ell et al[32]
Gentile et al[33]
Repici et al[34]

PEG 4 L vs PEG 2 L + ascorbate
PEG 4 L vs PEG 2 L + ascorbate
PEG 2 L + ascorbate vs PEG 2 L + citrate + bisacodyl

153/155
60/60
202/203

Bitoun et al[35]

PEG 2 L + ascorbate vs NaP

169/171

Rex et al[22]
Renaut et al[37]
Choi et al[38]
Schmidt et al[39]
Hookey et al[40]

4 L PEG SF-ELS vs NaP
MC-SP vs NaP
NaP vs magnesium citrate + NaP (45 mL)
MC-SP vs NaP
MC-SP + bisacodyl vs MC-SP vs NaP

68/68
32/41
79/80
182/190
105/109/101

Tjandra et al[42]
Katz et al[41]
Rex et al[43]

MC-SP vs NaP
MC-SP vs PEG 2 L + 10 mg bisacodyl tablets
PEG 2 L + bisacodyl 5 mg vs picosulphate

120/102
300/303
304/297

Residual stool score significantly lower with PEG 4 L
PEG + ascorbate less effective in right colon cleansing
PEG + ascorbate as effective as high-volume PEG-electrolyte
solution but has superior palatability
PEG + ascorbate same efficacy and safety, better tolerance
Similar efficacy
PEG 2 L + citrate + bisacodyl more effective for bowel
cleansing
PEG + ascorbate at least as efficacious as NaP, comparable
efficacy, better tolerability profile
NaP superior bowel cleansing, similar tolerability
MC-SP better tolerated, similar cleansing effectiveness
Both similar effectiveness
MC-SP better tolerance, similar cleansing effectiveness
MC-SP + bisacodyl better colon cleansing in the right colon
compared with two other groups
NaP better cleansing
Similar quality of cleansing
Picosulphate is better for cleansing bowel and tolerated

MC-SP: Magnesium citrate and sodium picosulfate; NaP: Sodium phosphate; PEG: Polyethylene glycol; SF-ELS: Sulfate-free electrolyte; SPS: Sodium picosulphate.

is poorer on the right side of the colon[5]. There has been
some confusion regarding the relationship between the
timing of colonoscopy and the quality of bowel cleansing.
Some reports have found that afternoon colonoscopies
had superior quality cleansing, but this happened when
bowel prep was given on the previous day for morning
colonoscopies, and on the same day for afternoon colonoscopies; therefore, in the former, the preparation-colonoscopy interval was longer. For instance, Sanaka et al[51]
found inadequate bowel preparations in 15% of morning
colonoscopies compared to 20% in afternoon colonoscopies when the patients received the preparation the day
before. In a study that randomized patients for afternoon
colonoscopies to receive 3.8 L of PEG administered the
day before, or on the morning of the colonoscopy, the
Ottawa score per segments and overall was significantly
better with the latter group[52]. Moreover, when the time
interval from the moment of administration of the bowel prep to the colonoscopy remains stable, the quality of
bowel prep is similar for morning or afternoon examinations. Eun et al[53] compared 4-L PEG administered at 5
am for morning colonoscopies, or at 8 pm for afternoon
examinations and found similar results in terms of quality of cleansing, noting that colonoscopies performed
within 7 h of initiation of PEG intake and those performed within 4 h of completing PEG intake had better
quality bowel cleansing. This time interval is accepted as
adequate for same-day preparation. When the patients
have been prepared the day before, the time interval is
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different. One study used an intensive preparation strategy (4-L PEG plus a regular dose of NaP), with a median
time interval from the last dose of the preparation agent
to the start of colonoscopy of 13.5 h[54]. In this study,
only 14% of examinations had excellent quality cleansing
and 38% good quality. Beyond 14 h after the last dose of
the agent, there were no patients with good or excellent
cleansing. Therefore, as Eun et al[53] pointed out in their
paper, the timing of bowel preparation, rather than that
of the colonoscopy, determines the quality of cleansing.
One study gave an “intensive” bowel preparation
schedule (low fiber diet for 3 d, liquid diet the day before,
10 mg bisacodyl, 3 L of split PEG) to patients with poor
cleansing previously (most of the cases with preparation
given the day before)[55]. With this split regimen, adequate
preparation was achieved in over 90% of the patients.
Although there was no control group, this study suggests
the importance of preparation timing on the quality of
cleansing.
There may be some misunderstanding regarding the
right timing for bowel preparation. It is often heard that
split-doses should be the rule. However, more importantly than split-doses, we should keep in mind the concept of “same day” preparation, regardless of whether
the agent is administered partly or wholly on the same
day, and consider that at least half of the preparation
should be administered on the same day, a few hours before the colonoscopy[56]. A study compared the quality of
cleansing with patient tolerance of 2 L of PEG-ELS, ad-

17713

December 21, 2014|Volume 20|Issue 47|

Parra-Blanco A et al . Best preparation for colonoscopy

ministered either on the same day or in a split dose fashion[56,57]. There was no difference in quality (with adequate
bowel prep in > 90% patients in both groups). However,
patients prepared on the same day only had significantly
lower incidence of abdominal pain, slept better, and
experienced less interference with their workday the day
before.
Several concerns may dissuade doctors from recommending same-day preparation to their patients; first, the
relatively short interval (2-5 h) recommended after ingesting prep agent can result in a risk of aspiration. However,
there is empirical evidence against this from the Japanese
experience[48]. Moreover, Huffman et al[58] compared the
gastric content of patients receiving only an upper endoscopy, and those undergoing both an upper and lower
endoscopy, who received the bowel preparation either on
the day before or on the same day. The mean gastric content was slightly reduced in patients undergoing only an
upper examination (14.6 mL), but there was no difference
in patients that had drunk the bowel prep, regardless of
when it was administered (split or on the previous day),
and the mean volume was approximately 20 mL.
Although the guidelines of the American College of
Gastroenterology recommend split-bowel or same-day
preparation for anyone undergoing screening colonoscopy, this may not be the common practice[1,56]. A survey in
2010 (unpublished data) on bowel preparation practices in
Spain found that only 15% of the centers gave the preparation, at least in part, on the same day for morning outpatient colonoscopies, whereas 81% of the centers gave the
preparation on the same day for afternoon colonoscopies.
Physicians often assume that their patients would not be
willing to follow a recommendation of split doses[59]. Nevertheless, in a survey study in the US, when patients were
explained the importance of the same-day schedule, over
85% were willing to wake up during the night to drink the
second dose of a split preparation, and 78% of those who
had early morning appointments actually did so[60].
There is abundant evidence indicating that bowel
preparation should be administered at least in part on the
same day as the examination, in relation to effectiveness
of bowel cleansing and detection of neoplasms. Therefore, strategies to improve tolerance and adherence to
this schedule should be sought, but patients (and physicians) should receive information about the importance
of complying with the instructions for such preparation.
However, in spite of the strong evidence available, it is
still possible that a patient rejects drinking the preparation on the same day. There is no study specially designed
to help provide an adequate preparation for patients
receiving the agent on the day before the colonoscopy.
There are several factors that could facilitate a better
preparation quality in that situation. First, the study by
Siddiqui et al[54] showed that when the interval beteween
the preparation and the start of colonoscopy exceeds 13
h, the quality of cleansing becomes worse. Therefore,
the interval should be reduced as much as possible, and
should never be longer than 13 h. Secondly, as will be
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explained later in this article, a low-fiber preparation on
the day before the colonoscopy is more patient friendly.
Moreover, when patients received a full dose of PEG on
the day before the colonoscopy, the quality of cleansing
in those who had a fiber free diet the day before was significantly better than in those patients who had a liquid
diet[61]. Therefore, a well-designed low-fiber diet should
be recommended. Third, in patients who received preparation with MC-SP on the day before the colonoscopy,
adding 10 mg bisacodyl two days before the colonoscopy
significantly improved the quality of cleansing in the right
colon[40]. This adjuvant should probably be employed
when bowel preparation cannot be given on the same day
as the colonoscopy. Fourth, adding 4 mg loperamide after gut lavage (after liquid stools ceased) in patients who
had received the preparation agent on the day before,
achieved a significantly better cleansing in the cecum in
most of the cases (mean interval from the preparation to
colonoscopy around 13 h) in a randomized study. This
idea is original and provocative and should be considered
as an option, though the results should be confirmed in
future studies[62].

TO EAT, OR NOT TO EAT: FACTS
ABOUT DIET AND QUALITY OF
CLEANSING
Although the type of diet prior to colonoscopy may affect the quality of cleansing, there are surprisingly few
studies on this question. Practices vary from no specific
pre-exam diet in some Japanese units to liquids-only the
day before, which is a common practice in the Unites
States. An observational study with inpatients found that
the only dietary modification that improved the quality
of preparation was a liquids-only diet[63]. Two randomized studies compared the usefulness of a well-defined
low-fiber diet to that of a liquid diet the day before colonoscopy. In a Korean study, patients were randomized
to a clear liquid diet or a commercial pre-packaged lowfiber diet that includes meals for breakfast, lunch and
dinner[64]. Patients received 4 L of PEG in the morning
a few hours before colonoscopy. The PEG completion
rate was similar in both groups, but satisfaction with
bowel preparation was significantly higher with the lowfiber diet. There was no difference regarding adverse
events. Moreover, quality of cleansing (Ottawa score)
was better in the transverse colon in this group. Another
study compared 4 L of PEG the day before with either
a liquid or fiber-free diet (which was clearly specified for
the different meals) the day before[61]. Interestingly, in this
study, the quality of cleansing was better in the fiber-freediet group, probably because the patients could drink a
significantly greater volume of PEG. Moreover, nausea,
headaches and vomiting were significantly more common
among the liquid-diet group. Another study randomized
230 outpatients receiving a preparation with a low-volume sulfate solution in a split dose, to follow a liquid diet
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or a low-residue diet of specified foods the day before
colonoscopy[65]. Interestingly, the diet for each meal could
be chosen from three options: easy-to-prepare, healthy,
or restaurant. There was no difference in the quality of
cleansing, but bowel preparation, satisfaction with diet
and overall satisfaction were significantly higher with the
low-fiber diet. Moreover, the rate of procedure cancellation was higher with the clear-liquid-diet group.
In a descriptive study including patients with poor
quality cleansing, an intensive schedule was applied for
the repeat colonoscopy, including a liquid diet the day
before colonoscopy (and most importantly, with a split
dose). The schedule worked well with 90% of patients
having adequate cleansing[55]. Therefore, while a well-defined low-fiber diet is generally adequate for outpatient
colonoscopy, in certain situations with a high risk of
inadequate cleansing, a liquid diet would be more appropriate. More studies in this field are needed.

WILL A MORE INFORMED PATIENT HAVE
A BETTER-PREPARED COLON?
Instructions to patients for bowel preparation vary from
one endoscopy unit to another and may feature only text
(with more or less complex description of the preparation
schedule) or include images or figures, with content that
may include the importance of colonoscopy in colon cancer prevention, the importance of adequate colon cleansing, dietary recommendations for bowel preparation, and
instructions on preparing and drinking cleansing agents.
The type and amount of information and the way in
which it is delivered to the patient can influence the quality of cleansing. A study in the United Kingdom found
that comprehension of a written colonoscopy preparation
leaflet was generally low among over 700 patients from different sociodemographic backgrounds, and that health literacy was an independent predictor of comprehension[66].
Ness et al[67] found that not following the preparation
instructions was, as could be expected, an independent
predictive factor for inadequate preparation (OR = 2.61;
95%CI: 1.52-4.75). There was some association with this
factor and others associated with inadequate preparation,
such as a history of stroke or dementia. Spiegel et al[68]
meticulously prepared an educational booklet (including
images), designed after identifying barriers to colonoscopy preparation. Their patients were randomized to
receive standard information or the booklet, and received
bowel preparation the day before colonoscopy. Patients
that received the booklet had a higher percentage of
adequate bowel preparation (68% vs 46%; P = 0.054). In
another study, patients that received bowel preparation
in a split-dose system were randomized to receive regular
written instructions or additional visual aids[69]. The latter group had better bowel preparation. The importance
of providing adequate information to the patients about
colonoscopy, bowel preparation, and the importance of
following the recommended schedule cannot be overstated.
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Bowel preparation is less effective in hospitalized
patients. In one randomized study, inpatients received
standardized written instructions before colonoscopy, and
one group additionally received a 5-min counseling session, explaining the importance of an adequate preparation. This intervention achieved significantly better bowel
cleanliness scores[70].

ARE THERE ALTERNATIVE METHODS
TO DRINKING AN AGENT TO ACHIEVE
GOOD PREPARATION?
The only accepted method for bowel preparation is
antegrade ingestion of the agent, and in cases of poor
tolerance or impossibility to willingly drink the agent
(unconsciousness, dementia, encephalopathy), this antegrade administration can be provided by means of a
nasogastric tube. Exclusive preparation with enemas is
not accepted as a method of preparation for total colonoscopy, both for efficacy and safety reasons related to
risk of explosion if electrocautery is applied[71]. Poor palatability leading to nausea or vomiting can impact patient
tolerance and eventually the quality of cleansing[16].
Retrograde bowel cleansing is a promising method for
patients with low tolerance or other problems with antegrade cleaning. Until recently, there had few descriptions,
however, studies are starting to appear on this issue,
probably because of recognition of the importance of
colonoscopy for colorectal cancer screening and of bowel preparation for quality colonoscopy. In 1991, Chang
et al[72] reported a small randomized trial comparing oral
PEG (4 L) administered on the previous day to retrograde
per-rectal pulsed irrigation with warm tap water by means
of a pump. The latter group of patients also received
magnesium citrate to facilitate the cleansing of the right
colon. There was no significant difference in cleansing
quality or other variables of the colonoscopic procedure
(time to cecum, aspirated volume, polyp detection).
In 2006, a new device, which consisted of a catheter
connected to a pump and water jet, was tested in an animal study. It effectively and safely cleared unprepared
animal colons in an average of 12 min[73]. In 2010, another new device was assessed in a relatively large study
(57 colonoscopies) with a porcine model[74]. The device
consisted of a pump connected to a valve for suction
and a disposable part including a tube and a head to the
endoscope. The device achieved adequate cleansing in a
mean of 4 min. Two studies published in 2012 used the
same new catheter-based device to clean the colons of
patients with insufficient cleansing at colonoscopy[75,76]. In
a comparative study using sequential allocation, Eliakim
et al[75] applied either the new method or conventional
washing with a 50 mL syringe when at least one colonic
segment was poorly prepared. The overall colon and
cecum-ascending improvement in cleanliness was significantly greater with the new device, while the procedural
time was similar. With a device similar in design, Rigaux
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et al[76] found better overall and cecum-ascending colon
cleansing. Neither study reported on the timing for oral
bowel preparation (in the first study, preparation was
given the day before, personal communication), but the
fact that there was a benefit on the right side of the colon
could mean that this segment was especially hard to clean
(therefore suggesting that the patients had been prepared
the day before). The same year Kiesslich et al[77] reported
the use of another new device based on a CO2 pump and
a catheter with which CO2 and saline droplets are applied.
In an application with 32 patients, the degree of cleanliness was significantly better, and its use was considered
safe.
Horiuchi et al[78] applied a 500-mL PEG enema in the
hepatic flexure through the working channel of the colonoscope in patients with poor preparation at colonoscopy.
Patients were then allowed to go to the lavatory, and needed a mean of 52 min to complete bowel evacuation. Colonoscopy was then repeated, and adequate bowel cleansing
was confirmed for 96% of the patients.
Finally, a retrospective study reported the results of
another new device for retrograde cleansing. In this study,
an evacuation device is inserted in the anus and secured
and a sleeve is progressed deep into the colon[79]. Warm
water passed by gravity with the water container 2 m
above the patient, and by a manual pump. Among the 125
patients who participated in this study, excellent or good
quality cleansing was achieved in 89%. Only one patient
required sedation during the cleansing procedure because
of anxiety, and there were no complications. Fujii [80]
recently described a different approach to improve tolerance to bowel preparation by using an antegrade method
without the need for patients to drink an agent. Patients
who had to undergo upper and lower endoscopy in the
same session were included. The proposed method consisted of infusing 1000 mL of PEG-ELS in the second
portion of the duodenum (after having completed the
diagnostic procedure) with a 50 mL syringe, and then an
additional 200-500 mL in the stomach. After completing
the upper endoscopy, patients could go to the toilet to
complete bowel evacuation, and when the bowel effluent
was clean, as confirmed by a nurse, patients underwent
colonoscopy. Among the 152 patients who received this
preparation method, the quality of bowel cleansing was
adequate for 97%, with a mean total time for upper endoscopy of 14 min. There were no complications, and
global patient satisfaction with the preparation was excellent for 85% of patients, and moderately satisfactory for
9%. If these results are confirmed in other study populations, this method could be considered for patients with
poor tolerance/compliance to standard oral preparations.

HOW TO ACHIEVE THE BEST BOWEL
PREPARATION IN SPECIAL SITUATIONS
Inflammatory bowel disease
Complete and good quality mucosal visualization by
colonoscopy with intubation of the ileum along with
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segmental mucosal biopsies is the most valuable tool to
distinguish different types of inflammatory bowel disease
(IBD), to differentiate IBD from other intestinal disorders, and to determining prognosis and the appropriateness of therapies, along with diagnosis and treatment of
complications[81-87].
There have not been adequate studies to determine
the best ways to prepare IBD patients for colonoscopy
and to identify safety issues associated with different
approaches. The lack of research in bowel preparation
under inflammatory conditions is therefore surprising,
especially for patients who need bowel preparation for
repeated examinations[88]. Some publications have found
that IBD patients reported low satisfaction from the
bowel preparation compared to other patients[89]. Moreover, some ulcerative colitis patients have reported flare
symptoms after colonoscopy[90]. The reasons for these
negative experiences are unknown, but bowel preparation could be a contributing factor. Clinicians should recognize these side effects of colonoscopy in patients with
IBD. The indications of how to prepare these patients
prior to colonoscopical procedures are based mostly on
expert opinions.
Alternatives for bowel preparation in IBD: Options
for bowel preparation include oral PEG-based lavage and
oral or enema phosphate. Given that oral NaP solution
is associated with frequent aphthoid-like mucosal lesions
with missing interpretations, oral PEG is the preferred
solution for bowel cleansing[91,92].
The suggested volume of oral PEG is variable, ranging from 2 L to 4 L or more, 6-24 h before the procedure,
until reaching the evacuation of a clear fluid[92]. There
are no clear recommendations regarding the volume of
PEG in the presence of high-volume diarrhea or a high
number of bowel movements. However, it seems reasonable to reduce the volume of oral PEG, use a phosphate
enema or a combination of both with these patients.
Active IBD setting: In patients with suspected IBD
and mildly or moderately active disease, a full colonoscopy along with segmental mucosal biopsies must be
performed with formal bowel preparation, preferably
using oral PEG. Good bowel cleansing is important in
most cases for direct inspection of mucosal patterns of
the colon and distal terminal ileum, along with an accurate delineation of the affected location[82,88,93,94].
Severely active IBD: Although colonoscopy appears to
be more cost effective than index sigmoidoscopy[95,96], a
full colonoscopy with prior bowel preparation is not recommended for patients with acute severe colitis because
of the procedural delays and the higher risk of perforation[84-86]. Although a phosphate-enema preparation before
flexible sigmoidoscopy is considered safe, it is best to
avoid this with patients with dilated colons[83]. A routine
administration of an oral purgative can cause colonic dilatation and perforation in severely active disease. A flexible
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sigmoidoscopy without bowel preparation or with only a
phosphate enema before the procedure can be performed
to asses endoscopic criteria of colitis and to obtain biopsies for histologic and cytomegalovirus studies[83,97-99]. In
these circumstances, ileocolonoscopy can be postponed
until the clinical condition improves[84].
Colonic cancer surveillance: In a recent study, more
than a quarter of IBD patients underwent colonoscopies
with longer intervals between them than is recommended
(> 3-year intervals on average)[100]. One factor that could
affect adherence to surveillance colonoscopy is bowel
preparation. Detection of a flat lesion against an inflamed
background is much more difficult, in part because the
quality of bowel cleansing is lower with colitis, with an
odds ratio of 0.63 (95%CI: 0.40-0.98)[101]. Good quality
preparation with IBD is likely to improve detection rates
using mainly oral PEG, especially in cases of remission
where the preparation is critical in order to have a reasonable chance of detecting dysplastic lesions[92].
Several novel techniques have been applied to reduce
the required number of biopsy samples and the duration
of examinations in the context of cancer surveillance,
including chromoendoscopy with or without magnification, narrow-band imaging, fluorescence endoscopy,
confocal laser endomicroscopy and optical coherence tomography. These novel procedures require perfect bowel
cleansing[102].
Small bowel studies: In the context of Crohn’s disease,
the small bowel must be evaluated. Although wirelesscapsule endoscopy and anterograde double-balloon enteroscopy can be performed without bowel preparation,
most experts recommend bowel cleansing to certify the
presence of small-bowel mucosal changes. It is recommended to use 1.5-2.0 L of oral PEG[103-105]. In a retrograde double-balloon enteroscopy, a standarized bowel
cleansing of 2-4 L of PEG is always required[104,106].
Therapeutic IBD procedures: Excellent bowel preparation with a high volume of oral PEG is necessary in
therapeutic settings. The main indications are dilatation
of benign fibrotic strictures or polypoid resections[107,108].
Gastrointestinal hemorrhage is another possible complication of IBD and the presence of endoscopically treatable lesions, though possible, is uncommon[102].
Elderly patients
Controversies have emerged about the indications for
colonoscopy in the elderly. It is known that elderly patients have a higher risk of colorectal cancer[109]. The most
common indications for colonoscopy are gastrointestinal
bleeding, anemia, changes in bowel habits and abdominal
pain. Elderly patients are more likely to have abnormal
colonoscopic findings than younger patients[110-112]. In
fact, colorectal cancer, vascular and diverticular diseases
are more common among the elderly[111,112].
Even though the prevalence of neoplastic lesions
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increases with age, the diagnostic yield of a screening
colonoscopy among the elderly (aged ≥ 80 years), who
have a short life expectancy, is low[113]. This indicates the
limits of screening procedures.
Bowel preparation for colonoscopy among the elderly
is an important issue when considering the potential benefits and risks of the procedure. A systematic review and
meta-analysis observed that in the included studies, poor
bowel preparation was documented in 18.8% ± 6.4% of
procedures with patients 65 years of age or older, while
in patients 80 years or older, poor bowel preparation was
reported in 12.1% ± 7.6%[114]. A study of octogenarians
showed that tolerance to 4-L PEG was poor in almost
40%[115]. Furthermore, tolerance of bowel preparation
was evaluated among elderly patients using either PEG
or oral NaP in a retrospective study where patients were
subdivided into two groups, one under and the other
over 65 years of age, with a mean age of the total group
of 60.6 ± 14.8 years[116]. In a separate analysis of adverse
events, no significant differences were found between
the two preparations, except for nausea, which was experienced by 19% of the PEG group vs 39% of the NaP
group (P < 0.009).
Elderly patients have a higher risk of phosphate intoxication due to a lower glomerular filtration rate, use of
medication, and systemic and gastrointestinal diseases. NaP
induces electrolyte disturbances such as hyperphosphatemia, hypocalcemia and hypokalemia[117]. The frequency
and severity of hypokalemia is due to intestinal potassium
loss associated with inadequate renal potassium conservation and is apparently more prevalent in frail patients. In a
retrospective study with elderly hospitalized patients with
significant comorbidities, there was a 9.6% (P = 0.008) incidence of significant hypokalemia with PEG-based bowel
preparation[118]. However, other studies have suggested that
the efficacy of NaP is similar with non-elderly adults and
comparable to that of PEG[119,120].
When assessing the safety of bowel preparation, patients in the PEG group showed fewer changes in the indicators of dehydration and in laboratory tests[12,121]. Due
to its large volume, PEG is contraindicated for patients
with impaired swallowing function, such patients with
stroke, dementia and Parkinson’s disease, all of which are
more common among the elderly. As noted above, recent
European guidelines for bowel preparation advise against
the routine use of oral NaP for bowel preparation due to
safety concerns (strong recommendation, low quality evidence)[1].
As low-volume bowel preparations with PEG have
been shown to provide equivalent cleansing with improved
tolerability compared to standard PEG bowel preparation for colonoscopy[34], and the use of a split-dose PEG
for bowel preparation before colonoscopy significantly
improves the number of satisfactory bowel preparations,
increased patient compliance, and decreased nausea compared to full-dose PEG[20], low-volume PEG in a split-dose
modality appears to be the ideal bowel preparation for the
elderly. Thus, according to recent consensus guidelines for
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bowel preparation prior to colonoscopy, patients with high
risk of electrolyte disturbances (elderly and debilitated
patients, patients at risk of hypokalemia or hyponatremia)
should undergo pre-assessment[122].
Diabetic patients
Certain conditions of patients, such as diabetes mellitus,
are considered a predictor of inadequate bowel preparation for colonoscopy[67,123]. Many studies have reported
poor bowel preparation in diabetic patients compared
to non-diabetic patients when using either the same or
a higher-volume PEG preparation[124] or NaP for bowel
cleansing. In the latter study, a significant difference in
optimal bowel cleansing was achieved in 70% of diabetics compared to 94% of non-diabetics (P = 0.002). There
was a significant correlation among diabetic patients
between the quality of bowel cleansing and mean age,
duration of diabetes mellitus, level of hemoglobin A1c,
fasting blood glucose level, and late diabetic complications[125]. Patients with diabetes often have reduced renal
perfusion despite normal serum creatinine. It may be
necessary to monitor electrolytes after colonoscopy, particularly with patients with cardiac or renal failure.
Patients with renal failure
As mentioned above, fluid and electrolyte shifts can occur as a result of the hyperosmotic nature of NaP preparations[126]. Consequently, NaP purgatives should not be
administered to patients with predisposing factors (e.g.,
electrolyte abnormalities, renal failure, ascites, congestive
heart failure, or a history of myocardial infarction) that
can lead to adverse events because of NaP-induced hypovolemia and shifts in serum electrolyte levels. Although
electrolyte shifts in patients taking oral or tablet NaP
preparations are typically mild, transient and asymptomatic, rare cases of clinically significant hyperphosphatemia
have been reported, usually in patients with renal insufficiency[127].
Moreover, failure to maintain adequate hydration before, during, and after bowel preparation can increase the
risk of severe and potentially fatal intravascular volume
depletion-related complications. Inadequate hydration appears to be an important element in the reported cases of
fatal dysnatraemia associated with PEG preparations[128]
and renal failure associated with NaP preparations[129].
Therefore, adequate hydration should be maintained
throughout the entire bowel preparation process, particularly with high-risk patients such as those taking certain
concomitant medications, patients with renal failure, and
the elderly.
According to the European Society of Gastrointestinal
Endoscopy guidelines for bowel preparation for colonoscopy, PEG is the only recommended bowel preparation
for patients with renal failure. The delay between the last
dose of bowel preparation and colonoscopy should be
minimized and no longer than 4 h[1].
Patients with heart failure
PEG preparations have been shown to increase plasma
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volume of patients with diseases that predispose them
to fluid retention[130]. It has been postulated that this adverse effect occurs less often with lower volume preparations, such as the 2-L PEG regimen combined with bisacodyl or the 2-L PEG 3350 solution. Another concern
with PEG solutions is hyperkalemia. Although no clinical reports have shown this finding, the small amount of
potassium in this solution is worrisome for patients with
heart failure who are taking potassium-sparing diuretics
or angiotensin-converting enzyme inhibitors[46].
Nevertheless, when one considers the risks of fluid
shifts with NaP preparations, which are in any event contraindicated for patients with congestive heart failure, the
safest preparation for patients with congestive heart failure
is either a low-volume PEG preparation or a split dose of
a standard volume of PEG preparation with careful monitoring during and after use. Clinicians should emphasize
the importance of continuing cardiac medications during
bowel preparation when appropriate.
In summary, because PEG formulations are osmotically balanced and do not induce substantial shifts in fluid
and electrolyte levels, they can be safely administered to
patients with electrolyte imbalance, advance liver disease,
poorly compensated congestive heart failure, or renal
failure. However, reports of increases in plasma volume
among patients with concomitant diseases known to cause
fluid retention suggest PEG preparations should be used
with caution with such patients
Pediatric patients
Colonoscopy is a key tool in the diagnosis and management of a variety of gastrointestinal tract conditions
affecting children and adolescents. To perform such a
procedure, the colon must be as clean as possible to effectively detect bowel pathology. Inadequate bowel preparation can lead to poor colonic visualization, missed lesions,
increased procedure time, and possibly the need to repeat
the procedure. With pediatric populations, it is one of the
most difficult parts of the procedure from the patient’s
perspective.
Over the years, there have been many bowel preparations for children. There is a wide variability in the type,
dose and length of bowel preparations at different institutions. Medications that have been used include lavage
solutions (PEG with and without electrolytes), osmotic
solutions (magnesium citrate), and laxative cleaning agents
(senna, bisacodyl, NaP, and phosphate enemas).
There are only a few comparative studies of different
bowel preparations with children. Single published randomized trials with pediatric populations demonstrated
high efficiency of both PEG with electrolyte solutions
and oral NaP[131-133]. However, oral administration of NaP
to children has limitations because of serious adverse effects, such as electrolyte and fluid disturbances and acute
kidney injury[133]. On the other hand, PEG with electrolytes solution also presents of the problems of the high
volume required and its unpalatability[134-139]. Given theses
problems, alternatives have been studied.
Laxative agents such as bisacodyl and senna have
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been evaluated with children, used in combination with
clear liquid diets for 2-3 d and enemas[140,141]. One RCT
showed good bowel cleaning with sennosides, whereas
bisacodyl with an enema-based protocol had a high rate of
poor preparation (37%), resulting in the need for repeated examinations[141]. Other alternative bowel preparation
regimens are based on osmotic agents alone or combined with laxatives[21,131,132,141-148]. Although excellent or
good bowel cleansing rates were reported in 40%-100%
of the children, depending on the regimen, these studies are mostly non-randomized, with a limited number
of patients. As well, they were evaluated based on a
subjective assessment of the overall quality of the bowel
preparation.
Currently, PEG without electrolytes is the mainstay
for treating constipated children. It has been shown to
be effective, safe, palatable, and with excellent compliance[149]. Because of these properties, PEG has been
studied as a bowel preparation option. Two studies have
demonstrated that PEG can be used as a safe and effective preparation for children with a dose of 1.5 g/kg for
4 d[134,150]. However, bowel preparation should ideally be
done in a shorter period of time. To establish an effective dose of PEG, a prospective study determined that
1.9 g/kg per day for 2 d with a clear-liquid diet resulted
in clear stools in > 90% of patients with excellent/good
Aronchick scores[151]. Another prospective study evaluated a 2-d PEG preparation with 2 g/kg per day PEG with
bisacodyl supplementation[152]. Although demonstrating
efficacy (92% excellent/good cleanliness), the study was
not blind, lacked a comparison group, and did not assess
safety by measuring electrolytes. Recently, Abbas et al[153]
reported a prospective open-label study evaluating a 1-d
PEG preparation for children. In the study, 46 children
were given 238 g of PEG mixed with 1.9 L of Gatorade
over a few hours before the colonoscopy. Only 37 children (82%) ingested the full preparation. Nevertheless,
all of the colonoscopies were completed to the cecum,
and 77% had effective bowel preparation according to
the scale used in the study. Adverse clinical effects were
common and included nausea/vomiting (60%) and abdominal pain (44%). There were no clinically significant
electrolyte changes. The major advantage of this preparation is a short duration, especially useful for emergency
colonoscopies.
Terry et al[154] recently evaluated the efficacy of PEG
and senna for bowel preparation of children. The study
was a well-designed blind randomized prospective trial.
Thirty patients were randomly assigned to receive PEG at
a dose of 1.5 g/kg per day or senna (15-30 mL/d) for 2 d
before the colonoscopy. Good/excellent scores for colon
cleanliness were given to 88% of patients in the PEG
group compared to 29% in the senna group. Both regimens were generally well tolerated without any significant
adverse clinical effects or electrolyte changes.
A recent study by Kierkus et al[155] included 10-18-yearold patients randomly assigned to receive either PEG 60
or PEG 30 mL/kg per day plus oral bisacodyl 10-15 mg/
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d (BPEG) or sennosides 2 mg/kg per day for 2 d. Of 240
patients enrolled in the study, 234 patients were available
for analysis of the efficacy of colon cleansing. No significant differences were found among the three groups in
terms of the proportions of participants with excellent/
good (PEG: 35/79; BPEG: 26/79; sennosides 25/76) and
poor/inadequate (PEG: 20/79; BPEG: 28/79; sennosides
28/76) bowel preparation evaluated with the Aronchick
scale and for the total mean Ottawa score (PEG: 5.47 ±
3.63; BPEG: 6.22 ± 3.3; sennosides: 6.18 ± 3.53). These
results showed that high-volume PEG, low-volume PEG
plus a laxative stimulant, and sennosides have similar effectiveness and are equally tolerated by patients being
prepared for colonoscopy. There were no serious adverse
events reported during the bowel cleansing.
Ideal bowel preparations should be effective, safe,
and easily accepted by children. It seems that PEG meets
these requirements. However, the appropriate duration
and dose need to be determined through further randomized and controlled trials.
Patients with acute lower gastrointestinal bleeding
A significant proportion of patients admitted to hospitals
have acute lower gastrointestinal bleeding (LGIB). The incidence in the US is about 36/100000 persons, especially
among elderly patients that may be taking medications
such as anticoagulants or aspirin that interfere with platelet function. Most acute LGIB stops spontaneously without the need for intervention. Furthermore, most cases
end without an identified source of bleeding. In such situations there is risk of rebleeding. In more severe episodes
of LGIB, it is crucial to identify the source of bleeding;
therefore, a therapeutic procedure should be performed.
Various studies have identified the most important source
of bleeding as diverticula, followed by vascular lesions,
both of which can be effectively treated by colonoscopy
with good bowel preparation. Some studies have shown
that the probability of finding lesions increases with
shorter intervals between LGIB and the colonoscopy,
though the improvement is not consistent or significant.
Consequently, the value of urgent colonoscopy remains
controversial[156-159].
Although there have been reports concerning colonoscopy for acute lower bleeding in which no oral preparation was given, it is now widely accepted that oral preparation plus early colonoscopy achieves better diagnostic
and therapeutic performance[157,160,161]. Moreover, there is
risk of explosion when electrocautery is used in patients
with unprepared colons, as about 50% of patients have
potentially explosive concentrations of hydrogen and
methane[162,163]. To obtain optimal colonic preparation, it
is important to first define if an urgent colonoscopy is
necessary (performed within hours of admission), which
is recommended in more severe cases of LGIB. Different
studies have shown that early colonoscopy can reduce the
length of hospitalization, which is an important consideration, especially in public hospitals with high demand for
beds[159].
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Bowel preparation for urgent colonoscopy: One prospective study involved 121 patients with diverticular
hemorrhaging that underwent urgent colonoscopy (within
6-12 h). All patients received a PEG purge, two-thirds
orally and one-third by nasogastric tube, and all required
5-6 L of purge and 3-4 h to clean the colon. Notably, 7%
(two in the urgent group and three in the routine group)
required repeat colonoscopies secondary to inadequate
preparation[164].
In a study by Green et al[165] in 2005, 50 patients that
underwent colonoscopy received PEG (a total of 4-6 L,
250 mL every 15 min) orally or by nasogastric tube for
patients that could not drink the solution; 3-4 h were necessary to clean the colon. The elective colonoscopy group
was prepared with routine 4-6 L of PEG, administered
orally beginning the night before the procedure, which
was performed within four days of admission. This study
did not mention the quality of preparation, rates of cecal
intubation or the duration of the colonoscopy, but it was
more successful at finding the source of bleeding in the
urgent colonoscopy group (42%) than standard colonoscopy (22%) (OR = 2.6; 95%CI: 1.1-6.2). Nevertheless,
there was no difference in terms of the need for surgery
or the incidence of rebleeding.
In another randomized trial of urgent vs elective colonoscopy among patients that had been hospitalized with
LGIB, both groups were prepared with PEG (4 L in 3
h and underwent colonoscopy within 12 h in the urgent
group). No benefits were found for the urgent colonoscopy group, and once again, no data was mentioned regarding quality of preparation[166].
More recently, a feasibility study was conducted on
urgent colonoscopy (6-24 h) without traditional preparation. Thirteen patients with severe LGIB were prepared
with a combination of three 1-L water enemas 20 min
apart. Immediately after the enemas, patients underwent
colonoscopy with a hydroflush technique, combining
water-jet irrigation and mechanical endoscopic suction,
which allows the use of large volumes of water to lavage the colon (500 mL/min). The researchers obtained
adequate endoscopic visualization for definitive or presumptive identification of the source of bleeding in all
procedures. Cecal intubation was used in 67% of the
cases (in the remaining cases a definite or presumptive
origin of the bleeding had been detected), the duration
of colonoscopy was 38 min, and mean insertion time was
11 min[167].
In one reported case, an antegrade transendoscopic
lavage was applied in a patient with severe lower bleeding, by infusing 4 L of PEG with an irrigation pump at
100 mL/min (over 40 min). This preparation allowed for
performing a colonoscopy 8 h later that detected diverticular bleeding[168]. This approach is similar to the method
described by Fujii[80] for outpatient colonoscopy with a
prospective series of 152 patients.
Thus, to obtain a clean colon in the context of LGIB,
it is necessary to use a large volume of PEG (4-5 L on
average). Up to 50% of cases may require a nasogastric
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tube, in which case colon preparation can take 4-6 h. This
traditional preparation could be replaced in the future by
water-jet techniques that will allow for performing urgent
colonoscopy, while avoiding the intake of large amounts
of purge or the installation of an NG tube, and likely reducing the length of hospitalization.

CONCLUSION
The importance of an adequate quality of cleansing for
colonoscopy cannot be overstated. Efficacy, tolerance,
and safety have to be considered when choosing the
agent for each patient. The schedule of administration,
including timing and the diet chosen, has implications
for the quality of cleansing. It is imperative to inform the
patient about the importance of colonoscopy and the
preparation method, as it is clear now that good information leads to better quality of preparation. Finally, special
characteristics of the patients, including comorbidity,
must be considered in order to provide them with the
safest and more effective method of bowel preparation.
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Abstract
Traditionally bacteria have been considered as either
pathogens, commensals or symbionts. The mammal
14
gut harbors 10 organisms dispersed on approximately
1000 different species. Today, diagnostics, in contrast
to previous cultivation techniques, allow the identification of close to 100% of bacterial species. This has
revealed that a range of animal models within different research areas, such as diabetes, obesity, cancer,
allergy, behavior and colitis, are affected by their gut
microbiota. Correlation studies may for some diseases
show correlation between gut microbiota composition
and disease parameters higher than 70%. Some disease phenotypes may be transferred when recolonizing
germ free mice. The mechanistic aspects are not clear,
but some examples on how gut bacteria stimulate receptors, metabolism, and immune responses are discussed. A more deeper understanding of the impact of
microbiota has its origin in the overall composition of
the microbiota and in some newly recognized species,
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such as Akkermansia muciniphila , Segmented filamentous bacteria and Faecalibacterium prausnitzii , which
seem to have an impact on more or less severe disease
in specific models. Thus, the impact of the microbiota
on animal models is of a magnitude that cannot be
ignored in future research. Therefore, either models
with specific microbiota must be developed, or the microbiota must be characterized in individual studies and
incorporated into data evaluation.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Animal models; Gut microbiota; Diabetes;
Obesity; Cancer; Allergy; Behavior; Colitis
Core tip: Full characterization of the gut microbiota of
animal models has revealed that animal models within
different research areas, such as diabetes, obesity,
cancer, allergy, behavior and colitis, are highly affected
by their gut microbiota. The mechanistic aspects are
not clear; however, the impact of the microbiota on
animal models is of a magnitude that cannot be ignored in future research. Therefore, either models with
specific microbiota must be developed, or the microbiota must be characterized in individual studies and
incorporated into data evaluation.
Hansen AK, Friis Hansen CH, Krych L, Nielsen DS. Impact of
the gut microbiota on rodent models of human disease. World J
Gastroenterol 2014; 20(47): 17727-17736 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i47/17727.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i47.17727

INTRODUCTION
Host-microbiota relationship
The gut is an ideal incubation chamber for bacteria
adapted to the mammal body temperature and the anaer-
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sponsible for their effect on the host[1-4]. The microbiota
is normally not very diverse in the upper part of the gut,
e.g. in the ileum, where there is a huge accumulation of
lymphatic tissue available for stimulation[3,5-10]. It gradually
becomes more diverse as the gut contents pass through
the large intestine and become feces (Figure 1)[3,5-11]. In
both man and mouse, a microbiota with a low diversity is
indicative of an increased risk of developing inflammatory disease[12,13]. Furthermore, in animals, a microbiota that
is roughly similar in the upper part of the gut, may differ
substantially in the lower part of the gut and vice versa[3,14].
Finally, there might be essential differences between the
effects of the various species at different ages of the
animals, which may explain why some species favor the
development of one disease, while protecting against another.

Actinobacteria
Mollicutes
Spirochaetes
Proteobacteria
Verrucomicrobia
Bacteroidetes
Firmicutes
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
Ileum

Caecum

Faeces

Figure 1 The approximate composition of the gut microbiota in the ileum,
cecum and feces of mice[3,7,8,11,16].

obic environment. Thousands of years of co-existence
has led to such adaptation, and the mammal gut harbors
1014 organisms dispersed over approximately 1000 different species, dependent on how the cut-offs are set for
similarity. Within the traditional approach to laboratory
animal bacteriology, bacteria have been considered as
either pathogens, commensals or symbionts; however,
there seems to be a need for a broader understanding
of this. When first inside the gut, the bacteria will be fed
and will be allowed to propagate, while the host organism will benefit from otherwise unavailable products of
microbial digestion. Generally, pathogenicity is not in
the interest of the microorganism, because it induces a
strong and eradicating immune response from the host,
and even in the case of microbial victory in this battle,
the end result may be the death of the host and the need
for the microbe to relocate to a new habitat. The host
immune system, on the other hand, needs to protect the
host from invasion without being so aggressive that it
loses the microbe and thereby all its benefits.
Complexity of microbial impact on the host
A more advanced understanding of the impact of the
microbiota takes into consideration both the overall
composition and the balance between the members of
the microbiota, as well as some newly recognized species,
which, by themselves, seem to have an effect on the specific models. Some of these have a symbiotic effect, while
others push disease development in a more detrimental
direction. However, same species may act in favor of the
development of one disease, while being more protective
against another disease, and the mechanistic potential of
the species may differ between different parts of the gut.
For most of these bacteria, it is their abundance, rather
than their qualitative presence or absence, which are re-
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Modern microbiological identification techniques
Over recent decades, new methods based upon molecular biology diagnostics have been developed. Such methods, which include quantitative real-time polymerase
chain reaction (qPCR) assays[15], pyrosequencing[16] and
metagenomic sequencing, have permitted identification
of close to 100% of the gut’s operational taxonomic
units (OTU), which include both cultivable and noncultivable bacterial species, and in principle, viral, eukaryotes and Archea[17], although they are seldom specifically
tested for at present. In contrast, previous cultivation
techniques only allowed cultivation and identification of
10%-20% of the bacterial species present in the gut[18].
These molecular biology-based tools have enabled detailed correlation studies. Such studies have revealed that
a range of animal models within a range of different
research areas are affected by their gut microbiota[19].

GENERAL MECHANISMS UNDERLYING
THE GUT MICROBIOTA EFFECT
As described below, the impact of the microbiota on animal models is well documented, while the mechanisms
underlying this are less clear. Some hypotheses, though,
make more sense than others. As techniques for the
full characterization of the microbiota have been developed over the last decade, we are only now beginning to
achieve an understanding of how the microbiota actually
exerts its effect on the host; however, some examples
can be given.
Window of opportunity
In early life, there is a window for the induction of oral
tolerance in the gut[20]. This seems essential to avoid inflammatory disease later in life[21]. Molecular structures
in bacteria known as microbial-associated molecular patterns (MAMP) stimulate pattern-recognition receptors
(PRR) in the host, thereby inducing innate responses[22].
Among the most important PRRs are the toll-like receptors (TLR), which are present in different types on a
range of different cell types[22-29] (Figure 2). An impor-
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Figure 2 Examples of some theories on potential pathways for the impact of gut microbiota on animal models of human disease. Bacterial colonization may
double the density of capillaries in the small intestinal epithelium, thereby promoting intestinal monosaccharide absorption[28]. Undigested food components may be
fermented into SCFAs and subsequently act as signals for GPRs of importance for the development of obesity[26,29]. Bacteria may express several key enzymes relevant for hepatic lipogenesis[27,50], and hepatic and muscular fatty acid oxidation[31]. Molecular structures in the cell walls of bacteria may act as MAMPs, which stimulate
TLRs on the host cells to induce innate immune responses. The complex of TLR1, TLR2, TLR6 and TLR10 is expressed on a range of cell types such as enterocytes,
macrophages, dendritic cells, natural killer cells, mast cells, T cells, B cells, neutrophilic cells and Schwann cells, and may be stimulated by various MAMPs, e.g. peptidoglycan, from Gram positive bacteria cell types[21,23-25,31-33]. TLR4, expressed by e.g. macrophages, dendritic cells, mast cells, natural killer cells and enterocytes, is
stimulated by lipopolysaccharides from Gram negative bacteria[30], while flagellin from various bacteria may stimulate TLR5 expressed by e.g. mucosal dendritic cells
and macrophages[33]. Mucin-degrading Akkermansia muciniphila may reduce the mucus layer to increase TLR-stimulation[79]. SCFAs: Short chain fatty acids; GPR:
G-protein receptor; MAMP: Microbial-associated molecular pattern; TLR: Toll-like receptor.

tant example of a MAMP is lipopolysaccharides (LPS),
which are important parts of the cell wall of Gram
negative bacteria [30], such as Proteobacteria [31], from
which it stimulates TLR4. Another important example is
peptidoglycan, found in the cell walls of Gram positive
bacteria, which stimulates TLR2[32] and flagellin deriving
from flagellated bacteria, leading to stimulation of TLR5[33].
Therefore, as different types of MAMPs stimulate different TLR’s dispersed on a variety of different cell types[23],
and as MAMPs are also dispersed and shared between
members of the microbiota[22], there is a vast range of
innate host responses to bacteria.

stimulation of the gut lamina propria dendritic cells, e.g.
by polysaccharide A (PSA) from Bacteroides fragilis, induces
IL-12 secretion, which favors TH1 at the cost of TH2[36].
Host-bacterial interactions, probably mediated through
glucagon-like peptide 2 (GLP-2), seem to control the gut
barrier function[37]. Metabolic endotoxaemia is responsible
for the phenomenon whereby excess intake of dietary
fat increases plasma LPS levels[38,39], which in mice, is
a sufficient molecular mechanism to trigger metabolic
diseases, such as obesity and diabetes[40].

Adult life stimulation
The age of the animal also makes a difference. For
example, stimulation of TLR1, TLR2 and TLR4 in early
life leads to higher production of interleukin (IL)-6 than
stimulation later in life[34]. Germ free animals have more
T helper cells type 2 (TH2) and less TH1 cells[35], as the

MODELS UNDER IMPACT OF THE GUT
MICROBIOTA
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EXAMPLES OF SOME ANIMAL

Impact of germ free status
The clearest documentation of a general microbial impact
on rodent models is observed when comparing a conven-
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Table 1 Examples of rodent models in which germ free status
has a documented impact
Model

Disease

Models with increased disease incidence or severity
[51]
β-lactoglobulin induced mouse
NOD mouse[42]
MyD88 KO NOD mouse[42]
Restrained mouse[43]
Models with decreased disease incidence or severity
Ovalbumin-specific TCR TG mouse[44]
Swiss-Webster mouse[45]
Collagen induced rat[52]
HLA-B27 TG rat[53]
IL-2 KO mouse[54,55]
IL-10 KO mouse[56]
TCRa KO mouse[57]
Dextran sulfate sodium induced mouse[46]
SAMP1/Yit mouse[47]
Adoptive T-cell transfer in the mouse[48]
Carrageenan, LPS, or formalin induced mouse[49]
C57BL/6 mouse[65]
C57BL/6 mouse[65]

Allergy
Type 1 diabetes
Type 1 diabetes
Stress
Allergy
Anxiety
Arthritis
IBD
IBD
IBD
IBD
IBD
IBD
IBD
Inflammatory
pain
Obesity
Type 2 diabetes

NOD: Non-obese diabetic; MyD88: Myeloid differentiation primary
response gene 88; KO: Knockout; TCR: T cell receptor; TG: Transgenic;
HLA-B27: Human leucocyte antigen subtype B27; IL-2: Interleukin 2;
SAMP1/Yit: Senescence accelerated mice prone line 1 Yakult; LPS: Lipopolysaccharide. IBD: Inflammatory bowel disease.

tional model with a microbiota with a germ free version.
In several studies, this has revealed essential differences
in disease expression (Table 1)[22,41-57]. Although germ free
mice eat more, they are leaner, and they have less body
fat compared with conventional mice because they are
less efficient in extracting energy from their diet[50]. Germ
free mice have increased expression of obesity-related
peptides, such as glucagon-like peptide 1 (GLP-1) in the
brain[58], which is relevant, because central GLP-1 reduces
food intake in rats[59]. Germ free mice also behave differently from microbiota-harboring mice and this behavior
may be normalized by colonization[43]. However, for this
phenotype there also seems to be an important time window in early life[60]. Germ free mice with a mutation causing a defect in the skin barrier suffer from a more severe
B-lymphoproliferative disorder, because they express significantly higher levels of the proinflammatory cytokine
thymic stromal lymphopoietin[61]. Inflammatory bowel disease (IBD) occurs either because of a TH1/TH17 response
(Crohn’s disease) or a TH2 response (ulcerative colitis) to
gut commensals[62]. Therefore, IBD under germ free conditions does not develop at all in, e.g. Human Leucocyte
Antigen subtypes B27 (HLA-B27) transgenic rats[53] and
IL-10 knockout mice[56]. For the IL-10 knockout mice[63]
it does not occur even under barrier protected conditions
(Table 1). IL-2 knockout mice may, under germ free conditions, show mild focal intestinal inflammation[64] (Table
1).
Impact of fluctuations in the gut microbiota composition
Within animal models of the metabolic syndrome, there
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seems to be an association between the gut microbiota
and at least some of the metabolic parameters. For example, in leptin-deficient obese mice, there is a strong
correlation between glycated hemoglobin levels and the
composition of the gut microbiota[1]. Further, these mice
have significantly more Firmicutes and fewer Bacteriodetes members compared with their wild-type and heterozygous litter mates[10]. Their obese phenotype may be transferred with the microbiota by recolonizing germ free lean
wild-type mice[65]. In C57 Black substrain 6 (C57BL/6)
mice on both high and low calorie diet, continuous oral
ampicillin improves glucose tolerance[66,67]. However, this
effect is mainly caused by an early life impact on glucose
tolerance, and the effect ceases immediately after termination of treatment; thereafter, the glucose tolerance
may even decrease[68,69]. Several studies describe crosstalk between the brain and the gut through both the vagal
system and the hypothalamus-pituitary-adrenal (HPA)
axis[70]. Stressing animal models changes their microbiota[71], and the composition of the gut microbiota has
an impact on responses in rodent stress tests[72,73]. Innate
immune system cytokines, such as IL-1, IL-6 and tumor
necrosis factor α (TNFα), which may originate from a
gut microbiota provocation, induce “sickness behavior”, changing the priorities of the organism to enhance
recovery and survival[74]. However, metabolites formed
by microbial decomposition in the gut may also have a
direct impact on the brain[75]. In mouse models of atopic
dermatitis, more than 70% of the variation observed in
the local tissue cytokine response may be shared with the
variation in gut microbiota[76]. Changes in the structure
of the microbial community seem to reduce the number,
as well as the size, of tumors in azoxymethane/dextran
sodium sulfate (AOM/DSS) colon cancer-induced mice,
and tumor induction may be achieved by colonizing germ
free mice with microbiota from induced mice[77].

EXAMPLES OF THE IMPACTS OF
SPECIFIC BACTERIAL SPECIES
Verrucomicrobioa
Akkermansia muciniphila (A. muciniphila) is a Gram negative
bacterium, which in mice is the only species belonging to
the phylum Verrucomicrobia[78]. It interacts via its mucin
degrading capabilities with enteroendocrine cells to modulate gut barrier function, and it is capable of producing
certain short chain fatty acids (SCFA’s) with a direct action on the receptor G-protein receptor 43 (GPR43)[79].
Abundance of A. muciniphila is reduced in mice with
obesity and type 2 diabetes[80], and it gradually disappears
as aging leptin deficient obese mice develop insulin resistance[1]. In non-obese diabetic (NOD) mice it becomes
more abundant when mice are fed a gluten-free diet,
which decreases the incidence of type 1 diabetes[81]. Early
life treatment with vancomycin in NOD mice allows A.
muciniphila to become a dominant gut microbiota member, which reduces the incidence of type 1 diabetes[3],
but enhances susceptibility to allergic asthma[82], which
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is in accordance with other studies showing allergy and
diabetes to counteract one another in NOD mice[83,84].
Induction of IBD in mice with dextran sodium sulfate
(DSS) reduces the number of extracellular vesicles derived from A. muciniphila, and feeding DSS induced mice
such vesicles reduces the severity of IBD[85], which fits
well with observations in humans[4]. However, it not only
reduces the severity of diseases: its presence is correlated
with higher severity when infecting mice with Salmonella
typhimurium [86], and AOM/DSS colon cancer-induced
mice have an increased abundance of A. muciniphila[77],
which may be explained by its ability to downregulate the
natural killer cell receptor, NKG2D, which is part of the
anti-carcinogenic defense[87].

Firmicutes

Segmented filamentous bacteria (SFB’s) are clostridia-related Gram-positive bacteria[88]. The term has been applied
for decades to describe intestinal bacteria of a uniform
morphology[89]. However, today the term refers to one
single species, also known as Candidatus Savagella[90]. SFBs
induce secretion of the pro-inflammatory cytokine IL-17
from TH17 cells[91], which in the adult mouse is correlated
with a low number of regulatory T cells[92]. The presence
of SFB’s differs between mice from different vendors[92],
and SFB positive NOD mice have a significantly lower
incidence of type 1 diabetes compared with SFB negative ones[93]. In the adoptive transfer severe combined
immune deficiency (SCID) mouse model of IBD, SFBs
are essential for the induction of severe inflammation[48].
Furthermore, SFBs and the induced TH17 are important
in the defense against intestinal pathogens. For example,
mice infected with Citrobacter rodentium, a potent murine
colon pathogen, exhibit severe symptoms if they lack
SFBs[91].
IBD in IL-10 knockout mice is enhanced by Enterococcus fecalis[94,95], which is probably linked to its production of
gelatinase[96].
Faecalibacterium prausnitzii (F. prausnitzii) is a clostridiarelated bacterium[97] linked to a protective effect against
human Crohn’s disease[98]. Oral feeding of F. prausnitzii
reduced the severity of 2,4,6-trinitrobenzenesulfonic
acid (TNBS)-induced colitis in mice, and some studies
indicated that this may also be the case in both multidrug
resistance gene deficient (mdr1a knockout)[99] and in the
DSS-induced mouse models of colitis[100].
High abundances of Lactobacillus spp. and bifidobacteria are correlated strongly with low levels of inflammation in mice[101] and leptin in rats[102], which also fits well
with these bacteria acting protectively against IBD in
IL-10 knockout mice[103], allergic sensitization in mice[104],
and myocardial infarction in rats[102]. Lachnospiraceae seems
quantitatively correlated to improved glucose tolerance
in leptin-deficient obese mice[1].
In stressed mice, there is correlation between their Firmicutes levels and their responses in the stress tests[73].
Ingestion of Lactobacillus rhamnosus in mice regulates their
emotional behavior and central γ-aminobutyric acid (GABA)
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receptor expression via the vagus nerve[72].
Bacteroidetes
A high abundance of the Gram negative family Prevotellaceae, perhaps restricted to one unclassified genus, in
the gut of leptin-deficient obese mice correlated with
impaired glucose tolerance[1].By contrast, in AOM/DSS
induced colon cancer mice, a high abundance of Prevotellaceae correlated with a low tumor burden[77]. P. copri,
which has been correlated with the development of arthritis in humans, seems to increase the severity of DSS
induced colitis in mice[5]. Caspase-3 knockout mice exhibit
a lower inflammatory response to DSS induction of
colitis compared with wild-type mice; however, this protective effect of the mutation is decreased by cohousing
knockout mice with wild-type mice, which significantly
increases the abundance of Prevotella spp. in the knockout
mice[105].
Bacteroides vulgatus seems to enhance IBD in HLA-B27
transgenic rats[106] and IL-10 knockout mice[95], and in
the Bio Breeding (BB) rat, a spontaneous type 1 diabetes
model. The fecal microbiota differ and contain an increased number of Bacteroides spp. before onset of diabetes[107]. As in all other mammals, Bacteroides spp. form an
important part of the Bacteroidetes fraction of the rodent
gut[16]. These Gram negative bacteria are important for the
processing of complex molecules to simpler ones in the
gut[108]: complex glycans are their key source of energy[109].
B. fragilis toxins cause symptoms of diarrhea and IBD
in germ-free mice[110], and they induce colonic tumors
strongly in multiple intestinal neoplasia (MIN) mice[111].
On the other hand, B. fragilis PSA, which is important for
the inflammatory gut response to pathogens[36], also protects against Helicobacter hepaticus-induced colitis in mice;
probably via the prevention of IL-17 secretion[112]. Feeding
the maternal immune activation (MIA) mouse model with
B. fragilis reduces symptoms of autism, which is probably
linked to the normalization of the levels of a specific gut
metabolite[113].
The abundance of Alistipes spp., a bacterium of the
Rikenellaceae family, seems to increase when mice are
stressed by grid floor housing[73].
Proteobacteria
Escherichia coli (E. coli) enhances IBD in HLA-B27 overexpressing rats[106], although E. coli Nissle stabilizes the
enteric barrier in mice[114]. When reducing type 1 diabetes
by pre-weaning treatment of NOD mice with vancomycin, a vast increase in the abundance of Proteobacteria
in the pups was observed[3].
Actinobacteria
Bifidobacterium spp. in rodents have a positive impact on
the regulatory and innate immunity[101,115]. Perinatal supplementation of B. longum reduced TH1 and TH2 responses
in allergen sensitized mice[104]. On the other hand, their
numbers are also increased in gluten-fed NOD mice with
a high incidence of type 1 diabetes compared with NOD
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mice on a gluten-free diet[81].

DISCUSSION

4

The information gained over the last decade on how
the entire microbiota, as well as some of its individual
members, affect animal models of very different types,
has prompted the scientific community to incorporate
this in future production and quality assurance of animal
models. It is not possible to regard these matters from a
“Specific pathogen-free” concept, as some of the species act in favor of the development of one disease,
while against the development of another disease, e.g.
SFB’s both protect against type 1 diabetes and induces a
TH17 response in favor of the development of Crohn’s
disease. Furthermore, the balance between the different
fractions of the microbiota is also likely to make a difference. Ultimately, it is often a quantitative rather than
a qualitative presence that makes the difference. Therefore, it is likely that we will see more tailor-made rodent
models, i.e. commercial breeders and research groups
have sought to produce animals with a specific microbiota for the conditions under test. One obvious idea may
be to breed such animals by selective breeding; however,
this does not seem to increase the microbiota similarity,
although the microbiota of offspring show a clear clustering with the mother’s microbiota[116,117]. It is probably
rational to inoculate germ free mice with a tailor-made
microbiota around weaning, as they are conventionalized
in SPF conditions[118]. The window for induction of oral
tolerance in animal models may also be turned around,
such that a low bacterial stimulation in the open phase
of this window may be essential to develop target diseases in the model. When stimulated later on, the nature of
this stimulation is also essential, because commonly used
disease models in rodents are driven by specific subsets
of T cells[19]. Another alternative will be to characterize
the microbiota composition for animals in sensitive studies and incorporate this in the data evaluation by chemometric or multifactorial statistical means. The impact of
the gut microbiota on animal models is of a magnitude
that cannot be neglected in the future.
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The incidence of type 2 diabetes (T2DM) is rapidly
increasing worldwide. However, the pathogenesis of
T2DM has not yet been well explained. Recent evidence
suggests that the intestinal microbiota composition is
associated with obesity and T2DM. In this review, we
provide an overview about the mechanisms underlying the role of intestinal microbiota in the pathogenesis
of T2DM. There is clear evidence that the intestinal
microbiota influences the host through its effect on
body weight, bile acid metabolism, proinflammatory
activity and insulin resistance, and modulation of gut
hormones. Modulating gut microbiota with the use of
probiotics, prebiotics, antibiotics, and fecal microbiota
transplantation may have benefits for improvement in
glucose metabolism and insulin resistance in the host.
Further studies are required to increase our understanding of the complex interplay between intestinal
microbiota and the host with T2DM. Further studies
may be able to boost the development of new effective
therapeutic approaches for T2DM.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Type 2 diabetes (T2DM) is believed to be
caused by a series of multiple risk factors such as genetic liability, age, overweight or obesity, and an unhealthy lifestyle. Recently, accumulated evidence has
suggested that the intestinal microbiota plays an important role in the pathogenesis of T2DM as a potential
novel contributor. This review focuses on the underlying role of intestinal microbiota in the pathogenesis of
T2DM and the therapeutic potential of modulating gut
microbiota in T2DM.

INTRODUCTION
According to recent estimates by the International Diabetes Federation, there are 382 million people living with
diabetes worldwide, and the number is expected to rise
to 592 million by 2035[1]. Nearly 85%-95% of people
with diabetes have type 2 diabetes (T2DM)[2]. T2DM is
believed to be caused by a series of multiple risk factors
such as genetic liability, age, overweight or obesity, and
an unhealthy lifestyle. Recently, accumulated evidence
has suggested that the intestinal microbiota plays an important role in the pathogenesis of T2DM as a potential
novel contributor.
The adult human intestine is colonized by about 100
trillion bacteria, which is about 10 times the number of
total cells in the human body[3]. Recent evidence suggests
that the intestinal microbiota composition is associated
with obesity and T2DM. Ley et al[4] analyzed 5088 bacte-
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rial 16S rRNA gene sequences from the gut microbiota
of obese ob/ob mice and their lean control group. They
found that ob/ob mice had a 50% decrease in the abundance of Bacteroidetes and a proportional increase in
Firmicutes. They also observed similar differences in the
gut microbiota of obese compared with lean humans[5].
Intestinal microbiota compositional changes have also
been investigated in patients with T2DM. Researchers have found that the abundance of Firmicutes and
Clostridia was significantly reduced, while the relative
proportion of Bacteroidetes and Betaproteobacteria was
increased in the diabetic group compared with the control group[6]. However, Zhang et al[7] found that the proportion of Firmicutes and Clostridia were higher in the
group of patients with T2DM compared to the normal
glucose group. Patients in the pre-diabetes and T2DM
groups had a significantly increased level of Betaproteobacteria compared with the normal glucose group. Qin
et al[8] have developed a protocol for a metagenome-wide
association study based on deep shotgun sequencing of
the gut microbial DNA extracted from fecal samples
from Chinese T2DM patients and nondiabetic controls.
They identified 47 metagenomic linkage groups in the
T2DM-associated gene markers from the gut metagenome. Their results showed that patients with T2DM
had a moderate degree of gut microbial dysbiosis, a reduction in the abundance of some butyrate-producing
bacteria, and an increase in various opportunistic pathogens. Karlsson et al[9] observed significantly higher levels
of four Lactobacillus species and significantly lower levels
of five Clostridium species in the T2DM group. Importantly, these changes did not correlate with body mass
index (BMI), waist circumference, or waist-to-hip ratio.
Sato et al[10] showed that stool samples of diabetic patients had significantly reduced levels of the Clostridium
coccoides group, Atopobium cluster, and Prevotella, and a significantly increased level of total Lactobacillus compared
with control subjects. They also noted that the detection
rate of live gut bacteria in the blood of diabetic patients
was significantly higher than that in control subjects (28%
vs 4%, P < 0.01). These studies that have aimed to evaluate the association between gut microbiota and diabetes
have produced conflicting results. There may be many
factors influencing the results, such as race, eating habits, geographical location, and research methods. This
review focuses on the underlying mechanism of intestinal microbiota in the pathogenesis of T2DM, and the
therapeutic potential of modulating the gut microbiota
in T2DM.

INTESTINAL MICROBIOTA AND BODY
WEIGHT
Humans do not have the enzymes necessary for digestion
of many types of plant polysaccharide, such as cellulose,
xylans, resistant starch, and inulin[11]. However, these indigestible carbohydrates can be fermented by intestinal
microbes to yield energy and to produce short-chain fatty
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acids (SCFAs). The role of the intestinal microbiota in
the regulation of host body weight and energy homeostasis was revealed primarily in rodents. Bäckhed et al[12] and
his colleagues found that conventionally raised mice had
42% more total body fat than germ-free mice (raised in
the absence of any microorganisms), even if their daily
caloric intake was 29% less than their germ-free counterparts. The germ-free mice transplanted with fecal microbiota from conventionally raised animals for 14 d had a
57% increase in their total body fat. In further investigation, the fecal gross energy content of lean conventionally raised C57BL/6J mice was significantly higher than in
their obese counterparts (ob/ob mice)[13]. Germ-free mice
transplanted with fecal microbiota from obese donors
had a significantly greater increase in total body fat than
those colonized with microbiota from lean donors. These
results confirmed that the intestinal microbiota in ob/ob
mice was more effective in harvesting energy from food
than that of their lean littermates.

INTESTINAL MICROBIOTA AND
BILE-ACID METABOLISM
Cholic acid and chenodeoxycholic acid are the primary
bile acids synthesized from cholesterol in the liver in
humans. Once the primary bile acids, such as cholic acid
and chenodeoxycholic acid, have reached the intestine,
they may be transformed by intestinal microbiota into
secondary bile acid species: deoxycholic and lithocholic
acids[14]. The intestinal microorganisms strongly affect
bile acid metabolism. The most typical secondary bile
acid and the most abundant bile acid in biliary bile in humans is deoxycholic acid, which is converted from cholic
acid via a 7α-dehydroxylation reaction catalyzed by some
species of Clostridium in the large intestine[15]. Compared
with germ-free mice, conventionally raised (CONV-R)
mice have significantly lower levels of bile acid in the
gallbladder and small intestine, but significantly higher
levels of bile acid in the cecum, colon, feces, and serum. The total amount of bile acid was 71% lower in
CONV-R than germ-free mice. Activation of the nuclear
farnesoid X receptor (FXR) by the gut microbiota reduce the expression levels of most bile acid synthesis
enzymes[16]. In turn, bile acids contribute to suppression
of bacterial colonization and growth in the gut because
of their strong antimicrobial activity. A previous study
showed that the primary mechanism underlying the antimicrobial action of bile acids was membrane damage[17].
Only microbial populations able to tolerate physiological concentrations of bile acids can survive in the gut.
Feeding with cholic acid induces phylum-level alterations
in the composition of the gut microbiota in rats. Cholic acid feeding increases significantly the ratio of Firmicutes to Bacteroidetes, which is similar to the changes
induced by high-fat feeding[18].
Over the past decade, a growing body of evidence
has shown that bile acids play an important role in glucose metabolism as signaling molecules and cellular
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receptor ligands. Bile acids activate not only FXR but
also the membrane-bound, G-protein-coupled receptor
(GPCR) 1 (also known as TGR5)[19]. It has been demonstrated that bile acids inhibit the expression of gluconeogenic genes, such as those encoding phosphoenolpyruvate carboxykinase, fructose-1, 6-biphosphatase-1, and
glucose-6-phosphatase in vitro via FXR[20]. Knocking out
FXR in ob/ob mice prevented diet-induced obesity and
improved murine hyperglycemia and glucose tolerance
by increasing peripheral glucose clearance and adipose
tissue insulin sensitivity[21]. Bariatric surgery, such as vertical sleeve gastrectomy (VSG), is effective for treatment
of obesity and comorbid T2DM. FXR contributes to
the maintenance of weight loss and improvement in
glucose tolerance following VSG, which are associated
with increased circulating bile acids and transition in
gut microbiota composition[22]. Activation of TGR5 in
enteroendocrine L cells induces glucagon-like peptide
(GLP)-1 release, with an improvement in liver and pancreatic function and increased glucose tolerance in obese
mice[23]. Activation of TGR5 in brown adipose tissue
and muscle increases energy expenditure and alleviates
diet-induced obesity[24].
Fasting serum taurine-conjugated bile acid concentrations are higher in T2DM compared with normoglycemic controls, and intermediate in impaired glucose
tolerance. This pattern is not directly linked to obesity
and glucose per se[25]. However, increases in taurine-conjugated bile acid in patients with T2DM may be related
to lower rates of taurine deconjugation that is catalyzed
by some bile salt hydrolases enriched in the human gut
microbiota[26]. Bile-acid sequestrants have been used to
sequester bile acids in the intestine to increase bile acid
synthesis and consequently reduce serum low-density
lipoprotein cholesterol. Bile-acid sequestrants have also
been demonstrated to improve glucose control in patients with T2DM, which might be through multiple
mechanisms such as altering the bile acid pool composition, improving hepatic glucose metabolism, increasing
release of incretin hormones, and inducing changes in
gut microbiota composition[27,28].

INTESTINAL MICROBIOTA AND INSULIN
RESISTANCE
Endotoxemia and low-grade inflammation
Obesity, insulin resistance and T2DM are closely associated with low-grade inflammation characterized by disordered cytokine production and activation of a network
of inflammatory signal pathways[29,30]. The low-grade
inflammation is induced by a change in gut microbiota
that promotes metabolic endotoxemia and triggers the
development of inflammation via a lipopolysaccharide
(LPS)- and CD14/toll-like receptor (TLR) 4-dependent
mechanism[31] (Figure 1). The intestinal microbiota is enriched with molecules such as LPS and peptidoglycan that
may cause inflammation. Gut microbiota-derived LPS is
involved in the onset and development of inflammation
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and metabolic diseases[32]. Elevated plasma LPS concentration in mice induced by high-fat feeding is defined as
metabolic endotoxemia. Moreover, a high-fat diet in mice
significantly alters intestinal microbiota composition. Metabolic endotoxemia is induced in mice through continuous subcutaneous infusion of LPS for 4 wk, and fasted
glycemia and insulinemia, weight gain and expression of
inflammatory cytokines are increased similarly to those in
mice fed a high-fat diet. CD14 knockout mice resist most
of the LPS and high-fat diet-induced characteristics of
metabolic diseases. CD14 plays a key role in innate immunity[33]. The binding of LPS to the complex of mCD14 and
TLR4 at the surface of the innate immune cells activates
the cascade reaction of inflammation[34,35]. Many typical
proinflammatory stimuli, including LPS, lipids, fatty acids,
and chemokines activate c-Jun N-terminal kinase (JNK)
and IκB kinase (IKK)-β pathways intracellularly. IKKβ
activation stimulates the family of nuclear factor (NF)-κB
transcription factors and increases the expression of numerous mediators of inflammation that can cause insulin
resistance. JNK activation promotes the phosphorylation
of insulin receptor substrate (IRS)-1 at serine sites, which
inhibits normal signal transduction through the insulin
receptor/IRS-1 axis, which also can result in insulin resistance[36]. Therefore, the metabolic endotoxemia induced
by LPS derived from the gut microbiota is associated with
inflammation and insulin resistance.
Gut permeability
Increased endotoxemia is correlated with increased gut
permeability. A high-fat diet in mice dramatically increases gut permeability and reduces expression of tight
junction proteins such as zonula occludens (ZO)-1 and
occludin in intestinal epithelial cells. Antibiotic treatment
reduces metabolic endotoxemia in high-fat-fed mice,
which is associated with decreased gut permeability, reduced inflammatory markers, and improved metabolic
features of diabetes and obesity. Furthermore, the deficiency in CD14 in ob/ob CD14 knockout mice demonstrates the metabolic and inflammatory effects similar to
those of antibiotics[37]. Intestinal permeability in human
T2DM detected by the 51Cr-EDTA urinary recovery test
was significantly increased compared with matched control subjects[38]. Modulating gut microbiota composition
with prebiotics improves gut permeability, reduces metabolic endotoxemia, lowers inflammation, and alleviates
glucose intolerance[39,40].
Endocannabinoid system
The endocannabinoid (eCB) system is now believed to be
associated with inflammation and diabetes[41,42]. Intestinal
microbiota modulate gut eCB expression, which controls gut permeability and plasma LPS levels through the
CB1 receptor[43]. Changes in the gut microbiota due to
prebiotic feeding reduce gut permeability in obese mice.
Blocking the CB1 receptor in obese mice also improves
gut barrier function by increased distribution and localization of tight junction proteins (ZO-1 and occludin).
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Figure 1 Influence of the intestinal microbiota in promoting gut permeability and insulin resistance. Changes in the intestinal microbiota reduce tight junction
proteins of gut epithelial cells and increase gut permeability, thus promoting metabolic endotoxemia and insulin resistance. LPS: lipopolysaccharide.

This demonstrates that the eCB system modulates gut
permeability through the distribution and localization
of tight junction proteins[44]. Bermudez-Silva et al[45] have
shown that cannabinoid CB2 receptor activation improves
glucose tolerance in rats and that CB1 receptor blockade
mimics the effects of CB2 receptor agonists. The data
suggest that the eCB system modulates glucose homeostasis through the interplay of CB1 and CB2 receptors. The
changes in CB2 receptor expression are correlated positively with intestinal counts of Lactobacillus supplement
and negatively with counts of Clostridium supplement[46].
Modulation of the intestinal microbiota with specific
probiotics has been shown to upregulate CB2 receptor
expression in rodents[47].
Akkermansia muciniphila
Akkermansia muciniphila (A. muciniphila) is a mucoproteindegrading bacterium that colonizes the mucous layer[48],
and its abundance is negatively correlated with body weight
in humans[49,50]. The abundance of A. muciniphila decreases
in obese and T2DM mice. Feeding with viable A. muciniphila ameliorates high-fat-diet-induced metabolic disorders,
including adiposity, metabolic endotoxemia, low-grade inflammation, and insulin resistance. Feeding also promotes
intestinal expression of eCBs that control inflammation,
gut barrier, and gut hormone secretion. However, these effects are not observed in the same mouse model fed with
heat-killed A. muciniphila[51].
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INTESTINAL MICROBIOTA AND
NON-ALCOHOLIC FATTY LIVER DISEASE
Non-alcoholic fatty liver disease (NAFLD) is a spectrum
of liver disorders, including steatosis, nonalcoholic steatohepatitis (NASH), fibrosis and cirrhosis, which is often associated with obesity, insulin resistance, and diabetes mellitus. The prevalence of ultrasonographic NAFLD
in patients with T2DM ranged from 54.11% to 78% in
different studies[52]. A two-hit mechanism has been proposed for the pathogenesis of NAFLD. The first hit is
the process of triglyceride accumulation in hepatocytes,
while the second hit is responsible for hepatocyte injury, inflammation, and fibrosis through oxidative stress,
lipid peroxidation, and proinflammatory cytokines[53,54].
Accumulated evidence has suggested that intestinal microbiota may be associated with NAFLD progression.
Bäckhed et al[12] observed that colonization of germ-free
mice with normal intestinal microbiota induced insulin
resistance and stimulated hepatic lipogenesis. Gut microbiota compositional change can increase the amount of
TLR ligands delivered to the liver. TLR ligands stimulate
Kupffer cells and hepatic macrophages to produce proinflammatory cytokines that can result in insulin resistance
and hepatocyte death[55]. In addition to TLRs, nucleotidebinding oligomerization domain-like receptors (NLRs)
are inflammasome-dependent pathways of proinflammatory cytokine production[56,57]. Henao-Mejia et al[58]
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demonstrated that the NLRP6 and NLRP3 inflammasomes and the effector protein interleukin-18 negatively
regulated NAFLD/NASH progression through modulation of the gut microbiota. A meta-analysis to evaluate
the effects of probiotic therapy in NAFLD showed that
probiotic therapies can improve liver function, lipid metabolism, and insulin resistance in NAFLD patients[59]. A
recent randomized clinical trial demonstrated that 4-mo
supplementation with probiotics significantly improved
fatty liver in children with NAFLD[60].

INTESTINAL MICROBIOTA AND GUT
HORMONES
GLP-1
GLP-1 is an incretin secreted from intestinal L cells. GLP-1
has numerous physiological effects, including stimulation
of glucose-dependent insulin secretion, augmentation of
β-cell mass, and inhibition of glucagon release, gastric
emptying, and food intake[61]. Yadav et al[62] modulated the
gut flora composition of mice with a probiotic, VSL#3.
The altered gut microbiota stimulated production of
SCFAs (butyrate) that promoted GLP-1 secretion from
L cells to improve the metabolic state. SCFA activation
of GPCR GPR41 and GPR43 promotes the secretion
of GLP-1[63]. Prebiotics are non-digestible dietary ingredients that cause specific gut microbial composition
changes or stimulate selectively the activity of some microbial species. Many investigations have demonstrated
that prebiotics increase release of GLP-1 and improve
the metabolic inflammation and insulin resistance induced by a high-fat diet[64-66].
GLP-2
GLP-2 is co-secreted with GLP-1 and is able to enhance
intestinal epithelial proliferation and reduce gut permeability[67]. Changes in mouse gut microbiota with prebiotic
ingestion promote a significant release of plasma GLP-2
levels and improve systemic and hepatic inflammation.
GLP-2 receptor blockade impairs prebiotic-induced improvement in inflammatory tone[39]. Besides the roles of
GLP-2 in maintaining gut barrier integrity, slowing gastric emptying and intestinal motility, improving nutrient
absorption, and enhancing immune function, GLP-2 in
central neurons enhances hepatic insulin sensitivity and
plays a key role in the control of glucose homeostasis[68].
Peptide YY
Peptide YY (PYY) is a gastrointestinal hormone secreted
from intestinal L cells. PYY has several biological actions
including vasoconstriction, inhibition of gastric acid secretion, reduction of pancreatic and intestinal secretion,
regulation of appetite and inhibition of gastric motility[69,70]. Rats receiving a diet supplemented with oligofructose, oligofructose-enriched inulin or high-molecularweight inulin demonstrated an increase in portal serum
levels of GLP-1 and PYY. The same effects were also
observed in diabetic rats[71]. Dietary-resistant starch is a
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fermentable fiber that liberates SCFAs through fermentation in the gut. Feeding rats with dietary-resistant starch
increases GLP-1 and PYY secretion in the lower gut
through SCFAs[72].

THERAPEUTIC PERSPECTIVE OF
INTESTINAL MICROBIOTA MODULATION
FOR T2DM
Probiotics and prebiotics
A modulating effect of the gut microbiota on T2DM was
suggested by recent observations. Probiotics are nonpathogenic live microorganisms that may confer health
benefits on the host. In an animal study, researchers observed that a fermented milk product containing probiotic
bacteria significantly delayed the onset of glucose intolerance, hyperglycemia, and hyperinsulinemia in diabetic
rats induced by high fructose concentration[73]. In elderly
T2DM patients who consumed a daily dose of 200 mL
of a symbiotic drink containing 108 CFU/mL Lactobacillus
acidophilus, 108 CFU/mL Bifidobacterium bifidum and 2 g oligofructose over over 30 d, there was a significant increase
in high-density lipoprotein cholesterol and a significant
reduction in fasting glycemia[74]. In another investigation,
patients with T2DM who consumed 300 g/d of probiotic
yogurt containing L. acidophilus La5 and Bifidobacteriumlactis
Bb12 for 6 wk had a significant reduction in fasting glycemia and hemoglobin A1c[75].
Antibiotics
Antibiotic treatment is another method of gut microbiota
modulation. Treatment with norfloxacin and ampicillin
(1 g/L each) for 2 wk, suppressed the numbers of cecal
bacteria in ob/ob mice. The treated animals displayed a
significant improvement in fasting blood glucose and oral
glucose tolerance. The enhanced insulin sensitivity was
independent of food intake, weight loss, or adiposity. In
this study, both plasma LPS levels and the expression of
jejunal tumor necrosis factor-α level were significantly
lower in the antibiotic-treated mice than in the control
mice, suggesting that modulation of intestinal microbiota
by antibiotics ameliorated the inflammatory status in ob/ob
mice[76]. When diet-induced obese and insulin resistant
mice were treated with the non-absorbable antibiotics
polymyxin B and neomycin, they had a gradual reduction
in glycemia, associated with a modified cecal microbiota
profile[77]. Berberine, one of the main ingredients of
a Chinese traditional herb used to treat bacterial diarrhea, improves glycemia. The antimicrobial activity of
berberine and its modulation of the gut microbiota may
play a role in the antidiabetic effect of this herb[78]. However, long-term use of antibiotics in humans is related
to weight gain and obesity. Patients who receive 6 wk
intravenous treatment with vancomycin plus gentamicin
for infective endocarditis show significant weight gain[79].
Hernández et al[80] observed that intravenous β-lactam
therapy for 14 d promoted glycosidase activity in the hu-
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Figure 2 Role of the intestinal microbiota in the pathogenesis of type 2 diabetes. The intestinal microbiota may play an important role in the onset of type 2 diabetes by influencing body weight, bile acid metabolism, proinflammatory activity, NAFLD and insulin resistance, and modulating gut hormones. NAFLD: Non-alcoholic
fatty liver disease; SCFAs: short-chain fatty acids; FXR: farnesoid X receptor; GLP: Glucagon-like peptide; PYY: Peptide YY.

man gastrointestinal tract and was associated with BMI
and glucose level. These data presented an interesting
view of the potential effects of antibiotics on human metabolism. Further studies should be performed to investigate the effects of different antibiotics and administration
routes on metabolism and T2DM.
Fecal microbiota transplantation
Recently, a report about fecal microbiota transplantation
has aroused strong interest. Fecal microbiota transplantation was testified to be a highly successful therapy for
recurrent Clostridium difficile infection[81] This also raised
interest in the therapeutic effect of fecal transplantation
in metabolic syndrome and T2DM. Patients with metabolic syndrome who received small intestinal infusions
of fecal microbiota from allogenic lean donors for 6 wk
showed an improvement in peripheral and hepatic insulin
sensitivity, along with an increase in butyrate-producing
intestinal microbiota[82].

CONCLUSION
Intestinal microbiota may play an important role in the
pathogenesis of T2DM by influencing body weight, bileacid metabolism, proinflammatory activity and insulin
resistance, and modulation of gut hormones (Figure 2).
Modulating the gut microbiota through the use of probiotics, prebiotics, antibiotics, and fecal microbiota transplantation may have benefits in improving glucose metabolism
and insulin resistance in the host. However, there are still
many questions that need to be resolved. LPS inhibits the
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synthesis of insulin in isolated rat islets of Langerhans
through binding of TLR4 and activation of the NF[83]
κB pathway . We do not know whether the changes in
intestinal microbiota directly influence the β cell mass
and function of islets in T2DM patients. Can we detect
gut bacterial genes in liver or islets in T2DM patients?
Does bariatric surgery for obese T2DM patients interact
with their intestinal microbiota? Rifaximin, an oral locally acting antibiotic used to treat inflammatory bowel
disease, can modulate gut microbiota. What effect of
rifaximin can we observe if it is administered to T2DM
animal models or patients? Future studies are required
to increase our understanding of the complex interplay
between intestinal microbiota and the host with T2DM,
and to enable the development of new effective treatments for T2DM.
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Abstract
Per-oral endoscopic myotomy (POEM) represents a natural orifice endoscopic surgery (NOTES) approach to
laparoscopy Heller myotomy (LHM). POEM is arguably
the most successful clinical application of NOTES. The
growth of POEM from a single center in 2008 to approximately 60 centers worldwide in 2014 with several
thousand procedures having been performed attests
to the success of POEM. Initial efficacy, safety and acid
reflux data suggest at least equivalence of POEM to
LHM, the previous gold standard for achalasia therapy.
Adjunctive techniques used in the West include impedance planimetry for real-time intraprocedural luminal
assessment and endoscopic suturing for challenging
mucosal defect closures during POEM. The impact of
POEM extends beyond the realm of esophageal motility
disorders as it is rapidly popularizing endoscopic submucosal dissection in the West and spawning offshoots
that use the submucosal tunnel technique for a host
of new indications ranging from resection of tumors to
pyloromyotomy for gastroparesis.
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Core tip: Per-oral endoscopic myotomy (POEM) is a
novel endosurgical therapy for achalasia. POEM developed as an offshoot of early natural orifice endoscopic
surgery (NOTES) approach investigation, but, now,
is arguably the most successful clinical application of
NOTES. The clinical results of POEM therapy in terms
of dysphagia relief and safety have been excellent. The
impact of POEM is extending far beyond the narrow
domain of esophageal motility disorders. As the first
successful clinical application of submucosal endoscopy
it is now spawning many other NOTES interventions
utilizing a submucosal tunnel approach including submucosal tunnel endoscopic resection of submucosal
and mucosal lesions and per oral pyloromyotomy for
gastroparesis.
Friedel D, Modayil R, Stavropoulos SN. Per-oral endoscopic
myotomy: Major advance in achalasia treatment and in endoscopic
surgery. World J Gastroenterol 2014; 20(47): 17746-17755
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i47/17746.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i47.17746

INTRODUCTION
Achalasia is a rarely encountered motor disorder of the
esophagus, which is usually of unclear etiology. Most
patients have dysphagia to solids and liquids and others may have chest pain, regurgitation, and coughing.
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Barium esophageal contrast study usually shows a dilated esophagus tapering to a “bird’s beak” with delayed
contrast passage into the stomach, but diagnosis is confirmed by esophageal manometry showing infrequent or
no relaxation of the lower esophageal sphincter (LES)
and a variety of abnormalities in the esophageal body.
Medical therapy is ineffective in achalasia and treatment
is centered on ablation of the LES. Large-diameter balloon pneumatic dilation (PD) and laparoscopic Heller
myotomy (LHM) are the current mainstays in achalasia
therapy with botulinum toxin injection (BTI) reserved
for the frail elderly. A recent pivotal article noted equivalent results between PD and LHM with Dor’s fundoplication at 43 mo post-therapy as noted by LES pressure measurements and dysphagia scores[1]. LHM is still
considered the best therapy for achalasia because of its
durable response and the possibility of perforation with
PD[2]. A systematic review and meta-analysis noted LHM
to yield superior and more durable results than PD and
BTI[3]. End stage achalasia with a hugely dilated esophagus may necessitate partial esophagectomy (recently performed via laparoscopy)[4].

HISTORICAL BACKGROUND
Ortega described a case series of 17 achalasia patients in
1981 described a direct trans-mucosal lower esophageal
sphincter myotomy and good clinical, radiologic and
manometric results; there were no confirmatory work
perhaps related to complications such as perforation and
mediastinitis[5]. Natural orifice transluminal endoscopic
surgery (NOTES) came to the fore in 2004 and there has
been a push to design endoscopic less traumatic alternatives to traditional transcutaneous surgical interventions.
Thus the concept of a submucosal tunnel closed by a
mucosal flap with access to the mediastinum or the peritoneum was formulated[6]. Interventions on the esophageal muscularis could be performed at a distance from a
mucosal entry point, which is then closed at the procedure
termination. The concept was implicated in 2007 to perform a LES myotomy in a porcine survival model[7]. In
2008, Inoue used the technique of submucosal tunneling
to perform the first human endoscopic LES myotomy for
achalasia and coined the term POEM for per oral endoscopic myotomy[8]. Our group performed the first human
POEM outside Japan in 2009[9]. There is a rapidly increasing international experience with over fifty centers now
performing POEM. An international survey (IPOEMS)
was performed describing the global POEM experience
through July 2012[10].

INDICATIONS AND
CONTRAINDICATIONS
Patients considered for POEM therapy must have a
high-quality (preferably high resolution) esophageal manometry to define their specific motor abnormality as
this will dictate both their eligibility for POEM and spe-
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cifics of the procedure. POEM is performed predominantly for achalasia, but this technique has also been successfully applied in diffuse esophageal spasm, nutcracker
and jackhammer esophagus[11,12]. The international survey (IPOEMS) revealed that 28% of the 841 reported
POEMs performed by the 16 reporting centers, were
performed for hypertensive esophageal motor disorders
disorders including DES, hypertensive LES, nutcracker
and jackhammer esophagus [10]. The consensus from
IPOEMS and other studies is that POEM has significant efficacy in nutcracker esophagus, hypertensive LES,
DES and type Ⅲ (spastic) achalasia[10-13]. POEM seems
to be more helpful in diminishing dysphagia than the
chest pain associated with these disorders[13]. POEM may
be ideally suited in the treatment of patients with hypertensive esophageal motor disorders other than achalasia
because in those disorders often a longer myotomy is
required than can be achieved via the laparoscopic approach.
Experienced POEM operators can also now successfully treat patients with prior Heller myotomy and previous endoscopic intervention including botulinum injection and pneumatic dilation[14,15]. Forty-three percent of
subjects in the IPOEMS database had prior intervention
(BTI, PD, LHM)[10]. The consensus was that that the cases
were more technically challenging, but there was similar
good efficacy with few adverse events as the total subjects
group. Subsequent smaller reported studies are consistent
with these findings[14,15].
POEM has been performed throughout the age spectrum[10,16]. Most experienced operators will consider POEM
in the gamut of achalasia subtypes, achalasia with “sigmoid” esophagus and medically fragile patients. POEM
has been performed in post-gastric bypass patients with
achalasia[17]. POEM contraindications by consensus include severe pulmonary disease, esophageal irradiation,
esophageal malignancy, bleeding disorders including coagulopathy and recent esophageal surgery or endoscopic
intervention including endoscopic mucosal resection and
endoscopic submucosal dissection (ESD)[10].

POEM TECHNIQUE
POEM was developed from a technique devised to access
the mediastinum in NOTES[6]. POEM features the creation of a submucosal tunnel enabling the LES myotomy
to be performed away from the mucosal entry site. The
procedure requires equipment employed in ESD with capability for dissection, cutting, coagulation and infusion of
volume-expanders within the submucosal space. POEM
is performed with general anesthesia with the patient
usually in the supine position. Carbon dioxide is used for
insufflation utilizing a high-definition forward-viewing
gastroscope with accessory water jet for irrigation with
an attached clear cap. The esophageal submucosal space
is expanded with injection of an indigo carmine-saline
mixture[18]. The submucosal tunnel is typically initiated
10-15 cm above the gastroesophageal junction (GEJ).
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Figure 1 Per-oral endoscopic myotomy technique. A: Prior to per-oral endoscopic myotomy (POEM), there is evidence of a tightly puckered lower esophageal
sphincter (LES); B: Submucosal injection is performed with saline stained with indigo carmine; C: Mucosotomy is performed along the right anterior wall of the esophagus; D: Submucosal dissection is performed with hybrid knife; E: Submucosal tunnel is extended into the gastric cardia; F: Myotomy is intiated 2 cm below site of
mucosotomy; G: Final full thickness myotomy is seen as endoscope is withdrawn from the submucosal tunnel; H: Mucosotomy is closed with an endoscopic suturing
device; I: After POEM, the LES appears patulous.

Figure 2 OverStitch endoscopic suturing system (Courtesy of Apollo Endosurgery, Austin Texas).

The submucosal space is entered by the gastroscope
after a small electrosurgical cut and subsequently a submucosal tunnel is dissected using ESD technique for
creation of a conduit to the GEJ and the lower esophageal sphincter. The submucosal tunnel is extended into
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the gastric cardia 2-3 cm distal to the GEJ. Delineation
of the GEJ while in the tunnel is done in a variety of
ways including monitoring endoscope insertion length,
visually noting changes in tunnel diameter and vascularity, tactile feedback and even transillumination viewed by
a second endoscope[19]. Then the myotomy is performed
starting 2-3 centimeters distal to the mucosal entry point.
The final critical step is closure of the tunnel at the
mucosal entry point. Figure 1 demonstrates the critical
steps in the POEM technique. We have presented a detailed explanation of the technique in video format elsewhere (VJGIEN, 2013)[20]. Patients typically have a postprocedural contrast study to exclude complications such
as perforations and may be discharged the following day
if clinically well including ingestion of clear liquids. Antibiotics are given during the POEM and continued for
several days after discharge.

TECHNIQUE VARIATIONS
Individual POEM operators have generally evolved in
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Figure 3 Closure of gastroesophageal junction mucosal perforation with endoscopic suturing device. A: Inadvertent mucosal perforation at the gastroesophageal junction (GEJ) seen within the submucosal tunnel; B: Inadvertent mucosal perforation at the GEJ seen endoluminally; C: Endoscopic suture-initial “bite”; D: Suture closure; E: Cinch T-tag is deployed; F: Endoscopic suturing achieved secure closure of the perforation; G: Patulous lower esophageal sphincter.

their techniques. The Shanghai group has converted to
carbon dioxide after frequent serious complications with
room air, and this group touts the hybrid (inject/cautery)
ESD knife for faster dissection during POEM[21,22]. Inoue
prefers the triangular tip knife and initially performed
more modest length circular muscle myotomies[16]. Our
group initially employed balloon dilation in tunnel creation (lack of ESD knives in the US before 2011), but
now electrocautery dissection is exclusively used and we
are more comfortable with extended length circular and
longitudinal full-thickness muscle dissection[9,23]. Most
centers employ clips for closure of the mucosal defect
at the tunnel initiation. We have used an endoscopic suture device (OverStitch™ Endoscopic Suturing System;
Apollo Endosurgery Austin, Texas) (Figure 2) for our
recent cases and this is also invaluable for inadvertent
mucosal tunnel perforation[24]. Figure 3 demonstrates a
mucosal flap injury at the GEJ closed effectively with the
endoscopic suturing device without concern for delayed
leak in the patient. In our series when we compared the
last 25 consecutive mucosotomy closures using endoclips and endoscopic suturing, there was no statistically
significant difference in mean closure time (clips 8.8 min
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vs suture 10.1 min, P = 0.1), complications or mean cost
(clips $915.84 vs suturing $818, P = 0.2) (unpublished
data) Closure has also been described with an over-thescope clip and fibrin glue[25,26].
There are POEM controversies regarding the orientation and extent of LES dissection. The human LES
has several components that include a weaker clasp (circular) fiber part on the lesser curvature of the stomach
centered at 2 o’clock (using the convention of 12 o’clock
being the most anterior point) and a sling (oblique) fiber
part on the left posterior lateral wall of the LES at 7 o’
clock and draping over the anterior and posterior walls
at 5 and 11 o’clock respectively[27]. These sling fibers
are a significant barrier to reflux. Laparoscopic Heller
Myotomy is often performed anteriorly at 11-12 o’clock
and thus partially transects the sling fibers at 11 o’clock
and thus GERD is common after LHM. Currently, most
POEM operators reportedly perform myotomy at 2 o’
clock, which may theoretically minimize post-procedure
reflux, but be less efficacious as LES disruption is the
main goal in achalasia surgery. We and others (Shanghai
group) that employ a predominant 5 o’clock position for
the myotomy may have less dysphagia because of sling
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Figure 4 EndoFLIP Images before and after per-oral endoscopic myotomy. Seventy-seven years old man with achalasia for 4 years, prior Botox × 1, esophageal
diameter of 5 cm, non-sigmoid, underwent per-oral endoscopic myotomy (POEM), 8 cm posterior myotomy. A: EndoFLIP performed immediately prior to POEM; B:
immediately after POEM at 30 mL balloon volume shows an excellent response with increase of the minimal diameter at the gastroesophageal junction (GEJ) (Dmin)
from 6.7 to 12.3 cm and increase in cross-sectional diameter at the GEJ (cross-sectional area) from 36 to 119 mm2.

fiber resection but could theoretically have more GERD.
We believe most post-POEM patients with GERD will
do well with medical therapy. A lesser controversy with
a similar theme is whether to dissect the weaker longitudinal muscle component of the LES along with the LES
circular muscle. Additional resection of this longitudinal
muscle may promote post-POEM reflux, but a study on
this issue found no difference between POEM patients
who had the additional resection and those that did not
in terms of dysphagia relief and GERD[28].

ENDOFLIP
The adequacy of the POEM can be grossly assessed by
visualization and passage of the gastroscope. Our group
and other assess the esophagogastric junction distensibility quantitatively with the EndoFLIP system intraoperatively to confirm that an adequate myotomy has been
performed[29]. The endoluminal functional lumen imaging
probe (EndoFLIP®)(Crospon Ltd., Galway, Ireland) device is a balloon-tipped catheter that measures shape and
compliance of the GEJ using impedance planimetry. It
determines minimal luminal diameter and cross-sectional
area (CSA) at the level of the LES. Real time quantitative
assessment of GEJ distensibility can be calculated by dividing CSA by the balloon pressure that is also recorded
by the device. This may assist in confirming that adequate
myotomy has been achieved and possibly predict degree
of dysphagia relief. A recent study by Rohof and colleagues demonstrated that GEJ distensibility more closely
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correlated with symptomatic recurrence after interventions for achalasia than manometry[30]. In our series, there
was a patient who required additional LES dissection in
another plane based on this data[23]. Using EndoFLIP
intraoperative assessment in 43 POEMs at a 30 mL balloon inflation, there was a mean 3.5 fold increase in GEJ
distensibility[31]. Figure 4 demonstrates nearly a two fold
increase in Dmin diameter as well as three fold increase
in cross-sectional area after myotomy. In a small but provocative study, intraoperative Endoflip measurements suggested that LHM requires more of a proximal esophageal
myotomy to reduce GEJ distensibility than POEM[32].

EFFICACY AND SAFETY
The global results of POEM have been superb with dysphagia efficacy (using Eckardt score) in > 90% of subjects
and no reported mortality in > 1000 patients[10,13,31,33-40]
(Table 1). More limited data from these studies and smaller ones suggest significant diminution of LES pressure after POEM. Only a small number of studies have reported
efficacy based on objective assessment of esophageal
emptying by timed barium esophagram. However, their
results confirm the high efficacy of the procedure (Table
1). We have performed > 130 cases with similar efficacy
and safety.
GERD as defined by symptoms and available pH and
endoscopy data is the most prevalent adverse event after
POEM, though prevalence varied widely[10,13,23,31,35-38,40].
In the European multicenter POEM study, esophagitis
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Figure 5 Submucosal tunneling endoscopic resection technique. A: Gastroesophageal junction lesion seen on retroflexion during endoscopy; B: Endoscopic
ultrasound probe demonstrates hypoechoic muscularis propria based lesion; C: Creation of submucosal tunnel parallel to esophageal lumen; D: Endoscopic submucosal dissection (ESD) with submucosal tunnel; E-F: Freeing of submucosal lesion via ESD; G: Removal of submucosal lesion from tunnel with biopsy forceps; H: 2.5
cm leiomyoma; I: Endoscopic sutured closure of mucosal entrance to tunnel.

was in noted in 42% of subjects though was usually
mild[38]. A small study suggested almost 40% of POEM
subjects had abnormal acid exposure on pH testing, but
this was similar to LHM subjects[41]. Insufflation related
complications are less common with CO2 insufflation[42].
Damage to overlying esophageal mucosa seems to be
the common technical concern for the POEM operator. Modest rents can usually be remedied with clips or
endoscopic suturing[24]. Bleeding in the tunnel is unusual
but may require reentry for hemostasis[26].
Comparison to laparoscopic Heller myotomy
There is a lack of long-term efficacy of POEM generally
and in relation to LHM or PD. There are no randomized
controlled trials comparing POEM to LHM. One prospective series compared 18 POEM and 21 LHM subjects and noted no difference in operative time, myotomy
length, relief of dysphagia or complications (each group
had one perforation), but the POEM subjects had less
postoperative pain and quicker return to work[43]. However, another group comparing 34 POEM to 64 LHM
subjects found the POEM group to have less operative
time, lower postoperative Eckardt scores, lower LES
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pressures, less length of stay and less dysphagia at six
month follow-up[41]. A third series comparing 70 POEM
and 110 LHM subjects found lower Eckardt and LES
scores in the POEM group with no significant difference
in erosive esophagitis[44]. More such comparative studies
with longer follow-up are expected.

FUTURE PERSPECTIVES
There is current intense investigation in comparing POEM
and LHM for achalasia, but long term data for POEM
is lacking[13,41]. The available comparison bodes well for
POEM with relative shorter operative times and hospital
stays, lower cost and greater patient satisfaction[36]. Diminishing efficacy of POEM with time is a concern, but
more studies are needed[38]. There is controversy regarding POEM operator background and training as well as
credentialing. The apparent success of POEM has fueled
some of this debate. Most POEM operators in the US
and the world are surgeons[10]. Yet our group and others feature gastroenterologists with an impressive track
record[23]. The Inoue group feels that extensive animal
model practice in paramount for POEM success[45]. Two
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Table 1 Overview of peroral endoscopic myotomy efficacy and gastro-esophageal reflux disease data
Location primary
investigator

Patients Mean age
(n )
(yr)

Eckardt LES pressure Follow(pre/post) up (mo)
score
(mmHg)
(pre/post)

Costamagna et al[34],
Rome, Italy
Swanstrom et al[13],
Portland, Oregon

11

41 (23-68)

7.1/1.1

18

59 (22-88)

Chiu et al[35],
Hong Kong, China
Hungness et al[36],
Chicago, Illinois

16
18

45.1/16.9

3

6/0

45/16.8

6

47 (22-87)

5.5/0

43.6/29.8

3

38 (22-69)

7/1

19/9

63

Timed barium esophagram

Efficacy

100%
Median emptying at 5 min
15/16: 80%-100% emptying
1/16 less than 80% emptying

94%

100%
Median height
1 min 7 cm (0-15 cm)

89%

2 min 5 (0-13 cm)
5 min 0 (0-9 cm) (P < 0.001)
Minami et al[37],
Nagasaki, Japan

28

52 (19-84)

Von Renteln et al[38],
European MCT

70

45

Stavropoulos et al[31],
Mineola, New York1

100

Onimaru et al[39],
Yokohama, Japan1
Verlaan et al[40],
Amsterdam, Netherlands

Objective GERD
evidence n (%)

6.7/0.7

71.2/21

163

100%

6.9/1

27.6/8.9

12

82%

52 (17-93)

7.8/0.2

44.2/17.6

13.32

300

45 (3-87)

6.13/1.33

27.3/13.4

12

10

43

8/1

20.5/6.8

3

Mean emptying at 5 min
31/42: 100% emptying
41/42: > 50% emptying

98%

Esophagitis
(Grade 1 SavoryMiller classification)
4/14 (28)
+pH study
6/13 (46)
+pH study 3/15
(20)
Esophagitis
Los Angeles (LA)
class
A 2/15 (13.3)
B 2/15 (13.3)
C 1/15 (6.7)
Esophagitis
(11/28) 39.3%
LA class
M 2/28
A 7/28
B 1/28
C 1/28
Esophagitis (42)
LA class
A 29.2%
B 12.3%
Esophagitis
17/53 (32)
+pH study
17/52 (33)

98%
Median height
1 min 3.2 cm (IQR 0.5-6.5) (P = 0.005)
2 min 2.7 cm (IQR 0.4-5.2) (P = 0.005)
5 min 2.3 cm (IQR 0-3.2) (P = 0.005)

100%

Esophagitis (60%)
LA class
A 3/10 (30)
B 3/10 (30)

1

Abstract; 2Mean; 3Median, remainder are minimum follow-up. GERD: Gastroesophageal reflux disease; LES: Lower esophageal sphincter; IQR: Interquartile range.

American “learning curve” studies were small and yielded
somewhat conflicting results[46,47].

POEM OFFSHOOTS: OTHER RAPIDLY
GROWING APPLICATIONS OF THE
SUBMUCOSAL TUNNEL
POEM was derived from earlier NOTES experiments[5],
but currently POEM is more clinically advanced and
more widely adopted than any other NOTES procedure.
NOSCAR has recently completed a comprehensive “White
Paper” on POEM as a demonstration of this procedure’s
prominence[48]. More currently relevant is that the success
of POEM has spurred interest and development in ESD;
especially in the US[49]. Arguably POEM has contributed
more to ESD adoption in the US in the past few years
than over 10 years of presentations and publications by
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Japanese and other Asian endoscopists. However, the
impact of POEM extends even further. POEM offers a
controlled standardized setting for gastroenterologists to
familiarize themselves with previously taboo spaces such
as the mediastinum and peritoneum and become adept
in fundamentals of NOTES such as managing insufflation (capnoperitoneum, capnomediastinum) and achieving secure closure of full thickness breeches of the GI
lumen. Thus, the success of POEM has inspired other
NOTES offshoots such as submucosal tunneling endoscopic resection (STER) to achieve full-thickness en
bloc resection of muscularis based subepithelial tumors
(Figure 5). Guidelines recommend resection of many of
these tumors when they are larger than 2-3 cm, particularly if they are suspected to be gastrointestinal stromal
tumors or if they are causing symptoms, increasing in
size on surveillance or have high risk features on biopsy,
endoscopic ultrasound (EUS) or computed tomography.
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Table 2 Characteristics of United States single center submucosal tunneling endoscopic resection series n (%)
Characteristics
STER cases (n)
Time period
Mean age (yr)
Gender
ASA classification

Value
7
9/2013-4/2014
52 (47-62)
3 males: 4 females

6 (86)
1 (14)
Location of lesion
4 GE junction; 2 esophagus; 1 gastric cardia
General anesthesia
100%
Procedure time (min)
53 (23-80)
Closure technique
2 clips (29); 5 endoscopic suture (71)
Histopathology
6 leiomyoma (86); 1 GIST (2/50 hpf) (14)
Mean size (cm)
1.5 (1-2.7)
En bloc resection
100%
Length of hospital stay (d)
2.3 (1-4)
Follow-up
100% no recurrence
Complications
1 mucosotomy required clipping
1 stricture at submucosal tunnel site responded to balloon dilation at 4 wk
Ⅱ
Ⅲ

GE: Gastroesophageal; STER: Submucosal tunneling endoscopic resection;
ASA: American Society of Anesthesiologists.

Surgery can be difficult requiring resection of large portions of an organ such as partial gastrectomy or esophagectomy even for small tumors, especially those located
in the esophagus, GE junction, pylorus or other challenging locations. For low risk lesions ≤ 2 cm, often endoscopic/endosonographic life-long surveillance is pursued.
This overall approach generates a large burden of surgery
and endoscopy for subepithelial tumors (SETs) less than
5 cm, the majority of which represent low risk lesions.
STER may allow minimally invasive resection of submucosal tumors less than 3-4 cm and is especially appropriate for tumors in challenging locations for the surgeon including the GE junction, esophagus and gastric cardia. It
offers a less invasive approach to resection for tumors requiring resection. For small tumors that were destined for
surveillance it offers definitive histologic diagnosis (which
not infrequently eludes standard endoscopic sampling
such as EUS-guided fine needle aspiration). Furthermore,
by achieving en bloc resection of these small low risk tumors it allows definitive histologic confirmation (including
mitotic rate) of their benign nature and eliminates the
need for life-long surveillance. It is not surprising that
the initial reports of this technique originated at the two
most prominent Asian POEM centers. Inoue et al[50] from
Yokohama, and Li et al[51] from Shanghai reported their
respective initial successes utilizing submucosal tunneling
to safely and effectively achieve endoscopic resection of
muscularis propria based submucosal tumors in a small
series of patients. The Shanghai group subsequently reported their series of 290 patients with follow-up for 4
years showing no residual tumor, local tumor recurrence
or distant metastasis[52]. Our group performed the first
STER in the US in September 2012. Our small series of
patients also supports that STER is a safe and feasible
method for removing muscularis propria based SETs[53]
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(Table 2).
The principle of the submucosal tunnel technique has
been adapted to perform wide resections of mucosal lesions (early cancers) in the esophagus. In a series of five
patients, en bloc resection of superficial esophageal cancer was achieved in all without evidence of recurrence or
complications including dysphagia at follow-up between
3-13 mo[54]. In a larger series of 25 superficial esophageal
cancers, 92% en bloc resection was achieved with two patients having intramucosal carcinoma recurrence requiring further treatment at mean follow-up 22 mo[55].
There is a report from a small series employing submucosal tunnel endoscopy under conscious sedation to
safely and effectively explore the peritoneal and thoracic
cavities through transgastric peritoneoscopy[56].
Lastly, peroral pyloromyotomy (POP) using a tunneled approach very similar to that used to cut the lower
esophageal sphincter in POEM, has been proposed as a
potential therapy for gastroparesis[57]. Studies are in progress at a number of centers. If POP proves effective for
even a subset of gastroparesis patients, it may have a large
impact on the therapy of this challenging disease.

CONCLUSION
In conclusion, POEM has the potential to be the preferred modality for achalasia and related esophageal motor disorders when personnel and logistics allow. Many
questions remain regarding POEM, but its future is
bright. The impact of POEM is extending far beyond the
narrow domain of esophageal motility disorders. As the
first successful clinical application of submucosal endoscopy it is now spawning many other NOTES interventions utilizing a submucosal tunnel approach.
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Abstract
Alcohol consumption is a predominant etiological factor
in the pathogenesis of chronic liver diseases, resulting in fatty liver, alcoholic hepatitis, fibrosis/cirrhosis,
and hepatocellular carcinoma (HCC). Although the
pathogenesis of alcoholic liver disease (ALD) involves
complex and still unclear biological processes, the oxidative metabolites of ethanol such as acetaldehyde and
reactive oxygen species (ROS) play a preeminent role in
the clinical and pathological spectrum of ALD. Ethanol
oxidative metabolism influences intracellular signaling
pathways and deranges the transcriptional control of
several genes, leading to fat accumulation, fibrogenesis
and activation of innate and adaptive immunity. Acetaldehyde is known to be toxic to the liver and alters lipid
homeostasis, decreasing peroxisome proliferator-activated receptors and increasing sterol regulatory element
binding protein activity via an AMP-activated protein
kinase (AMPK)-dependent mechanism. AMPK activation
by ROS modulates autophagy, which has an important
role in removing lipid droplets. Acetaldehyde and aldehydes generated from lipid peroxidation induce collagen
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synthesis by their ability to form protein adducts that
activate transforming-growth-factor-β-dependent and
independent profibrogenic pathways in activated hepatic stellate cells (HSCs). Furthermore, activation of innate
and adaptive immunity in response to ethanol metabolism plays a key role in the development and progression of ALD. Acetaldehyde alters the intestinal barrier
and promote lipopolysaccharide (LPS) translocation
by disrupting tight and adherent junctions in human
colonic mucosa. Acetaldehyde and LPS induce Kupffer
cells to release ROS and proinflammatory cytokines and
chemokines that contribute to neutrophils infiltration. In
addition, alcohol consumption inhibits natural killer cells
that are cytotoxic to HSCs and thus have an important
antifibrotic function in the liver. Ethanol metabolism
may also interfere with cell-mediated adaptive immunity
by impairing proteasome function in macrophages and
dendritic cells, and consequently alters allogenic antigen
presentation. Finally, acetaldehyde and ROS have a role
in alcohol-related carcinogenesis because they can form
DNA adducts that are prone to mutagenesis, and they
interfere with methylation, synthesis and repair of DNA,
thereby increasing HCC susceptibility.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The goal of this article is to review the mechanisms of alcohol-mediated toxicity in parenchymal
and non-parenchymal cells of the liver. Specifically, we
highlight the effect of oxidative ethanol metabolites
such as acetaldehyde and reactive oxygen species in
the development of fat accumulation, fibrosis and deranged immune response.
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INTRODUCTION
Alcoholic liver disease (ALD) is one of the major cause
of morbidity and mortality worldwide and its clinical
spectrum includes steatosis, fibrosis, alcoholic hepatitis
(AH), cirrhosis, and hepatocellular carcinoma (HCC)[1].
Multiple factors (sex, obesity and genetic) are involved in
the progression of ALD but how these aspects influence
the clinical outcome remain unclear. More than 90% of
heavy drinkers develop fatty accumulation but only 30%
of alcoholics develop severe forms of ALD. Ethanol
and the products of its metabolism have toxic effects on
the liver and in recent decades, significant progress has
been made in understanding the molecular mechanisms
by which ethanol oxidative metabolism contributes to
the pathogenesis of ALD[2]. Ethanol oxidation to acetate
is a two-step process carried out by the enzymes alcohol dehydrogenase (ADH) and aldehyde dehydrogenase
(ALDH). These enzymes use NAD+ as a cofactor (Figure
1).
ADH first oxidizes ethanol to acetaldehyde, which is
then further oxidized to acetate by ALDH. In humans,
there are at least eight isoenzymes of ADH and four of
ALDH. ADH is a family of cytosolic enzymes mainly
present in the liver but also in the gastrointestinal tract,
kidney, nasal mucosa, testis and uterus. They are classified
into five classes (ADH1-5) that differ in their structural
and kinetic characteristics. ADH1 plays the major role in
the metabolism of ethanol in the liver[3-7]. As a result of its
electrophilic nature, acetaldehyde[8] can bind and form covalent chemical adducts with proteins, lipids and DNA[9-13].
These adducts are broadly pathogenic because they alter
cell homeostasis, changing protein structure[11,12,14,15] and
promoting DNA damage and mutation.
ADH and ALDH reactions lead to an accumulation
of NADH and the consequent reduction of NAD+/
NADH ratio that has a significant effect on important
biochemical pathways such as glycolysis, citric acid cycle,
fatty acid oxidation, and glucogenesis. NADH is mainly
reoxidized to NAD+ by the mitochondrial electron transfer chain[16,17]. During the electrons transfer to oxygen,
different reactive oxygen species (ROS) such as superoxide anion (O2-∙), hydrogen peroxide (H2O2), and the
hydroxyl radical (OH.) are formed[16]. These species are
unstable and rapidly react with additional electrons and
protons. Although most of these ROS are converted to
water before they can damage cells[18], a small proportion
can generate toxic effects as lipid peroxidation, enzymes
inactivation, DNA mutations, and destruction of cell
membranes[19-21].
Another metabolic system involved in ethanol metabolism is the microsomal ethanol oxidizing system
(MEOS) constituted by the cytochrome P450 (CYP)
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enzymes. These proteins are a superfamily of heme enzymes involved in oxidation of numerous endogenous
substrate such as steroids, fatty acid and xenobiotics[22].
They catalyze many different reactions, such as monooxygenation, peroxidation, dealkylation, epoxidation, and
dehalogenation in order to convert different chemical
molecules in more polar metabolites to be excreted. An
ethanol-inducible form of P450[23] catalyzes ethanol oxidation at rates much higher than other CYP enzymes. In
physiological conditions only a small amount of ethanol,
about 10%, is oxidized to acetaldehyde by CYP2E1[24] but
during chronic alcohol abuse there is induction of the
microsomal system[25,26], and an increase in CYP2E1 protein expression. The increase in CYP2E1 during chronic
ethanol intake is correlated with a decrease in proteasomal
degradation, which increases CYP2E1 protein stability[27,28]. Multiple factors such as insulin, acetone, leptin,
adiponectin and cytokines regulate CYP2E1 mRNA
and protein expression[29] and CYP2E1 expression levels
depend on nutritional and metabolic conditions. For example, genetic obese mice or high-fat-diet-fed rats have
high levels of CYP2E1 [30,31]. Furthermore, increased
CYP2E1[32] is found in diabetes, probably due to insulin
post-transcriptional modulation[33,34]. CYP2E1 catalyzes
the oxidation of ethanol to acetaldehyde and it can catalyze the oxidation of the latter to acetate[35] but this reaction is disadvantageous in the presence of ethanol[36].
The catalytic reaction of CYP2E1 generates a significant
amounts of ROS, such as O2-∙, H2O2, OH. and the hydroxyethyl radical (HER)[29,37].
H2O2 can react with metal ions to produce highly reactive OH. radicals[37,38] and determine a broad range of
adverse biological responses[37,39]. Lipid peroxidation is
probably the most important reaction involved in alcoholinduced liver damage [40,41] by the formation of toxic
aldehydes, including malondialdehyde (MDA) and 4-hydroxynonenal (4-HNE), which, similar to acetaldehyde are
able to react with DNA to form exocyclic DNA adducts.
DNA adducts such as N2-ethyldeoxyguanosine (N2-EtdG)[40] and 1,N(2)-propano-2’-deoxyguanosine (PdG) are
detectable in livers of alcohol-exposed mice, and in alcohol-associated cancers[42] in humans. They generate DNAprotein and DNA interstrand crosslinks[12] and produce
replication errors and mutations in oncogenes or oncosuppressor genes[43] with genotoxic, mutagenic and carcinogen
effects[43]. Aldehydes generated by ethanol metabolism
can also crossreact to form hybrid adducts. For example,
MDA/acetaldehyde hybrid adducts (MAAs) potentiate carcinogenic effect of single adducts[10,44,45], thereby perpetuating their genotoxic effects. Autoantibodies against MMA
were significantly elevated in sera of chronic alcoholexposed animals[46] and in patients with ALD, and the titers
are correlated with the severity of liver damage[11,47,48] and
progression of liver fibrosis. Interestingly, adducts accumulate in perivenous regions both in alcohol-fed rats[49,50]
and in the liver of alcoholics[51,52], overlapping with the
distribution of fatty accumulation.
Peroxisomal catalase is an additional metabolic path-
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Figure 1 Alcohol metabolism. Alcohol dehydrogenase (ADH) is the main cytosolic enzyme that converts alcohol to acetaldehyde. The inducible microsomal enzyme
also forms acetaldehyde. The toxic metabolite acetaldehyde is then further oxidized to acetate by the mitochondrial aldehyde dehydrogenase (ALDH).

way involved in ethanol oxidation. Catalase is a hemecontaining enzyme that normally catalyzes the removal
of H2O2 but it can catalyze the oxidation of alcohol to
acetaldehyde. This pathway is not significant in the liver,
but seems to be important in the brain. In fact acetaldehyde produced from catalase-dependent oxidation
of ethanol seems to play a role in tolerance and alcohol
addiction interfering with catecholamine neurotransmission[53-55].

MECHANISMS OF ALCOHOLIC FATTY
LIVER
The earliest response of the liver to alcohol abuse is
characterized by lipid accumulation in hepatocytes, which
is a reversible condition but can progress to inflammation and fibrosis. The mechanism of triglyceride and
fatty acid accumulation in the liver during alcohol consumption involves regulatory pathways that control lipid
synthesis, oxidation and very-low density lipoprotein exportation. Short-term studies on isolated hepatocytes or
perfused liver have shown that ethanol reduces the rate
of β-oxidation and stimulates fatty acid uptake[56]. The
increased production of reducing equivalents (NADH)
from ethanol oxidation by ADH is believed to cause a
shift in the cytosolic NADH/NAD+ ratio, which in turn
increased NADH/NAD + ratio in the mitochondria.
Many of the enzymes of fatty acid oxidation are pyridine
nucleotide dependent, thus, their activities are inhibited
by NADH, resulting in reduced ability to oxidize fatty acids[57,58]. Although generation of reducing equivalents by
ADH is sufficient to cause lipid accumulation[59], the finding that fat infiltration in the liver persists despite normalization of NADH/NAD+ ratio, and that antioxidants
prevent it in rats chronically fed alcohol, suggest that additional mechanisms are involved[60] (Figure 2). The role
of peroxisome proliferator-activated receptors (PPARs)
in fatty liver disease has been investigated in the past decade. These receptors are members of steroid/retinoid
nuclear receptor superfamily of transcription factors[61,62].
PPARα regulates transcription of genes involved in the
esterification and export of fatty acids and oxidizing
them in the mitochondria, peroxisomes, and microsomes.
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PPARα-null mice fed with Lieber-DeCarli diet exhibited hepatomegaly, macrovesicular steatosis, hepatocyte
apoptosis, and hepatic fibrosis; all aspects resembling
the pathological features of ALD[62], and suggesting that
inhibition of PPARα transcriptional activity is implicated
in fat accumulation. Ethanol metabolism, by way of
acetaldehyde, interferes with the transcriptional activity
of PPARα in hepatoma cells[62]. This effect is accompanied by a reduction in the ability of this receptor to
bind its DNA consensus sequence, reflecting a possible
covalent modification by acetaldehyde or changes in its
phosphorylation state. Accordingly, chronic ethanol feeding in mice inhibited PPARα DNA binding activity and
decreased PPARα target genes[63,64]. In mouse models of
ALD, treatment with PPARα ligands such as WY14, 643
and clofibrate, restores receptor activity and significantly
ameliorates fat accumulation and necroinflammation[63,64].
In addition, ethanol can also inhibit PPARα via upregulation of CYP2E1-derived oxidative stress[65].
Sterol regulatory element-binding proteins (SREBPs)
are a family of transcription factors strictly correlated
with PPARs and they control a set of enzymes involved
in the synthesis of fatty acids and triglycerides. acetaldehyde produced from ethanol metabolism enhances the
levels of SREBP-1 in hepatoma cells[66] and SREBP-1
protein levels are increased in animal models of alcohol-induce hepatic fat accumulation[66,67]. The role of
SREBP-1 in alcoholic steatosis has been confirmed by
several studies that couple the levels of this transcription
factor with the ability to promote alcoholic fat accumulation by tumor necrosis factor (TNF)-α[68], circadian gene
Per-1[69], early growth response (Egr)-1[70], epinephrine[71]
and ER stress response [72]. In response to acute and
chronic ethanol exposure, mitogen-activated protein kinase family members, including c-Jun N-terminal protein
kinase (JNK), are activated and JNK inhibitors blunt steatosis, reducing oxidative stress and blocking SREBP-1
expression in hepatoma cells[73]. Recent studies have demonstrated that phosphatidylinositol 3-kinase (PI3K)/AKT
pathway activation is involved in acute ethanol-induced
fatty liver in mice, and specifically inhibits the phosphorylation and degradation of SREBP-1[74]. SREBP-1 is also
modulated by AMP-activated protein kinase (AMPK).
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Figure 2 Molecular mechanisms of alcoholic fatty liver. Alcohol consumption via multiple pathways increases the expression of SREB-1 and downregulates
PPAR-α, promoting fatty acid synthesis and impairing β-oxidation, thus resulting in fatty acid accumulation. Long-term ethanol consumption promotes fatty acid accumulation through decreased autophagy, while short-term ethanol exposure promotes autophagy and degradation of lipid droplets. HIF: Hypoxia inducible factor; ROS:
Reactive oxygen species.

AMPK is a key player in the regulation of cellular
energy homoeostasis by limiting anabolic pathways (to
prevent further ATP consumption) and by facilitating
catabolic pathways (to increase ATP generation). AMPK
is a metabolic sensor by phosphorylation of enzymes involved in lipid metabolism. Chronic ethanol exposure inhibits AMPK activity in cultured rat hepatocytes through
the inhibition of protein kinase (PK)Cζ and liver kinase
(LK)B1 phosphorylation[75], and impaired AMPK activity was shown in hepatocytes isolated from rats fed
with ethanol[76]. This inhibition plays a key role in the
development of steatosis by the activation of hepatic lipogenesis, cholesterol synthesis, and glucose production
in parallel with the decrease in fatty acid oxidation[74]. In
rat hepatoma cells, overexpression of a constitutively active form of AMPK blocked the effect of ethanol, but
in contrast, a dominant negative form augmented the
effect through regulating SREBP-1[77]. Recent data have
demonstrated that Lipin-1, a Mg2+ phosphatidate phosphatase involved in the biosynthesis of triacylglycerol
and the transcriptional regulation of lipid homeostasis,
is upregulated by ethanol through inhibition of AMPK
and activation of SREBP-1[78]. Increased intracellular
concentrations of ROS may represent a general mecha-
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nism for the enhancement of AMPK-mediated cellular
adaptation, including the maintenance of redox homeostasis. AMPK activation by ROS can promote cell survival by inducing autophagy, mitochondrial biogenesis,
and expression of genes involved in antioxidant defense.
Autophagy is a genetically programmed, evolutionarily conserved process of cellular catabolism that serves
to maintain a balance among protein synthesis, degradation, and recycling. Autophagy implies degradation
of damaged organelles and cellular protein in order to
promote cell survival[79]. The mammalian target of rapamycin (mTOR) is a key regulator of autophagy. During
deprivation of nutrients or other cause of cellular stress,
there is inhibition of the mTOR/rapamycin pathway and
consequent activation of autophagy in hepatocytes[80,81].
There are contrasting data regarding the effect of ethanol metabolism on autophagy. Long-term alcohol consumption inhibits autophagy[82] but one recent study has
shown that ethanol metabolism upregulates autophagy in
cultured hepatoma cells[83]. Short-term ethanol exposure
activates autophagy by generating acetaldehyde and ROS
and inhibiting mTOR. These data indicate that acute ethanol activation of autophagy could have a compensatory
role that prevents development of steatosis during the
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early stages of alcoholic liver injury[84]. Beyond mTOR,
there are several other pathways involved in the induction
of autophagy. Recently, Ni et al[84] demonstrated that in
vivo and in vitro acute ethanol treatment activates nuclear
translocation of forkhead box (Fox)O3a and expression
of FoxO3a target genes. The authors suggest that the
ethanol activation of FoxO3a could be mediated by Akt
activation. In primary hepatocytes, expression of a dominant negative form of FoxO3a inhibits ethanol-induced,
autophagy-related genes and improves ethanol-induced
cell death, suggesting that FoxO3a is a key factor in regulating ethanol-induced autophagy and cell survival[85,86]. In
addition, Sirtuin (SIRT)-1, the NAD+-dependent protein
deacetylase is indicated as an intermediary between autophagy and transcriptional regulation of lipid metabolism. In rat hepatoma cells expressing alcohol-metabolizing enzymes, ethanol reduces SIRT-1 expression and
impairs SIRT-1-induced deacetylation of SERBP-1, leading to an increase in fatty acid synthesis[87]. The findings
that the master regulator of autophagy mTOR complex 1
(mTORC1) regulates SERBP-1 by controlling the nuclear
entry of lipin-1[88], and that adiponectin protects liver
cells from ethanol-induced apoptosis via induction of
autophagy[89,90], indicate that ethanol metabolism affects
different metabolic targets of a complex transcriptional
network that controls hepatic lipid homeostasis.
Recent intriguing data correlate ethanol-induced fat
accumulation with the hypoxia-inducible factors (HIFs).
HIFs are the master regulators of oxygen homeostasis
and regulate the expression of many genes involved in
glycolysis, glucose transport, and synthesis of inflammatory and proangiogenic cytokines[89-91]. The HIF-1α protein
is rapidly degraded under normoxic conditions, whereas
hypoxia enhances HIF-1α levels by inhibiting its degradation[92-94]. HIF-1α has been implicated in many models of
liver injury[95] and it has been reported that feeding mice
for 4 wk with the Lieber-DeCarli diet increases HIF-1α
mRNA, protein, and DNA-binding activity in the liver. In
addition, mice lacking HIF-1α in hepatocytes have a reduced hepatic steatosis and hypertriglyceridemia[96]. Conversely, Nishiyama et al[96], with a similar molecular technology, found that activation of HIF-1α suppresses ethanol-induced fatty liver. These discordant results between
the two studies is difficult to explain, although recent data
in a methionine- and choline-deficient diet model showed
that upregulation of HIF-1α correlated with steatotic
infiltration and activation of the Wnt/β-catenin signaling pathway[97,98]. Furthermore, the link between HIF-1α
expression and the anti-lipogenic interleukin (IL)-6/signal
transducer and activator of transcription (STAT)3 signaling[99-101] suggests that further studies are needed to clarify
the role of hypoxia and the HIF pathway in alcoholic
fatty liver.

MECHANISM OF ALCOHOL-INDUCED
FIBROGENESIS
Hepatic fibrosis is a major histological feature associated
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with the progression of chronic liver disease to cirrhosis;
it is characterized by increased deposition of components of the extracellular matrix (ECM), in particular
fibrillar collagens types Ⅰ and Ⅲ[102,103]. This process
is associated with an upheaval of hepatic architecture,
decreased number of endothelial cell fenestrations, and
portal hypertension. The key event in hepatic fibrogenesis is hepatic stellate cell (HSC) activation. HSCs are one
of the major sources of ECM in the liver and they have
been identified as the precursor cell type mainly responsible for the development of liver fibrosis. Following
liver injury, HSCs undergo activation that leads to the
loss of the typical star-shape, fat-storing phenotype and
acquisition of a myofibroblast-like phenotype consisting
of increased cell proliferation, enhanced cytokine expression, and synthesis of ECM components[104,105]. Acetaldehyde is one of the main mediators of alcohol-induced
fibrogenesis in the liver[106,107]. Early studies have shown
that acetaldehyde can stimulate synthesis of fibrillarforming collagens and structural glycoproteins of ECM
in HSCs[108]. In addition, acetaldehyde promotes ECM
remodeling by upregulation of the interstitial collagenase
matrix metalloproteinase (MMP)-2 and downregulation
of the fibrillary collagenase MMP-1, thus resulting in
the substitution of the normal ECM components with
a sclerotic matrix[109,110]. In human HSCs, acetaldehyde
directly induces the transcription of the α1(I) and α2(I)
procollagen genes by a PKC-dependent pathway, which
is involved in rapid activation of activator protein (AP)-1
transcription factors[111] (Figure 3). In human HSCs, PKC
phosphorylates p70s6k by a mechanism that involves
extracellular signal-regulated kinase (ERK)1/2 and PI3K,
and all these pathways lead to collagen α2(I) gene expression[112]. Both collagen α1(I) and α2(I) promoters have
an acetaldehyde-responsive element (AcRE) that includes
binding sites for different transcription factors including AP-1 and specificity protein (SP)-1. AP-1 activation
is postulated to be involved in the acetaldehyde-induced
expression of the basic transcription element binding
protein (BTEB), which is able to transactivate the rat
[113,114]
. In addition, acetaldehyde
α1(I) collagen promoter
modulates collagen α1(I) expression with a mechanism
involving members of the CAAT/enhanced binding protein (C/EBP) family of transcription factors. Acetaldehyde increases DNA binding and transcriptional activity
of C/EBPβ[115,116] with a mechanism that requires H2O2
production[117]. Similarly, acetaldehyde exerts its profibrogenic action by inhibition of the PPARγ transcriptional
activity in HSCs[118]. PPARγ is a member of the nuclear
receptor superfamily of ligand-dependent transcription factors that is predominantly expressed in adipose
tissue, where it has been shown to have a key role in
adipogenesis and in regulation of insulin resistance[117].
Acetaldehyde inhibits PPARγ transcriptional activity in
H2O2-dependent phosphorylation of the receptor[119-121].
Acetaldehyde stimulates H2O2 production that induces
a signal transduction cascade that involves cAbl, PKCδ
and ERK1/2. Acetaldehyde does not induce collagen
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Figure 3 Molecular mechanisms of alcoholic fibrosis. Acetaldehyde causes increased synthesis of collagen and extracellular matrix (ECM) components through
the activation of the transforming growth factor (TGF)-β/SMAD3 signaling pathway. The microsomal metabolism of ethanol leads to protein adduct formation that upregulates collagen synthesis. MDA: Malondialdehyde; OPN: Osteopontin; LPS: Lipopolysaccharide; TNF-a: Tumor necrosis factor-a; MMP: Metalloproteinase; HNE:
Hydroxynonenal; AP-1: Activator protein-1; SP-1: Specificity protein-1.

synthesis in quiescent HSCs[122] and it is not able to modulate PPARγ phosphorylation in these cells. The molecular events involved in the unresponsiveness of quiescent
HSCs to fibrogenic stimuli[64], including acetaldehyde,
remain speculative.
A different mechanism of acetaldehyde-induced fibrogenesis involved transforming growth factor (TGF)-β/
small mother against decapentaplegic (SMAD) signaling.
Acetaldehyde increases the secretion of TGF-β1 and
induces TGF-β type Ⅱ receptor expression in HSCs[123].
In cultured human HSCs it has been shown that acetaldehyde upregulates collagen α1(I) mRNA expression via two
distinct mechanisms[115,124]. An early TGF-β-independent
response occurs within 3 h of acetaldehyde administration
in human HSCs and selectively is correlated to SMAD3
phosphorylation[107]. On the contrary, longer acetaldehyde
incubation induces a TGF-β-dependent late-phase response[125] characterized by induction of latent TGF-β1
secretion, as well as type Ⅱ TGF-β receptor expression[126]. Recently, acetaldehyde was shown to modulate
[126]
by a mechanism that inactivates
β-catenin signaling
nucleoredoxin (NXN) and release disheveled (DVL)
from the NXN/DVL complex, leading to inactivation of
glycogen synthase kinase (GSK)3B, and thereby blocks
β-catenin phosphorylation and degradation. Thus, the
stabilized β-catenin translocates to the nucleus where it
upregulates fibrogenic genes[44,51,127,128]. It is still unclear
whether the profibrogenic effects of acetaldehyde are
mediated by its ability to form protein adducts. However,
elevated levels of acetaldehyde-protein adducts correlate
with the progression of liver fibrosis in alcoholic patients
and animal experimental models[129]. Furthermore, neuWJG|www.wjgnet.com

trophil-derived ROS are able to induce lipid peroxidation
and MDA/HNE protein adducts in HSCs, resulting in
increased collagen synthesis[130].
The role of ROS and lipid peroxidation in hepatic
fibrogenesis is well documented in cellular and animal
models. CYP2E1-dependent generation of ROS increases collagen Ⅰ protein synthesis in cocultures of hepatocytes and HSCs[131].
Recent work has shown that CYP2E1 activity correlates with ethanol-induced liver injury, lipid peroxidation,
and collagen deposition[132]. CYP2E1 deletion effectively
blocks ethanol-mediated lipid peroxidation and reduces
liver injury, as shown in CYP2E-/- mice[133]. In contrast,
transgenic mice overexpressing CYP2E1[134] enhance oxidant stress and hepatic fibrogenesis. Recently, it has been
shown that that protein levels of HIF-1α and its downstream targets were elevated in the ethanol-fed CYP2E1knock-in mice compared to the wild-type and CYP2E1
knockout mice, suggesting that CYP2E1 plays a role in
ethanol-induced hypoxia. Angiogenesis is coupled with
fibrogenesis during liver injury and HIF-1α contributes
to CYP2E1-dependent collagen deposition and ECM
remodeling. Recent studies have highlighted the role
of osteopontin (OPN) in ALD and its correlation with
hepatic fibrogenesis. OPN is a multifunctional protein,
involved in different pathological conditions and it is associated with inflammation, autoimmunity, angiogenesis,
fibrosis and cancer progression in various tissues. The
OPN levels in the liver are correlated with fibrosis in patients with ALD[135]. OPN is profibrogenic by promoting
HSC activation and ECM deposition in vitro and in vivo.
Opn-/- mice have a significant delay in fibrosis resolu-
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tion and a decreased expression of inflammatory cytokines[136]. Hepatic expression and serum levels of OPN
are markedly increased in AH, compared to normal
livers and other types of chronic liver diseases, and correlate with disease severity and short-term survival. Recent data show that OPN binds lipopolysaccharide (LPS)
and protects against early alcohol-induced liver injury by
blocking the TNF-α effects in the liver[137]. Furthermore,
OPN is reported to be a downstream effector of the
Hedgehog pathway, which modulates fibrosis and is involved in peculiar aspects of hepatic carcinogenesis[138].

ETHANOL OXIDATION AND ACTIVATION
OF INNATE AND ADAPTIVE IMMUNITY
Innate immunity has a central role in the pathogenesis
of ALD, and in recent decades significant progress has
been made in understanding the molecular mechanism
contributing to the alcohol-dependent activation of innate immunity and inflammation. Evidence indicates that
alcohol consumption causes enteric dysbiosis and bacterial overgrowth[139,140] that leads to a significant increase in
gut permeability and consequently high levels of LPS in
the portal circulation[141-143]. Acetaldehyde contributes to
alter intestinal barrier function and to promote endotoxin
translocation by disrupting tight and adherens junctions
in human colonic mucosa[144] via increasing tyrosine phosphorylation of occludin and E-cadherin. The mechanism
of acetaldehyde-induced alteration of gut permeability
remains unclear, although acute ethanol exposure upregulates miRNA-212 in enterocytes and this is correlated
with zonula occludens-1 protein downregulation[145-150].
LPS interacts with toll-like receptor (TLR)4 to activate
the MyD88-dependent and -independent (TRIF/IRF-3)
signaling pathways and induces Kupffer cells to release
ROS and an array of proinflammatory cytokines and
chemokines including IL-1β, TNF-α, IL-6, IL-8, macrophage chemotactic protein (MCP)-1, and RANTES
(regulated normal T cell expressed and secreted)[151]. ROS
produced by Kupffer cells in response to endotoxin induces hepatic expression of TLR4[152,153], enhances transduction of TLR4-mediated signals through nuclear factor
(NF)-κB, and activates mitogen-activated protein kinase
(MAPK) pathways[154-157]. Several data indicate that TLR4
is the main player in the development and progression
of ALD. TLR4 is also expressed in HSCs and endothelial
cells, and regulates alcohol-induced proangiogenic and
profibrogenic responses[158].
Kupffer cell activation contributes to intrahepatic
recruitment and activation of granulocytes[159-161]. Acetaldehyde and LPS[162-164] stimulate parenchymal and nonparenchymal cells to produce IL-8, chemokine CXC
ligand (CXCL)1 (Gro-α) and IL-17 that directly or indirectly contribute to neutrophil infiltration and severity
of AH[165-167]. An alternative pathway that contributes to
expression of inflammatory cytokines is the complement
system. Ethanol oxidation activates C1q, C3 and C5 components that in turn stimulate Kupffer cells to produce
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TNF-α[168].
A recent study indicated that IL-1β has an important
role in alcohol-induced steatohepatitis. IL-1β is a potent
proinflammatory cytokine whose levels are increased in
patients with ALD and correlated with oxidative stress.
IL-1β maturation is dependent on caspase 1 in the multiprotein complex named inflammasome. In vivo intervention with a recombinant IL-1β receptor antagonist ameliorates inflammosome-dependent alcoholic steatohepatitis in mice, suggesting a potential role of IL-1 inhibition
in the treatment of ALD[169-171].
On the contrary, convincing data demonstrate that
activation of innate immunity also induces elevation of
anti-inflammatory and hepatoprotective cytokines such
as IL-10 and IL-6. These cytokines activate STAT3 in
hepatocytes and Kupffer and endothelial cells, preventing
alcohol-induced liver injury and inflammation[172]. As a
matter of fact, the effect of ethanol oxidative metabolism on STAT3 in the liver is complex. STAT3 is a cell
survival signal and protects against hepatocellular damage. STAT3 in the liver is significantly impaired in chronic
alcoholic patients compared with other different liver diseases such as chronic hepatitis C and autoimmune disease.
Furthermore, ethanol oxidation is correlated with suppression of natural killer (NK) cell function in the liver.
NK cells have important antifibrotic function in chronic
liver disease and several studies have indicated that during liver injury there is an elevated expression of NK cell
ligands. Active crosstalk between HSCs and NK cells via
TNF-related apoptosis-inducing ligand (TRAIL)-TRAIL
receptor interactions and a consequent production of interferon (IFN)-γ results in NK cell cytotoxicity of HSCs,
thereby limiting hepatic fibrogenesis[173]. Oxidative stress
in chronic ethanol consumption induces increased levels
of TGF-β and reduces IFN-γ signaling, blocking NK
cell killing of activated HSC[174] (Figure 4). Cell-mediated
adaptive immunity is another important aspect of host
defense that can be altered by alcohol and its metabolites. The mechanisms by which alcohol triggers adaptive
immunity are still incompletely characterized. Chronic
alcohol ingestion can interfere with antigen presentation
that is required to activate T and B cells and can impair
dendritic cell differentiation[175-178]. Patients with AH have
increased levels of circulating antibodies against modified
protein adducts with HER and lipid-peroxidation-derived
aldehydes, justifying the activation of the adaptive immune response[179,180]. HER and MDA antibodies have
been detected in chronically ethanol-fed rats as well as in
alcohol abusers, and they are associated with detection
of peripheral blood CD4+ T cells that are responsive to
these adducts. The cytokines released by activated CD4+
T cells can then further stimulate Kuppfer cell activation,
contributing to parenchymal injury, hepatic inflammation,
and fibrogenesis.
Ethanol oxidation impairs proteasome function in
macrophages through impairment of IFN-γ signaling,
suppression of chymotrypsin-like proteasome activity,
and the consequent composition of the immunoprotea-
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Figure 4 Alcohol and innate immune response. Both alcohol and acetaldehyde increase the intestinal permeability and lipopolysaccharide (LPS) level in the portal
circulation. LPS binds to TLR4 and induces the proinflammatory phenotype of Kupffer cells. Acetaldehyde and LPS also stimulate parenchymal and nonparenchymal cells to produce proinflammatory cytokines and chemokines. The innate immune system also releases anti-inflammatory and hepatoprotective cytokines that
activate STAT3 signaling in liver cells. ROS: Reactive oxygen species; LPS: Lipopolysaccharide; TLR4: Toll-like receptor 4; TNF-a: Tumor necrosis factor-a; IFN-γ:
Interferon-γ; IL: Interleukin; NF-κB: Nuclear factor-κB.

some subunit LMP7. The proteasome suppression can
alter the processing of antigenic proteins and in turn
affect the presentation of these antigens to cells of adaptive immunity[181]. Furthermore, altered antigen presentation has also been shown in dendritic cells where ethanol
inhibits exogenous and allogeneic antigen presentation
and affects the formation of peptide-major histocompatibility complex (MHC)-Ⅱ complexes, as well as altering
co-stimulatory molecule expression on the cell surface[182].
Chronic ethanol consumption downregulates the number
of F4/80+ cells expressing MHC-Ⅰ and -Ⅱ. Elimination
of TLR4 abolishes the effects of ethanol on the adaptive
inflammatory response in macrophages, suggesting that
alterations in TLR4 function might modulate interaction between innate and adaptive immune responses in
ALD[183].

ALCOHOL AND
HEPATOCARCINOGENESIS
Alcohol consumption is a risk factor for epithelial cancers including HCC. Although DNA-adducts with aldehydes generated from ethanol oxidation are involved in
mutagenesis and carcinogenesis[184], cirrhosis is the principal risk factor for HCC. The mechanisms that contribute to development of HCC in patients with cirrhosis
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are complex and include telomere shortening, activation
of pathways that promote tumor cell survival, proliferation, loss of cell cycle checkpoints, and activation of
oncogenes[185,186].
In addition, the immunosuppressive effects of alcohol[185,186] contribute to the development of HCC in
patients with ALD[187-189]. Recently, interesting data about
epigenetic regulation in ALD have been published. Epigenetic alterations by alcohol include histone modifications such as changes in acetylation, phosphorylation,
hypomethylation of DNA, and alterations in different
miRNAs. Deregulation of miRNA biogenesis has been
found in nonviral HCC subtypes, and ethanol oxidation
influences the expression of miR-217, miR-155 and
miR-212[190]. These modifications can be induced by oxidative stress that results in altered recruitment of transcriptional machinery and abnormal gene expression.
Epigenetic mechanisms play an extensive role in the
development of liver cancer, contributing to the reversion of normal liver cells into progenitor and stem cells.
In the alcohol-preferring rat model, heavy alcohol ingestion amplifies age-related hepatocarcinogenesis but does
not cause appreciable liver inflammation or fibrosis. In
these animals, alcohol exposure activates the Hedgehog
pathway and induces related procarcinogenic processes
such as deregulated progenitor expansion, and epithelial-
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mesenchymal transition[190,191]. In vivo and in vitro alcohol
exposure induces chromosomal aberration and mitotic
targets such as cyclin B, aurora kinase A, and phosphorylation of γ-tubulin[191].

THERAPEUTIC OPTIONS
Alcohol cessation is the mainstay of therapy for patients
with all stages of ALD, however different drugs that
target specific pathways have been proposed for ALD
treatment. Oxidative stress plays a central role in the
pathogenesis of ALD, and several preclinical and clinical trials with antioxidant agents have been performed.
N-acetylcysteine (NAC), S-adenosyl methionine (SAMe),
Silybum marianum (Cardus marianum L.), and vitamin E
have been tested either in combination with glucocorticoids or as a monotherapy. NAC and SAMe have failed
to demonstrate any benefit in the outcome of ALD[192,193]
but may offer additional incremental benefit when combined with prednisolone[194]. S. marianum or milk thistle
(MT) is the most well-researched plant in the treatment
of liver disease and has been used to treat ALD and
acute and chronic viral hepatitis. In baboons, the active principle called silymarin, administered for 3 years,
retarded the development of alcohol-induced hepatic fibrosis[195]. The major mechanism of its hepatoprotective
activity is the inhibition of hepatic NF-κB activation. In
addition, silymarin has antifibrotic activity in rodents and
inhibits the expression of pro-collagen-α1(I) and tissue
inhibitor of metalloproteinase-1 via downregulation of
TGF-β1 mRNA[196]. Silymarin acts as antioxidant; it reduces free radical production and lipid peroxidation and
markedly increases the expression of superoxide dismutase in lymphocytes of patients with alcoholic cirrhosis[197,198]. Silymarin also shows anti-inflammatory and antiangiogenic effects[199]. However, clinical trials have not
been encouraging. In a double-blind comparative study
of 106 patients with histological alcoholic hepatitis, MT
showed no positive effects on liver biopsy[200]. The Cochrane Library does not recommend the use of MT for
acute or chronic alcoholic liver injury and recommends
conducting new randomized controlled clinical trials[201].
Studies with other antioxidants such as vitamin E
and propylthiouracil have likewise been disappointing [194,202-204], while animal data on Isoorientin [205] and
Notoginseng[206] are encouraging but further studies are
needed.
Deregulation of PPAR transcriptional activity during
alcohol consumption suggests a possible role of PPAR
agonists for ALD treatment. In alcohol-treated mice,
the PPARγ agonists, rosiglitazone and pioglitazone, increase circulating levels of adiponectin and expression
of its receptors in the liver that is associated with SIRT1AMPK signaling activation. This pathway correlates with
the enhanced expression of fatty acid oxidation enzymes
and reduction of alcohol-induced steatosis[207-213]. In addition, PPARγ agonists have anti-inflammatory effects
that reduce cytokine expression such as TNF-α, IL-6 and

WJG|www.wjgnet.com

MCP-1 in alcohol-fed mice[207].
The altered intestinal microflora during chronic alcohol consumption has recently been focused as a therapeutic target in ALD. Chronic ethanol feeding causes a
decline in the abundance of Bacteriodetes and Firmicutes
phyla, with a proportional increase in the Gram-negative
Proteobacteria. Oral administration of Lactobacillus rhamnosus GG attenuates the established alcohol-induced
hepatic steatosis and liver injury in mouse models of
ALD[208]. Probiotics create an anti-inflammatory milieu,
decrease production of proinflammatory bacterial products, and improve barrier integrity leading to a decrease
of endotoxin release. These protective effects are correlated with the prevention of alcohol-induced oxidative
stress, suppression of CYP2E1 expression, inactivation
of TLR4, and inhibition of p38 MAPK phosphorylation,
which leads to a significant decrease in NF-κB activation and TNF-α production[209]. Results from a placebocontrolled trial have recently shown that the nonabsorbable antibiotic rifaximin modifies the gut microbiota, and
protects alcoholic patients from hepatic encephalopathy[210,211]. Similar results have been seen with TLR4 antagonists, which have been recently studied as therapeutic
agents for chronic liver diseases, including ALD[212].
Anti-inflammatory therapy remains the most attractive approach for ALD. Glucocorticoid therapy was first
demonstrated to be beneficial in patients with severe AH
in 1978[213]. Steroids ameliorate liver inflammation and
systemic inflammatory responses, however, this treatment inhibits liver regeneration and does not promote
liver repair in patients with ALD, which may contribute
to the lack of long-term survival benefit in patients with
severe alcoholic hepatitis. On the contrary, Anti-TNF-α
therapy has demonstrated positive effects in animal models of alcoholic liver injury. Patients with severe AH have
high concentrations of TNF-α[214] and the serum levels
of this cytokine predict short-[215] and long-term survival[216]. In rats with experimental alcoholic steatohepatitis, infliximab, an anti-TNF-α mouse/human chimeric
antibody, acts as an effective hepatoprotective and antiinflammatory agent, and significantly improves hepatic
inflammation[217]. However, a randomized double-blind
placebo-controlled trial in patients with AH, using etanercept, a p75-soluble TNF receptor, failed because of the
high mortality rate[218]. In severe AH, single-dose infliximab is associated with improved survival, but infection
remains the main complication and large randomized
controlled trials are needed before this anti-TNF-α agent
can be recommended for AH[219]. A moderate effect on
TNF-α levels was also demonstrated using pentoxifylline,
a nonselective phosphodiesterase inhibitor[220-222] that exerts antifibrogenic action via downregulation of TGF-β1
expression[223].
Interesting data about the protective role of IL-22 in
ALD have recently been published. IL-22 is a member
of the IL-10-like cytokine family that is produced by
T-helper 17 and NK cells. IL-22 has an important role
in controlling bacterial infection, homeostasis, and tissue
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repair[224,225]. The biological effects of IL-22 are mediated
through binding to IL-22 receptors and consequent activation of the STAT3 signaling pathway[224]. IL-22 protects
against liver injury[226-231], reduces fat accumulation and
collagen deposition[231-234] and promotes liver regeneration[235,236] in rodent models of ALD. The antifibrotic
properties of IL-22 depend on the significant increase of
STAT-mediated HSC senescence, as demonstrated by the
increase of β-galactosidase-positive HSCs in IL-22-treated
animals[237]. Data showing elevated IL-22 expression in
ALD patients suggest that IL-22 administration might be
an ideal therapy for alcoholic liver injury[238].
Inhibition of hepatocyte apoptosis was recently suggested as an alternative and attractive approach to reduce
liver inflammation during alcohol consumption. The pancaspase inhibitor emricasan was found to suppress hepatocyte apoptosis, inhibit proinflammatory caspases, and
prevent fibrogenesis in murine models of ethanol-induced
liver injury[239].
Many other chemokines (e.g., CXCL5, CXCL6 and
CXCL4) and cytokines (e.g., IL-1, IL-8 and OPN) are
markedly upregulated in AH and are implicated in the
hepatic neutrophil infiltration[162-164]. Reagents that target
CXC chemokines are currently under investigation in different stages of ALD.

2

CONCLUSION

10

Chronic alcohol consumption is a major cause of advanced liver disease worldwide. In this review, we have
highlighted the role of alcohol abuse in liver disease by examining ethanol metabolism. Both acetaldehyde and ROS
act directly on the transcriptional network that regulates
lipid metabolism and fibrogenic response during liver injury. These toxic agents alter the intestinal permeability and
consequently increase LPS, which leads to the activation
of innate and adaptive immunity. LPS activation of TRL4
stimulates Kupffer cells to release ROS and cytokines that
attract neutrophils, inhibits NK function, and alter allogenic antigen presentation. In addition, acetaldehyde and
ROS promote a chronic inflammatory state that has a direct role in the development of HCC. Furthermore, lipid
peroxidation products and the formation of protein and
DNA adducts interfere with methylation, synthesis and
repair of DNA and promote mutagenesis. The specific
pathways involved in ethanol-induced liver damage select
new therapeutic agents such as thiazolidinediones, antiTNF-α molecules and IL-22 that have shown promising
effects in basic and translational research studies. Future
efforts should be directed to test the new therapeutic approaches in controlled clinical trials in patients with moderate and severe ALD.
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Abstract
Intestinal ischemia is common after emergency gastrointestinal or cardiovascular surgery. At present, there
are no diagnostic tools for the early diagnosis of intestinal ischemia. In the last decade, procalcitonin (PCT)
has been suggested as a marker of this condition.
Here, we review the use of PCT as a diagnostic tool
for intestinal ischemia. Two reviewers independently
searched the PubMed and EMBASE databases for articles on intestinal ischemia and PCT. They then considered (1) the criteria applicable to preclinical and clinical
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data; and (2) PCT’s predictive value in the diagnosis of
intestinal ischemia. Article quality was rated according
to the STAndards for Reporting of Diagnostic accuracy.
Between 1993 and 2014, seven studies (including two
preclinical studies and five clinical studies) dealt with
the use of PCT to diagnose intestinal ischemia. Procalcitonin’s sensitivity, specificity, positive predictive value
and negative predictive value ranged between 72%
and 100%; 68% and 91%; 27% and 90% and 81%
and 100%, respectively. The area under the receiver
operating characteristic curve ranged from 0.77 to 0.92.
In view of the preclinical and clinical data, we consider
that PCT can be used in daily practice as a tool for diagnosing intestinal ischemia.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Procalcitonin; Intestinal; Ischemia; Diagnosis; Review
Core tip: The serum procalcitonin level is clinically relevant for the diagnosis of intestinal ischemia. In the diagnosis of intestinal ischemia, procalcitonin’s sensitivity
is greater than 70% and its negative predictive value is
greater than 80%.
Cosse C, Sabbagh C, Kamel S, Galmiche A, Regimbeau
JM. Procalcitonin and intestinal ischemia: A review of the
literature. World J Gastroenterol 2014; 20(47): 17773-17778
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i47/17773.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i47.17773

INTRODUCTION
Intestinal ischemia is a common complication of intestinal diseases (e.g., small bowel obstruction and ischemic
colitis) that can occur during disease progression (either
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spontaneously or after abdominal or cardiovascular surgery)[1,2]. The condition has been defined as impairment
of the intestinal blood supply from the celiac axis, the
superior mesenteric artery and the inferior mesenteric artery; this results in tissue injury and a low-flow state with
poor intestinal arterial perfusion[3,4]. In the United States,
intestinal ischemia accounts for 0.1% of all hospital admissions. The incidence of this condition has increased
over the last few decades (from 1 in 1000 to 1 in 200 hospitalizations for abdominal pain). In most cases, intestinal
ischemia requires emergency treatment to avoid tissue
necrosis, infectious outcomes, septic shock or potentially
lethal multiple organ failure. This is notably the case in
ischemic colitis (the most frequent gastrointestinal vascular disease, the incidence of which ranges from 4.5 to 44
cases per 100000 persons per year)[5].
Management of intestinal ischemia is difficult because
the clinical symptoms associated with this condition (mild
but sudden pain, diarrhoea, low gastrointestinal bleeding,
abdominal distension with vomiting, fever, tachycardia,
and tachypnoea) are not specific enough to rule out a
number of other differential diagnoses[6]. In addition to
the clinical symptoms, tissue damage be assessed using
computed tomography angiography, Doppler ultrasound
and endoscopy[7]; however, the lack of sensitivity and
specificity associated with these examinations may mean
that the diagnosis is only confirmed during the surgical
procedure (i.e., too late)[8].
With a view to improving the preoperative diagnosis, some researchers have suggested measuring several
biomarkers: L and D-lactate[9-11], leukocytes[11,12], α glutathione S-transferase (αGST)[12-14], diamine oxidase[15],
trehalase[16], alcohol dehydrogenase[17]), intestinal fatty
acid binding protein[18-20], and D-dimer[21]. Whilst most of
these markers prove to be accurate in preclinical studies,
their use in clinical practice has been limited by several
shortcomings (lack of sensitivity and specificity; poor assay reproducibility and the presence of species-specific
metabolites). Hence, a clinical consensus on the use of
these substances has not been reached.
Over the last decade, procalcitonin (PCT) has been
suggested as a novel biomarker of the tissue damages associated with intestinal ischemia[22,23]. Procalcitonin is a
12.6 kDa, 116-amino-acid (AA) precursor of calcitonin
that was first described in 1993 by Assicot et al[24] as a
marker of infection. It has three domains: a 57 AA N-terminal domain, the 32 AA calcitonin fragment (involved
in the regulation of calcium and phosphorus metabolism)
and the 21 AA katakalcin fragment (measured in PCT assays)[24]. Procalcitonin is a member of the calcitonin generelated peptide family and is encoded by the CALC-1
gene located on the chromosome 11 (11p)[24-26].
In healthy subjects, the “hormokine” PCT is released
from the C cells of the thyroid[27]. In a disease context,
PCT production can be stimulated by trauma[28], bacterial
endotoxins, pro-inflammatory cytokines [tumour necrosis factor alpha (TNF-α) and interleukin-6 (IL-6)] or cardiogenic shock[24]. It is thought that this PCT is released
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by the liver parenchyma[29]. In most laboratories, PCT
levels are measured with the Kryptor® TRACE assay.
The normal level (from the third postnatal day onwards)
is below 0.05 ng/mL. After surgery, the PCT level can
rise to as much as 1 ng/mL (in cases of minor or aseptic
surgery) or even 2 ng/mL (in cardiac surgery)[30,31].
The half-life-time of PCT is between 18 and 24 h, in
patients with kidney failure, between 24 and 30 h (with a
peak at 24 h)[31]. As shown by Meisner et al[32], the kinetics
of serum PCT are not influenced by age, gender or renal
function (because only a proportion of PCT is excreted
by the kidneys).
Here, we review the literature data on the use of PCT
in the diagnosis of intestinal ischemia.

RESEARCH
Search strategy and selection criteria
Two reviewers independently searched the PubMed and
EMBASE databases for articles related to intestinal ischemia and PCT and published between 1993 and 2014.
The search terms were “intestinal ischemia”, “gut ischemia”, “mesenteric ischemia” and “procalcitonin”. Only
full, original articles written in English were selected. For
each selected article, the list of references was checked
for studies not listed in the PubMed and EMBASE databases or not found in the search.
Data extraction and analysis
The two reviewers extracted the following data from each
selected study: first author, date, type of study (preclinical
or clinical), the number of included patients and the diseases assessed. The data were separated into two categories: those related to PCT’s characteristics (structure, pharmacokinetics and pharmacodynamics), and those related
to the detection of intestinal ischemia by measuring PCT
(thresholds and predictive values). All extracted data were
recorded in a table.
Assessment of the quality of selected publications
The methodological quality of the diagnostic studies was
independently evaluated by the two reviewers according
to the STAndards for Reporting of Diagnostic accuracy
(STARD) criteria[33]. The studies were graded based on
items relevant for this review. Studies were divided into
groups as a function of the calculated STARD score; a
score of 8 or 9 indicates good quality; a score of 6 or
7 indicates fair quality and a score of 5 or less indicates
poor quality.
Any disagreements between the two reviewers over
data quality were resolved by consensus.

THE DIAGNOSTIC VALUE OF
PROCALCITONIN
According to our search results, a total of 32 studies related to PCT and ischemia were published between 1993
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EMBASE and PubMed search for eligible articles
n = 34

Excluded articles:
Article not dealing with ischemia: n = 24
Author reply: n = 1
Not written in English: n = 2

Relevant articles
n =7

Figure 1 Review’S flow scheme.

Table 1 Preclinical data on procalcitonin for the diagnosis of intestinal ischemia
Ref.

Model

Number of animals

Model of ischemia

Ayten et al[34]

New Zealand rabbits

30

Karabulut et al[35]

New Zealand rabbits

21

Ligature of a 10-cm distal
ileum segment and (in some
cases) the mesenteric artery
Ligature of the superior
mesenteric artery

Range of procalcitonin
values (ng/mL)
0.225-0.514

0.11-0.98

Assessment methods
Immunoluminometry

ELISA (kit E0689)

Table 2 Clinical data on procalcitonin for the diagnosis of intestinal ischemia
Ref.
Nagata et al[36]
Markogiannakis et al[22]
Cosse et al[23]
Cosse et al[37]
Cosse et al[38]

Condition

Number of patients

Open aortic surgery
Small and large bowel obstruction
Small bowel obstruction
Small bowel obstruction
Ischemic disease (ischemic colitis and
mesenteric infarction)

93
242
166
59
99

and 2014 (Figure 1). Only seven of these studies were relevant. All seven were of fair quality (i.e., with a STARD
score of between 6 and 7).
Preclinical data
Only two groups reported on the use of PCT as a diagnostic tool for bowel ischemia in an animal model (Table
1). In 2005, Ayten et al[34] studied 30 New Zealand rabbits
in which intestinal ischemia was induced by ligature of a
10-cm distal ileum segment and (in some cases) ligature
of the mesenteric artery. The researchers used an immunoluminometric method to measure serum PCT values
during ischemia, which ranged from 0.22 to 0.51 ng per
mL. In 2011, Karabulut et al[35] reported on a study in
which intestinal ischemia was induced in 21 New Zealand rabbits by ligature of the superior mesenteric artery.
The serum PCT level was measured with an ELISA (the
E0689 kit) and ranged from 0.11 to 0.98 ng per mL.
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Range of procalcitonin
values (ng/mL)
< 0.5 - > 10
4.89-14.35
0.29-2.03
0.06-8.1
0.217-621.2

Assay method
Immunochromatographic test
LUMItest
Kryptor TRACE
Kryptor TRACE
Kryptor TRACE

Clinical data
The use of PCT in clinical practice has been investigated
by three groups in a total of 659 patients (Table 2). In
2007, Nagata et al[36] evaluated the value of PCT for
diagnosing colonic ischemia in a cohort of 93 patients
undergoing open aortic surgery. The PCT levels were
assayed using an immunochromatographic method and
ranged from below 0.5 ng/mL in patients without ischemia to > 10 ng/mL in patients with ischemia. In 2011,
Markogiannakis et al[22] suggested that PCT could be used
as a diagnostic tool for ischemia and necrosis on the
basis of their study of 242 patients treated for small or
large bowel obstruction due to various aetiologies. According to the LUMItest, the PCT levels in patients with
ischemia or necrosis ranged from 4.89 ng/mL to 14.35
ng/mL. In 2013, our group investigated the value of
measuring PCT in the management of small bowel obstruction in a cohort of 166 patients from a randomized
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Table 3 Diagnostic utility of procalcitonin for the diagnosis of intestinal ischemia
Ref.

Outcome

Nagata et al[36]
Markogiannakis et al[22]
Markogiannakis et al[22]
Cosse et al[23]
Cosse et al[37]
Cosse et al[38]

Colonic ischemia
Bowel ischemia
Bowel necrosis
Small bowel ischemia
Small bowel ischemia
Bowel necrosis

Threshold (ng/mL)

Sensitivity (%)

2
0.25
0.25
0.57
0.53
2.47

100
72
83
83.3
80
94.6

Specificity
(%)
83.9
73
78
91.3
84.8
68

Positive
predictive
value (%)
27
60
52
83.3
40
89.8

Negative
predictive
value (%)

Area under
the curve

100
83
95
91.3
90.7
80.9

NR
0.77
0.87
0.91
0.86
0.92

NR: Not been reached.

clinical trial[23]. We reported that when measured with the
Kryptor TRACE method, the PCT values ranged from
0.29 ng/mL to 2.03 ng/mL in patients with ischemia.
Moreover, we validated these data in a second, distinct
cohort of 59 patients treated for small bowel obstruction by showing that PCT values (measured with the
same assay) ranged from 0.06 ng/mL to 8.1 ng/mL in
individuals with intraoperatively confirmed ischemia[37].
Our group also evaluated the value of PCT for characterizing tissue damage in cases of intestinal ischemic diseases (including ischemic colitis and mesenteric infarction)[38]. In a cohort of 99 patients, we found that PCT
values ranged from 0.217 to 621.2 ng/mL when necrosis
was described in the pathologist’s report.
Diagnostic value
A variety of PCT upper threshold values have been reported for the diagnosis of ischemia and necrosis (Table
3). Even though the thresholds differed from one study
to another, the predictive characteristics were similar.
For example, the sensitivity ranged from 72% to 100%.
The lowest values (72%-83%) were found for the lowest
thresholds (0.25-0.57 ng/mL) in small bowel ischemia,
whereas the highest values (95% and 100%) are found
for high thresholds (> 2 ng/mL, i.e., four times the
normal upper limit) in colonic ischemia and necrosis.
Furthermore, the clinical data were also associated with
high negative predictive values (NPVs). With relatively
low thresholds, the NPVs ranged from 81% to 100%
for the diagnosis of ischemia and necrosis. The fact that
the area under the curve (AUC), was greater than 0.75
emphasizes the clinical relevance of PCT as a diagnostic
tool under these conditions.

NEED FOR NEW BIOMARKERS
Here, we reviewed the preclinical and clinical data on the
use of PCT as a diagnostic tool for intestinal ischemia.
All these data argue in favour of PCT as a new biomarker for this condition.
The diagnostic value of PCT in ischemia in general
(and intestinal ischemia in particular) was suggested some
time ago on the basis of two studies in rabbits. This
concept has since matured in the scientific community.
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Indeed, acute intestinal ischemia is a life-threatening condition that requires emergency treatment and so must
be diagnosed as soon as possible. To this end, clinicians
can use biomarkers. The best-defined biomarkers are the
D-lactate level and the leukocyte count. Murray et al[9]
(1994) and Poeze et al[10] (1998) showed that D-lactate has
a sensitivity of 80% for diagnosing ischemia, whereas
Evenett et al[11] (2009) and Delaney et al[12] (1999) reported
that the leukocyte count is more relevant. However, these
“old” markers are used less and less because their accuracy is subject to debate. Although other molecules (such
as αGST and D-dimer) have been suggested as alternatives to D-lactate and leukocytes, their value has yet to be
established; this has prompted a search for other candidates[13-14,21].
As shown in clinical studies, PCT is a promising biomarker for the diagnosis of intestinal ischemia. Indeed,
the groups working on PCT have reported that it has high
diagnostic value. With low thresholds (0.25-0.5 ng/mL),
the serum PCT value provides the clinician with information on the presence of reversible ischemic injuries and
can identify patients requiring emergency treatment or
those requiring close monitoring. The good agreement between the various groups’ findings and the high reported
AUC values (even though the assay technique varied from
one study to another) underline the reproducibility of
PCT assays and means that the clinician can envisage use
of the latter in clinical practice.

ROLE OF PROCALCITONIN IN THE
PHYSIOPATHOLOGY OF ISCHEMIA
Procalcitonin’s value in the diagnosis of intestinal ischemia may perhaps be explained by the physiopathology
of this condition. Ischemia is defined as a decrease in
blood flow through the vessels. An inflammatory reaction then triggers the release of reactive oxygen species,
which in turn promote the secretion of TNF-α and IL6.
The resulting oxidative stress affects the intestinal mucosa and enterocytes, thus reducing the permeability of the
intestinal wall. The indigenous bacteria in the gastrointestinal tract (Escherichia coli, Lactobacillus species, Klebsiella,
Bacteroides species, etc.,) proliferate and generate bacterial
endotoxins that ultimately promote the release of PCT
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into the blood stream[39].

5

WEAKNESSES AND STRENGTHS OF
PROCALCITONIN AS A BIOMARKER

6

Given that PCT was first studied as a marker of infection, its diagnostic value in intestinal ischemia might conceivably be limited by the presence of a bacterial infection. Indeed, several groups have reported that PCT is
a diagnostic marker for (1) the sepsis[40-42] that can occur
during ischemia; and (2) the necrosis related to multiple
organ failure. When faced with suspected ischemic injuries and a high PCT value, the physician should request
a microbiological analysis to rule out infection. Indeed,
ischemic phenomena are closely related to infectious
phenomena because PCT secretion depends respectively
on inflammation and on bacterial translocation leading
to infection. Chronic kidney disease might also conceivably influence PCT values, although Meisner et al[32] have
reported that this is not the case. Moreover, PCT levels
may be elevated by some non-ischemic phenomena (cardiac arrest, drug reaction with eosinophilia and systemic
symptoms syndrome, heat wave, etc.) and decreased by
others (previous effective antibiotic therapy, tuberculosis,
etc.). To counterbalance these shortcomings of PCT, new
biomarkers (such as copeptin and proadrenomedulin)
should be investigated in ischemic conditions associated
with PCT release. Moreover, the discordance between
preclinical models and differences in the aetiologies of
ischemia in clinical studies may be confounding factors
in the assessment of PCT’s diagnostic value.
Nevertheless, the findings of preclinical studies are
generally in agreement (i.e. with the same trends in similar animal models). Furthermore, the clinical data support the use of PCT as a relevant tool for the diagnosis
of ischemia (regardless of the aetiology) with thresholds
of 1-2 ng/mL).

7

8
9

10

11

12

13

14

15
16

CONCLUSION
In view of the available preclinical and clinical data, we
consider that PCT can be used in daily practice as a tool
for diagnosing intestinal ischemia.

18
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Abstract
Helicobacter heilmannii sensu lato (H. heilmannii s.l.) is
a group of gastric non-Helicobacter pylori Helicobacter

species that are morphologically indistinguishable from
each other. H. heilmannii s.l. infect the stomach of several animals and may have zoonotic potential. Although
the prevalence of these infections in humans is low,
they are associated with gastric pathology, including
mucosa-associated lymphoid tissue lymphoma, making
them a significant health issue. Here, the taxonomy,
epidemiology, microbiology, diagnosis, and treatment
of these infections will be reviewed. The gastric pathology associated with H. heilmannii s.l. infections in
humans will also be addressed. Finally, the features of
the complete bacterial genomes available and studies
on species-specific pathogenesis will be reviewed. The
understanding of the mechanisms that underlie gastric
disease development mediated by the different bacterial species that constitute H. heilmannii s.l. is essential
for developing strategies for prevention and treatment
of these infections.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Key words: Helicobacter heilmannii sensu lato ; Gastric
non-Helicobacter pylori; Helicobacter species; Pathogenesis; Diagnosis; Treatment; Genomes
Core tip: Helicobacter heilmannii sensu lato is a group
of non-Helicobacter pylori Helicobacter species that infect the stomach of animals and humans. In the human
stomach, these infections are associated with several
pathologies, but it is currently unknown whether certain
species are more often associated with a certain disease outcome than others. The access to bacterial genomes together with the availability of increasing numbers of in vitro isolates will allow significant advances
in the understanding of species-specific bacteria-host
interactions in disease pathogenesis and will be essential for future development of strategies to prevent and
treat these infections.
Bento-Miranda M, Figueiredo C. Helicobacter heilmannii
sensu lato: An overview of the infection in humans. World J
Gastroenterol 2014; 20(47): 17779-17787 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i47/17779.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i47.17779

INTRODUCTION
The first descriptions of spiral bacteria colonizing the
stomach of animals date from the end of the 19th century[1], and reports of such microorganisms in the human
stomach date from the beginning of the 20th century[2].
Also, by that time, the presence of urease activity in the
stomach was reported[3], but no associations were made
between this observation and the presence of microorganisms in the stomach. The occurrence of spirochetes
in stomachs from autopsied individuals and in fresh
gastric surgical specimens was reported later[3,4]. None
of these findings received much attention, as the stom-
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Table 1 Natural hosts and characteristics of Helicobacter heilmannii s.l. species that infect humans
Species

Natural host

H. heilmannii s.l.
H. bizzozeronii
H. felis
H. heilmannii s.s.
H. salomonis
H. suis
H. pylori

Cat, dog, fox ,lynx
Cat, dog, rabbit, cheetah
Cat, dog, fox, lynx, non-human
primates
Cat, dog, rabbit
Pig, non-human primates

Number and
distribution of flagella

Periplasmatic
fibrils

In vitro isolation

Ref.

5-10/0.3
5-7.5/0.4
3.0-6.5/0.6-0.7

10-20, bipolar
10-17, bipolar
4-10, bipolar

No
Yes
No

Yes
Yes
No

[17,42,81,106]
[17,45,68,80]
[15,17,82,106]

5-7/0.8-1.2
2.3-6.7/0.9-1.2
2.5-5.0/0.5-1.0

10-23, bipolar
4-10, bipolar
4-8, unipolar

No
No
No

No
No
Yes

[17,43,106]
[17,44,83]
[6]

Length/width (μm)

ach was considered sterile and a hostile environment for
bacteria. This view started to change only in 1982, when
Marshall and Warren[5] successfully cultured Helicobacter
pylori (H. pylori), a spiral-shaped, Gram-negative bacterium from a gastric biopsy specimen. Further studies have
since shown that H. pylori is the most common chronic
infection in humans, and established this species as the
main etiologic factor in peptic ulcer disease, gastric carcinoma, and gastric mucosa-associated lymphoid tissue
(MALT) lymphoma[6]. Since the discovery of H. pylori,
many new Helicobacter species that infect human or animal hosts have been described, and the Helicobacter genus
now includes more than 30 formally named species[7].
Here, we will review the gastric non-H. pylori Helicobacter
species generally referred to as “Helicobacter heilmannii”,
focusing on those that infect humans and on their impact in human disease.

TAXONOMY
A spiral-shaped bacterium colonizing the human gastric
mucosa that was different from H. pylori was reported for
the first time by Dent et al[8] in 1987. Two years later, the
same authors described this bacterium and proposed a
new genus and species-Gastrospirilum hominis[9]. Later 16S
rRNA gene sequencing analysis led to its reclassification
within the Helicobacter genus[10]. It was then provisionally renamed as Helicobacter heilmannii (H. heilmannii), in
acknowledgement of Konrad Heilmann, the German pathologist who first studied the pathologic features of this
infection in the human stomach[11]. Further 16S rRNA
analysis of an increasing number of samples led to the
sub-classification of H. heilmannii into type 1 and type
2[10,12]. It was shown that H. heilmannii type 1 represented
a single species, H. suis, that colonizes the stomachs of
pigs[13], whereas H. heilmannii type 2 represented a group
of species that colonize the stomachs of cats and dogs
and includes H. felis, H. bizzozeronii, H. salomonis, H. cynogastricus, H. baculiformis, and H. heilmannii sp. nov.[14]. The
latter had been provisionally named ‘‘Candidatus H. heilmannii’’ in 2004, based on urease gene sequence analysis
and because it could not be cultured in vitro at that time[14].
In fact, only very recently and after successful in vitro
isolation, H. heilmannii was formally recognized as a valid
species name[15].
To avoid further confusion in nomenclature, in 2011
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from humans

the introduction of the terms Helicobacter heilmanni sensu lato
(H. heilmanni s.l.) was proposed to refer to the non-H. pylori
Helicobacter species detected in the stomachs of humans or
animals if only histopathological, electron microscopy, or
crude taxonomic data are available; and Helicobacter heilmannii sensu stricto (H. heilmanni s.s.) or the other species names
if definite identification at the species level is achieved[16].

EPIDEMIOLOGY AND TRANSMISSION
As many as 11 different H. heilmannii s.l. have been described colonizing the stomach of domesticated and
wild animals[17], 5 of which have been found in the human stomach, namely H. suis, H. felis, H. bizzozeronii, H.
salomonis, and H. heilmannii s.s. (Table 1).
In Western countries as well as in Japan, the prevalence
of H. heilmannii s.l. in human gastric biopsies is generally
lower than 1%, both in adults and in children[18-23]. Reports
from China and Thailand indicate that the prevalence of
the infection can reach 2% and 6%, respectively[24,25].
Because of the nomenclature problems and due to
the difficulty of cultivating these bacteria to allow species differentiation, there are few studies addressing the
prevalence of each species individually. In gastric biopsy samples with histological evidence of H. heilmannii
s.l., polymerase chain reaction (PCR)-based techniques
showed that H. suis is the most prevalent H. heilmannii s.l.
species infecting the human stomach, with prevalence
ranging from 14% to 37%[26,27]. H. salomonis was present in
21%, H. felis in 15%, H. heilmannii s.s. in 8%, and H. bizzozzeronni in 4% of cases[27]. Infection with two or more H.
heilmannii s.l. species or H. pylori and H. heilmannii s.l. can
be present in the same gastric biopsy[28,29].
While H. pylori is known to colonize mainly humans
and few non-human primates, H. heilmanni s.l. species
have other non-human and probably more important
hosts, such as cats, dogs, and pigs[17]. In addition to being
present in the stomach, H. heilmannii s.l. species have also
been reported in the oral cavity of domestic dogs and
cats and, recently, H. bizzozeronii and H. salomonis were
detected in canine saliva[30-32]. Several reports have suggested the transmission of H. heilmanni s.l. from pets to
their owners by direct contact[33-36]. A higher prevalence
of H. heilmanni s.l. infection among people that live in
rural areas and of those who often have contact with
dogs, cats, cattle, or pigs has been described[37-39]. It has
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further been suggested that H. suis might be transmitted
to humans by consumption of contaminated raw pork
meat, where the bacterium can viably persist for up to 48
h[40]. Given this evidence, it has been hypothesized that H.
heilmannii s.l. infection is a zoonosis.

MICROBIOLOGY
All H. heilmannii s.l. species are Gram-negative, microaerophilic, and catalase- and urease-positive[17]. The first
descriptions of H. heilmannii s.l. used the term “corkscrew-like” bacteria because of their morphology[41]. As
a group, these bacteria are microscopically very similar,
with spiral and coiled shape, with 4-6 helical turns and
2.3-10 μm in length (Table 1)[11,15,42-45]. H. heilmannii s.l.
have varying number of flagella, which have bipolar
distribution, and fix themselves to a blunt undulated
part of the cell wall[11]. H. felis is the only H. heilmannii
s.l. species that has periplasmatic fibrils[15,42-45]. H. suis has
several contrasting features when compared with other
H. heilmannii s.l. species, since it may be shorter in length
and have fewer flagella[15,42-45].

H. HEILMANNII S.L.-ASSOCIATED
DISEASES IN HUMANS
The relationships between H. heimannii s.l. and disease in
humans are mostly based on publications that have only
identified the agent as gastric non-H. pylori Helicobacters.
The initial description by Dent et al[8] of H. heimannii
s.l. in the gastric mucosa of 3 patients with gastritis was
followed by several other publications, mostly case reports[46-49]. Since then, H. heilmannii s.l. infection has been
reported in cases of peptic ulcer disease[19,24,39,50], gastric
carcinoma[50-52], and gastric MALT lymphoma[21,50,53]. Infected patients may be asymptomatic or present dyspeptic
symptoms, such as chronic epigastric pain, nausea, vomiting, heartburn, dysphagia, and post-prandial discomfort[11,19,50,54].
Heilmann and Borchard were the first to report the
histopathological and ultrastructural features of a large
series of 39 cases with H. heilmannii s.l. infection[11]. Bacteria were more frequently found colonizing the antrum
although 20% of the cases presented microorganisms
also in the fundus. H. heilmannii s.l. were found as single
microorganisms or in small groups, located underneath
the mucous layer, above the surface cells, and deep in
the lumen of the foveolae. In ultrastructural analyses,
the close contact of some bacteria with the membrane
of surface mucous cells, in association with degenerative changes of the cell membrane and partial destruction of the microvilli was reported[11]. The presence of
H. heilmannii s.l. inside mucous and parietal cells and
inside parietal cell canaliculi in the corpus mucosa was
also observed[11,50]. H. heilmannii s.l.-infected cases mostly
presented mild active chronic gastritis in the antrum and
mild inactive gastritis in the fundus.
Some years later, Stolte et al[50] undertook a study to
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compare the parameters of gastritis between 202 German
patients infected with H. heilmannii s.l. and 202 matched
control patients infected with H. pylori. In agreement with
the previous findings[11], they observed that H. heilmannii
s.l. colonization occurred predominantly in the antrum
and mainly focally[50]. They also observed that the grading of the parameters of gastritis, such as the density of
lymphocytic and neutrophilic infiltration, the replacement
of foveolae by regenerative epithelium, and mucus depletion were significantly milder in H. heilmannii s.l. infection
than in H. pylori infection. Additionally, the presence of
lymphoid follicles and intestinal metaplasia were less
common in H. heilmannii s.l. gastritis[50]. Similar findings
were reported in studies comparing the histopathological
changes in the gastric mucosa between H. heilmannii s.l.
and H. pylori infections in patients from other geographic
areas, including Thailand, Japan, and Korea[21,24,55].
Interestingly, Stolte et al[50] observed a relatively high
prevalence of gastric MALT lymphoma in H. heilmannii
s.l. gastritis (3.5%), which prompted them to investigate
their material from a 10-year period[56]. They observed 8
MALT lymphomas among patients with H. heilmannii s.l.
gastritis (1.5%) in comparison with 1745 MALT lymphomas among 263680 patients with H. pylori gastritis (0.7%),
suggesting that patients infected with H. heilmannii s.l.
develop MALT lymphoma more frequently than those
with H. pylori[56].
Although in the previous studies there was not a clear
identification of the bacteria at a species level, in experimentally infected animal models the administration of
H. heilmannii s.s.-positive gastric biopsy homogenates to
BALB/c and to C57BL/6 mice induced gastric MALT
lymphoma[57-59]. Furthermore, infection with pure bacterial
isolates of H. felis[60-62] and of H. suis[63] were shown to induce gastric MALT lymphoma-like lesions in the BALB/c
and in the Mongolian gerbil models, respectively.
The contribution of H. heilmannii s.l. to the pathogenesis of the aforementioned diseases is highlighted in
reports in which eradication treatment of the bacteria is
followed by symptomatic relief[11,36] and complete regression of the infection-associated lesions[11,64], including lowgrade gastric MALT lymphoma[21,53,55].

DIAGNOSIS
The diagnosis of H. heilmannii s.l. infection poses a complex challenge in comparison to the well-established tests
for H. pylori. The diagnosis of H. pylori can be achieved
by non-invasive tests, which are based on detection of
antibodies, bacterial antigens, or urease activity in samples such as blood, breath or stools; and invasive tests,
which involve an endoscopy with collection of gastric
biopsy specimens for histology, culture, urease test, or
molecular methods[6].
The diagnosis of H. heilmannii s.l. has been based
mainly on histological detection, and for this, silver staining-based techniques, such as the Steiner and the WhartinStarry stains are preferable to hematoxylin and eosin[41].
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There are currently no specific antibodies available for
immunohistochemical detection of H. heilmannii s.l.[65].
Importantly, and although there may be morphological
differences in size, number of spirals, and tightness of
coils among H. heilmannii s.l species, and between these
and H. pylori, these criteria are not accurate for species
identification, as different species may be morphologically
very similar, and variation in morphology within a single
species may also occur[9,11,17,41].
The use of rapid urease tests allowing the detection
of urease activity directly in the gastric biopsy specimens
may not be sensitive enough[66], as the colonization density of H. heilmannii s.l. is lower than that of H. pylori,
and also will not be helpful for species identification.
The use of in vitro culture as a diagnostic test is also not
feasible due to the very fastidious nature of these bacteria.
So far, very few laboratories have succeeded in the isolation of H. heilmannii s.l. from the gastric mucosa of cats,
dogs, or pigs[15,44,45,67] and only H. bizzozeronii and H. felis
have been isolated from the human gastric mucosa[35,68-70].
Currently, the most accurate method available for conclusive species identification is the use of PCR, followed
by sequencing of specific target genes. These include
the urease A and B (ureA, ureB) genes, the heat shock
protein 60 (hsp60) gene, and the gyrase subunit B (gyrB)
gene[44,71-74]. Sequencing of the 16S rRNA gene and of the
23S rRNA gene allows distinction of H. suis from the rest
of the H. heilmannii s.l. species[13,44].

TREATMENT
H. heilmannii s.l. eradication treatment is indicated in
patients that present with severe pathology and clinical
symptomatology associated with the infection [17]. No
randomized trials have been performed to evaluate the
most suitable treatment for H. heilmannii s.l. infection.
The treatment strategies used are identical to the triple
therapy regimen for H. pylori eradication, which include
a proton pump inhibitor and clarithromycin combined
with amoxicillin or metronidazole for 2 wk[64,75,76]. An in
vitro antimicrobial susceptibility study of H. bizzozeronii, H. felis, and H. salomonis isolates obtained from cats
and dogs showed that they were sensitive to ampicillin,
clarithromycin, and tetracycline, among other pharmacological agents[77]. However, acquired resistance to metronidazole was observed for some H. bizzozeronii and H.
felis isolates[77]. More recently, it was confirmed that H.
bizzozeronii had a rapid in vitro acquisition of resistance
to metronidazole, which should be taken into account
when treating this species[78]. In a mouse model of infection used for evaluating the antibiotic susceptibility of 2
different H. suis isolates to amoxicillin and omeprazole, a
difference in susceptibility between the bacterial isolates
was observed[79].
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COMPLETE GENOMES OF H. SUIS,
H. FELIS, H. BIZZOZERONII, AND H.
HEILMANNII S.S.
Only after successful in vitro isolation of these extremely
fastidious microorganisms did pure bacterial isolates
become available. The complete genomes of 4 of the 5
human-infecting H. heilmannii s.l. have now been published[80-83] (Table 2). The sequencing of these genomes
showed that H. suis, H. felis, H. bizzozeronii, and H. heilmannii s.s. share many homologues to genes associated with
colonization and virulence properties of H. pylori and of
other bacteria[80-83]. These include the urease gene cluster,
encoding a key enzyme to bacterial survival in the acidic
gastric environment[6], the neutrophil-activating protein
NapA, the γ-glutamyl transpeptidase, as well as complete
or almost complete comB secretion system, required for
DNA uptake by natural transformation[84]. Although these
species contain homologues of genes encoding several
outer membrane proteins of H. pylori, they do not harbor
homologues to the BabA and SabA adhesins. They also
lack homologues of the H. pylori cag pathogenicity island,
including the gene encoding CagA, and of the vacuolating cytotoxin VacA. The H. suis genome is an exception,
since it contains a vacA homologue[83]. The dissimilarities
between the genomes of H. heilmannii s.l species and the H.
pylori genome, including the lack of homologues to wellknown H. pylori virulence factors associated with disease,
may partially explain some of the differences between H.
pylori and H. heilmannii s.l.-associated pathology[80-83].
Comparative genome analysis also provided a putative molecular basis for the zoonotic nature of H.
heilmannii s.l species[85]. In comparison to H. pylori, H.
bizzozeronii, H. felis, and H. suis have a higher metabolic
versatility and a higher number of methyl-accepting
chemotaxis proteins, possibly facilitating their adaptation
and survival in the gastric environment of different host
species[80,83,85].

PATHOGENESIS OF H. HEILMANNII S.L.
INFECTIONS
The lack of pure isolates has also limited the information available on the pathogenesis and host responses of
individual H. heilmannii s.l. species. The major exception
is H. felis for which experimental models of infection
have existed since the early 1990’s, and for which different mice strains have been well-established as models of
chronic gastritis[86], gastric atrophy[87-89], gastric MALT
lymphoma[60], and gastric carcinoma[90,91]. Infection with
H. felis in these models are often also used to study the
pathogenesis of infection and the host immune response
to H. pylori[92-95].
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Table 2 General features of the available Helicobacter heilmannii s.l. species genomes and homology to Helicobacter pylori virulence genes
H. suis
Strain
Host, Country
Genome size (MB)
G + C content
CDSs
Function assigned
Plasmids
VacA
CagA
Ref.

HS1
Pig, Belgium

HS5
Pig, Belgium

1635
1670
39.9%
39.9%
1266
1257
1072
1066
Not found
Not found
Yes (63% homology) Yes (22% homology)
No1
No1
Vermoote et al[83]

H. felis

H. bizzozeronii

H. heilmannii s.s.

CS1 (ATCC 49179)
Adult cat, Australia

CIII-1
47-yr-old female patient with severe
gastric symptoms, Finland
1755
46%
1894
1280
One (52.1 Kb; 77 CDSs)
No
No
Schott et al[81]

ASB1
Kitten with severe
gastritis, Belgium
1805
47.4%
1918
1183
Not found
No
No
Smet et al[82]

1673
44.5%
1671
1387
One (6.7 Kb; 5 CDSs)
No
No
Arnold et al[80]

1

Two members of the cag pathogenicity island (cag23/E and cagX) were identified in the H. suis genomes. CDSs: Coding sequences.

More recently, H. suis, H. bizzozeronii, and H. heilmannii
s.s. pure isolates have been used in experimental models
of infection[63,96-99]. Experimental infections with H. suis
in Mongolian gerbils, BALB/c mice, and C57BL/6 mice
showed that while in gerbils H. suis mainly colonized the
antrum, in both mice strains H. suis was able to colonize
the entire stomach[63]. Colonization with H. suis induced
parietal cell necrosis in the 3 animal strains, epithelial
cell hyperproliferation, and inflammation. In vitro data
confirmed that H. suis causes apoptosis and necrosis of
gastric epithelial cells, and indicated that the γ-glutamyl
transpeptidase (GGT) virulence factor is involved in
epithelial cell death[100]. H. suis GGT was also shown to
inhibit T lymphocyte proliferation, and bacterial outer
membrane vesicles were identified as a putative delivery
route of GGT to the lymphocytes residing in the deeper
mucosal layers[101].
Further experimental infections of BALB/c and C57BL/6
mice using 9 H. suis strains, showed that all H. suis isolates
induced a predominant T-helper (Th)17 response, but only
mild upregulation of the Th2 cytokine interleukin (IL)-4,
and no upregulation of Th1 markers, including interferon (IFN)-γ[98]. This contrasts with previously published
data which showed that H. suis induced a predominantly
Th1 local immune response, and IFN-γ had a major
role in the gastric inflammatory process[99,102]. A possible
explanation for these differences is that previous experimental infection studies have used homogenized gastric
specimens from mice, pigs or non-human primates instead of pure bacterial isolates[99,102].
In the Mongolian gerbil model, infection with H. suis
led to the development of MALT lymphoma-like lesions
in some animals[63], and in experimentally infected pigs, H.
suis induced severe gastritis and a significant reduction in
weight gain[103].
Concerning H. bizzozeronii, experimental infections
in BALB/c, C57BL/6, SJL, and CFW mice showed that
bacteria were mainly located in the gastric pits, dispersed
through the mucous layer of the surface epithelium, or in
close association with the parietal cells[104]. In the Mongolian gerbil model, H. bizzozeronii induced mild to moderate lymphocytic and neutrophilic infiltration in the gastric
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antrum of some animals, which was sometimes accompanied by mild parietal cell loss[105]. In the same study, transmission electron microscopy of H. bizzozeronii-infected
gerbils showed neither necrotic parietal cells nor bacteria
adhering to the epithelium[105]. Overall, H. bizzozeronii appears to be associated with a lower pathogenicity than H.
pylori or H. felis[85].
Infection with 9 different H. heilmannii s.s. isolates in
the Mongolian gerbil model showed that strains had different abilities to colonize the gerbil stomach. Furthermore, only 78% of the strains were able to induce chronic
active gastritis and lymphocytic aggregation, caused by upregulation of IL-1β[96]. H. heilmannii s.s. strains with higher
colonization ability were associated with higher fundic
gastrin expression and reduced antral expression of the
of H+/K+ ATPase pump[96].
Overall, these studies demonstrate that not only are
there differences in the bacterium-host interactions between diverse H. heilmannii s.l. species, but there are also
differences in the pathogenic potential in strains within
the same species. Further studies will be necessary to address this question, namely the virulence factors involved
and their putative associations with disease.

CONCLUSION
It is now recognized that H. heilmannii s.l. does not represent a single species, but rather several distinct Helicobacter
species. H. heilmannii s.l. infect the stomach of several
animals and may have zoonotic potential. Although the
prevalence of these infections in humans is low, they are
associated with gastric pathology and confer a higher
risk of gastric MALT lymphoma than that of H. pylori
infection, making them a significant health issue. So
far, there are no studies that permit a clear stratification
of the characteristics of the diseases according to each
individual species that constitutes the group of gastric
non-H. pylori Helicobacter species known as H. heilmanni s.l.
Therefore, methods that allow bacterial identification at a
species level are necessary to better clarify the prevalence
of the infection in humans. Access to the full bacterial
genome sequences together with the availability of in-
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creasing number of in vitro isolates will allow significant
advances in the understanding of bacteria-host interactions in disease pathogenesis and will be essential for developing strategies of prevention and treatment.
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Abstract
Probiotics use has increased tremendously over the
past ten years. This was coupled with a surge of data
relating their importance in clinical practice. Antibioticassociated diarrhea, whose frequency has risen recently,
was one of the earliest targets with data published more
than ten years ago. Unfortunately, available trials suffer from severe discrepancies associated with variability
and heterogeneity of several factors. Most published
randomized controlled trials and subsequent meta-analyses suggest benefit for probiotics in the prevention of
antibiotic-associated diarrhea. The same seems to also
apply when the data is examined for Clostridium difficile -associated colitis. However, the largest randomized
double-blind placebo-controlled trial to date examining
the use of a certain preparation of probiotics in antibiotic-associated diarrhea showed disappointing results, but
it was flawed with several drawbacks. The commonest
species of probiotics studied across most trials is Lactobacillus ; however, other types have also shown similar
benefit. Probiotics have enjoyed an impeccable safety
reputation. Despite a few reports of severe infections
sometimes leading to septicemia, most of the available
trials confirm their harmless behavior and show similar
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adverse events compared to placebo. Since a consensus
dictating its use is still lacking, it would be advisable at
this point to suggest prophylactic use of probiotics to
certain patients at risk for antibiotic-associated diarrhea
or to those who suffered previous episodes.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Probiotics; Antibiotic-associated diarrhea;

Clostridium difficile ; Prevention; Lactobacillus ; Bifidobacterium

Core tip: Probiotics use has been steadily increasing
over the past ten years. One of the areas thoroughly
examined includes prevention of antibiotic-associated
diarrhea. Nonetheless, although trials are abundant,
they are often confusing and conflicting. Adding insult
to injury is the publication of the largest randomized
controlled trial showing no benefit in prevention of antibiotic-associated diarrhea. We attempted to summarize,
categorize and study the present literature detailing the
important trials and their drawbacks in an attempt to
come up with a reasonable consensus for their use.
Issa I, Moucari R. Probiotics for antibiotic-associated diarrhea: Do
we have a verdict? World J Gastroenterol 2014; 20(47): 17788-17795
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i47/17788.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i47.17788

INTRODUCTION
Antibiotics use has been increasing steadily over the past
decade; they are currently among the most prescribed
medications worldwide. Their use elicits additional disturbances in the gut flora resulting in a multitude of
symptoms at the clinical level. This ranges from mild
diarrhea to electrolyte imbalance, sepsis, admission to the
intensive care unit or even death[1]. Antibiotic-associated
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mechanism of action includes their immunomodulatory
effect, which may diminish the inflammation caused by
certain strains of bacteria[15]. Probiotics have become
widely available in the market ranging from capsules to
dairy food supplements stored in health stores and supermarkets. Their appeal lies in their availability and ease
of intake as well as their low cost and low incidence of
associated adverse events[16]. We conducted a literature
review to assess the efficacy and safety of the use of
probiotics in AAD in the adult population, and attempted to come up with a reasonable consensus for their use.

Table 1 Most common trials in prevention of antibioticassociated diarrhea/Clostridium difficile -associated diarrhea
through probiotics
Study

Outcome

Allen et al[41]
Armuzzi et al[29]
Beausoleil et al[40]
Beniwal et al[61]
Can et al[25]
Cimperman et al[23]
Cremonini et al[30]
Gao et al[38]
Gotz et al[28]
Hickson et al[39]
Lewis et al[21]
McFarland et al[17]
Myllyluoma et al[31]
Nista et al[32]
Pozzoni et al[22]
Salminen et al[63]
Sampalis et al[18]
Song et al[19]
Stockenhuber et al[62]
Surawicz et al[26]
Thomas et al[20]
Wenus et al[24]
Wunderlich et al[27]

AAD/CDI
2941 in-patients
1470
1471
AAD
60 out-patients
30
30
AAD/CDI
89 in-patients
44
45
AAD
202 in-patients
101
101
AAD/CDI
151 in-patients
73
78
AAD
31 in-patients
15
16
AAD
85 out-patients
22, 21, 21
21
AAD/CDI
255 in-patients
86, 85
84
AAD
98 in-patients
48
50
AAD/CDI
135 in-patients
69
66
AAD/CDI
69 in-patients
33
36
AAD/CDI
193 in-patients
97
96
AAD
47 out-patients
24
23
AAD
120 out-patients
60
60
AAD/CDI
275 in-patients
141
134
AAD
17 out-patients (HIV)
9
8
AAD/CDI 472 in-patients (ER)
233
239
AAD
214 in-patients
103
111
AAD/CDI
678 in-patients
340
338
AAD/CDI
318 in-patients
207
111
AAD/CDI
302 in-patients
152
150
AAD/CDI
87 in-patients
46
41
AAD
45 in-patients
23
22

Population

Rx grp Plb grp

PROBIOTICS FOR THE PREVENTION OF
AAD

AAD: Antibiotic-associated diarrhea; CDI: Clostridium difficile infect; HIV:
Human immunodeficiency virus; ER: Emergency room.

diarrhea (AAD) is referred to as unexplained diarrhea
that occurs in association with antibiotic administration[2].
Its incidence has been noted to slowly increase over the
past few years, reaching up to 30% in some instances[3,4].
Symptoms can vary from mild self-limited disease to the
more serious and severe Clostridium difficile (C. difficile)associated diarrhea (CDAD). This issue may act as an
important factor behind the non-adherence to antibiotic
regimens[5]. Luckily, CDAD is only responsible for an estimated 10%-20% of cases of AAD[6]. Multiple risk factors for CDAD have been delineated, such as advanced
age, hospitalization, acid suppression, chemotherapy, renal failure, gastrointestinal surgery and mechanical ventilation[3,7,8]. Reports from the United States have suggested
a nearly 2-fold increase in mortality rate attributable to
Clostridium difficile infect (CDI) diarrhea[9]. Another recent
report from Canada has shown that regardless of the
baseline above-mentioned risk factors, one out of every
10 patients who acquire C. difficile will die[10].
Probiotics were first reported more than 100 years
ago and they were defined as “live microorganisms which
when administered in adequate amounts confer a health
benefit on the host”[11]. They have been thought to restore
the disturbed gut flora through a multitude of mechanisms. They help reduce colonization of pathogenic organisms by competitively inhibiting their adhesion on the
mucosa surface[12]. They have also been shown to secrete
acids to decrease intraluminal pH, thus inhibiting the
growth of several pathogens including enterohemorrhagic Escherichia coli[13,14]. They may also produce direct
acting antimicrobial molecules [14]. Another proposed
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The effectiveness of the use of probiotics in the prevention of AAD has been thoroughly examined in the past
few years[17-28] (Table 1). Nonetheless, drawing conclusions from these publications has proven difficult secondary to a multitude of flaws, such as small numbers of
patients, selection bias, vast heterogeneity in study populations, different probiotic types or dosage and sometime
different end-points. Initially, several good quality randomized controlled trials (RCTs) with similar end-points
showed a positive outcome on several variables including
nausea, abdominal pain and diarrhea[29-32]. Two important
meta-analyses were published in 2006, the first one included 25 RCTs and the second evaluated 16[33,34]. They
both suggested that probiotics use was associated with
a reduced risk of AAD. More recently, two large metaanalyses were released; the first by Videlock and Cremonini[35] in 2012 included studies with concurrent administration of probiotics and antibiotics. They analyzed
34 trials after exclusion and, with the use of a random
effects model, they found a relative risk (RR) of AAD of
0.53 (95%CI: 0.44-0.63) when compared to placebo, their
average number needed to treat (NNT) turned out to be
8 (95%CI: 7-11). Hempel et al[36] performed the second
one the same year; this review included RCTs that evaluated probiotics as adjuncts to antibiotic use. Eighty-two
trials met their inclusion criteria, of which 63 reported
the number of patients with diarrhea, totaling 11811
participants. The RR to develop diarrhea compared with
a control group was 0.58 (95%CI: 0.50-0.68). They also
concluded a beneficial treatment effect with a NNT of
13. However, it is important to note that in this analysis
RCTs were included only if probiotics were used to enhance the effect of antibiotics and therefore occurrence
of diarrhea was not their primary end-point. A subgroup
analysis involving only trials explicitly aiming to prevent
or treat AAD showed similar results with an RR of 0.58
(95%CI: 0.49-0.68). Nonetheless, despite the fact that
both these studies agreed there was sufficient evidence
to support a preventive effect of probiotics supplementation on the incidence of AAD, they both suffered
several limitations: lack of assessment of specific side
effects, poor documentation of strains and of course
large heterogeneity between the trials compared. A meta-

17789

December 21, 2014|Volume 20|Issue 47|

Issa I et al . Probiotics in the prevention of antibiotic-associated diarrhea

analysis published a few months ago aimed at drawing a
better conclusion; they evaluated the efficacy of probiotics administered with antibiotics in reducing negatives
outcomes[37]. They only included adult in-patients and
excluded trials in which antibiotics were used for eradication of Helicobacter pylori as they were considered to represent a distinct clinical endpoint. They also discarded trials
that were pilot studies of feasibility or tolerability because they did not define AAD incidence as an outcome,
in addition to non-randomized comparisons or cohort
studies. Due to their rigorous and strict inclusion criteria,
they ended up with only 16 studies, all of which (except
one) examined AAD as a primary outcome. Their metaanalysis demonstrated a statistically significant reduction
in the risk of AAD with a RR of 0.61 (95%CI: 0.47-0.79),
the NNT benefit was in the range of 11 (95%CI: 8-20).
Their conclusion was favorable for probiotics in preventing AAD in the specific population of adult in-patients
requiring antibiotics. The strength of their analysis was
their policy of exclusive inclusion of trials with comparable outcome definition. Another was the focus on a
specific target population thus decreasing heterogeneity
between different publications. However, one significant
limitation hindering most recent papers analyzing this issue is the surprising elevated rate of AAD found. In fact,
three of the most recent RCTs reported rates as high
as 34%-44%[38-40]. These high baseline event rates may
have facilitated the detection of trends and significant
outcomes despite small sample sizes. In general, most
published papers agree to the benefit of probiotics in
the context of AAD; however the largest RCT to date
involving probiotics in the prevention of AAD failed to
duplicate this result[41]. It is a multicenter randomized,
double blind, placebo-controlled trial conducted by Allen et al[41] involving patients 65 years of age or older and
exposed to at least one dose of antibiotics. They were
randomized to either receive a preparation of Lactobacilli and Bifidobacteria totaling 6 × 1010 organisms, once
per day for 3 wk or a placebo. Their primary outcome
was assessment of the occurrence of AAD within 8
wk. They screened more than 17000 patients of which
1493 were assigned to the probiotics arm vs 1488 to the
placebo group. Their results showed no difference in the
occurrence of AAD between the two groups with an RR
of 1.04 (95%CI: 0.84-1.28). Their conclusion stated that
this multi-strain preparation showed no benefit in preventing AAD in this specific population. Although the
methodology of this trial appears impeccable and the authors even tested the viability of their preparation before
the intervention (often missed in other trials), it still displays several limitations. The first one was their low recruitment rate, which was less than one per five patients
screened; the main reason being refusal to add an additional medication to their already large repertoire. Additionally, ethnic diversity in the study population was not
ensured and this limits the generalizability of the conclusion already narrowed by the age group selection. Third,
the rate of AAD occurring in both the probiotic and the
placebo groups (10.8% and 10.4% respectively) is quite
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low compared to all the recent data. This is consistent
with the diminishing trend in England[42] and Wales[43] but
not with the rest of the world. Most importantly, their
calculated sample size, which amounted to around 3000,
was based on their assumption that the placebo group
will have an AAD incidence of 20% and CDAD of 4%.
However, their actual incidence rates turned out to be
much lower than that, this obviously under-powers their
end-result. All of the above arguments and drawbacks
invite us to suspect bias and question the conclusion of
this publication.

PROBIOTICS FOR THE PREVENTION OF
CDAD
CDAD is considered a severe form of AAD; it usually
affects 10%-20% of cases but some more recent studies have suggested that the actual figure may be closer
to 30%[44,45]. CDI is a Gram positive, spore-forming rod
that was first described in 1935 in newborn infants[46].
Exposure to antibiotics constitutes a definite risk factor
for CDAD but also for asymptomatic CDI carriage[47].
Additionally, cumulative antibiotic exposure increases
the risk[48,49]. Of great concern since 2003 has been an
increased frequency and severity of CDAD associated
with emergence of the hyper virulent 027 strain[50]. Recently, a large retrospective review involving more than
5600 patients reported that quinolone antibiotics have a
stronger association with CDAD, whereas other antibiotics posed an intermediate risk[51]. Furthermore, a prospective cohort study involving 101796 admissions over
a 5-year period at a tertiary care medical center classified
antibiotics as high or low risk with relation to CDAD.
They found that commonly used antibiotics like fluoroquinolones, cephalosporins, macrolides, clindamycin and
carbapenems were among the high-risk group while all
others were considered as low risk[52]. In addition to the
multitude of risk factors for CDAD mentioned earlier, a
recent variable has emerged over the past 3-4 years. Acid
suppressive therapy has been suggested as an important
risk factor for the development of CDAD[53]. According to Tal et al[54], an association between proton pump
inhibitors (PPI) and CDAD is found with an odds ratio
(OR) of 2.1 (95%CI: 1.2-3.5). Moreover, Barletta and
colleagues reported in a retrospective case-control study
that the probability for CDI was higher when PPI use
exceeded 2 d in patients without prior hospital admission
and 1 d in patients previously admitted[55]. The literature
suggests that CDAD can occur after just one dose of
antibiotics and may appear up to several weeks after
completion of antibiotic therapy[56]. However, disease
may progress despite antibiotic discontinuation and usually requires treatment with metronidazole or vancomycin. Considering that CDAD is a severe form of AAD,
it seems imperative and clinically relevant to assess if
probiotics can help in prevention.
The 2010 Infectious Diseases Society of America and
the Society for Healthcare Epidemiology of America
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guidelines for the treatment of CDI do not recommend
the use of probiotics for the prevention of CDAD due
to lack of evidence and risk of blood stream infection[57].
Since this publication, there has been a multitude of
newer studies in the literature examining the use of probiotics in the prevention of CDAD. The PLACIDE trial
mentioned earlier also examined patients with CDAD
and found the same disappointing results as for AAD.
However, the events that occurred were somewhat low;
12 out of 1470 (0.8%) in the probiotic arm and 17 out
of 1471 (1.2%) in the placebo group (OR = 0.7, 95%CI:
0.34-1.48)[41]. These figures raise a suspicious question
since they are lower than most current numbers in the
literature. In the subgroup analysis of their manuscript,
Hempel et al[16] identified patients with CDI infection and
showed that adjunct probiotic use extended the benefit
to this severe section of patients as well with a RR of 0.52
(95%CI: 0.36-0.75). A large meta-analysis conducted in
2012 by Johnston et al[58] focused on probiotics in the
prevention of CDAD. After their search and exclusion,
they studied 20 RCTs deemed acceptable and included
1974 patients with positive CDI toxin vs 1844 placebo
participants. They showed a large relative risk reduction
in the incidence of CDAD of 66% corresponding to a
RR of 0.34 (95%CI: 0.24-0.49). The authors concluded
that there is moderate-quality evidence to support a
protective effect of probiotics in the development of
CDAD. This study failed, however, to reach its estimated
optimal information size, which may have led to an
overestimation of the beneficial role. In the 2013 review
published by Pattani et al[37], they also assessed the effect
of probiotics on the incidence of CDAD. Their analysis
was inclusive of 9 RCTs and more than 1000 patients.
The event rates were 18 (3.1%) of 572 patients in the
intervention arm and 55 (10.4%) of 572 patients in the
placebo arm, suggesting a RR of 0.37 (95%CI: 0.22-0.61).
Their conclusion was that probiotics had a favorable impact in preventing CDAD in adult in-hospital patients.

FACTORS CONFOUNDING THE USE OF
PROBIOTICS IN AAD
Several confusing factors hinder our understanding of
probiotics and flaw the studies aiming to detect their
beneficial effects. Perhaps the most complex one is the
type and composition of various probiotics used. Should
we use single or multiple strains in our prevention? Are
certain strains more beneficial than others are? Johnston
et al[58] addressed this issue in their review and found that
trials using multiple species showed a larger effect (RR =
0.25, 95%CI: 0.15-0.41) than those using a single strain
(RR = 0.5, 95%CI: 0.29-0.84) in preventing CDAD. The
test for interaction suggested a low likelihood that chance
alone explains such a difference (P = 0.06). They commented that the hypothesis is sufficiently credible to warrant further assessment through serious future studies[59].
Several strains of probiotics are currently available in
the market, ranging from lactobacilli to bifidobacteria,
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saccharomyces, bacilli and others. When Pattani et al[37]
pooled their studies by type of probiotic, reduction in
AAD and CDAD persisted regardless whether a primarily lactobacillus-based probiotic or an S. boulardii-based
formulation was used. The similarity in effect is reasonable and biologically plausible given that the benefit of
probiotics is thought to derive (at least partly) from recolonization of the gastrointestinal tract with “normal”,
non-pathologic flora rather than from species-specific
effect[60]. Hempel et al[36] were even more thorough in
their analysis of different blends of probiotics genera.
They found 17 RCTs with Lactobacillus-based interventions which showed a pooled RR of 0.64 (95%CI:
0.47-0.86) with a number needed to treat for benefit of
14. The 15 yeast-based (saccharomyces) RCTs revealed
a pooled RR of 0.48 (95%CI: 0.35-0.65), NNT of 10.
The results of three older studies involving Enterococcus
faecium was a RR of 0.51 (95%CI: 0.38-0.68) and a NNT
of 12. Hence, their analysis of different probiotic strains
and types showed benefit across the board regardless of
the genus or species.
Another conflicting factor is the age of the targeted
population. In the PLACIDE trial, the authors could
not find benefit in preventing both AAD and CDAD
through their probiotics preparation in their adult 65
years and older patients[41]. They had chosen this particular age group because of their predilection to develop
AAD[2,3]. Hempel et al[36] stratified the trials they studied
according to age, they found 14 RCTs involving adults (age
18-60 years). The effect was found to be positive with a
RR of 0.54 (95%CI: 0.34-0.85). On the other hand, three
RCTs included exclusively elderly patients and the pooled
result for these trials was a RR of 0.81 (95%CI: 0.40-1.63).
These results are in accordance with the PLACIDE trial
and suggest that probiotics use maybe beneficial in adults
but not necessarily in the older age group. On another
level, a further review of the literature showed an additional four RCTs (other than the PLACIDE) involving
exclusively patients in the older age group[39,40,61,62]. All of
these trials show statistically significant benefit in prevention of AAD by the probiotic group. The largest of these
was performed in 2008 by Stockenhuber et al[62] and involved 678 patients aged 65 and above. It revealed a significant difference in the incidence of AAD between the
placebo and the intervention group (17/340 vs 63/338).
Compiling all the 5 RCTs together into one meta-analysis
results in a large number of patients (4023) and shows a
statistically significant difference in favor of the probiotic
arm (Z = 3.58, P = 0.0003)[41]. However, despite limiting
the scope of the studies involved, substantial statistical
heterogeneity persists (P < 0.0001) and undermines any
conclusion that can be drawn from it. No logical reasoning can explain this discrepancy; we can theorize that
maybe physiological changes occurring with aging make
the gastrointestinal tract less susceptible to the effects
brought about by the alteration of gut flora.
It is very difficult to draw conclusions from the available data and meta-analysis regarding the duration of
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treatment. The extent of heterogeneity between different studies precludes any reasonable analysis. This is also
similar for the follow up period, as most publications do
not precisely dwell on this issue.

SAFETY OF PROBIOTIC USE
Probiotics have enjoyed an impeccable reputation regarding safety. In general, little research attention has focused
on adverse events in relation to their use in clinical practice[16]. This scarcity in data is partly a result of the Food
and Drug Administration not regulating these products.
One theoretical concern would be the potential transfer
of antibiotic resistance, as many lactobacillus strains are
naturally resistant to vancomycin. However, these resistance genes are chromosomal and not readily transferable
to other pathogenic organisms[63]. Another theoretical risk
would be the transfer of bacteria from the small intestine
to other areas of the body, especially since infections suspected to be associated with the administered organisms
were reported decades ago[16]. In some rare cases, probiotics have been linked to serious adverse effects such as
fungemia and bacterial sepsis[64-70]. Few risk factors have
been identified through these case reports and they include severe immune-suppression or infant prematurity.
Additional factors have been shown to include insertion
of central venous catheter, short gut syndrome, cardiac
valvular heart disease or the presence of a jejunostomy
tube[71]. An alarming study published in 2008 aimed at examining the effect of probiotics in hospitalized patients
with a predicted severe acute pancreatitis[72]. Not only did
they fail to show any benefit regarding infectious complications in the probiotic arm but also they additionally
revealed a statistically significant increase in mortality and
an increased risk of bowel ischemia compared to placebo.
They concluded that physicians should be careful in their
use of probiotics, especially in severely sick patients.
Examining available data for adverse events of probiotics is not an easy task; it is mostly under-reported in the
literature. In their trial, Allen et al[41] found a statistically
significant difference in flatus in the probiotic group. Almost 20% of participants had serious adverse events, but
the frequency was similar in both groups. The most common were respiratory, mediastinal and thoracic disorders
(5.9%). In the 2012 review performed by Johnston et al[58],
17 RCTs reporting on side effects were assessed[55]. Four
reported no adverse events at all and three reported serious ones. However, the frequency of events was higher in
the control group (12.6% vs 9.3%). The most commonly
reported symptoms were abdominal cramping, nausea,
fever, soft stools and flatulence. When Pattani et al[37] performed their meta-analysis they found no life threatening
adverse effects in the 16 RCTs studied. Furthermore, one
of the largest meta-analyses to-date assessing probiotics is
the one performed by Hempel et al[36] in 2012; it included
84 RCTs, of which 59 did not report on probiotic-specific adverse events. The rest did not mention any serious
side effects. More importantly, three recent systematic reviews have addressed the safety of probiotics[16,73,74]. The
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most comprehensive of them[16] searched 12 electronic
databases; they included 208 RCTs. For short-term probiotic use compared with the control group there was no
statistically significant difference in the overall number of
adverse events (RR = 1.00, 95%CI: 0.93-1.07) including
serious ones (RR = 1.06, 95%CI: 0.97-1.16).

CONCLUSION
A substantial number of trials have been published examining the use of probiotics in the prevention of AAD.
However, few of these were adequately powered enough
to demonstrate a reduction in a relatively rare event (<
15%). Associations were shown and conclusions drawn
through pooling results across inadequately powered
RCTs. Several variables are still unclear in their interactions with probiotics. We have isolated only few RCTs
exclusive to elderly patients, therefore potentially important but unknown factors might include the characteristics of the pre-treatment enteric flora, which varies
between individuals and is affected by age. Additionally,
the strain, dose and duration of probiotics used in the
various studies vary widely, therefore making it difficult
to draw strong conclusions regarding probiotic use.
There are still many unanswered questions to be tackled
by larger RCTs, such as: which patient population will
benefit the most from probiotic supplementation; which
probiotic strains are most effective and does this efficacy
vary with the clinical indication or the dose; and finally
what are the real risks and hazards associated with routine use of such medications.
The appeal of using probiotics comes clearly from
their ready availability, low cost and acceptable known
safety profile. With the current data at hand, it is difficult
to draw any solid conclusion about the prophylactic use
of probiotics in AAD. It would be reasonable to advise
their use in some specific populations such as patients
with a history of AAD or risk factors for the development of CDAD. Many physicians have been hesitant to
adopt probiotics in their routine practice; it would be
advisable at this point to stratify this use on case-by-case
basis.
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Abstract
To apply an individualized oncological approach to gastric cancer patients, the accurate diagnosis of disease
entities is required. Peritoneal metastasis is the most
frequent mode of metastasis in gastric cancer, and the
tumor-node-metastasis classification includes cytological detection of intraperitoneal cancer cells as part
of the staging process, denoting metastatic disease.
The accuracy of cytological diagnosis leaves room for
improvement; therefore, highly sensitive molecular
diagnostics, such as an enzyme immunoassay, reverse
transcription polymerase chain reaction, and virusguided imaging, have been developed to detect minute
cancer cells in the peritoneal cavity. Molecular targeting therapy has also been spun off from basic research
in the past decade. Although conventional cytology
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is still the mainstay, novel approaches could serve as
practical complementary diagnostics to cytology in
near future.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Peritoneal lavage; Cytology;
Molecular diagnostic techniques; Reverse transcriptase
polymerase chain reaction; Carcinoembryonic antigen
Core tip: For patients with gastric cancer, cytological
detection of cancer cells in the peritoneal cavity is important to predict future manifestation of peritoneal recurrence. However, its improvement has been a matter
of research, because of its low sensitivity and specificity. The new diagnostic modalities have been investigated along with the development of modern molecular biology. The recent innovative challenges regarding
molecular diagnosis of intra-peritoneal gastric cancer
cells have been thoroughly covered and summarized.
The new therapies for gastric cancer with peritoneal
spreads were also referred.
Kagawa S, Shigeyasu K, Ishida M, Watanabe M, Tazawa H,
Nagasaka T, Shirakawa Y, Fujiwara T. Molecular diagnosis
and therapy for occult peritoneal metastasis in gastric cancer
patients. World J Gastroenterol 2014; 20(47): 17796-17803
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i47/17796.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i47.17796

INTRODUCTION
Gastric cancer is one the leading causes of death in the
world[1], and the most prevalent cancer in Eastern Asia[2].
Although the radical resection of cancerous lesions is the
only cure for gastric cancer, multi-disciplinary therapy
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for advanced disease can palliate the disease and even
prolong life[3,4]. Therefore, the accurate and appropriate
diagnosis of the disease entity is required so that an individualized oncological approach can be used. The tumornode-metastasis (TNM) staging system is the universally
accepted method to describe the degree of cancer advancement[5,6]. As with other cancers, gastric cancer has
disease-specific factors in its staging. One of them is the
cytology of a peritoneal wash or ascites because peritoneal metastasis is the most frequent mode of distant
metastasis and post-surgical recurrence. However, it is
often difficult to diagnose peritoneal metastasis by conventional imaging modalities, such as computed tomography and positron emission tomography. The cytological
detection of free cancer cells in the peritoneal cavity is a
very important finding in gastric cancer. Positive cytology
means that peritoneal metastasis exists anywhere in the
peritoneal cavity even if it is invisible, so it implies a high
probability of future manifestations of peritoneal metastasis[7-12]. Therefore, peritoneal lavage cytology findings as
well as peritoneal metastasis are factors in gastric cancer
staging in Japan as stage 4 disease[13]. The most recent
TNM classification system includes intraperitoneal cancer
cell detection as part of the staging process, denoting
metastatic disease[5].
Peritoneal carcinomatosis is an incurable disease with
poor prognosis. In cases of peritoneal carcinomatosis,
although debate about surgical application still remains,
palliative chemotherapy would be preferred[14-17]. From
this point of view, peritoneal carcinomatosis needs to be
precisely diagnosed before surgery or at the beginning of
surgery for surgeons to determine the most appropriate
therapeutic approach[18]. However, in reality, the uneven
shape of the peritoneal cavity makes it impossible for the
entire cavity to be thoroughly inspected and difficult for
the surgeon to definitively judge whether the peritoneal
cavity is completely free of metastatic foci. Consequently,
peritoneal lavage cytology is needed for the indirect diagnosis or prediction of peritoneal metastasis, and it must
be as accurate as possible. The accuracy in peritoneal
lavage cytology depends greatly upon the experience
of the cytopathologist; therefore, the diagnosis remains
inevitably subjective. In addition, several studies indicate
that the sensitivity and specificity of peritoneal lavage
cytology is unsatisfactory and that there is still room for
improvement[19]. Over the past decade, several new diagnostic approaches have been studied. As an alternative to
conventional cytology by Papanicolaou staining, immunocytochemistry or PCR-based genetic detection of epithelial or malignant cells in the peritoneal fluid has emerged
(Table 1). There are advantages and shortcomings of
each approach[20]. In this review, we examine recent studies, summarize findings on the molecular biology-based
diagnosis of peritoneal cancer cell existence, and discuss
recent advances in the treatment of peritoneal carcinomatosis.
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CONVENTIONAL CYTOLOGY
Since the method of lavage cytology was described by
Moore et al[21] in 1961, several clinical studies have demonstrated the prognostic significance of intraperitoneal
free cancer cells at the time of surgery[7,10,12,16,17,22-25]. The
Japanese Classification of Gastric Carcinoma (2nd English
edition) first included the result of peritoneal cytology as
one of the staging parameters in 1999[26]; since then, the
Japanese Gastric Cancer Association includes peritoneal
cytology in their staging system[14]. Although the most
recent TNM classification has included the detection of
intraperitoneal free cancer cells as part of the staging process, denoting M1 disease[5], the application of peritoneal
cytology in preoperative staging is still controversial. The
European Society for Medical Oncology practice guidelines recommend laparoscopy, but regard cytology as optional, and the current National Comprehensive Cancer
Network (NCCN) guidelines also do not include cytology
in the treatment algorithm[27]. Nevertheless, peritoneal cytology has important clinical implications in the management of advanced gastric cancer[7,28].
In gastric cancer surgery, by either laparotomy or laparoscopic approach, about 100-200 mL of saline is usually
instilled into the Douglas pouch (and occasionally into
the left subphrenic space) and gently stirred. A washing
sample is then aspirated and subjected to cytology. Traditionally, Papanicolaou or Giemsa stainings are employed,
and specimens are diagnosed by experienced cytopathologists. The accuracy, sensitivity, and specificity of conventional cytology in predicting peritoneal recurrence was
73.0%-91.9%, 11.1%-80.0%, and 86.4%-100.0%, respectively[20]. Thus, sensitivity had a particularly wide range,
which indicated the need for further advanced techniques.

CARCINOEMBRYONIC ANTIGEN IN
PERITONEAL LAVAGE
Kanetaka et al[29] recently reported that the measurement
of carcinoembryonic antigen (CEA) level in peritoneal
lavage (pCEA) by an enzyme immunoassay can predict
poor prognosis and may help to elucidate a cohort who
need more intensive adjuvant chemotherapy to improve
their prognosis. Since Asao et al[30] first reported that the
CEA antigen level in peritoneal lavage could reflect the
presence of peritoneal metastasis more accurately than
conventional cytology in 1991, other investigators have
demonstrated the clinical significance of pCEA levels[31-35]. Most of these reports showed a significant correlation between pCEA level and survival after surgery, implying that pCEA could be a potential predictor of poor
prognosis. However, the pCEA level may reflect both
the production of CEA in the peritoneal cavity and the
serum CEA level and may not be specific as a marker for
the existence of intraperitoneal free cancer cells or occult
peritoneal metastasis.
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Table 1 List of published studies regarding the molecular diagnosis of peritoneal fluid in gastric cancer
Ref.

Molecule

Technique

Number of
patients

Results

CEA
CEA, sialyl-Tn antigen
CEA

Enzyme immunoassay
Enzyme immunoassay
Enzyme immunoassay

120
96
56

Cetin et al[34]

CEA

Enzyme immunoassay

70

Kanetaka et al[29]

CEA

Enzyme immunoassay

597

Yamamoto et al[33]
Li et al[35]
Kodera et al[38]

CEA, CA125
CEA
CEA

Enzyme immunoassay
Radioimmunoassay
RT-PCR

229
64
189

Wang et al[36]
Sugita et al[41]

CEA
CEA, CK20

RT-PCR
RT-PCR

40
129

Dalal et al[37]

CEA, CK20, survivin, MUC2

RT-PCR

40

CEA, CK20
CK20
MMP-7

RT-PCR
RT-PCR
RT-PCR

104
195
152

Multiple marker

Microarray

179

Aberrant gene methylation

Methylation-specific PCR

107

Telomerase activity
Telomerase activity

TRAP assay
TRAP assay

46
60

Viral tropism
EpCAM

NDV-GFP imaging
Flow cytometry

30
195

Correlation with 2-yr survival rate
Correlation with peritoneal metastasis and prognosis
Correlation with peritoneal metastasis and overall
survival
Correlation with peritoneal metastasis and overall
survival
Correlation with overall survival and peritoneal
recurrence free survival
Correlation with overall survival and recurrent cites
Correlation with overall survival
Correlation with overall survival and peritoneal
recurrence-free survival
Correlation with peritoneal recurrence
Correlation with overall survival and peritoneal
recurrence-free survival
CEA had high sensitivity and specificity, while CK20,
survivin, and MUC2 showed high false-positive rates
Predict peritoneal recurrence
Not sufficiently sensitive as CEA
Improved the sensitivity for peritoneal dissemination
in combination with cytology
Correlation with disease-free survival and immunocytochemical cytology
Correlation between positive methylation and peritoneal recurrence
Some concordance with cytology
Correlation with high proliferating activity of gastric
cancer
Higher sensitivity and lower specificity than cytology
Tumor cell/leukocyte ratio reflects peritoneal spread

Asao et al[30]
Irinoda et al[32]
Abe et al[31]

Takata et al[42]
Kodera et al[40]
Yonemura et al[39]
Mori et al[43]
Hiraki et al[52]
Mori et al[56]
Da et al[57]
Wong et al[62]
Kitayama et al[58]

CEA: Carcino-embryonic antigen; CA125: Cancer antigen 125; CK20: Cytokeratin 20; TRAP assay: Telomeric repeat amplification protocol assay; NDV-GFP:
Newcastle disease virus-green fluorescent protein; MUC2: Mucin 2; RT-PCR: Reverse transcription polymerase chain reaction.

GENETIC DETECTION OF
INTRAPERITONEAL GASTRIC CANCER
CELLS
Molecular diagnosis with reverse transcriptase-polymerase
chain reaction (RT-PCR) has been employed for the detection of minimal cancer cells due to its high sensitivity.
Among the messenger RNA (mRNA) specific to cancer
cells or epithelial cells, the most common target molecule
is CEA mRNA. PCR evaluation of CEA mRNA in peritoneal fluid has increased sensitivity for the detection of
peritoneal cancer cells as compared to cytology[36,37], and
positive results have been associated with poor survival.
Kodera et al[38] demonstrated that CEA PCR-positive patients had significantly worse overall survival and recurrence-free survival as compared to PCR-negative patients,
independently of cytology. PCR appears to increase the
accuracy of detection of occult disease.
In addition, molecular targets for PCR other than
CEA have been investigated and include metalloprotease-7[39] and cytokeratin 20[40,41]. The expression level of a
single gene was heterogeneous, so limited sensitivity hinders its use alone. To further improve the sensitivity and
specificity of the mRNA detection approach, multiplex
PCR may prove to be more clinically useful in capturing
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intraperitoneal free cancer cells[41-43].
Mori et al[44] tried to select marker candidates out of
tens of thousands of genes with microarray analysis, and
they identified the genes specific to cytology-positive
samples. They further manufactured a microarray chip
containing 10 marker genes as a “MiniChip” and demonstrated that the MiniChip assay has a sensitivity and
specificity equal to or better than conventional cytology in detecting minimal free cancer cells in peritoneal
fluid[43].
Recently, a new rapid genetic diagnostic technique to
detect minute cancer cells has been developed and applied
in the sentinel node navigation surgery as surgical decision
making[45-48]. One-step nucleic acid amplification (OSNA)
uses reverse transcription loop-mediated isothermal
amplification (RT-LAMP) to detect mRNA expression
of target sequences from crude samples without RNA
purification[49]. The reaction can be completed in a single
test tube and within 1 h. Kumagai et al[50] reported a multicenter study evaluating the clinical performance of the
OSNA assay that detects cytokeratin 19 (CK19) mRNA
in detecting lymph node (LN) metastases in gastric cancer
patients, and this method showed high concordance rate
to pathology. Although the OSNA assay is useful in the
intraoperative rapid diagnosis of LN metastasis for gastric
cancer, it remains unproven if this technique could be ap-
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plied to detect intra-peritoneal free cancer cells. It needs
to be determined how the different properties of cells in
the peritoneal cavity interfere with the reaction and what
the minimal number of cancer cells is for detection by this
method.
DNA methylation is an important epigenetic change
in cancer that leads to the recruitment of transcription
repressors and chromatin changes, so methylation analysis has been used as a diagnostic modality for various cancers[51]. Hiraki et al[52,53] assessed whether gene methylation
in peritoneal ﬂuid from gastric cancer patients is clinically feasible for determining the peritoneal metastasis in
gastric cancer. By using quantitative methylation-specific
PCR to compare aberrant methylation status in gastric
cancer, they isolated 6 genes (BNIP3, CHFR, CYP1B1,
MINT25, RASSF2 and SFRP2) as having cancer-speciﬁc
DNA methylation, and they observed that there was a
significant correlation between positive methylation in
any of these 6 genes and peritoneal recurrence[52]. Thus,
methylation analysis might improve the positive detection
of gastric cancer cells in peritoneal lavage.

TELOMERASE ACTIVITY IN THE
PERITONEAL FLUID
Telomerase activity in cancer cells has been examined as a
tag to detect cancer cells in the peritoneal cavity. Telomerase activity is one of the hallmarks of cancer and can be
used to discriminate malignant cells from normal ones[54,55].
Mori et al[56] analyzed peritoneal lavage fluid employing a
TRAP assay that reflects telomerase activity. To improve
the efficacy of the assay, they enriched cancer cells with
immunomagnetic beads coated with anti-Ber-EP4 antibody. Then, they successfully detected telomerase activity
in the samples from gastric cancer patients with serosal
or subserosal invasions, and they found some concordance with the results of cytology[56]. Da et al[57] have also
investigated the telomerase activity in peritoneal lavage
from gastric cancer patients without enrichment of cancer cells. Although the sample size was relatively small,
their data demonstrated that all patients with peritoneal
metastasis had detectable telomerase activity in peritoneal lavage fluid, and they found significant correlations
between positive rate of telomerase activity and invasion depth, serosa-involved areas, and the presence and
extent of peritoneal metastasis. While these methods
were unique and appeared to be sensitive, they were not
significantly superior to conventional cytology by itself.
Nevertheless, telomerase activity analysis in peritoneal
lavage fluid might be a helpful adjunct for the cytology
in the diagnosis of occult peritoneal metastasis of gastric
cancer.

FLOW CYTOMETRIC ANALYSIS OF FREE
CANCER CELLS IN PERITONEAL LAVAGE
FLUID
Kitayama et al[58] tried to quantify the free cancer cells
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recovered from ascites or peritoneal lavage fluid from
gastric cancer patients by conventional flow cytometry.
The peritoneal lavage fluid from gastric cancer patients
contains erythrocytes, leukocytes, dissociated peritoneal
mesothelium, and a small number of cancer cells. Therefore, molecular detection needs to distinguish cancer
cells from normal cells co-existing in the peritoneal cavity. Kitayama et al[58] stained the cells with monoclonal
antibodies to CD45 and CD326 (EpCAM), and CD326positive and CD45-positive cells were classified as either
cancer cell or leukocytes. Instead of using the total
number of cancer cells, they calculated the cancer cell/
leukocyte ratio and demonstrated that the ratio was significantly higher in the patients with peritoneal metastasis and positive cytology than in those without peritoneal
spread. They further showed the ratio to reflect well the
effect of intraperitoneal chemotherapy. They thus proposed that the flow cytometry-based measurement of
the intraperitoneal CD326(+)/CD45(+) ratio could be a
diagnostic marker that reflects the severity of peritoneal
metastasis as well as the effectiveness of intraperitoneal
chemotherapy.
Besides gastric cancer, ovarian cancer also often forms
excess ascites due to peritoneal metastasis, which is routinely drained and discarded for symptomatic relief. Peterson et al[59] regard the ascites as a source of cancer cells
for monitoring the treatment response of ovarian cancer.
Miniaturizing and advancing flow cytometric technology, they developed and tested a new microfluidic chip to
capture, enrich and analyze ascites tumor cells in ovarian
cancer patients. This technology allows the detection of
occult cancer cells and enables the molecular profiling of
individual cells. The microfluidic chip might be applicable
to the diagnostic and molecular analysis of peritoneal fluid
from gastric cancer patients.

DIAGNOSTIC POTENTIAL OF THE
VISUAL DETECTION OF CANCER CELLS
IN PERITONEAL CYTOLOGY SAMPLES
As a unique approach, several groups examined virusmediated fluorescent gene expression to visually detect
rare cancer cells in the body fluid or the cytology samples against millions of normal cells[55,60,61]. Wong et al[62]
evaluated a novel detection technique for intraperitoneal
free cancer cells by using Newcastle disease virus-green
fluorescent protein (NDV-GFP), which is genetically
modified NDV that expresses the green fluorescent protein gene. Newcastle disease virus has been studied since
the 1950s for its ability to infect and replicate specifically
in tumors. NDV-GFP targets and infects specifically
cancer cells, resulting in specific GFP expression. Wong
et al[62] evaluated peritoneal lavage samples from 30 gastric cancer patients undergoing staging laparoscopy with
NDV-GFP. They found that NDV-GFP-mediated detection offers a more sensitive method of identifying free
peritoneal gastric cancer cells in peritoneal lavage fluid as
compared to conventional Pap staining cytology to dem-
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onstrate that NDV-GFP could be used diagnostically.

A NEW MOLECULAR-TARGETING
THERAPY FOR INTRAPERITONEAL
SPREAD OF GASTRIC CANCER

WHAT IS NEXT FOR THE IMPROVEMENT
OF INTRAPERITONEAL DIAGNOSIS?
As described above, numerous efforts have been made
to improve the detection of intraperitoneal free cancer
cells. The purpose of most of these studies appeared to
primarily be an improvement of the accuracy in cytology.
The secondary purpose will be to make diagnosis more
convenient and automatic than subjective conventional
cytology. Once the accuracy and procedure is essentially
improved over the conventional cytology, what should we
do next? The identification of intraperitoneal free cancer
cells confers poor prognosis. In patients with positive
cytology without macroscopic peritoneal metastasis, the
benefit of radical or aggressive surgery is still a matter of
debate. While some of these patients are palliated, others may undergo more aggressive therapies. Along with
the improved diagnostic modality, the treatment strategy
would also have to be a coupled issue.

MULTIMODAL CLINICAL APPROACH
FOR PERITONEAL SPREAD OF GASTRIC
CANCER
Surgeons have witnessed some patients with peritoneal
spread of gastric cancer who underwent radical surgery
and experienced cures due to the recent improvements
in multimodal treatment. A phase Ⅱ study of whether
gastrectomy with curative intent would be beneficial for
patients with positive cytology but absence of macroscopic peritoneal seeding has been conducted[63,64]. The
study showed that median overall survival time was 705
d, and the 5-year survival rate was 26% in the patients
with positive cytology with no other non-curative factors,
suggesting that surgery with curative intent could be indicated even for patients with positive cytology[63,64]. For
gastric cancer patients with macroscopic peritoneal metastasis, Yamaguchi et al[65] evaluated intraperitoneal chemotherapy along with systemic chemotherapy as a phase
Ⅱ study. They reported a 1-year survival rate of 77.1%,
which is surprisingly high. The same group also reported
salvage gastrectomy after intravenous and intraperitoneal
chemotherapy for the patients who had peritoneal metastasis but showed apparent shrinkage of their peritoneal
nodules as well as negative cytology by the treatment[66].
Those patients who underwent salvage gastrectomy exhibited a 26.4-mo median survival period and 82% of
1-year overall survival. Those results suggested that the
more sensitive and specific peritoneal diagnosis with the
molecular approach might allow gastric cancer patients to
receive more suitable individualized multimodal therapies.

WJG|www.wjgnet.com

Along with the research for the improvement in detection of intraperitoneal cancer cells, molecular targeting
therapies might be derived from the results of basic
research. One of the molecular targets is epithelial cell
adhesion molecule (EpCAM), a type Ⅰ transmembrane
glycoprotein functioning as a homotypic intercellular adhesion molecule[67]. High-level EpCAM expression was
observed in 90.7% of gastric cancer[68]. Catumaxomab is
an artificially engineered, tri-functional bispecific monoclonal antibody; Fab binding sites bind to EpCAM on
cancer cells and CD3 on T cells, and the Fc region binds
and activates accessory immune cells. The tri-cell complex of T-cells, tumor cells and accessory cells induces
MHC-unrestricted but specific efficient tumor cell killing.
The therapeutic benefit of Catumaxomab for patients
with malignant ascites including gastric cancer patients
has been reported in a pivotal clinical trial[69], which led to
approval of Catumaxomab by the European Medicines
Agency (EMA) in 2009. Intraperitoneal Catumaxomab
treatment has been shown to trigger the activation of immune effector cells in the peritoneal cavity resulting in the
depletion of EpCAM-positive tumor cells[70]. Thus, local
strategies with molecular targeting agents might represent
the appropriate option for treatment of the peritoneal
spread of gastric cancer.

CONCLUSION
In the past decade, enormous strides have been made in
the research for molecular detection of intraperitoneal
free gastric cancer cells, and many new strategies have
been clinically tested in gastric cancer patients. As with
the conventional cytology, none of the candidate alternatives to conventional cytology are a perfect modality yet,
whereas most of them would potentially be conducive
to improve the conventional diagnosis and to predict
prognosis. The uncertainty of a definition of positivity
in these novel approaches and their clinical relevance
remain potential limitations to the practical clinical use
of these technologies. Too highly sensitive techniques
such as PCR may result in the detection of clinically irrelevant metastatic disease, which could lead to either
overtreatment with unnecessary chemotherapy, or worse,
the withdrawal of potentially curative surgical treatment.
Nevertheless, the development of more sensitive and
rapid diagnostics in evaluating minimal peritoneal disease
is needed for patients to be properly treated. Since peritoneal lavage cytology has recently been included in the
staging criteria of gastric cancer, the cytology diagnosis
has been focused on as having an important predictive
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role in gastric cancer treatment, and the molecular diagnosis has undergone tremendous challenges. With the
accumulated evidence, the molecular diagnosis of peritoneal cytology may be a reality in future gastric cancer
practice.
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Abstract
The significant influence of tumor stroma on malignant cells has been extensively investigated in this
era of targeted therapy. The tumor microenvironment,
as a dynamic system, is orchestrated by various cells
including tumor vascular composing cells, inflammatory cells and fibroblasts. As a major and important
component in tumor stroma, increasing evidence has
shown that spindle-shaped cancer-associated fibroblasts (CAFs) are a significant modifier of cancer evolution, and promote tumorigenesis, tumor invasion
and metastasis by stimulating angiogenesis, malignant
cell survival, epithelial-mesenchymal transition (EMT)
and proliferation via direct cell-to-cell contact or secretion of soluble factors in most digestive solid tumors.
CAFs are thought to be activated, characterized by
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the expression of α-smooth muscle actin, fibroblast
activated protein, fibroblast specific protein, vimentin,
fibronectin, etc . They are hypothesized to originate
from normal or aged fibroblasts, bone marrow-derived
mesenchymal cells, or vascular endothelial cells. EMT
may also be an important process generating CAFs,
and most probably, CAFs may originate from multiple
cells. A close link exists between EMT, tumor stem
cells, and chemo-resistance of tumor cells, which is
largely orchestrated by CAFs. CAFs significantly induce
immunosuppression, and may be a prognostic marker
in various malignancies. Targeted therapy toward CAFs
has displayed promising anticancer efficacy, which further reinforces the necessity to explore the relationship
between CAFs and their hosts.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: As a dominant component in tumor stroma,
cancer-associated fibroblasts (CAFs) promote tumorigenesis, and tumor progression by stimulating
angiogenesis, malignant cell survival, epithelial-mesenchymal transition (EMT) and proliferation via direct
cell-to-cell contact or secretion of soluble factors in
most digestive solid tumors. CAFs are characterized
by the expression of α-smooth muscle actin, fibroblast
activated protein, fibroblast specific protein, vimentin,
etc . They are hypothesized to originate from various
cells. EMT may also be an important process generating CAFs. A close link exists between CAFs-induced
EMT, chemo-resistance of tumor cells, and tumor stem
cells. CAFs significantly induce immunosuppression,
and may be a prognostic marker. Targeted therapy
toward CAFs has displayed promising anticancer efficacy.
Huang L, Xu AM, Liu S, Liu W, Li TJ. Cancer-associated
fibroblasts in digestive tumors. World J Gastroenterol 2014;
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INTRODUCTION
Tumors are made up of heterogeneous cells, and are
considered to be wounds that do not heal[1]. Carcinogenesis and tumor progression are not only associated with
malignant cells themselves, but also with tumor stroma
which is an important participant and regulator. Both
interact with each other, forming the tumor-host microenvironment[2]. In tumor stroma there are various types
of mesenchymal cells including tumor vascular composing cells (endothelial cells and pericytes), inflammatory
cells and fibroblasts, which are mosaicked in extracellular
matrix (ECM) secreted by fibroblasts[3]. Stromal cells
provide malignant cells with growth and proliferation
signals, and participate in angiogenesis within tumor. Tumor cells are to stromal cells what “seeds” are to “soil”.
The remarkable influence of tumor stroma on cancer
cells has been extensively investigated in this era of targeted therapy.
Cancer-associated fibroblasts (CAFs) or tumor-associated fibroblasts (TAFs) are the most abundant with the
widest distribution in tumor stroma of most solid tumors,
and one of the most important stromal cells mediating
tumor-stroma cross-talk (Figure 1). It can not only directly
act on malignant cells in a direct cell-to-cell way and by
secreting diverse soluble cytokines, regulating tumor evolution, growth, angiogenesis, immunity, chemoresistance,
and aggressive behaviors (invasion and metastasis)[4-6],
but also interfere with tumor growth indirectly by influencing other stromal components including ECM (Figure 2)[7]. Researchers have proposed the CAFs-centered
theory, thinking that CAFs are the hub and control center of tumorigenesis and tumor progression[8]. In recent
years, CAFs have become a focus of research, with the
hope that they’ll be a novel anti-tumor therapeutic target.

[11,12]
α-smooth muscle actin (α-SMA) . CAFs also express
fibroblast activated protein (FAP), fibroblast specific protein (FSP), neuron glial antigen-2 (NG2), platelet derived
growth factor receptor-α (PDGFR-α) and PDGFR-β.
Like normal fibroblasts, stromal cell markers including
vimentin, fibronectin, podoplanin, prolyl 4-hydroxylase
(P4H, 5B5) and stromelysin are also expressed[13].
Research has revealed that paracancerous fibroblasts
grow much faster than CAFs segregated and cultured in
vitro[14], suggesting that the proliferative ability of CAFs are
closely linked with the specific tumor microenvironment,
and that CAFs may be activated by various malignant cellsecreted cytokines. In prostate cancer, interleukin (IL)-6
secreted by malignant cells was found to contribute to the
formation of CAFs[15]; in hepatocellular carcinoma, lysophostatidic acid (LPA) was reported to transform paracancerous fibroblasts into CAFs[16]; transforming growth
factor-β (TGF-β) and IL-1β were also revealed to induce
the expression of α-SMA and FAP in normal fibroblasts.
Changes in cellular genome, such as global hypomethylation of genomic DNA may also be involved in activation
of CAFs[17].
CAFs can synthesize and secrete abundant soluble
molecules containing the fibroblast growth factor family such as basic fibroblast growth factor (bFGF), the
vascular endothelial growth factor (VEGF) family members, platelet-derived growth factor (PDGF), ligands of
epidermal growth factor receptor (EGFR), the IL family
members including IL-1, the colony-stimulating factors including granulocyte colony-stimulating factor (GCSF) and granulocyte-macrophage CSF (GM-CSF), and
TGF-β, whose major functions in tumor are breaking
the balance of the microenvironment to induce stromal
reaction, stimulating angiogenesis via a paracrine, mediating inflammatory reaction and activating surrounding
stromal cells to secrete cytokines or proteinases, which
resembles wound healing[18,19]. CAFs are therefore also
called myofibroblasts in tumor stroma, paracancerous
fibroblasts or tumor-derived fibroblasts[20].

ORIGINS OF CAFS
DEFINITION AND CHARACTERISTICS OF
CAFS
Carcinogenesis resembles injury repair in inflammatory
cell infiltration, angiogenesis, fibrogenesis, and fibroblast
activation[7]. CAFs were initially identified in tumor stroma
of solid tumors with connective tissue generation including breast cancer and pancreatic cancer, and are highly homologous large spindle-like stromal cells with the ability
to adhere to plastic[9]. Fibroblasts are versatile, plastic cells
that can respond to environmental signals through diverse
functional programs. Compared with fibroblasts in normal
wound healing, they are fibroblasts with activated phenotypes, which grants CAFs multiple functions in promoting cancer development[10], and share a similar formation
process with myofibroblasts[11]. CAFs are characterized by
CD34 expression deletion, and abundant expression of
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The origin of CAFs is still obscure[21]. CAFs are considered to derive from various cells. Fibroblasts in tumor
stroma are hypothesized to be the origin because fibroblasts in metastatic foci of colorectal carcinoma share the
same protein labeling with the resident fibroblasts[22]. Particularly in hepatocellular carcinoma (HCC) which is usually derived from chronic hepatitis and liver cirrhosis, large
amounts of static fibroblasts are activated after repeated
inflammatory stimulation, injury repair, and tissue fibrosis, forming a large number of CAFs. The expression of
α-SMA in hepatic stellate cells (HSCs) increases gradually
indicating their activation, and suggesting them as a possible origin in HCC[23]. Fibroblasts in peritumoral tissue progressively convert into CAFs during the course of tumor
progression, and LPA can accelerate HCC progression by
recruiting peri-tumor fibroblasts (PTFs) and promoting
their transdifferentiation into myofibroblasts[16,24]. FSP and
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A
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B
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Figure 1 Hepatocellular carcinoma-associated cancer-associated fibroblasts and hepatocellular carcinoma cells. A: The distribution of H-CAFs identified by
α-SMA (+) expression in a HCC specimen is detected by immunohistochemistry. Expression of α-SMA (shown in brown color) is detected to confirm the presence of
H-CAFs, which are abundant in tumor tissue; B: The presence of H-CAFs in HCC tissue demonstrated by immunofluorescence. The blue color indicates HCC nucleus,
and the green H-CAFs with α-SMA stained. CAFs are circulating the cancer nests in the malignant tissue. HCC: Hepatocellular carcinoma; H-CAF: HCC-associated
cancer-associated fibroblasts; α-SMA: α-smooth muscle actin.

α-SMA are highly expressed in tumor stroma, and during transformation from normal fibroblasts to activated
CAFs, the expressions of α-SMA, TGF-β and stromal
cell-derived factor-1 (SDF-1) are significantly up-regulated
with impressive functions exerted. Bone marrow-derived
stromal cells like mesenchymal stem cells (MSCs) which
share similar functions with CAFs and express α-SMA
and a1 chain of type Ⅰ collagen are also believed to be the
source[25]. Tumor microenvironments dynamically regulate
the activation of recruiting MSCs, which leads to formation of activated fibroblasts in tumors[26]. MSCs obtain
an analogous phenotype with CAFs after co-culture with
tumor cells or treatment with tumor conditioned medium
in vitro, expressing higher levels of α-SMA, FSP, vimentin
and SDF-1/CXCL 12[26]. Epithelial mesenchymal transition (EMT) of malignant and normal epithelial cells is a
possible mechanism, and E-cadherin could be down-regulated by TGF-β[27]. Vascular endothelial cells resemble
CAFs in that they both express CD31 as well as α-SMA
and FSP, when induced by TGF-β, and are inferred to
partly migrate from vascular basement membrane to tumor stroma and transdifferentiate into CAFs[27]. Transformation of senescent fibroblasts may also be an approach.
No evidence of clonal somatic genetic alterations has
been detected in CAFs[28]. It is likely that CAFs originate
from various cells. During co-culture of breast cancer
cells and fibroblasts, CAFs were mostly derived from sur-
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rounding normal fibroblasts, with a small portion from
vascular smooth muscle cells and pericytes[29].

CAFS AND CARCINOGENESIS
A number of studies have reported crucial roles of CAFs
in providing cancer cells with proliferative and survival
propensities favoring tumorigenesis[30]. CAFs play important roles in tumorigenesis, and it is possible that before
canceration of epithelial cells, fibroblasts in stroma are
activated to transform into CAFs, which secrete tumorpromoting factors[30]. Fibroblasts in the skin of individuals susceptible to breast cancer express abnormal phenotypes which reduce their requirements for culture in
vitro compared to normal fibroblasts, and enhance their
proliferative ability; and skin fibroblasts segregated from
patients with melanoma, retinoblastoma, Wilms carcinoma and multiple colon polyps also demonstrate potent
proliferation potential, indicating that fibroblasts in vivo
may promote tumorigenesis[31]. Olumi et al[32] found that
when eternal but not tumorigenic prostate epithelial cells
were inoculated into nude mice with/without fibroblasts
originating from normal prostate tissue, they proliferated
faintly without oncogenic ability; but when they were cotransplanted with CAFs, a tumor was gradually formed.
CAFs stimulate malignant cell proliferation by providing various types of growth factors and cytokines, such
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Figure 2 The interplay between cancer-associated fibroblasts and tumor cells. Tumor cells activate CAFs by secreting various cytokines and epithelial-mesenchymal transition; CAFs exert their tumor-promoting function through direct (paracrine soluble factors and cell-to-cell contact) and indirect (modulating other stromal
components) approaches (Elements adapted from Mueller et al[110]). CAF: Cancer-associated fibroblast; LPA: Lysophostatidic acid; TGF-β: Transforming growth
factor-β; NF: Normal fibroblast; α-SMA: α-smooth muscle actin; IL: Interleukin.

as hepatocyte growth factor (HGF), epidermal growth
factor (EGF) family members, fibroblast growth factor
(FGF), Wnt families, SDF-1 (CXCL12), fork-head box F1
(FoxF1) and IL-6[33-35]. Interestingly, HGF stimulates the
growth of some tumor cell lines, but inhibits the growth
of some other tumor cell lines, and does not promote
proliferation all in a dose-dependent manner in diverse
cell lines, which could possibly be explained by the fact
that HGF activates various signaling pathways including
PI3K, pp60c-src, phospholipase Cγ, c-Met and Ras-ERK,
and that cells harboring different dominant pathways
react differently to HGF with differences existing in the
expression of receptors which are responsive to HGF in
cells of diverse origins[36]. CAFs are reported to be able
to turn on complementary metabolic pathways to buffer
and recycle products of anaerobic metabolism, modifying
local severe conditions and facilitating the maintenance
and enhancement of cancer cell survival in unfavorable
environments such as necrosis with low pH and hypoxia,
since they prefer to undergo anaerobic glycolysis even in
the presence of oxygen during cancer cell proliferation[37].
Our study further supports that CAFs markedly promote
malignant cell growth in HCC, and that CAFs-secreted
HGF plays a vital role in cancer cell proliferation[38].
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CAFS AND TUMOR PROGRESSION
Tumor progression is now recognized as the product
of evolving crosstalk between different cell types within
tumors and in the tumor-surrounding stroma[39]. During
tumor progression, stroma contributes a suitable microenvironment facilitating tumor invasion, during which CAFs
communicate with malignant cells actively and closely. Increasing evidence has revealed that CAFs facilitate tumor
growth and progression by synthesizing and releasing
diverse soluble molecules in a context-dependent manner
including growth factors, chemokines, proteinases and
ECM components, among which SDF-1, EGF, HGF
and insulin-like growth factor (IGF) are considered typical[9,40-42]. In particular, HGF plays an important role not
only in tumor growth, but also in tumor transformation
promotion, facilitating tumor metastasis via classic HGFcMet signaling pathway activation. It has been proved
that blocking HGF secretion by fibroblasts reduces metastasis rates[43]. CAF-secreted prostaglandin E2 (PGE2)
has also been proved to promote tumor growth in head
and neck tumors[44]. Decreased Pten expression in CAFs
in tumor stroma can promote tumor cell growth[20]. In
HCC, hepatocellular CAFs have also been proved to pro-
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mote malignant cell proliferation in vitro[16].
Non-invasive tumor gains invasive ability after coinoculated with CAFs in nude mice, and CAFs in breast
cancer were reported to stimulate angiogenesis by releasing SDF1α+β[45]. After low-invasive cancer cells were
inoculated into the skin of nude mice with corresponding CAFs or normal fibroblasts from patients with inclination of metastasis, those co-inoculated with CAFs
had significantly more potent proliferative and invasive
abilities, with richer surrounding collagen. This was due
to the fact that CAFs can recruit bone marrow-derived
endothelial progenitor cells into the stroma, facilitating
angiogenesis, remodel the ECM by enhancing integrin
signaling through matrix crosslinking, and promoting tumor growth and metastasis by secreting abundant soluble
tumor-promoting factors such as SDF-1/CXCL12, which
are also highly expressed when cultured alone, further
demonstrating that CAFs take an active part in tumor
progression[46-49]. In a melanoma-liver-metastasis model,
the formation of metastases was found to be closely associated with activation of HSCs, also suggesting the
tight relationship between CAFs and metastasis[50]. CAFs
can also increase the invasive ability of esophageal cancer
cells via secretion of HGF[51].
CAFs can also interfere with tumor growth, invasion
and metastasis by secreting abundant angiogenic factors
and matrix metalloproteinases (MMPs). After fibroblasts
are co-cultured with invasive melanoma, they secrete
significantly more cytokines including IL-1β, IL-8 and
IL-6, and inhibiting the synthesis or secretion of those
factors attenuates the invasive ability of malignant cells,
suggesting the key role of those molecules[52]. The interaction between cytokines and proteinases secreted by
CAFs and ECM components is also a vital progression
and metastasis mediator.
MMPs can not only promote tumor invasion and migration by directly acting on cancer cells, but also participate in reconstruction of ECM after degrading it, thus facilitating tumor cells to penetrate the extracellular barrier,
infiltrate and escape. For instance, MMP3 can directly act
on protein E-cadherin in the extracellular region of tumor
cells, decomposing the formed compound with the function of cell adhesion, and facilitating EMT and invasion
of tumor cells[53]; MMP1 can activate protease-activated
receptor 1 (PAR1) by degrading its extracellular region,
which promote invasion and metastasis of tumor cells via
PAR1-dependent Ca2+ signaling[54].
IL-6, an inflammatory factor mediating acute inflammation, is now believed to be another key cytokine regulating tumor progression. After the IL-6/STAT3 pathway is activated, malignant cells proliferate much faster
and their anti-apoptosis ability increases significantly[55].
In the liver, IL-6 can directly promote the regeneration
of hepatic cells, and inhibit apoptosis mediated by Fas[56].

CAFS IN PRIMARY TUMORS VS IN
METASTASES
Abundant evidence supports the pro-metastasis role of
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CAFs in primary tumors, however, there is limited data
on CAFs in the corresponding lymph nodes and distant
metastases, although accumulating evidence shows crucial
roles for CAFs in metastases. Stromal signals resembling
those of a distant organ can select for cancer cells that
are primed for metastasis in that organ[57]. Metastatic cancer cells can bring their own soil, including CAFs, from
the primary tumor to the metastases[58]. MSCs incorporated into the stroma of the primary tumor and metastases
both expressed α-SMA and PDGFR-β as CAF markers[59]. Stromal reactions in metastases, probably containing metastasis-associated fibroblasts (MAFs), have been
described as reactive and fibrotic tissue with enhanced
deposition of vitronectin and fibronectin, desmoplasia,
nodal fibrosis and hyaline stroma[60,61]. Kaplan et al[62]
showed that tumor-secreted factors promote metastatic
spread into specific distant organs. Within days after primary tumor implantation, localized deposition of extra
domain (ED)-A or ED-B spliced forms of fibronectin
occurs due to resident fibroblasts within target organs
that are conventional sites of metastasis, corresponding
to the particular primary tumor. It may be that TGF-β
responsiveness is equally important at the metastatic site
as in the primary tumor, as cellular forms of fibronectin
and lysyl oxidase (LOX) are well-known TGF-β target
genes[63-65]. Chaiwun et al[66] reported that loss of Glutathione S-transferase Pi (GSTPi) expression was observed in
breast cancer cells in paired cases of both the primary invasive breast cancer and the corresponding axillary lymph
node metastases compared with benign breast epithelial
cells, and that a significant association exists between
GSTPi-, vimentin- and α-SMA-positive fibroblasts in the
tumor microenvironment at both sites. CAF conversion
from ostensibly normal cells is mediated by various factors including TGF-β[67,68], Act A[69], MMP7[70], PDGF[71],
prograstin[72], sonic hedgehog[73], and YAP[74], while factors implicated in MAF corruption are osteopontin[75],
discoidin domain receptor 2 deficiency[76], IQGAP-1 deficiency[77], exosomal microRNA (miR)-494, miR-542-3p[78],
miR-31, miR-214, miR-155 [79], Met exosomes [80], and
TGF-β exosomes[81]. In the diverse steps of the metastatic cascade including invasion, ectopic survival, stimulation of angiogenesis, adhesion at the metastatic niche and
macroscopic metastasis formation[82], CAFs continuously
transmit profitable signals interpreted as various factors
including CCL2/FGF19[83], CD81 exosomes[84], EGF,
IGF-1[85], S100A4[86], stanniocalcin (STC)[87], track formation[88,89], type Ⅰ collagen alignment[90], and direct cell-cell
contacts[91], while factors implicated in MAFs-induced
metastasis include CXCL10[92], ED-A/ED-B fibronectin[62], IL-11[65], and periostin[93], with LOX[63,94], neuregulin 1[95], SDF-1[77,96], scatter factor (SF)/HGF[77,97,98], and
tenascin-C[97,99] as the shared factors between CAFs and
MAFs. Based on CAF-specific signatures present in exosomes, we may detect and monitor CAF reactions, and
probably MAF formation allowing optimized prognostic
values[82]. The differential gene expression patterns between normal colonic fibroblasts, CAFs from primary tumors and CAFs from hepatic metastasis could be useful
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for predicting relapse in primary tumors[100].

CAFS AND TUMOR EMT
EMT is physiologically important during the development of multicellular animal embryos and the formation
of tissues and organs, and is commonly found in many
pathological processes including wound healing, inflammation and invasion. It is considered to be the most
important and common process during tumor metastasis,
and has become a hot topic in recent years[101]. Epithelial
cells undergo EMT when the cells which are closely arranged with weak deformability are gradually transformed
into stromal cells which are loosely arranged with strong
mobility by triggering and inducing factors[102]. In tumors,
EMT occurs in malignant cells when non- or weaklyinvasive tumor cells with epithelial phenotype gradually
change into cells with strong invasive ability, induced by
external factors[103]. Tumor progression is a multi-step process, and EMT is a key link. CAFs or CAF-precursor cells
can significantly promote EMT of malignant cells[104]. The
major cellular biological behavior change of tumor cells
undergoing EMT is enhanced invasive and metastatic
abilities[105].
The most important iconic change during tumor cell
EMT is the down-regulation of E-cadherin or E-cadherin/β-catenin compound expression, which are important inter-cellular adhesion molecules, and negatively correlate with tumor invasive and metastatic abilities[106]. Reduced expression of E-cadherin would attenuate cellular
adhesive ability, promoting tumor migration[107]. However,
during EMT, the expression of proteins with stromal
phenotypes including fibronectin, N-cadherin, vimentin
and α-SMA recurs or increases, and is closely associated
with tumor invasive ability[108]. EMT is also accompanied
by the increased expression of relative transcription factors including Snail, Slug and Twist[109]. During tumor
invasion, tumor cells always lose their epithelial characteristics, and present stromal cell phenotypes, which resembles the EMT during embryo development[103].
Increasing evidence has revealed that EMT of tumor
cells is based on the interaction between malignant cells
and tumor stroma, during which CAFs play vital roles,
by secreting a series of soluble mediators or functioning
through the direct cell-to-cell approach[54]. EMT promotes
invasion of tumor cells, and it is regulated by various exogenous stimulating factors including the MMP, integrin,
and TGF-β factors, which further activate the downstream tyrosine kinase-dependent pathway after binding
their corresponding receptors[110]. According to in-depth
research, most of the stimulating signals were revealed
to be secreted by CAFs, indicating the key role of CAFs
during tumor EMT, and CAFs induced EMT of tumor
cells by providing them with pre-migration stimulation,
generating greater invasive and metastatic abilities[111,112].
During the research in prostate cancer, CAFs were found
to induce EMT and stem cell marker expression in can-
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cer cells, degrade ECM, and promote invasion and metastasis by secreting MMP2 and IL-6[15]. CAFs were also
found to be closely associated with tumor cell EMT in
oral and tongue cancers[10,113]. CAF-precursor cells such as
hepatocellular and pancreatic stellate cells can also induce
EMT[23]. The significant role of TGF-β released by CAFs
during tumor cell EMT was specifically revealed[114], and
it has bidirectional functions: in normal tissues, TGF-β
can inhibit cell proliferation and promote apoptosis,
attenuating carcinogenesis[101]; while during tumor progression after the tumor is formed, TGF-β becomes the
ally of tumor, inducing EMT and promoting invasion
and metastasis[114]. The conditioned medium of cultured
CAFs isolated from invasive breast cancer tissues (CAFCM) can transform breast cancer cell lines into more aggressive phenotypes by promoting EMT mainly induced
by CAF-paracrine TGF-β1 with the TGF-β/Smad signaling pathway activated, and enhancing cell-extracellular
matrix adhesion, migration and invasion in breast cancer
cells. The EMT phenotype induced could be reversed
by blocking TGF- β 1 signaling [115]. TGF- β 1 does not
stimulate CAF with a more divergent expression pattern
(CAF-D) migration, but enhances invasion and expression of EMT markers in malignant keratinocytes. Inhibiting TGF-β1 in three-dimensional cultures containing
CAF-D impairs keratinocyte invasion, suggesting TGFβ1-induced EMT mediates CAF-D-induced carcinoma
cell invasion[68]. Research into other tumors also showed
that tumor EMT mediated by TGF-β is usually accompanied by activation of the Smad, PI3K/AKT, and P38
MAPK signaling pathways, the first of which may be major[116]. Other CAFs-secreted growth factors, inflammatory factors and chemokines including HGF, FGF, IGF,
tumor necrosis factor (TNF)-α, IL-1β, MCP-1 (CCL2),
Rantes (CCL5), MCP-3 (CCL7), endothelin-1 (ET-1) and
the integrin family members have also been proved to
promote EMT[113,117-119]. Our previous study found that
CAFs induce EMT in HCC cells mainly through release
of HGF and IL-6, and increase the invasive and migratory properties of the cancer cells[38]. Recently, our ongoing research revealed that during HCC progression, EMT
could be induced by CAFs mainly through the transglutaminase 2 (TG2) mediated IL-6/STAT3 signaling pathway.
In research into Lewis sarcoma metastasis, an interesting phenomenon called packaged metastasis was revealed,
and tumor cells were found to metastasis alone with its
“soil”, mainly consisting of CAFs; after removing CAFs,
the lung metastasis rate decreases significantly[58].
Ectopic miR-205 over-expression in cancer cells can
counteract CAF-induced EMT, thus impairing enhancement of cell invasion, acquisition of stem cell traits,
tumorigenicity, and metastatic dissemination. The evidence that miR-205 replacement in cancer cells is able
not only to prevent, but also to revert the oxidative/proinflammatory axis leading to EMT induced by CAFs sets
the rationale for developing miRNA-based approaches to
prevent and treat metastatic disease[120].
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CAFS AND FEATURES OF TUMOR STEM
CELLS AND CHEMO-RESISTANCE OF
TUMOR CELLS
Research has shown that after undergoing EMT, malignant cells become more resistant to chemotherapy,
and those expressing surface molecules of stem cells
increase, suggesting a close link between CAFs-induced
EMT, tumor stem cells, and chemo-resistance of tumor cells[42,121-124]. EMT can trigger the transformation
of malignant cells to tumor stem cells. In breast cancer
research, CD44+CD24- cancer stem cells exhibit activation of the TGF-β signaling pathway, and blocking this
pathway results in a decrease in stem cells and a process
contrary to EMT, namely mesenchymal-epithelial transition (MET)[121,122]. CAFs are primarily resistant to chemotherapy due to a small proportion of proliferating cells
in contrast to malignant cells, which makes CAFs a potential source of tumor progression[125]. CAFs have been
proved to promote chemo-resistance of malignant cells
in many tumors. Witta et al[42] believe that tumors with
stromal phenotypes are more chemo-resistant and share
more characteristics with tumor stem cells. After culture
in conditioned medium of pancreatic CAFs, cancer cells
had greater proliferative, invasive and metastatic abilities, forming a mass, and greater resistance, decreasing
the rate of apoptosis induced by chemotherapy by up to
76%. Loeffler et al[126] reported that elimination of CAFs
expressing FAP by a DNA vaccine could significantly
enhance the antitumor effect of Doxorubicin, inhibit
tumor growth and metastasis, and prolong survival time.
CAFs can even mediate tumor resistance to anti-VEGF
treatment through PDGF-C secretion[127].

CAFS AND IMMUNITY
Cancer patients exhibit a generalized immunosuppressive status, and there is substantial evidence that stromal
activation can foster tumor growth and progression by
modulating immunopathogenesis[39]. The role of the tumor environment has been largely studied as a dynamic
system orchestrated mainly by inflammatory cells. There
is substantial evidence supporting that it is not inflammation per se, but rather the inflammatory “context” that
determines the ability of pro-inflammatory factors to facilitate or prevent tumor growth[128]. CAFs can stimulate
angiogenesis in tumor stroma to provide malignant cells
with more nutrients by releasing VEGF and PDGF[129];
attract immune cells including macrophages and neutrophils to induce inflammation by secreting IL-1, IL-6,
IL-8 and TNF-α[4]; and participant in reconstruction of
the tumor microenvironment by regulating inflammatory
cells such as lymphocytes by secreting uPA and MMPs
to mediate tumor progression[130]. They can induce inflammation in tumors by secreting chemokines including
CXCL1, CXCL2, CXCL5 and IL-6 which activate cancer-associated macrophages to promote tumor invasion
and metastasis [4]. Immune invasion occurring among
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malignant cells is considered to be one of the important
causes of poor prognosis. Immune cells ought to be the
barrier killing tumor cells by the function of immune
surveillance. However, in many solid tumors, immune
cells could be “educated” by malignant cells to be the accomplice during tumor progression[131]. CAFs which can
produce significant levels of suppressive mediators have
been proved to be involved in immunosuppression and
tumor immune privilege and escape through functioning
on immune cells in the tumor microenvironment[132], and
are found to recruit Th17 cells and up-regulate IL-17
expression via RANTES and MCP-1 secretion, producing a pro-inflammatory cytokine milieu, providing cellto-cell contact engagement, and participating in cancer
immunosuppression in melanoma, breast cancer, and
colon carcinoma[133]. CAFs separated from non-small
cell lung cancer tissues have reciprocal interactions with
T cells, and can induce and up-regulate the expression
of IL-17A and INF-γ in tumor-associated T (TAT) cells
via IL-6, and when anti-IL-6 is supplied, the regulatory
function is weakened[134]. Subpopulations of CAFs can
highly express B7H1 (PD-L1) and B&DC (PD-L2),
which can induce immune tolerance and be up-regulated
by INF-γ; when TATs are co-cultured with CAFs, their
function is suppressed, and after anti-B7H1 is added to
block the pathway, TATs regain their function completely, suggesting that CAFs can regulate TAT function via
the PD-L1/PL-1 axis[132]. In particular, natural killer (NK)
cells can be potently regulated by soluble factors derived
from CAFs under inflammatory conditions. In breast
cancer, CAFs are reported to be unable to stimulate effective antitumor NK cell responses and to suppress NK
cell cytotoxicity[135]. In metastatic melanoma, CAFs can
trigger NK cell dysfunction by secreting PGE2, which
is characterized by suppressed expression of NKp44
and NKp30, also suggesting that CAFs can prevent malignant cells from being eliminated by immune cells, facilitating tumor cell growth and metastasis; interestingly,
NK cells can also trigger a paradoxical suppressive loop
by enhancing the production of PGE2 by CAFs[136]. Our
previous study also indicated that hepatocellular CAFs
could trigger NK cell dysfunction and suppress their
activation by secreting PGE2 and indoleamine-2,3-dioxygenase, creating an unresponsive condition in tumors.
This condition is characterized by low expression of cytotoxic molecules and surface markers for cell activation,
impaired production of cytokines, and decreased cytotoxicity against malignant cells[137]. CAFs are frequently
present in the stroma of colorectal carcinoma tissues[138],
and we also found that colorectal CAFs exhibit activated
phenotypes and sharply suppress NK cell functions with
secretion of PGE2, indicating a novel mechanism linking the pro-inflammatory response to immune tolerance
within the tumor milieu[139]. In contrast and interestingly,
NK cells also play an antifibrotic role via an inhibitory
effect on myofibroblasts, which secrete TGF- β and
PDGF to enhance tumor growth and progression[140],
by inducing apoptosis and via the production of INF-γ,
and downregulation of NK cells may facilitate liver
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fibrosis[141]. It is the general view that the tumor microenvironment induces tolerance[142], and this is worthy
of further investigation to identify the roles of CAFs in
immune editing. Manipulating the expression of and signaling through these molecules may open new rational
avenues for developing novel immune-based therapies to
enhance antitumor immunity in human cancer.

CAFS AND PROGNOSIS
CAFs are closely associated with prognosis. It was validated in the VICTOR trial that the proportion of intratumor stroma can serve as a significant prognosticator
for stage Ⅱ and Ⅲ colon cancer patients[143]. The overall
and disease-free survival periods (OS and DFS) were
significantly lower in the stroma-high group [OS, hazard
ratio (HR) = 1.96; DFS, HR = 2.15]. The 5-year OS was
69.0% vs 83.4% and DFS 58.6% vs 77.3% for stromahigh vs stroma-low patients with appreciable differences.
The protein, FAP, is specifically expressed by CAFs. A
retrospective study showed that expression of FAP in
tumor stroma was positively correlated with metastatic
lymph nodes, metastases and recurrences, and negatively
correlated with prognosis[138]. However, research into
breast cancer has drawn the opposite conclusion, revealing that high expression of paracancerous FAP was positively correlated with tumor-free survival, and negatively
correlated with metastasis, indicating that FAP could be
regarded as an independent prognostic marker[144]. It is
unknown why diametrically opposite results have been
demonstrated in diverse tumors. Research into primary
HCC showed that paracancerous activated HSCs were
negatively correlated with clinical outcomes, but positively correlated with early metastases, and that HSCs along
with Tregs and monocytes could be treated as effective
prognostic indicators[25]. The level of IL-6 secreted by
CAFs was proved to be correlated with clinical stage of
HCC[145]. Our study also suggests the prognostic significance of CAFs in HCC[38]. Our ongoing study revealed
that TG2 in CAFs may serve as a novel prognostic biomarker and therapeutic target.

CAFS AND TARGETED THERAPY
Targeted therapy toward CAFs has displayed promising anticancer efficacy, further strengthening the need to
study the correlation between CAFs and their hosts[146].
CAFs can regulate carcinogenesis and tumor progression by secreting soluble mediators including cytokines,
chemokines, proteinases, collagens and fibronectins.
Nowadays, there are inhibitors and antibodies which target cytokines, chemokines and proteinases, with the advantage that CAFs have a relatively stable genome making
it nonsusceptible to various drugs, suggesting that CAFstargeted therapy is theoretically practicable and clinically
operable. Anti-cancer therapy targeting CAFs has been
actively investigated recently. An antibody against FAP
inhibited the growth of colon cancer[147]. A number of
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drugs targeting receptors on the cellular surface have
been applied clinically, and PDGF receptors such as regarofenib, imatinib (Glivec), sorafenib and sunitinib have
been used to treat patients with metastatic gastrointestinal
stromal tumor (GIST), renal carcinoma, and hepatocellular carcinoma. An MMP inhibitor (MMPI) with better
selectivity has also been investigated in clinical trials[148].
A phase Ⅰ clinical trial[149] on a mono-antibody targeting
PD-1 in the treatment of solid tumors has been completed which showed stable and satisfactory efficacy. Research
into CAFs will provide a theoretical basis for novel strategies of tumor stroma-targeted early diagnosis, prognosisprediction and new preventive and therapeutic methods,
which are of great potential clinical value. However, further investigations into CAFs are required.

CONCLUSION
The current trend in cancer research is the inclusion of
the tumor microenvironment as a major contributor to
malignant progression[9]. The importance of the stromal
tissue in regulating the physiological processes of the
body is undeniable. The reviewed studies emphasize the
importance of the cross-talk between stroma and malignant cells (Table 1). Key evidence demonstrates that
stromal components may modulate cancer progression.
The stromal cells of the carcinogenic lesion, especially
CAFs, have long been known to be supportive and responsive, and express critical signals that drive proliferation, angiogenesis, and motility. CAFs are thought to
be activated, characterized by the expression of various
markers including α-SMA, FAP, FSP, vimentin, fibronectin, etc., and may have multiple origins including normal
and aged fibroblasts, MSCs, vascular endothelial cells,
and importantly, EMT. In most digestive solid tumors,
CAFs influence epithelial transformation by direct cellto-cell contact or by producing paracrine factors that affect both normal epithelia as well as carcinoma cells. The
tissue specificity of the stroma-epithelial interaction possibly accounts for the tissue and cell type-specific role of
the microenvironment in carcinoma progression. CAFs
also play important roles in immunosuppression induction, and may be a significant prognosticator. The recognition of the active role that CAFs play in carcinogenesis
not only adds a new level of complexity to cancer biology, but also brings an opportunity for new therapeutic
strategies. Targeted therapy towards CAFs has displayed
promising anticancer efficacy.
EMT, which can be induced by CAFs, significantly
promotes carcinogenesis, tumor invasion, metastasis and
chemo-resistance. It is controlled by a network of regulators, and provides an explanation for the association
between inflammation and cancer progression. Progress
in understanding EMT has been an exercise in appreciating the level of complexity required to change cellular
identity. The mechanism of transition highlights the integration of nuclear regulation and network signaling with
alterations in the microenvironment to create a moving
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Table 1 Roles of cancer-associated fibroblasts in diverse pathological processes and the molecules involved
Function

Soluble molecules involved

Tumor cell growth and proliferation
Tumor invasion and metastasis
Epethelial-mesenchymal transition
Chemoresistance
Immunosuppression

HGF, EGF family members, FGF, Wnt families, SDF-1 (CXCL-12), FoxF1, IL-6, PDGF
SDF-1 (CXCL-12), CXCL10, EGF, SF/HGF, IGF, PGE2, MMPs, IL-1β, IL-6, IL-8, IL-11, CCL2/FGF19, CD81 exosomes, S100A4, STC, type Ⅰ collagen, ED-A/ED-B fibronectin, periostin, LOX, NRG1, TNC, PDGF
MMPs, integrin family members, TGF-β, IL-6, HGF, FGF, IGF, TNF-α, IL-1β, MCP-1 (CCL2), Rantes (CCL5),
MCP-3 (CCL7), ET-1
PDGF-C, TGF-β
VEGF, PDGF, IL-1, IL-6, IL-8, TNF-α, uPA, MMPs, CXCL1, CXCL2, CXCL5, Rantes, MCP-1, PGE2, indoleamine-2,
3-IDO

HGF: Hepatocyte growth factor; EGF: Epidermal growth factor; FGF: Fibroblast growth factor; SDF: Stromal cell-derived factor; FoxF1: Fork-head box
F1; IL: Interleukin; PDGF: Platelet derived growth factor; SF: Scatter factor; IGF: Insulin-like growth factor; MMP: Matrix metalloproteinase; TGF: Transforming growth factor; STC: Stanniocalcin; MCP: Monocyte chemoattractant protein; PGE: Prostaglandin E; LOX: Lysyl oxidase; NRG: Neuregulin; TNC:
Tenascin-C; TNF: Tumor necrosis factor; ET: Endothelin; uPA: Urokinase-type plasminogen activator; VEGF: Vascular endothelial growth factor; IDO:
Indoleamine-2,3-dioxygenase.

cell. Here we have focused on the effects of various
stroma-derived paracrine factors on epithelial cells. It is
probable that these same factors also have vital effects on
other stromal cells, including fibroblasts, endothelial cells
and inflammatory cells. The malignant state occurs and is
exacerbated by defects in communication pathways which
recruit host cells to become vital participants in the heterotypic tissue invasion field. Cross-talk between tumor
cells and host cells triggers pro-survival, proliferation and
invasion pathways in both the cancer cells and their host.
Some of the EMT-associated signal transductions point
to potential targets for therapy. A better understanding
of the effects of targeting these pathways, however, is
required. It is likely that further characterization of these
interactions, and the molecular identification of key
mediators, will provide novel insights into oncology and
indicate new therapeutic options. Pharmacological and
biological agents that interfere with signaling between the
malignant epithelial cells and the supporting stroma will
likely continue to be tested. An important issue for EMT
identification to be regarded as having a high prognostic
and therapeutic value is to determine the use of specific
markers. These should, in theory, be able to recognize a
cancer EMT-derived mesenchymal cell from a normal
mesenchymal cell.
Recent findings have produced great strides in developing an understanding of the molecular events involved in processes necessary for tumor cell invasion and
subsequent metastasis formation. However, it is unclear
which signaling pathways should be inhibited in order
to most effectively block tumor progression and cause
minimal toxicity in normal tissues at the same time. It is
also notable that the models described in this review are
not mutually exclusive, both in different patients, as well
as in different fibroblastic cells in any specific tissue, as
fibroblasts are quite heterogeneous. Most of the valuable
insights concerning the tissue microenvironment have
been derived from co-culture and tissue recombination
xenograft experiments, however, these results may not be
applicable to the in vivo situation due to the fact that not
all key environmental factors and cells are considered.
The ability to overexpress specific factors or condition-
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ally knock out specific genes in vivo in stromal cells will
further add to our knowledge of the complex interactions
involved in cancer progression. Future developments will
include a new class of therapies targeting the extracellular
and intracellular mediators, which act at the tumor-host
communication interface. Future efforts should further
focus on how the events of cell attachment, matrix proteolysis, and cell migration are controlled and integrated,
which requires a better understanding of the transcriptional regulations and cell signaling mechanisms that are
involved in these events. We have relatively poor knowledge regarding the similarities or differences between
CAF function in the primary tumor, pre-metastatic niche
and metastasis. Future work should also aim to define the
function, identities and molecular profiles of diverse CAF
subtypes in tumor biopsies from primary tumors and
from metastases pre-, during, and post-treatment. In addition, animal models should be carefully designed to allow
early identification and to clarify the role of MAFs.
In conclusion, it is necessary to explore the relationship between CAFs and their hosts. In addition, further
understanding of the relevant genetics and epigenetics
will be especially vital in order to differentiate CAFs as
patient-specific therapeutic targets.
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Abstract
Enterolithiasis or formation of gastrointestinal concretions is an uncommon medical condition that develops
in the setting of intestinal stasis in the presence of the
intestinal diverticula, surgical enteroanastomoses, blind
pouches, afferent loops, incarcerated hernias, small intestinal tumors, intestinal kinking from intra-abdominal
adhesions, and stenosing or stricturing Crohn’s disease
and intestinal tuberculosis. Enterolithiasis is classified
into primary and secondary types. Its prevalence ranges from 0.3% to 10% in selected populations. Proximal
primary enteroliths are composed of choleic acid salts
and distal enteroliths are calcified. Clinical presentation includes abdominal pains, distention, nausea, and
vomiting of occasionally sudden but often fluctuating
subacute nature which occurs as a result of the enterolith tumbling through the bowel lumen. Thorough history and physical exam coupled with radiologic imaging
helps establish a diagnosis in a patient at risk. Complications include bowel obstruction, direct pressure
injury to the intestinal mucosa, intestinal gangrene,
intussusceptions, afferent loop syndrome, diverticulitis,
iron deficiency anemia, gastrointestinal hemorrhage,
and perforation. Mortality of primary enterolithiasis may
reach 3% and secondary enterolithiasis 8%. Risk fac-
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tors include poorly conditioned patients with significant
obstruction and delay in diagnosis. Treatment relies
on timely recognition of the disease and endoscopic or
surgical intervention. With advents in new technology,
improved outcome is expected for patients with enterolithiasis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Enterolithiasis; Gallstone ileus; Intestinal
obstruction; Crohn’s disease; Meckel’s diverticulum; Diverticulosis; Intestinal tuberculosis
Core tip: We review classic descriptors and latest developments in the enterolithiasis. The article focuses
on detailed description of medical epidemiology, classification, pathophysiology, etiology, clinical presentation,
differential diagnoses, clinical diagnosis, management,
complications, and prognosis of the enterolithiasis.
We mention latest trends in endoscopic approach to
patients with symptomatic disease. Our paper serves a
first comprehensive review of the syndrome for a practicing gastroenterologist.
Gurvits GE, Lan G. Enterolithiasis. World J Gastroenterol 2014;
20(47): 17819-17829 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i47/17819.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i47.17819

INTRODUCTION
Enterolithiasis, or presence of stone concretions in the
gastrointestinal tract, is an important but relatively uncommon clinical condition that has recently gained significant
attention with advances in the gastrointestinal field. Primary enteroliths arise in areas of intestinal stasis in the
setting of diverticular disease, surgical enteroanastomosis,
blind pouches, and intestinal stenosis or strictures seen in
the infectious or inflammatory bowel diseases. Secondary
enteroliths include gallbladder and renal stones that may
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migrate into the gastrointestinal tract as a result of fistula
formation. Clinical enterolithiasis is largely affected by
its etiology, underlying conditions, age, gender and geographic distribution. Presentation is often nonspecific, but
typically includes “tumbling” abdominal pain, nausea, and
vomiting related to the bowel obstruction, and may potentially lead to the gastrointestinal bleeding and perforation.
To date, enterolithiasis was largely reported in single case
observations or case series. In this latest review, we discuss history, epidemiology, classification, pathophysiology,
etiology, clinical features, diagnosis, treatment, complications, and prognosis of this gastrointestinal disease.

HISTORY
Enterolithiasis was first described by a French physician
Chomelin J in 1710 in the medical series of Historie de l’
Academie Royal[1] as a case of stone formation in a duodenal diverticulum that was discovered during an autopsy.
This entity received more attention in the early twentieth
century with additional reports of patients presenting
with small bowel obstruction due to a lodged stone in
the distal ileum. Described by Williams in 1908 and later
consolidated in a literature review of existing 15 cases by
Edwards[2] in 1930, this syndrome has gained momentum
with the rapid development of gastrointestinal and radiology fields. Sjoqvist initially reported on chemical composition of enterolith in 1908[3]. Pfahler et al[4] acknowledged
the first radiologic diagnosis of alimentary stone in 1915.
By the mid of the century, De Witt et al[5] reported his
experience with enterolithiasis across a wide age populationand further light was shed by additional individual
case reports. It has then become readily recognized that
calculus formation in the intestine was a result of an acquired anatomic pathology that predisposes to stasis in
the intestinal tract and leads to elemental clumping and
aggregation. Diverticular disease of the small bowel was
a leading etiology, followed by stricturing of the intestine
from infectious (tuberculosis) or inflammatory (Crohn’s
disease) processes. In 1947, Grettve[3] proposed classification of enteroliths into primary and secondary types, with
primary enteroliths being formed inside the gastrointestinal tract and secondary enteroliths introduced from outside the bowel. However, with increased attention to this
syndrome, Frink[6] reported on only fewer than 25 cases
of enteroliths in the literature up to 1952. In their classic
1960 paper, Atwell and Pollock[7] have managed to further organize primary enteroliths into distinctive true and
false subcategories having paid particular attention to the
analysis of chemical composition of the stones as related
to their location in the gastrointestinal tract. The topic of
enterolithiasis has continued to expand and by the second
decade of the twenty first century, over a hundred cases
have been reported, although not critically reviewed in a
dedicated manner.
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EPIDEMIOLOGY
The reported prevalence of primary and secondary enterolithiasis in selected populations varies widely from
0.3% to 10% and is largely dependent upon clinical
presentation, etiology, and underlying risk factors. Intraluminal stone formation of various sizes is more common than anticipated, typically remains underreported
in absence of clinical symptoms or due to its diminutive
size that permits intermittent passage, and may not be
visualized on conventional radiologic imaging in majority
of the cases. However, clinically significant enteroliths
are more likely to develop in certain medical conditions.
Primary enteroliths are classically formed in the areas
of stasis within the bowel in the presence of the intestinal diverticula, surgical side-to-side enteroanastomoses,
blind pouches (cul-de-sac), afferent loops in the Billroth Ⅱ gastrojejunostomy and Roux-en-Y procedures,
incarcerated hernias, small intestinal tumors, intestinal
kinking from intra-abdominal adhesions, or proximal to
the intestinal strictures encountered in cases of Crohn’s
disease and intestinal tuberculosis[8-18].
It is difficult to quantify true incidence of the enterolithiasis in the setting of small intestinal diverticular disease.
In fact, significant primary enteroliths remain uncommon
medical phenomena, with isolated case series or reports
in the setting of typical duodenal and jejunal diverticulosis as well as in special cases of Meckel’s diverticulum of
the ileum. It should be noted that while the described incidence of jejunal diverticulosis varies from 0.06% to 1.3%
in older patients[19], diverticulosis-associated enterolithiasis
should be even less common. Prevalence of enterolithiasis in patients with Meckel’s diverticulum is best studied to
date, and is estimated at 3%-10%[20-22]. Fifteen cases have
been reported of post-surgical enteroliths forming after
hepatojejunostomy, Billroth Ⅱ gastrojejunostomy, Rouxen-Y gastroenterostomy, and Whipple’s procedures[10,23].
There are over 80 cases of enterolithiasis reported in
association with intestinal tuberculosis, although most
were described by Bery in a single study[24,25]. Small early
series of Indian tuberculosis patients showed radiopaque
enteroliths in 3% of the patients[26]. However, true prevalence of enterolithiasis in intestinal tuberculosis remains
unknown, with large cohorts in studies by Prakash and
Deka describing only select cases of the enterolithiasis[24,25,27]. By the turn of the 21st century, there have been
an estimated 30 cases reported in association with Crohn’
s disease[28]. Improved surgical techniques, medical management of chronic intestinal conditions, dietary consumption of calcium products, and finally wide spread
use of acid suppressive therapy may alter conventional
norms of traditional enterolith formation. Therefore, the
true incidence and prevalence of primary enterolithiasis
remain to be determined. Additional epidemiological and
histological studies are necessary to delineate etiological
relationships of enterolithiasis in selected patient popula-
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tions. Most cases of enterolithiasis are discovered in symptomatic patients, who present with abdominal pain or small
bowel obstruction; thus, the prevalence of asymptomatic
enteroliths is still largely unknown. A study by PantongragBrown et al[29] in 1996 evaluated 84 patients with Meckel’
s diverticulum and described 8 (10% prevalence) cases
of enteroliths at the time of surgery, a much higher rate
than what had been previously reported. Alternatively,
a review of 1476 adult patients found to have Meckel’s
diverticulum during surgery in the Mayo clinic found that
enteroliths were seen in 6% of symptomatic and 0.7% of
asymptomatic patients at the time of surgery[30].
Gallstone ileus remains the most common form of
secondary enterolithiasis. This condition arises in estimated 0.3%-0.5% of general cholelithiasis[31,32]. It accounts
for approximately 1%-4% of all cases of mechanical
bowel obstruction, while significantly increasing to 25%
in geriatric population[31,32-39]. Over-diagnosis of intestinal
obstruction due to migrated gallstone has been reported
in the literature, largely due to under-recognition of primary “pseudogallstone” enterolithiasis. There are two
case reports in the literature of secondary enterolithiasis
due to renal stones from an underlying fistulizing disease[40,41].
Gender and age remain important epidemiologic factors in enterolithiasis. As a rule, gender predilection seems
to be largely dependent upon the etiology of the stone
formation and typically parallels gender predisposition of
the underlying condition. Enterolithiasis of Meckel’s diverticulosis shows a 3:1 male to female ratio, at least partially
due to the 2:1 male to female ratio classically seen in this
condition[29]. In contrast, enterolithiasis associated with
intestinal tuberculosis and gallstone ileus have shown a
female preponderance, likely due to the greater incidence
of these diseases in females[11,34]. A review of the 34 cases
of enterolith ileus in jejunal diverticulosis reported nearly
equal gender distribution[42]. Gallstone ileus clearly has female and geriatric predilection[38].
Enterolithiasis remains a disease of the adulthood, but
differs in time of presentation in various congenital and
acquired conditions. Thus, Pantongrag-Brown et al[29] and
Steenvoorde et al[42] reported mean age of 45 and 70 years
in Meckel’s diverticulum and jejunal diverticular disease
related enterolithiasis, respectively. In earlier reports, proximal small bowel enterolithiasis was seen in older adults
with average age of 65 years and distal small bowel stone
formation was seen in a younger group of patients with
average age of 50 years[7]. A series of Crohn’s patients
showed a mean duration of symptoms 15.7 years before
presenting with enterolith, likely reflecting the increasing
incidence of stenosis and adenocarcinoma with time[28,43].
In Nakao’s analysis of 176 cases of gallstone ileus, the affected patients ranged from 24 to 91 years of age[33] while
Ayantunde et al[34] reported a mean age of 77 years in patients with this condition.

CLASSIFICATION
Categorization of enteroliths into primary and second-
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ary types helped organize classification system that we
use today. Primary enteroliths are formed within the gastrointestinal tract and can be further subdivided into the
“true” and “false” subtypes. True primary enteroliths are
made of substances found in chyme under normal alimentary conditions, may occasionally have a central “fruit
pit”, and are subdivided into the choleic acid and calcium (calcium phosphate, calcium oxalate, and calcium
carbonate) stones. False primary enteroliths are formed
from insoluble foreign substances in the bowel and are
divided into three types: agglutination of a large amount
of indigestible materials (bezoars), precipitation of substances in the intestinal tract that become insoluble because of resorption of their solvents (varnish stones in
varnish drinkers), and concentration of water suspended
insoluble salts (chalk, lime, barium sulfate). Mixed concretions may be seen in cases of eventual external calcification of false enteroliths in the distal small bowel[7].
Secondary type enteroliths are stones that are formed in
the organs outside of the proper gastrointestinal tract
and then migrate into the bowel causing obstruction,
with the most common type being gallstones[14,28].

ANATOMY AND PATHOPHYSIOLOGY
Anatomy of the intestinal tract plays an integral role in
enterolith formation. Luminal pH and microenvironment specific to each segment of the gut, coupled with
development of diverticular disease, altered endoluminal
propagation and peristaltic functionality are important
factors in developing conditions necessary for stone
formation. The small intestine is 3 to 7 meters long and
is divided into three regions: duodenum, jejunum, and
ileum. Physiologic enteral motor and sensory functions
play an important role in the proper aboral movement of
chyme and indigestible residues along the small intestine.
Integrity of the intestinal tract allows for unobstructed
and proper peristalsis and is essential in maintaining
continuous migration of the chyme and the endogenous
secretions. Importantly, endoluminal microenvironment
plays a crucial role in its digestive properties. Under
physiologic conditions, established small intestinal pH
variation is region specific, starting at about pH of 6 in
the duodenum and progressively increasing to about pH
7.4 in the terminal ileum[44].
True primary enteroliths are formed from chemical
elements already present in the bowel in the anatomically compromised areas of stasis and their composition
may indeed vary by location. Choleic acid enteroliths
that require lower pH are typically found in the proximal
small intestine, largely affected by significant diverticular
disease, strictures or stenosis. On the other hand, calcium
phosphate, calcium oxalate, and calcium carbonate primary enteroliths are found in the distal small bowel. These
salts are soluble in water and acidic environments, requiring an alkaline pH to precipitate and thus are most often
formed in the terminal ileum[15,43,45]. Of interest, while
distally recovered enteroliths may typically contain a small
percentage of choleic acid, proximal stones are entirely
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calcium free[7]. Under normal physiologic conditions, microlithiasis that may be formed in various gastrointestinal
disorders is ultimately cleared by effective propagation of
the endoluminal contents without significant delay in segments of the small bowel. On the other hand, prolonged
and significant intestinal stasis creates favorable endoluminal conditions for particulate aggregation leading
to enterolith formation. Similar to the proximal enteric
region, stasis in the distal small bowel may occur in a variety of clinical conditions, including stricturing or stenotic
Crohn’s disease, post-surgical anatomical alterations,
post-radiation enteritis, gastrointestinal tuberculosis, and
congenital or acquired ileo-jejunal diverticular disease.
While also at risk of presenting at the site of underlying enteropathy, false enteroliths have different chemical composition. Some enteroliths are made up of large
amounts of indigestible ingested material, such as hair,
occurring in trichotillomania or trichophagia. Others
may be composed of varnish in cases of varnish drinkers, or barium sulfate, chalk, lime, milk, magnesium, and
aluminum antacids. Stones can also be formed of fecal
matter[14,46].
The chemical composition of secondary enteroliths
depends on the etiology of the stone. Gallstones are
primarily made of bile acids, lecithin and other phospholipids, and cholesterol[47]. Anatomic proximity of the
gallbladder to the alimentary tract increases the risk of
fistula formation and gallstone extravasation into the gut
in various entero-vesicular disease states. In gallstone
ileus, gallstones migrate through fistulas and become
lodged in the gastrointestinal tract with the most common site of obstruction in the ileum (60%), followed by
the jejunum (15%), stomach (15%), and colon (5%)[48].
Similarly, but less commonly observed, close proximity
of the renal pelvis to the second part of the duodenum
may predispose patients to renal stone erosion into the
small intestinal tract[40,41].

CHEMICAL COMPOSITION AND
STRUCTURE
Chemical composition of the primary enteroliths varies
by the site of the stone formation, length of its migration
in the intestine and finally, the location of the site of its
impaction. Concentration of choleic acid in the enterolith is inversely related to the distance from the proximal
small bowel to the ileocecal valve, with highest saturations
(52%-84%) found in the duodenum and jejunum, while
effectively decreasing to single digits distally[7]. Free fatty
acids and neutral fats effectively follow the pattern and
their composition ranges from 9.6% proximally to 0.6%
distally. On the other hand, calcium salt composition of
the enteroliths increases proportionally with its location
in the distal small bowel. Whereas calcium containing
enteroliths are not seen in the proximal intestine, its concentration nears 85% in the distal part of the organ. Various calcium salts are present, including calcium oxalate,
calcium phosphate, calcium carbonate, and calcium sul-
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fate in order of decreasing incidence[7]. Calcium dihydrate
and uric acid stones were also reported[49]. However, it
should be noted that chemical composition of an enterolith may not follow general rule of site-related chemical
composition: in cases of acute migration of proximal
stone with resultant bowel obstruction or in special case
of Meckel’s diverticulum with ectopic gastric mucosa that
may predispose to the in-situ choleic stone formation.
Enteroliths may vary in size and number, ranging
from few millimeters to 10 cm in greatest dimension.
They may appear in a single stone, in a cluster of concretions, or in a disseminated pan-intestinal pattern. Enteroliths may range in number from several stones to nearly
a hundred[11], largely depending on underlying pathology.
While classically round, oval, discoid, or faceted, they may
appear as triangular or rectangular, and a small number
of stones may be needle-shaped or a phenomena likely
related to the original “nucleus” of the stone, its anatomical origin, and route of migration[11,25]. Size and chemical
composition of an enterolith may affect is weight, with
larger egg-shaped concretions potentially reaching under
100 g[50].

ETIOLOGY
Primary enterolithiasis is typically multifactorial with
numerous anatomical and microenvironmental factors
predisposing to development of clinically significant concretions. Variations in structural integrity of the intestine
may be seen in the diverticular disease (congenital and
acquired)[8,9]; surgical entero-anastomoses[14], afferent or
Roux loops[10], blind pouches[13]; stricturing or stenosing
disease of the bowel seen in infectious and inflammatory
conditions (tuberculosis, Crohn’s disease)[11,12]; radiation
or eosinophillic enteritis[15,51]; mucosal diaphragmatic disease[52]; intestinal duplication[53,15]; fistula[54]; malignancy[55];
and finally in apparent kinking of the gut that is found in
patients with intra-abdominal adhesions, external compressions, or incarcerated hernias[15-18]. Other conditions
associated with increased risk of enterolith production
include intestinal aganglionosis, intestinal amoebiasis,
and ischemic enteritis[15]. Resultant stasis and impedance
of the normal intestinal flow may promote microbiomeaccelerated precipitation of insoluble chemical salts and
effectively lead to the stone formation. Prolonged dietary
consumption of a large calcium load has been proposed
as a possible contributing factor in the distal ileal stone
formation, but still remains a hypothesis[56]. Exogenous
particle ingestion is a risk factor for development of false
primary enteroliths. Finally, enterobiliary and enterourinary pathology may place a patient at a higher risk of
developing secondary enteroliths that may result in gallstone (common) or renal stone (rare) ileus[40,57].
Diverticular disease of the intestine clearly predisposes to enteric stone formation. While duodenal diverticulosis occurs in up to 22% of the adult population[58],
ileo-jejunal diverticular disease is quite rare with an estimated incidence of less than 5%[59]. Jejunal diverticulosis
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accounts for over 80% of the non-duodenal disease[19].
Non-synchronous alimentary peristalsis, mucosal valve
flap at the diverticular margin, pre-existing intestinal motility disorders, lack of muscular wall component, and an
apparent area of “ready to catch” reservoir predispose to
effective chyme stasis, bacterial deconjugation of soluble
bile acids, and finally de-novo enterolithiasis[29,42,60-63].
True and false enteroliths may form, the latter potentially
from a significant stagnation of food particles and debris
accumulation within a diverticulum. Meckel’s diverticulum is the most common congenital abnormality of the
gut occurring in 2% of the patients. Wide-neck Meckel’s
diverticula represent a special subtype of the small intestinal diverticular disease with preservation of all bowel
wall layers, maintenance of inherent peristalsis, and frequent presence of an ectopic tissue all of which make
enterolith formation more difficult. Decreased pH in
gastric mucosa lined diverticulum may prohibit otherwise
potential calcium salt precipitation in the ileum. Delayed
diagnosis of Meckel’s diverticulum, small intestinal tissue
lining of the pouch, alkaline environment, neck edema
or inflammation, and focal nidus formation are potential
risk factors for development of the stones[22,29,64]. Typical
calcification of the stones seen in the Meckel’s diverticulum follows a periphery-to-center progression[29].
Alterations in normal anatomy seen in post-surgical
patients play an important role in enterolith formation.
Side-to-side anastomosis and end-to-side anastomoses
with circular muscular fiber division and alteration in peristalsis place patients at a higher risk of developing enteral
luminal stasis and stone aggregation[14]. Blind pouch of
various lengths may lead to changes in intestinal microenvironment, create a segment of reversed peristalsis, and
predispose to eventual bacterial overgrowth that results
in accelerated enterolith formation described above[65].
Similar hypomotility is seen in the Roux-en-Y anastomosis
or Billroth Ⅱ gastrectomy with disconnection from the
main pacemaker function of the duodenum or associated vagal denervation. Post-surgical strictures may lead
to stasis as well. Chemical composition of post-surgical
enteroliths reflects their position in the gut, with preponderance of choleic acid stones in the proximal relatively
acidic afferent limbs and calcium stones in the distal relatively alkaline efferent limbs. In all mechanisms, bowel
stasis promotes bacterial overgrowth, which can result
in deconjugation of bile salts, causing soluble choleic
acid to become insoluble deoxycholic acid and precipitate enteroliths[66]. Afferent limbs are more likely to be
acidic, given their connection with the stomach, thus enteroliths formed in this area are most often choleic acid
stones[23,66,67].
Intestinal tuberculosis is a rare complication seen in
2% of the patients with pulmonary tuberculosis. While
consistently decreasing in the developed countries, its incidence remains high in many parts of the world, keeping
it as an important etiology in enterolith formation that
was recognized back in the early 20th century. Chronic
or subacute intentional obstruction in absence of effec-
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tive medical or surgical therapy may be present. In fact,
up to 60% of the patients with tuberculous enteritis may
develop a significant obstruction[68], which may eventually
lead to a stone formation or be a direct result of a concretion that was already formed. Low dietary intake of
calcium and high phytate containing foods in poor socioeconomic populations may offset the overall incidence of
distal small bowel enterolithiasis in patients with intestinal
tuberculosis[25].
Stricturing or stenosing Crohn’s disease is more common in the developed countries. The etiology of alimentary track stone formation in chronic active Crohn’s
disease of the small intestine is in fact similar to multiple
stricture forming tuberculous enteritis. Mean duration
of the disease symptoms to the enterolith formation is
estimated at 15 years[28], largely a result of progressive
luminal narrowing. Such enteroliths are most often found
within the areas of aneurismal, saccular, or dilated parts
of the intestine[43,45]. They may be single or multiple,
a concept largely related to the number of stenotic or
structuring areas of the intestine, each predisposing to
stone formation[12]. Common affinity of the Crohn’s disease to the neo-terminal ileum makes calcified enterolith
formation there most common[43,52]. Areas of entero-enteric or entero-colic anastomosis in Crohn’s disease, with
or without disease activity, are risk factors for developing
alimentary concretions. Incidentally, enterolith formation
may lead to early diagnosis of a location of significant
stricture or neoplasm in patients with small intestinal
Crohn’s disease.
False primary enteroliths are formed from indigestible materials, including trichobezoars that may grow by
accumulation of indigestible materials and food rich in
cellulose. Intestinal migration of these concretions is rare.
Excessive varnish consumption may lead to reabsorption
of premixed solvents and significant chemical precipitation in water and digestive juices resulting in varnish
stone formation. Effective water resorption from oral
solutions of barium sulfate, chalk, lime, milk, magnesium,
and aluminum containing antacids may trigger apparent
insoluble salt precipitate in the gut. Finally, fecaliths may
form in the elderly, psychiatric, bedridden, or narcotic
dependent patients with history of chronic constipation[14,46]. Gallstone ileus represents classic type of secondary enterolithiasis. A rare cause of estimated 1%-3%
of mechanical small bowel obstructions, its significance
raises tremendously in the elderly population where it
accounts of up to a quarter of all small bowel obstructions[32]. First described by Bartholin in 1654[34,37], this
syndrome gained attention with Dr. Rigler’s classic paper
in JAMA in 1941[69]. Typical pathogenesis of gallstone ileus begins with acute or chronic cholecystitis, often in the
setting of cholelithiasis, which spreads inflammation and
adhesion to the alimentary tract, leading to development
of a biliary-enteric fistula. Given the anatomic proximity of the duodenal wall, cholecystoduodenal fistula accounts for overwhelming majority (86%-96%) of the
tracts, followed by cholecysto-colonic, cholecysto-gastric,
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and choledocho-duodenal fistulas[33,34,57,69-74]. Gallstones
eventually enter the intestinal tract and may result in clinical obstruction with classic predilection to known areas
of stasis in the physiologically narrower distal ileum and
ileocecal valve (in 60% to 85% of the cases), proximal
small intestine, stomach, and finally colon[34,37,38]. Chemical analysis of the composition of enterolith reveals it
gallstone origin; however, secondary depositions may
occur in the long standing occult disease and vary by location. Size of the gallstones typically varies between 2.5
to 4.5 cm, but may achieve significantly large dimensions
of 10 cm in some patients[34,69]. Reactive substances in the
bile juice found in the gallstones may react with intestinal
epithelial cells, potentially leading to significant mucosal
injuries.
Finally, bowel obstruction secondary to migrated renal
stone is extremely rare, but has been previously described
in patients with significant reno-enteral adhesions and fistulization[40,41].

CLINICAL PRESENTATION
Clinical presentation of enterolithiasis varies according to the etiology, age, location, chemical composition,
finally, dimensions of the stone. Primary enterolithiasis
should be suspected in a younger patient with underlying
inflammatory bowel disease (industrialized countries) or
tuberculosis (third world countries) or an older patient
with intestinal surgery or small bowel diverticular disease
who presents with abdominal pains, distention, nausea,
and vomiting of occasionally sudden but often fluctuating subacute nature which occurs as a result of the enterolith tumbling through the bowel lumen[11,28,43]. Fevers
or chills may be present and physical examination may
be remarkable for attenuated bowel sounds, tympany,
and abdominal tenderness. Laboratory analysis may reveal leukocytosis and anemia, both from the underlying
disease and enterolith related pressure on the intestinal
mucosa. Elevated C-reactive protein and erythrocyte
sedimentation rate may be present. Rarely a patient may
present with a bowel perforation.
Patients with gallstone ileus behave similarly. Abdominal pain is seen in over 90% of the patients with gallstone ileus, followed by vomiting in 60%-95%, abdominal
distention in 54%-84%, and constipation in 54.5%, fever
in 41%, jaundice in 7% of the cases[33,34]. Female and geriatric patient predilection may be an early clue and history
of gallbladder disease may be present in 27%-50% of
the patients. Pre-existing comorbidities including cardiovascular, respiratory, and renal diseases are common, and
concomitant malignancy may be present[34,39].

MIMICKERS OF ENTEROLITHIASIS
Non-specificity of the symptoms of enterolithiasis and its
rarity may lead to delay in effective diagnosis and management. In absence of clinical suspicion, the differential diagnosis is typically wide and may include common causes
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of bowel obstruction (hernia, adhesions, inflammatory/
infectious conditions, tumors, and intussusception), diverticulitis, appendicitis, duodenitis, peritonitis, pancreatitis,
and peptic ulcer disease. Intra-luminal swallowed foreign
bodies and extra-luminal calcified pathology including
phleboliths, ureteral stones, and lymphadenopathy may
erroneously lead to misdiagnosis of enterolithiasis. Biliary and renal calculi, mesenteric teratoma, fat necrosis,
calcified fibroids, fecaliths, calcified epiploic appendages,
and omental calcifications may confound the clinical diagnosis[4,15,20,43]. Finally, clinically insignificant incidentally
noted enteroliths may shift attention from primary nonenterolith related pathology of the patient that may be
responsible for a current clinical presentation.

CLINICAL DIAGNOSIS
Detailed history and physical examination are necessary
in evaluation of a patient with suspected enterolithiasis.
Correct diagnosis is established in appropriate clinical
setting after excluding other common pathologic processes. A history of sudden or recurrent abdominal pain,
associated with vomiting in a patient who is in a population at risk for enterolithiasis should raise suspicion of
a possibility of enteral concretions. Symptom review
may help identify patients with acute or indolent disease.
Historically, diagnosis of enterolithiasis was made at the
time of laparotomy or autopsy. Development of radiological field has tremendously improved early diagnosis
and treatment of this disorder. Presence of single or
multiple enteroliths on imaging is helpful in establishing
correct diagnosis. Mobile nature of the stones and their
anatomic location may lead to differentiating between
various underlying pathologies, including intestinal strictures/stenosis in infectious or inflammatory bowel disease, post-surgical complications, or Meckel’s diverticular
disease. Traditionally, plain abdominal roentgenograms
are the first step in identifying enteroliths and can detect
stones in up to a third of the cases[8]. The visibility of
the stone depends on the calcium content, with enteroliths containing a higher proportion calcium salts being
more radiopaque and forming in the relatively more
alkaline environment of the distal ileum. Choleic acid
enteroliths are more radiolucent and form in the more
acidic environment of the proximal small bowel[15,43,45].
Clinician’s awareness of anticipated chemical composition of the enterolith in a particular bowel segment, will
increase the yield of radiologic detection and potentiate
proper diagnosis. Important radiographic features of enteroliths include dense rim with pale core in oval, round,
or rectangular shadows, “coin-end-on” appearance, and
apparent mobility on serial examinations in relation to
each other and to a fixed anatomical pathology[75]. Computed tomography (CT) scan with oral contrast may provide two or three dimensional orientation and increase
the yield of detection of radiolucent stones. CT scan
may also help in identifying the number of enteroliths,
their exact location, and narrow the focus on the culprit
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stone. Dedicated radiologic imaging may assist in establishing underlying pathology of the intestinal tract that
leads to a stone formation or is responsible for stone
trapping and clinical obstruction. Diagnosis of small
intestinal Crohn’s disease, diverticulosis, tumor, anastomotic stricture, fistulizing disease, regional enteritis,
altered anatomy and blind loops may provide additional
clues in patient care. Finally, particular attention should
be directed to the gallbladder and biliary system to rule
out gallstone ileus.
Imaging of patients with Meckel’s enterolithiasis may
suggest dilated small bowel with air fluid levels in setting
of an obstruction in 40% of the cases on plain abdominal radiographs, single or multiple opaque stones in 88%
of the patients. Location of the stones may vary, with
nearly 60% present in the right lower quadrant. Majority
of the stones have peripheral calcifications with radiolucent
centers (89%) and range from 1 to 5 cm in diameter[29].
Yield of enterolith and Meckel’s diverticulum detection
increases with contrast studies, with both CT enterography and small bowel series/enteroclysis complementing
plain film radiography and providing additional advantage in identifying underlying pathology. Nuclear studies
aimed at detecting ectopic gastric tissue in the Meckel’s
diverticulum may be helpful but given the high incidence
of symptomatic presentation of such diverticula in
childhood that is followed by surgical resection, may not
always be diagnostic in older patients who have intestinal
tissue lining of the diverticulum. It may, however, provide additional information in select rare cases of radiolucent stones that may be formed within acidic environment of gastric mucosal Meckel’s and are not visible on
plain roentgen films or a CT scan. Extrusion of the enterolith into the small bowel from the diverticulum may
lead to the enteric occlusion and alternatively, distention
of the Meckel’s diverticulum from the large enterolith
may cause Mirizzi-type impression on the adjacent gut,
both resulting in signs of small bowel obstruction on CT
scan[76].
Gallstone ileus represents a better known category
of enterolithiasis. Clinical diagnosis should be suspected
in a patient who presents with vague complains of intermittent abdominal distention, pains, nausea and vomiting due to “tumbling phenomena” of the stone passage
though the intestinal tract[38]. Additional findings may
include weight loss, dehydration, and loss of appetite[77].
Duration of symptoms may vary from days to weeks and
the diagnosis is typically delayed for several days. Correct preoperative diagnosis is achieved in only half of the
cases[78]. A quarter of cases will have an antecedent gallstone disease[34]. Classic description by Leo Rigler in 1941
of pneumobilia or contrast medium in the biliary tract,
partial or complete small bowel obstruction, and a visualized ectopic gallstone that may change position within
the bowel (Rigler’s triad)[69] is seen in less than 50% of
patients with gallstone ileus[31,34,36,38,57,69,73,79,80]. Combined
radiologic imaging (X-rays, ultrasound, CT scan) result
in increased yield of diagnosis, with positive findings in
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nearly 80% of the patients[34].
Importantly, colloquial information obtained from radiologic diagnosis of enterolithiasis may provide an important information on the location of the underlying intestinal
pathology, including stenotic segments of Crohn’s disease,
areas of enteric tumors, significant adhesions, incidental
Meckel’s diverticulum, and hernias.
Notably, with the advent of radiologic procedures
and rapid growth of the medical field, there exists a wider
gap in the studies addressing potential increase in prevalence of enteroliths today compared to the mid-late 20th
century. Certainly, higher detection rate may aid in differential diagnosis of a number of intra-abdominal pathologies, including establishing early clue of enterolithiasis.
However, the definitive diagnosis of an intestinal stone is
made through removal of the endolith and its subsequent
pathology.

COMPLICATIONS AND PROGNOSIS
Complications related to enterolithiasis should be sought
for and recognized early. De novo formation and subsequent transit of an enterolith through the gastrointestinal tract may result in acute, subacute, or chronic, intermittent, partial or complete intestinal obstruction[76].
Important risk factors include intraluminal stricturing or
stenosis seen in inflammatory bowel disease, tuberculous
and radiation enteritis; surgical anastomoses; intestinal
malignancy; extraluminal kinking or angulation found in
the setting of intra-abdominal adhesions, external compressions, or incarcerated hernias; and finally abnormally
narrowed intraluminal diameter in otherwise unremarkable terminal ileum and highly patent ileocecal valve. It
is generally accepted that, in the absence of mechanical
or structural luminal compromise, stones larger than 2.5
cm in diameter may cause an intestinal obstruction[33].
Single enteroliths smaller than 2 cm in size would typically pass unnoticed through normal small intestine and
into the colon; but if retained, may become a nidus for
additional calcification and growth and may result in
pathogenic obstruction in the future. Impacted enterolith may incite direct pressure injury to the intestinal
mucosa, potentially worsened by chemical damage from
the reactive substances found on its shell[33]. Intestinal
gangrene in association with enterolith has been previously reported[7]. Additional rare complications of enterolithiasis include intussusception of small bowel[81],
acute obstructive ascending cholangitis due to periampullary duodenal stone[82], afferent loop syndrome[23,83],
diverticulitis[63,84], iron deficiency anemia[85], gastrointestinal hemorrhage[45], and perforation[7,16,19,86,87]. Mortality
of uncomplicated primary enterolithiasis is very low,
but may rise to 3% in the poorly conditioned patients
with significant obstruction and delay in diagnosis[42].
Morbidity from the gallstone ileus in the second half
of the twentieth century was reported by Reisner and
Cohen[38] to include wound infection in 32% of cases,
biliary symptoms in 15%, and recurrence in 5% - all
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likely to continue to improve with advances in today’s
medical care, whereas mortality remained high at 18%.
Review of the more recent Japanese literature projects a
decrease in mortality to 8%[33]. Continued improvement
in medical diagnosis and treatment of enterolithiasis will
effectively allow for a steady decrease in its associated
complications and overall mortality.

TREATMENT
Optimal treatment of enterolithiasis should focus on enterolith removal and correction of underlying pathology
to prevent future formation of additional enteroliths. In
cases of acute intestinal obstruction, expectant management with serial abdominal examinations, electrolyte
correction, appropriate hydration, and nasogastric tube
suctioning may be selectively considered for stones less
than 2 cm in size in absence of underlying luminal compromise[88]. Spontaneous passage of a larger stone is unlikely and a thorough search for an underlying pathology
should be performed. In cases of intestinal stricturing,
stenosis, or an anastomotic defect, an attempt at endoscopic segment dilatation and stone retrieval may be
considered first[12,89]. Endoscopic electrohydraulic lithotripsy and mechanical lithotripsy have been previously
described[84,90]. Surgical management remains the mainstay
of therapy in the majority of the cases, with an attempt
at digital fragmentation of the stone followed by manual
“milking” of the smaller parts into the large intestine
being successful in nearly 50% of the cases[9,42]. Alternatively, proximal enterotomy of the non-edematous segment with manual enterolith removal may be performed.
Preoperative percutaneous decompression of the afferent
limb using ultrasound guidance may be indicated in Billroth Ⅱ patients[23]. Segmental small bowel resection with
intended primary anastomosis should be attempted in the
setting Meckel’s diverticulum, long complicated strictures,
diverticulitis, significant inflammation, intestinal necrosis, perforation, and enteral duplication[20,75]. Most cases
described in the literature have been open procedures,
although Jones et al[76] and Shah et al[91] report two cases
in which resection was successfully performed laparascopically. This approach decreases the detection rate of
additional enteroliths that may need to be sought for and
eliminated by milking of the proximal bowel to decrease
recurrence of obstruction. Three cases have been reported where surgical removal of Crohn’s disease associated
enteroliths revealed adenocarcinoma of the bowel[43,45,55],
therefore raising awareness for intraoperative evaluation
for small bowel tumors.
The procedure of choice in gallstone ileus is still a
matter of controversy with possible approached including enterolithotomy alone, in conjunction with simultaneous cholecystectomy and fistula closure, or a two-stage
procedure. Higher morbidity and mortality seen in the
longer one-stage procedure compared to enterolithotomy
alone has led to the latter being the preferred approach
in the emergency setting in many centers[34]. However,
persistence of biliary-enteric fistula may lead to recurrent
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gallstone ileus (5%) or cholangitis (11%)[34,57]. Therefore,
surgical options should be individualized and if general
medical condition of a patient permits, one-step enterolithotomy with cholecystectomy and fistula closure may be
considered.
Importantly, enterolith formation may be the first clue
to the existence of a compromised intestinal anatomy
and every effort should be made to decrease future stone
formation by recognizing and treating underlying medical conditions. Medical, endoscopic, or surgical correction
of inflammatory, infectious, or structural pathology may
provide chronic symptom relief and benefit the long term
outcome in many of the cases.
With rapid advances in medical and surgical technology and procedural skills, additional studies are needed to
assess the success rate of new approaches to the removal
of enteroliths in the twenty first century. Single- and double-balloon enteroscopy with carbon dioxide insufflation
may provide additional benefit to the selected patients
that were previously managed surgically. This tactic may
potentially result in the future shift from surgical into the
endoscopically feasible realm, thus decreasing morbidity
and mortality associated with surgical intervention and
improving patient’s outcome.
Finally, “silent” enterolithiasis may occur at increasing rates in the era of radiologic advances. A single or
clustered stones may be incidentally visualized in the areas of known diverticulosis including Meckel’s diverticulum or strictures/stenosis. Alternatively, finding of an
enterolith may an early clue to underlying pathology and
further clinical evaluation may be warranted. Incidental
enteroliths may potentially lead to complications and will
therefore require periodic re-assessment. Endoscopic or
surgical retrieval may be considered in select cases.

CONCLUSION
Enterolithiasis remains an important clinical condition
with raising incidence and prevalence. Alterations in bowel anatomy and microenvironment play a significant role
in pathogenesis of this disease and provide an important
clue in its etiologic recognition, chemical classification,
and clinical presentation. Distinction between primary
and secondary enterolithiasis and identification of underlying enteropathy is crucial in establishing disease process.
Clinical diagnosis relies on detailed history and physical
examination complemented by radiologic imaging modalities. Mimickers of enterolithiasis should be diligently
excluded. Treatment should be aimed at endoscopic or
surgical enterolith removal and correction of the underlying intra- and extra-intestinal pathology to prevent
additional stone formation. Rapid advances in medical
field will continue to lead to improved diagnosis and help
expand therapeutic options for the affected patients.
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Abstract
Recently, single nucleotide polymorphisms, in the vicinity of the interferon lambda 3 (IFNL3 ) gene have been
identified as the strongest predictor of spontaneous
and treatment induced clearance of hepatitis C virus
(HCV) infection. Since then, increasing evidence has
implicated the innate immune response in mediating
the IFNL3 genotype effect. Dendritic cells (DCs) are
key to the host immune response in HCV infection and
their vital role in the IFNL3 genotype effect is emerging. Reports have identified subclasses of DCs, particularly myeloid DC2s and potentially plasmacytoid DCs as
the major producers of IFNL3 in the setting of HCV infection. Given the complexities of dendritic cell biology
and the conflicting current available data, this review
aims to summarize what is currently known regarding
the role of dendritic cells in HCV infection and to place
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it into context of what is know about lambda interferons and dendritic cells in general.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Increasing evidence implicates the innate immune response in mediating the interferon lambda 3
(IFNL3 ) genotype effect in hepatitis C virus (HCV) infection. Dendritic cells (DCs) are essential players in the
host immune response to HCV infection, especially with
respect to the IFNL3 genotype effect. Subsets of DCs,
myeloid DC2s and potentially plasmacytoid DCs, appear
to particularly important in orchestrating the IFNL3
genotype effect.
O’Connor KS, George J, Booth D, Ahlenstiel G. Dendritic cells
in hepatitis C virus infection: Key players in the IFNL3-genotype
response. World J Gastroenterol 2014; 20(47): 17830-17838
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i47/17830.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i47.17830

INTRODUCTION
An estimated 3% of the world’s population is infected
with hepatitis C virus (HCV)[1]. With low spontaneous
clearance rates, 80% of individuals go on to develop
chronic infection, which is associated with long term
complications including cirrhosis, hepatocellular carcinoma and death from chronic liver failure[2]. Recently,
single nucleotide polymorphisms (SNPs) in the region
of the interferon lambda 3 (IFNL3; formerly known as
IL28B) gene were identified to strongly predict spontaneous and treatment-induced clearance of HCV of
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HCV infection[3-7]. IFNL3 encodes IFNL3 a member of
the type Ⅲ interferon (IFN) family and thus belongs to
the group of innate immune cytokines. Dendritic cells
(DC) are recognized as the major producers of IFNs
and central players in the host immune response against
HCV[8]. In this review we explore the role of DC in
chronic hepatitis C (CHC) in the context of IFNL3 and
its polymorphism.

IFNL3 POLYMORPHISMS IN HCV
INFECTION
The poor treatment response rates, high economic burden and significant adverse effects associated with traditional antiviral therapy for CHC consisting of pegylated
IFN-alpha and ribavirin (Peg-IFNα/RBV) motivated research into host genetic factors associated with successful
HCV clearance. In 2009, four landmark genome wide association studies (GWAS) independently described SNPs
in the vicinity of IFNL3 that were dramatically predictive
of response to Peg-IFNα/RBV therapy in patients with
genotype 1 HCV[3-5,9]. The favourable variants of the two
most widely studied SNPs, rs12979860 and rs8099917, are
the strongest pre-treatment predictors of SVR in genotype 1 HCV infection, but clearly also affect treatment
response to Peg-IFNα/RBV in HCV genotype 2 and 3
infections[10]. Subsequently, this genetic variation has also
been associated with spontaneous clearance of HCV[6,7]
and liver inflammation in chronic HCV infection[11-13],
strongly implicating the innate immune response in the
IFNL3 genetic response.

LAMBDA INTERFERONS
Three classes of IFNs are now recognized (type Ⅰ, Ⅱ
and Ⅲ) and these cytokines are crucial to the establishment of an antiviral immune response. They are classified
based on differences in structure, receptor and biological function: Type I IFNs include IFNA and IFN-beta
(IFN-β), whereas the only type Ⅱ IFN is IFN-gamma
(IFN-γ)[14]. The type Ⅲ or lambda IFNs were more recently identified in 2003 by two independent research
groups[15,16]. Initially three members in this family were described: IFNL1 or IL29, IFNL2 or IL28A and IFNL3 or
IL28B. Interestingly, lambda IFNL share similarities with
both the IL10 family of cytokines and type Ⅰ IFNs[17].
They signal through the same janus tyrosine kinase (JAK)/
signal transducers and activators of transcription (STAT)
pathway leading to induction of interferon-stimulated
genes (ISGs) and antiviral activity[15,18]. Signaling through
common pathways facilitates type Ⅰ and type Ⅲ IFNs to
induce similar biological activities, mediated by the induction of nearly identical sets of more than 300 ISGs[19].
Lambda IFN induced antiviral activity has been reported
against many different viruses including inhibition of
HCV replication in vitro[19,20]; IFNL3 has been shown to
inhibit HCV replication in three independent HCV models by the JAK/STAT pathway[21]. There is also in vitro
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evidence that IFNA induces expression of IFNL genes
and that both cytokines appear to enhance the activity of
the other[22].
In addition to their antiviral properties, lambda IFNLs
exert complex and varied effects on immune cell function
that are likely context dependent: Briefly, lambda IFNs
have been shown to reduce the production of T helper 2
(Th2) cytokines (IL-4, IL-13, IL-14 and IL-15) thus potentially favouring Th1 driven immune response[23,24]. Further, enhanced adaptive immunity has been suggested by
IFNL3 induced reduction in regulatory T cells, increased
CD8+ T cell numbers[25] and augmentation of CD8+ T
cell cytotoxicity[26].
In 2013, a new polymorphism (rs368234815) located
between the genes for IFNL2 and IFNL3 (Figure 1) was
identified and found to induce a frame shift mutation resulting in transient expression of an IFN analogue, IFNlamda 4 (IFNL4), in stimulated human hepatocytes[27].
The authors postulated that the genotype dependent
production of the protein IFNL4 resulted in altered ISG
expression and thus may explain the effects on viral clearance. rs368234815 is in high linkage disequilibrium with
rs12979860, but more strongly associated with spontaneous and treatment induced HCV clearance, especially in
individuals of African ancestry. The exact mechanisms
molecular functions of IFNL4 remain to be clarified[28,29].

INTERFERON LAMBDA RECEPTOR AND
SIGNALING
All IFNLs signal through the same heterodimeric receptor complex. This is composed of a unique interferon
lambda receptor 1 (IFNLR1) [also known as IL28R alpha or cytokine receptor family 2 member 12 (CRF2-12)]
component and IL10R2[15,16]. Both subunits are required
for signalling. IL10R2 is ubiquitously expressed while IFNLR1 displays restricted tissue expression, predominately on cells of epithelial origin (including: keratinocytes
and cells of kidney, lung and gastrointestinal tract origin)
as well as specific subsets of immune cells[30-32]. The IFNLR1 gene generates several splice variants including:
a full length, membrane bound IFNLR1 and secreted,
soluble IFNLR1 protein[33].
Expression of IFNLR1 mRNA in human immune
cells, especially B, T and NK-cells, has been previously
demonstrated [30]. However, these immune cells were
shown to express relatively more soluble receptor, which
is postulated to act as an inhibitor to IFNL activity[30]. In
contrast to these reports high levels of IFNLR1 have been
detected on plasmacytoid dendritic cells (pDCs) relative
to other cell populations in peripheral blood mononuclear
cells (PBMCs) by us and others[30,34,35]. Furthermore, we
have demonstrated significant up-regulation of IFNLR1
expression after IFNA stimulation in pDCs suggesting
that IFNA may enhance IFNL receptor expression and
sensitivity to IFNL. Analysis of the ratio of membranebound receptor (IFNLR1-mem) to soluble isoforms
(IFNLR1-sol) for pDCs, demonstrated that the majority
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Figure 1 Schematic representation of single nucleotide polymorphisms idenditied in the interferon lambda gene locus. IFNL: Interferon lambda.

was the isoform encoding the membrane-associated or
functional form of IFNLR1[36]. We have also demonstrated that IFNLR1 expression was not significantly higher in
HCV-infected liver biopsies compared with unstimulated
pDCs[36].
Previous work has produced conflicting evidence
on whether or not immune cells are a target for Type
Ⅲ IFNs. Several studies have failed to show a response
to IFN-lambdas (IFNL1 and/or IFNL2) by a variety
of immune cells including B, T and natural killer cells
(NK cells) as well as monocytes[30,37]. In contrast, several other human studies have revealed a direct effect
of IFNLs on monocytes[38,39], dendritic cells[37] and T
cells[23,38,40]. Work in pDCs has shown that IFNL1 results
in altered expression of costimulatory molecules such as
CD80[41]. We and others have demonstrated that pDCs
are responsive to IFNL3 as detected by up-regulation of
the ISG MxA[36] and increased production of IFNα[42].
IFNL may indeed act as an autocrine signal for pDCs
with the ability to improve survival and enhance antiviral
response[35]. This suggests a positive feedback loop for
the production of IFNL3, particularly by DCs within
HCV infected livers and the potential for an augmented
response with IFNA therapy.

DENDRITIC CELLS
DCs are professional antigen presenting cells and play a
major role in orchestrating the innate immune response
against hepatitis C virus[43]. They are a rare cell population
representing 0.3%-0.5% of normal human peripheral
blood mononuclear cells[44,45]. They can be broadly categorized into two major subsets: pDCs and conventional
myeloid DCs (mDCs). pDC and mDc differ significantly
in terms of their morphology, phenotype and function;
their individual features are summarized in Table 1.
mDCs originate from myeloid precursors in the bone
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marrow and display classic DC morphology with branched
protrusions or dendrites[46]. mDCs are classical antigen
presenting cells and have the ability to activate naive and
effector T cells[43]. mDC can be further subdivided into
mDC1 CD1c+ (blood antigen 1+; BDCA1+) or mDC2
CD141+ (blood antigen 3+; BDCA3+)[47]. Human mDC2s
are reported to be a counterpart of murine CD8a+ DC[48].
mDCs express a variety of toll like receptors (TLRs) such
as TLR2 recognizing viral ligands (including HCV core
and NS3) and TLR3 recognizing double stranded RNA
viruses[49]. mDC2s express higher levels of TLR3 than
mDC1s and lack TLR4 expression. mDC2s are the rarest
DC population in bone marrow and peripheral blood[50].
mDC1s are the most potent producers of IL-12 thus
rendering them more efficient than mDC2s at promoting
cytotoxic CD8+ T-cell responses[51].
In contrast, pDC display a plasma cell morphology
and under steady state conditions express lower levels of
MHC class I, MHC class Ⅱ and co-stimulatory molecules
such as CD86[8]. pDCs strongly express the pattern recognition receptors, TLR7 and TLR9, but not TLR3 and are
thus capable of recognizing single stranded RNA and unmethlyated CpG-containing DNA ligands respectively[52].
Upon exposure to viral stimuli they are well recognized
to produce massive amounts of type Ⅰ interferons and
acquire the capacity to present antigen[53]. In addition,
they provide help to natural killer cells[54], regulate cell
trafficking through the production of chemokines[55] and
alter Th1/Th2 responses[56].
In CHC numbers of circulating pDCs and mDCs are
reduced in peripheral blood compared with healthy controls[57-61] but both populations of DCs are significantly
increased in the livers of CHC patients[61,62]. Furthermore
in CHC, circulating numbers of DCs are inversely correlated with the serum alanine aminotransferase levels and
severity of liver disease[63]. This suggests that immune cell
trafficking to the liver may be the reason for reduced pe-
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Table 1 Subsets of human dendritic cells

Morphology
Phenotype

Plasmacytoid dendritic cells

Myeloid dendritic cells

Round, resemble plasma cells
CD11C- CD1a+
CD123high

Prominent cytoplasmic protrusions
CD11c+ CD1a+
CD123low

BDCA-4+ (CD304+)
BDCA-2+ (CLEC4C)
TLR receptor expression

TLR1, TLR6, TLR7, TLR9, TLR10

MHC Ⅰ
MHC Ⅱ
CD86
CD40
CXCR3
ICOS L

+
+
+
+
+++
++

mDC1

mDC2

BDCA-1+ (CD1c+)

BDCA-3+ (CD141+)
CLEC9A
TLR1, TLR2, TLR3,TLR6, TLR8, TLR10

TLR1, TLR2, TLR3, TLR4, TLR5, TLR6,
TLR7, TLR8,TLR10
++
+++
+++
++
+
+

++
++
++
+++
++
+++

mDC: Myeloid dendritic cell; BDCA: Blood dendritic cell antigen; TLR: Toll like receptor; MHC: Major histocompatibility complex; CXCR3: Chemokine receptor 3; ICOSL: Inducible costimulator ligand.

ripheral DCs numbers. Enriched mDC2 numbers in CHC
infected livers have also recently been demonstrated[42,64].
Apart from enrichment in the liver, hepatic mDC2s display higher expression of CD40, CD80, CD83 and CD86
than those seen in the circulating peripheral blood compartment suggesting a more mature phenotype[65].

DCS AND HOST IMMUNE RESPONSE TO
HEPATITIS C VIRUS
Both the innate and adaptive arms of the immune system
contribute to the host's ability to resolve HCV infection.
The first line of defense against viral infections is the innate immune response with the IFNs playing a key role
in induction of the antiviral state and control of HCV
replication[66]. Specific viral motifs known as pathogenassociated molecular patterns are recognized by pattern
recognition receptors (PRRs). Two groups of PRRs sense
viral infection, RIG-I like-receptors and TLRs (TLR3, 7,
8 or 9)[67]. Downstream signalling leads to translocation
of IFN regulatory factor 3 and synthesis of IFNs and
pro-inflammatory cytokines[68].
Human pDCs recognize HCV predominantly through
a TLR7 medicated pathway[59]. mDCs recognize HCV
infection and mediate IFNL induction by the dsRNA
sensing, TLR3-mediatd pathway [42]. Subsequently secreted IFNs bind to the IFN receptors and activate the
JAK/STAT pathway leading to the induction of ISGs[69].
The expression of ISGs establishes an antiviral state
including in neighboring uninfected hepatocytes. However, the induction of the endogenous IFN system in
the liver has limited antiviral efficiency with, persistence
of HCV observed for decades despite the expression of
hundreds of ISGs[70,71] In fact, it is now well established
that patients with an activated endogenous IFN system
are poor responders to IFNA based therapies[70-72]. Interestingly, there is evidence that hepatic IFNL rather than
type Ⅰ IFN induction is more closely correlated with the
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strength of the ISG response[73].
HCV has the ability to impede the IFN response at
several levels including: NS3/4A protein cleaving adapter
molecules and blocking PRR signalling; HCV core protein interfering with JAK/STAT signalling and ISG expression; NS5A inhibiting the function of several ISGs
and HCV may interact directly with pDC to impair IFN
production and promote apoptosis[74]. In this context,
HCV has the ability to evade the host antiviral response
in hepatocytes through cleavage of key molecules involved in RIG-I and TLR3 signalling hence, interfering
with the induction of endogenous IFNs and ISGs. pDC
by contrast have the ability to overcome this evasion
through direct cell contact and transfer of viral RNA
from hepatocytes recognized by TLR7. This leads to the
synthesis of interferon stimulated genes and secretion of
IFNs[59]. There is some evidence that in CHC infection
DC function is impaired as a result of reduced antigen
presentation to CD4+ T cells mediated through interference by HCV proteins[43].

DENDRITIC CELLS ARE THE MAJOR
PRODUCERS OF INTERFERON LAMBDA
There is evidence that human hepatocytes, DCs and
macrophages all produce IFNL in response to HCV
infection[41,75-79]. Importantly, mDC2 peripheral blood
DCs have been identified by several groups as major
producers of IFNL in HCV infection[42,65]. Data suggests
that IFNL induction is dependent on direct cell to cell
interaction with HCV infected hepatoma cells mediated
through TLR3 signalling[42]. In comparison to other DC
subsets mDC2s produced large amounts of IFNL when
stimulated with cell-cultured HCV and HCV-transfected
Huh7.5.1 cells[65]. This is further supported by evidence
that the mouse homologue for human mDC2, CD8 alpha+ cells, are potent producers of IFNL2 and IFNL3
following TLR3 activation[80].
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Figure 2 Schematic representation of interferon lambda 3 production in hepatitis C virus infection. Dendritic cell populations are enhanced in hepatitis C virus
(HCV) infected livers. In response to HCV infection hepatocytes and dendritics produce interferon lambda (IFNL). However, recent reports suggest myeloid dendritic
cell 2 (mDC2) are the major producers of IFNL3. IFNL3 production is mediated via toll like receptor (TLR)3 in mDC2 and TLR7 in plasmacytoid dendritic cell (pDC).

In contrast to these studies Murata et al[81] found that
mDC2s stimulated by TLR3 agonists and pDCs stimulated by TLR7 agonists both produce large amounts of
IFNL3. Importantly, detectable levels of IFNL3 were only
demonstrated by TLR7 agonists and not TLR3 agonists in
PBMCs. There was evidence of a more robust production
of IFNL3 mRNA in PBMC of patients with hepatitis C
with the favorable IFNL3 genotype (rs8099917 TT) after
stimulation with TLR7 agonists[81]. Importantly, this study
detected that induction of IFNL3 protein was strongly
correlated with Peg-IFNα/RBV treatment response in
CHC[81] and that this measurement was a more accurate
predictor of treatment response (95.7%) than IFNL3 genotyping (65.2%)[81] (Figure 2).
To date, the literature has been conflicting as to whether
IFNL3 genotype alters IFNL3 expression. Early work suggested higher expression in whole blood in the responder
genotype[4,5]. However, similar studies in PBMCs did not
confirm this association[3,42]. In several independent reports examining liver biopsies from subjects with CHC,
no association between IFNL3 expression and IFNL3
genotype was noted[82-84]. Yoshio et al[65] identified greater
IFNL3 production by mDC2s of patients with IFNL3
responder genotypes in vitro with HCV co-culture but
not TLR3 agonists. Other reports have found no IFNL3
genotype association with IFNL production in mDC2s[42]
or pDCs[36]. Thus, it is possible that IFNL3 production
is temporally regulated, cell type and context dependent
and that genotype differences may only be observed in
particular cell populations at crucial stages of infection.
Further complicating DC analysis is evidence that peripheral blood DC differ from tissue resident DC[85,86].

nisms: Particularly, dendritic cell subsets such as mDC2s
and potentially pDCs seem to be important to IFNL3
phenomena. Given their pivotal roles in innate and adaptive immunity, genetically determined, differential regulation of IFNL3 expression is thus likely to control disease
outcomes. It has remained difficult, however, to pinpoint
exactly, how the polymorphism translates into different
regulation. Further research is required to clarify the genetic association with clinical outcomes and how IFNL3
medicated DC responses change the ultimate outcome of
HCV infection.
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Abstract
AIM: To characterize how insulin-like growth factor 2
(IGF2 ) mRNA binding protein p62/IMP2-2 promotes
steatohepatitis in the absence of dietary cholesterol.
METHODS: Non-alcoholic steatohepatitis (NASH) was
induced in wild-type mice and in mice overexpressing
p62 specifically in the liver by feeding the mice a me-
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thionine and choline deficient (MCD) diet for either two
or four weeks. As a control, animals were fed a methionine and choline supplemented diet. Serum triglycerides, cholesterol, glucose, aspartate aminotransferase
and alanine transaminase were determined by standard
analytical techniques. Hepatic gene expression was determined by real-time reverse transcription-polymerase
chain reaction. Generation of reactive oxygen species in
liver tissue was quantified as thiobarbituric acid reactive
substances using a photometric assay and malondialdehyde as a standard. Tissue fatty acid profiles and cholesterol levels were analyzed by gas chromatographymass spectrometry after hydrolysis. Hepatocellular iron
accumulation was determined by Prussian blue staining
in paraffin-embedded formalin-fixed tissue. Filipin staining on frozen liver tissue was used to quantify hepatic
free cholesterol levels. Additionally, nuclear localization
of the nuclear factor kappa B (NF-κB) subunit p65 was
examined in frozen tissues.
RESULTS: Liver-specific overexpression of the insulin-like growth factor 2 mRNA binding protein 2-2
(IGF2BP2-2/IMP2-2/p62) induces steatosis with regular
chow and amplifies NASH-induced fibrosis in the MCD
mouse model. Activation of NF-κB and expression of
NF-κB target genes suggested an increased inflammatory response in p62 transgenic animals. Analysis
of hepatic lipid composition revealed an elevation of
monounsaturated fatty acids as well as increased hepatic cholesterol. Moreover, serum cholesterol was
significantly elevated in p62 transgenic mice. Dietary
cholesterol represents a critical factor for the development of NASH from hepatic steatosis. Filipin staining
revealed increased free cholesterol in p62 transgenic
livers, which were not diet-derived. The mRNA levels of
the rate-limiting enzyme for cholesterol synthesis 3-hydroxy-3-methyl-glutaryl-CoA reductase (HMG-CoA reductase or HMGCR) were not significantly upregulated,
potentially due to increased cholesterol biosynthesis via
elevated sterol regulatory element binding transcription
factor 2 (SREBF2 ) gene expression and increased iron
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deposition in transgenic animals.
CONCLUSION: This study provides evidence that
p62/IGF2BP2-2 drives the progression of NASH through
elevation of hepatic iron deposition and increased production of hepatic free cholesterol.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Insulin-like growth factor 2 mRNA binding
protein 2-2; Methionine/choline deficient; Non-alcoholic
fatty liver disease; Filipin; Iron
Core tip: Dietary cholesterol represents a critical factor
for the development of non-alcoholic steatohepatitis
(NASH) from steatosis. Liver-specific overexpression of
the insulin-like growth factor 2 mRNA binding protein
p62/IMP2-2/IGF2BP2-2 induces steatosis and amplifies NASH-induced fibrosis. Here, we show that p62
elevates monounsaturated fatty acids and hepatic cholesterol in the absence of exogenous cholesterol. Filipin
staining demonstrates increased free cholesterol in p62
transgenic livers. Srebf2-induced cholesterol biosynthesis in transgenics is most likely due to pronounced
hepatic iron accumulation, which is also associated with
lipid peroxidation in transgenic livers. In summary, p62/
IGF2BP2-2 drives the progression of NASH by increasing hepatic free cholesterol.
Simon Y, Kessler SM, Gemperlein K, Bohle RM, Müller R,
Haybaeck J, Kiemer AK. Elevated free cholesterol in a p62
overexpression model of non-alcoholic steatohepatitis. World J
Gastroenterol 2014; 20(47): 17839-17850 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i47/17839.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i47.17839

INTRODUCTION
In industrialized countries, non-alcoholic fatty liver disease (NAFLD) represents the most frequent hepatic
manifestation of chronic liver diseases, whereby hepatic
steatosis is the first hit sensitizing the liver to a second hit
that ultimately leads to hepatocyte injury, inflammation,
and subsequent fibrotic changes[1]. Prolonged NAFLD
can lead to hepatocellular carcinoma (HCC)[1], which is
the sixth most common malignancy worldwide and the
second leading cause of cancer-related deaths[2]. However, the pathophysiological mechanisms leading to the
progression from NAFLD to end stage liver disease are
still poorly understood.
The composition of fatty acids in the liver has
emerged as a critical factor promoting the development
of non-alcoholic steatohepatitis (NASH) and potentially
HCC[3-7], with monounsaturated fatty acids (MUFA) implicated in a pathophysiological role[6,8]. Recent observations also highlighted the accumulation of free cholesterol
as an important trigger for the progression from simple
steatosis to severe NASH[9-11]. In fact, dietary cholesterol
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was demonstrated to be a critical factor in the progression
of NASH[10,12]. Cholesterol fed to LDLR-/- mice induced a
prominent inflammatory response, whereas high fat feeding without cholesterol induced steatosis in the absence
of inflammation[13].
The insulin-like growth factor (IGF) 2 mRNA binding protein p62/IMP2-2/insulin-like growth factor 2
mRNA binding protein 2-2 (IGF2BP2-2) is a splice variant of IMP2/IGF2BP2 and was originally described as
an autoantigen in an HCC patient[14]. p62 is upregulated
in human HCC and its expression is correlated with poor
prognosis[15,16]. Only physiological roles have been described for IMP2, which is required for proper nerve cell
migration and morphology during development by controlling cytoskeletal remodeling and dynamics (reviewed
in[17]). We recently reported that mice with liver-specific
overexpression of p62 develop a fatty liver and show
increased development towards NASH-induced fibrosis[4,18,19]. This amplification of an inflammatory response
was observed in a feeding model that omitted dietary
cholesterol. We therefore aimed to investigate the mechanisms involved in the amplification of NASH by p62 in
the absence of dietary cholesterol.
A methionine/choline deficient (MCD) diet without
supplementation of cholesterol was fed to p62 transgenic
animals. The MCD diet is the most commonly used murine dietary model for acquired NASH, since in contrast
to other models, it allows examination of all stages of
NASH (i.e., inflammation, oxidative stress, and fibrogenic
changes)[20].
Our data implicate p62 as a modulator of endogenous cholesterol synthesis leading to elevated levels of
free cholesterol in the liver, ultimately promoting inflammation via the activation of nuclear factor kappa B (NFκB). Moreover, the elevated levels of hepatocellular iron
link lipid metabolism to the promotion of inflammatory
reactions[21].

MATERIALS AND METHODS
Material
The MCD diet (#960439) and the methionine/choline
supplemented control (ctrl) diet (#960441), both containing 45% sucrose and 10% corn oil without cholesterol,
were purchased from MP Biomedicals (Heidelberg, Germany). Polymerase chain reaction (PCR) primers were
obtained from Eurofins MWG Operon (Ebersberg, Germany). The EvaGreen® qPCR Mix was obtained from
Solis BioDyne (Tartu, Estonia). Antibodies and immunofluorescence conditions are detailed in Table 1.
Animal treatment
All animal procedures were performed under the guidelines of the local animal welfare committee (permission
No. 34/2010). Mice were kept on a 12-h dark-light cycle
under controlled conditions (temperature: 22 ℃ ± 2 ℃;
relative humidity: 55% ± 10%) with unrestricted access
to food and water until the age of three weeks.
Mice were randomly divided into experimental groups
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Table 1 Antibody dilution, unmasking, incubation time, temperature, and immunodetection used for immunofluorescence
Antibody (source)
NF-κB p65
(Neomarkers, United States)

Unmasking of antigens

Dilution

Incubation

Detection system

Citrate buffer pH 6.0, 95 ℃, 10
min, water bath

1:1000

18 h at 4 ℃

IF with Alexa Fluor 546 (Invitrogen, Germany) as
secondary antibody

NF-κB: Nuclear factor kappa B; IF: Immunofluorescence.

Table 2 Primer sequences for real-time reverse transcription-polymerase chain reaction
mRNA
18S
PPARa
IL-1B
TNF
HMGCR
SCD1
CPT1a
NOS2
PTGS/COX2
FASN
SREBF2

Accession No.

Sense primer, 5'→3’

Antisense primer, 5'→3’

NR_003278.1
NM_001113418.1
NM_008361.3
NM_013693.2
NM_008255.2
NM_009127.4
NM_013495.2
NM_010927.3
XM_192868
NM_007988.3
NM_033218.1

GTAACCCGTTGAACCCCATT
CCTTCCCTGTGAACTGACG
GAGAGCCTGTGTTTTCCTCC
CCATTCCTGAGTTCTGCAAAGG
atccaggagcgaaccaagagag
agatctccagttcttacacgaccac
CTCAGTGGGAGCGACTCTTCA
ctcactgggacagcacagaa
tgacccccaaggctcaaatat
GGCTGCTACAAACAGACCAT
ACCTAGACCTCGCCAAAGGT

CCATCCAATCGGTAGTAGCG
CCACAGAGCGCTAAGCTGT
GAGTGCTGCCTAATGTCCC
AGGTAGGAAGGCCTGAGATCTTATC
cagaagccccaagcacaaac
ctttcatttcaggacggatgtct
GGCCTCTGTGGTACACGACAA
gatgtggccttgtggtgaa
tgaacccaggtcctcgctta
CACGGTAGAAAAGGCTCAGT
CGGATCACATTCCAGGAGA

PPARa: Peroxisome proliferator-activated receptor a; IL-1B: Interleukin 1B; TNF: Tumor necrosis factor; HMGCR: 3-hydroxy-3-methyl-glutaryl-CoA
reductase; SCD1: Stearoyl-CoA desaturase 1; CPT1a: Carnitine palmitoyl transferase 1a; NOS2: Nitric oxide synthase 2; PTGS/COX2: Prostaglandinendoperoxide synthase 2; FASN: Fatty acid synthase; SREBF2: Sterol regulatory element binding transcription factor 2.

Table 3 Scoring system for hepatocellular iron and nuclear
factor kappa B-p65 nuclear translocation
Scoring system

Assessed by

Hepatocellular iron
Score 0
No granules
Prussian blue
Score 1
Zone 1, granules seen at × 40
Score 2
Granules seen at × 20
Score 3
Granules seen at × 10
Score 4
Granules seen at × 10 in zone 1 and 2
NF-κB: Nuclear factor kappa B; IF: Immunofluorescence.

at the age of 3 wk and fed an MCD diet or an MCD diet
supplemented with choline bitartrate (2 g/kg) and DLmethionine (3 g/kg) for two or four weeks; the latter was
designated as the ctrl diet[18]. Male and female wild-type or
p62 transgenic mice were used as previously described[19].
Serum parameters
Animals were sacrificed and serum levels were determined at the Zentrallabor des Universitätsklinikums des
Saarlandes (Homburg, Germany).
Real-time reverse transcription-polymerase chain
reaction
Experiments and quantification were performed as previously described[22]. Primer sequences are listed in Table 2.
Quantification of thiobarbituric acid reactive substances
Products of lipid peroxidation were measured by a fluorimetric assay. Liver tissues (10-20 mg) were homogenized
in PBS (Na2HPO4 8.0 mmol/L, KH2PO4 1.5 mmol/L,
NaCl 160 mmol/L in water) containing 1% phosphatase
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inhibitor cocktail Ⅱ (Sigma-Aldrich, Taufkirchen, Germany), and centrifuged. For protein precipitation, 100
µL lysate was mixed with 200 µL ice cold 10% trichloroacetic acid and after incubation on ice, centrifuged for 10
min at 14000 g. The clear supernatant was mixed with an
equal volume of thiobarbituric acid (TBA) [0.67% (w/v)],
and heated for 15 min at 100 ℃. After cooling the supernatant down to room temperature, the fluorescence intensity of the samples was measured in duplicate in a 96
well plate at λex/em = 530 nm/572 nm. Thiobarbituric acid
reactive substances (TBARS) are expressed as malondialdehyde (MDA) equivalents as μmol per mg liver tissue.
An MDA standard was used to create a standard curve,
against which unknown samples were plotted.
Fatty acid profile analysis
Snap-frozen liver tissue samples were lyophilized until
dry (approximately 10 mg dry weight). Fatty acid extraction and alkaline hydrolysis was performed using the fatty
acid methyl ester method and measured with GC-MS as
previously published[3,23].
Histology and immunohistochemistry
For histological examination, paraffin-embedded liver tissue specimens were cut and stained with Prussian blue to
evaluate iron accumulation. Immunofluorescent staining
was performed after unmasking of the sections (Table 1).
The sections were immunostained with the appropriate
antibody; concentration and incubation time and temperature are listed in Table 1. Staining for unesterified “free”
cholesterol was performed on frozen liver sections with
filipin, which identifies free cholesterol[11]. Quantification
was performed with Image J software on five randomly
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Table 4 Liver weight and serum parameters of p62 transgenic and wild-type mice fed a methionine-choline deficient diet or control
diet for two and four weeks
2 wk

4 wk

ctrl
Number of animals
Relative liver weight
(% of body weight)
Serum ALT (U/L)
Serum AST (U/L)
Serum triglycerides (mg/dL)
Serum HDL
(mg/dL)
Serum glucose (mg/dL)

MCD

ctrl

MCD

wt

tg

wt

tg

wt

tg

wt

tg

10

10

12

12

10

10

12

12

4.8 ± 0.1

4.6 ± 0.1

3.4 ± 0.1c

4.0 ± 0.2a,c,e

289 ± 83
1568 ± 224
244 ± 19

233 ± 20
1535 ± 162
219 ± 17

418 ± 36c
2404 ± 125c
107 ± 5c

94 ± 6

98 ± 4

234 ± 27

179 ± 15

4.2 ± 01

4.1 ± 0.1

3.4 ± 0.1c

3.5 ± 0.2c,e

469 ± 73c,e
2544 ± 207c,e
128 ± 11c,e

189 ± 38
1845 ± 204
211 ± 18

222 ± 25
1712 ± 253
203 ± 21

235 ± 40
2813 ± 286c
95 ± 7c

209 ± 46
3057 ± 346c
106 ± 5c,e

24 ± 2c

21 ± 4c,e

112 ± 8

119 ± 8

15 ± 2c

18 ± 2c,e

67 ± 10c

59 ± 7c,e

193 ± 13

253 ± 36

59 ± 7c

40 ± 5a,c,e

a

P < 0.05 vs wild-type; cP < 0.05 vs control diet; eP < 0.05 vs wild-type on control diet; Values are expressed as the mean ± SEM; tg: Transgenic; wt: Wild-type;
ctrl: Control; MCD: Methionine-choline deficient.

selected pictures from each sample. NF-κB-p65 staining
was performed as previously published[24]. Counterstaining
with either Nuclear fastred for histochemistry or 4’,6’-diamidine-2-phenylindol (DAPI) for immunofluorescence
(IF) was performed and sections were dehydrated and embedded with Entellan® ( #107961, Merck, Germany). As a
negative control, sections were incubated without primary
antibody.
Three investigators, blinded to all experimental conditions (SMK, RMB, JH), examined the sections for hepatocellular iron and NF-κB-p65 nuclear translocation
(Table 3).
Statistical analysis
Data analysis and statistics were performed using Microsoft Office 2010 and OriginPro 8.6 G. The effect of
genotype, MCD diet, and their interactions were displayed
as mean values ± SEM with 10-12 animals per group.
Statistical differences were estimated using the KruskalWallis-ANOVA for nonparametric samples followed by
post-hoc-analysis with the Mann-Whitney U test. Differences were considered statistically significant when P values were less than 0.05.

RESULTS
General effects of dietary manipulation
Mice of both genotypes exhibited different characteristics
typical of the MCD diet. Specifically, we observed a loss
of body mass and relative liver weight through feeding
the MCD diet (Table 4). Due to reduced very low density
lipoprotein (VLDL) secretion from the liver[25], serum
triglycerides and cholesterol were reduced in MCD animals, as were serum glucose levels. p62 transgenic animals
exhibited a further reduction in serum glucose levels as
previously reported[18], most likely due to elevated IGF2
production. Elevated aspartate aminotransferase (AST)
and alanine transaminase (ALT) levels indicated liver damage induced by the MCD diet, as previously described[26]
(Table 4).
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p62 amplifies inflammation
Since p62 promotes NASH-induced fibrosis paralleled
by increased expression of the chemokine monocyte
chemoattractant protein 1 (MCP1)/chemokine ligand 2
(CCl2)[18], our previous data suggested that p62 elicits an
increased inflammatory response during NASH. Histological detection of activated NF-κB was assessed by nuclear
translocation of its subunit p65, and suggested an elevated
immune response in p62 transgenics (Figure 1A). This elevated response was confirmed by an NF-κB-dependent
gene expression profile, which showed increased levels
of tumor necrosis factor (TNF) (Figure 1B), inducible
nitric oxide synthase 2 (Nos2) (Figure 1C), prostaglandinendoperoxide synthase 2 (PTGS/COX2) (Figure 1D), and
interleukin (IL) 1B in p62 transgenic mice (Figure 1E).
p62 alters the fatty acid pattern
Animals of both genotypes developed steatosis on the
MCD diet. However, previous histological analyses suggested an amplification of steatosis in p62 transgenic animals compared to their wild-type littermates[18]. After two
weeks, the relative liver weight was significantly increased
in transgenics (P = 0.02) (Table 4) and therefore consistent with the histological changes. GC-MS analyses revealed significantly higher levels of hepatic fatty acids in
p62 transgenic mice (Figure 2A), whereas serum triglycerides were unchanged (Table 4). The hepatic fatty acid pattern indicated strong alterations in p62 transgenic animals
compared to their wild-type littermates after two weeks
on the MCD diet (Table 5). In particular, a more pronounced accumulation of MUFA compared to saturated
fatty acids (SFA) and polyunsaturated fatty acids (PUFA)
was observed in transgenic animals (MUFA: 68% increase
vs SFA: 40% and PUFA: 45%) (Figure 2B). Both the distinct elevation of palmitoleic acid (C16:1) and oleic acid
(C18:1) (Figure 2C) indicated increased desaturase activity. Gene expression of the desaturase stearoyl-CoA desaturase (SCD) 1, which is responsible for the formation
of C16:1 and C18:1 fatty acids, tended to be increased
in p62 transgenic animals, despite a strong downregula-
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0.00000
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Figure 1 p62 expression amplifies inflammation. A: Immunofluorescent staining with anti-nuclear factor kappa B (NF-κB)-p65 (red, left panel), 4’,6-diamidino-2phenylindole (DAPI) for nuclei (blue, middle panel), and merge (right panel) shows activation of NF-κB after four weeks on the methionine-choline deficient (MCD) diet
through p65 translocation to the nucleus (white arrows) (original magnification: × 400); B-E: Gene expression analysis from quantitative real-time reverse transcription-polymerase chain reaction (RT-PCR) of NF-κB target genes with tumor necrosis factor (TNF) (B), inducible nitric oxide synthase 2 (NOS2 ) (C), prostaglandinendoperoxide synthase 2 (PTGS/COX2 ) (D), and interleukin 1B (IL-1B ) (E) from whole livers are expressed as a ratio against the housekeeping gene, 18S . Data are
presented as the mean ± SEM (n = 10-12). ctrl: Control; wt: Wild type; tg: Transgenie.

tion on the MCD diet (Figure 2D). Expression of other
lipogenic and fatty acid catabolism regulators, such as the
fatty acid synthase (FASN), the lipolysis regulator peroxisome proliferator-activated receptor a (PPARa), and the
promotor of β-oxidation, carnitine palmitoyl transferase
1a (CPT1a), were not altered upon p62 expression when
mice were fed the MCD diet (Figure 2D).
Elevated cholesterol in p62 transgenic animals
Both liver cholesterol as well as serum cholesterol were
distinctly elevated in p62 transgenic mice (Figure 3A and
B). Filipin staining for free cholesterol revealed a significant increase in free cholesterol in p62 transgenic animals
on the MCD diet (Figure 3C, D). While the mRNA levels
of HMGCR were not significantly upregulated (Figure
3E), the expression of the cholesterol metabolism-related
transcription factor sterol regulatory element binding
transcription factor 2 (SREBF2) was significantly increased after four weeks (Figure 3F).
p62 induces hepatocellular iron deposition and lipid
peroxidation
Because cholesterol biosynthesis was previously reported
to be induced by elevated hepatic iron[27], iron deposition
was next evaluated. Both genotypes on the MCD diet
had elevated hepatic iron deposition with a more distinct
iron accumulation in p62 transgenic mice (Figure 4A, B).
Interestingly, iron deposition was also detected in transgenic, but not in wild-type mice on the ctrl diet (Figure
4B). Since hepatocellular iron is a promoter of oxidative
stress, we assessed lipid peroxidation. Accordingly, p62
expression significantly increased lipid peroxidation as
analyzed by a TBARS assay on the control diet at two
weeks and, on the MCD diet, a respective trend was observed at four weeks (Figure 4C).
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DISCUSSION
The fatty acid composition and the accumulation of free
cholesterol have been implicated in playing a critical role in
the development of NASH since an altered lipidome[3,11,12]
as well as free cholesterol, positively correlate with the
severity of NASH[10,12,28,29]. Dietary cholesterol may play a
role in NAFLD onset[30]. In the current study, we describe
an increased production of free cholesterol in mice with
liver-specific overexpression of p62 in the absence of dietary cholesterol.
Because elevated activation of NF-κB is observed in
p62 transgenic animals, they are more prone to an inflammatory response in this model of NASH. Accordingly,
gene expression of inflammatory mediators such as TNF
were elevated in these animals, which has previously been
shown for MCP1/CCl2[18]. TNF is strongly correlated
with fatty acid metabolism as it negatively regulates the
expression of PPARa, leading to decreased catabolism[31].
In human NAFLD, elevated serum TNF levels in patients
are a strong indicator for the progression from steatosis
to NASH[32].
Surprisingly, we detected a lower apoptosis rate in p62
transgenic mice when we examined cleaved caspase-3
by immunohistochemistry, counteracting the apoptosisinducing effect of TNF[33]. Additionally, p62 transgenic
animals did not show an induction of liver damage despite elevated fat and inflammation, which is in contrast
to elevated AST and ALT levels in human NASH[34]. The
combination of less apoptosis and liver damage confirms
the cytoprotective properties of p62[16,19] and may highlight a correlation with the cytoprotective actions of MUFAs[6]. The increase of IL-1B mRNA as a result of NFκB activation in p62 transgenic animals might further link
early lipidomic changes in steatosis with progression to a
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Figure 2 p62 alters the fatty acid pattern. A: Sum of all fatty acids in mice fed the methionine-choline deficient (MCD) or ctrl diet for two and four weeks. Liver tissues were lyophilized, lipids were hydrolyzed, and fatty acids (FA) were analyzed by gas-chromatography mass-spectrometry (GC-MS); B: Sum of the saturated fatty
acids (SFA), monounsaturated fatty acids (MUFA), polyunsaturated fatty acids (PUFA), and all fatty acids (sum FA) from animals fed the MCD diet for two weeks are
presented as the mean ± SEM (n = 9-12). Data are displayed as the percentage of MCD-fed wild-type mice, which were set to 100%, each; C: Palmitic acid (C16:0),
palmitoleic acid (C16:1), stearic acid (C18:0), and oleic acid (C18:1) are presented as the mean ± SEM (n = 9-12); D: Relative hepatic mRNA expression of stearoylCoA desaturase (SCD) 1, fatty acid synthase (FASN), peroxisome proliferator-activated receptor a (PPARa), and carnitine palmitoyl transferase (CPT) 1a from mice
fed the MCD diet for two and four weeks were normalized against the housekeeping gene 18S and are shown as the percentage of MCD-fed wild-type mice, which
were set to 100%, each. Data are presented as the mean ± SEM (n = 10-12). tg: Transgenic; wt: Wild-type; ctrl: Control.

strong inflammatory response[35,36].
Interestingly, the amount of MUFA was increased relative to SFA and PUFA in p62 transgenic animals, indicating that there are alterations in the fatty acid metabolism
in both NASH and NASH-related HCC[3,6]. Increased
MUFAs are correlated with hypertriglyceridemia and obesity[37], without exogenous ingestion, due to hepatic synthesis. In animal studies, exogenous MUFAs were found
to be protective against MCD-induced NASH[8].
Desaturases represent the rate-limiting enzymes for
the production of palmitoleic (C16:1) and oleic acid
(C18:1), with SCD1 being the predominant form in the
liver[38,39]. In this study, we observed an increase in SCD1
in p62 transgenic animals, despite a strong downregulation on the MCD diet. In human NASH-related HCC tissues, an upregulation of SCD1 was also found[6]. The expression of FASN was found to be downregulated with
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the MCD diet without differences among the genotypes,
similar to other murine models of steatohepatitis[31,40]
and human NASH[28]. We also found no changes for the
lipolysis regulators PPARa and CPT1 in p62 transgenic
mice.
p62 transgenic mice fed the MCD diet showed hyperlipidemia with increased serum cholesterol levels. These
findings are particularly interesting given that the MCD
diet is known for lowered serum triglyceride (TG) levels
and, in this particular case, differs from human NASH[41].
To our knowledge, this is the first time that an increase in
hepatic total and free cholesterol has been documented in
a nutritional mouse model without exogenous cholesterol.
Increased dietary cholesterol intake is associated with risk
and severity of NAFLD and is paralleled by hepatic free
cholesterol accumulation in human as well as in experimental settings[42] and even differentiates steatosis from
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Table 5 Gas-chromatography mass-spectrometry fatty acid analyses of mice fed the methionine-choline deficient or control diet for
two weeks
Fatty acid
14:0
15:0
16:0
16:1
17:0
17:1
18:0
18:1
18:2
18:3
20:0
20:1
20:2
20:3
20:4
22:0
22:1
22:4
22:6
23:0
24:0

ctrl wt

ctrl tg

0.25 ± 0.04
0.01 ± 0.003
17.23 ± 0.79
1.69 ± 0.29
0.11 ± 0.01
0.02 ± 0.01
12.64 ± 0.57
20.13 ± 2.51
17.88 ± 0.87
0.23 ± 0.05
0.22 ± 0.05
0.40 ± 0.03
0.45 ± 0.04
1.09 ± 0.09
13.69 ± 0.58
0.59 ± 0.11
0.01 ± 0.003
0.57 ± 0.05
4.72 ± 0.28
0.08 ± 0.01
0.42 ± 0.02

0.25 ± 0.05
0.01 ± 0.003
16.08 ± 1.43
1.51 ± 0.30
0.06 ± 0.01
0.01 ± 0.01
9.41 ± 0.81
17.98 ± 2.07
16.42 ± 1.60
0.27 ± 0.10
0.10 ± 0.03
0.30 ± 0.04
0.53 ± 0.06
0.89 ± 0.14
10.37 ± 0.80
0.29 ± 0.07
0.003 ± 0.003
0.51 ± 0.08
3.82 ± 0.29
0.04 ± 0.004
0.31 ± 0.02

P value1
0.970
0.113
0.623
0.570
0.021
0.046
0.006
0.678
0.241
0.571
0.045
0.045
0.385
0.186
0.011
0.031
0.387
0.273
0.054
0.0003
0.003

MCD wt

MCD tg

0.24 ± 0.04
0.02 ± 0.01
17.16 ± 1.63
0.57 ± 0.10
0.23 ± 0.03
0.003 ± 0.003
13.08 ± 0.97
24.11 ± 1.28
23.90 ± 2.15
1.50 ± 0.28
0.14 ± 0.03
0.81 ± 0.14
1.67 ± 0.17
2.87 ± 0.37
16.49 ± 1.15
0.31 ± 0.03
0.01 ± 0.01
4.24 ± 0.48
12.08 ± 0.90
0.08 ± 0.01
0.45 ± 0.02

0.43 ± 0.04
0.05 ± 0.01
23.85 ± 1.65
1.13 ± 0.12
0.34 ± 0.03
0.01 ± 0.01
18.15 ± 1.00
39.66 ± 3.27
36.28 ± 6.34
2.99 ± 0.46
0.33 ± 0.05
1.99 ± 0.27
2.94 ± 0.25
5.15 ± 0.44
23.20 ± 1.81
0.50 ± 0.03
0.04 ± 0.01
6.25 ± 0.56
14.06 ± 1.05
0.10 ± 0.01
0.63 ± 0.05

P value2

P value3

0.003
0.035
0.006
0.005
0.010
0.514
0.0014
0.001
0.040
0.003
0.0007
0.002
0.0006
0.0006
0.006
0.0007
0.091
0.0036
0.214
0.194
0.0013

0.005
0.002
0.0033
0.138
0.0001
0.117
0.0009
0.0009
0.004
0.00009
0.138
0.00009
0.00009
0.00009
0.00015
0.921
0.129
0.00009
0.00009
0.223
0.0009

1

P value of the comparison between ctrl wt and ctrl tg; 2P value of the comparison between MCD wt and MCD tg; 3P value of the comparison between ctrl
wt and MCD tg; Values (µg/mg dry liver tissue) are expressed as the mean ± SEM. Liver tissues were lyophilized and analyzed by gas-chromatography
mass-spectrometry. tg: Transgenic; wt: Wild-type; ctrl: Control; MCD: Methionine-choline deficient.

A

P = 0.0012
160

P = 0.00009

P = 0.025

P = 0.024

B

wt
tg

Cholesterol (µg/mg liver dry weight)

Serum cholesterol (mg/dL)

140
120
100
80
60
40
20
0

ctrl

MCD

ctrl

2 wk

P = 0.001
25

4 wk

P = 0.046

10

5

ctrl

MCD

D
tg

MCD

17846

MCD
4 wk

4.5

P = 0.0001

wt
tg

3.5
3.0
2.5
2.0
1.5
1.0
0.5
0

WJG|www.wjgnet.com

ctrl

4.0
% positive area free cholesterol

wt

tg

15

2 wk

C

P = 0.06

wt

20

0

MCD

P = 0.038

MCD

December 21, 2014|Volume 20|Issue 47|

Simon Y et al . p62-induced free cholesterol aggravates NASH

E

F

wt

P = 0.01
0.016

tg

P = 0.049

wt
tg

0.016

SREBF2 /18S mRNA expression

0.014

HMGCR /18S mRNA expression

P = 0.017
0.018

0.012
0.010
0.008
0.006
0.004
0.002

0.014
0.012
0.010
0.008
0.006
0.004
0.002
0.000

0.000
ctrl

MCD

ctrl

2 wk

MCD

ctrl

4 wk

MCD
2 wk

ctrl

MCD
4 wk

Figure 3 p62 expression elevates serum and liver cholesterol. A, B: Hepatic (A) and serum (B) cholesterol concentrations in mice fed the respective diet for two
or four weeks; C, D: Representative cryosections stained with Filipin for hepatic free cholesterol in mice fed the methionine-choline deficient (MCD) diet for four weeks
(original magnification: × 400) (C) with corresponding quantification (D) (mean out of five randomly picked sections on the slide); E, F: Relative hepatic mRNA expression of 3-hydroxy-3-methyl-glutaryl-CoA reductase (HMG-CoA reductase or HMGCR) (E) and sterol regulatory element binding transcription factor 2 (SREBF2) (F) are
shown as a ratio against the housekeeping gene, 18S. Data are presented as the mean ± SEM (n = 10-12). tg: Transgenic; wt: Wild-type; ctrl: Control.
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Figure 4 p62 expression leads to increased iron accumulation and reactive oxygen species production. A, B: Representative paraffin-embedded liver sections stained with Prussian blue for iron accumulation from animals fed the respective diet for four weeks (original magnification × 200 and × 500 for inserts) (A) with
the corresponding hepatocellular iron score (B) for all time points (for scoring, see supplement S1); C: Hepatic thiobarbituric acid reactive substances (TBARS) were
measured to indicate lipid peroxidation and are presented as the mean ± SEM (n = 10-12). tg: Transgenic; wt: Wild-type; ctrl: Control; MCD: Methionine and choline
deficient.

NASH[43]. Besides dietary cholesterol intake, cellular cholesterol accumulation may result from disturbed cholesterol homeostasis[42]. Here, we observed enhanced expression
of SREBF2, but no distinct effect on the expression of
the rate-limiting enzyme HMGCR. While a positive correlation between the severity of NASH with the expression
of these genes was found[29], others reported no correlation between SREBF2 and hepatic cholesterol despite
elevated HMGCR[27]. Interestingly, however, cholesterol
biosynthesis was found to be positively correlated with
iron accumulation: when additional iron was given, it led to
deposition of free cholesterol and an upregulation of cholesterol biosynthesis[27]. Furthermore, hepatocellular iron
deposition was reported to be elevated in human NASH
patients[44] and NASH-related HCC patients[45]. Variations
in hepatic iron levels can directly lead to a modulation of
lipogenesis and lipid storage and secretion, as iron is an integral part of several lipid metabolism related enzymes[46].
In this context, SCD1 activity has been shown to be irondependent, as the protein contains iron as a cofactor[47].
Accordingly, the iron accumulation in p62 transgenic mice
might elevate SCD1 activity.
Enhanced iron accumulation is also related to enhanced
lipid peroxidation[44] since iron is known to catalyze the
production of reactive oxygen species, which can then
initiate cellular damage and lipid peroxidation[48]. In fact,
reactive oxygen species have been suggested as critical
contributors to the second hit required for disease onset[49].
Elevated production of reactive oxygen species in p62
transgenics on the ctrl diet, which correlates with the iron
accumulation in these animals, might predispose them towards the development of NASH.
Taken together, this study reveals that liver-specific
overexpression of p62 leads to an amplified progression
of NAFLD towards NASH through increased produc-
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tion of hepatic free cholesterol driving the inflammatory
response in liver disease.
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Background

In industrialized countries, non-alcoholic fatty liver disease (NAFLD) represents
the most frequent chronic liver disease and is a potential risk factor for the development of hepatocellular carcinoma (HCC), the most common primary liver
cancer. HCC, an aggressive cancer with high mortality, is difficult to detect and
treat. The insulin-like growth factor (IGF) 2 mRNA binding protein p62 was originally discovered in an HCC patient. p62 induces fatty liver and promotes nonalcoholic steatohepatitis (NASH)-induced fibrosis.

Research frontiers

Dietary cholesterol represents a critical factor in the development of NASH from
hepatic steatosis. In this context, the accumulation of free cholesterol was recently highlighted as important trigger for the progression from simple steatosis
to severe NASH. Recently, the role of free cholesterol and iron accumulation in
NASH progression have been actively researched. Whether and how elevated
free cholesterol can accumulate independently of dietary cholesterol is a current topic of strong interest.

Innovations and breakthroughs

The authors show for the first time that free cholesterol can accumulate and
promote NAFLD in the absence of dietary cholesterol. The IGF2 mRNA binding
protein p62 facilitates increased levels of both free cholesterol and hepatic iron.
Furthermore, hepatic iron accumulation was associated with lipid peroxidation.
In summary, this study shows that p62 drives the progression of NASH by increasing hepatic free cholesterol.

Applications

The understanding of how p62 promotes NASH progression and further characterization of the role of specific lipid changes will increase knowledge about
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NASH pathogenesis and might therefore aid in the development of preventive
strategies against NASH and NASH-associated HCC. This might also lead to
new therapeutic options in NASH treatment.
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Terminology

Free cholesterol: cholesterol not esterified with a fatty acid.

Peer review

The data show that p62/IGF2BP2-2 drives the progression of NASH by increasing hepatic free cholesterol. This study is well executed and relevant to clinicians and scientists studying NASH and NAFLD.
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Abstract
AIM: To develop a model of stress-induced senescence
to study the hepatocyte senescence associated secretory phenotype (SASP).
METHODS: Hydrogen peroxide treatment was used
to induce senescence in the human HepG2 hepatocyte
cell line. Senescence was confirmed by cytochemical
staining for a panel of markers including Ki67, p21, heterochromatin protein 1β, and senescence-associatedβ-galactosidase activity. Senescent hepatocytes were
characterised by gene expression arrays and quantitative
polymerase chain reaction (qPCR), and conditioned media was used in proteomic analyses, a human chemokine
protein array, and cell migration assays to characterise
the composition and function of the hepatocyte SASP.
RESULTS: Senescent hepatocytes induced classical
markers of senescence (p21, heterochromatin protein
1β, and senescence-associated-β-galactosidase activity); and downregulated the proliferation marker, Ki67.
Hepatocyte senescence induced a 4.6-fold increase in
total secreted protein (P = 0.06) without major alterations in the protein profile. Senescence-induced genes
were identified by microarray (Benjamini Hochbergcorrected P < 0.05); and, consistent with the increase
in secreted protein, gene ontology analysis revealed
a significant enrichment of secreted proteins among
inducible genes. The hepatocyte SASP included characteristic factors such as interleukin (IL)-8 and IL-6,
as well as novel components such as SAA4, IL-32
and Fibrinogen, which were validated by qPCR and/
or chemokine protein array. Senescent hepatocyteconditioned medium elicited migration of inflammatory
(granulocyte-macrophage colony stimulating factor,
GM-CSF-derived), but not non-inflammatory (CSF-1-
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derived) human macrophages (P = 0.022), which could
contribute to a pro-inflammatory microenvironment in
vivo , or facilitate the clearance of senescent cells.
CONCLUSION: Our novel model of hepatocyte senescence provides insights into mechanisms by which senescent hepatocytes may promote chronic liver disease
pathogenesis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cell aging; Chemokines; Hepatocytes; Inflammation; Liver diseases; Macrophages
Core tip: Hepatocyte senescence is observed in all chronic liver diseases of hepatocellular origin, even at early
stages of disease progression. Although widely studied
in cancer biology, the role of cellular senescence in the
pathogenesis of inflammatory diseases is not known.
We developed a novel model of stress-induced hepatocyte senescence and used it to demonstrate that
senescent human hepatocytes adopt a hyper-secretory
phenotype, which is likely to condition their microenvironment and contribute to disease pathogenesis. We
used microarray and proteomic analysis to characterise
senescent hepatocytes and identify candidate mediators; and confirmed the functional relevance of senescence-associated secretory phenotype by demonstrating that conditioned media from senescent hepatocytes
elicits inflammatory macrophage migration.
Irvine KM, Skoien R, Bokil NJ, Melino M, Thomas GP, Loo
D, Gabrielli B, Hill MM, Sweet MJ, Clouston AD, Powell
EE. Senescent human hepatocytes express a unique secretory
phenotype and promote macrophage migration. World J
Gastroenterol 2014; 20(47): 17851-17862 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i47/17851.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i47.17851

INTRODUCTION
In chronic liver diseases such as viral infection and nonalcoholic fatty liver disease (NAFLD), hepatocyte regenerative capacity is impaired due to increased cell turnover and injury by DNA damage or oxidative stress[1,2].
Growth-arrested hepatocytes may evolve to a senescent
state, characterized by cell cycle arrest and resistance to
growth factor stimulation, despite continued metabolic activity. Senescent cells in liver sections have been detected
using various methods, including histochemical staining
for β-galactosidase activity (an enzymatic marker associated with replicative senescence) or positive staining for
the cyclin-dependent kinase inhibitor, p21, in hepatocyte
nuclei. Other cytochemical techniques assess telomere
shortening or the formation of senescence-associated heterochromatin foci (SAHF). Using one or more of these
techniques, several groups have reported the presence of
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increased numbers of senescent hepatocytes in chronic
hepatitis and cirrhosis[3-5]. Senescent hepatocytes were
preferentially located in periportal or periseptal areas[3,6,7],
particularly adjacent to areas with prominent mononuclear
cell infiltration[8] and bile ductular reaction[9].
Senescence arrests the growth of cells at risk of neoplastic transformation, and it has most frequently been
studied in the context of tumour suppression[10]. However, the role of senescence in tumorigenesis is complex,
since factors secreted by senescent cells can also promote
malignant phenotypes in neighbouring cells, such as
proliferation and invasion[11]. The contribution of senescence to non-cancer pathologies has rarely been studied,
although it is recognised that senescent cells can have
deleterious effects on the tissue microenvironment. Accumulation of senescent cells in chronic liver diseases
may contribute to ongoing injury, altered tissue repair and
fibrogenesis[11,12]. Recent studies in human alcoholic liver
disease and NAFLD demonstrated that, in addition to
a strong association between hepatocyte p21 expression
and fibrosis stage, there was an independent relationship
between the proportion of senescent hepatocytes and an
adverse clinical outcome (including hepatocellular cancer, liver transplantation and liver-related death)[13,14]. The
mechanistic basis for the pathogenic effects of senescence in chronic liver disease remains unclear, although
it is recognized that senescent cells can adversely affect
their microenvironment via the adoption of specific “secretory” phenotypes (including cytokines, chemokines,
growth factors and proteases), which typically have a
pro-inflammatory effect on surrounding cells[11]. The
senescence-associated secretory phenotype (SASP)[15] has
been extensively characterised in other cells, most notably
fibroblasts. It is known that different cell types express
distinct but overlapping SASPs in response to different
triggers of senescence[15], but the SASP of senescent hepatocytes has not been investigated.
The aim of this study was to develop an in vitro model
to investigate senescence-induced changes in hepatocyte
gene expression and secretory profile. The chemokine
profile and chemotactic capacity of cultured senescent
hepatocytes was specifically examined, in view of their
location in diseased tissue adjacent to areas with prominent
mononuclear cell infiltration,

MATERIALS AND METHODS
Cell culture and preparation of senescent cell
conditioned media
The human hepatoma-derived cell line, HepG2, was purchased from American Type Culture Collection. Unless
otherwise indicated, cells were cultured in “complete medium” comprising Dulbecco’s modified eagle’s medium
supplemented with 10% foetal bovine serum (FBS, Invitrogen), 100 U/mL penicillin/100 μg/mL streptomycin/2
mmol GlutaMAX/20 μmol non-essential amino acids,
and maintained at 37 ℃/5% CO2. For dose response assays, HepG2 cells were cultured for 48 h in the presence
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of 150-600 μmol/L hydrogen peroxide (H2O2, Sigma).
Cell viability and metabolic activity was determined using the CellTiter96® Assay (Promega). The degree of
cell lysis was determined by assaying for lactate dehydrogenase in culture medium (Sigma). Fully lysed HepG2
cells (treated with 0.25% Triton-X 100) were used as a
positive control. To induce senescence, HepG2 cells were
seeded at 2 × 105/well in 6 well plates and treated with a
single dose of H2O2 (300 μmol/L) each day for the first
2 d to induce replicative arrest. Senescence was assessed
following culture for a further 7 d (without H2O2 treatment), with the media refreshed every 3 d. Due to the
proliferative disadvantage of non-senescent cells, control
cultures were seeded at 5 × 104 cells/well and cultured
in parallel to senescent cultures for 7 d. Cells for immunostaining were seeded on glass coverslips and treated
identically. To facilitate study of conditioned media, in
some experiments cells were subsequently cultured for
24 h in serum free medium prior to harvest of cells and
conditioned medium on day (D) 10. Conditioned culture
media was clarified by centrifugation at 600 g, filtered (0.22
μm micropore filters; Corning) and stored in single-use
aliquots at -80 ℃. The protein concentration of conditioned culture media was quantified by Bradford Assay
(Bio-Rad). To generate human monocyte-derived macrophages (HMDM), CD14+ monocytes were isolated from
human buffy coats, obtained from the Australian Red
Cross Blood Service. Ficoll-Paque Plus (GE Healthcare)
density gradient separation was used to isolate Peripheral
Blood Mononuclear Cells followed by positive selection
of CD14+ monocytes (Miltenyi Biotech). Isolated CD14+
monocytes (> 90% purity by flow cytometry) were cultured for 7 d in Iscove’s Modified Dulbecco’s Medium
with 10% heat inactivated FBS/50 U/mL Penicillin/50
μg/mL Streptomycin in the presence of human macrophage colony stimulating factor (M-CSF) (1 × 104 U/mL)
or granulocyte macrophage colony stimulating factor
(GM-CSF) (10 ng/mL) to generate HMDM.
Assays for cellular senescence
Replicative arrest was assessed by p21WAF1/Cip1 (EA10, Invitrogen) and Ki-67 staining (SP6, Cell Marque), with DAPI
counter-staining for cell nuclei. Senescence was determined by staining for HP1β (1MOD-1A9, Millipore) and
senescence-associated β-galactosidase (SA-β-Gal) activity
(Sigma). Cells in a single 400 × high power field (HPF)
were quantified by counting the number of positive cells
as a proportion of total DAPI-stained cells (10 × HPF/
treatment). Results were expressed as the proportion of
positively-stained nuclei in treated and untreated cell cultures. All experiments were performed three times and
results pooled for analysis.
Polyacrylamide gel electrophoresis and mass
spectrometry
Standard polyacrylamide gel electrophoresis (PAGE) was
performed with the NuPAGE system (10% Bis-Tris gel,
MES-SDS running buffer). Two dimensional (2D) gel
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electrophoresis, in-gel digest and protein identification
by tandem mass spectrometry were performed as previously described[16]. To focus on small molecular weight
proteins, 12% SDS-PAGE and pH3-11 non-linear IPG
gradients were used. Spectrum Mill software (Agilent
Technologies) was used for database searching, using the
SwissProt database (species Homo sapiens, with carbamidomethylated cysteine as fixed modification and oxidized
methionine as variable), a maximum missed cleavage of
2, precursor mass tolerance of ± 20 and product mass
tolerance of ± 50. Results were filtered by protein score
of > 11.0, peptide score of > 10, and % scored peak
intensity of > 60.
Microarray analysis of untreated and senescent HepG2
cells
Total RNA was extracted from untreated HepG2 cells
cultured for 2 d, as well as control and senescent cells
cultured for 10 d (including 24 h in serum free medium),
using TRI reagent (Sigma). RNA quality was assessed
with an Agilent 2100 BioAnalyser and only samples with
a RNA integrity number above 8.0 were included. cRNA
was generated from 500 ng total RNA using the Illumina
TotalPrep cRNA Amplification Kit (Applied Biosciences) and hybridised to Human HT-12_V3 Expression BeadChips (Illumina). Array data were processed
using Illumina GenomeStudio software and imported
into Genespring (Agilent) for analysis. Each array was
normalised to the 50th percentile probe expression (per
array normalisation), and each probe was normalised
to its average expression in control, untreated HepG2
cells at day 10. Data were filtered to remove probes that
did not reach an Illumina detection score of 1 in at least
one sample. A senescence-associated gene expression
signature was identified by selecting probes that were differentially expressed between control and senescent cells
(D10, ≥ 1.5 ×, P < 0.05, t-test with Benjamini Hochberg
multiple testing correction), and subtracting probes that
were differentially expressed between untreated HepG2
cells at baseline (D2) and D10 (≥ 1.5 ×, Benjamini Hochberg-corrected P < 0.05). Gene ontology (GO) analysis
was performed using DAVID[17] with the Illumina HT12
genome as background. Significantly enriched (P < 0.05)
GO terms, KEGG pathways and sequence features were
hand-curated to remove redundant terms.
Real-time polymerase chain reaction
RNA was reverse-transcribed to cDNA using SuperScriptIII Reverse Transcriptase (Invitrogen). Quantitative realtime PCR (qPCR) for genes of interest was performed
using SYBR green (ABI) on an HT9000 cycler with default cycle settings. Relative expression was analysed using
HPRT as housekeeping gene and the delta-Ct method.
Primer sequences used in this study were: HPRT, Forward: TCAGGCAGTATAATCCAAAGATGGT; HPRT,
Reverse: AGTCTGGCTTATATCCAACACTTCG; IL6,
Forward: ATG CAA TAA CCA CCC CTG AC; IL6,
Reverse: AAA GCT GCG CAG AAT GAG AT; SAA4,
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Forward: CCA AAG CCA GCA GAG GTA CCA AC;
SAA4, Reverse: ACG AAC GCC AGC TTT CAC TGG;
ECADH, Forward: ATT GCA AAT TCC TGC CAT
TC; ECADH, Reverse: GCT GGC TCA AGT CAA
AGT CC; IL32, Forward: AGA CAG TGG CGG CTT
ATT ATG AG; IL32, Reverse: GCA CCG TAA TCC
ATC TCT TTC TTT; IL8, Forward/Reverse: proprietary
(Applied Biosystems).
Human chemokine array and macrophage migration
assays using conditioned media
The human chemokine antibody array (RD Systems,
ARY017) was performed according to the manufacturers’ instructions. Macrophage migration was assessed
using the xCELLigence (RTCA DP) system (ACEA Biosciences) in 16 well CIM-Plates. The upper chamber of
each well of the plate was coated with 0.1% Fibronectin
from human plasma (Sigma-Aldrich). The lower chamber
was filled with 160 μL control or senescent conditioned
media (CM). Thirty microlitres of complete media was
added to the top chamber and the set-up was allowed to
equilibrate at 37 ℃ for 30 min. 1 × 105 HMDM resuspended in complete media without differentiation factors
were added to the top chamber. Impedance readings were
collected every 5 min over a 24 h period. xCELLigenece
assays were conducted using CM from 4 independent
senescence cultures with M-CSF- and GM-CSF-derived
HMDM from 2 independent blood donors. Transwell assays were conducted using 24 well transwell culture plates
(Corning) with control or senescent conditioned medium
in the lower chamber. After 24 h incubation, cells were
fixed in paraformaldehyde, and stained with DAPI. Five
random images per transwell membrane were captured
and nuclei were counted, blinded as to sample identity.
Transwell assays were conducted using CM from 4 independent senescence cultures with M-CSF- and GM-CSFderived HMDM from 1 blood donor.
Statistical analysis
Where not elsewhere described, statistical analyses were
conducted in GraphPad Prism, using the Mann-Whitney
U test to compare between treatment conditions. For
independent biological replicates data were expressed as
mean ± SE where n > 3, or mean ± range where n = 2.
For technical replicates data were expressed as mean ±
SD.

RESULTS
Oxidative stress causes replicative arrest and
senescence in HepG2 cells
We sought to establish an in vitro model of oxidative
stress-induced senescence in the human hepatocyte cell
line, HepG2 by exposure to an acute (48 h), sub-lethal
dose of H2O2, an oxidant produced in normal cellular
aerobic metabolism and inflammation. H2O2 treatment
was previously reported to induce premature senescence
in fibroblasts, and has been used as a model of aging[18].
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We first performed a H2O2 dose response to select a
dose that did not affect hepatocyte viability. Treatment
with 300 μmol/L H2O2 for 48 h did not affect HepG2
metabolic activity (Figure 1A), or survival (lactate dehydrogenase release into culture medium was 8% ± 0.1%
and 8.5% ± 0.1% of the lysed cell control for untreated
and H2O2-treated HepG2 cells respectively). Following
treatment, cells were cultured for a further 7 d in the absence of H2O2, to allow time for the SASP to develop[11],
and 1 d in serum free media (to minimise interference
of serum proteins in conditioned media studies). Cells
were thus routinely analysed on D10 of the experimental
protocol. H2O2-treated HepG2 cells adopted a flattened,
elongated morphology, typical of senescent cells (Figure
1B). Senescence was confirmed by reduced expression of
the proliferation-associated protein Ki67, together with
increases in β-galactosidase activity, expression of the
cell cycle inhibitor p21, and appearance of nuclear heterochromatin protein-1-beta (HP1β) positive nuclear foci
(Figure 1C, D, P < 0.01). The involvement of both p21
and SAHF suggests the involvement of both the p53and p16/Rb-dependent senescence pathways in hepatocytes, consistent with reports of p16/p21 co-expression
in senescent liver cells in vivo[19].
Senescent hepatocyte secretory profile
One of the cardinal features associated with cellular senescence is an increase in secretory activity[15]. Senescent
hepatocytes secreted more protein than control cells on
a per cell basis (mean 4.6-fold increase per cell, P = 0.06).
SDS PAGE analysis of proteins secreted by an equivalent number of control and senescent cells illustrated this
increase in protein production, and suggested a similar
repertoire of secreted proteins in senescent and control
cells (Figure 2A). Analysis of an equivalent amount of
protein from control and senescent CM by 2D PAGE
further demonstrated that the gross hepatocyte secretory
profile in control and senescent hepatocyte conditioned
medium was similar, suggesting a generalised upregulation of normal hepatocyte secretory products (Figure
2B, C). Senescent hepatocytes may even express a more
limited repertoire of proteins than non-senescent cells,
at least for abundant proteins visible by coomassie staining (compare Figure 2B, C). One region of the 2D gel
(indicated in Figure 2) that was clearly different between
control and senescent CM was excised and subjected to
mass spectrometry. 14 proteins in this region were identified by ≥ 2 unique peptides in senescent CM, compared
to 31 in control CM. The most abundant proteins in senescent CM were alpha-fetoprotein and albumin (21/19
spectra respectively, compared to 8/6 spectra in control
CM). Complement C3 was the only protein uniquely detected in senescent CM. Since few differences between
control and senescent secretory profiles were evident in
our preliminary proteomics analysis, and because many
SASP factors (such as cytokines and chemokines) may be
expressed at low levels, we adopted a transcriptomic approach to further characterise senescent hepatocytes.
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Figure 1 Stress-induced senescence in human hepatocytes. A: HepG2 cells were treated with the indicated doses of hydrogen peroxide (H2O2) and survival assessed using a tetrazolium reduction assay; B: Phase contrast, Ki67 immunocytochemistry, β-galactosidase activity, p21 immunocytochemistry, and heterochromatin
protein 1 beta (HP1β) immunocytochemistry in control (Con.) and H2O2-treated senescent (Sen.) HepG2 7 d after release from H2O2 treatment. All panels magnification × 200, except HP-1β magnification × 630; C: Quantification of p21+ nuclei; D: Quantification of cells with HP1β+ foci. Data are representative of at least 3 independent experiments. bP < 0.01 vs control group.

Transcriptome-based characterisation of the human
hepatocyte SASP
Previous studies of cellular senescence have demonstrated that SASP-associated proteins are generally regulated
at the level of transcription[15]. In order to gain insight
into the hepatocyte SASP we used microarrays to identify changes in gene expression associated with hepatocyte
senescence. Senescent and control untreated HepG2
cells were harvested on D10 of the experimental protocol for Illumina expression profiling. Untreated HepG2
cultures harvested on D2 were considered as baseline expression. Both untreated and H2O2-treated cells showed
significant changes in gene expression after 10 d culture
(Figure 3A), however, senescence induced unique mRNA
expression changes in HepG2 cells (326 probes, including CDKN1A (which encodes p21). Probes that were
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uniquely regulated in senescent cultures are clustered
in Figure 3B, whereas commonly regulated probes are
clustered in Figure 3C. As is apparent from Figure 3B,
senescence was primarily associated with gene induction.
Not surprisingly, GSTA1 and GSTA2, encoding glutathione S-transferase enzymes that protect cells against
oxidative stress, were among the most highly induced
transcripts, although these enzymes have not been associated with senescence in other cell types. Gene ontology enrichment analysis of senescence-induced probes
confirmed the increased expression of genes encoding
secreted proteins (Table 1). Consistent with other senescent cell models, inflammatory/defence response genes
were also highly enriched in the senescent cells, however
the enrichment of lipid and drug metabolism pathways
has not been previously reported and may be unique to
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senescent (Sen.) hepatocytes were separated by 1-dimensional polyacrylamide gel electrophoresis (PAGE) (A). 150 μg protein from control (B) and senescent (C)
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hepatocytes (Table 1). Several gene ontologies were enriched among the 37 genes encoding annotated secreted
proteins, which likely contribute to the hepatocyte SASP,
including plasma components and proteins involved in
the immune response (Table 1). These include the typical SASP component IL8, mRNAs from other functional families typically associated with senescence (e.g.,
IGFBP7[20], SERPINA6), and acute phase proteins that
may be unique to the hepatocyte SASP, including complement 1S, haptoglobin and hemopexin. Commonly
regulated genes were broadly associated with cell cycle
and metabolism, consistent with a degree of replicative
exhaustion and possibly a quiescent state in control cells
after prolonged culture (e.g., the proliferation-associated
PCNA was downregulated in both control and senescent
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cells). Nevertheless, the cardinal features of senescence
were only observed in H2O2-treated hepatocytes (Figure
1).
To confirm the results of the microarray, qPCR was
performed to assess the expression of selected genes in
senescent HepG2 cells. Genes were chosen based on degree of regulation on the microarray and their potential
biological relevance. Figure 4 demonstrates the increased
expression of SAA4, ECADH, IL32 and IL8 (the latter a frequent SASP feature[15]) in senescent hepatocytes
8 d after release from H2O2 treatment. We also quantified IL6 mRNA expression by qPCR, since it is a key
senescence-associated gene[11], but was not detectable by
microarray. IL6 was below the limit of detection in 2/4
control HepG2 cultures, however it was induced in se-

17857

December 21, 2014|Volume 20|Issue 47|

Irvine KM et al . Hepatocyte SASP
P = 0.057

B

10

0.20

8

0.15
0.10
0.05

D

a
20

4

0

Sen.

0.30
a

E

1.5

1.0

15
10
5

2
Con.

25

a

6

IL6/HPRT (x1e4)

0.00

C

12

0.25

IL32/HPRT

ECADH/HPRT

0.30

SAA4/HPRT

A

Con.

0

Sen.

Con.

Sen.

a

0.25

IL8/HPRT

0.20
0.15
0.10

0.5

0.05
0.00

Con.

Sen.

0.0

Con.

Sen.

Figure 4 Quantitative polymerase chain reaction validation of microarray. Relative mRNA expression of A: ECADH; B: IL32; C: IL8; D: SAA4 and E: IL6 in
control (Con.) and senescent (Sen.) hepatocytes was quantified by real-time polymerase chain reaction PCR. Data represent mean + SEM, n = 4 independent experiments. aP < 0.05 vs control group.

Table 1 Gene ontology analysis of senescent hepatocyte gene expression signature
Gene list
A: senescence induced

B: secreted

Ontology

% list

P value

Fold enrichment

Steroid metabolism
Endoplasmic reticulum
Oxidation/reduction
Drug metabolism
Lysosome
Retinol metabolism
Signal peptide
Iron ion binding
Defence response
Lipid biosynthesis
Lipid catabolism
Secreted
Regulation of apoptosis
Inflammatory response
Disulfide bond
Plasma
Glycoprotein
Defence response
Immune response
Lipid binding
Cell adhesion
Regulation of proliferation

8.5
15.7
12.1
4.8
6.0
4.0
27.8
6.5
8.5
5.6
4.0
14.9
9.3
4.4
62.2
16.2
56.8
21.6
16.2
13.5
13.5
13.5

5.50E-12
7.10E-9
8.00E-9
7.80E-8
2.20E-6
2.20E-6
1.40E-5
3.20E-5
3.00E-4
5.40E-4
7.20E-4
1.50E-3
1.90E-3
1.50E-2
3.90E-10
9.10E-7
2.10E-5
2.10E-4
1.10E-2
1.40E-2
5.80E-2
8.30E-2

7.4
2.8
3.5
8.6
4.9
8.3
1.7
3.6
2.5
3.1
4.1
1.7
2.0
2.4
4.1
32.6
2.5
6.0
4.2
5.0
3.3
2.9

Gene ontology enrichment in (A) senescence-induced genes and (B) senescence-induced genes falling in the “Secreted” ontology was analysed using DAVID.

nescent hepatocytes (Figure 4E).
Chemokine profile of senescent hepatocytes
In order to focus on chemokines secreted by senescent
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hepatocytes, since these low abundance proteins are likely to be masked by abundant secretory products (Figure
2), we used a protein array to investigate the expression
of 31 chemokines in control and senescent CM (equivalent
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Figure 5 Chemokine profile and chemotactic effects of senescent hepatocyte conditioned medium. A: Representative human chemokine array. Arrow: IL8. Arrow head: CCL20; B: Relative protein expression in control and senescent conditioned medium (CM). Data show the average + range of 2 independent experiments; C:
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Relative migration of macrophage colony stimulating factor (M-CSF) and granulocyte macrophage colony stimulating factor (GM-CSF)-derived human monocyte derived macrophages (HMDM) in senescent (Sen.) compared to control (Con.) CM in D: xCELLigence assay quantified by the area under the curve (AUC); E: Transwell
assay, quantified by counting migrated nuclei. Data represent mean + SE.

volume). Seven chemokines were detectable in hepatocyte
CM (Figure 5A, B); prominent among them were CCL20
(also known as liver activation regulated chemokine) and
CXCL16. As shown at the mRNA level (Figure 4) IL-8,
was present at higher levels in senescent CM (Figure 5A,
B). Consistent with the microarray there was also a modest increase in fibrinogen (included on the chemokine
array as a sample control due to its broad expression),
which showed significant upregulation of FGB in senescent cells. Since senescent cell cultures contained on
average 5-fold fewer cells, considering chemokine levels
on a per cell basis would further amplify the difference
between control and senescent CM. The relatively reduced expression of CXCL16 on the chemokine array
is also consistent with the microarray, in which CXCL16
mRNA was induced during culture in control but not
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senescent cells.
Senescent hepatocyte conditioned medium induces
macrophage migration
Senescent hepatocytes have been implicated in fibrogenesis and chronic liver disease progression, both directly
and via recruitment of inflammatory cells, especially
macrophages[21]. We investigated monocyte and monocyte-derived macrophage migration towards control and
senescent HepG2 CM using the xCELLigence system to
monitor cell migration in real time (Figure 5C). Primary
peripheral blood monocytes did not respond to either
CM, but did migrate to the chemokine CCL2, which was
used as a positive control. By contrast, HMDM differentiated in the presence of M-CSF or GM-CSF migrated
in response to an equivalent volume of control and se-
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nescent CM (Figure 5C). Whilst senescent CM did not
alter M-CSF-derived macrophage migration, there was
a significant increase in GM-CSF-derived macrophage
migration towards senescent CM compared to control
CM (Figure 5C and 5D, P = 0.022). The contribution of
morphological change to the xCELLigence signal cannot
be discounted, as this system simply measures electrical
impedance. We therefore used conventional transwell assays to confirm differential migration of GM-CSF- but
not M-CSF-derived macrophages towards senescent CM
(Figure 5E). As discussed above, the increased macrophage migration to senescent cell secretory products is
even greater when considered on a per cell basis.

DISCUSSION
Senescent hepatocytes are prominent in chronic liver diseases, but their “secretory phenotype” and contribution
to the tissue microenvironment has not been characterized. In this study, premature senescence was induced in
HepG2 cells by oxidative stress, providing a novel model
to examine hepatocyte senescence. Treatment with a sublethal dose of H2O2 provides a relevant in vitro model of
hepatocyte senescence as oxidative stress with the generation of reactive oxygen species, including H2O2, is a key
feature of many chronic liver diseases[22], Reactive oxygen
species-induced senescence is mediated by both the characterised pathways to senescence - p53/p21 and p16/
Rb[10]. In the current model, hepatocytes treated with 300
μmol/L H2O2 for 48 h developed a senescent phenotype,
which persisted for at least 7 d after release from treatment. The treated cells acquired several markers of senescence, namely reduced Ki67 expression, the appearance
of SAHF and p21 and SA-β-Gal positivity[10]. We used
our model to profile the hepatocyte SASP, demonstrating
that it shares features with other senescent cells, and that
it promotes inflammatory macrophage migration.
Although the focus of this study is hepatocyte senescence and its potential contribution to chronic liver
disease, senescence in the liver is clearly a complex issue.
Other liver cell types, notably activated hepatic stellate
cells[12] and hepatic progenitor cells[19], have been reported to senesce, and the outcomes of senescence may differ depending on cell type and context. Senescence and
immune-mediated clearance of activated HSC, for example, was shown to limit fibrosis in mice[12], whilst HSC
senescence promoted obesity-associated hepatocellular
cancer[23]. Hepatocyte senescence may likewise have protective and pathogenic functions; as defective immune
clearance of pre-malignant senescent hepatocytes was
associated with early development of liver cancer[21,24],
whereas triggering senescence by reactivation of endogenous p53 mediated clearance of liver tumours[25]. Interestingly, HCV core protein specifically targets the p16
senescence response, suggesting hepatocyte senescence
is employed as a strategy to limit viral replication[26].
Increasing evidence suggests senescent cells contribute
to the pathogenesis of chronic disease by adopting a char-
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acteristic secretory phenotype, known as the SASP, which
alters the tissue microenvironment[11,15]. This is consistent
with the strong ‘secreted protein’ signature we observed
upon expression profiling senescent hepatocytes, and
their increased protein production compared to control
cells. Senescent hepatocytes upregulated expression of
inflammatory cytokines/chemokines, matrix-remodeling
proteases and growth factors; and also display increased
expression of genes accordant with their liver-specific
cellular function such as lipoproteins and cholesterol metabolism. Many of these changes in gene expression are
seen in other senescent cell types (fibroblasts and epithelial cells), consistent with a conserved core phenotype that
may be controlled at a transcriptional level in response to
genotoxic stress[15].
IL-8 is one of the most prominent components of
the SASP - regardless of cell type and senescence trigger.
Several studies in human chronic liver disease suggest a
link between IL-8 and liver injury. In chronic hepatitis C
and B infection, serum IL-8 levels increase progressively
with severity of liver disease[27,28] and development of
hepatocellular cancer[27,29]. Although hepatocyte senescence was not examined in these earlier studies, we and
others have previously shown that many hepatocytes in
liver sections from patients with NAFLD[30,31], HCV[5],
and hepatocellular cancer[7] are senescent, as assessed by
nuclear p21 or SA-β-Gal expression. The biologic effects
of IL-8 in the microenvironment of senescent hepatocytes have not been determined. IL-8 production by senescent cells has been shown to reinforce growth arrest[32],
stimulate angiogenesis and promote tumorogenesis[33].
IL-8, together with IL-6, has also been implicated in eliciting EMT in senescent cells, however we did not detect
a signature consistent with EMT in senescent HepG2
cells, in fact ECADH was upregulated. IL-8 is also a potent leukocyte chemoattractant, which may play a role
in recruiting macrophages or neutrophils to senescent
cells. Elevated intrahepatic IL-8 and CXCR1 levels were
associated with hepatic macrophage accumulation in hepatocellular, but not cholestatic, chronic liver diseases, in
parallel with increased CXCR1 expression on circulating
monocytes[28]. We demonstrated that senescent hepatocyte CM enhanced migration of HMDM differentiated
in the presence of the inflammatory cytokine GM-CSF,
but not the constitutive macrophage growth factor,
M-CSF, or monocytes. This finding is consistent with
our recent demonstration of elevated IL8RA/CXCR2
mRNA in GM-CSF-derived HMDM, as compared to
those derived with M-CSF[34], and suggests senescent
hepatocytes modulate the inflammatory milieu by selectively recruiting specific immune cells, via IL-8 and/or
other SASP components. Indeed, defective immune surveillance of senescent cells exacerbated liver injury and
fibrosis, and tumour development in mouse models of
liver disease[12,21]. Increased numbers of senescent hepatocytes were also observed in explant livers from immunosuppressed HCV patients[21].
In summary, we have developed an in vitro model
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of human hepatocyte senescence and, for the first time,
characterised the hepatocyte SASP using a transcriptomic
approach. Senescent hepatocytes upregulate characteristic
SASP factors such as IL-8, and selectively promote recruitment of inflammatory (GM-CSF-derived) macrophages.
SASP-mediated recruitment of inflammatory cells may
be a key mechanism by which senescence contributes to
injury resolution or pathogenesis in chronic liver disease.
Future studies on novel SASP factors that we have identified are likely to provide mechanistic insights into such
processes.
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RESULTS: The knockdown of claudin 1 significantly
inhibited cell proliferation, migration and invasion, and
increased apoptosis. Microarray analysis identified 245
genes whose expression levels were altered by the
knockdown of claudin 1. Pathway analysis showed that
the top-ranked molecular and cellular function was the
cellular movement related pathway, which involved
MMP7, TNF-SF10, TGFBR1, and CCL2. Furthermore, TNFand nuclear frctor-κB were the top-ranked upstream regulators related to claudin 1. TNF-α treatment increased
claudin 1 expression and cell migration in MKN28 cells.
Microarray analysis indicated that the depletion of claudin
1 inhibited 80% of the TNF-α-induced mRNA expression
changes. Further, TNF-α did not enhance cell migration
in the claudin 1 siRNA transfected cells.
CONCLUSION: These results suggest that claudin 1 is
an important messenger that regulates TNF-α-induced
gene expression and migration in gastric cancer cells.
A deeper understanding of these cellular processes
may be helpful in establishing new therapeutic strategies for gastric cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: tumor necrosis factor alpha; Claudin 1; Cell
migration; Microarray; Gene expression change

Abstract
AIM: To investigate the role of claudin 1 in the regulation of genes involved in cell migration and tumor necrosis factor alpha (TNF-α)-induced gene expression in
human gastric adenocarcinoma cells.
METHODS: Knockdown experiments were conducted
with claudin 1 small interfering RNA (siRNA), and the
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effects on the cell cycle, apoptosis, migration and invasion were analyzed in human gastric adenocarcinoma
MKN28 cells. The gene expression profiles of cells were
analyzed by microarray and bioinformatics.

Core tip: The objectives of the present research were
to investigate the role of claudin 1 in the regulation
of genes involved in cell migration and tumor necrosis factor alpha (TNF-α)-induced gene expression in
human gastric adenocarcinoma cells. Claudin 1 small
interfering RNA transfection significantly inhibited cell
migration and invasion in gastric cancer cells. Micro-
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array analyses showed that down-regulation of claudin 1changed the expression levels of many genes
related to cellular movement and TNF-α signal. We
showed that TNF-α treatment induces the expression
of claudin 1 in gastric carcinoma cells, and the latter
controls gene expression and cell migration as the
signal mediator.
Shiozaki A, Shimizu H, Ichikawa D, Konishi H, Komatsu S,
Kubota T, Fujiwara H, Okamoto K, Iitaka D, Nakashima S, Nako
Y, Liu M, Otsuji E. Claudin 1 mediates tumor necrosis factor
alpha-induced cell migration in human gastric cancer cells. World
J Gastroenterol 2014; 20(47): 17863-17876 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i47/17863.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i47.17863

INTRODUCTION
Claudin proteins play an essential role in the function of
tight junction (TJ) and the maintenance of the polarity of
epithelial cells, and 24 subtypes of the claudin have been
identified[1-3]. On the other hand, it has been shown that
claudin 1 may influence the biological behavior of tumor
progression[4,5]. The expression of claudin 1 increases during tumor development of various types of neoplasm
including gastrointestinal cancer[6-10]. Further, expression
of claudin 1 has prognostic impact in colon cancer and is
related to apoptosis in breast cancer cells[11-13]. In gastric
cancer, it has been reported that regulation of claudin 1 is
related to transformation in invasive front and metastatic
lesion[6,13].
Tumor necrosis factor alpha (TNF-α) is involved in epithelial-mesenchymal transition (EMT)[14] and related to the
malignant behavior of epithelial tumors by regulating cell
migration and invasion. The progression of EMT usually
decreases the expression of TJ and adherens junction
proteins, such as claudins, occludins and E-Cadherin[15-20].
However, we recently found that TNF-α treatment increased
the expression of claudin 1 in human lung carcinoma
A549 cells[21]. Further studies showed that claudin 1 plays
an important role in TNF-α-induced gene expression and
cellular movement in A549 cells[21].
The objective of the present research was to investigate the role of claudin 1 in the regulation of genes
involved in migration and TNF-α-induced gene expression in human gastric adenocarcinoma cells. Our results
showed claudin 1 small interfering RNA (siRNA) transfection significantly inhibited cell migration and invasion
in gastric cancer cells. Furthermore, microarray analyses
showed that down-regulation of claudin 1changed the
expression levels of many genes related to cellular movement and TNF-α signal. Our results indicate that claudin
1 plays an important role in TNF-α-induced gene expression and cellular movement in gastric carcinoma cells.
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MATERIALS AND METHODS
Cell lines, antibodies, and other reagents
The human gastric adenocarcinoma cell lines MKN28,
NUGC4, MKN45 and Kato-Ⅲ were grown in plastic
culture flasks (Corning Incorporated, NY, United States)
and maintained in RPMI-1640 medium (Nacalai Tesque,
Kyoto, Japan) supplemented with 10% fetal bovine serum
(FBS), 100 U/ml of penicillin, and 100 μg/ml of streptomycin, as described previously[22]. The flasks were kept
in a humidified incubator at 37 ℃ under 5.0% CO2[22].
The following antibodies were used in the study;
claudin 1 antibody (Zymed Laboratories, San Francisco,
CA), a horseradish peroxidase (HRP)-conjugated antirabbit secondary antibody (Cell Signaling Technology,
Beverly, MA), and a glyceraldehyde-3-phosphate dehydrogenase (GAPDH) antibody (Santa Cruz Biotechnology, Santa Cruz, CA). Human TNF-α was from R&D
Systemic Inc. (Minneapolis, MN).
Protein studies
Cells were harvested in M-PER lysis buffer supplemented
with protease inhibitors (Pierce, Rockford, IL). The protein concentration was measured with a modified Bradford assay (Bio-Rad, Hercules, CA)[23]. Cell lysates containing equal amounts of total protein were separated by SDSPAGE and then were transferred onto PVDF membranes
(GE Healthcare, Piscataway, NJ)[23]. The membranes were
probed with the indicated antibodies, and proteins were
detected by the ECL Plus Western Blotting Detection
System (GE Healthcare)[23,24].
siRNA transfection
Cells were transfected with 10 nmol/l claudin 1 siRNA
(Santa Cruz) using the Lipofectamine RNAiMAX reagent
(Invitrogen, Carlsbad, CA). The medium containing the
siRNA was replaced with fresh medium after 24 h[23,24].
The provided control siRNA (Santa Cruz) was used as
a negative control. The siRNA transfected cells were
harvested 48 h after transfection for protein studies[23,24].
Further, we used a second independent claudin 1 siRNA,
Stealth RNAi siRNA targeting claudin 1 mRNA (Invitrogen) to exclude off target effects.
Real-time quantitative RT-PCR
Total RNA was extracted using an RNeasy Kit (Qiagen,
Valencia, CA) [24]. Messenger RNA (mRNA) expression was measured by a quantitative real-time PCR (7300
Real-Time PCR System; Applied Biosystems, Foster
City, CA) using TaqMan Gene Expression Assays (Applied Biosystems). The expression level of claudin-1 gene
(Hs00221623_m1; Applied Biosystems) was measured,
and normalized against the housekeeping gene beta-actin
(ACTB, Hs01060665_g1; Applied Biosystems). Each assay
was performed in triplicate.
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Figure 1 Claudin 1 controls cell proliferation in MKN28 cells. A: Claudin 1 siRNA effectively reduced the mRNA levels of claudin 1 in MKN28 cells. Mean ± SE. n = 3.
a
p < 0.05 vs control siRNA; B: Western blotting revealed that claudin 1 siRNA reduced the protein levels of claudin 1 in MKN28 cells; C: Downregulation of claudin 1
inhibited the proliferation of MKN28 cells. The number of cells was counted 48 h after siRNA transfection. Mean ± SE. n = 3. cp < 0.05 vs control siRNA; D: A second
independent claudin 1 siRNA also reduced the mRNA levels of claudin 1 in the MKN28 cells. Mean ± SE. n = 3. ep < 0.05 vs control siRNA; E: A second independent
claudin 1 siRNA also inhibited the proliferation of MKN28 cells. The number of cells was counted 48 h after siRNA transfection. Mean ± SE. n = 3. gp < 0.05 vs control
siRNA.

Cell proliferation
Cells were seeded onto 6 well plastic plates at a density
of 1.0 × 105 cells per well and incubated at 37 ℃ with
5% CO2. At 24 h after the cell seeding, siRNA transfection was performed. At 48 h after siRNA transfection,
the cells were detached from the plates using a trypsinEDTA and were counted using Countess® Automated
Cell Counter (Invitrogen). Each sample was independently counted for three times, and each assay was performed in triplicate.
Analysis of apoptotic cells
As control, non-transfected cells were treated with staurosporine for 24 h. At 48 h after transfection, the siRNA
transfected cells were harvested and stained with fluorescein isothiocyanate (FITC) conjugated annexin V and
phosphatidylinositol using the annexin V Kit (Beckman
Coulter, Brea, CA)[23]. A Becton Dickinson Accuri™ C6
Flow Cytometer was used to analyze the proportion of
apoptotic cells.
Analysis of cell migration and invasion
The migration assay was conducted using a cell culture
insert with 8 μm pore size (BD Biosciences, Bedford,
MA). Biocoat Matrigel (BD Biosciences) was used to
evaluate cell invasion potential. Briefly, at 24 h after
siRNA transfection, cells (2.0 × 104 cells per well) were
seeded in the upper chamber in serum free medium[25].
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The lower chamber contained medium with 10% FBS.
The chambers were incubated for 48 h for migration assay and 60 h for invasion assay at 37 ℃ in 5% CO2, and
then, non-migrated or non-invaded cells were removed
from the upper side of the membrane by scrubbing with
cotton swabs[25]. Migrated or invaded cells were fixed
on the membrane and stained with Diff-Quick staining reagents (Sysmex, Kobe, Japan)[25]. The migrated or
invaded cells on the lower side of the membrane were
counted in four independent fields of view at magnification × 100 of each insert[25]. Each assay was performed
in triplicate.
Microarray sample preparation and hybridization
MKN28 cells were transfected with control siRNA and
claudin 1 siRNA. At 48 h after siRNA transfection, total RNA was extracted using an RNeasy kit (Qiagen).
Quality of RNA was monitored using an Agilent 2100
Bioanalyzer (Agilent Technologies, Santa Clara, CA).
Cyanine-3 (Cy3)-labeled cRNA was prepared from 0.1 μg
total RNA using the Low Input Quick Amp Labeling Kit
(Agilent). Samples were purified using RNAeasy columns
(Qiagen). A total of 0.60 μg of Cy3-labelled cRNA was
fragmented and hybridized to an Agilent SurePrint G3
Human Gene Expression 8 × 60K Microarray for 17 h.
After washing, slides were scanned on the Agilent DNA
Microarray Scanner (G2565CA) using the one color scan
setting for 8 K × 60 K array slides.
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Figure 2 Claudin 1 controls apoptosis in MKN28 cells. Down-regulation of claudin 1 induced both early (annexin V positive/PI negative) and late apoptosis (annexin
V/PI double positive) in MKN28 cells 48 h after siRNA transfection. Mean ± SE. n = 3. ap < 0.05 vs control siRNA.

Processing of microarray data
The scanned images were analyzed with Feature Extraction Software 10.10 (Agilent) using default parameters
to obtain background subtracted and spatially detrended
Processed Signal intensities[26]. The fold change of each
molecule was calculated by using raw signal data of two
samples, and a fold change cutoff of 5 was set to identify molecules whose expression was significantly differentially regulated. The networks and functional analyses
were generated using Ingenuity Pathway Analysis (IPA)
(Ingenuity Systems, Inc., Redwood City, CA).
Immunofluorescent Staining and Confocal Microscopy
MKN28 cells were cultured on glass coverslips and stained
as previously described[21]. After different stimulation, cells
were fixed with 4% paraformaldehyde, permeabilized with
0.1% Triton X-100, blocked with 1% BSA, stained with
designated antibodies and rhodamine phalloidin. Slides
were mounted with VECTASHIELD mounting medium
and 4’,6-diamidino-2-phenylindole (DAPI) (Vector Laboratories, Burlingame, CA, United States), and distribution
of Claudin 1 was examined by confocal fluorescence microscopy (LSM510; Carl Zeiss Co. Ltd, Germany).
Statistical analysis
Student’s t-test was used to evaluate continuous variables.
Differences were considered significant when the relevant P value was < 0.05. These analyses were performed

WJG|www.wjgnet.com

using JMP version 10 (SAS Institute Inc., Cary, NC).

RESULTS
Claudin 1 controlled cell proliferation, apoptosis,
migration and invasion in MKN28 cells
We conducted knockdown experiments with claudin
1 siRNA in MKN28 cells, and analyzed the effects of
claudin 1 knockdown on cell proliferation, apoptosis,
migration and invasion. claudin 1 siRNA effectively reduced claudin 1 mRNA levels (Figure 1A) and claudin
1 protein levels (Figure 1B). The cell counts of claudin
1 siRNA transfected cells were significantly lower than
those of control siRNA transfected cells 48 h after siRNA
transfection (Figure 1C). Similar results were obtained by
using another independent claudin 1 siRNA (Figure 1D,
E). Down-regulation of claudin 1 increased both early
(annexin V; positive and PI; negative) and late apoptosis
(annexin V; positive and PI; positive) 48 h after siRNA
transfection (Figure 2). Furthermore, down-regulation of
claudin 1 significantly inhibited cell migration and invasion (Figure 3). These results suggest that claudin 1 plays
a crucial role in regulating cell proliferation, apoptosis,
migration and invasion in MKN28 cells.
Gene expression profile of claudin 1 siRNA transfected
cells
We analyzed the gene expression profiles of claudin 1
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cells. Cell migration and invasion were determined by Boyden chamber assay. Mean ± SE. n = 3. ap < 0.05 vs control siRNA.

siRNA transfected MKN28 cells with microarray and
bioinformatics. Microarray analysis showed that the expression levels of 245 genes displayed fold changes of >
5.0 in MKN28 cells subjected to claudin 1 knockdown.
Of these genes, 76 were upregulated, and 169 were
downregulated in claudin 1 siRNA transfected cells. The
20 genes whose expression levels were the most strongly
up- or down-regulated in claudin 1 siRNA transfected
cells are shown in Table 1. Claudin 1 expression was
down-regulated in claudin 1 siRNA transfected cells (fold
change: -26.87; Table 1). Ingenuity Pathway Analysis
showed that “Cellular movement” was the top-ranked
molecular and cellular functions (Table 2(. Furthermore,
TNF- and nuclear factor (NF)-κB were the top-ranked
upstream regulators related to claudin 1 (Table 2). We
then examined the signal transduction networks induced
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by the knockdown of claudin 1 expression (Table 2).
One of the top-ranked signal networks was related
to the cellular movement (Table 2, Figure 4A). These
results indicate that the expression level of claudin 1
influences genes related to cellular movement, and that
TNF-α signal may be its important upstream regulator.
Verification of gene expression by real-time quantitative
RT-PCR
Four genes (MMP7, TNF-SF10, TGFBR1, and CCL2)
were examined further using quantitative RT-PCR. All
these genes were chosen from Figure 4A. The expression levels of MMP7, TNF-SF10, and TGFBR1 mRNA
were significantly lower in claudin 1 siRNA transfected
cells than in control siRNA transfected ones (Figure 4B).
The expression levels of CCL2 tended to be increased
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Figure 5 Tumor necrosis factor α induces claudin 1 expression in gastric cancer cells. A: Western blotting revealed that the basal expression level of claudin 1
was increased in a time-dependent manner at 24 and 48 h, which was further increased by tumor necrosis factor α (TNF-α) (20 ng/ml) stimulation in MKN28 cells; B:
Western blotting revealed that the expression level of claudin 1 was increased by TNF-α (20 ng/ml) stimulation in several gastric cancer cell lines, including NUGC4,
MKN45 and Kato-Ⅲ; C: At 24 h after treating the cells with TNF-α, expression of claudin 1 protein was increased mainly in cytoplasm. MKN28 cells were immunostained with an anti-claudin 1 antibody and counterstained F-actin and nuclei with rhodamine phalloidin and DAPI, respectively.

in claudin 1 siRNA transfected cells although the difference was not statistically significant (Figure 4B). These
changes were in agreement with the microarray results.
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Claudin 1 plays important roles in TNF-α -induced cell
migration in gastric cancer cells
We previously showed that claudin 1 mediates TNF-α-
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Table 1 Genes that displayed the greatest changes in their expressions in the claudin 1 small interfering RNA transfected MKN28 cells
Gene symbol
Up-regulated genes
FGF6
TM4SF20
B4GALNT2
SLC2A13
HS3ST2
ZNF596
IL2RA
CCL2
SGOL2
SYT4
FGF19
ARID5B
DEFB105B
DSG3
RSPH1
COL5A2
NRG2
TMEM26
CCL3L3
OR51E1
Down-regulated genes
LY6G6F
WT1
MADCAM1
SLC2A9
SULT4A1
SYNPR
C10orf47
MAS1L
CLDN1
CBX1
MPPED2
SCUBE2
CHI3L2
SLIT2
HFM1
CR1
PLA2G10
GRIP2
XIST
TNF-SF10

Gene ID

Gene name

Fold change

NM_020996
NM_024795
NM_153446
BC047507
NM_006043
NM_001042416
NM_000417
NM_002982
BC048349
NM_020783
NM_005117
NM_032199
NM_001040703
NM_001944
NM_080860
NM_000393
NM_013982
NM_178505
NM_001001437
NM_152430

Fibroblast growth factor 6
Transmembrane 4 L six family member 20
Beta-1,4-N-acetyl-galactosaminyl transferase 2
Solute carrier family 2 (facilitated glucose transporter), member 13
Heparan sulfate (glucosamine) 3-O-sulfotransferase 2
Zinc finger protein 596
Interleukin 2 receptor, alpha
Chemokine (C-C motif) ligand 2
Shugoshin-like 2
Synaptotagmin Ⅳ
Fibroblast growth factor 19
AT rich interactive domain 5B
Defensin, beta 105B
Desmoglein 3
Radial spoke head 1 homolog (Chlamydomonas)
Collagen, type Ⅴ, alpha 2
Neuregulin 2
Transmembrane protein 26
Chemokine (C-C motif) ligand 3-like 3
Olfactory receptor, family 51, subfamily E, member 1

151.34
72.03
47.30
43.02
28.39
26.36
22.00
18.05
17.64
17.29
16.44
14.47
14.34
12.99
12.82
12.72
12.63
12.22
11.54
9.43

NM_001003693
NM_024426
NM_130760
NM_001001290
NM_014351
NM_144642
NM_153256
NM_052967
NM_021101
NM_006807
NM_001145399
NM_020974
NM_001025199
NM_004787
NM_001017975
NM_000651
NM_003561
NM_001080423
NR_001564
NM_003810

Lymphocyte antigen 6 complex, locus G6F
Wilms tumor 1
Mucosal vascular addressin cell adhesion molecule 1
Solute carrier family 2 (facilitated glucose transporter), member 9
Sulfotransferase family 4A, member 1
Synaptoporin
Chromosome 10 open reading frame 47
MAS1 oncogene-like
Claudin 1
Chromobox homolog 1
Metallophosphoesterase domain containing 2
Signal peptide, CUB domain, EGF-like 2
Chitinase 3-like 2
Slit homolog 2
HFM1, ATP-dependent DNA helicase homolog
Complement component (3b/4b) receptor 1
Phospholipase A2, group X
Glutamate receptor interacting protein 2
X (inactive)-specific transcript
Tumor necrosis factor (ligand) superfamily, member 10

-332.04
-68.28
-60.84
-48.05
-39.30
-36.73
-29.96
-29.67
-26.87
-26.37
-25.00
-22.13
-21.67
-21.60
-20.56
-18.04
-16.70
-16.45
-15.79
-15.26
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Figure 7 Claudin 1 is important for tumor necrosis factor α-induced cell migration in MKN28 cells. A: Claudin 1 siRNA effectively reduced both the basal and
tumor necrosis factor α (TNF-α)-induced expression of claudin 1 mRNA. Mean ± SE. n = 3. ap < 0.05 vs control siRNA, NT; B: Western blotting revealed that transfection of claudin 1 siRNA effectively reduced both the basal and TNF-α-induced expression of claudin 1 protein; C: TNF-α stimulation (20 ng/ml, 48 h) did not enhance
cell migration in the claudin 1 siRNA transfected cells. Cell migration was determined by Boyden chamber assay. Mean ± SE. n = 3. NT: no treatment.

induced gene expression and cellular movement in human lung carcinoma A549 cells[21]. In the present study,
our microarray data showed TNF- and NF-κB were the
top-ranked upstream regulators related to claudin 1 in
MKN28 cells. To determine the effect of TNF-α on claudin 1 expression in MKN28 cells, we analyzed protein levels of claudin 1, using western blotting. The basal expression level of claudin 1 was increased in a time-dependent
manner at 24 and 48 h (Figure 5A). And, it was further
increased by TNF-α treatment in MKN28 cells (Figure
5A). Similar trends that the expression level of claudin 1
was increased by TNF-α stimulation were found in several gastric cancer cell lines, including NUGC4, MKN45
and Kato-Ⅲ (Figure 5B). Furthermore, results of im-
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munofluorescent staining showed that TNF-α-induced
claudin 1 expression was mainly detected in the cytoplasm
of MKN28 cells (Figure 5C). TNF-α treatment increased
cell migration in MKN28 cells (Figure 6A). Similar trends
were found in several gastric cancer cell lines, including NUGC4, MKN45 and Kato-Ⅲ (Figure 6B).We then
transfected MKN28 cells with claudin 1 siRNA and found
that both the basal and TNF-α-induced expression of
claudin 1 mRNA and protein were effectively reduced
(Figure 7A, B). To examine TNF-α-induced gene expression, we performed microarray to determine gene expression profiles in cells treated with or without TNF-α and
in the presence of claudin 1 siRNA or control siRNA.
In control siRNA transfected MKN28 cells, TNF- α
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Table 2 Top molecular and cellular functions, upstream regulators, and networks of claudin1 according to ingenuity pathway analysis
Name
Top molecular and cellular functions
Cellular movement
Cell-to-cell signaling and interaction
Molecular transport
Small molecule biochemistry
Cellular development
Top upstream regulators
TNF-RSF1A
TNFNF-κB (complex)
Escherichia coli B5 lipopolysaccharide
NF-κB1
Top networks
Associated network functions
Cellular assembly and organization, hair and skin development and
function, cellular function and maintenance
Cell-to-cell signaling and interaction, cellular growth and proliferation,
tissue morphology
Cellular movement, hematological system development and function,
immune cell trafficking
Cardiovascular system development and function, organismal development,
cellular movement
Hereditary disorder, respiratory disease, tissue development

P value

Molecules

2.77 × 10-9-1.01 × 10-2
7.24 × 10-7-1.02 × 10-2
1.23 × 10-6-9.98 × 10-3
1.23 × 10-6-9.98 × 10-3
3.80 × 10-6-9.50 × 10-3

51
55
51
55
59

Score

1.80 × 10-7
1.70 × 10-6
2.01 × 10-6
2.09 × 10-6
3.23 × 10-6

33
32
31
22
22

TNF-: Tumor necrosis factor; NF: Nuclear factor.

stimulation changed expression of 169 genes, of which
changes of 135 genes were not seen in claudin 1 siRNA
transfected cells. For example, of the top 10 genes upregulated by TNF-α, the fold of change was reduced in
7 of them, and all the top 10 genes down-regulated by
TNF-α, the fold of changes was dramatically reduced
in claudin 1 siRNA transfected MKN28 cells (Table 3).
Moreover, TNF-α did not enhance cell migration in the
claudin 1 siRNA transfected MKN28 cells (Figure 7C).
These results show that claudin 1 has crucial role in mediating TNF-α-induced gene expression and migration in
gastric cancer cells.

DISCUSSION
Recent reports have indicated that claudin proteins were
up-regulated and mis-located in cancer cells[2]. Although
there are several reports on the expression of claudin 1
in gastric cancer, no consensus has been reached about
the relationship between claudin 1 expression and clinicopathological parameters[5,6,13,27]. Some reports have indicated that claudin 1 was highly expressed in intestinal
subtype of adenocarcinomas[5,27], while others found that
it was highly expressed in diffuse subtype of adenocarcinomas[6,13]. Several studies reported claudin 1 expression at
invasive front of gastric carcinomas, which suggests that
over expression of claudin 1 is related to carcinogenesis
in invasive and metastatic gastric cancer[6,13,27]. The upregulation of claudin 1 in colon cancer cells increased
tumor growth and metastasis in vivo, whereas depletion
of claudin 1 in metastatic colon cancer cells with siRNA
inhibited cellular invasion[7]. Furthermore, over expression of claudin 1 increased cellular movement in mela-
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noma[8], oral squamous cell carcinoma[9], hepatocellular
carcinoma[10] and lung carcinoma cells[21]. In the present
study, our results also showed that knocking down of
claudin 1 decreased cell proliferation, cell migration and
invasion, and increased apoptosis in gastric cancer cells,
which suggests the importance of claudin 1 in the progression of gastric carcinomas.
Our data showed that “Cellular Movement” was the
top-ranked molecular and cellular functions related to
claudin 1 down-regulation according to Ingenuity Pathway Analysis in gastric cancer cells. MMP7 was found in
the signal network related to cellular movement, strongly
suggesting that the expression of claudin 1 may involve
in migration, invasion and metastasis of gastric cancer.
Furthermore, TNF- and NF-κB were the top-ranked
upstream regulators related to claudin 1. Tumor necrosis
factor superfamily member 10 (TNF-SF10), was significantly down-regulated by claudin 1 siRNA in MKN28
cells. These data show the important role of claudin 1 in
TNF-α-induced cell migration.
It has been shown that TNF-α stimulation induced
EMT in colonic organoids[14], renal carcinoma[28-30] and
skin cells[31]. TJ and adherens junction proteins are usually
down-regulated during the progression of EMT[15-20]. In
this manner, claudin 1 expression is generally decreased
by TNF-α stimulation, and the decreased protein expression leads to the increase in the paracellular permeability of epithelial cells[32,33]. On the other hand, TNF-α
was reported to increase claudin 1 protein expression
in pancreatic cancer cells[34] and airway smooth muscle
cells[35]. Our recent report showed that TNF-α stimulation
remarkably increased claudin 1 protein expression in the
cytoplasm in A549 cells, and that depletion of claudin
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Table 3 Top 10 up or down-regulated genes induced by tumor necrosis factor α in control small interfering RNA or claudin 1 small
interfering RNA transfected MKN28 cells
Gene symbol
Up-regulated genes
IL6
MMP9
BMP2
VSTM1
CLEC1A
CXCL10
IL2RG
TFPI
KLHDC7B
CCL5
Down-regulated genes
LY6G6F
RFTN2
WT1
MADCAM1
SLC2A9
C10orf47
SYNPR
GGT7
LRRC36
MAS1L

Gene ID

Gene name

NM_000600
NM_004994
NM_001200
NM_198481
NM_016511
NM_001565
NM_000206
NM_001032281
NM_138433
NM_002985

Interleukin 6
Matrix metallopeptidase 9
Bone morphogenetic protein 2
V-set and transmembrane domain containing 1
C-type lectin domain family 1, member A
Chemokine (C-X-C motif) ligand 10
Interleukin 2 receptor, gamma
Tissue factor pathway inhibitor
Kelch domain containing 7B
Chemokine (C-C motif) ligand 5

NM_001003693
NM_144629
NM_024426
NM_130760
NM_001001290
NM_153256
NM_144642
NM_178026
NM_018296
NM_052967

Lymphocyte antigen 6 complex, locus G6F
Raftlin family member 2
Wilms tumor 1
Mucosal vascular addressin cell adhesion molecule 1
Solute carrier family 2, member 9
Chromosome 10 open reading frame 47
Synaptoporin
Gamma-glutamyltransferase 7
Leucine rich repeat containing 36
MAS1 oncogene-like

1 inhibited the TNF- α -induced gene expression and
cell migration[21]. Similarly, in the present study, TNF-α
induced over expression of claudin 1 in the cytoplasm
in gastric carcinoma MKN28 cells, and knocking down
of claudin 1 blocked the TNF-α-induced gene expression and cellular movement in human gastric cancer cells.
Generally, claudin 1 participates in cell-to-cell adhesion as
TJ proteins, and its down-regulation may promote cell migration. However, our findings showed claudin 1 induced
by TNF-α is mainly in cytoplasm, and regulates TNF-αinduced gene expression[21]. In addition, many of these
claudin 1 dependent genes are related to cellular movement, suggesting that claudin 1 mediates TNF-α-initiated
cell migration with various mechanisms[21].
In conclusion, we found that claudin 1 played a role
in the proliferation, apoptosis, cell migration and invasion
in gastric carcinoma cells, suggesting the importance of
claudin 1 expression in the progression of gastric carcinomas. Our microarray results also suggest that claudin 1
has marked effects on the expression of genes related to
cellular movement. Furthermore, we showed that TNF-α
induces the gene expression of claudin 1 in gastric
carcinoma cells, and the latter acts as the signal mediator to regulate gene expression and cellular movement.
A deeper understanding of this pathway may serve as
a mean to establish a new therapeutic target for gastric
carcinoma.
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cancer, no consensus has been reached about the relationship between claudin
1 expression and clinicopathological features.

Research frontiers

The authors recently found that the expression of claudin 1 was increased in
response to tumor necrosis factor alpha (TNF-α) stimulation, and that claudin
1 played an important role in TNF-α-induced gene expression and cellular
movement in human lung carcinoma A549 cells. The objectives of the present research were to investigate the role of claudin 1 in the control of genes
involved in cell migration and TNF-α-induced gene expression in human gastric
adenocarcinoma cells.

Innovations and breakthroughs

The authors showed that the knockdown of claudin 1 significantly inhibited cell
migration and invasion in gastric cancer cells. Microarray analyses showed
that down-regulation of claudin 1changed the expression levels of many genes
related to cellular movement and TNF-α signal. They found that TNF-α stimulation induced the gene expression of claudin 1 in gastric carcinoma cells, and the
latter acted as the signal mediator to regulate gene expression and migration.

Applications

The results of the present study suggest that claudin 1 acts as a crucial signal mediator in TNF-α induced gene expression and cell migration in gastric
carcinoma cells. A deeper understanding of these cellular processes may be
helpful in establishing new therapeutic strategies for gastric cancer.

Terminology

Claudin proteins play an essential role in the function of TJ, and 24 subtypes of
the claudin have been identified. They interact with each other through homoand heterophilic interactions and are crucial for the maintenance of cellular
polarity of epithelial cells.

Peer review

This is a good descriptive study in which the role of claudin 1 in the regulation
of genes involved cell migration and TNF-α-induced gene expression in human
gastric cancer cells. They reported that claudin 1 knock down significantly inhibited cell migration and invasion in gastric carcinoma cells. And the depletion
of claudin 1 changed the expression level of TNF-α signal. The results are interesting and meaningful for further understand the role of claudin 1 on cancer
development.

Background

Recent reports have indicated that claudin proteins were up-regulated and mislocated in cancer cells, and influenced the biological behavior of tumor progression. Although there are several reports on the expression of claudin 1 in gastric
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Abstract
AIM: To investigate the occurrence and severity of
pruritus in chronic hepatitis C patients treated with or
without interferon (IFN) therapy.
METHODS: A total of 89 patients with chronic hepatitis C and 55 control (non-hepatitis) patients were
asked to rate their experience of diurnal and nocturnal
pruritus in the preceding week using a visual analogue
scale (VAS) and a five-point scale, respectively. Blood
samples were taken and serum thymus and activationregulated chemokine (TARC) levels were measured by
enzyme-linked immunosorbent assay.
RESULTS: A significantly greater proportion of chronic
hepatitis C patients experienced nocturnal pruritus
compared with control (58.4% vs 5.5%, P < 0.0001).
Chronic hepatitis C patients also had more severe pruritus compared with control patients, indicated by the
higher mean VAS scores in both the IFN-treated and
non-IFN-treated groups. In particular, patients who received combined peginterferon alfa-2b and ribavirin had
significantly higher mean VAS scores than those receiving peginterferon alfa-2a or no IFN treatment. Serum
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TARC levels did not correlate with pruritus scores, and
no significant differences in TARC levels were observed
between the IFN-treated and non-IFN-treated groups.
CONCLUSION: Patients with chronic hepatitis C experience pruritus more than those without. Serum TARC
levels do not correlate with pruritus severity in chronic
hepatitis C patients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis C; Pruritus; Peginterferon; Ribavirin; Thymus and activation-regulated chemokine
Core tip: This is the first paper to evaluate the occurrence and severity of pruritus in chronic hepatitis C patients and to examine the relationship between pruritus
and interferon therapy. We found that patients with
chronic hepatitis C experience pruritus more than those
without chronic hepatitis C.
Suzuki K, Tamano M, Katayama Y, Kuniyoshi T, Kagawa K,
Takada H, Suzuki K. Study of pruritus in chronic hepatitis C patients. World J Gastroenterol 2014; 20(47): 17877-17882 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i47/17877.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i47.17877

INTRODUCTION
Little is known about pruritus associated with interferon
(IFN) therapy for chronic hepatitis C[1]. Chronic hepatitis
C patients also experience pruritus in the absence of IFN
therapy. Serum thymus and activation-regulated chemokine (TARC) levels reflect the activity of atopic dermatitis[2], but the relationship between TARC levels and pruritus in chronic hepatitis C patients has not been studied.
The purpose of this study was to examine the occurrence and severity of pruritus in chronic hepatitis C compared with other gastrointestinal disorders, and to exam-
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ine the relationship between pruritus and IFN therapy.
We also examined the relationship between serum TARC
levels and pruritus in chronic hepatitis C patients.

Table 1 Scoring of nocturnal pruritus
Score
4
3
2
1
0

MATERIALS AND METHODS
Patients
This study was approved by the Ethics Committee of
Dokkyo Medical University Koshigaya Hospital and written informed consent was obtained from all participants.
This study conformed to the ethical guidelines of the
2008 Declaration of Helsinki. Subjects were 89 chronic
hepatitis C patients who were treated in the Department
of Gastroenterology of Dokkyo Medical University Koshigaya Hospital between October 2010 and September
2012 (chronic hepatitis C group). This group comprised
44 men and 45 women with a mean age of 57.8 ± 10.6
years (range: 27-78 years). Of these, 54 patients were receiving IFN therapy (IFN group), while the remaining 35
patients did not receive IFN therapy (non-IFN group).
Of those treated with IFN, 10 patients were given peginterferon alfa-2a (PEG-IFN α2a) monotherapy (α2a
group), while 44 received combined peginterferon alfa2b (PEG-IFN α2b) and ribavirin (RBV) therapy (α2b +
RBV group).
The control group comprised 55 patients treated in
our department for non-hepatic disorders during the
same period. The group comprised 30 men and 25 women with a mean age of 58.7 ± 13.6 years (range: 24-74
years). Ideally, the control group should have comprised
healthy individuals; however, such subjects were not available as the study population was selected from patients in
our hospital. There was no statistical difference in the age
or sex between these patients and those with chronic hepatitis C. Control patients had the following gastrointestinal
disorders: reflux esophagitis (n = 23), atrophic gastritis (n
= 15), gastrointestinal ulcers (n = 6), gallbladder polyps (n
= 4), and other gastrointestinal disorders (n = 7). Patients
with a history of atopic dermatitis or other skin conditions, malignant tumors, or those who used anti-allergic
mediation or oral/topical steroids were excluded from the
study.
Evaluation of pruritus
Pruritus was defined as generalized itching in the absence
of a rash or erythema; localized itching at IFN injection sites, insect bites or hives were not included in the
analysis. Two types of patient-based instruments were
used to assess pruritus. In the first instrument, nocturnal
pruritus severity was assessed using a scale described by
Kawashima et al[3] in which nocturnal pruritus in the preceding week was rated on a five-point scale from 0 (none)
to 5 (very severe) (Table 1). In the second instrument,
the diurnal pruritus severity in the preceding week was
recorded on a visual analogue scale (VAS) and converted
to a numerical score (Figure 1). For patients undergoing
IFN therapy, assessment of nocturnal and diurnal pruritus severity was conducted during the 4- to 8-wk period
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Nocturnal pruritus
Very severe, interfering with sleep
Severe, very annoying, substantially interfering with sleep
Moderate, annoying and troublesome, may interfere with sleep
Mild, not annoying or interfering with sleep
None

Visual analogue scale of pruritus

Worst pruritus
imaginable

No pruritus

Figure 1 Visual analogue scale. Patients marked a point on the scale corresponding to the severity of pruritus experienced in the preceding week. The
scale was 10 cm in length with “worst possible pruritus” on the right-hand end
of the line and “no pruritus” on the left-hand end of the line.

after initiation of IFN therapy.
Measurement of serum TARC and other laboratory
parameters
Blood was taken from patients in the chronic hepatitis
C group at the time when the pruritus assessment was
performed. The serum was stored at -40 ℃, and TARC
levels were measured by enzyme-linked immunosorbent
assay. The following laboratory parameters were also
measured in the chronic hepatitis C group: alanine aminotransferase (ALT), alkaline phosphatase (ALP), serum
γ-glutamyltransferase (GGT), total bilirubin and albumin,
platelet count, and prothrombin activity.
Statistical analysis
Pruritus and VAS scores, TARC levels, and laboratory parameter values are expressed as mean ± SE. The MannWhitney U test was used to compare differences between
two groups, and the Kruskal-Wallis test was used to compare multiple groups. P < 0.05 was regarded as statistically significant.

RESULTS
Relationship between nocturnal pruritus score and
visual analogue scale
Figure 2 shows the nocturnal pruritus scores of the
chronic hepatitis C and control groups. Patients in the
chronic hepatitis C group had the following scores: 37
had a score of 0; 15 had a score of 1; 26 had a score of
2; 11 had a score 3; and none of them had a score of 4.
Thus, 52 of 89 patients (58.4%) in the chronic hepatitis C
group had a nocturnal pruritus score ≥ 1. Patients in the
control group had the following scores: 52 patients had a
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1: Mild

2: Moderate

3: Severe

7
6
VAS score

5
4
3
2

Control
(n = 55)
0%

P < 0.0001

8

Chronic hepatitis C
(n = 89)

0: None

1
0
20%

40%

60%

80%

0

100%

Figure 2 Pruritus scores of chronic hepatitis C and control groups. A total
of 52 of 89 patients (58.4%) in the chronic hepatitis C group had nocturnal pruritus scores ≥ 1. Only 3 of 52 patients (5.5%) in the control group had pruritus;
the proportion of patients with pruritus in the control group was significantly
lower than that in the chronic hepatitis C group (P < 0.0001).

1
2
Nocturnal pruritus score

Figure 3 Relationship between nocturnal pruritus scores and visual
analogue scale scores of all 144 subjects. Nocturnal pruritus scores of 0, 1,
2, and 3 correspond to VAS scores of 0.09 ± 0.04 cm, 2.32 ± 0.54 cm, 3.50 ±
0.37 cm, and 6.23 ± 0.55 cm, respectively, with a good correlation between the
pruritus score and VAS score (P < 0.0001). VAS: Visual analogue scale.

P < 0.0001

Table 2 Clinical characteristics of chronic hepatitis C patients
treated with or without interferon

P = 0.0006
8

Age
60.0 ± 12.3
Sex
M:17; F:18
Duration of IFN therapy (wk)
NA
HCV RNA (Log IU/mL)
6.0 ± 1.3
ALT (U/L)
60.5 ± 52.6
ALP (U/L)
307.0 ± 108.0
GGT (U/L)
48.9 ± 37.41
T-Bil (mg/dL)
0.86 ± 0.28
Alb (g/dL)
4.19 ± 0.40
PLT (× 104/μL)
14.5 ± 5.1
PT
84.2% ± 7.5%

IFN (+),
n = 54

P value

56.4 ± 9.2
M:27; F:27
22.3 ± 17.4
1.2 ± 2.0
33.4 ± 26.2
265.2 ± 77.2
45.4 ± 44.3
0.85 ± 0.44
4.15 ± 0.44
13.1 ± 6.9
86.0 ± 10.1

0.1112
0.6351
NA
< 0.0001
0.0017
0.0360
0.6981
0.9323
0.6315
0.2938
0.7966

P = 0.0001
P = 0.6015

P < 0.0001

4
2
0
a2b + RBV
(n = 43)

ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; GGT: Serum
γ-glutamyltransferase; T-Bil: Total bilirubin; Alb: Albumin; PLT: Platelets;
PT: Prothrombin activity; NA: Not applicable.

score of 0; 3 patients had a score of 1; and none of them
had a score ≥ 2. Thus, only 3 of 55 patients (5.5%) in the
control group had pruritus; the proportion of patients
with pruritus in the control group was significantly lower
than that in the chronic hepatitis C group (p < 0.0001).
Figure 3 shows the relationship between nocturnal pruritus scores and VAS scores of the 144 subjects. Nocturnal
pruritus scores of 0, 1, 2, and 3 corresponded to VAS
scores of 0.09 ± 0.04 cm, 2.32 ± 0.54 cm, 3.50 ± 0.37 cm,
and 6.23 ± 0.55 cm, respectively, with a good correlation
between the pruritus score and VAS score (P < 0.0001).
Based on this result, we used the VAS score to evaluate
pruritus.
Association between pruritus and IFN therapy in chronic
hepatitis C
Table 2 shows the characteristics of chronic hepatitis C
patients treated with or without IFN. No significant difference in the age or sex between the two groups was

WJG|www.wjgnet.com

P = 0.0129

6
VAS score

IFN (-),
n = 35

3

a2a
(n = 10)

Non-IFN
(n = 35)

Control
(n = 55)

Figure 4 Visual analogue scale scores of chronic hepatitis C and control
groups. With respect to chronic hepatitis C patients, the non-IFN group, α2a
group, and α2b + RBV group had VAS scores of 1.13 ± 0.29, 1.01 ± 0.56, and
3.20 ± 0.27, respectively, all of which were significantly higher than that of the
control group (0.32 ± 0.26). The VAS score was significantly different between
the non-IFN group and α2b + RBV group, and between the α2a group and
α2b + RBV group, but the VAS score was not significantly different between
the non-IFN group and α2a group. IFN: Interferon; VAS: Visual analogue scale;
RBV: Ribavirin.

noted. The mean duration of IFN treatment was 22.3 wk,
and HCV RNA was significantly lower in the IFN group
than the non-IFN group. ALT and ALP were significantly
higher in the non-IFN group than the IFN group, but
other clinical parameters were not significantly different.
Figure 4 shows the VAS scores for the chronic hepatitis C and control groups. The VAS score of the control
group was 0.32 ± 0.26. With respect to chronic hepatitis
C patients, the non-IFN group, α2a group, and α2b +
RBV group had VAS scores of 1.13 ± 0.29, 1.01 ± 0.56,
and 3.20 ± 0.27, respectively, all of which were significantly higher than that of the control group. The VAS
score was significantly different between the non-IFN
group and α2b + RBV group, and between the α2a
group and α2b + RBV group, but the VAS score was not
significantly different between the non-IFN group and
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300
200

P = 0.8011

300
200
100

100

0

0

0

1

2

α2a (n = 10)

3

α2b + RBV (n = 43)

Pruritus score

Figure 5 Association between pruritus score and serum thymus and
activation-regulated chemokine level. The mean TARC levels for the pruritus
scores 0, 1, 2, and 3 were 180.0 ± 16.4 pg/mL, 217.8 ± 54.3 pg/mL, 140.8 ± 7.0
pg/mL, and 203.7 ± 38.0 pg/mL, respectively. The pruritus score did not correlate with TARC levels. TARC: Thymus and activation-regulated chemokine.
600

DISCUSSION
P = 0.8199

TARC (pg/mL)

500
400
300
200
100
0

Figure 7 Serum thymus and activation-regulated chemokine level by
treatment method in chronic hepatitis C patients. The mean serum TARC
levels of the α2a and α2b + RBV groups were 165.1 ± 30.9 pg/mL and 174.7 ±
12.8 pg/mL, respectively; the difference in TARC levels between the two groups
was not significant (P = 0.8011). TARC: Thymus and activation-regulated chemokine; RBV: Ribavirin.

Non-IFN group (n = 35)

IFN group (n = 54)

Figure 6 Interferon treatment and serum thymus and activation-regulated
chemokine levels in chronic hepatitis C. The mean serum TARC levels of
the non-IFN and IFN groups were 166.8 ± 79.1 pg/ml and 173.3 ± 92.1 pg/mL,
respectively; the difference in TARC levels between the two groups was not significant (P = 0.8199). TARC: Thymus and activation-regulated chemokine; IFN:
Interferon.

α2a group.
Association between pruritus and serum TARC levels in
chronic hepatitis C
Figure 5 shows the nocturnal pruritus scores and serum
TARC levels of the 89 chronic hepatitis C patients. The
mean TARC levels for the pruritus scores 0, 1, 2, and 3
were 180.0 ± 16.4 pg/ml, 217.8 ± 54.3 pg/ml, 140.8
± 7.0 pg/ml, and 203.7 ± 38.0 pg/ml, respectively.
The pruritus score did not correlate with TARC levels.
The mean serum TARC levels of the non-IFN and IFN
groups were 166.8 ± 79.1 pg/ml and 173.3 ± 92.1 pg/
ml, respectively; the difference in TARC levels between
the two groups was not significant (Figure 6). The mean
serum TARC levels of the α2a and α2b + RBV groups
were 165.1 ± 30.9 pg/ml and 174.7 ± 12.8 pg/ml, respectively; the difference in TARC levels between the two
groups was not significant (Figure 7).
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Pruritus occurs in 2.5%-23% of patients with chronic
hepatitis C[4-7]. The cause of pruritus in chronic hepatitis
C is not well understood, although it has been associated
with liver fibrosis, bile duct lesions and cholestasis[8-11]. In
addition, hepatitis C may cause a primary skin disorder
with pruritus as a symptom[5]. In this study, 58.4% of
chronic hepatitis C patients experienced pruritus, which
was higher than the 5.5% of control patients. There was
no difference in the age or sex between the two groups,
and patients were enrolled in the study at the same time,
so we do not expect any differences in environmental
factors such as temperature and humidity that might have
influenced the results. Forty-four percent of chronic hepatitis C patients who did not receive IFN had pruritus,
which was significantly higher than that seen in control
patients (data not shown).
Adverse skin reactions and pruritus during IFN treatment for chronic hepatitis C may be caused by either
immune changes or an excessive immune reaction[12,13].
Peginterferon induces injection site reactions in 36%-59%
of cases[14,15] and can sometimes cause generalized dermatitis[13,16,17]. In our study of chronic hepatitis C patients, we
only assessed the presence of pruritus and excluded injection site reactions and atopic dermatitis from the analysis.
The severity of pruritus as indicated by the VAS
score was examined in subgroups of chronic hepatitis
C patients. No significant difference in the VAS score
between the non-IFN group and the α2a group was observed. Significant differences in VAS scores were seen
between the non-IFN and α2b + RBV groups (p =
0.0006), and between the α2a and α2b + RBV groups (p
= 0.0129). PEG-IFN α2a has a branched 40-kDa PEG
chain, whereas PEG-IFN α2b has a linear 12-kDa PEG
chain. Although PEG-IFN α2a and PEG-IFN α2b are
expected to have similar side effect profiles[18], the differ-

17880

December 21, 2014|Volume 20|Issue 47|

Suzuki K et al . Pruritus in chronic hepatitis C

ence in molecular weight might affect the development of
pruritus due to these agents, but this is difficult to prove
experimentally. Comparison between PEG-IFN α2a and
PEG-IFN α2b monotherapies would have been preferable; however, this was not possible because the Japanese
health insurance system stipulates that PEG-IFN α2b
must be administered with RBV.
RBV itself has been reported to cause pruritus[13,19].
When combined with PEG-IFN, a synergistic effect may
result in a delayed-type hypersensitivity reaction, with
a shift in the helper T (Th) cell balance towards a Th1dominant response due to the influence of IFN. This
may explain the higher prevalence of pruritus in the α2b
+ RBV group[20].
Chemokines serve as chemotactic factors for immune
cells particularly leukocytes. Chemokines are categorized
into four types-namely, C, CC, CXC and CX3C-depending on the position of cysteine in their amino acid chains.
The normal level of TARC (a CC chemokine) in healthy
adults is ≤ 450 pg/ml. In patients with moderate atopic
dermatitis, the serum TARC level is ≥ 750 pg/ml and
reflects the disease activity of this condition[2]. One study
reported that HCV-induced TARC expression attracted
Treg cells to the liver, and TARC expression was normalized in patients with a sustained virological response after
IFN therapy[21]. Based on these results, we selected TARC
as a marker for pruritus in hepatitis C patients in the
present study. Although the development of dermatitis in
atopic patients treated with IFN for chronic hepatitis C
has been reported[22], our study is the first to investigate
the relationship between TARC levels and pruritus in
chronic hepatitis C patients. Our findings revealed a lack
of correlation between serum TARC levels and pruritus
scores in the 89 patients with chronic hepatitis C. Also,
no significant differences in the serum TARC levels between the non-IFN and IFN groups, or between the α2a
and α2b + RBV groups, were noted. Notably, 3 of 54
patients (5.6%) treated with IFN had pruritus and skin
lesions such as erythema, eczema, and erosion at noninjection sites (data not shown). Although the VAS score
was higher in these patients, only one patient had an elevated TARC level. Despite the unknown association between pruritus in chronic hepatitis C patients and atopic
dermatitis, our results suggest that serum TARC levels
do not reflect the severity of skin symptoms in chronic
hepatitis C patients during IFN treatment.
Patients with chronic hepatitis C experience pruritus
more than those without chronic hepatitis C, and pruritus is particularly worse in patients undergoing combined
PEG-IFN α2b and RBV therapy. Serum TARC levels do
not correlate with pruritus severity in chronic hepatitis C
patients.

Little is known about pruritus associated with interferon (IFN) therapy for chronic
hepatitis C. Chronic hepatitis C patients also experience pruritus in the absence
of IFN therapy. Serum thymus and activation-regulated chemokine (TARC)
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The normal level of TARC (a CC chemokine) in healthy adults is ≤ 450 pg/ml.
In patients with moderate atopic dermatitis, the serum TARC level is ≥ 750
pg/ml and reflects the disease activity of this condition. One study reported that
HCV-induced TARC expression attracted Treg cells to the liver, and TARC expression was normalized in patients with a sustained virological response after
IFN therapy. Based on these results, we selected TARC as a marker for pruritus
in hepatitis C patients in the present study. Although the development of dermatitis in atopic patients treated with IFN for chronic hepatitis C has been reported,
our study is the first to investigate the relationship between TARC levels and
pruritus in chronic hepatitis C patients.

Innovations and breakthroughs

In this study, 58.4% of chronic hepatitis C patients experienced pruritus, which
was higher than the 5.5% of control patients. The severity of pruritus as indicated by the VAS score was examined in subgroups of chronic hepatitis C
patients. No significant difference in the VAS score between the non-IFN group
and the α2a group was observed. Significant differences in VAS scores were
seen between the non-IFN and α2b + RBV groups (P = 0.0006), and between
the α2a and α2b + RBV groups (P = 0.0129). This paper revealed a lack of
correlation between serum TARC levels and pruritus scores in the 89 patients
with chronic hepatitis C. Also, no significant differences in the serum TARC
levels between the non-IFN and IFN groups, or between the α2a and α2b +
RBV groups, were noted. Patients with chronic hepatitis C experience pruritus
more than those without chronic hepatitis C, and pruritus is particularly worse in
patients undergoing combined PEG-IFN α2b and RBV therapy. Serum TARC
levels do not correlate with pruritus severity in chronic hepatitis C patients.

Applications

The study results showed the actual situation of pruritus in the hepatitis C patient.

Terminology

Chemokines serve as chemotactic factors for immune cells particularly leukocytes. Chemokines are categorized into four types-namely, C, CC, CXC and
CX3C-depending on the position of cysteine in their amino acid chains. TARC is
CC chemokine.

Peer review

The authors of this manuscript discuss pruritus in chronic hepatitis C and tried
to correlate this symptom with serum TARC levels. Unfortunately however,
TARC levels were not correlated with pruritus in chronic hepatitis C with or without IFN treatment. They found a strong correlation between pruritus and PegIFNα2b + RBV combination therapy. The obtained results in this study are in
accordance with our experience in daily clinical practice.
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Abstract
AIM: To investigate the differentiated whole genome
expression profiling of gastric high- and low-grade intraepithelial neoplasia and early-stage adenocarcinoma.
METHODS: Gastric specimens from an upper magnifying chromoendoscopic targeted biopsy were collected
from March 2010 to May 2013. Whole genome expression profiling was performed on 19 low-grade intraepithelial neoplasia (LGIN), 20 high-grade intraepithelial
neoplasia (HGIN), 19 early-stage adenocarcinoma
(EGC), and 19 chronic gastritis tissue samples using Agilent 4 × 44K Whole Human Genome microarrays. Differentially expressed genes between different types of
lesions were identified using an unpaired t -test and corrected with the Benjamini and Hochberg false discovery rate algorithm. A gene ontology (GO) enrichment
analysis was performed using the GeneSpring software
GX 12.6. The differentially expressed gene was verified
using a real-time TaqMan® PCR assay with independent
tissue samples, including 26 LGIN, 15 HGIN, 14 EGC,
and 20 chronic gastritis. The expression of G0S2 were
further validated by immunohistochemical staining (IHC)
in 24 LGIN, 40 HGIN, 30 EGC and 61 chronic gastritis
specimens.
RESULTS: The gene expression patterns of LGIN and
HGIN tissues were distinct. There were 2521 significantly differentially expressed transcripts in HGIN, with
951 upregulated and 1570 downregulated. A GO enrichment analysis demonstrated that the most striking
overexpressed transcripts in HGIN compared with LGIN
were in the category of metabolism, defense response,
and nuclear factor κB (NF-κB) cascade. While the vast
majority of transcripts had barely altered expression
in HGIN and EGC tissues, only 38 transcripts were upregulated in EGC. A GO enrichment analysis revealed
that the alterations of the immune response were most
prominent in the progression from HGIN to EGC. It is
worth noting that, compared with LGIN, 289 transcripts

17883

December 21, 2014|Volume 20|Issue 47|

Xu X et al . Expression-differentiated gastric precancerous/cancerous lesions

were expressed at higher levels both in HGIN and EGC.
A characteristic gene, G0/G1 switch 2 (G0S2) was one
of the 289 transcripts and related to metabolism, the
immune response, and the NF-κB cascade, and its expression was validated in independent samples through
real-time TaqMan ® PCR and immunohistochemical
staining. In real-time PCR analysis, the expression of
G0S2 was elevated both in HGIN and EGC compared
with that in LGIN (P < 0.01 and P < 0.001, respectively). In IHC analysis, G0S2 immunoreactivity was
detected in the cytoplasmic of neoplastic cells, but was
undetectable in chronic gastritis cells. The G0S2 expression in HGIN was higher than that of LGIN (P = 0.012,
χ 2 = 6.28) and EGC (P = 0.008, χ 2 = 6.94).
CONCLUSION: A clear biological distinction between
gastric high- and low-grade intraepithelial neoplasia
was identified, and provides molecular evidence for
clinical application.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric early-stage adenocarcinoma; Highand low-grade intraepithelial neoplasia; G0/G1 switch
2; Whole genome expression microarray; Quantitative
real-time PCR; Immunohistochemical staining
Core tip: This is the first study to perform a comprehensive detection of the gene expression profiling of
gastric low-grade and high-grade intraepithelial neoplasia and early-stage adenocarcinoma. This study collected precise samples and reports a clear distinction
of gene expression profiles between gastric low-grade
and high-grade intraepithelial neoplasia, thus providing
molecular evidence for their different clinical application. The characteristic upregulated genes during gastric early carcinogenesis were involved in metabolism
and the immune response and nuclear factor-κB pathway, whose expression was validated in independent
samples through real-time TaqMan® polymerase chain
reaction and immunohistochemical staining.
Xu X, Feng L, Liu Y, Zhou WX, Ma YC, Fei GJ, An N, Li Y, Wu
X, Yao F, Cheng SJ, Lu XH. Differential gene expression profiling
of gastric intraepithelial neoplasia and early-stage adenocarcinoma. World J Gastroenterol 2014; 20(47): 17883-17893 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i47/17883.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i47.17883

INTRODUCTION
Gastric cancer is the fourth most prevalent malignant disease and the second most common cause of cancer-related deaths worldwide. Early gastric cancer (EGC) is confined to the mucosa and submucosa of the stomach with
or without lymph node metastasis. The 5-year survival
rates between advanced-stage and early-stage gastric cancer are extremely different (10% and 90%, respectively)[1].
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Unlike advanced-stage patients, patients with early-stage
gastric cancer and precancerous lesions usually have no
symptoms. Precancerous lesions are histological abnormalities and are more likely to occur with cancer. According to the WHO classification of tumors of the digestive
system[2], the terms low-grade intraepithelial neoplasia/
dysplasia (LGIN) and high-grade intraepithelial neoplasia/
dysplasia (HGIN) are recommended for gastric precancerous lesions. Enhanced endoscopy increases the detection
of asymptomatic gastric cancer or precancerous lesions
for early intervention. Though they have a high incidence,
Japan and South Korea have a low mortality-to-incidence
ratio (0.43/0.35) that benefits from a population-based
screening program[3]. Therefore, early detection and an appropriate diagnosis of gastric intraepithelial neoplasia and
early-stage cancer are associated with improved outcomes
for patients. Furthermore, it is important to understand
more about these stages both clinically and biologically.
In the Correa cascade of multi-step gastric carcinogenesis[4], an inflammation-metaplasia-dysplasia-carcinoma
sequence indicates that dysplasia may be a critical point for
malignant transformation. A cohort study demonstrated
that 24.9% of patients with severe dysplasia and 2.1%
of patients with mild-to-moderate dysplasia received a
diagnosis of gastric cancer within 1 year of follow-up
after the initial diagnosis[5]. Most patients harboring lesions that are classified as high-grade dysplasia are at high
risk of either synchronous invasive carcinoma or its rapid
development[6]. Based on the potential transition between
and morphological similarity of dysplasia and carcinoma,
the hypothesis that they are biologically related is reasonable. Previous studies of the genomic copy number
aberration of gastric precancerous lesions and carcinoma
in situ (CIS) have provided the most prominent 8q gain,
which was detected most frequently in both HGIN and
CIS but was undetected in LGIN using array comparative
genomic hybridization[7]. Therefore, evidence has shown
that molecular variations in gastric carcinogenesis have
already appeared in precancerous lesions or EGC.
According to the revised Vienna classification of gastrointestinal epithelial neoplasia, the clinical management
of endoscopic follow-up is recommended for category
3 (LGIN), while endoscopic or surgical local resection is
recommended for category 4 (HGIN). LGIN and HGIN
apparently have different clinicopathological characteristics; however, little is known about their biological characteristics. Previous gene expression profiling studies on
gastric precancerous lesions did not detail the differences
between LGIN and HGIN.
In this study, the gene expression profiling of gastric
high- and low-grade intraepithelial neoplasia and earlystage adenocarcinoma were investigated to explore the
molecular alterations in the malignant progression of gastric neoplasia. A clear distinction of the gene expression
profiles between HGIN and LGIN were identified, thus
providing molecular evidence for their different clinical
relevance. The microarray data were validated by quantitative real-time polymerase chain reaction (PCR) in an
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independent group of patients, and followed by immunohistochemical (IHC) staining. Interestingly, characteristic upregulated genes during gastric early carcinogenesis
were involved in metabolism and the immune response
and the nuclear factor κB (NF-κB) pathway.

MATERIALS AND METHODS
Patients and frozen tissue samples
Subjects were recruited from Peking Union Medical College
Hospital (PUMCH) and Qinghai Provincial People’s Hospital, and provided 137 samples and 15 samples, respectively,
between March 2010 and May 2013. Gastric specimens
from an upper magnifying chromoendoscopic targeted
biopsy were collected. The samples used for pathological
diagnosis and for this experiment in each patient were very
similar. According to the WHO Classification of Tumors
of the Digestive System, the samples can be grouped into
4 categories: LGIN (8148/0), HGIN (8148/2), EGC
(8140/3), and the chronic gastritis group.
The pathological diagnosis of chronic gastritis was
based on the Sydney classification and considered as controls. EGC was confined to the mucosa or submucosa
as determined by surgery or endoscopic submucosal dissection (ESD) after biopsy. This study consisted of a discovery phase and a validation phase with 77 and 75 tissue
samples, respectively. In the discovery phase, gene expression profiling was performed on 19 LGIN, 20 HGIN, 19
EGC, and 19 chronic gastritis tissue samples using microarrays. In the validation phase, independent tissue samples from 26 LGIN, 15 HGIN, 14 EGC, and 20 chronic
gastritis patients were used in a real-time TaqMan® PCR
assay (Applied Biosystems, CA, Unites States). The clinicopathological characteristics of the patients in the different groups were evaluated in terms of gender and age.
The inclusion criteria were: voluntary participation in the
study with informed consent and a definite pathological
diagnosis by 2 pathologists. The pathologists reviewed
all cases from the 2 different hospitals according to the
same criteria and agreed with all the diagnosis. This study
was approved by the Ethics Committee of PUMCH and
also received institutional approval; the experiments were
carried out in accordance with the World Medical Association Declaration of Helsinki Ethical Principles for
Medical Research[8].
Formalin-fixed tissue samples
Formalin-fixed paraffin-embedded blocks of 155 specimens were obtained from patients who underwent ESD
in the Departments of Gastroenterology or underwent
gastrectomy in the Department of General Surgery at
PUMCH between September 2010 and September 2013.
Patient age ranged from 39 to 78 years with a mean of 56
years, and the male-to-female ratio was 1.47. The pathological diagnosis of 61 chronic gastritis was based on the
Sydney classification. A total of 94 neoplasia were diagnosed by hematoxylin and eosin staining according to the
WHO Classification of Tumors of the Digestive System,
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with 24 specimens classified as LGIN, 40 as HGIN, and
30 as EGC.
RNA preparation
The samples were stored in RNAlater® Solution immediately after biopsy during upper endoscopy. The samples
were incubated in RNAlater® Solution overnight at 4 ℃C
and then transferred to -80 ℃. Total RNA was extracted
using the RNeasy Mini Kit (Qiagen, MD, Unites States).
The concentration was measured by ND-1000 UV-VIS
spectrophotometry (NanoDrop Technologies, DE, Unites
States). The quality of the purified RNA (RNA integrity number, RIN) was determined using the RNA 6000
LabChip Kit and Agilent 2100 Bioanalyzer (Agilent, CA,
Unites States). RNA samples with an A260/280 ratio greater
than 1.8 and an RIN greater than 6.5 were included.
Gene expression microarray analysis
Sample labeling, hybridization, washing, and scanning
steps were performed at the Cancer Institute and Chinese
Academy of Medical Science according to the manufacturer’s instructions. Initially, 100 ng total RNA was added
to the reaction to generate 1.65 μg Cy3-labeled cRNA
using the Low Input Quick Amp Labeling Kit (Agilent).
Then, the cRNA was hybridized to an Agilent 4 × 44 K
Whole Human Genome microarray. After hybridization,
the slides were washed and then scanned with the Agilent
G2505B Microarray Scanner System. The fluorescent
intensities of the scanned images were extracted and preprocessed with the Agilent Feature Extraction Software
(version 9.1). The microarray data were submitted to the
National Center for Biotechnology Information Gene
Expression Omnibus database (GSE55696). Data normalization, quality control, principal component analysis,
and filter by flags were performed using GeneSpring
software GX 12.6 (Agilent Technologies), and only the
detected flags were acceptable.
Real-time quantitative PCR
First, 500 ng total RNA was reverse transcribed using SuperScript™ IIReverse Transcriptase, and cDNA was produced. The gene expression was analyzed on the MX3005P
™ QPCR System (Stratagene) using TaqMan ® Gene
Expression Assay probes for G0S2 (Hs00274783_s1) and
POLR2A (Hs00172187_m1) according to the manufacturer’s protocol (Applied Biosystems, CA, Unites States).
The PCR program was initiated at 50 ℃ for 2 min and at
95 ℃ for 10 min before 45 thermal cycles, each at 95 ℃
for 15 s and at 60 ℃ for 1 min. The gene expression levels
of G0S2 were assessed relative to those of POLR2A. The
equation -ΔCTG0S2 = -(CTG0S2 - CTPOLR2A) represents the
expression level of G0S2, i.e., a greater -ΔCTG0S2 value indicates a higher level of G0S2 expression.
IHC staining
IHC analysis included a polyclonal antibody for G0S2
(Novus, CO, Unites States; dilution 1:100). Briefly, paraffin blocks were cut into 3-μm thickness sections. These
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Table 1 Clinical characteristics of all patients
Discovery phase
(n = 77)
Gender
Male
Female
Age (yr)
Mean ± SE (range)

Validation phase
(n = 75)

Table 2 Clinicopathological characteristics of early-stage
gastric carcinoma
P value
0.48

46
31

49
26

Depth of invasion
Tunica mucosa
Muscularis mucosae
Submucosa
Differentiation
Well
Moderate
Poor

0.14
58.87 ± 9.13 (36-78) 56.61 ± 9.39 (36-79)

sections were deparaffinized in xylene and rehydrated in a
descending ethanol-to-water gradient series. Endogenous
peroxidase was blocked by exposure to 3% H2O2 for 10
min. For antigen retrieval, sections were subjected to microwave heat in citrate buffer (pH 9.0) with ebullition for
5 min. After cooling to room temperature, sections were
incubated with a polyclonal antibody for G0S2 at room
temperature for 2 h. Anti-rabbit immunoglobulin G labeled with biotin (OriGene Technologies, Beijing, China)
was used as a secondary antibody for the detection of
primary antibodies and was incubated at room temperature for 30 min. The tissue sections were ready for chromogen reaction with 0.02% diaminobenzidine, and then
were counterstained with hematoxylin. All samples were
processed under the same conditions. Human seminiferous duct cells in testis tissue served as positive control
following the manufacturer’s protocol.
All immunostained slides were evaluated independently by 2 pathologists (Zhou WX and Li Y). The percentage of G0S2 positive cells was calculated and scored
as follows: score 0 = undetectable staining and from 1%
to 29% of positive cells; 1 = from 30% to 59% of positive cells; 2 = from 60% to 89% of positive cells; 3 = ≥
89% of positive cells. The intensity of cytoplasmic staining was also evaluated for G0S2 and scored from 1 to 3
(from low, through medium to high). For statistical analysis, multiplying the percentage and intensity scores provided a composite expression score (0-9). A composite
score of 1-4 was classified as negative and 5-9 was ranked
as positive.
Statistical analysis
The statistical analyses of the gene expression microarray
data were performed using an unpaired t-test and corrected with the Benjamini and Hochberg false discovery
rate (FDR) algorithm. The statistical significance was
assessed at P < 0.05 to identify genes that were differentially expressed between different types of lesions and to
perform a gene ontology (GO) enrichment analysis using
the GeneSpring software GX 12.6. Hierarchical clustering
was performed using R (http://www.r-project.org/). SPSS
(version. 18.0) software (SPSS Inc., Chicago, IL, Unites
States) was used for statistical analysis of the clinical features, the qPCR results, and the IHC results. The χ 2 test
was used to compare the categorical variables. Regarding
the numerical variables, comparisons of parameters between 2 groups were made using an unpaired t-test, and
those among 4 groups were performed using one-way
analysis of variance followed by least significant differ-
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Discovery phase
(n = 19)

Validation phase
(n = 14)

6
8
5

2
5
7

5
4
10

4
5
5

P value
0.31

0.56

ence. P < 0.05 was considered statistically significant.

RESULTS
Clinical characteristics of enrolled patients
In total, 152 tissue samples were randomly divided into
2 sets, with no significant differences with respect to age
(P = 0.14), gender (P = 0.48), or other clinicopathological
features; the sets were used in the discovery and validation phases. The clinical characteristics of all patients are
summarized in Table 1. The mean age of the patients was
57.76 ± 9.30 years. Regarding the EGC group, the 2 sets
showed no significant differences in terms of depth of
invasion (P = 0.31) or differentiation (P = 0.56) (Table 2).
HGIN and LGIN are biologically distinct
The whole genomic expression profiles of 19 LGIN
and 20 HGIN were analyzed. The transcripts whose expression level differed significantly between LGIN and
HGIN were explored. In total, 2521 significantly differentially expressed transcripts (951 upregulated and 1570
downregulated in HGIN) were identified and may be
involved in the development of HGIN.
To identify the functionally relevant gene clusters, a
GO enrichment analysis of the 951 and 1570 above-mentioned transcripts was performed. There were no enriched
GO terms among the 1570 downregulated transcripts.
The enriched GO terms in the 951 upregulated transcripts
were associated with metabolism, the defense response,
and the NF-κB cascade, which are shown in Table 3. It
was hypothesized that the upregulated transcripts contributed the most relevant functions and processes. The
biological distinctions between HGIN and LGIN were
primarily involved in metabolism, the defense response,
and the NF-κB cascade (Table 3).
Molecular differences between HGIN and EGC are not
significant
Gene expression analyses were performed in 20 HGIN
and 19 EGC to reveal the molecular differences between
these tissues. Unlike the marked differences between
HGIN and LGIN, there were only 58 differentially expressed transcripts between HGIN and EGC, including
38 upregulated and 20 downregulated transcripts in EGC.
No GO term was enriched based on the 20 downregu-
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Table 3 Enriched Gene Ontology terms of the upregulated transcripts in high-grade intraepithelial neoplasia compared with lowgrade intraepithelial neoplasia
GO term

P value

Genes involved

Macromolecule metabolic process
Cellular macromolecule metabolic process
Defense response
Protein binding
Organelle part
Nuclear part
Intracellular organelle part
Intracellular organelle lumen
Regulation of I-κB kinase/NF-κB cascade
Positive regulation of I-κB kinase/NF-κB cascade

4.01 × 10-9
3.84 × 10-9
9.44 × 10-8
1.09 × 10-7
3.35 × 10-7
4.51 × 10-7
4.17 × 10-7
5.50 × 10-6
6.79 × 10-6
9.53 × 10-6

272
247
63
358
292
145
288
144
21
18

GO accession
GO:0043170|GO:0043283
GO:0044260|GO:0034960
GO:0006952|GO:0002217|GO:0042829
GO:0005515|GO:0045308
GO:0044422
GO:0044428
GO:0044446
GO:0070013
GO:0043122
GO:0043123
NF-κB: Nuclear factor-κB; GO: Gene ontology.

Table 4 Enriched Gene Ontology categories of the upregulated transcripts in early-stage gastric carcinoma compared with highgrade intraepithelial neoplasia
GO term

P value

Genes involved

Regulation of the immune response
Antigen receptor-mediated signaling pathway
Immune response-activating cell surface receptor signaling pathway
Regulation of T cell activation
Immune response-regulating cell surface receptor signaling pathway
Positive regulation of the immune response
Positive regulation of the immune system process
Immunological synapse
Regulation of lymphocyte activation
Positive regulation of T cell proliferation

2.27 × 10-8
4.24 × 10-7
5.82 × 10-7
6.90 × 10-7
7.10 × 10-7
3.23 × 10-7
3.92 × 10-7
1.95 × 10-6
2.53 × 10-6
2.81 × 10-6

9
5
5
6
5
7
8
3
6
4

GO accession
GO:0050776
GO:0050851
GO:0002429
GO:0050863
GO:0002768
GO:0050778
GO:0002684
GO:0001772
GO:0051249
GO:0042102
GO: Gene ontology.

lated transcripts. Although the expression differences between HGIN and EGC were not great, it is worth noting
that the GO enrichment analysis result of 38 upregulated
transcripts was relatively prominent in the progression
from HGIN to EGC. The molecular differences between
HGIN and EGC mainly focused on the immune response, as shown in Table 4.
Comparison with LGIN indicates that some of the
alterations associated with HGIN are retained in EGC
When compared with LGIN, among the 951 upregulated
genes in HGIN, 289 transcripts (Figure 1) were expressed
at a similarly high level in EGC and were involved in
the GO enrichment analysis. Indeed, the 289 transcripts
could separate both HGIN and EGC from the LGIN
class. The heat map in Figure 2 shows their clear separation. These transcripts that were overexpressed in HGIN
compared with LGIN were also overexpressed at similar
or even higher levels in EGC. In terms of GO enrichment, some of the alterations associated with HGIN
compared with LGIN, such as metabolism, the defense
response, and the NF-κB cascade, were still retained in
EGC.
Significant variation of G0S2 in HGIN and early-stage
adenocarcinoma vs LGIN within a microarray analysis
G0S2 was related to metabolism, the defense response,
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and the NF-κB cascade and was overexpressed in both
HGIN and EGC compared with LGIN.
As shown in Table 5, the expression level of G0S2 in
gastric EGC tissue was 6.00-fold higher than in gastric
LGIN tissue (unpaired t-test with FDR correction Pcorr
< 0.001) (Table 5). The expression level of G0S2 in gastric HGIN tissue was 3.28-fold higher than in gastric
LGIN tissue (Pcorr < 0.05). Between HGIN and earlystage adenocarcinoma, the expression differences of G0S2
were not statistically significant (Pcorr > 0.05). However,
the expression of EGC was 1.83 fold higher than that of
HGIN (Figure 3).
Compared with gastritis, the overexpression of G0S2
in HGIN and EGC was statistically significant (Pcorr <
0.01). The difference between LGIN and gastritis was
not statistically significant. The expression of G0S2 was
relatively higher in the malignant lesions than in the benign lesions (Figure 3).
Independent validation in quantitative real-time PCR
analysis
To validate the above results, qPCR of G0S2 was performed to quantify the RNA levels in independent tissue
samples. The expression of G0S2 was elevated in HGIN
and early-stage adenocarcinoma compared with LGIN,
which was identical to the microarray results (Figure 4).
Compared with LGIN, the difference in G0S2 expression

17887

December 21, 2014|Volume 20|Issue 47|

Xu X et al . Expression-differentiated gastric precancerous/cancerous lesions
Table 5 Statistical results of the differential expression of G0S2 among tissue samples in the microarray data
Unpaired t -test of G0S2

P value (corr)

P value

FC (abs)

Direction

Probe name

Gene symbol description

0.021
< 0.001
0.005
< 0.001
0.463
0.946

0.001
< 0.001
0.001
< 0.001
0.103
0.927

3.28
6.00
3.19
5.83
1.83
1.03

Up in HGIN
Up in EGC
Up in HGIN
Up in EGC
Up in EGC
Down in LGIN

A_23_P74609

Homo sapiens G0/G1 switch 2
(G0S2), mRNA NM_015714

HGIN vs LGIN
EGC vs LGIN
HGIN vs Gastritis
EGC vs Gastritis
EGC vs HGIN
LGIN vs Gastritis

HGIN: High-grade intraepithelial neoplasia; EGC: Early-stage adenocarcinoma; LGIN: Low-grade intraepithelial neoplasia.

of LGIN (P = 0.012, χ 2 = 6.28) and EGC (P = 0.008, χ 2
= 6.94) (Table 6).
In conclusion, HGIN and LGIN are biologically distinct, and the expression of G0S2 is significantly elevated
in HGIN and EGC compared with LGIN. As a NF-κB
cascade-and metabolism-related gene, G0S2 may be of
considerable interest in the malignant transformation of
gastric intraepithelial neoplasia.

Table 6 Statistical results of the differential expression of
G0S2 among tissue samples in immunohistochemical staining
data n (%)

Gastritis (n = 61)1-3
LGIN (n = 24)
HGIN (n = 40)4,5
EGC (n = 30)

G0S2 < 5
(n = 131)

G0S2 ≥ 5
(n = 24)

61 (100.0)
21 (87.5)
23 (57.5)
26 (86.7)

0 (0)
3 (12.5)
17 (42.5)
4 (13.3)

2

Pearson χ of
4 groups
P < 0.001

1

Compared with low-grade intraepithelial neoplasia (LGIN), P = 0.005;
Compared with HGIN, P < 0.001; 3Compared with EGC, P = 0.004;
4
Compared with LGIN, P = 0.012; 5Compared with EGC, P = 0.008. HGIN:
High-grade intraepithelial neoplasia; EGC: Early-stage adenocarcinoma.
2

EGC vs LGIN

925

HGIN vs LGIN

289

511

Figure 1 All of the transcripts that were statistically significant both in
gastric early-stage adenocarcinoma vs low-grade intraepithelial neoplasia
and high-grade intraepithelial neoplasia vs low-grade intraepithelial neoplasia and were involved in the Gene Ontology enrichment analysis. LGIN:
Low-grade intraepithelial neoplasia; EGC: Early-stage adenocarcinoma; HGIN:
High-grade intraepithelial neoplasia.

was significant both in EGC and HGIN (P < 0.001 and P
< 0.01, respectively) (Figure 4). Similarly, compared with
gastritis, the difference in G0S2 expression was significant
in EGC and HGIN (P < 0.001 and P < 0.05, respectively).
Validation in IHC analysis
G0S2 immunoreactivity was detected in the cytoplasmic
of neoplastic cells, but was undetectable (Figure 5A) in
chronic gastritis cells (gastritis vs LGIN, P = 0.005; gastritis
vs HGIN, P < 0.001; gastritis vs EGC, P = 0.004). The expression rates of G0S2 were 12.5% in LGIN (Figure 5B),
42.5% in HGIN (Figure 5C), and 13.3% in EGC (Figure
5D). The G0S2 expression in HGIN was higher than that
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DISCUSSION
According to the Vienna classification of GIN, patients
with HGIN or carcinoma (CIS, suspicious, intramucosal, or
submucosal invasion) should undergo resection (endoscopic
or surgical). For patients with LGIN, endoscopic resection
or follow-up is indicated[9]. There is evidence that genetic
factors are related to gastric cancer and relevant precancerous lesions[10]. Gastric precancerous lesions are currently
distinguished into LGIN and HGIN. Several large-scale
follow-up studies have revealed that patients with HGIN
are at higher risk of developing gastric carcinoma than are
patients with LGIN. In this study, the gene expression profiles of gastric LGIN, HGIN, and EGC tissue were analyzed. There were 951 significantly upregulated transcripts
and 1570 significantly downregulated transcripts in HGIN
compared with LGIN. However, there were no enriched
GO terms among the 1570 downregulated transcripts
when a GO enrichment analysis was performed. Similarly,
there were 38 upregulated and 20 downregulated transcripts
in EGC compared with HGIN and no GO term was enriched based on the 20 downregulated transcripts. It was
supposed that the transcripts contributed most to gastric
early carcinogenesis were upregulated along with the progression from LGIN, through HGIN to EGC. The gene
expression patterns between HGIN and LGIN were distinct, and the enriched GO terms in the above-mentioned
951 differentially expressed transcripts were associated with
metabolism, the defense response, and the NF-κB cascade.
Similarly, the differences in gene expression profiling between EGC and LGIN were significant with the parallel
enriched GO terms. Presumably, the biological similarities
between HGIN and EGC were prominent when compared
with LGIN. However, the molecular differences between
HGIN and EGC were not significant and the involved
function of their differentially expressed transcripts were
mainly focused on the immune response.
The genes that are involved in metabolism, the de-
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A

LGD vs EGC

4

Var1
LGD
EGC

2

0

-2

-4

B

LGD vs HGD

4

Var1
LGD
HGD

2

0

-2

-4

Figure 2 Unsupervised cluster analysis of gastric low-grade intraepithelial neoplasia and early-stage adenocarcinoma (A), low-grade intraepithelial neoplasia and high-grade intraepithelial neoplasia (B) tissue samples with the 289 differentially expressed transcripts. The transverse blue bar indicates the histopathological type of the tissue samples: A: Light blue, low-grade intraepithelial neoplasia (LGIN); Dark blue, early-stage adenocarcinoma (EGC); B: Light blue, LGIN;
Dark blue, high-grade intraepithelial neoplasia (HGIN). Each column represents a sample, and each row represents a transcript. The expression abundance from low
levels to high levels is shown in colors from blue to red.
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Normalized intensity values
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0.0

Relative G0S2 expression

-2.5
-3.0
-3.5

-0.5

-4.0
-1.0

-4.5

Gastritis

LGIN

HGIN

EGC

Gastritis

Figure 3 G0S2 expression is increased in gastric high-grade intraepithelial
neoplasia and early-stage adenocarcinoma in the microarray. The G0S2
mRNA expression in gastric high-grade intraepithelial neoplasia (HGIN), tissue shows a statistically significant elevation compared with that of low-grade
intraepithelial neoplasia (LGIN). No statistically significant difference in G 0S2
expression was found between HGIN and early-stage adenocarcinoma (EGC).
The results are expressed as the mean ± SE.

fense response, and the NF-κB cascade were not only
upregulated in HGIN compared with LGIN but were
also upregulated at similar or even higher expression levels in EGC. A characteristic gene related to metabolism,
the immune response, and the NF-κB cascade, G0S2,
was subsequently validated in independent samples using
a qPCR test and an IHC test. Although the microarray
analysis and qPCR analysis showed that G0S2 expression
was higher in EGC and HGIN than in LGIN, IHC staining results showed the expression rate of G0S2 was higher
in HGIN but similar in LGIN and EGC. The expression
level of mRNA and IHC staining may be not the same.
G0S2 is located on chromosome 1 of the genome and
encodes a small basic protein of 103 amino acids. G0S2 is
related to the re-entry of cells from the G0 phase to the
G1 phase of the cell cycle, implying that the G0S2 gene has
a cell proliferative function. Previous studies have indicated that G0S2 is highly induced through NF-κB following tumor necrosis factor-α treatment[11]. G0S2 is a novel
target gene of PPARs (peroxisome proliferator-activated
receptors, α, β/β, and γ), which are mainly involved in
lipid metabolism[12,13]. Activation of PPARγ inhibits cell
growth and induces apoptosis in gastric cancer cells. G0S2
is an inhibitor of adipose triglyceride lipase and decreases
lipolysis[14-17]. G0S2 is a positive regulator of oxidative
phosphorylation[18]. G0S2 was upregulated in inflammatory
processes, was involved in T cell quiescence, and inhibited proliferation of T cells. Inhibition of MAPK, PI3K,
mTOR and Ca2+/calcineurin pathways abolished G0S2
gene suppression[19-21].
NF-κB transcription factor and its signaling pathway
play a key role in controlling the immune response[22-24].
NF-κB provides a mechanistic link between inflammation and cancer[25-27]. NF-κB controls the ability of preneoplastic and malignant cells to resist apoptosis-based
tumor-surveillance mechanisms, which is crucial for the
clinical development of NF-κB inhibitors for cancer
therapy[28]. The alterations in certain aspects of lipid metabolism were involved in tumorigenesis, including the
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LGIN

HGIN

EGC

Stage

Figure 4 G0S2 expression was validated by quantitative polymerase chain
reaction in the independent samples. The results are shown as the mean
± SE. -ΔCTG0S2 represents the expression level of G0S2. The differences of
-ΔCTG0S2 in the 4 groups [low-grade intraepithelial neoplasia (LGIN), highgrade intraepithelial neoplasia (HGIN), early-stage adenocarcinoma (EGC) and
gastritis] were compared using an analysis of variance (one-way ANOVA). A
test for the homogeneity of variances shows P = 0.105, indicating that the variances are equal. The mean difference between LGIN and HGIN was statistically significant (P = 0.004). The mean difference between LGIN and EGC was
statistically significant (P < 0.001).

synthesis and degradation of lipids that contribute to
energy homeostasis and the abundance of lipids with signaling functions[29-32].
Previous studies with HGIN and LGIN were mostly
based on several known genes[33,34], such as p53, Her-2,
and E-cadherin[35]. Until now, few studies have focused
on GIN, especially from the aspect of the whole genome
expression profile.
The microarray approach has been widely applied to
the investigation of advanced gastric cancer. However,
advanced gastric cancer has a poor prognosis and greater
heterogeneity with its progression. Several studies have
revealed that genetic alterations begin in the early stages
of cancer and even in precancerous lesions. Early studies
using CGH arrays suggested that an 8q gain in HGIN
may play a pivotal role in the development of gastric carcinoma[7]. However, the gene expression levels and functions associated with the copy number status of 8q were
not detailed. Much less is known in terms of a comparison among the expression profiles of LGIN, HGIN, and
EGC due to the difficulties of early detection and biopsy.
Based on the clinicopathological findings and a clear
research design, this study collected samples of LGIN,
HGIN, and EGC to perform a comprehensive determination of their expression profiles at a whole-genome
level. Through this study of gene expression profiles, the
biological basis of the clinical differences between HGIN
and LGIN was determined.
Despite the limitation that a larger number of samples
in each group would have been beneficial, this large-scale
study opens the door for further research into precancerous lesions. The asymptomatic characteristics, atypical
histology, and lack of specific biomarkers in precancerous
lesions[10,36] make them difficult to diagnose early and accurately. Moreover, the performance of the gene in IHC
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A

B

100 mm
100 mm

C

D

100 mm

100 mm

Figure 5 Representative immunohistochemistry for G0S2 in gastric samples. Representative samples are shown from G0S2 (A) chronic gastritis tissues with
negative expression, and G0S2 (B) low-grade intraepithelial neoplasia tissues with low expression, G0S2 (C) high-grade intraepithelial neoplasia tissues with medium
expression, and G0S2 (D) early-stage adenocarcinoma tissues with high expression (bar represents 100 μm).

experiments may be useful for early detection of GIN,
and clinical application for auxiliary diagnosis of atypical lesions is promising. Furthermore, the gene functionrelated research requires future study.
In summary, the microarray analysis in this study identified differences in the gene expression between LGIN
and HGIN. The obvious molecular distinction between
LGIN and HGIN was almost identical in different clinical practices. Metabolism, the immune response, and the
NF-κB cascade appear to be important processes underlying malignant transformation.

and HGIN. Based on the potential transition between and morphological similarity of dysplasia and carcinoma, the hypothesis that they are biologically related
is reasonable.
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Innovations and breakthroughs

This is the first study to perform a comprehensive detection of the gene expression profiling of LGIN and HGIN and early-stage adenocarcinoma. The characteristic upregulated genes during gastric early carcinogenesis were involved in
metabolism and the immune response and nuclear factor-κB (NF-κB) pathway,
and their expression was validated in independent samples through real-time
TaqMan® PCR and immunohistochemical staining.

Applications

This study collected specific samples to report the clear distinction of the
gene expression profiles between LGIN and HGIN, thus providing molecular
evidence for their different clinical relevance. G0S2 was identified as a potential
marker to differentiate LGIN and HGIN.
NF-kB transcription factor and its signaling pathway play a key role in controlling the immune response. NF-κB provides a mechanistic link between inflammation and cancer. NF-κB controls the ability of pre-neoplastic and malignant
cells to resist apoptosis-based tumor-surveillance mechanisms, which is crucial
for the clinical development of NF-κB inhibitors in cancer therapy. G0S2 is related to the re-entry of cells from the G0 phase to the G1 phase of the cell cycle.
G0S2 is an inhibitor of adipose triglyceride lipase and decreases lipolysis, and is
a positive regulator of oxidative phosphorylation.

Peer review

Background

Early detection and an appropriate diagnosis of gastric intraepithelial neoplasia
(GIN) and early-stage cancer are associated with improved outcomes for patients. It is important to understand more about these stages both clinically and
biologically. However, little is known about their biological characteristics due to
the difficulties of early detection and biopsy.

This manuscript presents an interesting differential gene expression profiling of
gastric LGIN, HGIN and early gastric cancer, and try to explore the molecular
alteration in the malignant progression of gastric neoplasia. From their microarray data, authors identified G0S2, a putative lymphocyte G0/G1 switch gene
product as a potential marker to differentiate low grade neoplastic lesion from
high grade lesion in the stomach.

Research frontiers

Low-grade GIN (LGIN) and high-grade GIN (HGIN) apparently have different
clinicopathological characteristics. Previous gene expression profiling studies
on gastric precancerous lesions did not detail the differences between LGIN
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Abstract
AIM: To investigate whether hypoxia inducible factor
(HIF)-1α modulates vasculogenic mimicry (VM) by upregulating VE-cadherin expression in esophageal squamous cell carcinoma (ESCC).
METHODS: Esophageal squamous cancer cell lines
Eca109 and TE13 were transfected with plasmids harboring small interfering RNAs targeting HIF-1α or VEcadherin. The proliferation and invasion of esophageal
carcinoma cells were detected by MTT and Transwell
migration assays. The formation of tubular networks of
cells was analyzed by 3D culture in vitro . BALB/c nude
mice were used to observe xenograft tumor formation. The relationship between the expression of HIF1α and VE-cadherin, ephrinA2 (EphA2) and laminin5γ2
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(LN5γ2) was measured by Western blot and real-time
polymerase chain reaction.
RESULTS: Knockdown of HIF-1α inhibited cell proliferation (32.3% ± 6.1% for Eca109 cells and 38.6% ±
6.8% for TE13 cells, P < 0.05). Both Eca109 and TE13
cells formed typical tubular networks. The number of
tubular networks markedly decreased when HIF-1α
or VE-cadherin was knocked down. Expression of VEcadherin, EphA2 and LN5γ2 was dramatically inhibited,
but the expression of matrix metalloproteinase 2 had
no obvious change in HIF-1α-silenced cells. Knockdown
of VE-cadherin significantly decreased expression of
both EphA2 and LN5γ2 (P < 0.05), while HIF-1α expression was unchanged. The time for xenograft tumor
formation was 6 ± 1.2 d for Eca109 cells and Eca109
cells transfected with HIF-1α Neo control short hairpin
RNA (shRNA) vector, and 8.4 ± 2.1 d for Eca109 cells
transfected with an shRNA against HIF-1α. Knockdown
of HIF-1α inhibited vasculogenic mimicry (VM) and tumorigenicity in vivo .
CONCLUSION: HIF-1α may modulate VM in ESCC by
regulating VE-cadherin expression, which affects VM
formation through EphA2 and LN5γ2.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Esophageal squamous cell carcinoma;
Hypoxia-inducible factor-1α; VE-cadherin; RNA interference; Vasculogenic mimicry
Core tip: Hypoxia-inducible factor (HIF) is a key factor
in regulating and promoting tumor progression. Angiogenesis and vasculogenic mimicry (VM) may play an important role in tumor acquisition of increased blood supply. We investigated the role of HIF-1α in the formation
of VM in esophageal squamous cell carcinoma (ESCC).
We showed that HIF-1α may upregulate the expression
of VE-cadherin to modulate VM in ESCC, which may be
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related to changes in ephrin A2 and laminin 5γ2 protein
expression. These results may have implications for the
treatment of malignant tumor diseases.
Tang NN, Zhu H, Zhang HJ, Zhang WF, Jin HL, Wang L, Wang P,
He GJ, Hao B, Shi RH. HIF-1α induces VE-cadherin expression
and modulates vasculogenic mimicry in esophageal carcinoma
cells. World J Gastroenterol 2014; 20(47): 17894-17904 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i47/17894.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i47.17894

INTRODUCTION
As tumors grow, their microenvironment becomes increasingly hypoxic. Under hypoxic conditions, a signaling
pathway involving a crucial oxygen response regulator,
termed hypoxia-inducible factor (HIF), is switched on.
The α subunit of HIF-1 (HIF-1α) is a nuclear factor that
is generally present in mammals, and is a well-established
mediator in cancer response to hypoxia[1]. HIF-1α is degraded shortly after expression in the cytoplasm under
normoxic conditions. However, HIF-1α protein can be
translocated into the nucleus where it is combined with
the β subunit of HIF-1 to form the HIF-1 heterodimer
under hypoxic conditions. Research has shown that HIF1α is related to angiogenesis and vasculogenic mimicry
(VM)[2,3].
As we all know, angiogenesis is not the only mechanism by which tumors acquire a blood supply. Highly aggressive and metastatic melanoma cells can form vascular
channel-like structures that are independent of angiogenesis. This phenomenon is called VM[3]. Tumor cell VM
describes the functional plasticity of aggressive cancer
cells forming de novo vascular networks. The initial morphological and molecular characterization of VM in human melanoma showed that the tumor cells coexpressed
endothelial and tumor markers and formed channels, networks, and tubular structures. This provides a perfusion
pathway for rapidly growing tumors, transporting fluid
from leaky vessels, and/or connecting with endotheliallined vasculature as well as an escape route for metastasis.
Recent research has suggested that tumors can be
viewed as highly heterogeneous populations derived from
one common progenitor. As suggested by Grunewald et
al[4], although the degree to which cancer cells resemble
endothelial cells is debatable, cancer cells can directly line
the lumen of functional tumor blood vessels. Moreover,
like the foragers in ant colonies, these cancer cells do not
reproduce, but instead enable tumor growth indirectly
by attraction of heterotypic tissues through chemotactic substances [e.g., vascular endothelial growth factor
(VEGF)], in the same way that ants attract and recruit
nestmates and even prey by odor trails and pheromones.
Since the introduction of VM, many studies have contributed mechanistic insights into VM in a variety of
cancers. In particular, critical VM-modulating genes are
associated with vascular [VE-cadherin, ephrinA2 (EphA2)
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and VEGF] and hypoxia-related (HIF and Twist1) signaling pathways.
HIF-1α-siRNA significantly suppressed the VM networks under either normoxic or hypoxic conditions in
gallbladder carcinoma[5]. Su et al[6] have suggested that a
hypoxic microenvironment increases HIF-1α expression
and induces the formation of VM channels to acquire an
adequate blood supply in ovarian cancer cells.
VE-cadherin is a master gene for both tumor angiogenesis and VM[7-9]. Overexpression of VE-cadherin in
various vasculogenic tumor cells has been implicated in
tumor neovascularization, growth, and progression[10].
Accordingly, VE-cadherin is proposed as a target for
antiangiogenic drug discovery and anti-cancer therapy[11].
HIF-1 is combined with the core recognition sequence
5’-RCGTG-3’ of the promoter sequence of hypoxia-inducible genes to promote transcription and translation of
these genes[12]. There is the 5’-ACGTG-3’ sequence in the
promote region of VE-cadherin gene. Therefore, we speculate that VE-cadherin may be one target gene of HIF-1α,
which plays an important role in the development of VM
in esophageal squamous cell carcinoma (ESCC).
This study was designed to observe the formation
of vascular-network-like structures in ESCC cell lines
and the impact of HIF-1α and VE-cadherin on VM
in ESCC. Furthermore, the possible molecular mechanism by which HIF-1α modulates VM in ESCC cells
was investigated.

MATERIALS AND METHODS
Cell culture
ESCC cell lines Eca109 and TE13 were obtained from
Cell Resource Center of Shanghai Life Science Institute.
In former work, we established Eca109 and TE13 cells
stably transfected with an short hairpin (sh)RNA targeting HIF-1α, which were designated as Eca109/HIF-1α
shRNA cells and TE13/HIF-1α shRNA cells, respectively. The protein gel blot results demonstrated that
compared to untransfected cells or cells transfected with
HIF-1α Neo control shRNA vector, HIF-1α level was
significantly decreased in shRNA-transfected cells[13].
Eca109 and TE13 cells were incubated in Dulbecco’s
Modified Eagle’s Medium (DMEM; Hyclone, Logan, UT,
United States) supplemented with 10% heat-inactivated
fetal bovine serum (FBS; Hyclone) at 37 ℃ in a humidified atmosphere containing 5% CO2/95% air, or hypoxic
treatment was given by placing cells in a hypoxia chamber flushed with a gas mixture comprising 1% O2/5%
CO2/94% N2. Eca109/HIF-1α shRNA and TE13/HIF1α shRNA cells were cultured in the same environment.
RNA interference
A set of three shRNA constructs directed against human VE-cadherin mRNA and one negative control
(Neo) were purchased from Shanghai Shengneng Gaming Biological Technology Company. Eca109 and TE13
cells were transfected with the VE-cadherin shRNA
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constructs or VE-cadherin control construct using Lipofectamine 2000 reagent (Invitrogen, United States) according to the manufacturer’s instructions. After transfection, 400 μg/mL G418 (Sigma, United States) was added
to medium to select stable knockdown cells. The clones
were characterized by real-time polymerase chain reaction
(PCR) and Western blot to assess the level of silencing
of VE-cadherin.
The stable cell lines in which HIF-1α was efficiently
knocked down were named Eca109/shVE-cad derived
from the Eca109 cell line and TE13/shVE-cad derived
from the TE13 cell line, and the stable control cell lines
were named Eca109/shVE-cad Neo and TE13/shVEcad Neo.
The sequences of the three shRNA constructs against
human VE-cadherin mRNA and the negative control
were as follows: pGCsi-VE-cadherin 1: 5’-TGC TGA
TGT CTT GCA GAG TGA CCA GCG TTT TGG
CCA CTG ACT GAC GCT GGT CAC TGC AAG ACA
T-3’ and 5’-CCT GAT GTC TTG CAG TGA CCA GCG
TCA GTC AGT GGC CAA AAC GCT GGT CAC TCT
GCA AGA CAT C-3’; pGCsi-VE-cadherin 2: 5’-TGC
TGT AAG ATG GCT ACC ACT GCC TGG TTT TGG
CCA CTG ACT GAC CAG GCA GTT AGC CAT CTT
A-3’ and 5’-CCT GTA AGA TGG CTA ACT GCC TGG
TCA GTC AGT GGC CAA AAC CAG GCA GTG
GTA GCC ATC TTA C-3’; and pGCsi- VE-cadherin
3: 5’-TGCTG AAA TGT ACT GCG CGT GGA GAC
GTT TTG GCC ACT GAC TGA CGT CTC CAC GCA
GTA CAT TT-3’ and 5’-CCTG AAA TGT ACT GCG
TGG AGA CGT CAG TCA GTG GCC AAA ACG
TCT CCA CGC GCA GTA CAT TTc-3’.
MTT assay
Cells were seeded into 96-well plates at 1 × 104 cells/well
(100 μL) and cultured for 7 d. In the following days, the
medium was removed and 20 μL MTT solution (500 μg/
mL) was added to each well, followed by 4 h incubation.
MTT solution was replaced by DMSO to dissolve blue
formazan crystals and absorbance was measured at 570
nm using a microplate reader.
Flow cytometry analysis of apoptosis
Cells were seeded into 100-mm dishes and allowed to
grow to 90% confluence. The cells were collected by
digestion with EDTA-free trypsin (Invitrogen). The cell
pellet was washed with cold phosphate-buffered saline
(PBS) twice and resuspended in 250 μL Annexin V binding buffer (10 mmol/L HEPES pH 7.4, 150 mmol/L
NaCl, 2.5 nmol/L CaCl2, 1 mmol/L MgCl2 and 4% bovine serum albumin). The cells were stained with Annexin
V fluorescein isothiocyanate (FITC) for 15 min in the
dark and subjected to flow cytometry analysis within 1 h.
3D cell culture
Matrigel (300 μ L/hole) was added to 24-well plates
on ice and then incubated at 37 ℃ for 30 min. Tumor
cells (5 × 105/mL) were then seeded onto the gels and
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incubated at 37 ℃ in 5% CO2/95% air. The cells were
maintained in DMEM supplemented with 10% FBS. The
tube-like structures in tumor cells were observed 12 h
later. Five visual fields (up, down, left, right and center)
were randomly chosen from each hole under an inverted
microscope (Carl Zeiss, GER) to count the number of
tube-like structures. The VM channels were identified by
scanning at low power (magnification × 100 and magnification × 200). Ten non-overlapping fields at magnification × 400 were chosen to determine the median value
of the VM channels. The number of VM channels was
assessed using an ocular grid and the forbidden lines
method to facilitate the counting.
Western blot
The cells were washed twice with ice-cold PBS and harvested in 100-200 μL cold lysis buffer [20 mmol/L Tris-HCl (pH
7.5), 2% SDS, 4 mmol/L EDTA, 1 mmol/L PMSF and 10
U/mL aprotinin and 1 %( v/v) Triton X-100]. Lysates were
kept on ice for 30 min and sonicated for 24 s using ultrasonic cell disrupter JY96-II (Ningbo, China). The extract
was then centrifuged at 12000 rpm for 10 min at 4 ℃
and the supernatant was collected. Protein concentrations
were determined using a BCA protein assay kit (Pierce,
Rockford, IL, United States). Protein (40 μg) was loaded
in each lane and separated by 10% SDS-polyacrylamide
gel electrophoresis at 40 mA for 90 min. The protein was
transferred electrophoretically to a polyvinylidene difluoride (PVDF) membrane (Roche, CH) at 100 V for 70
min, which was blocked with 5% non-fat milk in TBS-T
(100 mmol/L Tris-HCl, pH 7.5, 150 mmol/L NaCl, 0.1%
Tween-20) at room temperature for 1 h. Subsequently,
the membrane was incubated with the indicated primary
antibodies [(EphA2 1:500, HIF-1α 1:500, VE-cadherin
1:500, LN5γ2 1:200, matrix metalloproteinase (MMP)2
1:2000, β-actin 1:8000, α-tubulin 1:5000)] overnight at
4 ℃ and then incubated with the secondary antibodies
for 1 h at 37 ℃. Bands were visualized using the ECL
Western Blotting Detection System (Pierce) according to
the manufacturer’s instructions.
Animal xenograft model
Protocols used in the animal experiment have been approved by the institutional animal ethics committee. All
procedures were performed on thirty 6-wk-old female
BALB/c nude mice (Nanjing Medical University Animal Centre). The mice were randomly divided into three
groups (n = 10 for each). For tumor formation evaluation, 4 × 106 cells/0.2 mL (Eca109, Eca109/Neo and
Eca109/shHIF) were suspended and injected subcutaneously near the shoulder and back area. Mice in Group A,
B and C received an injection of Eca109 cells, Eca109/
Neo cells, and Eca109/shHIF cells, respectively. Tumor
size was determined by caliper measurements of length
and width. Tumor volume was calculated using the following formula: (length × width)2/2. Four weeks after injection, the mice were sacrificed. Tumors were harvested,
fixed with formalin and embedded in paraffin.
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Immunohistochemistry
Formalin-fixed, paraffin-embedded sections were deparaffinized, hydrated in a graded ethanol series, and rinsed
with PBS. Antigens were retrieved by heating sections in
a steam cooker for 30 min. Endogenous peroxide was
inactivated with 3% H2O2 inhibitor in PBS for 12 min.
Nonspecific binding was blocked in 5% horse serum
and 1% goat serum for 20 min. Slides were incubated
overnight at 4 ℃ with Gal-3 (1:1000), interleukin-8 (1:25;
Biosource International, Camarillo CA, United States), or
MMP-2 (1:400; Chemicon, Temecula, CA, United States)
antibody, and next day with a peroxidase-labeled antirabbit antibody (1:500; Jackson Immunoresearch,United
States) for 1 h at room temperature. Signaling was detected with 3, 3-diaminobenzidine (DAB; Phoenix Biotechnologies, San Antonio, TX, United States) substrate
for 6 min, and the slides were counterstained with Gill’s
No. 3 hematoxylin (Sigma) for 20 s.
CD34-periodic acid Schiff dual staining
C918 xenograft specimens were fixed in 10% neutral
buffered formalin and embedded in paraffin. Paraffinembedded specimens were cut into serial 5-μm sections.
The sections were deparaffinized, rehydrated, and subjected to immunohistochemical and periodic acid Schiff
(PAS) double staining. Immunohistochemistry was conducted with a mouse monoclonal antibody against the
endothelium marker CD34 (1:50 dilution; Zhong Shan
Goldenbridge, Beijing, China) to identify the endothelium. DAB chromogen was used for immunohistochemistry. CD34 staining helped to distinguish the PAS-positive
network of VM from endothelium-lined microvessels.
Tissues were stained with PAS to identify the matrixassociated vascular channels of uveal melanoma. Quantification of VM was performed as follows: CD34-PAS
dual stained sections were viewed at magnification × 400.
The channels defined as VM were lined by PAS-positive
material with red cells in the center of the channels, but
not lined by CD34-positive endothelial cells. The mean
VM count of 10 areas was calculated as the VM density
(VMD) for each section. The mean VMD from five xenograft specimens in the genistein and control groups
was obtained as the final VMD count.
Statistical analysis
Data were evaluated for statistical significance by oneway ANOVA with SPSS software version 11.0. All data
are expressed as mean ± SE, accompanied by the number
of experiments performed independently. P < 0.05 was
considered statistically significant.

RESULTS
Knockdown of HIF-1α inhibits proliferation and
migration of ESCC cells
MTT and Transwell migration assays demonstrated that
Eca109/HIF-1α shRNA and TE13/HIF-1α shRNA cells
proliferated and invaded slower than normal Eca109 and

WJG|www.wjgnet.com

TE13 cells or Eca109 HIF-1α Neo and TE13 HIF-1α
Neo cells (Figure 1). On day 7, knockdown of HIF-1α
led to 32.3% ± 6.1% inhibition of Eca109 cell proliferation and 38.6% ± 6.8% inhibition of TE13 cell proliferation (Figure 1A). These results suggest that HIF-1α could
promote the proliferation and invasion of esophageal
carcinoma cells (P < 0.05).
Knockdown of HIF-1α expression inhibits VM formation
and expression of VM-related genes in vitro
Eca109 and TE13 cells on Matrigel could connect with
each other, and then formed a vascular network-like structure. The channel-forming abilities of Eca109/shHIF
and TE13/shHIF cells in vitro were significantly inhibited,
which demonstrated that the cyclic structure fractured
and the number of tubular structures in the stable transfection group was markedly less than that in the control
group (Figure 2A). The expression of HIF-1α, EphA2,
VE-cadherin and laminin (LN)5γ2 proteins in TE13 and
TE13/Neo (Eca109 and Eca109/Neo) cells under hypoxic conditions was increased compared with those under
normoxia (P < 0.05), and expression of MMP2 had an
increasing but nonsignificant trend (P > 0.05). Expression
of HIF-1α, EphA2, VE-cadherin and LN5γ2 was notably inhibited in Eca109/shHIF and TE13/shHIF cells
under normoxic conditions (P < 0.05) and expression of
MMP2 did not change obviously. However, expression of
HIF-1α and the four VM-related genes in TE13/shHIF
and Eca109/shHIF cells under hypoxia was not increased
compared with that under normoxia (P > 0.05) (Figure
2B).
HIF-1α knockdown inhibits tumorigenicity and VM
structure in vivo
To validate the above in vitro findings in vivo, we established xenograft tumors by subcutaneous injection of
HIF-1α knockdown Eca109 cells or the corresponding
control cells into the flanks of BALB/c nude mice. The
time for tumor formation was 6 ± 1.2 d for Eca109 and
Eca109 HIF-1α Neo cells, and 8.4 ± 2.1 d for Eca109
HIF-1α shRNA cells. Four weeks after tumor formation,
the size and weight of tumors derived from Eca109/
shHIF-1α cells were significantly smaller (1.61 ± 0.29 cm3
and 1.04 ± 0.16 g) than those derived from Eca109 cells
(2.96 ± 0.69 and 2.02 ± 0.28 g), and Eca109/HIF-1α
Neo cells (2.69 ± 0.63 cm3 and 1.83 ± 0.39 g) (Figure 3A)
(P < 0.05). Knockdown of HIF-1α significantly inhibited
xenograft growth in vivo.
As shown in Figure 3B, the VM structure was found
in Eca109 and Eca109/Neo shHIF cells cultured in 3D
collagen gels more than in Eca109/shHIF cells. We examined the effects of HIF-1α knockdown on the expression of HIF-1α, EphA2, VE-cadherin and MMP2 in vivo.
Protein gel blot analysis demonstrated that the expression
levels of EphA2 and VE-cadherin were significantly lower in tumor tissues derived from Eca109/shHIF-1α cells
than in those derived from Eca109 and Eca109 HIF-1α
Neo control cells (Figure 3C). However, MMP2 protein
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Figure 1 Effects of hypoxia inducible factor-1a knockdown on regulation of esophageal cancer cell viability and migration. A: MTT assay demonstrated that
Eca109/HIF-1α shRNA and TE13/HIF-1α shRNA cells proliferated slower than normal Eca109 and TE13 cells or Eca109 HIF-1α Neo and TE13 HIF-1α Neo cells; B:
Transwell migration assay demonstrated that Eca109/HIF-1α shRNA and TE13/HIF-1α shRNA cells invaded slower than normal Eca109 and TE13 cells or Eca109
HIF-1α Neo and TE13 HIF-1α Neo cells. Expression of HIF-1α and the four VM-related genes in TE13/shHIF and Eca109/shHIF cells under hypoxia vs under normoxia, aP < 0.05. HIF: Hypoxia inducible factor.

expression was similar among the three groups. Quantitative PCR results for HIF-1α, EphA2, VE-cadherin and
MMP2 in the Eca109 group were 1.0 ± 0.106, 1.0 ± 0.123,
1.0 ± 0.114 and 1.0 ± 0.172, respectively. In the Eca109/
NeoHIF group, the PCR results for HIF-1α, EphA2, VEcadherin and MMP2 were 1.103 ± 0.118, 1.078 ± 0.091,
0.937 ± 1.083 and 0.911 ± 1.106, respectively (P > 0.05).
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In the Eca109/shHIF group, the PCR results for HIF1α, EphA2 and VE-cadherin were 0.684 ± 0.105, 0.713
± 0.112 and 0.629 ± 0.094, respectively (P < 0.05) and
for MMP2, it was 0.957 ± 0.162 (P > 0.05). These studies
support the findings that knockdown of HIF-1α inhibits
EphA2 and VE-cadherin expression in Eca109 cells in
vivo.
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Figure 2 Knockdown of hypoxia inducible factor-1a inhibits vasculogenic mimicry formation and expression of vasculogenic mimicry-related genes in
vitro. A: Effect of silencing HIF-1α on the formation of VM in ESCC cells (magnification × 200) (Group 1: Untransfected cells; Group 2: Cells transfected with empty
vector; Group 3: Cells transfected with pGCsi-HIF3); Control group vs parental cells, P < 0.05; B: Expression of HIF-1α protein and VM-related genes in esophageal
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HPF: High-power field; HIF: Hypoxia inducible factor; VM: Vasculogenic mimicry; ESCC: Esophageal squamous cell carcinoma. N: Normoxia; H: Hypoxia.

Generation and characterization of ESCC cell clones
stably expressing shVE-cadherin
Green fluorescence was observed by inverted fluorescence microscopy in Eca109/siVE-cad and TE13/siVEcad cells (Figure 4A), which were G418-resistant monoclones. These results revealed that Eca109/siVE-cad and
TE13/siVE-cad cells had stable expression of green fluorescent protein (GFP) gene inserted in plasmid pGCsiVE-cad. Western blot analysis indicated that expression
of VE-cadherin protein was inhibited > 90% compared
to untransfected cells or cells transfected with VE-cad
Neo control shRNA vector (Figure 4B).
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Knockdown of VE-cadherin inhibits proliferation and
promotes apoptosis of ESCC cells
MTT assay demonstrated that Eca109/shVE-cad and
TE13/shVE-cad cells proliferated slower than normal
Eca109 and TE13 cells or Eca109/Neo VE-cad and
TE13/Neo VE-cad cells. On day 7, HIF-1α knockdown
led to 36.8% ± 6.7% inhibition of Eca109 cell proliferation and 31.0% ± 6.2% inhibition of TE13 cell proliferation (Figure 5A). These results suggest that VE-cadherin
could promote the proliferation of ESCC cells (P < 0.05).
The apoptosis rate in different groups of ESCC
cells was determined by Annexin V-FITC as follows:
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Figure 3 In vivo effects of hypoxia inducible factor-1a knockdown on regulation of esophageal cancer cell xenograft formation and gene expression. A:
Tumor size curve and weight of xenograft (Eca109/shHIF-1α cells vs Eca109 cells and Eca109/HIF-1α Neo cells, aP < 0.05); B: VM structure (arrow) in xenografts
of three groups (a: Eca109 group; b: Eca109/shHIF group; c: Eca109/NeoHIF group; d: Normal vessels; arrow, VM structure); C: Western blot detected HIF-1α and
EphA2, VE-cadherin and MMP2 expression (a: Eca109 group; b: Eca109/NeoHIF group; c: Eca109/shHIF group; Eca109/shHIF-1α cells vs Eca109 and Eca109 HIF1α Neo control cells, P < 0.05). HIF: Hypoxia inducible factor; VM: Vasculogenic mimicry.

Eca109 6.77% ± 1.56%, Eca109/Neo 7.85% ± 1.47%,
Eca109/shVE-cad 20.29% ± 5.23%; TE13 10.39% ±
3.08%, TE13/Neo 11.65% ± 3.79%, and TE13/shVEcad 29.95% ± 7.39% (Figure 5B). Compared to control
groups, the apoptosis rate in VE-cadherin knockdown cells
was significantly increased in ESCC cells. These data indicate that VE-cadherin had an inhibitory effect on apoptosis of ESCC cells (P < 0.05)
shRNA against VE-cadherin inhibits VM formation and
expression of VM-related genes in vitro
The channel-forming ability of Eca109/shVE-cad and
TE13/shVE-cad cells in vitro was significantly inhibited
compared with Eca109 and TE13 cells. This result demonstrated that the cyclic structure fractured and the number of tubular structures in the stable transfection group
was markedly less than that in the control group (Figure

WJG|www.wjgnet.com

6A). The mRNA and protein expression of VE-cadherin,
EphA2, and LN5γ2 was notably inhibited in Eca109/
shVE-cad and TE13/shVE-cad cells under normoxic
conditions (P < 0.05) and expression of HIF-1α did not
change obviously (Figure 6B).

DISCUSSION
Hypoxia is a unique microenvironment in solid tumors,
including ESCC[14]. The particular characteristics of the
tumor microenvironment have the potential to strongly
promote tumor growth, metastasis and angiogenesis and
induce drug resistance. HIF-1α is a key transcription
factor in tumor development and only accumulates in hypoxic tumors[15,16].
Under normoxic conditions, the HIF-1 α subunit
is rapidly degraded via the von Hippel-Lindau tumor
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suppressor gene product (pVHL)-mediated ubiquitinproteasome pathway. Under hypoxic conditions, the
translationally controlled tumor protein decreases the
protein level of VHL and increases the protein level of
HIF1α, therefore, HIF-1α subunit becomes stable[17,18].
Recent studies have demonstrated that the inhibition of
HIF-1α expression could inhibit the development of
lung, liver, stomach, and other tumors[19-21], which indicate
that targeting HIF-1α appears to be effective for cancer
treatment.
In our previous study, we found that HIF-1α expression significantly increased in hypoxia compared with
normoxia and inhibition of HIF-1α expression by YC-1
could inhibit the development of ESCC[13]. In this study,
we found that shRNA-mediated knockdown of HIF-1α
inhibited cell proliferation and migration in both hypoxia
and normoxia. We used a xenograft nude mouse model
to prove that shRNA-mediated HIF-1α knockdown suppressed the tumorigenicity of ESCC cells in vivo. These
results indicated that HIF-1α could become an important
target for ESCC therapy.
In 1999, Maniotis et al[3] found that tissue sections from
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highly aggressive and metastatic melanoma contained patterned networks of interconnected loops of extracellular
matrix, in which endothelial cells were not identified and
tumor cells mimicked endothelial cells - a process called
VM. Wang et al[22] reported that VM can supplement the
function of blood vessels to transport nutrients and oxygen to maintain the growth of tumor cells in malignant tumors[23]. Studies revealed that the presence of VM was associated with the expression of MMP-2, MMP-14, EphA2
and LN5γ2 in medulloblastoma[22,24,25]. At present, VM has
been found in many cancers, such as malignant melanoma,
osteosarcoma, ovarian cancer and liver cancer[26-28]. VM is
also present in ESCC[29]. As a new blood supply pathway,
VM tends to exist in highly malignant tumor tissues[30] and
patients with VM often have a poor prognosis[31-33]. Some
molecular mechanisms of VM have been investigated,
however, the exact mechanism and the key signaling pathway have not yet been elucidated.
In the present study, we found that VM exists in human ESCC and HIF-1α plays an important role in the
development of VM in human ESCC, which has not been
reported. Our data also showed that targeting HIF-1α or
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VE-cadherin effectively inhibited formation of VM in human esophageal cancer cells, indicating that HIF-1α and
VE-cadherin may be targeted for anti-ESCC therapy.
Recent publications have implied that development
of VM in malignant carcinoma is closely related to VEcadherin, EphA2, LN5γ2 and MMP-2[34-36]. Hess et al[37]
brought forward the hypothesis that VE-cadherin and
EphA2 activate the phosphoinositide 3-kinase and focal
adhesion kinase (FAK) signaling pathways. These pathways further activate MT1-MMP, MMP-2 and then Laminin 5γ2 (LN5γ2) to promote the formation of VM[37].
However, in our study, the expression of VE-cadherin
and EphA2 was inhibited after silencing of HIF-1α,
while expression of MMP-2 was not significantly affected. The expression of LN5γ 2 gene was almost completely inhibited in Eca109/shHIF and TE13/shHIF
cells. When VE-cadherin was silenced, expression of
LN5γ2 and EphA2 was inhibited, while expression of
HIF-1α was unchanged. These results suggested that
VE-cadherin is the downstream gene of HIF-1α and
regulates VM in ESCC through EphA2 and LN5γ 2 genes
but not MMP2 gene.
In conclusion, the present study indicated that human
ESCC cell lines could form vascular network-like structures, and HIF-1α plays an important role in the signal
transduction pathway of the VM. The possible mechanism
is that a hypoxic microenvironment causes greater expression of HIF-1α, and higher transcriptional activity of
HIF-1α promotes the formation of VM by modulating
VE-cadherin, EphA2 and LN5γ 2 gene expression directly
or indirectly to provide a blood supply to the tumor. Antiangiogenic drugs alone cannot completely block tumor
blood supply. Thus, treatment strategies for carcinoma that
presents with VM should take the latter into account, as
well as targeting endothelium-dependent vessels.

this study may represent a future strategy for therapeutic intervention in the
treatment of patients with ESCC.

Terminology

HIF is a key factor in regulating and promoting tumor progression. In this
process, angiogenesis and VM may play an important role in helping tumors
acquire more blood supply. VE-cadherin, EphA2 and LN5γ2 proteins are all
involved in the process of VM.

Peer review

The authors discussed the role of HIF-1α in the formation of VM in ESCC.
They showed that HIF-1α may increase expression levels of EphA2 and LN5γ2
by upregulating VE-cadherin expression in ESCC during formation of VM. The
results are interesting and may also have implications in the treatment of malignant tumor disease.
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Protective effects of terminal ileostomy against bacterial
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necrosis factor (TNF)-α, interleukin (IL)-6 and IL-10, as
well as by the activity of myeloperoxidase (MPO) and
by intestinal histopathology.
RESULTS: Intestinal I/R injury not only caused morphologic damage to ileal mucosa, but also induced BT,
increased MPO activity and promoted the release of
TNF-α, IL-6, and IL-10 in serum. BT and ileal mucosa
injuries were significantly improved and levels of TNF-α
and IL-6 in serum were decreased in the I/R + ileostomy group compared with the I/R + resection and
anastomosis group.
CONCLUSION: Terminal ileostomy can prevent the
detrimental effects of intestinal I/R injury on BT, intestinal tissue, and inflammation.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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AIM: To investigate the effects of terminal ileostomy on
bacterial translocation (BT) and systemic inflammation
after intestinal ischemia/reperfusion (I/R) injury in rats.

Core tip: Few studies have evaluated the occurrence of
bacterial cecoileal reflux. We performed ileostomy to
block the route of bacterial cecoileal reflux after intestinal ischemia/reperfusion injury. Compared with resection and anastomosis, ileostomy could improve the bacterial translocation, ileal mucosal injuries and systemic
inflammation. The results provide a theoretic basis for
the choice of ileostomy and resection/anastomosis in
clinical practice.

METHODS: Thirty-two rats were assigned to either the
sham-operated group, I/R group, I/R + resection and
anastomosis group, or the I/R + ileostomy group. The
superior mesenteric artery was occluded for 60 min.
After 4 h, tissue samples were collected for analysis.
BT was assessed by bacteriologic cultures, intestinal
permeability and serum levels of endotoxin; systemic
inflammation was assessed by serum levels of tumor
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INTRODUCTION

MATERIALS AND METHODS

Bacterial translocation (BT) is an important factor affecting clinical prognosis when the body is under stress
of any kind, such as trauma, burns or sepsis[1,2]. Previous
studies have focused on the destruction of the intestinal
mucosal barrier and the dysregulation of intestinal microbiota in disease[3-6], but have seldom focused on the importance of intestinal bacteria on reflux. Fritz et al[7] found
that BT derives from the small bowel rather than from
the colon. However, bacterial density in the small bowel
is much lower than in the colon (104 and 107 bacteria/g in
the jejunum and ileum, respectively, versus 1012 bacteria/g
in the colon)[8]. The study by Berber et al[9] demonstrated
that ileal bacterial counts increased approximately sevenfold following 24-h intestinal ischemia/reperfusion (I/R)
injury. In addition, proliferation of the bacteria and the
bacterial reflux from the cecum to the ileum could be
important factors in small intestinal bacterial overgrowth,
which is closely related to BT[10]. The occurrence of cecoileal reflux (CIR) during barium enema is a relatively
common observation[11-13]. Perhaps due to difficulties in
approaching the ileocecal junction, the most frequently
adopted approach has been that of disregarding the importance of CIR and considering it as an irrelevant and
common finding with no specific diagnostic meaning.
Thus, there are few available data on the importance of
CIR in BT.
Terminal ileostomy is one of the most common procedures in general surgery, and can disrupt the route of
bacterial CIR. In the clinical situation, surgeons are often faced with a choice between ileostomy and primary
anastomosis. Most previous studies comparing these two
procedures were clinical trials, concerned mainly with
morbidity and mortality[14-16]. Few studies have considered
the influence of BT on the prognosis of patients. We
postulate that ileostomy can interrupt the reflux of bacteria-rich colonic contents into the terminal ileum, thus
alleviating bacterial overgrowth in the proximal intestine
and improving BT in intestinal injury.
As a potentially important condition, intestinal I/R
injury can be induced by traumatic, hemorrhagic or septic
shock, acute mesenteric ischemia, severe burns, and some
surgical procedures[17,18]. Previous studies suggested that
intestinal I/R could induce injury of the intestinal mucosa following translocation of intestinal endotoxins and
bacteria into blood, which may activate systemic inflammatory response syndrome and initiate multiple organ
dysfunction syndrome[19]. An animal model of intestinal
I/R injury is an established model for basic research, and
intestinal ischemia caused by superior mesenteric artery
(SMA) occlusion is stable and easy to repeat.
In this study, we investigated the protective effects
of ileostomy against BT in a rat model of intestinal I/R
injury and attempted to understand the intestinal and
systemic inflammatory response following ileostomy and
anastomosis, which could provide a theoretical basis for
the choice of ileostomy and resection/anastomosis in
clinical practice.

Animals
Healthy adult male Sprague-Dawley rats (200-250 g) were
obtained from Jinling Hospital, Nanjing, China. The rats
were maintained in standard conditions with a 12 h light/
dark cycle, controlled temperature (18 ± 4 ℃), and appropriate humidity (about 50%). To maintain the integrity
of the intestinal mucosa, the animals had free access to
standard chow and water for one week. This study was
approved by the Animal Care and Use Committee of the
Medical School of Nanjing University, and all animals
received care in accordance with the guide of the committee.
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Operative procedure
Before the experiment, rats were fasted overnight, but had
free access to water. The rat model of intestinal I/R injury was established according to a method described previously[20]. The rats were anesthetized with an injection of
ketamine hydrochloride (100 mg/kg; ip). During the surgery, the rats were allowed to breathe spontaneously. Body
temperature was maintained at approximately 37 ℃ using
a heating pad. To prevent dehydration, Ringer’s lactate
solution (10 mL/kg) was administered subcutaneously at
the end of the operation. Prior to surgery, the abdomen
was shaved and soaked twice with 10% povidine-iodine
solution using sterile instruments. The abdomen was
opened using a 4 cm midline incision, and the SMA was
exposed. The rats were randomized into four groups: (1)
sham-operated rats (sham-operated group; n = 8); (2) rats
exposed to 60-min SMA occlusion followed by 4-h reperfusion (I/R group; n = 8); (3) rats exposed to I/R and
then underwent partial intestinal resection and anastomosis (RA) (I/R + RA group; n = 8); and (4) rats exposed
to I/R and then underwent terminal ileostomy (I/R +
ileostomy group; n = 8) (Figure 1). In the sham-operated
group, the SMA was isolated without occlusion. In the
I/R, I/R + RA and I/R + ileostomy groups, the SMA
was carefully isolated, and occluded at its origin with an
atraumatic microvascular clamp for 60 min. The intestinal ischemia was confirmed by the loss of mesenteric
pulsation and the intestines becoming pale. Reperfusion
was confirmed by the return of mesenteric pulsation after removing the clamp. In the I/R group, the abdominal
wall was immediately closed with a double-deck running
suture. A 3 cm length of ileum at a point 2 cm proximal
to the ileocecal valve was resected in the I/R + RA and
I/R + ileostomy groups immediately after occluding the
SMA. An end-to-end anastomosis was performed in the
I/R + RA group, while in the I/R + ileostomy group,
the end of the proximal ileum was brought out onto the
abdominal wall as the ileostomy, and the distal end of
the ileum was ligated. To avoid the bowel drying out, the
abdominal cavity was irrigated with saline throughout the
procedure.
Microbiologic analysis
All rats were anesthetized and euthanized after a 4-h re-
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Animals euthanized

Sham operate
Sham-operated group

I/R
I/R group
Performance of RA
I/R
I/R + RA group
Performance of ileostomy
I/R
I/R + ileostomy group
0

1h

5h

Figure 1 Experimental design. I/R: Ischemia/reperfusion; RA: Resection and anastomosis.

perfusion. The method used to perform microbiologic
analysis was previously described[9]. Using an aseptic
technique and sterile instruments, tissue samples from
the liver, spleen, kidney, mesenteric lymph nodes (MLN),
contents from the 10-cm terminal ileum and blood were
taken for bacteriologic cultures. After being weighed, the
ileal contents and tissue were stored in a sterile grinding
tube. The tissues were homogenized in 1 mL saline. After
diluting the homogenates, 0.1 mL dilutions were inoculated onto eosin methylene blue agar and blood agar,
and incubated in ambient air for 24-48 h at 37 ℃. Blood
(0.5 mL) samples were cultured in 5 mL of brain-heart
infusion broth for seven days at 37 ℃. The cultures were
checked daily, and sub-cultured on eosin methylene blue
agar and blood agar plates. The number of colony-forming units/g of tissue homogenate was used to express the
colonization.
Wet-to-dry weight ratio
Intestinal tissue samples (5 cm) were removed 15 cm
proximal to the ileocecal valve and rinsed with saline.
The wet weight of the intestine was determined and
subsequently placed in a drying oven at 80 ℃ for 4 h.
After desiccation, the tissue was weighed again to obtain
the tissue dry weight. The ratio of the wet-to-dry (W/D)
weight was calculated to provide an assessment of the
extent of intestinal edema.
Assay of intestinal permeability
A modified method to assay the intestinal permeability
was described previously[21]. At 4 h after reperfusion, we
subjected additional rats from each group (n = 6 per
group) to general anesthesia. After performing a midline
laparotomy, a 5-cm-segment of distal ileum at a point 10
cm proximal to the ileocecal valve was isolated between
silk ties. We injected a solution containing 25 mg of 4
kDa fluorescein isothiocyanate (FITC)-dextran diluted in
0.1 mL phosphate buffered saline into the enteric cavity.
Then the bowel was put back in the abdominal cavity,
and the abdomen was closed with a double-deck running
suture. The animals were kept under general anesthesia.
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Thirty minutes after the injection of FITC-dextran, blood
sample was collected by cardiac puncture and centrifuged
at 10000 g for 10 min. Using a fluorescence spectrophotometer (F7000; Hitachi, Japan), the serous concentration
of FITC-dextran was detected at excitation and emission
wavelengths of 495 nm and 520 nm, respectively. By
diluting serial serous concentrations of FITC-dextran, a
standard curve was obtained.
Endotoxin and serum levels of TNF-α , IL-6 and IL-10
assays
After clotting for 60 min on ice, vena cava blood samples
were centrifuged at 2500 × g for 10 min at 4 ℃. Sera were
obtained and stored at -70 ℃. The serum levels of lipopolysaccharide were detected by colorimetric analysis for the
limulus test (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China) according to the manufacturer’s guidelines.
The serum levels of tumor necrosis factor (TNF)-α, interleukin (IL)-6 and IL-10 were measured by enzyme linked
immunosorbent assay with commercially available kits (RD
Systems, Minneapolis, MN, United States) according to the
instructions of the manufacturer. Each reaction was performed twice.
Assay of myeloperoxidase activity
Myeloperoxidase (MPO) activity, which reflects polymorphonuclear neutrophil accumulation, was assessed
by spectrophotometry. After weighing, intestinal tissue
samples were homogenized on ice and MPO activity was
measured quantitatively according to the manufacturer’s
instructions (Jiancheng Biologic Project Company, Nanjing, China). Data are expressed as U/g wet weight, where
one unit of MPO activity is defined by the conversion of
1 mmol H2O2 to H2O in one minute at 37 ℃.
Histopathology
Segments of terminal ileum were excised, fixed for 48 h
in 10% formalin and then embedded in paraffin. Sections
5 μm thick were cut and placed on microscope slides,
and stained by hematoxylin and eosin. Images at magnification × 20 were obtained using a Zeiss Image A1 light
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intestinal W/D weight ratio in I/R + ileostomy group
was significantly lower than in the I/R + RA group (P <
0.01) (Figure 2).

Table 1 Intestinal mucosal damage grading score
Grade
0
1
2
3
4
5

Histologic characteristics
Normal mucosal villi
Development of subepithelial Gruenhagen’s space, usually at
the apex of the villus, often with capillary congestion
Extension of the subepithelial space with moderate lifting of
the epithelial layer from the lamina propria
Massive epithelial lifting with a few denuded villi
Denuded villi with exposed dilated capillaries
Digestion and disintegration of lamina propria, hemorrhage,
and ulceration

Assay of intestinal permeability
Compared with the sham-operated group, the FITC-dextran levels detected in the serum were significantly higher
after intestinal I/R injury (P < 0.01). Furthermore, RA
or ileostomy did not significantly increase the amount of
circulating FITC-dextran compared with the I/R group
(Figure 3). These results indicate that RA or ileostomy
did not increase intestinal permeability in I/R rats.

microscope with Axiovision version4.5 software. Each
slide was analyzed and reported by three pathologists
who were all blinded to the source of the slides. A scale
from 0 to 5 described by Chiu et al[22] was used to grade
the intestinal mucosal lesions (Table 1).
Statistical analysis
Statistical analyses was performed with SPSS version
19.0 (IBM Corp., Armonk, NY, United States). Normally
distributed data are shown as mean ± SD. χ 2 or Fisher’s
exact tests were used for the statistical evaluation of proportional comparisons for positive cultures of tissues. The
remaining data were analyzed using one-way analysis of
variance. Significant results were analyzed post hoc using
the least significance difference test. Statistical significance
was established as P < 0.05.

RESULTS
Bacterial translocation
During the experimental period, all the animals survived.
In the I/R and I/R + RA groups, the incidence of BT to
the liver, kidney, MLN and blood was significantly higher
than in the sham-operated group (P < 0.05). However,
the incidence of BT to the liver and MLN in the I/R +
ileostomy group was significantly lower than in the I/R
+ RA group (P < 0.05). The I/R + ileostomy group and
the sham-operated group only differed significantly for
the incidence of BT to MLN (P < 0.05). In the I/R +
ileostomy group, the counts of microorganisms cultured
in the liver, spleen, kidney and MLN were significantly
lower than in the I/R + RA group (P < 0.05; Table 2).
Ileal bacterial counts
Ileal bacterial counts in the I/R and I/R +RA groups
were significantly higher than those in the sham-operated
group (P < 0.01). Compared with the I/R + RA group,
ileostomy significantly reduced the ileal bacterial counts
after intestinal I/R injury (P < 0.01; Table 3).
W/D weight ratio
The intestinal W/D weight ratios in the I/R, I/R + RA
and I/R + ileostomy groups were significantly higher
than in the sham-operated group (P < 0.01). There were
no significant differences in the intestinal W/D weight ratio between the I/R group and the I/R + RA group. The
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Endotoxin assays
Intestinal I/R injury significantly increased the endogenous endotoxin levels compared with the sham-operated group. However, the endotoxin levels in the I/R +
ileostomy were significantly lower than in the I/R + RA
group (P < 0.01; Figure 4).
Assay of TNF-α , IL-6 and IL-10 in serum
Compared with the sham-operated group, I/R significantly increased serum levels of the pro-inflammatory
TNF-α (P < 0.01). RA after I/R injury increased the level
of TNF-α in serum compared with I/R only rats, but
was not significantly different. However, ileostomy after
I/R injury did not increase serum TNF-α levels, which
were significantly lower when compared with the I/R +
RA group (P < 0.01). Similarly, the increases in serum
IL-6 levels in the I/R, I/R + RA and I/R + ileostomy
groups were significant as compared with sham-operated
animals (P < 0.01). Ileostomy after I/R injury decreased
serum IL-6 levels, which were significantly lower when
compared with the I/R + RA group (P < 0.01). Serum
IL-10 levels, as an indicator of anti-inflammatory response, were significantly higher in the I/R, I/R + RA
and I/R + ileostomy groups than in the sham-operated
animals (P < 0.01). Serum IL-10 levels in I/R, I/R + RA
and I/R + ileostomy groups were not different (Figure 5).
Assay of MPO activity
Compared with the sham-operated group, MPO activity
in the I/R and I/R + RA groups was significantly higher
(P < 0.05). MPO activity in the I/R + ileostomy group
was significantly lower than in the I/R group (P < 0.05),
but higher than in the sham-operated group (P < 0.05)
(Figure 6).
Histopathology
As shown in Figure 7, intestinal tissue segments from the
sham-operated group showed normal morphology. Multiple erosions and massive infiltration of inflammatory
cells in the lamina propria were observed after intestinal
I/R injury. After I/R injury, damage to crypt cells and
shortening of villi were typical histologic appearances.
After intestinal I/R injury, atrophied mucosal tissue and
leukocyte infiltration could be observed.
The Chiu’s histopathology score was lowest in the
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Table 2 Incidence and number of bacterial translocations in tissue and blood samples
Group (n = 8)

Liver
Incidence

Sham
I/R
I/R + RA
I/R + ileostomy

Spleen
CFU

0/8
6/8a
7/8a
2/8b

Incidence

0±0
841 ± 206.19a
1316 ± 236.22a
171 ± 112.78b

0/8
4/8
6/8a
2/8

Kidney
CFU

Incidence

0±0
33 ± 13.39a
61 ± 15.42a
12 ± 7.69b

0/8
5/8a
6/8a
3/8

MLN

CFU

Blood

Incidence

CFU

Incidence

0/8
7/8a
8/8a
3/8ab

0±0
49750 ± 10592.70a
64750 ± 8645.29a
4850 ± 2510.19b

0/8
5/8a
5/8a
2/8

0±0
261 ± 93.66a
375 ± 88.74a
68 ± 33.42b

CFU
0±0
36 ± 12.25a
38 ± 11.84a
13 ± 5.40

CFU: Colony-forming units; I/R: Ischemia/reperfusion; MLN: Mesenteric lymph nodes; RA: Resection and anastomosis; aP < 0.05 vs sham; bP < 0.05 vs I/R
+ RA.

200

Table 3 Ileal bacterial counts

I/R

Ileal bacterial count (CFU/g)

Sham
I/R
I/R + RA
I/R + ileostomy

82375 ± 10390.48
528750 ± 204341.28a
671250 ± 60280.22a
177750 ± 21987.62b

CFU: Colony-forming units; I/R: Ischemia/reperfusion; RA: Resection and
anastomosis. aP < 0.01 vs sham; bP < 0.01 vs I/R + RA.

8

FITC-Dextran (μg/mL)

Groups

I/R + RA
I/R + ileostomy

a
a

100

50

0
a

Figure 3 Fluorescein isothiocyanate-dextran levels in serum. Data are expressed as mean ± SD. aP < 0.01 vs sham. FITC: Fluorescein isothiocyanate;
I/R: Ischemia/reperfusion; RA: Resection and anastomosis.

a

a, b

4

4

Sham
I/R

2
-2

Endotoxin (EU/mL × 10 )

Intestinal wet/dry ratio

150

a

I/R + RA
I/R + ileostomy

Sham
I/R

6

Sham

0

Figure 2 Wet-to-dry weight ratios. Data are expressed as mean ± SD. aP <
0.01 vs sham; bP < 0.01 vs I/R + RA. I/R: Ischemia/reperfusion; RA: Resection
and anastomosis.

sham-operated group, and was highest in the I/R + RA
group (P < 0.01). Although there was no significant difference in scores among the I/R, I/R + RA and I/R +
ileostomy groups, the score in the I/R + ileostomy group
was lower than in the I/R and I/R + RA groups (Figure
8).

DISCUSSION
This is the first study to investigate BT in relation to ileostomy and intestinal resection/anastomosis, and the potential role of ileostomy in ameliorating BT and systemic
inflammation in a rat model of intestinal I/R injury.
Physiologically, the intestinal barrier provides physical
integrity and mucosal immunity[23]. Intestinal I/R injury
can lead to the destruction of endothelial and epithelial
cells and the breakdown of mucosal integrity, which
results in increased intestinal permeability and dysfunction of the intestinal barrier[24]. Consequently indigenous
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3

2

I/R + RA
I/R + ileostomy

a

a

ab

1

0

Figure 4 Endotoxin levels in serum. Data are expressed as mean ± SD. aP <
0.01 vs sham; bP < 0.01 vs I/R + RA. I/R: Ischemia/reperfusion; RA: Resection
and anastomosis.

intestinal bacteria translocate to other organs such as the
blood, spleen, liver and MLN, leading to sepsis and multiple organ dysfunction syndrome[24]. In the present study,
we found that construction of an ileostomy immediately
after occlusion of the SMA significantly decreased the
incidence of BT to the spleen, liver, kidney and MLN.
Ileostomy also significantly reduced ileal bacterial overgrowth. Thus, ileostomy seems to have protective effects
on the intestinal tract. Although it is not known how the
ileostomy prevents translocation, we can hypothesize that
the prevention of contamination by CIR appears to be
related to the protective effect of ileostomy. It has been
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4

Sham

Serum TNF-α (pg/mL)

I/R
60

I/R + RA
I/R + ileostomy

a
a, b

40

20

0

a

a
a, b

2

1

Figure 6 Myeloperoxidase activity in distal ileal tissue. Data are expressed
as mean ± SD. aP < 0.05 vs sham; bP < 0.05 vs I/R + RA group. I/R: Ischemia/
reperfusion; RA: Resection and anastomosis; MPO: Myeloperoxidase.

a
a

a, b

200
Serum IL-6 (pg/mL)

3

I/R + RA
I/R + ileostomy

0

250

150

100

50

0
400
a
a
Serum IL-10 (pg/mL)

Sham
I/R

a
MPO activity (U/g wet weight)

80

a

300

200

100

0

Figure 5 Serum levels of tumor necrosis factor tumor necrosis factor-α,
-6 and IL-10 following intestinal ischemia/reperfusion injury in rats. Data
are expressed as mean ± SD. aP < 0.01 vs sham; bP < 0.01 vs I/R + RA group.
IL: Interleukin; TNF-α: Tumor necrosis factor-α; I/R: Ischemia/reperfusion; RA:
Resection and anastomosis.

shown by previous studies that intestinal I/R could not
only cause injury to mucosa, but also delay the gastrointestinal transit time[25-27]. At the same time, accumulating
experimental evidence has shown the occurrence of ileal
contamination due to reflux in experimental models or
after surgical intervention in the ileocecal valve[28-30]. The
occurrence of CIR during barium enema is a common
observation[11-13]. These are refluxes of varying intensity
that oscillate from small to large that can fill long ileal
segments. The results of our experiment suggest that the
protective effects of ileostomy on intestinal BT may be
partly due to the prevention of contamination by CIR.
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As the initial BT process, attachment of bacteria to
the enterocyte can mediate the production of cytokines,
resulting in an inflammatory response. Following the
passage of bacteria through the epithelial barrier, proinflammatory factors are excessively released, resulting in
the destruction of intestinal barrier integrity and further
BT[31]. The present study suggests that the serum levels
of TNF-α and IL-6, the pro-inflammatory cytokines,
increased after 4-h intestinal I/R injury. These results
are consistent with previous studies demonstrating that
intestinal I/R injury has a large effect on the release of
cytokines[31]. It has been demonstrated that increased
mortality in animal models is relevant to the increase in
TNF-α and IL-6 levels after intestinal I/R injury[32,33].
The degree of tissue injury and mortality after intestinal
I/R injury is determined by the balance between TNF-α
and IL-10[34]. We found that, when compared with RA,
ileostomy did not increase the levels of IL-6 and TNF-α
in serum after intestinal I/R injury. This may be due to
the decreased incidence of BT observed in rats treated
with ileostomy.
In addition to the indigenous bacterial translocation,
the endotoxic translocation may also induce the dysfunction of other organs as a result of changes in intestinal
function. Endotoxin could potently stimulate the release
of cytokines, such as IL-6 and TNF-α. These mediators
of inflammation play an important role in the pathogenesis of systemic inflammatory response syndrome[35]
and multiple organ dysfunction syndrome[36]. This study
demonstrated that ileostomy after intestinal I/R injury
significantly decreased the serum level of endotoxin. We
reasoned that the protective effect of ileostomy appears
to be related to its ability to prevent the reflux of endotoxin-rich colonic contents into the ileum.
As an indicator of neutrophil accumulation, MPO
activity is increased in intestinal I/R injury[9,37]. In this
study, the reduction in neutrophil accumulation, which
was shown by the significantly decreased MPO activity
in the intestine of ileostomy-treated rats, seems to be a
consequence of preventing BT. In the course of intestinal I/R injury, neutrophils play an important role[38]. Af-
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A
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C
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Figure 7 Light microscopic evaluation of the distal ileum. Hematoxylin and eosin staining in distal ileum (magnification × 40) in the A: sham-operated group,
showing an intact mucosal barrier with normal lamina propria; B: Intestinal ischemia/reperfusion (I/R) injury resulted in acute mucosal damage; C: Resection and
anastomosis did not ameliorate the mucosal damage caused by I/R injury; D: I/R + ileostomy resulted in an apparently intact mucosal barrier, though the epithelial
cells appeared shrunken.
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Figure 8 Histologic injury score of the intestines. Data are expressed as
mean ± SD. aP < 0.01 vs sham. I/R: Ischemia/reperfusion; RA: Resection and
anastomosis.

ter intestinal I/R injury, mediators such as bacteria and
cytokines appears to stimulate the systemic activation of
neutrophils[38]. Further inflammation and oxidative damage was then promoted by these activated neutrophils.
Our data showed that the construction of a terminal
ileostomy after intestinal I/R injury partially reversed tissue damage, and decreased intestinal W/D weight ratio
and the histologic injury score. In addition to the prevention of ileal contamination by CIR, possible explanations
for these results might be that the terminal ileostomy pro-
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motes the ileal clearing function after intestinal I/R injury.
However, due to a lack of appropriate studies, terminal ileum clearing delay in individuals with CIR cannot be confirmed, and it is not possible to determine whether such a
delay may be bacteria-specific or extend to other contents.
As noted in gastroesophageal reflux disease genesis[39,40],
further studies focusing on the pathogenic implications
of inadequate clearing of individuals with CIR are desirable. If this delay is confirmed, it could lead to prolonged
exposure of the ileum to bacteria and metabolic products
originating in the colon[41,42], resulting in harmful consequences to body balance.
Demonstrating the effects of interrupting CIR on BT
was the main purpose of this research. However, the time
when CIR appears after intestinal I/R injury is difficult
to determine. Therefore, further studies are needed to
define the optimal time to perform a terminal ileostomy.
Another limitation of this study is that we did not use
exact methodology to confirm the CIR. Isotope- or fluorescent-labeled bacteria could be used to conduct further
experiments.
In conclusion, this study suggests that ileostomy ameliorates the detrimental effects of intestinal I/R injury on
the intestine and systemic inflammation in rats. We speculate that bacterial CIR plays an important role in BT, and
the beneficial effects of ileostomy, such as improved BT
and systemic inflammation, are attributed mainly to the
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interruption of CIR.
5

COMMENTS
COMMENTS
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Background

Bacterial translocation (BT) is an important factor affecting clinical prognosis
when the body is under stress of any kind, including trauma, burns or sepsis.
Previous studies paid little attention to the importance of the reflux of intestinal
bacteria. Terminal ileostomy is one of the most common procedures in general
surgery, which can block the route of bacterial cecoileal reflux (CIR). In clinical
practice, surgeons often face the choice between ileostomy and resection/anastomosis. In this study, the authors investigated the protective effect of ileostomy
against BT in a rat model of intestinal ischemia/reperfusion (I/R) injury to provide a theoretic basis for this surgery.

Research frontiers

The authors demonstrated that ileostomy could prevent the detrimental effects
of intestinal I/R injury on the intestinal tissue and systemic inflammation in a rat
model of superior mesenteric artery occlusion. They speculate that bacterial
CIR plays an important role in BT, and the beneficial effects of ileostomy, such
as the improved BT and systemic inflammatory, are attributed mainly to the
interception of CIR.

Innovations and breakthroughs

Recent reports have highlighted the importance of BT in intestinal I/R injury in
rats. Few studies have described the bacterial CIR during intestinal I/R injury.
This is believed to be the first study to report that ileostomy could prevent the
detrimental effects of intestinal I/R injury on BT, intestinal tissue, and inflammation. This study also provided theoretic gist for the choice of ileostomy and
resection/anastomosis in clinical practice.

Applications

Based on the findings in this study that ileostomy can prevent the detrimental
effects of intestinal I/R injury on the intestinal tissue and systemic inflammation in a rat model of superior mesenteric artery occlusion, ileostomy may be
performed as a more suitable therapeutic option than resection/anastomosis to
prevent BT after intestinal I/R injury, which requires exploratory laparotomy.

Terminology

CIR is a relatively common observation in barium enema. The refluxes are
of varying intensity that oscillate from small to large, which can fill long ileal
segments. The hypothesis of CIR innocuousness seems, however, rather implausible as it would differ from the behavior of refluxes in other topographies of
the digestive system, where they exhibit a high complication potential, generating such frequent and repercussive diseases as the gastroesophageal reflux
disease. What is actually observed is that, perhaps due to the difficulties in approaching the ileocecal junction, the most frequently adopted conduct has been
that of disregarding the importance of CIR and considering it as an irrelevant
and common finding with no specific diagnostic meaning.
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Peer review

The study of Lin and coworkers clearly shows how ileostomy may contribute to
preventing the detrimental effects of ligating the superior mesenteric artery. The
paper is well designed, the conclusions are supported by specific data, and its
length and bibliography are appropriate.
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and sterol-regulatory element binding protein-1c,
whereas inhibition of miR-185 using an anti-miR-185
oligonucleotide produced the opposite effect in HepG2
cells. In a high-fat diet mouse model, the accumulation
of lipids was significantly improved after treatment with
miR-185, compared with control animals. Induction of
miR-185 enhanced the insulin signalling pathway by upregulating the insulin-receptor substrate-2.
CONCLUSION: These findings suggest that miR-185
plays an important role in regulating fatty-acid metabolism and cholesterol homeostasis in hepatocytes, as
well as in improving insulin sensitivity, both in vitro and
in vivo .
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: MiR-185; Insulin signalling pathway; Lipid
metabolism; Non-alcoholic fatty liver disease

Abstract
AIM: To assess the regulatory effect of microRNA-185
(miR-185) on lipid metabolism and the insulin signalling
pathway in human HepG2 hepatocytes and a high-fat
diet mouse model.
METHODS: Quantitative reverse transcription-polymerase chain reaction was used to assess the mRNA levels
of lipogenic genes after loss or gain of miR-185. In addition, the amounts of insulin signalling intermediates
were determined after transfection of HepG2 cells with
pre-miR-185.
RESULTS: MiR-185 levels decreased in a time- and
dose-dependent manner in response to palmitic acid in
human HepG2 hepatocytes. Transfection of HepG2 cells
with miR-185 significantly decreased the mRNA levels
of fatty acid synthase, 3-hydroxy-3-methylglutaryl-CoA
reductase, sterol-regulatory element binding protein-2,
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Core tip: Our study presents important information on
the pathogenesis of non-alcoholic fatty liver disease
(NAFLD) and insulin resistance. We used a bioinformatics method to identify microRNAs potentially involved in
the regulation of lipid metabolism and insulin signalling.
We chose microRNA-185 (miR-185) to validate in vitro
and in vivo in regard to regulation of lipid metabolism
gene expression and blockade of the insulin signalling
pathway. We found that overexpression of miR-185
improved insulin sensitivity and reduced liver steatosis
in an NAFLD animal model. No previous studies have
reported the regulatory effect of miR-185 on the insulin signalling pathway. MiR-185 might be useful in the
design of therapeutic strategies for treating NAFLD and
insulin resistance.
Wang XC, Zhan XR, Li XY, Yu JJ, Liu XM. MicroRNA-185 regulates expression of lipid metabolism genes and improves insulin
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sensitivity in mice with non-alcoholic fatty liver disease. World J
Gastroenterol 2014; 20(47): 17914-17923 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i47/17914.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i47.17914

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a complex
metabolic disease characterised by accumulation of triglycerides and free cholesterol in the liver. This condition
is caused by an imbalance in lipid metabolism pathways
involved in triacylglycerol delivery, synthesis, export or
oxidation[1]. Indeed, the liver plays a central role in modulating lipid metabolism and homeostasis, and a disruption
of lipid metabolism and insulin signalling is frequently
closely associated with NAFLD[2-4]. Therefore, identification of the regulators that control lipid metabolism and
insulin resistance is critical.
We previously analysed microarray expression profiles in NAFLD and insulin resistance in an effort to
identify such regulators, using samples from eight-weekold C57bl/6 mice fed a high-fat diet (HFD)[5] and hepatic
c-Jun amino-terminal kinase 1 (JNK1) knockout DIO
mice[6], respectively. From a pool of thousands of genes,
we identified 21 genes that were co-differentially expressed
in NAFLD and insulin resistance groups, compared with
normal liver tissue, using significance analysis of microarray data (Wang, Zhan et al, unpublished data). TargetScan
algorithms[7] (http://www.targetscan.org) were used to predict miRNAs potentially targeting the 21 co-differentially
expressed genes. Ultimately, microRNA-185 (miR-185) was
predicted to modulate seven of the 21 co-differentially expressed genes. The putative interactions between miR-185
and these genes indicate its potential impact on NAFLD
pathogenesis and insulin resistance. However, the exact
role of miR-185 in the regulation of lipid metabolism and
the insulin signalling pathway is yet to be determined. In
addition, the accuracy of the bioinformatics prediction
needs to be experimentally confirmed.
Hepatic insulin resistance plays a fundamental role
in both carbohydrate and lipid metabolism[8]. Indeed,
insulin-mediated activation of insulin-receptor substrate
(IRS) and Akt2 is indispensable for glucose and lipid metabolism[9]. Recent evidence has emerged that the phosphatidylinositide 3-kinase (PI3K)/Akt signalling pathway
activates the sterol-regulatory element-binding proteins
(SREBPs), which results in dramatic effects on lipogenic
gene expression, inducing steatosis[10]. It has been shown
that SREBP-1 activation contributes to fatty acid and
lipid accumulation, while SREBP2 is mainly responsible
for cholesterol metabolism[11,12]. Recently, Li et al[13] have
confirmed the regulatory role of miR-185 in lipogenesis
and cholesterogenesis through targeting SREBP1 and
SREBP2 in prostate cancer cells.
To date, no report is available on the role of miR-185
in lipid metabolism and the insulin signalling pathway in
mice and HepG2 cells. Therefore, this study aimed to
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characterize the effect of miR-185 on NAFLD and insulin resistance in vivo and in vitro.
We herein validated the regulatory effect of miR-185
on lipid metabolism and the insulin signalling pathway. Indeed, we demonstrated that miR-185 is actively involved
in the regulation of lipid metabolism and insulin sensitivity, using both in vitro assays and a C57BL/6 mouse model
of NAFLD. These findings further reveal the critical role
of miR-185 in various cellular processes, and provide a
basis for the use of this potent regulator in the design of
novel and better molecular targets for the treatment of
NALFD and, to some extent, diabetes.

MATERIALS AND METHODS
Culture and transfection of HepG2 cells
HepG2 cells were cultured in DMEM containing 10%
foetal bovine serum, 1% of an antibiotic cocktail containing penicillin (10000 U/mL) and streptomycin (10000
μ g/mL), 1% non-essential amino acid solution, 1%
L-glutamine and 5.0 mmol/L glucose, in a humidified
environment with 5% CO2 at 37 ℃. MiR-185, control
microRNA, anti-miR-185 and control antisense oligonucleotides (ASOs) were synthesized by RiboBio Co., Ltd.
(Guangzhou, China); the oligonucleotides were transfected into HepG2 cells using the Lipofectin transfection reagent (Invitrogen, United States), according to the
manufacturer’s instructions.
Animals and diets
The animal study was approved by the ethics committee of Harbin Medical University (Harbin, Heilongjiang,
China) and experiments were conducted according to
the National Institutes of Health guidelines for humane
treatment of laboratory animals. Eight-week-old male
C57Bl/6 mice were obtained from Harbin Medical University Laboratories (Harbin, Heilongjiang, China) and
housed with a 12 h light/dark cycle, allowing free access
to water and pellet chow. To assess miR-185 expression
levels, C57BL/6 mice were divided into two groups, fed a
normal laboratory diet and an HFD (30% fat, 15% protein, 45% carbohydrate, and 1.15% cholesterol), respectively, for 12 wk. At 4, 8 and 12 wk, liver tissues were harvested for quantitative reverse transcription-polymerase
chain reaction (qRT-PCR) experiments respectively.
For miR-185 treatment, 20 eight-week-old male
C57BL/6 mice were fed an HFD for 12 wk. Then, half
of the mice (n = 10) were intravenously injected with 20
mg/kg miR-185 while the other half, used as controls (n
= 10), were administered equal amounts of the control
microRNA weekly for 8 wk. Mouse body weights were
recorded weekly.
Quantitative real-time RT-PCR
To determine whether miR-185 acts as a regulator in lipid
metabolism, we first quantitated alterations in miR-185
expression in response to palmitic acid (PA) stimulation. The HepG2 cells were treated with 1.0 × 10-4 or
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Figure 1 MicroRNA-185 expression levels in palmitic acid-treated HepG2 cells. HepG2 cells were treated with 1.0 × 10-4 or 5.0 × 10-4 mmol/L PA; qRT-PCR detected microRNA-185 (miR-185) levels after 24-h (A) or 48-h (B) incubation. RNU6-2 was used as an internal control for miR-185. Data are mean ± SEM from three
separate experiments. aP < 0.05, bP < 0.01 vs the normal control group. PA: Palmitic acid; qRT-PCR: Quantitative reverse transcription-polymerase chain reaction.

manufacturers’ instructions. The purified RNA was treated
with DNase I and reverse transcribed using the MMLV
Reverse Transcriptase First Strand cDNA Synthesis Kit
(Invitrogen, United States). All reactions were performed
in triplicate, and RNU6-2 or β-actin was selected as an
internal control for normalization. Relative fold changes in
gene expression were determined by the 2−ΔΔCt method[14].
The primer sequences used for RT-PCR are listed in Table
1.

Table 1 The primer sequences
SREBP1
5'-ACC CCT GTG TTA GGC TAC CCC AGC CCT C-3'
5'-TCT CCG CAT CTA CGA CCA GTG GGA CTG T-3'
427 bp
SREBP2
5'-TCA AAC TCA GCT GCA ACA ACA GAC GGT A-3'
5'-AAT GAT ATT ATG GGT TGT CCG CCT TTC T-3'
592 bp
GAPDH
5'-TGC CAA ATA TGA TGA CAT CAA GAA GGT G-3'
5'-GTC ATA CCA GGA AAT GAG CTT GAC AAA G-3'
190 bp
FAS
5'-CTG GCT ACC TGA GCA TAG TGT GGA AGA C-3'
5'-TGC AGT GTG TAC AGC TTC TGC CTG TGG G-3'
544 bp
HMGCR
5'-ACA ATA AGA TCT GTG GTT GGA ATT ATG A-3'
5'-CCT AAA ATT GCC ATT CCA CGA GCA ATA T-3'
376 bp
SREBP1: Sterol-regulatory element-binding proteins-1; SREBP2: Sterolregulatory element-binding proteins-2; GAPDH: Reduced glyceraldehydephosphate dehydrogenase; FAS: Fatty acid synthase; HMGCR: 3-hydroxy3-methylglutaryl-CoA reductase.

5.0 × 10-4 mmol/L PA, and qRT-PCR was used to assess
miR-185 levels after 24 h and 48 h of culture.
Total RNA was isolated from the liver tissue or
cultured cells using a High Pure miRNA Isolation Kit
(5080576001, ROCHE, Germany) according to the manufacturer’s instructions. Then cDNA was synthesized using a miRcute miRNA cDNA kit (KR201-01, Invitrogen,
United States). qRT-PCR was performed on an Applied
Biosystems 7900HT Sequence Detection System (Applied
Biosystems, United States).
To assess mRNA levels of SREBP1, SREBP2, fatty
acid synthase (FAS), and 3-hydroxy-3-methylglutarylCoA reductase (HMGCR), total RNA was extracted and
purified using Trizol (Invitrogen, United States) and the
RNeasy Mini kit (Qiagen), respectively, according to the
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Assessment of fatty acid oxidation and sterol synthesis
rates in HepG2 cells
HepG2 cells were cultured in 12-well plates and transfected with miR-185 (20 nmol/L), anti–miR-185 (40 nmol/L),
or negative controls (con-miR and con-anti-miR). After
48 h, the fatty acid oxidation rate was evaluated by quantifying the oxidation of [1-14C] oleate into 14CO2, as previously described (Yu et al, 1997). The sterol synthesis rate
was estimated by measuring the amounts of [14C] acetate
incorporated into cellular sterols, as described previously
(Ettinger et al, 1994). Each experiment was performed in
triplicate.
Western blot
Forty-eight hours after transfection, cells were washed
in phosphate-buffered saline (PBS) and lysed with 300
μL RIPA lysis buffer (Solarbio, Beijing, China) containing a protease inhibitor mixture (Roche Applied Science,
Germany). Proteins were resolved by SDS-PAGE and
transferred onto PVDF membranes. The membranes
were blocked with 5% non-fat dry milk and probed with
primary antibodies raised against insulin receptor substrate (IRS) 1 (Abcam, United States), IRS-2 (Santa Cruz,
United States), AKT2 (Santa Cruz, United States), PI3K
(Santa Cruz, United States), and β-actin (Sigma, United
States). After three washes with TBS-T, the membranes
were incubated with appropriate horseradish peroxidaseconjugated secondary antibodies (Santa Cruz, United
States). The signals were visualised with an ECL kit (GE
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Figure 2 Effect of miR-185 on lipid metabolism in HepG2 cells. HepG2 cells were transfected with pre-miR-185 or anti-miR-185 (an antisense oligonucleotide
against miR-185), and fatty acid oxidation and sterol synthesis rates were determined. A: The sterol synthesis rate was determined by the amount of [ 14C] acetate
incorporated into HepG2 cell sterols after transfection with pre-miR-185; B: The fatty acid oxidation rate was measured by the oxidation of [1-14C] oleate into 14CO2
after transfection with pre-miR-185; C: Sterol synthesis rates in HepG2 cells after transfection with miR-185 inhibitors; D: Fatty acid oxidation rates in HepG2 cells
after transfection with miR-185 inhibitors; E: Quantitative reverse transcription-PCR was used to assess the mRNA levels of key lipid metabolism-associated genes in
HepG2 cells after overexpression of miR-185; F: mRNA levels of lipid metabolism-associated genes after miR-185 inhibition. Data are mean ± SEM from three separate experiments. aP < 0.05, bP < 0.01 vs the normal control group. miR-185: microRNA-185; ASO: Antisense oligonucleotide; SREBP-1C: Sterol-regulatory elementbinding proteins 1C; SREBP-2: Sterol-regulatory element-binding proteins 2; HMGCR: 3-hydroxy-3-methylglutaryl-CoA reductase.

Healthcare, CT, United States).
Evaluation of clinical chemistry parameters
Plasma concentrations of total cholesterol (CHOL), triglycerides (TG), and alanine aminotransferase (ALT) were
determined after the last injection using spectrophotometric assay kits (Sigma-Aldrich, St. Louis, MO, United
States) according to the manufacturer’s instructions.
Intraperitoneal insulin tolerance test
Mice were submitted to 8 h fasting and administered
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insulin by intraperitoneal injection. Then, plasma insulin
levels were measured by ELISA and blood glucose levels
(in tail vein blood) were assessed at 0, 15, 30, 60, and 120
min after insulin (1.0 U/kg body weight) treatment using
a blood glucose meter (One Touch Ultra, Lifescan, United States) according to the manufacturer’s instructions.
Histological analysis
To evaluate the effect of miR-185 on hepatic steatosis,
liver tissues were harvested from mice after the last injection of miR-185, fixed in 10% formalin solution, and
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Figure 3 MicroRNA-185 expression levels in C57BL/6J mice fed a high
fat diet. C57BL/6J mice were fed a normal chow or a high fat diet for 12 wk
and liver tissues were harvested at 4, 8, and 12 wk. The miR-185 levels were
determined by quantitative reverse transcription-PCR (n = 10). Data are mean
± SEM from three separate experiments. aP < 0.05 vs the normal control group.
miR-185: microRNA-185.

embedded in paraffin. The sections were stained with
hematoxylin and eosin according to standard protocols.
Statistical analysis
Statistical analyses were carried out using SPSS statistical software version 12.0 (SPSS Inc., Chicago, IL, United
States). Data are expressed as mean ± SD. Student’s t-test
and one way analysis of variance (ANOVA) were used
to compare the differences between two or among more
than two groups, respectively. P < 0.05 and P < 0.01 were
considered statistically significant and highly significant,
respectively.

RESULTS
MiR-185 expression is regulated by palmitic acid in
HepG2 cells
In the presence of palmitic acid, miR-185 expression
levels decreased by approximately 20% and approximately 35% after treatment with 1.0 × 10-4 mmol/L PA (P <
0 .01) and 5.0 × 10-4 mmol/L PA (P < 0.05), respectively,
after 24-h incubation compared with control cells (Figure
1A). This effect was increased after 48-h incubation, with
miR-185 expression decreasing by approximately 42%
(1.0 × 10-4 mmol/L PA, P < 0.01) and 60% (5.0 × 10-4
mmol/L PA, P < 0.05) compared with the control group
(Figure 1B). These data suggested that miR-185 expression levels decreased in a time- and dose-dependent manner in response to PA in HepG2 cells.
Effect of miR-185 on lipid metabolism in HepG2 cells
To evaluate the modulatory effect of miR-185 on lipid
metabolism, HepG2 cells were transfected with premiR-185 or anti-miR-185, and fatty acid oxidation and
sterol synthesis rates were determined. Compared with
control cells, HepG2 cells overexpressing miR-185 displayed a stark decrease in the sterol synthesis rate of approximately 30% (P < 0.01; Figure 2A) and an increased
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fatty acid oxidation rate (1.9-fold, P < 0.01; Figure 2B).
Inhibition of miR-185 by anti-miR-185 resulted in a
2.2-fold increase in the sterol synthesis rate (P < 0.01,
Figure 2C) and approximately 38% decrease in the fatty
acid oxidation rates (P < 0.01, Figure 2D) compared with
controls.
Since multiple studies have shown that FAS, HMGCR,
SREBP2, and SREBP1c are strongly associated with
lipid metabolism, the effect of miR-185 on these lipid
metabolism-associated genes was assessed. Gene expression levels of FAS, HMGCR, SREBP2, and SREBP1c
were measured after induction or inhibition of miR-185.
qRT-PCR data revealed dramatically reduced expression
of FAS, HMGCR, SREBP2, and SREBP1c after miR-185
overexpression in HepG2 cells (Figure 2E). Conversely,
inhibition of miR-185 in HepG2 cells resulted in increased FAS, HMGCR, SREBP2, and SREBP1c mRNA
levels (Figure 2F). These findings indicated that miR-185
regulates fatty acid metabolism and cholesterol homeostasis by suppressing the expression of lipogenic genes in
hepatocytes.
Effect of a high fat diet on miR-185 expression in C57BL/
6J mice
The in vitro data described above prompted us to further investigate the role of miR-185 in regulating lipid
metabolism in vivo. C57BL/6J mice were fed a normal
chow or a high fat diet for 12 wk, and liver tissues were
harvested after sacrifice at weeks 4, 8, and 12 for qRTPCR experiments. MiR-185 expression was decreased
by approximately 22% at 8 wk (P < 0.01) and further
declined (approximately 30%) at 12 wk (P < 0.01) compared with normal controls. In agreement with the in vitro
data, miR-185 expression declined in the HFD group in a
time-dependent manner (Figure 3).
Overexpression of miR-185 reduces liver steatosis and
improves insulin sensitivity in vivo
To elucidate the regulatory effect of miR-185 on insulin
sensitivity and lipid metabolism, c57BL/6 mice were fed
a high-fat diet for 12 wk, then treated intraperitoneally
weekly with miR-185 (20 mg/kg) for 8 wk. To determine
insulin sensitivity, an ITT was performed after the last
miR-185 administration. The results showed significantly lower plasma glucose concentrations in the HFD
+ miR-185 group compared with the HFD + con-miR
group at all time points after injection of 1U/kg insulin
(Figure 4A).
The effect of miR-185 overexpression on NAFLD
was also assessed. After the 8-wk treatment regimen, no
significant difference was observed between the HFD +
con-miR and HFD + miR-185 groups in terms of mouse
body weights (Figure 4B); TG, CHOL and ALT levels decreased after miR-185 treatment compared with the HFD
+ con-miR group (Figure 4C-E). In addition, HE staining
showed enlarged cells with hepatocellular ballooning in
the HFD + con-miR group. Finally, lipid accumulation
decreased significantly after miR-185 treatment (Figure
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Figure 4 Overexpression of microRNA-185 improves insulin sensitivity and reduces liver steatosis. Eight-week-old male C57BL/6 mice were fed a high-fat
diet for 12 wk. One half of the mice (n = 10) were injected with miR-185 (20 mg/kg body weight) and the control group (n = 10) received injections of control microRNA
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SEM from three separate experiments, n = 10, aP < 0.05 vs the normal control group. HFD: High-fat diet.

4F). These data suggested that miR-185 overexpression
alleviates liver fat content in C57BL/6 mice.
MiR-185 regulates the insulin signalling pathway in vitro
To explore whether miR-185 regulates the insulin signalling pathway, we assessed the expression of key pathway
components (IRS-1, IRS-2, PI3K and Akt2) and the
phosphorylation of Akt2 and PI3K after transfection of
HepG2 cells with pre-miR-185. As shown in Figure 5A,
IRS-2 expression was significantly elevated (3-fold) after
miR-185 overexpression, whereas the expression levels
of IRS-1, PI3K and Akt2 were unchanged. Moreover,
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both pPI3K and pAkt2 were markedly increased (Figure
5B), suggesting that miR-185 promotes the PI3K/Akt2
pathway by inducing IRS-2 expression rather than IRS-1.

DISCUSSION
Insulin resistance is critical in the pathogenesis of NAFLD,
and both pathologies are frequently present concurrently[15-17]. Our previous work has focused on the molecular
interaction between NAFLD and insulin resistance. Although the pathogenesis of NAFLD is not entirely understood, the critical role of miRNAs as major regulators
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of fatty acid and cholesterol homeostasis deserves attention[18-21]. Indeed, single miRNAs could regulate complex
disease processes by targeting the biological pathways of
multiple proteinases and transcription factors; increasing evidence supports key roles for miRNAs in regulating lipid metabolism and insulin sensitivity, e.g., miR-33a
and miR-33b target key enzymes involved in fatty acid
oxidation[22]. In addition, miR-181d expression decreases
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triglyceride and cholesterol levels in cells[23]; miR-122
overexpression induces cholesterol and triglyceride biosynthesis in the adult liver[24]; and miR-126 affects insulin
sensitivity in hepatocytes[25]. It has recently been reported
that miR-185 regulates cholesterol metabolism by directly
targeting the 3’-untranslated region (UTR) of hepatic
scavenger receptor class B type I (SR-BI) and decreasing
HDL uptake[26]. In our previous study using bioinformat-
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ics, miR-185 was predicted to be involved in the regulation of both NAFLD pathogenesis and insulin resistance
(Wang, Zhan et al unpublished data).
Herein, we uncovered a potential role of miR-185 in
the regulation of hepatic lipid metabolism, the development of NAFLD, and insulin resistance. Wang et al[26]
have recently shown that miR-185 was decreased in liver
tissues from ApoE knockout mice after 8 wk on a HFD.
In accordance with our results, miR-185 expression declined in a time-dependent manner in C57BL/6J mice
fed a HFD from the 8th week, and miR-185 expression
levels decreased in a time- and dose-dependent manner
in response to PA in HepG2 cells (Figure 6).
These findings demonstrate that overexpression of
miR-185 contributes to reduced fatty acid and cholesterol
biosynthesis, which paralleled the observed decreases in
mRNA levels of the fatty acid metabolism-related gene
FAS and multiple cholesterol metabolism-related genes,
including HMGCR, SREBP-2 and SREBP-1c. Inhibition
of miR-185 in HepG2 cells caused elevated fatty acid
and cholesterol biosynthesis, which was accompanied
by increases in the mRNA levels of these key lipogenic
genes. Similarly, Li et al[13] found that miR-185 inhibited
fatty acid and cholesterol biosynthesis in prostate cancer
cells, where it regulated SREBP-1 and SREBP-2 gene expression by directly binding their 3’-UTRs. In agreement
with this, Yang et al[27] have demonstrated that miR-185
post-transcriptionally represses SREBP-2 expression.
However, these authors found no significant alteration in
HMGCR expression after treatment of HepG2 cells with
miR185[27]. Such a discrepancy might result from differences in the experimental conditions between their study
and ours.
SREBP-1 controls the genes involved in fatty acid
biosynthesis, whereas SREBP-2 predominantly regulates
cholesterol metabolism[28-31]. They often act as key regulators to induce the transcription of lipid-related genes,
including FASN, FDFT1 and HMGCR, which results
in an increase in fatty acid and cholesterol biosynthesis[32-35]. Our animal model provided strong evidence that
miR-185 inhibits lipid metabolism. MiR-185 likely affects
fatty acid and cholesterol metabolism in hepatic cells at
least in part by inhibiting SREBP-1 and SREBP-2 mRNA
expression.
Insulin resistance was markedly improved by miR-185.
No previous studies have reported that miR-185 regulates
the insulin-signalling pathway. Interestingly, Ryu et al[25]
have demonstrated that miR-126 overexpression causes
insulin resistance in hepatocytes through direct targeting
of IRS-1 mRNA. Likewise, Karolina et al[36] found that
miR-144 directly inhibits IRS1 at the mRNA and protein
levels, and constitutes a critical component in insulin
signalling. As shown above, miR-185 overexpression
enhanced IRS-2 expression, and insulin stimulated its
downstream kinases PI3K and Akt2 in hepatocytes. We
found significantly improved insulin sensitivity after treatment of HFD animals with miR-185. Although miR-185
affected IRS-2 protein expression as shown above, it is
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unlikely that miR-185 directly regulates IRS-2, i.e., by
interaction with the 3’-UTR of the gene, since IRS-2 is
devoid of seed sequences for miR-185 binding. One possibility is that miR-185 targets other genes that in turn
regulate IRS-2; this hypothesis merits further exploration.
We comprehensively describe the regulatory effect of
miR-185 on lipid metabolism and insulin signalling in vivo
and in vitro. Overall, our findings define additional functional relevance of miR-185 that might be useful in the
design of therapeutic strategies for treating NAFLD and
improving insulin resistance.
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RESULTS: After HT-29 cells were cultured with IL-17
and TNF-α, the expression levels of neutrophil chemokines (CXCL1, CXCL2, CXCL5, CXCL6, IL-8) and Th17
chemokine (CCL20) significantly improved (24.96 ±
2.53, 28.47 ± 2.87, 38.08 ± 2.72, 33.47 ± 2.41, 31.7 ±
2.38, 44.37 ± 2.73, respectively), and the differences
were all statistically significant (P < 0.01). Western blot
results showed that IL-17 obviously enhanced the phosphorylation level of p38, which was induced by TNF-α.
Compared with the control group, the expression level
of IL-8 significantly declined (9.47 ± 1.36 vs 3.06 ± 0.67,
P < 0.01) when TH-29 cells were cultured with IL-17
and TNF-α. p38 inhibition assay showed that the p38
pathway played an essential role in the inflammatory
response induced by IL-17. p38 phosphorylation levels
could not be changed after using IL-17 and TNF-α in
the stable Act1 knockdown HT-29 cell line.
CONCLUSION: IL-17 significantly promoted the gene
expression levels of TNF-α-induced neutrophil chemokines and Th17 cell chemokine. It is obvious that IL-17
and TNF-α have synergistic effects on p38.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To evaluate the proinflammatory effects and molecular mechanisms of interleukin (IL)-17 in intestinal
epithelial cell line HT-29.
METHODS: HT-29 cells were cultured with IL-17, tumor necrosis factor (TNF)-α, or the combination of both
IL-17 and TNF-α. Real-time PCR and Western blot were
used to measure the gene expression levels of neutro-
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phil chemokines CXCL1, CXCL2, CXCL5, CXCL6, IL-8
and TH-17 cell chemokine CCL20, the phosphorylation
levels of p38 and TNF-α, and the expression level of
IL-8, after using the p38 inhibitor in HT-29 cells. The
stable Act1 knockdown HT-29 cell line was established
to further test the phosphorylation changes of p38, after using IL-17 and TNF-α.

Key words: IL-17; HT-29; TNF-α; Inflammatory bowel
disease
Core tip: Our study revealed that interleukin (IL)-17
significantly promoted the gene expression levels of
tumor necrosis factor (TNF)-α-induced neutrophil chemokines and Th17 cell chemokines. It is obvious that
IL-17 and TNF-α have synergistic effects on p38.
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INTRODUCTION
Ulcerative colitis and Crohn’s disease are also known as
inflammatory bowel disease (IBD)[1]. The disease refers
to chronic inflammatory disorders of the gastrointestinal
tract, which can easily recur. IBD occurs more often in
males than females, and nowadays, the morbidity rate is
showing an upward trend. IBD has become one of the
most common digestive system diseases[2]. It is widely accepted that the interaction of genetic and environmental
factors leads to the disease[3-5], but the pathogenesis is
still unclear.
Hundorfean et al[6] found that the expression level of
interlukin-17 (IL-17) significantly increased in the peripheral blood of patients with IBD, which implies that IL-17
may play an important role in the physiological and pathological processes of the disease. IL-17 and tumor necrosis factor (TNF) can accelerate inflammatory response by
inducing various kinds of inflammatory cytokines in diseases such as IBD[7,8]; however, the molecular mechanism
of the proinflammatory effects is still unknown. Wu et al[9]
reported that IL-17 can induce neutrophil infiltration and
related inflammatory cytokine expression, through the
p38 pathway in myoblasts and fibroblasts; yet epithelial
cell mechanisms were still rarely reported.
To deeply understand the pathogenesis of IBD, the
molecular mechanisms of the proinflammatory effects of
IL-17 and TNF-α in intestinal epithelial cell line HT-29
need to be studied. Since intestinal epithelial cell line
HT-29 has normal colonic epithelial structures and functions, it has been the most common cell line used in laboratory to study the immunologic mechanisms of the intestinal mucosa[10,11]. Even though the IL-17 inhibitor has
been proven to be ineffective in IBD treatments, blocking
the other site of the pathway may prove to be hopeful in
future studies. Therefore, it is of great importance to explore the mechanisms of action of IL-17.

MATERIALS AND METHODS
Materials
The following reagents were utilized for this study: McCoy’s 5A medium (hyClone), recombinant human IL-17
and TNF-α (eBiosciences), Eastep Universal RNA Extraction Kit (Promega), Fist Strand cDNA Synthesis Kit
(Promega), SYBR Premix Ex TaqTM (Takara), p38 inhibitor SB203580 (Sigma), BCA protein assay kit (Thermo), Phospho-p38 MAPK antibody (Beyotime), HRPlabeled donkey anti-goat IgG (Beyotime), mouse antihuman Act1 antibody (Biolegend), and goat anti-mouse
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IgG (Biolegend).
The following instruments were utilized for this study:
CO2 incubator (Thermo), PCR amplifier (Longgene),
electrophoresis apparatus (Tanon), Gene Genius bioimaging system (BIO-RAD), polyacrylamide gel electrophoresis apparatus (Tanon), centrifugal machine (Debon), and
microplate reader (Thermo).
Cell culture
Intestinal epithelial cell line HT-29 was cultured in McCoy’s 5A medium, supplemented with 10% fetal bovine
serum, 100 mg/mL of streptomycin and 100 U/mL of
penicillin, in a 5% CO2 humidified environment at 37 ℃.
The cells were cultured to the exponential phase for use.
Reverse transcription-PCR
TH-29 cells were seeded in 12-well plates (5 × 105 cells/
well), the fetal bovine serum was reduced to 0.5% as they
reached about 70% confluence, and the plates were cultured overnight. Then, rhIL-17 (50 ng/mL), rhTNF-α (0.5
ng/mL), or the combination of rhIL-17 and rhTNF-α
was added into the plates. The cells were cultured for
another 6 h, the samples were collected, and TRIzol (1
mL TRIzol per 5-10 × 106 cells) was added to lyse the
cells. Before adding TRIzol, cells were not washed with
a buffer solution, since the cellular RNA can be easily
degraded. Total RNA was isolated using an Eastep Universal RNA Extraction kit and reverse transcribed with a
Fist Strand cDNA Synthesis kit, according to the manufacturer’s instructions. Finally, real-time fluorescence
quantitative PCR (SYBR Green I) was performed using
200 ng of cDNA. The reaction system was instructed
by the SYBR Premix Ex Taq™ specifications purchased
from Takara. The reaction conditions were as follows:
initial denaturation at 95 ℃ for 10 min, followed by 40
cycles of denaturation at 95 ℃ for 15 s and annealing at
60 ℃ for 30 s. The fluorescence signal was then collected. After amplification, the melting curve from 65 ℃ to
95 ℃ was analyzed to exclude non-specific PCR products
and amplified primer dimers. Agarose gel electrophoresis
was then used to analyze the specificity of the product.
GAPDH was amplified as a control for the amount of
cDNA in each sample, and the expression level of each
gene was computed. The gene levels of neutrophil chemokines and TH-17 cell chemokine (CXCL1, CXCL2,
CXCL5, CXCL6, IL-8 and CCL20) were examined. All
primers used in our study were designed according to the
sequences published online (GenBank) and synthesized
by Invitrogen (Table 1).
Cells were cultured as described above, and rhIL-17,
rhTNF-α, and p38 inhibitor SB203580 were added into
the plate of the experiment groups. The same procedure
was conducted to detect the gene expression level of
IL-8.
Western blot
TH-29 cells were seeded in 6-well plates (8 × 105 cells/
well), fetal bovine serum was reduced to 0.5% as they
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Table 1 Primers used in RT-PCR
Gene
CXCL1
CXCL2
CXCL5
CXCL6
IL-8
CCL20

Forward

Reverse

AGATTCTATGTTAATATTTTAGGTGTAAAATAAT
CTTCTATTTATTTATTTATTTATTTATTTGTTTGTTTT
TGGCCCCTTTCACAGAGTAG
AGTTTACAGCTCAGCTAATGAAGTACTAAT
GAATTGAATGGGTTTGCTAGA
CTGGCTGCTTTGATGTCAGT

AACTAACTTGGGGTTGACATTTC
GAACTAACTTGGGTTTGACCTAAA
CTAAAAACCCGACAGGCATC
CGGTAAGACTTTAAGGAATGTATGATA
CACTGTGAGGTAAGATGGTGG
CGTGTGAAGCCCACAATAAA

IL-8: Interleukin-8.

reached about 70% confluence, and the cells were cultured overnight. Then, rhIL-17 (50 ng/mL), rhTNF α
(0.5 ng/mL), or the combination of rhIL-17 and rhTNF
α was added into the plates. The samples were collected
10, 15 and 30 min later. At each time point, the medium
was removed and the cells were washed with PBS solution; M2 was then added and the plate was left on ice for
30 min to lyse the cells. The cells were collected into a
centrifuge tube with a cell scraper and lysed with ultrasonic irradiation for 3 s, 2 times. Cell debris was removed
by lysate centrifugation at 12000 g for 2 min at 4 ℃ and
protein concentration was determined using the BCA
Protein assay kit. The working liquid was prepared according to the manufacturer’s instructions. The standard
curve was made, the plate was incubated at 37 ℃ for 30
min, and the optical density (570) was tested with a microplate reader. Finally, protein concentration was computed according to the standard curve. All specimens
were adjusted to have the same concentration. After
mixing the protein supernate with the buffer, the liquid
was boiled for 10 min, cooled, centrifuged, and resolved
by 12% SDS-PAGE. The protein was then transferred to
a nitrocellulose membrane. An enhanced chemiluminescence (ECL) based Western blot was performed using a
primary anti-p38 antibody, followed by incubation with
a horseradish peroxidase-labeled secondary antibody for
chemiluminescence detection. Briefly, the 5% bovine
serum albumin (BSA) blocked membrane was incubated
for 12 h at 4 ℃ with the primary antibody (1:1000).
Then, the membrane was washed and incubated with
the horseradish peroxidase conjugated rabbit anti-mouse
IgG for 60 min at room temperature. After washing, the
protein was tested with an ECL Western blot analysis
detection system.
Establishing the Act1 silenced cell line
HT-29 cells were cultured in 96-well plates. When the
cells reached 80% confluence, Metafectene transfection
reagents were used to transfer HT-29 targeted small interfering RNA into the HT-29 cells. The plasmid with
the best knockdown performance (tested through transient transfection) was selected to establish a stable cell
line, and the cells were cultured for subsequent experiments. Immunocytochemistry was performed to identify
the transfected cells. The cells were briefly blocked with
calf serum (diluted with PBS solution) for 15 min, the
serum was removed, and the cells were incubated with a
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mouse anti-human Act1 antibody for 12 h at 4 ℃. Unbounded antibodies were washed off with PBS solution,
and cells were again incubated with a goat anti-mouse
IgG for one hour at room temperature, followed by
mounting and microscopic examination.
The transfected cells were seeded in 6-well plates (8 ×
105 cells/well), fetal bovine serum was reduced to 0.5%
as they reached about 80% confluence, and the cells were
cultured overnight. Then, rhIL-17 (50 ng/mL), rhTNF-α
(0.5 ng/mL) or the combination of rhIL-17 and rhTNF-α
was added into the plates. The samples were collected 15
min later. The same method described above was used to
test the expression levels of p-p38 and p-ERK.
Statistical analysis
SPSS 17.0 software was used for statistical analyses in this
study. All data are expressed as mean ± SD, and t-test was
applied in performing the statistical analysis. P < 0.05 was
considered significant.

RESULTS
Neutrophil and TH-17 chemokine expression in HT-29
cells
Figure 1 showed that the chemokine RNA expression
levels (A-E: neutrophil chemokines; F: TH-17 chemokine)
were comparatively low, when IL-17 and TNF-α were
used separately. However, when the chemokines were
used together, the expression of mRNAs coding for all
these mediators became strongly upregulated. The differences were statistically significant (P < 0.01).
p38 and ERK phosphorylation levels
When IL-17 was used alone, no obvious phosphorylation occurred on p38 and ERK; and when TNF-α was
used alone, the phosphorylation that occurred on p38 and
ERK was very low. In contrast, when IL-17 and TNF-α
were combined together, obvious phosphorylation can be
easily observed; the longer IL-17 and TNF-α were combined together, the stronger the phosphorylation became
(Figure 2).
Expression level of IL-8 in the presence of p38 inhibitor
Whether or not the p38 inhibitor was added, the IL-17
and TNF-α combination could still significantly improve
the expression level of IL-8; and compared with cells
that were cultured without the p38 inhibitor, the expres-
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Figure 1 Chemokine expression when HT-29 cells were cultured with interleukin-17 and/or tumor necrosis factor-α. When interleukin (IL)-17 and tumor
necrosis factor (TNF)-α were used separately, the expression levels of CXCL1, CXCL2, CXCL5, CXCL6, IL-8 and CCL20 in HT-29 cells were comparatively low.
However, when IL-17 and TNF-α were used together, the expression levels became strongly upregulated; A: IL-17 + TNF-α vs IL-17, t = 30.424, P = 0.000; IL-17 +
TNF-α vs TNF-α, t = 30.438, P = 0.000; B: IL-17 + TNF-α vs IL-17, t = 35.273, P = 0.000; IL-17 + TNF-α vs TNF-α, t = 35.125, P = 0.000; C: IL-17 + TNF-α vs IL-17,
t = 85.718, P = 0.000; IL-17 + TNF-α vs TNF-α, t = 94.199, P = 0.000; D: IL-17 + TNF-α vs IL-17, t = 50.165, P = 0.000; IL-17 + TNF-α vs TNF-α, t = 50.224, P = 0.000;
E: IL-17 + TNF-α vs IL-17, t = 54.585, P = 0.000; IL-17 + TNF-α vs TNF-α, t = 44.036, P = 0.000; F: IL-17 + TNF-α vs IL-17, t = 56.272, P = 0.000; IL-17 + TNF-α vs
TNF-α, t = 57.410, P = 0.000. IL-8: Interleukin-8.

sion level of IL-8 significantly reduced with the advent
of the p38 inhibitor, in all the three groups (Figure 3).
Phosphorylation level of IL-8 in Act1 silenced HT-29 cell
line
Immunocytochemistry was performed to identify the
Act1 silenced cell. Fluorescent intensity greatly decreased
as compared with the control group (Figure 4) and the
positive rate reached up to 90%. In the control group, the
IL-17 and TNF-α combination greatly elevated the phosphorylation level of p38; while in the Act1 silenced treatment group, no obvious change occurred (Figure 5).
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DISCUSSION
To deeply understand the pathogenesis of IBD, the molecular mechanisms of the proinflammatory effects of IL-17
and TNF-α in the intestinal epithelial cell line HT-29 were
investigated in this study. We analyzed the expression levels
of neutrophil and TH-17 cell chemokines, and the phosphorylation levels of p38 in HT-29 cells - when cultured
with IL-17 and/or TNF-α. The results further confirmed
that IL-17 could obviously enhance TNF-α induced p38
phosphorylation, and that the p38 pathway played an essential role in IL-17 induced inflammatory response.
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Figure 2 p38 and extracellular signal-regulated kinase phosphorylation levels. When interleukin (IL)-17 and tumor necrosis factor (TNF)-α were used separately, the phosphorylation levels of p38 and extracellular signal-regulated kinase (ERK) were very low. However, when IL-17 and TNF-α were combined together, the
phosphorylation levels of p38 and ERK improved significantly, and the longer IL-17 and TNF-α were combined together, the stronger the phosphorylation became.
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Figure 3 p38 inhibitor decreases the expression of interleukin-8. When p38 inhibitor was used, the interleukin (IL)-8 expression levels declined in all three
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Figure 4 Act1 silenced HT-29 cells. Compared with the control group (A), the expression level of Act1 was comparatively low in Act1 silenced cells (B).

Frontier of IL-17
Intestinal epithelium is the physical barrier between the
intestinal tract and the external environment, playing
an important role in the intestinal immune system. The
cell line HT-29 used in our research is a human colonic
epithelial cell line ‑ the most common cell line used in
laboratory to study the immunologic mechanisms of the
intestinal mucosa. As the most representative member of
the IL-17 family, IL-17 received much attention in recent
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years. Various studies suggested that multiple chemokines
can be induced by IL-17 in epithelial cells to promote
neutrophil infiltration in the lesion area[12,13]. It is currently
known that IL-17 is involved in the pathological process
of autoimmune diseases[14,15]. IL-17 monoclonal antibodies can be used for treating psoriasis, rheumatoid arthritis
and uveitis, which are now in the clinical trial phase[16]. On
the contrary, when the monoclonal antibodies were used
in IBD treatment, the illness exacerbated[17,18]. This phe-
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Figure 5 Phosphorylation levels of p38 in Act1 silenced HT-29 cell line. In the control group, interleukin (IL)-17 combined with tumor necrosis factor (TNF)-α
could greatly improve the phosphorylation level of p38. In Act1 silenced cells, the phosphorylation level of p38 remained unchanged, when IL-17 and TNF-α were
used together.

nomenon suggested that IL-17 may have a special mode
of action in IBD. TNF-α is another cytokine that plays
an important role in the immune regulation of IBD[19].
Hence, in our study, we combined IL-17 with TNF-α,
to investigate whether IL-17 could act alone or together
with TNF-α in HT-29 cells.
IL-17 combined with TNF-α upregulates HT-29
chemokine expression levels
Chemokine factors CXCL1, CXCL2, CXCL5, CXCL6
and IL-8 play important roles in recruiting neutrophils in
inflammation reactions; therefore, we detected their expression levels to monitor the proinflammatory effects of
IL-17. We discovered that when IL-17 or TNF-α was used
alone for cell stimulation, expression levels of chemokine factors were comparatively low, but when IL-17 and
TNF-α were combined, the expression levels elevated significantly. The results suggest that there may be a synergy
between IL-17 and TNF-α. The inflammatory response
caused by IL-17 was achieved by the MAPK signal pathway, which mediates the stability of mRNAs[12,20]. TNF-α
is a genetic transcription starter that can promote gene
transcription[21,22]. The mRNAs regulated by IL-17 possess
a similar sequence. There is an AU-rich sequence in the 3’
putative untranslated regions of the mRNA, which can be
grasped by zinc finger proteins; and thus, the mRNA can
be recognized and degraded by exosome complex[23]. For
relatively stable mRNAs, the lack of the AU-rich sequence
does not make it mediated by IL-17. Moreover, IL-17 can
elevate the chemokine factor CCL20 through TNF-α, and
CCL20 can combine with CCR6 on the cell surface to
further recruit TH-17 cells, causing more IL-17 to be expressed. This would create a positive feedback and further
promote inflammatory reactions[24,25]. Therefore, we can
assume that IL-17 may improve the expression levels of
related cytokines by stabilizing their mRNAs through the
MAPK pathway together with TNF-α.
The proinflammatory mechanism of IL-17
In our study, p38 inhibitor could decrease IL-8 expression
levels in HT-29 cells. This result suggests that the two cytokines may accelerate inflammatory response through the
p38 pathway, which is similar to Guo’s report[26]. We also
found that when IL-17 and TNF-α were used together
to stimulate the Act1 silenced cells, p38 phosphorylation
level significantly decreased, compared with the control group. The result further confirmed that the Act1-
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dependent p38 pathway is a very important factor for
IL-17-mediated proinflammatory responses. Act1 is an
important receptor protein in the IL-17 mediated signal
pathway and its expression level affects the activation of
the MARK pathway by IL-17[12,27]. Kang et al[28] discovered
that inflammatory response could be reduced by lowering
the expression level of Act1. It is well known that IL-17
can’t cause inflammatory response alone. It is commonly
believed that several factors working together triggered
the inflammatory response[29,30].
In conclusion, we discover that IL-17 can synergistically promote gene expression of TNF-α-mediated neutrophil chemokines and TH-17 cell chemokines. IL-17
obviously enhances the TNF-α-induced p38 phosphorylation, and the p38 pathway plays an essential role in IL17-induced inflammatory response. In our study, we only
examine the Act1-dependent p38 pathway, but it is still
unclear whether other pathways (ERK, PI3K-AKT) or
cytokines also participate in the function of IL-17; thus,
further studies need to be performed.
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Background

Ulcerative colitis and Crohn’s disease are known as inflammatory bowel disease (IBD). It refers to chronic inflammatory disorders of the gastrointestinal
tract, which can easily recur. IBD occurs more often in males than females, and
nowadays, the morbidity rate is showing an upward trend. IBD has become
one of the most common digestive system diseases. It is widely accepted that
the interaction of genetic and environment factors leads to the disease, but the
pathogenesis is still unclear.

Research frontiers

Previous studies show that interlukin-17 (IL-17) expression levels significantly
increased in the peripheral blood of patients with IBD, which implies that IL-17
and tumor necrosis factor (TNF) can accelerate the inflammatory response
through inducing various kinds of inflammatory cytokines in diseases such as
IBD; however, the molecular mechanisms of the proinflammatory effects are
still unknown. IL-17 can induce neutrophil infiltration and related inflammatory
cytokine expression through the p38 pathway in myoblasts and fibroblasts, yet
epithelial cell mechanisms were still rarely reported.

Innovations and breakthroughs

The authors discovered that IL-17 can synergistically promote gene expression
of TNF-α-mediated neutrophil chemokines and TH-17 cell chemokine. IL-17
obviously enhanced TNF-α-induced p38 phosphorylation and the p38 pathway
plays an essential role in IL-17-induced inflammatory response.

Applications

This study is helpful in deeply understanding the pathogenesis of IBD, and the
molecular mechanisms of the proinflammatory effects of IL-17 and TNF-α on
intestinal epithelial cell line HT-29. Even though the IL-17 inhibitor proved to be
ineffective in IBD treatments, blocking the other site of the pathway may prove
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Abstract
AIM: To study the prevalence and clinical biochemical,
blood cell and metabolic features of lean-non-alcoholic
fatty liver disease (lean-NAFLD) and its association with
other diseases.
METHODS: Demographic, biochemical and blood examinations were conducted in all the subjects in this
study. We classified the subjects into four groups according to their weight and NAFLD status: lean-control,
2
lean-NAFLD [body mass index (BMI) < 24 kg/m ], overweight-obese control and overweight-obese NAFLD.
One-way analysis of variance (ANOVA) was used to
compare the means of continuous variables (age, BMI,
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blood pressure, glucose, lipid, insulin, liver enzymes
2
and blood cell counts) and the χ test was used to
compare the differences in frequency of categorical
variables (sex, education, physical activity, smoking,
alcohol consumption and prevalence of hypertension,
hyperlipidemia, diabetes, metabolic syndrome central
obesity and obesity). Both univariate and multivariate
logistic regression models were adopted to calculate
odds ratios (ORs) and predict hyperlipidemia, hypertension, diabetes and metabolic syndrome when we respectively set all controls, lean-control and overweightobese-control as references. In multivariate logistic
regression models, we adjusted potential confounding
factors, including age, sex, smoking, alcohol consumption and physical activity.
RESULTS: The prevalence of NAFLD was very high in
China. NAFLD patients were older, had a higher BMI,
waist circumference, blood pressure, fasting blood glucose, insulin, blood lipid, liver enzymes and uric acid
than the controls. Although lean-NAFLD patients had
lower BMI and waist circumstance, they had significantly higher visceral adiposity index than overweightobese controls. Lean-NAFLD patients had comparable
triglyceride, cholesterin and low-density lipoprotein
cholesterin to overweight-obese NAFLD patients. In
blood cell examination, both lean and overweightobese NAFLD was companied by higher white blood cell
count, red blood cell count, hemoglobin and hematocrit
value. All NAFLD patients were at risk of hyperlipidemia, hypertension, diabetes and metabolic syndrome
(MetS). Lean-NAFLD was more strongly associated with
diabetes (OR = 2.47, 95%CI: 1.14-5.35), hypertension (OR = 1.72, 95%CI: 1.00-2.96) and MetS (OR =
3.19, 95%CI: 1.17-4.05) than overweight-obese-NAFLD
(only OR for MetS was meaningful: OR = 1.89, 95%CI:
1.29-2.77). NAFLD patients were more likely to have
central obesity (OR = 1.97, 95%CI: 1.38-2.80), especially in lean groups (OR = 2.17, 95%CI: 1.17-4.05).
CONCLUSION: Lean-NAFLD has unique results in de-
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mographic, biochemical and blood examinations, and
adds significant risk for diabetes, hypertension and
MetS in lean individuals.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Lean-non-alcoholic fatty liver disease; Metabolic disorder; Diabetes; Risk; Chinese
Core tip: Obesity is an important risk factor for nonalcoholic fatty liver disease (NAFLD). NAFLD can also
occur in lean subjects. Chinese people have lower
body mass index than Americans and Europeans, but a
similar prevalence of NAFLD. There might be different
metabolic characters in Chinese population. We conducted this study to characterize metabolic features of
lean-NAFLD and identify its association with metabolic
disorders.

15% to 21% in non-obese Asians [body mass index (BMI)
< 25][14]. NAFLD can be considered as an early predictor
of metabolic disorders and a major cause of cryptogenic
liver disease in normal-weight population[12,13]. Chinese
people have lower BMI, but have a similar prevalence
of NAFLD with Western people[13,15]. We suspected that
lean-NAFLD is more serious in China and has different
clinical characteristics.
The lack of knowledge of the prevalence and characteristics of lean-NAFLD in the Chinese population
prompted us to conduct this study to: (1) define the
prevalence and characterize the clinical biochemical,
blood cell and metabolic features of lean-NAFLD; and (2)
clarify the association between lean-NAFLD and chronic
diseases, including diabetes, hypertension, hyperlipidemia
and MetS.

MATERIALS AND METHODS
Feng RN, Du SS, Wang C, Li YC, Liu LY, Guo FC, Sun CH.
Lean-non-alcoholic fatty liver disease increases risk for metabolic disorders in a normal weight Chinese population. World J
Gastroenterol 2014; 20(47): 17932-17940 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i47/17932.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i47.17932

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) has become
an important public health issue because of its high
prevalence[1]. It has been estimated that its prevalence
varies between 20% and 30% in developed countries
and Middle East[2]. Japan, China and India subcontinent
have a similar prevalence (20%-30% in Japan, 15%-30%
in China and 16%-32% in the Indian subcontinent)[3].
NAFLD is a hepatic manifestation of metabolic syndrome (MetS) and its long-term prognoses include nonalcoholic steatohepatitis (NASH), liver cirrhosis, even
hepatocellular carcinoma (HCC)[1]. Patients with NAFLD
are more likely to have insulin resistance (IR), abnormal
glucose metabolism and higher risk for the development
of diabetes[4]. It is an independent risk factor for chronic
diseases, such as cardiovascular and renal diseases[5,6], and
it is also associated with colorectal disease, atrial fibrillation and hypothyroidism[7-9].
Obesity is strongly associated with many metabolic
diseases[10], including NAFLD, and bariatric surgery is
recommended as a promising treatment[11]. However,
NAFLD can also be observed in non-obese individuals
and has its own metabolic characteristics, such as higher
transaminase and insulin levels, less insulin sensitivity than
non-obese controls; lower fasting glucose, less advanced
necro-inflammatory activity and fibrosis compared with
obese-NAFLD[12]. The prevalence of NAFLD in nondiabetic, non-obese adults was 23.4% (16.1% in the normal-weight group and 34.4% in the overweight group)
in the study of Kim et al[13]. The prevalence varied from
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Ethics
The Ethics Committee of Harbin Medical University
approved this study. Written Informed Consent was obtained from all participants.
Subjects
We randomly selected 2000 subjects who received annual
physical examinations at Physical Examination Center
of the Second Affiliated Hospital of Harbin Medical
University from February 2012 to May 2013. The exclusion criteria were as follows: previous/current excessive
alcohol intake (male > 20 g/d; female > 10 g/d), hepatitis, malignancies, pregnancy, long-term use of estrogens,
tamoxifen, or corticosteroids, and absence of any of the
anthropometric measurement, or laboratory analysis. Finally, 1779 adults aged 20-70 years were included.
Measurements
Each of these subjects was interviewed privately by
trained interviewers, to complete a questionnaire that included questions regarding name, age, gender, education
level, history of disease, drug or tobacco use, physical
activity status and alcohol consumption. Smoking was
defined as never, ≤ 1 cigarettes/d, ≤ 10 cigarettes/d,
≤ 20 cigarettes/d, and > 20 cigarettes/d; physical activity intensity was categorized into three groups: none,
without any regular hard physical activity; moderate, having hard physical activity at least once a week regularly;
and vigorous, having hard physical activity (leisure time
or occupational) at least three times a wk. Alcohol consumption was calculated by the amount of alcohol drinks
multiplied by the frequency.
Current weight, height and fat mass (FM) were measured using the electric impedance method with a body fat
mass analyzer (ioi 353; Janex Medical, Seoul, Korea), with
the examinees minimally clothed and wearing no socks.
Weight and FM were recorded to the nearest 0.1 kg and
height was measured in a standing position to the nearest
0.1 cm. BMI was calculated as weight in kilograms divided
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by height in meters squared. Waist circumference (WC)
was measured at the umbilical level, using un-stretchable
tape meter, without any pressure to body surface, and was
recorded to the nearest 0.1 cm. A well-trained examiner
measured all anthropometric indices. A qualified physician
measured their blood pressure twice, and there was at least
a 30-s interval between these two separate measurements,
and thereafter the mean of the two measurements was
recorded as definitive blood pressure.
Laboratory analysis
Blood samples were taken after > 10 h overnight fasting.
A complete blood count was measured using an automated laser-based hematology analyzer (Sysmex XE-2100,
Kobe, Japan). Hemoglobin (HGB), red blood cell count
(RBC), hematocrit value (HCT), white blood cell count
(WBC) and its subtypes-neutrophils (NEUT), lymphocytes (LYMPH), monocytes (MONO), eosinophils (EO),
basophils (BASO) were all recorded. The biochemical
indicators detected included fasting blood glucose (FBG),
total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoproteincholesterol (LDL-C), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), γ-glutamyl transferase
(GGT), alkaline phosphatase (ALP), serum creatinine
(CRE), blood urea nitrogen (BUN) and serum uric acid
(UA). All of these variables were determined using a
ROCHE Modular P800 Automatic Biochemical Analyzer
(Roche Diagnostics, Mannheim, Germany). A ROCHE
Elecsys 2010 Chemiluminescence Immune Analyzer
(Roche Diagnostics) measured the serum fasting insulin
concentration. The homeostasis model assessment of
insulin resistance (HOMA-IR) index was calculated as
previously described[16]. Visceral adiposity index was calculated according to a published formula: male: visceral
adiposity index (VAI) = WC/[39.68 + (1.88 × BMI)] ×
(TG/1.03) × (1.31/HDL); female: VAI = WC/[36.58 +
(1.89 × BMI)] × (TG/0.81) × (1.52/HDL) (WC in cm,
both TG and HDL in mmol/L)[17].
Diagnostic criteria
An abdominal ultrasonographic examination was performed to determine liver fatty infiltration using a 3.5-MHz
probe (SSI-8000, Philips, Netherlands) by an experienced
ultrasonographist, who was blind to the subjects’ disease
history or blood laboratory analysis. The liver of each
participant was assessed for size, contour, echogenicity,
structure and posterior beam attenuation.
According to the guidelines for NAFLD management
formulated by the Chinese National Workshop on Fatty
Liver Disease in 2010[18], NAFLD can be diagnosed according to the following criteria: (1) alcohol consumption
< 140 g/wk for male adults and < 70 g/wk for female
adults; (2) absence of viral hepatitis [hepatitis B virus
(HBV)/hepatitis C virus (HCV)], hepatolenticular degeneration, autoimmune diseases, a history of total parenteral nutrition, or intake of any hepatotoxic drugs (e.g.,
tamoxifen, amiodarone, sodium valproate, methotrexate,
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and glucocorticoid); and (3) ultrasonographic examination suggesting fatty infiltration in liver.
MetS was defined according to the International Diabetes Federation criteria[19] as waist circumference (WC)
≥ 90 cm for men and WC ≥ 80 cm for women plus at
least two of the following components: (1) hypertriglyceridemia: TG ≥ 1.7 mmol/L (150 mg/dL), or under specific treatment for this lipid abnormality; (2) low HDL-C:
HDL-C < 1.03 mmol/L (40 mg/dL) for men and < 1.29
mmol/L (50 mg/dL) for women or under specific treatment for this lipid abnormality; (3) raised blood pressure:
systolic blood pressure (SBP) ≥ 130 mmHg, or diastolic
blood pressure (DBP) ≥ 85 mmHg, or having previously
diagnosed hypertension; and (4) hyperglycemia: fasting
glucose ≥ 5.6 mmol/L (110 mg/dL).
A patient was defined as having hypertension if his
blood pressure was higher than 140/90 mmHg or with
disease history, and diabetes mellitus was defined when
fasting blood glucose was higher than 7.0 mmol/L or
with disease history. If serum triglycerides was ≥ 1.70
mmol/L or serum cholesterol ≥ 5.18 mmol/L or with
disease history, hyperlipidemia would be diagnosed.
Statistical analysis
The subjects were divided into four groups according
to their weight and NAFLD status: Lean control and
NAFLD, overweight-obese control and NAFLD (lean:
BMI < 24 kg/m2, overweight-obese: BMI ≥ 24 kg/m2).
Statistical analysis was performed using SPSS (version
16.0; Beijing Stats Data Mining Co. Ltd, Beijing, China).
The χ 2 test was used to test variation in frequency, and
analysis of variance (ANOVA) was used to assess differences in the means of continuous variables. Data are
presented as means ± SD. Multiple variable logistic regression was used to calculate the odds ratios (ORs) of
diabetes, hypertension, hyperlipidemia and MetS after
adjusted for potentially confounding variables, including
age, sex, BMI, smoking, alcohol consumption and physical activities. All P values were two-tailed, and P value <
0.05 was considered statistically significant.

RESULTS
Demographic characteristics
The basic demographic characteristics (age, gender composition, education, physical activity, smoking, alcohol
consumption and chronic diseases) of the 1779 participants are summarized in Table 1. NAFLD had a male
predominance, and BMI and blood pressure were higher
in NAFLD patients than in controls in the same group.
Overweight-obese-NAFLD patients had higher body fat,
VAI and blood pressure than the lean-NAFLD group.
Diabetes, hypertension, hyperlipidemia and MetS were
more common in lean and overweight-obese NAFLD
patients than in healthy controls.
Comparison of biochemical indicators
All biochemical indicators are shown in Table 2, includ-
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Table 1 Baseline demographic characteristics of non-alcoholic fatty liver disease patients and controls
Lean-NAFLD (n = 731)
Participants, n (%)
Age (yr)
Male (%)
Education (%)
Never
Primary
Junior
Senior
College
Postgraduate
BMI (kg/m2)
Body weight (kg)
Body fat (%)
Body fat mass (kg)
WC (cm)
VAI
SBP (mmHg)
DBP (mmHg)
Physical activity (%)
None
Moderate
Vigorous
Drinking (%)
Smoking (%)
Never
≤ 1 cigarettes/d
≤ 10 cigarettes/d
≤ 20 cigarettes/d
> 20 cigarettes/d
Diabetes (%)
Hypertension (%)
Hyperlipidemia (%)
MS (%)
Central obesity (%)
Obesity (%)

Overweight-obese-NAFLD (n = 1048)

Controls

NAFLD

Controls

NAFLD

597 (81.67)
43.19 ± 11.59
28.48

134 (18.33)
48.17 ± 10.5a
54.48

284 (27.10)
46.72 ± 11.15b
51.41

764 (72.90)
46.92 ± 11.19
72.25

0.66
0.66
4.20
15.27
63.50
15.71
21.37 ± 1.71
57.64 ± 7.14
24.83 ± 5.40
14.26 ± 3.37
75.50 ± 7.06
1.52 ± 1.99
119.48 ± 15.45
74.04 ± 10.04

1.92
0.00
2.88
11.54
66.35
17.31
22.74 ± 1.13a
64.09 ± 7.31a
26.17 ± 4.96a
16.59 ± 2.68a
82.42 ± 6.29a
2.04 ± 2.21a
126.46 ± 16.24a
80.05 ± 11.74a

0.90
2.26
6.33
19.46
58.37
12.67
25.98 ± 1.66b
71.32 ± 9.49b
29.61 ± 4.73b
20.91 ± 3.34b
87.06 ± 7.16b
1.85 ± 2.32b
129.37 ± 19.86b
79.33 ± 12.17b

0.87
1.56
3.65
18.92
61.98
13.02
27.57 ± 2.63a,c
78.81 ± 11.64a,c
30.05 ± 4.49c
23.59 ± 4.61a,c
93.45 ± 8.70c
2.08 ± 1.50
132.20 ± 17.29c
82.84 ± 10.57a,c

83.92
14.98
1.10
23.82

89.52
10.48
0.00
36.89

80.27
18.39
1.35
39.25

85.10
13.86
1.04
49.02

86.09
1.10
5.08
5.74
1.99
4.58
12.23
34.20
3.06
14.96
0.00

82.52
0.97
3.88
8.74
3.88
15.67
34.71
49.25
14.53
29.41
0.00

81.45
1.36
5.43
7.24
4.52
9.54
32.08
47.69
26.47
69.55
11.97

68.34
2.25
7.96
14.01
7.44
16.49
43.67
59.47
46.64
84.64
37.70

P value

< 0.01
< 0.01
0.30

< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
0.45

< 0.01
< 0.01

< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

a

P < 0.05 vs control in same weight group; bP < 0.05 vs Lean-control group, cP < 0.05 vs Lean-NAFLD group. NAFLD: Non-alcoholic fatty liver disease;
BMI: Body mass index; WC: Waist circumstance; VAI: Visceral adiposity index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; MS: Metabolic
syndrome.

ing FBG, fasting insulin, TC, TG, HDL-C, LDL-C, ALT,
AST, ALP, GGT, UA, BUN and CREA. NAFLD patients
tended to have higher FBG, fasting insulin, HOMA-IR,
TG, LDL-C, ALT, AST, ALP, GGT and UA, and lower
HDL-C compared with healthy controls. Fasting insulin,
HOMA-IR TC, AST, GGT, UA and CREA were lower
in lean-NAFLD than in overweight-obese NAFLD.
Results of blood examination
The differences in blood examination results among the
four groups are shown in Table 3. Both WBC and RBC
of NAFLD patients were higher than their controls, and
overweight-obese NAFLD had the highest levels among
the four groups. This phenomenon was also observed in
subtypes of WBC: overweight-obese and lean-NAFLD
ranked first and second, respectively in counts of NAUT,
LYMPH, MONO and EO. However, the same amount
of BASO (P = 0.217) was observed in the four groups.
Meanwhile, RBC, HGB and HCT increased with the development of NAFLD.
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Association with diseases
Table 4 provides the odd ratios (ORs) from multivariateadjusted logistic regression analysis for diabetes, hypertension, hyperlipidemia and MetS. We calculated crude
ORs and adjusted ORs, which wee adjusted by confounding factors, including age, sex, BMI, smoking, alcohol
consumption and physical activity status.
NAFLD significantly added to the risks of almost
all chronic diseases: central obesity (OR = 1.97, 95%CI:
1.38-2.80), hyperlipidemia (OR = 1.37, 95%CI: 1.04-1.80),
hypertension (OR = 1.37, 95%CI: 1.04-1.80), diabetes
(OR = 1.68, 95%CI: 1.08-2.62) and MetS (OR = 2.34,
95%CI: 1.65-3.31). Lean-NAFLD was an independent
risk factor for these diseases, except for hyperlipidemia
(OR = 1.29, P = 0.30) when NAFLD patients were compared with controls in lean groups. Moreover, NAFLD
cases were more likely to have central obesity than leancontrols. Hyperlipidemia, hypertension and diabetes were
not more serious in overweight-obese NAFLD patients
than overweight-obese controls. NAFLD patients had
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Table 2 Clinical biochemical characteristics of non-alcoholic fatty liver disease and controls
Lean-NAFLD
FBG (mmol/L)
Fasting insulin (IU/mL)
HOMA-IR
TC (mmol/L)
TG (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)
ALT (U/L)
AST (U/L)
ALP (U/L)
GGT (U/L)
UA (μmol/L)
BUN (mmol/L)
CRE (μmol/L)

Overweight-obese-NAFLD

Controls

NAFLD

Controls

5.30 ± 1.36
6.42 ± 3.76
1.55 ± 0.97
4.86 ± 0.93
1.18 ± 1.13
1.58 ± 0.35
2.90 ± 0.79
18.32 ± 13.85
19.27 ± 6.85
64.34 ± 18.16
26.11 ± 27.99
280.04 ± 82.31
5.00 ± 1.24
69.26 ± 14.37

5.91 ± 1.85a
8.27 ± 3.93a
2.16 ± 1.42a
5.20 ± 1.01a
1.71 ± 1.23a
1.45 ± 0.30a
3.12 ± 0.78a
21.61 ± 11.92a
21.07 ± 9.26a
71.96 ± 20.49a
35.76 ± 34.92a
303.30 ± 86.72a
5.15 ± 1.25
70.34 ± 13.84

5.52 ± 1.31b
7.28 ± 4.33
1.87 ± 1.35b
5.00 ± 0.90b
1.40 ± 1.01b
1.44 ± 0.30b
3.09 ± 0.77b
21.10 ± 16.13b
20.23 ± 11.10
66.94 ± 21.26
33.42 ± 33.95b
307.59 ± 85.54b
5.16 ± 1.19
71.72 ± 14.18b

P value

NAFLD
5.76 ± 1.42a
10.84 ± 5.28a,c
2.73 ± 1.53a,c
5.10 ± 0.92
1.83 ± 1.19a
1.35 ± 0.27a,c
3.13 ± 0.78
27.23 ± 18.25a,c
22.37 ± 9.87a
70.00 ± 18.47a
47.26 ± 48.44a,c
340.60 ± 92.68a,c
5.14 ± 1.24
74.53 ± 14.48c

< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
0.15
< 0.01

a

P < 0.05 vs control in same weight group; bP < 0.05 vs Lean-control group; cP < 0.05 vs Lean-NAFLD group. NAFLD: Non-alcoholic fatty liver disease; FBG:
Fasting blood glucose; TC: Total cholesterol; TG: Triglycerides; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol;
AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; GGT: γ-glutamyl transferase; UA: Serum uric acid; BUN:
Blood urea nitrogen; CRE: Serum creatinine.

Table 3 Hematological comparison between non-alcoholic fatty liver disease and controls among four groups
Lean-NAFLD
WBC (109/L)
NEUT (109/L)
LYMPH (109/L)
MONO (109/L)
EO (109/L)
BASO (109/L)
RBC (1012/L)
HGB (g/L)
HCT (%)

Overweight-obese-NAFLD

Controls

NAFLD

Controls

NAFLD

5.73 ± 1.46
3.28 ± 1.12
1.96 ± 0.52
0.36 ± 0.14
0.09 ± 0.09
0.01 ± 0.04
4.50 ± 0.41
136.13 ± 15.24
41.36 ± 4.11

6.40 ± 1.44a
3.70 ± 1.04a
2.14 ± 0.56a
0.39 ± 0.13a
0.13 ± 0.14a
0.01 ± 0.03
4.76 ± 0.42a
145.87 ± 16.44a
44.09 ± 4.41a

6.25 ± 1.58b
3.62 ± 1.19b
2.10 ± 0.57b
0.39 ± 0.16b
0.11 ± 0.10
0.01 ± 0.03
4.72 ± 0.48b
143.30 ± 17.05b
43.40 ± 4.55b

6.72 ± 1.66a,c
3.88 ± 1.25a,c
2.26 ± 0.60a,c
0.42 ± 0.15a
0.14 ± 0.13a
0.02 ± 0.03
4.96 ± 0.44a,c
152.19 ± 14.22a,c
45.68 ± 3.90a,c

P value
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
0.22
< 0.01
< 0.01
< 0.01

a

P < 0.05 vs control in same weight group; bP < 0.05 vs Lean-control group; cP < 0.05 vs Lean-NAFLD group. NAFLD: Non-alcoholic fatty liver disease; WBC:
White blood cell count; NEUT: Neutrophils count; LYMPH: Lymphocytes count; MONO: Monocytes count; EO: Eosinophils count; BASO: Basophils count;
RBC: Red blood cell count; HGB: Hemoglobin; HCT: Hematocrit value.

higher risk for MetS (OR = 1.89, 95%CI: 1.29-2.77; OR
= 2.17, 95%CI: 1.17-4.05) than overweight-obese and
lean-controls.

DISCUSSION
In the current study, we classified the patients with
NAFLD as lean- and overweight-obese NAFLD. The
prevalence of NAFLD was 18.33% in the lean group and
72.90% in the overweight-obese group. There was a male
predominance of NAFLD in lean and overweight-obese
individuals (28.48% vs 54.48%, and 51.41% vs 72.55%,
respectively). Compared with controls in the same weight
group, both overweight-obese and lean-NAFLD patients
had higher levels of BMI, WC, VAI, blood pressure,
glucose, dyslipidemia, liver enzymes (ALT, AST, ALP
and GGT) and renal function parameters (UA, BUN and
GREA). NAFLD was clearly associated with dysfunctional fat and adipose tissue IR, which worsened glucose
and fat metabolic status, resulting in pathoglycemia and
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dyslipidemia [20,21]. NAFLD also added to the risk of
chronic kidney disease (CKD)[22] by increasing micro-albuminuria and decreasing glomerular filtration rate[23]. Xu
et al[24] also found that age, gender, WC, blood pressure,
dyslipidemia were significantly associated with NAFLD
in a prospective 5-year follow-up of non-obese (BMI <
25 kg/m2) Chinese subjects. The prevalence of NAFLD
almost doubled in the 5-year period. Lean-NAFLD is
often asymptomatic and has lower clinical biochemical
indicators. A summary of studies on NAFLD stated that
the features of lean-NAFLD were different from country
to country[25]. Thus, it is difficult to detect and treat in its
early stages. It has been proven to be an unrecognized
clinicopathological entity and a frequent cause of cryptogenic liver disease[12]. More efforts should be made to
halt or reverse the progress of NAFLD in non-obese
individuals[14].
The WBC and its subtype cells (NEUT, LYMPH,
MONO, EO and BASO) were higher in NAFLD than in
controls in both weight groups, and they were even high-
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Table 4 Odds ratios of non-alcoholic fatty liver disease
compared with controls
1

OR (95%CI)

2

OR (95%CI)

All NAFLD vs all controls
Hyperlipidemia
2.19 (1.81-2.65)
1.37 (1.04-1.80)
Hypertension
2.98 (2.37-3.74)
1.49 (1.10-2.03)
Diabetes
2.97 (2.14-4.11)
1.68 (1.08-2.62)
MS
6.29 (4.78-8.28)
2.34 (1.65-3.31)
Central obesity
6.56 (5.16-8.33)
1.97 (1.38-2.80)
Lean-NAFLD vs lean controls
Hyperlipidemia
1.87 (1.28-2.73)
1.29 (0.80-2.09)
Hypertension
3.26 (2.08-5.10)
1.72 (1.00-2.96)
Diabetes
3.87 (2.11-7.08)
2.47 (1.14-5.35)
MS
5.38 (2.66-10.89)
3.19 (1.38-7.35)
Central obesity
2.37 (1.44-3.90)
2.17 (1.17-4.05)
Overweight-obese NAFLD vs overweight-obese controls
Hyperlipidemia
1.61 (1.22-2.12)
1.36 (0.96-1.91)
Hypertension
1.64 (1.20-2.24)
1.33 (0.92-1.93)
Diabetes
1.87 (1.21-2.91)
1.34 (0.80-2.27)
MS
2.43 (1.75-3.38)
1.89 (1.29-2.77)
1

OR: Crude OR; 2OR: Adjusted by age, sex, body mass index, smoking, alcohol consumption and physical activities. NAFLD: Non-alcoholic fatty liver
disease; OR: Odds ratio; CI: Confidence interval; MS: Metabolic syndrome.

er in overweight-obese NAFLD than in lean-NAFLD.
WBC is a marker of inflammation, and we observed
higher levels of WBC and its subtypes in the metabolic
disorders[26]. Its count was independently associated with
the presence of NAFLD regardless of classical cardiovascular risk factors and other components of metabolic
syndrome. Hepatic steatosis is not only a focal fat deposition in the liver, but also a systemic inflammation[27]. RBC,
HGB and HCT have a similar rising trend for WBC in
NAFLD. These hematological parameters were strongly
associated with the prevalence of IR, cerebrovascular
damage and metabolic syndrome[28,29]. High HGB, HCT
and RBC significantly added to the risk of NAFLD[30].
Serum hemoglobin, which may have a significant predictive value for NAFLD, is an antioxidant, binding to free
hemoglobin and inhibiting oxidative injury. Inflammation
and oxidative injury both contribute to NAFLD. Thus,
NAFLD patients have higher levels of hemoglobin than
normal controls[30,31]. The increase of HCT, a decisive
factor of blood viscosity, is always followed by a decrease
in blood flow rate, leading to an insufficient glucose supply to the muscles, and subsequently IR[32]. Meanwhile,
insulin may stimulate erythropoiesis through its growthpromoting effect and increase HCT [33]. Insulin-like
growth factor-1 (IGF-1) can stimulate erythropoiesis, and
enhance the synthesis of plasma protein in endocrine
manner[26]. The above mechanism may be involved in the
association between abnormality in blood examination
results and NAFLD; however, we could not find any
evidence for this phenomenon, and no full-scale blood
examination including all parameters has been reported.
More research is required to clarify this point.
We also found that NAFLD patients had higher risks
for hyperlipidemia, hypertension, diabetes and MetS than
the controls. A large number of studies have shown that

WJG|www.wjgnet.com

NAFLD often progresses to dyslipidemia, hypertension,
diabetes, cardiovascular disease and CKD, and increases
all-cause mortality in many countries[34-39]. Central obesity and IR play important roles in the development of
NAFLD[40]. Hepatic enzymes (ALT, AST and GGT) may
also contribute to the development of diabetes, and ALT
and GGT can predict type 2 diabetes, independent of the
degree of adiposity. ALT appears to be positively associated with IR and gluconeogenesis, and reflects inflammation, which impairs insulin signaling in the liver and
systemically[41]. ALT is also associated with endothelial
dysfunction and predicts coronary heart disease[42]. GGT
is an enzyme responsible for extracellular catabolism and
may be linked to greater oxidative stress, which is implicated in IR[43]. In summary, NAFLD patients, especially
those with elevated liver enzymes, have a higher risk of
diabetes and other metabolic disorders.
Lean-NAFLD patients tended to have more visceral
adiposity than lean-controls in our study, which can be
used to measure the hepatic lipid content. The accumulation of lipid exposes the liver to high concentrations of
free fatty acids and triglycerides, resulting in impairment
of hepatic metabolic processes. Intrahepatic triglycerides
are positively associated with the amount of visceral fat,
and a strong negative correlation was observed between
triglycerides and systemic insulin sensitivity[44]. Visceral
adiposity produces inflammatory cytokines, such as interleukin-6 (IL-6) and tumor necrosis factor (TNF), leading
to more serious IR[45]. Liver histology and most cardiometabolic abnormalities can be predicted by the adipose
IR index[46].
Gene mutation may also contribute to NAFLD development[47] because of its obvious familial inheritance[48].
A missense mutation in the patatin-like phospholipase
domain-containing 3 (PNPLA3) gene (also called adiponutrin), resulted in an approximately 2-fold higher
hepatic TG content and an OR of 3.26 for the development of NAFLD. Its relation with hepatic TG content
and NAFLD has been identified in many studies[47]. Microbiota perturbation in the gastrointestinal tract may be
important in the progression of NAFLD, particularly its
role in obesity, insulin resistance and inflammation[49]. In
animal models, supplement of lactobacillus fermentum
can improve IR, blood lipid metabolism and ameliorate
NAFLD[50,51]. Its interaction with he diet is another critical point for this disease[49]. NAFLD is a multifactorial
disease, with complex clinical characteristics[31]. More research should be carried out to explore the pathogenesis
of NAFLD and associated metabolic disorders.
Chinese people have their own lifestyle and genetic
characteristics, which are different from Westerners[52],
and are therefore more likely to have lean-NAFLD. Although many studies focused on lean-NAFLD, none of
them has demonstrated the harm of NAFLD in lean
and overweight-obese individuals. In addition, there is
no population-based study in north China. With the
increasing prevalence of NAFLD in lean individuals[53],
it is essential to distinguish lean from overweight-obese
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NAFLD, so that specific treatment can be provided to
halt or prevent the development of NAFLD.
In summary, our data provided the estimated prevalence rate of lean-NAFLD in a Chinese population, and its
metabolic characteristics compared with overweight-obese
patients. The lean-NAFLD group had lower levels of
blood glucose, blood pressure, hyperlipidemia, IR, blood
cell count and HGB than the overweight-obese NAFLD
group. Normal weight individuals are more likely to have
diabetes, hypertension and MetS if they have NAFLD.
Thus, it is a more dangerous condition than overweightobese NAFLD.
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ed; 71 were males and the average age was 51 years.
Twenty-one patients rebled within 6 wk. Patients with
high-risk stigmata, PTVE with trunk obliteration, and
a hepatic vein pressure gradient (HVPG) ≥ 20 mmHg
were at increased risk for rebleeding (OR = 5.279,
95%CI: 2.782-38.454, P = 0.003; OR = 4.309, 95%CI:
= 2.144-11.793, P < 0.001; and OR = 1.534, 95%CI:
1.062-2.216, P = 0.022, respectively). Thirteen patients
died within 6 wk. A model for end-stage liver disease
(MELD) score ≥ 18 and an HVPG ≥ 20 mmHg were
associated with 6-wk mortality (OR = 2.162, 95%CI:
1.145-4.084, P = 0.017 and OR = 1.423, 95%CI:
1.222-1.657, P < 0.001, respectively).
CONCLUSION: MELD score and HVPG in combination
allow for early identification of patients with AVH who
are at substantially increased risk of death over the
short term.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To investigate the risk factors for 6-wk rebleeding and mortality in acute variceal hemorrhage (AVH)
patients treated by percutaneous transhepatic variceal
embolization (PTVE).
METHODS: A retrospective cohort study of AVH patients who had undergone PTVE treatment was conducted between January 2010 and December 2012.
Demographic information, medical histories, physical
examination findings, and laboratory test results were
collected. The PTVE procedure was performed as a
rescue therapy for patients who failed endoscopic and
pharmacologic treatment. Survival analysis was estimated using the Kaplan-Meier method and compared
using the log-rank test. The multivariate analysis was
performed using the Cox regression test to identify independent risk factors for rebleeding and mortality.
RESULTS: One hundred and one patients were includ-
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Key words: Acute variceal hemorrhage; Percutaneous
transhepatic variceal embolization; Hepatic vein pressure gradient
Core tip: Acute variceal hemorrhage (AVH) is a medical
emergency with a 20% mortality rate at 6 wk. Percutaneous transhepatic variceal embolization (PTVE) is a
rescue therapy for endoscopic variceal ligation failure.
Here we present a retrospective study to determine the
risk factors for 6-wk rebleeding and mortality in AVH
patients who have undergone PTVE. Patients with a
model for end-stage liver disease score ≥ 18 and an
HVPG ≥ 20 mmHg are at increased risk of death within
6 wk of an acute variceal bleeding episode. A transjugular intrahepatic portosystemic shunt or liver transplantation should be considered for this high-risk group.
Zhao JR, Wang GC, Hu JH, Zhang CQ. Risk factors for early
rebleeding and mortality in acute variceal hemorrhage. World J
Gastroenterol 2014; 20(47): 17941-17948 Available from: URL:
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INTRODUCTION
Gastroesophageal varices are present at diagnosis in
nearly one-half of patients with cirrhosis. Variceal hemorrhage carries high rebleeding and mortality rates. In
patients with esophageal varices (EV), the combination
of endoscopic variceal ligation (EVL) and pharmacologic
treatment is recommended as the standard of care for
prevention of rebleeding[1]. Mortality with each episode
of acute variceal hemorrhage (AVH) has decreased to the
current level of approximately 20%[2]. A previous report
showed that early rebleeding rate ranges from 30% to
40% within the first 6 wk, and is significantly associated
with the risk of death within 6 wk[3]. Thus, research assessing the value of various risk factors in patients with
AVH is important in an effort to identify the group of
patients at high risk for rebleeding and mortality. A transjugular intrahepatic portosystemic shunt (TIPS) or liver
transplantation should be considered for this high-risk
group.
Percutaneous transhepatic variceal embolization (PTVE)
was introduced in 1974 by Lunderquist et al[4] for the
management of portal hypertension and EV. PTVE is
a safe, easy to perform, and effective treatment for the
control of AVH[5]. In the modified PTVE procedure,
we used 2-octyl cyanoacrylate as an embolic material to
obliterate the EV and peri-esophageal collaterals and
feeding vessels[6]. Using multi-detector row computed
tomography, a study showed that 2-octyl cyanoacrylate
permanently retained in the para- and peri-varices in the
vessels without a time-dependent decrease[7]. It is important to continue the obliteration of the feeding vessels
and prevent the relapse of esophageal-gastric varices. The
modified PTVE technique has been confirmed as an effective and safe method for the management of recurrent
gastroesophageal varices and rebleeding compared with
endoscopy therapy[8,9]. The combination of PTVE and
EVL is more effective than EVL alone in the prevention
and treatment of recurrent EV and rebleeding[10]. Thus,
PTVE may be used as a rescue therapy for patients who
fail endoscopic and pharmacologic treatment.
Some studies have identified the predictors of early
rebleeding and mortality after initial EV bleeding in cirrhotic patients with endoscopic treatment[11-16]; however,
no study has addressed the association between the predictors of outcome and mortality in cirrhotic patients
with EV bleeding treated by PTVE. Studies assessing the
value of various risk factors in patients with AVH are important as risk factors may offer a useful means of selection for entry into liver transplantation or they may identify a group of patients with a very high mortality. The
early use of TIPS in patients with cirrhosis and at high
risk for variceal bleeding was associated with marked and
significant reductions in treatment failure and mortality[13].

WJG|www.wjgnet.com

The aim of this study was to identify the risk factors for
rebleeding and mortality in cirrhotic patients admitted to
a hospital with a first variceal bleed and treated by PTVE
as a rescue therapy after failed endoscopic variceal ligation within 6 wk.

MATERIALS AND METHODS
Patients
Consecutive patients with liver cirrhosis and AVH admitted to our hospital, a tertiary center, were retrospectively
analyzed between January 2010 and December 2012. The
inclusion criteria were as follows: (1) cirrhosis confirmed
by full clinical history, physical examination, laboratory
testing, and imaging examinations; (2) patients admitted
to hospital within 24 h after the symptom onset, with
AVH diagnosed by upper gastrointestinal endoscopy
when varices were bleeding actively or showed stigmata
of recent bleeding and/or if fresh blood was observed
in the stomach and varices were the only potential source
of bleeding; and (3) PTVE was performed as a rescue
therapy in patients who had uncontrolled severe bleeding or recurrent bleeding from EV during and after band
ligation.
The exclusion criteria were as follows: (1) concomitant hepatic cell cancer (HCC) or other cancers; (2) severe
hypertension, coronary heart disease, cardiopulmonary
insufficiency, or chronic renal insufficiency; (3) previous
TIPS placement or endoscopic treatment of varices by
sclerotherapy or band ligation; and (4) insufficient data
on survival or incomplete medical records.
Therapeutic interventions for variceal bleeding
When admitted to our hospital, all patients were managed
by fluid resuscitation and an infusion of vasoactive drugs
(octreotide or somatostatin), and the infusion was continued for a total of 3-5 d. Prophylactic oral norfloxacin (400
mg, twice a day) or intravenous ciprofloxacin (1 g, once
a day) was administered for 7 d. Sengstaken-Blakemore
balloon tamponade was used if necessary. Patients with
hemodynamic instability or a significant drop in the hemoglobin level (< 8 g/dL) were given packed red blood
cell (PRBC) transfusions to a hemoglobin of 8 g/dL.
Upper gastrointestinal endoscopy to identify the source
of bleeding was performed on all patients within 24 h
of presentation; endoscopic variceal band ligation was
performed if the source of gastrointestinal bleeding was
believed to be from EV. If band ligation was not feasible
because blood obscured the visual field, or if band ligation failed to control bleeding, the PTVE procedure was
performed under radiologic guidance, as described previously[6]. The wedged hepatic venous pressure (WHVP)
and the free hepatic venous pressure (FHVP) were
measured before PTVE, and the hepatic venous pressure gradient (HVPG) was calculated (HVPG = WHVP
- FHVP). Propranolol with or without isosorbide mononitrate was used for prevention of recurrent bleeding if
patients had no contraindications.
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Variable definitions and data collection
Patient outcome was obtained from hospital records and
telephone contacts. We included only the first episode for
each patient. The primary end point of the study was the
first episode of recurrent variceal bleeding 6 wk after the
procedure. The secondary end point was death due to
primary liver disease in 6 wk. Rebleeding was defined according to the Baveno criteria as recurrence of bleeding
evidenced by new melena or hematemesis, requirement
for > 2 units of PRBCs in a 24 h time period, and hemodynamic instability[17]. Time zero was defined as the day
of the PTVE procedure.
Demographic information, medical history, physical
examination with vital signs, documentation of etiology of liver disease and presenting clinical symptoms,
ascites, encephalopathy, and Child-Turcotte-Pugh (CTP)
classification were collected. The number of blood units
transfused within 72 h of admission was recorded. The
grade of ascites was based on the definitions of the International Ascites Club[18].
Blood for laboratory testings, including complete
blood count, prothrombin time, serum creatinine, total
bilirubin, serum albumin, serum sodium, aspartate aminotransferase, and alanine aminotransferase levels was
also drawn on the first day of variceal bleeding.
Findings at endoscopy were documented, including
sites of varices, stage of EV, presence of active bleeding,
and stigmata of high-risk varices. The stage of variceal
size was based on the general rules established by the Japanese Research Society for Portal Hypertension[19]. Highrisk varices were defined as the presence of an adherent
clot or white nipple or red signs on varices (cherry red
spot, red wale sign, or hematocystic spots).
The filling range of cyanoacrylate in EVs and the
feeding vessels by PTVE was based on the following
definitions: (1) complete obliteration, with at least 3 cm
of the lower EVs and peri- and para-EVs, as well as the
adventitial plexus of the gastric cardia and fundus filled
with cyanoacrylate; (2) partial obliteration, with the varices
surrounding the gastric cardia, fundus, and the feeding
vessels being obliterated with cyanoacrylate, but without
reaching the lower EVs; and (3) trunk obliteration, with
the main branch of the left gastric vein being filled with
cyanoacrylate, but without reaching the varices surrounding the gastric cardia or fundus[7].
MELD scores were calculated according to the following formula: MELD score = 0.957 × ln (creatinine
mg/dL) + 0.378 × ln (bilirubin mg/dL) + 1.120 × ln
(INR) + 6.43.
Statistical analysis
Continuous data are expressed as mean ± SD, unless
specified otherwise. Descriptive statistics (number and
percentages) were used to describe discrete data. Survival
analysis was estimated using the Kaplan-Meier method
and compared using the log-rank test. The multivariate
analysis was performed using the Cox regression test to
identify independent risk factors for rebleeding and mortality. The Statistical Package for Social Sciences (version
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17.0; SPSS, Inc., Chicago, IL, United States) was used,
and P < 0.05 was regarded as significant.

RESULTS
Between January 2010 and December 2012, 137 cirrhotic
patients with AVH underwent PTVE as rescue treatment;
36 patients were excluded from the analysis because of
HCC (n = 5), technical failures (n = 4), previous placement of TIPS or endoscopic treatment (n = 23), and incomplete medical records (n = 4). Therefore, the number
of patients who met the inclusion criteria and were analyzed in the current study was 101. The gastric coronary
vein was the main blood vessel for EV in 89 patients.
Forty-six patients had varying degrees of contribution
from the short gastric and posterior gastric veins. All of
the feeding vessels were obliterated with cyanoacrylate.
Sengstaken-Blakemore balloon tamponade was used in
five patients. Propranolol with or without isosorbide
mononitrate was used in 94 patients; the other seven patients did not use propranolol or isosorbide mononitrate
because of contraindications (glaucoma, n = 2; sinus
bradycardia < 50 bpm, n = 2; arterial hypotension with
systolic pressure < 85 mmHg, n = 2; and asthma, n = 1).
The clinical characteristics of the patients are shown in
Table 1.
Risk factors for rebleeding within 6 wk following PTVE
treatment
Twenty-one (20.8%) patients rebled within 6 wk of the
PTVE procedure. Recurrent bleeding occurred in a range
of 3-32 d following PTVE. Among 21 patients with rebleeding, 5 had bleeding from EVL-induced ulcers, 12
from EV, 3 from gastric varices, and 1 from an unknown
site. High-risk stigmata of variceal bleeding, PTVE with
trunk obliteration, and an HVPG ≥ 20 mmHg were independent risk factors for rebleeding as revealed by the
Kaplan-Meier method. Figure 1 shows survival curves
according to independent predictor variables. In multivariable analyses using Cox regression, high-risk stigmata
of variceal bleeding, the obliteration range of PTVE,
and an HVPG ≥ 20 mmHg were significantly associated
with the risk of rebleeding; high-risk stigmata of variceal
bleeding was the variable with the highest odds ratio (OR
= 5.279; 95%CI: 2.782-38.454; Table 2).
Risk factors for 6-wk mortality after PTVE
Thirteen (12.9%) patients died within the 6-wk follow-up
period. Among these patients, six died of uncontrolled
EV bleeding, five of hepatic failure, one of hepatorenal syndrome, and one of hepatic encephalopathy. Cox
regression analysis revealed that the MELD score and
HVPG were significantly associated with 6-wk mortality
after PTVE (Table 3). Figure 2 shows the survival curves
according to independent predictor variables. Stratification of patients according to MELD score (MELD ≥
18 or MELD < 18) revealed a significant increase in
6-wk mortality after PTVE between patients with MELD
scores ≥ 18 or < 18 (P = 0.008; Figure 2A). The HVPG
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A

Table 1 Clinical and biological characteristics of the study
population n (%)

0.8
Free from rebleeding

n = 101

Gender (male/female)
71 (70.3%)/30 (29.7%)
Age (yr)
51 ± 12
Etiology of liver disease n (%)
Viral (HBV and/or HCV)
76 (75.2)
Alcohol
19 (18.8)
Others
6 (5.9)
Clinical presentation of bleeding n (%)
Melena
22 (21.8)
Hematemesis
32 (31.7)
Both melena and hematemesis
47 (46.5)
Systolic blood pressure at presentation (mmHg)
114 ± 21
Bleeding source n (%)
Esophageal varices
85 (84.2)
Gastric varices
16 (15.8)
High risk stigmata of variceal bleeding (yes/no)
89 (88.1)/12 (11.9)
Active variceal bleeding at endoscopy (yes/no)
27 (26.7)/74 (73.3)
Hemoglobin (g/dL)
9.9 ± 2.4
White blood cells (109/L)
4.78 ± 3.55
Platelets (109/L)
111 ± 102
Aspartate aminotransferase level (U/L)
39 ± 15
Alanine aminotransferase level (U/L)
29 ± 15
Serum sodium level (mmol/L)
132 ± 11
Serum creatinine (μmol/L)
57 ± 18
Albumin (g/L)
34 ± 6
Total bilirubin (μmol/L)
24.5 ± 12.3
Prothrombin time (s)
16.7 ± 2.3
Presence of ascites n (%)
0
47 (46.5)
31 (30.7)
Ⅰ
18 (17.8)
Ⅱ
Ⅲ
5 (5.0)
Requiring blood transfusion within 72 h (yes/no) 38 (37.6)/63 (62.4)
Units of PRBCs transfused within 72 h
6±2
HVPG (mmHg)
18 ± 4
Obliteration range of PTVE n (%)
Complete
63 (62.4)
Partial
21 (20.8)
Trunk
17 (16.8)
Child-Turcotte-Pugh classification n (%)
A
15 (14.9)
B
61 (60.4)
C
25 (24.8)
MELD score
15 ± 5

0.4

P = 0.003
High risk

0.0
High
risk
Low
risk

B

Low risk

0

7

14

21

28

35

43

42

39

33

29

28

28

58

55

54

54

53

52

52

21

28

35

42

t /d

42

1.0

Free from rebleeding

0.8

0.6

P = 0.012
0.4

Complete
Partial

0.2

0.0

Trunk

0

Com- 31
plete
Partial 48
Trunk 22

C

7

14

31

30

28

27

27

27

48
18

46
17

44
15

41
14

40
13

40
13

21

28

35

42

17
70

15
67

14
66

14
66

t /d

1.0

0.8

PRBCs: Packed red blood cells; HVPG: Hepatic vein pressure gradient;
PTVE: Percutaneous transhepatic variceal embolization.

was also significantly associated with 6-wk mortality after
PTVE (P < 0.001; Figure 2B). Interestingly, CTP class (A
vs B/C) was not predictive of mortality.
Adverse effects
Adverse effects were observed in 21 (20.8%) patients following PTVE. Transient upper abdominal pain (n = 16),
fever (n = 14), and bleeding at the liver puncture site (n = 3)
developed in patients following PTVE. All of the adverse
effects were minor and alleviated by pharmacologic therapy.

DISCUSSION
Specific risk factors that predict early rebleeding and mor-
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0.6

0.2

Free from rebleeding

Characteristic

1.0

0.6

0.4

P = 0.004
HVPG ≥ 20 mmHg

0.2

0.0
≥ 20
< 20

HVPG < 20 mmHg

0

7

14

24
77

24
73

21
72

t /d

Figure 1 Kaplan-Meier plots showing the cumulative incidence of rebleeding in 6 wk stratified according to (A) risk stigmata of variceal bleeding,
(B) obliteration range of percutaneous transhepatic variceal embolization,
and (C) hepatic vein pressure gradient. The curves are compared using a
log-rank test. PTVE: Percutaneous transhepatic variceal embolization; HVPG:
Hepatic vein pressure gradient.
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Table 2 Independent risk factors associated with rebleeding as revealed by Cox regression analysis
Variable

B

High risk stigmata of variceal bleeding
Obliteration range of PTVE
HVPG

SE

4.267
2.068
0.428

P value

Wals

1.435
0.540
0.188

8.843
14.663
5.209

OR

0.003
0.000
0.022

95%CI
Lower

Upper

2.782
2.144
1.062

38.454
11.793
2.216

5.279
4.309
1.534

PTVE: Percutaneous transhepatic variceal embolization; HVPG: Hepatic vein pressure gradient.

Table 3 Independent prognostic factors associated with mortality as revealed by Cox regression analysis
Variable

B

MELD
HVPG

SE

0.771
0.353

P value

Wals

0.324
0.078

5.652
20.691

OR

0.017
0.000

95%CI

2.162
1.423

Lower

Upper

1.145
1.222

4.084
1.657

MELD: Model for end-stage liver disease; HVPG: Hepatic vein pressure gradient.

A

B

1.0

0.8

0.6

0.4

P = 0.008
MELD < 18

0.2

57
44

7

14

57
41

56
39

0.6

0.4

P < 0.001
HVPG ≥ 20 mmHg

0.2

MELD ≥ 18

0.0
0
< 18
≥ 18

Cumulative survival

Cumulative survival

0.8

1.0

21
t /d
55
36

28
54
34

35
54
34

42
54
34

HVPG < 20 mmHg

0.0
0

7

14

< 20 77
≥ 20 24

77
21

76
19

21

28

35

42

74
17

73
15

73
15

73
15

t /d

Figure 2 Kaplan-Meier plots showing the cumulative incidence of death in 6 wk stratified according to model for end-stage liver disease (A) and hepatic
vein pressure gradient (B). The curves are compared using a log-rank test. MELD: Model for end-stage liver disease; HVPG: Hepatic vein pressure gradient.

tality after variceal bleeding with PTVE treatment have
not been studied. In the present study, we found that highrisk stigmata of variceal bleeding, the obliteration range of
PTVE, and an HVPG ≥ 20 mmHg are significantly predictive of 6-wk rebleeding in patients with cirrhosis who
are hospitalized with an acute variceal bleed and treated by
PTVE as rescue treatment. By complete and permanent
obliteration of the lower EVs, peri- and para-EVs, and the
adventitial plexus of the gastric cardia and fundus, complete obliteration of PTVE can reduce the risk of variceal
recurrence, and prevent bleeding from EV, while varices
tend to reoccur over time following partial and incomplete
trunk obliteration of PTVE.
Both HVPG measurement and endoscopic features as
prognostic indicators of early rebleeding in patients with
EVL treatment have been reported in some studies. A
retrospective study conducted by Lee et al[20] showed that
early recurrent hemorrhage in cirrhotic patients is significantly associated with more EV ligations due to the exten-
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sive surface area of the mucosal injury and post-banding
ulcers. Xu et al[21] showed that the severity of varices is one
of the main factors affecting early rebleeding after EVL.
The rate of mortality within 6 wk after cessation of
initial EV bleeding in our study was 12.9%, which was
similar with the lower rates reported in previous studies
(range, 8%-46%)[22-25]. Our study also demonstrated that
MELD and HVPG are related to early mortality for EV
patients following PTVE.
Several studies have investigated the accuracy of the
MELD score in predicting mortality after AVH. In a retrospective study of 172 cirrhotic patients admitted for
esophageal variceal hemorrhage, Amitrano et al[26] showed
that patients with an MELD score > 15 had significantly
higher mortality at 6 wk than patients with an MELD
score ≤ 15. By regression analysis of 256 patients with
AVH in a randomized, prospective trial, Bambha et al[27]
demonstrated that patients with a MELD score ≥ 18,
those transfused with ≥ 4 units of packed erythrocytes
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within the first 24 h or those being actively bleeding at
the time of endoscopy had increased mortality within
6 wk. Based on a study by Suk et al[28], the efficacy of
HVPG and MELD is excellent for predicting the survival of patients with decompensated liver cirrhosis.
Ripoll et al[29] showed that MELD was the only predictor
of death in decompensated patients based on multivariate analysis. Reverter et al[11] developed an MELD-based
model that accurately predicts mortality among patients
with AVH; MELD values ≥ 19 predicted ≥ 20% mortality, whereas MELD scores < 11 predicted < 5% mortality. MELD also was a significant predictor of mortality
for patients with variceal bleeding admitted to intensive
care units[30]. Wang et al[31] reported that HVPG measurement may help identify a subset of patients with low
MELD scores who have a higher mortality. Our study
showed that MELD score and HVPG measurement can
be used as stratified factors to discern high-risk patients
and make a decision to proceed to TIPS or liver transplantation earlier.
Additionally, we found that the etiology of liver disease (alcohol vs viral vs others), active bleeding at the index endoscopy, volume of blood transfusion in 72 h, and
CTP class were not correlated with the risk of rebleeding
and mortality based on univariate analyses. These results
are somewhat discordant with several other studies focusing on the prognosis of variceal bleeding. In unselected
cirrhotic patients, Amitrano et al[32] concluded that CTP
class C was an independent predictor of 5-d failure; mortality was mainly related to the severity of liver failure.
Bambha et al[27] demonstrated that patients who received
≥ 4 units of packed erythrocytes within the first 24 h or
were actively bleeding at the time of endoscopy had an
increased mortality rate within 6 wk.
Differences in patient sampling (percentage of alcoholics and percentage of CTP class C cirrhotic patients),
variables recorded, techniques of endoscopic intervention, or dissimilar study end points could explain the discrepancies. In the current study, the source of bleeding
(esophagus or stomach) and the activity of bleeding (active or recent) were defined according to the Baveno V
consensus[17]. EVL was defined as a primary therapy; patients underwent endoscopy therapy as soon as they were
hemodynamically stable and PTVE was a rescue therapy
when EVL failed. Furthermore, we only analyzed the first
bleeding episode. It is very important to distinguish the
first from the subsequent bleeding episodes because associated mortality is different and this may lead to biases
in studies when pooling the two types of episodes[33].
Interestingly, we found that the risk factors for rebleeding and mortality were different. Our study therefore suggests that although rebleeding is the major cause
of cirrhosis-associated deaths, death is influenced not
only by the severity of the bleeding episode itself, but
also by the severity of the underlying liver disease and
concomitant diseases.
There were two limitations in the current study. First,
PTVE is not a standard treatment for AVH. EVL is the
recommended form of endoscopic therapy for AVH; re-
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bleeding after EVL may be managed by a second attempt
at endoscopic therapy[1]. If rebleeding is severe, PTFEcovered TIPS is likely the best option[34]; however, TIPS is
a complex procedure, and in some patients, such as those
with variant anatomy, portal vein thrombosis, hepatic
vein thrombosis, or pre-existing TIPS, TIPS creation may
be extremely difficult[35]. Contraindications and complications of TIPS also restrict its use in cirrhosis patients[36].
Modified PTVE with 2-octyl cyanoacrylate has been confirmed as an effective and safe method for preventing rebleeding of EV and gastric varices[9,10,37]. Variceal embolotherapy during TIPS procedures is a rational approach to
reducing recurrent bleeding rates after TIPS placement.
According to a recent study, the TIPS plus embolization
regimen may reduce the risk of recurrent variceal bleeding during the first 6 months after the TIPS procedure by
preventing shunt dysfunction, which may improve liver
function and quality of life[38], Therefore, we used PTVE
as rescue therapy for EVL failure, and the current study
demonstrated the risk factors for rebleeding and mortality after AVH with PTVE treatment.
Second, an absence of standardization at the time of
entry also affected the study. Difference in the time of
entry could lead to different results. As Burroughs et al[39]
reported, the starting point for analysis following variceal
hemorrhage is an important confounding variable when
calculating survival and rebleeding. Changing the starting point for analysis after variceal hemorrhage leads to
completely different conclusions. Usually, the entry time
is the day patients are admitted to the hospital in studies
involving risk factors related to rebleeding and mortality
in AVH or EVL-treated patients. However, in the current
study, our aim was to determine the risk factors related
to rebleeding and mortality after PTVE treatment, so
we chose the day of the PTVE procedure as time zero,
which avoided rebleeding and mortality before PTVE.
In conclusion, the current study demonstrated that
stigmata of variceal bleeding, the obliteration range of
PTVE, and an HVPG ≥ 20 mmHg are significant and
strong predictors of short-term rebleeding 6 wk after
AVH treated by PTVE. We also demonstrated that patients with an MELD score ≥ 18 and an HVPG ≥ 20
mmHg are at increased risk of death within 6 wk of an
acute variceal bleeding episode. Together these factors
allow for early identification of patients with AVH who
are at substantially increased risk of death over the short
term. Such patients would also probably benefit from
early TIPS or liver transplantation. Furthermore, the
PTVE procedure combined with TIPS may improve survival in AVH patients and is worthy of further study.
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Acute variceal hemorrhage (AVH) is a medical emergency with a 20% mortality
rate at 6 wk. Recurrent variceal bleeding is very frequent and risk factors for
early rebleeding and mortality in AVH patients are ill-defined.
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Research assessing the value of various risk factors for AVH patients is impor-
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tant in an effort to identify the group of patients at high risk for rebleeding and
mortality. Percutaneous transhepatic variceal embolization (PTVE) is a rescue
therapy for endoscopic variceal ligation failure. Specific risk factors that predict
early rebleeding and mortality after variceal bleeding with PTVE treatment have
not been studied.
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Innovations and breakthroughs

In previous studies involving risk factors for early rebleeding in patients who
had undergone EVL treatment, it was reported that severity of varices, MELD
score, transfusion, and Child class were related to AVH rebleeding and mortality. However, specific risk factors that predict early rebleeding and mortality after
variceal bleeding with PTVE treatment have not been studied. In the present
retrospective cohort study, we found that high-risk stigmata, PTVE with trunk
obliteration, and an HVPG ≥ 20 mmHg are predictors of variceal rebleeding
within 6 wk, and patients with an MELD score ≥ 18 and an HVPG ≥ 20 mmHg
are at increased risk of death within 6 wk. In combination, these factors allow
for early identification of patients with AVH who are at substantially increased
risk of rebleeding or death over the short term. Such patients would probably
benefit from early TIPS or liver transplantation.

Applications

The current study results suggest that patients with an MELD score ≥ 18 and
an HVPG ≥ 20 mmHg are at increased risk of death within 6 wk after an acute
variceal bleeding episode. Research assessing the value of various risk factors
in patients with AVH is important in an effort to identify the group of patients at
high risk for rebleeding and mortality. A transjugular intrahepatic portosystemic
shunt (TIPS) or liver transplantation should be considered for this high-risk
group.
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Terminology

Percutaneous transhepatic variceal embolization (PTVE) is the earliest intervention performed for the treatment of intractable variceal bleeding. During
PTVE, the portal vein is catheterized by a percutaneous transhepatic approach
and the gastric vein feeding the varix is embolized with ethanol, steel coils, or
cyanoacrylate glue. The hepatic venous pressure gradient (HVPG) is currently
the most commonly used parameter for portal pressure measurement, i.e.,
the difference between the wedged and free hepatic venous pressures. HVPG
represents the gradient between pressures in the portal vein and the intraabdominal portion of the inferior vena cava.
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This is an interesting study debating a well-chosen topic. The study adequately
addresses several points of an on-going debate regarding AVH, rebleeding risk,
and treatment.
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Abstract
AIM: To present our experiences in studying the clinicopathological features of small nonfunctioning pancreatic neuroendocrine tumors (NF-pNETs).
METHODS: The subjects included 9 patients with NFpNETs who underwent pancreatectomy between April
1996 and September 2012. The surgical procedure,
histopathological findings, and prognosis were assessed.
RESULTS: All tumors were incidentally detected by
computed tomography. The median diameter was 10
mm (5-32 mm). One patient was diagnosed with von
Hippel-Lindau disease, and the others were sporadic
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cases. For the histopathological findings, 7 patients
were G1; 1 patient was G2; and 1 patient, whose tumor was 22 mm, had neuroendocrine carcinoma (NEC).
One patient who had a tumor that was 32 mm had
direct invasion to a regional lymph node and 1 patient
with NEC, had regional lymph node metastases. Six of
the 7 patients with sporadic NF-pNETs, excluding the
patient with NEC, had tumors that were smaller than
10 mm. Tumors smaller than 10 mm showed no malignancy and lacked lymph node metastasis.
CONCLUSION: Sporadic NF-pNETs smaller than 10
mm tend to have less malignant potential. These findings suggest that lymphadenectomy may be omitted
for small NF-pNETs after further investigation.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic neuroendocrine tumor; Pancreatic neuroendocrine carcinoma; Nonfunctioning; Lymphadenectomy; Treatment
Core tip: We present our experience in studying the
clinicopathological features of small nonfunctioning
pancreatic neuroendocrine tumors (NE-pNETs). In the
present study, six of the 7 patients with sporadic NFpNETs, excluding the patient with NEC, had small tumors that were less than 10 mm. These small tumors
showed no sign of malignancy or lymph node metastasis. Additionally, these cases did not have recurrence,
including lymph node and distant metastasis, for more
than 10 years after surgery. These findings suggest
that small NF-pNETs tend to have less malignant potential and no lymph nodes metastasis. Lymphadenectomy may be omitted in the future for small NF-pNETs
after further investigation.
Furukori M, Imai K, Karasaki H, Watanabe K, Oikawa K,
Miyokawa N, Taniguchi M, Furukawa H. Clinicopathological
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INTRODUCTION
Pancreatic neuroendocrine tumors (pNETs) are relatively
rare, accounting for 1%-2% of all pancreatic neoplasms[1].
Although pNETs progress slowly and have better a prognosis than pancreatic cancer, pNETs have malignant potential, including features of local invasion, lymph node
metastasis, and distant metastasis. The appropriate diagnosis and treatment of pNETs are crucial. These tumors
are classified into functioning pNETs (F-pNETs), which
present with specific symptoms due to excess hormones,
and nonfunctioning pNETs (NF-pNETs), which do
not present with these symptoms. Because NF-pNETs
do not present with specific symptoms, they are often
detected as large tumors in the advanced stage, with distant metastasis or invasion to adjacent organs. However,
improvements in diagnostic imaging over the last few
decades have led to the incidental detection of small NFpNETs via diagnostic imaging for the work-up of other
conditions. The incidence of malignancy reportedly increases with larger NF-pNETs[2,3]. However, even small
NF-pNETs have malignant potential and may spread to
lymph nodes or metastasize to distant sites. Therefore,
once NF-pNETs are diagnosed, all cases are considered
for surgical resection[4]. The significance of lymph node
metastasis in the NF-pNETs has been reported[5-9]; the
prognosis is poor with a 5-year survival of 49.4%, even
after resection, in cases with lymph node metastasis[7].
Therefore, lymphadenectomy, in addition to tumor resection, is recommended when the tumor is malignant
or when lymph node metastasis is suspected. However,
there are no standard criteria for lymphadenectomy
when small, asymptomatic, and incidentally detected NFpNETs are identified. The inclusion of lymphadenectomy during surgery for NF-pNETs remains controversial.
In the present study, we report 9 cases of NE-pNETs
treated at our hospital over the last 16 years.

MATERIALS AND METHODS
Between 1996 and 2012, 26 patients with pNETs underwent pancreatectomy at Asahikawa Medical University
Hospital, of whom 9 patients were diagnosed with NFpNETs and were further investigated. The diagnosis
of pNET was established by histopathological examination and immunohistochemical staining of surgical
specimens with chromogranin A, synaptophysin, and
neuron-specific enolase stain. Tumors were classified as
nonfunctioning regardless of the plasma hormone levels
or immune activity of the tissue if the patient lacked
the clinical symptoms that are typically caused by excess
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hormones. The patients’ medical records were retrospectively reviewed. All patients were pathologically classified
according to the criteria established by the WHO 2010
classification of endocrine tumors[4]. An immunohistochemical staining assay for Ki67 was performed for all
patients. The Ki67 proliferative index is expressed as a
percentage based on the count of Ki67-positive cells
in a set of 2000 tumor cells in areas with the highest
immunostaining, which was evaluated with the MIBI
antibody, and the cases were classified into the following
3 categories: G1 (mitoses/10 HPFs < 2 and/or Ki67
index < 3), G2 (2 ≤ mitoses/10 HPFs ≤ 20 and/or 3
≤ Ki67 index ≤ 20), and neuroendocrine carcinoma
(NEC) (mitoses/10 HPFs > 20 and/or Ki67 index >
20). The tumor size was defined by the largest diameter
of the tumor. A TNM stage group was assigned to each
case based on the European Neuroendocrine Tumor Society (ENETS) staging classification for pNETs[10]. The
postoperative follow-up included clinical examination,
the blood neuron specific γ-enolase (NSE) level, and
contrast-enhanced computed tomography (CT) scanning. CT scans were performed every 6 to 12 mo in the
first year, then annually thereafter.

RESULTS
In this study, the tumors identified as NF-pNETs accounted for 2.8% of all pancreatic neoplasms (9/220) and
for 35% of pNETs (9/26). Table 1 summarizes the clinical features, surgical procedure, histopathological findings,
prognosis, WHO classification, and ENETS TNM classification of the 9 patients diagnosed with NF-pNETs.
These patients included 3 men and 6 women with a mean
age of 67 years (range, 47-75 years) at the time of surgery.
One patient with von Hippel-Lindau disease had previously undergone enucleation of the pNETs; the others
were sporadic cases. All patients with NF-pNETs were
asymptomatic, and none had evidence of distant metastasis. In all cases, the pancreatic tumors were incidentally
detected by radiological investigation during evaluations
for unrelated conditions. None of the patients had a preoperatively elevated blood level of NSE. Three patients
underwent endoscopic ultrasonography-fine needle aspiration (EUS-FNA) and were preoperatively diagnosed
with pNETs (No. 2, 6, and 8). All patients underwent surgical resection of the pancreas: 3 patients underwent distal pancreatectomy (DP), 2 patients underwent pyloruspreserving pancreatoduodenectomy (PPPD), 2 patients
underwent subtotal stomach-preserving pancreatoduodenectomy (SSPPD), and 2 patients underwent partial
resection of the pancreas. R0 resection was performed
in all patients, except in 1 patient who underwent partial
resection with positive surgical margins (No. 5). Regional
lymphadenectomy was performed in 5 of the 9 patients
(No. 2, 3, 6, 7, and 8). The median tumor diameter was
10 mm (range, 5-32 mm). All patients, except for the patient with von Hippel-Lindau disease (4 tumors), had a
single tumor. Six patients had tumors located in the head
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In the present study, we examined the NF-pNETs in 9 patients who underwent pancreatectomy at our institution over the last 16 years. For all of the patients, the tumors
were incidentally detected by diagnostic imaging during a work-up for other conditions. Most tumors were small, with a diameter of 5-32 mm (median: 10 mm), and none
of the tumors showed evidence of distant metastasis. While the larger tumors tended to be associated with direct invasion of the lymph nodes and lymph node metastases, a
high Ki-67 index, and an advanced TNM stage, tumors that were smaller than 10 mm in diameter lacked malignancy and lymph node metastasis.
NF-pNETs are relatively rare, and only 9 patients presented with NF-pNETs at our institution over the last 16 years. In Western nations, pNETs occur at an incidence of
1 per 100000 individuals and represent 1%-2% of all pancreatic neoplasms[1]. Over the last few years, however, this incidence has increased[11,12]. An epidemiological study by
NETWork Japan in 2005 estimated that the incidence of pNETs per 100000 individuals is 2.23 patients in Japan. Compared with Western nations, Japan has a 2- to 3-fold
higher incidence of pNETs[3]. In total, 30%-50% of all pNETs are nonfunctioning[3,13]; however, because NF-pNETs do not present with characteristic clinical symptoms due

DISCUSSION

of the pancreas, while 3 patients had tumors located in the body of the pancreas. Seven patients were classified as G1, and 1 patient with a tumor that was 22 mm in diameter
was classified as G2. Although 1 patient, with a tumor that was 22 mm in diameter, was diagnosed as G1 by preoperative EUS-FNA, the final diagnosis was neuroendocrine
carcinoma (NEC). None of the patients, except two cases, had no lymph nodes metastasis; one with lymph node metastasis had a tumor that was 32 mm in diameter with direct
invasion to the regional lymph nodes, and the other had NEC with regional lymph nodes metastasis. Six of the 7 patients with sporadic NF-pNETs had small tumors that were
less than 10 mm in size; one patient with NEC had a larger tumor. Tumors that were less than 10 mm in size showed no malignancy, were well differentiated, and lacked lymph
node metastasis. Six patients were classified as Stage Ⅰ, 1 patient was classified as Stage Ⅱa, and 2 patients were classified as Stage Ⅲb. With respect to the postoperative complications, three patients had a pancreatic fistula, one patient was classified as Grade B (No. 3), and 2 patients were classified as Grade A (No. 1 and 2) according to the ISGPS
criteria. None of the patients in this study had exocrine or endocrine insufficiency. The mean follow-up period was 63 mo (range, 14-196 mo). All of the patients are currently
alive without disease recurrence according to radiological imaging.

EUS-FNA: Endoscopic ultrasonography-fine needle aspiration; Ph: Head of pancreas; Pb: Body of pancreas; DP: Distal pancreatectomy; PPPD: Pylorus-preserving pancreatoduodenectomy; SSPPD: Subtotal stomach preserving
pancreatoduodenectomy.

Age
(yr)

No

Table 1 Clinical and pathological status of 9 patients with nonfunctioning pancreatic neuroendcrine tumors
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to excess hormones, they often go unnoticed until they
are in the advanced stages. Previously, NF-pNETs were
often detected as larger tumors that were accompanied
by nonspecific pressure symptoms, such as abdominal
pain or discomfort; abdominal distension; or a palpable
mass in advanced stages with distant metastasis or local
invasion. The number of NF-pNETs that have been incidentally detected has increased due to the advances in
diagnostic imaging over the last few decades. Compared
with other pancreatic tumors, pNETs progress slowly
and are associated with a better prognosis. However, they
have malignant potential, including local invasion, lymph
node metastasis, or distant metastasis. More than half of
NF-pNETs are malignant[3,13]. Therefore, most recommendations favor surgical resection for all patients, even
for small NF-pNETs[4].
Numerous retrospective studies have previously examined the poor prognosis for NF-pNETs[6,7,14-21]. According to these studies, the predictors of the prognosis for
NF-pNETs include the presence of liver metastases and
incomplete resection of the tumor.
Several studies have indicated that lymph node metastasis is a poor prognostic factor[5-9]. In addition, Boninsegna
et al[8] reported that lymph node metastasis is a prognostic factor for the recurrence of malignant pNETs after
curative surgery. If malignancy of the tumor or lymph
node metastasis is suspected, pancreatic resection with
the addition of lymphadenectomy is recommended. It is
often difficult to judge preoperatively whether a tumor is
benign or malignant, except in patients with distant metastases or local invasion.
The tumor size appears to correlate with the malignant potential of NF-pNETs. Bettini et al[2] reported that
the chance of malignancy significantly increases when
the size of NF-pNETs exceeds 20 mm. A Japanese epidemiological study also found a significant correlation
between NF-pNETs that exceed 20 mm in diameter and
the presence of distant metastases[3]. Pancreatic resection and prophylactic regional lymphadenectomy are
recommended for treating possible malignancy when the
tumors exceed 20 mm in diameter[4]. However, several
studies have failed to identify a correlation between the
tumor size and prognosis[5,13,22,23], and other studies have
demonstrated that even tumors smaller than 10 mm can
be malignant[24,25]. Therefore, surgical resection is recommended even in small tumors.
Currently, the association between the tumor size and
the incidence of lymph node metastasis is controversial.
Hashim et al[9] reported that there is an increased probability of nodal metastasis when the tumor size is larger
than 15 mm. Tsutsumi et al [26] reported an increased
prevalence of lymph node metastasis in patients with
gastrinomas and non-gastrinoma who have tumor sizes
of 15 mm or larger. In contrast, Parekh et al[27] reported
that the tumor size is not associated with lymph node
metastasis. A number of studies have reported that the
incidences of lymph node metastases for patients with
NF-pNETs smaller than 20 mm and 15 mm are 14.4%
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and 8%, respectively[2,9,26-29]. Over the last few decades,
the number of NF-pNETs that are incidentally detected
with diagnostic imaging has increased, and compared
with symptomatic NF-pNETs, tumors that are incidentally detected have a good prognosis and low risk of malignancy[2,21].
In the present study, one of the 9 patients was diagnosed with von Hippel-Lindau disease, and this patient
should be considered separately because the biological
properties of sporadic pNETs and hereditary pNETs,
such as MEN-1 and von Hippel-Lindau disease, are different with respect to the incidence, number of tumors,
and prognosis. One of the 8 patients with sporadic NFpNETs had NEC with a tumor size of 22 mm. Except
for the case with NEC, the direct invasion and metastasis
to the lymph nodes was only observed in a relatively large
tumor with a diameter size of 32 mm. Tumors smaller
than 10 mm in diameter showed no signs of malignancy,
were well differentiated, and lacked lymph node metastasis. Additionally, none of the cases had recurrence, including in the lymph nodes or direct metastasis, for more
than 10 years after surgery. Lymphadenectomy may be
omitted in the future after further investigation of a large
number of small NF-pNETs. However, Hashim et al[9]
reported that even tumors smaller than 10 mm metastasize at a rate of 12%. Additionally, lymphadenectomy
is often omitted for small pNETs that are larger than 10
mm in size; the possibility of lymph node metastasis may
be underestimated in those cases. Omission of lymphadenectomy needs to be carefully considered with further
study. Even when lymphadenectomy is omitted, longterm follow-up is essential because there is a risk of late
recurrence. If malignancy is confirmed postoperatively,
oncologically appropriate lymphadenectomy must be
considered based on the factors that determine the malignant potential, such as the Ki67 index, tumor differentiation status, surgical margin, and vascular invasion such as
lymphoductal, neural, and venous[19,20].
In the present study, CgA, PP, and other hormones
were not measured; it is important to measure these hormones to identify recurrences during follow-up.
The present study is limited by its small sample size,
single institution bias, and retrospective nature. In the future, a larger number of patients at multiple centers should
be studied.
In summary, we found that small NF-pNETs tend to
have less malignant potential. In the present study, six of
7 cases of sporadic NF-pNETs, except for a case with
NEC, were small tumors (smaller than 10 mm diameter).
These small tumors showed no evidence of malignancy,
were well differentiated, and lacked lymph node metastasis. This finding indicates that lymphadenectomy may be
omitted in the future for small NF-pNETs, particularly
for those tumors that are incidentally detected after further investigation. When lymphadenectomy is omitted,
long-term follow-up is essential, and additional resection
should be considered if malignancy is confirmed postoperatively. The tumor size can easily be measured pre-
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operatively, and further study is expected to find other
factors for predicting the malignant potential of small
NF-pNETs.
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was observed in all cases, and one case also involved
hematemesis. Nineteen patients required acute blood
transfusion. There were a total of 28 small bowel tumors detected by DSA. Among these, 20 were located
in the jejunum and 8 were located in the ileum. The
DSA characteristics of the GISTs included a hypervascular mass of well-defined, homogeneous enhancement
and early developed draining veins. One case involved
a complication of intussusception of the small intestine
that was discovered during surgery. No pseudoaneurysms, arteriovenous malformations or fistulae, or arterial rupture were observed. The completely excised
size was approximately 1.20 to 5.50 cm (mean: 3.05
± 1.25 cm) in maximum diameter based on measurements after the resection. There were ulcerations (n =
8), erosions (n = 10), hyperemia and edema (n = 10)
on the intra-luminal side of the tumors. Eight tumors in
patients with a large amount of blood loss were treated
with transcatheter arterial embolization with gelfoam
particles during interventional DSA.

Abstract

CONCLUSION: Emergency interventional DSA is a
useful imaging option for locating and diagnosing small
bowel GISTs in patients with bleeding, and is an effective treatment modality.

AIM: To retrospectively evaluate the diagnostic efficacy
of interventional digital subtraction angiography (DSA)
for bleeding small bowel gastrointestinal stromal tumors (GISTs).
METHODS: Between January 2006 and December
2013, small bowel tumors in 25 consecutive patients
undergoing emergency interventional DSA were histopathologically confirmed as GIST after surgical resection. The medical records of these patients and the
effects of interventional DSA and the presentation and
management of the condition were retrospectively reviewed.
RESULTS: Of the 25 patients with an age range from
34- to 70-year-old (mean: 54 ± 12 years), 8 were male
and 17 were female. Obscure gastrointestinal bleeding,
including tarry or bloody stool and intermittent melena,
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Core tip: This study sample is the largest of its kind,
and this article includes a detailed report on the patients with small bowel gastrointestinal stromal tumors
(GISTs) based on digital subtraction angiography (DSA)
visualization. The data indicate that an exact location
can be determined and a diagnosis of the small bowel
GISTs can be made even in patients undergoing emergency interventional DSA for obscure gastrointestinal
bleeding. For cases of severe anemia, these patients
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can also tolerate interventional DSA and management.
Therefore, interventional DSA is an alternative effective imaging modality for locating and diagnosing small
bowel GISTs, even in patients with bleeding.

Table 1 Clinical characteristics of 25 cases

Age (yr)
< 40
≥ 40
Sex
Male
Female
Hemoglobin, g/L
> 90
60-90
< 60
Symptoms
Tarry or bloody stool
Hematemesis
Abdominal pain
Intermittent melena
Duration, mo
<1
>1
RBC transfusion, U
2-4
5-16

Chen YT, Sun HL, Luo JH, Ni JY, Chen D, Jiang XY, Zhou JX,
Xu LF. Interventional digital subtraction angiography for small
bowel gastrointestinal stromal tumors with bleeding. World J
Gastroenterol 2014; 20(47): 17955-17961 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i47/17955.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i47.17955

INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tumors of the gastrointestinal
(GI) tract. They occur most commonly in the stomach,
small intestine, large intestine and esophagus[1-3]. Although small bowel GISTs account for only 20% to 45%
of GISTs, in recent years they have reportedly become
more common and display more aggressive biobehaviors.
Moreover, the recurrence rate of small bowel GISTs is
higher than that of other tumors in the stomach or other
sites[4-6]. Common symptoms of small bowel GISTs include abdominal pain, abdominal mass, GI bleeding and
intestinal obstruction, but these cases are often nonspecific or asymptomatic, especially in cases involving smaller tumors[1-4,6]. The lack of specific clinical manifestations
and the location of the tumors make the diagnosis difficult. Routine diagnostic imaging modalities mainly consist
of endoscopic examination, computed tomography (CT)
scanning, and magnetic resonance imaging (MRI)[7-12].
However, doctors who admit patients with acute or subacute obscure gastrointestinal bleeding (OGIB) prefer
to conduct emergency interventional digital subtraction
angiography (DSA), whereas some routine exams are not
able to identify the bleeding[13-15]. To our knowledge, few
detailed reports on the use of interventional DSA for
small bowel GISTs have been published to date.
In this study, 28 small bowel tumors in 25 consecutive patients undergoing interventional angiography were
confirmed as GISTs based on histopathology after surgical resection. Patients’ medical data and the interventional
DSA procedures were retrospectively analyzed, and the
aim of the present study was to evaluate the diagnostic
efficacy and the application of emergency interventional
angiography for small bowel GISTs in patients with
bleeding at Sun Yat-sen Memorial Hospital (Guangzhou,
China).

MATERIALS AND METHODS
Patient characteristics
From January 2006 to December 2013, 25 patients with
acute or subacute OGIB as their main clinical manifestation were admitted to our department for emergency angiography examination to determine whether there were
WJG|www.wjgnet.com

n (%)

Characteristic

6 (24.0)
19 (76.0)
7 (28.0)
18 (72.0)
5 (20.0)
15 (60.0)
5 (20.0)
25 (100)
1 (4.0)
8 (32.0)
11 (44.0)
15 (60.0)
10 (40.0)
19 (76.0)
10 (40.0)
9 (36.0)

signs of active bleeding requiring further interventional
treatment. We retrospectively studied these patients’
medical data and found 28 histopathologically confirmed
GIST of the small intestine according to the DSA findings and location. The main clinical characteristics of the
25 patients are shown in Table 1. Before the DSA exam,
the causes of bleeding in all of the patients were unclear
based on routine endoscopy (gastric and colorectal endoscopes) and the following imaging modalities: abdominal
ultrasound (n = 21), abdominal X-ray films (n = 16),
abdominal CT plain scan (n = 7), and contrast-enhanced
CT and CT angiography (n = 3). In one patient, a lower
small intestine ileus was suspected based on abdominal X-ray, and a hypervascular mass in another patient
was observed in the upper jejunum based on contrastenhanced CT. However, enhanced CT did not facilitate
a definite diagnosis of the mass as either hemangioma,
vascular malformation or a small intestinal tumor by the
radiological resident on duty. The review of the medical
records was carried out with approval by the ethics committee of our hospital.
Interventional DSA examination and bleeding
management
The patients underwent emergency abdominal DSA that
was performed with an Integris V3000 Vascular X-ray
System (Philips, Ann Arbor, MI, United States) using a
nonionic contrast agent (Ultravist, 300 mg I/mL; Bayer
Schering Pharma AG, Berlin-Wedding, Germany). A 5-F
introducer sheath was inserted into the right femoral artery using the improved Seldinger’s technique. The tip of
a 5-F Yashiro catheter was inserted into the celiac trunk,
and the superior and inferior mesenteric arteries. Each
DSA series lasted 20 s with 2 photos taken per second and
using a 15 mL contrast bolus injected with a 903300 D
Power Injector (Liebel-Flarsheim, Cincinnati, OH, United
States). We evaluated the DSA images to determine their
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A

B
*

Figure 1 Small bowel gastrointestinal stromal tumor. A 70-year-old man with a 1.2 cm gastrointestinal stromal tumor of very low risk classification in the upper jejunum. The tumor (white arrows) was round, well-defined and homogeneous in the early arterial phase (A, B). The feeding arteries were not significantly enlarged, and
the draining veins (B: black arrowheads) developed clearly and early, merging into the portal vein system (B, asterisk).

A

B

Figure 2 Larger and multiple small bowel gastrointestinal stromal tumors. A 52-year-old woman with 2 gastrointestinal stromal tumors in the middle jejunum.
The tumors (white arrows) were 5.5 cm and 1.5 cm in diameter, respectively, and were also hypervascular and homogeneous in the early arterial phrase. The feeding
artery of the large tumor (A: white arrowhead) was slightly thickened. The draining veins of the tumors (B: black arrowheads) were also clear. The pathological risk
classification was high (large) and very low (small).

exact location, feeding artery, blood supply, number,
boundary, draining veins and bleeding signs (extravasation of contrast agent). In the cases of tumor with severe
blood loss, anemia or signs of obvious active bleeding, the
tumor was embolized with gelfoam particles for hemostasis. The time of the DSA procedure was also recorded.
Surgery and pathological examination
All small bowel tumors underwent surgical resection
following the guided site of interventional DSA. The
operation records and histopathological exams included
locations, capsule integrity, size, internal structure of
the tumor, suspicious lymph nodes near the tumor, and
pathologic diagnosis (histopathological and immunohistochemical findings). The diagnosis of the GISTs was based
on the WHO classification system for soft-tissue tumors
[Hamilton SR, Aaltonen LA. Pathology and Genetics. Tumors of the Digestive System. Lyon: IARC Press (2000)].

RESULTS
Patient characteristics
The clinical features of the 25 cases of small bowel GISTs
are summarized in Table 1. The patient ages ranged from

WJG|www.wjgnet.com

34- to 70-year-old (average: 52 ± 12 years). Six patients
were 30- to 39-year-old and 19 were over 40-year-old. The
patients’ chief clinical sign was acute or subacute OGIB
with varying degrees of anemia. Forty-four percent of
the patients had intermittent melena, and one patient also
had acute hematemesis. The clinical history of GI bleeding ranged from 3 d to 10 years. Hemoglobin levels were
34 to 104 g/L (average: 68 ± 22 g/L) when patients presented to our hospital. Nineteen patients received a RBC
transfusion of 2-16 U (average: 6.5 ± 2.0 U).
appearance of small bowel GISTs on DSA and the effect
of interventional management
First, abundant blood vessels, appearing as hypervascular
tumors, were observed from the early arterial phase to
the venous phase in masses of various sizes (Figure 1,
Figure 2, Figure 3, Figure 4). The tumors were homogenously well-defined (smooth or mild lobular) or enhanced
without filling defects (necrosis), arteriovenous fistulae/
malformations or pseudoaneurysms. Second, the feeding artery was not obviously enlarged (Figure 1A) or was
only slightly enlarged (Figures 2A and 3) in relation to tumor size. The feeding artery divided into numerous small
coiled or hair-like branches into the tumor (Figures 1A,
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Figure 3 Small bowel gastrointestinal stromal tumor case combined with
intussusception. A 34-year-old woman with tarry stool and abdominal pain.
digital subtraction angiography showed a 2.5 cm well-defined hypervascular
tumor (white arrow) in the middle jejunum. The left branches of the superior
mesenteric artery shifted to the upper right and was arm-shaped (white arrowheads; intussusception proved by surgery) around the tumor. The pathological
risk of this patient was low.

and 8 in the ileum. Eight tumors in 7 patients with a large
amount of blood loss were treated with transcatheter arterial embolization (TAE) with gelfoam particles during the
DSA procedure.
The time per interventional procedure ranged from
22 to 45 min (average: 29 ± 5 min). All patients tolerated
the interventional DSA and management well and did
not develop any complications related to the procedure.

Table 2 Surgical and pathological findings of 28 tumors
n (%)

Finding
Location
Jejunum
Ileum
Size (cm)
≤ 2.0
2.1-5.0
≥ 5.1
Manifestations
Ulceration
Erosion
Others
Risk of aggressive behavior
Very low
Low
Moderate
High

20 (71.4)
8 (28.6)
6 (21.4)
20 (71.4)
2 (7.1)
8 (28.6)
10 (35.7)
10 (35.7)
6 (21.5)
19 (67.9)
2 (7.1)
1 (3.5)

2A and 3). Third, there was usually only one tumor (Figures 1, 3 and 4); multiple tumors were observed in only
a few cases (Figure 2). No abnormal staining of lymph
nodes near the tumor was observed (Figures 1B, 2B and
4). Fourth, obvious reticular and thickened draining veins
were found in tumors, and the larger tumor, the thicker
the draining veins (Figures 2B and 4). The draining veins
developed early and merged into the portal vein system
(Figures 1B, 2B and 4). These findings were more evident
on super-selective angiography (Figure 4). Fifth, signs of
active bleeding (extravasation of contrast agent) were not
obvious. Although patients had a symptom of acute GI
bleeding, no extravasation of contrast agent was detected
(Figure 4). Finally, there were special DSA features when
intussusception and other complications coexisted (Figure
3).
There were a total of 28 tumors detected by interventional DSA in these patients, with 22 cases involving single
tumors and 3 cases involving multiple tumors (2 tumors
each). Twenty of the GISTs were located in the jejunum

WJG|www.wjgnet.com

Figure 4 Small bowel gastrointestinal stromal tumor case with active
bleeding. A 35-year-old woman with a 3.2 cm gastrointestinal stromal tumor in
the middle jejunum. The hemoglobin was 34 g/L. digital subtraction angiography showed many draining veins (arrows) on the tumor merging into the portal
vein system (arrowheads) without signs of active bleeding. The tumor was
slightly lobular and was low risk based on the pathological classification.

Surgical and pathological findings
All of the tumors detected on DSA were completely
resected and shown to be GISTs of the small intestine
based on pathological tests and immunohistochemical
analysis. OGIB was resolved immediately after the procedure. In one patient, a tumor was found inside the small
intestinal intussusception and correlated with the preoperative DSA findings. The exact location and number of
tumors were consistent with the DSA results. The maximum diameter of the resected tumors ranged from 1.2 to
5.5 cm (average: 3.05 ± 1.25 cm) (Table 2). Eight of the
tumors had associated ulceration, erosion was observed
in 10 tumors, and hyperemia/edema was observed in 10
tumors on the intra-luminal side.
Based on the pathological and immunohistochemical
evaluations, for example, hematoxylin-eosin staining and
CD34-positivity indicated that abundant blood vessels
in various diameters proved that the small bowel GISTs
were hypervascular tumors (Figure 5 and Figure 6). The
tumors were classified based on their various risks of aggressive behavior as shown in Table 2.
Reasons for interventional DSA
Of all the patients undergoing DSA, the most important
reason was acute or subacute OGIB with low hemoglobin
levels; the second most important reason was due to the
physicians’ clinical experience regarding the use of DSA
in the detection of OGIB and the interventional treatment of the source of GI bleeding, such as arteriovenous
malformations, artery rupture, and some GI tumors.
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A

B

Figure 5 Representative findings from pathological examination of small bowel gastrointestinal stromal tumor. Two microscopic fields (A, b) of a hematoxylin-eosin stained gastrointestinal stromal tumor (GIST) shows a rich variety of tumor vessels filled with red blood cells (white arrows) (magnification × 40).

A

B

Figure 6 Representative findings from immunohistochemical examination of small bowel gastrointestinal stromal tumor. A: CD34-positive cells, as well as
numerous blood vessels of various diameters (magnification × 100), are shown; B: The magnified imaging (A, white box) in which the CD34-positive tumor cells (B,
black arrows) and vascular endothelial cells (B, white arrows) are clearly evident (magnification × 400).

DISCUSSION
For small bowel GISTs, early clinical manifestations are
often absent or nonspecific, and mainly depend on tumor size and location. For the 25 patients in the present
study, acute or subacute OGIB was the main indication
for DSA, which was confirmed with subsequent surgical
and pathological results. RBC transfusion, which was performed in the majority of the patients (19/25, 76.0%),
was another indication for interventional treatment.
Therefore, when conventional endoscopic and imaging
examination fails to locate the lesions in patients with
bleeding in a timely manner, emergency DSA may be a
useful option. Other characteristics of the patients with
small bowel GISTs, such as age, sex and abdominal pain,
were similar to previous reports in the literature[2,5,6,13,16].
This study showed that there were some common
DSA characteristics in small bowel GISTs. Despite the
different tumor sizes, DSA can clearly reveal their exact
site, range or number, blood supply and complications.
Of the 28 small bowel tumors in our study, tumors measuring 2 cm or less (6/28, 21.4%) were also well-defined
and exhibited obvious draining veins on the tumor surface with homogenous enhancement. Compared with
the findings of Fang et al[17], which showed that draining
veins were found only in 27.2% (3/11) of these tumors,
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we think that the different appearances of the draining
veins are mainly based on tumor location, size, and classification. Although CT scans[2,9-11,13,17] also focus on the detection of feeding arteries and tumor blood supply, little
attention has been paid to the draining veins of GISTs.
In this study, in addition to the clear depiction of feeding arteries, numerous draining veins on tumors also appeared clearly in the early phase of the DSA procedures.
The draining veins of the tumors merged into the portal
venous system. Additionally, the draining veins were enlarged in proportion to the size of the tumor. We think
that this feature may be used as one of the angiographic
criterion for small intestinal GISTs and can be used to
detect and localize smaller GISTs (especially ≤ 2 cm in
our study). In addition, two reasons that the small bowel
GISTs were relatively smaller compared with previous
reports[1,10,11,14] include tumor bleeding and the timely use
of the DSA procedure. Furthermore, to our knowledge,
this article presents the largest DSA series of small bowel
GISTs to date[13,17-20]. Based on our DSA findings, it is not
difficult to detect and make a preoperative diagnosis and
to locate small bowel GISTs.
Abdominal CT and MRI play an important role in the
diagnosis of small intestinal tumors, especially larger size
tumors, and facilitate the evaluation of their extent, fixed
tumor structures, staging and the detection of abdomi-
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nal metastasis[4,6,9-13,21]. Therefore, CT is often the initial
imaging modality used to evaluate patients who present
with non-specific abdominal symptoms or a palpable
abdominal mass. Smaller GISTs typically appear as welldefined soft-tissue and low-density masses that are relatively homogeneous on enhanced CT. When the tumors
are larger (usually, > 5 cm), they are often heterogeneous
because of necrosis, hemorrhage, and myxoid degeneration. However, the appearance of GISTs on enhanced
CT varies depending on the size, location and aggressiveness of the tumor. Wu et al[21] reported a 100 sample
series of small bowel GISTs and found that the sensitivity of the detection of enhanced CT was 91%. However,
other studies showed that the CT detection rate was low
for tumors with intraluminal growth and for smaller sized
tumors (< 35 mm)[22,23].
Capsule endoscopy (CE) and double-balloon enteroscopy (DBE) have completely changed the approach
and launched a new era for clinical management of small
bowel diseases[7,8,22,23]. Some studies suggested that these
two modalities are diagnostically superior to other routine
procedures, such as push enteroscopy, abdominal CT
and small bowel angiography, in detecting small bowel lesions[24].
Compared with the diagnostic approaches mentioned
above, interventional DSA is helpful and timely for detecting small bowel GISTs in patients with bleeding due
to several advantages. Unlike the abdominal CT/MRI, CE
or DBE procedures, DSA is more convenient and timely
and patients do not need rigorous preoperative preparation[7-10,12,24]. In addition, the procedure time was not too
long. Furthermore, the procedure is reasonably sensitive
for detecting small bowel GISTs. Finally, if signs of active
bleeding are observed during the DSA procedure, interventional radiologists can treat the bleeding. Our results
are consistent with previous studies that showed that
interventional radiological procedures in the detection of
bleeding GISTs of the small bowel were superior to other
diagnostic approaches[18].
In this study, the pathological and CD34-positive results showed that GISTs were hypervascular tumors that
were free of cystic lesions. This finding may be related to
the appearance of some small bowel GISTs on DSA and
may indicate one reason for bleeding. However, it is not
very clear why some patients exhibited the symptom of
intermittent melena.
In general, this study has some limitations. First, the
sample of tumors was too small for further analysis,
including the number and size (> 5 cm) of the tumors.
Second, although acute or subacute bleeding was the
main indication for DSA, we found no obvious signs of
extravasation of contrast agent, which indicates bleeding. Darnell et al[13] reported that one of three performed
DSAs indicated signs of active bleeding. A possible explanation was a temporary resolution of bleeding because
of the use of hemostasis and other factors before DSA.
This result also explained the history of intermittent
bleeding in some patients with GISTs in our study group
(11/25, 44.0%). However, based on our experience and

WJG|www.wjgnet.com

knowledge and due to the safety of surgical laparotomy,
we performed TAE using gelfoam particles in 7 patients
(8 tumors) with severe anemia due to actively bleeding tumors. Third, all tumors detected with DSA were treated
with emergency surgery instead of preoperative arterial
embolization via catheterization. For most surgeons, biopsy or embolization may increase an unconfirmed risk
of rupture (causing peritoneal seeding) and intestinal
ischemia[25].
In summary, our study showed that small bowel GISTs
had some characteristic DSA features. Emergency interventional DSA was well tolerated in our patients with GI
bleeding. We suggest that interventional DSA may be an
ideal imaging selection in patients with small bowel GISTs
that are unidentified by other methods and may be useful
in making the diagnosis of the small bowel GISTs. We
believe that interventional DSA is both a useful imaging
option for locating and diagnosing of small bowel GISTs
in patients with bleeding as well as an effective treatment
modality.
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Abstract
AIM: To evaluate the efficacy and safety of endoscopic
papillary large diameter balloon dilation (EPLBD) following limited endoscopic sphincterotomy (EST) and
EST alone for removal of large common bile duct (CBD)
stones.
METHODS: We retrospectively compared EST + EPLBD
(group A, n = 64) with EST alone (group B, n = 89)
for the treatment of large or multiple bile duct stones.
The success rate of stone clearance, procedure-related
complications and incidents, frequency of mechanical
lithotripsy use, and recurrent stones were recorded.
RESULTS: There was no statistically significant difference between the two groups regarding periampullary
diverticula (35.9% vs 34.8%, P > 0.05), pre-cut sphincterotomy (6.3% vs 6.7%, P > 0.05), size (12.1 ± 2.0

WJG|www.wjgnet.com

mm vs 12.9 ± 2.6 mm, P > 0.05) and number (2.2 ± 1.9
vs 2.4 ± 2.1, P > 0.05) of stones or the diameters of
CBD (15.1 ± 3.3 mm vs 15.4 ± 3.6 mm, P > 0.05). The

rates of overall stone removal and stone removal in the
first session were not significantly different between
the two groups [62/64 (96.9%) vs 84/89 (94.4%), P >
0.05; and 58/64 (90.6%) vs 79/89 (88.8%), P > 0.05,
respectively]. The rates of post-endoscopic retrograde
cholangiopancreatography pancreatitis and hyperamylasemia were not significantly different between the
two groups [3/64 (4.7%) vs 4/89 (4.5%), P > 0.05;
7/64 (10.9%) vs 9/89 (10.1%), P > 0.05, respectively].
There were no cases of perforation, acute cholangitis,
or cholecystitis in the two groups. The rate of bleeding
and the recurrence of CBD stones were significantly
lower in group A than in group B [1/64 (1.6%) vs 5/89
(5.6%), P < 0.05; 1/64 (1.6%) vs 6/89 (6.7%), P <
0.05, respectively].
CONCLUSION: EST + EPLBD is an effective and safe
endoscopic approach for removing large or multiple
CBD stones.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Choledocholithiasis; Endoscopic retrograde
cholangiopancreatography; Endoscopic papillary balloon dilation; Endoscopic sphincterotomy
Core tip: Endoscopic papillary large diameter balloon
dilation (EPLBD) after limited endoscopic sphincterotomy (EST) is an effective and safe endoscopic approach
to remove large or multiple common bile duct stones.
Compared with EST alone, the rate of bleeding and recurrence of CBD stones were significantly lower in the
EST + EPLBD group (1.6% vs 5.6%, P < 0.05; 1.6% vs
6.7%, P < 0.05, respectively). While the rates of overall
stone removal and stone removal in the first session
(96.9% vs 94.4%, P > 0.05; 90.6% vs 88.8%, P > 0.05,
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respectively) and the rates of post-endoscopic retrograde cholangiopancreatography pancreatitis and hyperamylasemia were not significantly different between
the two groups (4.7% vs 4.5%, P > 0.05; 10.9% vs
10.1%, P > 0.05, respectively).

into two groups according to the order of the procedure.
Sixty-four patients underwent EST + EPLBD (group
A, from September 2011 to December 2012), and 89
patients underwent EST alone (group B, from January
2009 to September 2011). The study was approved by the
Institutional Review Board of our hospital.

Guo SB, Meng H, Duan ZJ, Li CY. Small sphincterotomy combined with endoscopic papillary large balloon dilation vs sphincterotomy alone for removal of common bile duct stones. World J
Gastroenterol 2014; 20(47): 17962-17969 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i47/17962.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i47.17962

Methods
Prior to endoscopic retrograde cholangiopancreatography (ERCP), blood samples were obtained for a complete blood count, liver-function tests (bilirubin, alanine
aminotransferase, aspartate aminotransferase, alkaline
phosphatase, and γ-glutamyl transpeptidase) before and
the morning after the procedure, coagulation profiles,
and serum amylase before and after the procedure (4 h
and 24 h, respectively).
Written Informed Consent was obtained from all of
the patients or from their relatives before the procedure.
Local anesthesia of the pharynx was obtained using tetracaine. The patients were sedated with diazepam (5 mg)
supplemented by an intramuscular injection of 50 mg of
meperidine. To halt duodenal peristalsis, 20 mg of butyl
scopolamine bromide was administered intramuscularly
immediately prior to the start of ERCP. ERCP was performed by experienced endoscopists at a single center using side-viewing endoscopes (TJF-240; Olympus Optical
Corporation, Tokyo, Japan).
After selective cannulation of the CBD using a triple
lumen sphincterotome (Papillotome, ENDO-FLEX
GmbH, Germany) with a guide wire (Hydra Jagwire
0.035 inch, Boston Scientific Microvasive. Cork, Ireland),
a diagnostic cholangiogram was obtained, and the stone
size and number were documented (Figure 1A). If cannulation of the CBD was not possible, a needle-knife
sphincterotomy was performed to gain access. In group
A, limited EST was performed (Figure 2A) for easy insertion of the balloon catheter and control of the direction of the balloon dilation during EPBD; then, a CRE
wire-guided balloon catheter (5.5 cm in length, 1.0-1.2
cm/1.2-1.5 cm in diameter) (Boston Scientific Microvasive, Cork, Ireland) was passed over the guide wire and
was positioned at the center of the balloon across the
ampullary orifice. The balloon was gradually inflated with
diluted contrast material to 12-15 mm at a pressure of 3-8
ATM, depending on the stone size and the diameter of
the CBD (Figure 2B) as measured by cholangiography.
The sphincter was adequately dilated when the waist of
the balloon had disappeared completely (Figure 1B). The
fully inflated balloon was maintained in its position for 2
min and then deflated and removed (Figure 2C). Following EPLBD, the stones were retrieved using a Dormia
basket (Web™ extraction basket, Wilson-Cook Medical
Inc. Winston-Salem, NC, United States) and/or a retrieval balloon catheter (Extractor Three Lumen Retrieval
Balloon, Boston Scientific Microvasive. Cork, Ireland)
(Figure 2D). When the stones were too difficult to remove intact, mechanical lithotripsy (BML-4Q; Olympus
Optical, Tokyo, Japan) was performed to fragment the

INTRODUCTION
Although endoscopic sphincterotomy (EST) has been
widely accepted as the standard therapy for removing
common bile duct (CBD) stones, this procedure is associated with serious complications such as hemorrhage,
pancreatitis, perforation, and recurrent infection of the
bile duct caused by permanent functional loss of the
sphincter of Oddi[1].
Endoscopic papillary balloon dilation (EPBD) of
the biliary sphincter was introduced as an alternative to
EST, especially for patients with small or moderate CBD
stones[2]. By using the wire-guided method, EPBD could
be easily performed. Because EPBD does not involve
cutting the biliary sphincter, it possesses the advantages
of preserving papillary sphincter function and reducing
the chance of hemorrhage and perforation[3,4]. However,
this procedure is associated with a high risk of pancreatitis[5] and with more frequent application of mechanical
lithotripsy[6-8].
To overcome these disadvantages, endoscopic papillary large diameter balloon dilation (EPLBD) after limited
EST was introduced for the removal of large (≥ 10 mm)
or multiple bile duct stones[9-22]. This method combines
the advantages of EST and EPBD by increasing the efficacy of stone extraction while minimizing complications
of EST and EPBD when used alone[9,21].
This retrospective study aimed to evaluate the efficacy
and safety of EPLBD after limited EST compared with
EST alone for the removal of large (≥ 10 mm) or multiple CBD stones.

MATERIALS AND METHODS
Patients
A total of 153 patients with large (≥ 10 mm) or multiple
CBD stones treated from January 2009 to December
2012 were retrospectively reviewed. Patients were excluded if they had a history of EST, a surgical history
involving the gastrointestinal tract, co-existing bile leakage or choledochoduodenal fistula, bleeding tendency,
intrahepatic stone diseases, or concomitant pancreatic
or biliary malignant disorders. The patients were divided
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A

B
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Figure 1 Fluoroscopic view of large-balloon dilatation following limited sphincterotomy. A: Cholangiogram demonstrating two large stones within the dilated
bile duct; B: A large balloon inflated across the papilla over the guidewire; C: The cholangiogram following complete stone removal showed no residual filling defect in
the bile duct; D: The placement of a nasobiliary drainage tube.

A

B

C

D

Figure 2 Endoscopic view of large-balloon dilation following limited sphincterotomy. A: Endoscopic small sphincterotomy; B: A large balloon inflated across the
papilla; C: Markedly dilated papilla following large-balloon dilation; D: A large stone extracted using a retrieval balloon catheter through the dilated papilla.
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Table 1 Baseline characteristics of the patients
Variable
Mean age (yr)
Sex (male/female)
CBD stones
Mean diameter of stones (mm)
Number of stones (1/2/≥ 3)
Mean diameter of CBD (mm)
Periampullary diverticula

Group A (n = 64)

Group B (n = 89)

P value

68.5 ± 10.9 (39-87)
33:31

67.3 ± 9.8 (42-82)
48:41

> 0.05
> 0.05

12.1 ± 2.0 (10-25)
34/11/19
15.1 ± 3.3 (10-26)
23 (35.9%)

12.9 ± 2.6 (10-27)
47/15/27
15.4 ± 3.6 (10-28)
31 (34.8%)

> 0.05
> 0.05
> 0.05
> 0.05

stones prior to extraction from the bile duct, and a nasal biliary drainage tube (nasobil.Sonde, ENDO-FLEX
GmbH, Germany) was placed to prevent cholangitis
(Figure 1D). In group B, EST was performed with a pulltype sphincterotome as the standard method. Following
EST, the stones were removed in the same manner as in
group A. Complete stone removal was verified either by
the final cholangiogram (Figure 1C) or by the follow-up
cholangiogram obtained 3 d after the initial procedure
through a nasobiliary drainage tube. If remnant stones
were found, a second ERCP procedure with or without
repeated EPLBD was performed for the retrieval of bile
duct stones.
The outcomes measured were the number of therapeutic ERCP procedures required for complete stone
removal, the frequency of use of mechanical lithotripsy,
associated complications, including bleeding, pancreatitis,
perforation during and after ERCP, and the recurrence
of bile duct stones within one year. Post-ERCP pancreatitis was defined as persistent abdominal pain for more
than 24 h associated with a serum amylase level of more
than three times the upper limit of normal. Hyperamylasemia was defined as a serum amylase level exceeding
three times the normal upper limit without any abdominal pain. Post-ERCP bleeding was classified as major
or minor based on the amounts of hemorrhage. Major
bleeding was defined as severe hemorrhage necessitating transfusion or interventions, and minor bleeding was
defined as self-limited or endoscopically controlled mild
hemorrhage not requiring transfusion. Cholangitis was
defined as a fever accompanied by leukocytosis and right
upper quadrant pain after the procedure[1]. Clinical and
endoscopic factors (e.g., periampullary diverticula) were
retrospectively evaluated.
Statistical analysis
The data analyses were performed using the Statistical
SPSS 10.0 software (Chicago, IL, United States). Categorical parameters were compared using the chi-square
test or Fisher’s exact test, and continuous variables were
compared using the Student’s t-test. All of the measurements in this study are expressed as mean ± SD. P < 0.05
was considered statistically significant.

RESULTS
The demographic characteristics of the 153 patients
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(81 men, 72 women; age range from 39 to 87 years) are
presented in Table 1. The incidence of periampullary
diverticula (PAD) was 35.3% (54/153). There was no statistically significant difference between the two groups in
terms of the age and gender. The mean stone size in the
153 patients was 12.6 ± 2.4 mm (range, 10-27 mm), and
the mean bile duct diameter was 15.2 ± 3.4 mm (range,
10-28 mm). There was no statistically significant difference between the two groups in terms of PAD (35.9% vs
34.8%, P > 0.05), pre-cut sphincterotomy (6.3% vs 6.7%,
P > 0.05), size (12.1 ± 2.0 mm vs 12.9 ± 2.6 mm, P > 0.05)
or number (2.2 ± 1.9 vs 2.4 ± 2.1, P > 0.05) of stones, or
diameters of CBD (15.1 ± 3.3 mm vs 15.4 ± 3.6 mm, P >
0.05).
Of the 153 patients, stone removal was completed
in 95.4% (146/153). The rates of overall stone removal
and stone removal in the first session were not significantly different between the two groups [62/64 (96.9%)
vs 84/89 (94.4%), P > 0.05, and 58/64 (90.6%) vs 79/89
(88.8%), P > 0.05, respectively]. The patients in group A
required less mechanical lithotripsy compared with those
in group B [3/64 (4.7%) vs 7/89 (7.9%), P < 0.05] (Table
2).
The procedure-related complications are listed in
Table 3. The rates of post-ERCP pancreatitis and hyperamylasemia were not significantly different between the
two groups [3/64 (4.7%) vs 4/89 (4.5%), P > 0.05; 7/64
(10.9%) vs 9/89 (10.1%), P > 0.05, respectively]. All of
the cases of pancreatitis were mild, and they were treated
conservatively. There were no perforations or cases of
acute cholangitis or cholecystitis in the two groups. The
rate of bleeding was significantly lower in group A than
in group B [1/64 (1.6%) vs 5/89 (5.6%), P < 0.05]. There
were 2 cases of major bleeding in group B; these patients
later died from multi-organ failure. Regarding long-term
complications, the recurrence of CBD stones was significantly higher in group B compared with group A [1/64
(1.6%) vs 6/89 (6.7%), P < 0.05].

DISCUSSION
EST, which was first introduced by Classen et al[21], remains the standard therapy for the treatment of CBD
stones. Although EST has been proven to be safe in
many studies, there are several complications, including pancreatitis (5.4%), hemorrhage (2.0%), perforation
(0.3%), cholangitis (1.0%), cholecystitis (0.5%), and pro-
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Table 2 Comparison of outcomes between the two groups n (%)

Precutting with needle knife
Mechanical lithotripsy
Overall stone removal
Complete stone removal in 1st session
Complete stone removal in 2nd session

Group A (n = 64)

Group B (n = 89)

P value

4 (6.3)
3 (4.7)
62 (96.9)
58 (90.6)
4 (6.3)

6 (6.7)
7 (7.9)
84 (94.4)
79 (88.8)
5 (5.6)

> 0.05
< 0.05
> 0.05
> 0.05
> 0.05

Table 3 Comparison of complications between the two groups n (%)
Group A (n = 64)

Group B (n = 89)

P value

3 (4.7)
7 (10.9)
1 (1.6)
1 (1.6)
0
0
0
0
1 (1.6)

4 (4.5)
9 (10.1)
5 (5.6)
3 (3.3)
2 (2.2)
2 (2.2)
0
0
6 (6.7)

> 0.05
> 0.05
< 0.05

Pancreatitis
Hyperamylasemia
Bleeding
Minor bleeding
Major bleeding
Mortality
Perforation
Acute cholangitis and cholecystitis
Recurrence of CBD stones

cedure-related death (0.4%)[2].
EPBD has become an alternative to EST for the treatment of CBD stones. EPBD has several advantages over
EST. First, EPBD results in less trauma to the ampullary
sphincter. Second, EPBD might preserve the function of
the biliary sphincter[2], reducing late complications such as
the recurrence of biliary stones[23,24]. Third, EPBD has the
advantage of less bleeding and is safer for patients with
bleeding tendency. Finally, EPBD is recommended for patients with abnormal anatomy, such as periampullary diverticula and Billroth Ⅱ gastrojejunostomy, in which the margin for cutting is limited or the appropriate cutting direction
is not clear[25]. However, a meta-analysis demonstrated that
post-ERCP pancreatitis occurred more commonly in the
EPBD group than in the EST group[8]. The balloon dilation
of the sphincter of Oddi might cause spasm, compression
and edema of the distal pancreatic duct, which could result
in the restriction of pancreatic juice flow and the occurrence of pancreatitis[26]. Another disadvantage of conventional EPBD is that it is difficult to remove larger stones
because the biliary opening is not enlarged to the same
degree as with EST[6,7]; therefore, the application of EPBD
is restricted to patients with small stones less than 10 mm
in diameter[9].
EPLBD combined with limited EST, which was first
proposed to facilitate the removal of large or multiple bile
duct stones, has been proven safe and effective in patients
with large bile duct stones[27]. EPLBD combined with
limited EST enlarged the biliary orifice enough to remove
multiple or larger bile duct stones, resulting in an increased
success rate of stone removal[28,29] and in decreased use of
mechanical lithotripsy[9,12,13,30-33]. In our study, compared
with EST alone, the efficacy of stone removal was similar
in EPBLD following limited EST. The rates of overall
stone removal and stone removal in the first session were
not significantly different between the two groups (96.9%
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< 0.05

vs 94.4%, P > 0.05, 90.6% vs 88.8%, P > 0.05, respectively). Periampullary diverticula, which are known to be associated with an increased frequency of pancreatobiliary diseases, could influence endoscopic outcomes because the
ampullary area in patients with periampullary diverticula
is composed of thin mucosa without sphincter muscle[34],
which increases the potential risks of perforation and
bleeding. In this case, mechanical lithotripsy is a necessary
technique for removing large stones. However, the combination of EPLBD with limited EST provided spacious
opening of the bile duct, reducing the need for mechanical lithotripsy (4.7% vs 7.9%, P < 0.05) in our study, which
is consistent with previous reports[31]. For patients with
difficult stones that are not suitable for extraction at the
first attempt, the temporary placement of a stent might
be an alternative method, and the plastic stents are able to
fragment large CBD stones[35,36].
Pancreatitis is one of the most feared post-ERCP
complications and occurs in 5%-19.8% of patients after
EPBD[26]. Because EST guides the orientation of the dilating balloon towards the CBD and prevents pressure overload on the main pancreatic duct, the combined EPLBD
with limited EST significantly decreased the risk of postERCP pancreatitis[37-39]. Moreover, the large balloon dilation results in a large opening of the bile duct, preventing
accidental cannulation of the pancreatic duct in the subsequent stone extraction. To decrease the incidence of postERCP pancreatitis, cannulating the CBD selectively when
performing the ERCP is important[29], and we used a
sphincterotome with a guide wire instead of a catheter to
avoid injecting contrast medium into the pancreatic duct.
In our study, there were 7 patients who developed mild
post-ERCP pancreatitis, including 3 cases in group A and
4 cases in group B. The patients recovered after conservative treatment in less than 72 h. Severe pancreatitis did not
occur. There were 16 patients who developed post-ERCP
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hyperamylasemia, including 7 cases in group A and 9 cases
in group B. The elevated serum amylase level also normalized within 72 h after the procedure and did not affect the
clinical course of the patients. There was no statistically
significant difference between the two groups regarding
post-ERCP pancreatitis and hyperamylasemia.
Regarding the risk of hemorrhage, we determined that
limited EST prior to EPBD with a large balloon could
reduce procedure-related hemorrhage. In our study, bleeding occurred less frequently in group A than in group B
(1.6% vs 5.6%, P < 0.05). There were 2 cases of major
bleeding in group B, and these patients later died from
multi-organ failure. The other 4 cases had minor bleeding that was stopped by the administration of hemostatic
agents. Limited EST and effective compression by a balloon are effective methods for the prevention of hemorrhage. Therefore, the combination of EST with EPLBD
could be recommend for the removal of bile duct stones
in patients who require anticoagulation[21]. Although there
were some reports that EPLBD following limited EST
resulted in a higher rate of bleeding, we attributed those
results to the moderate degree of EST.
Another fatal complication during ERCP is perforation of the duodenum. However, during the ballooning
after limited EST, the endoscopist could observe the
dilation status of the ampulla using a sideview endoscope
and fluoroscopy. Therefore, the risk of duodenal perforation during EST + EPLBD is lower than during EST
alone, and the technique of EST + EPLBD is typically
recommended in patients with periampullary diverticula.
In our study, there were no cases of perforation in either
group. To minimize the risk of perforation, the size of
the dilated balloon should not exceed the size of the
CBD.
Previous reports show that procedure-related acute
cholangitis developed more often in the EST group than
in the EPBD group. This result might be explained by
the loss of sphincter function after EST, which enables
bacterial colonization from the intestine into the biliary
system[40]. In our study, there were no cases of acute cholangitis in either group, which could be attributed to application of endoscopic nasobiliary drainage.
The recurrence of stones and chronic biliary inflammation are long-term complications after bile duct stone
extraction, especially in patients who undergo a large
sphincterotomy. Mechanical lithotripsy might be another
risk factor for stone recurrence because remnant stone
fragments after lithotripsy could act as nidi for stone recurrence[31]. In our study, there were 7 cases of CBD stone
recurrence; group A had 1 case, and group B had 6 cases.
The results showed that EPLBD combined with limited
EST decreased the recurrence of CBD stones compared
with EST alone (1.6% vs 6.7%, P < 0.05). This decrease
could be attributed to the preservation of the sphincter
of Oddi, which prevents the chronic reflux of duodenal
contents and bacteria into the biliary tree and to the lower
frequency of mechanical lithotripsy. There were no cases
of chronic biliary inflammation in either group; this might
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have been because of the short follow-up time.
EPLBD with limited EST is an effective and safe endoscopic approach for removing large or multiple CBD
stones. However, this was a retrospective study, and the
decision to perform EST alone or EPLBD with limited
EST was made on an individual basis at the time of each
examination. Further large randomized prospective casecontrolled studies might be needed to confirm the efficacy and safety of EPLBD plus limited EST.
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Background

Endoscopic sphincterotomy (EST) has been widely accepted as the standard
therapy for removing common bile duct (CBD) stones; however, this procedure
is associated with serious complications such as hemorrhage, pancreatitis, perforation, and recurrent infection of the bile duct. Endoscopic papillary balloon
dilation of the biliary sphincter (EPBD) was introduced for patients with small or
moderate CBD stones. This procedure has the advantages of preserving papillary sphincter function and reducing the chance of hemorrhage and perforation.
However, it is associated with a high risk of pancreatitis and with more frequent
application of mechanical lithotripsy.

Research frontiers

Recently, endoscopic papillary large diameter balloon dilation after limited endoscopic sphincterotomy (EST + EPLBD) was introduced for removing large (≥
10 mm) or multiple bile duct stones. This method combines the advantages of
EST and EPLBD by increasing the efficacy of stone extraction while minimizing
complications of EST and EPBD when used alone.

Innovations and breakthroughs

The study showed that compared with EST alone, the patients in the EST +
EPLBD group had lower rates of bleeding and recurrences of CBD stones,
whereas the rates of overall stone removal and stone removal in the first session and the rates of post-ERCP pancreatitis and hyperamylasemia were
not significantly different between the two groups. EST + EPLBD is a good
alternative to conventional endoscopic sphincterotomy for the removal of large
common bile duct stones. However, a larger study is required to clarify the advantages and disadvantages of this treatment.

Applications

Endoscopic papillary large diameter balloon dilation following limited sphincterotomy is effective and safe. An improved understanding of the advantages and
disadvantages of the treatment for the removal of common biliary duct stones
allows clinicians to make appropriate choices for patients.

Terminology

EST + EPLBD is defined as endoscopic papillary large diameter balloon dilation
after limited endoscopic sphincterotomy. The balloon is positioned across the
orifice of the ampulla and then is gradually inflated to an appropriate size.

Peer review

This paper compares the curative effect and safety of EST and EST + EPLBD
for the treatment of bile duct stones. The authors concluded that EST + EPLBD
is a good alternative to conventional endoscopic sphincterotomy for the removal
of large or multiple common bile duct stones. This result provides valuable information for other researchers.
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Abstract
AIM: To evaluate whether postoperative radiotherapy
is an alternative to neck lymph node surgery and if
it provides a survival benefit for those receiving twofield, chest and abdomen, lymphadenectomy.
METHODS: A total of 530 cases with middle and lower thoracic esophageal carcinoma in our hospital from
January 2008 to April 2009 were selected and analyzed, of which 219 cases received right chest, upper
abdominal incision Ivor-Lewis surgery and simultaneously underwent mediastinal and abdominal two-field
lymphadenectomy. If regional lymph node metastasis
occurred within the recurrent laryngeal nerve, the
patients would receive bilateral supraclavicular radiotherapy (DT = 5000cGy) to be adopted at postopera-
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tive 4-5 wk (Group A) or cervical lymphadenectomy
at postoperative 3-4 wk (Group B). If there were no
regional lymph node metastases within the recurrent
laryngeal nerve, the patients only underwent two-field,
chest and abdomen, lymphadenectomy (Group C).
RESULTS: In 219 cases who underwent two-field lymphadenectomy, 91 cases were diagnosed with regional
lymph node metastasis within the recurrent laryngeal
nerve. Of them, 48 cases received cervical radiotherapy,
and 43 cases underwent staging lymphadenectomy; 128
patients were not given the follow-up treatment of cervical radiotherapy because there was no regional lymph
node metastasis within the recurrent laryngeal nerve.
Five-year survival rates in group A and B were 47% and
50%, respectively, with no statistical difference between
them, and the rate in group C was 58%.
CONCLUSION: For patients with middle and lower thoracic esophageal carcinoma combined with lymph node
metastasis within the recurrent laryngeal nerve, cervical
radiotherapy can be a substitute for surgery and provide
benefit.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Middle and lower thoracic esophageal carcinoma; Lymph node metastasis; Bilateral supraclavicular
postoperative radiotherapy
Core tip: Three-field lymphadenectomy is currently a
focus in esophageal surgery. According to the patterns
of lymph node metastasis, understanding of the lymph
node status in the middle and lower recurrent laryngeal nerve region may predict the status of cervical
lymph nodes. In patients who have received thoracic
and abdominal lymphadenectomy, if lymph node metastasis of recurrent laryngeal nerve is indicated it will
be especially important to subsequently treat cervical
lymph nodes. Additional cervical lymphadenectomy is
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always performed clinically in this case. In this article,
we discuss whether cervical surgical procedures can be
replaced by radiotherapy.
Ren Y, Su C, Zhou Y, Zhao X, Yang CL, Liu YY. Effect of bilateral supraclavicular postoperative radiotherapy in middle and
lower thoracic esophageal carcinoma. World J Gastroenterol
2014; 20(47): 17970-17975 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i47/17970.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i47.17970

INTRODUCTION
Tumor cell metastasis via the lymphatic pathway is a major
spread pathway of esophageal carcinoma. Many studies have demonstrated that esophageal carcinoma occurs
more frequently at lymph nodes of the bilateral recurrent
laryngeal nerve[1-3]. Especially for middle and lower thoracic esophageal carcinoma, once lymph node metastasis
occurs in this region, it often indicates the presence of
lymph node metastasis[4-7]. For those patients, three-field
lymphadenectomy (including neck, chest, and abdominal
lymph nodes) is often adopted. Three-field lymphadenectomy expands the scope of the operation, with benefits
for the survival of patients[8-10]. However, it combines with
an ensuing increase in surgical trauma and postoperative
complications[11-17]. Cervical lymph node metastasis is not
common[1], and not all patients will benefit from the threefield lymphadenectomy. On the other hand, surgery has its
own limitations, and it can only reach the level of radical
resection from the naked eye. Many studies have reported
that patients who underwent three-field lymphadenectomy
still have risks of recurrent cervical lymph node after surgery. Radiation therapy, as with surgery, can kill localized
tumor cells, and has the advantage of being non-invasive
compared with surgery. The question is whether or not we
can adopt bilateral supraclavicular radiotherapy to replace
lymphadenectomy, and achieve control effects on cervical
lymph nodes. Based on this idea, we designed the supplemental treatment modality of cervical radiotherapy after
two-field lymphadenectomy.

MATERIALS AND METHODS
After preoperative examination, patients who had a definitive diagnosis of esophageal squamous cell carcinoma, with
the location of the tumor in the middle and lower thoracic
cavity, expected to achieve R0 resection at surgery, with no
evidence of distant metastasis were included. Exclusion
criteria: (1) the presence of preoperative palpation or
ultrasound or positron emission tomography computed
tomography (PET-CT) indicated that there were obvious
cervical lymph nodes, highly suspicious transfers, or after
pathological examination, cervical lymph node metastasis
was confirmed (such patients need surgery before radiotherapy and chemotherapy); (2) preoperative diagnosis by
CT or endoscopic ultrasound (EUS) of T4 (such patients
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tend to have lower rates of surgical resection, surgery
is required before radiotherapy and chemotherapy); (3)
patients with severe disease (severe cirrhosis, diabetes or
heart and lung complications); and (4) patients with a history of previous gastric resection surgery (usually not as
a substitute for the esophageal tube after surgery).
Patients with lower thoracic and cardia cancer, or confirmed adenocarcinoma through preoperative histological
examination, were also excluded (such as specific pathological types, and if there was a possibility that accumulation at lower esophageal gastric region was present).
A total of 530 cases with middle and lower thoracic
esophageal carcinoma in our hospital from January 2008
to April 2009 were selected and analyzed, of which 219
cases receiving right chest, upper abdominal incision IvorLewis surgery, and simultaneously undergoing mediastinal
and abdominal two-field lymphadenectomy, met the above
criteria. Of 219 cases, 91 cases were diagnosed with regional
lymph node metastasis within the recurrent laryngeal nerve.
Among these, 48 cases received cervical radiotherapy at
postoperative 4-5 wk (Group A), 43 cases underwent
second cervical lymphadenectomy at postoperative 3 wk
(Group B); 128 cases of postoperative recurrent laryngeal
nerve pathology without lymph node metastasis received
only two-field lymphadenectomy.
Surgical treatment
Abdominal surgical procedures: After abdominal incision, patients received abdominal surgery. Tissue was
removed at a distance of ≥ 5 cm from the lower edge
of the tumor, cardia and proximal stomach, where a
gastric tube would be made. Simultaneously, abdominal
lymph node resections were undergone (including the
16th set of pericardial lymph nodes, 17th set at drainage
area of the left gastric artery, 18th set at the drainage area
of common hepatic artery, 19th set at traveling area of
splenic artery, 20th set of lymph nodes around the celiac
artery) as shown in Figure 1.
Thoracic surgical procedures: Thoracic surgery was
undergone through a posterolateral incision at the right
side, dissociated almost from the entire thoracic esophagus; meanwhile, mediastinal lymph node regions were
removed on the recurrent laryngeal nerve (2, 3, and 4
sets), as shown in Figure 2A and 2B, especially the cervicothoracic junction within the thoracic lymph entrance,
and the middle and lower mediastinal lymph nodes (7, 8, 9,
10, and 16 sets), as shown in Figure 2C.
At the edge of the tumor lesions at ≥ 5 cm, the esophagus was cut, and a gastric tube was put into the thoracic
cavity as a substitute. Through the esophageal bed, the
stomach and top right pleural esophagus was anastomosed.
Postoperative radiotherapy
At postoperative 3-4 wk, the patients began to receive
three-dimensional conformal radiotherapy at cervical
and bilateral supraclavicular regions. Radiation fields included the bilateral supraclavicular region (upper boundary was the cricothyroid membrane level, lower bound-
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A

B

Figure 1 Abdominal surgical procedures. A: Bilateral diaphragmatic foot anatomy, focusing on clear phrenic lymph (16 set); B: Celiac artery anatomy, focusing on
lymph node dissection of 17, 18, 19, 20 sets.

A

B

C

Figure 2 Thoracic surgical procedures. A and B: Mediastinal lymph node regions on the recurrent laryngeal nerve 2, 3, and 4 sets; C: Middle and lower mediastinal
lymph nodes 7, 8, 9, 10, and 16 sets.

ary was the clavicular head level) as shown in Figure 3: 8
MV X-ray accelerator irradiation DT = 50GY/25 times,
2GY per time, 5 times/wk.
Statistical analysis
The data were analyzed using Mann Whitney’s U-test
and Fisher’s exact test. Kaplan-Meir survival curves were
used to analyze the subsistence data. The differences between groups were compared using log-rank test. P < 0.05
was considered to be statistically significant.
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RESULTS
Comparison of clinical features
The characteristics of the three groups are shown in Table
1. The UICC TNM classification (the 7th edition) was used
for staging. Significant differences in patient age, gender
and tumor location were not observed.
Complications comparison
Postoperative complications occurred in 4 cases (4/48,
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Table 1 Characteristics of the three groups
Parameters
Age (yr)
Sex
Male
Female
Tumor location, n
Middle thoracic
Lower thoracic
PT, n
T1a
T1b
T2
T3
T4a
PN, n
N0
N1
N2
N3
PG, n
G1
G2
G3

Figure 3 Radiation field included bilateral supraclavicular region.
VAR00001
1.00

1.0

2.00

Survival function

Cumulative survival function

1.00-censored
2.00-censored

0.8

0.6

P

Group A

Group B

Group C

(n = 48)

(n = 43)

(n = 128)

62.1 + 7.6

62.8 + 7.3

63.1 + 5.6

47
1

43
0

125
3

NS

30
18

27
16

73
55

NS

4
8
18
16
2

3
5
17
17
1

9
17
48
46
8

NS

0
23
16
9

0
19
16
8

128
0
0
0

31
15
2

28
13
2

61
59
8

NS

NS

NS: Not significant.

0.4

Table 2 Postoperative complications, n
0.2

Complications
Anastomotic leak
Recurrent laryngeal nerve palsy
Respiratory failure
Chylothorax
Wound infection
Hospital death

0.0
0.00

20.00

40.00

60.00

80.00

VAR00003

Group A

Group B

P

1
1
0
1
1
0

1
2
1
2
2
1

NS
NS
NS
NS
NS
NS

Figure 4 Cause-specific survival curves for groups A and B.
Table 3 Recurrence and metastasis during follow-up period, n

8.3%) in group A, and in 8 cases (8/43, 18.6%) in group
B; 1 patient in group B died due to postoperative respiratory failure during hospitalization (Table 2).
Comparison of recurrence and metastasis
During the follow-up period, 60 cases had tumor recurrence or metastasis, among which were 18 cases of group
A, 19 cases of group B and 23 cases of group C (Table 3).
Two cases of group C had cervical lymph node metastasis.
Lymph node metastasis was the most common in groups
A and B; hematogenous metastasis was more common in
group C (Table 3).
Comparison of survival
Cause-specific survival curves for groups A and B are
shown in Figure 4. The 5-year survival rates of groups A
and B were not significantly different, at 47% and 50%, respectively.

DISCUSSION
Surgery is the main treatment of esophageal carcinoma.
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Parameters
Cervical lymph nodes
Upper mediastinum (regional lymph
nodes)
Middle and lower mediastinal lymph
nodes
Abdominal lymph nodes
Hematogenous metastasis
Total

Group A

Group B

Group C

1
2

1
1

2
2

6

7

2

6
3
18

5
5
19

3
14
23

As complete a removal of lymph node metastasis as possible is needed to ensure surgical efficacy. According to
the characteristics of lymphatic drainage of esophageal
carcinoma[18], bilateral cervical, chest and abdominal mediastinal may be the transferred areas; in theory, the removal
of all nodes at the above-mentioned three regions (called
three-field lymphadenectomy) can achieve maximum efficacy. Among the many clinical reports, the survival period
of patients receiving three-field lymphadenectomy are
generally higher than that of patients receiving mediastinal
and abdominal lymphadenectomy[8-10]. However, three-
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field extended lymphadenectomy increases trauma and
perioperative complications in patients[12-16]. Our study also
found that patients who received three-field lymphadenectomy appeared to have a higher incidence of recurrent
laryngeal nerve palsy and anastomotic leak compared with
those who received two-field lymphadenectomy. Thus, it
is controversial whether all patients should consistently
receive three-field lymphadenectomy.
Some studies suggest that analyzing from the anatomy,
regional lymph nodes of recurrent laryngeal nerve are
a part of cervical lymph nodes. Thus, in the order of
lymphatic drainage[19], lymph at the submucous layer of
the esophagus is firstly drained to the recurrent laryngeal
nerve, then to the neck[20,21]; regional lymph nodes of the
recurrent laryngeal nerve are considered as the neck sentinel lymph nodes. In clinical practice, both Noguchi et al[22]
and Noguchi[22] did pathological examinations of recurrent
laryngeal nerve lymph nodes for patients who underwent
IVOR-Lewis, and chose positive patients with recurrent
laryngeal nerve lymph node metastasis to receive stepwise
or contemporaneous neck lymph node dissection, while
those without lymph node metastasis in this area received
only two-field lymphadenectomy. There was no significant
difference in clinical survival rate over the same period for
lymphadenectomy patients. Li et al[23] found that, especially
for patients with middle and lower thoracic esophageal carcinoma, the recurrent laryngeal nerve region might suggest
lymph node status; therefore it is recommended to select
the appropriate patients with cervical lymphadenectomy.
Many studies support the idea that not all patients with
esophageal carcinoma have lymph node metastasis present, and patients without lymph node metastasis cannot
benefit from a three-field lymphadenectomy[1]. From this
perspective, we did not give two-field lymphadenectomy
for 128 patients without regional lymph node metastasis,
and postoperative 5-year survival rate was 58%; therapeutic
effect was achieved on an equal with similar literature. We
believe that from the primary tumor resection perspective,
Ivor-Lewis surgery can guarantee the thoroughness of
middle and lower thoracic esophageal carcinoma resection. If three-field lymphadenectomy is not selected, it will
make some patients have too much normal esophagus cut,
stomach esophageal anastomosis will be forced at the neck,
which only increases the pressure on surgery; it may bring
more complications and affected the postoperative quality
of life in patients.
In our study, only 91 cases with postoperative recurrent laryngeal nerve lymph nodes from 219 patients received two-field lymphadenectomy; these were considered
to need follow-up treatment on cervical lymph nodes.
The similarities of radiotherapy and surgery are that both
of them can kill local tumor cells, but radiotherapy has
the comparative advantage over surgery in that it is relatively non-invasive, and can reduce the patients’ psychological and physical adverse effects. Thus, for patients receiving two-field lymphadenectomy, can radiation therapy
be used to replace the operation when there is the possibility of cervical lymph node metastasis? Based on this
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idea, we had 91 cases of two-field lymphadenectomy, of
whom 48 patients were treated with postoperative cervical radiotherapy and 43 cases were given cervical lymphadenectomy. The results showed there was no significant
difference in cervical lymph node recurrence rate between the two groups, while the 5-year survival rate was
not significantly different in comparison. In other words,
with this model, it can still achieve the efficacy of lymph
node dissection without additional surgery. Postoperative
cervical radiotherapy can reduce the pressure on doctors,
reduce surgical trauma to patients, avoid neck incision,
and be more easily accepted mentally.
In conclusion, for middle and lower thoracic esophageal carcinoma patients, postoperative radiotherapy after
bilateral supraclavicular lymph node surgery can avoid
cervical lymph node surgery, and the clinical efficacy is
the same as with three-field lymphadenectomy.

COMMENTS
COMMENTS
Background

A surgical procedure is the main method for treatment of esophageal cancer,
and usually includes three aspects: tumor resection, lymph node resection
and digestive tract reconstruction. Regarding lymph node resection, the scope
and eradication are key factors influencing the surgical efficiency and also the
focus of clinical research. Due to the special anatomic and lymphatic draining
characteristics, neck, chest and abdomen are possible locations of metastasis.
Theoretically, resections of all the possible lymph nodes may maximize the
eradication, which however causes increased trauma during surgery. Currently, resections of thoracic and abdominal lymph nodes are the consensus of
scholars dedicated to esophageal surgery. Thus, how to choose the appropriate
patients for cervical lymphadenectomy and whether some surgical procedures
can be replaced by non-surgical methods are investigated in this study.

Research frontiers

Physicians have obtained favorable clinical outcomes in diagnosis of cervical
lymph node metastasis by palpation and cervical ultrasound. Latest studies
have found that according to the patterns of lymph node metastasis, lymph
nodes in the recurrent laryngeal nerve region may serve as the outpost of cervical lymph nodes. Based on this, selective three-field lymphadenectomy may be
performed to obtain better therapeutic efficacy.

Innovations and breakthroughs

In this study, the authors did not use techniques such as ultrasound, computed
tomography, etc. to predict the lymph node status, but predicted cervical lymph
node status according to the patterns of lymph node metastasis and pathological status of lymph nodes in the recurrent laryngeal nerve region. Based on
this, selective subsequent treatment was performed, which avoided false positive results and micro-metastasis of technical methods. The obvious difference
from previous studies is that they replaced traditional surgery with radiotherapy,
which reduced the injuries of patients while relieving the mental pressure of
both physicians and patients.

Applications

This study proved that it is feasible to selectively perform cervical lymphadenectomy according to the patterns of lymph node metastasis and the
pathological status in the thoracic recurrent laryngeal nerve region. Therefore,
surgical procedures might be replaced by regional radiotherapy. Furthermore,
the regional recurrence rate and the 5-year survival rate were not significantly
different from surgical procedures. Additionally, radiotherapy produces lighter
injuries than surgery. Therefore, it is more easily accepted by patients and
widely used clinically.

Terminology

Three-field lymphadenectomy: this is a surgical procedure with additional cervical lymph node resection based on two-field lymphadenectomy (thoracic and
abdominal field). The scope of cervical lymphadenectomy involves bilateral supraclavicular lymph nodes, cervical para-esophageal lymph nodes and anterior
cervical lymph nodes.
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The manuscript is very well written. For the patients with middle and lower thoracic esophageal carcinoma, once the regional lymph node metastasis occurs
within the recurrent laryngeal nerve, it often indicates the presence of lymph
node metastasis, which requires three-field lymphadenectomy. A total of 530
cases with middle and lower thoracic esophageal carcinoma are included. The
results suggest that for patients with middle and lower thoracic esophageal carcinoma complicated with lymph node metastasis within the recurrent laryngeal
nerve, cervical radiotherapy can substitute surgery and provide benefits.
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Abstract
AIM: To compare XELOX and FOLFOX4 as colon cancer adjuvant chemotherapy based on MOSAIC and No.
16968 trails from Chinese cost-effectiveness perspective.
METHODS: A decision-analytic Markov model was developed to compare the FOLFOX4 and XELOX regimens
based MOSAIC and No. 16968 trial. Five states were included in our Markov model: well (state 1), minor toxic-
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ity (state 2), major toxicity (state 3), quitting adjuvant
chemotherapy (state 4), and death due to adjuvant
chemotherapy (state 5). Transitions among the 5 states
were assumed to be Markovian. Costs were calculated
from the perspective of the Chinese health-care payer.
The utility data were taken from published studies.
Sensitivity analyses were used to explore the impact of
uncertainty factors in this cost-effectiveness analysis.
RESULTS: Total direct costs of FOLFOX4 and XELOX
per patient were $19884.96 ± 4280.30 and $18113.25
± 3122.20, respectively. The total fees related to adverse events per patient during the entire treatment
were $204.75 ± 16.80 for the XELOX group, and
$873.72 ± 27.60 for the FOLFOX4 group, and the costs
for travel and absenteeism per patient were $18495.00
for the XELOX group and $21,352.68 for the FOLFOX4
group. The base-case analysis showed that FOLFOX4
was estimated to produce an additional 0.06 in quality adjusted life years (QALYs) at an additional cost of
$3950.47 when compared to the XELOX regimen over
the model time horizon. The cost per QALY gained was
$8047.30 in the XELOX group, which was $900.98 less
than in the FOLFOX4 group ($8948.28). The one way
sensitivity analysis demonstrated that the utility for the
well state and minor toxicity state greatly influenced
the incremental cost-effectiveness ratio of FOLFOX4.
CONCLUSION: In term of cost-comparison, XELOX is
expected to dominate FOLFOX4 regimes; Therefore,
XELOX provides a more cost-effective adjuvant chemotherapy for colon cancer patients in China.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cost-effectiveness; Adjuvant chemotherapy;
Colon cancer; FOLFOX; XELOX
Core tip: Notably, patients with stage Ⅲ colon cancer
are recommended to receive either XELOX or FOLFOX4
as adjuvant therapy. However, there has not been a
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cost-effectiveness analysis of these two regimens. This
study compared XELOX and FOLFOX4 as adjuvant
chemotherapy for patients with colon cancer based on
the MOSAIC and No. 16968 trails from a Chinese costeffectiveness perspective. Our results demonstrated
that XELOX was a more cost-effective treatment for adjuvant chemotherapy of colon cancer in China.
Wen F, Yao K, Du ZD, He XF, Zhang PF, Tang RL, Li Q.
Cost-effectiveness analysis of colon cancer treatments from
MOSIAC and No. 16968 trials. World J Gastroenterol 2014;
20(47): 17976-17984 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i47/17976.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i47.17976

INTRODUCTION
Colorectal cancer ranks third among the leading causes
of cancer-associated death in both males and females of
all ages worldwide after lung and breast cancer[1]. Nearly
70% colorectal cancers are located in the colon, and approximately 26% are in the stage Ⅲ when they were first
diagnosed. What is even worse, it is estimated that about
50%-60% of patients will suffer a recurrence after radical
resection[2].
Recently, many results of large clinical randomized
controlled studies have showed that adjuvant chemotherapy after standard surgery and radiation for early stage
colon cancer takes an active part in decreasing the risk of
recurrence and extend overall survival[3]. An early pooled
analysis has shown the efficacy of 5-fluorouracil/leucovorin (FU/LV) treatment with a significant reduction of
the recurrence rate by 35%, and death rate by 22%, when
compared with no treatment in patients with a curative
resection of colon cancer[4]. Additionally, FU/LV has
been shown to have the best efficacy among chemotherapy regimens, such as the FU and levamisole regimens[5].
This has led to FU/LV being the standard adjuvant chemotherapy for colon cancer until, that is, the MOSAIC
trial found that FOLFOX4 (5-Fu/LV + OX) significantly
increased disease-free survival (DFS) and overall survival
(OS) when used as adjuvant treatment for stage Ⅱ or Ⅲ
colon cancer[6,7].
Subsequently in 2011, the No. 16968 trial showed that
compared with 5-FU/LV, XELOX led to significantly
better 3-year DFS (66.5% vs 70.9%) and higher 5-year OS
rate(74.2% vs 77.6%) in patients with stage Ⅲ colon cancer, respectively[8]. Therefore, based on the clinical practice
guidelines of the 2011 National Comprehensive Cancer
Network (NCCN), FOLFOX4 and XELOX were standard adjuvant treatments of colon cancer[9].
Several studies have consistently reported that compared with FU/LV, FOLFOX is a cost-effective adjuvant
chemotherapy for patents with stage Ⅱ and Ⅲ colon
cancer from the perspectives of United States, Canada
and Japan[10-12]. Shiroiwa et al[13] suggested that XELOX, as
first-line and second-line chemotherapy, was superior to
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FOLFOX4 in term of cost and effectiveness. Previously,
we have indicated that XELOX is expect to outperform
the FOLFOX4 regimen in China based on a simple cost
analysis[14]. However, to the best of our knowledge, we do
not know which regimen is more cost-effective. Hence, in
this study we determined to find a more affordable adjuvant chemotherapy option between XELOX and FOLFOX4 for colon cancer patients based on data obtained
from the MOSAIC and No. 16968 trials from a Chinese
cost-effectiveness perspective.

MATERIALS AND METHODS
A Markov model was constructed to estimate the incremental cost-effectiveness of FOLFOX4 compared with
XELOX as adjuvant treatments for patients who had
stage Ⅱ or Ⅲ colon cancer in a Chinese health-care setting based on data obtained from the MOSAIC trial and
No. 16968 trial. Our analysis was performed from a thirdparty health-care payer’s perspective, which included both
direct medical costs and indirect costs. Quality adjusted
life year (QALY) gained, and an estimate of overall costs,
were used to evaluate the incremental cost-effectiveness
ratio (ICER) of both treatments.
XELOX and FOLFOX4 regimens
According to the No. 16968 trial, the XELOX regimen
was a 3-wk cycle treatment for 8 cycles, including a 2-h
intravenous infusion of oxaliplatin (130 mg/m2) on day
1 and oral capecitabine (1000 mg/m2) twice a day from
day 1 to day 14[8]. FOLFOX4 was consisted of 2-h intravenous infusions of oxaliplatin(85 mg/m2) and LV 200
mg/m2 on day 1, followed by a bolus of 400 mg/m2 of
5-FU and a 22-h infusion of 5-FU 600 mg/m2 lasting 22
h every 14 d, for 12 cycles[6].
Groups of itemized expenses
In our base-case analysis, all expenses were separated
into three categories: direct costs of chemotherapy (fees
for anti-cancer drugs, hospitalization, venous access,
experimental tests and pre-chemotherapy drugs, such as
antiemetics and hepatoprotective drugs), costs of treatments related to adverse effects (for example, recombinant human granulocyte/macrophage colony-stimulating
factor), and costs from a societal perspective (i.e., travel
fees and absenteeism cost). Direct chemotherapy costs
and adverse effects related costs were analyzed from the
perspective of healthcare providers, and travel costs and
absenteeism costs were from societal perspective. Travel
costs were based on taxi fare per kilometer in Sichuan,
China. According to the median monthly salary in Sichuan, China (patient’s salaries were not recorded in the
medical records), equal costs were estimated for patients’
hospital time. All the costs were translated into United
States dollars. Other unrelated care fees were not calculated in the study.
Adjuvant chemotherapy transition model
Referring to the cost-effectiveness analysis of adjuvant
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chemotherapy for colon cancer patients, 5 states were
included in our Markov model (Figure 1) and states 1-5
were listed orderly as follows: well, minor toxicity, major
toxicity, quitting adjuvant chemotherapy, and death due to
adjuvant chemotherapy[15]. Transitions among the 5 states
were assumed to be Markovian.
The first three states represented the toxicity reaction
of patients received treatments according to the Common Toxicity Criteria of the National Cancer Institute,
version 3, and the records of adverse events of the MOSAIC trial and No. 16968 trial, where ‘‘well’’ represented
grade 0 toxicity, ‘‘minor toxicity’’ represented grade 1 and
2 toxicity, and ‘‘major toxicity’’ represented grade 3 and 4
toxicity, and severe or life-threatening adverse effects[16,17].
The cycle length of the Markov model was set to 1 mo
for a total of 6 mo-specifically, the transitions occurred
once a month for 6 times. At the start of the adjuvant
chemotherapy, all patients began in the “well” state (free
of cancer).
Pw-w, Pw-mi, Pw-ma, Pmi-w, Pmi-mi, Pmi-ma,
Pma-w, Pma-mi, Pma-ma, Pma-q, and Pma-d were applied to denote the probabilities of transition of the
model, in which suffix w represented the first state(well
state), mi represented state of minor toxicity, ma represented state of major toxicity, q represented state of quitting the adjuvant chemotherapy, and d represented death
state due to the adjuvant chemotherapy. Pw-mi represented the probability of the changing of patient in the
well state in the current cycle to the minor toxicity state
in the next cycle. Because the incidence of toxicity in
our patients was consistent with the incidences found in
several other clinical studies, the values for adverse events
values reported in the MOSAIC trial and No. 16968 trial
for FOLFOX4 and XELOX chemotherapy were applied
in this study. A calibration method was used to estimate
the exact values[15,18]. The parameter values are listed in
Table 1.
Utility data for patients in adjuvant chemotherapy
Several related studies were examined to determine the utility values of the 5 states in the adjuvant chemotherapy[15,19].
The utility for well state patients was set to 0.84, which
was the same for patients without adjuvant chemotherapy
after surgery based on the study by Ramsey et al[19] and van
Hout et al[20]. With regard to the utilities of minor toxicity
and major toxicity, the means of utilities of patients with
moderate or severe adverse events were calculated. The
values are shown in Table 2.
Sensitivity analysis
One-way deterministic sensitivity analyses, a tornado
diagram and threshold analysis were used to identify key
model input parameters that could potentially influence
the results over the low/high value, such as direct costs
of chemotherapy, adverse related fees, societal costs, and
utility scores. Based on the influence of the variables on
the incremental net health benefit, a tornado diagram was
applied. Willingness to pay was set to $17815.40, triple
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the per capita GDP of China according to the guidelines
of World Health Organization for cost-effectiveness
analysis[21,22].

RESULTS
Results of base-case analysis
No significant differences were identified for male/female ratio, age, depth of invasion and histology between
the FOLFOX4 group and the XELOX group based on
the MOSAIC trial and the No. 16968 trial (Table 3).
According to the cases in our study, the total direct
costs of FOLFOX4 were 109.8% as high as those of
XELOX per patient, which were $19884.96 ± 4280.30
and $18113.25 ± 3,122.20, respectively. Total fees related
to adverse events per patient for the entire treatment
were $204.75 ± 16.80 for the XELOX group, and $873.72
± 27.60 for the FOLFOX4 group. For the costs from a
societal perspective, specially, fees for travel and absenteeism, the average travel costs per cycle were set at $7.90
for taxi identically in two groups. Therefore, total travel
costs would be $59.25 for XELOX per patient and $85.32
for FOLFOX4. Pay for one day was $15.70 according to
the average monthly salary of $478 in Sichuan, China. As
a result, the estimated costs for absenteeism for chemotherapy per patient were $508.68 in FOLFOX4 group
and $117.75 in XELOX group, respectively. Hence, the
total fees for travel and absenteeism per patient were
$18495.00 for the XELOX group and $21352.68 for the
FOLFOX4 group (Table 4).
Based on the data collected above, the cost for the
well state was $6101.38 ± 520.37 in the XELOX group,
and $6872.94 ± 713.38 in the FOLFOX4 group, which
was identical to the minor toxicity state. The cost for the
major toxicity state and quitting adjuvant chemotherapy
state $6135.50 ± 523.17 in the XELOX group, and
$7018.56 ± 717.98 in the FOLFOX4 group.
After running our Markov model for the 5 stages, the
cumulative cost and cumulative effect were $30466.45
and 3.79 quality-adjusted life years for the XELOX
group, and $34416.92 and 3.85 quality-adjusted life years
for the FOLFOX4 group. Though the FOLFOX4 regimen was estimated to produce an additional 0.06 QALYs,
the additional cost was significant ($3950.47) compared
to the XELOX regimen over the model time horizon.
The cost per QALY gained was $8047.30 in the XELOX
group, which is $900.98 less than in the FOLFOX4
group ($8948.28). The results showed that XELOX was
expected to dominate FOLFOX4 regimens; in other
words, XELOX was a more cost-effective adjuvant treatment for colon cancer (Table 5).
Sensitivity analysis
The results of the sensitivity analysis for “cost for well
state” (C_w_1 for FOLFOX4, C_w_2 for XELOX) and
“cost for major toxicity state” (C_ma_1 for FOLFOX4,
C_ma_2 for XELOX), and the “utility scores for 5
states” are shown in the tornado diagram (Figure 2).
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Well
Pw_w_1

Well
- Markov information
Init Cost: 0.5 * (C_w_1)
Incr Cost: C_w_1
Final Cost: 0.5 * (C_w_1)
Init Eff: 0.5 * (Uw)
Incr Eff: Uw
Final Eff: 0.5 * (Uw)

Minor toxicity
Pw_mi_1

Major toxicity
Pw_ma_1

Well
Minor toxicity
Major toxicity

1
Well
Pmi_w_1

Minor toxicity

Minor toxicity
- Markov information
Init Cost: 0.5 * (C_w_1)
Incr Cost: C_w_1
Final Cost: 0.5 * (C_w_1)
Init Eff: 0.5 * (Umi)
Incr Eff: Umi
Final Eff: 0.5 * (Umi)

Pmi_mi_1

Major toxicity
Pmi_ma_1

Well
Minor toxicity
Major toxicity

0
Well
Pma_w_1

FOLFOX4
M
- Markov...
Term : _st...

Minor toxicity
Pma_mi_1

Major toxicity

Major toxicity
- Markov information
Init Cost: 0.5 * (C_ma_1)
Incr Cost: C_ma_1
Final Cost: 0.5 * (C_ma_1)
Init Eff: 0.5 * (Uma)
Incr Eff: Uma
Final Eff: 0.5 * (Uma)

Pma_ma_1

Quitting adjuvant chemotherapy
Pma_q_1

Death due to adjuvant chemotherapy
Pma_d_1

Well
Minor toxicity
Major toxicity
Quitting adjuvant
chemotherapy
Death due to
adjuvant chemotherapy

0

Adjuvant treatment
of colon cancer
C_ma_1 = 7018.56
C_ma_2 = 6135.500
C_w_1 = 6872.94
C_w_2 = 6101.375
Pma_d_1 = 0.01
Pma_d_2 = 0.01
Pma_ma_1 = 0.3
Pma_ma_2 = 0.2
Pma_mi_1 = 0.39
Pma_mi_2 = 0.49
Pma_q_1 = 0.2
Pma_q_2 = 0.2
Pma_w_1 = 0.1
Pma_w_2 = 0.1
Pmi_ma_1 = 0.32
Pmi_ma_2 = 0.28
Pmi_mi_1 = 0.32
Pmi_mi_2 = 0.40
Pmi_w_1 = 0.36
Pmi_w_2 = 0.32
Pw_ma_1 = 0.03
Pw_ma_2 = 0.02
Pw_mi_1 = 0.31
Pw_mi_2 = 0.46
Pw_w_1 = 0.66
Pw_w_2 = 0.52
Uma = 0.59
Umi = 0.73
Uq = 0.49
Uw = 0.84
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Quitting adjuvant chemotherapy
- Markov information
Init Cost: 0.5 * (C_ma_1)
Incr Cost: C_ma_1
Final Cost: 0.5 * (C_ma_1)
Init Eff: 0.5 * (Uq)
Incr Eff: Uq
Final Eff: 0.5 * (Uq)
0
Death due to adjuvant chemotherapy
- Markov information
Init Cost: 0
Incr Cost: 0
Final Cost: 0
Init Eff: 0
Incr Eff: 0
Final Eff: 0
0
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Well
Pw_w_2

Well
- Markov information
Init Cost: 0.5 * (C_w_2)
Incr Cost: C_w_2
Final Cost: 0.5 * (C_w_2)
Init Eff: 0.5 * (Uw)
Incr Eff: Uw
Final Eff: 0.5 * (Uw)

Minor toxicity
Pw_mi_2

Major toxicity
Pw_ma_2

Well
Minor toxicity
Major toxicity

1
Well
Pmi_w_2

Minor toxicity

Minor toxicity
- Markov information
Init Cost: 0.5 * (C_w_2)
Incr Cost: C_w_2
Final Cost: 0.5 * (C_w_2)
Init Eff: 0.5 * (Umi)
Incr Eff: Umi
Final Eff: 0.5 * (Umi)

Pmi_mi_2

Major toxicity
Pmi_ma_2

Well
Minor toxicity
Major toxicity

0
Well
Pma_w_2

XELOX
M
- Markov...
Term : _st...

Minor toxicity
Pma_mi_2

Major toxicity

Major toxicity
- Markov information
Init Cost: 0.5 * (C_w_2)
Incr Cost: C_w_2
Final Cost: 0.5 * (C_w_2)
Init Eff: 0.5 * (Uma)
Incr Eff: Uma
Final Eff: 0.5 * (Uma)

Pma_ma_2

Quitting adjuvant chemotherapy
Pma_q_2

Death due to adjuvant chemotherapy
Pma_d_2

Well
Minor toxicity
Major toxicity
Quitting adjuvant
chemotherapy
Death due to
adjuvant chemotherapy

0
Quitting adjuvant chemotherapy
- Markov information
Init Cost: 0.5 * (C_ma_2)
Incr Cost: C_ma_2
Final Cost: 0.5 * (C_ma_2)
Init Eff: 0.5 * (Uq)
Incr Eff: Uq
Final Eff: 0.5 * (Uq)
0
Death due to adjuvant chemotherapy
- Markov information
Init Cost: 0
Incr Cost: 0
Final Cost: 0
Init Eff: 0
Incr Eff: 0
Final Eff: 0
0

Figure 1 Markov model built for the cost-effectiveness analysis.

The results of one-way deterministic sensitivity analyses
showed that the utility for the well state and the minor
toxicity state greatly influenced the ICER of FOLFOX4.
When the utility score of the minor toxicity state changed
from 0.60 to 0.84, the ICER increased from $30242 per
QALY gained to $5205921 per QALY gained, which was
a highly significant increase. Among all the cost factors
for the 5 states in the two groups, the cost for well state
for the XELOX group (C_w_2) played a key role in our
analysis, which varied from $5581.01 to $6621.75 and resulted in the ICER decreasing from $107342 per QALY
gained to $23724 per QALY gained.

WJG|www.wjgnet.com

DISCUSSION
New adjuvant therapies for colon cancer have increased
the overall survival, meanwhile patients’ quality of life has
been improved. However, a dramatic economic burden
was produced with the widespread use of adjuvant treatments[13,21,23,24]. Indeed, the head-to-head comparisons
trials of these different therapies are seldom, and a costeffectiveness evaluation of the standard adjuvant chemotherapies in a health resource-limited setting is of critical
importance to address the balance between health care
costs and benefits. With indirect comparison and decision
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Table 1 Parameters used for calculation
Value
Parameters
Overall toxicity after adjuvant chemotherapy
Percentage of major toxicity state Pma
Percentage of minor toxicity state Pmi
Percentage of well state Pw
Percentage of death due to adjuvant chemotherapy Pd
Percentage of quitting adjuvant chemotherapy Pq
Probability of well state to well state Pw-w
Probability of well state to minor toxicity state Pw-mi
Probability of well state to major toxicity state Pw-ma
Probability of minor toxicity state to well state Pmi-w
Probability of minor toxicity state to minor toxicity state Pmi-mi
Probability of minor toxicity state to major toxicity state Pmi-ma
Probability of major toxicity state to well state Pma-w
Probability of major toxicity state to minor toxicity state Pma-mi
Probability of major toxicity state to major toxicity state Pma-ma
Probability of major toxicity state to quitting adjuvant chemotherapy Pma-q
Probability of major toxicity state to death due to adjuvant chemotherapy Pma-d

Value

Data source

0.84
0.73
0.59
0.47
0.00

Mehmet US Ayvaci and
others, 2012

Well state
Minor toxicity state
Major toxicity state
Quitting adjuvant chemotherapy
Death due to adjuvant chemotherapy

XELOX

50.9%
41.1%
8.0%
0.5%
25.3%
0.66
0.31
0.03
0.36
0.32
0.32
0.10
0.39
0.30
0.20
0.01

43.0%
55.0%
2.0%
0.6%
22.0%
0.52
0.46
0.02
0.32
0.40
0.28
0.10
0.49
0.20
0.20
0.01

Andréand others, 2004
Hans-Joachim Schmoll and
others, 2007

Mehmet US Ayvaci and
others, 2012

FOLFOX4 (n = 1123)

analysis modeling techniques, monetary costs and therapeutic efficacies of the adjuvant chemotherapy regimens
FOLFOX4 and XELOX for patients with colon cancer
were estimated over an adjuvant chemotherapy horizon
in term of Chinese healthcare system based on MOSAIC
trial and No. 16968 trial.
The XELOX group not only showed advantages
in term of costs of hospitalization, and time and travel
costs for the patient, but also in the cost of venous access. Based on these cost data, our results showed the
whole cost of the XELOX regimen was 86.6% that of
the FOLFOX4 regimen for an average patient, even
though the gained quality-adjusted life years were approximately the same; 3.79 for XELOX and 3.84 for FOLFOX4. Though the FOLFOX4 regimen was estimated to
produce an additional 0.06 QALYs, the additional cost
was significant ($3950.47) compared to the XELOX regimen over the model time horizon. However, the cost was
$8047.30/QALY in the XELOX group, and $8948.28/
QALY in the FOLFOX4 group, which shows that the
cost for the FOLFOX4 group was $900.98 greater. The
results indicated that XELOX is worth considering as
an alternative to the FOLFOX4 regimen and the results
were consistent with the cost-effectiveness analysis in
metastatic colorectal cancer[13].
In China, no consensus has been reached on the
threshold of acceptable cost per QALY saved. A threshold range of £20000 to £30000 is used in the National
Institute for Health and Clinical Excellence in the United

WJG|www.wjgnet.com

Data source

Table 3 Patients’ baseline characteristics according to the
MOSAIC and No. 16968 trials

Table 2 Utility data for patients in adjuvant chemotherapy
Parameters

FOLFOX4

Male, %
Age, yr
Depth of invasion, %
T1-2
T3
T4
TX
Histology, %
Differentiated
Poorly differentiated
Unknown

XELOX (n = 944)

56.1
61

54
61

4.5
76
19
0.5

11
74
15
<1

83.2
12.6
4.2

81
15
3

Kingdom[25], whereas the United States often applies a
threshold range of $50000 to $100000. Based on the
guidelines of the World Health Organization (WHO)
for cost-effectiveness analysis, the willingness to pay
$17815.40, which is triple the per capita GDP of China,
is an appropriate threshold[21]. Considering all the criteria
above, the costs per QALY in the FOLFOX4 group and
the XELOX group, as well as the ICER for FOLFOX4,
were thought to be acceptable.
In our research, the rates of grade 3/4 adverse events
related to FOLFOX4 and XELOX were obtained from
the cross-trial comparison of the MOSAIC trial and No.
16968 trial, which showed that the incidences of diarrhea, stomatitis, nausea, vomiting, neurosensory, handfoot syndrome (HFS), neutropenia and febrile neutropenia were 19% and 12%, 0.6% and 3%, 5% and 5%, 6%
and 6%, 11% and 12%, 5% and 2%, 9% and 41%, 0.2%
and 2% for FOLFOX4 and XELOX, respectively[7]. The
differences were statistically significant for stomatitis,
neutropenia and febrile neutropenia, resulting in higher
adverse events-associated costs for FOLFOX4 regimen
than that for XELOX regimen. Therefore, the cost for
the major toxicity state was significantly higher in the
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Table 4 Total costs for patients undergoing adjuvant chemotherapy
Parameters

FOLFOX4 ($)

XELOX ($)

Data source

Direct costs/mo
Adverse event costs/mo
Societal costs/mo
Cost for well state (Cw1/Cw2)
Cost for minor toxicity state (Cmi1/Cmi2)
Cost for major toxicity state (Cma1/Cma2)
Cost for quitting adjuvant chemotherapy (Cq1/Cq2)

3314.16 ± 713.38
145.62 ± 4.6
3558.78
6872.94 ± 713.38
Cw1
7018.56 ± 717.98
Cma1

3018.88 ± 520.37
34.13 ± 2.8
3082.5
6101.38 ± 520.37
Cw2
6135.50 ± 523.17
Cma2

Xie et al[14] and others, 2013

Uw: 0.42 to 0.84

Table 5 Cost-effectiveness analysis of the base case
Parameters
Whole cost
QALY
Cost/effect
ICER
Threshold (/QALY)

FOLFOX4
$34416.92
3.85
$8948.28
$15016.33
$17815.4

Umi: 0.60 to 0.84

XELOX
$30466.45
3.79
$8047.30
$17815.4

C_w_2: 5581.005 to 6621.745
Uma: 0.49 to 0.68
Uq: 0.25 to 0.49
C_w_1: 6159.56 to 7586.32
C_ma_2: 5612.33 to 6658.67
C_ma_1: 6300.58 to 7736.54

QALY: Quality adjusted life year; ICER: Incremental cost-effectiveness
ratio.

FOLFOX4 group. However, from the results of oneway deterministic sensitivity analyses, it was not the cost
for the major toxicity state (C_ma_2) but the cost for the
well state for the XELOX group (C_w_2) that, which
played a key role in our analysis-this varied from $5581.01
to $6621.75 and resulted in a reduction of ICER from
$107342 per QALY gained to $23724 per QALY gained.
Our results indicated that adverse effect-related costs
might not be as important a factor to consider for optimal adjuvant chemotherapy.
To our surprise, the ICER of FOLFOX4 was greatly
influenced by the utility scores for the well state and minor toxicity state. When the utility score of the minor
toxicity state changed from 0.60 to 0.84, the ICER increased from $30242 per QALY gained to $5205921 per
QALY gained. The reason for this may be that status of
patients in adjuvant chemotherapy play a key role in estimating the QALY and evaluating the ICER[26].
Our research is partly based on patient-level data
which were collected from the MOSAIC trial and the No.
16968 trial, and on the data collected from the West China Hospital, Sichuan University, China, which is the main
limitation of our research. The potential heterogeneity of
effectiveness and resource consumption between Asians
and the international population may be another significant limitation in this research. Additionally, although we
have analyzed the costs related to adverse events and societal costs, such as fees for travel and absenteeism, which
are seldom included in other related cost-effectiveness
analyses. Additionally, supportive care costs were not
included in our analysis because that it is difficult to collect the detail from medical records. Finally, as we do not
have direct head-to-head comparisons on the effectiveness of FOLFOX4 and XELOX for adjuvant treatment
of patients with colon cancer in large randomized controlled trials, more detail should be studied to figure out
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Tornado diagram at
adjuvant treatment of colon cancer

19K

24K
29K
34K
39K
44K
Net monetary benefit (wtp = 17815.4)

Figure 2 Tornado diagram summarizing the results of the one way sensitivity analysis.

the further cost-effectiveness of the two regimens.
Notably, it is the first study to compare cost-effectiveness option of adjuvant chemotherapy for colon
cancer between FOLFOX4 and XELOX. We found that
XELOX could achieve the maximum level of clinical
benefit over other adjuvant treatments, which is a more
affordable option in China. This result is worthy of consideration for both doctors and patients, and provides decision makers a more comprehensive view of treatmentrelated cost-effectiveness in clinical practice.
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Based on the clinical practice guidelines of the 2011 National Comprehensive
Cancer Network, FOLFOX4 and XELOX were standard adjuvant treatments of
colon cancer. Several studies have consistently reported that compared with
FU/LV, FOLFOX is a cost-effective adjuvant chemotherapy for patents with
stage Ⅱ and Ⅲ colon cancer. However, which is a more affordable option of
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adjuvant chemotherapy for colon cancer in the terms of cost-effectiveness
analysis is still unknown.

Research frontiers

The base-case analysis showed that FOLFOX4 was estimated to produce an
additional 0.06 in quality adjusted life years at an additional cost of $3950.47
when compared to the XELOX regimen over the model time horizon. The
cost per QALY gained was $8047.30 in the XELOX group, which is $900.98
less than in the FOLFOX4 group ($8948.28). XELOX is expected to dominate
FOLFOX4 regimens at a point view of cost-comparison point of view; in other
words, XELOX was a more cost-effective treatment for adjuvant chemotherapy
for patients with colon cancer in China.

7

8

Innovations and breakthroughs

It is the first study to compare cost-effectiveness option of adjuvant chemotherapy for colon cancer between FOLFOX4 and XELOX. The authors found that
XELOX could achieve the maximum level of clinical benefit over other adjuvant
treatments, while being a more affordable option in China.

Applications

This result is worthy of consideration for both doctors and patients, and provides decision makers a more comprehensive view of treatment-related costeffectiveness in clinical practice.

Terminology

Five states were included in our Markov model and states 1 to 5 were as follows orderly: well, minor toxicity, major toxicity, quitting adjuvant chemotherapy,
and death due to adjuvant chemotherapy. Transitions among the 5 states
were assumed to be Markovian. Pw-w, Pw-mi, Pw-ma, Pmi-w, Pmi-mi, Pmima, Pma-w, Pma-mi, Pma-ma, Pma-q, and Pma-d were applied to denote the
probabilities of transition of the model in which suffix w represented the first
state (well state), mi represented state of minor toxicity, ma represented state of
major toxicity, q represented state of quitting the adjuvant chemotherapy, and d
represented death state due to the adjuvant chemotherapy. Pw-mi represented
the probability of the changing of patient in the well state in the current cycle to
the minor toxicity state in the next cycle.

9

10

11

12

Peer review

In this cost-effectiveness analysis, the authors compared XELOX and FOLFOX4 as adjuvant chemotherapy for patients with colon cancer based on data
obtained from MOSAIC and No. 16968 trails from a Chinese cost-effectiveness
perspective. The authors demonstrated that XELOX was expected to dominate
FOLFOX4 regimens; in other words, XELOX was a more cost-effective treatment for adjuvant chemotherapy for patients with colon cancer in China.
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Abstract
AIM: To establish and validate a simple quantitative
assessment method for nonalcoholic fatty liver disease
(NAFLD) based on a combination of the ultrasound hepatic/renal ratio and hepatic attenuation rate.
METHODS: A total of 170 subjects were enrolled in
this study. All subjects were examined by ultrasound
1
1
and H-magnetic resonance spectroscopy ( H-MRS)
on the same day. The ultrasound hepatic/renal echointensity ratio and ultrasound hepatic echo-intensity attenuation rate were obtained from ordinary ultrasound
images using the MATLAB program.
RESULTS: Correlation analysis revealed that the ultrasound hepatic/renal ratio and hepatic echo-intensity
1
attenuation rate were significantly correlated with HMRS liver fat content (ultrasound hepatic/renal ratio:
r = 0.952, P = 0.000; hepatic echo-intensity attenuation r = 0.850, P = 0.000). The equation for predicting
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liver fat content by ultrasound (quantitative ultrasound
model) is: liver fat content (%) = 61.519 × ultrasound
hepatic/renal ratio + 167.701 × hepatic echo-intensity attenuation rate -26.736. Spearman correlation
analysis revealed that the liver fat content ratio of the
quantitative ultrasound model was positively correlated
with serum alanine aminotransferase, aspartate aminotransferase, and triglyceride, but negatively correlated
with high density lipoprotein cholesterol. Receiver operating characteristic curve analysis revealed that the
optimal point for diagnosing fatty liver was 9.15% in
the quantitative ultrasound model. Furthermore, in the
quantitative ultrasound model, fatty liver diagnostic
sensitivity and specificity were 94.7% and 100.0%,
respectively, showing that the quantitative ultrasound
model was better than conventional ultrasound methods or the combined ultrasound hepatic/renal ratio and
1
hepatic echo-intensity attenuation rate. If the H-MRS
liver fat content had a value < 15%, the sensitivity and
specificity of the ultrasound quantitative model would
be 81.4% and 100%, which still shows that using the
model is better than the other methods.
CONCLUSION: The quantitative ultrasound model is
a simple, low-cost, and sensitive tool that can accurately assess hepatic fat content in clinical practice. It
provides an easy and effective parameter for the early
diagnosis of mild hepatic steatosis and evaluation of
the efficacy of NAFLD treatment.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Non-alcoholic fatty liver disease; Ultrasound
hepatic/renal ratio; Ultrasound hepatic echo-intensity
attenuation rate
Core tip: The quantitative ultrasound model is a simple, low-cost, and sensitive tool that can accurately assess hepatic fat content in clinical practice. It provides
an easy and effective parameter for early diagnosis of
mild hepatic steatosis and evaluation of the efficacy of
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non-alcoholic fatty liver disease treatment.
Zhang B, Ding F, Chen T, Xia LH, Qian J, Lv GY. Ultrasound hepatic/renal ratio and hepatic attenuation rate for quantifying liver
fat content. World J Gastroenterol 2014; 20(47): 17985-17992
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i47/17985.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i47.17985

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is one of the
most important causes of chronic liver disease. At present, the prevalence of NAFLD has been increasing year
by year, reaching 30% in Europe and the United States
and about 15% in Asia[1]. NAFLD is closely associated
with the occurrence of many chronic diseases, such as
diabetes and cardiovascular diseases. NAFLD was also
reported to be associated with increased insulin resistance[2]. A meta-analysis showed that the prevalence of
diabetes significantly increased in patients with NAFLD,
and was 2-3 times higher than normal[3]. If the disease is
not diagnosed early, abnormal glucose metabolism and
cardiovascular disease could easily manifest in patients
with NAFLD. Hence, early diagnosis of NAFLD could
help predict the occurrence of diabetes and cardiovascular disease, which is important in preventing these
chronic diseases from developing further.
At present, the gold standard for diagnosing NAFLD
is liver biopsy. However, liver biopsy is invasive and may
cause serious complications - a method not suitable for
screening NAFLD. 1H magnetic resonance spectroscopy
(1H-MRS) is a noninvasive technique that can quantitatively detect NAFLD with high sensitivity. However, using
this technique is not practical for screening NAFLD, due
to equipment requirements and high cost[4]. Therefore, it
appears that there is an urgent need for screening early
NAFLD by using simpler and more efficient methods.
Liver ultrasonic scanning is one of the common methods for diagnosing NAFLD, but this method can be easily
affected by subjective factors; hence, this method cannot
accurately detect liver fat content. As a result, it is difficult
to diagnose NAFLD at an early stage. However, with the
development of computer technology, it is now possible
to quantitatively determine liver fat content by the ultrasound hepatic/renal ratio. Xia et al[5] found that the ultrasound hepatic/renal ratio significantly correlated with
liver biopsy and 1H-MRS in determining liver fat content,
which implied that the ultrasound hepatic/renal ratio
could partly reflect NAFLD development. In addition,
the hepatic echo-intensity attenuation rate is an ultrasonic
quantitative indicator; and Kwon et al[6] found that the
hepatic echo-intensity attenuation rate showed a correlation with the degree of NAFLD in animal experiments;
however, results were obtained by applying these two
methods had low accuracy. Szczepaniak et al[7] found that
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the sensitivity and specificity of the ultrasound hepatic/
renal ratio (62.7%) and the hepatic echo-intensity attenuation rate (68.0%) in fatty liver diagnosis were 64.7% and
70.0%, respectively. Sensitivity and specificity were still
not able to achieve the requirements for clinical diagnosis
of NAFLD. Physicians need a mature quantitative ultrasound model that can provide simple, accurate, and stable
results in evaluating liver fat content.
Hence, in our hypothesis, we propose a combined
ultrasound hepatic/renal ratio and hepatic echo-intensity
attenuation rate evaluation; compensating for their
shortcomings and improving the accuracy of detecting
NAFLD. This study aims to explore a simple, low-cost,
and sensitive model that can detect liver fat content. The
specificity and sensitivity of this new evaluation model
were determined.

MATERIALS AND METHODS
Subjects
From December 2012 to October 2013, 129 patients
with NAFLD in our hospital were enrolled according to
the following inclusion criteria: (1) diagnosed with fatty
liver by ultrasound; (2) no recent heavy drinking history;
(3) did not take drugs that could affect liver functions
and liver fat; and (4) no serious liver or kidney disease.
The 129 NAFLD patients had a mean age of 45.3 ±
7.1 years; 83 cases were diagnosed with mild fatty liver
and 46 cases were diagnosed with severe fatty liver. The
41 healthy subjects diagnosed without fatty liver were
enrolled in the control group.
Methods
Anthropometric measurement and biochemical detection:
The height, weight, waistline, and hipline measurements
were taken from the patients; body mass index (BMI) and
waist/hip ratios were then calculated. Triglyceride (TG),
total cholesterol (TC), high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C),
and liver enzyme, alanine and aspartate aminotransferase
(AST, ALT) serum levels were recorded.
Fat content detection by 1H-MRS: The liver fat content of all subjects were detected by 1H-MRS. The right
lobe of the liver was located when patients were lying
in the supine position. Areas under the water peak and
fat peak were recorded. Liver fat content was calculated
as [liver fat content (%) = area under the fat peak ×
100/(area under the fat peak + area under the water
peak)]. Liver fat content ≥ 5.56% was defined as fatty
liver[7-9].
Ultrasound hepatic/renal ratio and hepatic echointensity attenuation rate analysis: All subjects underwent color Doppler ultrasound examinations. Ultrasonic
images were analyzed by MATLAB software. Average
gray-scale intensities were determined in liver and renal
cortex regions of interest (ROIs). The hepatic/renal ratio
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Figure 1 Ultrasonic liver image with hepatic/renal ratio and hepatic echo-intensity attenuation rate. A: Ultrasonic liver image with hepatic/renal ratio. ROI-1 and
ROI-2 stands for the echo gray histograms of the liver and kidney cortex ROIs; B: Ultrasonic liver image with hepatic echo-intensity attenuation rate. ROI-1 and ROI-2
stands for the near-field and far-field echo gray histograms of the liver. ROI: Region of interest.

was calculated according to the equation: hepatic/renal
ratio = mean gray-scale intensity of the liver/mean grayscale intensity of the renal cortex (Figure 1A). Two liver
ROI samples were selected at a depth of 4-6 cm from
the near-field of the same beam. The distance between
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the two ROIs were measured (Figure 1B). The hepatic
echo-intensity attenuation rate was calculated according
to the equation: hepatic echo-intensity attenuation rate
= (lnAn-lnAf)/(∆d × f); where An and Af represent the
mean echo intensity of the near-field and far-field ROIs,
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Figure 2 Linear correlation analysis between 1H-magnetic resonance spectroscopy liver fat content and ultrasound hepatic/renal ratio (A), and hepatic
echo-intensity attenuation rate (B). The illustration shows that the 1H-MRS liver fat content that was determined significantly correlated with (A) the ultrasound hepatic/renal ratio (r = 0.952, P = 0.000) and (B) the hepatic echo-intensity attenuation rate (r = 0.850, P = 0.000). MRS: Magnetic resonance spectroscopy.

dicting liver fat content. P < 0.05 indicates that the differences were statistically significant.

Table 1 General data comparison of the two groups
Classification
Age (yr)
Gender (male/female)
BMI (kg/m2)
Waist/hip ratio
ALT (IU/L)
AST (IU/L)
TC (mmol/L)
TG (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)
Ultrasound hepatic/
renal ratio
Hepatic echo-intensity
attenuation rate
(cm-1·MHz-1)

Non-fatty liver
group (n = 41)

Fatty liver group
(n = 129)

P

54.32 ± 6.24
20/21
24.11± 0.73
0.86 ± 0.02
18 (11-22)
18 (14-25)
1.03 (0.75-1.22)
4.87 ± 0.27
1.42 ± 0.05
3.01 ± 0.23
0.55 ± 0.01

53.72 ± 5.81
67/62
27.38 ± 0.64
0.93 ± 0.01
35 (18-41)
24 (18-39)
1.72 (1.35-2.43)
5.02 ± 0.18
1.18 ± 0.04
2.98 ± 0.15
0.80 ± 0.04

0.182
0.613
0.005
0.001
0.001
0.001
0.000
0.532
0.003
0.672
0.000

-0.0193 ± 0.0031

0.0027 ± 0.0016

0.000

RESULTS

BMI: Body mass index; TG: Triglyceride; TC: Total cholesterol; HDL-C:
High density lipoprotein cholesterol; LDL-C: Low density lipoprotein cholesterol.

respectively; ∆d is the line distance between the two ROIs
and f is the ultrasonic transducer frequency.
Statistical analysis
Data was analyzed using SPSS 18.0 statistical software
(SPSS Inc., Chicago, IL, United States). Numerical variable data with normal distribution were recorded as (mean
± SD). Spearman correlation analysis was performed
between the quantitative ultrasound parameters and 1HMRS liver fat content. The optimum qualitative diagnosis
point of the NAFLD and quantitative fat content estimation by ultrasound were determined by receiver operating characteristic (ROC) curve analysis. The optimum
ultrasonic quantity point was confirmed by the Youden
index [maximum value of (sensitivity + specificity-1)].
Logistic regression analysis was used for the quantitative
ultrasound parameters to determine the equation for pre-
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Analysis of the subject’s general data
Based on the diagnostic standard (liver fat content ≥
5.56% defined as fatty liver) determined by 1H-MRS,
the subjects were divided into two groups, the fatty liver
group and the non-fatty liver group. The general data of
the two groups was compared. BMI, waist/hip ratio, and
serum ALT, AST, and TC levels of the fatty liver group
were significantly higher than the non-fatty liver group,
while serum HDL-C levels were significantly lower. The
differences were statistically significant (P < 0.05). The
age, gender, TG, and LDL-C differences between the
two groups were not statistically significant (P > 0.05).
The ultrasound hepatic/renal ratio and hepatic echointensity attenuation rate of the fatty liver group were
significantly higher than the non-fatty liver group; and
the differences were statistically significant (P < 0.05)
(Table 1).
Correlation between quantitative ultrasound parameters
and liver fat content determined by 1H-MRS
Correlation analysis revealed that the ultrasound hepatic/renal ratio and hepatic echo-intensity attenuation
rate were significantly correlated with 1H-MRS liver fat
content (ultrasound hepatic/renal ratio: r = 0.952, P =
0.000; hepatic echo-intensity attenuation r = 0.850, P =
0.000) (Figure 2).
Defining the quantitative ultrasound model for liver fat
content estimation
1
H-MRS liver fat content was set as a dependent variable.
Multiple linear regression analysis was utilized to screen
the main quantitative parameters for liver fat content estimation. The ultrasound hepatic/renal ratio was the stron-
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Table 2 Quantitative ultrasound index estimation model for liver fat content
Model

Liver fat content

1
2

Regression coefficients ± SD
Ultrasound hepatic/
renal ratio

Hepatic echo-intensity
attenuation rate

Constant

72.012 ± 3.445
61.519 ± 4.311

167.701 ± 42.115

-34.704 ± 2.302
-26.736 ± 3.012

-34.704 ± 2.302
-26.736 ± 3.012

P value

Corrective R

0.000
0.000

79.0%
80.1%

2

RMSE

6.12
5.33

Model 1: Ultrasound hepatic/renal ratio model to estimate 1H-MRS liver fat content. Model 2: Hepatic echo-intensity attenuation rate model to estimate 1HMRS liver fat content. RMSE: Root mean square error; 1H-MRS: 1H-magnetic resonance spectroscopy.

Table 3 Correlation analysis between metabolic indices and liver fat content determined by the quantitative ultrasound model

r
P

AST

ALT

TC

TG

HDL-C

LDL-C

0.301
0.001

0.411
0.000

0.015
0.721

0.512
0.000

-0.331
0.001

-0.079
0.332

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TG: Triglyceride; TC: Total cholesterol; HDL-C: High density lipoprotein cholesterol;
LDL-C: Low density lipoprotein cholesterol.

gest predictor of liver fat content (corrective R2 = 79.0%,
P = 0.000). When combined with the hepatic echointensity attenuation rate, a higher estimation accuracy
can be achieved (corrective R2 = 80.1%, P = 0.000). The
equation for liver fat content prediction by ultrasound
(quantitative ultrasound model) was: liver fat content (%)
= 61.519 × ultrasound hepatic/renal ratio + 167.701 ×
hepatic echo-intensity attenuation rate -26.736 (Table 2).
Correlation analysis between the metabolic indices and
the liver fat content quantitative ultrasound model
Spearman correlation analysis revealed that the liver fat
content quantitative ultrasound model was positively correlated with serum ALT, AST, and TG, but negatively correlated with HDL-C; however, it was not correlated with
serum LDL-C and TC (Table 3).
Fatty liver diagnosis by the quantitative ultrasound
model and conventional ultrasound
ROC analysis revealed that the optimum point of fatty
liver diagnosis was 9.15%, using the quantitative ultrasound model. When 1H-MRS was set as the gold standard for diagnosing fatty liver by the quantitative ultrasonic model, the sensitivity and specificity for fatty liver
diagnosis were 94.7% and 100.0%, respectively. These
results were better than using the conventional ultrasound method, or single use of the ultrasound hepatic/
renal ratio and the hepatic echo-intensity attenuation
rate. A subgroup analysis was also performed, where
1
H-MRS liver fat content was < 15%; the results for the
sensitivity and specificity of the quantitative ultrasound
model were 81.4% and 100%, respectively. These results
are still better than applying other methods (Table 4).

DISCUSSION
In this study, the ultrasound hepatic/renal ratio and hepatic echo-intensity attenuation rate significantly correlated
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with 1H-MRS liver fat content. The sensitivity and specificity of fatty liver diagnosis by the novel quantitative
ultrasound model (hepatic/renal ratio and hepatic echointensity attenuation rate combination) were significantly
higher than by conventional ultrasound; which implies
that the quantitative ultrasound model can conveniently
and accurately determine liver fat content. We hope that
this model could provide a convenient and effective
method for diagnosing NAFLD and mild fatty liver degeneration.
Correlation between ultrasound hepatic/renal ratio,
hepatic echo-intensity attenuation rate, and 1H-MRS liver
fat content
Currently, 1H-MRS is considered the gold standard for
determining liver fat content[10,11]. In this study, the hepatic/renal ratio and hepatic echo-intensity attenuation
rate were highly correlated with 1H-MRS liver fat content;
suggesting that these methods could also accurately assess liver fatty content as well. Compared with 1H-MRS,
these methods are more convenient, economic, and easy
to operate[3,12,13], which can be used as new tools for clinical NAFLD diagnosis.
Efficacy comparison of the quantitative ultrasound
model and conventional ultrasound in fatty liver
diagnosis
This study shows that the sensitivity and specificity of
fatty liver diagnosis, by the ultrasound hepatic/renal ratio
and hepatic echo-intensity attenuation rate, were significantly better than the conventional ultrasound method.
Furthermore, combining the two methods and the quantitative ultrasound model resulted in better sensitivity
and specificity, which implies that the quantitative ultrasound model could significantly improve the sensitivity
and specificity of fatty liver diagnosis. A possible reason
for this observation is that the traditional standard for
ultrasound fatty liver diagnosis is relatively subjective and
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Table 4 Comparison of fatty liver diagnosis by the ultrasound quantitative model, the ultrasound hepatic/renal ratio, the hepatic
echo-intensity attenuation rate, and conventional ultrasound
1

Group

H-MRS diagnosis of fatty liver

All subjects
Quantitative ultrasound model
Conventional ultrasound
Ultrasound hepatic/renal ratio
Hepatic echo-intensity attenuation rate
Subjects with fatty content < 15% (1H-MRS)
Quantitative ultrasound model
Conventional ultrasound
Ultrasound hepatic/renal ratio
Hepatic echo-intensity attenuation rate

Sensitivity (%)

Specificity (%)

Positive predictive value (%)

Negative predictive value (%)

94.7
83.7
88.3
86.7

100.0
70.7
84.5
78.7

100.0
90.0
94.2
92.0

82.6
58.0
72.4
67.0

81.4
47.6
67.5
55.6

100.0
70.3
81.7
74.3

100.0
73.1
87.6
82.1

84.5
62.7
70.3
68.7

1

H-MRS: 1H-magnetic resonance spectroscopy.

can easily result in misdiagnosis[14-16]. However, a computer-assisted quantitative ultrasound model makes the
fatty liver objective and quantitative, which cannot easily
be influenced by subjective factors and avoids subjective
deviation[5,17,18]. Meanwhile, this method can accurately
provide quantitative liver fat content information; overcoming the limitations of a qualitative-only diagnosis
performed by conventional ultrasound.
Efficiency of the quantitative ultrasound model in mild
fatty liver diagnosis
The result shows that the sensitivity and specificity of
mild fatty liver diagnosis by quantitative ultrasound model is significantly higher than by ultrasound hepatic/renal
ratio, hepatic echo-intensity attenuation rate, or conventional ultrasound. The result also indicates that even with
a slightly echo-enhanced ultrasound image of the liver,
fatty liver still could not be distinguished by the naked
eye; but fatty liver could be identified early by using the
indices of the quantitative ultrasound model. Hence, patients with early fatty liver can be diagnosed by using the
quantitative ultrasound model[19,20]. Moreover, the quantitative ultrasound model is more convenient and easier to
operate than the 1H-MRS, especially for early fatty liver
screening in a large population.
Correlation analysis between metabolic indices and fat
content by the quantitative ultrasound model
The study showed that liver fat content determined by
quantitative ultrasound model was positively correlated
with serum ALT, AST, and TG, but negatively correlated
with HDL-C; suggesting a correlation with liver function
and blood lipids. The result was similar to the previous
studies on determining liver fat content by 1H-MRS[21-23].
Most patients diagnosed with fatty liver have liver function damage and dyslipidemia. The quantitative ultrasound model can detect this correlation, and we hope
that this method could be a useful tool for detecting fatty
liver in clinical practice.
Limitation
There are still some deficiencies in this study. At present,
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the strictest standard for diagnosing fatty liver is liver biopsy. In our study, 1H-MRS detection was set as the golden standard for diagnosing NAFLD and not liver biopsy,
because of the high risk of complications. We believe that
1
H-MRS is a relatively accurate and reliable method for
diagnosing fatty liver, because this method was used as
the diagnostic criteria for several large-scale studies. Many
studies have also shown that 1H-MRS was consistent with
liver biopsy, in terms of diagnosing fatty liver[24-28].
In conclusion, the study successfully established the
quantitative ultrasound model for liver fat content; by
combining the ultrasound hepatic/renal ratio and hepatic
echo-intensity attenuation rate, liver fat content can be accurately determined. The study also provides a simple and
effective method for the early diagnosis of mild NAFLD
degeneration.
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be diagnosed in a timely manner. Hence, early diagnosis of NAFLD could predict the occurrence of diabetes and cardiovascular disease: an important factor
in preventing the development of these chronic diseases.
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The gold standard for NAFLD diagnosis is liver biopsy. However, this method
is invasive and may cause serious complications. Furthermore, this method is
not suitable for screening NAFLD. We established that liver fat content could
be quantitatively detected by the ultrasound hepatic/renal ratio. Moreover, the
hepatic echo-intensity attenuation rate is a quantitative ultrasound indicator.
However, its sensitivity and specificity did not meet the requirement for clinically diagnosing NAFLD. Therefore, physicians need a mature quantitative
ultrasound model that can provide a simple, accurate, and stable method for
evaluating liver fat content.

Innovations and breakthroughs

This study successfully established the quantitative ultrasound model for determining liver fat content by combining the ultrasound hepatic/renal ratio and
hepatic echo-intensity attenuation rate; which can accurately reflect liver fat
content. The study also provides a simple and effective method for diagnosing
early mild NAFLD degeneration.

Applications

The quantitative ultrasound model can conveniently and accurately determine
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liver fat content. We hope it can provide a convenient and effective method for
diagnosing NAFLD and mild fatty liver degeneration.
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Abstract
AIM: To compare the interpretation of probe-based
confocal laser endomicroscopy (pCLE) findings between endoscopists and gastrointestinal (GI)-pathologists.
METHODS: All pCLE procedures were undertaken
and the endoscopist rendered assessment. The same
pCLE videos were then viewed offline by an expert GI
pathologist. Histopathology was considered the gold
standard for definitive diagnosis. The sensitivity, specificity and accuracy for diagnosis of dysplastic/ neoplastic GI lesions and interobserver agreement between
endoscopists and experienced gastrointestinal pathologist for pCLE findings were analyzed.
RESULTS: Of the 66 included patients, 40 (60.6%)
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had lesions in the esophagus, 7 (10.6%) in the stomach, 15 (22.7%) in the biliary tract, 3 (4.5%) in the
ampulla and 1 (1.5%) in the colon. The overall sensitivity, specificity and accuracy for diagnosing dysplastic/
neoplastic lesions using pCLE were higher for endoscopists than pathologist at 87.0% vs 69.6%, 80.0%
vs 40.0% and 84.8% vs 60.6% (P = 0.0003), respectively. Area under the ROC curve (AUC) was greater for
endoscopists than the pathologist (0.83 vs 0.55, P =
0.0001). Overall agreement between endoscopists and
pathologist was moderate for all GI lesions (K = 0.43;
95%CI: 0.26-0.61), luminal lesions (K = 0.40; 95%CI:
0.20-0.60) and those of dysplastic/neoplastic pathology
(K = 0.55; 95%CI: 0.37-0.72), the agreement was poor
for benign (K = 0.13; 95%CI: -0.097-0.36) and pancreaticobiliary lesions (K = 0.19; 95%CI: -0.26-0.63).
CONCLUSION: There is a wide discrepancy in the
interpretation of pCLE findings between endoscopists
and pathologist, particularly for benign and malignant
pancreaticobiliary lesions. Further studies are needed
to identify the cause of this poor agreement.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Confocal endomicroscopy; Gastointestinal;
Interobserver variation
Core tip: Probe-based confocal endomicroscopy (pCLE)
has emerged as a valuable tool in the diagnosis and
management of gastrointestinal disorders. It has
helped the endoscopist to make real time decisions
and targeted biopsies. Histopathology still remains
the gold standard. We compared the interpretation of
pCLE findings between an endoscopist and a dedicated
gastrointestinal pathologist and found there was a
discrepency in the intepretation of the same findings
between them. This is interesting as the endoscopist
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has a different approach of intepreting real time endomicroscopy compared to that of a pathologist.

A
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and gastrointestinal pathologists for the interpretation of
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20 μm

B

INTRODUCTION
Endoscopic tissue sampling with histopathology is considered the gold standard for diagnosis and management
of most gastrointestinal (GI) disorders. The differentiation between benign and malignant lesions is vital to
further management. Even though random biopsies
are considered the norm, they are also involved in flaws
such as sampling errors along with an incremental cost
that may be incurred[1,2]. Confocal laser endoscopy (CLE)
is a new endoscopic technology developed to obtain
high resolution images of the gastrointestinal mucosa allowing in vivo and real time endomicroscopic analysis of
the targeted tissue[3-5]. It enables differentiation between
malignant and benign lesions crucial for clinical decision
making. Based on defined criteria, the interpreter is able
to make distinguishing decisions on the nature of the lesion for subsequent therapy[6].
The principle of CLE is based on tissue reflectance or
tissue fluorescence after application of fluorescence agents
(e.g., fluorescein sodium) generating images that demonstrate cellular architecture and microvasculature that is
comparable with traditional histology. Several studies have
shown the usefulness of this technology in determining
pathology in a wide range of GI tissue sites such as Barrett’s esophagus (BE) (Figure 1), duodenum, colonic mucosa and pancreatic biliary lesions[7-16]. From these studies it has been shown that CLE can be performed and
interpreted accurately after adequate training. However,
it is still not clear what the learning curve for adequate
diagnosis and interpretation using this new technology
will be in predicting better outcomes. Understanding this
will have long term effects on operating costs while enhancing the benefit to the patient.
In this context, we postulated that an endoscopist
had the capability of real time imaging while a pathologist would have the inherent advantage of histopathological cellular differentiation. We therefore aimed to
evaluate the differences in interpretation of probe-based
CLE (pCLE) findings between them.

MATERIALS AND METHODS
Patient recruitment
Consecutive patients undergoing endoscopy with pCLE

WJG|www.wjgnet.com
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Figure 1 Probe-based confocal laser endomicroscopy images of Barrett’s esophagus. A: Barrett‘s esophagus with intestinal metaplasia; B: Barrett‘s esophagus
with dysplasia; C: Barrett‘s esophagus with neoplasia or carcinoma.

at a tertiary medical center were identified. Eligibility for
this study consisted of an indication for endoscopy with
pCLE such as Barrett esophagus, undetermined gastric
or colonic polyps, ampullary neoplasms or bile duct stricture. Exclusion criteria were the following: age < 18 years,
inability to give written informed consent, coagulopathy,
renal failure or known allergy to fluorescein sodium. The
study was approved by the Institutional Review Board of
the University of Alabama at Birmingham (UAB).
Study design
Patients underwent endoscopy (GIF; Olympus America,
Center Valley, PA, United States) and were followed by
pCLE (Cellvizio; Mauna Kea Technologies, Paris, France).
pCLE was performed using 3 different probes appropriate
for the area of pathology studied: (1) GastroFlex UHD; (2)
CholangioFlex UHD; and (3) ColoFlex UHD. The probe
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(diameter 2.5 mm) was inserted through the accessory
channel and gently approached to the mucosa as previously descripted[5]. The depth of imaging was 40-70 mm
for CholangioFlex probes, and 55-65 mm for GastroFlex
and ColoFlex probes. The maximal field of view is 325
mm for Cholangio-Flex probes, 600 mm for GastroFlex
and ColoFlex probes, and 240 mm for GastroFlex UHD
and ColoFlex UHD. The lateral resolution is 3.5 mm
for CholangioFlex and 1 mm for GastroFlex UHD and
ColoFlex UHD. The images were scanned with a rate of
12 frames per second, hence demonstrating a real-time
video on a second screen that is positioned next to the
endoscopy monitor. For tissue contrast, 5 mL intravenous
fluorescein (10%; Alcon Pharma, Novartis, E Hanover,
NJ, United States) was used, which has been shown to be
safe in ophthalmology and previous CLE studies[17].
Real time pCLE interpretation was rendered for all
lesions after endoscopic evaluation of the area and lesion
and images were stored as video sequences as well as images. pCLE image interpretation was performed according to updated Miami criteria for pCLE[6]. The results
were recorded in Excel worksheets. Subsequent biopsies
were taken from all studied areas; these were collected
after detection of the lesion, after interpretation of the
image via pCLE. Histologic samples were processed by
using standard procedures and evaluated by an expert
pathologist specialized in gastroenterology. Biopsies were
classified at histology according to the type of epithelium (inflammatory or hyperplastic polyp, tubular, tubulovillous, or villous adenoma) and degree of dysplasia
(none, low-grade, high-grade, or cancer) according to
the updated Vienna criteria for the diagnosis of GI neoplasia, omitting the category moderate dysplasia[18]. The
histologic slides were separately reviewed by a dedicated
gastrointestinal pathologist. Histology was considered the
gold standard for diagnosis.
Video and image evaluation
Learning phase: In order to standardize image interpretation the gastroenterologists (and the GI pathologist underwent special training with formal certification
in defining criteria of lesions using pCLE according to
updated Miami classification[6]. Therefore, a total of 20
videos and image sets were used to train the participants
using a standardized training set from Cellvizio, Mauna
Kea Technologies. Some of the topics of the videos included lesions from the esophagus e.g., Barrett’s (normal
or neoplastic), colonic lesions (hyperplastic vs neoplastic)
or pancreaticobiliary lesions. The training included didactic teaching involving approximately 6 h and culminating
in an exam format. All endoscopists were naïve to this
tool similarly the pathologist had no previous experience.
Practice phase: The three endoscopists performed a total of 70 cases of pCLE during the study period.
Study phase: Image selection and image evaluation was
done and a total of 70 video clips with images of consec-
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utive patients were selected. First, the endoscopist rated
the histological diagnosis based on pCLE findings and
results were entered in Excel worksheets. Accordingly,
the pCLE videos were viewed offline by the expert GI
pathologist who was blinded to the image interpretation
of the endoscopist. The videos were defined as “benign”
or “dysplasia/neoplasia” if they contained dysplasia or
cancer. From the selected consecutive pCLE videos,
the overall impression of the interpreters was evaluated
for any of the above changes (Figure 2). If images were
rendered not clear or difficult to interpret, this was also
included in the analysis.
Statistical analysis
Data from the study were entered into a Microsoft Excel (Microsoft Corporation, Washington, United States)
spreadsheet. Information from the GI physicians as well
as the GI pathologist was entered onto a case report
form and further entered into the Excel database. The
accuracy, sensitivity, specificity, positive predictive value
(PPV) and negative predictive value (NPV) for prediction
of benign/normal vs dysplasia/neoplasia was calculated
between them. Interobserver variability was calculated using the K statistic and results based on this were defined
as: poor < 0.2, fair 0.21-0.4, moderate 0.41-0.6, substantial 0.61- 0.8 and excellent 0.81-1[19]. Statistical analysis
was performed using SAS 9.2 (SAS Institute, Cary, NC,
United States).

RESULTS
A total of 70 consecutive patients undergoing pCLE
imaging were included in the study, 4, patients were
excluded because of incomplete information or poor
image files and quality (Figure 3). Sixty-six patients were
finally included, male 66.7%, female 33.3%, mean age
were 60.3 ± 13.6 years. Majority of patients underwent
pCLE for determination of indeterminate lesions 34
(51.5%) and surveillance 18 (27.3%) (Table 1). Of 66 patients, 40 (60.6%) had lesions in the esophagus, 7 (10.6%)
in the stomach, 15 (22.7%) in the biliary tract, 3 (4.5%)
in the ampulla and 1 (1.5%) in the colon (Table 1). The
pathologies included Barrett’s esophagus, colonic and
gastric polyps with indeterminate pre-pCLE diagnosis,
indeterminate biliary strictures, and ampullary lesions.
The overall sensitivity, specificity and accuracy for diagnosing dysplastic/neoplastic lesions using pCLE were
higher for endoscopists than pathologist at 87.0% vs
69.6%, 80.0% vs 40.0% and 84.8% vs 60.6% (P = 0.0003),
respectively. For luminal lesions (esophagus, stomach and
colon) they were 82.4% vs 64.7%, 92.9% vs 42.9% and
85.4% vs 58.3%. For ampullary and pancreaticobiliary lesions the results were 100% vs 83.3%, 50% vs 33.3% and
100% vs 50% (Table 2). Also, the area under the ROC
curve (AUC) was greater for endoscopists than the pathologist (0.83 vs 0.55, P = 0.0001) (Figure 4).
While the overall agreement between endoscopists
and pathologist was moderate for all GI lesions (K = 0.43;
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A

Neoplasia

Gastroenterologist interpretation of pCLE image

Dysplasia

Non-neoplastic lesion

B

Neoplasia

Pathologist interpretation of pCLE image

Dysplasia

Non-neoplastic lesion

Figure 2 Flow chart for interpretation of results. A: Anatomical site; B: Interpretation of Cellvizio image. pCLE: Probe-based confocal laser endomicroscopy.

Consecutive patients undergoing pCLE for GI disorders

Onsite reporting with endomicroscopist

Video/image of pCLE files selected n = 70

Excluded due to poor quality n = 4

Included for interpretation by GI pathologist n = 66

Sensitivity, specificity, NPV, PPV, accuracy for
interpretation of images for endomicroscopist and GI
pathogist using histopathology as gold standard

ROC curves drawn interobserver agreement

Figure 3 Flowchart of patient recruitment. pCLE: Probe-based confocal laser endomicroscopy; PPV: Positive predictive value; NPV: Negative predictive value.
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Table 1 Summary of patient and lesions characteristics n (%)

0.75

Characteristics
Mean ± SD
Median
IQR
Range
Female
Male
Black
White
Other
Esophagus

Gender
Race

Lesion type

Gastric

Colonic

Ampulla

Pancreaticobiliary

Indication for
pCLE

All
Normal/Benign
LGD
HGD
Neoplastic
All
Normal/Benign
LGD
HGD
Neoplastic
All
Normal/Benign
LGD
HGD
Neoplastic
All
Normal/Benign
LGD
HGD
Neoplastic
All
Normal/Benign
LGD
HGD
Neoplastic

Indeterminate lesion
Surveillance
Targeted biopsy ±
therapy
Other

60.3 ± 13.6
61.5
51-71
17-86
22 (33.3)
44 (66.7)
7 (10.6)
54 (81.8)
5 (7.6)
40 (60.6)
12 (30)
13 (32.5)
8 (20)
7 (17.5)
7 (10.6)
2 (28.6)
1 (14.3)
2 (28.6)
2 (28.6)
1 (1.5)
0
0
1 (100)
0
3 (4.5)
2 (66.7)
0
1 (33.3)
0
15 (22.7)
4 (26.7)
0
1 (6.7)
10 (66.7)
34 (51.5)

Sensitivity

Age (yr)

Pathologist AUC: 0.55

0.50
0.25
0.00
0.00

0.25

0.50

0.75

1.00

1-specificity

Figure 4 Receiver operating characteristic curves for endoscopists and
pathologist for diagnosis of dysplastic/neoplastic lesions using probebased confocal laser endomicroscopy.

18 (27.3)
13 (19.7)
1 (1.5)

pCLE: Probe-based confocal laser endomicroscopy.

95%CI: 0.26-0.61), luminal lesions (K = 0.40; 95%CI:
0.20-0.60) and those of dysplastic/neoplastic pathology
(K = 0.55; 95%CI: 0.37-0.72), the agreement was poor
for benign (K = 0.13; 95%CI: -0.097-0.36) and pancreatico-biliary lesions (K = 0.19; 95%CI: -0.26-0.63) (Table 3).

DISCUSSION
In this study we found that there was inconsistent agreement between endoscopists and an experienced GI
pathologist for the diagnosis of GI lesions using pCLE.
While the agreement for the diagnosis of dysplastic or
malignant lesions was moderate the concordance for benign lesions was suboptimal.
There are several potential reasons that may explain
these findings. It could be argued that endoscopists have
more practice reading endomicroscopy. This assumption
is unlikely, as pCLE is a relatively new technology and its
interpretation requires knowledge of microstructural (i.e.,
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Endoscopists AUC: 0.83

pathological) changes. We hypothesized that the pathologist will have the “natural” advantage of understanding
the cell structure given their expertise in cyto-pathological interpretation. This is one of the aspects that make
our study important, as we have shown that interpretation of images is not solely based on ultra-structural
knowledge. In addition, the interpretation is not only
based on still photos, but relies on video sequences as
well. This could be a challenge for a pathologist, who
loses the ability to “control” the slide specimen. Therefore, our study has clinical implications as it emphasizes
the necessity to implement and focus on training in interpretation of pCLE images and videos.
A crucial aspect of standard pathology is the ability to archive tissue and slides for future re-analysis and
processing. With pCLE there is also a possibility of
storing the “specimen” (i.e., imaged sequences) for future analysis. This feature is of paramount importance
as often a clear-cut diagnosis will not be established
during live endoscopy and review of the data will clarify
or allow the clinician to reach a diagnosis. It is also possible that the endoscopist has an inherent advantage of
achieving a diagnosis while performing the endoscopy.
In clinical practice there is usually a flood of clinical,
laboratory and radiological data that aids the physician
in reaching a diagnosis. In addition, during endoscopy,
there are additional features observed that can improve
the diagnostic yield. It could be argued that endoscopists
had an advantage as they were performing doing regular
endomicroscopy and thus had more skills to interpret
the images when confronted with them during the study
phase. In contrast, the GI pathologist could be considered relatively a “non-expert” given the experience with
documented didactic training on confocal endomicroscopy and had no onsite endoscopic real time expertise. Of note, we did not try to replace their individual
potential roles however aimed to see how best these
results were in relevance to enhance the overall reading
performance of confocal endomicroscopy and in effect
reduce the overall biopsy burden by specific targeting of
relevant areas. We theorized that such an analysis would
help in tailoring and understanding their specific roles
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Table 2 Comparison of diagnostic accuracy between endoscopists and pathologist

Endoscopist

Lesion site

Sensitivity (95%CI)

Specificity (95%CI)

PPV
(95%CI)

NPV
(95%CI)

Accuracy (95%CI)

All lesion types

87.0
(77.2-96.7)
82.4
(69.5-95.2)
100
(73.5-100)
69.6
(56.3-82.9)
64.7
(48.6-80.8)
83.3
(51.6-97.9)
-

80.0
(62.4-97.5)
92.9
(66.1-99.8)
50.0
(11.8-88.2)
40.0
(18.5-61.5)
42.9
(16.9-68.8)
33.3
(4.3-77.7)
-

90.9
(82.4-99.4)
96.6
(82.2-99.9)
80.0
(51.9-95.7)
72.7
(59.6-85.9)
73.3
(57.5-89.2)
71.4
(41.9-91.6)
-

72.7
(54.1-91.3)
68.4
(47.5-89.3)
100
(29.2-100)
36.4
(16.3-56.5)
33.3
(11.6-55.1)
50.0
(6.8-93.2)
-

84.8
(76.2-93.5)
85.4
(75.4-95.4)
83.3
(58.6-96.4)
60.6
(48.8-72.4)
58.3
(44.4-72.2)
66.7
(41.0-86.7)
< 0.0012
< 0.0012
0. 3752

Luminal1
Ampulla/PB
Pathologist

All lesion types
Luminal1
Ampulla/PB

P value for overall rates:
P value for luminal lesions:
P value for PB lesions:
1

Luminal lesions include lesions located in the esophagus, stomach and colon. 2P values were calculated using the McNemar’s test to compare the diagnostic accuracy between endoscopist and pathologist. P values cannot be calculated for sensitivity, specificity, NPV or PPV. PPV: Positive predictive value;
NPV: Negative predictive value; PB: Pancreaticobiliary.

Table 3 Inter-observer variation between endoscopists and
pathologist
Agreement kappa
Overall (all lesion types)
Lesion site:
Degree of abnormality

Luminal
Ampulla/PB
Benign
Dysplasia
Neoplasia
Dysplasia/
neoplasia
combined

73.7%
75.0%
70.4%
60.0%
84.0%
73.7%
79.7%

0.43
0.40
0.19
0.13
0.58
0.07
0.55

P value
< 0.001
< 0.001
0.191
0.102
< 0.001
0.114
< 0.001

within the multidisciplinary approach to further treatment.
Also, in our study we also wanted to reflect real practice and therefore selected to have a wide variety of pathologies to review. Thus, our study was unique such that
images designated and studied were well dispersed among
a varied spectrum of disorders including benign to malignant gastrointestinal lesions such as Barrett’s esophagus,
gastric polyps, colonic polyp, ampulla tumors and intrabiliary indeterminate strictures.
From the results, the endomicroscopists scored significantly better in overall interpretation of lesions than
the pathologist with higher accuracy, sensitivity and specificity. It seems to suggest that despite the advantage of
having cellular interpretation the pathologist wasn’t good
for interpreting confocal images. This could be related
to the tangential view as to how the cells are oriented
while imaging with the probe base laser device as compared to routine cross sectional microscopy for routine
histopathology. Secondly, the specific cell HE staining
for cellular morphology is not possible during endomicroscopy. Thirdly, there is a disadvantage of not able
to visualize these in real - time with close details of the
lesions within sight which would have resulted in higher
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accuracy reported in the endomicroscopy group.
In a previous study Dunbar et al[20] evaluated whether
the combined use of CLE and pathology improved the
diagnostic yield of Barrett esophagus-associated neoplasia as compared to standard endoscopy with fourquadrant biopsy protocol. Although the authors found
that targeted biopsy using CLE reduces the amount of
biopsies needed to make a diagnosis and significantly
improved the diagnostic yield for endoscopically in and
apparent BE neoplasia, the overall k value for all participants was also moderate at 0.56 (95%CI: 0.50-0.62).
Their study aimed primarily at evaluating the utility of
CLE for predicting mucosal histopathology. They could
not assess accuracy because mucosal biopsy was not routinely performed during the CLE procedure and in vivo
CLE imaging did not show HGD or cancer.
In another study by Gaddam et al[21] predefined pCLE
criteria were tested to evaluate the difference in interpretation of Barrett’s esophagus between experts and
non-experts consisting of all gastroenterologists. They
found that the accuracy in diagnosing dysplasia was 81.5
% (95%CI: 77.5%-81%), with no difference between experts vs non-experts k = 0.61 (0.53-0.69), suggesting that
both groups could interpret these images after a short
learning curve. Based on the results from our study we
believe that the skills to learn pCLE may be acquired
more slowly and depend on real-life endoscopy. The endoscopist has the benefit to control the scope, the angles
of visualization and the knowledge of what they saw.
Also the pathologist did not view the endoscopic images
enabling the endoscopist to have more elements for the
diagnosis as mentioned. These findings are of additional
importance as it would imply that regular experience of
live cases or continuous exposure to pCLE would be
important for a pathologist to acquire more skills in the
interpretation of images. The availability of images and/
or clips could enhance the pathologist’s ability to make
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a specific diagnosis. This demonstrates the importance
of joint collaboration and work of endoscopists and GI
pathologists. It is well known that close collaboration
during EUS-guided fine needle aspiration (FNA) and
on-site interpretation of cytological specimens improves
the diagnostic accuracy. This concept may need to be
applied to the training phase of CLE, thus inviting the
pathologist to participate during live endoscopy and acquire skills in CLE.
We want to acknowledge potential limitations of our
study. Firstly, the images were not selected and subsequently blinded for interpretation. This was because we
wanted to extrapolate or replicate a real time endomicroscopy scenario whereby onsite interpretation and diagnosis was done live by the endomicroscopist with further
biopsies sent to the pathologist. Nevertheless, the final
histopathology reports were blinded till the end of the
study of the study for final image reporting comparison
and analysis of reporting groups. Secondly, we did not
analyze differences in different criteria based on glandular
structures or microvasculature of lesions as we wanted
the interpretation to be simple as benign vs dysplastic/
neoplastic, also the fact there is a variation in interpretation between grades of dysplasia and neoplasia for routine histopathological samples. Thirdly, we did not aim to
look at differences between the endomicroscopists (i.e.,
interobserver agreement) rather compare this group with
a pathologist as we recognized each had a different role
and approach to interpretation and therefore were interested in bringing this out in this study. This is the topic
for further, ongoing studies. Also we acknowledge there
was heterogeneity in the lesions that were studied, however it seem to reflect the pCLE application in real time
clinical practice. Lastly we included one single pathologist
for the study and one might argue that the accuracy interpretation results might be improved with more expert
GI pathologists. We acknowledge this as a major limitation as assessment made by a single pathologist without
a consolidated experience may be affected by subjective
elements and therefore, the data has little value as indicator and cannot be generalized.
In summary, from our study we are able to show
that reporting can be done substantially between both
the gastroenterologist and the pathologist. However,
there seems to be discrepancy in the interpretation of
pCLE findings between them particularly for benign
and pancreaticobiliary lesions. Given the unique roles of
both the endomicroscopist and the pathologist, it will be
interesting to see if combining them helps in improving
the overall accuracy of pCLE interpretation. Further
studies are needed to identify how well endomicoscopic
and histopathological criteria can be molded together
by merging both distinguishable features. This will be
relevant especially in situations when results are indeterminate or the degree of dysplasia vs neoplasia is unclear.
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COMMENTS
COMMENTS
Background

Endoscopic tissue sampling with histopathology is considered the gold standard for diagnosis and management of most gastrointestinal (GI) disorders.
Even though random biopsies are considered the norm, they are also involved
in flaws such as sampling errors along with an incremental cost that may be
incurred.

Research frontiers

Newer imaging technology such as the confocal laser endoscopy (CLE) has
been developed to obtain high resolution images of the gastrointestinal mucosa
allowing in vivo and real time endomicroscopic analysis of the targeted tissue.

Related publications

Studies have shown that CLE can be performed and interpreted accurately
after adequate training. However, it is still not clear what the learning curve
for adequate diagnosis and interpretation using this new technology will be in
predicting better outcomes. Understanding this will have long term effects on
operating costs while enhancing the benefit to the patients.

Innovations and breakthroughs

This paper aims to compare the interpretation of CLE findings between endoscopists and GI pathologists, in order to achieve a better diagnostic reproducibility and confirmation of interpretation of in vivo images in situations where
results are indeterminate or the degree of dysplasia vs neoplasia is unclear.
The study is broad and covers much different pathology, not choosing to focus
on specific pathologic locations or lesions but assessing the sensitivity, specificity and accuracy of confocal microscopy for endoscopists and pathologists, then
comparing those rates. Endomicroscopy probe-based CLE (pCLE) procedures
were undertaken and the endoscopist rendered assessment. And then images
viewed offline by a GI pathologist. Using histopathology as a gold standard for
definitive diagnosis the study showed that the endoscopist was able to better
define the nature of the lesion in real time compared with the pathologist.

Applications

The study brings to light the “real world” differences one might encounter with
the interpretation of images using the confocal laser pCLE technology if the pathologist is not present in the room during the procedure. This is an initial study
and further, larger studies are needed to clarify the sensitivity and specificity of
this technology in specific lesions and pathologies based upon the results.

Terminology

CLE is based on tissue reflectance or tissue fluorescence after application of
fluorescence agents (e.g., fluorescein sodium) generating images that demonstrate cellular architecture and microvasculature that is comparable with
traditional histology. The pCLE is the device consisting of several fiber light
bundles (> 10000 optical fibers) with distal lens through which the laser beam
is transmitted while being connected to a laser-scanning unit and light source.
This is passed through the working channel of the endoscope and can be approximated to the targeted mucosal area in the gastrointestinal tract for further
visualization.

Peer review

The authors have conducted a well thought out study bringing to light the “real
world” differences one might encounter with the interpretation of images using
the confocal laser pCLE. The topic is of potential interest in clinical practice to
define and improve the outcome in endoscopic diagnosis. The paper is only
focused on the analysis of the differences in interpretation by the two specialists. Although the study is planned so correct enough, it contains limitations that
make the paper a pilot study.
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sis. The studies were divided into subgroups based on
the chemotherapy regimens, including Gem-based and
non-Gem-based chemotherapies. The overall analyses
revealed that the patients treated with Gem-based
combination chemotherapy had significantly higher
disease response rates [OR = 1.69, 95% confidence interval (CI): 1.17-2.43; P = 0.01], a longer progressionfree survival (MD = 1.95, 95%CI: 0.90-3.00; P = 0.00)
and a longer overall survival (MD = 1.85, 95%CI:
0.26-3.44; P = 0.02). A higher incidence of grade 3-4
hematological toxicities, including leukopenia (OR =
2.98, 95%CI: 1.44-6.20; P = 0.00), anemia (OR = 2.96,
95%CI: 1.79-4.92; P = 0.00) and neutropenia (OR =
2.80, 95%CI: 1.39-5.64; P = 0.00) was found in the
Gem-based combination chemotherapy group compared with the Gem monotherapy and non-Gem-based
chemotherapy groups.

Abstract

CONCLUSION: Gem-based combination chemotherapy is a potential first-line treatment for advanced biliary
tract cancer as a result of improved survival, though
with additional toxicity.

AIM: To investigate the efficacy and safety of gemcitabine (Gem)-based combination chemotherapies for
the treatment of advanced biliary tract cancer.
METHODS: Clinical trials were identified by searching
scientific literature databases (PubMed, EMBASE and
the Cochrane Library) for studies published between
1975 and 2013. Two reviewers independently evaluated
the relevant studies and manually searched references
from these reports to locate additional eligible studies.
The disease response and control rates, progressionfree and overall survivals, and the grade 3-4 toxicities
were evaluated by a meta-analysis. Odds-ratios (ORs)
of the disease response and control rates and grade
3-4 toxicities, and the mean difference (MD) of both
progression-free and overall survivals were calculated
and used for statistical analysis.
RESULTS: Seven randomized trials with a total of 858
patients were selected and included in the final analy-
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Core tip: To investigate the efficacy and safety of gemcitabine (Gem)-based combination chemotherapy for
the treatment of advanced biliary tract cancer, the
authors analyzed the potential impact of Gem-based
combination chemotherapy and other regimens on the
outcomes and toxicities of the patients using metaanalysis methodologies. Meta-analysis showed that
compared with Gem monotherapy and non-Gem-based
chemotherapy, Gem-based combination chemotherapy
provided a modest improvement in survival but was associated with more toxicity.
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analysis to evaluate the efficacy and safety of Gem-based
combination chemotherapy in advanced BTC treatment.
The aim of this study was to assess whether Gem-based
combination chemotherapy improves BTC prognosis
compared with other treatment regimens.

MATERIALS AND METHODS
INTRODUCTION
Biliary tract cancer (BTC) refers to tumors that develop
in the bile ducts and gall bladder and includes cholangiocarcinomas and gallbladder carcinomas[1]. BTC is a heterogeneous group of relatively rare tumors that account
for about 3% of all gastrointestinal malignancies[1] and
is the second most common cause of primary hepatic
tumors[2]. Globally, hepatobiliary malignancies account
for 13% of cancer-related deaths; 10%-20% of these
deaths are attributable to BTC[3]. Epidemiologic studies
have indicated that the incidence of BTC has increased
rapidly worldwide in previous decades, particularly in
Asian countries[1,4,5]. Despite advances in the diagnosis,
staging and surgical management of BTC during the
past decade, patients with BTC have a reported fiveyear survival rate that approaches only 15% [4] and an
overall median survival of only 6.3 mo[6]. Surgical resection may be the only potentially curative therapeutic option. Unfortunately, due to the late clinical presentation,
most BTC patients are diagnosed at an advanced stage
when surgical resection is not feasible and treatment options are limited[5]. Hence, chemotherapeutic treatment
is usually recommended for patients with unresectable
advanced BTC or for patients who relapse subsequent to
surgery[7].
Gemcitabine (Gem) emerged as a treatment for pancreatic cancer and has been explored as a treatment for
advanced biliary cancer since 1998[8]. To improve the
clinical efficacy, systemically administered Gem is often
combined with a second cytotoxic agent, such as platinum
analogs, fluoropyrimidine, or a targeted cytotoxic agent.
The results from several phase Ⅱ studies suggest that
Gem, alone or in combination with other agents, has been
relatively effective for treating BTC[5,9]. However, most of
these studies were small, single-arm and nonrandomized
trials. Therefore, the role of Gem-based chemotherapy
for patients with advanced BTC has not been clearly established. Until 2010, data from the largest randomized
biliary tract trial to date indicated that the overall survival
was significantly higher in the Gem and cisplatin arms vs
the Gem single-agent treatment (11.7 mo vs 8.1 mo)[10].
Based on these results, Gem combined with cisplatin was
established as the new standard of therapy for advanced,
unresectable BTC[7]. Since that time, several randomized
trials[11-14] comparing Gem-based combination chemotherapy with other regimens have been published. However, the results of these trials were conflicting, which has
made the role of Gem-based combination chemotherapy
controversial. Using these data, we conducted a meta-
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Search methods
PubMed, EMBASE and the Cochrane Library were systematically searched using the following combination of
search terms: “biliary tract cancer”, “gallbladder carcinoma”, “cholangiocarcinoma” and “gemcitabine”. The
search was performed in August 2013 and updated in
November 2013 to identify relevant publications between
1975 and 2013; there were no language restrictions. All
potentially relevant studies were retrieved, and their references were evaluated to identify additional eligible studies.
Inclusion and exclusion criteria
Studies were eligible for inclusion in the meta-analysis if
they met all of the following criteria: (1) advanced BTC
patients (with unresectable or metastatic cancer); (2)
Gem-based combination chemotherapy at any line; (3) reported disease response rate (DRR), disease control rate
(DCR), progression-free survival (PFS), overall survival
(OS) and toxicities; and (4) structured as randomized
controlled trials. Non-randomized trials and studies that
repeated existing research were excluded to avoid clinical
heterogeneity between studies.
Date extraction and quality assessment
Two independent reviewers (Liu H and Zhang QD) extracted the data from the eligible studies. A third reviewer
(Lu LG) was consulted to resolve any disagreements. The
following data were extracted from the included studies:
first author’s name, year of publication, number of patients enrolled in each treatment group, patient age (median and range), proportion of male participants, treatment regimens, numbers and rates of DRR, DCR, PFS,
and OS and numbers and rates of each type of grade 3-4
toxicity.
Study quality was assessed with Jadad scores[15] using
the following criteria: quality of randomization, quality of
allocation concealment, quality of double-blinding, and
quality of withdrawals and dropouts in the study description. The studies scored one point for each criterion met.
Additional points were given for each of the following
conditions that were met: randomization sequence method was described by computer or randomized number,
method of allocation concealment was described and was
appropriate, or a detailed description of proper double
blinding methods was provided. Based on these criteria,
high-quality studies scored a total of at least four points.
Statistical analysis
Pooled odds ratios (ORs) with 95% confidence intervals
(CIs) were calculated for the DRR and the DCR using
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Records identified through
database search (n = 452)
Non relevant studies excluded
(n = 341)
Records identified after titles and
abstracts screened for clinical trials
(n = 111)
Studies excluded, n = 101
Phase 1, studies, n = 16
Phase 2, single arm studies, n = 85
Randomized clinical trials (n = 10)

3 studies excluded
Valle (2009): preliminary study
Lee (2012): comparison between
GEM-based combination therapies
Neoptolemos (2012): without
GEM-based combination therapy group

Studies included meta-analysis (n = 7)
Phase 2 studies, n = 6
Phase 3 study, n = 1

Figure 1 Flow diagram of the literature search and the study selection process. GEM: Gemcitabine.

Review Manger 5.2 software (Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2012).
The mean differences (MDs) with 95%CIs were calculated for the DRR and the DCR. Statistical heterogeneity
among studies was assessed using Cochran’s Q-test and
the I2 statistic[16]. A P value < 0.10 for the Q-test or an
I2 > 50% indicated study heterogeneity; in either case,
a DerSimonian-Laird random effects model was used.
Otherwise, a Mantel-Haenszel fixed effects method was
used. If heterogeneity was found, a sensitivity analysis
was performed to identify the potential sources of heterogeneity. Egger’s and Begg’s tests were used to measure
potential publication bias. Statistical significance from
two-sided analyses was indicated by a P < 0.05. Subgroup
analyses were used to compare the efficacy and safety of
gemcitabine-based combination chemotherapy with Gem
monotherapy and non-Gem-based chemotherapy.

RESULTS
Literature search and selection flow
The study selection flow is depicted in Figure 1. Initially,
452 records were identified from PubMed, EMBASE and
the Cochrane Library. After the initial review of the titles
and abstracts, 111 relevant clinical trials were retrieved for
detailed assessment, including ten randomized trials. As
the scheme depicts, seven studies[10-14,17,18] met our inclusion criteria and were included in the quantitative synthesis, while the other three studies[19-21] were excluded.
Characteristics and quality of selected studies
Table 1 summarizes the characteristics of the included
studies. Four different Gem-combination chemotherapy
regimens were involved in the studies: Gem and cispla-
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tin[10,11,18], Gem and S-1[12,13], Gem and oxaliplatin[17] and
Gem and mitomycin C[14]. The effects of Gem-combination chemotherapy were compared with Gem monotherapy in three studies[10,12,18] and with other chemotherapy
regimens in the remaining four studies[11,13,14,17]. The seven
trials provided data from a total of 858 patients (mean:
123; range: 51 to 410). Males accounted for 17.9%-66%
of all subjects, and the median patient age ranged from
47 to 75 years. All patients enrolled in the included studies had the following characteristics: histologically confirmed advanced local or metastatic biliary tract cancer
not amenable to surgical resection; no previous chemotherapy; Eastern Cooperative Oncology Group Performance Status scores between 0 and 2; and adequate liver,
renal and hematopoietic functions.
The details of grade 3-4 toxicity assessment are shown
in Table 2 and include leukopenia, neutropenia, anemia,
thrombocytopenia, increased alanine aminotransferase
(ALT) level, nausea, vomiting, anorexia and diarrhea.
All seven eligible studies[10-14,17,18] were randomized,
and two studies[13,14] described the method of randomization with definite descriptions. Allocation concealment
was performed using a proprietary algorithm in one of
the trials[13]. None of the trials reported double-blind procedures. Each trial included in the meta-analysis provided
a detailed description of the number of and reasons for
patient withdrawals and dropouts. Finally, two studies
scored 4 points or above (Table 3).
DRR
The DRRs were reported in all studies and ranged from
9.4%-36.4% without significant inter-study heterogeneity (Q = 6.69, df = 6, I² = 10%). The pooled OR of
the DRR estimated by the fixed effects model was 1.69
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Table 1 Study characteristics
Ref.

Year

Valle et al[10]

2010

Okusaka et al[18]

2010

Sasaki et al[12]

2013

Kornek et al[14]

2004

Sharma et al[17]

2010

Kang et al[11]

2012

Morizane et al[13]

2013

n

Treatment
GEM + CIS
GEM
GEM + CIS
GEM
GEM + S-1
GEM
GEM + MMC
MMC + CAPE
GEM + OX
FUFA
GEM + CIS
S-1 + CIS
GEM + S-1
S-1

Male (%)

204
206
41
42
30
32
25
26
26
28
49
48
50
51

52.9
52.4
43.9
50.0
53.3
66.7
32.0
38.5
19.2
17.9
63.3
64.6
54.0
47.1

Age

DRR

DCR

PFS

OS

mean (range), yr

(%)

(%)

(mo)

(mo)

63.9 (32.8-81.9)
63.2 (23.4-84.8)
65 (43-80)
66.5 (49-78)
68 (47-83)
75 (55-86)
67 (44-75)
65 (45-75)
49
47
59 (32-77)
60 (36-77)
66 (39-78)
62.5 (49-79)

21.6
15.5
19.5
11.9
20.0
9.4
21.7
33.3
30.7
14.3
19.6
23.8
36.4
17.4

81.4
71.8
68.3
50.0
70.0
62.5
60.9
70.8
68.7
21.4
71.7
85.7
59.1
39.1

8.0
5.0
5.8
3.7
5.6
4.3
4.2
5.3
8.5
3.5
5.7
5.4
7.1
4.2

11.7
8.0
11.2
7.7
8.9
9.2
6.7
9.3
9.5
4.6
10.1
9.9
12.5
9.0

CAPE: Capecitabine; CIS: Cisplatin; DCR: Disease control rate; DRR: Disease response rate; FUFA: Fluorouracil-folinic acid; GEM: Gemcitabine; MMC:
Mitomycin C; OS: Overall survival; OX: Oxaliplatin; PFS: Progression-free survival.

Table 2 Percentage of cases with grade 3 or 4 toxicity n (%)
Ref.

Treatment

Valle et al[10]
Okusaka et al[18]
Sasaki et al[12]
Kornek et al[14]
Sharma et al[17]
Kang et al[11]
Morizane et al[13]

GEM + CIS
GEM
GEM + CIS
GEM
GEM + S-1
GEM
GEM + MMC
MMC + CAPE
GEM + OX
FUFA
GEM + CIS
S-1 + CIS
GEM + S-1
S-1

Leukopenia Neutropenia
15.7
9.5
29.3
19.0
33.0
19.0
17.0
17.0
38.5
7.1
24.4
0.0
29.4
2.0

Anemia

Thrombocytopenia

Increased
ALT level

Nausea

Vomiting

Anorexia

Diarrhea

7.6
3.0
36.6
16.6
10.0
6.0
0.0
0.0
38.5
7.1
22.4
2.3
11.8
4.0

8.6
6.5
39.0
7.2
7.0
6.0
13.0
17.0
10.0
2.0
22.4
4.5
11.8
4.0

9.6
17.1
24.4
16.7
3.0
0.0
40.0
45.0
15.4
0.0
4.1
0.0
13.7
12.0

4.0
3.5
0.0
0.0
3.0
0.0
44.0
42.0
NR
NR
4.1
2.1
2.0
4.0

5.1
5.5
0.0
0.0
0.0
0.0
NR
NR
7.7
7.1
4.1
0.0
2.0
0.0

3.0
2.5
0.0
2.8
3.0
6.0
NR
NR
NR
NR
0.0
0.0
7.8
6.0

NR
NR
2.4
0.0
0.0
0.0
28.0
28.0
NR
NR
0.0
4.3
2.0
6.0

25.3
16.6
56.1
38.1
33.0
22.0
13.0
17.0
38.5
7.1
49.0
31.8
60.7
4.0

ALT: Alanine aminotransferase; CAPE: Capecitabine; CIS: Cisplatin; FUFA: Fluorouracil-folinic acid; GEM: Gemcitabine; MMC: Mitomycin C; NR: No
record; OX: Oxaliplatin.

with the patients treated with Gem alone (OR = 1.97,
95%CI: 1.20-3.21; P = 0.01). The OR for the nonGem-based chemotherapy subgroup was 1.39 (95%CI:
0.82-2.40), which was not statistically significant.

Table 3 Jadad scores of the included studies
Study
Valle et al[10]
Okusaka et al[18]
Sasaki et al[12]
Kornek et al[14]
Sharm et al[17]
Kang et al[11]
Morizane et al[13]

Randomization

Concealed
allocation

Doubleblind

Complete
description

1
1
1
2
1
1
2

1
1
1
1
1
1
2

0
0
0
0
0
0
0

1
1
1
1
1
1
1

(95%CI: 1.17-2.43) (Figure 2A). The overall analysis revealed that the patients treated with Gem-based combinations achieved significantly higher DRR compared with
the patients who had not received this combination chemotherapy (P = 0.01). A subgroup analysis indicated that
the DRR was significantly higher for the patients treated
with Gem-based combination chemotherapy compared

WJG|www.wjgnet.com

DCR
The DCR in the studies ranged from 21.4%-86.0%. Significant heterogeneity was detected between the studies (Q
= 16.57, df = 6, I² = 64%; P = 0.01), therefore, a random
effects model was used for the meta-analysis of the DCR.
The total OR for the DCR was 1.65 (95%CI: 0.91-3.00; P
= 0.10) (Figure 2B). The results of the subgroup analyses
indicated that the patients treated with Gem-based combinations had significantly higher DCRs compared with
the patients treated with Gem alone (OR = 1.82, 95%CI:
1.18-2.81; P = 0.01). The DCR of the non-Gem-based
chemotherapy subgroup was lower compared with the
Gem-based combination chemotherapy group (OR =
1.48, 95%CI: 0.43-5.07), but the difference was not sig-
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A

Experimental
Study or subgroup

Events

Total

Control
Events

1.1.1 Gem-based vs Gem
[18]
Okusaka et al
8
37
5
[12]
Sasaki et al
6
29
3
[10]
Valle et al
42
161
22
Subtotal (95%CI)
227
Total events
56
30
2
2
Heterogeneity: χ = 0.13, df = 2 (P = 0.94); I =
Test for overall effect: Z = 2.70 (P = 0.007)

Total

Weight

38
32
142
212

8.5%
5.0%
38.0%
51.5%

18.3%
13.5%
10.9%
5.9%
48.5%

Total (95%CI)
366
353
100.0%
Total events
94
60
2
2
Heterogeneity: χ = 6.69, df = 6 (P = 0.35); I = 10%
Test for overall effect: Z = 2.82 (P = 0.005)
2
2
Test for subgroup differences: χ = 0.86, df = 1 (P = 0.35); I = 0%
Experimental
Study or subgroup

Events

Total

Control
Events

Total

Weight

1.2.1 Gem-based vs Gem
[18]
Okusaka et al
28
37
21
38
14.3%
[12]
Sasaki et al
21
29
20
32
13.2%
[10]
Valle et al
131
161
102
142
19.7%
Subtotal (95%CI)
227
212
47.1%
Total events
180
143
2
2
2
Heterogeneity: Tau = 0.00, χ = 0.53, df = 2 (P = 0.77); I = 0%
Test for overall effect: Z = 2.71 (P = 0.007)
1.2.2 Gem-based vs non-Gem-based
[11]
Kang et al
33
46
37
[14]
Kornek et al
14
23
17
[13]
Morizane et al
26
44
18
[17]
Sharma et al
18
26
6
Subtotal (95%CI)
139
Total events
91
78
2
2
Heterogeneity: Tau = 1.27, χ = 15.72, df = 3 (P
Test for overall effect: Z = 0.62 (P = 0.53)

43
24
46
28
141

13.3%
11.9%
16.0%
11.7%
52.9%

1.82 (0.54,
2.52 (0.57,
1.93 (1.08,
1.97 (1.20,

6.19)
11.19)
3.42)
3.21)

0.80 (0.29, 2.22)
0.56 (0.15, 2.05)
2.71 (1.02, 7.23)
2.67 (0.69, 10.25)
1.39 (0.81, 2.40)

1.69 (1.17, 2.43)

0.05

0.2
1
5
20
Favours (control)
Favours (experimental)

Odds ratio

Odds ratio

M-H, random, 95%CI

M-H, random, 95%CI

2.52 (0.94, 6.75)
1.57 (0.53, 4.66)
1.71 (1.00, 2.94)
1.82 (1.18, 2.81)

0.41 (0.14, 1.21)
0.64 (0.19, 2.16)
2.25 (0.97, 5.22)
8.25 (2.42, 28.17)
1.48 (0.43, 5.07)

2

= 0.001); I = 81%

Total (95%CI)
366
353
100.0%
Total events
271
221
2
2
2
Heterogeneity: Tau = 0.39, χ = 16.57, df = 6 (P = 0.01); I = 64%
Test for overall effect: Z = 1.66 (P = 0.10)
2
2
Test for subgroup differences: χ = 0.10, df = 1 (P = 0.76); I = 0%
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Odds ratio
M-H, fixed, 95%CI

0%

1.1.2 Gem-based vs non-Gem-based
[11]
Kang et al
9
46
10
43
[14]
Kornek et al
5
23
8
24
[13]
Morizane et al
16
44
8
46
[17]
Sharma et al
8
26
4
28
Subtotal (95%CI)
139
141
Total events
38
30
2
2
Heterogeneity: χ = 5.72, df = 3 (P = 0.13); I = 48%
Test for overall effect: Z = 1.19 (P = 0.24)

B

Odds ratio
M-H, fixed, 95%CI

1.65 (0.91, 3.00)

0.02

18005

0.1
1
10
50
Favours (control)
Favours (experimental)
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C

Experimental
Study or subgroup

Mean

SD

Control
Total

Mean

1.3.1 Gem-based vs Gem
[18]
Okusaka et al
5.8
1.05
37
[12]
Sasaki et al
5.6
2.17
29
[10]
Valle et al
8
0.51
161
Subtotal (95%CI)
227
2
2
Heterogeneity: Tau = 0.57, χ = 29.82, df = 2
Test for overall effect: Z = 4.79 (P < 0.00001)
1.3.2 Gem-based vs non-Gem-based
[11]
Kang et al
5.7
1.05
46
[14]
Kornek et al
4.2
1.6
23
[13]
Morizane et al
7.1
0.74
44
[17]
Sharma et al
8.5
1.43
26
Subtotal (95%CI)
139
2
2
Heterogeneity: Tau = 4.87, χ = 309.86, df =
Test for overall effect: Z = 1.61 (P = 0.11)

3.7
4.3
5

SD

Total

Weight

38
14.5%
32
13.5%
142
14.8%
212
42.7%
2
(P < 0.00001); I = 93%

5.4
5.3
4.2
3.5

2.10 (1.67, 2.53)
1.30 (0.44, 2.16)
3.00 (2.89, 3.11)
2.21 (1.31, 3.12)

0.61
0.78
0.64
0.15

0.30 (-0.05, 0.65)
-1.10 (-1.82, -0.38)
2.90 (2.61, 3.19)
5.00 (4.45, 5.55)
1.78 (-0.39, 3.96)

43
14.6%
24
13.8%
46
14.7%
28
14.2%
141
57.3%
2
3 (P < 0.00001); I = 99%

Experimental

Study or subgroup

Mean

SD

1.95 (0.90, 3.00)
-10

Control
Total

Mean

SD

Total

Weight

1.4.1 Gem-based vs Gem
[18]
Okusaka et al
11.2
0.87
37
7.7
1.25
38
14.5%
[12]
Sasaki et al
8.9
1.56
29
9.2
2.4
32
13.9%
[10]
Valle et al
11.7
1.22
161
8.1
0.41 142
14.7%
Subtotal (95%CI)
227
212
43.0%
2
2
2
Heterogeneity: Tau = 1.56, χ = 55.47, df = 2 (P < 0.00001); I = 96%
Test for overall effect: Z = 3.19 (P = 0.001)
1.4.2 Gem-based vs non-Gem-based
[11]
Kang et al
10.1
1.53
46
[14]
Kornek et al
6.7
1.6
23
[13]
Morizane et al
12.5
1.63
44
[17]
Sharma et al
9.5
2.3
26
Subtotal (95%CI)
139
2
2
Heterogeneity: Tau = 8.45, χ = 205.72, df =
Test for overall effect: Z = 1.03 (P = 0.30)

9.9
9.25
9
4.6

Odds ratio
M-H, random, 95%CI

0.82
0.97
0.48

Total (95%CI)
366
353 100.0%
2
2
2
Heterogeneity: Tau = 1.92, χ = 396.07, df = 6 (P < 0.00001); I = 98%
Test for overall effect: Z = 3.66 (P = 0.0003)
2
2
Test for subgroup differences: χ = 0.13, df = 1 (P = 0.72); I = 0%

D

Odds ratio
M-H, random, 95%CI

Odds ratio

Odds ratio

M-H, random, 95%CI

M-H, random, 95%CI

3.50
-0.30
3.60
2.38

0.87
1.26
1.38
0.82

43
14.5%
24
14.1%
46
14.4%
28
14.0%
141
57.0%
2
3 (P < 0.00001); I = 99%

-5
0
5
10
Favours (control)
Favours (experimental)

(3.01, 3.99)
(-1.31, 0.71)
(3.40, 3.80)
(0.92, 3.84)

0.20 (-0.31, 0.71)
-2.55 (-3.38, -1.72)
3.50 (2.87, 4.13)
4.90 (3.97, 5.83)
1.51 (-1.37, 4.38)

Total (95%CI)
366
353 100.0%
2
2
2
Heterogeneity: Tau = 4.47, χ = 386.00, df = 6 (P < 0.00001); I = 98%
Test for overall effect: Z = 2.28 (P = 0.02)
2
2
Test for subgroup differences: χ = 0.28, df = 1 (P = 0.60); I = 0%

1.85 (0.26, 3.44)
-10

-5
0
5
10
Favours (control)
Favours (experimental)

Figure 2 Forest plots of the effects of gemcitabine-based combination chemotherapy in patients with biliary tract cancer. A: Disease response rate; B: Disease control rate; C: Progression-free survival; D: Overall survival. Gem: Gemcitabine monotherapy; Gem-based: Gem-based combination chemotherapy; non-Gembased: non-Gemcitabine-based chemotherapy.

nificant.
PFS
The median PFS of the included studies ranged from
3.5-8.5 mo. After data pooling, significant heterogeneity
was observed among the studies (Q = 396.07, df = 6, I²
= 98%; P = 0.00), therefore, a random effects model was
used for the meta-analysis of the median PFS. The overall MD for the PFS was 1.95 (95%CI: 0.90-3.00; P = 0.00)
(Figure 2C), which suggests that Gem-based combination
chemotherapy significantly improved patient PFS. A subgroup analysis also revealed that the PFS was significantly
longer for the patients treated with Gem-based combination chemotherapy compared with the patients treated
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with Gem alone (MD = 2.21, 95%CI: 1.31-3.12; P = 0.00).
The MD for Gem-based vs non-Gem-based chemotherapy was 1.78 (95%CI: -0.39-3.96), but was not significantly
different.
OS
The median OS ranged from 4.6-12.5 mo. Significant heterogeneity was detected between the studies (Q = 386.00,
df = 6, I² = 98%; P = 0.00), therefore, a random effects
model was used for the meta-analysis of OS. The overall
MD for the OS was 1.85 (95%CI: 0.26-3.44; P = 0.02)
(Figure 2D), which indicated that Gem-based combination chemotherapy significantly prolonged the overall
survival time. A subgroup analysis revealed that the OS
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was significantly longer for the patients treated with Gembased combination therapy compared with the patients
treated with Gem alone (MD = 2.38, 95%CI: 0.92-3.84;
P = 0.00). The OS of the Gem-based combination chemotherapy group was longer compared with the nonGem-based chemotherapy group (MD = 1.51, 95%CI:
-1.37-4.38), but the difference was not significant.
Toxicities
The results of the meta-analysis of the main toxicities
are presented in Figure 3. The ORs for grade 3-4 hematological toxicities analyzed in this study were higher in
the Gem-based combination chemotherapy group compared with the Gem monotherapy and non-Gem-based
chemotherapy groups. The incidence of leukopenia (OR
= 2.98, 95%CI: 1.44-6.20; P = 0.00), anemia (OR = 2.96,
95%CI: 1.79-4.92; P = 0.00) and neutropenia (OR = 2.80,
95%CI: 1.39-5.64; P = 0.00) were all significantly different between the treatment groups, whereas no significant
difference was noted for thrombocytopenia (OR = 1.71;
95%CI: 0.75-3.89). No significant difference in the increased ALT level (OR = 0.87; 95%CI: 0.58-1.30) was
found between the treatment groups.
In the subgroup analysis, the ORs were 1.82-7.01 for
leukopenia, 1.96-7.04 for anemia, 1.78-4.63 for neutropenia, 1.13-2.79 for thrombocytopenia, and 0.76-1.11
for the increased ALT level. There were significant
differences between the Gem-based combination chemotherapy group and the Gem monotherapy group in
leukopenia (P = 0.01), anemia (P = 0.03) and neutropenia
(P = 0.01), but not thrombocytopenia or the increased
ALT level. The ORs of leukopenia (OR = 7.17; P = 0.02)
and anemia (OR = 7.04; P = 0.00) in the Gem-based
combination chemotherapy group were over seven times
greater than those in the non-Gem-based chemotherapy
subgroup; no significant differences were observed for
the other toxicities.
Sources of heterogeneity and sensitivity analysis
Because significant heterogeneity was detected among
the studies for the DCR, PFS and OS, we performed a
sensitivity analysis to explore the heterogeneity by omitting one study at a time and calculating pooled ORs for
the remainder of the studies. The study by Kang et al[11]
may have been the key contributor to the inter-study heterogeneity in the DCR meta-analysis. No heterogeneity
was observed after excluding this study (Q = 9.26, df =
5, I² = 46%; P = 0.10); the pooled OR for the DCR was
2.03 (95%CI: 1.21-3.40). The direction and magnitude of
the pooled OR for the PFS and the pooled MD for the
OS did not vary markedly with the removal of any study,
which indicated good reliability (data not shown).
Publication bias
Egger’s test was used to investigate potential publication
bias; there was no evidence of bias for the DRR (P = 1.00),
DCR (P = 0.23), PFS (P = 0.55), or OS (P = 1.00). Additionally, publication bias was not indicated by a Begg’s
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funnel plot (Figure 4).

DISCUSSION
BTC is a heterogeneous group of relatively rare tumors,
which often have extremely poor prognoses. Most patients present with locally advanced or metastatic disease
and are candidates for surgical resection; as a result, many
patients must rely on palliative chemotherapy as the only
treatment option. During the last decade, several randomized controlled clinical trials have evaluated gemcitabine
in combination with various agents in an attempt to improve the prognosis of advanced BTC. In this meta-analysis, we systematically evaluated the efficacy and safety of
Gem-based combination chemotherapy in the treatment
of advanced BTC. Our findings suggest that patients
treated with Gem-based combination chemotherapy may
experience better survival outcomes compared with patients not treated with this combination. However, Gemcombination chemotherapy regimens were not identical
in all included studies; thus, our findings must be considered in light of this limitation.
Our overall analysis revealed that the patients treated
with Gem-based combination chemotherapy had a significantly greater DRR as well as a longer PFS and OS
compared with the patients not treated with this combination. Heterogeneity among the studies may be a reason for
the lack of statistically significant data related to the DCR.
Furthermore, the subgroup analysis revealed that the treatment with Gem-based combination chemotherapy was
associated with significantly better DRR, DCR, PFS and
OS outcomes compared with treatment with Gem alone.
Our findings are consistent with those of Eckel et al[22],
who conducted a meta-analysis of chemotherapy trials for
advanced BTC treatment and reported that Gem-based
combination chemotherapy (Gem-cisplatin or Gem-oxaliplatin) was associated with the highest DRRs and tumor
control rates. However, their meta-analysis was not restricted to randomized trials. Another recent meta-analysis
by Yang et al[23] including three randomized trials indicated
that the patients with advanced BTC who were treated
with Gem-based combination chemotherapy (Gem plus
platinum agents) experienced better survival outcomes
compared with the patients not treated with this chemotherapy combination. However, the analysis involved studies that evaluated Gem plus platinum chemotherapy; thus,
new treatments, such as Gem plus S-1, were not included.
A review published by Serrano et al[24] also suggested that
Gem alone or in combination with other agents showed a
better response rate that correlated with the time to progression. Additionally, regimens that contained two drugs
induced higher response rates compared with single agent
treatments. In our study, the subgroup analysis also indicated that Gem-based combination chemotherapy provides some benefit over non-Gem-based chemotherapy,
but the result was not significant. The consistency between our findings and previous analyses further supports
the use of Gem-based combination chemotherapy as a
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A

Experimental
Study or subgroup

Events

Total

Control
Events

Total

Weight

2.1.1 Gem-based vs Gem
[18]
Okusaka et al
12
41
8
42
18.9%
[12]
Sasaki et al
10
30
6
32
17.0%
[10]
Valle et al
31
198
19
199
24.9%
Subtotal (95%CI)
269
273
60.8%
Total events
53
33
2
2
2
Heterogeneity: Tau = 0.00, χ = 0.10, df = 2 (P = 0.95); I = 0%
Test for overall effect: Z = 2.46 (P = 0.01)
2.1.2 Gem-based vs non-Gem-based
[11]
Kang et al
12
49
0
48
5.4%
[14]
Kornek et al
4
23
4
24
13.1%
[13]
Morizane et al
15
50
1
51
8.8%
[17]
Sharma et al
10
26
2
28
12.0%
Subtotal (95%CI)
148
151
39.2%
Total events
41
7
2
2
2
Heterogeneity: Tau = 1.69, χ = 8.32, df = 3 (P = 0.04); I = 64%
Test for overall effect: Z = 2.39 (P = 0.02)
Total (95%CI)
417
424
100.0%
Total events
94
40
2
2
2
Heterogeneity: Tau = 0.46, χ = 12.94, df = 6 (P = 0.04); I = 54%
Test for overall effect: Z = 2.93 (P = 0.003)
2
2
Test for subgroup differences: χ = 2.54, df = 1 (P = 0.11); I = 60.7%

B

Experimental
Study or subgroup

Events

Total

Control
Events

Total

2.2.1 Gem-based vs Gem
[18]
Okusaka et al
15
41
7
42
[12]
Sasaki et al
3
30
6
32
[10]
Valle et al
15
198
6
199
Subtotal (95%CI)
269
273
Total events
33
19
2
2
Heterogeneity: χ = 4.32, df = 2 (P = 0.12); I = 54%
Test for overall effect: Z = 2.17 (P = 0.03)
2.2.2 Gem-based vs non-Gem-based
[11]
Kang et al
11
49
1
[14]
Kornek et al
0
23
0
[13]
Morizane et al
6
50
2
[17]
Sharma et al
10
26
2
Subtotal (95%CI)
148
Total events
27
5
2
2
Heterogeneity: χ = 1.19, df = 2 (P = 0.55); I =
Test for overall effect: Z = 3.83 (P = 0.00001)

48
24
51
28
151

Weight
23.3%
27.7%
29.3%
80.3%

4.2%
9.2%
6.3%
19.7%

Odds ratio
M-H, random, 95%CI

1.76 (0.63, 4.89)
2.17 (0.67, 6.97)
1.76 (1.96, 3.23)
1.82 (1.13, 2.94)

32.33 (1.85, 563.83)
1.05 (0.23, 4.82)
21.43 (2.70, 169.79)
8.13 (1.57, 41.93)
7.17 (1.43, 36.08)

2.98 (1.44, 6.20)

0.005

0.1
1
10
200
Favours (control)
Favours (experimental)

Odds ratio

Odds ratio

M-H, fixed, 95%CI

M-H, fixed, 95%CI

2.88 (1.03, 8.09)
0.48 (0.11, 2.13)
2.64 (1.00, 6.94)
1.96 (1.07, 3.62)

13.61 (1.68, 110.14)
Not estimable
3.34 (0.64, 17.42)
8.13 (1.57, 41.93)
7.04 (2.59, 19.12)

0%

Total (95%CI)
417
424
100.0%
Total events
60
24
2
2
Heterogeneity: χ = 9.31, df = 5 (P = 0.10); I = 46%
Test for overall effect: Z = 4.21 (P < 0.0001)
2
2
Test for subgroup differences: χ = 4.56, df = 1 (P = 0.03); I = 78.1%
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Odds ratio
M-H, random, 95%CI

2.96 (1.79, 4.92)

0.01
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0.1
1
10
100
Favours (control)
Favours (experimental)
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C

Experimental
Study or subgroup

Events

Total

Control
Events

Total

Weight

2.3.1 Gem-based vs Gem
[18]
Okusaka et al
23
41
16
42
16.8%
[12]
Sasaki et al
10
30
7
32
14.3%
[10]
Valle et al
50
198
33
199
20.4%
Subtotal (95%CI)
269
273
51.4%
Total events
83
56
2
2
2
Heterogeneity: Tau = 0.00, χ = 0.15, df = 2 (P = 0.93); I = 0%
Test for overall effect: Z = 2.83 (P = 0.005)
2.3.2 Gem-based vs non-Gem-based
[11]
Kang et al
24
49
15
48
17.2%
[14]
Kornek et al
3
23
4
24
10.3%
[13]
Morizane et al
31
50
2
51
11.0%
[17]
Sharma et al
10
26
2
28
10.1%
Subtotal (95%CI)
148
151
48.6%
Total events
68
23
2
2
2
Heterogeneity: Tau = 2.08, χ = 16.26, df = 3 (P = 0.001); I = 82%
Test for overall effect: Z = 1.90 (P = 0.06)
Total (95%CI)
417
424
100.0%
Total events
151
79
2
2
2
Heterogeneity: Tau = 0.57, χ = 19.83, df = 6 (P = 0.003); I = 70%
Test for overall effect: Z = 2.87 (P = 0.004)
2
2
Test for subgroup differences: χ = 1.31, df = 1 (P = 0.25); I = 23.7%

D

Experimental

Study or subgroup

Events

Total

Control
Events

Total

Weight

2.4.1 Gem-based vs Gem
[18]
Okusaka et al
3
41
5
42
14.2%
[12]
Sasaki et al
2
30
2
32
10.2%
[10]
Valle et al
17
198
13
199
22.0%
Subtotal (95%CI)
269
273
46.4%
Total events
22
20
2
2
2
Heterogeneity: Tau = 0.00, χ = 0.95, df = 2 (P = 0.62); I = 0%
Test for overall effect: Z = 0.38 (P = 0.71)
2.4.2 Gem-based vs non-Gem-based
[11]
Kang et al
11
49
2
48
13.6%
[14]
Kornek et al
3
23
7
24
14.2%
[13]
Morizane et al
6
50
2
51
12.9%
[17]
Sharma et al
10
26
2
28
13.0%
Subtotal (95%CI)
148
151
53.6%
Total events
30
13
2
2
2
Heterogeneity: Tau = 1.51, χ = 9.93, df = 3 (P = 0.02); I = 70%
Test for overall effect: Z = 1.39 (P = 0.16)
Total (95%CI)
417
424
100.0%
Total events
52
33
2
2
2
Heterogeneity: Tau = 0.65, χ = 13.62, df = 6 (P = 0.03); I = 56%
Test for overall effect: Z = 1.28 (P = 0.20)
2
2
Test for subgroup differences: χ = 1.25, df = 1 (P = 0.26); I = 20.2%
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Odds ratio

Odds ratio

M-H, random, 95%CI

M-H, random, 95%CI

2.08 (0.86, 4.99)
1.79 (0.58, 5.53)
1.70 (1.04, 2.78)
1.78 (1.19, 2.66)

2.11 (0.92, 4.84)
0.75 (0.15, 3.79)
39.97 (8.70, 183.66)
8.13 (1.57, 41.93)
4.63 (0.95, 22.50)

2.80 (1.39, 5.64)

0.01

0.1
1
10
100
Favours (control)
Favours (experimental)

Odds ratio

Odds ratio

M-H, random, 95%CI

M-H, random, 95%CI

0.58
1.07
1.34
1.13

(0.13,
(0.14,
(0.63,
(0.60,

2.62)
8.13)
2.85)
2.14)

6.66 (1.39, 31.90)
0.36 (0.08, 1.63)
3.34 (0.64, 17.42)
8.13 (1.57, 41.93)
2.79 (0.66, 11.81)

1.71 (0.75, 3.89)

0.01
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0.1
1
10
100
Favours (control)
Favours (experimental)
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E

Experimental
Study or subgroup

Events

Total

Control
Events

2.5.1 Gem-based vs Gem
[18]
Okusaka et al
10
41
7
[12]
Sasaki et al
3
30
0
[10]
Valle et al
19
198
34
Subtotal (95%CI)
269
Total events
32
41
2
2
Heterogeneity: χ = 5.91, df = 2 (P = 0.05); I =
Test for overall effect: Z = 1.06 (P = 0.29)
2.5.2 Gem-based vs non-Gem-based
[11]
Kang et al
2
49
0
[14]
Kornek et al
8
23
13
[13]
Morizane et al
7
50
7
[17]
Sharma et al
4
26
0
Subtotal (95%CI)
148
Total events
21
20
2
2
Heterogeneity: χ = 5.59, df = 3 (P = 0.13); I =
Test for overall effect: Z = 0.31 (P = 0.76)

Odds ratio

Odds ratio

M-H, fixed, 95%CI

M-H, fixed, 95%CI

Total

Weight

42
32
199
273

10.2%
0.8%
59.6%
70.6%

1.61 (0.55, 4.75)
8.27 (0.41, 167.23)
0.52 (0.28, 0.94)
0.76 (0.47, 1.25)

0.9%
16.1%
11.6%
0.8%
29.4%

5.11 (0.24, 109.17)
0.45 (0.14, 1.46)
1.02 (0.33, 3.16)
11.40 (0.58, 223.00)
1.11 (0.56, 2.23)

66%

48
24
51
28
151
46%

Total (95%CI)
417
424
100.0%
Total events
53
61
2
2
Heterogeneity: χ = 11.77, df = 6 (P = 0.07); I = 49%
Test for overall effect: Z = 0.69 (P = 0.49)
2
2
Test for subgroup differences: χ = 0.75, df = 1 (P = 0.39); I = 0%

0.87 (0.58, 1.30)

0.01

0.1
1
10
100
Favours (control)
Favours (experimental)

Figure 3 Forest plots of the main toxicities of gemcitabine-based combination chemotherapy in patients with biliary tract cancer. A: Leukopenia; B: Anemia;
C: Neutropenia; D: Thrombocytopenia; E: Increased alanine aminotransferase level. Gem: gemcitabine monotherapy; Gem-based: Gem-based combination chemotherapy; non-Gem-based: non-Gem-based chemotherapy.
Begg's funnel plot with pseude 95% confidence limits
2

logRR

1

0

-1
0.0

0.2

0.4

0.6

0.8

s.e. of: logRR

Figure 4 Begg’s funnel plot for the assessment of publication bias.

first-line treatment for advanced BTC.
We also assessed the five most common toxicities related to the chemotherapeutic treatment of advanced BTC,
which are leukopenia, neutropenia, anemia, thrombocytopenia and an increased ALT level. The analysis indicated
that the incidence of grade 3-4 hematological toxicities,
including leukopenia, neutropenia and anemia, were
significantly higher following Gem-based combination
chemotherapy than following Gem monotherapy or nonGem-based chemotherapy. There was no significant difference in the rates of thrombocytopenia or the increased
ALT level. Furthermore, a subgroup analysis showed that
the ORs of leukopenia, neutropenia and anemia after
treatment with Gem-based combination chemotherapy
were almost twice those of Gem monotherapy. Additionally, the ORs of leukopenia and neutropenia in the Gem-
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based combination chemotherapy were more than seven
times those of the non-Gem-based chemotherapy. The
results presented here suggest that Gem-based combination chemotherapy induced more toxicity compared with
Gem alone or non-Gem-based chemotherapy. However,
all severe hematological toxicities (grade 3 or 4) are infrequent and reversible, and these results are consistent with
a previous study[24].
Several limitations of our meta-analysis should be
mentioned. First, only randomized trials were selected;
thus, the total included sample size was small (seven studies). Additionally, our selections may have been subjected
to some bias, although we observed none. Second, our
data are based on the published data for which the patient outcomes according to the type of BTC were not
available. This may limit our capacity to fully explore the
effects of Gem-based combination chemotherapy in
different types of BTC. Another limitation was that the
included studies did not have homogenous characteristics
with respect to the regimens used for Gem-based combination chemotherapy or the competing regimen. Furthermore, the patient demographics between the included
studies were different. Due to the limitations mentioned
above, the results of this meta-analysis should be interpreted with care.
In conclusion, the results of our meta-analysis of
randomized trials suggest that the treatment of advanced
BTC with Gem-based combination chemotherapy is
associated with significantly better survival outcomes
compared with treatment with Gem alone or non-Gembased chemotherapy. Major hematological toxicities associated with Gem-based combination chemotherapy were

18010
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generally manageable and acceptable. Therefore, Gembased combination chemotherapy should be considered
as a standard first-line treatment for advanced BTC. In
the future, larger multicenter randomized controlled trials
should be designed to examine the efficacy and safety of
Gem-based combination chemotherapy.
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using the Jadad scale. We used STATA version 12.0
to extract data and to calculate the odds ratios (ORs),
which are presented with the corresponding 95% confidence intervals (CIs). The data are presented as forest plots.
RESULTS: The pooled ORs for the eradication rates
calculated by intention-to-treat analysis and perprotocol analysis in the probiotic group vs the control
group were 1.67 (95%CI: 1.38-2.02) and 1.68 (95%CI:
1.35-2.08), respectively, using the fixed-effects model.
The sensitivity of the Asian studies was greater than
that of the Caucasian studies (Asian: OR = 1.78,
95%CI: 1.40-2.26; Caucasian: OR = 1.48, 95%CI:
1.06-2.05). The pooled OR for the incidence of total
adverse effects was signiﬁcantly lower in the probiotic
group (OR = 0.49, 95%CI: 0.26-0.94), using the ran2
dom effects model, with significant heterogeneity (I
= 85.7%). The incidence of diarrhea was significantly
reduced in the probiotic group (OR = 0.21, 95%CI:
0.06-0.74), whereas the incidence of taste disorders,
metallic taste, vomiting, nausea, and epigastric pain did
not differ significantly between the probiotic group and
the control group.

Abstract

CONCLUSION: Supplementary probiotic preparations
during standard triple H. pylori therapy may improve
the eradication rate, particularly in Asian patients, and
the incidence of total adverse effects.

AIM: To evaluate the role of probiotics in the standard
triple Helicobacter pylori therapy.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

METHODS: In this meta-analysis, we investigated
the efficacy of probiotics in a standard triple H. pylori
therapy in adults. Searches were mainly conducted in
MEDLINE/PubMed, EMBASE, and the Cochrane Central
Register of Controlled Trials. Fourteen studies met our
criteria, and the quality of these studies was assessed
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Key words: Helicobacter pylori ; Eradication; Probiotics;
Meta-analysis; Adult
Core tip: This systematic review and meta-analysis
evaluated the role of probiotics in the standard triple
Helicobacter pylori therapy in adults. Using a rigorous
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and rational search strategy, inclusion criteria, and statistical analyses, we found that supplementary probiotic
preparations given during standard triple H. pylori therapy conferred a higher eradication rate, particularly in
Asian patients, and a lower incidence of total adverse
effects, particularly diarrhea.
Zhu R, Chen K, Zheng YY, Zhang HW, Wang JS, Xia YJ, Dai
WQ, Wang F, Shen M, Cheng P, Zhang Y, Wang CF, Yang J, Li
JJ, Lu J, Zhou YQ, Guo CY. Meta-analysis of the efficacy of
probiotics in Helicobacter pylori eradication therapy. World J
Gastroenterol 2014; 20(47): 18013-18021 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i47/18013.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i47.18013

INTRODUCTION
It has been more than 30 years since Australian scientists
Marshall and Warren successfully cultured Helicobacter pylori
(H. pylori) in 1983, and numerous studies have confirmed
that H. pylori infection is a key risk factor for peptic ulcer,
chronic atrophic gastritis, gastric cancer, and other gastrointestinal diseases. H. pylori is a gram-negative, microaerophilic bacterium. It is spiral in shape with a ﬂagellum, and
colonizes the human gastric mucosa. It has been estimated
that 50% of the world’s population could be infected with
this bacterium, and in some developing countries, this
number reaches 80%[1]. In most cases, bacterial colonization is present for the whole lifetime and there is a range
of clinical manifestations, from asymptomatic subjects to
those with serious pathologies[2,3]. Therefore, to manage
those H. pylori-related diseases, it is important to formulate an effective H. pylori eradication treatment. In the past
few years, the standard triple therapy, which consists of
a proton pump inhibitor (PPI) and two antibiotics, is regarded as the first-line treatment[2]. The most commonly
used antibiotics are tetracycline, amoxicillin, imidazole
(metronidazole or tinidazol), and macrolide (clarithromycin or azithromycin). However, antibiotic-associated
adverse effects, including diarrhea, nausea, vomiting,
abdominal pain, and bloating, limit the use of the eradication treatment, and antibiotic resistance in H. pylori, especially clarithromycin resistance, affects the efficacy of the
treatment[3-5]. In areas with high rates of clarithromycin
resistance, the first option is a sequential or concomitant
regimen[6]. The main reason for the increase in antibiotic
resistance is the accumulation of point mutations in the
H. pylori DNA, which are in most cases associated with
the overuse of antibiotics[7]. Therefore, the development
of a new treatment regimen that not only improves the
eradication rate but also reduces the frequency of adverse
effects remains the principal challenge.
Probiotics are generally considered safe microorganisms that play a crucial role in stabilizing the intragastric
microecological environment. In recent years, probiotics have been used as an anti-H. pylori therapy. The most
common microorganisms used in probiotic formulations
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in clinical practice include species of Lactobacillus, Bifidobacterium, Saccharomyces, and Streptococcus, as well as Enterococcus[8]. These may act in different ways, such as by direct
competition with H. pylori or by improving the patients’
compliance with therapy when the incidence of antibiotic-related adverse effects is reduced[9]. The inclusion of
a probiotic in an H. pylori eradication therapy is thought
to increase its efficacy or to reduce the adverse effects
of the treatment. However, this remains controversial.
A meta-analysis by Tong et al[10] suggested that supplementation with probiotics could effectively increase the
eradication rate of an anti-H. pylori therapy and had a
positive effect on H. pylori-therapy-related adverse effects.
However, the studies examined in their meta-analysis
included different treatment regimens, and it seems that
not all treatment regimens have equally beneficial effects.
Therefore, we performed a systematic review and metaanalysis to evaluate the role of probiotics in the standard
triple H. pylori therapy in adults.

MATERIALS AND METHODS
Search strategy
Systematic searches were conducted independently by
two investigators (Zhu R and Chen K). The searches were
mainly conducted in MEDLINE/PubMed, EMBASE,
and the Cochrane Central Register of Controlled Trials[11,12]. The references cited in the included articles and
relevant published reports were also searched manually.
The searches were confined to articles written in Chinese
or English. No restriction was set on the year of publication. The latest search was updated in 2014. The following
strategy was used to find eligible trials, including the keywords: “Helicobacter pylori” or “H. pylori” and “probiotic”,
“probiotics”, “yeast”, “yogurt”, “Lactobacillus”, “Bifidobacterium”, “Saccharomyces”, “Enterococcus”, or “Streptococcus”.
Both free text and MeSH searches for keywords were
used.
Criteria for selection
The criteria for inclusion of studies were: (1) randomized
controlled trials (RCTs); (2) comprised of patients aged
18-80 years; (3) compared at least two branches of treatment consisting of a triple regimen (PPI and two antibiotics) with a placebo or no additional intervention, and the
same eradication regimen plus a probiotic; and (4) primary
outcome was the rate of H. pylori eradication, confirmed
by any generally accepted method at least four weeks after
treatment. The secondary outcome was the frequency of
total and specific adverse effects.
Criteria for exclusion
Studies were excluded from the analysis if the loss rates
were more than 20%, or if participants had suffered a
chronic decompensated disease, immunological disease,
or upper respiratory tract infection, or had used PPIs or
H2 blockers in the preceding month. Additionally, publications that were reviews, letters, case reports, editorials,
or comments were excluded.
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was observed. The H. pylori eradication rates and the
incidence of adverse effects were treated as dichotomous
outcomes and expressed as odds ratios (ORs). The eradication rates were analyzed with intention-to-treat (ITT)
and per-protocol (PP) analyses, and the incidence of adverse effects was analyzed with an ITT analysis. Heterogeneity was investigated using the Higgins (I²) estimate.
Low heterogeneity was defined as I² < 25%; moderate
heterogeneity as 25% < I² < 50%; and high heterogeneity as I² > 50%. A fixed effects model was used when no
heterogeneity existed and a random effects model was
used to collectively analyze the accuracy indicators (Mantel
and Haenszel method). The results are presented with the
corresponding 95% confidence intervals (CIs) and the
significance level was α = 0.05.

711 studies identified by database searching
201 studies excluded on the basis of publication
type: 170 reviews, 8 case reports, 10 comments,
10 editorials, 2 congresses, 1 news
510 studies from initial screening
422 not-RCTs
88 potentially relevant studies retrieved for more detailed assessment
74 studies excluded:
21 studies in animals or in vitro
14 studies in children
13 studies not combining standard triple therapy
21 unrelated studies
5 studies without rigorous inclusion criteria

RESULTS

14 satisfied inclusion criteria

Figure 1 Study selection. RCT: Randomized controlled trial.

Selection of studies
The titles and abstracts of the studies identified by the
search were read thoroughly to confirm the eligibility of
the study, and the full texts of potentially eligible studies were then retrieved for further assessment. Doubts
between the two investigators were discussed with a third
investigator. The authors were contacted for further study
details if necessary.
Assessment of methodological quality
The Jadad scale was selected to evaluate the methodological quality of eligible RCTs[13]. This scale is based on three
terms: randomization (0-2 points), blinding (0-2 points),
and withdrawals and dropouts (0-1 point). A score of 1 is
given when randomization or blinding is mentioned, and
a further point is given if they are used appropriately. A
description of the number of and reasons for withdrawals
and dropouts was also accorded a score of 1. The studies were considered to be of low quality when they had
scores ≤ 2, and of high quality for scores ≥ 3[14].
Data extraction
Data were independently extracted from the full-length
articles by two investigators (Zhu R and Chen K), using
a predesigned form. Disagreements were resolved by discussion. The extracted information included: name of the
first author, location of the trial, the number of enrolled
subjects, initial/rechecking methods used to assess H. pylori infection, strain, the course of the probiotic treatment,
the H. pylori eradication regimen, follow-up time, and subject loss rate. The primary outcome was the eradication
rate and the secondary outcome was the incidence of total
adverse effects.
Statistical analysis
All statistical analyses were performed with STATA version 12.0. Publication bias existed when a P value < 0.05
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Characteristics of the selected studies
A total of 711 studies were identified; 201 articles were
excluded because they were unsuitable publication types
and 422 non-RCT studies were excluded after the initial
screening. Eighty-eight studies were excluded after more
detailed assessments were made (21 studies were in animals or in vitro, 14 studies were in children, 13 studies
did not use a standard triple therapy, 21 were unrelated
studies, and 5 studies had no rigorous inclusion criteria),
and the remaining 14 studies[15-28] were considered suitable for inclusion in the analysis. A flow diagram of the
study selection process is shown in Figure 1. The initial
and rechecked H. pylori assessments, follow-up times,
loss rates, and scoring systems used to assess adverse effects are shown in Table 1. The numbers of experimental
groups and context groups, the probiotic regimen, and
the eradication regimens are shown in Table 2. Fourteen
studies involving 2259 patients were included in the meta-analysis; 1124 patients were treated with the standard
triple therapy supplemented with probiotics, and 1135
patients were treated with the standard triple therapy only
or together with a placebo. The identified studies were
published between 2000 and 2014. The ethnicity in five
studies was Asian[17-19,23,26] and Caucasian in the remaining
studies.
Publication bias
Begg’s funnel plots were used to examine the publication
bias and are shown in Figure 2. A P value of > 0.05 indicated that there was no evidence of substantial publication bias in the 14 studies (z = 0.44, Pr > |z| = 0.661).
Eradication rates
Data on the effects of probiotics on the H. pylori eradication rates were available from 14 trials (Figure 3). The
pooled ORs for the eradication rates in the ITT analysis
and in the PP analysis of the probiotic group vs the control group were 1.67 (95%CI: 1.38-2.02) and 1.68 (95%CI:
1.35-2.08), respectively, using the fixed effects model.
Low heterogeneity was demonstrated between studies in
both the ITT (I2 = 0.00%) and PP analyses (I2 = 0.00%).
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Table 1 Initial and rechecked Helicobacter pylori assessments, follow-up times, loss rates, and scoring systems used to assess adverse
effects in the included studies
H. pylori assessment

Ref.
Emara et al[15]
Medeiros et al[16]
Song et al[17]
Du et al[18]
Deguchi et al[19]
Mirzaee et al[20]
Canducci et al[21]
Nista et al[22]
Sheu et al[23]

Initial

Rechecking

HpSA, RUT, Histology

HpSA, RUT, Histology

Culture
RUT, Histology
RUT, UBT, Pathologic
examination
Culture, Histology, RUT
UBT
UBT, Histology

UBT
UBT
UBT

UBT
Histology, RUT

Myllyluoma et al[24]
Yaşar et al[25]
Kim et al[26]
Scaccianoce et al[27]
Cindoruk et al[28]

Rapid whole blood test,
UBT, EIA serology
Histology
RUT, Histology
Histology
Histology

UBT, HpSA
UBT
UBT, Histology,
Endoscopy
UBT
UBT, Histology, RUT
UBT, EIA, serology
UBT
UBT
UBT
UBT

Follow-up time

Loss rate

Side effect scoring
system

4 wk1
6 wk2
≥ 6 wk
4 wk
4 wk

0.00%

Non-Boer

0.00%
8.50%
2.60%

Not reported
Non-Boer
Non-Boer

8 wk
4 wk
6 wk

5.20%
16.20%
2.50%

Not reported
Non-Boer
By de Boer et al

6 wk
4 wk1
8 wk2
4 wk1
4 mo2
4 wk
4-6 wk
4-6 wk
6 wk

5.70%
6.90%

By de Boer et al
Non-Boer

0.00%

By de Boer et al

8.90%
3.00%
3.00%
0.00%

Non-Boer
Non-Boer
Non-Boer
By de Boer et al

1

Probiotic group; 2Control group. EIA: Enzyme immunoassay; HpSA: H. pylori stool antigen test; RUT: Rapid urease test; UBT: C13 or C14 urea breath test.

seven days and those lasting more than seven days. These
studies also had overlapping confidence intervals. However, the sensitivity of the Asian studies was greater than
that of the Caucasian studies (Asian: OR = 1.78, 95%CI:
1.40-2.26; Caucasian: OR = 1.48, 95%CI: 1.06-2.05).

Begg's funnel plot pseudo 95% confidence limits
3

logRR

2
1
0
-1
0.0

0.5

1.0

s.e. of logRR

Figure 2 Funnel plot of the eradication rates in the included studies.

The overall pooled OR did not change significantly when
any single study was excluded, with results ranging from
1.32 to 2.14. The following four criteria were also used
to examine the stability of the analysis: (1) The removal
of six poor-quality studies (Jadad score ≤ 2); (2) the
removal of two studies that used combined probiotic
preparations; (3) patients were divided into two categories according to ethnicity: five studies included Asian
patients and nine studies included Caucasian patients; and
(4) studies were divided into two categories according
to the duration of triple therapy: 10 studies included a 7
d-triple therapy and four studies included triple therapy
lasting more than seven days. Our results show that there
was no significant difference in the pooled indices of the
eight studies with Jadad scores ≥ 3, in the 12 studies that
used single probiotic preparations, or when the 14 studies
were included. There was also no significant difference
between studies that used triple therapy regimens lasting
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Adverse effects
Ten studies provided data on the incidence of total adverse effects. The pooled OR for the incidence of total
adverse effects was signiﬁcantly lower in the probiotic
group (OR = 0.49, 95%CI: 0.26-0.94) using the random effects model due to significant heterogeneity (I2 =
85.7%) (Figure 4A). The studies were than divided into
two categories according to the probiotic strains used.
Significant heterogeneity was observed in the four studies
that included Lactobacillus and in another six studies without Lactobacillus. Individual adverse effects, such as taste
disorders, metallic taste, diarrhea, vomiting, nausea, and
epigastric pain, were also analyzed. Probiotic supplementation significantly reduced the incidence of diarrhea (OR
= 0.21, 95%CI: 0.06-0.74), whereas the incidence of taste
disorders (OR = 0.73, 95%CI: 0.45-1.19), metallic taste
(OR = 0.87, 95%CI: 0.20-3.72), vomiting (OR = 0.40,
95%CI: 0.15-1.08), nausea (OR = 0.66, 95%CI: 0.42-1.04),
and epigastric pain (OR = 0.55, 95%CI: 0.20-1.57) did
not differ significantly between the probiotic group and
the control group (Figures 4B, C).

DISCUSSION
As we know, H. pylori is closely associated with peptic
ulcers, chronic atrophic gastritis, gastric cancer, and other
gastrointestinal diseases. The risk of developing H. pyloriassociated diseases may increase with increasing levels
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Table 2 Numbers of experimental and context groups, and probiotic and eradication regimens
Ref.
(location)

Ethnicity

Total
(exp/cont)

Probiotic

Regimen
Eradication
O: 20 mg
A: 1000 mg
C 500 mg
bid for 14 d
E: 20 mg
A: 1000 mg
C: 500 mg
bid for 8 d
O: 20 mg
A: 1000 mg
C: 500 mg
bid for 7 d
O: 20 mg
A: 1000 mg
C: 500 mg
bid for 7d
R: 10 mg
A: 750 mg
C: 200 mg
bid for 7 d
P: 40 mg qd
A: 1000 mg bid
C: 500 mg bid
for 7 d
R: 20 mg bid
C: 250 mg tid
A: 500 mg tid
for 7d
R: 20 mg
A: 1000 mg
C: 500 mg
bid for 7d
L: 30 mg
A: 1000 mg
C: 500 mg
bid for 7 d
L: 30 mg
C: 500 mg
A: 1000 mg
bid for 7d
P: 40 mg
A: 1000 mg
C: 500 mg
bid for 14 d
Standard PPI
C: 500 mg
A: 1000 mg
bid for 7d

Emara et al[15]
(Egypt)

Caucasian

70
(35/35)

Lactobacillus reuteri (DSM 17938 and ATCC PTA 6475), 2 × 108 CFU
qd for 4 wk

Medeiros et al[16]
(Portugal)

Caucasian

62
(31/31)

Lactobacillus acidophilus (BioSaúde laboratories, Portugal), 15 × 109
CFU, 10 × 109 CFU
qn for 8 d

Song et al[17]
(Korea)

Asian

661
(330/331)

Saccharomyces boulardii (Bioﬂor250, Kuhnil Pharmacy, Seoul,
Korea), 3 × 1010 CFU
tid for 4 wk

Du et al[18]
(China)

Asian

156
(77/79)

Lactobacillus acidophilus, 107 CFU, Streptococcus faecalis, 5 × 106
CFU, Bacillus subtilis, 104 CFU
tid for 2 wk

Deguchi et al[19]
(Japan)

Asian

229
(115/114)

Lactobacillus gasseri (OLL2716), ≥ 109 CFU
bid for 4 wk

Mirzaee et al[20]
(Iran)

Caucasian

68
(34/34)

Probiotic yogurt (1.5% fat), 150 mg
bid for 7 d

Canducci et al[21]
(Italy)

Caucasian

120
(60/60)

Lactobacillus acidophilus strain LB, ≥ 5 × 109 heat-killed organisms
tid for 10 d

Nista et al[22]
(Italy)

Caucasian

106
(54/52)

Bacillus clausii (Sanoﬁ-Synthelabo OTC, Milan, Italy), 2 × 109 CFU
tid for 14 d

Sheu et al[23]
(Taiwan)

Asian

160
(80/80)

Bifidobacterium-containing yogurt, ≥ 5 × 109 live organisms per
bottle
bid for 4 wk

Myllyluoma et al[24]
(Finland)

Caucasian

47
(23/24)

Probiotics (Valio Ltd, Helsinki, Finland), 65 × 109 CFU bid for 1 wk
65 × 109 CFU qd for 3 wk

Yaşar et al[25]
(Turkey)

Caucasian

76
(38/38)

Bifidobacterium (DN-173 010-10), 1010 CFU
qd for 14 d

Kim et al[26]
(Korea)

Asian

347
(168/179)

Scaccianoce et al[27]
(Italy)

Caucasian

33
(17/16)

Lactobacillus acidophilus (HY 2177), > 15 × 106 CFU, L. casei (HY
2743), > 15 × 106 CFU, B. longum (HY 8001), > 15 × 107 CFU, S.
thermophilus (B-1), > 15 × 109 CFU
qd for 3 wk
Lactobacillus reuteri (ATCC 55730), 108 CFU
bid for 7 d

Cindoruk et al[28]
(Turkey)

Caucasian

124
(62/62)

Saccharomyces boulardii, 1 gram (250 mg sachets, 500 mg bid
Reﬂor (Sanoﬁ-Synthelabo Ilac A.S., Istanbul, Turkey)
bid for 2 wk

Jadad
scores
5

2

3

3

3

2

3

4

2

4

2

2

1
L: 30 mg
A: 1000 mg
C: 500 mg
bid for 7d
L: 30 mg
A: 1000 mg
C: 500 mg
bid for 14 d

4

A: Amoxicillin; C: Clarithromycin; cont: Control; CFU: Colony forming units; E: Esomeprazole; exp: Experimental; L: Lansoprazole; O: Omeprazole; P:
Pantoprazole; PPI: Proton pump inhibitor; R: Rabeprazole.

of H. pylori[29,30]. For the past few years, the standard
triple therapy, as recommended by the Maastricht 2-2000
Consensus Report, is regarded as the first-line treatment.
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However, the Maastricht 4-2012 Consensus Report recommends sequential or concomitant regimens as the
best first-line treatments in areas with high rates of clar-
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Study

%

ID

OR (95%CI)

Weight

Caucasian
Emara MH
Medeiros JA
Mirzaee V
Canducci F
Nista EC
Myllyluoma E
Yasar B
Scaccianoce G
Cindoruk M
2
Subtotal (I = 0.0%, P = 0.755)

1.51 (0.54, 4.22)
1.25 (0.34, 4.61)
1.00 (0.38, 2.60)
2.79 (1.10, 7.04)
1.05 (0.45, 2.45)
2.76 (0.48, 15.95)
1.73 (0.69, 4.36)
0.68 (0.17, 2.71)
1.65 (0.78, 3.49)
1.48 (1.06, 2.05)

3.67
2.51
5.21
3.48
6.51
1.00
4.25
3.01
6.67
36.31

Asian
Song MJ
Du YQ
Deguchi R
Sheu BS
Kim MN
2
Subtotal (I = 0.0%, P = 0.569)

1.59 (1.11, 2.27)
2.46 (1.21, 5.02)
2.10 (1.13, 3.93)
2.81 (1.10, 7.22)
1.47 (0.90, 2.42)
1.78 (1.40, 2.26)

29.40
6.12
8.57
3.42
16.17
63.69

1.67 (1.38, 2.02)

100.00

2

Overall (I = 0.0%, P = 0.790)

0.0627

1

16

Figure 3 Meta-analysis of studies that evaluated the effects of probiotic supplementation on eradication rates by intention-to-treat.

ithromycin resistance. Other treatment regimens include
quadruple therapy and miscellaneous therapy. However,
unsatisfactory H. pylori eradication rates and antibioticrelated adverse effects remain as the two limitations of
anti-H. pylori therapies.
A probiotic is defined as a living microbial species that
may have a positive effect on the bowel microecology and
improve health[31]. Currently, the most studied probiotics
are lactic acid-producing bacteria, particularly Lactobacillus
species[32]. In recent years, the use of probiotics combined
with a standard triple therapy has been considered a novel
choice. Probiotics may act as surrogate normal microﬂora
after antibiotic therapy until recovery is achieved, although the mechanism is not completely understood[33].
Lesbros-Pantoflickova et al[34] summarized several putative mechanisms by which probiotics can inhibit H. pylori,
including non-immunological mechanisms, antimicrobial
substances, and the in vitro inhibitory effects of certain
probiotics that are probably related to lactic acid and/or
other antibacterial substances yet to be identiﬁed. Many
clinical trials have suggested that probiotic supplementation is a good strategy to enhance the effectiveness of
anti-H. pylori therapy and to reduce antibiotic-associated
adverse effects, but this remains controversial. Therefore,
we conducted this meta-analysis of the evidence in 14
RCTs to provide a quantitative assessment of the efficacy
of probiotic supplementation in H. pylori eradication.
In our meta-analysis, the results of 14 RCTs pooled
with a fixed effects model indicated that probiotic supplementation of a standard triple therapy regimen improved
the H. pylori eradication rates in both ITT and PP analyses, which is consistent with eradication rates reported in
a previous meta-analysis by Tong et al[10]. However, this
result should be interpreted with care because the studies
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differed widely in their designs and in the antibiotic and
probiotic treatments used. In a subanalysis, the H. pylori
eradication rate was not related to the quality of the included studies, the probiotic preparations, or the duration
of the triple therapy, but was greater in Asian subjects.
This may be closely related to the distribution of CYP2C19 polymorphisms, which affect H. pylori eradication
rates[35]. However, in our meta-analysis, only five studies
included Asian patients, whereas nine studies included
Caucasian patients, so further clinical studies are required
to confirm this speculation.
The effect of probiotic supplementation on antibiotic-associated gastrointestinal adverse effects during
anti-H. pylori regimens were also examined in our metaanalysis. The results showed that probiotics had a positive effect on the overall H. pylori-therapy-related adverse
effects, with significant heterogeneity. Several factors may
have given rise to this heterogeneity, including patient
characteristics and the probiotic regimens used (species, number of colony-forming units given, duration of
administration, etc.). Therefore, more clinical trials are
required to confirm these results. From the perspective
of individual adverse effects, probiotic supplementation
significantly reduced the incidence of diarrhea. However,
it should be noted again that the studies differed with
respect to the antibiotic and probiotic treatments used,
making the interpretation of the results difﬁcult. Bühling
et al[36] proposed that the supplementation of a PPI-antibiotic regimen with probiotics corrects antibiotic-induced
intestinal dysbiosis. No study has demonstrated the complete eradication of H. pylori infection with probiotic treatment[37]. However, these probiotic strains can improve patient compliance by reducing antibiotic-associated adverse
events, increasing the number of patients who complete
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A

Study

%

ID
Emara MH
Song MJ
Du YQ
Mirzaee V
Canducci F
Nista EC
Sheu BS
Myllyluoma E
Kim MN
Cindoruk M
2
Overall (I = 85.7%, P = 0.000)
Weight are from random effects analysis
0.0571

B

1

Weight

0.18 (0.07, 0.50)
0.72 (0.48, 1.09)
1.21 (0.46, 3.17)
0.38 (0.11, 1.35)
1.00 (0.39, 2.56)
0.46 (0.21, 1.00)
0.12 (0.06, 0.24)
0.61 (3.40, 3.40)
1.96 (1.25, 3.08)
0.20 (0.09, 0.43)
0.49 (0.26, 0.94)

9.62
12.05
9.77
8.36
9.90
10.68
10.92
6.09
11.93
10.69
100.00

OR (95%CI)

Weight

17.5

Study

%

ID
Metallic taste
Sheu BS
Yasar B
Kim MN
2
Subtotal (I = 83.2%, P = 0.003)

1.00
2.55
0.20
0.87

3.08)
5.06)
0.69)
3.72)

32.24
37.09
30.67
100.00

Diarrhea
Emara MH
Song MJ
Canducci F
Sheu BS
Yasar B
Kim MN
Cindoruk M
2
Subtotal (I = 91.0%, P = 0.000)

0.07 (0.49, 0.49)
0.54 (0.26, 1.12)
1.69 (0.54, 5.24)
0.18 (0.76, 0.76)
0.16 (0.06, 0.43)
0.02 (0.01, 0.04)
0.38 (0.16, 0.92)
0.21 (0.06, 0.74)

11.27
15.50
14.36
13.17
14.82
15.72
15.17
100.00

1.00
0.85
0.22
0.55

36.66
27.04
36.30
100.00

Epigastric pain
Min Jun
Kim MN
Cindoruk M
2
Subtotal (I = 69.7%, P = 0.037)
Weight are from random effects analysis
0.0111

C

OR (95%CI)

1

(0.32,
(1.29,
(0.06,
(0.20,

(0.44,
(0.24,
(0.09,
(0.20,

2.30)
2.97)
0.52)
1.57)

89.8

Study

%

ID

OR (95%CI)

Weight

Taste disorders
Emara MH
Song MJ
Mirzaee V
Cindoruk M
2
Subtotal (I = 8.2%, P = 0.352)

0.20 (0.04, 1.04)
0.73 (0.36, 1.48)
1.16 (0.34, 3.91)
1.00 (0.37, 2.72)
0.73 (0.45, 1.19)

19.72
47.50
12.66
20.12
100.00

Vomiting
Emara MH
Sheu BS
Yasar B
2
Subtotal (I = 1.9%, P = 0.361)

1.00 (0.13, 7.53)
0.13 (0.02, 1.10)
0.57 (0.13, 2.56)
0.40 (0.15, 1.08)

14.07
51.57
34.36
100.00

0.71 (0.22, 2.27)
1.00 (0.37, 2.72)
0.60 (0.19, 1.92)
0.40 (0.15, 1.04)
7.59 (0.39, 148.09)
0.48 (0.18, 1.30)
0.66 (0.42, 1.04)

14.55
16.17
15.86
28.04
1.00
24.38
100.00

Nausea
Song MJ
Canducci F
Sheu BS
Yasar B
Kim MN
Cindoruk M
2
Subtotal (I = 0.0%, P = 0.444)
Weight are from random effects analysis
0.00675

1

148

Figure 4 Meta-analysis of studies that evaluated the effects of probiotic supplementation on the incidence of adverse effects. A: Total adverse effects; B:
Individual adverse effects including metallic taste, diarrhea, and epigastric pain; C: Individual adverse effects including taste disorders, vomiting and nausea.
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the eradication therapy, and thus improving eradication
rate.
In this study, a rigorous and rational search strategy,
inclusion criteria, and statistical analyses were used to
systematically and comprehensively analyze the effects
of probiotics on a standard triple therapy for H. pylori in
adults. However, this study had many limitations. First,
because of the language barrier, non-English and nonChinese studies could not be evaluated. Second, there
was no standardized protocol regarding the species of
probiotic, the dose, or the duration of supplementation
in these studies, which will inevitably affect the results. It
also seems that not all probiotics contribute equal beneficial effects. Third, there have been no trials involving
patients from North America or Black individuals.
Finally, our study suggests that probiotic supplementation during H. pylori eradication therapy in adults may
have beneﬁcial effects on the eradication rate, particularly
in Asian patients, and the incidence of total adverse effects, particularly diarrhea. More studies with rigorous
designs, large sample sizes, and multiregional cooperation
are required to obtain further evidence of the efficacy of
probiotics in H. pylori eradication therapies.
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complications, including recurrent nerve palsy, anastomosis leak, pulmonary complications, and chylothorax.
Subgroup analysis was performed on the involvement
of recurrent laryngeal lymph nodes.
RESULTS: Two RCTs and 18 observational studies with
over 7000 patients were included. There was a clear
benefit for 3FL in the 1- (RR = 1.16; 95%CI: 1.09-1.24;
P < 0.01), 3- (RR = 1.44; 95%CI: 1.19-1.75; P < 0.01),
and 5-year overall survival rates (RR = 1.37; 95%CI:
1.18-1.59; P < 0.01). For postoperative complications,
3FL was associated with significantly more recurrent
nerve palsy (RR = 1.43; 95%CI: 1.28-1.60; P = 0.02)
and anastomosis leak (RR = 1.26; 95%CI: 1.05-1.52;
P = 0.09). In contrast, there was no significant difference for pulmonary complications (RR = 0.93; 95%CI:
0.75-1.16, random-effects model; P = 0.27) or chylothorax (RR = 0.77; 95%CI: 0.32-1.85; P = 0.69).
CONCLUSION: This meta-analysis shows that 3FL
improves overall survival rate but has more complications. Because of the high heterogeneity among outcomes, definite conclusions are difficult to draw.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To assess the effects of 3-field lymphadenectomy
for esophageal carcinoma.

Key words: Oesophagus; Cancer; Lymph node dissection; Survival; Complication

METHODS: We conducted a computerized literature
search of the PubMed, Cochrane Controlled Trials Register, and EMBASE databases from their inception to
present. Randomized controlled trials (RCTs) or observational epidemiological studies (cohort studies) that
compared the survival rates and/or postoperative complications between 2-field lymphadenectomy (2FL) and
3-field lymphadenectomy (3FL) for esophageal carcinoma with R0 resection were included. Meta-analysis
was conducted using published data on 3FL vs 2FL in
esophageal carcinoma patients. End points were 1-,
3-, and 5-year overall survival rates and postoperative

Core tip: Surgery for esophageal cancer includes removal of the primary lesion and lymph node dissection;
however, there is a long-standing debate concerning
the application of 3-field lymphadenectomy (3FL). The
main purpose of the present meta-analysis was to
present all available evidence in a systematic, quantitative, and unbiased fashion to establish the following
3 points: the effect of 3FL on the overall survival rate,
identification of postoperative complications of 3FL
compared to 2-field lymphadenectomy, and description
of patient characteristics of those who will likely benefit from 3FL.
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INTRODUCTION
Esophageal cancer is one of the most lethal malignancies and has a long-term overall survival (OS) rate of
only approximately 25% in most Western series[1], while
in some Japanese series, the 5-year OS rate was reported
to be approximately 50%[2]. Extensive research has been
conducted to improve treatment options, especially for
the optimal extent of lymph node dissection. Since 1983,
several Japanese institutions[3,4] have employed radical
3-field lymphadenectomy (3FL) of the bilateral cervical,
mediastinal, and abdominal regions, with the theoretical
justification that relapse of cervical lymph node occurs
frequently[5,6].
After almost 30 years, however, 3FL is not widely
applied because its advantages and disadvantages remain
controversial, resulting in an increasing amount of research focusing on identifying optimal patients and clarifying indications for 3FL recently. Nevertheless, esophagectomy remains technically demanding, and few centers
can recruit a sufficient number of patients to perform
clinical trials that can withstand scrutiny.
The present meta-analysis aimed to investigate the
following 3 primary points: (1) the effect of 3FL on the
OS rate; (2) a comparison of postoperative complications
between 2FL and 3FL, and (3) identification of optimal
patients who will most likely benefit from 3FL. To comprehensively and credibly answer these queries, we conducted a detailed meta-analysis using data from currently
available studies that compared 3FL with 2FL, including
2 randomized controlled trials (RCTs)[7,8] and 18 observational studies[9-26]. The meta-analysis was performed
on data from 1-, 3-, and 5-year OS rates, complications
(recurrent nerve palsy, anastomosis leak, chylothorax, and
pulmonary complications), and subgroups of recurrent
laryngeal lymph node involvement. The article was arranged using a guide for reporting meta-analysis of observational studies[27].

MATERIALS AND METHODS
Ethics
This work has been carried out in accordance with the
Declaration of Helsinki (2000) of the World Medical
Association. This study was approved by the Ethics
Committee of Sun Yat-sen University Cancer Center.
Search strategy
To identify relevant studies, we conducted a computer-

WJG|www.wjgnet.com

ized literature search of the PubMed, Cochrane Controlled Trials Register, and EMBASE databases from their
inception to present. The search terms included the following: (1) “three-field”, “3-field”, “three field”, “3 field”,
“extended cervical”, “cervical lymph node dissection”,
“cervical lymphadenectomy”, “neck lymph node dissection”, “neck lymphadenectomy”, “3-F”, “3F”, and “3FL”;
(2) esophageal neoplasms (MeSH); and (3) a combination
of (1) and (2).
The titles and abstracts of the identified studies were
scanned to exclude any study that was clearly irrelevant.
The full texts of the remaining articles were read to
determine whether they contained information on the
topic of interest. The reference lists of articles with relevant information were reviewed to identify citations to
other studies on the same topic.
Selection criteria
The reports considered in this meta-analysis were either
RCTs or observational epidemiological studies (cohort studies) that compared the survival rates and/or
postoperative complications between 2FL and 3FL for
esophageal carcinoma with R0 resection. There was no
restriction regarding the language of articles. Articles
were excluded from the analyses if they (1) contained insufficient published data for determining an estimate of
relative risk (RR) or confidence interval (CI); (2) included
special restrictions to types and/or stages of esophageal
carcinoma (restriction to squamous carcinoma was not
included because almost all tumors are of this type); (3)
randomly applied 2FL or 3FL to the included patients; (4)
did not apply curative resection to all included patients;
and/or (5) were of poor quality and led to large biases
in the analysis. In addition, for studies with multiple
publications from the same population, only one with
the largest data set was included. We did not assess the
methodological quality of the primary studies because
quality assessment in meta-analysis is controversial.
Scores constructed in an ad-hoc fashion may lack demonstrated validity, and results may not be associated with
quality[28].
Information extraction
Two reviewers independently extracted data using predefined criteria from each study, including the following:
(1) Basic information comprising the first author’s last
name, year of publication, journal name, study region,
study design, type and stage of esophageal tumor, and
inclusion and/or exclusion criteria; (2) Published data,
including the 1-, 3-, and 5-year OS rates (collected by 2
methods provided by the author or measurement of the
Kaplan-Meier survival curve with the software Engauge.
exe), study population, operation time, complications,
and subgroup data.
When more than one estimate of effect (RR) was
presented in observational studies, the most adjusted estimate was chosen. Differences in data extraction were resolved by consensus and reference to the original articles.
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Statistical analysis
We performed 3 comparisons between 3FL and 2FL for
esophageal carcinoma-the OS rate, complications, and
subgroups. For OS, 1-, 3-, and 5-year rates were compared; for complications, recurrent nerve palsy, anastomosis leak, pulmonary complications, and chylothorax
were included; and for subgroup analysis, studies with
recurrent laryngeal lymph node positivity/negativity
were included.
Data from each study were analyzed using Review
Manager software (RevMan version 5.0; http://ims.cochrane.org/revman/download). Treatment effects were
expressed as RRs with 95%CIs for dichotomous outcomes. Because mortality or morbidity was not a small
probability event in the participants, the Mantel-Haenszel
analysis method was used[29].
We separately pooled RR estimates from each study
for each outcome using random-effects meta-analysis. Statistical heterogeneity of the RRs was evaluated using the
2
2
χ -test with significance set at P < 0.01, and the I statistic
was calculated; publication bias was assessed using funnel
plots. Low, moderate, and high degrees of heterogeneity
correspond to I2 values of 25%, 50%, and 75%, respectively. Sensitivity analyses were used to evaluate whether
the results could have been markedly affected by a single
study.

RESULTS
Search results
The references (n = 334) were retrieved by the original
search strategy or by manual searches (n = 58). The abstracts were reviewed, and 61 articles were selected for
full-text evaluation. After applying the inclusion and exclusion criteria, 20 articles were finally included (Table 1).
The flow chart of the study inclusion process is shown
in Figure 1.
Meta-analysis of studies on the OS rates
Twelve studies were used for 1-year OS rate analysis, including 2554 3FL patients and 3917 2FL patients. Only
5 studies reported a statistically significant difference
between 2FL and 3FL, with a better OS rate in the 3FL
group. Among studies with no statistical significance, 6 reported a higher 1-year OS rate in the 3FL group, whereas
1 reported a lower rate, which raised concerns regarding
the significance of 3FL. Meta-analysis of all 12 studies
showed a statistically significant difference between 3FL
and 2FL, with a pooled RR of 1.16 (95%CI: 1.09-1.24; P
< 0.00001; random-effects model) and statistical heterogeneity (P = 0.0003; I2 = 61%). 3FL showed a significant
improvement in the 1-year OS rate.
The 3-year OS rate presented in 13 studies included
2598 3FL patients and 3961 2FL patients. Four studies
reported a statistically significant difference with a better
OS rate in the 3FL group. Studies with no statistical significance reported a higher 3-year OS rate. Meta-analysis
of all 13 studies showed statistically significant differ-
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ences between 3FL and 2FL with a pooled RR of 1.44
(95%CI: 1.19-1.75, P < 0.00001, random-effects model)
and statistical heterogeneity (P < 0.00001; I2 = 82%).
3FL showed a significantly higher 3-year OS rate.
The 5-year OS rate reported in 12 studies included
2827 3FL patients and 4157 2FL patients. Only 3 studies reported a statistically significant difference with a
better OS rate in the 3FL group. Among the 9 studies
with no statistical significance, 8 reported a higher 5-year
OS rate in the 3FL group, while 1 reported a lower rate.
Meta-analysis of all 12 studies showed a statistically significant difference between 3FL and 2FL with a pooled
RR of 1.37 (95%CI: 1.18-1.59; P = 0.0002; randomeffects model) and statistical heterogeneity (P < 0.00001;
I2 = 69%). 3FL showed a significant improvement in the
3-year OS rate. The forests plots are shown in Figure 2,
Figure 3 and Figure 4.
Meta-analysis of studies on postoperative complications
After reviewing the postoperative complications, we included the 4 most common complications for analysis;
these complications included recurrent nerve palsy, anastomosis leak, chylothorax, and pulmonary complications.
The meta-analysis results from all studies demonstrated
that 3FL was associated with more complications than
2FL with respect to anastomosis leakage and recurrent
nerve palsy (Table 2). Chylothorax and pulmonary complications were not statistically significantly different between 3FL and 2FL.
Meta-analysis of studies on subgroups
There were insufficient data available for subgroup analysis; therefore, only data pertaining to recurrent laryngeal lymph node positivity/negativity were integrated for
meta-analysis. Three studies were included in the positive
group[10,17,18], including 107 3FL patients and 92 2FL patients. Meta-analysis of these 3 studies showed statistically significant differences between 3FL and 2FL because
the OS rate in the 3FL group was superior with a pooled
1-year RR of 1.29 (95%CI: 1.08-1.53; P = 0.004; fixedeffects model) and statistical heterogeneity (P = 0.80, I2
= 0%), and a 3-year RR of 6.80 (95%CI: 2.99-15.46; P <
0.00001; fixed-effects model) and statistical heterogeneity (P = 0.98; I2 = 0%). For the negative group, 2 studies
were analyzed[10,17], including 176 3FL patients and 271
2FL patients. Meta-analysis of the 2 studies showed
statistically significant differences between 3FL and 2FL
with a better OS rate in the 3FL group, a pooled 1-year
RR of 1.14 (95%CI: 1.03-1.27; P = 0.01, fixed-effects
model) with statistical heterogeneity (P = 0.86, I2 = 0%),
and a 3-year RR of 1.92 (95%CI: 0.56-6.53; P = 0.30;
random-effects model) with statistical heterogeneity (P =
0.003; I2 = 89%). For the other subgroups: (1) carcinoma
in the upper or middle third esophagus had a survival
advantage with 3FL[20,23,30]; (2) early superficial carcinoma
confined to the mucosa had an equal OS rate between
3FL and 2FL[31]; and (3) poor prognostic subgroups had
metastatic nodes in all 3 fields and the lower-third of
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334 potentially relevant abstracts
were identified through a database
searching

58 potentially relevant abstracts
were identified through other
sources(including cross reference)

392 potentially relevant abstracts were scanned

331 clearly irrelevant articles were excluded

61 full articles selected for full review

34 articles that did not contain the needed data were excluded
1 article with insufficient published data was excluded
3 articles with special restrictions were excluded
5 articles of which 2FL or 3FL was not randomly applied were
excluded (1 has been already excluded above)
2 articles without full text were excluded
1 article with duplicated population was excluded (already excluded above)

17 articles included for the OS meta-analysis

3 articles excluded were reused in the complication analysis

20 articles were finally included

Figure 1 Flow diagram of the search strategy and study selection.

tumors had positive cervical nodes with the involvement
of ≥ 5 lymph nodes. The subgroups had equal OS rates
between 3FL and 2FL[32].

DISCUSSION
Surgery for esophageal cancer includes removal of the
primary lesion and lymph node dissection; however,
there is a long-standing debate concerning application
of 3FL, which was initiated at Chiba University (Chibashi, Japan) in 1983[25]. This method was based on the
observation that the relapse rates at the cervical nodes
were 30%-40%, which presented a significant obstacle
in the improvement of surgical results[5,6]. After 1983,
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3FL was widely employed in Japan, but not worldwide
until recently because of lack of evidence. As mentioned
above, esophagectomy is technically demanding, and
few centers can recruit a sufficient number of patients
to perform randomized clinical trials that can withstand
scrutiny; thus, only 2 randomized trials to date have
been published that compared 3FL with 2FL. One trial
showed a survival advantage for 3FL; however, patients
treated with 2FL were older and had more proximal
tumors[8]. In the second trial, the 5-year OS rates were
not statistically different between 3FL and 2FL (66.2%
and 48%, respectively)[7]. These limited randomized trials were, however, insufficient to conclude that 3FL was
advantageous. As there are many observational studies
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Table 1 Characteristics of the studies include in the meta-analysis
Study

Year

Journal

Study design

Region

Study population, n

Operation time

Li et al[10]
Thakur et al[9]
Shim et al[12]
Zhang et al[11]
Igaki et al[13]
Noguchi et al[14]
Hagry et al[15]
Gradauskas et al[16]
Shiozaki et al[17]
Tabira et al[18]
Kawahara et al[19]
Nishihira et al[7]
Fujita et al[20]
Kakegawa et al[21]
Kato et al[22]
Akiyama et al[23]
Fujita et al[24]
Isono et al[25]
Kato et al[8]
Ando et al[26]

2012
2011
2010
2008
2004
2004
2003
2002
2001
1999
1998
1998
1995
1995
1995
1994
1992
1991
1991
1989

J Surg Oncol
Indian J Cancer
J Thorac Oncol
Zhonghua Zhongliu Zazhi
Ann Surg
Dis Esophagus
Eur J Cardiothorac Surg
Medicina (Kaunas)
Dis Esophaguss
J Cardiovasc Surg
J Surg Oncol
Am J Surg
Ann Surg
Gan To Kagaku Ryoho
Ann Chir Gynaecol
Ann Surg
Kurume Med J
Oncology
Ann Thorac Surg
Nihon Geka Gakkai Zasshi

Obser.
Obser.
Obser.
Obser.
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1985-1998
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1974-1995
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1985-1994
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1985-1989
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Obser: Observational studies; 3FL: 3-field lymphadenectomy; 2FL: 2-field lymphadenectomy.
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Fujita H 1992
Fujita H 1995
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Tabira Y 1999
Shiozaki H 2001
Noguchi T 2004
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Nagatani S 2005
Miyata H 2006
Zhang GQ 2008
Shim YM 2010
Thakur B 2011
Li H 2012

3FL
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Total
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22
58
77
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1740
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27
55
63
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100
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32
33
40
57
66
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68
86
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19
25
33
50
60
54
57
56
61
111
136

2FL
Events
Total
43
56
38
73
1664
2671
58
100
48
65
254
410
26
30
34
46
70
86
91
123
63
78
44
55
7
11
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56
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62
30
34
19
21
153
227

Risk ratio
M-H, random, 95%CI
0.95 [0.71, 1.27]
1.45 [1.12, 1.87]
1.16 [1.11, 1.20]
1.40 [1.10, 1.80]
1.18 [0.99, 1.40]
1.42 [1.28, 1.58]
1.08 [0.92, 1.28]
1.12 [0.89, 1.40]
1.06 [0.92, 1.22]
1.11 [0.97, 1.27]
0.98 [0.84, 1.16]
1.06 [0.91, 1.24]
0.83 [0.45, 1.53]
0.87 [0.70, 1.08]
1.08 [0.90, 1.28]
1.07 [0.94, 1.23]
1.01 [0.87, 1.19]
1.21 [1.07, 1.37]

Weight
3.7%
4.5%
15.2%
4.8%
7.4%
11.3%
7.7%
0.0%
9.2%
9.6%
0.0%
8.3%
0.0%
0.0%
0.0%
0.0%
8.2%
10.3%

Total (95%CI)
2554
3917
100.0%
Total events
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2508
2
2
2
Heterogeneity: Tau = 0.01; χ = 28.49, df = 11 (P = 0.003); I = 61%
Test for overall effect: Z = 4.69 (P < 0.00001)

Risk ratio
M-H, random, 95%CI

1.16 [1.09, 1.24]
0.5 0.7 1 1.5 2
Favours 2FL Favours 3FL

Figure 2 Forest plot of the 1-year overall survival rate. 3FL: 3-field lymphadenectomy; 2FL: 2-field lymphadenectomy.

comparing 3FL and 2FL, we performed the present
meta-analysis to synthesize data to yield more comprehensive and credible results.
Meta-analysis serves as a valuable tool for studying
rare and unintended treatment effects and extends prior
randomized and nonrandomized studies by permitting
synthesis of data and providing more stable estimates
of effects. To the best of our knowledge, this is the first
meta-analysis of published studies to compare 3FL and
2FL for esophageal cancer and provide evidence for the
comparison of OS, postoperative complications, and
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subgroups.
This meta-analysis brings together all currently available data from randomized trials and observational studies comparing 2FL and 3FL in esophageal carcinoma
patients, thereby providing reliable assessment of the role
of 3FL. Through this meta-analysis, we discussed the 3
queries mentioned above. First, regarding the effect of
3FL on the OS rate, the present study revealed that 3FL
had a significant improvement in the 1-, 3-, and 5-year
OS rates (RR = 1.16, 1.44, and 1.37, respectively). However, we questioned the credibility of the 3 aspects of
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Fujita H 1995
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Tabira Y(2) 1999
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Nagatani S 2005
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Li H 2012

3FL
Events
Total
11
22
738
1740
37
77
14
27
32
63
70
100
24
50
16
44
21
32
15
40
38
66
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61
57
136

2FL
Events
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56
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73
32
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65
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8
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46
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86
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0
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34
4
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Risk ratio
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1.18 [1.10, 1.28]
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1.62 [1.02, 2.57]
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1.92 [1.23, 3.00]
2.00 [0.96, 4.19]
1.23 [0.81, 1.87]
1.01 [0.59, 1.76]
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1.07 [0.85, 1.35]
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No estimable
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1.03 [0.67, 1.58]
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1.55 [0.59, 4.06]
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Weight
6.1%
11.2%
7.7%
6.8%
8.1%
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7.4%
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9.8%
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0.0%
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Total (95%CI)
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100.0%
Total events
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1384
2
2
2
Heterogeneity: Tau = 0.08; χ = 65.50, df = 12 (P < 0.00001); I = 82%
Test for overall effect: Z = 3.78 (P = 0.0002)

Risk ratio
M-H, random, 95%CI

1.44 [1.19, 1.75]
0.01

0.1

1
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10

100
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Figure 3 Forest plot of the 3-year overall survival rate. 3FL: 3-field lymphadenectomy; 2FL: 2-field lymphadenectomy.
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Akiyama H 1994
Kato H 1995
Kakegawa T 1995
Fujita H 1995
Kato H 1996
Nishihira T 1998
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Shiozaki H 2001
Noguchi T 2004
Igaki H 2004
Nagatani S 2005
Zhang GQ 2008
Shim YM 2010

3FL
Events
Total
37
77
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1740
9
27
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59
100
75
124
25
63
18
50
21
32
9
44
8
40
29
66
54
129
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52
101
0
19
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60
12
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Events
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25
73
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23
100
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393
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54
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65
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100
14
30
6
44
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9
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34
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1.45 [0.76, 2.76]
1.43 [1.22, 1.68]
2.52 [1.98, 3.20]
1.20 [0.95, 1.52]
1.12 [0.72, 1.76]
1.64 [0.97, 2.76]
1.41 [0.89, 2.22]
1.50 [0.58, 3.85]
0.84 [0.37, 1.87]
1.45 [0.95, 2.21]
0.97 [0.73, 1.29]
0.93 [0.71, 1.22]
1.13 [0.80, 1.60]
No estimable
1.26 [0.56, 2.83]
0.60 [0.30, 1.18]
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7.3%
14.4%
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12.9%
10.9%
11.0%
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0.0%

Total (95%CI)
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100.0%
Total events
1145
1209
2
2
2
Heterogeneity: Tau = 0.04; χ = 35.79, df = 11 (P = 0.0002); I = 69%
Test for overall effect: Z = 4.13 (P < 0.0001)

Risk ratio
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1.37 [1.18, 1.59]
0.01

0.1
Favours 2FL

1

10

100

Favours 3FL

Figure 4 Forest plot of the 5-year overall survival rate. 3FL: 3-field lymphadenectomy; 2FL: 2-field lymphadenectomy.

these results. The first was the high degree heterogeneity
of all the 3 outcomes. For meta-analysis of mostly observational studies, when outcome heterogeneity is particularly problematic, a single summary measure is likely
inappropriate. Thus, evaluating heterogeneity becomes
a key issue. Although we did our best to exclude articles
that did not meet the selection criteria, the heterogeneity may be because of the following factors: (1) different

WJG|www.wjgnet.com

types, stages, and locations of esophageal carcinoma in
each observational study; (2) different patient ethnicities
with different genotypes and proportion of tumor types;
and (3) different institutions, surgeons with unequal skills,
and different operative durations. However, the amount
of information was not sufficient for stratifying or regression analysis. The second aspect was derived from
theoretical justification. Although we could not perform
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Table 2 Results of meta-analysis of studies for postoperative complications
Complications
Recurrent nerve palsy
Anastomosis leak
Pulmonary complications
Chylothorax

Studies
10
10
12
6

Participants
3FL
2320
608
2370
458

2FL
3534
926
3653
699

Fixed-effects model
RR
1.43
1.26
0.88
0.77

95%CI
1.28 to 1.60
1.05 to 1.52
0.80 to 0.98
0.32 to 1.85

Random-effects model
RR
1.48
1.32
0.93
0.87

95%CI
1.13-1.92
0.97-1.81
0.75-1.16
0.33-2.26

Tests of homogeneity

Q
19.05
14.53
13.38
3.05

df
9
9
11
5

P

I 2 (%)

0.02
0.09
0.27
0.69

53
38
18
0

3FL: 3-field lymphadenectomy; 2FL: 2-field lymphadenectomy.

3FL analysis because of frequent recurrence in the cervical lymph nodes, 2 studies on recurrence patterns after
esophagectomy reported recurrence rates of 7% and 1%,
which were both significantly lower than the 30% incidence rate expected from cervical metastases[33,34]. Finally,
on the basis of the funnel plot results, we concluded that
publication bias occurred in all the 3 outcomes.
The second part of this analysis compared postoperative complications between 2FL and 3FL. Our results
determined that 3FL had more complications than 2FL
in anastomosis leak and recurrent nerve palsy, while the
incidences of chylothorax and pulmonary complications
were not significantly different. Heterogeneity was not
high because less mixed factors may have affected the result. The result was much less controversial and presents
an obvious disadvantage of 3FL.
Treatment complications are often detrimental. For
example, recurrent laryngeal nerve palsy due to extensive
dissection of the recurrent laryngeal nerve chain remains
the main concern and can affect up to 70% of cases[20].
Recurrent laryngeal nerve palsy impedes not only immediate postoperative recovery but also long-term quality
of life in terms of speech, swallowing, and respiratory
functions.
For the last query, we identified patients who would
likely benefit from 3FL. As previously mentioned, much
current research has focused on identifying optimal patients through subgroup analysis. An important study
that evaluated recurrent nerve nodal involvement in 86
3FL patients identified a relationship between thoracic
recurrent nerve nodal involvement and cervical metastases. Only 11% of the 63 patients without thoracic
recurrent nodal involvement had positive cervical nodes,
in contrast to 43% of the 23 patients with recurrent thoracic nodal disease and positive cervical nodes. A “sentinel node” concept was proposed to guide the addition
of cervical lymphadenectomy[35]. However, from our
results, we could not conclude that 3FL benefited only
positive, but not negative, cervical nodes based on the
available data. As to the other subgroups, limited data
were derived from published studies; thus, they were insufficient to draw definite conclusions.
The main purpose of the present meta-analysis was
to present all available evidence in a systematic, quantitative, and unbiased fashion to establish the following 3
points: the effect of 3FL on the OS rate, identification
of postoperative complications of 3FL compared to
2FL, and description of patient characteristics of those
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who will likely benefit from 3FL. However, because of
limitations of the available data, only the second query
was clearly answered. For the first query, we could only
determine that 3FL had better 1-, 3-, and 5-year OS
rates compared to 2FL, when all currently available data
were integrated. However, the credibility of the results
remains controversial. Clinicians can make treatment
decisions based on this evidence and consultations with
patients on their perceived treatment outcomes.
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2868 of whom had a protective stoma and 2744 of
whom did not. The sample size of the studies varied
from 34 to 1912 patients. All studies reported the number of patients who developed an anastomotic leakage
and required a reoperation related to leakage. A random effects model was used to calculate the pooled RR
with the corresponding 95%CI because obvious het2
erogeneity was observed among the 11 studies (I =
77%). The results indicated that the creation of a protective stoma during LAR significantly reduces the rate
of anastomotic leakage and the number of reoperations
related to leakage, with pooled RRs of 0.38 (95%CI:
0.30-0.48, p < 0.00001) and 0.37 (95%CI: 0.29-0.48,
p < 0.00001), respectively. The shape of the funnel
plot did not reveal any evidence of obvious asymmetry.
CONCLUSION: The presence of a protective stoma effectively decreased the incidences of anastomotic leakage and reoperation and is recommended in patients undergoing low rectal anterior resections for rectal cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To provide a comprehensive evaluation of the
role of a protective stoma in low anterior resection (LAR)
for rectal cancer.
METHODS: The PubMed, EMBASE, and MEDLINE databases were searched for studies and relevant literature
published between 2007 and 2014 regarding the construction of a protective stoma during LAR. A pooled risk
ratio (RR) with 95% confidence intervals (CIs) was used
to assess the outcomes of the studies, including the rate
of postoperative anastomotic leakage and reoperations
related to leakage. Funnel plots and Egger’s tests were
used to evaluate the publication biases of the studies. P
values < 0.05 were considered statistically significant.
RESULTS: A total of 11 studies were included in the
meta-analysis. In total, 5612 patients were examined,
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Key words: Protective stoma; Low anterior resection;
Rectal cancer; Complication; Meta-analysis
Core tip: The use of a protective stoma is an effective
application that can reduce the rate of anastomotic
leakage in patients who receive low anterior resection
for rectal cancer. The morbidity associated with protective stomas and the complications of stoma closure
are negligible compared with the reoperations required
for anastomosis leakage in the absence of a protective
stoma. Therefore, the presence of a non-functioning
stoma can be useful for patients undergoing rectal
surgery and is recommended during low anterior resections for rectal cancer.
Wu SW, Ma CC, Yang Y. Role of protective stoma in low anterior resection for rectal cancer: A meta-analysis. World J Gas-
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INTRODUCTION
Low anterior resection (LAR) is the standard operation
for rectal cancer and allows an anastomosis to be created
at a lower level, thereby preserving the anal sphincter[1].
Nonetheless, anastomotic leakage remains one the most
significant complications after LAR. Anastomotic leakage is defined as a communication between the intraand extraluminal compartments owing to a defect in the
integrity of the intestinal wall at the anastomosis between
the colon and rectum or the colon and anus[2]. In the last
decade, the problem of anastomotic leakage has been
widely addressed in multiple symposia and many publications[3]. Leakage rates from 3% to > 20% leading to substantial postoperative morbidity and mortality have been
reported[4,5]. Even experienced surgeons sometimes find
it difficult to predict which patients will develop an anastomotic leak, and such leaks may occur even when the
anastomosis is technically sound or when the risk factors
for leakage are absent. Studies have demonstrated that
such low anastomoses carry a considerably higher risk of
anastomotic leakage[6]. Leakage can increase morbidity
and mortality, prolong the duration of the hospital stay,
and affect short- or long-term quality of life[7,8]. There is
also evidence for an increased risk of local cancer recurrence and decreased long-term survival after leakage[9-11].
Many solutions have been sought to prevent or diminish anastomotic leakage, such as mechanical bowel preparation, drains, and intra-luminal devices. Some surgeons
use a protective stoma after LAR to prevent anastomotic
leakage in the hope that by diverting the fecal stream and
keeping the anastomosis free of material, leakage will be
less likely. While other surgeons have reported that covering the protective stoma had no influence on anastomotic
leakage and reoperation rates, the further complications
that can be caused by the stoma itself should not be
ignored, as they include discomfort and inconvenience,
high output with consequent dehydration, and anastomotic complications at the stoma closure site[12-18].
Although protective stomas are widely used in LAR
for rectal cancer, it remains unclear whether such protective stomas are useful for patients. Therefore, we performed this meta-analysis to investigate whether a protective stoma affects the outcomes of patients undergoing
LAR for rectal cancer.

MATERIALS AND METHODS
Publication search
The PubMed, EMBASE, and MEDLINE databases and
the Cochrane Central Register of Controlled Trials were
searched to locate articles (published between January
2007 and January 2014), including articles referenced in
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the publications. The search strategy included the following keywords in various combinations: “low anterior
resection”, “stoma”, “protective stoma”, “rectal cancer”,
and “anastomotic leakage”. Internet search engines were
also used to perform a manual search for abstracts from
international meetings, which were then downloaded and
studied.
Inclusion and exclusion criteria
The inclusion criteria were as follows: studies that compared LAR with or without a protective stoma and recent
clinical trials from 2007 to 2014. When a study reporting
the same patient cohort was included in several publications, only the most recent or most complete study was
selected. The exclusion criteria were as follows: studies
of case reports, letters, or reviews without original data;
non-English papers; animal or laboratory studies; nonrectal cancer proctectomy; and articles that were not fulltext or non-comparative studies. If any doubt of suitability remained after the abstract was examined, the full
manuscript was obtained[19].
Data extraction
Two review authors assessed the methodological quality
of the potentially eligible studies without considering the
results. The extracted data were then crosschecked between the two authors to rule out any discrepancies. Data
were extracted independently from each of the included
studies regarding the following: first authors’ surname,
publication year, sample size, number of patients who
developed an anastomotic leak and required a reoperation
related to leakage after LAR, and whether a protective
stoma was involved. Disagreements were discussed by
the authors and resolved by consensus.
Statistical analysis
Statistical analysis was performed using the Review
Manager (RevMan) software, version 5.0 (The Nordic
Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark). A pooled risk ratio (RR) with 95%
confidence intervals (CIs) was used to assess the outcomes of the studies. I2 statistics were used to evaluate
the between-study heterogeneity analysis in this metaanalysis[20]. The random effects model was used when
obvious heterogeneity was observed among the included
studies (I2 > 50%). The fixed effects model was used
when there was no significant heterogeneity between the
included studies (I2 ≤ 50%). Publication bias was estimated using a funnel plot with an Egger’s linear regression test; funnel plot asymmetry on the natural logarithm
scale of the RR was measured using a linear regression
approach.

RESULTS
Study characteristics
The initial search retrieved a total of 164 references, and
after screening the titles and abstracts of the identified
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Table 1 Main characteristics of the five included studies
Ref.

Year

Beirens et al[21]
Chude et al[22]
Gong et al[23]
Karahasanoglu et al[24]
Lefebure et al[25]
Ma et al[26]
Matthiessen et al[27]
Nurkin et al[28]
Seo et al[29]
Shiomi et al[30]
Ulrich et al[31]

n

No. of
patients

Stoma

No stoma

Type of
operation

Stoma

No stoma

Stoma

No stoma

1912
256
62
77
132
56
234
1791
836
222
34

1183
136
36
23
42
30
116
958
246
80
18

729
120
26
54
90
26
118
833
590
142
16

LAR
LAR
uLAR
LAR
LAR
LAR
LAR
LAR
uLAR
LAR
LAR

51
3
0
0
3
2
12
17
1
3
1

74
12
5
3
10
7
33
26
22
17
6

40
0
0
1
0
12
37
0
0

69
2
2
5
5
32
63
14
6

2012
2008
2012
2011
2008
2013
2007
2013
2013
2010
2009

Leakage

Reoperation

LAR: Low anterior resection; uLAR: Ulter-low anterior resection.

the risk factors for anastomotic leakage and short-term
mortality following LAR, although these data were not
compared in this meta-analysis. The main characteristics
of the included studies are summarized in Table 1.

Total of potentially relevant
papers identified and screened
for retrieval (n = 164)
Irrelevant to the
current study
(n = 132)

Meta-analysis results
All of the studies reported results on clinical anastomotic
leakage and reoperation. The random effects model was
used to calculate the pooled RR with the corresponding 95%CI because obvious heterogeneity was observed
among those 11 studies (I2 = 77%). The results indicated
that the absence of a protective stoma was associated
with a higher incidence of anastomotic leakage and reoperation, with pooled RRs of 0.38 (95%CI: 0.30-0.48,
p < 0.00001, Figure 2A) and 0.37 (95%CI: 0.29-0.48, p
< 0.00001, Figure 2B), respectively. The present metaanalysis revealed that a statistically significant advantage
was conferred by a protective stoma in patients undergoing LAR.

Full text analyses (n = 32)
Records without
comparative data
(n = 14)
Studies for detailed evaluation
(n = 18)
Studies could not be
calculation for
meta-analysis (n = 7)
Studies included in present
meta-analyses (n = 11)

Figure 1 Flow chart of study selection.

articles, 132 studies were excluded because they were not
related to the current study. Of these studies, 56 were
reviews, 35 were case reports, 11 were animal studies,
and 20 included cases of non-rectal cancer proctectomy.
Upon further review, 14 additional studies were excluded
because they did not include comparative data. We evaluated 18 potential candidate studies in the full text, 7 of
which were not published in English. Finally, 11 studies[21-31] were included in this meta-analysis, all of which
were published between 2007 and 2014. The flow chart
of study selection is presented in Figure 1.
There were three RCTs and eight non-randomized
studies involving a total population of 5612 patients,
among whom 2868 had a protective stoma and 2744 did
not. The sample sizes of the studies varied from 34 to
1912 patients. All studies reported the number of patients who developed an anastomotic leak and required a
reoperation after LAR. Moreover, some studies reported

WJG|www.wjgnet.com

Publication bias
Funnel plots and Egger’s tests were used to evaluate the
publication bias within the literature. The shape of the
funnel plot did not reveal any evidence of obvious asymmetry (Figure 3).

DISCUSSION
Total mesorectal excision (TME) in combination with
LAR plays an important role in the treatment of patients
with rectal cancer[32]. Considering the incidence of rectal
cancer, the improvements in medical instruments, and
the higher requirements of patients regarding quality of
their post-surgical lives, ultralow anterior rectal resection
has become the primary low sphincter-preserving procedure. However, this procedure can also increase the risk
of anastomotic leakage[33]. Possible factors contributing
to an increased leakage rate include the reduced blood
supply of the anorectal remnant and the large pelvic
space after TME, which may predispose a patient to
fluid accumulation and pelvic infection[34]. Symptomatic
anastomotic leakage is the most feared complication and
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A

Stoma
Study or subgroup

Without stoma
Total

Weight

729
120
26
54
90
26
118
833
590
142
16

41.9%
5.8%
2.9%
1.0%
2.9%
3.4%
15.0%
12.7%
5.9%
5.6%
2.9%

Total (95%CI)
2868
2744
Total events
93
215
2
2
Heterogeneity: χ = 7.78, df = 10 (P = 0.65); I = 0%
Test for overall effect: Z = 7.89 (P < 0.00001)

100.0%

Beirens 2011
Chude 2008
Gong 2012
Karahasanoglu 2011
Lefebure 2008
Ma 2013
Matthiessen 2007
Nurlin 2013
Seok 2013
Shiomi 2010
Ulrich 2009

B

Events

Total

51
3
0
0
3
2
12
17
1
3
1

1183
136
36
23
42
30
116
958
246
80
18

Stoma

Events
74
12
5
3
10
7
33
26
22
17
6

Risk ratio

Risk ratio

M-H, fixed, 95%CI

M-H, fixed, 95%CI

0.42
0.22
0.07
0.33
0.64
0.25
0.37
0.57
0.11
0.31
0.15

Events

Total

Beirens 2011
Chude 2008
Gong 2012
Lefebure 2008
Ma 2013
Matthiessen 2007
Nurlin 2013
Shiomi 2010
Ulrich 2009

40
0
0
1
0
12
37
0
0

1183
136
36
42
30
116
958
80
18

Events

0.60)
0.76)
1.15)
6.10)
2.22)
1.09)
0.68)
1.04)
0.80)
1.04)
1.10)

0.38 (0.30, 0.48)
0.01

Without stoma

Study or subgroup

(0.30,
(0.06,
(0.00,
(0.02,
(0.19,
(0.06,
(0.20,
(0.31,
(0.01,
(0.09,
(0.02,

Risk ratio

Risk ratio

M-H, fixed, 95%CI

M-H, fixed, 95%CI

Total

Weight

729
120
26
90
26
118
833
142
16

39.4%
1.2%
1.3%
1.5%
2.7%
14.7%
31.1%
4.8%
3.2%

0.36 (0.24, 0.52)
0.18 (0.01, 3.64)
0.15 (0.01, 2.92)
0.43 (0.05, 3.55)
0.08 (0.00, 1.37)
0.38 (0.21, 0.70)
0.51 (0.34, 0.76)
0.06 (0.00, 1.01)
0.07 (0.00, 1.13)

Total (95%CI)
2599
2100
Total events
90
198
2
2
Heterogeneity: χ = 7.24, df = 8 (P = 0.51); I = 0%
Test for overall effect: Z = 7.99 (P < 0.00001)

100.0%

0.37 (0.29, 0.48)

69
2
2
5
5
32
63
14
6

0.1
1
10
100
Stoma
Without stoma

0.01

0.1

1
Stoma

10
100
Without stoma

Figure 2 Forest plot. A: Forest plot for a comparison of the study outcomes of low anterior resection with or without stoma vs anastomotic leakage; B: Forest plot of
the study outcomes of low anterior resection with or without stoma vs reoperation rate. Risk ratios are shown with 95%CIs.

A

B

0.0

0.5
SE (log [RR])

SE (log [RR])

0.5

1.0

1.5

2.0
0.01

0.0

1.0

1.5

0.1

1

10

2.0
0.01

100

RR

0.1

1

10

100

RR

Figure 3 Funnel plot. A: Funnel plot for the publication bias test of outcomes of low anterior resection with or without stoma vs anastomotic leakage; B: Funnel plot
for the publication bias test regarding outcomes of low anterior resection with or without stoma vs reoperation rate. RR: Risk ratio.

has been reported to occur in 1% to 24% of patients[35];
when present, the associated risk of postoperative mortality is increased to 6% to 22%[36].
The use of a non-functioning stoma in LAR has
been considered to decrease the leakage rate and its fatal
consequences by keeping the distal anastomosis relatively
“clean” and reducing the intraluminal pressure of the
bowel[33,37]. Moreover, a protective stoma can mitigate its

WJG|www.wjgnet.com

inherent consequences[38]. Nonetheless, the value of a
protective stoma has been the subject of controversy for
many years. Some surgeons do not choose fecal diversion
because fecal diversion requires the patient to undergo
two surgeries and because a protective stoma does not
reduce the leakage rate after LAR. Previous publications
have reported that the overall leakage and reoperation
rates were similar in patients with or without a protective
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stoma[39]. In addition, ostomy construction and closure
is associated with considerable morbidity and increased
costs[40]. The potential disadvantages of a protective
stoma include the need for another operation, a longer
hospital stay, and ostomy-related complications, such as
prolapse, retraction, necrosis, stenosis, peristomal abscess, parastomal hernia, and skin problems. Therefore,
the benefits of a protective stoma in decreasing the rate
of anastomotic leakage must be balanced against the
morbidity of its construction and closure. Furthermore,
even when a non-functioning stoma is constructed, there
remains a considerable risk of anastomotic leakage[41].
Thus, the benefits conferred by a protective stoma have
not been unequivocally demonstrated. To further evaluate
this argument, we completed the present meta-analysis
including all of the relevant data available. The straightforward conclusion of the 11 included studies is that the
creation of a protective stoma in LAR significantly reduces the rate of anastomotic leakage and the number of
reoperations related to leakage.
Overall, this meta-analysis has certain limitations.
First, there was only a small number of RCTs available
for inclusion. Although no detectable publication bias
was observed in the funnel plot, the overall methodological quality and reporting of the included studies were
poor. Because of limitations of medical ethics, not all
of the studies were randomized controlled trials, and the
sample size of some studies was rather low[42]. Second,
among the studies included in the analysis, some included
only patients undergoing elective surgery, whereas others included patients undergoing elective or emergency
surgery for colorectal anastomoses. This discrepancy may
have introduced some bias that would have contributed
significantly to the analysis. Third, considerable selection
bias existed in some of the included studies. Surgeons relied on their personal experiences to predict the patients
who were at high risk of an anastomotic leakage, which
may have been inaccurate and is suggestive of a potential
selection bias among those who underwent stoma formation. Anastomotic leakage is unpredictable, as it can also
occur in patients with no obvious risk factors. However,
in some of the retrospective and prospective studies, the
so-called high-risk patients were included in the protective stoma group.
In the light of these findings, the use of a protective stoma is an effective approach for reducing the rate
of anastomotic leakage in patients who undergo LAR
for rectal cancer. The morbidity associated with protective stoma and the complications of stoma closure are
negligible compared with the reoperations required for
anastomosis leakage in the absence of protective stoma.
Therefore, non-functioning stoma can be useful for patients undergoing rectal surgery and is recommended
during a LAR for rectal cancer. Future randomized controlled trials are needed to address the long-term mortality and quality of life issues related to protective stoma in
LAR for rectal cancer.
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Anastomotic leakage remains one the most significant complications after low
anterior resection (LAR). Recent studies have demonstrated that the use of a
protective stoma can reduce morbidity in LAR for rectal cancer, but the necessity of this procedure remains controversial.

Research frontiers

Over the last decade, the problem of anastomotic leakage has been widely
addressed in multiple symposia and many publications. Although the use of a
protective stoma is widely applied in LAR for rectal cancer, it remains unclear
whether the protective stoma is useful for patients. Therefore, we performed
this meta-analysis to investigate whether a protective stoma affects the outcomes of patients undergoing LAR for rectal cancer.
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Based on this meta-analysis, the use of a protective stoma is an effective
means of reducing the rate of anastomotic leakage in patients who receive LAR
for rectal cancer. The morbidity associated with protective stoma usage and the
complications of stoma closure are negligible compared with the reoperations
required for anastomosis leakage in the absence of a protective stoma.

Applications

A protective stoma can be useful for patients undergoing rectal surgery and is
recommended during LAR for rectal cancer. Future randomized controlled trials
are needed to address the long-term mortality and quality of life issues related
to protective stoma usage in LARs for rectal cancer.
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Abstract
Esophageal atresia (EA) is defined as a discontinuity of
the lumen of the esophagus repaired soon after birth.
Dysphagia is a common symptom in these patients,
usually related to stricture, dysmotility or peptic esophagitis. We present 4 cases of patients with EA who
complained of dysphagia and the diagnosis of Eosinophilic esophagitis (EoE) was made, ages ranging from
9 to 16 years. Although our patients were on acid suppression years after their EA repair, they presented with
acute worsening of dysphagia. Esophogastroduodenoscopy and/or barium swallow did not show stricture and
biopsies revealed elevated eosinophil counts consistent
with EoE. Two of 4 patients improved symptomatically
with the topical steroids. It is important to note that all
our patients have asthma and 3 out of 4 have tested
positive for food allergies. One of our patients developed recurrent anastomotic strictures that improved
with the treatment of the EoE. A previous case report
linked the recurrence of esophageal strictures in patients with EA repair with EoE. Once the EoE was treat-
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ed the strictures resolved. On the other hand, based
on our observation, EoE could be present in patients
without recurrent anastomotic strictures. There appears
to be a spectrum in the disease process. We are suggesting that EoE is a frequent concomitant problem in
patients with history of congenital esophageal deformities, and for this reason any of these patients with refractory reflux symptoms or dysphagia (with or without
anastomotic stricture) may benefit from an endoscopic
evaluation with biopsies to rule out EoE.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Dysphagia is frequently seen in patients with
repaired esophageal atresia (EA). It has been attributed to recurrent strictures, poor esophageal motility
and persistent gastroesophageal reflux disease. Anastomitic strictures are common after repair of a gap that
is greater than 2.5 cm contributing to this complication.
The pathophysiology of later onset dysphagia is not
well defined. Eosinophilic esophagitis (EoE) has been
reported to play a role in the reoccurrence of strictures
in patients with EA. It is very likely that if these patients
are treated for EoE early in the course of the disease,
stricture formation might be prevented.
Kassabian S, Baez-Socorro V, Sferra T, Garcia R. Eosinophilic
esophagitis in patients with esophageal atresia and chronic
dysphagia. World J Gastroenterol 2014; 20(47): 18038-18043
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i47/18038.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i47.18038

INTRODUCTION
Esophageal atresia (EA) and associated tracheoesopha-
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geal fistula (TEF) is a frequent congenital malformation
repaired soon after birth[1-19]. Dysphagia occurs commonly in infants and children with a history of EA repair.
In the early postoperative period, this symptom is most
frequently related to an anastomotic stricture. Later in
life, dysmotility and peptic esophagitis have been found
to contribute to the development of dysphagia [3,20-22].
Eosinophilic esophagitis (EoE) is a clinicopathological
diagnosis, including dysphagia as a common symptom
along with abnormal endoscopic findings and esophageal
eosinophilia. Its presentation in patients with previous
EA has not been fully recognized. We describe 5 patients
between the ages of 1-16 years, with a history of EA who
presented with dysphagia, not associated with anastomotic strictures. Each patient was subsequently diagnosed
with EoE. Our objective is the highlight the possible association of these two disorders and to emphasize the
importance of endoscopic evaluation with biopsies in patients with a history of EA who present with dysphagia.

CASE REPORT
Case 1
A 10-year-old female with VATER association presented
with 1 year history of dysphagia, and recent onset of
postprandial chest pain. She was born at 29 wk estimated
gestational age. She underwent EA and TEF repair soon
after birth. During infancy, she experienced recurrent
TEFs requiring repair. She developed significant gastroesophageal reflux that was felt to contribute to frequent
episodes of aspiration pneumonia and underwent an
anti-reflux surgical procedure. She had poorly controlled
asthma, eczema, and a history of an elevated serum IgE
(2332 IU/mL). The treatment for her asthma included
previous use of steroids for asthma exacerbations as well
as daily medication which included cetirizine, inhaled
fluticasone/salmeterol, montelukast, and albuterol whenever needed. At the time of her presentation her complete blood count and differential were normal. A barium
esophagram demonstrated incomplete clearance of the
contrast without evidence of an esophageal stricture.
Esophagogastroduodenoscopy (EGD) performed after
a two month course of lansoprazole, revealed erythema
with no thickened folds or erosions. The anti-reflux surgical procedure did not appear to be intact and a moderate
hiatal hernia was seen. Histologically, the distal esophagus
demonstrated greater than 60 eosinophils per high-power
field (eos/hpf) with superficial eosinophilic infiltrate and
the proximal esophagus with a maximum of 30 eos/hpf
with transmural eosinophilic infiltrate. An esophageal
pH impedance study conducted while on proton pump
inhibitor (PPI), showed no evidence of pathologic reflux.
She was diagnosed with EoE. Skin prick testing revealed
reactions to beef, egg, peas and milk. These foods were
eliminated from her diet. She was placed on budesonide
(0.5 mg in sucralose, twice daily for one month followed
by once daily for one month prior to discontinuation) in
addition to a PPI. She continued to have similar symp-
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toms with very mild relief. A follow-up examination 6
mo after her previous EGD, revealed a normal caliber
esophagus with furrowing distal to the TEF repair, with
normal esophageal anastomosis. Mucosal biopsies contained a maximum of 50 eos/hpf with focally superficial
eosinophilic infiltrate. She was prescribed fluticasone 0.5
mg twice daily and a more restricted diet (additionally
eliminating wheat, seafood, shellfish and peanuts). Nine
months after the second EGD, she continued to experience the same symptoms and was unable to comply with
the diet restrictions or a trial of an elemental diet. The examined esophagus appeared normal. The site of TEF repair was patent in the proximal esophagus. Biopsies contained a maximum of 42 eos/hpf with focal eosinophilic
infiltrate in the surface. At this point she was referred to
pediatric surgery for repair of her Nissen fundoplication,
hiatal hernia and placement of a gastrostomy. After these
surgical interventions she was started on an elemental
formula through her gastrostomy and asked to hold oral
intake with a planned EGD in the future.
Case 2
A 9-year-old male with a history of isolated EA, repaired
after birth, was referred to pediatric gastroenterology for
evaluation of coffee ground emesis and melena. At the
time of referral he had a chronic complaint of dysphagia.
He had a history of recurrent symptomatic esophageal
stricture requiring dilation. The last dilation was performed 3 years prior. He had asthma, which was treated
with montelukast, cetirizine, and inhaled fluticasone.
He was receiving lansoprazole (15 mg, daily). This dose
was increased to twice a day at the time of presentation
(two weeks prior to the first EGD). He had a normal
complete blood count and differential. A fluoroscopic
barium swallow revealed absent esophageal peristalsis
with delayed clearance of contrast from the esophagus.
The esophagus was of normal caliber without stricture.
At EGD, the proximal esophagus was dilated, the anastomosis site was visualized, no ulcers were noted, the distal
esophageal mucosa appeared erythematous with loss of a
normal vascular pattern. The biopsies did not specify the
number of eos/hpf, but was read as florid intraepithelial
eosinophil infiltration and superficial collections of eosinophils most consistent with EoE. He was treated with
swallowed fluticasone 0.5 mg twice daily and continued
acid suppression (lansoprazole 15 mg, twice daily). Radioallergosorbent test (RAST) evaluation revealed a low
positive result for wheat and egg white. He was placed
on a diet restricted for milk, wheat, and egg. After three
months of therapy, a second EGD revealed a normal
appearance to the esophageal mucosa with normal histology. Wheat was reintroduced into his diet. Two months
later, a third EGD showed a ringed and furrowed esophagus. Biopsies contained epithelial hyperplasia, edema,
and a dense intraepithelial eosinophil infiltrate, greater
than 50/hpf. Total IgE at this time was 343, 6 food elimination was initiated, with restriction of milk, soy, egg,
wheat, peanuts/tree nuts and fish/shellfish.
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Case 3
A 16-year-old male with EA and TEF repaired after birth
presented with dysphagia, epigastric abdominal pain,
chest pressure and vomiting associated with exercise. He
had a history of gastroesophageal reflux disease treated
with PPI, which was discontinued at time of presentation
and asthma diagnosed at 2 years of age. He required multiple esophageal dilations with the most recent one at 14
years of age. Prior to the age of 6 he experienced intermittent episodes of choking and food impaction requiring dilatation. His current therapy for asthma includes
budesonide, loratadine and montelukast. Previous RAST
revealed an allergy to milk and egg, but diet continued to
contain these two foods. A fluoroscopic barium swallow
showed an absence of esophageal motility and no focal
esophageal narrowing. He was started on omeprazole 40
mg once daily for one week prior to upper endoscopy.
Examination of the esophagus showed diffuse mucosal
edema and linear esophageal furrowing throughout the
entire length of the esophagus. There was circumferential
area in the distal esophagus just above the LES which
was erythematous and had mucosal erosions.
Esophageal biopsies of the proximal and distal
esophagus revealed 35 eos/hpf. He was then started on
fluticasone 440 mcg twice a day with complete resolution
of his symptoms after 1 wk of treatment. Skin prick testing was negative. Recommendation of eliminating milk,
soy, wheat, egg, peanuts/tree nuts and fish/shellfish was
made, but the patient refused to follow the elimination
diet. He was also continued on another 4 wk of fluticasone 440 mcg and omeprazole 40 mg once daily. Upon
two month follow up he was asymptomatic, continuing
his omeprazole. A follow up endoscopy was refused by
the patient’s parents since he was doing so well.
Case 4
A 17-year-old female with EA and TE fistula repaired after birth with a history of reflux and esophageal stricture
requiring multiple dilatations. Significant past medical history of failure to thrive, asthma and multiple food allergies including milk, egg, peanut and shellfish, diagnosed
by skin prick testing.
She presented with dysphagia, regurgitation and the
feeling of meat getting stuck regardless of chewing very
well. Her parent reported eosinophils in the esophagus in
the past, with no further details. During the initial visit she
was taking omeprazole 20 mg twice a day and cetirizine.
At age 13, at the time of EGD an 8.6 mm outer diameter endoscope passed easily through the anastomosis,
but there was some post-endoscopic trauma. No dilatation was done during this procedure. Biopsies showed
squamous hyperplasia with a moderate number of eosinophils in the proximal esophagus and chronic inflammation with patchy eosinophils in the distal esophagus;
interpreted at the time as possible reflux esophagitis.
Patient was changed to lansoprazole 30 mg twice daily.
Patient had improvement of the reflux symptoms but the
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dysphagia continued.
Six months later she presented with worsening of the
dysphagia requiring pneumatic dilation and triamcinolone
injection in the anastomosis area. She was continued on
lansoprazole and sucralfate for one week. Due to persistent symptoms of dysphagia this patient underwent
several EGDs requiring dilation and triamcinolone injections every 6-8 mo over a 3-year period. The proximal
esophagus began to appear furrowed, four years after
initial presentation, and the biopsies showed 30 eos/hpf.
At this point she was started on fluticasone, oral steroids,
and diet restriction for milk, egg, peanut/tree nut and
fish/shellfish, the patient had significant improvement
in symptoms and complete resolution of the esophageal
eosinophilia. Her last EGD showed biopsies consistent
with Barrett’s epithelium with no eosinophils and she has
not required any further dilations in the last 15 mo.
Case 5
A 17-mo-old former 28 wk old premature male born with
TEF and EA repaired soon after birth. His past medical
history is significant for small ASD of no hemodynamic
significance, tracheobronchomalacia, chronic lung disease
of prematurity, oropharyngeal incoordination, GERD
and aspiration requiring G-tube feeds.
At 8 mo of age he required hospitalization for an
ALTE. During that hospitalization a pH impedance
showed severe acid reflux. He was started on lansoprazole 15mg once daily. His barium swallow showed mild
narrowing at the anastomosis site. His EGD showed
narrowing at the anastomosis site which did not interfere
with the advancement of an endoscope with an outer diameter 5.9 mm.
At 16 mo of age he presented to pediatric gastroenterology with dysphagia for solids. An upper endoscopy
was scheduled and dilatation was conducted with a pneumatic dilator, biopsies were also taken during the procedure. His symptoms did not improve post-dilatation.
Histology showed epithelial hyperplasia, edema, a dense
intraepithelial lymphocytic infiltrate and intraepithelial
eosinophils up to 20/hpf, consistent with EoE. A skin
prick test was nonreactive. He was placed on an empiric
diet restriction of dairy, egg and peanuts/tree nuts. Once
the EoE was diagnosed, diet modifications were made,
the patient’s symptoms resolved within one month.
Esophageal examination four months after initiation of
the diet restrictions, showed a benign-appearing, intrinsic
mild stenosis measuring less than one cm in length and
this was traversed. The biopsies from the proximal and
distal esophagus had mild basal cell hyperplasia, scattered
mononuclear cells and rare eosinophils (2 eos/hpf). Egg
was reintroduced into the diet and milk and dairy were
still restricted, he was also continued on the lansoprazole.
Three months later a repeat upper endoscopy revealed
a normal appearing esophagus. Histology showed mild
basal cell hyperplasia, increased mononuclear cells and
rare eosinophils (2 eos/hpf).
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DISCUSSION
Dysphagia is a frequent symptom in patients with repaired EA[14]. Historically this symptom has been attributed to recurrent strictures, poor esophageal motility and
persistent GERD. Anastomotic strictures are frequent
early complications, that present with dysphagia, in patients with EA repair, with a mean presentation age of
5 months and a frequency of 37%-57%[4,23,24], Strictures
early in the life of these patients respond well to dilatations[25]. An important factor for the development of
subsequent stricture is anastomotic tension which is
highly correlated with gap length[4,23,24].
Gastroesophageal reflux disease (GERD) is common
in this population, occurring in up to 58% of children[5].
Risk factors for GERD in these patients include low
birth weight, delayed anastomosis and possibly gastrostomy tube placements[6,26]. GERD has been related as a
factor for the formation of postoperative stricture and its
recurrence[4,7,8,22-24,27,28]. The standardized use of PPIs appears to have decreased the prevalence of GERD related
stricture formation in patients with EA[4,23,24]. Proton
pump inhibitors have now become a standard treatment
in all patients with EA repair[4,23,24].
It is clear that anastomotic strictures are common
after repair of a gap that is greater than 2.5 cm and certain types of EA/TEF as well as vascular compromise
contributing to this complication[24]. The pathophysiology
of later onset of dysphagia in these patients is not well
defined. Multiple publications have noted that numerous
factor including dysmotility, GERD and strictures play a
role[9,29,30]. We propose an additional etiology to consider
when a patient complains of dysphagia. Eosinophilic
esophagitis should be considered and further investigated
by an upper endoscopic evaluation with proximal and
distal biopsies.
In the 2011 Consensus Recommendations of the International Gastrointestinal Eosinophil Researchers defined
eosinophilic esophagitis as a chronic, immune/antigen
mediated, esophageal disease characterized by symptoms
related to esophageal dysfunction and histologically by
eosinophil-predominant inflammation[10,31]. Symptoms of
EoE can be confused with GERD-like symptoms that do
not respond to conventional anti-reflux therapies[1,20]. There
is an increasing prevalence of EoE in recent years as well as
a male predominance shown in several studies[3,11,20-22,32,33].
EoE, has been reported to play a role in the reoccurrence of strictures in patients with EA. To our knowledge there has only been a couple of case series relating
EA and EoE[12-14]. Taking into account previous case
series and our experience from case 4, strictures that develop later in the course of patients with EA repair and
EoE do not respond as well to pneumatic dilators unless
the eosinophilia is treated. It is very likely that if these
patients are treated for EoE early in the course of the
development of the disease, stricture formation might be
prevented, although to date we do not have evidence of
this.
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All our patients presented with either dysphagia and/
or food impaction years after initial repair. These patients
had endoscopic and histological findings consistent with
EoE. We did not see any evidence of significant anastomotic stricture on the esophagrams and endoscopic
evaluations of our five patients. In one patient we found
a narrowing of the anastomosis site that did not impede
the passage of the 8.6 mm endoscope and dilation did
not resolve the patient’s dysphagia. Symptoms of dysphagia and reflux improved with the treatment of the
EoE. Four had significant atopic history; all carrying the
diagnosis of asthma and 3 out of 5 with known food
allergy. Three of our 5 patients did not have stricture in
the anastomosis area. The other patient initially had a
mild narrowing of the anastomosis and subsequently required multiple dilations with no relief of the dysphagia.
Once biopsies were taken from the esophagus and the
diagnosis of EoE was made and treated, the symptoms
did not reoccur. This suggests that the dilations were not
adequate treatment in this patient, until the underlying
diagnosis was made and treated effectively.
In conclusion, when presented with symptoms such
as dysphagia later on in the life of a patient with EA repair, the diagnosis of EoE should seriously be considered
and adequate biopsies should be taken prior to committing a patient to recurrent anastomotic dilatations. It is
very important to consider the atopic history of these
patients, especially when they begin to have complaints
such as dysphagia. It is well known that asthma is more
common in patients with esophageal atresia than in
controls[9,29,30]. So the diagnosis of EoE should be highly
suspected and is a logical association in patients. Through
our experience we found that these patients’ EoE is more
difficult to treat. Likely a combination of their baseline
poor motility due to the underlying EA along with EoE
complicating the coarse. When a patient with a history of
EA presents with dysphagia a diagnosis of EoE should
be considered and further investigated.

COMMENTS
COMMENTS
Case characteristics

Dysphagia is a common symptom among patients with a history of esophageal
atresia, it can also be found concurrently with other esophageal conditions like
Eosinophilic esophagitis.

Clinical diagnosis

Biopsies to confirm eosinophilic esophagitis (EoE) is an essential part of the
evaluation of these patients and it allowed for different therapeutic options.

Differential diagnosis

Dysmotility, gastroesophageal reflux disease are among the other diagnosis
that should be considered.

Laboratory diagnosis

Unfortunately there are no good laboratory testing methods to confirm the diagnosis of EoE in patients. Sometime peripheral eosinophilia or an elevated IgE
might be present.

Imaging diagnosis

Imaging is an important part of evaluating patients, esophagrams can identify
possible strictures.

Pathological diagnosis

Pathologic findings of greater than 15 eos/hpf are necessary to diagnose EoE
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without associated eosinophilia in the stomach or duodenum.

Treatment

Once diagnosis of EoE is made, therapy should be aimed at treating the EoE,
based on patient’s atopic history, dietary restrictions can be an option, other
times topical steroids are the best option.

12

Experiences and lessons

Biopsies are important to obtain in patients with the history of esophageal atresia who present with dysphagia. Treating strictures with dilation may not be an
effective therapy if a patient has underlying EoE.

13

Peer review

Weakness is limited volume of patients, and underlying cause of EoE is unknown. Strength is outcome of the patients improved with the treatment of EoE.

14
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Core tip: We report the first case of a 49-year-old
woman diagnosed with focal signet ring cell carcinoma
that arose from a fundic gland polyp in the stomach.
The tumor was detected and completely excised by endoscopic snare polypectomy. Although malignant transformation of fundic gland polyps (FGPs) is extremely
rare, endoscopists should consider the association of
gastric polyps with gastric cancer for both hyperplastic
polyps and FGPs.
Jeong YS, Kim SE, Kwon MJ, Seo JY, Lim H, Park JW, Kang
HS, Moon SH, Kim JH, Park CK. Signet-ring cell carcinoma
arising from a fundic gland polyp in the stomach. World J
Gastroenterol 2014; 20(47): 18044-18047 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i47/18044.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i47.18044

INTRODUCTION
Abstract
Fundic gland polyps (FGPs) are currently the most
common type of gastric polyps and are usually benign.
However, although rare, gastric adenocarcinoma of FGP
has been recently proposed as a new variant of gastric
adenocarcinoma. Here we report the first case of a
49-year-old woman with focal signet ring cell carcinoma
that arose from an FGP of the stomach. The tumor was
completely excised by endoscopic snare polypectomy.
FGPs should therefore be evaluated for malignant
changes although they occur rarely, if the FGP has an
erosive or irregular surface.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Gastric fundic gland polyps (FGPs) are the most common lesions, and they have been regarded as benign.
These polyps can be sporadic or associated with an inherited polyposis syndrome. Sporadic FGPs are typically regarded as benign lesions with no risk of malignant transformation. Some reports have described sporadic FGPs
containing low-grade or high-grade dysplasia[1,2]. Adenocarcinoma of the fundic gland was recently proposed as
a new variant of gastric adenocarcinoma[3,4]. However,
there are no reports of signet ring cell carcinoma arising from a sporadic FGP. Herein, we report the case of
a woman diagnosed with focal signet ring cell carcinoma
originating from an FGP. The FGP with focal signet ring
cell carcinoma was completely endoscopically excised by
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Figure 1 Endoscopic appearance of fundic gland polyps. A: The first polyp (0.8 cm in diameter, pedunculated, reddish, and with an erosive surface) at the mid
body on the anterior wall; B: Other polyps (with a smooth surface) at the mid to high body on the greater curvature.

A

B

Figure 2 Histological findings. A: A resected specimen demonstrated signet ring cell carcinoma (between the arrows) (HE staining, × 40); B: Loosely cohesive signet ring cells from fundic oxyntic glands of fundic gland polyp infiltrate the lamina propria (HE staining, × 100).

snare polypectomy.

CASE REPORT
A 49-year-old woman was referred for gastric polyps in a
mass-screening endoscopic examination at a local clinic.
The patient did not describe any important past history
data or complaints at admission. No specific familial history was identified. The physical examination and laboratory
data were also unremarkable. Endoscopic examination of
the upper digestive tract revealed four gastric polyps. The
first polyp (0.8 cm in diameter, pedunculated, reddish, and
with an erosive surface) was located at the mid body on
the anterior wall (Figure 1A). The second and third polyps
(0.5 cm in diameter, pedunculated, and with a smooth
surface) were located at the mid body on the greater curvature. The fourth polyp (0.4 cm in diameter, pedunculated, and smooth) was at the high body on the greater
curvature (Figure 1B). The first polyp was removed by
snare polypectomy after epinephrine injection due to the
erosive surface, even though it was small and suspected
to be an FGP. The second, third and fourth polyps were
removed using hot biopsy forceps. Histologically, the
lesion consisted mainly of polypoid proliferation of
fundic oxyntic glands, which were partially dilated and
distorted, which is consistent with FGP. We also found
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a focus of loosely cohesive round cells that had a foamy
eosinophilic cytoplasm and peripherally placed nuclei
infiltrated lamina propria, measuring 0.2 cm × 0.1 cm, in
the superficial portion of the polyp. The tumor cells were
consistent with signet ring cell carcinoma, and they appeared to originate from fundic oxyntic cells of the FGP.
The cancerous focus was confined within the mucosa
(Figure 2). The tumor cells were positive for cytokeratin
using immunohistochemistry. Approximately 80% of the
tumor cells were positive for p53 protein (1:2000, clone
DO-7, Novacastra, Newcastle upon Tyne, United Kingdom), while proliferative oxyntic cells of the FGP were
negative (Figure 3). Helicobacter pylori (H. pylori) infection
was negative. The second, third and fourth polyps were
FGPs.
The first polyp was resected completely by snare polypectomy, and the resection margins were negative for
carcinoma.

DISCUSSION
This novel case describes a signet ring cell carcinoma that
originated from an FGP. The relationship between adenocarcinoma and gastric adenoma is well established[5]. However, gastric FGPs, which are the most common lesions,
have typically been considered benign lesions with no risk
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Figure 3 Immunohistochemical findings. A: Signet ring cell carcinoma is positive for cytokeratin (arrow); B: p53 is expressed in signet ring cell carcinoma but not in
the fundic oxyntic cells (arrow).

of malignant transformation.
Sporadic FGPs are the most common type of gastric
polyps that are found during upper endoscopy[6]. The
prevalence of FGPs appears to be increasing due to the
increased use of upper endoscopy, increased use of acid
suppressive medications, and decreased prevalence of H.
pylori infection[2].
The pathogenesis and malignant potential of FGPs
are unknown. FGPs rarely occur before adulthood and
40%-50% spontaneously regress; both features are inconsistent with the traditional assumptions about hamartomas[7]. A case of dysplasia and adenocarcinoma has been
documented in the FGPs of patients with attenuated
adenomatous polyposis coli[8]. A female predominance in
nonfamilial FGPs suggests that hormones play a role in
the development of FGPs[9]. Some reports have described
sporadic FGPs with low-grade or high-grade dysplasia[10,11]
and adenocarcinoma[3,4,6]. There are no reports of gastric
signet ring cell carcinoma arising from sporadic FGPs.
In the present case, the FGP (0.8 cm in diameter) was
associated with a minute signet ring cell carcinoma and removed. The histologic differential diagnoses of signet ring
cell carcinoma in gastric polyp included mucosal xanthelasma, clusters of mucin-laden macrophages in the lamina
propria, and metastatic carcinomas composed of loosely
cohesive cells, such as lobular carcinoma of the breast. In
the present case, the tumor cells were positive for cytokeratin, which differentiates histiocytes from signet ring
cell carcinoma. The present tumor cells were negative for
the estrogen and progesterone receptors, and the systemic
evaluation of the patient did not reveal any other malignancies.
Although the malignant transformation of FGPs is
extremely rare, endoscopists should consider the association of gastric polyps and gastric cancer for both hyperplastic polyps and FGPs.
The polyp had a minute signet ring cell carcinoma that
was removed using snare polypectomy due to the erosive
surface, even if it was a suspected FGP. Histologically, the
tumor cells were in the superficial portion of the polyp,
but the relationship between the cancerous foci and the
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erosive surface was not clear. Little is known about the
pathogenesis of and risk factors for the malignant transformation of FGPs. Inflammation or molecular alterations related to an erosive surface may be associated with
the malignant transformation of FGPs.
Therefore, endoscopists should perform a thorough
visual inspection of gastric FGPs. Any lesions, no matter
how small, that appear significantly different from others (e.g., erosive or irregular surface) should be biopsied
or removed. When the surface of an FGP is eroded, the
regenerative appearance can be interpreted as dysplasia;
however, true dysplasia or malignant transformation
of sporadic FGPs should be considered. Biopsies or
endoscopically resected stomach specimens should be
carefully examined microscopically for the possibility of
malignancy.
In conclusion, we report the first case of a woman
who was diagnosed with focal signet ring cell carcinoma
originating from an FGP. This case shows that sporadic
FGPs may also be related to gastric cancer. Although
the association of FGPs and gastric cancer is not clearly
established, biopsies or resection of FGPs, no matter
how small, should be considered when the FGP has an
erosive surface.

COMMENTS
COMMENTS
Case characteristics

A 49-year-old woman with incidentally found gastric polyps.

Clinical diagnosis
Fundic gland polyp.

Differential diagnosis

Familial polyposis syndrome, malignancy.

Laboratory diagnosis

The laboratory datas were unremarkable.

Imaging diagnosis

Computed tomography scans of abdomen and pelvis were unremarkable.

Pathological diagnosis

Snare polypectomy revealed a focal signet ring cell carcinoma originating from
a fundic gland polyp.

Treatment

The patient was not treated any further after snare polypectomy because the
polyp was resected completely and the resection margins were negative for
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Some reports have described sporadic fundic gland polyps (FGPs) containing
low-grade or high-grade dysplasia. A gastric adenocarcinoma of the fundic
gland was recently proposed as a new variant of gastric adenocarcinoma.
FGP means fundic gland polyp.
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curative resection and adjuvant chemotherapy. The role
of additional therapies, such as multimodal treatment
including radiation therapy, must be further studied to
improve the prognoses of patients.

Abstract

Park SB, Moon SB, Ryu YJ, Hong J, Kim YH, Chae GB, Hong
SK. Primary large cell neuroendocrine carcinoma in the common
bile duct: First Asian case report. World J Gastroenterol 2014;
20(47): 18048-18052 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i47/18048.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i47.18048

Large cell neuroendocrine carcinoma (LCNEC) in the
biliary system is a poorly differentiated, high-grade
neuroendocrine tumor. These tumors exhibit aggressive
behavior and an increased tendency for early nodal
and distant metastases. Herein, we report an unusual
case of a pure primary LCNEC of the common bile duct
(CBD). A 75-year-old female presented with nausea
and jaundice. The patient underwent a CBD excision
with lymph node dissection. Upon histological and immunohistochemical examination, the tumor exhibited
pure large cell-type neuroendocrine features. Metastases were noted in two of the eight lymph nodes. The
patient was administered adjuvant chemotherapy. The
patient’s cancer recurred 7 mo after surgery, and the
patient died from liver failure 5 mo after recurrence.
The prognosis of LCNEC of CBD remains poor despite

WJG|www.wjgnet.com
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Common bile duct
Core tip: Primary neuroendocrine carcinomas of the
common bile duct rarely occur; among these tumors,
large cell neuroendocrine carcinoma is extremely rare.
Large cell neuroendocrine carcinoma (LCNEC) is a highgrade malignant neuroendocrine neoplasm. This case
report represents a rare case of a primary neuroendocrine carcinoma of the common bile duct. More clinicopathological data and further studies with multimodal
treatment are required to identify the prognostic indicators and histogenesis of LCNEC of common bile duct.

INTRODUCTION
Although neuroendocrine neoplasms are frequently observed in the gastrointestinal tract, primary neuroendocrine
carcinoma (NEC) of the common bile duct (CBD) rarely
occurs. Among these tumors, large cell NEC (LCNEC)
is extremely rare. LCNEC is a high-grade malignant neuroendocrine neoplasm. LCNEC of the CBD was first
described by Sato et al[1], and only two additional cases of
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LCNEC of the CBD have been reported to date[2,3]. The
pathogeneses of NEC of the CBD remains unclear. The
diagnosis of CBD LCNEC is rarely made preoperatively
because this tumor generally appears with nonspecific
symptoms. Furthermore, the preoperative differentiation
between cholangiocarcinoma and LCNEC is not possible
using current imaging techniques. Histopathologically,
reported LCNECs have been noted as pure forms or combined with adenocarcinoma or other tumors[2]. Given the
invasive nature and aggressive biology of the tumor, the
prognosis of patients with LCNEC of the CBD is poor[1].
Herein, we present a rare case of LCNEC of the CBD.

A

B

CASE REPORT
A 75-year-old female presented to our hospital with a
5-d history of nausea and jaundice. A physical examination revealed an icteric sclera, and the patient had neither
abdominal tenderness nor a palpable mass in the right
upper quadrant of the abdomen. She had hypertension
and diabetes mellitus, and both were well controlled with
medication. The patient had no family history of cancer.
On the date of admission, the complete blood count and
serum biochemical parameters were as follows: white
blood cells, 10500 × 103/μL (3.8-10.0 × 103/μL); total
bilirubin, 6.4 mg/dL (0.3-1.2 mg/dL); direct bilirubin, 5.6
mg/dL (0.1-0.5 mg/dL); aspartate aminotransaminase,
151 U/L (normal 15-41 U/L); alanine aminophosphatase, 302 U/L (14-54 U/L); aspartate transferase, 240
U/L (38-126 U/L); and gamma-glutamyltranspeptidase,
939 U/L (7-50 U/L). Carbohydrate antigen 19-9 (CA19-9)
was 118.1 U/mL (0-37 U/mL). Carcinoembryonic antigen and alpha fetoprotein levels were within normal
limits. The chest X-ray was within normal limits. An
abdominal computed tomography (CT) scan revealed a
mass that was approximately 2.7 cm in size located in the
mid common bile duct and a regional metastatic node in
the hepatoduodenal ligament (Figure 1). The endoscopic
retrograde cholangiopancreatography demonstrated an
asymmetric filling defect in the mid common bile duct
(Figure 2). The cystic duct was well visualized. After the
endoscopic sphincterotomy, an endoscopic nasobiliary
drainage catheter was inserted. The patient underwent an
operation with the presumed diagnosis of CBD cancer.
The tumor of the bile duct was resected via cholecystectomy. The patient exhibited enlarged lymph nodes in
the hepatoduodenal ligament and porta hepatis, which
were also resected. No evidence of distant metastasis
and organ invasion was noted. The resection margin
of the proximal and distal bile duct frozen biopsy was
tumor negative. Reconstruction was performed with a
Roux-en Y hepaticojejunostomy. On histopathological
examination, the tumor exhibited high cellularity and
invasion throughout the entire CBD wall without serosal penetration. The tumor cells are monotonous, with
relatively abundant cytoplasm and hyperchromatic nuclei
that exhibited course chromatin and prominent nucleoli
(Figure 3A, B). Immunohistochemical findings indicated
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Figure 1 Computed tomography findings. A: One mass 2.7 cm in size in the
mid common bile duct (black arrow); B: Regional metastatic node in the hepatoduodenal ligament (white arrow).

Figure 2 Endoscopic retrograde cholangiopancreatography. The image
presents an asymmetric filling defect in the middle common bile duct with
proximal dilatation (black arrow) and the cystic duct was well visualized (white
arrow).

that tumor cells are immunopositive for neuroendocrine
markers, including synaptophysin and chromogranin. No
evidence of adenocarcinoma or other tumor components
were noted (Figure 3C, D). Metastases were noted in two
of eight lymph nodes. No postoperative complications
occurred, and the patient was discharged. The patient
was administered adjuvant chemotherapy consisting of
5-fluorouracil, epirubicin, and cisplatin. CT scans 7 mo
after surgery indicated recurrence at the hepaticojejunostomy site as well as in liver and portocaval area. The
patient died of liver failure five mo after recurrence.
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A

B

C

D

Figure 3 Histologic and immunohistochemical findings. A: High cellularity tumor cells invades into the bile duct wall (magnification × 12.5); B: tumor cells exhibit
relatively abundant cytoplasm and hyperchromatic round nuclei with course chromatin and prominent nucleoli (magnification × 400); C: tumor cells exhibit immunopositivity for a neuroendocrine marker (synaptophysin) (magnification: × 400); D: immunohistochemical staining for Pan CK, and a combined adenocarcinoma component
is not noted (magnification: × 40).

DISCUSSION
Carcinoma of the CBD accounts for less than 2% of all
cancers, and the lesions identified in the CBD are predominantly cholangiocarcinomas (80%)[4]. The bile ducts
is one of the rarest primary sites for neuroendocrine
tumors (NETs), accounting for 0.2% to 2.0% of all such
tumors[4]. Based on the WHO classification, neuroendocrine neoplasms are classified into five general categories,
including NET, NEC, mixed adenoneuroendocrine carcinoma (MANEC), goblet cell carcinoid, and tubular carcinoid. In addition, NECs are classified as either LCNEC
or small cell neuroendocrine carcinoma (SCNEC)[5]. Neuroendocrine neoplasms of the CBD are rare; carcinoid
tumors represent the majority of these lesions.
A primary NEC of the CBD is extremely rare because normal CBD mucosa does not contain neuroendocrine cells. The origin of NEC of the CBD remains
unclear. Neuroendocrine cells can be detected at sites of
intestinal metaplasia induced by chronic inflammation,
including long-standing chronic inflammation due to
cholelithiasis and congenital anomalies, which may be the
initial step in the development of neuroendocrine tumors
of the CBD[6].
The symptoms of LCNEC of the CBD are nonspecific. The preoperative diagnosis of LCNEC is difficult because it is not possible to differentiate LCNEC
from an adenocarcinoma of the CBD using imaging
studies, such as ultrasonography, CT, and abdominal
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angiography. Tumor markers, such as alpha fetoprotein,
carcinoembryonic antigen, CA19-9 and CA125, are also
non-specific.
LCNEC is a rare type of CBD, and to our knowledge,
only three previous cases have been described in the
English-language literature (Table 1)[1-3]. Thus, this is the
fourth reported case of LCNEC occurring in the extra
bile duct. The cases described by Sato et al[1] and Demoreuil et al[2] were MANECs (adenocarcinoma and LCNEC).
Therefore, strictly speaking, our case is the second to
report a pure LCNEC arising in the extra bile duct followed; the report of Sasatomi et al[3] was the first to report
this type of lesion. Our study was the first report of an
LCNEC in the CBD in an Asian individual.
More specific staining markers are required to accurately diagnose NECs of the CBD (i.e., immunohistochemistry). The diagnosis of NEC should be confirmed
by positive immunohistochemical staining for at least one
neuroendocrine marker, such as chromogranin, synaptophysin, or neuron-specific enolase[7]. Microscopically,
NET is defined as a well-differentiated neuroendocrine
neoplasm with mild to moderate nuclear atypia and a low
proliferation fraction (≤ 20 mitoses per 10 high-power
fields or ≤ 20% Ki-67 index). Unlike NET, LCNEC is
a poorly differentiated, high-grade malignant neuroendocrine neoplasm that is composed of large cells with
marked nuclear atypia and a high proliferation fraction
(> 20 mitoses per 10 high-power fields or > 20% Ki-67
index)[7].
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Table 1 Reported cases of large cell neuroendocrine carcinomas of the common bile duct
Ref.

Sex/age (yr)

Tumor histology

M/68
M/73
M/76
F/75

LCNEC + AD
LCNEC + AD
LCNEC
LCNEC

Sato et al[1]
Demoreuil et al[2]
Sasatomi et al[3]
Present report

Location size (cm)
D
P
P
M

2
3
5
3

Treatment

Survival duration (post OP)

Resection and chemotherapy
Resection and chemotherapy
Resection
Resection and chemotherapy

DD 3 mo
DD 12 mo
DD 21 d
DD 12 mo

M: Male; F: Female; LCNEC: Large cell neuroendocrine carcinoma; AD: Adenocarcinoma; D: Distal common bile duct; P: Proximal common bile duct; M:
Middle common bile duct; DD: Died of disease.

Therapeutic interventions have not been well defined,
and no optimal postoperative adjuvant therapy, such as
chemotherapy and radiation therapy, is available due to
the rarity of LCNEC of the CBD and its poor prognosis.
LCNEC is treated in a similar manner as other cancers in
the CBD. The best treatment option is surgical excision.
In most cases, adequate clearance can be achieved by an
excision of the CBD via portal lymphadenectomy and
Roux-en-Y hepaticojejunostomy reconstruction, but some
distal CBD tumors are best treated by pancreaticoduodenectomy. The role of adjuvant therapy remains controversial, and most studies have failed to demonstrate a survival
advantage[8].
The prognosis of patient with LCNEC of the CBD
is reportedly poor[8]. The survival duration of previously
reported LCNEC of the CBD cases ranged from only 21
d to 12 mo after surgery (Table 1, cases 1-3). In our case,
recurrence was noted 7 mo after surgery, and the patient
died 5 mo after this recurrence. SCNEC of the CBD, another NEC type, has a poor prognosis, similar to LCNES.
Edakuni et al[9] reported the longest survival of SCNEC
of the CBD as 45 mo after surgery. In this case, the tumor
was a MANEC (40% adenocarcinoma and 60% SCNEC)
and exhibited a reduced proliferative fraction (9.6% Ki67-positive tumor cell). Shimono et al[10] reported a long
survival (69 mo after surgery) in a gallbladder patient
with LCNEC who underwent an operation and adjuvant
chemotherapy as well as radiation therapy after surgery[10].
Though this case involves a single LCNEC of a gallbladder patient, the multimodal treatment appears to offer
enhanced treatment, resulting in increased survival for
LCNEC of the CBD.
LCNEC of the CBD is a poorly differentiated, rare
tumor that exhibits high-grade NETs with aggressive
behavior and has a high tendency for early lymph node
and distant metastases. More clinicopathological data and
further studies with multimodal treatment are required to
identify the prognostic indicators and the histogenesis of
LCNEC of the CBD.

Differential diagnosis

Cholangiocarcinoma and other common bile duct (CBD) cancers.

Laboratory diagnosis

White blood cells, 10500 103/μL (3.8-10.0 103/μL); serum albumin, 3.1 g/dL
(3.5-4.8 g/dL); total bilirubin, 6.4 mg/dL (0.3-1.2 mg/dL); direct bilirubin, 5.6 mg/
dL (0.1-0.5 mg/dL); aspartate aminotransaminase, 151 U/L (normal 15-41 U/L);
alanine aminophosphatase, 302 U/L (14-54 U/L); aspartate transferase, 240
U/L (38-126 U/L); and gammaglutamyl transpeptidase, 939 U/L (7-50 U/L). The
carbohydrate antigen 19-9 level was 118.1 U/mL (0-37 U/mL).

Imaging diagnosis

A computed tomography scan revealed a mass approximately 2.7 cm in size
in the mid common bile duct and a regional metastatic node in the hepatoduodenal ligament. The endoscopic retrograde cholangiopancreatography demonstrated an asymmetric filling defect in the mid common bile duct.

Treatment

The patient underwent a CBD excision with lymph node dissection. The patient
was administered adjuvant chemotherapy consisting of 5-fluorouracil, epirubicin, and cisplatin.

Related reports

Tumor cells are monotonous and exhibit relatively abundant cytoplasm and
prominent hyperchromatic nuclei with course chromatin. Immunohistochemical
findings indicated that tumor cells are immunopositive to neuroendocrine markers, including synaptophysin and chromogranin.

Experiences and lessons

This case report presents a rare case of a primary neuroendocrine carcinoma
of the common bile duct. More clinicopathological data and further studies with
multimodal treatment are required to identify the prognostic indicators and the
histogenesis of large cell neuroendocrine carcinoma of the CBD.

Peer review

This article applies information about a rare case of a primary neuroendocrine
carcinoma of the common bile duct.
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Abstract
Varicella-zoster virus (VZV) is a type of herpes virus
known to cause varicella, mainly in young children, and
herpes zoster in adults. Although generally non-lethal,
VZV infection can be associated with serious complications, particularly in adults. Acute pancreatitis caused
by VZV infection is a rare event, with reports primarily
concerning immunocompromised individuals. Here we
report a 44-year-old immunocompetent female who
developed acute pancreatitis associated with VZV infection. The patient presented with vomiting and persistent
pain in the upper quadrant less than one week after
diagnosis and treatment for a herpes zoster-related
rash with stabbing pain on the abdomen and dorsal
right trunk side. A diagnosis of acute pancreatitis was
confirmed based on abdominal pain, elevated levels of
urine and serum amylase, and findings of peri-pancreatic exudation and effusions by computed tomography
and magnetic resonance cholangiopancreatography.
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This case highlights that, though rare, acute pancreatitis
should be considered in VZV patients who complain of
abdominal pain, especially in the epigastric area. Early
detection and proper treatment are needed to prevent
the condition from deteriorating further and to minimize
mortality.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Varicella-zoster virus; Herpes zoster; Acute
pancreatitis; Immunocompetent adult
Core tip: Acute pancreatitis associated with varicellazoster viral infection is extremely rare. This report presents the case of a 44-year-old woman who developed
acute pancreatitis after the onset of herpes zoster. This
is the first case report of acute pancreatitis associated
with herpes zoster in an immunocompetent adult.
Wang Z, Ye J, Han YH. Acute pancreatitis associated with herpes
zoster: Case report and literature review. World J Gastroenterol
2014; 20(47): 18053-18056 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i47/18053.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i47.18053

INTRODUCTION
Decades after a primary infection, latent varicella-zoster
virus (VZV) in the dorsal root ganglia of the sensory
nerves[1] can reactivate and spread unilaterally along a
dermatome to cause herpes zoster. Diagnosis is usually
based on the characteristic varicella rash, which is vesicular, covers a single dermatome, and lasts for three to
five days[2]. The most frequent site of reactivation is the
ophthalmic division of the trigeminal nerve, which can
involve the eyes and the thoracic nerves[2,3]. Without a
typical rash, herpes zoster can also be confirmed by a virology laboratory or by testing for serum immunoglobu-
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Figure 1 Presentation of characteristic rash. Image showing the rash, which
had begun to scab, on the patient’s right thoracodorsal area.

Figure 2 Magnetic resonance cholangiopancreatography. Image showing a punctiform low signal intensity in the gallbladder (arrowhead) and peripancreatic exudation (arrows).

lins M and A against VZV and the fluorescent antibody
to membrane antigen test[2,4]. The most common complication is secondary bacterial infection, followed by other
serious complications including pneumonia, encephalitis,
myelitis, retinitis, hemiparesis, hepatitis and disseminated
intravascular coagulopathy[4], which are more common
in immunocompromised patients, such as transplant
recipients and patients with acquired immune deficiency
syndrome (AIDS). The occurrence of acute pancreatitis
in association with VZV infection is very rare and has
only been reported in immunocompromised individuals
or children. Here, we present the first reported case of
acute pancreatitis associated with VZV infection in an
immunocompetent adult.

CASE REPORT
A 44-year-old woman experienced a pectoral and dorsal
rash with persistent moderate stabbing pain on her right
trunk. She was diagnosed with herpes zoster at a local
hospital and treated with topical anti-viral drugs, which
alleviated the pain. Five days later, the pain became
worse after eating a regular meal, appearing in the epigastric area as well as the original location, and accompanied by vomiting. The pain was dull and severe, waking
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Figure 3 Contrast-enhanced computed tomography. Image showing the
swelling of the pancreas with peri-pancreatic exudation and liquid collection
(arrows). Grade E acute pancreatitis was diagnosed based on the computed
tomography severity index.

her in the night. Over the ensuing 48 h, she vomited approximately 400 mL of gastric content, with no fever or
diarrhea present. At this time, the patient was admitted
to the emergency department of our hospital. She had
no significant past medical history, and denied any alcohol, drug or smoke consumption.
On admission, physical examination showed a pulse
rate of 107 beat/min, blood pressure of 113/71 mmHg,
body temperature of 36.9 ℃, and a respiration rate of
19 breaths/min. Pulse oximetry showed a normal (97%)
O2 saturation. Moderate tenderness in the upper abdomen was observed with no rebound tenderness, a rectal
examination was normal, and heart and chest auscultation did not reveal any findings. No jaundice was seen
in the skin and sclera. A sheet-like rash was noted in the
right thoracodorsal area (Figure 1). Laboratory analysis
of blood tests showed elevations of many proteins (Table
1). Magnetic resonance cholangiopancreatography revealed peri-pancreatic exudation and a punctiform low
signal intensity in the gallbladder (Figure 2), which was
identified as a small cholecystic polyp after additional
ultrasound examination. Abdominal contrast-enhanced
computed tomography (CT) showed acute pancreatitis
(American Roentgen Ray Society severity index of 6[5],
Balthazar stage E[6]) with swelling of the pancreas, peripancreatic exudation and liquid collection (Figure 3).
The combined results indicated moderately severe acute
pancreatitis according to the revised Atlanta classification[7] and a Ranson score of 4[8]. The decreased serum
calcium concentration and elevated blood glucose also
indicated significant impairment of the pancreas with a
poor prognosis.
The patient was fasted upon admission and received
passive gastric decompression along with mask oxygen
inhalation, fluid resuscitation, and total parenteral nutrition. She was administered octreotide (0.05 mg/h, iv),
lansoprazole (30 mg b.i.d.), antibiotics (imipenem and
cilastatin sodium, 0.5 g q8h, iv), an analgesic (dezocine)
as occasion required, and a subcutaneous insulin injection for hyperglycemia. Vomiting ceased on the first day
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Table 1 Laboratory findings of the patient
Testing items

Results

Reference range

WBC, count/mL
HCT, %
serum amylase, IU/L
urine amylase, IU/L
CRP, mg/L
c(Ca2+), mmol/L
Alb, g/L
LDH, U/L
FBG, mmol/L
HbA1C, %
ESR, mm/h
HIV
HBsAg
HCVAb

12800
43.20
456
10999
214.7
1.63
34.9
539
14.73
6.20
46
(-)
(-)
(-)

4000-10000
33.5-45.0
20-80
42-321
< 10
2.08-2.60
35.0-52.0
140-271
3.89-6.11
4.3-6.3
< 20
(-)
(-)
(-)

Alb: Serum albumin; c(Ca2+): Serum calcium concentration; CRP: C-reactive
protein; ESR: Erythrocyte sedimentation rate; FBG: Fasting blood glucose;
HbA1C: Glycosylated hemoglobin; HCT: Hematocrit; HBsAg: Hepatitis B
surface antigen; HCVAb: Hepatitis C virus antibody; HIV: Human immunodeficiency virus; LDH: Lactic dehydrogenase; WBC: White blood cell.

of admission, abdominal pain gradually improved, and
the rash progressively regressed. The herpes zoster rash
was determined by a dermatologist to be in the recovering phase and locally treated with acyclovir ointment.
The patient began enteral nutrition on the tenth day after
amylase levels decreased to normal and C-reactive protein levels had decreased noticeably. She was permitted a
fluid diet after 20 d, and discharged 27 d after admission
with normal serum chemistry work-up results. The patient remained well during the one-month follow-up.

DISCUSSION
Acute pancreatitis is an inflammatory disease of the pancreas that may also involve peri-pancreatic tissues. The
most common causes of acute pancreatitis in adults are
common bile duct stones and alcohol abuse, accounting
for 38% and 36% respectively, though other etiologies
include toxins, drugs, surgery, and metabolic or autoimmune conditions, as well as infections (from bacteria,
mycoplasma, virus and parasites)[9]. The most common
symptom of acute pancreatitis is acute abdominal pain,
especially in the epigastrium, as well as gastrointestinal
symptoms such as nausea and vomiting. Imaging results
and increased concentrations of serum and urine amylase
(exceeding three times the normal upper limit) and lipase
can be used to directly diagnose 81%-95% of patients[10].
Of the few cases of herpes zoster-associated acute
pancreatitis that have been reported, most involve immunocompromised individuals, such as those in intensive care[11],
AIDS patients[12], or receiving long-term immunosuppression, such as recipients of stem cell[13-15], renal[16,17] or liver[18]
transplants. Three studies reported acute pancreatitis associated with VZV in children with chickenpox[19-21] and
one study reported an elderly patient with herpes zoster
suffering from systemic complications including pancreatitis and encephalitis[22]. The case presented here is the

WJG|www.wjgnet.com

first report of acute pancreatitis in an immunocompetent
adult without comorbidity. Although the mechanism of
pancreatitis with herpes zoster is still unknown, VZV may
remain latent in posterior sensory nerve roots that contain
fibers from both skin and abdominal viscera, including the
pancreas[23]. VZV might injure the pancreatic acinar cell
membrane, leading to the leakage of intracellular enzymes,
or the cytopathic effect may be mediated through the patient’s immune response.
In the present case, the patient’s pain initially began
as a constant, stabbing pain at the site of the rash on
the abdomen. Although the location and the quality of
the pain changed several days later, it could have easily been attributed to neuralgia caused by herpes zoster
and ignored by mistake. The severity of the nausea and
vomiting prompted the patient to seek additional treatment. At this time, the diagnosis of acute pancreatitis
was not difficult to confirm, based on serum amylase
elevation and CT imaging. Although the etiology is not
evident, the influence of VZV on the pancreas gained
attention, as common contributors, such as cholelithiasis,
alcoholism, common infection and immune deficiency,
were excluded. However, the management of viral acute
pancreatitis is comparable to acute pancreatitis caused
by other etiologies, involving supportive treatment with
electrocardiograph monitoring, fluid resuscitation, pain
control, and fasting with temporary enteral or total parenteral nutrition.
In conclusion, although rare, this case highlights the
need to consider acute pancreatitis as a differential diagnosis for immunocompetent patients with herpes zoster,
particularly when the location and quality of the pain
changes during the course of the disease. Early detection
and proper treatment is needed when acute pancreatitis
is suspected.

COMMENTS
COMMENTS
Case characteristics

A 44-year-old woman presented with persistent pain in the upper quadrant and
vomiting less than one week after the onset of a rash with stabbing pain, characteristic of varicella, on the abdomen and dorsal right trunk.

Clinical diagnosis

Abdominal pain, elevated level of urine and serum amylase concentration, computed tomography findings of peri-pancreatic exudation and effusions.

Differential diagnosis

Common etiologies for acute pancreatitis were excluded based on the absence
of alcohol, drug or smoke consumption. Computed tomography and magnetic
resonance cholangiopancreatography (MRCP) showed no evidence of gallstones or pancreatic tumor.Laboratory findings did not indicate hypercalcemia
or hyperlipidemia.

Laboratory diagnosis

Serum amylase, 456 IU/L; urine amylase, 10999 IU/L; C-reactive protein, 214.7
mg/L; calcium concentration, 1.63 mmol/L; lactic dehydrogenase, 539 U/L.

Imaging diagnosis

MRCP and contrast-enhanced CT showed acute pancreatitis with swelling of
the pancreas, peri-pancreatic exudation and liquid collection.

Treatment

The viral acute pancreatitis was managed with supportive treatment, including
electrocardiograph monitoring, fluid resuscitation, pain control, and fasting with
temporary enteral nutrition. The patient also received octreotide, lansoprazole,
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antibiotics, and an analgesic for the herpes zoster, and a subcutaneous insulin
injection for hyperglycemia.

Related reports

Reports of acute pancreatitis associated with varicella-zoster virus (VZV) are
rare, with only three previous studies involving children with chickenpox, and
one study reported involving an elderly patient suffering from systemic herpes
zoster-related complications including pancreatitis and encephalitis.

Term explanation

10
11

12

Herpes zoster refers to the reactivation of a latent VZV.

Experiences and lessons

This literature review highlights the need to consider acute pancreatitis in the
differential diagnosis when the location and quality of a patient’s pain changes
during the course of varicella disease.

Peer review

This interesting case is the first report of acute pancreatitis associated with
VZV infection in an immunocompetent adult. The authors describe the clinical
features, physical examination, laboratory findings, and MRCP and CT imaging
in this case. Although the etiology of viral acute pancreatitis is unknown, suspected cases should be confirmed and treated as early as possible.
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Abstract
Virulence of Helicobacter pylori , Helicobacter suis and
other bacteria appears to be partly mediated through a
release of gamma-glutamyltransferase (GGT), an enzyme activity capable of promoting biochemical reactions
ultimately resulting in damage to gastric epithelium and
suppression of immune response. Recently published
studies show that secretion of bacterial GGT occurs in
the form of exosome-like vesicles. Very similar GGT-rich
exosomes have been described to originate from human cancer cells, and the hypothesis is thus forwarded
that in the resistant and invasive phenotype of malignant cells such vesicular/exosomal GGT may play roles
akin to those described for Helicobacter infection, thus
providing a significant contribution to the establishment
of cancer metastases.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Biochemical reactions promoted by gammaglutamyltransferase (GGT) of Helicobacter is capable
of causing damage to gastric epithelium and suppression of immune response. Bacterial GGT is secreted as
exosome-like vescicles, and very similar GGT-rich exosomes are released from human cancer cells. In the resistant and invasive phenotype of malignant cells, such
secreted GGT may play roles akin to those described
for Helicobacter infection, concurring to the establishment of cancer metastases.
Franzini M, Corti A, Fierabracci V, Pompella A. Helicobacter,
gamma-glutamyltransferase and cancer: Further intriguing connections. World J Gastroenterol 2014; 20(47): 18057-18058
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i47/18057.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i47.18057

TO THE EDITOR
The recent Topic Highlight article by Ricci et al[1] is a thorough and comprehensive scrutiny of the mechanisms
possibly underlying the recently reported implication of
Helicobacter pylori (H. pylori) gamma-glutamyltransferase
(GGT) as a virulence factor. The authors discuss howamong other effects-H. pylori GGT causes glutathione
consumption and reactive oxygen species generation
in the host cells, thus causing in turn cell-cycle arrest,
apoptosis, and necrosis in gastric epithelial cells. Importantly, GGT also induces immune tolerance through the
inhibition of T cell-mediated immunity and dendritic cell
differentiation, overall favouring H. pylori persistence and
gastric colonization[1].
Now, secretion of GGT appears to also occur by
other bacteria related with gastric diseases, e.g., Campylobacter jejunii[2], and recent reports are adding intriguing
observations. Zhang et al[3] have shown that GGT of H.
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suis-a related Helicobacter, also involved in gastric pathology - is secreted in the form of bacterial outer membrane vesicles (OMV), i.e., submicroscopic structures 20-50
nm in diameter normally budding from the cell surface.
These OMV’s can translocate across the epithelial layers
and deliver GGT enzyme to the lymphocytes residing in
the lamina propria of gastric mucosa. As a result, inhibition of lymphocyte proliferation is induced, and bacterial
invasion and proliferation are facilitated.
The association of bacterial GGT enzyme with OMV’s
may be the factor determining its targeting to host lymphocytes, but additional studies are needed to verify this
point. In any case, one aspect of the matter calling for attention is represented by the connections possibly linking
these observations with data stemming from oncologic
research. Interestingly enough, secretion of similar GGTcontaining submicroscopic particles has in fact been
documented also from eukaryotic cells, and remarkably,
from human cancer cells. GGT activity is expressed in a
number of human malignancies, and increasing levels are
usually detectable along with progression of the disease
and in metastases[4,5]. GGT activity of cancer cells can affect intracellular redox equilibria, along with modulatory
effects on the S-thiolation status of extracellular proteins[6], including cell surface receptors related with the
cell survival/apoptosis balance[7]. Recent studies from our
laboratory[8,9] have shown that active GGT can be released from cancer cells in association with vesicles similar
to exosomes, 20-40 nm in diameter. The resemblance of
such structures with GGT-rich OMV particles of H. suis
is indeed obvious.
Thus, in the light of the mentioned studies on the
virulence of H. pylori, the intriguing hypothesis could be
forwarded that GGT-rich exosomes released by cancer
cells can produce-in host’s surrounding tissues-effects
comparable to those apparent for bacterial GGT, i.e., depletion of glutathione, oxidative stress and perturbation/
suppression of immune response. This could contribute
significantly to the increased ability of malignant cells to
survive and colonize host’s tissues, thus at least partially
explaining the reportedly higher metastatic potential of
GGT-expressing tumors[4]. The potential role in tumor
evolution of GGT released by gastric cancer cells has
not been investigated to date. Nevertheless, basing on the
considerations above, clinical studies specifically addressing this point are warranted.
In conclusion, the GGT-dependent processes documented in bacterial virulence as well as in biology of ma-

lignant tumors may represent an example of “convergent
evolution”-in unrelated species, and in different cells of
the same species-of closely related molecular strategies,
aimed at improving the survival and expansion of cellular
populations in the context of a hostile/resisting environment. Future investigation will hopefully further elucidate
these fascinating phenomena.
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Abstract
We read with great interest the recent article entitled
“Hepatocellular carcinoma review: Current treatment,
and evidence-based medicine” by Raza et al , published
in World Journal of Gastroenterology . Authors evaluated treatments for early and advanced stage hepatocellular carcinoma based on an extensive review of the
relevant literature. They reported that radiofrequency
ablation is the most effective local ablative therapy.
They concluded that RF ablation is equivalent to surgical resection in well selected patients with early stage
hepatocellular carcinoma. In addition, we want to mention microwave ablation besides RF ablation.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: We read with great interest the recent article
entitled “Hepatocellular carcinoma review: Current
treatment, and evidence-based medicine” by Raza et
al , published in World Journal of Gastroenterology .
Authors evaluated treatments for early and advanced
stage hepatocellular carcinoma based on an extensive
review of the relevant literature. They reported that radiofrequency ablation is the most effective local ablative
therapy. They concluded that radiofrequency ablation is
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equivalent to surgical resection in well selected patients
with early stage hepatocellular carcinoma. In addition,
we want to mention microwave ablation besides RF ablation.
Karaman B, Battal B, Sari S, Verim S. Hepatocellular carcinoma
review: Current treatment, and evidence-based medicine. World J
Gastroenterol 2014; 20(47): 18059-18060 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i47/18059.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i47.18059

TO THE EDITOR
We read with great interest the recent article entitled” Hepatocellular carcinoma review: Current treatment, and evidence-based medicine” by Raza et al[1], published in World
Journal of Gastroenterology. Authors evaluated treatments
for early and advanced stage hepatocellular carcinoma
(HCC) based on an extensive review of the relevant literature. Authors reported that radiofrequency ablation (RF)
is the most effective local ablative therapy. They concluded that RF ablation is equivalent to surgical resection in
well selected patients with early stage HCC. In addition,
we want to mention microwave ablation besides RF ablation. Unfortunately RF ablation use is limited by difficulties in heating charred tissue and has poor success rates
for tumors near blood vessels, which is called heat-sink
effect. Such limitations to heating can lead to potentially
inadequate ablation zone and a higher rate of local tumor
progression compared with resection[2]. Microwave ablation can heat the tissue faster than RF, and heating occurs
in a large volume around the applicator. It would produce
higher intratumoral temperatures, larger ablation zones,
less ablation time and less dependence on the electrically
conductive tissue. Its energy delivery is less limited by the
exponentially rising electrical impedance of tumor tissue.
These advantages may make microwave ablation less affected by heat-sink[3]. The advantage of RF is still and it
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has been considered the most common thermal ablation
modality worldwide for early stage HCC. Shi et al[4] reported that for solitary HCC ≤ 3 cm, MWA is as effective as
surgical resection. In another report it is concluded that
both MWA and RFA are safe and effective ablative treatments for liver cancer. Additionally, MWA has the advantage of cost efficiency[5]. On the other hand it is reported
that there were no significant differences in morbidity or
survival based on the surgical approach; however, local
recurrence rates were highest for percutaneously ablated
tumors[6].
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Geert KMM Robaeys, Genk
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Carla Daltro, Salvador
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Claudia PMS Oliveira, Sao Paulo
Júlio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo
Vietla Satyanarayana Rao, Fortaleza
Raquel Rocha, Salvador
AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo
Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan
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Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia
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Francois Rouet, Phnom Penh
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Mirko Diksic, Montreal
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver
Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
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Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Bing Xia, Wuhan
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
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Zong-Ming Zhang, Beijing
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Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Damian Casadesus, Havana
Germany
Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura
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Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
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Tanja Pessi, Tampere
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Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
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Markus Gerhard, Munich
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Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
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Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
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Oliver Mann, Hamburg
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Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
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Eleni Gigi, Thessaloniki
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Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
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George Sgourakis, Athens
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Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina
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Carlos Maria Parellada, Guatemala
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Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
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Tamás Molnar, Szeged
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Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
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Tryggvi Bjorn Stefánsson, Reykjavík
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Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
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Gopal Pande, Hyderabad
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Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
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Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin
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Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
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Romy Zemel, Petach-Tikva

Italy
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Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
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Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
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Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
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Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
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Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
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Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo



Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
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Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
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Abstract
Living donor right hepatectomy (LDRH) is currently the
most common donor surgery in adult-to-adult living
donor liver transplantation although the morbidity
and mortality reported in living donors still contradicts
the Hippocratic tenet of “do no harm”. Achieving low
complication rates in LDRH remains a matter of major
concern. Living donor surgery is performed worldwide
as an established solution to the donor shortage. The
aim of this study was to assess the current status of
LDRH and comment on the future of the procedure;
assessment was made from the standpoint of
optimizing the donor selection criteria and reducing
morbidity based on both the authors’ 8-year institutional
experience and a literature review. New possibilities
have been explored regarding selection criteria. The
safety of living donors with unfavorable conditions,
such as low remnant liver volume, fatty change, or old
age, should also be considered. Abdominal incisions
have become shorter, even without laparoscopic
assistance; upper midline laparotomy is the primary
incision used in more than 400 consecutive LDRHs in
the authors’ institution. Various surgical techniques
based on preoperative imaging technology of vascular
and biliary anomalies have decreased the anatomical
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barriers in LDRH. Operative time has been reduced,
with low blood loss. Laparoscopic or robotic LDRH has
been tried in only a few selected donors. The LDRHspecific, long-term outcomes remain to be addressed.
The follow-up duration of these studies should be long
enough to address possible late complications. Donor
safety, which is the highest priority, is ensured by three
factors: preoperative selection, intraoperative surgical
technique, and postoperative management. These
three focus areas should be continuously refined, with
the ultimate goal of zero morbidity.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Living donor; Right hepatectomy; Liver
transplantation; Donor morbidity; Donor selection
Core tip: Selection criteria for living donor right
hepatectomy can be extended with advanced surgical
technique and improved management without
compromising donor safety.
Kim SH, Lee SD, Kim YK, Park SJ. Pushing the frontiers of
living donor right hepatectomy. World J Gastroenterol 2014;
20(48): 18061-18069 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i48/18061.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i48.18061

INTRODUCTION
Living donor right hepatectomy (LDRH) is currently
the most common donor surgery in adult-to-adult living
donor liver transplantation (LDLT)[1-4]. The procedure
removes approximately two thirds of the donor liver,
which has raised concerns and ethical issues regarding
donor safety since the introduction of the procedure
in 1996[5]. Foregoing the Hippocratic tenet of “do no
harm”, “necessary harm” is being increasingly chosen as
a last resort in countries where donor organs are in short
supply. Healthy individuals are volunteering to be living
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donors for their loved ones, who may be destined to die
without timely liver transplantation.
Reported complication rates following LDRH
range from 16.0% to 78.3%[6-10]. The complications of
LDRH are significantly higher compared to left donor
hepatectomy[11]; this elevation is expected based on the
extent of the hepatectomy.
Decreasing the complication rate of LDRH remains
a major concern in the era of living donor surgery, which
is performed worldwide and is becoming an increasingly
common solution to the donor shortage. The outcomes
of LDRH depend on the following three variables:
preoperative selection, intraoperative surgical procedure,
and postoperative care. Every major complication can
be attributed to a small mistake regarding one of these
three variables. The aim of this study was to assess the
current status of LDRH and comment on the future
of the procedure; assessment was performed from the
standpoint of optimizing the donor selection criteria and
reducing morbidity, which was based on both the authors’
8-year institutional experience and a literature review.

DONOR EVALUATION
Ideally, all living donors should voluntarily sign the
informed consent form in regards to the items discussed
by the Ethics Group of the Vancouver Forum[12]; all
LDRHs must be approved by a national supervisory
organization, such as KONOS (Korean Network for
Organ Sharing) or the institution’s ethical committee,
following an independent full medical and psychiatric
assessment of the donor by health-care professionals
who are independent of the LDLT team. To safeguard
against any unforeseen abnormalities, donor evaluation
should include an extensive workup.
Imaging studies should include Doppler ultra
sonography, computed tomography (CT) with volumetry,
and intraoperative cholangiography or magnetic resonance
cholangiography (MRC).
MRC accurately depicts the living liver donor biliary
anatomy, as correlated with intraoperative cholangiography,
and it is excellent in its complete depiction of the central,
right, and left hepatic ducts[13,14]. One study showed that
intraoperative cholangiography could be entirely replaced
by noninvasive preoperative MRC[10].
Liver biopsy can be performed selectively in donors
in whom liver steatosis is suspected, given their history,
physical examination, or imaging study results. Upper
and lower endoscopy examinations should be considered
in donor candidates who are older than 40 and 50,
respectively, or who have any gastrointestinal symptoms.
Potential donors with any concomitant abnormal medical
or psychological conditions should not be allowed to
undergo the donor operation. Furthermore, a donor
candidate who has smoked or taken oral contraceptives
within a minimum of 6 wk prior to LDRH should not be
accepted to reduce the risk of venous thromboembolic
disease[15,16].
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DONOR SELECTION
Selecting living liver donors while considering safety is
one of the most important and difficult issues to address
in LDLT. Ideally, a living donor should be in perfect
health. However, due to the scarcity of deceased donors
or suitable living donors, grafts from unusual sources
(which are not preferentially used) may ultimately be
considered; this type of donor has been provisionally
called the “marginal living donor”. This approach is
only justified when donor safety is not compromised.
It should be noted that placing a healthy person on
an operating table to help a patient already crosses the
ethical border; therefore, trying to extend the criteria for
living donors has been criticized for donor safety.
The exact criteria for living donor selection remain to
be determined; they may evolve with improved surgical
management and accumulated experience. Controversial
donors include those with a small remnant liver volume,
fatty liver, previous abdominal surgery, accompanying
medical illness, hepatitis B surface antigen or hepatitis
C antibody-positive, and elderly donors over 60 years
of age. Each potential donor must be considered case
by case basis, taking into account different parameters,
and their selection must be based on the experience and
judgment of the transplant team. In every case, the safety
of the donor is the primary concern.
Remnant liver volume
As is the case with all liver surgeries, there is a prerequisite
that a remnant liver must have adequate vascular inflow,
outflow, and biliary flow. Any compromise in these flows
may reduce the actual functional liver volume, increasing
the risk of functional small-for-size syndrome. Remnant
liver volume should be considered under the premise of
complete vascular and biliary flow.
It is generally accepted that donor safety requires a
remnant liver of > 30% of the original liver volume,
with complete venous drainage[11]. Selection criteria for
liver donation are evolving as surgical technique and
management improves with time and experience.
It has been reported that LDRH with a remnantto-total volume ratio less than 30% could be safely
performed by carefully selected living donors using three
selection criteria: preservation of middle hepatic vein
(MHV), age under 50 years old, and no or mild fatty
change in healthy adults[17].
Although the exact relationships are unknown, other
criteria must be considered, such as age, body mass index,
fatty liver, and so forth.
Fatty liver
The use of steatotic liver may increase the risk of primary
nonfunction in LDLT. Cold preservation of the fatty liver
graft leads to the fusion and expansion of fats, which
press on the sinusoids and hepatocytes; this phenomenon
leads to circulation disturbances in the sinusoids and
graft injury[18]. LDLT has the advantage of reducing cold
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preservation time. However, there is no clear upper limit
for fatty change to be used as a graft. A previous study
reported that a moderately fatty liver with macrovesicular
steatosis of 20%-50% can be used in LDLT[19]. In nonurgent situations, diet and exercise is recommended to
reduce the steatosis, which leads to better outcomes in
both the donor and recipient[20].
Previous abdominal surgery
Previous abdominal surgery can make donor surgery
even more complicated and difficult because of
adhesion formation, which causes the intestines or other
abdominal structures to adhere to the surface of the
liver and abdominal wall. This is considered a relative
contraindication to donation[21]. The potential for bowel
injury and difficulty in visualizing the hilar vascular
structures during relaparotomy may dissuade surgeons
from performing LDRH in donors with previous
abdominal surgery.
In the authors’ experience, which included 10
donors who had previous small or large bowel surgery,
cholecystectomy, or other surgeries, LDRH was feasible
and safe; in these cases, operative time was longer, and
incidental bowel injuries were encountered in 2 donors,
which were repaired on the spot.
Accompanying medical illness
Hypertension, hyperlipidemia, obesity, and diabetes
mellitus may pose a higher risk for postoperative
complications after donor surgery; these diseases are
commonly encountered when evaluating middle and oldaged donor candidates. It is important to check whether
these diseases are well-controlled in patients undergoing
surgery and whether these patients have any complication
from medical illnesses. In well-controlled, complicationfree donors, donor surgery may be selectively considered
(with proper perioperative management) following careful
individual assessment of the particular donor.
It is also recommended that the screening workup
include coagulation disorders to prevent unexpected
bleeding or venous thromboembolic events during the
postoperative period[22].
Hepatitis B surface antigen/hepatitis C antibody-positive
donors
Donors who are HBV core antibody and hepatitis B
surface antigen (HBsAg) negative have been successfully
used as living liver donors[23,24]. However, the positivity
of HBsAg or hepatitis C virus antibody (HCVAb) is
contraindicated in living donation in the majority of
cases. Anecdotally, LDRH has been reported to have
been performed in a HBsAg-positive donor whose graft
was transplanted into a HBsAg-positive recipient[25]. In
the authors’ institution, HBsAg or HCVAb-positive living
donors with normal liver function are carefully selected
for LDRH in HBsAg or HCVAb-positive patients,
respectively, if they test negative for HBV DNA and
HCV RNA.
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Old aged donors
Previous reports have defined “older donors” as those
over 44 or 50[26,27]. These donors have been linked to
poor recipient outcomes and higher donor complication
rates. Right hepatectomy leading to an estimated remnant
liver volume less than 35% should be avoided in living
donors who are 50 years old or older[27]. The use of
elderly donors to expand the living donor pool raises
ethical issues, including providing a lower quality graft to
the recipient. In addition, there has been apprehension
regarding donor safety due to the perceived increased risk
of morbidity to the donor. However, there is currently
insufficient evidence, from the standpoints of both
donor and recipient outcomes, to define an upper age
limit for donation in LDLT.
In the authors’ experience, a total of 10 living
donors, aged 60 and above, who underwent LDRH
showed comparable outcomes (both in donors and
recipients) based on the selection criteria, which included
preservation of middle hepatic vein, a remnant liver
volume greater than 30%, and no or mild fatty change in
healthy condition.

SURGICAL PROCEDURE
Living donors can be evaluated as a homogenous
adult group who are selected through a strict medical
and ethical evaluation process. As such, there is no
exaggeration in saying that their physical and mental
health has been evaluated by medical experts. In other
words, these individuals have a normal liver with no
serious underlying disease. Therefore, compared to other
patients with pathologic liver or underlying illness, a
standardized operation is more likely to be established,
with the expectation of lowering operative morbidity.
LDRH procedures are always performed under
general anesthesia, with endotracheal intubation
and controlled ventilation. The operative procedure
consists of laparotomy, liver mobilization, hilar vascular
dissection, parenchymal transection, cutting right
hepatic duct, artery, portal vein, and hepatic vein, graft
removal, and abdominal wall closure. There may be some
differences in the order of operative procedures; for
example, after complete parenchymal transection, the
right Glisson’s pedicle can be dissected from the right
hepatic artery, portal vein, and hepatic duct. Variations
of the hepatic artery, portal vein, hepatic vein, and bile
duct may be encountered[28]; as such, donor surgeons
should be well-infor med and prepared for these
variations by preoperative three phase CT scan and
MR cholangiography. The proper vascular and biliary
dissection for anastomosis should be based on the
premise of not compromising the blood inflow, outflow,
and bile flow in the remnant left liver.
It is been reported that the dose of heparin
administered systemically immediately before graft
harvesting can be reduced without increasing the risk of
vascular thrombosis or donor complications[29]. Currently,
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Table 1 Modifications in technique and management of living donor right hepatectomy in the authors’ institution
Modifications

From case No. onwards

Use of an electric coagulator to pierce abdominal wall for a drainage tube instead of using a cutting end connected to a
closed-suction drain
Upper midline incision above umbilicus
Dosage reduction of intravenous heparin given before graft removal from 50 IU/kg to 25 IU/kg
Use of surgical wound protector
Hanging maneuver from the start of liver parenchymal transection by initial Glisson’s approach
Intraoperative cholangiography replaced by MRC
No intensive care unit stay after surgery
No central venous catheterization
Bile duct cut just 2 mm to the right side of the confluence changed from 1 mm
Dosage reduction of intravenous heparin given before graft removal from 25 IU/kg to 5 IU/kg

45
55
93
112
165
165
167
169
200
271

MRC: magnetic resonance cholangiography.

there is no consensus regarding the optimum dose of
heparin. The dose of heparin may further be decreased
or stopped altogether, which may lead to less bleeding
complications. The proper dosage or necessity of heparin
use remains to be studied.
The operative technique for LDRH has been refined
since the inception of the LDLT program in 2005 at the
authors’ institution[30,31]. Since its introduction, various
notable modifications in surgical technique, management
over time, and experience have been introduced (Table
1)[10]; this result illustrates the efforts to standardize
the surgical procedures of various aspect of LDRH
to maximize its accuracy, reduce operative time, and
use as small an abdominal incision as possible, without
compromising donor safety.
The current surgical technique is as follows. An
upper midline incision above the umbilicus is used, and
a wound protector is installed. After mobilizing the right
liver while saving the large inferior right hepatic veins (if
present), the right Glisson’s pedicle is dissected; this step
is performed following cholecystectomy and transection
of the inferior parenchyma of the caudate lobe up to the
hepatic hilum. A tape is located along the inferior vena
cava, with its upper end between the right and middle
hepatic veins and its lower end between the right and
left Glisson’s pedicles (located on the left side of the
saved inferior right hepatic vein, if present). A hanging
maneuver is consistently employed from the start of the
liver parenchymal transection until the tape is exposed[32].
Any MHV branch over 5 mm in diameter is saved for
reconstruction. In the case of a right liver graft with
MHV, the main trunk of the MHV is exposed early; it is
followed along its left side, all the way up to the junction
with the segment 4b hepatic vein and cut immediately
proximal to the junction. After complete parenchymal
transection, heparin (5 IU/kg) is given intravenously. The
right Glisson’s pedicle is then dissected from the right
hepatic artery, portal vein, and hepatic duct. The right
hepatic duct is cut just 2 mm to the right side of the
confluence under clear visualization. The stump is then
closed. The right hepatic artery, portal vein, and hepatic
vein are divided at each bifurcation without narrowing
the remnant stumps before the recipient operation.
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The graft is removed to a basin containing histidinetryptophan-ketoglutarate solution. The falciform
ligament is reconstructed to maintain the remnant of the
left liver in original anatomic position. A drain is placed
in the right liver fossa.
Innovations and refinements in LDRH techniques
have been introduced over the past few decades.
However, improvements can still be made. Donor safety
and outcomes should not be compromised; as such, three
major areas for future studies to focus on may include the
reduction of blood loss, operative time, and laparotomy
size.
Blood loss and operative time
Two major criteria for assessing technical proficiency are
blood loss and operating time. The former should take
precedence in determining the safety of the surgery. The
operative blood loss is expected to be low in most highvolume transplant centers, but one should be prepared
for the possibility of unexpected massive bleeding.
However, this is unlikely in the modern era of advanced
liver surgery. The amount of blood loss and the need
for blood transfusions should be kept at a minimum, as
these factors lead to operative morbidity and mortality
after partial hepatectomy[33,34]. Neither vascular inflow
nor outflow occlusion is usually employed during
parenchymal transection. If major bleeding occurs, this
technique can be used temporarily to control bleeding.
Low central venous pressure (less than 5 mmHg) during
transection has been reported to reduce operative blood
loss and the associated morbidity and mortality[35]. In
the authors’ institution, central vein cannulation was
stopped from donor no. 169 in 2009 onwards because
LDRH proved to be stable. This simplification leads to
the avoidance of catheter-related complication, such
as pneumothorax. Fluid infusion is restricted during
parenchymal transection by the anesthesiologist.
The operation time should also be reduced to
be as short as possible. Right-liver donation and
prolonged donor operation time have been shown to
be independent risk factors for major complications in
donors[1]. Reducing operative time may be considered
only after ensuring the safety and preciseness of LDRH.
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There should be limited blood loss and no compromise
of blood inflow, blood outflow, or bile flow in both the
right liver graft and remnant left liver.
A significant reduction of operation time can be
achieved not only by technical innovation and proficiency
but also by coordinating the recipient operation. Donor
operative time may be lengthened unnecessarily by
unanticipated long waiting times in difficult recipient
hepatectomies. This is particular true for patients who
have a history of previous liver resection. The liver
hanging maneuver is a useful suspension technique that
results in shorter parenchymal transection time and less
blood loss[31,36,37].
Laparotomy incision
Over the past decade, minimally invasive surgery has
grown in popularity. The growing interest in laparoscopic
surgery has prompted the exploration of minimally
invasive techniques for use in LDRH. The first
laparoscopy-assisted LDRH was described in 2006[38].
Subsequently, efforts were extended to pure laparoscopy
or robot-assisted LDRH[39,40]. However, this approach
was reported only in a small number of selected donors.
Limitations include the longer operative time, the required
instruments, expenditure, and the surgeon’s comfort
with both hepatectomy and laparoscopic or robotic
surgery. Recently, the upper midline incision (without
laparoscopic assistance) above the umbilicus has been
reported in LDRH application, leading to reduced pain
without sacrificing safety[30]. The technical reproducibility,
effectivity, safety, and universality of conventional
open LDRH has been demonstrated in more than 200
consecutive LDRHs, regardless of body mass index and
past history of previous abdominal surgery[10].
The minimum size of the abdominal incision depends
on the size of the harvested liver graft. Considering
that there are additional incisions for three to five
ports required in the laparoscopic or robotic approach,
the total length of the incisions seems to make little
difference compared to the open technique using an
upper midline incision. The only notable difference was
that the main incision for delivery of the graft was able
to be made on the lower abdomen (i.e., pfannenstiel
incision) instead of several small incisions for port
sites. The so-called “minimally invasive surgery” may be
accurately termed “minimal incisional surgery”. However,
minimally invasive surgery does not strictly mean minimal
incisional surgery. Prolonged operative time, large blood
loss, unanticipated injury to other internal organs, and
any near-missed event should also be considered in the
potential invasiveness to patients. Moreover, the large
operative field exposure using a conventional chevron
or J-shaped incision or long operative time is likely to
be associated with significant heat losses. Hypothermia
inhibits the enzymes of the coagulation cascade[41], which
may contribute to intraoperative blood loss.
Therefore, the safety and effectiveness of each
procedure should be demonstrated with randomized
controlled trials.
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POSTOPERATIVE CARE AND FOLLOW
UP
Postoperative care should be started before donors leave
the operating room, with appropriate counselling and
preparation. The current postoperative management
and follow up in the authors’ institution are as
follows. Prophylaxis for thromboembolism with early
mobilization and compressive stockings is started on the
day before the operation and continued until discharge;
low-molecular weight heparin is used selectively in
donors over the age of 60 or with other risk factors for
1 wk postoperatively. Intravenous patient-controlled
analgesia is used for 3 d after surgery. Early feeding and
early ambulation are encouraged if the donor’s underlying
condition permit. A prophylactic drain is removed once
the serous drainage has stopped or has become less than
approximately 100 ml/d, usually no later than 5 d after
surgery. Routine laboratory tests are checked daily for
three consecutive postoperative days and then every other
day during the length of the hospital stay. Follow up CT
is routinely performed at 1 wk, 1 mo, and 1 year after the
operation. After discharge, all donors are followed with
routine laboratory tests after LDRH at one and 3 mo;
thereafter, laboratory tests are performed every 6 mo for
at least 5 years.
Long-term regular follow up is mandatory, as the
majority of donors suffer physically, mentally, and socially
in the first few months after donor surgery[42]. One third
of rehospitalizations for living liver donors occur more
than 90 d after donation[43].

OPERATIVE OUTCOMES, MORBIDITY,
AND MORTALITY
Results from studies evaluating operative outcomes
for LDRH are shown in Table 2. Outcome measures
included the number of donors, operative time, blood
loss, morbidity, and mortality. The operation time ranged
widely among studies: the shortest was 146 min, and the
longest was 932 min. The operative blood loss also varied
widely among studies, ranging from 20 to 1670 ml. Interand intra-study variation in both outcomes were notable,
likely reflecting the learning curve regarding surgical
proficiency.
For the assessment of complications in living
donor surgery, Clavien’s classification and severity
scoring system has been widely adopted[44,45]. Overall
complication rates vary widely from study to study, with
three studies reporting mortality (one in each study).
LDRH mortality has been reported in 14 donors of a
total of 18 live liver donor deaths[46]. A national study of
all live liver donors in the United States over a 17-year
period recently demonstrated that the risk of death
after liver donation was 1.7 per 1000 donors; the risk of
catastrophic outcomes, including early death and acute
liver failure, was 2.9 per 1000 donors[47].
At the authors’ institution, an increase in the surgeon’
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Table 2 Operative outcomes from studies for living donor right hepatectomy n (%)
Ref.
Ito et al[64], 2003
Chan et al[42], 2007
Yi et al[9], 2007
Gruttadauria et al[7], 2008
Baker et al[65], 2009
Adcock et al[66], 2010
Azoulay et al[6], 2011
Kim et al[67], 2012
Nagai et al[68], 2012
Salah et al[69], 2012
Kim et al[10], 2013
Facciuto et al[70], 2013

Number of donors

Blood loss (ml)

Operative time (min)

morbidity

mortality

200
200
83
75
66
202
91
500
58
100
300
137

260 (20-1670)
362 (42-1600)
491.9 ± 225.2
NA
484 ± 265
997 ± 484
702 ± 593
NA
367 ± 52
485 ± 396
300 (100-1400)
NA

384 (198-672)
468 (304-932)
287.1 ± 42.4
7.90 ± 1.75 h
291 ± 55
443 ± 85
283 ± 45
339 ± 63
367 ± 52
364 ± 60
257 (146-414)
NA

69 (34.5)
41 (20.5)
65 (78.3)
23 (30.6)
14 (21.2)
57 (28)
51 (56.0)
139 (27.8)
14 (24.1)
38 (38)
48 (16)
45 (33)

0
1 (0.5)
0
0
0
0
0
0
0
1 (1)
0
1 (0.7)

NA: Not available.

s experience significantly reduced the operative time,
hospital stay, and overall and grade Ⅲb complication
rates, while operative blood loss was kept consistently
low. In the most recent 100 donors, the morbidity was
3% without any major morbidity, reoperation, or blood
transfusion during or after surgery[10]. All donors fully
recovered and returned to their previous functional
lifestyles. These morbidity outcomes can be compared
to those of various studies from single centers and
multicenter consortia[48,49], where there have been no
observed reductions in donor morbidity with increasing
center experience.
Numerous complications can occur after live
donation, including intraoperative injuries, biliary leaks,
biliary strictures, abscesses, bowel obstruction, hepatic
artery thrombosis, portal vein thrombosis, inferior
vena cava thrombosis, infections, and many other
complications[48,50-52]. The fact that complications can
occur in living donors (as in other surgery patients)
does not mean that postoperative morbidity should be
accepted as an inherent limitation of LDRH. Of course,
complications may occur regardless of precautions, such
as intracerebral hemorrhage or pulmonary embolism[53,54].
The causes for these complications have yet to be
investigated. However, almost all complications in living
donors selected through a strict donor selection process
are likely caused by problems in surgical technique and/
or intra- and post-operative management. Whenever
a complication is encountered, the cause should be
reviewed, and any problems should be rectified to prevent
recurrence. Postoperative bleeding, which occurred and
required reoperation in 10 donors (in the early period
of the authors’ experience), might have been considered
careless enough to discourage and prevent our LDLT
program from continuing. From this painful experience,
we learned that delayed bleeding, undetected until closure
of the abdominal wall, can occur at the dissected wall of
the common bile duct, dissected perihepatic ligaments,
and the tract of the drainage tube through the abdominal
wall punctured for drainage. Since then, we began careful
hemostasis by placing reinforcing sutures at suspect
dissected areas; in addition, we used an electric coagulator
to pierce the abdominal wall for the drainage tube. The
WJG|www.wjgnet.com

bleeding complication has not since been encountered.
Biliary complications have been reported as the most
common and feared complications in living donors; these
complications are more frequent and severe for right and
extended right lobe donation than for non-right lobe
donation[55]. In the authors’ institution, meticulous suture
or ligation is placed at any Glisson’s pedicle more than 1
mm in the cut surface of the parenchyma, and the bile
duct is divided by cutting the right hepatic duct at least
2 mm to the right side of the confluence with sharp
dissection following complete parenchymal transection
to prevent biliary leakage or stricture. Reoperation for
biliary stricture in one donor demonstrated that the bile
duct stump cut just 1 mm from the bifurcation, repaired
by a continuous oversewing suture, could compromise
bile flow of the bifurcation by fibrosis and adhesion in
the remnant bile duct.
Rarely, serious complications involving rhabdomyolysis
and diaphragmatic hernia can occur. Rhabdomyolysis
is a condition in which damaged skeletal muscle tissue
breaks down rapidly. It has multiple causes, including
inherited muscle disorders and confinement to a fixed
position in prolonged surgery[56]. After experiencing one
case of rhabdomyolysis, the donor evaluation in the
authors’ institution has broadened to include any history
of underlying muscle disease. If suspected, further
investigation, including measuring the level of creatine
kinase in the blood, electromyography, and muscle
biopsy, is planned to exclude any donor candidate who
may experience rhabdomyolysis. Safe and quick surgery
may also be helpful in preventing rhabdomyolysis in cases
of this unexpected situation.
A diaphragmatic hernia after LDRH has been
reported as a rare donor complication that can occur 2-3
years after surgery[57,58]. A diaphragmatic hernia detected
after LDRH is likely to result from thermal injury by an
electrosurgical device (often referred to as a “Bovie”)
during right liver mobilization. It is important to take care
not to injure the diaphragm during liver mobilization;
if any injury is suspected, reinforcing sutures should
be placed. The delayed presentation may be explained
by the evolution of any unrecognized injury into a small
defect. This defect may then enlarge over time and
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allow herniation of bowel contents, caused by pressure
differences between the abdominal and thoracic cavities.
As such, long-term follow-up is warranted for this
possible late complication.
Another major complication that has few reports
is intraoperative “no go” donor hepatectomy. Aborted
donor hepatectomies are reported to occur in 1%-5%
of cases[59-61]. In our own cohort, there were two cases
of aborted donor hepatectomy in the early period of
the LDLT program[62]. The first case was severe fatty
change found by routine intra-operative biopsy in a
patient with normal liver function and mild fatty change
on pre-operative CT scan. This problem could have been
detected by pre-operative biopsy. In the second case,
intra-abdominal metastasis in a recurrent hepatocellular
carcinoma patient, who had undergone previous partial
hepatectomy, was not detected by the pre-operative
imaging studies but was found late during the operation.
Since then, in LDLT for liver cancer, the donor operation
has been started only after confirming the absence of
intraabdominal metastasis with full exploration in the
recipient. With precise preoperative evaluations, improved
surgical technique, and extended selection criteria for
living donor, the rate of ‘no go’ donor hepatectomies
is expected to decrease. However, the donor surgeon
should be prepared to abort the procedure because the
unpredictable may occur, such as intraoperative recipient
death before procurement of a living donor graft[63].
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CONCLUSION
Donor safety, a matter of utmost importance, is ensured
by three factors: preoperative evaluation of the donor,
intraoperative surgical technique, and postoperative care.
The selection criteria for LDRH can be extended with
advanced surgical technique and improved management
without compromising donor safety. Surgical technique
is a priority for determining the outcome of donors.
As such, donor surgeons should be prepared to be fully
informed regarding the case; in addition, they should
acknowledge their strengths and weaknesses. Care and
vigilance should be exercised to limit the possibility of
serious morbidity during routine LDRH. The three focus
areas should be continuously refined, with the ultimate
goal of zero morbidity.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is a condition
in which excess fat accumulates in the liver of a patient
with no history of alcohol abuse or other causes for
secondary hepatic steatosis. The pathogenesis of
NAFLD and nonalcoholic steatohepatitis (NASH) has
not been fully elucidated. The “two-hit“ hypothesis is
probably a too simplified model to elaborate complex
pathogenetic events occurring in patients with NASH. It
should be better regarded as a multiple step process,
with accumulation of liver fat being the first step,
followed by the development of necroinflammation
and fibrosis. Adipose tissue, which has emerged as an
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endocrine organ with a key role in energy homeostasis,
is responsive to both central and peripheral metabolic
signals and is itself capable of secreting a number of
proteins. These adipocyte-specific or enriched proteins,
termed adipokines, have been shown to have a variety
of local, peripheral, and central effects. In the current
review, we explore the role of adipocytokines and
proinflammatory cytokines in the pathogenesis of
NAFLD. We particularly focus on adiponectin, leptin and
ghrelin, with a brief mention of resistin, visfatin and
retinol-binding protein 4 among adipokines, and tumor
necrosis factor-α, interleukin (IL)-6, IL-1, and briefly
IL-18 among proinflammatory cytokines. We update
their role in NAFLD, as elucidated in experimental
models and clinical practice.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Nonalcoholic fatty liver disease; Cytokines;
Adipokines; Adiponectin; Leptin; Tumor necrosis
factor-α; Interleukin-6; Interleukin-1; Interleukin-18;
Ghrelin
Core tip: The pathogenesis of nonalcoholic fatty
liver disease (NAFLD) is still not fully elucidated. We
explored the role of the following adipocytokines
and proinflammatory cytokines in the pathogenesis
of NAFLD: adiponectin, leptin, ghrelin, resistin and
visfatin among adipokines, and tumor necrosis
factor-α (TNF-α), interleukin (IL)-6 and IL-1 among
proinflammatory cytokines. Although a definite
conclusion is complex, from analyzed data we could
conclude that adiponectin, des-acyl ghrelin and leptin
are adipokines that decrease, while TNF-α and IL-6
are cytokines that enhance insulin resistance and
subsequently NAFLD. Acting on these premises, new
therapeutic possibilities emerge; however, much work
remains to be done.
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INTRODUCTION
In nonalcoholic fatty liver disease (NAFLD) excess fat
accumulates in the liver of a patient with no history of
alcohol abuse or other causes for secondary hepatic
steatosis[1]. NAFLD represents a complex spectrum of
diseases, and is usually classified into nonalcoholic fatty
liver (simple steatosis) and nonalcoholic steatohepatitis
(NASH). Simple steatosis is characterized by the presence
of steatosis without evidence of significant inflammation
or fibrosis, while in NASH, steatosis is associated
with hepatic inflammation that may be histologically
indistinguishable from alcoholic steatohepatitis, and is
often accompanied by progressive fibrosis. Long-standing
NASH may progress to liver cirrhosis and is probably an
important cause of cryptogenic cirrhosis; end-stage liver
disease and hepatocellular carcinoma may be possible
outcomes[2].
NAFLD is regarded as a hepatic manifestation of
metabolic syndrome (MS), and patients with NAFLD,
particularly those with NASH, often have one or
more components of the MS: obesity, hypertension,
dyslipidemia and raised fasting plasma glucose levels or
overt type 2 diabetes (T2DM).
The epidemiological data for NAFLD vary depending
on the population and region studied, but estimated
prevalence of NAFLD worldwide is around 20%, with
2%-3% of adults having NASH. It is the most common
liver disorder in the Western industrialized countries,
where the major risk factors for NAFLD are common.
Clinical studies have revealed an increasing prevalence of
NAFLD worldwide, and especially worrying data come
from studies of children and adolescents where NAFLD
is on the rise, together with obesity and MS, and such
an early onset of the disease may provide more time
for its deleterious evolution through the lifetime. The
pathogenesis of NAFLD and NASH is still extensively
researched. Although it is sometimes explained by a “twohit“ hypothesis, it should be better regarded as a multiple
step process, with accumulation of liver fat being the first
step, followed by the development of necroinflammation
and fibrosis[3].
Strong epidemiological, biochemical, and therapeutic
evidence implicate insulin resistance (IR) as the primary
pathophysiological derangement and the key mechanism
leading to hepatic steatosis[4]. Insulin actions are altered in
IR and MS, resulting in increased lipolysis and synthesis
of free fatty acids (FFA) and decreased apolipoprotein
B-100 in the liver.
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Accumulation of triglycerides in the liver thus
represents the primary insult or the “first hit” in the
pathogenesis of NAFLD, but the progression of NASH
requires the presence of additional pathophysiological
abnormalities. The next step or the “second hit“ is the
result of reactive oxygen species (ROS) that increase
oxidative stress within the hepatocytes, and by that
mediate progression from steatosis to steatohepatitis and
fibrosis. Also a “third hit” has been proposed, based on
the fact that oxidative stress causes progressive cell death
with diminished replication of mature hepatocytes and
subsequent increased progenitor cell expansion, leading
to progression of liver cirrhosis and hepatocellular
carcinoma.
A number of recent reviews have pointed out the
importance of gut microbiota, which is now considered
also as a metabolic organ, in the pathogenesis of
metabolic and inflammatory diseases such as obesity
and T2DM[5-7]. Aron-Wisnewsky et al[8] summarized the
influence of gut microbiota in promoting NASH in five
steps. Disregulated microbiota promotes energy yield
from food, as was observed in animal (obese animals
had a greater capacity to extract and store energy in
comparison with lean ones) and human studies (obese
patients had increased Fir micutes and decreased
Bacteroidetes compared with lean ones) [9]. Secondly,
microbiota regulates gut permeability, participating in
that way in the innate and adaptive immune responses
as well as in contributing to low grade inflammation[10].
Gut permeability and bacterial overgrowth of the small
intestine have been associated with the stage of steatosis
and higher endotoxin levels as found in adults and children
with NASH[11]. Another mechanism is the alteration of
the choline metabolism. Namely, dysregulated microbiota
produces enzymes that catalyze the breakdown of choline
into toxic methylamines which can, through enterohepatic
circulation, induce liver inflammation[12]. Furthermore,
dietary saturated fats influence the composition of
bile acid metabolism, which is not only important in
the digestion and absorption of metabolites but also
for antimicrobial activity, thus promoting dysbiosis[13].
Finally, patients with NASH had an increase of alcohol
producing bacteria, such as Escherichia, which is important,
since metabolites of endogenously produced alcohol can
influence the production of ROS and subsequently cause
liver inflammation[14].
Factors that determine the presence and extent of
necroinflammation are not yet well understood. Several
possible mechanisms have been theorized, including
host factors, such as defects in mitochondrial structure
and function, altered expression of proinflammatory
cytokines, impaired free oxygen radical scavenging,
increased hepatic iron, and hepatotoxic byproducts
of intestinal bacteria. The factors involved in hepatic
fibrogenesis are slowly becoming understood. Activation
of both lobular stellate cells and hepatic progenitor cells
has been observed in NAFLD.
Most of the data on the pathophysiology and natural
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course of the disease therefore come from animal studies.
In the last few years, animal studies have yielded an
impressive list of molecules associated with NAFLD and
NASH pathogenesis. Animal models of NAFLD/NASH
are classified into genetic models, nutritional models, and
combined models of genetic and nutritional factors[15-17].
Numerous rodent models of NAFLD/NASH have been
reported to date; however, no animal model completely
reflects liver histopathology and pathophysiology of
human NAFLD/NASH.
Adipose tissue, as an endocrine organ, participates
in energy balance. Adipose tissue, in response to
peripheral tissue and central brain signals, secretes
various chemokines. These adipokines are characterized
by a spectrum of local, peripheral, and central effects[18].
These chemokines activate macrophages, which release
pro- and anti-inflammatory cytokines, and by this
enhance inflammatory and suppress anti-inflammatory
adipokines[19,20]. Obesity, which is often associated with
IR, is therefore often seen as a chronic systemic lowgrade inflammation, in which adipose tissue and its
hormones have a central role[21-23].
Here, we explore the role of adipocytokines and
proinflammatory cytokines in the pathogenesis of
NAFLD. We particularly focus on adiponectin, leptin
and ghrelin, with a brief mention of resistin, visfatin
and retinol-binding protein 4 (RBP4) among adipokines,
and tumor necrosis factor- α (TNF- α ), interleukin-6
(IL-6), IL-1, and briefly IL-18 among proinflammatory
cytokines. We update their role in NAFLD, as elucidated
in experimental models and clinical practice.

ADIPOKINES AND NAFLD
Adipose tissue is, as mentioned earlier, not only a source
of lipids, but also an endocrine organ, since it produces
adipokines that have local, peripheral and central
effects[24]. Although adipose tissue secretes the majority
of adipokines, they are also produced by other organs,
such as the gastrointestinal tract, and these other sources
of adipokine production should not be disregarded.
Thus, adipokines represent a heterogeneous group of
mediators such as adiponectin, leptin, resistin, visfatin,
ghrelin, and RBP4, but more than 50 others have been
described so far.

ADIPONECTIN AND NAFLD
In 1999 Arita et al[25] isolated a product of the apM1
gene, previously cloned by Maeda et al [26], a kind of
soluble matrix protein, which they named adiponectin.
Adiponectin circulates as several oligomeric isoforms in
serum and isoform-specific effects have been described in
the literature[27-29]. The three most common isoforms are:
trimers (low molecular weight-LMW), hexamer (middle
molecular weight-MMW) and oligomeric complexes (high
molecular weight-HMW)[30]. In serum it can also exist as
a proteolytic cleavage fragment of the full-length protein
known as globular adiponectin[25,31].
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Two transmembrane proteins, AdipoR1 and AdipoR2,
are identified as adiponectin receptors. Both receptors
are mostly present in skeletal muscle and moderately
expressed in the liver[32]. Although AdipoR2 is more
abundant in the liver, AdipoR1 can be found in human
hepatocytes, pointing out the important part played by
both receptors in the pathogenesis of liver diseases[33].
A great number of studies, reported in Table 1,
have investigated in human, animal and in vitro models
the pathogenesis and molecular mechanisms through
which adiponectin influences obesity, IR, NAFLD and
other components of MS. Plasma concentrations of
adiponectin were found to be significantly lower in
obese subjects (visceral fat predomination), although
adiponectin is secreted only from adipose tissue[25,34-38].
Serum levels of adiponectin were reduced in T2DM and
IR[39-44], which was confirmed in animal studies as well
as through various molecular mechanisms[45-47]. Certain
genotypes of the adiponectin gene were associated with
a higher risk for developing IR and T2DM[48,49]. In vivo
studies showed that low serum levels of adiponectin were
associated with MS, NAFLD and tumor formation[50-63].
In vitro and in vivo studies suggest that oligomeric
complexes of adiponectin can modulate the biological
actions of several growth factors by controlling their
bioavailability at a pre-receptor level and that this
effect might partly account for the anti-atherogenic,
anti-angiogenic, and anti-proliferative functions [64-69].
However, not all mentioned studies concur regarding the
level of adiponectin receptor and adiponectin itself, a
phenomenon which could be explained by an adiponectin
resistant state; more studies are needed to draw firm
conclusions. There have been reports of adiponectin
as a good predictor of the necroinflammatory grade
and fibrosis in NAFLD through mechanisms which
were clarified in vitro [70-73]. Regarding the treatment
protocols with adiponectin, in humans a diet high in
polyunsaturated fatty acids is recommended (it enhances
adiponectin expression), but larger studies are needed
to confirm the benefit of such therapy[74]. Different
distribution of specific adiponectin isoforms and lower
levels of HMW adiponectin were found in obese patients
compared to normal weight individuals. This explains the
metabolic complications related to obesity and T2DM,
and in future, evaluation of adiponectin actions, specific
isoforms should be taken in account[75-78].

Leptin and NAFLD
Leptin is a peptide hor mone secreted mainly by
adipocytes of white adipose tissue (WAT). It is a product
of the ob gene. Leptin modulates food intake, body fat
composition, insulin activity, thermogenesis, angiogenesis,
and the immune system[79]. It is considered an anorexigen
hormone; in the brain it decreases food intake and
increases energy expenditure. Leptin circulates in the
plasma as a free adipokine, or bound to proteins. Leptin
requires an interaction with a specific transmembrane
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Table 1 Studies and their findings on adiponectin
Study
Human

Animal

In vitro

Finding

Ref.

Adiponectin levels reduced in obese individuals
Adiponectin levels higher in women
Adiponectin levels reduced in T2DM
Hypoadiponectinemia associated with visceral fat accumulation
High concentrations of adiponectin correlated with a decreased risk of developing T2DM
Adiponectin mRNA decreased in obese T2DM
SNP +45T>G genotypes and lower adiponectin level associated with higher FBG, insulin levels and HOMA-IR in
obese women
SNPs: 3971 A/G (rs822396), +276 G/T (rs1501299), -4522 C/T (rs822393) and Y111H T/C (rs17366743) significantly
associated with hypoadiponectinemia
High adiponectin/leptin ratio associated with lower plasma triglyceride, HOMA-IR and higher HDL
Lower adiponectin levels an independent risk factor for NAFLD
In human liver biopsies, hepatic adiponectin receptor mRNAs increased in biopsy-proven NASH
Similar levels of adiponectin receptor mRNA in normal, steatotic liver and NASH
Reduced AdipoR2 protein in NASH compared to steatotic liver
Adiponectin levels lower in NASH and correlated with the progression of the disease
HMW adiponectin isoforms increased after biliopancreatic diversion in obese subjects
Adiponectin lowers gluconeogenesis in the liver, increases fatty acid oxidation in muscle and reduces IR
Disruption of both adiponectin receptors (adipo R1 and R2) increased tissue triglyceride content, inflammation,
oxidative stress and IR
Adiponectin enhanced the progression of hepatic steatosis, fibrosis, and hepatic tumor formation in NASH
Adiponectin prevents lipid accumulation by increasing β-oxydation and by decreasing synthesis of FFA in
hepatocytes in NASH
Association of NAFLD and reduced expression of hepatic adiponectin receptors not consistently reported
Peripheral injection of adiponectin resulted in reduction in body weight and improvement of peripheral IR
Adiponectin reduced TNF-α and induced IL-10 release from Kupffer cells
Pretreatment with adiponectin ameliorated D-galactosamine/LPS induced elevation of serum AST and ALT levels,
and the apoptotic and necrotic changes in hepatocytes
Adiponectin inhibited TNF-α induced expression of endothelial adhesion molecules and decreased LPS induced
TNF-α production
Adiponectin mediated anti-inflammatory activity by lowering NFκB action
Adiponectin increased IL-8 and monocyte chemotactic protein-1 production, and activated the proinflammatory
transcription factor NFκB
Adiponectin acted antifibrotic through antagonizing leptin-induced STAT3 phosphorylation in activated hepatic
stellate cell who promote fibrosis
Lower HMW adiponectin closely associated with obesity-related metabolic complications and T2DM

[25,34,35]
[36]
[37]
[41-43]
[40]
[48]
[49]
[44]
[51]
[52]
[53,54]
[55]
[56,70-72]
[77]
[45]
[46]
[57]
[47,58-60]
[61,62]
[47]
[63]
[64]
[66]
[67]
[68]
[73]
[75]

T2DM: Type 2 diabetes mellitus; HOMA-IR: Homeostasis model assessment-estimated insulin resistance; FBG: Fasting blood glucose; HDL: High-density
lipoprotein; NAFLD: Non-alcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis; HMW: High-molecular weight; IR: Insulin resistance; FFA:
Free fatty acids; TNF-α: Tumor necrosis factor alpha; IL-10: Interleukin-10; LPS: Lipopolysaccharide; NF-κB: Nuclear factor kappa-light-chain-enhancer of
activated B cells; Il-8: Interleukin-8; STAT-3: Signal transducer and activator of transcription 3.

receptor for its metabolic effect. Ob-R, which represents
the leptin receptor, is a member of the class-1 cytokine
receptor family. In lean individuals it is mostly bound
to proteins, and in the obese it circulates in the free
form [80,81]. The levels of leptin in adipose tissue and
plasma are dependent on the amount of adipose tissue
as well as the status of energy balance. Therefore, leptin
levels are higher in obese individuals (central obesity)
and increase with overfeeding[82-86]. Leptin downregulates
transcription of the preproinsulin gene and insulin
excretion, which could be connected with high leptin
levels in IR[84,87]. Studies on a non-lipoatrophic diabetes
population (human and animal models) lead to the
conclusion that total absence of leptin leads to obesity.
However, in non-lipoatrophic obese individuals, although
total leptin levels are elevated, its action is not amplified
due to the condition called leptin resistance (reduced
sensitivity to the anorectic response to exogenous
administrated leptin), which has also been confirmed in
animal studies[88-104].
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Women have higher circulating levels of leptin than
men, which could be associated with a stimulating role
of estrogen, or a suppressing role of androgens on leptin
production, since studies[105-107] have demonstrated that
higher leptin levels in women were independent of fat
mass.
Certain inflammatory and infectious stimuli, such as
IL-1, lipopolysaccharides (LPS) and TNF-α, can also
increase leptin levels, which correlate with the level of
inflammation. Levels of leptin are enhanced by proinflammatory cytokines and help to perpetuate the loop
of chronic inflammation in obesity[108,109].
IR and T2DM are correlated with higher leptin levels
in plasma independently of adipose tissue[110,111] although
not all studies concur [112]. Genetic polymorphism of
the leptin receptor and leptin itself were investigated,
and certain genotypes were associated with MS, IR and
obesity in human and animal studies[113-115].
Leptin seems to participate in both hits of NASH
development (contributing to IR and steatosis as
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Table 2 Studies and their findings on leptin
Study

Finding

Ref.

Human Leptin levels higher in obese individuals and increased with overfeeding
Higher leptin levels in women independent of fat mass
Body mass index and IR strongly correlated with leptin levels
Central obesity correlated with higher leptin levels in comparison with non-central obesity
Administration of leptin to individuals with lipoatrophic diabetes resulted in reduction of triacylglycerol concentrations, liver
volume, glycated hemoglobin and discontinuation, or a large reduction in antidiabetes therapy
Leptin inhibited insulin secretion and transcription of the preproinsulin gene
IR associated with elevated plasma leptin levels independently of body fat
Leptin/adiponectin ratio predicted T2DM in both sex
Leptin C2549A AA genotype found at a higher rate in T2DM
Leptin levels significantly higher in NASH, and correlated with the severity of hepatic steatosis, but not with the grade of
necroinflammation or fibrosis
Leptin not found as a predictor of histological severity of NASH
No significant difference in leptin concentrations between NASH patients and controls, or in connection to the severity of liver
fibrosis
IR and low leptin levels predictors of steatosis in the liver
Animal Mice lacking the ob gene became severely obese
Leptin infusion attenuated hepatic steatosis and hyperinsulinemia
Mice without leptin signaling had an increased lipid accumulation in liver
Leptin prevented lipid accumulation in nonadipose tissue through SREBP-1 modulation
After long-term exposure to high-fat diet (> 20 wk), mice resistant to leptin even when directly infused into the brain
Hyperleptinemia itself contributed to leptin resistance by down regulating cellular response to leptin
Mice with poly (ADP-ribose) polymerase-1 deficiency susceptible to diet-induced obesity, hyperleptinemia, and IR
Leptin-deficient, insulin-resistant mice developed leptin resistance on a high fat diet independently of hyperleptinemia, c-Jun
N-terminal kinase inflammatory pathway relevant in the induction of diet-induced glucose intolerance
Leptin increased expression of procollagen-I, transforming growth factor beta1, smooth muscle actin and TNF-α and thus increased
liver fibrosis and inflammation
Leptin-resistant mice exhibited significantly reduced fibrogenic response
In vitro Fibrogenic effect of leptin accomplished through hepatic stellate cells, leptin a potent mitogen and apoptosis inhibitor

[82,83]
[104-107]
[84]
[86]
[89]
[87]
[110]
[111]
[114]
[116-118]
[119]
[120,121]
[122]
[91]
[92]
[93]
[94]
[95-98]
[99]
[115]
[100]
[101]
[102,103]
[23]

IR: Insulin resistance; T2DM: Type 2 diabetes mellitus; NASH: Nonalcoholic steatohepatitis; SREBP-1: Sterol regulatory element-binding protein 1; ADPribose: Adenosine diphosphate ribose.

mentioned earlier), and through the proinflammatory
role in regulation of hepatic stellate cells (HSCs) in
promoting liver fibrosis[24]. Leptin levels are increased in
NASH patients and are related to the grade of hepatic
steatosis [116-119]. In contrast, there have been studies
that did not show a considerable discrepancy in leptin
concentrations comparing patients with steatohepatitis
and healthy subjects, or in connection to the severity of
liver fibrosis[120-122].
Regarding the reviewed studies, leptin levels correlate
with obesity and steatosis, while it is still unclear how
leptin is upregulated in NASH and how it contributes to
fibrosis; locally produced leptin and/or leptin resistance
may have a crucial role[123]. To facilitate the understanding
of certain studies in different animal, human and in vitro
models, findings of those studies together with references
regarding the role of leptin are stated in Table 2. Larger
studies with carefully matched controls are needed to
draw further conclusions regarding the influence of
leptin in NAFLD.

Ghrelin and NAFLD
Ghrelin is a peptide hormone that was discovered in
1999, and it acts as a ligand of the growth hormone
secretagogue receptor (GHS-R) with a unique post
translational modification of the Ser3 residue. It is
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produced by the stomach, pancreas and the large
intestine[124]. Ghrelin has a part in appetite stimulation
and control of body mass[125]. Ghrelin O-acyl transferase
(GOAT) is the enzyme which acylates the ghrelin
peptide to form acyl-ghrelin (AG)[126]. Recent studies
have shown that des-acyl ghrelin (DAG) is no longer
regarded as an inert product of AG. Ghrelin stimulates
liver gluconeogenesis, and prevents suppression of
glucose production by insulin; however, DAG inhibits
liver glucose production[127]. Studies involving ghrelin role
in NAFLD and other components of MS are reported in
Table 3.
Studies have shown that obese individuals have
lower concentrations of DAG than lean ones, while no
difference was noticed in the concentrations of AG. It
seems that obesity changes the concentration of DAG
and AG with a relative AG excess or DAG deficiency
which leads to obesity-associated IR in MS[128-130].
After assessing the influence of ghrelin on insulin
sensitivity, other groups of investigators concentrated
on the potential role of ghrelin in NAFLD. IR is a major
factor controlling ghrelin levels in subjects with NAFLD,
but the correlation with the progression of the disease
shows conflicting results since all studies did not take into
consideration DAG and AG concentrations[54,131,132].
Possible mechanisms through which ghrelin influences
NAFLD progression were investigated in vitro, some
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Table 3 Studies and their findings on ghrelin
Study

Finding

Ref.

Human AG and the AG/DAG ratios positively associated with HOMA-IR in obese children
IR obese subjects had elevated AG/DAG ratio compared with non IR obese subjects because of decreased DAG and total ghrelin levels
Obese patients with MS had lower total ghrelin and DAG, comparable AG and higher AG/DAG, AG/DAG ratio correlated with IR
Ghrelin significantly correlated with HOMA-IR, but was reduced in NAFLD
Ghrelin levels were higher in higher stages of fibrosis in morbidly obese patients with NAFLD
Higher total ghrelin concentrations in patients with NASH in comparison with steatosis and normal liver
In vitro Adipocytes after incubation with AG and DAG significantly increased PPARγ and SREBP-1 mRNA levels and accumulated lipids
Ghrelin inhibited AMP-activated protein kinase activity, through which also influenced PPAR-γ in liver and in adipose tissue
Administration of ghrelin attenuated NAFLD-induced liver injury, oxidative stress, inflammation, and apoptosis partly through the
action of serine/threonine kinase/AMPK and phosphoinositide 3-kinase/protein kinase B pathways in rats

[128]
[129]
[130]
[131]
[132]
[54]
[133]
[134]
[135]

AG: Acyl-ghrelin; DAG: Des-acyl ghrelin; IR: Insulin resistance; MS: Metabolic syndrome; HOMA-IR: Homeostasis model assessment-estimated insulin
resistance; NAFLD: Non-alcoholic fatty liver disease; PPAR-γ: Peroxisome proliferator-activated receptor gamma; SREBP-1: Sterol regulatory elementbinding protein 1; AMP: Adenosine monophosphate.

taking into account AG and DAG respectively[133-135].
Summarizing these investigations, one can conclude that
ghrelin has an important role in insulin sensitivity but
its role in NAFLD has not yet been clarified. Further
studies are needed, which should differentiate between
the concentrations of DAG and AG.

Resistin and NAFLD
Resistin is an adipocyte-derived signaling polypeptide
that was initially found to be upregulated in obesity
and IR[136,137]. It has a scarce tissue distribution, with the
highest levels in adipose tissues[138]. Resistin circulates
in two states, the high-molecular-mass hexamer that
has a higher concentration and the low-molecular-mass
complex which is more bioactive[139]. Peripheral blood
mononuclear cells are main producers of resistin[140].
Studies have conflicting results regarding the influence
of resistin in glucose metabolism, obesity and IR. There
are numerous studies that have connected obesity
with higher circulating resistin levels compared to lean
controls in human and animal studies with conflicting
results[141-143]. The correlation between resistin, obesity,
T2DM and IR also remains controversial [144-148]. In
NAFLD, concentrations of resistin were higher than in
controls and positively correlated with liver inflammation
and fibrosis severity, but this was not consistent in all
undertaken studies[118,149-151]. Findings of the previously
mentioned studies are displayed in Table 4.
Data of in vitro studies concluded that resistin
participates in the progression of inflammation [152].
Considering the connection between adipocytokines
and inflammatory pathways, resistin may represent a link
between MS and inflammation. Resistin and its role in the
pathogenesis of NAFLD are still not sufficiently studied
and new studies are needed.

Visfatin and NAFLD
Visfatin is also a hormone whose plasma levels are
associated with obesity, visceral fat, T2DM, as well as
MS. Secretion of visfatin was enhanced by glucose
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administration, and the glucose-derived rise of visfatin
could be interrupted by co-administration of insulin or
somatostatin[153]. Studies related to visfatin and its roles
in metabolic processes are shown in Table 4. Plasma
visfatin was higher in obese individuals, and those with
T2DM and MS[154-156]. Some studies, however, did not
confirm the previous association[157,158]. There are scarce
data on the role of visfatin in NAFLD. Although the
visfatin level was lower in NASH compared to NAFLD
patients, a positive correlation with portal inflammation
was found[159,160].

RETINOL-BINDING PROTEIN 4 and
NAFLD
RBP4 is predominately produced in visceral adipose
tissue. Serum RBP4 concentration was elevated in
insulin-resistant obese humans and in T2DM. It was
found elevated in individuals who had a family history
of T2DM and had normal glucose levels [161,162]. An
association between increased RBP4 and MS was found,
but other studies failed to detect the connection with
single components of MS[163-171].
RBP4 levels were found to be associated with the
inflammatory response in obese individuals[168,172]. The
role of RBP4 in the pathogenesis of NAFLD is not
sufficiently elucidated. Circulating RBP4 levels were
higher in subjects with advanced stages of NAFLD[173-175].
However, some studies differed in their results[176,177]. All
mentioned studies and their results are reported in Table
4.

Proinflammatory cytokines and
NAFLD
Proinflammatory cytokine is a general term for those
immunoregulatory cytokines that favor inflammation.
They represent a heterogeneous group of molecules
secreted by various cell types with numerous biological
effects. They act as endogenous pyrogens, upregulate
the synthesis of secondary mediators and other
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Table 4 Studies and their findings on resistin, visfatin and retinol binding protein 4
Adipocytokines

Finding

Resistin

Ref.

Resistin levels increased in morbidly obese humans
Resistin levels in T2DM patients 20% higher when compared to non-diabetic patients
No correlation between resistin and components of MS on T2DM patients
Resistin did not correlate with BMI but significantly correlated with IR
G/G -180C>G homozygotes for resistin had significantly higher resistin mRNA levels in abdominal subcutaneous
fat
Serum resistin levels not associated with the presence of NASH
Serum resistin levels higher in NAFLD that in controls and positively correlated with liver inflammation and
fibrosis severity
Resistin serum levels in NAFLD patients were associated with histological severity of the disease but not with IR
Expression of resistin in human peripheral-blood mononuclear cells upregulated by TNF-α and IL-6
Visfatin
Secretion of visfatin enhanced by glucose administration
Plasma visfatin elevated in patients with T2DM
Visfatin plasma concentrations markedly elevated in obese subjects
Bariatric surgery reduced body mass index, visfatin, leptin and increased adiponectin after 6 mo
Plasma visfatin levels elevated in subjects with MS
Significantly higher visfatin mRNA in visceral fat of obese subjects compared with lean controls, and positively
correlated with body mass index
Visfatin level lower in NASH compared to NAFLD patients and healthy controls
Visfatin level positively correlated with portal inflammation
Retinol binding protein 4 Serum RBP4 concentration elevated in IR, obese humans, T2DM and in subjects with a strong family history of
T2DM
Strong association of increased circulating RBP4 levels with IR and MS
No connection of RBP4 with obesity, IR, or components of the MS
RBP4 levels associated with inflammatory response in obese individuals
Circulating RBP4 levels higher in subjects with NAFLD
RBP4 liver expression higher in moderate/severe NASH compared to mild forms
RBP4 level a risk factors for fibrosis ≥ 2 in NASH
RBP4 and HOMA-IR independently associated with steatosis in patients with chronic hepatitis C
In NAFLD patients, serum RBP4 significantly lower compared with controls, did not correlate with IR
RBP4 liver tissue expression enhanced in NAFLD patients and correlated with NAFLD histology
Serum RBP4 levels did not correlate with BMI, HOMA-IR, fasting blood glucose, or insulin levels in patients with
simple steatosis and NASH
Patients with cirrhosis and fibrosis had higher RBP4 compared to controls

[142]
[144]
[145]
[146]
[148]
[149]
[118,150]
[151]
[152]
[153]
[154]
[155]
[156]
[158]
[159]
[160]
[161,162]
[163-166]
[167-171]
[168,172]
[173]
[174]
[175]
[176,177]

T2DM: Type 2 diabetes mellitus; MS: Metabolic syndrome; NASH: Nonalcoholic steatohepatitis; NAFLD: Non-alcoholic fatty liver disease; IR: Insulin
resistance; TNF-α: tumor necrosis factor alpha; IL-6: Interleukin 6; RBP4: Retinol binding protein 4; HOMA-IR: Homeostasis model assessment-estimated
insulin resistance.

proinflammatory cytokines by both macrophages and
mesenchymal cells, stimulate the production of acute
phase proteins, or attract inflammatory cells. The major
proinflammatory cytokines that have been studied in the
pathogenesis of NAFLD include TNF-α, IL-6, IL-1α,
IL-1β and IL-18.

Tumor necrosis factor ALPHA and
NAFLD
A balance between proinf lammator y and antiinflammatory cytokines seems to have a major role in
systemic, local metabolic and inflammatory processes
involved in the development of NAFLD and IR.
TNF-α is the proinflammatory cytokine characterized
by various biological effects including metabolic,
inflammatory, proliferative but also necrotic, with
enhanced expression in liver and adipose tissue thus
making it an optimal causative agent for NAFLD. It is
secreted by macrophages infiltrated in adipose tissue of
obese models, by hepatocytes, Kupffer cells, and other
cell types, as a response to chronic inflammatory activity.
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This was confirmed in numerous studies in which
increased expression of TNF-α was found in adipose
tissue of diverse animal models of obesity, IR and
T2DM suggesting TNF-α is a key link in obesity-induced
IR[178,179]. Among all proinflammatory cytokines involved
in the pathogenesis of obesity, IR and NAFLD, TNF-α
is the most commonly investigated and characterized
by conflicting results, because of heterogeneity in study
populations, small sample sizes and factors that possibly
interfere with serum TNF-α level detection. Human[180]
and experimental studies in dietary-induced NAFLD
models with or without genetic modulation resulting in
its impaired signaling or neutralization with antibodies,
implied that TNF-α had a role in development of every
setting of NAFLD (liver steatosis, necrosis, apoptosis
and fibrosis) as well as IR; this is shown in Table 5.
The complexity of TNF-α mechanisms of action has
been extensively investigated. Once produced in adipose
tissue, TNF-α causes impaired insulin-derived peripheral
uptake of glucose by increasing serine phosphorylation
of insulin receptor substrate 1 (IRS-1) and consequently
inhibition of translocation of glucose transporter type 4
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Table 5 Studies and their findings on tumor necrosis factor alpha
Study

Finding

Ref.

Human Healthy subjects with highest serum TNF-α levels had significantly greater risk of developing NAFLD
TNF-α infusion in healthy humans impaired insulin signaling via increased phosphorylation of p70 S6 kinase, extracellular signalregulated kinase-1/2, c-Jun NH(2)-terminal kinase, and serine phosphorylation of IRS-1 as well as impaired phosphorylation of
Akt substrate 160 thereby GLUT4 translocation and glucose uptake in skeletal muscle
TNF-α gene polymorphism in the -238 A allele associated with susceptibility to NAFLD, correlated with IR and increased BMI in
Chinese population
TNF-α polymorphism at position 1031C and 863A in a Japanese population associated with NASH without significant difference
between NAFLD patients and controls
TNF-α and soluble TNFR2 plasma levels increased in NASH patients, independently of IR, compared to controls, but not among
different stages of NAFLD
Serum TNF-α/TNFR1 increased in NASH patients as compared with other stages

[180]
[181]

[202,203]
[188]
[187],
[192]
[189]

In obese NASH patients expression of liver and adipose TNF-α mRNA and its p55 receptor increased and correlated with advanced
fibrosis
In children serum TNF-α and leptin associated with a NAFLD activity score of 5 or more

[190]

TNF-α mRNA cut-off of 100 ng/mL predicted NASH

[192]

In morbidly obese NASH patients high TNF-α mRNA expression in liver correlated with plasma levels of LPS-binding protein

[200]

Treatment with TNF-α inhibitor (pentoxifylline) for 6 mo reduced liver enzymes, serum TNF-α level and improved IR

[204]

In NAFLD/NASH patients probiotic therapy decreased TNF-α levels

[208]

Patients with MS with or without NAFLD treated with fish oil for 6 mo resulted in the reduction of oxidative stress and production
of proinflammatory cytokines (TNF-α and IL-6)
Animal Prolonged infusion of TNF-α in rats decreased ability of insulin to suppress hepatic gluconeogenesis and stimulate peripheral
glucose utilization
Obese mice with impaired TNF-α signaling protected from obesity-derived IR in peripheral tissues and had lower levels of
circulating free fatty acids
Mice deficient in both TNF-α receptors fed with MCD diet had attenuated liver steatosis, fibrosis and number of recruited Kupffer
cells
TNF-α administration induced tissue inhibitors of metalloproteinases 1 mRNA expression in activated HSC and suppressed their
apoptosis
On MCD-diet induced NASH mice model NASH developed independently of TNF-α synthesis

[191]

[214]
[178]
[179]
[193]

[186]

Fructose overfeeding in mice led to endotoxemia, increased TNF-α and liver steatosis that was reduced after treatment with
antibiotics
Mice lacking TNFR1 were resistant to fructose-induced steatosis (increased phospho AMPK and AKT levels, decreased SREBP-1
and FAS expression in the liver as well as RBP4 plasma levels)
Dietary oleate reduced hepatic steatosis, inflammation, fibrosis and mRNA expression of TNF-α in MCD diet-induced NASH
animal model
TNF-α levels in liver were lower in dietary induced NASH animal model treated with glutamine

[197]

α- and γ-tocopherol protected against LPS-triggered NASH in an obese mouse model, by decreasing liver necroinflammatory
activity, levels of TNF-α, without affecting body mass or hepatic steatosis
Obese mice on a HFD treated with thalidomide (100 mg/kg per day for 10 d) showed improvements in insulin sensitivity, through
restoration of the hepatic insulin IRS-1 and AKT phosphorylation, an improvement in hepatic steatosis was also noticed, which
correlated with reduced TNF-a levels
Statins (rosuvastatin and pioglitazon) in diet-induced NASH rat models decreased serum TNF-α level

[219]

Treatment with anti-TNF antibodies in ob/ob mice fed with HFD improved liver steatosis, insulin sensitivity, and serum ALT
levels
Treatment of HFD-rat with monoclonal TNF-α antibody, infliximab, reduced proinflammatory markers (TNF-α, IL-6, IL-1β),
activity of JNK and IKK-B, SOCS-3 expression, and improved insulin signaling through JAK2/STAT-3 and IRS/AKT/FOXO1
pathway in the liver
This all led to reduced IR, fat liver accumulation and inflammation
LPS derived TNF-α production enhanced expression of SREBP-1 mRNA leading to hepatic steatosis
In vitro JNK2-/- hepatocytes resistant to TNF-α induced apoptosis

[198]
[216]
[217]

[218]

[212,213]
[209]
[210]

[201]
[183]

Tiazolidinediones reversed TNF-α induced IR

[211]

Quercetin decreased TNF-α expression in oleic acid induced steatotic HepG2 cells

[215]

TNF-α: Tumor necrosis factor alpha; NAFLD: Non-alcoholic fatty liver disease; BMI: Body mass index; IRS-1: Insulin receptor substrate 1; GLUT4:
Glucose transporter type 4; IR: Insulin resistance; NASH: Nonalcoholic steatohepatitis; TNFR1: Tumor necrosis factor receptor 1; IL-6: Interleukin 6; LPS:
Lipopolysaccharide; HFD: High-fat diet; JNK: c-Jun N-terminal kinase; MS: Metabolic syndrome; MCD: Methionine and choline deficient diet; HSC:
Hepatic stellate cells; TNFR2: Tumor-necrosis factor receptor 2; AMPK: AMP-activated protein kinase; SOCS-3: Suppressors of cytokine signaling-3; Akt:
Protein kinase B; SREBP-1: Sterol regulatory element-binding protein 1; FAS: Fatty acid synthase; RBP4: Retinol binding protein 4; IKK-B: Inhibitor of
nuclear factor kappa-B kinase subunit beta; STAT3: Signal transducer and activator of transcription 3.

(GLUT4) to the plasma membrane resulting in peripheral
IR[181]. It also stimulates hormone sensitive lipase resulting
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in increased serum FFA and their influx in the liver.
Lipid accumulation in the liver induces Bax (pro-
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apoptotic Bcl-2 family member) translocation to
lysosomes causing their destabilization and release
of lysosomal cysteine protease cathepsin B, through
activation of inhibitor of nuclear factor kappa-B
kinase (IKK- β ) in hepatocytes this activates nuclear
factor-kappaB (NFκB), and enhances gene expression
of proinflammatory cytokines including TNF- α [182].
Additional generators of TNF-α in the liver are Kupffer
cells in response to bacterial endotoxins, mediated by
toll-like receptors (TLR). In hepatocytes, TNF-α induces
suppressors of cytokine signaling (SOCS) that leads to
decreased insulin signaling, as well as to induction of
sterol regulatory element-binding protein-1c (SREBP1c) and thus to liver steatosis. By activation of cytosolic
sphingomyelinase, TNF- α produces ceramide that
activates several kinases resulting in impaired insulin
signaling, but also increases ROS synthesis. ROS
further enhance TNF- α production, which increases
mitochondrial permeability, releases mitochondrial
cytochrome c, and aggravates ROS formation, resulting
in hepatocyte death. Although two different TNF- α
receptors exist, tumor necrosis factor receptor 1 (TNFR1)
and 2 (TNFR2), only TNFR1 is a mediator of hepatocyte
apoptosis. Some of the proposed mechanisms involved in
hepatocyte apoptosis are TNF-related apoptosis inducing
ligand (TRAIL), Fas-mediated apoptosis via proteolytic
caspase-8, and JNK2 pathway[183,184].
All these biological effects of TNF- α result in
evolution of NAFLD and are extensively investigated
in vivo and in vitro, all in order to better understand the
underlying insulin-mediated pathologic mechanisms,
enabling new therapeutic strategies in NAFLD[185,186]. In
humans it was shown that even healthy individuals with
high basal TNF-α levels had significantly greater risk
of developing NAFLD[180]. A great number of studies
in adults and children revealed increased expression
of TNF- α and its receptors in IR-derived NASH
patients[180,187-192]. Although study results regarding the
correlation of TNF-α with the progression of the disease
are contradictory[187], quite a number of newer animal and
human studies state that TNF-α is a predictor of NASH
and correlates with advanced stages[189-193]. Indeed, in vitro
and in an over-nutritioned animal model that lacks both
TNF-α receptors, it was shown that TNF-α produced by
Kupffer cells enhanced expression of tissue inhibitor of
metalloproteinase 1 (TIMP-1) mRNA in activated hepatic
stellate cells and suppressed their apoptotic induction,
thereby confirming its role in liver fibrosis[193].
In vitro and in vivo studies have shown that fructoseinduced NAFLD correlates with endotoxemia which
leads to activation of hepatic Kupffer cells in the liver
and subsequently TNF-α production[194-201].
Genetic predisposition to NASH has lately been
a matter of great interest; TNF-α polymorphism in
certain populations was associated with susceptibility for
NAFLD[188,202,203].
Since numerous studies confirmed TNF-α involvement
in the complex net that leads to development of NAFLD,
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diverse therapeutic options were proposed. Pentoxifylline,
a TNF-α inhibitor, was the most extensively studied.
It was shown that patients with NASH, after treatment
with pentoxifylline for 6 mo, had significantly reduced
liver enzymes, serum TNF-α level and improved IR;
after a year of treatment, additional improvements in
steatosis, stage of fibrosis and lobular inflammation
were noticed [204-207] . Fur ther more, regarding the
important role of microbiota in gut permeability and
endotoxemia, therapeutical options with probiotics were
also investigated and studies reported improved insulin
sensitivity, liver histology, decreased TNF-α, total fatty
acid content and serum ALT levels[208,209]. Treatment with
the monoclonal TNF-α antibody, infliximab, reduced
IR, hepatic fat accumulation and inflammation[210]. In
experimental models of NASH, in vivo and in vitro,
thiazolidinediones[211-213], fish oil[214], quercetin[215], dietary
oleate [216], glutamine [217], thalidomide [218] and α - and
[219]
γ-tocopherol were therapeutic options that decreased
proinflammatory activity, TNF-α among others, implying
their possible benefit in NAFLD treatment.
Based on extensive literature from published studies,
we can conclude that TNF- α is associated with IR,
enhanced peripheral lipolysis, liver steatosis, inflammation,
necrosis, apoptosis and fibrosis.

Interleukin-6 and NAFLD
IL-6 is a proinflammator y pleiotropic cytokine
produced by adipocytes, hepatocytes, immune and
endothelial cells[18]. Even though smaller in size, visceral
adipocytes are superior cytokine generators compared
to subcutaneous adipocytes and it was shown that obese
and lean NAFLD patients can display a similar cytokine
profile regarding IL-6. Endotoxemia in obesity, resulting
from small intestinal bacterial overgrowth, stimulates
macrophages through TLR receptors to produce
TNF- α that possibly up-regulates IL-6 production
from adipocytes and macrophages infiltrated in adipose
tissue[220]. Hence, adipose tissue in obese subjects has
an important role in enhancing low-grade chronic
inflammation leading to IR and lipid accumulation
in liver. Accumulated FFAs in hepatocytes activate
IKK-B and NF-κB, a transcription factor that plays a
central role in coordinating the expression of various
proinflammatory cytokines, including IL-6[221]. The role
of IL-6 in glucose metabolism, IR, NASH pathogenesis
and disease progression was investigated in experimental
models of steatosis and liver injury, as well as in NAFLD
patients and the findings of these studies are reported in
Table 6.
Its role in the pathog enesis of T2DM was
confirmed in several human studies suggesting that
even healthy women with higher basal levels of IL-6
have a significantly higher relative risk of developing
T2DM [222-226] . Experimental models confirmed the
role of IL-6 in this manner, but are characterized
with conflicting findings regarding peripheral IR. In
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Table 6 Studies and their findings on interleukin-6
Study

Finding

Ref.

Human Increased plasma IL-6 in T2DM
Elevated basal IL-6 levels in healthy humans present high relative risk of developing T2DM
Obese patients after bariatric surgery who lost weight had decreased IR and IL-6
IL-6 174C polymorphism associated with NASH and IR
IL-6 levels higher in NAFLD patients, especially with advance stages, compared to ones with hepatitis B
Increased serum IL-6 levels in biopsy proven NAFLD compared to controls
No difference in IL-6 levels among T2DM patients with NASH/advanced fibrosis compared to those without NASH or light fibrosis
No difference in serum IL-6 and its intrahepatic mRNA expression between NASH and steatosis
In morbidly obese patients serum IL-6 levels correlated with progression of steatosis but in NASH declined
IL-6 > 4.81 pg/ml predicted liver steatosis
Hepatocyte IL-6 expression positively correlated with degree of inflammation, stage of fibrosis and IR
Increased circulating IL-6 and its soluble receptor in NASH patients compared with steatosis and healthy volunteers
Normal IL-6 values exclude NASH
IL-6, total cytokeratin-18 (M65) and adiponectin - a new panel for predicting NASH
Decreased IL-6 levels after lifestyle changes and vitamin E administration
Animal Chronic administration of IL-6 suppressed hepatic insulin signaling without effect on skeletal muscle
Lep(ob) mice neutralized with IL-6 antibody showed increased insulin receptor signaling in the liver but not in peripheral tissues
IL-6 decreases overall IR and hepatic inflammation
Hepatoprotective and hepatoproliferative role of short-term exposure to IL-6 in ischaemic preconditioning models
Treatment of IL-6-deficient mice acutely with IL-6 restored STAT3 binding and hepatocyte proliferation
Chronic liver exposure to IL-6 led to cell death via Bax induction, activation of Fas agonist derived caspase-9 and cytochrome c
release
IL-6 showed inflammatory and antisteatotic effects in liver on mouse NASH model
Hepatoprotective role of IL-6 by STAT3 activation in severe NASH model
In vitro LPS through TLR receptors stimulated macrophages to produce TNF-α that up-regulated IL-6 production in adipocytes and
macrophages
IL-6 inhibited insulin-induced glycogenesis in hepatocytes
IL-6 promoted IR in hepatocytes and HepG2 via decreased tyrosine phosphorylation of IRS-1, impaired association of the p85
subunit of phosphatidylinositol 3-kinase with IRS-1, inhibition of Akt and glycogen synthesis
IL-6 impaired insulin signaling in 3T3-L1 adipocytes through inhibition of gene transcription of IRS-1, GLUT-4 and PPARγ
IL-6-dependent IR mediated by induction of SOCS-3 protein in HepG2 cells

[222]
[224]
[225]
[226]
[239]
[240]
[241]
[242]
[243,244]
[245]
[246]
[189]
[247]
[248]
[249]
[231]
[232]
[233]
[234]
[235]
[236]
[237]
[238]
[220]
[227]
[228]
[229]
[230]

IL-6: Interleukin 6; T2DM: Type 2 diabetes mellitus; IR: Insulin resistance; NASH: Nonalcoholic steatohepatitis; NAFLD: Non-alcoholic fatty liver disease;
STAT3: Signal transducer and activator of transcription 3; LPS: Lipopolysaccharide; TLR: Toll-like receptor; IRS-1: Insulin receptor substrate 1; Akt: Protein
kinase B; GLUT4: Glucose transporter type 4; PPAR-γ: Peroxisome proliferator-activated receptor gamma.

vitro studies showed that IL-6 promotes overall IR via
several mechanisms[227-230]. However, in the majority of
animal models this effect was only shown in hepatic
IR[231-233]. The contribution of IL-6 signaling in obesityinduced inflammation also remains controversial
because some studies have reported a hepatoprotective
and hepatoproliferative role of short-term exposure
to IL-6 [234,235] . Since NAFLD is characterized by
chronic necroinflammatory activity, results of shortterm liver exposure to IL-6 are not entirely applicable.
Chronic exposure to IL-6 led to liver injury, although
there were studies that concluded it had a protective
role against the progression of hepatic steatosis and
paradoxically a hepatoprotective role in advanced stages
of NAFLD[236-238]. Certain polymorphisms of the IL-6
gene were associated with development of NAFLD[239].
When compared to other chronic liver diseases, such as
chronic hepatitis B, IL-6 levels were significantly higher
among NAFLD patients, especially with advanced
histopathology findings[240]. Although numerous human
studies have shown a correlation between IL-6 levels and
NAFLD, data concerning its relationship with stages of
the disease are contradictory[189,241-247]. IL-6 as a single
noninvasive marker for predicting the presence of NASH
is not sufficient, therefore pathophysiological-based nonWJG|www.wjgnet.com

invasive panels of serological biomarkers are intensively
investigated. A combination of IL-6, total cytokeratin-18
(M65 - a marker of necrosis and apoptosis) and
adiponectin gave a good predictive value[248]. Several
therapeutic options, including vitamin E and dietary
quercetin showed a significant decrease in IL-6 levels
in NAFLD subjects[249,250]. Tocilizumab, a humanized
IL-6 receptor antibody, is yet to be investigated as a
therapeutic choice in this manner[251].
In conclusion, IL-6 is a proinflammatory cytokine
associated with the development of IR, but its exact
role in the pathogenesis of NAFLD is still waiting to be
determined.

Interleukin-1 and NAFLD
IL-1 family cytokine members are produced by
macrophages, endothelial cells and fibroblasts. IL-1
family members can be divided into potentially
proinflammatory cytokines such as IL-1β or IL-18, and
into antiinflammatory cytokines such as IL-1Ra[252,253]. IL1α, acutely administrated in vitro, transiently causes IR,
promotes inflammation and liver fibrosis[254]. IL-1α and
IL-1β were shown to have a role in the transformation
of steatosis to steatohepatitis and liver fibrosis[255].
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Table 7 Studies and their findings on interleukin-1α, interleukin-1β, interleukin-1Ra and interleukin-18
Cytokines
IL-1α
IL-1β
Human

Animal

In vitro

IL-1Ra
IL-18

Finding

Ref.

Acute treatment of 3T3-L1 adipocytes with IL-1α led to transient IR at IRS-1 level, mediated by its serine phosphorylation

[254]

Weight loss in severely obese patients led to decreased IL-1β in subcutaneous adipose tissue and in liver
without effect on adipose IL-1α
IL-1β was significantly higher in subcutaneous/visceral adipose tissue than in liver
IL1-β genetic variants in Japanese population associated with NASH
Hepatic IL-1α and IL-1β increased in NASH animal models
Mice deficient in either cytokine not prone to NASH and fibrosis development
In experimental models TLR2 and palmitic acid activated inflammasome in Kupffer cells and produced IL-1α and IL-1β
IL-1β/ApoE-deficient mice had less pronounced atherosclerosis
Treatment with an IL-1β antibody improved glycemic control and β cell function in diet-induced obese mice
Animal NASH model showed increased macrophage infiltration in adipose tissue as well as in liver accompanied with increased
expression of IL-1β
Hepatic steatosis partially mediated by Kupffer cells that produced IL-1β which suppressed PPAR-α
In diet induced NASH mice probiotics decreased hepatic IL-1β mRNA
IL-1β inhibited insulin-induced phosphorylation of the insulin receptor beta subunit, IRS1, protein kinase B and extracellular
regulated kinase 1/2 in murine and human adipocytes that lead to IR and inhibition of lipogenesis
IL-1β decreased adiponectin
IL-1β promoted hepatic fibrosis by upregulating TIMMP-1 in rat HSC mediated by p38 mitogen-activated protein kinases and JNK
IL-1Ra decreased glucose uptake in muscle and was upregulated in WAT of diet-induce obese mice
Atherogenic diet in IL-1Ra deficient mice caused severe liver steatosis, inflammation and portal fibrosis
In obese women IL-18 positively correlated with body weight and visceral fat
In T2DM patients and non-diabetic controls IL-18 plasma levels positively correlated with HOMA-IR
In male patients with NAFLD, IL-18 alone in the absence of metabolic risks cannot contribute to evolution of NAFLD
IL-18 enhanced cytokine production by stimulating TNF-α synthesis in immune cells
Il-18 administrated with IL-12 induced mouse fatty liver in an IFN-γ dependent manner
Rosiglitazone in NAFLD rat model reduced IL-18 and caspase-1 in liver as well as improved histology

[253]

[259]
[255]
[257]
[262]
[263]
[264]
[266]
[268]
[260]

[267]
[270]
[272]
[275]
[276]
[278]
[279]
[280]
[277]

IL-1α: Interleukin 1 alfa; IR: Insulin resistance; IRS-1: Insulin receptor substrate 1; IL-1β: Interleukin 1 beta; IL-18: Interleukin 18; NASH: Nonalcoholic
steatohepatitis; TLR2: Toll-like receptor 2; PPAR-α: Peroxisome proliferator-activated receptor alfa; TIMMP-1: Tissue inhibitor of matrix metalloproteinase-1;
HSC: Hepatic stellate cells; JNK: c-Jun N-terminal kinases; WAT: White adipose tissue; T2DM: Type 2 diabetes mellitus; HOMA-IR: Homeostasis model
assessment-estimated insulin resistance; NAFLD: Non-alcoholic fatty liver disease; TNF-α: Tumor necrosis factor alpha; IL-12: Interleukin 12; IFNγ:
Interferon gamma.

IL-1β is a member of the IL-1 family most commonly
investigated in the pathogenesis of NAFLD. Major
generators of IL-1β are Kupffer cells and macrophages in
which FoxO1, through NF-κB, induces its production[256].
LPS, saturated fatty acids, and others, induce production
of pro-IL-1β through TLR in Kupffer cells, which is
cleaved by caspase-1 to a mature biologically active
form[257,258]. In vivo and in vitro, it was shown that IL-1β
in many ways contributes to development of IR-derived
NAFLD[259-261]. Inhibition of IL-1β decreases the severity
of atherosclerosis and hyperglycemia in diet-induced
obesity[262,263]. IL-1 serum levels were significantly higher
among NAFLD patients compared to other chronic liver
diseases, with remarkably high levels in advanced stage
of fibrosis[240]. In experimental models it was shown
that IL-1β promotes liver steatosis and fibrosis[264-267].
Several treatment options for NAFLD, mediated through
reduction of IL-1β action, were investigated[268]. The
previously mentioned studies that investigated IL-1
actions are displayed in Table 7.

Interleukin-1 receptor antagonist
and NAFLD
IL-1Ra binds to IL-1 receptor competitively with IL-1α
and IL-1β, thus blocking their activity. It has been shown
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in vivo and in vitro that IL-1β and IL-6 increase its plasma
levels[269]. IL-1Ra is overexpressed in serum and WAT
of obese patients and animal models, where it correlates
with BMI and IR[270]. A correlation was found between
IL-1Ra and the degree of hepatic lobular inflammation,
while animal studies suggested that IL-1Ra may have a
protective role against NAFLD development[271,272].

Interleukin-18 and NAFLD
IL-18, previously called interferon-γ inducing factor,
with structural properties of the IL-1 family, is primarily
synthesized as a precursor protein, pro-IL-18, which
requires activation by caspase-1 cleavage into a bioactive
mature form[273]. Produced by macrophages, Kupffer
cells and endothelial cells, it induces production of
chemokines, adhesion molecules and proinflammatory
cytokines. IL-18 binding protein, an inhibitor that binds
on the same receptor as IL-18, enhances its negative
feedback mechanism enabling cell protection from
accelerated proinflammatory activity such as NASH.
Early studies showed a positive correlation of
IL-18 with IR and obesity, but a reduction in plasma
IL-18 was influenced only by changes in IR[274-277]. In
NAFLD, higher levels of IL-18 and caspase-1 were
found when compared to controls if components of MS

18080

December 28, 2014|Volume 20|Issue 48|

Stojsavljević S et al . Adipokines and proinflammatory cytokines in NAFLD

were present[274,277,278]. Several possible mechanisms of
IL-18 involvement in NAFLD were investigated[279,280].
Rosiglitazone treatment of NAFLD was investigated
because of its inhibitory effect on hepatic IL-18
production[277]. Li et al[281] has shown that IL-18 itself,
as well as its ratio with IL-18 binding protein, was
significantly higher in a NAFLD group as compared to
controls, implying that IL-18 binding protein should be
included in future studies.
In conclusion, IL-18 could be involved in the
development of IR-derived NAFLD and exact
mechanisms are still waiting to be elucidated. Studies on
IL-18 that were mentioned in this review are reported in
Table 7.

8

CONCLUSION

11

The pathogenesis of NAFLD is still an unfinished book
that needs further experimental and clinical research to
fulfill all the pages. On the basis of previous and recent
published data, key characters could be proinflammatory
cytokines and chemokines that are products of adipose
tissue, namely inflammatory cells infiltrating the adipose
tissue. Although a definite conclusion on the effect of
cytokines described in this review is a highly complex
one, we could summarize that adiponectin, des-acyl
ghrelin and leptin are adipokines that decrease, while
TNF- α and IL-6 are cytokines that enhance ir and
subsequently NAFLD. Acting on these premises, new
therapeutic possibilities emerge; however, much of
the work remains to be done, especially on identifying
selective targets for future treatment.
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form, which has a high mortality rate. The treatment
of AP is primarily supportive, and fluid replacement
therapy has emerged as one of the key treatment
strategies. There is a lack of randomized studies
addressing the questions of the best type of fluid,
amount of fluid and rate of fluid transfusion. This paper
reviews the available literature and the controversies
and attempts to frame guidelines for fluid therapy in
acute pancreatitis.
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Abstract
Acute pancreatitis remains a clinical challenge,
despite an exponential increase in our knowledge
of its complex pathophysiological changes. Early
fluid therapy is the cornerstone of treatment and is
universally recommended; however, there is a lack of
consensus regarding the type, rate, amount and end
points of fluid replacement. Further confusion is added
with the newer studies reporting better results with
controlled fluid therapy. This review focuses on the
pathophysiology of fluid depletion in acute pancreatitis,
as well as the rationale for fluid replacement, the type,
optimal amount, rate of infusion and monitoring of
such patients. The basic goal of fluid epletion should
be to prevent or minimize the systemic response to
inflammatory markers. For this review, various studies
and reviews were critically evaluated, along with
authors’ recommendations, for predicted severe or
severe pancreatitis based on the available evidence.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Acute pancreatitis; Fluid resuscitation;
Aggressive fluid therapy; Crystalloids; Colloids
Core tip: Acute pancreatitis can manifest as a severe
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INTRODUCTION
Acute pancreatitis (AP) is acute inflammation of the
pancreas, and has high morbidity and mortality rates[1].
AP displays a wide spectrum of disease presentation,
ranging from self-limiting mild illness to rapidly
progressive severe illness ending in multi-organ failure
with a high risk of mortality. Different stages of severity
have been described in the Atlanta classification[2]. It has
been estimated that about 10% to 20% of AP patients
develop the severe form, which has a 15% to 40%
mortality rate[3].
A major factor complicating the appropriate
management of AP is the failure to discriminate its mild
and severe forms in the initial stages. This issue is critical,
as about half of the patients with severe AP die within
the first week due to the development of organ failure;
the incidence of organ failure is maximal (17%) on the
first day[4,5]. The causes for later mortality are development
of infected necrosis and other complications. Thus, it is
important to identify factors that can predict severity of
the AP disease so as to guide early clinical management
within the so-called interventional window[6,7].
Despite increased understanding of the underlying
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p a t h o p hy s i o l o g y o f b o t h t h e d i s e a s e a n d i t s
complications, its management remains a clinical
challenge and is primarily based on supportive therapy[8].
Fluid resuscitation is the current cornerstone of
early management, although there is little consensus
on the details of its application [9]. Widely accepted
clinical practice guidelines recommend vigorous fluid
resuscitation in the early management of AP[10-12] (Table
1). However, there is a lack of consensus on specific
recommendations regarding the type of fluid, optimal
rate of fluid administration and end points to indicate
adequate resuscitation[13].
Although aggressive fluid therapy is the cornerstone
of treatment in AP, a few recent studies have suggested
that non-aggressive fluid therapy may be better in
reducing mortality and improving outcomes [14-18]. A
recent systematic review has brought into focus the lack
of evidence in literature on the type of fluid, rate of
fluid infusion and the goals to be monitored[9]. Even the
evidence that is available is of low or very low quality.
Therefore, we reviewed the literature regarding fluid
resuscitation in the course of AP, placing emphasis
on goals, choice and amount of fluids to reduce
complications such as pancreatic necrosis and organ
failure (Table 2). The review’s findings, written up
herein, are based on a detailed PubMed search which
encompassed all published articles up to the end of June
2014.

PATHOPHYSIOLOGICAL BASIS
The major etiologic factors of AP are alcohol and biliary
obstruction; other causes being autoimmunity, drugs,
trauma, iatrogenic and idiopathic. A major complication
of the disease is organ failure as a result of excessive
activation of a systemic inflammatory response cascade[19].
Pancreatic insult due to any etiology leads to release of
pro-inflammatory mediators, such as zymogens, cytokines
and vasoactive factors. These mediators cause endothelial
cell activation leading to arteriolar vasoconstriction,
increased permeability and circulatory stasis, thereby
inducing ischemia [20] . This increased permeability,
related to capillary leakage, causes intravascular fluid
loss and hypotension, and shock may ensue (Figure 1).
Further, accumulation of inflammatory mediators with
enhanced leucocytes and endothelial interaction results
in the activation of the coagulation cascade and hypercoagulation. Micro-vascular thrombosis further causes
tissue hypoxia and, ultimately, systemic inflammatory
response syndrome (SIRS)[20]. Organ dysfunction usually
occurs quite early in the course of severe AP, usually the
first four days[21,22], and unless aggressive management
is performed, it causes mortality in about 50% of cases
within the first week of its manifestation[23]. The first
five days after the onset of acute disease are considered
as the “therapeutic interventional window”[6], during
which aggressive fluid resuscitation can correct the third
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space losses and increase tissue perfusion. SIRS may be
averted with prevention of multiple organ failure and/or
pancreatic necrosis.

CLASSIFICATION OF ACUTE
PANCREATITIS SEVERITY
Severity of AP can be classified as mild (having no local
or systemic complications), moderate (in which local or
systemic complications are associated with organ failure
that resolves within 48 h) or severe (in which organ
failure persists beyond 48 h)[3]. The risk of mortality
is nil or minimal in patients with no or minimal organ
failure, and it can be as high as 15% to 40% in those
with severe disease[11]. Organ failure has emerged as a key
determinant of the severity of AP. Organ failure itself is
classified as transient or persistent depending upon the
duration and is classified as per the modified Marshall
score[24].
There are various scoring criteria described in the
literature to assess the severity of pancreatitis [25-30].
However, these scoring systems require 48 h to complete.
The first 12-24 h are critical, as the maximum incidence
of development of organ failure fits within this time
frame[31]. Hence, two new scoring systems have been
proposed recently, each of which assesses severity in
the first 24 h. The Bedside Index of Severity in Acute
Pancreatitis (BISAP) is one and assesses 5 criteria: blood
urea nitrogen (BUN) > 25 mg/dl, age > 60 years,
impaired mental status, SIRS and pleural effusion[32].
For BISAP, a score of > 2 is associated with a 10-fold
increase in mortality risk [27,33]. The second scoring
system is the Harmless Acute Pancreatitis Score, which
focuses on patients who are unlikely to develop severe
pancreatitis[26].

RATIONALE FOR FLUID RESUSCITATION
Management of AP revolves around supportive care,
adequate nutrition, and intravenous hydration. The
rationale for hydration is based on the need to resolve the
hypovolemia that occurs secondary to vomiting, reduced
oral intake, third space extravasation, respiratory losses
and diaphoresis. In addition, early hydration provides
macrocirculatory and microcirculatory support to prevent
the cascade of events leading to pancreatic necrosis[34].
Correction of hypovolemia, as assessed by changes
in hematocrit, BUN and serum creatinine, has been
documented to limit necrosis and improve outcome.
Hemoconcentration, as a marker of hypovolemia and
severity of pancreatitis, has been studied since the
1960s[35]. A hematocrit of ≥ 44%-47% on admission
combined with failure of a decrease in the hematocrit
at 24 h was reported as the best risk factor for
development of necrosis [36]. Wu et al [37] showed that
early hemoconcentration was associated with increased
mortality only among hospital transferred cases, and not
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Table 1 Recommendations in various reviews for fluid resuscitation in acute pancreatitis
Ref.

Type

Conclusion

Tenner et al[7], 2004
Whitcomb et al[79], 2006

Review
Review

Otsuki et al[91], 2006

Review

Forsmark et al[96], 2007

Review

Pandol et al[78], 2007
Nasr et al[8], 2011

Review
Review

Trikudanathan et al[49], 2012

Review

Haydock et al[49], 2013

Review

Wu et al[31], 2013

Review

250-500 mL/h or more for 48 h
Fluid bolus: maintain hemodynamics
Later: 250-500 mL/h
60-160 mL/kg per day
1/3 to 1/2 to be given in 6 h
Use crystalloids first,
Use colloids if hematocrit < 25% or albumin < 2 g/dL
Severe volume depletion: 500-1000 mL/h; reduce later
20 mL/kg (1-2 L) in emergency;
150-300 mL/h (3 mL/kg per hour) for 24 h
Aggressive fluid resuscitation in patients with AP needs to be initiated with
therapeutic intent
Lack of quality evidence to guide most basic aspects of FT providing the
equipoise necessary for further RCTs
Institutional protocols must be developed to help ensure adequate fluid
resuscitation, particularly in initial 24 h

AP: acute pancreatitis; FT: fluid therapy; RCT: randomized controlled trial.

Table 2 Summary of available studies to date on controlled fluid therapy
Ref.

Year

Type of study (sample size)

Conclusion

Mao et al[16]

2010

RCT (n = 155)

Mao et al[17]

2009

RCT (n = 76)

Eckerwall et al[15]

2006

Retrospective cohort (n = 99)

Madaria et al[14]

2011

Retrospective cohort (n = 247)

Kuwabara et al[75]

2011

Retrospective (n = 9489)

Rapid hemodilution increases incidence of sepsis within 28 d and in-hospital mortality.
Hematocrit should be maintained between 30% and 40% in acute response stage
Controlled fluid resuscitation offers better prognosis in patients with severe volume
deficit within
72 h of severe acute pancreatitis onset
Patients receiving 4000 ml or more of fluid in first 24 h developed more respiratory
complications
Administration of > 4.1 L but not < 3.1 L was significantly associated with more local and
systemic complications
Fluid volume during first 48 h was higher in patients requiring ventilation and higher
mortality in acute pancreatitis

RCT: randomized controlled trial.

among non-transferred cases. This difference could be
due to variations in the early management of the studied
cases, further emphasizing the fact that fluid resuscitation
should be instituted early. Similarly, changes in BUN and
creatinine from baseline are indicative of intravascular
volume depletion and both these markers are used
to predict outcome. Monitoring of these parameters
can gauge the effectiveness of initial resuscitative
measures[38-43]. These parameters can, therefore, be used
to optimize goal-directed resuscitation.
Microcirculatory disturbances in AP are different
from simple hypovolemia of trauma or bleeding, as they
are caused by SIRS with overexpression of inflammatory
mediators which injure the endothelium and increase
capillary permeability, leading to fluid sequestration and
capillary leak syndrome[44]. Thus, the purpose of effective
fluid resuscitation in severe AP is not only to replenish
the blood volume but also to stabilize the capillary
permeability, modulate the inflammatory reaction, and
sustain intestinal barrier function[44].
A number of animal studies have shown the benefit
of fluid resuscitation in AP, using both colloids and
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crystalloids. Juvonen et al[45] used a pig model of AP
to show that signs of splanchnic hypoperfusion could
be prevented with fluid resuscitation. In that study,
the authors measured splanchnic perfusion by local
pC0 2 gap, oxygen delivery and consumption, lactate
production, and blood flow. On the other hand,
Niederau et al[46] used a mouse model of AP to show that
subcutaneous administration of fluid could normalize
hemoconcentration and improve survival. High volume
crystalloid infusion with Ringer’s lactate has also been
shown to improve pancreatic microcirculation in a canine
model[47] and with balanced salt solution in a rat model[48].
Which patients require fluid resuscitation?
The primary aim of fluid therapy is to limit or prevent
pancreatic necrosis. Any patient with AP has the potential
to progress to severe disease. Patients with mild interstitial
pancreatitis are commonly kept under observation in the
emergency room, and once their pain settles they can be
discharged. Patients with underlying comorbidities would,
however, require closer observation. The Revised Atlanta
guidelines[3] allow for patients to be triaged and evaluated
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Figure 1 Pathophysiology of fluid depletion in pancreatitis.

for severity. Patients with moderate and severe AP require
observation for organ failure and local or systemic
complications, and should be started on fluid therapy. It
must be recognized that at the time of first interface with
the patient it may not be possible to gauge severity, which
may evolve over the next 24-48 h.
Choice of fluid
Two types of fluids used frequently are colloids and
crystalloids. Commonly used colloids are various
formulations of dextran, hetastarch and albumin.
Colloids are considered superior to crystalloids in
optimization of the hemodynamic response[49]. They also
have better retention in the intravascular compartment
because of their larger size[34]. As they remain within
the lumen, despite increased vascular permeability, they
help to maintain better circulatory flow. In addition, they
contribute to the correction of hypovolemia because of
their osmotic effect in drawing fluid from the interstitium
to the vascular compartment. However, colloids can
cause intravascular volume overload, hyperoncotic renal
impairment, coagulopathy, and anaphylactic reaction[50].
Commonly used crystalloids are normal saline (NS),
lactated Ringer’s (RL) and Ringer’s ethyl pyruvate, with
hypertonic saline being the so-called “new kid on the
block”. Crystalloids are distributed in both the plasma
and the interstitial compartments, and large spaces are
therefore required to restore the circulation. Infusion of
large amounts of crystalloids could lead to pulmonary
edema [48]. Hypertonic saline effectively reduces the
volume of isotonic fluid resuscitation, thereby reducing
the risk of pulmonary edema [51]. However, there is
a potential risk of central pontine myelinolysis with
aggressive hypertonic saline therapy[52].
The ideal fluid for resuscitation in AP is yet to be
determined. The choice is primarily between a colloid
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and a crystalloid. Variability in the results of initial studies
with fluid resuscitation could be attributed to different
types of fluids used. Colloids have been shown to be
superior to crystalloids in animal experiments[34], which
may be due to the fact that they are not as permeable to
leakage in pancreatic microcirculation as crystalloids. By
remaining in the lumen, circulatory blood flow is better
maintained and inflammatory mediators are less likely to
reach the acinus when colloids are used[34].
Most of the animal studies on fluid resuscitation
have used colloid solutions and found them to be better
than crystalloids. Schmidt et al[53] showed intra-aortic
bolus infusion of high-dose dextran to be better than LR
and NS with regards to necrosis and mortality in a rat
model of pancreatitis. Other researchers have also shown
beneficial effects of different dextran preparations[47,54-57].
Klar et al [55] quantified the effect of dextran on
pancreatic microcirculation during experimental acute
biliary pancreatitis and showed that stabilization of
microcirculation was accomplished in 6 h. In yet another
study, mortality was reduced from 60% in RL controls
to 10% and 0% in groups treated with DEX-70 and
DEX-160 respectively[57].
The use of colloids in humans has involved various
preparations of dextran and albumin. In a phase I human
study involving 13 patients with severe non-biliary
pancreatitis, after hemodilution with dextran, progression
of pancreatic necrosis was seen in 15% and mortality was
seen in only 7.7%[55]. In another human study, 32 patients
with severe AP were treated with 500-1000 mL dextran
40 and dexamethasone (0.5-1 mg/kg) daily along with
standard therapy for one week. Twenty-seven patients
improved, 5 required surgery and 4 ultimately succumbed
to death. The authors concluded that short period use
of dexamethasone can inhibit inflammatory mediators
while dextran helps in correcting microcirculatory
disturbances[58].
Hydroxyethyl starch (HES) is another colloid fluid
that can preserve systemic oxygenation in patients with
capillary leak. While it has been shown to reduce the
risk of intra-abdominal hypertension in severe AP[59], no
impact on organ failure and mortality has been observed.
In a recent study comparing NS (group 1), HES and
NS (group 2) and HES, NS and glutamine (group 3),
Zhao et al[44] showed that patients in groups 2 and 3 had
decreased rates of organ failure and infection. However,
a Cochrane review has concluded that HES may actually
increase mortality in critically ill patients[60].
In contrast to the animal studies, there is more data
on beneficial effects of crystalloids in humans. Du et al[59]
compared RL with a combination of RL and HES. The
combination showed better results on intra-abdominal
pressure in AP but no effect was seen on organ failure,
in-hospital stay or mortality. A recent randomized
controlled trial by Wu et al[61] compared NS vs RL as
resuscitation fluid in AP and reported dampening of
systemic inflammation after 24 h in subjects resuscitated
with RL. A significant reduction in the prevalence of
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SIRS and levels of C-reactive protein was found in the
RL group as compared to the NS group. This pilot trial
of RL as the primary resuscitation fluid has become
a landmark study for the potential utility of RL as a
resuscitation fluid in early treatment of AP.
Recently, hypertonic saline was found in various
animal studies to be useful in management of AP
by modulation of cytokine expression [43,62,63]. It has
been shown to significantly facilitate pancreatic
microcirculation and to have favorable effects on
cardiac contractility and peripheral tissue perfusion[51].
Aerosolized hypertonic saline has also been shown to
reduce lung injury as well as the risk of lung edema,
due to the lower volume used[51]. However, safety of
hypertonic saline for volume repletion needs to be
established as adverse potential effects, such as renal
failure, have been documented in burn patients[64].
A combination of crystalloids and colloids has
been suggested by some researchers to be better than
either alone [17,43]. Moreover, some researchers have
suggested using a ratio of 1:3 for colloids and crystalloids
respectively[65]. In a recent study of 47 patients with AP,
Chang et al[66] showed that a crystalloid to colloid ratio of
1.1-3.0 was superior to a ratio of < 1.5 or > 3.
Other solutions used in fluid resuscitation are
a cell-free hemoglobin-based oxygen carrier [67] , a
combination of isovolemic hemodilution with HES and
a plasmatic oxygen carrier[68], 6% hydroxyethyl starch and
furosemide[69]. A recent Chinese study demonstrated the
effects of 6% HES and furosemide on the outcome of
AP, but only 4% of the patients with Ranson’s score of 3
or more and 7% with a Balthazar computed tomography
(CT) score D developed pancreatic necrosis and organ
dysfunction[69]. Another study demonstrated the effect
of fresh frozen plasma (FFP) in AP and observed
that the ability of FFP to reduce the fall in serum α-2
macroglobulin may have therapeutic implications in early
treatment of AP[70].
In summary, there is a lack of high level evidence
to guide the choice of fluid in AP. Crystalloids are
recommended by the American Gastroenterological
Association, and colloids (packed red blood cells) are
considered in cases of low hematocrit (< 25%) and low
serum albumin (< 2 g/dl). Among the crystalloids, RL
solution is preferred over NS[71]. However, there is an
urgent need of studies on this issue.
Volume and rate of fluid resuscitation: What is
aggressive?
Aggressive fluid resuscitation was defined by the Mayo
Clinic group to constitute ≥ 33% of the total volume in
72 h of infusion performed in the first 24 h[72]. Chinese
researchers have used a more objective criteria of 15
mL/kg per hour infusion as aggressive resuscitation, as
compared to controlled resuscitation, which they defined
as 5-10 ml/kg per hour[17]. Although recommendations
by various authors and reviews have suggested intensive
fluid resuscitation, it was two retrospective studies from
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Mayo Clinic[72,73] that defined aggressive fluid resuscitation.
In the first study, 28 patients in the non-aggressive
group experienced higher mortality (17.9%) than the 17
patients in the aggressive group (0% mortality)[73]. In the
second study, out of a total 73 patients, the 31 who were
given non-aggressive fluid resuscitation had higher SIRS
scores[38]. In a separate retrospective study, Wall et al[74]
observed the mean rate of hydration fluid being higher
(234 ml/h in first 6 h and 221 ml/h in first 12 h) in
patients treated in 2008 as compared to those treated in
1988 (194 ml/h in first 6 h and 188 ml/h during first
12 h) with a decrease in mortality and necrosis in 2008 as
compared to 1998.
There are, however, other studies suggesting that
aggressive hydration may be associated with increased
morbidity and mortality[14,15]. de-Madaria et al[14] analyzed
247 patients prospectively who were divided into three
groups depending on the fluid received in the initial 24
h. Administration of > 4.1 L during the initial 24 h was
found to be associated with persistent organ failure and
acute collections, while administration between 3.1 and 4.1
L was associated with an excellent outcome. Eckerwall et
al[15] reported that patients receiving > 4.0 L in the first
24 h developed more respiratory complications (66% vs
53%, p < 0.001) than those receiving less than 4.0 L/24
h. The latter group had decreased need for ICU care, as
well. A Japanese study analyzed the demographics of
fluid resuscitation in 9489 patients and found that those
with higher volume infused in the first 48 h had higher
respiratory complications and higher mortality[75].
Mao et al [17] found higher complication rates and
mortality in patients given aggressive hydration (15 ml/
kg per hour) when compared to those given controlled
hydration (5-10 ml/kg per hour). Another study by Mao
et al[16] showed that survival rate in the slow hemodilution
group (84.7%) was better than that in the rapid
hemodilution group (66%). These authors also found
that rapid hemodilution can increase the incidence of
sepsis within 28 d.
Concept of controlled hydration
Since there has been a negative side effect reported for
aggressive fluid resuscitation, some practitioners have
proposed a more controlled fluid resuscitation rather
than overzealous fluid therapy. A Chinese study of 83
patients confirmed the observations that survival rates
improved significantly by controlling fluid resuscitation
and preventing sequestration of body fluids[18].
It has been pointed out that there are an equal number
of studies in favor of aggressive and non-aggressive
fluid resuscitation [9]. One can argue that aggressive
resuscitation restores the intravascular compartment
depleted by “third spacing” and results in more effective
end-organ tissue perfusion and reverses pancreatic
ischemia[76]. Those in favor of non-aggressive hydration
suggest that by the time we intervene in patients with
AP, pancreatic necrosis is already non-reversible and
aggressive fluid therapy will only lead to respiratory
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failure and increased intra-abdominal pressure, etc.[76].
Therefore, a “controlled” resuscitation aimed at reversing
hypotension, and being able to maintain effective mean
arterial pressure (MAP) and urine output > 0.5 mL/kg, is
the best bet[76].
How much fluid is sequestrated?
Recommendations from various societies and groups
have suggested aggressive fluid resuscitation in AP[7,34,71,77];
however, these recommendations were not based on any
hard data. Although it is well known that some patients
with AP have an increased need for fluid therapy, it is
not clear who should get fluids aggressively. In a recent
study, de-Madaria et al[14] prospectively calculated fluid
sequestration in AP by subtracting fluid output from
fluid intake in the first 48 h. Fluid intake included all
intravenous fluids, oral fluids and blood, while fluid
output included volumes of urine, stool, vomitus, as well
as insensible losses (10 ml/kg per day). The median
fluid sequestration in the first 48 h after hospitalization
was 3.2 L (1.4-5 L), 6.4 L (3.6-9.5 L) in those without
necrosis and those with necrosis, and 7.5 L (4.4-12 L) in
those with persistent organ failure. Fluid sequestration
correlated with age, alcohol as an etiology, hematocrit,
and SIRS score. This study provided the first data for
the possible fluid requirement in AP and determinants
of aggressive fluid resuscitation. In a retrospective study
performed in 1974, Ranson et al[29] had reported a mean
fluid sequestration at 48 h of 3.7 L vs 5.6 L in mild and
severe pancreatitis. The data from de-Madaria et al[14] will
be useful in planning future prospective trials.
Rate of fluid replacement: need for bolus
Tenner had given the first recommendation of rate of
fluid replacement as 250-500 ml/h for 48 h in 2004[7].
Subsequently, Pandol et al[78] suggested that in cases of
severe volume depletion fluids can be infused at 500-1000
ml/h followed by 300-500 ml/h to replace nonpancreatic fluid loss. However, these recommendations
would amount to up to 6-12 L of fluid in the first 24 h,
which is beyond the volumes used in different studies,
both prospective and retrospective. Even in studies in
which early aggressive hydration had been used, the
total volume in the first 24 h did not generally exceed 6
L[72,73]. Whitcomb[79] was the first one to suggest that fluid
should be started as a bolus, followed by maintenance.
Nasr et al[8] suggested that a bolus of 20 ml/kg should
be given in the emergency room, followed by 150-300
mL/h (3 ml/kg per hour) for 24 h. In their recent study
on goal-directed fluid resuscitation, Wu et al[61] used a
bolus of 20 ml/kg, followed by another bolus and 3
ml/kg per hour (210 ml/h in a 70 kg patient) in fluid
refractory and 1.5 ml/kg per hour (105 ml/h) without
another bolus in fluid responsible patients. Thus, it seems
reasonable to start with a bolus and follow it up with
maintenance fluid infusion. This recommendation is close
to the guidelines for septic shock, which recommend an
initial bolus with crystalloids at the rate of 1000 ml/h,
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with a minimum of 30 ml/kg, which also includes use
of vasopressor epinephrine to maintain adequate blood
pressure. However, more data is needed from prospective
studies to reach consensus on this issue. It must be
mentioned here that the Fluid Expansion as Supportive
Therapy (FEAST) trial of fluid bolus in African children
with severe infection had actually resulted in greater
mortality[80].
Does one-size fit all?
A recent review has pointed out there are reports favoring
and opposing early aggressive fluid resuscitation[9]. It has
also been acknowledged that benefits of early aggressive
therapy have not been confirmed prospectively[14]. Early
aggressive therapy with predetermined fluid infusion for
the first 24 h to 48 h is based on the assumption that
fluid sequestration and hence fluid requirement over this
time frame is the same for all the patients. However, deMadaria et al[14] have reasoned that patients who develop
local complications after admission are prone to more
fluid sequestration, so they require more fluids. They
suggest that fluid resuscitation and its replacement is a
dynamic process and patients with local complications
should receive heightened fluid intake on the second and
third days of admission.
All the recommendations and guidelines presume
that patients would report within 24 h of onset of
pancreatitis. Since this is not the case, generally, especially
in referral centers, there is a need to take this factor into
account as, the longer the delay in hospitalization, the
more established the hemodynamic alterations become.
Special situations
Patients with co-morbidities like renal failure, cardiac
compromise and pulmonary disease need special
attention. As per the Revised Atlanta classification
system, comorbidities are important determinants of
severity of AP[3]. Moreover, occurrence of organ failure
as a consequence of AP calls for special attention in
such patients. Management of such patients may be
extrapolated from the Surviving Sepsis Campaign
guidelines for management of septic shock[81]. Issues in
such patients that need special considerations include
the rate of fluid transfused, use of additional agents like
vasopressors, and the need for specific monitoring. There
may be a need to restrict fluid infusion in those patients
who have renal dysfunction or cardiac dysfunction. As
in patients with sepsis, vasopressor therapy is required to
maintain perfusion pressure in the face of hypotension,
even when hypovolemia has not yet been treated. Some
patients require vasopressors to achieve a minimum
perfusion pressure. In patients with sepsis, titration of
norepinephrine to a MAP as low as 65 mmHg has been
shown to preserve tissue perfusion[82]. Norepinephrine
is the recommended vasopressor in such situations[82].
Management of adult respiratory distress syndrome is as
per standard guidelines[82]. Recently, extracorporeal life
support for acute pancreatitis-induced acute respiratory
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distress syndrome has been shown to be beneficial[83].
Role of continuous hemodiafiltration or continuous
veno-venous hemofiltration
Since hypercytokinemia is believed to be pivotal in
pathophysiology of severe AP, the role of continuous
hemodiafiltration (CHDF) has been investigated for
removal of pro-inflammatory cytokines [84]. CHDF
with a polymethylmethacrylate (PMMA) membrane
removes various cytokines from the bloodstream and
is widely used in Japan for blood purification therapy
in patients with morbid conditions and is thought to
prevent organ failure. In a retrospective review of 10
years’ experience, Pupelis et al[85] summarized the clinical
application of continuous veno-venous hemofiltration
(CVVH) in patients with AP and concluded that it may
help in balancing fluid replacement and removal of
cytokines from the blood and tissue compartments. Early
application of CVVH helped in achieving cumulative
negative fluid balance starting at day 5 in patients with
AP and intra-abdominal hypertension (IAH) in one
study[85]. It has been investigated for decreasing intraabdominal pressure (IAP) in patients with AP[86-88], and
Japanese guidelines suggest blood purification therapy as
recommendation C in severe AP which may prevent OF
but not the mortality[89]. Xu et al[90] recently demonstrated
a decrease in tumor necrosis factor-alpha (TNF-α) levels
after initiation of CVVH; they also showed a positive
correlation between blood levels of TNF-α and IAP.
Pupelis et al[91] have documented that use of CVVH as a
part of conservative treatment of AP decreases the need
for surgical intervention from 41% to 19%. Even though
neither CHDF nor CVVH has been recommended so
far in the treatment of severe AP, due to non-availability
of quality evidence, it is expected to contribute in the
improvement of AP outcome in the future[85].

RESUSCITATION GOALS
Fluid resuscitation needs to be monitored by periodic
assessment of cardiovascular, renal and pulmonary
functions, as well as electrolyte imbalances. A drop in
hematocrit and BUN has often been recommended as
a marker of hemoconcentration correction. Hematocrit
has been used for over 50 years to guide f luid
replacement in critically ill patients; in AP, it has been
identified as a marker that correlates with development
of pancreatic necrosis[36,92]. Failure of hematocrit decrease
has been correlated with increased necrosis and poor
outcome. Similarly, elevated BUN has been used as a
marker of severe disease, and the failure of BUN to
decrease has been reported in patients with increased
necrosis. In a recent study, Wu et al[61] used BUN to
define fluid responsiveness. At 8-12 h after of the start
of resuscitation, if the BUN level remained unchanged
or increased from its previous value, participants
were considered refractory. The authors used this key
parameter as a target for goal-directed fluid therapy.
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The aim of monitoring is accurate prediction of
the response to fluids before volume expansion occurs.
The classic static parameters for monitoring are central
venous pressure (CVP), pulmonary artery occlusion
pressure (PAOP) and MAP. However, these may be
fallacious in patients receiving mechanical ventilation and
in those with IAH[93]. The dynamic parameters measuring
cardiac response to changes in preload, such as systolic
volume variation and pulse pressure variation (PPV),
can be used in patients on mechanical ventilation but
requires caution in those with IAH[93]. In a recent study
of an experimental model of AP, Trepte et al[94] showed
that goal-directed fluid resuscitation using stroke volume
variation (SVV) led to better survival, tissue oxygenation,
and microcirculatory perfusion when compared to CVP
and MAP measurements. However, in an accompanying
editorial, it was pointed out that in an experimental
setting resuscitation can be started immediately after
induction of AP, but in clinical practice patients usually
reach the hospital with already established dramatic
fluid shifts with hypovolemia, increased hematocrit,
and IAH[95]. Moreover, the use of SVV indispensably
requires controlled mechanical ventilation, which is not
a realistic scenario at admission of such patients. Also
SVV/PPV are less useful in patients with IAH[95]. Huber
et al[95] suggest that strategies combining volumetric and
dynamic parameters (where applicable) with functional
tests (passive leg raising and expiratory occlusion), and
also taking into account IAP and abdominal perfusion
pressure, need to be evaluated prospectively.
Though CVP is often used in critical care units
to monitor fluid resuscitation, it is not an ideal end
point in patients with AP because there is a disconnect
between the intracellular space and the intravascular
compartment[23]. A high CVP in patients with severe AP
may indicate intravascular repletion when the intracellular
compartment is actually under-resuscitated.
Urine output measurement remains an easy end point
to monitor. Adequate urine output confirms adequate
intravascular repletion. While urine output of > 0.5
ml/kg per hour was considered adequate by a technical
review[96], the Japanese recommend a urine output greater
than 1 ml/kg per hour[5]. However, recent studies have
used > 0.5 ml/kg per hour as the end point of fluid
resuscitation[61]. In a recent editorial, the same has also
been recommended[76]. Similar to other critical illnesses,
serum lactate levels have also been recommended to
monitor resuscitation in AP [97]; however, there is no
evidence of its application in patients with AP.
Because of the compounding influence of mechanical
ventilation, IAH, pleural effusion and mediastinal edema,
the pressure-based parameters may not accurately reflect
adequacy of fluid replacement in AP. Therefore, newer
hemodynamic measurements, such as the intrathoracic
blood volume index, global end diastolic volume
index and extravascular lung water index, have been
suggested[49]. However, there is need to have more data
and the fact that these measures are invasive makes it less
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Table 3 Authors’ recommendations for fluid replacement in
predicted severe or severe acute pancreatitis
Parameter

Recommendation

Fluid resuscitation Necessary: the earlier the resuscitation, the better the
outcome
Type of fluid
Colloids and/or crystalloids:
Among crystalloids, lactate Ringer’s better than
normal saline
Use colloids especially when albumin < 2.0 g/dL or
hematocrit < 35%
Amount of fluid
Total fluid in first 24 h: between 3 and 4 L, Not to
exceed 4 L
Rate of infusion
Initial bolus 1000 mL over one hour followed by 3
mL/kg per hour (200 mL/h) for 24-48 h
Monitoring
Urine output > 0.5 mL/kg/h, hematocrit = 25% to
35%, drop in BUN
CVP: not good for monitoring due to third space
loss and hypoalbuminemia
Duration of
24-48 h, until signs of volume depletion disappear
resuscitation
BUN: Blood urea nitrogen; CVP: central venous pressure.

likely that they will be used routinely.
Responsiveness to fluid therapy
Responsiveness to fluid resuscitation can be assessed
by measurement of hematocrit, BUN, urine output or
intrathoracic volume index, among other parameters. As
highlighted above, Wu et al[61] have used BUN to classify
patients as responsive or refractory to fluid resuscitation.
A simple maneuver of leg elevation has been suggested
to determine fluid responsiveness in patients having
spontaneous breathing. An increase in ≥ 10% in cardiac
output during the first 60-90 s of leg elevation can
predict response to fluid replacement[98].
Monitoring for intra-abdominal hypertension
Severe AP can become complicated by IAH, which
can become worsened by aggressive fluid resuscitation.
In healthy individuals, IAP ranges from 0 mmHg to
5 mmHg and varies with the respiratory cycle. IAH is
a sustained increase in IAP > 12 mmHg. Abdominal
compartment syndrome is a sustained increase in IAP >
20 mmHg, with new onset organ failure with or without
a low abdominal perfusion pressure. The incidence of
IAH in patients with severe AP is approximately 60%
to 80%[97]. IAH is usually an early phenomenon, partly
related to the effects of the inflammatory process causing
retroperitoneal edema, fluid collection, ascites and ileus
and is partly iatrogenic, resulting from aggressive fluid
resuscitation [97]. It is associated with impaired organ
dysfunction, especially of the cardiovascular, respiratory
and renal systems[98].
Since it contributes to fluid non-responsiveness
and carries a high surgical mortality, IAH should be
monitored in all patients with severe AP. Presence of
intra-abdominal pressure > 16 mmHg makes it difficult
to correctly interpret results of passive leg raising, as
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well as of other static and dynamic pressure parameters.
Abdominal perfusion pressure can serve as a good
marker and resuscitation end point in patients with
IAH[99]. Maintaining abdominal perfusion pressure above
50-60 mmHg is recommended in order to facilitate
adequate perfusion of abdominal organs [97]. There is
some evidence that use of HES resuscitation reduces the
risk of IAH in severe AP[59]; however, HES may actually
increase mortality in critically ill patients[60].
Frequency of monitoring
As the pathogenesis of AP is a dynamic process,
with local and systemic complications compounding
the clinical management, it is imperative to monitor
fluid resuscitation closely. After an initial bolus of
20 ml/kg or 1000 ml over one hour, followed by
controlled fluid infusion for the first 24 h, the patients
should be evaluated closely in a high dependency unit.
Hemodynamically, the goals chosen to monitor should be
assessed at 8 h to 12 h intervals. Wu et al[61] evaluated their
patients every 8 h for the first 24 h. Although there are
no guidelines on this issue, it seems logical to follow the
practice of Wu et al[61].

CONCLUSION
Fluid resuscitation has emerged as a key therapeutic
strategy in patients with acute pancreatitis. It has to be
acknowledged that fluid resuscitation in AP is a complex
process, with need to take into account the dynamics
of fluid sequestration during different stages of the
disease. Current knowledge suggests that controlled fluid
resuscitation (3.0-4.0 L/24 h) should be started after a
bolus infusion of 20 ml/kg (1000 ml over one hour).
Among the different fluids, lactated Ringers’ is the one
recommended by most guidelines. There is a need to
carry out fluid resuscitation with a goal-directed strategy,
with urine output > 0.5 ml/kg and a drop in BUN as
simple goals. There is a need for randomized controlled
trials to generate data on all the three issues addressed
(rate, type and end points of fluid resuscitation) before
definite guidelines can be framed. The authors have
summarized recommendations about fluid therapy in
predicted severe or severe AP (Table 3).
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Abstract
Single-incision laparoscopic surgery (SILS) and natural
orifice transluminal endoscopic surgery (NOTES) have
rapidly gained pace worldwide, potentially replacing
conventional laparoscopic surgery (CLS) as the preferred
colorectal surgery technique. Currently available data
mainly consist of retrospective series analyzed in
four meta-analyses. Despite conflicting results and
lack of an objective comparison, SILS appears to
offer cosmetic advantages over CLS. However, due to
conflicting results and marked heterogeneity, present
data fail to show significant differences in terms of
operative time, postoperative morbidity profiles, portsite complications rates, oncological appropriateness,
duration of hospitalization or cost when comparing
SILS with conventional laparoscopy for colorectal
procedures. The application of “pure” NOTES in humans
remains limited to case reports because of unresolved
issues concerning the ideal access site, distant
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organ reach, spatial orientation and viscera closure.
Alternatively, minilaparoscopy-assisted natural orifice
surgery techniques are being developed. The transanal
“down-to-up” total mesorectum excision has been
derived for transanal endoscopic microsurgery (TEM)
and represents the most encouraging NOTES-derived
technique. Preliminary experiences demonstrate good
oncological and functional short-term outcomes. Largescale randomized controlled trials are now mandatory
to confirm the long-term SILS results and validate
transanal TEM for the application of NOTES in humans.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Surgery; Colon; Rectum; Cancer; Laparoscopy;
Single-port; Natural orifice transluminal endoscopic surgery
Core tip: Despite lack of irrevocable proofs and
unresolved technical issues, single-incision laparoscopic
surgery (SILS) and natural orifice transluminal
endoscopic surgery (NOTES) became inevitable
options in today’s colorectal surgery armamentarium.
In comparison to conventional laparoscopic surgery,
colorectal SILS offers a cosmetic advantage with
no compromise of surgical morbidity, oncological
appropriateness or increased cost. The “down-toup” total mesorectum excision appears as the most
encouraging NOTES-related technique for clinical
application in humans. It further offers potential
benefits in functional and oncological outcomes.
Well-designed randomised studies are now essential
to validate the long-term results of these novel
techniques.
Daher R, Chouillard E, Panis Y. New trends in colorectal surgery:
Single port and natural orifice techniques. World J Gastroenterol
2014; 20(48): 18104-18120 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i48/18104.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i48.18104
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INTRODUCTION
Laparoscopic colorectal surgery (LCS) has been confirmed
as a safe and equivalent alternative to open surgery in the
management of benign and malignant colonic diseases.
Compared with open surgery, LCS reduces postoperative
pain and duration of ileus, improves respiratory function,
accelerates postoperative recovery, shortens hospital
stay and enhances cosmesis[1-5]. Moreover, prospective
randomized trials have demonstrated similar oncologic
outcomes for LCS compared with open surgery in
colon cancer patients[6-11]. In recent studies, laparoscopic
resection for rectal cancer resulted in fewer postoperative
complications[12-14] without compromising the oncological
outcome[13,15].
LCS requires the usage of multiple ports, with
each one representing a potential risk of hemorrhage,
intraperitoneal organ injury, postoperative pain and
herniation[16,17]. When laparoscopic surgery is intended for
organ resection, as in colorectal surgery, a larger incision
is required for specimen retrieval; this constitutes the
major cause of morbidity in terms of pain, surgical site
infection and herniation[18]. In a prospective study, the
Pfannenstiel’s incision used for specimen retrieval led
to unsatisfactory cosmetic results in 40% of patients[19].
Dedicated questionnaires have recently demonstrated
increasing patient interest in cosmesis, emphasizing their
preference for more minimally invasive options compared
with standard laparoscopy[20,21].
In this overwhelming tendency towards minimally
invasive surgery, the ultimate goal would be to perform
“scarless surgery” with similar safety profiles, efficacy
and long-term outcomes as the standard laparoscopic
surgery. Natural orifice transluminal endoscopic surgery
(NOTES) is the ideal illustration of possible achievement
of this objective, providing a scar-free surgery with
the abolishment of incision-related complications,
postoperative pain and adhesions [22]. Since its first
description in 2004[23], NOTES has continuously gained
interest, as illustrated by the increasing number of
publications[24]. With less than 10% of total surgeries
using NOTES[24], colorectal procedures remain in the
early stages of development and are mainly performed
in cadaver and animal studies[25]. Applications of this
surgery in humans remain limited. Difficulties related
to the access site are still under evaluation and remain
unresolved [26-29]. Other limitations include available
instruments, working angles and specimen extraction[30-32].
Currently, in the field of colorectal surgery, NOTES
is mostly performed under laparoscopy assistance,
designated as “hydrid” NOTES [33] . However, the
transanal endoscopic microsurgery (TEM) initially
described by Buess et al[34] more than twenty years ago has
inspired a novel approach to rectal cancer surgery based
on a transanal, down-to-up approach to the mesorectum.
This undoubtedly represents the most encouraging
NOTES-related technique[35-39].
On the other hand, primarily driven by the increasing
experience in LCS, progression towards single incision
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laparoscopic surgery (SILS) was natural, logical and
feasible[40,41,51]. In SILS, all incisions are concentrated
within a single location, typically at the umbilicus, a
natural embryologic scar or occasionally at the planned
site of a stoma. SILS advantages have been claimed to
extend beyond cosmesis. Compared with LCS, further
reduction of parietal incisions and surgical stress are
hypothesized to correlate with lower postoperative
pain, fewer port site complications, a better morbidity
profile, shorter hospital stay and reduced cost while
also providing a better cosmetic result[42,43]. Thus, shortterm outcomes are supposed to improve while the safety
and satisfaction criteria of the patients are met[20,44].
With relatively minor changes to existing laparoscopic
techniques, all colorectal procedures have been
successfully performed with the SILS technique[45,46].
The worldwide popularity of this attractive technique
has rapidly grown, as proven by the drastic increase in
the number of publications over the past 3 years[47].
Lately, numerous studies have aimed to demonstrate the
real benefits of SILS over conventional laparoscopic
surgery (CLS) regarding short-term outcomes and
appropriateness for oncological resections. However,
conclusive advantages and long-term results need to be
confirmed by large-scale, randomized controlled trials
(RCTs).
In this study, we reviewed the current world literature
regarding these novel colorectal techniques. After a short
summary of the historical background, we will focus
on the principal results of their applications in humans,
paying special attention to comparison with CLS.
Technical challenges and fields of future development
will also be discussed.

LITERATURE RESEARCH
A systematic review of the published literature on
colorectal SILS and NOTES was undertaken. The
search was performed in October 2013 using PubMed,
MEDLINE and the Cochrane Central Register of
Controlled Trials. RCTs were recorded from the official
web site www.clinicaltrial.gov. The following search
terms were used: colorectal, colon, colectomy, rectum,
proctectomy, total mesorectum excision, NOTES,
NOSE, SILS, minimally invasive surgery and single
port/trocar. Articles written in English or French were
included irrespective of study type or publication status.
A manual search of the reference lists of relevant papers
was also performed to identify additional trials. Fulltext reprints of all potentially appropriate articles were
reviewed. The two reviewers separately classified the
available articles into SILS, NOTES, comparative studies
and future development. Hybrid techniques and nonhuman studies were included as appropriate for further
discussion. Duplicate publications and those not written
in English were excluded. The following information
was extracted from each study concerning SILS: authors,
year of publication, study population characteristics,
study design, inclusion and exclusion criteria, number
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of benign and malignant cases, performed procedures,
oncological results, long-term follow-up, postoperative
morbidity, postoperative length of hospital stay and cost.
NOTES-related articles were scrupulously reviewed for
organ-access site, performed procedures, used techniques,
surgical outcome and oncological appropriateness.

HISTORICAL REVIEW
SILS was first reported in 1992 by Pelosi et al [48] as
a transumbilical approach for appendectomy in a
pediatric series and supracervical hysterectomy with
bilateral salpingo-oophorectomy[18]. In 1997, Navarra
et al[49] realized the first single-incision transumbilical
cholecystectomy. This procedure was followed by the
first single-port appendicectomy in 1998[50]. The first
reports on colorectal resections through a transumbilical
single-port access site were published in 2008[40,51] as a
radical right hemicolectomy for polyp with extracorporeal
ileocolic anastomosis. After initial experimental
modeling[52], Bucher et al[41] realized the first transumbilical
SILS sigmoidectomy for benign disease in humans.
Progressively, more complex colorectal procedures have
been successfully performed, such as anterior rectal
resection, conventional proctocolectomy and total
proctocolectomy with ileal pouch anal anastomosis[42,53-55].
Recently, in a large prospective series, Vestweber et al[45]
demonstrated that SILS was suitable for all colorectal
surgeries for benign and malignant diseases.
NOTES was first reported by Kalloo et al[23] in 2004
as a transgastric diagnostic peritoneoscopy. Within a
year, the first human transgastric appendicectomy was
presented at the Annual Conference of the Society
of Gastrointestinal Endoscopy of India [56]. Aiming
to encourage NOTES research and outline the areas
of human application, the collaborative Natural
Orifice Surgery Consortium For Assessment And
Research (NOSCAR) was created from the Society of
American Gastrointestinal and Endoscopic Surgeons
(SAGES) and the American Society for Gastrointestinal
Endoscopy (ASGE)[57]. Following the creation of this
consortium, many experiments on porcine models
were performed, such as endoscopic gastrojejunal
anastomoses[58], transgastric splenectomy[59], transgastric
cholecystectomy[60], transgastric abdominal exploration
and pelvic organ resection[61]. In 2007, the first successful
NOTES in humans was described: cholecystectomy
through transgastric[62] and transvaginal routes[63].

CLINICAL EXPERIENCE IN COLORECTAL
SILS
The currently available data are mainly comprised of
non-randomized, retrospective case series and fail to
show formal superiority of SILS over CLS. Constant
calls for RCTs[46,64-79] outline the urge for consistent data
comparing these two techniques. However, since the
earliest descriptive series, colorectal procedures were

WJG|www.wjgnet.com

found to be safely performed under SILS[42,65,71,80]. It is
surprising that the feasibility of the procedure has been
the sole unchallenged conclusion[53,68,69,73-75,81,82], as if SILS
was an intuitive, natural progression of CLS. Presently,
SILS stands as an irrefutable alternative to colorectal CLS
and merits scrupulous attention.
Heterogeneous reports indicate increased, equal or
even decreased[75,83] operative time in SILS compared with
CLS. However, most retrospective studies did not report
any differences between SILS and CLS[68,69,74,78,82,84-92].
Conversely, four additional reports revealed a significant
increase in operating times[77,93-95]. With prospectively
collected data, Kim et al[77] clarified that operative time
in SILS was significantly increased compared with CLS
irrespective of the performed procedures (i.e., right or
left colectomy, rectal resection). Nevertheless, operative
time decreases with accumulating experience[67,93,96], and
the fiftieth case is considered the time-point when SILS
becomes fully efficient[77]. The gap between accumulated
experiences in CLS and early performances of SILS may
explain the operative time differences observed in the
initial series[65]. In fact, three recent meta-analyses failed to
show a significant difference in operative times between
CLS and colorectal SILS[66,70,79].
Despite contradictory results[97,98], the hypothesized
reduction of postoperative pain in SILS has been
extrapolated from studies on cholecystectomy [99] .
C o m p a r e d w i t h L C S, t h e r e p o r t e d r e s u l t s o n
postoperative pain after colorectal SILS are equivocal.
Some studies favor SILS [77,86], whereas others favor
CLS[68,74,82]; no significant differences are in reported in
the remaining studies[69,89,100]. This disparity might be
attributed to different scoring methods [i.e., number
of doses[68], frequency of administration[74,77,91], visual
analogue scale (VAS)[89,91,100,101], maximal pain score[74]]
or types of analgesia (i.e., epidural[68,78,89,102,103], Demerol
equivalents [69]). Kim et al [77] identified a significant
reduction in narcotic frequency administration, whereas
three comparative studies demonstrated a significant
decrease in postoperative pain on the first[86,91,101] and
second postoperative day[86,91]. Additionally, Vasilakis
et al[91] concluded the advantage of SILS in reducing
immediate postoperative pain when patients were
evaluated in the recovery room. The mean VAS score,
doses of painkillers and time spent before transfer were
significantly reduced in the SILS group patients compared
with those of the CLS group patients. This finding could
be related to the reduction in wall trauma by the SILS
techniques. Conversely, Lu et al[82] stated that VAS scores
were significantly increased in SILS colectomy patients
compared with LCS patients (3.07 vs 2.41, respectively,
P < 0.001). Despite the fact that the reduction of
postoperative pain was one of the main arguments for
the application of SILS in colorectal surgery, only one
RCT has examined this topic[104]. This study reported a
lower median pain score in SILS patients compared with
the CLS group but no difference in total morphine usage,
albeit on a small number of patients. The only meta-
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analysis addressing this issue failed to find any significant
differences between colorectal SILS and CLS [70] .
Authors insisted on the inadequacy of existing data for
homogeneous comparison and valid conclusions with
respect to the inherent biases of retrospective studies and
a lack of standardization in surgical techniques, analgesia
protocols and pain assessment.
Overall, early postoperative complications after colorectal
SILS occur in 9% to 31.5% of patients[45,47,64,74-77,79,84,105].
Severe complications (Clavien grade Ⅲ and Ⅳ [106])
occur in 3.2% to 9.6% of cases[64,77,78], mainly including
deep vein thrombosis, bleeding (1.2% to 1.7%) [64,105]
and leakage (0% to 6.7%)[47,64,77,86,101]. Occurring in 1.6%
to 4% of cases, ileus remains the most frequent minor
complication [47,64,76,96,105]. In a series of consecutive
unselected patients, Osborne et al[75] reported significantly
increased rates of anastomotic bleeding and urinary
retention when high anterior resection is performed
using SILS techniques compared with CLS. Bleeding
and transfusion requirements after colorectal resection
are typically comparable between SILS and CLS[68,77,82,
84,86,89,91-93]
. Ramos-Valadez et al[90] observed an increase
in bleeding with CLS; however, the difference was
not clinically significant given that transfusion was
not required for any patient. Globally, all available
comparative studies precluded any significant difference
in complication or morbidity rates between these
techniques[68,69,74,77,82,84,86-90,93,94,100]. Three meta-analyses[66,70,79]
confirmed that the safety profile was comparable despite
significant heterogeneity and inherent selection bias in the
study design.
Intraperitoneal organ lesions under SILS techniques
are reported in less than 1% of the cases[72,77,85,101,105]. It is
worth noting that available data clarify whether the blind
angles encountered in SILS techniques increase the risk of
organ injury when compared with CLS. To demonstrate a
significant difference for such a low rate, the comparison
would require a large-scale study, comparable to what was
needed for the assessment of bile duct injury after open
vs laparoscopic cholecystectomy[107]. The reduction of
peritoneal adhesions and subsequent bowel obstruction
was among the claimed advantages of SILS, but there are
no long-term studies so far that confirm this hypothesis.
Although rare, por t site complications after
laparoscopy include infection, bleeding and delayed
hernia. Because complications are related to the increased
number of ports[108], SILS was hypothesized to decrease
these risks[16,66]. After a follow-up of 15 mo, umbilical
incisional hernias have been reported in 4% of colorectal
SILS patients[96]. However, this rate averages 0% to 1%
in most studies [45,101]. Colorectal SILS are frequently
performed through an umbilical incision, which is further
enlarged for specimen retrieval. These facts have been
specifically associated with an increased risk of trocar site
hernia in large retrospective[109] and prospective[18] studies.
However, no difference was found in trocar site hernia
rates (0.6%) when comparing conventional gastrectomy
with single-port laparoscopic sleeve gastrectomy[110],
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which is comparable to colorectal SILS for parietal
incision placement and enlargement. We consider that
parietal incisions in SILS are easier to close than those
made in conventional laparoscopy. When closing the
incision, the surgeon should better conceive SILS as a
minilaparotomy than an enlarged laparoscopy and apply
a careful running suture instead of an approximate wide
stitch. Early infection is reported in 2.5% to 10% of
cases[45,47,64,78,84-86,96,100,101], and SILS does not appear to alter
this risk compared with CLS[46,86,91,100,101]. Wound bleeding
and hematoma rates are seldom reported in the literature;
when reported, these rates vary from 1.2% to 5.0%[45,64,90].
In a cohort study including 1142 SILS procedures, Weiss
et al[111] reported comparable parietal complication rates
with the exception of infection, which appears to be
more frequent in colorectal procedures (2.5% vs 1.05%).
Despite the fact that reduced port-site complications
was one of the most defended arguments in favor of
SILS, it is surprising that no consistent data confirm this
hypothesis to date.
To assess the oncological appropriateness of SILS
for colorectal cancer, numerous studies compared
surgical margins with those found in CLS. No significant
differences were detected between the two groups[68,69,
74,77,82,84,90,92,93]
. This finding was supported by the metaanalysis conducted by Zhou et al[66], stating that SILS
was equivalent to CLS for R0 resection and specimen
length. The number of retrieved lymph nodes was
also equivalent between the two techniques in most
studies [68,69,74,77,78,84-86,90,92,93] with the exception of the
study that favored SILS over CLS. This finding may
be explained by more rigorous lymph node harvesting
to fulfill the oncologic criteria of minimal retrieval.
In one recent meta-analysis [70], the number of nodes
harvested was significantly increased in SILS compared
with CLS (P = 0.035) with no evidence of statistical
heterogeneity or bias. Conversely, another meta-analysis
reported that the two techniques were equivalent for
lymph node retrieval[66]. Nevertheless, the oncological
appropriateness and quality of resection do not appear
to be compromised with SILS techniques in colorectal
cancer patients. In a case-matched comparative study
with a mean follow-up of 13 mo, Papaconstantinou et
al[92] reported a similar disease-free survival rate of 92%
in the SILS and CLS groups. Moreover, the authors did
not observe any port-site recurrence in either group;
these findings are similar to those reported by Huscher
et al[78] in a RCT after a follow-up of 22 mo. Finally, longterm outcomes of colorectal SILS for malignant diseases
can not presently be assessed given the lack of long-term
follow-up in the available data[64].
Cosmetic benefits were naturally expected from the
early descriptions of SILS procedures given that a reduced
incision length logically equals improved cosmesis[41,81].
Although refuted by some authors[69,74,86,90,91,93,94], many
studies favored SILS given its significantly shorter
incision[68,82,87,89]. This finding was confirmed by three
meta-analyses[66,70,79]. However, Leblanc et al[81] suggested
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that cosmetic evaluation should only be undertaken
after the healing process is complete. Moreover, most
authors rely on subjective criteria, such as their own
impression or collected feedback by nurses and medical
team members[68,71,74,77,82]. Only a single study reported
higher cosmetic score in SILS than in CLS but failed to
show a difference in body image scores[87]. An objective
cosmetic score that considers a patient’s perception of
his/her body image needs to be developed as it may help
provide a more accurate assessment of the cosmetic
advantage of SILS over CLS [47,66,76,105]. On the other
hand, it is natural to accept the cosmetic advantage of
SILS when performed in a planned stoma site, such as
abdominoperineal resection, total colectomy or restorative
proctocolectomy for familial adenomatous polyposis or
ulcerative colitis[46,53,55,73,77,112]. In patients with previous
colectomy, the second-stage restorative procedure can be
accomplished by placing the SILS port in the right iliac
fossa after mobilization of the terminal ileostomy[54]. In
these particular settings, the cosmetic benefit combines
with the reduction of parietal trauma because the single
access point is used for organ dissection, specimen
extraction and stoma formation, thus moving closer to
the aspired result of a virtually scar-free procedure.
Overall conversion rates vary from 0% to 16.7%[47,64,69,71,72,74
-76,78,84,85,90,94,96,100,101]
and from 0% to 16.6%[45,47,64,69,72-78,90,93,96,113,114]
for LCS and open surgery, respectively. However, two
recent collective reviews[79,105] estimated that conversion
rates ranged from 3.7% to 8.0% and 1.6% to 2% for
CLS and open surgery, respectively. These results appear
to be more adequate to actual applications because
high conversion rates were commonly stated during
the learning period in early series [72,85]. Nonetheless,
SILS does not increase the conversion rates in most
comparative studies[69,74,77,84,86,88-92,94,100]. This observation
was confirmed in three meta-analyses on colorectal
procedures that demonstrated comparable rates between
the two techniques [66,70,79]. The most reported causes
of conversions are bleeding and technical difficulties,
such as adhesions, large tumors, poor visibility from
thick omentum and perforated diverticulitis[45,47,72,74,76].
Additionally, significantly increased conversion rates have
been reported in rectal surgery (up to 25%) compared
with colonic resections (as low as 3%)[79]. In our opinion,
a novel approach must primarily provide safety to gain
widespread acceptance. At any time, every new technique
should allow a fallback solution should the patient’s safety
be compromised or if the expected result is suboptimal.
This is our vision of the new era of laparoscopy, wherein
an initial SILS technique possesses the potential to add
additional trocar(s) in difficult cases, just as CLS permits
conversion to laparotomy whenever deemed necessary
by the surgeon. Conversion should not be perceived as
a failure of the approach but rather a technical solution
to provide a better outcome. With increasing experience,
surgeons should naturally be able to perform the
procedure exclusively with SILS more frequently.
The median duration of hospitalization is a par
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ticularly variable parameter driven by clinical factors
(such as patient characteristics, type of performed
surgery and occurrence of postoperative complications)
and differences in hospital discharge practices (based
on economic considerations and social support) [66].
Nevertheless, different comparative studies have
questioned this issue, and most of these studies failed
to demonstrate significant reduction of the length of
stay with SILS[68,69,74,75,82,84,85,87-90,93,94,100]. Others claimed
that patients operated on with SILS were discharged
significantly earlier than patients with CLS[77,83,86,91,92,95].
All results of the three meta-analyses converged to
suggest the advantage of SILS in terms of duration of
hospitalization[66,70,79]. Because reduced postoperative
pain is questionable and the complications profile is
comparable (see above), faster postoperative recovery
after SILS may be attributed to earlier bowel movement
and faster tolerance to normal diet, as demonstrated in
a couple of studies[75,77] and confirmed in a single metaanalysis[66]. Since 1997, when Kehlet et al[115] introduced
the concept of enhanced recovery after surgery, different
measures and strategies were implemented to reduce
surgical stress and improve the postoperative course.
Among these strategies, laparoscopy has been proven
to play a crucial role in patients undergoing colorectal
resection[116-119]. Apart from the controversial benefits of
new minimally invasive techniques per se, we consider SILS
and NOTES perfectly integrate the trend of reducing
the surgical burden. Thus, these techniques may not fully
reveal their presumed advantages unless integrated in a
global fast-track strategy.
When initially compared with conventional laparoscopy,
SILS was considerably more expensive than CLS due to
newly released sophisticated trocars and the common use
of dedicated instruments[81]. With increasing interest in
SILS and subsequent competition between industrials,
recent studies claimed that the cost of the SILS port is only
a little more than four conventional ports[65,84]. Surprisingly,
in a comparative study, Fujii et al[68] demonstrated that
the cost of access instruments in SILS was significantly
cheaper than CLS. The initially reported cost excess may
be outweighed by accumulating experience that leads
to a reduction in operative time and routine usage of
conventional instruments. However, only a demonstration
of reduced morbidity, faster postoperative recovery and
reduced length of stay will ultimately render SILS costeffective[70,105].
Since the initial reports on SILS, early postoperative
mortality has been anecdotally reported. This observation
is confirmed by recent collective reviews that estimate
mortality rates to be less than 1% after colorectal
SILS [76,105]. A unique case of intraoperative death is
reported in the current literature [47]. The event was
secondary to the avulsion of the middle colic vein during
colon exteriorization, leading to massive blood loss and
subsequent multi-organ failure. Adair et al[85] declared
a case of early postoperative death from pulmonary
embolism. Two cases of postoperative death were
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described; one secondary to cardiopulmonary failure on
the following day after SILS sigmoidectomy[112] and the
other as a complication from metastatic disease after
palliative SILS right colectomy[95]. Given that mortality
rates are low among both SILS and CLS, comparison
requires a large randomized study with precise clustering
of patients based on their operative risks.

CLINICAL EXPERIENCE IN COLORECTAL
NOTES
The human “pure” colorectal NOTES experience
started with Bernhardt et al[120] and Palanivelu et al[121],
who described the transvaginal appendicectomy in
2008. A single-canal standard gastroscope was used as
the sole instrument, and the procedure was successfully
performed as an “atypical” endoscopic intervention.
Rapidly, the limits of conventional endoscopic instruments
were expected if more complex colorectal NOTES
procedures were to be performed. In fact, colorectal
surgery comprises wide organ dissection and commonly
necessitates the restoration of continuity (i.e., confection
of an anastomosis). The latter represents the most
crucial limiting step for NOTES. Meanwhile, as bridges
for “pure” NOTES, alternative techniques, such as
“hybrid” NOTES and transanal TEM, have extended the
application of these novel techniques in humans.
After the first report of transanal sigmoid resection
in cadavers by Whiteford et al[30] and the demonstration
of its feasibility and safety in swine[122,123], Sylla et al[124]
described the first successful total mesorectum excision
(TME) using transanal endoscopic microsurgery with
laparoscopic assistance in a human. Later, Zorron et al[33]
reported two successful clinical cases of laparoscopyassisted transanal TME: one with the use of a standard
colonoscope and the other with a transanal single
port device. To date, a couple of small, effective series
promoted the feasibility of transanal TME with minimal
laparoscopic assistance for rectal cancer[35-38]. In addition
to proof of feasibility, acceptable complication rates
and appropriateness of oncological resection, efforts
are still needed for technique optimization and routine
clinical application. Recently, Leroy et al[125] described
the first case of “pure” NOTES transanal TME with
intraperitoneal division of the colon and a side-to-end
hand-sewn coloanal anastomosis in a woman. However,
considerable work is still required for standardization
of these techniques before clinical application can be
routinely advocated. Clinical postoperative advantages
and long-term oncological outcomes are further issues
to be assessed if we aim to precisely identify the real
place for these emerging techniques among conventional
approved procedures. In our experience (in press),
“pure” NOTES TME for rectal cancer was achieved in
10 of the 16 selected patients. These patients had handsewn coloanal anastomosis without diverting stoma.
Lymph node dissection, vessels ligation and splenic
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flexure mobilization were performed through the unique
transanal approach with conventional laparoscopic
instruments. We demonstrated a favorable morbidity
profile with appropriate oncological parameters even
after neoadjuvant chemoradiotherapy. The “down-to-up”
TME allows for a magnified view, shorter focal length
between the operator’s eye and the most critical part of
the mesorectum (i.e., its distal half), better definition of
the pelvic nerves, less disruption of the distal mesorectal
cone and better sphincter conservation for very low
rectal tumors. In addition, preservation of the abdominal
wall is achieved, and the cosmetic goal is reached. In the
other six patients who needed laparoscopic abdominal
assistance, we consider the umbilical SILS (except for
abdominoperineal amputation) to be the ideal access site,
combining direct vision for “up-to-down” mesorectum
dissection, ease of splenic flexure dissection, a diverting
stoma site and an improved cosmetic result (i.e., after
stoma closure).
The minilaparoscopy-assisted transvaginal approach
for colorectal procedures was initiated by Lacy et al[126]
and Burghardt et al[127], who achieved the first radical
sigmoidectomy and right colectomy, respectively. Since
then, minimally invasive surgeons have integrated natural
orifice access to their repertoire. Minilaparoscopy-assisted
natural orifice surgery (MA-NOS) refers to a surgery
initially using NOTES with the addition of a laparoscopic
tool. The largest port is then hidden in the natural orifice,
which serves as both a working channel and an extraction
site. Lacy et al[128] described the first laparoscopically
assisted transrectal MA-NOS for total colectomy in a
man. They stated that until longer, more flexible, betteradapted instruments were available to address the specific
needs of NOTES, laparoscopic assistance should be
provided, at least to assist with visualization, retraction
and full-thickness closure of viscerotomy. Recently,
Fuchs et al[129] reported their prospectively collected data
on minilaparoscopy-assisted transanal colon resection
for benign diseases in women. All tasks requiring a
port diameter > 5 mm were transanally performed via a
specially designed transanal endoscopic applicator. The
authors showed that a transcolonic route was feasible
and safe in humans, representing a major encouraging
argument in favor of “pure” NOTES application.
On the other hand, natural orifice specimen extraction
(NOSE) aims to reduce the abdominal wall trauma
induced by specimen retrieval in laparoscopy[130-132]. A
recent prospective report confirmed that the colon
specimen could be extracted through the anus or vagina
with acceptable morbidity rates[133]. Transanal NOSE
is deemed feasible and safe for rectal cancer according
to the collected results in a 2-year follow-up study[134].
Further improvement consisted of the NOSE-SILS
combination, including when the laparoscopic port is
hidden within the umbilicus or an existing or planned
stoma site, allowing for the performance of a virtually
scarless surgery[131,135]. Leroy et al[136] described the first
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transumbilical SILS sigmoidectomy with transrectal
specimen extraction. Based on the success of the
procedure, the authors insisted on the need for a
prospective study to assess feasibility, infectious risks,
safety in oncologic cases and functional outcomes for the
short- and long-term.

TECHNICAL CHALLENGES IN
COLORECTAL SILS
With growing experience in colorectal resections, it
became obvious that SILS generates new challenges and
magnifies difficulties compared with LCS[65,71,81]. Even
experienced surgeons are facing a new learning curve
because the skills required for SILS are different from
those acquired in LCS [137]. The handling of straight
instruments in parallel with the laparoscope through a
small single incision decreases the range of movement
for the surgeon and complicates the holding of the
camera by the assistant[95]. Given the inline axis of the
camera and the instruments, the movement of one of the
instruments may result in inadvertent displacement of
the others. This explains the difficulty encountered when
performing even relatively simple tasks[138]. Furthermore,
the lack of instrument triangulation increases the
complexity of organ exposure and dissection[73,81,95]. This
is particularly evident in SILS for colorectal procedures
given that the exposure of different abdominal quadrants
is often required; this feature is in contrast with
cholecystectomy or appendicectomy, which both involve
only one abdominal quadrant[139].
To regain triangulation and improve exposure, initial
reports found it judicious to use specially designed,
curved, S-shaped and reticulating instruments in colorectal
SILS[41,81]. To date, only a few teams still recommend the
adoption of these dedicated tools[71,87,89,112,136]. Conversely,
most authors consider the use of these tools to add
complexity[90,139]. As experience accumulates, difficulties
are overcome, and most authors confirm that all colorectal
SILS procedures can be performed using conventional
straight instruments[42,45,47,53,65,67,69,74,77,78,84,91,100]. The use of
tools of various lengths or an extra-long laparoscope,
preferably with a right-angle light-cord, can be of value
in reducing external clashing[88,90]. In several cases, a semirigid endoscope camera with a flexible tip (EndoEye;
Olympus America, Center Valley, PA, United States)
expands visualization possibilities and brings additional
safety during dissection[139].
In a desire to overcome these difficulties and because
SILS might serve as a step toward NOTES, we wondered
whether we could adhere to the fundamentals of
endoscopy. For a gastroenterologist performing operative
endoscopy, the operator handles both the visualization
task and the effector instrument, so that eyes and hands
depend of the same brain. As a result, inefficacious
time-outs during the procedures are shortened and
the execution of orders is accelerated. Thus, we advise
holding the camera in one hand and the operative
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instrument in the other. According to this scheme, the
role of the assistant is to retract the organs and tissues,
providing a “neo-triangulation”. Giving this static task
to another person significantly reduces the conflict of
instruments in the reduced space available. We consider
that this setting considerably shortens and facilitates the
learning curve in early experiences.
SILS application in inflammatory bowel disease
harbors further specific difficulties. In the case of total
colectomy, most authors advocate a clockwise dissection
because the right hemicolon represents the most difficult
part of the procedure and is associated with the highest
rate of conversion[140-142]. In restorative proctocolectomy,
the SILS port is ideally inserted at the planned site of
ileostomy in the right iliac fossa[54]. However, to facilitate
exposure for initial cases, alternative placement of the
SILS port in the umbilicus has been described[143]. The
stoma site in the right iliac fossa is then used for an
additional 5-12 mm port, resulting in a hybrid SILS
procedure.
Because SILS is technically challenging, efforts have
been delivered to identify clinical parameters associated
with increased difficulty. Some authors consider emergent
conditions, T4 tumors and a history of abdominal surgery
to be contraindications for the procedure[45,47,69,78,84]. A
poor ASA score[45,77,90] and a large bulky mass[45,73,77,90] have
also been reported as contraindications. Visceral obesity
stands as a major clinical parameter that increases the
dissection difficulty[43], lengthens the operative time[43]
and predisposes to conversion[69]. Early reports[65,72,78,85]
focused on careful selection of patients for initial SILS
procedures. In early experiences, it was prudent to
consider patients with no history of inflammatory disease
(i.e., diverticulitis) or prior abdominopelvic surgery as well
as BMI < 30 kg/m2[45] as surgical candidates.
Various adjunct procedures have been proposed to
overcome the difficulty of SILS. Leroy et al[144] reported
the usefulness of locking the anvil of the circular stapler
in the proximal colon by a transparietal magnet to
facilitate mesenteric dissection. The authors suggest that
this technique harbors several additional advantages, such
as the performance of a “fully laparoscopic” procedure
with intraperitoneal anastomosis, solving the issue of
fascia incision enlargement. This feature is particularly
useful in left-sided safe and carries no increased risk
for infectious complication [145]. Another comparable
trick utilizing a magnetized intracorporeal vascular
clip to retract the organ via an extracorporeal magnet
was described by Uematsu et al[103]. Finally, Fujii et al[68]
described the colon-lift technique as an easy, efficient and
economical trick that does not require special instruments
and may be applied to radical resections.
Because both SILS and NOTES present the same
conformational challenges of inline vision, absence of
triangulation and difficult surgical exposure, it could
be argued that application of colorectal SILS is a step
towards colorectal NOTES with a potential transfer
of skills[65]. However, no consistent data are currently
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available to support this argument.

TECHNICAL CHALLENGES IN
COLORECTAL NOTES
As initially identified by the NOSCAR[57] and further
outlined by the regular meetings of the SAGES/ASGE
and EAES/ESGE societies[146-149], NOTES still exposes
technical issues that need to be resolved before standard
human application can occur. These issues include ideal
access to the peritoneal cavity, prevention of infections,
viscerotomy closure, suturing/anastomotic devices,
spatial orientation and the development of an adequate
multitasking operating platform. NOTES techniques
also require near-perfect endoscopic skill[30] and raise
an ethical problem regarding the injury of healthy
access organs[150]. In a recent evaluation of ergonomics,
NOTES was found to uniquely limit visualization,
complicate tissue manipulation and reduce the ability
to autonomously perform tasks. NOTES requires close
collaboration among the entire team to safely complete
the procedure[151]. In this review, special attention is
directed toward the specific difficulties of NOTES
application in colorectal surgery.
In early NOTES experiences for end-organ resection,
such as cholecystectomy, transgastric and transvaginal
accesses were favored over transanal and transcolonic
approaches[62,63,152,153]. This preference was driven by major
unresolved issues regarding the risks of infection, bacteria
spillage in the peritoneal cavity and secondary leakage
after closure[26]. However, theoretical microscopic fecal
contamination is not a specific risk to NOTES and may
also apply to laparoscopic, open and TEM resections[128].
To fully elucidate this concern, a prospective study
comparing peritoneal contamination in NOSE/NODES
and non-NOSE/NODES colorectal procedures should
be performed[136]. The transgastric approach exposes
the blood vessels and surrounding organs to the risk of
injury. Moreover, it does not provide adequate access to
the pelvis and the lower part of the abdomen. To date,
colorectal resection has not yet been achieved through
the transgastric route[149]. Vaginal access can be realized via
direct vision through a speculum or direct laparoscopic
visualization. The vaginotomy is usually executed at the
posterior fornix or at the apex in patients with a previous
hysterectomy[154]. To improve access, the uterus can be
anteriorly fixed using a transparietal suture. For increased
reach, laparoscopic bariatric instruments can be used
when working through the vagina. In such a limited
access site, a flexible tip laparoscope can significantly
reduce the intersection of the instruments [154]. The
transvaginal approach offers the advantage of direct
access to the pelvic organs, but the technique is only
applicable in 50% of the population. The procedure also
exposes patients to the potential risks of dyspareunia
and infertility; however, the actual occurrence of these
risks has not yet been specified in clinical studies[147].
However, when precise precautions and contraindications

WJG|www.wjgnet.com

are respected, the complication rate of the transvaginal
approach is reported to be less than 5% according to the
latest Euro-NOTES status paper[149]. In a prospective
cohort study of 106 sexually active women, Linke et al[155]
confirmed that the transvaginal access technique is safe,
with a risk of sexual dysfunction in less than 5% at one
year. The transanal/transrectal approach offers several
valuable advantages for colorectal surgery. First, the entry
point and secure closure can be achieved under direct
view in all patients[124,156]. Second, this approach provides
direct access to the operative field and upper abdominal
quadrants through a short anal canal. Third, it allows
passage of larger diameter instrumentation and retrieval
of larger specimens [33]. However, removal of organs
through the anus is clearly limited by the extent to which
the anal canal can be safely dilated. Despite the lack of
objective limits, specimens with large tumors or bulky
mesenteries are not ideal candidates for this technique.
The potential effect of prolonged anal dilation on shortand long-term anal sphincter function requires objective
evaluation[32].
On the other hand, efforts are constantly delivered
to assure safe and sterile colonic access. Ultrasound
guidance after decontaminating the hydroperitoneum
for ideal entry point definition[27,28], curved over tube[157]
and dedicated closure technique[27-29,158] are promising
experimental practices that may encourage the first
human application [158] . Even if obviously present,
the risk of contamination remains subject to further
discussions. Fifteen years ago, in a prospective, doubleblind, randomized controlled study, Schardey et al[159]
showed that perioperative oral decontamination
significantly reduces esophagojejunal anastomotic leakage
after total gastrectomy. The use of non-absorbable
antibiotics, such as polymyxin, tobramycin, vancomycin
and amphotericin B, may lower the bacterial load and
prevent infection, even if total sterility is not achieved. It
is possible that a similar practice with antibiotic enemas
can resolve the issue of postoperative infection and
leakage after transcolonic/transrectal NOTES. This
hypothesis deserves to be evaluated in a well-designed
study before clinical application. Moreover, acquired
experience during war surgery changed the paradigm
in the treatment of colorectal wounds (i.e., systematic
stoma or exclusion) [160,161]. In certain circumstances,
especially after simple perforation with acceptable
vascularity, ideal closure can be performed with outcomes
comparable to conventional treatment. NOTES through
the colon or rectum is a perfect illustration of these
ideal situations because access is achieved through an
otherwise healthy organ. The 2010 summary report of
the Euro-NOTES[148] recommends local disinfection
and perioperative antibiotics for the transvaginal and
transgastric approaches, but antibiotic lavage does
appear to be necessary. At this stage, the transanal/
transcolonic approach was not widely used and specific
recommendations have not been updated so far.
One of the most attractive features of transanal

18111

December 28, 2014|Volume 20|Issue 48|

Daher R et al . Single port and NOTES colorectal surgery

NOTES is the availability of TEM as a stable platform.
In this setting, the transanal route is no longer conceived
as a port for remote organ access through an otherwise
healthy viscera (like the transgastric or the transvaginal
routes). Instead, the colotomy/proctotomy is created
through the diseased organ itself and secondarily closed
in the form of an anastomosis [124]. This technique
resolves the issues of viscerotomy closure and adequate
endoluminal purse string, which remain major difficulties
in NOTES [30,162]. However, the TEM platform was
conceived twenty years ago initially for the resection of
endoluminal rectal lesions[34]. The extension of the TEM
technique towards “pure” NOTES must be accompanied
by the development of improved, more convenient
devices for greater intra-abdominal access [154]. In an
experimental study of radical sigmoidectomy using TEM,
Whiteford et al[30] outlined the specific technical and
instrumental limitations encountered in this technique.
The acute angle of the sacral promontory considerably
limits the instrument’s reach and generates difficulty
for colon mobilization beyond the descending part. In
a comparative study in cadavers, Rieder et al[31] showed
that conventional TEM instrumentation does not allow
adequate colon mobilization when compared with
standard laparoscopy. To perform proper left colectomy,
a combined technique using transgastric flexible access
has been described in experimental models [122,163,164].
However, these promising experiments have not reached
clinical application to date. The arrival of new, dedicated
platforms is a promising step for the development of
NOTES. Zorron et al [33,156] claim that the perirectal
NOTES access is easier to learn and allows the freedom
for more creative dissection than the TEM platform.
Likewise, the Transanal Endoscopic Operations (TEO®)
(Karl Storz, Tuttlingen, Germany) facilitates circular,
full-thickness rectal resection for both intra- and extraperitoneal application[165]. In preparation for transitioning
to human application, Telem et al[166] reported a series
of transanal NOTES rectosigmoid resections in 32
fresh human cadavers using TEO ® transanally. The
procedure was successfully performed using transanal
dissection alone in 19 cadavers, necessitating transgastric
endoscopic assistance in 5 cadavers and laparoscopic
assistance in 8 cadavers. The mesorectum was intact
in all cases, but the specimen length was increased in
cases where assistance was employed. However, enteric
perforation occurred in 8 cases (25%), all of which were
cadavers undergoing “pure” NOTES. This highlights the
limits of the transanal approach for clinical application
unless combined with a laparoscopic approach. Recently,
Leroy et al[167] described the perirectal oncologic gateway
for retroperitoneal endoscopic single-site surgery using
the IsisScope (Karl Storz, Tüttlingen, Germany) passed
through the TEO for the accomplishment of “pure”
NOTES total mesorectum excision in pigs. To our
knowledge, no clinical series has validated the added
value of these instruments in terms of safety, morbidity
or oncological outcomes.
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CONCLUSION
The irrevocable benefits of CLS in colorectal surgery
without compromise of functional or oncological
outcomes have encouraged surgeons to further reduce
invasiveness[1-15]. The fundamental hypotheses driving
SILS promotion are reduced postoperative complications
and pain, shorter hospital stays, earlier returns to normal
activity, fewer port-site complications and improved
cosmetic results. With approximately equivocal results,
SILS has not yet been proven to substantially improve
outcomes when compared with CLS. However, actual
data, including all available meta-analyses, are excluded
from retrospective series, resulting in inevitable
heterogeneity and bias in conclusions[66,70,79].
From another point of view, the present literature
failed to demonstrate that the postoperative course or
the patient’s safety was degraded when SILS was used
instead of CLS. To date, data have not consistently
proven that SILS increases postoperative pain, augments
complication/morbidity rates, induces proper port site
complications, prolongs the duration of hospitalization
or affects the mortality rate. Moreover, recent studies
demonstrate that appropriate resection of colorectal
neoplasms can be achieved with SILS and provide
short-term results comparable with CLS[68,69,74,77,78,82,84-86,90,
92,93]
. Based on these findings, it is undeniable that SILS
represents a potential alternative to CLS. In addition,
if the intuitive cosmetic advantage of SILS over
CLS[41,51,68,74,77,82] is confirmed by the means of objective
scores, one may consider SILS as the preferred approach
in this new era of laparoscopy.
Despite fundamental differences (such as dissection in
a single abdominal quadrant, resection of an end-organ
with no need for anastomosis and absence of oncologic
requirements), the comparison of SILS with conventional
laparoscopic techniques in well-standardized procedures,
such as laparoscopic cholecystectomy, can aid in the
evaluation of its advantages, safety and limitations. In a
systematic review and meta-analysis performed by Arezzo
et al [168] encompassing approximately 1000 patients,
SILS offered similar overall morbidity and parietal
complications compared with conventional laparoscopy.
The claimed advantages of enhanced cosmesis and
reduced postoperative pain were confirmed despite
longer operative times. Based on these encouraging
results, the authors organized a multicenter randomized
trial (NCT01104727) to provide a strong evidence-based
evaluation of the benefits and risks of SILS[169]. This trial
may allow for a better assessment of the real place of
SILS among conventional laparoscopic techniques.
It is surprising that SILS emerged as a novel technique
in colorectal surgery before some of its fundamental
advantages could be validated in well-designed studies.
The most illustrative example is the absence of evidence
for surgical stress reduction in SILS when compared with
CLS. To date, a single study is available that addresses
this issue[89]. Based on C-reactive protein levels as the sole
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marker of inflammation, this study failed to demonstrate
any significant difference between the two groups in a
small number of patients. In the current era of evidencebased medicine, it is obvious that SILS did not yet
acquire solid statistical confirmation. However, large
concordant clinical experiences bring sufficient empirical
proof for feasibility and safety in benign and malignant
colorectal diseases. We believe that unless well-designed
studies demonstrate irrevocable disadvantages of SILS,
this promising technique henceforward will occupy a
privileged place in the armamentarium of today’s colorectal
surgeon.
Presently, four RCTs (NCT01320267, NCT01656746,
NCT01319890 and NCT01480128, www.clinicaltrial.gov)
are underway comparing SILS with CLS in colorectal
surgery. Answers are particularly awaited regarding
the potential benefits on the postoperative course (i.e.,
reduced surgical stress, post operative complications
and pain, improved patient satisfaction and safety), the
long-term surgical outcome (i.e., bowel function and late
wound hernia) and the oncological appropriateness of the
short-term (i.e., margins, lymph node retrieval) and longterm results (i.e., global, disease-free and disease-specific
survival rates)[66]. Consequently, the cost-effectiveness
of SILS can be thoroughly evaluated given that only
solid proof of postoperative course improvement,
reduced hospital stay and/or lower complication rate can
outweigh the induced cost increase[64].
Rectal SILS procedures are typically integrated in
large colorectal series. As mentioned by Maggiori et al[79],
a study dedicated to rectal SILS that includes more than
20 patients is not available. To the best of our knowledge,
the results of SILS proctectomy have never been
assessed nor compared with those of CLS. In a recent
meta-analysis, Fung et al[64] indicated that the role of SILS
in rectal surgery requires a separate study. In this respect,
data from a RCT (NCT01579721, www.clinicaltrial.gov)
have been collected for the assessment of SILS in rectal
cancer. The results are eagerly awaited and are expected
to provide valuable, unheralded knowledge on rectal
surgery and the real benefits of SILS for proctectomy.
In today’s enthusiastic vision of surgery, NOTES
represents the “ideal scar-free surgery” with the claimed
advantages of reduced postoperative pain, quicker
recovery, less postoperative morbidity and optimal
cosmesis. However, since the first definition of the
NOTES concept in 2006 [57], major difficulties have
inhibited the clinical breakthrough of NOTES. Efforts
are regularly delivered by the SAGES/ASGE and
EAES/ESGE societies to promote research and safely
bring this concept into clinical practice[146-149,170]. In this
respect, the NOSCAR and the EURO-NOTES Clinical
Registries were developed to compile safety data and
authorize human trials. In the 2-year activity report of
Euro-NOTES[147], a total of 533 patients were entered.
Cholecystectomy remains the most frequently performed
procedure in 435 patients (81.6%) and was performed
through the transvaginal approach in 423 patients (97.2%).
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Transanal/transrectal colorectal resections are noticeably
gaining interest as potentially attested by the rapidly
increasing number of procedures performed in humans.
In almost one year, this number approximately tripled
from 32 patients to greater than 100 patients in the EuroNOTES activity report[147] and the latest summary of the
2012 Euro-NOTES meeting[170]. It is worth noting that,
with the exception of peroral myotomy, transabdominal
trocar has commonly been used for dissection and/or
safe access, transforming the procedure into “hybrid”
NOTES. This technical adjunct provides the required
safety for the application of NOTES in humans during
the initial experiences [147] . Case reports of “pure”
colorectal NOTES have recently been described, but this
approach has not yet achieved wide acceptance[170].
Among the topics at different committees, the risk
of infection has been the most frequently discussed[149].
Statements concer ning this issue have changed
considerably since 2006-2007 when infectious problems
were particularly feared, especially in the transcolonic/
transanal approaches. This attitude has changed
with repetitive successful descriptions of transanal/
transrectal/trancolonic NOTES procedures[170]. Initial
recommendations of the Euro-NOTES regarding
infection were published in 2011 [148]. This authority
recently stated that “infection is no longer a major
concern, and the frequency of infectious NOTES
complications is rather low… The danger of infection
was overestimated in the beginning of NOTES research”.
Under validated conditions of sterility and disinfection,
the incidence of infections for all transluminal procedures
ranges from 0.5% to 11%[149]. However, this paper also
confirms the necessity of comparative prospective trials
to validate these data and support the clinical application
of NOTES.
Platforms and new technologies occupy a major
portion of the discussions in the NOTES communities
meetings [146,148,149,170]. Initial reports focused on the
importance of close collaboration between surgeons,
endoscopists, engineers and commercial providers to
make NOTES a routine, daily practice. The principles
features of the optimal multitasking platform have been
described in the Euro-NOTES meeting summary from
2010[148]. However, such a flexible platform delivering
all requirements for NOTES is not readily available for
clinical practice[146,147,149,170]. Alternatively, during the past
few years, new conceptual ideas and applications of
available tools have at least partially compensated for
this lack of innovative instruments. The “down-to-up”
transanal TME represents the most illustrative example
of this shift. This novel technique represents a practical
application of the fundamentals of NOTES (i.e., natural
orifice access and parallel working instruments) with
the use of familiar tools (TEM platform and single-port
devices)[146]. However, flexible NOTES platforms are
still believed to further enlarge dissection possibilities
and advance NOTES promises into practice[146,170]. These
possibilities are almost entirely dependent on engineering
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innovations and commercial commitment in this field[146].
The guarantee of a safe endoluminal closure
remains one of the fundamental problems limiting the
application of NOTES in humans[146,148]. Several closure
devices are currently available that promise appropriate
endoluminal closure. However, laparoscopic control
of adequate closure remains necessary until large-scale
studies confirm the low failure rate[146]. From this point
of view, transanal/transrectal colorectal resections
represent a remarkable conceptual improvement toward
“pure” NOTES possibilities by taking advantage of
anastomosis to achieve a full-thickness site closure[149].
This finding is in complete accordance with the SAGES/
ASGE assessment that controlled incision in the viscera
is no longer perceived as an iatrogenic perforation and
intraperitoneal contamination, as long as the viscerotomy
closure is secure[146]. However, transcolonic/transrectal
NOTES should be restricted to interventions where
the access site is incorporated in the anastomosis
and resected with the specimen [170]. Along with the
presumed advantages of NOTES surgery, we insist
that the “down-to-up” approach of the rectum brings
considerable advantages regarding the preservation of
pelvic nerves, distal mesorectal cone integrity and easier
sphincter conservation. Larger clinical experiences are
needed to fully standardize this technique and validate
its presumed advantages in well-designed studies. The
ongoing prospective clinical trial initiated by Sylla et
al[124] (NCT01340755) will hopefully provide valuable
knowledge on transanal TME for rectal cancer.
Since the initial reports, working groups focused
on interdisciplinary approaches and outlined the
need for close collaboration between surgeons and
gastroenterologists[148]. It is now evident that NOTES
requires high qualifications in both interventional
endoscopy and advanced laparoscopy[146]. A critical step
before the application of NOTES to patients consists
of long experimental training phases as well as extensive
clinical and technical experience[149]. Accreditation by
scientific societies through certified experts in the field
may also contribute to success[147].
In contrast to the first reports in which the transgastric
route was favored (mostly by gastroenterologists), the
present data indicate that NOTES can be performed
for multiple procedures through different organs with
acceptable morbidity and failure rates [149]. NOTES
techniques are increasingly being performed in dedicated
centers worldwide [146,149]. Continuing assessment of
results is crucial for the standardization of future
procedures and validation of indications [147]. Today,
feasibility is no longer a concern, but the full potential
of NOTES must be revealed[146]. Limited experience in
the clinical application of colorectal NOTES procedures
hinders clinical outcome analysis at the moment [162].
NOTES remains a constantly progressing concept with
considerable technological and practical hurdles that must
be overcome[156]. Safety remains a prerequisite before
confrontation in clinical trials and confirmation of the
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presumed advantages of this “ideal” approach.
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Abstract
Patients with inflammatory bowel disease (IBD) have an
increased risk of 10%-15% developing colorectal cancer
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(CRC) that is a common disease of high economic
costs in developed countries. The CRC has been
increasing in recent years and its mortality rates are
very high. Multiple biological and biochemical factors
are responsible for the onset and progression of this
pathology. Moreover, it appears absolutely necessary
to investigate the environmental factors favoring the
onset of CRC and the promotion of colonic health. The
gut microflora, or microbiota, has an extensive diversity
both quantitatively and qualitatively. In utero , the
intestine of the mammalian fetus is sterile. At birth, the
intestinal microbiota is acquired by ingesting maternal
anal or vaginal organisms, ultimately developing into a
stable community, with marked variations in microbial
composition between individuals. The development
of IBD is often associated with qualitative and
quantitative disorders of the intestinal microbial flora
(dysbiosis). The healthy human gut harbours about
10 different bacterial species distributed in colony
forming units which colonize the gastrointestinal tract.
The intestinal microbiota plays a fundamental role
in health and in the progression of diseases such as
IBD and CRC. In healthy subjects, the main control
of intestinal bacterial colonization occurs through
gastric acidity but other factors such as endoluminal
temperature, competition between different bacterial
strains, peristalsis and drugs can influence the
intestinal microenvironment. The microbiota exerts
diverse physiological functions to include: growth
inhibition of pathogenic microorganisms, synthesis of
compounds useful for the trophism of colonic mucosa,
regulation of intestinal lymphoid tissue and synthesis
of amino acids. Furthermore, mucus seems to play an
important role in protecting the intestinal mucosa and
maintaining its integrity. Changes in the microbiota
composition are mainly influenced by diet and age, as
well as genetic factors. Increasing evidence indicates
that dysbiosis favors the production of genotoxins
and metabolites associated with carcinogenesis and
induces dysregulation of the immune response which
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promotes and sustains inflammation in IBD leading
to carcinogenesis. A disequilibrium in gut microflora
composition leads to the specific activation of gut
associated lymphoid tissue. The associated chronic
inflammatory process associated increases the risk of
developing CRC. Ulcerative colitis and Crohn’s disease
are the two major IBDs characterized by an early onset
and extraintestinal manifestations, such as rheumatoid
arthritis. The pathogenesis of both diseases is complex
and not yet fully known. However, it is widely accepted
that an inappropriate immune response to microbial
flora can play a pivotal role in IBD pathogenesis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Dismicrobism; Inflammatory bowel disease;
Colorectal Cancer; Dysbiosis; Eubiosis; Heat shock
proteins
Core tip: Dysbiosis could be the common denominator
of inflammatory bowel disease (IBD) and colorectal
cancer. A well balanced gut microbiota promotes the
health of colocytes through the production of important
compounds and the correct modulation of immune
system. Qualitative and quantitative modifications in
the bacterial composition are responsible of changes
in the biochemistry and in the cell cycle of colocytes.
The aim of this work is to focus on the molecular
mechanisms that connect dysbiosis, IBD and colorectal
cancer. Experimental studies are oriented towards
the discovery of new probiotic-based therapies for
the treatment and prevention of inflammatory and
carcinogenetic processes.
Tomasello G, Tralongo P, Damiani P, Sinagra E, Di Trapani B,
Zeenny MN, Hajj Hussein I, Jurjus A, Leone A. Dismicrobism
in inflammatory bowel disease and colorectal cancer: Changes
in response of colocytes. World J Gastroenterol 2014; 20(48):
18121-18130 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i48/18121.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i48.18121

INTRODUCTION
Inflammatory bowel diseases (IBD), such as Crohn’s
disease (CD) and Ulcerative colitis (UC), are pathologies
characterized by a chronic inflammation of the
gastrointestinal tract. In UC, rectal and descending
colon involvement is a typical feature whereas CD
can affect any part of the gastrointestinal tract from
the mouth to the anus. Their aetiopathogenesis is not
yet fully understood[1,2]. It is now well established that
close interactions exist between the luminal bacterial
flora and the intestinal immune cells and tissues. Such
interactions are involved in the onset and progression
of several diseases including IBDs and colorectal
cancer (CRCs) [3-7]. Dysbiosis of gut microflora may
represent the “primum movens” of the chronic
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inflammation characterizing IBD and triggering the
stimulation of the immune system[8-13]. Dismicrobism
can cause alterations in the immune response and
can, in particular, lead to gut associated lymphoid
tissue (GALT) activation[14]. The terms dysbiosis and
dismicrobism are being used interchangeably, however,
dismicrobism is sometimes more used in reference to
the condition evolving consequent to the administration
of antibiotics. Specifically, the microbiological imbalance
(dysbiosis) causes to a modification of intercellular
tight junctions[15] leading to an effective penetration of
antigens responsible of the activation of GALT with
consequent tissue damage [16]. Olsen and Co-workers
tested the reactivity of intestinal T cells derived from
patients with CD, UC and undetermined colitis against
some bacteria. The results showed that T lymphocytes
isolated from CD patients had a high reactivity against
Mycobacterium avium compared to patients affected by UC
and undetermined colitis. Moreover, the isolated T cells
produced inflammatory cytokines like interferon (IFN)-γ
and IL-17[17]. These data suggest a possible involvement
of Mycobacteria in CD immunopatholog y. Other
bacteria belonging to Clostridia group, Fusobacterium,
Mycobacterium, adherent invasive Escherichia coli (E. coli),
Proteus mirabilis, Klebsiella pneumonia and Proteobacteria such
as Helicobacter spp were found over-represented in the
IBD condition[18,19]. Nowadays several studies focus on
the possibility to control IBD through the modulation
of the immune system by re-establishment of eubiosis
through specific probiotic mixtures. The homeostasis
of the immune system is very important and involves
the equilibrium between pro-inflammatory and antiinflammatory cytokines such as IL-10 and others. Mgl1-/mice with a DSS induced colitis were studied before and
after probiotic treatment. The induction of colitis in wild
type mice showed a less severe phenotype compared
to Mgl1-/- mice and a lowered expression of IL-10 in
the mutant mice, leading to the evidence that Mgl1 is
involved in the regulation of IL-10 production. The
results showed that Lactobacillus and Streptococcus were
able to bind to Mgl1 receptor, leading to the hypothesis
that these bacterial strains may be able to induce an antiinflammatory response[20]. These findings highlight the
importance of gut microbiota both in the triggering
and in the modulation of immune system in the chronic
inflammatory diseases of the gastrointestinal tract.
Diagnosis of dysbiosis
There is a relatively wide spectrum of diagnostic tests used
for the diagnosis of dysbiosis. They cover all four patterns
of dysbiosis by analysis of both stool and urine for
respective markers. Reference laboratories specializing in
the evaluation of dysbiosis offer a comprehensive testing
of various aspects of digestion, absorption, microbiology,
metabolic markers and immunology including fetal
secretory IgA and sometimes calprotectin. In addition, in
some cases of medical necessity, fecal analysis may also
include other standard components such as stool culture,
stool parasitology and fecal occult blood[21,22].
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ETIOLOGICAL LINK DYSIOSIS TO IBD
AND CRC
The etiology of IBD is linked to three basic parameters:
(1) genetic predisposition; (2) a dysregulated immune
response; and (3) an altered reaction to gut microorganisms.
It is also well established that the mechanism of intestinal
inflammation, acute or chronic, involves a complex
myriad of pathogens (bacteria, viruses or fungi),
chemicals, radiation, dietary components and hormones
among others[1,11,23]. It also involves another complex
series interactions between immune cells (T cells B
cells, NK cells, mast cells, macrophages), interleukins,
bradykinins, complement system factors, prostaglandins,
tumour necrosis factors, histamines, hormones and
activated neutrophils products like myeloperxidase,
radicals and oxydants [1,23]. In some cases, the body’
s reaction is not enough to rid itself from etiological
agents and infecting organisms. The reaction persists as
a chronic inflammation which proliferates into multiple
complications, escalating the damage, especially in
genetically susceptible individuals. The big question
is how could this chronic inflammation progress and
express itself, and how could its complications lead to
the formation of cancerous cells? It is well documented
that patients with this condition are more prone to the
development of malignancy and that the microbiota
could sustain the chronicity of the inflammatory state in
the presence of a dysregulated immune response[3,6]. Such
a persistent inflammation is believed to play a significant
role in CRC development [24-26]. Studies in this field
reported underlying genetic, proteomic, and epigenetic
changes in IBD’s and CRC’s. Individuals with IBD have
mostly permissive rather than causative genes[23].
In CD, an early discovery on chromosome 16 (IBD
1 gene) led to the identification of 3 single nucleotide
polymorphisms (2 missense, 1 frameshift) in the NOD2
gene (now called CARD 15 is a polymorphic gene
involved in the innate immune system and has more than
60 variations, of which 3 play a role in 27% of patients
with CD, primarily in patients with ileal disease. Another
early genome-wide association study looked at Jewish and
non-Jewish case-control cohorts and identified 2 single
nucleotide polymorphisms in the lL23R gene, which
encode 1 subunit of the interleukin-23 receptor protein.
Actually, 21 new loci were identified with an increased
risk of developing CD such as the genes CCR6, IL
12B, STAT3, JAK2, LRRK2, CDKAL 1, and PTPN22.
Most of these genes are involved in signal transduction
in immune function. There is also a strong support for
IBD-susceptibility genes on chromosome 5p131.1 which
is a gene desert but does modulate expression of the
PTGER4 gene. A murine PTGER4 knockout model has
also a significant susceptibility to severe colitis[26,27].
In UC, however, the genetic predisposition is less
than that of CD. Actually, there is a set of genetic
susceptibilities that show significant overlap with
CD. A recent genome-wide association study found a
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previously unknown susceptibility locus at ECM1 and
showed several common risk loci between UC and CD.
Genes that are a risk of both diseases appear to have an
influence on the immune environment of the intestine[28].
Further susceptibility loci for UC have been
found on 1p36 and 12q15. The lp36 single nucleotide
polymorphism is located near the PLA2G2E gene;
involved in releasing arachidonic acid from membrane
phospholipids, which leads to other pro-inflammatory
lipids. The first 12q15 signal is located near the interferon
(IFN)-γ, interleukin (IL)-26, and IL-22 genes, whereas the
second 12q15 signal is located in IL-26. These genes have
roles in the immune response to pathogens as well as the
tissue inflammation processes. It was also shown that
genetic predisposition increases the risk for one form of
IBD while decreasing that of the other[27].
Chlorinated adducts of DNA and RNA, which
are generated from reaction with MPO products, are
associated with repetitive infiltration of neutrophils and
macrophages to the site of inflammation. Furthermore,
these chlorination products increased in amount as the
inflammatory state lengthened. Importantly, infiltration
by these innate immune cells was accompanied by cancer
initiation and progression. Actually, the contributing
factors to the onset of colon carcinoma were infiltration
of phagocytes and macromolecular damage to DNA
and RNA (chlorination) mediated by neutrophil activity.
In cases of UC, IL-8, Cl-Tyr, SAA, CRP, procalcitonin,
G-CSF, and tissue plasminogen activator have been
identified, whereas for CD cases, procalcitonin, SAA,
Nitro-Tyr, and IP-10 were identified as the most
influential factors[23].
Albumin is the most abundant chlorinated species
found in serum; it is synthesized and released in the
liver, indicating the liver as a possible site for innate
cell activation in IBD patients, and therefore a possible
source of the chlorination and nitration products
observed in serum. This finding suggests that 5-CI-dC
may be a contributing factor in the initiation of colon
carcinogenesis through either mutational or gene silencing
mechanisms. In addition, two interesting proteins were
identified from a proteomics study: Orosomucoid 2
(“-1-acid glycoprotein 2) and Peptidylglycan recognition
protein 2 (PGRP2, also named N-acetylmuramoyl-Lalanine amidase). Association of orosmucoid 2 with UC
disease activity was not established, but it was associated
with development of colorectal cancer[23].
Concerning colorectal cancer, it has been reported
for several decades that carcinomas mostly develop from
adenomas and chronic inflammations. In 1988, Vogelstein
described four specific mutations that accumulate during
the progression of adenomas to carcinomas. These
mutations seem to involve gatekeeper genes, which
enable genetic or epigenetic instability and support tumor
growth[29].
Various factors have been shown to be responsible
for the accumulation of mutations in CRC including
inheritance and environmental factors (e.g., composition

18123

December 28, 2014|Volume 20|Issue 48|

Tomasello G et al . Eubiosis and dysbiosis in IBD

of diet, obesity, diabetes mellitus, smoking, alcohol
consumption) as well, besides the fact that chronic
inflammation sustained by microbial flora is regarded as
an important risk factor for the development of cancer[30].
On the other hand, IL-6 is regarded as an important
tumor promoting factor in many types of human cancer
including glioma, lymphoma, melanoma as well as
breast, ovarian, pancreatic, prostate, renal and, colorectal
cancer[29,31].
Various studies have found an increased expression of
lL-6 in patients with CRC, where lL-6 levels are elevated
in the serum of patients and in tumor tissue itself.
According to a review article by Knupfer and Preiss,
lL-6 expression can be associated with tumor stage, size,
metastasis and survival of patients with CRC[32].
Many studies have revealed that lL-6 is an important
regulator of IBD pathogenesis, mainly through its effect
on immune cell function in the gut. lL-6 trans-signalling
has been shown to activate T cells in the lamina propria
of patients with IBD and induces resistance of these
cells against apoptosis through upregulation of antiapoptotic factors such as Bcl-2 and Bcl-xl. IL-6 is deemed
to act as a link between chronic inflammation and tumor
development due to its increased expression in IBD
patients[29].
Dysbiosis and diet
There is a myriad of factors, in addition to intestinal
microbiota, that play a crucial role in the development of
IBD and CRC. An altered microbiota, termed dysbiosis,
could lead to altered immune functions and increased risk
of disease[33]. The influence of diet on the composition
of the microbiota has been well documented during the
initial colonization phase, postnatally and beyond, even
in adult life[34]. Several studies demonstrated that dietary
factors have a dominating role in altering the microbial
community resulting in biological changes to the host.
Actually dietary changes could explain 57% of the total
structural variation whereas genetic factors accounted
for less than 12%[35]. For example, the “Western” diet,
which is high in sugar and fat, causes dysbiosis affecting
both gastrointestinal (GI) metabolism and immune
homeostasis[30]. Vegetarianism, which is high in fibbers,
results in increased short chain fatty acid production
by microbes leading to a decrease in intestinal pH and
consequently preventing the growth of potentially
pathogenic bacteria such as E.coli and members of
the Enterobacteriaceae[36]. In brief, it is becoming well
documented that the microbiota could be modified
through dietary factors to enrich beneficial microbes and
prevent diseases associated with dysbiosis or promote
such diseases like; IBDs metabolic diseases like diabetes,
obesity as well as irritable bowel syndrome, celiac disease
and also CRC. Diet-induced dysbiosis affects disease
susceptibility[37].
Understanding how extrinsic factors such as diet
alter disease susceptibility through modification in
the microbiota could shed light onto the function of
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microbes in healthy and diseased individuals. A strong
and well documented correlation exists between the
composition of the gut microbiota and diet. In general,
dietary change could explain most of the total structural
variation in gut microbiota in metabolic syndrome
repeats[35].
Such microbial changes in the GI tract have profound
effects on host inflammatory and metabolic responses.
So far, it is not known for sure whether diet-induced
dysbiosis is a transient or long-term event[38]. This is a
very dynamic area of research since dietary choices are
proven to modify the ecology of intestinal microbiota
which could increase susceptibility to disease like, IBD
and CRC.
Dysbiosis in CRC
The next-generation sequencing and taxonomic studies,
based on ribosomal 16S bacterial genes, give a clearer
picture of the microorganisms inhabiting our intestine
in physiological and pathological conditions, although a
healthy core microbiota has not been clearly identified.
The microbiota analysis on tissues and fecal materials
has identified various microbial groups associated with
CRC. Stool samples derived from CRC patients harbour
a higher population of bacteria belonging to the group
Bacteroides-Prevotella compared with normal controls[24].
Another study showed an enrichment in the luminal
compartment of CRC patients compared to controls
of bacteria belonging to Enterococcus, Escherichia, Shigella,
Klebsiella, Streptococcus, and Peptostreptococcus, and a depletion
of bacteria belonging to Lachnospiraceae family (butyrateproducing bacteria)[25,39]. CRC is a multi-step process that
includes adenoma formation. Studies of microbiota on
intermediate stages revealed an increased abundance of
Firmicutes, Bacteroidetes, and Proteobacteria at the intestinal
mucosal surface in patients with adenoma compared with
non-adenoma subjects[34]. Moreover, resected tissues from
adenocarcinoma patients and adjacent non-malignant
sites showed expansion of the phyla Bacteroidetes and
reduction of Firmicutes in tumors compared with
healthy subjects[4]. Interestingly, through whole-genome
and RNA-sequencing approaches two independent
groups found a high prevalence of Fusobacterium (overrepresented also in IBD) in colonic tissues of CRC
patients compared with normal controls[40,41].
Modulation of immune response in IBD
The intestinal microbiota is involved in aetiopathogenesis
of autoimmune and allergic diseases and can also play a
role in the development of CRC[6]. Many cancers arise
from sites of infection and chronic inflammation. The
strongest association of chronic inflammation with
malignant diseases is found in inflammatory bowel
diseases of the colon with a lifetime incidence of 10%
or more. Thus, patients with IBD have a higher risk of
CRC occurrence[1,42]. Both innate and adaptive immune
responses have been involved in the pathogenesis
of IBD. The first one involves particular receptors
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Maintenance of IBD inflammation
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Figure 1 One hypothesis on the initiation of the inflammatory process in inflammatory bowel disease bases on an abnormal Th1 response mediated by
the secretion of interferon gamma and tumor necrosis factor-α while the chronic inflammation is supported by interleukin-5 and interleukin-13 secreted by
Th2 cells. IFN: Interferon; TNF: Tumor necrosis factor; IL: Interleukin; IBD: Inflammatory bowel disease.

called Toll like receptors or PRR (Pattern recognition
receptors). It has been considered as an impairment of
the innate immune response rather than an excessive
activation, which may be involved in the development of
CD. In fact some genes such as NOD2 (an intracellular
PRR involved in the recognition of the bacterial muramyl
dipeptide) showed mutations consisting in a loss rather
than a gain of function [43]. Regarding the adaptive
immune response, IBD is characterized by dysregulated
T lymphocyte effector cells, and shows a Th1 and Th17
activation to the endogenous microbiota, and a lack of
immune suppression typically afforded by Tregs[44]. CD
is considered a disease with an increased Th1 response
while UC is a Th2-mediated disease. This paradigm
relies on evidence showing that intestinal tissues derived
from patients with active CD contain elevated levels of
IL-12 and IL-18 (Th1-polarizing cytokines), compared
with UC patients [45,46]. Moreover, in CD patients, an
increased amount of Th1 lymphocytes has been reported
compared to control subjects[45]. Evidence from studies
conducted on humans and animal models suggest that
the different subsets of lymphocytes play their role in
different stages of IBDs[43]. Studies of CD pathogenesis
in SAMP1/YitFc mice indicate an involvement of
Th1 cells in the initiation process of the disease. The
establishment of chronic inflammation is supported by
IL-5 and IL-13 cytokines, indicating a role of Th2 subset
in this stage of CD[47]. These data indicate that adaptive
immune responses involved in IBD pathogenesis are
more complex than the traditionally dichotomous Th1/
Th2 paradigm (Figure 1).
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Modulation of immune response in CRC
About 1%-2% of CRC patients have a pathological
background consisting of intestinal mucosa inflammation[48].
This “inflammatory background” of colonic mucosa can
evolve to a less (low-grade) or more severe (high-grade)
dysplasia, which through neoplastic transformation
gives rise to carcinoma “in situ” and finally “invasive”
carcinoma. Interestingly, many lines of evidence
highlighted the importance of intestinal microbiota in
the development of CRC[42] and that the type of immune
response generated by the gut commensal bacteria could
potentially influence tumor immunity[49]. Mice colonized
with enterotoxigenic B. Fragilis exhibit colonic Th17
inflammatory infiltrates that are involved in induction
of colon tumors, as indicated by inhibition of colon
tumor formation following treatment with anti-IL-17
antibody[50]. It is, therefore, possible that a microbiota
favouring commensal bacteria, that induces a Th17
response, could have differential effects on tumors
depending on the type of tumor or the stage of tumor
development[49]. The amount of lymphocytes infiltrated
in the tumoral tissue is correlated to the prognosis of the
patients affected by CRC[51]. Among the different subsets
of T lymphocytes studied in the immune system is the
γδ population. This lymphocytic subset is characterized
by the presence of γδ chains in their TCR and their
representation in peripheral blood is < 10%. Since γδ T
cells express both natural killer receptors (NKG2D) and
γδ T cell receptors, they are considered as a link between
innate and adaptive immunity[52]. CRC comprises a small
population of cancer stem cells (CSC) responsible for
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tumor resistance to therapies. It has been observed that
the treatment with the bisphosphonate zoledronate
sensitizes colon CSCs to γ9δ2 T cell cytotoxicity through
the production of pro-inflammatory cytokines [IFN γ and
tumor necrosis factor (TNF)-α] and granule exocytosis
pathway. The γδ T cells response is highly dependent on
isoprenoid production by tumor cells[53]. Isoprenoids are
a class of natural compounds derived from five-carbon
isoprene units assembled and modified in different
ways. Most of them have multicyclic structures found
in all classes of living organisms such as bacteria. These
compounds are under investigation for their involvement
in bacterial metabolism and immunomodulation of γ9δ2
T lymphocytes. Isoprenoids are synthesized through
the mevalonate pathway or the alternative 2C-methylD-erythritol 4-phosphate (MEP) pathway. It has been
observed that the MEP intermediate pathway 1-hydroxy2-methyl-2-(E)-butenyl 4-diphosphate (HMB-PP) can
activate human γ9δ2 T cells. Some pathogen bacteria
such as Campylobacter jejuni and Salmonella enterica have
genes involved in the MEP pathway. Since HMB-PP and
other isoprenoids are able to induce activation of γ9δ2 T
cells, this metabolic feature shared by bacteria and host
cells should be used to fight together dysbiosis and the
tumorigenesis process of CRC.
Modulation of Heat shock proteins by gut microflora
The “chaperoning system” is a concept that was proposed
in 2008 [54]. Heat shock proteins (Hsps) are cellular
complexes involved in processes like folding, refolding,
translocation and degradation of intracellular proteins
under normal and stress conditions[6,55]. Hsp chaperones
are also involved in many cellular processes and interact
with the immune system. They start to be considered
as potential biomarkers of carcinogenesis, correlating
their expression to the degree of differentiation and
aggressiveness of certain tumors. Pathological conditions
in which chaperones become etiological factors are
called “chaperonopathies” and are classified into three
cathegories: by defect, by excess, and by mistake [56].
Commensal microbiota may affect the immune system
influencing the expression of specific Hsps. In particular,
Hsp60 and Hsp70, both constitute a group of autoantigens able to trigger immune-regulatory pathways,
involved also in other human inflammatory processes
such as rheumatoid arthritis[57], Type 1 diabetes mellitus[58],
atherosclerosis[59] and allergy[60], through the stimulation
of both innate and adaptive immune responses[61]. These
proteins were found increased in both tissue and serum
of patients with UC[7]. The microbiota is able to regulate
Hsp expression. Studies conducted on patients affected
by IBD showed a decrease of Hsp60, Hsp10 and Hsp70
in epithelium and lamina propria after a combined
therapy of 5- amino salicylic acid plus probiotics
(Lactobacillus Salivarius, Lactobacillus Acidophilus, and
Bifidobacterium Bifidum)[62]. Treatment of gut epithelial
cells with Lactobacillus GG showed an increase in Hsp25
and Hsp72 (considered as cytoprotective Hsps) in a time
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and concentration dependent manner. These data suggest
that the microbiota is able to influence Hsps expression
in colocytes.
Double role of microbiota: Prevention or promotion of
carcinogenesis
Gut microflora has a great importance; it influences
the colonocyte’s life under multiple aspects. In certain
groups of individuals, the onset of CRC is strongly
related to diet and composition of the microbiota[42].
The aforementioned correlation could be explained
through the anticancer effects of bioproducts of
microflora metabolism [63] . Small-chain fatty acids
(SCFAs), particularly butyrate, formed from the bacterial
fermentation of indigestible carbohydrates, are nutrients
and growth signals for the intestinal epithelium and may
play a role in CRC prevention[64]. In normal colonocytes,
butyrate prevents apoptosis and subsequent mucosal
atrophy [10,65]. In contrast, in colon carcinoma cells,
butyrate exerts a protective role against the onset of
colonic cancer stimulating differentiation, inhibiting
cell proliferation, inducing apoptosis and inhibiting
angiogenesis[66]. The role of butyrate resides in its effects
on enzymatic functions such as the inhibition of the
histone deacetylase. This enzyme is responsible of the
maintenance of the acetylated state of the histones.
Acetylation is important for the access to the chromatin
by the enzymes responsible of the transcription of
important genes such as those involved in the inhibition
of tumorigenesis (p21/Waf1)[67]. Inhibition of histone
deacethyltransferases enzymes (HDAC) is one of the
therapeutic approaches used in anticancer therapy.
Microbial metabolism of cruciferous vegetables or
garlic leads to the production of compounds such
as sulforaphane N-acetyl-cysteine, allyl mercaptan
and butyrate. Thus, microbe-derived metabolites can
counteract the carcinogenetic process by triggering
cell cycle arrest and apoptosis of tumoral cells through
interference with HDAC activity [10,68]. Endoluminal
accumulation of toxic compounds can exert a mutagenic
action on intestinal mucosa. The microbial fermentation
of charred meat leads to the production of poliheterocyclyc amines (PAH). These compounds are able
to damage the DNA of colonocytes. Bacteria belonging
to the Clostridium species are able to convert the bile acids
into secondary products like deoxycholic acid (DCA).
This compound is capable to induce the carcinogenesis
process[69]. Tumorigenesis is a multi-step process in which
the damage in the DNA is the essential pre-condition
for tumoral induction. E. coli has a genic cluster called
Pks that encodes for a toxin called calibactin. This was
illustrated in studies conducted in mice which are not
able to produce IL-10. They were treated either with
one strain of E. coli in which Pks was deleted and the
others with the wild type strain. The results of this
experiment showed that the genic cluster Pks was only
able to induce damage on the DNA (assessed trough the
presence of H2AX marker) but not sufficient to induce
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Dysbiosis

Protection against inflammatory processes and
physiologic mucosa permeability

Promotion of inflammatory processes and
increase of mucosa permeability (IBD)

Production of metabolites useful for the
trophism of colocytes

Production of procarcinogenic
compounds (CCR)

Induction of cytoprotective Hsp

Release of Hsp that trigger immune
system response

Figure 2 Eubiosis and dysbiosis exert different biochemical effects in the context of colocytes pathophysiology. IBD: Inflammatory bowel disease.
Eubiosis

Dysbiosis
Firmicutes
Fusobacterium nucleatum

Colorectal cancer

E. coli
SCFA

Enhancement of
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Damage of barrier
function

Inhibition of the inflammatory process by Treg cells

Inflammation and DNA damage in
colocytes

Immune regulation

Treg cell

Dysregulation of immune response

Th17 cell

Treg cell
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Figure 3 At eubiosis stage, the intestinal epithelium hosts a rich and equilibrated microbiota that promotes the barrier function. Microbial dysbiosis
favors the production of genotoxins and metabolites associated with carcinogenesis. Moreover dysbiosis induces dysregulation of immune responses that cause
inflammation promotion of carcinogenesis. SCFA: Small-chain fatty acids; E. coli: Escherichia coli.

rectal carcinogenesis[65,70]. Experimental data show that
consumption of omega-3 polyunsaturated fatty acids
is able to decrease the incidence of sporadic colorectal
cancer. Eicosapentaenoic free fatty acid reduces polyp
formation and growth in models of familial adenomatous
polyposis[71]. The intake of docosahexaenoic acid can
modify the gut microflora. Breast milk is rich in omega-3
fatty acids. Some studies showed that Bifidobacteria are
more represented in breastfed infants rather than in
formula-fed infants. In another study, it was shown that
the supplementation with fish oil is able to determine
changes in Bacteriodetes among children 9-18 mo old[72].
An understanding of the comprehension of the correct
equilibrium in the prevalence of the different bacterial
strains composing human microbiota may represent
one of the keys for the better understanding of CRC
etiopathogenesis. In fact, bacterial metabolism has a high
impact on the biochemistry of colocytes (Figure 2). This
field of study may open the road to therapies oriented
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not only towards specific probiotic-based therapies but
also to targeted “prebiotic-based” approaches for the
prevention or treatment of CRC.

CONCLUSION
The role of environmental factors involved in CRC
aetiopathogenesis remains to be fully elucidated.
The qualitative and quantitative modifications of the
microbiota can make people more susceptible to develop
IBD. In fact, these changes can trigger the production
of inflammatory mediators in the mucosa that, in a large
temporal window, can also exert a pro-cancerogenic role.
The immunological and biochemical evidences related
to dysbiosis allow the global comprehension of the
background on which relies the development of CRC
(Figure 3). These findings suggest a close connection
between dysbiosis, IBD and CRC. Up till now, the direct
or indirect role of bacteria in the induction of genomic
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damages in colocytes is not fully comfirmed. Several
clinical trials have focused the preventive and therapeutic
action of probiotics in the treatment of digestive
diseases. Probiotics could inhibit the inflammatory and
the carcinogenetic processes through several pathways
including the re-equilibration of the host immune
responses and through the anti-proliferative activity
on tumor cells. However, further clinical studies seem
necessary to clarify the complex interplay between
dysbiosis, inflammation and CRC.
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Abstract
Liver cirrhosis (LC), the end stage of many forms of
chronic hepatitis of different etiologies is a diffuse
process characterized by fibrosis and the conversion
of normal liver architecture into structurally abnormal
nodules surrounded by annular fibrosis. This chronic
progressive clinical condition, leads to liver cell failure
and portal hypertension, which can favour the onset
of hepatocellular carcinoma. Defining the phase of the
natural history is crucial for therapeutic choice and
prognosis. Liver biopsy is currently considered the
best available standard of reference but it has some
limits, so alternative tools have been developed to
substitute liver biopsy when assessing liver fibrosis.
Serum markers offer a cost-effective alternative to liver
biopsy being less invasive and theoretically without
complications. They can be classified into direct
and indirect markers which may be used alone or in
combination to produce composite scores. Diagnostic
imaging includes a number of instruments and
techniques to estimate liver fibrosis and cirrhosis like
ultrasound (US), US Doppler, contrast enhanced US and
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Elastography. US could be used for the diagnosis of
advanced LC while is not able to evaluate progression
of fibrosis, in this case Elastography is more reliable.
This review aims to revise the most recent data from
the literature about non invasive methods useful in
defining liver fibrosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver fibrosis; Liver biopsy; Ultrasound;
Elastography; Serum markers
Core tip: Liver biopsy is the current best available
standard of reference to diagnose liver fibrosis, but
it has several limits. Non-invasive methods to detect
and follow up liver fibrosis (direct and indirect serum
markers, ultrasound, ultrasound doppler, contrast
enhanced ultrasound and Elastography) have been
extensively studied in the last years but strong
evidences of their usefulness in the real practice are
still lacking. This work aims to review the most recent
literature about the use of these non-invasive markers
in defining liver fibrosis.
Soresi M, Giannitrapani L, Cervello M, Licata A, Montalto G.
Non invasive tools for the diagnosis of liver cirrhosis. World J
Gastroenterol 2014; 20(48): 18131-18150 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i48/18131.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i48.18131

INTRODUCTION
Liver cirrhosis (LC) represents the end stage of many
forms of chronic hepatitis of different etiologies and
with quite variable courses[1-6]. In chronic liver disease
(CLD), the wound-healing process progresses towards
fibrosis due to the persistence of a noxa patogena[7].
The accumulation of collagen fibers and noncollagenous components in the extracellular matrix
(ECM) determines a progressive distortion of liver
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structure until a clear picture emerges of LC, defined
as a diffuse process characterized by fibrosis and the
conversion of normal liver architecture into structurally
abnormal nodules surrounded by annular fibrosis[8].
Cirrhosis can be either micro- and macro-nodular. In
macro-nodular cirrhosis, nodules are greater than 3 mm
in size[9]. It is a chronic progressive clinical condition,
leading to liver cell failure and portal hypertension, which
in turn create a micro-environment that favours the onset
of hepatocellular carcinoma (HCC). This new condition
therefore modifies the natural history of CLD[2].
Progression towards fibrosis and cirrhosis is a
heterogeneous process influenced in many ways: by
etiological or host factors (sex, genetics, immunosuppression,
race, obesity, etc.) and by treatments.
Clinically, LC may be divided into two phases: (1)
compensated; and (2) decompensated[10]. Decompensated
LC is easily diagnosed as it presents with a series of
clinical and laboratory signs (ascites, spider naevi,
encephalopathy, esophageal varices, gastrointestinal
bleeding, thrombocytopenia, hypoalbuminemia), while
compensated LC may be difficult to differentiate from
chronic hepatitis. Again, LC may be divided into two
forms according to the presence/absence of portal
hypertension[10]. Consequently, accurate evaluation of
the fibrosis stage or of the appearance of overt cirrhosis
is fundamental not only to reach a correct diagnosis
but also to commence correct treatment or screening
protocols to permit an early diagnosis of the frequent
and fatal complications of LC, such as esophageal varices,
HCC, etc.[11-13].

FIBROSIS
Fibrosis consists of the accumulation over time of
collagen and non-collagenous material in the ECM of
interstitial liver as a consequence of necro-inflammatory
phenomena due to various etiological factors (viral,
alcohol, autoimmune, toxic, etc.).
Tools to estimate liver fibrosis may be invasive, such
as liver biopsy, or non-invasive, which may be divided
into serological tests and imaging instruments.
Liver biopsy
In the evaluation of chronic hepatitis, liver biopsy is
considered as the “reference standard” to determine both
the necroinflammatory (grading) and the fibrosis (staging)
components.
After the discovery of hepatitis C virus (HCV) in 1989,
the old qualitative histological classification of chronic
hepatitis, (which codified the terms: chronic persistent,
chronic aggressive and chronic lobular hepatitis) was
replaced by semiquantitative and reproducible histological
scoring systems[14,15].
Knodell et al[16] were the first to attribute weighted
numeric values to lesions, creating a score defined as the
Histology Activity Index (HAI), which evaluated Grading
and Staging. Since then, several histological classification
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systems have been proposed to stage fibrosis and grade
necroinflammation in CHC (Table 1).
The Sheuer, Ishak, METAVIR and other scoring
systems have been used above all for viral liver diseases,
while for non-alcoholic fatty liver disease (NAFLD) the
Brunt score has been used[17-21]. The METAVIR and Ishak
scores are the ones currently most adopted. METAVIR
divides fibrosis into 5 stages, progressing from absent
(F0) to mild (F1), significant (F2), advanced (or severe)
(F3) fibrosis and cirrhosis (F4). The Ishak score is more
detailed, dividing the disease evolution process into
six stages. However, although liver biopsy is currently
considered the gold standard for determining the stage
of fibrosis, it has some limitations in correctly defining
liver disease and, above all, in evaluating its prognosis.
Limitations of liver biopsy
Sampling error: It is well known that liver biopsy
can over- or under-estimate the degree of liver disease
progression in 1/3 cases as it samples only a tiny portion
of the liver (about 1/50000). The quality of liver biopsy
is determined by the length, width, fragmentation and
number of complete portal tracts. A small sample size
may be inadequate for staging fibrosis, especially in
pathologies in which histological damage is not uniformly
distributed[22,23] and cirrhosis can go undetected on a
single passage in 10%-30% of cases[24]. For this reason
Scheuer [24] suggested that “bigger is better”. In the
literature, the work of Colleredo clearly demonstrates this
limitation, and introduces the concept of a “minimum
number of complete portal tracts” necessary for a
correct diagnosis[25]. However, although the American
Association for the Study of Liver Diseases has
recommended a biopsy sample of at least 20-30 mm in
length and containing at least 11 complete portal tracts[26],
this recommendation is not always followed[27].
Inter-observer variability: Despite the introduction of
the HAI score, inter-observer variability is a reality among
hepatopathologists, reaching 20% when categorizing the
degree of fibrosis[21,28].
Invasiveness: Although quite safe, liver biopsy may lead
to some moderate (20%) or severe (0.5%) complications
and mortality (0.03%)[29,30].
Dynamic process of fibrosis: One of the main
limitations of liver biopsy is that fibrosis is a dynamic
process, thus making this tool of little use for estimating
the evolution of fibrosis and the effect of therapeutic
agents on it over time.
Staging cirrhosis: Even when histology shows a
picture of cirrhosis, liver biopsy is of no help in staging
cirrhosis, and other tools (Hepatic venous pressure
gradient-HVPG- or esophago-gastroduodenoscopy) are
necessary to determine the presence and degree of portal
hypertension.
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Table 1 Histology activity index for staging liver fibrosis according to various scores

Knodell et al[16]
Scheuer et al[17]
IASL[18]
Ishak et al[19]
METAVIR[20]

No fibrosis

Fibrous portal
expansion

Portal/periportal
fibrosis

Portal fibrosis
with rare septa

Abundant bridging
fibrosis

Marked bridging with
occasional nodules

Cirrhosis

F0
F0
F0
F0
F0

F1
F1
F1
F1
F1

F1
F2
F2
F2
F1

F3
F2
F2
F3
F2

F3
F3
F3
F4
F3

F4
F3
F3
F5
F4

F4
F4
F4
F6
F4

IASL: International Association for the Study of the Liver.

As liver fibrosis implies morphological damage, liver
biopsy has become the natural gold standard for staging
the disease. However, because of the above-mentioned
limitations, some authors believe that liver biopsy should
rather be considered the best available standard of
reference[31]. For this reason, alternative tools have been
developed to substitute liver biopsy when assessing liver
fibrosis.
Serological test data
Serum markers: Serum markers of liver fibrosis
generally offer a cost-effective alternative to liver
biopsy, they are less invasive and theoretically without
complications. Thanks to these features they could
therefore be perfor med repeatedly and used in
monitoring the fibrotic process dynamically, for example
in clinical practice, to follow up the efficacy of an
antiviral-therapy in the regression of fibrosis.
Serum markers of liver fibrosis can be classified into
two kinds: (1) direct markers: molecules which derive
directly from the ECM or are produced by activated
hepatic stellate cells (HSC), such as hyaluronic acid;
and (2) indirect markers: molecules produced by the
liver parenchyma following chronic damage either of
hepatocyte (AST) or cholangiocyte (GGT) origin, or
those which indicate compromised hepatic synthesis
(bilirubin, INR) or the presence of portal hypertension
(platelets, gamma globulin). Direct and indirect markers
may be used alone or in combination to produce
composite scores which can be relatively simple to
calculate or based on complex formulas.
Direct serum markers
Hyaluronan: Hyaluronan (formerly termed hyaluronic
acid) is an anionic, non-sulfated glycosaminoglycan widely
distributed throughout connective, epithelial, and neural
tissues. It is currently considered one of the best direct
markers of fibrosis, having sensitivity and specificity
values of 86%-100% and 88% respectively in NAFLD[32]
and in fibrosis related to other etiologies[33]. Moreover, at
a cut-off concentration of 60 μg/L it has been shown
to have a high negative predictive value (98%-100%),
which is significantly higher than the positive predictive
value (61%). This is probably because its synthesis is
stimulated in the activated HSC[34], then it is secreted into
the sinusoidal bloodstream where it normally has a short
half-life, but this is prolonged in disease conditions[34].
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Consequently, its main usefulness could be for ruling out
advanced fibrosis and cirrhosis.
Procollagen Type Ⅰ Carboxy ter minal peptide
and Procollagen type Ⅲ amino-terminal peptide:
A procollagen peptide contains an additional peptide
sequence at its amino- and carboxy-terminal end, known
as the propeptide. Collagen types Ⅰ, Ⅱ, Ⅲ, Ⅳ and Ⅴ are
synthesized as precursor molecules called procollagens.
These propeptides are cleaved from the collagen
molecule during its secretion, after which the collagens
polymerize into extracellular collagen fibrils. The amount
of free propeptides thus directly correlates with collagen
molecule synthesis. Procollagen Type Ⅰ C-peptide (PICP)
has been extensively referenced in studies correlating
collagen levels and health disorders such as liver fibrosis.
For example, PICP levels have been shown to be normal
in patients with mild chronic hepatitis C and elevated in
50% of patients with moderately advanced or advanced
chronic hepatitis C, including patients with LC[35].
However, among the several pro-collagen and
collagen fragments proposed as biomarkers[36] only the
aminoterminal propeptide of type Ⅲ pro-collagen (P
[37]
Ⅲ NP) has had a limited clinical application , with
sensitivity and specificity values varying considerably
(around 76%-78% and 71%-81%, respectively). These
specificity values are unconvincing because PⅢNP is
not only specific for liver fibrosis as it is also elevated
in lung fibrosis, chronic pancreatitis and rheumatologic
diseases[38].
Metalloproteinases: Matrix metalloproteinases (MMPs)
are zinc-dependent endopeptidases which are capable
of degrading all kinds of extracellular matrix proteins,
but can also process a number of bioactive molecules.
The three most commonly studied human MMPs are:
MMP-2 (gelatinase-A), MMP-3 (stromelysin) and MMP-9
(gelatinase-B). MMP-2 circulating levels studied in
patients with chronic hepatitis C were not significantly
related to the degree of liver fibrosis[39]. In another study,
serum MMP-9 levels were shown to decrease during the
progression of chronic hepatitis to cirrhosis, with the
lowest level in the cirrhosis group[40].
Tissue inhibitors of matrix metalloproteinases:
MMPs are inhibited by specific endogenous tissue
inhibitors of matrix metalloproteinases (TIMPs), which
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comprise a family of four protease inhibitors: TIMP1,
TIMP2, TIMP3 and TIMP4. TIMP-dependent inhibition
of ECM degradation may promote liver fibrosis, and an
elevation in TIMP levels has been described in chronic
liver diseases. In detail, in a group of patients with
chronic hepatitis C plasma TIMP-1 levels were shown
to significantly correlate with histological activity index,
portal inflammation and periportal and focal necrosis.
Moreover, plasma TIMP-2 levels significantly correlated
with fibrosis and confluent necrosis. Using ROC analysis
both TIMP-1 and TIMP-2 had a significant diagnostic
ability in detecting advanced liver disease (AUC = 0.73
for both, P = 0.015 and 0.036 respectively), while normal
plasma TIMP-1 excluded advanced liver disease[39]. Badra
et al[40] also found a positive correlation between TIMP-1
levels and degree of fibrosis when studying patients with
chronic hepatitis and LC.
Laminin: Laminins are a major ECM protein component
of the basal lamina. In general, they are heterotrimeric
glycoproteins with binding regions for collagen, integrins,
cellular domains and proteoglycans. In the liver they are
synthesized by Ito cells and for this reason considered
a marker of fibrogenesis. The concentration of laminin
has been reported to be correlated with portal venous
pressure, thus being a potentially useful biochemical
marker of portal hypertension. In detail, at a cut-off
concentration of 1.45 U/mL, sensitivity was 0.87,
specificity 0.74, diagnostic efficiency 0.81 and positive
and negative predictive values at the same cut-off were
0.77 and 0.85, respectively[41]. In a subsequent study, an
increased concentration of laminin was described in a
group of cirrhotic patients and significant differences in
laminin concentrations were found between the various
Child’s grades and between patients and controls[42].
Transforming growth factor-beta1: Transforming
growth factor beta 1 (TGF-β1) is a polypeptide member
of the transforming growth factor beta superfamily of
cytokines. It is a secreted protein that performs many
cellular functions and has been identified as a profibrogenic cytokine. For this reason, TGF- β 1 blood
concentrations have been studied as markers of liver
fibrosis. In a study on the prediction of progressive
liver fibrosis in hepatitis C infection a close correlation
was found between TGF-β serum levels and the rate
of fibrosis progression. Patients with no progression
of fibrosis had significantly lower TGF-β serum levels
than patients with progressive disease, and a TGF-β
level below 75 ng/mL was predictive of stable disease[43].
Furthermore, in a previous study on 88 patients with
chronic HCV, a correlation was found between TGF-β
levels and severity of fibrosis[44].
Connective tissue growth factor: Connective tissue
growth factor (CTGF), also known as CCN2, is a
matricellular protein of the CCN family of extracellular
matrix-associated heparin-binding proteins and it is
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associated with wound healing and virtually all fibrotic
pathologies. CTGF is thought to cooperate with TGF-β
to induce sustained fibrosis and to exacerbate extracellular
matrix production in fibrosis-inducing conditions. In
a recent study the diagnostic performance of CTGF
was assessed by comparing the area under the receiver
operating characteristic (ROC) curves (AUC) with a panel
of fibrosis markers. The correlation coefficient between
serum CTGF levels and fibrosis stages was 0.689 and
the AUC of CTGF was 0.841 (95%CI: 0.762-0.920) in
distinguishing mild fibrosis from significant fibrosis[45].
Values were even better in a previous study where the
AUCs for fibrosis vs controls and for cirrhosis patients vs
controls were 0.955 and 0.887, respectively, with 100%
and 84% sensitivity, respectively, and 89% and 85%
specificity, respectively[46].
YKL-40: YKL-40, also called human car tilag e
glycoprotein-39 (HC gp-39), is a member of the 18
glycosyl hydrolase family. The pattern of its expression
in normal and disease states suggests that it could have a
function in remodeling or facilitating the degradation of
the extracellular matrix. Elevated YKL-40 concentrations
have been found in the sera of liver disease patients. In
particular, sensitivity and specificity values around 80%
and an AUC of 0.81 for fibrosis were reported in a study
on HCV-related chronic hepatitis patients[47], and 88%
specificity and 51% sensitivity were reported in alcoholic
liver disease patients[48]. Moreover, the CHI3L1 promoter
polymorphism -131G > C, which determines YKL-40
serum levels, was associated with the severity of HCVinduced liver fibrosis[49].
Microfibril-associated glycoprotein 4: To identify new
candidate biomarkers for hepatic fibrosis, a proteomic
approach of microdissected cirrhotic septa and liver
parenchyma cells was performed. In the cirrhotic
septa, an increase was detected in the expression of
cell-structure-associated proteins, including human
microfibril-associated protein 4 (MFAP-4). A subsequent
quantitative analysis of MFAP-4 serum levels in a large
number of patients showed a high diagnostic accuracy
for predicting non-diseased liver vs cirrhosis: AUC =
0.97; for stage 0 vs stage 4 fibrosis: AUC = 0.84; and
for stages 0 to 3 vs stage 4 fibrosis: AUC = 0.76[50]. This
consequently represents a novel approach to study new
markers of liver fibrosis.
Cytokeratin-18 fragments: Cytokeratin-18 (CK18) is
an intermediate filament representing about 5% of total
protein in various epithelial and parenchymal cells[51].
Different caspases induce the apoptosis mechanism via
the cleavage of CK 18 in different positions, forming
CK18 fragments (CK18Fs)[52]. In the study of Bantel
et al[53], raised concentrations of CK18 fragments were
evident in HCV patients with advanced liver fibrosis.
Yilmaz et al[54] showed that in NAFLD patients levels of
M30 antigen (a neoepitope in cytokeratin 18) and M65
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Table 2 Principal scoring systems taking into account the parameters used in calculating the scores, etiology of liver disease and
sensitivity and specificity values of the tests
Test

Parameters

Age-platelet index (AP)[55]
APRI[56]
ASPRI[57]
AST/ALT ratio[58]
BARD score[59]
Bonacini-index (Cirrhosis discriminant score - CDS)[60]
ELF and simplified ELF index[61]
FIB-4[62]
Fibro-α score[63]
Fibroindex[64]
Fibrometer test[65]
Fibrometer NAFLD[66]
Fibronectin discriminant score[67]
FibroQ[68]
Fibrosis-cirrhosis index[69]
Fibrosis index[70]
Fibrosis probability index
(Sud index)[71]
Fibrosis Routine Test[72]
FibroSpect Ⅱ[73]
Fibrotest[74]
Forns-index[75]
Globulin-albumin ratio[76]
GUCI[77]
HALT-C model[78]
Hepascore[79]
King’s score[80]
Lok index[81]
MP3 score[82]
NAFLD fibrosis score[83]
Pohl index[84]
Sabadell NIHCED index[85]
Significant fibrosis index[86]
VITRO score[87]
Zeng index[88]

Etiology

Age, platelet count
HCV
AST/platelet count
HCV
Age, spleen diameter, platelet count
HBV
Aspartate aminotransferase, alanine aminotransferase
HBV
BMI, AST/ALT ratio, diabetes
NAFLD
ALT/AST ratio, INR, platelet count
HCV
Age, Hyaluronic acid, N-terminal propeptide of type Ⅱ
Mixed
collagen, and TIMP-1 levels
Platelet count, AST, ALT, age
HIV/HCV
Platelet count, AST, ALT, α-fetoprotein level
HCV
Platelet count, AST, γ-globulin
HCV
Platelet count, prothrombin index, AST, α2-macro-globulin,
Virus
hyaluronan,urea, age
Alcohol
Glucose, AST, ALT, ferritin, platelet count, body weight, age
NAFLD
Platelet count, AST, Albumin and fibronectin levels
HCV
Age, platelet count, AST, ALT, Prothrombin index
HBV/HCV
Platelet count, Alkaline phosphatase, bilirubin, albumin levels
HCV
Platelet count, Albumin level
HCV
Age, AST, Total cholesterol level, insulin resistance and
HCV
alcohol intake
Age, platelet count, AST, α-fetoprotein and albumin levels
HCV
hyaluronan, TIMP-1,α2-macroglobulin
HCV
Haptoglobin, α2-macroglobulin, apolipoprotein A1, γGT,
HCV
bilirubin, gender
Age, platelet count, γGT, cholesterol
HCV
Globulin and albumin levels
HCV
Platelet count, AST, Prothrombin index
HCV
Platelet count, TIMP-1 and hyaluronic acid levels
HCV
Bilirubin, γGT, hyaluronan, α2-macroglobulin, age, gender
HCV
Age, platelet count, AST, INR
HCV
Platelet count, AST, ALT, INR
HCV
MMP-1 and PⅢP levels
HCV
Age, hyperglycemia, BMI, platelet count, albumin, AST/ALT
NAFLD
ratio (dual cut-offs)
Platelet count, AST, ALT
HCV
Age, platelet count, AST, ALT, Prothrombin time, right hepatic
HCV
lobe atrophy, splenomegaly, and caudate lobe hypertrophy
Haptoglobin, α2-macroglobulin, TIMP-1, MMP-2, and GGT HBV/HCV
levels
vWF-Ag, platelet count
HCV
Age, α2-Macroglobulin, GGT, and hyaluronic acid levels
HBV

Sensitivity Specificity
52%
57%
75%
51%
62%
46%
90%

93%
93%
90%
71%
66%
98%
69%

65%
90%
35%
80%
91%
79%
87%
79%
86%
67%
73%

97%
57%
97%
84%
92%
96%
75%
71%
80%
97%
74%

83%
76%
75%

73%
73%
85%

30%
43%
80%
71%
84%
86%
68%
60%
77%

95%
98%
78%
80%
71%
80%
72%
92%
96%

41%
80%

99%
96%

71%

80%

83%
40%

79%
90%

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; BMI: Body mass index; ELF: Enhanced liver fibrosis; NAFLD: Non-alcoholic fatty liver
disease; TIMP: Tissue inhibitors of metalloproteinases; MMP-1: Matrix metalloproteinase-1; GGT: γ-glutamyl transferase.

(the cytosolic pool of CK18) distinguished between
advanced fibrosis and early-stage fibrosis, with 64% and
70% sensitivity, and 77% and 71% specificity, respectively.
Indirect serum markers: Several scores have been
proposed to attempt to overcome the need for liver
biopsy in diagnosing and monitoring the fibrotic process
in chronic liver diseases. Most of the literature data,
however, have been obtained in mainly HCV-infected
patient case series. Table 2 summarizes the principal
scoring systems, taking into account the parameters used
in calculating the scores, etiology of liver disease and
sensitivity and specificity values of the tests.
The first diagnostic index was proposed by Williams
et al[58], who suggested that an AST/ALT ratio of > 1.0
in a patient with non-alcoholic liver disease should be
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related to the presence of cirrhosis. Poynard et al[55] then
proposed a simple score combining age and platelet
count, referred to as AP, which had 93% specificity
and 52% sensitivity in identifying histological disease in
hepatitis C-infected patients. In the same year, a paper
by Bonacini et al[60] assessed the utility of a modified
three-parameter cirrhosis discriminant score (CDS) for
diagnosing advanced fibrosis or cirrhosis in patients with
evidence of chronic hepatitis C, taking into account three
laboratory parameters (platelets, ALT/AST ratio and
PT). It showed a positive correlation between the CDS
and histological fibrosis score which was 46% sensitive
and 98% specific for the diagnosis of histological fibrosis
scores of 3 or 4.
Since then, a great number of papers have been
published with novel scores whose sensitivity and

18135

December 28, 2014|Volume 20|Issue 48|

Soresi M et al . Diagnosis of liver cirrhosis

Figure 1 A longitudinal epigastric scan shows the left lobe of the liver
with irregularity of liver surface, lobo caudate hypertrophy and coarse
pattern.

specificity values were announced as being better than
the previous ones, but actually none have been adopted
in clinical practice. The principal ones are Fibrotest[75],
Forns[76], APRI[56] and FIB-4[62].
As regards the Fibrotest, its authors concluded that
a combination of simple serum tests could be used to
reduce the need for liver biopsy, the most informative
markers being alpha2-macroglobulin, alpha2-globulin
(or haptoglobin), gamma globulin, apolipoprotein A1,
gamma glutamyltranspeptidase and total bilirubin. With
the best index, a high negative predictive value (100%
certainty of absence of F2, F3, or F4) was obtained for
scores ranging from zero to 0.10 (12% of all patients),
and a high positive predictive value (> 90% certainty of
presence of F2, F3, or F4) for scores ranging from 0.60
to 1.00 (34% of all patients)[75]. Subsequently, Forns et
al[75] constructed a model and a score system combining
age, GGT, cholesterol and platelet count which aimed to
identify patients without significant liver fibrosis. Using
the best cut-off score, the presence of significant fibrosis
could be excluded with high accuracy (negative predictive
value of 96%) in 36% of the patients.
The APRI score was then developed to amplify the
opposing effects of liver fibrosis on AST and platelet
count. Using optimized cut-off values, the authors
showed that significant fibrosis could be accurately
predicted in 51% and cirrhosis in 81% of patients with
chronic HCV infection[56].
The FIB-4 index was developed to predict liver
fibrosis in patients with HIV/HCV coinfection. It was
calculated taking into account simple parameters such
as age, AST and ALT levels and PLT count, and the
authors proved that 87% of the 198 patients with FIB-4
values outside the cut off-values would be correctly
classified, thus liver biopsy could be avoided in 71% of
the validation group[62].

IMAGING INSTRUMENTS
Diagnostic imaging includes a number of instruments
and techniques to estimate liver fibrosis and cirrhosis.

WJG|www.wjgnet.com

Ultrasound
Ultrasound (US) is routinely used in the diagnosis and
monitoring of subjects with chronic liver disease. It is
inexpensive, non-invasive, readily available and acceptable
to patients. This tool is also recommended by various
international guidelines for evaluating the large spectrum
of CLD. It provides useful data on the morphologic
changes taking place in the liver, as well as on CLD
complications (such as portal hypertension), and it also
enables the early detection of HCC[12,13,89]. Indeed, its
performance in screening programs has changed the
clinical and laboratory presentation of HCC in the new
millennium[90].
The introduction of US has made the liver a very
easy organ to study and during the last few decades
ultrasound imaging, which ranges from gray-scale to real
time gray-scale US, color-Doppler and, more recently,
contrast-enhanced US (CEUS), has provided further,
important information on the diagnosis and progression
of CLD[90-92].
Gray-scale US: Gray-scale US (B-Mode) imaging of a
given organ includes an evaluation of size, echo-pattern
and surface.
Size: Classically, in LC there is an atrophy of the right
lobe associated with hypertrophy of the left lobe,
while the caudate lobe and lateral segment of the left
lobe occupy a larger proportion of the liver volume.
Hypertrophy of the caudate lobe is a highly specific
finding of LC (Figure 1), while in the advanced phase
atrophy is complete. Various studies have reported that
this asymmetry can be clearly seen at US, in the raised
volume of the caudate lobe alone or in the increased ratio
between the transverse diameter of the caudate lobe and
the transverse diameter of the right lobe. Values > 0.65
are abnormal. This ratio, however, indicates an advanced
LC with a good specificity (95%), but a low sensitivity
(43%), therefore, it is inaccurate for the early diagnosis of
LC[93].
Echo-patterns: The definition of echo-patterns in
diffuse liver diseases has been debated in the literature,
studies often reporting contrasting results. The echopattern of cirrhosis has been defined as a coarse pattern,
which is characterized by ‘‘pinhead’’ echoes which are
coarse and not homogeneously distributed, without
posterior beam attenuation (Figure 1)[94,95]. Sensitivity and
specificity are estimated as 57% and 88%, respectively[96].
This sub-optimal diagnostic reliability is due to
different factors: (1) the same pattern may also be
found in CLD without cirrhosis and it may be lacking in
cirrhosis, especially in the early phase; (2) inter-observer
variability: according to some authors, inter-observer
agreement (assessed by the kappa value k) in defining the
echo-pattern of diffuse liver disease is insufficient (around
0.4)[97,98]; and (3) high echogenicity: the coarse pattern
increases liver echogenicity, causing some difficulty in
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differentiating between cirrhosis and steatosis. The many
papers published on this issue have reported that the
presence of attenuation beam and of focal steatosis,
which are lacking in cirrhosis, helps to distinguish
between the two forms[94,97,99,100].
The mechanism of attenuation depends on physical
phenomena defined as: scatter, absorption and refraction.
These are enhanced by the large interfaces of lipidic
drops typical of steatosis, while the cirrhotic liver, which
has few interfaces, does not favour these phenomena[101].
However, the attenuation beam and focal steatosis are not
always found in steatosis and many forms of NAFLD
present both fatty and fibrotic liver during their course,
thus making differentiation difficult[102].
Liver surface: Micro- or macro-nodularity in LC are seen
at US as liver surface irregularities. In the micronodular
forms the liver presents only a superficial irregularity,
which is much more evident in macronodular LC (Figure
1). This is considered one of the most sensitive and
more reproducible US signs (k of agreement range 0.770.9)[103,104].
Gaiani et al[105] reported 82% sensitivity and 79%
specificity for this sign when associated with reduction in
portal velocity. Further, Colli et al[106] and Iacobellis et al[107]
reported a sensitivity of 54% and 46%, and a specificity
of 93% and 95% for surface irregularity alone. Iacobellis
reported a sensitivity of 90% and specificity of 83%
when combining surface irregularity with a platelet count
< 140000/mmc. To confirm that the association between
US and serum data improves LC diagnosis, Colli et al[104]
used the model based on the sequential combination of
the Bonacini score (ALT/AST ratio, platelet count and
INR) associated with US liver surface characteristics in
176 patients with chronic HCV infection. They were
able to define the presence/absence of severe fibrosis
or cirrhosis in 67%; only in 33% of the patients was a
biopsy required.
Recently, Berzigotti et al[103] compared left lobe liver
surface irregularity with transient elastography (TE) to
assess the diagnostic value of these methods in patients
with a suspected but not definite diagnosis of cirrhosis.
They found that liver surface irregularity evaluation was
better for LC diagnosis, while TE was preferable to rule it
out. The combination of both offered the best diagnostic
accuracy.
Other gray-scale US findings are useful in the staging
and follow-up of LC, but much less so in early diagnosis.
Portal vein dilatation: A diameter greater than 1.2 cm
has a sensitivity of less than 50% and a 90% specificity
for the diagnosis of portal hypertension[108].
Dilatation and reduction in the respiratory variations
of splenic and mesenteric vein diameters have 79.7%
sensitivity and 100% specificity for the diagnosis of
portal hypertension[108].
Splenomegaly: Spleen bipolar diameter > 12 cm or
largest splenic cross-sectional area passing through the
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hilum > 45 cm2 may indicate portal hypertension[92];
Berzigotti et al[109] reported that spleen diameter was
the only US sign showing a significant association with
clinically significant portal hypertension (hepatic venous
pressure gradient ≥ 10 mmHg) at univariate analysis.
However, splenomegaly may be induced by many
other causes and therefore is not specific for portal
hypertension.
Ultrasound is also a very useful and reliable method
in the estimation of liver fibrosis and portal hypertension
in patients with hepato-splenic schistosomiasis, especially
in countries where this infection is endemic. In fact, the
World Health Organization believes that the diagnosis
of liver fibrosis, in developing countries, may reliably
be based on ultrasound and proposes guidelines for
schistosomiasis, which are modified for S. japonicum
infection, in which the parenchymal and periportal
fibrosis are graded separately[110,111]. The knowledge of
these guidelines is very useful also in Western countries
where recent migration flows have brought this disease
uncommon in the past.
Doppler US
The Doppler US signs for portal hypertension are: (1)
reduced portal vein blood flow velocity (time-averaged
mean vel. < 14-16 cm/s2), with sensitivity and specificity
between 80-88% and 80-96%, respectively [92] ; (2)
portal vein congestion index > 0.08. This parameter[92],
however, is not used routinely, probably due to its being
difficult to measure and its lower reproducibility; and (3)
measurements of the hepatic arterial Resistive Index are
less useful[92].
In the course of LC, the appearance of clinically
significant portal hypertension worsens prognosis
and Doppler US is very useful in evaluating portal
hypertension. However, it is not sufficient without the
integration of gray-scale US and serological and clinical
data. Furthermore, Doppler US alone is not able to
predict the presence of esophageal varices[92].
Contrast-enhanced ultrasonography
CEUS is prevalently used in the study of liver tumors.
However, in recent years it has also been used in the
evaluation of liver fibrosis[112,113]. The rationale for its
application stems from the changes in intrahepatic
microcirculation that occur in chronic liver diseases with
fibrotic evolution.
Normally, the blood flows from the portal branches
to the sinusoids and hepatic veins. In patients with
severe fibrosis or cirrhosis, there are severe changes
in the microcirculation (arteriovenous shunting and
arterialisation of capillary beds) which lead to a bypass of the sinusoids, with blood passing directly into
the hepatic veins, and this determines a reduction in
transit time (hyperdynamic flow). By using CEUS and
calculating intrahepatic transit time, hyperdynamic flow
may be estimated. Contrast arrival time and baseline
and peak intensity in the hepatic artery, portal vein,
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right hepatic vein and liver parenchyma have been used
to calculate intrahepatic transit time, hepatic artery to
hepatic vein transit time (HA-HVTT) and portal vein to
hepatic vein transit time (PV-HVTT). To diagnose severe
fibrosis, Staub et al[112] found for a transit time of under
13 s, 78.5% of specificity, 78.9% of sensitivity, 78.3% of
positive predictive value, 83.3% of negative predictive
value and a 78.8% performance accuracy. Transit time
was computed as the difference between the arrival
of microbubbles in the portal vein and in the hepatic
vein (PV-HATT). HA-HVTT and PV-HVTT gradually
shortened with the progression of liver fibrosis [113].
Recently, however, the EFSUMB (European Federation
of Societies for Ultrasound in Medicine and Biology)
considered that its use in staging chronic hepatitis is also
limited by the substantial overlap between the different
stages of fibrosis[92].
In conclusion, gray-scale US has an limited sensitivity
and specificity in LC diagnosis, although diagnostic
reliability improves when Doppler US or laboratory
data are added. In fact, the most accurate sign, i.e., liver
surface irregularity alone, has a 55% sensitivity, while in
association with platelet count this reaches 90%[107,108].
Finally, US is not able to evaluate either the progression
of fibrosis or the more advanced stage of the disease (F3).
Elastography
In the last two decades new diagnostic tools have been
developed which, when supported by ultrasound,
permit the estimation of fibrosis. They are based on the
hypothesis that fibrosis in a given tissue determines a
reduction in elasticity or an increase in stiffness[114-116].
During the course of chronic hepatitis, the liver
becomes more fibrotic and its stiffness therefore increases.
This may be recorded by transient elastometry (TE),
which measures the degree of stiffness using ultrasounds.
TE is therefore the equivalent of palpation, and for this
reason it has been defined “palpation imaging”[114-116].
Two concepts are fundamental for elastography: (1)
the evaluation of strain which deforms the tissue (due to
a force that deforms the tissue) namely static or quasistatic methods, which are defined as strain imaging
techniques; and (2) the speed analysis of a shear wave
induced by a mechanical vibrator or other techniques, is
defined as the shear-wave technique[114].
The stiffer a tissue is, the higher the propagation
speed of US waves will be; their evaluation will allow an
estimation of stiffness.
Strain imaging: In this group, the distortions generated
by compressions created by hand, with a probe, by the
heartbeat or by arterial pulse on adjacent tissues, are
measured.
Strain imaging may measure stiffness as follows: (1)
qualitative: stiffness is given in the gray or colour scale;
this is the method used in real-time elastography (RTE);
and (2) semi-quantitative, based on the ratio strain: two
regions of interest (ROIs) are selected: the surface to
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be examined and the adjacent one, which serves as a
reference. The ratio between the two strains gives a semiquantitative measure.
Shear wave technique: It evaluates the speed of
propagation of a shear wave induced by a mechanical
vibrator or other methods. The greater the hardness of
a tissue, the greater the speed of propagation of the
ultrasonic waves will be and the greater its stiffness. The
propagation speed of the shear wave is expressed in m/s
or Kilopascals (kPa) (using Young’s modulus)[115].
The quantitative measure is more useful in the study
of liver stiffness. The stiffer a tissue is, the greater its
strain.
For liver study there are several elastography
techniques, the best known are: TE and acoustic radiation
force impulse (ARFI).
The proliferation of all these methods complicates
the interpretation of results because they are often not
equivalent; the cut-off of one method, even if expressed
in the same unit of measure is often not comparable with
another[117].
Moreover, all these techniques have some limitations
in common: (1) liver stiffness is not only determined by
the degree of fibrosis, but also by the degree of necrosis
and inflammation and is influenced by cholestasis.
Therefore, stiffness values may be high without being an
expression of fibrosis, i.e., in acute hepatitis, during the
viral flare of chronic hepatitis, biliary tree obstruction
etc.[118-120]; (2) measures are less accurate if there is venous
insufficiency or when they are performed near the
hepatic capsule[120,121], and (3) the reference values of
stiffness may have different cut-offs due to the different
etiologies of liver disease[121].
TE
TE (FibroScan TM® EchoSensTM, Paris, France), uses
an M ultrasound probe (5 MHz) with a dedicated
vibrating system that produces mechanical waves with a
low frequency and amplitude (50 MHz). A mechanical
impulse generates shear waves in the liver which come
back to the transducer mounted on the end of the probe,
which functions as both a generator and receiver; the
shear wave velocity measured (in meters per second) can
then be converted into liver stiffness.
Liver stiffness measurement is proportional to the
speed of propagation and is expressed in kiloPascals
(kPa), in accordance with Young’s modulus. The
result ranges from 2.5 to 75 kPa. The measurement is
performed at a depth below the skin surface of between
2.5 cm and 7.5 cm. The final value obtained is the mean
of ten measurements. The liver sample evaluated is
around 100 times greater than that of a liver biopsy[122].
Besides the liver stiffness value, another two values are
given, i.e., the success rate (SR), which corresponds to
the rate of the number of measurements/total number
of valid results (corresponding to the number of
measurements obtained/number impulses applied) and
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A

B

Figure 2 The stiffness (KPa); the interquartile-range = variability of valid measurements; the Success Rate = Ratio between the number of valid
measurements/number of measurements in total (A and B). The ratio between the speed of propagation of the wave and the elasticity of the liver parenchyma is
represented by the slope of the white line (indicated by the white arrows in the elastogram). In panel A subject with normal value of liver stiffness. In panel B patient
with value of liver stiffness compatible with liver cirrhosis.

the interquartile range (IQR). The test is not reliable if
the SR is less than 60% or the IQR is higher than 30%[122]
(Figure 2A and B).
This tool is the one most frequently applied in
liver diseases, it is easy to use and only a short training
period (50 tests) is necessary. However, it has a high
interobserver variability 0.98 (95%CI: 0.977-0.987),
but when fibrosis is at the lowest stage (minimal) the
intra-observer and inter-observer variability is even
greater[122,124]. The normality threshold in Roulot’s study
was 5.8 ± 1.54 in men and 5.23 ± 1.59 kPa in women[125].
TE has been largely studied for HCV-associated CLD,
but in recent years many studies have estimated stiffness
in HBV-associated liver disease, in co-infected HBV/
HCV patients, as well as in nonalcoholic steatohepatitis
(NASH) and autoimmune cholestatic liver diseases.
In most of these cases TE has been compared to the
METAVIR score scoring system[20]. All these studies
have demonstrated that there is no specific cut-off
to discriminate LC and that it varies according to the
etiology of liver disease.
HCV liver diseases: Most studies have been performed
on HCV liver diseases and different cut-off values have
been used by the various authors to define fibrosis
stages. Recently the European Federation of Societies for
Ultrasound in Medicine and Biology (EFSUMB) issued
guidelines in which values above 6.8-7.6 kPa may indicate
the presence of significant fibrosis (F ≥ 2 according
to METAVIR score) with a high probability, while the
range 11-13.6 kPa may indicate a cirrhotic stage (F = 4
according to METAVIR score) (Figure 2B). All these
studies have shown that TE is able to define the presence
of cirrhosis with a good diagnostic reliability, while it is
less able to define the minor stages of fibrosis. Metaanalyses performed to date have indicated that in HCVassociated CLD sensitivity and specificity in defining a
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stage F ≥ 2 are 78% and 79%, respectively; for an F =
4 stage sensitivity is 83% and specificity 89%[117,124-129].
EASL guidelines indicate that TE can be used to assess
liver ﬁbrosis in patients with chronic hepatitis C (level of
recommendation A2)[130].
HBV liver diseases: In chronic hepatitis B many studies
have indicated that values of 7 kPa parallel an F ≥ 2
stage and 11 kPa an F4, according to the METAVIR
score; a recent meta-analysis at these cut-offs estimated
an Area Under ROC of 0.887 and 0.92, respectively[131-134].
In chronic hepatitis B the frequent ALT flares (the
expression of necro-inflammatory processes) influence
stiffness values independently of fibrosis[122-133]. Further,
in the guidelines for the management of chronic HBV
infection, the EASL advises TE to estimate liver fibrosis
(level of recommendation B1 and C2)[135].
HCV/HIV co-infection: Also in HCV/HIV co-infected
patients the reliability of FibroScan TMTM is good; de
Leidighen reported a sensitivity of 100% and specificity of
83% to define the F4 stage at a cut-off level of 11.8[136,137].
Alcoholic liver diseases: In patients with chronic alcoholic
liver diseases, higher cut-off values indicating cirrhosis
(19.5 kPa) are reported, with a sensitivity and specificity
of 85.7% and 84.2%, respectively. However, it has been
reported recently that stiffness values decrease after
alcohol withdrawal[138,139].
NAFLD/NASH: The studies on NAFLD and NASH
are very interesting. This is the most common liver
disease in the Western world, largely associated to the
metabolic syndrome[6]; progression to LC is frequent[5]
and often there are no signs or symptoms. Due to the
high number of patients suffering from NAFLD, TE
could be an ideal tool to monitor these patients and to
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select candidates for liver biopsy. However, TE is less
reliable in patients with BMI > 30, which is common in
NAFLD patients. In fact, subcutaneous fat increases the
distance between the probe and the liver and does not
allow a correct estimate of liver stiffness[123,140,141]. The
recent introduction of the XL probe should allow a more
accurate study of liver stiffness in patients with a skin-toliver capsule distance > 2.5 cm. A limitation of the XP
probe would be a skin to-liver capsule distance > 3.5 cm,
a thickness corresponding to a BMI > 40[139-144]. Studies
carried out on fibrosis in NASH have reported different
cut-off levels. Wong et al[145], in a study with the highest
number of patients so far performed reported a 91.1%
sensitivity and 75.3% specificity at a cut-off of 7.9 kPa
for a F ≥ 3 and a 92% sensitivity and 91% specificity,
respectively[145] at a cut-off of 10.3 for F4.
In patients with cholestatic liver diseases (PBC and
PSC) higher cut-off levels than for viral LC have been
reported (17.3 kPa)[146].
Portal hypertension: Various studies have been performed
using TE to evaluate its reliability in defining the presence
of portal hypertension and esophageal varices. A wide
range of cut-off levels have been reported to date and
TE cannot therefore be considered reliable in defining
portal hypertension[117].
Recently, a combination of liver stiffness and spleen
diameter (measured using ultrasound) and platelet count
evaluation was proposed to identify patients with portal
hypertension[147].
Transplant patients: TE has also been proposed in
evaluating fibrosis progression in patients with posttransplant recurrent hepatitis C. In fact, an increase in
stiffness values has been associated to an increase in
the stage of liver fibrosis[148]. In the study by Adebajo a
sensitivity and specificity of 83% for significant fibrosis
(F ≥ 2) and a sensitivity of 98% and a specificity of 84%
for cirrhosis (F4), were reported[149].
Assessment of fibrosis during antiviral therapy: Studies
performed to date do not give definitive indications on
its utility, as the reduction in liver stiffness is at least in
part due to the decrease in necro-inflammation[150-153]. The
EASL guidelines do not advise TE in the follow-up of
treated patients[130-135].
A very recent study by D’Ambrosio raises some
doubts on the ability of TE to exclude a diagnosis of
cirrhosis in patients with SVR[153]. In this study, sensitivity
for the diagnosis of cirrhosis in SVR, 61 mo after the end
of treatment, using 12 kPa as a cut-off level, was 61%
(lower than before therapy) while specificity was 95%.
The authors reported that after treatment in patients with
SVR, LC also persisted when fibrosis quantity decreased,
but a nodular architecture associated with annular fibrosis
(cirrhosis sign) remained. A non-invasive tool cannot
estimate this morphometric parameter which is essential
for the diagnosis of cirrhosis, as it only calculates the
quantity of fibrosis and therefore is of little use.
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TE has been shown to be a useful tool in defining LC
(F4), although it is less reliable in defining lower degrees
of fibrosis[117]. In particular settings, recent international
guidelines advise it[130,135]. It is easy to use, reproducible
and well-tolerated by patients. Its disadvantages are that a
dedicated tool is needed, it is inadequate in patients with
ascites or tight intercostal spaces, reliability is limited in
obese and diabetic patients using a standard probe and
its values are influenced by phenomena such as necroinflammation, extra-hepatic cholestasis, venous stasis, etc.
Acoustic radiation force impulse
ARFI is a new ultrasound technique which estimates
tissue stiffness by measuring the shear wave velocity
induced by acoustic radiation, an application of which is
Virtual Touch™ which provides: (1) tissue imaging; and
(2) tissue quantification.
Virtual Touch™ tissue imaging estimates stiffness
in gray-scale, and therefore gives a qualitative measure.
Virtual Touch™ tissue quantification gives a quantitative
measure of stiffness[115].
The greater the stiffness of a tissue (expression of
fibrosis), the higher the speed is. ARFI has the advantage
of offering an elastographic measurement given by an
US machine[115]. The US probe automatically produces a
brief acoustic impulse at around 2.6 MHz in a region of
interest (ROI) of 5 mm × 10 mm in size. Using B-Mode
US, the operator may position the ROI anywhere within
the liver, 2-8-cm down the Glisson’s capsule (Figure 3A
and B). Passing through the tissue the acoustic impulses
generate shear waves spreading perpendicularly to the
impulses and the stiffness value is obtained by measuring
the speed. This technique has been developed by Siemens
on Acuson S2000 and is also available on the Philips
iU22 ultrasound system.
Similarly to FibroScanTM, the patient is examined
supine with the right arm abducted, and the probe is
positioned in the right intercostal space (usually the 5th).
The number of measurements required reported in the
literature varies between 6 and 10[154,155].
A greater diagnostic accuracy in stiffness measurement
has been reported in the right lobe than in the left, above
all in the deeper areas of the right lobe (5th segment),
owing to less manual compression [156]. When used
together with gray-scale US, which allows a choice of
the area to be measured, ARFI may also be performed in
subjects with ascites to assess the stiffness of focal lesions
and of steatosis areas. It may avoid vessels, the gallbladder
or biliary tree which may influence stiffness values; it may
allow a thorough study of the liver by using the various
types of US technology (B-Mode, Doppler, CEUS,
elastography). Measurements have a good inter- and
intra-observer variability both in healthy subjects and in
CLD patients[124,157]. However, they have some limitations
because they are not performed in real time, the ROI
cannot be modified and the ideal range of measurements
to be performed is not yet known[157,158].
As in the case of TE, there are more ARFI studies
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A

B

Figure 3 The region of interest of acoustic radiation force impulse speed is positioned in the right lobe of the liver, with an intercostal scan performed
with the help of ultrasound B-mode (A and B). On the right of the display there is the depth at which the measurement is performed and acoustic radiation force
impulse (ARFI) speed measurement. In panel A subject with normal ARFI speed value (expressed in m/s). In panel B patient with ARFI speed value (expressed in m/s)
compatible with liver cirrhosis.

Table 3 Diagnostic reliability acoustic radiation force impulse for liver fibrosis and optimal cut-offs
Ref.

Patients analyzed
by ARFI (n )

Etiology

74

HCV

1.22

100

71

0.91

1.54

97

100

0.99

1.94

100

98

0.99

81
102
54
70
139
199
93
911

HCV/HBV
HCV
NASH
Mixed
HCV
Mixed
Mixed
HCV

1.37
1.34

69
68

92
93

0.82
0.86

1.63
1.31
1.27
1.41
1.33

59
81
89
71
69

100
70
68
78
80

0.79
0.86
0.89
0.77
0.80

1.45
1.61
1.77
1.67
1.71
1.56
1.69
1.43

84
79
100
75
91
80
73
75

86
95
91
97
86
89
88
81

0.91
0.91
0.97
0.91
0.94
0.88
0.79
0.82

1.75
2.00
1.91
1.87
2.11
1.71
1.81
1.55

82
80
100
81
83
93
100
84

91
95
96
91
86
87
88
76

0.91
0.94
0.98
0.91
0.89
0.93
0.92
0.84

FierbinteanuBraticevici et al[159]
Friedrich-Rust et al[160]
Lupsor et al[161]
Yoneda et al[162]
Piscaglia et al[156]
Rizzo et al[163]
Sporea et al[164]
Sporea et al[154]
Sporea et al[165]

F≥2

F≥3

F=4

Cut-off Se% Sp% AUROC Cut-off Se% Sp% AUROC
m/s
m/s

Cut-off Se% Sp% AUROC
m/s

Se: Sensitivity; Sp: Specificity; AUROC: Area Under Receiver Operating Characteristic; F: METAVIR fibrosis stage; ARFI: Acoustic radiation force impulse;
HCV: Hepatitis C virus; HBV: Hepatitis B virus; NASH: Nonalcoholic steatohepatitis.

Table 4 Results of two meta-analyses on the reliability of acoustic radiation force impulse and optimal cut-offs
Studies (n ) Etiology

Ref.

Friedrich-Rust et al[166]
Nierhoff et al[167]

8
36

Mixed
Mixed

F≥2

F≥3

F=4

Cut-off
m/s

Se%

Sp%

ROC
curve

Cut-off
m/s

Se%

Sp%

ROC
curve

Cut-off
m/s

Se%

Sp%

ROC
curve

1.34
1.35

79
-

85
-

0.872
0.841

1.55
1.61

86
-

86
-

0.912
0.891

1.80
1.87

92
-

86
-

0.932
0.911

1

SROC: Area under the Summary Receiver Operating Characteristic; 2AUROC: Area Under Receiver Operating Characteristic. F: METAVIR fibrosis stage.

on patients with HCV-associated liver disease, although
more recently studies on NAFLD or HBV-associated
liver disease have also been carried out[154,156,159-167]. Table
3 reports the cut-offs and diagnostic reliability for liver
fibrosis at the various stages according to the METAVIR
score.
Table 4 reports the results of two meta-analyses; in
8 studies Friedrich found that the best cut-offs for the
diagnosis of fibrosis were: significant (F ≥ 2), 1.34 m/s;
severe (F ≥ 3) 1.55 m/s; cirrhosis (F ≥ 4) 1.8 m/s; he
concluded that ARFI is a good tool for the diagnosis of
significant fibrosis and excellent for severe fibrosis[166].
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More recently, Nierhoff et al [167], analysing a greater
number of studies, confirmed the diagnostic reliability
data for significant and severe fibrosis and cirrhosis with
similar cut-off values to those of the previous metaanalyses.
Table 5 reports the sensitivity, specificity and AUROC
at various cut-offs of ARFI and TE in the diagnosis of
fibrosis according to the METAVIR score[160-165,168]. The
results are not unequivocal: according to some studies
ARFI and TE have a similar accuracy in the diagnosis
of F ≥ 3 and F ≥ 4, and FibroScanTM should be more
reliable in the earlier stages[162-164], while according to
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Table 5 Diagnostic reliability between acoustic radiation force impulse and transient elastography and optimal cut-offs
Ref.

Etiology

Transient elastography
F≥2

F≥3

ARFI
F=4

F≥2

F≥3

AUROC Cu-off AUROC Cut-off AUROC Cut-off AUROC Cut-off AUROC
kPa
kPa
kPa
m/s
Friedrich-Rust et al[160]
Lupsor et al[161]
Yoneda et al[162]
Rizzo et al[163]
Sporea et al[164]
Sporea et al[165]
Bota et al[168]

HCV
HCV
NASH
HCV
Mixed
HCV
Mixed

0.84
0.96
0.78
0.91
0.82
0.871

8.1
6.5

0.91
0.96
0.99
0.80

0.6
9.9
8.8

6.7
-

0.87
-

9.6
-

0.910
0.97
0.998
0.8
0.99
0.93
0.931

13.1
16.0
11.0
11.9
-

0.82
0.86

1.37
1.34

0.86
0.77
0.81
0.851

1.3
1.41
1.36
1.31

0.91
0.90
0.97
0.94
0.79
0.86
-

F=4

Cut-off
m/s

AUROC

Cut-off
m/s

1.45
1.61
1.77
1.70
1.69
1.47
-

0.91
0.94
0.97
0.89
0.92
0.885
0.931

1.75
2.00
1.99
2.00
1.81
1.69
1.80

1

SROC: Area under the Summary Receiver Operating Characteristic, Meta-analysis. Se: Sensitivity; Sp: Specificity; AUROC: Area Under Receiver Operating
Characteristic; F: METAVIR fibrosis score; ARFI: Acoustic radiation force impulse; HCV: Hepatitis C virus; NASH: Nonalcoholic steatohepatitis.

others ARFI should have a greater accuracy[163]. In a
recent meta-analysis comparing ARFI and FibroScanTM,
Bota reported a similar performance, suggesting that the
accuracy of the two tools is similar for the diagnosis of
severe fibrosis[169].
When compared with the FibroScan TM M Probe,
ARFI had a better reliability in obese patients; however,
the introduction of the new XL probe will probably
reduce this gap.
ARFI and transaminases: ARFI values are also influenced
by necro-inflammatory activity, albeit to a lesser extent
than in TE. In patients with normal ALT, ARFI values
are significantly lower than in patients with increased
ALT values[169].
In conclusion, all these studies show that ARFI, as
well as TE, are able to diagnose severe fibrosis (F ≥ 3) or
cirrhosis (F ≥ 4) with a higher accuracy, while for lower
levels of fibrosis reliability is reduced, due to the data
overlap.
Portal hypertension: To date, there are no results giving
precise information on the ability of this tool to predict
portal hypertension[170].
Magnetic resonance elastography
MRE is similar to ultrasound elastography, it uses a
vibration device to induce a shear wave in the liver. The
system consists of an active driver, located outside the
magnet room, which generates continuous low frequency
vibrations (60 MHz), lower than TE. These vibrations are
transmitted to a drum-like passive driver. The trasducer is
positioned in the right hypochondrium (or last posterior
ribs). The acoustic vibrations, which then transmits into
the body, produce shear wave motion within the liver.
The shear wave propagation within the liver together with
a modified phase-contrast MR sequence, and processing
the wave images with an inversion algorithm obtain a
quantitative image of shear stiffness (elastogram)[171].
Advantages of MRE includes: (1) It can be used in
obese or ascites patients; (2) It is not limited by narrow
intercostal space; and (3) It has a higher sensitivity than
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the elastographic methods in defining mild fibrosis and it
has a better reproducibility.
Recently, Guo et al[172] has reported AUROC for MRE
staging fibrosis of 0.94, 0.97, 0.96, and 0.97 for F1-F4,
respectively, whereas AUROC for ARFI staging of 0.82,
0.85, 0.94, and 0.94 for F1-F4, respectively. Huwart et
al[173] found that MRE has a better diagnostic accuracy
than ultrasound elastography for staging liver fibrosis.
In MRE different cut-offs of cirrhosis have been
reported. Venkatesh proposes 4.13 kPa as cut-off for
LC, while values between 2.84 and 2.93 would be able to
distinguish a normal liver from a fibrotic one[174].
Moreover, Loomba has reported, in liver steatosis of
very obese patients (BMI: 50.07 ± 13.4), AUROC values
for MRE, discriminating advanced fibrosis from mild
fibrosis, of 0.924; a threshold greater than 3.63 kPa had a
sensitivity of 0.86, specificity of 0.91, PPV of 0.68, and
NPV of 0.97[175].
Combining non-invasive methods to diagnose LC
To improve the diagnostic accuracy of the individual noninvasive methods described above, recent data from the
literature have proposed their combined use. For example,
a recent paper evaluated and compared the ability of
serum hyaluronic acid and YKL-40 values, as well as TE
findings, to predict advanced hepatic fibrosis in a cohort
from a single pediatric center. It concluded that YKL-40
had no predictive value and TE was superior to HA, but
the addition of HA did not improve the performance of
TE[176]. In another study fibrosis staging and biochemical
data to calculate APRI, FIB-4, and AST/ALT-ratio (AAR)
were analyzed. Logistic regression was performed to
investigate whether biochemical scores were significant
predictors of advanced fibrosis independent of TE.
The authors concluded that the combination of TE and
FIB-4 was useful in the prediction of advanced fibrosis,
even if the effect of this combination was marginal when
only asymptomatic patients were included[177].
In 2005, Castéra et al[178] prospectively assessed the
performance of FibroScanTM in patients with chronic
hepatitis C combined with Fibrotest and APRI in
predicting the stage of liver fibrosis. The authors found
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that the best performance was obtained by combining
the FibroScan TM and Fibrotest, with areas under the
ROC curve of 0.88 for F > 2, 0.95 for F > 3, and 0.95
for F = 4. When the FibroScanTM and Fibrotest results
agreed, liver biopsy examination confirmed them in
84% of cases for F > 2, 95% for F > 3, and 94% for
F = 4. Their conclusion was that the combined use of
FibroScanTM and Fibrotest to evaluate liver fibrosis could
avoid a biopsy procedure in most patients with chronic
hepatitis C. Previous studies, however, did not find any
improvement in the accuracy of predicting cirrhosis
when TE and other serum markers (in particular platelet
count and procollagen Ⅲ N-terminal peptide) were
combined[179].
Highlights
Apart from the methods here described, in recent years
new elastographic methods are emerging for the study
of liver fibrosis: the Supersonic Shear Imaging[180], also
named ShearWave™ elastography, which is based on
the measurement of the velocity of a local shear wave
through soft tissues and a recently proposed method in
China, the Fibrotouch®.

3
4

5
6

7

8

9

CONCLUSION
During the progression of CLD evaluating liver
fibrosis is of paramount importance. Liver biopsy
cannot be performed in all patients for the series of
reasons mentioned above. Consequently, in the last few
years other non-invasive serological tests and imaging
techniques have been proposed as reliable indicators of
fibrosis.
From the literature data it is evident that no single
non-invasive test can substitute liver biopsy in any phase
of fibrosis progression. However, it can now be affirmed
that both serological tests and imaging techniques are
quite reliable for diagnosing LC as well as for excluding
the presence of fibrosis. In contrast, in the intermediate
stages their reliability is limited.
Sequential flow charts, using serological tests and
imaging techniques, could be used to help improve
diagnostic reliability.
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Abstract
Colorectal cancer (CRC) is a very common malignancy
in the Western World and despite advances in surgery,
chemotherapy and screening, it is still the second
leading cause of cancer deaths in this part of the
world. Numerous factors are found important in the
development of CRC including colonocyte metbolism,
high risk luminal environment, inflammation, as well
as lifestyle factors such as diet, tobacco, and alchohol
consumption. In recent years focus has turned towards
the genetics and molecular biology of CRC and several
interesting and promising correlations and pathways
have been discovered. The major genetic pathways
of CRC are the Chromosome Instability Pathway
representing the pathway of sporadic CRC through the
K-ras, APC, and P53 mutations, and the Microsatellite
Instability Pathway representing the pathway of
hereditary non-polyposis colon cancer through
mutations in mismatch repair genes. To identify early
cancers, screening programs have been initiated, and
the leading strategy has been the use of faecal occult
blood testing followed by colonoscopy in positive cases.
Regarding the treatment of colorectal cancer, significant
advances have been made in the recent decade. The
molecular targets of CRC include at least two important
cell surface receptors: the epidermal growth factor
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receptor and the vascular endothelial growth factor
receptor. The genetic and molecular knowledge of CRC
has widen the scientific and clinical perspectives of
diagnosing and treatment. However, despite significant
advances in the understanding and treatment of CRC,
results from targeted therapy are still not convincing.
Future studies will determine the role for this new
treatment modality.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Over the last years the treatment of colorectal
cancer has become increasingly dependent on individual
patient profiling with regard to both microbiology
and genetics. Apart from lifestyle factors and age,
genetic predisposition, inflammation and impact of the
microbiome appear to be important contributors to
malignant transformation in the colon. The review gives
an update on colorectal carcinogenesis.
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http://www.wjgnet.com/1007-9327/full/v20/i48/18151.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i48.18151

INTRODUCTION
Colorectal cancer (CRC) is a common malignancy
especially in Western Europe, North America, Australia
and New Zealand. Despite advances in surger y,
chemotherapy and screening, it is still the second
leading cause of cancer deaths in these affluent parts
of the world[1]. Numerous epidemiological data from
around the world show major geographical variation
with significantly higher risk in affluent societies and
prospective cohort data have linked dietary habits and
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lifestyle factors to CRC[2].
As opposed to dietary and environmental mutagens,
the contribution of immune-mediated mechanisms and
inflammation is not completely clear, but a connection
between inflammation and carcinogenesis has been
established [3] . Strong evidence show that immune
cells, cytokines, and other immune mediators as well
as disturbance of the host/microbiome mutualism
play important roles in virtually all steps of colon
tumorigenesis, including initiation, promotion,
progression and metastasis[3,4]. Indeed, carcinogenesis may
be initiated by bacteria with pro-carcinogenic featuressocalled bacterial drivers[4], but other unknown pathogens
like bovine viruses may also be involved[5].
There is an increasing interest among clinicians to
understand risk factors, genetics and molecular biology
of CRC. Treatment is becoming increasingly tailored to
each patient according to the molecular biology, receptor
status, and genetic phenotype of the tumour[6]. Moreover,
differential follow-up programmes and genetic counseling
of families with hereditary CRC and sporadic CRC is
increasingly practiced.
Until recently, the molecular biology and genetics were
purely scientific fields for researchers, microbiologists and
geneticists. When treating CRC, clinicians today must be
aquainted with the predominant hypotheses of colorectal
carcinogenesis and dietary/environmental risk factors.
Furthermore, patients are often involved in decisionmaking regarding treatment and genetic counselling
and require increasing amounts of information and
explanation and therefore, a basic knowledge on the
subject is important for every clinician working with
these patients.
This article provides an update on recent data on
molecular genetics and molecular biology such as
microbiome/host interaction, inflammation, chromosome
instability (CIS), microsatellite instability (MIS), mismatch
repair (MMR), and implications of mutations in Kras,
epidermal growth factor receptor (EGFR), and vascular
endothelial growth factor receptor (VEGFR).

NORMAL COLONOCYTE METABOLISM
AND TURNOVER
The normal function of the colon is fermentation of
undigested food remnants such as starch and protein
in order to extract energy from otherwise indigestible
carbohydrates, production of vitamins, to absorb
water and electrolytes and to transport waste products
(feces) to the rectum for excretion/defecation[7,8]. Food
remnants, intestinal secretions, digestive juices and
exfolated intestinal cells are metabolised by the bacteria
(microbiome) in the colon[9].
In the bottom of each colonic crypt, 4-6 stemcells
give rise to the enormous amount of colonocytes and
host the potential of accumulating genetic and epigenetic
changes [10] . As a result of the ongoing and rapid
proliferation, the colonocytes move from the lower parts
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of the crypts up towards the colonic lumen at a speed of
approximately 1 cell position per hour. When colonocytes
reach the luminal surface they are exfoliated. Thus, a
crypt is fully renewed in 2-8 d. The total proliferation rate
is 3-10 billion colonocytes per day[11,12]. This makes the
colonic mucosa the organ with the highest proliferation
rate of all organs in mammals. The rapid replication of
cells require a readily available supply of nutrients for
tissue synthesis and the process is very responsive to
dietary changes[13].
The colon hosts a major part of the human
microbiome consisting of approximately 0.5-1 kilo of
bacteria of thousands of different and mostly anaerobic
strains[4]. The number of bacteria in the microbiome
is approximately 10 times the number of cells in the
entire body and has an overwhelming impact on human
health[14,15].
It has become increasingly appreciated that the
microbiome makes up an important part of an organism’
s phenotype far beyond the context of disease[4,16-18].
Both diet and environment can impact on function and
composition of the gut microbiome[19] and later in life
the microbiome is typically characterized by a reduced
biodiversity with an increased abundance of opportunistic
facultative anaerobes, and a decreased abundance of
species with anti-inflammatory properties[4]. The agerelated proliferation of opportunistic bacteria could
contribute to an environment predisposing for diseases
known to increase with age, such as colorectal cancer[20,21].
Moreover, changes in the number, diversity and stability
of commensal bacteria (dysbiosis), especially in the
Clostridia group, also can alter normal physiological
processes and lead to diseases including cancer[4,22].
Fer mentation of dietar y fibres results in the
production of short chain fatty acids (SCFA) with
the primary being butyrate, acetate, and propionate.
Under optimal conditions SCFA are the main and
preferred source of energy for colonocytes. At optimal
conditions the SCFA supply 90% of the energy for
colonocytes. Butyrate plays a pivotal role in maintaining
normal colonic function and preventing disease and
more importantly has an anti-proliferative activity and
induces apoptosis of CRC cells in vitro[23,24]. Fermentation
predominates in the right colon where SCFA levels are
highest. In the distal parts of the colon the SCFA levels
fall and pH rises, which could explain the higher CRC
risk in the distal colon[23]. Taken together, a diet high in
fermentable fibre and low in total energy and protein is
considered a low-risk diet in relation to CRC. A low-fat
diet and energy restriction also lowers the abundance of
opportunistic pro-inflammatory pathogens, which could
represent CRC bacterial drivers.

HIGH RISK LUMINAL ENVIRONMENT
Nitrogen/ammonia
Undigested remnants of dietary protein and other
nitrogenous compounds such as shed epithelial cells

18152

December 28, 2014|Volume 20|Issue 48|

Raskov H et al . Colorectal carcinogenesis

undergo bacterial degradation/fermentation producing
ammonia, phenols and hydrogen sulfide. Furthermore,
nitrate and nitrite are found in processed meat[22]. The
presence of these chemical compounds in the colon
has been shown to cause inflammation and mucosal
damage. Free ammonia is considered the most toxic of
these substances. It is easily absorbed by colonocytes and
induces inflammation, increases proliferation rate and
raises the intraluminal pH, which again affects colonocyte
function and oxygen levels in the mucosa[25-28].
Possible mechanisms
The presence of nitrogen facilitates the formaton of
N-nitroso compounds (NOC). They are formed in
the colon primarily by nitrosation of nitrosamines and
amides by bacterial decarboxylation of amino acids in
the presence of a nitrosating agent. NOC form DNAadducts (chemicals binding to the DNA), which can
cause mutations in key oncogenes and tumor suppressor
genes[29,30].
Bile acids
Secondary bile acids (SBA) such as deoxycholic acid and
lithocholic acid have been linked to increased CRC risk,
but so far the evidence that SBA are involved in colonic
carcinogenesis is largely circumstantial. SBA are formed
after enzymatic deconjugation and dehydroxylation
of primary bile acids in the large bowel by anaerobic
bacteria. The concentrations of SBA are doubled in the
colonic contents of humans in response to a high animal
fat diet [31]. In populations with high CRC incidence,
fecal concentrations of SBA are increased and SBA may
therefore play a role in CRC initiation[32-35].
Possible mechanisms
Epithelial cell kinetics show that SBA alter cell
proliferative activity in the colonic mucosa by increasing
the number of DNA synthesizing cells end expanding
the proliferative compartment of the colonic crypt
up to the middle third. The increased proliferation
rate may increase the risk of mutation and malignant
transformation. Exposure of colonocytes to high
physiologic concentrations of SBA induces formation
of reactive free oxygen radicals[36], which causes oxidative
damage and mitotic aberrations that could lead to DNA
changes and genome instability[37,38].

DIET AND CRC
It is proven beyond reasonable doubt that diet plays an
important roles in the development of CRC, and it is
equally accepted that the malignant transformation of
colonocytes is a reaction to a constant or prolonged
exposure to carcinogens in the colon. Luminal events
in the colon together with environmental exposure and
genetics interact to create adenomas and carcinomas[25,39].
Diets rich in meat, fat and calories pose a challenge
for colonocytes to survive. Total energy intake and
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exposure to carcinogens through smoking and alcohol
consumption represent major risk factors. Mucosal
cells/colonocytes adapt rapidly to changes in diet and
in this process they accumulate epigenetic and genetic
changes often resulting in genome instability which
is a prerequisite for cancer formation. If hereditary
disposition in terms of mutations in key genes controlling
cell cycle and replication (gatekeeper/caretaker genes)
already exists, genome instability will catapult the process
into tumorigenesis[40].
Meat consumption increases the risk of CRC. This
is the convincing evidence-based conclusion from
numerous cohort studies. Both red meat and processed
meat increase CRC risk by approximately 10% with
each 30 g of meat consumed per day. Numerous cohort
studies and meta-analyses of more than 20000 cases of
CRC show increased risk of CRC of 21%-28% with
high intake of red and processed meat[25,41-43]. The 2007
SER (second expert report) meta-analysis on food and
prevention of cancer showed a 37% increase in risk of
CRC on a diet with more than 100 g meat/d[44].
Much like with nitrogen/ammonia, undigested
dietary protein undergo bacterial degradation and
fermentation[23], which subsequently lead to formation
of NOC and thereby mutations in key oncogenes and
tumour suppressor genes[30]. The cooking preparation
of meat results in formation of carcinogens such as
NOC, heterocyclic amines and polycyclic aromatic
hydrocarbons, and the contents of these compounds in
the fecal matter are linked to inflammation and mucosal
damage[45,46].
A high intake of dietary fibre, in particular cereal
fibre and whole grains is associated with a reduced risk
of colorectal cancer[47]. Dietary fiber is the indigestible
portion of food derived from plants and although a
universally accepted definition for dietary fiber does
not exist, it is generally agreed that the term means
complex carbohydrates that are not digested in the upper
part of the gastrointestinal tract. These carbohydrates
are basically different from the readily digestible
glycemic carbohydrates such as sugars and starches[48,49].
United States and United Kingdom health authorities
recommend that adults consume 20-35 g of dietary
fiber per day, but the average daily intake among the
population in the Western World is only 12-18 g[25].
When fiber reaches the colon, the result is a partial or
a total fermentation leading to the production of short
chain fatty acids and gas, which affects gastrointestinal
function. Short chain fatty acids reduce the intraluminal
pH securing optimal conditions for colonocytes and
decreasing the conversion of bile acids to secondary bile
acids[22]. Dietary fibres increase bulking by stimulating
growth of normal gut flora [50], and reduce the time
and concentration of carcinogens in contact with the
bowel wall[49]. The unwanted side effect of fiber is the
production of gas, which may cause abdominal pain,
bloating, and flatulence[51].
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Animal fats
Overall, there are limited epidemiological data linking
animal fats to CRC. Nine cohort studies were evaluated
by The World Cancer Research Fund and The American
Institute for Cancer Research in The Continous Update
Report in 2011[25]. A trend towards an increased risk could
be demonstrated although statistical significance was
not reached, which makes the evidence circumstantial[25].
Nonetheless, a high-fat diet impacts the microbiome in
a way that favours the expansion of pro-inflammatory
microorganisms, which may link high-fat diet to intestinal
inflammation and other diseases[4,52].
Possible mechanisms
High intake of animal fats results in increased volume
of bile acids in the colon. Bile acids undergo bacterial
degradation and metabolisation in the colon resulting in
formation of secondary bile acids such as deoxycholic
acid and lithocholic acid, which have been shown to be
carcinogenic in experimental settings[36].

TOBACCO AND CRC
Tobacco smoking not only increases the risk of cancer in
the lungs, but also in organs such as the kidney, bladder,
cervix, lower urinary tract, pancreas and the colorectum.
Recent data show that cigarette smoking doubles the risk
of colorectal adenomas[53]. The adjusted (relative) risk of
CRC increases 25% after 10 pack-years of smoking and
peaks at approximately 40% after 30 pack-years (1 packyear = 1 pack of cigarettes per day for 1 year). There
is a linear increase in the risk of CRC with smoking
consumption, which is considered to be responsible for
12% of CRC cases[54].
Possible mechanisms
The carcinogenic chemical compounds of tobacco
smoke such as acetaldehyd, benz-pyrenes, aromatic
amines and N-nitrosamines form DNA adducts binding
to DNA molecules and disrupting normal gene function
and replication[55].

ALCOHOL AND CRC
Alcohol comsumption is responsible for 6% of all deaths
in the western world and is a significant risk factor for
many cancers. Approximately 10% of all cancers in
men and 3% of cancers in women are considered to be
attributable to alcohol use[56]. Epidemiological studies
have found that alcohol increases the risk of CRC, where
10 g/d increases the risk by 10% and 100 g/wk increases
the risk by 18% [57]. A pooled analysis of 4600 CRC
cases among 475000 individuals followed for 6-16 years
showed a 41% increased risk of CRC among those with
the highest alcohol consumption[25,58].
Possible mechanisms
Aceetaldehyde is the primary metabolite of alcohol and
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has been shown to damage DNA and interfere with
cell proliferation and may therefore be involved in the
pathogenesis. Furthermore, alcohol and acetaldehyde
may act as carrieres of other carcinogens[59].
Total energy intake
A recent comprehensive report from the World Cancer
Research Fund and the American Institute for Cancer
Research concluded that total energy intake has no
simple relationship with the risk of developing CRC,
but its effect may be dependent on other factors, such as
physical activity. Risk calculations were inconsistent for
carbohydrates, cholesterol and proteins. However, if a
major source of energy was red meat or processed meat,
there was a direct increased association[25,41-44,60].
Another recent study in 1760 CRC cases and 2481
controls found a direct association between total energy
intake and the risk of developing CRC. However, when
examining the individual food components, there was no
evidence of any substantial effect of the intake of total
fat, saturated fatty acids, mono-unsaturated fatty acids,
polyunsaturated fatty acids, or cholesterol on the risk of
developing CRC[61].
Conclusion
Convincing data show that meat, alcohol and tobacco
increase the risk of CRC and dietary fibre may reduce
this risk. A diet high in protein from red and processed
meat, high in total energy and low in fibre is considered
a high risk diet resulting in a high intraluminal pH, high
ammonia levels and low SCFA levels all contributing to
a environment facilitating the development of neoplastic
cells.
Inflammation and crc risk
The connection between inflammation and tumorigenesis
is well established and exemplified by the higher risk of
CRC in patients with inflammatory bowel disease[62,63].
In the last decade evidence has emerged from genetic,
pharmacological, and epidemiological data that immune
cells, cytokines, and other immune mediators as well
as dysbiosis of the microbiome play important roles
in virtually all steps of colon tumorigenesis, including
initiation, promotion, progression and metastasis[3,4].
The process of human aging has an impact on the gut
microbiome. The aged-type gut microbiome is typically
characterized by a reduced biodiversity, an increased
abundance of opportunistic facultative anaerobes, and a
decreased abundance of species with anti-inflammatory
properties[4]. Aging itself involves chronic immune and
inflammatory disturbances causing a decline in immune
system functionality giving rise to a chronic inflammatory
status (called “inflamm-aging”), which characterizes the
entire organism[63,64]. At the level of the gut, inflammaging could be responsible for an increased stimulation
of the inflammatory response, allowing opportunistic
pathogens to thrive at the expense of symbiotic
microorganisms[65,66]. The age-related proliferation of
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opportunistic bacteria could both contribute to and be
nurtured by inflammation, in a sort of self-sustaining
loop, possibly creating an environment for age-related
diseases, such as CRC[67].
Inflammation may also represent a possible molecular
link between host immune response, intestinal microbiome
and genetic events in the development of CRC.
Additionally, inflammation has been shown to increase the
amount of toxic E. coli strains and facilitate their adhesion
to the colonic epithelium[66] and several potential “bacterial
drivers” have been identified[4]. When irritants such as
NOC and fatty acids in the fecal contents get in contact with
the colonic mucosa, inflammation is initiated. Usually the
inflammatory response is precisely timed, but abberations
in the apoptosis and phagocytosis of inflammatory cells
may lead to chronic inflammation and tissue damage.
Increased proliferation is mediated by prostaglandins and
cytokines, which again are the result of an accelerated
arachidonic acid metabolism. Cytokines and inflammatory
cells may even protect transformed cells from the host
immune response and facilitate angiogenesis[27].
Arachidonic acid metabolism
Arachidonic acid (AA) is an essential fatty acid and
a major constituent of biomembranes. It is released
from cellular membranes by enzymatic activity of
phospholipase A2 and converted into various lipid
mediators that exert many physiological actions [68,69].
The AA metabolism is one of the major inflammatory
pathways triggered by direct contact between the
bowel wall and fecal water irritants, pro-inflammatory
microorganisms and luminal carcinogens. The most
important enzymes converting AA into pro-inflammatory
cytokines are the cyclooxygenase enzymes (COX) and
especially the inducible cyclooxygenase-2 enzyme COX2.
The major end-product of AA is the prostaglandin E2
(PGE2), which induces proliferation, suppresses the
immune system, and stimulates angiogenesis by inducing
production of vascular endothelial growth factor
(VEGF) and fibroblast growth factor[70]. Lipid mediators
derived from AA metabolism, particularly PGE2, are
associated with various diseases including CRC, mainly
based on the fact that COX inhibitors are effective
chemopreventives[71].
Aspirin, which is the only non-selective and
irreversible COX-inhibitor is effective in CRC prevention
and may reduce lifetime risk of CRC by 25%-50%[72,73].
Apart from inflammation, the COX2 activity is
upregulated during CRC carcinogenesis from epigenetic
and genetic events in neoplastic cells. Mutation of the
important “gatekeeper” gene APC (see later) results in
increased COX2 activity and human CRC cells generally
have increased COX activity and PGE2 levels[74].

GENETICS AND CRC
During the last decades the genetics and molecular
biology of CRC have been mapped in great detail. The
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traditional model of the adenoma-carcinoma pathway is
very attractive because it relatively uncomplicated explains
the growth of several solid cancers, but alternative
pathways have been identified, and the natural history
of CRC development is constantly refined. Especially
bacterial drivers in the microbiome and intraluminal
events are subjects for intense research [75,76] . The
prevailing view is still to look at CRC development as a
multistep carcinogenesis arising as a result of multiple
mutations in growth promoting oncogenes and growth
limiting tumour suppressor genes which in turn cause
numerous changes in mitogenous signalling pathways and
enzymes (up- and down-stream effects)[77,78].
In the normal mucosa there is a constant proliferation
rate as a result of an equilibrium between naturally
occuring and normally functioning oncogenes (called
proto-oncogenes or wild-type oncogenes) that increase
proliferation and tumour suppressor genes that decrease
proliferation. The functional DNA sequences of genes
(exons) are regulated by changes in methylation and
down-stream signalling proteins from surface receptors
binding to socalled silencer and enhancer binding sites
in the DNA thereby regulating transcription[79]. In this
fashion, gene expression can change without changing
the DNA sequence itself (epigenetic effect).
Proliferation studies have shown that the rapid
turnover and immense number of mitoses in the colon
results in tens of thousands of mutations in the normal
colonic mucosa per day [80]. Very efficient genomic
repair systems (called caretakers) such as the mismatch
repair system (MMR), the base excision repair system
(BER), the nucleotide excision repair system, and the
double strand break repair system continuously scan the
genome for replication errors and mutations and in many
instances also repair the genome. In the colon, the BER
alone accounts for more than 10000 repairs per day[81].
If mutations are too large or extensive to repair, the
cell is directed to apoptosis (suicide or programmed cell
death) through a complex signal pathway shutting down
mitochondrial function[82].
When DNA repair systems identify replication errors
the cell needs time to make the repair and the cell cycle
it put on stand by. The G1 repair phase is prolonged
by tumorsupressor genes, among which the p53 is one
of the most important. The p53 tumour supressor
gene is also called “the guardian of the genome”[83,84].
Nevertheless, genomic repair systems are not perfect and
from time to time mutations slip through the control
systems. This is the basis for evolution, and without this
imperfection evolution would stop.
The development of cancer usually requires a long
exposure to carcinogens and accumulation of several
mutations in key oncogenes and tumour suppressor
genes. This may take decades unless the patient already
inherited mutations. If a mutated gene is inherited (a
germline mutation) cancer often occurs earlier in life.
A normal gene consists of two identical alleles. In
the case of tumour suppressor genes, both alleles must
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mutate or be silenced to knock out the function of the
gene. An oncogene only need one hit to accelerate gene
function. In sporadic CRC, it normally takes several
decades to acquire two hits on the two loci on one of
the key tumour suppressor genes. With one inherited
mutation you only need to acquire one hit to knock
out the gene[85]. The two major well-established genetic
pathways to CRC are: (1) CIS (chromosome instability
pathway) representing/characterising sporadic CRC; and
(2) MSI (Microsatellite Instability Pathway) mainly being
the pathway of hereditary non-polyposis colon cancer
(HNPCC).
In the following, we will take a closer look at the
most significant mutations leading to the vast majority of
both sporadic CRC and the hereditary syndromes such
as Hereditary Non-Polyposis Colon Cancer (HNPCC),
Familial Adenomatous Polyposis (FAP) and MYHAssociated Polyposis (MAP).
CIS
The CIS pathway is the traditional adenoma-carcinoma
pathway that was first described in 1990 [86] . This
pathway is characterised by accumulation of mutations
in key genes controlling the cell cycle, intercellular
communication and apoptosis. As many as 85% of CRC
cases develop through this pathway[87]. Some of the
important “need-to-know” genes and mutations in the
CIS pathway are the K-ras, APC, and P53.
K-ras mutation
The K-ras gene is an oncogene, with its natural form as
a proto-oncogene or wild-type oncogene. It is a short
gene sequence susceptible to point mutations and a single
amino acid substitution in a nucleotide can cause an
activating mutation. The mutation is found in 30%-50%
of CRC and provides the colonocytes with a growth
advantage as guanosine triphosphatase (GTP) activity is
lost with mutation. This increases levels of GTP results
in a constant signalling through the downstream pathway.
The K-ras gene product (K-ras protein) is responsible for
transduction of mitogenic signals from the EGFR on the
cell surface to the cell nucleus[88].
A primary K-ras mutation generally leads to a selflimiting hyperplastic or borderline lesion and may be
implicated in the serrated pathway[89,90] through which
serrated adenomas and carcinomas also may develop.
Alone, the K-ras mutation is not sufficient or necessary
to drive the malignant transformation, which needs
additional “drivers”[91]. K-ras mutations are frequently
found in up to 95% of early dysplasia including aperant
crypt foci (ACF) and also in hyperplastic polyps[92-94]. The
sequence in which the K-ras mutation occurs in relation
to the APC mutation (see later) is important. If a K-ras
mutation occurs after an APC mutation the dysplastic
lesion often progresses to cancer[95,96].
Because of the key role in EGFR signalling, the
presence of a K-ras mutation predicts a very poor
response to specific antibody (monoclonal antibodies)
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treatment with EGFR inhibitors such as panitumumab
and cetuximab[97].
BRAF/V600E mutation
BRAF is another downstream effector molecule of
the KRAS pathway: BRAF wild type CRC are typically
microsatellite stable tumors displaying CIS. Various
studies show that BRAF mutations (also known as
V600E) appear to be a valid indicator of poor prognosis
in CIS/microsatellite stable CRC. BRAF mutation in MSI
CRC have a better prognosis[98,99].
Adenomatous polyposis coli mutation
The APC (adenomatous polyposis coli) gene is
an important tumour suppressor gene in the CRC
carcinogenesis. It is also called “the gatekeeper gene”
because this mutation is considered to be the gate to
malignant transformation[100]. Without the APC mutation
the adenoma-carcinoma pathway is unlikely to take
place[101,102].
The APC gene has several functions with regard to
intercellular communication, cell orientation, transcription
and proliferation. The main function is regulation of the
Wnt-signalling pathway (wingless/integration1) by its
interaction with the protein beta-catenin (see later)[103].
The APC gene is large and contains 15 exons, and
therefore is a prime target for mutagenesis. The mutation
and subsequent silencing of the gene is found in the
stem cells at the bottom of the crypt rather than in the
epithelial cells[104].
The APC mutation is found in both sporadic CRC
and the hereditary FAP (familial adenomatous polyposis)
disease. Individuals with FAP carry an inherited mutation
in one APC allele and the second hit in the other allele
usually inactivates the gene within the first 30 years of
life, resulting in hundreds to thousands of adenomas and
subsequent carcinomas. Total colectomy is considered
necessary to prevent formation of CRC[3]. In FAP, the
APC gene on chromesome 5 is mutated by deletion in
its main coding exon 15. If mutations occur towards
either ends of the gene, the result is a milder form of the
syndrome (called attenuated FAP)[102].
The APC mutation is seldomly found in precursors
of adenomas (aberrant crypt foci or ACFs) but occur
increasingly with adenoma formation and is found in as
many as 80% of adenomas and carcinomas supporting
the concept, that the APC and Wnt-pathway are
important in early stages of sporadic CRC[105,106].
The gene product, the APC protein, secures the
function of some very important junctions between
colonocytes, the cadherins (calcium dependant adherins)
through which much of the intercellular communication
takes place. To maintain proper function of the cadherins,
the APC protein must bind to the cytoplasmic domain of
the cadherin molecule together with two other molecules,
beta-catenin and GSK3-β. The binding of these three
proteins to the cadherin domain secures normal function
of the junctions [107]. Moreover, the binding of beta-
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catenin to the cadherin complex secures low levels of free
beta-catenin in the cytoplasm. This is important as betacatenin otherwise will translocate into the nucleus and
upregulate signalling through the Wnt-pathway, which
accelerates proliferation, and impairs differentiation
and apoptosis. Also the loss of functional APC may
interfere with normal mitosis as APC deficient cells do
not adequately detect replication errors during metaphase
and the cell continues into anaphase, thus contributing to
CIS[108]. Furthermore, the APC mutation increases COX2
activity, which occurs with a simultaneous upregulation
in Epidermal Growth Factor (EGF) activity. Actually one
of the three domaines of the COX enzyme is identical
to EGF[109]. However, whether this is the reason for the
increased EGF activity is unknown.
Because the APC mutation acts as a stop codon,
the gene product, the amino acid chain of the APCprotein, becomes too short (truncated). The truncated
protein can not bind to the cadherin domain and betacatenin. As a consequence the level of beta-catenin in the
cytoplasm rises, which subsequently enters the nucleus
and overstimulates transcription[110].
The APC mutation and Wnt pathway is regarded as
the mechanism that advances ACF to adenomas. Patients
with CRC but without the APC mutation will often
have a beta-catenin mutation instead, suggesting that the
malfunction of intercellular communication is extremely
important in the disease process[111].
P53 "Guardian of the Genome"
P53 is a protein encoded by the TP53 gene. The name
refers to the mass of the protein of 53 kilodaltons and
it is crucial to all cells in which it controls cell cycle and
preserves genome stability[112]. The p53 protein is one of
the most extensively studied proteins in cancer research
and more than 50000 papers are published on the
mechanism and function of p53[113].
P53 is an important gene for maintaining genome
stability. When replication errors or mutations occur,
p53 stops or slows down the cell cycle in G1/S phase
(before S-phase) and points out the DNA damage to the
caretakers for repair. If DNA damage is too extensive to
be repaired, p53 induces apoptosis through the caspase
pathway by shutting down mitochondrial function[114]. In
unstressed cells p53 is kept at a low level by continuous
degradation.
The mutation in the tumour suppressor gene p53 is
crucial for carcinogenesis to enter from non-invasive to
invasive disease. p53 mutations are found in adenomas
(5%), malignant polyps (50%) and invasive CRC (75%)
with a increasing frequency correlating to the extent of
malignancy[115,116].
p53 is activated by numerous factors other than
DNA damage, among those are ultraviolet radiation,
oxidative and osmotic stress, chemicals and viruses[117].
Some types of human papilloma viruses (HPV) are able
to shut down p53 function and thereby increase the risk
of cancer. An inherited mutation in one p53 allele results
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in Li-Fraumeni syndrome, which leads to many different
cancers at an early age[118].
CIS pathway - conclusion
The traditional adenoma-carcinoma pathway is still
considered the major pathway for the development of
sporadic CRC, although it does not explain why the
majority of adenomas never progress to invasive disease.
This may reflect that cells are able to overcome CIS
by unknown pathways. Probably CIS, environmental
factors and luminal events in a certain lethal combination
promotes carcinogenesis to create invasive cancer.
Microsatellite instability pathway and mismatch
repair: The microsatellite instability pathway represents
another key milestone in the natural history of CRC.
Microsatellite instability pathway (MSI) results from a
failure of the mismatch repair system (MMR) to correct
base errors and maintain genomic stability as cells with
abnormally functioning MMR accumulate errors rather
than correcting them[119].
In humans, nine genes with MMR function have been
identified. Five of these are of particular interest because
they are involved in hereditary non-polyposis colorectal
cancer (HNPCC/Lynch syndrome). The five genes and
the frequency in which they are mutated are MLH1 (49%),
MSH2 (38%), MSH6 (9%), PSM2 (2%), and PMS1
(0.3%)[120]. CRC tumours can be divided into MSI-H (high)
if two or more MMR genes are mutated, MSI-L (low) if
only one mutation is found or MSS (microsatellite stable).
MSI-H occurs in HNPCC (Lynch syndrome)[121].
At least two mechanisms can result in a defect MMR.
MMR gene mutation resulting in a malfunctioning
gene product (protein) as in HNPCC or a silenced
production or underproduction of MMR gene product
by hypermethylation, which can be seen in sporadic CRC
(usually silencing MLH1). Hypermethylation of a gene
often lead to under-expression or “silencing” and is a so
called epigenetic event.

MICROSATELLITES
Humans share 99.5% of identical DNA, whereas the
pattern of microsatellites makes each individual’s DNA
profile unique as a DNA-fingerprint[122]. A microsatellite
is a non-coding stretch of DNA in which short
sequences of nucleotides are repeated many times. The
repeated sequence is naturally occurring and often simple,
consisting of two to four nucleotides and can be repeated
3 to 100 times. Hundreds of thousands of microsatellites
are scattered throughout the genome[123].
Microsatellite instability
With loss of function of MMR, the length of microsatellites
are not replicated faithfully meaning that basemismatches are not corrected and new microsatellite
fragments of different lengths may be created.
MIS and defect MMR also increases the risk of
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strand slippage. When the polymerase complex reaches
a nucelotide repeat, the enzyme is temporarily released
from the template strand and the risk of strand slippage
occurs. The new strand detaches from the template strand
and pairs again with a repeat upstream. Microsatellite
instability and strand slippage increases risk of mutations
in nearby coding areas (exons)[124].

transmembranous domain is merely an ion-channel,
whereas the intracellular domain, which is often a tyrosine
kinase, passes the signal on by converting a substrate
molecule within the cytoplasm[135].
Currently, at least two cell surface receptors are
considered important in the treatment of CRC, the
EGFR and the VEGFR.

HNPCC/lynch syndrome
Lynch syndrome is defined as an autosomal dominant
predisposition to colorectal, endometrial and additional
cancers due to heterozygous germline mutations within
the mismatch repair genes MLH1, MSH2, MSH6 and
PMS2[119].
Lynch syndrome was the first hereditary cancer
syndrome to be recognized. In case of germline mutation,
all cells posses only one functional allele and it takes only
one hit to render the MMR system invalid. Patients with
Lynch Syndrome have 80% risk of developing CRC
during their lifetime[39,125].
Testing for this syndrome should follow the revised
Bethesda Guidelines[126].

EGFR
The EGFR is located on the cell surface and downstream
signalling from the receptor to the nucleus is activated
when receptor ligands bind to the receptor. The main
ligands are epidermal growth factor (EGF) and TGFalpha[136]. The EGFR signals protect cells from apoptosis,
facilitate invasion, and promote angiogenesis. Although
EGFR is not considered to be a prognostic factor in
patients with colorectal cancer, it plays a major role in
tumor cell proliferation[137]. Studies have shown that the
EGFR protein is overexpressed in anywhere from 20%
to 80% of CRC partly by gene amplification and rarely
by mutation of the gene[138].
The most important effector molecule for EGFR
pathway is the K-ras protein. A K-ras mutation leads to
constant signalling through this pathway, which can not
be blocked by anti-EGFR targeted therapy[133,139,140].
Monoclonal antibodies (anti-EGFR) have been
developed but the clinical significance is lacking. Gene
amplification and expression of EGFR is not fully
understood as there is no direct correlation to EGFR
expression in the tumor tissue and the response to antiEGFR therapy[141]. As a consequence, testing for EGFR
gene amplification in CRC is not routinely performed and
anti-EGFR therapy is administered as indicated without
EGFR testing[142].
Randomised trials have shown efficacy of antiEGFR treatment in combination with conventional
chemotherapy (FOLFOX/FOLFIRI) in patients with
metastatic CRC and wild-type (normal) K-ras, whereas
no effect could be seen in a K-ras mutated population.
As a consequence anti-EGFR therapy as adjunct to
conventional chemotherapy is now offered as standard
first-line therapy to patients with metastatic CRC and
wild-type K-ras[143-145].

MYH-associated polyposis
Another hereditary polyposis syndrome leading to a
significantly increased lifetime risk of CRC is MYHassociated polyposis (MAP), which is an autosomal
recessive, syndrome caused by bi-allelic mutations
in the MYH gene. The MYH gene product is a base
excision repair enzyme (the BER system is one of the
genomic caretakers)[127]. The MYH protein also interacts
with the MMR protein MSH6 in the BER processes.
These patients develop multiple polyps (adenomas and
polyps) although usually fewer than FAP patients[128]. It
is estimated that approximately 1%-2% of the general
population carry a mutation in MYH. Mono-allelic
MYH mutation carriers are at modest increased risk of
CRC (OR = 1.15; 95%CI: 0.98-1.36). Given the rarity
of mono-allelic mutation carriers and an only modest
increase in CRC risk, they account for only a small
proportion of CRC[129]. Bi-allelic MYH mutations are
associated with a 93-fold excess risk of CRC with near
complete penetrance by age 60 years[130]. Data from FAP
registries show that approximately 7%-9% of patients
with a FAP phenotype and without a detectable APC
germ line mutation carry bi-allelic mutations in the MYH
gene[131,132].
Cell surface receptors
Cells have thousands of surface receptors of which the
ones of importance in relation to CRC are the growth
factor receptors. A growth factor receptor consists of at
least one but usually several proteins, which are products
of different proto-oncogenes[133].
A cell surface receptor has an extracellular domain, a
transmembranous domain and an intracellular domain.
The extracellular domain is a stereo-chemical site that
only binds to specific molecules (ligands) [134]. The
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VEGFR
Under normal conditions angiogenesis is closely regulated
by a range of pro- and anti-angiogenetic factors[146].
With the growth of solid tumors hypoxic areas develop
because the tissue burden outweigh the tumor’s blood
supply. Part of the hypoxic cell response is the induction
of the transcription factor HIF-1 (hypoxia-inducible
factor 1), which directly upregulates VEGF to promote
new blood vessel formation[147,148].
Increased VEGFR signalling has been demonstrated
in CRC and monoclonal antibody therapy has shown
significantly to improve progression free survival in
metastatic CRC [149,150]. Based on these results, antiVEGFR therapy together with standard chemotherapy is
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approved for first-line therapy in K-ras mutant patients
with metastatic CRC.
In patients with wildtype K-ras, anti-VEGFR is
approved for second-line therapy in cases already treated
with anti-EGFR during first-line therapy[151].
The APC mutation increases COX2 activity. Increased
levels of proinflammatory cytokines contributes with
a proliferation stimulus and antagonises GSK3-beta.
Simultaneously with the upregulation of COX2, there
is an upregulation in EGF activity. Actually, one of the
3 domains of the COX enzyme is identical to EGF.
Whether this is the cause of increased EGF activity is
unknown. Transmission of proliferative EGF stimuli are
conducted from the EGFR to the nucleus via SMAD
proteins[152,153].

CONCLUSION

3
4

5

While CRC incidence seems to stagnate and even drop
among generations over 50 years of age, incidence is
shown to increase by approx. 1% among both men and
women younger than 50 years. Advances in surgical
techniques, radiology and oncology have increased life
expectancy in metastatic disease, but cure is very unlikely
obtained in advanced disease. The increasing prevalence
of CRC has a major impact on health care systems in the
western world. In the Nordic countries, CRC prevalence
is estimated to increase 30% by 2025.
The next few decades will see dramatic changes within
the field of oncology. New understanding of biological
processes involved in CRC will have a huge impact on
future treatment and for patients. Oncologists treatment
options will increase and offer the potential to focus on
individual needs through selective and ‘personalized’
approaches.
In recent years, our understanding of the mechanisms
underlying colorectal carcinogenesis has vastly expanded.
It is believed that carcinogenesis in the gut is driven by
the presence of potentially harmful microbes, by the
production of carcinogens generated by microbes, and
by the induction of inflammation and modulation of
the immune system. Since CRC is ultimately caused by a
series of mutations, these factors are believed to create
genotoxic stress to promote genetic and epigenetic
alterations leading to cancer.
In the clinic, there will be a need for alternative
approaches to adequately characterize changes to the
microbiome that often accompany-or potentially underliegut disorders like CRC. Furthermore, modulation of the
gut bacterial composition and structure may be useful in
preventing adenomas and CRC.
New knowledge of molecular genetics and molecular
biology will affect prevention, screening, diagnosis and
treatment, and may form the basis for new anticancer
agents.
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Abstract
With the developments in medical technology and
increased surgical experience, advanced laparoscopic
surgical procedures are performed successfully.
Laparoscopic abdominal surgery is one of the
best examples of advanced laparoscopic surgery
(LS). Today, laparoscopic abdominal surgery in
general surgery clinics is the basis of all abdominal
surgical interventions. Laparoscopic abdominal
surgery is associated with systemic and splanchnic
hemodynamic alterations. Inadequate splanchnic
perfusion in critically ill patients is associated with
increased morbidity and mortality. The underlying
pathophysiological mechanisms are still not well
understood. With experience and with an increase in
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the number and diversity of the resulting data, the
pathophysiology of laparoscopic abdominal surgery
is now better understood. The normal physiology
and pathophysiology of local and systemic effects of
laparoscopic abdominal surgery is extremely important
for safe and effective ls. Future research projects
should focus on the interplay between the physiological
regulatory mechanisms in the splanchnic circulation
(SC), organs, and diseases. In this review, we discuss
the effects of laparoscopic abdominal surgery on the
SC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: With the developments in medical technology
a n d in c re a s e d s u rg ic a l e x p e r ie n c e , a d va n c e d
laparoscopic surgical procedures are performed
successfully. Laparoscopic abdominal surgery is
one of the best examples of advanced laparoscopic
surgery (LS). However, it is associated with systemic
and splanchnic hemodynamic alterations. Inadequate
splanchnic perfusion in critically ill patients is associated
with increased morbidity and mortality. For a safe
and effective approach in LS, the anatomy and
pathophysiology of the splanchnic circulation (SC), and
surgical outcomes should be understood. The aim of
this review was to evaluate the effects of LS on the SC.
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INTRODUCTION
The concept of laparoscopic surgery (LS) was proposed
more than 100 years ago, but its efficient use in
gastrointestinal surgery has only occurred within the
last 40-50 years. With the developments in LS, many
abdominal surgical procedures have been performed
using this method. Progress continues in this area of
surgery.
LS is associated with systemic and splanchnic
hemodynamic changes. Decreased splanchnic perfusion
in critically ill patients is associated with increased
morbidity and mortality. Underlying pathophysiological
mechanisms are still not well understood. Insufficient
splanchnic blood flow may be the result of many diseases,
treatment modalities and their interplay. Therefore, it is
important to appreciate under which experimental or
clinical conditions the effects of vasoactive drugs on
splanchnic blood flow are assessed. Unfortunately, many
of the available monitoring tools for hepato-splanchnic
perfusion and metabolism are difficult to apply in clinical
settings and interpretation of the obtained results is
difficult. Therefore, splanchnic resuscitation concepts
have not yet been established. Future research projects
should focus on the interplay between the physiological
regulatory mechanisms in splanchnic organs, diseases and
treatments. The aim of this review was to evaluate the
effects of LS on the splanchnic circulation (SC).

ANATOMY AND PHYSIOLOGY OF THE
PERITONEAL SPACE AND SC
The peritoneal space is the most extensive part of the
extravascular space. The parietal peritoneum that covers
the inner surface of the abdominal wall is supported
by the fascia transversalis which is a continuation of
the endoabdominal fascia. The visceral peritoneum
forms the largest part of the peritoneal surface and
covers the surface of the internal organs. The parietal
peritoneum and visceral peritoneum are an uninterrupted
continuation of each other. The peritoneal space is
completely closed except for an opening for the fallopian
tubes in women. The surface of the peritoneum in adults
is approximately equal to the surface of the skin. This
surface varies from 1.6 to 2.1 m2. Lubricity of the parietal
and visceral peritoneum is provided by a clear transudate
fluid that can reach 50-70 ml in volume.
The physiological pressure within the abdominal
cavity is little more than atmospheric pressure. However,
even small increases in intraabdominal pressure (IAP)
may have adverse effects on renal function, cardiac
output, hepatic blood flow, respiratory mechanics,
splanchnic perfusion and intracranial pressure. Although
IAP can be measured directly via an invasive method, a
non-invasive bedside measurement of IAP through a
urinary bladder catheter is generally used[1].
The intestinal arterial circulation is principally
provided by the superior mesenteric artery (SMA)
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and its branches with collateral pathways from the
inferior mesenteric artery (IMA) and celiac artery. The
SMA provides blood supply to embryological midgut
organs, whereas the IMA provides blood supply to the
embryological hindgut organs.
The mesenteric vascular capillary network is different.
The vascular capillary network has very low resistance.
Therefore, if the main channel is narrowed, there is
potential for the development of collateral blood flow.
When chronic ischemia develops, a significant amount
of other aortic branches will receive blood flow. These
branches are the lumbar, intercostal, renal, internal
mammary (via the deep epigastric branches), middle
sacral and hypogastric arteries (via the inferior and
superior rectal arteries).
Veins are a part of the dynamic and complex system
that returns venous blood to the heart against the force
of gravity in an upright position. Venous blood flow is
dependent on multiple factors such as gravity, venous
valves, cardiac and respiratory cycles, blood volume and
the calf muscle pump. Alterations in the complex balance
of these factors can result in venous pathology [2,3].
Veins are thin-walled, highly distensible and collapsible
structures. Therefore, splanchnic venous structures are
affected more than arteries when there is an increase in
IAP. When an individual is in the upright position, the
veins are maximally distended and their diameter may be
several times greater than those in the supine position[2,3].
Unidirectional blood flow is achieved via multiple venous
valves. Some veins such as the inferior vena cava (IVC),
common iliac veins, portal venous system and cranial
sinuses are valveless[3].
The superior mesenteric vein and splenic vein
converge behind the pancreas and the portal vein (PV)
is formed. The inferior mesenteric vein opens into the
splenic vein or directly into the PV[4]. The PV is divided
into left and right lobar branches at the porta before
entering the liver. The portal lobar veins lie posterior to
the hepatic arteries and the bile ducts. Nutrients carried
by the PV leave the liver before the PV enters the liver
and then via the hepatic vein and IVC which drain into
the right atrium. This is known as the portal circulation[5].
The portal circulation is a system containing the luminal
gastrointestinal tract, spleen, gall bladder and pancreas,
and includes the venous drainage from intraperitoneal
organs created by low-pressure (< 10 mmHg).
When portal venous pressure is at least 5 mmHg
greater than the pressure in the non-PVs (for example,
IVC), portal hypertension (PHT) occurs. Normally, the
portal venous system pressure is higher than the caval
venous system pressure. Portosystemic collateral vessels
develop to equalize the pressure in these two venous
systems.

INTRINSIC AND EXTRINSIC
MECHANISMS REGULATING THE SC
The blood flow in the different layers of the intestine is
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not uniform and is closely related to the function of the
tissue. The amount of blood flow increases up to 200%
of the baseline value following digestion of a meal and
this increase lasts for 2-3 h. The increase in blood flow is
greatest in the mucosal layer. In general, autoregulation
of the blood flow in these layers is affected by decreased
pO2, pH, osmolarity, increased pCO2, or by metabolic
factors such as adenosine. This autoregulation is
essential for tissue oxygen, nutrient supply, and waste
discharge[5]. During the rest period, the vascular tone
of the gastrointestinal circulation has several control
mechanisms. Metabolic autoregulation of the resting
state of the enteric circulation plays an important role in
the regulation of vascular tone. Neural regulation plays a
role in the primary vasodilation and vasoconstriction of
the great arteries and arterioles[5]. The SC has intrinsic,
neurological and humoral controls[5]. Functional and
reactive hyperemia that results from increased oxygen
demand and in response to arterial occlusion, respectively,
are examples of intrinsic control. Splanchnic arterial
and arteriolar vasoconstriction after the stimulation of
sympathetic postganglionic fibers of the splanchnic
nerves is part of neurological control. Humoral control
consists of the vasoconstricting effects of alphaadrenergic agonists, vasopressin, prostaglandin-F2,
angiotensin- Ⅱ , digitalis and the vasodilating effects
of beta-adrenergic ag onists, prostaglandin-E1,
cholecystokinin, gastrin and glucagon.
The splanchnic microcirculation is controlled by
precapillary sphincters and arteriolar resistance. The most
important local mechanism in the control of the total
splanchnic blood flow is arteriolar resistance. Precapillary
sphincters control the capillary blood supply. The SC also
depends on the systemic blood pressure. Endogenous
and exogenous catecholamines in the circulation induce
primary vasoconstriction of the mesenteric postcapillary
venules, thus regulating splanchnic vascular volume.
Autonomic factors include the opposite effects of alpha
and beta-adrenergic stimuli that produce vasoconstriction
and vasodilatation, respectively. Renin, angiotensin,
vasopressin, thromboxanes or leukotrienes induce intense
persistent vasoconstriction, as well as non-occlusive
mesenteric ischemia that may result in intestinal necrosis.
If there is no serious damage, the normal intestinal
circulation can be established again after low blood
flow and perfusion pressure. Mesenteric capillaries
have 4-5 times less blood flow during their fasting state
with respect to their postprandial state. When intestinal
ischemia is initiated, the other remaining capillaries
become functional. In the case of moderate ischemia, the
ischemic tissue increases its capacity to take up oxygen.
Thus, an impaired balance in oxygen can be compensated.
However, if the blood flow decreases below 30
ml/100 g of tissue or the systemic blood pressure
drops below 40-70 mmHg, the oxygen uptake becomes
dependent on the flow[6]. Even moderate ischemia of
the intestines due to the stretched intestinal wall caused
by obstructive colitis may result in irreversible ischemia

WJG|www.wjgnet.com

due to decreased blood flow. High concentrations of
xanthine dehydrogenase in the mesenteric endothelium
undergoing intestinal reperfusion injury seems to be one
of the culprits in this situation[6].
An imbalance in oxygen supply and consumption
can result in acute intestinal ischemia. An experimental
study demonstrated that the lipid content in enteral
formulations may cause intestinal ischemia after the
ischemia-reperfusion state[7].
In conclusion, both intrinsic and extrinsic mechanisms
regulate the intestinal blood flow. Intrinsic factors include
local myogenic and metabolic control, locally produced
vasoactive substances and local reflexes. The intrinsic
factors are responsible for phenomena such as pressure/
flow autoregulation, reactive hyperemia and hypoxic
vasodilation. Extrinsic factors are circulating vasoactive
substances, sympathetic innervation and systemic
hemodynamic changes. The infusion of drugs acting on
adrenergic receptors result in intestinal vasoconstriction,
whereas pharmacological stimulation of adrenergic
receptors is associated with intestinal vasodilation.
Angiotensin, vasopressin and endothelin are potent
intestinal vasoconstrictors. In low-flow states, activation
of the renin-angiotensin axis is a predominant feature
of splanchnic vasoconstriction. Mesenteric angiotensin
Ⅱ -mediated vasoconstriction can be inhibited by
pharmacological maintenance of perfusion pressure with
sodium nitroprusside. Splanchnic venous and arterial
pressure, gravity, intrathoracic pressure, intra-abdominal
pressure, blood volume, and cardiac function are affected
by venous and arterial tonus.

HISTORICAL DEVELOPMENTS IN ls
During LS, the abdominal cavity must be insufflated
and expanded by a gas in order to facilitate and enlarge
the work area. The gas is pumped into the abdominal
cavity between the visceral peritoneum and parietal
peritoneum which creates a pneumoperitoneum. Air was
first used to create a pneumoperitoneum in 1901, when
Kelling carried out an experiment on dogs[8]. In 1910,
Jacabaeus used air to create a pneumoperitoneum in
humans, where he applied air into the abdominal cavity
using an injector[9]. The needle insufflation technique
was developped by Veres and was used for the first
time in 1938, and this method is still used today. In
1944, Palmer monitored IAP and automatic insufflators
were introduced in the 1960s by Semm[10,11]. Automatic
insufflators provide the ability to monitor and control
IAP and 10-15 mmHg pressure is generally sufficient for
most laparoscopic interventions.

LAPAROSCOPIC ABDOMİNAL SURGERY
AND THE SC
There are direct and indirect effects of LS on the SC. A
controlled increase in IAP develops due to the created
pneumoperitoneum during LS. Intraperitoneal pressure is
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related to the amount of gas supplied to the peritoneum.
An increase in IAP produced by insufflation results in
direct mechanical suppression of splanchnic blood flow.
During laparoscopy, intra-abdominal hypertension (IAH)
can result from the pressure to the anterior abdominal
wall (due to the trocars and cannulas placed), excessive
gas flow, high pressure of the irrigation fluid, misposition
of the cannula and/or trocar, folding of insufflation
tubing, misplacement of the Veress needle into the
intestinal lumen, omentum or retroperitoneum, and
inadequate anesthesia or muscular blockade.
For operative laparoscopy, the maximum flow rate
capacity of the automatic insufflator should be 9-16
L/min. This capacity is important when dealing with
gas leak during aspiration, where insufflation must
be performed quickly. Fast gas movements during
LS (i.e., inflow and/or outflow) can lead to problems,
especially in patients with cardiac and/or respiratory
compromise. In patients with advanced age or cardiac/
respiratory problems, reflex cardiac rhythm disturbances,
hypotension and cardiovascular collapse may occur
as a result of achieving rapid and high insufflation
pressure[12-16]. For this reason, an automatic flow rate
adjustment mechanism must be provided in insufflators.
Air, oxygen, nitrogen dioxide and carbon dioxide have
been used to create a pneumoperitoneum. Gases other
than carbon dioxide are not currently used today due to
the possibility of gas embolism, decreased venous return,
respiratory distress, severe abdominal pain and burns
during thermocoagulation. Carbon dioxide is colorless,
nonflammable, does not affect vision, clean, cheap
and can be obtained pure. CO2 easily passes into the
bloodstream due to its high solubility. According to aircontrast radiographic studies, up to 10 mL/min of CO2
can be absorbed into the circulation.

PATHOPHYSIOLOGICAL CHANGES
IN THE SC DURING LAPAROSCOPIC
ABDOMİNAL SURGERY
A significant amount of CO2 is used during laparoscopy
and this is absorbed by the peritoneum. Some of the
total amount of CO2 is washed away from the lungs,
while some is stored in the body. The human body has
a storage capacity for 120 L of CO2. The bones are the
largest storage field and they play a significant role in
acting as a repository, especially in the case of chronic
hypercarbia. Some of the skeletal muscles and other
tissues can also store CO2. There is a direct relationship
between arterial pCO 2 and the amount of CO 2 used
in laparoscopy. Elimination of CO2 is associated with
cardiac output and ventilation rate. Therefore, ventilation
control by the anesthesiologist can minimize the amount
of residual CO2 during laparoscopy. A large amount of
storage in the tissues can escape and enter the circulation
in the postoperative period causing hypercarbia[17-19].
The risk of gas embolism can be minimized using
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CO2 due to its high solubility and rapid absorption. The
risk of gas embolism appears to be 1/65000[20]. The
formation of emboli occurs with the placement of the
insufflation needle directly into a blood vessel. Carbon
dioxide can also enter veins during the dissection. Direct
insufflation of the gas into a large vessel may have fatal
results. If this occurs, the insufflation should be stopped
immediately and abdominal gas should be eliminated
quickly. Gas embolism may ocur at any time in patients
undergoing laparoscopic liver resection due to high IAP.
Gas embolism is a serious complication of laparoscopic
liver surgery. The risk of significant embolus under
conventional pneumoperitoneum is minimal during
laparoscopic liver resection [21] . Thus, low IAP or
noninsufflating techniques are recommended.
In addition to massive embolism, cardiovascular
collapse may also occur due to decreased venous return
to the heart or deep vasovagal responses. The effects of
elevated IAP on systemic hemodynamics and splanchnic
blood flow created by insufflation of carbon dioxide
were examined in anesthetized dogs, and IAP from
8 to 12 mmHg was recommended for LS to avoid
complications caused by hemodynamic derangements
(e.g., cardiovascular collapse)[22]. Such major changes in
hemodynamics are rarely encountered and small changes
in blood pressure, heart rate and venous return are
generally observed[23]. If cardiovascular collapse occurs,
insufflation must be stopped, the gas must be eliminated
with the patient in the reverse Trendelenburg position.
Other measures must be applied for cardiovascular
stability.
Insufflation with CO 2 results in high pCO 2 and
low pH. The value of pCO2 can be increased up to 50
mmHg. pH levels below 7.30 can result in respiratory
acidosis. The main reason for acidosis is the direct
absorption of CO2 from the peritoneal cavity. Elevation
of the diaphragm with increased IAP and reduced
tidal volume as a result of this does not seem to play
an important role in pH and pCO2 changes[15,24-27]. The
acidosis and systemic effects of the pneumoperitoneum
can be controlled by altering ventilation rates and/or
using vasoactive agents, but such interventions have a
minimal ability to preserve end-organ blood flow and
oxygen delivery. Local tissue perfusion is regulated by a
physiological response known as hypoxic vasodilation in
which tissue oxygen requirements are directly coupled to
blood flow[28].
CO 2 has direct vasodilating effects on the blood
vessels. In addition, it has direct effects on the
myocardium leading to decreased contraction. Plasma
vasoactive peptides, epinephrine, norepinephrine and
angiotensin, increase due to sympathetic stimulation
as a result of increased pCO 2. Therefore, heart rate,
cardiac output, diastolic and systolic blood pressures rise,
blood vessel vasoconstriction occurs and renal output
decreases[29-31].
Venous resistance also increases as a result of
increased intra-abdominal insufflation pressure. Central
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venous pressure increases from 3.3 to 10.6 cmH2O when
IAP is increased from 15 to 20 mmHg. Increased return
of blood to the chest cavity via both IVC and abdominal
organs and sympathetic stimulation in response to
increasing pCO2 results in an approximately 25% increase
in cardiac output. Other gases used instead of CO2 do
not result in sympathetic stimulation and reduced cardiac
output, peripheral vascular resistance and increased heart
rate. This prevents continuing research for an alternative
to CO2[32-36]. Argon insufflation impairs the liver blood
flow. However, helium may be advantageous compared
with CO2 insufflation[37].
Intraabdominally insufflated CO2 during laparoscopy
may have specific effects on the SC that may be unrelated
to the effects of increased IAP alone. In an experimental
animal study, the influences of insufflation with CO2
vs air on the SC were compared and intraabdominal
insufflation with CO2 resulted in a moderate splanchnic
hyperemia at an IAP ≤ 12 mmHg compared with air
insufflation. At higher IAP values, pressure-induced
changes became more important than the type of gas
used[38].
Although a pneumoperitoneum decreases venous
return, stroke volume, cardiac output and renal blood
flow, it increases central venous pressure, heart rate,
systemic vascular resistance, myocardial oxygen
consumption and peripheral venous stasis. Thus,
hypotension, hypertension, arrhythmia, myocardial
ischemia, deep venous thrombosis (VT), pulmonary
embolism, and renal ischemia may develop as a
consequence of these effects[39]. Increased IAP after
insufflation may cause respiratory distress, especially
in patients with decreased lung capacity, which occurs
when the pressure exceeds 15 mmHg. Controlled and
assisted ventilation reduces this risk. The role of the
anesthesiologist is crucial in the monitoring of respiratory
pressure changes and early diagnosis of distress.
Thoracic, epidural or local anesthesia is also valid for LS,
but these patients are more prone to lung complications
due to abdominal distension. During these processes,
intra-abdominal pressure should be below 10 mmHg.
Elevation of IAP by means of gas insufflation
produces hemodynamic disturbances in the peritoneal
viscera, leading to splanchnic ischemia. Elevated IAP due
to gas insufflation for LS may result in regional blood
flow changes[40,41]. Impairments in hepatic, splanchnic
and renal blood flow during peritoneal insufflation have
been reported[42]. The CO2 pneumoperitoneum appears
to be a predisposing factor in the development of
intestinal ischemia due to physiological alterations such
as decreased cardiac output due to increased systemic
vascular resistance, decreased venous return and elevated
intrathoracic pressure. Moreover, a significant reduction
in splanchnic blood flow results from mechanical
compression of the mesenteric veins, humoral
vasoconstriction of the mesenteric bed and increased
portal venous pressure caused by hypercapnia, local
absorption of CO2 and increased release of vasopressin.
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The reduction in cardiac output and mesenteric blood
flow associated with the CO2 pneumoperitoneum seems
to be insufficient to cause significant intestinal ischemia
in healthy patients. Progression to critical ischemia
depends on underlying vasculopathy or an inciting event.

LAPAROSCOPIC ABDOMİNAL
SURGERY AND INTRA-ABDOMINAL
HYPERTENSION
Splanchnic and systemic circulation are under the effect
of IAP during LS and IAP should be kept as low as
possible. Changes in intra-abdominal pressure, flow rate,
average and maximum pressure values of the gas used
are made by adjustable gas pumps during laparoscopy.
The targeted mean IAP is 12-15 mmHg. An average of
3-6 L of gas can be given into the peritoneal cavity of an
adult patient within these pressure limits. Reducing the
inflow of CO2 is not a tenable option because an IAP
of 12-15 mmHg is generally required to produce enough
space within the peritoneal cavity for organ visualization,
multiple tool insertions and surgical manipulations.
With the development of laparoscopy, both
anesthesiologists and surgeons have been exposed to
IAH and its negative effects on the circulatory system.
Kron et al[43] were the first general surgeons to report
a study on laparoscopy-induced IAH. Cardiovascular,
urinary and respiratory systems, the splanchnic area,
brain, anterior abdominal wall were all affected by IAH.
Pulmonary derangements due to IAH were first
established by Marey and Burt. Wendt denoted a
decrease in the amount of urine with IAH and Quirin
stated that an IAP of 20 mmHg may lead to a reduction
in the amount of urine. Thorington and Schmidt [44]
demonstrated a decrease in the amount of urine in
patients with severe ascites and with IAP values of 15-20
mmHg or more. They also demonstrated that the cutoff pressure for urine was 30 mmHg. Some researchers
demonstrated a 27% decrease in glomerular filtration rate
(GFR) in healthy volunteers with an IAP of 20 mmHg.
Experimental animal studies demonstrated a reduced
amount of urine due to flow restriction in the renal veins.
Guyton and Adkins[45] demonstrated a collapse in the
IVC with IAP values above 20 mmHg in animal studies
in 1954. Moreover, Thorington and Schmidt[44], Cooper
and Scalea[46] and Burch et al[47] reported local clogging in
the IVC due to massive ascites with IAP values of 15-20
mmHg.
IAP has been defined as a static pressure between
organs in the abdominal cavity. A continuous or
recurrent increase in the IAP above 12 mmHg (1.6 kPa)
is regarded as IAH. Abdominal compartment syndrome
(ACS) has been defined as a continuous IAP above 20
mmHg (2.67 kPa) with coexisting organ dysfunction
or failure. Mortality of patients with recognized ACS
may be as high as 42%. The diagnosis of IAH is based
on the measurement of IAP only. The World Society
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of the acs (WSACS) advises screening of IAP in all
patients admitted to intensive care units with certain risk
factors[48]. The measurement of IAP should be made
in the end-expiratory phase, in the flat supine position,
after relaxation of abdominal muscles and the median
axillary line should be referred to as zero-level. The IAP
should be measured in the urinary bladder filled with 25
mL of sterile solution of 0.9% NaCl, according to the
WSACS guidelines. In confirmed cases of abdominal
hypertension and/or ACS, immediate action should be
taken, which consists of the evacuation of gastric and
bowel contents, maintenance of adequate blood pressure,
diuretics and/or ultrafiltration and deeper sedation and/
or muscle relaxation[49].
ACS is the result of the deleterious effects of
IAH on the pulmonary, cardiovascular, splanchnic,
musculoskeletal/integumentary (abdominal wall),
urinary and central nervous systems. Abnormal and
sudden increase in the volume of any component of
the intraperitoneal or retroperitoneal spaces (occurring
postoperatively or subsequent to hemorrhagic trauma,
pneumoperitoneum, reperfusion edema, intestinal
distention, acute pancreatitis) results in IAH. Both
animal and human studies have demonstrated that in
20%-80% of cases with IAH, IAP can be transferred to
the thoracic cavity. Increased thoracic pressure decreases
blood inflow to the heart and decreases the end-diastolic
volume of ventricles, resulting in lower contractility of
the myocardium. All this leads to a decrease in cardiac
output. Increased IAP transferred to the thoracic cavity
can interfere with the measurements of central venous
pressure and pulmonary capillary wedge pressure.
Sustained abdominal hypertension leading to
ACS is always fatal when unrecognized or untreated.
Measurement of urinary bladder pressure is the best
validated technique for the diagnosis of IAH. It should
be used routinely for the minimally invasive follow-up of
IAP in patients with severe thoraco-abdominal trauma
or after major abdominal operations (laparoscopic or
open surgery). Identification of patients at risk, early
recognition and appropriate and timed intervention are
the keys to effective management of this condition.
Treatment consists of adequate fluid resuscitation and
surgical decompression when necessary[50,51].
In 2006, the WSACS published definitions regarding
IAH and ACS[48-51]. IAH is graded as follows: GradeⅠ: 12-15 mmHg (1.6-2.0 kPa); Grade-Ⅱ: 16-20 mmHg
(2.1-2.6 kPa); Grade- Ⅲ : 21-25 mmHg (2.8-3.3 kPa);
Grade-Ⅳ: > 25 mmHg (> 3.3 kPa).
Elevated IAP has been shown to decrease mesenteric
blood flow and cause intestinal damage[52]. Development
of IAH during LS is disturbing. Pressure values above 20
mmHg may result in reduced perfusion of the intestinal
mucosa and submucosa. Even low levels of IAP, such as
15 mmHg, can result in intestinal ischemia after a period
of time due to the systemic inflammatory response
activated by cytokines released from the intestinal wall.
In addition, experimental studies have shown that
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multiple factors may cause bacterial translocation[52-54].
The formation of bacterial translocation leads to multiple
organ failure and sepsis, contributing to mortality [1].
Patient selection, maintaining IAP at 15 mmHg or below
and intermittent decompression of the gas are the best
options for preventing this complication.
Adverse effects of IAP on hepatic arterial, portal
and microcirculatory blood flow have been shown with
pressures above 20 mmHg. A progressive decline in
perfusion through these vessels occurs as IAP increases,
despite cardiac output and systemic blood pressure
being maintained at normal levels. Splanchnic vascular
resistance is a major determinant in the regulation of
hepatic arterial and portal venous blood flow. Elevated
IAP can become the main factor in establishing
mesenteric vascular resistance and finally abdominal
organ perfusion. These abnormalities are amplified in
the presence of hypovolemia and hemorrhage, and can
only partly be corrected by physiologic and resuscitative
improvements in cardiac output[55].
The increased intraperitoneal pressure necessary to
perform laparoscopic operations substantially decreases
portal venous blood flow. The extent of the volume
flow reduction is related to the level of intraperitoneal
pressure. This reduction in flow may suppress hepatic
reticular endothelial function. Thus, the reduced portal
blood flow may enhance the cryoablation effect during
laparoscopic cryosurgery for metastatic liver disease by
decreasing the heat sink effect[56].
According to a study in experimental animals,
pneumoperitoneum with CO 2 during standing
laparoscopy in healthy horses does not cause adverse
alterations in cardiopulmonary or laboratory variables, but
causes a mild inflammatory response within the peritoneal
cavity. High pressure (15 mmHg) pneumoperitoneum in
standing sedated mature horses undergoing LS can be
performed safely without any short-term or cumulative
adverse effects on hemodynamic or cardiopulmonary
functions[57].
Severe progressive reduction in mesenteric blood
flow has been shown with graded elevation in IAP from
approximately 70% of baseline at 20 mmHg to 30% at
40 mmHg[55]. Intestinal mucosal perfusion, measured
by a laser flow probe, has been shown to be impaired
at IAP above 10 mmHg. Metabolic changes resulting
from impaired intestinal mucosal perfusion have been
shown by tonometry measurements and revealed
worsening acidosis in the mucosal cells with increasing
IAH. Similarly, abnormalities in intestinal oxygenation
have been shown with elevations in IAP above 15
mmHg. Impairment of bowel tissue oxygenation occurs
without corresponding reductions in subcutaneous tissue
oxygenation. This phenomenon indicates the selective
effect of IAP on organ perfusion. Not surprisingly,
reductions in mesenteric blood flow have been shown
to be greatly exacerbated during resuscitation after
hemorrhagic shock[55].
A direct relationship between IAP and intra-cranial
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pressure (ICP) has been demonstrated. An increase in
ICP results from increased intra-thoracic pressure due to
the transmission of pressure from the abdominal cavity.
Due to the reasons mentioned, the measurement of IAP
is recommended in all patients with pathology likely to
increase ICP, particularly in patients with risk factors
for IAH. Increased ICP has also been observed during
diagnostic laparoscopy, therefore, this procedure is not
recommended for patients with cranial trauma[52].

COMPLICATIONS RELATED TO THE SC
DURING LAPAROSCOPIC ABDOMİNAL
SURGERY
Veress needle-like tools used for the creation of a
pneumoperitoneum can result in direct mechanical
injury to splanchnic vessels. Moreover, intra-abdominal
laparoscopic instruments may cause direct mechanical
compression injury and affect the SC. Care must be taken
especially with the first trocar, which is blindly inserted
into the abdomen. Incorrect and careless practices can
lead to colon, IVC and aortic vascular perforations,
splanchnic vascular injury, mesenteric injury and even
death[58,59]. Abdominal wall hematoma may also develop
during trocar insertion.
Some surgeons prefer open insertion of the first
trocar to the closed method. If the first trocar is placed
via the closed method the index finger must be used as
a guide to avoid injury. The camera must be the first
instrument inserted into the abdominal cavity. The
first thing to look for after introduction of the trocar
is whether there is any bleeding or organ injury. The
remaining trocars must be placed under the guidance of
the video camera inserted after the first trocar, to avoid
injury to splanchnic vessels, and the anatomical structure
of the vessels in the anterior abdominal wall can be seen
due to the camera light. Nasogastric drainage and bladder
catheterization are recommended prior to establishment
of the pneumoperitoneum.
Complications due to sustained elevated intraperitoneal
pressure in cardiovascular, pulmonary and renal systems
have been well documented in several experimental and
clinical studies. Alterations in the SC have also been
reported in animal experiments, but details of the exact
hemodynamic changes in the flow to solid intraabdominal
organs caused by raised intraperitoneal pressure in
humans are not available.
Several factors should be considered in the evaluation
of hepatic perfusion. During LS, hepatic blood flow
is reduced as a result of increased sympathetic activity
(caused by hypercarbia), as well as increased IAP.
Splanchnic vascular resistance may increase with certain
modes of mechanical ventilation used during anesthesia.
Moreover, anesthetics may decrease cardiac output and
proportionally reduce the total hepatic blood flow that is
already deranged by the cardiovascular effects of positivepressure pneumoperitoneum.
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After insufflation, cardiac output and blood flow in
the SMA and PV decrease progressively and return to
the pre-insufflation values following deflation. Hepatic
arterial blood flow does not change significantly, perhaps
due to compensatory mechanisms for maintenance
of hepatic blood flow. Mechanical compression of
the splanchnic capillary beds due to elevated IAP
may possibly reflect the increase in systemic vascular
resistance causing decreased cardiac output. To prevent
this effect, intermittent decompression of gas during
surgical laparoscopy is recommended [60,61]. A study
involving 31 patients undergoing elective laparoscopic
cholecystectomy which measured the changes in
hepatic venous and left portal venous blood flow via
transesophageal echocardiography showed decreased
hepatic blood flow due to increased intraperitoneal
pressure[62].
An experimental animal study demonstrated a
significant reduction in cardiac output and mean arterial
pressure during CO 2 laparoscopy [63]. Cardiovascular
hemodynamics normalized to baseline values after
rapid desufflation. Blood flow in the hollow viscus
organs was less disturbed than that in the solid organs
during laparoscopy. Although small and large bowel
blood flow was reduced significantly, gastric blood flow
remained unchanged. Total hepatic blood flow was
influenced predominantly by portal blood flow, which
was particularly decreased; hepatic arterial flow remained
stable. Severe alterations in cardiovascular hemodynamics
and in the hepatic and SC rapidly occurred during CO2
laparoscopy. It can be presumed that both increased IAP
and hypercapnia which are the main factors underlying
these disturbances[63]. Another experimental study in
animals suggested that there is a compensatory increase
in hepatic arterial flow, known as the “hepatic arterial
buffer response” that may maintain liver blood supply
during laparoscopy-associated portal venous flow
reduction[64].
Splanchnic macrocirculatory changes during highpressure CO 2 pneumoperitoneum include decreased
mesenteric arterial blood flow and decreased gastric
perfusion with a drop in gastric pH. Microcirculatory
changes in abdominal organs under a low pressure CO2
pneumoperitoneum are unknown. It is suggested that
laparoscopic procedures with CO2 pneumoperitoneum
should be performed at a pressure of 10 mmHg or below
to avoid splanchnic microcirculatory disturbances[65].
The abdominal wall itself is also adversely impacted
by elevations in IAP. Significant abnormalities in
the rectus abdominis muscle blood flow have been
documented with progressive elevations in IAP. These
perfusion abnormalities are roughly on a par with the
changes in the abdominal visceral perfusion with graded
increases in IAP. Clinically, this condition results in
derangement of abdominal wound healing, including
fascial dehiscence and surgical site infection[55].
Renal blood flow, tubular functions and glomerular
filtration rate are affected by numerous multifactorial
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and complex mechanisms resulting in decreased urine
output. Cardiovascular effects of elevated positivepressure pneumoperitoneum include impairment of
venous return, reduced cardiac preload, decreased
cardiac output and eventually reduced renal blood flow.
Another putative mechanism for decreased urine output
is mechanical compression of IVC, renal vasculature and
the parenchyma.
Positive-pressure pneumoperitoneum causes
increased sympathetic activity that can lead to renal
cortical vasoconstriction [66]. Central and peripheral
regulatory mechanisms increase secretion of antidiuretic
hormone, which acts on the collecting ducts and the
thick loop of Henle. Reduced renal perfusion together
with sympathetic stimulation activates the reninangiotensin-aldosterone system, inducing its vascular and
metabolic effects. Increased levels of catecholamines and
endothelin-1 have also been detected. All of these factors
are in addition to the major effect of surgical stress
on renal function. Anesthetic drugs usually decrease
glomerular filtration and renal blood flow secondary to
their endocrine, sympathetic and cardiovascular effects.
Other drug interactions and preexisting renal disease
contribute to this complex situation. Indeed, positivepressure ventilation can induce derangement of kidney
function through cardiovascular and neurohumoral
mechanisms[66]. Both hepatic blood flow and renal blood
flow decrease as IAP increases. Therefore, in order
to carry out laparoscopic abdominal surgery safely in
patients with hepatic or renal impairment, low IAP or
non-insufflating techniques are recommended[32].
PHT leads to considerable hemodynamic changes in
the SC. In experimental models, chronic PHT was shown
to result in splanchnic vasodilatation and hyperdynamic
circulation[67]. The exact pathogenesis of hyperdynamic
circulation is not well understood. However, an increased
quantity of vascular endothelial vasodilators and reduced
response to endogenous vasoconstrictors are proposed.
The powerful vasodilator properties of nitric oxide on
the microcirculation have been known for a long time.
During hemodynamic regulation of the microcirculation
in PHT the synthesis of nitric oxide is stopped[68-70]. Local
vasodilators such as endothelium-derived nitric oxide
and prostaglandins cause vasodilatation in response to
microcirculatory changes resulting in clinically significant
changes[71]. Therefore, LS is not appropriate for patients
with splanchnic circulatory disorders and those with
clinically significant PHT.
One of the most important pathologies in the
splanchnic venous system is the development VT.
IAH is one of the risk factors for VT as it can result
in vein collapse. Three conditions, first described by
Rudolf Virchow in 1862, contribute to VT formation.
These are stasis of blood flow, endothelial damage and
hypercoagulability. Acquired risk factors for VT include
advanced age, hospitalization and immobilization,
hormone replacement and oral contraceptive therapy,
pregnancy and postpartum state, prior VT, malignancy,
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major surgery, intra-abdominal hypertension, obesity,
nephrotic syndrome, trauma and spinal cord injury, longhaul travel (> 6 h), varicose veins, antiphospholipid
syndrome, myeloproliferative disorders and polycythemia.
Heritable risk factors include factor Ⅴ Leiden;
prothrombin 20210A gene variant; antithrombin, protein
C and protein S deficiencies; and dysfibrinogenemias.
Thrombophilia may have both heritable and acquired
components in some patients. These mixed causes
include homocysteinemia; factor Ⅶ , Ⅷ , Ⅸ and Ⅹ
Ⅰ elevations; hyperfibrinogenemia; and activated protein
C resistance in the absence of factor Ⅴ Leiden [72].
Preoperative risk assessment for the development of VT
should be performed in patients scheduled for LS.
In a series of 21 cases with acute mesenteric ischemia,
intestine viability was 100%, 56% and 18% in patients
diagnosed within the first 12 h, 12-24 h and after 24 h
of symptom initiation, respectively[73]. The first 6 h are
particularly important for the diagnosis of ischemia, and
restoration of blood flow improves the prognosis[6,74,75].

SC DURING LAPAROSCOPIC
ABDOMİNAL SURGERY IN THE ELDERLY
Even with small gas pressures, peritoneal gas insufflation
induces many splanchnic hemodynamic changes
related to both the direct mechanical compression of
intraabdominal vessels, and to the systemic hemodynamic
and acid-base effects derived from increased IAP
and from carbon dioxide absorption. Laparoscopy is
increasingly performed in older and often more unfit
patients, in whom the procedure may last considerably
longer. LS in the elderly, especially in emergency cases,
results in higher morbidity and mortality due to comorbid
diseases[76]. Risk factors for ischemic events in patients
over the age of 50 are heart valve diseases, cardiac
arrhythmias, history of recent myocardial infarction,
congestive heart failure, hypotension and hypovolemia[77].
Chronic mesenteric ischemia in asymptomatic patients
can result in ischemic events following LS. Detailed
knowledge of risk factors and preoperative evaluation of
patients are important. Only 5% of cases with mesenteric
ischemia are due to chronic mesenteric ischemia and
most are caused by atherosclerotic diseases. Males and
females are equally affected with a mean age of 68
years[78].
Patients, in whom the SC is thought to be impaired,
based on preexisting atherosclerosis or other risk factors,
should be handled with great care or offered an open
laparotomy rather than the laparoscopic approach. A high
index of suspicion and early evaluation by ultrasound
followed by laparotomy may be helpful in improving
survival rates. It is generally agreed that periodic
decompression of the pneumoperitoneum, while
maintaining the IAP at 15 mmHg or below, represents
the best available option for preventing this complication.
In the elderly, increasing dysfunction is observed
at the cellular level and organ systems due to the aging
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process. Diseases which require surgical intervention
are less tolerated in this population. Diseases of the
gastrointestinal system are generally the result of the
aging process itself. In the elderly, gastrointestinal surgery
can be performed safely with good control of comorbid
diseases.

SC CHANGES RELATED TO OBESITY
AND PATIENT POSITION DURING
LAPAROSCOPIC ABDOMİNAL SURGERY
The SC can be affected depending on the position of the
patient during LS. The Trendelenburg position is used
for some surgical procedures including gynecological
interventions, appendectomy and colorectal surgery when
performed by the laparoscopic method. The effects of
the IAP are exacerbated due to further pushing of the
diaphragm by gravity. Intrathoracic pressure rises, residual
volume decreases, and the probability of atelectasis
and hypoxemia increases. In addition, the increase in
splanchnic venous return and cardiac output alleviates the
adverse cardiovascular effects to some degree. Cerebral
perfusion may be corrupted due to venous congestion
in the head and neck region. Intracranial pressure and
intraocular pressure also increase.
The lithotomy position and subsequent pneu
moperitoneum increase preload, probably due to blood
shifting from the abdomen to the thorax by compression
of splanchnic vessels. Careful fluid management,
maintaining low abdominal pressure and use of the
reverse Trendelenburg position are favored to prevent
adverse hemodynamic effects during LS[79]. The headup position and intraperitoneal pressure greater than
12 mmHg should be avoided during LS because they
compromise hepatic and renal blood flow. LS causes
a reduction in hepatic blood flow due to a number of
factors, including increased IAP, neurohumoral response
to surgical stress and the effect of patient position[80].
The clinical significance of this phenomenon is not fully
understood.
In obese patients with large amounts of omental and
intestinal fat, more extreme positions may be required for
a good surgical view. Therefore, more changes occur in
the splanchnic vascular area. Effects related to positional
changes in patients with hypovolemia and hypotension
are exacerbated[81,82]. In obese patients, IAP may reach
13.2 or even 13.7 mmHg (1.7-1.8 kPa). The clinical
implications of IAP abnormalities in morbidly obese
patients have not yet been studied[49].

patients experience prolonged periods of elevated IAP.
LS with computer-assisted surgery such as robotic
surgery have also become more popular. Both the
number of operations and the variety of operations
have increased. Therefore, a longer operative time has
become routine for complicated laparoscopic surgical
procedures. Despite its benefits, pneumoperitoneum
is not without physiological consequences. In humans,
even brief periods of CO2 insufflation (45-60 min) have
been shown to significantly reduce blood flow to organs
within the peritoneal space. This reduction promotes
anaerobic metabolism leading to lactic acidosis with
postoperative manifestations including alteration in
liver enzymes, subclinical hepatic dysfunction and the
appearance of oxidative stress markers. Tissue ischemia
and altered postoperative organ function are major causes
of laparoscopy-associated morbidity and mortality. A
method to maintain organ blood flow during LS has not
yet been developed. For a safe and effective approach to
LS, anatomy of the abdomen, pathophysiology of the
SC and surgical outcomes should be known. The most
important points in LS are as follows: (1) for the patient,
an unhurried and calm working style is necessary for safe
laparoscopic abdominal surgery; (2) the lowest possible
IAP range should be achieved for the safe application of
pneumoperitoneum; (3) a minimal number and effective
use of laparoscopic instruments and materials; (4) Good
preoperative clinical evaluation and determination of
possible risk factors; (5) optimal perioperative monitoring
of vital signs and urine output, and good collaboration
with anesthetists; (6) minimize the LS time as much as
possible; and (7) close monitoring of the patient in the
postoperative period regarding complications of SC
derangement.
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Abstract
Inflammatory bowel disease (IBD) is a chronic
inflammatory disease thought to be mediated by the
microbiota of the intestinal lumen and inappropriate
immune responses. Aberrant immune responses can
cause secretion of harmful cytokines that destroy the
epithelium of the gastrointestinal tract, leading to
further inflammation. Interleukin (IL)-22 is a member
of the IL-10 family of cytokines that was recently
discovered to be mainly produced by both adaptive
and innate immune cells. Several cytokines and many
of the transcriptional factors and T regulatory cells are
known to regulate IL-22 expression through activation
of signal transducer and activator of transcription 3
signaling cascades. This cytokine induces antimicrobial
molecules and proliferative and antiapoptotic
pathways, which help prevent tissue damage and aid
in its repair. All of these processes play a beneficial
role in IBD by enhancing intestinal barrier integrity
and epithelial innate immunity. In this review, we
discuss recent progress in the involvement of IL-22
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in the pathogenesis of IBD, as well as its therapeutic
potential.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Inflammatory bowel disease; Interleukin-22;
Signal transducer and activator of transcription 3
Core tip: Interleukin (IL)-22 is expressed by adaptive
immune system cells and innate lymphocytes.
Several cytokines and many transcriptional factors
and T regulatory cells can regulate IL-22 expression.
Through activation of signal transducer and activator
of transcription 3 signaling cascades, IL-22 induces
antimicrobial, proliferative and antiapoptotic pathways,
which can help fix damaged tissue and promote tissue
repair mechanisms. IL-22 is also associated with
inflammatory bowel disease (IBD) susceptibility genes
that regulate inflammatory responses in tissues. All of
these processes play crucial roles in IBD pathogenesis
and collectively provide an important rationale for the
development of novel therapeutic measures for this
disease.
Li LJ, Gong C, Zhao MH, Feng BS. Role of interleukin-22
in inflammatory bowel disease. World J Gastroenterol 2014;
20(48): 18177-18188 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i48/18177.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i48.18177

INTRODUCTION
Inflammatory bowel disease (IBD) is a group of
inflammatory conditions of the small intestine and colon,
and includes Crohn’s disease (CD) and ulcerative colitis
(UC). Despite extensive research efforts, however, the
etiology of IBD remains unclear. The current opinion
about IBD pathogenesis is that the disease results from
interactions between environmental factors, mainly
microbes of the intestinal lumen and their products,
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and dysregulation of immune responses in genetically
susceptible individuals[1]. Certain harsh environments
that may affect barrier integrity (to increase barrier
permeability to luminal macromolecular substances,
such as protein antigens and microbial products) and
over-absorption of luminal microbial products (which
has been ascribed to a number of mucosal pathologies)
can lead to an over-activation of immune system, thus
resulting in mucosal inflammation[2].
Interleukin (IL)-22, a member of the IL-10 cytokine
family which is composed of IL-10, IL-19, IL-20, IL-24
and IL-26[3], is expressed by both the cells of the innate
immune system [such as dendritic cells (DCs), lymphoid
tissue inducer (LTi)-like cells and natural killer (NK)
cells) as well as on the surface of adaptive lymphocytes
(including CD4+ T cell subsets, CD8+ T cells and so on)[4].
Several cytokines [such as IL-23, IL-6, tumor necrosis
factor (TNF) α, IL-1β, transforming growth factor (TGF)
β and IL-17), many of the transcriptional factors (signal
transducer and activator of transcription (STAT) 3, RARrelated orphan receptor (ROR) γt and aryl hydrocarbon
receptor (AhR)] [5] and T regulatory cells (Tregs) are
known for their regulation of IL-22 expression [6] .
Through activation of the Jak-STAT signal transduction
pathway, IL-22 induces proliferative and anti-apoptotic
pathways, as well as the production of antimicrobial
peptides, which help prevent tissue destruction and assist
in its repair and restoration[7]. IL-22 is also associated with
IBD susceptibility genes that are crucial for regulating
tissue responses during inflammation[8]. All of these
processes play critical roles in the pathogenesis of IBD.
In recent years, it was demonstrated that treatment with
recombinant cytokine or gene therapy involving IL-22
can suppress the inflammatory response and alleviate
tissue injury[8,9]. Thus, these findings suggest that further
research focused on IL-22 may elucidate the underlying
mechanisms of IBD and facilitate the development of
novel effective, targeted therapeutic approaches for IBD.
This review focuses on IL-22 and its functional role in
IBD.

IL-22
IL-22 signaling
The IL-22 receptor is a heterodimer composed of
IL-22 receptor 1 (IL-22R1) and IL-10 receptor 2 (IL10R2)[10]. IL-10R2 is ubiquitously expressed by most
cell types, while the expression of IL-22R1 is limited
to nonhematopoietic cells (such as hepatic cells,
pancreatic cells, kidney cells, epithelial cells, and skin
keratinocytes)[10,11]. Therefore, the expression profile of
IL-22R1 determines how IL-22 specifically targets innate
cell populations, and not adaptive immune cells[12].
STAT3, STAT1 (in a relatively small number of
cells) and STAT5 (in certain cells) were shown to be
activated after IL-22 stimulation [13]. Further analysis
has also demonstrated that IL-22 signaling propagates
downstream phosphorylation signals, including several
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of the mitogen-activated protein kinase (MAPK)
pathways (extracellular signal-regulated kinase (ERK)1/2,
MEK1/2, C-Jun N-terminal kinase (JNK), and p38
kinase), and STAT1, STAT3 and STAT5 by utilizing
Janus kinase (JAK)1 and tyrosine protein kinase (TYK)2[14]
(Figure 1). The capacity of IL-22 to activate JNK,
ERK1/2 and p38 MAPK pathways has been implicated
in liver diseases [14]. Moreover, the strong activation
of IL-22 to stimulate STAT3 has been confirmed in
human colon cancer cell lines, human colonic biopsy, as
well as the primary mouse colonic epithelial cells[15,16].
In fact, a recent study has shown that, compared with
IL-6, IL-22 has a stronger ability to activate STAT3[17].
Pickert et al[18] have demonstrated that in dextran sulfate
sodium (DSS)-induced colitis, the activation of epithelial
STAT3 is more dependent on IL-22 than on IL-6, a
well known activator of STAT3. This is due to IL-22R1
utilizing its constituent C-terminal tail to interact with
the coiled-coil domain of STAT3, which has been to
conformed in a recent discovery as a novel mechanism
to activate STAT3 [19]. Similar to other IL-10 family
cytokines, IL-22 primarily relies on STAT3 to mediate its
functions. Binding of cytokines to this receptor results
in the activation of STAT3 signaling pathways, which in
turn leads to the induction and production of various
tissue-specific genes, including serum amyloid A (SAA),
antimicrobial proteins (β-defensin, Reg3c and lipocalin-2)
and mucins. Meanwhile, IL-22 also induces proliferative
and antiapoptotic pathways in some responsive cells of
certain tissues[10,20].
Cellular sources of IL-22
Basu et al[21] have suggested that both innate lymphoid
cells (ILCs) and T cells produce IL-22. They showed that
IL-22 produced by ILCs was strictly IL-23-dependent,
and that the development of IL-22 induced by CD4+
T cells was via an IL-6-dependent mechanism that
was augmented by IL-23 and was dependent on both
transcription factors T-bet and AhR. At the same time,
Wolk et al[22] confirmed that activation of murine T cells,
especially T helper (Th) 1 cells, mainly express IL-22.
A novel Th subset - the Th17 cells - was identified
in 2005 [23,24]. IL-17 (or IL-17A), a hallmark cytokine
preferentially expressed by Th17 cells, distinguishes
these cells from other Th subsets, such as Tregs, Th1
and Th2 cells[25]. Th17 cells play an essential role in host
defense, especially against extracellular bacteria and other
infectious bacteria, and are involved in the pathogenesis
of various autoimmune diseases[26,27].
The level of IL-22 produced by Th17 cells is much
higher than that of the production from undifferentiated
Th0 cells or Th1 cells. However, the expression and
regulation of IL-22 and IL-17 produced in T cells are
unparalleled. Researchers have discovered that IL-6 and
TGFβ are both required for inducing IL-17 expression
in naïve T cells, yet IL-6 alone can sufficiently promote
the expression of IL-22[28-30]. In fact, TGFβ has been
shown to suppresses IL-22 production in a dose-
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Figure 1 Interleukin-22 signaling pathway. IL-22 binds to a heterodimeric receptor composed of IL-10R2 and IL-22R1, activating JAK1 and TYK2, which selfphosphorylate, resulting in binding and phosphorylation of STAT3. Then, STAT3 translocates to the nucleus and induces target genes. IL: interleukin; JAK: Janus
kinase; TYK: tyrosine protein kinase; STAT: signal transducer and activator of transcription.

dependent manner[28]. Through activation by anti-CD3
or concanavalin A (ConA), human T cells can produce
IL-22 [31]. Based on studies using the lineage marker
chemokine CC receptor (CCR) 6 and CCR4, human
Th17 cells produced in vitro or purified ex vivo from
blood were shown to preferentially express IL-22[32,33].
Moreover, IL-17- and IL-22-expressing cells in human
peripheral blood mononuclear cells (PBMCs) are
defined by another surface maker, CD161[34]. The abovementioned Th17 cells can produce IL-22 and IL-17; in
addition, CD161+ human CD8+ T cells can also generate
these two cytokines[35].
Recent studies have also demonstrated a unique cell
subset, designated as the IL-22-producing CD4+ Th
subset, in human peripheral blood, which expresses
neither IL-17 nor interferon (IFN)-γ[36-38]. In skin, these
cells mainly express CCR10. Moreover, the human IL22-producing T cells can also be generated from naïve
CD4+ T cells in the presence of IL-6, rather than TGFβ,
which is consistent with what has been reported in the
mouse system[36]. Human Langerhans cells are able to
differentiate T cells into the only IL-22-producing Th
cells in vitro[39].
The human innate immune cell types, such as NK
and LTi cells, can also produce IL-22[40,41]. In addition to
CD4+ T cells, the Th17 cells, CD8+ T cells and NK T
cells also express high levels of IL-22 upon activation,
especially when activation occurs along with IL-23
intervention[28,42]. Recently, LTi cells and developmentally-
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related NK-like cells (NK22), which express the NK
marker NKp46, were demonstrated to be the main innate
sources of IL-22 expression, especially in the intestinal
tract[43,44]. Treatment of NK cells with IL-2 and IL-12
was shown to lead to expression of IL-22[45]. Human
immature NK cells, defined as CD161+CD117+CD34CD94 - cells, express both IL-22 and AhR [46] . The
equivalent NKp46 + NK-like cells in mice have been
found to be developmentally linked to LTi cells[47,48].
Finally, subsets of myeloid cells express the IL-23
receptor (IL-23R) and combine with IL-23 to release
lower levels of IL-22[49,50]; those cells that produce high
levels of IL-22 may be the major cells of IL-22 origin in
mucosal immunity. In contrast to the IL-22 produced by
leukocytes, such IL-22 targets mainly tissue epithelial cells
rather than immune cells[51]. Although expression of IL10R2 is widespread, IL-22R1 expression has only been
detected on epithelial cells. Upon binding to its receptors
on the surface of these epithelial cells, IL-22 produces an
accelerating effect on the proliferation and differentiation
of these cells, and induces these cells to express genes
involved in host defense and wound-healing responses[52].
These cellular functions of IL-22 underlie its crucial
role in epithelial barrier defense, especially against
invading extracellular bacteria. In fact, in a preclinical
model of mucosal immune responses to Gram-negative
bacteria, such as Klebsiella pneumoniae and Citrobacter
rodentium, IL-22 played an indispensable role[53]. Moreover,
IL-22 is associated with the development of various
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human autoimmune diseases[25]. The expression of IL-22
is unregulated in autoimmune diseases, such as IBD,
rheumatoid arthritis and psoriasis. IL-23 appears to be
a principal inducer of IL-22 in Th17, NK or NK-like
cells, suggesting that IL-22 acts a pivotal mediator in IL23-dependent immune reactions in skin and mucosal
epithelia by stimulating innate antimicrobial responses as
well as promoting tissue repair[54].
Regulation of IL-22 expression
IL-23 is a member of the IL-12 cytokine family, and
its stimulation of activated T cells induces IL-22
expression[54]. Research has found that il23a-/- and il22-/mice are both highly susceptible to infection with
extracellular Gram-negative bacteria, suggesting that a
critical function of IL-23 in infection is to induce IL-22
expression[55,56]. Additionally, IL-23 has been found to be
important in the terminal differentiation of Th17 cells,
assisting in their proliferation and effector functions[56].
Therefore, the ability of IL-23 to enhance Th17 cell
proliferation appears to be linked to IL-22 expression.
In addition to IL-23, other cytokines have been
found to regulate the expression of IL-22. In cultures
of purified naïve murine CD4+ T cells, IL-6 and T cell
receptor (TCR) stimulation, or IL-6, TNF α , IL-1 β
and TCR stimulation, was sufficient to induce IL-22
expression [57]. Increasing concentrations of TGF β
dose-dependently inhibited IL-22 expression while
maintaining stable IL-17A expression. It has recently
been demonstrated that IL-17A can partially inhibit the
expression of IL-22 from Th17 cells in vitro and in vivo,
indicating that Th17 cell-associated IL-17A can also
negatively regulate IL-22 expression. IL-22 expression in
γδT cells can also be induced independently of IL-23 and
TCR stimulation by IL-1β, as well as Toll-like receptor
(TLR) 1, TLR2, and dectin-1 ligands[54,58].
Similar to cytokine-mediated regulation of IL-22,
many of the transcriptional factors are known for
regulation of IL-22 expression. STAT3 is critically
involved in the induction of IL-22 expression in
T cells [59] . Similarly, ROR γ t, a lineage-specifying
transcription factor for the differentiation of Th17 cells,
is also required for optimal expression of IL-22. STAT3
and RORγt both control expression of IL-23R, and this
regulation may account for their ability to promote IL-22
production in Th17 cells. Therefore, many of the same
transcription factors involved in Th17 cell differentiation
are also required for IL-22 expression in CD4+ T cells[60].
In addition, AhR is a ligand-dependent transcription
factor that is best known for its role in mediating toxicity
to the organic compound dioxin. AhR also partially
contributes to the differentiation of Th17 cells and is
required for expression of IL-22, thus linking IL-22 and
Th17 cells to toxicity following exposure to different
environmental compounds [61]. A number of IL-22producing innate cell populations have also been found to
express STAT3, RORγt and AhR, yet the involvement of
these transcription factors in regulating IL-22 expression
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in innate cell populations has yet to be examined[62] (Figure
2).
Recent studies have demonstrated a close relationship
between CD4+Foxp3+ Tregs and proinflammatory IL17-producing Th17 cells expressing the lineage-specific
transcription factor ROR γ t. It has been shown that
IL-17-secreting Foxp3 + T cells that express ROR γ t
share features of conventional ROR γ t + Th17 cells.
However, RORγt+Foxp3+ Tregs mostly fail to secrete
IL-22 after phorbol 12-myristate 13-acetate/ionomycin
stimulation[63]. Foxp3 transcription factor binding sites
(TFBSs) in the IL-22 promoter restrain RORγt+Foxp3+
T cells to produce IL-22 at the transcriptional level[64].
Despite the decreased expression of IL-22 in Foxp3+
Tregs, it has been found that Tregs can promote naïve
T cell differentiation. In a mouse model of infection
with oral Candida albicans, Foxp3+ Tregs were shown to
powerfully promote the transition of naïve CD4+ T cells
to responding CD4+ cells (Tresps)[65]. Tresps markedly
produce IL-22. Therefore, there is the possibility that
Tregs can regulate the expression of IL-22.

IL-22 IN PATHOGENESIS OF IBD
IL-22 regulates intestinal barrier immunity
The IL-22 signaling pathway is activated through a
heterogeneous receptor complex composed of two
subunits, IL-22R1 and IL-10R2[66]. Although IL-10R2
is widely expressed on almost all of the cell types, the
expression of IL-22R1 is restricted to the surfaces
of nonhematopoietic cells such as epithelial cells,
hepatocytes and keratinocytes[67]. This limited expression
of IL-22R1 on nonhematopoietic cells allows IL-22 to
specifically target innate cell populations within such
tissues as the skin, kidney, digestive tract and respiratory
systems[68]. A wide variety of innate and adaptive immune
cells, including CD4+ T cells, and most notably Th17
and Th22 cells, CD8+ T cells, LTi cells, NK cells and
DCs, can produce IL-22[69]. Upon binding to the IL22R1 and IL-10R2 receptor complex, these cells produce
IL-22 to activate receptor-associated JAK1 and TYK2,
resulting in tyrosine phosphorylation of STAT3 [70].
This in turn allows IL-22 to induce different kinds of
tissue-specific genes, including those encoding proteins
involved in antimicrobial defense, cellular differentiation,
and expression of mucins; a large, heavily glycosylated
family of proteins in the gastrointestinal tract forms a
protective layer, which serves to separate commensal
bacteria from pathogenic bacteria in the epithelium layer,
thereby minimizing the immune response[71]. Through the
production of antimicrobial peptides, enhancement of
epithelial regeneration, and regulation of wound healing,
IL-22 plays a particularly vital role in regulating intestinal
inflammatory responses [72] . Furthermore, a direct
effect of IL-22 on colonic epithelium is proliferation
of epithelial cells, which maintains the integrity of the
intestinal epithelium.
Recent studies have focused on possible protective
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transcriptional factors can induce and regulate expression of IL-22. Through activation of STAT3 signaling cascades, IL-22 induces antimicrobial molecules and
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effects of IL-22 in IBD, and have used several DSSinduced as well as Th1- and Th2-mediated colitis
mouse models[73,74]. In the DSS-induced colitis model,
feeding mice DSS causes disruption of the intestinal
epithelial barrier, leading to colitis within 1 wk. In IL-22
knockout mice or wild-type (WT) mice, administration of
neutralizing anti-IL-22 antibodies leads to more extensive
epithelial destruction and inflammation in the colon,
more severe weight loss, and more impaired recovery
compared to the DSS-induced acute colitis model. In
addition, T cells from IL-22-/- mice or IL-22-deficient
mice cause a more severe colitis in the T cell transfer
model of IBD[75]. In a Th1-cytokine-mediated model of
colitis, expression of IL-22 by CD4+ T cells is crucial for
relief of disease severity. Sugimoto et al[76] showed that
receipt of supplemental IL-22 leads to rapid amelioration
of local intestinal inflammation in the colons of Th2mediated chronic colitis. IL-22 knockout mice showed
delayed recovery from DSS-induced acute colonic injury.
Treatment with neutralizing anti-IL-22 antibodies also
impaired the recovery of WT mice. Finally, in IL-22deficient and RAG1-deficient double knockout mice,
lacking both T and B cells, no recovery was observed[77].
IL-22 gene delivery mediates STAT3 activation
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specifically within colonic epithelial cells and enhances
reconstitution of goblet cells and production of mucus,
thereby reinforcing the mucus barrier function within the
gastroenterology tract[78]. In DSS-induced acute colonic
injury, recovery is significantly impaired and delayed in
IL-23R-deficient and RAG2-deficient double knockout
mice lacking of IL-22 expression, and treatment with
recombinant IL-22 rescues the recovery in these mice[79].
Pancreatic cells produce TGFβ and IL-10 upon IL-22
stimulation, which can inhibit IFN- γ production,
facilitating relief of intestinal injury. These mouse models
of colitis suggest that IL-22 plays a protective role in
IBD through its ability to improve the integrity of the
mucosal barrier and enhance the inherent epithelial
defense function.
IL-22 responses to intestinal pathogens
In addition to maintaining the mucosal barrier function
in the gastrointestinal tract, IL-22 induces genes to
encode anti-microbial proteins involved in bacterial
defense and protection of intestinal mucosa, suggesting
a role for IL-22 against extracellular bacteria in the
innate immune system. CD and UC are thought to be
driven by an abnormal immune response to the intestinal
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flora[80]. However, since intestinal dysbacteriosis is also
a characteristic of IBD pathogenesis, it is difficult to
determine whether there is an inflammatory response
to abnormal flora or if an abnormal inflammatory
response is altering the microbial communities [81] .
Intestinal flora, as an environmental factor, may be
associated with genetic susceptibility that alters the
interactions between ourselves and our microbiome.
The first major susceptibility gene discovered for CD is
NOD2 (or CARD15), which is known as a receptor for
bacterial peptidoglycan (PGN)[82]; another susceptibility
gene, ATG16L1, has been shown to be critical for
autophagy [83]. The intestinal flora may also lead to
disorders of intestinal lymphoid cell subsets, such as
Th17 cells and innate lymphocytes, which are important
for regulating mucosal immunity[83]. Although there have
been numerous studies investigating stool samples of
and mucosa-associated bacteria in IBD patients, there
has been a lack of consensus between the associations
observed in these studies[83].
Although extensive changes have been reported,
such as expansion of the Proteobacteria phylum in IBD
patients [84], only few specific associations have been
reproducibly identified. Although the causes of changes
in microbiota species that can trigger IBD remain
unclear, and studies on this subject are continuing, the
general theme observed so far is that the diversity of
microbial communities is significantly decreased in
IBD [85]. There have also been repeated observations
of the microbiota composition being disrupted during
inflammation, resulting in dysbiosis that may induce or
perpetuate the inflammatory condition. However, both
host genotype and the environment have major impacts
on the shape of such dysbiosis, as well as upon which
members of the microbiota can stimulate pathogenic
immune responses[86].
By promoting the maintenance of intestinal
epithelial barrier function, IL-22 can prevent the
spread of pathogenic microorganisms in the gut, such
as enteropathogens, including Citrobacter rodentium
and Salmonella typhimurium (enteric ecotype) in the
gastrointestinal tract, thereby limiting bacterial growth.
Tregs promote IL-22-dependent clearance of fungi
during acute Candida albicans infection[87,88]. In addition,
IL-22 can help to eliminate pathogenic microorganisms
by inducing various anti-microbial proteins (Figure 2).
IL-22 has already been confirmed as a regulator of
the expression of antimicrobial proteins such as the
S100 family proteins (S100A7, S100A8 and S100A9),
β-defensin family proteins (β-defensins BD2 and BD3),
Reg family proteins (RegⅢa, RegⅢb and RegⅢc) and
lipocalin-2[83,89-91]. These proteins may be important in the
control of gut pathogens. IL-22 plays a protective role in
the host inflammatory response to microbial infections
or in promoting the release of inflammatory mediators,
depending on the type of pathogenic microorganisms
causing the infection.
Song et al[92] showed that IL-22 plays an crucial role
in host defense immunity against infection with the
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Gram-negative enteric bacteria Citrobacter rodentium, as
an inducer of the expression of antibacterial peptides in
colonic epithelial cells. The protective effect of IL-22 in
systemic infections caused by Salmonella enterica has been
demonstrated. IL-23-dependent IL-22 was required for
both liver cells’ survival and pathogen defense against
systemic Salmonella infection in mice, especially when
accompanied by decreased production of IL-12[93].
IL-22 is not only able to protect our intestine
against bacterial pathogens, but also plays a protective
role in intestinal fungal infections with Candida albicans.
Compared with infected WT mice, IL-22 knockout mice
infected with Candida albicans hyphae intragastrically had
a higher fungal burden and showed signs of more severe
mucosal inflammatory hyperplasia in the stomach and
colon[94,35]. These results indicate that IL-22 serves as a
protective guardian in regulating inflammatory responses
and maintaining mucosal barrier integrity in a variety
of intestinal infections. However, IL-22 has also been
shown to promote intestinal inflammation in parasite
infection[95]. Toxoplasma gondii-infected IL-22 knockout
mice and mice whose IL-22 was neutralized with an
anti-IL-22 monoclonal antibody developed significantly
less intestinal pathology and had less weight loss and
mortality, despite having similar parasite burdens to
infected WT mice. Perhaps the strongly skewed Th1
immune response caused by the Toxoplasma gondii
infection may explain this difference.
As mentioned above, IL-22 produced by Th17 cells
can be regulated by the gut microbiota. Different from
the neutrophil induction response of IL-17, IL-22 serves
an important role in tissue repair during mucosal immune
system response[96]. Regardless, the relationship between
the intestinal microbiota and IL-22-producing cells is
extremely close. Most notably, it was recently shown that
IL-22-producing innate lymphocytes play a crucial role in
preventing systemic inflammation by inhibiting systemic
dissemination of commensal bacteria[83]. Sonnenberg
et al[97] administrated Rag1-/- mice a neutralizing antiIL-22 monoclonal antibody, and found that the signs
of systemic inflammation increased as did levels of
lipopolysaccharide (LPS); in addition, bacteria could be
cultured from the spleens and livers of these mice. The
disseminated commensal bacteria were subsequently
identified as Alcaligenes sp.
Therefore, together with the protective role against
IBD, IL-22 also serves as a mucosal protector and plays a
critical role in separating our intestinal tract from our gut
flora. Under gut homeostatic conditions, viable bacterial
pathogens are sampled by DCs that carry them to the
mesenteric lymph nodes and these microbes do not
disseminate systemically to secondary lymphoid tissues,
indicating that a mesenteric guardian may act in concert
with a mucosal firewall to distinguish intestinal bacteria[98].
IL-22 in tissue protection, regeneration and wound
healing
In addition to its antibacterial activity, IL-22 can enhance
the survival and proliferation of epithelial cells for
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tissue differentiation and healing[99]. IL-22 induces the
expression of antiapoptotic proteins, including Bcl-xL,
Bcl-2 and Mcl-1, as well as proteins directly involved in
cell cycle and proliferation, such as c-Myc, cyclin D1, Rb2
and CDK4, and anti-inflammatory or protective proteins,
such as IL-11 and follistatin [100-102]. Moreover, IL-22
has been shown to be capable of stimulating a colonic
cancer cell line to express a molecule termed deleted in
malignant brain tumor 1 (DMBT1), which may play a
vital role in the differentiation of epithelial cells[103]. IL-22
has also been shown to induce RegIα, which serves
as a trophic and antiapoptotic factor in the inflamed
colon of UC patients. Recent research has determined
that, through the activation of STAT3, IL-22 can
induce the proliferation and reconstruction of mucosal
epithelial cells in the intestinal tract[104]. This increased
healing response can further prevent the penetration of
microorganisms into the intestinal epithelial layers.
IL-22 is associated with IBD susceptible genes
An attractive biological feature of IL-22 is its functional
association with some major IBD susceptibility genes.
Interaction of IL-23 with IL-23R has been implicated
in the development of IL-22-producing innate cells,
including ILCs, LTi cells and NK cells [4,33,34], and in
the maintenance of IL-22-producing Th17 cells[105,106].
Functional polymorphisms of the IL-23R gene have
been negatively correlated with development of both CD
and UC[105,106]. IL-22 is located within a UC-risk locus on
chromosome 12q15[107]. IL-22 can be combined with its
receptors that are composed of IL-10R2 and IL-22R1.
Polymorphisms of il110r2 are positively associated with
both CD and UC[108].
Binding of IL-22 with its cognate receptor induces
rapid activation of STAT3 through JAK1 and TYK2.
Stat3, jak1 and tyk2 are all well-defined susceptibility
genes of CD and, to a lesser extent, of UC[95,96]. STAT3
activation stimulates epithelial cells to produce Muc1. A
recent genome-wide association study proposed muc1
as a potential candidate gene associated with CD[109].
In addition, genome-wide association analysis of IBD
patients has identified gene mutations involved in
encoding IL-22 and the IL-10R2 subunit of the IL-22R
complex[110,111].

IL-22 AS A POTENTIAL THERAPUTIC
FOR IBD
Due to its crucial roles in regulating barrier immunity and
antimicrobiota, IL-22 may have therapeutic potential for
IBD. Understanding the various mechanisms of IL-22
in regulating immunity, together with development of
immunosuppressive drugs, may open up a new path for
the future treatment of IBD.
Treatment with recombinant cytokine or gene
therapy delivery of IL-22 may alleviate tissue damage
during inflammatory responses. Suppressing the immune
system via anti-inflammatory treatments, such as TNFα
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inhibition, can lead to unwanted dampening of the
immune response, impairing the ability of its response
to infection. However, IL-22 is an ideal therapeutic
candidate because it specifically affects tissue responses
and does not have direct effects on the immune
response. IL-22 has produced the expected results in an
experimental animal model of IBD. Administration of a
more specific targeting agent of IL-22 via microinjection
of an IL-22 DNA vaccine into already inflamed colonic
tissues of mice with IBD has been shown to lead to
reduce infiltration of inflammatory cells as well as to
increase number of goblet cells[112]. This enhances the
production of mucin, thereby buffering the colonic
epithelium from commensal bacteria that may otherwise
initiate an immune response. Andoh et al[113] did not find
IL-22 expression in the gut mucosa of patients with
infectious colitis. It seems that IL-22 plays a protective
systemic role in CD[114] and a protective local role in
UC [115,116]. It should be mentioned at this point that
recently, Leppkes et al[117] demonstrated that the adoptive
transfer of IL-22-deficient T cells into RAG1-deficient
mice caused severe colitis that was indistinguishable from
that caused by transferred WT cells.
Genome-wide linkage analysis of IBD patients has
identified gene mutations involved in encoding IL-22
and the subunit complex of IL-10R2 and IL-22R1[111].
The IL-22R complex is highly expressed within the
gastrointestinal tract and in the inflamed colon; IL-22 is
expressed by CD4+ T cells, likely Th17 cells, and innate
lymphocytes, such as NK cells and LTi-like cells. Using
different experimental models of IBD - DSS-induced
colitis, which is thought to be mainly driven by innate
immune response cells, and CD4+CD45RBhigh T cellmediated colitis, in which naive T cells devoid of Tregs
are transferred into T cell-deficient mice where they
proliferate unimpeded leading to colitis - IL-22 has been
shown to be protective[118,119]. Furthermore, Strengell
et al[118] showed that IL-22 can be therapeutic in IBD;
gene therapy transfer of the IL-22 gene into the colons
of already inflamed mice resulted in amelioration of
inflammation. In addition, the authors reported that
in vivo gene delivery of IL-22 attenuates Th2-mediated
colitis and regulates the expression of genes related to
mucus layer formation[120].
Some existing biologic therapies are also able to
mediate effects on IL-22 expression in patients. AntiTNFα antibodies (such as infliximab) and the anti-IL-6
antibody toclizumab have been used to treat IBD. Th22
cells depend on TNFα for differentiation; therefore, both
Th17 and Th22 cells depend on IL-6 for differentiation,
and they can indirectly decrease IL-22 expression in
patients to treat IBD[121,122]. Lastly, ustekinumab is able to
target both IL-12 and IL-23 and therefore prevent the
differentiation of Th1, Th17 and Th22 cells, eliminating
several sources of IL-22; this drug is currently being
studied in Phase Ⅲ clinical trials of CD [123] . The
treatments mentioned above suppress inflammation by
indirect inhibition of IL-22.
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CONCLUSION
IL-22 plays a critical role in the regeneration of damaged
epithelial monolayers and stimulates antimicrobial peptide
generation. Importantly, the ability of IL-22 to promote
intestinal wound healing and proliferation of intestinal
epithelial cells in mice and humans has been reproducibly
demonstrated by independent groups using different
experimental methods, and recent advances in genomewide association studies have led to results suggesting
that the IL-22 pathway is closely related to some major
IBD susceptibility genes. These collective findings
clearly highlight IL-22 as a promising target for IBD
therapy. Therefore, further extensive research on IL-22 is
necessary to bring about novel and practical interventions
for improving the quality of life of patients with IBD in
a safe and effective way. Further understanding of the
regulation and function of IL-22 would certainly play a
favorable role in the future treatment of IBD.
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Abstract
AIM: To investigate the role of caspase-12 and its
downstream targets in carbon tetrachloride (CCl 4)induced hepatocyte apoptosis.
METHODS: The role of caspase-12 was determined by
-/using caspase-12 knock-out ( ) mice. CCl4 (300 µL/kg
body weight) or vehicle (corn oil) was administered
+/+
-/to caspase-12
or caspase-12 mice as a single
intraperitoneal injection. The animals were sacrificed
24 h after the CCl4 treatment. Blood was collected to
evaluate liver function by the measurement of the
activity of alanine aminotransferase. Liver samples were
used for the measurements of reactive oxygen species
using plasma malondialdehyde as biomarker, hepatocyte
apoptosis was evaluated via terminal transferasemediated dUTP nick-end labeling and controlled by
morphologic study, and cytochrome C release and
caspase activations were measured by Western blotting.

WJG|www.wjgnet.com

RESULTS: Administration of a low dose of CCl 4
resulted in hepatocyte apoptosis and acute liver injury
in wild-type mice. CCl4 also induced the generation of
reactive oxygen species and induction of endoplasmic
reticulum stress in the liver followed by activations
of caspase-12, -9 and -3 as well as release of small
amounts of cytochrome C. However, in the CCl4-treated
-/caspase-12 mice, activation of caspase-9 and -3 were
significantly attenuated (P < 0.05); no effect was seen
in cytochrome C release. CCl4-induced apoptosis and
-/liver damage was markedly reduced in caspase-12
+/+
mice compared to caspase-12 mice (P < 0.05). The
active form of caspase-8 was not detected in either
+/+
-/caspase-12
or caspase-12 mice. There was no
significant different in the formation of reactive oxygen
+/+
-/species in the livers of caspase-12 and caspase-12
mice treated with CCl4.
CONCLUSION: Caspase-12 plays a pivotal role in
CCl4-induced hepatic apoptosis through the activation
of the downstream effector caspase-3 directly and/or
indirectly via capase-9 activation.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Sublethal doses of carbon tetrachloride (CCl4)
induced significant hepatocyte apoptosis and acute
liver injury in the wild-type mice. CCl4 also induced
the generation of reactive oxygen species in the liver
followed by activation of caspase-12, -9 and -3. Loss of
caspase-12 in knock-out mice attenuated CCl4-induced
activation of caspase-9 and -3, significantly reduced
apoptosis, and preserved liver function. Caspase-8
was not detected, indicating that it does not play a
significant role in this model of hepatocyte apoptosis.
The data indicate that caspase-12 plays a pivotal
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role in CCl 4-induced hepatocyte apoptosis through
the downstream activation of the effector caspase-3
directly and/or indirectly via caspase-9 activation.
Liu H, Wang Z, Nowicki MJ. Caspase-12 mediates carbon
tetrachloride-induced hepatocyte apoptosis in mice. World J
Gastroenterol 2014; 20(48): 18189-18198 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i48/18189.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i48.18189

INTRODUCTION
Toxic liver damage may result in acute liver failure, hepatic
fibrosis and carcinogenesis[1]. Hepatotoxicity remains a
major reason for drug withdrawal from pharmaceutical
development and clinical use[1]. Hepatocyte apoptosis
is an important contributing factor to acute liver injury
in a variety of liver diseases including toxic effects of
drugs, alcohol, viral infection, non-alcoholic steatosis
and cholestasis[2-4]. From the studies over last decade,
hepatocyte apoptosis appears to be the first cellular
response to toxic damage and is thought to be the main
mode of cell death in liver diseases[4,5].
Apoptosis is executed through the activation of
caspase cascades, via the apoptotic pathways. The
pathways start with activation of an initiator caspase
by different stimuli, caspase-8 in membrane-mediated,
caspase-9 in mitochondrial-mediated, and caspase-12 in
endoplasmic reticulum (ER) stress-mediated pathways[6-8].
The active initiator caspases then activate effector
caspase-3, -6 or -7 which cleave key substrates required
for normal cellular functions leading to apoptosis[6,7,9-12].
Carbon tetrachloride (CCl4)-induced hepatic injury
has been widely used to study the mechanisms of
hepatotoxic injury and repair. Treatment with a sublethal
dose of CCl4 results in massive apoptotic damage in the
liver[13,14]. Previous studies have shown the activation
of caspase-3 and -9 in the liver of CCl4-treated mice or
rats[15,16]. However, the role of caspase-12 and its downstream targets in CCl4-induced hepatocyte apoptosis have
not been defined.
Procaspase-12 is predominantly located on the
cytoplasmic side of the ER and expressed at high levels
in muscle, liver and kidney[8], and is activated by ER
stress[17,18]. The initial event in the liver of CCl4-treated
animals is generation of reactive oxygen species (ROS)
within the ER resulting from the interaction of CCl4 and
cytochrome P450 (CYP)[19,20]. ER is highly sensitive to
environmental insults such as oxidative stress which lead
to ER stress[21,22]. Nakagawa et al[8] have demonstrated
that ER-stress inducer tunicamycin-induced apoptosis
in embryonic fibroblasts and renal tubular epithelial
cells was significantly attenuated in caspase-12 knockout
(-/-) mice. In the same study, treatment of thymocytes
isolated from wild-type and caspase-12 -/- mice with
anti-Fas antibody (activating the membrane-dependent
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pathway) or dexamethasone (activating the mitochondriadependent pathway through cytochrome C release)
developed similar amounts of apoptosis[8]. The authors
suggest that caspase-12 is involved in ER stress-induced
apoptosis independent of membrane-mediated and
mitochondrial pathways. In a cisplatin model of renal
tubular apoptosis, we demonstrated that activation of
caspase-12 prior to the activations of caspase-3 and
-9 and transfection of anti-caspase-12 antibody into
renal tubular epithelial cells prevented the activation
of procaspase-12 and significantly attenuated cisplatininduced renal tubular apoptosis[23]. The direct role of
caspase-12 in hepatocyte apoptosis was not explored
previously. Hence, the current study was to examine if
caspase-12 plays essential role and its downstream targets
in CCl4-induced hepatocyte apoptosis using caspase12-/mice.

MATERIALS AND METHODS
Caspase-12-/- mice
Caspase-12 -/- mice were purchased from the Mutant
Mouse Regional Resource Center (Chapel Hill, NC,
United States), which were developed on a C57BL/6J
background as described[8]. The litter resuscitated from
cryo-archive was genotyped, and the breeding was carried
out by monogamous mating. A pair of male and female
homozygous caspase-12-/- mice was kept in the same
cage for mating. Pups were weaned at an age of 3 wk and
separated according to gender. Animals were maintained
under 12 h light/dark cycles with unlimited access to
food and water. Male mice at 8 wk of age, weighing
25-30 g, were used for the experiments. All experimental
procedures were conducted in accordance with our
institutional guidelines and approved by the Institutional
Animal Care and Use Committee at the University of
Mississippi Medical Center (Permit Number: 1107B).
CC14-induced hepatic apoptosis
Our previous study indicated that a large dose of CCl4
[1000 µL/kg body weight (BW), equivalent to 1.59 g/kg
BW; ip] induced severe liver damage and massive necrosis.
Therefore, a pilot study was performed to determine the
appropriate dose and time points for significant induction
of hepatocyte apoptosis in littermate capsase-12+/+ mice.
CCl4 (Sigma-Aldrich, St. Louis, MO, United States) was
administered as a single ip dose of different volumes (100,
300 and 500 µL/kg BW, equivalent to 159, 477 and 795
µg/kg BW; dissolved in corn oil) or vehicle (corn oil).
The animals were sacrificed at 6, 12, 24 and 48 h after
CCl4 injection. Blood and liver samples were collected for
the measurements of liver injury and apoptosis.
Measurement of alanine aminotransferase
Alanine aminotransferase (ALT) activity was measured
on a Roche-cobas c501 analyzer (Roche Diagnostics,
Basel, Switzerland) using Roche-cobas ALTL reagents.
The assay is linear from 5-700 U/L and exhibits a slope
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of 1.003 (r = 0.996).
Detection of apoptotic cells
Detection of apoptotic cells by terminal transferasemediated dUTP nick-end labeling (TUNEL) is extensively
used for the quantification of apoptotic cells in tissue
or cell culture. However, there have been concerns
about its sensitivity and specificity. In the current study,
apoptotic cells were quantified by a modified TUNEL
protocol, and were controlled by morphologic study.
TUNEL stain on mouse liver sections was performed
by use of ApoAlert DNA Fragmentation Assay Kit
(Clontech of Takara Bio Inc., Shiga, Japan) following
the manufacturer’s protocol and with modifications as
described by Tamura et al[24] and Labat-Moleur et al[25].
Apoptosis was quantified as TUNEL-positive cells/mm2.
In morphologic examination, the following findings
were considered to represent apoptosis: condensation
of chromatin and cytoplasm, margination of nuclei, cell
blebbing, and apoptotic bodies[26].
Determination of lipid peroxidation
Malondialdehyde (MDA), an intermediate of lipid
peroxidation, was determined as a measure of lipid
peroxidation following the protocol described by Wenger
et al[27]. Briefly, liver tissue was rapidly frozen at the time
of harvest and stored in liquid nitrogen. The tissue was
homogenized in an ice-cold buffer (20 mmol/L PBS pH
7.4, 140 mmol/L NaCl, 0.01% butylated hydroxyanisole,
0.25 mol/L DMSO), and then centrifuged at 900 × g
for 10 min; 20 µL of liver homogenate was incubated
at 90  ℃ for 60 min in 0.8 mL reaction mixture of 1.35
mol/L acetic acid, 0.15 mol/L sodium dodecyl sulphate,
20 mol/L 1-thiobarbituric acid (pH 3.5). After cooling
the reaction tubes in ice water, 0.2 mL distilled water
and 1 mL n-butanol/pyridine mixture (15:1) were
added. This mixture was mixed by vortexing and then
centrifuged. The organic layer was taken for fluorometric
measurements of the thiobarbituric acid reactive
substances fluorescence (excitation, 515 nm; emission,
553 nm), the concentration of which was calculated using
1.1.3.3-tetraethoxypropane dissolved in acetic acid as a
standard.
Cell fraction preparation
Cell fractions were prepared as described previously[8].
Liver tissue was homogenized in an extraction buffer and
cell fractions were obtained by differential centrifugations.
Western blot
Western blot was performed by the chemiluminescence
method as described elsewhere[28]. The antibodies used
were as follows: rabbit anti-caspase-12 (AB3612, Lot
22101182; Chemicon of EMD Millipore, Billerica,
MA, United States) and mouse anti-actin (MAB1501;
Chemicon); rabbit anti-caspase-3 (sc-7148), caspase-8
(sc-7890), caspase-9 (sc-8355), and rabbit anti-cytochrome
C (sc-7159) from Santa Cruz Biotechnology (Dallas, TX,
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United States); anti-glucose-regulated protein 78 (GRP78)
(NBP1-06274; Novus Biologicals, Littleton, CO,
United States); anti-CCAAT/-enhancer-binding protein
homologous protein (CHOP) (#2895; Cell Signaling
Technology, Danvers, MA); anti-serine/threonine-protein
kinase/endoribonuclease (IRE-1) (ab37073; Abcam,
Cambridge, United Kingdom).
Genotyping
Genomic DNA was isolated from a small section
of mouse tail by using a GentraPure gene Mouse
Tail Kit (Qiagen, Venlo, Limburg, Netherlands).
P C R wa s p e r f o r m e d by a G o Ta q F l e x i D N A
Polymerase kit (Promeg a Cor p., Madison, WI,
United States) and using three primers: GS (E),
GCCAGGAGGACACATGAAAGAGATC; GS (E,
T), AGCTGTTCCTGGGAAT TGGCAATG; Neo,
GGGTGGGATTAGATAAATGCCTGCTCT. For
routine genotyping, a PCR protocol employing a mixture
of the three primers was used to detect wild allele (246
bp) and mutant allele (414 bp). PCR products were
visualized on a 2% agarose gel with ethidium bromide.
Caspase-12 expression in mice was further confirmed by
RT-PCR and Western blot.
RT-PCR
RNA was isolated from the liver tissue using TRIzol reagent
(Gibco of Thermo Fisher Scientfic, Waltham, MA, United
States). Reverse transcription of 0.5 µg of total RNA and
PCR were carried out by a one-step RT-PCR protocol using
AccessQuick RT-PCR system (Promega Corp.). Caspase-12
primers are: 5’-GAAGGAATCTGTGGGGTGAA
( F ) , 5 ’ - AG G C C T G C A T G A T G AG A A T C ( R )
(product size about 133 bp). GAPDH primers
include: 5’-AAGATGGTGAAGGTCGGTGT (F),
5’-TTGATGGCAACAATGTCCACT (R) (product size
about 98 bp). The PCR products were visualized on a
2% agarose gel using ethidium bromide and ultraviolet
transillumination.
Statistical analysis
Values are expressed as the mean ± standard error.
Statistical analysis was performed using an unpaired t test
(for two groups only) and analysis of variance (for more
than two groups). Statistical significance was considered
at P < 0.05. Calculations were made with SigmaStat 3.5
(Systat Software Inc., San Jose, CA, United States).

RESULTS
CC14-induced acute liver damage and apoptosis
We conducted a pilot study to determine the appropriate
dose and time points for significant induction of
apoptosis in the liver of wild-type mice. CCl4-induced
hepatic injury as measured by ALT was noted starting
at 12 h and this damage became more severe at 24 and
48 h (Figure 1A). The increases of ALT in 300 and
500 µL/kg BW treated groups were similar, and they
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were significantly higher than that of 100 µL/kg group
(P < 0.05). TUNEL staining demonstrated that there
were virtually no positive apoptotic cells in the liver of
control mice. Very few apoptotic cells (1-5 per mm2)
were observed in the liver section of the mice 6 h after
the CCl4 injection. A significant amount of apoptotic
cells occurred after 12 h and increased to about 50
TUNEL-positive cells per mm2 at 24 and 48 h following
the CCl4 treatment (P < 0.05) (Figure 1B). The TUNEL
stain result was controlled by morphologic examination,
which showed that about 85% TUNEL-positive cells
exhibited the morphologic features of apoptotic cells. It
was determined that CCl4 administered as a single dose
of 300 µL/kg (equivalent to 477 µg/kg BW) ip induced
hepatocyte apoptosis at about 50 TUNEL-positive cells/
mm2 at 24 h after the injection, and this was the dose
used for the subsequent animal experiments.
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Figure 2 Carbon tetrachloride induced endoplasmic reticulum stress in
the liver. The representative Western blots show that there was an increase
in endoplasmic reticulum stress response in CCl4-treated mice. Glucoseregulated protein 78 (GRP78), CCAAT/-enhancer-binding protein homologous
protein (CHOP) and serine/threonine-protein kinase/endoribonuclease (IRE-1)
were upregulated in the livers of both caspase-12+/+ and -12-/- mice treated with
CCl4.

48
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Figure 1 Dose- and time-dependent liver damage, apoptosis and
reactive oxygen species generation. A: Carbon tetrachloride (CCl4)-induced
hepatic injury as measured by alanine aminotransferase (ALT) levels. Values
are mean ± SE, n = 5, aP < 0.05 vs control, cP < 0.05 vs 12 h at the same
dose; B: Hepatic apoptosis was examined by terminal transferase-mediated
dUTP nick-end labeling (TUNEL) staining. For each sample, five randomly
selected fields at 200× magnification were evaluated. Values are mean ±
SE, n = 5; eP < 0.05 vs 100 µL/kg body weight group at the same time point;
C: Generation of reactive oxygen species as measured by malondialdehyde
(MDA) in both caspase-12+/+ and -12-/- mouse livers 12, 24 and 48 h following
CCl4 treatment (300 µL/kg body weight). Values are mean ± SE, n = 8; gP <
0.05 vs controls.
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CC14-induced ROS generation
MDA was determined as a measure of lipid peroxidation.
Lipid peroxidation started to increase 6 h after CCl4
treatment in caspase-12 +/+ and -12 -/- mice. It was
significantly increased at 12 h, continued to rise at 24 h,
and maintained until 48 h following the admission of
CCl4 (P < 0.05) (Figure 1C). There was no significant
difference in MDA generation between caspase-12+/+ and
12-/- mice.
CC14-induced ER stress
To examine the ER stress response induced by CCl4, we
analyzed several key ER stress markers in CCl4-treated
mice by Western blot. As expected, GRP78, CHOP and
IRE-1 were upregulated in the liver tissue from both
caspase-12+/+ and -12-/- mice treated with CCl4 (Figure 2).
Caspase-12 gene knockout has no effect on the inductions
of these proteins suggesting that activation of caspase-12
is a downstream event of ER stress.
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C

Figure 3 Localization of procaspase-12 in the subcellular components
of liver cells and the activation of caspase-12 by carbon tetrachloride.
A: Procaspase-12 was detected only in the microsome fraction but not in the
nuclear, mitochondria and soluble fractions; B: Activation of caspase-12 was
detected in the liver of caspase-12+/+ mice at 12 and 24 h after CCl4 treatment.
Western blot was performed using an antibody recognizing both pro- and active
forms of caspase-12. Procaspase-12 (55 kDa) was cleaved to the active form (36
kDa). The representative blot was from the results of three experiments.

Subcelluar localization of procaspase-12 and activation
of caspase-12 induced by CCl4
Procaspase-12 was identified and localized in microsomal
fraction of wild-type mouse liver homogenate, but not in
the nuclear, mitochondria or soluble cell factions (Figure
3A). As shown in Figure 3B, procaspase-12 (55 kDa)
was cleaved to the active form (36 kDa). CCl4 activated
caspase-12 in the liver of caspase-12+/+ mice 12 and 24 h
after the treatment (Figure 3B).
CC14-induced apoptosis and liver injury is caspase-12
dependent
Initially, we confirmed the caspase-12-/- mice by genotyping,
RT-PCR and Western blot using the tissue from a small
section of the tail. Genotyping results indicated the
absence of the wild-type allele and presence of the mutant
allele in the caspase-12-/- mice (Figure 4A). The absence
of caspase-12 in the knockout mice was confirmed by RTPCR for mRNA expression (Figure 4B), and by Western
blot for its protein expression (Figure 4C).
To examine the role of caspase-12 in CCl4-induced
liver apoptosis, caspase-12+/+ or caspase-12-/- mice were
injected with single dose of CCl4 (300 µL/kg BW, ip),
and the animals were sacrificed at 24 h following the
injection. CCl 4 induced marked hepatic apoptosis in
caspase-12+/+ mice, and this was significantly attenuated
in the caspase-12-/- mice (P < 0.05) (Figure 5A, C). CCl4
injection resulted in marked liver damage in caspase-12+/+
mice as measured by serum ALT, and this injury was
substantially reduced in caspase-12-/- mice (Figure 5B).
Effects of CC14 administration on the key enzymes in
various apoptotic pathways
Western blot analysis was performed to examine activation
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Figure 4 Genotyping and confirmation of the lack of caspase-12 in the
caspase-12-/- mice. A: Genotyping result indicates the absence of wild-type
allele and presence of mutant allele in the caspase-12 -/- mice; B: Reverse
transcription polymerase chain reaction confirmed the absence of caspase-12
mRNA in caspase-12-/-; C: Western blot showing the absence of caspase-12
protein in caspase-12-/- mice.

of key caspases and cytochrome C release in response
to the CCl4 treatment. As shown in Figure 6, caspase-12
was activated (presence of cleaved form of caspase-12)
in the CCl4-treated caspase-12+/+ mice (Figure 6A). CCl4
treatment also resulted in the activation of caspase-3
and-9 in the liver of caspase-12+/+ mice; activations of
these caspases were significantly inhibited in caspase-12-/mice (P < 0.05) (Figure 6B, D, G). The mitochondriamediated apoptotic pathway involves release of
mitochondrial protein cytochrome C, resulting in
activation of caspase-9. In a Western blot analysis using
soluble cell factions, CCl4 treatment induced a small
amount of cytochrome C release from mitochondria,
with no significant difference in the amount of
cytochrome C released between caspase-12 +/+ and
caspase-12-/- mice (Figure 6C, G).
There was no cleaved form of caspase-8 either
in caspase-12+/+ or caspase-12-/- mice following CCl4
treatment. To confirm this result, a positive control
using liver tissue extract from a lipopolysaccharide/
galactosamine-treated rat was included along with
other samples. As shown in Figure 6E, active caspase-8
was generated following exposure to galactosamine/
lipopolysaccharide, but not after administration of CCl4.
The absence of active form of caspase-8 indicates the
membrane-mediated pathway does not play a significant
role in CCl4-induced hepatic apoptosis in the mice.

DISCUSSION
Apoptosis is the first cellular response to many toxic liver
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Figure 5 Attenuated carbon tetrachloride-induced hepatic apoptosis and liver injury in caspase-12 -/- mice. A: Terminal transferase-mediated dUTP nickend labeling (TUNEL) staining to evaluate carbon tetrachloride (CCl4)-induced hepatocyte apoptosis in caspase-12-/- mice. Five randomly selected fields at 200×
magnification were evaluated for each tissue section. The numbers of apoptotic cells were counted as TUNEL-positive cells/mm 2. Values are mean ± SE, n = 8; aP < 0.05
vs controls, cP < 0.05 vs caspase-12+/+; B: CCl4-induced liver injury as measured by serum alanine aminotransferase (ALT) levels. Values are mean ± SE, n = 8; eP <
0.05 vs controls, gP < 0.05 vs caspase-12+/+ mice; C: Representative sections of TUNEL staining under fluorescence microscope (200 ×). TUNEL-positive cells were
identified by the nuclear fluorescence staining.

diseases[4]. CCl4 induced hepatic apoptosis as early as 6
h[14], far preceding the hepatic necrosis observed at 24
to 48 h following CCl4 treatment[19]. CCl4 is activated by
CYP2E1, CYP2B1/CYP2B2 in the ER of hepatocytes
to form the trichloromethyl radical and CCl 3*. This
radical can react with oxygen leading to the formation of
the trichloromethylperoxy radical (CCl3OO*), a highly
reactive species, which initiates a chain reaction of lipid
peroxidation[29]. ROS are generated as early as 1 h after
CCl4 administration and can serve as a cell-death signal
to induce apoptosis[30]. ROS formation in the ER leads to
perturbation of Ca2+ homeostasis, altered glycosylation
and the accumulation of misfolded proteins causing ER
stress[31]. Caspase-12 is localized to the cytosolic interface
of ER, making it vulnerable to the ER stress and, when
activated, leading to further activation of the caspase
cascade[8]. In fact, our current study demonstrated that
CCl4 treatment resulted in significant ROS generation and
upregulation of ER stress response proteins GRP78,
CHOP and IRE-1 in the liver tissue. Moreover, CCl4
induced a similar degree of ROS generation and ER
stress in the liver of both caspase-12+/+ and -12-/- mice.
These results suggest that caspase-12 activation is a
downstream event following ER stress.
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In the current study, we confirmed that procaspase-12
is localized to the microsomal fraction of the hepatocytes
in the wild-type mice but not in the mitochondrial,
nuclear, and soluble fractions by Western blot analysis. A
sublethal dose of CCl4 induced ROS generation starting
at 6 h followed by activation of caspase-12, hepatocyte
apoptosis and liver injury at 12 h after CCl4 injection.
To explore the role of caspase-12 in CCl4-induced
hepatocyte apoptosis, we conducted a study by using
caspase-12-/- mice. A complete absence of caspase-12
in the knockout mice was confirmed by genotyping,
Western blot and RT-PCR. CCl4-induced apoptosis in the
liver of caspase-12-/- mice was significantly attenuated,
and the liver damage (ALT level) was markedly reduced
in the caspase-12-/- mice as compared with caspase-12+/+
mice. The nearly complete protection of caspase-12-/mice against CCl4-induced hepatic apoptosis indicates
that caspase-12 is a pivotal caspase in CCl 4-induced
apoptotic signaling.
Having demonstrated the role of caspase-12, we
next examined its downstream targets in the apoptotic
pathway. Caspase-9 was activated in the liver of wildtype mice treated with CCl 4, and the activation of
caspase-9 was significantly reduced in caspase-12 -/-
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Figure 6 Activation of caspases and cytochrome C release in mice treated with carbon tetrachloride. Western blot analysis of A: Caspase-12; B: Caspase-3;
C: Cytochrome C release from mitochondria; D: Casapse-9; E: Caspase-8; F: Actin as control in CCl4-treated and control caspase-12+/+ and caspase-12-/- mice; G:
Densitometric analyses of cytosolic cytochrome C and cleaved caspase-3 and -9 were performed from four independent Western blot experiments. The values were
normalized to actin for each individual sample. Values are mean ± SE; aP < 0.05 vs CCl4-treated caspase-12+/+.

mice. This result implies that caspase-9 is a downstream
target of the active caspase-12. It has been a common
belief that cytochrome C-Apaf-1 complex, namely the
apoptosome, is required for the activation of caspase-9
during apoptosis. However, an in vitro study showed that
ER stress induced activations of caspase-12, -9 and -3 in
cytochrome C free cytosols[12]. Apaf-1-/- fibroblasts are
known to be resistant to apoptotic insults that initiate
the mitochondria pathway; however, they are susceptible
to apoptosis caused by ER stress inducers [18]. In a
study using a cell-free system, addition of microsomes
(isolated from ER-stress-induced cells) to an Apaf-1-/- cell
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extract lacking mitochondria or cytochrome C resulted
in activation of caspase-9 [18]. These results indicate
caspase-12 can activate caspase-9 in a cytochrome C
and Apaf-1 independent fashion. Morishima et al[12] have
shown that recombinant caspase-12 specifically cleaves
and activates procaspase-9 in cytosolic extracts of a
murine myoblast cell line C2C12.
Agents that induce ER stress can also result in
release of cytochrome C from mitochondria due to its
membrane damage[32,33]. Indeed, in the present study, a
small amount of cytochrome C release was observed in
the liver of both wild-type and caspase-12-/- mice treated
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with CCl4. There was no difference in the amount of
cytochrome C release between wild-type and caspase-12-/mice. However, caspase-12 -/- significantly reduced
caspase-9 activation and provided marked protection
against CCl 4-induced apoptosis. It appears that this
release of cytochrome C does not have a significant
role in CCl4-induced apoptosis in the liver. As discussed
earlier, cytochrome C is not required for caspase-9
activation under ER stress.
Caspase-3 is the key effector caspase that executes
apoptosis through the cleavage of substrates required for
normal cellular functions, such as cytoskeletal proteins,
nuclear proteins and DNA-repairing enzymes[6]. It is well
known that caspase-3 is activated by initiators such as
caspase-8 and -9 through membrane- or mitochondrialmediated pathways in response to different stimuli[6,9-12].
In the current study, caspase-8 was not activated in
the CCl 4-induced hepatocyte apoptosis. To confirm
this result, a positive control using liver tissue extract
from a lipopolysaccharide/galactosamine-treated
rat was included in Western blot analyses along with
other samples. The active caspase-8 was present in the
liver of the animals exposed to lipopolysaccharide/
galactosamine, but not in CCl4-treated mice. The absence
of active form of caspase-8 indicates that the membranemediated pathway does not play a significant role in CCl4induced hepatocyte apoptosis. The absence of caspase-8
activation in the apoptosis associated with ER-stress was
also evidenced by our previous study[23] and by others[18]
in different experimental animal models.
Previous studies demonstrated that activation of
caspase-12 occurs prior to the activation of executioner
caspase-3 in other animal models of apoptosis associated
ER-stress[23,34]. Treatment of human neuroblastoma cells
with ER-stress inducers resulted in the activation of
caspase-3 without the activations of caspase-8 and -9,
and cells with stable expression of caspase-12 were more
vulnerable to ER stress, concomitant with increased
activation of caspase-3 [35]. Our current study shows
that caspase-3 activation is significantly attenuated in
caspase-12-/- mice accompanied by a marked reduction
of hepatocyte apoptosis. These findings suggest that
caspase-12 activates caspase-3 downstream.
Taken together, our data establish the essential role
of caspase-12 in CCl4-induced hepatocyte apoptosis. We
postulate that the ER-associated caspase-12 services as
an initiator caspase that activates caspase-3 downstream
directly and/or indirectly through activation of caspase-9,
resulting in apoptosis. The primary effects of CCl4 in
humans are on the liver, kidneys, and central nervous
system. Human symptoms of acute (short-ter m)
inhalation and oral exposures to CCl4 include headache,
weakness, lethargy, nausea, and vomiting. Acute exposures
to higher levels and chronic (long-term) inhalation or oral
exposure to CCl4 produce liver and kidney damage in
humans[36]. The United States Environmental Protection
Agency has set a maximum allowable level of 0.005 mg/L
for CCl4[36]. There are no known short-term or immediate
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illness symptoms reported in humans due to exposure
at these levels[36]. However, exposure to CCl4 at the low
level for a longer time could result in pathologic changes
in the liver of humans. More clinical and animal studies
are needed to investigate the long-term consequences of
minimal exposure.
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Background

Carbon tetrachloride (CCl4) is a toxic agent that causes damages to liver,
kidneys, and the central nervous system in humans. Many studies have
investigated CCl4-induced acute liver failure and hepatic necrosis at lethal
doses. Currently, the use of CCl4 has been limited in many countries because
of its toxicity. The United States Environmental Protection Agency has set a
maximum allowable level of 0.005 mg/L for CCl4. There are no known shortterm or immediate illness symptoms reported in humans due to exposure at this
level. However, animal studies have shown that CCl4 induces hepatic apoptosis
at sublethal doses. The mechanism involving CCl 4-induced hepatocyte
apoptosis is not well understood.

Research frontiers

Apoptosis is executed through the activation of caspase cascades via apoptotic
pathways. The pathways start with activation of an initiator caspase by different
stimuli, caspase-8 in membrane-mediated, caspase-9 in mitochondrialmediated, and caspase-12 in endoplasmic reticulum (ER) stress-mediated
pathways. The active initiator caspases then activate effector caspases-3,
-6 or -7, which cleave key substrates required for normal cellular functions
leading to apoptosis. The initial event in the liver of CCl4-treated animals is
generation of reactive oxygen species within the ER. The ER is highly sensitive
to environmental insults such as oxidative stress, which lead to ER stress.
Procaspase-12 is predominantly located on the cytoplasmic side of the ER, and
it is activated by ER stress. The direct role of caspase-12 and its downstream
targets in CCl 4-induced hepatocyte apoptosis have not been examined
previously.

Innovations and breakthroughs

This is believed to be the first study to investigate the direct role of caspase-12
and its downstream targets in CCl 4-induced hepatocyte apoptosis using
caspase-12 knockout animals. The authors have demonstrated that caspase-12
plays a pivotal role in CCl 4-induced hepatocyte apoptosis through the
downstream activation of the effector caspase-3 directly and/or indirectly.

Applications

Understanding the mechanism of CCl 4-induced hepatocyte apoptosis is
important for the development of potential therapeutic strategies, such as the
use of antioxidant, chemical ER chaperones and/or caspase-12 inhibitor for
preventing/lessening CCl4-induced liver apoptosis and injury at the minimal
exposure.

Terminology

The ER is a major intracellular site for calcium storage and the production
of secretory proteins through protein synthesis, folding and modification.
Disturbance in any of the functions will disrupt proper protein folding and
increase the load of unfolded or misfolded protein; the condition is called ER
stress. The unfolded protein response (UPR) is a cellular response to ER
stress. UPR has three aims: initially to restore normal cellular function by
decreasing protein translation, degrading misfolded proteins, and activating
the signaling pathways that lead to increasing the production of molecular
chaperones involved in protein folding. If these objectives are not achieved or
the disruption is prolonged, the UPR aims towards apoptosis.
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patients with strictures.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To undertake a randomised pilot study comparing
biodegradable stents and endoscopic dilatation in

Key words: Benign oesophageal stricture; Biodegradable
stent; Endoscopic balloon dilatation; Pilot study;
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METHODS: This British multi-site study recruited
seventeen symptomatic adult patients with refractory
strictures. Patients were randomised using a multicentre,
blinded assessor design, comparing a biodegradable
stent (BS) with endoscopic dilatation (ED). The primary
endpoint was the average dysphagia score during
the first 6 mo. Secondary endpoints included repeat
endoscopic procedures, quality of life, and adverse
events. Secondary analysis included follow-up to 12
mo. Sensitivity analyses explored alternative estimation
methods for dysphagia and multiple imputation of
missing values. Nonparametric tests were used.
RESULTS: Although both groups improved, the
average dysphagia scores for patients receiving
stents were higher after 6 mo: BS-ED 1.17 (95%CI:
0.63-1.78) P = 0.029. The finding was robust under
different estimation methods. Use of additional
endoscopic procedures and quality of life (QALY)
estimates were similar for BS and ED patients at 6 and
12 mo. Concomitant use of gastrointestinal prescribed
medication was greater in the stent group (BS 5.1,
ED 2.0 prescriptions; P < 0.001), as were related
adverse events (BS 1.4, ED 0.0 events; P = 0.024).
Groups were comparable at baseline and findings were
statistically significant but numbers were small due to
under-recruitment. The oesophageal tract has somatic
sensitivity and the process of the stent dissolving,
possibly unevenly, might promote discomfort or reflux.
CONCLUSION: Stenting was associated with greater
dysphagia, co-medication and adverse events.
Rigorously conducted and adequately powered trials are
needed before widespread adoption of this technology.
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Randomised controlled trial; Dysphagia
Core tip: Benign oesophageal strictures are managed
by endoscopic dilatation using balloons or bougies,
often requiring costly repeat procedures. Biodegradable
stents do not usually require removal and may reduce
the need for repeated endoscopy. This pilot multisite randomized study demonstrates that stenting was
associated with greater dysphagia, co-medication and
adverse events. The oesophageal tract has somatic
sensitivity and the process of the stent dissolving,
possibly unevenly, might promote discomfort or reflux.
Groups were comparable at baseline and findings
are statistically significant but patient numbers were
small. Rigorously conducted and adequately powered
trials are needed before widespread adoption of this
technology.
Dhar A, Close H, Viswanath YK, Rees CJ, Hancock HC,
Dwarakanath AD, Maier RH, Wilson D, Mason JM.
Biodegradable stent or balloon dilatation for benign oesophageal
stricture: Pilot randomised controlled trial. World J Gastroenterol
2014; 20(48): 18199-18206 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i48/18199.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i48.18199

INTRODUCTION
Benign oesophageal strictures (narrowing of the
oesophagus) present with dysphagia of solid or liquid
foods, which may result in malnutrition, aspiration,
and weight loss. Strictures are conventionally treated by
endoscopic dilatation using either a balloon (radially dilating
the stricture) or a bougie (dilating the stricture by shearing
longitudinal force). Balloon dilatation relieves dysphagia
in about 80%-90% of patients although associated with
small risks of bleeding and perforation[1] and, in around
30%-40% of patients, the stricture recurs needing repeated
endoscopic dilatation[2]. Recurrence appears more common
for complex strictures related to radiation therapy,
corrosive injury or surgical anastomosis[3]. Repeat dilatation
is preferred for refractory strictures when compared to
surgery, which is associated with high morbidity rates as
well as high risk for patients with comorbidities[4-6].
Balloon endoscopic dilatation involves inflating a
polyethylene balloon within the stricture, for a minute
or longer, followed by removal. Dilation stretches the
narrowed oesophagus by radial distension, widening
the lumen of the oesophagus and relieving dysphagia.
The biological dynamics of the oesophagus response
to short term stretching and the longer-term effects
on the oesophageal wall are not well understood.
Stretching is believed to disrupt the collagen and elastin
fibres in the oesophageal wall, responsible for the
fibrotic stricture, and open up the lumen. Most patients
respond to the dilatation well and maintain luminal
patency of the oesophagus for a reasonable period of
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time. Some patients have recurrence of their dysphagia
as inflammation and ongoing fibrosis may cause the
stricture to manifest again after several months.
Benign oesophageal strictures are caused by a number
of conditions: injury by acid reflux (peptic strictures); injury
by ingestion of acid or alkaline caustic agents (corrosive
strictures); radiation induced inflammatory strictures;
sequelae of therapeutic endoscopic interventions for early
oesophageal cancer and Barrett’s oesophagus (such as
endoscopic mucosal resection or photodynamic therapy);
post surgical anastomotic strictures[7]; and eosinophilic
oesophagitis[8].
Self-expanding plastic or metal stents have been used
to dilate benign recurrent oesophageal strictures, as a
means of reducing the need for repeated endoscopic
balloon/bougie dilatation with mixed results and
potential complications of stent migration, hyperplastic
tissue ingrowth or overgrowth (metal stents), oesophageal
obstruction due to collapsed stent, thoracic pain and
disappointing longer-term symptom relief [9-14]. These
stents need to be removed after a period of time and
there can be complications both at insertion and removal.
Mechanistically, a stent’s dilatory effect depends upon
the strength and duration of the radial distensile forces
that act on the oesophageal wall over a period of time,
allowing the oesophagus to remodel around the stent.
Biodegradable stents work to the same principle
as removable metal/plastic stents without requiring
endoscopic removal since the stent dissolves gradually
in-situ, thus avoiding the need for it to be removed.
The biodegradable stent under study (SX-ELLA BD
Stent, ELLA-CS, s.r.o., Czech Republic®) is made from
polydioxanone, a monocrystalline polymer that has
been used in monofilament surgical suture materials,
and has a 55% crystalline structure. It is degraded in
living tissue by hydrolytic attack which breaks down
the crystalline structure into smaller fragments of low
molecular weight products. Polydioxanone (PDX) has a
greater resistance to hydrolytic attack when compared to
other biodegradable polymers like polyglycolic acid or
polylactic acid, both of which have been used as stents,
but with faster degradation times. The longer persistence
of the PDX stent is thought to allow adequate time for
oesophageal remodelling to take place. Typically the stent
maintains integrity and radial distensile force for 6-8 wk,
and disintegrates in 11-12 wk following implantation.
A recent review identified 17 case series or reports
of PDX biodegradable stents reporting from 1 to 28
patients, with follow-up from 2 to 18 mo and variable
complication and clinical success[15]. The review identified
a prospective comparison of consecutive patients with
refractory benign esophageal strictures receiving either
self-expanding plastic stents, biodegradable stents or fully
covered self-expanding metal stents (30 in each group)[9].
There were no significant differences in performance
between stents although stricture length was significantly
associated with higher recurrence of symptoms. No
randomized controlled trials comparing biodegradable
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stents with other stents or with balloon dilatation were
identified. Lack of adequately robust evidence for
effectiveness and cost-effectiveness formed the rationale
of this trial.

MATERIALS AND METHODS
Study design
The study used a pilot multicentre randomised controlled
trial design. Blinding of clinicians and patients was not
practicable; recording of symptoms was performed by
a single blinded observer at baseline, 3, 6 and 12 mo
(research nurse). The trial protocol was registered at
inception (ISRTCN 05817794), and a favourable opinion
from an NHS research ethics committee and NHS local
research management and governance approvals were
obtained prior to starting.
Study population
Between March 2011 and June 2013, adult symptomatic
adult patients diagnosed with a new or existing benign
oesophageal stricture were recruited prospectively from
participating NHS hospital sites. All participants provided
informed consent and were then screened to confirm
their eligibility before randomisation.
Inclusion criteria included: written informed consent;
confirmed diagnosis of benign oesophageal stricture;
aged 18-85 years; at least one previous oesophageal
dilatation. Exclusion criteria included: patients with
high strictures (within 2 cm of the upper oesophageal
sphincter); patients pregnant or not taking appropriate
contraception; receiving anti-coagulants; diagnosis of
oesophageal cancer (previous or current) or terminal
disease; any medical illness inhibiting participation in the
view of the recruiting clinician; and patients who lack
capacity. Patients were allowed to withdraw from the
study at any time.
Randomisation and treatments
Randomisation was web-based, stratified by hospital
site with a block size of four, allocating patients in a
1:1 ratio to biodegradable oesophageal stent (BS) or
standard endoscopic balloon dilatation (ED). To ensure
concealment of allocation the recruiting clinician
provided patient details before allocation was disclosed.
Procedures
The biodegradable stent used was CE-marked SXELLA Stent Esophageal Degradeable BD, placed by a
Consultant Gastroenterologist or Consultant Surgeon
experienced in the procedure and in accordance with
the manufacturer’s instructions. Logistical assistance was
available from the distributor of the stent in the United
Kingdom (United Kingdom Medical, Sheffield, United
Kingdom) if required. Stent size was determined by the
length of the stricture, and allowing a minimum 1 cm
overlap onto the normal oesophageal mucosa on either
side. Two overlapping stents could be used if the stricture
exceeded the longest stent size available. The stent was
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placed endoscopically with radiological fluoroscopic
assistance and, where possible, internal markers with
contrast injection and the stent radio-opaque markers
were used to determine the accurate positioning of the
stent.
Endoscopic balloon dilatation followed standard
clinical practice. A standard CRE® dilatation balloon
(Boston Scientific Corp Inc), either wire guided or nonwire guided, was used as needed. Fluoroscopy was
recommended for tight and complex strictures, but might
not be required for simple strictures. A luminal diameter
of 15 mm was considered successful optimal dilatation:
multiple dilatation sessions could be used to achieve this
with a frequency of one dilatation every 2-3 wk, with a
goal of 15 mm or the maximal achievable diameter if
less. Follow up for all patients commenced after the first
complete endoscopic dilatation procedure.
Where a procedure used fluoroscopy, the maximum
fluoroscopy screening time (exposure time) was 5 minutes
for oesophageal stenting (maximum 1 session) or 2.5 min
per session for balloon dilatation (with a maximum of 2
sessions anticipated). Exposure equated to a few months
natural background radiation. The Health Protection
Agency terms this as a very low level of risk to patients.
Endpoints
The primary outcome was the average dysphagia score
during the first 6 mo, where dysphagia was patientassessed on a five-point scale. Secondary analysis of the
primary endpoint included average dysphagia scores to
12 mo and area-under curve (AUC) estimates. Sensitivity
analyses explored the robustness of findings using
repeated measures ANOVA and multiple imputation of
missing values, using 6 and 12 mo follow-up data.
Secondary endpoints were assessed at the same visits
as the primary outcome but were performed by a nonblinded observer. Secondary endpoints assessed were: the
number of repeat endoscopic procedures (therapeutic
and diagnostic); adverse events (including hospital
admissions); quality of life assessed physically using
the surrogate markers of weight; generic quality of life
assessment (EuroQol EQ-5D); and resource items.
Adverse events were recorded and categorised for
severity (mild, moderate of severe) and relatedness (not,
unlikely, possibly, probably, definitely) to intervention as
well as for expectedness and resolution.
Statistical methods
Although not a formal requirement of a pilot study, a
power calculation was performed at the design stage. The
dysphagia score uses a five-point severity scale; when
averaged over a number of points in time it behaves
approximately as a continuous measure. A published case
series reported typical standard deviations for dysphagia
scores of 0.7-0.8 [11]. Assuming an average (clinically
worthwhile) difference of 1 point (SD 1.0) when
comparing the new intervention to standard care, with α
= 0.05 and power 90%, it was estimated 23 patients were
required in each group. Allowing for a dropout rate of
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Figure 1 Consort flow diagram.

Assessed for eligibility (n = 68)

Excluded (n = 51)
Not meeting inclusion criteria (n = 31)
Declined to participate (n = 3)
Other reasons (n = 4)
Randomized (n = 17)

Biodegradable stent, BS (n = 10)
Received allocation (n = 9)
Did not received) allocation (n = 1)
1: Ineligible, mental incapacity

Endoscopic balloon dilation, ED (n = 7)
Received allocation (n = 6)
Did not received) allocation (n = 1 )
1: Ineligible, previous cancer

Lost to follow-up 3-6 mo (n = 0)

Lost to follow-up 3-6 mo (n = 1)
1: Loss of mental capacity

Analysed at 6 mo (n = 9)

Analysed at 6 mo (n = 5)

Lost to follow-up 6-12 mo (n = 1)
1: Study terminated

Lost to follow-up at 6-12 mo (n = 1)
1: Reason unknown

Analysed at 12 mo (n = 8)

Analysed at 12 mo (n = 4)

10%, the study planned to recruit 50 patients.
Statistical significance was assessed using bootstrapping
with 10000 replications for continuous measures and
Fisher’s exact test for count data. Secondary significance
testing of continuous measures was conducted by MannWhitney U (MWU) non-parametric testing. Dysphagia
area-under curve (AUC) and QALY scores were estimated
using the trapezoidal rule. Consequently 6 mo endpoints
were weighted by 0.5 (years) and 12 mo endpoints by one
(year).
Multiple imputation of missing values was performed
using age at randomisation, gender, weight, height,
dysphagia at 0 and 3 mo as predictor variables and
dysphagia at 6 and 12 mo as imputed and predictor
variables with 10 imputations.
All analyses followed intention-to-treat principles and
were conducted using SPSS (Statistical Package for the
Social Sciences) 21 (IBM Corporation, New York, United
States).

RESULTS
Subject baseline characteristics
When the study had recruited 17 patients (10 BS and 7
ED), it was agreed with the sponsor to close the study
due to low recruitment. One patient from each group
was subsequently withdrawn before treatment due to
in-eligibility (BS: mental incapacity; ED prior cancer),
leaving 9 BS and 6 ED patients for analysis (see Figure 1).
WJG|www.wjgnet.com

At baseline, BS and ED were similar in demographic
and disease history measures (Table 1), and comorbidities
(Table 2). Procedural balloon and stent parameters at
intervention were within normal expectations (Table 1).
Dysphagia scores
Although both groups improved, average dysphagia score
for patients receiving stents remained significantly higher
after 6 mo: BS-ED 1.17 (95%CI: 0.63-1.78) p = 0.029.
(Table 3, Figure 2) Estimation of dysphagia by AUC
method was similar (noting the 0.5 weighting for a 6 mo
average). Analysis at 12 mo provided qualitatively similar
findings but with borderline statistical significance.
Sensitivity analyses explored the impact upon
dysphagia using repeated measures ANCOVA, adjusting
for baseline dysphagia and hospital site. Additionally,
missing values were imputed (one value at 6 mo and four
values at 12 mo) and mean dysphagia scores and repeated
measure estimates were produced for the imputation
dataset. Qualitatively, findings were similar for a range
of sensitivity analyses of the primary endpoint with a
statistically significant or borderline significant average
increase in dysphagia score of about 1 point for patients
receiving a stent (Table 4).
Quality of life and recurrence
Quality of life (QALY) estimates were similar for BS
and ED patients regardless of estimation by EQ-5D or
EQ-VAS, or 6 mo or 12 mo follow up. Similarly, there
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Table 1 Baseline characteristics
Endoscopic balloon dilatation
Age (yr)
Age at diagnosis (yr)
Gender male:female
Weight (kg)
Height (cm)
Smoking (never:previously:currently)
Time since quitting smoking (yr)
n cigarettes/d (if current)
Current drinker (no:yes)
Alcohol units/w (if current)
Number of dilatations (ever)
Number of dilatations (in last 12 m)
Stricture length (cm)2
Luminal diameter (mm)2
Extent of stricture (from)2
Extent of stricture (to)2
Dysphagia score (baseline)
EQ5D score (baseline)
EQVAS score (baseline)
Intervention balloon dilatation (mm)
Intervention stent length (mm)
Intervention fluoroscopy (no:yes)

Mean difference p value

Biodegradable Stent

mean ± SD

Min

Max

n

mean ± SD

Min

Max

n

63.8 ± 9.1
61.9 ± 10.5
[5:1]
61.0 ± 10.0
168 ± 14
(1:2:3)
4.3 ± 5.7
18.3 ± 2.9
(3:3)
22.3 ± 17.2
3.2 ± 2.3
1.2 ± 0.8
4.0 ± 1.9
12.3 ± 4.9
31.0 ± 3.7
35.8 ± 2.9
1.83 ± 0.98
0.69 ± 0.31
73 ± 21
14.5 ± 1.2

54
49

74
74

6
6

40
36

78
77

9
9

-1.1
-2.3

47
143

71
181

6
6

45
156

141
188

9
9

10.7
2.0

0.3
15

8.3
20

2
3

10
1
0
2
9
25
32
1
0.26
35
12

42
6
2
6
18
36
40
3
1
95
15

3
6
6
5
3
6
5
6
6
6
6

62.7 ± 12.5
59.6 ± 13.9
[8:1]
71.7 ± 29.5
170 ± 10
(4:2:3)
1.8 ± 1.5
18.3 ± 2.9
(4:5)
15.8 ± 11.0
6.2 ± 5.1
1.9 ± 1.8
3.5 ± 1.3
23.2 ± 31.8
34.6 ± 2.5
38.0 ± 1.9
2.00 ± 1.22
0.69 ± 0.24
57 ± 22
96.1 ± 31.5
(0:9)

(4:2)

0.7
15

2.8
20

2
3

-2.5
0.0

1
1
0
2
6
30
34
0
0.36
30

29
16
5
5
80
38
40
4
1
95

5
9
9
8
5
8
8
9
9
9

-6.5
3.0
0.7
-0.5
10.9
3.6
2.2
0.17
0.00
-16

135

9

60

1

1.000
0.955
1.000
0.864
1.000
0.660
1.000
1.000
1.000
0.786
0.224
0.607
0.524
1.000
0.081
0.171
0.776
0.955
0.145

0.011

1

Continuous measures: independent samples Mann-Whitney U Test (exact significance); count data: Fisher’s exact test; 2At endoscopy prior to intervention.

(MWU). Numbers of patients reporting adverse events
by type are tabulated (Table 5).
Concomitant use of gastrointestinal prescribed
medication was greater in the stent group (mean/patient:
BS 5.1, ED 2.0 prescriptions; p < 0.001) (MWU).
Numbers of patients using concomitant medications by
symptom are tabulated (Table 6).

Table 2 Baseline comorbidities n (%)
Endoscopic balloon Biodegradable p
1
dilatation (n = 6) stent (n = 9) value
Alcohol dependence
Alcohol overdose
Appendicitis
Barrett's oesophagus
Biliary colic
Diarrhoea
Diverticular disease
Duodenitis
Reflux disease/oesophagitis
Haematemesis
Helicobacter pylori
Hiatus hernia
Inguinal hernia
Ischaemic sigmoid colon
stricture
Oesophageal perforation
Perforated duodenal ulcer
Reversal of ileostomy
Wernicke's Encephalopathy

3 (50)
0 (0)
1 (17)
0 (0)
0 (0)
0 (0)
2 (33)
0 (0)
4 (67)
1 (17)
1 (17)
2 (33)
0 (0)
0 (0)

5 (56)
1 (11)
1 (11)
1 (11)
1 (11)
1 (11)
1 (11)
1 (11)
3 (33)
0 (0)
0 (0)
3 (33)
1 (11)
1 (11)

1.000
1.000
1.000
1.000
1.000
1.000
0.525
1.000
0.315
0.400
0.400
1.000
1.000
1.000

0 (0)
1 (17)
0 (0)
0 (0)

1 (11)
0 (0)
1 (11)
1 (11)

1.000
0.400
1.000
1.000

DISCUSSION

1

Count data: Fisher’s exact test.

were no differences in the number of post-intervention
additional endoscopic procedures. However a consistent,
non-significant, pattern of greater intervention was noted
in the BS group (Table 3).
Tolerability of treatment
Adverse events were more common in patients receiving
a stent: in total (mean/patient: BS 4.9, ED 1.0; p = 0.01);
assessed as related to intervention (possibly, probably,
definitely) (mean/patient: BS 1.4, ED 0; p = 0.024); and
assessed as severe (mean/patient: BS 1.8, ED 0; p = 0.026)
WJG|www.wjgnet.com

This pilot study is the first randomised controlled trial
comparing biodegradable stent and balloon dilatation for
benign oesophageal stricture. Although the trial findings
are diminished by under-recruitment, the randomised
comparison remains valid and does not support the use
of biodegradable stents. Stenting was associated with
greater dysphagia, co-medication and adverse events. This
may have occurred in part because of chance atypical
low dysphagia follow-up scores in the balloon dilatation
group, causing biodegradable stents to perform poorly
by comparison. However, dysphagia and other baseline
characteristics were similar between groups at baseline,
validating the comparison.
This study aimed to recruit 50 patients at 6 centres
across the North East of England. From the outset
there were issues with under-recruitment; a potential
explanation might be the steady increase in the use
of proton pump inhibitors in primary care since the
publication in England of the NICE Guidelines for
management of Dyspepsia in Adults[16], thought to have
contributed to a reduction in oesophageal strictures[17,18].
Recruitment was closed after 17 patients were recruited
with no prospect of reaching the target within a
reasonable time-scale. Subsequently the primary endpoint
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Table 3 Outcomes
Endoscopic balloon dilatation
Primary endpoint
Dysphagia Score (Average 3 and 6 m)
Secondary endpoints
Dysphagia Score (AUC 0-6 m)
Dysphagia Score (Average 3, 6 and 12 m)
Dysphagia Score (AUC 0-12 m)
QALY (EQ5D 0-6 m)
QALY (EQ5D 0-12 m)
QALY (EQVAS 0-6 m)
QALY (EQVAS 0-12 m)
Number of additional procedures (0-6 m)
Number of endoscopic procedures (0-6 m)
Number of balloon procedures (0-6 m)
Number of endoscopies (0-6 m)
Number of additional procedures (0-12 m)
Number of endoscopic procedures (0-12 m)
Number of balloon procedures (0-12 m)
Number of endoscopies (0-12 m)

Biodegradable stent

Mean
difference

95%CI

P value1 P value2

mean ± SD

Min

Max

n

mean ± SD

Min Max

n

0.00 ± 0.00

0.00

0.00

5

1.17 ± 0.90

0.00 3.00

9

1.17

0.63-1.78

0.029

0.004

0.25 ± 0.13
0.00 ± 0.00
0.22 ± 0.12
0.34 ± 0.16
0.64 ± 0.42
0.36 ± 0.09
0.73 ± 0.20
0.80 ± 1.10
0.00 ± 0.00
0.40 ± 0.55
0.40 ± 0.55
1.20 ± 0.84
0.00 ± 0.00
0.40 ± 0.55
0.80 ± 0.45

0.13
0.00
0.13
0.18
0.14
0.24
0.49
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.38
0.00
0.38
0.50
1.00
0.46
0.92
2.00
0.00
1.00
1.00
2.00
0.00
1.00
1.00

5
4
4
5
4
5
4
5
5
5
5
5
5
5
5

0.71 ± 0.46
1.21 ± 1.08
1.28 ± 1.01
0.35 ± 0.10
0.66 ± 0.23
0.32 ± 0.09
0.67 ± 0.21
3.22 ± 2.91
0.33 ± 0.71
1.22 ± 1.39
1.67 ± 1.50
4.13 ± 3.87
0.63 ± 1.06
1.38 ± 1.77
2.13 ± 1.89

0.25
0.00
0.25
0.22
0.38
0.22
0.42
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

9
8
8
9
7
9
7
9
9
9
9
8
8
8
8

0.46
1.21
1.06
0.00
0.01
-0.04
-0.07
2.42
0.33
0.82
1.27
2.93
0.63
0.98
1.33

0.16-0.78
0.56-2.00
0.43-1.81
-0.15-0.15
-0.38-0.47
-0.14-0.05
-0.29-0.18

0.045
0.052
0.066
0.995
0.949
0.385
0.602
0.127
0.505
0.275
0.107
0.165
0.417
0.385
0.203

0.042
0.016
0.008
1.000
0.927
0.364
0.648

1.50
3.33
3.25
0.48
0.98
0.45
0.94
8.00
2.00
4.00
4.00
10.0
3.00
5.00
5.00

Continuous measures: bootstrap estimation, 10000 replications; count data: Fisher’s exact test for trend; 2Continuous measures: independent samples
Mann-Whitney U Test (exact significance).
1

2.5

Biodegradable stent

Table 4 Sensitivity analyses

Endoscopic balloon dilatation

Mean
difference

Dysphagia score

2.0

95%CI

P

value

1

P

value

2

Repeated measures ANOVA

1.5

Dysphagia score (3, 6 m)

1.17

(0.21-2.13)

0.022

Dysphagia score (3, 6, 12 m)

1.10

(-0.11-2.31)

0.070

1.0

Repeated measures ANOVA
(imputed)
Dysphagia score (3, 6 m)

1.13

(-0.05-2.32)

0.058

0.5

Dysphagia score (3, 6, 12 m)

1.01

(-0.30-2.32)

0.113

Dysphagia score (Average 3
and 6 m)
Dysphagia score (Average 3, 6
and 12 m)
Dysphagia score (AUC 0-6 m)

0.94

(0.18-1.70)

0.015

0.021

0.93

(0.06-1.79)

0.036

0.025

0.38

(0.03-0.73)

0.032

0.075

Dysphagia score (AUC 0-12 m)

0.83

(0.07-1.58)

0.033

0.024

Dysphagia score (imputed)
0.0

n =

9

6
0

9

6
3

9

t /mo

5
6

8

4
12

Figure 2 Dysphagia scores.

of average dysphagia score over 12 mo was altered to 6
mo to increase the number of completed scores. Due to
low recruitment, the trial was kept open to recruitment
for longer than originally anticipated. Imputation of
missing values was used to support the primary analysis,
which used complete-patient data. The change of timeframe did not impact qualitatively on the findings.
It might appear counterintuitive that an intervention
to restore oesophageal topology might fail to improve
dysphagia when compared to (transient) balloon
dilatation. However the oesophageal tract has somatic
sensitivity and the process of the stent dissolving,
possibly unevenly, might promote discomfort or reflux.
Biodegradable stents lose their radial force over time
as they degrade and may cause stent-induced mucosal
or parenchymal injury. Findings from this pilot trial
are qualitatively consistent with positive case reports

WJG|www.wjgnet.com

1

Imputed values (pooled imputed value of z scores); 2Independent
samples Mann-Whitney U Test (pooled asymptotic value).

and series reported in the literature, since stent group
symptom scores similarly improved over time. Given
the possibility of regression to mean (patients treated
at an acute point tending to improve over time), the
findings underline the need for a rigorously conducted
and adequately powered trial before widespread
adoption of this technology. Validated measures of
patient experience should be incorporated. Findings also
highlight the need to demonstrate organizational, clinical
and patient support in achieving recruitment. Given the
cost of biodegradable stents (the stent cost excluding
placement was £900/patient within the study), costeffectiveness analysis should be included within such a
trial.
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Table 6 Number of patients receiving concomitant
medication

Table 5 Number of patients with adverse events
Adverse event

1

Endoscopic balloon Biodegradable stent
dilatation (n = 9)
(n = 6)
Unrelated Related Unrelated Related

Abdominal pain
Acute exacerbation of chronic
bronchitis
Acute pancreatitis
Alcohol withdrawal syndrome
Atrial fibrillation
Chronic obstructive
pulmonary disease
Constipation
Cough
Diverticulosis
Dry mouth
Dysphagia
Dyspnoea
Eye infection - Left eye
Foul taste in mouth
Fractured rib
Gastro-oesophageal reflux
Haematemesis
Hiccups
Hyperglycemia
Hypertension
Hypotension
Insomnia
Oesophageal candidiasis
Oesophageal spasm
Pain
Positive Faecal occult blood
test
Pruritus - Lower legs (right
and left)
Retrosternal pain
Vitamin B deficiency
Vomiting

2

Bowel management
Loperamide
Constipation
Laxative
Haematemesis
Metoclopramide
Heartburn
Alginate
Nausea/vomiting
Cyclizine
Domperidone
Metoclopramide
Nutritional deficit
Nutritional Supplement
Oesophageal candidiasis
Antifungal
Symptoms of BOS/reflux disease
Proton pump inhibitor
H2-receptor antagonist
Sucralfate

1 (1)

1
1
1 (1)
1
1
1

1
1

1

6 (1)
1
1
1 (1)
1
2
1
1 (1)

1
1
1
1 (1)

1

1
1

0

1

2

0

1

0
1
0
0
1

1
4
3
2
4

1

4

0
6
5
1
0

1
9
9
2
1

The oesophageal tract has somatic sensitivity and the process of the stent
dissolving, possibly unevenly, might promote discomfort or reflux. Rigorously
conducted and adequately powered trials are needed before widespread
adoption of this technology.

1
1
1

Terminology

Benign oesophageal stricture: Narrowing of the oesophagus is often caused
by injury or radiation which leads to difficulty swallowing; Biodegradable stent:
A hollow structure placed into the oesophagus which gradually dissolves;
Endoscopic dilatation: A procedure conducted under anaesthesia to stretch the
oesophagus, usually by means of an endoscopic balloon.

1 (1)
1
1
1

Peer review

1

Related adverse events assessed as possibly, probably or definitely
related; figures in brackets are events rated as severe.
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Abstract
AIM: To investigate whether targeting proteasome
might reverse intestinal fibrosis in rats.
METHODS: Chronic colitis was induced in rats
by repeated administration of increasing dose of
2,4,6-trinitrobenzene sulfonic acid (TNBS, 15, 30, 45,
60, 60, 60 mg) by rectal injection for 6 wk (from day
0 to day 35), while control rats received the vehicle.
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TNBS + bortezomib (BTZ) rats received intraperitoneal
injections of BTZ twice weekly (from day 37 to day
44) at a dose of 25 mg/kg, whereas the control and
TNBS groups received the same amount of the vehicle.
Histologic scoring of inflammation and fibrosis was
performed. Colonic production of transforming growth
factor (TGF)-β was measured by ELISA. Colon fibrosisrelated proteins such as phospho-p38, phosphoSMAD2/3, Akt and peroxisome proliferator activated
receptor γ (PPARγ) were studied by western blot.
Expression of the tight junction proteins, occludin
and claudin-1, were assessed by Western blot. Colon
proteasome activities (chymotrypsin-like and trypsinlike activities) were assessed.
RESULTS: TNBS-treated rats had a higher colon
weight/length ratio compared to control rats (P <
0.01). Furthermore, fibrosis and inflammation scores
were higher in TNBS-treated rats compared to control
rats (P < 0.01 for both). Colonic production of TGF-β
production tended to be higher in TNBS-treated rats (P
< 0.06). Fibrosis-related proteins such as phospho-p38,
phospho-SMAD2/3, and PPARγ were significantly
higher in TNBS-treated rats compared to control rats
(all P < 0.05). TNBS rats had a higher expression
of Akt compared to control rats (P < 0.01). Tight
junction proteins were modified by repeated TNBS
challenge: colon occludin expression rose significantly
(P < 0.01), whereas claudin-1 expression fell (P <
0.01). Bortezomib inhibition significantly decreased
chymotrypsin-like activity (P < 0.05), but had no
significant effect on trypsin-like activity (P > 0.05). In
contrast, bortezomib had no effect on other studied
parameters such as fibrosis score, TGF-β signaling, or
tight junction expression (P > 0.05 for all).
CONCLUSION: Rats with TNBS-induced chronic colitis
exhibited colon fibrosis associated with higher TGF-β
signaling. Proteasome inhibition by bortezomib had no
effect on fibrosis in our experimental conditions.
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Core tip: Inflammatory bowel disease gives rise to
challenging clinical conditions, and many patients
have to undergo surgery throughout their life due to
irreversible lesions. As no specific treatment is currently
available for intestinal fibrosis, we tested an antifibrotic
drug that is effective in other chronic inflammatory
diseases. In the present study, we found that rats with
2,4,6-trinitrobenzene sulfonic acid-induced chronic
colitis exhibited colon fibrosis associated with high
expression of transforming growth factor-β signaling,
particularly in the Akt pathway. Nevertheless, we failed
to inhibit colon fibrosis by proteasome inhibition in our
experimental conditions.
Loeuillard E, Bertrand J, Herranen A, Melchior C, Guérin C,
Coëffier M, Aziz M, Déchelotte P, Savoye G, Marion-Letellier
R. 2,4,6-trinitrobenzene sulfonic acid-induced chronic colitis
with fibrosis and modulation of TGF-β1 signaling. World J
Gastroenterol 2014; 20(48): 18207-18215 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i48/18207.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i48.18207

INTRODUCTION
Intestinal fibrosis is a common consequence of
inflammatory bowel diseases, giving rise to severe
clinical complications such as strictures and intestinal
obstructions, and ultimately leading to surgery. Chronic
inflammation is also able to activate wound-healing
responses including increased extracellular matrix or
mesenchymal cell activation that can promote intestinal
fibrosis. Crohn’s disease (CD) is the primary example
of the fibrosis process. Indeed, CD is characterized by
chronic transmural inflammation from the mucosal to
the deeper layers of the gut where mesenchymal cells are
mainly located. While therapeutic management of such
inflammation has progressed markedly, specific treatment
for intestinal fibrosis is still unavailable, and surgery is
often the only remaining option. Thus, there is a great
need for specific medical therapy aimed at preventing or
reversing intestinal fibrosis. Antifibrotic drugs that are
effective in other chronic inflammatory diseases may be
good candidate molecules.
Targeting the proteasome is one potential antifibrotic
strateg y that might help to reverse fibrosis. The
proteasome activates transcription factor nuclear factor
(NF)-κB by degrading the inhibitory protein IκB, with
consequent induction of genes encoding adhesion
molecules and cytokines. Bortezomib (BTZ), which is an
inhibitor of proteasomes, has demonstrated antifibrotic
properties in skin and lung fibrosis models[1]. The nuclear
receptor peroxisome proliferator activated receptor
(PPAR)γ has recently appeared as a molecule that is

WJG|www.wjgnet.com

involved in fibrosis and also in proteasomal inhibition by
BTZ in lung and skin fibrosis.
Animal models have been developed to better
understand the mechanisms underlying intestinal
fibrosis and to test therapeutic interventions. Intrarectal
administration of the hapten reagent 2,4,6-trinitrobenzene
sulfonic acid (TNBS) in ethanol is widely used to
investigate acute intestinal inflammation[2-5] and induces
CD-like features such as transmural inflammation.
Stidham et al[6] developed a chronic model of intestinal
inflammation-associated fibrosis by weekly administration
of TNBS with ethanol for 6 wk.
We aimed to investigate the signaling pathways
involved in a chronic-intestinal inflammation-associated
fibrosis model in rats and to test the potential antifibrotic
effect of proteasome inhibition by BTZ.

MATERIALS AND METHODS
Animals and study design
Animal care and experimentation complied with both
French regulations and European Community regulations
(Official Journal of the European Community L 358,
18/12/1986). In addition, RML and MC are authorized
by the French government to use this rat model
(authorization: n = 76-106, n = 76-107). Sprague-Dawley
male rats (Janvier, Le Genest St Isle, France) weighing
150 g were randomized into three groups: control,
control colitic (TNBS), and BTZ-treated colitic rats
(TNBS + BTZ). Rats were weighed three times a week.
Water and food were provided ad libitum.
Induction of colitis
Rats were food-deprived for 24 h prior to induction
of colitis and were allowed free access to tap water
throughout the study. Chronic colitis was induced by
weekly administration of increasing concentrations of
TNBS (15, 30, 45, 60, 60 and 60 mg; Sigma Aldrich,
St. Louis, MO, United States) over 6 wk as previously
described by Stidham et al [6]. Colitis was induced in
two groups at day 0 by intrarectal injection of TNBS,
whereas the control group received the vehicle (0.25 mL
of 50% ethanol). Briefly, rats were anesthetized with an
intraperitoneal injection of ketamine and chlorpromazine
following 24-h food deprivation. TNBS dissolved in
50% (v/v) ethanol was instilled into the colon through
a cannula (0.25 mL) to induce chronic colitis. After
instillation of TNBS, the rats were then maintained in a
head-down position for a few minutes to prevent leakage
of the intracolonic instillate. Control groups received the
same volume of the vehicle.
BTZ treatment
TNBS + BTZ rats received intraperitoneal injections
of BTZ (Velcade, S1013; Selleck Chemicals, Houston,
TX, United States) twice weekly at a dose of 25 mg/kg,
whereas the control and TNBS groups received the same
amount of the vehicle.
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Materials
PBS and phosphatase and protease inhibitor cocktails
were purchased from Sigma. Bis-Tris gels (4%-12%
NuPAGE), Invitrolon, PVDF membranes, and Seeblue
multi-colored standard were obtained from Invitrogen (of
Thermo Fisher Scientific, Waltham, MA, United States),
Hybond membranes were purchased from GE Healthcare
(Little Chalfont, Buckinghamshire, United Kingdom).
The following antibodies were purchased from Santa
Cruz Biotechnology (Dallas, TX, United States): antiPPARγ (sc-7273), anti-Akt (sc-81434), anti-p38 (sc-535),
anti-p-p38 (sc-7975-R), anti-p70 ribosomal protein S6
kinase (p70S6K; sc-8418), anti-p-Smad2/3 (sc-11769),
anti-cyclooxygenase (COX)-2 (sc-1747), anti-4EBP1 and
secondary IgG1 horseradish antibodies. Anti-extracellular
regulated kinase (ERK)1/2 (#4665), anti-p-Akt (#5473),
and anti-p-ERK1/2 (#9106) were obtained from Cell
Signaling Technology (Danvers, MA, United States);
anti-occludin (711500) and anti-claudin-1 (374900) were
obtained from Life Technologies of Thermo Fisher
Scientific and Anti alpha-smooth muscle actin [SMA
was obtained by Abcam. The proteasome inhibitor for
proteolytic pathway activities MG 132 (Z-Leu-Leu-Leu-al;
c2211) and the substrate for trypsin (Boc-Gln-Ala-Arg7-amido-4-methylcoumarin hydrochloride; B4153) were
obtained from Sigma-Aldrich. Chymotrypsin Substrate
III, Fluorogenic (539142) was obtained from Calbiochem
of Merck KGaA (Darmstadt, Germany).
Western blotting
Frozen colon samples were homogenized in PBS with
1% protease inhibitor cocktail and 1% phosphatase
inhibitor cocktail. Homogenates were centrifuged (12000
× g, 15 min, 4  ℃) and the supernatants were collected.
Protein concentration was determined using Bradford’s
colorimetric method. Aliquots of supernatants containing
equal amounts of protein (40 μg) were separated by
SDS-PAGE and then transferred to a PVDF or Hybond
membrane. After blocking, membranes were incubated
with specific primary antibodies at dilutions of 1:250 (for
COX-2), 1:500 (for Akt, ERK1/2, p-ERK1/2, p38 and
p-p38), 1:1000 (for PPARγ, p-Smad2/3 and P70S6K),
and 1:2000 (for α-smooth muscle actin [SMA]). After
three washes, the filter was then incubated with secondary
horseradish peroxidase linked IgG secondary antibodies.
To check equal loading, the blots were analyzed for
β-actin expression. Immunodetection was performed
using enhanced chemiluminiscence light-detecting
kit (Amersham of GE Healthcare). Densitometric
data were measured following normalization to the
control (housekeeping gene) using an ImageScanner II
densitometer and ImageQuant TL analysis software (GE
Healthcare).
Immunoprecipitation of eIF4E binding proteins
Immunoprecipitation was performed with 10-µm-cutoff
ultrafiltration spin-columns (Pierce of Thermo Fisher
Scientific) and 50 µl (50% slurry) protein G-agarose
beads (Calbiochem). First, total protein samples
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were incubated overnight with polyclonal rabbit antieIF4E (Santa Cruz Biotechnology). Then, samples
were incubated overnight with beads at 4  ℃ in a tube
rotator. Beads were washed two times with 600 µl of
ice-cold PBS. Proteins of interest were finally eluted
two times with 50 µL of 5 mol/L urea solution. Eluted
samples were loaded on SDS-PAGE gels as previously
described[7]. Proteins were transferred onto membranes
and soaked in TBS-T/bovine serum albumin (BSA; 5%
w:v) solution for 1 h at room temperature. Then, blots
were incubated overnight at 4  ℃ in TBS-T/BSA with
anti-eIF4E binding protein 1 (4EBP1) antibody (1:500).
Membranes were washed three times for 10 min with
TBS-T, incubated with horseradish peroxidase conjugated
swine anti-rabbit IgG (1:5000; Dako of Agilent
Technologies, Glostrup, Denmartk) in TBS-T/BSA for
1 h at room temperature, and then washed three times in
TBS-T. Immunocomplexes were detected and analyzed
as described above for Western blotting.
Proteolytic pathway activities
Proteolytic pathway activities such as trypsin-like and
chymotrypsin-like activities were evaluated as previously
described[4]. Briefly, evaluation of their activities was
performed by spectrofluorimetry on a microtiter plate
fluorometer (Mithras LB 940; Berthold Technologies,
Bad Wildbad, Germany) using fluorogenic proteasome
substrate in the presence or absence of specific
proteasome inhibitors.
Colonic production of TGF-β 1
Proteins were extracted from frozen colon samples as
described above. Samples were then analyzed using the
DuoSet ELISA Development System (MB100B; R&D
Systems Inc., Minneapolis, MN, United States). Their
concentrations were determined by spectrophotometry
at wavelength 450 nm with spectrophotometer (Σ960;
Metertech Inc., Taipei, Taiwan).
Histologic studies
Intestinal tissues were fixed in 4% formaldehyde,
embedded in paraffin wax blocks, and 5 µm sections
were stained with hematoxylin-eosin-safran to estimate
collagen content. Sections were scored by the same
pathologist and samples were blinded. Epithelial necrosis,
inflammatory cell infiltration and thickness of the mucosa
were assessed using semi-quantitative scores that ranged
from 0 to 3 for each variable (0, no inflammation; 1, very
low level of inflammation; 2, moderate level of leukocyte
infiltration; 3, high levels of leukocyte infiltration and
vascular density, ulcerations) using Leica QWin analysis
software (Leica Microsystems, Bensheim, Germany).
Statistical analysis
Statistical comparisons were performed using GraphPad
Prism 5 software (GraphPad Software Inc., La Jolla, CA,
United States). Data are expressed as mean ± SE. Body
weight changes and food intake were analyzed by twoway analysis of variance for repeated measures with
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Figure 1 Validation of chronic 2,4,6-trinitrobenzene sulfonic acid-induced colitis. Chronic colitis was induced by weekly intrarectal injections of
2,4,6-trinitrobenzene sulfonic acid (TNMS) for 6 wk. A: Colon weight/length (g/m) in control and TNBS groups; B: Colon macroscopy; C: Hematoxylin-eosin stained
tissues in control and TNBS groups. In the TNBS sections, chronic inflammation (arrow) and fibrosis (arrow) led to architectural disorders, lymphotic infiltrate and
fibrin deposits (magnification: 5× [left], 10× [right]); D: Histologic fibrosis score from 0 (no fibrosis) to 3 (severe fibrosis); E: Histologic inflammation score from 0 (no
inflammation) to 3 (severe inflammation). Values are mean ± SE; bP < 0.01 vs control.

Turkey’s post hoc tests. All other variables were analyzed
by one-way analyses of variance with Bonferroni’s post
hoc test or Kruskal-Wallis test as appropriate. Differences
were considered significant at P < 0.05.

RESULTS
Chronic TNBS challenges induce colon fibrosis in rats
Colon weight/length ratio was significantly higher in
TNBS rats compared to control rats (P < 0.05) (Figure
1A). The TNBS group had distal thickening and rigidity
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of the colon (Figure 1B). Histologic analysis of tissue
sections from TNBS rats revealed inflammatory infiltrate,
thickening of the mucosa and submucosa, and a higher
proportion of collagen deposition compared to the
control group (Figure 1C). TNBS rats had a significantly
higher fibrosis (P < 0.01) (Figure 1D) and inflammatory (P
< 0.01) Figure 1E) scores.
Chronic TNBS challenges induce TGF-β signaling
TGF-β is a key cytokine in fibrosis processes and TNBS
rats tended to have a higher production of colonic
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Figure 2 Colonic production of transforming growth factor-β and associated proteins in rats with chronic 2,4,6-trinitrobenzene sulfonic acid-induced
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b
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TGF-β compared to control rats (P = 0.06) (Figure 2A).
TGF-β receptors interact with Smad signaling pathways,
and phospho-Smad2/3 expression was higher in TNBS
rats compared to control rats (P < 0.05) (Figure 2B).
Non-Smad signaling pathways, such as the ERK-MAPK
pathway, were also involved in the TGF-β response.
While no significant difference in phospho-ERK1/
ERK1 was found among the groups (Figure 2C), TNBS
rats had increased expression of phospho-ERK2/ERK2
(P < 0.01) (Figure 2D) and phospho-p38/p38 (P < 0.05)
(Figure 2E). PPARγ is a nuclear receptor and has recently
been identified as a molecule involved in fibrosis. TNBS
rats had a higher colonic expression of PPARγ compared
WJG|www.wjgnet.com

to control rats (P < 0.01) (Figure 2F).
Other TGF-β-induced non-Smad signaling pathways
include the Akt-mTOR pathway. TNBS rats had a higher
expression of Akt compared to control rats (P < 0.01
(Figure 3A). However, there was no significant change
in colonic P70S6K expression among the groups (Figure
3B), though there was an enhanced association of 4EBP1
with eIF4E in rats with chronic TNBS compared to
controls (P < 0.05) (Figure 3C, D).
Chronic TNBS and altered tight junction proteins
Chronic administration of TNBS significantly increased
occludin expression (P < 0.01) (Figure 4A) and decreased
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claudin-1 expression (P < 0.01) (Figure 4B).
Chronic TNBS and altered proteasomes
BTZ inhibition of proteasomes significantly decreased
chymotrypsin-like activity (P < 0.05) (Figure 5A), but
had no significant effect on trypsin-like activity (Figure
5B). BTZ also had no effect on other studied parameters
such as fibrosis score, TGF-β signaling, or tight junction
expression.

DISCUSSION
We aimed to characterize a model of chronic colitis
that reflects human CD. By administration of weekly
doses of intrarectal TNBS, rats developed increasing
fibrosis of the colonic lamina propria. Although repeated
administration of TNBS has been widely evaluated in
mice, resistance to mouse strain-dependent fibrosis has
led to unacceptably high mortality in mice[8,9]. In contrast,
rats are more susceptible to fibrosis, and we found that
7/9 rats showed fibrosis with chronic TNBS-induced
colitis. A rat model with chronic TNBS has already
been used to investigate the feasibility of ultrasound
elasticity imaging to evaluate intestinal fibrosis[6]. An
appropriate animal model of intestinal fibrosis will add to
understanding of the fibrosis process. The present study
investigated signaling involved in rats with chronic TNBS
and tested the potential of targeting the proteasome as a
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therapeutic intervention.
TGF- β is known to play a key role in intestinal
fibrosis by inducing collagen production in fibroblasts
and intestinal smooth-muscle cells. In an acute model
of TNBS colitis, Medina et al[10] observed a significant
increase in colonic TGF-β production. In the present
study, TNBS rats had a higher level of colonic TGF-β
production, but did not reach statistical significance.
The mechanisms behind TGF-β effects have not yet
been elucidated and are difficult to study in humans.
TGF-β signaling involves the transduction of signals
to the nucleus through the phosphorylation of Smad2
and Smad3 proteins. We found that expression of these
proteins was increased in rats with chronic TNBS.
As non-Smad signaling is also involved in the TGF-β
response, we also studied the expression of Akt/mTOR
signaling. mTOR is a key regulator of protein synthesis,
and plays important roles in other biologic processes,
such as cell growth, angiogenesis and autophagy. mTOR
exists in two functionally distinct complexes: mTORC1
and mTORC2. mTORC1 activates P70S6K1 and
inactivates 4E-BP1, which promotes protein translation
and cell growth as well as autophagy and fibrosis. mTOR
regulation is best achieved through activation of the
PI3K/Akt pathway, but mTOR receives input from
multiple signaling pathways. In the present study, we
found that chronic TNBS upregulates Akt expression
without affecting P70S6K1. As we observed an enhanced
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association between 4E-BP1 and eIF4E, mTORC1 does
not seem to be involved in the fibrosis process in the
present model.
We studied expression of PPARγ, as this nuclear
receptor has recently emerged as a molecule involved
in fibrosis. PPAR γ can be activated by nutrients [11]
and regulates intestinal inflammation. In addition,
proteasomal inhibition by BTZ prevents lung and skin
fibrosis after injury, in part by increasing the abundance
and activity of PPARγ[1].
Occludin and claudin-1 are major tight junction
proteins of gut epithelial cells. In the present study,
we observed increased expression of occludin with
concomitant altered expression of claudin-1. A similar
alteration in junctional proteins, and reduced expression
of claudin-1 with increased occludin, has been observed
in eosinophilic esophagitis[12], a disease leading to subepithelial fibrosis. Eosinophils are a source of TGF-β in
fibrosis processes[13]. To induce a pro-fibrotic phenotype,
fibroblasts are exposed to TGF- β , and it has been
demonstrated that TGF-β-treated fibroblasts exhibit
a higher expression of occludin[14]. An identical tight
junction pattern has been observed in intestinal epithelial
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cell line Caco-2 monolayers upon tumor necrosis factor α
stimulation: down-regulation of claudin-1 with increased
occludin expression[15].
Although we had assumed that proteasome inhibition
might hold promise for intestinal fibrosis, no therapeutic
effect of BTZ was observed in the present study. Indeed,
BTZ inhibits chymotrypsin-like activity without affecting
fibrosis. As intestinal inflammation drives intestinal
fibrosis, we chose to test the therapeutic effect of BTZ
in preexisting tissue fibrosis. As proteasome inhibition by
BTZ attenuates experimental colitis[16,17], we speculated
that testing the preventive effect of BTZ might
result in inhibition of colitis and subsequently partial
development of fibrosis in an animal model. Analyzing
fibrosis in experimental models is particularly challenging
because distinguishing altered inflammation from direct
antifibrotic effects is tricky[18]. In murine TNBS colitis,
treatment with NF-κB antisense downregulated fibrosis
parameters[8], but it has also been reported as an antiinflammatory agent in colitis[19]. It is thus difficult to
determine whether antifibrotic effects are independent
of the anti-inflammatory properties of tested molecules.
A recent model of murine Salmonella typhimurium-
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induced intestinal fibrosis showed that early elimination
of inflammation with levofloxacin led to eradication of
infection with concomitant reduced intestinal fibrosis[20].
Although BTZ prevents development of dermal
fibrosis, it had no therapeutic effect once fibrogenesis was
set in motion, and was unable to reverse the process[21].
In summary, repeated injections of TNBS can induce
chronic colitis with fibrosis in rats. We observed an
upregulation of fibrosis score with increased fibrosisrelated protein expression that characterized a reliable
model of intestinal fibrosis. However, our attempt to
target the proteasome to inhibit or reverse the fibrosis
process by BTZ administration failed. Identification of
relevant therapeutic targets remains crucial in this field of
intestinal fibrosis where treatment needs remain unmet.
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Abstract
AIM: To evaluate and characterize motility patterns
from small intestinal gut segments depending on
different perfusion media and pressures.
METHODS: Experiments were carried out in a custom
designed perfusion chamber system to validate
and standardise the perfusion technique used. The
perfusion chamber was built with a transparent front
wall allowing for optical motility recordings and a
custom made fastener to hold the intestinal segments.
Experiments with different perfusion and storage
media combined with different luminal pressures
were carried out to evaluate the effects on rat small
intestine motility. Software tools which enable the
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visualization and characterization of intestinal motility
in response to different stimuli were used to evaluate
the videotaped experiments. The data collected was
presented in so called heatmaps thus providing a
concise overview of form and strength of contractility
patterns. Furthermore, the effect of different storage
media on tissue quality was evaluated. HaematoxylinEosin stainings were used to compare tissue quality
depending on storage and perfusion mode.
RESULTS: Intestinal motility is characterized by
different repetitive motility patterns, depending on the
actual situation of the gut. Different motility patterns
could be recorded and characterized depending on the
perfusion pressure and media used. We were able to
describe at least three different repetitive patterns of
intestinal motility in vitro . Patterns with an oral, anal
and oro-anal propagation direction could be recorded.
Each type of pattern finalized its movement with or
without a subsequent distension of the wavefront.
Motility patterns could clearly be distinguished in
heatmap diagrams. Furthermore undirected motility
could be observed. The quantity of the different
patterns varies and is highly dependent on the
perfusion medium used. Tissue preservation varies
depending on the perfusion medium utilized, therefore
media with a simple composition as Tyrode solution
can only be recommended for short time experiments.
The more complex media, MEM-HEPES medium and
®
especially AQIX RS-I tissue preservation reagent
preserved the tissue much better during perfusion.
CONCLUSION: Perfusion media have to be carefully
c h o s e n c o n s i d e r i n g ty p e a n d d u ra t i o n o f t h e
experiments. If excellent tissue quality is required,
complex media are favorable. Perfusion pressure is also
of great importance due to the fact that a minimum
amount of luminal pressure seems to be necessary to
trigger intestinal contractions.
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Core tip: Perfused intestinal segments can be used
as a pharmacological model in order to test drugs
acting on motility and gastrointestinal physiology.
Different motility patterns can be distinguished using
visualization and appropriate software tools. In order
to use intestinal segments for pharmacological testing
it is important to know which factors affect intestinal
motility. Motility measurement and characterization
of motility pattern in the ex vivo system is much
easier compared to in vivo measurements. The main
disadvantage of the ex vivo system is its limited
stability. Therefore longer ex vivo times are desirable.
In this study we could demonstrate effects of different
perfusion media on tissue viability and visualize motility
in response to perfusion conditions.
Schreiber D, Jost V, Bischof M, Seebach K, Lammers WJEP,
Douglas R, Schäfer KH. Motility patterns of ex vivo intestine
segments depend on perfusion mode. World J Gastroenterol
2014; 20(48): 18216-18227 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i48/18216.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i48.18216

INTRODUCTION
The ability of the gastrointestinal tract (GIT) to digest
food and to ensure energy supply to the body depends
largely on its motility. As a result of external and internal
stimuli, GIT contractions can be assessed. Especially
the enteric nervous system (ENS) in cooperation
with pacemaker cells, mechano- and chemo-sensory
cells is crucial for the coordination of movements[1-3].
Motor control systems in the gut are redundant. If one
mechanism fails, others can quickly replace it. This is a
very well adapted endogenous strategy in response to the
fact that intestine paralysis is a life-threatening condition[4].
Due to the complexity of factors that influence in
vivo motility, intestinal in vitro perfusion is a promising
alternative for the investigation of pharmacological stimuli
on motility.
In the history of biomedical sciences, perfused
organs have been widely used as model systems. They
are superior to cell culture approaches considering
physiological reactions due to their higher grade of
complexity. In vivo organ reactions can be simulated
under standardised conditions in vitro without live animal
testing. Therefore in vitro evaluation of organ reactions to
specific stimuli and quantification can be accomplished
more reproducibly.
Various in vitro and in vivo GIT perfusion and motility
studies have been carried out by Lammers and others[4-14],
partly in combination with modern bioinformatics
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tools to evaluate different pharmacological stimuli or to
characterize physiological reactions of the intestine.
So far, the individual studies can hardly be compared
with each other due to the different approaches. The
comparability of the data provided by the individual
g roups strongly depends on compliance with a
standardised protocol. If the perfusion mode or pressure
changes the data output, conclusions made from the
single experiments will be different.
In the actual study, we used a modified small intestinal
in vitro model, similar to the one used by Lammers[5].
Motility of the small intestine in response to perfusion
can be video-recorded and interpreted by using optical
analysis software. We used different pressures and
perfusion media to investigate the influence of both
upon the read out of the experiment.

MATERIALS AND METHODS
Animals
Eighteen 19-to-22-d-old Wistar rats of either gender
were used for the experiments. The rats were sacrificed
by decapitation prior to median laparotomy. Animal
experiments were approved by German legislation and
the responsible authorities.
In each animal, three identical subsequent 5 cm long
gut segments were excised (S1-S3, Figure 1A), beginning
at the ligament of Treitz. Different storage solutions
depending on the experimental setting were used until
the individual segment was used for the experiment.
Segments were stored in 5 mL of the ice cold solution.
To investigate the influence of storage upon the tissues,
different storage media were used: commercially available
storage medium AQIX® RS-I (Aqix ltd, London), MEMHEPES medium with EBSS (stabilized Glutamine, 25
mmol/L HEPES and 2.2 g/L NaHCO3, PAN-Biotech
P04-08250) or Tyrode solution were utilized. Storage was
always done on crushed ice.
Tyrode solution contains 130 mmol/L NaCl, 24.2
mmol/L NaHCO3, 11 mmol/L Glucose, 4.5 mmol/L
KCl, 2.2 mmol/L CaCl2, 1.2 mmol/L NaH 2PO4, 0.6
mmol/L MgCl2. MEM medium (P04-08250) as well as
AQIX solution both contain inorganic salts, organic
buffer [HEPES for MEM respectively BES (N,N-Bis-(2hydroxyethyl)-2-aminoethane sulfonic acid) for AQIX]
and Glucose. Glucose concentration varys from 5.5
mmol/L for MEM medium to 11 mmol/L for Tyrode
solution, respectively 10 mmol/L for AQIX RS-1. In
comparison to MEM medium, AQIX contains a smaller
variety of amino acids and does not contain any vitamins
except thiamine. In contrast to MEM medium AQIX
solution contains the hormone insulin, glycerol and
carnitine. AQIX RS-I does in contrast to both other
media not contain any phosphate.
To avoid a bias based on storing time and location,
the order of the individual segments was changed from
animal to animal. The resected segments were perfused
one after the other in different orders (Figure 1B).
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Figure 1 Perfusion schedule: Intestinal segments were used in rotating order to minimize the risk of a storage dependent bias. A: Location of the perfused
segments in vivo. Due to the recording and preparation times, the storage times were standardised at 15, 60 or 120 min; B: Order in which excised segments were
stored and perfused.
Influx luminal
perfusion

Efflux luminal
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Luminal perfusion pump
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Figure 2 Perfusion setup which allows heating and pregassing the medium with carbogen. The intestinal segment was held in place by a custom made
fastener that could be regulated to hold different length segments. Luminal pressure could be individually regulated by the height of the efflux tubing.

Luminal pressure was increased from 0 to 10 cm water
column (height h see Figure 2) by increasing the height of
the luminal efflux tubing. Each perfusion pressure setting
was applied for three min, after a three min stabilizing
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period, which gives a total perfusion time of 33 min.
Taken into account the time needed for mounting the
segment in the apparatus a time window of 60 min was
calculated for each segment.
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allowed to analyze the influence of the perfusion on the
tissue.

Perfused segment
4 cm

Oral side

Ha

Hb

Anal side

5 cm

Figure 3 Histological asservation of perfused segments. Hb is resected
before perfusion and after storage in the respective medium, Ha is resected
after perfusion. Hb: 1 cm-sample of the distal part of each individual segment;
Ha: An equivalent piece of tissue.

Storage, perfusion media and system
Perfusion was performed both supraserosally and
luminally.
Tyrode solution was chosen as an external perfusion
medium for serosal superfusion [5]. Due to the more
sensitive mucous layer Tyrode solution or AQIX® RS-I
was used for the luminal perfusion.
Three different solutions (Tyrode, MEM-Hepes,
AQIX® RS-I) were evaluated for their influence on tissue
quality and intestinal motility. Using different liquid
perfusion media, the influence of mechanic stimuli by
solid nutritional contents can be excluded. Therefore
nutritional contents, osmolarity and pH value as well
as perfusion pressure are the main factors to influence
motility during perfusion. Perfusion was carried out in a
custom designed organ bath (6.7 cm × 5 cm × 30 cm).
The isolated intestinal segment was superfused with
Tyrode at a constant flow rate of about 100 mL/min
(Heissner submerged pump Typ P6), which superfused
the isolated intestinal segment. Thus a continuous video
recording could be performed. The Tyrode solution was
gassed with carbogen (95% O2, 5% CO2). During the
perfusion the pH was kept constant at 7.35 ± 0.05, the
temperature at 37 ℃. The intestinal lumen was flushed
with different media: AQIX RS-1 solution and Tyrode
solution. For luminal perfusion, a mzr-7205 gear pump
(HPN Mikrosysteme GmbH) was used to generate a
constant flow of 2.5 mL/min. A model of the perfusion
apparatus is shown in Figure 2.
Motility patterns of nine intestinal segments per
approach were evaluated depending on storage and
perfusion medium. Motility patterns were counted
and mapped for different luminal pressures. Perfusion
pressure was increased step by step.
Histology
Prior to perfusion a 1 cm-sample of the distal part of
each individual segment (Hb) was removed and fixed
in 4% formaldehyde in Phosphate Buffered Saline
(AppliChem) for histological evaluation. After the
perfusion an equivalent piece of tissue (Ha) was resected
from the middle of the perfused segment and processed
likewise (Figure 3). The comparison of the two samples
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Motility data interpretation
Gut motility in the perfusion chamber was recorded with
a Panasonic NV-GS500 video camera at 25 fps (frames
per second). In order to generate heatmap images, the
program Motmap 2.1 (www.smoothmap.org) was used to
quantify motility. Thirty-two tracking dots were virtually
assigned to a 2 cm long intestinal borderline for both
upper and lower side of the gut. The individual dots
could be followed and the movements of each pair of
dots (upper and lower) were individually calculated for
every frame of the video. The difference between the
lower and upper value is a measure for the diameter of
the gut at a given position and time. Small values mean
strong contractions and vice versa. One minute of every
pressure setting was evaluated for each gut segment. The
diameter of each dot pair on the intestinal boarder for
every frame of the video was documented and saved in a
table. The data was standardised and outlier values erased.
The motility tables were graphically depicted in heatmap
diagrams (Figure 4). For every given dot pair (y-axis) at
every given time (x-axis) a color coded diameter value
was plotted. Then Scilab 5.0.1 (www.scilab.org) was used
for generating the heatmap images that revealed different
motility. For a detailed description of the heatmap
generation see Figure 5.
Statistical analysis
For statistical analysis one way ANOVA (OriginPro 9.1)
was used. Data was considered statistically significant if P
was smaller than 0.05.

RESULTS
Motility patterns
Three distinguishable motility patterns were found:
Motility pattern 1 (MP1) are contractions in the anal
direction in connection with (Figure 4B) or without a
distension of the wavefront (Figure 4A). Distensions
can be recognized by a broadening of the wave front
on the heatmap (see markings in Figure 4B, D and F).
MP2 are contractions in the oral direction in connection
with (Figure 4D) or without a distension of the intestine
(Figure 4C). MP3 are contractions in the anal and in the
oral direction in connection with (Figure 4F) or without
a distension of the intestine (Figure 4E). Irregular
contractions that cannot be allocated to any other type
of contraction (Figure 4G) were recorded in between the
distinguishable patterns. They are mainly characterized
by short distance anal and oral waves as well as pendular
movements and tonic contractions (Figure 4).
Intestinal motility was characterized depending on the
direction of the propagating contractions. The direction
of contractions in the Heatmap image can be determined
by the direction of the waves (see arrows in Figure
4). The stronger the luminal diameter of the intestine
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Figure 4 Different motility patterns as presented in heatmaps after processing the raw video data. A correlation between gut diameter and colour used can be
seen in the legend on the right hand side. Graphic drawings on top of the individual heatmap do represent the intestinal movements seen in the heatmap images. The
distension of the wavefront is marked in image (B), (D) and (F). Measuring point 32 represents the oral side, measuring point 0 the anal side of the intestinal segment.
Different types of contractions could be observed A: MP1 anal direction; B: MP1 anal direction with a broadening of the wavefront; C: MP2 oral direction; D: MP2 oral
direction with a broadening of the wavefront; E: MP3 anal and oral direction; F: MP3 anal and oral direction with a broadening of the wavefront; G: Irregular pattern.
MP: Motility pattern.

decreases at a certain measuring point and a certain time,
the darker the heatmap. The units of scale are percentage
of the average intestinal diameter.
Three individual patterns can be seen: contractions
starting at the oral side going to the anal side (Figure 4A,
B) with (Figure 4B) or without (Figure 4A) distensions,
contractions starting at the anal side going to the oral side
(Figure 4C, D), also with (Figure 4D) or without (Figure
4C) distensions, as well as contractions in both directions
(Figure 4E, F), also with (Figure 4F) or without (Figure
4E) distensions of the wavefront. The most common
forms were irregular contractions of different shapes
(Figure 4G). Distensions of the wavefront where seldom
observed.
Pressure dependent contraction magnitude
The amount of contractions in different intraluminal
pressure situations was recorded. Contractions were
evaluated and assigned to the categories “increasing
amount of contractions”, “stable amount of contractions”
and “decreasing amount of contractions”. With increasing
luminal pressure, an increasing amount of contractions
could be recorded, a phenomena that could be observed
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up to a pressure of about 3 cm of water column. Between
4 and 9 cm the amount and quality of contractions
was stable. At 10 cm water column the amount of
contractions slightly decreased. Therefore the pressure
area from 4 to 9 cm water column was chosen for the
evaluation of motility patterns dependent on storage and
perfusion media.
Motility patterns dependent on perfusion pressure,
storage and perfusion medium
The perfusion medium influenced quantity and quality
of motility patterns observed (Figure 6). Storage and
perfusion medium are indicated in the figures. Perfusion
with AQIX RS-I solution results in a bias towards
irregular motility. Especially if AQIX solution is used
for storage and perfusion, irregular motility is quite
dominant. The percentage of irregular motility on the
different pressure levels shown in Figure 6 is significantly
higher in segments stored and perfused with AQIX RS-I
solution compared to the other media combinations. If
Tyrode solution is used for perfusion MP1 is observed
as the dominant contraction type. To sum up the effects
of the selected perfusion media, a combination of MEM
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significant differences between AQIX/Tyrode, Tyrode/
Tyrode and MEM/AQIX for storage/perfusion.
With increasing pressure, the amount and type of
contractions changed (Figure 7). In case that a minimum
pressure of about 3 cm of water column is reached,
the increasing luminal pressure does not seem to affect
movements. The quantity and quality of intestinal
peristaltics are quite stable in a pressure range between 4
and 9 cm of water column. Low perfusion pressure leads
to a low frequency of contractions. Irregular contractions
make up most contractions in the 0-1 cm pressure range
independent of the perfusion medium used (Figure 7).
The total amount of contractions in the medium pressure
range between 4 and 9 cm is significantly lower compared
to the other media combinations if AQIX is used for
storage and perfusion.

Video (.mov), 640 × 480 pixel, 25 fps

32 + 32 virtual dots,
upper and lower border,
fixed x-coordinates on a
length of about 20 mm

MotMap 2.1

Dot y-coordinate for every frame

Distance between
dot pairs in pixel
(lower minus upper dot
= intestinal diameter)

Effect of storage duration in different media on
histological quality
Storage duration (15, 60 or 120 min) did not decrease the
intestine’s ability to contract. For histological comparison
intestinal segments were stored for 60 min in different
media on ice and subsequently perfused for 33 min with
the same medium. Storage and perfusion with AQIX
led to a superior tissue quality in contrast to storage and
perfusion with Tyrode solution. In addition, the effect of
MEM medium for storage and perfusion was evaluated,
which led to an intermediate tissue quality. Mucosa
damage was strongly decreased using AQIX as storage
and perfusion medium (Figure 8). Light microscopically
there were no differences seen concerning the muscle
layer between the different perfusion media. The
muscular layer is morphologically intact after perfusion
with all three perfusion media (Figure 8C, E, G). Mild
destruction of the intestinal villi tips can be observed
after perfusion with MEM medium and AQIX
solution. After Tyrode perfusion large mucosal areas are
completely depleted.

Scilab 5.0.1

Arithmetic mean of intestinal diameter = 100%
Constrictions = 100% - x
Distensions = 100% + x

Sgrayplot function
(generates Heatmap
from data)

Scilab 5.0.1

Heatmap image

DISCUSSION
Figure 5 Diagram motility evaluation. On the right side of the arrows, the
program used for this step is shown, on the left side important parameters are
indicated.

Medium for storage and Tyrode solution for perfusion
as well as Tyrode solution for storage and perfusion led
to a consistent recording of MP1 in the whole pressure
range. In MEM stored/Tyrode perfused segments the
percentage of MP1 is significantly higher on the different
pressure levels compared to all other media combinations.
The other combinations of storage and perfusion medium
investigated led to a relatively homogenous distribution
of the different motility patterns with a slight bias
towards irregular motility. Regarding the percentage of
the different motility pattern there are no statistically

WJG|www.wjgnet.com

A variety of perfused intestine models currently available
for pharmacological testing use intestinal muscle strips
which are mounted on an isometric apparatus to test
muscle contraction strength in response to different
stimuli. Strips or sections of intestinal tissue which
are connected to a force transducer can be used to
characterize substances that affect smooth muscle
function[15,16]. Depending on the conditions of perfusion
or applied substances, an increase or decrease in
contraction strength can be detected. The advantage of
this system lies in a high reproducibility and a simple
readout. Nevertheless the experimental setting is quite
artificial, due to the fact that the natural division of the
intestine in the body into a luminal and a peritoneal side
is completely ignored. Moreover it happens very often
that only longitudinal or circular muscle is used.
A valid and reproducible model for the recording and
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A

Storage: AQIX
Perfusion: Tyrode

B

Storage: MEM
Perfusion: Tyrode

MP1
MP2

13% ± 4%

19% ± 2%
29.3% ± 3%

MP3
Irregular

11% ± 8%
8% ± 3%

68% ± 8%

25% ± 4%
27% ± 4%

C

Storage: Tyrode
Perfusion: Tyrode

D

Storage: AQIX
Perfusion: AQIX

19% ± 7%

20% ± 4%
27% ± 7%

14% ± 3%

E

3% ± 3%

Storage: MEM
Perfusion: AQIX

28% ± 4%

17% ± 2%

77% ± 7%

39% ± 6%

F

Storage: Tyrode
Perfusion: AQIX

22% ± 6%

30% ± 6%

32% ± 5%

14% ± 5%

33% ± 6%
24% ± 10%

Figure 6 Motility patterns dependent on storage and perfusion medium for perfusion pressures between 4 and 9 cm of water column. Segments were stored
on ice in the storage medium and subsequently perfused in the perfusion medium. A: Storage AQIX solution, perfusion Tyrode solution; B: Storage MEM medium,
perfusion Tyrode solution; C: Storage Tyrode solution, perfusion Tyrode solution; D: Storage AQIX solution, perfusion AQIX solution; E: Storage MEM medium,
perfusion AQIX solution; F: Storage Tyrode solution, perfusion AQIX solution. Percentage of different motility pattern ± SE. MP: Motility pattern.

evaluation of intestinal peristalsis in vitro was established
by Benard et al[17]. Benard used vertically fixed intestinal
segments which are spanned into a perfusion bath
under isometric conditions. In contrast to our model
he used Krebs solution and segments were about 10
cm in length. He did not characterize different motility
patterns into detail, although propulsive movements
were described in Benard’s study. Similar to our model it
allows a much more sophisticated evaluation of intestinal
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motility compared to the isometric testing based on
muscle strips. Vertical and horizontal contractions
can be distinguished. Therefore specific effects of
pharmacological substances or perfusion media can be
assessed much more into detail. Although the model
by Benard is quite useful for pharmacological testing
it has certain limitations. Pharmacological substances
which are supposed to be tested have to be added to a
large volume of perfusion medium. In contrast to the

18222

December 28, 2014|Volume 20|Issue 48|

Schreiber D et al . Motility patterns of perfused intestine

A

B

Storage: AQIX
Perfusion: Tyrode

Storage: MEM
Perfusion: Tyrode

10

10

8

8

MP1
MP2

Number of MP

Number of MP

MP3

6
4

6
4

2
0

2

0

1

2

3
4
5
6
7
8
Pressure (cm of water column)

9

0

10

10

8

8

6
4

2

3
4
5
6
7
8
Pressure (cm of water column)

9

10

9

10

9

10

6
4

2

2

0

E

1

2

3
4
5
6
7
8
Pressure (cm of water column)

9

0

10

0

F

Storage: MEM
Perfusion: AQIX
10

10

8

8

6
4

1

2

3
4
5
6
7
8
Pressure (cm of water column)

Storage: Tyrode
Perfusion: AQIX

Number of MP

Number of MP

1

Storage: AQIX
Perfusion: AQIX

10

6
4

2
0

0

D

Storage: Tyrode
Perfusion: Tyrode

Number of MP

Number of MP

C

0

Irregular

2

0

1

2

3
4
5
6
7
8
Pressure (cm of water column)

9

0

10

0

1

2

3
4
5
6
7
8
Pressure (cm of water column)

Figure 7 Motility patterns dependent on storage and perfusion medium as well as perfusion pressure. Segments were stored on ice in the storage medium
and subsequently perfused in the perfusion medium. Each perfusion pressure setting was applied for three min. In the following, perfusion pressure was increased
by one cm of water column. A: Storage AQIX solution, perfusion Tyrode solution; B: Storage MEM medium, perfusion Tyrode solution; C: Storage Tyrode solution,
perfusion Tyrode solution; D: Storage AQIX solution, perfusion AQIX solution; E: Storage MEM medium, perfusion AQIX solution; F: storage Tyrode solution, perfusion
AQIX solution. MP: Motility pattern.

model we used pharmacological active compounds were
only added to the luminal and not to the supraserosal
perfusion medium. Luminal and supraserosal perfusion
are not separated. This does not allow luminal perfusion
with a different perfusion medium and pressure. In our
study, however, especially these parameters turned out
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to be crucial for triggering different types of peristaltic
patterns.
Similar to the media effects, perfusion pressure
also influences the types of contractions observed.
In the context of our pressure dependent perfusion
experiment it is important to know that contractions
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A

B

500 mm

C

500 mm

D

500 mm

E

500 mm

F

500 mm

500 mm

G

500 mm

Figure 8 Effect of AQIX, MEM-HEPES and Tyrode solution (Hematoxylin-Eosin staining). A, B, D, F after storage in the respective solution; C, E,G a cuff of the
same segment after perfusion with the same solution. In the lower left quarter of each picture the mucosal structure is shown in detail. A: Unperfused tissue; B: Stored
in Tyrode solution; C: Stored and perfused with Tyrode solution; D: Stored in MEM-Hepes medium; E: Stored and perfused with MEM-Hepes medium; F: Stored in
AQIX RS-I solution; G: Stored and perfused with AQIX RS-I solution.

of the intestine can be mechanically triggered by solid
nutritional components. Low perfusion pressure leads to
a low frequency of contractions. Food contents perform
mechanical pressure on the intestine and are thereby
involved in the triggering of contractions. The peristaltic
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reflex, which leads to a transportation of food contents
in distal direction in the guinea pig small intestine, can be
triggered by distension of the intestinal lumen[18]. In our
setting mechanical pressure and therefore distension of
the intestinal wall was induced by hydrostatic pressure of
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the perfusion fluid on the complete inner surface of the
intestine. It is important to remove food residues from
the lumen before starting perfusion in order to avoid
mechanical pressure triggered by solid contents.
In our setting about 4 cm of water column were
sufficient to generate stable contractions. Pressures over
9 cm of water column decreased slightly the ability of
the intestine to contract. A reason for this could be
the unphysiological expansion of the intestinal lumen.
After reaching a minimum pressure of about 2 cm of
water column the intestinal diameter did not distend any
further.
In vivo intestinal motility in mammals is characterized
by the interdigestive migrating motor complex between
digestive periods[19]. So called housekeeping contractions
clean the intestinal lumen in interdigestive periods from
bacteria and food residues. During digestion mixing
movements as well as peristaltic movements in anal
direction so called “fed pattern” occur. It is also known
that different food compositions produce different
myoelectric patterns and hence different types of intestinal
motility[20,21]. We found that different media compositions
similar to food composition in vitro affected the quantity
of the motility patterns observed. Quantitative and
qualitative effects of the three different perfusion media
on intestinal motility could be documented. The small
intestine changes its motility patterns depending on the
perfusion medium used. As soon as a certain minimum
pressure level is reached the effect of different perfusion
media and their different ingredients seems to be more
important than intraluminal pressure.
MP1 is the dominant contraction type in the small
intestine with most perfusion media and pressure settings
used. This contraction pattern is characterized by waves
which spread in anal direction. The physiological function
of this sort of contraction is probably transportation
from the oral to the anal side of the GIT in combination
with mixing of the food pulp as a form of propulsive
peristaltics. MP2 is the second most abundant motility
pattern consisting of waves with a oral direction. MP3,
a more seldom type of intestinal motility, describes
contractions which move in oral as well as in anal
direction. Apart from that irregular contractions, which
cannot be compared to other types of contraction nonpropulsive peristaltics, rhythmic segmentation, pendular
movements as well as tonic contractions could be
observed and quantified. Irregular contractions are often
locally restricted and do not make up rhythmic, repetitive
patterns. The amount of contractions with a specific
direction is reduced. In vivo this pendular peristalsis
is necessary for mixing up the food pulp. The in vitro
situation which does not reflect the autonomic nervous
system and hormonal mediated influences could be a
further important reason for the generation of irregular
contractions without specific directions.
Perfusion with AQIX RS-I solution results in a bias
towards irregular contractions. If Tyrode solution is
used for perfusion, MP1 was observed as the dominant
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contraction type. A combination of MEM Medium
for storage and Tyrode solution for perfusion as well
as Tyrode solution for storage and perfusion led to a
consistent recording of MP1 in the whole pressure range.
All other combinations of storage and perfusion medium
investigated led to a relatively homogenous distribution
of the three different motility patterns.
Due to the fact that the complete pattern of different
intestinal movements can be observed using Tyrode
solution for luminal perfusion, Tyrode solution can be
recommended for short time experiments. Long-term
perfusion with Tyrode usually causes tissue damage. If
intestinal tissue has to be stored, AQIX RSI solution
or MEM medium are superior to Tyrode solution
concerning tissue preservation. AQIX RS-I can be
recommended for tissue preservation and perfusion, if
the focus is on a superior tissue quality. This includes
testing for the uptake of substances from the luminal
perfusion medium as well as the transplantation or
transportation of intact tissue samples. It is important
to standardise the perfusion medium, in case a series of
experiments is performed. Pharmacological test results
cannot be compared, if different perfusion media were
used during the experiments. Different physiological
effects can be triggered when using different perfusion
media.
Experiments with different perfusion media in adult
rat and mouse intestine have shown that histological
features of the mucus layer are usually destroyed after
30-120 min of luminal perfusion depending on the
perfusion medium used. The submucosal layer, muscle
layers and the ENS maintain their functional activity
over longer periods of time, ranging from several hours
to days. Therefore we can recommend Tyrode solution
only for short time experiments lasting 30 min or less,
especially if superior tissue quality is crucial. Although
Tyrode solution contains different salts in physiological
concentrations and glucose, it cannot render the mucosa
undamaged over longer periods of time probably due to
the lack of amino acids and vitamines.
First steps have already been taken to set up a
luminal/vasal combined perfusion model that allows
motility recordings of short intestinal segments with
an adhering mesenteric root[14]. This approach does not
only allow for motility evaluation but also maintains
tissue quality over longer periods of time similar to the
perfusion system created by Lautenschläger et al[22]. As
shown by this group, it is possible to maintain tissue
integrity and nearly normal physiological functions
over some hours in vitro using luminal/vasal perfusion.
The combined perfusion allows for the induction of
inflammation or other pathophysiological conditions
that can be treated in vitro. Slow physiological processes
that cannot be investigated in a luminal only perfused
model could be simulated especially in order to test
pharmacological treatments. Our luminal/vasal perfused
model also facilitates real-time motility monitoring and
characterization. Conditions that influence motility can
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be identified. Quantitative as well as qualitative changes
in motility patterns can be evaluated. In all approaches
which were performed, different types of repetitive
patterns could be identified. Equivalent gastrointestinal
motility patterns can also be found in vivo. The quantity
of the single patterns depends strongly on the perfusion
medium used and the perfusion pressure used.
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Background

Perfused intestinal segments show a broad spectrum of motility in vitro which is
controlled by the enteric nervous system. The enteric nervous system is located
in the gut wall. Intestinal segments can be perfused through the intestinal
lumen. Vascular perfusion is also possible. The segments can be used as an
ex vivo model to expand our knowledge on gastrointestinal physiology and
pharmacology. Nevertheless perfusion conditions have to be carefully evaluated
and standardised to ensure comparability between different experimental
settings.
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Research frontiers

Intestinal ex vivo models can expand the knowledge on how digestion and
intestinal physiology in general works. Visualization and recording of intestinal
activity as well as evaluation of influential factors are important hotspots in
the area of gastrointestinal physiology. They can help us understand how the
autonomous nervous system of the gut, these “second brain” works.

Innovations and breakthroughs

Numerous studies have shown the feasibility of the in vitro perfused intestine in
short time experiments. The effects of pharmacological stimulation increasing
or decreasing motility could be shown. In more recent studies visualization and
heatmap images were used, which allow the reader to obtain a more distinct
picture of how motility works. Due to different perfusion media and conditions
used in those studies their contribution to general knowledge on gastrointestinal
physiology is limited.

Applications

By understanding how different perfusion conditions and media affect motility
in the small intestine different studies can be compared more easily. It is
especially important to stress the effect of perfusion pressure on the amount
of contractions and the effects of different media on tissue preservation. Under
carefully chosen perfusion conditions, intestinal segments can be kept vital ex
vivo over longer time periods.
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Terminology

Intestinal motility is made up of contractions of the intestine governed by the so
called enteric nervous system (ENS). The ENS is located in the intestinal wall.
It is a part of the autonomous nervous system and independent from the central
nervous system. The ENS provokes and coordinates contractions which often
have a specific direction, for example an anal direction in order to transport
gastrointestinal contents. The intestine can generate different motility patterns
for example propulsive peristaltics with an anal or an oral direction, pendular
movements, constrictions and combinations of different patterns.
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Peer review

This study describes a perfused small intestine model using rat intestines.
Different perfusion media and pressure settings were characterized in order to
show their effects on motility. Tissue quality dependent on the perfusion media
was also assessed.
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Abstract
AIM: To investigate the therapeutic effects of mesenchymal
stem cells (MSCs) transplanted intraperitoneally and

WJG|www.wjgnet.com

intravenously in a murine model of colitis.
METHODS: MSCs were isolated from C57BL/6 mouse
adipose tissue. MSC cultures were analyzed according
to morphology, cellular differentiation potential, and
surface molecular markers. Experimental acute colitis
was induced in C57BL/6 mice by oral administration of
2% dextran sulfate sodium (DSS) in drinking water ad
libitum from days 0 to 7. Colitis mice were treated with
6
1 × 10 MSCs via intraperitoneal or intravenous injection
on days 2 and 5. The disease activity index was
determined daily based on the following parameters:
weight loss, stool consistency and presence of blood
in the feces and anus. To compare morphological
and functional differences in tissue regeneration
between different MSC injection modalities, mice were
euthanized on day 8, and their colons were examined
for length, weight, and histopathological changes.
Inflammatory responses were determined by measuring
the levels of different serum cytokines using a CBA
Th1/Th2/Th17 kit. Apoptotic rates were evaluated by
terminal deoxynucleotidyl transferase-mediated dUDPbiotin nick end labeling assay.
RESULTS: Intravenous infusion of MSCs was more
effective than intraperitoneal treatment (P < 0.001)
in reducing the clinical and histopathologic severity
of colitis, which includes weight loss, diarrhea and
inflammation. An histological evaluation demonstrated
decreased colonic inflammation based on reduced
crypt loss and reduced infiltration of inflammatory
cells. This therapeutic effect was most likely mediated
by the down-regulation of pro-inflammatory cytokines
[interleukin (IL)-6 and tumor necrosis factor (TNF)];
and by the up-regulation of anti-inflammatory cytokines
(IL-10 and IL-4). Intravenous transplantation also

18228

December 28, 2014|Volume 20|Issue 48|

Gonçalves FC et al . MSC administration on experimental colitis

induced high levels of IFN that lead to activation of
the immunosuppressive activity of the MSCs, which
did not occur with intraperitoneal transplantation (P =
0.006). An increase in apoptotic T cells was observed
after intravenous, but not intraperitoneal, MSC infusion,
suggesting that MSCs can induce apoptosis in resistant
T cells in colonic inflammation (P = 0.027).
CONCLUSION: Our results demonstrate that intravenous
treatment is a superior method for reducing colon
inflammation compared with intraperitoneal therapy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ulcerative colitis; Dextran sulfate sodium;
Inflammatory bowel disease; Mesenchymal stem
cell; Cell transplantation; Intravenous injection;
Immunomodulation
Core tip: After receiving appropriate biological signals
during injury or tissue inflammation, mesenchymal
stem cells (MSCs) can migrate to the affected site and
suppress effector T cells to modulate inflammatory
responses and tissue regeneration. Currently, little
is known regarding the optimal delivery strategy for
MSCs for the treatment of ulcerative colitis. To our
knowledge, no studies have shown which method
of cell transplantation is best for the treatment of
colon inflammation. The present study demonstrates
that intravenous treatment resulted in reduced colon
inflammation and is the best route for cell therapy in
ulcerative colitis.
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Pfaffenseller B, Lopez PLC, Passos EP, Cirne-Lima EO, Meurer
L, Paz AH. Intravenous vs intraperitoneal mesenchymal stem cells
administration: what is the best route for treating experimental
colitis? World J Gastroenterol 2014; 20(48): 18228-18239
Available from: URL: http://www.wjgnet.com/1007-9327/full/
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INTRODUCTION
Inflammatory bowel disease (IBD), which includes
ulcerative colitis (UC) and Crohn’s disease (CD), is
characterized by chronic inflammation, abdominal pain,
visceral hypersensitivity, and diarrhea[1,2]. UC presents
mucosal T cell dysfunction, inflammatory cell infiltration,
and abnormal cytokine production. This ultimately leads
to a defective immune response to enteric antigens, which
causes chronic intestinal inflammation[3-5]. The resistance
of T cells to apoptosis contributes to inappropriate T
cell accumulation in colitis and, consequently, to the
perpetuation of chronic mucosal inflammation[6].
Colitis therapy involves immunosuppressive drugs
that induce remission of intestinal inflammation and
associated symptoms. Although medical treatment is
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effective for inducing and maintaining remission, no
therapeutic option exists that can definitively reverse colon
inflammation[7]. Therefore, novel therapeutic strategies,
such as stem cell therapy, are needed for non-responsive
patients and to reduce the side effects associated with
current therapy.
Mesenchymal stem cells (MSCs), which are present
in adipose tissue and in several other tissues, exhibit
great plasticity [8]. In appropriate culture conditions,
MSCs are able to differentiate into cartilage, bone,
muscle, and tendon/ligament [9,10]. In addition, they
also have low immunogenicity and somewhat display
immunosuppressive proprieties [11]. MSCs can trigger
the release of several soluble factors, including antiinflammatory cytokines which act on the immune system
to modulate immune response[12]. Moreover, the capacity
to suppress T cell activities and induce apoptosis provides
a rationale for applying these cells in IBD therapy[13,14].
Several studies demonstrate the ability of MSCs to
preferentially migrate to sites of injury when infused in
animal models. After receiving appropriate signals during
tissue inflammation, MSCs can migrate to affected sites
where they assist in recovery, displaying high therapeutic
potential with regards to tissue repair and/or the control
of local inflammation [15]. The expression of growth
factors, cytokines and extracellular matrix receptors by
MSCs may drive this process[16,17]. These cells have great
therapeutic potential in regenerative medicine due to
their capacity for differentiation in vitro as well as their
secretion of many bioactive molecules[18]. Still, little is
known regarding the optimal delivery strategy for MSCs
to treat IBD. The present study compared intravenous
and intraperitoneal routes of administration for MSC in
the treatment of UC to clarify the best cell therapeutic
methodology to enhance the success of UC treatment.

MATERIALS AND METHODS
Animals
Male C57BL/6 mice, 8-12 wk old, were purchased from
Unidade de Experimentação Animal (UEA) of Hospital de
Clínicas de Porto Alegre (HCPA) - Universidade Federal do
Rio Grande do Sul (UFRGS). Mice were maintained at
the house facilities, at a controlled humidity (50%) and
temperature (20-22 ℃ ), a 12 h light-dark cycle, and
were fed standard diet and drinking water ad libitum. All
procedures were performed in accordance to UFRGS
guidelines for animal experimentation and the Brazilian
Federal Law 11.794/08, which establishes procedures for
the scientific use of animals and regulates the registration
of experimentation centers. This study was approved
by the Institutional Research Ethics Committee CEUAHCPA and is registered under the number 11-0244.
Isolation and culture of mouse adipose-derived MSC
Epididymal fat from male C57BL/6 mice was aseptically
removed, dissected from visible blood vessels, and
enzymatically digested for 30 min at 37 ℃ in Dulbecco’
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s Modified Eagle’s Medium (DMEM; Carlsbad, Gibco,
CA, United States) low glucose supplemented with 1
mg/mL of collagenase type Ⅰ (Sigma, St. Louis, MO,
United States). Cell suspensions were centrifuged and
the pellet was resuspended in DMEM with 200 mL/L
fetal bovine serum (FBS; Carlsbad, Gibco, CA, United
States) and antibiotics. Cells were then plated in 6-well
culture dishes and incubated at 37 ℃ in a humidified
atmosphere containing 50 mL/L CO2. Non-adherent
cells were removed after 72 h in culture. Adherent cells
achieving 80% confluence were passaged using 2.5 mL/L
Trypsin-EDTA solution (Gibco, Carlsbad, CA, United
States) and maintained in DMEM supplemented with
200 mL/L FBS, 100 units/mL penicillin and 100 mg/mL
streptomycin (Gibco, Carlsbad, CA, United States). MSCs
were used between passages 3-6.
Cell differentiation assays
To characterize MSCs in accordance with The International
Society for Cellular Therapy Statement[19], three different
experimental procedures were employed according
to Gonçalves et al[20]. Adipogenic differentiation was
induced by culturing MSCs in DMEM 100 mL/L
FBS, 15 mmol/L Hepes (Sigma, St. Louis, MO, United
States), supplemented with 10-8 mol/L dexamethasone
(Sigma, St. Louis, MO, United States), 5 μg/mL insulin
and 50 μg/mL indomethacin (Sigma, St. Louis, MO,
United States). Adipocytes were easily discerned from
the undifferentiated cells by phase-contrast microscopy.
To further confirm their identity, cells were fixed with
40 g/L paraformaldehyde and stained with Oil Red
(Sigma, St. Louis, MO, United States) after 21 d of
adipogenic differentiation. Secondly, to induce osteogenic
differentiation, MSCs were cultured in DMEM 100
mL/L FBS, 15 mmol/L Hepes, supplemented with
10 -8 mol/L dexamethasone, 5 μ g/mL ascorbic acid
2-phosphate (Sigma, St. Louis, MO, United States) and
10 mmol/L β -glycerolphosphate (Sigma, St. Louis,
MO, United States). To observe calcium deposition,
cultures were fixed and stained with Alizarin Red stain
(Sigma, MO, United States) after 21 d of osteogenic
differentiation. Finally, chondrogenic differentiation
was induced by culturing MSCs in DMEM, 15 mmol/L
Hepes, supplemented with 6.25 µg/mL insulin, 5 μg/mL
ascorbic acid 2-phosphate and 10 ng/mL TGF-β (Sigma,
St. Louis, MO, United States). To verify the presence of
proteoglycans, cells were fixed and stained with Alcian
Blue (Vetec, Duque de Caxias, RJ, BRA) after 21 d of
chondrogenic differentiation.
Flow cytometry
To characterize the cell population according to surface
molecular markers, immunophenotyping was performed.
Approximately 1 × 10 6 MSCs were placed in sterile
tubes and washed twice by centrifugation at 2000 r/min
for 5 min at room temperature (RT). MSCs were then
resuspended in phosphate-buffered saline (PBS) and
incubated for 30 min at RT with phycoerythrin (PE)
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conjugated antibodies against mouse CD34, CD11bc,
CD44, and CD90 (Becton-Dickinson, Franklin Lakes, NJ,
United States). All assays were conducted using antibody
concentrations recommended by the manufacturers. Cells
were collected and washed with PBS by centrifugation
at 1500 r/min for 10 min at RT, and fluorescence
analysis was carried out with the BD FACS-Calibur flow
cytometer (Becton-Dickinson, Franklin Lakes, NJ, United
States). Data were analyzed using Cellquest and PAINTAGATE software.
Mouse DSS-induced colitis
Acute colitis was induced by oral administration of 2%
dextran sulfate sodium (DSS; MP Biomedicals, Solon,
OH, United States) from day 0 to day 7 in drinking water
ad libitum. On days 2 and 5 of the protocol, MSCs (1 ×
106 cells/120 µl PBS) were delivered via intraperitoneal
(DSS-MSC IP) or intravenous (DSS-MSC IV) tail vein
(n = 5/group) injection. The saline group (DSS-Saline)
received PBS (120 µl) injected according to the same
protocol (n = 5). Mice receiving pure water instead of
DSS were used as controls (Naive). The disease activity
index (DAI) score was determined by an investigator
blinded to the protocol. Animals were observed daily for
weight loss, stool consistency and presence of blood in
the feces and anus. A score from 0 to 4 was assigned for
each parameter, resulting in the total DAI score ranging
from 0 (unaffected) to 12 (severe colitis) as per Gonçalves
et al[21].
Colon macroscopic evaluation
After 8 d of DSS administration, mice were euthanized
by cervical dislocation of spine and colons were removed
from the cecum to the anus. Samples were measured and
weighed as an indirect assessment of inflammation.
Histological evaluation of colitis
Colons were fixed in 40 g/L paraformaldehyde, processed
and embedded in paraffin to obtain longitudinal
medial cuts. Colon sections (4 µm) were stained with
hematoxylin-eosin (HE) and analyzed using a halogen
light microscope. Histological score was blindly
determined as per Dieleman et al[22]. Each parameter of
the histological score, such as severity of inflammation
(0-3), depth of inflammation (0-3), regeneration (0-4)
and crypt damage (0-4), was multiplied by the percentage
of compromised tissue (1 point for 25%, 2 points for
26%-50%, 3 points for 51%-75%, and 4 points for
76%-100%). Therefore, inflammation and extent have a
range from 0 to 12, and regeneration and crypt damage
have a range from 0 to 16.
Cytokine determination
Following isoflurane-induced anesthesia, blood samples
were collected by retro-orbital puncture for serum
separation. Samples were collected in blood collection
tube containing coagulant and centrifuged at 7000 r/min
for 20 min. After separation, serum was stored at -80 ℃
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Figure 1 Mesenchymal stem cell characterization. A: Mesenchymal stem cell (MSC) morphology by hematoxylin-eosin (HE) staining; B: Adipogenic differentiation
detected by Oil red, which stains lipid vacuoles; C: Osteogenic differentiation detected by Alizarin Red, which stains deposit of calcium; D: Chondrogenic
differentiation, proteoglycans stained by Alcian blue.

until cytokine determination. Cytokine levels in the
serum were determined using a CBA Th1/Th2/Th17 kit
from BD Pharmingen according to the manufacturer’s
recommendations.
Assessment of colon apoptosis
To determine apoptosis, fragmented DNA was stained by
the terminal deoxynucleotidyl transferase (TdT)-mediated
dUDP-biotin nick end labeling (TUNEL) assay using an
in situ Cell Death Detection Kit (Roche, San Francisco,
CA, United States). After deparaffinization, sections
were incubated with 20 µg/mL proteinase K solution
for 30 min at 37 ℃. After rinsing, slides were incubated
with a labeling reaction mix containing TdT enzyme
for 1 h at 37 ℃ in a humidified atmosphere in the dark.
Samples were analyzed with a fluorescence microscope
using an excitation wavelength in the range of 450-500
nm and detection in the range of 515-565 nm (green).
Nine microscopic fields were quantified in pixels at 200
× magnification. ImageJ software (National Institute
of Health, Bethesda, MA, United States) was used for
apoptosis analysis. Apoptotic T cells were detected
by immunohistochemical staining using an anti-CD3
antibody (Cell Marque, CA, United States).
Statistical analysis
Results were shown as the mean ± SE for each group.
Statistical analysis was performed using SPSS (Version
18.0) statistical software. Generalized Estimated
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Equations (GEE) was used for DAI and weight loss
analysis. For multiple comparisons (colon weight and
length, histological analysis, cytokine and apoptosis
quantification), non parametric Kruskal-Wallis test was
used. In cases displaying significant differences, post hoc
analysis was performed with Bonferroni test. P < 0.05
was considered to be statistically significant.

RESULTS
Characterization of MSCs from mouse adipose tissue
MSCs were obtained by plating out an adipose cell
suspension in tissue culture dishes and propagating the
resulting adherent cells. Between 5 to 7 d after initial
plating, the isolated cells developed into visible systematic
colonies of adherent fibroblast-like cells and, with further
time in culture, became morphologically homogeneous
due to the depletion of other stromal cells (Figure
1A). As demonstrated in Figure 1B, a clear potential
for adipogenic differentiation was detected by Oil Red,
which stains lipid vacuoles. Figure 1C shows osteogenic
differentiation as detected by Alizarin Red, which stains
calcium deposits. Chondrogenic differentiation was
confirmed by Alcian Blue, which stains proteoglycans
(Figure 1D). Using flow cytometry, we determined
that the majority of cells preserved their characteristic
CD44+, CD90+, CD11bc- and CD34- phenotypes and
also confirmed that they retained their differentiation
potential.
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Figure 2 Intravenous mesenchymal stem cells transplantation protects against dextran sulfate sodium-induced acute colitis. A: Disease activity score.
Clinical evolution was monitored by weight change, stool consistency and presence of fecal blood; B: Weight loss. aP < 0.05, bP < 0.01 vs DSS group; cP < 0.05, dP < 0.01
vs DSS-MSC IV group, n = 5 mice/group. DSS: dextran sulfate sodium; MSC: Mesenchymal stem cell.

MSCs transplanted via intravenous injection induced a
more effective treatment response for colitis
Mice exposed to oral administration of 2% DSS over 7
d presented a significant increase in disease activity index
(DAI), which was characterized by acute colitis, bloody
diarrhea and sustained weight loss. Transplantation of
MSCs significantly reduced DAI scores on days 5 (1.80 ±
0.33 DSS-MSC IV and 3.20 ± 0.52 DSS-MSC IP vs 6.80
± 0.76 DSS, P < 0.001 and P < 0.05, respectively) and 6
(3.00 ± 0.98 DSS-MSC IV and 5.20 ± 0.65 DSS-MSC IP
vs 8.60 ± 0.72 DSS, P < 0.001 and P < 0.05, respectively).
However, starting on day 7, the DSS-MSC IP group
demonstrated a higher DAI value than the DSS-MSC IV
group (9.40 ± 0.35 vs 6.20 ± 1.70, P < 0.05). On day 8,
we observed clinical improvement in mice treated with
MSCs via intravenous injection compared with both the
group treated with MSCs via intraperitoneal injection
(10.00 ± 0.00 vs 5.80 0.43, P < 0.001) and the untreated
group (10.00 ± 0.00 vs 5.80 0.43, P < 0.001) (Figure 2A).
In the MSC-treated groups, weight loss was significantly
decreased at day 5 compared to DSS group (-4.07 ±
1.03 g DSS-MSC IV and -3.98 ± 1.21 g DSS-MSC IP
vs -8.4 ± 0.82 g DSS, P < 0.05). However, starting from
day 6, only the DSS-MSC IV group was able to avoid
excessive weight loss (-3.00 ± 0.98 g vs -8.60 ± 0.72 g, P
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< 0.001). From day 7 onward, a significant difference in
weight loss was observed between the intraperitoneal and
intravenous treatment groups (-9.40 ± 0.35 g vs -6.20 ±
1.07 g, P < 0.001) (Figure 2B).
On day 8, macroscopic findings in colons from the
DSS group included severe shortening of the colon
and bloody stools compared to the Naive group (6.4 ±
0.54 cm vs 9.5 ± 0.66 cm, P < 0.001), symptoms that are
indicative of UC. A significant difference in colon length
was also observed between the DSS-MSC IP group and
Naive group (6.22 ± 0.63 cm vs 9.5 ± 0.66 cm, P < 0.001)
(Figure 3A and C). Mice from DSS-MSC IV group did
not display significant macroscopic changes compared
to the Naive group. However, significant differences in
colon weight were noted when these mice were compared
to untreated DSS mice (532 ± 32 mg vs 377 ± 67 mg, P
= 0.009) (Figure 3B).
Histological analysis shows that intravenous MSCs
infusion reduces colon damage
Intense colonic inflammation was observed in mucosa
and submucosa stratum, with loss of goblet cells, crypt
damage, and extensive mucosal ulceration. Moreover,
areas of edema in the submucosa were observed in
the untreated DSS, DSS-Saline and DSS-MSC IP
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groups when compared to the Naive group (P < 0.05).
Inflammatory cell infiltration, including neutrophils and
mononuclear cells, was also observed.
In contrast, the DSS-MSC IV group presented
lower levels of inflammation, which was confined to the
mucosal layer, and minimal ulceration when compared
to the DSS-MSC IP group, demonstrating a strong
tendency toward histological recovery (P = 0.051) that
was consistent with the clinical score (Figure 4).
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MSCs affect cytokine production systemically in DSSinduced colitis model
To analyze the effect of MSCs on the production of
inflammatory mediators mechanistically involved in acute
colitis, serum cytokine profiling was performed. In mice
administered DSS, serum levels of the anti-inflammatory
cytokines IL-10 and IL-4 did not differ statistically from
the Naive group, even though the DSS-MSC IV group
demonstrated higher levels of these cytokines (P > 0.05).
The pro-inflammatory cytokines IL-6 and TNF play key
roles in mediating acute inflammatory reactions. Acute
DSS colitis associated with significantly elevated levels
of IL-6 compared to the Naive group (P = 0.006). The
MSC-treated group showed lower levels of IL-6 than the
untreated DSS group, while TNF levels were higher in
DSS group, although these changes were not significantly
different (P > 0.05). The pro-inflammatory cytokines IL-2
and IFN are related to chronic inflammation. Therefore,
as expected in a model of acute colitis, the levels of
these cytokines were not altered when compared to the
Naive group (P > 0.05) Nonetheless, IFN levels in the
DSS-MSC IV group were significantly higher than in the
Naive group, demonstrating that the presence of MSCs
influences the levels of IFN (P = 0.006). Interestingly,
there were differences between the DSS-MSC IP and
DSS-MSC IV groups (P = 0.006), suggesting that the
delivery route may have an effect IFN production. Levels
of IL-17A, a pro-inflammatory cytokine, were similar
between the untreated DSS group and the Naive group (P
> 0.05), suggesting that colonic Th cells do not exhibit a
Th17 profile in this acute DSS-colitis model (Figure 5).
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Figure 3 Mice treated with mesenchymal stem cells presented macroscopic
colon characteristics similar to healthy animals. A: Colon length. DSS, DSSSaline and DSS-MSC IP groups showed a colon length significantly lower than the
Naive group; B: Colon weight. DSS-MSC IV group showed significant difference
in colon weight compared to DSS group; C: Representative image showing the
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vs Naive group; dP < 0.01 vs DSS group, n = 5 mice/group. DSS: dextran sulfate
sodium; MSC: Mesenchymal stem cell.
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MSC intravenous transplantation induces T cell
apoptosis in the colon
It is known that the resistance of T cells to apoptosis
contributes to inappropriate T cell accumulation in UC
and the perpetuation of chronic mucosal inflammation[6].
In our study, the frequency of TUNEL-positive
mononuclear cells was significantly higher in mice from
the DSS-MSC IV group compared to the untreated DSS
group (5.92% ± 1.00% vs 2.66% ± 0.89%, P = 0.027).
This significant difference was also observed between the
DSS-MSC IP and DSS-MSC IV groups (2.08% ± 0.48%
vs 5.92% ± 1.00%, P = 0.027) (Figure 6A). There were few
apoptotic cells present in DSS and DSS-MSC IP groups.
In the DSS-MSC IV group, these apoptotic cells were
more prominent in the epithelium and lamina propria
(Figure 6C). The presence of T cells was confirmed by
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CD3 staining, as demonstrated in Figure 6B. The MSCstreated groups showed a lower number of CD3+ T cells,
although this difference was not significant.

DISCUSSION
Previous studies have focused on the attractive
regenerative properties of MSCs, and there is evidence
indicating that MSCs can promote regeneration of
injured tissue. After receiving appropriate biological
signals during injury or tissue inflammation, MSCs can
migrate to affected sites and assist in their recovery,
having a high therapeutic potential in tissue repair and
controlling in situ inflammation[15]. Mechanisms directing
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in vivo homing and engraftment of MSCs are not well
described and depend on complex interactions between
many signaling events. Thus, it is important to elucidate
the best route of delivery for providing effective cell
therapy to an inflamed colon. Our study tested two
different routes of MSCs transplantation in a murine
model of UC to evaluate their functionality and potential
beneficial effects.
Several preclinical studies have transplanted MSCs
by intravenous injection[7,23-27], while others have used
an intraperitoneal injection route [3,5] as a treatment
for DSS-induced colitis. Nevertheless, none of these
studies have presented a comparative analysis of the
best route of cell transplantation for the treatment of
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UC. Our results demonstrated that intravenous MSC
treatment reduced diarrhea with blood, and improved
stool consistency, body weight loss, and the wasting
disease and colon inflammation. Moreover, the shorting
of the overall colon length, which is usually observed in
colitis, was not found in intravenous MSC-treated mice.
Histological examination showed that intravenous MSC
treatment resulted in minimal ulceration and lower levels
of inflammation that was confined to the mucosal layer.
However, intraperitoneal MSC treatment showed no
improvement. Duijvestein et al[28] previously treated DSSinduced colitis in mice using IFN-γ pre-stimulated MSCs
transplanted intraperitoneally. Their study demonstrated
that mice treated with pre-stimulated MSCs displayed
colitis recovery, while unstimulated MSCs showed no
immunosuppressive effect. This is consistent with our
data using unstimulated or naive MSCs.
The only experimental study that has used different
routes of administration to evaluate the effects of
MSC transplantation in IBD showed better results
with intraperitoneal administration when compared
to an intravenous route of delivery[29]. There are many
differences between this study and our own. We used
cultivated MSCs and not cryopreserved cells, and the

WJG|www.wjgnet.com

DSS animal model used in our study presents a distinct
cytokine and pathology profile from the TNBS model[30].
The MSC administration route and migration to the
inflamed colon might vary based on the experimental
model being used. For these reasons, our results
contribute a different view regarding the importance of
the delivery route for MSCs.
In respect of the anti-inflammatory action of
exogenous MSCs, these cells are known to regulate the
immune response in IBD pathogenesis. MSCs reduce
colonic inflammation by downregulating the production
of inflammatory mediators by mucosal immune cells,
and by increasing the levels of the anti-inflammatory
cytokine IL-10[5]. Cytokines produced by infiltrating cells
and macrophages play a critical role in colonic tissue
destruction. They modulate important biological cellular
functions, and mediate immune cell proliferation and
differentiation. In IBD, the immunologic response is
reflected by the imbalance in T helper 1 (Th1) and T
helper 2 (Th2) cells, and thus the cytokine production
at different stages of disease. In this sense, UC has
been primarily associated with a Th2 response [30,31].
However, studies have also indicated Th1 profiles in
UC, as well as Th17 in the manifestation of chronic

18236

December 28, 2014|Volume 20|Issue 48|

Gonçalves FC et al . MSC administration on experimental colitis

intestinal inflammation[32-34]. Our experimental model
of DSS-induced colitis appears to have both a Th1 and
Th2 response. In addition, we found that the levels of
Th17 cytokines in serum from untreated DSS mice
were similar to those in Naive mice. These results
suggest that in an acute DSS-colitis model, colonic Th
cells exhibit a Th1 and Th2 profile, but not a Th17
profile[35]. Intravenous treatment with MSCs increased
the levels of the anti-inflammatory cytokines IL-10 and
IL-4, and decreased the levels of the pro-inflammatory
cytokine IL-6, although these differences were not
significant. Sheng et al[36] demonstrated that high levels
of IFN produced by T cells in contact with MSCs
lead to activation of the immunosuppressive effect of
MSC. Our results demonstrated that intravenous MSC
treatment increased IFN serum levels, in contrast with
the results from the intraperitoneal MSC-treated group.
These results might potentially support the idea that an
intravenous route enhances contact between MSCs and
T cells, which creates a favorable environment for IFN
production and, consequently, MSC activation. Thus, the
intraperitoneal route may not provide for the activation
of the immunosuppressive properties. Recent studies
have shown that MSCs can function in either an antiinflammatory or a pro-inflammatory role, depending
on their interaction with other cell types and/or soluble
factors[25,37].
In the present study, we analyzed the rate of
apoptosis in the inflamed colon. It is known that there
is a substantial reduction in T cell apoptosis in patients
with IBD[6,38]. Increased IL-10 and/or blockage of IL-6
signaling can induce apoptosis in T cells[39,40]. Although the
exact mechanisms underlying MSC-mediated suppression
of lymphocyte proliferation remain essentially unknown,
it is possible that MSCs can accelerate apoptosis of active
inflammatory cells. Akiyama et al[13] showed that the
systemic infusion of MSCs induced T cell apoptosis via
the Fas ligand (FasL)-dependent Fas pathway, reducing
symptoms of DSS-induced colitis. Our data are in
agreement with these studies. We also showed that fewer
apoptotic cells are present in the untreated DSS and
intraperitoneal MSC-treated groups.
To our knowledge, this is the first study to evaluate
different routes of MSC administration for the treatment
of DSS-induced colitis in an experimental model. We
found that intravenous delivery is the best route of MSC
administration reducing signs of colon inflammation.
This fact may be related to MSC migratory capacity,
as well as the activation of the immunosuppressive
properties of the transplanted MSCs and, consequently,
their immunomodulatory and tissue repair activity. In
conclusion, the successful treatment of experimental
colitis through intravenous administration of MSCs
supports the concept of using this route in cell therapy
to treat intestinal inflammation.

Delgado for his guidance and instructions about animal
models and the immunomodulatory potential of MSCs,
as well as Dr. Flávia Carneiro for proofreading this
manuscript.
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Abstract
AIM: To assess the role of circulating tumor cells (CTCs)
and cancer stem cells (CSCs) in hepatitis C virus (HCV)associated liver disease.
METHODS: Blood and/or tissue samples were obtained from HCV (genotype 4)-associated hepatocellular
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carcinoma patients (HCC; n = 120), chronic hepatitis C
patients (CH; n = 30) and 33 normal control subjects (n
= 33). Serum levels of alpha-fetoprotein (AFP), alkaline
phosphatase, and alanine and aspartate aminotransferases were measured. Cytokeratin 19 (CK19) monoclonal
antibody was used to enumerate CTCs, and CD133 and
CD90 were used to enumerate CSCs by flow cytometry.
The expression levels of the CSCs markers (CD133 and
CD90) as well as telomerase, melanoma antigen encoding gene 1 (MAGE1) and MAGE3 were assessed by RTPCR and quantitative real-time polymerase chain reactions. The number of CTCs and/or the expression levels
of CK19, CD133, telomerase, MAGE1 and MAGE3 were
correlated to the standard clinicopathologic prognostic
factors and disease progression.
RESULTS: Levels of AFP, alkaline phosphatase and
aspartate aminotransferase were significantly different
among the HCC, CH and control groups (P < 0.001),
whereas alanine aminotransferase differed significantly
between patient (HCC and CH) and control groups (P <
0.001). At the specified cutoff values determine by flow
cytometry, CK19 (49.8), CD90 (400) and CD133 (73)
were significantly higher in the blood of HCC patients
compared to those in the CH and control groups (P <
0.001). On the other hand, CD133 at a 69.5 cutoff was
significantly higher in the CH compared to the control
group (P ≤ 0.001). Telomerase, MAGE1 and MAGE3
RNA were expressed in 55.71%, 60.00% and 62.86%
of the HCC patients, respectively, but were not detected
in patients in the CH or control groups, which were statistically significant (P s < 0.001). The expression levels
of telomerase, CD90, MAGE3, CD133 and CK19 were
all significantly associated with high tumor grade and
advanced stage in HCC patients (all P s < 0.05).
CONCLUSION: CTC counts and AFP, CK19, telomerase, and MAGE1/MAGE3 expression predict disease
progression in patients with HCV, whereas telomerase,
MAGE3, CD90, CD133 and CK19 are prognostic mark-
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ers in HCC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cancer stem cells; Circulating tumor cells;
Hepatitis C virus genotype-4; Hepatocellular carcinoma
Core tip: Recent studies have shown that cancer stem
and circulating tumor cells contribute to tumor development and progression and can predict patient outcome.
Although there are various methods for enumeration
of circulating tumor cells, this study demonstrates that
flow cytometry is a sensitive, rapid and easy technique
that can be used to follow chronic hepatitis C virus patients for early detection of hepatocellular carcinoma.
Additionally, telomerase, melanoma antigen encoding
gene 3 and cancer stem cell markers (CD90, CD133,
CK19) are prognostic indicators in hepatocellular carcinoma patients.
Bahnassy AA, Zekri ARN, El-Bastawisy A, Fawzy A, Shetta
M, Hussein N, Omran D, Ahmed AAS, El-Labbody SS. Circulating tumor and cancer stem cells in hepatitis C virusassociated liver disease. World J Gastroenterol 2014; 20(48):
18240-18248 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i48/18240.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i48.18240

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common cancer in men and the seventh in women. The main
etiological factors are hepatitis B virus (HBV) and hepatitis C virus (HCV) infection, heavy alcohol consumption
and aflatoxin B1[1,2]. With a population of approximately
85 million, the prevalence of HCV in Egypt is estimated
to be over 18%, leaving HCC as a major health problem[3]. Until recently, the choice of therapy and prognosis largely depended on the severity of liver function,
radiologic findings, and alpha-fetoprotein (AFP) levels.
However these parameters are insufficient for predicting
patient outcome, and therefore, individually-based biologic markers are needed[4].
Circulating tumor cells (CTCs) can be detected in
blood or lymphatic vessels of cancer patients. The presence of CTCs has been associated with a high incidence
of metastasis and increased resistance to therapy in some
solid tumors. Thus, detection of CTCs has considerable
clinical significance for monitoring treatment response
and predicting recurrence[5], progression-free and overall
survivals. CTCs therefore represent an interesting source
of biological information to understand dissemination,
drug resistance and treatment-induced cell death[6]. However, only a few studies have addressed the role of CTCs
in HCC. This could be attributed to the paucity of CTCs
in patient blood, which makes them difficult to detect, as
well as the debate concerning detection methods and the

WJG|www.wjgnet.com

relative lack of specific HCC markers[7].
Telomerase expression in liver tissues or peripheral
blood has been used as a diagnostic and prognostic
marker for HCC[8]. Telomerase is part of a protein/RNA
complex involved in the extension of telomeres during
the cell cycle, which stabilizes genomic integrity as well
as cancer cell immortality. Some studies have shown
semi-quantitative radioactive enzyme-linked immunosorbent assays are not sufficiently sensitive for quantifying
telomerase activity in the blood of HCC patients[9]. Similarly, melanoma antigen encoding gene 1 (MAGE1) and
MAGE3, which belong to a family of at least 12 members, were detected in a variety of tumors, and correlated
with HCC prognosis. Moreover, MAGE1 and MAGE3
have been used to detect CTCs in HCC patients[10].
More recent studies have shown that cancer stem
cells (CSCs) contribute to tumor growth, cancer relapse
and poor response to treatment. These small, undifferentiated, progenitor cells are capable of self-renewal,
production of heterogeneous progenies and resistance
to chemotherapy. Thus, they are considered to be responsible for the acquisition of aggressive phenotypes.
CSCs were detected in many tumor types using specific
markers, such as c-kit, CD133, CD90, CD44, CD326
and OV6, and it has been proposed that they are the origin of CTCs[11,12]. However, few studies have correlated
the clinical features of HCC patients with the expression of CSC markers. Therefore, we sought to assess
the contribution of CSCs and CTCs in patients with
HCV-associated chronic hepatitis (CH) and HCC via
determination of the stem cell-related and liver-specific
markers, including CD133, CD90, MAGE1/MAGE3,
telomerase and cytokeratin 19 (CK19). We also evaluated
the efficiency of flow cytometry as a method for the
enumeration of CTCs in comparison to the commonly
used techniques.

MATERIALS AND METHODS
Patients and blood sample collection
We prospectively collected peripheral blood samples
from HCC patients (n = 70) who attended the National
Cancer Institute and Kasr Al-Aini School of Medicine,
Cairo University clinics between June and December
2010. HCC was histologically diagnosed whenever surgical specimens were available. Otherwise, diagnosis of
HCC was based on computed tomography and elevated
AFP levels. HCC patients were classified according to the
sixth edition of the International Union against Cancer
tumor-node-metastasis staging system[13] and the Milan
criteria[14]. We also included post-HCV-CH patients (n =
30) who were diagnosed by clinical examination, abdominal ultrasound, laboratory investigations and liver biopsy.
Age- and sex-matched healthy volunteers (n = 33) served
as a control group. They all had normal values of serum
alanine aminotransferase (ALT) and were sero-negative
for hepatitis B surface markers (HBsAg, HBeAg and HBcAb) and HBV antibodies. Fresh tissue samples from an
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Table 1 Primer sequences
Gene
MAGE1

MAGE3

CK-19
CD133

Telomerase

b -actin

Primers sequences

Annealing
temp.(℃)

Base pairs

First round:
5’-CGG CCG AAG GAA CCT GAC CCA G-3’
5’-GCT GGA ACC CTC ACT GGG TTG CC-3’
Second round (nested):
5’-ACA GAG GAG CAC CAA GGA GAA G-3’
5’-AGT TGA TGG TAG TGG GAA AGG C-3’
First round:
5’-TGG AGG ACC AGA GGC CCC C-3’
5’-GGA CGA TTA TCA GGA GGC CTG C-3’
Second round (nested):
5’-CGG AGG AGC ACT GAA GGA GAA G-3’
5’-CCT CCT CTT CTT CGT TGC TGG-3’
5’-CCC GCG ACT ACA GCC ACTA-3’
5’-GCT CAT GCG CAG AGC CT-3’
P1: 5’-AAT TCT AAT ACG ACT CAC TAT AGG GAA GAA CAG GGA TGA TGT TGG GTC TCA-3’
P2: 5’-TTT CAA GGA CTT GCG AAC TCT CTT GA-3’
MB: 5’-CGA TCC AAG GAC AAG GCG TTC ACA GGA TCG-3’
5’-TGA CAC CTC ACC TCA CCC AC-3’
5’-CAC TGT CTT CCG CAA GTT CAC-3’
5’-ACA CTG TGC CCA ACG AGG-3’
5’-AGG GGC CGG TCA TAC T-3’'

60

421

60

299

60

725

60

371

60

745

60

96

56

540

additional 50 pathologically confirmed HCC patients (26
men and 24 women) were also included as a confirmatory set to validate the data.
All cases were newly diagnosed cases that had not received prior chemotherapy. Patients were subjected to full
clinical examinations, radiologic investigations (including abdominal ultrasonography and triphasic computed
tomography) and laboratory investigations. All studied
cases (HCC and CH) were HCV-positive and HBVnegative as confirmed by polymerase chain reaction (PCR)
and serologic tests (Table 1). Written informed consent
was obtained from all participants prior to enrollment in
the study, which conformed to the ethical guidelines of
the 2004 Declaration of Helsinki. The study protocol
was approved by the Institutional Review Boards of the
National Cancer Institute and Kasr Al-Aini School of
Medicine.
Peripheral blood samples (two samples, 7.5 mL each)
were collected from patient and control subjects in CellSave blood collection tubes (Immunicon Inc., Huntingdon Valley, PA, United States) containing EDTA and a
cellular preservative. Samples from vein punctures were
collected after discarding the first 0.5 mL to avoid skinplug contamination. From each subject, one tube was
used for assessment of CTCs and the other was used for
RNA and DNA extraction.
Detection of HCV and HBV
Total viral DNA/RNA isolation was performed using
QIAamp MinElute Virus Spin Kit (Qiagen, Venlo, Limburg, Germany). HBV core proteins were analyzed by
PCR as previously described[15]. HCV detection and quantification were done using a StepOne Real-Time PCR
system (Applied Biosystems of Thermo Fisher Scientific
Inc., Waltham, MA, United States).
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Detection of CTCs by flow cytometry
Peripheral blood mononuclear cells were obtained by
gradient density centrifugation using Ficoll-Hypaque
1077 (Sigma-Aldrich, St. Louis, MO, United States). The
separated cells were stained using the following fluorescent-labeled antibodies (three sets in three separate
tubes): CK19-FITC/CD45-PE, CD45-PE/CK19-FITC/
CD133-PerCP and CD45-PE/CD90-FITC (MACS; Milteny Biotec, Bergisch Gladbach, Germany) according to
manufacturer’s protocols. CK19 is a well-known epithelial marker, whereas CD90 and CD133 are CSCs markers. Cells (≥ 30000/sample) were acquired after flow
cytometry and counted using the Cell Quest software.
The number of CD45-/CK19+ cells was considered as
the number of CTCs, whereas the number of CD45-/
CK19+/CD133+ and CD45-/CD90+ cells determined
as the number of CSCs. Three successive readings were
recorded for each sample and the mean was calculated
and expressed as the number of CTCs or CSCs/7.5 mL
of blood. A sample of normal lymphocytes was included
in each run as a negative control. A cut-off of 4 ± 1
CTCs/7.5 mL was chosen to define the test as positive[16].
Detection of CTC and CSC markers by PCR
RNA was extracted from the separated peripheral blood
mononuclear cells and from the tissues using the RNeasy
kit (Qiagen). The extracted RNA (3-4 µg) was reverse
transcribed using the GeneAmp Gold RNA PCR Reagent
Kit (Applied Biosystems). Nested PCR was performed to
detect MAGE1 and MAGE3 expression with HepG2 and
huh7 cell lines as a positive control. Quantitative real-time
PCR (qRT-PCR) was used to evaluate MAGE1/3, CK19
and CD133 expression (Table 1) using SYBR Green[17,18].
The expression of markers was normalized to β-actin and
expressed as relative expression units for CD133 and CK
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Table 2 Laboratory findings

Age, mean (range)
Gender (male/female)
AFP

Mean (range)
Median
Mean (range)
Median
Mean (range)
Median
Mean (range)
Median
Mean (range)
Median
Mean (range)
Median

Total bilirubin
ALT
AST
Creatinine
Alkaline phosphatase

HCC (n = 70)

CH (n = 30)

Control (n = 33)

57.32 (20-74)a
67/3
9547.54 (15-117032)a,c
1481.5a,c
2.66 (0.8-8.6)a
2.0a
71.39 (17-189)a
57.5a
122.94 (35-530)a,c
88.5a,c
1.09 (0.4-2.0)a,c
1.0a,c
240.50 (76-580)a,c
218.5a,c

47.70 (43-60)a
21/9
11.02 (1-30)a
8.9a
4.73 (0.6-114.0)
1
54.23 (10-200)a
34.5a
54.47 (12-140)a
39.5a
0.84 (0.5-1.1)
0.9
138.90 (80-220)a
132.5a

51.09 (31-75)
33/0
7.45 (4-10)
7.9
0.60 (0.3-1.0)
0.6
24.91 (16-37)
25
28.45 (17-39)
28
0.81 (0.4-1.4)
0.8
44.39 (15-71)
44

a

P < 0.05 vs controls; cP < 0.05 vs CH. AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CH: Chronic hepatitis;
HCC: Hepatocellular carcinoma.

cases or between benign and malignant cases, was calculated as the value that maximizes the sum of sensitivity
and specificity at which the highest predictive values were
reached[20].

ROC curve
Source of the curve
CD133
CK
AFP ratio
Reference line

1.0

Sensitivity

0.8
0.6

RESULTS

0.4
0.2
0.0

0.0

0.2

0.4
0.6
1-specificity

0.8

1.0

Figure 1 Receiver operating characteristic curve showing the sensitivity
and specificity of alpha-fetoprotein, cytokeratin and CD133. ROC: Receiver
operating characteristic; AFP: Alpha-fetoprotein; CK: Cytokeratin.

or as absolute quantification for MAGE1 and MAGE3.
Correlative cycle threshold values were recorded and a
standard curve was drawn. A gene expression difference
was considered to be valid if the trend of change of a
gene measured by qRT-PCR agreed with that determined
by RT-PCR. Real-time PCR assays were carried out in duplicate for each sample and mean values were used for the
calculation of the mRNA levels[19].
Statistical analysis
Statistical analyses were performed using SPSS version 15
software (SPSS Inc., Chicago, IL, United States). mean ±
SD were computed for the quantitative data. Data means
were compared using a non-parametric t-test (MannWhitney test) or ANOVA (Kruskal-Wallis test). χ 2 analysis was used to compare qualitative data. Variables were
cross-tabulated in all possible combinations against each
other. The receiver operating characteristic curve was
constructed by calculating true and false positive fractions
of the marker at several cutoff points. The best cutoff
value, which differentiates between normal and diseased
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Clinical and laboratory data
The serum levels of AFP, alkaline phosphatase and aspartate aminotransferase were significantly higher in HCC
compared to CH and control groups (Ps < 0.05) (Table 2).
Alanine aminotransferase levels were significantly higher
in HCC and CH patients compared to the controls,
whereas serum creatinine was significantly higher only in
HCC patients (Ps < 0.05). The sensitivity and specificity
of the AFP ratio are 95.7 and 90.5%; respectively, with
an area under the curve of 0.99 (standard error = 0.005,
95%CI: 0.98-1.00, cut off point = 19.2) (Figure 1).
Flow cytometry
The median numbers of CTCs and CSCs were significantly different in HCC patients compared to the CH
and control groups (P < 0.001). CK19+ cells were significantly higher in HCC and CH patients compared to the
controls (P ≤ 0.001), however there was no significant
difference between HCC and CH groups. The number
of CD90+ cells was significantly higher in HCC and CH
patients compared to the controls (P ≤ 0.01) with a significant difference between the HCC and CH groups (P
≤ 0.01). CD133 was significantly higher in CH patients
compared to HCC and control groups (P ≤ 0.001) and it
was also higher in HCC patients compared to controls (P
≤ 0.001) (Figures 2 and 3; Table 3).
We also assessed the differences among the groups
using various CK19 and CD133 cutoffs. The positivity rate (number of positive cases ≥ cutoff) for CK19
(73%) was significantly higher in HCC compared to the
other two groups (Ps < 0.001), whereas CD133 (69.5%)
was significantly lower in HCC than in CH (P < 0.001),
but not controls. CD90 (49.8%) was significantly higher
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Figure 2 Flow cytometry results for a case of hepatocellular carcinoma. Percentage of cells positive for A: Cytokeratin (CK)19; B: CD133; C: CD90. FITC: Fluorescein isothiocyanate.

Table 3 Expression of CD133, CD90 and CK19

CD133
CK19
CD90

mean ± SD
Median
mean ± SD
Median
mean ± SD
Median

HCC (n = 70)

CH (n = 30)

Control (n = 33)

75.34 ± 83.67
47.5a,c
358.09 ± 335.30
215.5a
82.75 ± 15.30
65.3a,c

1205.57 ± 952.59
1245.0a
392.20 ± 886.61
64.5a
43.20 ± 18.50
34.1a

205.97 ± 71.88
200
0.00
0.0
0.00
0.0

CK: Cytokeratin; CH: Chronic hepatitis; HCC: Hepatocellular carcinoma; SD: Standard deviation. aP < 0.05 vs controls; cP < 0.05 vs CH.

in HCC compared to the other two groups (Ps < 0.001).
Therefore at the specific cutoffs, CK19 and CD90 in the
blood of HCV-infected patients should be considered
good markers for detection of HCC in CH patients with
high sensitivity (87.1% and 82.5%, respectively) and specificity (81.0% and 89.6%, respectively), whereas CD133
had only 40.0% sensitivity and 6.3% specificity (Figure 1).
qRT-PCR
Telomerase expression was detected in 39/70 (55.71%)
of the HCC patients, but in none of the CH patients or
controls (P < 0.001) (Table 4). Similarly, MAGE1 and
MAGE3 were expressed in 60% (42/70) and 62.9%
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(44/70) of HCC cases, respectively, but were not detectable in CH or control samples (P < 0.001).
Clinical correlations
In the HCC group, advanced disease stage and high tumor grade were significantly associated with the expression levels of telomerase, MAGE3, CD133, CK19 and
CD90, (Ps < 0.05), but not MAGE1 (Table 5).

DISCUSSION
HCC is one of the most aggressive tumors that usually
presents in a late stage with limited therapeutic options[21].
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Figure 3 Flow cytometry results for a case of chronic hepatitis. A: Forward of side scatter of cells; Percentage of cells from a patient with CH positive for B:
CD90; and C: CD133; Percentage of cells from normal hepatic tissue positive for D: CD133; E: CD90. FITC: Fluorescein isothiocyanate; CH: Chronic hepatitis.

Table 4 Expression of telomerase and melanoma antigen encoding genes n (%)
Gene
Telomerase

MAGE1

MAGE3

+++
++
+++
++
+++
++
-

HCC (n = 70)

CH (n = 30)

Control (n = 33)

P value

χ2

26 (37.14)
13 (18.57)
31 (44.29)
9 (12.86)
33 (47.14)
28 (40.00)
24 (34.29)
20 (28.57)
26 (37.14)

0 (0.00)
0 (0.00)
30 (100)
0 (0.00)
0 (0.00)
30 (100)
0 (0.00)
0 (0.00)
30 (100)

0 (0.00)
0 (0.00)
33 (100)
0 (0.00)
0 (0.00)
33 (100)
0 (0.00)
0 (0.00)
33 (100)

< 0.001

49.663

< 0.001

55.246

< 0.001

55.246

CH: Chronic hepatitis; HCC: Hepatocellular carcinoma; MAGE: Melanoma antigen encoding.

Some recent studies mentioned that the aggressive behavior of HCC could be partially attributed to the presence of malignant hepatocytes that gained entry into
circulation, either before or during surgery. Consequently,
they recommended the use of neo-adjuvant chemotherapy. Therefore, identification of accurate techniques for
detection of these small populations of cells in patients’
blood together with the search for sensitive biological
biomarkers are highly recommended for better patient
management[22].
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In the present study, we validated the utility of flow
cytometry for cell immuno-phenotyping as a rapid and
highly sensitive technique for the follow-up of HCVinfected patients at different disease stages. This was
achieved through detecting the interaction of CK19 antibody with its antigen, which is present in the cytoplasm
of hepatocytes after negative selection of the non-epithelial (CD45) cells. The number of CSCs was then determined using the liver CSC markers, CD90 and CD133.
The possible prognostic and predictive values of CTC

18245

December 28, 2014|Volume 20|Issue 48|

Bahnassy AA et al . Circulating tumor cells and cancer stem cells in liver disease
Table 5 Marker expression in relation to tumor stage and grade n (%)
Gene
Telomerase

MAGE1

MAGE3

CD133
CK19
CD90

Stage

Grade

Early (n = 18)

Late (n = 52)

2 (11.11)
6 (33.33)
10 (55.56)
0 (0.00)
8 (44.44)
10 (55.56)
2 (11.11)
13 (72.22)
3 (16.67)
0 (0.00)
18 (100.00)
10 (55.56)
8 (44.44)
6 (33.30)
12 (66.70)

24 (46.15)
7 (13.46)
21 (40.37)
9 (17.31)
25 (48.08)
18 (34.62)
22 (42.31)
7 (13.46)
23 (44.23)
28 (53.85)
24 (46.15)
52 (100.00)
0 (0.00)
31 (59.60)
11 (21.15)

+++
++
+++
++
+++
++
+
+
+
-

P value
0.019

0.099

< 0.001

< 0.001
< 0.001
0.015

Low (n = 43)

High (n = 27)

P value

8 (18.60)
11 (25.58)
24 (55.81)
3 (6.98)
20 (46.51)
20 (46.51)
6 (13.95)
19 (44.19)
18 (41.86)
9 (20.93)
34 (79.07)
35 (81.40)
8 (18.60)
9 (20.93)
34 (79.07)

18 (66.67)
2 (7.41)
7 (25.93)
6 (22.22)
13 (48.15)
8 (29.63)
18 (66.67)
1 (3.70)
8 (29.63)
19 (70.37)
8 (29.63)
27 (100.00)
0 (0.00)
19 (70.37)
8 (29.63)

< 0.001

0.123

< 0.001

< 0.001
< 0.017
< 0.001

CK: Cytokeratin; MAGE: Melanoma antigen encoding.

and CSC markers in monitoring HCV-infected patients
was assessed by comparing their expression with standard
prognostic factors, and their utility for early detection of
HCC was also evaluated.
Our data show that flow cytometry supplemented
with qRT-PCR was able to identify a significantly higher
number of CTCs (CD45-/CK19+) and CSCs (CD45-/
CK19+ or CD45-/CK19+/CD90+) in the blood of HCC
patients compared to CH and control groups with 96%
concordance between the two techniques. This confirms
the utility of flow cytometry in enumerating CTCs, and
thus it can be used to monitor CH patients for early detection of HCC, as it is sensitive and easy, relatively less
expensive, and more rapid compared to the currently
used techniques such as PCR or Cell Search.
The data also show that the number of CD45 -/
CK19+ and CD45-/CD90+ cells were significantly higher
in HCC patients than in the other two groups, whereas
CD133+ cells was significantly higher in CH patients.
One possible explanation for this finding is that CD133+
cells also represent a subset of (normal) stem cells that
are released from the bone marrow into circulation during the early inflammatory stage of HCV-associated liver
disease to repair hepatic damage, compensate for the
cell loss and prevent or eliminate fibrosis. However, with
failure to clear viral infection and/or repair the damage,
the CD133+ cells, having the plasticity and the ability of
unlimited proliferation, will set the stage for the development of HCC on top of the chronically inflamed, and
possibly cirrhotic, liver.
The first evidence for the existence of a CSC population in the liver was reported by Haraguchi et al[23].
Subsequent studies identified liver CSC markers such
as CD133, CD90, epithelial cell adhesion molecule, and
CD44[12]. CD133 was detected in HCC cell lines and human tissues, suggesting a stem cell origin for HCC. In
addition, CD133 expression in HCC samples was associated with poor prognosis[22]. This is in accordance with
our results, as we were able to detect CD133+ cells by
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two methods in the blood and tissues of HCC and, to a
lesser extent, CH patients. However, CD133 expression
may contribute to a poor prognosis in HCC patients, as
it was significantly associated with large tumor size and
advanced disease stage, which indicates that it is a good
prognostic marker for HCC.
Similarly, CD90 was highly expressed in the HCC
cases compared to CH or control groups. It was significantly associated with an aggressive tumor phenotype,
suggesting a prognostic and predictive value. This is in
accordance with some previous studies on HCC cell lines
and human samples, where CD90 was highly expressed
in malignant hepatocytes and the presence of CD90+/
CD44+ cells contributed to an aggressive phenotype with
more frequent metastatic lesions in the lung[24].
In an attempt to identify sensitive diagnostic marker(s)
that can help to differentiate between CH and HCC in
HCV-infected patients and thus permit early detection
of HCC, we calculated the best cutoffs for CK19, CD90
and CD133 and we found that, in addition to high serum
AFP levels, CK19+ (≥ 73) and/or CD90+ (≥ 49.8) cells
in patients’ blood, as measured by flow cytometry, can
differentiate between the two groups. This provides evidence that both CK19 and CD90 could be used as biomarkers to predict HCC in CH patients. Moreover, CK19
and CD90 above the determined cutoffs, were also associated with an aggressive tumor phenotype and advanced
stage, demonstrating their prognostic capability.
Some previous studies have also shown that CK19
can predict HCC with high sensitivity (87%) and specificity (100%), and can thus be used as a prognostic factor
which is associated with increased metastatic potential
and early recurrence[25]. In addition, HCC animal models
have shown that 10/10000 CTCs can initiate new metastatic deposits and even after curative resection, thus the
tumor recurrence rates remain high[26]. An interesting
finding in some of these studies was the expression of
AFP mRNA in the isolated CTCs.
Currently, AFP is the generally accepted serologic
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marker for liver diseases. In our study, AFP was significantly higher in HCC patients compared to CH and control groups. An elevated AFP (> 400 ng/mL) level was
associated with advanced disease stage in HCC patients.
Some previous studies showed that AFP has a low specificity for diagnosing HCC to the extent that the American Association for the Study of Liver Diseases-Practice
Guidelines Committee has recently recommended ultrasound examination alone (without AFP) to be used
for HCC surveillance[27]. However, the interpretation of
ultrasound is operator dependent and can be difficult
in persons who are obese or have underlying cirrhosis.
Therefore, other reliable biomarkers are required to complement ultrasound and AFP for proper diagnosis and
early detection of HCC[28].
Members of the MAGE family were expressed in
tumors of different histologic types but not in normal
tissues, providing attractive targets for cancer immunotherapy[29]. MAGE1 and MAGE3 transcripts were
detected in cultured HCC cells but not in normal hepatocytes, and thus they were considered tumor-specific
markers[30]. Further studies showed that MAGE-1 and
MAGE-3 transcripts were present in 46%-80% and
42%-68%, respectively, of HCC tissue samples, but not
in the surrounding non-cancerous tissues, CH, cirrhotic
or normal tissues[29,31]. This confirms the sensitivity of
MAGE1/MAGE3 as specific markers for the diagnosis
and early detection of HCC in CH patients. Our results
provide additional evidence to the literature as Mage1
and MAGE3 were detected in a majority of HCC patients, but not of those with CH or controls.
Our data also show that telomerase was detected
in 42.3% of samples from HCC patients, compared to
only 10% of CH patients and none of the controls. This
could be attributed to the presence of free plasma DNA,
or CTCs derived from the original tumor that have the
same genetic aberrations, or to an aggressive clone that
escaped into the circulation[32]. A previous study by Miura
et al[33] demonstrated the presence of telomerase mRNA
in CTCs and sera of HCC patients, and another study illustrated that shortened telomeres induce chromosomal
instability in hepatocytes, which is an early important
event in hepatocarcinogenesis that could be detected in
the preneoplastic lesions of the dysplastic nodules[32].
We conclude that CTCs and CSCs play important
roles in the development and progression of HCV-associated HCC. Enumeration of CTCs by flow cytometry
using CK and CD90 has high sensitivity and specificity
and is likely clinically useful in improving prognostic accuracy and monitoring therapeutic outcomes of HCVinfected patients. In addition, aberrant expression of
HCC-specific and CSC markers (CD90, MAGE3, telomerase, CD133 and CK19) contributes to poor prognosis
in HCC patients and should be assessed to provide better
management of those patients. However, further studies
are still needed to confirm the utility of these biomarkers
in personalized medicine and targeted therapy as well as
to clarify the possibility of using CD90 as a marker for
early detection of HCC in HCV-infected patients, as it
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increased significantly with disease progression from CH
to HCC.

COMMENTS
COMMENTS
Background

Hepatitis C virus (HCV)-genotype 4-associated chronic hepatitis and hepatocellular carcinoma (HCC) are prevalent in Egypt. Recent studies demonstrate that
cancer stem cells (CSCs) contribute to the development and progression of tumors, whereas circulating tumor cells (CTCs) predict patient outcome. Although
various methods for enumeration of CTCs have been described, the use of flow
cytometry for detection in HCC has not been examined.

Innovations and breakthroughs

Flow cytometry provides a rapid, sensitive and easy technique for enumeration
of CTCs and CSCs using specific markers such as CK, CD133, CD90, melanoma antigen encoding gene 1 (MAGE1) and MAGE3, especially when supported by quantitative polymerase chain reaction. This method can assist in the
follow-up of chronic-HCV patients for the early detection of HCC. In addition,
telomerase, MAGE3 and CSC markers (CD90, CD133, CK19) could be used
as prognostic and predictive markers for HCC.

Applications

Hepatocarcinogenesis can be better understood by examining the roles of CSCs
and CTCs in HCV-associated chronic hepatitis and HCC. Therefore this study
may represent an advancement in such knowledge by identifying accurate biomarkers, as well as rapid and sensitive techniques for detection of these markers. These findings may promote better patient management.

Peer review

This study indicated that the expressions of telomerase, CD90, CD133,
MAGE3, and CK19 were significantly associated with high-grade and advanced
stage in HCC patients. It concluded that telomerase, CD90, CD133, MAGE3,
and CK19 are prognostic markers in HCC patients.
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Abstract
AIM: To investigate ethanol-induced hepatic steatosis
after liver resection and the mechanisms behind it.
METHODS: First, the preliminary examination was
performed on 6 sham-operated (Sham) and 30 partial
hepatectomy (PH) male Wistar rats (8-wk-old) to
evaluate the recovery of the liver weight and liver
function after liver resection. PH rats were sacrificed at
the indicated time points (4, 8, and 12 h; 1, 3, and 7
d) after PH. Second, the time point for the beginning
of the chronic ethanol exposure (1 wk after sham- or
PH-operation) was determined based on the results
of the preliminary examination. Finally, pair-feeding
was performed with a controlled diet or with a 5-g/dL
ethanol liquid diet for 28 d in another 35 age-matched
male Wistar rats with a one-week recovery after
undergoing a sham- (n = 15) or PH-operation (n = 20)
to evaluate the ethanol-induced liver injury after liver
resection. Hepatic steatosis, liver function, fatty acid
synthase (Fas ) gene expression level, the expression
of lipid metabolism-associated enzyme regulator genes
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[sterol regulatory element binding protein (Srebp )-1
and peroxisome proliferator-activated receptor
(Ppar )-α ], the mediators that alter lipid metabolism
[plasminogen activator (Pai )-1 gene expression
level and tumor necrosis factor (Tnf )-α production],
and hepatic class-1 alcohol dehydrogenase (Adh1 )associated ethanol elimination were investigated in the
4 groups based on histological, immunohistochemical,
biochemical, Western blotting, reverse transcriptase
chain reaction, and blood ethanol concentration
analyses. The relevant gene expression levels, liver
weight, and liver function were assessed before and 1
wk after surgery to determine the subject’s recovery
from the liver resection using the rats that had been
subjected to the preliminary examination.
RESULTS: In the PH rats, ethanol induced marked
hepatic steatosis with impaired liver functioning, as
evidenced by the accumulation of fatty droplets within
the hepatocytes, the higher increases in their hepatic
triglyceride and blood alanine aminotransferase and
blood aspartate aminotransferase levels after the 28-d
pair-feeding period. The Sham-ethanol rats, not the
PH-ethanol rats, demonstrated the up-regulation of
Srebp-1 and the down-regulation of Ppar -α mRNA
expression levels after the 28-d pair-feeding period.
The 28-d ethanol administration induced the upregulation of Pai-1 gene expression level and an
overproduction of TNF-α in the Sham and the PH
rats; however, the effect was more significant in the
PH rats. The PH-ethanol rats (n = 4) showed higher
residual blood ethanol concentrations than did the
Sham-ethanol rats (n = 6) after a 5-h fast (0.66 ±
0.4 mg/mL vs 0.2 ± 0.1 mg/mL, P < 0.05); these
effects manifested without up-regulation of Adh1 gene
expression, which was present in the Sham-ethanol
group after the 28-d pair-feeding period. One week
after the liver resection, the liver weight, function,
the gene expression levels of Fas , Srebp-1 , Ppar -α ,
Pai-1 and Tnf-α recovered; however, the Adh1 gene
expression did not recover in rats.
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CONCLUSION: Desensitization to post-hepatectomy
ethanol treatment and slow recovery from PH in Adh1
gene expression enhanced the susceptibility to ethanolinduced hepatic steatosis after PH in rats.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Ethanol elimination; Hepatic steatosis; Liver function;
Liver resection
Core tip: Pair-feeding was performed with control or
ethanol liquid diet for 28 d in sham-operated (Sham)
and partial hepatectomy (PH) rats. In PH rats, ethanol
induced hepatic steatosis with liver dysfunction and
higher residual blood ethanol concentrations without
up-regulation of hepatic class-1 alcohol dehydrogenase
(Adh1 ) gene expression, which was present in the
Sham-ethanol rats. One week after PH, liver weight,
function, and lipid metabolism-related gene expressions
recovered; but Adh1 gene expression did not.
Desensitization to post-hepatectomy ethanol treatment
and the slow recovery of Adh1 expression from PH
enhanced the susceptibility to ethanol-induced hepatic
steatosis in the rats post PH.
Liu X, Hakucho A, Liu J, Fujimiya T. Delayed ethanol
elimination and enhanced susceptibility to ethanol-induced
hepatosteatosis after liver resection. World J Gastroenterol 2014;
20(48): 18249-18259 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i48/18249.htm DOI: http://dx.doi.
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which frequently accompanies these conditions, on
postoperative outcomes is not well understood. Hepatic
steatosis, particularly alcoholic fatty liver disease (AFLD),
after hepatic surgery in patients and living donors is
unclear.
The consumption of alcohol is extensive, and alcohol
is a well-known hepatotoxin. Alcohol abstention is
difficult for some individuals. One mechanism by which
ethanol induces fatty liver is that hepatic class-1 alcohol
dehydrogenase (ADH1)-related ethanol metabolism
induces the reduction of NAD+ to NADH, which could
inhibit the NAD+-requiring tricarboxylic acid cycle and
the β-oxidation of fatty acids[11]. ADH1 is required for
the oxidization of excess retinol to retinoic acid and is
down-regulated to prevent apoptosis by increased retinol
levels during the early stages of liver regeneration after a
partial hepatectomy (PH)[12].
The PH procedure was first described by Higgins
and Anderson and was developed as a useful model
for studying liver regeneration[13]. In this study, PH rats
were used in a liver resection animal model to assess
the effects of liver resection and post-hepatectomy
ethanol treatment on the gene expression of Adh1, the
key ethanol-metabolizing enzyme, and to determine
the contribution of the PH to the delayed ethanol
elimination, the enhanced susceptibility to AFLD, and
the impaired liver function found after hepatic surgery.
The liver weight, liver function, and the relevant gene
expression levels were evaluated before and 1 wk after
the PH to describe the subject’s recovery from the liver
resection in the rats.

MATERIALS AND METHODS
INTRODUCTION
Hepatic surgery is the curative treatment for patients
with primary or secondary malignant liver tumors[1-3],
and the procedure is performed in living donor liver
transplantations (LDLT) to overcome the shortage
of cadaver organ donations, particularly in Asia [4,5].
The benefit of a LDLT for the recipient could not be
achieved without exposing the living donor to some
degree of risk. Few studies have investigated the effects
of LDLT on the living donor. A global systematic review
showed that living liver donor morbidity ranged from 0%
to 100%, with a median of 16.1%; the living liver donor
death rate was 0.1%-0.3%[5-7]. Despite intensive care
treatment, extended liver resections induce a high risk of
liver failure, particularly in patients with parenchymal liver
disease such as hepatic steatosis[8].
Hepatic steatosis increases the risk of postoperative
mortality and morbidity by affecting liver regeneration
and recovery[9,10]. Patients with steatosis had up to a twofold increased risk of postoperative complications [2].
The prevalence rates of alcohol abuse, obesity, diabetes
mellitus, and metabolic syndrome are reaching epidemic
proportions globally, and the effect of hepatic steatosis,
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Surgical procedures for PH
In the 1 st stage of the present study, 8-wk-old male
Wistar rats from Charles River Japan, Inc. (Tokyo)
were randomly assigned to either the PH- or the shamoperation (Sham) group for a better chance at detecting
if the observed changes were due to chance or due to the
PH.
The rats were anesthetized with 1%-2% isoflurane
in oxygen, and the PH was performed according to the
technique described by Higgins and Anderson[13], with
some adaptations. The abdomen was opened through
a midline laparotomy, and the left, middle, and caudate
lobes were ligated and resected. The abdomen was
closed with a silk running suture. With the exception of
the liver excision, the identical surgical procedures were
performed on the rats in the Sham group. The operations
were performed between 9:00 am and 12:00 pm to
minimize potential variability in the progression of liver
regeneration associated with the surgery time and the
circadian clock.
Time point for the beginning of the chronic ethanol
exposure
In the 2nd stage of the present study, the time point for
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Figure 1 Seven days after the operation, the liver weight and function had recovered. A: Liver weight; B: Liver function. All of the values shown are the mean ±
SD. aP < 0.05 vs the Sham group using ANOVA; cP < 0.05 vs the before PH by 2-tailed Student t test. PH: Partial hepatectomy.

rats (Figure 1A), and the liver function recovered to the
level of the before PH (Figure 1B) 7 d after the liver
resection for all of the PH rats.

Standard pellet chow and water
Control liquid diet and standard pellet chow
Control liquid diet
3-g/dL ethanol liquid diet
4-g/dL ethanol liquid diet
5-g/dL ethanol liquid diet

Sham

Control
Ethanol

PH

Control
Ethanol

-7
Operation

0

4

8

11

32 (d)

Pair-feeding

Figure 2 Chronic ethanol treatment protocol. PH: Partial hepatectomy.

the beginning of the chronic ethanol exposure (1 wk
after sham- or PH-operation) was determined based on
the results of the preliminary examination (Figure 1).
Six Sham and 30 PH rats were used to determine the
recovery of the liver weight and function. PH rats were
sacrificed at the indicated time points (4, 8, and 12 h; 1,
3, and 7 d) after the PH; their livers were excised and
weighed, and their liver tissues were snap-frozen in liquid
nitrogen and stored at -80 ℃ until further analysis.
The blood samples collected from the rat tails before
the PH (before PH) and at the indicated time points
after the PH were used to measure the blood alanine
aminotransferase levels (ALT, U/L) as the indicator of
the liver function.
Two PH rats, died from PH operation, were discarded
from the preliminary examination. The results showed
that the liver weight recovered to the level of the Sham
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Chronic ethanol exposure
In the 3rd stage of the present study, another 35 agematched male Wistar rats were housed individually with
a 12-h light/12-h dark cycle and were fed a nutritionally
adequate control diet or a 5-g/dL ethanol liquid diet
(Oriental Yeast Co., Ltd., Tokyo, Japan) after a 1-wk
recovery from the surgery at the Institute of Laboratory
Animals, Yamaguchi University. The chronic ethanol
exposure protocol was similar to the procedure used in
our previous study[14]; there were 28 d of overall ethanol
exposure (Figure 2). The groups were divided as follows:
Sham rats given a controlled liquid diet (Sham-control, n
= 7); Sham rats given a 5-g/dL ethanol liquid diet (Shamethanol, n = 8); PH rats given a controlled liquid diet
(PH-control, n = 10); and PH rats given a 5-g/dL ethanol
liquid diet (PH-ethanol, n = 10). At the end of the pairfeeding, the rats were anesthetized, and blood samples
were collected from the tails of the rats. The liver samples
were harvested, and the liver weights were measured;
the samples were fixed in 4% paraformaldehyde in 0.1
M phosphate buffered saline (PBS) at 4 ℃ and/or snapfrozen in liquid nitrogen. The liver samples were stored
at -80 ℃ until further analysis.
All of the experimental protocol on animal protection
and welfare satisfied the guidelines of our Institutional
Animal Care Committee and the guidelines of the
National Institutes of Health. Anesthesia consisted of
the spontaneous inhalation of 1%-2% isoflurane in
oxygen was performed when necessary.
Histopathological and fluorescence
immunohistochemical examinations
Sections (5-µm thick) of the paraformaldehyde/PBSfixed rat livers harvested at the end of the pair-feeding
period were frozen and sliced in a cryostat for Oil red
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O staining. Oil red O staining was used to quantitatively
evaluate the hepatic steatosis using a computerized
microscope system (BZ-II VIEWER and BZ-II
ANALYZER 2007; KEYENCE Corporation, Osaka,
Japan) at 10 × magnification. Three randomly selected
areas in each specimen were analyzed. The ratio of
each value was calculated as the percentage of Oil red
O positive-stained areas and was expressed as the fold
change from the Sham-control value.
For the immunofluorescence staining, 8-µm thick
sections of the parafor maldehyde/PBS-fixed rat
livers harvested at the end of the pair-feeding period
were frozen and sliced in a cryostat (Leica CM1850).
The sections were incubated with a tumor necrosis
factor-α (TNF-α; N-19, goat polyclonal; Santa Cruz
Biotechnology) primary antibody (1:100 dilution)
and then incubated with a Cy3-labeled anti-goat IgG
(Chemicon, Temecula, CA) diluted to 1:1000. The
nuclei were stained with TO-PRO®-3 iodide (Molecular
Probes, Carlsbad, CA), and the sections were observed
under a confocal laser-scanning microscope (LSM5
Pascal/Version 3.2, Carl Zeiss Microlmaging Co. Ltd.,
Zeiss, Germany). The total number of non-parenchymal
cells around the hepatocytes (the number of nuclei) and
the total number of TNF-α positive cells in the nonparenchymal cells (immunofluorescence-expressing cells
that had nuclei) were counted in 25 consecutive regions
with a confocal microscope under a 63 × objective. The
ratio of each value was calculated as the percentage of
TNF-α positive cell and was expressed as the fold change
from the Sham-control value.
Real-time reverse transcriptase polymerase chain
reaction
The total RNA was extracted from the liver tissue using
the RNeasy® Mini Kit (Qiagen, Tokyo, Japan) and was
reverse-transcribed using the High Capacity RNA-tocDNA Kit (Applied Biosystems, Tokyo, Japan). Reverse
transcriptase polymerase chain reaction (RT-PCR) was
performed for the quantitative assessment of mRNA
expression using an Applied Biosystems StepOne TM
system (Applied Biosystems). The following were
purchased from Applied Biosystems: gene expression
assays for fatty acid synthase (Fas; ID: Rn01645297_g1);
sterol regulatory element binding protein-1 (Srebp-1;
ID: Rn01446560_m1), which is a gene that plays an
important role in the regulation of the transcription of
genes involved in hepatic triglyceride synthesis, such as
FAS[15]; peroxisome proliferator-activated receptor- α
(Ppar-α , ID: Rn00566193_m1), which is a member of the
nuclear hormone receptor superfamily that coordinates
a number of metabolic pathways to dispose of excess
fatty acids[16]; plasminogen activator-1 (Pai-1, ID: Rn
01481341_m1), which is a major inhibitor of tissue-type
and urokinase-type plasminogen activators involved in
fatty livers[16]; Tnf-α (ID: Rn99999017_m1); and Adh1 (ID:
Rn00570670_m1), which is the key alcohol-metabolizing
enzyme to detoxify incoming ethanol by converting it into
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acetaldehyde[17]. The relative expression of the target gene
mRNA was normalized to the amount of the Gapdh (ID:
Rn99999916_s1) mRNA in an identical cDNA sample,
using the comparative quantitative method recommended
by the manufacturer; the relative expression was expressed
as the fold change from the Sham-control value or the
fold change from before PH value.
Total liver protein extraction and Western blotting
analysis
The liver tissues harvested at the end of the pair-feeding
period were homogenized with Extraction Buffer 1 of
the ProteinExtract® Transmembrane Protein Extraction
Kit (Novagen®, Merck KGaA, Darmstadt, Germany)
and centrifuged at 1000 g for 5 min at 4 ℃. The resultant
supernatants were used for the total hepatic cytosolic
proteins and subjected to Western blotting analysis and
hepatic triglyceride concentration measurement. The
protein concentrations were determined using Bradford’s
method.
The total hepatic cytosolic protein was separated by
sodium dodecyl sulfate polyacrylamide gel electrophoresis
using a 4-20% (w/v) gel; the proteins were then
transferred to a polyvinyl difluoride membrane. Each blot
was incubated with an anti-beta-actin antibody (β-actin
1:5000; A2228, mouse monoclonal, Sigma-Aldrich, St.
Louis, MO) or an ADH1 antibody (1:5000; rabbit, kindly
provided by Dr. Takeshi Haseba, Tokyo, Japan); the blots
were then incubated with the appropriate secondary
horseradish peroxidase-conjugated anti-mouse or antirabbit IgG antibodies. Finally, the Western blotting bands
were analyzed using Quantity One software (Bio-Rad
Laboratories, Inc., CA). The ADH1 reaction products
were normalized to β-actin and expressed as fold change
from the Sham-control value.
Biochemical analysis
The blood samples collected from the tails of the rats
were centrifuged at 3000 g for 10 min, and the resultant
supernatants were used to measure the ALT and blood
aspartate aminotransferase (AST) levels (U/L). The
total hepatic cytosolic proteins were used to measure
the hepatic triglyceride concentrations (mg/g total
liver protein, the fold change from the Sham-control
value). The levels of blood ALT, AST, and the hepatic
triglycerides were measured using an automatic analyzer
(FDC4000; Fuji Medical Systems, Tokyo, Japan).
Blood ethanol concentration analysis for ethanol
elimination
The blood samples (0.1 mL), collected at 08:30-09:00 and
after a 5-h fast (13:30-14:00) at the end of the pair-feeding
period, were mixed with 1.0 mL of 0.6-N cold perchloric
acid and centrifuged at 3000 g for 5 min at 4 ℃. The
ethanol concentration in the supernatant was determined
by headspace gas chromatography (GC-14B and HSS2A, C-R6A; Shimadzu Co., Kyoto, Japan), as previously
described[14].
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Table 1 Body weight and liver function before and 1 wk
after the sham- or partial hepatectomy-operation
Sham
PH
Control Ethanol Control
Ethanol
(n = 7) (n = 8) (n = 10) (n = 10)
Body weight (g)
Before operation
1 wk after operation
ALT (U/L)
Before operation
1 wk after operation

264 ± 7
274 ± 28

259 ± 8
276 ± 15

247 ± 20
257 ± 22

246 ± 26
260 ± 25

27 ± 2
26 ± 3

29 ± 2
28 ± 3

29 ± 5
28 ± 4

29 ± 6
27 ± 5

All values shown are mean ± SD. ALT: Blood alanine aminotransferase
level; PH: Partial hepatectomy.

Statistical analysis
Continuous data was expressed as the mean ± SD.
Extreme value was excluded by Smirnov‐Grubbs
test when necessary. The statistical significances of the
continuous variables were assessed by 1-way analysis
of variance (ANOVA) using Statcel2 for Windows
software (OMS Publishing, Inc., Saitama, Japan). When
an F-value was found to be significant by the ANOVA, a
Bonferroni/Dunn post hoc test was used for the multiple
comparisons. For the comparison of the means between
two groups the 2-tailed Student t test was used. Values of
P < 0.05 were considered statistically significant.

RESULTS
Body weight and liver function recovered 1 wk after
sham- or PH-operation
Body weight and liver function before and 1 wk after
the sham- or PH-operation among the 4 groups were
compared (Table 1). No significant differences were
shown in the body weight and ALT among the 4 groups
both before and 1 wk after the sham- or PH-operation.
The data suggested that the body weight and liver function
recovered from the PH operation at the beginning of
the pair-feeding, which be performed for the ethanol
treatment in the rats that had been subjected to PH.
Rats had enhanced susceptibility to ethanol
hepatotoxicity, which induced marked hepatic steatosis
and impaired liver function after liver resection
Similar amounts of total ethanol were consumed in the
Sham-ethanol and the PH-ethanol group rats (85 ± 5
g vs 85 ± 6 g, P > 0.05) during the 28-d pair-feeding
period. The rats that had been subjected to PH showed
significant signs of hepatic steatosis and impaired liver
function, as evidenced by the Oil red O staining analyses
(Figure 3A and B), marked elevations in the hepatic
triglyceride levels (Figure 3C) and their blood ALT
and AST levels (Figure 4A and B). Moreover, the PHethanol rats showed the more significant upward intend
(the statistical analysis found no differences from Shamethanol group) levels in their Fas gene expression (Figure
3D), liver function (Figure 4A and B), and liver weights
(Figure 4C) after the 28-d pair-feeding period.
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Chronic ethanol consumption modified the expression
of lipid metabolism-related enzyme regulators’ genes
and up-regulated the expression of the mediators’ genes
that alter lipid metabolism
Up-regulation of Srebp-1 and down-regulation of Ppar-α
gene expression levels have been shown to accompany
ethanol-induced fatty liver[14]. In this study, the Shamethanol rats, and not the PH-ethanol rats, demonstrated
up-regulation of Srebp-1 (Figure 5A) and the downregulation of the Ppar-α mRNA expression levels (Figure
5B) after the 28-d pair-feeding period. Those discrepant
results led us to assess the other mediators that alter lipid
metabolism such as PAI-1 and TNF-α.
PAI-1, an acute-phase protein, showed an important
role in liver dysfunction after PH in a rat model[18], and
alcohol-induced hepatic steatosis was accompanied by a
significant up-regulation of hepatic PAI-1 expression in
mice[19]. TNF-α overproduction was responsible for the
ethanol-induced hepatic steatosis[14,16]. Consistent with
this previous report, we observed that the 28-d ethanol
administration induced the up-regulation of Pai-1 gene
expression and TNF-α overproduction in the Sham and
the PH rats; however, the effect was shown the more
significant upward intend (the statistical analysis found
no differences) in the PH rats (Figure 5C and D).
Rats had an ADH1-associated ethanol elimination delay
after liver resection
ADH1 is the major enzyme involved in ethanol
oxidation[20]. Treatment of male Sprague-Dawley rats
with a 5-g/dL ethanol liquid diet for 4 wk significantly
increased the mRNA levels of Adh1 in the liver[21]. In
this study, no significant difference was found in the
blood ethanol concentrations before fasting (Figure
6A); however, the PH-ethanol rats showed a higher
residual blood ethanol concentration compared with the
Sham-ethanol rats after a 5-h fast at the end of the pairfeeding period (Figure 6A), suggesting delayed ethanol
elimination after liver resection. In the Sham-ethanol
group, the mRNA (Figure 6B) and protein expression
levels (Figure 6C) of ADH1 were found to be upregulated by the chronic ethanol treatment; the Adh1
gene (Figure 6B) and protein (Figure 6C) expression
levels fully recovered at the end of the 28-d pair-feeding
period in the PH-control rats. The PH-ethanol rats
showed significantly reduced Adh1 mRNA and protein
expression levels compared with those of Sham-ethanol
rats (Figure 6B and C). These results suggest that the
28-d post-hepatectomy ethanol treatment induced the
desensitization of the ADH1 expression in the rats that
had been subjected to liver resection.
Recovery of relevant gene expression after liver
resection
To clarify the roles of specific genes in the PH-ethanol
rats, the expression levels of several key genes were
assessed before and 1 wk after surgery to determine the
subject’s recovery from the liver resection using the rats
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rats fed the ethanol liquid diet. All of the values shown are the mean ± SD, with 5 rats in each group, except for the hepatic triglyceride level values, which represent
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that had been subjected to the preliminary examination.
T he mRNA expression levels of Fas, the lipid
metabolism-associated transcription factors (Srebp-1 and
Ppar-α ), the mediators that alter lipid metabolism (Pai-1
and Tnf-α ) showed full recovery; however, the levels of
Adh1 did not show full recovery (Table 2).
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DISCUSSION
Using PH rats in a liver resection animal model, we
identified enhanced susceptibility to ethanol-induced
hepatic steatosis and liver function impairment after
liver resection. The incomplete recovery of hepatic
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Table 2 Recovery of gene expression from the liver
resections

Fas (fold change from before PH)
Srebp-1 (fold change from before PH)
Ppar-α (fold change from before PH)
Pai-1 (fold change from before PH)
Tnf-α (fold change from before PH)
Adh1 (fold change from before PH)

Before PH

1 wk after PH

1.0 ± 0.34
1.0 ± 0.26
1.0 ± 0.43
1.0 ± 0.27
1.0 ± 0.20
1.0 ± 0.30

0.6 ± 0.22
1.03 ± 0.20
1.04 ± 0.29
0.87 ± 0.33
0.99 ± 0.11
0.40 ± 0.06c

The values from the before PH were normalized to 1-fold. All values
shown are mean ± SD (n = 4). cP < 0.05 vs the before PH using 2-tailed
Student t test. PH: Partial hepatectomy.

Adh1 gene expression at 1 wk after liver resection and
the desensitization of Adh1 gene expression because of
post-hepatectomy ethanol treatment might play roles in
the enhanced susceptibility to ethanol hepatotoxicity after
liver resection. Lower Adh1 gene expression levels after
PH resulted in a delay in ethanol elimination and higher
residual blood ethanol concentrations, leading to ethanolinduced hepatic steatosis and liver function impairment.
These findings elucidate a basic pathogenic mechanism
of ethanol-induced hepatic steatosis after liver resection
in rats and might be valuable for individuals considering
hepatic surgery and/or liver resection as living donors in
LDLT.
Developments in surgical techniques and postoperative
care have enabled more extended anatomic and nonanatomic resections. LDLT could shorten the waiting
time and lower the dropout rate, particularly in patients
with hepatocellular carcinoma[22]. LDLT involves two
patients, the recipient and the living donor. Despite
the gravity of the procedure for LDLT donors, few
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studies have investigated the effect of LDLT on the
subsequent quality of life of the donors [23]. Hepatic
steatosis increases the risk of primary dysfunction after
liver transplantation [10], and liver resection includes
amplified postoperative morbidity and mortality[24,25].
Lipid accumulation interferes with hepatic energy
homeostasis and induces hepatocellular damage, affecting
hepatocellular recovery after liver resection[26]. Evolving
knowledge regarding hepatic steatosis combined with
its increasing prevalence emphasizes the critical need
to understand the implications of liver resection in the
development of steatosis. The basic pathogenesis of
hepatic steatosis, particularly ethanol-induced hepatic
steatosis and the mechanisms behind it after liver
resection, are being elucidated. In this study, the 28-d
ethanol treatment induced severe ethanol-induced
hepatic steatosis and liver function impairment in rats;
these effects were compared to those in the rats without
liver resection, and the results suggested an enhanced
susceptibility to ethanol-induced hepatic steatosis and
liver dysfunction after liver resection in rats.
Chronic alcohol consumption is a major risk factor
for the development of liver disease, and ethanolinduced hepatic steatosis occurs in 90% of those who
consume alcohol in excess of 60 g/d[27]. The metabolism
of ethanol by hepatocytes initiates a pathogenic process
involving the production of protein-aldehyde adducts,
lipid peroxidation, immunologic activity, and cytokine
release[28]. Ethanol-induced hepatic steatosis has been
regarded as entirely benign; however, as occurs in the
spectrum of non-alcoholic steatohepatitis disorders,
certain pathological features such as giant mitochondria,
perivenular fibrosis, and microvesicular fat might
be associated with progressive liver injury [14,28]. The
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mechanisms by which ethanol induces fatty liver are
extremely complex and not completely understood.
Ethanol is a direct hepatotoxin, and ADH1-related
ethanol metabolism by hepatocytes induces the reduction
of NAD+ to NADH, which could inhibit the NAD+requiring tricarboxylic acid cycle and β-oxidation of fatty
acid[11]. The ADH family consists of numerous enzymes
that are able to catalyze the reversible oxidation of a wide
variety of xenobiotics and endogenous ethanol to their
corresponding aldehydes[29]. ADH1, the key alcoholmetabolizing enzyme in the conversion of ethanol to
its metabolite, acetaldehyde, particularly during the
elimination phase, is expressed predominantly in the
liver[17,30,31]; its gene expression is strongly induced by
ethanol treatment[21]. Our results showed that the 28-d
ethanol treatment induced hepatic steatosis accompanied
by the desensitization of Adh1 gene expression because
of the post-hepatectomy ethanol treatment and a higher
residual blood ethanol concentration in the PH-ethanol
rats. No residual blood ethanol was detected after a
5-h fast, and the up-regulation of the Adh1 gene and
protein expressions was demonstrated at the end of
the 28-d pair-feeding period in the Sham-ethanol rats.
Collectively, these results might suggest that ethanol
hepatotoxicity directly induced fatty livers in the PHethanol rats, whereas alterations of ethanol metabolism
related to ADH1 induced fatty liver in the rats without
liver resection.
To determine the effects of PH on ethanol-induced
hepatic steatosis after liver resection, the gene expressions
of Fas, Srebp-1, Ppar-α , Pai-1, Tnf-α and Adh1 were
assessed before and 1 wk after liver resection in the rats
that had been subjected to the preliminary examination
in this study. The results showed that the post-resection
recovery of the Adh1 gene expression was more sluggish
than for the other relevant genes, liver weight (Figure 1A),
and liver function (Figure 1B). The incomplete recovery
of ADH1 from liver resection might be responsible for
the down-regulation of the Adh1 gene expression after
hepatic surgery that induced the ethanol elimination delays
and the higher residual blood ethanol concentrations,
resulting in the increase in direct hepatotoxicity of the
liquid ethanol diet. In a mouse model of PH, a protein
expression study showed that ADH1 slowly decreased
after PH and was significantly down-regulated in the
late stages of regeneration (i.e., 72 h after PH)[32]. In this
study, the Adh1 gene (Figure 6B) and protein (Figure 6C)
expressions were fully recovered at the end of the 28-d
pair-feeding period in the control-liquid-diet fed rats that
had undergone liver resection. Further study is required
to clarify when the Adh1 gene and/or protein expression
recovers fully from liver resection.
Ethanol-induced fatty liver is accompanied by a
substantial increase of the mature SREBP-1 protein levels
as well as the activation of the SREBP-1 target hepatic
lipogenic genes, such as Fas[14,33]. Ethanol-induced PPAR-α
inhibition could lead to acetyl-CoA carboxylase induction
and malonyl-CoA decarboxylase suppression, followed by
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the elevation of the malonyl-CoA level and the inhibition
of carnitine acyltransferase 1 activity, resulting in the
reduction of fatty acid oxidation[34,35]. Consistent with
these previous reports, we observed that 28-d ethanol
administration induced hepatic steatosis associated with
the up-regulation of Srebp-1 (Figure 5A) and the downregulation of Ppar-α (Figure 5B) in the Sham-ethanol rats
and not in the PH-ethanol rats (Figure 5A and B). Liver
resection likely plays a major role in these discrepant
results; however, further study is required. Those
discrepant results led us to assess a separate mechanism
by which alcohol might cause fatty liver under conditions
of PH-related injury and/or inflammation, namely,
via the increased release of mediators that alter lipid
metabolism such as TNF- α and PAI-1. The results
showed that chronic ethanol consumption induced
significant up-regulation of the Pai-1 mRNA expression
(Figure 5C) and TNF- α overproduction (Figure
5D), especially in the PH group rats. TNF-α, a proinflammatory cytokine, potentially plays a major role in
causing steatosis after alcohol exposure by increasing the
hepatic lipid synthesis, decreasing the lipoprotein lipase
activity, and/or inhibiting the fatty acid oxidation in rat
hepatocytes[36,37]. One mechanism by which TNF-α could
mediate this effect is by inducing PAI-1 expression[38].
PAI-1 is an acute-phase protein that is typically expressed
only in adipocytes and endothelial cells; it could be
highly expressed by most cells in response to stress[39],
and plasma PAI-1 levels have been shown to be strongly
related to liver steatosis[19]. Our results indicated that
AFLD is involved in the progression of alcoholic liver
disease via the up-regulation of hepatic Pai-1 mRNA
expression and TNF-α overproduction in rats with liver
resections. Evaluation of the mechanisms underlying
PAI-1 gene up-regulation and TNF-α overproduction
as possible therapeutic targets, particularly for subjects
having undergone hepatic surgery, is important.
Our data suggest that the incomplete recovery of
hepatic Adh1 gene expression after liver resection and
the desensitization of Adh1 expression because of posthepatectomy ethanol treatment likely played roles in the
delayed ethanol elimination, leading to the enhanced
susceptibility to ethanol-induced hepatic steatosis and
liver function impairment in the rats that underwent
liver resection. Pre-surgical counseling of patients
and living liver donors regarding the enhanced risk of
liver dysfunction after liver resection, particularly in
conjunction with alcohol consumption, and the use
of evidenced-based medical care after liver resection
should be prioritized as medical and surgical advances
in facilitating effective hepatic surgery and liver
transplantation.
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Abstract
AIM: To investigate the role of pre-B-cell leukemia
homeobox (PBX)3 in migration and invasion of colorectal
cancer (CRC) cells.
METHODS: We detected PBX3 expression in five cell
lines and surgical specimens from 111 patients with
CRC using real-time reverse transcription-polymerase
chain reaction. We forced expression of PBX3 in low
metastatic HT-29 and SW480 cells and knocked down
expression of PBX3 in highly metastatic LOVO and
HCT-8 cells. Wound healing and Boyden chamber
assays were used to detect cell migration and invasion
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after altered expression of PBX3. Western blot was
performed to detect the change of signaling molecule
ERK1/2 following PBX3 overexpression.
RESULTS: High level of PBX3 expression was correlated
with the invasive potential of CRC cells, and significantly
associated with lymph node invasion (P = 0.02), distant
metastasis (P = 0.04), advanced TNM stage (P = 0.03)
and poor overall survival of patients (P < 0.05). Ectopic
expression of PBX3 in low metastatic cells was shown
to promote migration and invasion, while inhibited
PBX3 expression in highly metastatic cells suppressed
migration and invasion. Furthermore, upregulation of
phosphorylated extracellular signal-regulated kinase
(ERK)1/2 was found to be one of the targeted molecules
responsible for PBX3-induced CRC cell migration and
invasion.
CONCLUSION: PBX3 induces invasion and metastasis
of CRC cells partially through activation of the MAPK/
ERK signaling pathway.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pre-B-cell leukemia homeobox 3; Colorectal
cancer; Cell migration; Cell invasion; Mitogen-activated
protein kinase signaling pathway
Core tip: Pre-B-cell leukemia homeobox (PBX)3 is a poor
prognostic factor for colorectal cancer by promoting
cell migration and invasion. We investigated the role
of PBX3 in migration and invasion of colorectal cancer
cells, and found that PBX3 could induce the invasion and
metastasis of colorectal cancer cells partially through
activation of the mitogen-activated protein kinase/
extracellular signal-regulated kinase signaling pathway.
Han HB, Gu J, Ji DB, Li ZW, Zhang Y, Zhao W, Wang LM,
Zhang ZQ. PBX3 promotes migration and invasion of colorectal
cancer cells via activation of MAPK/ERK signaling pathway.
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and clarified its role in cancer cell invasion. Our data
provide evidence that PBX3 gene expression signatures
may have specific prognostic or therapeutic value for
CRC.

INTRODUCTION

MATERIALS AND METHODS

Colorectal cancer (CRC) is the third most common
type of cancer with > 1.2 million new cases each
year worldwide. Up to 50% of all patients eventually
develop metastases and 90% of them cannot undergo
radical resection, leading to the majority of cancer
deaths[1]. Although much progress has been made in the
identification and characterization of the major changes
involved in CRC carcinogenesis and metastasis, searching
for molecules that could serve as prognostic markers
and/or therapeutic targets remains the highest-priority
task in the fight against CRC.
Pre-B-cell leukemia homeobox (PBX), a family
of transcription factors, has been reported to play an
important role in tumor growth. PBX belongs to the
TALE (three amino acid loop extension) family with a
highly conserved homologous domain. It usually binds
to specific DNA sequences by interacting with other
homologous proteins (e.g., Meis and HOX), resulting
in transcription activation or suppression of the target
genes[2]. Increased expression of PBX is closely correlated
with tumor growth and progression in malignancies
including ovarian cancer [3], melanoma and prostate
cancer[4,5]. Interference of interaction between PBX/HOX
can induce apoptosis, leading to tumor growth inhibition
of ovarian cancer[6], kidney cancer[7], non-small cell lung
cancer[8] and breast cancer[9]. Therefore, the PBX family is
likely to be closely associated with malignant behavior of
the tumor cells and could be a target molecule for cancer
treatment.
In recent years, PBX3, a member of the human PBX
family, has been continuously reported to be associated
with tumor growth and progression. In 2011, it was
reported that expression level of PBX3 is significantly
increased in malignant prostate cancer tissues [10]. In
2012, it was reported that forced expression of PBX3
could reverse the inhibitory effect arising from miRNA
(miR)-181 on proliferation of leukemia cells[11]. In 2013,
PBX3 was found to be an important cofactor of HOXA9
in leukemogenesis[12]. Direct targeting of HOXA/PBX3
impairs leukemia growth and sensitizes cells to standard
chemotherapy [13]. Recently, PBX3 was also reported
to be upregulated in gastric cancer and to regulate cell
proliferation[14]. Together, the data suggest that PBX3,
as an oncogene in some leukemias and solid cancers, is
an important factor for regulating malignant biological
characters of cancer cells.
We have previously reported that PBX3, as a
downstream target gene of let-7c, could overcome the
inhibitory effects of microRNA let-7c on cell growth and
metastasis in CRC[15]. In the present study, we detected
expression of PBX3 in tissues from patients with CRC
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CRC cell lines and clinical samples
Human CRC cell lines (HT-29, RKO, LOVO, SW480
and HCT8) were all originated from the American Type
Culture Collection and cultured in RPMI 1640 medium
with 10% fetal bovine serum (FBS) in a humidified
atmosphere of 5% CO2 at 37 ℃. The CRC specimens
were collected, with informed consent, from 111 patients
underwent surgery at Beijing Cancer Hospital, following
the protocols approved by the Ethics Committee of
Peking University Hospital. These CRC patients were
all confirmed by definitive histological diagnosis after
surgery and received no preoperative chemotherapy or
radiotherapy. The matched normal tissues were defined as
the farthest tissue at least more than 5 cm from the same
tumor tissue. TNM classification was staged according to
the American Joint Committee on Colorectal Cancer[16].
Those patients with synchronous liver metastases defined
as M1 stage underwent both liver metastatic lesion and
primary tumor surgery.
RNA extraction and reverse transcription-polymerase
chain reaction
Total RNA was extracted from cells and tissues using
the RNeasy Mini Kit (Qiagen, Valencia, CA, United
States) according to the manufacturer’s instruction. A
total of 2 µg RNA was reverse transcribed using oligod(T)15 primers and Moloney murine leukemia virus
(MMLV) reverse transcriptase. Semiquantitative reverse
transcription-polymerase chain reaction (RT-PCR) was
performed using rTaq DNA Polymerase (Takara Bio,
Otsu, Shiga, Japan) on a Bio-Rad Thermal Cycler. Realtime quantitative PCR (Q-PCR) was performed using
SYBR Green PCR Master Mix (Toyobo, Osaka, Japan) on
ABI 7500 Fast including three independent experiments
in triplicate. The primer sequences were the same as
those described previously[15]. Relative gene expression
normalized to GAPDH was calculated by 2-ΔCt, where
ΔCt = Ct (Target) - Ct (Reference). The 2-ΔΔCt method
was used for fold change calculation.
Plasmid construction and cell transfection
pELNS-PBX3 plasmid was constructed as described
previously[15] and the PBX3 gene was subcloned into
lentivirus plenti6-TR vector (Invitrogen, Carlsbad, CA,
United States). For depletion of endogenous PBX3
expression, short hairpin RNA (shRNA) targeting
592-613 bp or 928-949 bp was inserted into a lentivirus
vector downstream of the U6 promoter. Lentiviral
particles were prepared by co-transfection with shuttle
vector constructs and the ViraPower Packaging Mix
(Invitrogen) in HEK-293FT cells, according to the
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manufacturer’s protocol. Cells infected with lentiviruses
were screened with blasticidin (5 µg/mL) to achieve
stable overexpression or silencing in cell lines.
Wound healing assay
About 4 × 105 cells were seeded into six-well culture
plates and an incision was made in the central area of the
confluent cells 24 h later. Cell migration near the wound
area in confluent monolayers was monitored under a
microscope (Leica, Wetzlar, Germany) at the time of
scratching and after 72 h. The experiment was performed
in triplicate with three independent repeats.
Transwell migration and invasion assay
To evaluate the effect of PBX3 on cell migration and
invasion further, 2.5 × 104 cells in 100 µL RPMI-1640
with 1% FBS were plated into the upper chamber
of the Transwell chamber (8- µm pore size; Corning
Incorporated, Corning, NY, United States). A total of 500
µL of RPMI-1640 with 10% FBS was loaded into the
lower chamber to serve as a chemoattractant for the cells.
After 24 h, cells migrated to or invaded the other side
of the membrane and were counted and imaged under
a microscope (Leica), after fixing with 2% methanol and
staining with 1% crystal violet solution. The experiments
were repeated three times in triplicate.
Protein extraction and western blot
Cell proteins were extracted using RIPA buffer containing
complete protease and phosphatase inhibitor cocktail
(Roche, Mannheim, Germany). Extracted protein (20
µg) was separated by 10% SDS-PAGE and blotted onto
PVDF membranes (Millipore, Billerica, CA, United
States). Rabbit anti-PBX3 (1:3000 dilution; Epitomics,
Burlingame, CA, United States), rabbit anti-extracellular
signal-regulated kinase (ERK) and anti-phospho-ERK
(1:3000 dilution; Cell Signaling Technology, Danvers,
MA, United States), and mouse anti- β -actin (1:50
000 dilution; Roche) were used as primary antibodies.
Horseradish-peroxidase-conjugated goat anti-rabbit or
anti-mouse IgG (cwBiotech, Beijing, China) was used
as secondary antibodies. Signals were detected with a
chemiluminescence (ECL) kit (Millipore).
Statistical analysis
Continuous variables with normal distribution are presented
as mean ± SD of three independent experiments run in
triplicate, or otherwise as the median. Categorical variables
are presented as frequency or percentage. Differences
between two groups were assessed by Student’s t test or
Mann-Whitney test unless specified otherwise. A P value <
0.05 was considered statistically significant.

RESULTS
PBX3 expression is increased in highly metastatic CRC
cells
To determine the potential role of PBX3 in cell invasion,
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the expression levels of PBX3 were detected in CRC
cell lines. As shown in Figure 1A and B, the relative
expression of PBX3 at both the mRNA (Figure 1A by
RT-PCR, Figure 1B by real-time Q-PCR) and protein
levels (Figure 1A by Western blot) were higher in cells
with relatively high invasive ability (LOVO and HCT8)
than in those with relatively low or no invasive potential
(HT-29 and SW480). The results suggested that a high
level of PBX3 expression is associated with invasion and
metastasis of CRC cells.
Increased PBX3 expression is associated with depth of
invasion and distant metastasis in CRC patients
To determine the relationship between the expression
level of PBX3 and clinical pathological variables, we
examined PBX3 expression in 75 human CRC tissues
and matched normal tissues. As shown in Figure 1C, the
PBX3 expression was upregulated about 16-fold in cancer
tissues compared with normal tissues (median: 0.049 vs
0.003; Wilcoxon signed rank test P < 0.0001, n = 75 for
each group). We focused on the role of PBX3 in tumor
invasion and metastasis, thus, we further detected its
expression in 111 carcinoma tissues from patients with
detailed follow-up information. As shown in Table 1
and Figure 1D-H, high levels of PBX3 expression were
significantly associated with local depth of invasion (Figure
1D, T3 vs T1-2, P = 0.0267), lymph node metastases
(Figure 1E, P = 0.0199), synchronous liver metastases
(Figure 1F, P = 0.0385), advanced TNM stage (Figue
1G, P = 0.0293), and metastasis (including synchronous
and metachronous metastasis, Figure 1H, P = 0.0405).
There was no significant difference in PBX3 expression
with regard to sex, age, venous invasion, histological type,
and degree of differentiation. The results indicated that
high level of PBX3 expression was related to malignant
invasion and metastasis of CRC cells.
Increased PBX3 expression is associated with poor
survival of CRC patients
Kaplan-Meier curve analysis revealed that high expression
of PBX3, grouped by a cut-off value of median PBX3
level in cancer tissues, predicted poor patient survival.
Figure 1I shows that the overall survival time for patients
with high PBX3 expression (median: 21 mo; n = 55)
was significantly shorter than that for patients with low
PBX3 expression (median: 60 mo; n = 56). However,
Cox proportional hazard regression analysis failed to
reveal that the expression of PBX3 was an independent
prognostic factor for survival of patients with CRC (data
not shown). These data indicated that increased PBX3
expression predicted poor prognosis.
PBX3 promotes spreading, migration and invasion of
HT-29 and SW480 cells
The relationship between increased expression of
PBX3 and cell invasion of CRC drove us to explore the
possible biological functions of PBX3 in cancer cells,
especially the effect on cell migration and invasion.
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Table 1 Relationship between pre-B-cell leukemia homeobox 3 expression and pathological features of colorectal cancer n (%)
Variable
Sex
Male
Female
Age
≤ 60
> 60
Venous invasion
Absent
Present
Histological type
Adenocarcinoma
Mucinous adenocarcinoma
Differentiation3
Poor
Moderate
Well
Tumor stage
1-2
3
4
Lymph node metastasis
Negative
Positive
Metastasis stage
M0
M1
TNM stage
Ⅰ-Ⅱ
Ⅲ-Ⅳ

Metastasis
Absent
Present (SM and MM)

Case

PBX3 expression Median (range)

1

P value2

63 (56.8)
48 (43.2)

0.590 (0.00-14.16)
0.690 (0.04-12.84)

0.527

51(45.9)
60 (54.1)

1.010 (0.02-14.16)
0.945 (0.00-12.18)

0.425

69 (62.2)
42 (37.8)

0.870 (0.00-14.16)
1.095 (0.07-9.83)

0.557

108 (97.3)
3 (2.7)

0.995 (0.00-14.16)
1.620 (0.20-0.67)

0.874

16 (14.8)
75 (69.4)
17 (15.7)

0.865 (0.12-12.84)
0.990 (0.02-14.16)
1.080 (0.00-8.19)

0.714

8 (7.2)
85 (76.6)
18 (16.2)

0.360 (0.02-2.84)
1.010 (0.00-14.16)
1.075 (0.10-9.83)

0.211

41 (36.9)
70 (63.1)

0.7600 (0.02-12.84)
1.3300 (0.0-14.16)

0.0199a

53 (47.7)
58 (52.3)

0.790 (0.02-6.44)
1.230 (0.00-14.16)

0.0385a

32 (28.8)
79 (71.2)

0.775 (0.02-5.50)
1.220 (0.00-14.16)

0.0293a

41 (36.9)
70 (63.1)

0.550 (0.02-5.90)
1.200 (0.00-14.16)

0.0405a

1

Relative PBX3 expression was calculated by 2-ΔΔCt; 2Significant differences were evaluated by Mann-Whitney test for two groups and Kruskal-Wallis test for
more groups; 3Degree of differentiation for adenocarcinoma. aP < 0.05 vs control. SM: Synchronous metastasis; MM: Metachronous metastasis.

We overexpressed PBX3 in the low metastatic HT-29
and SW480 cells. As shown in Figure 2A, the relative
expression of PBX3 was increased about 7.2- and 8.9-fold
for HT-29 and SW480 cells, respectively, after infection
with PBX3-overexpressing lentiviruses. PBX3 protein
expression was also increased markedly (Figure 2B). Both
HT-29 and SW480 cells with ectopic expression of PBX3
showed a significant increase in cell spreading, by wound
healing assay (Figure 2C), cell migration and invasion by
Transwell assay (Figure 2D), as compared with control
cells. Figure 2E shows that the number of cells that
migrated through the Transwell chamber was increased
about 4.7- and 5.3-fold in HT-29 and SW480 cells,
respectively, after overexpression of PBX3, compared
with control cells. At the same time, the number of
invasive cells was also increased about 5.9- and 6.3-fold
in HT-29 and SW480 cells, respectively. Collectively,
overexpression of PBX3 promoted cell spreading,
migration and invasion.
Inhibited PBX3 expression suppresses migration and
invasion of LOVO and HCT8 cells
To validate if PBX3 is indeed necessary for CRC cell
migration and invasion, we inhibited the expression
of PBX3 using lentiviral shRNA constructs in highly
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metastatic cell lines, LOVO and HCT8. As shown in
Figure 3A, the levels of PBX3 expression were decreased
about 90% and 61% after infection with PBX3shRNA592 and shRNA928 in LOVO cells, and about
97% and 70% for PBX3-shRNA592 and shRNA928 in
HCT8 cells (Figure 3A), respectively. PBX3 expression
was also suppressed at protein level (Figure 3B).
Consistent with the results with overexpression of
PBX3 in HT-29 and SW480 cells, knockdown of PBX3
expression in LOVO and HCT8 cells inhibited cell
motility and invasion (Figure 3C-E). These data support
that inhibition of PBX3 expression suppresses cell
motility and invasion in vitro.
PBX3 overexpression activates the MAPK/ERK pathway
Our preliminar y data with RNA-seq analysis of
differentially regulated genes indicate that MAPK/ERK
signaling pathway was significantly enriched after ectopic
expression of PBX3 (data not shown). The MAPK/ERK
signaling pathway, which was reported to be associated
with CRC migration and invasion, was therefore chosen
for further study. We determined the changes in expression
of phospho-ERK1/2 and ERK1/2 in cells with altered
expression of PBX3. As expected, phospho-ERK1/2
expression was increased after overexpression of PBX3
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Figure 1 Analysis of pre-B-cell leukemia homeobox 3 expression in colorectal cancer cell lines and specimens. A: Expression levels of pre-B-cell leukemia
homeobox (PBX) 3 in LOVO and HCT8 cell lines with relatively high invasive potential were higher than in HT-29 and SW480 cells with low invasive potential, by RTPCR and Western blot; B: Results in (A) were confirmed by Q-PCR. Data are presented as mean ± SD calculated from three independent experiments run in triplicate; C:
Expression level of PBX3 in cancer tissues was significantly higher than that in adjacent normal tissues (n = 75); D-H: High level of PBX3 expression was correlated
with local tissue invasion (D), lymph node metastasis (E), synchronous metastasis (F), advanced TNM stage (G), and distant metastasis (H, synchronous and
metachronous metastasis). Horizontal lines in (C-H) indicate the median values of PBX3 expression for each group relative to GAPDH; I: Kaplan-Meier survival curves
for CRC patients grouped by a cut-off value of median expression level of PBX3 indicated that patients with higher PBX3 displayed a shorter overall survival time after
surgery. Note that (D-H) were generated from the corresponding data in Table 1.

and decreased after silencing PBX3 (Figure 4A). These
data clearly demonstrated that PBX3 expression resulted
in an activation of MAPK/ERK signaling pathway, at least
partially.
Inhibition of MAPK/ERK with U0126 reverses the effect
of PBX3 overexpression on cell migration and invasion
To confirm whether the effect of PBX3 overexpression
on cell motility and invasion was through the MAPK/
ERK pathway, cells ectopically expressing PBX3 were
treated with ERK1/2 inhibitor U0126. Figure 4B shows
that the upregulation of phospho-ERK1/2 by PBX3
overexpression in HT-29 and SW480 cells was greatly
reduced by incubation with 10 µmol/L U0126 for 48
h. In the meantime, the promotive effects of PBX3 on
cell migration and invasion were also markedly reversed
(Figure 4C and D). These data suggest that ERK1/2
inhibition reverses the effects of PBX3 overexpression
on cell motility and that the MAPK/ERK pathway is
essential for the function of PBX3.

DISCUSSION
PBX proteins are central to multiple gene regulatory
networks of interactions between PBX proteins and
other transcription factors [17]. They bind to specific
DNA sequences and have been implicated in crucial
developmental processes, either as co-factors to members
of the HOX family or by HOX-independent functions[2].
In addition to the regular DNA binding sequences
for PBX proteins, PBX3, in the form of monomer or
homologous dimer, also shows high affinity binding to
the “TGATTGATTTGAT” sequence, suggesting its
different regulation of downstream target genes from
other members. Here, based on our previous observation
that let-7c functions as a metastasis suppressor by

WJG|www.wjgnet.com

targeting PBX3, we verified the effect of PBX3 on CRC
invasion and metastasis. Our data demonstrate that
PBX3 is a potential marker of poor prognosis in CRC.
First, malignant cancer cells are always accompanied by a
higher level of PBX3 expression. Similar findings are also
seen in malignant prostate tissue stained with anti-human
PBX3 antibody by immunohistochemistry[10,15]. Second,
high levels of PBX3 expression are associated with depth
of invasion and clinical stage, which is consistent with the
results reported in gastric cancer[14]. In addition, our study
has revealed, for the first time, that patients with higher
PBX3 expression are more likely to develop metastasis
and have poor overall survival after surgery.
MAPK/ERK signaling plays a key role in many CRCrelated biological processes, including cell proliferation[18],
tumor invasiveness[19], stem-like phenotypes[20], as well
as resistance to chemotherapy [21]. It can be activated
by many tumor-related proteins and involved in their
function as a network master [21,22]. In this study, we
identified activation of ERK1/2 as a key downstream
step in PBX3 function in CRC invasion and metastasis.
However, the molecule(s) that directly responsible for
the MAPK pathway activation remains to be revealed
is still to be confirmed by further studies. It has been
reported that PBX proteins can control the vertebrate
developmental processes via transforming growth factor
[23]
[24]
β signaling , Wnt-β-catenin signaling , and protein
[25]
kinase A signaling . Further studies are needed to verify
whether these pathways are also involved in the PBX3mediated invasion and metastasis of CRC.
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Background

In the previous study, the authors reported that PBX3, as a downstream target
gene of let-7c, overcame the inhibitory effect on cell growth and metastasis
initiated by let-7c in CRC. In this study, the authors detected the expression of
PBX3 in CRC tissues and verified the effect of PBX3 on CRC cell invasion. By
detecting the expression of PBX3 by real-time polymerase chain reaction, this
study showed that the high level of PBX3 expression in CRC was correlated
with the invasive potential of CRC cells, and significantly associated with lymph
node invasion, distant metastasis, advanced TNM stage, and poor overall
survival. By gain- and loss-of-function in CRC cells with different metastatic
potentials, it was confirmed that PBX3 could promote migration and invasion of
CRC cells. In this study, the authors also reported that activation of the mitogenactivated protein kinase/extracellular signal-regulated kinase signaling pathway
might be partially involved in PBX3-mediated cell invasion and metastasis of
CRC cells.

Innovations and breakthroughs

Tumor metastasis is the major cause of death in patients with colorectal
cancer (CRC), so it is important to understand the underlying mechanisms of
metastases in order to find molecules that can serve as prognostic markers
or therapeutic targets. Pre-B-cell leukemia homeobox (PBX) is a family of
transcription factors, which is reported to play an important role in tumor growth
and progression. However, the role of PBX3 in CRC is still unclear.

Research frontiers

PBX3 is a member of the human PBX family, which has frequently been
reported to be associated with tumor growth and progression in recent years.
In the area of oncology, the research hotspot focuses on the role of PBX3 in
tumorigenesis and malignant characters of cancer cells as a target of miR-181,
let-7d and let-7c, or as a co-factor of other transcription factors including
HOXA9. The research hotspot also focuses on direct targeting of HOXA/PBX3
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Applications

The results suggest that PBX3 gene expression signatures have specific
prognostic value, and PBX3 as a direct molecular target could have therapeutic
value in CRC.

Terminology

CRC (also known as colon cancer, rectal cancer, bowel cancer or colorectal
adenocarcinoma) is a cancer with uncontrolled cell growth in the colon or
rectum, or in the appendix. TALE (three-amino acid extension loop) homeobox
proteins are highly conserved transcription regulators, including MEIS and
PBX families. They are best characterized as co-factors for HOX proteins. PBX
refers to a family of transcription factors, belonging to TALE homeobox proteins.

Peer review

This was a good study in which the authors analyzed the expression profile of
PBX3 in five CRC cell lines and clinical specimens from patients with CRC. In this
study, the authors also analyzed the role and potential mechanism of PBX3 in
CRC migration and invasion. The results are interesting and suggest that PBX3 is
a potential prognostic and/or therapeutic target that could be used in CRC.
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Abstract
AIM: To investigate the effect and mechanism of acupuncture at heterotopic acupoints on jejunal motility,
particularly in pathological conditions.
METHODS: Jejunal motility was assessed using a manometric balloon placed in the jejunum approximately
18-20 cm downstream from the pylorus and filled with
approximately 0.1 mL warm water in anesthetized normal
rats or rats with diarrhea or constipation. The heterotopic
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acupoints including LI11 (Quchi), ST37 (Shangjuxu),
BL25 (Dachangshu), and the homotopic acupoint ST25
(Tianshu), were stimulated for 60 s by rotating acupuncture needles right and left at a frequency of 2 Hz.
To determine the type of afferent fibers mediating the
regulation of jejunal motility by manual acupuncture, the
ipsilateral sciatic A or C fibers of ST37 were inactivated
by local application of the A-fiber selective demyelination
agent cobra venom or the C fiber blocker capsaicin.
Methoctramine, a selective M2 receptor antagonist, was
injected intravenously to identify a specific role of M2 receptors in mediating the effect of acupuncture on jejunal
motility.
RESULTS: Acupuncture at heterotopic acupoints, such
as LI11 and ST37, increased jejunal motility not only in
normal rats, but also in rats with constipation or diarrhea. In normal rats, manual acupuncture at LI11 or
ST37 enhanced jejunal pressure from 7.34 ± 0.19 cmH2O to 7.93 ± 0.20 cmH2O, an increase of 9.05% ± 0.82%
(P < 0.05), and from 6.95 ± 0.14 cmH2O to 8.97 ± 0.22
cmH2O, a significant increase of 27.44% ± 1.96% (P <
0.01), respectively. In constipated rats, manual acupuncture at LI11 or ST37 increased intrajejunal pressure from
8.17 ± 0.31 cmH2O to 9.86 ± 0.36 cmH2O, an increase
of 20.69% ± 2.10% (P < 0.05), and from 8.82 ± 0.28
cmH2O to 10.83 ± 0.28 cmH2O, an increase of 22.81%
± 1.46% (P < 0.05), respectively. In rats with diarrhea,
MA at LI11 or ST37 increased intrajejunal pressure
from 11.95 ± 0.35 cmH2O to 13.96 ± 0.39 cmH2O, an
increase of 16.82% ± 2.35% (P < 0.05), and tended to
increase intrajejunal pressure (from 12.42 ± 0.38 cmH2O
to 13.05 ± 0.38 cmH2O, an increase of 5.07% ± 1.08%,
P > 0.05), respectively. In contrast, acupuncture ST25,
a homotopic acupoint, not only decreased intrajejunal
pressure, but also significantly decreased frequency in
normal rats and rats with constipation or diarrhea. Following demyelination of Aδ fibers, acupuncture at ST37
again augmented intrajejunal pressure to 121.48% ±
3.06% of baseline. Following capsaicin application for
24 h, acupuncture at ipsilateral ST37 increased intrajeju-
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nal pressure to 106.63% ± 1.26% of basal levels when
compared to measurements prior to capsaicin treatment (P < 0.05). Acupuncture at LI11, ST37, or BL25
significantly rescued methoctramine-mediated inhibition
of jejunal motility amplitude from 42.83% ± 1.65% to
53.43% ± 1.95% of baseline (P < 0.05), from 45.15% ±
2.22% to 70.51% ± 2.34% of baseline (P < 0.01), and
from 38.03% ± 2.34% to 70.12% ± 2.22% of baseline (P
< 0.01), respectively.
CONCLUSION: Acupuncture at heterotopic acupoints
increases the amplitude of jejunal motility in rats. C fibers and M2 receptors predominantly and (or) partially
mediate the regulation of jejunal motility by acupuncture, respectively.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Acupuncture; Heterotopic acupoint; LI11;
ST37; BL25; Jejunal motility; Constipation; Diarrhea; C
fibers; Muscarinic receptors
Core tip: This is the first study we know of that investigates the effect and mechanism of acupuncture
at heterotopic acupoints on jejunal motility in normal
rats or rats with constipation or diarrhea. We observed
that acupuncture at heterotopic LI11 or ST37 points
increased jejunal motility regardless of initial condition.
We demonstrated that acupuncture applied at these
points regulated jejunal motility by activating Aδ and
C afferent fibers; however, the latter predominates. M2
receptors play a role in this process.
Qin QG, Gao XY, Liu K, Yu XC, Li L, Wang HP, Zhu B.
Acupuncture at heterotopic acupoints enhances jejunal motility
in constipated and diarrheic rats. World J Gastroenterol 2014;
20(48): 18271-18283 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i48/18271.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i48.18271

INTRODUCTION
Gastrointestinal motility disorders contribute to many
diseases, including impaired accommodation, gastroparesis, dumping syndrome, constipation, and diarrhea. Many
studies have been conducted to explore the efficacy of
somatic stimulation for the treatment of gastrointestinal
motility disorders[1-5]. Reproducible results have been
generated in both clinical and research settings[6,7]. It has
been repeatedly shown that the effect of acupuncture on
gastric motility is primarily associated with autonomic reflexes and the gut-brain axis[8]. Stimulation at homotopic
acupoints, where afferent innervation is in the same segment from which the efferents innervate visceral organs,
decreases intragastric pressure with or without spinalization, and acupuncture at heterotopic acupoints, involving different segmental innervation of the spinal cord to
visceral organs, induces gastrointestinal facilitation only
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in complete spinal rats[9]. However, previous studies have
rarely stated the effects of acupuncture on gastrointestinal
motility in pathological conditions, and little effort has
been made to investigate the effects of acupuncture on
small intestinal motility. Furthermore, the precise mechanism of acupuncture on small intestinal motility requires
clarification.
Acupuncture treatment involves the insertion of thin
needles into the skin and underlying muscle layer. Previous studies have demonstrated that gastrointestinal motility is influenced by somatic afferent stimulation[10-14].
Sensory stimulation of the abdominal skin by pinching
inhibits gastric motility, whereas similar stimulation of
a hind paw enhances gastric motility in rats[15]. We have
previously provided evidence that only stimulation intensity above a threshold for activating Aδ and/or C fibers
can modulate gastric motility[9].
Parasympathetic nerves play a critical role in the excitatory regulation of gastrointestinal motility by acupuncture
or acupuncture-like stimulation at heterotopic acupoints,
such as ST36 (Zusanli), ST37 (Shangjuxu), and LI11 (Quchi)[9]. The majority of postganglionic fibers derived from
parasympathetic nerves show a cholinergic component
that releases acetylcholine (ACH) in the terminals when
activated. ACH then activates smooth muscle cell surface
muscarinic receptors directly or indirectly, thus triggering various intracellular signaling pathways, which lead
to a rise in cytosolic Ca2+ concentration and, eventually,
smooth muscle contraction[16-18].
Here, we examined the effect of acupuncture at
heterotopic acupoints on jejunal motility and tested the
hypothesis that activation of Aδ and/or C fibers may be
required for the regulation of jejunal motility by acupuncture at heterotopic acupoints and that M2/M3 receptors
mediate this effect.

MATERIALS AND METHODS
Animal preparation
Animal experiments were performed in accordance with
the National Institutes of Health’s Guide for the Care
and Use of Laboratory Animals and were approved by
the Institutional Animal Care and Use Committee of
the China Academy of Chinese Medical Sciences. Adult
male Sprague-Dawley rats (SD) weighing 250-300 g were
housed with free access to food and water. The animals
were maintained on a light-dark cycle (dark cycle 8:00
pm-8:00 am) and acclimated for seven days prior to the
experiment. Acute diarrhea was induced in rats by administering a senna solution containing 0.3 g/mL crude
drug liquid via oral gavage at a dose of 10 mL/kg per
day for two consecutive days[19]. Constipated rats were
generated via oral gavage of 0 ℃ normal saline, 10 mL/
kg per day for five consecutive days[20].
Recording of jejunal motility
Rats were fasted overnight prior to surgery and electrophysiological recordings. They were initially anesthetized
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with intraperitoneal injections of urethane (1.0-1.2 g/kg,
ip), with supplementary anesthesia (0.1 g/kg ip) being
administered if withdrawal of limbs or a fluctuation of
the heart rate was observed. Core body temperature was
monitored and maintained at 37.0 ± 0. 5 ℃ by a feedback
controlled electric blanket (ALC-HTP, Shanghai Alcott
Biotech Co., Ltd, China). A median abdominal incision
was generated and one manometric balloon was placed
into the jejunum at approximately 18-20 cm downstream
from the pylorus. The balloon was filled with approximately 0.1 mL warm water and connected to a piece of
polyethylene tube, providing pressure of approximately
100 mm H2O. Pressure in the intestinal lumen was measured with a transducer through the polyethylene tube
and recorded using a Mac Lab system (AD Instruments,
Australia). Heart rate was also monitored to maintain anesthetic depth and to avoid marked cardiac fluctuations
caused by drug administration. At 30 min after stable
recording of jejunal motility, acupuncture stimulation was
conducted randomly on different acupoints.
Acupuncture stimulation
In this study, the heterotopic acupoints included LI11
(Quchi), ST37 (Shangjuxu), and BL25 (Dachangshu),
with the homotopic acupoint ST25 selected as a control.
LI11 locates to the midpoint between the lateral end of
the transverse cubical crease and the lateral epicondyle of
the humerus; ST25 is level with the navel, 2 mm lateral to
anterior median line; ST37 is 5 mm lateral to the anterior
tubercle of the tibia and 15 mm below the knee joint;
BL25, at the waist, is under the fourth lumbar spine and 5
mm lateral to posterior midline. The acupuncture needles
(0.25 mm × 25 mm, Suzhou Hwato Medical Instruments,
China ) were inserted unilaterally, vertically, or slightly
obliquely, to a depth of approximately 5 mm and rotated
right then left, at a frequency of 2 Hz for 60 s.
Afferent fiber inactivation
Ipsilateral sciatic A or C fibers of ST37 were inactivated.
The sciatic nerve A fibers were demyelinated using cobra venom as described previously[21]. In brief, the sciatic
nerve trunk was isolated 1 cm over the fibular capitulum
in anesthetized rats. A Hamilton syringe was used to
aspirate 1 μL normal saline, 1 μL air, and 1 μL 0.3% cobra venom solution in sequence, the needle tip was then
inserted into the sciatic nerve membrane and the above
solution was injected into the myelin sheath while avoiding drug leakage into the surrounding tissue. Acupuncture
stimulation was repeated at 30 min after venom injection
and suture of the incision.
The unilateral sciatic nerve C fibers were inactivated
by capsaicin in anesthetized rats[22]. Briefly, the sciatic
nerve was isolated 1 cm above the fibular capitulum, and
the nerve trunk was wrapped with gauze immersed in 2%
capsaicin solution for 24 h. The incision was sutured aseptically for healing. At 24 h, acupuncture was performed.
Drug administration
Methoctramine (0.5 mg/kg, Sigma, United States), a se-
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lective M2 cholinergic receptor antagonist, was used in
this study and diluted to 0.05% with normal saline. The
diluted antagonist was injected intravenously within 1-2
min to avoid marked fluctuation of the heart rate. Acupuncture commenced when the effect of injection of the
compound on heart rate and jejunal motility recovered.
Statistical analysis
All data were analyzed online and offline using the Mac
Lab system. Spontaneous intestinal peristalses were recorded continuously prior to and during acupuncture
stimulation. For this study, the frequency and amplitude
of intestinal motility was analyzed. Statistical analysis
was performed using SPSS17.0 software (IBM, United
States). All data were shown as the mean ± SE. To evaluate statistical significance, data sets with normal distribution were analyzed using paired or unpaired t-test in the
case of two groups or using one-way ANOVAs followed
by q tests in the case of more than two groups. P < 0.05
was considered statistically significant.

RESULTS
Acupuncture at heterotopic acupoints induces an
excitatory effect on jejunal motility in normal rats
Baseline of jejunal motility was recorded using the water-filled balloon, and intrajejunal pressure was stabilized
at a baseline of approximately 100 cmH2O. Peristalsis
waves comprised high frequency (about 30 times/min)
and low amplitude (about 8 cmH2O) circular muscle
contractions, and translatory waves comprised low frequency (about 8 times/min) and high amplitude (about
20 cmH2O) longitudinal muscle contractions; both were
obtained by the inbuilt balloon pressure detection system. The peristalsis waves showed more stable amplitude
and duration than the translatory waves, and the average frequency and amplitude of jejunal peristalsis waves
were 29.86 ± 1.52 times/min and 7.45 ± 0.65 cmH2O,
respectively, in normal rats (Figure 1A). Therefore, the
peristalsis waves were used to analyze the effect of acupuncture in this study.
In order to determine whether acupuncture at heterotopic acupoints affects jejunal motility in normal rats,
we designed an experiment in which manual acupuncture
(MA) was applied separately at LI11, ST37, ST25, and
BL25. As shown in Figures 1B, C, D, and E, MA at LI11
increased jejunal pressure from 7.34 ± 0.19 cmH2O to 7.93
± 0.20 cmH2O, a significant increase of 9.05% ± 0.82%
(P < 0.05, n = 17). MA at ST37 enhanced jejunal pressure
from 6.95 ± 0.14 cmH2O to 8.97 ± 0.22 cmH2O, which
was also significant (27.44% ± 1.96%, P < 0.01). However, the above acupoints did not significantly change the
jejunal motility frequency (MA at LI11: from 29.94 ± 0.39
times/min to 29.65 ± 0.32 times/min, P > 0.05, n = 17;
MA at ST37: from 29.65 ± 0.34 times/min to 28.82 ± 0.33
times/min, P > 0.05, n = 17). MA at ST25 decreased intrajejunal pressure from 8.12 ± 0.14 cmH2O to 5.3 ± 0.14
cmH2O, a significant effect (32.56% ± 1.49%, P < 0.01,
n = 17), and frequency from 30.75 ± 0.37 times/min to
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Figure 1 Jejunal motility regulated by manual acupuncture at LI11, ST37, ST25, and BL25 in normal rats. A: A representative trace of jejunal motility in normal
rat; B: Representative traces of jejunal motility regulated by acupuncture at LI11, ST37, ST25, and BL25; C: Acupuncture at LI11, ST37, and ST25 affected intrajejunal
pressure significantly in normal rats (aP < 0.05, bP < 0.01 vs pre-acupuncture, paired t-test, n = 17); D: Only acupuncture at ST25 decreased the frequency of jejunal
motility (bP < 0.01 vs pre-acupuncture, paired t-test, n = 17); E: The percent change in intrajejunal pressure caused by acupuncture at LI11, ST37, ST25, and BL25 (cP
< 0.05, dP < 0.01 vs baseline, paired t-test, n = 17). Intrajejunal pressure was normalized by baseline, which is denoted by the dashed line.

17.31 ± 0.74 times/min, also a significant effect (46.99%
± 1.98%, P < 0.01, n = 17). MA at BL25 did not change
intrajejunal pressure (from 7.42 ± 0.16 cmH2O to 6.98 ±
0.15 cmH2O, P > 0.05, n = 17) or motility frequency (from
29.18 ± 0.41 times/min to 27.29 ± 0.45 times/min, P >
0.05, n = 17) significantly. The above results suggest that
in normal rats, MA at the heterotopic acupoints LI11 and
ST37 may increase jejunal motility, with an opposite effect of that observed in MA at the homotopic acupoints
ST25.
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Acupuncture at heterotopic acupoints enhances jejunal
motility in rats with constipation
Previous studies have reported the dual effects of acupuncture at heterotopic acupoints on gastric motility[23-26].
For example, Tatewaki et al[24] showed that manual acupuncture at ST36 induced dual effects: stimulating gastric
contractions in rats with hypomotility and inhibiting
gastric contractions in rats with hypermotility. This raised
the question as to whether the effect of acupuncture at
heterotopic acupoints on jejunal motility could be re-
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Figure 2 Effects of manual acupuncture at LI11, ST37, ST25, and BL25 on jejunal motility in constipated rats. A: A representative trace of jejunal motility in a
constipated rat; B: Representative traces of jejunal motility regulated by acupuncture at LI11, ST37, ST25, and BL25 in constipated rats; C: Intrajejunal pressure was
enhanced by acupuncture at LI11 or ST37 but reduced by acupuncture at ST25 (aP < 0.05, bP < 0.01 vs pre-acupuncture, paired t-test, n = 17); D: Only acupuncture
at ST25 decreased the frequency of jejunal motility (aP < 0.05 vs pre-acupuncture, paired t-test, n = 17); E: The percent change in intrajejunal pressure caused by
acupuncture at LI11, ST37, ST25, and BL25 (cP < 0.05, dP < 0.01 vs baseline, paired t-test, n = 17). The intrajejunal pressure was normalized by baseline, which is
denoted by the dashed line.

produced in rats with functional intestinal diseases. To
answer this, we generated constipated rats with intestinal
hypomotility and rats with diarrhea with hypermotility to
identify whether MA at the above acupoints could induce
effects on jejunal motility similar to those noted in normal rats.
Firstly, the irritable model of constipation in rats
was generated using a five-day intragastric infusion of
0 ℃ ice normal saline (10 mL/kg). At 3 h after infusion
on the first two days, a higher defecation frequency was
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observed and the excrement changed to soft and loose.
Over the remaining part of the day, defecation of hard
stool was observed at a lower frequency. The rats produced fewer and harder stools on days 3 to 5. The stool
moisture reduced from 40.23% ± 2.19% to 29.37% ±
4.65% (P < 0.05, n = 17) following five days of ice-water
infusion, indicating the model had developed fully. In
constipated rats, the baseline amplitude and frequency
of jejunal motility waves were as follows: for peristalsis
waves the frequency was 32.52 ± 0.18 times/min and the
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amplitude 8.43 ± 0.14 cmH2O; for translatory waves the
frequency was 5-6 times/min and the amplitude about
20 cmH2O (Figure 2A).
As shown in Figures 2B, C, and D, MA at LI11 increased intrajejunal pressure from 8.17 ± 0.31 cmH2O to
9.86 ± 0.36 cmH2O, a significant increase of 20.69% ±
2.10% (P < 0.05, n = 17); MA at ST37 enhanced intrajejunal pressure from 8.82 ± 0.28 cmH2O to 10.83 ± 0.28
cmH2O with a significant increase of 22.81% ± 1.46%
(P < 0.05, n = 17). However, frequency was not changed
significantly by MA at the above two acupoints (MA
at LI11: from 32.12 ± 0.29 times/min to 31.23 ± 0.23
times/min, P > 0.05, n = 17; MA at ST37: from 31.57 ±
0.26 times/min to 30.71 ± 0.37 times/min, P > 0.05, n
= 17). Interestingly, MA at ST25 significantly decreased
not only intrajejunal pressure from 7.73 ± 0.24 cmH2O
to 4.82 ± 0.14 cmH2O (a decrease of 34.39% ± 1.66%,
P < 0.01, n = 17), but also frequency from 33.63 ± 0.43
times/min to 24.78 ± 1.12 times/min (P < 0.05, n =
17), a decrease of 22.37% ± 2.52%. Similar to results
in normal rats, MA at BL25 did not change intrajejunal pressure or frequency of jejunal motility markedly
(intrajejunal pressure: 9.20 ± 0.27 cmH2O for baseline,
8.95 ± 0.24 cmH2O for MA, P > 0.05; frequency: 32.04
± 0.32 times/min for baseline, 34.77 ± 0.38 times/min
for MA, P > 0.05, n = 17). These results suggest that in
constipated rats, acupuncture at LI11 and ST37 may increase jejunal motility and that MA at ST25 nevertheless
showed an inhibitory effect on motility.
Acupuncture at heterotopic acupoints increases jejunal
motility in a rat model of diarrhea
We identified the effects of MA at the above acupoints
on the jejunal motility in rats with diarrhea. The rat
model of diarrhea was generated by intragastric infusion
of Folium Sennae decoction (10 mL/kg) for two days.
The decoction was prepared as 10 mL containing 0.3 g
crude drug. Following two days of oral gavage, the rats
appeared fatigued, showed a decrease in food consumption, and suffered excessive and loose movements and
feces with an unpleasant odor. The loose stool rate was
approximately 49.5% of all gavaged rats, the loose stool
level was 2.68, and the diarrhea index was 1.33, indicating that the model had developed appropriately.
In rats with diarrhea, the baseline amplitude and frequency of jejunal motility waves was as follows: for peristalsis waves the frequency was about 33 times/min and
the amplitude about 12 cmH2O; for translator waves the
frequency was 5-6 times/min and the amplitude about
20 cmH2O (Figure 3A). As shown in Figures 3B-D, MA
at LI11 increased intrajejunal pressure from 11.95 ± 0.35
cmH2O to 13.96 ± 0.39 cmH2O, a significant increase of
16.82% ± 2.35% (P < 0.05, n = 17). However, no significant change in frequency was observed (from 35.06 ±
0.19 times/min to 34.62 ± 0.15 times/min, P > 0.05, n =
17). MA at ST37 tended to increase intrajejunal pressure
with no significant effect on frequency noted (intrajejunal
pressure: from 12.42 ± 0.38 cmH2O to 13.05 ± 0.38 cm-
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H2O, an increase of 5.07% ± 1.08%, P > 0.05; frequency:
from 35.05 ± 0.39 times/min to 33.52 ± 0.37 times/min,
P > 0.05, n = 17). MA at ST25 not only reduced intrajejunal pressure from 11.53 ± 0.29 cmH2O to 6.93 ±
0.21 cmH2O, a decrease of 39.89% ± 2.25% (P < 0.01,
n = 17), but also decreased the frequency from 33.88 ±
0.42 times/min to 22.47 ± 0.81 times/min, a significant
decrease of 33.67% ± 2.12% (P < 0.01, n = 17). MA at
BL25 showed no significant effect on either intrajejunal
pressure or frequency of jejunal motility (intrajejunal
pressure: 11.81 ± 0.43 cmH2O for pre-MA vs 11.63 ± 0.39
cmH2O for MA; frequency: 34.09 ± 0.34 times/min for
pre-MA vs 33.72 ± 0.33 times/min for MA). These results suggest that in rats with diarrhea, only ST25 shows
any therapeutic effect. LI11 and even ST37 may induce
an opposing effect or have no effect.
To further elucidate whether the above heterotopic
acupoints show dual effects on jejunal motility, we also
compared changes produced by acupuncture at LI11,
ST37, and ST25 in normal rats and rats with constipation or diarrhea. At LI11 or ST37, the increase in intrajejunal pressure and frequency of jejunal motility were
not significantly different between the normal, constipated, and diarrheic rats (intrajejunal pressure: P = 0.16;
frequency: P = 0.71 in LI11; intrajejunal pressure: P =
0.20, and frequency: P = 0.94 in ST37). At ST25, the inhibition of intrajejunal pressure and frequency were not
different between the above groups of rats (intrajejunal
pressure: P = 0.70; frequency: P = 0.48), suggesting that
acupuncture at heterotopic points may not produce dual
effects on jejunal motility under physiological or pathological conditions, as with acupuncture at homotopic
acupoints.
C fibers are required for the regulation of jejunal motility
by acupuncture
Acupuncture modulates visceral organ function by inducing activation of the somatovisceral reflexes and changing the autonomic nervous system. Our previous studies
demonstrated that modulation of gastric motility induced
by acupuncture stimulation only involved the activation of fine-diameter afferent fibers, including Aδ fibers
and C fibers[9]. To determine the type of afferent fibers
mediating the regulation of jejunal motility by manual
acupuncture, we used an A-selective demyelination agent
and a C fiber blocker for this study. Firstly, cobra venom
was applied for 30 min to demyelinate A fibers of the sciatic nerve, and then acupuncture at ipsilateral ST37 was
administered. As shown in Figures 4A, B, and C, prior to
demyelination of Aδ fibers of the sciatic nerve, acupuncture at ST37 increased intrajejunal pressure significantly
to 123.98% ± 2.07% of baseline (P < 0.05, n = 20). Following demyelination of Aδ fibers, acupuncture at ST37
again augmented intrajejunal pressure to 121.48% ±
3.06% of baseline; the increase was not significantly different compared with acupuncture with no demyelination
(P > 0.05, n = 20). Similarly, the frequency of jejunal motility changed from 102.12% ± 1.78% to 95.86% ± 1.51%
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Figure 3 Effects of manual acupuncture at LI11, ST37, ST25, and BL25 on jejunal motility in diarrheic rats. A: A representative trace of jejunal motility in a rat
with diarrhea; B: Representative traces of jejunal motility regulated by acupuncture at LI11, ST37, ST25, and BL25 in diarrheic rats; C: Intrajejunal pressure was significantly enhanced by acupuncture at LI11 but reduced by acupuncture at ST25 (aP < 0.05, bP < 0.01 vs pre-acupuncture, paired t-test, n = 17); D: Only acupuncture
at ST25 decreased the frequency of jejunal motility (bP < 0.01 vs pre-acupuncture, paired t-test, n = 17); E: The percent change in intrajejunal pressure caused by
acupuncture at LI11, ST37, ST25, and BL25 (cP < 0.05, dP < 0.01 vs baseline, paired t-test, n = 17). The intrajejunal pressure was normalized by baseline, which is
denoted by the dashed line.

of baseline, which was not significant different (P > 0.05,
n = 20), suggesting that Aδ fibers may mediate, but do
not play a critical role in the regulation of jejunal motility
by acupuncture.
To identify a role of C fibers in the regulation of jejunal motility by acupuncture, as in a previous report[27],
we applied capsaicin to diminish the activity of C fibers
of the sciatic nerve. Figures 5A, B, and C show that
acupuncture at ST37 significantly enhanced intrajejunal
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pressure to 125.55% ± 2.15% of baseline in intact rats
(P < 0.01, n = 20). Following treatment with capsaicin
(2%, 25 μL) for 24 h, acupuncture at ipsilateral ST37
generated 106.63% ± 1.26% of basal intrajejunal pressure, which was significantly different when compared
pre-capsaicin treatment (P < 0.05, n = 20). However,
capsaicin did not change the frequency of jejunal motility significantly (prior to C fibers inactivation: 99.92%
± 1.13% of baseline; following C fiber inactivation:
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99.24% ± 0.85% of baseline, P > 0.05, n = 20). These
results suggest that C fibers are required for the regulation of jejunal motility by acupuncture.
M2 receptors play a role in mediating the excitatory
effect of acupuncture at heterotopic acupoints on
jejunal motility
Previous evidence indicated that the dominant cholinergic muscarinic receptors are the M2 subtype in the jejunum and M3 in the colon[28,29]. Here we aimed to illustrate
whether cholinergic muscarinic pathways play a specific
role in mediating the effect of acupuncture on jejunal
motility. Firstly, we applied methoctramine (0.5 mg/kg,
i.v.), a selective M2 receptor antagonist. Figures 6A, B, and
C show that in the presence of methoctramine, peristalsis
frequency was inhibited to 55.58% ± 3.92% of baseline
(P < 0.01, n = 10) and amplitude to 44.91% ± 3.86% of
baseline (P < 0.01, n = 10). We then applied MA at LI11,
ST37, ST25, and BL25 separately. As shown in Figures
6D and E, acupuncture at LI11 significantly rescued the
amplitude of jejunal motility from 42.83% ± 1.65% to
53.43% ± 1.95% of baseline (P < 0.05, n = 10), but only
slightly affected frequency, decreasing it from 54.83% ±
2.26% to 52.87% ± 2.18% of baseline (P > 0.05, n = 10).
Acupuncture at ST37 rescued both the frequency and
amplitude of jejunal motility markedly (frequency: from
56.78% ± 2.21% to 66.64% ± 2.05% of baseline, P < 0.05;
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amplitude: from 45.15% ± 2.22% to 70.51% ± 2.34% of
baseline, P < 0.01, n = 10), whereas acupuncture at ST25
further decreased both the frequency and amplitude of
jejunal motility (frequency: from 59.85% ± 2.74% to
38.15% ± 2.17% of baseline, P < 0.01; amplitude: from
52.48% ± 3.55% to 17.34% ± 1.39% of baseline, P <
0.01, n = 10). Acupuncture at BL25 increased the motility amplitude of the jejunum notably, from 38.03% ±
2.34% to 70.12% ± 2.22% of baseline (P < 0.01, n = 10),
but changed the frequency from 49.46% ± 3.21% to only
57.89% ± 2.60% of baseline (P > 0.05, n = 10).

DISCUSSION
In this study, we discovered that acupuncture at LI11
(containing afferents from C5 spinal dorsal horn) and
ST37 (L5), which are heterotopic acupoints to the jejunum
(T9-12), increased the amplitude of peristalsis waves and
enhanced jejunal motility not only in normal rats, but
also in constipated and diarrheic rats. Homotopic acupoints, such as ST25 (T10), decreased jejunal motility regardless of initial condition. However, BL25 stimulation
did not change jejunal motility significantly in normal,
constipated, and diarrheic rats. We also noted that activation of Aδ fibers mediated the regulation of jejunal motility; however, C fibers play a more important role in the
regulation of jejunal motility by manual acupuncture. M2
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receptors may mediate the enhancement of acupuncture
at heterotopic acupoints in part. Therefore, our study unveiled the effects and underlying mechanism of manual
acupuncture at heterotopic acupoints on jejunal motility,
as well as showing that C fibers predominate in mediating the regulation of jejunal motility by acupuncture. M2
receptors play a role in this process.
It is well known that acupuncture has regionally specific effects. Previous studies demonstrated that acupuncture at the hindlimb increased gastric motility, whereas
acupuncture at the abdomen inhibited gastric motility
in anesthetized rats[8,30]. In addition to traditional acupuncture theory, in which some acupoints exhibit dual
effects based on the basal condition, dual effects of
EA on gastric motility have also been reported in some
studies[23-26]. For example, Tatewaki et al[24] reported that
manual acupuncture at ST36 induced dual effects: stimulating gastric contractions in rats with hypomotility and
inhibiting gastric contractions in rats with hypermotility.
In the current study, we observed that acupuncture at
heterotopic acupoints caused an excitatory effect, whereas homotopic acupoints induced an inhibitory effect on
jejunal motility, no matter whether the intestines were
normal, hypomotile, or hypermotile. These data suggest
that acupuncture at heterotopic or homotopic acupoints
does not have dual effects on jejunal motility in rats,
whereas stimulation of ST37 only slightly increased intrajejunal pressure in diarrheic rats. We would like to note
that in this study, acupuncture at BL25, which is also a
heterotopic acupoint, did not show any consistent effect
on jejunal motility. The cause of this phenotype will be
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investigated further in future research.
It has been demonstrated that somatic afferents from
the skin and muscle are involved in the control of gastrointestinal motility[10-14]. Thus, cutaneous stimulations,
such as acupuncture, may stimulate the somatic afferent
nerves of the skin and muscles that are important for
evoking autonomic reflexes via the homotopic segments
or outflow from the brain stem. Our previous study
demonstrated that only stimulations greater than the
threshold for activation of Aδ and/or C fibers could
profoundly modulate gastric motility [9]. Based on the
accumulated electrophysiological and pharmacological
evidence, the first-components triggered by acupuncture
at a short latency are the small diameter Aδ fibers, with
the second stimulated component being the unmyelinated C fibers. Stimulations below the threshold strength
for Aδ fibers do not effectively trigger regulatory effects
on gastric motility regardless of the locations of the acupoints. Koizumi et al[31] conducted a systematical analysis
of the relationship between the magnitude of cutaneointestinal reflex response and the groups of afferent
fibers stimulated, and noted that stimulation of the sural
afferent nerves of the hindlimb elicited facilitative jejunal reflexes, which were obtained when the stimulus intensity activated group Ⅲ fibers, and maximal facilitation
was obtained when the stimulus intensity activated group
Ⅳ afferent fibers. Stimulating groups Ⅲ-Ⅳ, particularly
group Ⅳ, or C afferent fibers of the hindlimb caused an
excitatory intestinal reflex response. In contrast, stimulation of group Ⅳ abdominal nerves only inhibited the
intestinal reflex response. These data suggested that only
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Figure 6 Effect of methoctramine on the regulations of jejunal motility by manual acupuncture at LI11, ST37, ST25, and BL25. A: Representative traces of
jejunal motility without and with methoctramine; B: Representative traces of the regulations of jejunal motility by acupuncture at LI11, ST37, ST25, and BL25 separately following the administration of methoctramine; C: Methoctramine reduced the intrajejunal pressure significantly (bP < 0.01 vs baseline, unpaired t-test, n = 10);
D: Methoctramine decreased the frequency of jejunal motility significantly (dP < 0.01 vs control, unpaired t-test, n = 10); E: Acupuncture at LI11, ST37, and BL25 rescued the methoctramine-mediated inhibition of intrajejunal pressure significantly, but acupuncture at ST25 further decreased intrajejunal pressure in the presence of
methoctramine (fP < 0.01 vs non-methoctramine; gP < 0.05, hP < 0.01 vs pre-acupuncture, paired t-test, n = 10). Intrajejunal pressure was normalized by baseline without any treatment, the dashed line denotes basal intrajejunal pressure without methoctramine; F: Only acupuncture at ST37 significantly rescued the methoctraminemediated inhibition of frequency of jejunal motility (fP < 0.01 vs non-methoctramine, shown as the dashed line; gP < 0.05, hP < 0.01 vs pre-acupuncture, paired t-test, n
= 10). Frequency was normalized by baseline without any treatment. The dashed line denotes basal frequency of jejunal motility without methoctramine.
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acupuncture stimulation of an intensity strong enough
to excite Aδ (or group Ⅲ) and/or C (or group Ⅳ) afferent fibers may induce apparently excitatory/inhibitory
modulation of gastrointestinal motility. Previous studies
also showed that manual acupuncture activates Ⅰ, Ⅱ, Ⅲ,
and Ⅳ afferent fibers[32-34]. As described previously[33], in
this paper, stimulation by manual acupuncture manipulation at an intensity of 2Hz is sufficient to activate Aδ
and C fibers. Our data also demonstrate that although
stimulating Aδ afferent fibers via manual acupuncture
may enhance jejunal motility, stimulation of C fibers
produces a more significant excitatory jejunal reflex response.
Muscarinic acetylcholine receptors comprise five distinct subtypes (M1-5) and are widely distributed in smooth
muscle throughout the body, including the gastrointestinal tract[35-37]. In gastrointestinal smooth muscles, M2 and
M3 muscarinic receptor subtypes are preferentially expressed[35]. The recent use of mutant mice lacking specific
muscarinic receptor subtypes has revealed that not only
M3 but also M2 receptors may play a direct role in inducing contraction in gastric and ileal smooth muscles[38-42].
Both M2 and M3 receptors mediate contractions induced
by the stimulation of cholinergic nerves[43]. M2 and M3
receptors induce smooth muscle contractions via the
activation of G proteins of the Gi and Gq family, respectively[42]. M2 receptors are less active than M3 receptors in
mediating cholinergic contractions in wild-type tissues.
Although the mechanism is unknown, M2 receptor activity is reduced when M2 and M3 receptors are activated simultaneously. It has been demonstrated that cholinergic
contractions in vitro are mediated predominantly by M3
receptors. In contrast, stimulation of the most abundant
subtype M2[44,45] has been suggested to exert minor indirect contraction by reversing histamine- or forskolininduced relaxation[46-48]. However, a recent study verified
that small but significant contractions remained in the
homozygous muscles (bladder, 5%; ileum, 23%-28%)
and that M2 receptors mediated the residual contraction of M3 homozygous muscles directly[49]. Regardless
of direct or indirect involvement in the contraction of
intestinal muscles, in the current study, methoctramine
inhibited jejunal motility significantly, suggesting that
M2 receptors mediate the contraction of jejunal muscle.
However, acupuncture at the heterotopic acupoints LI11
and ST37 rescued in part the methoctramine-induced
decrease in jejunal motility, suggesting that M2 receptors
may mediate some jejunal contraction by acupuncture.
M3 receptors may play an important role in rescuing jejunal contraction by acupuncture despite its lower density
in jejunal tissue. Our data in M2/M3 knockout mice have
also demonstrated that both M2 and M3 receptors mediated increased jejunal motility by acupuncture at heterotopic acupoints (data not shown).
In summary, we conclude that acupuncture at heterotopic acupoints, particularly in the limbs, increases the
amplitude of jejunal motility regardless of whether the
intestine showed normal motility, hypomotility, or hyper-
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motility. C afferent fibers are essential for this enhancing effect of acupuncture on jejunal motility; however,
Aδ afferent fibers may mediate the transduction of the
acupuncture signal. Cholinergic muscarinic receptors,
including M2 and M3 subtypes, play an important role in
the enhancement of jejunal motility by acupuncture at
heterotopic acupoints.
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Abstract
AIM: To construct a tricistronic hepatitis C virus (HCV)
replicon with double internal ribosome entry sites
(IRESes) of only 22 nucleotides for each, substituting
the encephalomyocarditis virus (EMCV) IRESes, which
are most often used as the translation initiation element
to form HCV replicons.
METHODS: The alternative 22-nucleotide IRES,
RNA-binding motif protein 3 IRES (Rbm3 IRES), was
used to form a tricistronic HCV replicon, to facilitate
constructing HCV-harboring stable cell lines and
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successive antiviral screening using a luciferase marker.
Briefly, two sequential Rbm3 IRESes were inserted into
bicistronic pUC19-HCV plasmid, consequently forming
a tricistronic HCV replicon (pHCV-rep-NeoR-hRluc),
initiating the translation of humanized Renilla luciferase
and HCV non-structural gene, along with HCV authentic
IRES initiating the translation of neomycin resistance
gene. The sH7 cell lines, in which the novel replicon
RNA stably replicated, were constructed by neomycin
and luciferase activity screening. The intracellular HCV
replicon RNA, expression of inserted foreign genes
and HCV non-structural gene, as well as response to
anti-HCV agents, were measured in sH7 cells and cells
transiently transfected with tricistronic replicon RNA.
RESULTS: The intracellular HCV replicon RNA and
expression of inserted foreign genes and HCV nonstructural gene in sH7 cells and cells transiently
transfected with tricistronic replicon RNA were
comparable to those in cells stably or transiently
transfected with traditional bicistronic HCV replicons.
The average relative light unit in pHCV-rep-NeoR-hRluc
group was approximately 2-fold of those in the pUC198
HCV-hRLuc and Tri-JFH1 groups (1.049 × 10 ± 2.747
7
7
7
× 10 vs 5.368 × 10 ± 1.016 × 10 , P < 0.05; 1.049
8
7
7
7
× 10 ± 2.747 × 10 vs 5.243 × 10 ± 1.194 × 10 ,
P < 0.05), suggesting that the translation initiation
efficiency of the first Rbm3 IRES in the two sequential
IRESes was stronger than the HCV authentic IRES
and EMCV IRES. The fold changes of 72 h/4 h relative
light units in the pHCV-rep-NeoR-hRluc and pUC19HCV-hRLuc groups were similar (159.619 ± 9.083 vs
163.536 ± 24.031, P = 0.7707), and were both higher
than the fold change in the Tri-JFH1 group 159.619
± 9.083 vs 140.811 ± 9.882, P < 0.05; 163.536 ±
24.031 vs 140.811 ± 9.882, P < 0.05), suggesting that
the replication potency of the Rbm3 IRES tricistronic
replicon matched the replication of bicistronic replicon
and exceeded the potency of EMCV IRES replicon.
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Replication of tricistronic replicons was suppressed
by ribavirin, simvastatin, atorvastatin, telaprevir
and boceprevir. Interferon-alpha 2b could not block
replication of the novel replicon RNA in sH7 cells. After
interferon stimulation, MxA mRNA and protein levels
were lower in sH7 than in parental cells.
CONCLUSION: Tricistronic HCV replicon with double
Rbm3 IRESes could be applied to evaluate the
replication inhibition efficacy of anti-HCV agents.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepacivirus; Replicon; Internal ribosome
entry site; Tricistronic expression
Core tip: Two sequential RNA-binding motif protein 3
internal ribosome entry sites (IRESs) of 22 nucleotides
were used to construct a tricistronic hepatitis C virus
(HCV) replicon, initiating translation of humanized
Renilla luciferase and HCV non-structural gene, along
with HCV authentic IRES initiating translation of
neomycin resistance gene. Intracellular HCV replicon
RNA and expression of inserted foreign genes and
HCV non-structural gene in cells transiently and
stably transfected with tricistronic replicon RNA were
comparable to those in cells transfected with traditional
bicistronic HCV replicons. The novel replicon could be
applied to evaluate replication inhibition efficacy of antiHCV agents, except for interferon-α2b, which might be
attributed to suppressed interferon response pathway.
Cheng X, Gao XC, Wang JP, Yang XY, Wang Y, Li BS, Kang
FB, Li HJ, Nan YM, Sun DX. Tricistronic hepatitis C virus
subgenomic replicon expressing double transgenes. World J
Gastroenterol 2014; 20(48): 18284-18295 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i48/18284.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i48.18284

INTRODUCTION
Hepatitis C virus (HCV) is a major cause of chronic
liver disease, with 170 million people chronically infected
worldwide, which are nearly 3% of the world’s population[1].
Efforts in developing new satisfactory therapeutic
agents against HCV have been hampered until recently
by difficulties in replicating the virus in cultured cells[2].
This barrier was eventually circumvented by a pivotal
breakthrough; subgenomic replicons without structural
genes[3,4], which were established in human hepatocellular
carcinoma cell line Huh-7, were highly permissive for
HCV replication[5], allowing for the screening of new
antiviral compounds.
In the first in vitro culture system, HCV subgenomic
RNA replicated and maintained itself as long as HCV
gene was efficiently reproduced[4]. In HCV subgenomic
replicon RNA, the structural protein region of HCV
is replaced with the coding sequence of neomycin
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phosphotransferase (NeoR) that detoxifies neomycin
harboring cytotoxicity. The HCV internal ribosome
entry site (IRES) is preserved to direct translation
of inserted NeoR, whereas the IRES derived from
encephalomyocarditis virus (EMCV) is inserted at
the downstream region of the NeoR gene to initiate
translation of successive non-structural HCV proteins,
which are located downstream within replicon RNA and
involved in HCV gene replication.
For high-throughput compound screening, however,
replicons containing both reporter gene and selectable
marker have been proven to be the most useful. In
that case, a sequence (e.g., 2A, ubiquitin) that mediates
proteolytic cleavage is needed to link the reporter gene
and selectable marker[6-8], forming fusion proteins that
are structurally and functionally incompatible. The
incompatibility might introduce impaired protein activity
and solubility owing to unnatural folding processes of
fusion proteins during translation and post-translational
modification, as well as uncontrolled and insufficient
cleavage efficiency of intracellular endogenous protease.
Thus the tricistronic replicon is needed to simultaneously
express selection marker and reporter gene to construct
stable cell lines with high replication of HCV RNA,
as well as to ensure sufficient production of reporter
proteins. A tricistronic replicon, termed Tri-JFH1[9],
was used to generate stable cell lines that constitutively
synthesized HCV subgenomic RNA harboring the NeoR
for drug selection and a luciferase reporter enzyme for
assessing the levels of HCV RNA synthesis and the effect
of small interfering RNA on HCV RNA replication.
Nevertheless, the major caveats with the current vector
systems utilizing EMCV IRES are that the translation
efficiency is significantly weaker than that of HCV IRES,
and that the 450-nucleotide (nt) sequence might be too long
for a replication-competent vector, which would occupy a
substantial fraction of the limited space on the recombinant
vector genome; the same holds for the majority of the
other well-established viral IRES elements[10]. Thus we
considered a shorter IRES of only 22 nt, which was
truncated from the 720-nt 5’ leader of the RNA-binding
motif protein 3 (Rbm3) mRNA by deletion and mutation
analysis[11]. The Rbm3 sequence functions as an IRES when
tested in isolation, and additionally, the Rbm3 IRES module
binds specifically to 40 S ribosomal subunits as well.
Therefore, we introduced two inserts of the short IRES
into HCV replicons (with HCV IRES directing NeoR)
to respectively initiate translation of humanized Renilla
luciferase (hRLuc) and HCV non-structural proteins,
forming a novel tricistronic HCV replicon independently
and simultaneously expressing NeoR, luciferase and HCV
non-structural proteins.

MATERIALS AND METHODS
Construction of tricistronic HCV replicon with two Rbm3
IRESes
The bicistronic pUC19-HCV replicon of genotype 1b
(Genbank accession number: AJ242652.1)[4] was gifted by
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Professor TS Benedict Yen at University of California,
San Francisco. In this replicon, HCV structural genes
were replaced by NeoR and EMCV IRES (Figure 1A,
plasmid Ⅰ). Subsequently, the plasmid was re-constructed
into a similar one by replacing the NeoR with a segment
of humanized Renilla luciferase (Figure 1A, plasmid
Ⅱ). The Rbm3 22-nt IRES sequence (along with space
sequence and ATG) was: TTT ATA ATT TCT TCT TCC
AGA AGA ATT TGT TGG TAA AGC CAC CAT G[11].
The IRES was synthesized by Sangon Biotech (Shanghai,
China). The segment of Rbm3IRES-hRLuc-Rbm3IRES
was amplified by PCR and subcloned into pUC19-HCV
replicon, replacing the sequence of EMCV IRES, located
downstream of the NeoR region and prior to HCV
non-structural gene (Figure 1A, plasmid Ⅲ). The newly
constructed HCV replicon was named pHCV-rep-NeoRhRluc and used as a template for cell-free transcription
of HCV replicon RNA. A replication-defective vector
(pHCV-ΔNS5B-NeoR- hRluc, Figure 1A, plasmid Ⅴ)
as a negative control was produced by digesting pHCVrep-NeoR-hRluc with BglⅡ, which liberates a 1000 bp
region containing the active site of NS5B, followed by
religation[12].
Selection of stable cell lines carrying HCV replicon
Tricistronic HCV replicon pHCV-rep-NeoR-hRluc was
linearized by endonuclease ScaI (Takara, Otsu, Japan)
and used as a template for cell-free in vitro transcription
of HCV replicon RNA with RiboMAX Large Scale
RNA Production Systems (Promega, Madison, WI,
United States). Huh7 cells were planted in 6-well plates
and were cultured in high-glucose DMEM (Gibco, New
York, United States) without antibiotics, which was
supplemented with 10% (v/v) fetal bovine serum (Gibco)
and non-essential amino acids (Invitrogen, Carlsbad, CA,
United States). RNA transcribed from HCV replicons
was transfected into the cells with Lipofectamine 2000
(Invitrogen), following the manufacturer’s instructions.
Neomycin G418 (Gibco) at a dose of 800 μg/mL was
supplemented 48 h after transfection and the cells were
screened with G418 for the following 4-8 wk. The cell
clone with the highest luciferase expression was selected
and proliferated for the subsequent HCV antiviral assay.
Northern blot for HCV replicon RNA
Total cellular RNA was extracted from Huh7 and HCV
replicon transfected cells using an SV Total RNA Isolation
System (Promega) according to the manufacturer’
s instructions and quantified by measuring optical
density at 260 nm with a BioPhotometer (Eppendorf,
Hamburg, Germany). Northern blot for HCV replicon
RNA was performed as previously described[13]. After
ultraviolet irradiation cross-linking, the membrane was
incubated with 32P-labeled negative-sense riboprobe that
was complementary to nucleotides 8374-9440 of NS5B
and the 3’ UTR[14]. Hybridization with negative-sense
riboprobe for glyceraldehyde-3-phosphate dehydrogenase
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(GAPDH) served to normalize the total RNA amount
loaded in each lane of the gel. Signals were detected by
autoradiography.
Real-time PCR for HCV RNA and myxovirus resistance
gene A mRNA
Total cellular RNA extracted from Huh7 and HCV
replicon transfected cells as described above was reverse
transcribed and quantified for HCV RNA using a
TaqMan EZ RT-PCR Kit (Applied Biosystems, Foster
City, CA, United States) and SLAN Real-Time PCR
system (Hongshi, Shanghai, China). The primers and
probe for the HCV replicon containing NeoR have been
previously described by Ali et al[15] and Dhanak et al[16], with
5’-CCGGCTACCTGCCCATTC-3’ as the forward primer,
5’-CCAGATCATCC TGATCGACAAG-3’ as the reverse
primer and 5’-(FAM)-ACATCGCATCGA GCGAGCACG
TAC-(TAMRA)-3’ as the probe, all of which were targeted
to the NeoR sequence within the HCV replicon. The
primers and probe for HCV replicon containing hRluc
were 5’-GGGCGAGAAAATGGTGCTTG-3’ (forward
primer), 5’-GAATGGCTCCAGGTAGGCAG-3’ (reverse
primer), and 5’-TCGAGACCATGCTCCCAAGCAAG-3’
(probe), targeting the hRLuc sequence. The Myxovirus
resistance gene A (MxA) mRNA level in Huh7 and the
HCV replicon transfected cells was determined by realtime PCR and subsequent analysis via 2-∆∆Ct method.
The primers for MxA mRNA were as follows: forward,
5’-CACCACAGAGGCTCTCAGCATGGCC-3’, and
reverse, 5’-CTTCCTCCCCTACAGTTTCCTCTCC-3’.
GAPDH was used as a reference with forward primer
5’-ACCACAGTCCATGCCATCAC-3’ and reverse primer
5’-TCCACCACCCTGTTGCTGTA-3’.
Luciferase activity assay to quantify the replication of
HCV replicons
Cells transfected with tricistronic HCV replicon were lysed and
subjected to an hRLuc activity assay using a GloMax 20/20
Luminometer following the manufacturer’s instructions
(Promega). The relative light units were recorded for each
cell strain. All luciferase assays were performed at least in
quadruplicates.
Western blot for HCV NS5B and MxA
A standard procedure was used for Western blot to
detect HCV NS5B and MxA, with actin as a control[17].
Anti-NS5B, MxA and actin antibodies were obtained
from Santa Cruz Biotechnology (Santa Cruz, CA, United
States). Signals were revealed with Western Blotting
Luminol Reagent (Santa Cruz).
Statistical analysis
All of the data are presented as mean ± SD unless
otherwise stated. Statistical analyses were performed by
Student’s t-test and analysis of variance where appropriate.
P < 0.05 was considered statistically significant.
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Figure 1 Replication and transgene expression of hepatitis C virus replicons. A: Structure of hepatitis C virus (HCV) replicons. Ⅰ: The parental replicon,
pUC19-HCV, was a subgenomic replicon in which core, E1, E2, p7 and NS2 were replaced by neomycin phosphotransferase (NeoR) gene and encephalomyocarditis
virus (EMCV) internal ribosome entry site (IRES); Ⅱ: The bicistronic replicon, pUC19-HCV-hRLuc, was derived from pUC19-HCV by replacing NeoR with humanized
Renilla luciferase (hRLuc) gene; Ⅲ: The novel tricistronic replicon, pHCV-rep-NeoR-hRLuc, was derived from pUC19-HCV by replacing EMCV IRES with two
sequential Rbm3 IRES and the hRLuc gene for simultaneous expression of NeoR and hRLuc.; Ⅳ: The tricistronic replicon with double EMCV IRESes, Tri-JFH1,
was previously reported; Ⅴ: The replication defective vector, pHCV-Δ5B-NeoR- hRLuc, was generated by truncating the active site of NS5B; B: Replication of HCV
RNA in Huh-7 cells transiently transfected by replicons. Huh-7 cells were co-transfected with in vitro transcribed replicon RNA (Ⅰ-Ⅳ) and replication-defective RNA
from pHCV-Δ5B-NeoR-hRLuc as control (white columns). The replication of tricistronic HCV replicon was comparable to that derived from pUC19-HCV and pUC19HCV-hRLuc and higher than that derived from Tri-JFH1; C: Transgene expression 4 h after replicon RNA transfection. The transgene of hRLuc was expressed at
a significantly higher level in cells transfected with Rbm3 IRES tricistronic replicon than in cells transfected with pUC19-HCV-hRLuc and Tri-JFH1; D: Transgene
expression 72 h after replicon RNA transfection; E: Fold changes of hRLuc activity between the time points of 4 and 72 h after transfection. aP < 0.05 between two
groups.
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RESULTS
Replication and transgene expression of tricistronic
HCV replicons after transient transfection
HCV replicon RNA was in vitro transcribed using
pUC19-HCV, pUC19-HCV-hRLuc, pHCV-rep-NeoRhRluc, Tri-JFH1 and pHCV-Δ5B-NeoR- hRluc (Figure
1A) as templates, respectively. Seventy-two hours after
the purified RNA derived from vectors of pUC19-HCV,
pUC19-HCV-hRLuc, pHCV-rep-NeoR-hRluc and TriJFH1 was co-transfected into Huh-7 cells along with
RNA from pHCV-Δ5B-NeoR-hRluc as a control, the
HCV RNA was quantified by real-time PCR. Although
slightly lower, the replication of tricistronic HCV replicon
with Rbm3 IRESes was comparable to that of pUC19HCV and pUC19-HCV-hRLuc (Figure 1B, Ⅲ vs Ⅰ, P =
0.1287, Ⅲ vs Ⅱ, P = 0.2206). The replication of replicon
derived from pHCV-rep-NeoR-hRluc was significantly
more potent than that from Tri-JFH1 (Figure 1B, Ⅲ
vs Ⅳ , P = 0.0136). The average replicon RNA copy
numbers of pUC19-HCV, pUC19-HCV-hRLuc, pHCVrep-NeoR-hRluc and Tri-JFH1 group in quadruplicated
experiments were 8.93 × 105 ± 3.01 × 105, 8.08 × 105
± 2.65 × 105, 6.17 × 105 ± 8.83 × 104, and 4.01 × 105 ±
8.87 × 104, respectively. The RNA levels of replicationdefective “replicon” derived from pHCV-Δ5B-NeoRhRluc were nearly equal when it was co-transfected with
four different replication-competent replicons (Figure 1B,
white columns). Although the total length was increased
in the tricistronic replicon, the replication of replicon
RNA was largely intact when compared with that of
shorter bicistronic replicons. Moreover, the shorter Rbm3
IRESes showed a slighter impairment of replication
potency of tricistronic replicon than the EMCV IRESes.
After replicon RNA transcription, three types of
replication-competent replicons were co-transfected
into Huh7 cells, respectively, along with the replicationdefective RNA derived from pHCV-Δ5B-NeoR-hRluc
as a control. Subsequently, cell lysates were harvested at
4 and 72 h after co-transfection and subjected to hRLuc
activity assay. Four hours after transfection, expression of
hRLuc was significantly higher in cells transfected with
Rbm3 IRES tricistronic replicon than in cells transfected
with replicons transcribed from pUC19-HCV-hRLuc and
Tri-JFH1 (Figure 1C, Ⅲ vs Ⅱ, P = 0.0129, Ⅲ vs Ⅳ, P =
0.0128). In the quadruplicated experiments, the average
relative light unit in the pHCV-rep-NeoR-hRluc group
was approximately 2-fold of those in the pUC19-HCVhRLuc and Tri-JFH1groups (1.049 × 108 ± 2.747 × 107
vs 5.368 × 107 ± 1.016 × 107, P < 0.05), suggesting that
the translation initiation efficiency of the first Rbm3
IRES in the two sequential IRESes was stronger than
the HCV authentic IRES and EMCV IRES. The hRLuc
expression derived from pHCV-Δ5B-NeoR-hRluc in
each group was similar to the hRLuc expression from
pHCV-rep-NeoR-hRluc (Figure 1C, white columns),
implying that the hRLuc activity at the time point of 4 h
after RNA transfection could be regarded as a sensitive
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marker to compare the translation initiation efficiency of
Rbm3 IRES with efficiency of HCV IRES and EMCV
IRES without influence of replicon replication. Seventytwo hours after transfection, the hRLuc expression was
also significantly higher in cells transfected with Rbm3
IRES tricistronic replicon than in cells transfected with
replicons transcribed from pUC19-HCV-hRLuc and
Tri-JFH1 (Figure 1D, Ⅲ vs Ⅱ, P = 0.0125, Ⅲ vs Ⅳ, P =
0.0045). Subsequently, the hRLuc activity at 72 h after
transfection was normalized to that at the 4 h time point
to compare the replication potency of each replicon
by diminishing the influence of basal difference of
hRLuc activity between replicons. We found that the
fold changes in 72 h/4 h relative light unit in the pHCVrep-NeoR-hRluc and pUC19-HCV-hRLuc groups were
similar (Figure 1E, Ⅲ vs Ⅱ, 159.619 ± 9.083 vs 163.536
± 24.031, P = 0.7707, n = 4), and were both higher
than the fold change in the Tri-JFH1 group (159.619 ±
9.083 vs 140.811 ± 9.882, P < 0.05, n = 4 and 163.536 ±
24.031 vs 140.811 ± 9.882, P < 0.05, n = 4), suggesting
that the replication potency of Rbm3 IRES tricistronic
replicon matched the replication of bicistronic replicon
and exceeded the potency of EMCV IRES replicon. This
finding was consistent with the results of replicon RNA
quantification shown in Figure 1B.
Inhibitory effects of interferon-α 2b and ribavirin on
HCV replicon in Huh7 cells transiently transfected with
tricistronic replicon
Prior to construction of stable transfection cell lines
with tricistronic replicon, the effects of interferonα 2b (IFN α 2b) and ribavirin on HCV replicon were
investigated in Huh7 cells transiently transfected with
the tricistronic replicon. Four hours after transfection,
an increasing dose of IFNα2b up to 300 IU/mL was
inoculated into cells for 72 h. Accordingly, 4 h after
transfection, cells were successively treated with 300 IU/
mL IFNα2b for 24, 48 and 72 h. Similarly, Huh7 cells
were treated with ribavirin at increasing doses (0, 3, 10
and 30 μg/mL) and with a high dose for 0, 24, 48 and
72 h. The luciferase activity was substantially reduced
in the Huh7 cells that were transiently transfected with
tricistronic replicon in a dose- and time-dependent
manner (Figure 2A and B). Correspondingly, the
luciferase activity was markedly impeded by ribavirin in
Huh-7 cells transiently transfected with replicon (Figure
2C and D), indicating that HCV RNA replication could
be prevented by anti-HCV agents, including IFNα2b,
in the novel replicon system when it was tested in a
transient transfection setting.
HCV RNA and NS5B expression in cell lines harboring
tricistronic HCV replicon
Fifty stable cell clones were screened with G418 from
Huh-7 cells transfected with the purified tricistronic HCV
replicon RNA. Four of the 50 clones with the highest
hRLuc expression were selected and designated sH1,
sH6, sH7, and sH20 (Figure 3A). The hRLuc activity
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Figure 2 Response of tricistronic replicon to interferon-α2b and ribavirin. A: Response of tricistronic replicon to increasing doses of interferon (IFN)α2b when
transiently transfected. The luciferase activity was substantially reduced in Huh7 cells transiently transfected with tricistronic replicon in a dose-dependent manner.
The humanized Renilla luciferase (hRLuc) activity was measured by relative light units and normalized to that of untreated cells; B: Response of tricistronic replicon
to different durations of IFNα2b treatment when transiently transfected. The luciferase activity was substantially reduced in Huh7 cells transiently transfected with
tricistronic replicon in a time-dependent manner; C: Response of tricistronic replicon to increasing doses of ribavirin when transiently transfected. The luciferase
activity was markedly reduced in Huh7 cells transiently transfected with tricistronic replicon in a dose-dependent manner; D: Response of tricistronic replicon to
different durations of ribavirin treatment when transiently transfected. The luciferase activity was markedly reduced in Huh7 cells transiently transfected with tricistronic
replicon in a time-dependent manner.

was highest in the sH7 cells among all the surviving cell
clones (Figure 3A). Huh-7 cells were also transfected with
pUC19-HCV replicon and screened with G418 to form
stable clones as a reference. Accordingly, the stable clone
with the highest replicon RNA replication was selected
and designated as esH8 to compare with tricistronic
clones.
HCV RNA could be amplified from all the tricistronic
replicon strains, especially in sH7 clones, in which HCV
RNA copy number was higher than in any of the other
strains, parental Huh-7 cells or esH8 cells (Figure 3B).
The RNA replication and NS5B expression could
be determined by Northern and Western blot in all
the tricistronic replicon strains, especially in the sH7
clones, in which the HCV RNA and NS5B levels were
higher than those in parental Huh-7 cells and esH8 cells
(Figure 3C and D). This finding implied that replicon
RNA replication in stable clones selected by antibiotic
and hRLuc activity assay was similar to the replication
in clones selected traditionally by antibiotics alone. The
consistency of the NS5B, RNA level and hRLuc activity
in tricistronic replicon clones suggested that hRLuc
activity could be regarded as a reliable marker of HCV
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replicon replication.
Suppressive effects of ribavirin, hydroxy methylglutaryl
coenzyme A reductase inhibitor and NS3/4A serine
protease inhibitor on HCV replicon RNA replication in
sH7 cells
To test the practicability of our tricistronic HCV
replicons in anti-HCV drug screening, ribavirin, two
types of hydroxy methylglutaryl coenzyme A (HMG
CoA) reductase inhibitors (simvastatin and atorvastatin)
and two types of NS3/4A serine protease inhibitors
(telaprevir and boceprevir) were incubated with sH7 cells,
in which HCV replicon RNA was stably replicated along
with hRLuc expression. Gradient doses of ribavirin,
simvastatin, atorvastatin, telaprevir or boceprevir were
added to the culture medium, as shown in Figure 4.
The culture medium with ribavirin, simvastatin and
atorvastatin was replaced after incubation for 72 h. The
medium with telaprevir and boceprevir was replaced after
48 h. Accordingly, sH7 cells were treated with 10 μg/mL
ribavirin, 10 μmol/L simvastatin, 10 μmol/L atorvastatin,
1 μmol/L telaprevir or 1 μmol/L boceprevir for different
durations, as indicated in Figure 4. After sH7 cells were
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Figure 3 Characterization of the tricistronic hepatitis C virus replicon. A: Transgene expression in cells stably transfected with tricistronic hepatitis C virus
(HCV) replicon. Fifty stable cell clones were screened with G418 from Huh-7 cells transfected with the purified tricistronic HCV replicon RNA. The humanized Renilla
luciferase (hRLuc) activity in sH7 cells was the highest among all of the surviving cell clones; B: HCV RNA in cells stably transfected with tricistronic HCV replicon.
HCV RNA in four strains with the highest level of hRLuc activity was quantified by real-time PCR. Huh-7 cells were also transfected with pUC19-HCV and screened
to form stable clones as a reference, namely esH8 after the encephalomyocarditis virus internal ribosome entry site (IRES). HCV RNA was amplified from all the
tricistronic replicons strains, especially in sH7 clones, in which HCV RNA copy number was higher than any other strains and parental Huh-7 cells. HCV RNA levels
in sH7 cells was even more than that in esH8, the pUC19-HCV stably transfected cells; C: Replication of HCV replicons in cells stably transfected with tricistronic
HCV replicon. RNA replication was seen in all the tricistronic replicons strains, especially in sH7 clones, in which HCV RNA level was significantly higher than that of
parental Huh-7 cells and even higher than that of esH8. The esH8 cells harboring pUC19-HCV replicon with NeoR gene directed by HCV IRES were also used as a
reference; D: HCV non-structural gene expression in cells stably transfected with tricistronic HCV replicon. NS5B was probed in four strains with the highest level of
hRLuc activity and esH8 cells by Western blot. HCV NS5B protein was found in four tricistronic replicon clones, especially in sH7 clones with the highest NS5B level.
NS5B in sH7 cells was comparable to that in esH8 cells.

treated with ribavirin at increasing doses for 72 h, the
luciferase activity sharply declined in a dose-dependent
manner; especially in cells treated with 10 and 30 μg/
mL ribavirin (Figure 4A). When sH7 cells were treated
with 10 μg/mL ribavirin for increasing durations, the
luciferase activity decreased in a time-dependent manner
(Figure 4B), suggesting that the replication of HCV RNA
in the sH7 cells incorporated with our tricistronic HCV
replicon was impaired by ribavirin, which is the most
widely used antiviral drug in patients with hepatitis C.
Similar dose- and time-dependent patterns of inhibition
were detected in sH7 cells treated with simvastatin,
atorvastatin (Figure 4C and D), telaprevir or boceprevir
(Figure 4E and F). The sensitivity of the tricistronic
HCV replicon to antivirals contributed to application of
this novel replicon and derived cell lines for anti-HCV
agent screening, including novel HMG CoA reductase
inhibitors and NS3/4A serine protease inhibitors.
IFNα 2b could not block HCV replicon RNA replication in
sH7 cells
After sH7 cells were treated with increasing doses of
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IFNα2b for 72 h, there was no significant decrease in
the luciferase activity, which was clearly inconsistent with
the significant inhibitory effects of ribavirin, simvastatin
and atorvastatin. Even in sH7 cells treated with 300
IU/mL IFNα2b, the luciferase activity was maintained at
approximately 85% of that in untreated sH7 cells (Figure
5A, left panel), implying that IFNα2b up to 300 IU/mL
was not sufficient to suppress HCV RNA replication
in sH7 cells. Accordingly, the luciferase activity in sH7
cells treated with 300 IU/mL IFNα2b for as long as 96
h was largely intact compared with that in untreated sH7
cells (Figure 5A, right panel), suggesting that prolonged
treatment with abundant IFNα2b does not inhibit HCV
RNA replication in cells stably transfected with the newly
formed tricistronic HCV replicon.
IFNα 2b reduces MxA expression in sH7 cells
Given that the human MxA gene encodes a type I IFNinducible protein that exhibits activity against a variety
of RNA viruses, including HCV[18,19], MxA expression in
IFNα2b-treated Huh-7 and sH7 cells was investigated to
elucidate the mechanism of IFNα2b resistance in sH7
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Figure 4 Response of sH7 cells to antivirals. sH7 cells stably transfected with tricistronic hepatitis C virus (HCV) replicon were treated with ribavirin (A and B),
HMG CoA reductase inhibitors (simvastatin and atorvastatin; C and D), and NS3/4A serine protease inhibitors (telaprevir and boceprevir; E and F). All three types of
antivirals suppressed replication of tricistronic HCV replicons in sH7 cells in a dose- and time-dependent manner. The relative light units were normalized to those in
untreated sH7 wells as a control.

cells by real-time PCR. The fold changes were calculated
to determine the ratio of MxA mRNA in IFN-treated
cells to MxA mRNA in untreated cells. The fold change
of MxA mRNA in Huh-7 cells after IFN treatment was
higher than that in HCV replicon stably transfected cell
lines after IFN treatment (Figure 5B). It showed that after
IFNα2b stimulation, the MxA mRNA level was higher
in Huh-7 cells than in sH7 cells in which HCV replicon
was stably transfected.
Additionally, the MxA protein level was elevated after
IFNα2b treatment in both Huh-7 and sH7 cells, whereas
no MxA was detected in these two types of cells without
IFNα2b stimulation. The MxA protein level was higher
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in parental Huh-7 cells than in sH7 cells (Figure 5C),
indicating that the absence of responding MxA might
contribute to the failure of IFN α 2b to block HCV
replicon RNA replication in sH7 cells.

DISCUSSION
As the activity of most IRESes is cell-type dependent,
the lack of information concerning the activity of the
Rbm3 IRES in hepatocyte-derived cell lines led us to
test its activity in Huh7 cells. Moreover, a comparison
of Rbm3 IRES and EMCV IRES in a HCV replicon
context has not been reported thus far. We found
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Figure 5 Resistance of hepatitis C virus replicon to interferon-α2b in sH7 cells. A: The replication of hepatitis C virus (HCV) replicon was not blocked by
interferon (IFN)α2b. The sH7 cells, in which HCV replicon was stably replicated along with humanized Renilla luciferase (hRLuc) expression, were treated with
increasing doses of IFNα2b for different durations. The replication of HCV replicon was not blocked by IFNα2b up to 300 IU/mL for 96 h. The relative light units were
normalized to those in untreated sH7 wells as a control; B: Real-time PCR of MxA mRNA in Huh-7 cells and HCV replicon cell lines treated with IFNα2b. The fold
change of MxA mRNA in Huh-7 cells after IFN treatment was much higher than fold changes in HCV replicon stably transfected cell lines after IFN treatment; C: MxA
protein in sH7 and Huh-7 cells treated with IFNα2b. MxA protein level was elevated by IFNα2b in both Huh-7 and sH7 cells, whereas no MxA was detected in these
two types of cells without IFN stimulation. Additionally, the level of MxA protein was greater in parental Huh-7 cells than in sH7 cells in which HCV replicon was stably
transfected.

that Rbm3 IRES activity was approximately 2-fold of
the activity of EMCV IRES in Huh7 cells. The 22-nt
IRES works well on an RNA driven by a heterologous
cytomegalovirus promoter and by an authentic HCV
promoter. It even works on a tricistronic RNA that
mimics HCV RNA with two transgenes inserted
between the HCV IRES and HCV non-structural gene.
Furthermore, we found that the sequential double Rbm3
IRESes could efficiently direct translation of inserted
transgene and authentic polymerase gene simultaneously
in a replication-competent hepatitis B virus vector. These
findings have recently been reported by our group[20]. In
regard to the influence of IRES on replication potency
of HCV replicons, we found that the sequential double
Rbm3 IRESes did not significantly impair the replicon
replication and showed an advantage over double EMCV
IRESes, which might be attributed to the shorter length
of Rbm3 IRES than EMCV IRES. The relationship
between the length of inserted IRES into HCV replicon
and the replication potency of replicon needs to be
further addressed.
The introduction of the concise Rbm3 IRES
facilitated the construction of tricistronic replicons
and endowed the novel tricistronic replicons with an
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advantage over their bicistronic counterparts, which
could be summarized as follows: the avoidance of
potential structural and functional incompatibility in
fusion proteins; the convenience of screening cell strains
successively with antibiotic and fluorescence markers.
In sH7 cells stably harboring the HCV replicon, the
HCV replication was efficiently suppressed by ribavirin,
simvastatin, atorvastatin, telaprevir and boceprevir. In
contrast, IFNα2b did not block HCV replicon RNA
replication in sH7 cells. This observation was inconsistent
with our expectation and with previous reports from
other researchers [3,21]. Thus, we considered that the
acquired IFN resistance of stably transfected cells during
screening might be involved to explain this inconsistency.
Endogenous IFN plays a crucial role in antiviral defense,
including exerting a potent and direct replicationsuppressive effect when host cells were infected by HCV.
When the cells were transfected with an HCV replicon
carrying the antibiotic-resistance gene NeoR, and were
cultured in medium with abundant neomycin, only a
small portion of cells, in which HCV replicon replicated
vigorously and steadily, produced a sufficient amount of
NeoR, and consequently survived the successive antibiotic
screening for several months. To sustain the high level of
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replication in cells, two mechanisms may function during
the screening process. The first mechanism is the adaptive
mutation of the HCV replicon genome that boosted the
efficiency of RNA replication. The second interpretation
is the gradual adaptation of host factors that contributed
to the “permissive” status of the host cells for HCV
RNA replication, especially host factors that could
restrict the antiviral function of IFN. In fact, several cell
lines that are resistant to IFNα have been constructed.
Using conditions that mimic the in vivo selection of IFNresistant cells, the RST2 cell line has been isolated from
the highly IFN-sensitive Daudi human Burkitt lymphoma
cell line. The RST2 cell line is resistant to the antiviral,
antiproliferative, and gene-induction activity of IFNα[22].
It has also been reported that IFN-resistant cells can
be generated by selection with progressively increasing
concentrations of IFNα[23]. Thus, the emergence of IFNresistant strains from tricistronic replicon transfected
cells was reasonable during antibiotic screening.
It has been demonstrated that HCV infection
can suppress the IFN response in hepatocytes [24,25].
In particular, HCV NS5A inhibits IFN α signaling
by suppressing the signal transducer and activator of
transcription 1 phosphorylation in hepatocyte-derived
cell lines. Furthermore, NS5A inhibits activation of
IFN-stimulated gene factor 3 and IFN-stimulated
response element-driven gene expression[26]. Thus, the
accumulated NS5A in sH7 cells after several months of
antibiotic screening might be a crucial factor conveying
IFN resistance. In contrast, the factors in parental Huh-7
cells or HCV replicon transiently transfected cells, which
impair the IFN response pathway, might not be sufficient
to block the antiviral activity of IFN.
The HCV non-structural genes in our tricistronic
replicon were directed by the novel Rbm3 IRES. The
translation initiation efficiency of the 22-nt IRES was
higher than that of the EMCV IRES, which is widely
used to initiate translation of HCV non-structural
genes in bicistronic replicons, therefore, NS5A and
other HCV non-structural proteins in sH7 cells were
present in higher quantities than in esH8 cells. Thus, the
IFN response was largely suppressed in sH7 cells but
predominantly preserved in esH8 cells. The resistance to
IFN observed in our tricistronic HCV replicon system
merits further detailed investigation focusing on the host
factors as well as the adaptive mutation analysis of the
HCV replicon genome.
MxA is a key mediator of the IFN-induced response
against a wide range of viruses[27]. MxA expression is
widely used as a surrogate marker for IFN activity in
various experimental and clinical settings[28-30]. Therefore,
we compared the IFN-induced MxA expression in HCV
replicon stably transfected sH7 cells and transiently
transfected Huh-7 cells to elucidate IFN resistance in
sH7 cells. The impaired MxA mRNA and protein levels
in sH7 cells, in contrast to those in Huh7 cells, revealed
that the IFN pathway was retarded in sH7 cells, which
contributed to the IFN resistance in sH7 cells. MxA
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might be just one among several IFN-stimulated genes,
which were involved in the co-adaptation of the cells
and replicon. The passive modification of cellular host
factors during antibiotic selection might be addressed by
proteomic research in the future. This instinct feature
of sH7 cells, in which the HCV replicon potently and
sustainably replicated with resistance to IFN, makes
it a unique model by which to probe the mechanism
underlying the unsatisfactory therapeutic effects of IFN
in nearly 50% of patients with hepatitis C.
In conclusion, we have constr ucted a novel
tricistronic HCV replicon with the aid of double Rbm3
IRESes, simultaneously expressing NeoR and luciferase
along with HCV non-structural genes, which could be
used in antiviral screening employing stable and transient
transfection protocols.

COMMENTS
COMMENTS
Background

Hepatitis C virus (HCV) replicons are widely used to evaluate the efficacy of
anti-HCV agents. For high-throughput compound screening, however, replicons
containing both a reporter gene and a selectable marker have been proven
to be the most useful. A tricistronic replicon, termed Tri-JFH1, was used to
generate stable cell lines that constitutively synthesized HCV subgenomic
RNA harboring the neomycin phosphotransferase (NeoR) for drug selection
and a luciferase reporter enzyme for assessing HCV RNA synthesis levels.
Nevertheless, the major caveat with current vector systems utilizing the
encephalomyocarditis virus (EMCV) internal ribosome entry site (IRES) is that
the translation efficiency of EMCV IRES is significantly weaker than that of
HCV IRES, and that the 450-nt sequence might be too long for a replicationcompetent vector, which would occupy a substantial fraction of the limited
space in the recombinant vector genome.

Research frontiers

A shorter IRES of only 22 nucleotides (nt) was truncated from the 720-nt 5’
leader of the RNA-binding motif protein 3 (Rbm3) mRNA by deletion and
mutation analysis. The Rbm3 sequence functions as an IRES when tested
in isolation, and the Rbm3 IRES module binds specifically to 40 S ribosomal
subunits. Therefore, we introduced two inserts of the short IRES into HCV
replicons (with HCV IRES directing NeoR) to initiate translation of humanized
Renilla luciferase (hRLuc) and HCV non-structural proteins, respectively,
forming a novel tricistronic HCV replicon independently and simultaneously
expressing NeoR, luciferase and HCV non-structural proteins.

Innovations and breakthroughs

The authors constructed a novel tricistronic HCV replicon with the aid of double
Rbm3 IRESes, expressing NeoR and luciferase simultaneously along with HCV
non-structural genes, which could be used in antiviral screening using stable
and transient transfection protocols. As the activity of most IRESes is cell-type
dependent, the lack of information concerning the activity of the Rbm3 IRES in
hepatocyte-derived cell lines led us to test its activity in Huh7 cells. Moreover, a
comparison of RMBP3 IRES and EMCV IRES in an HCV replicon context has
not been reported thus far. Authors found that the activity of the Rbm3 IRES
was approximately 2-fold of the activity of EMCV IRES in Huh7 cells. The 22-nt
IRES works well on an RNA driven by a heterologous cytomegalovirus promoter
and an authentic HCV promoter. It even works on a tricistronic RNA replicon
that mimics HCV RNA with two transgenes inserted between the HCV IRES
and the HCV non-structural gene. Furthermore, they found that the sequential
double Rbm3 IRESes could efficiently direct translation of inserted transgene
and authentic polymerase gene simultaneously in a replication-competent
hepatitis B virus vector. With regard to the influence of IRES on replication
potency of HCV replicons, authors found that the sequential double Rbm3
IRESes did not significantly impair the replicon replication and showed an
advantage over double EMCV IRESes, which might be attributed to the shorter
length of Rbm3 IRES than EMCV IRES. In sH7 cells stably harboring the HCV
replicon, HCV replication was efficiently suppressed by ribavirin, simvastatin,
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atorvastatin, telaprevir and boceprevir. In contrast, interferon-α2b (IFNα2b) did
not block HCV replicon RNA replication in sH7 cells. Authors considered that
the acquired IFN resistance of stably transfected cells during screening might
be involved to explain this inconsistency.

Applications

14

The newly-formed tricistronic HCV replicon could be used to construct cell lines
stably or transiently harboring potent replication of HCV replicon and applied in
antiviral screening.

Peer review

The authors reporting the tricistronic HCV subgenomic replicon with Rbm3
IRES expressing double transgenes in different cell lines and studying the
replicative potentials and suppression of replication by different types of
antivirals. They concluded that the tricistronic replicon had best replicative
potentials in four of the tested strains, namely sH7. The inhibitory activity was
demonstrated for direct-acting antivirals but not for IFN which, as concluded
by the authors, might be attributed to suppressed IFN response pathway. The
study is very interesting and well designed. The results are well presented and
discussed.
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Abstract
AIM: To study the cancer stem cell population in
esophageal cancer cell lines KYSE-150 and TE-1 and
identify whether the resulting stem-like spheroid cells
display cancer stem cells and radiation resistance characteristics.
METHODS: A serum-free medium (SFM) suspension
was used to culture esophageal cancer stem cell lines
and enrich the esophageal stem-like spheres. A reverse
transcription polymerase chain reaction assay was used
to detect stem cell gene expression in the spheroid
cells. Radiosensitivity of stem-like spheres and parental
cells were evaluated by clonogenic assays. Furthermore, different cells after different doses of irradiation
were tested to evaluate the change in sphere forma+
+
tion, cell cycle and CD44 CD271 expression of tumor
stem-like spheroid cells using flow cytometry before
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and after irradiation.
RESULTS: The cells were observed to generate an
increased number of spheres in SFM with increasing
cell passage. Radiation increased the rate of generation
of stem-like spheres in both types of cells. The average survival fraction (SF2) of the cultured KYSE-150
compared with TE-1 stem-like spheres after 2 Gy of
radiation was 0.81 ± 0.03 vs 0.87 ± 0.01 (P < 0.05),
while the average SF 2 of KYSE-150 compared with
TE-1 parental cells was 0.69 ± 0.04 vs 0.80 ± 0.03,
P < 0.05. In the esophageal parental cells, irradiation
dose-dependently induced G2 arrest. Stem-like esophageal spheres were resistant to irradiation-induced G2
arrest without significant changes in the percentage
population of irradiated stem-like cells. Under irradia+
+
tion at 0, 4, and 8 Gy, the CD44 CD271 cell percentage for KYSE150 parental cells was 1.08% ± 0.03% vs
1.29% ± 0.07% vs 1.11% ± 0.09%, respectively; the
+
+
CD44 CD271 cell percentage for TE1 parental cells
was 1.16% ± 0.11% vs 0.97% ± 0.08% vs 1.45% ±
0.35%, respectively. The differences were not statistically significant. Under irradiation at 0, 4, and 8 Gy,
+
+
the CD44 CD271 cell percentage for KYSE-150 stemlike spheres was 35.83% ± 1.23% vs 44.9% ± 1.67%
vs 57.77% ± 1.88%, respectively; the CD44+CD271+
cell percentage for TE1 stem-like spheres was 16.07%
± 0.91% vs 22.67% ± 1.12%, 16.07% ± 0.91% vs
33.27% ± 1.07%, respectively. The 4 and 8 Gy irradiated KYSE-150 and TE-1 stem-like spheres were compared with the 0 Gy irradiated group, and the differences were statistically significant (P < 0.05).
CONCLUSION: The KYSE-150 and TE-1 stem-like
spheres are more radioresistant than their parental cells
which may suggest that cancer stem cells are related
to radioresistance.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Radiotherapy is one of the major treatments
for esophageal squamous cell cancer. However, resistance to radiotherapy is considered to be one of the
main reasons for poor prognosis and high mortality
rates in patients with esophageal cancers. In recent
years, cancer stem cells have received significant attention in cancer research. Cancer stem cells are found
tolerant to both radiotherapy and chemotherapy. In this
study, we report the isolation of cancer stem cells from
human esophageal cancer cell lines KYSE150 and TE1.
The biological characteristics of cancer stem cells and
their resistance to radiation are discussed.
Wang JL, Yu JP, Sun ZQ, Sun SP. Radiobiological characteristics
of cancer stem cells from esophageal cancer cell lines. World J
Gastroenterol 2014; 20(48): 18296-18305 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i48/18296.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i48.18296

INTRODUCTION
Esophageal cancer (EC) is one of the six most common malignant tumors worldwide[1]. There is increasing
evidence to show that a cell subset in the tumor tissue
may play an important role in tumorigenesis, neoplasia
and metastasis. This subset of cells is highly metastatic
and resistant to chemo-radiotherapy and these cells are
known as cancer stem cells (CSCs)[2-6]. In addition, studies have demonstrated that CSCs are tolerant to both
radiotherapy and chemotherapy. Although researchers
have isolated CSCs from various tumor tissues and cell
lines[7-11], isolation, enrichment and culture of CSCs from
esophageal cancer are still a challenge which needs to be
addressed in order to study the molecular mechanisms
involved in esophageal cancer.
With the rapid advancements in radiobiology and accumulation of clinical data, it is now believed that an accelerated repopulation of surviving CSCs in conventional
fraction radiotherapy is the main reason for the failure of
conventional fraction radiotherapy. Since the accelerated
repopulation of cancer cells may primarily occur 3-5 wk
after conventional fraction radiotherapy, the use of hyperfractionated accelerated radiation therapy with an increased
frequency, abbreviated treatment course, but similar total
radiation dose as the conventional fraction radiotherapy,
may prevent the accelerated repopulation of cancer
cells[12-14]. Zhang et al[15] reported that a group of radiationresistant cells displayed similar characteristics to CSCs
after continuous segmentation irradiation performed for
esophageal cancer. These cells demonstrated higher telomerase activity, enrichment of side- population cells and
higher expression of β-catenin, OCT3/4 and β-integrin.
Cancer cells can be killed by radiation, whereas CSCs are
resistant to radiation. DNA damage repair in CSCs is one
of the main reasons leading to failure of radiotherapy[16,17].
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Repair of DNA damage is achieved by activating a series
of effector molecules in the cell cycle checkpoint, such
as effect enzyme Chk2 and Chkl[18,19]. Cancer stem cells
develop into new neoplasms through proliferation and differentiation resulting in tumor recurrence. McCord et al[20]
demonstrated that CD133+ deficient malignant glioma stem
cells do not respond to DNA damage and are sensitive to
radiotherapy, supporting the important role of DNA damage checkpoint response in radioresistance.
In this study, we attempted to isolate a cancer stem cellenriched mass from human esophageal cancer cell lines,
KYSE150 and TE1, and thereby provide a satisfactory cell
model for in vitro studies related to specific gene expression
and abnormal signal transduction pathways involved in
esophageal CSCs. Furthermore, we demonstrated that the
cell mass isolated from esophageal cancer cell lines possesses cancer stem cell characteristics such as high invasion
and self-renewal. We also tried to use CD271+ CD44+ as
a cancer stem cell surface marker. The isolated cell mass
was also resistant to radiation. Thus, we demonstrated that
the esophageal cancer stem cell mass is responsible for the
development of resistance to radiation.

MATERIALS AND METHODS
Cell sphere-forming culture
Human esophageal cancer cell lines KYSE150 and TE1
were purchased from Shanghai Biological Cell Bank
(Shanghai, China). Cells were cultured in 1640 medium
(Gibco, United States) containing 10% fetal calf serum
supplemented with 100 U/mL penicillin and 100 mg/L
streptomycin and incubated at 37 ℃, 5% CO2 and 100%
humidity. Cells were passaged every 2 d. Cells in the logarithmic phase were chosen for the experiments. Serumfree medium (SFM) consisted of RPMI-1640 (1:1), B27
(1:50) (Invitrogen, United States), epidermal growth
factor (20 ng/mL) (PeproTech, United States), basic fibroblast growth factor (20 ng/mL) (PeproTech, United
States), insulin 5 μg/mL, transferrin 10 μg/mL and 0.5%
bovine serum albumin. The cells were resuspended in
SFM and plated in low adhesion 6-well culture plates
(Corning, United States) at 1 × 105 cells/well. The cells
were then incubated at 37 ℃. Fresh SFM (1 mL) was
added every other day to replenish the old medium.
Self-renewal and induced differentiation of cell spheres
Logarithmic phase KYSE150 and TE1 cells were collected. Monolayer adherent cultured KYSE150 and TE1
cells were digested using 0.25% pancreatin containing
0.02% EDTA. The cells were plated in low adhesion
6-well culture plates at 1000 cells/well. Cell spheres were
collected 3-4 d after routine culture and then mechanically dispersed to form a single cell suspension. Next,
the cells were resuspended in the SFM mentioned above
and passaged at a proportion of 1:1. Three generations
of cell spheres were counted continuously. Cell spheres
formed 10 d after culture in SFM were placed in SFM
again and were differentiated. Morphological changes
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Table 1 Polymerase chain reaction primer sequences
Gene product Forward (F) and reverse (R) primers (5'→3') Size (bp)
BMI-1
SOX-2
GAPDH

F: GAGCTAAATCCCCACCTGATGTG
R: 5'-GTGGACCATTCCTTCTCCAGG
F: 5'-CCAGGAGAACCCCAAGATGCACA
R: 5'-GCTGCGAGTAGGACATGCTGTAGG
F: 5'-GGAAGGTGAAGGTCGGAGT
R: 5'-TGGGTGGAATCATATTGGAA

631
533
134

were observed under an inverted microscope.
Multiplication capacity of cell spheres
The two types of cells and cell spheres were respectively
made into two single cell suspensions. The cell suspensions were placed in 96-well plates at a density of 1 ×
104 cells/well in a volume of 200 μL/well. Medium only
was added to the control group. The cells were incubated
at 37 ℃ and 5% CO2. The assay was performed on pore
plates at 24 h intervals for 6 d. The mean values of each
assay were recorded. The assay was performed as follows: 20 μL (5 mg/mL) MTT (Sigma, United States) was
added to 180 μL basal culture medium and incubated at
37 ℃ for 4 h. Thereafter, the medium was removed and
150 μL DMSO was added to each well and shaken for 10
min. Optical density (A, 490 nm) was measured using a
microplate reader. The cell growth curve was plotted with
A on the Y axis and time on the X axis.
Transwell chamber experiments
The bottom of the Transwell chamber (Millipore) was
coated with Matrigel (BD, United States) dissolved in
SFM with RMPI 1640 (1:4). After allowing the gel to set,
the remaining supernatant was aspirated. KYSE-150 and
TE-1 parent cells and cell spheres from the logarithmic
phase were dispersed into a single cell suspension and
counted. Cells 1 × 104 and serum free 1640 medium were
added to the inside of the Transwell invasion chamber,
while 1640 medium was supplemented with 10% fetal
calf serum and added to the outer chamber. Each group
of cells was taken out of the chamber after 12 h of routine culture. Cells on top of the microporous membrane
were wiped off and stained with crystal violet, followed
by rinsing with PBS. Cells on the lower side of the membrane were observed under microscope. In each slice, 5
fields showing cells in relatively high concentration were
randomly selected and the invasive cell population was
counted to obtain a mean value. Each group of experiments was repeated 3 times.
Reverse transcription polymerase chain reaction
analysis
KYSE150 and TE1 parent cells and cell spheres in logarithmic growth phase, passaged for at least three generations were collected. Cells were digested and centrifuged
to obtain a cell precipitate. Total RNA was isolated using
Trizol. Reverse transcription was performed according to
the manufacturer’s instructions in the reverse transcrip-
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tion polymerase chain reaction (RT-PCR) kit (Thermo,
United States). The reaction conditions used were as
follows: Incubation at 60 ℃ for 60 min, and then 25 ℃
for 5 min. Reverse transcription and amplification were
conducted using the RT-PCR kit and the pre-composed
primer (Table 1). PCR cycle parameters were as follows:
initial denaturation, 94 ℃ for 5 min; 94 ℃ for 30 s, 55 ℃
for 30 s, 72 ℃ for 30 s, cycled 30 times followed by a final
incubation for 7 min at 72 ℃. The PCR products were
stored at 4 ℃. Ten microliters PCR product and 2 μL 6
× loading buffer were added to each well for electrolysis
on a 1% sepharose gel. The gel was stained with ethidium
bromide for DNA visualization. Semi-quantitative analysis of the bands was performed using Bandscan 5.0 gel
image analysis software. All primers were synthesized by
Shanghai Sheng Gong Co. (Shanghai, China).
Formation of spheres after exposure to radiation
The ability of KYSE150 and TE1 cells to form spheres
after exposure to radiation was determined. Twentyfour hours after exposure to a radiation dose of 2, 4, 6,
8 and 10 Gy, KYSE150 and TE1 cells were digested,
centrifuged and resuspended in SFM. The cells were then
seeded in low adhesion 6-well plates at 10000 cells/well.
After 10 d, cell spheres formed from the cancer cells
were counted. Cancer cells with no exposure to radiation
served as controls. Methods of irradiation: a Primus-H
medical linear accelerator (Siemens, Germany) was employed for radiation, with a 6 MV X-ray, 30 cm × 30
cm beam size, 1 Gy/min dosage rate with the radiation
source at a distance of 100 cm from the cell growth
surface. The X-ray irradiation device was provided by
the Second People’s Hospital of Changzhou, China (Primus-H medical linear accelerator produced by Siemens).
Clone formation assay
Adherent culture cells and cell spheres were digested and
evenly inoculated into 6-well plates at different densities (5
× 102, 1 × 103, 2 × 103, 5 × 103, 1 × 104 and 2 × 104 cells)
and subjected to different irradiation doses (0, 2, 4, 6, 8
and 10 Gy). Three samples were used in each group and
each irradiation dose. The cells were then cultured for 14
d after irradiation. Next, the cells were fixed in methanol
and stained with crystal violet. Cell colonies with more
than 50 cells were counted under microscopy. Planting
efficiency in different experimental conditions was calculated. Planting efficiency, PE (%) = colony number/inoculated cells × 100% and survival fraction, SF = colony
number in one irradiation dose group/(inoculated cells in
the group × PE in the non-irradiation group). A cell survival curve was fitted using a multi-target single-hit model
S = 1 - (1 - e-D/Do)N on Graphpad Prism 5 Demo software.
The radiobiological parameters, D0, Dq and SF2, were assayed and calculated. Independent experiments were repeated 3 times.
Cell cycle distribution analysis
Adherent culture cells and esophageal cancer cell spheres
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cultivated for more than 3 generations in a logarithmic
growth phase were disrupted into single cell suspensions
and the cell density was adjusted to l × l06/mL. Cells were
collected and digested 24 h after exposure to radiation
at doses of 0, 2, 4 and 6 Gy. Then 70% precooled ethanol was added to the cells which were kept overnight at
-20 ℃. The cells were stained for 1 h in 10 μg/mL propidium iodide and 5 μg/mL RNaseA at 4 ℃ in the dark.
Cell cycle changes were detected using flow cytometry.
Detection of cell surface markers CD44+, CD271+ and
CD44+CD271+
Suspended cultured esophageal cancer cell spheres passaged after 3 generations and cultured adherent cancer
cells were collected. The cells were digested or mechanically dispersed into single cell suspensions 24 h after
irradiation at 0, 4 and 8 Gy. Cell density was adjusted to
1 × l06/100 μL and monoclonal antibodies, rat against
human, marked by CD44-FITC (Abcam, United States)
and CD271-PEcy7 (BD, United States) were added. No
antibodies were added to the control group. The cells
were then incubated for 30 min at 4 ℃ in the dark, rinsed
twice in PBS followed by detection using flow cytometry.
All experiments were carried out in triplicate within 1 h
of staining.
Statistical analysis
The results were analyzed by IBM SPSS 20.0 software.
Data are expressed as mean ± SD. T tests were used for
comparison of two groups and one-way analysis of variance was used for multiple data comparison. The Q test
was used for pairwise comparisons. P < 0.05 was considered statistically significant.

RESULTS
Cell spheres isolated from esophageal cancer cell lines
KYSE150 and TE1 in a serum-free suspension culture
have characteristics of cancer stem cells
Observation under an inverted phase contrast microscope
indicated cell clusters of various sizes suspended in SFM.
The edge of the cell spheres displayed high refractivity.
Cell spheres gradually increased in size and attained a
more regular spherical shape after prolonged culture (Figure 1A). Each group of cell spheres was passaged for 3
generations. The cell sphere formation rate increased with
passage number (P < 0.05, Figure 1B). Microscopic observation indicated that most cell spheres adhered after 6 h,
with irregular forms (Figure 1C), and the number of adherent cells increased markedly after 24 h. Migrated cells
were radially distributed and after 48 h, most cell spheres
disappeared. Cells grew adherent to the wall, with cellular
morphology similar to those in normal serum culture.
The MTT colorimetric method was used to measure
the optical densities of cell spheres and adherent cells
after different time periods. The results indicated that
the multiplication capacity of KYSE150 and TE1 cell
spheres was significantly higher than that of normal adherent cells (Figure 1D). Objective bands with uniform
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brightness were seen at 134 bp in all the experimental
groups. For GAPDH, objective bands with non-uniform
brightness were seen at 631 bp and at 533 bp in groups
BMI-1 and SOX-2 (Figure 1E). The expression of stem
cell genes, BMI-1 and SOX-2, in KYSE150 and TE1 cell
spheres was much higher than the expression level in parent cells. Transwell migration experiments demonstrated
a much higher invasion capacity of KYSE150 and TE1
cell spheres when compared with the parent cells (P <
0.05, Figure 1F).
Cancer stem cell spheres are resistant to radiation
The formation rate of cell spheres increased after irradiation at different doses. The number of cell spheres
obtained after irradiation of KYSE150 cells (with irradiation doses of 2, 4 and 6 Gy) was more than the non-irradiated cells. The number of TE1 cell spheres irradiated at
2 and 4 Gy was more than the non-irradiated controls (P
< 0.05, Figure 2). These findings suggest that irradiation
increased the rate of cell sphere formation in KYSE150
and TE1 cell lines in vitro. Following irradiation with five
different irradiation doses, cell spheres and parent cells
were cultured for 14 d. KYSE150 stem-like spheres and
parental cells SF2Gy were 0.81 ± 0.03 vs 0.69 ± 0.04, TE1
stem-like spheres and parental cells SF2Gy were 0.87 ± 0.01
vs 0.80 ± 0.03, and the differences were statistically significant (P < 0.05). KYSE150 stem-like spheres and parental cells D0 were 3.09 ± 0.14 vs 1.98 ± 0.2, TE1 stemlike spheres and parental cells D0 were 3.03 ± 0.12 vs 1.84
± 0.10, and the differences were statistically significant (P
< 0.05). KYSE150 stem-like spheres and parental cells Dq
were 2.52 ± 0.26 and 1.89 ± 0.17, TE1 stem-like spheres
and parental cells Dq were 3.11 ± 0.15 and 2.54 ± 0.17,
respectively (P < 0.05).
Irradiated cell spheres resist G2 phase retardation
Irradiation retarded the G2 phase of parent cells in
KYSE150 and TE1 cell lines. A higher dose of irradiation had a more obvious effect on inhibition of the cell
cycle. Cell spheres in KYSE150 and TE1 cell lines displayed no G2 phase retardation (Figure 3). Under the
same irradiation dose, the anti-proliferative effects of radiation on CSCs were significantly weaker than those on
esophageal cancer parent cells (P < 0.05).
T h e e x p r e s s i o n o f C D 4 4 +, C D 2 7 1 + a n d
CD44+CD271+ in KYSE150 and TE1 parent cells were
markedly lower than those in the cell spheres (Figure
4). Under different irradiation doses, the proportion
of CD44+CD271+cells in KYSE150 and TE1 parent
cells exposed to 0, 4 and 8 Gy irradiation were not different among the groups. However, the proportion of
CD44+CD271+ cells in KYSE150 and TE1 cell spheres
was significantly different among all groups (P < 0.05,
Figure 4A and C).

DISCUSSION
Cancer stem cells are thought to be the root cause of tumorigenesis, invasion, metastasis and resistance to routine
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chemo-radiotherapy[21-23]. As cancer cells are believed to
originate from CSCs, these cells are also known as tumor
initiating cells[24,25]. Many studies have proved that CSCs
present in solid tumors lead to resistance to radiotherapy
or chemotherapy, which accounts for the failure of contemporary treatments[26-28]. Thus, it is imperative to study
the influence of radiotherapy on cancer cells as well as
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the effects on the proliferation and cell cycle of CSCs
in order to elucidate the mechanisms responsible for
resistance to radiation. This could also provide insights
regarding new targets for further studies on esophageal
cancer radioresistance.
There are several features associated with CSCs[29-31]:
(1) self-renewal ability: CSCs can develop daughter cells
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Figure 3 Influence of irradiation on cell cycle distribution changes. KYSE150 and TE1 parent cells were clearly retarded at G2 phase, whereas the respective
cell spheres were not.

identical to the last generation, thus maintaining continuous tumor growth; (2) differentiation potential: CSCs
can develop into diverse differentiated cells to form new
tumors in vivo; (3) high tumorigenicity: Even the injection
of a few CSCs into experimental animals can result in a
tumor, whereas higher numbers of cancer cells need to
be injected in order to form tumors; and (4) drug resistance: Most cancer stem cell membranes express ATPbinding cassette membrane transport proteins. These
WJG|www.wjgnet.com

proteins can transport and excrete substances including
metabolites, drugs, toxic substances, endogenous lipids
and polypeptides, thus making CSCs resistant to many
anti-cancer drugs.
The effects of radiotherapy are mainly achieved by
damage to the cell DNA, which affects the proliferation
state of cells and changes the cell cycle, resulting in cell
death or apoptosis. CSCs are usually in G0/G1 phase,
a relatively stationary cell cycle phase[32]. CSCs express
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high levels of adenosine triphosphate binding proteins
and have a high DNA repair capacity. Therefore, it is
plausible that the mechanism of radiation resistance in
CSCs is associated with the repair of damaged DNA and
the influence of transduction pathways such as cell cycle
control, cell apoptosis and cell proliferation. Bao et al[19]
reported an association between CD133+ cells and cell
survival after exposure to radiation. They demonstrated
that CD133+ glioblastoma multiforme cells, isolated after
radiation therapy of glioblastoma and heterotransplanted
to in vitro cell cultures and in vivo cancer cells demonstrated a higher cancer cell survival rate after radiotherapy.
At present, the sorting methods for CSCs primarily
include magnetic activated cell sorting, flow cytometry
and the SFM. The device and magnetic beads for magnetic activated cell sorting are expensive, while sorting
by flow cytometry has high requirements regarding the
device and technique. Thus, the application of both
methods is limited. Cancer stem cells can be cultured
using the suspension culture method in SFM to form
stem cell spheres in order to isolate the cancer stem cell
mass. This method has been used to isolate, culture and
identify CSCs in various squamous-cell carcinomas[33-36].
By the SFM culture method, we successfully obtained
cell spheres from two esophageal cancer cell lines, which
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were significantly different from homologous cells obtained from SSM culture. The expression of genes characteristic of stem cells was much higher than that of cell
spheres, suggesting an enrichment of the cancer stem cell
mass in cell spheres from those in parent cells; MTT and
Transwell chamber experiments demonstrated that cell
spheres isolated by suspension culture were highly proliferative and invasive.
Exposure to a specific dose of irradiation increased
the rate of sphere formation in both cell lines, indicating
that irradiation in vitro markedly enhanced the sphere formation ability of KYSE150 and TE1 cell lines. We also
found that under conditions of irradiation, esophageal
cancer parent cells were retarded in G2 phase more obviously when compared to the cell spheres in the cancer
stem cell mass. Furthermore, esophageal cancer stem
cell spheres were resistant to G2 phase retardation and
displayed no obvious changes in cell cycle distribution.
At present, there are no precise markers on the surface
of esophageal CSCs. However, some studies have indicated that esophageal squamous carcinoma CD44[37]
and CD271 (P75NTR/NGFR)[38,39] positive cells display
some features of CSCs such as tumorigenesis, differentiation, drug resistance and self-renewal. Therefore, we
chose these as reference markers to reflect cancer stem
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cell characteristics in esophageal squamous carcinoma
cells. We found that irradiation (4 and 8 Gy) significantly
increased CD44+CD271+cell mass in cell spheres. Furthermore, in esophageal cell spheres, CD44+CD271+cell
number was higher in comparison with the parent cells.
In conclusion, the serum-free suspension culture discussed in this study is a low cost, affordable and feasible
method to isolate CSCs. Through SFM suspension culture, cell spheres rich in esophageal CSCs can be isolated
and display a high proliferative capacity. These cells can
also be passaged and amplified stably in vitro. Therefore,
this culture method can be temporarily used as a tool for
esophageal cancer stem cell studies. The mechanism of
CSCs radioresistance may be associated with the repair
of damaged DNA indicating the involvement of signal
transduction pathways such as cell cycle regulation and
proliferation. In this study, we found that esophageal cancer cell spheres with stem cell characteristics were more
resistant to radiation than their respective parent cells.
At present, studies on the radioresistance of esophageal
CSCs are still in their infancy and there are still many
open questions that need to be answered regarding the
characteristics of esophageal CSCs.
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In addition, we studied the role of FGFR2 in Twist1promoted cancer progression, including proliferation,
invasion and epithelial-mesenchymal transition (EMT).
RESULTS: Twist1 and FGFR2 were detected in almost
all the gastric adenocarcinoma samples. Twist1 (P =
0.0213) and FGFR2 (P = 0.0310) mRNA levels had a
significant association with gastric adenocarcinoma
differentiation. Moreover, Twist1 and FGFR2 expression
in poorly differentiated cells (SNU-1 and SNU-16)
was notably higher than in well-differentiated cells
(MKN-7 and MKN-28). In poorly differentiated gastric
adenocarcinomas, FGFR2 mRNA level was significantly
positively correlated with Twist1 mRNA level (P =
0.004). Twist1 was proved to promote FGFR2 by
regulating Twist1 expression by knockdown and
overexpression. Additionally, Twist1 could induce
proliferation, invasion and EMT in gastric cancer; of
these, FGFR2 was required for invasion and EMT, rather
than proliferation.
CONCLUSION: Twist1 and FGFR2 are highly associated
with differentiation of gastric adenocarcinoma;
Twist1 can facilitate invasion and EMT in gastric
adenocarcinoma via promotion of FGFR2 expression.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To explore the correlation between Twist-related
protein (Twist)1, fibroblast growth factor receptor
(FGFR)2 and gastric adenocarcinoma differentiation
and progression.
METHODS: We evaluated Twist1 and FGFR2 in 52 gastric
adenocarcinoma samples by immunohistochemistry and
quantitative real time polymerase chain reaction, and
analyzed the correlation between Twist1, FGFR2 and
cancer differentiation. We also detected Twist1 and
FGFR2 expression in gastric adenocarcinoma cell lines,
and evaluated Twist1 influence on FGFR2 expression.
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Key words: Twist-related protein 1; Fibroblast growth
factor receptor 2; Gastric adenocarcinoma; Cancer
differentiation; Cancer progression
Core tip: The underlying mechanism of Twist1 and
fibroblast growth factor receptor (FGFR)2 function
in gastric cancer has not been fully elucidated. We
assessed expression of Twist1 and FGFR2 in gastric
adenocarcinoma tissues by immunohistochemistry
and polymerase chain reaction, and demonstrated
that Twist1 and FGFR2 expression was significantly
associated with differentiation of gastric adeno
carcinoma tissue. We found that Twist1 can function
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as a transcription factor to promote FGFR2 expression.
Moreover, Twist1 can induce proliferation, invasion and
epithelial-mesenchymal transition (EMT) of gastric cells,
in which FGFR2 is required in the Twist1-induced cell
invasion and EMT.
Zhu DY, Guo QS, Li YL, Cui B, Guo J, Liu JX, Li P. Twist1
correlates with poor differentiation and progression in gastric
adenocarcinoma via elevation of FGFR2 expression. World J
Gastroenterol 2014; 20(48): 18306-18315 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i48/18306.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i48.18306

INTRODUCTION
Gastric cancer is the fourth most common cancer
and the second leading cause of cancer-related death
worldwide[1]. Early clinical symptoms of gastric cancer
are usually silent, and many patients are diagnosed at an
advanced stage with lymph node invasion or metastasis,
which leads to the fact that the 5-year survival rate is low,
ranging from 20% to 30%[2]. Surgical resection is still the
only curative method for gastric cancer, although many
studies have demonstrated that perioperative and adjuvant
chemotherapy, including chemoradiation, can improve
the outcome of resectable gastric cancer. However, no
effective targeted drugs except those targeting HER2
have been discovered, and more attention should be
focused on finding other molecular targets for treatment
of gastric cancer.
Twist-related protein (Twist)1, also known as
class A basic helix-loop-helix protein (bHLHa)38, has
been proved to play an essential role in cell lineage
determination and differentiation. Twist1 was first
identified in Drosophila as one of the zygotic genes, and
is essential for mesoderm specification and subdivision
into different tissue types[3,4]. As a transcription factor,
Twist1 is widely expressed in almost all tissues related
to the mesoderm, and is involved in many biological
processes such as organogenesis[5]. Despite that, ectopic
Twist1 expression and function are found in many
kinds of cancers, including breast, prostate, bladder
and gastric cancer [6-9]. The distinguishing feature of
Twist1 among other transcription factors is that it
regulates gene expression differentially depending on
dimer composition. The homodimers of Twist1 induce
expression of fibroblast growth factor receptor (FGFR)2
and periostin (POSTN) while heterodimers repress
FGFR2 and POSTN expression[10]. Another feature of
Twist1 is that it induces epithelial-mesenchymal transition
(EMT), which predicts that Twist1 may be a potential
oncogenic protein in humans[11,12].
In humans, the FGF family has 22 known members,
and the FGFRs have four members, FGFR1-4 [13,14].
Different FGFs bind different FGFRs to regulate
many fundamental biological processes, including
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embryogenesis, tissue and stem cell maintenance,
angiogenesis and wound healing[15-17]. The FGFR family
is differentially expressed in various tissues and cancers.
FGFRs are correlated with progression and prognosis
in many cancers, including prostate, breast and bladder
cancer, cholangiocarcinoma and gastric cancer [18,19].
FGFR2 is distinguished among the FGFRs because it
has isoforms FGFR2( β ) Ⅲ b and FGFR2( β ) Ⅲ c. The
FGFR2 Ⅲb form is a high-affinity receptor of FGF1,
FGF2, FGF10 and FGF7, whereas FGFR2 Ⅲc binds
both FGF1 and FGF2 but not FGF7[20]. The oncogenic
role of FGFR2 in many cancers has been identified,
including endometrial, ovarian, breast, lung and gastric
cancers[21-25]. In gastric cancer, upregulation of FGFR2
was observed and associated with poor clinical outcomes.
Moreover, anti-FGFR2 specific antibodies GAL-FR21
and GAL-FR22 have potential for the treatment of
gastric tumors. However, the underlying mechanism by
which FGFR2 leads to progression and poor prognosis
of gastric cancer is not well elucidated and should attract
more attention.
In our study, we assessed the expression of Twist1
and FGFR2 in gastric adenocarcinoma tissues by
immunohistochemistry, and subsequently analyzed
the correlation of Twist1 and FGFR2 expression with
differentiation of gastric adenocarcinoma. Moreover,
we detected Twist1 and FGFR2 expression in gastric
adenocarcinoma cell lines with different differentiation.
By regulating Twist1 and FGFR2 expression by
knockdown or overexpression, we detected the
correlation between Twist1 and FGFR2 expression,
and explored the role of Twist1 and FGFR2 in gastric
adenocarcinoma cell line progression.

MATERIALS AND METHODS
Cells and reagents
Well-differentiated adenocarcinoma MKN-7 and
MKN-28 were purchased from RIKEN Bioresource
Center (Koyadai, Japan). Moderately differentiated
adenocarcinoma SGC-7901 was obtained from
YRGENE Bioresource Center (Changsha, China). Poorly
differentiated adenocarcinoma SNU-1 was from the Cell
Bank of the Chinese Academy of Sciences (Shanghai,
China), and poorly differentiated adenocarcinoma
SNU-16 was from the American Type Culture Collection
(Manassas, VA, United States). All gastric adenocarcinoma
cell lines were cultured in RPMI-1640 medium (HyClone,
Logan, UT, United States) supplemented with 10%
fetal bovine serum (FBS) and 100 U/mL penicillin
and 100 µg/mL streptomycin (HyClone) in 5% CO2
resuscitation. Anti-Twist1 antibody (Cat. No. ab50887)
and anti-FGFR2 antibody (Cat. No. ab58201) were from
Abcam (Cambridge, United Kingdom). EMT detection
kit was from Cell Signaling Technology (Cat. No. 9782;
Danvers, MA, United States). All reagents without special
instruction were purchased from Sigma-Aldrich (St Louis,
MO, United States).
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Samples and immunohistochemistry
All gastric adenocarcinoma samples were obtained
from Shandong Cancer Hospital and Institute and Qilu
Hospital of Shandong University, with prior patient
consent and approval of the Institutional Clinical Ethics
Review Board. The diagnosis was confirmed with routine
pathology by two senior pathologists. A small amount of
cancer tissue was immediately placed in liquid nitrogen to
detect mRNA by quantitative polymerase chain reaction
(QPCR), with no influence of normal pathological
diagnosis. Pathologic tumor-node-metastasis (pTNM)
staging was based on the 7th staging classification of
the American Joint Committee on Cancer/Union for
International Cancer Control (2009).
Immunohistochemistry was performed by the
streptavidin peroxidase complex method. After
deparaffinization with xylene and graded alcohol, slides
were incubated in 3% hydrogen peroxide for 10 min,
then placed in citrate buffer (pH 6.0), which was boiled
by microwave oven heating. Phosphate-buffered saline
(PBS) with 5% bovine serum albumin was used to
block nonspecific binding. After blocking, slides were
incubated in primary antibody at a dilution of 1:100
at 4 ℃ overnight. After washing the slides with PBS
three times for 3 min each, the tissues were incubated
with corresponding secondary antibody at 37 ℃ for 1-2
h. Following peroxidase complex reagent application,
3,3’-diaminobenzidine solution was used for incubation
until satisfactory staining appeared. Results of every slide
were finally evaluated by two senior pathologists unaware
of the clinical information.
Plasmid construction, siRNA and transfection
A Twist1 open-reading frame was amplified by PCR
from the plasmid purchased from Origene (Rockville,
MD, United States) and then subcloned into vector
pFLAG-CMV2 with the double-digestion method of
EcoRI and BamHI. Successful plasmid construction was
finally confirmed by DNA sequencing. Twist1 (s14523)
and control (4611) siRNAs were acquired from Ambion
(Austin, TX, United States). FGFR2 siRNAs (sc-29218)
were purchased from Santa Cruz Biotechnology (Dallas,
TX, United States). Transfection was performed with
lipofectamine 2000 (Carlsbad, CA, United States)
according to the manufacturer’s instructions.
RNA extraction and real-time analysis
Total RNA was purified from cancer tissue with TRIzol
reagent after tissue grinding and homogenization.
Synthesis of cDNA and quantitative PCR was realized
by the StepOnePlus real-time PCR system (Applied
Biosystems; Carlsbad, CA, United States) in the
SYBR Green method according to the manual of the
manufacturer. GAPDH was applied as an internal
control. The sequences of primers used for real-time
PCR were designed as described previously[26]. Twist1forward: TACATCGACTTCCTCTACCAGGTC;
Twist1-reverse: TAGTGGGACGCGGACATGGA;
FGFR2-forward: CGCTGGTGAGGATAACAACACG;
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FGFR2-reverse: TGGAAGTTCATACTCGGAGACCC.
Immunoblotting
Measurement of expression of Twist1 or FGFR2 was
carried out by immunoblotting. Total protein was first
extracted according to the protocol of the Total Cellular
Protein Extraction Kit (Millipore, United States). Cells
were washed twice with PBS and lysed with lysis buffer
containing a cocktail of protease inhibitors. The tissues or
cells were homogenized for 20 s and then put on dry ice
for 15 s. Following rotation of the homogenized tissues
or cells at 4 ℃ for 20 min, the cells were centrifuged at
11000 rpm at 4 ℃ for 20 min, and the supernatant was
collected. After detection of the protein concentration
with the BCA detection kit (Beyotime Institute of
Biotechnolog y, Shanghai, China), 10 µ g protein
was run on sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE), transferred to a
polyvinylidene fluoride membrane (PALL, United States)
and incubated with primary antibody (1:1000) overnight
at 4 ℃ . After washing three times in Tris-buffered
saline, the membrane was incubated in secondary
antibody labeled with horseradish peroxidase for 2 h
at 37 ℃ and visualized by electrochemiluminescence
(Millipore). Quantification of immunoblotting results was
accomplished by Image J software (NIH, United States).
Proliferation assay
Proliferative ability was detected by MTT [3-(4,5-dime
thylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] assay.
Detected cells were trypsinized and passaged into 96-well
plates at a density of 5000 cells/well and then starved in
serum-free medium overnight. The medium was changed
to normal medium containing 10% FBS, when time was
set as 0 d. After termination by addition of 10 µL MTT
at 10 mg/mL concentration, cells were cultured for 4-6 h.
Medium was finally decanted carefully and crystals were
dissolved by 100 µL dimethylsulfoxide and incubated
for 15 min for complete solution. Absorbance at 490
nm was read by a microplate reader and all data were
standardized by comparison with the control group. Data
were analyzed by t test, and shown as mean ± SE, and
confirmed by three independent experiments.
Invasion assay
Invasive activity of gastric cells was evaluated by
Transwell assay. Pre-Matrigel-coated Transwell 24-well
plates were purchased from BD Company (New Jersey,
United States). Cells were trypsinized and passaged
into the Transwell upper chamber and cultured for 6
h to allow adhesion. Serum-free medium was changed
to starve cells for 6 h. After that, medium in the lower
chamber was changed to 10% FBS-containing medium
and the cells were cultured for 12 h. Finally, cells were
fixed in methanol and stained with Giemsa stain. Cells on
the upper filter surface were removed using a cotton swab
and invasive cells were observed and counted at × 200
magnification in at least five random visual fields. Cell
numbers in the control group were set as baseline and the
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Figure 1 Representative immunohistochemistry figures of Twist1-positive (A) and fibroblast growth factor receptor 2-positive (B) cells in well/moderately
differentiated adenocarcinomas, and Twist1-positive (C) and fibroblast growth factor receptor 2-positive (D) cells in poorly differentiated adenocarcinomas.

numbers in the other groups were standardized by ratio
to baseline. Analyzed data were from three independent
experiments.
Statistical analysis
All data without special note were analyzed by Student’s t test
using SPSS version 17.0. Column and spot graphs values
were displayed with ± SE. P < 0.05 was considered
statistically significant.

RESULTS
Twist1 and FGFR2 expression in gastric adenocarcinoma
Consistent with previous studies [27,28] , Twist1 was
mostly observed in the nucleus and cytoplasm in gastric
adenocarcinoma (Figure 1A and B), while FGFR2 was
seen in both the cytoplasm and cell membrane (Figure
1C and D). Twist1 and FGFR2 were detectable in most
cases of gastric adenocarcinoma (86.5% and 88.5%,
respectively). With immunohistochemical detection,
Twist1 and FGFR2 seemed to have stronger staining
in poorly differentiated cancer tissue, sug gesting
they may be associated with differentiation in gastric
adenocarcinoma.
Twist1 and FGFR2 expression correlated with gastric
adenocarcinoma differentiation
To confirm the immunohistochemical results, we
performed QPCR to detect and quantify the mRNA
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level of Twist1 and FGFR2 in gastric adenocarcinoma
with different degrees of differentiation. As expected,
Twist1 and FGFR2 had higher expression in poorly
differentiated gastric adenocarcinoma compared with
well-differentiated cancer (P = 0.0213 and 0.0310,
respectively), which implies that high Twist1 and FGFR2
expression may promote poorly differentiated gastric
adenocarcinoma (Figure 2A and B). To confirm this result
in cell lines, we collected gastric adenocarcinoma cell
lines of different differentiation status and detected the
expression of Twist1 and FGFR2. In all these cells, levels
of Twist1 and FGFR2 were detected by immunoblotting
and QPCR (Figure 2C-E). Immunoblotting (Figure 2C)
and QPCR (Figure 2D and E) demonstrated that poorly
differentiated SNU-1 cells had significantly higher Twist1
expression than well-differentiated MKN28 cells (Figure
2D), whereas poorly differentiated SNU-1 and SNU-16
cells had markedly higher FGFR2 expression compared
with that in well-differentiated MKN7 and MKN28 cells
(Figure 2E).
Twist1 can promote FGFR2 transcription and expression
Previous studies have demonstrated that FGFR2
expression can be elevated by Twist1 homodimers[11],
so we firstly verified whether FGFR2 expression was
associated with Twist1 in gastric adenocarcinoma. We
separated gastric adenocarcinoma samples into well-,
moderately and poorly differentiated groups, which
were further divided into high or low Twist1 expression
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Figure 2 High Twist1 and fibroblast growth factor receptor 2 expression is significantly associated with poor differentiation in gastric cancer tissues and
cell lines. Poorly differentiated gastric cancer has higher Twist1 (A) and fibroblast growth factor receptor (FGFR) 2 (B) mRNA than well/moderately differentiated
adenocarcinomas. Twist1 and FGFR2 mRNAs of 23 cases of well/moderately differentiated adenocarcinomas and 29 cases of poorly differentiated adenocarcinomas
were detected by QPCR. The mean Twist1 and FGFR2 mRNA levels in well/moderately differentiated adenocarcinomas was set as baseline, and mRNA level in
poorly differentiated adenocarcinomas was standardized with ratio to the baseline. The difference between poorly and well/moderately differentiated adenocarcinomas
was analyzed by Student’s t test (C). Twist1 and FGFR2 expression in cell lines with different stages of differentiation was detected by immunoblotting. Poorly
differentiated SNU-1 and SNU-6 cells had higher Twist1 and FGFR2 levels than well-differentiated MKN7 and MKN28 cells. Twist1 (D) and FGFR2 (E) mRNA levels in
cell lines with different stages of differentiation were detected by QPCR. D: mRNA of Twist1 in SNU-1 cells was significantly higher than in MKN28 cells; E: mRNA of
FGFR2 in SNU-1 or SNU-16 cells was significantly higher than in MKN7 or MKN28 cells. Data from three independent experiments were analyzed by Student’s t test
and displayed as mean ± SE. aP < 0.05, SNU-1 vs MKN7/MKN28; cP < 0.05, SNU-16 vs MKN7/MKN28.

groups. In poorly differentiated cancer, the higher Twist1
group had significantly higher FGFR2 expression than
the lower Twist1 group (P = 0.004), indicating that high

WJG|www.wjgnet.com

Twist1 expression can promote FGFR2 expression
(Figure 3A). SNU-1 and MKN28 cells were selected
as models for Twist1 knockdown and overexpression,
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Figure 3 Twist1 can promote fibroblast growth factor receptor 2 expression in gastric cancer cell lines. A: Twist1 mRNA had a significant association with
fibroblast growth factor receptor (FGFR) 2 mRNA level. The correlation between Twist1 and FGFR2 mRNA level was analyzed by Pearson’s test (P < 0.001); B:
FGFR2 expression decreased along with Twist1 knockdown in SNU-1 cells. In SNU-1 cells, Twist1 knockdown was accomplished by Twist1 siRNA transfection.
Cells were lysed 48 h after siRNA transfection and detected by primary antibody to FGFR2 with immunoblotting; C: FGFR2 expression was elevated by Twist1
overexpression in MKN28 cells. Forty-four hours after transfection with pFLAG-FGFR2 or control vector, MKN28 cells were lysed and FGFR2 expression was
detected; D: FGFR2 mRNA level was regulated by Twist1 overexpression or knockdown. Total mRNA was extracted in SNU-1 cells 48 h after transient transfection of
Twist1 siRNA or Twist1 vector. FGFR2 mRNA level was evaluated with QPCR. FGFR2 expression decreased when Twist1 was knocked down and increased when
Twist1 was overexpressed. aP < 0.05, Twist1 siRNA vs scrambled RNA; cP < 0.05, Twist1 overexpression vs control vector.

respectively, because SNU-1 cells had higher native
Twist1 expression and MKN28 cells had lower native
Twist1 expression. We transfected SNU-1 cells with
Twist1 siRNA to accomplish Twist1 knockdown, and
transfected MKN28 cells with Twist1 plasmid, and then
detected FGFR2 mRNA and protein levels by QPCR
and immunoblotting. QPCR and immunoblotting both
showed that FGFR2 was downregulated after Twist1
knockdown, and FGFR2 expression was elevated after
Twist1 overexpression (Figure 3B-D), demonstrating that
Twist1 may be the upstream regulator of FGFR2, which
is consistent with previous studies[11,29].
FGFR2 is required in Twist1-induced invasion and EMT
in gastric cell lines
In previous studies, Twist1 has been identified to
promote proliferation in gastric cancer cell lines[30,31], but
WJG|www.wjgnet.com

the target molecule of Twist1 is still controversial. In the
experiments above, we suspected that FGFR2 may be
one of the candidate targets of Twist1 and investigated
its role in Twist1-induced gastric adenocarcinoma
prog ression. SNU-1 cells were transfected with
Twist1 plasmid and/or FGFR2 siRNA to achieve
knockdown, and a series of functional assays, including
proliferation, invasion and EMT, was performed. Twist1
overexpression notably accelerated proliferation, while
FGFR2 knockdown had no significant influence on
this effect (Figure 4A), suggesting that FGFR2 was not
involved in Twist1-induced proliferation. Invasive ability
was evaluated by Transwell assay with 10% FBS as the
chemotactic factor. The invasion increased markedly
when Twist1 was overexpressed, indicating that Twist1
played an essential role in SNU-1 cell invasion. When
FGFR2 was knocked down, this Twist1-induced invasion
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was reduced significantly, which demonstrated that
FGFR2 was required in Twist1-involved invasion (Figure
4B-F). Previous studies have shown that Twist1 is an
important protein in gastric adenocarcinoma EMT.
After transfection, we detected the change in EMTrelated factor expression by immunoblotting (Figure 4G).
Decreased E-cadherin and increased N-cadherin induced
by Twist1 overexpression were impaired by FGFR2
knockdown, while Snail2 expression had no change,
which indicates that FGFR2 was required in Twist1promoted EMT changes in E-cadherin and N-cadherin.

COMMENTS
COMMENT
Background

Gastric cancer is the fourth most common cancer and is the second leading
cancer-related cause of death worldwide. After decades of research and
breakthroughs in gastric cancer, long-term survival and favorable prognosis are
expected in patients with early gastric cancer. However, no effective targeted
drugs except for HER2 have been discovered, and more attention should be
focused on finding other molecular targets for treatment of gastric cancer.

Research frontiers

DISCUSSION
To the best of our knowledge, we demonstrated for
the first time that Twist1 and FGFR2 expression was
significantly associated with differentiation of gastric
adenocarcinoma tissue. With experiments in vitro, we
found that Twist1 functioned as a transcription factor to
promote FGFR2 expression. Moreover, Twist1 induced
proliferation, invasion and EMT of gastric cells, and
FGFR2 was required for Twist1-induced cell invasion
and EMT.
The extracellular domain of FGFR contains two or
three immunoglobulin-like loops where the FGF binding
site is encoded. It is generally considered that FGFR Ⅲ
b is mostly expressed in epithelial cells, while FGFR Ⅲ
c is mostly expressed in mesenchymal cells[32,33]. One of
the most intriguing features of FGFR2 is its isoforms
with different functions. FGFR2 Ⅲb has high affinity
for FGF7 and FGF10, whereas FGFR2 Ⅲc has high
affinity for FGF2 and FGF9. The diverse distributions
and functions of FGFR2 isoforms may determine the
different outcome of cytokine or other cell signals. This
ligand specificity of FGFR2 isoforms was not our focus
and could not be verified in our experiments. However,
we hope our study triggers more in-depth research on
FGFR2 isoform functions in gastric cancer.
In humans, pathologic Twist1 expression is mostly
focused in cancer initiation, progression and metastasis,
including breast cancer[34], hepatocellular carcinoma[35,36],
prostate cancer[37], gastric cancer[8,9], esophageal squamous
cell carcinoma [38,39], bladder cancer [6] and pancreatic
cancer[40]. Many recent studies have highlighted the role
of Twist1 in promoting cancer cell EMT and metastasis.
EMT is demonstrated to generate poorly differentiated
cells [41], which lose their polarity and become more
invasive. One of our intriguing findings is that
Twist1 and FGFR2 can lead to easier EMT of gastric
adenocarcinoma cells, which may be the reason that
Twist1 and FGFR2 were correlated with gastric cancer
differentiation.
Specific monoclonal antibodies of FGFR2 have been
proved to suppress gastric tumor growth by blocking
FGFR2 signaling [42,43]. However, no drugs targeting
FGFR2 are in current clinical use. We believe that
FGFR2 and Twist1 could become new research hotspots
in gastric cancer targeted therapy. We hope that our
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findings can bring new insight into drug development in
gastric cancer, and help find a new therapy that targets
Twist1.

Twist-related protein (Twist)1 and fibroblast growth factor receptor (FGFR)2
are proved to be involved in the progression of many cancers, including
gastric cancer. However, the underlying mechanism of how Twist1 and FGFR2
correlate with gastric cancer progression has not been fully elucidated.

Innovations and breakthroughs

For the first time, the authors assessed the expression of Twist1 and FGFR2 in
gastric adenocarcinoma tissues by immunohistochemistry, and subsequently
analyzed the correlation of Twist1 and FGFR2 expression with differentiation
of gastric adenocarcinoma. They found that Twist1 and FGFR2 expression
was significantly associated with differentiation of gastric adenocarcinoma.
In vitro experiments showed that Twist1 can function as a transcription factor
to promote FGFR2 expression. Moreover, Twist1 can induce proliferation,
invasion and EMT of gastric cells, and FGFR2 is required for Twist1-induced
cell invasion and EMT.

Applications

Based on the finding that Twist1 and FGFR2 expression is significantly
associated with differentiation of gastric adenocarcinoma, this study may trigger
the interest of Twist1 as a potential molecular target in gastric cancer treatment.

Peer review

The authors authentically conducted the required experiments and revealed
that the expression of the two molecules is associated with pathological
differentiation and the invasive ability of gastric cancer cells. The findings are
expected to contribute to the development of molecularly targeted therapy for
gastric cancer.
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Abstract
AIM: to investigate the effect of Bifidobacterium
infantis (B. infantis ) on the T cell subsets and in
attenuating the severity of experimental colitis in mice.
METHODS: Normal BALB/c mice were fed different
doses of B. infantis for 3 wk, and T cell subsets and
related cytokine profiles in mesenteric lymph nodes
(MLNs) were detected by flow cytometry and realtime RT-PCR. Colitis was induced by administration of
trinitrobenzene sulfonic acid (TNBS) in mice. Before
colitis induction, mice were fed high dose B. infantis
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for 3 wk. Cytokine profiles in MLNs and histological
changes of colonic tissue were examined 6 d after
colitis induction.
RESULTS: No significant change in cytokine profiles
was observed in normal mice fed low dose B. infantis .
However, Th1-related cytokines (IL-2, IFN-γ, IL12p40), Th17-related transcription factor and cytokines
(RORγt, IL-21, IL-23), regulatory T cell (Treg)-related
transcription factor and cytokines (Foxp3, IL-10) were
increased in normal mice fed high dose B. infantis .
Furthermore, flow cytometry assay showed B. infantis
+
+
increased the numbers of CD4 Foxp3 Tregs and Th17
cells in MLNs. Colitis was successfully induced by TNBS
in mice, characterized by colonic inflammation and
aberrant Th1 and Th17 responses. Feeding high dose B.
infantis for 3 wk before colitis induction decreased the
inflammatory cell infiltration and goblet cell depletion
and restored the intestinal epithelium. In addition, B.
infantis feeding reduced Th1-related cytokines (T-bet,
IL-2 and IFN-γ) and Th17-related cytokines (IL-12p40,
RORγt, IL-17A, IL-21 and IL-23), and increased Tregrelated molecules (Foxp3, IL-10 and TGF-β) in colitis
mice.
CONCLUSION: B. infantis effectively attenuates TNBSinduced colitis by decreasing Th1 and Th17 responses
+
and increasing Foxp3 Treg response in the colonic
mucosa.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Bifidobacterium; Colitis; Cytokines; Th17;
Regulatory T cells
Core tip: Inflammatory bowel disease is a common
autoimmune disorder characterized by chronic
inflammation of the gastrointestinal tract. Abnormal
immune cell responses contribute to the pathogenesis of
the colitis. Probiotics are found to regulate the intestinal
immune system and play a beneficial role in treating
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colitis. In our study, we showed that Bifidobacterium
infantis (B. infantis ) reduced the intestinal inflammation

in TNBS-induced colitis mice though decreasing the Th1
+
and Th17 responses and promoting the Foxp3 Treg
response in mesenteric lymph nodes. This mechanism
underlying the regulatory effect of B. infantis on the
immune system may have significant clinical implications
in treating inflammatory bowel disease and preventing
colorectal cancer.
Zuo L, Yuan KT, Yu L, Meng QH, Chung PCK, Yang DH.
Bifidobacterium infantis attenuates colitis by regulating T
cell subset responses. World J Gastroenterol 2014; 20(48):
18316-18329 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i48/18316.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i48.18316

INTRODUCTION
Inflammatory bowel disease (IBD) is an autoimmune
disorder that is characterized by chronic inflammation of the
gastrointestinal tract. IBD comprises mainly Crohn’s disease
(CD) and ulcerative colitis. The pathogenesis of IBD
involves genetic susceptibility, gut microbiota and host
immune system[1]. It is widely accepted that the abnormal
gut microbiota plays a key role in the pathogenesis
of IBD. Several studies showed a striking reduction
of commensal microbiota including Firmicutes and
Bacteroides and an overgrowth of Proteobacteria in the
intestinal tissue from IBD patients[2]. Therefore, extensive
research is focused on modifying the intestinal flora using
probiotic bacteria.
Probiotics are live microorganisms that benefit
health when supplied in adequate amounts. Among
them, Bifidobacterium infantis (B. infantis) is a commensal
microbe isolated from the human gastrointestinal mucosa
and has been studied for its ability to treat irritable
bowel syndrome[3], and to protect against inflammatory
conditions including Helicobacter pylori infection[4] and
IBD[5-7]. The mechanisms behind the amelioration of
IBD by B. infantis are still largely unknown. IBD results
from an inadequate Foxp3+ regulatory T cell (Treg)
response in the face of overly exuberant Th1 and Th17
responses in CD and an abnormal Th2 response in
ulcerative colitis[8]. B. infantis feeding reduced the numbers
of Th1 and Th17 cells and increased the proportion
of Foxp3 + Tregs within the lamina propria (LP) in
DSS-induced colitis which mimics CD[5]. Moreover, B.
infantis had some influence on the expression of some
cytokines. For instance, B. infantis inhibited the expression
of Th17 related IL-17A and induced the expression of
IL-10 in DSS-induced colitis mice[7], and decreased Th1
proinflammatory cytokines (TNF-α, IL-12 and IFN-γ)
and maintained the level of TGF-β in IL-10 knockout
(KO) mice that are a spontaneous genetic model of
CD[6]. However, the effects of single B. infantis feeding
on trinitrobenzene sulfonic acid (TNBS)-induced colitis,
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which is an animal model of CD, and the underlying
immune mechanism were still poorly understood.
We hypothesized that B. infantis may ameliorate the
intestinal inflammation in TNBS-induced colitis by
affecting the differentiation of CD4 + T subsets and
cytokine expression.

MATERIALS AND METHODS
Animals
Female BALB/c mice (6-8-wk old) were purchased
from Chongqing Medical University and maintained in
standard conditions. All the experimental procedures
were performed according to the guidelines of the
Institutional Animal Ethics Committee.
Experiment design
In the first experiment, normal mice were randomly
divided into 3 groups of five animals each: a control
group, a low dose B. infantis (6 × 107 cfu/d) group (Low-B.
infantis) and a high dose B. infantis (6 × 108 cfu/d) group
(High-B. infantis). B. infantis (6 × 109 cfu/g) was provided
by Guangzhou Baoxing Biotechnolog y Company
(Guangzhou, China). Mice received oral administration
of low or high dose B. infantis once daily for 3 wk. The
control group received PBS.
For induction of colitis, 50 μl TNBS [50 mg/kg body
weight (BW)] dissolved in 0.9% (w/v) NaCl/ethanol
(50:50 v/v) was intrarectally administered to anesthetized
mice 4 cm proximal to the anal verge through a 3.5F
catheter as described previously[9]. TNBS was purchased
from Sigma (St. Louis, MO, United States). In the TNBS
colitis model, three groups of five animals each were
utilized. Group 1 was a negative control group, which
was administered with PBS, instead of TNBS. Group 2
was designated as the TBNB-3 group as these mice were
sacrificed by cervical dislocation 3 d after administration
of TNBS. Group 3 was designated as the TNBS-6 group
in which mice were sacrificed 6 d after administration of
TNBS.
In the B. infantis treated model, two groups of five
animals each were used. Group 1 received daily oral
administration of high dose B. infantis (6 × 108 cfu/d) for
3 wk before colitis induction (B. infantis-TNBS group).
The colitis control animals were administered with
PBS using the same technique before colitis induction
(PBS-TNBS group). Animals were sacrificed by cervical
dislocation 6 d after TNBS induction, and MLNs were
selected carefully from the inflamed area of the bowel in
all animals.
RNA extraction and real-time PCR
Total RNA was extracted from MLNs using TRIzol
reagent (Invitrogen) according to the manufacturer’
s instructions. Total RNA (2 μ g) was transcribed to
cDNA using a reverse-transcription kit (TaKaRa).
Primer sequences were as follows: T-bet (forward)
5′-CAACAA CCCCTTTGCCAAAG-3′ and (reverse)
5′-TCCCCCAAGCAGTTGACAGT-3′, IL-2 (forward)
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5′-CCTGAGCAGGATGGAGAATTACA-3′ and (reverse)
5′-TCCAGA ACATGCCGCAGAG-3′, IFN-γ (forward)
5′-TCAAGTGGCATAGATGTGGAA, GAA-3′ and
(reverse) 5′-TGGCTTGCAGGATTTTCATG-3′, IL-12p4
(forward) 5′-GGAAGCACGGCAGCAGAATA-3′ and
(reverse) 5′-AACTTGAGGGAGAAG TAGGAATGG-3′,
GATA3 (forward) 5′-CCTACCGGGTTCGGATGTAA-3′
and (reverse) 5′-CACACACTCCCTGCCTTCTGT-3′,
IL-4 (forward) 5′-ACAGGAGAA GGGACGCCAT-3′
and (reverse) 5′-GAAGCCCTACAGACGAGCTCA-3′,
RORγt (forward) 5′-GCTGTCAAAGTGATCTGGAG-3′
and (reverse) 5′-GGTGGAACT TATGGGAAATC-3′,
IL-21 (forward) 5′-GAGGACCCTTGTCTGTCTGG-3′
and (reverse) 5′-TCATCTTTTGAAGGAGCCATTT-3′,
IL-23 (forward) 5′-GAGGTG GACTGGACTACCGA-3′
and (reverse) 5′-GGAACTGCTACTGCTCTTGA-3′,
Foxp3 (forward) 5′-CCCATCCCCAGGAGTCTTG-3′
and (reverse) 5′-CCATGACTA GGGGCACTGTA-3′,
IL-10 (forward) 5′-ATAACTGCACCCACTTCCCA-3′ and
(reverse) 5′-TCATTTCCGATAAGGCTTGG-3′, TGF-β
(forward) 5′-GAAGGCAGA GTTCAGGGTCTT-3′
and (reverse) 5′-GGTTCCTGTCTTTGTGGTGAA-3′,
GAPDH (forward) 5′-CATCACTGCCACCCAGAAGA-3′
and (reverse) 5′-TGAAGT CGCAGGAGACAACC-3′.
Real-time reverse transcription polymerase chain reaction
(RT-PCR) was performed with the ABI 7300 system. The
reaction mixture consisted of 5.0 μl of cDNA, 12.5 μl
of SYBR Green qPCR SuperMix-UDG/ROX (Invitrogen)
and 6.5 μl of ddH20. All the PCR experiments were
performed under the same condition as follows: 95 ℃ for
10 min, 95 ℃ for 15 s and 60 ℃ for 1 min, up to 40 cycles.
GAPDH was used as an internal control. Gene expression
was calculated relative to GAPDH.
Flow cytometry analysis
Single cell suspensions were prepared from MLNs of
each group. In order to identify Tregs in MLNs, cells
were first surface labeled with FITC labeled anti-mouse
CD4 (eBioscience) and PE labeled anti-mouse CD25
antibodies (eBioscience). After that, cells were fixed,
permeated and intracellularly stained with APC labeled
anti-Foxp3 antibody (eBioscience). To measure Th17
cells, cells were pre-stimulated for 4 h with PMA (50
ng/ml, Sigma) and ionomycin (500 ng/ml, Sigma) in
the presence of Brefeldin A (1 mg/ml, eBioscience)
at 37 ℃ and 5% CO2. Then, cells were washed in PBS
and surface labeled with CD3-FITC and CD4-PE-Cy5.
For intracellular labeling of IL-17A, these cells were
permeabilized with IL-17A fixation/permeabilization
buffer (eBioscience) and stained with anti-IL-17A-PE
(eBioscience). Cells were incubated with affinity purified
anti-mouse CD16/32 to block non-specific staining.
IgG isotypes (BD pharmingen) were used as a control
in all FACS experiments. Data were acquired on a FACS
Calibur flow cytometer with CELLQuest software.
Histological analysis
For histological examination, samples of colonic tissue
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located precisely 3 cm above the anal canal was obtained
from the mice of all groups. The colonic tissues were
fixed in 10% neutral buffered formalin and embedded
in paraffin for histological analysis. Four-micrometersections were deparaffinized with xylene and stained with
hematoxylin and eosin using routine techniques.
Statistical analysis
Statistical analyses were carried out using GraphPad
Prism for Windows (Version 5.0). Significant differences
between different doses of B. infantis groups were
assessed by one-way analysis of variance (ANOVA)
followed by Dunnett’s multiple comparison test.
Differences among experimental colitis groups induced
by TNBS for 3 d or 6 d were also evaluated using
ANOVA followed by Dunnett’s multiple comparison test.
The difference between PBS-TNBS group and B. infantisTNBS group was measured by a paired t test. Data
are given as mean ± SE. Differences were considered
significant at P < 0.05.

RESULTS
B. infantis augments the expression of Th1-, Th17- and
Treg-related cytokines in MLNs in normal mice
To investigate the effect of B. infantis on T cell cytokine
expression, we studied the relative expression of different
cytokines in MLNs from normal mice by real-time RTPCR. Low dose B. infantis feeding (6 × 107 cfu/d) caused
no significant changes in the expression of all cytokines
tested, but high dose B. infantis feeding (6 × 108 cfu/d)
augmented the expression of Th1-, Th17- and Tregrelated cytokines in MLNs (Figure 1). After high dose B.
infantis feeding, the mRNA expression of Th1 cytokines
IL-2 and IL-12p40 increased significantly in the MLNs
when compared with PBS control (IL-2, P < 0.05; IL12p40, P < 0.005 ) (Figure 1A and C). The mRNA level
of proinflammatory cytokine IFN- γ also seemed to
elevate but did not reach the significance in comparison
with the control group (Figure 1B). Th17-related cytokine
IL-23 and transcription factor RORγ increased more
than 2-fold in MLNs after B. infantis feeding compared
with the control group (P < 0.005) (Figure 1E and G).
IL-21 also tended to rise. Moreover, mice receiving B.
infantis had a significant increase in Foxp3 and IL-10
mRNA expression in MLNs in comparison with PBS
control (Foxp3, P < 0.005; IL-10, P < 0.05) (Figure 1H
and I). However, no difference in the mRNA expression
of Th2-related cytokine IL-4 was detected after B. infantis
feeding (Figure 1D).
B. infantis increases the levels of CD4+T cells, Th17 cells
and CD4+Foxp3+ Tregs in the MNLs in normal mice
We measured the numbers of CD4+T cells and Th17
cells in the MLNs in normal mice by flow cytometry to
determine if they were altered after B. infantis feeding.
In order to identify CD4+T and Th17 cells, we utilized
antibodies against CD3, CD4, and IL-17A to detect
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them. Flow cytometric analyses revealed that high dose B.
infantis slightly increased the percentage of CD4+T cells
in MLNs compared with PBS control (Figure 2A and C).
B. infantis also up-regulated the level of Th17 cells (Figure
2B and C). However, both the increase of CD4+T and
Th17 cells did not reach significance (P > 0.05). For
deciding the change of the population of Tregs after B.
infantis feeding, CD4, CD25 and Foxp3 were measured
by flow cytometry. B. infantis feeding slightly increased the
percentage of CD4+Foxp3+ Tregs compared with control
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(9.99% ± 0.26% vs 9.40% ± 0.38%) (Figure 3D). The
increased CD4+Foxp3+ Tregs by B. infantis feeding were
also mostly derived from CD4+CD25+T cells, not from
CD4+CD25-T (Figure 3B and C).
Colonic damage in TNBS-induced colitis mice and
upregulation of Th1- and Th17-responses
TNBS-induced colitis is a well-characterized animal
model of Th1- and Th17-mediated colitis, and it mimics
human CD. However, the appropriate time when the
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pathological change of the colon was dramatic was not
known. Therefore we decided to perform the histological
analysis in colitis control mice on days 3 and 6 after
intrarectal instillation of TNBS. Hematoxylin and eosin
staining was used to evaluate the severity of TNBSinduced colitis. Integral colonic epithelium and no
inflammatory cell infiltration were observed in the slices
from the negative control mice (Figure 4A). Sections
of colonic tissues taken from mice on day 3 after
instillation of TNBS showed extensive inflammatory cell
infiltration (Figure 4B). In contrast, mice on day 6 after
the instillation of TNBS exhibited goblet cell depletion,
colonic epithelial loss and more inflammatory cells
infiltrated in the colon (Figure 4C). These microscopic
evaluations of colons from mice with colitis induced
by TNBS revealed pathologic correlations with CD and
longer duration after colitis induction was linked to more
severe inflammation in the colon.
TNBS-induced colitis was associated with excessive
Th1- and Th17-responses. Therefore we measured the
relative mRNA expression of different T cell cytokines
in MLNs by real-time RT-PCR on days 3 and 6 after
TNBS induction (Figure 5). Compared with the negative
control group, the mRNA expression of Th1 cytokines
(IL-2, IFN- γ and IL-12p40) displayed no change in
colonic tissues from mice on day 3 after TNBS induction
(TNBS-3) (Figure 5A-C). However, IL-2 and IL-12p40
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increased significantly in mice on day 6 after TNBS
induction (TNBS-6) compared with PBS control group
(IL-2, P < 0.05; IL-12p40, P < 0.05) (Figure 5A and C),
and the IFN-γ also increased a little but insignificantly.
Mice in the TNBS-6 group had significantly higher
expression of Th17 related molecules (RORγt and IL17A) in the colonic tissue than control mice (RORγt,
P < 0.01; IL-17A, P < 0.005) (Figure 5E and H). The
expression of other Th17-related cytokines (IL-21 and
IL-23) increased dramatically in the TNBS-3 group and
in the TNBS-6 group compared to the control group,
though mice in the TNBS-3 group had higher expression
of both cytokines than mice in the TNBS-6 group
(Figure 5F and G). However, TNBS did not induce the
change of IL-4 mRNA representing Th2 (Figure 5D).
Thus, we established the TNBS colitis model successfully
and the colon damage was associated with increased
activity of Th1 and Th17 cells. Besides, we determined
the appropriate time, on day 6 after colitis induction,
to evaluate the histological change and Th1- and Th17responses.
Attenuation of experimental colitis by B. infantis is
associated with downregulation of Th1- and Th17responses
We then investigated whether B. infantis reduced
the severity of experimental colitis. Mice were daily

18320

December 28, 2014|Volume 20|Issue 48|

Zuo L et al . Bifidobacterium infantis and colitis

A

B. infantis

Control
603

603

10.58%

9.40%
452

452

302

302
M1

151
0

0

10

1

10

2

10

M1

151

3

10

0

4

10

0

10

1

10

2

10

3

10

4

10

Foxp3

B

Control
4

4

10

10

9.25%

9.26%
3

3

10
CD25

CD4

10

2

10

2

10

1

1

10

0

10

10
10

0.01%

0

0

10

1

10

2

10

3

10

4

10

0

10

1

10

2

10

3

10

4

10

Foxp3

C

B. infantis
4

4

10

10

10.86%

10.88%
3

3

10
CD25

CD4

10

2

10

1

1

10

10

0.02%

0

0

10

2

10

0

10

1

10

2

10

3

10

4

10

10

0

10

1

10

2

10

3

10

4

10

Foxp3
12

8

+

+

%/CD4 Foxp3 Tregs

D

4

0

Control

B. infantis

Figure 3 Representative flow plots and levels of Foxp3+ cells in mesenteric lymph nodes from normal mice fed high dose Bifidobacterium infantis. A:
Levels of Foxp3+ cells in mesenteric lymph nodes from PBS-control group and Bifidobacterium infantis (B. infantis) group; B: Levels of CD4+Foxp3+ Tregs from PBScontrol group; C: Levels of CD4+Foxp3+ Tregs from B. infantis group; D: The percentage of the CD4+Foxp3+ Tregs. Data are mean ± SE with 5 mice per group from
three independent experiments (bar graphs) or as a representative flow cytometry graph.

WJG|www.wjgnet.com

18321

December 28, 2014|Volume 20|Issue 48|

Zuo L et al . Bifidobacterium infantis and colitis

A

B

C

Figure 4 Representative histological images of colon samples from trinitrobenzene sulfonic acid-induced colitis mice. A: Colon image from a negative
control mouse; B: Colon image from a mouse on day 3 after trinitrobenzene sulfonic acid (TNBS) induction; C: Colon image from a mouse on day 6 after TNBS
induction. All images are at the same original magnification (× 40).

administrated with high dose B. infantis (6 × 108 cfu/d)
for 3 wk before induction of colitis by the instillation
of TNBS. On day 6 after TNBS induction, sections
of colonic tissues from mice in the PBS-TNBS group
showed extensive goblet cell depletion, epithelial loss
as well as dense chronic inflammatory infiltrates in the
LP (Figure 6A). In contrast, administration of B. infantis
drastically diminished goblet cell depletion and the
intensity of inflammatory infiltrates and restored the
intestinal epithelium (Figure 6B). These results revealed
that B. infantis can attenuate the intestinal inflammation in
the experimental colitis model.
Next we tested whether Th1/Th17 responses were
downregulated after B. infantis feeding in experimental
colitis mice. As shown in Figure 7, analyses of cytokine
mRNA expression showed that Th1 cytokines (IFN-γ and
IL-12p40) and Th17 cytokines (IL-17A and IL-23 ) were
significantly decreased in the colons of mice receiving
B. infantis before induction of colitis in comparison with
mice receiving PBS before induction of colitis (IFN-γ,
P < 0.05; IL-12p40, P < 0.05; IL-17A < 0.05; IL-23,
P < 0.01) (Figure 7C, D, I and J). Th1 cytokine IL-2
seemed to fall down but not significantly (Figure 7B and
J). In addition, B. infantis feeding led to lower levels of
Th1 transcription factor T-bet and Th17 transcription
factor RORγt compared with PBS control (T-bet, P <
0.05) (Figure 7A and G). No significant difference in
mRNA expression of Th2-related GATA3 and IL-4 was
measured between the PBS-TNBS group and B. infantisTNBS group. However, surprisingly, B. infantis feeding
increased the mRNA expression of Foxp3, IL-10 and
TGF-β in colitis mice significantly when compared with
the PBS-TNBS group (Foxp3, P < 0.01; IL-10, P <
0.05; TGF-β, P < 0.05) (Figure 7K-M). Taken together,
these results show that B. infantis feeding attenuates the
development of colonic inflammation in TNBS-induced
colitis model in association with downregulation of both
Th1- and Th17-responses.

DISCUSSION
This study showed that B. infantis feeding to mice
reduced the severity of TNBS-induced colitis, which was

WJG|www.wjgnet.com

associated with suppression of Th1 and Th17 responses
and promotion of Foxp3+ Treg response within MLNs.
This revealed that the attenuation of TNBS-induced
colitis by B. infantis feeding is mediated by regulating
the differentiation of CD4 + T subsets and cytokine
expression.
We found that B. infantis feeding reduced the severity
of TNBS-induced colitis. TNBS instillation resulted
in extensive goblet cell depletion, epithelial loss and
dense inflammatory cell infiltrations in the LP. However,
colitis mice with B. infantis feeding showed a noticeable
resolution of inflammatory infiltrates and goblet cell
depletion and restored intestinal epithelium. Next, the
study explored the relation between the attenuation
of colitis by B. infantis and the change of T cell subset
responses, given that immune cell responses play a crucial
role in the pathogenesis of colitis. Mucosal dendritic
cells present gut antigens to the adaptive immune system
and then direct the polarization of naïve CD4+ T cells
towards different effector T-helper cells (Th1, Th2 and
Th17) and Tregs[10]. These effector Th cells are important
for combating pathogen infections; when aberrant they
release enormous proinflammatory cytokines and initiate
excessive inflammation, resulting in chronic inflammatory
diseases. Nonetheless, the gut immune system has
mechanisms of tolerance that avoid uncontrolled
Th1, Th2 or Th17 responses. Foxp3+ Tregs displayed
immunosuppressive function by suppressing Th cells
and secreting anti-inflammatory cytokines IL-10 and
TGF-β[11]. It is well known that aberrant Th1 and Th17
responses and deficient Treg response contribute to IBD.
Classically, CD has been associated with Th1
response. In our study, levels of Th1 cytokines (IL-2,
IL-12p40 and IFN-γ) were up-regulated in the MLNs
from TNBS-induced colitis mice. Th1 cells secrete a high
level of IFN-γ, a proinflammatory cytokine responsible
for macrophage activation. IFN-γ is essential for IBD
pathogenesis as the administration of anti-IFN-γ antibody
to mice can prevent the development of colitis[12] and
the treatment with fontolizumab, an anti-IFN-γ antibody,
improved clinical response and remission in patients
with active CD compared with placebo[13]. Consistent
with these results, our colitis mice were detected to have
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a reduction of IFN-γ mRNA in MLNs after B. infantis
feeding. IL-12 has two subunits, p40 and p35, and it is
mainly produced by macrophages/monocytes and can be
efficiently induced by intracellular bacteria. IL-12 plays a
pivotal role in the Th1 differentiation and induces naïve
T cells to produce IFN-γ. Administration of antibody
against its subunit IL-12p40 attenuated TNBS colitis with
decreased levels of Th1 cells and IFN-γ in the LP[14]. In
patients with active CD, anti-IL-12p40 treatment reduced
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Th1-mediated inflammatory cytokines and promoted
clinical remission [15]. In this experiment, colitis mice
showed down-regulated mRNA of IL-12p40 following
B. infantis feeding. Further, the study revealed that Th1
transcription factor T-bet was up-regulated in colitis mice
but was down-regulated by B. infantis feeding. T-bet is
a member of the T-box transcription factor family that
is essential for Th1 development as Th1 cells cannot
be generated either in vitro or in vivo without it[16]. These
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A

B

Figure 6 Representative histological images of colon samples from trinitrobenzene sulfonic acid-induced colitis mice fed high dose Bifidobacterium
infantis. A: Colon image from a trinitrobenzene sulfonic acid (TNBS)-induced colitis mouse fed PBS; B: Colon image from a TNBS-induced mouse fed high dose
Bifidobacterium infantis. All images are at the same original magnification (× 40).

outcomes showed B. infantis seemed to weaken the Th1
cell response via regulating its differentiation-related
factors and cytokine expression in TNBS-induced colitis
mice.
In the recent decade, the discovery of the Th17
subset has rapidly expanded the understanding of IBD.
High levels of Th17 and its cytokine IL-17 were detected
in inflamed colons of mice and patients with IBD[17]. IL17A is a potent mediator of inflammatory responses
as it induces proinflammatory cytokines such as IL-6,
IL-8, and monocyte chemotactic protein-1 (MCP-1)[18].
Increased IL-17A mRNA was measured in our colitis
model, though B. infantis reduced it. Likely, in DSSinduced colitis, B. infantis decreased Th17 cells and IL17A[5]. Interestingly, IL-17A was also verified to induce
production of IL-12 and promote the Th1 response[19],
implying that IL-17A downregulation by B. infantis may
facilitate the inhibition of Th1 response in IBD. IL-21,
a CD4+ T cell-derived cytokine produced in excess in
IBD was found to promote the differentiation of Th17
cells from naïve CD4+ T cells and prevent the TGF-βdependent expression of Foxp3 by naïve CD4+ T cells[20].
IL-21-deficient mice have less Th17 cells with reduced
severity of colitis after induction by either DSS or
TNBS[21]. However, we found that B. infantis feeding led
to the reduction of IL-21 in colitis mice. Orphan nuclear
receptor RORgammat (RORγt) is constitutively expressed
by Th17 cells and is the key transcription factor to Th17
differentiation[22]. In addition, RORγt can regulate the
production of IL-17A and IL-17F to induce chronic
colitis[23]. The animal experiment showed a reduction in
RORγt mRNA in colitis mice fed B. infantis. Another
key cytokine, IL23 secreted by DCs potently promoted
Th17 amplification, sustained and strengthened the
Th17 phenotype. Several groups concurrently showed
that IL-23 played a crucial role in development of IBD
in different colitis models partly because IL-23 induced
proinflammatory cytokines such as TNF-α, IFN-γ and
IL-6 in the colon[24]. Moreover, other work has shown
that IL-23 inhibited Foxp3+ Tregs to induce colitis[25]. It
is, therefore, of great importance to find that B. infantis
feeding reduced the IL-23 mRNA in the colitis model.
Taken together, B. infantis suppressed Th17 responses in
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TNBS-induced colitis mice.
Foxp3+ Tregs are a specialized class of lymphocytes
characterized by the expression of the forkhead
transcription factor Foxp3. Foxp3+ Tregs are essential for
normal immunohomeostasis by suppressing Th effector
cells[11]. The importance of Tregs in the prevention of
colitis has been confirmed by previous studies showing
that transfer of naïve CD4+ T cells without Tregs into
immunodeficient mice resulted in inflammation and
colitis, while co-transfer of Tregs ameliorated or reversed
pathology [26]. In IBD patients, reduced numbers of
Foxp3+ Tregs were observed in the peripheral blood
and greater numbers of Foxp3+ Tregs in the intestinal
mucosa, although the increase in the intestine of IBD
patients was lower compared with non-IBD inflammatory
conditions[11]. Given the lower Tregs, the expansion of
Tregs seems to be a therapeutic tool for IBD. There is
some evidence that probiotic administration is able to
ameliorate the colitis by increasing Foxp3+ Tregs in the
colonic tissue, such as probiotic mixtures (lactobacillus,
bifidobacterium and streptococcus; lactobacillus
and bifidobacterium; bifidobacterium, lactobacillus
and enterococcus) [27-29]. In our normal mice, single
B. infantis feeding increased the Foxp3 + Tregs in the
MLNs. Similarly, B. infantis feeding increased Foxp3
mRNA in colitis mice. Consistent with our results,
human volunteers taking B. infantis had elevated levels
of Foxp3 expression in PBMCs[30]. The expression of
Foxp3 is critical because it controls the development of
Tregs and the immunosuppressive function of Tregs
requires a high level of Foxp3 expression[31]. Decreased
Foxp3 expression could lead to impaired Treg function
and be causal for immune disorders including human
immunodysregulation, polyendocrinopathy, enteropathy,
X-linked (IPEX) syndrome [32]. Hence, the increased
Foxp3 mRNA induced by B. infantis feeding may enhance
the immunosuppressive activities in colitis mice. Besides,
B. infantis increased Treg-related IL-10 and TGF-β in the
colonic tissue in our colitis model. IL-10 is a potent antiinflammatory cytokine, produced by both nonimmune
and immune cells including Tregs. IL-10 has particular
significance in IBD because IL-10-deficient mice develop
colitis[33] and Treg-specific deletion of IL-10 resulted in
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spontaneous colitis[34]. Apart from IL-10, Tregs produce
large amounts of TGF-β. TGF-β is a potent regulatory
cytokine that inhibits Th cell proliferation, differentiation
and activation, and decreases secretion of harmful
cytokines[35]. Application of TGF-β blocking antibody
eliminated the ability of Tregs to prevent colitis and TGF[36]
β-deficient Tregs failed to suppress colitis . What’s more,
TGF-β is involved in the induction of Foxp3 and drives
the differentiation of naïve T cells to a Treg phenotype[37].
Overall, B. infantis promoted Foxp3+ Treg responses in
association with increased levels of Foxp3, L-10 and
TGF-β in the MLNs in TNBS-induced colitis mice.
However, B. infantis feeding had some different effects
on the immune cells in different gut environments. In
normal gut environment a high dose elicited some Th1,
Th17 and Treg responses with slight increases of Th17
cells and Tregs and their-related cytokines, though this
did not cause pathological inflammation. One reason
why B. infantis feeding resulted in a little high immune
response is that B. infantis, which is derived from the
human gut, is regarded as foreign antigen, thereby
triggering weak responses. But this immune response did
not lead to pathological inflammation, which indicated
that there was a proper balance among Th1, Th17
and Tregs in maintaining gut homeostasis. This was
confirmed by evidence that a good balance between
Tregs and Th17 is essential for both eliminating potential
pathogens and suppressing intestinal inflammation[38]. In
some way, proper increases in Th1 and Th17 responses
may enhance the mucosal defense against pathogens and
thus be beneficial to the promotion of the host intestinal
immunity.
It is of great importance for the potential of B.
infantis to suppress IBD because the risk of colorectal
cancer is increased in patients with ulcerative colitis
and CD[39]. Animal models revealed that the setting of
intestinal inflammation contributed to the tumorigenesis
through T cell and TLR-mediated inflammation[40]. IL-17
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immunoreactive cells were significantly expressed in the
normal mucosa of colon cancer patient[41]. However,
a high density of Foxp3 + Tregs in tumor tissue was
associated with improved prognosis in colorectal cancer
patients in early T stage [42]. Thus reducing chronic
intestinal inflammation appears to be a good strategy
in preventing the incidence of colorectal cancer.
The microbial dysbiosis was found in colon cancer
patients[41], indicating that improvement of intestinal flora
environment may benefit these patients. Studies showed
that supplementation of viable Bifidobacteria before
surgery can reduce infection complication of surgery
in patients with colorectal cancer[43]. More importantly,
probiotics can delay or block the development of tumor
from inflammation disorders by reducing inflammation.
Pretreatment with the probiotic VSL#3, a mixture of
lactobacillus, bifidobacterium and streptococcus, can
attenuate the inflammation in TNBS-induced colitis,
delaying transition to dysplasia and cancer[44]. Bifidobacterium
lactis prevents DSS-induced acute colitis and DSS colitisassociated cancer in mice[45]. B. infantis has the potential
to attenuate intestinal inflammation through suppressing
Th1 and Th17 cell responses as well as promoting
Foxp3+ Tregs. Therefore, B. infantis may reduce risk of
the transition from IBD to colorectal cancer, even slow
down the existing cancer progression and improve the
prognosis.
However, the major drawback of this study is that
we failed to measure the frequencies of Th17 cells and
Foxp3+ Tregs and identify their origin in colitis mice and
B. infantis-fed colitis mice. The expression of Foxp3 can
be induced in naturally thymic-drived CD4+CD25+ Tregs
or in mature CD4+ “conventional” T cells in vitro and in
vivo[11]. Nevertheless, Foxp3+ Tregs from CD4+CD25+
Tregs or from CD4+CD25- conventional T cells both
have similar immunosuppressive functions. In normal
mice, we found that increased Foxp3+ Tregs by B. infantis
were mostly derived from the CD4+CD25+ Tregs in the
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MLNs. But whether the origin of the increased Foxp3
mRNA in MLNs in our colitis mice and B. infantistreated colitis mice was also derived from CD4+CD25+
Tregs or from peripheral CD4+CD25- T was not known.
Previous studies showed that feeding mixed probiotics
(bifidobacterium, lactobacillus and enterococcus) or
(lactobacillus and bifidobacterium) led to elevated levels
of CD4+CD25+Foxp3+ cells in MLNs or intraepithelial
in TNBS colitis mice[28,29]. However, in the same model,
probiotic IRT5 administration increased the CD4+CD25
−
Foxp3 + cells in MLNs[27]. For this discrepancy, one
explanation is that the individual component of probiotic
mixtures had different function on the population of
Tregs in the intestine. In order to elucidate the origin of
elevated levels of Foxp3 mRNA in our B. infantis-treated
colitis mice, further studies will be done in the future.
In conclusion, we showed that B. infantis attenuated
intestinal inflammation in TNBS-induced colitis mice by
suppressing the Th1 and Th17 responses and increasing
the Foxp3+ Treg response in MLNs. This mechanism
underlying the regulatory effect of B. infantis on the
immune system may have significant clinical implications
in treating IBD and preventing colorectal cancer.

REFERENCES
1
2

3

4

5

6

ACKNOWLEDGMENTS
The authors thank Guangzhou Baoxing Biotechnology
Company for providing the Bifidobacterium infantis.
7

COMMENTS
COMMENTS
Background

Crohn’s disease (CD), one type of inflammatory bowel disease, is characterized
by chronic inflammation of intestinal tract. Abnormal microbiota and mucosal
immune cell responses contribute to the pathogenesis of CD.

8

Research frontiers

9

Innovations and breakthroughs

10

Alterations of gut microbiota cause immune dysregulation, leading to
autoimmune attacks, as a result of serious damage of the intestinal mucosal
barrier. CD involves aberrant Th1 and Th17 responses and deficient T
regulatory cell response. This suggested that regulating immune cell responses
could potentially attenuate intestinal inflammation.
In this study, the authors found that Bifidobacterium infantis (B. infantis) had
the potential to effectively attenuate the colitis induced by 2,4,6-trinitrobenzene
sulfonic acid. These beneficial effects were associated with the role of B.
infantis in the suppression of Th1 and Th17 cell responses, the promotion of
Foxp3+ T regulatory cell response, and restoring the balance of T cell subsets
responses.

Applications

Understanding the mechanism underlying the effects of B. infantis in treating
experimental colitis has significant clinical implications in effectively and safely
treating inflammatory bowel disease and further preventing colorectal cancer
associated with intestinal inflammation.

11

12

13

Peer review

The authors investigated effects of B. infantis in treating experimental colitis
which mimics CD and explored its potential mechanism by measuring
levels of Th1, Th17 and Foxp3 + T regulatory cells and expression of their
related cytokines and transcription factors in mesenteric lymph nodes. They
revealed that B. infantis effectively relieved the colitis, which was associated
with reducing the Th1, Th17 responses and increasing the T regulatory
cell response. The results provide valuable evidence for understanding the
mechanism of probiotics for treating inflammatory bowel disease such as CD.

WJG|www.wjgnet.com

14
15

18327

Khor B, Gardet A, Xavier RJ. Genetics and pathogenesis
of inflammatory bowel disease. Nature 2011; 474: 307-317
[PMID: 21677747 DOI: 10.1038/nature10209]
Frank DN, St Amand AL, Feldman RA, Boedeker EC,
Harpaz N, Pace NR. Molecular-phylogenetic characterization
of microbial community imbalances in human inflammatory
bowel diseases. Proc Natl Acad Sci USA 2007; 104: 13780-13785
[PMID: 17699621 DOI: 10.1073/pnas.0706625104]
Whorwell PJ, Altringer L, Morel J, Bond Y, Charbonneau D,
O’Mahony L, Kiely B, Shanahan F, Quigley EM. Efficacy of
an encapsulated probiotic Bifidobacterium infantis 35624 in
women with irritable bowel syndrome. Am J Gastroenterol
2006; 101: 1581-1590 [PMID: 16863564 DOI: 10.1111/
j.1572-0241.2006.00734.x]
Dajani AI, Abu Hammour AM, Yang DH, Chung PC,
Nounou MA, Yuan KY, Zakaria MA, Schi HS. Do probiotics
improve eradication response to Helicobacter pylori on
standard triple or sequential therapy? Saudi J Gastroenterol
2013; 19: 113-120 [PMID: 23680708 DOI: 10.4103/1319-3767.1
11953]
Konieczna P, Ferstl R, Ziegler M, Frei R, Nehrbass D,
Lauener RP, Akdis CA, O’Mahony L. Immunomodulation
by Bifidobacterium infantis 35624 in the murine lamina
propria requires retinoic acid-dependent and independent
mechanisms. PLoS One 2013; 8: e62617 [PMID: 23704880 DOI:
10.1371/journal.pone.0062617]
McCarthy J, O’Mahony L, O’Callaghan L, Sheil B, Vaughan
EE, Fitzsimons N, Fitzgibbon J, O’Sullivan GC, Kiely B,
Collins JK, Shanahan F. Double blind, placebo controlled
trial of two probiotic strains in interleukin 10 knockout mice
and mechanistic link with cytokine balance. Gut 2003; 52:
975-980 [PMID: 12801954]
Tanabe S, Kinuta Y, Saito Y. Bifidobacterium infantis
suppresses proinflammatory interleukin-17 production in
murine splenocytes and dextran sodium sulfate-induced
intestinal inflammation. Int J Mol Med 2008; 22: 181-185
[PMID: 18636171 DOI: 10.3892/ijmm_00000006]
Maloy KJ, Powrie F. Intestinal homeostasis and its
breakdown in inflammatory bowel disease. Nature 2011; 474:
298-306 [PMID: 21677746 DOI: 10.1038/nature10208]
Foligné B, Nutten S, Steidler L, Dennin V, Goudercourt D,
Mercenier A, Pot B. Recommendations for improved use of
the murine TNBS-induced colitis model in evaluating antiinflammatory properties of lactic acid bacteria: technical and
microbiological aspects. Dig Dis Sci 2006; 51: 390-400 [PMID:
16534687 DOI: 10.1007/s10620-006-3143-x]
Zhu J, Paul WE. CD4 T cells: fates, functions, and faults.
Blood 2008; 112: 1557-1569 [PMID: 18725574 DOI: 10.1182/
blood-2008-05-078154]
Mayne CG, Williams CB. Induced and natural regulatory
T cells in the development of inflammatory bowel disease.
Inflamm Bowel Dis 2013; 19: 1772-1788 [PMID: 23656897 DOI:
10.1097/MIB.0b013e318281f5a3]
Powrie F, Leach MW, Mauze S, Menon S, Caddle LB, Coffman
RL. Inhibition of Th1 responses prevents inflammatory bowel
disease in scid mice reconstituted with CD45RBhi CD4+ T
cells. Immunity 1994; 1: 553-562 [PMID: 7600284]
Hommes DW, Mikhajlova TL, Stoinov S, Stimac D, Vucelic
B, Lonovics J, Zákuciová M, D’Haens G, Van Assche G,
Ba S, Lee S, Pearce T. Fontolizumab, a humanised antiinterferon gamma antibody, demonstrates safety and clinical
activity in patients with moderate to severe Crohn’s disease.
Gut 2006; 55: 1131-1137 [PMID: 16507585 DOI: 10.1136/
gut.2005.079392]
Neurath MF, Fuss I, Kelsall BL, Stüber E, Strober W.
Antibodies to interleukin 12 abrogate established experimental
colitis in mice. J Exp Med 1995; 182: 1281-1290 [PMID: 7595199]
Mannon PJ, Fuss IJ, Mayer L, Elson CO, Sandborn WJ,

December 28, 2014|Volume 20|Issue 48|

Zuo L et al . Bifidobacterium infantis and colitis

16

17

18

19

20

21

22

23

24

25

26

27

28

Present D, Dolin B, Goodman N, Groden C, Hornung RL,
Quezado M, Yang Z, Neurath MF, Salfeld J, Veldman GM,
Schwertschlag U, Strober W. Anti-interleukin-12 antibody
for active Crohn’s disease. N Engl J Med 2004; 351: 2069-2079
[PMID: 15537905 DOI: 10.1056/NEJMoa033402]
Szabo SJ, Sullivan BM, Stemmann C, Satoskar AR, Sleckman
BP, Glimcher LH. Distinct effects of T-bet in TH1 lineage
commitment and IFN-gamma production in CD4 and CD8
T cells. Science 2002; 295: 338-342 [PMID: 11786644 DOI:
10.1126/science.1065543]
Niess JH, Leithäuser F, Adler G, Reimann J. Commensal gut
flora drives the expansion of proinflammatory CD4 T cells in
the colonic lamina propria under normal and inflammatory
conditions. J Immunol 2008; 180: 559-568 [PMID: 18097058]
Andoh A, Takaya H, Makino J, Sato H, Bamba S, Araki
Y, Hata K, Shimada M, Okuno T, Fujiyama Y, Bamba T.
Cooperation of interleukin-17 and interferon-gamma on
chemokine secretion in human fetal intestinal epithelial cells.
Clin Exp Immunol 2001; 125: 56-63 [PMID: 11472426]
Feng T, Qin H, Wang L, Benveniste EN, Elson CO,
Cong Y. Th17 cells induce colitis and promote Th1 cell
responses through IL-17 induction of innate IL-12 and IL-23
production. J Immunol 2011; 186: 6313-6318 [PMID: 21531892
DOI: 10.4049/jimmunol.1001454]
Fantini MC, Rizzo A, Fina D, Caruso R, Becker C, Neurath
MF, Macdonald TT, Pallone F, Monteleone G. IL-21 regulates
experimental colitis by modulating the balance between
Treg and Th17 cells. Eur J Immunol 2007; 37: 3155-3163 [PMID:
17918200 DOI: 10.1002/eji.200737766]
Fina D, Sarra M, Fantini MC, Rizzo A, Caruso R, Caprioli
F, Stolfi C, Cardolini I, Dottori M, Boirivant M, Pallone F,
Macdonald TT, Monteleone G. Regulation of gut inflammation
and th17 cell response by interleukin-21. Gastroenterology
2008; 134: 1038-1048 [PMID: 18395085 DOI: 10.1053/
j.gastro.2008.01.041]
Ivanov II, McKenzie BS, Zhou L, Tadokoro CE, Lepelley
A, Lafaille JJ, Cua DJ, Littman DR. The orphan nuclear
receptor RORgammat directs the differentiation program
of proinflammatory IL-17+ T helper cells. Cell 2006; 126:
1121-1133 [PMID: 16990136 DOI: 10.1016/j.cell.2006.07.035]
Leppkes M, Becker C, Ivanov II, Hirth S, Wirtz S, Neufert
C, Pouly S, Murphy AJ, Valenzuela DM, Yancopoulos GD,
Becher B, Littman DR, Neurath MF. RORgamma-expressing
Th17 cells induce murine chronic intestinal inflammation
via redundant effects of IL-17A and IL-17F. Gastroenterology
2009; 136: 257-267 [PMID: 18992745 DOI: 10.1053/
j.gastro.2008.10.018]
Hue S, Ahern P, Buonocore S, Kullberg MC, Cua DJ,
McKenzie BS, Powrie F, Maloy KJ. Interleukin-23 drives
innate and T cell-mediated intestinal inflammation. J Exp
Med 2006; 203: 2473-2483 [PMID: 17030949 DOI: 10.1084/
jem.20061099]
Izcue A, Hue S, Buonocore S, Arancibia-Cárcamo CV, Ahern
PP, Iwakura Y, Maloy KJ, Powrie F. Interleukin-23 restrains
regulatory T cell activity to drive T cell-dependent colitis.
Immunity 2008; 28: 559-570 [PMID: 18400195 DOI: 10.1016/
j.immuni.2008.02.019]
Morrissey PJ, Charrier K. Induction of wasting disease in
SCID mice by the transfer of normal CD4+/CD45RBhi T cells
and the regulation of this autoreactivity by CD4+/CD45RBlo
T cells. Res Immunol 1994; 145: 357-362 [PMID: 7701115]
Kwon HK, Lee CG, So JS, Chae CS, Hwang JS, Sahoo
A, Nam JH, Rhee JH, Hwang KC, Im SH. Generation of
regulatory dendritic cells and CD4+Foxp3+ T cells by
probiotics administration suppresses immune disorders.
Proc Natl Acad Sci USA 2010; 107: 2159-2164 [PMID: 20080669
DOI: 10.1073/pnas.0904055107]
Roselli M, Finamore A, Nuccitelli S, Carnevali P, Brigidi
P, Vitali B, Nobili F, Rami R, Garaguso I, Mengheri E.
Prevention of TNBS-induced colitis by different Lactobacillus

WJG|www.wjgnet.com

29

30

31

32

33
34

35

36

37

38

39

40

41

42

18328

and Bifidobacterium strains is associated with an expansion
of gammadeltaT and regulatory T cells of intestinal
intraepithelial lymphocytes. Inflamm Bowel Dis 2009; 15:
1526-1536 [PMID: 19504616 DOI: 10.1002/ibd.20961]
Zhao HM, Huang XY, Zuo ZQ, Pan QH, Ao MY, Zhou F,
Liu HN, Liu ZY, Liu DY. Probiotics increase T regulatory
cells and reduce severity of experimental colitis in mice.
World J Gastroenterol 2013; 19: 742-749 [PMID: 23430765 DOI:
10.3748/wjg.v19.i5.742]
Konieczna P, Groeger D, Ziegler M, Frei R, Ferstl R,
Shanahan F, Quigley EM, Kiely B, Akdis CA, O’Mahony L.
Bifidobacterium infantis 35624 administration induces Foxp3
T regulatory cells in human peripheral blood: potential role
for myeloid and plasmacytoid dendritic cells. Gut 2012; 61:
354-366 [PMID: 22052061 DOI: 10.1136/gutjnl-2011-300936]
Wan YY, Flavell RA. Regulatory T-cell functions are
subverted and converted owing to attenuated Foxp3
expression. Nature 2007; 445: 766-770 [PMID: 17220876 DOI:
10.1038/nature05479]
Bennett CL, Christie J, Ramsdell F, Brunkow ME, Ferguson PJ,
Whitesell L, Kelly TE, Saulsbury FT, Chance PF, Ochs HD. The
immune dysregulation, polyendocrinopathy, enteropathy,
X-linked syndrome (IPEX) is caused by mutations of FOXP3.
Nat Genet 2001; 27: 20-21 [PMID: 11137993 DOI: 10.1038/83713]
Kühn R, Löhler J, Rennick D, Rajewsky K, Müller W.
Interleukin-10-deficient mice develop chronic enterocolitis.
Cell 1993; 75: 263-274 [PMID: 8402911]
Rubtsov YP, Rasmussen JP, Chi EY, Fontenot J, Castelli L, Ye
X, Treuting P, Siewe L, Roers A, Henderson WR, Muller W,
Rudensky AY. Regulatory T cell-derived interleukin-10 limits
inflammation at environmental interfaces. Immunity 2008; 28:
546-558 [PMID: 18387831 DOI: 10.1016/j.immuni.2008.02.017]
Wan YY, Flavell RA. ‘Yin-Yang’ functions of transforming
growth factor-beta and T regulatory cells in immune
regulation. Immunol Rev 2007; 220: 199-213 [PMID: 17979848
DOI: 10.1111/j.1600-065X.2007.00565.x]
Li MO, Wan YY, Flavell RA. T cell-produced transforming
growth factor-beta1 controls T cell tolerance and regulates
Th1- and Th17-cell differentiation. Immunity 2007; 26: 579-591
[PMID: 17481928 DOI: 10.1016/j.immuni.2007.03.014]
Chen W, Jin W, Hardegen N, Lei KJ, Li L, Marinos N,
McGrady G, Wahl SM. Conversion of peripheral CD4+CD25naive T cells to CD4+CD25+ regulatory T cells by TGF-beta
induction of transcription factor Foxp3. J Exp Med 2003; 198:
1875-1886 [PMID: 14676299 DOI: 10.1084/jem.20030152]
Eastaff-Leung N, Mabarrack N, Barbour A, Cummins A,
Barry S. Foxp3+ regulatory T cells, Th17 effector cells, and
cytokine environment in inflammatory bowel disease. J Clin
Immunol 2010; 30: 80-89 [PMID: 19936899 DOI: 10.1007/
s10875-009-9345-1]
Rutter MD, Saunders BP, Wilkinson KH, Rumbles S,
Schofield G, Kamm MA, Williams CB, Price AB, Talbot IC,
Forbes A. Thirty-year analysis of a colonoscopic surveillance
program for neoplasia in ulcerative colitis. Gastroenterology
2006; 130: 1030-1038 [PMID: 16618396 DOI: 10.1053/
j.gastro.2005.12.035]
Sussman DA, Santaolalla R, Strobel S, Dheer R, Abreu MT.
Cancer in inflammatory bowel disease: lessons from animal
models. Curr Opin Gastroenterol 2012; 28: 327-333 [PMID:
22614440 DOI: 10.1097/MOG.0b013e328354cc36]
Sobhani I, Tap J, Roudot-Thoraval F, Roperch JP, Letulle
S, Langella P, Corthier G, Tran Van Nhieu J, Furet JP.
Microbial dysbiosis in colorectal cancer (CRC) patients. PLoS
One 2011; 6: e16393 [PMID: 21297998 DOI: 10.1371/journal.
pone.0016393]
Salama P, Phillips M, Grieu F, Morris M, Zeps N, Joseph
D, Platell C, Iacopetta B. Tumor-infiltrating FOXP3+ T
regulatory cells show strong prognostic significance in
colorectal cancer. J Clin Oncol 2009; 27: 186-192 [PMID:
19064967 DOI: 10.1200/JCO.2008.18.7229]

December 28, 2014|Volume 20|Issue 48|

Zuo L et al . Bifidobacterium infantis and colitis
43

44

Zhang JW, Du P, Gao J, Yang BR, Fang WJ, Ying CM.
Preoperative probiotics decrease postoperative infectious
complications of colorectal cancer. Am J Med Sci 2012; 343:
199-205 [PMID: 22197980 DOI: 10.1097/MAJ.0b013e31823aace6]
Appleyard CB, Cruz ML, Isidro AA, Arthur JC, Jobin C, De
Simone C. Pretreatment with the probiotic VSL#3 delays
transition from inflammation to dysplasia in a rat model
of colitis-associated cancer. Am J Physiol Gastrointest Liver

45

Physiol 2011; 301: G1004-G1013 [PMID: 21903764 DOI:
10.1152/ajpgi.00167.2011]
Kim SW, Kim HM, Yang KM, Kim SA, Kim SK, An MJ, Park
JJ, Lee SK, Kim TI, Kim WH, Cheon JH. Bifidobacterium
lactis inhibits NF-kappaB in intestinal epithelial cells and
prevents acute colitis and colitis-associated colon cancer in
mice. Inflamm Bowel Dis 2010; 16: 1514-1525 [PMID: 20310012
DOI: 10.1002/ibd.21262]
P- Reviewer: Ciccone MM, Foligne B, Lee I S- Editor: Ma YJ
L- Editor: Wang TQ E- Editor: Wang CH

WJG|www.wjgnet.com

18329

December 28, 2014|Volume 20|Issue 48|

World J Gastroenterol 2014 December 28; 20(48): 18330-18337
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i48.18330

© 2014 Baishideng Publishing Group Inc. All rights reserved.

RESEARCH REPORT

Aloe vera attenuated gastric injury on indomethacin-induced
gastropathy in rats
Duangporn Werawatganon, Narisorn Rakananurak, Sasipim Sallapant, Piyapan Prueksapanich,
Kanjana Somanawat, Naruemon Klaikeaw, Rungsun Rerknimitr
Duangporn Werawatganon, Kanjana Somanawat, Department
of Physiology, Faculty of Medicine, Chulalongkorn University,
Bangkok 10330, Thailand
Narisorn Rakananurak, Sasipim Sallapant, Piyapan
Prueksapanich, Rungsun Rerknimitr, Department of Internal
Medicine, Faculty of Medicine, Chulalongkorn University,
Bangkok 10330, Thailand
Naruemon Klaikeaw, Department of Pathology, Faculty of
Medicine, Chulalongkorn University, Bangkok 10330, Thailand
Author contributions: Werawatganon D designed the study,
performed the experiments, analyzed the data and edited the
manuscript; Rakananurak N, Sallapant S, Prueksapanich P,
Rerknimitr R and Somanawat K performed the experiments,
collected the data and wrote the manuscript; and Klaikeaw N coordinated in the pathological examination.
th
Supported by 90 Anniversary Fund of Chulalongkorn
University (Ratchada phiseksomphot Endowment Fund) and
The Grant of Ratchadaphiseksomphot, Faculty of Medicine,
Chulalongkorn University, Bangkok, Thailand
Correspondence to: Duangporn Werawatganon, MD,
Associate Professor, Department of Physiology, Faculty of
Medicine, Chulalongkorn University, 254 Phyathai Road,
Patumwan, Bangkok 10330, Thailand. dr.duangporn@gmail.com
Telephone: +66-2-2564267 Fax: +66-2-2564267
Received: May 4, 2014
Revised: August 6, 2014
Accepted: September 5, 2014
Published online: December 28, 2014

Abstract
AIM: To evaluate the protective effects of Aloe vera on
gastric injury in rats with indomethacin (IMN)-induced
gastropathy.
METHODS: Male Sprague-Dawley rats were randomly
divided into three groups. Group 1 (control, n = 6)
was given distilled water (DW) orally. Group 2 (IMN,
n = 6) was given oral IMN (150 mg/kg) dissolved in
5% sodium bicarbonate (NaHCO3 ) at time 0 and 4 h.
Group 3 (Aloe vera -treated, n = 6) was given oral Aloe
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vera (150 mg/kg) dissolved in DW and IMN at time 0

and 4 h. Eight hours later, the stomach was removed
to determine gastric malondialdehyde (MDA), the
number of interleukin (IL)-18 positive stained cells (%)
by immunohistochemistry, and for histopathological
examination. Then, the serum was collected to
determine tumor necrosis factor (TNF)-α and cytokineinduced neutrophil chemoattractant (CINC)-1 by
sandwich enzyme linked immunosorbent assay method.

RESULTS: In the IMN group, serum TNF-α, CINC-1
and gastric MDA were significantly increased when
compared to the control group (27.78 ± 1.52 pg/mL
vs 85.07 ± 49.11 pg/mL, P = 0.009; 104.55 ± 45.80
pg/mL vs 1054.70 ± 20.38 pg/mL, and 1.74 ± 0.21
nmol/mg vs 9.36 ± 1.07 nmol/mg protein, P = 0.000,
respectively). The mean level of TNF-α, CINC-1 and
gastric MDA in the Aloe vera -treated group were
improved as compared with the IMN group (85.07
± 49.11 pg/mL vs 35.19 ± 1.61 pg/mL, P = 0.021;
1054.70 ± 20.38 pg/mL vs 813.56 ± 239.04 pg/mL,
P = 0.025; and 9.36 ± 1.07 nmol/mg vs 2.67 ±
0.64 nmol/mg protein, P = 0.000, respectively). The
number of IL-18 positive stained cells (%) in the gastric
epithelial cells of the IMN group was significantly higher
than the control group (5.01% ± 3.73% vs 30.67%
± 2.03%, P = 0.000, respectively). In contrast, Aloe
vera treatment decreased the number of IL-18 positive
stained cells (%) significantly when compared with the
IMN group (30.67% ± 2.03% vs 13.21% ± 1.10%,
P = 0.000, respectively). Most rats in the IMN group
developed moderate to severe gastric inflammation and
erosions. The gastric erosions and neutrophil infiltration
scores were significantly reduced in the Aloe vera treated group.
CONCLUSION: Aloe vera attenuated IMN-induced
gastropathy in rats by the reduction of oxidative
stress, inflammation, and improvement of gastric
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histopathology.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Nonsteroidal anti-inflammatory drugs (NSAIDs)induced gastric damage is the major side effect of
this kind of medication. Although the underlying
pathogenesis of NSAIDs-induced gastric damage is
unclear, neutrophils are believed to play an important
role in the development of gastric inflammation and
injury following NSAIDs administration. Aloe vera (Aloe
barbadensis Mill ) possesses several biological activities,
including an anti-inflammatory and ulcer healing
effects. The authors postulated that Aloe vera , acting
through inflammatory inhibition, could reduce the
inflammatory cytokine, neutrophil chemoattractant, and
oxidative stress thus resulting in attenuation of gastric
injury in indomethacin-induced gastropathy in rats.
Werawatganon D, Rakananurak N, Sallapant S, Prueksapanich P,
Somanawat K, Klaikeaw N, Rerknimitr R. Aloe vera attenuated
gastric injury on indomethacin-induced gastropathy in rats. World
J Gastroenterol 2014; 20(48): 18330-18337 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i48/18330.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i48.18330

INTRODUCTION
Nonsteroidal anti-inflammatory drugs (NSAIDs) are
among the most commonly prescribed medications
worldwide. However, NSAIDs have adverse effects
on the gastric mucosa, resulting in various clinical
presentations, ranging from nonspecific dyspepsia to
ulceration, upper gastrointestinal bleeding, and death,
summarized by the term “NSAIDs gastropathy” [1].
NSAIDs-induced gastric damage is the major side effect
of this kind of drug[2].
The main action of NSAIDs is to inhibit prostaglandin
synthesis. There is substantial evidence supporting the
view that the ulcerogenic effect of this medication
correlates with its ability to suppress prostaglandin
synthesis[3-5]. Endogenous prostaglandins normally regulate
mucosal blood flow, epithelial cell proliferation, epithelial
restitution, mucosal immunocyte function, mucus
and bicarbonate secretion, and basal acid secretion [6].
Therefore, decreases in prostaglandins, protective factors
for ulcer formation, lead to gastric mucosal injury.
Animal studies have shown that neutrophil adherence
to the endothelium of gastric microcirculation is critical
in NSAIDs injury[7]. Neutrophil adherence damages the
mucosa by producing oxygen-free radicals, releasing
proteases, and obstructing capillary blood flow. NSAIDs
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might induce the synthesis of tumor necrosis factor
(TNF)- α and leukotrienes [8,9] . These inflammatory
mediators subsequently stimulate neutrophil adherence
by the upregulation of adhesion molecules[10].
NSAIDs administration in rats caused a rapid and
significant increase in adhesion between neutrophils and
vascular endothelial cells in both gastric and mesenteric
venules[11-13]. This was dependent on intercellular adhesion
molecule (ICAM)-1 expression on the endothelium
and CD11/CD18 expression on the leukocyte [14,15].
Interestingly, Thong-Ngam et al[16] recently reported that
administration of indomethacin (IMN) to rats resulted in
a significant increase in ICAM-1 and TNF-α expression
in the gastric mucosa. Andrews et al[10] reported that
administration of aspirin or IMN to rats resulted in a
significant increase in ICAM-1 expression in the gastric
microcirculation.
Aloe vera (Aloe barbadensis Mill) is classified in family of
Aloaceae, originated in the dry areas of Africa, Asia, and
Southern Europe, especially in the Mediterranean regions.
Aloe vera and other species of Aloe are succulent and
xerophytic plants that are adapted to living in areas with
little water. These plants possess extensive water storage
tissue in their leaves, the part of the plant which is used
for its therapeutic properties[17]. The largest components
(60%) in the dry matter, are the carbohydrates (soluble
sugar and complex polysaccharides). Aloe is known well
for its topical use as an anti-inflammatory and for curing
wounds and burns[18]. Anti-oxidative, anti-inflammatory,
and immunosuppressive activities of Aloe vera have
been indicated[19,20]. Acemannan is a key compound that
stimulates the immunity mediated by the cells[21].
Several studied showed that Aloe vera is also an antiinflammatory and ulcer healing substance. It can protect
gastric mucosa by its anti-inflammatory[22], cytoprotective,
healing, and mucus stimulatory effects[23].
Preliminary data obtained in animal models of
NSAIDs-induced gastropathy showed that treatment with
Aloe vera could be effective in limiting gastric damage,
but the exact mechanism of these effects is still largely
undefined.
There are currently limited studies investigating the
effects of Aloe vera on NSAIDs-induced gastropathy. To
date, there are no experimental data to prove its beneficial
effects on inflammatory mediators, principally interleukin
(IL)-18 level changes.
IL-18, originally known as interferon- γ (IFN- γ )inducing factor (IGIF), is a cytokine that shares structural
and functional properties with IL-1[24,25]. This cytokine
is mainly produced by activated macrophages, but may
also be expressed by Kupffer cells, T cells, B cells,
keratinocytes, astrocytes, and osteoblasts[26]. Like IL-1,
IL-18 is synthesized as an inactive precursor (pro-IL-18,
24 kDa), which is cleaved by interleukin-1 β-converting
enzyme (ICE or caspase-1) into an active 18 kDa mature
form[26-28].
Therefore, the aim of the present study was to test
the effects of Aloe vera on oxidative stress, inflammation,
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and gastric histopathology in rats with IMN-induced
gastropathy and also determine IL-18 levels, which is a
proinflammatory cytokine.

MATERIALS AND METHODS
Animal, indomethacin, and Aloe vera preparations
Male Sprague-Dawley rats weighing 180-220 g, purchased
from the National Laboratory Animal Center, Mahidol
University, Salaya (n = 18), Nakorn pathom, were
used in an experimental study. All rats were kept in a
controlled temperature room at 25 ± 1 ℃ under standard
conditions (12 h day-night rhythm). They were cared for
in accordance with the Ethical Committee, Faculty of
Medicine, Chulalongkorn University, Thailand. NSAIDs
or indomethacin(IMN) was dissolved in 5% sodium
bicarbonate (NaHCO3-). Aloe vera extract in powder form
(Sigma®) was dissolved in distilled water (DW).
Experimental protocol
All rats were randomly divided into three experimental
groups. Group 1 (control, n = 6): rats were given DW
1 mL/rat orally via an intragastric tube. Group 2 (IMN,
n = 6): rats were given IMN 150 mg/kg body weight
(BW) dissolved in 5% NaHCO3- 1 mL/rat orally via an
intragastric tube at time 0 and 4 hour. Group 3 (Aloe veratreated, n = 6): rats were given Aloe vera 200 mg/kg BW
dissolved in DW and IMN 150 mg/kg BW dissolved in
5% NaHCO3- 1 mL/rat orally via an intragastric tube at 0
and 4 h.
Eight hours later, all rats were anesthetized with an
intraperitoneal injection of thiopental 60 mg/kg (Jagsonpal
Pharmaceuticals Ltd Haryana, India). The stomach was
removed and dissected along the greater curvature and
washed twice with ice-cold phosphate-buffered saline,
frozen in liquid nitrogen, and stored at -80 ℃ to examine
tissue malondialdehyde (MDA) using thiobarbituric acid
reactive substances (TBARS) assay kit (Cayman Chemical
Company, United States) and was expressed as nanomole
per milligram (nmol/mg) protein. The remaining stomach
was cut into multiple 5-micron-thick sections and fixed
in 10% formalin solution, which were later stained with
hematoxylin and eosin (H and E) for histopathologic
examination. Then, a blood sample was collected by
cardiac puncture. The blood was allowed to clot at room
temperature for 2 h before being centrifuged at 1000 g
for 20 min. Serum was separated and stored at -80 ℃ to
measure the TNF-α and CINC-1 levels using sandwich
enzyme linked immunosorbent assay (ELISA) technique
(R and D Systems, Inc., United States) and was expressed
as picogram per milliliter (pg/mL).
Histopathology
Tissue samples of stomach were excised and fixed with
10% formalin and later processed by routine technique
before paraffin embedding. Sections were cut at 5 μm
thickness and stained with H and E. One experienced
gastrointestinal pathologist examined all blinded samples
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by using light microscopy with magnification × 20. All
histopathological findings were recorded and graded by
using gastric erosion and polymorphonuclear leukocyte
infiltration scores as follows; Score 0: no erosion; Score
1: erosion 1/3 of epithelium depth; Score 2: erosion 2/3
of epithelium depth, or development of ulcer. For PMN
infiltration score, Score 0: no infiltration; Score 1: PMN
infiltrate 1/3 of epithelium; Score 2: PMN infiltrate
2/3 of epithelium; Score 3: PMN infiltrate all depths of
epithelium which represent normal, mild, moderate and
severe gastric mucosal injury respectively[29].
Immunohistochemistry
The stomach sections were deparaffinized with xylene
and ethanol for 10 min. After water washing, the antigen
was retrieved from sections with citrate buffer pH
6.0 in microwave for 13 min. Next, 3% H2O2 and 3%
normal horse serum were added to the slides to block
endogenous peroxidase activity for 5 min and block
nonspecific binding for 20 min, respectively. Then, the
primary antibody used for IL-18, a monoclonal antibody
against the Rat IL-18, was applied at a dilution of 1:100 (R
and D Systems, Inc., United States) and 1:200 (Gene Tex,
United States) respectively for 1 h at room temperature
and incubated with the secondary antibody for IL-18
(ready-to-use; Dako, Denmark) for 30 min. When the
development of the color with DAB was detected, the
slides were counterstained with hematoxylin.
Under light microscopy (Nikon E50i, Nikon
Corporation, Japan), the number of IL-18 positive
cells presented as dark brown stained nuclei of gastric
epithelial cells. Images were obtained at × 20 and × 40
magnification field from each sample. Ten images from
two sections per animals were analyzed. The numbers of
IL-18 positive stained cells were counted manually using
Point tool in the IMAGE-PRO PLUS software program
(version 6.1). A thousand gastric epithelial cells were
counted for each sample. The results were expressed as
the number of IL-18 gastric epithelial positive stained
cells (%) calculating from this equation:
The number of positive stained cells (%) = (number
of nuclei stained cells/number of examined cells) ×
100%.
Statistical analysis
All data are presented as mean ± SD. We evaluated group
differences with one-way analysis of variance (one-way
ANOVA) followed by Tukey PostHoc comparision by
using SPSS for windows version 17.0 (SPSS Inc., Chicago,
IL, United States). A P-value of < 0.05 was considered
significant.

RESULTS
Changes in TNF-α level
The mean serum TNF-α level in the IMN group was
significantly higher than in the control group (27.78 ± 1.52
pg/mL vs 85.07 ± 49.11 pg/mL, P = 0.009). In the Aloe
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Figure 1 Effects of Aloe vera on serum tumor necrosis factor-alpha, serum cytokine-induced neutrophil chemoattractant-1, gastric malondialdehyde,
interleukin-18 gastric epithelial positive stained cells in rats with indomethacin-induced gastric ulcer. A: Tumor necrosis factor-alpha (TNF-α), aP < 0.05 vs
indomethacin (IMN) group, bP < 0.01 vs control group; B: Cytokine-induced neutrophil chemoattractant-1 (CINC-1), cP < 0.05 vs IMN group, dP < 0.01 vs control group;
C: Gastric malondialdehyde (MDA), fP < 0.01 vs IMN group, hP < 0.01 vs control group; D: Interleukin (IL)-18, jP < 0.01 vs IMN group, lP < 0.01 vs control group. 1:
Control; 2: IMN; 3: Aloe vera-treated.

Table 1 Summary of parameters in all experimental groups
Group/parameters

n

IL-18 (%)

Control
IMN
Aloe vera-treated

6
6
6

5.01 ± 3.73
30.67 ± 2.03b
13.21 ± 1.10d

TNF-α
27.78 ± 1.52
85.07 ± 49.11b
35.19 ± 1.61c

CINC-1
104.55 ± 45.80
1054.70 ± 20.38b
813.56 ± 239.04b,c

MDA
1.74 ± 0.21
9.36 ± 1.07b
2.67 ± 0.64d

The data were presented as the mean ± SD of serum TNF-α, CINC-1, gastric MDA, and the number of IL-18 positive stained cells (%) in all experimental
groups (n = 6). bP < 0.01 vs control group; cP < 0.05, dP < 0.01 vs indomethacin (IMN) group.

vera-treated group, the serum TNF-α was significantly
reduced when compared to the IMN group (35.19 ±
1.61 pg/mL vs 85.07 ± 49.11 pg/mL, P = 0.021). The
averages of serum TNF-α level of all groups were shown
in Figure 1A and Table 1.
Change in CINC-1 level
The average concentrations of serum CINC-1 were
104.55 ± 45.80 pg/mL, 1054.70 ± 20.38 pg/mL, and
813.56 ± 239.04 pg/mL in the control group, the IMN
group, and the Aloe vera-treated group respectively.
The mean serum CINC-1 level in the IMN group was
significantly higher than in the control group (P = 0.000)
and significantly decreased in the Aloe vera-treated group
when compared with the IMN group (P = 0.025). The
averages of serum TNF-α level of all groups were shown
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in Figure 1B and Table 1.
Change in MDA level
The level of gastric MDA was significantly higher in the
IMN group compared with the control group (1.74 ± 0.21
nmol/mg vs 9.36 ± 1.07 nmol/mg protein, P = 0.000).
In the Aloe vera-treated group, there was a significant
decrease in the elevated gastric MDA level compared
with the IMN group (9.36 ± 1.07 nmol/mg vs 2.67 ± 0.64
nmol/mg protein, P = 0.000). The averages of serum
TNF-α level of all groups were shown in Figure 1C and
Table 1.
Change in IL-18 level
The expression of IL-18 in gastric epithelial cells was
determined by an immunohistochemistry method and
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A

B

C

D

E

F

Figure 2 Immunohistochemical staining of interleukin-18 antibody in the representative tissue specimens. A, B: Control; C, D: Indomethacin; E, F: Aloe veratreated. Images were obtained at × 20 (A, C, and E) and × 40 (B, D, and F). DAB staining was used to highlight gastric epithelial cells in each section (dark brown
stain, yellow arrows).

showed as dark brown stained nuclei of this cell.
The data of IL-18 expression in all experimental
groups were given in Figure 1D, Figure 2 and Table 1.
From the results, the number of IL-18 positive stained
cells in the gastric epithelial cells of the IMN group
was significantly higher than the control group (30.67 ±
3.73 vs 5.01 ± 3.73, P = 0.000, respectively). In contrast,
the Aloe vera-treated group had a significantly decreased
number of IL-18 positive stained cells when compared
with the IMN group (13.21% ± 1.10% vs 30.67% ±
2.03%, P = 0.000, respectively).
Histopathological changes
In the IMN group, 5 rats developed gastric erosion
(score 2+) and one rat developed 0.5 cm gastric ulcer.
The PMN infiltration scores in the IMN group were
1+ (n = 4) and 0 (n = 2). In the Aloe vera-treated group,
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stomach histopathology was improved when compared
to the IMN group, especially in the reduction of PMN
leukocyte infiltration (score 0: n = 4 and score 1+: n = 2).
The severity of gastric erosion was reduced from score
2+ to score 1+. Additionally, no gastric ulcer was found,
as shown in Table 2.

DISCUSSION
In this study, we investigated the effect of Aloe vera on
gastric injury in rats with IMN-induced gastropathy. The
results clearly demonstrated that Aloe vera administration
prevented the ulcerogenic effect of IMN, possibly
through its anti-inflammatory action. Evidence suggests
that NSAIDs-induced gastric ulceration is a neutrophildependent process. NSAIDs administration to rats caused
a rapid and significant increase in adhesion between
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Table 2 Summary of the gastric erosion and polymorphonuclear leukocyte infiltration score
1

n

Group
Control
IMN
Aloe vera-treated

6
6
6

Gastric erosion

Ulcer

0

1+

2+

5
0
1

1
0
4

0
5
1

PMN infiltration

1

2

0

1+

2+

3+

6
2
4

0
4
2

0
0
0

0
0
0

Data are expressed as the number of rats exhibiting each score of gastric erosion and PMN infiltration (n = 6).
1
The gastric erosion score: Score 0: No erosion; Score 1: Erosion 1/3 of epithelium depth; Score 2: Erosion 2/3 of
epithelium depth, or develop ulcer. 2The gastric infiltration level was estimated and scored by the pathologist
following the update Sydney System[29]. PMN infiltration score: Score 0: No infiltration; Score 1: PMN infiltrate 1/3
of epithelium; Score 2: PMN infiltrate 2/3 of epithelium; Score 3: PMN infiltrate all depth of epithelium represented
normal, mild, and marked mucosal injury respectively.

neutrophils and vascular endothelial cells in both the
gastric and mesenteric venules[11,12]. Indeed, monoclonal
antibodies that blocked NSAIDs-induced neutrophil
adherence to vascular endothelium could significantly
alleviate NSAIDs-induced gastric mucosal injury[7,15,29].
Neutrophils play an important role in the development
of inflammation and tissue injury by releasing a variety
of inflammatory mediators[30,31]. These inflammatory
mediators are capable of producing tissue injury;
therefore, they may be involved in the pathogenesis of
NSAIDs-induced gastric mucosal injury[32]. Furthermore,
adhesion molecules expressed on activated neutrophils,
such as CD11b and CD18 have been shown to play an
important role in neutrophil-induced tissue injury[14].
Moreover, NSAIDs are believed to have an effect on
nuclear translocation of nuclear factor (NF)-κB, which
modulates the expression of several adhesion molecules,
including ICAM-1[33]. ICAM-1, one of the major adhesion
molecules, plays a pivotal role in the inflammatory
reaction by increasing leukocyte adhesion to endothelium
and promoting transendothelial migration of leukocytes
to inflammatory sites[34]. Another important mechanism
that induces ICAM-1 expression is the increment of
TNF-α level[34,35]. The inhibitory effect of NSAIDs on
COX-2 leads to reduced prostaglandin E2 (PGE2) levels.
Thus, TNF-α production, which is normally inhibited
by PGE2, increases[35]. TNF-α is an important mediator
causing NSAIDs-induced gastropathy. Apart from its
effect on adhesion molecules, TNF- α may have the
ability to activate pro-apoptosis caspases, which regulate
gastric epithelial cells apoptosis in NSAIDs-treated
rats[34].
In the present study, after administration of 150
mg/kg of IMN, erosions and ulcer developed along
with an increase in PMN infiltration around the gastric
lesions. With Aloe vera treatment, gastric histopathology
was improved compared with the IMN group, especially
in the reduction of PMN leukocyte infiltration score and
reduction in gastric erosion severity score. Serum TNF-α,
IL-18, serum CINC-1 and gastric MDA, which is a
proinflammatory cytokine, a neutrophil chemoattractant
and a metabolite of intracellular lipid peroxidation
reaction respectively, levels in the IMN group were
significantly higher than the control group and were
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significantly reduced in the Aloe vera-treated group.
TNF-α, the major proinflammatory cytokine released
from the migrated macrophages, plays an important role
in the pathogenesis of gastric ulcers through stimulation
of ICAM-1 expression on vascular endothelial cells which
increases leukocyte adhesion to the endothelial surface
on post-capillary venules and promotes transendothelial
migration of leukocytes to inflammatory sites[36]. TNF-α
also increases intracellular oxidative stress and upregulation of CINC-1 mRNA and protein in gastric
epithelial cells in rats[35]. The Aloe vera-treated group had
significantly reduced TNF-α levels, in concordance with
the previous studies, resulting in a decrease of leukocyte
adherence and promotion of gastric ulcer healing[23,37].
The significantly higher level of serum CINC-1
in the IMN group compared with the control group
demonstrates the pathophysiologic mechanism of
CINC-1 as a functional chemoattractant for neutrophils
into the gastric ulcer area leading to a decrease in blood
flow by their adhesion to microvessels. This results in
the production of reactive oxygen species, MPO, and
protease, which exert a noxious effect on the gastric
mucosa. The CINC-1 level gradually decreases as
the ulcer heals[38]. With Aloe vera treatment, there was
significant reduction in serum CINC-1 compared with
the IMN group, which may be responsible for the
reduced PMN infiltration score.
Gastric MDA, which is the main metabolite in
the intracellular lipid peroxidation reaction, represents
the extent of the reactive oxygen species injuring the
membrane structures of the cells which was reported
to play a major role in the pathomechanism of IMNinduced gastric lesion[39] and also to play a key role in the
mechanism of the gastric carcinogenesis[40,41].
IL-18, originally known as IFN- γ-inducing factor
(IGIF), is a cytokine that shares structural and functional
properties with IL-1[24,25]. This cytokine is mainly produced
by activated macrophages, but may also be expressed by
Kupffer cells, T cells, B cells, keratinocytes, astrocytes,
and osteoblasts[26]. Like IL-1, IL-18 is synthesized as an
inactive precursor (pro-IL-18, 24 kDa), which is cleaved
by interleukin-1 β-converting enzyme (ICE or caspase-1)
into an active 18 kDa mature form[26-28].
Aloe vera treatment significant reduced the gastric
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MDA and proinflammatory cytokine IL-18 levels
compared with the IMN group, which may reflect
the reduced amount of the reactive oxygen speciesmediated gastric injury and also reflect the inhibition of
inflammatory cells expression.
In conclusion, Aloe vera attenuated IMN-induced
gastropathy in rats by the reduction of inflammatory
cytokines, neutrophil chemoattractant, oxidative stress,
and improvement of gastric histopathology.
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Abstract
AIM: To clarify the molecular mechanism involved in
pathogenesis of colorectal cancer as well as clinical
significance of genetic analysis of histological samples.
METHODS: A total of 480 blood and tissue specimens
were collected in our hospital from January 2011 to
October 2012. In the observation group, there were
120 blood specimens and 120 intestinal tract tissue
specimens collected from patients with neoplastic
intestinal polyps. In the control group Ⅰ there were
80 blood specimens and 80 intestinal tract tissue
specimens collected from patients with colorectal
cancer. In the control group Ⅱ there were 40 blood
specimens and 40 intestinal tract tissue specimens
collected from healthy individuals. The gene segments
were amplified using PCR and DNA gel electrophoresis
along with DNA sequence analysis were employed
for the detection of the following single nucleotide
polymorphisms (SNPs): K-RAS codons 12 and 13;
hMLH1 (human mutS homolog 1) gene missense
mutation at Va1384Asp; hMSH2 (human mutS homolog
2) gene missense mutation at 2783C/A.
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RESULTS: The mutation rate of the SNP at Va1384Asp
locus of the hMLH1 gene from blood and tissue
specimens in the observation group showed no
statistical difference from those in the control group Ⅰ.
The mutation rates of SNPs in codons 12 and 13 of
K-RAS and at 2783C/A locus of the hMSH2 gene were
significantly lower in the observation group than in the
2
control group Ⅰ (χ = 15.476, 29.670, 10.811, 16.618,
33.538, 7.898, P < 0.05). The mutation rate of SNP at
Va1384Asp locus of the hMLH1 gene was significantly
higher in the observation group when compared to the
2
control group Ⅱ (χ = 10.486, 4.876, P < 0.05). The
mutation rates of SNPs in codons 12 and 13 of K-RAS
and at 2783C/A locus of the hMSH2 gene did not show
any statistical difference from those in the control
group Ⅱ.
CONCLUSION: There may be important clinical
significance and relevance between neoplastic
intestinal polyps and colorectal cancer in terms of the
mechanisms involved in the pathogenesis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Neoplastic intestinal polyp; Colorectal
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Core tip: This study selects the blood and tissue
samples of neoplastic polyps, colorectal cancer and
normal tissues for related gene sequencing. By
comparing the differences in SNPs, the genetics and
pathogenesis of colorectal cancer are analyzed.
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INTRODUCTION
As a primary malignant neoplastic disease of the digestive
system, colorectal cancer has a high incidence rate of
13.29 per 100000 in China[1], second only to primary
liver cancer. Colorectal cancer is also one of the leading
causes of cancer death [2,3]. Hereditary nonpolyposis
colorectal cancer (HNPCC) accounts only for 5%-15%
of all colorectal cancers [4], while the rest (more than
80%) of colorectal cancer cases evolve from neoplastic
polyps. Since neoplastic polyps are precancerous lesions
that can develop into colorectal cancer, previous studies
have confirmed that epigenetic phenomena caused
by DNA hypermethylation may be early indicators of
tumorigenesis[5-8]. Increasing attention has been paid
recently to the fundamental and clinical studies on
molecular genetics and tissue metabolism which are
related to single nucleotide polymorphism (SNP) loci[9].
Here we report the comparison of mutations in the
K-RAS, hMLH1 (human mutL homolog1) and hMSH2
(human mutS homolog 2) genes in blood and intestinal
tissue specimens collected from patients with neoplastic
intestinal polyps and those with colorectal cancer.

MATERIALS AND METHODS
Subjects and specimens
All specimens were collected at our hospital from January
2011 to October 2012. A total of 120 blood specimens
and 120 colon biopsy specimens were collected from
patients with neoplastic intestinal polyps (the observation
group). Eighty blood specimens and 80 colon biopsy
specimens were collected from patients with colorectal
cancer (control group Ⅰ), and 40 blood specimens and
40 colon biopsy specimens were collected from healthy
individuals (control group Ⅱ). In the observation group
(120 patients), there were 71 males and 49 females
with an average age of 38.3 ± 10.4 years (range: 24-68
years). The histological classification of the group was
defined as follows: 85 cases of tubular adenoma, 17 cases
of villous adenoma and 18 cases of mixed adenoma.
Among the 80 patients with colorectal cancer (control
group Ⅰ), there were 49 males and 31 females (average
age, 42.6 ± 9.1 years; range: 33-72 years) with the
following histological classification: 42 cases of tubular
adenoma, 27 cases of mucinous adenocarcinoma, 8 cases
of papillary adenocarcinoma and 3 cases of other types.
Among the 40 cases of healthy individuals (control group
Ⅱ), there were 26 males and 14 females with an average
age of 34.6 ± 6.3 years (range: 22-55 years). The detailed
data are listed in Table 1. Peripheral blood was collected
from each patient and focal tissue biopsy was conducted.
All specimens were stored at -20 ℃ for further analysis.
Patients with a family history of familial adenomas,
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polyps or HNPCC were excluded from this study. Our
study was performed in accordance with the guidelines
of the Ethics Committee of Navy General Hospital of
PLA. Informed consent was obtained from all patients.
The research protocol was approved by the institutional
review board of the Ethics Committee of Navy General
Hospital of PLA.
Materials
Genomic DNA extraction kit (SBS Genetech, China),
PCR amplifier PTC220 (US BIO-RAD Company, United
States), DYY-10C electrophoresis apparatus (Beijing
Liuyi Instrument Factory, China), Bio-Rad Gel Doc XR
System Gel Imaging System, ABI 3730XL Sequencer,
Eppendorf 5417R/5810R centrifuge, and CodonCode
Aligner sequence alignment analysis software were used
in this study.
Methods
Collection of blood specimens: All the subjects were
instructed to avoid spicy or excitant food one week prior
to blood collection. They were also prohibited from
drinking and asked to keep an empty stomach (fasting
for 6 to 8 h) on the morning of blood collection. Venous
blood (5 mL) was drawn from the median cubital vein
and stored in an anticoagulant tube (109 mmol/L sodium
citrate, 0.4 mL). The collected blood specimens were
either immediately sent to the laboratory for analysis or
saved at -20 ℃. Before analysis, each blood specimen was
thawed to room temperature and mixed well. DNA from
the blood specimens was extracted using complete blood
cells.
Collection of intestinal tissue specimens: All the
patients underwent regular examinations and complete
inspections including electrocardiog ram, blood
coagulation and immunity function after admission.
Patients were asked to keep a soft liquid diet one day
prior to the medical examination. They were orally
fed the cathartic agent of the liquor mixed with 20%
mannitol (500 mL) and 5% glucose in normal saline
(1000 mL) after supper in order to clean the intestine.
They were also asked to stop eating on the morning of
the examination and keep an empty stomach (for 6-8
h). The method of electrocoagulation assisted excision
with nylon loop ligature was applied to conduct tissue
biopsy on the tissue lesions of patients with neoplastic
polyps and colorectal cancer. For healthy individuals,
tissue samples at the 3, 6, 9 and 12 o’clock positions
of the intestinal mucosa were taken. All the specimens
were stored in a 10% neutral formaldehyde solution
until further analysis. The tissue specimens were grinded
and DNA was extracted using the phenol-chloroform
method.
DNA extraction: DNA was extracted from the
centrifuged blood and grinded tissue specimens using the
genomic DNA extraction kit. The purity of the extracted
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Table 1 Clinical data of the three groups of patients
Group

Sex (n )

Number

Observation group (neoplastic polyps)

Control group Ⅰ (colorectal cancer)

Tubular adenoma
Villous adenoma
Mixed adenoma
Tubular adenocarcinoma
Mucinous adenocarcinoma
Papillary adenocarcinoma
Other types1

Control group Ⅱ (normal)

Age (yr)

(n )

Male

Female

Range

mean ± SD

85
17
18
42
27
8
3
40

54
9
8
24
17
5
3
26

31
8
10
18
10
3
0
14

27-68
24-65
29-66
37-72
34-70
33-58
45-52
22-55

39.2 ± 7.6
36.5 ± 11.2
37.4 ± 10.9
44.6 ± 11.3
40.2 ± 9.6
41.1 ± 10.3
48.3 ± 7.1
34.6 ± 6.3

1

Other types include undifferentiated carcinoma.

DNA was tested using an ultraviolet spectrophotometer.
Primer design for target genes: Primer3 online
software was used to design primers for K-RAS
codons 12 and 13, hMLH1 gene at Va1384Asp
and hMS H2 gene at 2783C/A loci. The primer
sequences used in this study are as follows: K-RAS
g e n e : 5 ′ - C G T C T G C AG T C A AC T G G A AT T- 3 ′
(forward) and 5′-CCTGACATACTCCCAAGGA-3′
( r e ve r s e ) ; h M L H 1 g e n e a t Va 1 3 8 4 A s p l o c u s :
5′-TGTGTGATATGTTTAGATGGAAATGA-3′
(forward) and 5′--TTGAAGTCACACTGCGAAGAA-3′
(reverse); hMS H2 gene at 2783C/A locus:
5′-TCGGGCAGAATTGCTTCTAT-3′ (forward) and
5′-ATTCCAGCACCATTCCAGAG-3′ (reverse).
PCR amplification reaction: PCR reaction mix
consisted of 2.5 μL 10 × PCR buffer, 16.775 μL double
distilled water (dd H2O), 1.0 μL forward primer (10
μ mol/L), 1.0 μ L reverse primer (10 μ mol/L), 2 μ L
template DNA, 1.6 μL 4 × dNT (2.5 mmol/L), 0.125 μL
Taq enzyme (5 U/μL) and MgCl2 solution (1.5 mmol/
L). PCR reaction conditions were as follows: initial
denaturation at 95 ℃ for 4 min, 30 cycles of 95 ℃ for
30 s, annealing (Ta) at 58 ℃ for 30 s, and amplification
at 72 ℃ for 30 s, and a final extension at 72 ℃ for 10
min. The PCR amplification products were separated by
1% agarose gel electrophoresis (AGE) and imaged using
the Gel Doc XR gel imaging system (Bio-Rad Company,
United States).
DNA sequence analysis: 20 μL PCR product was sent
to Beijing Yiming Fuxing Biotechnology (Beijing, China)
for sequencing. The sequencing was conducted in both
directions (forward and reverse) with respect to K-RAS
codons 12 and 13, hMLH1 gene at Va1384Asp and
hMSH2 gene at 2783C/A loci.
Statistical analysis
All data were analyzed using SPSS17.0 statistical software.
The χ 2 test for 2 × 2 fourfold table was used to compare
the rates of mutations at various gene loci, with P < 0.05
considered statistically significant. When the total specimen
size was ≥ 40, but one of the theoretical frequencies
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was 1 ≤ T ≤ 5 or the χ 2 value was slightly greater than
3.84 before verification, the correction formula was used
to enumerate the χ 2 value. If still P < 0.05, it suggested
that the verification results were consistent and that the
difference was statistically significant.

RESULTS
Detection of target gene loci in blood specimens
The rates of mutations in the codons 12 and 13 of
the K-RAS gene and the missense mutation of the
hMSH2 gene at 2783C/A in the blood specimens of the
observation group (neoplastic polyps) were significantly
different (χ 2 = 15.476, 29.670 and 10.811, respectively, P
< 0.05) compared to the rates of mutations of relevant
target gene loci in the control group Ⅰ (colorectal cancer).
No statistically significant difference was observed in the
rates of mutations in the codons 12 and 13 of the K-RAS
and the missense mutation 2783C/A in the hMSH2
gene in the blood specimens between the observation
group (neoplastic polyp) and control group Ⅱ (healthy
population). The rate of missense mutation Va1384Asp
in the hMLH1 gene showed a significant difference
between the experimental group and the control group Ⅱ
(χ 2 = 10.486, P < 0.05), although no statistical difference
was observed between the experiment group and the
control group Ⅰ. The detailed results are listed in Table 2.
Detection of target gene loci in tissue specimens
The results are summarized in Table 3. The rates of
mutations in the codons 12 and 13 of the K-RAS gene
and the missense mutation 2783C/A in the hMSH2
gene in the tissue specimens of the observation group
(neoplastic polyps) showed statistical differences (χ 2
= 16.618, 33.538, 7.898, respectively, P < 0.05) when
compared to the rates of mutations of relevant target
gene loci in the control group Ⅰ (colorectal cancer), but
they showed no significant difference when compared
with the rates of mutations of relevant target gene loci
in the control group Ⅱ (healthy population). The rate of
missense mutation of the hMLH1 gene at Va1384Asp
showed a significant difference between the experimental
group and the control group Ⅱ (χ 2 = 3.883, P < 0.05),
while no statistical difference was observed between the
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Table 2 Detection of target gene loci in the blood specimens of the observation group and the control groups Ⅰ and Ⅱ
K-RAS -12
Observation group
Control group Ⅰ

χ2

K-RAS -13
+

-

+

-

+

-

3
15

117
65

0
18

120
62

11
10

109
70

0
7

120
73

29.670
0.000

1

χ2

hMSH2 -2783C/A

-

15.476
0.000

P value
Control group Ⅱ

hMLH1 -Va1384Asp

+

39

0

40

0.000
1.000

P value

0.568
0.451

10.811
0.001

1

39

-

0

40

10.486
0.001

-

Table 3 Mutation rates of target genes in tissue specimens of the observation group and the control groups Ⅰ and Ⅱ
K-RAS -12
Observation group
Control group Ⅰ

χ2

K-RAS -13

hMLH1 -Va1384Asp

-

+

-

+

-

+

-

7
21

113
59

1
22

119
58

19
15

101
65

3
10

117
70

16.618
0.000

P value
Control group Ⅱ

1

χ2

33.538
0.000
39

0.289
0.591

0

40

0.702
0.361

P value

A

190
200
T T G G A G C T G G T G G C G T A G G C A A

B

180
190
T T G G A G C T G G T G G C G T A G G C A A

280

G C

40
1.019
0.419

290

300

310

CCCGGGAATCTGTACGATCCATCT GGTGGGCATA

A

290

300

A T G A A A T C A T

220

G T G

0

310

CCCGGGAATCTGTACGAACCATCT GGTGGGCATA

B

180
G A G C T G

39
3.883
0.048

280

190
200
T T G G A G C T G G T A G C G T A G G C A A

7.898
0.005

1

0.335
0.750

A

T T G

hMSH2 -2783C/A

+

190
G T A G G C A A

A

220

T T C A C G A

230

A T G A A A T C A T

230

A T A A A

240

T T C A C G

A A T A A

240

Figure 1 Sequencing map of mutation loci of KRAS-12 (A) and KRAS-13
codons (B).

Figure 2 Sequencing map of mutation loci of hMLH1-Val384Asp (A) and
hMSH2-2783C/A (B).

experiment group and the control group Ⅰ.

a normal wild type gene. After mutation, the original
G peaks at loci 182 and 197 were replaced by A peaks
(green). No displacement or deletion occurred in adjacent
base loci, and the detection and analysis showed that
G content was greater than A content, indicating that
the gene is a mutant gene type. In a typical sequencing

Sequencing results
As indicated in Figures 1 and 2, in a typical sequencing
peak map of codons 12 and 13 of the K-RAS gene, the
bases at loci 182 and 197 were both G (black), suggesting
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peak map of the hMLH1 gene at Val384Asp297 locus,
T peak (brown) indicates a normal wild type gene. After
mutation, the original sequencing peak at Val384Asp297
locus disappeared, and the A peak showing the missense
mutation (green) can be seen. No displacement or
deletion was observed in adjacent base loci, and the
detection and analysis showed that T content greater than
A content, indicating a mutant gene type. In a typical
sequencing peak map of hMSH2 gene at 2783C/A233
locus, the base is C (blue) indicating a normal wild type
gene. After mutation, the original sequencing peak at
2783C/A233 locus disappeared and the A peak (green)
indicating a missense mutation was observed. No
displacement or deletion in adjacent base loci occurred
and the detection and analysis showed that C content
greater than A content, indicating a mutant gene type.

DISCUSSION
Genetic significance of SNP mutations of target genes
In recent years, the biological relationship between
the mutations in the SNP loci and pathogenesis of
diseases is being gradually recognized and clarified.
As a member of the RAS protein superfamily, K-RAS
jointly with other molecules constitutes the molecular
switch regulating the GTPases and is responsible for
the transition of extracellular signals, so as to trigger a
series of cellular processes like proliferation, survival
and differentiation[10,11]. Once the K-RAS gene has been
mutated to a constitutively active form, it mediates signal
transduction through the K-RAS-BRAF-MEK pathway
and plays a role in inhibiting the epidermal growth factor
receptor. Therefore, k-ras has been extensively studied,
as it is one of the first cell markers found in tumors[12,13].
Numerous fundamental and clinical studies have shown
increased[14-17] mutation rates of the K-RAS gene in human
tumor cells (as high as 30% in some tumor cells). The
most common type of K-RAS gene mutation is a locusspecific mutation, and the mutation loci primarily exist on
the 12th and 13th codons of exon 2 (accounting for 90%)
and the 61st codon of exon 3. Specific mutation types
observed are: GGT>GAT (G12D), GGT>GTT (G12V),
and GGC>GAC (G13D)[18]. The RAS protein-mediated
signal transduction of GTPase has a clear feedback
control as GTP hydrolysis results in the inactivation of
RAS protein. In an event of mutations in the SNP loci,
activation of oncogenes results in the stabilization of
RAS protein in a GTP binding activated form. This in
turn affects the downstream signal transduction pathways
resulting in malignant cell proliferation or differentiation,
forming the basis for the occurrence of malignant
tumors[19-21].
The hMLH1 and hMS H2 genes, as two most
important genes in the mismatch repair gene (MMR)
genes, have significant hereditary susceptibility and
are involved in the base mismatch repair, fidelity of
DNA replication, maintenance of gene stability and the
reduction of spontaneous mutations at independent
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loci in the DNA replication process, so as to achieve the
purpose of ensuring the biological stability of DNA. The
lack of DNA-MMR protein increases both instability
of repetition during DNA replication, as well as errors
by DNA polymerase[22]. Their inactivation increases the
incidence of base mismatch during DNA replication
and leads to events like the occurrence of incipient
tumors[23,24]. It is important to point out that, as an MMRdefective tumor marker, microsatellite instability (MSI)
shows the distinct characteristic of an increased number
of 1-4 bp repeat sequences[25]. MSI can rapidly cause
frameshift mutations in the repeated sequences in target
cancer suppressor genes, accounting for about 15% of
sporadic CRCs[26]. The studies performed by Kim et al[27]
and Li et al[28] in the case of sporadic colorectal cancer
showed that although the allele frequency of SNPs was
relatively low, these polymorphisms were closely related
to the occurrence of colorectal cancer. Further studies
are still required to explore the correlation between
colorectal cancer and the location of SNPs. At present,
studies on the role of hMSH2 in CRC are very limited.
As reported in relevant articles[29-32], hMSH2 mutation is
closely related to p53 mutation. The hMSH2 mutation
may directly cause p53 mutation. Studies conducted by
Zhang et al[33] have shown that the incidence of MSH2
promoter methylation in sporadic CRC can be as high
as 18.3% (212/1160 cases). The reduction of MSH2
expression in CRC patients is likely mainly caused by
gene mutations of hMSH2, including missense mutations
and also possibly mutations at the SNP site[34,35]. The
hypermethylation of hMLH1 promoter may result in the
loss of expression of the hMLH1 gene[25].
Analysis of SNP detection in target genes from
neoplastic polyps of the intestinal tract
In this study, the blood and tissue specimens of 120
patients with tumorous polyp of the intestinal tract
were collected to establish an observation group,
while the blood and tissue specimens of 80 patients
with colorectal cancer and 40 healthy individuals were
collected to establish the control groups Ⅰ and Ⅱ ,
respectively. The PCR amplification and sequencing
of the target genes (K-RAS, hMLH1 and hMS H2)
were conducted. As indicated by the results of blood
specimens, except the hMLH1 gene at Va1384Asp which
showed no statistical difference (χ 2 = 0.568, P > 0.05)
from that of patients with colorectal cancer in terms of
the missense mutation rate, the mutation rates at SNP
loci of the K-RAS and hMSH2 genes of the specimens
from patients with neoplastic intestinal polyp were all
significantly lower than those of the specimens from
patients with colorectal cancer (χ 2 = 15.476, 29.670,
10.811, P < 0.05). The results from the tissue specimens
were consistent with those from the blood specimens,
i.e., as far as the missense mutation rate of the hMLH1
gene at Va1384Asp was concerned, no statistical
difference (χ 2 = 0.289, P > 0.05) was seen between the
observation group (neoplastic intestinal polyp) and the
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control group Ⅰ (colorectal cancer). Consistent with
the incidence of hMLH1 mutations in CRC shown by
Esteller et al[36] and Psofaki et al[37] (1160 cases, 18.3%),
the study had also pointed out that, in adenomas that
do not necessarily progress to cancer, their hMLH1
mutation rate was still higher than the hMSH2 mutation
rate in samples from the same period. However, Lee et
al[38] have put forward a contradictory conclusion: besides
mutations in the hMLH1 gene, CpG island methylation
in hMSH2 and MGMT is more closely correlated to the
traditional adenoma-tumorigenesis pathway. Therefore,
whether the appearance of SNPs ultimately leads to
the epigenetic phenomenon of hMLH1 needs to be
verified in further studies. On one hand, the mutation
rates of the SNP loci of the K-RAS and hMSH2 in the
blood and tissue specimens of patients with neoplastic
intestinal polyp showed no statistical difference when
compared to the healthy individuals. On the other hand,
the mutation rate of the hMLH1 gene at Va1384Asp
locus in the blood and tissue specimens of patients
with neoplastic intestinal polyps was significantly
higher than that of the healthy population (where χ 2 =
10.486, 4.876, P < 0.05), indicating that the mutation
rate of the SNP locus Va1384Asp of the hMLH1 gene
shows similarities between the observation group and
the control group Ⅰ as well as differences between the
observation group and the control group Ⅱ . What
also needs to be pointed out is that, considering that
there is still controversy with respect to the efficacy of
immunocytochemical analysis of the MMR gene as an
alternative molecular marker and also considering the
special hereditary definition of SNPs in target genes[39,40],
the present study has adopted direct sequencing to
achieve more direct results and avoid the influence of
other genetic mechanisms. Considering the role of
neoplastic polyps as an important precancerous lesion of
colorectal cancer, it has been indicated that the genetic
and histological changes must have been present during
the course of development of the disease. At present, the
molecular mechanisms of the pathogenesis of neoplastic
polyps are not clear. However, recent studies have shown
that the surface migration and atypical hyperplasia of
deep crypt cells play a primary role in the pathogenesis
of neoplastic polyps[41]. Taking into account the biological
and genetic functions of target genes, we suggest that the
differences in SNP locus mutations of the KAS, hMLH1
and hMSH2 genes between patients with neoplastic polyp
and patients with colorectal cancer can be explained by
the differences in the functional role of these genes. The
KAS gene is primarily involved in cellular differentiation,
proliferation and energy metabolism, while the hMLH1
gene is an important gene in the mismatch repair system.
The results of the study indicate that the hMLH1 gene
might have been subjected to alteration during molecular
events in the early stages of colorectal cancer or even in
the precancerous lesions of neoplastic polyps. Although
the SNP locus mutation of the K-RAS gene has been
shown to be an early molecular event in the onset of
colorectal cancer, it was demonstrated in this study
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that the SNP locus mutation of the K-RAS gene might
not play an important role in patients with intestinal
neoplastic polyps. Similarly, the hMSH2 gene, which
was also considered to be an important gene in the
mismatch repair system, was not significantly changed
in the neoplastic polyps. This might be explained by the
differences between the “second hit” mechanisms of
the hMLH1 and hMSH2 genes; however, the specific
mechanism needs to be further investigated. We also
suggest that the hypermethylation of the hMLH1 gene
is either easily facilitated or the modification occurs
early during the course of disease progression. A study
conducted by Xiang et al[42] on the role of mismatch
repair proteins (hMLH1 and hMSH2) in intestinal polyps
and sporadic colorectal cancer showed that the negative
expression rates of hMLH1 and hMSH2 proteins were
4.76% and 0 in inflammatory intestinal polyps, 21.66%
and 8.92% in adenomatous polyp tissue of the intestinal
tract, and 27.27% and 13.64% in sporadic colorectal
cancer tissue, respectively. These results demonstrated
the clinical significance of the negative expression of
mismatch repair protein hMLH1 caused by the mutation
of the hMLH1 gene in both neoplastic intestinal polyps
and colorectal cancer. Additionally, in this study, the
negative expression rate of hMLH1 protein was greater
than the mutation rate of SNPs for the hMLH1 gene at
Va1384Asp locus. As mentioned in the study by Xiang et
al[42] the negative expression of mismatch repair proteins
hMLH1 and hMSH2 cannot be attributed to a single
factor of mutations in the SNP locus, but other factors
such as protein translation also play an important role. It
is also suggested that, the mutations in the SNP loci of
the target genes were not a determining factor for the
increased susceptibility to developing colorectal cancer
and the exact role of mutations in the SNP loci and their
involvement in the pathogenesis of colorectal cancer
needs to be further evaluated.
In conclusion, there are similarities and differences
between the mutation rates of the K-RAS, hMLH1 and
hMSH2 genes in the blood and tissue biopsy specimens
of patients with neoplastic intestinal polyps and those
with colorectal cancer. Our study indicates that there may
be a close relevance between neoplastic intestinal polyps
and colorectal cancer in terms of the genetic alterations
and pathogenic mechanisms, which may have important
clinical significance.
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Background

The development process of colorectal cancer relates to a complex process
with multi-gene, multi-stage, multi-step changes, and mostly follows the mode
of “normal intestinal epithelium → hyperplasia and micro adenoma → early
adenoma → mid adenoma → advanced adenoma → colorectal cancer →
metastasis". At the same time, with the development of molecular genetics,
colorectal cancer prevention research is no longer limited to tissue pathology,
and the significance of biological genetics between neoplastic polyps and
colorectal cancer, as well as the disease prevention, epidemiology and etiology
are paid more attention gradually. Related research has made a breakthrough
in the pathogenesis and genetic susceptibility of colorectal cancer, which
provides a new idea for the clinical prevention and treatment interventions.
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Research frontiers

Single nucleotide polymorphism (SNP) is of high value in many research fields,
such as genetic analysis, diagnosis and treatment of diseases, biomedical
research, drug development and population ecology evaluation. At present,
with the development of genetics, molecular biology and detection technology,
SNP has played a more important role in the correlation research of tumor
pathogenesis, prognosis evaluation and judgment. Especially, the DNA
mismatch repair system and the K-RAS gene SNP polymorphism have close
relation with colorectal cancer susceptibility, so they are significant in early
genetic events of colorectal cancer.

Innovations and breakthroughs

The target gene SNP sequencing is conducted using blood and tissue
samples of neoplastic polyps, colorectal cancer and normal tissues. By directly
comparing and analyzing the statistically differences of results, the study
further clarifies the significance of different genes and genetic events in the
pathogenesis of colorectal cancer.

12

13

14
15

Applications

By comparing the differences of target gene SNPs in different stages, this study
further proves the potential clinical value of molecular markers and molecular
diagnosis, thus settling a theoretical basis and exploring new clinical ideas for
screening groups with high tumor risk as well as establishing an effective early
warning mechanism.

Peer review

Through conducting SNP sequencing using blood and tissue samples of
neoplastic polyps, colorectal cancer and normal tissues, this study compares
and analyzes the results theoretically, explores the role of SNPs in different
genes in the pathogenesis of colorectal cancer, and provides new research
directions for molecular genetics and pathogenesis of colorectal cancer.
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RESULTS: The expression of ZNF139 was stronger
in tumors than in tumor-adjacent tissues (66.67%
vs 44.44%; P < 0.01). Overexpression of ZNF139
correlated with tumor differentiation, invasion depth,
clinical stage, lymphatic metastasis, and blood vessel
invasion (all P s < 0.05). Patients with overexpression
of ZNF139 had a poorer prognosis (P < 0.01), and
overexpression of ZNF139 was an independent factor
for the prognosis of GC patients by a Cox survival
analysis (P = 0.02). A negative relationship between
ZNF139 and the apoptosis index was observed (r =
-0.686; P < 0.01). The expression of Bcl-2 in GC was
stronger than in tumor-adjacent tissues (66.67% vs
41.67%), whereas the expression levels of Bax and
caspase-3 were lower in primary tumors (54.63% and
47.22%, respectively) than in tumor-adjacent tissues
(73.15% and 73.15%, respectively) (all P s < 0.05).
The expression of ZNF139 negatively correlated with
caspase-3 (r = -0.370; P < 0.01). The expressions
of Bcl-2 and Bax were also negatively correlated (r =
-0.231; P = 0.02). The expressions of caspase-3 and
Bax protein were positively correlated (r = 0.217; P =
0.024).

Abstract

CONCLUSION: ZNF139 is related to clinicopathologic
characteristics and prognosis of GC. Furthermore, it is
overexpressed and involved in apoptosis in GC tissues
by regulating caspase-3.

AIM: To investigate the expression of zinc finger
protein 139 (ZNF139) in gastric cancer (GC), and to
analyze its clinical significance.
METHODS: A total of 108 patients who were diagnosed
with GC and underwent surgery between January 2005
and March 2007 were enrolled in this study. Gastric
tumor specimens and paired tumor-adjacent tissues were
collected and paraffin-embedded, and the clinicopathologic
characteristics and prognosis were recorded. The
expression of ZNF139, Bcl-2, Bax, and caspase-3 were
determined by immunohistochemistry, and apoptosis
was assessed by terminal deoxynucleotidyl transferasemediated dUTP-biotin nick end labeling. SPSS 13.0
software was used for data processing and analyses,
and signiﬁcance was determined at P < 0.05.
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Core tip: We investigated the expression of zinc finger
protein 139 (ZNF139) in gastric cancer (GC), and
analyzed its clinical significance. The results show that
ZNF139 is overexpressed in GC tissues, and is related
to clinicopathologic characteristics and prognosis of GC.
ZNF139 may be involved in apoptosis in GC tissues by
regulating caspase-3.

18346

December 28, 2014|Volume 20|Issue 48|

Li Y et al . Significance of ZNF139 in gastric cancer
Li Y, Zhao Q, Fan LQ, Wang LL, Tan BB, Leng YL, Liu Y,
Wang D. Zinc finger protein 139 expression in gastric cancer
and its clinical significance. World J Gastroenterol 2014;
20(48): 18346-18353 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i48/18346.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i48.18346

INTRODUCTION
Gastric cancer (GC) is one of the most common malignancies
worldwide. It is particularly prevalent in China, South
Korea and Japan. Although the incidence and mortality of
GC have decreased over the last several years, GC is still a
leading cause of mortality in China. The development of
GC is complex and involves multi-factorial, multi-targeted
and multi-step processes and the mechanism has not yet
been totally elucidated[1-4]. The identification of novel GC
related genes is of great significance in the pathogenesis
and in determining tumor markers and prognostic factors.
Zinc finger protein 139 (ZNF139) is a member of the
transcription factor ZNF family. It was reported that the
expression of ZNF139 was increased in GC tissues[5].
In a previous study, we also found that ZNF139 was
closely related to the differentiation of GC cells[6]. These
results indicate that ZNF139 may be involved in the
carcinogenesis and development of GC. However, to
date, there are no systematic reports on the relationship
between ZNF139 and GC.
The aim of this study was to investigate the
relationship between ZNF139 and GC. We determined
the expression of ZNF139 in GC and tumor-adjacent
tissues in 108 patients, and analyzed the relationships
between ZNF139 and clinicopathologic features and
patient prognosis. In addition, as apoptosis plays an
important role in the development of GC [7-10] , we
analyzed the relationship between ZNF139 and the
apoptosis index (AI), as well as with expression of the
apoptosis-related proteins Bcl-2, Bax and caspase-3.
The involvement of ZNF139 in GC progression via
regulation of apoptosis was explored.

MATERIALS AND METHODS
Patients
A total of 108 patients with GC admitted to The Fourth
Hospital of Hebei Medical University between January
2005 and March 2007, including 79 males and 29 females,
aged between 21 and 86 years (median age 61 years) were
enrolled. All the patients underwent surgical treatment,
and the clinical data as well as follow-up results were
available. The diagnosis of GC was confirmed in all cases
by surgery and pathologic examination.
Tissue preparation
Tumor and adjacent normal mucosa tissue samples (1.0
cm × 1.0 cm × 0.5 cm) were collected, fixed with 10%
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neutral formalin, embedded in paraffin and then cut
serially into 4-µm-thick sections.
Immunohistochemical detection of ZNF139, Bcl-2, Bax
and caspase-3
After antigen retrieval, the streptavidin-perosidase
(SP) two-step immunohistochemical method was used
to detect the expression of ZNF139, Bcl-2, Bax and
caspase-3 in GC tissues and tumor-adjacent tissues,
following the kit instructions. Rabbit anti-human
ZNF-139 polyclonal antibody was purchased from SigmaAldrich (St. Louis, MO, United States), and rabbit antihuman Bcl-2, Bax and caspase-3 polyclonal antibodies
were purchased from Santa Cruz Inc. (Dallas, TX, United
States). The working concentration of the antibodies
was 1:100. ZNF139 was positive if the cell nucleus and/
or cytoplasm showed brown particles; Bcl-2, Bax and
caspase-3 were positive if brown granules appeared in
the cytoplasm. Five visual fields were randomly observed
under a light microscope at 400 × magnification, and
100 cells were counted in each field. A secondary scoring
method was used. First, the sections were scored based
on the staining intensity: 0 for colorless, 1 for pale yellow,
2 for brownish yellow and 3 for tan; then positive cells
were scored by percentage: 0 for < 25% positive cells, 1
for between 25% and 50% positive cells, 2 for between
51 and 75% positive cells, and 3 for > 75% positive cells.
The sum of staining intensity and the percentage of
positive cells was regarded as the expression level, with 0
as negative (-), 1-2 as weakly positive (+), 3-4 as positive
(++), and 5-6 as strongly positive (+++).
Determination of AI with the terminal deoxynucleotidyl
transferase-mediated dUTP-biotin nick end labeling
assay
The terminal deoxynucleotidyl transferase-mediated
dUTP-biotin nick end labeling (TUNEL) kit was obtained
from Jiangsu Biyuntian Co. (China) and the assay was
performed according to the kit instructions. Apoptosis
was present if the nuclei underwent pyknosis, shrank to a
round or oval shape and were brown or tan, and crescentshaped chromosomes were observed along the nuclear
membrane. Five visual fields at 400 × magnification
were examined under a light microscope, and the mean
percentage of apoptotic cells from 100 cells counted in
each field was calculated and scored as follows: AI < 5%
(-), 5%-10% (+), 10%-15% (++) and ≥ 15% (+++).
Statistical analysis
The χ 2 and Wilcoxon signed rank tests and Spearman’s
correlation were used to analyze the data. In the analysis
of prognosis, the Kaplan-Meier method was employed to
calculate survival rate, and the Cox proportional hazards
regression model was used for multivariate analysis. All
data were processed using SPSS 13.0 statistical software
(SPSS Inc., Chicago, IL, United States). A P < 0.05 was
considered statistically significant.
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RESULTS
Expression of ZNF139, Bcl-2, Bax, and caspase-3 in GC
ZNF139 was mainly expressed in the cell nucleus
and cytoplasm. Staining of positive cells in the area
with tumor necrosis was strong, and a general diffuse
distribution was observed (Figure 1). The positive
expression rate of ZNF139 in GC tissue was 66.67%
(72/108), which was significantly higher than in tumoradjacent tissues (44.44%; 48/108) (P = 0.002). The
positive expression rate of Bcl-2 protein in GC tissues
was 66.67% (72/108), which was significantly higher than
in tumor-adjacent tissues (41.67%; 51/108) (P < 0.001).
The positive expression rate of Bax in GC tissues was
54.63% (59/108), which was significantly lower than in
tumor-adjacent tissues (73.15%; 79/108) (P = 0.007). The
positive expression rate of caspase-3 protein in GC tissue
was 47.22% (51/108), which was significantly lower than
in tumor-adjacent tissues (73.15%; 79/108) (P < 0.001).
Relationship between ZNF139 expression and
clinicopathologic characteristics of GC
There were no correlations between the expression
of ZNF139 and gender or age (both Ps > 0.05). The
expression of ZNF139 was correlated with the degree of
histologic differentiation of the tumor, invasion depth,
clinical stage, lymphatic metastasis, and blood vessel
invasion; ZNF139 expression was increased when the
degree of tumor differentiation was reduced (P = 0.039).
The positive expression rate of ZNF139 in GC stage ⅠⅡ tissues was 48.84% (21/43), which was significantly
lower than in stage Ⅲ (78.46%, 51/65) (P = 0.002).
ZNF139 expression in patients with tumor invasion that
was limited to stages T1/T2 (8/20) was significantly
lower than in patients with tumor invasion of stages T3/
T4 (72.73%; 64/88) (P = 0.008). The positive expression
rate of ZNF139 in GC patients without lymph node
metastasis was significantly lower than in the patients
with lymph node metastasis (P = 0.005) (Table 1).
Significance of ZNF139 expression in the prognosis of
GC
Kaplan-Meier analysis was used to analyze the relationship
between ZNF139 expression and prognosis, and the
survival curve is shown in Figure 2. Survival rate in
patients with positive expression of ZNF139 was lower
than in patients with negative expression (P < 0.001).
To determine the independent risk factors affecting
the prognosis of GC, Cox risk regression analysis was
performed using eight indicators as follows: ZNF139
expression, gender, age, degree of tumor differentiation,
clinical stage, depth of tumor invasion, lymph node
metastasis, and neurovascular invasion. The results show
that positive ZNF139 expression, lymph node metastasis,
neurovascular invasion and clinical stage are independent
risk factors affecting the prognosis of patients with GC
(all Ps < 0.05) (Table 2).
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Relationship between ZNF139 expression and AI of GC
cells
Spearman correlation analysis was used to evaluate the AI
and ZNF139 expression in GC, and the results show that
the AI is negatively correlated with ZNF139 expression (r
= -0.686; P < 0.001) (Figure 3).
Relationship between expression of ZNF139 and Bcl-2,
Bax, and caspase-3 in GC
Spearman correlation analysis show that ZNF139
protein expression is negatively correlated with caspase-3
expression (r = -0.370; P < 0.001), and not correlated
with Bcl-2 or Bax. The expressions of Bcl-2 and Bax
protein were negatively correlated (r = -0.231; P = 0.016).
In addition, the expressions of caspase-3 and Bax protein
were positively correlated (r = 0.217; P = 0.024), and
caspase-3 showed no significant correlation with Bcl-2
protein.

DISCUSSION
The C terminus of proteins in the zinc finger family
contains a C2H2 zinc finger motif that can be specifically
bound to the regulatory region of target genes or
proteins; SCAN and KRAB domains contained in the
N terminus can regulate target genes or protein activity
by combining the auxiliary effectors[11-14]. Several studies
have recently found that many members of the zinc
finger protein family are involved in carcinogenesis and
the development of tumors. Therefore, research on
the transcriptional regulatory function of zinc finger
proteins has attracted more attention and has become
a research hot spot [15-17]. The ZNF139 gene, located
on chromosome 7q21.3-q22.1, was discovered in
1995 and might be involved in gene rearrangement in
malignancies in the hematologic system, and absence
of its expression is closely related to congenital splithand/split-foot malformation[11,18]. van Dekken et al[5]
found that ZNF139 expression was strongly positive in
adenocarcinoma tissues at the gastroesophageal junction,
and the expression was also high in normal gastric
mucosa of adjacent cancer tissues at proliferation, which
suggest that it may possibly participate in the genesis of
GC through cell cycle regulation. In our previous study,
we found that expression of ZNF139 was closely related
to GC, suggesting that ZNF139 might be involved in
gastric carcinogenesis and development [6]. Another
previous study showed that ZNF139 was involved in
GC multidrug resistance by simultaneously promoting
the expression of MDR1/P-gp, MRP1 and Bcl-2 and
inhibiting Bax[19]. The present study shows that ZNF139
expression in GC tissues is significantly higher than in
tumor-adjacent tissues, which indicates that ZNF139 may
be involved in gastric carcinogenesis and development.
Thus, further studies on ZNF139 may help to elucidate
the pathogenesis of GC.
In present study, we analyzed the relationship
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Figure 1 Immunohistochemistry for zinc finger protein 139, Bcl-2, Bax and caspase-3 in gastric cancer and tumor-adjacent tissues. A: Positive ZNF139
expression in GC; B: Negative ZNF139 expression in GC; C: Positive ZNF139 expression in tumor-adjacent tissues; D: Negative ZNF139 expression in tumor-adjacent
tissues; E: Positive Bcl-2 expression in GC; F: Negative Bcl-2 expression in GC; G: Positive Bcl-2 expression in tumor-adjacent tissues; H: Negative Bcl-2 expression
in tumor-adjacent tissues; I: Positive Bax expression in GC; J: Negative Bax expression in GC; K: Positive Bax expression in tumor-adjacent tissues; L: Negative Bax
expression in tumor-adjacent tissues; M: Positive caspase-3 expression in GC; N: Negative caspase-3 expression in GC; O: Positive caspase-3 expression in tumoradjacent tissues; P: Negative caspase-3 expression in tumor-adjacent tissues; (magnification × 400). ZNF139: Zinc finger protein 139; GC: Gastric cancer.

between the expression of ZNF139 in GC tissues and
clinicopathologic features in patients. It was found that
ZNF139 protein expression in GC was closely related

WJG|www.wjgnet.com

to the degree of histologic differentiation, clinical
stage, depth of invasion, lymph node metastasis, and
neurovascular invasion. That is, the lower the degree
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Table 1 Zinc finger protein 139 expression in 108 gastric
carcinoma patients according to clinicopathologic features

Table 2 Results of Cox risk analysis model of gastric cancer
B

Clinical feature

Zinc finger protein 139
Positive (n )

Negative (n )

53
19

25
11

Sex
Male
Female
Age (yr)
≥ 60
< 60
Tumor differentiation
High/moderate
Poor/undifferentiated
Depth of invasion
T1/T2
T3/T4
Lymphatic metastasis
Positive
Negative
Nerve or blood vessel invasion
Invaded
Not invaded
Tumor-node-metastasis stage
Ⅰ-Ⅱ
Ⅲ

ZNF139
expression
Lymphatic
metastasis
Neurovascular
invasion
TNM stage

0.539
19
17

39
33

27
9

Wald df P value Exp(B)

95%CI for
Exp(B)
Lower Upper

0.655

43
29

SE

P value

0.039

0.822 0.353 5.414

1

0.02

2.276

1.138

4.551

1.396 0.645 4.679

1

0.031

4.038

1.14

14.301

0.573 0.257 4.965

1

0.026

1.774

1.072

2.939

1.155 0.554 4.351

1

0.037

3.175

1.072

9.401

TNM: Tumor node metastasis; ZNF139: Zinc finger protein 139.
0.008

8
64

12
24

53
19

16
20

29
43

7
29

21
51

22
14

0.005

0.033

0.002

Survival functions
1.0

Figure 3 Apoptosis of gastric cancer cells. Photomicrograph showing
terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling
in gastric cancer cells (× 400).
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Figure 2 Kaplan-Meier survival curves of 108 patients with gastric cancer
in relation to zinc finger protein 139 expression.

of tumor differentiation, the later the clinical stage,
the deeper the invasion. In addition, lymph node
metastases and neurovascular invasion contributed to
higher ZNF139 expression, indicating that ZNF139 is
related to the development of GC and the degree of
malignancy; this gene was further enhanced during tumor
progression and might contribute to the progress of
GC. The prognostic analysis showed that the five-year
survival rate in patients with positive ZNF139 expression
was significantly lower than in patients with negative
expression, and ZNF139 was an independent risk factor
affecting the prognosis of GC patients. These results
show that ZNF139 may play an important role as an
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oncogene in the development of GC, and may contribute
to the diagnosis and treatment of GC as a new tumor
marker and a predictor of prognosis.
To determine the mechanisms of ZNF139’s involvement
in GC progression, we analyzed the relationship between
ZNF139 and tumor cell apoptosis. Apoptosis of tumor
cells can be assessed using the TUNEL assay to calculate
the AI [20,21], a method used in the present study to
examine the relationship between ZNF139 expression
and apoptosis. The results show that ZNF139 protein is
negatively correlated with the AI, suggesting that positive
ZNF139 expression may inhibit tumor cell apoptosis.
Further investigation demonstrated that ZNF139
expression is negatively correlated with the apoptosisrelated protein caspase-3, but not with Bcl-2 or Bax.
Bcl-2 and Bax are important genes in the regulation of
tumor cell apoptosis through a mitochondrial pathway,
whereas activation of caspase-3 can directly promote
apoptosis[22-27]. These results suggest that ZNF139, as
a nuclear transcription factor, may directly regulate the
expression and inhibit activity of caspase-3, thus prevent
apoptosis and contribute to the progression of GC.
However, the exact mechanism requires further study.
This study shows that ZNF139 is upregulated in GC
and related to some of the clinicopathologic features,
and thus may be involved in gastric carcinogenesis and
progression. ZNF139 may be used as a prognostic
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factor as GC patients with strong ZNF139 expression
had a poor prognosis. These effects of ZNF139 may be
related to the regulation of caspase-3 expression, and
thus participate in the regulation of apoptosis in GC.
However, identification of the detailed mechanisms of
ZNF139 in GC cells requires further investigation. Our
findings suggest that ZNF139 may play an important role
as an oncogene in the development of GC and further
research on ZNF139 may lead to clarification of the
development of GC and thus treatment.
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Abstract
AIM: To investigate T helper 17/regulatory T cell alterations in early severe hepatitis B and the effect of glucocorticoids.
METHODS: The study included 20 patients in the early
stage of severe hepatitis B (SHB) and 11 healthy controls. All patients had elevated T helper 17 (Th17) levels,
decreased regulatory T (Treg) cell levels, and significant
Th17/Treg ratios.
RESULTS: After glucocorticoid treatment, 16 patients
showed improvement with significant decreases in
Th17 levels, increases in Treg, and rebalanced Th17/
Treg ratios. The four patients who showed no improvement had increases in both Th17 and Treg levels and
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an even higher Th17/Treg ratio than before.
CONCLUSION: Glucocorticoid treatment can rectify
Th17/Treg dysregulation in patients with SHB.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Severe hepatitis B; T helper 17 cell; Regulatory T cell; Dysregulation; Glucocorticoid
Core tip: Severe hepatitis B (SHB) is a fast progressing form of hepatitis infection with a low eradication
rate. Patients with SHB have dysregulated ratios of T
helper cells, observed as elevated levels of T helper
17 cells and reduced regulatory T cells. This study
demonstrates that these levels can be rebalanced with
glucocorticoid treatment. However, failure to rectify the
imbalance likely will results in the progression of SHB
and eventually cause death.
Lu ZH, Huang XP, Sun W, Zhu YL, Cui JJ, Chen W, Huang LH,
Kuai SG, Du HJ, Ju ZX, Gan JH. T helper cell dysregulation
with hepatitis B and rebalance with glucocorticoids. World J
Gastroenterol 2014; 20(48): 18354-18359 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i48/18354.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i48.18354

INTRODUCTION
Hepatitis B is an infectious disease caused by the hepatitis
B virus (HBV) that affects global health and becomes an
important medical problem. Severe hepatitis B (SHB),
also known as HBV-related liver failure, is the most detrimental type of Hepatitis B due to its fast progression and
low eradication rate, with a mortality rate that can exceed
60%. Patients in the early stage of SHB are commonly
seen in clinics. If SHB is not correctly treated, it can eas-

18354

December 28, 2014|Volume 20|Issue 48|

Lu ZH et al . Th17/Treg dysregulation and rebalance in SHB

ily progress to a more severe stage with a higher death
rate[1,2]. Glucocorticoids are a type of steroid hormone,
which can be secreted by the zona fasciculata of the adrenal gland cortex. In SHB patients, glucocorticoids can
suppress strong immune and inflammatory responses,
decrease capillary blood vessel permeability, prevent the
formation of bile bolt, rapidly diminish jaundice, promote
appetite, improve mental state, shorten the disease course,
relieve pain, decrease medical costs, and reduce the overall
death rate. Therefore, glucocorticoids have become a focus in the current research concerning SHB, especially in
the treatment of patients in the early stage.
T helper 17 (Th17) cells, a subtype of CD4+ T cells
that have been identified in recent years, differ from traditional T helper cells such as Th1 and Th2 subtypes, as their
secreted cytokines [mainly interleukin (IL)-17] can promote the mobilization, recruitment, and activation of neutrophils and mediate pro-inflammatory responses[3]. Th17
cells play an important role in the pathology of infectious
diseases, autoimmune diseases, and cancers. Regulatory T
(Treg) cells were confirmed as a subtype of T cells with
in vivo immune-suppressive function in 1995. It has been
reported that Th17 and Treg cells antagonize each other
during differentiation. Under normal circumstances, a balance between the two subtypes maintains immune system
stability. However, once the balance is broken, a series of
immunopathological responses occurs[4,5].
Treatment for patients in the early stage of SHB should
be standardized to prevent progression to the mid- and
late stages of SHB[6,7]. There are currently very few reports
concerning Th17/Treg alterations during SHB initiation,
progression, and outcome. This study observed Th17/
Treg in the sera of patients in the early stage of SHB before and after glucocorticoid treatment to provide more
immunological evidence for the immune regulation and
treatment of SHB. Therefore, treatment for patients in the
early stage of SHB can be standardized to prevent progression to the mid- and late stages of SHB[6,7].

MATERIALS AND METHODS
Patients and sample collection
Twenty hospitalized patients in the early stage of SHB
from The First Affiliated Hospital of Soochow University
and Wuxi No. 5 People’s Hospital were included in this
study. A total of 11 healthy people were recruited as controls. The patients met the following inclusion criteria: extreme fatigue with severe gastrointestinal symptoms such
as anorexia, vomiting, and bloating; elevated jaundice level
[total bilirubin (TBil): 51-171 μmol/L, and daily increases
> 17 μmol/L]; bleeding tendency [plasma thromboplastin
antecedent (PTA): 40%-50% or international normalized ratio (INR): 1.5-1.6]; and positive markers for HBV.
Fasting peripheral venous blood (2 mL) was drawn from
patients and healthy controls in the morning. The collected blood was put into test tubes with sodium heparin
inverted five times to ensure thorough mixing for the detection of specific immune cells (before, during, and after
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treatment) by intracellular cytokine identification using in
vitro stimulation and fixation/permeabilization followed
by flow cytometry. The research plan was approved by the
ethics committees of both hospitals. Written consent was
obtained from all participants.
Reagents
For these studies, a Beckman Coulter XL AT09010 (Beckman Coulter Inc., Pasadena, CA, United States) was used.
The monoclonal anti-CD279(PD-1)/IL-17A antibody conjugated with phycoerythrin (PE), and Leukocyte Activation
Cocktail with BD GolgiPlug™ were purchased from Becton Dickenson and Co. (Franklin Lakes, NJ, United States).
Fluorescein isothiocyanate (FITC)-conjugated anti-CD4,
PE-conjugated anti-CD127, ECD-conjugated anti-CD3,
and PC5-conjugated anti-CD25 and anti-CD8 monoclonal
antibodies and IntraPrep permeabilization reagents (including sheath fluid and wash buffer) were obtained from
Beckman Coulter Inc.
Th17 detection
The Th17 detection protocol is as follows: add 30 μL of
stimulant (1:50 dilution of BD Pharmingen™ into 1640
Media with 10% heat-inactivated fetal bovine serum)
to 50 μL of whole blood. Vortex and then incubate the
sample for 4-6 h in the incubator at 37 ℃ with 5% CO2.
Add 5 μL of anti-CD3-ECD and anti-CD8-PC5. Vortex
and keep the sample away from light for 15 min. Add
100 μL of IntraPrep Permeabilization Reagent 1. Vortex
and keep the sample away from light for 10 min. Add 1
mL of phosphate buffered saline (PBS). Vortex and centrifuge the mixture at 1500 rpm for 5 min. Discard the
supernatant. Add 100 μL of IntraPrep Permeabilization
Reagent 2. Vortex and incubate the sample for 15 min in
an incubator at 37 ℃ with 5% CO2. Add 5 μL of anti-IL17A-PE. Vortex and keep the sample away from light for
15 min. Add 2 mL of PBS. Vortex and then centrifuge at
1500 rpm for 5 min. Discard the supernatant and repeat
twice. Re-suspend the sample in 500 μL of PBS and load
the sample in a flow cytometry column. Set the gate using
CD3-ECD and analyze 3000-5000 cells.
Treg detection
The Treg detection protocol is as follows: add 5 μL of anti-CD4-FITC, anti-CD25-PC5, and CD127-PE to 50 μL
of whole blood. Vortex and keep the sample away from
light for 15 min. Add 600 μL of homemade red cell lysis
buffer A. Vortex until the lysate becomes clear and then
add 265 μL of buffer B. Vortex and centrifuge at 1500
rpm for 5 min. Discard the supernatant. Add 2 mL of
PBS. Vortex and centrifuge the mixture at 1500 rpm for
5 min. Discard the supernatant and repeat twice. Re-suspend the sample in 500 μL of PBS and load the sample in
a flow cytometry column. Analyze 3000-5000 cells[8].
Treatment procedure and data collection
Patients were administered methylprednisolone (40-60
mg/d) in addition to the routine treatment involving liver
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protection, jaundice reversal, and anti-virus therapy. The
dosage was reduced when gastrointestinal symptoms
were alleviated or TBil was reduced by 25%. The dosage
was initially reduced 5-10 mg/7 d until it reached 20 mg/
d, and then reduced 5 mg/7 d until it reached 10 mg/d,
and reduced 2.5 mg/7 d until it reached 2.5 mg/d. The
final dosage was then maintained for one month. Fasting
blood was collected in the morning before treatment was
initiated, and again at 4, 8, and 15 d after treatment for
flow cytometry analysis. Data from samples collected at
15 d are presented.
Study endpoint
The primary endpoint was the survival rate at weeks 4, 12,
24, and 48. Secondary endpoints included improvement
in clinical symptoms and signs such as fatigue, anorexia,
bloating, oliguria, bleeding tendency, infection, and ascites
and reflected by decreases in TBil, recovery of PTA (INR)
values, and increases in serum albumin in blood biochemical tests.
Clinical standards for cure include: (1) disappearance
of symptoms such as fatigue, anorexia, bloating, oliguria,
bleeding tendency, and hepatic encephalopathy; (2) subsiding jaundice and the liver returning to its normal size;
(3) recovery of liver function markers; and (4) recovery
of PTA values. Clinical standards for improvement include: (1) significant improvement in symptoms such as
fatigue, anorexia, bloating, and bleeding tendency; (2)
significant improvement in jaundice and ascites; and (3)
significantly improved liver function (TBil < 51 μmol/L).
The clinical standard for uncured disease was deterioration leading to death despite active rescue. Of the 20 patients included here, 16 were cured or showed improvement and were labeled as improved after treatment, while
the other four died due to disease deterioration and were
labeled as uncured after treatment.
Statistical analysis
All data were processed by SPSS 17.0.1 (SPSS, Chicago,
IL, United States). Comparisons were made with Students
t-tests: (1) between controls and all patients before treatment; (2) in the improved group before and after treatment; (3) in the uncured group before and after treatment;
(4) between the improved and uncured groups before
treatment; (5) between the improved and uncured groups
after treatment; (6) between controls and the improved
groups after treatment; and (7) between controls and the
uncured group after treatment. Values of P < 0.05 were
considered to be statistically significant.

RESULTS
Comparison of all patients (n = 20) and controls (n =
11) before treatment showed that patients in the early
stage of SHB had significantly higher levels of Th17 (P
= 0.042), lower levels of Treg (P = 0.037), and elevated
Th17/Treg ratios (P = 0.026) compared to controls (Figure 1A).
The patients in the improved group (n = 16) showed
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significant decreases in Th17 levels (P = 0.036) and Th17/
Treg ratios (P = 0.037) after glucocorticoid treatment
(Figure 1B). However, the increase in Treg levels was not
statistically significant.
The patients in uncured group (n = 4) showed elevated
Th17/Treg ratios after treatment (Figure 1C). Similarly,
Th17 and Treg levels were slightly increased but not statistically significant.
Comparison between the improved (n = 16) and uncured (n = 4) groups before treatment showed that there
were no significant differences in Th17 or Treg levels or
Th17/Treg ratios (Figure 1D).
Compared with the uncured group (n = 4), patients in
the improved group (n = 16) showed significant decreases
in Th17 levels (P = 0.001) and Th17/Treg ratios (P =
0.003), but not Treg levels after treatment (Figure 1E).
There were no significant differences in Th17 or Treg
levels, or their ratio, between controls (n = 11) and the improved group (n = 16) after treatment (Figure 1F).
Following glucocorticoid treatment, patients in the
uncured group (n = 4) had significantly higher Th17 levels
(P = 0.017) and Th17/Treg ratios (P = 0.006) compared
to healthy controls (n = 11) (Figure 1G). However, Treg
levels were not significantly different between the groups.

DISCUSSION
Patients with SHB suffer immensely. The fast progression,
poorly understood pathological mechanisms, and lack of
effective medications are fundamental reasons for its low
cure rate and high death rate[9,10]. Ye et al[11] have identified four stages within the development and progression
of SHB: early rising, rising, plateau, and recovery stages.
During early rising stage, the body mainly suffers from
immune injury. In the early phase of the rising stage, the
body primarily bears the burden of immune and hypoxicischemic injury. During the mid- to late-phase of the rising stage, endotoxemia begins to contribute to the attack
on the body. When it comes to the mid/late phase of the
plateau and early phase of the recovery stage, the body is
under an immunosuppression state and bears the pressure
of endotoxemia[12,13]. Therefore, early treatment of SHB is
critical. Because of the strong immune responses during
the early rising stage and rising stage, glucocorticoids are
currently the best treatment option.
Th17 and Treg cells are two recently discovered subtypes of CD4+ T cells that are distinct from Th1 and Th2
cells and have independent differentiation and regulatory
mechanisms. Th17 cells mainly secret cytokines such as
IL-17[14,15]. Treg cells are a subtype of T lymphocytes that
express CD4, CD25, and Foxp3 and play a major role in
immune suppression. Recent studies have revealed that
dysregulation of the Th17/Treg ratio is closely associated
with the development and treatment of various major
human diseases such as autoimmune disease, infectious
disease, allergies, malignant tumors, and transplant rejection. Tuncer et al[16] Park et al[17] and Barbi et al[18] were the
first to hypothesize that IL-17 is a new marker for severe
acute liver damage.
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Recent research has revealed that Th17/Treg ratios
are dysregulated in the peripheral blood and liver tissues of patients with chronic hepatitis B, cirrhosis, and
liver cancers compared to healthy controls[19,20]. However, there are few reports concerning the alterations of
Th17/Treg ratios during SHB initiation, progression, and
outcome. Glucocorticoids can suppress Th17 cell differentiation and proliferation and reduce IL-17 production.
Meanwhile, glucocorticoids can upregulate the expression
of Foxp3, a key transcription factor in Treg cell development, at the mRNA and protein levels, and activate
STAT5 pathways to increase the number of Treg cells[21,22].
Moreover, glucocorticoids are able to promote the repair
of damaged Treg cells, allowing for recovery of their suppressive functions[23,24].
We recently discovered Th17/Treg dysregulation at
the early stage of SHB regardless of disease subtype (acute,
subacute, acute on chronic, or chronic). First, we found
that before glucocorticoid treatment, Th17 elevations and
Treg decreases were present in all patients in the early
stage of SHB. The severe imbalance of Th17/Treg in
these patients was higher than was found in the healthy
population. After glucocorticoid treatment, 16 of 20 patients showed improvement, demonstrating significant
Th17 decreases and slight Treg increases that were not
significantly different from before treatment. The Th17/
Treg dysregulation was corrected after treatment and the
ratio did not differ from that of healthy people. The four
uncured cases showed Th17 and Treg upregulation and
an even higher Th17/Treg ratio, which was statistically
significant compared to normal controls. Patients in the
improved group showed significant Th17 and Th17/Treg
decreases and Treg increases after treatment. Therefore,
Th17/Treg dysregulation (or Th17 upregulation and Treg
downregulation) is at least partially involved in the pathological mechanisms of SHB. If glucocorticoid treatment
results in Th17 decreases and Treg increases, i.e., Th17/
Treg rebalance, then it is very likely that the patient’s condition can be cured. If rebalance of Th17/Treg fails to be
established after glucocorticoid treatment, it is more likely
that SHB will progress and eventually lead to death. In
this study, we chose 15 d after glucocorticoid treatment as
the observation point because the glucocorticoids would
have taken effect by that time and a longer observation
period would probably delay treatment. Therefore, our
study provides some insight in the selection of subjects
who require liver transplantation. Patients in the early
stage of SHB in whom the Th17/Treg balance is not reestablished after glucocorticoid treatment can be considered good candidates for liver transplantation[25,26].
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Abstract
AIM: To evaluate perceived risk, diagnostic testing, and
acceptance of a diagnosis of irritable bowel syndrome
(IBS) among the Korean laypersons.
METHODS: We designed a conceptual framework
to evaluate the health-seeking behavior of subjects
based on a knowledge, attitude, and practice model.
We developed a vignette-based questionnaire about
IBS based on a literature review and focused group
interviews. The vignette described a 40-year-old woman
who meets the Rome Ⅲ criteria for IBS without red-flag
signs. It was followed by questions about demographic
characteristics, health behaviors, IBS symptoms,
risk perception, perceived need for diagnostic tests,
and acceptance of a positive diagnosis of IBS. We
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planned a nationwide survey targeting laypersons
without IBS and between the ages of 20 and 69 years.
Survey participants were selected by quota sampling
stratified by gender, age, and nationwide location. A
multivariate logistic model was constructed based on
literature reviews, univariate analysis, and a stepwise
selection method to investigate correlations between
the perceived risk, need for diagnostic tests, and
acceptance of a positive diagnosis.
RESULTS: Of 2354 eligible households, 1000 subjects
completed the survey and 983 subjects were analyzed,
excluding those who met symptom criteria for IBS.
After reading the IBS vignette, the majority of subjects
(86.8%) responded that the patient was at increased
risk of severe disease. The most frequent concern was
colon cancer (59.8%), followed by surgical condition
(51.5%). Most subjects responded the patient needs
diagnostic tests (97.2%). Colonoscopy was the most
commonly required test (79.5%). Less than half of the
respondents requested a stool examination (45.0%),
blood test (40.7%), abdominal ultrasound (36.0%),
or computed tomography (20.2%). The subjects who
felt increased risk were more likely to see a need
for colonoscopy [adjusted odds ratio (aOR) = 2.10,
95%CI: 1.38-3.18]. When asked about the positive
diagnosis, the most frequent response was that
“the patient would not be reassured” (65.7%). The
increased risk perception group was less likely to be
reassured by a positive diagnosis of IBS, compared to
the other respondents (aOR = 0.52, 95%CI: 0.34-0.78).
CONCLUSION: For IBS diagnosis, increased risk
perception is a possible barrier to the appropriate use
of diagnostic tests and to the patient’s acceptance of a
positive diagnosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Diagnostic testing; Patient attitude; Positive
diagnosis; Functional gastrointestinal disease; Irritable
bowel syndrome
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Core tip: To our knowledge, this is the first study to
evaluate the acceptance of laypersons (as potential
patients or lay consultants) with a positive diagnosis
of irritable bowel syndrome (IBS). The majority
of respondents showed a high perceived need for
diagnostic testing (97.2%), especially colonoscopy
(79.5%), and most of them were reluctant to accept
a positive diagnosis of IBS (65.7%). In addition, the
increased risk perception group was less likely to
be reassured (adjusted odds ratio = 0.52, 95%CI:
0.34-0.78). Therefore, to help patients accept an
appropriate diagnosis of IBS, the health care system
must manage the perceived risk of patients.
Ahn E, Son KY, Shin DW, Han MK, Lee H, An AR, Kim EH,
Cho B. Perceived risk as a barrier to appropriate diagnosis of
irritable bowel syndrome. World J Gastroenterol 2014; 20(48):
18360-18366 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i48/18360.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i48.18360

INTRODUCTION
Irritable bowel syndrome (IBS) is a chronic condition
characterized by recurrent abdominal pain and altered
bowel habits without detectable organic cause. Since
2006, physicians have been encouraged to use the Rome
[1]
Ⅲ criteria to make a positive diagnosis of IBS because
of the low diagnostic yield of organic cause in patients
who fulfill the diagnostic criteria[2].
However, the absence of biological markers and the
possibility of overlooking organic cause can concern
both patients[3] and health care providers[4]. These issues
can make it difficult to accept a positive diagnosis of IBS
and can lead to overuse of diagnostic tests.
Spiegel et al[5] reported that many health care providers
did not follow evidence-based guidelines for IBS diagnosis.
Compared with IBS experts, other health care providers including community gastroenterologists, general internal
medicine physicians, and nurse practitioners - were less
likely to accept a positive diagnosis.
In contrast, there are few reports about the reaction to
positive diagnosis among laypersons. Only a few studies
have investigated the knowledge and anxieties of patients
with IBS[3,6]. However, the overuse of diagnostic tests can
be driven by patients’ wishes[7], as well as those of health
care providers[8]. Patients are often in active positions[9] as
consumers of health care services, particularly following
the increase of health information available through the
media and the improvement of accessibility to health care
services[7,10,11]. In addition, patient wishes can be influenced
by a lay consultation network including caregivers,
family members, or neighborhood residents[12-14]. This is
especially true for chronic conditions[14]. Therefore, this
study aimed to describe the perceived risk, desire for
diagnostic tests, and acceptance of a positive diagnosis
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of IBS among laypersons (as potential patients or lay
consultants) and to investigate correlations between these
factors.

MATERIALS AND METHODS
Conceptual framework
We designed a conceptual framework based on the
knowledge, attitude and practice (KAP) model to
quantitatively evaluate the health-seeking behavior of
study subjects. The KAP model looks at what is known,
believed, and done in relation to a particular topic[15]. The
scope of this study included the knowledge and attitudes
of laypersons about IBS. We investigated two hypotheses:
(1) high perception of risk could lead to inappropriate
diagnostic tests; and (2) high perception of risk could be
a barrier to accepting a positive diagnosis (Figure 1).
Sampling frame
We planned a nationwide survey targeting laypersons
between the ages of 20 and 69 years without IBS. To
secure representativeness, survey participants were
selected by quota sampling from 100 areas stratified by
gender, age, and location using the latest database from
the Korean National Statistical Office as a sampling
frame.
Trained interviewers conducted person-to-person
interviews using questionnaires between August and
September of 2012. They visited households in various
time zones to ensure the diversity of respondents in
gender, age, and job. Interviewers aimed to interview 10
respondents in each of 100 regions. Subjects received
educational material about IBS for completing the survey.
The Institutional Review Board of Seoul National
University Hospital approved this study.
Vignette-based questionnaire
We developed a vignette-based questionnaire about
IBS based on a literature review and a focused group
interview of physicians and patients with functional
gastrointestinal disorders, including IBS and functional
dyspepsia. The vignette described a 40-year-old woman
who meets the Rome Ⅲ criteria for IBS without red-flag
signs. It was followed by questions about demographic
characteristics, health behaviors, symptoms of IBS, risk
perception, needs for diagnostic tests, and acceptance of
the positive diagnosis of IBS.
Measurement of risk perception
The question on risk perception of IBS was phrased as
follows: “Based upon the information provided at this
point, do you believe that this patient is at increased risk
of the following conditions?” Respondents had five
multiple choice options: (1) colon cancer; (2) nutritional
deficit; (3) surgical condition; (4) shorter life span; or (5)
nothing relevant. They were classified into the “concerned
group” if they selected one or more of the first four
options (colon cancer, nutritional deficit, surgical
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The scope of this study

Practice

Knowledge
Attitude
Risk perception
Colon cancer

(1)

Surgical conditions

(2)

Appropriate use of

Diagnostic test

medical services

Positive diagnosis

Others

Research question:
(1) Increased risk perception could necessitate inappropriate diagnostic tests
(2) Increased risk perception could be a barrier to accepting positive diagnosis

Figure 1 Conceptual framework of the study hypothesis: Increased risk perception about irritable bowel syndrome could influence perceived need for
diagnostic tests and acceptance of a positive diagnosis.

condition, or shorter life span) and classified into the “not
concerned group” if they selected the last option (nothing
relevant).
Measurement of perceived need for diagnostic testing
The perception of need for diagnostic testing was
assessed by the following question: “In your opinion,
the patient needs to be diagnosed by … (choose
everything appropriate).” Respondents had six multiple
choice options: (1) blood test; (2) stool examination; (3)
colonoscopy; (4) abdominal ultrasound; (5) computed
tomography; or (6) don’t need any tests.
Measurement of acceptance of a positive diagnosis
Acceptance of a positive diagnosis of IBS was assessed
as follows: “If a doctor diagnoses her (as having) irritable
bowel syndrome without any kind of diagnostic test, she
would be … (choose only one answer).” Respondents
had four options for how the patient would feel about
the diagnosis: (1) reassured; (2) still worried; (3) impatient
with the uncertainty; or (4) have no idea. Respondents
were classified into the “reassured group” if they selected
the first option (reassured) and classified into the “not
reassured group” if they selected either of the next two
options (still worried or impatient of uncertainty).
Statistical analysis
Descriptive data about respondents’ characteristics,
perceived risk, perceived need for diagnostic tests, and
acceptance of a positive diagnosis were presented as
frequency and proportion. We compared characteristics
between two groups using t tests for continuous
variables and the chi-square test for categorical variables.
To evaluate the correlation between perceived risk or
perceived need for diagnostic tests and acceptance of
a positive diagnosis, a multivariate logistic model was
constructed based on literature reviews[8,16], univariate
analysis, and the stepwise selection method. We calculated
odds ratios (ORs) and 95% confidence intervals (CIs)
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adjusting for sex, age, area of residency, number of
comorbidities, and presence of problem drinking. We
used STATA version 12.0 (STATA Corp., Houston, TX),
with statistical significance defined as P ≤ 0.05.

RESULTS
Out of 2354 contacts, 1000 subjects completed the
survey, giving a response rate of 42.5%. A total of 983
subjects were included in the final analysis excluding 17
subjects who meet Rome Ⅲ diagnostic criteria for IBS.
Characteristics of study subjects
The mean age of the respondents was 42.71 years (±
12.65 years). Most of them had no comorbid disease
(79.2%), and 7.2% had more than two comorbid diseases.
The majority of respondents (78.8%) visited a hospital
five or fewer times per year. Subjects who reported that
the patient had an increased risk were more likely to live
in urban area (54.3% vs 44.6%, P = 0.040) and to report
problem drinking (10.8% vs 19.1%, P = 0.021) compared
with the control group. However, there were no
statistically significant differences in age, gender, marital
status, educational status, household income, hospital
visitor smoking status between the two groups (Table 1).
Perceived risk of IBS
The majority of respondents (86.8%) responded that
the presented case is at increased risk of severe disease,
whereas only 13.2% of respondents reported no
increased risk. The most frequent concern was colon
cancer (59.8%), followed by surgical condition (51.5%).
Less than half of the respondents chose nutritional
deficit (20.4%) or shorter life span (11.5%) (Table 2).
Need for diagnostic tests
Most of the subjects (97.2%) responded that a diagnostic
test is necessary for the patient. Colonoscopy was the
most commonly requested test (79.5%). The increased
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Table 1 Characteristics of respondents by risk perception of
irritable bowel syndrome n (%)

Table 2 Perceived risk of irritable bowel syndrome among
1
laypersons n (%)
The patient is at increased risk of…
(choose EVERYTHING appropriate)

Increased risk perception (colon
cancer, nutritional deficit, surgical
condition, or shorter life span)
(n = 983)
No
(n = 130)

Yes
(n = 853)

Characteristics
Age (yr)
mean ± SD
42.55 ± 13.50 42.74 ± 12.53
29-39
54 (41.5)
371 (43.5)
40-59
62 (47.7)
377 (44.2)
≥ 60
14 (10.8)
105 (12.3)
Sex
Male
67 (51.5)
435 (51.0)
Female
63 (48.5)
418 (49.0)
Marital status
Married
92 (70.8)
645 (75.6)
Widowed/separated/divorced
1 (0.8)
10 (1.2)
Single
37 (28.4)
198 (23.2)
Educational status (yr)
≥ 13
45 (34.6)
331 (38.8)
10-12
74 (56.9)
447 (52.4)
≤9
11 (8.5)
75 (8.8)
Household income (monthly)
≥ $4000
21 (16.2)
153 (17.9)
$2000-3999
81 (62.3)
499 (58.5)
< $2000
28 (21.5)
201 (23.6)
Region
Urban
58 (44.6)
463 (54.3)
Rural
72 (55.4)
390 (45.7)
Hospital visit (/yr)
mean ± SD
4.68 ± 5.94
4.24 ± 4.86
0-5
96 (73.8)
679 (79.6)
6-10
24 (18.5)
104 (12.2)
≥ 11
10 (7.7)
70 (8.2)
No. of comorbidity
mean ± SD
0.28 ± 0.57
0.35 ± 0.94
0
100 (76.9)
679 (79.6)
1
26 (20.0)
107 (12.5)
≥2
4 (3.1)
67 (7.9)
Smoking
None
77 (59.2)
500 (58.6)
Past
15 (11.5)
105 (12.3)
Current
38 (29.2)
248 (29.1)
Problem drinking2
No
116 (89.2)
690 (80.9)
Yes
14 (10.8)
163 (19.1)

P
value

Colon cancer
Nutritional deficit
Surgical condition
Shorter life span
Nothing relevant
Union of answers

1

Yes

395 (40.2)
782 (79.6)
477 (48.5)
870 (88.5)
853 (86.8)
130 (13.2)

588 (59.8)
201 (20.4)
506 (51.5)
113 (11.5)
130 (13.2)
853 (86.8)

0.871
1
The respondents were asked: "Based upon the information provided at
this point, do you believe that this patient is at increased risk of following
conditions? (choose EVERYTHING appropriate)".

0.730
0.908

Acceptance of a positive diagnosis
When asked about the positive diagnosis, the most
frequent response was that “the patient would not be
reassured” (65.7%). The increased risk perception group
was less likely to be reassured (aOR = 0.52, 95%CI:
0.34-0.78) by a positive diagnosis compared with the
control group (Table 4).

0.403

0.617

0.712

DISCUSSION
0.040

0.343

0.141
0.403

0.016
0.969

0.021

1

P values calculated from t-test for continuous variables and the chisquare test for categorical variables; 2For men, seven or more drinks on
an occasion and more than two times per week; for women, five or more
drinks on an occasion and more than two times per week. IBS: Irritable
bowel syndrome.

risk perception group was more likely than other
respondents to respond that colonoscopy was needed
[adjusted odds ratio (aOR) = 2.10, 95%CI: 1.38-3.18].
Less than half of the respondents requested a stool
examination (45.0%), blood test (40.7%), abdominal
ultrasound (36.0%), or computed tomography (20.2%).
The increased risk perception group was also more likely
than other respondents to request these tests. Only 28
subjects (2.8%) responded that diagnostic tests are not
necessary (Table 3).
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No

To our knowledge, this is the first study about laypersons’
acceptance of a positive diagnosis of IBS in the context
of the KAP model. A few qualitative[17] and quantitative
studies[3,6,18] have investigated knowledge and anxiety
about IBS among patients with IBS. They reported
serious concern about organic disease [3,6] and strong
expectation of diagnostic tests[3,17,18] among IBS patients.
However, none of these studies measured whether
patients could accept the standard diagnostic process
and whether such acceptance is correlated with their
knowledge about IBS.
In this study, we surveyed a representative sample
of the national population as potential patients or
lay consultants. When questioned about a typical IBS
vignette, the majority of respondents showed increased
risk perception about IBS (86.8%). Concern about colon
cancer (59.8%) was the most prevalent and was three
times larger than that found in previous reports from the
United States and Lebanon, although direct comparison
should be made with care[3,6]. Those studies reported that
concern about inflammatory bowel disease[3] or colitis[6]
was double that for cancer. The difference between
those studies and our own is likely mainly a result of
differences in the epidemiology of inflammatory bowel
disease between Korea and the United States[19]. We did
not ask about concern about inflammatory bowel disease
in this study because its prevalence is still low in Korea.
Concern about serious disease tends to be higher among
IBS patients compared to the healthy population, as
recently reported for women and men in Sweden[20].
The most important observation in this study was
that the majority of respondents showed a high perceived
necessity for diagnostic testing (97.2%), especially
colonoscopy (79.5%). Two thirds of respondents (65.7%)
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Table 3 Needs of diagnostic tests by risk perception of irritable bowel syndrome n (%)
The patient needs to be
diagnosed by …
(choose EVERYTHING appropriate)
Blood test (n = 400)
Stool examination (n = 442)
Colonoscopy (n = 781)
Abdominal ultrasound (n = 354)
Computed tomography (n = 199)
Don't need any test (n = 28)

Increased risk perception
(colon cancer, nutritional deficit, surgical condition, or shorter life span)
2

3

No (n = 130)

Yes (n = 853)

OR (95%CI)

aOR (95%CI)

30 (23.1)
40 (30.8)
89 (68.5)
25 (19.2)
10 (7.7)
19 (14.6)

370 (43.4)
402 (47.1)
692 (81.1)
329 (38.6)
189 (22.2)
9 (1.1)

2.55 (1.66-3.92)
2.01 (1.35-2.98)
1.98 (1.32-2.98)
2.64 (1.67-4.17)
3.42 (1.76-6.64)
0.06 (0.03-0.14)

2.66 (1.72-4.11)
2.12 (1.42-3.17)
2.10 (1.38-3.18)
2.70 (1.70-4.28)
3.33 (1.71-6.51)
0.05 (0.02-0.11)

1

The question was "In your opinion, the patient needs to be diagnosed by… (choose EVERYTHING appropriate); 2Odds ratio of "yes" referenced by "no";
Adjusted by sex, age, area of residency, number of comorbidity, and problem drinking. CI: Confidence interval; OR: Odds ratio; aOR: Adjusted odds ratio.

3

1

Table 4 Acceptance of a positive diagnosis by risk perception of irritable bowel syndrome n (%)
The patient would be…
(choose ONLY ONE answer)
Reassured (n = 288)
Not reassured (n = 646)
Still worried (n = 417)
Impatient of uncertainty (n = 229)
Have no idea (n = 49)

Increased risk perception
(colon cancer, nutritional deficit, surgical condition, or shorter life span)
2

3

No (n = 130)

Yes (n = 853)

OR (95%CI)

aOR (95%CI)

50 (38.5)
60 (46.2)
33 (25.4)
27 (20.8)
20 (15.4)

238 (27.9)
586 (68.7)
384 (45.0)
202 (23.7)
29 (3.4)

0.49 (0.33-0.73)
2.05 (1.37-3.07)
NA
NA
NA

0.52 (0.34-0.78)
1.94 (1.29-2.93)
NA
NA
NA

1

The question was "If a doctor diagnoses her (as) irritable bowel syndrome without any kind of diagnostic test, she would be… (choose ONLY ONE
answer)"; 2Odds ratio of "yes" referenced by "no"; 3Adjusted by sex, age, area of residency, number of comorbidity, and problem drinking. CI: Confidence
interval; OR: Odds ratio; aOR: Adjusted odds ratio; NA: Not applicable.

found it hard to accept a positive diagnosis of IBS. In
addition, increased risk perception was correlated with
the perceived need for colonoscopy (aOR = 2.10, 95%CI:
1.38-3.18) and with difficulty in accepting a positive
diagnosis of IBS (aOR = 0.52, 95%CI: 0.34-0.78). Several
reports have pointed out that the need for reassurance
is a key factor in seeking medical consultation among
patients with functional gastrointestinal disorders[21-23]
and that such patients expect diagnostic tests beyond
what is usually recommended by physicians [3,17,18] .
As a result, both patients and doctors frequently
experience frustration, dissatisfaction, and feelings of
stigmatization[24,25]. However, Spiegel et al[21] reported
that a negative colonoscopy finding was not associated
with reassurance or improved health-related quality of
life in IBS patients. In a literature review, Koloski et al[16]
even suggested that abnormal attitudes and beliefs about
illness are more important than symptom severity or
knowledge about illness in patients’ actions to seek health
care. Such results might partly reflect differences between
health care systems, including low cost of diagnostic
tests, quality of medical facilities, and popularized private
or public screening programs for colon cancer[26].
Patient expectations are an important issue as many
countries attempt to reduce the overuse of health care
services. Several factors contribute to overuse, including
defensive treatment by the physician, patient wishes,
inappropriate financially motivated factors, health system
factors, industry, and the media[7]. Among these factors,
patient wishes become more important as expectations
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about medical technology increase and health care
services become more accessible. Although it is not
clear how much patient wishes contribute to the overuse
of diagnostic tests, it would be no surprise if they play
a major role[7]. Patient expectations would be hard to
control in the presence of large amounts of unverified
health information, a surplus of medical resources, and
health care providers with little motivation to control
the overuse of diagnostic tests[10,11]. That is the case in
Korea, where there is a flood of health information from
mass media and Internet sources, a wealth of health care
facilities, very low medical costs, and a fee-for-service
national health insurance.
Therefore, to alleviate the need for diagnostic tests
and to help patients accept a positive diagnosis, the health
care system must manage the perceived risk itself instead
of performing unnecessary tests. Further study is needed
to determine the strength of the causality involved and
how physicians and the government can effectively
intervene through medical practice and the health care
system.
Strengths of this study include the use of a nationwide
sampling frame and person-to-person interviews. Study
subjects were selected using proportionate quota sampling
stratified by age, gender, and location in South Korea, as
mentioned in the Methods section. Trained interviewers
prevented respondents from misunderstanding questions
or giving invalid answers.
An important consideration is that the subjects of
this study were laypersons without IBS. However, they
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are potential lay consultants such as caregivers, family
members, and neighborhood members[12]. Therefore,
compared with surveys of IBS patients, our study
provides additional information about the diagnosis of
IBS[3,21].
One limitation of our study is the possibility of
selection bias. The response rate (42.5%) was not lower
than those of previous studies (reported as 38% [6]
to 39.3% [3]), even though we could not review the
characteristics of non-respondents.
Another limitation is that data from a KAP survey do
not provide an explanation about causality. This crosssectional finding needs further study to determine the
causality between risk perception and attitude toward a
positive diagnosis.
Furthermore, our conceptual framework is based
on a strong hypothesis that knowledge can change
the attitudes and practice of laypersons. Even though
knowledge is an important target in clinical practice, it
is also a contributing factor to the overuse of diagnostic
tests, as mentioned above[27]. Therefore, a longitudinal
study is needed to evaluate whether improved knowledge
can control the overuse of tests and change attitudes
about positive diagnosis in practice.
Despite these limitations, this study’s results suggest
that for most laypersons, it is hard to accept a positive
diagnosis of IBS. High risk perception can be a barrier
to the control of overuse of diagnostic tests and to
acceptance of a positive diagnosis of IBS. Therefore,
it is important to manage perceived risk by providing
information about the natural course of IBS and the
efficacy of diagnostic testing in IBS.
Clinical vignette
A 40-year-old woman visited a local clinic with a
longstanding history of abdominal pain. Her pain started
when she was young and recurred frequently. The pain
often worsened within 10 min after a meal and was
relieved by defecation. Sometimes she had urgent loose
stool passage several times a day. Sometimes there was no
bowel movement for three to four days. She frequently had
to avoid eating to prevent urgent bowel movement. She
denied weight loss, fever, and other symptoms. She did not
take medication or imbibe excess alcohol.
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There are a few reports about health care providers’ adherence to the
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Most laypersons are reluctant to accept a positive diagnosis of IBS. High risk
perception can be a barrier to controlling the overuse of diagnostic tests and to
acceptance of a positive diagnosis of IBS. Therefore, to help patients accept
an appropriate diagnosis of IBS, the health care system must manage patients’
risk perceptions.
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This study included a laborious analysis of the data with correct methodology.
The results are interesting and lead to the idea of health education for the
laypersons, which alone can change perceptions about IBS. The concern of
a large number of respondents for certainty in the diagnosis of IBS without
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Abstract
AIM: To determine the difference in clinical outcome
between ulcerative colitis (UC) patients with Mayo
endoscopic subscore (MES) 0 and those with MES 1.
METHODS: UC patients with sustained clinical remission
of 6 mo or more at the time of colonoscopy were
examined for clinical outcomes and the hazard ratios of
clinical relapse according to MES. Parameters, including
blood tests, to identify predictive factors for MES 0
and slight endoscopic recurrence in clinically stable

WJG|www.wjgnet.com

patients were assessed. Moreover, a receiver operating
characteristic curve was generated, and the area under
the curve was calculated to indicate the utility of the
parameters for the division between complete and
partial mucosal healing. All P values were two-sided and
considered significant when less than 0.05.
RESULTS: A total of 183 patients with clinical remission
were examined. Patients with MES 0 (complete mucosal
healing: n = 80, 44%) were much less likely to relapse
than those with MES 1 (partial mucosal healing: n =
89, 48%) (P < 0.0001, log-rank test), and the hazard
ratio of risk of relapse in patients with MES 1 vs MES
0 was 8.17 (95%CI: 4.19-17.96, P < 0.0001). The
4
platelet count (PLT) < 26 × 10 /μL was an independent
predictive factor for complete mucosal healing (OR =
4.1, 95%CI: 2.15-7.99). Among patients with MES 0 at
the initial colonoscopy, patients of whom colonoscopy
findings shifted to MES 1 showed significant increases
in PLT compared to those who maintained MES 0 (3.8 ×
4
4
10 /μL vs -0.6 × 10 /μL, P < 0.0001).
CONCLUSION: The relapse rate differed greatly
between patients with complete and partial mucosal
healing. A shift from complete to partial healing
in clinically stable UC patients can be predicted by
monitoring PLT.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ulcerative colitis; Mucosal healing; Platelet
count; Mayo endoscopic subscore; Platelet count
Core tip: Mucosal healing has been recognized as the
treatment goal of ulcerative colitis (UC). Although many
previous reports defined mucosal healing as Mayo
endoscopic subscore (MES) of 0 or 1, the difference
in prognosis between patients with MES 0 and those
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with MES 1 has scarcely been evaluated. This paper
indicated that the relapse rate differed greatly between
patients with MES 0 and MES 1, and that the treatment
goal of UC should be MES 0. We also demonstrated
that a shift from MES 0 to MES 1 in clinically stable UC
patients can be predicted by monitoring platelet count.
Nakarai A, Kato J, Hiraoka S, Inokuchi T, Takei D, Moritou Y,
Akita M, Takahashi S, Hori K, Harada K, Okada H, Yamamoto
K. Prognosis of ulcerative colitis differs between patients with
complete and partial mucosal healing, which can be predicted
from the platelet count. World J Gastroenterol 2014; 20(48):
18367-18374 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i48/18367.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i48.18367

with MES 0 (complete mucosal healing) and those with
MES 1 (partial mucosal healing) has been reported rarely.
Moreover, if the prognosis is better for patients with MES 0,
surrogate markers differentiating patients with MES 0 from
patients with MES 1 are required urgently because of the
physical and economical burden of colonoscopy.
In this study, therefore, the colonoscopic findings
of UC patients with sustained clinical remission were
meticulously reevaluated and subdivided into MES 0
and MES 1 or more. Based on this classification, patient
prognosis, including relapse of clinical symptoms and
colectomy rate, was examined. Moreover, items of blood
testing differentiating patients with MES 0 from those
with MES 1 were evaluated.

MATERIALS AND METHODS
INTRODUCTION
Ulcerative colitis (UC) is an idiopathic chronic inflammatory
disorder that affects the innermost lining or mucosa of
the colon and rectum, manifesting as continuous areas
of inflammation and ulceration with no segments of
normal tissue[1]. UC patients have symptoms such as
diarrhea and bloody stool, unless appropriate treatment
is provided. Aminosalicylates are the usual first-line
treatment for UC and 60%-70% of patients with mild to
moderate UC respond to them. Corticosteroid treatment
is considered for patients with more severe symptoms,
when aminosalicylates are not effective. However, despite
treatment with appropriate medications, including other
immunosuppressive agents, a considerable proportion
of patients suffer from uncomfortable symptoms that
continue or recur. Ultimately, 20%-30% of patients are
likely to require colectomy[2].
Current opinions increasingly cite the need to achieve
not only a clinical response but also mucosal healing in the
treatment of UC, as evaluated on colonoscopy. Mucosal
healing is associated with sustained clinical remission and
reduced rates of hospitalization and surgical resection[3].
In addition, a recent study indicated that early mucosal
healing after administration of infliximab for UC was
correlated with improved clinical outcomes, including
avoidance of colectomy[4]. Another report showed that
lack of mucosal healing after initial corticosteroid therapy
was associated with late negative outcomes[5]. However,
standard criteria for the evaluation of disease severity and
definitions of mucosal healing are not available at present[6].
In particular, some reports defined mucosal healing as
a Mayo endoscopic subscore (MES) of 0 or 1[4,7], while
others defined this as an MES of 0 only[8]. Undetermined
definitions of mucosal healing have complicated the
interpretation of the significance of mucosal healing in the
treatment of UC. In this context, the difference in longterm prognosis, including relapse of clinical symptoms
and colectomy, between clinically asymptomatic patients
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Patients
All the colonoscopy records of UC patients who periodically
visited Okayama University Hospital and underwent
colonoscopy for evaluation of disease activity or surveillance
between January 2006 and December 2012 were reviewed.
In our institute, blood samples are taken on the day of
colonoscopy for the measurement of biochemical values,
including albumin and C-reactive protein (CRP), and a
full blood count. All of the patients had an established
diagnosis of UC, according to endoscopic and histologic
assessments, and had received medical therapy.
Clinical disease activity was evaluated using the Mayo
score, consisting of the following 4 subscores: stool
frequency (0, normal number for this patient; 1, 1-2
stools more than normal; 2, 3-4 stools more than normal;
and 3, ≥ 5 stools more than normal), rectal bleeding (0,
no blood seen; 1, streaks of blood with stool less than
half the time; 2, obvious blood with stool most of the
time; and 3, blood alone passes), endoscopic findings (0,
normal or inactive disease; 1, mild disease with erythema,
decreased vascular pattern, mild friability; 2, moderate
disease with marked erythema, absent vascular pattern,
friability, erosions; and 3, severe disease with spontaneous
bleeding, ulceration), and physician’s global assessment (0,
normal; 1, mild disease; 2, moderate disease; and 3,severe
disease)[9]. Clinical remission was defined as a Mayo stool
frequency subscore of 0 or 1 and a Mayo rectal bleeding
subscore of 0 [4], and clinical relapse was defined as
increasing or modification of concomitant medications
due to worsening of symptoms.
This study is comprised of analyses of the colonoscopic
findings, laboratory data, and clinical courses of UC
patients with clinical remission. Patients with sustained
clinical remission of 6 mo or more at the time of
colonoscopy were considered eligible for this retrospective
cohort study.
The study protocol was approved by the institutional
review board of Okayama University Graduate School
of Medicine, Dentistry, and Pharmaceutical Sciences.
Informed consent was obtained from each patient.
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Patients

Proportion of patients with sustained
clinical remission

Table 1 Baseline characteristics of analyzed patients n (%)
Value

Total
183
Gender
Male
93 (51)
Female
90 (49)
Extent of disease
Pancolitis
112 (61)
Left-side colitis
40 (22)
Proctitis
31 (17)
Median (IQR) age at onset
32 (22-45)
Median (range) duration of disease, mo
108 (54-202)
Median (range) age of undergoing colonoscopy
44 (33-59)
Concomitant medications
Aminosalicylate
163 (89)
Corticosteroids
23 (13)
Mercaptopurine/azathioprine
70 (38)
Tacrolimus
5 (3)
Biologics
7 (4)
Colonoscopy findings (maximum index in the colorectum)
MES 0
80 (44)
MES 1
89 (48)
MES 2
14 (8)

Log-rank test, P < 0.0001

0.8
0.6

MES 0 (n = 80)
MES 1 (n = 89)
MES 2 (n = 14)

0.4
0.2
0.0

0

15

30
45
Follow-up (mo)

60

75

Figure 1 Kaplan-Meier curves of maintenance of clinical remission for
patients with Mayo endoscopic subscore 0, 1 or 2. The cumulative remission
maintenance rate showed statistically significant differences among patients with
each Mayo endoscopic subscore (MES).

MES: Mayo endoscopic subscore; IQR: Interquartile range.

Colonoscopy
On the day of the colonoscopy, patients received a
polyethylene glycol-based or magnesium citrate-based
electrolyte solution for bowel preparation, according to
the instructions for use. After the colonic lavage, patients
underwent colonoscopy. Patients were excluded if the
colonoscopic examination was incomplete because
of problems with the bowel preparation or if the
colonoscope could not be inserted into the cecum.
The mucosal status of UC was assessed using the
MES classification. Evaluation was performed at each
portion of the colorectum (cecum, ascending, transverse,
descending, and sigmoid colon, and rectum), and the
maximum score in the colorectum of each patient
was used for analysis. An MES of “0” throughout the
colorectum was defined as complete mucosal healing,
while a maximum MES of “1” in the colorectum was
defined as partial mucosal healing.
Statistical analysis
Statistical analysis was conducted using the JMP program
(version 9, SAS Institute, Cary, NC, United States). A
Kaplan-Meier curve of estimated duration of sustained
clinical remission was generated for each patient group
with MES 0-2, and comparisons between the groups
were performed using a 2-side log-rank test. The Cox
proportional hazards regression model was used to
calculate hazard ratios (HRs) with 95% confidence
intervals (CIs) for clinical relapse among each group.
Comparative models such as the χ 2 test and MannWhitney test were used for cross-sectional analysis of
categorical data. In order to identify predictive factors for
complete mucosal healing in the target patients, univariate
and multivariate analyses were performed using a logistic
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1.0

regression model with corresponding calculations of
odds ratios (ORs) and 95%CIs. Moreover, a receiver
operating characteristic (ROC) curve was generated,
and the area under the curve was calculated to indicate
the utility of the parameters for the division between
complete and partial mucosal healing. All P values were
two-sided and considered significant when less than 0.05.

RESULTS
Clinical characteristics of the patients
A total of 715 colonoscopies were performed in 295
UC patients between January 2006 and December 2012.
Among these patients, 183 had maintained clinical
remission for 6 mo or more at the time of colonoscopy.
In the initial analysis, when patients had undergone
two or more colonoscopies during clinical remission
continuing more than 6 mo, only the data of the first
colonoscopy were included. Accordingly, the initial
analysis was of 183 patients/colonoscopies. Table 1
shows the clinical characteristics of the 183 patients (93
male and 90 female; median age at UC onset 32 years).
Colonoscopy findings revealed that the maximum MES
was 0 in 80 (44%) cases, 1 in 89 (48%) cases, and 2 in 14
(8%) cases. Based on our definitions, 80 and 89 patients
had complete and partial mucosal healing, respectively.
Difference in prognosis of UC patients according to the
MES
Kaplan-Meier curves of maintenance of clinical remission
are shown for the patients with MES 0, 1 or 2 in Figure
1. The cumulative remission maintenance rate showed
statistically significant differences among patients
with each MES (P < 0.0001, log-rank test). The Cox
proportional hazards model indicated that patients with
MES 1 and those with MES 2 had a significantly higher
risk of clinical relapse than patients with complete
mucosal healing (MES 1: HR = 8.17, 95%CI: 4.19-17.96,
P < 0.0001; MES 2: HR = 31.16, 95%CI: 12.80-78.83,
P < 0.0001). In addition, the risk of hospitalization and
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examination revealed that white blood cell count (WBC)
and platelet count (PLT) were significantly lower in the
patients with complete mucosal healing than in those
without (5160/μL vs 5660/μL, P = 0.017, and 24.7 ×
104/μL vs 29.1 × 104/μL, P < 0.0001, respectively).

Table 2 Characteristics of patients with Mayo endoscopic
subscore 0 vs 1 or 2 n (%)
Characteristics
Gender
Male
Female
Median age, yr (IQR)
Median duration of
disease, mo (IQR)
Median age at onset, yr
(IQR)
Extent of disease
Pancolitis
Left-side colitis
Proctitis
Concomitant medications
Aminosalicylate
Corticosteroids
Mercaptopurine/
azathioprine
Tacrolimus
Biologics
Blood markers, median
(IQR)
CRP (mg/L)
WBC (/μL)
Hb (g/dL)
PLT (× 104/μL)
Alb (g/dL)

MES 0
(n = 80)

MES 1, 2
(n = 103)

P value

45 (56)
35 (44)
49 (37-62)
98 (52-213)

48 (47)
55 (53)
40 (32-54)
122 (57-202)

36 (25-50)

29 (19-40)

0.009

42 (53)
21 (26)
17 (21)

70 (68)
19 (18)
14 (14)

0.1

72 (90)
12 (15)
28 (35)

91 (88)
11 (11)
42 (41)

0.72
0.38
0.43

3 (4)
2 (3)

2 (2)
5 (5)

0.46
0.41

0.4 (0.2-1.0)
5160 (4130-5990)
13.6 (12.4-15.0)
24.7 (21.7-27.6)
4.5 (4.2-4.8)

0.5 (0.2-1.2)
5660 (4830-6800)
13.5 (12.4-14.7)
29.1 (25.6-33.4)
4.4 (4.1-4.7)

0.2
0.009
0.73

0.3
0.017
0.75
< 0.0001
0.17

MES: Mayo endoscopic subscore; IQR: Interquartile range; CRP: C-reactive
protein; WBC: White blood cell; Hb: Hemoglobin; PLT: Platelet count; Alb:
Albumin.

the need for rescue corticosteroids were also higher
in patients with MES 1 than those with MES 0 (HR
= 10.48, 95% CI, 1.90-195.22, P = 0.0044; and HR =
27.31, 5.69-490.06, P < 0.0001, respectively). These
results suggest that patients who achieved complete
mucosal healing (MES 0) were much less likely to suffer
a relapse than those who achieved only partial mucosal
healing (MES 1), as well as those with endoscopic
active inflammation (MES 2). The risk of colectomy or
occurrence of dysplasia/cancer did not differ significantly
among patients with each MES (data not shown).
Clinical characteristics of patients with complete
mucosal healing (MES 0) vs those with mucosal
inflammation (MES 1 or 2)
We have shown that achievement of complete mucosal
healing (MES 0) is optimal for UC patients with regard
to maintenance of clinical remission. Then, we compared
the clinical characteristics of patients in clinical remission
with complete mucosal healing to those of patients
without complete mucosal healing. Of the 183 patients,
80 achieved complete mucosal healing (MES 0), while
the remaining 103 showed only partial healing (MES 1)
or more inflammation (MES 2) (Table 2). The former
were significantly older at disease onset (49 years vs 40
years, P = 0.009) and at baseline colonoscopy (36 years
vs 29 years, P = 0.009) than the latter. Hematological
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Predictive factors of complete mucosal healing in
patients with sustained clinical remission
Univariate and multivariate analyses of factors that predict
complete mucosal healing in patients with sustained
clinical remission were performed using parameters
including patient age (at baseline colonoscopy and at
onset) and hematological variables, including WBC,
hemoglobin, PLT, albumin and CRP (Table 3). The cutoff
value of each parameter was determined by ROC curve
analysis to discriminate patients with complete mucosal
healing (MES 0) from those without. Factors associated
with complete mucosal healing in the univariate analysis
were age at baseline colonoscopy > 48 years, age at onset
> 32 years, WBC < 5900/μL, and PLT < 26 × 104/μL.
Furthermore, multivariate analysis revealed that WBC
< 5900/μL and PLT < 26×104/μL were independent
predictive factors for MES 0 in patients with sustained
clinical remission (WBC < 5900/μL, OR = 2.37, 95%CI:
1.19-4.81, PLT < 26 × 10 4/ μ L; OR = 4.1, 95%CI:
2.15-7.99, respectively).
The sensitivity and specificity of each and combinations
of these two criteria for MES 0 are shown in Table 4.
The predictive values for MES 0 of WBC only and PLT
only were not satisfactory. However, fulfillment of either
criterion predicted MES 0 with 0.91 (95%CI: 0.85-0.95)
sensitivity, and the specificity for MES 0 of fulfillment of
both criteria was 0.82 (95%CI: 0.76-0.87). These results
suggest that combinations of WBC and PLT are useful for
predicting complete mucosal healing among patients with
sustained clinical remission.
Parameters predicting change of mucosal status from
complete mucosal healing to partial mucosal healing
Thus, maintenance of complete mucosal healing is
an ultimate goal for UC patients and WBC and PLT
could be useful predictors of complete mucosal healing.
However, there is the problem that WBC and PLT
vary among patients, even though their mucosal status
is similar. In clinical settings, it is more important to
recognize the shift of mucosal status from complete
mucosal healing to partial healing in the individual patient
with continuous clinical remission, because patients in
continuous clinical remission usually would prefer not
to receive colonoscopy after confirmation of MES 0 by
previous colonoscopy.
To resolve this issue, we examined, in a second
analysis, the patients who underwent colonoscopy twice
or more during maintenance of clinical remission after
the finding of MES 0 at the first colonoscopy. The
change of colonoscopic findings was compared with
the changes of the laboratory data of those patients.
Of 80 patients in clinical remission with the finding
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Table 3 Univariate and multivariate analysis for factors predictive of Mayo endoscopic subscore 0

Age > 48 yr
Age at onset > 32 yr
WBC < 5900/μL
PLT < 26 × 104/μL

OR

Univariate analysis
95%CI

P value

OR

Multivariate analysis
95%CI

P value

2.59
2.39
2.65
4.74

1.42-4.78
1.32-4.38
1.43-5.05
2.55-9.01

0.002
0.004
0.002
< 0.0001

1.88
1.46
2.37
4.10

0.79-4.52
0.61-3.46
1.19-4.81
2.15-7.99

0.15
0.39
0.014
< 0.0001

WBC: White blood cell; PLT: Platelet count.

Table 4 Predictive values of white blood cell and platelet count for Mayo endoscopic subscore 0 in patients with sustained clinical
remission

Sensitivity (95%CI)
Specificity (95%CI)

4

WBC < 5900/μL
only

PLT < 26 × 10 /μL
only

Either WBC < 5900/μL or
4
PLT < 26 × 10 /μL

Both WBC < 5900/μL and
4
PLT < 26 × 10 /μL

0.74 (0.66-0.81)
0.49 (0.42-0.54)

0.65 (0.57-0.72)
0.72 (0.66-0.77)

0.91 (0.85-0.95)
0.39 (0.34-0.42)

0.48 (0.40-0.54)
0.82 (0.76-0.87)

WBC: White blood cell; PLT: Platelet count; MES: Mayo endoscopic subscore.

1.00

Table 5 Change in blood marker values in patients with or
without maintenance of complete mucosal healing n (%)
Maintenance of Shift to MES 1
MES 0 (n = 26)
(n = 21)

Extent of disease
Pancolitis
Left-side colitis
Proctitis
Median (IQR) age at onset
Median (range) duration
of disease, mo
Change in values of
parameters
median (IQR)
ΔCRP (mg/L)
ΔWBC (/μL)
ΔHb (g/dL)
ΔPLT (× 104/μL)
ΔAlb (g/dL)

13 (50)
10 (38)
3 (12)
36 (27-49)
132 (55-220)

0.1 (-0.1-0.4)
-200 (-1680-780)
0.1 (-0.3-0.8)
-0.6 (-2.4-1.5)
0.1 (-0.2-0.3)

13 (62)
3 (14)
5 (24)
28 (23-43)
152 (64-244)

0.80
0.70

P value

Sensitivity

Variables

0.90

0.50

Area under ROC
curve 0.86

0.40
0.30

0.15
0.2
0.65

0.20
0.10
0.00
0.00

0 (0.2-0.4)
0.95
280 (-330-1030)
0.16
0.4 (-0.1-0.8)
0.25
3.8 (1.5-8.0)
< 0.0001
0 (-0.1-0.2)
0.82

MES: Mayo endoscopic subscore; IQR: Interquartile range, CRP: C-reactive
protein; WBC: White blood cell; Hb: Hemoglobin; PLT: Platelet count; Alb:
Albumin.

of MES 0 at the first colonoscopy, 47 underwent a
further colonoscopy during the maintenance of clinical
remission. The second colonoscopy revealed that 26
(55%) patients maintained the MES of 0, while the
findings of the remaining 21 (45%) changed from
MES 0 to MES 1. Table 5 shows the differences in
characteristics at the first colonoscopy and hematological
variables between the first and the second colonoscopies
of each patient group. Among the variables examined,
PLT alone had increased significantly in patients in
whom the MES changed from 0 to 1, compared to
patients who maintained MES 0 (+3.8 × 104/μL vs -0.6
× 104/μL, P < 0.0001). The ROC curve of change in
PLT for identifying the shift from MES 0 to MES 1 had
an area under curve of 0.86 (Figure 2). These results
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0.60

0.20

0.40
0.60
1-specificity

0.80

1.00

Figure 2 Receiver operating characteristic curve of change in platelet
count for identifying the shift from Mayo endoscopic subscore 0 to 1 in
patients with clinical remission. The receiver operating characteristic (ROC)
curve of change in platelet count for identifying the shift from Mayo endoscopic
subscore (MES) 0 to MES 1 had an area under curve of 0.86. When cut-off
value of change in platelet count was determined as 1.3 × 104/μL, the sensitivity
and specificity were 0.81 and 0.73, respectively.

suggest that an increase in PLT during the follow-up
of UC patients with complete clinical and endoscopic
remission indicates slight endoscopic recurrence, which
subsequently leads to a condition susceptible to clinical
recurrence.

DISCUSSION
With the accumulation of evidence for the value of
mucosal healing in Crohn’s disease[10,11], mucosal healing
has been regarded as an important clinical goal in UC.
The follow-up study of the Active UC Trials (ACT-1,
2) showed that mucosal healing after 8 wk of starting
infliximab was correlated with improved clinical
outcomes, including avoidance of colectomy[4]. Moreover,
several additional studies indicated that mucosal healing
in UC can alter the course of the disease with reductions
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in hospitalization rates and surgical resections[12], and by
lowering the risk of dysplasia and adenocarcinoma of the
colon[12-14].
However, standard criteria for the evaluation of
disease severity and definitions of mucosal healing of UC
are not available at present[6]. Although many previous
clinical studies defined mucosal healing as an MES of 0
or 1[4,7], long-term studies examining whether an MES
of 0 or MES of 1 actually contributes to maintenance
of clinical remission in UC patients are scarce. Detailed
analysis of the ACT-1, 2 studies showed that the clinical
remission rate after 54 wk was 73% in patients with an
MES of 0 on colonoscopy performed after induction of
remission (week 8) but 47% in those with an MES of 1,
indicating that more than half of the latter patients had
relapse[4]. However, the same study also showed that the
rate of corticosteroid-free clinical remission after 54 wk
was lower in patients with an MES of 0 at week 8 than
in those with an MES of 1 (46% vs 63%)[4]. Meucci et
al[8] reported in a study evaluating the effectiveness of
mesalazine for maintenance of remission that a significant
difference was not observed in the rate of relapse at 1
year between patients with an MES of 0 and those with
an MES of 1. These two reports had similar drawbacks
in that the results were obtained in very specific situations
(infliximab users only or users of mesalazine alone) and
in a short-term (1 year for both studies), although these
are just two of the very few studies referring to the
difference in clinical course between patients with MES 0
and MES 1. Hence, the data of the difference in clinical
significance between MES 0 and MES 1 have absolutely
been lacking.
In this study, therefore, we assessed the difference in
long-term clinical outcomes between patients in clinical
remission with MES 0 and MES 1 and showed that
patients with MES 0 were much less likely to relapse. The
result was consistent with that of a recent small-scale
study from Japan[15]. Although these are retrospective
studies, analysis of a general UC cohort and long-term
follow-up are a strength. Our relatively large cohort
analysis strongly suggests that complete mucosal healing
should be the treatment goal of UC.
In addition, we identified surrogate makers that could
differentiate complete from partial mucosal healing
in patients with clinical remission. Previously, several
noninvasive surrogate markers have been suggested for
the endoscopic activity of UC. In particular, blood or fecal
markers would be ideal if sufficiently predictive. However,
most such studies calculated predictive values for
endoscopically active status[16,17], suggesting that prediction
of mucosal healing by surrogate markers is more difficult.
In this regard, our previous report was unique, indicating
the performance of a fecal immunochemical test, which is
widely used as a screening modality for colorectal cancer,
on evaluation of mucosal healing of UC patients [18].
In that study, we indicated that a fecal hemoglobin
concentration < 60 ng/mL predicted MES 0 with 94%
sensitivity and 74% specificity.
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On this background, one of the highlights of this
study is the identification of blood markers (combinations
of WBC < 5900/ μ L and PLT < 26 × 10 4/ μ L) that
discriminated complete mucosal healing (MES 0) from
partial healing (MES 1) with sufficient sensitivity and
specificity, because patients with clinical remission in
these two categories differ significantly as to relapse rate.
Surrogate markers for mucosal healing have been reported
rarely, even when both MES 0 and 1 are included,
although predicting mucosal healing is more clinically
relevant than predicting endoscopic inflammation. Hence,
our finding of markers of discrimination of MES 0 from
MES 1 in patients with clinical remission should have a
great impact on the clinical practice of UC treatment.
Moreover, we found that PLT increased significantly
in patients of whom the MES changed from 0 to 1,
compared to patients who maintained MES 0. This
indicates that the worsening of endoscopic findings
of patients in clinical remission, without any change
of symptoms, can be recognized by an increase in
PLT. Undergoing repeated colonoscopies to evaluate
complete or partial mucosal healing is difficult for
patients in clinical remission, because colonoscopy is
burdensome. In addition to the colonoscopy procedure
itself, bowel preparations, possible worsening of disease
after colonoscopy, and high cost are matters of concern
to patients. Therefore, validation of complete mucosal
healing by monitoring PLT instead of performing
colonoscopy is helpful for both patients and physicians.
Many clinicians who treat inflammatory bowel disease
(IBD) have been aware of platelet elevation in IBD
patients with clinical activity. In fact, previous reports
carried out hematological examinations on UC patients
with and without activity and healthy controls and showed
that the mean platelet count was higher in patients with
active disease than in inactive UC or healthy controls[19,20].
Thus, to some extent, PLT have been regarded as a
biomarker reflecting mucosal inflammation in IBD,
although the correlation with mucosal status, particularly
mucosal healing, has been reported rarely. Although
the mechanism for predicting activity in IBD is largely
unknown, platelets are broadly activated in inflammatory
responses and tissue injury[21,22], and activated platelets
express CD40 ligand through which they can specifically
interact with a large number of CD40-bearing immune
and non-immune cells[23]. This causal correlation may be
attributed to the fact that CD40 ligand-positive platelets
are present in the circulation of patients with several
inflammatory conditions[24-26], including IBD[27].
Our finding that lower levels of WBC and PLT are
correlated with complete mucosal remission may be
partly attributed to the use of thiopurines. Thiopurines
are widely used for maintenance of clinical remission
of IBD patients. In IBD patients who take thiopurines,
lower WBC have been regarded as a good predictor of
achievement and maintenance of remission[28,29]. This well
known fact suggests that the degree of myelosuppression
parallels the efficacy of thiopurines. In this regard, both

18372

December 28, 2014|Volume 20|Issue 48|

Nakarai A et al . UC prognosis and mucosal healing

WBC and PLT reflected the degree of myelosuppression
and may be correlated with complete mucosal healing,
that is, deeper clinical remission in thiopurine users.
However, because the rate of use of thiopurine did not
differ significantly between patients with MES 0 and
those with MES 1 or 2 in our cohort, there is still room
for investigation of the correlation between the efficacy
of thiopurine and mucosal healing.
A limitation of this study is the retrospective
design in a single hospital. However, because this is an
observational study of clinical practices without any
intervention, the study design would not have caused
great bias.
In conclusion, our study revealed that the clinical
prognosis of UC patients in clinical remission differs
between those with complete endoscopic remission
(MES 0) and those without. Complete mucosal healing
should be a treatment goal of UC to improve long-term
outcomes. We also demonstrated that blood markers
can predict complete mucosal healing and a shift from
complete to partial mucosal healing in clinically stable
UC patients. Our findings could greatly improve clinical
practice of UC patients, particularly those in clinical
remission.

COMMENTS
COMMENTS

2

3

4

5

6
7

8

Background

Mucosal healing in ulcerative colitis (UC) is associated with sustained clinical
remission and reduced rates of hospitalization and surgical resection.

Research frontiers

Standard criteria for the evaluation of disease severity and definitions of
mucosal healing are not available at present. The difference in clinical outcome
between patients with Mayo endoscopic subscore (MES) 0 (complete mucosal
healing) and those with MES 1 (partial mucosal healing) is not completely
understood. Moreover, appropriate surrogate markers of mucosal healing have
not yet been established.

9

10

Innovations and breakthroughs

Patients with complete mucosal healing (MES 0) were much less likely to
relapse than those with partial mucosal healing (MES 1) and, therefore,
MES 0 should be a treatment goal of UC. Additionally, this is the first study to
demonstrate that platelet count (PLT) is one of the predictors of MES 0 and that
monitoring PLT is helpful for recognizing slight endoscopic recurrence without
colonoscopy.

11

Applications

The endoscopic features of the appropriate treatment goal of UC were
indicated. The surrogate markers of the treatment goal (i.e., complete mucosal
healing) such as PLT were shown. The additional results were that monitoring
PLT would be helpful to find out slight endoscopic recurrence without performing
colonoscopy. All of these findings would be useful in economical and patientand physician-friendly follow-up of UC patients.

Peer review

This is a carefully done study and the findings are of considerable interest. This
article reveals that the recurrence rate of UC is higher in patients with partial
mucosal healing than complete mucosal healing. A shift from complete to partial
healing in clinically stable UC patients can be predicted by monitoring PLT.

12

13

14

REFERENCES
1

Head KA, Jurenka JS. Inflammatory bowel disease Part 1:
ulcerative colitis--pathophysiology and conventional and
alternative treatment options. Altern Med Rev 2003; 8: 247-283
[PMID: 12946238]

WJG|www.wjgnet.com

15

18373

Turner D, Walsh CM, Steinhart AH, Griffiths AM. Response
to corticosteroids in severe ulcerative colitis: a systematic
review of the literature and a meta-regression. Clin
Gastroenterol Hepatol 2007; 5: 103-110 [PMID: 17142106]
Pineton de Chambrun G, Peyrin-Biroulet L, Lémann M,
Colombel JF. Clinical implications of mucosal healing for the
management of IBD. Nat Rev Gastroenterol Hepatol 2010; 7:
15-29 [PMID: 19949430 DOI: 10.1038/nrgastro.2009.203]
Colombel JF, Rutgeerts P, Reinisch W, Esser D, Wang Y,
Lang Y, Marano CW, Strauss R, Oddens BJ, Feagan BG,
Hanauer SB, Lichtenstein GR, Present D, Sands BE, Sandborn
WJ. Early mucosal healing with infliximab is associated with
improved long-term clinical outcomes in ulcerative colitis.
Gastroenterology 2011; 141: 1194-1201 [PMID: 21723220 DOI:
10.1053/j.gastro.2011.06.054]
Ardizzone S, Cassinotti A, Duca P, Mazzali C, Penati C,
Manes G, Marmo R, Massari A, Molteni P, Maconi G, Porro
GB. Mucosal healing predicts late outcomes after the first
course of corticosteroids for newly diagnosed ulcerative
colitis. Clin Gastroenterol Hepatol 2011; 9: 483-489.e3 [PMID:
21195796 DOI: 10.1016/j.cgh.2010.12.028]
Neurath MF, Travis SP. Mucosal healing in inflammatory
bowel diseases: a systematic review. Gut 2012; 61: 1619-1635
[PMID: 22842618]
Reinisch W, Sandborn WJ, Hommes DW, D’Haens G,
Hanauer S, Schreiber S, Panaccione R, Fedorak RN,
Tighe MB, Huang B, Kampman W, Lazar A, Thakkar
R. Adalimumab for induction of clinical remission in
moderately to severely active ulcerative colitis: results of a
randomised controlled trial. Gut 2011; 60: 780-787 [PMID:
21209123 DOI: 10.1136/gut.2010.221127]
Meucci G, Fasoli R, Saibeni S, Valpiani D, Gullotta R,
Colombo E, D’Incà R, Terpin M, Lombardi G. Prognostic
significance of endoscopic remission in patients with active
ulcerative colitis treated with oral and topical mesalazine: a
prospective, multicenter study. Inflamm Bowel Dis 2012; 18:
1006-1010 [PMID: 21830282 DOI: 10.1002/ibd.21838]
Schroeder KW, Tremaine WJ, Ilstrup DM. Coated oral
5-aminosalicylic acid therapy for mildly to moderately active
ulcerative colitis. A randomized study. N Engl J Med 1987;
317: 1625-1629 [PMID: 3317057]
Schnitzler F, Fidder H, Ferrante M, Noman M, Arijs I, Van
Assche G, Hoffman I, Van Steen K, Vermeire S, Rutgeerts P.
Mucosal healing predicts long-term outcome of maintenance
therapy with infliximab in Crohn’s disease. Inflamm Bowel
Dis 2009; 15: 1295-1301 [PMID: 19340881 DOI: 10.1002/
ibd.20927]
Baert F, Moortgat L, Van Assche G, Caenepeel P, Vergauwe
P, De Vos M, Stokkers P, Hommes D, Rutgeerts P, Vermeire
S, D’Haens G. Mucosal healing predicts sustained clinical
remission in patients with early-stage Crohn’s disease.
Gastroenterology 2010; 138: 463-468; quiz 463-468 [PMID:
19818785 DOI: 10.1053/j.gastro.2009.09.056]
Frøslie KF, Jahnsen J, Moum BA, Vatn MH. Mucosal healing
in inflammatory bowel disease: results from a Norwegian
population-based cohort. Gastroenterology 2007; 133: 412-422
[PMID: 17681162]
Rutter MD, Saunders BP, Wilkinson KH, Rumbles S,
Schofield G, Kamm MA, Williams CB, Price AB, Talbot IC,
Forbes A. Cancer surveillance in longstanding ulcerative
colitis: endoscopic appearances help predict cancer risk. Gut
2004; 53: 1813-1816 [PMID: 15542520]
Gupta RB, Harpaz N, Itzkowitz S, Hossain S, Matula S,
Kornbluth A, Bodian C, Ullman T. Histologic inflammation
is a risk factor for progression to colorectal neoplasia in
ulcerative colitis: a cohort study. Gastroenterology 2007; 133:
1099-105; quiz 1340-1 [PMID: 17919486]
Yokoyama K, Kobayashi K, Mukae M, Sada M, Koizumi
W. Clinical Study of the Relation between Mucosal Healing
and Long-Term Outcomes in Ulcerative Colitis. Gastroenterol

December 28, 2014|Volume 20|Issue 48|

Nakarai A et al . UC prognosis and mucosal healing

16

17

18

19

20

21
22

Res Pract 2013; 2013: 192794 [PMID: 23762033 DOI:
10.1155/2013/192794]
Rosenberg L, Lawlor GO, Zenlea T, Goldsmith JD, Gifford
A, Falchuk KR, Wolf JL, Cheifetz AS, Robson SC, Moss AC.
Predictors of endoscopic inflammation in patients with
ulcerative colitis in clinical remission. Inflamm Bowel Dis
2013; 19: 779-784 [PMID: 23446338 DOI: 10.1097/MIB]
D’Haens G, Ferrante M, Vermeire S, Baert F, Noman M,
Moortgat L, Geens P, Iwens D, Aerden I, Van Assche G,
Van Olmen G, Rutgeerts P. Fecal calprotectin is a surrogate
marker for endoscopic lesions in inflammatory bowel
disease. Inflamm Bowel Dis 2012; 18: 2218-2224 [PMID:
22344983 DOI: 10.1002/ibd.22917]
Nakarai A, Kato J, Hiraoka S, Kuriyama M, Akita M, Hirakawa
T, Okada H, Yamamoto K. Evaluation of mucosal healing
of ulcerative colitis by a quantitative fecal immunochemical
test. Am J Gastroenterol 2013; 108: 83-89 [PMID: 23007005 DOI:
10.1038/ajg.2012.315]
Kapsoritakis AN, Koukourakis MI, Sfiridaki A, Potamianos
SP, Kosmadaki MG, Koutroubakis IE, Kouroumalis EA.
Mean platelet volume: a useful marker of inflammatory
bowel disease activity. Am J Gastroenterol 2001; 96: 776-781
[PMID: 11280550]
Kayahan H, Akarsu M, Ozcan MA, Demir S, Ates H, Unsal
B, Akpinar H. Reticulated platelet levels in patients with
ulcerative colitis. Int J Colorectal Dis 2007; 22: 1429-1435
[PMID: 17549498]
Lefer AM. Platelets: unindicted coconspirators in inflammatory
tissue injury. Circ Res 2000; 87: 1077-1078 [PMID: 11110760]
Rizvi M, Pathak D, Freedman JE, Chakrabarti S. CD40-CD40
ligand interactions in oxidative stress, inflammation and

23

24

25

26
27

28
29

vascular disease. Trends Mol Med 2008; 14: 530-538 [PMID:
18977174 DOI: 10.1016/j.molmed.2008.09.006]
Henn V, Slupsky JR, Gräfe M, Anagnostopoulos I, Förster R,
Müller-Berghaus G, Kroczek RA. CD40 ligand on activated
platelets triggers an inflammatory reaction of endothelial
cells. Nature 1998; 391: 591-594 [PMID: 9468137]
Garlichs CD, Eskafi S, Raaz D, Schmidt A, Ludwig J,
Herrmann M, Klinghammer L, Daniel WG, Schmeisser A.
Patients with acute coronary syndromes express enhanced
CD40 ligand/CD154 on platelets. Heart 2001; 86: 649-655
[PMID: 11711459]
Khan SY, Kelher MR, Heal JM, Blumberg N, Boshkov LK,
Phipps R, Gettings KF, McLaughlin NJ, Silliman CC. Soluble
CD40 ligand accumulates in stored blood components,
primes neutrophils through CD40, and is a potential cofactor
in the development of transfusion-related acute lung injury.
Blood 2006; 108: 2455-2462 [PMID: 16772606]
Phipps RP, Kaufman J, Blumberg N. Platelet derived CD154
(CD40 ligand) and febrile responses to transfusion. Lancet
2001; 357: 2023-2024 [PMID: 11438137]
Danese S, Katz JA, Saibeni S, Papa A, Gasbarrini A, Vecchi M,
Fiocchi C. Activated platelets are the source of elevated levels
of soluble CD40 ligand in the circulation of inflammatory
bowel disease patients. Gut 2003; 52: 1435-1441 [PMID:
12970136]
Colonna T, Korelitz BI. The role of leukopenia in the
6-mercaptopurine-induced remission of refractory Crohn’s
disease. Am J Gastroenterol 1994; 89: 362-366 [PMID: 8122645]
Fraser AG, Orchard TR, Jewell DP. The efficacy of
azathioprine for the treatment of inflammatory bowel disease:
a 30 year review. Gut 2002; 50: 485-489 [PMID: 11889067]

P- Reviewer: Akarsu M, Deepak P, Luo HS S- Editor: Gou SX
L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

18374

December 28, 2014|Volume 20|Issue 48|

World J Gastroenterol 2014 December 28; 20(48): 18375-18383
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i48.18375

© 2014 Baishideng Publishing Group Inc. All rights reserved.

RETROSPECTIVE STUDY

Contrast-enhanced ultrasound in portal venous system
aneurysms: A multi-center study
Claudio Tana, Christoph F Dietrich, Radu Badea, Liliana Chiorean, Vincenzo Carrieri, Cosima Schiavone
Claudio Tana, Vincenzo Carrieri, Cosima Schiavone, Unit of
Internistic Ultrasound, Department of Medicine and Science of
Aging, “G. d’Annunzio” University, 66100 Chieti, Italy
Claudio Tana, Internal Medicine Unit, Guastalla Hospital, 42122
AUSL Reggio Emilia, Italy
Christoph F Dietrich, Med Klinik 2, Caritas-Krankenhaus,
D-97980 Bad Mergentheim, Germany
Radu Badea, Department of Ultrasonography, “Octavian Fodor”
Institute of Gastroenterology and Hepatology, “Iuliu Hatieganu”
University of Medicine and Pharmacy, 400162 Cluj-Napoca,
Romania
Liliana Chiorean, Department of Radiology and Computed
Tomography, “Octavian Fodor” Institute of Gastroenterology and
Hepatology, 400162 Cluj-Napoca, Romania
Author contributions: Tana C designed the study; Tana C,
Dietrich CF, Badea R, Chiorean L and Carrieri V collected the
data and performed data analysis; Tana C, Dietrich CF, Badea
R, Chiorean L and Schiavone C wrote and revised the paper;
Dietrich CF, Badea R and Schiavone C supervised the paper; and
Schiavone C accepted responsibility for conduct of research and
provided study fundings.
Correspondence to: Cosima Schiavone, MD, PhD, Professor,
Unit of Internistic Ultrasound, Department of Medicine and
Science of Aging, “G. d’Annunzio” University, Via dei Vestini
29, 66100 Chieti, Italy. cschiavone@unich.it
Telephone: +39-871-358576 Fax: +39-871-358969
Received: April 27, 2014
Revised: June 18, 2014
Accepted: September 12, 2014
Published online: December 28, 2014

Milan, Italy) at a standard dose of 2.4 mL, followed by
10 mL of 0.9% saline solution. The examinations were
performed using multifrequency transducers and low
mechanical index. We considered aneurysmal a focal
dilatation of the portal venous system with a size that
was significantly greater than the remaining segments
of the same vein, and that was equal or larger than
21 mm for the extrahepatic segments of portal venous
system, main portal vein and bifurcation, and 9 mm for
the intrahepatic branches.
RESULTS: After contrast agent injection, all PVSAs
were not enhanced in the arterial phase (starting 8-22
s). All PVSAs were then rapidly enhanced in the early
portal venous phase (starting three to five seconds
after the arterial phase, 11-30 s), with persistence and
slow washout of the contrast agent in the late phase
(starting 120 s). In all patients, CEUS confirmed the
presence of a “to-and-fro” flow by showing a swirling
pattern within the dilatation in the early portal venous
phase. CEUS also improved the delineation of the
lumen, and was reliable in showing its patency degree
and integrity of walls. In one patient, CEUS showed
a partial enhancement of the lumen with a uniformly
nonenhancing area in the portal venous and late
phases, suggesting thrombosis.

Abstract

CONCLUSION: In our case series, we found that
CEUS could be useful in the assessment and follow-up
of a PVSA. Further studies are needed to validate its
diagnostic accuracy.

AIM: To investigate contrast-enhanced ultrasound (CEUS)
findings in portal venous system aneurysms (PVSAs).

© 2014 Baishideng Publishing Group Inc. All rights reserved.

METHODS: In this multi-center, retrospective, case
series study, we evaluated CEUS features of seven
cases of PVSAs that were found incidentally on
conventional ultrasound in the period 2007-2013. Three
Ultrasound Centers were involved (Chieti, Italy, Bad
Mergentheim, Germany, and Cluj-Napoca, Romania).
®
All patients underwent CEUS with Sonovue (Bracco,
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Core tip: Portal venous system aneurysms (PVSAs) are
considered a rare disease. Ultrasound is the method of
choice in the initial assessment of a suspected PVSA,
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by showing a focal enlargement of the portal venous
system with typical color Doppler features. However,
no studies have so far reported contrast-enhanced
ultrasound (CEUS) findings. In this multi-center,
retrospective, case series study we demonstrated,
for the first time, that CEUS could be useful in the
assessment and follow-up of a PVSA.
Tana C, Dietrich CF, Badea R, Chiorean L, Carrieri V, Schiavone
C. Contrast-enhanced ultrasound in portal venous system
aneurysms: A multi-center study. World J Gastroenterol 2014;
20(48): 18375-18383 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i48/18375.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i48.18375

INTRODUCTION
Portal venous system aneurysms (PVSAs) are considered
a rare disease, representing 3% of all venous aneurysms.
However, their prevalence varies among published
studies, reflecting the different imaging techniques used
(0.6-4.3 per 1000 patients) [1,2]. These lesions remain
often underdiagnosed due to their asymptomatic
course, but their identification is important to choose
an appropriate treatment in complicated cases or to
follow-up asymptomatic ones over time. Furthermore,
an incidental PVSA could be suggestive of an underlying
disease that may require specific therapy[1]. The first
case was reported by Barzilai et al[3] in 1956. Ultrasound
is the method of choice in the initial assessment of a
suspected PVSA, by showing a focal enlargement of the
portal venous system with typical color Doppler features.
The role of computed tomography (CT) and magnetic
resonance imaging (MRI) is also established[1]. However,
no studies have so far reported contrast-enhanced
ultrasound (CEUS) findings. In the last decade, CEUS
has become commonly used in clinical practice. Since its
first use to differentiate malignant from benign focal liver
lesions, other clinical applications have been carried out,
as supported by several controlled studies. In comparison
to CT and MRI, CEUS demonstrates several advantages,
such as the absence of radiation exposure and of the
use of nephrotoxic contrast agents. Furthermore, CEUS
allows real-time evaluation of disease, which cannot be
performed with traditional imaging[4-6]. In view of these
several advantages and the lack of evidence for PVSAs,
the aim of this study was to investigate the role of CEUS
in the patients affected.

MATERIALS AND METHODS
In this multi-center, retrospective, case series study, we
evaluated CEUS findings in seven cases of PVSAs that
were found incidentally on conventional ultrasonography
in the period 2007-2013. Three Ultrasound Centers were
involved (Chieti, Italy, Bad Mergentheim, Germany, and
Cluj-Napoca, Romania). Data regarding age, sex, medical
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history and outcome of the patients and B-mode, color
Doppler ultrasound (CDUS) and CEUS findings of the
lesions were all recorded. All patients underwent CEUS
with Sonovue® (Bracco, Milan, Italy) at a standard dose
of 2.4 mL, followed by 10 mL of 0.9% saline solution.
The examinations were performed using multi-frequency
transducers and low mechanical index (MI).
There is no consensus on the definition of PVSAs,
and we considered aneurysmal, according to current
knowledge, a dilatation of the portal venous system with
a size that was significantly greater than the remaining
segments of the same vein, and that was equal or larger
than 21 mm for the extrahepatic segments of portal
venous system, main portal vein (PV) and bifurcation,
and 9 mm for the intrahepatic branches of the PV[1].
Written informed consent was obtained from each
subject.
Clinical, B-mode and CDUS findings are summarized
in Table 1. All patients had a single portal venous
system aneurysm. PVSA was located in the extrahepatic
portal venous system in two patients (patients 1 and 2,
extrahepatic segment of main PV and splenomesenteric
confluence, Figures 1 and 2, respectively). Furthermore,
the PVSA was located in the left and right main branches
of PV in four patients (patient 3, Figure 3 in the left,
and patient 4, 5, Figure 4, in the right main branch of
portal vein). In one patient, PVSA was located in the pars
umbilicalis.
PVSAs had a saccular configuration in two patients (3
and 5, Figures 3 and 4, respectively). In the other patients,
PVSAs had a fusiform configuration. The maximum size
ranged between 22 and 37 mm (median, 25 mm). CDUS
revealed a “to-and-fro” flow signal in 6/7 patients, with
a clear “Yin-Yang” sign only in patient 3 (Figure 3). In
patient 2, B-mode US demonstrated a slightly echogenic
area within the dependent portion of the lumen. CDUS
revealed turbulent flow with mosaic color only within
a portion of portal lumen (Figure 2). In all patients,
spectral analysis revealed portal venous flow.

RESULTS
The CEUS findings of PVSAs in our case series are
summarized in Table 2. After contrast agent injection
(Figures 1-4), all PVSAs were not enhanced in the arterial
phase (starting 8-22 s[4-6]). Then, all PVSAs were rapidly
enhanced in the early portal venous phase (starting
three to five seconds after the arterial phase, 11-30
s), with persistence and slow washout of the contrast
agent in the late phase (starting 120 s). In all patients,
CEUS confirmed the presence of a “to-and-fro” flow
by showing a swirling pattern within the dilatation in the
early portal venous phase.
In all patients, CEUS improved the delineation of the
lumen and was reliable in showing the integrity of walls,
by excluding contrast extravasation from the lesions.
Furthermore, CEUS successfully documented the degree
of patency of the lumen. In 6/7 patients, CEUS showed
complete enhancement of the lesions in the early portal
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Table 1 Clinical, B-mode and color Doppler ultrasound findings of portal venous system aneurysms
Patient
No.

Indication
for first US
Sex Age examination
(yr)

1

F

56

Suspected
NAFLD

2

M

65

Upper GI
bleeding
from
grade Ⅲ
esophageal
varices

3

M

64

Dyspepsia

4

F

80

5

M

6

F

7

M

Medical
history

US device

B-mode and CDUS findings
PVSAs
(n )

Overweight, GE Logiq
dyslipidemia S8, convex
probe
Alcoholic
GE Logiq
cirrhosis
E9, convex
probe

1

Gastritis
Aloka
treated with prosound,
omeprazole
convex
probe

1

Follow-up
Type 2
Aloka
surveillance
diabetes
prosound,
after surgical treated with
convex
removal of
insulin
probe
colon cancer
7 years
before
58
Elevated
None
Acuson
liver
Sequoia,
function
convex
tests
probe
38
Elevated
HIV
Acuson
liver
Sequoia,
function
convex
tests
probe
62 Weight loss
Vasculitis
Acuson
Sequoia,
convex
probe

1

1

1

1

1

Location

Configuration
(mm)

Features

Others

nd

2
imaging

Outcome

Main portal vein, Fusiform/30 Patent lumen,
Fatty
CEUS 12-mo followextrahepatic
to-and-fro flow
liver
up with B-mode
segment
and CDUS
Splenomesenteric Fusiform/37 Lumen partially Cirrhotic CEUS, Anticoagulation
confluence
filled with
liver
CECT
and 12-mo
a slightly
follow-up with
echogenic area,
B-mode and
without flow on
CDUS
CDUS; turbulent
flow with
mosaic color
within patent
lumen
V segment, left
Saccular/22 Patent lumen,
None CEUS,
At a 6-mo
main branch of
to-and-fro flow
CECT
follow-up:
portal vein
("Yin-Yang"
increase in size
sign)
with US; no
complications
with CEUS
Right main branch Fusiform/23 Patent lumen,
Small CEUS 12-mo followof portal vein
to-and-fro flow bilateral
up with B-mode
renal
and CDUS
cysts

Right main branch Saccular/25
of portal vein

Patent lumen,
to-and-fro flow

None

Fusiform/32

Patent lumen,
to-and-fro flow

None

Right main branch Fusiform/23
of portal vein

Patent lumen,
to-and-fro flow

None

Pars umbilicalis

CEUS

12-mo
Follow-up with
B-mode and
CDUS
CEUS, 12-mo followCECT up with B-mode
and CDUS
CEUS

12-mo followup with B-mode
and CDUS

CEUS: Contrast-enhanced ultrasound; CECT: Contrast-enhanced computed tomography; CDUS: Color Doppler ultrasound; HIV: Human
immunodeficiency virus.

venous phase. In patient 2, a partial enhancement of the
lumen was documented with a uniformly non-enhancing
area in the portal venous and late phases, suggesting
thrombosis. These findings were confirmed by contrastenhanced CT (CECT, Figure 2).
In patient 3, CEUS was useful also in the follow-up:
at six months, CEUS was repeated because of a slight
increase in size of the PVSA (2.6 cm), and it successfully
excluded further complications, such as thrombosis and
fistulas (Table 1).

DISCUSSION
The origin of PVSAs may be congenital or acquired.
The first may arise from defective regression of the
right primitive vitelline vein or from wall vein weakness,
and their inherent condition is suspected on the basis
of the absence of acquired risk factors, such as trauma

WJG|www.wjgnet.com

or diseases (e.g., hepatocellular carcinoma, liver cirrhosis
or pancreatitis)[7-9]. A unique case of a giant congenital
aneurysm of the PV associated with peliosis hepatis
and intestinal lymphangiectasia has been reported in
the literature[10]. Some PVSAs have been described in
association with hereditary hemorrhagic telangiectasia[11,12].
Acquired cases are most commonly associated with portal
hypertension secondary to chronic liver disease, which
leads to intimal thickening, compensatory hypertrophy
of the tunica media and weak fibrous tissue replacement,
predisposing to the formation of the aneurysm [1,13].
In the case of association with pancreatitis or with
trauma or previous surgical intervention, some authors
have instead hypothesized that inflammation or injury,
respectively, could weaken the vessel walls, thus leading
to aneurysmal dilatation[14,15]. PVSAs are usually located
in extrahepatic segments of the portal venous system,
such as splenomesenteric confluence and main PV.
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A

C

1

D

B

E

Figure 1 Patient 1: Portal venous system aneurysm in a 56-year-old woman with a history of overweight and dyslipidemia, who was referred because of
suspected nonalcoholic fatty liver disease. A: Right oblique sagittal view shows a focal fusiform dilatation of the extrahepatic segment of the main portal vein (arrow),
with a maximum diameter of 30 mm (caliper 1); B: Right oblique sagittal view with color Doppler shows “to-and-fro” flow signal inside the lesion (arrow); C: Right
oblique sagittal view shows the contrast-enhanced ultrasound characteristics of the portal venous system aneurysm which is not enhanced in the arterial phase (17 s,
arrowheads); D: Homogenously enhanced throughout the early portal venous phase (22 s, arrowheads); E: Persistently enhanced with slow washout in the late phase
(301 s, arrowheads).

Rarely, they affect splenic, mesenteric, and paraumbilical
veins [16,17]. PVSAs are sometimes associated with an
unusual tortuosity of the portal vein; this phenomenon
has been attributed to hemodynamic changes in the portal
venous system[18]. PVSAs are usually asymptomatic and
found incidentally, and symptoms (e.g., abdominal pain)
are more frequently associated with thrombosed, multiple
and/or larger aneurysms[1]. Rarely, PVSAs are associated
with complications such as arterioportal fistulas, rupture,
gastrointestinal bleeding, inferior vena cava obstruction
and duodenal and biliary compression, the latter
associated with cholestasis[19-23]. Surgical treatment should
be considered when the aneurysms expand and symptoms
or complications arise[24].
Ultrasound is the method of choice in the initial

WJG|www.wjgnet.com

assessment of a PVSA, reserving other imaging techniques
(e.g., CT and MRI) for indeterminate US or when a
complication is suspected [1]. B-mode US can reveal
an anechoic lesion in contiguity with the main PV or
its branches, and it can correctly estimate size, lumen
and wall characteristics[25-27]. Use of color Doppler US
improves the visualization of patency of lumen and
flow characteristics; the finding of a “to-and-fro” flow
signal (“Yin-Yang” sign, as blood flows in and out during
systole and diastole, respectively) can be highly suggestive
of an abnormal vessel dilatation; spectral analysis reveals
a portal venous flow inside the lesion (nonpulsatile
monophasic waveform), thus confirming its origin in
the portal venous system[28,29]. US has also proved to be
effective in the assessment of complications such as
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A

E

1

B

F

C

G

D

Figure 2 Patient 2: Portal venous system aneurysm in a 65-year-old man with a history of alcoholic liver cirrhosis, who presented with hematemesis
secondary to rupture of esophageal varices (grade Ⅲ), which were successfully treated with endoscopic ligation. A: Right oblique sagittal view shows a
focal fusiform dilatation of the portal venous system at the splenomesenteric confluence (arrow), with a maximum diameter of 37 mm (caliper 1) and lumen partially
filled with a slightly echogenic area (arrowhead); B: Right oblique transverse view with color Doppler shows turbulent flow with mosaic color within patent lumen
(arrow) and absence of flow within echogenic area (arrowhead); C-G: Contrast-enhanced ultrasound (CEUS) and computed tomography (CT) findings: Right oblique
sagittal view shows the CEUS characteristics of the portal venous system aneurysm (PVSA), which is not enhanced in the arterial phase (14 s, arrow, E) and partially
hyperenhancing through the portal venous (56 s, arrow, F) and late phase (2 min, arrow, G), with a persistent non-enhancing area in both phases (arrowheads),
suggestive of incomplete appositional thrombosis of the PVSA. Axial (D) and coronal maximum intensity projection CT (C) images show the fusiform aneurysm during
the portal venous phase, without enhancement in its dependent portion, confirming the diagnosis of partially thrombosed PVSA.
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A

B

E
*
LB

1

RB
PV

C
F

D

G
*

PV

Figure 3 Patient 3: Portal venous system aneurysm in a 64-year-old man who presented with a 3-mo history of dyspepsia. A: Right transverse subcostal
view shows an anechoic lesion without posterior acoustic enhancement in the hepatic segment V (arrow), with a maximum size of 22 mm (caliper 1); B: Right oblique
sagittal view shows the direct communication between the lesion (asterisk) and the left branch of the portal vein (arrow); C: Right transverse subcostal view with color
Doppler shows “to-and-fro” flow inside the lesion (“Yin-Yang” sign, arrowheads); D-G: Contrast-enhanced ultrasound (CEUS) and computed tomography (CT) findings:
Right oblique sagittal view, in dual screen mode, shows the CEUS characteristics of the portal venous system aneurysm (PVSA) (arrows), which is not enhanced
through the arterial phase (8 s, arrowheads, E) and completely hyperenhanced with a swirling pattern throughout the portal venous phase (1 min 7 s, arrowheads, F).
The PVSA is evident also during the late phase (2 min 28 s, arrowheads, G). Axial CT scan (D) confirmed the presence of sacciform PVSA (asterisk) during the portal
phase. PV: Portal vein; RB and LB: Right and left branches of the portal vein, respectively.

thrombosis, by showing echoes inside the lumen and
absence of flow on CDUS[30].
To the best of our knowledge, however, no CEUS
pattern for PVSAs has so far been described in the
literature. Because of the rarity of the disease, a multicenter study was designed. In our case series, CEUS
overcame some limitations of B-mode and CDUS in the
assessment of a PVSA. CEUS improved the delineation
of the lumen and correctly documented the patency
degree and integrity of the walls. Furthermore, CEUS
confirmed the correct configuration of the PVSA
(fusiform or saccular) and the presence of a “to-andfro” flow signal by showing a swirling pattern within the
aneurysm, a dynamic sign that cannot be demonstrated
on CT and MRI, because of their static modality of
acquisition of images, and that confirms the presence of
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abnormal flow within the dilatation. CEUS has already
demonstrated high sensitivity and specificity in the
diagnosis of the nature of PV thrombosis in the nonaneurysmal portal vein[31-33]; in our case series, CEUS
was effective to confirm the diagnosis of incomplete
PV thrombosis in a patient with PVSA, and successfully
revealed its benign nature.
Catalano et al [34] have previously documented the
usefulness of CEUS to reveal a peripheral arterioportal
fistula, by showing a transient area of hyperechogenicity
during the arterial phase, with early opacification of
peripheral portal branches. In our case series, the absence
of early arterial enhancement, and the absence of
visualization of abnormal communication with other
vessels, excluded complications such as arterioportal
fistulas, as confirmed by CECT in two patients. The use
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A

B

C
1

D

Figure 4 Patient 5: Portal venous system aneurysm in a 58-year-old man who was referred because of elevated liver function tests. A: Right transverse
subcostal view shows a focal saccular dilatation of the right main branch of the portal vein, with a maximum diameter of 25 mm (caliper 1); B-D: Right transverse
subcostal view shows the contrast-enhanced ultrasound characteristics of the portal venous system aneurysm (PVSA), which is not enhanced in the arterial phase (16
s, arrowheads, B) and starts to enhance through the early portal venous phase (18 s, arrowheads, C). The PVSA is completely enhanced during portal venous phase (21
s, arrowheads, D).

of CEUS can be particularly advantageous in patients with
kidney damage, because ultrasound contrast agents are
not nephrotoxic, and their use is safe without any need of
premedication and laboratory tests before starting contrast
examination[4]. CEUS was also reliable in the follow-up
of a patient. Though US documented a slight increase
in size in patient 3 at a 6-mo follow-up, no surgical
treatment was performed because the patient remained
asymptomatic and no complications were found on
check-up with CEUS. The absence of radiation exposure
avoids unnecessary biological risk in patients undergoing
follow-up, and examinations could be repeated over time
with a better cost-effectiveness profile than other imaging
techniques, such as CT[4]. In conclusion, in our case series,
we found that CEUS could be useful in the assessment
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and follow-up of a PVSA. However, before considering
CEUS as an alternative method to traditional imaging,
such as CT or MRI, further studies are needed to validate
its diagnostic accuracy.
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Table 2 Contrast-enhanced ultrasound findings of portal venous system aneurysms
Patient No. Contrast agent and dose

Arterial phase

Portal venous phase

1
2

Sonovue, 2.4 mL
Sonovue, 2.4 mL

No enhancement
No enhancement

3
4
5
6
7

Sonovue, 2.4 mL
Sonovue, 2.4 mL
Sonovue, 2.4 mL
Sonovue, 2.4 mL
Sonovue, 2.4 mL

No enhancement
No enhancement
No enhancement
No enhancement
No enhancement

Enhancement
Partial enhancement of
the lumen with uniformly
nonenhancing area
Enhancement
Enhancement
Enhancement
Enhancement
Enhancement

Late phase

Final diagnosis

Enhancement with slow washout
Fusiform PVSA
Partial enhancement of the lumen Fusiform PVSA complicated
with slow washout; persistent nonby incomplete benign
enhancing area
thrombosis
Enhancement with slow washout
Saccular PVSA
Enhancement with slow washout
Fusiform PVSA
Enhancement with slow washout
Saccular PVSA
Enhancement with slow washout
Fusiform PVSA
Enhancement with slow washout
Fusiform PVSA

PVSA: Portal venous system aneurysm.
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Abstract
AIM: To assess the outcome of patients treated
conservatively vs surgically during their first admission
for sigmoid volvulus.
METHODS: We conducted a retrospective study of
61 patients admitted to Aarhus University Hospital
in Denmark between 1996 and 2011 for their first
incidence of sigmoid volvulus. The condition was
diagnosed by radiography, sigmoidoscopy or surgery.
Patients treated with surgery underwent either a
sigmoid resection or a percutaneous endoscopic
colostomy (PEC). Conservatively treated patients were
managed without surgery. Data was recorded into
a Microsoft Access database and calculations were
performed with Microsoft Excel. Kaplan-Meier plotting
and Mantel-Cox (log-rank) testing were performed
using GraphPad Prism software. Mortality was defined
as death within 30 d after intervention or surgery.
RESULTS: Among the total 61 patients, 4 underwent
emergency surgery, 55 underwent endoscopy, 1
experienced resolution of the volvulus after contrast
enema, and 1 died without treatment because of large
bowel perforation. Following emergency treatment, 28
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patients underwent sigmoid resection (semi-elective n
= 18; elective n = 10). Two patients who were unfit for
surgery underwent PEC and both died, 1 after 36 d and
the other after 9 mo, respectively. The remaining 26
patients were managed conservatively without sigmoid
resection. Patients treated conservatively on their first
admission had a poorer survival rate than patients
treated surgically on their first admission (95%CI:
3.67-14.37, P = 0.036). Sixty-three percent of the 26
conservatively treated patients had not experienced
a recurrence 3 mo after treatment, but that number
dropped to 24% 2 years after treatment. Eight of
the 14 patients with recurrence after conservative
treatment had surgery with no 30-d mortality.
CONCLUSION: Surgically-treated sigmoid volvulus
patients had a higher long-term survival rate than
conservatively managed patients, indicating a benefit of
surgical resection or PEC insertion if feasible.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Sigmoid volvulus; Surgery; Resection;
Percutaneous endoscopic colostomy; Recurrence
Core tip: The present study is the first international
publication on sigmoid volvulus using a Kaplan-Meier
analysis to illustrate the differences in mortality and
recurrence after surgical vs conservative treatment.
The long-term survival rate was higher for patients
who underwent sigmoid resection as treatment than
it was for patients who were managed conservatively.
The results indicate that more patients should undergo
sigmoid resection after emergency sigmoidoscopic
decompression.
Ifversen AKW, Kjaer DW. More patients should undergo
surgery after sigmoid volvulus. World J Gastroenterol 2014;
20(48): 18384-18389 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i48/18384.htm DOI: http://dx.doi.
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Table 1 Demographic data of study subjects n (%)
All patients, n = 61
Median age, yr (range)
Male/female
Median BMI (range)
Median ASA score (range)
Missing ASA scores, n
Comorbidity
Previous abdominal surgery
Diabetes
Cardiovascular disease
Cancer
Neurological
Total

INTRODUCTION
Sigmoid volvulus is the most common type of volvulus[1].
In the Western world it represents 3% to 5% of all acute
intestinal obstructions. The male:female ratio of this
condition is 1.4:1, and the average age of development
is 68 years[2]. From an anatomical perspective, sigmoid
volvulus is characterized by an axial twisting of the
sigmoid colon to a minimum of 180 degrees [3]. The
predisposing factors are assumed to be a long mesocolon
and a sigmoid colon with a narrow mesentery [4,5] .
Whether this condition is congenital, acquired, or a
combination of the two, has not yet been determined[2].
Presenting populations vary widely throughout the world;
for example, most Western patients are institutionalized
and elderly with many comorbidities[6-8] but in the rest
of the world, where the condition is endemic and not
sporadic, sigmoid volvulus patients are younger with no
comorbidities[2]. Studies have shown that the condition
is associated with a high fiber diet, megacolon, former
abdominal surgery, high altitude, chronic constipation
and neurological diseases. Chronic constipation and
neurological diseases are the most common causes in the
Western world[6-8].
Sigmoid volvulus is diagnosed by radiography,
sigmoidoscopy, or laparotomy [9-11]. Initial treatment
involves sigmoidoscopy with decompression and
detorsion, with or without placement of a rectal tube[2].
The success rate for sigmoidoscopic decompression
is between 79% and 81% [10-13]. Signs of perforation
or gangrene are indications for emergency surgery[7].
The condition has a tendency to recur in 45%-71% of
patients treated conservatively[10-12,14], with a mortality
of 7%[10]; therefore, clinicians recommend that patients
undergo sigmoid resection, either with a primary
anastomosis or Hartmann’s procedure. Both surgeries can
be done as emergency procedures, semi-electively, during
the patient’s first admission, or as elective procedures
during readmission. Despite the high rate of recurrence
without surgery, up to 65% of patients do not undergo
a prophylactic resection after their first incidence of
sigmoid volvulus[10,12,14].
Information about survival and recurrence has not
been clearly stated in previous studies[10-14]. Access to civil
registration numbers in Denmark gave us unique data
about admissions, surgery, and death. Because of Danish
recordkeeping practices, each patient can be followed
individually over a long period of time, and data can
be evaluated with life-table analysis and Kaplan-Meier
plotting[15,16].

MATERIALS AND METHODS
Patients were identified by searching for the ICD 10
code for volvulus: K56.2. This code includes all cases of
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78 (23-95)
40/21
23 (17-33)
3 (1-4)
19
14 (23)
5 (8)
32 (52)
5 (8)
32 (52)
53 (87)

ASA: American society of anesthesiologists; BMI: Body mass index.

intestinal volvulus. Patients with sigmoid volvulus were
identified by manual review of the identified medical
records.
Data included sex, age, body mass index (BMI),
American Society of Anesthesiologists (ASA) physical
status classification system type, comorbidities, diagnostics,
treatment during first admission, complications, mortality,
and recurrence. Date of death was found by linking to
the Danish National Death Registry. Information about
admissions to other hospitals in the region was found by
searching electronic patient records between the years
2000 and 2012.
A definitive diagnosis of sigmoid volvulus was
made based upon radiography, sigmoidoscopy, or
surgery. Mortality was defined as death within 30 d after
intervention or surgery.
Data was recorded in a Microsoft Access database
and calculations were perfor med with Microsoft
Excel. Kaplan-Meier plotting and the Mantel-Cox (logrank) testing were performed using GraphPad Prism
software[15-17].

RESULTS
Between 1996 and 2011, a total of 132 patients were
diagnosed with volvulus at the Department of Surgery P,
Aarhus University Hospital in Denmark. Seventy of these
patients had a definitive diagnosis of sigmoid volvulus.
Nine sigmoid volvulus patients had surgery in another
hospital or were diagnosed before 1996 and were thus
excluded from our analysis. The remaining 61 patients
became our study subjects (Table 1).
Our subjects’ clinical courses are shown in Figure
1. Four patients (7%) had emergency surgery; among
which, 3 had other possible diagnoses (coecal volvulus,
malignant stenosis, or ischemia) and 1 had an iatrogenic
perforation under sigmoidoscopy (Table 2). One patient
with comorbidities died without treatment because of
large bowel perforation, and the volvulus condition
resolved in another patient after contrast enema. The
remaining 55 patients (90%) underwent endoscopy, and
36 of these (65%) were treated with a decompression
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Sigmoid volvulus
n = 61

Primary non-operative
treatment
n = 57

Emergency
surgery
n =4

Endoscopy
Sigmoidoscopy n = 53
Proctoscopy n = 2

Elective
surgery
n = 10

Conservative
n = 26

PEC

n =2

Recurrence
n = 14

Death without
treatment
n =1

No endoscopy
n =1

Semi-elective
surgery
n = 18 (17 + 1)

No recurrence
n = 12

Figure 1 Flowchart of treatment for patients with sigmoid volvulus.

Table 2 Outcome after surgery for sigmoid volvulus at first admission or elective readmission n (%)
Emergency surgery, n = 4

Semi-elective surgery, n = 18

Elective surgery, n = 10

All patients, n = 32

69 (54-82)
2
1
0:4
1 (25)
0
1 (25)

77 (23-87)
3
4
10:8
0
6 (33)
5 (36)

61 (49-82)
2
1
8:2
0
0
3 (30)

71 (23-87)
2
6
18:14
1 (3)
6 (19)
9 (35)

Median age, yr (range)
Median ASA score (range)
Missing ASA scores, n
Anastomosis: Hartmann
Perforation
30-d mortality
Morbidity

ASA: American society of anesthesiologists.

Probability of recurrence free time

1.0

0.5

0.0

0

Patients 26
at risk

3

6

9

12
15
Months elapsed

13

9

8

8

5

18

21

24

5

5

3

Figure 2 Recurrence-free time for patients without surgery.

tube.
Twenty-six patients were conservatively treated
without surgery, based on either clinical evaluation
or patient preference, even though sigmoid resection

WJG|www.wjgnet.com

was considered the best practice for the management
of sigmoid volvulus if the patient’s general condition
allowed it. Medical reasons for choosing conservative
treatment were mainly advanced age and comorbidities.
The remaining patients underwent sigmoid resection,
either during the same admission (labeled “semi-elective”
surgery, 17 after endoscopy and 1 after contrast enema, n
= 18) or during a planned re-admission (labeled “elective”
surgery, n = 10). Two patients were deemed unfit for
surgery and underwent percutaneous endoscopic
colostomy (PEC) and both died after 36 d and 9 mo,
respectively.
Fourteen of the 26 patients managed conservatively
experienced recurrences (Figure 1). Time to recurrence is
illustrated in a Kaplan-Meier plot where the accumulated
probability of remaining recurrence-free after 3, 6, 12
and 24 mo was 63%, 47%, 41% and 24%, respectively
(Figure 2). Eight of the 14 patients with recurrence (57%)
had surgery, all semi-electively, with no 30-d mortality.
These 8 patients had a median ASA score of 3, a median
age of 81 years (range: 49-90 years), and a median time
to death or end of the observation period of 33 mo. The
6 patients with recurrence that did not undergo surgery
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Probability of recurrence free time

1.5

Surgery
Conservative

1.0

0.5

0.0

0

12

24

36

Patients at risk
32
Surgery
Conservative 26

26
13

23
8

20
7

48
60
Months elapsed
16
5

14
4

72

84

96

13
3

10
3

9
3

Figure 3 Survival after surgery or conservative treatment.

had the same median ASA score of 3 and a median age
of 79 years (70-95 years). Median time to death or end of
the observation period was 6 mo, and 2 of the 6 patients
died within 30 d, meeting the criteria for mortality.
Patients treated conservatively on their first admission
for sigmoid volvulus had a poorer survival rate than
patients treated surgically on their first admission (95%CI:
3.67-14.37, P = 0.036) as illustrated by the Kaplan-Meier
plot in Figure 3. Conservatively treated patients were
significantly older and had a significantly higher ASA
score than surgically treated patients (Table 3).
A total of 40 patients (emergency, n = 4; semielective, n = 18; elective, n = 10; surgery after recurrence,
n = 8) had an operation during the study period, which
ran from 1996 to 2012. Only patients undergoing semielective surgery died within 30 d, with 3 deaths due to
cardiovascular problems, 1 due to anastomotic leakage,
1 due to septicemia without focus, and 1 who had no
treatment performed after the recurrence. Fifteen of the
40 patients (38%) had a Hartmann’s procedure and 25
(63%) had primary anastomosis. Patients treated with
Hartmann’s procedure had a median age of 72 years
(23-87 years) and a median ASA score of 3. Three of
the 15 patients (20%) died within 30 d. The group of
patients with primary anastomosis had a median age of
74 years (42-90 years) and a median ASA score of 2. One
patient (4%) died within 30 d.

DISCUSSION
The present study is the first international publication on
sigmoid volvulus using Kaplan-Meier analysis to illustrate
mortality and recurrence. By combining clinical data with
data from the Danish death registry, we were able to
produce very reliable short and long-term information
about outcomes after surgical and conservative treatment.
The main finding of this study is that patients treated
with surgery had a significantly better survival rate than
patients treated conservatively. Furthermore, we found
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that more than half of the patients treated conservatively
experienced a recurrence of their sigmoid volvulus within
the first 5 mo. This suggests that patients should be
treated with surgery after the first incidence of sigmoid
volvulus, unless severe comorbidity prohibits this or
emergency surgery is necessary.
The main weakness of the present study is its
retrospective design, which makes the external validity
low and the conclusions weak. The conservative and the
surgical group of patients were significantly different
in terms of comorbidity and age, so it is not surprising
that long-term survival rates were different. The nonrandomized design precludes speculations about whether
the conservatively treated group would have survived
longer if they had been treated surgically. The main
strength of the present study is that the Kaplan-Meier
plots give important descriptive information about
outcomes in both groups.
Sigmoid volvulus is a serious condition independent
of the mode of treatment. The conservatively treated
group in our study had a 30-d mortality of 15% (4/26)
compared to the 9%-36% reported in other studies[10-14].
We found that the 30-d mortality for the conservatively
and surgically treated patients was almost the same (Table
3); however, the prognosis and survival for patients who
had surgery was considerably better in the long run
compared to those for the conservatively treated patients
(Figure 3). An explanation could be that the 2 groups
were different in both median age and median ASA
score. In spite of this, 8 of the 14 conservatively treated
patients with recurrence, all of who were elderly and had
a high ASA score, later underwent surgery without 30-d
mortality. Neither our group nor Tan et al[10] and Larkin et
al[12] found any mortality among patients who underwent
surgery after recurrence. This indicates that the better
long-term survival for surgically treated patients cannot
be exclusively explained by differences in age and ASA
scores, and indicates that more patients could have
undergone surgery during their first admission.
For patients treated conservatively during their first
admission, recurrent volvulus was very likely to occur in
the months to follow. The literature reports recurrence
rates of 45% to 71%, depending on the length of followup[10-14]. Less than half of our conservatively treated
patients were free of recurrence after 6 mo; moreover,
according to our Kaplan-Meier analysis, only 24% had
not experienced a recurrence after 2 years. It has to be
noted that this group of patients were either found to be
unfit to undergo a sigmoid resection or had refused to
undergo such a procedure. It may very well be that too
few of our patients were encouraged to undergo surgery
during their first admission. The fact that 30-d mortality
was zero in the small group of patients that was operated
on when they had a recurrence indicates that such
encouragement would be appropriate.
There is little doubt, however, that a certain number
of patients will never undergo sigmoid resection.
Fortunately, promising results have been reported in
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Table 3 Surgery at first admission or elective readmission vs conservative treatment
Surgery at first admission and elective surgery, n = 32

Conservative treatment at first admission, n = 26

P

71 (23-87)
2
6
6 (19)

82 (49-95)
3
12
4 (15)

0.004
0.012
-

Median age, yr (range)
Median ASA score
Missing ASA scores, n
30-d mortality, n (%)
ASA: American society of anesthesiologists.

other studies after the insertion of PEC tubes [18-21],
placed with the aid of a colonoscope. Important aspects
of therapeutic success are de-rotation, decompression,
and fixation. In 1 of our 2 patients treated with PEC
insertion, colonoscopic derotation of the sigmoid colon
was not achieved, which may be one reason for the early
death of this patient. Other studies have reported a fairly
low mortality after this procedure (0%-5%)[18-21], so it
might be wise to offer PEC tube insertion to patients
that would otherwise be treated conservatively as it may
improve survival and lower the risk of recurrence. The
technical difficulties with derotation may be overcome by
combining the colonoscopic procedure with laparoscopy
as illustrated in the study by Gordon-Weeks et al[19].
Our data do not enable us to draw conclusions
regarding the choice between resection with primary
anastomosis or a Hartmann type of resection. We only
experienced one anastomotic leak, but our limited results
do not allow us to make a general recommendation for
either procedure.
In conclusion, If gang rene or perforation is
suspected, patients with sigmoid volvulus should
undergo emergency surgery. Otherwise, they should
undergo emergency sigmoidoscopic decompression and
be recommended for surgery if their general condition
allows it. The high recurrence rate in conservatively
treated patients indicates that more patients should be
encouraged to undergo either surgical resection or PEC
insertion.
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Abstract
AIM: To detect the expression of tumor necrosis factor-a
(TNF-a) in colorectal cancer (CRC) cells among Saudi
patients, and correlate its expression with clinical stages
of cancer.
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METHODS: Archival tissue specimens were collected
from 30 patients with CRC who had undergone surgical
intervention at King Khalid University Hospital. Patient
demographic information, including age and gender,
tumor sites, and histological type of CRC, was recorded.
To measure TNF-a mRNA expression in CRC, total RNA
was extracted from tumor formalin-fixed, paraffinembedded, and adjacent normal tissues. Reverse
transcription and reverse transcription polymerase chain
reaction were performed. Colorectal tissue microarrays
were constructed to investigate the protein expression
of TNF-a by immunohistochemistry.
RESULTS: The relative expression of TNF-a mRNA
in colorectal cancer was significantly higher than that
seen in adjacent normal colorectal tissue. High TNF -a
gene expression was associated with Stage Ⅲ and Ⅳ
neoplasms when compared with earlier tumor stages
(P = 0.004). Eighty-three percent of patients (25/30)
showed strong TNF-a positive staining, while only 10%
(n = 3/30) of patients showed weak staining, and 7%
(n = 2/30) were negative. We showed the presence of
elevated TNF-a gene expression in cancer cells, which
strongly correlated with advanced stages of tumor.
CONCLUSION: High levels of TNF-a expression could be
an independent diagnostic indicator of colorectal cancer,
and targeting TNF-a might be a promising prognostic
tool by assessment of the clinical stages of CRC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Tumor necrosis factor-a; Colorectal cancer; Real
time polymerase chain reaction; Immunohistochemistry;
mRNA
Core tip: The relative expression of tumor necrosis
factor-a (TNF-a) mRNA in colorectal cancer tumor
tissue was significantly higher than adjacent normal
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tissue. In addition, higher TNF-a gene expression
was associated significantly with advanced tumor as
compared to early tumor stages. Colorectal tumor
tissue contained many TNF-a positive cells, whereas
normal colorectal tissue contained very few positive
cells. We showed elevated TNF-a gene expression by
cancer cells, which correlated strongly with advanced
tumor stages. High levels of TNF-a expression could
be an independent prognostic indicator, and targeting
TNF-a may be a promising tool, which can be used to
follow-up patients with colorectal carcinoma.
Al Obeed OA, Alkhayal KA, Al Sheikh A, Zubaidi AM, VaaliMohammed MA, Boushey R, Mckerrow JH, Abdulla MH.
Increased expression of tumor necrosis factor-a is associated with
advanced colorectal cancer stages. World J Gastroenterol 2014;
20(48): 18390-18396 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i48/18390.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i48.18390

INTRODUCTION
Colorectal cancer (CRC) is the second most common
malignancy in Saudi Arabia[1]. Worldwide, CRC is the
third most common cancer in males and the second in
females[2]. In addition, it is the third most common cause
of cancer-related death. Between forty and fifty percent
of patients die within five years of diagnosis despite
the major advances in the diagnosis and management
of CRC[3] in recent years. Surgery is the mainstay of
treatment for all CRC cases, and aims at complete (R0)
resection of the infiltrating neoplasm, and the removal
of its lymphatic drainage. Nodal positive patients (UICC
Stage Ⅲ) are a well-recognized, high-risk population,
and adjuvant treatment is usually administered in these
patients.
The progressive growth of malignant neoplasm is
accompanied by a decline in immune response through
mechanisms that are poorly understood[4]. While many
studies have improved our understanding of tumor
initiation and progression, many questions regarding
the phenomenon of an increasingly ineffective tumor
immune response during tumor growth are in need
of elucidation [5,6]. In fact, during cancer progression
colorectal tumor cells acquire various characteristics
that allow them to evade immunological surveillance[7-9].
Particularly, and with regard to therapeutic modulation
of the immune system, it is important to understand
tumor-specific immunological responses and mechanisms
leading to induction or suppression of the immune
system. In this respect, it has been hypothesized that
tumor progression in immunocompetent individuals
may reflect a failure of the immune system to recognize
tumor antigen, or may result from subversion of antitumor responses [10,11]. Induction of inflammation by
tumor-released cytokines has been proposed to play
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an important role in colorectal carcinogenesis [4,12].
Furthermore, tumor cells themselves can secrete proinflammatory cytokines, which contribute directly to
malignant progression [13]. The complex interactions
between the neoplastic and inflammatory cells, which
are mediated by inflammatory cytokines, are essential
features of the tumor microenvironment[14].
Tumor necrosis factor-α (TNF-α) is a proinflammatory
cytokine predominantly produced by macrophages as
well as tumor cells[15,16], and is a cytokine ligand of the
TNF family that interacts with different receptors of the
TNF receptor superfamily. The activity of this system
may be one of the drivers of progression in CRC[17]. Its
wide range of biological activities includes inflammation,
apoptosis, cell proliferation and differentiation. In addition,
it is a key molecule regulating inflammatory processes in
tumor promotion. It has multiple effects on cell function
by binding to specific high-affinity, cell-surface receptors.
Apart from its apoptosis-inducing mechanisms, TNF-α
may promote tumor growth at lower levels during cancer
progression [15,16]. A mounting body of evidence has
suggested that TNF-α mediates many critical processes
of tumor progression, including oncogene activation,
DNA damage, and tumor metastases[18,19]. High TNF-α
expression is strongly associated with tumor recurrences in
CRC patients and positive lymph node metastases[4].
TNF- α expression in cancer patients is detected
by measuring the levels of the cytokine, indicating its
potential role during tumor progression. Conversely,
TNF-α has also been considered to be an anticancer
agent[10,20]. There are some reports that TNF-α expression
is increased in the serum of CRC patients[21], and may be
useful as a marker for the early diagnosis of CRC[22]. For
these reasons, we have focused on TNF-α expression
in Saudi CRC patients. However, the clinical impact of
TNF-α expression by cancer cells in patients with CRC
remains unclear. Thus, we looked for the expression of
this inflammatory cytokine in tumor tissues by reverse
transcriptase-polymerase chain reaction (RT-PCR) analysis
and immunohistochemistry. We also correlated protein
expression with tumor stages in order to determine the
role of TNF-α expression by the invading neoplastic cells
in tumor progression.

MATERIALS AND METHODS
Clinical samples
Archival CRC paraffin blocks of patients with histologically
proven CRC (n = 30), undergoing surgical resection
between 2010 and 2011, were obtained from the archives
of the Department of Pathology of King Saud University
at King Khalid University Hospital. Patient demographic
characteristics, including age and gender, tumor sites, and
histological type of CRC, were recorded. The histological
stage of the tumor was determined in accordance with
the Union International Contre le Cancer (UICC)-TNM
Staging System[23,24]. Tumor localization, UICC stages,
and tumor differentiation (grading), in accordance with
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WHO classification[25] were documented in a database
prospectus. Furthermore, and in order to minimize
possible influences of radiotherapy and chemotherapy
on TNF- α status and prognosis, all patients having
undergone neo-adjuvant or adjuvant therapy in addition
to surgical treatment were excluded from this cohort.

A

RT-PCR
Preparation of total RNA: Total cellular RNA was
extracted using the Ambion® RecoverAll™ Total Nucleic
Acid Isolation Kit (Invitrogen, United States), for the
extraction of total RNAs from formalin-fixed, paraffinembedded (FFPE) tissues. Briefly, four FFPE sections
(10 μm each) were obtained from all patient blocks, and
adjacent normal tissue using a Leica semi-automatic
microtome. Pure, concentrated RNA was eluted in
elution buffer provided as a kit ingredient, and stored at
-80 ℃ for further analysis. The purity of the total RNA
was assessed by measuring the A260/280 ratio (1.8-2.0),
using an ultraviolet spectrophotometer. To remove the
contamination of genomic DNA, RNA samples were
treated with RNAse-free DNA enzyme (Ambion, United
States).
cDNA synthesis: Reverse transcription reaction was
performed using a commercially available set of High
Capacity cDNA Archive Kits (Applied Biosystems,
United States). cDNA was prepared from 2 μg of total
RNA, with random hexamer primers. According to the
manufacturer’s instructions the mix was run on a PCR
thermocycler gene as follow: 10 min at 25 ℃, 2 h at
37 ℃, 5 min at 85 ℃, and kept at 4 ℃ thereafter on a
PCR thermocycler Gene (Applied Biosystems, United
States). cDNA was diluted to a final concentration
of 5 ng/ μ L which constituted a matrix for further
experiments.
Real time PCR: PCR samples were prepared using
an iScript One-step RT-PCR Kit with SYBER Green
(Bio-Rad, United States), and run on a Light Cycler
(Roche) PCR machine. The 2 -ΔΔCT method applied
for relative quantification of PCR products. The
following primers (BioNEER, United States) were
used to detect the expression of TNF-a by RT-PCR:
Forward 5’-CCTGCCCCAATCCCTTTATT -3’, Reverse
5’-CCCTAAGCCCCCAATTCTCT-3’), and GAPDH
Forward 5’-TGCACCACCAACTGCTTAGC -3’, Reverse
5’-GGCATGGACTGTGGTCATGA. The result of
TNF-a mRNA expression was measured relatively to
GAPDH gene expression.
Construction of tissue microarrays
Colorectal tissue microarrays (TMA) were constructed,
as previously described[26]. H and E stained sections of
FFPE tumor samples were used to define representative
areas of viable tumor tissue. From these areas, 1
mm diameter needle core biopsies were taken from
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Figure 1 Image analysis of immunohistochemistry. Representative images
showing how image analysis was performed on cores immunostained for tumor
necrosis factor-a. A: A square field is selected; B: A color markup overlay
produced by the color deconvolution algorithm reflecting the intensity ranges
of the Diaminobenzedine (brown) stain; blue, negative; yellow, weak positive;
orange, medium positive; red, strong positive. Scale bar = 100 mm.

corresponding areas on FFPE tumor blocks using a
manual tissue arrayer (Arraymold Kit D IHCWORLD,
United States). The cores were placed in recipient
paraffin array blocks at defined coordinates. To ensure
that representative parts of the tumors were examined,
three cores of each tumor were taken. To account for
tumor heterogeneity, cores were taken from central
tumor arrays, as well as from the invasive border. The
cores in the paraffin block were incubated for 30 min at
37 ℃ to improve adhesion between cores and paraffin
of the recipient block. Paraffin TMA blocks were microdissected using a Leica semi-automatic microtome, and
mounted on glass slides.
Immunohistochemistry
Immunohistochemistry staining was done on 5 μ m
sections of TMA blocks. The detection of TNF- α
expression was performed using streptavidin-biotinylated
horseradish peroxidase (S-ABC) kit (NovoLink Max
Polymer Detection System, Novocastra, United Kingdom).
Endogenous peroxidase activity was quenched with 3%
hydrogen peroxide in distilled H2O for 5 min, and then
the slides were washed in Tris buffered saline (TBS)
for 10 min. Nonspecific binding of antibodies was
blocked by incubation with protein block (Novocastra,
United Kingdom) for 5 min. Subsequently, the slides
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TNF-a mRNA relative expression

P = 0.004

Table 1 Different Clinicopathological characteristics of the
study population n (%)

0.10
0.08

No. of cases
(n = 30)

0.06

Mean age (61 yr)
< 61
≥ 61

0.04

Gender
Male
17 (57)
Female
13 (43)
Primary tumor
Colon
24 (80)
Rectum
6 (20)
Tumor staging [Union internationale contre le cancer (UICC) 2010]
pT2
10 (33.33)
pT3
19 (63.33)
pT4
1 (0.033)
Lymph node status (UICC 2010)
pN0
10 (33.33)
pN1
12 (40)
pN1
8 (26.67)
Clinical staging (UICC 2010)
8 (26.67)
Stage Ⅰ
Stage Ⅱ
2 (6.66)
Stage Ⅲ
16 (53.33)
Stage Ⅳ
4 (13.33)
Histological grading (UICC 2010)
G2
29 (96.67)
G3
1 (3.33)

0.02
0.00

UICCⅠ/Ⅱ Control

UICC Ⅲ/Ⅳ Control

Figure 2 Tumor necrosis factor-α gene expression in colorectal cancer
by real time polymerase chain reaction. Tumor necrosis factor-α (TNF-α)
gene expression shows a statistically significant difference expression between
advanced and early stages of colorectal cancer (P = 0.004).

were incubated with human anti-TNF-α monoclonal
mouse antibody (Abazyme, LLC, United States) primary
antibody (1:100) for 1 hour at room temperature. Slides
were washed in TBS 3x for 3 min, and then incubated
with biotinylated anti-mouse IgG (Novocastra, United
Kingdom) for 30 min. Peroxidase was detected using
Diaminobenzedine (DAB) substrate (Novocastra, United
Kingdom). Finally, slides were counterstained with Mayer’
s hematoxylin (Novocastra, United Kingdom). As a
negative control, the same procedure was conducted with
the omission of the primary antibody. The expression
of TNF-α in tumor and normal samples was analyzed
using the eSlide capture device (ScanScope CS, Aperio
Technologies Inc., Vista, CA United States).
Image analysis
High-resolution, whole-slide digital scans of all TMA
glass slides were created with a ScanScope slide scanner
(Aperio Technologies, Inc.). The digital slide images were
viewed by Aperio’s viewing software (ImageScope), and
analyzed using Aperio’s image analysis algorithms. In
each core, five square fields of a fixed area of 0.2645
2
μ m were randomly selected (Figure 1A). The color
deconvolution (color separation) algorithm (Aperio
Technologies, Inc.) was then run on the selected area,
and it generated an intensity ranges color markup image,
segmenting and color-coding different parts of the
image according to the intensity of positive staining. The
intensity ranges showed four colors: Red indicated strong
staining, Orange indicated moderate staining, Yellow
indicated weak staining, and Blue indicated negative
staining (Figure 1B). The area for each of these four
intensity categories (expressed as a percent relative to
the total analysis area), together with the average positive
intensity and the average optical density, was also given as
numerical output. The algorithm output also included a
score (0-300) of TNF-a expression based on the percent
of total area and the average optical density. The analysis
output results were then exported to Excel sheets and
subjected to statistical analysis, focusing mainly on the
percentage of the total positive cells as the parameters to
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18 (60)
12 (40)

be statistically analyzed and compared.
Statistical analysis
Statistical analysis was performed using GraphPad Prism
software (version 5.0). The means between the two
groups were compared using Mann-Whitney test and
paired t test to compare TNF-a mRNA levels in early
and late tumor stage. P-value of ≤ 0.05 was considered
significant.
Ethics statement
The study complied with the requirements, and has been
approved by the Ethics Committee of the King Saud
University. Patient consent was obtained for this study.

RESULTS
Clinical pathological parameters of study patients
The distribution of clinical pathological parameters
among the patient cohort was covered by the TMA used
in this study. As shown in Table 1, the majority of tumor
samples approximately (16/30) were advanced at Stage Ⅲ,
whereas individual tumors were all at high grades (Grades
Ⅱ and Ⅲ). Approximately (20/30) of the patients had
already developed lymph node metastases.
TNF-a mRNA expression in CRC patients using realtime RT-PCR
The relative levels of TNF-a mRNA in early CRC and
tumor adjacent normal colorectal tissue were 0.02509 ±
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A

No staining 7%
Week 10%

Strong 83%

B

C

D

E

Figure 3 Semi-quantitative evaluation of tumor necrosis factor-α protein expression. A: Percentage of samples showing no staining, weak or strong
immunohistochemistry staining; B, D and E: Representative microscopic images of tumor necrosis factor-a (TNF-a) immunohistochemical expression of by tumor
cells (cytoplasmic staining pattern, is pointed by arrow; B: No staining in normal colon mucosa; C: Weak; D-E: Strong cytoplasmic staining. TNF-a expression is
increased in basal tumor cells. In advanced stage tumor TNF-a expression was strong D-E (magnification, × 400).

0.02 and 0.00725 ± 0.01, respectively. The late stage of
CRC compared to adjacent normal tissue was 0.07648 ±
0.1 and 0.009010 ± 0.01, respectively. Statistical analysis
indicated that the expression level of TNF- mRNA was
significantly higher in CRC compared to tumor adjacent
normal CRC tissue (P < 0.05).
The relative expression of TNF-a mRNA in earlyvs late-stage CRC was 0.02509 ± 0.02 and 0.07648 ±
0.1, respectively. The expression of TNF-mRNA was
significantly higher in late CRC stage compared to early
stage (P = 0.004) (Figure 2). Increased gene expression
was seen in the advanced stages, with lymph node
metastases compared with patients with no lymph node
metastasis. The difference was not statistically significant
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(data not shown).
TNF-a protein expression
TNF-a positive cell displayed brown staining in the
cytoplasm. Tumor tissues contained many TNF- a
positive cells (Figure 3D and E), whereas normal
colorectal tissues contained very few positive cells (Figure
3B and C). We conducted a semi-quantitative analysis
based on the categorization of patient samples depending
on the absence of staining, or the presence of a weak or
strong staining intensity for TNF-a (Figure 1). 83% of
the CRC samples showed strong positive staining, 10%
showed weak staining, while 7% of samples showed
negative staining for TNF-a (Figure 3A).

18394

December 28, 2014|Volume 20|Issue 48|

Al Obeed OA et al . TNF-α expression in colorectal adenocarcinoma

Research frontiers

DISCUSSION
During cancer therapy, metastases induced by chronic
inflammation is a major challenge. However, the
underlying mechanisms are not completely elucidated.
TNF- a has a wide range of biological activities,
including apoptosis, inflammation, cell proliferation and
differentiation[19]. Although TNF-a has been considered
as an anti-cancer agent, it is currently recognized that
chronically elevated TNF-a expression in CRC tissues
may promote tumor growth, invasion and metastasis[20].
TNF- a expression is also correlated with tumor
progression of colorectal adenocarcinoma. Increased
TNF-a expression is correlated with tumor recurrence in
CRC patients with metastases[4]. Also, TNF-a expression
has been reported to increase in ser um of CRC
patients[21]. Recently, it has been reported that TNF-a
induced epithelial mesenchymal transition (EMT), plays
an indispensable role in CRC invasion and metastases, and
thereby promotes CRC invasion and metastases[22].
We investigated the expression of TNF-a mRNA and
protein levels in CRC patients. We showed that increased
TNF-a gene transcription and protein expression levels
in late stages of tumor progression are associated with
advanced tumor stages. This is in accord with findings in
other cancer entities that show high expression levels of
TNF-a[27-29].
Immunohistochemistry results indicate that TNF-a
is significantly expressed in later stages (Stage Ⅲ, Ⅳ)
of CRC compared to early stages (Stage Ⅰ, Ⅱ). TNF-a
was expressed by CRC cells, but few positive cells were
detected in stromal cells.
There is a link between inflammation and cancer[30-32],
and TNF-a might play a significant role in this process[19].
It acts not only as a pro-inflammatory cytokine, but can
also cause tumor development. Consequently, the use
of TNF-a inhibitors as cancer therapeutics has been
proposed[14].
Both immunohistochemistry and RT-PCR results
were associated with tumor progression. These results
could contribute to a further understanding of CRC
pathogenesis in Saudi patients. Even if TNF- a is
ultimately found not to contribute to the pathogenesis
of CRC, it could still serve as an important indicator of
disease progression.

In this study, archival tissue specimens were collected from 30 patients with CRC
who had undergone surgical intervention. TNF-a mRNA and protein levels were
detected by reverse transcriptase-polymerase chain reaction (RT-PCR) and
immunohistochemistry, respectively.

Innovations and breakthroughs

The relative expression level of TNF-a mRNA in advanced CRC was
significantly higher than in early stages. By immunohistochemistry, tissue tumor
revealed a strongly positive TNF-a presence, with remarkable brown staining
in the cytoplasm in 83% of patients, whereas normal colorectal tissue revealed
very little evidence of TNF-a, as evidenced by no staining.

Applications

The authors found that high levels of TNF-a expression could be used as an
independent diagnostic indicator of CRC, and targeting TNF-a could be a
promising prognostic tool through its use in assessing the clinical stages of
CRC.

Terminology

CRC, RT-PCR, immunohistochemistry, tissue microarray.

Peer review

The authors demonstrate the expression of TNF-a in CRC, and its correlation
with advanced stages (Ⅲ, Ⅳ) compared to early stages (Ⅰ, Ⅱ). The data is
illustrative and promotes the need for further study.

REFERENCES
1

2
3

4

5

6
7

ACKNOWLEDGMENTS
We would like to thank Dr. Rehan Ahmad for his valuable
scientific input with comments that greatly improved the
manuscript.

COMMENTS
COMMENTS
Background

9

Tumor necrosis factor-a (TNF-a) is a pro-inflammatory cytokine predominantly
produced by macrophages as well as tumor cells. Elevated TNF-a expression
in colorectal cancer (CRC) tissues may promote tumor growth, invasion and
metastasis. CRC is a common type of tumor in Saudi Arabia, and has had a
gradual increase in incidence.

WJG|www.wjgnet.com

8

10

18395

Al-Ahwal MS, Shafik YH, Al-Ahwal HM. First national
survival data for colorectal cancer among Saudis between
1994 and 2004: what’s next? BMC Public Health 2013; 13: 73
[PMID: 23351644 DOI: 10.1186/1471-2458-13-73]
World Cancer Research Fund International. Available from:
URL: http://www.wcrf.org/cancer_stastics/
Compton CC, Fielding LP, Burgart LJ, Conley B, Cooper HS,
Hamilton SR, Hammond ME, Henson DE, Hutter RV, Nagle
RB, Nielsen ML, Sargent DJ, Taylor CR, Welton M, Willett C.
Prognostic factors in colorectal cancer. College of American
Pathologists Consensus Statement 1999. Arch Pathol Lab Med
2000; 124: 979-994 [PMID: 10888773]
Grimm M, Lazariotou M, Kircher S, Höfelmayr A, Germer
CT, von Rahden BH, Waaga-Gasser AM, Gasser M. Tumor
necrosis factor-α is associated with positive lymph node
status in patients with recurrence of colorectal cancerindications for anti-TNF-α agents in cancer treatment. Cell
Oncol (Dordr) 2011; 34: 315-326 [PMID: 21573932]
Finke J, Ferrone S, Frey A, Mufson A, Ochoa A. Where have
all the T cells gone? Mechanisms of immune evasion by
tumors. Immunol Today 1999; 20: 158-160 [PMID: 10203710
DOI: 10.1016/S0167-5699(98)01435-2]
Frey AB, Monu N. Signaling defects in anti-tumor T cells.
Immunol Rev 2008; 222: 192-205 [PMID: 18364003 DOI:
10.1111/j.1600-065X.2008.00606.x]
Lankiewicz S, Rother E, Zimmermann S, Hollmann C,
Korangy F, Greten TF. Tumour-associated transcripts and
EGFR deletion variants in colorectal cancer in primary
tumour, metastases and circulating tumour cells. Cell Oncol
2008; 30: 463-471 [PMID: 18936523]
Mesker WE, Liefers GJ, Junggeburt JM, van Pelt GW,
Alberici P, Kuppen PJ, Miranda NF, van Leeuwen KA,
Morreau H, Szuhai K, Tollenaar RA, Tanke HJ. Presence of
a high amount of stroma and downregulation of SMAD4
predict for worse survival for stage I-II colon cancer patients.
Cell Oncol 2009; 31: 169-178 [PMID: 19478385]
Veenendaal LM, Kranenburg O, Smakman N, Klomp
A, Borel Rinkes IH, van Diest PJ. Differential Notch and
TGFbeta signaling in primary colorectal tumors and their
corresponding metastases. Cell Oncol 2008; 30: 1-11 [PMID:
18219106]
Grimm M, Kim M, Rosenwald A, von Raden BH, Tsaur I,
Meier E, Heemann U, Germer CT, Gasser M, Waaga-Gasser

December 28, 2014|Volume 20|Issue 48|

Al Obeed OA et al . TNF-α expression in colorectal adenocarcinoma

11

12
13
14

15
16

17
18
19

20
21

AM. Tumour-mediated TRAIL-Receptor expression indicates
effective apoptotic depletion of infiltrating CD8+ immune
cells in clinical colorectal cancer. Eur J Cancer 2010; 46:
2314-2323 [PMID: 20580220 DOI: 10.1016/j.ejca.2010.05.025]
Jarnicki AG, Lysaght J, Todryk S, Mills KH. Suppression
of antitumor immunity by IL-10 and TGF-beta-producing
T cells infiltrating the growing tumor: influence of tumor
environment on the induction of CD4+ and CD8+ regulatory
T cells. J Immunol 2006; 177: 896-904 [PMID: 16818744]
Balkwill F, Joffroy C. TNF: a tumor-suppressing factor or
a tumor-promoting factor? Future Oncol 2010; 6: 1833-1836
[PMID: 21142857 DOI: 10.1016/S1359-6101(01)00020-X]
Burke F, Relf M, Negus R, Balkwill F. A cytokine profile
of normal and malignant ovary. Cytokine 1996; 8: 578-585
[PMID: 8891439 DOI: 10.1006/cyto.1996.0077]
van Kempen LC, Ruiter DJ, van Muijen GN, Coussens LM.
The tumor microenvironment: a critical determinant of
neoplastic evolution. Eur J Cell Biol 2003; 82: 539-548 [PMID:
14703010 DOI: 10.1078/0171-9335-00346]
Zidi I, Mestiri S, Bartegi A, Amor NB. TNF-alpha and its
inhibitors in cancer. Med Oncol 2010; 27: 185-198 [PMID:
19277912 DOI: 10.1007/s12032-009-9190-3]
Zins K, Abraham D, Sioud M, Aharinejad S. Colon cancer
cell-derived tumor necrosis factor-alpha mediates the
tumor growth-promoting response in macrophages by
up-regulating the colony-stimulating factor-1 pathway.
Cancer Res 2007; 67: 1038-1045 [PMID: 17283136 DOI:
10.1158/0008-5472.CAN-06-2295]
Reed JC. Apoptosis-targeted therapies for cancer. Cancer
Cell 2003; 3: 17-22 [PMID: 12559172 DOI: 10.1016/
S1535-6108(02)00241-6]
Balkwill F. Tumour necrosis factor and cancer. Nat Rev
Cancer 2009; 9: 361-371 [PMID: 19343034 DOI: 10.1038/
nrc2628]
Choo MK, Sakurai H, Koizumi K, Saiki I. Stimulation of
cultured colon 26 cells with TNF-alpha promotes lung
metastasis through the extracellular signal-regulated kinase
pathway. Cancer Lett 2005; 230: 47-56 [PMID: 16253760 DOI:
10.1016/j.canlet.2004.12.027]
Szlosarek P, Charles KA, Balkwill FR. Tumour necrosis
factor-alpha as a tumour promoter. Eur J Cancer 2006; 42:
745-750 [PMID: 16517151 DOI: 10.1016/j.ejca.2006.01.012]
Csiszár A, Szentes T, Haraszti B, Balázs A, Petrányi GG,
Pócsik E. The pattern of cytokine gene expression in human
colorectal carcinoma. Pathol Oncol Res 2004; 10: 109-116
[PMID: 15188028 DOI: 10.1007/BF02893465]

22

23
24
25
26

27

28

29

30

31
32

Wang H, Wang HS, Zhou BH, Li CL, Zhang F, Wang XF,
Zhang G, Bu XZ, Cai SH, Du J. Epithelial-mesenchymal
transition (EMT) induced by TNF-α requires AKT/GSK3β-mediated stabilization of snail in colorectal cancer. PLoS
One 2013; 8: e56664 [PMID: 23431386 DOI: 10.1371/journal.
pone.0056664]
Greene FL. TNM staging for malignancies of the digestive
tract: 2003 changes and beyond. Semin Surg Oncol 2003; 21:
23-29 [PMID: 12923913 DOI: 10.1002/ssu.10018]
Sobin LH, Christian W, UICC. TNM Classification of
Malignant Tumors. 6th ed. New York: Willy-Liss Publisher,
2002
Aaltonen L, Hamilton SR. Pathology and genetics of
tumours of the digestive system. Tumours of small intestine.
Lyon: IARC, 2000: 69–91
Kononen J, Bubendorf L, Kallioniemi A, Bärlund M,
Schraml P, Leighton S, Torhorst J, Mihatsch MJ, Sauter G,
Kallioniemi OP. Tissue microarrays for high-throughput
molecular profiling of tumor specimens. Nat Med 1998; 4:
844-847 [PMID: 9662379 DOI: 10.1038/nm0798-844]
Trompet S, de Craen AJ, Mooijaart S, Stott DJ, Ford I, Sattar
N, Jukema W, Westendorp RG. High Innate Production
Capacity of Proinflammatory Cytokines Increases Risk
for Death from Cancer: Results of the PROSPER Study.
Clin Cancer Res 2009; 15: 7744-7748 [PMID: 19996221 DOI:
10.1158/1078-0432.CCR-09-2152]
Warzocha K, Ribeiro P, Renard N, Bienvenu J, Charlot C,
Coiffier B, Salles G. Expression of genes coding for the tumor
necrosis factor and lymphotoxin ligand-receptor system in
non-Hodgkin’s lymphomas. Cancer Immunol Immunother
2000; 49: 469-475 [PMID: 11092613]
Sati HI, Greaves M, Apperley JF, Russell RG, Croucher PI.
Expression of interleukin-1beta and tumour necrosis factoralpha in plasma cells from patients with multiple myeloma.
Br J Haematol 1999; 104: 350-357 [PMID: 10050719 DOI:
10.1046/j.1365-2141.1999.01193.x]
Colotta F, Allavena P, Sica A, Garlanda C, Mantovani A.
Cancer-related inflammation, the seventh hallmark of cancer:
links to genetic instability. Carcinogenesis 2009; 30: 1073-1081
[PMID: 19468060 DOI: 10.1093/carcin/bgp127]
Balkwill F, Mantovani A. Inflammation and cancer: back to
Virchow? Lancet 2001; 357: 539-545 [PMID: 11229684 DOI:
10.1016/S0140-6736(00)04046-0]
Balkwill F, Coussens LM. Cancer: an inflammatory
link. Nature 2004; 431: 405-406 [PMID: 15385993 DOI:
10.1038/431405a]
P- Reviewer: Clemente A, Skoropad V, Wang F
S- Editor: Zhai HH L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

18396

December 28, 2014|Volume 20|Issue 48|

World J Gastroenterol 2014 December 28; 20(48): 18397-18403
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i48.18397

© 2014 Baishideng Publishing Group Inc. All rights reserved.

RETROSPECTIVE STUDY
th

Evaluation of the 7 edition of the TNM classification in
patients with resected esophageal squamous cell carcinoma
Jia Wang, Nan Wu, Qing-Feng Zheng, Shi Yan, Chao Lv, Shao-Lei Li, Yue Yang
Jia Wang, Nan Wu, Qing-Feng Zheng, Shi Yan, Chao Lv,
Shao-Lei Li, Yue Yang, Key Laboratory of Carcinogenesis and
Translational Research (Ministry of Education), Department of
Thoracic Surgery Ⅱ, Peking University School of Oncology,
Beijing Cancer Hospital and Institute, Beijing 100142, China
Author contributions: Wang J designed the study and wrote the
manuscript; Wu N checked and edited the manuscript; Zheng QF,
Yan S, Lv C and Li SL collected and settled the data; and Yang Y
guided the design of this manuscript.
Correspondence to: Yue Yang, MD, Key Laboratory of
Carcinogenesis and Translational Research (Ministry of Education),
Department of Thoracic Surgery Ⅱ, Peking University School
of Oncology, Beijing Cancer Hospital and Institute, 52 Fucheng
Avenue, Haidian District, Beijing 100142,
China. zlyangyue@bjmu.edu.cn
Telephone: +86-10-88196568 Fax: +86-10-88196568
Received: September 8, 2014 Revised: October 19, 2014
Accepted: November 7, 2014
Published online: December 28, 2014

Abstract
AIM: To evaluate the prognostic factors and tumor
th
stages of the 7 edition TNM classification for
esophageal cancer.
METHODS: In total, 1033 patients with esophageal
squamous cell carcinoma (ESCC) who underwent
surgical resection with or without (neo)adjuvant
therapy between January 2003 and June 2012 at the
Thoracic Surgery Department Ⅱ of the Beijing Cancer
Hospital, Beijing, China were included in this study. The
following eligibility criteria were applied: (1) squamous
cell carcinoma of the esophagus or gastroesophageal
junction identified by histopathological examination; (2)
treatment with esophagectomy plus lymphadenectomy
with curative intent; and (3) complete pathologic
reports and follow-up data. Patients who underwent
non-curative (R1) resection and patients who died
in hospital were excluded. Patients who received
(neo)adjuvant therapy were also included in this
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th

analysis. All patients were restaged using the 7 edition
of the Union for International Cancer Control and the
American Joint Committee on Cancer TNM staging
systems. Univariate and multivariate analyses were
performed to identify the prognostic factors for survival.
Survival curves were plotted using the Kaplan-Meier
method, and the log-rank test was used to evaluate
differences between the subgroups.
RESULTS: Of the 1033 patients, 273 patients received
(neo)adjuvant therapy, and 760 patients were treated
with surgery alone. The median follow-up time was 51.6
mo (range: 5-112 mo) and the overall 5-year survival
rate was 36.4%. Gender, “pT” and “pN” descriptors,
th
(neo)adjuvant therapy, and the 7 edition TNM stage
grouping were independent prognostic factors in the
univariate and multivariate analyses. However, neither
histologic grade nor cancer location were independent
prognostic factors in the univariate and multivariate
analyses. The 5-year stage-based survival rates were
as follows: ⅠA, 84.9%; ⅠB, 70.9%; ⅡA, 56.2%; Ⅱ
B, 43.3%; ⅢA, 37.9%; ⅢB, 23.3%; ⅢC,12.9% and
Ⅳ, 3.4%. There were significant differences between
each adjacent staging classification. Moreover, there
were significant differences between each adjacent pN
and pM subgroup. According to the pT descriptor, there
were significant differences between each adjacent
subgroup except between pT3 and pT4 (P = 0.405).
However, there was no significant difference between
each adjacent histologic grade subgroup and between
each adjacent cancer location subgroup.
CONCLUSION: The 7th edition is considered to be valid
for patients with resected ESCC. However, the histologic
grade and cancer location were not prognostic factors
for ESCC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Esophageal squamous cell carcinoma;
Staging; Prognosis; Surgery; TNM; Survival
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Core tip: The 7th edition of the Union for International
Cancer Control (UICC) and the American Joint
Committee on Cancer (AJCC) TNM staging system
for esophageal and gastroesophageal junction (GEJ)
cancer is the first data-driven staging system for
esophageal and GEJ cancers. It is based on the
Worldwide Esophageal Cancer Collaboration database,
which includes 4627 patients from a large multiinstitutional collaboration involving 13 institutions
and a data period ranging from the 1970s to the
2000s. Therefore, the surgical procedures, pathologic
examinations, and patient follow-up can vary greatly
between different institutions, resulting in inevitable
bias. In this retrospective study, we used a large cohort
of patients who had undergone potentially curative
surgery for ESCC at a single institution and confirmed
th
the predictive ability of the 7 edition of the UICC-AJCC
TNM staging system.
Wang J, Wu N, Zheng QF, Yan S, Lv C, Li SL, Yang Y.
Evaluation of the 7th edition of the TNM classification in patients
with resected esophageal squamous cell carcinoma. World J
Gastroenterol 2014; 20(48): 18397-18403 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i48/18397.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i48.18397

INTRODUCTION
The present (7th) edition of the Union for International
Cancer Control (UICC) and the American Joint
Committee on Cancer (AJCC) TNM staging system
for squamous cell carcinoma (ESCC) was released in
late 2009. This edition adopted new factors associated
with survival, including the number of cancer-positive
lymph nodes, histopathologic cell type, histologic
grade, and cancer location. The main modifications
in the 7th edition are as follows: (1) T1 is subclassified
into T1a (lamina propria or muscularis mucosae) and
T1b (submucosa), whereas T4 is subclassified into T4a
(pleura, pericardium, diaphragm, or adjacent peritoneum)
and T4b (other adjacent structures, e.g., aorta, vertebral
body, trachea); (2) N is subclassified according to the
number of regional lymph nodes involved (N1, 1 to 2
nodes; N2, 3 to 6 nodes; and N3, ≥ 7 nodes); (3) two
new prognostic factors (histologic grade and cancer
location) are incorporated; and (4) the stage groups have
been adjusted, and separate stage groups are used for
squamous cell carcinoma and adenocarcinoma[1,2].
The large database upon which the 7 th edition is
based was created by 13 institutions on 3 continents,
with the data period ranging from the 1970s to the
2000s; therefore, the surgical procedures, pathologic
examinations, and patient follow-up can vary greatly
between different institutions, resulting in inevitable
bias[3]. In this retrospective study, we aimed to use a
large cohort of patients who had undergone potentially
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curative surgery, with or without (neo)adjuvant therapy
for ESCC, at a single institution to evaluate the predictive
ability of the 7th edition of the UICC-AJCC TNM staging
system.

MATERIALS AND METHODS
Patients
The Institutional Review Board at Peking University
Cancer Hospital approved this retrospective study, and
the requirement for patient consent was waived. All
patients who underwent esophagectomy from January
2003 to June 2012 at the Thoracic Surgery Department
Ⅱ of the Beijing Cancer Hospital, Beijing, China, were
reviewed (n = 1086). The following eligibility criteria were
applied: (1) squamous cell carcinoma of the esophagus or
gastroesophageal junction identified by histopathological
examination; (2) treatment with esophagectomy plus
lymphadenectomy with curative intent; and (3) complete
pathologic reports and follow-up data. Patients who
underwent non-curative (R1) resections and patients
who died in the hospital were excluded. Patients who
received neo(adjuvant) therapy were also included in
this analysis. Physical examinations, laboratory tests,
esophagogastroduodenoscopy, barium esophagography,
computed tomography scans from the neck to the upper
abdomen, and abdominal and supraclavicular ultrasound
scans were routinely performed to preoperatively evaluate
the extent of disease. The surgical procedures used a left
or right thoracic approach.
Follow-up
Generally, the patients were postoperatively examined
at 3-mo intervals for 2 years, 6-mo intervals for an
additional 3 years, and 1-year intervals thereafter to
monitor disease recurrence and survival. The survival
intervals (overall survival) were calculated from the date
of the operation to the date of death or last follow-up.
Statistical analysis
All patients were restaged using the 7th edition of the
UICC-AJCC TNM staging system. Survival curves were
plotted using the Kaplan-Meier method, and the logrank test was used to evaluate differences between the
subgroups. Univariate and multivariate Cox proportional
hazard models were used to evaluate the impact of each
factor on overall survival. P values for differences were
calculated, with a significance level of P < 0.05. SPSS
software version 16.0 (SPSS Inc., Chicago, IL, United
States) was used for all analyses.

RESULTS
Of the 1033 patients included in the study, 273 patients
received (neo)adjuvant therapy, and 760 were treated with
surgery alone. Forty three patients received neoadjuvant
chemotherapy and/or neoadjuvant radiotherapy, 255
patients received adjuvant chemotherapy and/or adjuvant
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A

Table 1 Patient demographics and 5-year survival n (%)

Ⅳ

(neo)adjuvant therapy
No
Yes

pT2 (n = 238), 47.3%

5-yr survival

793 (76.8)
240 (23.2)

43.1%
47.2%

80

63 (27-81)
688 (66.6)
345 (33.4)

44.6%
42.9%

544 (52.7)
489 (47.3)

42.7%
45.5%

272 (26.3)
761 (73.7)

43.6%
44.1%

198 (19.2)
238 (23.0)
575 (55.7)
22(2.1)

74.6%
47.3%
32.8%
15.6%

544 (52.7)
269 (26.0)
152 (14.7)
68 (6.6)

52.1%
46.7%
25.3%
11.8%

998 (96.6)
35 (3.4)

45.2%
9.1%

288 (27.9)
489 (47.3)
256 (24.8)

43.3%
45.8%
41.4%

206 (19.3)
603 (58.6)
224 (22.2)

47.6%
44.2%
40.3%

126 (12.2)
907 (87.8)

40.4%
44.5%

3.4 cm (0.4-15.0 cm)
689 (66.7)
344 (33.3)

44.1%
43.9%

30 (2.9)
144 (13.9)
122 (11.8)
324 (31.4)
224 (21.7)
106 (10.3)
54 (5.2)
29 (2.8)

84.9%
70.9%
56.2%
43.3%
37.9%
23.3%
12.9%
3.4%

760 (73.6)
273 (26.4)

49.8%
30.3%

Survival rate (%)

Value

100

pT3 (n = 575), 32.8%
pT4 (n = 22), 15.6%

P < 0.001
P < 0.001
P = 0.405

60

40

20

0

0

1

2
3
Year after operation

B

4

5

pN0 (n = 544), 52.1%
pN1 (n = 269), 46.7%
pN2 (n = 152), 25.3%

100

pN3 (n = 68), 11.8%

P = 0.006
P = 0.001
P < 0.001

Survival rate (%)

80

60

40

20

0

0

1

2
3
Year after operation

C

4

5

pM0 (n = 998), 45.2%
pM1 (n = 35), 9.1%

P < 0.001

100

80
Survival rate (%)

Characteristic
Gender
Male
Female
Age, yr
Median (range)
≤ 60
> 60
Cigarette smoking
Yes
No
Alcohol consumption
Yes
No
pT
1
2
3
4
pN
0
1
2
3
pM
0
1
Histologic grade
Well differentiated (G1)
Moderately differentiated (G2)
Poorly differentiated (G3)
Cancer location
Upper thoracic
Middle thoracic
Lower thoracic + GEJ
Type of surgical approach
Left thoracic
Right thoracic
Length of tumor
Mean (range)
≤ Mean
> Mean
Stage
ⅠA
ⅠB
ⅡA
ⅡB
ⅢA
ⅢB
ⅢC

pT1 (n = 198), 74.6%

60

40

20

0

0

1

2
3
Year after operation

4

5

GEJ: Gastroesophageal junction.

radiotherapy, and 25 patients received both neoadjuvant
and adjuvant chemotherapy and/or radiotherapy. The
patient characteristics and 5-year survival rates are
summarized in Table 1. The median follow-up time was
51.6 mo (range: 5-112 mo). The overall 5-year survival
rate was 36.4%.
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Figure 1 Survival curves of patient subgroups stratified by pT, pN and
pM descriptors according to the 7th edition TNM classification. The 5-year
survival rate, the number of patients in each subgroup, and the P-value for
comparison between each adjacent subgroup are indicated. A: With respect
to the pT descriptor, there were significant differences between each adjacent
subgroup except between pT3 and pT4 (P = 0.405); B: With respect to the pN
descriptor, there were significant differences between each adjacent subgroup;
C: With respect to the pM descriptor, there were significant differences between
pM0 and pM1.
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A

pG1 (n = 288), 43.3%

100

pG2 (n = 489), 45.8%
pG3 (n = 256), 41.4%

B

P = 0.577
P = 0.104

P = 0.075
P = 0.302

80
Survival rate (%)

Survival rate (%)

Middle (n = 238), 47.3%
Lower (n = 575), 32.8%

80

60

40

20

0

Upper (n = 206), 47.6%

100

60

40

20

0

1

2
3
Year after operation

4

0

5

0

1

2
3
Year after operation

4

5

Figure 2 Survival curves for patient subgroups stratified by pG (histologic grade) and cancer location according to the 7th edition TNM classification. The
5-year survival rate, the number of patients in each subgroup, and the P-value for comparison between each adjacent subgroup are indicated. A: With respect to
pG, there was no significant difference between each adjacent pG classification; B: With respect to cancer location, there was no significant difference between each
adjacent caner location classification.
ⅠA (n = 30), 84.9%
ⅠB (n = 144), 70.9%
ⅡA (n = 122), 56.2%
ⅡB (n = 324), 43.3%
ⅢA (n = 224), 37.9%
ⅢB (n = 106), 23.3%
ⅢC (n = 54), 12.9%
Ⅳ (n = 29), 3.4%

P = 0.029
P = 0.006
P = 0.003
P = 0.032
P = 0.018
P = 0.028
P = 0.014

100

Survival rate (%)

80

60

40

20

0

0

1

2
3
Year after operation

4

5

Figure 3 Survival curves for patient subgroups stratified according to
the 7th edition TNM pStage groupings. The 5-year survival rate, the number
of patients in each subgroup, and the P-value for comparison between each
adjacent subgroup are indicated. The survival curves showed stepwise
reduction as the pStage increased, and there were significant differences
between each adjacent pStage group.

The 5-year survival rates and the survival curves by
pT, pN and pM are shown in Figure 1. With respected
to the pN and pM descriptors, there were significant
differences between each adjacent subgroup. According
to the pT descriptor, there were significant differences
between each adjacent subgroup, except between pT3
and pT4 (P = 0.405). The 5-year survival rates and the
survival curves by the new incorporated descriptors in
the 7th edition, pG (histologic grade) and cancer location
are shown in Figure 2. According to the histologic
grade and cancer location, there was no significant
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difference between each adjacent subgroup (with regard
to histologic grade, between G1 and G2, P = 0.577,
between G2 and G3, P = 0.104; with respect to cancer
location, between upper and middle, P = 0.075, between
middle and lower, P = 0.302). The 5-year survival rates
and the survival curves by pStage grouping according to
the 7th edition of the TNM classification are shown in
Figure 3, and there were significant differences between
each adjacent subgroup.
Univariate analysis revealed that gender (P = 0.046), age
(P = 0.039), cigarette smoking (P = 0.027), (neo)adjuvant
therapy (P < 0.001), the “pT” (P < 0.001), “pN” (P
< 0.001) and “pM” (P < 0.001) descriptors, and the
7th edition TNM stage grouping significantly affected
patient survival, but neither histologic grade nor cancer
location showed any significance in terms of survival (P
= 0.130 and P = 0.067, respectively). The multivariate
Cox regression model was performed by incorporating
gender, age, cigarette smoking, (neo)adjuvant therapy,
the “pT”, “pN”, “pM” descriptors, histologic grade,
cancer location, and the 7th edition TNM stage grouping.
Gender, “pT” and “pN” descriptors, (neo)adjuvant
therapy, and the 7 th edition TNM stage grouping
remained as independent prognostic factors. However,
cigarette smoking and the “pM” descriptor, which were
significant prognostic factors in the univariate analysis,
did not significantly influence patient survival in the
multivariate analysis (Table 2).
Table 3 presents the univariate and multivariate
analyses for the 7th edition TNM stage grouping. The
multivariate analyses revealed significant differences
between each adjacent pStage, except for pStageIB and
ⅡA (P = 0.129). The hazard ratios for stages ⅠB and Ⅱ
A disease (referred to as pStage ⅠA disease) were 3.013
and 2.368, respectively.

DISCUSSION
In Asia, ESCC is one of the most common and aggressive
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Table 2 Univariate and multivariate analyses of factors
Univariate
Gender
Male
Female
Age, yr
≤ 60
> 60
Cigarette smoking
No
Yes
Alcohol consumption
No
Yes
(neo) adjuvant therapy
No
Yes
pT
1
2
3
4
pN
0
1
2
3
pM
0
1
Histologic grade
G1
G2
G3
Cancer location
Upper thoracic
Middle thoracic
Lower thoracic + GEJ
Type of surgical approach
Right thoracic
Left thoracic
Length of tumor
≤ Mean
> Mean

Multivariate

HR

95%CI

P -value

HR

95%CI

P -value

1.000
0.829

0.690-0.996

0.046

1.000
1.333

1.091-1.629

0.005

1.000
1.183

1.009-1.390

0.039

1.000
0.999

0.840-1.190

0.995

1.000
1.190

1.019-1.388

0.027

1.000
0.949

0.805-1.119

0.537

1.000
1.070

0.903-1.268

0.431

1.000
1.634

1.386-1.927

< 0.001

1.000
1.330

1.102-1.606

0.003

1.000
2.487
4.186
5.154

1.856-3.331
3.219-5.444
3.015-8.812

< 0.001
< 0.001
< 0.001

1.000
1.982
2.303
1.150

1.254-3.132
1.437-3.693
0.518-2.549

0.003
0.001
0.732

1.000
1.294
1.939
3.500

1.073-1.560
1.567-2.399
2.650-4.624

0.007
< 0.001
< 0.001

1.000
0.361
0.290
0.122

0.242-0.538
0.145-0.580
0.047-0.314

< 0.001
< 0.001
< 0.001

1.000
3.392

2.359-4.875

< 0.001

1.000
0.789

0.231-2.689

0.704

1.000
1.054
1.227

0.875-1.271
0.995-1.513

0.578
0.056

1.000
0.917
0.874

0.724-1.161
0.681-1.123

0.472
0.292

1.000
1.201
1.326

0.977-1.476
1.043-1.685

1.201
1.326

1.000
0.808
1.027

0.634-1.031
0.758-1.392

0.086
0.862

1.000
1.149

0.912-1.448

0.238

1.000
1.075

0.916-1.262

0.374

HR: Hazard ratio; CI: Confidence interval.

diseases [4]. A robust staging system is important for
ESCC patients in terms of planning treatment, estimating
prognosis, evaluating the end results of therapy, and
providing a standardized nomenclature to facilitate
information exchange between treatment centers.
The 7th edition supports the continued use of the
accepted T major stages ( Ⅰ , Ⅱ , Ⅲ , and Ⅳ ) in the
6 th edition [1]. In our series, which included few pT4
patients, the high prognostic value of the pT1-pT3
subclassification was confirmed. However, the survival
of pT4 patients was similar to that of pT3 patients, likely
because of the small number of pT4 patients in our
study.
Based on the evidence of survival differences, T1 is
subclassified as T1a (tumor limited in the mucosa) and
T1b (tumor in the submucosa), and T4 is subclassified as
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T4a (tumor invading adjacent, resectable structures) and
T4b (tumor invading adjacent, unresectable structures)
in the 7 th edition. Rice et al [5] and Wijnhoven et al [6]
reported that T1a patients had a higher survival rate
than T1b patients. Moreover, Sepesi et al[7] observed
differences in the lymph node metastasis rate between
T1a and T1b patients. Because treatment strategies for
esophageal cancer are based on a precise staging system,
some of these changes to the descriptors may influence
therapeutic decision-making[8].
The refinement of the N classification to N0-N3,
which is based on the number of positive regional
lymph nodes, is one of the major modifications of
the 7th edition[1]. Many investigators have reported that
subdividing the “N” classification based on the absolute
number of involved lymph nodes may yield better
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Table 3 Univariate and multivariate analyses of the 7 edition
of the TNM classification
Univariate
HR
Stage
ⅠA
ⅠB
ⅡA
ⅡB
ⅢA
ⅢB
ⅢC
Ⅳ

95%CI

1.000
2.919 1.059-8.048
4.771 1.737-13.103
7.251 2.695-19.508
9.062 3.359-24.450
12.314 4.514-33.591
18.288 6.583-50.804
33.720 11.799-96.369

Multivariate

P -value

HR

95%CI

P -value

0.038
0.002
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

1.000
3.013
2.368
6.472
15.152
23.933
89.566
147.116

1.065-8.530
0.779-7.198
2.083-20.108
4.282-53.616
4.960-88.354
18.855-425.471
21.759-994.681

0.038
0.129
0.001
< 0.001
< 0.001
< 0.001
< 0.001

survival stratifications[9,10]. In our analyses of patient
prognoses using the pN classification, there were clear
differences between each adjacent pN subgroup, which
significantly confirmed the high prognostic value of the
pN subclassification in the 7th edition.
The M descriptor is a prognostic factor in univariate
factor Cox analyses, but not in multivariate factor Cox
analyses. Because few patients in our study had distant
metastases, we cannot exclude the possibility that the
discrepancy is caused by the small pM1 sample size.
Male gender, advanced age, cigarette smoking, and
(neo)adjuvant therapy have been shown to be associated
with poor survival [11-16] . In our series, gender and
(neo)adjuvant therapy significantly influenced patient
survival, as revealed by univariate and multivariate
analyses. However, age and cigarette smoking were shown
to be prognostic factors in the univariate factor Cox
analyses, but not in the multivariate factor Cox analyses,
which suggests that age and cigarette smoking were not
strong prognostic factors in ESCC patients.
Another major modification of the 7th edition is the
incorporation of 2 new descriptors: histologic grade and
cancer location[1]. Along with T, N, and M descriptors,
these new descriptors help to subclassify T2-3N0M0
patients into stages ⅠB, ⅡA, and ⅡB. In the 7th edition,
patient survival improves as the histologic grade changes
from G3 to G1 and/or the cancer location moves from
the upper esophagus to the lower esophagus[1,2]. However,
according to our analysis, histologic grade and cancer
location are not independent prognostic factors. In
fact, the roles of histologic grade and cancer location in
ESCC patient survival were inconsistent among different
studies. Although the histologic grade had been shown
to be a strong predictor of survival in perijunctional
esophagogastric carcinoma[17], Wijnhoven et al[6] (2007)
and Eloubeidi et al[13] (2002) reported that histologic grade
was not significantly related to survival. Moreover, many
investigators have reported that the histologic grade is
not a prognostic factor in ESCC[11,14,18,19].
The results concerning cancer location are also
controversial. Some investigators have found that survival
improves as the tumor moves distally in the esophagus[20];
in contrast, other researchers have demonstrated that
survival is worse in patients whose tumors are located

WJG|www.wjgnet.com

in the lower thoracic portions of the esophagus[13]. Still
other investigators have reported that the upper, middle,
and lower locations of thoracic esophageal cancer yield
similar survival rates[21]. Situ et al[14] explained that one
possible reason for this discrepancy is a variation in the
experience of the pathologists and endoscopic laboratory
doctors from various institutes, or the different definitions
of tumor segmentation in the 6th edition of the UICCAJCC cancer staging manual, as the 7th staging system had
not yet been published. In addition to the above reasons,
we believe that differences in the biological behavior of
ESCC and esophageal adenocarcinoma might also be
responsible for the inconsistent results.
In conclusion, the survival characteristics of 1033
patients with resected ESCC in a single institution
validated the 7 th edition of the UICC-AJCC TNM
staging system for esophageal cancer. This edition may
clearly differentiate the survival rates between patients in
different stages; furthermore, the revised N classification
provides prognostic power, and the refinement of the T
group may be referenced when determining treatment
options. In addition, we demonstrated that gender and
(neo)adjuvant therapy are important prognostic factors
for patient survival. However, we found that histologic
grade and cancer location are not important prognostic
factors for ESCC patient survival.
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Abstract
AIM: To explore the association between AT-rich
interactive domain 1A (ARID1A) protein loss by
immunohistochemistry and both clinicopathologic
characteristics and prognosis in patients with colorectal
cancer.
METHODS: We retrospectively collected clinicopathologic
data and archived paraffin-embedded primary colorectal
cancer samples from 209 patients, including 111
patients with colon cancer and 98 patients with rectal
cancer. The tumor stage ranged from stage Ⅰ to stage
th
Ⅳ according to the 7 edition of the American Joint
Committee on Cancer tumor-node-metastasis (TNM)
staging system. All patients underwent resection of
primary colorectal tumors. The expression of ARID1A
protein in primary colorectal cancer tissues was
examined by immunohistochemical staining. The
clinicopathologic association and survival relevance of
ARID1A protein loss in colorectal cancer were analyzed.
RESULTS: ARID1A loss by immunohistochemistry was
not rare in primary colorectal cancer tumors (25.8%).
There were 7.4%, 24.1%, 22.2% and 46.3% of
patients with ARID1A loss staged at TNM stage Ⅰ, Ⅱ,
Ⅲ and Ⅳ, respectively, compared with 20.0%, 22.6%,
27.7% and 29.7% of patients without ARID1A loss
staged at TNM stage Ⅰ, Ⅱ, Ⅲ and Ⅳ, respectively. In
patients with ARID1A loss, the distant metastasis rate
was 46.3%. However, only 29.7% of patients without
ARID1A loss were found to have distant metastasis. In
terms of pathologic differentiation, there were 25.9%,
66.7% and 7.4% with poorly, moderately and well
differentiated tumors in patients with ARID1A loss,
and 14.2%, 72.3% and 13.5% with poorly, moderately
and well differentiated tumors in patients without
ARID1A loss, respectively. ARID1A loss was associated
with late TNM stage (P = 0.020), distant metastasis
(P = 0.026), and poor pathological classification (P =
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0.035). However, patients with positive ARID1A had
worse overall survival compared to those with negative
ARID1A in stage Ⅳ colorectal cancer (HR = 2.49,
95%CI: 1.13-5.51).
CONCLUSION: ARID1A protein loss is associated with
clinicopathologic characteristics in colorectal cancer
patients and with survival in stage Ⅳ patients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: AT-rich interactive domain 1A; Switching
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Core tip: AT-rich interactive domain 1A (ARID1A)
(BAF250A) is a member of the switching defective/
sucrose non-fermenting (BAF) complexes, which
remodel nucleosomes. ARID1A gene mutation and
protein loss have been detected in many human
cancers. However, research on their clinical association
in colorectal cancer is limited and requires further
exploration. We found that ARID1A loss was not rare
in primary colorectal cancer tumors (25.8%), and it
was associated with clinicopathologic characteristics in
colorectal cancer patients and with survival in stage Ⅳ
patients.
Wei XL, Wang DS, Xi SY, Wu WJ, Chen DL, Zeng ZL, Wang
RY, Huang YX, Jin Y, Wang F, Qiu MZ, Luo HY, Zhang DS,
Xu RH. Clinicopathologic and prognostic relevance of ARID1A
protein loss in colorectal cancer. World J Gastroenterol 2014;
20(48): 18404-18412 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i48/18404.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i48.18404

INTRODUCTION
Colorectal cancer (CRC) is the most common cancer
of the digestive system. Diverse treatment strategies
have been developed for better management of CRC[1,2].
Although mortality due to CRC has declined steadily
during the past decades, CRC is still the second leading
cause of cancer-related death in males and the third
leading cause in females [3]. Patients with early stage
CRC have a chance of being cured. For patients with
stage Ⅳ CRC, the prognosis is poor. The tumor-nodemetastasis (TNM) staging system is the most effective
and commonly recognized clinical prognostic factor.
However, even in the same stage, the prognoses of
patients vary enormously due to molecular differences.
Many prognostic biomarkers have been suggested, but
only the test for RAS mutation [4] and microsatellite
instability (MSI)[5,6] have become part of the routine
clinical management of CRC. Other biomarkers, such
as allelic imbalance at chromosome 18q [7-9], BRAF
mutation[10,11], and p53 alterations[12,13], are not used in
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clinical practice due to the discrepancies among research
reports. To better categorize CRC by biomarkers, more
translational studies are warranted to identify putative
biomarkers and validate them.
AT-rich interactive domain 1A (ARID1A) protein
(BAF250a) is a member of the switching defective/
sucrose non-fermenting (SWI/SNF) complexes, which
function as ATP-dependent chromatin remodelers[14,15].
These complexes remodel nucleosomes and modulate
transcription utilizing the energy of ATP hydrolysis.
Inactivating mutations of several subunits of these
complexes have frequently been detected in various
tumors, indicating a tumor suppressor function of the
SWI/SNF complexes[16-20].
Since late 2010, next-generation sequencing technologies
have brought the emergence of a wide variety of cancerassociated gene mutations. Among them, inactivating
mutations in ARID1A are frequently and repeatedly
detected in various tumors. According to the reports, loss
of ARID1A was detected in 30%-60% of ovarian clear
cell and ovarian endometrioid carcinomas[18,21,22]. It was
speculated that ARID1A loss mediated the transformation
from endometriosis to cancer[18,23]. ARID1A loss has also
been identified in some other cancers, such as endometrial
cancer [24] , clear cell renal cell carcinoma [25] , breast
cancer[26], Burkitt lymphoma[27], lung adenocarcinoma[28],
neuroblastoma[29], hepatocellular carcinoma[30], and gastric
cancer[31]. Related research in CRC is limited[32,33], thus we
conducted this study to investigate the clinicopathologic
and prognostic relevance of ARID1A loss in CRC.

MATERIALS AND METHODS
Ethics statement
All patients provided written informed consent for
their information to be stored and used in the hospital
database. Study approval was obtained from the
independent ethics committee at the Cancer Center
of Sun Yat-Sen University. The study was undertaken
in accordance with the ethical standards of the World
Medical Association Declaration of Helsinki.
Patient information and tissue specimens
This study was conducted using a total of 209 archived
paraffin-embedded primary CRC samples. All patients
underwent resection of primary tumors between 2001 and
2009 at Sun Yat-Sen University Cancer Center. All patients
received standard post-operative chemotherapy according
to the National Comprehensive Cancer Network
guidelines. None of the patients had preoperative
chemotherapy or preoperative radiotherapy. The staging
of tumors was determined according to the American
Joint Committee on Cancer (AJCC) TNM staging system.
Each tumor was pathologically classified according to
the World Health Organization classification criteria. For
survival information, patients were followed-up by the
follow-up department or the outpatient department after
discharge from hospital. Overall survival (OS) was defined
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by further incubation with the streptavidin horseradish
peroxidase complex. The sections were developed
with diaminobenzidine tetrahydrochloride and then
counterstained with hematoxylin.
Two independent observers who were blinded to
patient clinical and pathological information reviewed
and scored the immunostained sections. At least 1000
tumor cells were analyzed for each slide. The proportion
of the stained cells and the extent of staining were used
as the criteria for evaluation. The percentage of positive
cells was scored as ≤ 10% = 0, > 10% to ≤ 25% = 1,
> 25% to ≤ 50% = 2, > 50% to ≤ 75% = 3, and >
75% = 4. Nuclear immunoreactivity was considered as
positive expression. The intensity of staining was scored
as negative = 0, weak = 1, moderate = 2, and strong = 3.
The two scores were then multiplied to calculate the final
score. Based on the overall score, the immunostained
sections were further divided into two groups: negative
ARID1A expression group (overall score = 0) and
positive ARID1A expression group (overall score ≥ 1).
The positive expression group was further divided into
three groups: low ARID1A expression (1 ≤ overall score
≤ 4), moderate ARID1A expression (4 < overall score
≤ 8) and high ARID1A expression group (8 < overall
score ≤ 12).

Table 1 Clinicopathologic characteristics and AT-rich interactive
domain 1A expression in 209 patient samples of colorectal
cancer n (%)
Characteristics
Gender
Male
Female
Age (yr)
Median
Range
Tumor location
Colon
Rectal
TNM stage (AJCC)
Ⅰ
Ⅱ
Ⅲ
Ⅳ
T stage
T1
T2
T3
T4
N stage
N0
N1
N2
M stage
M0
M1
Pathologic differentiation
Poor
Moderate
Well
Tumor size (cm)
≤5
>5
Expression of ARID1a
Negative
Positive

Value
176 (84.2)
33 (15.8)
55
19-88
111 (53.1)
98 (46.9)
35 (16.7)
48 (23.0)
55 (26.3)
71 (34.0)
10 (4.8)
35 (16.7)
53 (25.4)
111 (53.1)
98 (46.9)
56 (26.8)
55 (26.3)
138 (66.0)
71 (34.0)

Statistical analysis
All statistical analyses were performed using SPSS 13.0
statistical software. A P value < 0.05 was considered
statistically significant in all cases. The association
between ARID1A expression and the clinicopathological
characteristics was analyzed by χ 2 test or Kruskal-Wallis
H test based on the type of data. Survival curves were
plotted by the Kaplan-Meier method and compared
using the log-rank test. Survival data were evaluated using
univariate and multivariate Cox regression analyses.

36 (17.2)
148 (70.8)
25 (12.0)
136 (65.1)
73 (34.9)
54 (25.8)
155 (74.2)

AJCC: American Joint Committee on Cancer; TNM: Tumor-nodemetastasis; ARID1A: AT-rich interactive domain 1A.

as the interval between the date of surgery and the date
of death or the last known follow-up if the patient was
alive. The clinicopathologic information of the study
subjects and primary tumor samples are listed in Table
1. All excised samples were obtained from tumor tissues
within 1 h after surgery. For each specimen, half was
placed in liquid nitrogen until analysis, and the remainder
was fixed with formalin for immunohistochemistry (IHC).
IHC and scoring
The protein expression levels of ARID1A were
investigated in 209 primary CRC samples using IHC.
The procedure used was described previously[34]. Briefly,
the tissue sections were first deparafﬁnized, rehydrated,
endogenous peroxide blocked and antigen retrieved, then
incubated with ARID1A (PSG3): sc-32761 antibody
(Santa Cruz Biotechnology, Inc., CA, United States)
overnight at 4  ℃. Next, after washing with phosphatebuffered saline Tween-20, tissue sections were treated
with anti-mouse secondary antibody for 30 min, followed

WJG|www.wjgnet.com

RESULTS
ARID1A expression in CRC primary tumors
IHC analysis was conducted on 209 primary CRC tumor
samples. Fifty-four (25.8%) primary CRC tumors had
negative ARID1A expression, 107 (51.2%) tumors
had low ARID1A expression, 39 (18.7%) tumors had
moderate ARID1A expression, and 9 (4.3%) tumors had
high ARID1A expression. Typical immunostaining of
negative, low, moderate and high ARID1A expression are
shown in Figure 1.
Loss of ARID1A expression was associated with
clinicopathological features of CRC
All 209 primary CRC tumors were included in this analysis.
Fifty-four (25.8%) had negative ARID1A expression,
and 155 (74.2%) cases had positive ARID1A expression.
The correlations between ARID1A expression (negative/
positive) and clinicopathological features of CRC are
listed in Table 2. As shown in Table 2, loss of ARID1A
expression was not associated with gender (male/female),
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A

B

100 mm

C

100 mm

D

100 mm

100 mm

Figure 1 Typical immunohistochemical staining of AT-rich interactive domain 1A (× 100). A: Negative AT-rich interactive domain 1A (ARID1A) expression; B:
Low ARID1A expression; C: Moderate ARID1A expression; D: High ARID1A expression.

age (≤ 55/> 55 years), tumor location (colon/rectal), T
stage (T1/T2/T3/T4), N stage (N0/N1/N2), or tumor
size (≤ 5/> 5 cm). However, the associations between
ARID1A expression and TNM (AJCC) stage, M stage and
pathologic differentiation were all statistically significant
(P = 0.020, P = 0.026, and P = 0.035, respectively). Loss
of ARID1A expression was significantly associated with
late TNM stage, distant metastasis, and poor pathologic
differentiation.
Association between ARID1A loss and CRC survival
Kaplan-Meier analysis was used for the initial analysis
of the influence of ARID1A loss on OS in CRC
patients. ARID1A expression (negative/positive) was not
associated with OS in all 209 CRC patients (P = 0.538).
However, when the population was split by TNM stage,
ARID1A expression (negative/positive) was significantly
associated with OS in stage Ⅳ patients (P = 0.027,
Figure 2), but a significant relationship was not observed
in stage Ⅰ-Ⅲ patients. Thus, we further analyzed the
association between ARID1A expression (negative/
positive) and OS in stage Ⅳ patients. The results of
univariate and multivariate analyses are listed in Table 3.
In stage Ⅳ CRC patients, potential prognostic
factors, including N stage (N0/N1/N2), pathologic
differentiation (poor/moderate/well), tumor size
(≤ 5/> 5 cm), metastatic site (single/multiple), and
metastasis limited to the liver (no/yes) were not found
to be significantly prognostic. However, ARID1A
expression (negative/positive), T stage (T1/T2/T3/T4)
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and resection of metastatic tumors (no/yes) were found
to be significant prognostic factors in univariate analyses
(P = 0.027, P = 0.038, and P = 0.002, respectively, Table
3). Factors significantly prognostic in univariate analysis
were included in multivariate analysis. All three of the
above factors were independent prognostic factors in
multivariate analysis. Positive ARID1A expression was
significantly and independently associated with worse
OS in stage Ⅳ CRC patients compared with negative
ARID1A expression (HR = 2.49, 95%CI: 1.13-5.51,
Table 3). The Kaplan-Meier survival curves of ARID1A
(negative/positive) for patients with stage Ⅳ CRC are
shown in Figure 2.

DISCUSSION
In the present study, we demonstrated that loss of
ARID1A expression was associated with late TNM stage,
distant metastasis and poor pathologic differentiation.
These findings indicated that ARID1A may play an
important role in the progression of CRC. In addition,
the survival analyses also indicated that loss of ARID1A
protein expression was a prognostic factor for better OS
in stage Ⅳ CRC.
Epigenetic regulators modulate gene expression, and
thereby influence cell function. Alterations in epigenetic
regulators have been shown to be one of the key
characteristics in tumorigenesis[35]. Of these epigenetic
regulators, the SWI/SNF chromatin remodeling
complexes have been demonstrated to be repeatedly
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Table 2 Correlation between AT-rich interactive domain 1A
expression and clinicopathologic characteristics of colorectal
cancer patients n (%)
Characteristics
Gender
Male
Female
Age (yr)
≤ 55
> 55
Tumor location
Colon
Rectal
TNM stage (AJCC)
Ⅰ
Ⅱ
Ⅲ
Ⅳ
T stage
T1
T2
T3
T4
N stage
N0
N1
N2
M stage
M0
M1
Pathologic differentiation
Poor
Moderate
Well
Tumor size (cm)
≤5
>5

Characteristics

P value

ARID1a
Negative

Table 3 Univariate and multivariate analyses of various
prognostic parameters in stage Ⅳ patients with colorectal
cancer using Cox-regression analysis n (%)

P value
0.132

42 (77.8)
12 (22.2)

134 (86.5)
21 (13.5)

30 (55.6)
24 (44.4)

76 (49.0)
79 (51.0)

32 (59.3)
22 (40.7)

79 (51.0)
76 (49.0)

4 (7.4)
13 (24.1)
12 (22.2)
25 (46.3)

31 (20.0)
35 (22.6)
43 (27.7)
46 (29.7)

1 (1.9)
6 (11.1)
20 (37.0)
27 (50.0)

9 (5.8)
29 (18.7)
33 (21.3)
84 (54.2)

Gender
Male
Female
Age (yr)
≤ 55
> 55
ARID1a expression
Negative
Positive
T stage
T1
T2
T3
T4
N stage
N0
N1
N2
Pathologic
differentiation
Poor
Moderate
Well
Tumor size (cm)
≤5
>5
Metastatic site
Single
Multiple
Metastasis limited to
the liver
No
Yes
Resection of
metastatic tumors1
No
Yes

0.409

0.293

0.020

0.771

0.638
23 (42.6)
17 (31.5)
14 (25.9)

75 (48.4)
39 (25.1)
41 (26.5)

29 (53.7)
25 (46.3)

109 (70.3)
46 (29.7)

14 (25.9)
36 (66.7)
4 (7.4)

22 (14.2)
112 (72.3)
21 (13.5)

0.026

0.035

0.170
31 (57.4)
23 (42.6)

105 (67.7)
50 (32.3)

AJCC: American Joint Committee on Cancer; TNM: Tumor-nodemetastasis; ARID1A: AT-rich interactive domain 1A.

1.0

95%CI P value

0.027

2.49

1.13-5.51

0.024

0.038

2.01

1.08-3.75

0.029

0.33

0.16-0.67

0.002

0.258
40 (56.3)
31 (43.7)
0.934
39 (54.9)
32 (45.1)
25 (35.2)
46 (64.8)
1 (1.4)
5 (7.0)
43 (60.6)
22 (31.0)
0.929
12 (16.9)
27 (38.0)
32 (45.1)
0.458
17 (23.9)
51 (71.8)
3 (4.3)
0.261
43 (60.6)
28 (39.4)
0.806
52 (73.2)
19 (26.8)
0.519
37 (52.1)
34 (47.9)
0.002
21 (29.6)
50 (70.4)

Resection of metastasis: Including R0 and R1 resection of all metastatic
tumors. ARID1A: AT-rich interactive domain 1A.

Positive
Negative-censored

Cum survival

Multivariate analysis
HR

1

ARID1A
Negative

0.8

Univariate analysis

Positive

Positive-censored

0.6

0.4

0.2

P = 0.022

0.0
0.00

20.00

40.00 60.00 80.00 100.00 120.00 140.00
OS (m)

Figure 2 Kaplan-Meier curves. Kaplan-Meier curves with univariate analyses
(log-rank) for stage Ⅳ patients with negative AT-rich interactive domain 1A
(ARID1A) expression vs positive ARID1A expression.

mutated in a wide range of carcinomas [36] . These
complexes consist of several highly related multiunit
complexes, and the occurrence of specific inactivating
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mutations in subunits were frequently authenticated,
including the SNF5, BAF 180, BRM/SWI2-related
gene 1, as well as ARID1A[36]. Functionally, ARID1A is
required for nucleosome substrate binding and occupancy
by SWI/SNF complexes[37]. Knockdown of ARID1A
abrogates normal cell cycle arrest in osteoblasts cells,
indicating the potential tumor suppressor function
of ARID1A as well as the relevance of ARID1A loss
and tumorigenesis [14]. In addition, Dykhuizen et al [38]
discovered that SWI/SNF complexes were essential for
the binding of topoisomerase Ⅱalpha to approximately
12000 sites across the genome by directly interacting with
topoisomerase Ⅱalpha through ARID1A protein, which
resulted in decatenation defects.
The tumor suppressor function of ARID1A has
been verified in a wide variety of carcinomas, with
significant research in gynecological carcinomas. There
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are few investigations regarding ARID1A in CRC,
which requires further clarification. The mutation rate
of ARID1A reported in CRC is low, and was reported
by Jones et al[39] to be 10% and Kim et al[40] found no
mutations. Thus, the importance of ARID1A loss in CRC
may be underestimated. In our study, loss of ARID1A
protein by IHC occurred in 25.8% of primary CRC
tumors, with an even higher proportion of 35.2% in
stage Ⅳ CRC, suggesting that loss of ARID1A was not
uncommon in CRC. Moreover, loss of ARID1A was of
clinicopathological significance.
There are a large number of reports on the relevance
of ARID1A mutation or protein loss to survival in several
carcinomas. However, there is controversy regarding the
results of these studies. Some studies found that ARID1A
mutation or protein loss was a predictor of worse
survival in cervical cancer[41], and gastric cancer[42]. Others
suggested no association between ARID1A mutation or
protein loss and survival in clear cell carcinoma of the
endometrium[43], and ovarian clear cell adenocarcinomas[22].
There are also reports indicating that ARID1A mutation
or protein loss was related to a survival advantage in
endometrial carcinoma[44] and gastric cancer[31]. Our study
is the first to explore the influence of ARID1A loss on
CRC survival. It was found that ARID1A loss predicted
superior OS in stage Ⅳ CRC. ARID1A loss was also
related to microsatellite instability (MSI) in endometrial
cancer[45]. Previous research demonstrated that ARID1A
mutation occurred more frequently in CRC with high
MSI (MSI-H) compared with those with microsatellite
stable CRC[32,40]. It was shown that MSI-H predicts better
survival in early stage CRC[46]. In stage Ⅳ CRC, Liang et
al[5] reported that MSI-H predicted better chemosensitivity
to high-dose 5-fluorouracil plus leucovorin chemotherapy
for stage Ⅳ sporadic colorectal cancer after palliative
bowel resection. In our study, all stage Ⅳ patients
underwent resection of primary CRC tumors. Thus, the
survival advantage in patients with ARID1A loss may
be partially explained by its association with MSI-H.
However, one limitation of our study was that the status
of MSI was not tested. Another was that the association
between ARID1A loss and chemosensitivity in stage Ⅳ
patients was not explored as only 21 (29.6%) cases did
not receive metastatic tumor resection and had evaluable
lesions. These associations need to be verified and the
mechanisms clarified in future investigations.
Other limitations in our study were as follows:
All stage Ⅳ patients underwent resection of primary
tumors, thus those with a heavy tumor burden or poor
performance status were not included. Therefore, the
finding that ARID1A loss predicted better OS in stage Ⅳ
CRC patients could only be applied to those with good
performance status or low tumor burden. In addition,
patients with early stage CRC and metastatic CRC
received different drug regimens. The duration of our
study was nine years from 2001-2009. During this period,
the results of some clinical trials contributed to changes
in clinical practice. Thus, even for patients with the same
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stage, their treatment was different. For these reasons, the
associations between ARID1A loss and the effects of the
chemotherapy and radiotherapy were not analyzed in this
study.
In conclusion, ARID1A loss was not rare in CRC. It
was associated with late TNM stage, distant metastasis,
and poor pathologic differentiation. In addition, stage
Ⅳ patients with ARID1A protein loss in primary
tumors had longer survival than those with ARID1A
positive tumors. ARID1A may be a candidate prognostic
biomarker in CRC. In addition, considering that
epigenetic alterations are potentially reversible, CRC
patients with ARID1A loss may benefit from therapeutics
which target chromatin-modifying enzymes.
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Background

AT-rich interactive domain 1A (ARID1A), a member of the switching defective/
sucrose non-fermenting (SWI/SNF) complexes, has been shown to be mutated
in many human cancers. However, studies on their clinical association in
colorectal cancer are limited. The identification of new biomarkers is warranted
to direct the categorization and treatment of colorectal cancer.

Research frontiers

ARID1A gene mutation has been repeatedly detected in many cancers, particularly
in ovarian clear cell and ovarian endometrioid carcinomas. ARID1A loss is
considered to be an important early event in the tumorigenic transformation from
endometriosis to cancer. It was also found to be associated with microsatellite
instability in endometrial cancer. ARID1A gene mutation was detected in colorectal
cancer in previous studies, however, the association between ARID1A protein loss
by immunohistochemistry and both clinicopathologic characteristics and prognosis
in colorectal cancer is unclear.

Innovations and breakthroughs

The authors found that ARID1A loss was not rare in primary colorectal cancer
tumors (25.8%), and was associated with late TNM stage, distant metastasis,
and poor pathological classification in patients with colorectal cancer. However,
ARID1A loss predicted better overall survival in stage Ⅳ patients.

Applications

This study indicated an important role for ARID1A protein loss in colorectal
cancer. ARID1A protein loss was found to be associated with late TNM stage,
distant metastasis and poor pathological differentiation, suggesting that it
might play a role in the progression of colorectal cancer. However, in stage Ⅳ
patients, ARID1A loss was found to predict better survival. This could partially
be explained by its association with microsatellite instability. Further studies are
needed to clarify the detailed mechanisms involved.

Terminology

ARID1A, also known as BAF250a, is a member of the SWI/SNF complexes,
which function as ATP-dependent chromatin remodelers. The SWI/SNF
complexes remodel nucleosomes and modulate transcription utilizing the
energy of ATP hydrolysis.

Peer review

This study demonstrated the clinical association of ARID1A protein loss by
immunohistochemistry in colorectal cancer. ARID1A protein loss was found
to be related with late TNM stage, distant metastasis and poor pathological
differentiation. In addition, it was found to predict better survival in stage Ⅳ
patients.
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Abstract
AIM: To investigate the clinical efficacy and toxic effects of neoadjuvant chemotherapy using docetaxel
combined with oxaliplatin and fluorouracil for treating
stage Ⅲ/Ⅳ gastric cancer.
METHODS: A total of 53 stage Ⅲ/Ⅳ gastric cancer
patients were enrolled into the study and treated with
neoadjuvant chemotherapy. Two of the cases were
2
excluded. The program was as follows: 75 mg/m
2
docetaxel and 85 mg/m oxaliplatin on day 1 and 1500
2
mg/m fluorouracil on days 1 to 3 for three weeks.
RESULTS: The tumour changes, postoperative remission rate, changes in the symptoms and adverse reactions were observed. The overall clinical efficacy (com-
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plete remission + partial remission) of the neoadjuvant
chemotherapy was 62.7%. R0 radical resection was
performed on 60.8% of the patients, with a remission
rate (pathological complete response + pathological
subtotal response + pathological partial response) of
74.2%. The Karnofksy score improved in 42 cases. The
toxicity reactions mostly included myelosuppression,
followed by gastrointestinal mucosal lesions, nausea,
vomiting and diarrhoea.
CONCLUSION: Neoadjuvant chemotherapy consisting
of docetaxel combined with oxaliplatin and fluorouracil
is effective for stage Ⅲ/Ⅳ gastric cancer. However, the
treatment is associated with a high incidence of bone
marrow suppression, which should be managed clinically.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Neoadjuvant chemotherapy;
Docetaxel; Oxaliplatin
Core tip: This study analysed the combination of
docetaxel, oxaliplatin and fluorouracil in the neoadjuvant chemotherapy towards stage Ⅲ/Ⅳ gastric cancer
patients, and observed the changes of tumours after
chemotherapy, as well as the surgical resection rate,
postoperative pathological remission degree, clinical
symptom remission degree and adverse reactions, aiming to verify the effectiveness and safety of this regimen in clinical applications.
Yu YJ, Sun WJ, Lu MD, Wang FH, Qi DS, Zhang Y, Li PH,
Huang H, You T, Zheng ZQ. Efficacy of docetaxel combined
with oxaliplatin and fluorouracil against stage Ⅲ /Ⅳ gastric
cancer. World J Gastroenterol 2014; 20(48): 18413-18419
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i48/18413.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i48.18413
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INTRODUCTION

Table 1 Clinical data of the 53 patients

Gastric cancer has the second highest mortality rate in
the world, and China has a high incidence of gastric
cancer, with the highest mortality rate among all malignant cancers[1,2]. The five-year survival rate after the early
radical resection of gastric cancer exceeds 90%. Since
the majority of Chinese patients are diagnosed in the
advanced stage, surgery alone is insufficient for treatment. The overall five-year survival rate is approximately
20%-25%. In recent years, studies on the pathogenesis of
gastric cancer have changed the treatment methods from
simple surgery to individualised chemotherapy. Comprehensive treatments are currently advocated for advanced
gastric cancer, including neoadjuvant chemotherapy, standardised surgery, postoperative adjuvant chemoradiotherapy, and targeted therapy, among others[3,4]. Neoadjuvant
chemotherapy is also known as preoperative chemotherapy. In 1989, Wilke et al[5] first reported the application of
neoadjuvant chemotherapy as the treatment for gastric
cancer and achieved good results. Since then, studies
on neoadjuvant chemotherapy have indicated that the
procedure progressively improves the prognosis of the
patients with advanced gastric cancer, but the consistency
among the results of studies on program choice, toxicity and tolerance of chemotherapy is still lacking. Most
of the treatment regimens reported in the literature[6-12]
are still based on fluorouracil and platinum. Considering that neoadjuvant chemotherapy lowers the tumour
stage and improves the R0 resection rate, the toxicity
of chemotherapy is acceptable and will not increase the
perioperative complications and mortality. In this study, a
neoadjuvant chemotherapy scheme based on fluorouracil
and cisplatin (docetaxel combined with fluorouracil and
oxaliplatin) was applied to stage Ⅲ/Ⅳ gastric cancer patients at our hospital. The tumour changes after chemotherapy, the surgical resection rate and the postoperative
remission rate were observed. In addition, the improvements in clinical symptoms and toxicity were observed.
The efficacy of the neoadjuvant chemotherapy scheme in
reducing the tumour stage and improving the R0 resection rate was verified, and the safety of this procedure in
clinical application was evaluated.

MATERIALS AND METHODS
General information
A total of 53 patients with advanced gastric cancer who
were admitted into our hospital from September 2007 to
December 2012 were enrolled into this study, including
37 males and 16 females. They ranged in age from 28 to
81 years, with a mean age of 60.30 ± 9.41 years. The detailed patient information is shown in Table 1. This study
was conducted in accordance with the Declaration of
Helsinki. This study was conducted with approval from
the Ethics Committee of the Second Affiliated Hospital
of Wenzhou Medical College. Written informed consent
was obtained from all participants.
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Item

Data

Gender
Male
Female
Age (yr, mean ± SD)
Karnofsky score
90
80
70
60
Tumor stage
Ⅲ
Ⅳ
Pathological type
Poorly differentiated adenocarcinoma
Undifferentiated adenocarcinoma
Signet-ring cell carcinoma
Tumor location
Gastric fundus and cardia
Gastric corpus
Gastric antrum and pylorus
Sclerotic stomach
Tumor size (cm), mean ± SD
Chemotherapeutic course
1 course
2 courses
3 courses
4 courses

37
16
60.30 ± 9.41
7
20
22
4
24
29
23
12
18
11
14
25
3
5.6 ± 1.5
2
20
16
15

Inclusion and exclusion criteria
Inclusion criteria were as follows: stage Ⅲ (T3N0M0) or Ⅳ
(T4N3M0) gastric cancer patients diagnosed through gastric endoscopy biopsy who underwent chest X-ray, computed tomography (CT) and double contrast-enhanced
ultrasonography (DCUS); Karnofsky physical scores
< 60; no other primary malignancies; had not received
treatment or developed symptoms such as active gastrointestinal bleeding, diarrhoea and intestinal obstruction;
did not have blood and hematopoietic system disease;
had normal liver, cardiopulmonary and kidney functions;
and provided informed consent.
The exclusion criteria were as follows: patients who
completed less than two courses of treatment; patients
who completed only two courses without testing and assessment; and patients who completed more than two
courses but refused testing and assessment.
Treatment
The patients were all treated as follows: 75 mg/m 2
docetaxel injection (Hengrui Pharmaceutical Co., Ltd,
Jiangsu, China) in 500 mL of 5% glucose for intravenous
infusion on day 1; 85 mg/m2 oxaliplatin injection (Hengrui Pharmaceutical Co., Ltd, Jiangsu, China) in 500 mL
of 5% glucose for intravenous infusion on day 1; and
1500 mg/m2 5-Fu (Xudong Haipu Pharmaceutical Co.,
Ltd, Shanghai, China) in 200 mL of normal saline for
the continuous intravenous administration on days 1 to
3. Dexamethasone (DXM) at 10 mg was intramuscularly
injected at 9:00 pm the night before the chemotherapy,
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and at least 1500 mL of liquid was intravenously administered for hydration on the same day. DXM at 10 mg was
injected intramuscularly again at 3:00 am in the morning of the chemotherapy, and 25 mg of finasteride was
intramuscularly injected before the chemotherapy. The
anti-emetic, acid-generating and bone marrow-protecting
drugs were intravenously infused, followed by the sequential infusion of docetaxel and oxaliplatin. 5-Fu was
continuously infused through an alternative intravenous
access. The course of chemotherapy was set every three
weeks, and the routine blood parameters were reviewed
on a weekly basis. In cases where the patient exhibited
severe toxicity, the dose was appropriately postponed or
reduced. Toxicity was evaluated according to the specific
evaluation criteria in the WHO standards, and the design
treatment was two to four courses. The clinical efficacy
was evaluated three to four weeks after chemotherapy
and, if the conditions were suitable, the surgery was performed immediately. The resected specimens were sent
for pathological tests to evaluate histological efficacy.
Efficacy evaluation
Clinical examinations were performed to assess the physical conditions of the patients and any symptom changes
before and after chemotherapy. Chest X-ray, CT and
DCUS examination[13,14] were conducted to measure the
size of the tumour for efficacy evaluation. Histopathological examinations of the resected specimens were
performed to assess the objective remission rate of the
lesion. Clinical efficacy evaluation according to the WHO
criteria was as follows: complete remission (CR), the lesion completely disappeared for more than a month;
partial remission (PR), shrinkage of the tumour by more
than 50% within four weeks; stable disease (SD), the lesion remained unchanged or increased by less than 25%,
or decreased by less than 50%; and progressive disease
(PD), the lesion increased by more than 25%, or a new
lesion formed. The pathological evaluation criteria[15,16]
were as follows: no residual tumour cells in the specimen
(pathological complete response, pCR); 10% residual tumour cells (pathological subtotal response, pSR); 10% to
50% residual tumour cells (pathological partial response,
pPR); > 50% residual tumour cells (pathologic minor
response, pMR); and no tumour cell necrosis (pathologic
no response, pNR).
Toxicity evaluation and treatment
After each treatment course, the toxicity of the chemotherapy was evaluated as grade 0 to grade Ⅳ according to
the WHO criteria. Grade Ⅲ to Ⅳ myelosuppression patients were treated by subcutaneous injection of granulocyte colony stimulating factor (Filgrastim, Kirin Kunpeng,
China; Bio-Pharmaceutical Co., Ltd., Shanghai, China).
Patients with severe gastrointestinal mucosal lesions were
given an intravenous antibiotic drip. Oral gentamycin
and chlorhexidine gargle (Nanyue Pharmaceutical Co.,
Ltd., Shenzhen, China) were given after fasting. Patients
with gastrointestinal reactions such as nausea, vomiting
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and diarrhoea were given intravenous ondansetron (Qilu
Pharmaceutical Co., Ltd., Jinan, China) and oral montmorillonite granules [Smecta, Beaufour Ipsen (Tianjin)
Pharmaceutical Co Ltd., Tianjin, China]. Alopecia and
peripheral neuritis were not treated.
Statistical analysis
Data are expressed as mean ± SD. Statistical analyses
were performed using SPSS 13.0 statistical software. A χ 2
test was performed to compare the incidence of toxicity
among chemotherapy schemes. Differences with P < 0.05
were considered statistically significant.

RESULTS
Chemotherapeutic situations
Among the 53 patients, two developed liver metastasis after completing one course. These patients were switched
to other treatment options, and were removed from the
study. The remaining 51 patients all completed two to
four courses of chemotherapy. The clinical efficacy was
as follows: two cases achieved CR, 30 cases achieved PR,
10 cases achieved SD, and 9 cases had PD. The clinical
efficiency (CR + PR) was 62.7%. The typical pathological
CT images are shown in Figure 1, and the DCUS images
are shown in Figure 2. The Karnofksy scoring indicated
that 42 cases significantly improved, whereas the rest did
not change significantly. Bone marrow suppression was
the most common toxic effect of chemotherapy, affecting a higher proportion of patients with stage Ⅲ to Ⅳ
gastric cancer. Gastrointestinal mucosa lesions were the
second most common adverse reaction. Gastrointestinal
reactions such as nausea, vomiting and diarrhoea were
the third most common toxicity. Alopecia and peripheral
neuritis were the least common toxic effects of the chemotherapy. Serious liver toxicity was not observed, and
no patient died because of chemotherapeutic toxicity.
The detailed toxicity data are shown in Table 2.
Surgery and postoperative pathological situations
R0 resection was performed in 31 patients (60.8%), 14
of whom had distal gastrectomy, 8 had proximal gastrectomy, and 9 had total gastrectomy. The histopathological
results of the resected specimens were as follows: 1 case
of pCR, 6 cases of pSR, 16 cases of pPR, 8 cases of
pMR, and no pNR. The images of the typical lesions are
shown in Figure 3.

DISCUSSION
Treating advanced gastric cancer by simple surgery, especially in patients with stage Ⅲ/Ⅳ disease, does not
provide satisfactory results. With developments in gastric
cancer research, simple surgery has been transformed into
comprehensive treatment using a combination of methods, among which neoadjuvant chemotherapy has attracted increasing attention and recognition from clinicians.
Neoadjuvant chemotherapy is also known as preop-
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A

B

Figure 1 Comparison of computed tomography images before and after neoadjuvant chemotherapy. A: The gastric wall in the gastric body exhibited irregular
thickening, with the greatest thickness being 17 mm, and the enhancement was apparent. The gastric wall of the lesser curvature side showed an enlarged lymph
node, with a size of about 32 mm × 23 mm, and its boundary with the stomach was still clear; B: Partial gastric wall of the gastric body thickened, showing a protruding
mass, with a size of about 17 mm × 15 mm; this lesion showed heterogeneous enhancement. The outside wall of the stomach was smooth, the gap surrounding fat
existed, and an enlarged lymph node could be seen at the lesser curvature side, with a size of about 17 mm × 11 mm.

A

B

CPS
CA

CPS
CA

Figure 2 Comparison of double contrast-enhanced ultrasonography images before and after neoadjuvant chemotherapy. A: The gastric antrum, gastric angle,
pylorus, partial gastric body and gastric wall thickened, involving the duodenal bulb, with the range of approximately 85 mm × 50 mm; the angiography showed fast-infast-out performance, part broke through the serosa, and multiple swelled lymph nodes could be seen near the gastric lesions, head of the pancreas and abdominal
aorta, with the largest size being approximately 25 mm × 14 mm; B: The gastric antrum, gastric angle, pylorus, partial gastric body and gastric wall thickened, involving
the duodenal bulb, with the range of approximately 60 mm × 35 mm; angiography showed fast-in-fast-out performance, the part broke through the serosa, multiple
swelled lymph nodes could be seen near the gastric lesions, head of the pancreas and abdominal aorta, and the largest size was approximately 14 mm × 10 mm.

Table 2 Main side effects of the 51 patients
Type

Side effects degree

Bone marrow suppression
leukopenia
Thrombocytopenia
anemia
Gastrointestinal reactions
Nausea, vomiting
SGOT/SGPT
Diarrhea
Oral mucositis
Baldness
Peripheral neuritis
Urea nitrogen
Creatinine

Sum

Ⅰ

Ⅱ

Ⅲ

Ⅳ

6
5
6

9
3
5

10
4
2

13
1
1

38
13
14

23
5
8
7
17
12
4
3

14
4
4
8
5
1
2
1

8
2
0
4
3
0
0
0

3
0
0
1
0
0
0
0

48
11
12
20
25
13
6
4

erative chemotherapy, and its curative effect has remained
the focus of controversy among the majority of gastric
cancer researchers. In 1989, Wilke et al[5] first reported the
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efficacy of neoadjuvant chemotherapy for gastric cancer,
which was later questioned by other scholars[17,18] who believe that neoadjuvant chemotherapy has limited curative
effect and may cause tumour progression. Surgery should
be performed as early as possible for gastric cancer
patients with surgical indications. With the continuous
development of new chemotherapeutic agents and the
introduction of new chemotherapy schemes, many clinicians have unanimously affirmed the role of neoadjuvant
chemotherapy in the treatment of advanced gastric cancer, especially 5-fluorouracil- and platinum-based chemotherapy schemes[8-12,19-21]. Neoadjuvant chemotherapy
lowers the tumour stage, improves the surgical success
rate and has tolerable toxicity. The results of this study
are consistent with those of previous reports.
Neoadjuvant chemotherapy exhibited an overall clinical efficiency (CR + PR) of 62.7%, with an R0 radical
resection rate of 60.8%. A total of 42 patients exhibited
improved Karnofsky scores. The histopathological results of 31 patients indicated that 23 had pCR + pSR +
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A

B

C

Figure 3 Comparison of pathological images before and after the neoadjuvant chemotherapy. A: A small intravascular tumour thrombus could be seen in the
middle of the tumour nest, and there were more fibrous tissues and scattered cancer cells around the tumour nest; B: More inflammatory cells could be seen surrounding the tumour tissues, with more fibrous tissues surrounding the inflammatory cells; C: There were many cancer cells with karyopyknosis and vacuole-like cells.

pPR, which suggests the destruction of cancer tissues
in most patients. The clinical efficiency and R0 resection
rate obtained in our study are consistent with previously
reported results. In addition, the improvement in clinical
symptoms and histopathological results of patients were
satisfactory, which indicates that neoadjuvant chemotherapy has better efficacy against stage Ⅲ/Ⅳ gastric cancer.
Therefore, neoadjuvant chemotherapy has a significant
therapeutic effect against stage Ⅲ/Ⅳ gastric cancer, with
a strong tumour cell killing effect. Neoadjuvant chemotherapy has the following advantages[22]: (1) it reduces
tumour volume, lowers the tumour stage and increases
the success rate of surgical resection. As shown in the
CT examination (Figure 1), the tumour tissues and peripheral lymph nodes were reduced to about 1/4 of their
original size. The interspace between the tumour tissue
and peripheral lymph nodes becomes clear, thereby lowering the tumour stage and improving the conditions for
surgery; (2) neoadjuvant chemotherapy retards tumour
growth, reduces tumour burden and improves the nutritional status of patients, thereby reducing the incidence
of postoperative complications and increasing the surgical treatment effect. The DCUS results (Figure 2) show
that the tumour tissues and swollen lymph nodes shrank
by more than 50%, and the general condition of patients
obviously improved, thereby enhancing surgical tolerance; and (3) neoadjuvant chemotherapy destroys the tumour cell bed, kills the micrometastatic foci and prevents
and retards metastasis, thereby increasing the proportion
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of radical resection. The postoperative histopathological examination shows that neoadjuvant chemotherapy
caused tumour cell necrosis and karyopyknosis (Figure
3C), with surrounding inflammatory cell infiltration and
fibrous connective tissue hyperplasia (Figure 3B). In addition, neoadjuvant chemotherapy reduced intravascular
thrombus tissue (Figure 3A) and prevented the haematogenous metastasis of tumour, thereby improving the
surgical treatment effect.
Liver metastasis occurred in two patients after one
course of chemotherapy. This finding indicates that neoadjuvant chemotherapy is not effective for all patients,
and that drug resistance should be assessed during clinical
treatment. Neoadjuvant chemotherapy[22] can also be used
for initial treatment to assess the sensitivity and resistance
of tumour cells to chemotherapy drugs. This process can
prevent unnecessary surgery, and facilitates the selection of
the appropriate therapeutic scheme and prognostication.
Toxicity effect is another important result of this
scheme. A total of 38 patients (74.5%) developed leukopenia, and 23 cases (45.1%) were at least grade Ⅲ.
Thrombocytopenia occurred in 13 patients (25.5%),
and 14 patients (27.4%) developed different degrees of
anaemia. The patients improved with the subcutaneous injection of granulocyte colony stimulating factor,
erythropoietin or other drugs for an average of 7 d (the
longest was for 14 d). A total of 48 patients developed
gastrointestinal reactions such as malignant vomiting,
but the reaction was mild (grade Ⅲ, 8 cases; grade Ⅳ, 3
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cases), and improved with central anti-emetics. A total
of 25 cases developed alopecia and 13 cases reported
mild hand and foot numbness, but no cases of severe
liver function damage or death developed. The rate of
myelosuppression in this study is higher than in other
reported results[8-12,19-21], with most patients exhibiting
grades Ⅲ and above. The reported neoadjuvant chemotherapy schemes often use two combined drugs which
may have caused the low rate of myelosuppression, but
this study uses three combined drugs, which increases the
myelosuppression reaction. Other toxic effects such as
gastrointestinal reaction, alopecia, peripheral neuritis and
liver and kidney dysfunctions were relatively mild, with
no significant differences with the reported results. Mild
toxicity may be associated with the chemotherapy drugs
used. Adjuvant chemotherapy of advanced gastric cancer
using a regimen based on paclitaxel, oxaliplatin, irinotecan and high-dose fluorouracil achieves a good curative
effect with few adverse reactions[11,12,23].
In conclusion, neoadjuvant chemotherapy using
docetaxel combined with oxaliplatin and fluorouracil has
a significant therapeutic effect on stage Ⅲ/Ⅳ gastric
cancer, with good clinical tolerance. Myelosuppression is
the most common toxicity, with a high incidence of leukopenia. Clinical efficacy and toxicity should be evaluated
in a timely manner. This scheme is safe and effective with
full attention and proper treatment of the complications.
However, the sample size in this study was small, and
no control design or multicentre study was conducted.
Moreover, patient survival was not statistically analysed.
Therefore, this study can be considered a preliminary
experiment for a multicentre controlled study on the role
of neoadjuvant chemotherapy in the treatment of advanced gastric cancer. Nevertheless, this study has at least
confirmed the efficacy of neoadjuvant chemotherapy in
the treatment of advanced gastric cancer. The study summarises the application of neoadjuvant chemotherapy
for treating advanced gastric cancer, and has particular
significance for clinicians.
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Abstract
AIM: To investigate perioperative outcomes in patients
undergoing modified laparoscopic splenectomy and
azygoportal disconnection (MLSD) with intraoperative
autologous cell salvage.

pain on the first postoperative day; time to first oral
intake; initial passage of flatus and off-bed activity;
perioperative hemoglobin (Hb) concentration; and red
blood cell concentration.
RESULTS: There were no significant differences
between the groups in terms of duration of surgery,
estimated intraoperative blood loss and overall
perioperative complication rate. In those receiving
salvaged autologous blood, Hb concentration increased
by an average of 11.2 ± 4.8 g/L (P < 0.05) from
preoperative levels by the first postoperative day, but
it had fallen by 9.8 ± 6.45 g/L (P < 0.05) in the group
in which cell salvage was not used. Preoperative Hb
was similar in the two groups (P > 0.05), but Hb on
the first postoperative day was significantly higher in
the autologous blood transfusion group (118.5 ± 15.8
g/L vs 102.7 ± 15.6 g/L, P < 0.05). The autologous
blood transfusion group experienced significantly fewer
postoperative days of temperature > 38.0 ℃ (P < 0.05).
CONCLUSION: Intraoperative cell salvage during
MLSD is feasible and safe and may become the gold
standard for liver cirrhosis with portal hypertensive
bleeding and hypersplenism.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

METHODS: We retrospectively evaluated outcomes in
79 patients admitted to the Clinical Medical College of
Yangzhou University with cirrhosis, portal hypertensive
bleeding and secondary hypersplenism who underwent
MLSD without (n = 46) or with intraoperative cell
salvage and autologous blood transfusion, including
splenic blood and operative hemorrhage (n = 33),
between February 2012 and January 2014. Their
intraoperative and postoperative variables were
compared. These variables mainly included: operation
time; estimated intraoperative blood loss; volume of
allogeneic blood transfused; visual analog scale for
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Core tip: Because of the impairment of hepatic
synthetic function and intractable coagulopathy, one
of the most serious complications during laparoscopic
splenectomy and azygoportal disconnection (LSD) is
rapid loss of large volumes of blood. Intraoperative
cell salvage and autologous blood transfusion of
splenic blood and operative hemorrhage during LSD
can increase hemoglobin concentration and reduce
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or obviate the need for intraoperative allogeneic
transfusion. An autologous blood salvage device can
minimize intraoperative blood loss and make full use
of the large red cell pool sequestered in an enlarged
spleen. At the same time, it will encourage more
surgeons to perform LSD.
Jiang GQ, Bai DS, Chen P, Qian JJ, Jin SJ, Yao J, Wang
XD. Modified laparoscopic splenectomy and azygoportal
disconnection combined with cell salvage is feasible and might
reduce the need for blood transfusion. World J Gastroenterol
2014; 20(48): 18420-18426 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i48/18420.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i48.18420

INTRODUCTION
Surgery for patients with liver cirrhosis complicated
by portal hypertensive variceal bleeding has evolved
substantially in terms of techniques and indications.
The two basic strategies are to create a shunt or to
devascularize; shunting is presently the preferred surgical
treatment for recurrent variceal hemorrhage in western
countries [1,2], while devascularization is used more
commonly in China[3,4]. For patients with liver cirrhosis,
portal hypertensive bleeding and hypersplenism, open
splenectomy and azygoportal disconnection is generally
accepted as the most effective approach. With the
recent significant development in laparoscopic skills and
technical advances in surgical instruments, laparoscopic
splenectomy and azygoportal disconnection (LSD) has
proved to be a feasible, effective and safe procedure and
is gradually gaining acceptance as the invasive treatment
of choice for this challenging group of patients[5-11]. We
were the first to report a modified LSD technique (MLSD)
that further reduces complications and is associated with
a more rapid recovery[12,13].
One of the most serious perioperative complications
during LSD is rapid loss of large volumes of blood, not
least because of the impairment of hepatic synthetic
function and intractable coagulopathy. The aim of the
current study was to use intraoperative cell salvage and
autologous blood transfusion during MLSD to minimize
intraoperative blood loss, exploit the large volume of
blood sequestered in the enlarged spleen, and decrease
the need for allogeneic blood transfusion.

MATERIALS AND METHODS
Patients
We retrospectively reviewed the medical records of all
patients diagnosed with liver cirrhosis, portal hypertensive
bleeding and secondary hypersplenism who underwent
MLSD at the Clinical Medical College of Yangzhou
University, China, between February 2012 and January
2014. We identified a series of 79 consecutive patients;
of these, 46 underwent MLSD without intraoperative cell
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salvage and autologous blood transfusion and 33 were
treated with the cell salvage technique.
As part of the consent procedure before surgery,
all patients were informed that MLSD was at an early
stage of development and evaluation compared with the
open technique and a written informed choice was made
as to which procedure to undergo. Between February
2012 and January 2014, 82 patients underwent surgery
and, excluding three who selected open surgery, the
remaining 79 patients underwent MLSD. Cell salvage
and autologous blood transfusion were not used in the
first 46 consecutive procedures, but were used in all of
the subsequent 33 procedures. The same surgical team
performed all the operations. The Ethics Committee of
the Clinical Medical College of Yangzhou University,
China gave approval for the conduct of the study.
The following demographic and clinical characteristics
were collected retrospectively: age; sex; etiology of
cirrhosis; Child-Pugh classification; longitudinal
diameter of the spleen; spleen volume index; and
preoperative hemoglobin (Hb) and red blood cell (RBC)
concentrations. Intraoperative data collected included:
operation time; estimated intraoperative blood loss; and
volume of allogeneic blood transfused. Postoperative data
included: visual analog scale (VAS) for pain on the first
postoperative day; time to first oral intake, initial passage
of flatus and off-bed activity; duration of postoperative
hospital stay; number of days with temperature > 38 ℃;
proportion of patients who were not pyrexial; and
perioperative complications. Blood analysis included: Hb
concentration; white blood cell (WBC) count; platelet
count; and concentrations of alanine aminotransferase
(ALT) and creatinine determined preoperatively and 1, 3
and 7 d after surgery.
Spleen volume index was calculated from the product
of the greatest superoinferior, anteroposterior and
mediolateral lengths measured at the level of the splenic
hilum from images acquired by computed tomography or
magnetic resonance imaging[14].
The VAS for pain was recorded using a questionnaire
that rated pain intensity on a scale of 0-10[15], with 0
representing no pain and 10 representing very severe
pain.
Technical modification of laparoscopic splenectomy
After induction of general anesthesia, patients were
placed in the supine position with their legs apart.
Pneumoperitoneum was maintained at 13 mmHg using
CO2. A five-port method was chosen, including one 5
mm, three 10 mm and one 12 mm port. The splenic
artery was ligated using a Hem-o-lok. A LigaSure vesselsealing device (Covidien, Boulder, CO, United States) was
used to dissociate the ligaments surrounding the spleen.
The splenic artery and vein were transected en bloc using
a linear laparoscopic vascular stapler [ECHELON 60
ENDOPATH Stapler (Ethicon Endo-Surgery, Cincinnati,
United States)] through the 12 mm port. During the
laparoscopic azygoportal disconnection procedure, all
paraesophageal venous collaterals were divided using the
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Scissors

Table 1 Patients’ demographic and clinical characteristics

Hilus lienis
Variable

Spleen

Aspirator

Figure 1 Intraoperative splenic blood salvage.

Cell salvage and autologous blood transfusion
Cell salvage was used throughout the whole procedure.
Intraoperative blood loss and the blood sequestered
within the enlarged spleen were collected and processed
in heparinized saline by a cell saver (Autologous Blood
Recovery System, Beijing Jingjing Medical Equipment
Co. Ltd., China). Sequestered splenic blood was collected
at two different times: once the spleen had been
completely detached, blood was drained through many
incisions in the hilus lienis vessels and collected from the
peritoneum (Figure 1); and a small quantity of blood was
also extracted from the spleen after its morcellation. The
washed red blood cells were transfused immediately after
the anticoagulated blood was processed with a standard
procedure by means of the Autologous Blood Recovery
System.
Statistical analysis
Data are presented as the mean ± SD, or proportions (%).
Group means were compared using Student’s t test and
proportions using χ 2 test, as appropriate. All statistical
analyses were performed using SPSS version 13.0
software (SPSS, Chicago, IL, United States). P < 0.05 was
considered statistically significant.

RESULTS
Baseline demographic and clinical characteristics
Of the 79 patients undergoing MLSD, 45 (57.0%) were

WJG|www.wjgnet.com

Group B
(n = 33)

Sex
Male
29
16
Female
17
17
Age (yr)
54.67 ± 10.52
52.55 ± 9.76
Etiology
HBV cirrhosis
23
21
HCV cirrhosis
3
3
Schistosoma cirrhosis
6
1
Alcoholic cirrhosis
3
0
Autoimmunity liver cirrhosis
9
5
Cryptogenic
2
3
Child-Pugh classification
A
30
24
B
16
9
Longitudinal diameter of
18.03 ± 2.97
19.16 ± 2.95
spleen (cm)
Spleen volume index (cm3)
1599.88 ± 791.84 1763.89 ± 715.56

Bloodstream

LigaSure vessel-sealing device from posterior to anterior,
from superior to inferior, and from left to right.
The spleen was removed from the abdominal cavity
through the 12 mm port using an electromechanical
morcellator (TSCS, Hangzhou, China) consisting of a
motor-driven cutting tube and a large claw forceps. After
the spleen had been grasped by the forceps, a cylindrical
spleen tissue sample was gradually cut by a motor-driven
cutting tube and removed through its lumen. These steps
were repeated until the entire spleen had been removed.

Group A
(n = 46)

P

value
0.197
0.364
0.229
1.000
0.253
0.369
0.612
0.700
0.479

0.101
0.348

Group A: allogeneic blood transfusion group; Group B: cell salvage
and autologous blood transfusion group. HBV: hepatitis B virus; HCV:
hepatitis C virus.

men. The operation was performed successfully in
all patients and none required conversion to an open
procedure. Patients were divided into one of two groups
on the basis of the intraoperative transfusion technique
used: Group A comprised the first consecutive 46
patients operated on between February 2012 and May
2013 who were eligible to receive allogeneic blood if
needed; and Group B comprised the latter consecutive 33
patients operated on between May 2013 and January 2014
who underwent cell salvage and autologous transfusion.
Group A comprised 29 men and 17 women, aged
33-75 years (mean 54.7 ± 10.5 years), who had been
admitted to hospital as a consequence of recurrent portal
hypertensive variceal bleeding. The liver cirrhosis stage
was Child-Pugh A in 30 patients and Child-Pugh B in 16.
The etiology of liver disease is described in Table 1. All
46 patients had splenomegaly, the longitudinal diameter
of the spleen ranged from 11.0 to 26.5 cm, and spleen
volume index from 648.0 to 3776.2 cm3.
Group B comprised 33 patients (16 men and 17
women) who underwent MLSD with intraoperative cell
salvage and autologous blood transfusion. Their age
ranged from 30 to 77 years (mean 52.6 ± 9.8 years) and
they were also hospitalized owing to repeated variceal
bleeding. The liver cirrhosis stage was Child-Pugh A in
24 patients and Child-Pugh B in nine. The etiology of
liver disease is shown in Table 1. Spleen diameters ranged
from 13.9 to 24.5 cm and spleen volume index ranged
from 760.1 to 3049.8 cm3.
Patients’ baseline demographic and clinical characteristics
are shown in Table 1. There were no significant differences
between the groups in terms of age, sex, etiology of
cirrhosis, Child-Pugh classification, longitudinal spleen
diameter or spleen volume index. All patients were
discharged in good health after surgery.
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Table 2 Intraoperative and postoperative data
Variable

Group A
(n = 46)

Operative time (min)
220.98 ± 56.92
Estimated blood loss (mL)
179.35 ± 157.96
Volume of blood transfusion
2
(n)
VAS score of the first day
2.50 ± 0.84
First oral intake time after
1.46 ± 0.62
operation (d)
Initial passage of flatus time
2.43 ± 0.91
(d)
Postoperative off-bed activity
2.57 ± 0.69
time (d)
Postoperative hospital stay
10.72 ± 2.62
(d)
Perioperative complications
6
Asymptomatic portal vein
5
thrombosis
Pancreatic fistula
1
Incision complications
0
Pneumonia
0
Abdominal infection
0
Emergency operation for
0
bleeding

Table 3 Inflammatory response data

Group B
(n = 33)

P value

208.79 ± 54.24
158.18 ± 220.35
0

0.341
0.620
0.626

2.73 ± 0.91
1.33 ± 0.60

0.255
0.380

2.58 ± 0.90

0.498

2.39 ± 0.66

0.270

11.30 ± 2.32

0.308

4
3

1.000
1.000

1
0
0
0
0

1.000

Group A
(n = 46)

Group B
(n = 33)

P value

Postoperative subfebrile (T
> 38.0 ℃) days
No fever, n
WBC day 0, 109/L
WBC day 1, 109/L
WBC day 3, 109/L
WBC day 7, 109/L

3.67 ± 2.92

2.33 ± 2.91

0.047

7
3.03 ± 1.85
11.33 ± 3.50
11.25 ± 3.61
8.73 ± 2.56

11
2.35 ± 1.39
10.97 ± 3.61
11.89 ± 4.09
9.33 ± 3.83

0.058
0.082
0.654
0.464
0.400

Group A: allogeneic blood transfusion group; Group B: cell salvage
and autologous blood transfusion group; Postoperative subfebrile
temperature: number of postoperative days on which body temperature
exceeded 38.0 ℃; day 0: day of admission; day 1: postoperative day 1; day 3:
postoperative day 3; day 7: postoperative day 7.

Group A: allogeneic blood transfusion group; Group B: cell salvage and
autologous blood transfusion group. VAS: visual analog scale for pain.

The intraoperative and postoperative details of
the two groups are shown in Table 2. There were no
significant differences between the groups in terms
of operation time (221.0 ± 56.9 min in Group A vs
208.8 ± 54.2 min in Group B, P > 0.05); intraoperative
estimated blood loss (179 ± 158 mL in Group A vs 158
± 220 mL in Group B, P > 0.05); proportion requiring
intraoperative allogeneic blood transfusion (4.3% in
Group A vs none in Group B, P > 0.05); VAS for pain on
the postoperative day 1 (2.5 ± 0.8 in Group A vs 2.7 ± 0.9
in Group B, P > 0.05); time to first oral intake (1.5 ± 0.6
d in Group A vs 1.3 ± 0.6 d in Group B, P > 0.05); time
to first passage of flatus (2.4 ± 0.9 d in Group A vs 2.6
± 0.9 d in Group B, P > 0.05); time to off-bed activity
(2.6 ± 0.7 d in Group A vs 2.4 ± 0.7 d in Group B, P >
0.05); postoperative hospital stay (10.7 ± 2.6 d in Group
A vs 11.3 ± 2.3 d in Group B, P > 0.05); and overall
perioperative complication rate (13.0% in Group A vs
12.1% in Group B, P > 0.05).
Perioperative Hb and RBC concentration
There was no significant difference in preoperative Hb
between the groups (112.5 ± 15.2 g/L in Group A vs
107.0 ± 15.4 g/L in Group B, P > 0.05). However, Hb
on postoperative day 1 was significantly higher in Group
B (118.5 ± 15.8 g/L vs 102.7 ± 15.6 g/L in Group A, P
< 0.05). By postoperative day 1, Hb had fallen by 9.8 ±
6.4 g/L from its preoperative value in Group A, which
was significantly lower than that before surgery (102.7 ±
15.61 g/L compared with 112.5 ± 15.2 g/L, P < 0.05).
In contrast, Hb concentration rose by 11.2 ± 4.8 g/L
perioperatively in Group B, which was significantly higher
than the preoperative concentration (118.5 ± 15.8 g/L
WJG|www.wjgnet.com

Variable

compared with a 107.0 ± 15.4 g/L, P < 0.05).
Similarly, there was no significant difference in
preoperative RBC count between the groups (3.880 ×
109/L ± 0.632 × 109/L in Group A vs 3.727 × 109/L ±
0.550 × 109/L in Group B, P > 0.05). However, RBC
count on postoperative day 1 was significantly higher in
Group A (4.212 × 109/L ± 0.530 × 109/L vs 3.558 ±
0.647 × 109/L in Group B, P < 0.05). By postoperative
day 1, the RBC count had fallen by 0.339 × 109/L ± 0.244
× 109/L from its preoperative value in Group A, which
was significantly lower than that before surgery (3.558
× 109/L ± 0.647 × 109/L compared with a preoperative
value of 3.880 × 109/L ± 0.632 × 109/L, P < 0.05). In
contrast, RBC count rose by 0.486 × 109/L ± 0.293 ×
109/L perioperatively in Group B, which was significantly
higher than the preoperative concentration (4.212 × 109/
L ± 0.530 × 109/L compared with 3.727 × 109/L ± 0.550
× 109/L, P < 0.05).
Body temperature and WBC count
Body temperature and WBC count data are shown in
Table 3. None of the patients in either group had fever
before surgery. Following surgery, the mean number
of days when body temperature exceeded 38.0 ℃ was
significantly greater in Group A (3.8 ± 2.9 d vs 2.3 ± 2.9 d
in Group B, P < 0.05). Seven patients in Group A (15.2%)
and 11 in Group B (33.3%) did not develop postoperative
pyrexia, but this difference was not significant. There was
no significant difference in pre- or postoperative WBC
count between the groups.
Postoperative hepatic and renal function
The preoperative and postoperative ser um ALT
concentrations were not significantly different between
the groups (Table 4). Renal function was also not
significantly different: the preoperative and postoperative
serum creatinine concentrations were broadly comparable
between the groups (Table 4).

DISCUSSION
LSD is a challenging procedure in cirrhotic patients
with portal hypertensive bleeding and secondary
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3500

ALT day 0, U/L
ALT day 1, U/L
ALT day 3, U/L
ALT day 7, U/L
Creatinine day 0, umol/L
Creatinine day 1, umol/L
Creatinine day 3, umol/L
Creatinine day 7, umol/L

Group A
(n = 46)

Group B
(n = 33)

P value

30.98 ± 23.33
37.52 ± 18.47
29.78 ± 23.27
20.67 ± 11.73
72.35 ± 17.63
75.58 ± 16.37
60.15 ± 16.25
61.19 ± 14.54

29.64 ± 15.21
33.27 ± 15.80
31.97 ± 40.12
21.52 ± 13.59
71.33 ± 16.83
73.18 ± 23.00
60.97 ± 20.53
60.52 ± 16.03

0.773
0.228
0.761
0.769
0.797
0.589
0.843
0.846

hypersplenism. Low platelet count, development of
collateral vessels and intractable coagulopathy mean that
there is a substantial risk of torrential and potentially
unmanageable intraoperative hemorrhage.
To date, only one study has examined the use
of intraoperative splenic blood salvage during LSD
and reported that cell salvage significantly increased
postoperative Hb and minimized the risks and
complications of perioperative allogeneic transfusion[6].
We believe we are the first to report the MLSD
technique[12,13], in which the spleen is removed through
the existing trocar incision using an electromechanical
morcellator without the need for an enlarged incision.
It is a feasible, effective and safe surgical procedure,
embodies excellent minimally invasive surgery and may
become the gold standard surgical procedure for liver
cirrhotic patients with bleeding portal hypertension and
hypersplenism.
We have used cell salvage and autologous blood
transfusion during every MLSD procedure since May
2013 in a different cohort of patients from that reported
in this study. There are important differences between
the above-mentioned and our studies. In the study of
Wang et al[6], intraoperative blood was not collected and
the blood sequestered in the enlarged spleen was not
salvaged until the end of the operation. In our study,
both intraoperative blood and the blood sequestered
in the enlarged spleen were collected and splenic blood
was salvaged on two different occasions. Sequestered
blood released from the spleen through many incisions
in the hilus lienis vessels was collected from the left
subphrenic space where it had collected after the
patient had been placed in the Trendelenburg position
(rather than it being allowed to disperse throughout the
peritoneal cavity). This method allows sequestered blood
to be collected earlier and the volume maximized. If
sequestered blood is only collected at the end of surgery
then the volume and quality of blood may be reduced
by clot formation within the spleen. At the end of the
operation, during laparoscopic extraction of the spleen
using the morcellator, a small quantity of blood released
from splenic tissue was also collected. The time spent
collecting blood was usually < 10 min.

2500
2000
1500
1000
500

Group A: Allogeneic blood transfusion group; Group B: Cell salvage and
autologous blood transfusion group; day 0: Day of admission; day 1:
Postoperative day 1; day 3: Postoperative day 3; day 7: Postoperative day 7.
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3000

3

Variable

Spleen volume index (cm )

Table 4 Postoperative hepatic and renal function

5.00
10.00
15.00
20.00
The hemoglobin value increased (g/L)

Figure 2 Scatter graph showing the increase in serum hemoglobin
concentration with spleen volume index.

In the study of Wang et al[6], in order to salvage the
blood trapped in the enlarged spleen, they needed to
manipulate the large spleen into a bag in a small working
space, which may have been difficult and tedious for
the surgeon. Then, the blood was aspirated through
the suction apparatus that was pierced into the splenic
pulp from various points. There may be a risk with this
method in that the blood can be lost in the peritoneal
cavity if the bag is punctured unexpectedly.
We found that postoperative hepatic and renal
function was not affected by intraoperative autologous
blood transfusion. Preoperative liver and renal function
reflected by serum ALT and creatinine concentrations
was comparable between the groups and there were
no significant differences on postoperative days 1, 3 or
7. Patients with leukocytopenia due to hypersplenism
frequently have WBC counts below the lower limit of
normal, but there was also no significant difference in
perioperative WBC counts between the groups.
We also found that Hb significantly declined in the
group in which autologous blood transfusion was not
used, but that Hb significantly rose in the group in
which it was. These findings concur with those reported
by Wang et al[6]. In the group in which cell salvage was
not used, mean intraoperative blood loss was 179 mL,
resulting in a mean decrease in Hb of 9.8 g/L. The
conservation of intraoperative blood loss using the cell
saver and use of sequestered splenic blood resulted in a
perioperative increase in Hb of 11.2 g/L. The extent of
increase in perioperative Hb positively correlated with the
longitudinal diameter of the spleen (Pearson correlation
= 0.733, P < 0.05) and spleen volume index (Pearson
correlation = 0.844, P < 0.05) (Figure 2). The strength
of the correlation was greater for spleen volume index,
suggesting that it more accurately reflects the volume of
sequestered blood.
Scarcity of blood products can make the clinical
management of tor rential bleeding challenging,
particularly if Rhesus-negative products are needed.
Cell salvage and autologous blood transfusion addresses
these organizational issues as well as the physiological
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complications of massive or exchange transfusion. In
this series, two patients undergoing MLSD without cell
salvage required allogeneic blood transfusion. None
of the patients in whom cell salvage was used required
allogeneic blood, even one patient in whom perioperative
blood loss was measured at 1.3 L. In that case, the
patient suffered no complications and his Hb rose from
97 g/L preoperatively to 113 g/L on postoperative
day 1. Another patient’s blood type was A Rhesusnegative; compatible blood was not available in the local
transfusion center and without cell salvage this patient
would not have been able to undergo surgery.
We also found that patients who underwent perioperative
cell salvage had significantly fewer postoperative days when
their temperature exceeded 38.0 ℃. Of the 33 patients
in Group B, 11 (33.3%) did not exhibit postoperative
subfebrile temperature, compared with seven of the
46 patients (15.2%) in Group A. This difference was
not significant (P = 0.058), probably owing to the small
sample size. There are three potential mechanisms that
may explain a diminished inflammatory response in
patients who undergo cell salvage: a normal or increased
rather than depleted Hb; avoidance of the complications
of allogeneic blood transfusion; and presence of antiinflammatory immune factors such as tuftsin in the blood
harvested from the spleen. In cells of monocytic origin,
such as macrophages, microglia and neutrophils, tuftsin
promotes phagocytic activity[16-18].
In conclusion, our findings show that MLSD with
intraoperative cell salvage and autologous blood transfusion
is feasible and safe. It increases Hb and reduces the need
for allogeneic blood transfusion, relieving pressure on
transfusion services and surgical staff. Intraoperative cell
salvage and autologous blood transfusion may become the
gold standard for cirrhotic patients with portal hypertensive
bleeding and secondary hypersplenism undergoing MLSD.

achieved in two ways: (1) by making many incisions in the hilus lienis vessels
after the spleen had been dissected en bloc. Blood drained from the spleen in
this way was salvaged from the left subphrenic space with the patient in the
Trendelenburg position; and (2) by collecting and salvaging a small quantity
of blood released from splenic tissue after extraction of the spleen through a
laparoscopic port site using an electromechanical morcellator.

Applications

Intraoperative cell salvage and autologous blood transfusion during MLSD is
necessary and safe. Cell salvage substantially increases Hb concentration
and reduces the need for allogeneic blood transfusion, relieving pressure
on transfusion services and surgical staff. It may become the gold standard
for cirrhotic patients with portal hypertensive bleeding and secondary
hypersplenism undergoing MLSD.

Terminology

A cell saver, the Autologous Blood Recovery System suctions, washes and
filters blood so it can be given back to the patient instead of being thrown away.
One advantage of this is that the patient receives his/her own blood instead of
donor blood so there is no risk of contracting outside diseases. Because the
blood is recirculated, there is no limit to the amount of blood that can be given
back to the patient.

Peer review

The study is interesting and relevant. The manuscript has several flaws and
should be revised; the discussion especially needs major revision.
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decreased 1 mo after surgery in the traditional Rouxen-Y gastric bypass group (FPG 7.5 ± 1.3 vs 10.7 ± 1.2,
P < 0.05) (2 h PBG 10.2 ± 1.8 vs 13.8 ± 3.2, P < 0.05).
FPG and 2 h PBG levels were significantly decreased
after surgery in the modified Roux-en-Y gastric bypass
group (FPG 6.9 ± 1.2 vs 10.5 ± 1.1, 6.5 ± 1.3 vs 10.5
± 1.1, 6.4 ± 1.2 vs 10.5 ± 1.1, P < 0.05) (2 h PBG
9.9 ± 2.2 vs 14.1 ± 2.9, 9.2 ± 2.4 vs 14.1 ± 2.9, 8.9
± 2.6 vs 14.1 ± 2.9, P < 0.05). Compared with the
levels before surgery, HbA1c levels were significantly
decreased 3 and 6 mo after surgery (7.2 ± 1.1 vs 10.5
± 1.1, 5.5 ± 1.1 vs 10.5 ± 1.1, P < 0.05). Significant
differences between the two groups regarding FPG, 2 h
PBG and HbA1c concentration were observed 3 and 6
mo after surgery (FPG 10.1 ± 1.5 vs 6.5 ± 1.3, 10.3 ±
1.4 vs 6.4 ± 1.2, P < 0.05) (2 h PBG 13.1 ± 2.8 vs 9.2
± 2.4, 13.6 ± 3.1 vs 8.9 ± 2.6, P < 0.05) (HbA1c 10.1
± 1.4 vs 7.2 ± 1.1, 10.5 ± 1.3 vs 5.5 ± 1.1, P < 0.05).
CONCLUSION: Modified Roux-en-Y gastric bypass can
improve glucose metabolism in type 2 diabetic patients
with gastric cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To determine the effect of different Roux-en-Y
gastric bypass procedures in gastric carcinoma patients
with type 2 diabetes mellitus.
METHODS: A retrospective analysis of the clinical data
of 54 patients with gastric cancer and type 2 diabetes
mellitus treated in the Department of General Surgery
from January 2006 to June 2013 was conducted. The
patients underwent gastrectomy using different Rouxen-Y gastric bypass procedures (traditional, n = 26;
modified, n = 28). Fasting plasma glucose (FPG),
two hour postprandial blood glucose (2 h PBG) and
hemoglobin A1c (HbA1c) were analyzed before surgery
(0 mo) and 1, 3 and 6 mo after surgery.
RESULTS: FPG and 2 h PBG levels were significantly
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Core tip: Type 2 diabetes mellitus (T2DM) is a common
chronic disease and is a threat to public health.
Modified Roux-en-Y gastric bypass surgery, which
results in weight loss and a hypoglycemic effect, has
been used in the treatment of patients with T2DM and
obesity. However, the therapeutic mechanism involved
is unclear. The aim of this study was to evaluate the
efficacy of two Roux-en-Y gastric bypass procedures
(traditional and modified) on blood glucose control in
patients with T2DM and gastric cancer. It is suggested
that modified Roux-en-Y gastric bypass may improve
glucose metabolism in T2DM patients more effectively
than the traditional procedure.

18427

December 28, 2014|Volume 20|Issue 48|

Xiong SW et al . Comparison of different gastric bypass procedures
Xiong SW, Zhang DY, Liu XM, Liu Z, Zhang FT. Comparison of
different gastric bypass procedures in gastric carcinoma patients
with type 2 diabetes mellitus. World J Gastroenterol 2014;
20(48): 18427-18431 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i48/18427.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i48.18427

INTRODUCTION
Type 2 diabetes mellitus (T2DM) is the most common
form of diabetes[1]. It is frequently seen in the patients
who underg o surg er y. Modified g astric bypass
surgery, based on traditional Roux-en-Y digestive tract
reconstruction was initiated to treat obese patients in the
1990s[2]. It was later found that this procedure was also
effective in patients with T2DM[3], and the efficiency of
this procedure reached 83%[4-11], although the therapeutic
mechanism involved is still unclear. Traditional Rouxen-Y digestive tract reconstruction is a technique
commonly used in gastric cancer surgery, and it is unclear
whether it has a hypoglycemic effect in patients with
T2DM as there is a lack of research in this field. In this
study, we retrospectively analyzed blood glucose control
in patients with T2DM and gastric cancer who underwent
gastrectomy of stomach neoplasms using either modified
or traditional Roux-en-Y gastric bypass surgery.

MATERIALS AND METHODS
General data
A retrospective analysis of the clinical data of 54 patients
with gastric cancer and T2DM in the Department of
General Surgery from January 2006 to June 2013 was
conducted. The patients underwent gastrectomy of
stomach neoplasms using two Roux-en-Y gastric bypass
procedures (traditional, n = 26 or modified, n = 28).
Follow-up data were complete. The patients in this study
were diagnosed with T2DM in accordance with the
diagnostic criteria of the American Diabetes Association
(2003). Specific parameters measured were as follows:
symptoms of diabetes mellitus, random blood glucose
≥ 11.1 mmol/L, fasting plasma glucose ≥ 7.0 mmol/L
and an oral glucose tolerance test at 2 h ≥ 11.1 mmol/L.
If the patients met one of the above conditions, and
a retest the following day conformed to the standards
of the diagnosis of diabetes, the patient was then
diagnosed with diabetes mellitus. Islet cell antibodies,
antibody to insulin, glutamic acid decarboxylase antibody,
glycosylated hemoglobin A1c (HbA1c) and C peptide
level were examined to define T2DM. All patients were
diagnosed with gastric cancer by gastroscopic biopsy
and a pathology report prior to surgery. The gender, age,
duration of diabetes and tumor TNM stage of patients
in the two surgical groups was comparable (P > 0.05).
Statistical analysis data of Traditional group compared
with modified group as follows: gender 19/7 vs 18/10;
age 53.1 ± 5.0 years vs 51.3 ± 4.5 years; duration of
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diabetes 8.6 ± 4.1 vs 9.0 ± 3.8; Tumor TNM stage (n)
2/9/14/1 vs 3/7/15/3.
Surgery
According to the location of cancer in the gastric cavity,
the patients underwent radical total gastrectomy or distal
gastrectomy, stomach perigastric lymph node dissection,
and then Roux-en-Y reconstruction of the digestive tract.
In the traditional surgery group, the jejunum was cut
10-15 cm from the Treitz ligament, and the distal end of
the jejunum was connected to the residual stomach or
esophagus by an end-to-end or end-to-side anastomosis.
The distal jejunum at 40-45 cm was connected to the
proximal jejunum by an end-to-side anastomosis. In the
modified surgery group, the jejunum was cut 75-100
cm from the Treitz ligament, and then the distal end of
the jejunum was connected to the residual stomach or
esophagus by an end-to-end or end-to-side anastomosis.
The distal jejunum at 75-100 cm was connected to the
proximal jejunum by an end-to-side anastomosis.
Observations
Fasting plasma glucose, two hour postprandial blood
glucose (2 h PBG), and HbA1c levels in the two groups
were determined before surgery (0 mo) and 1, 3, and
6 mo after surgery, respectively. These values were
compared with those at other time points within the
group and at the same time points between groups.
Statistical analysis
The measurement data were expressed as the mean ± SD.
Statistical analyses were performed by the T test using
SPSS 17.0 (SPSS Inc., Chicago, IL, United States). The
count data were determined by the χ 2 test. P-values of <
0.05 were considered statistically significant.

RESULTS
Compared with the preoperative FPG and 2 h PBG
levels, in the traditional surgery group these levels
decreased 1 mo after surgery (P < 0.05), however, 3 and
6 mo after surgery these values were gradually restored
to preoperative levels. The HbA1c level after 1, 3 and
6 mo was not significantly reduced (P > 0.05). In the
modified surgery group, the FPG and 2 h PBG levels at
1, 3 and 6 mo after surgery and the HbA1c levels at 3
and 6 mo decreased significantly (P < 0.05). When the
FPG, 2 h PBG and HbA1c levels at the same time point
were compared between the two groups, the differences
were not statistically significant at 1 mo after surgery,
however, the differences at 3 and 6 mo after surgery were
statistically significant (P < 0.05) (Table 1, Figure 1).

DISCUSSION
According to statistics, 90%-95% of patients with DM
have T2DM. At present, DM is the third most common
chronic non-communicable disease in humans after
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Table 1 Comparison of fasting plasma glucose, two hour postprandial blood glucose and hemoglobin A1c levels between the two
surgical groups
0 mo

n

FPG
2 h PBG
mmol/L mmol/L

1 mo
HbA1c

FPG
mmol/L

3 mo

2 h PBG
mmol/L

HbA1c

FPG
mmol/L

2 h PBG
mmol/L

6 mo
HbA1c

FPG
mmol/L

2 h PBG
mmol/L

HbA1c

Traditional
26 10.7 ± 1.2 13.8 ± 3.2 10.7% ± 1.2% 7.5 ± 1.3a 10.2 ± 1.8a 9.8% ± 1.1% 10.1 ± 1.5c 13.1 ± 2.8c 10.1% ± 1.4%c 10.3 ± 1.4c 13.6 ± 3.1c 10.5% ± 1.3%c
group
Modified
28 10.5 ± 1.1 14.1 ± 2.9 10.5% ± 1.1% 6.9 ± 1.2a 9.9 ± 2.2a 10.2% ± 1.3% 6.5 ± 1.3a 9.2 ± 2.4a 7.2% ± 1.1%a 6.4 ± 1.2a 8.9 ± 2.6a 5.5% ± 1.1%a
group
Data are shown as mean ± SD. aP < 0.05 vs the before surgery (0 mo) group; cP < 0.05 vs the modified group at the same time. HbA1c: Hemoglobin A1c; FPG:
Fasting plasma glucose; PBG: Postprandial blood glucose.
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Figure 1 Comparison of fasting plasma glucose, two hour postprandial blood glucose and hemoglobin A1c levels between the two surgical groups. A:
Fasting plasma glucose (FPG) level; B: Two hour postprandial blood glucose (2hPBG) level; C: Hemoglobin A1c (HbA1c) level.

tumors and cardiovascular disease, and the incidence
rate is rising each year. Patients for surgical operation
are frequently complicated with T2DM. DM has
various etiological factors and complicated mechanisms;
therefore, curing DM has become an urgent global
medical goal[12].
During the 1990’s, modified Roux-en-Y reconstruction
of the digestive tract also known as gastric bypass surgery
(GBP) for the treatment of severe obesity resulted in a
good outcome. Thus, GBP has now become the standard
surgical technique for obesity. Surprisingly, GBP has a
good hypoglycemic effect in obese patients with T2DM.
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Previous research showed that 83%-86% of T2DM
patients maintained normal levels of blood glucose
following GBP[13,14]. In a follow-up study, Patriti et al[15]
showed that this surgical procedure was also efficacious
in T2DM patients without obesity. Therefore, GBP
surgery for T2DM was widely used in the hope of curing
patients with T2DM.
Gastric bypass surgery has improved based on Rouxen-Y digestive tract reconstruction of the traditional
Roux-en-Y procedure; however, the mechanism of the
improvement in hypoglycemia following Roux-en-Y
reconstruction is unclear. Whether the surgical technique
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has a hypoglycemic effect requires further investigation.
Traditional Roux-en-Y reconstruction of the digestive
tract is a common technique in gastric cancer, and some
patients with gastric cancer also have T2DM, therefore,
research on the hypoglycemic effect of traditional
digestive tract reconstruction is important and may
provide a theoretical basis for patients undergoing Rouxen-Y digestive tract reconstruction.
In the present study, we compared the hypoglycemic
effect of two types of Roux-en-Y digestive tract
reconstruction. We found that in the traditional surgery
group, FPG and 2 h PBG levels decreased 1 mo after
surgery compared with preoperative levels, however,
FPG and 2 h PBG levels were gradually restored to the
level before surgery after 3 and 6 mo. The HbA1c level
after 1, 3 and 6 mo was not significantly decreased. In
the modified surgery group, the FPG, 2 h PBG levels
at 1, 3 and 6 mo after surgery and the HbA1c levels
at 3 and 6 mo after surgery decreased significantly. A
comparison of the FPG, 2 h PBG and HbA1c levels at
the same time point between the two groups, showed
no statistically significant differences at 1 mo after
surgery, however, statistically significant differences at
3 and 6 mo after surgery were observed. This indicated
that traditional digestive tract reconstruction had a
hypoglycemic effect in the short-term[16], but did not last,
thus this hypoglycemic effect was not ideal. The modified
digestive tract reconstruction procedure had a better
hypoglycemic effect and lasted longer. Many researchers
have investigated this hypoglycemic mechanism. At
present, there are many hypotheses related to this
mechanism, including gastric inhibitory peptide (GIP)[17]
which is the core of the “foregut hypothesis” and
glucagon-like peptide-1 (GLP-1)[18-20] which is the core of
the “hindgut hypothesis” which have received significant
attention[21]. The “foregut hypothesis” considers that food
in the duodenum and proximal jejunum stimulate the
production of GIP, thus improving insulin resistance[22].
The “hindgut hypothesis” considers that chyme in
the terminal ileum and colon promotes the secretion
of GLP-1, and stimulates the secretion of glucosedependent insulin, which improves the insulin effect and
the proliferation of islet B cells[23-25].
Following the modified digestive tract reconstruction
procedure, food no longer flows through the distal
stomach, duodenum and proximal jejunum, and directly
enters the distal jejunum then the ileum, thereby reducing
the secretion of GIP and stimulating GLP-1, which alters
peripheral endocrine factors and the role of islet cells and
related target organs. Thus resulting in better regulation
of blood glucose[26].

function is still unclear due to the lack of research in this field.

Research frontiers

Modified gastric bypass surgery, based on traditional Roux-en-Y digestive tract
reconstruction was initiated to treat obese patients in the 1990s. It was later
found that this procedure was also effective in patients with T2DM, and the
efficiency of this procedure reached 83%, although the therapeutic mechanism
involved is still unclear.

Innovations and breakthroughs

The aim of this study was to test the efficacy of traditional and modified Rouxen-Y gastric bypass surgeries on blood glucose control of the patients with
type 2 diabetes mellitus and gastric cancer. It is suggested that modified Rouxen-Y gastric bypass may improve glucose metabolism of T2DM patients more
effectively than the traditional operation mode may do.

Applications

Modified Roux-en-Y gastric bypass could provide a better hypoglycemic support
to type 2 diabetic patients with gastric cancer. This gastric bypass procedure
may provide a potential alternative for patients.

Peer review

Authors reported that in this study, patients with gastric cancer and type 2
diabetes mellitus underwent gastrectomy using different Roux-en-Y gastric
bypass procedures. The results indicated that modified Roux-en-Y gastric
bypass may improve glucose metabolism in T2DM patients more effectively
than the traditional procedure. This is very important to know for the clinical
setting and educators in the world.
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Abstract
AIM: To investigate impairment and clinical significance
of exocrine and endocrine pancreatic function in
patients after acute pancreatitis (AP).
METHODS: Patients with AP were invited to participate
in the study. Severity of AP was determined by
the Atlanta classification and definitions revised in
2012. Pancreatic exocrine insufficiency (PEI) was
diagnosed by the concentration of fecal elastase-1.
An additional work-up, including laboratory testing
of serum nutritional markers for determination of
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malnutrition, was offered to all patients with low
levels of fecal elastase-1 FE. Hemoglobin A1c or oral
glucose tolerance tests were also performed in patients
without prior diabetes mellitus, and type 3c diabetes
mellitus (T3cDM) was diagnosed according to American
Diabetes Association criteria.
RESULTS: One hundred patients were included in the
study: 75% (75/100) of patients had one attack of
AP and 25% (25/100) had two or more attacks. The
most common etiology was alcohol. Mild, moderately
severe and severe AP were present in 67, 15 and 18%
of patients, respectively. The mean time from attack
of AP to inclusion in the study was 2.7 years. PEI was
diagnosed in 21% (21/100) of patients and T3cDM in
14% (14/100) of patients. In all patients with PEI, at
least one serologic nutritional marker was below the
lower limit of normal. T3cDM was more frequently
present in patients with severe AP (P = 0.031), but was
also present in some patients with mild and moderately
severe AP. PEI was present in all degrees of severity of
AP. There were no statistically significantly differences
according to gender, etiology and number of AP
attacks.
CONCLUSION: As exocrine and endocrine pancreatic
insufficiency can develop after AP, routine follow-up of
patients is necessary, for which serum nutritional panel
measurements can be useful.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Acute pancreatitis; Diabetes mellitus; Pancreatic
exocrine insufficiency; Serum nutritional markers
Core tip: Endocrine and exocrine pancreatic insufficiency
can develop after acute pancreatitis regardless of the
severity, etiology, age, gender and number of attacks.
In all patients with pancreatic exocrine insufficiency
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(PEI), at least one serum nutritional marker was below
the lower limit of normal regardless of the presence of
classical clinical symptoms of PEI. Routine follow-up
of patients with acute pancreatitis at least 24 mo after
discharge from the hospital is necessary with special
emphasis on diabetes detection. Measurement of serum
nutritional markers regardless of the presence of other
clinical symptoms of PEI can be of clinical importance.
Vujasinovic M, Tepes B, Makuc J, Rudolf S, Zaletel J, Vidmar
T, Seruga M, Birsa B. Pancreatic exocrine insufficiency, diabetes
mellitus and serum nutritional markers after acute pancreatitis.
World J Gastroenterol 2014; 20(48): 18432-18438 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i48/18432.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i48.18432

INTRODUCTION
Pancreatic exocrine insufficiency (PEI) and type 3c
diabetes mellitus (T3cDM) can occur in patients after
acute pancreatitis (AP). The data on the incidence of
PEI and T3cDM and the clinical significance of both are
controversial, ranging from sporadic cases to 78% of all
patients having abnormal values[1-8]. The reasons for such
differences in the results are attributable to the different
methods used (direct and indirect), inclusion of different
groups of patients (severe and mild AP) and different
follow-up periods (early and late). Over the last 15 years,
the fecal elastase-1 (FE) test became a suitable method
for noninvasive diagnosis of PEI with high specificity
and sensitivity, especially for the severe form of PEI (<
100 µg/g), and is now recommended as the first step in
exocrine pancreatic function diagnostics[9,10].
Pancreatogenic diabetes due to pancreatic disease
is classified as type 3c in the current classification of
diabetes mellitus (diseases of the exocrine pancreas)
and accounts for 5%-10% of the Western diabetic
population [11,12]. Clinical and laboratory features of
T3cDM differ from other types of diabetes[12], and it is
often termed “brittle diabetes” due to the combination
of persistent hyperglycemia (due to persistent hepatic
glucose production) and exag gerated peripheral
sensitivity to insulin [13] . Typically, hepatic insulin
resistance predominates as a consequence of pancreatic
polypeptide deficiency, while peripheral insulin sensitivity
is enhanced because of relative hypoinsulinemia,
resulting in problems with hypoglycemia in T3cDM[14].
Although T3cDM is associated with various benign
and malignant diseases of the exocrine pancreas, the
most common cause is chronic pancreatitis (CP), found
in 78.5% of T3cDM cases [15]. In addition, both CP
and diabetes are risk factors for the development of
pancreatic carcinoma. Also, new-onset T3cDM occurs in
30% of pancreatic cancer patients[12,14]. Because of these
specific features, it is important to correctly diagnose
T3cDM, especially in view of the evidence showing that
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nearly half of the T3cDM patients are misdiagnosed
as type 1 or 2[15]. There is also a misconception that the
treatment of T3cDM is the same as for other forms of
diabetes. The use of insulin, insulin secretagogues and
incretin-based treatment should be used with caution
in these types of patients owing to the high risk of
pancreatic carcinoma[12,16-19]. On the other hand, therapy
with metformin is associated with a significant reduction
in cancer risk and should be preferred as a drug of
choice due to its anti-diabetic and anti-neoplastic
actions[12,16,19,20].
In pancreatitis, the relationship between the extent
of pancreatic necrosis and the severity of exocrine
and endocrine pancreatic insufficiency has not been
clearly demonstrated[2]. Clinical symptoms of PEI, such
as abdominal pain, bloating, steatorrhea and weight
loss, were traditionally the most important criteria for
monitoring treatment success, but in recent years new
studies have also demonstrated the importance of
maldigestion, malnutrition and serum nutritional markers
in PEI in the absence of the clinical symptoms[21,22].
The aims of the present study were: (1) to determine
whether exocrine and endocrine pancreatic function
are impaired in patients after AP; (2) to evaluate the
relationship between exocrine and endocrine functions
and the etiology and severity of AP; and (3) to assess
the clinical significance of both exocrine and endocrine
pancreatic insufficiency.

MATERIALS AND METHODS
Patients
Patients who experienced an AP attack were invited to
participate in the study. All patients were Caucasians, over
18 years of age, and gave their informed consent prior
to participating in the study. They were selected from
the gastroenterology outpatient clinics of the general
hospitals, which function as secondary level centers.
Medical records of all patients were analyzed including
demographics, laboratory tests, abdominal ultrasound,
contrast-enhanced computed tomography, magnetic
resonance imaging, and endoscopic ultrasound. FE
and glycated hemoglobin or oral glucose tolerance tests
were performed in patients without previous diabetic
conditions.
Measurement of laboratory tests
FE measurements were performed using the enzymelinked immunosorbent assay method and a commercial
kit (ScheBo Biotech, Giessen, Germany). The results of
FE are expressed in µg/g stool. FE levels > 200, 100-200
and < 100 µg/g were considered as normal exocrine
pancreatic function, mild and severe PEI, respectively.
In patients with low FE (< 200 µg/g), further workup was performed including the following laboratory
serum measurements to determine malnutrition: iron,
vitamin B12, folic acid, magnesium, and vitamins A, D,
and E.
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Table 1 Characteristics of patients with exocrine pancreatic insufficiency
Gender

Age (yr)

Etiology

No. of attacks

Severity of AP

FE (µg/g)

T3cDM

Male
Male
Male
Female
Male
Male
Male
Female
Male
Male
Male
Male
Female
Male
Male
Male
Female
Male
Male
Male
Male

30
63
59
63
52
43
66
53
47
58
63
59
73
64
83
63
52
63
40
53
57

Alcohol
Alcohol
Gallstone
Gallstone
Alcohol
Alcohol
Gallstone
Alcohol
Alcohol
Unknown
Alcohol
Alcohol
Gallstone
Alcohol
Gallstone
Alcohol
Drug-induced
Unknown
Alcohol
Alcohol
Alcohol

1
1
1
1
1
2
2
1
2
8
9
2
1
1
1
2
1
1
1
1
1

Moderately Severe
Moderately Severe
Severe
Severe
Mild
Moderately Severe
Mild
Mild
Mild
Mild
Mild
Mild
Mild
Severe
Mild
Mild
Mild
Severe
Severe
Severe
Severe

7
101
19
63
46
134
5
4
156
176
9
37
137
151
191
163
94
89
119
198
117

No
No
Yes
No
No
No
Yes
No
No
Yes
No
No
No
Yes
Yes
No
No
No
No
Yes
No

AP: Acute pancreatitis; FE: Fecal elastase-1; T3cDM: Type 3 diabetes mellitus.

Definitions
Pancreatic endocrine function (the occurrence of
T3cDM) was determined by the American Diabetes
Association criteria: glycated hemoglobin ≥ 6.5% or twohour plasma glucose ≥ 11.1 mmol/L during oral glucose
tolerance test in patients without a history of diabetes[11].
Severity and morphology of AP were determined by the
Atlanta classification and definitions revised in 2012[23].
Pancreatic necrosis was determined by contrast-enhanced
computed tomography according to the Balthazar’s
classification[24].
Ethics
The study was approved by the National Medical Ethics
Committee number 133/01/11 on 28 January 2011.
Statistical analysis
Categorical data are presented as absolute numbers with
relative frequencies. The normality of the numerical data
distribution was checked using the Kolmogorov-Smirnov
test and are described by mean ± SD. The χ2 test was
performed to test the significance in the distribution of
gender, etiology, number of attacks, pancreatitis severity
and morphology in patients with or without exocrine and
endocrine pancreatic insufficiency. The Student’s t-test
was applied to test the difference in nutritional markers
in patients with severe and mild to moderate PEI. A P <
0.05 was considered statistically significant. The statistical
analyses were performed using the SPSS version 21
software package (IBM Corp., Armonk, NY, United
States).

RESULTS
One hundred patients were included in the study: 65
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male and 35 female, mean age 56.5 ± 13.9 years (range:
20-88 years). 75% (75/100) of the patients had one
attack of AP and 25% (25/100) had two or more attacks.
The most common etiology was alcohol (n = 42),
followed by gallstones (n = 36), unexplained (n = 12),
hypertriglyceridemia (n = 6), drug-induced (n = 3), and
post-endoscopic retrograde cholangiopancreatography (n
= 1). Mild, moderately severe and severe AP were present
in 67, 15 and 18 patients, respectively. The mean time
from the AP attack to inclusion in the study was 2.7 ±
4.3 years. In the majority (69/100) of patients, the time
was one year, 2-5 years in 20% (20/100) of patients, and
> 6 years in 11% (11/100). PEI was diagnosed in 21%
(21/100) of patients and T3cDM in 14% (14/100) of
patients.
The characteristics of patients with exocrine
pancreatic insufficiency are summarized in Table 1. In the
group with PEI, 17/21 (81%) were male and 4/21 (19%)
were female, with a mean age of 57.2 ± 11.6 years (range:
30-83 years). The most common etiology was alcohol
(13/21; 61.9%), followed by gallstones (5/21; 23.8%),
unexplained (2/21; 9.5%) and drug-induced (1/21;
4.8%). Most patients with PEI had one attack of AP
(14/21; 66.7%) and mild severity of AP (11/21; 52.4%).
Imaging was performed in 14/21 (66.7%) patients with
PEI; among them 71.4% (10/14) showed radiologic
signs of CP. Laboratory testing was performed in 16/21
(76.2%) patients with PEI, and in all of them, at least one
serologic nutritional marker was below the lower limit
of normal (Table 2). In 6/21 (28.6%) patients with PEI,
T3cDM was also found.
Bivariate statistical analysis was performed to determine
differences between two groups of patients (PEI vs
non-PEI, and T3cDM vs non-T3cDM). There were no
statistically significant differences according to gender
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Table 2 Nutritional parameters in patients with pancreatic
exocrine insufficiency n (%)
Parameter

Valid cases (n )

Below lower limit of normal

16
16
16
16
16
16
16

11 (68.8)
1 (6.3)
0
3 (18.8)
3 (18.8)
5 (31.2)
0

Vitamin D
Vitamin A
Vitamin E
Vitamin B12
Folic acid
Iron
Magnesium

Reference values: folic acid, 7.0-39.7 nmol/L; iron, 10.7-28.6 µmol/L;
magnesium, 0.65-1.05 mmol/L; vitamin A, 1.05-2.80 µmol/L; vitamin B12,
160-800 pg/mL; vitamin D, 65-165 nmol/L; vitamin E, 12-42 µmol/L.

(P = 0.085), etiology (P = 0.316), time from AP attack
to inclusion in the study (P = 0.863) or number of AP
attacks (P = 0.182). However, there was a statistically
significant difference according to the severity of AP
between patients with T3cDM and non-T3cDM (P =
0.031): patients with severe AP had a higher prevalence
of T3cDM. There was no difference according to AP
severity in patients with PEI (P = 0.115).
An enzyme replacement therapy was recommended
for all patients with PEI. All patients with T3cDM were
transferred to diabetic outpatient clinic.

DISCUSSION
The relationship between PEI and AP was a topic of
many studies in the last 30 years. Mitchell et al[25] tested
30 patients with an N-benzoyl-l-tyrosyl-p-aminobenzoic
acid test and showed that an attack of AP can impair
exocrine pancreatic function for several months.
Seidensticker et al[26] followed 38 patients for 34 mo
after the first AP attack using endoscopic retrograde
cholangiopancreatography, secretin-pancreozymin tests
and fecal fat analysis, and found exocrine pancreatic
impairment in half of the patients.
Other invasive and noninvasive methods were also
used for the determination of PEI. Glasbrenner et al[27]
used a fluorescein dilaurate test and fecal chymotrypsin
in a group of 29 patients after the first episode of AP,
and confirmed abnormal findings in 79% patients on
days 2-3 and in 10% of patients on days 28-30 after the
attack. Bozkurt et al[8] performed a follow-up study on 53
patients after the first attack of necrotizing pancreatitis
using a Lundh test meal for diagnosis of PEI. In the first
4-12 wk after recovery, 26% of patients had a marked
decrease in pancreatic function and 74% had a mild to
moderate decrease. PEI persisted after 18 mo of followup in 13% of the patients. In studies with longer followups (5-7 years), both exocrine and endocrine impairment
were found in a high percentage of patients (Table 3) and
a correlation with the extent of necrosis and PEI was
found.
In the last 25 years, noninvasive methods have
become a gold standard for PEI detection[9,28-30]. In the
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largest study performed so far with FE as a diagnostic
method, Pezzilli et al[4] included 75 patients with AP in
the early recovery phase (on the day of re-feeding) and
found 12% of patients had PEI (9.3% with mild and 2.7%
with severe AP). The present study addresses the highest
number of patients suffering from an AP attack so far
and includes all etiologies and severities of AP. Based
on the above-mentioned results, we expected to find
PEI more often in patients with severe AP and in those
recovering after alcohol-induced AP. Surprisingly, we
found a significantly lower prevalence of PEI (21/100),
which was frequently of mild severity and occurring
after one attack of AP. On the other hand, PEI was also
confirmed in patients with AP due to other etiologies,
with one or more attacks of AP, and in those recovering
from mild and moderately severe AP. There was no
difference in gender, etiology, or time from, severity or
number of AP attacks between patients with and without
PEI. One explanation for the lower than expected PEI
prevalence could be a decreased sensitivity of the FE
test in mild and moderate PEI, which was predominant
in our cohort. The 13C breath test is a useful diagnostic
tool for PEI, but as with secretin magnetic retrograde
cholangiopancreatography, is not currently widely
available, and could be even more useful for a definitive
determination of pancreatic morphology and exocrine
function in this group of patients. However, these
methods, along with the quantitative stool fat analysis, are
not currently a part of a routine diagnostic procedure in
Slovenia, leaving FE as the only diagnostic method for
PEI.
The clinical significance of PEI was also assessed
in this study by using a complete laboratory serum
nutritional panel. At least one serologic nutritional
marker was below the lower limit of normal in all of
these patients, which also confirms the importance of
maldigestion, malnutrition and serum nutritional markers
in PEI in the absence of the clinical symptoms[21,22]. We
performed a nutritional evaluation only in patients with
low FE, which is a limitation of the study. It would be
interesting to evaluate nutritional status in all patients,
which could be even more accurate for than FE for
PEI. The commonest findings were vitamin D, iron
and folic acid deficiencies. Previous studies show the
importance and clinical significance of serum nutritional
status in patients with CP[21,22], which was observed in
the majority of our patients with PEI. However, we have
also demonstrated low serologic nutritional markers
in patients without radiologic signs of CP, suggesting
that late complications of AP could be present even
in the absence of CP. In addition, the majority of
patients with PEI had a mild episode of AP, which is
an unexpected finding (it is generally accepted that the
probability of PEI depends on extent of necrosis due to
the loss of functional parenchyma). Unfortunately, data
about smoking are lacking, which is another important
limitation of the study. Nevertheless, the number of
patients (four) in this group was too small for definite
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Table 3 Prevalence of exocrine and endocrine pancreatic insufficiency after acute pancreatitis
Ref.

Year

Glasbrenner et al[27]

1992 Acute phase
and after 1
mo

Seidensticker et al[26] 1995

Follow-up

34 mo

n

Etiology

Methods

29
oedematous
AP

Alcohol, gallstone

FDL serum test, fecal
chymotrypsin

38

Alcohol, gallstone,
unexplained
Alcohol, gallstone

Bozkurt et al[8]

1995 4 wk-18 mo

53
all severe AP

Tsiotos et al[7]

1998

5 yr

Appelros et al[6]

2001

Mean 7 yr

44
severe AP
26
all severe AP

Boreham et al[2]

2003 Acute phase
and after 3
mo

Connor et al[3]

2005

Symersky et al[1]

Pezzilli et al[4]

Gupta et al[5]

Present study

23
16 mild, 7
severe AP

Alcohol, gallstone, postERCP, hereditary
Alcohol, gallstone, postERCP, hyperlipidemia,
unexplained
Alcohol, gallstone, postERCP, hyperlipidemia,
unexplained

Exocrine
insufficiency

Endocrine
insufficiency

FDL abnormal: 79% in Has not been
acute phase and 10%
determined
after 1 mo
chymotrypsin abnormal:
69% in acute phase and
3% after 1 mo
SPT, fecal fat analysis,
50% had one or more
Has not been
ERCP
abnormal tests
determined
Lundh test meal
6%-84% of all patients; Has not been
with measurement of
6%-26% marked and
determined
duodenal secretion and
74%-81% moderate
enzyme activity
Fecal fat excretion,
25%
36.4%
fasting plasma glucose
Triolein test, fasting
69.2% with pathologic
43%
plasma glucose, HbA1c
triolein test
Fecal elastase-1, fasting
plasma glucose

29 mo

34.8% of all patients;
17.4% of all
26.1% after severe and patients; 13.0%
8.7% after mild AP
after severe
and 4.4% after
mild AP
25%
33%

63
Alcohol, gallstone
Clinical symptoms of
after
steatorrhea, OGTT
necrosectomy
2006
4.6 yr
34
Gallstone, post-ERCP
PABA test, OGTT,
64.7% of all patients;
35%
22 mild, 12
PP secretion, fecal fat 29.4% after severe and
severe AP
analysis
35.3% after mild AP
2009 Acute phase
75
Alcohol, gallstone,
Fecal elastase-1
12% of all patients; 2.7% Has not been
(on the day
60 mild, 15
hyperlipidemia
after severe and 9.3%
determined
of refeeding)
severe AP
after mild AP
2009 Mean 31 mo
30
Alcohol, gallstone,
Fecal fat excretion,
40%
40%
21 with
unexplained
urinary D-xylose
necrosis
excretion, OGTT
2013 Mean 2.7 yr
100
Alchohol, gallstone,
Fecal elastase-1, OGTT
21%
14%
17 with
hyperlipidemia,
necrosis
unexplained, drug-induced,

AP: Acute pancreatitis; ERCP: Endoscopic retrograde cholangiopancreatography; FDL: Fluorescein dilaurate; HbA1c: Glycated hemoglobin; OGTT: Oral
glucose tolerance test; PABA: 4-aminobenzoic acid; PP: Pancreatic polypeptide; SPT: Secretin-pancreozymin test.

conclusions.
CP could also explain the occurrence of T3cDM,
which was used to evaluate endocrine pancreatic function
in patients who have suffered an AP attack. We found
T3cDM after AP in 14% of the patients, and patients
with severe AP had a higher prevalence of T3cDM, but
there were no differences in gender, age, time from AP
attack to inclusion in the study and number of AP attacks
in patients with T3cDM. Due to specific features of
T3cDM and a high risk of pancreatic cancer in patients
with chronic pancreatitis and T3cDM, we transferred all
our T3cDM patients to a diabetes outpatients clinic for
further diagnostics and treatment.
In conclusion, our study confirmed that exocrine
and endocrine pancreatic insufficiency can develop after
AP regardless of its severity, etiology, age and gender,
suggesting that routine follow-up of patients with AP
after discharge from the hospital is necessary. Most of
the patients with PEI had radiologic or endoscopic signs
of CP, but PEI was also present in small amount of
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patients after the first attack of mild AP without signs
of CP. Measurement of the serum nutritional panel
regardless of the presence of clinical symptoms of PEI
can be of clinical importance. Further studies on this
topic are necessary, especially in patients after the first
attack of AP with the use of more accurate diagnostic
procedures in combination of serum nutritional markers.
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Abstract
AIM: To study the relationship between resilience and
quality of life (QOL) in patients with digestive cancer.
METHODS: The resilience of patients was measured
prior to treatment, and their psychological distress,
fatigue status, and treatment side effects were
assessed 3 wk after. Their QOL was measured after
their treatment ended. A relationship model of these
variables was constructed using path analysis.
RESULTS: Resilience explained 33.2% of the variance
in psychological distress, 16.1% of the variance in
fatigue, and 1.23% of the variance in side effects.
The relationship between resilience and QOL was
statistically significant (β = 0.119, t = 4.499, P < 0.001)
when psychological distress, fatigue, and side effects
were absent from the regression model, whereas the
adjusted regression coefficient of resilience was not
statistically significant (t = 1.562, P > 0.05) when these
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variables were added. Psychological distress, together
with fatigue and side effects, could explain 52.40% of
the variance in QOL (P < 0.05). Physiological distress
accounted for 28.94% of the total effect on QOL,
fatigue accounted for 33.72%, side effects accounted
for 22.53%, and resilience accounted for 14.80%.
CONCLUSION: Resilience is not an independent
predictor of QOL in patients with digestive cancer, but
it is a main factor influencing psychological distress and
side effects.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Resilience; Psychological distress; Fatigue;
Quality of life; Path analysis; Digestive cancer
Core tip: Resilience is an individual’s capacity to maintain
their psychological and physical well-being in the face of
adversity. Cancer is a disease causing severe psychological
distress in patients. Exploring the association between
resilience and quality of life (QOL) can help us understand
the role of resilience in improving the QOL of cancer
patients, as well as providing clinical staff with information
on psychological intervention and psychological care
programs for cancer patients. Our findings highlight the
need to develop strategies that improve resilience in
patients with digestive cancer.
Tian J, Hong JS. Assessment of the relationship between resilience
and quality of life in patients with digestive cancer. World J
Gastroenterol 2014; 20(48): 18439-18444 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i48/18439.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i48.18439

INTRODUCTION
Cancer is a disease that severely damages human physical and
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mental health. Its diagnosis significantly affects a patient’s
emotional and psychological status[1], with the patient’s quality
of life (QOL) often being affected considerably after
surgery and chemotherapy/radiotherapy[2-4]. However,
many studies have found that cancer patients with similar
diseases and treatment status have significantly different
QOLs[5,6]. Psychologists believe that resilience is the main
factor that causes patients with similar situations to have
different perceptions of their QOL[7,8].
Resilience is an individual’s capacity to maintain their
psychological and physical well-being in the face of
adversity[8]. In recent years, the role of resilience in the
process of cancer treatment has been given increasing
attention [9-14]. Studies have found that resilience can
powerfully predict patients’ fatigue from treatment[12],
good resilience can help patients reduce treatment-induced
damage to bodily functions and shorten the time of bodily
function recovery[13], and patients with good resilience are
able to treat their disease correctly and maintain a relatively
good psychological state, thereby resulting in a better
QOL[11,12].
Although much research has shown that a relationship
exists between QOL and resilience in cancer patients[11,14-16],
limited information is available on the nature of this
relationship and the degree of the influence of resilience
on QOL. Exploring whether resilience is an independent
predictor of QOL and estimating the degree of its impact
on QOL can help us understand the role of resilience
in improving the QOL of cancer patients, as well as
provide clinical staff with information on psychological
intervention and psychological care programs for cancer
patients.
In this study, we used path analysis to detect the
relationships of resilience, psychological distress, fatigue,
and treatment side effects with QOL. We drew a path
map to show the paths of the influences of resilience,
psychological distress, fatigue, and side effects on
QOL, and quantitatively estimated their direct and
indirect effects on it. Our results may help explain
whether strategies to improve resilience are important in
promoting the QOL of cancer patients.

MATERIALS AND METHODS
Participants
We selected patients with digestive tumors from Fujian
Province for this study, as digestive cancer ranks as the
leading cause of death in that area. The patients were
recruited from five province-level hospitals in Fuzhou
City during 2008-2011. The study sample was limited to
patients whose tumors were located in the esophagus,
stomach, or colorectum. The following eligibility criteria
were used: (1) aged between 18 and 70 years; (2) literate;
(3) lacking mental or psychological disease; and (4) with a
known diagnosis of cancer.
All participants provided their written informed
consent. The study was approved by the relevant
institutional review boards for human research from Fujian
Medical University.
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Measurements
The RS-14, a 14-item questionnaire proposed by
Wagnild[17] with the score for each item ranging from 1
(not true) to 7 (true), was used to measure the resilience
of the participants. Patients scored the items based on
their personal circumstances. The total score of the scale
ranges from 14 to 98, with a high total score indicating
good resilience. The RS-14 has been used for measuring
an individual’s degree of resilience in a wide variety of
age groups[18], and its reliability and validity have been
confirmed by many researchers[19]. In the present study,
the Chinese version of this tool was found to have a
reliability of 0.93.
The Hospital Anxiety and Depression Scale, a 14-item
(7 for the anxiety subscale, 7 for the depression subscale)
questionnaire, was used to evaluate the psychological
distress of the participants[20]. The score for each item
ranges from 0 to 3. Patients scored the items based on
their current situation. The total score of the scale ranges
from 0 to 42, with a high total score indicating severe
psychological distress. The Chinese version of this scale
has been confirmed to be suitable for Chinese patients[21].
In the current study, this version had a reliability of 0.92.
The 20-item Multidimensional Fatigue Inventory
Scale, developed by a Dutch research group[22], was used
for measuring the fatigue of the participants. The score
for each item ranges from 1 (true) to 5 (not true). Patients
scored the items based on their current situation. A high
total score indicates severe fatigue. The Chinese version
has been confirmed to be suitable for Chinese patients[23].
Treatment side effects in the participants were
examined from seven aspects: gastrointestinal system,
respiratory system, liver and kidney, heart, hair, skin,
and nervous system. The severity of side effects in each
of these aspects had five ordinal scales: none, mild,
moderate, slightly severe, and severe, which were scored
1-5, respectively. The total score was the sum of the
scores of the seven categories, with a high total score
indicating severe side effects.
The European Organization for Research and
Treatment of Cancer Core Questionnaire (Version
3.0) determined the QOL of cancer patients[24], and is
a 30-item questionnaire that includes 28 items scored
from 1 to 4 and 2 items scored from 1 to 7. The Chinese
version of this questionnaire has been confirmed to be
suitable for Chinese cancer patients[24]. In the current
study, the sum of the scores for Items 1-5 and Items 8-19
describes the physical aspect of QOL (QOL-Physical),
the sum of the scores for Items 20-25 describes the
mental aspect of QOL (QOL-Mental), and the sum of
the scores for Items 6, 7, 26, and 27 describes the social
aspect of QOL (QOL-Social). All these scores were
transformed into values in the range of 0-100. A high
total score indicates good QOL.
Procedure
Data on each patient were collected in three periods:
before the first treatment cycle began (first period), the
patient’s resilience was measured by trained graduate
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Figure 1 Path map for resilience, psychological, fatigue, side effects, and quality of life. QOL: Quality of life.

students from Fujian Medical University; in the third week
of treatment (second period), the patient’s psychological
distress, fatigue, and side effects were measured by
trained nurses in the hospitals; and at the end of the
first treatment cycle (third period), the patient’s QOL
was measured by trained graduate students from Fujian
Medical University.

Indirect effect (y2 → z i) = r12 × β1i + r23 × β3i (4)
Indirect effect (y3 → z i) = r23 × β2i + r13 × β1i
i = 1, 2, 3
Statistical analysis was performed using SAS (Version
9.0) for Windows (SAS Institute, Inc., Cary, NC).

Path analysis model
Low resilience affects mental health [25]. Poor mental
health can increase side effects and fatigue [26] and,
together with fatigue and side effects, influence the QOL
of an individual[27,28]. Therefore, we assumed that the
models shown below describe the relationships between
resilience (x), psychological distress (y1), fatigue (y2), side
effects (y3), QOL-Social (z1), QOL-Mental (z2), and QOLPhysical (z3):
y1 = a1 + α 1x + e1
y2 = a2 + α 2x + e2 (1)
y3 = a3 + α 3x + e3
z1 = b1 + β11y1 + β21y2 + β31y3 + ε1
z2 = b2 + β12y1 + β22y2 + β32y3 + ε2 (2)
z3 = b3 + β13y1 + β23y2 + β33y3 + ε3
Models (1) and (2) are plotted as a path map (Figure
1). In the figure, r12, r23, and r13 represent correlation
coefficients between psychological distress (y1), fatigue (y2),
and side effects (y3).

In total, 970 participants, including 699 (72.06%) males
and 271 (27.94%) females at an average age of 56.38 years
(SD = 12.91), were included in this study. The percentage
of participants with primary school, middle school,
high school, and college education levels were 27.61%,
30.97%, 24.87%, and 16.54%, respectively. Among the
970 participants, 338 (34.84%) had esophageal cancer,
374 (38.56%) had gastric cancer, and 258 (26.60%) had
colon cancer; in addition, 122 (12.56%), 343 (35.36%),
316 (32.58%), and 189 (19.48%) were in stages I-IV of
their respective diseases. Moreover, 750 (77.32%) patients
underwent surgery combined with chemotherapy, 85
(8.76%) underwent surgery combined with radiotherapy,
and 135 (13.92%) underwent surgery combined with
chemotherapy and radiotherapy. The average time of the
first treatment cycle was 4 wk.
Two assumptions are depicted in the model shown in
Figure 1. One assumption was that psychological distress,
fatigue, and treatment side effects were the main factors
influencing QOL. To verify the correctness of this
assumption, we analyzed the relationships between QOL
as the dependent variable and psychological distress,
fatigue, and side effects as the independent variables
using multiple linear regression. The results revealed an
adjusted R2 value of 0.524 for the model, indicating that
psychological distress, fatigue, and side effects collectively
could explain 52.4% of the variance in QOL, thus
confirming that our assumption was appropriate. The
other assumption in the model was that resilience had
no direct effect on QOL. To verify this, we set resilience
as the independent variable and QOL as the dependent
variable in the regression model. The results showed
that the regression coefficient of resilience, adjusted for
age, sex, disease stage, psychological distress, fatigue, and
side effects, was not statistically significant (t = 1.562, P

Method of estimating effects on QOL
The path coefficients shown in Figure 1 were estimated
using path analysis. The degree of the effects of
resilience on the three domains of QOL is equal to the
sum of the products of the path coefficients in the path
map as follows:
Effect (x → z1) = α 1 × β11 + α 2 × β21 + α 3 × β31
Effect (x → z2) = α 1 × β12 + α 2 × β22 + α 3 × β32 (3)
Effect (x → z3) = α 1 × β13 + α 2 × β23 + α 3 × β33
The coefficient βij in Model (2) expresses the direct
effect of yi on zj (i, j = 1,2,3). The indirect effects of
psychological distress (y1), fatigue (y2), and side effects (y3)
on QOL-Social (z1), QOL-Mental (z2), and QOL-Physical
(z3) can be calculated with the following formula:
Indirect effect (y1 → z i) = r12 × β2i + r13 × β3i

WJG|www.wjgnet.com
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Figure 2 Standardized path coefficients. QOL: Quality of life.

Table 1 Adjusted standardized coefficients for each path in
1
the path map
Dependent

Independent

Standardized
coefficients

t

P value

-0.576

-15.571

< 0.001

-0.401
-0.111
-0.098
-0.404
-0.118
-0.347
-0.230
-0.102
-0.184
-0.389
-0.245

-7.233
-3.151
-2.784
-11.712
-3.697
-10.149
-6.851
-3.298
-5.748
-12.306
-8.415

< 0.001
0.002
0.005
< 0.001
< 0.001
< 0.001
< 0.001
0.001
< 0.001
< 0.001
< 0.001

Psychological
Resilience
distress
Fatigue
Resilience
Side-effects
Resilience
QOL-Social
Psychological distress
Fatigue
Side-effects
QOL-Mental Psychological distress
Fatigue
Side-effects
QOL-physical Psychological distress
Fatigue
Side-effects
1

Adjusted for age, sex, and disease stage. QOL: Quality of life.

= 0.119), indicating that resilience had no direct effect
on QOL. Based on the previously mentioned analysis,
we concluded that the model shown in Figure 1 was
appropriate.
After adjusting for age, sex, and disease stage, the
partial correlation coefficient between psychological
distress and fatigue was r12 = 0.440 (P < 0.001), between
psychological distress and side effects was r13 = 0.246 (P
< 0.001), and between fatigue and side effects was r23 =
0.178 (P < 0.001).
The standardized coefficient for each path in the
path map (Figure 1) was estimated, and the standardized
coefficients adjusted for age, sex, and disease stage
are shown in Table 1. The square of the standardized
coefficient of resilience revealed that it could explain
33.2% of the variance in psychological distress and 16.1%
of that in fatigue. These results suggest that resilience
is an important factor that affects both psychological
distress and fatigue.
The standardized coefficients in Table 1 were written
into the path map (Figure 2). The direct and indirect
effects of resilience, psychological distress, fatigue,
and side effects on QOL were calculated according to
Equations (3) and (4) (Table 2). Psychological distress
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and fatigue had greater effects on the three dimensions
of QOL. The direct effects of fatigue were the largest
for QOL-Social and QOL-Physical, the direct effect of
psychological distress was the largest for QOL-Mental,
and side effects mainly influenced by QOL-Physical.
By summing the direct effects on the three domains
of QOL, we obtained the direct effects of psychological
distress, fatigue, and side effects on QOL (data in the
second column of Table 3). By summing the indirect
effects on the three domains of QOL, we obtained the
indirect effects of psychological distress, fatigue, side
effects, and resilience on QOL (data in the third column
of Table 3). The proportions of direct and indirect
effects on QOL for psychological distress, fatigue, side
effects, and resilience are shown in the fifth and sixth
columns of Table 3. Fatigue, psychological distress,
and side effects accounted for 48.32%, 29.71%, and
21.97%, respectively, of the total direct effect on QOL
(fifth column of Table 3). Of the total effect on QOL,
fatigue accounted for 33.72%, psychological distress
accounted for 28.94%, side effects accounted for 22.53%,
and resilience accounted for 14.80% (seventh column
of Table 3). These results suggest that psychological
distress and fatigue produced in the course of treatment
are important factors influencing the QOL of patients.
Although resilience has a lower proportion of the total
effect on QOL, it has significant effects on fatigue and
psychological distress.

DISCUSSION
Resilience refers to an individual’s capacity to maintain
their psychological and physical well-being in the face of
adversity. Resilience can be viewed as a defense mechanism
that enables one to thrive amid distress. Therefore,
improving resilience may be an important target for
disease treatment and prophylaxis[25]. Patients with cancer
can show high levels of functioning in physical domains
of QOL, but not in others, suggesting that an individual’
s capacity to adjust and cope will influence their QOL.
Individual differences in resilience cause patients to
have different coping styles and adjustment capacities[5].
Therefore, it is necessary to introduce the concept of
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Table 2 Direct and indirect effects of resilience, psychological distress, fatigue, and side effects on the three domains of quality of life
Factor

QOL-Social

Psychological distress
Fatigue
Side-effects
Resilience

QOL-Mental

QOL-Physical

Direct effect

Indirect effect

Total

Direct effect

Indirect effect

Total

Direct effect

Indirect effect

Total

0.098
0.404
0.118
0.000

0.207
0.064
0.115
0.160

0.305
0.468
0.233
0.160

0.347
0.230
0.102
0.000

0.126
0.171
0.194
0.235

0.473
0.401
0.296
0.235

0.184
0.389
0.245
0.000

0.231
0.125
0.150
0.212

0.415
0.514
0.395
0.212

1

Adjusted for age, sex, and disease stage. QOL: Quality of life.

resilience.

Table 3 Direct and indirect effects of resilience, psychological
1
distress, fatigue, and side effects on quality of life n (%)
Factor

COMMENTS
COMMENTS

QOL
Direct effect

Psychological distress
Fatigue
Side-effects
Resilience
Total

Indirect effect

Total

0.558 (28.13)
0.360 (18.15)
0.459 (23.14)
0.607 (30.59)
1.984 (100.00)

1.187 (28.94)
1.383 (33.72)
0.924 (22.53)
0.607 (14.80)
4.101 (100.00)

0.629 (29.71)
1.023 (48.32)
0.465 (21.97)
0.000 (0.00)
2.117 (100.00)

Background

Resilience is an individual’s capacity to maintain their psychological and
physical well-being in the face of adversity. Cancer is a disease causing
severe psychological distress in patients. Exploring the association between
resilience and quality of life (QOL) can help us understand the role of resilience
in improving the QOL of cancer patients, as well as provide clinical staff with
information on psychological intervention and psychological care programs for
cancer patients.

1

Adjusted for age, sex, and disease stage. QOL: Quality of life.

Research frontiers

resilience into studies of the QOL of cancer patients.
QOL is an indicator of a patient’s social, psychological,
and physiological status, as well as their well-being [1].
In theory, resilience affects the psychological aspect of
QOL[10,12], and thus should have a direct effect on QOL.
However, in this study, the regression coefficient of
resilience (adjusted for age, sex, and disease stage) was
statistically significant (β = 0.119, t = 4.499, P < 0.001)
when psychological distress, fatigue, and treatment side
effects were absent from the regression model; the reverse
was true (t = 1.562, P > 0.05) when these variables were
added. These results suggest that the effect of resilience
on QOL may be passed on by psychological distress,
fatigue, and side effects, and is therefore indirect. Further
studies are necessary to confirm this conclusion.
In this study, we analyzed the patients in the following
order: resilience → psychological distress, fatigue, and
side effects → QOL; that is, resilience was plotted on the
left part of the path map, which means that if patients
with low resilience can be identified early and are given
good social support as well as psychological care, then
their psychological distress will likely decrease. This
would prompt them to actively respond to treatmentinduced fatigue and side effects, thereby improving their
QOL.
In summary, the data obtained by our epidemiological
sur vey showed that although resilience is not an
independent predictor of QOL in patients with digestive
cancer and accounted for only 14.80% of the total effect
on QOL, it is a major influencing factor on psychological
distress and side effects. In addition, psychological distress
and fatigue are important factors that affect QOL,
indicating that the role of resilience in improving QOL
cannot be ignored. In studying the QOL of patients with
cancer, we should focus on strategies that improve their
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In recent years, the role of resilience in the process of cancer treatment
has been given increasing attention. Studies have found that resilience can
powerfully predict patients’ fatigue during treatment, and good resilience can
help patients reduce treatment-induced damage to bodily functions and shorten
the time of bodily function recovery. The researchers suggested that patients
with good resilience are able to treat their disease correctly and maintain a
relatively good psychological state, thereby resulting in a better QOL.

Innovations and breakthroughs

Although much research has shown that a relationship exists between QOL
and resilience in cancer patients, limited information is available on the nature
of this relationship and the degree of the influence of resilience on QOL. This
study showed the relationships between resilience, psychological distress,
fatigue, and treatment side effects with QOL.

Applications

These results indicate that the role of resilience in improving QOL cannot be
ignored. In studying the QOL of patients with cancer, the authors should focus
on strategies that improve their resilience.

Peer review

The paper examines a very important subject, namely the relationships
between resilience and quality of life in digestive cancer patients. The subject is
interesting and would be of equal interest for other cancers as well. Resilience,
psychological distress, fatigue, and side effects were assessed for a large
group of patients, and significant correlations were found and discussed in the
paper. The findings are illustrated by figures and tables, and discussed in detail
in the paper.
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form LR for T2-3 gallbladder carcinomas significantly
2
less often than high-volume or mid-volume centers (χ
= 13.78, P = 0.001). In HV’s and MV’s, 61% of the patients with an indication for liver resection underwent
LR, but in LV centers, only 41% with an indication for
LR underwent LR (P < 0.001). In cases of T1b carcinomas, LR was performed significantly more often in HV’s
(P = 0.009).

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To clarify whether the performance of liver resections (LR) for incidental gallbladder carcinoma (IGBC)’
s depends more on the experience of the hospitals in
liver surgery than on complying with the guidelines in
Germany.

Key words: Gallbladder carcinoma; Radical cholecystectomy; High-volume center; German-registry; Volume
cut-off; Hepatobiliary surgery

METHODS: For data analysis, we used the Surgical
Association of Endoscopy and Ultrasound and Minimally
Invasive Surgery Central Registry of “IGBC” of the
German Society of Surgery (the German Registry). In
2010, we started a second form by requesting the frequency of LR at the various hospitals in Germany. The
indication for LR was irrelevant. The aim was to determine the overall frequency of liver resections at the
hospitals. We divided the hospitals according to their
experience in liver surgery into high- (HV), mid- (MV),
and low-volume (LV) LR hospitals.
RESULTS: This study includes 487 IGBC’s from 167
centers. There were 36 high-volume, 32 mid-volume,
and 99 low-volume centers. In the high-volume centers, the mean (range) number of liver resections was
101 (40-300). In the mid-volume centers, the mean
(range) number of liver resections was 26 (20-39). In
the low-volume centers, the mean (range) number of
liver resections was 6.5 (0-19) (P < 0.001). LV’s per-

WJG|www.wjgnet.com

CONCLUSION: The central problem is that the performance of the required liver resection in IGBC in Germany
depends on the hospital experience in liver surgery and
not on the recommendations of the German guidelines.

Core tip: The indication for radical liver resection in incidental gallbladder carcinomas depends more on the
experience of the hospitals in liver surgery than on the
tumor stage of the primary carcinoma. In addition, the
recommendations of high quality guidelines seemed to
be ignored in radical surgery in incidental gallbladder
carcinoma cases.
Goetze TO, Paolucci V. Influence of high- and low-volume liver
surgery in gallbladder carcinoma. World J Gastroenterol 2014;
20(48): 18445-18451 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i48/18445.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i48.18445

INTRODUCTION
The 5-year survival rate for patients with gallbladder
carcinoma is less than 5%[1-3]. Stage-adjusted therapy
including radical surgery remains the only effective
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treatment[4,5]. If gallbladder carcinoma is discovered in
the early stages, the 5-year survival rate can reach 75%[6].
Guidelines for radical resection vary worldwide [5,7,8].
According to the S3 Guidelines[8], the recommended
treatment for gallbladder carcinoma in Germany is
liver resection in the form of wedge resection of the
gallbladder bed with a 3 cm margin in the liver, or a
resection of liver segments 4b and 5, always combined
with dissection of the regional lymph nodes along
the hepatoduodenal ligament in cases of T2 or more
advanced carcinomas. Similarly, a radical cholecystectomy
for T1b and more advanced carcinomas is recommended
by the Guidelines of the National Comprehensive Cancer
Network[7].
Despite the publication of these guidelines, surgical
management of gallbladder cancer remains inadequate.
Data from the German Registry and recent scientific
literature show an underutilization of radical resection
as a critical component for the treatment of gallbladder
cancer [9,10]. In the era of minimally invasive surgery,
most early-stage gallbladder carcinomas are identified
by laparoscopy, and radical cholecystectomy is needed
in a second surgery [6,11] . The effectiveness of the
wedge-resection technique and the bisegmentectomy
of segments IVb/V in liver resection combined with
standardized lymph node dissection have already been
demonstrated based on 624 patients in the German
Registry (GR) [6]. However, only 49% of the T2 and
T3 carcinomas in the GR underwent a second radical
surger y, despite the recommendation of the S3
Guidelines[8] to perform radical liver resection in cases of
T2 and T3 carcinomas. Hepatic resection has been shown
to be associated with high morbidity and mortality[12-14].
Improvements in surgical techniques and perioperative
care have resulted in a reduction in morbidity, with
reports of nearly no mortality in some centers [15,16].
Therefore, there may be some regional variation in
treatment, whereby high-volume hospitals perform the
recommended procedures in a higher portion of cases
because they have accumulated enough experience to feel
confident about performing these procedures.
The question is whether the performance of liver
resection for gallbladder carcinoma cases depends more
on the experience of the different hospitals with liver
surgery than on complying with the recommendations
of the S3 Guidelines in Germany[8]. According to the
literature, there is an association between mortality rate
and volume of liver resection surgery, but arbitrary cutoffs have been used to differentiate high-volume from
low-volume hospitals[17-19]. Thresholds ranging from 15 to
50 cases per year have been used to define a high-volume
center[17-19]. The volume cut-off for a high-volume center
was 20 or more cases. Volume cut-offs of 15 and 50
cases has also been previously examined[17,18]. The aim
is to determine whether clinics with more experience in
liver surgery, represented by means of so-called highvolume centers, more often follow the S3 Guidelines
regarding liver resection or radical cholecystectomy in
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gallbladder cancer surgery. A further question addresses
the definition of high-volume in liver surgery. Especially
in cancers without a high incidence, the definition of
high volume in the literature is often inconsistent. “Highvolume centers” in liver and pancreas surgery was
defined by Fong et al[20] as more than 25 cases per year.
However, they also mentioned that there is no exact
science concerning the cut off thresholds, so there is no
major break at that point. Regarding the more seldom
type of cancers, data are sparse concerning what is
high and low volume and most cut-offs are arbitrarily.
Langer [21] provided a list of articles defining “highvolume” in pancreas resection differing from 2 to 20
resections per year. A Report by the Cancer Care Ontario
task force on the regionalization of pancreatic cancer
surgery in Ontario in 1999[22], defined the volumes of
major pancreatic surgery with at least 10 cases per year
and total hepatobiliary surgery with at least 25 cases
per year as high-volume centers for this type of cancer
surgery. In 2006, an expert panel, “Cancer Care Ontario,
hepatic, pancreatic and biliary (HPB) Surgical Oncology
Standards”[23], published a report entitled ”HPB Surgical
Oncology Standards”. According to this document,
the volume targets were 20 major pancreatic cases and
50 major HPB cases per year for a high-volume center.
Glasgow et al[24] states that in general surgical practice,
standards for the minimum experience necessary to
perform highly complex and risky procedures (i.e.,
major hepatic, pancreatic, or esophageal resections for
neoplasia) do not exist, which again indicates that a clear
definition for cut-offs in the more rare cancers seems to
be complicated. Finlayson et al[25] defined three groups:
low-, mid-, and high-volume. In pancreatic resection, the
mid-volume group was designated by 3-13 operations,
whereas the mid-volume group for the more frequent
colon resection procedures was designated by 61-116
cases, similar to the analysis of Schrag et al[26] in JAMA
2000. According to Schrag et al [26], the definition of
different case volumes for colon cancer were as follows:
1 to 57 low volume; 58 to 112 mid-volume; 113 to 165
high-volume; and 166 to 383, very high-volume. For the
types of carcinomas with higher incidence, the cut-offs
seem to be more consistent. Based on a systematic review
of 12 studies with a total of 19688 patients, van Heek et
al[27] were not able to define a clear cut-off volume for
pancreas resection.

MATERIALS AND METHODS
Data collection
For data analysis, we used the Surgical Association of
Endoscopy, currently called the Surgical Association of
Endoscopy and Ultrasound (CAE, currently CAES), and
the Surgical Association of Minimally Invasive Surgery
(CAMIC) Central Registry of “incidental gallbladder
carcinoma (IGBC)” of the German Society of Surgery
[the German Registry (GR)]. The GR was established
in 1997[28], and is supported by CAES/CAMIC, which
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according to their frequency of liver resections (LR) per
year. High-volume LR hospitals were defined as hospitals
performing 40 or more resections per year, mid-volume
LR hospitals were defined as hospitals performing 20-39
resections per year, and low-volume LR hospitals are
defined as hospitals performing less than 20 resections
per year. We choose to use three groups because a binary
cut-off consisting of high- and low-volume hospitals
seemed to be too sharp a limit that does not reflect the
reality.

2

Table 1 χ test
High-volume
HV vs MV vs LV1
No ReOP
37
ReOP
56 (31.5)
Total
93 (60)
High + medium vs low2
No ReOP
63
ReOP
97 (54.5)
Total
160 (61)
HV vs MV vs LV3
No ReOP
6
ReOP
14 (70)
Total
20

Mid-volume

Low-volume

Total

26
41 (23)
67 (61)

117
81 (45.5)
198 (41)

180
178
358

-

117
81 (45.5)
198 (41)

180
178
358

11
4 (26)
15

17
7 (29)
24

34
25
59

Staging
Clinical and histopathological staging was based on the
6th edition of the UICC/AJCC classification of 2002[29].

1 2

χ test of 358 patients (T2-3)/volume groups [high-volume (HV) vs midvolume (MV) vs low-volume (LV)] vs re-resection (χ 2 = 13.78, P = 0.001/
Cramer’s V of 0.2); 2χ 2 test of 358 patients (T2-3)/volume groups (high +
medium vs low) vs re-resection (χ 2 = 13.76, P < 0.001/Cramer’s V of 0.2);
3 2
χ test of 59 T1b patients with the corresponding volume groups (HV vs
MV vs LV) vs re-resection (χ 2 = 9.48, P = 0.009).

are both part of the German Society of Surgery. Cases
of IGBC in Germany are registered in the GR. Patients
who underwent a radical re-resection were treated under
the conditions of the S3 guidelines for the diagnosis
and treatment of gallstones from the German Society
for Digestive and Metabolic Diseases and the German
Society for Surgery of the Alimentary Tract [8]. The
patients underwent a liver resection that involved either
a wedge resection of the gallbladder bed with a 3 cm
margin in the liver or a liver resection of segments 4b
and 5, always in addition to standardized lymph node
dissection of the hepatoduodenal ligament. According
to the S3 Guidelines, liver resection is recommended in
cases of T2 tumors and more advanced carcinomas.
Questionnaire
A standardized form was sent periodically (every 3 mo) to
all surgical hospitals to collect data for the GR. This form
also contained questions about whether immediate reresection was performed, and if so by which technique.
Study design
In 2010, we implemented a second form requesting
data on the frequency of liver resections per year at the
various hospitals with approval of the German Society
of General and Visceral Surgery. The indication for liver
resections was irrelevant. We were not only interested in
the number of liver resections for gallbladder carcinoma.
The aim was to determine the overall frequency of
liver resections at the different clinics to determine a
conclusion regarding the experience in liver resection
of the different clinics. The form sought to determine
whether the indication for liver resection in gallbladder
carcinoma depends on the experience of the clinics in
liver surgery more than on the recommendations of the
S3 Guidelines.
Based on results from the literature and the statistical
analysis we divided the hospitals into three groups
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Statistical analysis
SPSS version 11.5 (SPSS Inc., Chicago, IL, United
States) was used. We used ANOVA-analysis (analysis of
variance), Box plots and χ 2 tests, and a P-value < 0.05
was considered statistically significant.

RESULTS
This study includes 487 gallbladder carcinoma patients
from 167 centers. There were 36 high-volume, 32 midvolume, and 99 low-volume centers.
A total of 31.5% of patients who underwent reresection of the liver underwent the liver resection at
a high-volume center, whereas 23% of patients who
underwent re-resection of the liver underwent the liver
resection at a mid-volume center, and 45.5% of patients
who underwent re-resection of the liver underwent the
liver resection at a low- volume center.
At high-volume centers, 60% of patients with an
indication for liver resection (T2-3 carcinomas) underwent
the required liver resection, and at mid-volume centers,
61% did. In contrast, only 41% of patients with an
indication for liver resection (T2-3 carcinomas) underwent
the required liver resection at low-volume centers. The
Chi-square test indicates that low-volume centers perform
liver resection (for T2-3 carcinomas) significantly less
often than high-volume or mid-volume centers (χ 2 =
13.78, P = 0.001) (Table 1).
The direct internal comparison of the three volume
groups with boxplots (Figure 1) shows that lowvolume centers ignore the indications for liver resection
significantly more often than the guidelines stipulate;
however, mid-volume centers perform liver resections
significantly more often than not. High-volume centers
show the same trend as mid-volume centers, but the
difference was not statistically significant.
Combining the high- and mid-volume centers into
one group and comparing them to the low volume
centers produced the following results (Figure 2). Based
on an ANOVA, 358 patients at tumor stage T2-3 were
analyzed: 160 patients at high/mid-volume centers and
198 patients at low-volume centers. The mean of reresections at high-/mid-volume centers was 61 vs 41 at
low volume centers (P < 0.001). According to the means,

18447

December 28, 2014|Volume 20|Issue 48|

Goetze TO et al . Oncologic liver surgery in gallbladder carcinoma
400

120

No ReOP
ReOP
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Mean liver resection

Liver resection/yr

300

200
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20

0

High volume

0
High volume

Mid volume
Low volume
Volume centers

Figure 1 Box plots of the annual volume of liver resections, separated
according to volume strata and occurrence of re-resection (T2-3 carcinomas).
The middle bar of the box plot represents the median, while the lower and upper
bars of the box represent the 25th and 75th quartiles, respectively. The dots and
asterisks represent outliers.

Figure 3 Mean rate of liver resection in the 3 volume groups including all
patients/all volume centers.
400
300
Liver resection/yr

0.7

0.6
Mean ReOP

Mid volume
Low volume
Volume centers

0.5

200
100
0

0.4

-100

0.3
High/mid volume

Low volume
Volume centers

Figure 2 ANOVA of high/mid-volume vs low-volume centers according to
the mean rate of liver resection.

the high-/mid-volume centers perform liver resection
significantly more often for T2-3 carcinomas than lowvolume centers.
The corresponding analysis (combining the highand mid-volume groups into one group) using a χ 2
test shows similar results (Table 1). A total of 54.5%
of patients who underwent liver resection (in the T2-3
tumor stage) underwent liver surgery at high- or midvolume centers, whereas 45.5% underwent liver surgery
at low-volume centers. At high- and mid-volume
centers, 61% of the patients with an indication for liver
resection underwent liver resection, but at low-volume
centers, only 41% of patients with an indication for liver
resection actually underwent a liver resection (χ 2 = 13.76,
P < 0.001).
Figure 3 shows the results of an ANOVA of the
number of liver resections in the 487 patients with Tis-T4
carcinomas at all volume centers separated according to
high-, mid-, and low-volume centers. At high-volume
centers, the mean (range) number of liver resections was
101 (40-300), whereas at mid-volume centers, the mean
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High volume

Mid volume
Low volume
Volume centers

Figure 4 Medians of liver resections according to the 3 volume groups
(Tis-T4 carcinomas/all patients). The middle bar of the box plot represents
the median, whereas the lower and upper bars of the box represent the 25th
and 75th quartiles, respectively. The dots and asterisks represent outliers.
The boxplot-test of all patients/volume-centers shows that the median of liver
resection at high-volume centers was 60, that at mid-volume centers was 28
and that at low-volume centers was 5.

(range) number of liver resections was 26 (20-39) and at
low-volume centers, the mean (range) number of liver
resections was 6.5 (0-19) (P < 0.001).
Figure 4 shows the distribution of the number of
resections at high-, mid-, and low- volume centers for
patients at all T stages/all volume centers.
A non-parametric χ 2 showed that only 178 of 358
patients (49%) with T2-3 stage disease underwent liver
resection (P = 0.011).
In addition, 9 patients (2.5%) with T2-3 carcinomas
were referred from a low- volume to a high-volume
center. Three of these patients have already been
reported by a high-volume center; three patients were
referred by one hospital, and the remaining 3 patients
were referred by 3 different hospitals.
In cases of T1b carcinomas, liver resection was
performed significantly more often at high-volume
centers than at mid or low volume centers (Table 1, χ 2 =
9.48, P = 0.009).
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DISCUSSION
Only 49% of patients in the German registry with an
indication for liver resection (T2-3 IGBCs) underwent
a liver resection as recommended by the German
S3 Guidelines [8]. Thus, it appears that the surgical
recommendations of the German S3 Guidelines are
often not being followed. The aim of this study was not
to discuss the quality of liver resection at the different
types of hospitals but rather to determine whether
the indication for radical resection depends more on
the experience of the hospital in liver surgery than on
objective factors such as tumor stage. Therefore, we
have analyzed mainly IGBCs in T2 and T3 tumor stages,
where liver resection is recommended by the German S3
Guidelines[8]. Additionally, liver resection is recommended
for up to T1b gallbladder carcinomas according to the
NCCN Guidelines[7]. In addition, there is evidence in the
GR that T1b IGBC cases benefit from liver resection[30,31].
Therefore, we have also analyzed the T1b carcinomas.
For completeness, data from all other T stages were also
added.
A substantial portion of patients in this study with
incidental gallbladder carcinoma was treated at lowvolume centers. This seems to be logical because most
hospitals in Germany that perform cholecystectomy are
low-volume centers regarding liver surgery.
Table 1 shows that 31.5% of T2-3 carcinomas with
re-resection of the liver underwent liver resection at a
high-volume center, whereas 23% underwent resection at
a mid-volume center and 45.5% underwent resection at
a low-volume center because the majority of the centers
the perform cholecystectomy are low-volume centers.
At high- and mid-volume centers, respectively,
60% and 61% of patients with an indication for liver
resection (T2-3 carcinomas) underwent the required liver
resection. However, at low-volume centers, only 41% of
the patients with an indication for liver resection (T2-3
carcinomas) underwent the required resection. Therefore,
a substantial portion of gallbladder carcinomas was
treated at low-volume centers, but low-volume centers
perform liver resection significantly less often than highor mid-volume centers in patients with T2-3 carcinomas,
a tumor stage where liver resection is recommended
by the S3 Guidelines and the literature [7,8,11,32-37]. The
direct comparison using boxplots (Figure 1) of the
three volume groups regarding T2-3 carcinomas shows
that low-volume centers ignore the indication for liver
resection significantly more often than not. In contrast,
mid-volume centers perform liver resection significantly
more often than not. High-volume centers show the
same trend as mid-volume centers. To clarify these
results, we have combined high- and mid-volume centers
into one group and compared them to low-volume
centers (Table 1, Figure 2). According to the mean values
(Figure 2), high/mid-volume centers perform liver
resection for T2-3 carcinomas significantly more often
than low-volume centers. Table 1 shows that at high/
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mid-volume centers, 61% of patients with an indication
for liver resection underwent liver resection, but at lowvolume centers, significantly fewer patients (41%) with an
indication for liver resection (T2-3 carcinomas) actually
underwent the required liver resection.
We have previously shown the positive effect of
liver-resection for T1b gallbladder carcinomas[30,31]. The
corresponding analysis in the present patient cohort
regarding volume centers and T1b carcinomas (n =
59) (Table 1) shows that 70% of the cases with T1b
carcinoma at high-volume centers underwent liver
resection, but less than 30% of T1b IGBCs at mid- or
low-volume centers underwent liver surgery (P = 0.009).
The results are more remarkable for Tb carcinomas,
showing that only hospitals that are more comfortable
performing liver surgery based on the larger number of
liver resections per year perform radical cholecystectomy.
Nevertheless, there is no clear recommendation by the
German S3 Guidelines[8] to perform liver resection for
T1b carcinomas, despite evidence in the literature[30,31] and
guidelines from abroad[7].
The results show that the referral of patients from a
low-volume center to a high- volume one has no practical
relevance in the GR.
The division into high-, mid-, and low-volume centers
with the cut-offs used here seems reasonable for German
hospitals, and the results seem even more precise by
combining high- and mid-volume centers into one group.
However, there is definitely no clear data regarding the
defining of the cut-offs.
The central problem is that the performance of a liver
resection in IGBC patients in Germany depends much
more on the hospital’s volume of liver surgery than on
complying with the S3 Guidelines[8].
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Guidelines for radical resection of gallbladder carcinoma vary worldwide.
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cholecystectomy (RC) is recommended for up to T1b gallbladder carcinomas.
According to the effective guidelines in Germany, RC is recommended for T2
carcinomas and more advanced stages. Unfortunately, the implementation
of the guidelines into practice in Germany occurs in less than 50% of cases.
The effort of a more radical surgery in IGBC cases in earlier stages based on
the research results seems to be highly questionable if implementation of the
guidelines is ignored to the detriment of the patients.
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Abstract
AIM: To evaluate the differences in the treatment
outcomes between the unresectable and recurrent
biliary tract cancer patients who received chemotherapy.
METHODS: Patients who were treated with gemcitabine
and S-1 combination therapy in the previous prospective
studies were divided into groups of unresectable
and recurrent cases. The tumor response, time-toprogression, overall survival, toxicity, and dose intensity
were compared between these two groups.
RESULTS: Response rate of the recurrent group was
higher than that of the unresectable group (40.0% vs
25.5%; P = 0.34). Median time-to-progression of the
recurrent and unresectable groups were 8.7 mo (95%CI),
1.2 mo, not reached) and 5.7 mo (95%CI: 4.0-7.0 mo),
respectively (P = 0.14). Median overall survival of the
recurrent and the unresectable groups were 16.1 mo
(95%CI: 2.0 mo-not reached) and 9.6 mo (95%CI:
7.1-11.7 mo), respectively (P = 0.10). Dose intensities
were significantly lower in the recurrent groups
(gemcitabine: recurrent group 83.5% vs unresectable
group 96.8%; P < 0.01, S-1: Recurrent group 75.9%
vs unresectable group 91.8%; P < 0.01). Neutropenia
occurred more frequently in recurrent group (recurrent
group 90% vs unresectable group 55%; P = 0.04).
CONCLUSION: Not only the efficacy but also the
toxicity and dose intensity were significantly different
between unresectable and recurrent biliary tract cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Many chemotherapeutic studies of advanced
biliary tract cancer include both unresectable and
recurrent cases. However, the treatment outcomes of
these two conditions might be different. We therefore
conducted a pooled analysis of two prospective studies
to evaluate the differences in the treatment outcomes
between the unresectable and recurrent cases in
patients with advanced biliary tract cancer patients
who received chemotherapy. From our pooled analysis,
not only the efficacy but also the toxicity and dose
intensity were significantly different between these
two conditions. Therefore, it is better to evaluate the
unresectable and recurrent cases separately in future
prospective studies.
Sasaki T, Isayama H, Nakai Y, Ito Y, Yasuda I, Toda N, Yagioka
H, Matsubara S, Hanada K, Maguchi H, Kamada H, Hasebe O,
Mukai T, Okabe Y, Maetani I, Koike K. Treatment outcomes
of chemotherapy between unresectable and recurrent biliary
tract cancer. World J Gastroenterol 2014; 20(48): 18452-18457
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i48/18452.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i48.18452

INTRODUCTION
Gemcitabine and cisplatin (GC) combination therapy is
currently the standard care for the treatment of advanced
biliary tract cancer (BTC) [1-4]. The efficacies of GC
combination therapy were also confirmed in a study with
Japanese patients[5-9]. However, this study highlighted
the differences of efficacy between the unresectable and
recurrent cases. In fact, the median overall survival of
unresectable and recurrent cases was 9.4 mo and 16.1
mo, respectively.
Extended surgeries, such as a major hepatectomy or
a pancreatoduodenectomy, were usually performed for
the treatment of BTC. The patients who received these
extended surgeries did not usually tolerate the standard
dose of chemotherapy and needed dose modifications[10].
In adjuvant settings, dose modifications were needed,
especially after a major hepatectomy, when the patients
were treated with gemcitabine and S-1 (GS) combination
therapy[11-13]. However, the same treatment regimens were
often delivered for the recurrent cases. Because there is
currently no study that evaluates the differences of dose
intensity between unresectable and recurrent cases, it is
unknown if patients with recurrent tumors can tolerate
the standard dose of chemotherapy.
Therefore, we conducted a pooled analysis using
two prospective study data to clarify differences in the
treatment outcomes between unresectable and recurrent
cases receiving GS combination therapy in patients with
advanced BTC. GS combination therapy is one of the
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promising regimens for advanced BTC, and a phase Ⅲ
study comparing GS with GC combination therapy has
started in Japan[14-17].

MATERIALS AND METHODS
Patients and methods
Data from patients treated with GS combination
therapy were collected from two prospective studies:
the phase Ⅱ study of GS combination therapy and the
randomized phase Ⅱ study comparing GS combination
therapy vs gemcitabine monotherapy[14,16]. The same study
group conducted these two prospective studies, and
the treatment regimens and assessments were the same
between these two studies. The enrolled patients were
divided into unresectable and recurrent groups and were
used to compare the treatment outcomes.
Treatment regimen and dose modification
Gemcitabine was given intravenously at 1000 mg/m2
over 30 min on days 1 and 15, repeated every 4 wk.
S-1 was administered orally, twice daily from days 1 to
14, followed by a 2-wk rest. Three doses of S-1 were
established according to the body surface area (BSA) as
follows: BSA < 1.25 m2, 80 mg/d; 1.25 m2 ≤ BSA <
1.5 m2, 100 mg/d; and BSA ≥ 1.5 m2, 120 mg/d. The
dose reduction was based on any adverse effects graded
according to the National Cancer Institute Common
Terminology Criteria of Adverse Events (CTCAE)
version 3.0. In the case of a grade 3/4 hematological
toxicity or a grade 2 or higher non-hematological
toxicity, the treatment was temporarily suspended. After
confirming the resolution to a grade 1 toxicity level or
lower, the treatment was restarted at a reduced dose. At
first, S-1 was reduced to the following doses: BSA <
1.25 m2, 60 mg/d; 1.25 m2 ≤ BSA < 1.5 m2, 80 mg/d;
and BSA ≥ 1.5 m2, 100 mg/d. If the toxicity occurred
despite S-1 reduction, the gemcitabine dose was reduced
to 800 mg/m2. If further toxicity was observed, the dose
was reduced again. The S-1 dose was reduced to the
following doses: BSA < 1.25 m2, 40 mg/d; 1.25 m2 ≤
BSA < 1.5 m2, 60 mg/d; and BSA ≥ 1.5 m2, 80 mg/d,
and the gemcitabine dose was reduced to 600 mg/m2. If
further dose reduction was needed, the study treatment
was put on hold. No dose re-escalation was allowed.
The study treatments were continued until the disease
progression, unacceptable toxicity, or patients’ refusal.
Response and toxicity assessment
The pretreatment evaluation included a medical history
and physical examination, a complete blood count, a
serum biochemical test, urinalysis and an echocardiogram.
The Eastern Cooperative Oncology Group (ECOG)
performance status and laboratory tests that included
complete blood counts and serum biochemical tests were
checked every two weeks. Carcinoembryonic antigen
(CEA) and carbohydrate antigen 19-9 (CA19-9) levels
were measured at the beginning of the study and at day
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Table 1 Patient characteristics n (%)

Age (median, range)
Sex (male / female)
ECOG performance status
0
1
2-3
Primary biliary site
Gallbladder
Intrahepatic bile duct
Extrahepatic bile duct
Ampulla of Vater
Baseline sum of longest diameter
(median, range, cm)

Table 2 Tumor response n (%)

Unresectable
(n = 55)

Recurrent
(n = 10)

P value

68 (47-83)
31/24

70 (51-79)
7/3

0.43
0.42
0.76

28 (51)
25 (45)
2 (4)

6 (60)
4 (40)
0

Complete response
Partial response
Stable disease
Progressive disease
Not evaluable
Response rate
Disease control rate

0.07
26 (47)
20 (36)
9 (16)
0
9 (1.0-31.9)

4 (40)
2 (20)
3 (30)
1 (10)
2.8 (1.2-16.0)

Recurrent
(n = 10)

0
14 (25.5)
29 (52.7)
10 (18.2)
2 (3.6)
25.5%
78.2%

2 (20.0)
2 (20.0)
3 (30.0)
2 (20.0)
1 (10.0)
40.0%
70.0%

P value

0.34
0.57

ECOG: Eastern Cooperative Oncology Group.
0.04

100

Median
8.7 mo (95%CI: 1.2-NA)
Recurrent
Unresectable 5.7 mo (95%CI: 4.0-7.0)

90
Probability (%)

80
ECOG: Eastern Cooperative Oncology Group.

1 of each cycle. Pretreatment evaluation using contrastenhanced computed tomography (CT) or magnetic
resonance imaging (MRI) was conducted within 4 wk
before enrollment of the patients. The tumor response
was assessed every two cycles, and the toxicity was
evaluated using CTCAE version 3.0.
Statistical analysis
The objective response rate was evaluated according to
Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.0 [18]. The time-to-progression and overall
survival were calculated using the Kaplan-Meier method.
Fisher’s exact test was used to compare the patients’
characteristics and tumor responses between the two
groups. The Mann-Whitney U test was used to compare
quantitative variables as appropriate. The log-rank tests
were used to compare the survival curves (overall survival
and time-to-progression) between the unresectable group
and the recurrent group. The JMP 9.0 statistical software
program (SAS Institute Inc., Cary, NC, United States)
was used for all statistical analyses.

RESULTS
Patient characteristics
A total of sixty-five patients were enrolled in this
pooled analysis. Fifty-five patients were included in
the unresectable group and ten patients were in the
recurrent group (Table 1). The baseline characteristics
were well balanced between these two groups, with
the exception of the baseline sum of longest diameter
(BSLD). The median BSLDs of the unresectable and
recurrent groups were 9.0 cm (range: 1.0-31.9 cm) and
2.8 cm (range: 1.2-16.0 cm), respectively (P = 0.04). In
ten patients who were enrolled in the recurrent group,
two patients had received a major hepatectomy, and a
pancreatoduodenectomy was performed in three patients.
One patient received a hepatopanceratoduodenectomy,
and a cholecystectomy was performed in four patients.
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Unresectable
(n = 55)

70
60
50
40
30
20
10
0

0

3

6

9

12

15

18

21

2
6

2
3

2
2

2
1

t /mo
Recurrent
10
Unresectable 55

7
33

5
18

3
7

Figure 1 Time-to-progression curves of recurrent and unresectable biliary
tract cancer. The median time to progressions were 8.7 mo and 5.7 mo,
respectively (log-rank test, P = 0.14).

Treatment outcomes
Table 2 summarizes the results of tumor responses. The
response rate of the recurrent group was higher than that
of the unresectable group (40.0% vs 25.5%; P = 0.34).
Two patients in the recurrent group achieved complete
responses. The disease control rate was similar between
these two groups. The median time-to-progression of the
recurrent and unresectable groups were 8.7 mo (95%CI:
1.2 mo-not reached) and 5.7 mo (95%CI: 4.0-7.0 mo),
respectively (Figure 1; P = 0.14). Moreover, the median
overall survival of the recurrent and the unresectable
groups were 16.1 mo (95%CI: 2.0 mo-not reached) and
9.6 mo (95%CI: 7.1-11.7 mo), respectively (Figure 2; P =
0.10).
Drug administration and toxicity
The median treatment cycles between the unresectable
and the recurrent groups were 4 and 7.5 cycles,
respectively (P = 0.15; Table 3). The dose intensities
were significantly lower in the recurrent groups than in
the unresectable group of both gemcitabine and S-1
treatments.
The incidences of major adverse events are presented
in Table 4. The incidence of each adverse event was
not statistically significant between these two groups
except for neutropenia in all grades (recurrent group
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Median
16.1 mo (95%CI: 2.0-NA)
Recurrent
Unresectable 9.6 mo (95%CI: 7.1-11.7)

100
90

Table 3 Drug administration

Probability (%)

80
70
50
40
30
20
10
0

Recurrent
(n = 10)

4 (1-26)

7.5 (1-23)

96.8%
91.8%

83.5%
75.9%

< 0.01
< 0.01

95.3%
90.7%

89.4%
78.9%

0.13
0.04

Treatment cycle
Median, range
Dose intensity (overall)
Gemcitabine
S-1
Dose intensity (first two cycles)
Gemcitabine
S-1

60

0

3

6

9

12

15

18

21

5
15

4
7

1
4

1
1

P value

Unresectable
(n = 55)

0.15

t /mo
Recurrent
10
Unresectable 55

9
50

8
38

8
26

Table 4 Toxicity n (%)
Unresectable
(n = 55)

Figure 2 Overall survival curves of recurrent and unresectable biliary
tract cancer. The overall survivals were 16.1 mo and 9.6 mo, respectively (logrank test, P = 0.10).

All grades Grade 3-4 All grades Grade 3-4
Hematological
Leukopenia
Neutropenia
Anemia
Thrombocytopenia
Non-hematological
Nausea
Vomiting
Anorexia
Stomatitis
Diarrhea
Constipation
Pigmentation
Skin rash
Liver dysfunction

90% vs unresectable group 55%; P = 0.04). Grade 3-4
neutropenia was also more frequent in the recurrent
group than in the unresectable group (60% vs 29%; P =
0.08). Leukopenia occurred in all grades more frequently
in the recurrent group than in the unresectable group
(90% vs 60%; P = 0.08).

DISCUSSION
From this pooled analysis, there were several differences
in the treatment outcomes between the unresectable
and recurrent groups. The median overall survival, the
median time-to-progression, and the response rate were
better in the recurrent group when compared with the
unresectable group. Furthermore, the dose intensity and
toxicities were also different between these two groups.
The BSLD was significantly smaller in the recurrent
group than in the unresectable group. BSLD is evaluated
as the representative of the tumor volume using RECIST
criteria. The patients who received surgery are checked
for the recurrence by a specific interval, and thus, the
recurrence is usually found as a smaller tumor size.
However, BTC are sometimes diagnosed at an advanced
stage with a larger tumor volume because some BTC lack
the characteristic symptoms. The resection rate of BTC
in Japan was reported at more than 70%[19]. Therefore,
the tumor volumes of unresectable cases usually become
large. We hypothesized that the differences of treatment
outcomes were mainly affected by the different tumor
sizes between these two groups[20,21].
Major hepatectomies or pancreatoduodenectomies
are surgeries often performed for the treatment of BTC.
The metabolism of anti-cancer agents is often influenced
by a pancreatoduodenectomy[10]. Moreover, a report of
a phase 1 study evaluated the recommended dose of GS
combination therapy in the adjuvant setting for advanced
BTC[11]. A dose reduction was mainly needed after a
major hepatectomy when GS combination therapy was
used in the adjuvant setting. Although it has not become
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Recurrent
(n = 10)

33 (60)
30 (55)
41 (75)
25 (45)

16 (29)
16 (29)
9 (16)
9 (16)

9 (90)
9 (90)
7 (70)
5 (50)

2 (20)
6 (60)
1 (10)
0

12 (22)
3 (5)
19 (35)
14 (25)
7 (13)
16 (29)
12 (22)
10 (18)
7 (13)

1 (2)
0
2 (4)
0
0
0
0
3 (5)
1 (2)

4 (40)
2 (20)
4 (40)
2 (20)
0
1 (10)
3 (30)
2 (20)
0

0
0
0
0
0
0
0
0
0

clear that dose modification was also needed in the
recurrent setting, the dose intensity was lower and the
adverse events of leucopenia and neutropenia were more
frequent in the recurrent group in our study. Therefore,
we will need to discuss whether the same regimen can be
used both for the unresectable and recurrent cases in the
field of advanced BTC.
In clinical studies of advanced BTC, all patients
with cancers from all biliary sites were enrolled despite
the difference in clinical condition of each biliary site.
The prognosis of patients with gallbladder cancers
was considered to be poorer than that of other biliary
sites[22,23]. However, it is still difficult to evaluate each
biliary site separately because of the low accrual rate of
clinical study in this field. Because the dose intensities
are not usually different between each biliary site, it is
reasonable to use the same regimen and to evaluate the
treatment outcomes by subset analysis.
The limitation of this pooled analysis was that only
a small number of patients were enrolled. Therefore,
some data may not be able to detect the significance
statistically. However, this pooled analysis might be the
first report to evaluate the differences of the treatment
outcomes in detail from the data of a prospective study in
the field of advanced BTC[24]. It is very important to use
the prospectively collected data to evaluate the toxicities
precisely. Another limitation was that this analysis was
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based on the data of GS combination therapy. GC
combination therapy is now the standard of care for
advanced BTC in the world. Although GS combination
therapy is thought to be a promising regimen in Japan and
a phase Ⅲ study comparing GS with GC combination
therapy has started, the influence of extended surgery
might be different when a different chemotherapeutic
agent is used for treatment. Therefore, further assessment
is needed to confirm differences in treatment outcomes
for GC combination therapy[25].
In conclusion, not only the efficacy but also the dose
intensity and toxicity were different between unresectable
and recurrent BTC. The treatment outcomes (response
rate, time-to-progression, and overall survival) were
better in recurrent cases and are possibly due to the small
tumor volume. The dose intensity was significantly lower
in recurrent cases, possibly due to the extended surgery.
Although the enrollment of patients with advanced BTC
for clinical study is still difficult, it may be better to enroll
those with unresectable and recurrent BTC separately in
future studies.

2
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difficult than other common cancers and both unresectable and recurrent cases
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outcomes between the unresectable and recurrent cases in patients with
advanced biliary tract cancer patients who received chemotherapy.
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Biliary tract cancer includes cholangiocarcinoma, gallbladder cancer,
and ampullary carcinoma. Gemcitabine is a nucleoside analog used for
chemotherapy. S-1 is an oral fluoropyrimidine widely used in Japan. Baseline
sum of longest diameter is evaluated as the representative of the tumor volume
using RECIST criteria.
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Abstract
AIM: To study the clinical efficacy of traditional Chinese
medicine (TCM) intervention “tonifying the kidney to
promote liver regeneration and repair by affecting stem
cells and their microenvironment” (“TTK”) for treating
liver failure due to chronic hepatitis B.
METHODS: We designed the study as a randomized
controlled clinical trial. Registration number of Chinese
Clinical Trial Registry is ChiCTR-TRC-12002961. A
total of 144 patients with liver failure due to infection
with chronic hepatitis B virus were enrolled in this
randomized controlled clinical study. Participants were
randomly assigned to the following three groups: (1)
a modern medicine control group (MMC group, 36
patients); (2) a “tonifying qi and detoxification” (“TQD”)
group (72 patients); and (3) a “tonifying the kidney to
promote liver regeneration and repair by affecting stem
cells and their microenvironment” (“TTK”) group (36
patients). Patients in the MMC group received general
internal medicine treatment; patients in the “TQD”
group were given a TCM formula “tonifying qi and
detoxification” and general internal medicine treatment;
patients in the “TTK” group were given a TCM formula
of “TTK” and general internal medicine treatment. All
participants were treated for 8 wk and then followed
at 48 wk following their final treatment. The primary
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efficacy end point was the patient fatality rate in
each group. Measurements of various virological and
biochemical indicators served as secondary endpoints.
The one-way analysis of variance and the t -test were
used to compare patient outcomes in the different
treatment groups.

chronic hepatitis B-associated liver failure. World J Gastroenterol
2014; 20(48): 18458-18465 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i48/18458.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i48.18458

RESULTS: At the 48-wk post-treatment time point,
the patient fatality rates in the MMC, “TQD”, and
“TTK” groups were 51.61%, 35.38%, and 16.67%,
respectively, and the differences between groups
were statistically significant (P < 0.05). However,
there were no significant differences in the levels of
hepatitis B virus DNA or prothrombin activity among
the three groups (P > 0.05). Patients in the “TTK”
group had significantly higher levels of serum total
bilirubin compared to MMC subjects (339.40 μmol/L
± 270.09 μmol/L vs 176.13 μmol/L ± 185.70 μmol/L,
P = 0.014). Serum albumin levels were significantly
increased in both the “TQD” group and “TTK” group
as compared with the MMC group (31.30 g/L ± 4.77
g/L, 30.72 g/L ± 2.89 g/L vs 28.57 g/L ± 4.56 g/L, P
< 0.05). There were no significant differences in levels
of alanine transaminase among the three groups (P
> 0.05). Safety data showed that there was one case
of stomachache in the “TQD” group and one case of
gastrointestinal side effect in the “TTK” group.

INTRODUCTION

CONCLUSION: Treatment with “TTK” improved the
survival rates of patients with liver failure due to chronic
hepatitis B. Additionally, liver tissue was regenerated
and liver function was restored.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Clinical study; “Tonifying the kidney to
promote liver regeneration and repair by affecting
stem cells and their microenvironment” (“TTK”); Liver
regeneration; Treatment with integrated traditional and
Western medicine; Chronic hepatitis b-associated liver
failure
Core tip: We conducted a randomized controlled clinical
trial to observe the effects of traditional Chinese medicine
intervention “tonifying the kidney to promote liver
regeneration and repair by affecting stem cells and their
microenvironment” (“TTK”) in treating liver failure due
to chronic hepatitis B virus infection. The fatality rate
in the group treated with “TTK” was significantly lower
than those in the other two groups (16.67% vs 51.61%,
35.38%, P = 0.010). The mechanism for this effect may
be related to promotion of liver regeneration and repair
through affecting stem cells and their microenvironment.
Li HM, Ye ZH, Zhang J, Gao X, Chen YM, Yao X, Gu JX, Zhan
L, Ji Y, Xu JL, Zeng YH, Yang F, Xiao L, Sheng GG, Xin W,
Long Q, Zhu QJ, Shi ZH, Ruan LG, Yang JY, Li CC, Wu HB,
Chen SD, Luo XL. Clinical trial with traditional Chinese medicine
intervention ‘‘tonifying the kidney to promote liver regeneration
and repair by affecting stem cells and their microenvironment’’ for
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The fatality rate of patients with chronic hepatitis
B-associated liver failure (CHBLF) can reach 70%, and
survivors of this disease have very high recurrence rates[1].
In recent years, the fatality rate among CHBLF patients
has been significantly reduced [2] by treatments using
integrated methods of traditional and Western medicine.
Our previous studies[3-5] demonstrated that the traditional
Chinese medicine (TCM) methodology “TTK” (“tonifying
the kidney to promote liver regeneration and repair
by affecting stem cells and their microenvironment”)
promotes liver regeneration and repair by regulating stem
cells and their microenvironment[6]. In the present study,
we conducted a randomized controlled clinical study to
evaluate the efficacy of the TCM intervention “TTK” in
treating CHBLF.

MATERIALS AND METHODS
Study design
We conducted this randomized controlled clinical trial
for CHBLF between January 2007 and July 2013 at six
different clinical sites (Hubei Provincial Hospital of
TCM; Wuhan Medical Treatment Center; Wuhan No.
1 Hospital; Wuhan No. 7 Hospital; Wuhan Hospital
of TCM; Zhongnan Hospital of Wuhan University) in
the Hubei Province of China. The Ethics Committee
of Hubei Province Hospital of Traditional Chinese
Medicine reviewed and approved the protocol and patient
consent form prior to initiation of the study (approval
number, 2006001). All participants provided their written
informed consent prior to enrollment. A total of 144
participants with a confirmed diagnosis of CHBLF were
randomly assigned to three different treatment groups
in a ratio of 1:2:1 using a computer-based random
number generation program. The three groups consisted
of a modern medicine control group (MMC group), a
“tonifying qi and detoxification” (“TQD”) group, and
a group designated as “tonifying the kidney to promote
liver regeneration and repair by affecting stem cells and
their microenvironment” (“TTK” group). A total of
12 patients (five in the MMC group and seven in the
“TQD” group) did not complete the study; therefore,
132 cases (112 men and 20 women) were included in the
final statistical analysis. The patients in the three groups
showed similar characteristics at baseline (Table 1). The
study flow diagram is shown in Figure 1.
Patient enrollment
All patients enrolled in the study had been diagnosed with
CHBLF, and chronic liver failure (CLF) and acute-on-CLF
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Table 1 Baseline characteristics of the patients n (%)
Characteristic

MMC group (n = 31)

“TQD” group (n = 65)

“TTK” group (n = 36)

P value

43.71 ± 9.85
29 (93.55)
9.87 ± 10.93
15 (48.39)

44.94 ± 12.64
51 (78.46)
8.74 ± 8.48
35 (53.85)

46.69 ± 11.86
32 (88.89)
10.03 ± 9.21
14 (38.89)

0.580
0.114
0.753
0.354

Age, yr, mean ± SD
Male
Course of disease, yr, mean ± SD
Chronic liver failure

MMC group: Modern medicine control group; “TQD” group: “Tonifying qi and detoxification” group.

Persons with CHBLF
(n = 144)

Randomized
(n = 144)

MMC group (n = 36)
Received general
internal medicine treatment

“TQD” group (n = 72)
Received the TCM formula
of “tonifying qi and
detoxification” + general
internal medicine treatment

“TTK” group (n = 36)
Received the TCM formula
of “TTK + general
internal medicine treatment

Completed study (n = 31)
Lost to follow-up(n = 5)

Completed study (n = 65)
Lost to follow-up(n = 7)

Completed study
(n = 36)

Analysed for primary
end point (n = 31)

Analysed for primary
end point (n = 65)

Analysed for primary
end point (n = 36)

Figure 1 Study flow diagram. MMC group: Modern medicine control group; “TQD” group: “Tonifying qi and detoxification” group. The group was treated with the
traditional Chinese medicine (TCM) formula “tonifying qi and detoxification” (“TQD”) as well as general internal medicine therapy; “TTK” group: “Tonifying the kidney to
promote liver regeneration and repair by affecting stem cells and their microenvironment” group. The group was treated with the TCM formula “tonifying the kidney to
promote liver regeneration and repair by affecting stem cells and their microenvironment” (“TTK”) as well as general internal medicine treatment.

(ACLF) were the two most common types of CHBLF. All
participants had been admitted to a hospital where they
could be quarantined and observed. Patients who fulfilled
the following criteria were included in the study.
First, each enrolled patient was required to present
with a liver disease that satisfied the following definition
of CHBLF based on the diagnostic and treatment
guidelines for liver failure established in 2006[7]: CLF is
defined as liver function which becomes progressively
dysfunctional or decompensated due to the presence
of hepatic cirrhosis. For our study, patients who
fulfilled the following criteria were diagnosed with CLF:
(1) patients with ascites or other manifestations of
portal hypertension; (2) patients with/without hepatic
encephalopathy; (3) patients with TBIL levels increased
and/or ALB levels decreased vs normal levels; and (4)
patients with coagulation disorders (PTA ≤ 40%). ACLF
is the main clinical manifestation of short-term acute
hepatic decompensation following a history of chronic
liver disease, and can be divided into categories of early
stage, middle stage, and late stage. Patients who fulfilled

WJG|www.wjgnet.com

the following criteria were diagnosed with early stage
ACLF: patients with extreme fatigue and serious digestive
symptoms (significant anorexia, vomiting or abdominal
distension); patients with progressive deepening jaundice
(TBIL ≥ 171 μmol/L, or daily TBIL increases ≥ 17.1
μ mol/L); patients with a tendency to bleed (30% <
PTA < 40%); patients without hepatic encephalopathy
or significant ascites. Patients who satisfied one of the
following criteria as well as symptoms of early stage were
diagnosed with middle stage ACLF: patients with hepatic
encephalopathy (≤ degree Ⅱ) and/or significant ascites;
patients with a tendency to bleed (hemorrhagic spot
or ecchymosis) and 20% < PTA ≤ 30%. Patients who
satisfied one of the following criteria as well as symptoms
of middle stage were diagnosed with late stage ACLF:
patients with intractable complications (hepatorenal
syndrome, upper gastrointestinal bleeding, serious
infections, serious electrolyte imbalance, etc.); patients
with hepatic encephalopathy ≥ degree Ⅲ); patients with
a strong tendency to bleed (e.g., ecchymoses at injection
sites) and a PTA ≤ 20%. The second criterion for
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Table 2 Antiviral therapy in groups n (%)
Nucleoside drugs
Not using nucleoside drugs
Using nucleoside drugs
Lamivudine
Adefovir
Telbivudine
Entecavi
Lamivudine combined with
adefovir
Entecavir combined with
adefovir

Table 3 Traditional Chinese medicine formula of “tonifying
qi and detoxification”

MMC group “TQD” group “TTK” group
(n = 31)
(n = 65)
(n = 36)
21 (67.74)
10 (32.26)
12 (38.71)
0 (0.00)
2 (6.45)
6 (19.35)
1 (3.23)

55 (84.62)
10 (15.38)
30 (46.15)
5 (7.69)
6 (9.23)
12 (18.46)
1 (1.54)

27 (75.00)
9 (25.00)
12 (33.33)
4 (11.11)
1 (2.78)
5 (13.89)
5 (13.89)

0 (0.00)

1 (1.54)

0 (0.00)

English translation

There was no difference among the three groups in using nucleoside drugs
in the study (P = 0.153).

inclusion was that the patient must have volunteered to
sign an informed consent document.
Patients who fulfilled any of the following criteria
were excluded from the study: patients with acute hepatic
failure; patients with chronic hepatic failure concurrent
with a disease other than chronic hepatitis B; patients
who were lactating or pregnant; patients with primary
hepatocellular carcinoma; patients with a history of
chronic illegal drug use; patients complicated with other
severe systematic diseases or mental diseases; patients
showing a positive HIV test; patients complicated with
cytomegalovirus, EB virus, or some other hepatotropic
virus infection; patients who had participated in another
clinical study within the previous three months; patients
who had previously demonstrated poor compliance, or
could not guarantee completing the protocol; patients
complicated with severe cerebral edema, a severe infection,
type 1 hepatorenal syndrome or massive hemorrhage of
the gastrointestinal tract, etc.
Treatment
All patients in the three treatment groups received eight
weeks of treatment and were followed at 48 wk after
their final treatment.
Patients in the MMC group were treated with general
internal medicine techniques which included basic,
symptomatic, and supportive treatment plus antiviral
therapy. The drugs used to treat CHBLF in the MMC
group included compound glycyrrhizin for injection
(80-160 mg, once daily, intravenous drip), reduced
glutathione for injection (1.2 g, once daily, intravenous
drip), N-acetylcysteine (4.0 g, once daily, intravenous drip),
and hepatocyte growth-promoting factor for injection
(100-160 mg, once daily, intravenous drip). Efforts were
also made to prevent and treat complications such as
hepatic encephalopathy, cerebral edema, hepatorenal
syndrome, infection, and hemorrhage of the digestive
tract, etc.). The need for antiviral therapy was determined
by attending physicians. Patients who tested positive
for hepatitis B virus (HBV) DNA were administered
nucleoside drugs such as lamivudine tablets, adefovir
dipivoxil tablets, entecavir tablets or telbivudine tablets
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Chinese pinyin Dosage

Astmgali Radix Praeparata cum Melle
Polygoni Cuspidati Rhizoma et Radix
Poria
Salviae Miltiorrhizae Radix et Rhizoma
Leonuri Herba
Polyporus
Stir-baked Atractylodis Macrocephalae Rhizoma
Artemisiae ScopariaeHerba
Gardeniae Fructus
Scutellariae Radix
Rhei Radix et Rhizoma
Glycyrrhizae Radix et Rhizoma

Zhihuangqi
Huzhang
Fuling
Danshen
Yimucao
Zhuling
Chaobaizhu
Yinchen
Zhizi
Huangqin
Dahuang
Gancao

30 g
30-60 g
30 g
30 g
30 g
20 g
30 g
30-60 g
12 g
6g
10 g
6g

as antiviral therapy. There were no differences among
the three groups of patients regarding treatment with
nucleoside drugs (P = 0.153) (Table 2).
Patients in the “TQD” group were given the TCM
formula “tonifying qi and detoxification” (“TQD”)
as well as general internal medicine therapy. The
composition of the TCM formula of “TQD” (Table 3)
was as follows: zhihuangqi (Astmgali Radix Praeparata
cum Melle) (30 g), huzhang (Polygoni Cuspidati Rhizoma
et Radix) (30-60 g), fuling (Poria) (30 g), danshen (Salviae
Miltiorrhizae Radix et Rhizoma) (30 g), yimucao (Leonuri
Herba) (30 g), zhuling (Polyporus) (20 g), chaobaizhu
(stir-baked Atractylodis Macrocephalae Rhizoma) (30 g),
yinchen (Artemisiae Scopariae Herba) (30-60 g), zhizi
(Gardeniae Fructus) (12 g), huangqin (Scutellariae Radix)
(6 g), dahuang (Rhei Radix et Rhizoma) (10 g), and
gancao (Glycyrrhizae Radix et Rhizoma) (6 g).
The TCM formula “TQD” was slightly altered for
patients with different symptoms. “TQD” formula
supplemented with 6 g of chenxiang (Aquilariae Lignum
Resinatum) and 30 g of laifuzi (Raphani Semen) were
used to treat patients with severe abdominal distension.
Jiaomaiya (charred Hordei Fructus Germinatus) (10 g),
jiaoshanzha (charred Crataegi Fructus) (10 g), jiaoshenqu
(charred Medicated Leaven) (10 g) or jineijin (Gigeriae
Galli Endothelium Corneum) (20 g) was added to “TQD”
for treating patients with poor appetite. Jiangbanxia
(Pinelliae Rhizoma Praeparatum cum Zingibere et
Alumine) (15 g), chenpi (Citri Reticulatae Pericarpium)
(15 g) or zhuru (Bambusae Caulis in Taenias) (15 g) was
added to “TQD” for treating patients with nausea and
vomiting. Chaoyiyiren (stir-baked Coicis Semen) (30 g)
was added for patients with diarrhea or loose stools.
Mudanpi (Moutan Cortex) (20 g) and qinjiao (Gentianae
Macrophyllae Radix) (20 g) were added for patients with
skin itch. Baimaogen (Imperatae Rhizoma) (15 g) and
zicao (Arnebiae Radix) (30 g) were added for patients
with epistaxis, bleeding gums or skin ecchymosis. The
Chinese patent drug “chidantuihuang soluble granules”
(SFDA Approval No. Z20010176, Hunan Jiuzhitang
Co., Ltd.) (10 g dissolved in tepid water) was added for
patients with severe jaundice.
Patients in the “TTK” group were given the TCM
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fatality rate in the different treatment groups during the
time period starting from randomization and ending at
the follow-up visit. Secondary endpoints were values
for certain virological and biochemical indicators at
baseline and after 8 wk of treatment; these included
levels of HBV DNA, prothrombin activity (PTA),
serum total bilirubin (TBIL), albumin (ALB), and
alanine transaminase (ALT). Real-time PCR was used
to test for the presence of HBV DNA. Specialized
technicians used an AMAX-200 automatic coagulation
analyzer (paramagnetic particle method; Trinity Biotech,
Germany) and the corresponding control sera and
reagents to measure PTA. A Toshiba 120 automatic
biochemical analyzer and ancillary reagents were used to
measure levels of TBIL, ALB, and ALT.

Table 4 Traditional Chinese medicine formula of “tonifying
the kidney to promote liver regeneration and repair by
affecting stem cells and their microenvironment”
English translation
Rehmanniae Radix Praeparata
Artemisiae Scopariae Herba
Schisandrae Chinensis Fructus
Curcumae Longae Rhizoma
Glycyrrhizae Radix et Rhizoma
Rhizoma Dioscoreae
Fructus Lycii
Fructus Corni
Cuscutae Semen
Poria
Moutan Cortex
Alismatis Rhizoma

Chinese Pinyin

Dosage

Shudihuang
Yinchen
Wuweizi
Jianghuang
Gancao
Shanyao
Gouqizi
Shanzhuyu
Tusizi
Fulin
Mudanpi
Zexie

15-30 g
30-60 g
10-15 g
3-6 g
9-12 g
15 g
15 g
15 g
10 g
30 g
10 g
10 g

formula “TTK” as well as general internal medicine
therapy. The TCM formula of “TTK” (Table 4) was mainly
composed of following herbs: shudihuang (Rehmanniae
Radix Praeparata) (15-30 g), yinchen (Artemisiae Scopariae
Herba) (30-60 g), wuweizi (Schisandrae Chinensis Fructus)
(10-15 g), jianghuang (Curcumae Longae Rhizoma) (3-6 g),
gancao (Glycyrrhizae Radix et Rhizoma) (9-12 g), shanyao
(Rhizoma Dioscoreae) (15 g), gouqizi (Fructus Lycii) (15 g),
shanzhuyu (Fructus Corni) (15 g), tusizi (Cuscutae Semen)
(10 g), fuling (Poria) (30 g), mudanpi (Moutan Cortex) (10
g), and zexie (Alismatis Rhizoma) (10 g).
The TCM formula “TTK” was modified for patients
with different symptoms. Binglang (Arecae Semen) (10
g) and dafupi (Arecae Pericarpium) (10 g) were added
for patients with abdominal distension. Jiaoshenqu
(charred Medicated Leaven) (10 g), dangshen (Codonopsis
Radix) (15 g), or chaobaizhu (stir-baked Atractylodis
Macrocephalae Rhizoma) (10 g) was added for patients
with poor appetite. Jiangbanxia (Pinelliae Rhizoma
Praeparatum cum Zingibere et Alumine) (15 g) or zhuru
(Bambusae Caulis in Taenias) (15 g) was added for
patients with nausea and vomiting. Ganjiang (Zingiberis
Rhizoma) (10 g), huanglian (Coptidis Rhizoma) (6 g),
and Huangqin (Scutellariae Radix) (10 g) were added for
patients with diarrhea or loose stools. Qiancao (Rubiae
Radix et Rhizoma) (15 g) was added for patients with
epistaxis, bleeding gums or skin ecchymosis. Shudihuang
(Rehmanniae Radix Praeparata) was removed from “TTK”,
and dahuang (Rhei Radix et Rhizoma) (6 g) plus zhizi
(Gardeniae Fructus) (10 g) were added for treating patients
with a thick and greasy yellow coating on their tongue.
All Chinese medicines used in the study were provided
by Hubei Tianji Chinese Herbal Sliced Medicine Co.,Ltd.
The medicines were tested for quality, and met the
standards used in China. When using the traditional TCM
decoction method, each unit of TCM formula yielded 260
mL of decoction. An oral dose of warm decoction (130
mL) was administered to patients twice daily.
Study assessments
The primary efficacy end point in this study was patient
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Statistical analysis
All statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 19.0 (Armonk, NY; IBM
Corp). Data are expressed as mean ± SD. The χ 2 test
was used for analysis of numeration data. Differences
between groups were analyzed using one-way analysis of
variance and the Student’s t-test. P-values < 0.05 were
considered statistically significant.
Safety
The two TCM formulas used in the current study had
been frequently used before, and had not been found
to be associated with serious adverse events. Only two
patients in our study experienced an unexpected effect of
medication. One patient in the “TQD” group reported a
stomachache, and a patient in the “TTK” group reported
vomiting.

RESULTS
Fatality rate
At the 48-wk follow-up, fatality rates in the MMC,
“TQD”, and “TTK” groups were 51.61%, 35.38%, and
16.67%, respectively; and the differences between groups
were statistically significant (P < 0.05) (Figure 2). Fatality
was lowest in the “TTK” group (16.67%), and the fatality
rate in the “TTK” group was significantly lower than
those in the MMC group (16.67% vs 51.61%, P = 0.002)
and “TQD” group (16.67% vs 35.38%, P = 0.046).
HBV DNA
Patient test results showing that HBV DNA was absent or
had decreased by ≥ 2 logarithms were considered to be
positive clinical results. However, after 8 wk of treatment,
there were no significant differences in levels of HBV
DNA among the three groups (P > 0.05) (Table 5).
Biochemical results
Table 6 showed biochemical results. After 8 wk of
treatment, there were no statistically significant differences
in PTA levels among the three groups (P > 0.05).
However, the “TTK” group and MMC group showed
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Response on fatality tare (%)

100

Table 5 Hepatitis B virus DNA after 8-wk treatment n (%)

80
60

51.61
35.38

40

0

MMC group
(n = 31)

"TQD" group
(n = 65)

"TTK" group
(n = 36)

Figure 2 Fatality rates after 8-wk treatment and at 48-wk follow-up%. The
figure showed the fatality rates of three groups: the fatality rate was lowest in
the “TTK” group (16.67%); the fatality rate in the “TTK” group was significantly
lower than those in the MMC group (16.67% vs 51.61%, P = 0.002) and “TQD”
group (16.67% vs 35.38%, P = 0.046).

a statistically significant difference in their TBIL levels
following 8 wk of treatment (339.40 μmol/L ± 270.09
μmol/L vs 176.13 μmol/L ± 185.70 μmol/L, t = -2.552,
P = 0.014). Additionally, ALB levels in the “TQD” group
and “TTK” group were significantly higher compared
with those in the MMC group (31.30 g/L ± 4.77 g/L vs
28.57 g/L ± 4.56 g/L, t = -2.389, P = 0.019 and 30.72
g/L ± 2.89 g/L vs 28.57 g/L ± 4.56 g/L, t = -2.378, P =
0.021). There were no significant differences in ALT levels
among the three groups after treatment (P > 0.05).

DISCUSSION
While drugs and alcohol are the major pathogenic factors
associated with liver failure in Western countries[8], the
hepatitis B virus is the major cause of liver failure in
China.CLF and ACLF are two common types of CHBLF.
The pathogenesis of CHBLF is complex and has not
been clarified clear until now. Currently, it is believed that
interactions among different viral factors and host factors
stimulate development of CHBLF. Viral factors mainly
include the virus genotype, virus replication level, and
the presence of viral mutations, etc. Host factors include
genetic factors, mechanisms of immunopathological
injury, and abnormal liver regeneration[9,10].
CHBLF is often accompanied by various complications
and has a high rate of morality. To date, there is no
effective modern medical therapy for treating CHBLF, and
symptomatic and supportive therapies constitute the major
methods of treatment. However, with the development
of new medical treatments and antiviral drugs, the rates
of patient fatality due to CHBLF have decreased by 30%
to 50%[2]. All patients in our study received the same
general internal medicine treatment, and some patients
were also given antiviral drugs. However, there were no
significant differences in the usage rate of antiviral drugs
among the three groups (P > 0.05) (Table 2). Regarding
the primary efficacy endpoint in this clinical study (patient
fatality), we found that fatality due to CHBLF in the
group treated with the integrated traditional and Western
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n

Negative

Positive

MMC
“TQD”
“TTK”

6
17
6

3 (50.0)
4 (23.5)
2 (33.3)

3 (50.0)
13 (76.5)
4 (66.7)

Normal range of HBV DNA (FQ-PCR): < 1.0 × 103 copies/mL. Positive
result: HBV DNA was absent or had decreased by ≥ 2 logarithms. HBV:
Hepatitis B virus.

16.67

20

Group

medicine program and the TCM formula “TTK” was
significantly lower compared with morality rates in the
MMC and “TQD” groups (16.67% vs 51.61%, 35.38%,
P < 0.05). Additionally, ALB levels in the “TTK” group
were significantly increased compared with those in the
MMC group (30.72 ± 2.89 vs 28.57 ± 4.56, P = 0.021).
All of the above results suggest the beneficial effects of
“TTK” in treatment of CHBLF.
We believe that an imbalance between liver damage
and liver regeneration (heavy damage and insufficient
regeneration) is an important mechanism for CHBLF.
Liver regeneration is the vital aspect of recovery in
patients with liver failure. If damaged liver tissue is not
replaced with normal tissue in a timely manner, the
patient will die. However, if damaged liver tissue can
regenerate in sufficient time, normal liver function can be
restored, and the patient will survive[11,12].
Although the “TQD” group and “TTK” group were
both treated with integrated traditional and Western
medicine programs, the TCM formulae used in the two
groups were different. We found that the formula “TTK”
was more efficacious for treating CHBLF. The formula
“TQD” is conventionally used in TCM for treating
CHBLF, while “TTK” is a new formula of TCM, and can
be used for treating CHBLF and reducing liver damage.
At the same time, the TCM formula “TTK” can promote
regeneration of normal tissue, inhibit regeneration of
abnormal tissue, and thus restore the balance between
damage and regeneration by affecting stem cells (liver stem
cells[13,14], bone marrow stem cells[3,5,15-18], brain marrow
stem cells[19-22], etc.) and their microenvironments. Finally,
“TTK” stimulates reconstruction of damaged liver tissue
to partially restore tissue function, and thereby reduces
patient fatality and improves the patient’s quality of life.
Our previous studies showed that “TTK” can
stimulate the transformation of bone marrow stem cells
into liver cells, and may act by affecting the expression
of genes in liver tissue [3,5,15,23]. We used the “MSGregeneration-rat” model[24] to explore relevant connections
between liver regeneration and various activities of the
central nervous system/hypothalamus-hypophysis-liver
axis/nerve-endocrine-immune network. Our results
revealed that “TTK” has a bidirectional regulatory role
in liver regeneration, as well as a beneficial role in orderly
recovery from liver damage[20,21,25-29].
Our current multi-center clinical study did not use a
double-blind design; therefore, the results may have been
affected by observer bias. A large-scale, multi-center,
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Table 6 Biochemical indicators after 8-wk treatment (mean ± SD)
Group

Time

n

PTA (%)

n

TBIL (μmol/L)

n

ALB (g/L)

n

ALT (IU/L)

MMC

Before treatment
After treatment
Before treatment
After treatment
Before treatment
After treatment

28
18
61
55
36
30

26.80 ± 10.91
43.14 ± 18.60
32.50 ± 12.15
43.59 ± 22.08
28.63 ± 11.28
32.55 ± 15.58

30
21
65
63
36
33

326.29 ± 210.47
176.13 ± 185.70
314.04 ± 160.20
242.54 ± 229.05
369.13 ± 198.06
339.40 ± 270.09a

28
21
65
63
36
33

28.07 ± 4.56
28.57 ± 4.56
29.54 ± 4.75
31.30 ± 4.77c
27.82 ± 4.52
30.72 ± 2.89e

30
21
65
63
36
33

202.00 ± 249.20
39.90 ± 30.19
254.80 ± 424.32
78.70 ± 161.80
189.52 ± 241.97
70.12 ± 82.23

“TQD”
“TTK”

Normal range: PTA: 80%-120%; TBIL: 3.4-20.5 μmol/L; ALB: 35-55 g/L; ALT: 0-46 IU/L. aP < 0.05 vs MMC group; cP < 0.05 vs MMC group, eP < 0.05 vs
MMC group.

randomized, controlled, double-blind clinical trial will be
required to confirm our findings.
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Abstract
AIM: To conduct a systematic review and meta-analysis of published population-based randomized controlled trials (RCTs).
METHODS: RCTs evaluating the difference in mortality and incidence of colorectal cancer (CRC) between
a screening flexible sigmoidoscopy (FS) group and
control group (not assigned to screening FS) with a
minimum 5 years median follow-up were identified by
a search of MEDLINE and EMBASE databases and the
Cochrane Central Register for Controlled Trials through
August 2013. Random effects model was used for
meta-analysis.
RESULTS: Four RCTs with a total of 165659 patients
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in the FS group and 249707 patients in the control
group were included in meta-analysis. Intention-totreat analysis showed that there was a 22% risk reduction in total incidence of CRC (RR = 0.78, 95%CI:
0.74-0.83), 31% in distal CRC incidence (RR = 0.69,
95%CI: 0.63-0.75), and 9% in proximal CRC incidence
(RR = 0.91, 95%CI: 0.83-0.99). Those who underwent
screening FS were 18% less likely to be diagnosed with
advanced CRC (OR = 0.82, 95%CI: 0.71-0.94). There
was a 28% risk reduction in overall CRC mortality (RR
= 0.72, 95%CI: 0.65-0.80) and 43% in distal CRC mortality (RR = 0.57, 95%CI: 0.45-0.72).
CONCLUSION: This meta-analysis suggests that
screening FS can reduce the incidence of proximal and
distal CRC and mortality from distal CRC along with reduction in diagnosis of advanced CRC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal Cancer; Flexible sigmoidoscopy;
Randomized control trials; Meta-analysis; Mortality; Incidence
Core tip: This meta-analysis confirms that screening
flexible sigmoidoscopy (FS) reduces the overall incidence of and mortality from colorectal cancer (CRC).
In addition, FS reduces the incidence of and mortality
from distal CRC, incidence of proximal CRC, and decreases the likelihood of subsequent diagnosis of advanced CRC. We believe, based on the proven benefits
of FS, lower rates of complications with FS than with
colonoscopy and feasibility in clinical practice, FS should
be offered as an option for CRC screening, particularly
in the population-based CRC screening programs.
Shroff J, Thosani N, Batra S, Singh H, Guha S. Reduced incidence and mortality from colorectal cancer with flexible-sigmoidoscopy screening: A meta-analysis. World J Gastroenterol 2014;
20(48): 18466-18476 Available from: URL: http://www.wjgnet.
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INTRODUCTION
Colorectal cancer (CRC) is one of the most frequently
diagnosed malignancies with over 1 million cases diagnosed per year worldwide; it is the third and fourth
most frequently diagnosed cancer in women and men,
respectively, and accounted for 608000 deaths worldwide
in 2008[1]. Five-year survival rates among men were 65%
for North America and 54% for Western Europe with
improved survival with detection at earlier stage[2]. Given
the significant incidence and mortality of CRC, different
potential screening tests have been assessed for their ability to identify high risk individuals and for their ability to
reduce CRC specific mortality.
Four major screening randomized controlled trials
(RCTs) with biennial fecal occult blood testing (FOBT)
showed total reduction in CRC mortality of 15% after
12-18 years in one systematic review[3-9]. A recent large
prospective study showed that colonoscopy with adenoma polypectomy reduced mortality from CRC which
confirmed results of earlier case-control studies[10,11]. Previous case-control studies had shown decreased incidence
of CRC all-sites and of distal CRC in those obtaining
colonoscopy compared to the general population, with
some studies showing significant decreased incidence
of proximal CRC as well[12,13]. However, RCTs which are
considered the gold standard to determine the efficacy
of cancer screening tests have been initiated only recently
for colonoscopy and are not expected to publish their
first results on CRC incidence and/or mortality for the
next ten years or so.
With regard to the use of flexible sigmoidoscopy (FS)
for CRC screening, the sensitivity of FS for detecting
CRC in the entire colon was 58%-75% in the community setting in small studies[14,15]. In addition, FS has been
shown to be a very low risk procedure with a serious
harm rate of about 3.4 per 10000 procedures, which is
much lower than that reported with colonoscopy[8,14,16],
and can be performed by many non-physician health
care providers. Four large population-based RCTs have
been published recently which evaluated the effect of
FS screening on CRC incidence and mortality. Review
of the these trials evaluating the effect of FS screening
(intervention group) compared to those not assigned
screening with FS (control group) with regard to CRC
incidence and mortality shows differing conclusions.
The PLCO (United States) trial intention to treat (ITT)
analysis showed that incidence and mortality of CRC
were significantly reduced in the FS group compared to
the control group[17]. Incidence of proximal and distal
CRC was significantly decreased while mortality from
only distal CRC (not proximal) was significantly reduced
in the intervention group. The United Kingdom trial
ITT analysis also showed significant reduction in the in-
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cidence and mortality of CRC in the intervention group
over controls. There was evidence of decreased incidence
of distal CRC but not proximal CRC[18]. ITT analysis in
the SCORE (Italy) trial showed a statistically significant
reduction in incidence of CRC in the intervention group
but no statistically significant reduction in CRC mortality
all-sites, proximal CRC, or distal CRC. The incidence of
distal CRC but not proximal CRC was reduced significantly[19]. Finally, the NORCCAP (Norway) trial did not
show a statistically significant difference in incidence of
CRC and only a non-significant trend toward reduced
CRC mortality in the intervention group compared to the
controls[20]. We therefore performed this meta-analysis
to synthesize the evidence and derive summative conclusions regarding the effect of FS screening on incidence
and mortality from CRC.

MATERIALS AND METHODS
Literature search
This systematic review was performed by using the developed guidelines for conducting systematic reviews. We
performed a literature search up to July 2013 using Medline and Embase databases and the Cochrane Central Register for Controlled Trials without language restriction and
including articles ahead of publications. The following
key words were used in the searching: “flexible sigmoidoscopy” and “incidence” and “mortality” of “CRC or colon
cancer or rectal cancer”. We also performed a manual
search of references cited in the selected articles and published reviews to capture additional relevant studies.
Eligibility criteria
Studies were included in the meta-analysis if they met
the following criteria: (1) population-based RCTs; (2) the
screening test of interest was FS; (3) the outcome of interest was incidence and/or mortality due to colorectal,
colon, or rectal cancer; and (4) relative risk (RR), OR or
HR estimated with 95%CI (or sufficient data to calculate
these) were reported.
Data extraction
The following data were extracted from each study: the
first author’s last name, publication year, country where
the study was performed, study population database,
study period, participant age and sex, sample size, variables adjusted for in the analysis, and RR or HR with
corresponding 95%CI for main analysis and each category of outcomes (incidence and mortality of CRC).
We extracted the RRs or HRs that reflected the greatest
degree of control for potential confounders for use in
the main analyses. Data extraction was conducted independently by 3 authors (J.S., S.B., and N.T.) with disagreements resolved by consensus and discussion with fourth
author (S.G.). The major disagreement was inclusion of
Telemark Polyp Study I[21], which was dropped from our
analysis after further discussion as it didn’t satisfy our eligibility criteria for a RCT.
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Search terms (title/ abstract/key word)
("colorectal cancer" or "rectal cancer" or "colon cancer")
and ("flexible sigmoidoscopy") and ("mortality" or "incidence")

n = 1738
Medline n = 415
Scopus n = 1323

Title search
n = 75

Excluded
Studies included
n =4

20 Non-RCT studies
5 Case control studies
10 Lack of pertinent outcome
3 No full text/abstract/non-english language
7 Retrospective studies
22 Review/guideline/secondary data/comment
4 No colonoscopy/additional FOBT performed

Figure 1 Scheme for study selection process. RCT: Randomized controlled trial; FOBT: Fecal occult blood testing.

Quality assessment
This was performed independently by two authors (J.S.
and N.T.), with disagreements resolved by discussion with
senior investigators (H.S. and S.G.). Overall study quality
and risk of bias was assessed as described in the Cochrane
handbook[22], by recording the method used to generate
the randomization schedule, the method used to conceal allocation, whether blinding was implemented, what
proportion of patients completed follow-up, whether an
intention-to-treat analysis was extractable, and whether
there was evidence of selective reporting of outcomes.

The robustness of the meta-analysis to the publication
bias was assessed by various bias indicators, including the
Egger regression asymmetry test[26], Fail-safe N tests, and
the trim-and-fill method[27]. Funnel plot was constructed
to evaluate the publication bias using the standard error
and diagnostic OR[28]. All statistical tests were performed
with the STATA v12 Data Analysis and Statistical Software (StataCorp LP, College Station, TX). P < 0.05 was
considered statistically significant for this meta-analysis.

Data synthesis and analysis
From the original study data, we recalculated the study
specific ITT RRs for incidence and mortality from CRC
for patients who were randomized to receive at least
one screening FS (intervention group) against patients
who did not receive FS screening (control group). We
used DerSimonian-Laird random effect model to obtain
overall estimates for the effect of screening FS on CRC
incidence and mortality by combining study-specific RR
estimates. The random-effects model is more robust than
the fixed effect model and incorporates into the weighing scheme both within-study and between-study variations[23]. We performed further risk stratification analysis
for incidence and mortality of distal and proximal CRC
in the intervention and control groups.
Statistical heterogeneity among studies was evaluated by using the Cochran Q statistic and quantified by
I2 statistics[24]. We considered low, moderate, and high
heterogeneity as I2 values of 25%, 50%, and 75%, respectively. These cut-offs are arbitrary and generally used
for descriptive purposes only[25]. Sensitivity analysis was
performed by removing each study in the meta-analysis
one at a time to determine its influence on pooled RR.

Literature search
The literature review using the search criteria described
above produced 1738 articles. After removal of duplicates and screening the titles for relevance to the objectives and outcomes of the meta-analysis, 75 articles were
considered for abstract and or full article search (Figure
1). Finally, after excluding the articles not fulfilling inclusion criteria, summary measures of the outcomes from 4
articles were used to perform this meta-analysis.
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RESULTS

Study characteristics
A total of 4 studies[17-20] were published between 2009-2012,
focusing on screening FS and incidence and mortality
from CRC. The study characteristics are shown in detail
in Table 1. The studies were conducted in the United
States[17], United Kingdom[18], Italy[19], and Norway[20].
Study participants were randomized to the control group
where no screening FS was assigned or to the intervention group where at least one screening FS was performed with a total of 165659 patients in the FS group
and 249707 patients in the control group. The control
group received usual care given to the general population.
The randomization occurred before invitation for partici-
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Italy

Segnan et al[19],
2011

10.5 yr

11.9 yr

7 yr

11.2 yr

Study period
(median follow-up time)

55-64

55-74

55-64

55-64

(S): 17148

(C): 17144

(S): 77445

(C): 77455

(S): 13823

(C): 41913

(C): 113195
(S): 57237

Age range No. of patients
(yr)
per group

FS
Follow-up FS at 3-5 yr
Colonoscopy on detection
of any polyp
FS
Colonoscopy for high risk
Polyps

FS
Colonoscopy on detection
of high risk polyps
FS/FS + FIT
Colonoscopy on detection
of high risk polyps

Study design

(C): 362
(262 advanced CRC)
(S): 123
(78 advanced CRC)
(C): 1287
(537 advanced CRC)
(S): 1012
(381 advanced CRC)
(C): 306
(152 advanced CRC)
(S): 251
(112 advanced CRC)

(C): 1818
(S): 706

Total number of CRC
cases

1

(S): 144 (127-163)

(C): 176 (158-197)

(S): 119 (112-127)

(C): 152 (144-160)

(S): 132

(C): 134

(C): 149 (143 -156)
(S): 114 (106-123)

Incidence rate
(95%CI)

(S): 65

(C): 83

(S): 252

(C): 341

(S): 24

(C): 99

(C): 538
(S): 189

(S): 35 (37 -55)

(C): 44 (36-65)

(S): 29 (25-32)

(C): 39 (35-43)

(C): 52 (48-56)
(S): 36 (31-41)

1

7

8

7

7

Number of deaths CRC Mortality rate Study quality
due to CRC

pation in the NORCAAP[20] study and after invitation and enrollment in the other three[17-19]. Follow up time was different amongst the studies. The median follow up for CRC
incidence in the PLCO[17] and United Kingdom[18] trials was similar at 11.9 and 11.2 years, respectively. Median follow up for CRC incidence in the SCORE[19] trial was 10.5 years
and 7 years in the NORCCAP[20] study. The age range in each study was also similar, with participants being 55-64 years old in all the studies except for in the United States[17]
where the age range was 55-74 years. The ratio of male to female participants in each study was approximately 1:1. It should be noted that the definition of “distal” colonic lesion was different depending on the study. A distal lesion was defined as any CRC in and distal to the splenic flexure in the PLCO[17] trial, any CRC in or distal to the descending
colon in the SCORE[19] trial, and any CRC in the rectum and sigmoid colon in the United Kingdom[18] and NORCCAP[20] trials.
In the PLCO trial[17], participants were recruited by indicating on questionnaires that they would be interested in obtaining at least one screening FS. Only those who responded were enrolled between 1993 through 2001 and included in the ITT analysis. The participants who were randomized to the intervention group were offered FS at baseline and a repeat at 3-5 years (3 years for those who underwent randomization before April 1995 and 5 years for the rest). A positive FS was defined by presence of any polyp
or mass, and colonoscopy was recommended for these patients. Repeat screening in participants diagnosed with CRC or colorectal adenoma was discouraged. Follow up was
done through mailed questionnaire.
In the United Kingdom trial[18], participants responded to questionnaires that were sent out between 1994 and 1999 and indicated if they were interested in obtaining a
single screening FS. Only those who responded to the questionnaire were included in the ITT analysis. The participants of this study were followed on the National Health Service Central Registrar. A colonoscopy was recommended for those with any polyp ≥ 10 mm, ≥ 3 adenomas, any polyp with villous component or severe dysplasia, any cancer
or ≥ 20 hyperplastic polyps proximal to the distal rectum.
In the SCORE trial[19], participants were selected randomly between 1995 and 1999 from the National Health Service register and general practice registry to partake in the
study. Only patients who expressed interest in participating in the study on a questionnaire were included in the ITT analysis. A positive screen resulting in referral for colonoscopy included: larger distal polyps (> 5 mm), inadequate bowel preparation and harboring at least one polyp, invasive CRC, high-risk adenoma (one adenoma > 10 mm, highgrade dysplasia, or villous component of > 20%), or three or more adenomas of any type or five or more hyperplastic polyps located proximal to the rectum.

Rate per 100000 person years of follow-up. (C): Control group; (S): Screened group; CRC: Colorectal cancer; FS: Flexible sigmoidoscopy.

1

United States

Norway

Hoff et al[20], 2009

Schoen et al[17],
2012

United Kingdom

Location

Atkin et al[18], 2010

Ref.

Table 1 Characteristics of included studies on screening flexible sigmoidoscopy and colorectal cancer incidence and mortality
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A

Incidence of CRC (ITT analysis)

Study
ID

ES (95%CI)

% Weight

Atkin-2002

United Kingdom

0.77 [0.70, 0.84]

39.15

Hoff-2009

Norway

0.73 [0.47, 1.13]

1.69

Segnan-2011

Italy

0.82 [0.69, 0.96]

11.93

Schoen-2012

United States

0.79 [0.72, 0.85]

47.23

0.78 [0.74, 0.83]

100.00

2

Overall (I = 0.0%, P = 0.904)
Note: Weight are from random effects analysis
0.47

1

← Favors FS screening

B

2.13
Favors no screening →

Incidence of distal CRC (ITT analysis)

Study
ID

ES (95%CI)

% Weight

Atkin-2002

United Kingdom

0.64 [0.57, 0.72]

40.58

Segnan-2011

Italy

0.76 [0.62, 0.94]

16.22

Schoen-2012

United States

0.71 [0.64, 0.80]

43.20

0.69 [0.63, 0.75]

100.00

2

Overall (I = 24.6%, P = 0.265)
Note: Weight are from random effects analysis
0.57

1
← Favors FS screening

C

1.75
Favors no screening →

Incidence of proximal CRC (ITT analysis)

Study
ID

ES (95%CI)

% Weight

Atkin-2002

United Kingdom

0.98 [0.85, 1.12]

39.58

Segnan-2011

Italy

0.91 [0.69, 1.20]

9.83

Schoen-2012

United States

0.86 [0.76, 0.97]

50.59

0.91 [0.83, 0.99]

100.00

2

Overall (I = 0.0%, P = 0.380)
Note: Weight are from random effects analysis
0.69

1

1.45

← Favors FS screening

Favors no screening →

Figure 2 Forrest plots depicting incidence of total colorectal cancer (A), distal colorectal cancer (B), and proximal colorectal cancer (C). CRC: Colorectal
cancer; ITT: Intention to treat; FS: Flexible sigmoidoscopy.

In the NORCCAP trial[20], participants were selected
from a national population registry in a process meant
to simulate invitation procedures for national screening
programs. Follow up was registry based. The ITT analysis
included data from all people who were invited, not just
those who agreed to participate. Of note, approximately
half of the participants in the intervention group received
a fecal immunochemical test (FIT) (a newer version of
FOBT) in addition to a single screening FS (performed
in 1999 and 2000) to further examine compliance effect
of adding another supplementary screening modality. A
positive screen which would make the participant eligible
for colonoscopy included: having any polyp greater than
or equal to 10 mm in size, any histologically verified ad-
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enoma irrespective of size, carcinoma, or a positive FIT.
CRC incidence in included studies
The PLCO[17], United Kingdom[18], and SCORE[19] trials all showed significantly reduced incidence of CRC in
patients undergoing at least one screening FS compared
to those not formally assigned to receive FS (RR = 0.79,
95%CI: 0.72-0.85; RR = 0.77, 95%CI: 0.70-0.84; and RR
= 0.82, 95%CI: 0.69-0.96, respectively) while the NORCCAP[20] trial did not find significant difference in the risk
for incidence of CRC between the two groups (Figure
2A). Overall, there was a 22% risk reduction in total incidence of CRC (RR = 0.78, 95%CI: 0.74-0.83). Furthermore, no difference in overall risk reduction of CRC inci-
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A

Mortality from CRC (ITT analysis)

Study
ID

ES (95%CI)
0.69 [0.59, 0.82]

% Weight

Atkin-2002

United Kingdom

Hoff-2009

Norway

0.73 [0.47, 1.13]

5.79

Segnan-2011

Italy

0.78 [0.56, 1.08]

10.33

Schoen-2012

United States

0.74 [0.63, 0.87]

42.77

0.72 [0.65, 0.80]

100.00

2

Overall (I = 0.0%, P = 0.897)

41.12

Note: Weight are from random effects analysis
0.47
← Favors FS screening

B

1

2.13
Favors no screening →

Mortality from distal CRC (ITT analysis)

Study
ID

ES (95%CI)

% Weight

Hoff-2009

Norway

0.63 [0.34, 1.18]

13.64

Segnan-2011

Italy

0.73 [0.47, 1.12]

26.28

Schoen-2012

United States

0.50 [0.38, 0.64]

60.09

0.57 [0.45, 0.72]

100.00

2

Overall (I = 12.9%, P = 0.317)
Note: Weight are from random effects analysis
0.34
← Favors FS screening

C

1

2.94
Favors no screening →

Mortality from proximal CRC (ITT analysis)

Study
ID

ES (95%CI)

% Weight

Segnan-2011

Italy

0.85 [0.52, 1.39]

17.97

Schoen-2012

United States

0.97 [0.77, 1.22]

82.03

0.95 [0.77, 1.17]

100.00

2

Overall (I = 0.0%, P = 0.633)
Note: Weight are from random effects analysis
0.52

1

1.92

← Favors FS screening

Favors no screening →

Figure 3 Forrest plots depicting mortality of total colorectal cancer (A), distal colorectal cancer (B), and proximal colorectal cancer (C). CRC: Colorectal
cancer; ITT: Intention to treat; FS: Flexible sigmoidoscopy.

dence was observed after exclusion of the NORCCAP[20]
trial.
The PLCO[17], United Kingdom[18], and SCORE[19] trials all showed a reduction in the incidence of distal CRC
between the screening FS and control groups as shown
in Figure 2B (RR = 0.71, 95%CI: 0.64-0.80; RR = 0.64,
95%CI: 0.57-0.72; and RR = 0.76, 95%CI: 0.62-0.94, respectively). The NORCCAP[20] trial did not comment on
incidence of distal CRC (Figure 2B).
The PLCO[17] trial was the only study to show a reduced incidence of proximal CRC between the intervention and control group (RR = 0.86, 95%CI: 0.76-0.97),
while the United Kingdom[18] and SCORE[19] trials did not
show significant reduction in incidence of proximal CRC
(RR = 0.98, 95%CI: 0.85-1.12 and RR = 0.91, 95%CI:
0.69-1.20, respectively) as shown in Figure 2C. The inci-

WJG|www.wjgnet.com

dence of proximal CRC was not commented on in the
NORCCAP[20] trial (Figure 2C).
CRC mortality in included studies
With regard to mortality from CRC, the PLCO[17] and
United Kingdom[18] trials showed a significant reduction
in CRC mortality in the screening FS group compared to
the control group (RR = 0.74, 95%CI: 0.63-0.87 and RR
= 0.69, 95%CI: 0.59-0.82, respectively) while the NORCCAP[20] and SCORE[19] trials showed non-statistically
significant trend toward reduced CRC mortality (RR =
0.73; 95%CI: 0.47-1.13 and RR = 0.78; 95%CI: 0.56-1.08,
respectively) between the two groups (Figure 3A). Overall, there was a 28% risk reduction in CRC mortality (RR
= 0.72, 95%CI: 0.65-0.80). Furthermore, no difference
was observed in CRC mortality during sensitivity analysis
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A

Incidence of CRC in men (ITT analysis)

Study
ID

ES (95%CI)

% Weight

Segnan-2011

Italy

0.88 [0.71, 1.09]

49.85

Schoen-2012

United States

0.66 [0.53, 0.81]

50.15

0.76 [0.57, 1.01]

100.00

2

Overall (I = 71.4%, P = 0.061)
Note: Weight are from random effects analysis
0.53
← Favors FS screening

B

1

1.89
Favors no screening →

Incidence of CRC in women (ITT analysis)

Study
ID

ES (95%CI)

% Weight

Segnan-2011

Italy

0.72 [0.55, 0.96]

44.52

Schoen-2012

United States

0.87 [0.68, 1.12]

55.48

0.80 [0.66, 0.96]

100.00

2

Overall (I = 0.0%, P = 0.321)
Note: Weight are from random effects analysis
0.55
← Favors FS screening

1

1.82
Favors no screening →

Figure 4 Forrest plots depicting incidence of total colorectal cancer in men (A) and women (B). CRC: Colorectal cancer; ITT: Intention to treat; FS: Flexible
sigmoidoscopy.

after exclusion of the NORCCAP[20] trial; however, there
was a 22% risk reduction in CRC mortality with exclusion
of the SCORE[19] trial (RR = 0.78, 95%CI: 0.73-0.83).
The PLCO[17] trial was the only study to show reduction in mortality from distal CRC in the screening
FS group (RR = 0.50, 95%CI: 0.38-0.64), while the
SCORE[19] and NORCCAP[20] trials did not show a significant reduction in mortality risk from distal CRC between
the two groups (RR = 0.73, 95%CI: 0.47-1.12 and RR =
0.63, 95%CI: 0.34-1.18, respectively) as shown in Figure
3B. The United Kingdom[18] trial did not comment on
mortality risk from distal CRC.
In both the PLCO[17] and SCORE[19] trials, the mortality risk from proximal CRC was not significantly different
between the screening FS group and the control group
(RR = 0.97, 95%CI: 0.77-1.22 and RR = 0.85, 95%CI:
0.52-1.39, respectively) as shown in Figure 3C. The United Kingdom[18] and NORCCAP[20] trials did not comment
on mortality risk from proximal CRC between the intervention and control groups.
CRC incidence: Meta-analysis
Pooled analysis from all 4 included studies using random
effect meta-analysis[22,23] showed that FS screening reduced the overall incidence of CRC by 22% using ITT
analysis (Figure 2A) (Pooled RR for CRC incidence in the
FS screening group: 0.78; 95%CI: 0.74-0.83). FS screening reduced the incidence of distal CRC by 31% in the
ITT analysis (Pooled RR for distal CRC incidence in the
FS group: 0.69; 95%CI: 0.63-0.75) as shown in Figure
2B. Three studies reported the incidence of proximal
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CRC and random effect meta-analysis from these 3 trials
showed about 9% reduction in the incidence of proximal CRC with the use of FS screening (Pooled RR for
incidence of proximal CRC: 0.91; 95%CI: 0.83-0.99) as
shown in Figure 2C.
Two trials reported the overall incidence of CRC in
men and women separately. Subgroup analysis showed
24% and 20% reduction in the overall incidence of CRC
in men and women with FS screening, respectively. For
men (Figure 4A), the pooled incidence of CRC was 0.76
(95%CI: 0.57-1.01). For women (Figure 4B), the pooled
incidence of CRC was 0.80 (95%CI: 0.66-0.96).
Patients undergoing FS screening were 22% less likely
to be diagnosed with advanced CRC compared to the
patients who did not NORCCAP screening. The pooled
odds ratio for advanced CRC with FS screening was 0.78
(95%CI: 0.67-0.90) as shown in Figure 5.
CRC mortality: Meta-analysis
FS screening reduced the overall mortality from CRC by
28%. The pooled RR for overall CRC mortality with FS
screening was 0.72 (95%CI: 0.65-0.80) as shown in Figure
3A. FS screening reduced the mortality only from distal
CRC by 43%. The pooled RR for distal CRC mortality
by FS screening was 0.57 (95%CI: 0.45-0.72) as shown in
Figure 3B. There was a statistically non-significant trend
towards reduction in proximal CRC mortality with FS
with pooled RR of 0.95 (95%CI: 0.77-1.17) as shown in
Figure 3C.
The pooled RR for incidence and mortality from
CRC for all studies combined comparing the effect of at
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Detection of advanced CRC (ITT analysis)
Study
ID

ES (95%CI)

% Weight

Hoff-2009

Norway

0.88 [0.76, 1.00]

38.24

Segnan-2011

Italy

0.73 [0.57, 0.94]

22.34

Schoen-2012

United States

0.71 [0.62, 0.81]

39.42

0.78 [0.67, 0.90]

100.00

2

Overall (I = 61.7%, P = 0.073)
Note: Weight are from random effects analysis
0.57
← Favors FS screening

1

1.75
Favors no screening →

Figure 5 Forrest plot depicting incidence of advanced colorectal cancer. CRC: Colorectal cancer; ITT: Intention to treat; FS: Flexible sigmoidoscopy.

least one screening FS against no assigned screening FS
are summarized in Figures 2, 3 and 5.
Heterogeneity and publication bias
No significant heterogeneity was observed between the
studies (Figures 2, 3 and 5). Publication bias was assessed
using Begg and Mazumdar rank correlation test, Egger’s
test of the intercept and Duval and Tweedie’s trim and
fill test. The test for publication bias was negative using
both Begg and Mazumdar test P = 0.50 (Kendall’s tau
b) and Egger’s test P = 0.49. Under the random effects
model the incidence of CRC was 0.78 (95%CI: 0.74-0.83);
using Trim and Fill these values were unchanged.

DISCUSSION
The current meta-analysis summarizes the results of 4
large population-based RCTs including 5865 cases of
CRC. All four studies compared the incidence and mortality from CRC between an intervention group (those
assigned to receive at least one screening FS) and control
group (those not formally assigned to receive screening
FS).
Our meta-analysis indicates that screening FS significantly reduces the incidence (RR = 0.78, 95%CI: 0.74-0.83)
and mortality (RR = 0.72, 95%CI: 0.65-0.80) from CRC,
with similar CRC incidence reduction in men and women.
In addition, our meta-analysis shows that there is a significant decrease in the incidence of distal CRC (RR =
0.69, 95%CI: 0.63-0.75) and proximal CRC (RR = 0.91,
95%CI: 0.83-0.99) between the screening FS group and
the control, as well as mortality from distal CRC (RR =
0.57, 95%CI: 0.45-0.72). However, there is no reduction
in mortality from proximal CRC (RR = 0.95; 95%CI:
0.77-1.17). The current meta-analysis results suggest that
the pooled benefits with FS are much more than that were
suggested by the pooled estimates with guaiac FOBT in
the Cochrane meta-analysis[3]. Newer versions of FOBT
(FIT, Hemoccult Ⅱ sensa) have been reported to have
higher sensitivity in detection of CRC, but whether that
leads to reduction in CRC mortality has never been evaluated in a RCT; if the increased sensitivity is associated
with an increased detection of biologically less aggressive
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lesions the effect on CRC mortality may not be as marked
as that on CRC detection. Colonoscopy has become
the preferred first test for CRC screening in the United
States[29,30]. However, it remains uncertain how much
benefit visualization of the proximal part of the colon by
colonoscopy can add to endoscopic screening for CRC;
the estimates vary widely in the published cohort studies[31]. It has been shown that smaller neoplastic lesions (<
5 mm) and more flat, translucent lesions are more common in the proximal than distal colon which may make
adenoma detection difficult in general[13,32,33]. In addition,
visualization of the proximal colon mucosa is more likely
to be hindered by suboptimal bowel preparation. There
are documented significant differences in the biology of
proximal and distal CRC[34]. It is extremely unfortunate no
prior trial or an ongoing trial is directly compares FS to
colonoscopy for CRC screening. Results of ongoing trials
evaluating colonoscopy will be influenced by interim improvements in technology and quality of the procedures,
which will thereby make it difficult to compare results of
these colonoscopy trials to the older FS trials.
The pooled results from our meta-analysis are more
conservative than observed in two other recently published meta-analyses [35,36], both of which included a
study[21] that we considered to be a non-randomized
trial showing a very large reduction in CRC incidence
(80%) and CRC mortality (67%) with FS. This study[21]
was excluded in our meta-analysis because it compared
two cohorts selected from the source population, rather
than identifying a study group and then randomizing the
group into intervention and non-intervention arms and
hence the authors of the original study reported it as a
prospective controlled clinical trial, rather an RCT. In
addition, our study is the only one which has provided
pooled estimates of proximal and distal CRC incidence
and mortality.
Meta-analysis is an important tool and sheds light
on why trial results differ; raises research and editorial
standards by calling attention to the strengths and weaknesses of the body of research in an area; and gives the
practitioner an objective view of the research literature[37].
The current meta-analysis has some advantages. First, the
number of total individuals undergoing FS and controls
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were substantial and that increased the statistical power
for the analysis. Second, there was no evidence of publication bias or significant heterogeneity for most of the
outcomes between the studies.
Our study also has several limitations that should be
acknowledged. A meta-analysis is not able to solve problems related to confounding factors that could be inherent in the included studies. While criteria for “positive”
FS were similar in all four studies, there were differences
between them; a more liberal definition of “positive”
screening FS led to higher number of colonoscopies in
the PLCO which could have led to greater detection of
CRC and premalignant lesions. In addition, in the PLCO
trial, a large number of patients in the intervention group
obtained two sigmoidoscopies during the study time
frame which also likely increased the detection of CRC
and premalignant lesions[17]. Variation in endoscopist’s
ability/technique, proximal extent visualized with FS, as
well as use of varied endoscope types and visual aids (i.e.,
narrow band imaging) likely impacted ability to detect
CRC or premalignant lesions, but there are no analyses
available on the effect of these factors on the CRC incidence and mortality from these trials. It is possible that
these trials may be underestimating the efficacy of FS
performed under the conditions which increase the detection rate of CRC and premalignant lesions. The PLCO
trial authors have published results about CRC lesions
that were missed in the screening FS group in the PLCO
trial. Non-detected lesions were attributed to problems in
patient compliance with initial and follow up endoscopy
and bowel preparation (35.6%), limitation of the FS procedure with regard to reach of the FS and depth of insertion (43.9%), and limitation of endoscopists (20.5%)[38].
Increasing attention to these factors which are associated
with better quality lower gastrointestinal endoscopy in
the years after these trials were conducted could have led
to improved outcomes after screening FS and the followup colonoscopy after “positive” FS.
Furthermore, the fact that participants had to indicate
interest in obtaining a screening FS to be included in the
ITT analysis makes the study population of the PLCO,
United Kingdom, and SCORE trials different from the
NORCCAP participants as those who would be willing
to undergo screening may be more health-conscious as it
is (and consequently have lower risk of developing CRC)
and are more likely to actually obtain the screening test.
Hence the results of these 3 trials are probably more directly applicable to those willing to undergo CRC screening than to the population at large. Long-term follow-up
of the NORCAAP and carefully performed additional
observational studies of screening FS in the general population will therefore be important. Lack of heterogeneity of results from NORCAAP with that from the other
trials in the current meta-analysis is reassuring.
The four studies[17-20] had a range in the proportion
of subjects in the intervention group who actually underwent FS which clearly could impact whether there was
a significant change in the relative risk of incidence or
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mortality from CRC between the intervention and control groups. For example, in the NORCCAP trial, only
64.8% of the screening group participants actually underwent screening FS compared to 86% of screening group
participants in the PLCO trial who obtained at least one
screening FS[20]. It should be noted that in the NORCCAP trial, there was a significant reduction in mortality
from CRC all-sites and distal CRC among those people
who actually obtained a screening FS in the intervention
group, but this reduction in mortality was not seen in
the ITT analysis[20]. The researchers of the NORCCAP
trial speculate that this could be explained also by selfselection, i.e., that the subjects who chose to attend were
low-risk, healthier subjects who in general were more
motivated to obtain a screening test[20]. This hypothesis
should be tested in additional analysis adjusted for the
characteristics of the participants and non-participants.
Otherwise, as Sir Richard Peto noted in regards to the
NORCCAP “although intention-to-treat analyses have
their uses, and are in some circumstances essential, they
may in other circumstances lead to false negative interpretations of important trial findings[39]”.
In addition to a varied proportion of participants in
the screening group who actually obtained FS between
the four studies, there was likely a significant difference
between the PLCO trial and the European studies with
regard to the number of screening endoscopies done
in the control group. The PLCO trial authors note that
there were a significant proportion of the subjects in the
control group who obtained screening endoscopies given
high rates of screening for CRC in the United States
compared to European countries, and this may have
marginalized the difference between the intervention and
controls groups in the PLCO trial.
Another confounding variable could be follow-up
time. For the PLCO, United Kingdom, and SCORE trials, the follow up time period was about the same which
was around 11 years. The NORCCAP trial follow up
time period was only 7 years and it is possible that this
may not be enough time to account for the lag period in
which a premalignant lesion can become CRC, thereby
making it seem that there is no significant difference in
mortality and incidence of CRC between the control and
intervention group when it actually exists.
Although we did not find major publication bias, potential for publication bias cannot be completely excluded
as small studies with null results tend not to be published
(“file drawer problem”). Also analysis of publication bias
was limited by the fact that only four studies were included in the analysis. No sub-group analyses were performed
because of the limited number of studies included in
the meta-analysis. Finally, we did not assess the adverse
events with the intervention in the FS RCTs; however another recent meta-analysis[35] concluded that the reporting
of adverse effects was incomplete in the FS RCTs and
hence one would have to rely more on the adverse events
reported in the cohort studies[8,14,16].
In conclusion, the pooled results from this meta-
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analysis confirm that screening FS reduces the overall
incidence of and mortality from CRC. In addition, it
reduces the incidence of and mortality from distal CRC,
incidence of proximal CRC, and decreases the likelihood
of subsequent diagnosis of advanced CRC. We believe,
based on the proven benefits of FS, lower rates of complications with FS than with colonoscopy, and feasibility
in clinical practice (demonstrated by use over many years
in a very large Health Care Maintenance organization
Kaiser Permanente[40]), FS should be offered as an option
for CRC screening, particularly in the population-based
CRC screening programs.
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colonoscopy.

8

Research frontiers

9

Innovations and breakthroughs

10

In order to reduce incidence of CRC and cancer mortality it is imperative that
we study and develop screening methods that can potentially increase accessibility, are inexpensive and are more acceptable by population.
Flexible sigmoidoscopy (FS) is a relatively inexpensive alternative to screening colonoscopy, and requires lesser or no conscious sedation as compared to
colonoscopy. However reports regarding its efficacy as a screening tool to reduce CRC incidence and related mortality have been equivocal, largely due to
flawed study designs, small sample sizes and variations in clinico-demographic
features of the studies. The current study is a meta-analysis of all the randomized clinical trials comparing CRC incidence and related mortality outcomes in
patients screened with FS with subjects not screened for CRC. The pooled data
is derived from population based studies located in diverse geographical regions with varied clinicodemographic features. Thus our study results represent
a more robust and generalizable estimation of effectiveness of colonoscopy in
screening CRC and reducing associated mortality.
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The results of the study suggest screening FS is efficacious in reducing CRC
incidence and related mortality in population. FS based screening protocols
can improve access to screening by providing an alternative to colonoscopy in
resource limited settings.
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FS is a minimally invasive examination of sigmoid colon using an endoscope
based technique. Randomized clinical trial is a clinical trial which assigns treatments to patients randomly to compare effectiveness of two treatments. It is a
gold standard of comparing treatments. Meta-analysis is a method of combining
treatment effects from several studies in order to derive more conclusive and
robust result on efficacy of treatments.
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Abstract
Jejunoileal diverticula are rare and generally asymptomatic.
In the few cases of patients who develop complications
such as diverticulitis, perforation, obstruction, and/or
hemorrhage, conventional treatment consists of surgical
resection. We describe a case of perforated jejunoileal
diverticulum with localized abscess and highlight the
merits of surgical vs medical management. The patient
is a 77-year-old male who presented with sharp,
constant abdominal pain just inferior to the umbilicus.
Administration of intravenous antibiotics results in
complete and long-term resolution of the patient’s
symptoms. In this report, we establish a framework
for safely treating perforated small bowel diverticulum
without surgical exploration.

Levack MM, Madariaga ML, Kaafarani HMA. Non-operative
successful management of a perforated small bowel diverticulum.
World J Gastroenterol 2014; 20(48): 18477-18479 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i48/18477.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i48.18477

INTRODUCTION
Jejunoileal diverticula are rare. They are incidentally
found in less than 0.5%-2.3% of small bowel contrast
studies and less than 0.3%-4.5% of autopsy studies[1].
First described in 1794, they are thought to occur due to
mucosal and submucosal herniation through weakened
areas of the muscularis mucosa of the bowel, usually
on the mesenteric border. Most small bowel diverticula
are asymptomatic and can be observed without need
for intervention. Six to ten percent of patients develop
complications including diverticulitis, perforation,
obstruction and/or hemorrhage. Conventional treatment
for a perforated jejunoileal diverticulum consists of
surgical resection of the involved segment with small
bowel anastomosis. We describe here the case of a patient
who presented with a perforated jejunal diverticulum and
a peri-diverticular abscess, who was successfully treated
non-operatively.

CASE REPORT

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Jejunal diverticula; Diverticulitis; Small
bowel perforation; Antibiotics; Abscess
Core tip: Perforated jejunal diverticulum can be safely
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managed without surgical exploration in carefully
selected patients.

A 77-year-old male presented to the emergency room
with a three day history of abdominal pain. The pain was
sharp and constant in nature and localized just lateral
and inferior to umbilicus. He endorsed that he continued
to pass flatus and have normal bowel movements. His
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Figure 1 Selected computed tomography images showing clinical course of perforated small bowel diverticulum. A: Computed tomography (CT) scan at time
of initial presentation showing a focally thickened loop of small bowel with a small collection adjacent to the thickened small bowel concerning for a perforated small
bowel diverticulum; B: Repeat CT scans 9 d later depicting resolution of the inflammatory changes but persistent thickening; C: CT enterography 40 d after admission
after complete treatment course of antibiotics showing resolution of all inflammatory changes and imaging consistent with a small bowel diverticulum. The arrow is
pointing out the small bowel diverticulum and its evolution over the next few months.

past medical history was pertinent for a remote surgical
history of a gunshot wound to the abdomen requiring
an exploratory laparotomy in 1968, the details of which
were unknown by the patient. On review of systems,
he denied diarrhea, vomiting, blood per rectum or signs
of obstruction. On examination, his vital signs were
stable, and he appeared alert, oriented and not in any
acute distress. His abdomen had a well-healed midline
laparotomy scar and was focally tender to palpation with
guarding lateral to the scar in the right lower quadrant.
There was no guarding or rebound tenderness. His
laboratory studies showed a leukocytosis of 11.4 th/cmm
with a neutrophilic predominance. Computed tomography
(CT) demonstrated a focally thickened loop of small
bowel in the anterior midabdomen with a small collection
adjacent to the thickened small bowel measuring 2.8 cm
× 1 cm. There was no evidence of obstruction and the
thickened loop appeared most consistent with a perforated
small bowel diverticulum (Figure 1A). He was started on
broad spectrum antibiotic coverage utilizing Ⅳ Ampicillin,
Ciprofloxacin and Flagyl and was hydrated with Ⅳ fluids
and treated with bowel rest. The collection was deemed
too small for percutanous drainage. His pain significantly
improved over the next 3-4 d, and he was discharged on
hospital day 5 on oral Ciprofloxacin and Flagyl for a 14
d total course of antibiotics. On follow up in clinic 1 wk
later, his symptoms had completely resolved, and a repeat
CT scan at that time revealed significantly decreased
thickening of a focal loop of small bowel with near
complete resolution of the adjacent inflammatory changes
(Figure 1B). A CT enterography 6 wk later revealed a
small bowel diverticulum with complete resolution of
the inflammation (Figure 1C). At 1 year phone follow up,
the patient remained asymptomatic and had no further
episodes of pain.

DISCUSSION
Unlike colonic diverticula, the natural history of small
bowel diverticula is not well studied, and most cases
in the literature report on operative resection and reWJG|www.wjgnet.com

anastomosis[2]. In a small series of 4 cases of complicated
jejunal diverticulitis (two cases of gastrointestinal
hemorrhage, one case of perforation and one case of
enterolith obstruction), all patients underwent surgical
resection with good postoperative outcomes[1]. In another
retrospective review of 208 patients with small bowel
diverticulosis, jejunal diverticula occurred in 18% of
patients, but were associated with 46% of complications
(e.g., bleeding, perforation, obstruction)[3].
Similar to our experience, 2 reported cases of
perforated small bowel diverticulitis both initially managed
medically with bowel rest and antibiotics have been
described[4]. One patient later required surgical resection
due to failure of medical therapy. Colvin et al[5] similarly
described a case of localized peritonitis from a jejunal
diverticulum which was successfully managed with bowel
decompression and antibiotics. Novak et al[6] reported
a series of 2 patients with small bowel perforations
secondary to jejunal diverticula who were treated with a
combination of antibiotics and percutaneous drainage.
We report here the successful non-operative management
of a perforated jejunoileal diverticulum that presented
with localized abdominal symptoms and signs. In our
patient, intravenous antibiotics alone resulted in complete
and long-term resolution of the patient’s symptoms,
and are thus recommended as initial management for a
perforated small bowel diverticulum with subsequent CT
imaging follow-up.
In cases of diffuse peritonitis or pneumoperitoneum
on imaging, the authors still recommend surgical
exploration and resection.
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Abstract
A clinical trial of radiotherapy with modified simultaneous
integrated boost (SIB) technique against huge tumors
was conducted. A 58-year-old male patient who had a
huge pelvic tumor diagnosed as a rectal adenocarcinoma
due to familial adenomatous polyposis was enrolled in
this trial. The total dose of 77 Gy (equivalent dose in 2
Gy/fraction) and 64.5 Gy was delivered to the center of
the tumor and the surrounding area respectively, and

WJG|www.wjgnet.com

approximately 20% dose escalation was achieved with
the modified SIB technique. The tumor with an initial
maximum size of 15 cm disappeared 120 d after the start
of the radiotherapy. Performance status of the patient
improved from 4 to 0. Radiotherapy with modified SIB
may be effective for patients with a huge tumor in terms
of tumor shrinkage/disappearance, improvement of QOL,
and prolongation of survival.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Clinical trial; Image-guided radiotherapy;
Rectal neoplasms; Quality of life; Neoplasm recurrence
Core tip: This paper introduces a new technique of
radiation therapy for huge tumors. In the past, patients
with radioresistant huge adenocarcinoma could undergo
only palliative treatment because huge tumors could
not be controlled with a dose less than tolerant dose
of healthy tissue. However, this technique enabled to
deliver higher-dose to the center of huge tumor without
exceeding tolerant dose to the healthy tissue. Of course
it is difficult to cure these patients, this technique
showed a possibility to control huge tumors. From the
patients enrolled in this clinical trial, we introduce a
patient with tumor arising from digestive system.
Nomiya T, Akamatsu H, Harada M, Ota I, Hagiwara Y, Ichikawa
M, Miwa M, Kawashiro S, Hagiwara M, Chin M, Hashizume E,
Nemoto K. Modified simultaneous integrated boost radiotherapy
for an unresectable huge refractory pelvic tumor diagnosed as
a rectal adenocarcinoma. World J Gastroenterol 2014; 20(48):
18480-18486 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i48/18480.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i48.18480
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INTRODUCTION
The incidence of colorectal cancer accounts for 10% of
all new cancers, and the mortality caused by colorectal
cancer accounts for 8% of all cancers[1]. Adenocarcinoma
accounts for more than 95% of rectal cancers, with
carcinoids, malignant lymphomas, squamous cell
carcinomas, and others comprising the remaining 5%[2].
Familial adenomatous polyposis, hereditary nonpolyposis
colorectal cancer, and hamartomatous polyposis syndromes
are known causes of hereditary colorectal cancer, and a
mutation of APC tumor suppressor gene is known cause
of carcinogenesis[3]. Besides APC, a mutation of the
K-ras gene or the p53 gene have a great influence on the
development of colorectal cancer; moreover, a mutation
or loss of the DCC gene may also affect the malignant
progression of colorectal cancer[4-6]. On the other hand,
alcohol drinking, smoking, lack of exercise, and obesity are
known as acquired risk factors of colorectal cancer[7-11].
The standard treatment of a resectable rectal cancer
is surgical resection: low anterior resection, Hartmann’
s operation, or abdominoperineal resection are usually
performed, and sometimes total mesorectal excision
or autonomic nerves preservation are added for local
control or function sparing[12,13]. In addition, adjuvant
or neoadjuvant chemoradiotherapy is added for
advanced rectal cancer to the recent standard treatment
protocols [14]. Recent studies have reported that the
5-year local recurrence rate has decreased by 5%-15%,
but locoregional failure is still the most frequent failure
pattern[15]. Only palliative treatment usually is considered
for unresectable or postoperative recurrent rectal cancer,
and a standard definitive treatment for unresectable
tumors has not yet been established[16].
The purpose of this study was to verify the efficacy
of a new radiotherapy technique for huge refractory
tumors.

CASE REPORT
Inclusion criteria of the patients
Patients assumed to have cancer originating from the
digestive system were selected from among the patients
who were enrolled in the clinical trial of the modified
simultaneous integrated boost (SIB) radiotherapy for
huge tumors. The main points of inclusion criteria of the
clinical trial were as follows: (1) a histologically proven
solid tumor; (2) a locally advanced or unresectable huge
tumor; (3) the absence of a history of radiotherapy for
the lesion to be treated; and (4) patients with informed
consent.
Because of the design of the clinical trial, a limit
was not set for the following points: the presence or
absence of a history of surgical treatment/chemotherapy,
combinations of anticancer drugs during radiotherapy,
and the presence or absence of a distant metastasis at the
start of radiotherapy. Patients with performance status of
0-4 could be enrolled in the clinical trial.
The exclusion criteria were as follows: (1) a history of
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radiotherapy for the lesion in question; (2) the absence
of histological proof; (3) impossibility to maintain the
necessary position during irradiation; (4) the absence of
written consent; and (5) impossibility of the proposed
treatment for some other reason.
Radiotherapy
The macroscopic extent of a tumor was defined as the
gross tumor volume (GTV), whereas the area around
GTV and the regional lymph node area were defined as
clinical target volume (CTV). The area including setup
margins around CTV was defined as the planning target
volume (PTV). CT images for the radiotherapy planning
(RTP) were obtained using a 16-row multidetector CT.
RTP was supposed to be planned according to CTbased three-dimensional (3D) conformal planning. Both
3D conformal radiotherapy and intensity-modulated
radiotherapy were allowed to be applied for the treatment
planning. Radiotherapy plans were generated using
treatment planning software with tissue inhomogeneity
correction (XiO; ELEKTA, Japan). Irradiation was
performed one fraction per day and five fractions per
week using 4-10 MV photons by means of a high-energy
linear accelerator. If there was respiratory motion of the
target, the respiratory gating irradiation protocol was
used. Image-guided radiotherapy with cone-beam CT
or electric portal image detector was used for 3D setup
before the irradiation.
Modified SIB technique
The conventional concept of radiotherapy is to irradiate
uniformly within PTV. The concept of the general
SIB technique is that there is heterogeneity in the dose
distribution in PTV[17-19]. The dose delivered to GTV is
increased, and the dose to the prophylactic area is set to a
(lower) prophylactic dose. Although the dose distribution
in PTV is not uniform, generally, the dose distribution
in GTV is uniform in the general SIB technique (Figure
1A). The concept of the modified SIB technique
(compared with the general SIB technique) is as follows:
(1) the main point of this study was to deliver a higher
dose to GTV as much as possible; (2) the dose to the
healthy tissue is strictly limited to the tolerant dose; (3)
the heterogeneity in the dose distribution within GTV
is allowed to comply with the previous rules; and (4) the
dose of boost irradiation to the GTV is defined as more
than 10% of the dose to the surrounding healthy tissue
in the cumulative dose; however, the upper limit of the
dose to GTV has not been set (Figure 1B).
An equivalent dose in 2 Gy per fraction (EQD2Gy)
was calculated as follows: (total dose) × (dose/fraction
+ α / β )/(2+ α / β ) [20] . The described dose shows a
cumulative dose unless otherwise specified.
Evaluation procedures
The primary endpoint was a local response, and the
secondary endpoints were defined as acute and late
toxicity, QOL (quality of life), and survival period. The
tumor response was evaluated by measuring the tumor
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A

High dose

GEM+CDDP*2 courses) was performed after the
diagnosis, but the tumor grew in size; therefore, the
patient was prescribed radiotherapy.
Before the start of radiotherapy, there was a huge
perineal tumor (9 cm × 11 cm × 15 cm) protruding to
the surface (Figure 2 and Figure 3A). A loss of a part of
the bladder wall because of tumor invasion could be seen
in the sagittal image (Figure 2C and D), but there was no
leakage of the urine because of obstruction by the huge
tumor. The serum CEA level was 173.3 ng/mL (normal
level < 5.0 ng/mL), and there were no other elevated
tumor markers. The patient had strong cancer pain in
the perineum despite large doses of oxycodone, and the
patient’s performance status was determined as 4 because
the patient could not walk or sit due to the cancer pain.
There were objective symptoms of odor and blood
oozing. Distant metastases had not been detected before
radiotherapy.

Prophylactic dose

GTV

CTV
Normal tissue

B

Prophylactic dose

Normal
tissue

CTV

GTV

High dose
Super high dose

Figure 1 Simultaneous integrated boost irradiation. A: The concept
behind standard simultaneous integrated boost (SIB) irradiation. A prophylactic
dose is delivered to clinical target volume, and a curative (higher) dose is
delivered to gross tumor volume (GTV). Dose distribution within GTV is usually
homogeneous; B: The concept of the modified SIB irradiation technique. It is
almost the same as the standard SIB technique, but the modified SIB technique
can deliver a much higher dose to the part of GTV without excessive irradiation
of the surrounding healthy tissue by allowing for heterogeneity of dose
distribution within GTV.

size using imaging modalities such as CT, magnetic
resonance imaging, positron emission tomography-CT,
and ultrasonography). The overall survival period was
measured from the first day of radiotherapy (day 1) to the
final follow-up date. A recurrence-free survival period was
measured from the first day of radiotherapy to the date of
recurrence after radiotherapy. QOL was comprehensively
evaluated based on subjective symptoms, objective
symptoms, and ADL (activity of daily life). The toxicity
was evaluated based on CTCAE version 4.0[21].
Patient
In all enrolled patients in this study, there was one
patient with a tumor from gastrointestinal tract. A
58-year-old male patient with a huge pelvic tumor was
enrolled in this study and treated with modified SIB
radiotherapy. The patient had a history of a subtotal
proctocolectomy and ileorectal anastomosis due to
familial adenomatous polyposis when he was 27 years
old. The patient developed a vesicorectal fistula at the
age of 58 years, and then fistIulectomy, proctectomy, and
ileostomy were performed. Histological examination of
the resected vesicorectal fistula revealed adenocarcinoma
and blood tests revealed high serum carcinoembryonic
antigen (CEA) level; therefore, he was diagnosed with
rectal cancer. Chemotherapy (FOLFOX4 × 4 courses,
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Treatment
RT plans for this patient are shown in Figure 4. Figure
4A shows a dose distribution of the initial RTP for this
patient. This radiotherapy plan consisted of coplanar
eight fields using the modified SIB technique. CTV
(suspicious for microscopic invasion and regional
lymph node area) was included in the volume of 1.8
Gy per fraction (yellow line), and 2.3 Gy per fraction
was delivered to the central part of GTV (orange line).
Nevertheless, not all of GTV was included in the highdose area, and the dose to the border area between the
tumor and healthy tissue was lowered to approximately
2 Gy; 36 Gy per 20 fractions and 46 Gy per 20 fractions
were delivered to CTV and GTV respectively with this
plan. After completing the initial course of radiotherapy,
boost irradiation of GTV was performed according to
the second radiotherapy plan using the shrinking field
technique (not the modified SIB technique; Figure 4B).
Furthermore, second boost irradiation of GTV was
performed according to the third RT plan using the
shrinking field technique (not the modified SIB technique;
Figure 4C). Finally, a cumulative dose of 76.6 Gy per 37
fractions to the central part of GTV and a dose of 66.6
Gy per 37 fractions to CTV were delivered. EQD2Gy to
the central part of GTV and that to CTV were calculated
as approximately 77 Gy and 64.5 Gy respectively. The
dose to the center of GTV was increased by 19.4%
compared with the surrounding healthy tissue. With the
management of cancer pain, the scheduled treatment was
completed without any problems.
Tumor response
Figure 2 shows the tumor before radiotherapy (Figure
2A and B) and 70 d after the end of radiotherapy (Figure
2C and D). A macroscopic complete response (CR)
was achieved. Although histopathological examination
was not performed, there was no detectable tumor
according to CT and the protruding macroscopic tumor
disappeared. Serum CEA level increased to 202.7 ng/mL
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Figure 2 Computed tomography image. A: An axial computed tomography (CT) image before radiotherapy. A massive tumor is seen in the perineum, and a part
of the tumor is protruding. Both lower extremities are elevated because the patient could not stretch both legs. B: An axial CT image on day 120 from the start of the
radiotherapy. The macroscopic tumor disappeared, and the patient could stretch both lower extremities; C: A sagittal CT image before the radiotherapy; D: A part of
the bladder wall has been lost to invasion of the massive solid tumor.

A

B

C

D

Figure 3 Macroscopic findings before radiotherapy. A: Day 0. The tumor is exposed from the perineum with oozing of blood, offensive odor and sever pain; B:
Day 28 from the start of radiotherapy. The tumor was shrinking due to the modified SIB technique. Leakage of urine from a bladder fistula was observed; C: Day 56.
Further tumor shrinkage is observed, but a slight residual tumor is present. The defect in the healthy tissue was shrinking; D: Day 180. The macroscopic tumor as well
as exposure of the mucosa also disappeared. The patient could walk normally.

30 d after the start of the radiotherapy, but it decreased
to 12.4 ng/mL 70 d after the end of radiotherapy.
Patient’s performance status and cancer pain improved
as the treatment proceeded, and he became capable
of easily maintaining the supine position during the
irradiation 3-4 wk after the start of the radiotherapy.
The blood oozing and offensive odor from the tumor
disappeared along with disappearance of the tumor.
The patient regained the ability to walk alone due to
tumor disappearance and complete pain relief, and was
discharged from the hospital in an ambulatory state after
the completion of radiotherapy.
Outcomes
After the discharge from the hospital, the patient was
followed up on an outpatient basis. Local recurrence was
detected 270 d after the start of radiotherapy, and then
chemotherapy and palliative treatment were administered.
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Eventually, the patient died of primary disease 1 year and
8 mo after the start of radiotherapy without treatmentrelated toxicity.

DISCUSSION
There are various clinical trials of multidisciplinary
approaches to colorectal cancer. Intraoperative radiotherapy
had been used for advanced rectal cancer to improve local
controllability[22]. The chemotherapy drug 5-fluorouracil
(5-FU) has been used for rectal cancer as the main
chemotherapeutic agent to date [23]. The addition of
oxaliplatin to the combination of 5-FU and leucovorin
(FOLFOX) for the treatment of rectal cancer significantly
improves disease-free survival and overall survival,
according to a randomized controlled trial[24]. In addition,
the combination containing irinotecan (FOLFIRI) was
proved to be effective against advanced rectal cancer[25].
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A

standard treatment of chemotherapy-resistant unresectable
rectal cancer has not been established yet. Generally, only
palliative treatment is used for the patients with a far
advanced cancer. This clinical trial has been organized to
explore the possibility of radical treatment of such patients.

180 cGy

Tumor (local) response
As mentioned above, the goal of this study was to deliver
a higher dose to a huge tumor than to the surrounding
healthy tissue using the modified SIB technique and to
evaluate the efficacy and toxicity. The calculated EQD2Gy
to the center of GTV and to surrounding tissue was 77
Gy and 64.5 Gy respectively, and the dose to the center of
GTV was 20% greater compared to the surrounding tissue.
According to the present results, macroscopic CR
was obtained as a result of the proposed treatment.
It is impossible to control a chemoresistant huge
adenocarcinoma with a dose of approximately 65 Gy, but
the local controllability increases with an increase in the
dose by 20% (the total dose) to the center of GTV.

230 cGy

B
180 cGy

C
180 cGy

Figure 4 Radiotherapy planning. A: The initial radiotherapy planning (RTP).
RTP consists of eight static fields using the modified simultaneous integrated
boost (SIB) technique. The central part of gross tumor volume (GTV) is
irradiated with 230 cGy per fraction. A total dose of 36 Gy per 20 fractions was
delivered to the whole pelvis, and a total dose of 46 Gy per 20 fractions was
delivered to a part of GTV; B: The second RTP for this patient (Usual boost
irradiation. Not the modified SIB technique); C: The third RTP for this patient (not
the modified SIB technique).

Although both pre- and postoperative RT are effective
against advanced rectal cancer, preoperative RT is becoming
a mainstream treatment according to the results of a
randomized controlled trial comparing preoperative and
postoperative RT[26]. Furthermore, the total toxicity of
preoperative RT is smaller than that of postoperative
RT[27,28]. However, it is thought that there is no difference
among dose fractionation regimens (e.g., 25 Gy per 5
fractions per week, 50.4 Gy per 28 fractions per 5.5 wk) of
preoperative RT.
To validate the existing evidence related to the treatment
of advanced rectal cancer, a multidisciplinary approach is
being established as preoperative chemotherapy consisting
of 5-FU, LV, oxaliplatin, or irinotecan, and preoperative
RT and surgery. In case of distant metastasis, molecularly
targeted agents such as bevacizumab, cetuximab, and
panitumumab can be used[29-31]. On the other hand, the
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Clinical course/QOL
Blood oozing from the tumor resolved within a month
from the start of the radiotherapy, and an almost
complete relief of cancer pain in the perineum was also
achieved within a month from the start of radiotherapy.
Although radiotherapy would be stopped when a
relief of symptoms were obtained in case of palliative
treatment, in the present study, the radiotherapy was
continued for the purpose of local control. The changes
in the macroscopic findings of the huge tumor are
shown in Figure 3. There was an exposed huge tumor
with blood oozing and an offensive odor before the
radiotherapy (Figure 3A). The tumor began to shrink,
and there was a cavity due to tumor shrinkage on day 28
(Figure 3B) with almost no bleeding or odor.
Disappearance of the tumor and related symptoms
Thirty to 50 d after the start of the radiotherapy, transient
urine leakage from the bladder fistula to the perineal
cavity was observed. Although the loss of a part of the
bladder wall due to tumor invasion was found before the
radiotherapy (Figure 2B), urine leakage was not observed
then because the tumor formed a part of the bladder
wall, and the shrinkage of tumor size probably caused
leakage (Figure 3B).
The clinical course such as this one is the inevitable
problem when treating a T4 tumor. For example, the
perforation of a healthy esophagus never occurs during
the treatment of a T3 esophageal cancer with standard
chemoradiotherapy, but it is sometimes observed due
to tumor shrinkage when treating a T4 esophageal
cancer[32-34]. We believe that the bladder fistula was due
to a mechanism similar to that in the above examples;
therefore, the fistula was considered as a cancer-related
complication rather than treatment-related complication
and radiotherapy was continued because the patient’s
condition was stable without active bleeding or infection.
After treatment completion, we observed that the cavity/

18484

December 28, 2014|Volume 20|Issue 48|

Nomiya T et al . SIB technique for large pelvic tumor

fistula shrank, urine leakage disappeared, and perineal
wound improved (Figure 3B-D). One of the differences
between a loss of healthy tissue as a result of tumor
invasion and a loss of healthy tissue caused by radiationinduced injury is the eventual healing of the wound.
When a cancer disappears, the surrounding healthy tissue
will begin to recover despite a loss of a part like in this
case, and almost complete repair back to the normal
status can be expected if the course is favorable [34].
According to these findings, we believe that a huge tumor
should be treated aiming at local control even if it is a
far-advanced T4 tumor.
Outcomes and toxicity
Local recurrence was observed 9 mo from the start of
radiotherapy, and the patient died of the disease 1 year
and 8 mo after the start of radiotherapy. Despite the
transient macroscopic CR, long-term local control could
not be achieved, unfortunately. On the other hand, given
that the patient’s prognosis would have been 1-2 mo
without radiotherapy with the modified SIB technique, it
is possible that the modified SIB RT allowed the patient
to survive for > 1 year with favorable ADL. Although
the total dose to the part of GTV was increased by 20%,
there was local recurrence without treatment-related
toxicity. This result means that there is still room for
dose escalation to the part of GTV. Furthermore, the
transient tumor disappearance without distant metastases
is suggestive of a possibility of a cure even for a faradvanced huge tumor like in this case.
In conclusion, radiotherapy using the modified SIB
technique against a huge pelvic tumor was analyzed. It
is impossible to deliver a much higher dose to the tumor
with conventional radiotherapy, but radiotherapy using
the modified SIB technique may successfully treat the
center of GTV without significant toxicity. As a result,
tumor disappearance, improvement of QOL/ADL, and
prolongation of survival can be achieved. A computer
assisted automatic segmentation of the target may be able
to utilize for this treatment[35,36]. Accumulation of cases and
validation of the technique are tasks for future research.

COMMENTS
COMMENTS

surrounding healthy tissue.

Related reports

Several authors have reported about “SIB” radiotherapy, but those are slightly
different from “modified SIB” radiotherapy in the present study.

Term explanation

Modified simultaneous integrated boost (modified SIB) irradiation is a recent
technique that can irradiate higher dose to a certain area in the irradiation field.

Experiences and lessons

It may be possible to obtain macroscopically complete response even against
for huge adenocarcinomas with this irradiation technique.

Peer review

This is an interesting case, and to treat more patients is a problem in the future.

REFERENCES
1

2

3

4

5

6
7

8

9

Case characteristics

A huge adenocarcinoma arising in the pelvis was treated with radiotherapy
using modified simultaneous integrated boost (SIB) technique.

Clinical diagnosis

A patient who had a history of subtotal colectomy due to familial adenomatous
polyposis caused adenocarcinoma in the residual rectum, and was initially
treated with chemotherapy regimens for rectal cancer.

Imaging diagnosis

10
11

A macroscopic tumor with erosion was exposed in the perineum, and computed
tomography scan revealed a huge tumor in size of 9 cm × 11 cm × 15 cm with
bladder invasion.

Pathological diagnosis

12

The tumor was diagnosed as adenocarcinoma by the needle biopsy.

Treatment

The tumor was treated with radiotherapy with a new technique that can irradiate
much higher dose to the tumor without exceeding tolerance dose to the

WJG|www.wjgnet.com

13

18485

Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers
C, Rebelo M, Parkin DM, Forman D, Bray F. GLOBOCAN
2012 v1.0, Cancer Incidence and Mortality Worldwide: IARC
CancerBase No. 11 [Internet]. Lyon, France: International
Agency for Research on Cancer, 2013. Available from: URL:
http://globocan.iarc.fr
Kang H, O’Connell JB, Leonardi MJ, Maggard MA, McGory
ML, Ko CY. Rare tumors of the colon and rectum: a national
review. Int J Colorectal Dis 2007; 22: 183-189 [PMID: 16845516
DOI: 10.1007/s00384-006-0145-2]
Young J, Jenkins M, Parry S, Young B, Nancarrow D, English
D, Giles G, Jass J. Serrated pathway colorectal cancer in the
population: genetic consideration. Gut 2007; 56: 1453-1459
[PMID: 17566021 DOI: 10.1136/gut.2007.126870]
Custodio A, Barriuso J, de Castro J, Martínez-Marín V,
Moreno V, Rodríguez-Salas N, Feliu J. Molecular markers
to predict outcome to antiangiogenic therapies in colorectal
cancer: current evidence and future perspectives. Cancer
Treat Rev 2013; 39: 908-924 [PMID: 23510598 DOI: 10.1016/
j.ctrv.2013.02.004]
Dahabreh IJ, Terasawa T, Castaldi PJ, Trikalinos TA.
Systematic review: Anti-epidermal growth factor receptor
treatment effect modification by KRAS mutations in advanced
colorectal cancer. Ann Intern Med 2011; 154: 37-49 [PMID:
21200037 DOI: 10.7326/0003-4819-154-1-201101040-00006]
Mehlen P, Fearon ER. Role of the dependence receptor
DCC in colorectal cancer pathogenesis. J Clin Oncol 2004; 22:
3420-3428 [PMID: 15310786 DOI: 10.1200/JCO.2004.02.019]
Longnecker MP, Orza MJ, Adams ME, Vioque J, Chalmers
TC. A meta-analysis of alcoholic beverage consumption in
relation to risk of colorectal cancer. Cancer Causes Control
1990; 1: 59-68 [PMID: 2151680 DOI: 10.1007/BF00053184]
Botteri E, Iodice S, Bagnardi V, Raimondi S, Lowenfels AB,
Maisonneuve P. Smoking and colorectal cancer: a metaanalysis. JAMA 2008; 300: 2765-2778 [PMID: 19088354 DOI:
10.1001/jama.2008.839]
Martínez ME, Giovannucci E, Spiegelman D, Hunter DJ,
Willett WC, Colditz GA. Leisure-time physical activity, body
size, and colon cancer in women. Nurses’ Health Study
Research Group. J Natl Cancer Inst 1997; 89: 948-955 [PMID:
9214674 DOI: 10.1093/jnci/89.13.948]
Wolin KY, Yan Y, Colditz GA, Lee IM. Physical activity and
colon cancer prevention: a meta-analysis. Br J Cancer 2009;
100: 611-616 [PMID: 19209175 DOI: 10.1038/sj.bjc.6604917]
Calle EE, Rodriguez C, Walker-Thurmond K, Thun
MJ. Overweight, obesity, and mortality from cancer in
a prospectively studied cohort of U.S. adults. N Engl J
Med 2003; 348: 1625-1638 [PMID: 12711737 DOI: 10.1056/
NEJMoa021423]
Balch GC, De Meo A, Guillem JG. Modern management of
rectal cancer: a 2006 update. World J Gastroenterol 2006; 12:
3186-3195 [PMID: 16718838]
Baxter NN, Garcia-Aguilar J. Organ preservation for rectal
cancer. J Clin Oncol 2007; 25: 1014-1020 [PMID: 17350952

December 28, 2014|Volume 20|Issue 48|

Nomiya T et al . SIB technique for large pelvic tumor

14
15

16
17

18

19

20

21

22

23

24

25
26

DOI: 10.1200/JCO.2006.09.7840]
National Comprehensive Cancer Network. Rectal Cancer
Version 3.2014. Available from: URL: http://www.nccn:
professionals/physician_gls/pdf/rectal.pdf
Enríquez-Navascués JM, Borda N, Lizerazu A, Placer C,
Elosegui JL, Ciria JP, Lacasta A, Bujanda L. Patterns of
local recurrence in rectal cancer after a multidisciplinary
approach. World J Gastroenterol 2011; 17: 1674-1684 [PMID:
21483626 DOI: 10.3748/wjg.v17.i13.1674]
Ronnekleiv-Kelly SM, Kennedy GD. Management of stage
IV rectal cancer: palliative options. World J Gastroenterol 2011;
17: 835-847 [PMID: 21412493 DOI: 10.3748/wjg.v17.i7.835]
Peponi E, Glanzmann C, Kunz G, Renner C, Tomuschat
K, Studer G. Simultaneous integrated boost intensitymodulated radiotherapy (SIB‑IMRT) in nasopharyngeal
cancer. Strahlenther Onkol 2010; 186: 135-142 [PMID: 20339827
DOI: 10.1007/s00066-010-2048-y]
Cho KH, Kim JY, Lee SH, Yoo H, Shin SH, Moon SH, Kim
TH, Shin KH, Yoon M, Lee DH, Pyo HR. Simultaneous
integrated boost intensity-modulated radiotherapy in
patients with high-grade gliomas. Int J Radiat Oncol Biol
Phys 2010; 78: 390-397 [PMID: 20097489 DOI: 10.1016/
j.ijrobp.2009.08.029]
Thilmann C, Zabel A, Grosser KH, Hoess A, Wannenmacher
M, Debus J. Intensity-modulated radiotherapy with an
integrated boost to the macroscopic tumor volume in the
treatment of high-grade gliomas. Int J Cancer 2001; 96:
341-349 [PMID: 11745504 DOI: 10.1002/ijc.1042]
Joiner MC. A simple alpha/beta-independent method to
derive fully isoeffective schedules following changes in dose
per fraction. Int J Radiat Oncol Biol Phys 2004; 58: 871-875
[PMID: 14967444 DOI: 10.1016/j.ijrobp.2003.10.036]
National Cancer Institute. Common Terminology Criteria
for Adverse Events v4.0 NCI, NIH, DHHS. May 29, 2009
NIH publication # 09-7473. Available from: URL: http://
evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-0614_QuickReference_5x7.pdf
Hahnloser D, Haddock MG, Nelson H. Intraoperative
radiotherapy in the multimodality approach to colorectal
cancer. Surg Oncol Clin N Am 2003; 12: 993-1013, ix [PMID:
14989129 DOI: 10.1016/S1055-3207(03)00091-7]
O’Connell MJ, Martenson JA, Wieand HS, Krook JE,
Macdonald JS, Haller DG, Mayer RJ, Gunderson LL, Rich TA.
Improving adjuvant therapy for rectal cancer by combining
protracted-infusion fluorouracil with radiation therapy after
curative surgery. N Engl J Med 1994; 331: 502-507 [PMID:
8041415 DOI: 10.1056/NEJM199408253310803]
André T, Boni C, Navarro M, Tabernero J, Hickish T,
Topham C, Bonetti A, Clingan P, Bridgewater J, Rivera F,
de Gramont A. Improved overall survival with oxaliplatin,
fluorouracil, and leucovorin as adjuvant treatment in stage II
or III colon cancer in the MOSAIC trial. J Clin Oncol 2009; 27:
3109-3116 [PMID: 19451431 DOI: 10.1200/JCO.2008.20.6771]
Morse MA. Adjuvant therapy of colon cancer: current status
and future developments. Clin Colon Rectal Surg 2005; 18:
224-231 [PMID: 20011305 DOI: 10.1055/s-2005-916283]
O’Connell MJ, Colangelo LH, Beart RW, Petrelli NJ, Allegra
CJ, Sharif S, Pitot HC, Shields AF, Landry JC, Ryan DP,
Parda DS, Mohiuddin M, Arora A, Evans LS, Bahary N,
Soori GS, Eakle J, Robertson JM, Moore DF, Mullane MR,
Marchello BT, Ward PJ, Wozniak TF, Roh MS, Yothers G,
Wolmark N. Capecitabine and oxaliplatin in the preoperative
multimodality treatment of rectal cancer: surgical end points
from National Surgical Adjuvant Breast and Bowel Project
trial R-04. J Clin Oncol 2014; 32: 1927-1934 [PMID: 24799484

27

28

29

30

31

32

33

34
35

36

DOI: 10.1200/JCO.2009.22.0467]
Bujko K, Nasierowska-Guttmejer A, Wyrwicz L, Malinowska
M, Krynski J, Kosakowska E, Rutkowski A, Pietrzak L, Kepka
L, Radziszewski J, Olszyna-Serementa M, Bujko M, Danek A,
Kryj M, Wydmanski J, Zegarski W, Markiewicz W, Lesniak T,
Zygulski I, Porzuczek-Zuziak D, Bebenek M, Maciejczyk A,
Polkowski W, Czeremszynska B, Cieslak-Zeranska E, Toczko
Z, Radkowski A, Kolodziejski L, Szczepkowski M, Majewski
A, Jankowski M. Neoadjuvant treatment for unresectable
rectal cancer: an interim analysis of a multicentre randomized
study. Radiother Oncol 2013; 107: 171-177 [PMID: 23590986
DOI: 10.1016/j.radonc.2013.03.001]
Engineer R, Mohandas KM, Shukla PJ, Shrikhande SV,
Mahantshetty U, Chopra S, Goel M, Mehta S, Patil P,
Ramadwar M, Deodhar K, Arya S, Shrivastava SK. Escalated
radiation dose alone vs. concurrent chemoradiation for
locally advanced and unresectable rectal cancers: results
from phase II randomized study. Int J Colorectal Dis 2013; 28:
959-966 [PMID: 23358929 DOI: 10.1007/s00384-012-1630-4]
Saltz LB, Clarke S, Díaz-Rubio E, Scheithauer W, Figer A,
Wong R, Koski S, Lichinitser M, Yang TS, Rivera F, Couture
F, Sirzén F, Cassidy J. Bevacizumab in combination with
oxaliplatin-based chemotherapy as first-line therapy in
metastatic colorectal cancer: a randomized phase III study.
J Clin Oncol 2008; 26: 2013-2019 [PMID: 18421054 DOI:
10.1200/JCO.2007.14.9930]
Dewdney A, Cunningham D, Tabernero J, Capdevila J,
Glimelius B, Cervantes A, Tait D, Brown G, Wotherspoon
A, Gonzalez de Castro D, Chua YJ, Wong R, Barbachano Y,
Oates J, Chau I. Multicenter randomized phase II clinical
trial comparing neoadjuvant oxaliplatin, capecitabine,
and preoperative radiotherapy with or without cetuximab
followed by total mesorectal excision in patients with
high-risk rectal cancer (EXPERT-C). J Clin Oncol 2012; 30:
1620-1627 [PMID: 22473163 DOI: 10.1200/JCO.2011.39.6036]
Amado RG, Wolf M, Peeters M, Van Cutsem E, Siena
S, Freeman DJ, Juan T, Sikorski R, Suggs S, Radinsky R,
Patterson SD, Chang DD. Wild-type KRAS is required for
panitumumab efficacy in patients with metastatic colorectal
cancer. J Clin Oncol 2008; 26: 1626-1634 [PMID: 18316791
DOI: 10.1200/JCO.2007.14.7116]
Burt M, Diehl W, Martini N, Bains MS, Ginsberg RJ,
McCormack PM, Rusch VW. Malignant esophagorespiratory
fistula: management options and survival. Ann Thorac Surg
1991; 52: 1222-128; discussion 1222-128; [PMID: 1755674 DOI:
10.1016/0003-4975(91)90005-B]
Muto M, Ohtsu A, Miyamoto S, Muro K, Boku N, Ishikura
S, Satake M, Ogino T, Tajiri H, Yoshida S. Concurrent
chemoradiotherapy for esophageal carcinoma patients
with malignant fistulae. Cancer 1999; 86: 1406-1413 [PMID:
10526266]
Nomiya T, Teruyama K, Wada H, Nemoto K. Chemoradiotherapy
for a patient with a giant esophageal fistula. World J Gastroenterol
2007; 13: 2250-2254 [PMID: 17465513]
Li N, Zarepisheh M, Uribe-Sanchez A, Moore K, Tian Z,
Zhen X, Graves YJ, Gautier Q, Mell L, Zhou L, Jia X, Jiang
S. Automatic treatment plan re-optimization for adaptive
radiotherapy guided with the initial plan DVHs. Phys Med
Biol 2013; 58: 8725-8738 [PMID: 24301071 DOI: 10.1088/00319155/58/24/8725]
Conversano F, Franchini R, Demitri C, Massoptier L,
Montagna F, Maffezzoli A, Malvasi A, Casciaro S. Hepatic
vessel segmentation for 3D planning of liver surgery
experimental evaluation of a new fully automatic algorithm.
Acad Radiol 2011; 18: 461-470 [PMID: 21216631]
P- Reviewer: Casciaro S S- Editor: Qi Y L- Editor: A
E- Editor: Wang CH

WJG|www.wjgnet.com

18486

December 28, 2014|Volume 20|Issue 48|

World J Gastroenterol 2014 December 28; 20(48): 18487-18494
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i48.18487

© 2014 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Colonic mucosa-associated lymphoid tissue lymphoma
identified by chromoendoscopy
Sang-Wook Seo, Seung-Hwa Lee, Duck-Joo Lee, Kwang-Min Kim, Joon-Koo Kang, Do-Wan Kim,
Jeong-Hun Lee
Sang-Wook Seo, Seung-Hwa Lee, Duck-Joo Lee, KwangMin Kim, Center for Health Promotion, Department of Family
Practice and Community Health, Ajou University School of
Medicine, Suwon 443-380, South Korea
Joon-Koo Kang, Department of Gastroenterology, Ajou
University School of Medicine, Suwon 443-380, South Korea
Do-Wan Kim, Department of Anesthesiology, Ajou University
School of Medicine, Suwon 443-380, South Korea
Jeong-Hun Lee, Department of Surgery, Ajou University School
of Medicine, Suwon 443-380, South Korea
Author contributions: Seo SW drafted the report; Lee SH
designed the manuscript; Lee SH, Lee DJ, Kim KM, Kang JK,
Kim DW, and Lee JH reviewed and revised the paper.
Correspondence to: Seung-Hwa Lee, MD, Professor,
Center for Health Promotion, Department of Family Practice
and Community Health, Ajou University School of Medicine,
164 Worldcup-ro, Yeongtong-gu, Gyeonggi-do, Suwon 443-380,
South Korea. drhwa@hanmail.net
Telephone: +82-31-2197164 Fax: +82-31-2195561
Received: July 5, 2014
Revised: August 18, 2014
Accepted: October 15, 2014
Published online: December 28, 2014

Abstract
Colonic mucosa-associated lymphoid tissue (MALT)
lymphomas are a rare occurrence and the definitive
treatment has not been established. Solitary or
multiple, elevated or polypoid lesions are the usual
appearances of MALT lymphoma in the large intestine
and sometimes the surface may reveal abnormal
vascularity. Herein, we report a case of MALT lymphoma
and review the relevant literature. Upon colonoscopy,
a suspected pathologic lesion was observed in the
proximal transverse colon. The lesion could be
distinguished more prominently after using narrowband imaging mode and indigo carmine-dye spraying
chromoendoscopy. Histopathologic examination of this
biopsy specimen revealed lymphoepithelial lesions with
diffuse proliferation of atypical lymphoid cells effacing
the glandular architecture and centrocyte-like cells
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infiltrating the lamina propria. Immunohistochemical
analyses showed that tumor cells were positive for
CD20 and Bcl-2e, and negative for CD10, CD23,
and Bcl-6. According to Ann-Arbor staging system,
the patient had stage II E. A partial colectomy with
dissection of the paracolic lymph nodes was performed.
Until now, there is no recurrence of lymphoma at
follow-up.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Chromoendoscopy; Lymphoma; Mucosaassociated lymphoid tissue; Narrow-band imaging
mode
Core tip: Mucosa-associated lymphoid tissue (MALT)
lymphoma in the large intestine is a rare disease, but it
is a clinically important condition that requires proper
evaluation. Most of the colonic MALT lymphomas
mainly present as a protruding and/or ulcerative lesion,
and rarely present as a flat lesion. It is not easy to
detect MALT lymphoma of the flat type and could be
misdiagnosed. Thus, greater attention is needed for
the detection and differential diagnosis of these lesions.
The narrow-band imaging mode plus indigo carminedye spraying chromoendoscopy or/and endoscopic
biopsy may be helpful for making the diagnosis.
Seo SW, Lee SH, Lee DJ, Kim KM, Kang JK, Kim DW, Lee
JH. Colonic mucosa-associated lymphoid tissue lymphoma
identified by chromoendoscopy. World J Gastroenterol 2014;
20(48): 18487-18494 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i48/18487.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i48.18487

INTRODUCTION
Lymphomas are malignancies of the lymphatic system,
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of which one type is mucosa-associated lymphoid tissue
(MALT) lymphoma. Since the term MALT lymphoma
was first introduced by Isaacson and Wright[1] in 1983, it
has been widely used. Recently, MALT was categorized
as extranodal marginal zone B cell lymphoma by the
World Health Organization. Although MALTs are found
in many parts of the body, the gastrointestinal (GI) tract
is the most predominant site[2]. Therefore, the alimentary
tract is the most common location of extranodal
lymphomas including MALT lymphoma. The stomach
and small bowel are the sites for 50%-60% and 20%-30%
of GI lymphomas, respectively. Colorectal lymphomas
account for only 15%-20% of GI lymphomas[3], 1.4% of
all non-Hodgkin’s lymphomas[4], and < 1% of colorectal
malignant tumors[5]. Colorectal MALT lymphoma is a rare
disease, which accounts for a small proportion of both
colorectal malignancies and GI lymphomas. Due to the
rarity of the disease, colorectal MALT lymphomas have
not been well investigated.
There are various identifying colonoscopic features
of MALT lymphoma in the large intestine. Most of
the colonic MALT lymphomas mainly present as a
protruding and/or ulcerative lesion, and rarely present as
a flat lesion[6]. Flat pathologic lesions in the large intestine
are difficult to identify, but can appear as a discoloration,
and/or diffuse granularity, and/or loss of vascularity.
Herein, we report a case of an asymptomatic patient
with MALT lymphoma that was detected accidentally
during colonoscopy screening for colorectal cancer. The
lesion manifested as a diffuse loss of vascularity and
was identified by narrow-band imaging (NBI) mode and
indigo carmine-dye spraying chromoendoscopy.

CASE REPORT
An asymptomatic 64-year-old man with a family history
of colorectal cancer visited our hospital for a routine
medical check-up including upper GI endoscopy and
colonoscopy for surveillance of GI cancer. He had
dyslipidemia that was well controlled with medications,
but he had no other medical illness or surgical history.
The patient had been a smoker (10-15 cigarettes/d) since
the age of 30 years. However, he never drank alcohol.
On general examination, the patient did not look
sick, but he was slightly thin (height, 165.3 cm; weight,
47.2 kg; waist circumference 70.1 cm; body mass index,
17.3 kg/m 2). The patient’s initial vital signs were a
blood pressure of 95/60 mmHg, a regular heart rate
of 62 beats/min, a respiratory rate of 15 breaths/min,
and a body temperature of 36.2  ℃ . Other physical
examinations including that of the abdomen were
unremarkable. The results of all laboratory tests such as
complete blood cell count, aspartate aminotransferase,
alanine aminotransferase, protein, albumin, electrolyte,
blood urea nitrogen, creatinine, electrolyte, lipid profile
(total cholesterol, triglyceride, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol), fasting
glucose, urine analysis, and stool examination, were
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within their normal limits. Also, although the abdominal
ultrasonography showed a small 3 mm benign gall
bladder polyp, other radiologic evaluations, including
chest X-ray, abdomen supine/erect X-ray, did not show
any abnormal findings.
Due to the benefits of same-day bidirectional
endoscopy (shorter hospital stay, fewer hospital visits,
and reduced medical costs compared to alternateday endoscopy), we decided to perform same-day
bidirectional endoscopy, esophagogastroduodenoscopy
(EGD) followed by colonoscopy. He underwent bowel
preparation using 3 L of polyethylene glycol solution
(Colyte-F; Taejoon Pharmaceutical Co., Seoul, South
Korea) on the day before and 1 L on the day of
colonoscopy. Written informed consent was obtained
from the patient. The endoscopic examinations
(EGD, colonoscopy) were performed under conscious
sedation with combinations of intravenous midazolam
(Dormicum; Hoffman-La Roche AG, Basel, Switzerland)
and propofol (Pofol; Jeil Pharmaceutical Co., Seoul,
South Korea). Also, an antispasmodic agent, cimetropium
bromide (Algiron; Green-Cross Phar maceutical
Co., Yongin, Gyeonggi-do, South Korea), was given
intravenously immediately before the procedure to
prevent upper and lower GI movements, which can
interfere with a detailed and complete inspection. The
endoscopist performed the procedure in the patient with
an Olympus video endoscope (Olympus Optical Co.,
Ltd., Tokyo, Japan), GIF-H260 for EGD and CF-H260L
for colonoscopy, respectively. During the endoscopic
procedure, the patient’s blood pressure, pulse, and oxygen
saturation were monitored.
The EGD findings were unremarkable, except
for chronic atrophic gastritis. In the colonoscopic
examination, a suspected pathologic lesion (diffuse
granularity of the mucosa with loss of vascularity) was
observed in the proximal transverse colon (Figure 1A).
After using the NBI mode, this lesion was distinguished
more prominently from the surrounding normal colonic
mucosa and it showed an abnormal branch-like capillary
pattern in patches (Figure 1B). Also, after indigo carminedye spraying (Figure 1C-F), this lesion was distinguished
more prominently (Figure 1G, H). A punch biopsy was
performed in this lesion and the specimen was sent for
histopathologic examination.
Histopathologic examination of this biopsy specimen
with hematoxylin-eosin stain revealed lymphoepithelial
lesions with diffuse proliferation of atypical lymphoid
cells effacing the glandular architecture and centrocytelike cells infiltrating the lamina propria (Figure 2A-C).
Immunohistochemical staining was positive for Bcl-2
and CD20 (Figure 2D, E), and negative for CD10, CD23
and Bcl-6 (Figure 2F-H). These findings were compatible
with a diagnosis of MALT lymphoma.
Further evaluation was performed to assess of
the stage and metastasis of the lymphoma. There was
no evidence of distant lymph node metastasis or any
other organ involvement on thoracic and abdominal
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Figure 1 Colonoscopic findings. A, B: Before/after narrow-band imaging mode of the lesion; C: Diffuse granularity of the mucosa with loss of vascularity (arrows)
was seen in the proximal transverse colon; D-F: Indigo carmine-dye spraying at the suspected pathologic lesion; G, H: After the indigo carmine-dye contrast method
was applied, the lesion was distinguished more prominently from the surrounding normal colonic mucosa.

CT, and positron emission tomography (PET) scans.
Urea-breath test for the diagnosis of Helicobacter
pylori infection was negative. In our case, the stage of
colonic MALT lymphoma was II E according to the
Ann-Arbor staging system. A partial colectomy with
dissection of the paracolic lymph nodes was performed.
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Resected specimens (Figure 3) were histologically and
immunohistochemically reconfirmed to be MALT
lymphoma with adjacent nodal involvement. The patient
is being followed-up at our outpatient clinics with
colonoscopy, thoracic and abdominal CT, and PET scans,
and he is still alive without any recurrence of the disease
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Figure 2 Histopathologic findings. A-C: Hematoxylin-eosin staining of the biopsy specimen showing dense proliferation of atypical lymphoid cells and infiltrated
centrocyte-like cells in the mucosal layer (magnification: A, 40 ×; B, 100 ×; C, 200 ×); D: CD20-positive; E: Bcl-2-positive; F: CD10-negative; G: CD23-negative; H: Bcl6-negative immunoreactivity of the biopsy specimen (100 × magnification).

at 12 mo after the diagnosis.

DISCUSSION
Lymphomas are malignancies of the lymphatic system

WJG|www.wjgnet.com

with a wide variety of histologic subtypes and a broad
spectrum of clinical behaviors, aggressiveness, and
prognosis. Lymphomas can be largely classified as nonHodgkin’s or Hodgkin’s lymphoma[4]. MALT lymphoma
is a subtype of non-Hodgkin’s, which is a precursor
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Figure 3 Surgical finding of the resected specimen. An ill-defined,
irregularly elevated mucosal lesion measuring 25 mm × 25 mm in diameter was
observed (circle curve).

B cell neoplasm[7]. MALT is diffusion system of small
concentrations of lymphoid tissue. Although the
predominant site of these tissues is the GI tract, they
are also found in various parts of the body such as the
lung, thyroid, breast, synovium, lacrimal and salivary
glands, orbit, dura, skin and soft tissues [8-18]. MALTs
are populated by lymphocytes such as T and B cells,
as well as plasma cells and macrophages. They play an
important role in normal mucosal regeneration and
immune response to specific antigens encountered all
along the mucosal surface[19]. However, cells in MALT
may occasionally undergo abnormal proliferation, i.e.,
carcinogenesis, and give rise to lymphoma of the MALT
type[20].
The GI tract is the primary site of extranodal
lymphoma involvement, though colorectal MALT
lymphomas are rarer than those arising from the stomach
or small intestine. It has been reported that only 2.5%
of all MALT lymphomas originate from the colon[21].
Although the epidemiology of MALT lymphoma in
large intestine has not been established due to their
rarity, most patients were approximately 60 years-old,
with similar numbers of men and women [22,23]. The
clinical presentation of MALT lymphoma varies, and
may present with generalized symptoms of weight loss,
fever, abdominal pain, chronic fatigue, nausea, and
hematochezia[24]. However, MALT lymphomas of the GI
tract are usually asymptomatic, as in the case presented
here, because they are localized and slow-growing.
The majority of colorectal lymphomas are found in
the cecum or ascending colon, and > 70% are proximal
to the hepatic flexure [3]. In our patient, the MALT
lymphoma was also located in the proximal transverse
colon near to the end of the ascending colon (hepatic
flexure). When grossly visible by colonoscopy, MALT
lymphomas are mostly observed as a single mass and
the appearance of the lesion is generally protruding and
ulcerative[22]. In contrast, colonoscopic examination of
the current patient revealed a flat lesion with diffuse
granularity of the mucosa and loss of vascularity. Even
for experienced endoscopists, flat lesions are more
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difficult to detect than protruding or ulcerative lesions. In
our case, there was difficulty in differentiating the lesion
from the surrounding mucosa. Therefore, we could have
missed the lesion if we had not used NBI mode and/or
chromoendoscopy during colonoscopy[6,25].
Microscopically, MALT lymphomas usually appear
as lymphoepithelial lesions with irregular nuclei and
hyperchromasia [5,26,27]. Similar formations involving
reactive lymphoid infiltrates may also appear in benign
conditions involving inflammation. However, lymphoid
cells of MALT lymphoma may expand in the lamina
propria and occasionally infiltrate the muscularis
mucosa, which may be manifested as mucosal ulcers.
In our case, atypical lymphoid cells and centrocyte-like
cells infiltrating through the lamina propria were noted.
Immunohistochemical analyses can distinguish MALT
lymphoma from other low-grade lymphomas by detecting
positivity for superficial Ig and pan B antigens (CD19,
CD20, CD79) without expression of CD5, CD10,
CD23, and cyclin D1 (Bcl-1)[18,28]. Tumor cells of MALT
lymphoma are also positive for Bcl-2 and negative for
Bcl-6[18]. In the present case, the immunohistochemical
results of the colonic lesion were positive for CD20 and
Bcl-2 and negative for CD10, CD23, and Bcl-6.
Non-Hodgkin’s lymphoma, including MALTtype, can be evaluated using the Ann-Arbor Staging
Classification[29,30], which focuses on the number of tumor
sites (nodal vs extranodal), location, and the presence
or absence of systemic B symptoms (weight loss, night
sweating, unexplained persistent or recurrent fever). In
the present case, the patient was evaluated by chest and
abdominal CT and torso-PET. The result of surgical
biopsy showed MALT lymphoma with regional lymph
node involvement. Thus, the stage was IIE in our patient
according to the Ann-Arbor System (single extranodal
site and involvement of adjacent lymph nodes).
Although the pathogenesis of MALT lymphoma
has yet to be clearly elucidated, several etiologic factors
have been postulated to explain this rare disease: (1)
chromosomal abnormalities including trisomy 3 and
translocations (t[11;18][q21;q21], t[14;18][q32;q21],
t[1;14][p22;q32], t[3;14][p13;q32])[31-33]; (2) autoimmune
disorders such as rheumatoid arthritis, Sjögren’s syndrome,
relapsing polychondritis, Hashimoto’s thyroiditis, systemic
lupus erythematosus, Wegener’s granulomatosis[34-36]; (3)
immunodeficiency and immunosuppression; iv) celiac
disease[37]; (4) inflammatory bowel disease, including
Crohn’s disease and ulcerative colitis[38,39]; and (5) bacterial
infection such as H. pylori, Borrelia afzelii, Campylobacter
jejuni, Chlamydia psittaci, and Mycobacterium species[19,40-42].
Notably, more than 90% of MALT lymphomas of
the stomach are associated with H. pylori infections[43].
According to numerous reports, H. pylori eradication
often results in an excellent remission in patients with
gastric MALT lymphomas. However, the treatment of
colonic lymphoma is still inconclusive. Hence, further
studies will be needed to clarify the efficacy of the
eradication of H. pylori for treatment of colonic MALT
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lymphoma.
Because of the lack of a definite etiology and the
rarity of the disease, the treatment of colorectal MALT
lymphoma is still debated [44,45]. In the absence of a
standardized treatment, various methods have been used,
including surgery, chemotherapy, and radiation. However,
data suggest both surgery and chemotherapy as a first
step therapy in patients with MALT lymphoma of the
large intestine[45]. The colorectal regions are particularly
susceptible to complications of radiation therapy, and
therefore external beam radiation is not a preferred
option. Thus, some advocate that surgical resection might
be the best choice[46,47]. In clinical practice, most cases
of locally extended MALT lymphoma, such as in our
patient, are treated by surgical resection. However, recent
studies show that chemotherapy alone can be effective
for colorectal MALT lymphoma [48,49]. Additionally,
chemotherapy has the advantage of organ preservation
and is effective for micro-metastasis[45]. The CHOPregimen (cyclophosphamide, doxorubicin, vincristine,
prednisone) is well known as the first-line and mainstay
chemotherapy for colorectal lymphoma. However,
further large-scale studies are required to establish
the standard strategy of treatment for this disease.
Unfortunately, the majority of patients with primary
colorectal lymphoma ultimately have recurrences and
die from their disease[8,50]. Because most of these cases
are low-grade and less aggressive, their five-year overall
survival rate (range: 55%-79%) is relatively higher than
other types of colorectal lymphoma[24,26,51,52].
In conclusion, colonic MALT lymphoma is a rare
occurrence, but is a clinically important condition
that requires proper evaluation for guiding therapy.
Additionally, it is not easy to detect MALT lymphoma of
the flat type and could be misdiagnosed. Thus, greater
attention is needed for the detection and differential
diagnosis of these lesions. The NBI mode plus indigo
car mine-dye spraying chromoendoscopy and/or
endoscopic biopsy may be helpful for making the
diagnosis.
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Abstract
Renal aspergillosis (RAsp) is a rare complication in liver
transplant (LT) recipients. Here we report RAsp in two
LT recipients. In both patients, RAsp occurred more
than 90 d after allogenetic orthotropic LT, and all the
clinical findings were unspecific. RAsp involved unilateral
kidney in Case one and bilateral kidneys in Case
two. Both computed tomography (CT) and magnetic
resonance imaging (MRI) revealed renal abscesses,
with progressively enhanced walls and separations
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and unenhanced alveolate areas after contrast agent
administration. On unenhanced CT images they showed
inhomogeneous hypo-attenuation. On fat-suppressed
T2-weighted images (T2WIs), the walls and separations
of the abscesses showed slightly low signal intensity
and the central parts of the lesions showed slightly
high signal intensity. Both on CT and MRI, there were
some hints of renal infarction or chronic ischemia. Both
cases were treated by radical nephrectomy followed by
adjuvant antifungal treatment. They all recovered well.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver transplantation; Kidney; Aspergillus
infection; Computed tomography; Magnetic resonance
imaging; Treatment
Core tip: This paper reports renal aspergillosis (RAsp)
in two liver transplant (LT) recipients more than 90
d after allogenetic orthotropic LT, and describes the
computed tomography and magnetic resonance
imaging manifestations of renal lesions, including the
abscesses and surroundings. The findings in this report
may help improve the diagnosis of RAsp. After receiving
radical nephrectomy followed by adjuvant antifungal
treatment, both patients recovered well without
mortality from RAsp.
Meng XC, Jiang T, Yi SH, Xie PY, Guo YF, Quan L, Zhou J,
Zhu KS, Shan H. Renal aspergillosis after liver transplantation:
Clinical and imaging manifestations in two cases. World J
Gastroenterol 2014; 20(48): 18495-18502 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i48/18495.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i48.18495

INTRODUCTION
Although advances in immunosuppressive therapy have
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led to an increased survival rate of transplant recipients,
the great risk of developing life-threatening fungal
infection still is a serious problem[1,2]. Behind Candida
albicans, aspergillus is the second most common cause of
opportunistic fungal infections after liver transplant (LT),
with an incidence rate around 0.7%-8%[3,4]. Although
nearly all the organs and tissues could be infected[5-7],
renal infection is very rare. Due to unspecific clinical
manifestations, the diagnosis of aspergillosis was always
delayed, and when the disseminated infection developed,
the mortality rate can approach to 100%[8,9]. However,
some studies have proved that effective anti-fungal
treatment or complete removal of the original lesions
prior to the dissemination could reduce the risk of
death[4,10-12], so early diagnosis of aspergillosis is crucial
for saving the lives.
Abdominal imaging examinations, including computed
tomography (CT) and magnetic resonance imaging (MRI),
have been proved to be the effective means in monitoring
the complications after LT. However, up to now, the
imaging manifestations of renal aspergillosis (RAsp) in
LT recipients have not been described in detail.
From October 2003 to October 2013, two patients
suffered from RAsp after allogenetic orthotropic LT
(AOLT) at our hospital, and both were confirmed by
histopathology with or without cultures of abscess
aspirate. In this paper, we retrospectively analyzed
the clinical and imaging manifestations of RAsp and
reviewed the relevant literatures. This research has been
approved by the ethics committee of our hospital.

CASE REPORT
Case one
A 47-year-old man with diabetes mellitus and renal
calculus received AOLT in September 2005 due to endstage liver cirrhosis and chronic hepatitis B. After the
operation, FK506 (Tacrolimus capsules; Astellas, Kerry,
Ireland) and methylprednisolone (Medrol; Pharmacia
Italia, Marino, Italy) were used for the immunosuppressive
treatment. The dose of FK506 was adjusted according to
the serum drug level. The patient recovered well. Neither
acute rejection nor other important complications were
detected.
However, in the 9th mo after operation, this patient
was admitted again with intermittent low-grade fever and
lumbodynia, without chills, urinary frequency or urgency,
or dysuria. Obvious tenderness in the left kidney area
was detected. Urinalysis revealed mild leucocyturia (58
leucocytes/μL) and erythrocyturia (6 erythrocytes/μL).
Other laboratory tests showed elevated erythrocyte
sedimentation rate (95 mm/h), alanine aminotransferase
(57 U/L), direct bilirubin (14.7 μmol/L) and creatinine
(120.3 μmol/L). Both blood and urine cultivations were
negative for fungi and bacteria. The serum drug level of
FK506 was 8-10 ng/mL. No active lesion was detected in
his chest films.
Unenhanced and tri-phase contrast-enhanced
CT scans were performed to search for potential
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abdominal lesions. After 100 mL of contrast agent was
administrated through bolus injection, tri-phase contrastenhanced CT scans were obtained in order, including
cortical nephrographic phase (20 s delay), parenchymal
nephrographic phase (50 s delay) and excretory phase (>
150 s delay). CT revealed the enlarged left kidney and two
round lesions in the upper-middle part (68 mm × 62 mm
× 55 mm) and the lower pole (29 mm × 24 mm × 20
mm) of the left kidney, respectively. Both lesions involved
the renal cortex and medulla without an obvious mass
effect. On unenhanced CT images, both lesions showed
inhomogeneous hypo-attenuation with ill-defined margins.
After contrast agent administration, the peripheral parts of
the lesions, which looked like walls, were clearly displayed
with slight enhancement in cortical nephrographic phase
and moderate progressive enhancement during the
following two phases. In the central parts of the lesions,
there were unenhanced alveolate areas and irregular
separations. The separations presented with synchronous
enhancement with the walls. The inner margins of the
walls and separations were rough. Partially around the
large focus, a relatively lowly enhanced thin layer appeared
in the cortical nephrographic phase and parenchymal
nephrographic phase, and disappeared in the excretory
phase. Corticomedullary differentiation disappeared in
the involved renal parenchyma. The adjacent calices were
involved with coarse margins and moderate enhancement.
Besides these, a wedge-shaped relatively lowly enhanced
area with reduced corticomedullary differentiation was
detected around the large focus, which showed isoattenuation on unenhanced CT images. Following contrast
agent administration, there was a gradually increased
density difference between this area and the surrounding
parenchyma. The adjacent renal contour was blunt.
Flocculent infiltration, fat planes and stranding appeared
in the left perinephric space. The right kidney and renal
pelvis, bilateral ureters and bladder were normal. Several
lymph nodes were seen in the left retroperitoneal space
(Figure 1).
The left kidney lesions were suspected to be
malignant. Without needle biopsy, this patient received
radical nephrectomy for the left kidney and regional
lymph node dissection in July, 2006. The gross specimen
verified two yellowish abscesses, filled with necrotic
tissues and amounts of aspergillus hyphae, spores
and neutrophils. Abscess walls and separations were
composed of dense fibrous connective tissues with
inflammatory cell infiltration. Mixed with the abscesses,
granulomatous inflammation was also detected. Neither
inflammatory edema area nor congestive hemorrhage in
the surrounding was detected. Around the large abscess,
chronic inflammatory infiltration, atrophied renal tubules,
thickened and hyalinized glomerular capillary basement
membrane appeared at the same location as the wedgeshaped relatively lowly enhanced area on CT images,
which was considered to be the secondary change to
chronic ischemia. However, neither renal infarction nor
vascular embolus was detected. The involved renal calices
presented with mucosal erosion and ulcer. Left renal
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Figure 1 Renal aspergillosis in a 47-year-old allogenetic orthotropic liver transplantation recipient (Case one). A: Unenhanced transverse CT image reveals
a large inhomogeneous hypo-attenuation focus in the left kidney; B: Transverse image in the contrast-enhanced cortical nephrographic phase; C: Transverse image
in the parenchymal nephrographic phase; D: Transverse image in the excretory phase. The focus shows progressively enhanced abscess walls and separations with
unenhanced necrotic areas. A wedge-shaped relatively lowly enhanced area (long arrow) is detected around the focus in B, C and D, which presents with a gradually
increased density difference with the surrounding parenchyma and is confirmed to be the secondary change to chronic ischemia by histopathology. A relatively lowly
enhanced thin layer (short arrow) is clearly detected in the parenchymal nephrographic phase, which is dense fibrous connective tissues in the abscess wall; E:
Pathological findings under a light microscope (HE, × 100), which shows the abscesses with necrosis and amounts of aspergillus hyphae, spores and neutrophils. CT:
Computed tomography; HE: Hematoxylin-eosin.

capsule and perirenal fat space presented with chronic
inflammatory infiltration and fibrotic adhesion. The
lymph nodes, extirpated from the left retroperitoneal
space, also presented with chronic inflammation.
After the operation, as the patient can not afford
the price of voriconazole, fluconazole (Diflucan; Pfizer
Roerig, Liaoning, China) was given for prophylactic
antifungal therapy for 5 d. The patient recovered well.
Until now, more than 7 years after the operation, he is
doing well and there is no evidence of recurrence.
Case two
A 53-year-old man received AOLT in December, 2006
due to end-stage liver cirrhosis and hepatocellular
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carcinoma. After the operation, FK506 (Tacrolimus
capsules; Astellas, kerry, Ireland) and methylprednisolone
(Medrol; Pharmacia Italia, Marino, Italy) were given for
the immunosuppressive treatment. The dose of FK506
was adjusted according to the serum drug level. The
patient recovered well without acute rejection.
In the 15 th mo after transplantation, he was
admitted again due to left flank pain and dysuria after
he received fulguration for urethral meatus condyloma.
No fever, macroscopic hematuria, increased frequency
or urgency of urination occurred. Physical examination
revealed severe urethral stenosis (2 mm in diameter),
mild tenderness and sensitivity to percussion in left
kidney area. Urinalysis revealed erythrocyturia (32
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erythrocytes/μL) and leucocyturia (170 leucocytes/μL).
Serum creatinine (198.6 μmol/L) and the percentage of
mononuclear cells (8.1%) were elevated. Both blood and
urine cultivations were negative for fungi and bacteria.
The serum drug level of FK506 was 6-8 ng/mL. There
was no active lesion in his chest film. Intravenous
urography showed mild bilateral hydronephrosis.
MRI was performed on a 1.5 T scanner with an
8-channel torso phased array coil. Gadopentetic acid
dimeglumine salt injection (Magnevist, Bayer Schering
Pharma AG, Berlin, Germany) was administrated
for obtaining the multiphase contrast-enhanced MR
sequences, including the cortical nephrographic phase
(20 s delay), parenchymal nephrographic phase (50 s
delay) and excretory phase (> 150 s delay). MRI revealed
the enlarged left kidney and bilateral multiple lesions,
including three in the left and one in the right. The largest
was about 37 mm × 33 mm × 52 mm. The smallest focus
was limited in the renal cortex; the other three large ones
involved both the cortex and medulla without an obvious
mass effect. On dual-echo chemical shift T1-weighted
images (T1WIs), all the lesions presented with iso- or
slightly low-signal intensity with ill-defined margins, and
no signal loss on out-of-phase images. On fat-suppressed
T2WIs and tri-phase contrast-enhanced T1WIs, all
the lesions presented with inhomogeneous signals and
enhancements. The peripheral parts of the lesions
revealed slightly low signal intensity on T2WIs and
moderate progressive enhancement on contrast-enhanced
T1WIs, which looked as walls with uneven thickness
and rough inner rims. Alveolate unenhanced areas with
irregular separations appeared in the central part of
the lesions. Alveolate areas showed inhomogeneous
slightly high signal intensity on T2WIs, without any
enhancement on the tri-phase contrast-enhanced T1WIs;
the irregular separations revealed slightly low signal
intensity on T2WIs and isochronous enhancement
with the peripheral walls. On the coronal images, most
lesions were wedge-shaped with the top pointing to the
renal hilum and the bottom towards the cortical surface.
Corticomedullary differentiation disappeared in the
involved renal parenchyma. In the largest focus, renal
calices were involved with coarse margins and thickened
walls. The left renal pelvis and superior ureter were
involved with the thickened walls. MRI also demonstrated
peri- and para-nephric extension around the left kidney,
with obvious fat planes and stranding, and thickening
of Gerota’s fascia. The left psoas major muscle showed
stripped high signal on T2WIs and slightly low signal on
T1WIs with obvious progressive enhancement. The right
renal pelvis, peri- and para-nephric spaces, ureter and
bladder were normal. Based on these, the bilateral renal
lesions were suspected to be abscesses due to chronic
infection, which involved the left ureter, peri- and paranephric spaces and left psoas major muscle (Figure 2).
Aspergillus infection was finally confirmed by cultures
of abscess aspiration, which revealed branching septated
hyphae and aspergillus fumigatus. In order to avoid

WJG|www.wjgnet.com

distant dissemination, left nephrectomy was performed
in May 2008. The left ureter and the involved left psoas
major muscle were also removed. The gross specimen
revealed multiple lesions in the left kidney, with a plenty
of necrotic areas. Some small foci coalesced into large
foci. Under a microscope, amounts of inflammatory
lesions were detected, including multiple abscesses,
granulomas and chronic inflammatory infiltration. There
were amounts of aspergillus hyphae and spores in the
necroses, with infiltration of neutrophils and foreign
body multinucleated giant cells. Dense fibrous connective
tissues constituted the abscess walls and separations,
with lymphocyte and plasma cell infiltration. Among
the lesions, fibroplasia was obvious; however, neither
inflammatory edema nor congestive hemorrhage was
detected. Besides these, mucosal erosion and ulcers were
detected in the pelvis. There was no evidence for blood
vessel obstruction due to aspergillus embolus. The left
renal capsule and perirenal fat space presented with
severe fibrotic adhesion. The specimen from the left
psoas major muscle also presented with aspergilloma.
After the operation, voriconazole (Vfend; Pfizer
Roerig, Germany) was administrated for 2 mo for
anti-fungal treatment. Besides this, cefoperazone
sodium and tazobactam sodium for injection (General
Pharmaceutical Sanyo, Hainan, China) were also used for
anti-inflammatory treatment. The patient recovered well.
In October 2009, the patient died of extensive metastasis.
Until then, there is no evidence of aspergillosis
progression or dissemination.

DISCUSSION
Although aspergillus is a ubiquitous saprophytic fungus
seldom pathogenic for nor mal hosts, aspergillus
infections in organ transplant recipients demonstrate high
morbidity and mortality[3,5,13]. In most cases, aspergillosis
occurs within 90 d after the transplantation, however the
late onset cases also have been noticed[5,6,14,15]. Singh et
al[5] observed a 100% mortality rate for late-onset (more
than 90 d after retransplantation) and 76.9% for earlyonset (within 90 d of retransplantation) aspergillosis
after liver retransplantation. In this study, both of the
cases developed RAsp more than 90 d after AOLT.
Therefore, the potential possibility of aspergillosis
should be considered even in the late stage after liver
transplantation.
According to previous reports[16-18], renal aspergillus
infection may be due to haematogenous spreading,
ascending from the urinary tract infection or secondary
to obstructive uropathy, which may cause renal failure,
renal enlargement, unilateral or bilateral localized
renal masses, or urinary obstruction[16-22]. The former
usually spreads in the peripheral renal cortex initially,
and then involves the medulla; the latter two usually
occur in the pelvicalyceal system. In this study, RAsp
may be related to haematogenous spreading in Case
one who had no obvious risk factors besides AOLT
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Figure 2 Renal aspergillosis in a 53-year-old allogenetic orthotropic liver transplantation recipient (Case two). A: Fat-suppressed T2WI, which shows two
large foci in the left kidney and one small focus in the right. The large foci in the left kidney present slightly high signal centers with slightly low signal walls and
separations (long arrow). The wedge-shaped small focus in the right renal cortex presents low signal intensity (short arrow); B: Unenhanced out-of-phase dual-echo
chemical shift T1WI; C: Contrast-enhanced T1WI on the parenchymal nephrographic phase. All foci present iso- or slightly low signal intensity and ill-defined margins
on the unenhanced T1WI. On the contrast-enhanced T1WI, the large foci present enhanced irregular abscess walls and separations with unenhanced necrotic areas
(long arrow); and the small focus (short arrow) presents decreased enhancement; D: Contrast-enhanced coronal T1WI, on which the large focus is typically wedgeshaped (long arrow); E: Macroscopic aspect of the left kidney with multiple foci in it; F: Pathological findings under light microscope (HE, × 40), which shows amounts
of fungal hyphae and spores in the necrosis. RAsp: Renal aspergillosis; T2WI: T2-weighted image; T1WI: T1-weighted image; HE: Hematoxylin-eosin.

and immunosuppressive therapy, and secondary to
obstructive uropathy in Case two who had severe urethral
stenosis and mild bilateral hydronephrosis besides AOLT
and immunosuppressive therapy.
The common complaints of patients with RAsp
include fever, lumbodynia, hematuria, pyuria, perineal or
suprapubic discomfort, and all of which are unspecific
for the diagnosis. Final confir mation depended
on the detection of aspergillus either by culture or
histopathology. CT and MRI are of greater value in
detecting, localizing and differentiating renal lesions, but
the imaging manifestations of RAsp in LT recipients
still have not been described in detail. In this study,
misdiagnosis occurred in Case one because we were
unfamiliar to the imaging manifestations of Rasp at that
time. In this report, we focus on analyzing the imaging
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findings of RAsp in the two cases, aiming to help for its
diagnosis.
According to the literature[12,20-24], the most common
feature of RAsp is abscess. On unenhanced CT images,
renal abscesses always reveal ill-defined iso-attenuation or
inhomogenous hypo-attenuation, relying on the degree
of liquefaction in necrotic tissues. Tri-phase contrastenhanced CT images could reflect the hemodynamic
changes of the lesions, on which the irregular abscess
walls and reticular separations demonstrate moderate,
progressive enhancement due to the fibrous connective
tissues and granulomatous inflammation. Vascular
occlusion and subsequent renal infarction due to fungal
hyphae clumps have been reported to be the pathological
characteristics of hematogenous RAsp [8,24]. Although
we did not find any renal vascular embolus in Case

18499

December 28, 2014|Volume 20|Issue 48|

Meng XC et al . Renal aspergillosis after liver transplantation

one, the wedge-shaped relatively lowly enhanced area
highly suggested the decreased blood supply and normal
excretion of the involved renal parenchyma, which
presented with gradually increased density difference
with normal parenchyma during the tri-phase contrastenhanced CT scan, and was finally confirmed to be the
secondary change to chronic ischemia by histopathology.
Fungus ball was not detected in the pyelocaliceal system
in our cases, but it could appear as a nonspecific irregular
filling defect[20,21], which should be differentiated from
filling defects of other causes, such as blood clots or
sloughed papillae[25]. Thickened pelvicalyceal wall, peri- or
para-nephric fat planes, stranded and thickened Gerota’
s fascia do not help for the differentiation, which also
could present in other inflammatory or neoplastic lesions.
Besides these, CT also plays important roles in guiding
aspiration biopsy[21] and demonstrating the involvement
of other organs, such as the paranasal sinuses and lung[22].
On MRI examination, signal changes reflect the
distribution of water within lesions, so it bears greater
advantages in characterizing renal masses[26]. However, up
to now, only one report supplied a detailed description of
MRI manifestations of RAsp[21]. Our Case two presented
with similar manifestations as the previous report, and
the abscess walls and separations revealed low-signal
intensity on T2WIs with progressive enhancement on
contrast-enhanced T1WIs, due to the less water content
and blood supply of dense fibrous connective tissues;
but on T2WIs, the signal intensity of the central parts in
Case two was lower than that in Heussel’s case[21], which
may be due to the less liquefaction of the necrotic tissues.
Although intravascular emboli also were not detected
in this case, on coronal MR images, the peripheral
distribution of the small focus and the typically wedgeshaped manifestation of the foci are useful clues which
support the hints of previous ischemia or infarction. MRI
also could clearly demonstrate the involvement of the
pelvicalyceal wall, the peri- and para-nephric extension,
and the involvement of the adjacent organs, which
provided important information for lesion clearance in
operation.
However, delayed enhancement scan, beyond 30 min
from contrast-agent administration, was not obtained in
any of the two cases. Thus, we could not describe the
manifestations of RAsp in the delayed phase.
The imaging manifestations of RAsp should be
differentiated from those of several other diseases. Clear
cell renal cell carcinoma (RCC) is the most common
renal tumor, with a high chance of hemorrhage, necrosis
and cystic degeneration, which could be very similar to
the manifestations of RAsp on unenhanced CT and MR
images. However, on contrast-enhanced CT and MR
images, most of the clear cell RCCs tend to present with
inhomogeneous hypervascular enhancement with fast
opacification and fast clearance, which is different from
the manifestations of RAsp. Besides these, not like the
aspergillus abscesses in the two cases, most of the RCCs
have obvious mass effects, which cause the displacement
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and deformation of the adjacent structures. Bacterial
renal abscess also could present with central necrosis.
The edema zone of the surrounding parenchyma, which
represents the infected but non-necrotic tissues [27-29],
could supply a useful hint for its diagnosis. It did not
appear around the foci of RAsp both in Heussel’s[21] and
our cases. Advanced renal tuberculosis with cavities also
should be considered. Calcification, diffuse pelvicalyceal
and ureter involvements are of great value for its
diagnosis. Besides the acute and typical clinical signs,
the striated nephrogram is useful for the identification
of acute pyelonephritis, which represents obstructed
tubules with intervening normal tubules[30] and could be
detected on T2WIs due to the increased water content[31].
Sometimes focal renal infarct with central necrosis can be
very similar to RAsp, since both of them could appear as
wedge-shaped renal lesions. The typical clinical syndrome
of acute flank pain without fever may help for the
diagnosis of renal infarct[32].
Generally, once RAsp has been diagnosed, reversal
of immunosuppression is crucial for the treatment.
Corticosteroids and immunosuppressive agents should be
stopped immediately. Then, systemic antifungal therapy is
routinely administrated. However, for the recipients after
solid organ transplantation, we are obliged to deliberate
over the risk of using the conservative treatment as the
main treatment strategy, due to the high mortality rate
of invasive aspergillosis. In 2009, Ju et al[33] reported
a high mortality rate of 55.6% among recipients with
invasive pulmonary aspergillosis treated by antifungal
agents after solid organ transplantation. In 2010 Badiee
et al[34] reported a further higher mortality rate of 63.2%
among liver transplant recipients with aspergillosis.
However, according to previous studies, for patients with
a local focus or unilateral multi-foci, radical or partial
nephrectomy could be effective for reducing the risk
of dissemination and mortality[17,23]; and for patients
with bilateral multi-foci or a focus in the solitary kidney,
surgical drainage with long-term antifungal therapy might
be an acceptable alternative to bilateral or solitary kidney
nephrectomy[12,23]. In this study, both of the cases were
successfully treated by surgical resection followed by
adjuvant antifungal treatment. They all recovered well
and did not present with any evidence of aspergillosis
progression or dissemination more than one year after
the operation, although bilateral RAsp occurred in Case
two and only the left kidney was removed. Therefore,
we recommend surgical resection first followed by
adjuvant antifungal treatment for RAsp in liver transplant
recipients.
In conclusion, liver transplant recipients might suffer
RAsp in the late stage after LT. Clinical findings are often
inadequate for the diagnosis. Although imaging features
of renal abscesses and hints of renal infarction or
chronic ischemia might help for the diagnosis of RAsp,
misdiagnosis is still not uncommon. However, both CT
and MRI are important in the discovery and localization
of the lesions. For LT recipients, early removal of the
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RAsp lesion by radical or partial nephrectomy is advisable
for reducing the risk of dissemination and mortality.

6

COMMENTS
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7

Case characteristics

8

Two liver transplant (LT) recipients suffered fever, lumbodynia or flank pain,
perineal or suprapubic discomfort.

Clinical diagnosis

Both of them presented with tenderness and sensitivity to percussion in
diseased kidney area.

9

Differential diagnosis

Renal cell carcinoma, bacterial renal abscess, focal renal infarct, advanced
renal tuberculosis and acute pyelonephritis.

Laboratory diagnosis

Erythrocyturia, leucocyturia and elevated serum creatinine in two patients;
elevated mononuclear cells in one patient; neither blood nor urine cultivation
was positive for fungi or bacteria.

10

Imaging diagnosis

11

Pathological diagnosis

12

Both computed tomography (CT) and magnetic resonance imaging (MRI)
revealed renal abscesses with unenhanced alveolate areas and progressively
enhanced walls and separations.
The gross specimen after radical nephrectomy revealed yellowish abscesses
filled with necrotic tissues and amounts of aspergillus hyphae, spores and
neutrophils.

Treatment

13

Related reports

14

Both of the patients were treated by radical nephrectomy first followed by adjuvant
antifungal treatment (fluconazole for Case one; voriconazole for Case two).
The imaging manifestations of renal aspergillosis (RAsp) in LT recipients still
have not been described in detail.

Experiences and lessons

This case report not only gives a detailed description of the CT and MR
manifestations of RAsp in the late stage after allogenetic orthotropic LT, but also
provides successful treatments by radical nephrectomy followed by adjuvant
antifungal treatment.

15

Peer review

Aspergillosis is fatal for immunocompromised patients and is very rare. This
paper reports this rare infection in two LT recipients and gives a detailed
description of the imaging features, which is very useful in clinical settings.
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Abstract
Intestinal obstruction is a common clinical entity
encountered in surgical practice. The objective of this
report is to corroborate an atypical scenario of intestinal
obstruction in a Chinese patient and to focus on the
diagnosis and treatment. A 27-year-old male presented
with a history of gastric pain combined with nausea and
abdominal distension that had been present for 5 d. The
presence of a foreign body was detected by computed
tomography and observed as an abnormal density within
the stomach. A diospyrobezoar was revealed during
gastroscopy, the extraction of which was prevented
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due to its size and firmness. An endoscopic holmium
laser joined with a snare was used to fragment the
obstruction, which was followed by management with
a conservative “sandwich” treatment strategy involving
intestinal decompression with an ileus tube and Coca-Cola
lavage between endoscopic lithotripsy fragmentation
procedures. This strategy resulted in the successful
removal of the diospyrobezoar along with multiple small
bowel obstructions. The patient was discharged after
abatement of symptoms. The case presented here
demonstrates the implementation of a conservative, yet
successful, treatment as an alternative to conventional
surgical removal of intestinal obstructions.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Small bowel obstruction; Diospyrobezoar;
Ileus tube; Holmium laser; Endoscopy
Core tip: This case report presents the treatment of an
intestinal obstruction using a conservative alternative
to surgical therapy. A patient presented with signs
of intestinal obstruction, which was confirmed by
radiography. A diospyrobezoar was revealed during
gastroscopy that was not extractable due to its size and
firmness. The obstruction was successfully managed
following holium laser fragmentation using a “sandwich”
strategy of ileal tube decompression and Coca-Cola
lavage between two endoscopic lithotripsy procedures.
This treatment strategy should therefore be considered
in place of surgical intervention for the treatment of
intestinal obstructions.
Zheng YX, Prasoon P, Chen Y, Hu L, Chen L. “Sandwich”
treatment for diospyrobezoar intestinal obstruction: A case report.
World J Gastroenterol 2014; 20(48): 18503-18506 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i48/18503.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i48.18503
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INTRODUCTION
Bezoars are calculi or other hard types of matter found
within the gastrointestinal tract and are commonly
accompanied by delayed gastric emptying in individuals
who have undergone stomach surgery [1]. There are
numerous etiological aspects related to bezoar formation,
including sparse chewing, high-fiber diets, and longterm constipation, which are common in elderly patients
with inadequate food intake[2]. Moreover, prior surgical
stomach procedures, such as reduced acid secretion after
vagotomy[3], are considered to be pathogenic factors
for bezoar formation. Diospyrobezoars, formed from
undigested persimmons, are stiffer than other classes
of phytobezoars, and can be resistant to medications,
requiring endoscopic or surgical removal[4,5]. The case
presented here describes the diagnosis and treatment of
a Chinese patient with a rare intestinal diospyrobezoar
obstruction.

CASE REPORT
A 27-year-old male presented to our emergency room
with a 5-d history of upper abdominal pain. The patient
had experienced nausea and distension that worsened with
ingestion of any type of food. He reported no loss of
weight or appetite, though his bowel habits were altered,
with no signs of rectal bleeding. The patient reported
excessive ingestion of persimmons two weeks prior.
On physical examination, the patient was mildly
dehydrated with a blood pressure of 108/74 mmHg and
a heartbeat of 103 beats/min. Abdominal distension
coupled with pain on diffuse palpation without signs
of peritoneal irritation were witnessed. Bowel sounds
were active, and no palpable mass was present upon
rectal examination. Abnormal laboratory values included
a white blood cell count of 10.8 × 10 3 cells/µL and
glucose level of 120 mg/dL. An abdominal radiograph
revealed two substantially dilated small bowel curls with
gas-fluid levels and fold thickening on the left side of the
abdomen (Figure 1A), and an obstruction was located in
the pelvic jejunum by computed tomography (Figure 1B).
The radiologist confirmed the presence of a gastrolith by
the abnormal density within the stomach together with
the clinical indications for intestinal obstruction.
A gastroscopy was performed and revealed a greenish,
semisolid mass, 5 cm × 6 cm in size (Figure 2A). An initial
attempt to extract the gastrolith failed due to its size and
firmness. Endoscopy with a holmium:yttrium-aluminumgarnet (Ho:YAG) laser with a snare was then employed
with the patient under anesthesia. The stomach was filled
with normal saline until the bezoar was submerged, and
the Ho:YAG laser was applied to the outer layer of the
bezoar. An endoscopic trap was subsequently embedded
through the accessory hole to extract the fragmented
part. At the end of the procedure, 30 mL of CocaCola (Coca-Cola Co., Shanghai, China) was imbued to
the mass at intervals. A 3 m CLINY ileus tube (Create
Medic, Tokyo, Japan) was positioned through the biopsy
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forceps into the jejunum to decompress the intestine. The
endoscopic procedure lasted approximately 60 min with
no complications.
Over the following 2 d, the patient’s symptoms
resolved. After 48 h, imaging of the small intestine with
gastrografin via the long tube revealed slight expansion
of the intestine (Figure 2B). Coca-Cola (50 mL) was then
administered through the drainage hole of the tube every
6 h according to the method described by Kato et al[6]. 2 d
later, no air-fluid level was observed on a plain abdominal
X-ray (Figure 2C). The next day, before the tube was
pulled, the patient discharged a hard 3.5 cm × 2.5 cm
stone in the stool (Figure 2D).
The patient was advised to maintain a liquid diet with
plenty of fluids following the procedure, including a can
of Coca-Cola with meals. The phytobezoar remnant
was entirely eliminated through an endoscopic trap,
which was observed during the second gastroscopy
examination one week later. The patient was discharged
following complete cessation of symptoms and urged
to avoid future ingestion of food items that can lead to
phytobezoar formation.

DISCUSSION
The patient in the present case presented with an
intestinal obstruction following ingestion of persimmons,
which are known to cause diospyrobezoars. Laser
destruction via an endoscope and endoscopically-directed
suction removal has been demonstrated as beneficial
in dealing with phytobezoars and diospyrobezoars[7,8].
Moreover, gastric lavage utilizing NaHCO3 highlights a
mucolytic effect for the management of diospyrobezoars,
and penetration of CO 2 bubbles can aid in their
digestion[9]. Remarkably, nasogastric lavage with CocaCola has been reported as an effective strategy for
treatment of gastric diospyrobezoars[6]. Although the
mechanism is not clear, the carbonic and phosphoric
acidity of Coca-Cola (pH 2.6) resembles gastric acid,
which is considered vital for dietary fiber digestion[10].
Two studies of 5 patients have found no signs of
recurrence by endoscopic evaluation after 3 to 15 mo
following the preliminary therapy with Coca-Cola[11-13].
A conservative treatment with close monitoring
was implemented in the present case to avoid potential
catastrophic events. The bezoars in the stomach
were first split using a Ho:YAG laser, and gradual
fragmentation of these segments was accomplished by
endoscopic trap to acquire tiny remnants (about nine
fragments of 0.5-1 cm2) that might effortlessly pass along
the intestinal tract. The small bowel obstructions in our
case also appeared to be caused by migration of gastric
bezoars. The diospyrobezoars were successfully dealt
with by endoscopic injection of Coca-Cola with a long
tube providing intestinal decompression “sandwiched”
in between two endoscopic lithotripsy processes. This
method proved to be easy, efficient and economical, and
thus should be considered as a conservative approach for
bezoar removal rather than surgical intervention.
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A

B

Figure 1 Radiologic findings. A: Plain abdominal radiograph showed gas-fluid levels on left side of the abdomen; B: Computed tomography scan revealed a low
intestinal obstruction (white arrow).

A

C

B

D

Figure 2 Treatment procedures. A: A greenish, semisolid mass in the stomach observed on gastroscopy; B: Imaging revealed slight expansion of the intestine
and dislodgement at a round point (white arrow); C: No air-fluid level was observed on plain abdominal radiograph two days later; D: Image of the discharged
diospyrobezoar.

Patients may be treated by surgical resections utilizing
either open or laparoscopic strategy when entangled with
small bowel obstructions, gastric perforation or stomach
hemorrhage. Endoscopic techniques can be remunerative
and reliable for treatment of bezoar-induced small
bowel obstructions in comparison to a conventional
approach[10]. However, the “sandwich” strategy described
here is a useful way to avoid operative intervention if
the endoscopic approach is not successful. The case
presented herein describes an effective “sandwich”
treatment comprised of integ rated endoscopic
fragmentation plus intestinal decompression with an ileus
tube and Coca-Cola lavage. Our results foster an interest
for supplemental prospective evaluation of this strategy

WJG|www.wjgnet.com

in place of conventional treatments such as surgery.

COMMENTS
COMMENTS
Case characteristics

The patient presented with abdominal distension with pain on diffuse palpation
without peritoneal irritation.

Clinical diagnosis

Intestinal obstruction due to phytobezoar.

Differential diagnosis
Intestinal obstruction.

Laboratory diagnosis

Laboratory values included a white blood cell count of 10.8 × 103 cells/µL and
a glucose level of 120 mg/dL. Other standard blood results were within the
normal ranges.
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Imaging diagnosis

A low intestinal obstruction due to foreign body was revealed by computed
tomography. The presence of a gastrolith was confirmed by the abnormal
density within the stomach observed on radiology coupled with the clinical signs
indicative of intestinal obstruction.

6

Treatment

Endoscopic fragmentation with a holmium:yttrium-aluminum-garnet laser
followed by a “sandwich” strategy comprised of intestinal decompression with
an ileus tube and Coca-Cola lavage between endoscopic lithotripsy procedures.

7

Experiences and lessons

Phytobezoars can be conservatively treated using integrated techniques, such
as the laser fragmentation, ileal tube decompression and Coca-Cola lavage
described in this case.

Peer review

In this case, the authors describe the successful use of a conservative
“sandwich” technique to remove a large diospyrobezoar from the small
intestine. This case demonstrates that conventional surgical approaches
may be replaced by an easy, efficient and economical treatment for intestinal
obstruction.
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reserve the right to copy-edit and put onto our website accepted
manuscripts. Authors should follow the relevant guidelines for
the care and use of laboratory animals of their institution or
national animal welfare committee. For the sake of transparency
in regard to the performance and reporting of clinical trials, we
endorse the policy of the ICMJE to refuse to publish papers
on clinical trial results if the trial was not recorded in a publiclyaccessible registry at its outset. The only register now available, to
our knowledge, is http://www.clinicaltrials.gov sponsored by the
United States National Library of Medicine and we encourage
all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified.
A letter of recommendation from each author’s organization

WJG|www.wjgnet.com

Institution: Author names should be given first, then the com
plete name of institution, city, province and postcode. For ex
ample, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions,
for example, George Sgourakis, Department of General, Visceral, and Transplantation Surgery, Essen 45122, Germany; George
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red
Cross Hospital, Athens 15451, Greece.
Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.
Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g. Supported by
National Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should be

III

December 28, 2014|Volume 20|Issue 48|

Instructions to authors

provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, province, country, and email. All the letters in the email should be in
lower case. A space interval should be inserted between country
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Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
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Telephone and fax: Telephone and fax should consist of +,
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Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
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Abstract
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An informative, structured abstract should accompany each
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Only the purpose of the study should be included. Please write
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(no more than 26 words).

Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/or
illustrations.

REFERENCES

Coding system
The author should number the references in Arabic numerals according to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated with increased intestinal permeability[1,2]”. If references are
cited directly in the text, they should be put together within the
text, for example, “From references[19,22-24], we know that...”.
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.
Core tip
Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents
in your paper to attract readers.
Text
For articles of these sections, original articles and brief articles,
the main text should be structured into the following sections:
INTRODUCTION, MATERIALS AND METHODS, RESULTS and DISCUSSION, and should include appropriate Figures and Tables. Data should be presented in the main text or in
Figures and Tables, but not in both.

PMID and DOI
Pleased provide PubMed citation numbers to the reference list,
e.g., PMID and DOI, which can be found at http://www.ncbi.
nlm.nihgov/sites/entrez?db=pubmed and http://www.crossref.
org/SimpleTextQuery/, respectively. The numbers will be used
in E-version of this journal.

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are applicable. Keeping all elements compiled is necessary in line-art
image. Scale bars should be used rather than magnification factors, with the length of the bar defined in the legend rather than
on the bar itself. File names should identify the figure and panel.
Avoid layering type directly over shaded or textured areas. Please
use uniform legends for the same subjects. For example: Figure 1

WJG|www.wjgnet.com

Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
cited article and italicized journal title (journal title should be
in its abbreviated form as shown in PubMed), publication date,
volume number (in black), start page, and end page [PMID:

IV

December 28, 2014|Volume 20|Issue 48|

Instructions to authors

Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours
V. Proceedings of the 5th Germ cell tumours Conference;
2001 Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza’s compu
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning tool assembly. United States patent US 20020103498.
2002 Aug 1

11819634 DOI: 10.3748/wjg.13.5396].
Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed with
the initial letter capitalized, followed by their abbreviated middle
and first initials. (For example, Lian-Sheng Ma is abbreviated as
Ma LS, Bo-Rong Pan as Pan BR) Book title. Publication number.
Publication place: Publication press, Year: start page and end
page.
Format
Journals
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]
Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European men suffering from lower urinary tract symptoms. J Urol
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01.
ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose concentration, c (glucose) 6.4 ±
2.1 mmol/L; blood CEA mass concentration, p (CEA) = 8.6
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641
should be read 23243641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

WJG|www.wjgnet.com



December 28, 2014|Volume 20|Issue 48|

Instructions to authors

Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

www.wjgnet.com/1007-9327/g_info_20100315222818.htm.
Responses to reviewers
Please revise your article according to the comments/suggestions provided by the reviewers. The format for responses to
the reviewers’ comments can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315222607.htm

Examples for paper writing
All types of articles’ writing style and requirement will be
found in the link: http://www.wjgnet.com/esps/NavigationInfo.aspx?id=15.

Proof of financial support
For papers supported by a foundation, authors should provide
a copy of the approval document and serial number of the
foundation.

RESUBMISSION OF THE REVISED
MANUSCRIPTS

STATEMENT ABOUT ANONYMOUS PUBLICATION OF THE PEER REVIEWERS’ COMMENTS

Authors must revise their manuscript carefully according to the
revision policies of BPG. The revised version, along with the
signed copyright transfer agreement, responses to the reviewers,
and English language Grade A certificate (for non-native speakers of English), should be submitted to the online system via the
link contained in the e-mail sent by the editor. If you have any
questions about the revision, please send e-mail to esps@wjgnet.
com.

In order to increase the quality of peer review, push authors to
carefully revise their manuscripts based on the peer reviewers'
comments, and promote academic interactions among peer reviewers, authors and readers, we decide to anonymously publish
the reviewers’ comments and author’s responses at the same
time the manuscript is published online.

PUBLICATION FEE

Language evaluation
The language of a manuscript will be graded before it is sent for revision. (1) Grade A: priority publishing; (2) Grade B: minor language
polishing; (3) Grade C: a great deal of language polishing needed; and
(4) Grade D: rejected. Revised articles should reach Grade A.

WJG is an international, peer-reviewed, open access, online journal.
Articles published by this journal are distributed under the terms
of the Creative Commons Attribution Non-commercial License,
which permits use, distribution, and reproduction in any medium,
provided the original work is properly cited, the use is non commercial and is otherwise in compliance with the license. Authors of
accepted articles must pay a publication fee. Publication fee: 1398
USD per article. All invited articles are published free of charge.

Copyright assignment form
Please download a Copyright assignment form from http://

WJG|www.wjgnet.com

VI

December 28, 2014|Volume 20|Issue 48|

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

I S S N 1 0  0 7  -   9  3 2  7
4   8

9   7 7 10  0 7   9 3 2 0 45

© 2014 Baishideng Publishing Group Inc. All rights reserved.

